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Attachment 1 to Reed Research Reactor RAI Response - May 2011

This document has three attachments to it.
* Attachment A, Analysis of the Neutronic Behavior of the Reed Research Reactor
* Attachment B, Analysis of the Thermal Hydraulic Behavior of the Reed Research Reactor
* Attachment C, Foushee Letter dated March 1, 1966, Storage of TRIGA Fuel Elements

1. NUREG-1537, Part 1, Section 1.4, Shared Facilities and Equipment, states the applicant should
consider whether the loss of any shared facilities or equipment could lead to a loss offunction that
would lead to an uncontrolled release of radioactive material, or if released, are analyzed and
found to be acceptable. The 2007 SAR, Section 1.4 discusses this subject. However, the discussion
is incomplete in that it does not include the loss of electricity and how it would affect the release of
radiation should it coincide with the loss offuel cladding integrity. Please provide this information
including the loss of alarms, automatic isolation, operation of heating, ventilation, and air
conditioning (HVAQ systems, etc. Please provide information concerning whether the analysis
provided in Chapter 13 envelopes this condition.

See updated SAR Section 1.4.

The electrical system is shared with the rest of Reed College. The HVAC system
for the reactor is separate from the rest of the campus ventilation system.

The loss of electrical power to the facility results in the deenergization of all the
systems at the reactor. There is no backup electrical supply system. Although
much of the instrumentation has UPS backup supplies; they are not taken credit
for in the analysis. The reactor will shutdown due to the control rod magnets
deengergizing and the control rods falling into the core. The HVAC system,
instrumentation, and alarms will all denenergize. The HVAC system fans will
turn off and the dampers will fail as is. Thus the ventilation system will not go
into isolation if the facility looses power. The accident analysis analyzes this
condition as a leakage scenario.

2. NUREG-153 7, Part 1, Section 1.5, Comparison With Similar Facilities states the applicant should
use pertinent information from other reactors and this information can be used to compare the
safety envelope of Reed Research Reactor (RRR) and to support analysis in appropriate chapters of
the SAR. The 2007 SAR discusses this, but the information is incomplete. Please provide a
comparison of the RRR to other TRIGA facilities so as to characterize the degree to which generic
information or operational experience from other reactor facilities is applicable.

See updated SAR Section 1.5.

3. NUREG-153 7, Part 1, Section 2.2, Nearby Industrial, Transportation, and Military Facilities,
states information on nearby military facilities be included in the SAR. The2007 SAR, Section 2.2
discusses industrial and transportation facilities but does not discuss military installations. Please
provide information concerning the nearby military installations.

See updated SAR Section 2.2.

4. NUREG-1537, Part 1, Section 3.1, Design Criteria, states the applicant should identify the design
criteria that are applicable to each structure, system and component that performs a safety
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function. The 2007 SAR, Section 3.1 briefly addresses this matter and states "the original reactor
installation in 1968 used fuel and components manufactured by General Atomics (GA), and the
specifications to-which structures were built were those stated by GA. Specific design criteria were
not stated. All building modifications and equipment additions were in conformance with the
building codes in existence at the time. "Please provide the criteria applicable to the original
design and construction and to subsequent modifications to the design and-construction.

See updated SAR Section 3.1.

'The facility and its. components- were constructed to cdmply with the building
codes of the City of Portland,;Multnomah. County, and the State of Oregon in

1968. All modifications have been made in accordance with the applicable codes.

The facility, was installed in .acc:ordance with designs provided by General
Atoriics' and the architectdral designs by Farnham and Peck,'registered architects

in the State of Oregon. ' .. ..

5. NUREG-1537, Part 1, Section 3.3,' Water Damage, requires the applicant identify the potential for
floodihg which could prevent structures, systemns and componenis from'performing their safety
functibn. The 200T SAR, Section 3.3 St4tes "As discussed, in Ch'apter 2, the floodplain of the local
rivers"does not come' near the reactor site. However, even ifflooding occurred, reactor safety
would not be an issue since the core is located in a w .ater pool. "However, this' information is
incomplete. Please provide information that demonstrates that should flooding occuir;'it will not
prevent operation of the RRR safety-systems.

During a flood, it is presumed that electrical contacts would be shorted out such
that power would not be supplied to any of the RRR safety systems. However,
because electro-magnates'hold the control rods in position'and, without power the
electro-magnates would not function resulting in 'the control rods inserting in the

• "c• e, lossof electrical power is fibt an issue. It is also assumed that the RRR
' would not'be operated if it ,vefe fl66deid.

6. ýNUREG-1537, 'Part'], Section 3.5, Systems ahd C'omponents, states the applicant should identify
the bases or design features of the electromechanical systems that are used to ensure safe operation
and shutdown of the reactor during all conditions. The2007 SAR, Sections 3.5 and 3.6 provide
some infdi•naiioh'on this topic' but do not providý informatioh on the design features of the control
rods (e.g.; fail safe in the event of loss of power) or-the systems associated with reactor operation

'and safety '(e.g., power level scrams, interlocks to limit reactivity insertion). Please provide the
-design for'electromhechanical systems and. components required for operation, shutdown and to
maintain shutdown....

See updated SAR Section 3.5 'hd3n'6. '

7. NUREG- 1537. Part .1 Section ý4.2.1, Rdcickr Fuel, s~tates the applicant should describe the fuel
elements used in the reactor including detailed design information. References should be provided
.to a!emonstrate that the design basis assures that integrity of the fuel is maintained under all
c'.onditions. assumed in the safety analysis. The descrption slhould also 'include information
.necessary to establish imniting conditions beyond which fuel'imtegrity would be lost. The 2007 SAR,
Secttonh 1.3.3, 4.2.4 and 4.2.5 which provtide somthe information are incomplete. Please discuss the
•"•"""'•.difr es in fuel 'length for the al mum andsauiless steel clad fuel utilized in the core and the

implicafions of these differences on anab'13s :In addition, please addressmechanidal forces and
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stresses, corrosion and erosion of cladding, hydraulic forces, thermal changes and temperature
gradients, and internal pressures from fission products and the production offission gas. Include in
the analyses the impact of radiation effects, including the maximum fission densities and fission
rates that the fuel is designed to accommodate.

The RRR uses fuel discussed. in NUREG-1282, Safety Evaluation Report on
High-Uranium Content Low-enriched Uranium-Zirconium Hydride Fuels for
TRIGA Reactors. In Table 1 of that document the RRR fuelis the first type,
"Original.." A detailed study of these fuels can be found in a paper by M. T.
Simnad,."The U-ZrHx Alloy: Its Properties and Use in TRIGA Fuel," Nuclear
Engineering and Design, Vol..64, pp 403-422..

The difference in the length of the, fuel meat will not have :a safety significance
other than a lower, value for reactivity.. The safety significance. of the fuel is the
inherent large negative temperature coefficient of reactivity.

8. NUREG-1537, Part 2, Section 4.2.2 states the control rods should be sufficient in number and
reactivity worth to comply with the 'single stuck rod' criterion, ,that is, it should be possible to shut
down the reactor and comply with the requirement of minimum shutdown, margin with the highest
worth scrammable control rod stuck out of the core. The control rods should also be sufficient to
control the reactor in all designed operating modes and to shut down the reactor. safely from any
operational condition. , ,.

The control rods, blades, followers (if used), and support systems should be designed conservatively to
withstand all anticipated stresses and challenges from mechanical, hydraulic, and thermal forces and the
effects of their chemical and radibtibn environment. .

The control rods should be designed so that scrammthg them does' not chalenge their integrity or operation
or the integrity or operation of other reactor d ngtems.o"n .... ra

The 2007 SAR, Sections 4.2.7, 4.2.8 and 4.2..9, while prqviding some of this. information, is incomplete.
The SAR does not provide the worths of the,3 W control rods. Please provide.calculated and measured
control rod worths under all conditions of operation. Please determine ifconirol rod withdrawal insertion
limitation limits (rod position vs. power) are necessary to preserve assumptions in the departure from
nucleate boiling ratio (DNBR) analys.is.

Temperature distribution within a fuel element during a rod,movemenit is
dependent on both time and spatial position within the element. This,question can,
however, be answered using, a point kinetics approach with some conservative
assumptions. A step insertion is discussed in RAI #55 and this discussion builds
on that discussion and should be read first. , ..

For a ramp insertion, the event will likely not be truly adiabatic, but most of the
power production and energy release will occur very rapidly towards the end of
the transient, so the adiabatic assumption is still reasonable as well as
conservative. . .. ..

The treaitment and solution of the point reactor kinetics equations involVed 'ue of
a code developed by OSU which was benchmarked againstGA codes and thi
RELAP point kinetics module. This tre'atment is summarized in the to-be:
published paper erptitled A Comparison of Pulsing Characteristics of the Oregon
State.University TRIGA® Reactor with FLIP and LEU Fuel.(Marctrn, et al). The
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relevant section is included below. OSU specific parameters were of course
changed to Reed parameters in order to analyze the behavior of the RRR under
transient conditions.

PRKE MODEL

The Oregon State point reactor kinetics model was developed using a
similar methodology to that seen above. in the RELAP5-3D point reactor
kinetics model. It is a simple single core average calculation identifying
temporal average core reactivity, power, and fuel temperature. The
primary difference in the Oregon State point reactor kinetics model when
compared to the RELAP5-3D model is that it has no secondary calculation
which isolates the hot rod characteristics. When inserting a given
reactivity into the Oregon State model, it is distributed through all 88 fuel
elements, similarly to that in RELAP5-3D. The derivation for the Oregon
State point reactor kinetics model is presented in the following section.

We begin with the point reactor kinetics equationsap___=t p(t)-P (1) 6' ) ,, )
'P (1)

a3t A (2)Ct= -AiCi(t) +-PiP(t), i = I1... 6.
atA

.. , (2)

Reactivity is related to the prompt fuel temperature coefficient of

reactivity (aF) by

P T

f dp = fa (T')dTr'
P. 7; (3)

The fuel temperature coefficient isfa temperature dependence property of
the fuel. Because of this extremely'short time scale in which the majority
of energy during a pulse is deposited in the fuel, it is assumed that the core
fuel is adiabatic during this process. The temperature of the fuel is related
to the power of the core through an energy balance equation:

.dr(t)=()
c dt

(4)

where C* is representative of the specific heat for a prescribed. mass or

Cpm, most commonly-referred to as the volumetric heat capacity , where

m. [kg] is the mass of an object and Cp. is the specific heat [J/kg-K] of that
object.
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We employ an "integration factor" approach to discretize this stiff system
of ordinary differential equations. In this approach, the mean neutron
lifetime is taken as

AeAkt)=
(5)

and the multiplication. factor (k) isof the forim

(6)

Linearization
A reformulation of equation (1) may be performed given the relationships
presented (5) and (6);'.aOP(t)

wr t (7)where'.. ."

p(t)-
e(i- p(t)) (8)

and
6

,C,(,) .,(9)

Multiplying through (7) with the integration factor yields

OP~) e•.,= p(t)e_•. +ipe_•,
at.

(10)
or

at

Carrying out the integration of Q11) from time t, to time t,+,

f-;tp(,)e_, t= fi -"alf I.

(12)

produces the following linearized equation for power

" P,,+ Pem,.. -1)
. .. . .... . :.. (13)

where At represents the time' difference between n+ 1 and n. Equation (13)

is the first of nine linearized equation which couple to produce the
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temporal solution. Considering'(2), after multiplying through by its
appropriate multiplication factor;

aci 13i__at + (1- (t) e

(14)
or

P~t
at e (15-P))

Carrying out the integration of (15) from time t,~ to time t, I1 yields
(15)

,C,:°, -i,, A;+ f Pt'e a,
(16)

The trapezoidal scheme was employed in order to solve for P(t'), where

U (16 y pield
Utilizing (17) in (16)/yields

(17)

S" "e. fl,'(P1 .1  + Pe )(l-e -')2Ai ' ,0 7), On (18)

Equation (18) represents six of the fiine equations that couple together to
produce the'temporal solution, where i represents one of six delayed
neutron groups.
The recddivity feed-is incorporated inio the'system bf equations; this is
do ' n done' by integrating (3). from time t, to time t,+,, producing

P,,+P, .P + ,,F(T2 T,+. T)
(19)

Lastly, the temperature change.in the fuel is accounted for through the
linearized integration of (4). However the volumetric heat capacity of
TRIGA® fuel is characteristically a function of temperature taking on the

*..,.j.. uiform

Integrati

C, (T)= C -+C,,T

ng (20)' over temperature yields

P.c(T)- C,,oT +1-T:

(20)

(21)
Performing the integration of(21) from time t, to time t,+l, produces

0 =(C 0T+ T+ T2) -C(coT + CT2 A(
2 ).12 n 2(22)
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Solving for temperature at tn+ generates,.

(23)
Equation (23) is the last of the nine coupled equations to be linearized.

An explicit method was chosen while marching through time for the
PRKE model solving, in order, (13), (18), (19), and (23).

Section 6 of Attachment A presents.control rod worth and shutdown margin.
Section 7 of Attachment B ,shows that the steady state MDNBR at 250 kW is 6.33
in the hottest channel. Analysis based on point reactor kinetics indicates that the
maximum power level following a continuous rod withdrawal accident could rise
as high as 1060 KW (26.8 KW in the hot rod), but the associated average
temperature rise of the fuel is no more than 13.4 degrees due to the rapid nature of
the event. This analysis is based on the following conservative assumptions using
data from 2010 rod calibrations: 1) the maximum worth rod (Safety, $3.37) is
continuously withdrawn, 2) the withdrawal rate is that of the fastest moving rod
(regulating, 36.1 sec withdrawal time), 3) the reactor scrams at a high power
setpoint of 285 KW, 4) rod in motion commences 0.5 sec following the initiation
of the scram.signal, 5) only the two lowest worth rods are inserted during the
scram (Rcg + Shim.= $4.61) 6) rod insertion time due to the scram is the
maximum allowable tech spec limit of 1.0 sec.: and 7) reactiyity addition due to
rod runout terminates,at the same time that inmotion ,f the other two rods
commences, i.e., the withdrawall f the runout rod ceases when the SCRAM signal
initiates insertion of the other two rods.

If the event is assumed to be sufficiently fast that heat transfer conditions are
essentially adiabatic, then the ratio of peak temperature increase to average
temperature increase will be the samie-as the steady state'ratio of peak to average
power. This ratio is shown in the thermal/hydraulic analysis to have a value of
2.952. 'If average fuel temperature is initially at the maximum pool temperature of
50'C, then the peak fuel temperature experienced during the rod runout accident.
will be no higher than 50+13.4*2.952 = 89.5°C. Since power peaks about 10 sec
after accident initiation, conditions will likely not be truly adiabatic. Heat transfer
from the hot element will result in a maximum peak temperature lower than
89.5°C. Given the rapid nature of the transient and the low temperature increases,
DNB is not a concern during the most severe potential rod withdrawal accident
scenario.

RRR RAI Response May 2011 , \ ý '... I ,-,I f t '. ;' -7, of4l -ý %. --.,



Typical Control Rod Worths -were recently measured as:,

Safety Rod $3.37
Shim Rod., .$3.27
Regulating Rod . $.1.34

$7.98

The Co"re Excess when critical at'5 W is typically:

Safety Rod $0.65
Shim Rod $0.65
Regulating Rod $0.35

. ,, . .. .$1.65

With a typical core excess and the most reactive control rod stuck out, the reactor
will be subcritical by $7.98 - $1.65 - $3.37 = $2.96. With the maximum allowable
core excess the reactor would be shutdown by $7.98.- $3.00 - $3.37 = $1.61
which is still greater than the $0.50 minimum.

9. NUREG- 153 7, Part 1, Section 4.2.3, Neutron Moderator and Reflector, states the applicant should
* describe reflectors and moderators designed into the core and their special features. The 2007 SAR,

Sections 4.2.2 and 4.2.6 RRR provides a discussion of the radial reflector and the graphite reflector
elements, however, it does not provide any information pertaining to the naturally circulating water which
is also moderator/reflector. Please provide q descr'iption of the water m'oderator and reflector and an
assessment of the function 'and importance of the moderator and the effect of loss of moderator on the
behavior of the reactor core during operations.

The waterl in the r'actor pool is a nioderator and reflector in addition to being a
coolant. the' naiurally circulatin'g water surrounds the core struicture and flows up
through the core area and fills the space between the fuel elements'.

Sections.8 and 9 of Attachment A address the moderator void and temperature
coefficients, respectively. A !oss of moderator would preclude operating the
reactor because of the large negative void coefficient.

10. NUREG-1537, Part.], Section 4.2.4 Neutron Startup Source, states theapplicant should describe the
neutron sourfeoused for reactor startup. The 2007 SAR; Section 4.2.10 provides a description of the
neutron source holder only. Please review the cited requirement and then supply a revised description of
the neutron source 'in use at RRR including the following.'

' type of neutron source including information on neutron startup material
• type of nuclear reaction
* energy spectra of neutrons

'' source strength
' .interaction of the source and holdei while in use, with the cbemical,

thermal, and radiation environment'
. design features that ensure the function., integrity, .and availability, of the source

The neutron source is 1.64 Ci AmBe and was installed in '1968. Am-241 has a
half-life of 432 days and emits an alpha partide. The alpha particlehits the Be-9
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nucleus and produces neutrons through the (a,n) mechanism shown below:

a+ 9Be --> a + 4He + 4He + n

The energy of the neutrons is 1.5-11.5 MeV with an average neutron energy of
4.4 MeV. The source is clad with stainless 'steel and is designed to withstand the
chemical, thermal, and radiation environment in a TRIGA reactor. The source
provides a sufficient neutron count rate to satisfy the source-rod interlock on the
Logarithmic Channel Nuclear Instrument.

The neutron source will be replaced if it indicates any leakage or if it does not
supply sufficient neutrons to satisfy the source-rod interlock requirements.

11. NUREG-1537, Part 1, Section 4.2.5, Core Support Structure, states the applicant should describe
structural performance of the core support structure under all reasonable conditions. Furthermore, it is
required that the design basis, operational analysis and safety considerations should 'e provided for each
reactor component placed on the grid plate. The 2007 SAR, Sections '4.21 'aid 4.23, while providing some
of this information, are incomplete. Please provide inforniation demonstrating the adequacy of the core
support structure under flooded and empty tank conditions to support cill required'cdomponents under all
operating conditions.

The reactor, is standard TRIGA Mark I reactor that has been analyzed many times.
There is nothing unique"about'the RRR reactor. The' initial loading in '1968
showed that the core structure can support the weight of all its components in the
empty condition. 40 years of operational experienice has shown that the core
structuie can support the weight of all its components in flooded conditions.

The structure is sound enough to last for the duration of the fuel. Routine in-
service inspection, and restrictions on the pool water quality minimize the
corrosion of the components.

12. NUREG-153 7, Part 1, Section 4.3; Reactor: Tank or Pool, :states the appliceint shoidd describe the
reactor tank and associated components and provide assurances regarding those components to perform
their intended functionfreefrom any problems associated with chemical interactions, failure of
penetrations and welds that could lead to loss of coolant, and to propose TS that impose limiting
conditions. In addition, the applicant should assess the possibility of un'ontrolled-leakage of
contaminated coolant and should discuss detection, preventive andprotective measures. The,2007
SAR, Section4. 1, while providing some of this. information (e.g., a physical description), is
incomplete. Please provide information regarding loss, of water through failure, in the tank
including detection methods and consequences, chemical compatibility of components, resistance to
corrosion, suitability of penetrations below the normal' coolant level, and propose TS applicable to
these topics.

There are no tank penetrations below the normal water level. There is no installed
leak detection system other than monitoring pool level and tracking the amount of
water added to compensate for evaporation. The pool level monitor is a capacitive
level detector which displays in the control room. It alarms if level decreases by
more than 10 cm below normal, and the alarm is visible outside the facility by
Periodic security patrolý• Pool leel 'and makeup water are checked weekly and
the amount of water added is trended over time. Makeup averages less than 130
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liters per week, which is corisistentwith the evaporation rate of our pool which
has a surface area of 11.6 m2 and an average temperature of 20'C. The only
measureable changes in the makeup, rate have been during long runs at high
temperature, when evaporation increases. It is estimated that we would be able to
detect a doubling in the makeup rate, which would equate to a leak of
approximately 130 liters per week, or z 0.77 1/h. The manual make up water
system can supply well over 1000 l/h. Ifwater'leveldecrease' too quickly or
make Up water use increases significantly, the tank will be examined for leaks.
The measured pool activity after an extended run is approximately 1E-06 ýtCi/ml,
primarily Na-24. The 10 CFR •20 Effluent Concentration Limit for Na-24 is 5E-05
pCi/ml, so any leakage would be within that limit. At the above measurable leak
rate, that would bet at most 7.7E-04, pCi/h. The leakage would. gointo the ground
around the reactor pool. The nearest body of water is the Crystal. Springs Creek,
located at the bottom of the ravine.approximately 100 meters the north of the
reactor.

Forty years of experience has shown that the materials, are compatible with the
Water and the environment. Corrosion control is maintained by limits on primary
water conductivity and pH. The conductivity is measured weekly and the' limit is

*,set at 5 [tSiemens/cm which is in agreement with NUREG 1537 Appendix 14
¶3.3(9), Water Chemistry. The pH will be measured quarterly to ensure it is
between 5 and 7.5, which is in agreement with NUREG 1537.

13..NUREG-1537, Part 1, Section 4.4, Biological Shield; states the..applicant should describe the
b iologfcal shied employed to ensure doses are in conformance with Title 1 Oof the Code of Federal

,Regulations-(;O CFR), Part 20. The 2007 ,SAR.does notprovide a character~ization of the biological
shield. Please provide .a description of the biological shielding employed at RRR including
consideration of concrete, tank structure anid.pool water.

The -biological -shield consists of the reactor pool water. The reactor is at the
, ,bottom ofa tank that is 25 feet (7;6m) 'deep. Normally at least,20 feet of water

• • .covert•he ' core, providing the biologicaf~shield. 

There' are no accessible
rooms orfacilities below the -floor level of the reactor. The biological shield is
sufficient to keep doses within the requirements of 10 CFR 20.

14. NUREG-153 7, Part 1, Section 4.5, Nuclear Design, states the applicant should discuss normal
'operating cbnditions, reactor core physics parameters an'd operating limits. The discussion should
'*include a discuzssion of the complete, operable core, control rod worths: kinetic parameters; excess
reaciivities;' shu't down margins, and flux distribution or all planned configurations for the life of
the core. ':'

The"2O07 SAR, Subsection 4.6.1 states: ..

• ,'General Atomics utilizeed a mixed core of stainless ýteel and alumrinum-cladfuelfrom .1960 when they
were first authorized to use a limited number• of stainless steel clad together with aluminum-clad elements
until cessation of operations. The mixture was authorized as long as fuel temperature in the mixed
l n•imum and stainless -steel core did not 'exceed 550,C1(1022 F). ... Consequently, sinc a mixed core of

aluaiiinum and'stainless steel was used in. the Mark I reactor for more than. 35.years at a; 'thermal power
grea.ter: than the RRR reactor, it is concluded that the.h~alt.h.andsafety ofthe publie will not be
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endangered by operating with mixed stainless steel and aluminum fuel."

The GA reactor cited was analyzed and licensed based on particular neutronie and thermal-hydraulic.
conditions pertinent to'that reactor. RRR needs to establish the basis for incorporating the GA conclusions
into the RRR SAR. ... ,

In addition:

The 2007 SAR, Subsection 4.62.1 .(Excess Reactivity). discusses limiting RRR to -t$3.00 of core reactivity to
prevent excessive fuel temperatures. However, theexcess reactivity of RRR has not been established in the
SAR. . ,

The 2007 SAR, Subsection 4:6.2.2.(Shutdown Margin), lists.the shutdown margin Technical Specification
requirement. However, the ability to .meet this requirement is not presented in the SAR.

The 2007 SAR, Subsection 4.6.2.3 (Reactivity Limits on Experiments) states that limiting reactivity
insertions from experiments to -$1. 0 will prevbnt sudden removals from cdusing:excessive fuel
temperatures., However, there is no analysis demonstrating this in the SAR.

