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The principal uses of the MUTR are training, nuclear

reactor engineering education and a source of neutrons
for activation analysis.
The current utilization is between 10 and 15 megawatt-

hrs. per year.

The data shown in Fig. 4-1 are correct. The outer rod
diameter is 1.41~". The S.S. cladding is 0.02". Thus
the fuel (meat) diameter is 1.37".

The diameter listed on page 4-1 under section

1n error and will be corrected.
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The overall weight of each fuel rod is 7.5 lbs., and

the ‘”)U content is 37 grams.

Section 4.1.2 FSAR page 4-2 erroneously gives the weight

of a 4-cluster bundle. This will be corrected.

the graphit«

Ans-4
The graphite reflector consists of a solid slug of reactor
grade graphite, sealed in a No. 27 Gage (0.016") 1100
aluminum
alloy rectanoular can, 2.812" on an edge ana 25-1/8"
long. A bottom adaptor is designed to fit into and rest
on the existing MTR-type grid plate which provides vertical
support and spacing.
A foidback aluminum bail is attached to the top of the
reflector can to facilitate handling by the existing
fuel cluster handling tool.
Allis-Chamers, Graphite Reflector

University of Maryland, Drawing No. 15 C-05003, 11/3/59.




Q-5
Describe the support method for the bottom grid plate.

Provide a figure if available.

The grid plate support for the TRIGA fuel is the original
MTR fuel support. We are submitting the original plans
for the grid plate and the grid plate supports. (See
attachment 1)

Describe the two individual safety channels and specify
the detector type of each. Discuss the functional operation

of these channels.

Detector Type

Linear Power (Safety) Channel I: Fission Chamber
Linear Power (Safety) Channel II: Ionization Chamber

Functional Description

Monitor the neutron power level to provide linear indication
in percent of full power (scale 0 to 150%) and to provide

a signal to the reactor scram circuit to scram the reactor
when reactor power exceeds 120% of full power.

Design Description

The Safety Channel is a D.C. current measuring instrument

specifically designed for use with nuclear reactors. It




consists of two identical channels, "1" and "2% receiving
signals from separate ionization chambers located in

the neutron field to be measured, followed by various
special subcircuits to process and evaluate the information
received. All signals, except those from the detectors,
that enter or leave the assembly are isolated from essential
internal circuits to prevent external fault currents

from destroying vital circuit functions.

The Linear Amplifier is the input stage of each subchannel.
Within this circuit the ionization chamber current is
converted to a propoitional voltage outrut signal. Full
scale output of 10V (equivalent to 150% reactor power)

. : , -3
may be obtained with input currents between 3 X i0

- K
amperes and 2 X 10 )ampor(*s with 1/2% accuracy.

Test and calibration signalis are built into each channel
and are controllable from the front panel.

The circuits are all solid state utilizing high quality
epoxy glass plug-in printed boards. Many use only mono-
lithic integrated circuits as the active elerments.

Primary prower for the channel is obtained from the 115V
A.C. mains. Modular * 15V power supplies are included
within the drawer assembly along with an adjustable modular
high voltage supply.

Circuit boards ind switches are interlocked to indicate

removal of a hoard or incorrect position of a switch.




measur

control

ol |
Control rod worth
Shim 1 $2.80
Shim 2 $3.00
Reg. Rod - $2.42
B = 0.007
Excess reactivity 1.21% Ak/k

Ref. Measurements performed July 19, 1983

The reactor pool tank is made of 3/8" Al 6061 T6 plates

on the sides and 1/2" aluminum plate on the bottom. There
are five flanged nozzles on the tank. Four are for the

beam tubes and through tube and the fifth is for the




thermal column. [See Sect:ons 3.4 and 3.5 of the PSAR].
Prior to start-up the tank is visually inpsected from

the reactor bridge for obvious defects. The through

and beam tubes as well as the thermal column are inspected
for obvious .ater leaks during the walk through inspection
prior to start-up.

Fuel elements are inspected routinely every two years

{ See Section 4.1 Tech Specs) and the Control rods on

the same basis. [See Section 4.2 Tech Specs]

Bach safety channel's ability to perfoim according to

specifications is verif.od prior to start-up.

