
fh ' bih 2
Arkailsas-N'

des t "I,ech

SiH L. ' University
i ! h

~
: - nussethane, Arkansam 728o1-2222 Of!ke of the IWaldent

,

w.i:g r.oi 9c.a-o237,

September 30, 1991

Mr. Alexander Adams, Jr.
i

Non-Power Reactor, Decommissioning, and '

Environmental Project Directorate
U.S. Nuclear Regulatory Comnission
Washington, D.C. 20555

RE: Project Number 677. Application
for a Construction Permit / Operating
License for the Arkansas Tech University
TRIGA Reactor Facility

Dear Mr. Adams:

Enclosed are responses to questions concerning Arkansas
Tech University's aoplication for a construction permit /
operating license for a TRIGA research reactor. Please
contact Dr. Jack Hamn at (501) 968-0353 for addi t.ional
information or clarification of these responses.

Sincerely, /
-' ' y,/ f-;/g,1A ,__ d b [ L %-

-e- ,

' N Kenneth Kersh)

{

9110170316 910930
PDR ADOCK 05000606

{|lA PDR



. __ - -

- RESPONSE TO REOUEST FOR ADDITIONAL INFORMATION

ARrO\NSAS TECil UNIVERSITY

1. Introduction page 1.1;

a. Please use the standard notation of (TcAk/k), and ( $) through-
out your documentation.

This change is made on pages 1 1,12 (7 places), 13,329,333,3-
34 (8), 3 35 (3), 3 36 (2),4 7,71,7 2 (5),7 5,7 7 of the SAR and
pages 13, 31, 3 2 (2), 3 3 (3), 3-4,311 (3),312,610 of the Tech
Specs.

2. Section 1-2 page 1.1;.

a. You mention '' core irradiation tubes," but have confined later discus-
,. .

sion in the SAR to one centralirradiation tube. Please clarify, or pro-
vide analyses for more th; n the central tube.

There is only one core irradiation tube which is the core central ir-
radiation tube. The sentence is changed to read " Reactor experimen-
tal facilities willinclude a rotary specimen rack, a pneumatic
transfer system, and a central core irradiation tube (Central
Thimble).

b. Table 1-1, page 1.2 and 1.3; there are some entries that need to be ad-
dressed:

(1) The notation of %Ak/k and dollar. (See comment No.1.)

Changes are made.

(2) The ratio of hydrogen to zirconium in the fuel / moderator
material.

Zr/ll corrected to II/Zr.

(3) The numerical magnitude of the reactor temperature coeffi-
cient of reactivity (justify value).

0.11 %Ak/k corrected to 0.011 % Ak/k.
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(4) The absence of a void coefficient of reactivity.

The void coeilicient of reactivity is 0.001 %Ak/U(1% void) [G A 2070].

(5) Last part of Table needs the standard notation of em(in) and
m(ft).

* Changes are made. -

c. Page 13; your reliance on 3.5 %Ak/k insettion, and peak powers of
8400 MW do not address possible differences of the GA reactor from
the proposed ATU reactor. Please make quantitative comparisons of
number of fuel elements, power distributions throughout the cores,
average and maximum energy densities in the fuel, power densities in
the fuel rods and average and maximum fuel temperatures.

3. Chapter 2;

a. Please provide distances from the reactor to the nearest major high-
ways and raillines.

Interstate liighway 40 passes about one half mile north of the reac-
tor site on ATU campus. Arkansas liighway 7 passes through ATU
campus and adjacent (S0011) to the reactor site The Missouri.
Pacific Railroad passes one half mile south of the reactor site on
ATU campus,

b. Do any major airways pass over the ATU campus? If yes, please ad-
dress the density of air traffic and possible affect on the reactor.

.

4, Section 2.2; Please provide information on the distances and directions
from the reactor to the nearest occupied building, such as a dormitory,
and to the nearest permanent residence in the unrestricted area. In the
later analyses for maximum potential radiation exposures to the public,
include these locations for both routine operations and potential acci-
dents, for both Argon-41 and fission products.

The nt arest occupied building is Jones IIall which is a dormitory.
This t 4ilding is situated approximately 15011 south west of the reac-
tor sits. The nearest permanent residence is located approximately
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500 ft north of the reactor building. The maximum potential ex.._
posure to the public from argon-41 (routine operations) and fission
products (accident situations) at these sites will be less than the ex.
posures in the lee of the building. Dilution as well as decay of the
isotopes will reduce the cancentrations at these sites. The exposure is

.

iexpected to be Ir;s than that in the lee of the building. As shown in
sections 6.4 arN L3 the exposures in the lee of the building is within '

the 10 CFR 26 limits, |

|

5. Section 3.2;

s. Itemize all components, including all fuel elements, of the ATU reac-
tor that have been previously used. Give detailed history and condi- ;

tions of their use, interim torage, refurbishment, etc. Provide explicit j
critena used to determine acceptability for ATU, and reasons that
ATO deems that iam E ty and operability for the requested period ofd
the operating license is rcasonably assured.

b. - In Section 3.2.1.1, first paragraph, second sentence, should it be: " en-...

riched to less than 205 U-235."?

Corrected (page 31).

c. In Section 3.2.1.1, second paragraph, the wording is confusing; please
clarify. Also, Fig. 3--2 refers to a SS tube not a SS can, please use con-*

sistent wording and notation.

The corrected paragraph is given below.

Each element is scaled in a 0.020 in. (0.0508 cm) stainless steel tube
(cladding) and all closures are made by hellarc welding. Two see-
tions of graphite are inserted in the stainless steel tube, one above
and one below the fuel, to serve as top and bottom reflectors for the-
core. A molybdenum disc separates the lower graphite section from
the fuel.

d. Because GA has marketed both gapped and non gapped stainless
steel clad fuel, and because this affects heat transfer from both the
fuel meat and the graphite end pieces, please tell us which you will
have, and address the effects on fuel temperatures and reactor perfor-
mance in the appropriate sections of the SAR.
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All calculations are done for non. gapped fuel elements. This is the
fuel we expect to use,

c. In Section 3.2.1.2; Give the same information as in 5 a. for the instru-
mented fuel elements, and for your neutron detectors, llow many in-
strumented fuel elements will be present at the ATUR, and where will
they be located in the core?

Instrumented fuel elements: There are two instrumented fuel ele-
ments. They are located at 115 and C11 (see figure 3-6 showing Typi-
cal core configuration). These are expected to be new non gapped
elements obtained from GA.

Neutem detectors: There are three neutron detectors; one fission
and two ionization chambers. All detectors are expected to be new,

f. Section 3.2.1.3, Graphite dumm, elements; If you intend to operate
with such elements m any fur'. location other than the outer ring,
please provide an analysis of thermal and power density effects on
nearby fuel elements,in both steady state and pulsed operation..

We expect to operate it.e reactor with the typical core configuration
shown in Figure 3-6. The graphite elements are not expected to be
placed at any other location. If a need arises for an alternate con-
figuration, a detailed safety analysis will be performed for the new
configuration and approval shall be obtained from the Reactor
Safety and Util.lzation committee .

g. Section 3.2.2.1; Were the grid plates designed by GA. Michigan State,
or Arkansas Tech? What design review did they receive? Please pro-
vide a reference or discussion.

The grid plates are the ones designed by GA and used earlier at the
Michigan State reactor facility.

h. Section 3.23; What is the neutron source strength, in neutrons per
second?

The strength of the Am Ile neutron source is 1.88 Ci.The neutron
6yield is 70 neutrons /10 primary alphas (Knoll. Radiation Detection

and Measurement). Therefore the neutron source strength is
6 go 6

4.9 x 10 n/s (1.88 x 3.7 x 10 x 70/10 ),

.
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i. Section 3.2.4;If the graphite reflector assembly is not new, what
precautions have been taken to assure that the water tight integrity is
still valid and the graphite is dry? Discuss in further detail sealing and
capping the unused beam port. What would be the effect if the seal
fails?

j. Section 3.2.5; Please reference the design review of the tank. What
was the design criterion? What is the basis of the aluminum wall
thickness being 1/4 in.?

r

The hydrostatic pressure due to the maximum water height
h = 7.62 m (25 ft) is 7.5 N. The stress on the tank wall of radius
r = 1.524 m (5 ft) and thickness e =0.0762 m (0.25 in.) is 17.9 MPa
(2600 psi) [a=yhr/e]. This is less than the yield strength for
aluminum which is 4000 psi. The bottom of the tank will be made of
0.5 in aluminum. Other structural reinforcements will also be
present. The tank will be designed and fabricated by GA

k. Are there any penetrationsin the reactor tank? If so, please discuss
the impact on reactor safety if failure of integrity were to occur.

No, there are no penetrations in the reactor tank.
.

1. (1) Tank coating to prevent corrosion has lost integrity in some non-
power reactors. Please discuss details of the design, what tests
have been performed, and what assurances you have that the
life-time of the proposed coating will extend at least as long as
the proposed operating license.

(2) Discuss neutron fluxes beyond the tank surfaces and possible ac-
tivation of soils and ground water,

In. Section 3.2.5, third paragraph, second sentence; is the isotope produc-
tion facility actually the rotary specimen rack? If so, please use cons: 3-

tent terminology or cross reference.

Yes. The isotope production facility is the rotary specimen rack. Sen-
tence corrected on page 313.
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n. Please commit that you will develop written procedures for the use or
movement of the " shielded isotope cask" above the reactor and its con-

'

trol rod mechanisms. Discuss the plans.

The next sentence is added to the SAR. When the isotope cask is i

moved over the reactor tank, written procedures pre-approved by the 4

!Reactor Safety and Utilization Committee will be followed. The para-
graph reads as follows:.

|

The center channel assembly is located at the top of the reactor tank
directly over the reactor core. It provides support for the rotary ;

specimen rack (isotope production facility) drive and indicator as-
sembly, the control rod drives and the tank covers. The assembly
consists of two 8 in. (20.3 cm) structural steel channels covered with
steel plates 16 in. (40.7 cm) wide und 5/8 in (1.6 cm) thick. This as-
sembly is 12 ft long and is designed to support a shicided isotope
cask weighing 3.5 tons (3175 kg) placed over the specimen removal
tube When the isotope cask is moved over the reactor tank, written
procedures pre approved by the Reactor Safety and Utilization Com-
mittee will be followed.

The procedure will take into account the following points. (1) Avoid
the movement or placement of the cask over the reactor or its control
rods, if possible. (2) Move the cask from the edge of the tank to
the top of :, e isotope removal tube over the shortest path, which will
be over the central channel assembly. (3) Fasten the cask to a small
crane to prevent the cask from falling into the tank. (4) Use addi-
tional reinforcements to the grating over the reactor tank.

o. Provide an analysis of the effects on the reactor of using evacuated ver-
tical tubes extending to the top or sides of the reflector. Include con-

..

sequences related to inadvertent flooding.

