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ABSTRACT

The 1982 Annual Report of Nuclear Reactor Operations is prepared in
compliance with Technical Specification 6.9 of Appendix A to Memphis
State University Facility Operating License R-127, Docket 50-538. The
report includes facility operation from January 1 to December 31, 1982.

Reactor operations during 1982 were primarily for the purpose of operator
training and no new or untried experiments were performed. The maximum
steady-state power level at which the reactor operated was 54 milli-
watts. Five unscheduled shutdowns are described in section B of the
report and an additional 2C training scrams were experienced through-
out the operating year. Safety-related corrective maintenance was
required due to failure of the Shield Water Level Float Assembly and

is described in section C. A copy of the written repcrt of this

event, Reportable Occurrence 82-1, is contained herein as Appendix A.
Results of major surveillance tests were satisfactory and included
Safety and Control Rod Fuel Capsule disassembly and inspection. Annual
reactivity measurements of core parameters were made in November, 1982,
and do not significantly differ from data contained in previous reports
of AGN-201 operation.

MSU requested and the USNRC issued Amendment No. 4 to the Facility
Operating Licensa. This change is described in section D and a copy

of the amendment is contained herein as Appendix B. On October 26, 1982,
an upgraded facility Emergency Plan was submitted to the NRC pursuant

to 10 CFR 50.54(r) and is currently in the review process.

Section K of this report provides a statistical summary of personnel
radiation exposures in accordance with 10 CFR 20.407. A description

of audits and inspections performed by the MSU Reactor Safety Committee
is contained in section L.
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A. REACTOR OPERATING EXPERIENCE
1. Student Training Programs

Five power plant employees participated in training
exercises designed by Memphis State University (MSU) to
provide research reactor startup experience for cold
license candidates. In addition, 69 students from MSU's
specialized on-campus Nuclear Skills Training Program
performed reactor startups and related training exer-
cises as part of that program's normal curriculum. A
total of 199 reactor startups were conducted for pur-
poses of student training.

2. Staff QOperator Training
Seyenty-seven reactor startups were conducted for pur-
poses of preparing new staff operators for license exa-
minations and maintaining and evaluating licensed
operator proficiency. As of December 31, 1982, the MSU
Center for Nuclear Studies Staff held two Senior
Operator and two Operator Licenses for the AGN-201
Reactor.

3. Additional Operations and Operating Experience Summary
Additional reactor operations were conducted for pur-
poses of satisfying surveillance requirements, routine
tests, and calibrations.

Operations Summary

Hours Max. Power Hours Max. Power
Month Critical (Milliwatts) Month Critical (Milliwatts)
Jan 9.62 32 Jul 0 0
Feb 0.57 48 Aug 31.07 42
Mar 26.37 51 Sep 8.73 41
Apr 4,72 40 Oct 0 0
May 0 0 Nov 18.30 54
Jun 17.28 52 Dec 7.07 52

TOTAL NUMBER OF REACTOR STARTUPS DURING 1982: 295
TOTAL HOURS OF CRITICAL OPERATION DURING 1982: 123.73



UNSCHEDULED REACTOR SHUTDOWNS.

Five unscheduled reactor scrams were experienced during 1982. No
operating limitations were exceeded nor were any conditions
achieved that would have required reactor shutdown, operation of
safety systems, or other protective measures required by Technical
Specifications. The shutdowns were not considered to be reportabie
occurrences as defined in the facility operating license.

CHANNEL 1 HIGH LEVEL TRIP (3). On January 14, April 8, and April
9, 1982, high level trips occurred on the Channel 1 Neutron Flux
Monitor due to operators not upranging the instrument properly
while increasing reactor power. This channel utilizes an eight-
step range switch and has a High Level Trip set at 90-95% of full-
scale indication to prevent over-ranging the instrument. The

highest power level corresponding to the maximum setting of this
trip point is approximately 62 milliwatts.

SEISMIC DISPLACEMENT INSTRUMENT TRIP. On April 13, 1982, a Seismic
Displacement Instrument Trip occurred during the performance of a

radiation survey around the reactor. The survey technician inad-
vertantly struck the reactor skirt with a neutron survey instrument
Bonner-ball at a point immediately adjacent to the seismic displace-
ment sensor. The minor disturbance to this sensitive instrument
resulted in a reactor trip from a power level of approximately 48
milliwatts.

CHANNEL 3 HIGH LEVEL TRIP. On April 15, 1982, a High Level Trip
occurred on the Channel 3 Neutron Flux Monitor at approximately 10
milliwatts due to the operator improperly positioning the range

switch while changing reactor power. This channel utilizes a
20-step range switch and has a High Level Trip set at 90-95% of
full-scale indication.



C.

Twenty-two additional scrams were experienced by trainees during
the conduct of student training programs and are ciassified as

training scrams.

PREVENTIVE AND CORRECTIVE MAINTENANCE

1a Safety Related Corrective Maintenance

On August 11, 1982, the Shield Water Level Float Assembly
failed to initiate a protective trip signal during per-
formance of the reactor Prestartup Checkoff procedure.

A gradual buildup of corrosion products in the internal
operating mechanism of the microswitch due to its location
in the humid atmosphere of the Reactor Shield Tank was

the cause of failure. The faulty switch was replaced

with a new switch of the same type (Microswitch V3-101)
and operation immediately returned to normal. This

gevent was reported as MSU Reportable Occurrence No. 82-1
and a copy of this report is included herein as Appendix A.

On October 15, 1982, the Shield Water Level Float
Assembly microswitch was replaced with a hermetically
sealaed model (Microswitch 1-HS-3) as a permanent correc-
tive measure to prevent recurrence of this type of

failure.

2s Results of Major Surveillance Tests and Inspections

d.

Safety and Control Rod Assemblies Fuel Inspection: This
bi-annual surveillance procedure was completed on
October 14, 1982. A small quantity of loose fuel par-
ticles (< 1 milligrams U-235 content, collectively) was
observed in the fuel capsules for the Coarse Control Rod
and both Safety Rods. The quantity and circumstances



were similar to those reported from the inspections of
1978 and 1980 and are not considered to be the result of
abnormal deterioration of the AGN-201 design fission
product barriers.