TRIGA fuel 1is known to operate in excess of 15 years

at power greater than one megawatt. In addition the

GA Mark F has operated for longer than 750 megawatt-days
without significant fuel! degradation. At the licensed
power of the MUTR this amounts to over 20 vears of operation

on an 8 hr/day schedule at 250 kW.

Private communication: Gordon West, Nov. 1983.

With respect to radiation embrittlement, sources of infor-
mation dealing with radiation damage to materials that
were reviewed in connection with this issue, indicate
20 2

that below a fast neutron fluence of 1.0 x 10 n/cm
the mechanical properties of stainless steels and aluminum
(the materials that provide structural support within
the MUTR TRIGA reactor) are escentially unaffected. In

v v 21 2
fact, at a fast neutron fluence level of 1.0 x 10 n/cm”,

both aluminum and stainless steel have ductilities that

are said to be "reduced but not greatly impaired."




Moreover, the yield strength of stainless steel actually

: ; 20 2

increases at an NVT of approximately 3.0 x 10 fast

n /(:m)' .

Using a conservative value for fast neutron fluence,

at which the mechanical strength properties of both aluminum

and stainless steel are assumed to begin degrading, of

20 2 . A
1.0 % 10 n/em” and using a conservative annual burnup

of 15 MW-hours per year, and finally using a conservative

value for the MUTR reactor fast flux of 5.0 x 10IZ n/sz/va

while operating at 250 KW(t), indicates that the MUTR

reactor facility structures exposed to fast neutron irradiation
20 ; 2

would not accumulate 1.0 x10 , fast neutrons/cm™ until

the year 2074 AD, i.e., not for another 90 years, based

on initial criticality of the MUTR reactor in 1974.

1. Etherington, H. (ED), Nuclear Engineering Handbook,
First Edition, McGraw-Hill, New York, Y, 1958.
Murray, R.L., Introductior to Nuclear Engineering,
Second Edition, Prentice-Hall, Englewood Cliffs, NJ,

1961.




Describe the
the MUTR.
Explain how the
S maintained at
to preclude
to the unrestricted
Discuss the potentiil
werte to occur

Ans-9.

9.1 The system currently in use for cooling and purification

of pool water has a heat-r:moval capacity of 2280 BTU/min.
There are two heat exchangers, one a tube and shell type,
the other is a "U" type.

9.2 The primary water is circulated by a pump with a capaciiv
of 120 gal/min. Throttling of this flow produces a line
pressure less than 70 psi on the primary side. The city
water pressure (secondary) is on the order of 80 psi.

"his tends to preclude leakage of the primary water into
the secondary side.

9.3 Check valves are installed in the secondary water lines
to prevent primary water from flowing into the city water
supply should the city water pressure fail. The radio-
activity in the primary (pool) water has a'’-.ays been
less than the maximum value given in 10CRF.55 for release.

Thus primary water leakage would have no impact if leakage




were to occur, since the output of the pool (suction

of the pump) is less than 2 feet from the top of the

pool, the exit would self-terminate when approximately

700 gallons had leaked. This assumes no operator inter-

vention.




(\
There is one demineralizer, having a disposable cartridge,
in the purification system. The cartridge is filled

g . 3 : .
with approximately 1 ft~ of a mixed ion exchange resin

provided by the Continertal Water Corporation. The
: 5 3 e .
. throughput capacity is about 10 ft /min. rhe resin is 4
replaced approximately once every two years. There i:

no direct data to show any accumulation of radioactivity
on the resin. Externally the resin i morn’tored for

rad ation and hes never exceeded a level greater than

3] to 5 mr/ar when coperating at full power (250kW).

The resin is replaced when its deionizing ability is

degraded and not because of radioactive material content.
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Ans-11.
'n":n :n al AL ;Hlll\‘l 1 L5 )L Mihea A ;y LU neud N win-n iil"l" i
a possibility that the pool w 'r temperature will approach

120°F. This is the upper temperature recommended for

J use of the ion exchange resin in the demineralizer cartridag
The flow rate in the primary loop through the heat exchanger
is 120 gpm. Ten gallons of H,0 per minute is by-passed

through the demineralizer cartridge.

(28 | hat O1 t 1 A fu Y ' ¢
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i ¢ rat chal 1 ] ( !
rate )1 user operat
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Ans~12.

