Purdue University Responses to PURDUE UNIVERSITY — REQUEST FOR ADDITIONAL
INFORMATION REGARDING THE PURDUE UNIVERSITY REACTOR LICENSE RENEWAL
APPLICATION (TAC NO. ME1594), RESPONSES TO LETTER DATED August 29, 2014.

1. RAIl 18 in NRC letter dated July 6, 2011, stated:

TS 4.3: TS 4.3(c) should reference the minimum 13 foot depth as specified in the
LCO [limiting condition for operation] (TS 3.3(c)) for primary coolant and provided
in the bases for TS 4.3. Please update the TS to include the numerical minimum
depth and surveillance interval for this surveillance or justify why an alternative
measure related to the height of the skimmer trough in TS 4.3(c) is more
appropriate for specifying the minimum performance level of TS 3.3(c).
Additionally, prescribe the frequency, scope and minimum water level of this
surveillance when the reactor is secured or shutdown or justify why a minimum
level is not required.

The response to RAI 18 by letter dated January 4, 2012 (ADAMS Accession No.
ML12006A193), proposed to modify TS 4.3(c) to specify that reactor pool water will be at
a height of the 13 foot over the top of the core whenever the reactor is operated.
However, the response to RAI 17 by letter dated January 30, 2012 (ADAMS Accession No.
ML12031A223), proposed to modify TS 4.3(c) to specify the reactor pool water will be at
or above the height of the skimmer. Clarify TS 4.3(c), ensuring that RAI 18 is answered
clearly and completely. Include a basis for any TS changes proposed.

Response:

References to the skimmer trough have been removed from the Technical Specifications.
TS 4.3(c) will be modified to state:

(c) The reactor pool water will be at a height of 13 feet over the top of the core whenever
the reactor is operated. The reactor pool water height shall be visually inspected
weekly, not to exceed ten days, and water will be added as necessary to reach the
specification.

And the basis for TS 4.3(c) will be revised to state:

When the reactor pool water is at a height of 13 feet above the core, adequate shielding
during operations is assured. Experience has shown that approximately 35-40 gallons
of water will evaporate weekly and weekly water make-up is sufficient to maintain the
reactor pool water height.

A revised copy of the Technical Specifications, Amendment 13 (draft) has been attached.

2. RAI 29 in NRC letter dated July 6, 2011, stated:
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TS 6.1.11, TS 6.1.14: ANSI/ANS-15.1-2007, Section 6.1.3(3) provides guidance for
events requiring the presence at the facility of the senior reactor operator. Please
update PUR-1 TS 6.1.11 and 6.1.14 for compliance with the requirements in ANSI/ANS-
15.1-2007, Section 6.1.3(3) and 10 CFR 50.54(m)(1) or provide an explanation
describing your reason(s) for not incorporating the changes.

The response to RAI 29 by letter dated January 30, 2012, proposed a modification of TSs
6.1.11 and 6.1.14 that does not meet the requirements of 10 CFR 50.54(m)(1) which state:

A senior operator licensed pursuant to part 55 of this chapter shall be present at
the facility or readily available on call at all times during its operation, and shall be
present at the facility during initial start-up and approach to power, recovery from
an unplanned or unscheduled shutdown or significant reduction in power, and
refueling, or as otherwise prescribed in the facility license.

The response proposed a change to TS 6.1.2 (Staffing), Item (3), stating:

(3) Events requiring the presence at the facility of an senior reactor operator

[SRO] are:
(a) Initial startup and approach to power following a core change. The
presence of an SRO at the reactor facility is unnecessary for the initial daily
start-up, provided the core remains unchanged from the previous run;
(b) All fuel or control-rod relocations within the core region;
(c) Recovery from an unplanned or unscheduled shutdown except in
instances which result in the following

(i) A verified electrical power failure ...;

(ii) Accidental manipulation of equipment in a manner which does
not affect the safety of the reactor;

(iii) A verified practice of the evacuation of the building initiated by
persons exclusive of reactor operations personnel.

Provide an explanation on how the proposed changes (a) and (c) are in compliance with
the requirements of 10 CFR 50.54(m)(1).

Response:

According to 10 CFR 50.54(m)(1), a senior operator is required for initial start-up and approach
to power. TS 6.1.2(3)(a) requires the SRO to be present for the initial startup and approach to
power any time the core has been changed. After this, as the core has not changed and so the
expected critical rod heights are known, a senior operator is not required to be present for
subsequent operations, including start-up. If the core configuration is changed, a senior
operator is again required for the initial start-up and approach to power.

As 10 CFR 50.54.(m)(1) does not recognize any exceptions for the required presence of a

senior operator for recovery from an unplanned or unscheduled shutdown, TS 6.1.2(3)(c) will be
revised to state:

(c) Recovery from an unplanned or unscheduled shutdown.
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3. RAI 44 in NRC letter dated July 8, 2011, stated:

In your RAI response concerning decommissioning cost, dated June 4, 2010, you
reference an “approved cost estimate for decommissioning under Purdue
University’s Radioactive Materials License” as the basis for the provided cost
estimate. Please describe and explain the relationship between the decommissioning
cost estimate for PUR-1 and cost estimate for decommissioning under Purdue
University’s Radioactive Materials License in determining the cost estimate for
decommissioning PUR-1.

Provide a response to RAI 44, since we have not yet received one.

Response:

A rewritten Chapter 15 is attached and will be included in the Safety Analysis Report.

4. RAI 45 in NRC letter dated July 8, 2011, stated:

Pursuant to 10 CFR 55.59(a)(2), each licensee shall: “Pass a comprehensive
requalification written examination and an annual operating test.” In your Requalification
Plan, Section B you state that “completion of the biennial requalification program will
consist of a written examination and a demonstration of operator proficiency in reactor
operation.” '

A. Explain how the facility ensures that operator proficiency examinations are
performed annually during the biennial requalification cycle in compliance with 10
CFR 55.59(a)(2) or update your plan accordingly.

B. As required by 10 CFR 55.53(h), licensees are required to complete a
requalification program as described by 10 CFR 55.59. The regulation in 10 CFR
55.59(a) states that each license shall:

(1) Successfully complete a requalification program developed by the facility
licensee that has been approved by the Commission. This program shall be
conducted for a continuous period not to exceed 24 months in duration.

(2) Pass a comprehensive requalification written examination and an annual
operating test.

Section F of the PUR-1 Requalification Plan states:
During intervals when the licensed operations crew consists only of senior operators
who are instructors for topics in part a.1.b., the requalification program will be modified

to exempt those senior operators from parts A and B.1. Parts B.2, C, D, and E will remain
in effect.
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When the licensed operations crew increases to include those who do not instruct in the
program, the program will revert to its initial content. Operators may place a statement
into the file stating that they have done a literature review and/or instructed the topics in
Section A and B.1 in lieu of meetings and exams.

During intervals when the licensed operations crew consists of only one senior operator
this operator will be exempt from parts A and B, part C would be documented in the
console logbook and as stated in C.3, parts D and E will remain in effect.

In any of the requalification activities, exclusive of operations, additional methods may
be used to accomplish the training requirement. These may include mail, electronic
classroom or other methods may be used for tralnlng, meetings, testing or other required
communication(s).

The response to RAI 45 by letter dated January 31, 2012 (ADAMS Accession No.
ML14234A109, redacted version) indicated that the PUR-1 facility previously had an
exemption and intends to request one again. Either (a) explain how this section, in its
current form, meets the requirements of 10 CFR 55.33, “Disposition of an initial
application” and 10 CFR 55.59; (b) delete this section of the requalification plan; or (c)
submit an exemption for these requirements in accordance with 10 CFR 55.11, “Specific
exemptions.”

Response:

The requalification program has been revised to clarify that the operating test and
demonstration of proficiency is an annual requirement.

Section F of the PUR-1 Requalification Plan will be deleted. Purdue University will not be
seeking an exemption for the requalification program.

A revised requalification program has been attached.
5. RAI 63 in NRC letter dated July 14, 2011, states:

Major inconsistences are noted throughout the SAR [safety analysis report]
related to calculation assumptions for initial and requested maximum licensed
power under the PUR-1 license renewal. For example, SAR Section 13.2.2, p. 13-
11, references current licensed power of 1 kW [kilowatt] for a reactivity insertion
with scram. Please clarify the desired maximum licensed power level requested
and ensure this power level, including any uncertainty in reactor power, is
consistently applied in the safety analyses for the license. Please provide an
updated evaluation of a safety analysis that explains all analyses, assumptions
and conclusions at the requested maximum licensed power level.

Additional clarification to RAl 63 is needed. Provide responses to the questions below:

(a) Provide an answer to RAI 63 or indicate if the answer to RAI 63 is provided in the
responses to RAls 62 and 65 in your letter dated January 31, 2012.
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(b) Table 4-21 in the revised PUR-1 SAR, Section 4.6 indicates that for 1 kW and 12
kW, the maximum fuel temperatures for the limiting fuel plate (31.92 and 39.1
degrees Celsius (C)) are lower than the maximum clad temperatures (43.42 and
43.4 degrees C). Discuss the physical phenomena that would result in these
temperature values.

Response

(a) All inconsistencies regarding the power level have been addressed throughout the SAR
and updated to 12 kW and 12kW+50% power uncertainty where appropriate.

(b) The axial temperature rise along a fuel element is plotted below. Due to the high thermal
conductivity of the metallic fuel, small fuel meat thickness, and the lack of a gap between
the fuel and the cladding of this plate design, the cladding and fuel exist at essentially
the same temperature. The temperature of the wall never falls more than 0.02 °C below

that of the fuel.
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An updated Table 4-21 (from the SAR) is shown below. Note that when the NATCON modelling
tool is moved up to 98.6 kW, the power level for the onset of nucleate boiling (ONB), the
maximum coolant temperature is 44.8 °C.
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Present Power Uprate Power ONB Power

Power Level 1 kW+50% 12 KW+50% 98.6 kW
Max. Fuel Temp. (°C) 32.28 43.20 112.61
Max. Clad Temp. (°C) 31.28 43.19 112.50
Coolant Inlet Temp. (°C) 30.0 30.0 30.0
Coolant Outlet Temp. (°C) 31.6 35.4 44.8
Margin to incipient boiling (°C) 78.49 68.12 0
Coolant Velocity (mm/s) 5.41 19.16 56.20
Coolant Mass Flow Rate (kg/m?s) 5.39 19.04 55.69

6. RAI 70 in NRC letter dated July 14, 2011, stated:

NUREG-1537, Section 11 provides guidance for radiation protection provisions at
the facility. In Section 4.4 of the SAR, it is stated that the radiation level above the
reactor pool surface is about 1 mrem [millirem]/hr and that the radiation level
along the outside lateral surface of the concrete biological shield is about 0.1
mrem/hr, when the core is operating at 1 kW. Please provide an updated
evaluation of a safety analysis that explains all analyses, assumptions and
conclusions at the requested licensed power level for the maximum potential
radiation levels and the potential radiation effects on facility staff. As part of
evaluation, please indicate if the radiation levels bound those that would be
encountered during fuel handling and maintenance operations. Additionally,
include an evaluation of the safety analysis for potential dose to the facility staff
and members of the public (i.e., classrooms, hallways, adjacent rooms, nearest
dormitories, offices, etc.).

The response to RAl 70 by letter dated January 31, 2012, did not address the expected
radiation dose levels at the requested increased licensed power level of 12 kW. The
updated safety analysis you indicate bounding dose levels for facility staff and members
of the public who may be located in nearby or adjacent, accessible public areas during
the maximum operation power level for an extended period (i.e., classrooms, hallways,
adjacent rooms, nearest dormitories, offices, etc.) to demonstrate compliance with 10
CFR Part 20. Include all analyses, assumptions, and conclusions and indicate if the
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radiation levels bound those that would be encountered during fuel handling and
maintenance operations.

Response

The dose rate in the air above the reactor pool is given by

D= D(2)Ugir

Where & is the flux of photons at a given energy, z is the height above the core, and pg; is the
mass absorption coefficient for photons of the given energy. The flux of photons is the primary
question in determining the dose rate. The flux is essentially the attenuated dose at a distance
r [cm] from the core, multiplied by a buildup factor.

(o] (0] Sv
= = —Hr
o(2) fo ®(z, E)dE fo (BB ur, Ee " dE
Where 8, is the photon source rate, N(E) is the flux of photons with energy between E and
E+dE, B is the buildup factor, y is the attenuation coefficient, r is the distance form the core, and
E is the energy of the photons. The photon attenuation coefficient is a function of energy and

for water at 2 MeV, u = 0.0493 [ﬁn-] (Attenuation data taken from the National Institute of
Standards and Technology). For a shielding thickness of 395 [cm] (the height of the water
above the core), the quantity uR is 19.5 and represents the number of mean free paths the
photon must travel through to be emitted through the top of the pool. Note that this is the dose
directly above the reactor and would be further reduced at the edges of the pool as there is
more attenuation.

