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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 of function that
would lead to an uncontrolled release of radioactive material, or if released, are analyzed and
Sfound 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 of fuel cladding integrity. Please provide this information
including the loss of alarms, automatic isolation, operation of heating, ventilation, and air
conditioning (HVAC) 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-1537, 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-1537, 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-153 7 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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Sfunction. 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 comply with the building
codes of the City of Portland; Multnomah County, and the State of Oregon in
1968. All modlﬁcatlons have béen made in accordanice with the applicable codes.

The facﬂlty was installed in'acéordance with des1gns prov1ded by General
Atorics and the archlteetural desrgns by F arnham and Peck, reg1stered architects
in the State of Oregon. =~

5. NUREG-1537, Part 1, Section 3. 3; Water Damage requires the appltcant identify the potential for
flooding which could prevent structures, systems and componentis from performing their safety
function. The 2007 SAR, Section 3.3 States “As discussed, in Chapter 2, the flood plain of the local

' rivers does not come near the reactor Site. Howeve; even if flooding occurred, reactor safety
" would not be an issue since the core is located in a water pool.” However, this information is
incomplete. Please provide information that demonstrates that should flooding occur, it will not
prevent operatton of the RRR safety-systems.
Durmg a ﬂood itis presumed that electrlcal 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
" "core, loss of electrical power is not ari issue. It is also assumed that the RRR
would not be operated if it were ﬂooded b

. \ .
. e

6. NUREG-1537, Part 1, Section 3.5, Systems and 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 mfo; mation on this toplc but do not provide information 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 elettromechanical systems and components required for operation, shutdown and to
maintain shutdown. no

See updated SAR Sectlon 3 5 and 3 6

7. NUREG-1537, Part 1, Section’4.2.1, ‘Rédctor Fuel, siates the appltcant should describe the fuel
elements used in the reactor including detailed design information. References should be provided
.o demonstrate that the design basis assures that inte, ity of the fuel is maintained under all
condzttons assumed in the saferv analyszs T he descrl tion should also znclude information
necessary fo establish Ilmmng conditions beyond whtch fuel integrity would be lost. The 2007 SAR,
Sections 133, 424and4.2.5 which provzde ‘Some rnformatton are incomplete. Please discuss the
a’tﬁ’erences in fuel length for the aliminum’ -and- Stainless steel clad fuel utilized in the core and the
implicafions of these differences on anal}ls‘zs inaddition, please address. mechaniéal 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 of fission gas. Include in
the analyses the impact of radiation effects, including the maximum fission densities and f ission
rates that the fuel is destgned 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 | of that document the RRR fuel is the first type,
“Original.” A detailed study of these fuels can be found in a paper by M. T.
Simnad, “The U ZrH, Alloy: Tts Propertles and Use in TRIGA Fuel,” Nuclear
Englneerlng and Design, Vol. 64 pp 403-422. -

The difference in the length of the fuel meat will not have a safet) 51gn1ﬁcance
_ other than a lower value for react1v1ty The safety 51gn1ﬁcance of the fuel is the
inherent large negative temperature coefﬁc1ent 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 i is, it should be posszble to shut
down the reactor and comply 1 with the requirement of minimum shutdown margin wzth the highest
worth.scrammable control rod stuck out of the core. The control rods should also be sufficient to

control the reactor in all deszgned oper. attng modes and to shut down the reactor safely from any
operational condition.

The control rods, blades, followers (if used) and support systems should be deszgned conservatrvely to
withstand all anticipated stresses and challenges from mechanical, hydraulic, and thermal forces and the
effects of thezr chemzcal and radzatzon environment, '

The control rods should be designed so that scrammzng them does not challenge thelr integrity or operation
. Or the integrity or operation of other reactor Systems. !
AT

The 2007 SAR, Sectzons 427,428 and 4. 2.9, whzle provzdzng some of thzs znformatzon is incomplete.
The SAR does not provide the worths of the 3 RRR control rods. Please prowde calculated and measured
control rod worths under all conditions of operation. Please determine if control rod withdrawal insertion
limitation limits (rod position vs. power) are necessary to preserve assumptions in the departur e from

_ nucleate boiling ratio (DNBR) analysis.

S o Temperature distribution w1th1n a fuel element durmg arod movement is
~ dependent on both time and spatial position within the element. ThlS .question can,
however, be answered using:a point kinetics approach with some conservative
assumptions. A step insertion is discussed in RAI #55 and thls dlscussmn builds
on that discussion and should be read first. e -

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

The treatment and solution of the pomt teactor kinetics equations involved iise of
a code developed by OSU which was benchmarked against GA codes and the
RELAP point kinetics module This treatment is summarized i in the to- be- ;
. published paper entltled A Comparlson of Pulsing Characterlstlcs of the Oregon
- State University TRIGA® Reactor-with FLIP and LEU Fuel (Marcum, etal). 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 51mp1e 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 RELAPS5-3D 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 RELAPS5-3D. The derivation for the Oregon
State point reactor kinetics model is presented in the following section.

We begin with the point reactor kinetics equations

oP(1) (P(t) ﬂ)P( )+2w(t)

ot A(r)
(1)
aC,
E——-—AC (,)+ b, P(r), i=1.6.
‘ )
React1v1ty is related to the prompt fuel temperature coefficient of
reactivity (o ) by '
. P T, S
fdp=[a:(T)dT .
A 3)

The fuel temperature coefficient is.a 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 durirg this process. The temperature of the fuel is related
to the power of the core through an energy balance equation:

c dT (1)

v T P(t)

Q)

where C is representatlve of the spe01ﬁc heat for a prescrlbed mass or

C,m, most commonly referred to as the volumetric heat capacity , where

. m[kg] is the mass of an obJect and Cpis the spec1ﬁc heat [J/kg-K] of that
o object o

be
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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 -

(1)

k t

and the multlpllcatlon factor ( k) is of the form -

k()= (1-p (t)) '

" (6)

Lmearlzatlon . :
" A reformulation of equatlon (1) may be performed given the relationships
presented (5) and (6); i

P(t) .,

—§P() 1!’
ot L 1%

where
_ P(t) B
g =50
(8)
and
Y= j'.'Ci(t) '
Multiplying through (7) with the integration fae,t:q,r:yields
oP
Lo gp()e spe
or , (10)
or -
6- : =& -&
"-(P(t.)e ¥ ),=1/f€. '
11y
Carrying out the 1ntegrat10n of (1 1) from time t,, to t1me Intl,
" d -&t Y
Jaees ot .
(12)

produces the following linearized equation for power

,Rnl = Pe . zl) .("_E'"H 1) '
E (13)

" ‘where Ar represents ‘the time différence 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;

9 gt w oA (1) M + P b p(1)e
((i-p)
, (14
or
a : ﬁelf' ) .
Ce}’) )
at (1=
( P(t)) _ (15)
- Carrying out the integratlon of (1 5) from t1me I, to time £+ yields
| 'Ci'n-o-l = Ci rte-.liA’ ¥ P(t k W at
e p),,f .

(16)

The trape201dal scheme was employed in order to solve-for P(¢'), where

; P(t’) ( n+l Rr)
' Utilizing (17) in(16) y1elds o

| z" -' ) C =C -LAI ﬂ( n+l )(l —‘I"A’A'..)
. , in+l : ,,,, . | zxp(l_p)

(17)

(18)
j_ Equatlon (1 8) represents six of the nine equatlons that couple together to
~ produce tne temporal solutlon where i represents one of 51x delayed
" néutron groups.

" The reactivity feed'is 1ncorporated into the ‘system of equatlons this is
¥~ done by integrating (3) from t1me t,, to t1me t,rH, producmg

CL +0a -T T.)
S . pn+! pn F ( n+| n+t n) (19)
ST Lastly, the temperature change in the fuel is accounted for through the
.« . .. linearized integration of (4). However the volumetric heat capacity of
.y« TRIGA® fuel is characterlstlcally a function of temperature taking on the
o b form \ :
y (T) C ot CI,,T | 0)
: Integratmg (20) over temperature ylelds

Cl
LC(T) = CoT + 21T
2 @1

Performing the integration of (21) from time ¢, to time #,+, produces

Coa) (e o) AR+ F)
0= (C""T S 7 ). (C”"T’L-zf—r ) 2

(22)
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Solving for temperature at #,+; generates. .

b -

C..T+ Cu T’
»o 2
. At( n+1 )
2
7:101 = . C‘
. fpl.n#l . . (23)
- Equation (23) is the last of the nine coupled equations to be linearized.

_Cpo net ¥ (CpU n+l ) +2C pl nel " (

An explicit meihod 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

..+ ofthe scram signal, 5) only the two lowest worth rods are inserted durlng the
scram (Reg + Shim = $4 61) 6) rod insertion time due to the scram is the
maximum allowable tech spec limit of 1.0 sec and 7) reactivity addition due to
rod runout terminates at the same time that 1nmot10n of the other two rods
commences 1.e., the w1thdrawa1 of the runout rod ceases when the SCRAM signal
initiates 1nsert10n ‘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.

v
! 3
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‘Typical Control Rod Worths were recently measured as:

Safety Rod $3.37
ShimRod., - .= .$3.27 -
Regulating Rod . . $1.34 .
: ' -.$7.98 .

The Ciste Excess ‘when cr1t1cal at 5 W is typ1cally

...+ .Safety Rod . $0.65 ..
- ShimRod $0.65 . |
Regulating Rod $0.35
T $1.65

With a lynlcal 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 s hutdown by $7.98 - $3.00 - $3.37 = $1.61
which is still greater than the $0.50 minimum.

9. NUREG-1537, 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 a’zscuss:on of the radial reflector and the graphite reflector
elements; however, it does not provza’e any mformatlon pertammg to the naturally circulating water which
is also moder: ator/reﬂector Please provide a description of the water moa’era!or and reflector and an
assessment of the functzon ana’ zmportance of the moderator and the effect of loss of moderator on the
behavior of thé reactor core during operations. :

~ The water in the feaetor pool is_ a moderator and reflector in addition to being a
“coolant. The naturally circulating water surrounds the core structure 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 loss of moderator would preclude operatlng the
reactor because of the large negat1ve vmd coefﬁc1ent -

10. NUREG-] 53 Par; 1, Section 4.2.4 Neutron Startup Sow ce, states the applzcant shoula’ descwbe the

" ‘neutron source-used 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 revzsea’ descripfion of
the neutror source in use at RRR mclua’mg the followmg :

. tvp of neutron source including mfo; ‘mation on neutron startup materzal
*  fpe of nuclear reaction
*  energy spectra of neutrons
v e source strength : :
;7 1. % interaction of the source ard holder whlle in use, with the chemzca; :
- 9. thermal, and radiation environment :
: --® .. design features that ensure the ﬁmctlon integrity, ana’ avazlabtltty of the source
o [ The neutron source is 1.64 Ci AmBe and was 1nstalled in 1968 Am-24] has a
half-l1fe of 432 days and em1ts an alpha parficle. ’I he alpha partlcle hits the Be-9
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nucleus and produces neutrons through the (o,n) mechanism shown below:
a+°Be-->a+*He+*He+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 Chanriel Nuclear Instrument.

The neutron source will be replaced if it indicates any leakagé or if it does not
supply sufficient neutrons to satisfy the : source- -rod 1nterlock requlrements

11. NUREG-1537, Part 1, Section 4.2.5, Core Support Structure states the applzcant should describe
structural performance of the core support structure under all reasonable conditions. Furthermore, it is
required that the design basis, operational analyszs and safety considerations should be provided for each

* reactor component placed on the grid plate. The 2007 SAR, Sections 4.21'and 4.23, while providing some
of this information, are incomplete. Please provide information demonstratmg the adequacy of the core
support structure under flooded and empty tank conditions to support all required-components under all
operatmg conditions.

The reactor-is standard TRIGA Mark I reactor that has been analyzed many times.
There is nothing un1que ‘about the RRR reactor. The initial loading in 1968
showed that the core structure can support the welght of all its components in the
empty condltlon 40 years of operational experience has shown that the core
structure can support the weight of all its components in flooded condltlons

The structure is sound enough to last for the duration of the fuel. Routine in-
service 1nspect10n and restrictions on the pool water quallty mlnlmlze the’
corrosion of the components. , - .~ ... .

12. NUREG-1537, Part 1, Section 4.3, Reactor: Tank or Pool, states the applicant should describe the
reactor tank and associated components and provide assurances regarding those components to perform
their intended function free from 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 uncontrolled-leakage of
.contaminated coolant and should discuss detection, preventive and protective measures. The.2007
SAR, Sectiond. 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 applzcable to
these topics. : N
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
- perlodlc security patrol$. Pool level and makeup water are checkéd weekly and
" the amounit of water added is ‘trended oVer time. Makeup averages less than 130
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liters per week, which is consistent-with the evaporation rate of our pool which
has a surface area of 11.6 m? 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 = 0.77 I/h. The manual make up water
system can supply well over 1000 I/h. If water level decreases 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 nCi/ml,
- .+ primarily Na-24. The 10 CFR 20 Effluent Concentration Limit for Na-24 is 5E-05
nCi/ml, so any leakage would be within that limit. At the above measurable leak
rate, that would be. at most 7.7E-04, pCi/h. The leakage would.go into 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 materlals -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

¢ - - ssetat 5 pSiemens/cm which is.in agreement with NUREG 1537 Appendix 14
43.3(9), Water Chemistry. The pH will be measured quarterly to ensure it is .
between S5and 7.5, Wthh is in agreement with NUREG 1537

13. N UREG-] 537 Part 1 Section 4 4 Bzologzcal Shield, states the.applicant should descrzbe the
. Liological shied employed to ensure doses are in conformance with Title 100f the Code of Federal
... Regulations:(10 CFR). Part 20. The 2007.SAR.does not provide a characterization of the biological
shield. Please provide a description of the biological shteldmg employed at RRR including
i consxderatzon of concrete tank structure and pool water.

+ . -1+ . The biological shield consists of the reactor pool water. The reactor is at the
i tn. ~bottom of a tank that is 25 feet (7.6 m)-deep. Normally at least.20 feet of water
"+ . .cover the.core, providing the biological shield. || | GTcNEE
here are no accessible
- .rooms or-facilities below the floor level of the reactor. The biological shield is
~ sufficient to keep doses within the‘ requirements of 10 CFR 20.

14. NUREG-1537, Part 1, Section 4. 5 Nuclear Des:gn, states the applicant should dtscuss normal
‘operating conditions, reiactor core physics parameters and operating limits. The discussion should
*include a discussion of the complete, operable core; control rod worths; kinetic parameters; excess
reactivities; shut down margzns and flux distribution or all planned confi, gurattons Sor the life of
thecore o S .

‘ The 2007 SAR Subsectton 4.6.1 states:

General Atomics uttlu.ed a mixed core of. stamless ,s‘teel and alummum clad fuel from 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 Iong as fuel temperature in the mixed

* Valuminium and stainless steel core did not exceed 550-C'(1022 F). ... Consequently, sincé a mixed core of
o qluminum and stainless steel was used in.the Mark I reactor for more than: 35.years at a thermal power
o greater:than the RRR reactor, it is concluded that the health and:safety of the public 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 neutronic and thermal-hydraulic.
conditions pertinent to'that reactor. RRR needs to establtsh the basis for mcorporatmg the GA conclusions
into the RRR SAR. B -

In addition:

The 2007 SAR, Subsectton 4.6.2.1 (Excess Reacttwty) dtscusses ltm ttmg RRR10 +$3 00 of core reactivity to
prevent excessive fuel temperatures. However, the excess reactivity of RRR has not been established in the
SAR. :

Co oy

The 2007 SAR, Subsecnon 4 6 2.2. (Shutdown Margm) ltsts the shutdown margin Te echmcal Specification
requirement. However, the ability to meet this requirement is not presented in the SAR.

The 2007 SAR, Subsecnon 4623 (Reacttvzty Limits on Experiments) states that ltmztmg reactivity
insertions from-experiments to -$1.00 will prévent sudden removals from causing excessive fuel
temperatures.: However, there is no analysis demonstrating this in the SAR. .