Reactor Shield Tank Visual Inspection: This bi-annual
surveillance procedure was completed ~n October 22, 1982.
The shield tank water was sampled (gross activity less
than minimum detectable, where MDA = 4.7 x 10-8 .Ci/m
referenced to Cobalt-60) and drained to permit entry.

The Shield Water Level Float Assembly microswitch was
replaced with a hermetically sealed model (Microswitch
1-HS-3) and minor areas of spot-rust were cleaned and
repainted. The shield tank was re-filled with reactor
grade pure water and the float assembly was re-calibrated.

Control Rod Drive Assembly Inspection and Lubrication:
This annual surveillance procedure was completed on
October 28, 1982. The drive assembies were found in
satisfactory condition with no evidence of abnormal wear
or deterioration.

Measurement of Safety and Control Rod Scram and
Insertion Times: This annual surveillance procedure was
completed on October 28, 1982, with the following
results:

Insertion (cm/sec) Scram (millisec)

Safety Rod No. 1 0.411 125
Safety Rod No. 2 0.408 110
Coarse Control Red 0.401 121
Fine Control Rod 0.420 N/A



D.

e. Reactivity Measurements: This annual surveillance pro-
cedure was completed on November 12, 1982 with the
following results:

Parameter % Reactivity
Control Rod Integral Worth:
Fine 0.319
Coarse 1.22

Reactivity Insertion Rate:

Safety Rod No. 1 0.030/sec
Safety Rod No. 2 0.030/sec
Coarse Control Rod 0.030/sec
Fine Control Rod 0.019/sec
Excess Reactivity (Glory Hole empty, 0.202

20°C, all rods IN)

Shutdown Margin (Most reactive rod IN) 2.65

CHANGES IN FACILITY DESIGN, PERFORMANCE CHARACTERISTICS, OR

PROCEDURES RELATED TO REACTOR SAFETY

Amendment No. 4 to MSU Facility Operating License R-127 was issued
by the USNRC on August 24, 1982, in accordance with MSU's request
to cancel changes in the licensed operating conditions of the
reactor which had been previously authorized by Amendment No. 1.
In order to minimize confusion about the applicable technical spe-
cifications, Appendix A of the amended license, NRC reissued the
original 1976 Technical Specifications with the Amendment 4 date.
A copy of this amendment and supporting safety evaluation is
included herein as Appendix B.



G.

He

I.

There were no changes in facility design or performance charac-
teristics during 1982 that were related to reactor safety.

CHANGES WHICH WOULD AFFECT THE FACILITY DESCRIPTION

None

CHANGES TO ADMINISTRATIVE PROCEDURES

An upgraded facility Emergency Plan was submitted to the Director,
Division of Licensing, USNRC, on October 26, 1982, pursuant to

10 CFR 50.54(r) and USNRC Generic Letter to All Research and Test
Reactor Licensees dated June 16, 1982. The proposed plan is in
the review process as of the date of this report.

NEW OR UNTRIED EXPERIMENTS

None

RADIOACTIVE EFFLUENTS

1. Liquid: None
e Airborne: None
x Solid: None

ENVIRONMENTAL RADIOLOGICAL SURVEYS PERFORMED OUTSIDE THE FACILITY

Areas of unrestricted access begin at the outside walls of the
Reactor Room. A general area radiation survey conducted December
15, 1982, revealed the maximum level of gamma radiation to be 0.15
mR/hr measured upon contact with the outside east wall. The maxi-
mun level of neutron radiation measured 0.2 mrem/hr at the same
location. The reactor was operating at a steady power level of 51
milliwatts for the duration of the survey.



Random wipes/smears of surfaces both inside and outside the reactor
facility did not reveal any loose surface contamination above
natural background levels.

The reactor was not operated at steady-state power levels above 54
milliwatts during 1982. Therefore, full power radiation survey
results are not available.

J. RADIATION EXPOSURES GREATER THAN 100 MILLIREM (50 MILLIREM FOR
PERSONS UNDER 18 YEARS OF AGE)

None

K. PERSONNEL EXPOSURE AND MONITORING: 10 CFR 20, Part 407 (a)(2) and

Part 407(b)

Personnel monitoring was provided for a total of 131 persons
during 1982. The highest cumulative exposure for an indivi-
dual was .092 Rem. The average exposure for the 131 indivi-
duals monitored was .0087 Rem.

2. Statistical Summary:

Estimated Whole Body Number of Individuals
Exposure (Rems) In Each Range

No measureable exposure 82
Measureable exposure less than 0.1 49
0.1 to 0.25 0
0.25 to 0.5
0.5 to 0.75
0.75 to 1.0
to
to
to
to
to
to
to
to
to 10
10 to 11
11 to 12
12 +

XN B W
O XN WM
OO0 DOO0O0O0O0O0O0CO



L. AUDITS AND INSPECTIONS

Audits and inspections of the AGN-201 Reactor Facility were con-
ducted by the following agencies during 1982.

1. MSU Reactor Safety Committee (RSC):
a. The results of all actions taken to correct deficiencies
occurring in facility equipment, structures, systems or

method of operation that affect nuclear safety (1-18-82).

b. The performance, training, and qualifications of the
entire facility staff (1-29-82).

c. The conformance of facility operation to the Technical
Specifications and applicable license conditions (2-4-82).

2 Others:

None
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MEMPHIS STATE UNIVERSITY
AGN-201 NUCLEAR REACTOR FACILITY
LICENSE R-127, DOCKET NO. 50-538

FOLLOW-UP REPORT TO REPORTABLE OCCURRENCE NO. 82-1

Date of Report: August 12, 1982
Date of Occurrence: August 11, 1982
Initial NRC Notification: August 11, 1982

1. Reactor,

AGN-201, Serial 108. Located at the Center for Nuclear

Studies, Memphis State University, Memphis, Tennessee. Facility
Operating License No. R-127; Docket No. 50-538.

2. Reportable Occurrence.

Shield Water Level Float Switch Assembly failed to initiate

protective trip signal during Prestartup Checkoff. Item 6.9.2.a(5)

of the Facility Technical Specifications applies.

3. Conditions at Time of Occurrence.

a.

The reactor was shutdown.

Shield water level was 8 inches below the highest point on
the tank manhole opening which is the normal operating level
for the system,

Prestartup Checks of the Shield Water Level Safety Channel
were in progress per Facility Operating Procedure op-2.



Narrative.