There are no immediate plans to use evacuated vertical tubes. A
detailed safety analysis will be performed and the approval of the
Reactor Safety and Utilization Committee will be obtained before
such an arrangement is used in the reactor. The last four sentences
of the second paragraph on page 3-14 are removed from the SAR.
The change for this paragraph is given below.
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Several Experimental facilities are available in the reactcr. For
isotope production, a rotary specimen rack is located in a well in the
reflector assembly. A Ineumatically operated " rabbit" transfer sys.
tem, which penetrates the reactor core lattice, is provided for the
produellon of very short. lived radioisotopes. A central thimhie that
enters the center of the core lattice makes possible the extraction of a
highly collimated beam of radiation or insertion of small samples
into the region of maximum flux. There are no beam ports in this ar-
rangement of the reactor. Evaenated+ecticaHabt; inser::d inte-the
reseterand4ocated an :h :cp, ar the 3iderdthe rt!1cetemwarbe
used-todtain a callimated hea:n af radiatient-4ipecia! shic! ding
maybe reqw:r:d v h never-thit4*-done.- Large samp!c:; :. vater tight
contain:r: :naycc !;.v; red in:a the spa;c areend-there!1:etar far ir-
radiationr-If n;ces:;ar;,, the turc tanh ; cay- he used ta ;; ore +aenples
af:cr irradiation

p. (1) Pneumatic transfer system (I'FS); Please discuss who will be in
control of this system and its samples. Ilow is use of the IrFS
controlled with the potential for reactivity changes if the
receiver / sender unit is outside of the reactor room? What or-
ganizational group is responsible if the receiver / sender unit is in.

a location not explicitly covered in the reactor operating license?

(2) Discuss radiological impacts related to l'fS use and operation,

q. Are the control rods new? If not, has there been any " burn-up" of the
B-10? If used, discuss the implications to reactor operation and safety.

All the control rods are expected to be new ones obtained from GA,
with no burnup for 11-10.

r. Section 3.2.7.2, Rod Drive Assemblies: Do the "!!mit switches" per-
form any function other than causing lights to indicate positions?
Please discuss,

The limit switches,in addition to switching lights that indicate posi-
tions, actuate circuits that stop the drive motor at the top and bot-
tom of travel. In the event of a scram the rod DOWN limit switch
actuates the circuit to drive the magnet down, unless the UP push
button is depressed. The following sentence is added to the SAR on

.
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p.ge 3 24,"I imit switches mounted on the drive assembly actuate
ci. wits a 9 ',, the drive motor at the top and bottom of travel, drive
the magnet down in the event of a scram, and indicate the following
at the console:"

s. Figure 3-16; it is suggested this figure should be labeled Rack and
Pinion Control Rod Drive.-

This change is made on page 3 25.

t. Administrative controls to limit the transient rod reactivity addition
might not be sufficient. A mechanical stop on the transiem rod may
be more appropriate. Please discuss.

The sentence is changed to "The rod may be withdra vn from zero to
a maximum of 15 inches from the core; however, a mechanical stop is
used to restrict the travel so that the maximum permissible step in.
sertion of reactivity (! A %Ak/k or 2.0 $) will not be exceeded."

u. Section 3.2.9.2, Storage Racks; How many 10 position racks are
present in the tank? If all fuel elements must be removed from the
core for some reason, how and where will they be moved and stored?
Discuss reactivity and shielding conditions of all 7f the fuel storas
facilities, for both irradiated and unitradiated fuel rods.

There are four,10 position racks in the tank. To facilitate extra
storage, two racks may be attached to the same connecting rods by
locating one rack at a different vertical level and offsetting the
horizontal position slightly. A minimum of 8 ft of water above the
racks will be maintained to provide shielding. The number and
positioning of the fuel is such that the configura=. n will remain sub.

*

critical.

Fuel storage facilities are discussed in section 6.2.2 of the SAR.
Storage pipes outside the pool are pits in the reactor floor. These
pits are fabricated of 10 in. diameter stainless steel pipes. They are
1611 deep, and located 3 ft from the adjacent pipe. Nineteen ele-
ments may be stored in each pipe, and water may be added to pro-
vide radiation shielding. An element spacing rack will provide an
array for the fuel equivalent to the inner most 3 rings of the reactor
core (including the central A ring). Locked cover plates on the pipes
provide access control. The cover plates may include some shielding.
This configuration of 19 fuel elements will remain subcritical.
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Note: In section 6.2.2. page 6-5 change the sentence " Nineteen ele-*

ments may be stored in each pipe, and water added to provide radia-
tion shielding." to " Nineteen elements may be stored in each pipe,
and water may be added if necessary to provide radiation shielding."

6. Section 3.3;

a. A NRC SER is not considered to be an acceptable substitute for a
case-specific technical analysis by an applicant for a license.

The references 3 and 4 are removed from this chapter and references
to them are changed on pages 3 33 (13 to 1,2) and page 3 34 (4

removed).

b. Pages 3-33; With all of the " operating experience with TRIGA reac-
tors" that you have noted,in addition to the University of Texas
analyses, give a specific reference to experimentally verified operation
of a 70 element reactor. Cite pco.ver levels, peak to average power
densities, maximum operating thermal power level, peak fuel tempera-
ture, and burn-out ratio. Please provide the reference for the 1250 C
phase transition for ZrH.

c. What is the power density (watts /gm) corresponding to the 180 C and
the 265 C fuel temperatures?

,

The power density is approximately 1.3 W/g. This value is for a core
with 90 fuel elements. The 70 element tore will have a power density
of approximately 1.7 W/g. The average and peak temperatures
should be corrected to about 200 C and 294 C respectively, for steady
state operation. Correction made on pages 3 33 and 71.

7. Section 3.4;

a. Give the basis for the " neutron lifetime" for your reactor being 41
micro-seconds.

This is a typical value and may vary by about 10 % b. tween graphite .
and water reflected cores.

b. Page 3-34, paragraph 3. sentence 3; Please be more cat eful of your use
of the term "shtitdown margin." See the definition in you Technical
Specifications.

Response ATUTR 9 9/91
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The sentence is changed as follows:"With the enrc maximum excess
reactivity of 2.25 %Ak/k. the shutdown margin, the minimum reac-
tivity avallable to shut down the reactor with the most reactive rod
stuck out,is about 0.44 %Ak/k (0.63 $)"

c. Page 3-34,last sentence, and Table 3-5; Please give your basis for this*

table.

This table and values are from 'Iexas SAR and for their reactor.

d. Page 3 35Isentence preceding Table 3-6, and the table; This sentence
implies that ad hoc estimation of reactivity effects can serve to replace
a measurement. Please discuss your basis for that.

.

Change the paragraph as follows. The estimated reactivity elTects as-
sodated with the introduction of some of the experiments in the reac-
tor core are given in Table 3-6. These numbers should only be used
as a guide. The effects of materials not given here must be thorough.
ly investigated before insertion into the reactor core.

8. Section 3.5;

a. What, specifically, are the relationships between Safety Settings and
Safety Limits (Safety Limits are not mentioned)? What is the techni-
cal basis for stating that the Safety Settings are " conservative?"

b. Please give quantitative analysis, showing relation of temperature at
the thermocouple in the scram circuit to the peak fuel temperature in!

the core. Discuss procedures for ensuring that no fuel temperature-

reaches 500 C, for both pulse and steady state operation,

c. Second paragraph of Section 3.5; 1sn't there a scram on both tempera-
ture and power? ' If so, suggested wording might be: "... and if either'

250 KW or 590 C is exceeded, the reactor will scram."

Yes. Sentence corrected to read " Maximum steady state power level
is set at 250 kW (thermal), and maximum fuel temperature is set at 4

500 C and if either 250 kW or 500 C is exceeded the reactor will

|
scram.",

1
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d. Please summarize in Section 3.5 the (luantitstive margins between
these set-limits and the values of the corresponding parameters when
you consider the hazards to be "significant " and discuss the bases.

9. Section 4,1;
|

a. Table 4.1; Are the set points scrams, interlocks, or some other action? i

i

Table 41 is changed as follows. The set point on the wide ran;;e log

.

power channel is an interlock. The set points on the percent power
".

channels #1 and #2 are scrams.

Table 4-1 Operating Ranges and Set Points for Neutron Channels -

- _ _

Channel Detector . Range Set points

Wide ranae
log power Fission < source level to 250 kW 2 cps

Interlock
- Multirange

Fission- sourcelevel to 250 kW nonelinear power
- (same as above)

'

Percent Power Ion 1% to 110% 100 %-.

(S,250 kW)#1 .

cram
Percent power

-#2 . Ion 1 % to 110 % 100 %

$ (250 kW) ,

Scram

_ - -

b. Table 4.1 and Section 4.2.3

Power level set points should not exceed the licensed power level of
% the reactor. Either change the percent power set points to "100% or

less" or increase the licensed power level to 275 kW(t) If power levele-
. is increased, please analyze the increased power level in the SAR.

.

The scram set points on the percent power channels are changed to .'

100 ele (250 kW);
.

Table 4-1 (2 places) shown above,

Response ATUTR 11 9/91
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section 4.2.3 (1) " Scrams are set ut 100 '7c of full power on both chan.
nels",

section 4.4, sentence changed as follows: ;

1. Power on one of the two percent power (safety) channel exceeds 100%
of the full power (150 kW) during steady ttate operation and pcwer
on one percent power channel exceeds 100% of full power during
pulsing operation.

.
The sentence " The reccior may be operated at power levels not to ex.
ceed 275 kW during short periods for test or calibration. "is

,

removed from page 2-4 of Technical Specifications.

Table on page 3 6 of the Technical specifications.

.

Number Effective Mode
Safety Channel Operable Function Steady State Pulse

1. ManualScram Bar 1 Scram'on X X
operator demand

,

2. FuelTemperature 2 Scram at 500 C X X

3. Percent Power Level 2 Scram at 100% X
of full power

4. Percent Power Level 1 Scram at 100% X'

(Peak Pulse Power) of full power

5. High Voltage 1 Scram on - X X
loss of

- 6. Magnet Current 1 Scram on X X
- loss of

.

c. Control console; Please provide information on type, model number,
year of initial operation and history of use, including any modifica-n
tions, improvements, and refurbishments.
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d. Page 4 2, first paragraph; if water temperatures are read through a ;
'

selector switch, please explain how the " core inlet coolant water-
'

temperature below 50 C"is ensiired at all times.
;

#

if the bulk pool temperature goes atxwe 50 C an alarm is produced
which is visually or aurally annunciated at the console. Page 4 9. The
selector switch position is changed in Dgure 4.3. Some of the M.

- table Trips (B/r) in ngures 4.2 and 4.3 are located incorrectly. These ;

ngures are corrected. ;,
,.

10. Section 4.2; j
a. Discuss whether the reactor period signal from the Wide Range Ixg

>

Power Channelis used to provide a reactor scram signal.

n. The reactor period signal does not provide a reactor scrum. The ;

.~ sperature and power channels will pro'elde the required redun. ;

dant scrams.

b. Sectk,n 4.2.3 It is stated that the two safety channels are completely ;

independent. Do they operate from independent high voltage (lon-
collecting voltage) supplies? Please discuss.

Yes, the high voltage to the two lon chambers providing signals to the
*

'

two percent power channels comes from the len and right hand -
'

- drawers. The scram signals come from these two independent chan.
nels. Therefore, the two safety channels are o smpletely Independent. ;*

c. Section 4.2.5; Two temperature scram channels are discussed. Please
discuss how both are wrrelated to the peak fuel tem )erature in the
core. Ilaw are power den !!y and fuel temperature t istributions
within individual fuel rods, includingihe instrumented elements, ac-
counted for between aulse conditions and steady state conditions? By -

~

what criteria do you c etermine which of the two temperature channels
is the Technical Specification LSSS?