The 2007 SAR, Subsection 4.6.3 (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 linch and stainless steel is neutronically different from

. aluminum R ) o ey o _

Please provide the information that addresses the stated pomts and that provzdes core physics paramelers
consistent with the NUREG citation. SR

Section 6 of Attachment A specifically addresses core excess, control rod worth,
and shutdown margin. The smallest calculated shutdown margin of the current:

+ core-configuration is $2.54 + 0.04 with a calculated core excess of $1:65 + 0.11.
The shutdown margin is clearly met. The shutdown 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 the highest power fuel element (i.e., grid position B-5) was
replaced with an aluminum clad fuel element. The power ‘generated 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 operatlon without the need to add or remove fuel
elements. If operating with typical critical control rod worths of, $O 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 movement to meet
shutdown margm and core excess limits would be the unusual act1v1ty of" addmg an
experlment with large positive: react1v1ty worth e ’

. The react1v1ty limit of $1.00 for movable experlments is designed to. prevent an
~inadvertent prompt critical condition from occurring and maintain a-value.below
.- the shutdown margin. Movable experiments are by their very nature:experiments
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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 for
all experiments in agreement with Reg Guide 1537 Appendix 14 Section 3.8.1.

Experience has shown that the 1dent1ﬁed frequencles will ensure performance and
operability for each of these’ systems or components ‘The value,of a significant
change in reactivity (>$0.25) is measurable and will ensure adequate coverage of
the shutdown margin after taklng 1nto account the accumulatlon of poisons.

A question arose: whether the calculated value for the v01d coefficient of reactivity
is too large, especially when compared with calculated values from other similar
facilities. Section 8 of Attachment: A states that the average void coefficient over
the range -from 0% void to 100% void is--$0.83 per percent void. This is very
similar to the -$0.86 value calculated for the OSTR and compares reasonably well
with the measured OSTR value of -$0.51 pér percent void. As discussed below, it
is highly improbable that the RRR could be operated with more than a few
percent moderator void present in the core. The react1v1ty coefficient for the RRR
~within such an opetating envelope is on the order of T
7 '-$O 12 per percent void. '

Figure 1 Core k-effective vs. % moderator void
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Percent moderator void

..+ Figure 1 shows ke vs. percent of moderator 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 negatlve reactivity. The slope of the curve in terms of Ak per
percent or $ per percent 1ncreases w1th 1ncreas1ng percent v01d
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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 ke of the. reactor with the.in-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 k¢ at the same temperature.
This process was repeated with in-core water densities of 75%, 50%, 25% and 0%
of the original densities. The resultmg elgenvalues for each core state are
tabulated below and plotted in Figure. 1..

Percent o_f original "[" . - Calculated - 1o Reactrvrty
H,0 Density .| . kegeigenvalue ™ | (pem / $ using B = 0.0075)
100 1.01209'+/-0.00015 | =" 1194 /1.54:
90 - | 1.00282 +/-0.00015 -+ 281/0.:37
75 " | 0.98436 +/- 0.00015 - .1588 /-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 gver 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 segmeénts become stéeper, 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: PRI

*  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 confi gurations.

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 in the -core conﬁguratlon are. performed under the process
described in 10 CFR 50.59.- " .+ - . i

An experlment was performed in March 201 I to measure the values for reactivity
due to equilibrium and peak (post shutdown) 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.

: Extrapolatmg from this data us1ng the equilibrium xenon equation

(}'1 "'y\e)zﬁb

/1M+o“¢

S

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 Core Excess limit of $3.00

seems prudent. o '

It has been noted that Figure 5 of Attachment A 1nd1cates that the calculated IRW
value of the reg rod is $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 introduce negative react1v1ty over certain incremerits. In response, during
1nitial modeling attempts, it was found that the control rods i 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
, .of the MCNP model was reduced as discussed in section 4 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 essentially.the same value as
_measured total rod worth. Note, however, that the Reg rod is located in the E-ring
. ”".whlle the’ other two rods are located in the C-ring. The reg rod is thus depleted
h ,s1gn1ﬁcantly less than the othér two rods. By depletmg all three control rods in an
. ",1dent1cal manner, the end result was that the reg rod Was significantly over-
' depleted and the shim and safe fods were slightly under-depleted. The goal of the
- depletion simulation was to achieve good agreement between measured and
ealc'ulated total rod worth. A more acctirate 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 in the model, safety calculations that
" “involve control rod accidents are based on the most reactive rod sticking or
“¢jecting. Values used in these safety calculatlons were based on measured rod
“*worth, not calculated rod worth.”

~ Regarding the non-physical behavior of calculated rod worth it is helpful to
consider a concrete example. C,ons1der,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, ke of the core is calculated at the initial
‘rod position‘and then recalculated with'the rég rod 1.05 inches higher. The kg
" ‘Value at the initial state should be closé to 1.000. The reactivity value at the
" second state should be $0.10 higher, correspondmg to ke ='1 00075 These two
" values of ke are extremely close. Sincé reactivity is dependenit on ‘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 k¢ 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 -
kefr) 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 deszgn features necessary to ensure safe operation and
shutdown, namely:

¢

sk

temperature coefficients or reactzvtty voza’ coeﬂ' czents Xe-Sm worths power coeﬂ' cients (if not
otherwise accounted for), and the mfluence of experiments, -
minimum control rod worths and stuck rod worths for all allowed core cona'ztzons

transient analysis of an uncontrolled rod withdrawal,

shutdown margin calculations for limiting core conditions, and . . , .
technical specification implemented to ensure safe operation.

The 2007 SAR, Section 4.6 describes some of these limits but is mcomplete Please provzde information
specific to the RRR regarding methods, uncertamtles comparzsons and all techmcal parameters as
: ‘tdenttfed in NUREG 1537

e

Section 6 of Attachment A spec1ﬁcally addresses core neutron-physics
- parameters. Based on the large negative values 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 Spec1ﬁcat10ns for core excess and
'shutdown margin. : :

. The elgenvalues used to generate the alpha-T values are tabulated below. The

..ZAIDS and corresponding ENDF 1nformat10n is also given, To perform these

',_calculatlons only the temperature (i.e. cross section library) f for U235 and U238
were varied. There are no modem (post 1969) high temperature 11brar1es for ZrH.

Temperamre (°O) keff - .| ZAID extension ENDF Library
293.6 . 1.01209 +/- 0.00015 .66¢ | .66a(B-VL6)

400 1.00547 +/- 0.00014 12c 62mt(B-V1.2)

600 0.98819 +/- 0.00013 | 14c , .62mt(B-V1.2)

800 0.97619 +/- 0.00014 15¢ 62mt(B-VI1.2)

1200 0.92878 +/- 0.00013 17c - 62mt(B-VL.2)

16b. NUREG-1537, Part 1, Section 4.6, T hermal-Hydraulic Design states the applicant should describe
operating limits on cooling conditions necéssary 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 of fuel cooling under any conditions. The2007 SAR, Section 4 does not provide

this iriformation. Please provide. information regarding methods, uncertainties, and results of a
DNB analysis showing that the safety limits. proposed will never violate the lzmzts stated. Please
provide information concerning | restrzctzons on pool temperature, inlet temperature adequacy of
bottom grza' geometry, spacer geometry, and nuclear zssues such as peakmg factors rod insertion
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limits, delay times, and measurement uncertainties aﬁ"ectmg DNB analysts

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 inlet temperature is never more than 2°C warmer than the pool
temperature instrument used to comply with the techmcal spec1ﬁcatlon
temperature limit, 50 50°Ci is very conservat1ve o

The uncertainty in th1s analysis is. largely driven by the uncertamty in the Bernath

" correlation coefﬁc1ent, because the other variables in the calculation are well .
understood and are likely small in comparison. Given the conservative nature of
the analys1s it is likely that the MDNBR number is lower than the lowest values
for MDNBR vs. hot channel steady state power when uncertamty is included
usmg a more appucable correlat1on coefﬁc1ent

\

17. NUREG-1537, Part 1, Section 5, Reactor Coolant Systems states the applzcant 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 désctibes the reactor coolant systems
~but is incomplete because it does not discuss the capability of the systems Please provide a
dzscussron of the capabtlzty of the coolzng systems ' o

* The cooling system was desrgned 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

. entermg the pr1mary system passes through a prellmmary ﬁlter before entering the

o _"'pool N
18 N UREG-1537, 7 ‘part I’ Section 5.2, Primary‘Coolant 'System,'stat'es the primary coolant should
-« provide a chémical environment that limits-corrosion of fuel cladding, control and safety rod
surfaces, 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 justify the value of electrical conductivity and pH that is used jor U

‘controllmg and mamtammg chemlcal environment in the prlmary coolant system.
PN Lo oA .

Corros1on control is’ mamtamed by l1m1ts on primary water conductivity. The
conduct1v1ty is measured weekly and the limit is set at 5 uSiemens/cm which is in
* agreement with NUREG 1537 Appendix 14 §3.3(9), Water Chemistry.
Add1t1onally, 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 :
o 1nspect1ng tuel elements biennially will identify any developing fuel integrity
" issues throughout the core. The méthod of determining non- conformmg fuel at the
RRR has been exclus1vely v1sual 1nspect1on Exper1ence at many TRIGA reactors

e
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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, Sectzon 5.3, while
discussing the secondary coolant system, madequately discusses the capabzlztzes of the secondary
coolant system and the bases of the TS on maximum pool temperature. Please provide 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 coolmg system is de51gned to remove at. least 250 kW of heat so as
to sustain continuous operation at full _power. Experlence 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 of RRR. x :

In normal use, a demineralizer w1ll become sllghtly radloactlve and will be
disposed of in accordance with Chapter 11, Radlatlon Protectlon and Waste
Management. Historically the dose rate at 30 cm from the demmerallzers 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 feef with a total activity less than.1 mCi, whrch
is consistent with.the ALARA program ; : -

21. NUREG 153 7, Part 1, Section 5.5, Prtmary Coolant Makeup Water System 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-1537, Part.2, Sectton 5.6, Nitrogen-16 Control System, states the applicant should confirm
the amount of nitrogen-16 (N'®) predicted by.the SAR analysis at the proposed power level and the
potential personnel exposure.rates, mcludzng exposures.from direct radiation and airborne N,

The 2007 SAR, Section 5.5, descrtbes the N control system but provzdes no mformatton on
confi rmatton of ejfecttveness and exposure rates Please provide information concerning the
amount of N'® produced during operation at full power and the resulting personnél exposures.
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The production of '®N 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™. Itis very difficult to determine the exact
contribution'®N makes to this exposure rate but with a 7.2 s half life, the
contribution of '’N 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 uR, at

the edge of the tank.
;\I'able 1: RRR Radiation Levels at 230 kW in mrem/hour
Lo Water Surface At Bridge Level 1 m above Pool
+ Diffuser ON 12,5 0.3 o 0.2
-| - Diffuser OFF | 10 ' : 3 : 1

23. NUREG-1537, 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
Jfunctions, during the full range of reactor operation. The 2007 SAR, Section 9.1, describes the

:general features of the HVAC system but does not describe how isolation is initiated, the set-points
‘used, or the- 1S governing the use and testing of the system. Please provide information concernmg
the H VAC and address the above . ‘ :

See updated SAR Sectlon 9 1

24. N UREG 153 7 Part 2, Sectton 9. 2 Handlzng and Storage of Reactor F uel states the appltcant
should consider the methods, analyses, and systems for secure storage of new and irradiated fuel
that will prevent criticality (kegnot to exceed 0.80) under all conditions of moderation during
storage and movement. The 2007 SAR, Section 9.2 states that the spacing in the rack is sufficiently

" far apari to.prevent accidental criticalities. However, analysis supporting this statement is not
provzded or referenced Please prowde this' mformatton for the fuel rack design..

Attachment C demonstrates that: the plane array one element thick used at the
RRR will have a ke¢r 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 1o discuss fire protection systems and plans that-would affect reactor safety systems. The
2007 SAR. Section 9.3, discusses this issue.- However, there is no discussion of the sources of fire or
expected outcomes that would affect safety systems. Fire barriers piotecting saféty systems are not
dtscussed Please provzde znformatzon regardzng f ire sources and oufcomes conststent with the
: guzdance v o ot

v K . . . C " Sy
"\ v “ oot

fiSeer updated SAR Sectlon 9:3.~
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26. NUREG-1537, 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 9.7.1,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 requtred maintenance
and surveillances of the crane. Please provzde mformatton relating to crane lzmztattons (if any) and
procedures for using and parkmg the crane.

See updated SAR Sectlon 9. 7 1.
27. NUREG-1537, Part 2, Section 1 0 1, Summary Description, states the appllcant 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 v
*  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 experimental
Jacilities. Please provide a description of the principal features of the experimental and irradiation facilities
including experzmental limitations.

See updated SAR Sectlon 10. 1 o : . o
28. NUREG-1537, Part 1, Section 10. 2 Expertmental Faczltttes states the applicant should discuss the
. . experiment safety system and the functional interfate 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 experiment safety systems.
Prov1de znformatzon on design requtrements and how the deszgn requtrements are met _

1 )

See updated SAR Sectlon 10 22 - o

v
Y BEETI

29 'NUREG 1537, Part 1, Sectton 10 3, Expertment Revzew states the expertment review commlttee
should have the appropriate scope of responsibility, including the review of procedures that pertain
to the use of experimental facilities. The- 2007 SAR, Section 10.3 does not state this authority for 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 Sectlon 10 3.

30. NUREG-1 53 7, Part 1 Section 11.1. 1 Radtatzon Sources states that the applzcant should present
the best estimates of the maximum annual dose and the collective doses for major radiological
. activities during the full range of normal operatzons for faczltty staff.and members of the publtc
Section 11. 1 1.1 provides calculatzons usmg maxtmtzmg 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.10.CFR Part 20, Appendix-B.
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This response replaces that in the SAR Chapter 11. The only significant source of
*| Ar 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 *' Ar concentration discharged
while at:full power in the last five years was 3.0E-7 uCi ml”'. Assuming uniform
" mixing in the reactor bay, the concentration of *' Ar in the reactor bay would also

be 3.0E-7 pCi ml™. This is well below the 10 CFR 20 listed Derived Air

... Concentration (DAC) for 4'Ar of 3.0E-6 uCi; 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 wh11e at, full power.

" The Reed reaétor discharges *'Ar through an exhaust stack that is 3.6 meters
above ground level. Atmospheric dilution will reduce the *' Ar concentration
before the exhaust plume returns-to ground level. Based upon an annual average

4 Ar concentration of 3.0E-7 uCi ml! and measured flow rate of 2.26E9 ml hr'!,

* the emission rate of *'Ar in the stack effluent is approximately 0.188 uCis™.
_Based on.this emission rate, the ground level concentration of *'Ar (y) as a

- function of distance can be calculated from the Gaussian plume model as follows:

o [z

-5 K]
oL oy
= — e

nO,0, U

. where:
B Q = emission rate (uCi s ) Co
. = horizontai standard deviation of plume contammant (m)
'o'f— vertical standard deviation of plume contammant (m)
Y= - crosswind, distance (O m: centerlme)
: h = stack helght (m);and
o "p * mean wmd speed (m sh).

: """Values for Oy and o, can be deiermined from charts 111ustrat1ng oy and 6vs.
'+ -distance (Slade, D.H. Meteorology and Atomic Energy, TID-24190, 1968) Using
the value of 1E-8 uCi ml™ for *'Ar found in 10 CFR 20 App B, Table 2, Col. 1,
" the TEDF asa functlon of dlstance received by a member of the general pub11c
.. '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:: : N
0

__.J'L'M o0 U

Where: .
- M=4 (Flgure 3 Reg Gu1de 1. 145)

«. The results of‘~calculatmg the annual -?I EDE to the general pubiic from routine
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releases of *'Ar 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 appl1cable limits in
10 CFR 20. Coe b P o -

The nearest permanerit 'res'idenc'es to the reactor are about 700 feet (215 m) from
the reactor, located'in both the northeast and south directions. A grouping of Reed
College dormitories, housing around 30 students from August to May, are located
approximately 500 feet (150 m) south the reactor Locatlons of campus buildings
are shown 1n SAR F1gure 23.