The 2007 SAR, Subsection 4.63 (Stainless Steel Clad Fuel) assumes that there is no heutronic difference
between the aluminum and the stainless steel clad fuel. However, there is no analysis establishing this and
the stainless steel clad fuel meat is longer by 1 inch and stainless steel is neutronically different from
aluminum. .. ..... ,. ,

Please provide the information that addresses the stated points and that provides core physics parameters
consistent with the NUREG citation.

Section 6 of Attachment A specifically addresses core excess, control rod worth,
and shutdown margin. The smallest calculated shutdown margin of the current-
coreconfiguration is $2.54 ± 0.04 with a calculated core excess of'$1L:65 + 0.11.
The shutdown margin is clearly met, The shutdbwn margin would'still be about
$1.00 with a core excess of $3.00. The $3.00 core excess limit more than adequate
protects against low shutdown margin'which'is 'precisely its intent." '

To evaluate the neutronic difference between the aluminum. and the stainless steel
clad fuel, an analysis was performed consistent with the methodology described in
Attachment A where thehighest power fuel. element (i.e., grid position B-5) was
replaced with an aluminum clad fuel element. The powergenerated in that fuel
element went from 7.24 ± 0.014 kW to 7.25 ±,0.014 kW. While~there appears to
be an effect, this represents less than a percent difference and would likely be
difficult to observe in a core excess measurement.

The core excess limit allows operation without the need to add or remove fuel
elements. If operating with typical critical control rod worths of..$0.65 (Safety),
$0.65 (Shim),, and $0.30 (Regulating), the calculated core excess is.$ 1.65...
Activities such as moving away from the reference state or adding negative worth
experiments will make core excess more negative and shutdown margin, less
positive. The only activity which could result in requiring fuel moveme.nt to meet

* shutdown margin and core excess limits would be the unusual activity of adding an
experiment with large'positive' ractivity "worth. '

The reactivity limit of $1.00 for- movable experiments is designed to. prevent an
inadvertent prompt critical condition from occurring and maintain a-value~below
the shutdown margiri Movable experiments are by~their very nature, experiments
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in a position where it ispossible for a sample to be inserted or removed from the
core while critical. The reactivity worth limit for all experiments is designed to
prevent, an inadvertent prompt critical condition. This limit applies to movable,
unsecured, and secured experiments. A maximum reActivity insertion of $2.00 for
all experiments in agreement with Reg Guide 1537 Appendix 14 Section 3.8.1.

Experience has shown that the identified frequencies will ensure performance and
operability for each of these'sSstems. or compoonents.'The value, of a significant
change in reactivity (>$0.25) is measurable and will ensure adequate coverage of
the shutdown margin after taking into account the-accumulation of poisons.

A question arose. whether the calculated value for the void .coefficient of reactivity
is too large, especially when compared with calculated Values from other similar
facilities. Section 8 of Attachmentl A. states that the average void coefficient over
the range-from 0% void to 100% void is -$0.83 per percent void. This is verysimilar to the -$0.86 value calculated, for the OSTR and compares reasonably well
with the measured OSTR, yalue of -$0.51 per percent void. As discussed below, it
is highly improbable that the RRR could be operated with more than a few
percent moderator void present in the core. The reactivity coefficient for the RRR

-within such an operating envelope is on the order of.
'-$0.12 per percent void.

1.2
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'U

0.4

0.2

Figure 1 Core k-effectiye vs. % moderator void
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Figure 1 shows kefvs, percent of modeIrator void. Removal of 100% of water
from the core. results in the introduction of $54 negative reactivity. The graph
indicates that removing any amount of water from the core will always result in
the introduction of negative reactivity..The .slope of the curve in terms of Ak per
percent or $ 'per percent increases with increasing percent void.
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It is understood that in order to calculate a void coefficient one varies density
while holding temperature constant. To calculate the void coefficient, we first
calculated keff of'the, reactor with thein-core water moderator at nominal
temperature and normal corresponding density. We then reduced in-core water
density to 90%'of the original value and- re-calculated keff at the same temperature.
This process was repeated with in-core water densities of 75%, 50%, 25% and 0%
of the original densities. The resulting eigenvalues for each core state are
tabulated below and pio'tted in'Figurej1..:

Percent of original Calculated Reactivity
H20 Density kft eigenvalue (pcm /$ using P = 0.0075)

100 1.012094/7 0.00015 ' 1194 /1.54
90 1.00282 +/- 0.00015 28i / 0.37
75 0.98436 +1- 0.00015 -1588 1-2.12

50 0.93982 +]- 0.00015 -6403 / -8.54
25 0.86609 +/- 0.00014' -15461 / -20.61"
0' 0.71175 +/- 0.00014 -40498 / -54.00

The void coefficient is simply the slope. of each line segment. As, stated
previously, it is highly unlikely that the reactor could ever operate with more than
10% void present. In the region between 0% and 10% void, the void coefficient is
-91.3 pcm per percent void or -0.12 dollars per percent void. With increasing void
percentage, the line segments became steeper, so the average void coefficient
over the entire range of possible voiding (0% to 100%) is of greater magnitude
and always negative.

15. NUREG-1537, Part 1, Section 4.5.2, Reactor Core Physics Parameters, states, the applicant should
describe reactor core physics parameters that determine operating characteristics as they are
influenced by reactor design including:

* methods used to neutronically characterize the RRR,
* uncertainties required to apply calculated results to the RRR operation,
* methods to calculate kinetics parameters,
* coefficients of reactivity applicable to the RRR,
* comparisons with measurements to demonstrate the effectiveness of the
* methods employed, and
* changes in reactivity coefficients that result from changes to core configurations.

The 2007 SAR, Section 4.6, does not provide this information. Please provide this information regarding
methods, uncertainties, comparisons and all required technical parameters.

Attachment A addresses all the' items requested in this section except for "changes
in reactivity coefficients that result from changes to core configurations." The
core configuration modeled is' the core configuration in operation when the SAR
was submitted. Changes inthe core configuration are. performed under the process
described in 10 CFR 50.59i.

An experiment was'performed' in March 2011: to measure the' values for reactivity
due to equilibrium and'peak 4xSst. shutdo~vih) xenon. Due to the limited core
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excess at the time, the reactor was unable to maintain full power for the 50-hour
run. The xenon reduced the reactor power, with all rods fully out, to
approximately 70% (175 kW), inserting•$0.84 of negative reactivity.
Extrapolating from this data using the equilibrium xenon equation

=(y, + Y"J)I oXe,- + orXe

the equilibrium xenon worth at 250 kW is estimated to be $1.06. The measured
power defect at 250 kW is approximately $1.33. Thus in, order to maintain full
power during a long run, a core excess of at least $1.06 + $1.33 = $2.39 will be
necessary. To account for experiment worth, etc., a C6re Excess limit of $3.00
seems prudent.

It has been noted that Figure 5 of Attachment A indicates that the calculated IRW
value of the reg rod isý $1.06 and the' measured value is" $1.34. Furthermore, some
of the calculated reactivity values are non-physical, that is withdrawing the rod
seems 'to intro~duce negative reactivity, over certain iricements In response, during
initial modeling attempts, it was found that the control rods. in the MCNP model
had a calculated worth that was significantly higher than the recent measured
values. It. was reasoned' that not only had the fuel experienced some depletion, but
the control rods had as well.. In order to account for this, control rod boron content

Sof the MCNP model was reduced as discussed in section A of Attachment A. All
three control. rods were depleted in exactly the same manner such that the
calculated value of total rod worth was reduced to essentiallythe same value as
measured total rod worth. Note, however, that the Reg rod is located in the E-ring
while .the other two rods .are l'ocated ifn the C-ring. The reg rod is thus depleted
significantýl less than the othfi'tý0o rods. By depleting all three control rods in an
identical manner, the end result Was that the reg rod was significantly over-
depleted and the shim and safý lo& were slightly under-depleted. The goal of the
depletion simulation was to achieve good agreement between measured and
calc'ulated total rod worth. A more accurate approach would have -been to deplete
each control rod in such a manner that the calculated and measured worth of each
rod would be equal. Although this is a flaw ih the model, Safety calculations that
,involve control rod accidents are based on the most reactive rod sticking or
.ejecting. Values used in these safety calculations were based on measured rod
'worth, not calculated rod worth.%

Regarding the non-physical behavior of calculated rod worth it is helpful to
consider aconcrete example. Consider the withdrawal from 74% insertion to 67%
insertion. This 7% withdrawal corresponds to a 1.05 inch rod movement which

. results in an insertion of $0.10 reactivity (measured). To duplicate this
manipulation with MCNP calculations, keff of the core is. calculated at the initial
rod position' and then recalculated with'the r6g rod 1.05 inches higher. The keff
value at the initial state should be close to 1.000. The reactivity value'at the
second state should be $0:10 higher, correspondingto kff'1.000751 These two
values 6f keff are exttemely clfse. Sihne reativity' is depende'nt 6n'the difference
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between two very close values, the, uncertainty in calculated reactivity quantities
tends to be much larger than the uncertainty in calculated keff values. Uncertainty
can be reduced by running more particles. The rod worth calculations for each rod
took more than a week of computer time. To cut the uncertainty (in the value of
klff) in half would require an additional month of computer time. This is not
considered feasible.

16 NUREG-1537, Part 1, Section 4.5.3, Operation Limits, states that the applicant should describe
operating limits including those nuclear design features necessary to ensure safe operation and
shutdown, namely: . -

temperdture coe ficients or reactivity, void Coefficients, Xe-Sm worths, power coefficients (f not
otherwise accounted for), and the influence'of experiments,

* minimu m control rod 'worths and stuck i6odwbrthsfor all allowed core conditions,
* transient analysis of an uncontrolled rod withdrawal,
* shutdown margin calculations for limitingcore conditions, and,
• technical specification implemented to ensure safe pperation.

The 2007 SAR, Section 4.6 describes some ofthese limits but is. incomplete. Pleas~provile information
speciic to the RRR regarding methods, uncertaintis, comparisons and all tedhnical parameters as

S'identified in NUREG 1537. ."

Section 6 of Attachment A specifically addresses core neutron-physics
parameters. Based on the large negative vialues of the various temperature and
void coefficients, the RRR can be operated safely and has been shown to be
within the limits specified in the Technical Specifications for core excess and
Ishutdown margin. - ....

The eigenvalues used to generate the alpha-T values are tabulated below. The
..ZAIDs and corresponding ENDF information is also given..To perform these
calculations, only the temperature (i.e. cross section library) for U235 and U238
were varied. There are no. modem. (post-I1969) high temfperature libraries for ZrH.

Temperature ('C) keff ZAID extension ENDF Library
293.6 1.01209 +/-.0.00015 .66c " 66a(B-VI.6)
400 1.00547 +/- 0.00014 .1 2c 62mt(B-VI.2)
600 0.98819 +/-.0.00013 .14c 62mt(B-V.2)
800 0.97619 +/- 0.00014 . .15c 62mt(B-VI.2)
1200 0.92878 +/- 0.00013 .17c 62mt(B-VI.2)

16b. NUREG-1537, Part 1, Section 4.-6, Thermal-Hydraulic Design states the applicaint should describe
operating limits on cooling conditions necessary to prevent fuel overheating and to ensure that fuel
integrity will not be lost under any reactor conditions',including accidents. Technical
characteristics are that the DNBR limit of 2 is never violated.and flow instability may not
contribute to a loss offuel cooling under any conditions. The2007 SAR, Section 4 does not provide
this information. Please provide, information regarding methods, uncertainties, and results of a
DNB analysis showing that the safety limitsproposed will never violate the limits, stated. Please
provide information concerning restrictions on pool temperature, inlet. temperature, adequacy of
bottom grid geqmetry, spacer geomqtry, ,n. nuczear iss~ues such aspeakingfactors, rod insertion
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limits, delay times, and measurement uncertainties affecting DNB analysis.

Section 7 of Attachment B shows that the steady state MDNBR at 250 kW is 6.33
in the hottest channel using a pool temperature of 50'C which is well above the
Technical Specification limit of 40'C set for the pool water temperature based on
demineralizer resin. Experimentation has shown that even with the primary
system off the core inllet temperature is never more than 2°C warmer than the pool
temperature instrument used'to comply with the technical specification
temperature limit, so 50°C i v-ery-conserv4tive..,

The uncertainty in this analysis- is largely driven by the. uncertainty in the Bernath
correlation coefficient, because the other variables in the calculation are well.
understood and are likely small in comparison. Given the conservative nature of
the analysis, it is likely that the MDNBR number is lower than the lowest values
for MDNBR vs. hot channel steady state power when uncertainty is included
using a more applicable correlation coefficient.

17. NUREG-1537, Part ., Section 5., Reactor Coolant Systems, states the applicant should demonstrate
that the system can remove the fission and decay heat from the fuel during reactor operation and
decay heat during reactor shutdown. The 2007 SAR Section 5 describes the reactor coolant systems
but is incomplete because it does not discuss the capability of the systems. Please provide a
discussion of the capability of the cobling systems.

The cooling system was designed to remove 250 kW of heat, thus is adequate for
both normal operation and shutdown cooling. The heat exchanger size was
doubled in 2009 to allow for a power upgrade to 500 kW if necessary. Makeup for
both water systems comes' from the municipal water system, though water

• enterifig the primary system passes through a preliminary filter before entering the
p06l.

18. NUREG-1537,1Part 1;'Section 5.2, Primary!Coolant System, states the primary coolant should
provide ý che'mical ehnvironmenit that limits.. corrosion of fuel. cladding, control and safety rod
sutfaces, reactor vessels, and other essential components. The 2007 SAR, Section 5.2 describes
components of a system to control coolant conductivity and pH without describing the objectives
stated:,.Please provide and justi)f the value of electrical conductivity and pH that is used for
'controlling and maintaining chemical environment in the primary coolant system.

Corrosion control is maintained by limits on primary water conductivity. The
conductivity is measured weekly and the limit is set at 5 ptSiemens/cm which is in
agreement with NUREG 1537 Appendix 14 ¶3.3(9),Water Chemistry.
Additionally, the pH will be measured quarterly to ensure it is between 5 and 7.5,
which is in agreement with NUREG 1537.

The fuel elements are inspected at least once every ten years for evidence of
corrosion, wear, or damage. Gross failure ,or obvious visual deterioration of the
fuel is sufficient to warrant declaration of the fuel as damaged. Visually,

inspecting fuel elements biennially Will identify any developing fuel integrity
issues throughout the core. The method of determining non-conforming fuel at theRRR has been exclusively visual inspection. Experience at many TRIGA reactors
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over many years has shown this to be adequate. Since the RRR is not a pulsing
reactor, measurement of bow and elongation is not required under NUREG 1537.

19. NUREG-1537, Part 1, Section 5.3, Secondary Coolant System, states the applicant should discuss
the secondary coolant system recognizing that some non-power reactors are.designed with
secondary coolant systems that will not support continuous reactor operation at full licensed
power. This is acceptable, provided the capability and such limiting conditions as maximum pool
temperature are analyzed in the SAR and included in the TS. The 2007 SAR, Section 5.3, while
discussing the secondary coolant system, inadequately discusses the capabilities of the secondary
coolant system and the bases of the TS on maximum pool temperature. Please piov'ide information
on heat load as it pertains to the secondary coolant system and review Technical Specification 3.8
which states that the, basis for the pool temperature limit is protection of the resin beds and does
not address the limits on pool temperature.

The. secondary cooling system is designed to remove at. least 250 kW of heat so as
to sustain continuous operation at full power. Experience has shown that the pool
temperature can be maintained below 40'C even during long operations in the
summer. The limiting factor for pool temperature is damage to the primary resin.

20. NUREG-1537 guidance states in Section 5.4,. Primary Coolant Cleanup System, the, applicant needs
to ensure that when operating the system, exposure and release of radioactivity do not exceed the
requirements of 10 CFR Part 20 and are consistent with the facility ALARA program. The 2007
SAR, Section 5.2.4 does not address the consistency of the cleanup system with the ALARA
program. Please provide information that operation of the cleanup system does not challenge the
commitment of the ALARA program ofRRR. * • • , -

In normal use,, a demineralizer will become slightly radioactive and will be
disposed of in accordance with Chapter 11, kadiation Protection and Waste
Management. Historically the dose rate at 30 cm 'from the demineralizers after
continuous at full power operation is less than 100 mrem per hour, which is
consistent with the ALARA program. Historically the annual shipment or spent
resin and filters average 110 cubic fee.t, with a total activity less than .1 mCi, .which
is consistent with. the ALARA program..,

21. NUREG 1537, Part 1, Section 5.5, Primary Coolant Makeup WaterSystem, states.the applicant
needs to ensure that: the makeup water system or plan should include provisions for.recording the
use of makeup water to detect changes that indicate leakage or other malfunction of the primary
coolant system. The 2007 SAR, Sections 5.26 and 5.4, while discussing aspects of the detection
system, is incomplete in that it does not provide information concerning.the provisions or plans to
indicate leakage or other malfunction of the primary, coolant system. Please provide information
concerning provisions and plans to detect abnormal leakage in the primary system.

See response to item 12.

22. NUREG-153.7, Part,2, Section 5.6, Nitrogen-16 Control System, states the applicant should confirm
the amount of nitrogen-16 (706) predicted by, the SAR analysis at the proposed power level and the• " ... .. 16

potential personnel exposure, rates, including exposures from direct radiation and airborne N .
The 2007 SAR, Section 5.5, describes the N' 6 control system but provides no information on
confirmation of effectiveness and exposure rates. Please provide information concerning the
amount of N'6 produced duringoperatioh 7ifull power and the resulting pem'sonnel 'exposures.
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The production of 16N and resulting personnel exposures are discussed in Section
11.1.1.1:8. Additionally, the exposure rate measured at the surface of the primary
water is approximately 2.5 mrem h-1. It is very difficult to determine the exact
contribution' 6N makes to this exposure rate but with a 7.2 s half life, the
contribution of 16N to occupational dose in the reactor bay is negligible and the
contribution to dose to the general public is zero. In addition, the primary cooling
system returns all of the primary coolant water to the pool through a diffuser
nozzle. This diffusion pushes the pool water into a spiraling pattern, gently
swirling the water and slowing its ascent to the top, of the pool. This current
provides the radioactive isotope nitrogen- 16, with its half-life of 7.2 seconds,
more than enough time to decay before reaching the surface.

The results of surveys at the RRR is below. It should be noted that the above
radiation levels were measured at the center and drop off rapidly,. to a few jtR, at
the edge of the tank.

Table 1: RRR Radiation Levels at 230 kW in mrem/hour
Water Surface At Bridge Level I m above Pool

Diffuser ON 2.5 0.3 , . 0.2
Diffuser.OFF '10. 3 .1

23. NUREG-153 7, Part 1, Section 9.1, Heating, Ventilation, and Air Conditioning Systems, states the
applicant should consider modes of operation and features of the HVACs stem designed to control
(contain or confine) reactor facility atmospheres, including damper closure or flow-diversion
functiohs, during the full range of reactor operation. The 2007 SAR, Section 9.1, describes the
ýgeneralfeatures of the HVAC system but does not describe how isolation is initiated, the set-points
'used, or the. TS governing the use and testing of the system. Please provide information concerning
the HVAC and address the abový. ,"

Seeý updated SAR Section 9. 1. ..

24. NUREG-153 7, Part 2, Section 9.2. Handling and Storage of Reactor Fuel, states the applicant
should consider the methods, analyses, and system'sfor secure storage of new and irradiated fiel
that will prevent criticality (keff not to exceed 0.80) under all conditions of moderation during
storage andmovement. The 2007 SAR, Section 9.2 states that the spacing in .the rack is sufficiently
afr apart to prevent :accidental criticalities. -However, analysis supporting this statement is not

provided or referenced. Please provide this'information for the fuel rack design..

Attachment C-demonstrates thatthe plane array one element thick used at the
RRR will have a klff less than 0.80 under all conditions of moderation. The RRR.
fuel racks match those described in Attachment C in all pertinent aspects.

25. NUREG- 1537, Part 1, Section 9.3, Fire Protection Systems and Programs, states the applicant
needs to discussfire protection systems and planW that would affect reactor safety systems. The
2007 SAR, Section 9.3, discusses this issue. However, there is no discussion of the sources offire or

-'"xPected outcomes that would affect safety'systems. Fire barriers pr-otecting safety systems are not
discus.sed. Please provzde information regarding fire sources and outcomes consistent with the
guiahce.'.'' . . ..... .* ,, . '

S•e'iupdated-SAR Section 9:3." ' "',"' ,. ' , .. .,
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26. NUREG-153 7, Section 9.7, Other Auxiliary Systems, states the applicant should discuss auxiliary
systems that are not fully described in other sections that are important to the safe operation and
shutdown of the reactor, and to the protection of the.health and safety of the public, the facility
staff and the environment. The 2007 SAR, Section 9.7. ],discusses a reactor bay crane. However,
there is no discussion regarding prohibiting the movement of heavy objects over the reactor core.
Nor is there discussion regarding operating procedures, load testing and required maintenance
and surveillances of the crane. Please provide information relating to crane limitations (if any) and
procedures for using and parking the crane.

See updated SAR Section 9.7.1.

27. NUREG-1537, Part 2, Section 10.1, Summary Description, states the applicant should discuss:

* limiting experimental characteristics (e.g., reactivity, contents)
* monitoring and control of the'experiments and the interaction between-the experiment and the

reactor control and safety systems .
* design requirements for the experiment and the review and approval process.

The 2002 SAR, Section 10.1 presents a summary description. However, the information provided is not in
sufficient detail to enable conclusions to be drawn regarding the safe operation of the experinental
facilities. Please provide a description of the principal features of the experimental and irradiation facilities
including experimental limitations.

See updated SAR Section 10.1

28. NUREG-153 7, Part 1, Section 10.2, Experimental Facilities, states the applicant should discuss the
experiment safety system and the functional interface between the experimental .safety system and
the reactor protection system. The 2007 SAR, Section 10.2 discusses the experimental facilities.
However, the discussion only addresses physical features and does not provide'any information
regarding safety, assurance of independence, or compliance with requirements. Please provide
information regarding the interface between reactor safety systems and experimentsafety systems.
Provide information on design requirements and how the design requirements are met.

See updated SAR Section 10.2., ,

29.. NUREG-1537, Part 1, Section 10.3, Experiment Review, states the experimentreview committee
should have the appropriate scope of responsibility, including the review ofprocedures that pertain
to the use of experimental facilities. The.2007 SAR, Section 10.3 does not state this authorityfor the
Reactor Review Committee and the scope of the Committee's review appears to be limited. Please
provide information on the Committee's authority to review and approve procedures including
procedures for the experimental facilities...

See updated SAR Section 10.3.

30. NUREG-1537, Part 1, Section 11. 1. 1, Radiation Sources, states that the applicant should present
the best estimates of the maximum annual dose and the collective doses for major radiological
activities during the full range of normal'operations for facility staff, and members of the public.
The doses shall be shown to be within the applicable limits of 1O CFR Part .20. The 2007,SA.?,
Section 11.1.1.1 provides calculations, using maximizing assumptions, that result in values greater
than the applicable limits in 10 CFR Part 20, Appendix B. Please provide the results of best
estimate calculations that demonstrate compliance .with j.#f ,FR Part 20, Appendix-B.
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This response replaces that in the SAR Chapter I i. The only significant source of
41Ar that contributes to occupational radiation exposure is that which is generated
in, and released from, the reactor tank, the rotating rack, the rabbit, and the
vertical beam when it is used. The highest average 4'Ar concentration discharged
while at:full power in the last five years was 3.OE-7 pCi mll. Assuming uniform
mixing in the reactor bay, the concentration of 4'Ar in the reactor bay would also
be 3.OE-7 jiCi mll. This is well below the 10 CFR 20 listed Derived Air
Concentration (DAC) for 41Ar, of 3 0E-6 ptCi ml'., Note that this value does not
depend on how many hours the reactor is operated per year since it is based on the
highest average concentration while at full power.