,

11. Section 4.3;

'a. - Are all of the control / safety rods scramable? |

s

,

t
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All control / safety rads are *cramable. Control ro(Ils also
scramable.GA -

b. Please discuss the use of the percent power channelin Transient
Mode, llow is linearity ensured, and how is the channel calibrated?

In the Transient mode the only the percent powr channel in the
right hand drawer (#2) is used, it prmides signals for the peak
power (ny) and the integrated power (nyt) circuits, in addition the a
scram signalis generated??? at the scram set point (100'7e of maxi.
mum power). The scram set point is the same in both steady. state
and transient modes. The % power linear amplifier (EI.C 266 2120,

4
GA) provides a 10 V output for detector currents between 10 A and
10' A with 1/2% accuracy. Test and calibration signals provided at
the console ensure the operability of the channel. An external

,

callbrated current source is used to substitute the detector current
signal to perform an absolute current calibration.GA

12. Section 4.4;

a. Last paragraph; Reference is made to pump pressure less than 90%.
What pump? Please describe.

The pump referred to is the one in the primary system (figure SJ).
The sentence is changed to read " Primary pump perssure less than
90% of normal operating pressure which initiates pump trip."

b. Please provide the basis for the alarms listed in this section.

1. Ilulk pool temperature above 50 C. The temperature rise of the
coolant through the core is roughly 30 C at 150 kW. Assuming the
core inlet temperature to be the same as the bulk pool temperature
of 50 C the outlet temperature would be 80 C. This provides a mar-
gin of 33 C (saturation temperature of water at 23.4 psia is 113 C) to
prevent film boiling. (Tech Spec. LCO 3.3.1.a)

2. Pool level not within 0.5 ft of normal operating level. This alarm
signals any water leak into or out of the reactor tank. This is also an

,

indirect indication ofleak into or out of the primary system. (Tech
Spec,l.CO 3.3.1.d.). This requirement would also ensure Tech Spec.
LCO 3.3.1.c is satisfied.

Response ATUTR 14 9/91
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3. Primary pump pressure less than 9' c of the operating pressureR
which initiates a pump trip. This would indicate a break in the
primary loop and the pump will shut down to minimire cliccts of the
leak and damage to sin pump.

4. liigh Radiation lesel. The alarm, when the radiation level is aime
uormal levels, would warn operating personnel to radiation hazards.
Steps would be initiated to minimize personnel exposure and radioac.

,

tivity release .

13. Chapter 4, references; it is not indicated in the text where the various
references apply. Please address this comment.

These are general references that provided the information for tv i
chapter.

14. Chapter 5;

a. Section 5; Does the statement about the cooling system being "above
grade" mean that all parts of it are at an elevation nigher than the sur-
face of the water in the reactor tank? Please discuss.

Yes. The normal water level in the tank is 0.5 ft below the top edge of
the pool tank. The top edge of the pool tank is 0.5 ft below the riour
surface. The heat exchanger is mounted 5.0 ft above the floor on the
south wall. The pump anE he demineralizer are 1.011 abme the sur.
face of the floor,

b. Section 5.1; You have N-16 produced by a (nB) reaction instead of
_

(n,p). Please correct.

Corrected.
.

c. Section 5.1, page 5-3;1s the 1 psi pressure differential independent of
operation of the primary coolant system pump? Please discuss, includ-
ing radiologicalimplications in the ewnt of a water leak between
primary and secondary systems within the heat exchanger.

The 1 psi pressure differential applies only when the primary coolant
pump is operating.

The maximum amount of water that will leak into the secondary sys-
tem is about 950 gallons. The radiological hazard would not be
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greater than that discussed in section 14.e.l. The pool water lewl in.
dicator provides an alarm when the water is 0.5 ft below normal. At.

this point the amount of water lost would be only about 294 gallore.
This reduces the radiological hazard. Also, the water leaking into
the secondary will remedn in the secondary system. This is a closed
system with check valves preunting backliow into intake.

d. Section 5.3; llow is back flow from the pool to the city water sptem
prevented under all possible water pressure conditions? What precau-
tions are taken to assure no primary or secondary water enter the city
or campus water supply?

The poolis located below grade. The primary and the secondary sys.
tems are isolated from the city water system. There are no pipes con.
nected directly to the city water system from either the primary or
the secondary systems. Make up water is added to the pool from a
sm il tank through the auxiliary tap shown in Figure 51, Make up
wat <r for the chilled water system is taken from a small resenoir
which is isolated from the city water system. This resenoir ls

' replenished as needed mani'a'.ly. Check valses may be installed
whereser a backflow is possible.

The prinaary water level indicator provides alarm if water is lost
from the system. Furthermore, the siphon break allows only 950 gal.
lons of water from being lost.

.

A major failure of the tank is not expected. The concrete, shielding
structure and a steel tank surrounding the pool tank will prevent
such a failure. The steel 'ank will isolate the pool water from the
ground water.

c. An inadvertent leaking of the pool water down to the siphon break
would result in about 950 gallons lost. Assuming this water contains
the maximum calculated radio nuclide level resulting from prolonged
operation at the maximum licensed power level:

(1) What precautions, if any, are taken to ensure this water is not
released to the unrestricted area? Assess radiological conse-
quences to restricted area personnel.

(2)If this water is allowed to enter the unrestricted area (scwer or
storm drain or etc.), assess the potential dose consequences to
personnel in the unrestricted area.
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f. Ilow often is the radio nuclide level in the primary coolant system
(PCS) checked and compared with 10 CFR Part 20 allowable con-
centration for release to the environment? What is the maximum al.
lowed electrical conductivity level in the PCS?

g. Ilow is the pool water level determined?
. t

The poollevel is determined using a noat meter. The noat generates .

'

- Indication for the water level in the pool for 1. m of the normal
operating level. Alarms are also generated if the water level is 0.5 n ;

above or below the normal operating level.
,

-;

15.- Chapter 6;

a. Figure 6.1; Please show and define the " restricted area" as defined in 3

!10 CFR Part 20,'and the " reactor facility" to which the reactor operat-
Ing license will apply, j

:

Restricted area as denned in 10 CFR Part 20,(Any area access to
which is controlled by the licensee for purposes of protection ofin-
dividuals from exposure to radiation and radioactive materials.), is
the " Reactor Building " shown in Figure 61. The reactor fatllity to
which the reactor operating licence will apply is also the same as the -
" Reactor Building".

.
.

b Section 6.2.2,- Fuel storage; Discuss Keff for fuel sterage pits contain -
ing 19 elements, both dry and water flooded. -liow does one transfer
the fuel from the reactor; discuss procedures.

.

,

c. Section 6.2.3, Ventilation system; please discuss:.

(1) Fail safety features in case of loss of electricity.

!

The dampers on the air ducts are normally closed due to the action
of gravity and springs.They are held open by an electrically control.
led actuator. The loss of electricity will close the dampers.

(2) Normal configuration; where is the fresh air intake relative to
exit from the exhaust stack?

.Rosponse ATUTR 17 9/91
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The fresh air intake is at ground level on the south east side of the
reactor building (figure 61). The exhaust stack is at rooflevel at the
center of the reactor building and about 10 m abuse the ground lesel.

.

(3) Automatic featmes causing dampers to close and isolation to be
achieved. What functions are changed by monitor response?

A high radiation level sigaal from the air particulate monitor in the
roof stack will sound an alarm in the reactor control room. This sig-
nal will activate a circuit that will remove electrical power to all the
actuators holding the dampers 1 through 6 (Figure 6 3) open. Thus
the dampers will be closed automatically. The dampers may also be
closed by the operator manually turning the electrical power off.

(4) Are " scaled doors" and windows closed during operation?

Yes. The operating procedures will specify meeting this requirement.

(5) Discuss the actions, automatic and other wise, of the ventilation
system in the event discussed in Section 7.3 of the Salt.

The high radiation level resulting from the fuel element failure (Sec.
tion 7.3) willinitiate an alarm in the Control room. The signal will
initiate the automatic shut down of all the dampers, and thus com-
pletely iso!ating the reactor room from the rest of the building. The
reactor room doors and windows will remain closed during a fuct cle-
ment handling operation. Doors to the control room from the reac-
tor room may be opened briefly for personnel to evacuate. The.

reactor will be securt-d ifit was not secured. Flow shall be diverted
through the llEPA filter only after permission from the Reactor
Safety and Utilization Committee is obtained. This committee shall
issue such a permission only aller consulting with the Itadiation
Safety Committee. It may be necessary to turn on the exhaust fan to
maintain a negative pressure in the reactor room. Flow through the
llEPA filter will reduce the particulate contamination in the exhaust
and the reactor room.

6) Must air from the Control Room and Room 3 enter the lleac-
tor Room to be exhausted? What is the pressure difference be-
tween the Reactor Room and the rest of the building?
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The radiation sensor and the exhaust fan are located in the reactor
room exhaust stack. Therefore, air from the control room is ex-
hausted through the roof stack in the reactor room.

The receiver / sender end of the pneumatic transfer system is located
in room 3.The air from room 3 is exhausted through the reactor
room so that any radioactivity may be exhausted through the roof
stack. The radiation monitor is also located in the roof stack.

(7) What is the air flow path in the Control Room 3, and the Reac-
tor Room? Is there any time when reactor room air is fo.eed or
circulate into any other room in the reactor building?

Air from the main air supply duct enters reactor room through
damper 1 (Figure 6 3). Air is distributed into the reactor room
through 4 wall ventilators and into the control room through*~

damper 2. Air from Control room is exhausted into the reactor
room through damper 4. Air from the main duct enters room 3 and
then exhausts into the reactor room. Air from control room, room 3
and the Reactor room is exhausted through the roof stack in the reac-
ior room.

Air from the reactor room (including room 3 and control room) is ex-
hausted through the roof stack. Since a negative pressure is main-
tained in the reactor room air will leak into the reactor room from
the rest of the building. When the dampers are closed there is no air
flow into or out of the reactor room. Therefore, reactor room air is
not forced to circulate into any other room in the reactor building.

(8) Under what circumstances is air routed through the liEPA fil-
ter? Is r, witch over to the llEPA system automatic?

Air is routed through the llEPA filter to reduce the contamination
the reactor room air. !! may be necessary to turn on the exhaust fan
to maintain a negative pressure in the reactor room. In this case the
llEPA filter removes contamination from the exhaust air. Switch
over to the llEPA system is not automatic. This is done manually if
permitted by the Reactor Utilliation Safety Committee and the
Radiation Safety Committee and after evaluation of any radiological

,

release hazards.

(9) Do all facility fans shutdown upon Reactor Room isolation?
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Yes, all facility (reactor building fans ) will shut down upon reactor
room isolation, llowever,it may be necessary to run the exhaust
stack fan to maintain a negatise pressure in the reactor room. This
will be done with the permission of the Reactor Safety and Utiliza-
tion Committee and after an evaluation of the health harards.

d. Section 6.2.4; Discuss the Ar-41 monitor in more detail. Where is it
located, how is it calibrated, and what functions does it perform? Jus-
tify not listing it in the Technical Specifications.

.

The Ar41 monitor detector is a GNt tube covering a range of at least
1 to 100000 counts per 30 s . It will be located in the roof stack. The
readout will be displayed in the control room. The calibration is per-
formed using standard c.ilibrated Ar-41 source annually. The sys.
tem will display Ar-41 radiation levels in the reactor room air as well
as provide alarms when preset lesels are exceeded.