At 9:45 a.m., CST, on August 11, 1982 Prestartup Checks
of the AGN-201, Serial 108 Reactor were being performed to
verify operability of the Shield Water Level Safety Channel.
The check is a Channel Test which consists of manually depres-
sing the water level float to operate an associated microswitch
and thereby interrupt the Interlock Line continuity circuit.
Interruption of the Interlock Line initiates a protective trip
signal by deenergizing the system's main scram relay which
removes power from—and/or prevents application of power to—
the control rod drive/latch magnets. The Channel Test is per-
formed while the reactor is shutdown and with normal water level
in the Shield Tank.

Upon depressing the float to its lowest level, simulating
a water level of approximately 9.5 inches below the tank top,
the operator did not hear an audible "click" of the associated
microswitch which is physically located about 2 inches above
the water line nor was the Interlock line continuity circuit
interrupted as observed by the Senior Operator stationed at the
control console.

Operation of the reactor was prohibited. The event was
reported to the Region II, U. S. Nuclear Regulatory Commission
Office of Inspection and Enforcement via telephone conversation
between the AGN-201 Reactor Supervisor and Mr. Austin Hardin,
and confirmed by mailgram on August 11, 1982 in accordance with
Section 6.9.2a of the Facility Technical Specifications.

Maintenance records indicate that thelpigroswitch had been
installed by MSU personnel on Octuber 30, iés?las part of a kz?
routine surveillance procedure. The Shield Water Level Safety
Channel had been calibrated to initiate a reactor scram at a

water level of 9-1/8 inches below the highest point on the manhole



opening which conforms to the Limiting Conditions for Operation
specified in Table 3.1 of the Facility Technical Specifications.
Subsequent Channel Tests required by Item 4.2.d of the Technical
Specifications had been satisfactorily performed at least once
each month, the trip set-point verified annually, and Channel
Tests satisfactorily conducted during approximately 68 Prestartup
Checkoffs since the time of switch installation. The most recent
satisfactory Channel Test had been performed within 24 hours of
the time of failure.

The microswitch was replaced with a new switch of the same
type, was tested satisfactorily, and normal operations were re-

sumed at approximately 10:15 a.m., CST, on August 11, 1982.

Safety Significance of the Occurrence.

In the event of a shield water leak, failure of the Shield
Water Level Safety Channel to initiate a reactor scram at water
levels > 10.5 inches below the highest point on the manhole opening
during critical operation would have violated the specified Limiting
Conditions for Operation. At levels greater than 12 inches below
the top of the tank, adequate biological shielding would not be
provided during reactor operation as specified by the Safety Limit
of Technical Specification 2.1.

At normal operating power, an undetected loss of shield
water could increase the gamma dose-rate at the reactor exterior
by a factor of 7-8 and increase the neutron background by a factor
of several hundred. Compounding an undetected loss of shield water
with a nuclear runaway and additional scram circuit failure could
result in an exposure of 200-300 Rem of fast neutrons to a person
standing next to the reactor. (Reactor Hazards Summary Report for

the AGN-201 Nuclear Reactor: Aerojet-General Nucleonics Report
No. 23, Revised April 1, 1959.)




6. Redundancy.

E There is no design redundancy in the Shield Water Level
Safety Channel. However, a2 loss of shield water would be in-
: dicated by the following additional means:
a. Prior to Startup

(1) Shield tank level is verified at the proper level
by visual observation and documented as part of each
Pre-Startup Checkout.

(2) Visual inspection of areas which would receive shield
water leakage is made and documented as part of each
Pre-Startup Checkout.

(3) An increase in radiation levels may be observed during
Pre-Startup radiation survey.

b. During Operation

(1) An increase in reactor room radiation levels sufficient
to activate the facility evacuation alarm would be de-
tected by the area gamma monitor located approximately
6 feet from the reactor.

(2) Shield water levels beiow ~ 20 inches from the tank
top are visible from the control room via a viewing
window directly in front of the AGN console and viewing
window in the reactor shield tank (Operator is approxi-
mately 17 feet from shield tank 32% x 27% inch viewing

window) .

7. Cause of Failure.
Gradual buildup of corrosion products in the internal operat-

ing mechanism of the microswitch due to its location in the humid
atmosphere of the shield tank resulted in the internal switch operat-
ing lever being stuck to the ceramic switch housing (Figure 1).
Spring pressure, which normally opens the active switch contacts
when the float operating arm permits movement of the microswitch
plunger, was insufficient to overcome the corrosion effects; thus,
the switch contacts remained closed and prevented interruption of
the Interlock Line.




10.

1.

Prepared by:

Corrective Action.

The microswitch was replaced with a new switch of the same
type on August 11, 1982.

Manufacturer: Micro-Switch Company; Freeport, I11inois
Type: V3-101, SPDT, 0.5 A @ 125 volts D.C.

Mechanical Life: 10,000,000 cycles

Minimum Release Force: 2 oz.

Measures to Prevent Recurrence.
The microswitch casing is of riveted construction which

precludes periodic disassembly and cleaning of switch internals.
The availability of a model more suitable to a humid environment
or a model constructed such that periodic cleaning of switch in-
ternals is possible will be investigated.

Applicability to Other Equipment in the Reactor System.

None. Microswitches of similar internal construction but
with different terminal connectors and actuating mechanisms are
utilized for interlocks and position indication devices in the
Rod Control System. However, due to their location outside the
humid atmosphere which is characteristic of the Shield Tank and
due to the greater frequency with which they are exercised during
normal reactor operation, it is anticipated that corrosion will
not be a problem throughout the mechanical life of the switches.

Similar Reportable Occurrences.
MSU Followup Report No. 79-3 dated November 26, 1979, and
No. 77-1 dated June 27, 1977.

Reactor Supervisor
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AR REG,,
pC ta,

UNI!TED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

MEMPHIS STATE UNIVERSITY

DOCKET NO. 50-538

AMENDMENT TO FACILITY OPERATING LICENSE

Amendment No. 4
License No. R=127

The Nuclear Regulatory Commission (the Commission) has found that:

A. The application for amendment by Memphis State University (the
licensee) dated May 14, 1982, complies with the standards and
requirements of the Atomic Energy Act of 1954, as amended (the
Act), and the Commission's rules and regulations set forth in
10 CFR Chapter I;

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

C. There is reasonable assurance (i) that the activities authorized
by this amendment can be conducted without endangering the health
and safety of the public, and (ii) that such activities will be
conducted in compliance with the Commission's regulations;

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

E. The issuance of this amendment is in accordance with 10 CFR Part 51
of the Commission's regulations and all applicable requirements have
been satisfied.