The buildup factor B(ur, E) has multiple forms one of which was reported by J.J. Taylor and has
the form of a summed exponential

B(ur,E) = A(E)e 01 (E)#R + [1 — A(E)]e~%E)R

The coefficients A(E), a,(E), and a,(E) have no physical meaning and are evaluated in tables
reported by multiple sources. For a 2 [MeV] photon,

B(ur,E) = 12.612 + ~00532+195 4 [1 — 12,612] 001932195 = 277

The number of fissions in the reactor is bounded by a 12 kW operating power plus 50% of
power uncertainty. The number of fissions at full power is

1000w 1 L 6.2415 X 102 MeV 1 fission fissions
S =5.617 x 104

18 kW =18 kW »— 0 * T ™ 1 Joule * 200 MeV sec
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As an example of the calculation, at 2 [MeV], there are 1.8 [ Y ] The 2 [MeV] flux at the

fission
surface of the pool is therefore

5.617 x 1014 [M] [

sec Y -
®(395 [em], 2 [MeV]) = 41 * 3952 [cm?] fission] * 277 e7

®(395,2) = 47.5 [sz’-/sec]

Summing this expression across available energy values will give the total photons emitted from
the reactor pool surface. This value is 1732 [ 14 ] over all energy groups (0-0.5 MeV, 0.5-2

cmZsec

mR

MeV, etc.). The equivalent dose rate in air is then 3.25 [E‘_]

| Dose Rat
Energy-(MeV) - (h?li?am/ahre)

0.5 . 1.338x107
0.141 .
1.681
1.183

1 0.239°

" Total: 3.245 mRem/hr .

oo AN

These dose levels bound those that would be encountered during fuel handling operations as
fuel remains at the bottom of the pool until it has cooled to levels which are acceptable within
bounds of the TS.

For a dose to a member of the public in an unrestricted area, the unshielded dose reduces as
the inverse square law. The closest such a person could get to the reactor pool is at minimum 5
meters. Treating the dose rate at the pool surface above the core as a point source, the source
strength would be reduced as

Where S is the dose rate at the surface of the pool, and r is the distance from the pool surface.
A very large person may have a frontal area of 1 m? which would give a dose rate of 0.010 mR/
hr which is less than that of the regulations in 10 CFR 20. Note that this does not take into
account extended benefits from the shielding by air, walls, and the ceiling.
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7. RAl 71 in NRC letter dated July 14, 2011 stated:

The requirements of 10 CFR 20.1101 states that each licensee shall develop,
document, and implement a radiation protection program commensurate with the
scope and extent of licensed activities, in order to limit the total effective dose
equivalent to facility workers (annual occupational dose less than 5 rem
[roentgen equivalent man]) and the total effective dose equivalent to individual
members of the public (annual public dose less than 100 mrem). Please provide...
a safety analysis that explains all analyses, assumptions and conclusions at the
requested licensed power level for the maximum potential estimate of the total
annual production of argon-41 from PUR-1 normal operations. In addition, please
evaluate and discuss the potential maximum dose to a facility worker and to a
member of the public (i.e., classrooms, hallways adjacent rooms, nearest
dormitories, offices, etc.) due to this bounding yearly production and release of
argon-41 from the facility.

Your response to RAl 71 by letter dated April 10, 2013 (ADAMS Accession No. ML
13101A044), did not provide an analysis to determine the maximum effective dose to the
maximally exposed member of the public for the total annual production of argon-41
from PUR-1 maximum licensed power operations. Provide a bounding safety analysis
(with assumptions and conclusions) for the member of the public residing outside the
facility perimeters.

Response

The buildup of **4r is due to the absorption of a thermal neutron by *°Ar. Gasses are naturally
present in fluids like water and the amount is dependent on temperature as well as the partial
pressure of the surrounding volume. Henry’s Law dictates the amount of various gasses which

7:::(1] at standard

are dissolved in fluid and carries a Henry's constant of 1.4><10‘5[

temperature and pressure conditions for natural argon. (Sander, 2014). Because solubility
decreases with room temperature, this is a conservative estimate as the temperature of the pool
for the rest of the analysis has been at or above 20 °C. With a pressure of 1 atm at the top of the
pool, the number of Ar atoms dissolved per cubic centimeter is

3

ol
1.4x107° [ m

23 atoms 1 m
3 ] x 101325 Pa % 6.022 X 10 [ ]
m3Pa

atoms]
*
1x 109

] = 8.543 x 1017 [ .
cm

mol cm3

40 4r makes up 99% of all natural Argon, so the number of *°Ar atoms per cubic centimeter
would be corrected as

atoms ]

atoms
8.543 x 10%7 [ o ]

40AT'
9 = 8.457 x 1017 [
[ Arnat] 8457 x 1017 |—3
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The amount of time that the coolant spends within the core will be its irradiation time. The
NATCON code, used in response to RAl #5 above, predicted a mass flow rate of

6.86 [ grams ] or 6.86 [ ] The 13 standard fuel elements have 15 channels and the

channelxsec channelxsec
3 control elements have 11 which yields 228 channels and a total volumetric flow rate of

cm?

1564.08 [65%3] The recirculation time of this portion of the pool water through the core will be
given by

T _ Vpaol
circ — v
core

The pool has a radius of 4 [ft] or 121.92 [cm] and a height of 17 [ft] or 518 [cm]. The volume of
2.42 x 107 [cm?®] gives a recirculation period of

242 % 107 [em?]
= 1.547 x 10* [sec] = 4.3 [hours]

circ = o3
1564.08 [ﬁ]

Using the MCNP6 model, the thermal neutron flux at 18 kW (12 kW + 50%) is predicted as

being @ = 2.66 x 1011 [%] within the core volume. This value is conservative as the

thermal neutron flux is usually considered linear with power increase which would suggest a flux
of ® = 101t [neutrons]

cm?2sec I

The saturation activity of *1Ar will be that which would be normally produced and decayed while
in the reactor volume, reduced by that which decays while circulating throughout the pool
volume.

_ Nog®(1—e™)
sat — (1- e‘l(t'*‘Tcirc))

Here, N is the number of atoms found within the core at any given time, gy is the thermal
neutron absorption cross section for *°Ar (o, = 6.1 X 10725 cm?), 1 is the decay constant
(1.0566 x 107* [sec™'], and t is the transit time through the core. With a core height of

60.96 [cm] and a coolant velocity of 1.916 [%] the time in the core is

‘= 60.96 [cm]

1916 B

= 31.82 [sec]
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Then Ag is

Asat

8.457 X 1017 [C:flg] 6.1 % 10—25[Cm2] 2.66 X 1011 [Cmgsec] (1 _ e—(1.0566><10_4 [sec"l]*31.82 [sec] )

(1 — g~ (1.0566x107* [sec™*]*(31.82 [sec] +1.547x10* [sec]))

A =571 decays
sat — [sec * cm3]
The number of **4Ar atoms is
decays ]
A 3 atoms
Nyp_gy = ;‘“ = Secx cm T = 5411x 10° [T]
_4, el
1.0566 x 10 [SBC]

The exchange of a gas in water with atmosphere can be modeled as

S = 0.93 BNgr—s145urf

where B is an exchange coefficient reported as 5.7 x 1073 [%] and Ag,,s is the area of the

surface of the pool as calculated from a radius of 121.92 [cm]. (Dorsey, 1940)

cm atoms
S =0093% 5.7 %1073 [SE] +5411 x 10° [ -

3 ] *1(121.92)? [em?]

at
S =1.34 x 10° [ Oms]

sec

Multiplying the source value obtained above with the decay constant would yield the activity
emitted from the pool surface per second.

§=1.34x10° [atoms] 1.0566 x 10™* [ ! ] 1.41 x 10° Bq] ! [”Ci]
= b3 — = —_—] k ——————e | ———
' sec ' sec ) [sec 3.7x10*LBq

Ci
S =381 [“—L]
sec
The time radioactive air remains in the reactor room is a factor of the pumping rate of ventilation
systems and the decay of the argon. The half-lives can be combined into an effective half-life

and would be

1 1 1

Teff Tar-41  Tair

_ Tar-41 * Tair

=T =
€7 Tar—41 -+ Tair
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If the reactor room has a volume of 4.24 x 108 [cm®] and the fan removes air at a rate of
cm?®

2 % 10° ——] the air has a lifetime of
sec

Viotar 424 x 10° [cm?®]

Tair = > = 2120 [sec] = 35.3 [min]

3

cm

removal 5 |2
2x10 [sec]

Using this as the half-life of air in the room, which accounts for mixing and parts of the air
staying over time, the effective half-life of **4r in the room is

_109.34 [min] = 35.3 [min]
Yeff = 109.34 [min] + 35.3 [min]

= 26.7 [min] = 1.602 x 102 [sec]

and the decay constant.is

In(2)
Teff

1
A = = 4326 x 107* [—]
eff sec

Considering the room now as the entire source term, the activity at saturation is

Spool
Aroom(t) = %

3.81 [fs‘TCC‘]

4326 X 10~ [S%] % 4.24 X 108 [cm?]

_e [uCi
Aroom,sat =2.08x107° [W

Referencing FGR-11, the dose conversion factor for someone submerged in argon is

mRem/hr
. = 3. X 5 [——]
DCF4p—41 = 8.029 X 10 JCij e

yielding a dose rate to a worker of

. & 5 mRem
D =2.08 X107 *8.029 X 10° = 16.7 [ = ]

This is an incredibly conservative estimate for the steady state derived air concentration of the
4r effluent. It assumes the pool water has reached a saturation of 414y, which has then
diffused completely into the reactor facility, as it is continually evacuated. To simply make the
second pass of water through the reactor core would take more than four hours. An extremely
long run time would be 20 hours at which time the pool would start to approach the saturation
point, a time far less than that of the saturation time for the entire reactor facility.
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The reactor facility operates at a negative pressure and air is expelled to the outside of the
building through an exhaust fan. This is 15 meters above the ground. Following a similar
analysis to that in RAI 12b regarding the MHA, the dispersion factor is 6.18 x 10~3[s/m3]. With
an exhaust rate of 0.2 [m3/s]

yCi]

C;=A(/Q)W =2.08x1075%618x 1073 x.2 = 2.571 x 10~8 [EW

Multiplying this by the dose conversion factor for someone perfectly under the plume yields

. 5 _8 mRem
D =8.029 x 10° *2.571 X 107° = 0.021 [ o= ]

This dose rate is less than that cited in 10 CFR 20.1301(a)(2) of 2 [mRem/hr].

8. In letter dated April 10, 2013, Purdue University provided an updated Section 13 of the
SAR that included responses to RAls 74-76, 80, 83, 85-91, and 93-95. State whether the
updated SAR Section 13 also intended to provide answer to RAIs 79, 81, 82, 84, and 99
or provide answers:

(a) RAI 79 in NRC letter dated July 14, 2011, stated:

NUREG-1537, Section 13 provides guidance to identify the limiting
event for each accident group and to perform quantitative analysis for
that event. Please identify the categories of PUR-1 experiments that are
performed and provide an evaluation of a safety analysis using the
guidance of NUREG-1537, Section 13.1.6 for potential experiment
malfunctions and their consequences.

Response

The primary usage of the PUR-1 is training of nuclear students and educating the public about
nuclear issues. Experiments performed include out of core dose measurements, fuel irradiations
in the irradiation facilities, and other non-fueled irradiations. Each of the risks from these
experiments has been evaluated in their respective SAR section or in responses to RAls.

(b) RAI 81 in NRC letter dated July 14, 2011, stated:

NUREG-1537, Part 1, Section 13.1.1 provides guidance to identify
Maximum Hypothetical Accidents (MHA) for non-power reactors. The
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MHA is to be selected so potential consequences of the postulated MHA
scenario exceed and bound all credible accidents. NUREG-1537, Part 2,
Chapter 13, p. 13-5 suggests that for a low-powered MTR fueled reactor,
the MHA may be one of the following two events: cladding is stripped
from one face of a fuel plate while suspended in air, or a fueled
experiment fails in air. SAR, Section 13.1 states that “the failure of a
fueled experiment is designated as the maximum hypothetical accident
of the PUR-1.” Please provide ... a safety analysis of an MHA that
considers the failure of one fuel plate in air would have lower
consequences than the failure of a fueled experiment by justifying the
MHA accident involving the fueled experiment capsule is more
bounding that the failure of a fuel plate.

Response

The maximum hypothetical accident has been clarified to be that of having the cladding stripped
from one face of a fuel plate while suspended in air in accordance with the suggestion of
NUREG-1537, Part 1, Section 13.1.1.

(c) RAI 82 in NRC letter dated July 14, 2011, stated:

NUREG-1537, Part 1, Section 13.1.1 provides guidance in identifying an
acceptable MHA for non-power reactors. The PUR-1 MHA accident
analysis for “Failure of a Fueled Experiment” is stated to be based upon
a 1 W power deposition in the fueled experiment as consequence of the
reactor operating at 1 kW. Please provide ... a safety analysis that
provides the details of the energy deposition determination in the fueled
sample with the reactor operating at the maximum requested licensed
reactor power including the power level measurement uncertainty of
50% stated in SAR, Section 13.1.2.

Response

The PUR-1 reactor is equipped with irradiation facilities that can be loaded with a fueled
experiment in order to test changes in material properties. In this section an analysis is
performed to assess the hazard associated with the failure of an experiment in which fissile
material has been irradiated in the reactor. In the scenario of this accident it is assumed that a
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capsule containing irradiated fissile material breaks and a portion of the fission product
inventory becomes airborne. The consequences of the release are analyzed for both the reactor
staff and the general public.

Excess reactivity of the LEU core in PUR-1 was determined to be 0.00468 (0.46%) Ak/k in a
190 fuel plate core (16 dummies), including a reactivity bias of 0.32% Ak/k. The Technical
Specification limit of 0.6%Ak/k is used to determine the maximum fueled experiment that can
be utilized within the experimental facility. The main concern in the failure of a fueled experiment
is the release of fission products. A limit of 0.5 [Ci] of radio-iodine is specified in the PUR-1 TS.
This is half of the radio-iodine that is postulated to be released in the MHA analyzed. This TS
limit ensures that restrictions from 10 CFR 20 are met and the complete cladding failure of one
face of a fuel plate remains the maximum hypothetical accident. Extended safety measures
must be implemented to further ensure doses from a potential experimental failure remain far
below those from the MHA.

a. A heating analysis must be done and approved by the reactor operating
committee to verify that the maximum temperature experienced by the
fueled experiment is less than or equal to half of the melting temperature.

b. Experimental analysis must include assumptions that include a loss of
cooling within the experimental facility

The heat production in a sample experiment was found using a combination of the F7 tally from
MCNPG6. The result of an F7 tally over a cell in is units of

MeV ]

F7 Tally # = [
>y gram = Source Particle

By taking the ratio of the F7 tally for the fueled experiment with that of the entire fuel inventory,
the proportion of reactor heat generation in the experiment is found. This can be scaled by the
licensed reactor power to give the power generated in the fueled experiment.