For comparison purposes, determmatlon of rad1at1on dose to the general public
from airborne effluents may also be carried out using several computer codes
recognized by regulatory authorities. One such method 1nvolves the use of
COMPLY (V1.5D). Application of this code to the projected *' 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 ' Ar Concentrations and Annual Doses in the Unrestricted Area from *'Ar
Released During Routine Reactor Operatlons at Varlous Atmospherlc Stablllty Classes

Atmospherlc W TEDE
Subllity | (m?) (farem)
Condition e
_F L 8.1

F 1 2.7
F 1 1.2
F l 0.7
F 1 0.5
F 1 . 0.4
- F 1 0.3

The direct exposure from “'Ar in the reactor bay toa person in the adjacent Psychology Building
was calculated usmg Microshield 7.02. The _person was represented by a pomt 9.1'm from the
building and 1 m in the air. There were two 19.24-cm thick concrete walls betiveen the point and
the reactor bay. The entire bay was assumed to be filled with*!Ar at a concentration of 3E-7 uCi
cm”. The exposure rate was calculated to be 3.17E-5 mR h™'. !

31 NUREG-1537, Part 1, Section 11.1.2, Radiation Protection 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 various activities concerning
radiation protection. However, the other NUREG-1537, Part 1 attributes cannot be established
from review;of the SAR. Please provide. information 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-1537, 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. 11.1.2.provides 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 11.1°2,

33. NUREG-1537, Part 2, 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 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
_Procedures for Handling, Storage, and Disposal of Radioactive Material indicates that the
"operator shall keep a record of the radidtion level of the specimen when removed from the reactor.
However, the procedures do not 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 ensure experimental samples being removed have not become
contaminated.

s

See updated SAR Sectlon 11 1 4 and 11.1 6

34. N UREG 1537, Part 1 Sectzon I 1 4, Raazatzon Monitoring and Survezllance states the bases of
the methods-and procedures used for. detecting contaminated areas, materials, and components
should be clearly stated. The 2007 SAR, Section 11.1.4 provides a brief discussion of monitoring
equipment and Table I'1:10 of the 2002 SAR provides a listing of typical monitoring equipment.

- However, the methods-and procedures-used for detecting contaminated areas, materials; and
components cannot be learned from the information provided. Please provide information on the
methods.and procedures for sampling and moritoring air, liquids, solids, and reactor radlatlon

- ,'beams and effluents.
See updated SAR Section 11.1.4 and 11.1.6.

35 'VNUREG 1537 Section 11.1.6, Contamination Coritrol, states the contamination control program

Co ‘should include provisions to avoid, prevent and remedy the occurrence and spread of
contamznatzon The 2007 SAR, Section'1:.1.6 provides the most likely sites'of ¢ontamination and
the reasures taken-to minimize the spread of contamination. This section also states that staff and
- i visiting researchers are trained on the risks of contamination and techniques for avoiding, limiting
L and controlling contamination. However, contamination of personnel is not addressed. Please
describe the means for addressing personnel contamination, if it should occur.

Vo e ge updated SAR Section 11.1: ‘6. All personnel leaving the reactor bay are

s ’; 3 isurveyed for contammatlon In'the'event of a personnel contamination, personnel .

e e geddntamination processes would beemployed in accordance with RRR Standard
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. Operating Procedures. This involves:the use of a mild soap and lukewarm water.

36. NUREG-1537, Part 1, Section 13.1.1, Maximum Hypothetical Accident, 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 operation or-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. Lo

Please provide the followmg znformatzon

a
b.

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

Given a thermal power of 250 kw operating 8 hours per day, 5 successive days, provzde the method to show the
average utilization (kw-hr/day) indicated in the SAR -

In Chapter 4 Section 4.2.4 and in Figure 4.4.of the 2002 SAR, fuel rods with-various Uranium 235.(U*)
contents have been described. In addition, the U content of fuel rods will vary because of burn-up. This
would indicate the presence of different power level per rod, affecting the estimate for a peak rod powet level.

. Provide clarification on the method used for assigning a peaking factor. of 2.

Subsection 13. 2.1 2 Radzonuclzde Inventory Butldup and Decay, describes a power level and nwnber of ﬁzel
rods that is mconszstent with those pr ovided in the precedzng subsectzon Please clari ]5/ '

Subsection 13.2.1.2 contains a subsection, Data from ORIGEN Calculations. The text refers to values in
Appendices A and B where as there are Appendices A through F in this section. Please clarify. - :

In Chapter 13, Appendix B, the heading indicates an ORIGEN input for irvadiation at “‘1 watt 8 hours per day
Jor 5days”. Should this be irvadiation at “1 kw 8 howrs per dayfor 5 days?” Please clarﬁ/

In Chapter 13, Appendix D, the heading indicates an ORIGEN i znput for zrradzatzon at ”1 watt 8 hours per day

. for 5days”. Should this be irradiation at *'1 kw- 8h0ursperdayfor Sdays?” - -
I Chapter 13, Appendtx E there is conﬁlszon concemmg the nwnber of ﬁzel rods. Please clar ﬁ/
. InChapter 13, Appendtces Eand F it is not clear how the values are produced ﬁom those provzded in.

’

Appendices C and D. Please provide an example of the method used. In addition, the headzngs for data presented

. in Appendices E and F do not appear to be correct. Please clarify. -« .
- Chaptet 13, Table 13.5 provides values in the third colain (A, activity (n-Ci)) of the released curzes 'Discuss the

method used to determine these values. It appears that the values given in this column are 2.5 times less than
those given in Tables 13.3 and13 4. Please clar]j/

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 radloactlve 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 have,been
operated at the highest core power for.a continuous period.of one-year at 250 kW..This
results in all of the halogens and noble gases (except Kr-85) reachlng thelr saturated
activities. - - . -- ‘ JEoR

This is the most severe accident for a TRIGA reactor and was analyzed to determine
the 11m1t1ng or boundmg potentlal radlatlon doses to-the. reactor staff and to the general
publie in; the unrestrlcted area. A less seyere, but. more credlble 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 isin a shutdown condition. Also, the RRR is seldom operated
continuously at 250 kW for a period longer than’ 8-10 hours, let alone a perlod of one
year. Nevertheless, this MHA has been analyzed for the RRR.

' Three scenarios have been chosen for analys1s
. Scenano 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 Y. This is assumed

to be a ground level release. It takes 8.8 seconds for the entire volume of the
‘reactof 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;

. Scenarlo B

- This scenarlo agaln 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, therefore, the exposure time for individuals outside the reactor room; and
* Scenario C: o '

This scenario also assumes that the noble gas and halogen fission products
instantly and uniformly mix with the reactor rcom air. The reactor room air then
-leaks from the room at ground level at the leak rate of 1.54E-3 -3m’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 drep in atmospheric
pressure of 1.5” Hg arid ai increase in room temperature of 40°C in 12 hours.
Using the ideal gas law, P,V /T;= P,V,/T,, where temperature is in K, pressure
is in inches of Hg, and volume is in cubic centimeters. The initial condltlons of
T1=295.2 K (22.2°C) and P;=29.4” Hg in the RX bay of volume 339.8 m’, 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 m’. The leak rate is determined by the difference in the
initial and final bay volumes which is 66.5 m® divided by 12 hrs. or 43200 s to
equal 1.54E-3 m’s™.

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 h1ghest power element has an estimate

power of 7.24 kW. The fission product 1nventory 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 ﬁss1on yield for each 1sotope

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 tobe , ; .., ..

N " N ' _ .
e=1.55107 +3.6x1 . exp ___'_-éi{l_o_
T+273 |

‘At an average fuel temperature of 264°C th1s release fraction is 1. 51E-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 further reduction of the halogen act1v1ty is expected
to occur due to plateout in the building.

Thus, the fractron (w) of the fission product 1nventory released from a s1ng1e fuel
element which reaches the reactor room air and, subsequently, the atmosphere in the
unrestricted environment is:
w=efgh; R
where:
" e = the fraction released from the fuel to the fuel claddmg 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 poel 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. . .,

-t
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Table 3 Saturated Activities for Highest Power Densi

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 50% 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 béf available for release to
the unrestricted environment. : STt
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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 5,0'% 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 du€ in part to a large amount of the
elemental iodine reacting with cesium to form Csl, a compound much less volatile and
more water soluble that elemental iodine (Ref. 7). The values for these var1ous release
fractions are given in Tables 4 and 5.

The more stable the atmospheric class the h1gher 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 hlgher the concentrat1on Thus 1t was assumed that a
low wind speed of 1 m s existed for all scenarios.

Table 4 Release Fraction Componeuts

product No pool water | With'pool water |"No pool water:|* pool water-| .
Noble gas 1.0 1.0 . N/A' - 1.0 . - 1.0
Halogens 0.5 . 0.5 . N/A iR 0.05 . . 0.5

P :
y o

Table 5 Total Release Fractlon

Frssnonproduct .. = 'Nopool water: Withpool water.
Noblegas . 151E5 |, - 151B.5 -
Halogens ) . 376E-6 . _188E-7 '

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

) __ - l y2 hZ -I ’ . ‘ :- At . _. N ‘. _- .
l o —_; . Q . e _—2—[;_3*’(7_3 | . ' T e ey

where: - N * Co C e
Q = emission rate (uCi s~ Y SRS ' '
= horizontal standard deviation of plume contaminant (m) . S
= vertical standard deviation of plume contaminant (m), C e
y = crosswind distance (0 m - centerline);’ . - . NRT
he = stack height (m); and
" =mean wind speed (m's™).

it - - . L I P A
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Values for 6, and o, can be determined from charts illustrating oy-and o, vs. distance (Slade,
D.H., Meteorology and Atomic Energy, TID-24190, 1968). The values for the dispersion
coefﬁc1ents 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 %/Q Values for Pasquill F and Mean
Wind Speed of 1 m sec?!

Distance .| 0. | Ground Level Release x/Q Ventilation Release x/Q

(m) oy (m){ (m) ~ smd) (s m™)

100 4 2 346 E-2 3.16 E-7
200 7 4 1.14 E-2 245E-4
300 11 6 5.26 E-3 6.92 E-4
400 15 7 3.03E-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:

e . reactor.room ventilation exhaust rate 0 628 m’s™;
.+ ., reactor room leak rate:.1.54 E 3m’s _
ST i.reactor rcom volume: 300 m’; v
«.. . . area-of north face of reactor bulldmg 34.1 m?; 3 ‘
e, ..receptor breathmg rate: 3.3 E-4 m’s™ 1 (MRC “hght 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 fromthe
facility for all isotopes of concern may each be calculated by:

lo 2 .
(CDE or CEDE) =) L — =B

where:
(x/O p = atmospheric d1sper51on factor at a glven d1stance D (s m )
BR breathmg rate (m s1); .
DCF,,,,, internal dose conversron factor for 1sotope i (mrem pCi’ ) [Ret 12]
A= ‘initial activity of isotope i réleased into the reactor room (uCi);
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Ry = ventilation or leakrate of air from the reactor bay (m’s )
V.= reactor room volume (m’);

A, = ventilation constant = R,/V (s’ ) _

A = decay constant for isotope i (s™); =

t; = time when plume first arrives at the receptor point (s); and
t, = time when plume has passed the receptor point (s).

The deep dose equivalent (DDE) to merhbers of the general public at a given distance
downwind from the facﬂlty for both the thyr01d and the whole body may each be
calculated by: -

X1 b Cloi Al E_Am - e-lﬂz
A

1

: (DP_ETh_\'ruid or DDEWB)D = ;

where: - . . o . .
DCF.x; = external dose rate conversion factor for isotope i (mrem m’ p.Ci" s")
[Ref. 13].

For calculating dose to occupational workers in the reactor room, stay times of 2 and 5
minutes were used. Experience indicates that the reactor room can easily be evacuated in
2 minutes. The value of 5 minutes is thought to be a reasonable longer périod of time
assuming a worker is performing some task (i'e determining if'a false alarm has "
occurred). The CDE ‘and CEDE for personnel in- the reactor room for a g1ven stay-time

may each be calculated by
‘ Sl T

—

(CDEArc}EbE)’S; -5

DCFm ,A,BR[I £HesT |
AV

€

Wy

where:
hetr=Ai + 7»v ; 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 '

DCF(:I 'A[l - _)'&‘l/‘T

(DDET,,>.,,,;‘,OFDDEWB )57 = 2 AV

The results of these calculatlons for all three scenarios are shown i in Tables 7 thrgugh 10.
As seen from the tables, Scenario A glves the highest doses to the general pubhc (at any
distance, as mlght be expected smce the aet1v1ty was released m a. very short tlme 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 occupat10nal workers were all well below the annual dose limits
spec1ﬁed by 10 CFR 20.

. Table 7 Occupatlonal Radiation Doses in the Reactor Room Followmg a Smgle

Element Fallure in Air

‘S” Reactor Room Occupancy CDE“,yTo,d + DDEThmd TEDE
: cenano_ . . . -
L ' (minates) o ‘ (nifem) (mrem)
A 2. i, L . 107 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 Radlatlon Doses to Members of the General Publlc Followmg a Slngle Element

Failure in:Air -

.Scenario A’ Scenario Al Scenano B | Scenario B Scenario C Scenario C
Dlstance CDEm';om+ “TEDE - | CPEmyria + TEDE. | CDEmyia+ | - TEDE
- (m) - DDEThyroxd (ittem) ‘{|. DDEttyroig | (mrem). DDEpyr0id (mrem)
: _ - (mrem) . -(mrem) . ' (mrem)
100‘ 12.6 0.6 - 12.6 05 ° 9.4 0.3
200 4.1. 0.2 4.1 0:2 3.1 - 0.1
300 1.9 0.1 " 1.9- 0.1 14 - <0.1
400 N R <01 1.1 < 0.1 ‘0.8 " <0.1
500 0.8 ... .. <0.1. ..0.8 <01 06 -7 <0.1
600 0.6 0 | <001 0.6 <01 0.4 - <0.1
700 04" <0.1 04 S <01 " ' 03 <0.1

Table 9 Occupatlonal Radlatlon‘Doses in the Reactor Room Followmg a Slngle Element
Failure in Water -

' .|| - Reactor Room Occupancy - | CDEmyreia + DDEThy,md TEDE
. Scenario AT
(mintites) (mrem) (mrem)
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
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Table 10 Radiation Doses to Members of the General Public Following a Slngle Element
Failure in Water

o ~ Scenario A Scen élrio A . Scenario B - Scenano'B Scenario C Scenar_io C.
Distance CDEhyroid + TEDE by CDEih'y’m ' CDElhmld + 1+ TEDE -
(m) DDE- thyroid (mrem) DDEThyr '-'DDEThym,d . (mrem) .
(mrem) | . (mrem)” (mrem) | :
100 0.8 02 - 0.4 - <0.1 0.5 <0.1
200 - 0.2 C.<01 ff. o1 | <o 0.2 <0.1
300 0.1 . <0.1 0.1 <0.1 0.1 | <o0.
400 0.1 | <0.l1 <01 | <o0.1 <0.1 <0.1
500 ' <0.1 7| <01 ° <0.1 <0.1 <0.1 <0.1
600 <01 | <01 - '<0.1 <0.1"° <0.1 <0.1
700 <01 7 L <04 ' <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 iri the réactor 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 feactor bay The exposure raté was calculated to
be 8.49E-3 mR h'. , i :
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Nuclear Regulatory Commission, April 1977.
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Consequences of Accidental Nuclear Criticality in a Uranium Fuel Fabrlcatlon Plant
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37. NUREG-1537, Part 1, C hapter. 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. T he methodology should be used to identify limiting
accidents, analyze the evolution’ of the scenarios, and evaluate 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 1 MW respectively. The values in Table 13.9 at
various times after shutdown are smaller than those in Table 13.7 for 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
parameters and values are addressed by Slmnad [9] as fo.lows

" Fuel- moderator temperature is the bas1c 11m1t 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 1150°C for pulsing,
N _stamless steel U-ZrH, ¢s ... fuel is used as a de51gn value to preclude the
_loss of clad integrity when the clad temperature is. below 500°C. When
. clad temperatures can equal the fuel temperature, the fuel temperature
.- limit is'950°C, There is also a ‘steady-state operational fuel temperature
.design limit of 750°C based on consideration of 1rrad1at10n- and fission- -
N _product-mduced fuel growth and deformatlon

b by L

.
SRR TR

AR

B

' The RRR orlgmal SAR from 1968 dlscussed this i issue in- depth fora maximum
power of 250 kW and aluminum-clad fuel. The calculations demonstrated that the
- maximum fueltemperature reached is 150°C under very conservative estimations,
- -and dose rates from the core are summarized in Table 11. .