Calculations (section 6.4 of the SAR) show that the argon 41 con.
centration in air released from the reactor room to the outside is
3.3 x 10*pti/ml for a continuous single shift operation for a year.
Actual operation time may be only about 20% of the single shift

d
operation time. The abme number reduces to 1.45 x lo Ci/mi
when averaged over a year. Also, the reactor may not be operated at
full power all the time. These factors will reduce the actual produc-
tion rate of argon-41 and therefore, will reduce the above number.
The Argon 41 release rate is less than the 51PC of 4 x 10*pci/mi
listed in 10 CFR Part 20. Experience at hilchigan State University
also shows that the release was roughly 40 % of the h1PC without a
pneumatic transfer system. Since there is suliacient reason to believe
that the release rate from this facility will not exceed the 10 CFR
part 20 appendix Il limit this was not specified as a requirement in
the Technical Specifications, llowever, a monitoring system will be
available in the facility.

.

c. Section 6.3.1; Radioactive Waste

(1) Describe your planned facilities to collect and store liquid
radioactive waste pending release. Discuss which waste drains
lead to installed storage facilities, and how inadvertent or uncon-
trolled release of radioactive liquid to the public sanitary sewer
system is prevented.

There are no drains from the reactor room and the control room.
Drains from the toilet, utility, furnace, and storage rooms (4,5,5A of

Response ATUTR 20 9/91



.
. _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ __

Figure 61) are connected to the sewer system. Storage or handling
of the radioactive material in these will be prevented through ad.
ministrative controls. The sink in room 2 and the sink, hood, and

,

shower in room 3 have individual containers below them that hold
the waste water. The shower sits on a raised platform. The wasta
water will be held in these containers until proper disposal could be
arranged. Water level in these containers will be checked at least
monthly or more frequently as needed. The liquid waste will b s-

posed o!TInto sewer drains only if approved by and under the s, ger.
vision of health physics personnel. To dispose the waste liquid the
containers are manually lifted and carried to a disposal sink and
then drained.

(2) Discuss plans and provided equipment to assess radioactive con-
tem of liquids before release. What are the criteria to be used -

in determining if a release will comply with applicable regula-
tions?

Samples from the waste holding containers will be analyzed for
radioactivity by health physics personnel. (The health physiu per-
sonnel report directly to the Radiation Safety Committee.) The
analysis will be performed on equipment to determine alpha, beta

,

and gamma lesels. The waste will be disposed o!T according to
crit:ria specified in 10 CFR part 20, specifically 20.303.

(3)In accordance with the Nuclear Waste Policy Act of 1982, do
you have c written agreement with DOE that they will accept all
used fuel for reprocessing or other disposition?

,

f. Section 6.3.2. Counting Laboratory; Please describe and discuss the
disposition of air-borne and liquid radioactive materials used in this
12tboratory including potential effluents to the unrestricted environ-
ment.

Alr-borne radioactive materials coming from experiments will be dis-
posed oIT according to experimental plans pre approved by the
Radiation Safety committee. Air in room 3 is exhausted through the
reactor room exhaust stack to monitor any contamination and thus
prevent inadvertent release to the unrestricted environment.
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!

One source ofliquid rndloactive emuents is fromimall quantitles of
liquid irradiated sainples< This will not be disposed offin the sink
but will be disposed oif according to pre approved experimental
plans. Water from the sink, hood, and showe: will be held in con- |

tainers until proper analysis and disposal could be arranged (see sec. .

tion 16.e.1)
,

!
'

g. Section 6.4.1, Argont

(1) Please give the projected annual dose to the most highly ex- 1

posed individualin the unrestricted area from all sources of Ar-
41. Describe the actuallocation and elevation of the exhaust 1

stack and provide a quantitative estimate of the factor by which
proheted doses are over estimated. Justify the arguments. ,

,

Most highly exposed individual in the lee of the building. The ex. -
'

haust stack is located in the middic of the reactor building at roof
level and at an elevation of 10. m atmve ground level. The calcula-
tions are given in attachment #1.*

,

(2) Please give the projected annual dose at the site of the nearest
'

permanent residence and the nearest temporary residence (dor-
- mitories, e.g.) in the unrestricted area. Show methods and -

details in going from reactor room concentration to annual
doses. Provide an estimate of the factor by which the projected
doses are over-estimated, and justify it.

The maximum potential exposure to the public from argon 41 h
routine operations at the site of the nearest permanent residence
and the nearest temporary residence will be less than the exposures ;

in the lee of the building. Dilution as well as decay of the isotopes -
.

#

will reduce the concentrations at these sites. The exposure is ex-
'

preted to be less by at least a factor of 10 than that in the lee of the'

building. As show1n in sections 6.4 and 7.3 the exposures in the lee of
the building is within the 10 CFR 20 limits.

|

I(3) Please state the assumptions that entered into your calculations.
of releases from experunental facilities. What are the ex-
perimental facility exhaust paths?

It is assumed that the activated air from the experimental facilities
is removed at an exhaust rate of about 10 cfm. 'Ihis is a conservative
value considering the effective volume of the experimental facilities.

,

The actual release rate will be reduced by a factor of 25 because of .

*
- the fact that experiments will occupy more than 80 % of the solume
-(leaving only 20 % of the air to be irradiated) and that the reactor
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will be operated at only about 20% of the continuous full power )
operation tisne in a typical year (see 15.g.6). .]

:

4

The e 'haust path for the central thimble is through the top of the j
tube, .or the rotary specimen rack through the drive shaft tube and '

.

the specimen loading tube, and for the pneumatic transfer system ,

the receiver / sender section as well as the blower exhaust. For the
pneumatic system the exhaust occurs mainly during its operation for {
small duration s. j

|>

(4) At the bottom of page 613 it is mentioned that alt from ex-
perimental facilities may be filtered... "to further reduce Argon-
41 activities." Please discuss the plans, including methods and
equipment.

This statement, " Air from experimental facilities may be nitered if
necessary to further reduce the argon 41 concentration levels."is ,

wrong and is removed from the SAR.
,

(5) Please give the maximum projected annual dose to reactor |

operations personnel in the restricted area. :

Please see attachment #1.

(6) Please justify your factor of 25 reduction in the Ar-41 level at
the bottom of page 6-13.

' There are three experimental facilities described, the central.
-

thimble, the rotary specimen rack, and the g.neumatic transfer sys- ;

tem. When an experiment is located in one of these locations more
'

then 80% of the air will be displaced, leaving only a maximutn of :
about 20% of the air to be irradiated. The reactor is not expected to

'

' be operated at full power for less than 20% of the continuous single
shin operation time. Three hours a day, three days a week,4 weeks

| a month , and 10 months a year is 18% of the continuous single shin
operation time and is only about 5% of the continuous full yearL

operetion. 'A conservative number of 20% was assumed. The above ,

two factors reduces the argon 41 production rate by a factor of 25-
(1/(0.2 x 0.2). Also, the central thimble is normally Alled with water. .

h The water will be removed and the region Hlled with air only when

L necessary. The exhaust rate from the pneumatic transfer system
may be smaller then the number assumed when the system is not

'

operating. The Auxes assumed are for the 250 kW operation and at t

the region very close to the reactor core. For regions of the central
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thimble and the pneumatic system far away from the reactor core the
fluxes may be smaller. These factors,if taken into account, will fur.
ther increase the abose factor of 25 reduction in the ai Ton-41 produc.
tion from the experimental facilities.

(7) Discuss the operating principles of the pneumatic transport sys-
tem, including the formation and release of Ar-41 in neutron ir-
radiated air.

The pneumatic transfer system is discussed in section 3.2.6.2. For-
mation and release of argon 41 in neutron irradiated air from all
facilities, including the pneumatic transfer system is discussed in sec.
tion 6.4.1.2. Argon 41 produced in PTS is carried into room 3 when
the system is operated. The air from room 3 is exhausted through
the exhausted stack in the reactor room.

(8)lt is understood that the University of Texas is revising the
*

material of your reference number 1. Please update your sub-
mittal as necessary.

The revision is already incorporated into the ATU SAR.

h. Section 6.4.2, Nitrogen 16; Please discuss the expected dilution factor
of nitrogen-16 by the diffuser system at the ATU facility. Provide the
bases.

Without the diffuser the transit time from the core to the pool sur.
face is 109.4 s. In this time the nitrogen 16 decays by a factor of

33.6 x 104. The discharge from the diffuser is 9464 cm /s (150 gpm).
This flow will spread the convectise column of nitrogen.16 bearing
water from the core into the cross sectional area (72966 cm*) of the

3
pool. The discharge from the core is about 2205 cm /s. If we assume

3that the discharge of 11669 cm /s is spread into only 10% of the pool
cross sectional area and then rises up through this cross section, the

ward velocity would be approximately 1.6 cm/s
effective uy'/s + 7297 cm ). The transit time for the water to reach2
(11669 cm
the surface of the poolis 400 s (640 + 1.6 cm/s). In this time the
nitrogen 16 decays by a factor of 5.6 x 10'". This estimate shows
that the diffuser reduces the nitrogen 16 concentration by about 11
orders of magnitude.

1. Section 6.4.2, page 6-15, paragraph 1; it is stated that water of conduc-
tivity = 2 micrombos affects nitrogen-16 chemical reactions in certain
ways. Will your Technical Specifications require this conductivity
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i

!

during operations? If not, what is the effect on the assumptions in this i

section of the SAR of the projected conductivity? |

If the water conductivity is approximately 2pmhos most of the \
nitrogen.16 formed will combine with oxygen and hydrogen atoms of ;

'
the water. The ones that combine in anion form, which makes up al.
most half oflons, will remain in water and will not be released. This
factor will further reduce the nitrogen.16 concentration released into |

the reactor room. To obtain conservative estimates this factor is not |

taken into account in the calculations. The reduction in the con. !

centration from the decay of the nitrogen.16 during transport to the
*

surface is more signincant. Since the dose rates resulting from the ;

nitrogen 16 without taking into account the above conductivity effectw
is low enough, the Technical specincations does not require this con. |

'

ductivity during operations. Ilowever, low values of conductivity*

should he used if possible to meet AIARA requirements. If the con.
ductivity effect is included the resulting dose rate from nitrogen 16 i

would be reduced by at least a factor of two.

J. Section 6.4.2,last paragraph; Please justify why a thin disk on the pool :

5.trface is an adequate representation of the nitrogen 16 distribution i

in the pool water, and give a more quantitative discussion of the last .

- sentence, about transport times and " substantial" dose reductions,

it was assumed that the pool water containing the nitrogen.16 moved
ito the surface from the core region with a velocity of 5.85 cm/s and

then spread into a thin disk. Assuming a radius of 125 cm for this ,

'

disk the thickness is obtained as 0;97 cm '

3(2'93 cm /s x 21.36 s + 49087 cm*). Larger values for the thickness
of the disk will increase the dose rate since E2( h) in equation 6.20

'

will become smaller. _The decay of nitrogen 16 during the formation
of a larger thickness disk will reduce the o neentration of nitrogen.
16 in the water. For example,in the scenario described in 16.h the

'

decay of nitrogen.16 will be more signincant since this reduces the
concentration to negligibly small levels. The effect of a larger disk
would not be important at all.-

The average nitrogen 16 concentration in the water during the time i

it spreads into a thin disk is N = 524 atoms /ml (6.16). The*

- transport time of 109.4 s was used to obtain this number and the
resulting dose rate was about 600prad/hr. A 50% increase in the
transport time will reduce the dose rate to about 3.6 prad/hr (less

"

than i %).
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16. Chapter 7t

a. Section 7.1.1;The discussio'n of Safety Limits gives certain values for
stainless steel rupture pressures. When you are reasonably certain of
which fuel you will be using, please address what effect the history of
the ATU fuel will have on such nominal parameters, and on the Safety
limits for the proposed ATU fuel.

