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License No: R-112
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Attached are some of the answers to the subject RAI dated March 8, 2010.
As noted under the individual RAIs, some of the information needed for
response is to be completed as part of the analysis being performed by
Oregon State and General Atomics and will be submitted by November
2010. The response and attachments do not contain any sensitive informa-
tion. '

Please contact us if you have any questions. Thank you.
I declare under penalty of perjury that the foregoing is true and correct.

Executed on 7-%0-10

Frantz
pDirector, Reed Research Reactor.

Attachments:
1. RRR RAIs 1-58
2. RRR SOP 34, Control Rods
3. RRR SOP 34B Control Rod Calibration January 2010
4. RRR SAR Chapaters that have changed since the 2007 submital
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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 unconfrolled release of radioactive
material, or if released, are analyzed and found to be acceptable. The 2007 SAR,
Section 1.4 discusses this subject. However, the discussion is incomplete in that it
does not include the loss of electricity and how it would affect the release of radiation
should it coincide with the loss 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,

Although Chapter 13 will not be completed until November 2010, that
analysis will envelope this condition.

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

See updated SAR Section 3.1.

5. NUREG-1537, Part 1, Section 3.3, Water Damage, requires the applicant identify the
potential for flooding which could prevent structures, systems and components 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.
However, 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
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information that-demonstrates that shou/d ﬂood/ng occur, /t W/// not prevent operation of
the RRR safety systems>, = + - T R

‘See updated SAR Sect:on 3 3 RN o SRR U o

, o .

6.. NUREG 1537, Part 1 Section 3. 5 lSystems and Components states the app/icant

" 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:information on this topic but do not
provide information on the design features of the control.rods (e.q., fail safe in'the
event of loss of power) or the systems associated with reactor operation and safety
(e.q., power level scrams, interlocks to limit reactivity insertion). Please provide the
design for electromechanical systems and components requiredifor opération,
shutdown and to maintain shutdown: 1. + i, . =ovv o oy 0 e

o .-See updated SAR Section 3.5 and3.6.: . . ;v SR DRV
Y TR IRt IR TAE Yo
7. NUREG 1 537 Part 1, Qect/on 4.2.1; Reactor Fuel, states the app//cant shou/d descr/be

the fuel e/ements,use,d in the reactor including-detailed-design information. References
should be provided to demonstrate that the design basis assures-that integrity of:.the
fuel is maintained under all conditions assumed in the safety analysis. The description
should also.include information.necessary to establish limiting. conditions beyond which
fuel integrity would be lost. The 2007 SAR, Sections 1.3.3, 4.2.4. and 4.2.5 which
provide some information are incomplete. Please discuss the differences-in fuel length
for the aluminum and stainless steel clad fuel utilized in the core and-the implications of
these differences on analysis. In addition; please address mechanical forces and
stresses, corrosion and erosion of cladding, hydraulic forces,. thermal changes and
temperature gradientss.and internal pressures:-from fission products.and the production
of fission gas. Include in the analyses the impact of radiation effects, including the

Cmaximum ﬁssion densities and fission rates that the fuel is designed to accommodate.

This w111 be completed as part of the ana1y51s bemg performed by Oregon
State and General Atomics and will be submitted by November 2010.
8. NUREG 1537 Pan‘ 2 Section 4 2 2 states the contro/ rods shou/d be suff/C/ent in .
.. number and reactivity worth.to comply wrth the ‘single stuck_rod’ criterion; that is, it
. should .be possible to shut down the reacto_r and comply -with the requirement of .
minimum shutdown margin with the highest worth scrammable control rod stuck-out of
the core. The control rods should. also-be sufficient to control.the reactor in all.designed
. operating modes.and to shut. down the reactor, safely from any operational.condition.

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

. The control rods should be designed so that scramming them does not challenge their
integnty or operat/on or the integnty or operation of other reactor. systems ;
The 2007 SAR Sections 427, 4.2.8 and 4.2.9, while prowding some of this infonnation is
incomplete The, SAR does not provrde the worths of the 3 RRR contro/ rods Please
. aprowde ca/culated and measured control rod worths under all conditions of operatlon Please
' detennine if control rod wrthdrawa/ insertion limitation limits (rod posrtion VS. power) are
necessary {0 preserve assumptions in the depan‘ure from nucleate bor/ing ratio (DNBR)
analysrs )
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This will be completed as part.of the analysis being performed by Oregon
State and General Atomics and will be submitted.by November.2010. « '«

9. NUREG-1537, Part 1, Section 4.2.3, Neutron:Moderator and Reflector, states the
applicant should descnibe 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 discussion6f the radial

.+, reflector and the-graphite reflector elements; however, it.does not provide any.information
pertaining to the naturally circulating water which:is ‘also moderator/reflector..Please provide
a description of the water moderator and reflector and an assessment of the function and
importance of the moderator.and.the effect of loss of moderator on the behavior. of the

wreactor core dunng operat/ons B Ceelnn e N

Coauhee AT R

VT Thrs wrll be: completed as,part of the analysrs bemg performed by Oregon
State and General Atomics and will b&:submitted by"November 2010.

10. NUREG-1537, Part 1, Section 4.2.4 Neutron Startup-Source, states the applicant should
describe the neutron source used for reactor startup. The 2007 SAR, Section 4.2. 1 0
- provides a description of the neutron source holder only. Please‘review.the'cited -

" . requirément and'then supply a rewsed descnpt/on of the’ neutron source in use at R’RR
lnciudlng the: fcrlowrng R S S O Rt

- T [ SR RO TR S S DET G BT S TR RS |

e - "type of neutmn source lncludlng lnfonnatron on: neutron startup matenal '
o™ type of nuclear reaction - W L AN S
*. energy‘spectra ofneutrons Antno. ER ML -»*\

eI ew sourcg'strengthy - o e Lo v T s ian
v e
L]
L]

- interaction of the source and no’der wh:le in use, wrth tne chemlca/~ C o
. thermal;- and radiation environment - : &

ok desrgn features thaf -ensure *he funct:on rntegnty and avallablllty of the source

See updated SAR Sectron 4 2.4. 1 to be completed as part of the analysrs bemg

performed by Oregon State and General Atomlcs and w1ll be submitted by

November 2010+ A "r“‘ R

11. NUREG 1537, Part 1, Section 4.2.5, Core Support Structure states the aplecant shou/d
describe strictural performance of the core support structure under all reasonable
conditions. Furthermore;’it is requlred that'the design basis, operational analysis and safety
consideration's should be- ‘provided for'each reactor component placed on the grid plate. The
2007 SAR; Séctions 4.21 and 4.23; While providing some of this information, are -~
" incomplete. Please provide lnfbnnatlon demonstratlng the adequacy of thé core ‘support
- structure under flooded and empty tank conditions to support-all required components under
all operat/ng condltlons o

" See updated SAR Section 4.1. 1'to be completed as part of the analysls bemg
" performed by Oregon’ State and General Atomics and will be submitted by
,-November 2010. . -

12. NUREG-1 537 Part 1, Section 4. 3 Reactor Tank or Pool, states the appI/cant should
describe the reactor tank and associated components and prowde assurances regarding
those components to pen‘onn their intended function free from an y prob/ems associated with
chemlcal lnteractlons fallure of penetratlons and we/ds that could. /ead to loss of
coolant and to propose TS that impose Ilm/tlng conditions. In addltlon the appI'cant
should assess. the possrbl//ty of uncontrol/ed Ieakage of contam/nated cooIant and
should discuss’ detection, preventive and protective measures. The 2007 SAR
Section4.1, while providing some of this information (e.g., a physical description), is
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incomplete. Please provide.iniormation.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 applicableto these topics. - + = :

* See updated SAR Section 4.3 to.be completed as part of the analysis being
performed by Oregon Stdte and 'General Atomics and will be submitted by
November 2010 _.

13. NUREG 1537 Part 1,"Section 4.4, B/olog/cal Shleld states the applrcant should
describe the biological 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

i provide'a characterization of the ‘biological shield. Please provide a description of the
biological shielding €mployed at RRR inicluding consideration of corcrete, tank ™
structure and pool water ~

*See updated SAR Sectlon 4.4to-be completed as part of the analysns ‘being

performed by Oregon State and General Atomlcs andkwl]l be submltted by

November 2010, "7 & 7

Sy oy e Y R .
4 W W » v 3 B EOE T T R R

14. NUREG-1537, Part 1, Section 4.5, Nuclear DeSIgn “states the appI/cant shouid discuss

- “normal Operating conditions, reactor'core phySICS parameters and operating limits. The
discussion should include a d/scussmn of the complete operable core; control rod

o won‘hs kinetic parameters excess react/wtres shut down marg/ns and ﬂux d/str/but/on
orall ‘blannéd’ conf/gurat/ons for the'life of the"core.

'The 2007 SAR Subsect/on 4 6 1 states PRI e T ' ,
"General Atom/cs ut/I/zed a m/xed core of sta/nless steel and a/umrnum-c/ad fuel from 1960
- when théy wére first authonized to use a limited number of sta/nless steel clad together with
aluminum-clad elements until cessation of operatichs. The mixture was authorized-as long
as fuel temperature in the mixed aluminum and staiiiless steel core did not exceed 550 C
(1022 F). ... Consequently, since a mixed core of aluminum and stainless steel was used in
the Mark I'reactor formore than:35 years at a thermal power greater than the RRR reactor,
it is concluded that the health-and safety of the pub//c w1// not be endangered by operating
with mixed stainless steel and aluminuni fue/ .

L T v,

The GA reactor cited was ana/yzed ‘and’ //censed based on particular neutron/c and'thermal-
hydraulic conditions pertinent to that reactor. RRR rieeds to establish the basis for
/ncorporat/ng the GA conclusrons /nto the RRR SAR

R o

In addition: - BRI o o A

The 2007 SAR, Subsection 4.6.2.1 (Excess Reactivity) discusses limiting RRR to +$3.000f
core reactivity to prevent excessive fuel temperatures However the excess reactivity of RRR
has.notbeen established'in the SAR. . ;

- The 2007 SAR, Subsection 4.6.2.2 (Shutdown Margin) lists the shutdown margin:Technical
Specification requirement. However, the ability to meet this requrrement is not presented in
theSAR S Chee o ey U .

e 0 oY by
D The 2007 SAR Subsectron 4 6 23 (Reactrvrty Limits on Expenments) states that /rmrtrng
. reactivity insertions from experiments to -$1.00 will prevent sudden removals from.causing
excessive-fuel temperatures. However, therg is no analysis demonstrating this in the SAR.
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- The.2007 SAR, Subssction 4.6.3 (Stainless Steel Glad.Fuel):assumes that there-is no:
neutronic 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 /onger by 1inch and
stainless steel is neutronically. different from aluminum . - . o

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

This will be completed as part of the analysis being ‘perfo.rmed by Oregon
State and-General: Atomlcs and will be: submltted by November 2010

15 NUREG 1537 Pan‘ 1 Sect/on 4 5 2 Reactor Core Physrcs Parameters states the

app//cant should.describe reactor:core physics parameters that. determ/ne operat/ng
characteristics as.they are influenced by reactor.design. /nclud/ng L

methods used to neutronically characterize the RRR,
uncertainties required to apply calculated results.to. the RRR cperation,

- .methods-to calculate kinetics parameters, .. =~ . .. . .,
coefficients of react/wty applicable to the RRR, - ,‘
comparisons with measurements to demonstrate the effect/veness of the
methods employed, and ... ., - I ;
= changes in reactivity r‘oeff crents that nnsu/t fmm changes to core conf gurat/ons

Ny
See e ® e @ o

,iThe 2007 SAR Sect/on 4 6, does not prowde th/s /nformat/on Please prowde thls /nformat/on
" regarding methods, uncerta/nt/es compansons and all requrred techn/cal oarameters

This will be completed as part of the analysis being performed:by Oregon
State and General Atomics and will be submltted by November 2010

16. NUREG 1 537 Part 1 Sect/on 4 5 '3 Operat/on Limits, states that the appllcant should
.describe operating limits including those nuclear desrgn features necessary to ensure
. safe operat/on and shutdown, name// o :

. ‘temporature coeff c1ents or react/wty, vord coeff c1ents Xa-Srn worths power
. coefficients (if not otherwise accounted for), and.the influence of experiments,

minimum control rod worths and stuck rod worths for all allowed core conditions,
transient analysis of an uncontrolled rod withdrawal,
shutdown margin calculations for limiting core conditions, and . .

+ technical specification implemented to-ensure safe operation. . «. . -

A
L ) L] L] L]

The 2007 SAR, Section 4.6 describes some cf these' limits but is incomplete. Please provide
information specific to the RRR regarding methods, uncertainties, comparisons and all,
technical parameters as /dent/f ed in NUREG 1537.
TN ThlS will be completed as part of the analy51s bemg performed by Oregon
State and General Atomics and will be submitted by Noveimiber 2010.

16b.-NUREG-1537, Part 1, Section 4.6, Thermal-Hydraduiic Design states the applicant
should-describe operating limits on cooling conditions necessary to prevent fuel
overheating and to ensure that fuel integrity will not be lost under any reactor
conditions including accidents. Technical characteristics are that the DNBR limit of 2 is
never violated and flow instability may not:contribute té & less of fuel cooling under any
conditions: The2007 SAR; Section 4 does‘not provide this information. Please provide
information regarding methods; uncertainties, and results of a DNB'analysis showing
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that the safety limits proposed will never violate the limits stated. Please provide '
“information concerning restrictions on pool temperature, inlet temperature, adequacy of
bottoin grid geometry, spacer geometry,'and nuclear issués such as peaking factors,
rod /nsen‘/on limits, delay t/mes and,measurement uncen‘a/nt/es affect/ng DNB
analysrs o SR LR
ThlS w111 be completed as part of the analy51s bemg performed by Oregon
State and General Atomics and will be submitted by November 2010.

17. NUREG-1537, Part 1, Section 5 Reactor Coolant Systems states the appllcant should
- demonstrate‘that the system can remove the fission and decay heat from the-fuel
dur/ng reactor operation' and decay heat during reactor shutdown. ‘The 2007 SAR
*Section 5 describes the reactor coolant systems but is incomplete because it does not
discuss the capab/I/ty of the systems Please prowde a d/scusswn of the capab/I/ty of
“the cooling: systems S et e e RN

RESCUREN SR

See updated SAR Sectlon 5 1. _
Yoo Lo S
18. NUREG-1537, Part 1, Section 5.2, Pr/mary Coolant System states the primary coolant
" should'provide a chémical eénvironment that limits corrosion of: fuel cladding:-control -
-.and safety rod surfaces, reactor vessels, and other essential components. The:2007
. 1SAR; Séction 5.2 de'scribes’ components of a system'to control coolant conductivity
“and pH'Without descr/b/ng ‘the objectives statéd Please provrde ‘and justify the value of
- electrical Gonduétivity and-pH that-is used for controlllng and ma/nta/n/ng chem/cal
enwronment m the pr/mary coolant system R I o

N
i GG e [, L 3ok

See updated SAR Sectlon 5.4, AT ey an

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 ot support continuous
reactor operation at full licensed power. This is 'acCeptabIe provided the capability and
such limiting conditions as maximum pool temperature are analyzed in the SAR and

- included in the TS: The 2007 SAR, Section 5.3, while discussing the secondary coolant
system, inadequately discusses the capabilities of thé secondary ‘coolarit 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 réview 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 I/m/ts ‘on pool temperature s Co

See updated SAR Sectlon 5 3

RS
1

20 NURE G- 1 537 gurdance states in.Section 5.4, Pr/mary 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 ACARA 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. .

St See updated SAR Sectlon 5. 4 .
21. NUREG 1 537 Part 1, Sect/on 5.5, Pr/mary Coolant Makeup Water System states the
Japplicant needs to ensure that: the makeup water system or plan should include
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provisions for recording the use of makeup waterto 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
concern/ng provisions and plans to detect abnormal leakage in the pr/mary system.

f v “ .
EER AN o

' . See updated SAR Sectlon 5 5 B U N ,v.

22. NUREG-1537, Part 2, Section:5.6, Nitrogen-16 .Control System, statesthe-applicant
should conf/rm the amount of nitrogen-16 (N’G) predicted by the SAR analys*/s at the
proposed powerflevel and the potential personnel.exposure rates, including exposures

_ from direct radiation and airborne N'°. The. 2007. SAR,, Sectjon 5,5, describes, the N'°

- - eontrol system but: prowdes no information on, conf/rmat/on of effect/veness and -
exposure rates. Please provide information concerning the amount of N'¢ produced
during operation at full power and the resulting personnel exposures. ‘

See updated SAR Sectlon 5. 6
23, NUREC‘ 1 537 Dart 1, Sect/on 9 1 Heat/ng, Vent.'lat/on and A/r C‘ond/t/onmg Systems

- states the appI/cant should. cons:der modes of operation and features of the HVACs

., Stem des1gned ‘to control (contain or confine) reactor facility atmospheres, including

..damper closure.or flow-diversion functions, during the full range.of reactor operation.
The 2007 SAR;.Section 9.1, describes the generalfeatures of,the;HVAC system.but
does not describe how isolation is initiated,.the:.set-points,used; or the T.S.gaverning
the use and testing of the system. Please provrde information concern/ng the HVAC
and address the above. LE e e

. See updated SAR Sectlon 9.1~

.....