% There are no operational situations under our technical
specification or P! that would require the use of th
diffuser system. However, for training purposes we usually

4"',

activate 'he diffuser at powers in excess of S50kW.
Data taken for laboratory illustration show that the
radiation level at the surface of the pool (at 250kW

directly above the core) is reduced from 150 mr/hr to




w?

50 mr/hr by the use of the diffuser. Bridge level radiation

level is reduced from 5 to 2 mr/hr.

12
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Provide an up-to-date drawing of the secondary coolant

system,

(Replacement for FSAR Figs. 5-1 & 5-2)

Ans-13,

The chanaee in tha scoondaly Luviant system are shown
in the attached drawings and the FSAR has been changed
accordingly. The primary system remains the same us

shown in the original PSAK.

-14.,

1.

Describe the heating and air conditioning systems at

the MUTR.

What prevents the air conditioners on the west wall of

the reactor building from becoming air outlets? When

the dampers in the ventilation system are “closed", there
might still be some air leakage out of the room.

Discuss this in connection with your Fuel Element Cladding

Failure analysis.

MS"I‘.

l.

The heating system to the reactor building is provided

by means of cteam from the University central heating
plant. By means of heat exchangers, the steam is converted
to hot water, this is circulated to heat the reactor

building.

13
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The air conditioning in the reactor building is provided
by a closed system wherein reactor air is circulated
over coils ccoled by chilled water from the Chemical
Engineering central air conditioning unit.

2. The two west balcony wall air conditioners have no means
of venting air %o the outside. The vents are mechanical ly
cloged anc

3. 1If the A/C vents were to Le opened and the louvers to
the west balcony were inoperative, the air flow out of
the air conditioners would still be less than that from
the reactor building main exhaust. This would present
no additional hazard and is still bounded by the analysis

presented in the FSAR.
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a=15.
Describe the radiocactive liquid waste collection system
at the MUTR. Summarize s: pling procedures and analytical
techniques. What is the normal discharge rate from this

waste collection system to the unrestricted environment?

Ans-15,

Radioactive liquid at the MUTR consists of a neglible
quantity of "hand wash" after removing protective gloves,
These washes, (two iavatories on west balcony) are collected
in the sump tank. This water along with two other water
sources :

(1) Overflow from the reactor tank - when ~efilling

due to evapor:.tion.

(2) Scrub water from normal floor clean-up
is collected in a 1400 gallon sump tank. This sump water
is measured for radioactivity by the Radiation Safety
Office and if it meets 10CFR20 requirements for sewage
disposal it is then pumped into sewage system. Thus

far we have always been below 10CFR20 limits.

18



~-10.

The MUTR, during the last 5 years, has never released
any reportable or significant quant ity of solid or liquid
radioactive waste.

All activation samples are normally retained in a lead
cave until the activity has decayed to a level below

that prescribed as an "unlicensed quantity"™ in 10CFR20.
They are disposed of after being surveyed by the Rad.
Safety Dept.

Other "solid" waste consists of disposable gloves, paper
towels and plastic containers. These are stored in a

55 gallon drum until filled. Approximately two drums

per year are removed by the CRSO. They estimate that
over the last five years less than 5 millicuries of radio-
activity have been collected.

Approximately 1000 gallons/month of sump water is pumped
into the city sewage disposal system. The measured r=zdio

TN X . -7
activity in this water has never exceeded 3.6 x 10

uCi s ~7 JBEE . _—
=t of y activity or 8.9 x 10 me ©f B activity.
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Ans-17.

To be submitted by December 22,

what calibrati 1 DI Ijures aré
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Ans-18.

To be submitted by December 22,
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The thermal column as described in Section 6.2 and shown
in Fig. 6-2 of the FSAR represents the current arrangement

and shielding in the MUTR.