N Tahle-llzl._l'iadiation Dose Rates After Extende‘d 250 kW Operation and Loss

. of All Shielding Water
Time from -~ Direct Radiation Scattered Radiation
.+, . . Shutdown . . “(R/hr) (R/hr)
ot .. 10 seconds . . 2.5E3 . - s 0.650
1 day. . .. ~3.0E2. ... .- . 0.075
.1 week. - - - 1.3E2. -, o 0.035

. 1month .- -35E1-. - . .. 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: Radlatlon Dose Rates After Extended 1.5 MW Operatlon and Loss

“of All Shleldmg Water
Time from Dlrect Radlatlon N tered- Radlatron 1 _
Shutdown ®RMhr) . {(R/hr) | C
, 10sec. .~ ~ 1.5E4 B 3% )
1 day 1.8E3 . = , 045
1 week - 8.IE2 -, 021
1 month 2.1E2 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 power of these calculated values, will not

. pose a significant threat to the publlc welfare under even severe accident
COIldlthIlS ’

38. NUREG-1537, Part 1, Chapter 13, Accident Analysis, states the applicant needs to describe the
mathematical models and analytical methods employed lncludlng assumptions, approximations,
valzdatton and uncertainties. The 2007 SAR, "Section13.2.5 provides a ‘descriptive analysis
involving control rod worths whose origins and relatzonsth to the RRR have not been established,

* and whose worths are combzned additively without justzf cation. Sectzon 13.2.5 discusses the
Experiment Malfunction acczdent and assumes al 1.00 react1v1ty worth for the experiment. It
should be established that the experimént reactivity'-worth is a riégative value and failure in the
experiment introduces positive reactivity. The means for combining the worths need to be clearly

B presented Please provide a revtsed presentatzon “of the mformatzon

Experiment react1v1ty worth is a'negative value and failure in the experlment
introduces positive reactivity. Reactivity worths are calculated using the most
conservative assumptions regarding the worth of experlments that is removal of
the experiment results in a pdsitive react1v1ty event, and addlng ‘the experiment
also results in a positive react1v1ty event.

39. NUREG-1537, Part 1, Chapter 14, Technical Specifications, states the applzcant 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-1537, Part 1 provides.guidance regarding TS in Appendix 14.1. The
2007 SAR, Chapter 14 presents proposed TS for the operation of the RRR. However, they do not
incorporate all of the guidance (e.g., requtred action, completzon time). Please consider proposing
TS following the guzdance of Appendix 14. 1 : - :

See updated SAR Chapter 14

. . .- Lo ) e .
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40. 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 licensee shall select appropriate safety criteria, establish a Safety Limit (SL) and then establish
an associated Limiting Safety 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 and Justification for setting both llmtts at the same
value.

Attachment B shows that at the Safety Limit value of 500 kW 'the maximum fuel
: centerline temperature is = 410°C, which.is acceptable by NUREG-1537, ..
<+ .. - Appendix 14, Section 2.1, Tt further shows that at the Limiting Safety System
C 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
~280°C.' "

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
licensee shall select appropriate safety criteria, establish a SL and then establish an associated -
LSSS that will ensure that the SL'is not exceeded. The important parameter for a TRIGA reactor is
the fuel rod temperature. The SL should be established based on the maximum per ‘missible
temperature of the fuel rod. The LSSS should be set so that the SL will not be exceeded under all

© conditions. of operation. The 2007 SAR, Chapter 14, TS 2.0 establishes the SL and the LSSS using
. reactor power with no,correlation of this. power to fuel temperature. Please provide fuel rod .
. tempefatures,a.t.' the power levels established for the SL and LSSS, .

See updated SAR Chapter 14

3 - 4 oty

42. NUREG-1537, Part 1, Chapter 14, Technical Specifications, states the applicant needs to establish
TS that will provide reasonable assurance that the faciiity will furiction 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 in several sections of-the TS refers back to sections of the SAR that do
_.not exist,.do.not have the stated information discussed, or do not provide the requisite analysis
required to validate the information in the Technical Specification.

. . For example: .
Techiical Specifications 2.1.5, “Bases” states:

- "Safety Analysis Report, Section 3.5.1 (Fuel System) identifies design and operating constraints for

PIEEE

. . TRIGA fuel that will ensure cladding integrity is Inotlchallenged. ”
Technical Specifications 2.2.5, “Bases” states: .

- “Analysis in the Safety Analysis Report, 4.5.3, demonstrates fuel centerline temperature does not exceed
' 6000C a( power levels approxtmately L 25 MW wzth bulk pool water temperarure at approxtmately
1 00°C o . .

b Techmcal Speczf catlons3 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 of 250°C, well below the limit.” .

Technical Specifications 3.2.5, “Bases states \

“Calculations in Chapter 4 assumzng 5 00 kW operatlon and 83 fuel elements demonstrate ﬁzel
temperature limits are met.’ Lo .

These calculations or sections do not appear in the SAR Please provzde the znformatzon supporttng these
statements in the TS.

See updated SAR Chapter 14 L
43. NUREG-1537, Chapter- 14, Téchnical Speczf cations, ‘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 3.14, Actions, presents required actions for various TS violations. 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 k/k/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 updatéd SAR Chapter 14. .
44. NUREG-153 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

NUREG 1537, Part I provides guidance regarding TS in Appendix 14.1. . :

" - Appendix 14.1 suggests that the maximum Scram time should be spetified for each scrammable rod and the
specification should ensure that the drop times are consistent with the SAR analysis of reactivity required as
a function of time to terminate a reactivity addition event accounting for measurement and calculational
uncertainties.

L T S PP
The 2007 SAR, Chapter 14, TS 3.4.3, Specification, there is the statement, “Control rods are capable of
- 90% of full reactivity insertion from 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. Additionally, automatic scram
conditions are usually established, with associated actions, for reactor operations outstde of the normal
operating mode or normal conditions, (e.g. scram at110% of full lzcensed power or reactor tank coolant
level below a specified normal operating value). S

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 information.

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

45. NUREG- 1537, Part 1, Chapter '1 4, Techntcal Speczf cations, states the appltcant needs to, establzsh
TS that will provide reasonable assurance that the facility will functton as analyzed in the SAR
without endangering the environment or the health and safety of the public and the fac111ty staff
Water level monitors for the reactor tank would provide information concerning possible 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 ca}culatlons show that the 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 s1phon1ng of pool water through inlet'and outlet plpes the
'pool water level will drop to a level o léss than’ 3 metefs ftom the upper core

* plate either due to a siphon break or due to the p1pe endmg (SAR 5.2). The bulk
water temperature alarm prowdes warmng so that corrective action can be
initiated in a timely manner to protect the demmerallzer resin. The alarm 18
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 |
" uCi/ml to reach this goal. Consider a slab of uniformly distributed radioactive
“material characterized by a linear absorption coefficient p. If the slab is defined to
- “be of cylindrical shape with a radius R and thickness t, the dose rate at pomt a
d1s1ance h above the centerhne of the slab i is

D=G tc /p)(l ) ln ((R2 + hz)/hz))

wheré - ' _ U '
""" D= dose rate (mR/hr) at a distancé h from the surface -
G gamma constant (mR-m2/hr-mC1)
= activity concentration in the slab (mCr/ml)
e t = thlckness of slab.(m) - .
..+ -, .R=Radius of slab (m)

: | Ref Contemporary Health Physzcs Problems and Solutlons Bevelacqua John
- . -Whey and:Sons, 1999 page 463 - S

. Assummg Na-24 for the slab w1th a radius of 1.52 m and thlckness of 7. 62 m to
approximate the RRR Pool, dose rate one meter above the pool will be:

Xo(h) = (1.84 mR/hr/m)((0.001 mCi/m1)/Q0. 06))(1 @ 06’”62)) In (((1.52)
+1 )/1 )

* Xo(h) ='1.15 mR/hr..

46. NUREU 1 53 7, Part 1, Chapter] 4, Techmcal Speczf cations, 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 1 4, TS4.4.5 (BASES): it is stated that “the power level scram in not
credited in the analysis, but provides assurance that the reactor is not operated in conditions ,

) beyond the'assumptions used in'the'analysis (Table 13.2.1.4).” Neither the Table nor the analyszs
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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 required-measuring 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 thatithe 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, Sections 1.3.5.2, 3.5 and 9.1 state that if radioactive material releases associated

© with reactor operattons occur a controlled ventilation system minimizes exposure to reactor
personnel and the publtc Ventzlatzon exhaust from the reactor room will shift to a f Itered exhaust
upon a manual signal or on hzgh radzoacttvzty of the air in the room and the function shall be tested
semi-annually. However, a SR has not been established for testing the Gaseous Effluent Control
System to ensure that it functions correctly whén needed. Please propose a SR or provzde a
Justification as to why one is not necessary.

See updated SAR Chapter 14

48. N UREG 1537, Part 1, Chapter 1 4 Techmcal Speczf cations, states the appltcant 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 3.5 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 t_he ventilation system for normal and accident conditions.

See updated SARChapter14 o “ ,“'_ . ‘ -

49. NUREG-1537, Part 1, Chapter 14, Technical Speczf catzons states the appllcant needs to establish
TS that will provide reasonable assurance that the facility will Sfunction 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,TS 2.2.4 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 a safety limit is exceed and in the event of a reportable occurrence. Please
correct thefts. : i

See updated SAR Chapter 14.. .. i

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 Operabzlzty there is a specification that states:
“2) . Thereisa neutron-znduce_d szgnal on ,the STARTUP CHANNEL” . . '_ .

1.

Table I of fh_e same. Sectio,r; lists the A/Izntmum Measurmg,Channel C emplemeyt. H\owever Tableldoes 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-1537, 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 mclude specyzcattons Sfor all the interlocks
required for operation. : :

See updated SAR Chapter 14.

52. NUREG-1537, Part 1,-Chapter'14.-Technical Specifications, states the applicant needs to establish
TS thatwill provide reasonable assurance thai the facility wiil function .as analyzed in the SAR
without endangering the environment or the heaith and safeiy of the publtc 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 of the reactor pool shall not exceed 55°C with flow through the primary cleanup
.. loop L : L - .

" (2) Water conJuctivity shall be less than 2 micro-siemens/cm
. (3) Watet level above the core shall be at least 5 meters abave the top of the core :

However there is no dtscussron of where the parameters in(1 ) and (2), above are monztored and by whom.
. Inaddition, the survezllance frequency for parameter (2) is conﬁtslng because it states that it will be
’ measured daily and at least once every four weeks. Technical Specification Amendment #8 states that the
" new criteria  for reactor pool water temperature is 48°C for Parameter (1 ) C lartfy the dtscrepanaes
identified and provzde the lnformatzon requested above )

bee updated SAR Chapter 14

53. N UREG 1 537 Part 1, Chapter 1 4, Techmcal Speczf cations, states the appltcant 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.

+. . FFrrom 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 s surveillance Srequencies(refer to TS 4.2.2, and 4.3. 2) Please clarzﬁz the SR including what

dazly means (e g.. does daily mean each day before startup. .

, .,. ' " See upda't;,ed_SAR _Chaptér 14

‘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 publtc and the facility staff.
There are many terms in the TS that refer to “TEST”, "CHECK?", or “CALIBRATION", that are
:Tyised ihterchiangeably (refer to' TS 4.5.2, and4.3.2). The terms are defined in Chapter 1 4 1§ 1.0.

However,-the terms are not always conszstently applted leadtng to confus10n Please clarify the
usage of the terms: “ : At

54°
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--See updated SAR Chapter. 14.

55. NUREG-1537, Part 1, Chapter 14, Technical Specifications, states the applicant needa' to establish
TS that will provide reasonable assurance that the facility will function as analyzed in the SAR
without endangermg the environment or the health and safety of the publtc ana’ the faczltty staff.

The 2007 SAR, Chapter 14, TS 3.6. S, itis stated that ,

“Specifi cations 3. 6(1) ana’ 3 6(2) are conservattvely chosen to lzmzt reactlvzty aa’a’ztzons 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$1.00 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 pomt kinetics approach w1th some
conservative assumptions. ' : : :

Pulse transients are normally rapid enough that adiabatic conditions 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. Analysrs 'of OSTR

+ fuel which has very similar thérmal behavior to the RRR fuel was done using the
RELAP thermal/hydraulic code. This analysis showed that the temperature profile
within a fuel element will be reversed (i.€., no longer, hottest on the outer edge)
within no more than 20 seconds following pulse peak power 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 experrenced by the fuel wrll be less
than STt I : . .

S o  To+ATmax*PF o

- where To is- the initial fuel temperature ATmax 1S the average temperature rise in a

- “point reactor’ under adiabatic conditions 20 seconds after the pulsepeak and PF
is the effective peaking factor. Ty is assumed to be the maximum pool temperature
of 50°C. PF is found from the power distribution analysis 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 ar, the reactivity temperature coefﬁcrent is. taken
from Attachment A: :

aT— -3. 18E 5 T*9.18E-8 Ak/k per degree C-

| The heat capacrty for an average fuel element is found by takmg the volumetrlc
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: . - »

R
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Cp = 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 cm”3. 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 3°C change in

“predicted temperature risé. Using this approach and the stated assumptions, a
$1.00 reactivity insertion will produce a maximum fuel _temperature no greater

~ than'50 + 144 * 2,952 =475.1°C. This upper bound could' hkely be 51gmﬁcantly

' ,reduced using a RELAP based analy51s o

56. NUREG-1537, Part 1, Chapter 14, T echmcal Specifications, states the applicant needs to establish
TS that will provide reasonable assurance that the faczltty will function 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 contro] 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 of fuel 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 fuel rods and
control rods, before they were ptaced into service at Reed.... '
See updated SAR Sectlon 16 1. Routine i in- service 1nspect10ns look for evidence
of deterioration or-corrosion such there is a reasonable expectation that the
components will be able to perform, thelr functions safely for another 20 years.

58. NUREG 1537, Part 1, Sectton 12 9 Qualtty Assurance provzdes gutdance on Quallly 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 safety related function. Nor does it discuss how QA
will be applied to the required audit functzon of the Reactor Revzew Committee. Please address
these defi iciencies. )

Sec updated SAR ‘Section 12.9. .

RRR RAI Respcnse May 2011 e, L 4lofdl; e



ANALYSIS OF THE NEUTRONIC BEHAVIOR
OF THE
REED RESEARCH REACTOR

Submitted By:

Radiation Center
Oregon State University

Corvallis, Oregon

March 8, 2011



TABLE OF CONTENTS

TABLE OF CONTENTS .....oovrreccrerrece T, |
LIST OF TABLES ..o o oo oeseeeeseseser ettt sttt I
LIST OF FIGURES.............. S SN |
1. Introductlon ...... S R 1
| 2. _ Summary and Conclusions of?l.':‘ri‘ncip.al Saféfy Cénside;aiions .......................... 1
3. | ".I"\’eacto.r Fuel............. ...... ....... S ; ................... S 1
4. | ReACtOr COre ...t - .............. rr———— 4
5. Effective D'elayed' Neutron Fraction ................. ..... S _— 9
6. Core Excess, Control Rod Worth and Shutdown Margin .................ccceevvvvvnnnen.. 9
7. Fuel Prompt-temperature Coefficient ... 12
8. Moderator Void Coefficient ... 14
9. Moderator Temperature Coefficient...............ccoooiiiiiii e 14
10. Core Power Distribution............cccooriiiiiii FARUURRRY 14
11. SUMIMIANY .ottt ettt e e e ettt e e e e e s s s e et e e e e e s aneneee e e e e e sentbananeaens 15
REFERENGCES . ...ttt et ta e et e e sttt sae e et e smee e sneesbaesaneenes 16

- *RRR Neutronic Analysis T S i - March2011



LIST OF TABLES

Table 1 Characteristics Of Stainless Steel Clad Fuel Elements ... 2
Table 2 Charactenstlcs Of Alumrnum Clad Fuel Elements ............ e, I 2
Table 3 Core Components For The Current RRR COre ..o 4

Table 4 PhyS|cal Densities And Mass Fractrons For Selected Core Components
| In The MCNP5 Model Of The RRR .............. e e ns 8

Table 5 Summary Of Measured And Calculated lntegral Control Rod Worth For
THE RRR ..ot eeese e ee e ee oo seeas e 12

Table 6 Summary Of Shutdown Margln Calculatlons For The RRR Core...............|.... 12

. “RRR Neutronic Analysis - ' T = wn e v March 2011



Figure 1

Figure 2 -

Figure 4

Figure 5
Figure 6

Figure 7 ..