"L
24. NUREG 1 537 Part 2, Ser‘t/on 9 2 Handllng and Storage of Reactor FueI states the
. applicant should consider the methods analyses, and systems for secure storage of
new.and irradiated fuel that will prevent criticality (ke not to exceed 0.80) under all
- conditions of moderation during storage and movemernt. The 2007 SAR, Section 9.2
-, States.that the spacing in.the rack is sufficiently.far apart to prevent accidental .
criticalities. However, anaIySIS supporting:this statement is not prowded or referenced
. Please prowde this /nformc.t/on for the fuel rack design. .. T
ThlS w1ll be completed as part of the analysis bemg performed by Oregon
State and General Atomics and w1ll be submltted by November 2010.

25. NUREG-1537, Part 1, Section 9.3, Fire Protect/on Systems and Programs states the
. applicant needs to discuss fire protection systerns and plans that would affect reactor
safety systems..The 2007 SAR,.Section 8.3, discusses this issue. However; there is no
discussion of the sources of fire or expected outcomes-that would affect safety
systems.- Fire barriers protecting safety systems are not discussed. Please provide
/nformat/on regarding f/re sources and outcomes consrstent wrth the gurdance
ST 4 .

See updated SAR Sectlon 9.3. o S

26. NUREG-1537, Section 9.7, Other Auxiliary Systems, states the aprlicant 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
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_ 'SAR, Section 9:7.1, discusses & réactor bay'crane: However, there is no.discussion
regardlng prohibiting the ‘movement of heavy objects over the reactor core. Nor is there
d/scussmn regard/ng operat/ng procedures load test/ng and requrred ma/ntenance and

.....

any) and procedures for usrng and parklng the crane b ST ’
See updated SAR Sectlon 9 7.1: . ’ S
27. NUREG- 1537 Part 2 Sect/on 10. 1 Summary Descnpt/on states the appI/cant shou/d
discuss’ S
* limiting expenmental charactenistics (e.g., reactivity, contents)
* monitoring and control of the experiments and.the interaction. between the
expenment and the reactor control and safety systems
"_ L ‘des1gn requrrements ‘for the expenment and the reviewand approval process
[T woa et e Yowers vy S
The 2002 SAR; Sectlon 10.1 presents a‘summary description. However the /nformat/on
“provided is not in sufficient detail to enable.conclusions to be drawn regarding the safe.
operation of the'experimental facilities:Please provide a description of the principal features of
the expenmental and /nad/at/on facilities including:experimental limitations. - - ;

iy RTETE U“'l.,‘;\. RS £ T ",\:';’

ot See updated SAR- Sectlon 1.0. 2 A R LI
el LT i : 0y n‘,('-’"\‘.
28. NUREG 1537 Part 1, Sect/on 10 2, Experimental Facr//t/es states the app//cant should
discuss the experiment safety system and the functional interface between the
experimental safety system and the reactor.protection system. The: 2007 SAR, Section
10.2 discusses the experimental facilities. However, the discussion only addresses
physical features and-does not provide:any information regarding saféty, assurance of
independence, or compliance with requirements. Please provide information regarding
the interface between reactor safety systems and experiment safety systems. Provide
/nformat/on on des/gn requrrements and how the des:gn requrrements are met .
e d S

See updated SAR Sectlon 10 2 R e R AT
29. »NUREG 1537 Part 1, Sect/on 10 3 Expenment Review, states the exper/ment review
- committee 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 procédures.including procedures for the
exper/menta/ fac1I/t/es

:-,.‘,:: - See updated SAR Sectlon 10. 3 : LT

30. NUREG 1537, Pan‘1 Sect/on 11.1.1, Rad/at/on Sources states that the app//cant

should present the best estimates of the-maximum annual dose and the collective
" doses for major radiological activities during the full range of.normal operations for

facility staff and-members of-the public. The doses shall be shown to be within the
applicable limits of 10 CFR Part:20.-The 2007 SAR, Section 11.1.1.1 provides
calculations, using maximizing assumptions, that result in values greater-than the
applicable limits in 10 CFR Part 20, Appendix B. Please provide the results of best
estimate calculations that demonstrate compliance with 10 CFR Part 20, Appendix B.

- -See updated SAR Section 11:1:1:
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31. NUREG-1537, Part 1, Section.11.1.2, Padiation: Protection.Program, guidance.states
program procedures need.to establish clear lines of. responSIb///ty 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 Rad/at/on
Protection Plan, references procedures used fcr.various activities concerning radiation
protection. However, the other NUREG-1537, Part 1 attributes cannot be established

-.from review of the SAR. Please provice.information which:shows that clear lines of
responsibility and clear methods for rad/at/on protection are established for. norma/ and
emergency conditions.

(AL TR

+See updated 'SAR Section 111 2 " x R Y -

32. NUREG-15637, Part 1, Sect/on 11 1. 2 Rad/at/on Protect/on Program and Sect/on
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 recordsymonitoring and.area

-~ control records,: menitoring methods.records,“and training records: The 2007 SAR,
Section 11.1.2 provides a description. of the program including 'nanagemen*
administration, and training. Section 11.1.5 provides information regarding exposure
records. However, the other required attributes have,not.beer: discussed.: Please
provide information concerning the ma/ntenance of records and that demonstrate

; .~.-acceptance wrh the above cr/ter/a oo Rl e R L

-

BT N f " SANAT : R R I I L S L

v See’ updated SAR Sectlor 11 1 2
33.-NUREG 1 537 Part. 2 ect/on 11 1 4 Rad/at/on Mon/tor/ng and Surve///ance states
the bases of the methods and procedures used for detecting contam/nated areas,
materials;-and components should be:clearly stated. The 2007.SAR provides the |
surveillance. frequency for conitamination 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 radiation level of the specimen when removed from the reactor. However, the
. »procedures do not address possible contamination 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 exper/menta/ samples be/ng
‘ removed have not become contam/nated o ¢ ‘ S

See updated SAR Sectlon 11.1.4.

34. NUREG-1537, Part 1, Section 11.1.4, Radijation 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, Section 11.1.4
provides.a brief discussion of monitoring equipment and-Table 11.10 of-the: 2002.SAR
provides a-listing.of typical monitoring equipment. However, the methods.and
procedures 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 mon/tor/ng air, //qwds solids, and reactor radiation
beams and efﬂuents £ i IRt s o

See updated °AR Section 11 14and 11 1. 16 ) B

35. NUREG-1537, Section 11.1.6, Contamination Control, statesthe contamination control
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‘program-should include provisions to avoid, prevent and remedy the occurrence and
spread'of contamination.-The 2007 SAR, Section 11.1.6-provides the most likely sites
of contamination and the measures taken to minimize the spread of contamination.
This section also states that staff and Visiting researchers are trained-on the risks of
contamination and-techniques for avoiding, limiting and controlling contamination.
However, contamination of personnel is not addressed. Please descrrbe the means for
-addressrng personnel contamrnatron if it should occur. -
‘ See updated SAR Sectlon 11 1 6» e
. e L 3 i :
36. NUREG 1537 Part 1 Sectron 13 1 1 Maxrmum Hypothetrcal Accrdent gurdance
" . . states the applicant needs to present a methedology 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 polential consequences from-an MHA and
discusses compliance with.10.CFR Part-20. However, the discussion. is not complete
and requrres further clarrfrcatrons

< < - .

) Please provrde the followrng rnfonnatron - St . o B o P
a. Provrde the approach used rn determrnrng the average thermal reactorpower over 40 years
. -.. B o L -
birs; Grven a thennal power of 250 kw operatrng 8 hours perday, ‘5 sucoessrve da ys provrde the
: method to show the average utilization (kw-hr/day) indicated in the SAR. 4

c - ln Chapter4 Sectron 424 and in Frgure 4 4 of the 2002 SAR fuel rods wrth varrous Uranrum
235 (U?*) contents.have been described. In addition, the U**content of fuel.rods wil
vary because of bum-up This would indicate the presence of different powerlevel perrod,
affecting the estimate for a peak rod power level. Provide clanﬁcatron on the method used for
assrgnrngapealaanactoron JERS e gl

o Subsection 13.2.1.2 Radionudlide /nvér%'tdry' Buildup' and Decay,descrr'bes a power level and
_number of fuel rods that is inconsistent with those provided in the preoedrng subsection. Please
Clanﬂ/ st '-“ ‘o o " ;i: . . . . N f

e Subsectron 1 3 2 12 oontarns a subsectron Data ﬁom OR/GEN Calculatrons The text refers fo
values in Appendrces A andB where as there are Appendroes A through F in this sectron Please

. Clartfy.

£ InChapter 13, Appendrx B, the heading indicates an OR/GEN input for imadiation at ”1 watt 8
hours per day for 5 days”. Should this be imadiation at “1 kw 8 hours perday for5 days’?" Please

..clanfy‘_, A L

g. InChapter 13, Appendix D, the heading indicates an ORIGEN input for irradiation at “1 watt 8
“hours perday for 5 days”. Should this be irradiation at“1 kw 8 hours per day for 5 days?”

PR DR

“ hIn Chapten73,~Abpendb< E, there is confusion conceming the nurnber of fuel rods Please dlarify.

i In Chapter 13, Appendites E and F, it is not clear how the values are produced from'those
“ i provided in "Appendices C and D: Please provide an example of the method used. In addition, the
vt headrngs for data presented in Appendrces E and F do not appearto be con'ect Please Clartfy.

[
0N

ol Chapter 1 3 Table 13.5. provrdes values in‘the third column (A, activity (n-Ci) of the released
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curies. Discuss the method used to determine these.values..!t appears that the values given in
‘this column are 2.5 times less than those glven in Tables.13.3 and 13.4. Please. c/anfv
ThlS w1ll be completed as part of the analy51s bemg performed by Oregon
.-State and. General Atom1c> and: w1ll be submitted: by \Iovember 2010

37 NUREG 1 537 Part 1, Chapter 13 Acadent Ana/ySIS states the appl/cant 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 13.2:3 presents an analysis

_of the.LOCA-angd 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\1 3.7 for same t/mes after shutdown
. Please. cIar/fy th/s d/screpancy S A - RN,
AL \ A & FeoAr L St ’ FE ¢ T
sor Thls w1ll be completed -as: part of the analysrs bemo perfo. med by Orcgon
. State.and-General Atomlcs and-will be submltted by November ”010 """

38. NUREG-1537, Part 1, Chapter 13, Accident Ana/ys1s states the app//cant needs fo
describe the mathematical models and analytical methods emgloyed, including”
assumptions, approximations, validation, and uncertainties. The 2007 SAR,

.Section13.2.5 provides a'descriptive analysis involving controi fod'worths whose”
origins and relationship to the RRR have not been established, and whose worths are

" combined additively without just/f/cat/on Section 13.2.5 discusses'the Experimerit
Malfunction accident and assumes-a $1.00' réactivity worth for the experiment. It
should be established that the experiment reactivity worth is a negative value and

- failure in the exper/ment introduces positive:reactivity. The') means for comb/n/ng the
worths need‘to be c/eany presented P/ease prowde a rewsed presentat/on of the
/nformatlon '
ThlS will be completed as part of the analy51s bemg performed by Oregon
~ State and General Atomics and will be submitted by November 2010.

39. NUREG-1537, Part 1, Chapter 14, Technical Specifications, states the applicant needs
to establish technical specifications (TS) that will provide reasonable assurance that

_ the facility will function as analyzed in the SAR without endangering the environment or

the health and safety of the public and the facr//ty 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., required action, completion time). Please consrder proposing TS
fo/Iow:ng the guidance of Append/x 14.1. . ,

This will be completed as part of the analysis being performed by Oregon
. - State and General Atomics and will be submitted by November 2010.

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 establlsh an associated Limiting, Safety System
Sett/ng (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 operat/ng with aluminum clad fuel
elements in the core. The associated LSSS is also sef at 300 kw which will not ensure
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‘that the SL-is not exceeded. PIease ‘provide clanf/cat/on and just/f/cat/on for setting
both limits at the same value.

" This will be completed as' part 6f the analysis being performed by Oregon
State and General Atomics‘and will be’submitted by November2010.

41. NUREG 1537, Part’ 1, Chapter 14, ‘Téchrical Specrflcatlons states the applicant should
estabI/sh TS that erI prowde reasohable assurance that the facrllty will function as
analyzed in the SAR without endanger/ng the environment or the health and safety of
the public and the facility staff. The licensee shall select appropr/ate safety criteria,
establish'a, SL"and then establish an-associated LSSS that will ensure that the SL s

r not exceeded The /mportant paramieter for @ TRIGA reactor is the fuel rod -
temperature The SL should be-established'based on the ‘max1mum!perm/ss/ble :
temperature of the fiel rod. The LSSS should be set so that the SLwill 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
fo fuel temperature. Please provide fuel rod temperatures at the power levels

, established for the SL and LSSS

v ? e
o

“This will be completed as part of the analysrs bemg performed by Oregon

A State and Generdl Atomlcs ‘and w1ll be submltted by November 2010

42 NUREG-1537, Part 1, Chapter 14, Technical Specifications, states the appllcant needs
to establlsh TS that will provide reasonable assurance that the facility will function as
ana/yzed in the SARWithout’ endanger/ng the enwronment or'the health and’ ‘safety of
‘the pubI/c and ‘the facr//ty staff. The 2007 SAR Chapter 14'in several sections of the
TS refers back to sect/ons ofthe SAR that do not exist, do not have the stated
information discussed, or do not' prowde the requisite analysis required to validate the
information in the Technical Specification.

SERS

¥
N B

4 . s ILIEEN
For éxample:” "~ °

(SR . e, wnoer .

Technical Specifications 2.1.5, ‘Bases” states: o

“Safety AnaIysrs Reponf Sect/on 3.5.1 (Fuel System) identifies design and operating
‘ ‘constra/nts for TRIGA fuel that wr// ensure cIaddIng /ntegnty /s not cha//enged e

Techn/ca/ Specifications 2.2.5, “Bases states.' e Y

“Analysis i in the ‘Safety Analysis Report, 4.5.3, demonstrates fuel centerfine temperature
does not exceed 6000C at | power levels approxrmately 1.25 MW w1th bulk poo/ water
femperature at approximately 100 °C.” s

Technical Specifications 3.1.5, ‘Bases” states: - - .

“Safety Analysis Report Section 13.2 demonstrates that a $3.00 reactivity insertion from
critical, zero power conditions leads to maxrmum fuel temperature of 250 °C, weII below the
_I/m/t v : .
Techn/cal Specrf cat/ons 3 2 5, "Bases states: N o ‘ .
“Calcu/at/ons in Chapter 4 assuming. 500 kW operat/on and 83 fuel eIements demonstrate
fuel temperature //m/ts are met ” L o g

(S . . .
' ‘ e Tt
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These calculations-or.sections do not appear in the SAR. Please provide the information
supporting these statements in the TS. G e
This will be completed as part of the analysis being performed.by Oregon
-~State and General Atomics and will be submitted by November 2010.

43. NUREG-1537, Chapter 14, Techn/ca/ Specifications, states the applicant needs to

establish TS that will prowde reasonable assurance that the facility will function as

. .analyzed in the. SAR without endangenng the enwronment or.the health and safety of
the public and:the fac:llty staff The 2007 SAR, Chapter 14, TS 3.14,. Actions, presents

-, required act/ons for various, TS violations. However itis /n(‘omplete dn ‘that it does not
include conditions, required actions and complet/on time for the, rate of react/wty
insertion by .control rod motion (i.e. no greater than.0.12% delta k/k/second In ‘addition,
it states the limitations on expenments are found in Sect/on 3. 8 which! /s /ncorrect
Please prowde this:additional. /nformat/on and correct!ons e

RS St vy

4 See updated SAR Chapter 14

’ PR L T T
st - ST TO B

44. NUREG-1537, Part 1, Chapter 14, Technica/ Specifications states the applicant needs
' to.establish TS that.will.provide reasonable assurance.that the facility. will function as
ana/yzed in ‘he SAR without endangenng the. enwronment or the health and safety of
the public and the fac1//ty staff. NUREG 1 537, Part 1 prowdes gu1dance regard/ng TS in
:.Appendlx 141 - B

i
PR

. Append/x 14 1 suggests that the max1mum scram tlme should be spec:t/ed for each
' scrammable rod and the spec1f cat/on should ensure that the dmp times are cons:stent with
the SAR ana/ySIs of reacf/wty required as a funct/on of time to tenn/nate a react/wty add/t/on
event accountlna for measurement and ca/culatlona/ uncertalntles e

The 2007 SAR, Chapter 14, TS 3.4.3, Specifi catlon 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 ¢ontrol rods fail to
meet the specification. , A - .

Please provide information conceming why this has not been included.. Additionally,
automatic scram conditions are usually established, w1th associated actions, for reactor
operations outside of the nomal operating mode or normal conditions, (e.g. scram at110% of
full licensed power or reactor tank coolant level below a specified normal operating value).