Who 1s responsible for ensurina adeaquat: implementat

Ans-20.
Fire Protection Program
; The Fire Protection Program at the University of Maryland,
Coilege Park Campus, involves the practice of fire protection,
fire prevention, and fire safety education.
The following standards, quidelines and recommended practices
are utilized by the fire protection staff.
Title 29 CRF (U.S. Department of Labor) Occupational
Safety and Health Standards
State of Maryland Fire Prevention Code
The National Fire Codes
The BOCA Building Code (1981)
Fire Protection Bureau
The primary responsibility for the campus fire protection

program has been assigned by the Chancellor to the Depart-

ment of Environmental Safety, Fire Protection Bureau,



- 2 £

wtts £ b . P i '§ " .
WiailCh 18 part o1l tne Administrative

At present, the Bureau consists

two of th2m have degrees in fire

two part-time employees, who are fire protection students;

and is assisted as needed by the
1s a fire protection engineer.
have fire csorvice

- . d e s
A N N AR A AT Al

or technical training.

of three f

Attairs Division.

ull-time employee:

protection or safety;

Assistant

Director who

All Bureau employees

T s *
auulL Lion

LU academir

The fire protection service is provided by the Prince

George's County Fire Department.

The stat

ion that services

the reactor is the College Park Volunteer Fire Dept.,

Inc.



Ans-21.
The assumption made is that all gases produced are released
into the building and that approximately 5% of the aerosols
would be released through our absolute filter.

A maximum fueled experiment as defined by Technical Specifi
cations is such that no more than 5 millicuries of 1-131
thru 1-135 are produced. The free air volume of the

‘ ) Ll . _ 9 3
reactor as given on p. 3-4 of the 1980 FSAR is 1.7x10°cm .
Of the iodines, 1-131 is most hazardous and will be considered
here. With this assumption the result ing concentration

. Pl o . _

- 1s 3x10 "uC/cm™. Such an incident would require shutting

down the reactor and the initiation of the Emergency

Plan.



< ¢

-22.

Your analysis of the safety aspects is minimal.

Section

10CFR50.59 provides for licensee actions under certain

conditicns. Discuss how your rafety committee determines

if a proposed action or experiment constitutes

safety question."

"an unreviewed

Ans-22.

The proposed experiment is presented to the Reactor Safaty

Committee for evaluation. The experiment will be evaluated

according to parts e, f of 10.9 of the FSAR.

Next, any

potential safety problems that are revealed, will he

assigned to that member of the RSC best qualified to

handle it. He will then report his results to the RSC.

The RSC can now accen*, reject or recommend further investi-

gation. The items of principal concern are reactivity

additions in the context of potential excursions, chemical

reactivity and potential radioactive material expulsion.

24



Ans-23.

The

administrative organization of the MUTR radiation
protection program is as follows:
Reactor Safety Committee (RSC)
The Committee whose members are appointed by the Chairman,
Dept. of Chemical and Nuclear Engin :oring, establishes
policies concerning radiation protection including the
ALARA policy. The RSC reviews operating procedures and
experiments for reactor and radiological safety prior
to approval.
The RSC conducts audits to determine if facility operations
are being conducted in accordance with policies and procedures.
Director, Nuclear Reactor
The Director is responsible for radiological safety at
the reactor facility. He maintains the policies and
procedures reviewed by the RSC and ensures that faci lity
operations involving radiological safety are in accordance
. with policies and procedures. The director is a member
of the RSC.
Licensed Operators

The operators are responsible for assur ing that reactor

operation is conducted in accordance with procedures

and policies. Routine health physics activities at the




facility are performed by the operations staff.

Campus Radiation Safety Officer (RSO)

The RSO reports to an organization completely indepencent
of the MUTR organization. (See Pigure 23-1) The RSO
is a member of the Reactor Safety Committee.

Campus Radiation Safety Office

The Radiation Safety Office provides the facility general
services such as personnel dosimetry, maintains exposure
records and histories, routine radiation detector calibrations.
routine radiation and contamination surveys, and radioactive
waste removal. The Office is able to provide *the facility

with additional support as needed.

26
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-24,

We see no inconsistencies between the duties of an SRO

as given in 10.5.2C of the FSAR and the or ginal Emergency
Plan. We assume that you refer to section 3.1.1 of the

Emergency Plan, where the 3RO (on duty) becomes the Acting

Emergency Director in the event of an emergency. Since,

as seen 1n section 3.1.4, the SRO functions as Emergency
Director only until relieved by the Reactor Director

or Nuclear £ngineering Program Director.




Ans-25.