.

b. Section 712; Please provide the references for the equations and the
calculational approach used to compute Ph Pfp, Fair.

'

The reference for ph is 3 in this section, GA 8129

The equation for Prp is ideal gas law, prp = nRTK/V, where R is the
molar or universal gas constant. The number of moles of fission
product gases, n,is given by f(n/E)E. The value for fis obtained
from reference 4. n/E = 0.00119 moles /MW day is obtained from ref.
erence 5 (((obtain primary reference, Texas or GA))), and E was as.
sumed to be three times the burnup for a standard TRIGA fuel-
element, vlz 4.5 MW. days / element. The free volume occupied by
gases is given by equation 7.9b

e

The equation for pair is the ideal gas law, pair = RTK/Vm, where the |
'

molar volume of an ideal gas (alr) at STP, Ym is equal to
22.4 liters / mole ;

.

c. Section 7,1.2, page 7-4; Please justify the statements made in the last :

two complete sentences on this page, Give primary references. j
.

d. Section 7.1.2, page 7 5; Please relate the assumed burn-up of" stand- )
- ard TRIGA fuel".to the history of the projected ATU fuel.- ,

i

'!The burnup used for this calculation is a maximum value that will _
yleid a conservative estimate for the pressure exerted by fissiong ,

- product gases. The maximum burnup that can be obtained from a i

standard TRIGA fuel is about 4.5 MW days / element (about 13.3%).
_Three times this value is used in the calculation. The resulting fis.

I

1
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sion product pressure will be higher than that will be present in any*

fuel element that can be used in this reactor,

e. Section 7.1.2, page 7 5, next to last paragraph; Please cross reference
the Technical Specification implementation of the not immersed fuel
Safety Limit. Please discuss the Safety Limits of not-immersed fuel in
terms of the pressure vs temperature diagram.

The temperatures 950C and 920 C are for not immersed fuel. The
clad and fuel are assumed to be at the same temperature. The Tech.
nical Specification in 2.1 is changed to "The maximum temperature
in a standard TRIGA fuel elemat shall not exceed 920 C when not
immersed in water and 1150C when immersed in water."

TRIGA fuel with II/Zr equal to at least 1.65 has been pulsed to
temperatures of 1150 C without damage to the clad. [ Reference: Dee
J.B., et. al., " Annular Core Pulse Reactor," General Dynamics,
General Atomic Division Report GACD 6977 (supplement 2),1966.]
The peak adiabatic fuel temperature of 1000 C is possible since even
at these temperatures the clad temperature is well below 500 C [Ref-
crence:" Safety Analysis Report, TRIGA Reactor Facility, Nuclear
Engineering Teaching Laboratory, The University of Texas At Aus-
tin", November 19841 At 500 C the ultimate strength of the clad is
about 60000 psi (Figure 71) and at 1000 C the stress on the clad is
about 46000 psi (equation 7.12). Therefore, the clad will not be rup.*

tured at thest temperatures. Calculations in the above reference
also shows that peak fuel temperatures of 1250 C is possible as long
as the r:ad temperature remains below 500 C.

f. Section 7.1.2, page 7-5, last paragraph; Please justify the values given
for fuel temperatures for 9'cAk/k = 2.2500. Give primary references.

The value for the average fuel temperature is obtained from equation
7.5 and the peak fuel temperature is obtained from equation 7.7.
The procedures are described on page 7 3. A pulse of $1.98 at
Michigan State University TRIG A reactor on January 26,1984
resulted in a fuel temperature of 250 C as shown by the fuel tempera-
ture meter,

g. Section 7.2, page 7 7;

(1) Discuss the uncertainties in the results plotted in figure 7-2.
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(2) Address whether the calculations are directly applicable to the
proposed ATU fuel. For example, are the internal gap situa-
tions the same?

We expect to use standard non. gapped fuel.

(3) Justify the statements and values given in the last two sentences
of paragraph 1.

(4) On page 7-7, that peaking factor is 2. On page 7 3, Section
7.2.1, the peaking factor is 3.1. Explain the difference.

The overall power peaking factor in the reactor is 2 (radial 1.6, axial
1.25). This Value is used to obtain the maximum power density in an-

element at full power. This number is multiplied with 1.1 to take
into account any uncertainties to obtain 2.2. The number 3.1 is nh-
tained by multiplying 2.2 with the element peaking factor of 1.4.
During a pulse the maximum temperature occurs at the periphery of
the fuel. This number 3.1 will yield the absobite peak temperature in
any element during the pulse,

h. Section 7.2.2, page 7 9, paragraph 1; Compare the thickness and
material of the ATU reactor building roof with the assumed " thick con-
crete." Give a reasonable estimate of the factor by which the assump-'

tion over-computes the likely dose rate due to scattered radiation.

i. Section 7.2.2, page 7-9, paragraph 2; Give reasonable estimates of the
" optimistic" and " conservative" factors, and then lumped together, thc
net effect on the calculated dose rates. Discuss.

j. Section 7.2.2, page 7-12, first paragraph; This states that scattered
radiation outside the building would "not be too high." Ilowever, the
calculations of scattered radiation do not apply directly to this loca-
tion. Please address in a quantitative manner the projected dose rate
at the nearest unrestricted area due to " loss of coolant" core radiation.

.
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k. Your analysis assumed 1.25 MW yr burnup. What additional burnup
will edst on your proposed fuel at the time of initial criticality at your
reactor? Please adjust your calculations to include this ndditional bur-
nup.

The burnup of 1.15 MW.yr corresponds to about 19.2% burnup. The
maximum burnup for a standard TRIGA fuel element is 4.5 MW.
days / element. This translates to about 133% burnup. The burnup
assumed for the calculation is larger than the maximum burnup for
an element that could be used in the reactor. The larger burnup will
yield maximum dose rates.

1. Section 7.3.1;.

(1) Table 7 3 and 7-4 should be more clearly labeled to indicate
one relates to a semi infinite volume (assuming the hemisphere
referred to in step 4, page 7-15, is of infinite radius) and one re-
lates to a finite radius volume. Note,in step 5, page 7-15, it is
more usual practice to use the radius of a hemisphere rather
than a sphere.

A revised copy of section 7.3 is attached (attachment #2).

Step 4 of 7.3.1 and Table 7.3 are deleted from the SAR. The calcula.
tion perf ormed in step 4 was for a sphere of infinite rad;us. While
this assumption over estimates the dose rate,it yields a maximum
upper value. The same result could be obtained by setting r -- m in
equation 7.26. The 10 minute exposure in this case would be
18.2 mr. The result from step 4 (old step 5) represents the actual
situation more appropriately anel this is given in the SAR. The
radius of the hamisphere rather than the radius of sphere with
volume equal to the reactor room volume is used in the updated ver.
sion.

(2) Please compare your results with results you would obtain using
the methods of Regulatory Guide 1.109, as applicable to the
ATU scenario.

.

(3) Step 6, page 7-15; Are you calculating ingestion or inhalation
dose here? Please discuss.
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The inhalation dose it calculated here. Appropriste corrections are
made in the SAIL -

(4) Table 7 5; Your Rem /Ci factor for 1 135 seems to be at least an
order of magnitude high. Please adjust or explain.

'

This correction is maJe in Table 7 4 (old Table 7 5). The Thyroid
dose reduces by the factor 10 to 0.505 rems. This reduces the total
Thyroid dose for 10 minutes to 5.16 rems. The one hour exposure to
the general public in step 7 of 7.3.2 reduces to 9.9 x 10'3 rems.

m. Seetion 7.3.2;

(1) Explain and discuss the reaso 3whole body doses of 1.9 x HT mr and 4.7 X 10"gs between the
s for the differene

mr in one
hour. Give a single "niost likely" vclue, and justify it.

These numbers were obtained by scaling the occupational exposure.
'iko numbers were obtained for the occups tional exposure. The
lower value was obtained from assum'ng immersion in a sphere with
volurae equal to the reactor room volume. The higher number was
obtained by assuming immersion in e sphere ofinfinite r adius. The
correct procedure is outlincd in step 6 of 7.3.2 and yields a one hour
exposure of 0.035 mr.

(2)ls there also a range for the projected thyroid doses as for the
total body doses? Explain. If so, please furnish the best es-
timate value.

The thyroid dose is obtained by scaling the occountional exposure
which is a single value. There is no range for this value and the best
estimate is given in st ep 7 or 7.3.2. The one hour thyroid dose is*

about 9.9 x 10'3 rems.

(3) Comparc the ATU cpproach with the methods of NRC
Regulatory Guide 1.109 for potential annual doses in the un-

,

| restricted area, as applicable. What is the location of maximum
j expo;,ure in the unrestricted area?

,

9

n. For the fission product release analyses, please discuss the A'll)
methods and results in comparison with the applicable guidance of
ANSI /ANS 15.7, the ANS standard for research reactor r,ite evaluation.

Responso ATUTR 30 9/91

- _ ___ . - _ _



--- .- _ ..

|

.

o. The ATU Technical Specifications permit the irradiation of fueled ex-
periments, and other experiments that could affect reactivity. Please
provide safety analyses of potential accidents involving these types of
expenments. Include the potentialimpact on the health and safety of
the public of an accidental step reactivity insertion equal to the maxi-
mum licensed excess reactivity,

p. Section 7.4; Please provide additional detail that justifies the assump-
tions and shows the calculations for this section.

The information for this section was taken from Michigan State
SAR. We do not have more information than is provided. This see-
tion should be deleted from the SAR.

17. Chapter 8

a. Section 8.1.7; Please provide additional information such as charter,
quorums, minutes, and details of review and audit functions concern-
ing the Reactor Safety and Utilization Committee.

This information is covered in section 6.2, Review and Audit, of the
,

Technical Specifications. (TS ATUTR pages 6 4 and 6-5)

b. Section 8.2.4; Please describe the "special training" the Reactor Super-
visor will receive to be qualified for this position.

The Reactor Supervisor will receive special training to be quallfled
as senior operator for the ATU reactor facility. The following sen-
tence is added to this section. "The reactor supervisor will be cer.
tified by the licensing agency as a senior operator for the ATU
reactor facility."'

c. Please clarify what is acceptable experience, is this experience in the
nuclear field or drectly with research reactors?

Experience that would enable the Reactor Supervisor to perform ade.
quately the duties associated with facility activities is acceptable. Ex-
perience in the nuclear field is required and experience with
research reactors is highly recommended. The modi!)ed paragraph
of section 8.2.4 is given below.
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"A person with special training to supenise reactor operation and re.
lated functions will be designated as the Reactor Supenisor. The
Reactor Supervisor will be certined by the licensing agency as senior
operator for the ATU reactor facility. A minimum of three years
nuclear experience will be required and experience with research
reactors is highly recommended. Academic training in appropriate
engineering or science may be substituted for up to two of the three ,

years experience. [ ANSI 15.4,4.4) " {
:

d. Ihplain how persons with unescorted access to the facility will be I
-

tra ned to meet the requirements of 10 CI'R Part 19 and the require- ,

ments of your Emergency Plan. :

e. Section 8.3.1; You discuss the need for documented concurrence from ;

a senior reactor operator for recovery from unplanned or unscheduled 1

shutdowns. Ilow does this relate to the requirements of 10 CFR !*

50.54(m)(1) to h:.ve a senior reactor operator present at the facility. !