Cond/t/ons such as those descnbed above are not clearty stated in the TS section of the

the: m/ssmg information.

i

See updated SAR Chapter 14.. . - . Coee o

45. NUREG-1537, Part'1, Chapter 14, Technical Specifications, states the. applicant needs

. to establish.TS that will provige reasonable assurance that the fac'l/t/ will function as
‘analyzed in the SAR without endangering the environment or the health and safety of
the public and the facility staff. Water level monitors for the reactor tank would provide
information concerning possible tank leakage. - .The 2007 SAR,; Chapter 14 does not
include TS (Limiting Conditions for Operations (LCO) and/or Surveillance
Requiremenis(SR)) foi monitoring the water level and water additions fo 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.
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See updated SAR (,hapter 14
46. NUREG 1 537 Part1,; Chapter14 Techn/ca/ Spec/f/cat/ons 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 4.4.5 (BASES),-itis
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 analysis referenced could
" belocated in the 2007 SAR. In addition, Sect/on 13 of the SAR discusses" ‘accident
analysis and does hot normally provide-a basis for a TS on the' requ,red measur/ng
channels during operation. Please correct the TS.™ S

See updated SAR Chapter 14. .. ' e e

47. NUREG- 1537 Part 1, Chapter 14, Technical Specrf/cat/ons states the appI/cant needs
to establish ‘TS that'will provide reasonable assurance that the facility will function as

" analyzed in the ‘SAR without endangering the environment or thé health and safety of
the public and the facility staff. The 2007 SAR, Sedtions 1.3.5.2, 3.5 and 9.1 state that
" if-radioactive material releases associated wrth reactor operat/ons occur;'a-controlled

" ventilation system minimizes exposure to reactor personnel ard'the public.' Ventilation

exhaust from'the réactorroom will:shift to & filtered exhaust upon a manual s/gnal oron
high radioactivity 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 when needed. ‘Please’ propose a SR or
prowde a just/f/cat/on as to why one is not necessary

WooognaY VL a

See updated SAR Chapter 14 A [T

48. NUREG 1 537 Part 1, Chapter 14, Techn/cal Spec/f/cat/ons states the appI/cant 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° prowdes aLCO 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 ini the bases is incompléte. “Please
propose a TS limiting the operat/on of the vent/Iat/on system for normal and acc1dent
cond/t/ons s )

See updated SAR Chapter 14 ‘ I" A, T

49. NUREG-1537, Part 1, Chapter 14, Technical Specmcat/ons states the appI/cant rieeds
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, Sections 14, TS 2.2.4 and 3.2.4, itis
stated in the Actions-Required Action section that if the SL or LCO is exceeded then
the opérator has the opt/on of rediicing the power level to the SL or LCO I/m/t These
'TS are'in direct conﬂ/ct with TS:6.8 and 6.9 which specrfy the act/on to be taken in the

. event a safety limit is exceed and in the event of a reportable occurrence Please
“ correct thefts. '

~o

Sée updated SAR Chapter 14.
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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 Channe/s and Safety Channe/ and Contrel Rod. Operab/I/ty there is a
spec:f/cat/on that states: : . ,

2)... .. Thereisa neutron-/nduced SIgnaI on. the STARTUP CHANNEL d

Tab/e 1 of the same Qect/on I/sts the M/n/mum Measunng ChanneI Complement However
.Table. 1 does not I/st the: “?TARTUP CHANNEL as-one of the required measurnng channe/s
that must be operable prior to actual reactor startup P/ease correct this om:ssron

See updated SAR Chapter 14. Dy
51. NUREG-1537;:Part 1, Technical Specifications, states the applicant needs-to.

L estab//shes that will prowde reasonable assurance that the fac:llty will funct/on as
analyzed in the. SAR without endanger/ng the enwronment or the: hea/th and safety of
... the public and the facility-staff. The 2007 SAR Chapter‘ 14, does not prowde TS..

. concerning | the requ'rement for /ntenocks As an. example there is no TS requiring an
.- Interlock to prevent reactor stan‘up if there is not a.neutron /nduced SIgnaI on the start

S up channe/ Plegse propose. TS: wh/ch /nc/ude specmcat/ons for all the mter/ocks

’ .requ1red for operat/on T s SR SRV

. Ses updated SAR Chapter 14, 000 v e
52. NUREG-1537, Part 1, Chapter 14 Techn/ca/ SpeC/f/cat/ons states the appI/cant needs
to establish TS that will provide reasonable assurance that the. facility wil! function as
analyzed-in the SAR without endangering the environment or the héalth and safety of
.the public and the faCII/ty staff. The 2007 SAR Chapter 14, Sect/on 1 4, TS 3.8.3itis

. stated that: . S ;

Xt 1 ) Water temperature at the ex1t of the reactor poo, sha// not exoeed 55°C w1th ﬂow through the
primary cleanup loop - s e s

2 Waterconductin'ty shall be less than 2m10ro—sremens/cm B

3 Awater."evel above.the éar,é'sné// be at least 5 metersabove the top of th'e .c'ore“ o

" However, there is no discussion of where the parameters in (1) and (2), above are monitored
and by whom. In addition, the surveillance frequency for parameter (2) is confusing because it
states that it will be measured daily and at least once every four weeks. Technical
Specification Amendment #8 states that the new critenia for reactor pool water temperature is
48 °C for Parameter (1). Clanify the discrepancies identified and provide the /nformat/on
requestedabove . Co e I

" See updated SAR Chapter 14. ' L

53. NUREG- 1537 Part 1 Chapter 14, Techn/cal Spec;f/cat/ons states the app//cant needs
to establlsh TS that will provide reasonable assurance that the faCII/ty will function as
analyzed in the SAR wrthout endanger/ng the enwronment or the hea/th and safety of
the public and the facility staff. From the Tables, it appears that the "CHANNEL TEST
of Percent Power Safety Circuit SCRAM” and the “Reactor power level
MEASURINGCHANNEL, CHANNEL TEST” are the same thing with different
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'surveillance frequenC/es(refer to TS'4.2.2, and 4.3.2). Please clarify the SR including
what da//y means (e. g does da//y mean each day before stan‘up ) .

See updated SAR Chapter 14

54. NUREG 1637, Part 1, Chapter 14 Techn/ca/ Specn‘/cat/ons states the app//cant ‘needs

" to establish TS that will provide reasonable assurance that:the facility will function as
analyzedin the SAR without endangering the environment or the health and safety of

“the public and the facility staff. There are many terms in thé TS that refer to:>..- °

“TEST";"CHECK?, or “CALIBRATION", that are used interchangeably (referto:TS
4:5.2; and4.3.2)r The terms:are defined in Chapter 14,/ TS 1.0. However, the terms are
not always consistently applied, leading to confusion. Please: clarify the usage of the
terms.

. N . - '
R .
i . S e

See updated SAR Chapter 14

"\-.‘t:'- PRRIREN . \"‘. ,‘ - I

55. NUREG 1537 Pan‘1 Chapter 14, Techn/ca/ Specn‘/cat/ons states the app//cant needs
v to'éstablish TS that will provide' reasonable‘assurance that the'‘facility will function as
¢ analyzed in the:SAR'without’ endanger/ng the enwronment or the hea/th and safety of
the pub//c and the\faC///ty staff : o P . s -
o LERNL T - - L R SRR

The 2007 SAR Chapter 14 TS 3.6. 5 It is Stated that

“Specifications 3.6(1) and 3.6(2) are conservat/ve/y chosen to //m/t react/wty additions to
maximum values that are less than an addition that could cause the fuel temperature to nse
above the limiting safety system set point (LSSS) value. The temperature nse 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.

This will be completed as part of the analysis being performed by Oregon
State and General Atomics and will be submitted by November 2010.

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

See attached SOP 34, Control Rods. Section 34.7.1 describes how we calibrate
our control rods See attachment SOP 34A from 01/14/10 for our most recent
calibration. Control Rod Worths were calculated as:

Safety Rod $3.31

Shim Rod $3.27
Regulating Rod - $1.34

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
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considering aging, wear, efc. 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 jnventory. Also described is the
receipt of control rods from Comell University. However, there is no discussion of the
aging of comporents or the effect of 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. Please 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 rads, before they were.
. placed info service at.Reed. - - .. S e e e

S

See updated SAR Section 16.1.

58 NUREG-1537, Part 1, Section 12.9, QuaI/ty Assurance prowdes gu1dance on Quality
- Assurance for research reactors..The 2007 SAR, Section, 12:9 discusses quality. - -
...~ assurance (QA). However the discussion.is. incomplete in that.it does not include how
- QA will apply to replacements, modificationsand changes to systems-having a safety
related function. Nor does it discuss how QA will be applied to: the required audit,
function of the Reactor Review Comm/ttee Please address these def:c:enc:es

R T S S S TV UL IR

See updated SAR Sectlon 12 9
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Control Rods

Reed Standard
Research Operating
Reactor . Procedure

Revision History

04/14/10

Added Appendix C, Control Rod Inspection Form; switched Appendix A and B.
Clarified many steps.

Created troubleshooting section by moving the section on inoperable control rods.-

09/30/09 :

Clarified maintenance logging instructions. -

Clarified who is required to be present for maintenance.
. Added items to the Schedule section.

08/31/09

Revised instructions for control rod reactivity worth measurement so that the target rod
positions are preset rather than calculating them each time.
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34.1 Scope
This procedure covers the calibration and maintenance of the control rods.
34.2 Schedule

34.2.1 Each of the three control rods shall be v1sually 1nspected at least once every
two years, usually during the January annual ma1ntenance (Tech Spec F.2)

.1’

34.2.2 Control rod worth measurement shall be done semlannually and following any
inspection or handling of fuel elements or, control rods (SOP 34 or SOP 35). Worth
measurements may be done at other t1mes at the dlscretlon of the Operations
Supervisor.

34.2.3 Control rod drop times shall be measured semlannually (Tech Spec F.9.a)

34.2.4 Adjusting the rod position 1nd1cat10n may be necessary following maintenance
on the limit switches or the position 1nd1cat10n

34.2.5 The console buttons are cleaned as part of the Annual Checkllst
34.2.6 Auto.Demand is calibrated as part of the Semlannual Checklist.

- 34.2.7 The Readtor’ Operatlons ‘Committee aud1ts this procedure every two years.
o 343 'Personnel TE e D M T e e

34.3.1 Durlng control rod opération, removal or callbratlon the reactor is not o
shutdown therefore: ' 2

P . A llcensed operator must be at the console | .
it Ew’ A sécond person’ who can summon help must be in the fac111ty ‘
S — * An SRO must be on duty :

34.3.2 Durmg control rod ma1ntenance the SRO of Record must be present in the

faCIllty . r’ . ‘1'1’ . o ’ P

Precautions o , o
P gt ‘ | X

34.4.1 The circuit boards on the control rod motors are exposed and energlzed Some b

maintenance requrres the use of metal tools so be careful to avoid’ electrrc shock.

:;l -

345 OPERATION - - * . ‘{” S o -

34.5.1 Sfee\ _‘SOPl {Reactor Operation) and SOP 20 (Startup Checklist).
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34.6 MAINTENANCE

34.6.1 Adjusting the Limit Switches

34. 6 1.1 An SRO must be present for any control rod maintenance.

oy

puu

., +Limit Switck Schematic

34.6.1.2 First ensure the motor moves in far enough to connect with the controlrod
armature; if there’s a gap between the, electromagnet and the control rod armature the
motor won’t be able to raise the control rod. ' N

34.6.1.2.1 Manually raise the rod. Watch the actual control rod in the Reactor Bay
to see if the light-colored ring under the water d1sappears as it moves up into the
shroud. If the rod withdraws normally, go to §34 6.1.3.

34.6.1.2.2 If the rod does nct withdraw, lower the motor untrl it stops Turn the
screw on the motor down limit switch (p1ctured below) counterclockwise unt1l the
motor down limit switch clears. You will hear a click.

34.6.1.2.3 Drive the motor down until it stops
34 6 1 2.4 Repeat §34 6.1. 2. 1 to §34 6 1 2 3 unt1l the rod w1thdraws freely

Motor Down Limit Switch | Motor Down Limit Switch
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34 6.1.3 Now ensure thatthe rod down 11n11t switch works on a scram.’

34.6.1.3.1 Raise and scram the rod. Ensure the motor drlves in automatlcally after
the scram. R ‘ ,

34.6.1.3.2 If it does not drive in, use -a 3/8” wrench to loosen the'locking nut on

the rod down limit switch. Be careful because the 01rcu1t board on the rod is+:
exposed and is energized.

RN

Rod Down Limit Switch

34.6.1.3.3 Turn the screw on the rod down 11m1t sw1tch clockw1se a quarter turn.
34.6.1.3.4 Raise the rod and scram it agaln Lo
34.6.1.3.5 Repeat as necessary. . '

34.6.1.3.6 If you run out of* room on'the. .screw on the rod down limit switch, you
may have to reach under the brldge and adjust the washers at the bottom of the
pull rod. Loosen the nut and actuating washer (located a few inches above the
water) on the pull rod. You will have to lean over the pull to do this. It may be
necessary to tighten the actuatlng washer a bit in order to get at the nut. You
should be able to do it all with your ﬁngers Adjust the height of the washers to
prov1de more room on the rod down limit switch screw.

A'ct'uatlng' - ,

"7 Wagher— 1 | ol .
B : Lockmg Nu
Cotter Pm ,

ek ’;r ‘.'F“,.‘

Pull «Rod Bottom -
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o
)

34.6.3

34.6.1.4 Now make sure the rod and motor will,withdraw properly. Repeat these steps
until the rod withdraws and scrams properly

34.6.1.5 Tighten the Rod Down locklng nut.

34.6.1.6 Log the limit switch ad]ustment in:the Main Logbook and the Ma1ntenance
Logbook. . T T A L DS TRV RS ;

Adjusting the Balancing Potentlometer R

34.6.2.1 The Up Motor and the Down Motor on the Safety and Shim Rods are
balanced to hold the rod in place when theré i is'no signal to move it. Sometimes the
motor becomes unbalanced. ‘This i$ 1ndlcated by the motor creeping up or down when
there is no demand signal. Th1s procedure w1w éxplain how to rebalance the motors.

Sober L S
i ! P A ol

34.6.2.2 An SRO must be present for any control rod maintenance.

34.6.2.3 The balancing potentiometer 1s on the top of the control rod motor. The Reg
Rod does not have a balancing potentlometer since it hds been replaced with a
stepping motor. »

34.6.2.4 Partially. w1thdraw the rod needing ad]ustment You must have the scrams
reset and the control Tod. attached to the motor to correctly: ad]ust the rod since the
weight on the motor is dlfferent without thé control rod attached

34.6.2.5 Wlth the rod and motor partlally w1thdrawn observe Wthh way the motor is
creeping. Loosen the locking nut on the potentlometer Tuin the balancing
potentiometer clockw1se to stop downward motlon or turn it counterclockw1se to stop
upward motlon :

34.6.2.6 Whentthe rod no longer creeps scram the rod to make sure it behaves
properly ona scram Repeat these steps as necessary '

34.6.2.7 Log the balanc1ng potentiometer ad]ustment in the Ma1n Logbook and the
Ma1ntenance Logbook. =~ - I ;

e

Replacing a: Control Rod Motor

34.6.3.1 Before replacmg a control rod motor,. perform SOP 62 (Changes Tests, and
Experrments) to see if a safety evaluation is necessary.
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MAINTENANCE g

34.6.3.2 While removing the controlrod motor, the reactor is not shutdown so a
licensed operator must be at the console and a-second person in the facility..-

34.6.3.3 An SRO must be presenf for any c_Qntrol rod maintenance.

34.6.3.4 Unplug all three consolefto;fod-d}ive motor plugs inside the console: J-7
(Reg Rod), J-8 (Shim Rod), and J-10 (Safety Rod). The rod UP and DOWN lights
will come on when this is done. -

’ . ‘Rod Plugs J-7, J-8, J-10 . }

34.6.3.5 Remove the rod-down actuator cotter. pin, nut, and actuating washer (located
a few inches above the water) from the pull.rod. You will have to lean over the pull to
do this. Be careful not to drop them. The cotter pin is really a paperclip that has to be
unbent before removing it from the small hole at the bottom of the pull rod. The nut
and actuating washer unscrew as normal. [t may be necessary to tighten the actuating
washer a bit in order to loosen and get at the nut. You should be able to do it all with

your fingers.

Actuating i.
- ’”Washe,r

‘Locking Nu

_Cotter Pin”

Pull Rod Bottom
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34.6.3.6 Unplug the position indication for the rod bemg 1emoved Itisat the
potentiometer at the side of the motor.»» .~ - =+ 0~ L. :

K
- . L

Rod Position Co";méc‘tionr B

‘3 L
PR . -

\

34.6.3.7 For the regulatmg rod only, unplug the motor power supply next to the

IS

motor. * ., . -

, Reg Rod Power Connection . | .. ...,

o v )

34.6.3.8 Remove the small Allen head 3/32-inch screws from the upper edge of each

base mount. There are screws on four. lacations around the rod mctor, approximately
. 90°-apart. Two.locations have two.screws; two have only one screw. Note that you

. -only have to remove the top screw of the pa1r The bottom one holds the control rod

housrng (wh1ch is'not belng removed) SRR S S

T wo Allen Head Screws

34.6.3.9 Lift the rod motor off. The control rod md barrel should not move. The pull
rod will come up through its opemng

a
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J-8, andJlO

34.63.16 AdJust the 'screws on the l1m1t sw1tches unt1l the mlcro sw1tches work ‘

34.6.3.10 Install the'new.rod motor on the rod motor mount. You’ll need to guide the

pull rod into its opening. (You may also have to transfer the pull rod from the old
motor to the new motor if the new one doesn t have a pull rod.) .