The Reed readior discharges 41'Ar through an exhaust'stack that is 3.6 meters
above ground level. Atmospheric dilution will reduce the 4'Ar concentration
before the-exhaust' plume returnsto ground level. Based upon an annual average
44 1Ar concentration of 3.OE-7 pCi ml' and measured flow rate of 2.26E9 ml hrl,
the emission rate of 41Ar in the stack effluent is approximately 0.188 pCi s1 .

Based onthis emission rate, the ground level concentration of 4'Ar (X) as a
function of distance can be calculated from the Gaussian plume model as follows:

x --__ _ __-_

. el . I . +h;

where:
* Q emission rate (jIci sl);

. v = horizontal standard deviation-of plume contaminant (mi);
.. 'a.,. =vertical standard deviation of plume contaminant (in);

y crosswind distance (0 mn centerline);,
he, stack height (in); -and.....
p,= mean wind Speed (mS-s).

VYalues- for-ay and oz can be determined from charts illustrating ay and az:vs.
* distance (Slade, D.tI., Meteorology and Atomic Energy, TID-24190, 1968). Using

the value of 1E-8 uCi mll for 4'Ar found in 10 CFR 20 App B, Table 2, Col. 1,
. the TEDE as a function of distance received by a member of the general public

may be estimated. However, the stack.height is less than 2.5 times the building
height. To correct for this, Equation 3 from Reg Guide 1.145 can be used to
calculate X as follows:.

Q

Where:

" .... .. M=4 (Figure 3, Reg Guide 1.145)

The results of calculating the annual TEDE to the general public firom routine
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releases of 4Ar into the unrestricted area are given in Table 2. This calculation
assumed a highly stable stability class-and a low wind speed. It should be noted
that .in order to receive the doses shown- in Table 2, an individual would be
required to continuously occupy, the.specified location for a full year while the
reactor operated continuously for a year with a constant atmospheric stability
class. That being said, all calculated doses are well within all applicable limits in
10CFR20. , .

The nearest permanent residences to the reactor are about 700 feet (215 m) from
the reactor, locatedin both the nbrthe'lst and south directions. A grouping of Reed
College dormitories, housing'hround 30 students from August to May, are located
approximately 500 feet, (150 m) south the reactor. Locations of campus buildings
are shown in SAR Figure 2.3. "

For comparison purposes, determination of radiation dose to the general public
fromairborne effluents may also be carried out using several computer codes
recognized by regulatory authorities. One such method involves the use of
COMPLY (V 1.5D). Application of this code to the projected 4'Ar releases from
the RRR using the data for atmospheric stability condition B predicts a maximum
annual TEDE' to the general public-of 0.4 mrem. The method we used results in
more conservative values than the COMPLY code.

Table 2 4'Ar Concentrations and Annual Doses in the Unrestricted Area from 41Ar
Released During Routine Reactor Operations at Various Atmospheric Stability Classes

Atmospheric " "
Stability It I":" . ' .: Distance TEDE

Condition s") (i) (m) im),)(mrem)

F 1 4 2 .1.63E-3 100' 8.1
F 1 7 4 ' 5.35E-4 200' 2.7
F 1 11 6 '"2.48E-4' '300 1.2
F 1 15 7 1.'43E-4 400 0.7
F 1 18 9 9.80E-5 500 0.5
F 1 22 10 7.17E-5 600 0.4
F 1 24' 11 5.68E 75 700 0.3

The direct exposure from 4'Ar in the reactor bay to a person in the adjacent. Pychpblogy Building
was calculated using Microshield 7.02. The.person was represented by a p6int 9.1'm from the
building and 1 m in the air. There were two 19.24.cm thick concrete walls betwveen the point and
the reactor bay. The entire baywas assumed to be filled with 41Ar at a concentration of 3E-7 PCi
cm 3. The exposure rate was calculated to be 3.17E-5 mR h-1.

31. NUREG-1537, Part 1, Section 11.1.2, Radiation Pr'otection Program, guidance states program
procedures need to establish clear lines of responsibility and clear methods for radiation protection
under normal and emergency conditions. Also, procedures should be organized and presented for
convenient use by operators and technicians at appropriate locations, and should be free of
extraneous material. The 2007 SAR, Section 11.1.2, provides a description of the program and, the
attached Radiation Protection Plan, references procedures used for va'rious activities concerning
radiation protection. However, the other NUREG-153 7, Part 1 attributes cannot be established
from reviewi ofthe SAR. Please.provide- infor~nation which shows -that, clear lines, of responsibility
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and clear methods for radiation protection: are established for normal-and emergency conditions.

See updated SAR Section 11.1.2.

32. NUREG-153.7, Part 1, Section 11.1.2, Radiation Protection Program, and Section 11. 1. 5,Radiation
Exposure Control and Dosimetry, guidance states the.radiation protection program records
management system should include records-such as ALARA program records, individual
occupational dose records, monitoring and, area control records, monitoring methods records, and
training records. The 2007 SAR, Section 11. 1.2provides a description .of the program including
management, administration, and training. Section 11.1.5 provides.information regarding exposure
records. However, the other required attributes have not been discussed. Please provide
information concerning the maintenance of records and that demonstrate acceptance with the
above criteria.

* See updated SAR Section 11. 12.

33. NUREG-1537, Part 2, Section 11.1.4, Radiation Monitoring and Surveillance, .states the bases of
* the methods andprocedures used for detecting contaminated areas, materials, and components

should be clearly stated: .The 2007 SAR provides the surveillance frequency for contamination as
biweekly for the reactor bay, control room, and facility. Section 5 of the RRR Administrative
Proceduresfor Handling, Storage, and Disposal of Radioactive Material indicates that the
operator Shall keep a record of the radiation level jf the specimen when 'embved from' the reactor.
However, the procedures do no t address possible contamindtion of the sample. Please provide any
additional bases or methods that are used for detecting contaminated materials and components,
including the measures taken to ensur'e experimental samples being removed have not become
contaminated.

See'updated SAR Section 11. 1.4 and 11.1.6.

34. NUREG-1537, Part 1, Section 11. 1.4, Radiation Monitoring and Surveillance, states the bases of
the methods and procedures used for' detecting contaminated areas, materials, and components
should be ciear'ly stated. The 2007 SAR, Section 1.1.4 provides a brief discussion of monitoring
equipment and Table 11.10 of the, 2002 SAR provides a listing of typical monitoring equipment.
However, the methods and procedures, usedfordetecting contaminated areas, materialss and
components cannot be learned from the information provided. Please provide information on the
methods, and procedures for sampling and monitoring air, liquids, solids, and reactor radiation

- beams and dffluents. .

See updated SAR Section 11.1.4 and 11.1.6.

35.:NUREG-153 7, Section 11.1.6, Contamination Control, 'states the contamination control program
"hould include provisions to avoid, prevent and remedy the occurrence and spread of

'-conitamn'ationt. The 2007 SAR, Section 1.1.6 provides the most likely sites'of contamination and
-the measures takento minimize the spread ofcontamination. This section also states that staff and
.visitingresearchers are trained on the risks of Contamination and techniques for avoiding, limiting
and controlling contamination. However, contaminiation of personnel is not addressed. Please
describe the means for addressing personnel contamination, if it should occur.

,,,. uSee pdated SAR Section 11.1 -6. All personnel leaving the reactor bay are
' " " "" ssurveyed for contamination. In' the'event -of a personnel contamination, personnel

"deontamin~ation pro'esseswouVld be'employed i adcordance with RRR Standard

RRR RAI Response May 2011 22, of 41



Operating Procedures. This involvesthe use of a mild soap and lukewarm water.

36. NUREG-1537, Part 1, Section 13.1.1, Maximum Hypothetical Adcident, guidance states the
applicant needs to present a methodology for reviewing the systems and operating characteristics
of the reactor facility that could affect its safe operatibn br-shutdown. The methodology should be
used to identify limiting accidents, analyze the evolution of the scenarios, and evaluate the
consequences. The 2007 SAR, Section 13.2.1 discusses the Maximum Hypothetical Accident (MHA)
and provides the method and assumptions used to estimate potential consequences from an MHA
and discusses compliance with 10 CFR Part 20. .However, the discussion is not complete and.
requires further clarifications. , ,

Please provide the following information:

a. Provide the approach used in determining the average thermal reactor power over 40years.

b. Given a thermal power of250 kw operating 8 hours per day, 5 successive days, provide the method to show the
average uhlization (kw-hr/day) indicated in the SAR

c. In Chapter 4 Section 4.2.4 and in Figure 4.4 of the 2002 SAR fuel rods with. various Uranium 235. (U2%)
contents have been described. In addition, the U235content offuel rods will vary because of bwn-up. This
would indicate the presence ofdifferent power level per rod, affecting the estimate for apeak rodpower level
Provide clarjfcation on the method usedfor assigning apeakingfactor of2..........

d Subsection "13.2.1.2, Radionuclide Inventory Buildup and Decay, describes a ,.pwer level aýd'ninber offuel
rods that is inconsistent with those provided in the preceding subseciion. Please clarify. ..

e. Subsection 13.2.1.2 contains a subsection, Datafrom ORIGEN Calculations. The text refers to values-in
Appendices A andB where as there are Appendices A through Fin this section. Please clarify. .. ...

f In Chapter 13, Appendi& B, the heading indicates an ORIGENinputfor irradiation at "1 watt 8 hourstpr day
for 5 days ". Should this be irradiation at "1 kw 8 hours per dayfor 5 days?" Please clarify.

g In Chapter 13, Appendix D, the heading indicates an ORIGENinputfor irradiation at "1 watt 8 hours per day
for5days". Shouldthis be irradiation at "1kw8hoursperdayfor5days?" . . .

h. In Chapter 13, Appendix E, there is confuýion concerning the numbeý offuel rods Please clair

i In Chapter 13, Appendices E and F, it is not clear how the values are producedfrom those provided in.
Appendices C and D. Please provide an example ofthe method used In addition, the headings for data presented
in Appendices E and F do not appear to be correct. Please clarify.

J. Chapter 13, Table 13.5provides values in the third column (A, actity (n-Ci)ofthe released curiesý.'Discuss the

method used to determine these values. It appears that the values given in this column are 2.5 tities less than
those given in Tables 13.3 and 13.4. Please clarify.

This replaces the analysis in SAR Chapter 13. For the RRR, the MHA has been defined
as the cladding rupture of one highly irradiated fuel element with no radioactive decay
followed by the instantaneous release of the noble gas and halogen fission products
outside the cladding and into the air. The failed fuel element was,assumed to havebeen
operated at the highest core power fora continuous period.of one.year at 250kW. This
results in all of the halogens and noble gases (except Kr-85) reaching their saturated
activities. - . . • . . I... I I z

This is the most severe accident for a TRIGA® reactor and was analyzed to determine
the limiti.',ng orbounding potential radiation doýes to .the xeactor staff and to the general
public in the. unrestricted -area. A l.ss seyvee, but more credible accident,involving this
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same single element having a cladding failure in water will also be analyzed.

During the lifetime of the RRR, used fuel within the core may be moved to new
positions or removed from the reactor. Fuel elements are moved only during periods
when the reactor is in a shutdown condition. Also, the RRR is seldom operated
continuously at 250 kW for a period longer than'8-10 hours, let alone a period of one
year. Nevertheless, this MHA has been analyzed for the RRR.

Three scenarios have been chosen for'analysis:

* Scenario A: :

In this scenario, the entire north wall of the' reactor room instantly vanishes. No
credible cause for this occurrence can be imagined. The noble gas and halogen
fission products that have been released to the reactor room air are assumed to
mix instantly and uniformly with the room air. This reactor room air then moves
out through the missing wall at the mean wind speed (1 m s-). This is assumed
to be a ground level release. It takes 8:8 seconds for the entire volume of the

'reactor room air to be evacuated. Thus, individuals outside the reactor room will
_.be exposed to a radioactive cloud for a period of 8.8 seconds;

* Scenario B:

This scenario again assumes that the noble gas. and halogen fission products
instantly and uniformly mix with the reactor room air. The fission products that
have been released to the reactor room air are then exhausted out the stack at the
stack ventilation rate. However, this is assumed to be a ground level release.
The time to evacuate the' entire volume of the reactor room is 478 seconds, and

"this is, theref6re, the exposure time for individuals outside the reactor room; and

• Scenario C:

This scenario also assumes that the noble gas and halogen fission products
instantly and uniforinly mix with the reactor room air. The reactor room 'air then
leaks from, the room at 'ground level "at the leak rate -of 1. 54E-3 m3 s'. The
leakage, from the room is through -the walls brought about by a pressure
differential between the room and' outside- This pressure differential'was!
assumed to arise through the unlikely combination of a drop in atmospheric
pressure of 1.5" Hg and an increase in room temperature of 40'C in 12 hours.
Using the ideal gas law, PIV/TI= P2V2/T2, where temperature is in K, pressure
is in inches of Hg, and volume is in cubic centimeters. The initial conditions of
T1=295.2 K (22.2°C) and P1=29.4" Hg in the RX bay of volume 339.8 in 3 , the
increase in temperature of 40'C would result in the pressure increasing to 33.4"
Hg. The atmospheric drop of 1.5" Hg would mean an increase in room pressure
to 34.9" Hg and assuming an outside temperature of 8.7°C, the resulting bay
volume would be 273.3 in 3. The leak rate is determined by the difference in the
initial and final bay volumes which is 66.5 m3 divided by 12 hrs. or 43200 s to
equal 1.54E-3 m 3 s-1.

In this case, it would take 1.95E+5 s for the entire volume of the reactor room
air to be evacuated, and this is the exposure time for individuals outside the
reactor room. This is also assumed to be a ground level release.
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All halogens and noble gases (except Kr-85):are assumed to be at their saturation
activities. The highest power element fails and releases the noble gases and halogens
from the cladding gap to the air or water. This highest power element has an estimate
power of 7.24 kW. The fission product inventory of halogen and noble gases are given
in Table 3 for this element. The inventory assumes a saturated activity is present and is
based upon the fission yield for each ,isotope.

Considerable effort has been expended to measure and define the fission product
release fractions for TRIGA® fuels. Data' on this aspect of fuel performance are
reported in Refs. 1 through 7. Using this data, GA developed a conservative correlation
for fission:product release to be

"•' •' .... f 1.34A10'1
e=l.5xl0- ÷+3..6x!0'expI

"T+273

At an average fuel temperature of 264°C, this release fraction is 1.5 1'E-5. This fuel
temperature (264'C) is the calculated maximum expected fuel temperature.

Once the fission products are released to the gap, this activity is released when the
cladding fails. If the release is in air (MHA), then this activity is released directly into
the reactor room air. If the release occurs in the pool water, then the fission products
must migrate through the water before being -released to the reactor room air. Once
released into the reactor room air, a firther reduction of the halogen activity is expected
to occur due to plateout in the building.

Thus, the, fraction (w) of the fission product inventory released irom a single fuel
element which reaches the reactor room air and, subsequently, the atmosphere in the
unrestricted environment is:

w=efgh;
w here: .. . . . -. . .. .

e the fraction released from the fuel to the fuel-cladding gap;. -

f the fraction released from the fuel-cladding gap to the reactor room air
,(if no water is present), .or to; the pool -water (if water is present);

g-= the fraction released from the.pool water, to the reactor room air; and
h =.the fraction released from the reactor room air .to the outside...,

* unrestricted environment, due to plateout in the reactor room. :

SR R M 2 2 -
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Table 3 Saturated Activities for Highest Power Density Fuel Element

For the accident where the cladding failure occurs in air, it is very conservatively
assumed that 25% of the halogens released to the cladding gap are eventually available
for release from the reactor room to the outside environment. This value is based on
historical usage and recommendations (Refs. 1 through 9), where Reference 1
recommends a 50% release of the halogens from the gap to the air. References 2 and 3
apply a natural reduction factor of 50% due to plateout in the reactor building.
Combining the 50% release from ,the gap with the 500% plateout results in the 25% total
release. However, this value appears to be quite conservative, since References 6 and 7
quote a 1.7% release from the gap rather than 50%.

For the accident in air, 100% of the noble gases are assumed to be available for release to
the unrestricted environm ent. : , " ' ..... .' . ,
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For the accident in water, it is conservatively assumed that most of the halogens released
from the cladding gap remain in the water and are removed by the demineralizer. A small
fraction, 5%, of the halogens is assumed to escape from the water to the reactor room air.
Combining this with the 50% release from the gap to-the water, the result is' that 2.5% of
the halogens in the gap are released to the reactor-room. Again, 50% of these plateout in
the reactor room before release to the outside environment. For the noble gases in water,
100% are assumed to be available for release to the unrestricted environment.

The experience at TMI-2, along with. recent experiments, indicate that the 50% halogen
release fraction is much too large. Possibly as little at 0.06% of the iodine reaching the
cladding gap may be released into the reactor room due' in part to a large amount of the
elemental iodine reacting with cesium to form CsI, a compound much less volatile and
more water soluble that elemental iodine (Ref. 7). The values for these various release
fractions are given in Tables 4 and 5.

The more stable the atmospheric class, the higher. the concentration. Therefore, it was
assumed that the most stable atmospheric class (Pasquill F) prevailed for all scenarios.
Also, the lower the wind, speed, the higher the concentration. Thus, it iwas assumed. that a
low wind speed of 1 m s- existed for'all scenarios.

Table 4 Release Fraction Components

product Nopoolwater 0Withfpool water No p6o1 water -Withtp~ol wter-'.

Noble gas 1.0 1.0 N/A', 1.0 1.0'
Halogens 0.5 j 0.5 j N/A, 0.05. 0.5

Table 5 Total Release Fraction,

Fission productN..1.. " ::.:Noýpool wav :z • -pool •,' itp 6waterý

Noble gas 1.51 E-5 1.51 E-5
Halogens ,[3.76 E-6 1.88 E-7

Based on this emission rate, the ground level' concentration as a function of distance can be
calculated from the Gaussian plume model as follows:

".Xmax=-

g. o~i ..---.-

'y z", , '. ' ,. •

where: '

Q = eifission rate (1tCi s-1);
C= horizontal standard deviation of plume contaminant (in);
cz= vertical standard deviation of plume'contaminant (in);
y = crosswind distance (0 m - centerline);'
h= stack height (in); and

= mean wind speed (ms). '"'"

.. ..)e
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Values for cy and crz can be determined from charts illustrating ay.and uz vs. distance (Slade,
D.H., Meteorology and Atomic Energy, TID-24190, 1968). The values for the dispersion
coefficients and x/Q are given in Table 6.

Furthermore, it was assumed that all of the fission products were released to the unrestricted area
by a single reactor room air change, which would maximize the dose rate to persons exposed to
the plume during the accident.

Table 6 Atmospheric Dispersion Coefficients and x/Q Values for PasquillF and Mean
Wind Speed of 1 m sec-1

Distance 1z Ground Level Release x/Q Ventilation Release x/Q(M) cGy (Mi) I(m) I(S M-3) S (s m" )

100 4 2 3.46 E-2 3.16 E-7
200 7 4 1.14 E-2 2.45 E-4
300 11 6 5.26 E-3 6.92 E-4
400 15 7 3.03 E-3 8.66 E-4
500 18 9 2.08 E-3 8.90 E-4
600 22 10 1.52 E-3 7.72 E-4
700 24 . 11 1.21 E-3 7.26 E-4

Additional parameters used in this accident were:
• . reactor, room ventilation exhaust rate: 0.628 m3  . .
, .• ,reactor room leak. rate:: 1.54 E,3 m3 s-;.
,.. reactor-rcom n.olume::300 m3;
* area, of north face of reactor building: 34.1 m2

.:receptor breathing rate: 3.3. E-.4 m3 s-: (NRC "light work" rate); and,
* dose conversion factors:

internal: based on DOE/EH-0071 (Ref. 12);
external: based on DOE/EH-0070 (Ref. 13).

The committed dose equivalent (CDE) to the thyroid and the committed effective dose
equivalent (CEDE) for members of the general public at a given distance downwind from'the
facility for all isotopes of concern may each be calculated by:

*BR DCj ,A.2, [eAti - e' 7.1h

(CDE or CEDE), ( Q

where:
.X/QýD = atmospheric dispersion factor at a given distance D (s m 3);

kP breathing rate (m3 s-I); "
SDCF, =.interhal dose conversion factor for isotope i (mrrem ltCi-) [Ref. 12];
A'7 i=nitial'activity 6f isotope i releasedf into the'reactor room (1tCi);
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Rv= ventilation or leakrate of air from the reactor bay (in 3 S'l);

V.-- reactor room volume (in 3 );

X= ventilation constant = Rv/V (s-1);
X= decay constant for isotope i (s-);
tl = time when plume first arrives at the receptor point (s); and
t2 = time when plume has passed the receptor point (s).

The deep dose equivalent (DDE) to members of the general public at a given distance
downwind from the facility for both the thyroid and the whole body may each be
calculated by:

(D D ET ;Iroy,, ,i orD D E wv _ Q o D CF e, , A A. [A 1 e-AiP2

A, j

where:
DCFext, = external dose rate conversion factor for isotope i (mrem mi3 LctCi' s-)

[Ref. 13].

For calculating dose to occupati6nal workers in the reactor room, stay tlimes of 2 and 5
minutes were used. Experience indicates that the reactor room cani easily be evacuated in
2 minutes. The value of 5 minutes is thought to be a reasonable longer period of time
assuming a worker is performing some task (i'e., determining if a false alarm has
occurred). The CDEand CEDE for personnel ihrthe, reactor room for'a given stay-time
may each be calculated by: .

(CDEorCEDE)ST , DCFi~t"iBR[1 I

where: "
* eff Xi + Xv; and
tsT = stay-time of personnel (s).

The DDE to personnel in the reactor room for a given stay-time for both the thyroid and
the whole body may be calculated by:'

(DDErh'r'd orDDEWB )ST = D AI-e
i kef f

The results of these calculations for all three scenarios are shown in Tables 7 thrpugh 10.
As seen from the tables, Scenario A gives the highest doses to the general public ,at any
distance, as ismight be expected since theactivity was rIeleased• 'i a very shortf tme leaving
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little time for radioactive decay. Scenario B gives the lowest doses at any given distance
since the release occurs through the stack at a higher elevation. In all cases, doses for the
general public and occupational workers were, all well below the annual dose limits
specified by 10 CFR:20.

Table 7 Occupational Radiation Doses in the Reactor Room Following a Single
-- Element Failure in Air

Seao Reactor Room Occupancy *. CDEmyoi + DDEahyoid TEDE
(mint6es) . . ". (remr) (mrem)

A '2..2.10.7 .. . 0.5
A " 5 10.7. ,. 0.5
B 2 -129.1 6.0
B 5 270.8 ... 12.3
C 2 146.1 6.8
C "5 364.3 16.5

Table 8 Radiation Doses to Members of the General Public Following a Single Element
_____. ____ _____ Failure in Air.

Scenaio A ..Scenario B Scenario B Scenario C Scenario C
Distance CDE o We CDEmyroid + TEDE CDErhyroid - . TEDE•:,' TEDE

(m) DDEThyroid m , DDEyid (mrem) DDEThyroid (mrem)

-- (mrem) - (mrem) " (mrem)
100 . 12.6 - 0.6.1 12.6 0.5 9.4 0.3
200 4.1 . 0.2 4.1 0:2 3.1 0.1
300 '-1.9 " ,0 11.9•• 0.-1 1.4- < 0.1

400 1'.1 <0A1 1.1 <0.1 0.8 <0.1
500 0 0.8 . . < 0.1. . 08 < 0.1 0.6. < 0.1
600 0.6 : : 1 0.6 <0.1 ' 0.4 ' <0.1
700 0.4' " " 0.1 0.4 <0.1 ... 0.3 <0.1

Table 9 Occupational Radiation Doses in the Reactor Room Following a Single Element
Failure in Water

t

] Pkeactor-Room Occupancy CDEn 1woid + DDEThyroid TEDE ]
Scenario (minutes) (mrem). (mreem)

A 2 0.7 0.2
A; . 5 ,0.7 0.2
•B .2 -8.0 . 1.8
B 5 16.6 ' 3.4.