Accordingly, the license is amended by changes to the Technical Specifications
as indicated in the attachment to this license amendment, and paragraphs Z2.A,
2.C.(1) and 2.C.(2) of Facility Operating License No. R-127 are hereby revised
as follows:

2.A This license applies to the Model AGN-201, Serial No. 108, nuclear
research reactor and associated equipment (the facility) owned by
Memphis State University. The facility is located on its campus
in Memphis, Tennessee, and described in the licensee's application
for construction permit and operating license dated April 11, 1975
and amendments thereto.



2.C.(1) Maximum Power Level

The licensee is authorized to operate the reactor at steady
state power leveis not in excess of 100 milliwatts (thermal).

2.C.(2) Technical Specifications

The Technical Specifications contained in Appedix A, as revised
through Amendment No. 4, are hereby incorporated in the license.
The licensee shall operate the facility in accordance with the
Technical Specifications.

3. This license amendment is effective as of the date of its issuance.

FOR THE NUCLEAR REGULATORY COMMISSION
14\; Nk
| P

Harold Bernard, Acting Branch Chief

Standardization and Special
Projects Branch

Division of Licensing

Attachment:

Changes to the Technical
Specifications

Date of Issuance: AUG 24 1382



APPENDIX A
LICENSE NO. R-127
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FOR
MEMPHIS STATE UNIVERSITY AGN-201 (SERIAL 108)
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DATE: AUGUST 24 , 1982
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1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

DEFINITIONS

The terms Safety Limit (SL), Limiting Safety System Setting (LSSS),
and Limitina Conditions for Operation (LCO) are as defined in 50.36
of 10 CFR part 50.

Reactor Shutdown - The reactor shall be considered shutdown whenever

1. either: A. A1l safety and control rods are fully withdrawn from
the core, or

8. The core fuse melts resulting in separation of the core,
and:

2. The reactor console key switch is in the "off" position and
the key is removed from the consoie and under the control of a
licensed operator.

Reactor Operation - Reactor operation is any condition wherein the
reactor 15 not shutdown.

Measuring Channel - A measuring channel is the combination of sensor,
Tines, amplifiers, and output devices which are connected for the
purpose of measuring or responding to the value of a process variable.

Safety Channel - A safety channel is a measuring channel in the reactor
safety system.

Reactor Safety System - The reactor safety system is that combination
of safety channels and associated circuitry which forms the automatic
protective system for the reactor or provides information which
requires manual protective action be initiated.

Reactor Component - A reactor comnonent is any apparatus, device, or
material that 1s a normal part of the reactor assembly.

Operable - Operable means a comnonent or system is capable of nerforming
its intended function in its normal manner.

Noerating - Operating means a component or system is performing its
intended function in its normal manner.

Channel Check - A channel check is a qualitative verification of
acceptable performance by observation of channel behavior. This
verification may include comoarison of the channel with other
independent channels or methods measuring the same variable.




1.10

.11

1.12

1.13

1.14

Channel Tast - A channel test is the introduction of a sianal into
the channel to verify that it is operable.

Channel Calibration - A channel calibration is an adjustment of the
channel such that its output responds, within acceptable range and
accuracy, to known values of the narameter which the channel measures.
Calibration shall encompass the entire channel, including equioment,
actuation, alarm, or trip.

Experiment - An experiment is (1) an apparatus, device, or miterial
other than a reactor component, placed in an experimental facility or
in line with a beam of radiation emanatina from the reactor, Or (2) any
operation designed to measure reactor characteristics.

a. Secured Experiment - Any experiment, or component of an experiment
s deemed to be secured, or in a secured position, if it is held
in a stationary position relative to the reactor by mechanical
means. The restraint shall exert sufficient force on the experiment
to overcome the expected effects of hydraulic, pneumatic, bouyant,
or other forces which are normal to the operating environment of
the experiment or which might arise as a result of credible
mal functions.

b. Unsecured Experiment - Any experiment, or component of an experiment
s deemed to be unsecured whenever it is not secured as defined in
1.12a above.

c. ﬂovable Experiment - A movable experiment is one which may be
inserted, removed, or manipulated while the reactor is critical.

The potential reactivity worth of an experiment is the maximum absolute
value of the reactivity change that would occur as a result of intended
or anticipated changes or credible malfunctions that alter experiment
position or configuration.

The evaluation must consider possible trajectories of the experiment

in motion relative to the reactor, its orientation along each trajectory,
and circumstances which can cause internal changes such as creating or
filling of void spaces or motion of mechanical components.

Experimental Facilities - Experimental facilities are thos2 portions
of the reactor assembly that are used for the introduction of experi-
ments into or adjacent to the reactor core region or allow beams of
radiation to exit from the reactor shielding. Experimental facilities
shall include the thermal column, glory hole, and access ports.
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SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS

Safety Limits

Applicability

This specification applies to the maximum steady state power level
and maximum core temperature during steady state or transient op-
eration.

Objective

To assure that the integrity of the fuel material is maintained and
all fission fragments are retained in the core matrix.

Specification
a. The reactor power level shall not exceed 100 watts.

b. The maximum core temperature shall not exceed 2009C during
either steady state or transient operation.

Bases

The polyethylene core material does not melt below 200°C and is ex-
pected to maintain its intearity and retain essentially all of the
fission fragments at temperatures below 200°C. The Hazards Summary
Report dated Auoust 1956 submitted on Docket F-15 by Aerojet-General
Nucleonics (AGN) calculated a steady state core average temperature
rise of 0.5°C/watt. Therefore, a steady state power level of 100
watts would result in an average core temperature rise of 50°C. The
corresponding maximum core temperature would be below 200°C thus
assuring intearity of the core and retention of fission fragments.

Specification

The reactor shield tank water temperature shall be maintained
above 10°9C. and the water level in the tank shall not be
more than 12inches below the top of the reactor shield tank.