34.6.3.11 Install the small Allen head 3/32 1nch screws in the upper edge of each base
mount. )

34.6.3.12 Reinstall the rod-down actuator cotter pin, nut and actuating washer
(located a few inches above the water) from' the pull rod You w1ll have to lean over
the pool to do this; be careful not to drop them - '

34.6.3.13 Plug in the position indication for therod. o
34.6:3.14 For the regulating rod only, plug 1n the motor power supply
34.6.3.15 Reconnect all three consolé to rod dr1ve motor plugs inside the console: J-7,

N

properly when scramm1ng the rod per §34 6. 1

f'34 '6.3.17 Check the rod by ra1s1ng ita short d1stance and then releas1ng 1t by a.scram.

34.6.3.18 Check the; top.and bottom:position. 1nd1cat1ons per§34.7.2. . . .
34,6.3.19 Check the rod travel t1me by raising'and IOWerlng the control rod full travel

- 34.6.3.20 Log the control rod motor teplacement it the Main Logbook and the +

W
=
a
=

Maintenance Logbook. Include the model and serial number of both-thé old motor
and the new motor in the Maintenance Logbook entry.. .+ .-, -

Replacing a Console Light Bulb : ) Ce e

34.6.4.1 Anyone designated by the Operat1ons Superv1sor may:perform this
procedure. S

* This does not count as maintenance of a reactor control system, so the
presence of an SRO is not required. :

34.6.4.2 Note that the magnet power supply is in series w1th the ON l1ght for that rod.
If you remove the CONT/ON button for.a control rod, it will lose magnet power and

"drop info the core. Hence do not do this w1th the rod w1thdrawn

PR
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34.6.4.3 To replace a light bulb, start by, hftlng ,tralght up on the console button Tt
come out partway and then stop. . . ... -7

{ ot
o oLt EANSE

, Buttonifully out . pr! Obj| ,Notch on the left };i.ted from
edrtmg ﬁeld codes.

R R Lo o . O L T e S
DI . e by . oy [ SER I P

34.6.4.4 Turn the top of the button 90° clockwrse to release 1t and then pull 1t the rest
of the way out: R g e

34.6.4.5 Remove the burnt out bulb and replace 1t W1th a 328 bulb normally kept in -
+ ‘the “Frequént Light Bulb” container in’ storage cabinét F:'

34.6.4.6 With the button top still at 90° to thé’ bése, Teinsért it inf the openlng \Iote
- that:the small notch on the, base must be on the left side to fitin.- | - S

34.6.4.7 Push down until: the button stops, then turn it 90° counterclockw1se and push
it the rest of the way in... A T e

34.6.4.8 Log the light bulb replacement in-the Ma1n Logbook and the' Ma1ntenance
Logbook. , ‘ _ .

34.6.5 Cleaning Console Buttons

34.6.5.1 Anyone de51gnated by the Operatlons Superv1sor may perform this
procedure. . R , ’

*  This does not count as maintenance of a reactor control system so ‘he
presence of an SRO is.not required. ; . S : -

* Alicensed operator SRO of record and second person in the fa0111ty w1ll be
needed to insert the console key.

34.6.5.2 Open CB-1 inside the back of the console and log it in the Main Logbook.

34.6.5.3 Gently pry up the console POWER button until it comes out, and then rotate
it by 90° counterclockwise so that the linkage to which it is attached, can also be
withdrawn.

34.6.5.4 Use cotton swab to clean the button housing of all oil and debris. The cotton
swab may be dipped in alcohol, but the housing must be left dry.

M%/WTEWAW@E

34.6.5.5 Use a dry lubricant on the linkage shaft where it passes through the bushing.
34.6.5.6 Inspect the spring for integrity.
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34.6.5.7 Lock the shaft into the light-socket assembly, and re-install the entire
mechanical linkage into its housing. Note that it will insert in only one orientation.

34.6.5.8 Test to see that the button depresses and returns gasily-
34.6.5.9 Repeat §34.6.5.3 through §34.6.5.8for’ the followmg buttons '

Safety CONT/ON ' ‘
- Safety UP- N e
Safety DOWN S S A
Shim CONT/ON NI S TP

- Shim UP, Shim DOWN:. , . . e
Reg CONT/ON o o '
Reg UP ' '
Reg: DOWN R

34 6.5.10 Add a small amount of dry lubrlcant to the console key swrtch and rotate
the key through all 1ts posmons a few t1mes to ensure easy operatlon Log thlS in the

i
e © 0 o o o o o

- ‘MamLogbook coL L : SRR

l
34:6.5.11 If the key does not rotate ea51ly, remove the two screws that hold the
control ‘console‘ih pléce and lubrlcate the internal workingsof'tne key" switch. Rotate
the key through all its positions a few ‘tiines to énsure easy operation. Screw the *
control console back into place. ;

EERN ’A'r s oy o fpa

34.6.5.12 Close CB-1 inside, the back of-the console and log itin the Main Logbook

~ 34.6.5.13 If this procedure was done for thé Annual Checklist, record the date on the
-, Checklist form. Otherwise, log this, maintenance in the Main;Logbook and the

Mamtenance Logbook e A

n . ‘. . T f Y
o ey f Je.
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34.7
34.7.1

CALIBRATION'AN]_)ersPEC_TIoN’.fj"' A LR

Control Rod Calibration.. -

34.7.1.1 This procedure describes how.to perform the semiannual control rod -
calibration. The calibration includes:

* Adjusting the control rod position 1nd1cat1ons on the console and Multitrend.
* Measuring control rod drop times. STl e
. Measur1ng control rod reactivity worth. L T e

34.7.1.2 Use the date stamp (or print very neatly) to enter the date on SOP 34A,
Control Rod Calibration Form.

34.7.1.3 It will take several hours to complete the calibration. Each pe1son who acts
as Operator of Record for part of the cal1brat1on should pr1nt h1s or her name at the
topof SOP 34A/ -~ " S

ISR SO

34.7.1.4 Adjust the rod pos1t1on 1nd1cat1ons per §34 7 2 Th1s must be done before the

react1v1ty worth measurement. Record the as found and as left data on SOP 34A

. 34715 Measure the control rod drop t1mes per. §34 7 3 and record the values on

SOP 34A. This may be done before of after the worth measurement ,
34.7.1.6 Measure the control rod reactivity worth per §34.7:4.- :

. '34.7.1.7 The operator who' completes the calibratiofi shall sign the fo‘rm'and leave-it

34.7.2

on the hanging Weekly and Other Clipboard for.the Operations, Supefvisor to review.

34.7.1.8 If the calibration is being pe1formed for the Semmnnual Checkl1st 1n1t1al and
date the appropriate line of the checklist.

34.7.1.9 After review, the Operations Supervisor will store the Control Rod
Calibration Form in the Other Checklists binder in the Control Room.

Adjusting the Rod Position Indication

34.7.2.1 This procedure describes how to calibrate the control rod position indications
on the console and Multitrend. This must be done before performing a control rod
reactivity worth measurement per §34.7.4, and may be done at other times at the
discretion of the Operations Supervisor.

34.7.2.2 The limit switches on the bridge control the rod motion. They must be
correct before adjusting the position indication. If the limit switches need adjustment,
see §34.6.1.

34.7.2.3 The position indications are adjusted with a small slot screw driver on the
potentiometers in back of the rod position indication inside the console. Clockwise
increases the value, counterclockwise decreases it. There are three adjustments for
each rod: zero, span, and DAS Span (Multitrend). The rods are abbreviated SA
(safety), SH (shim), and RG (reg).

Revision Date: 04/14/10 nUU N Page 11 of 11
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Rod Position Indication Controls.

ON "' "SASHRG o
e OFF e " . DASSpan-’ ©
SA SHRG SASHRG .- " i el Ty
o] o] o] O O [o] )
;e e e ._-',_,"';.,Spa",,.;

fvi‘. R T A ‘: o . T T ,,” - . T
34 7.2.41f this is- part ofa control rod. cahbratlon record the 1nformat10n on- ..., ,
SOP 34A. Otherwise record it in the Main Logbook and Maintenance Logbook.

34.7.2.5 Leave two control rods on the bottom at all times during this adjustment. - ,

34.7.2.6 Drive the control rods all. way down (the DOWN light on). , L o ’ D!
. © 34.7.2.7 Record thé “as found” bottom’ posmon 1ndlcat10n for each rod from the N
(\/_\ posmon indication and the Multitrend indication. - R N

Q\@ '.34 7.2. 8 Dr1ve ONE control rod all way up (the UP hght on) e L\
o - 34.7.2.9 Record the “as found” top p051t1on 1nd1cat1on for the rod from the. rod -

S ~ position indication and the Multitrend indication. . T R

)

N 34.7.2.10 Adjust the span position indication for the rod to 1nd1cate between 99 5% — U
\l} _ ~.and 100.5% (exactly 100.0% is best).. , . = . . e )

34.7.2.11 Adjust the DAS Span (Multltrend position 1ndlcat10n) for- the rod to 1ndlcate
\“\‘}[ " ‘between 99.5% and 100.5% (exactly 100.0% is'best). Note that it may take several Q
..... minutes for the Multitrend display to stabilize. . - L e
Q‘ 34.7.2.12 Drive the rod tothe bottom. e e ‘~ A \
\) 34.7.2.13 Adjust the bottom position indication for the rod to 1ndlcate between 0.0% <
and positive 0.5% (exactly 0.0% is best). - | :

* Note that there is no negative sign, so you need to turn the screw back and
forth to determine if you are looking at positive or negative numbers.

* Do not leave the value below 0.0% since the indication is not linear below
0.0%.

* There is no zero adjustment for the Multitrend.
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34.7.2.14 Drive the\control rod all way up (the UP hght on).
34.7.2.15 Adjust the span posmon indication for the rod to'indicate between 99 5%

* and 100.5% (exactly 100.0% is best).

34.7.3

34.7.2.16 Adjust the DAS Span (Multitrend position indication) for the rod to indicate
between 99.5% and 100.5% (exactly 100:0% is best). o .

34, 7 2.17 Repeat steps 34.7.2.12 through 34.7.2.16 until the top, bottom and
Multitrend are acceptable.

34.7.2.18 Record the “as left” bottom: posmon 1ndlcat10n for the rod from the posmon A

indication and the Multitrend indication. » Vit

34.7.2.19 Record the “as left” top positien indication for. the rod from-the posmon
indication and the Multltrend 1ndlcat10n

'34 7.2.20 Repeat steps 34.7. 2 8 through 34 7.2.19 for the other two con rol rods
Control Rod Drop Time Measurement

34.7.3.1 Control rod drop times shall be verified to be less than one second ‘
semiannudlly ‘arid foilowing removal of anycontrol rod for maintenance or inspection
(Tech Spec F.8 and'F. 9) Drop times rnay be measured at any time-at:the dlscretlon of
the Director.s - T L N

34.7.3.2 Manual Contrel Rod Drop Times =~ . -7 L T

34.7.3.2.1 This section shall be used if the:Rod Drop Timer is considered non-
operational or it is decided to manually. measure the control red drop times. If the
electronic timer is to be used goto §34 7. 3 3. :

34.7.3.2.2 The operator, remains at the console as for normal operatlons with the
two timers positioned in a way that they can easﬂy v1ew the control rod indicator
lights. The’ operator will raise a smgle rod to 1ts max1mum helght The other two
rods shall remain fully inserted. o :

'34.7.32.3 The operator manually scrams thé rod. The timers start their’
stopwatches when the yellow n” light (Magnet Power) is extinguished and stop
. them when. the blue “cont” hght goes off. The yellow light indicates that the rod
-+ has been released and the blue light, indicates when the rod- down swrtch ha< been
closed (rod fully down in core). CoL :

34.7.3.2.4 Repeat for each control rod. Average the two times for each rod to get
.the final value for the drop tlme

347325Got0§347313

1
HAE SR
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34.7.3.3 Get the Rod Drop Timer (pictured below) from its drawer in the Control
Room under the AMS-4s.,The Rod Drop Timer power supply is a 6V 200 mA AC
adapter; it should be with the timer. Plug in the power supply transformer to the wall
outlet and to the small plug at the base of the timer. ©~ =~ - - -

p—

L T I
P :
oA =T * [ . . ;
= = . e J E - B
] ' . ,
i ) o (AN Ll .
s >‘,/ P [ R L R S - VL
‘ . ¢
3 pertr
e

Rod Drop Timer Conne},'ted >

\f il . - R AR TR I X A R A RO - | \;,1
N 34.7.3.5 You must press the black reset button on the rod drop timer before the next U}

measurement to clear the display
34.7.3.6 Raise the rod to be tested until the red UP light on the rod is lit.

\Xﬂ 34.7.3.7 Press the red enable button on the Rod Drop Timer. Actually, it can be ' \
pressed as soon as the rod is off the bottom. The green armed light on the rod drop
timer will turn on.

34.7.3.8 Manually scram the reactor. This will not work by pressing the individual
rod drop button. The SCRAM light must come on.

34.7.3.9. The timer will show, in milliseconds, how long between the scram signal
and a rod down limit switch being actuated.
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34.7.3.10 Reset the scram. ., . el o oy e e e b '
34.7.3.11 Repeat §34 7. 3.5 to §34 7.3.10: for each add1t1onal rod to be tested
34.7.3.12 Disconnect the rod drop t1mer when done

34.7.3.13. If the drop time for any rod is greater than 1 second notify the Operations
Supervisor and Director.

.','

% | 34.7.3.14 If the drop times are belng measured for a control rod calibration, record the
= values on the Control Rod Calibration Fi orm (SOP 34A); otherwise, record the drop @
TRy, times in the Main Logbook. If the times‘aré beirig measured for the semiannual E__,l
checklist, initial and date the appropnate line of the checklist. N
3474 C R
@ ontrol Rod Reactivity Worth Measurement r::\g

34.7.4.1 This procedure describes. ho“ 10, measure the differential reactivity worth of .
the control rods. This is done by 1ncrementarly withdrawing a control rod and HK\
measuring the resulting reactor period; period and reactivity are related by the In-

Hour equation. Control rod worth meesurement provides the means to determine the

s
core-excess and shutdown margin of the reactor as well as the reactivity change IS
induced by changes in control rod-heights: "™+~
34.7.4.2 Record all 1nformat10n on SOP 34A Prellmlnary steps for ﬁll1ng out the D D

- form are deéscribed in §34 7.1. : e ' '

N
34.743 The reactor "hould not have been run at powers above 5 watts for 48 hours YR
pr1or to: performlng this procedure to m1n1m1ze the xenon effects. U

Note: Since the reactor is essent'ally at 5 watts durlng this control rod reactivity N

~ mieasurement, it does not preclude activities that require the reactor to have been \H\\
below 5 watts for a specified time before the activity, e.g., fuel movement, power ]
calibrations, Aquabot operatlon demmerallzer changes, and control rod reactivity
measurement itself. : , » S

34.7.4.4 Ensure a Startup Checklist has 'been completed.

347.4.5 Ensure the rod position indication i is, correct per §34 7. 2

34.7.4.6 To avoid mov1ng the wrong control rod at the wrong t1me 1t is useful to =
cover the rod buttons that should not be used.w1th a plastic ruler or other item. l ' (\