All

require BS/BA with 30 credits minimum in biological

or physicel sciences, mathematics, or health physics.
G 2. HPl - no experience

Hp2 2 years

HP3 3 years

PH HP 6 years

. 11 { our qe ral radiati ty rocedutr
t ni ] freque CH ) 1 1 \ ’ i Cl (8l ’
) ¥ D1 3 4 ' ey ¢

g Ans-26,
The reactor radiation safety protection is provided as
a service by the Campus Radiation Safety Office. Wipes
of desk tops and working areas are taken on a monthly
pasis. If the wipes are found to contain l()()n‘pm/l()()('m)
("II-~I()()(Mpm) or greater we are notified and the area
18 then cleaned and resurveyed.
Air samples are taken on a mont! ly basis by means of
a portable air sampler. Radioactivity in the air has

never exceeded the limits set by 10CFR part 20.




Film badges are monitored on a monthly basis, notification

level is 100mr. Exposures are reviewed each month for
excessive dose.
Pocket dosimeters are issuved by the Reactor Personnel

to non-badged visitors and/or students. Dosimeters are

calibrated by the CRSO.



Describe your program to ensure that personnel radiation

exposure and releases of radioactive material are maintained
at a level that is "as low as reasonably achievable" (ALARA).
At what level of the University Administration is the

ALARA policy established? Provide a confirmation.

Ans-27.

Experimencal facilities are utilized in accordance with
procedures reviewed and approved by the Reactor Safety
Committee. 1In addition, all (nonroutine) experiments

must be reviewed and approved by the Committee for reactor
and radiological safety. The Committee will recommend
special precautions and instructions to maintain personnel
expoczures as low as reasonably achievable. The licensed
operator on duty is responsible for ensuring that experi-
ments and normal reactor operations are conducted in
accordance with approved procedures and instructions.

He will provide additional measures which will lower
personnel exposure during facility operations. To close

the loop, the Committee is required by Technical Specification
to conduct audits on the radiological protection program

to ensure that facility activities are being conducted

in accordance with approved procedures and instructions

and in a manner in which personnel radiation exposure

and releases of radioactive materials including contamination
are maintained at a level that is as low as reasonably

achievable.

31



The ALARA policy which is the same as the factlity radiation

protection pelicy is established by the Reactor Safety

Committee.

References: Technical Specifications
Operating Procedure 105 - Installation of

Fyvrnoarimaoanéd
e e S T

RSC Charter



Generic type Quantity Operable range

Geiger
Mueller 8 1)

2)
3)
4)
5)
6)
7)
8)
Neutron

detectors

(BFy) 1)

2)

0-2 R/hr

0-2 R/hr

0-2 R/hr
0-500 MRem/hr
0-500 MRem/hr
0-500 MRem/h:
0-1M cpm
0-500k cpm
0-500k cpm
0-500k cpm

Method

Cs~137, Electrical
Pulse
Cs-137, Electrical

Pulse

Cs~-137, Electrical
Pulse

f»()('”

h()(~“

()U('()

Cs-137, Electrical
Pulse

Cs-137, Electrical
Pulse

PuBe, electrical
Pulse

PuBe, Electrical

Pulse

Calibration

Fr

eque

mont

mont

mont

n

I

!

montt

mont

mont

mont

mont

mont
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Ans~29.

All personnel working within the reactor area wear film

badges. These are exchanged on a monthly basis and

all records are maintain>d by the CRSO. Badges are processed

i ]
by a commercial service.
f D¢ calibrati10r DY edul fOr t he ] rt
Of + DEY Oy ] 1 ¢ ) Dre 1 ¢ Y |
p rance rucle for th C( ! 11y ! t
Ans-30.
Pocket dosimeters are calibrated using a Cs-137 source
of known strenath. The calibration is performed by the
Campus Radiation Safety Office. A brief description
of the procedure follows:
. Each instrument is assigned an identification number
and a history of its performance kept.
a. Instruments which read out in mR/hr and are
used to detect gamma emissions are calibrated using the
137, : ; : ,
Cs Calibration Range. Use of the Range is determined
g “ ; . 237,
& oy referring to the calibration chart of the Cs Range.

For instance, to calibrate an instrument to read 10 mR/h.,

. the detector is placed 32 inches from the source, and




an X800 attenuator placed in front of the exposure port.

The instrument is turned on, and the source exposed. The

instrument is checked at 20, 50 and £80% of the meter

scale for each setting of the Funct ion/Multiplier selector.