'

Recovery from an unplanned or unscheduled shutdown will require
the presence of a senior operator and documented verbal concur-
rence from the senior operator. The second paragraph on page 8 6 i

of the ATO SAR is modined as follows. |
;

.:
1

" Movement of any fuel or control rods and relocation of any In core
. experiment with a reactivity worth greater than one dollar will re-
quire the presence of a licensed senior operator. Recovery from un-
planned or unscheduled shutdowns will require the presence of a .

'
senior operator and documented verbal concurrence from the senior
operator [ ANSI 15.1,6.1.3(3)). "

:

f. Please provide additional detail on your staffing requirements for ex-
penments. ;

.

The stamns requirement for each experiment will be specined in the ;
g

! experiment plan approved by the Reactor Safety and Ut!!!z.ation
Committee. Each experiment will be designated as one of thret rias- .

- ses. One class will consist of experiments that are routine in nature ,

(e.g., reactor operation for calibration or lustruction, irradiations
'

g
such as neutron activation, etc.). This class of experiment will re - ;E .

quire only the presence of a reactor operator. Some of the calibra-
tion or Irradiation experiments may require the presence of both a
licensed operator and the experimenter and will be designated as a
separate class of experiment. The third class of experiments will re- !''

quire the direct supervision of a licensed senior operator for such ac.
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thitles as relocation ofin core experiments with a reactivity worth
greater than one dollar, fuel or control. rod relocations within the
core region, or significant changes to t,hiciding of core radiation.

g. Section 8.3.3: For a substantive change to an experiment, who will be*

responsible for making the determination that the change does not
constitute im unreviewed safety question and thus subject to NI(C
review and approval?

This determination will be made by the Reactor Safety and Utillra.
tion Committee. Reactor Safety and Utilization Committee will fol.
Iow guidance provided by the lteview of experiments for researcha

reactors"(ANS 15 6/ ANSI N401) to appro e an experiment.Those ex.
periments which introduce risks beyond those analyred in the Safety
Analysis Report shall be submitted to the NRC for review and ap.
proval.

h. Section 8.4.2; What is the time limit for reporting violations of safety
limits to the NRC7

A safety limit violation will be reported promptly by telephone and
confirmed in writing (telecopy) not later than the next working day
to NRC. A follow.up report that describes the circumstances of the
event will be submitted to the NRC within 14 days of the event. Add
the above two sentences to the second paragraph on page 8 8 of the

SAR.

i. Section 8.5.3; What plans do you have to retain information concern-
ing events that may have a significant effect upon decommissioning of
the facility?'

ATU will collect and reta"; for the lifetime of the reactor facility in-
formation that will have significant effect on the decommissioning of
the facility (ANSI /ANS.15.10,9.1 and 9.2). The following', design / con-
struction documentation should be collected and archived: (1) Com-
plete as built drawings,(2) Construction photographs with detailed
captions,(3) Procurement records that identify types and quantitles
of materials used during construction,(4) Equipment / components
speellications, including pertinent information, ie., supplier, weight,
size, materials of construction, etc.. The following documentation
should be collected and archived during operational phase of the
facility: (1) Safety Analysis Report (s), (2) Technical Manual (s), (3)
Environmental Assessments,(4) Power Illstory,(5) Radiological
Survey Reports,(6) Operating and Maintenance Procedures,(7) Ah-
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normal Occurrence Reports such as spills, (H) DetIctivation
Plans /Repor ts, (9) Technical Specifications, (10) Design Changes
and Updated Drawings. (section 14.4)

18. Chapter 10; Please prcvide an updated SAR Chapter providing specific
information on how your program meets the requirements of the regula- &
tions and any particular standards that you believe are applicable to your
facility. Please consider the following issues in your update:

a. Section 10.1; Please provide a copy of the Arkansas Tech University
AIARA polley statement,

it is ATU's policy to establish a program that goes beyond minimum
requirements. The ATU Radiation Safety Program is designed to
provide maximum research and educational opportunities while min.
Imizing personnel exposure to radiation and radioactive material.
The ATU Radiatlan Safety policies are designed to keep personnel ce
posures as inw as reasonably achievable (A1 ARA). The Radiation
Safety procedures were developed to implement the policies for strict
compliance with applicable federal and state regulations and to en.*

compass AIARA principles.

b. Page 101; Neither the Introduction or the Policy and Organization
sections mention that the requirements of 10 CFR Part 20 should be
the minimum bases for an acceptable Radiological Protection Pro-
gram.

The 11rst paragraph on page 101 is modified as follows.

"This section describes the elements of the Arkansas Tech Unisersity
3radiation protection program and establishes the guidelines to be ap.

plied to provide an acceptable level of radiation protection for per-
sonnel at the reactor facility and the general public. Regulatory
requiremrnts for the e guidelines are specified in 10 CFR Part 20
and is consistent wit's keeping exposures and releases as low as
reasonably achlesabic."

c. Section 10.1.1;This section should be expected to assign the campus
responsibility to an Office or organizational unit.

The omce of the Radiation Safety Omcer is responsible for the im.
plementation of the radiation protection program for the unisersity.
The second paragraph on page 101 is modified as follows.

.
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"The Arkansas Tech University radiation pr(,tection program is
based on the requirements in 10 CFR Part 20 and the commitment
to keep exposures to personnel and the general public as low as
reasonably achievable (AlAllA). This commitment forms one of the
bases for the operating procedures and the procedures on radiation
protection (ANSI 15.ll,3.11. The radiation protection program for
the university is implemented through the omce of the Radiation
Safety Omccr who chairs the Radiation Safety Committee (Figurc 8

I

1)."
.

d. 10.1.2; it seems inappropriate to assign full implementation to the
lleactor Supervisor. As a minimum,it seems that the Facility Direc-
tot should hold that responsibility.

The first paragraph of page 10 2 is modified as follows.

"The Facility Director has the authority and the Reactor Supervisor
has responsibility to implement the radiation protection prot; ram for
the reactor facility. This responsibility includes the authority to act
on questions of radiation protection, the acquisition of appropriate
training for radiation protection, and the reporting to mangement
of problems associated with radiation protection (ANSI 15.11,3.2]. "

e. Section 10.1.2; What is the *special training" that the Reactor Super.
visor will receive? P| case provide additional detail.

Please see 17.b.

f. Section 10.1.2; Please elaborate on the definition of academic training.
Do you mean at least a B.S. degree? Justify how someone with train-
ing m biology or industrial engmeeting can substitute this training for
nuclear experience.

.

Please see 17.e.

g. Section 10.21 Discuss how you will meet the training requirements of
10 CFR Part 19.

h. Section 10.3; Please supply additional information on how the require-
ments discussed in Section 10.3 will be specifically applied to the
ma:erialin Sections 10.3.1,10.3.2 and 10.3.3.
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I. Section 10.4, Radiation Monitoring; An environmental monitoring
- program should be established and it should be required in conjunc- |

tion with the Construction Permit so that baseline data can be accumu-
'

lated for at least n year before reactor operations start. |

ATU estabilshed an environmental survey program at the beginning |

of the second quarter of 1990. The program consists of 8 TLD's posi- |

tioned around the vicinity of the proposed research reactor. (attach {
figure) The results of the program to date are to be used to establish
a baseline radiation level prior to construction of the TRIGA reac- i

tor. This background is due to naturally occurring radlonuclides
'

and Entergy Inc. ANO units I and 11. ;

J. Section 10.4.1, Radioactive Effluent Monitoring; Monitoring of ef-
fluents is required unless you can clearly justify that there is no health
and safety problem if they are not measured. Please discuss. ;

,

k. Section 10.4.2, Facility Monitorin,;; Requirements are set by 10 CFR ;

Part 20 plus ALARA, and by Tec mical Specifications. Please relate
~

. the SAR to these requirements. .

r

*
,

:

1. Provide details on monitoring of noble gas effluents, gaseous or air- .

borne radioactive materials and liquid effluents, include monitoring
equipment, set points, alarm actions, etc. Ilow does this relate to Sec-
tion 10.57

,

;

?

'

rn. Section 10.6; Please provide additional detail on the ALARA design
features of the facility.

,
.

;

n. Section 20.6.2, Facility Operation: Various review functions seem to
~

1

be assigned to the same office (Reactor Supervisor) as do the im-
plementation functions.- Review should be done at a level above that ;

of implementation, no matter who it is.;
.

! ' Review will be made by the Facility Director. -
.

:
1
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o. Section 10.7; Please discuss your plans for retention of records con-
cerning radiological events that can significantly impact decommission-
ing of the facility.

!

The following sentence is added to section 10.7

"ATU will collect and retain for the lifetime of the reactor informa-
tion about radiological events that will have significant effect on the
decommissioning of the facility during construction and operation of
the facility. (see also 17.1)

ATU will collect and retain for the lifetime of the reactor facility in-
formation that will hase significant e!Tect on the decommissioning of.

the facility (ANSI /ANS 15.10,9.1 and 9.2). The following design / con-
struction documentation should be collected and archived: (1) Com-
plete as built drawings,(2) Construction photographs with detailed
captions,(3) Procurement records that identify types and quantitles
of materials used during construction, (4) Equipment / components
specifications, including pertinent information, ie., supplier, weight,
sire, materials of construction, etc. The following documentation
should be collected and archivert during operations.1 phase of the
facility: (1) Safety Analysis Report (s), (2) Technical M anual(s), (3)
Environmental Assessmtats, (4) Power illstory, (5) Radiological
Survey Reports,(6) Operating and Maintenance Procedures,(7) Ab-
normal Occurrence Reports such as spills, (8) Deactivation
Plans / Reports, (9) Technical Specifications, (10) Design Changes
and Updated Drawings.

p. Section 10.8, Emergency Plan; This plan is required by 10 CFR Part
50, not by the Radiological Protection Plan. The Office responsible
should be at least as high as Facility Director.

The modified paragraph is given below.

"An Emergency Plan, as required by 10 CFR Part 50, will be estab-
lished, maintained, and implemented by the Facility Director. The
plan and the emergency response procedures will exist as a separate*

document. The Arkansas Tech University radiation protection pro-
gram and emergency plan will be integrally related. A review and

- partial assessment of the emergency plan and the radiation protec-
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tion program will occur each year such that a complete assessment j
occurs during a two yearperiod." i

19. Chapter 11 !

Fire protection is normally considered as part of the facility design, |.

with a description of the facility equi) ment and sptems present to |
detect and minimize the effects of a fire. Please incorporate Chapter i

11 into the SAR section on facility design. ,

This section will be incorporated as section 6.5 of the chapter 6.

- 20. Chapter 12 ;

- Please address the requirements of 10 CFR Part 55, and in particular j
= 10 CFR 55.59.

t

i

21. Chapter 13 r

a. Section 13.0;The NRC has the responsibility for the !! censing of reac. ;

tor operators, not General Atomics. Please correct your SAR. !