(F7)gxp * Massgp

Pg i t = Preact
xperimen reactor (F7)T0tal «190 plates £12.5 gprlcclthY(lgs

As an example of this calculation, for the requested 12 kW license upgrade plus 50% power
uncertainty, suppose a sample of 3% enriched uranium is placed in the experimental facility with
a mass of 1.19 grams.

8.134 x 107* [gﬂi{egp] * 1.19 [grams]
Pexperiment = 18000 Watts * VeV g
-3 9 .
3.74858 x 10 [g " SP] * 190 plates * 12.5 plate

Ppyp = 1.95 Watts
Where the values for the F7 tallies came from the MCNP6 model of the PUR-1 core.
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This mass would yield a radioiodine production of 0.46 [Ci].

Following an identical analysis as the MHA of a fuel plate breach but with the conservative
assumption that all of the fission products are released, the dose is shown in the tables below.
The first table shows the dose from intake of radioiodine by an occupational worker if he were to
remain in the plume for the specified amount of time. Realistic evacuation times are on the order

of one minute which would [ead to an exposure of approximately ~0.1 mrem.

Total [mRem] From lodine
Time [hours] Inhalation
0.01 0.055
0.1 0.545
1 4.697
10 24.704
100 68.457
1000 108.403
10000 109.990

The dose rate from submersion in the radionuclides is shown below.

Submersion Dose for Noble Gasses (Kr, Xe)
Time [hours] Total [mRem/hr]
0.01 0.0850
0.1 0.0816
1 0.0649
10 0.0278
100 0.0034
1000 2.44 x 1075
10000 248 x 10716

Again using the conservative assumptions for dose to a member of the public in a non-restricted
area, the dose after submersion in the exhaust plume for an hour with the fan errantly stili
running is 9.03 [mRem]. This dose is below the limits set forth in 10 CFR 20. These dose rates
fall below those of the MHA accident of having one face of a fuel plate completely exposed,
making the failure of a fuel experiment not qualify for the MHA.

For other possible fueled experiments, the TS 3.5 specify that for singly encapsulated
experiments

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

and for doubly encapsulated experiments

g.

(d)

Response

The radioactive material content, including fission products, of any doubly
encapsulated experiment or vented experiment should be limited so that the
complete release of all gaseous, particulate, or volatile components from the
encapsulation or confining boundary of the experiment could not result in (1) a dose
1o any person occupying an unrestricted area continuously for a period of two hours
starting at the time of release in excess of 0.5 Rem to the whole body or 1.5 Rem to
the thyroid or (2) a dose to any person occupying a restricted area during the length
of time required to evacuate the restricted area in excess of 5 Rem to the whole body
or 30 Rem to the thyroid.

RAI 84 in NRC letter dated July 14, 2011, stated:

NUREG-1537 states that the format and content of the TS follow
ANSI/ANS 15.1. ANSI/ANS-15.1-2007, Section 3.8.2 provides guidance
for double encapsulation of experiments involving fissionable,
explosive, reactive, or corrosive materials. Please provide ... a safety
analysis for the MHA experiment of 1.1 g of U-235 with single
encapsulation is consistent with the guidance provided in ANSI/ANS-
15.1-2007, Section 3.8.2.

Please reference RAl 14c) response above for a safety analysis for the failure of a fueled
experiment of 1.19 g of U-235.

(e)

Response

RAI 99 in NRC letter dated July 14, 2011, stated:

SAR, Section 13.2.1, page 13-9 states “This experiment corresponds to
the irradiation of 1.1 gm of U-235 in the mid-plane of the isotope
irradiation tube located in position F6.” Please provide ... a safety
analysis that establishes the basis of 1.1 gm of U-235 for failure of a
fueled experiment.
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Please reference RAIl 14c) response above for a safety analysis for the failure of a fueled
experiment of 1.19 g of U-235.

9. In a letter dated April 10, 2013, Purdue University provided an update to the SAR,
Section 13 containing an analysis for the designated MHA based on the failure of a
fuel plate and not the malfunction of a fueled experiment. Provide an analysis
determining whether the consequences of the failure of a potential experiment
containing fissile material are bounded by the MHA as defined by PUR-1. In addition,
discuss the basis for limiting the maximum allowable fissile content of fueled
experiments and how the limit is to be controlled either by a TS or by other
acceptable means.

Response

Comments following the safety analysis of potenﬁal accidents from experiments clarify that the
stripping of cladding from one face of a fuel plate is the bounding MHA.

10. NUREG-1537, Part 2, Section 13, suggests that the definition of the maximum
hypothetical accident (MHA) should be based on either a fuel plate or a fueled
experiment failure, whichever leads to higher consequences. In the updated PUR-1
SAR, Section 13.1.1 and 13.1.6, it is stated that the failure of a fueled experiment
containing fissile material is the designated MHA. However, in the updated PUR-1
SAR, Section 13.2.1, an analysis is proved for the designated MHA that is the failure
of a fuel plate. Explain how this is consistent, or correct the updated PUR-1 SAR,
Section 13, with regard to the MHA.

Response

The PUR-1 SAR, Sections 13.1.1 and 13.1.6 have been updated to be consistent with PUR-1
SAR Section 13.2.1.

11. NUREG-1537, Part 2, Section 13, defines the MHA as the failure of the cladding of one
face of one fuel plate while suspended in air. PUR-1 SAR Section 13.2.1 defines the
MHA as the failure of one face of one fuel plate submerged in the reactor pool
resulting in a potentially non-conservative amount of radioactive iodine release into
the reactor air volume. Discuss whether the assumption of radioactive fission product
release into the pool water is a conservative assumption. Discuss whether the
assumption bounds a failure of the fuel plate cladding while the fuel element is
suspended in air, releasing fission products directly into the reactor air volume.
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Response

PUR-1 SAR Section 13.2.1 has been clarified to indicate analysis is done for the MHA of the
failure of the cladding of one face of one fuel plate while suspended in air following the guideline
of NUREG-1537, Part 2, Section 13. This complete analysis is done in the subsequent RAI 12
response.

12. Provide an MHA safety analysis that explains all analyses, assumptions and
conclusions at the requested licensed power level for the maximum potential
estimate of the total radioactive fission product release after the failure of one side of
one fuel plate. Discuss methodological assumptions associated with the following
analytical steps:

(a) Derivation of fission product atmospheric dispersion factor, x/Q using either
the methodology suggested in Regulatory Guide 1.145, “Atmospheric
Dispersion Models for Potential Accident Consequence Assessments At
Nuclear Power Plants,” Revision 1, issued February 1983, or another
equivalent method.

(b) Dose conversion calculation using the Environmental Protection Agency’s
Federal Guidance Report (FGR)-11 and FGR-12 dose conversion coefficients or
another equivalent methodology to account for inhalation/ingestion and
submersion exposures.

Response

This section will estimate the total amount of radioiodine released from the failed fuel plate. No
credit is taken for the reduction in activity resulting from radioactive decay during the time of the
release, i.e. an instantaneous release of the radioiodine that can escape the fuel is assumed.
Complete and perfect mixing of the available radioiodine inventory with the reactor facility
volume is also assumed.

The activity via the production rate of the ith radioiodine isotope in a plate is determined by the
following:

A; = LiN; = RyisoF;

where R is the rate of fissions in the plate of interest, F; is the fraction fission yield for each
radioiodine, 2; is the decay constant for each radioiodine and N; is the saturation number of
atoms of each specific radioiodine. The constants F;, 4;, and the results of calculations for A;N;
and N; for plate 1348, are shown in Table 13-2 assuming 12 kW + 50% operating power.
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It is assumed that not all of the iodine produced will be released from the plate. As suggested by
NUREG/CR-~-2079, only the fission fragment gases within recoil range of the surface of the fuel
(1.37 x 1073 [em] for aluminum matrix fuels) will escape. The thickness of the fuel meat in a
PUR-1 plate is 0.0508 cm. The total volume of the fuel meat is

Vior = 60.01 * 5.96 * 0.0508 = 18.170 [cm3]
and the volume released from recoil of the fission gasses is
Vretease = 60.01 % 5.96 % 1.37 X 1073 = 0.490 [cm3]
The fractional fission product gas release is therefore

Vrelease 0.490
release Viot 18.170

The number of fissions per second in Plate 1348 with a fission power of 157 [Watts] is given by

5T W = 157 W 1 é 6.2415 x 10'2 MeV 1 fission 290 x 1012 fissions
1w 1joule 200 MeV sec

The activity of I-135 is then the product of these number of fissions and the fractional yield per
fission of this element which is 6.28%.

issions
Activity1_135 =490 X 1012 [f—‘

decays 1 Ci
] ¥ 0.0628 ] [

second fission *37 % 1010 decay/second]

* 0.027 {Fractional Release}
Activity;_;s5 = 0.224 [Ci]

The calculated values for each of the five iodine isotopes of concern are shown in below.

Radioiodines released from Plate 1348 into Facility Air.

Fractional Decay
Isotope Yield Half-life (sec) Constant Activity [Ci]
[-131 0.0289 6.95 x 10° 9.98 x 1077 0.103
1-132 0.0431 8.21 x 103 8.44 X 1075 0.154
[-133 0.067 7.49 x 10° 9.26 x 1076 0.239
[-134 0.0783 3.16 x 103 220%x 107 0.280
[-135 0.0628 2.37 x 10* 293 x107° 0.224
Total 1Ci
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The activity produced from the fuel plate breach is then dispersed throughout the immediate
reactor facility air. The facility has a volume of 424 m?2 giving the activity per volume of air is
given as

AV = Activity
" Volume
0.224 [Ci] 106 [uCi] uCi
A i = = 5 -4 [_
= @/WVim13s = a5 106 [em3] *10c - 20 X107 o

Over time, this level of activity decreases according to the laws of radioactive decay. The
activity for each radioiodine is shown in the figure below.

Activity of Radioiodines After Release from Fuel Plate 1348
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As a facility worker breathes in the radioiodine, they will ingest some of the air borne material.
Assuming that an individual breathes in 347 [%?—;] the dose from continued breathing of the
radioactive air is given by

‘ t
D; =-[ B*C(t);dt ={B*(A/V);} *f e~ Mt gy = BCA/V); * (1 —e'lit)
0 0

where D, is the dose rate from inhalation of each radioiodine, B is the breathing rate, (4/V); is
the activity as a function of time of each radioiodine, 4; is the respective decay constant, and t is
the time duration of inhalation. The final effective dose is this value multiplied by a dose
conversion factor to account for the different energies of decay and other factors.
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For this analysis, the dose is expressed in units of dose (rads) to the thyroid gland of a person
breathing the radioiodine-bearing air. Although the concentration of iodine in the building air is
continuously reduced by various processes such as radioactive decay, purging of the building
air by the exhaust fan, and plating out of the iodine on surfaces, we will assume only a reduction
in concentration resulting from radioactive decay. This implies that the concentrations of iodine
in the air outside the building, taking no credit for dissipation in the air outside the building, will
be the same as those in the building. Estimates of the thyroid dose rates are shown below.

Integrated thyroid dose estimates for several exposure periods following release of Plate 1348
radioiodines into the reactor air.

Integral Dose in mRem for Several Exposure Periods after Release

Isotope 36 sec 6 min 1 hour 10 hours 4.2 days 42 days
1-131 1.42 X 1072 0.142 1.42 14.0 1109. 385
1-132 6.47 X 1072 0.638 5.59 20.3 213 21.3
1-133 8.26 x 1072 0.824 8.12 70.2 239 248
-134 0.143 1.38 9.89 18.1 18.1 18.1
[-135  7.59 x 1072 0.756 7.21 46.9 72.0 72.0
0.380 3.74 32.22 170 470 744 [mRem]

As can be seen from these results, about two hours of continuous exposure to released
radioiodine in the reactor room air would be required to attain a thyroid dose equivalent of
~100 mRem. Even this exposure would be extremely unlikely, since it is difficult to conceive of a
credible combination of accident conditions and personnel occupancy which will result in such
doses being achieved. The imposition of such limited cloud dispersion effects required to
approach these estimates is not realistic. It is more likely that dispersive effects will result in
much lower doses. For example, even the building blower exhaust at 424 ft3/min flow rate will
cause a concentration reduction.
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MHA considering All Gaseous Fission Products

A similar analysis can be done for all gaseous radionuclides released from a single ruptured fuel
plate. The same analysis for iodine as was done in the preceding sections applies, as well as all
noble gases (fission products) available in the plate released to the building air. No credit for
decay of the radioisotopes during release and dispersion is taken. This assumption, as before,
leads to conservative results in that the estimates obtained are higher than those that would
actually occur in this postulated accident.