Figure 8

Figure 9

LIST OF FIGURES : o

- Triga® Stainless Steel Clad Fuel Element DeS|gn Utilized In The
* RRR Core............;.i. ...... rre e s U LS UTUURN 3

~ Schematic IIIustratlon Of The RRR Upper Grld Plate Showmg The
'Typrcal Arrangement Of Core Components e e 5

Figu_re"’é" o Horlzontal Cross Sectlon Of The MCNP5 Model Used To Perform

Neutronrc Analyses of The RRR Core (Taken At The Core Mld-

| PIane Showrng Model CentraI Reg|on OnIy) e ersiaens [T 6
_. Vertlcal Cross Sectron Of The MCNP5 Model Used To Perform

Neutronic Analyses Of The RRR Core (Different Scale And Larger.

Extent Than Figure 3).................. e e e e b e ..6
IReg Rod Worth For RRR Core..: ..... DT s 10
Safety Rod Worth For RRR Core....... ........... ’ ............... 11
Shrm Red Worth For RRR Core ......... ............. 11
- Promipt-Temperature Coefficient; ar, As’A Function Of Temperatuie...... 13
" RRR Gore POWSr DISTBUHON. .../ 15

" 'RRR Neutronic Analysis T - ..+ - -March 2011



1. Introduction

This report_co_ntains 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 neutronrc characterlstlcs and 2) demonstrate acceptable
reactor performance and safety marg|ns for the RRR core under normal conditions.

The design and analyses in this report provrde comparrsons of reactor
parameters and. safety marglns for the currently confi gured RRR core. Neutronic
behavior of the RRR core is anaIyzed under normal cond|t|ons The current RRR core
contains a loading of 64 fuel eIements three control rods and various experlmental
facilities. The RRR core is shown to have acceptable reactivity coefficients. With proper
fuel inventory management, the RRR cére aIso""maintains'acceptable shutdown margin
- and excess reactivity characteristics. R

2. Summary and Conclusions of Prmclpal Safety Con3|derat|ons :'

\, -.\

The conclusion of this |nvest|gat|on is that the MCNP model does an acceptable
job of predicting behavior of the RRR core. As’ s'uch the results suggest that the RRR
core can be safely operated within the parameters set forth-in.the technical” .
specifications. Discussion and specifics of the analysis are _Iooate}d__ 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." 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 'elgments are shown in Table 1. Aluminum clad
fuel elements with three different fuel aIon;'Iengths are also used in the RRR core. Outer
dimensions of aluminum and stainless steel clad elements are the same, but
: dimensiohs of interior structures differ. Fuel meats in the aluminum clad elements also
lack the.'innermost zirconium pins presént in the stainless clad elements. Characteristics

of these aluminum clad_ fuel elements are shown in Table 2.

Table 1 Characteristics of Stainless Stegi Clad Fuel Elements

Fuel Type SS Clad

, - Uranium content [mass %]
. BOL U-235 enrichment [mass % U] 19.75
Fuel alloy inner diameter [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 diame'_ter [mm]

Table2  Characteristics of }\luminum Clad Fuel Elements

Fuel Type Full Height Al Y2 Height Al % Height Al
Uranium content [mass %] ' i 1 f | i
BOL U-235 enrichment '19.89 7202 . 20.1
Fuel alloy inner diameter [mm] — --- : -
Fuel alloy outer diameter [mm] :
Fuel alloy length [mm] -355.6 177 8 266.7
Cladding material Al - Al- : Al
Cladding thickness [mm] 0.8255 0.8255 0.8255

Cladding euter diameter [mm]

: 'RéR NéljtroﬁicAnalysis » v 2 deo ot om0 ‘March 2011




- Stainless Steel
Top End Fiffing '

- Graphite
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: Tube (Type 304)
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FuelAlloy ™ <]
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Stainless Steel
Bottom End Fifting

Figure 1 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 aIumin'um clad TRIGA fuel. The oore also contains several non-fueled
locations. The original core installed in 1968 comprised soIer aluminum-clad fuel
eIements There have been 46 distinct core confi guratlons since mceptron The current
~ configuration established in 2009 |ncIudes 10 stainless steeI clad elements installed in
the B- r|ng and parts of the C- r|ng These stalnless clad eIements were Ioaded between
1973 and 2008. The total number and: type of elements used is.shown in TabIe 3. The
current core arrangement i is shown in Frgure 2. Th|s arrangement was used to modeI

and analyze the RRR core.

- Table3 Core Components for the current RRR core

VIR Number of
Type of Elements o " Elements
Stainless steel clad fuel elements | « 10
Aluminum clad 14" fuel eléements” .| = 52 -
Aluminum clad 3/4 fuel elements c
Aluminum clad 1/2 fuel elements A
. Aluiminum;clad reflector elements - | . 21
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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 baseﬁ'dIUpon various core configurations could be
run to determine the bias of the model. This bias repre_sents such things as differences
in material properties that are'difﬁc,ult to determirie or unknown (i.e., lack of
manufacturer mass~spectroscopy "dat'a on the ekéd composition of individual fuel meats
and trace elements contarned therern) or applrcabrlrty of cross section data sets used to
model the reactor (i.e., mterpolatlon between temperatures) As a result, the validation
of the model was based upon the_ablllty of tne-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 entlre core has onIy seen approxrmately 61.1 MW-days of operation,
a detarled depletron anaIysrs was not performed however depletlon was taken |nto
account in two ways. First, U-235 was removed from 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 depletron occurnng in the outermost portrons of the absorber.
~ Boron number density was reduced by 5% and absorber radius was reduced from 1.53
cm.to 1. 30 cm. (i.e., 15% reductron) to account for.boron depletion in a srmplrf ied
manner. These reductions in number denS|ty and absorber radius resulted |n
reasonable agreement between measured :and calculated values of total controI rod
worth (TRW). Measured TRW for the anaIyzed 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 92235.66¢, 92238.66¢, 40000.66¢,: 1001.66c).
Compositions of all other significant materials are shown in Table 4.
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Table 4  Physical Densities and Mass Fractions for Selected Core Components in the
: MCNP5 Model of the RRR
. Physical, : 5y :
Material Density Nuclide Mass Fraction
' [g/cm?] . | v
- C12 7.993E-04
Type 304 SS 7 857 . ' Natural Cr 1.900E-01
(Fuel Clad) ' Natural Ni 1.000E-01
o o '”Natural Fe‘ """" 7.092E-01
- Graphite Reflector - 1..560* Y IEE C 12 o 1.0000
, (Fuel) R L e RS ‘ o
.Graphite Reﬂector‘ - 1560F C.12- - 1.0000 .
Elements _
Graphite Reflector | 5o C-12 . 1,0000
(Core) - SR o
. ZrFuelPin - |~ | L
(SS clad elements) _ .6..39_8 | Natural Zr | 1.000Q
| C 12 6.165E-04
Natural Cr' 1.465E-01
Stainless _Stegl | - 3056 - .-Natural Ni ' ._7.713E-02 .
+ Water Mix ) Natural Fe 5.470E-01
P ] H-1 | 2.560E-02
T T B . 016 2.032E-01
Pure Aluminum | 2.700 A27 1.0000
T Al-27 "0.9793
“Natural Cr'  * [~ 1.900E-03
v Aluminum - " 5700 ¥ > Natural.Cu - ; ~. 2:800E-03.:.
. ...~ 6061-T6 P _Natural Mg 1.000E-02 - .
) Natural Si 6.000E-03
B-10 ~ 1.475E-06
" = ' H-1 0.1119
, . Watter 1.000 0-16 0.8881
E L N-14 . 0.7671 .
Air 1.29E-03 0-16. 0.2329

glem®.

* Smeared density, accounting for graphlte 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 caIcuIated with

MCNP5 by utrlrzrng the expression -

; k
=1-—2
"??ff.- Lk | B

p+d

where k 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 approprrately werghted energy spectra for both
prompt.and delayed neutrons.. The traditional effective delayed neutron fractlon is
0.0075 and the calculation has verified this number. The caIcuIatron produced 0.00778
+0. 00020 which is within 1.5 standard deviations of the value in use.. Th|s is also in
reasonable agreement with values predicted in other LEU TRIGA cores (| e., Oregon
State University Beff = 0.0076, Washington State University Beff =0. 0075) The value Bes
=0.0075 is used to express aII dollar values of reactivities in this report.

6. CO"\G _EXCGSS, Controt Rod Worth and Shutdown Mar'gi"ry '}f o

The calculated excess reactrvrty of the RRR was $1 65 + $0.11 assuming cold,
clean conditions with no experlments in the core. This compares very favorably wrth the
measured value of $1.66 from rod calibrations performed in January 2010. The
reactivity worths of the rnd_rvrdual,.control rods were calculated using the rod positions
from rod calibrations performed by Reed College.in January 2010. The results of the
MCNP5 reactivity caIcuIati::o"ris are 'compared to the‘measured values 'in‘Figure 5.
through 7. Uﬁcertainty in the MCNP5 calculations is determined by 1o values of,
successive ke quantities. Uncertainty of reactivity measureme.nts using the rod pull
method has been estimated as +/- 5% per rod pull®. The integral rod worths are

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

) measured values, wrth TRW drfferrng by 2.4%.

G
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Table § Su’rhniary ef' Measured aﬁ‘d Calc"ulated Integ-ral Control Rod Worth for the

" RRR
Measured Rod MCNP5 Calculated
Control Rod A :
. o | Worth [$] | Rod Worth [$]
Shim Rod - 3 27 +/- 0. 63 3 53 +/- O 10
Safety Rod 3.31+/-0.64 3.52 +/- .0.10
Regulating Rod ©1.34 +/-0.22 1:06 +/- 0.09
§qm qf 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 timé 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 mdlvndual rod worth data (measured or calculated), but it is not expected
that they should be |dent|cal due to rod shadowmg effects

Table6 Summary of ,§‘hutdewn ,jMaljgin Calculations for the RRR Core

- ControlRod | Shutdown Margih Calculated by
" Fully Withdrawn | MCNP5 model
Shim Rod _ -2.54 +/- $0.04
" Safety Rod 270 +/- $0.04
“Regulating Rod _ 4.56 +/- $0.04
7. Fuel Prompt-temperature Coefficient

The prompt-temperature coefficient associated with the RRR fuel, ar, 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,
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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 coeffi C|ent is observed to be negative for all. evaluated temperature ranges

with mcreasrng magnltude as temperature increases. This behavior and range of

magnitude compares favorabty.wlth reeults given in Simnad et. al.*
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Figure 8

""" Table 7 Prompt Temperature Coefficient
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Prompt-Temperature Coeff|C|ent op,as a Functlon of Temperature

Temperature

Prompt Temperature Coefficient

°Cl [%AKK°C]
7 “6.11E-03
227 8.70E-03 _
427 6.22E-03
727 1 31E-02
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8. Moderator Void Coefficient

The moderator void coefficient of reactivity was also determined using the
MCNI55 model. The voiding of the core was introduced by uniforrnly reducing the
density of the liquid moderator inthe entlre core. The caiculation was performed for
several different voiding percentages (| e "00% to 75% 100% to 50% 75% to 50%,
-etc.). The void coefficient was negatlve for every mterval and the average value was
found to be -$0.83/% void. L '

1 [
[y

9. Moderator Temperatu re’Coeffidteht'

. ., The moderator temperature coefF C|ent of reactivity, am, was determlned by

| varymg the moderator temperature W|th|n the MCNP5 model RRR core from 20°C to
'80°C. 'Within this temperature range, the calculated moderator temperature coefficient
of reactivity was -0.57¢/°C. ' ' -

10. Core Power Distribution

The fuel element pewer'&:ietributien 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 BS).
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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)'creat'e a model of the RRR to
study the thermal hydraulic characteristics, and 2) demonstrate acceptable reactor performance
and safety margin's for the RRR core under normal cond|t|ons Lt

L
[

2 Summary and Conclusions of'-PrincipaI Safety Cdnsideration; '

The conclusion of this investigation is that the thermal hydraulic mode! does an acceptable jd’B of
predicting behavior of the RRR core. As such; the results suggest that the RRR core can be safely
operated within the parameters set forthin the technical specrflcatlons Dlscussmn and specrflc
details of the analysis are located in the following sections. - *-"'" " " -

3 Thermal Hydraulic Analysis

The TRIGA® 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)

Hot Chanﬁel
(103)

Cold Leg (101

- l:-lorizontal Connector (102)

Figure 1 Single Chanriel RELAP5-3D Model Schematic
To simplify the RELAP5-3B model, it was assumed that there is no cross flow between adjacent
channels so one channel would 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 eight channel models and that the single
channel model produced:the most conservative results relative to the two and.eight channel
models. (Ref 4 and 8): - )
The reactor geometry and hydraulic data for,the RELAP5-3D input are given in.Table 1. The
coefficients presented in Table 1:.come 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 RELAP5-3D Input for Reactor and Core Geometry ahd Heat Transfer

Hydraulic Data
Inlet pressure loss coefficient - 2.6
Exit pressure loss coefficient " 0.63
Absolute pressure at the top of the core [Pa] 1.49E5

A constant pressure of 1.01ES 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 RELAPS- 3D model. RELAPS-3D requires
that input pressure conditions be entered as absolute pressure, therefore the input RELAPS-3D
pressure used in the model at the top of the core is 1.49E5 Pa (21.639 psia).

The RELAPS-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 ali 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 [m?] 3.88E-04 -

Fuel Element Pitch [m] TR cow s ©04054:
Wetted perimeter:{fm] . ~-. o0 o0 s L 000 s e
‘Hydraulic diameter [m]-« 6.0t 0 w0 - 1.301E-02: ¢ .
Heated diameter [m]=". "« v <» 3.724E-02- i)
‘Fuel element heated length fm]} + ™ - i10.381"

Fuel element surface:area [m?] : ' 4:469E-02 .

Fuel element surface roughness [m] : 2.134E-06 " . - |/¢}

The BRing in the RRR contains the sma'lle‘s:t' pitch from fuel rod centerline to'¢enterline, and also
contalns the smallest subchannel flow area. It is for this reason that the subchannel flow area for
the RELAPS- 3D model is caIcuIated with reference to the B Ring’ subchannel row area, deplcted in
Flgure 2. ' s g
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Adjacent Fuel Element oo D

Hot Channel.

Subchannel
Flow Area
SR R
\\\\“\ NV
Hottest Fuel Element \&\\\\o\&\\\&'
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). :

.
= ?PZ _ nDouterclad (1)

A,
s 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? (0.2544 in?).

L0 ' " : ! . [ : ). I." S : . e,
The wetted perimeter for the subchannel only encompasses one half of an entire fuel rod in the
figure above. Therefore the total flow area for the subchannel input into the RELAP5-3D model is

3.88E-4 m? (0.5088 in?).