(

The second paragraph on page 131 of ATU SAR is modined as fol- |

' lows:'' Training of university personnel associated with startup ac. ;

tivities at the new facility will conslit of training by GA Technologies |

and certincation by NI:C of at least two Senior operators. One or
more of the certined operators shall have a bachelors or advanced
degree in a Held of engineering."

,

b. Please discuss your plans for monitoring constructi_on activity to en-*

sure that the facility is built in accordance with the SAR. - t

q

The Dean of the School of Systems Science will appoint a committee, .
which will include the Facility Director and the Reactor supervisor,
to monitor the construction activities. The QA requirements
specined in chapter 9 of the SAR will be fellowed during the construc-

'

tion.
'

|

| 22. Chapter 14 - ]
- Section 14.3; Please provide additional detail on the design features of
the ATU reactor to accommodate decommissioning.

!-
,

2

*
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The reactor pool tank is placed inside a steel tank 14 n in diameter
and 27 n deep. The steel tank will be surrounded by at least I n of
concrete'. The space between the pool tank and the steel tank will
also be nlled with concrete. A larger pool tank, ID R dia as opposed
to 6 n dia at Michigan State University, will reduce by at least 50 %
(1/r) the neutron population at the tank boundaries. More neutrons
will be remmed because of moderation and absorption in the larger
amount of water. Samples of the materials used will also be retained
to predict activities of these at the time of decommissioning.

23. The following questions apply to the Environmental Report;

a. Page 2, paragraph 2; Please be specific about the references to "other
facilities' and their production of Ar-41. Please justify your quantitles
of'iess than 50 Ci," and "less than 20 Ci." Please relate these quan-
tities to your analyses in Section 6.4 of the SAR.

Argon 41 is produced by the activation (n.y) of argon 40 present in
the air in experimental i'acilities or the air dissolved in water. Cal.

culations (reference ATU SAR ppge 6 9) show that the activity con-3centration of argon-41 is 2 x 10' pCl/ml (= Ci/m ) from the pool+

4 3water and 9 x 10 C1/m from experimental facilities at full power
(250 kW). These are equilibrium concentrations of the activity

3released into the reactor room volume of 394 m . The building cd
3

haust rate is assumed to be 0.401 m /s. For the release rate from the
experimental facilities (central thimble, rotary specimen rack and
pneumatic transfer system) an exhaust rate of 4.75 x 10'3 3(m
about 10 cfm)is assumed. Experiments usually replace about 80%
of the air in these facilities. This will reduce the activity concentra-

4 3
tion coming from the experimental facilities to 1.8 x 10 Ci/m {9.
x 10'5 x (1-0.8)}. The total concentration of argon 41 from the

4 3
abme two sources is about 1.82 x 10 Cl/m .

4
The release rate to the environment is about 7.2 x 10 ' Cl/s (1.82 x

3 310'3 Cl/m x 0.401 m /s) . The total release for continuous single
shin operation for a year is 50 C1 ( multiply abme number by
1920 x 3600 s/ year). Actual operation time may be less than 20 % of
the single shift operation time, and this would give a release rate less
than 10 Cl. The fact that the reactor may not be operated at full
power during this time is not taken into account. Mict:igan Siste
reported an argon 41 release rate of 400 CVyear. They did not have
the pneumatic transfer system. OSU reactor (1 MW) reported n
release of 7.78 Ci/ year.

.
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b. Page 2, paragraph 3; Please justify the statements you make about the j

; quantities of hydrogen isotopes and liquid radioactive wastes released i

to the erwironment,'

i

!

c. Page 2, paragraph 4; Please provide quantitative values and justify a
ithem in place of the statement "... expected to represent a fraction...*.

Total volume of all solid radioactive waste is projected to be I to 2 i
3

'

m per year. Total volume produced at the university may be about
34 to 5 m per yetr. (More like one half of university volume.)'

!d. Page 2, paragraph 4: Please explain the statement about *activution
b products are accumulated in an ion exchange resin. 7.

!

A small portion (310 gpm) of the reactor coolant is diverted through
- a purifying loap which contains an lon. exchange deminerallut. Ac-

.

J tivated impurities are removed from the coolant by the resin. The ,

resin with activatten prmlucts accumulated in it is replaced yearly or i

as needed. This resin is a solid radioactive waste which will be dis-
posed off according to the requirements of 10 CFR Part 20.

- .

e. - Page 3, paragraph it Please explain how liquid radioactive waste is
>

stored and evaluated to ensure that releases remain "a fraction" of 10 '

: CFR Part 20 constraints. What fraction?

Liquid waste from sinks and shower will be stored in Individual con.
tainers.- Representative samples from these containers would be col. -

'

lected and analyzed by standard tesani'!ues. (15.e) When the ,

: concentration of radioactive materials in the waste are less than the j
guidelines values of 10 CFR 20.303, the liquids may be discharged -'

directly to the sewer, llowever, to meet ALARA requirements one
would try to wait till concentrations are less than the guideline-

values. A number like 10 % of the guideline values may be used If. .;-
icost effective and is possible,-

'

..

f. Page 3, paragraph 2; The licensee will be responsible for potential en-
; vironmental effects of irradiated fuel, untu DOE actually takes posses- i

"

sion, which might include packaging and shipping. Please discuss your
[

+
i plans in mcre detall.

ATU will be responsible for storing, packaging and shipping ofir.
i- radiated fuel. Irradiated fuel elements will be stored in the reactor ,

t
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core, storage racks or the storage pipes until shipped. ATF * will*
'

maintain all required monitoring for a special nuclear material. '

..

g. Page 3; Because you have not discussed potential environmental im-
pacts related to eventual decommissioning of your reactor at the end
of its useful life, please discuss those effects in your Environmental

~

. Report.
.

ATU would be responsible for the decommissioning and dismantling
of the reactor. Based on data from the Michigan State Reactor

3decommissioning, ATU estimates that less than 1000 ft of radioac.
'

tive waste would require disposal at the time of decommissioning.
This waste 5.ill primarily consist of reactor structural components 10-
cated inside the pool. By enlarging the pool dian eter, ATU expects
to minimize or even eliminate the need to remove concrete from
around the pool. MSU had a small pool and was required to remove

3a relatively small (less than 1000 ft ) amount of concrete for dis-
posal as low level radioactive waste.

L At the time of decommissioning,, Arkansas expects to ship low level
radioactive waste to a disposal site in Nebraska (approx 600 mi).

'

One truckload (40 ft long van) would be adequate for the shipment
of all radioactive waste associated with decommissioning.

_

h. Page 3, Section C; You dismiss potential emironmental effects of acci-
dents too briefly. Please discuss them, and justify your statement that : :

they are " negligible".-

;

.

i. Page 4, both paragraphs; The word " minimal"is used. Please be more
specific and quantitative.

|n
.

r
Ij

I :,

p
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Occupational lhposures

Radiological contr'butions are caused mostly by argon-41 and nitrogen 16.
*

Argon-41 is produced by the activation (n, y) of argon-40 present in the air in ex-
perimental facilities or the air dissolved in water. Calculations (reference ATU

4
SAR page 6-9) show that the activity concentration of argon-41 is 2 x 10 Ci/ml

3(= Ci/m ) from the pool water und 9. x 10-5 Ci/m from experimental facilities at
full power (250 kW). These are equilibrium concentrations of the activity released

3into the reac.or room volume of 394 m . The building exhaust rate is assumed to be
30.4f1 m /s. For the r61 ease rate from the experimental facilities (central thimble,

rotary specimen rack and pneumatic transfer system) an exhaust rate of 4.75 x 10'3
3 ( about 10 cfm) is assumed. Experiments usually replace about 80% of the airm

in these facilities. This will reduce the activity concentration coming from the ex-
perimetal facilities to 1.8 x 10-5 Ci/m {9 x 10 5 x (1-0.8)}. The total concentra-3

3
tion of argon-41 from the above two sources is about 1.82 x 10'3 Ci/m .

The dose rate from this activity concentration in the reactor room is calcu-
lated as follows. A hemisphera M volume equal to the reactor room volume has a
radius R = 5.7 m. The exposure rate (R/hr) or approximately r dose rate rad /hr
received by a person covered by a hemisphere of radius R (m) and which contains

3an activity concentration of A (Ci/m ) is given by (reference Cember, introduction
to IIealth Physics, page 167)

Ri'
~

~#
D(rad /hr) = A F 2 H (1),

\ P i
.

2where the source strength, T = 0.66 R.m /hr.Ci for argon-41 (reference Radiologi-
cal llealth IIandbook, and Cember, page 164) and the linear energy absorption

dcoefficient, = 0.0035 m . ForpR < < 1 the quantity in parenthesis reduces to R
and the above equction reduces to

D(rad /hr) = A P 2 fl R. (2)

4
The dose rate from argon-41 is 4 3 x 10 rad /hr. The dose from continuous

single shift operation at full power for 1 year (1920 hr/ year) is 826 mrad. Actual
reactor operation time is estimated to be less than 20% of the above time. This will
reduce the total occupational dose from argon-41 to about 165 mrad per year.This
number will be further reduced by lower power levels (neutron fluxes), smaller air
volumes, shorter operation times, and larger dilution factors.

Nitrogen-16 is produced by the activation (n, p) of oxygen-16 in the reactor
core region. It takes the water approximately 109 s (reference ATU SAit page 6-14)
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to rise from the core region to the top of the pool. Due to the very short half life
(7.11 s) the concentration of nitrogen-16 is significar.tly reduced before it leaves the
pool. The saturation concentration of nitrogen-16 in the reactor room is estimated

# 3to be 1,68 x 10 Ci/m (reference ATU SAR page 6-14). The diffuser which dis-
charges water above the core regiut in the pool greately increses the transit time
and this further reduces the concentration of nitrogen 16. The source strength,

2F = 1.8 R.m /hr.Ci for nitrogen-16 (reference Radiological llealth Handbook using
an averge gamma energy of 6 MeV) From equati.on 2 tlie dose rate from nitrogen-
16 in the reactor room is obtained as 1.08 x 10+ rad /hr. The annual occupational

dose for continuous single shift operation at full power is 2.1 mrad. Accounting for
the actual operation time of less than 20% reduces the occupational dose to less
than 0.4 mrad.

The combined occupational annual dose from argon-41 and nitrogen-16 is
about 166 mrad.

.

Public Dose

The radioisotope that is significant is the a gon-41 carried by the exhaust
discharge. The building exhaust rate is q = 0.401 m /s and the dilution factor in the
lee of the building is given by (refernce Slade. D.H, (ed.)," Meteorology and Atomic
Energy", USAEC liesctor Develop, and Tech. Div. Report TID-24190, DFSTI.
Springfield, Virginia,1968)

f(0) = CSU = 4.5 x 10-3 (3)

2
where C = 0.5, S = building cross sectional area normal to wind = 170 m , and
U = wind velocity = 2.62 m/s. The activity concentration in the outside air is given

4 3by Ao = A x q x f(0) = 3.3 x 10 Ci/m . For a person immersed in a semi-in-
finite cloud of radioactive gases equation 1 with A = Ao reduces to

r 3

D(rad /hr) = Ao P 2 H
1

(4).