Bases

Low reactor shield tank water temoerature may result in freezing
of the water. The result of exnansion due to freezing of the
water may damaqe the shield tank and other reactor components.
This condition would degrade core containment and shielding
capability. A safety limit of 100C provides a margin for
confidence that the reactor will not be operated with frozen
shielding water.

The shield tank water level of 12 inches below the top of the
tank provides adequate bioloaical shieldina durina reactor
operation.
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Limiting Safety System Settinas

Applicability

This specification applies to the parts of the reactor safety system
which will limit maximum power and core temperature.

Objective

To assure that automatic protective action is initiated to prevent a
safety limit from being exceeded.

- ——

a. The safety channels shall initiate a reactor scram at the fol-
lowing limiting safety system settings:

Channel Condition LSSS
Nuclear Safety #2 High Power < 0.2 watts
Nuclear Safety #3 High Power < 0.2 watts

b. The core thermal fuse shall melt when heated to a temperature
of 1200C or less resulting in core separation and a reactivity
loss qreater than 5% k.

Bases

Based on instrumentation response times and scram tests, the AGN
Hazards Report concluded that reactor periods in excess of 30-50
milli-seconds would be adequately arrested by the scram system.

Since the maximum available excess reactivity in the reactor is less
than one dollar the reactor cannot become prompt critical and the
correspondina shortest possible period is greater than 200 milli-
seconds. The high power LSSS of 0.2 watts in conjunction with auto-
matic safety systems and/or manual scram capabilities will assure that
the safety limits will not be exceeded during steady state or as a re-
sult of the most severe credible transient.

In the event of failure of the reactor to scram, the self-limiting
characteristics due to the high negative temperature coefficient, and
the melting of the thermal fuse at a temperature below 120YC will
assure safe shutdown without exceeding a core temoerature of 200°C.
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3.4

UIMITING CONDITIONS FOR OPERATION

Reactivity Limits

Applicability

This specification apnlies to the reactivity condition of the reactor
and the reacgivity worths of control rods and exoeriments.

Objectiv

e — —

To assure that the reactor can be shut down at all times and that
the safety limits will not be exceeded.

Specification

a. The available excess reactivity with all control and safety rods
fully inserted and including the potential reactivity worth of
all experiments shall not exceed 0.65% ak/k referenced to 20°¢.

b. The shutdown margin with the most reactive safety or control
rod fully inserted shall be at least 2% ak/k.

c. The reqc;ivipy worth of the control and safety rods shall emsure
sub-criticality on the withdrawal of the coarse contrc: rod or
any one safety rod.

Bases

The limitations on total core excess reactivity assure reactor per-
jods of sufficient length so that the reactor protection system
and/or operator action will be able to shut the reactor down with-
out exceeding any safety limits. The shutdown margin and contrel
and safety rod reactivity limitations assure that the reactor can
be brought and maintained subcritical if the highest reactivity
rod fails to scram and remains in its most reactive position.

Control and Safety Systems

Ponlicability

These specifications apnly to the reactor control and safety systems.



Objective

To specify lowest acceptable level of performance, instrument set
points, and the minimum number of operable comnonents for the reactor
control and safety systems.

Specification

The reactor shall not be made critical unless the following speci-
fications are met:

a. The total scram withdrawal time of the safety rods and coarse
control rod shall be less than 200 milliseconds.

b. Thé maximum reéctivity addition rate for each rod shall not
exceed 0.04% ak/k/sec.

c¢. The safety rods and coarse control rod shall be interlocked
such that:

1. Reactor startup cannot commence unless both safety rods and
coarse control rod are fully withdrawn from the core.

2. Only one safety rod can be inserted at a time.

3. The coarse control rod cannot be inserted unless both safety
rods are fully inserted.

d. All reactor safety system instrumentation shall be operable in
accordance with Table 3.1 with the following allowable exceptions:

1. Nuclear Safety Channel No. 1 may be bypassed for a period
not to exceed 12 consecutive hours provided Nuclear Safety
Channel Nos. 2 and 3 are verified to be operable.

2. Nuclear Safety Channel No. 3 may be bypassed for a period
not to exceed 12 consecutive hours provided Nuclear Safety
Channel Nos. 1 and 2 are verified to be operable.

3. The seismic displacement scram may be out of service during
reactor operation for no more than 24 hours in any 3-month
period.

3. A loss of electric power shall cause the reactor to scram.

Bases

The specifications on scram reactivity rate in conjunction with the
safety system instrumentation and set points assure safe reactor '
shutdown during the most severe foreseeable transients. The limitations

on reactivity addition rates allow only relatively slow increases of
reactivity so that ample time will be available for manual or automatic

il



TABLE 3.1

Safety Channel Set Point
Nuclear Safety #1

Low count rate > 120 cpm
Nuclear Safety #2 (log)

High power < 0.2 uatf

Low power >0.5 x 10713 amos

Reactor period > 5 sec
Nuclear Safety #3 (linear)

High nower < 0.2 watt

Low power > 5% full scale

Shield water temperature > 159 C

Shield water level < 10.5 inches

Seismic displacement 5_1/16“

Manual scram s

Radiation monitor e

Function
scram below 120 cpm

scram at power > 0.2 watt
scram at source levels
<0.5 x 10-13 amos

scram at periods < 5 sec

scram at power > 0.2 watt
scram at source levels
<5% of full scale

-

scram at temperature < 15° ¢

ccram at water levels > 10.5
inches below highest point
oni manhole opening

scram at displacements
> 1/18"

scram at operator option
alarm at or below level

set to meet requirements
of 10 CFR Part 20



scram during any operating conditions. Interlocks on control and
v safety rods assure an orderly approach to criticality and an adequate
shutdown capability.

. The neutron detector channels (nuclear safety channels 1 through 3)
assure that reactor power levels are adequately monitored during
reactor startup and operation. Requirements on minimum neutron levels
will prevent reactor startup unless channels are operable and respond-
ina, and will cause a scram in the event of instrumentation failure.
The power level scrams initiate redundant automatic protective action
at power lavels low enough to assure safe shutdown without exceeding
any safety limits. The period scram conservatively limits the rate of
rise of reactor nower to periods which are manually controllable
and will automatically scram the reactor in the event of unexpected
large reactivity additions. In order to provide some time to correct
channel defects, a maximum of 12 hours is allowed for operation with
either Nuclear Safety Channels Nos. 1 or 3 bypassed if the remaining
two channels are verified to be operable. Although some redundancy
in the reactor protection system is lost during the limited time
interval, all scram functions and monitoring capabilities are still
available.