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 m” (69.27 in®). The wetted perimeter is defined as P, .y = %D e 1+ This

equation produces'a 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 perinieter and subchannel flow area, the hydraulic diameter is calculated to be 1:327E-2 m
(0.441 in). D
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Los-.zz - 1_ . R (4)
nf u.eI

Ly.r refers to the nodal Iength for Nodes 03 through 22 nfuells the number of nodes defined in

the fuel region (i.e. 20 nodes)

L

Equation (5) is used to calculate the nodal 'I‘éngth '_for,__Ndde 23 (Qppe_r unheated node).
(0673 1 - Lf - L Upper graphite— L Lower graphit) LU

uel
3= . 2 . [pper, graphite (5)

Table 3 Hot Channel Axial Nodal I.'engths

\ t'Core’ Volume ‘Axial Nodal Lengths -
Nodail__-_‘De_scnp_t_lon 'l Node - Nodal Length [m]
SRR AT Numb‘erf" - (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)
Cmaate o o 1507 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)
j ' 04 0.01905 (0.75000)
03 0.01905 (0.75000);
_ o 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 Figufe 3. The radial nodal distribution is shown
in Figure 4., The fyel portion of the fuel pin.consists 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 backfllled with a zirconium plug. A nomlnal gap exists between the fuel slug and the
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stainless steel clad. This gap is initially filled with 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 stalnless 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 alumlnum clad element would be S|gn|f|cantly
higher than that found'in a stainless clad element

getssssrss AN 58 5%, N
'''''''''''''' TR 20| Staintess
:-:::-:'i':‘_:-';: v T “oelleT7] Steel Clad
N o\ \
71rcomum Pm . Fuel Gap

Figure 4 Cross Sectlonal Vlew of Stamless Steel Clad Fuel Element

Gap

0 02 03 04 05 06 07 08 09 10 1L 12 13 14 15 16 17 18 19 20 21 22 23 24

\L : L ) . NP ) /
S ey Fuel S _
Zirconium Piri . o ' e ue L ) . R Stainless Steel Clad

FR . e R P R

y R ".-|‘

Flgure 5 Radlal Nodal Dlstrlbutlon in‘a Stamless Steel Clad’ Fuel Element

. - B PR T Y - . vl B "‘-_'
AR I R o PR P A STLEL LI BT FETIIATOS S e badnee e
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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 and.to calculate temperature gradients within the heat structure. All CHF
correlations considered during the 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 correlatron (Dy = 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 assocrated with that
rod. The axial and radlal power shapes were determlned for twenty equaIIy spaced nodes in both
the. axral and radial d|rect|ons The MCNPS results were used to calculate three peaking factors

o !_:Iot _Channel_fuel Peak, _F.actor'=_ (maximdrn fuel rod,-power)/(core average fuel rod power)

o Hot channel Fuel Axial Peak Factor = (maxrmum axral power in the hot rod)/(average axial
- powerin the hot' rod) S :

oy i 7 .

o. Hot Channel FueI Rad:al Peak Factor = (maxrmum radlal power in the hot rod)/(average .
_ radlal power |n the hot rod)

AR ’ Lo

A Y T PETARE PY 7L RPIE P LS

.Table 4. Radlal Fuel Element Nodal Locations (from fuel center)

: o Heat Structure Radial Node Lengths :

Nodal Descnptron “Node Number:. | Node Coordinate [m] (|n)

Innes Zirconium Pin 01 0.00000 (0.00000) ,

| TR AR .02, 0.00318 (0.12500). .
R Fuel .03 0.00355 (0.13976) .
' v -04 0.00430 (0.16929)
05 0.00506 (0.19921)
06 0.00581 (0.22874)
i { 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 10.01108 (0.43622)
14 0.01183 (0.46575)
15 0.01258 (0.49527)
RRR ‘Thermal Hydraulic Analysis 8 1 April 2011



16 - ..~ 0:01333/(0.52480)

17 - | - - :0.01409 (0.55472)
. o 18 - - | +0.014841(0.58425) - -
cucon L 19 | - 10.0155940:61378) -
v b0 v 0.01634(0.64331)

' Coamaieroan) s Tl ol v 0 0.01710 (0:67323)
e T e s T 0/01785 (0.70275)
OuterGap - - | 23 " | 0.01785-0.01786 (0. 70285070305) -

OuterStgll:(ljess-Steel 24 : 001873 (073750) R

N . . Lo T

faey L Ty

Average fuel rod power in the core, average axial power in the hot rod and'averag'e radial power in
the hot rod must be properly caiculated in order to obtain correct peak factors. The average fuel
rod power in the core is calculated by taklng the numerlcal average W|th each rod welghted
equally. The fission raté in the hot rod is then calculated as discussed above and expressed in
cylindrical (r,z) coordinates, The average ; axial power in the hot rod is calculated by taking the
numerical average of the power density within eath’ of 'the' twenty axial segments.

) Ve . . HE T I
The effectlve peak factor for each conflguratlon is the product of these three individual peaklng
factors. The results of the MCNP5 analyses listing the location of the hlghest power rod along and
its associated peaking factors are shown in'Table 5 for the RRR ¢ core Note that these peaking
factors are calculated with control rods removed. This is conservative since 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 that all rods in the core have approxnmately the’ same axial:héat distribution shape
and thus the maximum powered rod wouid' ‘produce thié maximum local heat flux. Although minor
variations in axial’ power shape-occur throughout the core, we made-the cofiservative assumption
that the hot channel is bordered on all sides by a fuel rod having the same characterlstlcs 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 unllkely 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. S " '
Using the Bernath (Ref. 3) correlation, CHF is defined in units of pound- centigrade per hr-ft* per
the following equations. -~ .

CHF = Iy (T, -T) (6)
e hBo-10890(—D—)+Av )
e e A\ rla) f

N I W i BRI ' -
T S R LT A ! 2
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B iD= 01
h

A= : (8)
10 .

h

T, =57ln(PR,,)-54 L = (9)
B0 1. . . Pa'b:\' 15 4. oL

Where:

hy,  Limiting film coefficient [p.c.u./hr-ft?-°C]
Fluid bulk temperature [°C]
Wall temperature at CHF [°C]

v Fluid velocity [ft/sec]

A “slope” -
P.aos = Absolute pressure [psi]
Dx Heated diameter [ft]
Dn  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 He, 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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Table 5 Hot Channel Fuel Power Summary

" Hot Channel “Hot Channel | Hot Channel | Hot Channel
Hot Rod “Fuel Peak .| Fuel Axial Fuel Radial Effective
. Fuel Thermal | - L
Location Power [KW]* | . Factor . . Peak Factor - Peak Factor | Peak Factor
. : ] [Prmax/Pavg] ' [Pmax/Pavg] --'[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
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600

500

400
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Maximum Fuel Temperature [°C]

100

0 T T T T T T i
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 MDNBR.of 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 bélow that required for departure from nucleate

boiling. The value of MDNBR is p_onsrstent wrth values reported for other TRIGA research reactors
(Ref. 4 and 6) o -

" RRRThermal Hydraulic Analysis

13. i Goocbent o - Aprik20110



12
l 10 - ’~ . ‘
o 1 [ PRFAY e 1 {
g' .8, T H » 5 T 7
8
L 2
k,E - 6 B 1] 4 L . ' ' !
s . |
3z 4 —
' ) [ AR Q.‘ . SELR i
i N ’ el .
3 : e - .
0 T T l.ll T 1
! 0 :te 5 ! 10 15 ' 20 25
., Hot Channel Fuel Element Power (kW) =~
1 3 i - . ' . - b o

o

R AT PR YR BN : . . -. Figure 10 :Hot _CHanneI_MDI(\I,'_B‘R,.,.

T ! £ R N R R R FENE s A e e

8 Summary _ _ o

- 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.

RRR Thermal Hydraulic Analysis 14 A L ey April 2011



9 References

1. RELAP5-3D Code Development Team, “Volume 1: code structure, system models, and
solution methods, in RELAP5-3D code manual’” 2005, Idaho National Laboratory Idaho Falls,
idaho. p. 600.

2.  Bene,l.V.D., “TRIGA® Reactor Thermal- -Hydraulics Study, STAT-RELAP Comparlson ” General
Atomics Report, to be published.:

3. Bernath, L., “ATheory of Local Boiling Burnout and Its Application to Exnstmg Data,” Heat
Transfer - Chemical Engineering Progress Symposium Series No. 30, 56, pp95-116 (1960).

4.  Oregon State University, “Safety Analysis Report for the Conversion of the Oregon State

- TRIGA Reactor From HEU to LEU Fuel”, pp. 39-88 (2008).

5.  Feldman, E.E., “Fundamental Approach to TRIGA Steady-State Thermal-Hydraulic CHF
Analysis”, ANL/RERTR/TM 07-01 (2007).

6. General Atomics, ”Safety Analysis for the HEU to LEU Core Conversion of the Washington
State University Reactor”, pp. 1-112 (2007).

7. Marcum, W.R., “Thermal Hydraulic Analysis of the Oregon State TRIGA Reactor Using RELAP5-
3D”, Masters Thesis, Oregon State University (2008).

8. Keller, S.T., Munk, M.E., Palmer, T.S., Reese, S.R., “Analysis of the Neutronic Behavior of the
Reed Research Reactor" (2010). SRR

RRR Thermal Hydraulic Analysis 15 &* o ion hocee o April 2011



- P ’ y
\ ) 1 TRl
GENERAL DYNAMICS / GENERAL ATOMIC DIVISION <
Ta: Distribution Date: March 1, 1966 .
from:  Fabian C, Foushee S’.‘:L(—

Subject: Storage of TRIGA Fuel Elements . -

Introduction;

In GA-5402, "Criticality Safeguards Guide', generallimits .
on the various dimensions, and concentrations of fissile material that must

be imposed on any unit of such material (see p. 18, Table l) 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 gms of U-235 per square fcot 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 elementa., Assuming, at the very most,

of U-235 per element, the concentration in the array is 197 gms of U-235/ft2.
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 d.lmenmons. :

.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. -% U-ZrH (20% 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 ke¢f because of self-shielding. The last

. statement must be qualified by noting that lumping the fuel has an advantageous’
eifect in that the effective U-238 resonance integral is reduced. To examine -
the efiect 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 dilution U- 238 resonance mtegra.l decrea.Ses
keﬁ by about 1. 5%. P :

TRIGA Spent Fuel Storage

TRIGA fuel elements are stored in the reactor pool in racks
fastened to the side of the poo]_.." Each storage rack accormmodates ten ele-

ments, .the axdial centerlines of which are two inches apart and lie in a single
. .




LO: liastripution -a- ' \f_) N T I
From: Fabian C. - sushee . ' -

plane. The homogeneous modecl employed to describe the storage rack was
an infinite plane l.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 .
Constituent '_:.-"_Nuciear Density x 107%*
H-in ZrH]. 865 - . - _' 3.088 x 10-2 puclei/cm3
Hein H;O R S 2.elax 102
Oxy . .. . . 1.307x10%2
zz ot . 1939 x 1072
U-235 R 1,278 x10°%
U-238 ' ' 5.111 x 10-%
\ Stainiess Steel - Lo 2.64x10-3

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 closerhtogether 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 thest calculations are shown in Tablq I, :

Tabla IT
- Keff

‘Planie array one element thick 0.5096

Plane array two elements thick - 0.7227

~

It should be noted that these calculations were made for 8 wt, -% uranium..
Increasing the uranium content to 8.5 wt, -%, as in the Torrey Pines TRIGA
Mark III, would increase kq¢f by 2 to 3%, 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 ms 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., gms -
U-235/ft2), the two element thick array results in a kggf 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. S . )
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TECHNICAL SPECIFICATIONS

1.1
1.2
1.3
1.4

1.5

1.6

1.7

1.8
1.9

1.10

DEFINITIONS sy

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

Channel: The combination of sensor, line, amplifier, and output-devices that are
connected for the purpose of measur1ng the value of a parameter.

Channel Callbratlon An adjustment of the channel such thatits 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

Channel Check A qualrtatrve verrﬁcatron of acceptable performance by observatlon of
channel behavior. This verification, where possible, shal. include comparison of the ’

channel with other independent channels or systems measuring the same variable.

Channel Test: The introduction of a signal into the channel for ver1ﬁcatlon that it is
operable .. . . e ST '»., .

of effluents between the énclosure and its external’ env1ronment through controlled or
defined pathways. i ; :

Conitrol Rod: A device fabricated from neutron absorblng mater1al wh1ch is used to
establish neutron flux changes and to compensate for routine react1v1ty changes A
control rod may be coupled to its drive unit allowing it tQ perform a safety ﬁmctlon when
the coupling is disengaged. Types of control rods shall include:

a.’ Regulatmg Rod (Reg Rod): The regulating rod is a control rod hav1ng an electric
motor drive and scram capabilities. Its position-may be varied manually or by the’*
servo-controller. o SR :

b. Shim/Safety Rod: A shim/safety rod is a control rod hav1ng an electr1c motor dr1ve

- and scram capab111t1es Its posrtron is varled manually ' SR

Core Lattice Posrtlon A partlcular hole in the top grid plate of the core It i rs speclﬁed
by a letter 1nd1cat1ng the specific ring in- the grid plate and a number 1nd1cat1ng a
part1cular position within that ring.

Excess Reactivity: That amount of react1v1ty that would exist if all control rods were
moved 1nstantaneously to the maximum reactlve cond1t10n from the point where the
reactor is exactly critical (ke = 1) at reference core conditions.

Experiment: Any operation, hardware or, target (exclud;ng dev1ces such as detectors or
foils) that is designed to investigate non-routine reactor. character1st1cs or that is intended
for irradiation within an irradiation fac111ty Hardware r1g1dly secured to a core, shield, or
tank structure so as to be. apart of their desrgn to carry.out experrments is not normally
considered an experiment. Specific experiments shall include:

- a. Secured ‘Experiment: Any experrment or component of an expenment that-is held m-

a stationary position rélative to the reactor by mechanical means. The: restrarmng .
" forces'must'be substaritially’ gréater: than thiésé to-which the expenment mightber it

R P PRI BT RPA ST goblee s win ".':ll.’f.l [
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TECHNICAL SPECIFICATIONS

111
1.12

1.13
1.14

'1.15
1.16

1.17

1.18
1.19

1.20

_1ntended functlon

subjected by hydraulic, pneumatic, buoyant, or other forces which are normal to the
operating environment of the experiment, or by forces whlch 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 Experlment A movable experiment is one where 1t is intended that the
entire experlment maybe moved in or near the core or into and out of the core while

* the reactor is operating. vt

Fuel Element: A single TRIGA® fuel rod

Irradlatlon Facilities: The central thlmble the rotat1ng specimen rack the pneumatlc
transfer system, sample holding dummy fuel elements, and any other in-pool irradiation
facilities. : )

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

Operable: A system or component is operable when it is capable of performlng its

Operatmg A system or. component 1s operatlng when it is performlng its 1ntended
function.

£ . ‘ {

.'Operatnonal Core A ﬁJel element core wh1ch operates w1th1n the 11censed power level

and satisfies all the requirements of the Technical Specifications.

Reactor Facility: The physical area defined by the Reactor Bay, the Mechanlcal
Equipment Room, the Control Room, the Hallway, the Loft, the Classroom, the
Radiochemistry Lab; the Counting Room, the Break Room, the Storercom, the sump
area, the stairway, and the Restroom..:; .. .. ... ... . . (. . .

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

- Reactor Safe'ty Systems: Those system's including their associated input channels, that

are designed to initiate, automatically or manually, a reactor scram for the primary
purpose;of protecting the reactor. -~ .., ... o, L

Reactor Secured: The reactor is secuired when: g

a. Either there is insufficient fissile matetial in the reactor fo attain cr1t1ca11ty under
optimum available conditions of moderatlon and reﬂectlon 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 movéd 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” pos1tlon and the key is removed from the
console.

Reed Research Reactor - r14-2 N . — May_201"1
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1.21

1.22

1.23

1.24
1.25

1.26

1.27

1.28

1.29

1.30

Mo oo op

Reactor Shutdown: The reactor is shutdown if it is.subcritical by at least' $1.00 in the

- reference core condition with the reactivity worth of all installed experlments included

and the following conditions exist: s e

a. No work is in progress invelving core fuel, core structure, installed control rods, or
control rod drives unless the control rod drlves a.re phy51cally decoupled from the
control rods; ~ - *"" 7

1

b. No experlments are moved or serwced that have on movement a react1v1ty worth
exceeding $1.00. _ ‘ .

Reference Core Condition: The reactivity condition of the core when it is at a‘rribient'_ '

temperature and the reactivity worth of xenon is negligible (< $O 30) Secured

experiments can change the reference core conditions. g

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

Safety Channel: A measuring channel in a redctor safety system.