The instrument is then adjusted to give a uniform reading

throughout each scale, with the 50% mark being the most
accurate. All settings and readings are recorded.

b. Instruments that read out in both mR/hr and CPM,
and are used nrimarily to detect beta particles, will
be calibrated for gammas as outlined above (a) The
instrument is then checked for its efficiency using the
appropriate beta emitter. No changes to the internal
gamma ray calibration is done. All settings and readings
are recorded.

€. Instruments that read out only in CPM and are
used to detect either beta particles or gamma rays, are
electronically calibrated for CPM. A pulser 1is connected
to the instruemnt and pulses corresponding to 20, 50,
and 80% of m:ter scale and for each setting of the Function/
Multiplier Switch is introduced. The instrument is then
adjusted to give a uniform reading throughout each scale,
with the 50% mark being the most accurate. The instrument
1s then checked for its efficiency using the appropriate
beta or gamma emitter. > changes to the CPM calibration
is made. All settings and readings are recorded.

d. Instruments that are designed to detect alpha

: emissions are calibrated using a Pu source set. Usual ly.

only one meter reading per setting of the Function/Multiplier



switch is obtainable with this source set. The instrument
is adjusted to be as accurate as possible to this reading.
All settings and readings are recorded.

e.At the present time, all neutron ins ruments are
calibrated by an outside agency. [NBS]

f. After all calibration procedures are completed,
a calibration sticker is affixed to the instrument.
All instruments when received are assigned a log number
and then calibrated according to the procedure outlined
above A record of the instrument performance is maintained

by the CRSO.



1.
1978

Number of individuals monitored
£ 50 mrem 9
»50 mrem <100 mrem 2
1979
Number of individuals monitored
50 mrem 13
»50 <100 mrem 1
1980
Number of individuals monitored
50 mrem 13
50 £100 mrem 0
1981
Number of individuals monitored
$50 wmrem 22
>50 <100 mrem 0
1982
Number of individuals monitored
<50 mrem 32

>50 £100 mrem 3

22




Ans-32.

On page 11-3, section 11.2.1.2 of the reactivity ramp
rate for the simultaneous withdrawal of both shim rods
and the reqgulating rod is given by assuming a withdrawal
rate of 0.32 inches/second and a total reaccivity of
$8.22. The rods are 15 inches long and thus are worth
a total (simultaneous withdrawal) of $0.55/inch. Thus
the reactivity insertion rate is equal to $0.175/second.

Sucn an incident is extremely unlikely as it would involve

the simultaneous failure of three wires - passive elements

- which are not stressed.

The vo., discussed on page 4-12 was an assumed worst

case cilculation performed by the Vendor - General Atomic.
The specific calculations are no longer available, however
an alternate calculation is provided here. The ramp

rate oi $0.30/second is retained as this imposes no hardship

on the MUTR and is very conservative. The scenario selected

assumes the reactor to be delayed critical at 10 milliwatts.




1
'P‘

The

Then the 30¢/sec reactivity ramp is inserted continuously
until the 300 Kilowatt power level scram is actuated.

The approach to this calculation is to find the power
and the period from the reactor at prompt critical. The
method used is that of Hetrick, pp. 93,94. There is

no period scram assumed in what follows. The reciprocal
period at prompt critical is given by

:
r(«“zz)

-2+ (2NE

"y_#rl
I'( 2 )

.0767 svc-l

-
3.9x10 “sec
0.30 ¢/sec
0.007

AB
Y
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power at prompt critical is given by, P* where
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The assumption is now made that the power continues to
rise with the period, T*. The elapsed time from the

power at 529 milliwatts to 3900 Kilowatts will be taken

as the time that the ramp cont:nues. This is conservative
as the period after prompt critical will be significantly

shorter than at prompt critical. Thus assume

t

e T™

300 Kilowatts

t ~ 2 seconds
The added reactivity, conservatively ignoring feedback,
is then

Ap = 2 x $0.30/sec = 60¢
Thus the total reactivity addition before the rods are
dropped assum’ng 30¢/second is $1.60.
We then proceed by assuming that the $£1.60 reactivity
addition is added us a fast pulse. A personal communication
with AFRRI indictes ‘hat a $1.60 pulse in their TRIGA
results in a prompt eneryy of 8.2 MW-sec, a peak power
of 200 Megawatts and a peak Lemperature of 240°C. As
the cores are similar in loading this may be used as
a conservative estimate for the MUTR.
Typographical errors found in Table 11.1 will be corrected