The AGN-201's nenative temperature coefficient of reactivity causes

a reactivity increase with decreasing core temnerature. The shield
water temperature safety channel will prevent reactor operation at
terperatures helow 150 C thereby limiting notential reactivity additions
associated with temperature decreases.

Water in the shield tank is an important component of the reactor
shield and operation without the water may produce excessive radiation
levels. The shield tank water level safety channel will prevent
reactor oneration without adequate water levels in the shield tank.

The reactor is designed to withstand 0.69 accelerations and 6 cm
di.placements. A seismic instrument causes a reactor scram whenever
the instrument receives a horizontal acceleration that causes a
horizonzal displacement of 1/16 inch or areater. The seismic
displacement safety channel assures that the reactor will be scrammed
and brouaht to a subcritical configuration during any seismic
disturbance that may cause damage to the reactor or its components.

Due to the low nrobability of earthquake damage, the seismic instrument
can be out of service for 24 hours in any 3-month period of reactor
operation,

The manual scram allows the operator to manually shut down the reactor
if an unsafe or otherwise abnormal condition occurs that does not
otherwise scram the reactor. A loss of electrical power de-energizes
the safety and coarse control rod holding magnets causing a reactor

. scram thus assuring safe and immediate shutdown in case of a power
outage.
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A radiation monitor must always be available to operating personnel
to provide an indication of any abnormally hiah radiation levels so
that appropriate action can be taken to shut the reactor down and
assess the hazards to personnel.

Limitations_on Experiments

ggplicnbi1itx

This specification applies to experiments installed in the reactor
and its experimental facilities.

Objective

To prevent damage to the reactor or excessive release of radioactive
materials in the event of an experimental failure.

Specification

a. Experiments containing materials corrosive to reactor components
or which contain liquid or gaseous, fissionable materials shall
be coubly encapsulated.

b. Explosive materials shall not be inserted into experimental
facilities of the reactor.

c. The radioactive material content, including fission products
of any experiment shall be limited so that the complete release
of all gaseous, particulate, or volatile components from the
experiment will not result in doses in excess of 10% of the
equivalent annual doses stated in 10 CFR Part 20 for persons
occupying (1) unrestricted areas continuously for two hours
starting at time of release or (2) restricted areas during the
length of time required to evacuate the restricted area.

d. The radioactive material content, including fission products
of any doubly encapsulated experiment shall be limited so that
the comnlete release of all gaseous, particulate, or volatile
components of the experiment shall not result in exposures in

excess of 0.5 Rem whole body or 1.5 Rem thyroid to persons occupying

an unrestricted area continuously for a period of two hours
startina at the time of release or exposure in excess of 5 Rem
whole body or 30 Rem thyroid to persons occupying a restricted
area during the length of time required to evacuate the
restricted area.
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These specifications are intended to reduce the likelihood of damace
to reactor components and/cr radioactivity releases resulting from
an experimental failure and to nrotect operating personnel and the
public from excessive radiation doses in the event of an experimental
failure.

Shielding

Applicability

This specification applies to reactor shielding required during
reactor operation.

Objective

The objective is to protect facility personnel and the public from
radiation exposure.

Specification

The following shielding requirements shall be fulfilled prior to
reactor startup and during reactor operation:

a. The reactor shield tank shall be filled with water to a heignht
within 10 inches of the highest point on the manhole opening.

b. The thermal column shall be filled with water or graphite. Ac-
cess to the reactor building roof area above the reactor shall
be restricted during reactor operation.

c. Except for radiation surveys, entry to all areas in which dose
rate is > Imr/hr (measured at licensed reactor power) shall be
prohibited during reactor operation. 2

-

Bases

The facility shieldino in conjunction with desianated restricted
radiation areas is desianed to limit radiation doses to facility
personnel and to the nublic to a level below 10 CFR 20 lirits under
operating conditions, and to a level helow criterion 19, Appendix A,

10 CFR 50 recommendations under accident conditions.

w10 -
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4.1

SURVEILLANCE REQUIREMENTS

Actions specified in this section are not required to be performed if
during the specified surveillance period the reactor has not been
brouant critical or is maintained in a shutdown condition extending
beyond the specified surveillance period. However, the surveillance
requirements must be fulfilled nrior to subsequent startup of the
reactor.

Reactivity Limits

Apolicability

This specification applies to the surveillance requirements for
reactivity limits.

Objective
To assure that reactivity limits for Specification 3.1 are not exceeded.

Specification

a. Safety and control rod reactivity worths shall be measured annually,
but at intervals not to exceed 16 months.

b. Total excess reactivity and shutdown margin shall be determined
annually, but at intervais not to exceed 16 months.

c. The reactivity worth of an experiment shall be estimatea or
measured, as aporopriate, before or during the first star.up
subsequent to the experiment's insertion.

Bases

The control and safety rods are inspected and their reactivity wortns
measured annually to assure that no deqradation or unexpected chanaes
have occurred which could adversely affect reactor shutdown margin or
total excess reactivity. The shutdown margin and total excess reactivity
are determined to assure that the reactor can always be safely shutdown
with one rod not functioning and that the maximum possible reactivity
insertion will not result in reactor periods shorter than those that

can be adequately terminated by either operator or automatic action.
Based on experience with AGN reactors, significant changes in reactivity
or rod worth are not expected within a 16-month period.
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Control and Safety System

Applicability

This specification applies to the surveillance requirements of the
reactor control and safety systems.

Objective

To assure that the reactor control and safety systems are operable as
required by Specification 3.2.

Specification

a. Safety and control rod scram time and insertion rates shall be
measured annually, but at intervals not to exceed 16 months.

b. Safety and control rods and drives shall be inspected for
deterioration at intervals not to exceed 2 years.

c. A channel test of the following safety channels shall be performed
prior to each day's operation or prior to each operation extending
more than one day:

Nuclear Safety #1, #2, and #3
Manual scram
Area radiation monitor

d. A channel test of the following safety channels shall be performed
monthly:

Shield water temperature
Shield water level
Seismic disolacement

e. A channel check of the following safety channels shall be performed
daily or whenever the reactor is in operation:

Nuclear Safety #1, #2, and #3
Area radiation monitor

f. Daily, prior to startup, each of the two safety rods shall be
inserted and scrammed to verify operability.

a. The period, count rate, and power level measuring channels shall

be calibrated and set noints verified annually, but at intervals
not to exceed 16 months.