Isotope
Kr-85m
Kr-87
Kr-88
Xe-131m
Xe-133m
Xe-133
Xe-135

Xe-135m
Total

Dose Rate in mRem/hr for Several Exposure Periods After Release

36 sec 6 min 1 hour 10 hours 4.2 days 42 days
3.78x107% 3.73x107% 325x107® 8.07x 1077 0 0
356x1072 339x1072 2.08x1072 1.53x107* 0 0

0.126 0.123 9.87 X 1072  1.10 x 1072 0 0
591x1075 591x107° 589x1075 577x107° 4.64x1075 5.22x107°

1x 1073 1x 1073 9.89x 107% 8.79x10™* 2.68x107* 0
401x 1072 4.01x1072 3.99%x1072 3.79x107%2 231x1072 1.62 x 107*

0.301 0.299 0.280 0.141 1.48 x 10™* 0
7.95%x 1072 6.22x107% 539x 1073 0 0 0

0.583 0.560 0.445 0.191 0.0236 1.68 x 1074

In the event of a maximum hypothetical accident such as the one discussed, reactor facility
workers would be required to identify that an alarm has occurred, notify others in the immediate
vicinity to evacuate, and disable the ventilation system to attempt to confine the fission products.
This process would take approximately one minute in a very conservative setting. The dose
received during this time due to the noble gasses listed above would be 0.01 mRem. The dose
contribution from the radioiodines would be much greater at ~0.75 mRem but still well below the
dose limits for a facility worker.

Doses to persons outside the building will come from submersion in a cloud of released
radionuclides and from radiation emitted from the reactor building. The submersion dose results
from the diluted radionuclide stream from the exhaust fan or from natural flow of air through the
building that exits at the roofline (if the exhaust fan was properly disabled). An analysis for the
activity concentration release from the building can be performed using the equation below,
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which includes release from the exhaust fan. The concentration of activity of each radionuclide
is given as

6= 4G/QV ]

where 4; is the fractional release of activity of the radionuclide from the fuel plate as dispersed
through the reactor facility air [Ci/m3], (x/Q) is the atmospheric dispersion factor as discussed
in NUREG/CR-2260, V is the volumetric release rate from the fan and t is the time after release.
The dispersion factor is given by

1

W= Uqg (TL'O'yO'Z + %)

where u,, is the velocity of the wind at a height of 10 meters above the release point, o, is the
lateral plume spread based on the Pasquill-Gifford correlation, and o, is the vertical plume
spread (both in meters). Both of the plume spreads are dependent on the atmospheric stability
which is conservatively assumed to be highly stable (as given by Regulatory Guide 1.23).
Assuming that the plume spread in the lateral and vertical direction are the same, there is a
wind speed of 1m/s, an exclusion zone of 10 meters (and extrapolating values from
NUREG/CR-2260), giving values for the plume spread of g, = g, = 2.38 [meters] gives a
dispersion factor of

1
1 [%] (7[ x (2.38)2 [m2] +w)

= 6.18 X 1073 [%]

/@ =

No credit is taken in the above expression for horizontal plume meandering or the fact that air
from the basement area is exhausted at a minimum height of 50 feet. Additionally, the average
wind speed is greater than 3 m/s resulting in a conservative factor of at least 3.

For 1-135, with an activity of 5.29 x 10™* [%] the downwind activity concentration would be
. S m3 Ci
C; = A;(x/Q)V = A; * 0.00618 [Eg] 0.2 |—]| = 0.00124 4, [ﬁ]

ci
C; = 0.00124 % 5.29 x 10~ [”—3]
cm

ci
6= 6538x 107 [
m

The table below shows the downwind concentration and activity for each radio nuclide.
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Downwind
Accident Activity Concentration

Isotope [Ci] [uCi/m3]
[-131 0.103 0.300
1-132 0.154 0.449
[-133 0.239 0.698
[-134 0.280 0.815
1-135 0.224 0.654
Kr-85m 0.046 0.134
Kr-87 0.091 0.267
Kr-88 0.127 0.370
Xe-131m 0.001 0.004
Xe-133m 0.007 0.020
Xe-133 0.239 0.698
Xe-135 0.234 0.681
Xe-135m 0.039 0.115

Total: 5.20 [uCi/m3]

The submersion dose rate is this concentration of activity multiplied for the dose conversion
factor for submersion.

Di,submersion = (DCF); * C;

mRem/hr

where the dose conversion factor is in units of [ ] and is given in FGR-11. The dose rate

uci/cms3
for inhalation of the radioiodine is similar but includes the rate of air intake by the average
individual which is approximately 347 cm?/sec.

D tnyroia = DCF)itnyroia * BR * C;

The totél dose rate is therefore the sum of the inhalation and thyroid dose rate over all isotopes.

Diotar = Z D; submersion T Z Di,thyroid
i i

mR em]

Deotar = 0.69 + 1891 = 19.6 [ —

This is the dose rate to a member of the public if they were standing directly in the plume
downwind of a maximum hypothetical accident when the fan in the reactor facility failed to
depower as considered on a very calm day. In the worst case scenario, an individual would
station themselves directly outside of the reactor facility underneath the exhaust. If it took 15
minutes to setup the exclusion zone, a person could receive at most 4.9 mRem which is still
below the dose requirements to the general public. Expanding the exclusion zone as well as

Page 25 of 29



ensuring the facility ventilation is deactivated only serves to lessen the dose to the public. If it is
assumed that the fan does turn off properly, and the leakage of air through the top of the facility
is reduced to 0.001 [m3/sec], the dose rate falls to 0.1 [mRem/hr].

13. Provide an analysis and discuss the potential maximum radiological dose estimate
due to the MHA at the following suggested locations:

(a) Facility worker — located inside the restricted area considering any evacuation
procedure and potential residence time for staff exposed to fission product
inhalation/ingestion and direct gamma ray radiation. The exhaust system
operational status should be consistent with conservative assumptions.

Response

Reference response to RAI 12 above for a discussion of the dose to a facility worker during a
postulated maximum hypothetical accident.

(b) Members of the public — located in adjacent, publicly accessible areas inside
the reactor building (i.e. classrooms, hallways, adjacent rooms) potentially
exposed to fission product inhalation and/or gamma ray radiation, taking into
account any procedural process for evacuation, including the emergency plan.
The exhaust system operational status should be consistent with conservative
assumptions.

Response

Reference response to RAI 12 above for a discussion of the dose to members of the public in
adjacent publically accessible areas inside the reactor building during a postulated maximum
hypothetical accident.

(c) Members of the public — located outside the reactor building (maximally
exposed location, nearest dormitories, offices, etc.) exposed to fission product
inhalation/ingestion released from the reactor building and gamma ray
radiation. The exhaust system operation status should be consistent with
conservative assumptions.

Response

Reference response to RAl 12 above for a discussion of the dose to member of the public
outside the reactor building during a postulated maximum hypothetical accident.

14. 10 CFR Part 20, “Standards for Protection against Radiation,” provides the regulatory
framework and NUREG-1537, Part 1, Section 13.1.3 provides the guidance for
licensees to systematically analyze and discuss credible accidents in each accident
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category. Section 13.1.3 of the updated PUR-1 SAR, describes the loss of coolant
accident (LOCA) scenario. The updated PUR-1 SAR does not include an estimate for
radiation levels in the reactor floor and the roof areas, due to the unshielded reactor
core, after a postulated large LOCA event. The SAR should provide the consequent
maximum dose rates at various locations on the reactor floor and outside on the
reactor building roof. In accordance with 10 CFR Part 20, provide the accumulated
doses to reactor building occupants and the maximally exposed member of the
public, considering evacuation procedure and potential residence time for staff. In
addition, provide an estimate when facility staff may enter the reactor building to start
recovery operations.

Response

The maximum possible conceivable LOCA accident in the PUR-1 reactor would be that of
having a large hole or crack develop in the reactor pool liner and the water draining from there.
The only other option would be that of pumping or evaporating water from the top of the pool
which would not be a bounding case. Modelling the reactor pool as a suspended tank with a
hole or crack in the bottom, the Bernoulli equation shows

1
PIZsyrf t Patm = Epvgut + pgh + Darm

Vout = ‘/2.9 (Zsurf - h)

where p is the density of water, g is the gravitational constant, p,,, is the atmospheric pressure,
Voue 1S the velocity of the water going out of the hole, z is the height of the surface of the water,
and h is the height of the hole. If the hole is defined to be at the bottom of the tank (bounding

assumption)
Vout = IZQ(Zsurf)

The loss of mass through the hole is given by

dm
E = —pApoieV

and the total mass in the tank is
Meot = pAtansturf

yielding
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d (pAtansturf) _
dt - '_pAholevout

d(zsurf (t)) L Apote

dt = Aok 29 (Zsurf (t))

If there was a crack at the bottom of the tank which formed and was 5 [cm] wide that ran the
diameter of the pool, its area would be

Anote = 0.05 [m] * 2.44[m] = 0.122 [m?]

This area of a hole is equivalent to an instantaneous hole in the bottom of the reactor pool with
a diameter of ~40 [cm]

2 2

Apole =T (g) =T (;) = (.12 [m?]

d(Zslzirg(t)) _ _nzij)z \/2 +9.81 % (Zgurs (1)) = —0.116 /sz(t)
2

d(zsurf (t)) _

 Zsurf (®)

—0.116dt

Integrating yields
t =17.24 [z s

In order for the tank to drain half of its water, the surface of the tank would go down
2.59 [meters]. The time to do this would be

t = 27.7 seconds

The total time to completely drain the tank is 40 seconds. This time frame is adequate for an
operator to become aware of the situation, initiate a scram and begin an evacuation if

necessary. In a case where the operator did not initiate the scram, the pool-top radiation monitor

will do so on a high-alarm at 50 [miim

]. If for some reason a scram was not initiated, the

reactor would become subcritical upon the loss of the water moderator. The potential source
term would therefore not be the reactor at full power (12 kW plus 50%), but rather the fission
product decays still present in the core.

Following the same analysis as the shielding of the reactor at full power as in RAlI 6 above,
using air as the only attenuator to the top of the pool, and using a source of 1.69 x 103 fissions
per second (assuming the source term is 3% of full reactor power after the scram), the dose rate

at the original height of the pool surface is 295 Rem] Assuming a facility worker errantly looked
hr
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over the pool edge immediately after the scram with no shielding, he would receive a dose of
less than 5 Rem to his upper body in one minute. Upon such an event, the reactor room would
be immediately evacuated, reducing the worker dose further. To others not directly above the
pool the ground and concrete tank would reduce the dose still further.

The member of the public of potential concern in the event of a sudden LOCA is someone
present in the classroom above the reactor room. The ceiling is 19 feet above the top of the
reactor pool and the floor of the upper room is approximately 4 inches of ordinary concrete.
Extending the dose calculation to include the additional air and the concrete gives a potential

dose rate to a member of the public of 6.6 [R:—;"] Again, in such an event the building would be

immediately evacuated such that the actual dose received by a member of the public would be
significantly reduced. :
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1. DEFINITIONS

The following frequently used terms are to aid in the uniform interpretation of these
specifications:

1.1 Channel — A channel is the combination of sensor, line, amplifier, and output
devices that are connected for the purpose of measuring the value of a
parameter.

1.2  Channel Calibration - A channel calibration is an- adjustment of the channel
such that its output corresponds, within acceptaple range and accuracy, to
known values of the parameter which the channe measures. Calibration shall
encompass the entire channel, including e iF ment actuation, alarm, or trip,
and is deemed to include a channel test. -, "~ ™

1.3 Channel Check - A channel check is
performance by observation of: chant
include comparison of the channel Wi

1.4 Channel Test - A chanhel

1.5  Confinement =
designed to Ii "

1.6

1.7

N Core Conflquratron - The core configuration includes the number, type, or
\’arrangement of fuel; elements reflector elements, and regulating/control rods
occupylng the core grld
\ ,\«ﬂ o ;
1.8 Core Experlme 'A' core experiment is one placed in the core, in the
graphite reflector ‘or within six inches (measured horizontally) of the reflector.
This includes: ‘any experiment in the pool directly above or below the core.

1.9 Direct Supervision — In visual and audible contact.

1.10 Excess reactivity — Excess reactivity is that amount of reactivity that would
exist if all reactivity control devices were moved to the maximum reactive
condition from the point where the reactor is exactly critical (ke = 1) at
reference core conditions or at a specified set of conditions.
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1.11 Experiment — Any operation, hardware, or target (excluding devices such as
detectors, foils, etc.) that is designed to investigate non-routine reactor
characteristics or that is intended for irradiation within the pool, on or in a
beam port or irradiation facility. Hardware rigidly secured to a core or shield
structure so as to be a part of its design to carry our experiments is not
normally considered an experiment.

1.12 Experimental Facility - Experimental facilities are:

. . . LA .
a. those regions specifically designated as Iocat[gns;;for experiments or
e

b. systems designed to permit or enhanc‘ t
radiation to another location. ™

1.13 Experiment With Movable Parts (Secured or Nonsecured)\ An experiment
with movable parts is an experlment&; ”'atwcontalns parts that al;g intended to

y solid or-liquid which is
angerous Explosion Hazard in
N I Sax, Tenth Ed. (2000),

1.14

e t|on 704 "Identification

eled ~exper|ment lS a'ny experiment planned for
ranium, 235 plutonium 239, or plutonium 241.

1.20 Movable Expétiment - A movable experiment is one where it is intended that
all or part of the experiment may be moved in or near the core or into and out
of the reactor while the reactor is operating.

1.21 New Experiment - A new experiment is one whose nuclear characteristics
have not been experimentally determined.

1.22 Non-secured Experiment — See Unsecured Experiment.
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1.23

1.24

1.25

1.26

1.27

1.28

1.29

1.30

1.31

“"Reactor Secured S

Operable - A system or component is operable when it is capable of
performing its intended function in a normal manner.

Operating - A system or component is operating when it is performing its
intended function.

Pool Experiment - A pool experiment is one positioned within the pool more
than six inches (measured horizontally) from the graphite reflector.