and an errata submitted with all other known typographical

errors.
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more details for the transient
ilscussed on pp. 11-4 to 11-6 of your FSAR. Justity
the valu._.s used for heat capacity of fuel-moderator
prompt temperature coefficient of reactivity. Show
resultant values of prompt energy generated and
tempurature rise were obtained. Explain the differences

parameters between the FSAR (1980)

FSAR on the same analysis. Which values were act

Ans-33.
Tive analysis presented in Chapter 11 of the FSAR was
intended to be the same as that in the 1973 FSAR. There
are a number of typographical errors, especially in Table
11.1 that make this appear not to be the case. This
will be corrected and released as an errata sheet.
The heat capacity in the FSAR (1980) is given as l.lelOS
watt-sec/°C. If we make use of the data of Simnad
385 cmj for the fueled portion of a TRIGA element) and

our loading of 93 elements, this results in 2.82 watt

sec/cm3—°C which corrcsponds to the heat capacity as

give:: by Simnad for arn element at 187°C.

The prompt temperature coefficient used is that given

by General Atomics for use in the 1973 FSAR and is equal
to 1.25x10-4Ap/°C. This corcresponds with the value given

-
Simnad of 9.5x10 )Au/”C.




Resultant values for prompt energy and fail temperature
rise were generated by General Atomics. The calculation
shows a prompt energy generated of 32.7 MW-sec and a

Nordheim-Fuchs calculation
E = 105/1 1= 2.2 milliseconds

results in 45.4 MW-sec. As the Nordheim-Fuchs calculation
is known to result in higher than artual peak pnower and
energy the values submitted by General Atomics as displayed
in our 1980 FSAR are acceptable.
The prompt temperatvre rise as reported is also consistent
with this scenario and is given as

prompt fuel temperature rise (average) 266°C

prompt fuel temperature rise (peak) 486°C

Reference:
M.T. Simnad, "Fuel Elements for Pulsed TRIGA Research

Reactors"™, Nuc. Tech., V. 38, Jan. 1976
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rence where

Ans-34.

The information presented on page 4-5 of our FSAR is

the data from experiments performed by Gereral Atomic

on fuel integrity as a function of temperature and pressure

34. General Atomic Division of General Dynamics,
Research in improved TRIGA Reactor Performance,

Final Report, GA-5786, pages 17-18, 20 Oct. 1964.
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On page 4-4 of your FSAR you define a damaged fuel element.

Please discuss in more detail how the damaged condition

would be ascertained.

Ans-36.

The fuel elements are presently inspected every 15 months
visually for obvious defects. If such a defect were
discovered, measurements of the rod, particulariy bow

may be made.

Experience with TRIGA fuel suggests that at the low power
and burn-up of the MUTR the most likely defect (although
of low probability) would be a small breach of the cladding,
this could escazpe visual detection but would be detectable
by the routine beta-gamma analysis of the pool water.
Detection of elevated fission product inventory would

be an indication of cladding failure and intensive visual
and physical inspection would be performed to ascertain

the elements responsible.
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Ans—-37.
Water samples are taken from the 6009 gallon reactor
pool on a monthly basis or when requested by the Reactnr
Director. The pool water is thoroughly mixed by activating
the diffuser prior to sampling. A liter sample is taken
about 6' above the core. This sample is analyzed for
beta activity using a Beckman LS0355 analyzer which separates
the betas according to energy channels. Gross gamma
content is found by means of a Beckman-310 gamma detector.
The analyses are performed by the Radiation Safety Office

personnel. Gross beta and gamma activity are measured.

Typical results are %.6()).10—7|A1Ci/m2 for gammas and

8.9x10'7uci/m1 for betas.




Ans—-38.

"hank you for pointing out these errors. Steps

seen taken to make the necessary corrections.

n

lechnica

Ans-39.
We are presently revising ocur Technical Specifications
to be more consistent with ANSI/ANS 15.1(1982). A revised

version will be submitted in the near future.