==

N
. N
\;\j

~~~~~~

Revision Date: 04/14/10 | .o.h. Paged5.0f15



Control' Rods

34.7.4.7 Period - Timer Calibration"*‘ St

34.7.4.7.1 At the back of the Multitrend, there is a BNC connection coming off of
the cable that carries informatign from the Linear Channel to the Multitrend.
Attach a BNC cable to this connection (long enough to reach the front of the
console where you will be worklng) s

&

SN

" BNC Connéction
34.7.4.7.2 Attach the other end of the cnble to a digital voltmeter using a BNC-
banana plug adaptor (normally in a small drawer on the bottom shelf of
Classroom Cabinet E).

34.7.4.7.3 Set the voltmeter for direct current volts ( V) The voltage is less than _l My
10 VDC. o T e )

N

. Voltmeter Settimz . \\\

. BNC -Banqna _

34.7.4.7.4 Place the hnear channel in "Current" mode and adjust it to exactly 30%
of scale on the linear.channel module. Record the voltage on SOP 34A.

34.7.475 Adjust the linear channel’in the "Curtent" mode to exactly 81.5% of
scale on the linear channel modulé: Record the voltage on SOP 34A.

"34.7.4.7.6 Remove the banana plug BNC adaptor from the d1g1tal voltmeter and
hook up the normal meter probes. o :
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34.7.4.7.7 Get the period timer from its drawer in the Control Room under the:
AMS-4s. A
i o \l\
- : . o,
i:\L :‘\QQ:: ? , 5 “\
?E‘ -
= B
E %::’::&3:; i A \\\:‘\\‘Q
) | ‘ S5
| ! i N
N 34.74.7.8 Use the d1g1tal voltmeter probes to measure the voltage between the SN
green test point and, the black test point on side of the period timer. \IN

o T he red probe goes to green and thé biack probe’ goes to black

L
\
c

L

Green Test 4

D /
)/
@
c
. ¥ o -
>
= E

44 /

Period Timer Adiustmenis ‘ . : . Q

( . 34.7. 4 7.9. Adjust the blue potentiometer on side of the perlod timer as necessary SN
Q} : to make it the same voltage as measured above at- 30% S g'

34.7.4.7.10 Use the di gital voltmeter probes to meéasure the voltage between the
red test po1nt and the black test point on s1de of the per1od tlmer

The red probe g'oes to red and the, blacl' prob[° goes to black E | .

34.7.4.7.11 Adjust the yellow potentiometer on side of the period timer.as.
necessary to make;it the same voltage as measured. above at 81. 5% y

Pt

34.7.4.7.12. Connect the BNC cable to the top.of the period timer, so that-the
period timer receives 1nformatlon from the Linear Channel. -

~vl:
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34. 7 4.8 Reg Rod Worth Measurement Al

: 34 7.4.8. I Per SOP 1, establ1sh a cr1t1cal cond1t1on at 5 watts with the Reg Rod on
the bottom o . o

. The Safety and Sh1m Rods should be w1thdrawn to approx1mately the
same he1ght .

: 34 7.4.8. 2 Allow power level to stab1l1ze at approx1mately 5 watts (l 8% to 22%
on the 25 ‘watt scale) for at least two m1nutes with m1n1mal rod motion.

. » . Itis much more 1mportant that the power be stable than that it be at
exactly 5 watts F h1s allows delayed neutrons to reach equ1l1br1um '

34. 7 4.8.3 W1th the reactor stable for at least two minutes w1th ‘minimal rod
mot1on w1thdraw the Reg Rod to approx1mately the new target he1ght

. ° The react1v1ty change should take place in one continuous pull. When you
release the UpP button do not adj ust the he1ght Leave 1t wherever 1t was
when you stopped

oo
- 34 7.4.8.4 Allow the power level to 1ncrease one full range on the l1near channel
*'30 that the “prompt jump” is gone '

St

. 34.7.4.8.5 When the linear channel auto-ranges to the 250- watt scale arm the
’ per1od timer with its red butfon; the green armed LED w1ll come on.

34 7 4.8. 6 When the linear channel crosses 30%, the t1mer w1ll start

34 7 4.8. 7 When linear channel Ccrosses 81 5%, the timer w1ll stop and 1nd1cate the
period in m1ll1seconds R

34.74.8. 8 After power exceeds, 82% of 250 watts and the t1mer stops return the
power level to 5 watts by lowering the’ SaIety and Shim Rods

. ° Tryto keep the Safety and Sh1m rod banked at about the same he1ght
* Do not repos1t1on the Reg. Rod dur1ng this step' ‘ ‘

34.7.4.8.9 Record the period on SOP.34A. =

34.7.4.8.10 Record the rod positions after stabilizing at 5 watts on SOP 34A.

34.7.4.8.11 Reset the timer with the black-button on the left of the display.

34.7.4.8.12 Remember to complete a Status Stamp every hour. . . 1

34.7.4.8.13 Repeat §34.7.4.8.3.10.§34.7.4.8.12 until the-Reg Rod UP light is lit.
34.7.4.9 Safety and Shim Rod; Worth Measurement ‘

+-34.7.4.9.1 If the data are taken carefully and processed correctly, it is possible to
measure the Safety -and:Shim rods simultaneously since they have similar worths.
..., This is done by starting with the Shim fully out, the Reg fully out, and the Safety
" rod a$ 'fat in as possible while cr1t1cal Data for the Safety rod is taken as normal.
Data for the Shim rod is taken as it is inserted to restore critical conditions at 5
watts after each pull. The Reg rod is not moved at all during the:process.
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34.7.4.9.2 If it is desired to measure the worth of the Safety and.Shim rods *
individually, follow this procedure for the Safety Rod and then repeat it with the
Shim and Safety rods exchanged; you ‘Will ieed an additional copy of the relevant
page of SOP 34A to record the extra data.

34.7.4:9.3 Per SOP 1, establish a cr1t1cal condition at S"watt‘s;"withthe Shim Reg
and Reg Rod all the way out and the Safety Rod as far in as poss1ble while

rema1n1ng cr1t1cal o s RETE

It is not pos51ble to be ctitical with the Safety or Sh1m on the bottom.

34. 7 4, 9 4 Allow power level to stablhze at approx1mately 5 watts (1 8% to 22%
on'the 25 watt scale) for at least 2 m1nutes ‘with minimal rod motlon

s much more 1mportant that the power be stable than that it be at ‘
exactly 5 ‘Wwatts. This allows delayed neutrons to reach equ111br1um ‘

34 7 4 9.5 W1th the reactor stable for at least two mlnutes w1th m1n1mal rod
motion; withdraw the Safety Rod 18 approx1mately the new target he1ght

~.* __The reactivity change should take place in one cont1nuous pull When you
" ‘release the UP button do 16t adJust the helght Leave 1t wherever 1t was
when you stopped

34.7.4.9. 6 Allow the power level to 1ncrease one full range on the hnear channel
so that the “prompt j jurip’ " is gone. '

34.7.4.9.7 When the linear channel auto- ranges to the 250-watt scale arm the
period timer with its red button; the green-armed LED.will come on.”

34.7.4.9.8 When the linear channel crosses 30%, the timer will start

' 34.7.4:9.9 When linear channel crosses 81 5% the t1mer will stop and 1nd1cate the
.perlod in m1111seconds '

'34.7.4.9.10 After” power exceeds 82% of 250-watts and the t1mer stops, return the

power level to 5 watts by-lowering Shim Rod* -

* Do not reposition the Safety. Rod or Reg Rod during this step!
34.7.4.5.11 Record the period on SOP 34A.. '
34.7.4.9.12 Record the rod positions after stabilizing at 5 watts on SOP.34A.
34.7.4.9.13 Reset the timer with the biack button on the left of the d1splay
34.7.4.9.14 Rémember'to complete a Status Stamp every hour:’ '
34.7.4.9.15 Repeat §34.7.4.9.5 to §34.7.4.9.14 until the Safety Red-UP light is lit.
34.7.4.9.16 Return the reactor to 5 watts to-record the critical rod helgnt on the

*Shim Rod. This i is essentlal for the Sh1m Rod W crth. measurement

34.7. 4 10 Use a stopwatch to measure the t1me it takes each rod to travel from bottom
to top,. and from ton to bottom and record the t1mes on SOP 34A. ‘

. Th1s is'measured using the motor UP and motor DOWN lights.::
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+ 34.7.4.11 Record the most recent xenon-free'S W-and 230 kW banked rod heights.

34.7.5

You may use a previous operation from the Main Logbock or you may operate the
reactor at 5 W and 230 kW to get very recent values. Record the ddte and time of each
operation. .

34.7.4.12 There is an Excel spreadsheet on the Control Room computer and on the
server called “Rod Cal.” Enter the data on the tab labeled “Enter Data Here” and
follow the instructions there. The new rod worth measurements are individual
worksheets, and the “Print This” worksheet will calculate maximum react1v1ty
addition rate, core excess, shutdown margin, and m1n1mum shutdown margin.

34.7.4.13 Prmt the “Print This” tabs of the worksheet.

34.74.14 Reco'rd the core excess, shutdown margin, shutdown margin with the most
reactive rod all the way out, and the maximum reactivity insertion rate on SOP 34A.

34.7.4.15 Tape the new rod worth charts in the back of the Main Logbook. Old rod
worth charts removed from the Main Logbook should be filed 'in the Counting Room.

34.7.4.16 Finish the'Control Rod Cal1brat1on Form (SOP 34A) per §34 7.1.
Control Rod Inspection CT NI

te!

34.7.5.1 Each of the three control rods shall be v1sually 1nspected at least once every
two years usually dur1ng the January annual ma1ntenance (Tech Spec F. 2)

34, 7 52 Stafﬁng is requ1red per ISOP 35 for fuel 1nspectron since.it is necessary fo

.move fuel first. - .« .. v

34.7.5.3 The reactor is‘not shutdown while control'rods are be1ng removed-or inserted

into the reactor, so a licensed-operator must’be at'the console and a second pérson
must be in the fac1l1ty Since this is ma1ntenance ona control mechamsm the SRO
must be present in the facility. :

. £
b ,x‘ T
B

34.7.5.4 Inspect one control rod at a t1me and replace it 1nto the core before going on
to the nextone. .. - B B TN

34.7.5.5 Wear gloves and a lab coat when handhng the control rods. Mon1tor
anything that comes out of the pool for rad1oact1v1ty ‘

34.7.5.6 Only aluminum clad control rods are in the core, but if stainless-steel clad
control rods are being inspected, there may be a s1gn1ﬁcant radiation field present. In
that case, the reactor shall be shutdown 48 hours before control rod removal and a
Radiation Work Permit (SOP 53) shall be used.. ) '

34.7.5.7 Complete the Control Rod Inspect1on Checkhst (Append1x B) while doing
this procedure:

34.7.5.8 Perform a Startup Checkhst per SOP 20. Do not perform a core excess.

34.7.5.9 Using SOP 35, move any two elements from the B-ring or three elements of
the C-ring to the fuel storage racks.
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34.7.5.10 Unplug all three console-to-rod-drive motor plugs inside the console: J-7
(Reg Rod), J-8 (Shim Rod), and J-190- (Safety Rod) The rod UP and DOWN hghts
will come on when thisis done. .+ i i .

S e By , L
Rod Plugs J-7, J-8, J-10 IRy,

'34.7. s. i1 Remove the rod down actuator co{ter pin, nut, and actuatlng washer
(located a few inches above the water) from the pull rod. You will have to lean over
the pool to do this; be caréful not to drop thein. The cotter pin is teally a paperchp
that has to be unbent before removing it from the small hole at the ‘bottom of the pull

. rod. The nut and actuating washer unscrew as normal. It may be necessary to tighten
the actuatmg washer (the top one) a, little bit in, order to get at the nut. You should be
able. to do it.all; w1th your fingers.. . . Co G R i

rell e B e 7 . N '_l-

'PullRodBotto;n';"’
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34.7.5.12 Unplug the position 1nd1cat1on for the rod be1ng removed. It is at the
potentlometer at the side of the motor."- ' -i" SR .

1

Rod Position Connection

‘-‘,

34.7.5.13 For the regulatlng rod only, unplug the motor power. supply next to the
motor. The pool level alarm may actuate when you do th1s

Reg Rod Power Connectzon

34.7.5. 14 Remove the small Allen head 3/32-inch screws from the upper edge of each
base mount. The are locations for six screws, but normally only five are used. Do not
removed the large bolts that hold the motor housing to the bridge. -

t Two Allen Head Screws

34.7.5.15 Lift the rod motor off and place it on the floor.
34.7.5.16 An operator must be at the console for the next steps.

34.7.5.17 Lift the guide barrel up through the base mount, thereby lifting the
connecting rod. This is done by reaching inside the barrel from the top and lifting up.
As the rod is raised, be sure that someone watches the UPPER part of the rod as it
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i
v

approaches the region of the ceiling lights.;Have someone watch the LOWER part of
the rod to ensure it doesn’t hit other control rods or the central thlmble

34.7.5.18 The operator shall log the controi rod removed from the core in black and
underline in red ink in the Main Logbook -

34.7.5.19 Lift the rod high enough to perm1t removal of the first set of three 7/16-inch
bolts and nuts; this will allow the top of the rod extension to be removed. Ensure

someone is holding the lower part of the control rod when the three sets of bolts and s
nuts are removed, otherwise the control rod will fall onto the core. @

& .
Unbolting Rod Fxtension

Unbolting Rod Extension

34.7.5.20 While holding onto the control rod, pass it down through the control rod
opening on the bridge and hand it out under the bridge. This will allow removal of the
control rod from the pool (the ceiling is too low to pull it straight out the opening in the
bridge). Be very careful not to drop the control rod. This is probably best done by one
person lying on the bridge with one hand in the control rod opening and one hand around
the side of the bridge.
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Rod Free From CO" e M. l‘ Hdnding'thé;Rod Exten&ion'Ufrder the Bridge

-7

34.7.5.21 With an ion chamber momtormg the 1mmed1ate area remove the control rod
and lay it on a piece of absorbent paper

34.7.5.22 Inspect the control rod for scratches; wear, etc. Use a caliper to measure the rod
diameter at the top, center, and bottom. Carefully measure the extent of any wear and
compare it to previous measurements. Record observatlons on the Control Rod Inspection
Form (Appendix C). cT

oy

* A standard control rod is 20 inches long and 1 25 inches in dlameter

34.7.5.23 Take photographs of the tod with a ruler and-a 51gn in the picture’ saymg what
rod itis and the year. Store the photographs with the Control Rod Inspection Form
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" Controi Rods

34.7.5.24 If indication of significant distortion or detenoratlon is found the element shall
be replaced (Tech Spec F.2). - : P

34.7.5.25. Reinstall the rod by reversing the order of removal First put the control rod
back in the pool. While holding onto the control rod, hand it down under the bridge and
pass it up through the control rod opening on the brldge Be very careful not to drop the
control rod or to hit anything with it. : :

34.7.5.26 L1ft the rod through the opering h1gh enough to permit re1nstallat10n of the first
set of three 7/16-inch bolts and-nuts. Ensure someone is holding the lower part of the
control rod and the upper part. If the bolts.and nuts 6n the control rod drive shaft don’t
seem to fit, try rotating one of the shafts by 180° -

34.7.5.27 Lower the rod and barrel’ down 1nto the rod housmg Ahgn fhe pull rod with the
hole in the motor housmg when returnlng it

Altgnmg Pull Rod

.34.7.5, 28 The operator shall log the control rod 1nstalled in the core in black and
underhne in red ink in the Main Logbook :

34.7.5.29 Reinstall the rod motor on the rod motor mount Make sure the spring on
the rod down limit switch is still there.

Install the small Allen head 3/32-inch screws in the upper edge of eaoh base mount.

34.7.5.30 Rei'nstall the rod-down actuator cotter pin,; nut, and actuating washer
(located a few inches above the water) from the pull rod. You will have to lean over
the pool to do this; be careful not to drop them. '

34.7.5.31 Plug in'the posmon indication for the rod. o
34.7.5.32 For the regulating rod only, plug in the motor power supply.
34.7.5.33 Repeat §34.7.5.11 through §34.7.5.32 for the other two control rods.
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34.7.5.34 Reconnect all three console to rod drive motor plugs inside the console: J-7,
J-8, and J-10.

34.7.5.35 Adjust the micro-switches per §34.6.1.
34.7.5.36 Check each rod by raising it a short distance and then releasrng it by a

scram., . S s

3
.

34 7.5.37 Check the work area for contamination.
34.7:5.38 Perform §34.7: 3 to ver1fy that the rod drop t1me of each control rod is

'*acceptable R A N A A R

34.7.6

’34 7. 5 39 Usmg SOP’ 35 Puel Inspeetlon return the fuel elemente to the core that

were refioved in §34.7. 5 9.
34.7.5.40 Perform a control rod calibration per §34.7.1,

34.7.5.41 Complete the second part of the Control Rod Inspectron ChecHlst .

(SOP 34B).
Calibrating Auto Demand

o
Vot s es , . fee - AR
ie J’:“,’ v Ty T HE T