Protective action — Protective action is the rnltlatron\ of a signal or the
operation of equipment within the reactor safety system in response to a
parameter or condition of the reactor facrhty havrnp ' reached a specified limit.

Reactivity worth of an experiment — The. reactrwty Worth :of an experiment is
the value of the reactivity change. that results from- the experrment being
inserted or removed from its mtended posrtlon T

&
R4

Reactor Facility - The reactor faC|l|ty is» that portlon of the" ground floor of the
Duncan Annex of the Electrlcal Englneerlng Burldlng occupied by the School

Reactor Operating — The'r 2 |
shut down. A

Reactor Operator = A individual who sw']{ice“nisiemggto manipulate the controls of

the reactor.

Reactor S/[afetv System -"!The reactor, safety system is that combination of
measuring channels and assocrated “circuitry which forms the automatic

-‘protectlve system of the reactor or provides information which requires
‘fmanual protectlve actlon to be initiated.

F

A reactor is secured when

‘a.i;_ E/ther there IS |nsuff|crent moderator available in the reactor to attain
cr|t|caI|ty or’ there is insufficient fissile material present in the reactor to
attaln crltlcallty under optimum available conditions of moderation and

b. Or the foIIowmg conditions exist:
1. Reactor shutdown

2. Electrical power to the control rod circuits is switched off
and the switch key is in proper custody.
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3. No work is in progress involving core fuel, core structure,
installed control rods, or control rod drives unless they are
physically decoupled from the control rods;

1.33 Reactor Shutdown - That subcritical condition of the reactor where the
negative reactivity, with or without experiments in place, is equal to or greater
than the shutdown margin.

1.34 Readily Available on Call - Readily available on call shall mean the licensed
senior operator shall insure that he is within a reasonable driving time (1/2
hour) from the reactor building, and the operator on duty is currently informed,
and can contact him by phone. -

1.35 Removable Experiment - A removable %xpenmentv is. any experiment,
experimental facility, or component iof -an experlment,\\ other than a
permanently attached appurtenan “to” the reactor ’ system which can
reasonably be anticipated to be moved one or more tlmes durrng the life of
the reactor.

1.36 Responsible authority: A governmental ‘or other entity with the authorlty to
issue licenses, charters, pér rts'for‘certlflca s

ntal facrllty, or component of
mn-a secured position, if it is held
he,reactor by ‘mechanical means. The
ially greater than those to which the

Sydraullc pneumatic, buoyant or other

1.37 Secured Experlment Any expenment,“‘ eriment

“Tne' word “shall” is used to denote a requirement
sed tfo denote a recommendatlon and the Word may” is

n The shutdown margin, relative to the cold xenon-free
condition Wlth»:;the most reactive shim rod fully withdrawn, and the regulating
rod fully withdrawn.

1.40

1.41 Surveillance and Test Intervals - These are intervals established for periodic
surveillance and test actions. Established intervals shall be maintained on the
average. Maximum intervals are allowed to provide operational flexibility, not
to reduce frequency.
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1.42 Reference core condition: The condition of the core when it is at ambient
temperature (cold) and the reactivity worth of xenon is negligible (<0.30
dollar).

1.43 Rod, control: A control rod is a device fabricated from neutron-absorbing
material or fuel, or both, that is used to establish neutron flux changes and to
compensate for routine reactivity losses. A control rod can be coupled to its
drive unit allowing it to perform a safety function when the coupling is
disengaged.

” “x
-

1.44 Rod, regulating: The regulating rod is a low Worth control rod used primarily to
maintain an intended power level that need f ha\(e scram capability and
may have a fueled follower. Its position may bé: ned‘manually or by a servo-
controller. o ' A

1.45 Rod Shlm Safety: The control. rods ““USed in PUR1 as descrlbed in the

1.46 Tried Experiment - A tried experimen'tflev .

1.47 True Value The true val}‘e of a pa : ’eter is ‘iteﬁé};act value at any instant.

1.48 Unscheduled’*\-Shutdow An unscheduled shutdown is defined as any

unplanned Shutdownfof the reactor by actuatlon of the reactor safety system,

- operator-error, equnpment malfunctlon -or a manual shutdown in response to

,condltlons that could ‘adversely affect safe operation, not including shutdowns
that occur durlng testlng or checkout operations.

1.49~"~W;‘“--Unsecured Experlment ”‘Any experiment, experimental facility, or component
of: an expenment*ls ‘considered to be unsecured when it is not secured as
deflned in part 1 36 of thls section.
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2. SAFETY LIMIT AND LIMITING SAFETY SYSTEM SETTING

2.1 Safety Limit

Safety limits for nuclear reactors are limits upon important process variables that are
necessary to reasonably protect the integrity of certain physical barriers that guard
against the uncontrolled release of radioactivity. The principal physical barrier is the
fuel cladding.

Applicability - This specification applies to the temperature "b;fathe reactor fuel and
cladding under any condition of operation. o '

Objective - The objective is to ensure fuel claddrng lnt‘

Specification — The fuel and cladding tempera "r“es,‘shall. not exceed 530 C (986°F).

first and pr|n0|pal barner protecting
ng.of the fuel plates The 6661,>alum|num
alloy cladding of the LEU fuel plates has an- incipient meltlng temperature of 582°C.
However measurements (NUREGt1313) on lrradlated fuel plates have shown that

exceeded during ) t severe expected abnormal condition.

The function of the LSSS is to prevent the temperature of the reactor fuel and
cladding from reaching the safety limit under any condition of operation. During
steady-state operation, a power level of 94.2 kW is required to initiate the onset of
nucleate boiling. This is far higher than the maximum power of 18 kW, which allows
for 50% instrument uncertainties in measuring power level.
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For the transients that were analyzed, the temperature of the fuel and cladding reach
maximum temperatures of 49°C, assuming reactor trip at 18 kW after failure of the
first trip. This temperature is far below the safety limit of 530°C.
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3. LIMITING CONDITIONS FOR OPERATION

3.1 Reactivity Limits

Applicability - These specifications apply to the reactivity conditions of the reactor,
and the reactivity worths of control rods and experiments

Objective - The objective is to assure that the reactor can be shut down at all times,
that the safety limits will not be exceeded, and that operation is within the limits
analyzed in the SAR. s

Specification - The reactor shall not be operated unless the following conditions

exist;

a. The shutdown margin, relative to the. cold"xenon-freeacond|t|on with the
most reactive shim rod fully Wlthdrawn and the regulatlng rod fully
withdrawn shall be at least O. 01 Ak/k,

‘Experlment = \Mammum Reactlwty Worth

Mayable ¥ 003 Ak/k
Unsecured .003 Ak/K
ecuréd;:w%\ .004 Ak/k

The total worthaof all movable and unsecured experiments shall not
exceed 0. 003 Aklk. :

Bases - The shutd%wn margin required by Specification 3.1.a assures that the
reactor can be shut down from any operating condition and will remain shut down
even if the control rod of the highest reactivity worth should be in the fully withdrawn
position.

Specifications 3.1.b and 3.1.c provide assurance that the core will remain subcritical
during loading changes and shim-safety rod maintenance or inspection.
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Specification 3.1.d limits the allowable excess reactivity to the value assumed in the
HSR. This limit assures that the consequences of reactivity transients will not be
increased relative to transients previously reviewed, and assures reactor periods of
sufficient length so that the reactor may be shutdown without exceeding the safety
limit.

Specification 3.1.e limits the reactivity worth of secured experiments to values of
reactivity which, if introduced as a positive step change, are calculated not to cause
fuel melting. This specification also limits the reactivity worth of unsecured and
movable experiments to values of reactivity which, if introduced as a positive step
change, would not cause the violation of a safety Ilmlt The manipulation of
experiments worth up to 0.003 Ak/k will result in reactor perlods longer than 9
seconds. These periods can be readily compensated for y“‘“the action of the safety
system without exceeding any safety limits. ; &

experiments prov1des assurance that .
experlments cannot result in an accnd

Specification 3.1.g along with 3. 1{,
down in the event of a positive*
experiment.

e

3.2 Reactor Safety/System

f@ speCIfy...the Iowest acceptable level of performance or
eptable components for the reactor safety system and
'othe/r,fjsafety related. mstrumentatlon

a.\ﬂ \ \ \
Sgec1f|eatlen - The reath"r\ shall»;;f,r];ot be made critical unless the following conditions
are met'-. Y

a. Theg "‘reactor safety channels and safety-related instrumentation are
operable in’ accordance with Tables | and Il including the minimum number
of chann \.sfand the indicated maximum or minimum set points.

b. Both shim-safety rods and the regulating rod shall be operable.

c. The time from the initiation of a scram condition in the scram circuit until
the shim-safety rod reaches the rod lower limit switch shall not exceed one
second.
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TABLE I. SAFETY CHANNELS REQUIRED FOR OPERATION

Minimum
Number
Channel Required Setpoint Function
2 cps 2 ¢ps rod withdrawal interlock
Log count rate and period 1@) 12 sec. period | Setback

7 sec. period Slow Scram

12 sec. period Setback

1®) 7 sec. period Slow»Scram
7 sec period f Fast Scram
120% power"' Slomecram

Log N and period

110% range v Setback S

i
e 1 120% range Slow Scram\
Safety 1) 110% power /g:}‘\‘Setback

;;;,Fast Scram

120% power /’

J/‘x
Manual Scram -

(console)
(hallway)

Slow Scram
Slow Scram

(a) Not required after Log N-Period channel comes on. soale ” ‘;;n
(b) Required to be operable*but not on scale at"startup

Q.- o
e

Setpoint Function
50 mR/hr or2x full power | Slow Scram
. background
Water pngé"‘ees 7 ¥2mR/hr Slow Scram
Console Monjtor, & |/ 1 7%mRhr Slow Scram
Continuous aifxsaﬁ"l "/ler,; " 1 Stated on sampler Air sampling

(c) For periods of6ne week or for the duration of a reactor run, a radiation monitor
may be replaced by a gamma sensitive instrument which has its own alarm and is
observable by the reactor operator.

Bases - The neutron flux level scrams provide redundant automatic protective action
to prevent exceeding the safety limit on reactor power, and the period scram
conservatively limits the rate of rise of the reactor power to periods which are
manually controllable without reaching excessive power levels or fuel temperatures.
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The rod withdrawal interlock on the Log Count Rate Channel assures that the
operator has a measuring channel operating and indicating neutron flux levels during
the approach to criticality.

The manual scram button and the "reactor on" key switch provide two methods for
the reactor operator to manually shut down the reactor if an unsafe or abnormal
condition should occur and the automatic reactor protection does not function.

The use of the area radiation monitors (Table 1l) will assure that areas of the Purdue
University Reactor (PUR-1) facility in which a potential high radiation area exists are
monitored. These fixed monitors initiate a scram wheneve the preset alarm point is
exceeded to avoid high radiation conditions.

Specifications 3.2.b and 3.2.c assure that the safety-‘ system response will be
S
conS|stent with the assumptlons used in evaluatmg the Teactor's capability to

close as possible, the fully inserted pOSItlon

3.3

‘Primary Coolant Conditioris

ei

mary CO@Iant shall be maintained at least 13 feet above the core.

Bases - Experlen" & at the PUR-1 and other faciltes has shown that the
maintenance of primary coolant system water quality in the ranges specified in
specification 3.3.a and 3.3.b will minimize the amount and severity of corrosion of
the aluminum components of the primary coolant system and the fuel element
cladding.

The height of water in specification 3.3.c is enough to furnish adequate shielding as
well as to guarantee a continuous coolant path.
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3.4 Confinement

Applicability - This specification applies to the integrity of the reactor room.

Objective - The objective is to limit and control the release of airborne radioactive
material from the reactor room.

Specification -

a. During reactor operation the following conditions will be met:

1. The reactor room will be maintained at a negatlve pressure of at least
0.05 inches of water with the operatlon of he "pom exhaust fan.

2. All exterior doors in the reactor roem shall re n_closed except as
required for personnel, equ1pmentf*or materials access

Objective - i M)objectlve S;tO prevent damage to the reactor or excessive release of
radioactive materials m hé event of an experiment failure, and to assure the safe
operation of the" reactor

v’
Specification - The reactor will not be operated unless the following conditions are
met:

a. All experiments shall be constructed of material which will be corrosion
resistant for the duration of their residence in the pool.

b. All experiments and experimental procedures must received approval by
the Committee on Reactor Operations.
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c. Known explosive materials shall not be placed in the reactor pool.

d. Cooling shall be provided to prevent the surface temperature of an
experiment from exceeding 100°C.

e. No experiment shall be placed in the reactor or pool that interferes with
the safe operation of the reactor.

f. The radioactive material content, including fission products, of any singly
encapsulated experiment should be limited so that the complete release of
all gaseous, particulate, or volatile components from ‘the encapsulation will
not result in doses in excess of 10% of the equivalent annual doses stated
in 10 CFR 20. This dose limit applle persons occupying (1)
unrestrlcted areas contlnuously for two hours ‘start ‘gxat time of release or

from the encapsulatlonx
result in (1) a dose y-\ person occupylng an unrestricted area
continuously for a perlod of two: ho rs startlng at the time of release in
excess of 0.5 Rem to the" whole bod or\l 5 Rem to the thyroid or (2) a
dose to any, personxoccupylng a- restrlcted area durlng the length of time
required to: evaouate ‘the restrlcteﬁl “area in &xcess of 5 Rem to the whole
body or: 30 Rem to the thyrond A A

Bases - Specnfloatlo ‘f~3.5 axthrough 3 5:e ar\e intended to reduce the likelihood of
damage to---reactor™ onents «and/orx fadioactivity releases resulting from
experlment fallure%and ’erve as a gwde for the review and approval of new

experl“ments by the: facmty personnel and the Committee on Reactor Operations.