± C." 2 9.1 . 2.0
:.C, 5 22.2 4.6

*1
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Table 10 Radiation Doses to Members of the General Public Following a Single Element
Failure in Water

Scenario A ".Scenaio. B . scenaio .B ScenarioC Scenario CScenaio A -Distance CDEmhyo0 d + CDErh•°d + TEDE"-,.; CDE~hid + TEDE
(i) DDE-hmr:d TE.DE DDEThyoid .(mrem). DDEThyroid (mrem).

(mrem) (mrem) (mrem)" . -mrem) m)-
100 0.8 0-.2 0.4 <0.1 0.5 <0.1
200 0.2 <0.1 0.1 <0.1 0.2 <0.1
300 0.1 <0.1 0.1 <0.1 0.1 <0.1
400 0.1 -<,0.1. <0 1 < 0.1 < 0.1 <0.1
500 <0.1 <0.1 <0. <0. <0. <0.1
600 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
700 <0.1........ <0.1 <0.1 <0.1 <0.1 " <0.1

The direct exposure from the isotopes given as the sourced term for the MHA (without
primary water) uniformly distributed in the r eactor bay to a person in the adjacent
Psychology Building was calculated using Microshield 7.02. The person was. represented
by a point 9.1 m from the building and 1 m in the air. There were two 19.24 cm thick
concrete walls between the point and the, ieactor bay. The exposure rate was calculated to
be 8.49E-3 mR h-. .

References:
1 "The Calculations of Distance Factors for Power and Test Reactor Sites," J.J.DiMunno

et al, TID-14844, U.S. Atomic Energy Commission, March 1962.
2 Regulatory Guide 3.33, "Assumptions Used for Evaluating the Potential Radiological

Consequences of Accidental Nuclear Criticality in a Fuel Reprocessing Plant," U.S..
Nuclear Regulatory Commission, April 1977. . .

3 Regulatory Guide 3.34, "Assumptions Usedfor Evaluating the Potential Radiological
Consequences of Accidental Nuclear Criticality in a Uranium Fuel Fabrication Plant,"
U.S. Nuclear Regulatory Commission, July 1979.. ........

4 Regulatory Guide 1.5, "Assumptions Used for Evaluating the Potgntial Radiological.,
Consequences of"a Loss of Coolarit Accideni for Pressurized Witer Reactors," U.S.
Nuclear Regulatory Commission, June 1974 (Also see Regulatory Guide 1.3 .on BWRs).

5 "A Guide to Radiologicil Accident Considerations for Siting and Design of.DOE,,
Nonreactor Nuclear Facilities;" J.C. Elder et at, LA-10294-MS, Los Alarmos National,
Laboratory, January 1986.

6 Nuclear Power Reactor Safety, E.E. Lewis, John Wiley and Sons, 1977, p. 521.;
7 Nuclear Engineering, Theory and Technology of Commercial Nuclear Power, R.A.

Knief, Hemisphere Publishing, 1992, pp. 353, 431.
8 "Fuel Elements for Pulsed TRIGA Research Reactors," M.T. Simnad et al, Nuc. Tech.

Vol. 28, January 1976
9 "The U-ZrHx Alloy: Its Properties and Use in TRIGA Fuel," M.T. Simnad, General"

Atomic Report E-1 17-833, February 1980.
10 Regulatory Guide 1.145, "Atmospheric Dispersion Models for Potential Accident

Consequence Assessments at Nuclear Power Plants," U.S. Nuclear Regulatory
Commission, August 1979.

11 "Calculated Atmospheric Radioactivity from the OSU TRIGA Research Reactor Using
the Gaussian Plume Diffusion Model," Bright M.K. Wong, Oregon State University
Department of Nuclear Engineering Report 7903, August 1979.
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12 "Internal Dose Conversion Factors for Calculation of Dose to the Public," DOE/EH-
0071, U.S..Department of Energy, Washington, D.C., 1988

•13 "External Dose Rate Conversion Factors for Calculation of Dose to the Public,"
DOE/EH-0070, U.S. Department of Energy, Washington, D.C., 1988

37. NUREG-1537, Part. 1, Chapter .13, Accident Analysis, states the applicant needs to present a
methodology for reviewing. the systems and operating characteristics of the reactor facility that
could affect its safe operation or shutdown. The methodology should be used to identify limiting
accidents, analyze the evolutionof the scenarios!,"and evaluhite the consequences. The 2007 SAR,
Section 13.2.3 presents an analysis of the LOCA and provides radiation dose rates in Tables 13.6
and 13.9 after extended operation at 250 kw and I MW respectively. The values in Table 13.9 at
various times after shutdown are smaller than those in Table 13.7for same times after shutdown.
Please clarify this discrepancy.

Loss of Coolant Accident

Aithough total-loss of reactor pool water is considered to be an extremely
improbable event, RRR has considered such a failure. Limiting design basis
parnameters and values are addressed by Simnad [9] as follows:

Fuel-moderator temperature-s, the basic limit of TRIGA reactor operation.
This limit stems from the out-gassing of hydrogen from the ZrH, and the
subsequent stress produced in the fuel element clad material. The strength
of the clad as a function of temperature can set the upper limit on the fuel
temperature. A fuel temperature safety limit of 1 50'C for pulsing,
stainless steel U-ZrH1.65 ... fuel is used as a design value to preclude theS•loss. 6fclad integrit), whntecaeprtre is.below 500'C. When

clad temperatures can equal the fuel temperature, the fuel temperature
limit is-950oC, There is also a steady-state operational fuel temperature

'.'. design limit of 7500 C based on considefition of irradiation- and fission-.
product-induced fuel growth and deformation.

The RRR original SAR from 1968 discussed this issue in-depth for a maximum
power of 250 kW and aluminum-clad fuel. The calculations demonstrated that the
maximum fuel;temperature, reached is 1 50°C under very conservative estimations,
and doserates from the core ,are summarized in Table 11.

Table 11:.Radiation Dose Rates After Extended 250 kW Operation and Loss
of All Shielding Water

Time from Direct Radiation Scattered Radiation
.. .. ,, Shutdown (R/hr) (RMhr)

10 seconds 2;5E3 . , 0.650
1 day .... M3.0E2 . ... . . 0.075

..I week. 1.3E2 * 0.035
I .month , 3.5E1 0.010

The radiation levels from scattered radiation are low enough that preventive
action could be taken to restore shielding to the reactor.

Similar calculations of dose rates for the direct and scattered radiation in the
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Torrey Pines Mark F were performed after a loss of coolant accident following a
full year of operation at 1.5 MW. The ceiling of the reactor bay is considered to
be a thick concrete ceiling 9 ft above the top of the reactor pool. The results are
summarized in Table 12. -

Table 12: Radiation Dose Rates After Extended 1.5 MW Operation and Loss
"of All Shielding Water

Time from Direct Radiation Scattered Radiation
Shutdown (H/hr) . . (R.hr)

10 sec. 1.5E4 3.90
Iday, 1.8E3. 0.45

1 week 8.1 E2 0.21
1 month 2.1 E2 0.06

Similar reactors running at higher maximum powers have calculated maximum
dose rates after a severe, sudden loss of coolant accident that are still low enough
to allow preventative measures to be taken to protect the. public against exposure.
As with any loss of coolant accident calculations, they. are designed with the
utmost conservatism in their base assumptions. Therefore, it is fair to conclude
that the RRR, running at one third the powerof these calculated values, will not
pose a significant threat to the public welfare under even severe accident
conditions'.

38. NUREG-1537, Part 1, Chapter 13, Accident Analysis,, states the applicant needs to describe the
mathematical models and analytical methods employed, including assumptions, approximations,
validation, and uncertainties. The 2007 SAR, Section 13.2.5 provides d descriptive analysis
involving control rod worths whbse 6rigins 'nd relationship to the' RRR have not been established,
and whose worths are combined additively with6utjustification. Section 13.2.5 discusses the
Experiment Malfunction accident and assumes a $1.00 reactivitywofrth for the experiment. It
should be established that the experiment ,eactivity worth is d hibgative {alue and failure in the

experiment introduces positive reactivity. The means for combining the worths need to be clearly
presented. Please provide a revised presentati6iihof the infdrmation.

Experiment reactivity worth is a'negative value and failure in the experiment
introduces positiVe. reactivity. Reactivity wortlis are caltulated, using the most
conservative assumptions regarding the worth of experiments, that is removal of
the experiment results in a positive reactivity event, and addinighthe experiment
also results in a positive reactivity event.

39. NUREG-153 7, Part 1, Chapter 14, Technical Specifications, states the applicant needs to establish
Technical Specifications (TS) that will provide reasonable assurance that the facility will function
as analyzed in the SAR without endangering the environment or the health and safety of the public
and the facility staff. NUREG-153 7, Part 1 provides guidance regarding TS in Appendix 14.1. The
2007 SAR, Chapter 14'presents proposed .TSfor the operation of the RRR. However, they do not
incorporate all of the guidance (e.g., required action, completion time). Please consider proposing
TSfollowing the guidance of Appendix 14.1.. L, ... .

See updated SAR Chapter 14.

RRR RAI Response May 2011 331,of 44



40. NUREG-1 53 7, Part 1, Chapter 14, Technical Specifications, states the applicant needs to establish
TS that will provide reasonable assurance that the facility will function as analyzed in the SAR
without endangering the environment or the health and safety of the public and the facility staff
The licensee shall select appropriate safety criteria, establish a Safety Limit (SL) and then establish
an associated LimitingSafety System Setting (LSSS) that will ensure that the SL is not exceeded.
The 2007 SAR, Chapter 14, TS 2.0, establishes the SL at 300 kw when operating with aluminum clad
fuel elements in the core. The associated LSSS is also set at 300 kw which will not ensure that the
SL is not exceeded. Please provide clarification andjustification for setting both limits at the same
value.

Attachment B shows that at the Safety Limit value of 5001kW'the maximum fuel
centerline temperature isz 410 0 C, which is acceptable by NUREG-1537,
Appendix 14,.Section 2.1! It further ,hows that at the LimitingSafety System
Setting of 275 kW the maximum fuel centerline temperature is 300°C. NUREG-
,1537, Appendix 14,.Section 2.2 says that the LSSS may be 10% to 20%. above the
licensed power. We have chosen' 10% (275 kW) as the more conservative setting.

'At the licensed power of 250 kW the maximum fuel centerline temperature is
'z 2800C.,

41. NUREG-1537, Part 1, Chapter 14, Technical Specifications states the applicant should establish TS
that will provide reasonable assurance that the facility will function as analyzed in the SAR without
endangering the environment or the health and safety of the public and the facility staff. The
licennsee shall select appropriate safety criteria, e itablish a SL and then establish an associated
LSSS thatawilt ensure that the-SL'is not exceeded. The important parameter for a TRIGA reactor is
Mhe fuel rod temperature. The SL should be established based on the maximum permissible
temperature of the fuel rod. The LSSS should be set so that the SL will not be exceeded iinder all
conditions, 9f operqtion., The 2007 SAR, Chapter 14, TS 2. 0establishes the SL and the LSSS using
reactor power with noc.correlation of this, poWer to fuel temperature. Please provide fuiel rod
temperatures.at the power, levels established for the SL and LSSS.

See updated SAR Chapter 14.

42. NUREG-153 7, Part 1, Chapter 14, Technical Spe'cifications, states the applicant needs to establish
TS that will provide reasonable assurance that the faciiity will function as aniilyzed in the SAR
without endangering the enviroinmentpr the health and safety of the public and the facility, staff
The 2007, SAR, Chapter 14 in several sections of the TS refers back to sections of the SAR. that do
not exist,, do not have the stated infqrmation discussed, or do not provide.the requisite analysis
required to validate the information in the Technical Specification.

For example:.

Teihnical SpecficationS'2.1.5, "Bases"'states: '

.::Safety Analysis Report, Section 3.5.1 (Fuel System) identifies design and operating constraints for
TRIGA fuel that will ensure cladding integrity is not challenged"

Technical Specifications 2.2.5, "Bases" states: ...
"Analysis in the Safety Analysis Report, 4.5.3, demonstrates fuel centerline temperature does not exceed

.- ,~~ Anlyi Reot 4.5 , .. ,,.3 demo.s

• 6000C.atpowier levels approximately 1.25 MWwith bulkpool water temperature at approximately

'Technica Specifications 3.1.5, "Bases states: .
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"'Safety Analysis Report Section 13.2 demonstrates that a $3. 00 reactivity insertion from critical, zero

power conditions leads to maximum fuel temperature of250°C, well below the limit."

Technical Specifications 3.2.5, "Bases" states: '

"Calculations in Chapter 4 assuming 500 kW operation and 83fuel elements demonstrate fuel
temperature limits are met."

These calculations or sections do not appear in the SAR. Please provide the information supporting these
statements in the TS.

See updated SAR Chapter 14..

43. NUREG-1537, Chapter 14, Technical Specifications, states the applicant needs to establish TS that
will provide reasonable assurance that the facility willfunction as analyzed in the SAR without
endangering the -environment or the health and safety. of the public land th facility "staff The 2007
SAR, Chapter 14, TS 3.14, Actions, presents required actions for various TSviblations. However, it
is incomplete in that it does not include conditions, required actions and completion time for the
rate of reactivity insertion by control rod motion (i. e; no greater than 0. 12%' delta kWk/second. In
addition, it states the limitations on experiments are found in Section 3.8 which is incorrect. Please
provide 'this 'additional information and corrections.

*See updated SAR Chapter 14. . ,

44. NUREG-1537, Part. 1, Chapter 14, Technical Specifications states the applicant needs to establish
TS that will provide reasonable assurance that the facility will function as analyzed in the SAR
without endangering the environment or, the health and safety of the public and the facility staff
NUREG 153 7, Part ] provides guidance regarding TSin Appendix .14.1. .:.,

Appendix 14.1 suggests that the maximum scram time should be :sp e/ifed for each scrammable rod and the
specification should ensure that the drop times are consistent with the SAR dndlyii. ofreactivity required as
afiunction of time to terminate a reactivity addition event accouhting fo measuremdn't andcalculational
uncertainties.

The 2007 SAR, Chapter 14, TS 3.4.3, Specification, there is the statement, "Control rods are capable of
90% offill reactivity insertion fiom the fully withdrawn position in. less than 1 second" but-an associated.
action statement has not been included if the control rods fail to meet the specification.

* Please provide information concerning why this has not been included. Additi6nally, automatic scram
conditions are usually established, with associated actions, for reactor operati6ns outside of the normal
operating mode or normal conditions, (e.g. scram at] 10% offull licensed pow'er or reactor ta.nkcoolant
level below a specified normal operating value). '

Conditions such as those described above are not clearly stated in the TS section of the application with
associated required Surveillance Requirements and Actions. Please provide the missing infqrmation.

See updated SAR Chapter 14. Experience and analysis have'indicated that for the
range of transients anticipated for a TRIGA 'eactor, a one second scram time is
adequate to assure the safety of the reactor.

45 •UE-13,Pr . 1, "hpe .,`1, Tcna'l;v'S ' a ;,':

45. NUREG-15 37, part]1, Chapter 14, Tec~hnical Specifications, states the applicdnt needs to establish
TS that will provide reasonable assurance that the facility will function as analyzed in the" SA'R
without endangering the environment or the health and safety of the public and the facilityj staff
Water level monitors for the reactor tank would provide information concerningpdssible .tank
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leakage:. The 2007 SAR, Chapter 14 does not include TS (Limiting Conditions for Operations
(LCO) and/or Surveillance Requirements (SR)) for monitoring the water level and water additions
to the tank. Please propose TS on reactor tank water level and water addition monitors which
would provide assurance for early detection of a possible leak in the reactor tank.

See updated SAR Chapter 14.

Attachment B calculations show that the core can operate in a safe manner at
power levels upto 250 kW with natural convection flow of the coolant water. In
the event of accidental sipho'ning of pooi wafer thr6ugh inletand oiltlet' pipes the
'pool water level will drop to ialevel no less than:5 met.ersf.om the upper core
plate either due to a siphon brea k or due to the pi e ending (SAR 5.2). The bulk
Water temperature alarm provides waming so that correctivq, action can be
initiated in a timely manner to protect the demineralizer resin. The alarm is
located in the control room.

To limit the dose rate in the reactor bay so that.visitor may access the room the
dose rate should be less than 2 mrem per hour. The pool activity is limited to 1
' Ci/ml to reach this goal. Consider a slab of uniformly distributed radioactive
material characterized by a linear absorption coefficient g. If the slab is defined to
be of cylindrical shape with a radius R and thickness t, the dose rate at point a
distance h above the centerline of the slab is

D = 7r G (Cv/ji)(i -e1"t) In ((R2 +-h 2)/h2))

'where"
D - dose' rate (mR/hr) at a distance h from the surface
G = gamma constant (mR-m2/hr-mCi)
C= activity concentration in the slab (mCi/ml)'
t = thickness of slab,(m)
R = Radius of slab (m)

Ref: Contemporary Health Physics: Problems and Solutions, Bevelacqua, John
Wiley andSons, 1999, page 463

Assuming Na-24 for the 'slab with a radius of 1.52 m. and thickness of 7.62 m to
approximate the RRR Pool, dose rate one meter above the pool will be:

Xo(h) = ir (1.84 mR/hr/m)((0.001 mCi/ml)/(0.06))(1 -e(°0 0 6)762)) In (((1.52)2

+ 12)/12)))

" Xo(h) =1.15 mR/hr.

46. NUREG 153 7 Part 1, Chapter14, Technical Specifications, states the applicant needs to establish
TS that will provide reasonable assurance that the facility willfunction as analyzed in the SAR
without endangering the environment or the health and safety of the public and the facility staff.
The 2007 SAR Chapter 14, TS 4.4.5 (BASES);'it isstated that "the power, level sbram in not
credited in the analysis, but provides assurance that the reactor is not operated in conditions
beyond 'he assumptionsused inthedhalysis (Table 13.2.1.4). "Neither the' Table nor the analysis
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referenced could be located in the 2007 SAR. In addition, Section 13 of the SAR discusses accident
analysis and does not normally provide a basis for a TS on the requiredmeasuring channels during
operation. Please correct the TS.

See updated SAR Chapter 14.

47. NUREG-1537, Part 1, Chapter 14, Technical Specifications, states the applicant needs to establish
TS that will provide reasonable assurance that, the facility willfunction as analyzed in the SAR
without endangeringthe environment or the health and safety of the public and the facility staff
The 2007 SAR., Sections 1.3.5.2, 3.5 and 9.1 state that if radioactive material releases associated
with reactor operations occur, a controlled ventilation system minimizes exposure to reactor
personnel and the public. Ventilation exhaustfrom the reactor room will shift to a filtered exhaust
upon a manual signal or on high, radioactivity of the air in the room and the function shall be tested
semi-annually. However, a SR has hoi been'established for testing the Gaseous Effluent Control
System to ensure that it functions correctly when needed Please prop6se a SR or provide a
justification as to why one is not necessary.

See updated SAR Chapter 14.

48. NUREG-1537, Part 1, Chapter 14, Technical Specifications, states the applicant needs to establish
TS that will provide reasonable assurance that, the facility willfunction as analyzed in the SAR
without endangering the environment or the health and safety of the public and the facility staff
The 2007 SAR, Chapter 14, TS 3.5 provides a LCO for the reactor bay.ventilation system. The
objective stated is to ensure that exposures to the public resulting from gaseous effluents released
during normal operation and accident conditions are within limits. However, the LCO is
incomplete in that it does not establish the conditions under which the ventilation system operates
in the various modes possible. In addition, the discussion in the bases is incomplete. Please propose
a TS limiting the operation of the ventilation system for normal and accident conditions.

See updated SAR Chapter 14. .

49. NUREG-1537, Part 1, Chapter 14, Technical Spe'ficiations states the applicant needs to establish
TS that will provide reasonable assurance that the fdcility willfunction as analyzed in the SAR
without endangering the environment or the health and safety of the public and the facility staff In

'the 2007 SAR, Sections 14, 'TS2.2.4 and 3.2.4, it is stated'in the Actions-Required Action section
that if the SL or LCO is exceeded then the operator has:,the option of reducing the power level to
the SL or LCO limit: These TS are in direct conflict with TS 6.8 and 6.9 which specify the action to
be taken in the event "asafety limit is exceed and in the. event of a reportable occurrence. Please
correct thefts. . - . ., -.- I

See updated SAR Chapter 1.4.. . ,

50. NUREG-1537, Part 1, Chapter 14, Technical Specifications, states the applicant needs to establish
TS that will provide reasonable assurance that the facility will function as analyzed in the SAR
without endangering the environment or the health and safety of the public and the facility staff In
the 2007 SAR, Section 14, TS 3.3 and 3.4.3,Measuring Channels and Safety Channel and Control
Rod Operability there is a specification that states:

. . , -. , . .. .,. A .'

"(2) There is a neutron-induced signal on the STARTUP CHANNEL"

Table 1 of the same Section lists the Minimum Measuring,Channel Complement. However, labe I does not
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list the "STARTUP CHANNEL" as one of the required measuring channels that must be operable prior to
actual reactor startup. Please correct this omission.

See updated SAR Chapter 14.

51. NUREG-153 7, Part 1, Technical Specifications, states the applicant needs to establishes that will
provide reasonable assurance that the facility will function as analyzed in the SAR without
endangering the environment or the health and safety of the public and the facility staff The 2007
SAR,. Chapter 14, does not provide TS concerning the requirement for interlocks. As an example,
there is no TS requiring an interlock to prevent reactor startup if there is not a neutron induced
signal cn the start up channel. Please propose TS which include specifications for all the interlocks
required for operation.

See updated SAR Chapter 14.

52. NUREG-153 7, Part 1, Chapter14, Technical Specifications, states the applicant needs to establish
TS that-will.provide reasonable assurance that the facility will function .as analyzed in the SAR
without endangering the environment or the health and safety of the public and the facility staff
The 2007 SAR Chapter 14, Section 14, TS 3.8.3 it is stated that:

(1) Water temperature at the exit ofthe reactor pool shall not exceed 55C, with flow through the primary cleanup
loop is

(2) Water conductivity shall be less than 2 micro-siemens/cm
(3)" Water level above the core shall be at'least 5 meters above the top ofthe core

However, there is no discussion of where the parameters in (1) and (2). above are monitored and by whom.
In addition, the surveillancefrequencyfor parameter (2) is confusing because it states tha. it will be
measured daily and at least once every four weeks. Technical Specification Amendment #8 states that the
new criteria.for reacior pool waier temperature is 4$oCfor Parameter (1). Clarify the discrepancies
identified and provide the information reque.ted ab6ve,

See updated SAR Chapter 14.

53. NUREG-1537, Part 1, Chapter 14, Technical Specifications, states the applicant needs to establish
TS that will provide reasonable assurance that the facility will function as analyzed in the SAR
without endangering the environment or the health and safety of the public and the facility staff

,From the. Tables, it appears that the "CHANNEL, TEST of Percent Power Safety Circuit SCRAM"
and the :."Reactor power. level MEASURINGCHANNEL, CHANNEL TEST." are the same thing with

.different surveillance frequencies(refer, to TS 4.2.2, and 4.3.2). Please clarify the.SR. including what
daily means (eýg., does daily mean each day before startup...

See updated SAR Chapter 14."

54: NUREG-1537, Part I, Chapter 14, Technical Specificaticins, states the applicant needs to establish
TS that will provide reasonable assurance that the facility will function as analyzed in the SAR
without endangering the environment or.:the health and safety of the public and the facility staff
There are many terms in the TS that refer to "TEST", "CHECK", or "CALIBRATION", that are
used~i~terchbangeably (refer to, TS 4.5.2, and4.3.2). The terms are defined in Chapter 14, TS 1. 0.
Howevet, :titeterms are not always consistently' applied, leading to confusion. Please clarify the
usage of the terms: .* -.
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See updated SAR Chapter 14.

55. NUREG-1537, Part 1, Chapter 14, Technical Specifications, states the applicant needs to establish
TS that will provide reasonable assurance that the facility will function as analyzed in the SAR
without endangering the environment or the health and safety of the public and the facility staff

The 2007 SAR, Chapter 14, TS 3.6.5, it is stated that.