34.7.6.1 This procedure describes how to calibrate Auto Demand 50 that the settlng
on the demand potentiofeter matches-the ‘¢orresponding readlng ‘on the" L1near

,\Channel A startup . checklist is not required for this procedure,

34.7.6.2 Turn on console power and note this action in the: Main'Logbook."

34.7.6.3 Connecta voltmeter to the test: positions on the auto rod control circuit

- board. The negative probe goes to TP lO (wh1ch is black) the posrtlve probe goes to

TP 2 (which is red). i

34.7.6.4 Dial in 20% on the démand potentiometer.

34.7.6.5. Place the L1near Channel in Current mode and adJust it to 20% of any range.
34.7. 6.6 Adjust Rl11on the auto rod control c1rcu1t board to. read 0 vDC.

34.7.6. 7 Dial in 96% on the demand potentiometer. . S

..34.7.6.8 Place the Linear Channel i in Current mode ‘and- adJust 1t to 96% of any range

34.7.6.9 Adjust R8 on the auto rod control c1rcu1t board to read O VDC.

. 34.7.6.10 Repeat steps 34.7. 6 3t034.7. 6 8 until both values,are less than 0. l VDC.
. 34.7. 6 11 Dlsconnect the voltmeter T S B

34.7.6.12 If desired, turn off console power and hote this action in the Main Logbook.

34.7.6.13 If the calibration was done for the Semiannual Checklist, record the date on
the checklist. Otherwise, log the calibration in the Main Logbook and Maintenance
Logbook.

Revision Date: 04/14/10 Page 26 of 26

-

@\

ye &/ TV



Control:Rods
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34.8 TROUBLESHOOTING - "

34.8.1 Inoperable Control Rod , IR I
34.8.1.1 If the source interlock light is llt . e

* Ensure the neutron source is in the core by visual observation in the Reactor
Bay . :‘JH Cn v , ..g o ‘ . i

.., Reset the log channel-trips. To reset.the log channel, place it in test.at Hi-
Current, and press the reset button, then return it to operate. This is necessary
because although the signal is high enough so that the source interlock will
‘not tr1p, the normal reading is not h1gh enough to reset the tr1p a hrgher ,’
signal is necessary.

34.8.1.2 If the reg rod won’¢ miove: "~ ' »

» "Enstire that Rod Control is'iof in'Autg. i~~~ ™+ ) . ,\3

34.8.1.3 If the yellow magnet power “ON” lights are notlilt S o

: ’°’ Ensure that console power 1s on. } el e
s | Ensure that the key is 1nserted and fully turned to the “operate pos1tlon

Ve

* Ensure that all'thé scrams are reset 1nclud1ng ‘the red ones on thé’ L1near and
Percent Power modules. = . . .. . - . P

. See if the ON light bulb is burnt out by exchanglng it with the button for a rod
.. that does work Instructlons for removing console-buttons:are in §34 6.4. If the
light bulb is burnt out, replace it per §34.6.4. REY

34.8.1.4 If a rod moves up a few percent and stops:

.. * . Ifarod moves up a few percent.and stops when the “DOWN?” light turns off,
~ the limit switches are probably misaligned. This can be verified because the
blue“CONT” light will also turnoff when the wh1te “DOWN” turns off,

* The problem is that the motot down’ limit sw1tch cleared before the rod down
. limit switch.cleared, so the rod circuitry. tried to drive in the' motor. When you
release the “UP” button, the motor w1ll drrve to the bottom and the “DOWN”

and “CONT” lights will both turn on

¢ Torcorrect this problem, you will have to adJust the litit switches per §34 6.1.
Be careful since you will have to use metal tools-and the circuit boards on the
. top of the rod motors are exposed and energize: - '

. . R T
K o . L o, e Lo

TR@UBKESH@@THN@
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Control Rod Calibration Form

i 348

Preliminary

Operator Names: Ven L}(j&ﬁ'lz,ﬁ&g

_’1‘2 ££ C - CQE
_StePem_ Uonlevagioun
_Clien Mllaprs
__M‘ﬂ_l_@?tmﬁs__

n/]

No operations above 5 watts for 48 hours:

Startup Checklist Complete:

]

Rod Position Indication is accurate with £0.5% of full motion: (L]
Rod drop times are less than 1 second for full motion: BVA *
As Found DOWN light lit UP light lit
: Rod Indication | Multitrend | Rod Indication | Multitrend
Safety Rod | 9. 1 0.1 00,5 !,w.B
Shim Rod 0.0 0.4 (00, qd. 2
RegRod | .0 0.5 q4.Y 4.3
As Left DOWN light lit (0.0-0.5%) UP light lit (99.5-100.5%)
Rod Indication | Multitrend | Rod Indication | Multitrend
Safety Rod | 0-0W)y ~0 .4 (600 100.0
ShimRod | ,0R A4 0.6 100.0 100, 0
Reg Rod 0.Y 0,6 foo.1| 90,9
Withdrawal Insertion Drop time
' Time (s) Time (s) (ms)
Safety Rod 4+ 7369 45,05 Gl4
Shim Rod 77.33 7403 rad
Reg Rod Le b 35,44 533 s

Period Timer Callbrated at 30% and 81.5% of Linear Channel:

Period Timer Connected to Linear Channel:

Revision Date: 08/31/09

v

Voltage Reading with Linear at 30%M‘4"'VB€ (.497F vbc
C 3,780 vDc

80% :

[}
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Control Rod Calibratioh..F’orm

Reg Rod Calibration -

Initial data when stable at 5 Watts
for at least 2 minutes.

Rég Rod
(at bottom)

Safety Rod

Shim Rod

O, . o006

CF, H

' S’?S

P i3

Target: .
Reg Rod -
After Pull

~ Actual -

Reg Rod ',

After Pull

* Period """

{ Hei ght when back down at 5 Watts
and stable for = 2 min.

(ms)

Safety

Shim

S

51001

8‘#5’

e

: ," Ul '5"2 O _‘

. ~zﬂ+ma

g2

.:41“. el

H780R

22, 0.

| ;Qb'.i'—i"f,l-;'

901

Y 777 |

78’08'&

7@47WHVAM

79,

55

|55

Qoo%%

AT

F62

61

510

Svk

651%5

f«a,q.‘;'

'—wq.qvf

67

|

12

‘?a(a

74

6%.5

M

Wlll

81

|79 -

Waods |

Ao, 9;7

“_‘10,_"3

89

%A |

b4es |

k)%%

SY

UP Light

-\uo

26215

L2
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Control Rod Calibration Form

Safety and Shim Rod Calibration : R

If it is a differerit day than the ‘Reg;Rod'Cai,i‘bration“ T

No operations above 5 ‘watis for 48 ho_u.rs::t‘:“ s - S ISR
Startup Checklist Complete R . [;] L
Rod Position Indication is accurate with :I:O 5% of full motion: [___ ]

Penod Tlmer Callbrated at 30% and 81 5% of Lmear Channel [ ]

Voltage Readmg w1th Lmear at 30% : 'w’ VDC ENE
SRR BRI 80% @l vDe”
Period Timer Connecte;d to Lihear Channelz-~:-.:l_~~. T [ }
P — - — Shlm Rod " Reg Rod
Imtl‘al data when stable at’5 Watts »Safety«Rod C(attop) | Tattop) |
for at least2 minutes.: Y6 Bk ¢ KR ; .
~:_9?7LM 100,6]100.0 |

‘Target - Actual -,  Period x Shimt Height ;w_hen, B
Safety-Rod - | Safety Rod ms) . back down at5 Watts | ..
- After Pull After-Pull .| and stable for 2 min,
5 | 5ne |33 ] e C\ |
e [563 |91\ | 832
9 154.3 L50%HH;“‘18-?
e - [ L2 [se¥5 [ .
%6 66 0 |425%1 ] 69 %,
BT N 5!506 _66.3
72 723 16 #3723 :Qg ..
75 | s | G072 | e boa SV

39 <€
5.2 -
52.4

78 1 F%.6 - |IHSED
% alg

| 85406
6 | gemh | Sglol

90 0.6 | 10336l 52.0
95 qs. | 943348 | o, &
UPLight | qq. 7 | VCS5%4 | y4q,2

You must drive the Shim Rod in to stabilize at 5 watts after Safety Rod is at the Top!
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34B

Control Rod Callbratlon Form

Concludmg Analysns T '1 S e -
Data entered in spreadsheet and checked . S ' o ‘ N '\/]
~ Rod Worths printed and taped in back of mam logbook \/]

' ' «‘l! ﬁ?' 7k
Core Excess: B % 0(<225%Ak/k)* I "H%AK/K

Shutdown Margin: 450(('—5"‘1‘62’% 1) 7 %Ak/k) * 5 13% b.k/k

Shutdown Margin with most

(<
reactive control rod stuck out: —7"3'6%‘ fé '79 4 %Ak/k) * 7. Lﬁ”? Mz/ K
Maximum reactivity addition rate:, O Q 4% (< O 12 %Ak/k/s) *,

Operatot: ] ﬂ/ l'f YA 7/%0
s ate

- Supervisor review:

B
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" o
 Only change the yeliow cells. _ S HE ' Version| - 2010031.ﬂ
* These sheets assume that you- callbrated the oafety Rcd and used the simultaneous "inserted" data to dg
If that is not the case and you calibrated the Shim Rod separately, You will have to enter that data in th
* Check the equations for Integral and Differential Rod Worth on each of the Rod' s sheets and Banked Rod

3483 T
1126215 - e
- ‘:@'.Period - Shim Height .= i Hﬂlght. - Period
Safety Height after pull ..~ (ms) | after stable after pull | (ms)
14-Jan-10 Target Actual :

' Start at lowest critical 49.9 4 100.0 49.2
53 53.6 . 37233 88.9 50.5 165529

56 ' 56.3 { 53119 83.2 52.0 123398

59 59.3 | 50344 78.3 .....53.9 103361

62 62.4 : 50851 74.1 56.7 i 58161

66 7766.0 42581 " 69.7 . 58.8 85406

69 69.4 i 51506 66.3 60.9 84510

72 72.3 i 67373 63.6 63.6 64073

75 - 75.8 . 64073 60.9 66.3 67373

78 78.6 84510 58.8 697 51506

82 81.8 i 85406 56.7 74.1 42581

86 86.5 . 58161 53.9 . 78.3 50851

90 90.6 i 103361 52.0 83.2 50344

95 95.1 123398 50.5 9 88.9 53119

UP Light . 99,7 . 165529 49.2 100.0 37233

| withdrawal . Critical | Banked Rod
Time (secs) . Power Height

............................. Safe| 47.68 | o |.230KW {94 |After being shutdown for |
___________________________ Shim| 77.30 5W 72 After being shutdown for 4
Reg| 3610 | " P AL




Max Reactivity Max Reactivity Max Reactivity
Addition Rate  Addition Rate Addition Rate

Less than
0.12% Ak/k/s?

($/%) . ($/sec) . (% Dk/k/s). _
Safety 0.04752 0.100 0.075 oK
him 0.04579 0.059 0.044 0K
Reg 0.01989 ; - 0.055 0.041 oK
Height with Total Core
Safety IN Worth Excess
Safety 49.9 $3.31 $1.66
Shim 100 $3.27 $0.00
Reg 100 : $1.34 $0.00
$7.92 ' $1.66
Shutdowm Margin $6.26 4.69%
Minimum Shutdowm Margin- . $2.94 2.21%
Core Excess Less Than 2.25%/Ak/k ($3) oK
SDM Greater Than 0.7%/Ak/k ($0.93) oK
Min SDM Greater Than 0.4%/Ak/k ($0.53) oK
Height with . Total Core
Shim IN _ ""Worth Excess
Safety 100 . $3.31 $0.00
Shim 50.5 $3.27 . .. - $1.66
Reg 100 o $1.34 $0.00
. $7.92 $1.66
Shutdowm Margin - $6.26° - 4.69%
Minimum Shutdowm Margin -+$2.94 2.21%
("A Core Excess Less Than 2.25%/Ak/k ($3) oK
SDM Greater Than 0.7%/Ak/k ($0.93) oK
Min SDM Greater Than 0.4%/Ak/k ($0.53) oK
Cut this out and tape it on the console facepiate:
' Jan-2010 Approximate Values
kW _ % of Range Rod Height Core Excess
230 92 94 - $0.16
200 80 90 . $0.35
175 70 - ,86 . $0.52
150 60 - 84 $0.68
125 50 - 81 $0.84
100 40 79 $1.01
75 30 78 $1.17.
50 20 76 $1.33 c
1 40 ¢ 72 $1.65 - 20100315
0.005 $1.66 Verson

(’\



- : [,

~ .
b Safety 1/14/10 . . - . .
. xN3 : XxN2 , ST .const Ensure these numbers mal
Integral 5.4990E-06  -8.2020E-04 -6.1021E-93" - 3:3138E+00 the equation on the graph
(\ ©y = 5.4993E-06x3 - 8.2024E-04x? - 6.1006E-03x + 3.3138E+00 .
S NN SR R A

3.0

2.5

2.0+

1.5

1.0

0 10 20 30 a0 50 60 76°°" 80 90 100

x"3 xn~2 X const’ ' ° Ensure these numbers mar.. "’
Differential  -1.8840E-08  -1.6096E-05  1.7998E-03- - 9.2888E-05:

~ y = -1.8840E-08x3 - 1.6096E-05x2 + 1.7998E-03x + 9.2888E-05. "~
0.1 ™ f g‘ Ll ~ i S l,, %’%&;EE;{ :H T géi»

i,

Safe Height Period (sec) Reactivity Reactivity ($) - "I'ntegral ($) Mi@point Addition

after pull (Ak/k) oo Rate $/%
‘ 0.0 . o 331 - 0.0 0.0000
49.9 37.2 0.001294 0.1725 1.66 ~ 51.8 0.0466

53.6 53.1 0.001024 | 0.1365° . 149 -+  55.0 0.0506

56.3 50.3 0.001062 . 0.1416. 135 - 57.8 0.0472

59.3 50.9 0.001055 0.1406 121 60.9 0.0454

62.4 42.6 . 0.001187 . 0.1583 107 - 642 0.0440

66.0 51.5 0.001046 ~0.1394' - - - 091~ 67.7 7 '0.0410

69.4 67.4 0.000866 0.1155 0.77 70.9 0.0398

72.3 64.1 0.000898 0.1197 0.66 74.1 0.0342

75.8 84.5 0.000732 0.0976 0.54 77.2 0.0349

78.6 85.4 0.000726 0.0968 0.44 80.2 0.0303

™ 81.8 58.2 0.000961 0.1282 0.34 84.2 0.0273
" 86.5 103.4 0.000627 0.0836 021 88.6 0.0204
90.6 123.4 0.000544 0.0726 0.13 92.9 0.0161

95.1 - 165.5 0.000427 0.0569 -~ 0.06 97.4 0.0124

99.7 ‘ 0.0000 0.00 99.9 0.0000

100.0 . 0.00 100.0 0.0000



Shim

Integral

©1/14/10 -
x"3 i . xn2 - x const "

. Ensure these numbers match
5.2_323E-06 -7.‘7924E-0'4 . -7.0764E-03

3.2681E+00 the equation on the graph be

(ﬂ\ 3.5

7.0770E-03x + 3.2681E+00

R

y = 5.2322E-06x3 - 7.7922E-04x2 -

0.0 T - T T u L T e
0 10 20 30 40 50 60 70 80 90 100
U xA3 - SR o % o const Ensure iﬁesg numbgrs'\njatch.
Differential -3.1619E-08 * " -1.3508EX05 - “1.6679E-03 ' 2.5385E-05 the equation on the graph be

0.1

= -3.1670E-

08x? - 1.3501E-05x2 + 1.6677E-03x"+ 2.5445E-05

10 20 30 . 40 50 . 60 , 70 80 90 100

0
Shim Height Period (sec) Reactivity Reactivity ($) Integral ($) Midpoint  Addition Rate
before pull (Ak/Kk): - . . o : HU R $/%
0.0 : . 0.0 0.0000
49,2 165.53 ©0.000427 ;. 0.0569 - 1.66 49.9 0.0438
*50.5 12340 ., 0.000544 -, 0.0726  :» 1.60 .. 51.3 ©..0.0484
52.0 103.36 - 0.000627 0.0836 .- .- 1.53 . 53.0 0.0440
53.9 58.16 _  0.000961 0.1282 . . 1.45 -~ .55.3 0.0458
56.7 85.41 ~ .. 0.000726 . 0.0968 - -, 1.32 - 57.8 0.0461
58.8 84.51 0.000732 = . 0.0976 122 . . 599 0.0465
60.9 64.07 . 0.000898 . 0.1197 . 1.12 . ,.62.3 +-0.0443
63.6 67.37 - 0.000866 0.1155 1.00 + - 650 0.0428
66.3 51.51 . 0.001046 - 0.1394 . 089 . 68.0 - 0,0410
69.7 42.58 . 0.001187 0.1583 0.75 . 719 0.0360
™ 74.1 50.85 . 0.001055 0.1406 ...  0.59 .. 76.2 0.0335
A 78.3 50.34 0.001062 0.1416 . 0.45 N 80.8 0.0289
83.2 (o 53.12 -, 0.001024 0.1365 0.31 " 86.1 0.0240
88.9 - 37.23 . 0.001294 0.1725 0.17 94.5 0.0155
100.0 ‘ 0.00 100.0 0.0000
100.0 0.00 100.0 0.0000



YT

. .Ensure these numbers matct

1.3358E+00 the equation on the graph be

¢ 1/14/10 x"3 X2 B X const
Integral 2.5749E-06 -4,1326E-04 2,2193E-03
y = 2.5749E-06x - 4.1326E-04x2 + 2.2193E-03x + 1.3358E+00
(\\ 1.6 e - — e e
>
Reg . X/\3__" . X_’?Z ) X anst . -
Differential -3‘_.'9"2,06E’-20,8 ~ -1,9526E-06 . 5.8825E-04  -4.4294E-05 the equation on the graph be
y = _x

-3.9206E-08x3 - 1.9526E-06x2 +

5.8825E-04x - 4.4294E-05 | .

it

T e

T

%

50

Reg Height
after pull

0.0
26.3
33.0
41.3
47.3
55.2
61.0
68.5
74.2
79.8
89.9

100.0
100.0
100.0
100.0

Period (sec)

32.00
84.92
47.80
78.08
40.03
65.25
47.05
82,78
112.05
63.48
126.22

Reactivity
SAk/k)

0.001421
10.000729
©0.001100
'0.000777
0.001235
0.000886
0.001112
'0.000744
0.000588
0.000904
'0.000534

Reactivity (§) Integral ($)  Mi

0.,

0.1894
0.0973

0.1466 -

0.1036
0.1647
0.1182

0.1482

0.0992
0.0784
0.1205

0.0712 -

1.34°
115
1.05
0.90
0.80
0.64 -
0.52
0.37
0.27 %+
0.19 -
0.07°
0.00 ~ -
0.00° -
0.00
0.00

1.

Y

0.0
13.2
29.7
37.2
44.3
51.3
58.1

64.8

71.4
77.0
84.9
95.0
100.0
100.0
100.0

Ensure these numbers matct

Vo

dpoint  Addition Rate

$/%
0.0000
0.0072
' 0.0145
0.0177
0.0173
- 0.0209
:0.0204
0.0198
0.0174
0.0140
0.0119
0.0071
0.0000
0.0000
0.0000
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1 THE FACILITY

1.1 Introduction

This safety analysis report supports an application to the U.S. Nuclear Regulatory
Commission (NRC) by Reed College for the utilization of a TRIGA®-fueled research
reactor. The reactor is owned and operated by Reed College for the purpose of
performing neutron irradiation services for a wide variety of scientific applications. The
reactor is known as the Reed Research Reactor (RRR). The license number is R-112,
Docket 50-288.

The Reed Research Reactor (RRR) is owned and operated by Reed College, a private
undergraduate educational institution located in Portland, Oregon. The reactor was
obtained in 1968 through a grant.from the United States Atomic Energy Commission and
is currently operated under Nuclear Regulatory Commission License R-112 and the
regulations of Chapter 1, Title 10, Code of Federal Regulations. The facility supports
education and training, research, and public service activities. The reactor is in a building
constructed for that purpose and which is situated _ Psychology Building
near the southeast corner of the Reed College campus in southeast Portland. The a
campus has approximately 1,300 students while the city of Portland has approximately
560,000 people, as described in Chapter 2, Site Characteristics.

This report is based on the Safety Analysis Report, Reed Reactor Facility for operation of
the reactor at 250 kW thermal power. The RRR is a non-pulsing reactor.

This report addresses safety issues associated with operation of the reactor at steady-state
power levels up to 250 kW. This report reflects the as-built condition of the facility, and
includes experience with the operation and performance of the reactor, radiation surveys,
and personnel exposure histories related to operations to a maximum of 250 kW steady-
state power. The consequence of routine generation of radioactive effluent and other
waste products from steady-state operation is addressed in Chapter 11, Radiation
Protection and Waste Management. Radiation worker and public doses from radiation
associated with routine operations are well within the limits of Title 10, Code of Federal
Regulations, even under extremely conservative scenarios. The consequence of accident
scenarios is presented in Chapter 13, Accident Analysis. The consequences of accidents
postulated to occur under extremely conservative conditions are well within limits.
Therefore, analysis demonstrates that there is still a “reasonable assurance that the reactor

_can be operated at the designated location without undue risk to the health and safety of
the public.”

The description of the reactor core and thermal hydraulic analysis presented in Chapter 4,