Specnﬁpatlon 3.5.1 and 35 g conform to the criteria set forth in Regulatory Guide 2.2
issued in: November 197,3;;

PUR-1 Technical Specifications 3-6 Amendment No. 13




4. SURVEILLANCE REQUIREMENTS

4.1 Reactivity Limits

Applicability - This specification applies to the surveillance requirements for reactivity
limits.

Objective - The objective is to assure that the reactivity limits of Specification 3.1 are
not exceeded.

Specification -

a. The shim-safety rod reactivity worths shall be measured ahd the shutdown
margin calculated biennially with no mterva] o ‘exceed 2% years, which
may be deferred with CORO approval’durmg any" actor shutdown, and
whenever a core configuration is Ioaded’for which shlm-safety rod worths
have not been measured. In tge@;case of a deferred measurement the
measurement must be performed.prior to resumlng reactor operatlons

e

b. The shim-safety rods shall be V|sually ‘pected biennially wrth no interval
to exceed 2% years, which_may be deferred with CORO approval during
any reactor shutdown. N If\th -rad is found to be deteriorated, it shall be
replaced with a rod of approxrmately equwalent or greater worth, meeting
the limiting conditions of" %operatlon §:peC|erd in>3.1. In the case of a
deferred measurement th“,\ mea ement must be performed prior to

c. The reactlwty worth: of experlments placed in the PUR-1 shall be
measured:; durlng the flrst startup subsequent to the experiment's insertion
and.shall be venfled “if~ €ore.. conﬂguratlon changes cause increases in

~experlment react|V|ty worth which may cause the experiment worth to

éxceed’ the values Speleled in Specification 3.1

‘x x. A

degraded :or, changed by‘ Core manlpulatlons Wthh cause these rods to operate in
regions wherexthelr effectrveness is reduced.

The boron stamlessf}steell shim-safety rods have been in use at the PUR-1 since
1962, and over this_ ‘['erlod of time, no cracks or other evidence of deterioration have
been observed. Based on this performance and the experience of other facilities
using similar shim-safety rods, the specified inspection times are considered

adequate to assure that the control rods will not fail.

4.2 Reactor Safety System

Applicability - This specification applies to the surveillance of the reactor safety
system.
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Objective - The objective is to assure that the reactor safety system is operable as
required by Specification 3.2

Specification -

a. A channel test of each of the reactor safety system channels listed in
Table Il shall be performed prior to each reactor startup following a
shutdown in excess of 8 hours or if they have been repaired or de-
energized.

TABLE III.
SAFETY SYSTEM CHANNELS TESTED AFTER PROLONGED SHUTDOWN
Log Count Rate (startup channel)
Log N-Period
Linear Level
Safety Channel

‘%?f

C.

1. An electronlc cali
exceedxﬂ onths ThIS may be deferred with CORO approval durlng

no lntervai"‘to exceed 15 months. This may be deferred with CORO

e

approval d\yrlng perlods of reactor shutdown, but must be performed

monltors‘*'shall be performed annually, with no mterval to exceed 15
months. This may be deferred with CORO approval during periods of
reactor shutdown, but must be performed prior to startup.

e. Shim-safety rod drop times will be measured annually, with no interval to
exceed 15 months. These drop times shall also be measured prior to
operation following maintenance which could affect the drop time or cause
movement of the shim-safety rod control assembly. This may be deferred
with CORO approval during periods of reactor shutdown, but must be
performed prior to startup.
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Bases - A test of the safety system channels prior to each startup will assure their
operability, and annual calibration will detect any long-term drift that is not detected
by normal intercomparison of channels. The channel check of the neutron flux level
channel will assure that changes in core-to-detector geometry or operating
conditions will not cause undetected changes in the response of the measuring
channels.

Area monitors will give a clear indication when they are not operating correctly. In
addition, the operator routinely records the readings of these monitors and will be
aware of any reading which indicates loss of function. ey

-
The area monitoring system employed at the PUR-#-has exhibited very good
stability over its lifetime, and annual calibration is c “S|dered adequate to correct
long-term drift. ‘

The measured drop times of the shim-safety; rods have been con3|stent since the
PUR-1 was built. An annual check of this’ parameter is conSIdered adequate to
detect operation with materially changed‘drop times. Binding or rubblng -caused by
rod misalignment could result from malntenaqce' \f'therefore drop times will be
checked after such maintenance. : 7

4.3 Primary Coolant System

The conductlv“y of theprlmary coolant shall be recorded monthly, not to
€ eed six We/eks This cannot be deferred during reactor shutdown.

¢ ctor ,pool water will be at a height of 13 feet over the top of the
core wh g eVer the reactor is operated. The reactor pool water height
shall be VISually inspected weekly, not to exceed ten days, and water will
be added as necessary to reach the specification.

d. The primary coolant shall be sampled monthly, not to exceed six weeks,
and analyzed for gross alpha and beta activity. This cannot be deferred
during reactor shutdown.

Bases - Monthly surveillance of pool water quality provides assurance that pH and
conductivity changes will be detected before significant corrosive damage could
occur.
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When the reactor pool water is at a height of 13 feet above the core, adequate
shielding during operations is assured. Experience has shown that approximately
35-40 gallons of water will evaporate weekly and weekly water make-up is sufficient
to maintain the reactor pool water height.

Analysis of the reactor water for gross alpha and beta activity assures against
undetected leaking fuel assemblies.

4.4 Confinement

Applicability - This specification applies to the survelllance requirements for
maintaining the integrity of the reactor room and fuel clad"/

Obijective - The objective is to assure that the lntegn’ yfof the reactor room and the
fuel clad is maintained, by specifying average survelllance lntervals

Specification - p f‘i e

a. The negative pressure of the reacto oom wnll be recorded weekly

b. Operation of the inlet and outlet dampers shaII be checked semiannually,
with no interval to exceed 7 1/2 months

i‘ "w

c. Operation of the air condlticner shall be checked semiannually, with no
interval to exceed Ve 1/2 months P W

W, - . R
d. Representatlve fuel assemblle “shall be inspected annually, with no
interval to exceed 15 months. "\_ "
O YA N

Bases - Specnflcatlon a, b, andmc check the lntegrlty of the reactor room, and d the
integrity of the-fugl clad Based upon- past experience these intervals have been
shown.- to be” adequate for‘* .ensuring the operation of the systems affecting the

mtegnty,of the reactor room’ and fuel clad.

Objective — To assure comphance with the provision of the utilization license, the
Technical SpeC|f|cat|ons and 10 CFR Parts 20 and 50.

Specification — No experiments will be performed unless:
a. ltis a tried experiment.

b. The experiment has been properly reviewed and approved according to
Section 6 of the technical specifications.
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Bases - The basis for this specification is to ensure the safety of the reactor and
associated components, personnel, and the public by verification of proper review
and approval of experiments as specified in Section 6 of these technical

specifications.
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5. DESIGN FEATURES

5.1 Site Description

5.1.1

51.2

51.3

514

5.2

The reactor is located on the ground floor of the Duncan Annex of the
Electrical Engineering Building, Purdue University, West Lafayette,
Indiana.

The School of Nuclear Engineering controls approximately 5000 square
feet of the Duncan Annex ground floor, which inclydes the reactor room.
Access to the Nuclear Engineering controlled art a is restricted except
when classes are held there. -

authorized personnel
equipment, or materials.

5.2.1

5.2.2

Primary Coollng System — The PUR-1 primary cooling system is a pool
containing approximately 6,400 gallons of water.

Process Water System — The process water system is assembled in one
unit and contains a pump, filter, demineralizer, valves, flow meters, and a
heat exchanger (see 5.2.4). The demineralizer contains a removable
cartridge that is monitored continuously for radioactivity buildup. This
system limits, by the use of filters and ion-exchange resin, the aluminum
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corrosion rate, corrosion product buildup, and neutron activation of
impurities in the coolant.

5.2.3 Primary Coolant Makeup Water System — Makeup water for the pool is
taken batchwise from the Purdue University water line and is passed
through the demineralizer enroute to the pool. A vacuum breaker excludes
any possibility of siphoning pool water into the supply line. The pool
makeup water system, in addition to the demineralizer, also includes a
normally closed manual shutoff and throttle valve and a check valve.

5.2.4 Primary Coolant Chiller System — The chiller is designed with three Ioops
Pool water passes through the primary loop, afFreon refrigerant is in the
secondary loop, and water from the building ater supply is used to
remove heat, which is then discharged to the Idlng sewer system. The
heat-removal capacity of the heat exchanger is 10.5:kW. It was designed
to maintain the reactor pool temperature at 75°F “during continuous
operation at 10 kW. i

5.3 Reactor Core and Fuel

5.3.1

5.3.2

5.3.3

5.3.4 Partially” Toaded fuel assembhes in which some of the fuel plates are
replaced“by’alumlnum:fblates contamlng no uranium may be used.

and two shlm—safety\rods and one regulatlng rod.

Representatlve fuel assemblles shall be inspected annually, with no

. A “interval to exceeg 15 months.
54 Fuel Storaqe ¥
S, / /i
541 AII reactorf assemblies shall be stored in a geometric array where ke
is less' tha 0:8 for all conditions of moderation and reflection.

5.4.2 Irradlate(f fuel assemblies and fueled devices shall be stored in an array
which will permit sufficient natural convection cooling by water or air such
that the fuel integrity is maintained per the Safety Analysis Report.

PUR-1 Technical Specifications 5-2 Amendment No. 13




6. ADMINISTRATIVE CONTROLS

6.1 Organization

6.1.1 Structure

The reactor facility shall be an integral part of the School of Nuclear Engineering
“of the Schools of Engineering at Purdue UnlverS|ty as shown in Figure 6.1 and
listed below

a. The Dean of the College of Engineering (Leve/1‘§’\W|II be the individual
responsible for the facmty s licenses or charter. /- /

responsible for reactor facility operation.

c. The Reactor Supervisor (Level 3) sh
safe operation of the PUR-1. The Rec
for assurmg that all operations @ are
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______ President
r Purdue University
' l
Vice President Provost
for Research Purdue University

' |

|
Dean

* College of Engineering
Radiation Level1 & =757 1
Safety |
Comnmiittee 1
I |
I |

l
Y Y ‘ .'
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FIGURE 6.1: PUR-1 Organization
6.1.2 Staffing

(1) The minimum staffing when the reactor is not secured shall be
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(a) A licensed reactor operator in the reactor room,

(b) The minimum crew for operating the reactor shall consist of 2 (two)
persons, one of whom must be an NRC licensed member of the
PUR-1 operations staff, the second crew member must be
instructed as to how to shut down the reactor in the event of an
emergency.

(c) A designated senior reactor operator (unless the operations staff
consists of only one senior reactor operator, and that individual is
operating the reactor) shall be present or rea‘dily available on call at
any time that the reactor is operatlng ily Available on Call
means an individual who

(c) Recovery from ansunplanned or unscheduled shutdown.
\

6.1. 3 Mlnlmum Quallflcatlons of Reactor Personnel The minimum qualifications
should be conSIstent with the American National Standard for the
Selectlon and Araining of Personnel for Research Reactors, ANSI/ANS
15.4, and mclude the following:

a. Atthe tlme of appointment to the position, the Level 1 Licensee shall
receive briefings sufficient to provide an understanding of the general
operational and emergency aspects of the reactor facility.

b. At the time of appointment to the position, the Laboratory Director
(Level 2) shall have a minimum of five years of nuclear experience.
The individual shall have a recognized baccalaureate or higher degree
in an engineering or scientific field. Education or experience that is
job-related may be substituted for a degree on a case-by-case basis.
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The degree may fulfill four years of the six years of nuclear experience
required on a one-for-one time basis. The individual shall receive
appropriate facility-specific training based upon a comparison of the
individual's background and capabilities with the responsibilities and
duties of the position. Because of the educational and experience
requirements of the position, continued formal training may not be
required. The Laboratory Director shall possess a valid Senior
Operator License, and meet the certifications requirements of the
licensing agency.

c. Reactor Supervisor (Level 3) - At the time off_i p’omtment to the active
position, the reactor supervisor shall have a mlnlmum of five years of
nuclear experience. He shall have. baccalaureate degree or
equivalent experience in an engmeen g ‘or other. scientific field. The
degree may fulfill four years of experlence ona one-for-one basis. The
reactor supervisor shall possess & valid Senior’ O'ﬁefator License.
During periods when the eactor Supervnsor is<_absent, these
responsibilities may be deleg ted to a Senlor Reactor Operator (Level

4)

d. Licensed Senior Operater (Level 4) = Atthe time of appointment to the
active posmon a sen’or op tor shall have a minimum of a high

\nd should have four years of nuclear
experience. A maXImum of two, years of. experlence may be fulfilled by
related academ)l‘ Qr techmcal}trﬂalnlng‘*en ar one—for-one time basis. He

to become\a Ilcehsed operator except for possessing an operator's
license. .
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6.1.4 A Radiation Safety Officer who is organizationally independent of the

6.1.5

6.2 Review and Audit

PUR-1 operations group shall advise the Laboratory Director and/or
Reactor Supervisor in matters concerning radiological safety. Minimum
qualifications for the Radiation Safety Officer (RSO) is a bachelor's degree
or the equivalent in a science or engineering subject, including some
formal training in radiation protection. The RSO should have at least five
years of professional experience in applied radiation protection. A master's
degree may be considered equivalent to one year of professional
experience, and a doctor's degree equivalent to two years of professional
experience where course work related to radlatlon protectlon is involved.
At least three years of this professional experlenoe "should be in applied
radiation protection work in a nuclear fao|l|ty dealing with radiological
problems.