Scram Time: The elapsed time between reaching a limiting safety' syStem' set point and
the instant that the slowest scrammablé control rod reaches’its fully- 1nsencd pos1t10n L

Shall, Should, and May: The word “shall” is used to denote a requ1rement the word _
“should” is used to-denote a recommendation; ; and the word may ”to deniote permission,”
neither a requirement'rior a recommendation. - i Lot

Shutdown Margin: The minimum shutdown react1v1ty necessary to prov1de conndence
that the réactor can be made subcrmcal by means of the control and safety systems
startlng from any permissible operating condition‘and with the mdst reactive rod’
remaining in its most reactive position, and that thé ¥eactor w111 rémain’ subcritical
without further,operator action. , .. - .0 oy o T o T e T

Substantive Changes. Changes in the or1g1nal intent or safety s1gn1ﬁcance of,an action:
or event. . AT

oo .
it ‘

[ EXb ST . . o A T

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

Biennial - interval not to exceed 130 weeks.
Annual - interval not to exceed 65 weeks. .
'Semi-annual - interval not to exceed 32 weeks.
Quarterly - interval not to exceed 16 weeks.
Monthly - interval not to exceed 6 weeks. .
Weekly - interval not to exceed 10°days.: -~~~ - -~ ' "

True Value: The actual value of a parameter.

P R
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TECHNICAL SPECIFICATIONS
2 SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTING

2.1  Safety Limit-Reactor Power
ppllcablllty This spec1ﬁcat10n applies to the reactor thermal power -

Ob]ectlv The objective is to define the maximum thermal power that can be perm1tted w1th
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 = 410°C.
Since the temperature limit for TRIGA® fuel is in excess of 1000°C, this safety limit is
acceptable. RRR T-H Analysis also shows that the Departure from Nucleate Boiling Ratio
(DNBR) for the reactor at 500 kW is = 2.5, which is above the minimum acceptable value of 2.0.

2.2 " Limiting Safetv Svstem Settmg '

Applicability, This specification app11es to the scram settings that prevent the safety 11m1t from
being reached.

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

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

Basis. RRR T-H Analysis, shows that at 275 kW the maximum fﬁel centerline 'ternperature is

= 300°C and the DNBRis = 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. . . :

-7 Cootsandnn
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TECHNICAL SPECIFICATIONS

3 LIMITING CONDITIONS OF OPERATION

3.0 General

Limiting Conditions for Operation (LCO) are those adm1n1strat1vely establlshed constramts on
equipment and operational characteristics that shall be adhered to durmg operation of the fac111ty
The LCOs are the lowest functional capab111ty or performance level requlred for safe operatlon
of the facility. = s SRR :

3.1 Reactor Core Parameters
3.1.1 Operation
Applicability. This spec1f1cat10n applies to the energy generated in the reactor during operatlon

Objective. The objective is to assure that the thermal power safety limit shall not be exceeded.
during operation. - - _ s _ " o

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

Basis. RRR T-H Analysis, shows that at 250 kW the maximum fuel centerlme temperature is .
~ 264°C and the DNBR is = 6.33 which is acceptable as discussed in 2.1. ' -

I
PRI

3.1.2 Shutdown Margm

Applicability. These specifications apply to the reactivity condition of the reactor and the -
react1v1ty worths of control rods and experlments durlng operatlon

Objective. The obJectlve is to assure that the reactor can be shutdown at all tlmes and to assure
that the thermal _power safety limit shall not be exceeded

Specifications. The reactor shall not be operated unless the s‘rutdOWn margm prov1ded by control
rods is greater than $0.50with:. .. 5 a0 e e e

a. Irradiation facilities and experlments in'placé and the total worth of all non: isecured -
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), j
$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 L 4-5 i woMay 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 t1mes and to assure
that the thermal power safety limit shall‘not be‘exceeded. - h g

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

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 burn 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 result in requiring fuel movement to meet shutdown margin and core
excess limits would be the unusual act1v1ty of addmg an expenment with large positive reactivity
worth o

Power defect at fulL power adds approx1mately $1 33 of negatlve reactivity, and equnllbrlum xenon at
full power adds approx_lmately $1.06 of negative reactivity. A core excess of $3.00 leaves
approximately.$0.61 for the worth of experiments.during extended operations.

b toe

3.1.4 Fuel Parameters
Applicability. This specification applies to all fuel elements. '
Objective. The objective'is to'maintain integrity of the fuel element cladding ’

Specifications. The reactor shall not operate with damaged fuel elements except for the purpose '
of locating damaged fuel elenients. A fuel element shall be considered damaged and must be
removed from the core if:- . “r. o c i o Pt e

a. A ¢ladding défect exists as indicated by releasé 6f'fission products or
b. Visual inspection identifies bulges, gross pitting, or corrosion.

Basis. Gross failure or obvious visual. deterlora ion of the fuel is sufficient to warrant declaration
of the fuel as damaged. :
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TECHNICAL SPECIFICATIONS

3.2 Reactor Control And Safety Systems . P

3.2.1 Control Rods
pphcablllg[ This spec1ﬁcat10n apphes to the functlon of the control rods .
Objective. The objective is to.determine that the.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 dr1ve assemblies; or -

b. The scram time exceeds 1 second.’ £ ! o

c. The reactivity addition rate'exceeds $0:16-per second. ™ = "+ 1’

d. The interlocks in Table 3 of Section'3.2.3°of these TS are'not-ope'r'able '

Basis. This spec1ﬁcat10n assures that the reactor shall be promptly shutdown when a séram 51gnal
is initiated and that the reactivity addition rates are safe. Experlence and analysis have indicated
that for the range of transients anticipated for-a TRIGA® reactor, the specified scram timie is
adequate to assure the safety of the reactor. RRR T-H Analysis shows that the lirhit on reactivity"
addition rate is safe during normal opération and transients. The interlock's which prevént 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. . - : S LT e

Applicability. This specification applies to the informatien that shall be available to. tl”e reactor
operator during reactor operation.

' Yo
R

Ob]ectlv The objectlve is to spec1fy the minimum, number of reactor power measurmg channels'
that shall be available to the operator to assure safe operation of the reactdr., .- - .., 7: .. -

Specifications. The reactor shall not be; operated unless all of, the reactor power measuring
channels in Table 1 are operable.. ., - . ;i

O L I
_:‘_.. -

oo~ .. . Tablel -~ 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.
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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 spec1fy the minimum number of reactor safety system channels
and interlocks that shall be ava11able to the operator to assure safe operat1on of the reactor

Specifications. The reactor shall not be operated unless the m1n1mum 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

’ ' i withdrawal of two rods . - '

Basis. Power Level Scram: RRR T-H Analysis, shows that at 275 kW the maximum fuel
centerline température is = 300°C and the DNBR is = 4.5 which is acceptable &s ‘discussed in
Section 2.1 of these TS. Thé sét'points for both'the Linear Channel and Percent Power Channel
are normally sét to 100% of 250 kW, which is the licensed power. Either channél will scram -
when its detector high- Voltage is’ less than 90% of nom1nal voltage since the channel is unreliable
w1thout proper h1gh voltage - o T

Manual Scram The manual scram must be funct1onal at all t1mes the reactor is in operat1on It
has no specified value for a scram set point; it is manually initiated by the reactor operator.

Low Power Level Interlock: The rod w1thdrawal prohibit interlock prevents the operator from
adding reactivity when there in no neutron induced signal on a low power channel. When this
happens, the indication is insufficient to produce meaningful instrumentation response. 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 s1ngle rod w1thdrawal 1nterlock prevents the operator from
manually removmg multiple control rods s1multaneously so that react1v1ty 1nsert1ons from
control rod manlpulatlon are done in a controlled manner.

Reed Research Reactor v-134-8 - pot May'2-011
Safety Analysis Report R



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 améunt of water in the reactor pool
for fuel cooling and shielding purposes, that the bulk temperature of the reactor pool water
remains sufficiently low:to: guarantee demmerallzer resm 1ntegr1ty, and that pool chemrstry will |
limit corrosion. o P . : SRR

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

The pool water level shall be greater than 5 meters above the. upper core plate

The bulk pool water temperature shall be less than 40°C;

The conductivity of the pool water shall be'less than 5.0 m1croSremens/cm

The pH of the pool water shall be between 5.0 and 7.5. S '

The activity of the pool water shall be less than the 11m1ts in 10 CFR 20 Appendlx B
Table 2, Column 3.

If pool level decreases more than 10 cm below the normal pool levelithe cause, shall be
investigated. : R N T o : : |

o oo o

h

Basis. The minimum helght of 5 meters of water above the ‘upper core plate guarantees that there
is sufficient water for effective cooling of the fuel:and that the radiation levels at the top of the
reactor are within acceptable levels. The bulk water temperature limit is necessary, according to.
the resin manufacturer to ensure that the resin does not break down. The temperature llmrt also '
ensures the core inlet temperature is acceptable for the- acc1dent analy51s Experience at, many
research reactor fac111t1es has shown that mamtammg the conduct1v1ty and pH within the o
specified limit prov1des acceptable control of corrosion (NUREG 1537 Appendlx 14, Sect1on _
3.3.(9)). Pool activity is limited to ensure dose rates are below 2 mrem/hour. Pool level s lrmlted
to a decrease of no more than 10 cm below normal to allow early detectron of pool leakage '

v.lt_ ' ; - Ty 20 Ko P . . R S 4

- [ETAN s e
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34 Ventilatron System '
pplrca 1111y Th1s spe01ﬁcatlon applles to, the operatlon of the reactor bay ventllatlon system

Objeciive. The objectlve is to assure that the ventllatlon system-shall be in operatton to m1t1gate
the consequences of possible releases of radioactive materials resultlng from reactor operation or.
when moving irradiated fuel. : y | . A Lo

Specifications. The reactor shall not be operated ) nor irradiated fuel moved unless the facrlrty
ventilation system is operat1ng in the normal mode or isolation mode.

Basis. During normal operatlon of the ventllatlon system the annual average ground _
concentration of Ar-41 in unrestricted areas is well'below the appllcable efﬂuent concentratlon .
limit in 10 CFR 20. In the isolation mode it is much lower. a
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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 continue 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 rad10act1v1ty to the surroundings. Calculations show that for both routine operations
and accident scenarios predlcted occupational and general pubhc doses are below the applicable
annual limits spemﬁed in 10 CFR 20.

3.5.2 Efﬂuents _ _ -
Applicability. This spemﬁcatlon applles to the release rate of Ar-41. S U R

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

Specifications. The annual average concentration of Ar-41 discharged 1nto the unrestrlcted area
shall not exceed 1.5 x 10 uCi/ml at the point of dlscharge ‘

Basis. If Ar-41 is continuously discharged at 1.5 x 10° uCi/ml, measurements and calculatlons _
show that Ar-41 released to the unrestricted areas under the worst- -case weather COIldlthﬂS would
result in an annual TEDE of 1.0 mrem. This is less than the applicable limit of 10 mrem = -
(Regulatory Guide 4.20). :
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TECHNICAL SPECIFICATIONS

3.6 Limitations on Experiments

3.6.1 Reactivity Limits

Applicability. This specification applles to’ experlments mstalled in the reactor and its 1rrad1at10n
facilities. ' i

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

Specifications. The reactor shall not be operated unless the followmg conditions govemlng
experlments exist:

"a. The absolute value of the reactivity worth of any ‘'single moveable experlment shall be

less than $1.00; v
b. The sum of the absolute values of the reactivity worths of all experiments shall be less
than$200 o B NI S

Basis. The reactivity limit of $1.00 for movable experiments is designed to prevent ari
inadvertent prompt critical condition from occurring from an analyzed ¢ondition anid 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.

HEST

3.6.2 Materials I A TP

Applicability. This spemﬁcatlon applles to experlments 1nsta11ed in the reactor and rts 1rrad1at10n
facilities. ho

Ob]ectlv The objectlve is to prevent damage to the reactor or excesswe release of rad10act1ve :
materials in the event of an experlment failure. o

‘e .
HB

Spec1ﬁcat10n The reactor shall not be operated unless the following cond1t10ns govemlng
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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TECHNICAL SPECIFICATIONS

3.6.3 Failures and Malfunctions

Applicability. This specification applies to experlments installed in the reactor and its 1rrad1at10n
facilities.

Obiective. 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; : : . N

Basis. This specification is intended to meet the purpose of 10 CFR 20 by reducmg the
likelihood that releas¢d airborne radioactivity to the reactor bay or unrestricted area surrounding
the RRR will r'esu]’t in exceeding the total dose limits to an individual as specified in 10 CFR 20.

o o
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TECHNICAL SPECIFICATIONS

4 . SURVEILLANCE REQUIREMENTS

4.0 General R ' : S

Applicability. This specification apphes to the survelllance requ1rements 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 anda.’' -
companion Section 4 surveillance specification will prescrlbe the frequency and scope of
surveillance to demonstrate such performance

Spe01ﬁcat10n o

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

Applicability. This specification applles to the survelllance requirements for reactor core
parameters. . f e :

Objective. The objectlve isto verlfy that the reactor does riot exceed the authorlzed limits for
power, shutdown margin, core excess reactivity, specifications for fuel element condition, and
verification of the total reactivity worth of each control rod.

Spec1ﬁcatlon

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 tollowmg any significant
change (>$0.25) from a reference core.
c. Twenty percent of the fuel elements in the core shall be 1nspected v1sually 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 (>$0.25) i Is measurable and will ensure adequate. coverage of the shutdown margin
after taking into, account the accumulatlon of p01sons For inspection, lookmg at fuel elements
b1enn1ally w1ll 1dent1fy any. developmg fuel integrity issues throughout the core. Furthermore, the
method of determlmng non-conforming fuel at the RRR has been exclusively visual 1nspectlon _

4.2 Reactor Control and Safety Systems

Applicability. Thls speC1ﬁcatlon applles to the survelllance requlrements of reactor control and
safety systems. PR LT L

Objective. The objective is to verify performance and operablllty of those systems and
components that are directly related to reactor safety.~ -+ . 1

Specifications. I S
. 8. A channel test of each item in Tables 1 and 2 in Section 3.2.3 shall be performed prior to
~ each day’s operation or prior to each operation extendmg more than one day.
b. A channel calibration shall be made of the each reactor power level momtormg channel
‘ by the calor1metr1c method annually. -

c. The scram time shall be measured annually )

d. The total reactivity worth and reactivity addition rate of each control rod shall be

" measured annually orfollowing 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.

Reed Research Reactor "\ t4-14 : . v May 2011
Safety Analysis Report e el



TECHNICAL SPECIFICATIONS

4.3 Reactor Primary Pool Water

Applicability. This specification applies to the surveillance requirements for the 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. T T E SR U AP S
a. A channel check of the water level monitor shall 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 prlor to each day s
' operation or prior to each operatlon extendlng more than one day. _
A channel test of the water lével monitor and alarm shall be performed quarterly
A channel test of the water temperature monitor and alarm shali be performed quarterly
A channel calibration of the water level monitor shall be performed annually '
A channel calibration of the water temperature monitor shall be performed annually
The water conductivity shall be measured weekly
The water pH shall be measured quarterly. -
The-activity of the pool water. shall be measured.quarterly:: = .
j.  The volume of water added to the. pool shall be recorded and checked weekly

. . .
I . . . AN
it Lt e . PRI

PR e a0

Basis. Experlence has shown that the frequenc1es of checks on systems that monitor reactor .
primary water level, temperature pH and conduct1v1ty adequately keep the pool water at thé =’
proper level and ma1nta1n water quallty at such a level to m1n1m12e corros1on and ma1nta1n
safety. = BIRY B T

4.4 Ventilation Svstem

S i, : '._,. ¢

Applicability. This spec1ﬁcat10n applles to the reactor bay conﬁnement vent11at10n system

Objective. The objective is to assure the: proper-operation of the ventilation system in controll,mg..
releases of radioactive material to the unrestricted-area. . . e

Specifications.