- 12 =
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h. The shield tank water level and temperature and seismic disnlace-
ment safety channels shall be calibrated by nerturbino the seasing
element to the appropriate set point. These calibrations shall be
performed annually, but at intervals not to exceed 16 months.

i. The radiation monitoring instrumentation shall be calibrated
annually, but at intervals not to exceed 16 months.

Bases

The channel tests and checks required daily or before each startw will
assure that the safety channels and scram functions are ooerable. Cased
on operating experience with reactors of this type, the annual scram
measurements, channel calibrations and set point verifications are of
sufficient frequency to assure, with a high degree of confidence, that
the safety system setting will be within accentable drift tcierance
for operation. The periodic surveillance and calibration of the
radiation monitoring instrumentation will assure that the radiation
monitoring equipment is operable during reactor operation.

Reactor Structure

Applicability

This specification applies to surveillance requirements for the core
components other than controi and safety rods.

Cbjective
The objective is to assure integrity of the reactor structures.

Specification

a. At intervals of no more than 5 years, the following inspection and
maintenance of core structures shall be performed:

1. The core thermal fuse shall be inspected. If the inspection
indicates the fuse may not be capable of performing its design
function, corrective measures shall be taken or the defective
fuse shall be replaced to assure the safety function of the
fuse will, with a high degree of confidence, be performed.

One fuse of the same batch as that of the replacement fuse
shall be tested to demonstrate that it meets the requirements
of Specification 2.2. The replacement fuse shall not be
installed unless the tested fuse complies with this
specification.

2. The core components and structures, including graphite and
lead shielding, shall be inspected to assure their functional
capability. Major defects shall be corrected prior to re-
constitution of the core assembly.

o« e



b. The shield tank shall be visually inspected every two years.
If apparent excessive corrosion or other damage is observed,
corrective measures shall be taken prior to subsequent reactor
startup.

¢. Visual inspection for water leakage ‘rom the shield tank shall
be performed every year. Leakage shal: be corrected orior to
subsequent reactor startuo.

Bases

Based on experience with reactors of this type, the 5-year intervals
for core component and structure inspections, including the thermal

fuse, will provide, with a high dearee of confidence, that the core

assembly will perform its design function. Similarly, the frequency
of inspecticn and leak test requirements of the shield tank is based
on experience with reactors of this type and will assure capability

for radiation protection during reactor operation.

=
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9.2

Q§§}GN FEATURES
Reactor

a. The reactor core, including control and safety rods, contains
approximately 660 grams of U-:35 in the form of 20% =nriched UD,
dispersed in aporoximately 11 kilograms of polyethylene. The
lower section of the core is supported by an aluminum rod hanging
from a fuse link. The fuse melts at temperatures below 1200C
causing the lower core section to fall away from the upper section
reducing reactivity by at least 5% ak/k. Sufficient clearance
between core and reflector is provided to insure free fall of the
bottom half of the core during the most severe cransient,

b. The core is surrounded by a 20 cm thick high density (1.75 gm/cm3)

graphite reflector followed by a 10 cm thick lead gamma shield.

The core and part of the graphite refiector are sealed in a fluid-

tight aluminum core tank designed to contain any fission gases

that might leak from the core.

c. The core, reflector, and lead shielding are enclosed in and supported

by a fluid-tight steel reactor tank. An upper or “thermal column
tank” may serve as a shield tank when filled with water or a
thermal column when filled with graphite.

d. The 6% foot diameter, fluid-tight shield tank is filled with water
constituting a 55 cm thick fast neutron shield, The fast neutron
shield is formed “y filling the tank with 1000 gallons of water.
The comnlete reactor shield shall limit doses to operating
personnel in restricted and unrestricted areas to levels less
than permitted in 10 CFR 20 under operating conditions.

e. Two safety rods and one control rod (identical in size) contain

up to 20 arams of U-235 each in the same form as the core material.
These ruds are lifted into the core by electromagnets, driven by
revercible DC motors through lead screw assemblies. Deeneraizing
the magnets causes a spring-driven, gravity-assisted scram. The
fourth rod or fine control rod (approximately one-half the diameter
of the other rods) is driven directly by a lead screw. This rod
may contain fueled or unfueled polyethylene.

Fuel Storage

Fuel, including fueled experiments and fuel devices, not in the reacter

shall be stered in locked rooms in the reactor building. The storage
array shall be such that Kes¢ is no greater than 0.8 for all conditions

of moderation and reflection.
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Reactor Building

a.

b.

The reactor building hous<+ the reactor assembly and accessories
required for its operation and maintenance.

The reactor room is a separate room in the buildina, constructed
with adequate shielding and other radiation nrotective features
to limit doses in restricted and unrestricted areas to levels

no areater than nermitted by 10 CFR 20, under normal onerating
conditions, and to a level below criterion 19, Anpendix A, 10
CFR 50 recommendations under accident conditions.

Access doors to and from the reactor rooms will contain locks.

Doors and windows will contain features to preclude entry by
unauthorized nersonnel.
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6.0
6.1

6.1.1

6.1.2

6.1.3

6.1.4

ADMINSTPATIVE CONTROLS

ORGANIZATION The administrative organization for control of the reactor
Tacility and its operation shall be as set forth in Figure 1 attached
hereto. The authorities and responsibilities set forth below are designed
to comply with the intent and reguirements for administrative controls of
the reactor facility as set forth by the Nuclear Regulatory Commission.

PRESIDENT The President is the chief Administrative Officer responsible
for the University and in whose name the application for licensing is made.

VICE PRESIDENT FOR PUBLIC SERVICE/CONTINUING EDUCATION The Vice President

s the Administrative Officer responsible to the President for 2ll divisions
of Public Service and Continuing Education of the University. In this
capacity he shall represent the President in all matters pertaining to the
reactor facility except in those cases of health and safety for which the
Radiation Control and Safety Committee has authority.

DIRECTOR The Director of the Center for Nuclear Studies is the Administrative
OFficer responsible to the University for all departments in the Center,
including the Reactor Facility and its operation, maintenance, and safety.