Reactor Description, the Secondary Cooling System in Chapter 5, Reactor Coolant

Reed Research Reactor 1-1 July 2010
Safety Analysis Report



CHAPTER 1

Systems, and the Reactor:Control System in Chapter 7, Instrumentation and Control
Systems are based on 250 kW operatlons :

Throughout the document most measurements have been metric equlvalents ie., hstrng
the dimensions in centimeters in addition to inches. Since the facility was constructed
using traditional unit, these are generally the correct one. The metric equivalents are
included as an aid to understandlng.v

i f
B b .

12 Summary & Conclusmns on Pr1nc1pal Safety
Consrderatlons o e R

B .t P ; C - et e e, . -
Yo e : o i A R i o ot PR I

Design basis parameters of the RRR are (1) power level and (2) fuel loading required to
achieve desired powér. Limits on the.amount of fuel loaded in.the core: and on the _
maximum-:power level ensure the RRR is.an mherently safe reactor S ‘,': e

RNV

1.2'11 ‘.Safety Considerations_l_‘

As of July 2007, there were.over. seventy. TRIGA reactors in.use or under constructlon at
universities, government.and-industrial laboratorles and medical centers in-24 countries.,
Historically, analysis and testing of TRIGA®, fuel has demonstrated that fuel cladding
integrity is not challenged as.long as stress on the cladding remains within yield strength
for the cladding temperature. Elevated TRIGA@: fuel temperatures evolve hydrogen from
the zirconium matrix, with concomitant pressure buildup in the cladding. Therefore, the -
strength of the clad as a function of temperature establishes the upper limit on power.
Power:less than limiting values will ensure clad integrity [1] and, therefore, contain the -
radioactive materials that are produced by fission-in the reactor core. G e,

As a natural- convectlon cooled system, heat removal capac1ty is. well deﬁned as long as
the primary coolant is sub-cooled, restricting potent1a1 for film, b0111ng Limiting the -
potential for film boiling assures that fuel and.clad temperatures are not capable of . .
challenging claddlng -integrity. The maximum heat generated w1th1n a fuel element and
the bulk water temperature determine the propensity for film boiling. ,The,d,e51g.n basis.
analysis in Chapter 4, Reactor Description, indicates that steady-state operation at power
levels greater than 250 kW in natural convéctive flow will not-lead to film boiling..
Negatlve fuel temperature feedback 1nherently 11m1ts the operatlon of the reactor.
Increases in fuel temperature associated w1th‘operat10n -at-power regulate: the maximum
possible steady-state power, as described in Chapter 4, Reactor Description.. This chapter
also shows that the negative temperature coefﬁc1ent isa functlon of the fuel composition
and core geometry. Within established core systems, the negative temperature coefficient
is rather constant: with temperature Excess fuel (above the amount required to establish a.
critical condition) is required to overcome the;negative temperature feedback ‘as operation
at power.causes the fuel to heat up. Consequently, maximum possible power using

Reed Research Reactor - 1-2 CL - July 2010
Safety Analysis Report A



THE FACILITY

TRIGA?® fuel is controlled by limiting the amount.of fuel.loading. Limits-on total fuel
loading and excess reactivity ensure that the maximum power level will'not lead to -, ;
conditions under which design basis temperatures are possible.

1.2.2 Consequencesof Normal Operations "'~

As indicated in Chapter 11, Radiation Protection and Waste Management‘ radiation
sources are discharged from the reactor facility in gaseous (airborne), 11qu1d or solid
form. These forms are treated individually in'subsections of Chapter 11i.:Airborne-
radiation sources consist mainly of argon-41 and nitrogen-16, with argon-41.the major
contributor to off-site dose. Limits on argon-41 are tabulated in Appendlx B of 10 CFR
Part 20

A B - ‘ & H ! ’e ,! LT . . . T P ! T .
I Pl : N I SR il."-"! 5 D S T L (7, v e

A general hnnt on off-srte doses from 'gaseous efﬂuents is alse contarned in oo
10CFR20.1101. Radiation protection programs,:effectively 'establishing.a limit of 10 .
mrem per year to the public from radon-222 and its progeny

Argon-41 is the major contributor to radiation exposure 1n01dent to the operatlon of the
RRR. Argon-41 is attributed to neutron activation of natural argon (in a1r) in the reactor
bay atmosphere, rotary specimeii rack ‘adj: acefit to the core;and-dissolvéd in primary
coolant. Argon-41 has a 1.8-hour half-life: Calculatlons in Chapter 11-based on 250 kW -
steady-state continuions- operations show that doses in the réactor'bay remain below.
inhalation DAC. A full-year'expdsure to equilibrium argon’ coricentration for 250 kW
operations tnder normal atrnospherlc condltlons would- lead to a dose less than the . ' -
appncable limits. e e b : e

N1trogen-16 is the major contributor:to radiation fields directly over the:reactor pool
during operation. Nitrogen-16 is produced by-a fast neutron reaction with oxygen (as a-
natural component of water in the core). Nitrogen-16 has a 7.1-second half-life, and
consequently’ does not remain at concentrations capabie of contributing significantly to -
off-site ‘dose. Chapter 11 shows that radiation dose rates directly above the reactor pool
during expected operations at levels-up t6' 250 kW aré within required levels fora -
radiation area as defined in 10 CFR Part 20. Installed monitoring: systems prov1de SRR
1nformat10n neeessary to 1dent1fy approprlate aecess controls ‘ : '

No 11qu1d radroactlve materlal is routinely produced by the normal operatlon of the RRR
except for miscellaneous neutron activation product impurities in the primary coolant.
Non-routine liquid radioactive contamination may be produced during decontamination
or maintenance activities (such as resin changes). There are no drains in the reactor bay,
and any liquid-radioactive waste is absorbed into a sohd 1ned1um (e g ‘a paper towel or
other absorbent) and shlpped off-s1te for bunal : ’

Most of the 1rnpur1t1es founcl in the primary eoohng system are deposlted in the Cores
mechanical filter and demineralizer resins: Therefore, these materials are dealt withas | '
solid waste. The only radionuclides observed are trace quantities of cesium-137; ccbalt- ..
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60, etc. Even unfilteréed, untreated pr1mary coolant would meet the liquid effluent limit
without further dilution. ’

1.2.3 - Consequences of Potential Accidents '

Chapter 13, Accident Analysis, recognizes three classes of accidents for which analysis is
required: The maximum hypothetical accident:(MHA) is a fuel element failure with
maximum release of fission product inventory, from which the radieactive materials can -
migrate into the environment. Complete loss of coolant from the reactor-pool is the™ -
second accident analyzed. The'final accidentiis an insertion 'of the maximumavailable : "
positive reactivity. Analysis demonsttates the consequericés of these reactor accidents ‘are-
acceptable and doses to the publlc are: well below llmltS establlshed by 10 CFR Part 20

PREE

1 3 General Descrlptlon of the Fac1llty

[T e

1 3 1. Geographlcal Locatlon T D

o B T LR U ST PR S IS S & Ce i
The reactor is located on the campus of Reed College in the City of Portland,.in
Multnomah County, Oregon. The licensee controls access to Reed College fac1l1t1es and
infrastructure. City and college maps are supplied in Chapter 2, Site, Characteristics. The
reactor is located ﬁof the Psychology building. Latitude and long1tude
building plans universal Transverse Mercator coord1nates populat1on deta1ls etc are
provided in Chapter 2. ' _ o
. b N S - .
The operations boundary of the reactor facility encompasses the reactor room and-¢ontrol
roorn. The site boundary encompasseés the entire'building and 250 feet (76 m) from the .
center of the reactor pool, including the Psychology and Chemiistry- buildings.

1.3.2 Principal Characteristics of the Site' -

The Portland terraces; which compose the largest physiographic subuinit in the East
Portland area, were formed by the ancestral Columbia and Willamette Rivers during-a
time when the rivers were flowing at higher levels than at present: Most ofithe East
Portland area is underlain by bedrock of the Troutdale formation. The depth of bedrock at
the reactor site is unknown but it may be hundreds of feet. A boring, 47 feet deep, was * -
made at the reactor site'and it was found that-the subsurface materials at this site are sand
and silt; representing lake of fluvial deposition: The water Table in the test boring was
observed to stand at a depth of 46 feet. Temperatures and- weather pattérns are mild at the
reactor site; hurricanes, tornadoes, and sieches are not considered credible.

The local seismological conditions in the neighborhood of the site are generally
favorable. No fault is known to exist near the site. However, following the practice of
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Portland architects the construction of the. building and reactor p1t were demgned to. resist
lateral forces of Zone II as specified in the Uniform Bulldmg Code.

1.3.3 Principal Design Criteria, Operating Characteristics, & Safety
Systems

The RRR TRIGA® reactor is a water-moderated; water-cooled thermal reactor operated
in an open below-ground construction pool. The reactoris fueled with heterogeneous
elements:clad with-aluminum or stainless steel, consisting of nominally 20% enriched -
uranium in a zirconium hydride matrix. In 1968,'the RRR TRIGA® was licensed to.
operate at a steady-state thermal power of 250 kW: Application is‘made concurrently ., -
with this license renewal to operate up to a maximum steady-state: thermal power level of.
250 kW. Reactor cooling is by natural convection. The 250 kW-core consists typlcally of
64 fuel elements, each containing as much as - rams of uranium-235. The reactor core,
is in the form of a right circular cylinder of aboutg_adlus and - ‘
- depth, positioned with axis vertical on one focus of a 10 foot (3 m) by 15 foot
(4.6 m) tank with a 5 foot (1.5 m) radius on each long end. Crltlcahty is controlled and
shutdown margin assured by three control rods in the form-of ‘aluriintim or stamless steel
clad boron carbide or borated graphlte A sectlonal view of a typlcal TRIGA reactor is
shown in Flgure 1. 1 P B I LI TIPS TS DU S SR NN

1.3 4 *'*'En'g'ineered' Safgty 'Eeatﬂre’s
The demgn of the RRR TRIGA® llcensed in 1968 1mposed no requlrements for
engineered safety features. As discussed in Chapter 13, Accident Analysis, and from
previpus,analysis, neither forced-cooling flow ner. shutdown emergency .core-cooling is-
required for operation at steady-state thermal power as high as 1,900 kW, a large margm
over the 250 kW steady-state operations.. ' . -

1.3.5 Instrumentation and Control (I&C) and Electrical Systems

Instruments and controls are described:in Chapter 7, Instrumentation and Control -
Systems, with the electrical power system.described.in Chapter, 8, Electrical Power
Systems. The reactor instrument and control systems include the reactor control system,
process instruments, reactor protection system, and radiation safety monitoring systems.. .
As previously noted, there are no engineered safety features at the RRR and, therefore, no
associated instrumentation. The bulk of the reactor instrumentation and control systems
are hard-wired analog systems (primarily manufactured by General Atomics) and widely,
used at.various NRC-licensed facilities.. . ... . -~ . .. . .. . . :
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1.3.5.1 Reactor Control System

The reactor control system includes the mechanical and electrical systems for
control rod drives and instruments that monitor control rod position. Each control
rod can be independently manipulated by pushbutton console controls. One
control rod can be operated in an automatic mode to regulate reactor power
according to the linear channel and period feedback. The power meters provide
interlocks for rod control and scram capability. A scram can also be actuated
manually via a button on the console.

Three neutron detection instruments measure reactor power separately: a wide-
range logarithmic channe!, a multi-range linear channel, and a percent power
channel. These provide at least two indications of reactor power from source
range to power range. The nuclear instruments of the reactor protection system
are integrated into the reactor control system through the automatic power level
control system and through rod control interlocks. Since the core is cooled by
natural convection, no englneered safety features are necessary for safe reactor
shutdown. :
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CHAPTER 1

1.3.5.2 Radiation Safety Monitoring Systems .

Radiation monitors are-installed to monitor radiological conditions at the facility.

- One monitor is stationed at the southwest side of the pool with a 2 mR/hr‘alarm.
A continuous air monitor measures radioactive particulates in the bay and will trip
ventilation isolation when'alarmed. Ventilation is described in Chapter 9,
Auxiliary Systems.

1 3. 5 3 Electrlcal Power v 4 L
Pr1mary electrlcal power is: provrded through the Reed College poWer gr1d
supplied by commercialigenérators: Loss ofelectrical power will: de-energize the
control rod drives causing the rods to fall by gravity into the core and placing the
conyectron no emergency power is requ1red for reactor cooling systems Loss of |
_electrical power. does not represent a potential hazard to the reactor. Backup
. vbattery systems are prov1ded for requlred emergency lighting

PRV Ty

H RS 3 . '.,.ﬂf.“lr': o, [ T oy ’.'.'~;.:;'i Pt ';l.
1.3.5.4 Reactor Protection Syste‘l'n‘.,i ISNL

The reactor protection system is designed to ensure reactor and personnel safety
by initiating a scram if the reactor exceeds operating parameters. Two power
meters can initiate a s¢ram if measured povder eXceeds 110% oflicensed power. A
" bar above the contiol rod drive switches alIows the Scramh system to be actuated
manually by the reactor operator at the controls. = " '

RV I

1.3.6 Reactor Coolant and Other Auxiliary Systems

The reactor coolant and auxiliary systems are very simple in design and operation.
Detailed descriptions of the coolant and auxiliary systems equipment and operation are
provided in Chapters 4, 5, and 13 of this report. :

"1.3.6.1: Reactor Coolant System

Durlng full power. operation the nuclear fuel elements in the reactor. core are
cooled by natural convection of the primary: tank water. To remove the bulk heat
to the environment, the primary water:js circulated through a heat exchanger

- where the heat is transferred to a secondary cooling loop. A cleanup loop. :
maintains primary water purity with a filter and demineralizer to minimize
corrosion and production of long-lived radionuclides that could otherwise occur.
The primary coolant provides shielding directly above the reactor core.

Reecl Research Reactor 1-8 T July 2010
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1.3.6.2 Secondary Cooling System - .- ., .»* ., . - S S

. The secondary cooling system provides the interface for heat rejection. from the
primary coolant system to the environment. The secondary system is an open
system, with the.secondary pump discharging through a primary-to- secondary
heat exchanger, then through a forced-draft cooling tower.:

1.3.6.3 Makeup

Makeup water is provided from the municipal water supply and is normally run
through a purification filter before being.added to the pool. Secondary makeup
. water comes dlrer‘tlv from the mumc1pal water supply T i

R LIPS U P o Ui

1.3.7 | Radi‘oactiye‘ Wast’é M‘anagehieiwi%tf ;’md Radiation'l”rot'éctibn'

[

Operatlon of the RRR TRJGA® produces (low concentratlon) routme d1scharges of
radioactive gases and small quantities of solid waste. Details of the waste management
and radiation protection procedures at the reactor are provided in Chapter 11, Radiation
Protection and Waste Management, of this report.
P SN AR R L

+ 1.3.7.1 Gaseous-Waste. .. -, .o e g o
5 Mamtamlng negatlve pressure in the reactor bay controls concentratlons of
Co rad1oact1ve gases dunng operatlons An exhaust fan mamtams negative pressure
in the reactor bay to ensure that dlscharges are.controlled under analyze

conditions.

1.3.7.2 Liquid Waste

The RRR facility does rot regularly create or-release liquid waste. -

1.3.7.3 Solid Waste

Solid waste is very limited in volume and specific activity. Solid wastes.include