"a. The ventrlatlon w1ll be verified to be operatlng in normal or isolation mode prior 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 systeri’s ab111ty to beini .
isolation (exhaust through a HEPA filter and ma1nta1n a negatlve pressure in the reactor
bay with respect to the control room) shall be performed quarterly '

Basis. Experience has demonstrated that tests of the- ventrlatlon system on the prescribed bas1s
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 Monitorinz System

Applicability. This speclﬁcatlon applles to the surveillance requlrements for the area radlatlon
momtoring equipment and the air' monitoring systems.

Objective. The objective is to assure that the radiation monitoring equlpment is operatmg
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.

¢. A channel] calibration shall be performed annually.

d. The average Ar-41 effluent concentration calculation shall be performed annually.

Ba51s 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 t1me span.

4.6 Experlmental Limits :

pplicabilig This speciﬁcatlon applies to the survelllance requirements for expenments
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 radioactlve materials as a result of experlment failure.

Speclﬁcatlon _
a. The reactivity worth-of 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 1ts 1rrad1at10n fac111t1es unlessa
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 components or equ1pment shall not be made pr1or to
appropriate safety reviews.

5.1 Site and Facility Description

Applicability. This spec1f1cat1on appl1es to the Reed College TRIGA ‘Reactor site locat1on 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 e‘very'direction from the "cen:ter
of the reactor. e

b. The restricted area is that arza 1ns1de reactor fac111ty The unrestncted area is that area ..
outside the reactor facility.

¢. 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 exhaust air or
other gases from the reactor bayand release them from a stack at a.minimum of 3.6
meters from ground. level. s : : :

€. Controls to place the ventilation system in the 1solatlon mode shall be ava1lable in the
control room. . . e

N

Basis. The reactor facility and site descrlptlon are strlctly deﬁned (SAR 2. O) Proper handl1ng of
airborne radioactive materials (in emergency situations) can be conducted from the reactor
control room with a minimum of exposuré to operatlng personnel (SAR ¢.1).Control of the *
ventllatlon system 1s avallable from the control “oom Wl‘llCl‘l w1ll be habltable even durmg the

. . A oyt P [ - teros B R I
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TECHNICAL SPECIFICATIONS

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 objectwe is to assure that coolant water shall be ava1lable to prov1de adequate
cool1ng of the reactor core and adequate rad1at1on sh1eld1ng

Spec1ﬁcat1on

a. The reactor core shall be cooled by natural convective water flow.

b. The pool water inlet and outlet pipes shall be equ1pped with siphon breaks not less than §
meters above the upper core plate.

c. - A bulk pool water temperature alarm shall be prov1ded to indicate high bulk water
‘temperature if the temperature exceeds 40°C. - ¢

d. A pool level alarm visible outside the reactor fac1l1ty shall be provided to 1nd1cate 1f the’
level decreases more than 10 cm below normal. S

Basis. Th1s 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, .- . i - : : s

In the event of acc1dental s1phon1ng of pool water through 1nlet and outlet pipes the pool water
level will drop toa level no less than 5 meters from the upper core plate e1ther due toa siphon
break or due to the p1pe end1ng (SAR 5.2).

The bulk water temperature-alarm. prov1des warmng SO that corrective action can be 1n1t1ated ina.
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 mon1tored by per1od1c secur1ty patrols

v P . .
HEY S . RN Lo Ch
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TECHNICAL SPECIFICATIONS

5.3 Reactor Core and Fuel

5.3.1 Reactor Core _
Applicability. This spec1ﬁcat1on appl1es to the conﬁguratlon of fuel and in-core experlments

Objective. The objective is to assure that prov151ons are made to restr1ct the arrangement of fuel
elements and experiments so as to provide assurance that excessive power densities shall not be
produced. o

Spec1ﬁcat1o

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, graph1te dumm1es

.. control rods, startup sources, or central thimble. _

c. The reflector, excluding experiments and irradiation fac111t1es shall be water and
graphite.

Basis. Only TRIGA® fuel is ant1c1pated to-ever be uqed In -core water ﬁlled experlment
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 experiments pos1t1oned in element posmons have been demonstrated to be safe in *
TRIGA® fuel element cores up to 500 kW operation. The core will be assembled in the reactor -~
grid plate that is located in a pool of light water. Water in combination with gtaphite reflectors
can be used formeutron economy and the enhancement of 1rrad1at10n fac111ty radiation
requirements. o . _ , o N IR

53.2 Control Rods " G e
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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TECHNICAL SPECIFICATIONS

5.3.3 Reactor Fuel ,
Applicability. This specification applies to the fuel elements used in the reactor core.

Objective. The objectrve isto assure that the fuel elements are of such a des1gn and fabricated in
such a manner as to permit their use w1th a h1gh degree of re11ab111ty w1th respect to their |
physical and nuclear charactéristics.

Specifications.
The individual unirradiated TRIGA® fuel elements shall have the following characteristics:

a: Uranium content: nominal 8.5 weight percent 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. ldentification: 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 Storage

Applicability. This spec1ﬁcat1on 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 kegis 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. 2 Cee o

L A

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. .
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TECHNICAL SPECIFICATIONS

6

6.1

ADMINISTRATIVE CONTROLS

Organization

Individuals at the various management levels in add1t1on to being respons1ble for the pol1c1es L
and operation of the reactor facility,. shall be respons1ble for safeguardmg the publ1c and facility
personnel from undue radiation’ exposures and for adhering to all requ1rements of the operatmg
license, TS, and federal regulations.

6.1.1

The reactor administration shall be as shown in Figure 1.

Structure

Figure 1 = Administrative Structure

President of Reed College
Dean of the Faculity

Reaetor Operations Committee (- Reactor Director - Health Physicist |
Associatl Director
Operations|Supervisor
Senior Reactor Operators S
Reactor Operators -
6.1.2 Responsibility . R Rt T DU - o - N ‘

The following specific organizational levels and responsibilities shall exist. Note that the Levels
refer to ANSI/ANS-15:4-1988;-R1999. : -

a.

b.

President (Level 1): The President of Reed College is respons1ble for the facility license
and representing Reed College.

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.

Associate Director (Level 3): The Associate Director reports to the Director and is
responsible for guidance, oversight, and technical support of reactor operations.

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.

Reed Research Reactor T-04-21 woans Vo May 2011
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TECHNICAL SPECIFICATIONS

6.1.3

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.

Reactor Operator,: and Senior Reactor Operator (Level 4); The Reactor Operators (RO)
and Senior Reactor Operators (SRO) report to the Operatlons Supervisor, Associate
Director, and the Director, and are primarily involved in the. manipulation, of reactor
controls, monitoring of i 1nstrumentat10n and operatlon and mamtenance of reactor related
equ1pment v

During a vacancy in any position’ 1nd1v1duals may fill multlple posmons if they meet the

' 'quallﬁcatlons

Staffing

The minimum staffing when the reactor is operating shall be:

“ < 1. " 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 designated SRO shall be readily
available on call. Readily avallable on ca11 means. an 1nd1v1dual who:

a) Can be contacted quickly by the operator on duty; :
b) Is capable of getting to the reactor'facility within 15 minutes.:

A list of reactor facility personnel by name and telephone number shall be readily

. .--available in the control room for use by the operator. The list shall include:. ..

6.1.4

1. Reactor Director;

2. Reactor Associate Director; L .
3. Operations Supervisor; R T
4. Reactor Health Physicist; : .

5..: At least one other person whois a lleensed SRO - L

Events which require the presence of an SRO in the facility,s:h,all inclﬁde:

Initial criticality and approach to power of the day; : g

All fuel or control rod relocations in the reactor core;

Maintenance on any reactor safety system;

Recovery from unplanned reactor scram or significant power reduction;
Relocation of any in-core experiment or irradiation facility with a reactivity worth
.. greater than one dollar. :

Nk WD =

Selectlon and Training of Personnel

The selectlon tra1n1ng, and requallﬁcatron of personnel should be in accordance with ANSI/ANS
15. 4 1988; R1999, “Standard for the Selectron and Tralnlng of Personnel for Research Reactors ”

. R
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TECHNICAL SPECIFICATIONS

6.2 _Review And Audit : L

The Reactor Operations Committee (ROC) shall have primary respon51b111ty for review and audit
of the safety aspects of reactor facility operations. Minutes, ﬁndmgs or reports of the ROC shall
be presented to the Pre51dent and the D1rector w1th1n n1nety days of completlon

6.2.1 ROC Composltlon and Quallficatlons

The ROC shall have at least ﬁve votlng members at least two of Wthh 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 S
The operation of the ROC shall be in accordance with written procedures including provisions for:

Meeting frequency (at least twice per year); TR e
Voting rules;

Quorums (not fewer than half of'the votlng members); IR

Method of submission and content of presentatlon to the committee;

Use of subcommittees; .- . . : T

Review, approval, and dlssemlnatlon of m1nutes

o Ao o

6.2.3 ROC Rev:ew Function . . . Co e

The respon51b111+1es of the ROC, or designated subcommittee: thereof mclude but are not limited
to, the following: s i ] :

Review changes made under 10 CFR 50.59; A
Review new procedures and substantive changes to ex1stmg procedules

Review proposed changes to the TS or license; e
Review violations of TS, license, ‘or violations of interrial procedures or instructions
having safety significance;

Review opérating abnormalities hav1ng safety significance;

Review events from reports required-in Section 6.7.2 of these TS; - . e
Review new experiments under Section 6 5 of these TS; o
Review audit reports. S -

o op

S0 o

6.2.4 ROCAudltFunctlon. : C - _ Lo {'-

The ROC, or a subcommittee thereof, shall audit reactor operatioris at least annually: The annual
audit shall include at least the following:

. a. Facility operations for conformance to these TS and appllcable hcense condltlons
"'b. The requahﬁcatxon program for the operating $taft; " 7 ST
c. The results of action taken to correct deficiencies that may’ ‘octr in the feactor fac111ty
equipment, systems, structures, or methods of operation that affect reactor safety;
d. The Emergency Plan and implementing procedures.
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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 Facilities.” -

1

6.4 Procedures

Written operating procedures shall be adequate to assure the safety of operatlon of the reactor,
but shall not preclude the use of independent judgment and action if the s1tuatlon requires.
Operatlng procedures shall be in effect for the follow1ng

Startup, operation, and shutdown of the reactor; .
Fuel loading, unloading, and movement within the reactor;
Maintenance of major components of systems that could have an effect on reactor safety;
Surveillance checks, calibrations, and inspections required by the TS or those that have
an effect on reactor safety;

-Radiation protection; i -
Administrative controls for operatlons and maintenance and for the conduct of
irradiations and experiments that could affect reactor safety or core reactivity;

g Sh1pp1ng of radioactive materlals ,

h. Implementatlon of the Emergency Plan.

/o .U'P’

o

7

Substantive changes to the above procedures shall be made only after review by the ROC.
Unsubstantive changes shall be rev1ewed prior to 1mp1ementatlon by the D1rector or Assoc1ate
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 workmg day to the Director or
Associate Director. s :

65 Experi.rn'ents Review and Ap_p roval l
The following apply to experiments:

a. Experiments shall be camed out in’ accordance w1th established and approved ‘
“procedures; : o :

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 to* previously approved experiments shall be made only after review -
by the ROC and approved in writing by the Director or Associate Director;

d. Minor changeés that'do’'not significantly alter the experiment may be approved by the.

- Operatlons Superv1sor Assoc1ate D1rector or D1rector :

LT [EEEE R T BRI I . . . S i
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TECHNICAL SPECIFICATIONS

6.6 Required Actions

6.6.1 Actions to Be Taken in Case of Safety Lithit Vlolatlon
In the event a safety limit (reactor power) is exceeded

a. The reactor shall be shutdown and reactor operation shall not be resumed untll author1zed
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 College .
c. A report and any appl1cable followup report shall be prepared and rev1ewed by the .
ROC. The report shall describe the following: SR
1. Applicable circumstances lead1ng to the violation 1nclud1ng, when known the cause
and contributing factors; - :
2. Effects of the violation upon reactor facility components systems ‘or structures and
on the health and safety of personnel and the public; Co
.3, Corrective action to be taken to prevent recurrence. = ' . . Lo

6.6.2 Actions to Be Taken in the Event of an Occurrence of the Type Identlfied in Sectlon
6.7.2 Other than a Safety Limit. Vlolatlon T e

For all events that are required by regulations of "TS t0'be reported to the NRC within 24 hours
under Section 6.7.2, except a safety limit violation, the follow1ng actlons shall be: taken

The reactor shall be secured and the Director or Associate D1rector notlﬁed

IOperatlons shall not resume unless authorized by the Director or Associate Dlrector
*The ROC shall review the occurrence at or before their néxt scheduled meetinig;- ~~ "

A report shall be submitted to the NRC in accordance with Section 6.7.2.

oo P

-
e
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6.7 Reports Pe
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6.7.1 Annual Operating Report BT

An annual report shall be created and submitted by the Dlrector to the NRC by November 1 of
each year consisting of: BRRRTO R : :

a. A brief summary of operating experience including the energy producéd by the reattor;
b. The number of unplanned shutdowns, including reasons for them; . .
 ¢. A tabulation of major preventatlve and corrective maintenance operatlons havmg safety

significance; SO

d. A brief descrlptlon mcludlng a summary of the safety evaluatlors of changes in the
facility or in procedures and of tests.and experlments carried. out pursuant to 10:CFR
50.59; - . ' ‘ ‘ IR F

e..-A summary of the nature and amount of radroactlve efﬂuents released or dlscharged 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;

Reed Research Reactor | o o 14-25 | -‘ . ‘ U\May2011
Safety Analysis Report _ Vo e



TECHNICAL SPECIFICATIONS

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.

PRI

6.7.2 Special Reports e

. T N T
NP L1 . ERE N S S

In addition to the requirements of applicable regulations, and in no way. substrtutrng therefore,
the Director shall report to the NRC as follows: . .

K

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 wrltten report t that
describes the circumstances of the event within 14 days to the NRC Document Control
Desk of any of the following: :

. ' [P I

1. Violation of the safety limit; -+ ~ . S

2. Release of radioactivity from the site above allowed limits;

3. Operation with actual safety system settings from requlred systems less conservative
‘than the limiting safely system setting; ' ;

4. --Operation inwiolation of. 11m1t1ng conditions for operation unless the reactor is

- immediately shutdown; . e e o

5. A reactor safety system component malfunctlon that renders or could render the
reactor safety system incapatle of performing its intended safety function. If the
malfunction or condition is caused by maintenance, then no report is required;

6. An unanticipated or uncontrolled change 1n react1v1ty greater than one dollar Reactor
trips resulting from a known cause are excluded ' '

7. Abnormal and significant degradation in reactor fuel or cladding, ¢ or’ both coolant

boundary, or conﬁnement boundary (excludlng minor leaks) where applrcable or

8. An observed ] 1nadequacy in the 1mplementat10n of admrmstratrve or procedural
controls such that the inadequacy causes or could have caused thé 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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. TECHNICAL SPECIFICATIONS

6.8.1 Records to be Retained for a Perlod of at Least Flve Years or for the Llfe of the
Component Involved if Less than Five Years ‘

Normal reactor operation; ‘- - T E e

Principal maintenance activities; - S S
Reportable occurrences;

Surveillance activities required by the TS;

Reactor facility radiation and contamination surveys
"Expeériments performed with the reactor;

Fuel inventories, receipts, and shipments;

Approved changes to the operating procedures; = - A
Reactor Operations Committee meetings and audit reports. N

R e A o

: Cotae Lo ' e .. R ! P
6.8.2 Records to be Retained for at Least One Requalification Cycle;, ;; .,

Records of retraining and requalification of licenised reactor ‘dperators and seniof teactor *
operators shall be retamed at all times the operator is employed or hcensed at'the fac111ty.

i)
N .J...’.l . LnoLas

6.8.3 Records to be Retamed for:the Llfetlme of the Reactor Faclllty

Gaseous and. 11qu1d rad10act1ve efﬂuents released to the env1rons
 Offsite envirorimental momtormg surveys;
_ Radiation gxposures for all personnel momtored
‘ Drawmgs of the reactor facility; ) o
Rev1ews and reports pertaining to a v1olat10n of the safety_llmlt the 11m1t1ng safety
system settlng, or a 11m1t1ng condltlon of operatlon e
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