"Specifications 3.6(1) and 3.6(2) are conservatively chosen .to limit, reactivity additions to maximum values
that are less than an addition that could-cause the fuel temperature to rise above the limiting safety system
set point (LSSS) value. The temperature rise.for a$S. 00 insertion is known from previous license conditions
and operations and is known not to exceed the LSSS."

Please provide the documented analysis to support the statement..

Temperature distribution within a fuel. element during a rapid transient (i.e., a
pulse) is dependent on both time and spatial position within the element. This
question can, however, be answered using a point kinetics approach with some
conservative assumptions.

Pulse transients are normally rapid enough that adiabaticconditions can be..
assumed. If adiabatic conditions are assumed, temperature distribution will mimic
power distribution. The hottest part of the fuel element will be located at the outer
radius of the fuel element, near the axial centerline. Following the rapid pulse
transient, energy will be redistributed within the fuel element. Analysis of OSTR
fuel which has very similar thermal behavior to the RRR fuelVwas done using the
RELAP thermal/hydraulic code. This analj'sis showed that the temperature profile
within a fuel element will be reversed (i.e., no longer hottestofl the outer edge)
within no more than 20 seconds following pulse peak povwer. The, peak
temperature following the reversal was also much lower than the peak
temperature observed immediately after peak pulse power. It can.therefore be
conservatively assumed that peak temperature experienced by the fuel will be less
than ,

.... . ; . .. . W +AW'max.PF ' . .
.. .O±Llm. Pt

where To is-the initial fuel temperature, ATmax is the average temperature-rise in a
'point reactor' under adiabatic conditions 20 seconds after the pulsepeak and PF
is the effective peaking factor. To is assumed to be the maximum pool temperature
of 50'C. PF is found from the power distributionanalysis discussed in' the'thermal
hydraulics report. ATmax is found by modeling the core as a point reactor and
solving the point reactor kinetics equations using a semi implicit numerical
solution method. The value of aT, the reactivity temperature coefficient, is. taken
from Attachment A:

UT -5.18E-5-T*9.18E-8 Ak/k per degree C'

The heat capacity for an average fuel element is found by taking the volumetric
heat capacity from the Simnad -report for.8.5 weight percent LEU fuel and.
multiplying it by the average fuel volume of a RRR fuel element:',
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C= 768.3+T* 1.494 Joule per degree C

There are 65 fuel elements in the modeled core. The average fueled volume is
358.3 cmA3. The remainder of the information needed to solve the point reactor
kinetics equations is determined by U-235 delayed neutron fractions and decay
constants. Mean neutron generation time for the RRR is not well known, but the
temperature rise following a $1.00 reactivity insertion was found to depend only
very weakly on mean' neutron generation time. Changing mean neutron generation
time from 30 microseconds to 300 microseconds produced a :30C change in
predicted :teniperature' ris&. Using this approach and the stated assumptions, a
$1.00 reactivity insertion will produce a maximum fuel temperature no greater
thanS0 + 144 * 2.952 - 475.1°C.'This upper bounfd could'likely be significantly
reduced using a RELAP based analysis.'

56. NUREG-153 7, Part 1, Chapter 14, Technical Specifications, states the applicant needs to establish
TS that will provide reasonable assurance that the facility willfunction as analyzed in the SAR
without endangering the environment or the health and safety of the public and the facility staff
NUREG 1537 guidance states in Section 14, 4.1 that the shutdown margin needs to be determined
semiannually (every 6 months). In the 2007 SAR, the licensee has not provided actual RRR core
reactivity and control rod worths. It is therefore, difficult to understand how this requirement is
being met. Please provide the procedure for determining shutdown margin and an example from
RRR records showing how this procedure has been implemented.

See attached SOP 34, Control Rods. Section 34.7.1 describes how we calibrate
our control rods

Typical Control Rod Worths were recently measured as:

Safety Rod $3.37
Shim Rod $3.27
Regulating Rod $1.34

$7.98

The Core Excess when critical at 5 W is typically:

Safety Rod $0.65
Shim Rod $0.65
Regulating Rod $0.35

$1.65

With a typical core excess and the most reactive control rod stuck out, the reactor
will be subcritical by $7.98 - $1.65 - $3.37 = $2.96. With the maximum allowable
core excess the reactor would be shutdown by $7.98 - $3.00 - $3.37 = $1.61
which is still greater than the $0.50 minimum.

57. NUREG-1537, Part 1, Section 16.1 states the applicant should consider how a component or
system was used in the past and evaluate the continued serviceability considering aging, wear, etc.
and also to consider the suitability of items procured from other facilities. The 2007 SAR., Section
16.1, Prior Use of Reactor Components, the licensee described the depletion of the original fuel,
receipt offuel assemblies from Berkley University, and some damage to the RRR fuel inventory.
Also described is the receipt of control rods from Cornell University. However, there is no
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discussion of the aging of components or the effect cf the used components upon the ability of RRR
to continue to safely operate. Furthermore, there is no discussion regarding the suitability of items
supplied from other universities for use by RRR. Flease provide an analysis of component aging to
ensure that systems and components important to safety;continue to be appropriate for use. Please
provide a discussion of the safety.evaluations performed on the previously utilized fiel rods and
control rods, before they:were placed into service at Reed...

See updated SAR Section 16.1.. Routine in-service inspections look for evidence
of deterioration or.corrosion such there is a reasonable expectation that the
components will be able to perform. their functions safely, for another 20 years.

58. NUREG-1537, Part,1, Section 12.9, Quality Assurance, provides guidance on Quality Assurance
for research reactors. The 2007 SAR, Section 12.9 discusses quality assurance (QA). However the
discussion is incomplete in that it does not include how QA will apply to replacements,
modifications and changes to systems having.a s.afety related function. Nor does it discuss how QA
will be applied to the required audit function of the Reactor Review Committee. Please 'address
these deficiencies. .. .

* See updated SAR 'Section 12.9. "
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1. Introduction

This report.contains the results of investigation into the neutronic behavior of the

Reed Research Reactor (RRR). The objectives of this study were to:. 1) create a model

of the RRR to study the neutronic characteristics, and 2) demonstrate acceptable

reactor performance and safety margins for the RRR core under normal conditions.

The design and analyses in this report provide comparisons of reactor

parameters and safety margins for the currently configured RRR core. Neutronic

behavior of the RRR core is analyzed under normal conditions. The current RRR core

contains a loading of 64 fuel elements, three control rods, and various experimental

facilities. The RRR core is'shown to have acceptable reactivitycoefficients. With proper

fuel inventory management, the RRR core also maintains acceptable shutdown margin

and excess reactivity characteristics.

2. Summary and Conclusions of Prihcipal Safety Considerations

The conclusion of this investigation is that the MCNP model does an acceptable

job of predicting behavior of the RRR core. As'such the results suggest thai the RRR

core can be safely operatedwithin the parameters set forth..in.the technical:

specifications. Discussion and specifics of the analysis are located. in the following:

sections.

3. Reactor Fuel

The fuel utilized in the RRR is TRIGA®fuel manufactured by General Atomics.

The use of high-uranium content, low-enriched uranium/zirconium hydride fuels in

TRIGA® reactors has been previously addressed in NUREG-1282.1 This document

reviews the characteristics such as size, shape, material composition, dissociation

pressure, hydrogen migration, hydrogen retention, density, thermal conductivity,

volumetric specific heat, chemical reactivity, irradiation effects, prompt-temperature

coefficient of reactivity and fission product retention. The conclusion of NUREG-1282 is

that TRIGA® fuel, including that utilized in the RRR, is acceptable for use in reactors

designed for such fuel.
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The design of standard stainless steel clad fuel utilized in the RRR is shown in

Figure 1. Stainless steel clad elements used at RRR all have fuel alloy length of 38.1

cm. The characteristics of standard fuel elements are shown in Table 1. Aluminum clad

fuel elements with three different fuel alloy:lengths are also used in the RRR core. Outer

dimensions of aluminum and stainless steel clad elements are the same, but

dimensions of interior structures differ. Fuel meats in the aluminum clad elements also

lack the innermost zirconium pins present in the stainless clad elements. Characteristics

of these aluminum clad fuel elements, are shown in Table 2.

Table 1 Characteristics of Stainless Steel Clad Fuel Elements

Fuel Type SS Clad
* Uranium content [mass %] 

BOL U-235 enrichment [mass % U] 19.75
Fuel alloy innerdiameter [mm] 6.35
Fuel alloy outer diameter [mm] 36.449

Fuel alloy length [mm] 
Cladding material Type 304 SS

Cladding thickness [mm] 0.508
Cladding outer diameter [mm] 

Table 2 Characteristics of Aluminum Clad Fuel Elements

'Fuel Type Full Height All % Height Al ¾ Height Al
Ura'nium content [mass %]  

BOL U-235 enrichment 19.89 20.2 20.1
Fuel alloy inner diameter [mm] --- ---
Fuel alloy outer diameter [mm] 

Fuel alloy length [mm] -355.6 177 8 266.7
Cladding material AlI Al. Al

Cladding thickness [mm] 0.8255 0.8255 0.8255
Cladding outer diameter [mm] 

* .- *' *
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Figure I TRIGA® Stainless Steel Clad Fuel Element Design Utilized in the RRR

Core
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4. Reactor Core

The RRR core is a 6 ring (A through F) circular array composed of stainless steel

clad and aluminum clad TRIGA fuel. The core also contains several non-fueled

locations. The original core installed in 1968 comprised solely aluminum-clad fuel

elements. There have been 46 distinct core configurations since inception. The current

configuration established in 2009 includes 10 stainless steel clad elements installed in

the B-ring and parts of the C-ring. These stainless clad elements were loaded between

1973 and 2008. The total number and type. of elements used is shown in Table 3. The

current core arrangement is shown in Figure 2. This arrangement was used to model-

and.analyze the RRR core.

Table 3 Core Components for the current RRR core

.... ' -Number of
Type of Elements'. Nlments

Elements

Stainless steel clad fuel elements 10
Aluminum clad 14" fuel elements. 52
Aluminum clad 3/4 fuel elements', 1
Aluminum clad 1/2 fuel elements 1
Aluininum.ý-lad reflector elments 21

* I -
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Figure 2 Schematic Illustration of the RRR Upper Grid Plate Showing the

Typical Arrangement of Core Components

Detailed neutronic analyses of the RRR core were undertaken using MCNP5. 2

MCNP5 is a general purpose Monte Carlo transport code which permits detailed

neutronic calculations of complex 3-dimensional systems. It is well suited to explicitly

handle the material and geometric heterogeneities present in the RRR core. In the

model developed to describe the RRR, facility drawings provided by the manufacturer at

the time of construction of the facility were used to define the geometry of the core and

surrounding structures. The geometry of the stainless steel clad fuel elements and

control rods were based upon the manufacturing drawings for the assemblies,

TOS21OD210 Rev. R, TOS210J220 Rev. T, and TOS250D225 Rev. A, respectively.

Geometry of the aluminum clad fuel elements were based upon the manufacturing

drawings TOS21OD130 Rev. K and TOS210C172 Rev. A. Representative Cross-

sectional views of the MCNP5 model are shown in Figure 3 and Figure 4.

RRR Neutronic Analysis 5 March 2011
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Figure 3 Horizontal Cross-section of the MCNP5 Model used to Perform
Neutronic Analyses of the RRR Core (taken at the core mid-plane, showing model

central region only)

Figure 4 Vertical Cross-section of the MCNP5 Model used to Perform Neutronic
Analyses of the RRR Core (different scale and larger extent than Figure 3)
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Detailed start-up testing data was not available for the RRR. If the data was

available, a series of MCNP5 analyses based upon various core configurations could be

run to determine the bias of the model. This bias represents such things as differences

in material properties that are'difficult to determine or unknown (i.e., lack of

manufacturer mass-spectroscopy data on the exact composition of individual fuel meats

and trace elements contained therein) or applicability of cross section data sets used to

model the reactor (i.e., interpolation between temperatures). As a result, the validation

of the model was based upon the ability of the code to accurately predict both core

excess and control rod reactivity worth as compared with measurements made on the

reactor in January 2010.

Because the entire core has only seen approximately 61.1 MW-days of operation,

a detailed depletion anaiysis.was not. performed, however depletion was taken into

account in two ways. First, U-235 was rembvedifrom the Beginning of Life (BOL)

amount present in each fuel element in accordance with the total energy produced by

each fuel element over core life. No other materials (i.e., plutonium, fission products)

were added to fuel elements. Second, control rod absorber number density and

absorber radius were reduced in an effort to mimic boron depletion. Boron distribution in

the control rods at this point in core life would be non-uniform due to self shielding, with

the highest degree of depletion occurring in the outermost portions of the absorber.

Boron number density was reduced by 5% and absorber radius was reduced from 1.53

cm. to 1.3'0 cm. (i.e., 15% reduction) to account for, boron depletion in a simplified

manner. These reductions in number density and absorber radius resulted in

reasonable agreement between measured and calculated values of total control rod

worth (TRW). Measured TRW for the analyzed core was $7.92. Calculated TRW for the

analyzed core was $8.11.

Fuel element meats were modeled as a homogeneous mixture of U-235, U-238,

natural zirconium and hydrogen (ZAID's 92235.66c, 92238.66c, 40000.66c, 1001.66c).

Compositions of all other significant materials are shown in Table 4.

-...J

: ., ' : . r , • , '."- '. ":i ". . ••, ,',•', ': . • ," . . ", " .: ' • . .",, - '. • . •. •
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Table 4 Physical Densities and Mass Fractions for Selected Core Components in the
MCNP5 Modelfof the RRR

Physical,
Material Density Nuclide Mass Fraction

[glcm3]
C-12 7.993E-04

Type 304 SS 7.857 Natural Cr 1.900E-01
(Fuel Clad) Natural Ni 1.OOOE-01

'__....____._'_"Natural:Fe ' 7.092E-01

Graphite Reflector 1.560* C-12 1.0000
(F ue l) ._..._._._., -_... .

,Graphite Reflector 1.560* C-12 1.0000
Elements

Graphite Re'flector'
(Cre) R1.698 C-12 1.0000'.(Core) . . . .•'

Z" Fuel. Pin
6.398 Natural Zr 1.0000,(SS clad .elements) ,...

C-12 6.165E-04
Natural Cr• 1.465E-01

Stainless Steel ., Natural Ni .7.713E-02',3.'056"
+ Water Mix Natural Fe 5.470E-01

-- , H-1 . . 2.560E-02

_0-16 2.032E-01

Pure Aluminum 2.700 AI-27 1.0000
AI-27 0.9793

, . . 'Natural Cr' 1.900E-03

. Aluminum " 2.700 ., Natural.Cu . 2:800E-03
2_ 6061-T6 Natural Mg 1.OOOE-02

Natural Si 6.OOOE-03

B-10 1.475E-06
.... H-1 0.1119

Water 1.000
0-16 0.8881
;N-14 , 0.7671

Air 1.29E-03
_0 0.2329

* Smeared density,

g/cm 3.

accounting for graphite to clad gap. True physical density is 1.75
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5. Effective Delayed Neutron Fraction

The effective delayed neutron fraction for the RRR core was calculated with

MOCNP5 by utilizing the expression
.. 1-

k
kp+d

where kp is the system eigenvalue assuming fission neutrons are born with the

energy spectrum for prompt'neutrons, and kp+d is the system eigenvalue assuming

fission neutrons are born with the appropriately weighted energy spectra for both

promptand delayed neutrons. The traditional effective delayed neutron fraction is

0.0075 and the calculation has verified this number. The calculation produced 0.00778

± 0.00020 which is within 1.5 standard deviations of the value in use. This is also in

reasonable agreement with values predicted in other LEU TRIGA cores (i.e., Oregon

State University I3ef = 0.0076, Washington State University Peff = 0.0075). The' value I3eff

= 0.0.075 is used to express all dollar values of reactivities in this report.

6. Cor'e Excess, Control Rod Worth and Shutdown Mar'gin

The calculated excess reactivity of the RRR was $1.65 ± $0.11 assuming cold,

clean conditions with no experiments in the core. This compares very favorably with the
measured value of $1.66 from rod calibrations pe'rformed in-January 2010. The

reactivity worths of the individual control'rods were calculated using the rod positions

from rod calibrations performed by Reed College-in January 2010. The results of the

MCNP5 reactivity calculations are compared to the measured values in' Figure 5,

through 7. Uncertainty in the MCNP5 calculations is determined by la values of,

successive keff quantities. Uncertainty of reactivity measurements using the rod pull

method has been estimated as +/- 5% per rod pull3. The integral rod Worths are

summarized in Table 5. The calculated values are in reasonable agreement with the

measured values, with TRW differing by 2.4%.
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Figure 5 Reg Rod Worth for RRR Core

In accordance with Reed College operating procedures, the Reg rod is calibrated

first, and is withdrawn sequentially from full insertion (0% withdrawn) to full withdrawal

(100% withdrawn). After the reg rod is calibrated, the reactor is configured with the reg

rod and shim rod fully withdrawn and the safe rod inserted to maintain criticality. This

results in two control rods fully withdrawn and the third near mid height. The safe and

shim rods are then calibrated by pulling the safe rod, measuring the period and then

inserting the shim rod to re-establish criticality at the initial starting power. The result of

this method is that the shim and safe rods curves are based on measurements taken on

only the upper portions of the rods. The remainder of the rod worth curves is

established by fitting a third order polynomial to the collected data. Results are also

customarily plotted to show rod worth as $0.00 when the rod is 100% withdrawn. The

remainder of the rod worth curves indicates the amount of reactivity inserted by

inserting a control rod to the indicated position.
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Table 5 Summary of Measured and Calculated Integral Control Rod Worth for the

RRR

Control Rod
Measured Rod

Worth [$]

MCNP5 Calculated

Rod Worth [$]

Shim Rod 3.27 +/- 0.63 3.53 +/- 0.10

Safety Rod 3.31 +1- 0.64 3.52 +/- 0.10

Regulating Rod '1.34 +/-•0.22 , 106 +/- 0.09

Sum of all Rods 7.92 +/-0.93 8.11 +/- 0.17

Shutdown margins for the RRR core were calculated using the MCNP5 model by

fully inserting two rods with the remaining rod fully withdrawn. The results of the

shutdown margin calculation are presented in Table 6. The calculated shutdown margin

met the required Technical Specification shutdown margin (at the time of the start-up

testing) of 0.4%Ak/k, or $0.53 shutdown with any rod fully withdrawn from the core.

Shutdown margin values calculated directly using MCNP5 should be close to values

inferred from individual rod worth data (measured or calculated), but it is not expected

that they should be identical due to rod shadowing effects.

Table 6 Summary of Shutdown Margin Calculations for the RRR Core

Control Rod Shutdown Margin Calculated by

Fully Withdrawn MCNP5 model

Shim Rod -2.54 +1- $0.04

Safety Rod -2.70 +/- $0.04

Regulating Rod -4.56 +/- $0.04

7. Fuel Prompt-temperature Coefficient

The prompt-temperature coefficient associated with the RRR fuel, (F, was

calculated by varying the fuel meat temperature while leaving other core parameters

fixed. The MCNP5 model was used to simulate the reactor with all rods out at 300, 400,

'ýRRR Neutronic Analy'sis •: 12 'RtR Neutron-. A March2011



600, 800, and 1200 K. The prompt-temperature coefficient for the fuel was calculated at

the mid-point of the four temperature intervals, and the results were fit to a linear

expression. The results are shown in Figure 8 and tabulated in Table 7. The prompt-

temperature coefficient is observed to be negative for all -evaluated temperature ranges

with increasing magnitude as temperature increases. This behavior and range of

magnitude compares favorably with results given in Simnad et. al.4

I.-

Ii-

8

I.
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2. . .

V . i . ,

Temperature [Degrees Cekius]

Prompt-Temperature Coefficient, aF, as a Function of TemperatureFigure 8

Table 7 Prompt Temperature Coefficient

Temperature Prompt Temperature Coefficient

[°C] [%Ak/k/0C]

77 -6.11 E-03

227 -8.70E-03

427 -6.22E-03

727 -1.31 E-02

. . . .... I... . .. . . • -. , :
. .. -. , . . ,/ .', . .. . •...ti . . . f . . .... . . >

.... : . ... .. .,-.' ..' ,...;... . .,; •. '', :: "•. . ! •• • . . . • •
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8. Moderator Void Coefficient

The moderator void coefficient of reactivity was also determined using the

MCNP5 model. The voiding of the core was. introduced by uniformly reducing the

density of the liquid moderator in the entire core. The ca.culation was performed for

several different voiding percentages (i.e.,, 100% to 75%, 100% to 50%, 75% to 50%,

.etc.). The void coefficient was negative for every, interval and the average value was

found to be -$0.83/% void.

9. Moderator TemperatureCoefficient"

The moderator'temperature coefficient of reactivity,: am, was determined by

varying the moderator temperature within the MCNP5 model RRR core from 20 0C to

600C. Within this temperature range, the calcilated moderator temperature coefficient

of reactivity was -0.570/1C.

10. Core Power Distribution

The fuel element power distribution throughout the core is illustrated in Figure 9.

For nominal operating power of 250 KW, the average fuel element power is 3.91 KW

and the maximum element power is 7.24 KW (gridplate position B5).

RRR Neutronic Analvsis 14 March 2011
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Figure 9 RRR Core Power Distribution

11. Summary I

MCNP5 was used to calculate fundamental and operational parameters for the

Reed Research Reactor. Values of fundamental parameters agree well with theoretical

values. Values of operational parameters agree well with measured values. The results

of this study indicate that the RRR can be operated safely within the Technical

Specification bounding envelope.
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1 Introduction

This report contains the results of investigation into the thermal hydraulic behavior of the Reed
Research Reactor (RRR). The objectives of this study were to: 1) create a model of the RRR to'
study the thermal hydraulic characteristics, and 2) demonstrate acceptable reacttor performance
and safetymargins for the RRR coreunder noremal conditions.

2 Summary and Conclusions of Principal Safety Considerations

The conclusion of this investigation is that the iherm'al hydraulic model does an acceptabl'e job of
predicting behavior of the RRR core. As such, the results,suggest that the RRR core can be safely
operated within the parameters set forth'ih the technical specifications. Discdssion and specific

details of the analysis are located in the following sections., '; '

3 Thermal Hydraulic Analysis

The TRIGAO system operating with cooling provided by natural convection water flow around the
fuel elements was analysed. The predicted steady state thermal-hydraulic performance of the RRR
was determined for the reactor operating at 250 kW with a water inlet temperature of 48.9°C.

Operational data from the Oregon State University TRIGA Reactor were used for benchmark
comparisons. The maximum power fuel rod and maximum power heated subchannel were
analysed for the RRR under steady-state conditions. The RELAP5-3D computer code (Ref. 1) was
used to determine the Departure from Nucleate Boiling Ratio (DNBR) using the Bernath correlation
critical heat flux tables. The power in the hottest rod at which critical heat flux is predicted to occur
was also calculated, as well as the maximum fuel temperature in the hottest rod.

4 RELAPS-3D Model

The analysis was performed using a single flow channel divided into axial and radial segments
(nodal distribution is described below). The RELAP5-3D model seen in Figure 1 consists of a Coolant
Source, Cold Leg, Horizontal Connector, Hot Channel, and Coolant Sink. This model is
representative of a single RRR core subchannel, assumed to be the hot channel.

The Coolant Source is modeled as a time dependant volume in RELAP5-3D allowing for an inlet
pressure and temperature boundary condition to be imposed on the system during the analysis.
The Cold Leg is incorporated into the RELAP5-3D model in order to create a pressure differential
between the cold coolant entering the subchannel and the heated coolant passing through the
subchannel. This pressure differential drives the natural circulation flow. The Horizontal
Connector serves no physical purpose in the RRR, but is rather a nonphysical connector between
the cold leg and hot channel to allow for communication between Volumes 101 and 103 during the

computational process. The Hot Channel (Volume 103) is the volume which contains the fuel rod
of a single RRR subchannel. It is assumed in the RELAP5-3D model that the hot channel has the
most conservative thermal hydraulic parameters found in the RRR core and that it is located in the

B ring.
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Coolant Source (100) Coolant Sink (104)

Cold Leg (101 Hot Channel
(103)

Horizontal Connector (102)

Figure 1 Single Channel RELAPS-3D Model Schematic

To simplify the RELAP-5-3D model, it was assumed that there is no cross flow between adjacent
channels so one chan'n'elwould suffice. This assumption is conservative since higher values of
temperature and lower margins to DNB are predicted when cross flow between adjacent channels
is ignored. Furthermore, other work has shown that the single channel model provides critical heat
flux results within -1.0 % of those produced from two and eigh t channel models and that the single
channel model produced the most conservative results relative to the two andeight channel
models. (Ref. 4 and 8) ...