The Reactor Supervisor or his designate: alternate %‘hall be responsible
for the facility retraining and replacement training program

6.2.2

Licensee on matters of admlnlstratlo r’éafety CORO will advise the
Laboratory Director and/\r\the Reactor Supervisor on those areas of
responsibility speCIfled "’\Sectlons 625«and 6.2.6. The minimum
qualifications for persons“o ' “RO shall- be. five years of professional
work experlence\l\n the dISClphne or speolflc “field they represent. A
buryears: -of & experlence

a mlnorityf“
of the reactor. These me be

, oratory Director
e. The Reactor Supervisor.

f. Two senior scientific staff members.

PUR-1 Technical Specifications 6-5 Amendment No. 13




6.2.3 The CORO shall meet no less than once per calendar year, or more
frequently as circumstances warrant, consistent with effective monitoring
of facility activities. A sub-committee may be assembled by the CORO as
the need arises.

Sub committees may be formed as needed, which may consist of a
minimum of 3 (three) members, only one of which may have line
responsibility for day-to-day operations of the reactor. These sub-
committees may perform the functions of the whole committee as
necessary prowded the review/audit functions are ’mamtalned Actions by

6.2.4 The CORO shall review and approvew

a. Safety evaluations for 1) changes Ao rocedures equlpment or
systems and 2) tests or experlments that may be conducted without
prior NRC approval under the prowsp’n\of Section 50.59, 10 CFR, to
ascertain whether such‘*au “constitute an unreviewed safety
question, or would rqulre a change in Tec“’ |Cal Specifications.

b. Proposed fchanges to pr\ée! pment or systems that change
the orlglnal |ntent‘"‘or use, or,those that might involve an unreviewed
safety quiestion as deﬂned in Section 50.59, 10 CFR.

c. Proposed. tests’ ormexperlme ts \whlch are significantly different from
o prevnous approved ‘tests:: ar expenments and those that mlght involve

. Violations c})flappllcable statutes, codes, regulations, orders, technical
specmcatlons license requirements, or of internal procedures or
mstrucﬂ/gns having nuclear safety significance.

f. Slgnlﬂpant operating abnormalities or deviations from normal and
expected performance of facility equipment that might affect nuclear
safety.

g. Events which have been reported within 24 hours to the NRC.
h. Audit reports.
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6.2.5 Audits

Audits of facility activities shall be performed under the cognizance of the
CORO but in no case by the personnel responsible for the item audited.
Individual audits may be performed by one individual who need not be an
identified CORO member. These audits shall examine the operating
records and encompass:

a.

6.26 Rec

The conformance of facility operation to the Technical Specifications
and applicable license conditions, to be done annually with no interval
to exceed 15 months.

The performance tra|n|ng and quallflcatlo fhe licensed facility staff,

1enting procedures, to be done
years.

The Facility Emergency Plan and ’| -
biennially with no infervat to\exceed :

r—

Any pther area., oﬁ facmty operatlon con3|dered appropriate by the
O or the Reactor Superwsor to be done annually with no interval

e

* éach CORO meeting shall be prepared and forwarded to

the Reactor S}uperwsor within 30 days following each meeting.

Its - "eVIews encompassed by section 6.2.4 e, f, and g above,
Shall be prepared and forwarded to the Reactor Supervisor within 30
days followmg completion of the review.

Audit reports encompassed by Section 6.2.5 above, shall be forwarded
to the CORO Chairman and to the management responsible for the
areas audited within 30 days after completion of the audit.

6.3 Operating Procedures

Written procedures, including applicable check lists reviewed and approved by the
CORO, shall be in effect and followed for the following operations:
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6.3.1 Startup, operation, and shutdown of the reactor.
6.3.2 Installation and removal of fuel elements and control rods.

6.3.3 Actions to be taken to correct specific and foreseen potential malfunctions
of systems or components, including responses to alarms and abnormal
reactivity changes.

6.3.4 Emergency conditions involving potential or actual release of radioactivity,
including provisions for evacuation, re-entry, recovery, and medical
support.

6.3.5 Maintenance procedures which could have an e
6.3.6
6.3.7

6.3.8 Callbratlon and preventlve malntehance proced,u"res on required
s

Y AR AN
g v ! »
S ”~
s -
Xs A

>~ Principal mairi;tenance operations

N >, £ '
c. "Reportablé‘accurrences.

d. Tests checks and measurements documenting compliance with
surveillance requirements.

e. Facility radiation and contamination surveys.
f. Records of experiments performed.
g. Fuel inventories, receipts and shipments

h. Approved changes of operating procedures.
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i. Records of meeting and audit reports of the Committee on Reactor
Operations.

6.4.2 Record of retraining and requalification of certified operations personnel
shall be maintained at all times the individual is employed or until the
certification is renewed.

6.4.3 The following records and logs shall be prepared and retained for the life
of the facility:

a. Gaseous and liquid waste released to the environs.
b.

C.

d. Updated, corrected, and as-built ffae,ljltg/ drawings.x“"i;:-:\"z»\

e. Annual operating reports. .7 "/

R .
.m b s zt,r

f. Reviews of instances where the safety Ilmlt was exceeded

g. Rewews of failure wof the automatlcts<afety system that protects the

h. Reviews of lnstances where l|m| mg Cendl ioris of operation were not
met. < ;,;;.j‘*ta«_ LAV ,)f SN

S,

6.6.1and 6:6:2-~

. ,»— .

-

§51 “The follovylng actlons shall be taken in the event the Safety Limit is
S S, violated: %

m
R

(1) The reactortWIIl be shut down immediately and reactor operation will not
be resumed ‘without authorization by the Commission.

(2) The Safetyﬁ Limit Violation shall be reported to the Director of the
approprla/te NRC Office of Inspection and Enforcement (or designee),
the Laboratory Director and to the CORO not later than the next work
day.

(3) A Safety Limit Violation Report shall be prepared. The report shall be
reviewed by the CORO. This report shall describe (1) applicable
circumstances preceding the violation, (2) effects of the violation upon
facility components, systems or structures, and (3) corrective action
taken to prevent recurrence.
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(4) The Safety Limit Violation Report shall be submitted to the Commission,
the CORO and the Reactor Supervisor within 14 days of the violation, in
support of a request to the Commission for authorization to resume
operations.

6.5.2 The following actions are to be taken in the event of reportable occurrence
as defined in 6.6.2.

(1) Reactor conditions shall be returned to normal, or the reactor shall be
shut down. If it is necessary to shut down the reactor to correct the
occurrence, operations shall not be resumed unless authorized by Level
2 or designated alternates;

(2) Occurrence shall be reported to Level 2 or deSIQnated alternates and to
chartering or licensing authorities aslﬁreqwred )

(3) Occurrence shall be reviewed bythe review group at ‘|ts ‘next scheduled
meeting. / &

6.6 Reporting Requirements

The following information shall be submltted to the
required by Title 10, Code of FederalsReguIatlons

6.6.1 Annual Operatlng Reportsx- a repo‘ covering the previous year shall be
submitted towthe Dlrector of' the @fflce of* Nuclear Reactor Regulation with
a copy to- the NRGC. Reglonal Admlnlstrator by March 31 of each year. It
shall mclude the followmg *

a‘f ‘\

a. Changes in plant deS|gn and operatlon
- / - T\ S, %
P Changes |n faCIIIty desngn~

o — \_\

2. performanc‘ M_"ha{acterlstlcs (e.g. equipment and fuel performance).

\

%, h >
o 3. changes‘,lﬁn opeFating procedures which relate to the safety of facility
¥ operations |

) A /

: Mesults of surveillance tests and inspections required by these
techmcal specifications

\,

5. a brief summary of those changes, tests, and experiments which
required authorization from the Commission pursuant to 10 CFR
50.59(a)

b. Power Generation - A tabulation of the thermal output of the facility
during the reporting period.

C. Shutdowns - A listing of unscheduled shutdowns which have occurred
during the reporting period, tabulated according to cause, and a brief
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discussion of the corrective and preventive actions taken to prevent
recurrence.

d. Maintenance - A discussion of corrective maintenance (excluding
preventive maintenance) performed during the reporting period on
safety-related systems and components.

e. Changes, Tests, and Experiments - A brief description and a summary
of the safety analysis and evaluation for those changes, tests, and
experiments which were carried out WIthout prior Commission
approval, pursuant to the requirements of 10, CFR”Part 50.59(b).

f. Radioactive Effluent Releases - Asumma"b tfthe nature, amount, and
maximum concentrations of radloactlve E fﬂuents released or
discharged to the enVIrons beyond the Effective” con t%ol of the licensee

6.6.2 Non-Routine Reports
a. Special Reports

4 b o
unplanned events as well as planned
anges. The following schedule shall be

shall; - "no,t Iater than the following working day by

> »and confirméd in writing by facsimile or similar
conveyance o licensing authorities, to be followed by a written
report that descnbes the circumstances of the event within 14 days
of any of the followmg

‘k

(a) operatlon with actual safety system settings for required
YStems less conservative than the limiting safety system
settings specified in the technical specifications,

(b) operation in violation of limiting conditions for operation
established in the technical specifications unless prompt
remedial action is taken as permitted in Sec. 3,

(c) a reactor safety system component malfunction that renders
or could render the reactor safety system incapable of
performing its intended safety function. If the malfunction or

( condition is caused by maintenance, then no report is
required.
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(d) an unanticipated or uncontrolled change in reactivity greater
than 0.6% Ak/K,

(e) abnormal and significant degradation in reactor fuel or
cladding, or both, coolant boundary,

(f) an observed inadequacy in the implementation of
administrative or procedural controls such that the
inadequacy causes or could have caused the existence or
development of an unsafe condltlon -with regard to reactor
operations; 7

(b) significant changes |n the transuent or accident éfna]y&s as
descrlbed in the Safety AnaIyS|s Report.

3 the methods used for such analyses, as described
he bases for the Technical Specifications.

““2\ Dlscovery of anyw substantlal variance from performance
spemﬁcatnons contained in the Technical Specifications, in the

, esult in a loss of the capability of the system to perform lts
% safety function.

4. 'D|scovery of an inadequacy in the implementation of
administrative or procedural controls such that the inadequacy
causes or could have caused the existence or development of an
unusual condition with regard to reactor operations.
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Cost Analysis for Decommissioning of Purdue University Reactor 1 (PUR-1)

The following analysis for decommissioning of the Purdue University Reactor 1 (PUR-1)
is based on the analysis done by the Department of Defense (DOD) [1] for the AFRRI
TRIGA reactor facility and the University of Utah Safety Analysis Report (SAR) [2].
The cost analysis reflects decommissioning through the decontamination of the reactor
site, referred to as DECON. DECON costs include the removal of equipment, structures,
and portions of the facility that contain radioactive contaminants. The removal of spent
nuclear fuels and demolition of any uncontaminated areas of the site are considered
ancillary costs.

The cost of decommissioning is divided into three major categories:
» Waste disposal costs
> Labor costs
> Energy costs

Detailed data is provided for each of the major categories of costs based on the report by
DOD [1] and taking into account differences in design. The amounts are adjusted to
2015 dollars using the Bureau of Labor Statistics Consumer Price Index (CPI) taken from
reference [3].

Waste Disposal Costs

The amount of structural material that has been exposed to neutron irradiation in the
reactor building and the cost for transportation are provided in Table 1. The cost of
crates and shipping are obtained from [1] which is developed based on data provided in
NUREG/CR-1756 [4]. For the purposes of this report, the conservative scenario of
shipment to a destination in Washington State has been considered which cost $0.12/kg
of low level waste in 1989 dollars (equivalent to $0.23/kg in 2015 dollars). The cost per
volume for disposing of radioactive waste in a depository was obtained from [1], which is
based on Barnwell rates of $2,825/m’ in 1989 dollars (equivalent to $5,348/m’ in 2015
dollars). Plywood 3.5 m® crates are used for removing the waste which cost $400 each in
1981 dollars (equivalent to $1,033 in 2015 dollars).

Table 1 Waste disposal costs in 2015 dollars

Shippin
Material Volume | Crates | Density | Mass g Total Cost’
m* No. kg/m? kg usD uUsD
Contaminated concrete 10 3 2,400 24,000 | $5,520 $62,099
Contaminated sand 60 18 1,442 86,490 | $19,893 $359,367
Contaminated aluminum 5 2 2,700 | 13,500 | 53,105 $31,911
Contaminated stainless
steel 5 2 8,050 | 40,250 | $9,258 $38,064
Total $37,776 $491,441

"Total Cost = (cost/crate)*(# of crates) + shipping costs + disposal costs




The volumes are rounded up in order to estimate the costs conservatively. The shipping
costs are adjusted to 2015 dollars based on [1] and the highest value (stainless steel) is
used for all the materials to be conservative in estimating the cost.

Labor Costs
The labor costs are obtained from [1] which is based on NUREG/CR-1756. The PUR-1

is smaller than the AFRRI TRIGA facility; however, the numbers are unchanged to
provide a conservative estimate of the labor costs. The amounts are adjusted based on

CPI from 1981 dollars to 2015 dollars.