( >
0

The dose rate obtained from equation 4 is about 3.89 x 10 rad /hr. The
annual dose for continuous single shift operation at full power is 74.7 mrad. The
actual operation time of less than 20% reduces the annual public dose from argon-
41 to about 15 mrad.

,

Attachment #1 2 9/91

. _ _ _ - _ -



Table 7-1 Radiation Dose Rates for Imss of Shield Water

Radiation (rad /hr)
Direct Scattered

Operation Time- 10 hr 1000 hr 10 hr 10(X) hr
Decay tims 4

1 minute 6.6E + 2 8.2E + 2 2.1 E-1 2.5E-1

1 hour 1.5E + 2 3.0E + 2 4.8E-2 9.4 E-2

1 day 1.6E + 1 1.1E + 2 4.5E-3 3.5 E-2

1 week 1.7E + 0 4.7E + 1 5.2E-4 1.4 E-2

1 month 3.0E-1 1.7E + 1 3.0E-5 5.4 E-3

.

in the reacter room would be high but tolerable even immediately after loss of
coolant and that emergency operations could ~oe carried out with limited time of
action. Since the direct radiation would be collimated upward, radiation levels out-
side the building ar., caused by only scattered radiation. This is not expected to be
too high to be a pr clic hazard.

7.3 FISSION PRODUCT RELEASE FROM CIAD RUPTURE

In this analysis it is assumed that a fuel elemem in the region of highest
power density fails in air after a long exposure at full power. The inventory of
radioactive noble gases and halogens in the reactor core can be calculated [7,8]
using

Qi(Ci) = 0.21081 x 10 x P x Fi x (1 - e4)
6 7.24

6where the constant 0.21081 x 10 has units of fissions /MW per disintegrations /Ci, P
is the Power in MW, Fiis the cumulative yield of fission products [9], Ai is the decay
constant and t is the operating time. The core inventory after continuous operation
at 0.25 MW for 5 years (1.25 MW-yr) is given in Table 7-2. This inventory is conser-
vative since actual burnup after 5 years is expected to be less than 22% of 1.25
MW-yrs.

.

The release of fission products from U-ZrH fuel has been studied at some
length. A summary report of these studies [4] indicates that the release is mainly
through recoil into the fuel-clad gap at temperatures below 400 C and this process is
independent of the operating temperature. Above this temperature the release is
through a diffusion process and is temperature dependent. It is important to note

|
'
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. Table 7 2 Noble Gases and IIalogens in the Reactor .-.

Isotope Ttn - Fi Oi
% Ci/ core

Kr-83m 1.86 11. 0.53 1119.4

Kr-85m 436 II 1.31 2761.6-

Kr-85 10.70 Y 0.29 168.0

Kr-87 76.00 M 2.54 5354.6
Kr-88 2.79 H 3.58 7547.0
Kr-89 3.18 H 4.68 9865.9
Xc-131m 12.00 D 0.04 84.3
Xe-133m 2.30 D 0.19 400.9
Xe-133 5.27 D 6.77 14271.9-

Xe-135m 15.70 M 1.06 2234.6

L Xe-135 9.13 H 6.63 13976.8

L Xe-137 3.82 M 6.13 12922.7

Xe-138 . 14.20 M 6.28 13238.9

I-131 8.05 D 2.84 5987.0
I-132 2.26 H 4.21 8875.1

t

I-133 20.80 H 6.77 14271.9

-I-134 52.30 M 7.61 16042.7

I-135 6.75 1I 6.44 13576.2
|

|
p

|
that the release fraction in accident conditions is characteristic of the normal operat-

ing temperature and not the temperature during the accident conditions. This is1

because the fission products released are those that have collected in the fuel-clad
gap during normal operation.-

Die following assumptions are used in the analysis.
'

*

a. One Fuel element in the region of highest power density fails in air after
1.25 MW-yr exposure and 100% of the noole gases and halogens in the|

gap are released. The release from a single element of e-70 element core
in the region of highest power density with a peak to average flux of 2 is
assumed. This fuel element produces 2.85% of the total power.

b. Peak fuel temperature is less than 400 C and the release fraction is es-
timated to be less than 1.5 x 10-5 (GA 4314). If a conservative value of
2.0 x 10 5 is assumed the fraction of noblefrom the fuel element is obtained as 5.7 x 10 ~ gases or halogens released(0.0285 x 2. x 10^5),

There is no plate-out of any released fission products.c.
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73.1 Emosure to Remtor Room Occunants.

In order to calculate the exposure to reactor room occupants the following
assumptions are made.

1. Noble gases and the halogens are released into the reactor room rapidly
at the fraction given above (b). The concentration, gi ( Ci/ml), of the
radioisotope in the room which has a volume of 394 nr is given by equa-
tion 7.25 and the calculated values are shown in Table 7-3.

' Ci Oi x 10 ( Ci) x 5.7 x 10-7
6

g
6 3ml; 394 x 10 cms

2. Ventilation in the room is assumed to be zero.

Table 7-3 Exposure to Occupant (step 4 of 7.3.1)

pCi/ml Mev/ dis Mev/cm'/s em'1 Exp/10 minIsotope qi Ey k osure,

mr
whole body

.

Kr-83m 1.63E-06 2.60E-03 3.80E + 01 3.00E-01 1.14E-03

Kr-85m 4.01E-06 1.60E-01 6.00E + 05 1.70E-04 1.80E-03

Kr-85 4.20E-07 2.20E-03 230E + 01 5.00E-01 1.44E4M

Kr-87 7.77E-06 7.80E-01 530E + 05 2.00E-05 2.01E-02

Kr-88 1,10E-05 2.00E + 0 630E + 05 5.80E4)5 6.(ME-02

Kr-89 1.43E-05 1.60E + 0 6.00E + 05 6.50E415 6.62E4)1

Xc-131m 1.22E-07 2.00E-02 3.00E + 04 1.00E-03 1.10E-04

Xe-133m 5.81E-07 4.10E-02 2.40E + 05 3.20E4M 1.60E4M

Xe-133 2.07E-05 4.60E-02 330E + 05 2.80E4M 4.71E4)3

Xe-135m 3.24E-06 430E-01 5.10E + 05 1.20E-04 4.67E-03

Xe-135 2.03E-05 2.50E-01 5.60E + 05 1.50E-04 1.53E-02

Xe-137 1.88E-05 1.60E-01 6.00E + 05 1.70E4M 8.42E-03

Xe-138 1.92E-05 1.10E + 0 5.60E + 05 7.80E-05 6.52E-02

I-131 8.69E-06 3.80E-01 5.20E + 05 1.26E4M 1.08E-02

I-132 1.29E-05 2.20E + 0 6.50E + 05 5.60E-05 7.58E-02

I-133 2.07E-05 6.10E-01 5.20E + 05 1.05E4M 4.17E-02

1-134 233E-05 2.60E + 0 7.00E + 05 5.00E-05 1.51E-01

1-135 1,97E-05 1.50E + 0 6.00E + 05 6.70E-05 8.54E-02

TotalWhole body 6.13E-01

.
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3. The occupant remains in th: room for 10 minutes while evacuation takes
place.

4. The whole body dose from each isotope, Dh, was also calculated using
data from the Radiological Health Ilandbook [10). The exposure for a
person immersed in a hemisherical cloud of finite radius is given by

i a

Dh ) = qi x 3.7 x 10 x (Ey) x I]
4 7.26

r >

where Ey (Mev/ dis) for each isotope is obtained from [11), and k is the,

energy fluence rate to give 1 R/hr for each isotope ,p is the linear absorp-
tion coefficient for each isotope and r is the radius of a hemisphere with
volume equal to reactor room volume =573 cm. The results for 10
minute exposure is given in Table 7-3.

The total whole body 10 minute exposure, immediately following a fuel ele-
ment rupture in air, is 0.61 mr. This value is well within the requirements of 10
CFR Part 20. Since the actual burnup is expected to be less than 22 % of 1,25
MW-yr the actual exposure is not expected to be larger than 0.13 mr for 10 minutes

The Isotoye Inhalation, li(Ci) is calculated assuming a respiration rate of5.
33A7 x 10 m /s [12] and is given by

li = qi x 3.47 x 102 M x 10 min x 60 . 7.27
8

.

s mm

Table 7-4 shows the average gamma ray energy and internal dose effec-
tivity for each fission product isotope. The iodine isotopes inhaled would
concentrate in the thyroid and the thyroid dose, Dth, is calculated by mul-
tiplying the iodine ingested by the corresponding internal dose effectivity
factor. These are also shown in Table 7-4. The resultant thyroid exposure
of 5.16 rems for 10 minutes is reasonable based on the conservative as-
sumptions made. The actual value will be less than 22% of this value
based on actual burnup.

.

7.3.2 Frosure to General Public.

Some of the radioisotones from a fuel element rupture would be released to
the environment and the purpose of this analysis is to calculate the exposure to the
general public. The following assumptions are made for the analysis,

i

!
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Table 7-4 Tuyroid Dose
. _ _ _

lsotope _gi li Effectivity Thyroid
Ci/ml 10 min Factor 130sc

pCi rent Ci rems/

1-131 8.69E-06 1.81E + 00 1486000 2.69E + 0

1-132 1.29E-05 2.68E + 00 52880 1.42E-01

1 133 2.07E-05 4.31E + 00 395100 1.70E + 0

1-134 2.33E-05 4.85E + 00 25380 1.23E-01

1 135 1.97E-05 4.10E + 00 123100 5.05E-01

TotalThyroid Dose 5.16E + 0

1. When the stack radiation monitors detect a higher radiation level ventila-
tion air flow is diverted through an absolute filter. Air intakes to the
room would be isolated and a negative pressme is maintained in the reac-
tor room to prevent radioactivity release except through the exhaust vent..

Air flow through the exhaust under these conditions is 150 cfm
3

(0.071 m /s).
2. The concentration of the radioisotopes would be icduced over time from

their removal by the ventilation and also by the decay of the isotopes.
The concentration also decreases due to dilution over distance. For the
purpose of this analysis these factors are not taken into account.

3. The contribution to the dose rates of the decay products of the isotopes
released are small and not taken into account.

4 The concentration, qi (pCi/ml) multiplied by the stack flow rate
3(0.071 m /s) is assumed to be released through the stack (release rate).

5. The release occurs at roof level, about 10.0 m above grade and a dilution
due to wind will be encountered. The dilution factor, p(0), given by

p(0) = CSU = 4.5 x 10-3 7.23

where C is a shape factor taken as 0.5 (experimentally determined to be
between 0.5 and 0.67), S is the cross section of the building and is taken as
170 m'since the prevailing winds near the building are from cast and cast-
northeast, and U the average wind speed is about 2.62 m/s. The release
rate from step 4 i' ,iiluted at the raic of f(0) and the

.
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concentration in the environment is obtained by multiplying the release
rate by the dilution factor.

6. The exposure to the general public may be calculated as outlined in step 4
of section 7.3.1, but assuming immersion in a semiinfinite cloud for the
concentration released to the environmem obtained above. Over a
period of one hour the total whole body exposure is 0.035 mr.

7. A one hour thyroid dose is calculated by scaling the results of the occupa-
ti(mal exposure by 60/10 (time correction) and 3.2 x 10" (dilution correc.

0tion,0071 x 4.5 x 10'3). This is about 9.9 x 10 rems.

These calculations indicate that the exposure to the general public as a result
of the fuel element failure in air after extended reactor operations would not be

*

significant.

.

O
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