The reactor geometry and hydraulic data for~the RELAPS-3D input are given in Table 1. The
coefficients presented in Table. 1come from a study conducted by General Atomics which
.developed a methodology for calculating.each effective subchannel form loss rather than local
form losses within the core (Ref. 2). Flow channels in the RRR are triangular, square or irregular,
depending on core location. The analysis assumes a triangular rod lattice configuration because
the hottest flow channel is shown to occur adjacent to the A and B rings, and in this location, the
lattice is triangular.
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Table 1 RELAPS-3D Input for Reactor and Core Geometry and Heat Transfer
Hydraulic Data

Inlet pressure loss coefficient -2.26
Exit pressure loss coefficient 0.63

Absolute pressure at thle top of the core [Pa] 1.49E5

A constant pressure of 1.01E5 Pa (14.7 psia) is assumed to exist at the top of the reactor pool. The
water column height above the top of the core was modelled as 4.88 m (16 feet), so this equivalent
water column pressure boundary condition is used in the RELAP5-3D model. RELAP5-3D requires
that input pressure conditions be entered as absolute pressure, therefore the input RELAP5-3D
pressure used in the model at the top of the core is 1.49E5 Pa (21.639 psia).

The RELAP5-3D thermal hydraulic analysis'was performed on the maximum powered channel. The
analysis was conducted assuming (conservatively) that the maximum powered channel was also
the most restrictive flow channel location found in the RRR. The flow parameters for the most
restrictive flow channel are given in Table 2. The geometry of the maximum powered channel is

shown in Figure 2. It is conservatively assumed that all fuel rods bordering the maximum powered
subchannel are operating at the same power as the maximum powered rod.

Table 2 Hydraulic Flow Parameters for the Hot Channel
Parameter Value
Flow area [M2 ] 3.88E-04
Fuel Element Pitch [m] . 0U04054!.
Wetted perimeter.[m] 0.11
Hydraulic d-iariieter [m]::" " .,1.301E-02:
Heated diameter [m]:'. 3.724E-02
Fuel element heated length [m] 0.381
Fuel element surface area [M.2] 41469E,'02 ,
Fuel element surface roughness [m] 2.134E-06

The B Ring in the RRR contains the smallest pitch from fuel rod centerline to'centerline,,and also
contains the smallest subchannel flow area. It is for this reason that the 1subchannel ýflow'area for
the RELAP5-3D model is calculated with reference to the B Ring'subchannel flow area, depicted in
Figure 2. " -
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Figure 2 Hexagonal Array Axial Average unit subchannel dimensions

The pitch for the B Ring subchannel is 0.04054 m (1.596 in) (Ref. 4.51). The fuel rod outer diameter

for the RRR core fuel rods is defined as 0.037 m (1.47 in). Equation (1) defines the subchannel flow
area for a hexagonal array (Ref. 4).

A p 2  
oDuter clad (1)

4 8

where P represents fuel rod pitch and D represents the fuel rod outer diameter. From Equation (1)
the subchannel flow area is calculated to be 1.74E-4 m 2 (0.2544 in2).

The wetted perimeter for thesubchannel only encompasses one half of an entire fuel rod in the
figure'a6ove. Therefore the total flow area for the subchannel input into the RELAP5-3D model is
3.88E-4 m 2 (0.5088 in2). " - ' " -

The axial length of the fueled portion of the fuel rod is 0.381 m (15.0 in) while the diameter of the
outer cladding is 0.037 m (1.47 in). The total surface area of the fueled portion of the fuel rod is

therefore 4.469E-2 m2 (69.27 in2). The wetted perimeter is defined as Pw ed = uDouter clad• This

equiti6n producesýa value of 0.117 m (4.618 in) for the wetted perimeter of a fuel rod.

The hydraulic diameter is calculated per Equation (2). With reference to the previously calculated
-wetted perirrieter'ahd subchannel flow area, the hydraulic diameter is calculated to be-1.327E-2 m
(0.441 in).
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Dh - 4 Af (2)

Figure 3 shows a comparison between a physical RRR fuel element and the RELAP5-3D discretized
subchannel volume. Nodes 01 and 24 represent the lower and upper grid plates. The lower grid
plate is 0.0191 m (0.75 in) thick. The upper gridplate is 0.0159 m (0.625 in) thick. The bottom
surface of the upper grid plate is 0.6731 m (26.5 in) above the top surface of the lower grid plate.
The fuel element axial nodal dimensions are given in Table 3.

" -

Figure 3 Comparison of RRR Fuel Rod Axial Characteristics and RELAP5-3D Hot Channel

Node 02 extends from the bottom of the fuelled portion of the fuel rod to the top of the lower
gridplate. The equation used to calculate the length of Node 02 (lower unheated node) is:

= (0.673 1- LtL Up gra-te- L uoq gaht,) + Lwgj (

2-

where L02 is the length of Node 02 and kUp'P ,rwhft and LL .•,g are the upper and lower

graphite lengths of the fuel element.

The fuel nodal lengths must be discretized, pnd this can be done by use of Equatio. (4) for Nodes
03 through 22: ' .
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Lo3--22 = Lfuel
n f uel I . (4)

L03 - 22 refers to the nodal length for Nodes 03 through 22, nfuelis the number of nodes defined in

the fuel region (i.e. 20 nodes). .

Equation (5) is used to calculate the nodal length for Node 23 (upper unheated node).

3(0.6731 - Lf uei- L Upper graphite- L Lower grap hl,)

*-3=.2 + "Upp er, gaht
(5)

Table 3 Hot Channel Axial Nodal Lengths
C.orV::oCoreVOlumeAxial Nodal Lengths

Nodal Description:, Node Nodal Length [m]
Number (in)

Upper Grid Plate 24 0.01905 (0.75000)
Upper Graphite 23 0.14567 (5.73504)

22 0.01905 (0.75000)

21 0.01905 (0.75000)
20 0.01905 (0.75000)
19 0.01905 (0.75000)

..18 0.01905 (0.75000)
17 0.01905 (0..75000)
16 0.01905 (0.75000)
15-" 0.01905 (0.75000)
14 0.01905 (0.75000)

Fuel 13 0.01905 (0.75000)
12 0.01905 (0.75000)
.11, 0.01905-(0.75000)

10 0.01905 (0.75000)
09 0.01905 (0.75000)
08 0.01905 (0.75000)
07 0.01905 (0.75000)
06 0.01905 (0.75000)
05 0.01905 (0.75000)
04 0.01905 (0.75000)
03 0.01905 (0.75000);

Lower Graphite 02 0.14643 (5.76504)
Lower Grid Plate 01 0.01905 (0.75000)

A cross sectional view of a fuel element is shown in Figure 3. The radial nodal distribution is shown
in Figure 4. The fuel portion of the fuel.pninconsists..of an annular U/ZrH casting. The fuel slugs are
hydrided and then forced into stainless steel tubes. The central void which aids the hydriding
process is backfilled with a zirconium plug. A nominal gap exists between the fuel slug and the

RRR Therrryal Hydraulic Analysis 6 : - 3.. ý - April 2011



stainless steel clad. This gap is initially filledwith air, but as burnup of the fuel progresses,
hydrogen and fission gasses migrate into the gap. Note that the aluminium clad fuel elements do
not have a central zirconium pin. Since the inner portions of the core contain stainless clad

elements, only the stainless configuration was analysed. Fuel temperature gradient tends to be
essentially flat in the center of a TRIGA fuel element. Aluminum clad elements also contain less
fuel than stainless clad elements and thus generate less power. These two factors make it unlikely
that the maximum temperature observed in an aluminum clad element would be significantly
higher than that found'in a stainless clad element.'

I \

S.
S.

tainless
teel Clad

Element

Zirconium Pin Fuel Gap

Figure 4 Cross Sectional View of Stainless Steel Clad Fuel

Gap

01 02 03 04 .05 06 0.7 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

,. ~Figu're 5 Radial.'Nodal Distribution in a Stainless'Steel Clad 'Fuel"Elemnent' • "i-

... 1 - !-', •
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The mesh points within the fuel region used in the RELAP5-3D model correspond to one node for
the central zirconium pin, twenty nodes of equal radial thickness for the fuel meat, one node for
the fuel to clad gap and one node for the clad. The radial location of each node is identified in
Table 4. The outer gap coordinate (Node 23) corresponds to a fuel-to-clad gap width of 2.54E-4 m
(0.1 mils). RELAP5-3D input requires that radial mesh points be defined in order to specify all
material properties andto calculate temperature gradients within the heat structure. All CHF
correlations considered during .tle analysis use the heat flux of the outer cladding at a given nodal
location. Because of this the outer cladding serves as both the wetted diameter and the heated
diameter for the Bernath correlation (DH = Douter clad = 3.724E-02 meters).

Power peaking factors for each core configuration were analyzed using MCNP5. The highest power
rod for each configuration was determined by calculating the total power produced in each fuel
element present in the configuration. After the highest power rod had been determined, further
analyses were performed ,to find the detailed axial and radial power shapes associated with that
rod. The axial and radial power shapes were determined for twenty equally spaced nodes in both
the axial and radial directions. The MCNP5 results were .used to calculate three peaking factors:

o Hot Channel. Fuel Peak. Factor (maximum fuel rod power)/(core average'fuel rod power)

o Hot channel Fuel Axial Peak Factor = (maximum axial power in the hot rod)/(average axial
power in ihe hot:rod) .

o. Hot Channel Fuel Radial Peak Factor =(maximum radial powerin the hot rod)/(average
radial po.wer in the hot rod)

S ,Table 4. Radial, Fuel Element NodalLocations (from fuel center)
HeatfStructure Radial Node Lengths

Nodal Description -Node Number. NodetCoordinate [m] (in)

Inner Zirconiim'Pin 011 0.00000 (0.00000)
.. ____ _ ,._ _ O,2, .J 0.00318 (0.12500).

Fuel. 03 1 0.00355 (0.13976)
-04 - 0.00430 (0.16929)
05 0.00506 (0.19921)
06 0.00581 (0.22874)
07 0.00656 (0.25827)
08 0.00731 (0.28779)
09 0.00807 (0.31772)

10 *, 0.00882 (0.34724)
11 0.00957 (0.37677)
12.,. 0.01032 (0.40630)
13 0.01108 (0.43622)

14 0.01183 (0.46575)
15 i 0.01258 (0.49527)
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'[16 0:01333 (0.52480)
I 7 17".0.01409 (0.55472)

* .. ,18- '0.01484 (0.58425)

19- 0.01559:(0:61378)'-,

'20, - ...... .0.01634 (0.64331)
' '," 21 '':- '0.01710 (0.67323)

'22 -- 0'01785 (0.70275);
OuJter Gap ' - 2 I, 23' 0.01785-0.01786 (0.70285-0.70305)

Outer Stainless. Steel { 24 0.01873 (0.73750)

Average fuel rod powe'r in the core, average axial power in the hotdrod and'average radial power in

the hot rod must be properly calculated in order to obtain correct peak factors. The average fuel
rod power in the cbre is'calculated by taking the numerical average with each Wrod weighted

equally. The fission rate in the hot rod is then calculated'as discussed abovean'd' expressed in"
cylindrical (r,z) coordinates. The average axial power in the hot rod is calculated by taking the

numerical average of the power densityVWithinreah: of te'tlwen6ty'axial segmetks.

The effective peak factor for each configuration is the product of these th'ree individual peaking

factors. The results of the MCNP5 analyses listing the location of the highest power rod along and
its associated peaking fact6rs are' shown in1fable 5 for tlhb RRR core. 'Note that these peaking

factors are calculated with control rods removed. This is conrservativ.e'smi'e the presence of control
rods in the central regions of a core will result in flatter power distributions and lower hot channel
peak factors.
It was assumed thaitall rods in the tore have apprbkimately thesamre axial&Iýeat. distribution shape,
and thus the maximum powered rod w6uid produce tle maximum local heat-flux. Although minor
variations in axialipower shape-occur throughout-the core, we made-the corslervative assumption
that the hot channiel is bordered on all sides by a fuel rod having the, same ,characteristics as the hot
rod. In reality, the hot channel will likely be bordered by the hot rod, and two other rods of lower

power. Thus even in the unlikely event that the maximum heat flux does~not'occur in the hot rod,
the conditions in the hot channel are still expected to bound conditions at all other points in the

core.

Using the.Bernath (Ref. 3) correlation, CHF is defined in units of pound- centigrade per hr-ft 2 per

the following equations.

CHF= h(T- ) (6)

hO 10890 + Av (7)
* •h,+D. . ... -
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8DO6  
ifDh 0.1 ft

110
A -+90 ifDh • 0.1ft
Dh

T =571 n(PaS)-54(Pab+15 )V (9)

Where:
hBo Limiting film coefficient [p.c.u./hr-ft2 -OC]

7, Fluid bulk temperature [°C]

TWBO Wall temperature at CHF [°C]

v Fluid velocity [ft/sec]
A "slope"
Pabs Absolute pressure [psi]
DH Heated diameter [ft]
Dh Hydraulic diameter [ft]

The Bernath correlation was used in. this analysis because, (1) it is traditionally used in research
reactor SARs, and (2) the correlation produces the most limiting CHFR values over all other
correlations [Ref. 4, 5, and 7].

5 Fuel Meat to Cladding Gap Size and Content

The content of the gap gases was chosen to be the default setting for RELAP which assumes a
mixture of Hie, Kr, and Xe at molar fractions of 0. 1066, 0.134 and 0.7594, respectively. Although
the backfill gas at the beginning-of-life for TRIGA® fuel, is air, the content at later times in core life is
unknown. Because of the difference in thermal conductivity between the gas mixture and air is
different, the default RELAP mixture will produce higher fuel temperatures and is therefore
conservative. Although the precise gap thickness is unknown, previous work suggests that the 0.1
mil gap value used is likely appropriate (Ref. 4 and 7). All results are based on a 0.1 mil fuel to clad
gap.
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6 Power Distribution

The RRR core power distribution, as wel asthe intra-fuel relative power distributions (radial and

axial distribution in the hot rod) are provided in Figure through 8 (Ref. 8). Power distribution
diagrams are used to derive Hot Channel Peak Factors. Axial power profiles are used to derive Hot

Channel Fuel Axial Peak Factors. Radial power profiles are used to calculate Hot Channel Fuel
Radial Peak Factors. The hot channel peak factor, axial power distribution and radial power
distribution are used as RELAP5-3D inputs. A summary of all peak factors is given in Table 5.

*@,, @.o

. 6 kWlrod

5-6 kW/rod

Q .5 Wrod

3-4 kW/rod

'2-3 kW/rod

. S 2 kW/rod

SGraphie

O ConWr Rods

S Alminum Plug

Figure 6 Core Power Distribution
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Table 5 Hot Channel Fuel Power Summary

Hot Channel Hot Channel Hot Channel Hot Channel
Hot Rod Fuel Peak Fuel Axial Fuel Radial Effective
Location Fuel Thermal Factor .. Peak Factor.: Peak Factor Peak FactorP [Pmx/Pavg] [Pmax]Pav] -[Pmax/Pavg]

B5 7.24 1.844 1.291 1.240 2.952
• Hot rod thermal power corresponds to core power of 250 kW.

An important consideration is the maximum steady state fuel temperature as a function of fuel
element power. An analysis was performed with RELAP5-3D where the power was increased and
the resulting maximum fuel temperature was determined. The results, shown in Figure,
demonstrate the expected linear relationship.

800

0- 700
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a.500
E
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u- 300
E
E 200
Xm

M 100

0

* 47

!

0 5 10 15 20 25 30 35

Hot Rod Power [kW]

Figure 9 Maximum Fuel Temperature as a Function of Fuel Element Power

7 Predicted DNBR

The RRR core configuration modeled has a MDNBRof 6.33 with a maximum fuel temperature of

264°C at 250 kW steady state using the Bernath Correlation. Using the Bernath correlations, the

RRR core therefore is operating at power well belo-w'that required for departure from nucleate

boiling. The value of MDNBR is consistent with values reported for other TRIGA research reactors

(Ref. 4 and 6).
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8 Summary ,

RELAP 5-3D was used to calculate fundamental thermal hydraulic parameters for the RRR. Values
of these fundamental parameters agree well with values calculated and measured for other similar
research reactors (Ref. 6 and 7). This analysis looked at the maximum license power of the RRR for
steady state operations of 250 kW. Figure and Figure clearly show that the RRR can be operated
safely within the Technical Specification bounding envelope.
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CGN~eiQAL. r'IyNIArII•c CEN~EF ATOMIC DIVISION C

* To: Distribution Date: March 1, 1966

From: Fabian C. Foushee

Subject: Storage of TRIGA Fuel Elements

Introduction:
In GA-5402, "Criticality Safeguards Guide", general-limits '.

on the various dimensions, and concentratioz6s of fissile material that must
be imposed on any unit of such materia. (see p. 18, Table I) are set forth.
A further, very general limitation on the storage of well moderated U-235
is given (on p. 22) as an average of 300 gas of U-235 per square foot of
aspect.area. This latter limitation has been cited as evidence that the TRIGA
fuel storage racks located in the reactor pool are indeed safe. In these racks,
10 TRIGA fuel, elements are arranged in line with 2 inches separating the
axial centerline of adjacent elements. Assuming, at the very most, 
of U-235 per element, the concentration in the array is 197 gis of U-Z35/ftz.

* This storage system, then, is certainly safe as the concentration for this
finite array is only 2/3 of the recommended maximum safe value for an array

that extends to infinity in two dimensions.

Recently, it has been suggested that it would be more appropriate to calculate
the multiplication of a system containing fissile material as this would be a
more meaningful measure of the safety of the system. Consequently, there
have been completed some GAZE calculations of the TRIGA in-pool fuel storage
racks which do, indeed, show a considerable margin of safety.

In the GAZE calculations to be described a set of six group (3 fast and 3
thermal) cross-sections derived for an 8.0 wt. -Io U-ZrH (20%1 enriched U)
system was used. These cross-sections were calculated for an homogeneous
system with volume fractions of the various component materials as in TRIGA.
The results of the calculations are consequently conservative as lumping the
fuel (as in a fuel element) will lower kefi because of self-shielding. The last
statement must be qualified by noting that lumping the fuel has an advantageous'
effect in that the effective U-238 resonance integral is reduced. To examine
the effect of this parameter on the multiplication of the system, two GAZE
calculations were performed that were identical except one used U-238 cross-
sections appropriate to an infinite dilution. From these calculations one
could infer that using an infinite dilution1 U-238 resonance integral decreases
keff by about 1. 5%.

TRIGA Spent Fuel Storage

TRIGA fuel ele~ments are stored in the reactor pool in racks
fastened to the side of the pool.' Each storage rack accommodates ten ele-
ments, the axial centerlines of which are two inches apart and lie in a single
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From: Fabian C. - .ushee

plane. The homogeneous model employed to describe the storage rack was
an infinite plane 1.47 inches thick (the diameter of a fuel element) with 42. 3%,
of the volume occupied by water (corresponding to the two inch separation
distance). The nuclear densities of the constituents are given in Table I.

Table I

Composition of TRIGA Fuel Storage Rack System

-24
Constituent Nuclear Density x 10

H-in ZrHI. 65 3. 088 x 10"- nuclei/cm 3

-in H 2  . 614 x 10-2.

Oxy 1. 307 x 10"2

Zr 1.939 x 10-

-U-235 1.278 x 10-4

U-Z38 5. 11, x 10- 4

StainiLess Steel Z. 64 x 10-3

Two calculations were performed, one for a single rack and one for two racks
back-to-back.-" The two rack calculation assumed that the fuel elements touched

(i.e., the mid-plane to mid-plane separation distance between adjoining racks
was only 1. 47 inches). Actually, the fuel storage racks, as presently construct-
ed, cannot come closer together than about 2. 5" center-to-center. Thus, there
would be about 1 inch of water between racks providing significant de-coupling. \
The results of these calculations are shown in Table II.'

Table, I..

keff

'Plane array one element thick 0.5096

Plane array two elements thick 0. 72Z7

It should be noted that these calculations were made for 8 wt. -76 uranium.
Increasing the uranium content to 8. 5 wt. -0/6, as in the Torrey Pines TRIGA
Mark III, would increase keff by 2 to 317, or to .53 and .74 for the .one and
two element arrays of Table II. These heavier elements contain something
less than  gms of U-235 each. In the one element storage array there

results a concentration of about  gms of U-235 per square foot of aspect;
in the two element thick storage array, about gms per square foot. There-
fore one can conclude that whereas the one element thick storage array pro-
vides an areal concentration below the maximum prescribed (i.e.,  grns -
U-235/ft 2 ), the two element thick array results in a keff that is less than 0.8,
a value found acceptable to the AEC Division of Licenses and Regulations, in

the TRIGA Mark III Technical Specifications.
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TECHNICAL SPECIFICATIONS

1 DEFINITIONS

1.1 Audit: A qualitative examination of records, procedures, or other documents after
implementation. from which appropriate recommendations are made. .

1.2 Channel: The combination .of sensor, line, amplifier, and output devices that are
connected for the purpose of measuring the value of a parameter.

1.3 Channel Calibration: An adjustment of the channel, such that, its output corresponds
with acceptable accuracy -to known values of the parameter that the channel measures.
Calibration shall encompass the entire channel, including equipment. actuation, -alarm, or
trip and shall include a Channel Test.

1.4 Channel Check: A qualitative verification of acceptable performance by observation of
channel behavior. This verification, where possiblei shal' include coimparison of the
channel with other independent channels or systems measuring the same.variable.

1.5 Channel Test: The introduction of a signal into the. channel for verification that it is
operable.. .:, -

1.6 Confinement: An enclosure of the reactor bay thaiis designed to only allow the release
of effluents between the enclosure and its external environment through controlled or
defined pathways. "..... .'

1.7 Control Rod: A device •fabricated from neutron absorbing material which is used to
establish neutron flux changes and to compensate for routine r ettivity chariges.'A
control rod may be coupled to its drive unit allowving it to performi a safety function when
the coupling is disengaged. Types of control rod" shall include:

a. Regulating Rod (Reg Rod): The' egulating rod is a control rod having aft electric
motor drive and scram capabilities. Its position -may be varied manually or by the'"
servo-controller..

b. Shim/Safety Rod: A shim/safety rod is a control rod having an electric motor drive
and scram capabilities. Its position is varied manually.

1.8 Core Lattice Position: A particular hole in the top grid plate of, the core. It is specified
by a letter indicating the specificring in the grid plate and a number indicating a
particular position within that ring.

1.9 Excess Reactivity: That amount of reactivity that would exist if all control rods were
moved instantaneously to the maximum reactive condition from the point where. the
reactor is exactly critical (kIff = 1) at reference core conditions.

1.10 Experiment: Any operation, hardware, or, target (excluding devices such, as detectors or
foils) that is designed to investigate non-routine reactor. characteristics or that is intended
for irradiation within an irradiation facility.. Hardware rigidly secured to a core, shield, or
tank structure so as to be,a part of their design to carry out experiments, isnot normally
considered an experiment. Specific experiments shall include:

a. Secured =Experiment: 'Any experine'nt or component of an experiment that -iS hel1d in
a'stationary position relative to fth&erdactdfby hmechaanical means.: The'restrainilng. -•.-
forces-must be substantidallygreater ihanf th•se toWhich the experinrent'friighlrbe, "'f

Reed Research Reactor 14-1 May 2011
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TECHNICAL SPECIFICATIONS

subjected by hydraulic, pneumatic, buoyant, or other forces which. are normal to the
operating environment of the experiment, or by forces which can arise as a result of
credible malfunctions.

b. Unsecured Experiment:. Any experiment or component of an experiment that does
not. meet the definition of a secured experiment.

c. Movable Experiment: A movable experiment is one where it is intended that the
entire experiment maybe moved in or near the core or into and out of the core while
the reactor is operating. .