In this caracity he shall have final authority and ultimate responsibility

for the reactor facility and, within the limitations set forth by the facility
license, make final policy decisions on all phases of reactor operation;
appoint personnel to all positions reporting to him as described in Section 6.1
of the Technical Specifications and as shown on Figure 1 of these specifications
be advised in all matters concerning health and safety by the Radiation

Control and Safety Committee; and be advised in all matters concerning

reactor safety by the Reactor Safety Committee.

REACTOR ADMINISTRATOR The Reactor Administrator is rasponsible to the
Director for the daily administration of the reactor facility. In this
capacity, he shall, within the policies set forth by the Director and the
facility license, prepare all regulations for the facility, review and
approve all procedures, seek approval of all procedures and proposals for
changes and experiments from the Radiation Control and Safety Committee,
and be responsible for the health and safety of all personnel in the
reactor facility. Prior to periods of scheduled absence, he shall
designate an alternate and notify the Director.
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. 6.1.5 SUPERVISOR OF NUCLEAR OPERATIONS The Supervisor of Nuclear Operationms
shall be responsible for licensing of all radiation sources and radiation
proaucing facilities, for the procurement, calibration, and maintenance
of all equipment, and the daily administration of all nuclear facilities;
except that the authority of the Peactor Supervisor and Reactor Administrater
shail supercede that of the Supervisor of Nuclear Operations in all matters
related to reactor operation and safety.

6.1.6 REACTOR SUPERVISOR The Reactor Supervisor shall be responsible for
the preparation, promulgation, and enforcement of administrative costrols
including all rules, regulations, instructions and operating procedures
to ensure that the facility is operated in a safe, competent, and
authorized manner at all times. He shall direct the activities of
Operators and Technicians in the daily operation of the reactor;
schedule reactor operations and maintenance; be responsible for the
preparation, authentication, and storage of all prescribed logs and
operating records of the facility; authorize all experiments, procegures,
and changes thereto which have first received approval of the Reactor
Safety Committee, the Radiation Safety and Control Committee, and the .
Reactor Administrator, and be responsible for the preparation of all
instructional manuals and experimental procedures involving use of the
reactor. The Reactor Supervisor shall advise the Reactor Administraicr of
any scheduled periods of absence.

6.1.7 REACTOR OPERATORS Reactor Operators shall be responsible for the
manipulation of the reactor controls, monitoring of instrumentationm,
operation of reactor related equipment, and maintenance of complete
and current recerds during operation of the facility. The Reactor
Operator shall be in direct charge of the reactor console at all times
during reactor operation and when the reactor is not secured and conform
to the rules, instructions, and procedures 2stablished by the Reactor
Acministrator and Reactor Supervisor for operation of the reactor and
the performance of experiments.

6.1.8 REACTOR SAFETY COMMITTEE The Reactor Safety Committee (RSC) shall be
responsibie for independent reviews and audits of facility operations
to insure that the reactor is operated in a safe and competent manner
and advise the Reactor Administrator in all matters related to reactor
safety and personnel safety.

The Peactor Safety Committee shall hold meetings and have the authority
and conduct reviews and audits of reactor operations in accordance with
the nrovisions of Section 6.4 of Amendment No. 6 to the Memphis State
University application for construction permit and license to operate
the Model AGN-201, serial no. 108, Nuclear Research Reactor at “empnis
State University.




6.1.5

6.1.10

6.1.11

RADIATION CONTROL AND SAFETY COMMITTEE The Radiation Control and
Satety Committee [RCSC) shall advise the President in all matters
concerning the health and safety of personnel who might be exposed
to radiation produced by University owned and/or operated sources
or équipment. This committee shall review, approve, and promulgate
a Radiological Controis Program for the University. This committee
shall be informed of all reportable occurrences related to radiation
health and safety and reactor safety which are reportable to any
authorities outside the University, and advise the President of such
occurrences and make recommendations to the President with regard to
any such matters.

RADIATION SAFETY OFFICER The Radiation Safety Officer (RSO) shall be
the chier aaministrative officer of the Radiation Control and Safety
Conmittee and represent the committee in matters concerning the
radiation safety aspects of reactor cperation. He shall prepare the
University's Radiological Control manual and have the authority to
enforce the regulations, rules, and procedures set forth in the
University Radiological Controls manual, suspend the operation and
use of radiation producing devices when their use is in violation of
these rules, and secure such sources of radiation until corrective
action is taken. He shall also have the authority to disapprove the
acquisition of radiation producing sources until satisfactory evidence
is presented to ensure the safo storage and use of these facilities.
The Radiation Safety Officer is also responsible for the reporting of
all reportable occurrencesto the appropriate requlatory agency and
for ensuring that the appropriate follow up action is taken,

OPERATING STAFF -

a. The minimuT staff during any time in which the reactor is not
shutdown{l) shall consist of:

1. Two licensed operators, at least one of whom is licensed as
a Senior Operator (SRO).

(a) One of the two licensed operators shall be at the reactor
controls: the other may be on call but shall be within the
Center for Nuclear Studies so long as at l?agt one person
capable of performing emergency procedures 2), in addition
to the operator at the controls, is present in the Control
Room.

2. A Radiation Control Technician on call (this requirement may
be fu;filled by one of the licensed cperators specified
above).

1) Reactor Shutdown is defined in Section 1.1

2) Persons capable of performing emergency procedures shall be
authorized by the Reactor Supervisor; be familiar with the
Emergency Evacuation Plan and capable of initiating the Evacuation
Alarm; know the locations and be capable of using emergency and
radiation survey equipment; and be capable of operating the
facility's Communication and Announcing system.
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b. A Senior Operator (SRO) shall supervise all core alterations
which can affect the reactivity of the reactor.

At least one person qualified to implement routine Radiation
- Protection procedures shall be present in the facility when
any reactor experiment or facility is being serviced.

STAFF QUALIFICATIONS The Reactor Administrator, Reactor Supervisor,
Reactor Uperator, and any Technicians performing work on the reactor
shall meet the minimum qualifications set forth in ANS 15.4 "Standards
for Selection and Training of Personnel for Research Reactors".

The qualifications of the Reactor Safety Committee members shall be
five (5) years of professional experience in the field represented
by the member or a baccalaureate degree plus at least two years
experience. Generally, these committee members will be made up of
University faculty; <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>