Table 2 Decommissioning labor costs (for DECON) in 2015 dollars

Workyears| Rate (2015 dollars) Cost
Management and support staff L L
Decomm superintendent 2 $230,100 $460,200
Decomm engineer 2 $196,200 $392,400
Secretary 2 $62,500 $125,000
Clerk 0.5 $62,500 $31,300
Health physicist 2 $121,100 $242,200
Radioactive shipment specialist 0.5 $101,500 $50,800
Procurement specialist 0.5 $101,500 $50,800
Contract and accounting specialist 0.8 $121,600 $97,300
Security supervisor 0.625 $144,300 $90,200
Security patrol officer 3.6 $65,600 $236,200
QA engineer 0.7 $121,100 $84,800
Control room operator 1 $88,600 $88,600
Consultant 1 $258,200 $258,200
Decomm workers i D S
Shift engineer 1 $134,800 $134,800
Craftsman 2 $82,900 $165,800
Crew leader 0.5 $114,600 $57,300
Utility operator 0.342 $82,900 $28,400
Laborer 6 579,800 $478,800
Health physics technician 3 $77,500 $232,500
Total $3,305,600




Energy Costs

The energy costs are also obtained from [1] which is based on NUREG/CR-1756 and the
energy cost per kWh is obtained from the U.S. Department of Energy Information
Administration Electric Power Monthly report [5]. The average retail price of electricity
in the state of Indiana for all sectors for December 2014 (YTD) was 8.97 cents per kWh.

Table 3 Energy costs

Equipment Energy use (kWh)|Cost (S$)
General system 9,000 $807
HV AV 20,000 $1,794
Lighting 23,000 $2,063
Control room 5,200 $466
Fire protection 600 S54
Security 5,600 $502
Communications 900 581
Domestic water 36,300 $3,256
Reactor water 23,400 $2,099
Compressed air 15,000 $1,346
Building heating 302,600 $27,143
Decommissioning equipment 20,000 $1,794
Total (USD) $41,406

Total Decommissioning Cost and Inflation Adjustment Methodology

The total cost for the reactor decommissioning based on the costs detailed above is
provided in Table 4. The cost of spent fuel removal, shipment, and site demolition costs
are also estimated in table 4.

Table 4 Total cost of decommissioning PUR-1 in 2015 dollars, DECON methodology

Category Cost
DECON . P
Waste disposal $491,441
Labor $3,305,600
Energy $41,406
Contingency fund
(25% o% dec»:)mmissioning costs) 2959,611
Ancillary . : i ,
Spent fuel removal and shipment $387,330
Site demolition $645,550

Total Cost $5,830,938




The estimated cost of decommissioning the Purdue University Reactor 1 (PUR-1) is
reflected in 2015 dollars using CPI as the basis for adjustment to 2015 dollar values. A
contingency fund equal to 25% of decommissioning costs is added to the total cost as
required by NUREG-1756. Ancillary costs were also obtained from [1].
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OPERATOR REQUALIFICATION PROGRAM
for the
PUR-1 REACTOR FACILITY

This program is designed to comply with the intent of 10 CFR 55, Appendix A,
concerning the continued training and requalification of operators for the PUR-1 reactor.
It will be mandatory for all operators licensed on the PUR-1 reactor to participate in the
program.

The requalification program will consist of the following parts:

A. INSTRUCTION

A series of eight meetings will be held over a two year period, during which all
topics listed below in part A.1.b will be covered.

1. Each meeting will consist of:
a. A review of reactor operations and modifications, if any.
b. A lecture of one or more of the following topics:
i. Theory and principles of operations.

ii. General and specific plant operating characteristics.
iii. Plant instrumentation and control systems.

iv. Plant protection systems.

V. Engineered safety systems.

Vi. Normal, abnormal, and emergency operating procedures.
Vii. Radiation control and safety.

viii.  Technical specifications.

iX. Applicable portions of Title 10, Chapter |, Code of Federal Regulations.

2. The lectures will be given by the reactor operators, senior operators, university
radiation control officers, or faculty members of the School of Nuclear
Engineering.

B. PROGRAM EVALUATION

Completion of the biennial operator requalification program will consist of a written
examination and an annual demonstration of operator proficiency in reactor operation.

1. Written examination:
a. One of the senior operators will be exempt from taking the examination. This

senior operator will make up and administer the examination to all other
operators and senior operators. The senior operator may receive assistance
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for making up questions on the topics in part A.1.b from the instructor for each
topic. The senior operator exemption will rotate through the entire senior
operator roster.

b. The written examination for requalifying licensees will contain representative
questions measuring the knowledge, skills and abilities needed to perform
licensed duties. These will be identified from the licensed operator’s duties
performed, information in the Safety Analysis Report, operating procedures,
facility license and amendments, License Events Reports, and any other
information requested from the facility licensee by the NRC.

c. The representative questions for the operators examination will sample the
following topics:

i. Fundamentals of reactor theory including the fission process, neutron
multiplication, source effects, control rod effects, criticality indications,
reactivity coefficients, and poison effects.

ii. General design features of the core, fuel assemblies, control rods, core
instrumentation, and coolant flow.

iii. Mechanical components and design features of the reactor coolant

system.

iv. Auxiliary systems that affect the facility.

V. Facility operating characteristics during steady state and transient
conditions.

Vi. Design, components, and functions of reactivity control mechanisms
and instrumentation.

Vii. Design, components, and functions of control and safety systems

including instrumentation, signals, interlocks, failure modes, and
automatic and manual features.

viii.  Components, capability, and functions of emergency systems.
iX. Shielding, isolation, and containment design features, including access
~limitations.

X. Administrative, normal, abnormal, and emergency operating
procedures.

Xi. Purpose and operation of radiation monitoring systems, including
alarms and survey equipment.

Xii. Radiological safety principles and procedures.

xiii.  Procedures and equipment available for handling and disposal of

radioactive materials.

d. Representative questions for the senior operators examination will sample the
topics in the operators list and in addition will sample the following list:

i Conditions and limitations in the facility license.
ii. Facility operating limitations in the technical specifications and their
bases.
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vi.

Vii.

Licensee procedures required to obtain authority for design and
operating changes.

Radiation hazards that may arise during normal and abnormal
situations including maintenance activities and various contamination
conditions.

Assessment of facility conditions and selection of appropriate
procedures during normal, abnormal, and emergency situations.
Procedures and limitations involved in initial core loading, alterations in
core configuration, and determination of various internal and external
effects on core reactivity.

Fuel handling facilities and procedures.

e. Any person who scores less than 70%, overall, on the examination will be
relieved from licensed duties and enrolled in an accelerated program until
such time as they can satisfactorily pass an examination covering the
material. The course content and duration will depend upon the individual’s
deficiencies.

2. Operator proficiency:

a.

The exempt senior operator will also administer an annual operator
proficiency examination to all other operators and senior operators.

The content of the operating test will be identified from duties of the
licensed operator/senior operator and reference documents listed in Part
B.1.b

The operations test for the requalifying licensee will demonstrate an
understanding of and the ability to accomplish a representative sample of
the following items:

i. Perform the prestartup procedures.

ii. Manipulate the console controls as required to operate the facility
between shutdown and designed power levels.

iii. Identify annunciators and condition-indicating signals and perform
appropriate remedial actions where appropriate.

iv. Identify the instrumentation systems and the significance of facility
instrument readings.

V. Observe and safely control the operating behavior characteristics of
the facility.

Vi. Perform control manipulations required to obtain desired operating
results during normal, abnormal, and emergency situations.

Vii. Safely operate the facilities auxiliary and emergency systems.

viii.  Demonstrate or describe the use and function of the facilities

radiation monitoring systems, including fixed radiation monitors and
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Xi.

Xii.

alarms, portable survey instruments, and personal monitoring
equipment.

Demonstrate knowledge of significant radiation hazards and the
ability to perform procedures to reduce excessive levels of radiation
and to guard against personal exposure.

Demonstrate knowledge of the emergency plan, including, as
appropriate, the operator’s or senior operator’s responsibility to
decide whether the plan should be executed and the duties
assigned under the plan.

Demonstrate the knowledge and ability, as appropriate to the
assigned position to assume the responsibilities associated with the
safe operation of the facility.

Demonstrate the ability to act as a member of the operations crew
so that all procedures, the limits to the license and its amendments
are not violated.

d. Any person who cannot demonstrate proficient operation of the reactor will
be relieved of his licensed duties until such time as proficient operation
could be demonstrated. Proficient operation may be established by
performing a minimum of six hours of supervised reactor operations and
demonstrating proficiency of section B.2.

C. ON THE JOB TRAINING

1.

Each licensed operator in the requalification program may at the option of the
exempt senior operator, be required to make 8 reactor startups, shutdowns, or
power level changes during the two year period covered by the program.

. Each licensed operator at the facility will manipulate the plant controls, and each

licensed senior operator will either manipulate the plant controls or direct the
activities of individuals during plant control manipulations during the term of the
operators/senior operator’s license. Manipulations by operators/senior operators
must consist of the following activities:

a. Completed annually.

Plant shutdown.
Significant power changes (>10%).
Loss of coolant. (Not considered credible)

iv. Loss of electrical power.
V. Loss of coolant flow. (Not considered credible)
b. Completed on a two-year cycle.

Loss of protective system channel.
Mispositioned control rod or rods.
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iii. Inability to drive control rods.

iv. Conditions requiring use of emergency boration

V. Fuel cladding failure or high activity in reactor coolant.
Vi. Failure of servo system.

Vii. Reactor trip.

viii.  Failure of nuclear instrumentation.

Note: When the control panel of the facility is used for training, the action taken or to be
taken for the emergency or abnormal condition may be discussed; actual manipulation
of the controls is not required per 10 CFR 55.59 (c) (4) (iv).

3. Each licensed operator at the facility will perform the function of the license held.
An SRO is credited with performing the function any time the operator is on call,
instructing classes, student, or student operator in training, inside the reactor
room with the key on, or maintaining custody of the key. Additionally unstructured
activities such as participation in facility-related design and safety review groups,
Emergency Plan, emergency drill, Committee on Reactor Operations (CORO)
participation, experimental activities, related technical presentations, performing
security related functions, and performing maintenance and calibration activities
contribute to training in all parts of the program except parts B.2, C, D and E. A
statement to the file is sufficient to document the training and/or time accounting.

D. LITERATURE REVIEW

Each reactor operator and senor operator will annually review the contents of the
operating manual, technical specifications, and the emergency procedures. A statement
to this fact will be kept in the requalification file.

E. RECORDS

Records will be maintained to document each instructor, each topic discussed, each
licensed operator's and senior operator’s participation in the requalification program.
The records will contain copies of each written exam, answer sheets, results of
evaluation, and the biennial operator proficiency demonstration. Documentation of
additional training and test required for individuals exhibiting deficiencies will also be
included in the files. All records of the requalification program will be retained by the
training coordinator until the licenses of the participants are renewed.

In any of the above requalification, exclusive of operations, mail, electronic classroom or
other methods may be used for training, meetings, testing or other required
communication/s.
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1 THE FACILITY

1.1 Introduction

This report is submitted in support of the application for renewal of the operating license (R-87)
for Purdue University Reactor (PUR-I) for a period of 20 years, and a power increase from 1 kW
to 12 kW

The reactor is located in the Nuclear Laboratories in the Duncan Annex of the Electrical
Engineering Building on the eastern edge of the campus in West Lafayette, Indiana. The
Duncan Annex is of brick and concrete block construction and was originally built as a high
voltage laboratory. In 1962 the reactor was built in half of the existing high voltage laboratory,
which was a high bay area. Offices, classrooms, and laboratories had been built in the
remainder of the original building.

1.2 Summary and Conclusions on Principal Safety Considerations

The original design power level for PUR-1 was 10 kW, and the reactor has operated safely
since its construction in 1962. The analyses presented in this SAR support the continued
operation of PUR-1, and also support the case for a power uprate to 12 kW. Even in the unlikely
case of a failure of the reactor protective system, the reactor is self-protecting, with a calculated
maximum power level of 2.38 MW, and a maximum clad temperature of 133°C, which is still well
below the safety limit of 530°C.

1.3 General Description

The PUR-I is a 10 kW design, pool type reactor, previously licensed for operation in 1962, 1968
and 1988 at 1 kW, utilizing MTR type enriched fuel plates, which are graphite reflected, and light
water moderated and cooled. It was designed and built by Lockheed Nuclear Products of
Lockheed Aircraft Corp., Marietta, Georgia.

The reactor is controlled by three blade-type control rods located in the core region of the
reactor. There are two shim-safety rods made of solid borated stainless steel, utilizing a
magnetic clutch between the blades and the lead screw operated drive mechanisms, and a
regulating rod which is a screw operated direct drive and made of hollow stainless steel. Each
control blade is protected by an aluminum guide plate on each side within the fuel assembly.

Fuel movement is only by a fuel handling tool, which is stored securely when not in use.
Security of the fuel handling tool is under administrative control of the licensed senior operators.

1.4 Shared Facilities and Equipment

The reactor facility is located within the former high voltage laboratory (Duncan Annex) in the
Electrical Engineering Building. This space was converted prior to the construction of PUR-1 to
also house classrooms and laboratories.
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1.5 Comparison with Similar Facilities

Similar research reactors are in use at the University of Missouri at Rolla, and the Ohio State
University. The safe operating histories of these reactors, and PUR-1 demonstrate the reliability
and safety of these systems. Both Missouri-Rolla and Ohio State are licensed for operation at
much higher powers (200 kW for Rolla, and 600 kW for Ohio State), with similar reactor
systems. The safe operation of these reactors at their respective higher powers also supports
the case for an uprate for PUR-1.

1.6 Summary of Operations

The PUR-1 reactor has been in operation since 1962. It is used for teaching and research to
support the mission of Purdue University Nuclear Engineering, and the university as a whole.
The reactor operates about 90 times per year on average, and typically has three licensed
senior operators. There have been periods, however, when there has only been one operator
on staff.

1.7 Facility Modifications and History

Table 1-1 summarizes the facility modifications and history.
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