1.11 Fuel Element: A single TRIGA® fuel rod.

1.12 Irradiation Facilities: The central thimble, the ro.tating specimen rack, the pneumatic
transfer system, sample holding dummy fuel elements, and any other in-pool irradiation
facilities.

1.13 Measured Value: The value of a parameter as it appears on the output of a channel.

1.14 Operable: A system or, component is operable when it is capable of performing its
intended function.

1.15 Operating:.A system or component, is operating when it is performing itsintended
function.

1.16 Operational Core: A fuel element corewhich operates, within the licensed power level
and satisfies all the requirements of the Technical Specifications.

1.1.7 Reactor Facility: The physical area definedby the Reactor Bay, the Mechanical
Equipment Room, the Control Room, the Hallway, the Loft, the Classroom, the..
Radiochemistry Lab, the Counting Room, the Break Room, the Storeroom, the sump
area, the .stairway, and the Restroom. .. , .

1.18 Reactor Operating: The reactor is operating whenever it is not shutdown.

1.19 Reactor Safety Systems: Those systems, incliditig'their :associated input channels, that
are designed to initiate, automatically or manually, a reactor scram for the primary
purpose, of protecting the reactor.... , .. ,

1.20 Reactor Secured: The reactor is secured when:

a. Either there is insufficient fissile material in the reactor to attain criticality under
optimum available conditions of moderation and refl&ction; or, .

b. All of the following exist:

1. The three control rods are fully inserted.
2. The reactor is shutdown;
3. No experiments or irradiation facilities in the core are being moved or serviced

that have, on movement or servicing, a reactivity worth exceeding one dollar;
4. 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.
5. The console key switch is in the "off' position and the key is removed from the

console.

Reed Research Reactor '14-2 .May 2011
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1.21 Reactor Shutdown: The reactoris shutdown if it issubcritical by at least $1.00 in the
reference core condition with the reactivity worth of all, installed experiments included
and the following conditions exist:

a. No work is in progress'inv6lVing core'fuel, core structure,' installed control rods, or
control rod drives unless the co'ntrol rod drives are physically decoupled from the
control rods; " ""'.

b. No experiments are moved or serviced that have, on movement, a reactivity worth
exceeding $1.00.

1.22 Reference Core Condition: The reactivity condition of the core when it is at ambient
temperature and the reactivity worth of xenon is negligible (< $0.30).:Secured
experiments can ýchange the reference core conditions.

1.23 Review: An examination of records, procedures, or other documents prior to
implementation from which appropriate recommendations are made.,

1.24 Safety Channel: A measuring channel in a reactor safety system.

1.25 Scram Time: The elapsed time between reaching a limiting safety system set point and
the instant that the slowest scrammable control rod reaches;its' fully-inser-ed 'Position.

1.26 Shall, Should, and May: The word "shall" is used to denote a requirement; the word
"should" is used to'denote' arecommendation; and the word "may" to denote 'Sermission,
neither a requirement nor'a recommendation.

1.27 Shutdown.Maigin: The minimum shutdown'reactivity nee&ssary to provide confidence.
that the re&actor can be rmade subcritical by means of the conrfolF and sa'fety systemý
starting from any permissible operating conditionand with the m6streactive rod
remaining in its most reactive position, and that the ireator wtill redih' subcihtical
without further operator action...: ,, :. , . .. . ., .... ! ', . .

1.28 Substantive Changes; Changes in.the original intent or safety significance ,ofan action
or event... . •

1.29 Surveillance Intervals: Allowable surveillance intervals shall not exceed the following.

a. Biennial - interval not to exceed 130 weeks.
b. Annual - interval not to exceed 65 weeks., .. .... ,
c. Semi-annual - interval not to exceed 32 weeks.
d. Quarterly - interval not to exceed 16 weeks.
e. Monthly - interval not to exceed 6 weeks.
f. Weekly - interval not to exceed 10 days. .

1.30 True Value: The actual value of a.parameter. ,,

~~~.'..'.• . . . .. . .' " (' ."
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TECHNICAL SPECIFICATIONS

2 SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTING

2.1 Safety Limit-Reactor Power

Applicability. This specification applies to the reactor thermal power.

Objective. The objective is to define the maximum thermal power that can be permitted with
confidence that no damage to the fuel element cladding shall result.

Specifications. The thermal power of the reactor shall not exceed 500 kW.

Basis. The limiting parameter for the fuel is its temperature. Since Reed does not have any
instrumented fuel elements, the safety limit is set on thermal power to limit fuel temperature. The
Analysis of the Thermal-Hydraulic Behavior of the Reed Research Reactor (RRR T-H Analysis)
performed in 2010, shows that at 500 kW the maximum fuel centerline' temperature is z 41 00 C.
Since the temperature limit for TRIGA® fuel is in excess of 1000IC, this safety limit is
acceptable. RRR T-HAnalysis also shows that the Departure from Nucleate Boiling Ratio
(DNBR) for the reactor at 500 kW is z 2.5, which is above the minimum acceptable value of 2.0.

2.2 Limiting Safety System Setting

Applicability, This specification applies to the scram settings that prevent the safety limit from
being reached.

Objective. The objective is to prevent the safety limits from being reached.

Specifications The limiting safety system setting shall be equal to or less than 275 kW as
measured by a power measuring channel. .

Basis. RRR T-HAnalysis, shows that at 275 kW the maximum fiel centerline temperature is
z 3000C and the'DNBRis! z 4:5 which is acceptable as 'discussed in 2.1. NUREG-1537,
Appendix 14, Section 2.2 indicates that the LSSS may be 10% to 20% above the licensed power.
10% (275,kW) .was chosen as the more conservative, setting. ...

.-IL J**. . . I. -
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TECHNICAL SPECIFICATIONS

3 LIMITING CONDITIONS OF OPERATION

3.0 General

Limiting Conditions for Operation (LCO) are those administratively established constraints on
equipment and operational characteristics that'shall be adhered to during Operation of the facility.
The LCOs are the lowest functional capability or performance level required for safe operation
of the facility.

3.1 Reactor Core Parameters

3.1.41 Operation "

AIplicabilitv. This specification applies to the energy generated in the reactor during operation.

Objective. The objective is to assure that the, thermal power safety limit shall not be exceeded.
during operation.

Specifications. The steady-state reactor power level shall not exceed 250 kW. "

Basis. RRR T-HAnalysis, shows that at 250 kW the maximum fuel centerline temperature is
264 0C and the DNBR is z 6.33 which is acceptable as discussed -in 2.1.

3.1.2 Shutdown Margin

Applicability. These specifications apply to -the reactivity condition of the reactor and the ,
reactivity worths of control rods and experiments during operation..

Objective. The objective is to assure that the reactor can be shutdown at all times and to assure
that the thermal power safety limit shall not be exceeded..
Specifications. The' reactor shall not be operated, unrless, the shutdown margin provided by control

rods is greater than. $0.5 Oiwith:. ; , , ,,., .

a. Irradiation facilities and experimeniht in, place'and the total worth of all non-secured
experiments in their most reactive state;

b. The most reactive control rod fully withdrawn;
c. The reactor in the reference core condition.

Basis. The value of the shutdown margin assures that the reactor can be shutdown from any
operating condition even if the most reactive control rod remains in the fully withdrawn position.
The shutdown margin calculation assumes a) irradiation facilities and experiments in place and'
the total worth of all non-secured experiments in their most reactive state, b) the most reactive
control rod fully withdrawn and c) the reactor in the reference core condition. The only activity
that could result in requiring fuel movement to meet shutdown margin and core excess limits
would be the unusual activity of adding an experiment with large positive reactivity worth.

The typical rod worths are $3.37 (Safety), $3.27 (Shim), and $1.34 (Regulating) with a total
worth of $7.98. At critical conditions at 5 W the typical core excess is $1.65 with $0.65 (Safety),
$0.65 (Shim), and $0.35 (Regulating). With a typical core excess and the most reactive control
rod stuck out, the reactor will be subcritical by $7.98 - $1.65 - $3.37 = $1.96. With the maximum
allowable core excess the reactor would be shutdown by $7.98 - $3.00 - $3.37 = $1.61 which is
still greater than the $0.50 minimum.

Reed Research Reactor V 4 14-5 '. , , , ...-May 2011
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TECHNICAL SPECIFICATIONS

3.1.3 Core Excess Reactivity

Applicability. This specification applies to the reactivity condition of the reactor and the
reactivity worths of control rods and experiments during operation.

Objective. The objective is to assure that the reactor can be shutdown at all times and to assure
that the thermal power safety limit shallriotbeexceeded.'

Specifications. The maximum available excess rekctivity based on the refetence core condition
shall not exceed $3.00.

Basis. This core excess limit allows operation without the need to add or remove fuel elements to
account for normal reactivity changes due to fission. product poisons, experiments, power defect,
fuel bum up, etc. Activities such as moving away from the reference state or adding negative
worth experiments will make core excess more negative and shutdown margin less positive. The
only activity which could resultin requiring fuel movement to meet shutdown margin and.core
excess limits would be the unusual activity of adding an experiment with large positive reactivity
Worth. .

Y. _ . • ' . , • .. .... .

Power defect atfull, power adds approximately $1.33 of negative reactivity, and equilibrium xenon at
full power adds approximately $1.06 of negative.r.eactivity.. A core excess of $3.00 leaves
approximate.ly.$0.61 for the worth of experiments.during extended.operations.

3.1.4 Fuel Parameters

Applicability. This specification applies to all fuel elements.

Objective. The objective'is tom inaintain integrity of the fuel element cladding.

Specifications. The reactor shall not operate with damaged fuel elements, excepi for the purpose
of locating damaged fuel: elefflents. A fuel element shall be considered damaged and must be
removed from the core if:- .

a. A cladding ddfect exists as indicated by release 6f'fisi on products, or
b. Visual inspection identifies bulges, gross pitting, or corrosion..&'

Basis. Gross failure or obvious visual deterioration Of the fuel is sufficient to warrant declaration
of the fuel as damaged.

Reed Research Reactor - ,14-6 May 2011
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TECHNICAL SPECIFICATIONS

3.2 Reactor Control And Safety Systems ..

3.2.1 Control Rods'~~.. ................ ....-.... •..'..-

Applicability. This specification applies to the function of the. control rods.

Objective. The objective .is todetermine thatthe control rods are operable.

Specification. The reactor shall not be operated if any control rods are not operable. Control rods
shall not be considered operable if:

a. Damage is apparent-to the rod'or rod drive assemblies; or.
b. The scram time exceeds 1 -second.' " , .

c. The reactivity addition rate exceeds $016,per second.
d. The interlocks in Table 3 of Section,3.2,3 3of these.TS are-not operable. :

Basis. This specification assures that thereactor shall be promptly shutdown when a scram signal
is initiated and that the reactivity addition rates are safe. Experience and analysis have indicated
that for the range of transients anticipated for-a TRIGA® reactor, the specified scram time is
adequate to assure the safety of the reactor. RRR T-H Analysis shows that the limit 6n reactivity',
addition rate is safe during normal ope'iatiohi and transients. The interlocks which prevent the*
simultaneous withdrawal of more than one control rod are addressed in the basis of Section 3.2.3.

3.2.2 Reactor Power Measuring Channels. .,

Applicability. This specification applies to the information.that shall be available to the reactor
operator during reactor operation.

Objective. The objective is to specify the minimum number of rea,ctor power measuring phannels
that shall be available to the operator to assure safe operation of the reacto'r. ,. . , ,., ; ., ..

Specifications. The reactor :shall notbe:operated unless all of the reactor power measuring
channels in Table 1 are operable.

Table 1 - Power Measuring Channels
Safety Channel
Percent Power Channel
Linear Channel
Logarithmic Channel

Basis. Reactor power displayed at the control console gives continuous information on this
parameter that has a specified safety limit.

Reed Research Reactor .... 14-7 , ,v Ma 2011
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TECHNICAL SPECIFICATIONS

3.2.3 Reactor Safety Systems and Interlocks

Applicability. This specification, applies to the reactor safety system channels and interlocks.

Objective. The objective is to specify the minimum number of reactor safety system channels
and interlocks that shall be available to the operator to assure safe operation of the reactor.

Specifications. The reactor shall not be operated unless the minimum number of safety channels
described in Table 2 and interlocks described in Table 3 are operable.

Table 2 - Minimum' Reactor Safety Channels
Safety Channel Function Minimum Number
Power Level Scram Scram at 275 kW or less 2
Loss of High Voltage Scram Scram at less than 90% of nominal. 2
Console Manual Scram Scram 1

Table 3 - Minimum Interlocks
Interlock Function Minimum Number
Low Power Level '•Prevents control rod withdrawal 1

with no neutron induced signal
Control Rod Drive Circuit Prevents simultaneous manual 1

•-.. , . . *• ! withdrawal of two rods- ,.

Basis. Power Level Scram: RRR' T-HAnalysis, showsw that at 275 kW the maximum fuel
centerlinie tempdi'ltuire i's z 3001C and the DNBR is 4.5 which is acceptable as'discussed in
Section 2.1 of these TS.' Tfih S6t $oints' for both'the Lineair Channel and Percent Power Channel
are normally s~t to 100% Qf 250.kW, which is the'licensed power. Either channel will scram
when its detecioi-high-voltage isl'ess' than 90% of nominal 'voltage since the channel is umreliable
without proper high voltage.' '"

Manual Scram: The manual scram must be functional at all times the reactor is in operation. It
has no specified value for a scram set point; it is manually initiated by the reactor operator.

Low Power Level Interlock: The rod withdrawal prohibit interlock prevents the operator from
adding reactiviiy when there in no neutron induced signal on a low power channel. When this
happenfs, the indication is insufficientto produce meaningful instrumentationresponse. If the
operator were to insert reactivity under this condition', the period could quickly become very
short and result in an inadvertent power excursion. A neutron source is added to the core to
create sufficient instrument response that the operator can recognize and respond to changing
conditions.

Control Rod Drive Circuit:. The single rodwithdrawal interlock.prevents the operator from
manually removing multiple cqntrol rods' simultaneously so that'reactivity insertions from
control rod manipulation are done in a controlled manner.'
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TECHNICAL SPECIFICATIONS

3.3 Reactor Primary Pool Water

Applicability. This specification applies to the primary water of the reactor pool.

Objective. The objective is to assure that'there is an adequate amiunt of wate~r in the reactor pool'
for fuel cooling and shielding purposeg, that the bulk iemperature of'the'reactor pool Water
remains sufficiently low to; guarantee dermineralizer resin integrity, and that pool chemistry will
limit corrosion.

Specifications. The reactor primary water shall, exhibit the following parameters:

a. The pool water level shall be greater" than 5 meters above the.upper core.'plate;
b. The bulk pool water temperatiure shall be less than 40'C;
c. The conductivity of the pool water shall be less than 5.0 microSiemens/cm.
d. The pH of the pool water shall be between 5.0 and 7.5. . ',- ': "

e. The activity of the pool water shall be less than the limits in 10 CFR 20 Appendix B
Table 2, Column 3.

f. If pool level decreases more than 10 cm below the normal pool level ithe cause,shll, be
investigated.

Basis. The minimum height of5 .meters of water: above the 'upper core plate guarantees that there
is sufficient water for effective cooling of the: fueltand that the radiation. levels at the. top of the
reactor are within acceptable levels.r The bulk water temperature limit is necessary, accqrding to.
the resin~manufacturer, to ensure that the.resin does not break down. The. t emperature limit also
ensures the core, inlet temperature is acceptable for the-accident analysis. Experience at many
research reactor facilities has shown that maintaining the,conductivity and pH within the.
specified limit provides.acceptable control of corrosion (NUREG-1537 Appendix 14, ,Section.
3.3.(9)). Pool activity is limited to ensure dose rates are below 2 mrem/hour.• Pool leyel is limited
to a decrease of no more than 10 cm below normal to allow early detection of pool leakage.

3.4 Ventilation System
Applicability..This specification 'applies to the dp t ventilotinn o

Applicbility . " ,n."tem."...:

Objective. The. objective is to assure that the ventilation system~shall be in operation to mitigate
the consequences of-possible releases of radioactive materials resulting from reactor operation or.
when moving irradiated fuel... .. .

Specifications. The reactor shall not be operated nor irrfdiated fuel moved unless the facility
ventilation system is operating in the normal mode or isolation mode.

Basis. During normal operation of the venfilation system, the annual averag grdund
concentration of Ar-41 in unrestricted areas is Well below the applicable effluent concentration
limit in 10 CFR 20. In the isolation mode it is much low6er.
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TECHNICAL SPECIFICATIONS

3.5 Radiation Monitoring Systems and Effluents

3.5.1 Radiation Monitoring Systems

Applicability. This specification applies to the radiation monitoring information that must be
available to the reactor operator during reactor operation.

Objective. The objective is to specify the minimum radiation monitoring channels that shall be
available to the operator to assure safe operation of the reactor.

Specifications. The reactor shall not be operated unless one Area Radiation Monitor and one
Continuous Air Radiation Monitor are operating.

Exception: When a single required radiation monitoring channel becomes inoperable, operations
may contin~ue only if portable instruments may be substituted for the normally installed monitor
within one hour of discovery for periods not to exceed one month.

Basis. The radiation monitors provide' information to operating personnel regarding routine
releases of radioactivity and any impending or existing danger from radiation. Their operation
will provide sufficient time to evacuate the facility or take the necessary steps to prevent the
spread of radioactivity to the surroundings. Calculations show that for both routine operations
and accident scenarios predicted occypational and general public doses are below the applicable
annual limits specifie~d in 10 CFR 20.

3.5.2 Effluents

Applicability. This specification applies to the release rate of Ar-41.

Objective. The objective is to ensure that the concentration of the Ar-41 in the inrestricted areas
is below the applicable effluent concentration value in 10 CFR 20.

Specifications.. The annual average concentration of Ar-41 discharged into the unrestricted area
shall not exceed'l.5 x 10-.6 jiCi/ml at the point of discharge.

Basis. If Ar-4.1 is continuously discharged at 1.5 X 1.0-6 ýLCi/ml, measurements and calculations
show that Ar-41 released to the unrestricted areas under the worst-case weather conditions would
result in an annual TEDE of 1.0 mrem. This is less than itie applicable limit of 10 mrem .
(Regulatory Guide 4.20).

* * ,-. I. •

.. - ..
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TECHNICAL SPECIFICATIONS

3.6 Limitations on Experiments

3.6.1 Reactivity Limits

Applicability. This specification applies to experiments' installed in thereactor and its irradiation
facilities.

Objective. The objective is to prevent damage to the reactor or excessive release of radioactive
materials in the event of an experiment failure.

Specifications. The reactor shall not be operated unless the following conditions governing,'
experiments exist:

a. The absolute value of the reactivity worth of any'single moveableexperiment shall be
le ss th a n $ 1 .0 0 ; '- 1;;' " I " . . .

b. The sum of the absolute values .of the reactivity worths of all experiments shall be less
than $2.00.

Basis. The reactivity limit of $1.00-for'movable experiments is designeid'td prevent an
inadvertent prompt critical condition from occurring from an anialy6ed conrdition arid maintain, a
value below the shutdown margin. Movable experiments are by their very nature experiments in'*'
a position where it is possible for a sample to be inserted or removed from the core while critical.'
The reactivity worth limit for all experiments is designed to prevent an inadvertent prompt
critical condition. This limit applies to movable, unsecured, and secured experiments. A
maximum reactivity insertion of $2.00 is acceptable because reactivity.additions of $3.00 were
analyzed in the SAR and shown to be safe. ,:',. ,.

3.6.2 Materials . ,.
Applicability. This specification appiies to experiments installediii the re;ctor.•id itsirradiation

facilities.

Objectiv'.e The 0.bjective isto prevent darnage'to the reactor or excessie release of radioactive
materials in the eVent of an experiment failure..

Specifications. The reactor shall not be operated unless the following conditions governing-
experiments exist:

a. Explosive materials, such as gunpowder or nitroglycerin, in quantities greater than 25 mg
shall not be irradiated in the reactor or irradiation facilities. Explosive materials in
quantities less than 25 mg may be irradiated provided the pressure produced upon
detonation of the explosive has been calculated and/or experimentally demonstrated to be
less than half of the design. pressure of the container;

b. Experiments containing corrosive materials shall be doubly encapsulated. If the
encapsulation of material that could damage the reactor fails, it shall be removed from the
reactor and a physical inspection of potentially damaged components shall be performed.

Basis. This specification is intended to prevent damage to reactor components resulting from
failure of an experiment involving explosive or corrosive materials. Operation of the reactor with
the reactor fuel or structure potential damaged is prohibited to avoid potential release of fission
products.
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3.6.3 Failures and Malfunctions

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

Objective. The objective is to prevent damage to the reactor or excessive release of radioactive
materials in the event of an experiment failure.

Specifications.. Where the possibility exists that the failure of an experiment under nominal
operating conditions of the experiment or reactor, credible accident conditions in the reactor, or
possible accident conditions in the experiment could release radioactive gases or aerosols to the
reactor bay or the unrestricted area, the quantity and type of material in the experiment shall be
limited such that the airborne radioactivity in the reactor bay or the unrestricted area will not
result in exceeding the applicable dose limits in 10 CFR 20, assuming that 100% of the gases or
aerosols escape from the experiment;

Basis. This specification is intended to meet the purpose of 10 CFR 20 by reducing the
likelihood that r•eleased airborne radioactivity to the reactor bay or unrestricted area surrounding
the RRR will riesult in exceeding the total dose limits to an individual as specified in 10 CFR 20.

Reed Rkesearch Reactor
Safety Analysis Report

S-44-12 May 2011.



TECHNICAL SPECIFICATIONS

4 SURVEILLANCE REQUIREMENTS

4.0 General

Applicability. This specification applies to the surveillance requirements of any system related to
reactor safety.

Objective. The objective is to verify the proper operation of any system related to reactor safety.
Typically, a Section 3 specification will establish the minimum performance level and a'
companion Section 4 surveillance specification will prescribe the frequency and scope of
surveillance to demonstrate such performance.

Specifications..

a. Surveillance requirements may be deferred during reactor shutdown (except section 4.3);
however, they shall be completed prior to reactor operation unless reactor operation is
required for performance of the surveillance. Such surveillance shall be performed as
soon as practicable after reactor operation. Scheduled surveillance that cannot be
performed with the reactor operating may be deferred until a planned reactor shutdown.

b. Any additions, modifications, or maintenance to the ventilation system, the core and its
associated support structure, the pool, the pool coolant system, the rod drive mechanism
radiation monitors, or the reactor safety systems shall be made and tested in accordance
with the specifications to which the systems were originally designed and fabricated or to
specifications reviewed by the Reactor Operations Committee. A system shall not be
considered operable until after it is successfully tested.

Basis. This specification relates to surveillances of reactor systems that could directly affect the
safety of the reactor, to ensure that they are operable. It also relates to surveillances of reactor
systems that could affect changes in reactor systems that could directly affect the safety of the
reactor. As long as changes or replacements to these systems continue to meet the original design
specifications it can be assumed that they meet the presently accepted operating criteria.
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TECHNICAL SPECIFICATIONS

4.1 Reactor Core Parameters f, I

Applicability. This specification applies to the surveillance requirements for reactor core
parameters.

Objective. The objective is to verify that the reactor does. riot exceed the authorized limits for
power, shutdown margin, core excess reactivity, specifications for fuel element condition, and
verification of the total reactivity worth of each control rod.

Specifications. "

a. The shutdown margin shall be determined prior to each day's operation or prior to each
operation extending more than one day, or following any significant change (>$0.25)
from a reference core.

b. The core excess reactivity shall be determined annually or following any significant
change (>$0.25) f'oma reference core.

c. Twenty percent of the fuel elements in the core shall be inspected visually for damage or
deterioration biennially such that the entire core is inspected over a ten year period.

Basis. Experience has shown that the identified frequencies will ensure performance and.
operability for each of these systems or components. The -value of-a significant change in
reactivity (>$O..25) is measurable and will ensure adequate, coverage of the shutdown margin
after taking into, account the accumulation of poisons. For inspection, looking at fuel elements
bienniafly will idqntify any developing fuel integrit' issuesthroughout the core. Furthermore, the
method 'of determining non-con'forming fuel at the RRR has been exclusively visual .inspection.

4.2 Reactor Control and Safety Systems

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

Objective. The'objective is to verify performance and operability of those.systems and
components that are directly related to reactor safety.

Specifications. . •

a. A channel test of each item in Tables I and 2 in Section 3.2.3 shall be performed prior to
each day's operatipn or prior to each operation extending more than one day.

b. A channel calibration shall be made of the each reaictor power level monitoring channel
by the calorimetric method annually.,

c. The scram time shallbe measured annually.
d. The total reactivity worth and reactivity addition rateof each control rod shall be

measured annually or.following any. significant change (>$0.25) from a reference core.,
e. The control rods and drives-shall,be visually inspected for damage or deterioration

biennially.

Basis. Experience has shown that the identified frequencies will ensure performance and
operability for each of these systems or components.
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TECHNICAL SPECIFICATIONS

4.3 Reactor Primary Pool Water

Applicability. This specification applies to the surveillance requirements for- tthe reactor pool.
water.

Objective. The objective is to assure that the reactor pool water level, the water temperature, and

the conductivity monitoring, systems are operating, and to verify appropriate alarm settings.

Specifications.

a. A channel check of the water level mnonitor shrill be performed prior to each day's
operation or prior to each operation extending more than one day.

b. A channel check of the water temperature monitor shall be performed prior to each day's
operation or prior to each operation extending more than one day.

c. A channel test of the water level monitor and alarm shall be performed quarterly.
d. A channel test of the water temperature monitor and alarm shall'be performed qiuarterly.
e. A channel calibration of the water level monitor shall be perfrmned annually.
f. A channel calibration of the water temperature monitor shall be performed'annually.
g. The water conductivity shall be measured weekly. ;
h. The water pH shall be measured quarterly. " . " "' "..

i. The' activity of the pool water, shall: be measured quarterly. ,"-,; :
j. The volume of water added to the pool shal! be recorded and checked weekly.

Basis. Experience has shown' that the frdiqtencies of checks on systems that monitor reactor
primary water level, temperature, pH and conductivity adequately keep the pool water at the
proper level and maintain water quality at 'such a level to iinimize corrosion s nd maintainn
safety.

4.4 Ventilation System

Applicability. This specification applies to the reactor bay confinement ventilation system.

Objective. The objective is to assure the proper:operation of the ventilation system in controlljng
releases of radioactive material to the unrestrictedarea...

Specifications.

a. The ventilation will be verified to be operaltihn in normal or isolation mode pri'or to each
day's operation or prior to each operation extending more than one day

b. A channel test of the reactor bay confinement ventilation system's'.abilitiyto be in
isolation (exhaust through a HEPA filter and maintain a negative pressure in the reactor
bay with respect to the control room) shall bý performed quarte rly.

Basis. Experience has demonstrated that .tests of the ventilation system on the prescribed basis
are sufficient to assure 'proper operation of the,,system and its .control over releases of radioactive
material.
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TECHNICAL SPECIFICATIONS

4.5 Radiation Monitoring System

Applicability. This specification applies to the surveillance requirements for the area radiation
monitoring equipment and the air'monitoring systems.

Objective. The objective is to assure that the radiation monitoring equipment is operating
properly.
Specifications. For each radiation monitoring system in, Section 3.5.1:

a. A channel check shall be performed prior to each day's operation or prior to each
operation extending more than one day.

b. A channel test shall be performed quarterly.
c. A channel calibration shall be performed annually.
d. The. average Ar-41 effluent concentration calculation shall be performed annually.

Basis. Experience has shown that an annual calibration is adequate to correct for any variation in
the system due to a change of operating characteristics over a long time span.

4.6 Experimental Limits

Applicability. This specification applies to the surveillance requirements for experiments
installed in the reactor and its irradiation facilities.

Objective. The objective is to'prevent the conduct of experiments that may damage the reactor or
release excessive amounts of radioactive materials as a result of experiment failure.'

Specifications.......

a. The reactivity, wortlhi qf an experiment shall be estimated or measured, as appropriate,
, before reactor. operation with said experiment.,. .

b. An experiment shall not be installed in the reactor or its irradiation facilities unless a
safety analysis has been performed and reviewed for compliance with Section 3.6 of
these TS by the Reactor Operations Committee in accord with Section 6.5 of these TS
and the procedures that are established for this purpose.

Basis. Experience has shown that experiments that are reviewed by the RRR staff and the
Reactor Operations Committee can be conducted without endangering the safety of the reactor or
exceeding the limits in the TS.
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TECHNICAL SPECIFICATIONS

5 DESIGN FEATURES

5.0 General ...

Major alterations to safety related c6omponents or equipment shall not be made prior to
appropriate safety reviews.

5.1 Site and Facility Description

Applicability. This specification applies to the Reed College TRIGA® Reactor site location and
specific facility design% features.

Objective. The objective is to specify the location of specific facility design features.

Specifications.

a. The site boundary is that boundary extending 250 feet in' every'direction from the center
of the reactor.

b. The restricted area is that area inside reactor facility. The.unrestricted area is that area
outside the reactor facility.

c. The reactor bay shall have a free air volume of 300,000 liters..
d. The reactor bay shall be equipped with ventilation systems designed to exhauit air or

other gases from' the reactor bay'and releasethem from a stack at a. minimum of 3.6:
meters from ground level.

e. Controls to place the ventilation system in.the isolation mode shall be available in the
control rorom. . .. . . , .

Basis. The reactor facility and site description are strictly defined (SAR 2.0). Proper handling of
airborne radioactive materials (in emergency situations) can be conducted from the reactor
control room with a minimum of exposure to operating'.persbnn~ei (SAR,9.1):'.Control of the
ventilation system is available from the control room, which ýkill be habitable,'6ven during the
M H A . ' . .'' i . .." .. '•" ; : . .. " .

' ' " ' .4 .
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5.2 Reactor Coolant System

Applicability. This specification applies to the pool containing the reactor and to the cooling of
the core by the pool water.

Objective. The objective is to assure that coolant water shall be available to provide adequate
cooling of the reactor core and adequate radiation shielding.

Specifications.

a. The reactor core shall be cooled by natural convective water flow.
b. The pool water inlet and outlet pipes shall be equipped with siphon breaks not less than 5

meters above the upper core plate.
c. A bulk pool Water temperature alarm shall be provided to indicate high bulk water

temperature if the temperature exceeds 400 C.• , .I
d. A pool level alarm visible outside the reactor facility shall be provided to indicate if the

level decreases more than 10 cm below normal.

Basis. This specification is based on thermal and hydraulic calculations that show that the
TRIGA® core :can operate in a safe manner at-power levels up to 250 kW with'natural convection
flow of the coolant water. -"
In the event of accidental'siphoning of I water.thro.ugh'inlet ad outlet pipes the pool water

level will drop to a level'no less than 5 meters from the upper core plate either due to a siphon
break or due to the pipe end, ng. SAR 5.2).. .

The bulk water temperature alarm provides warning so that corrective action can be initiated, in a
timely manner to protect the demineralizer resin. The alarm is located in the control room.

The pool level alarm is to allow timely detection of pool leaks. Visibility outside the facility
allows it to be monitored by periodic security patrols.

. ,- ¢ .7,.-.. ., .

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

• . .*-..
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5.3 Reactor Core and Fuel

5.3.1 Reactor Core

Applicability. This specification applies to the configuration of fuel and in-core experiments.

Objective. The objective is to assure that provisions are made to restrict the arrangement of fuel
elements and experiments so as to provide assurance that excessive power densities shall not be
produced.

Specification.

a. The core assembly shall consist of stainless steel clad TRIGA® fuel elements.
b. The fuel shall be arranged in a close-packed configuration except for single element

positions occupied by in-core experiments, irradiation facilities, graphite dummies,
control rods, startup sources, or central thimble.,

c. The reflector, excluding experiments and irradiation facilities, shal.1 be water and
graphite..

Basis. Only TRIGA® fuel is anticipated to. ever be, used.. In-core water-filled experiment
positions have been demonstrated to be safe in the TRIGA® Mark I reactor. The largest values of
flux peaking will be experienced in hydrogenous in-core irradiation positions. Various non-
hydrogenous experiment 'positioned in elemit -positions have beefldehm"onsirated to be gate in
TRIGA® fuel element cores up to 500 kW operation. The core .will be.as sembled inin the reactor
grid plate that is located in a pool of light water. Water in combination with zgraphite reflectors
can be used for'neutron economy and the enhancement of irradiation facility radiation
requirements. : ,

5.3.2 Control Rods:.....

Applicability. This specification applies to the control rods used in the reactor core.

Objective. The objective is to assure that the control rods are of such a design as to permit their
use with a high degree of reliability with respect to their physical and nuclear characteristics.

Specifications. The shim, safety, and regulating control rods shall have scram capability and
contain boron compounds as a poison, in aluminum or stainless steel cladding.

Basis. The poison requirements for the control rods are satisfied by using neutron absorbing
boron compounds. These materials must be contained in a suitable clad material such as
aluminum or stainless steel to ensure mechanical stability during movement and to isolate the
poison from the pool water environment. Scram capabilities are provided for rapid insertion of
the control rods that is the primary safety feature of the reactor.
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5.3.3 Reactor Fuel

Applicability. This specification applies to the fuel elements used in the reactor core.

Objective. The objectivýe is to assure that the fuel elements are of such a design and fabricated in
such a manner as to Permit their use with a high degreeof reliability w~ithrespect to their
physical and nuclear characteristics.

Specifications.

The individual unirradiated TRIGA® fuel elements shall have the following characteristics:

a. Uranium content: nominal 8.5 weight per'cent enriched to less than 20% in U-235;
b. Hydrogen-to-zirconium atom ratio (in the ZrHx): between. 0.9 and 1.65;
c. Cladding: stainless steel, nominal 0.020 inches thick;
e. Identification: each element shall have a unique identification number.

Basis. Material analysis of 8.5/20 fuel shows that the maximum weight percent of uranium in
any fuel element is less than 8.5 percent, and the maximum enrichment of any fuel element is
less than 20.0 percent.,

5.4 Fuel Storagze

Applicability. This specification applies to the storage of reactor fuel at times when it is not in
the reactor core.

Objective. The objective is to assure that fuel that is being stored shall not become critical and
shall not reach an unsafe temperature.

Specifications.

a. All fuel elements shall be stored in a geometrical array where the klff is less than 0.8 for
all conditions of moderation.

b. Irradiated fuel elements shall be stored in an array that will permit natural convection
cooling by water. . .

Basis. The limits imposed are conservative and assure safe storage (NUREG-1537). See
Foushee's memo on Storage of TRIGA Fuel Elements dated March 1, 1966.

.. ~ ~I,. • • .
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6 ADMINISTRATIVE CONTROLS

6.1 Organization

Individuals at the various management levels, in addition to being responsible for the policies
and operation of the reactor facility,.shall be responisible for safeguardingithe public and facility
personnel from undue'radiation expdsures and for'adhering to all requiremnerts of the operating
license, TS, and federal regulations.

6.1.1 Structure

The reactor administration shall be as shown in Figure 1.

Figure 1 - Administrative Structure

President of Reed College . :
Dean of the Faculity

[Reactor Operati .ons Cojmmittee -- Reactor Director ', Health Physicist .

Associate Director

Operations Supervisor

Senior Reactor Operators
Reactor Operators

6.1.2 Responsibility. •-.... .,,

The following specific organizational levels and responsibilities shall exist. Note that the Levels
refer to ANSI/ANS-15.4-1988;.R1999..

a. President (Level 1): The President of Reed College is responsible for the facility license*
and representing Reed College.

b. Director (Level 2): The Director reports to the President of Reed College via the Dean of
the Faculty, and is accountable for ensuring that all regulatory requirements, including
implementation, are in accordance with all requirements of the NRC and the Code of
Federal Regulations.

c. Associate Director (Level 3): The Associate Director reports to the Director and is
responsible for guidance, oversight, and technical support of reactor operations.

d. Health Physicist (Level 3): The Health Physicist reports to the President of Reed College
via the Dean of the Faculty and is responsible for directing health physics activities
including implementation of the radiation safety program. The Health Physicist shall
communicate with the Reactor Director regarding health physics issues.
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e. Operations Supervisor (Level 3): The Operations Supervisor reports to the Associate
Director and Director and is responsible for directing the activities of the reactor staff and
for the day-to-day operation and maintenance of the reactor.

f. Reactor Operator, and Senior Reactor Operator (Level 4): The Reactor Operators (RO)
and Senior Reactor Operators (SRO) report to the Operations Supervisor, Associate
Director, and the Director, and are primarily involved in. the. manipUjlation, of reactor
controls, monitoring of instrumentation, and operation and maintenance of reactor related
equipment'

g. Durinrg a vacancy in any position'individuals may fill multiple positions if they meet the
qualifications.

6.1.3 Staffing

a. The minimum staffing when the reactor is operating shall be:

S1. 'A reactor operator in the control room;
2. A second person present in the reactor facility able to scram the reactor and summon

help;
3. If neither of these two individuals is an SRO,,a designate~d SRO shall be readily

available on call. Readily available. on call means, an individual who:

a) Can be contacted quickly by the operator on duty;
b) Is capable of getting to the reactor, facility Within 15 minutes.-

b. A list of reactor facility personnel by name and telephone number shall be readily'
...available in the contro.l room for use by the operator. The list shall, includ.:

1. Reactor Director;
2. Reactor Associate Director; • ,. • ..
3. Operations Supervisor;
4. Reactor Health Physicist; . .
I.: At, least.one other person who is a licensed SRO. .,

c. Events which require the presence of an SRO in the facility shall inchide:

1. Initial criticality and approach to, power of the day;
2. All fuel or control rod relocations in the reactor core;
3. Maintenance on any reactor safety system;
4. Recovery from unplanned reactor scram or significant power reduction;
5. Relocation of any in-core experiment or irradiation facility with a reactivity worth

greater than one dollar.

6.1.4 Selection and Training of Personnel

The selection, training, and requalification. of personnel should be in accordance: with ANSI/ANS
15.4;-1988; R1999, "Standard for the Selection and Training of Personnel for Research Reactors."

Reed Rdsearch Reactor
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6.2 Review And Audit

The Reactor Operations Committee (ROC) shall have primary responsibility for review and audit
of the safety aspects of reactor facility operations. Minutes, findings, or reports of the: ROC shall
be presented to the President and the Director'within ninety days of completidn"'

6.2.1 ROC Compo~ition and Qualific'atins' .

The ROC shall have at least five voting members, at least two of which are knowledgeable in
fields that relate to physics and nuclear safety.. .The.Reactor Director and Associate Director shall
be nonvoting members. The Dean of the Faculty, the Reactor Health Physicist, and the campus
Radiation Safety Officer shall be voting members. The President shall appoint the ROC members
except those who are members by virtue of their position described above.

6.2.2 ROC Rules

The operation of the ROC shall be in accordance with written procedures including provisions for:

a. Meeting frequency (at least twice per year);
b. Voting rules;
c. Quorums (not fewer than half of the -'voting meimbers); -
d. Method of submission and content'of presentation to the committee;
e. Use of subcommittees; .-,' .

f. Review, approval,, and dissemination of minutes.

6.2.3 ROC-Review Function . .•......I

The responsibilities of the ROC, or designated subcommittee :theredf, ificlude', but are not limited
to, the following: .-,, ,

a. Review changes made under 10 CFR 50.59;
b. Review new procedures and substantive changes to existing piocedures;-,
c. Review proposed changes to the .TS or license; .• '"

d. Review violations of TS, license,"0'r violaftions of internal procedures or instructions
having safety significance;

e. Review operating abnormalities having 9afety significance;
f. Review events from reports required-in Section 6:7.2 of these TS; ..
g. Review new experiments under Section 6.5 ofthese TS;

h. Review audit reports.

6.2.4 ROC Audit Function , , .

The ROC, or a subcommittee thereof, shall audit reactor operationis at least annually 'The annual
audit shall include at least the following:

a. Facility operations for conformance to these TS and applicable license conditions;
b. The ie'qualification program fdi the operating'~aff;.......... ' ' "
c. The results of action taken to correct deficiencies' that ma,"occur in the reactor facility

equipment, systems, structures, or methods of operation that affect reactor safety;
d. The Emergency Plan and implementing procedures.

Reed Research Reactor W. - 14-23 May201]
Safety Analysis Report



TECHNICAL SPECIFICATIONS

6.3 Radiation Safety

The Health Physicist shall be responsible for implementation of the radiation safety program.
The requirements of the radiation safety program are established in 10 CFR 20. The program
should use the guidelines of the ANSI/ANS 15.11 -1993; R2004, "Radiation Protection at
Research Reactor Fgailities.".

6.4: Procedures

Written operating procedures shall be adequate to assure the safety of operation of the reactor,
but shall not preclude the use of independent judgment and action if the situation requires.
Operating procedures. shall be in effect for the following:

a. Startup, operation, and shutdown of the reactor;
b. Fuel loading, unloading, and movement within the reactor;
c. Maintenance of major components of systems that could have an effect on reactor safety;
d. Surveillance checks, calibrations, and inspections required by the TS or those that have

an effect on reactor safety;
e., Radiation protection; .

f. Administrative controls for operations andmaintenance and for the conduct of
irradiations and experiments that could affect reactor safe~ty or.core reactivity;

g. Shipping of radioactive materials;
h. Implementation of the Emergency Plan.

Substantive changes to the above procedures shalIJ be made only after review by the ROC.
Unsubstantive changes shall be reviewed prior to implementation by. the Director or, Associate
Director. . . ,.

Temporary deviations from the procedures may be made by the responsible SRO when the
procedure contains errors or in order to deal with special or unusual circumstances or conditions.,
Such deviations shall be documented and reported by the next working day to the Director or
Associate Director. . .•

: ,-t,',. . . . . . . ....... ... . . ... .' ' ' ".. ,

6.5 Experiments Review and Approval

The following apply to experiments: . . . ,

a. Experiments shall be carried out in'accordance with established and approved
* 'procedures; .

b. All new experiments or class of experiments shall be reviewed by the ROC and approved
in writing by the Director or Associate Director prior to initiation;

c. Substantive changes- topreviously approved experiments shall be made, only after review
by the ROC and approved in writing by the Director or Associate Director;

d. Minor changes that'do'not significantly alter the experiment may be approved by the.
Operations Supervisor, Associate Director, or Director.

• .. r•...;.. .............

, ' , . " . . "' .." 4. '. '~ ." .' ' , l " ..
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6.6 Required Actions

6.6.1 Actions to Be Taken in Case Of Safety Eilnit Violation'

In the event a safety limit (reactor power) is exceeded:

a. The reactor shall be shutdown and reactor operation shall not be resumed until authorized
by the NRC;

b. An immediate notification of the occurrence shall be made to the Director, the Chair of
the ROC, and the President of Reed,C011ege;

c. A report, and any applicable followup ieport shall be prepared and reviewed by the
ROC. The report shall describe the following:
1. Applicable circumstances leading to the violation including, when known, the cause'

and contributing factors;
2. Effects of the violation upon reactor facility components, systems,ior structures and

on the health and safety of personnel and the public;
-. 3. Corrective action to be taken to prevent recurrence.

6.6.2 Actions to Be Taken in the Event of an Occurrence of the Type Identified in Section
6.7.2 Other than a Safety Limit.Violation

For all events that are required by reguiations f TS to 'be reported to the NRC within 24 hours
under Section 6.7.2, except a safety limit violation, the following actions shall be•taken:

a. The reactor shall be secured and the Director or Associate Director notified;
b. Opefati0'ns shall, not resume unless authorized, by the Director~or Associate Director;i.
c. The ROC: shall review the occurrence at or before their next scheduled meeting--
d. A report shall be submitted to the NRC in accordance with Section 6.7.2. . K

~~~~~~~~~~. t...',', . .. '• . . . . ." .. i..,"....... ; ,( .. : ...

6.7 Reports ' ' ." .....

6.7.1 Annual Operating Report

An annual report shall be created and submitted by the Director to the NRC by November 1 of
each year consisting of: -

a. A brief summary of operating experience including the energy produced by the reactor;
b. The number of unplanned shutdowns, including reasons for them;. .. . ;
c. A tabulation of major preventative and corrective maintenance operations-having safety

significance; . .. . ,. .

d. A brief description, including a summary: of the safety evaluations, of changes in.the
facility or in procedures- and of tests and experiments carried out pursuant to 10:CFR
50.59; . .... '. ' , . .. i V

e... A summary of the nature and amount of radioactive effluents released or discharged to
the environs beyond the effective control of the licensee.as measured. at or prior to. the
point of such release or discharge. The summary shall include to the extent practicable an
estimate of individual radionuclides present in the effluent. If the estimated average
release after dilution or diffusion is less than 25 percent of the concentration allowed or

* recommended, a statement to this effect is sufficient;
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f. A summarized result of environmental surveys performed outside the facility;
g. A summary of exposures received.by facility personnel and visitors where such

exposures are greater than 25 percent of that allowed.

6.7.2 Special Reports .. .. .

In addition to the requirements of applicable regulations, and in no. way.,substituting therefore,
the Director shall report to the NRC as follows: _, . . .

a. A report not later than the following working. day by telephone and confirmed in writing
by facsimile to the NRC Operations Center, to be followed by a written report that.
describes the circumstances of the event within .14 ,days to. the NRC Document Control
Desk ofany of the following:

1. Violation of the safety limit; -',
2. Release of radioactivity from the site above allowed limits;
3. Operation with actual safety system settings from required systems less conservative

than the limiting shfefy sysitem setting;
4. .Operation in violation of limiting.cqonditions for operation unless the reactor is

immediately shutdown;
5. 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 causedby maintenance, then no report is required;

6. An unanticipated or uncontrolled change In reactivity greater than one dollar. Reactor
trips resulting from a known cause are excluded; .

7. Abnormal and significant degradation in reactor fuel or claddimng, or both, coolant
boundary, or confinement boundary (excluding minor leaks) where applicable; or

8. An observed minadequacy in the lmplementation of administrative or procedural
controls such that the inadequacy causes or c•uld have caused the existence or
development of an unsafe condition with regard to reactor operations.

b. A report within 30 days in writing to the NRC Document Control Desk of:

1. Permanent changes in the facility organization involving Level 1-2 personnel;
2. Significant changes in the transient or accident analyses as described in the Safety

Analysis Report.
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6.8 Records .

6.8.1 Records to be Retained for a Period of at Least Five Years or for the Life of the
Component Involved if Less than Five Years

a. Norn'al readtot operation;'
b. Principal maintenance activities;

"" " V.. . . ' . :;

C.

d.
e.
f.
g.
h.

Reportable occurrences;
Surveillance actiVities required by the TS;'.
Reactor facility radiation and contaminatiori surv'eys;
Experimn'ents performed with the reactor;
Fuel inventories, receipts, and shipments;
Approved changes to the operating procedures;

1. Keactor uperations Committee meetings ana auait reports. . .

6.8.2 Records to be Retained for at Least One Requalification Cycle;

Records of retraining and requalification' of licensed reactor 'ýperators'and seniori teactbr
operators shall be retained at all times the operator is employed'or licensed tithe facility.

6.8.3 Records to be Retained for the Lifetime of the ReactorFacility. :

a. Gaseous and liquid radioactiveeffliueAfs released to the environs;..
b. Offsite environimental monitoring'surveys; ... .

c. Radiation gxposures for all personnel'monitored. .

d. Drawings of the reactor facility; - :- •
e. Reviews and reports pertaining to a violation of the afey ffhim, the limiting safety

system setting, 6i a limiting condition o operation. ' "
• . " !' ' A, ;. •.'.. . ..•' ' i. . • ,:
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