ion-exchange resin used in reactor-water cleanup, contaminated.tools, lab-ware,
* samples and sample handling material for completed experiments, and anti-
‘contamination clothing associated with reactor experiments and surveillance or
- maintenance operations. Shipments of solid -waste to commercial disposal
facilities are made infrequently. Solid waste shipmentis are coordinated with the
Environmental Health and Safety Office; s * n., « @ : '

S R D e ot
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1.3.8 Experi‘mental Facilities and Capabilities -

Standard experimental facilities at the RRR TRIGA®, as supplied by the vendor, General
Atomics, include the central thimble, rotary specimen rack, and pneumatic specimen
tube. Samples can also be lowered into the pool near the core for individually designed;
in-pool irradiations. Experimental facilities are. described in Chapter 10, Experimental
Fac1l1t1es and Utilization. ., . . . c ' :

Yy L . , Lo

1'.3.8.1=C~eritralThimble L e e

The reactor is equipped with a central thimble for access to the point of maximum
flux in the core. The central thimble consists of an aluminum tube that fits :
through the center holes of the top and bottom grid plates termmatmg ‘with'a plug
below the lower grid plate. The tube is anodized to retard corrosion and wear. The
.-thimble is approximately 20 feet (6.1.m)-in length,:made in two sections, with a.

watertight tube: fitting. Although. the shield,water may. be removed to- allow .
extraction of a'vertical, thermal-neutron:and gamma-ray beam,:four 0.25 1nch (6 3.
mm) holes are located in the tube at the top of the core to prevent expuls1on of

- -water. from the séction of the tube.within the reactor core: . . .+ ;. s il

s X
ro.

[

: j Al 3 8.2 Rotary Speclmen Rack o | _

A'40: :position rotary spec1men rack (RSR) is located in a-well in the top of the -
graph1te radial reflector.' A’rotation mechanism and housmg at the top of the

© reactor’ allows the’ spec1mens 'to be loaded into 1ndexed pos1t1ons ‘and also allows
rotation of samples for more uniform expostire across a set of ‘co=irradiated
samples. The RSR allows large-scale production of rad1o1sotopes and for'

- activation and irradiation of multiple mater1al samples w1th neutron and gamma

' -ray ﬂux dens1t1es of comparable 1ntens1ty : ‘

1.3.8.3 Pneumatic Specimen Tube

.A pneumat1c transfer system, perm1tt1ng appl1cat1ons with short l1ved
) ‘rad1o1sotopes rap1dly conveys a spec1men from the reactor core to a remote ,
receiver. The in-core term1nus is located at locat1on F-5 in the outer ring of fuel- '
element positions. '

o

1.4 Shared Facilities and Equipment

Electrical systems are serviced by the Reed College power grid, as described in Chapter
8, Electrical Power Systems. The facility has some uninterruptible power supplies (UPS)
to provide power for some instruments andﬂ following loss of

electricity, and the facility has emergency lighting. The facility has no other backup

Reed Research Reactor 1:10 o ~July 2010
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power capability, so if the campus looses electricity, the ventilation fans _cooling-pumps,
and other equipment would turn off. The dampers and valves fail as-is. The UPS will
allow detectlon of a1rborne rad1at10n area rad1at10n reactor pool level and reactor
power. - o

! . . e : R R A Lot " .
Building heating and ventilation systems use centralized campus supplies for steam
heating. A description of environmertal controls'is provided in Chapter 9, Auxiliary
Systems. Potable water is provided to a deep sink in the reactor bay, which discharges to
sewerage. Water and sewerage is addressed in Chapter 3, Design of Structures, System,
and Components, with controls on discharge to sewerage addressed in Chapter 11,
Radiation Protection and Waste Management.

Lot
L N .‘,I,V, :

1 S Comparlson w1th Slmllar Facrlltles ‘,‘,':'f’_.' ) ,g"‘, '.‘ﬁ ,J

Y . .- N i

The de31gn of the fuel for th\, RRR TRIGA® is s1m11ar to that for fuels ased in 70 reactors
in 24 nations [2]. Of the total number of reactors, 45 are curreiitly in operation:or under
constructlon w1th'22 rated for steady sta.e thelmal powers of 250kW or- greater

A * Fors VRN T S SR E PR PR

In the Un1ted States 26 TRIGA® reactors hav. been built,'with:19.curreatly. i operatlon

Maj or design parameters for the RRR TRIGA® are given in Table 1.1. Fuel for the RRR
is standard TRIGA® fuel having 8.5% of uranium, by ‘weight, enriched up to 20% in the
uranium-235 isotope. TRIGA® fuel is characterized by inherent safety, high-fission
product retention, and the demonstrated ability to w1thstand water quenchlng with no
adverse, reactlon from temperatures to 1 150°C The inherent safety of TRIGA reactors
has been demonstrated by extensive. experience acqulred from. 31m11ar TRJGA systems
throughout the wor]d ‘This safety arises from the large prompt negative, temperature
coefficient sthat 1s characterlstlc of uranium-zirconium hydride fuel-moderator elements
used in TRIGA® systems. As the fuel temperature increases, thls coefficient 1mmed1ately
compensates for reactivity insertions. This results in a mechanism whereby reactor power
excursions are limited and terminated quickly and safely.

The RRR is a standard Mark [ TRIGA® reactor tank. Operatlng issues
at other TRJGA® reactors are therefore applicable to the RRR; such as corrosion, leaks,

component wedr, etc. A unique characteristic of the RRR i that the reactor’ pool- :
AR . 1.1 cccs o v b pots ot

than the vertical central thimble. The RRR does not use fuel element followers on its
control rods.
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Tablel 1 Major

Design Parameters

Parameter. - ! o Value: P b T
Max steady-state thermal power 250 kW '
Maximum excess reactivity 128%AkKk
Number of control rods 3

Regulating rods 1

Shim rods . PR
Minimum shutdown margin 0.7 % Ak/k

- Integral fuel-moderator material U-ZtH 1 6.17 -1 -

Reactor cooling

Natural convection

Number fuel elements -

T 83 T T e i §

-, Uranium enrichment. , .. ... -, "

| .Up to 20% uranium- 235

Uranium content. .. i «. ;7 ;! [ 8.5%: e "

Shape C 11ndrlcal

Diameter  vuooiaziti o1 o R -

Cladding G O 51 cm (0.020 1n) 304 SS or Alummum
External moderator IR ITIR IR L1ght water Sl DR v
16 Summ_ary of ‘Op‘eitatigns RTINS

o

- The RRR facﬂlt} isa unique and valuable tool for a w1de varlety of research and '

educational applications for the Reed community and the greater Portland area. The_
reactor is normally operated for up to-a few hours each workday for educational purposes
" with longer runs as appropriate for experiments. The usual power level is 240 kW. The
average energy output per year is on average less than 50 MW-hours. According to the
analysis in this report, there are no limitations on operating schedule. The operating
history for a typical year is shown in Table 1.2.

Table 1.2 Operatmg Hlstory 2005 2006

" |'Parameter ' ' ¢ " Value
Times Critical 340
Days Operated 120

ITMW-hrs. . 42
Irradiation Requests 45

Reéed Research Reactor
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1.7 Compliance with Nuclear Waste Policy Act of 1982

Compliance with Section 302(b)(1)(B) of:the Nuclear Waste Policy Act of 1982 for
disposal of high-lével radioactive waste and spent nuclear fuel is effected through Fuel
Assistance Contract DE-ACO06- 76ER0206? between Reed College and the U.S.
Department of Energy [2]. The DOE retains title to the fuel and is oblrgated to take spent
fuel and/or h1gh-level waste for storage and reprocessmg ; . .

18 Facrllty Modlflcatlons and Hlstory

i } : P

Cr1t1cal1ty was ﬁrst achleved 1n-l968 BRI e -
R . rx‘/ w vl'l‘

All neutron 1nstrumentat1on has been replaced over. the course of 1998 2000 w1th new

meters from Sorrento nuclear instruments. Various other upgrades have been performed o

the major ones being summarized in tabular form (Table 1.3) to illustrate the-timeline.
C e, ! , .

_Table 1.3 Majo"r:'faclili:ty"Modlﬁcationsw' e

Year .| .0 il > Activity

1968 | Construction completed, fuel loaded initial criticality L

1994 | Replaced heat exchanger with plate-type system, and installed new secondary
pump and cooling tower to replace lake-based cooling

1995 | Added supplemental HV power to linear and log-n channels” '

1998 | Replaced linear channel display with new Sorrento NMP-1000 meter

2000 | Replaced.percent power and log-nmeters with' Sorrento NP- 1000 and NLW—lOOO

2001 | Upgraded facility security system 51 > .v .07

2003 ~Installed a Honeywell Mult1trend for data logglng to replace chart recorders

AN : J;:: [ LAV SRR o T

\ AR

1.9 References

1) NUREG-1282, “Safety Evaluat1on Report on Hrgh Uranium Content Low-
Enriched Uranium-Zirconium Hydride Fuels for TRIGA® Reactors ”U.S.
Nuclear Regulatory Commlss1on 1987 :

2) US Department of Energy Fuel Assrstance Contract DE ACO6 76ER02063

"
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2 SITE CHARACTERISTICS

This chapter describes the site characteristics of the Reed Research Reactor (RRR) on the
Reed College campus and their relation to the safety and operation of the reactor.

2.1 Geography and Demography
2.1.1 Site Location and Description

2.1.1.1 Specification and Location

The reactor is located on the campus of Reed College, in the City of Portland, in
Multnomah County, Qregon.: Portland is;a major city on the junction of the
Willamette and Columbia rivers, just across the border from the state of
Washington and 50 miles north-northwest of Salem, the state capital. The Reed
College campus is approximately 100 acres, and is located in the southeastern
section of Portland in the Eastmoreland neighborhood.

The RRR is located on the east side of the Reed campus. The reactor is south of
the Reed Lake, the nearest body of water. The location of the reactor site relative
to major highways and bodies of water can be seen in Figure 2.2.

The latitude and longitude of the RRR is In
Universal Transverse Mercator coordinates the site is a

2.1.1.2 Boundary and Zone Area Maps

Figures 2.1 and 2.2 illustrate the location of the RRR with respect to the State of
Oregon and the city of Portland. Figure 2.3 illustrates the location of the RRR
within the Reed College campus.
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gure 2.2 Portland and Surrouxidmg nghways, Streamé, Rlvers and Bodies of
Water. The facility location is indicated by the arrow
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1 Birchwood apartments
Theatrs annex, Rusd wareNouse

“ »

SEEDS, switchboard

aarden Houss {residence hally
Reaed College apanmgnu
Chinass Mouss (residence hall}
Parm Mous# (residence hafl)
Theatre

Schotz {residente hall}

10 Foster (residence hall)

11 MacNaughton {residence hall)

[0 TR T 3

" a2 prexy (music buitding)

13 Perket Houne

14 wWarzek Sports Canmter: dance studio,
fitness room, gymnasiums, mat room,
pool, racquethall courts, squash courts

15 Physical plant: facilities services

18 Ceorf Amphitheatre

GRAY CAMPUS CENTER (17-19)

17 Kaul Auditarium, Gray Center Lounge,
_conference and events planning office

18 Bookstare, commons dining room,
conlerence and private dining rooms,
convenience store, food service office,
mail services, student activities office,
student organizations offices

28 West: community safezy.', residence life,

15 Stadent unlon: judicial board, .-

Paradox Café, Sound Kollektiy,
student body offices

20 Anna Mann (residence hall)

21 O1d Darm Bloek {residence halls, W
to E): tadd, Abington, Kerr, Wastport,
Eastport, Doyle, Quincy, Winch
(Capehart)

22 Nafto Mall (residence hzll)

23 Suflivan Hell {residence hall)

24 Griffin, McKiniey, Woodbridge,
Chitliek (residence halls, W to E}

25 Bragdon Hail {residence hatl)

26 Hoeatth and counseling centaey

27 Enot Halk: chapel: classrooms;
faculty offices; offices of admission,
business, college relations,
contraller, dean of the faculty, dean
of student services, development,
financial aid, human resources,
institutional research, international
student programs, president, printing

" services, public affairs, registrar,

special programs, treasuger

28 Ellot Circle

29 Voltum Coflege Center: classrooms,
faculty offices, lecture hail, lounge

30 Willard House

' "REED COLLEGE |

3133 SE Weodstuck Blvd.Pertland, Oregon prred:8199
J i phtine 50317724342 M PasimNb Sus/ TP TPEY, ¢ ¢ g
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31 Mauser Memortai Lidrary: classraoms,
Doirglas F. Cooley Memorial At Gallery,
faculty offices, instructionat media center,
thesis tawey ,

32 t(nownm'l.pbbvmry of Physica:
classrooms, faculty offices, labs

33 Grifitn Memorial Biclogy Ladboratory:
classrooms, faculty offices, labs

34 Paradox Lost Café

33 Qreywood: alumni & parent relations,
campus inforination, career sexvices,
CRIS

36 Educationn Techinulogy Cemtor (ETC):
classropms, computing and infermatian
services, faculty muitimedia lab, Faculty
offizes, information resource centers
(IRLs), telacommunications

37 Scott Laboratory of Chemistry:
classrooms, facuity offices. fabs

38 Pasychology: classinoms, faculty offices,
labs

3% Woodstock language houses (residence
halls, W to E): Russian, German, french,
Spanish

40 Studlo art: cemamics studio, gallery

41 Johansen Mouse: faculty offices,
quantitative skills center, science centes,
writing centeg

42 Center for Advancod Compirtation

Figure 2.3 Reactor Facility Location within the Campus
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SITE CHARACTERISTIC

2.1.1.3 Population Distribution

Portland is a major metropolitan center of Oregon state, with a population of
approximately 540,000 in 2003, with a growth of 1.8% from 2000 to 2003. In the
2000 census, Portland had a population of 529,121. The city is situated in
Multnomah County, across the Columbia river from Vancouver, WA, which had
an approximate population of 150,000 in 2003 and a growth of 5.6% from 2000 to
2003. Table 2.1 summarizes population data from the 2000 census [1] for

- Portland and the surroundlng areas. A populatlon density map [2] for the Portland
: metropolltan replon is given in Figure 2.4. "~

Table 2.1 Popu'atlon dnd Location of Surroundmg Commun1t1es

City’ SN ;.,,f 'Dlrectlon from | Distance Population
Reed Campus (air miles)
Beaverton W 84 76,129
Camas, WA NE 13.4 12,534
Clackamas SE -~ 5.8 6,177
Gladstone SSE 7.1 © 111,438
Gresham E 9.8 90,205
Hillsboro WNW 17.7 70,186
-Lake Oswego S - 4.6 35,278~
‘Milwaukie SSE 2.4 20,490
Oregon Clty SSE ] 8.6 25,754 -
 Tigard 'SW . "1 7.7 41,223 -
“Tualatin SSW 93 22,791
Vancouver, WA | N .. 11.0 143,560
West Linn ¢ .. S , 1 | 8.0 22,261

The nearest permanent residences.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. Locations of campus buildings
are shown in Flgure 2 3. '

Reed Research Reactor 2-5
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SITE CHARACTERISTIC

2.2 Nearby Industrial, Transportation, & Militar
Facilities - | - :

- 2.2.1 Locations and Routes

Figure 2.5 shows nearby industrial and transportation facilities. The nearest railway to the
reactor site is approximately 0.5 miles (0.8 km) west of the reactor. The nearest rail yard
is approximately one mile (1.6 km) northwest of the reactor. There are no refineries,
mining facilities, or fuel storage facilities near the Reed campus. Water transportation
occurs on the Willamette River, located approximately one mile west of the campus.
Approximately 0.5 miles (0.8 km) northwest of campus is an industrial area where
multiple small manufacturing plants are located. None of the nearby manufacturing plants
produce materials that pose a reactor safety concern. There are no nearby military

facilities. L G

-
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Figure 2.5 Railways Near the Reed Campus
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222 Air Tr;f‘ﬁc '

The Portland International A1rport (PDX) is located approx1mately 10 m1les (16 km)
north-northwest of campus: PDX aircraft movements were pro;ected to be 369,00 per
year in 2006. The reactor is not located within the ttajectory of any of the airport’s

runways.

2.2.3. ‘Analysis _of Potential Accide_n_ts

(SRS

PEA

i
)

oy e s o,
) i e o0 0n

There are.no nearby 1ndustr1al transportat1on or. mater1al fac1l1t1es that could experlence
acc1dents affect1ng the: safety of the. nuclear reactor o : it

2.3 Meteorol

} R

TS

T TN

Dortland is- located in the W1llamette Valley, wh1ch in turn‘is located between the

Cascade Mountain range and the Coastal Mountain range. The climate is characterized by
cool, wet winters, and warm, dry summers. The region does not exper1ence a 51gn1ﬁcant B
amount of snowfall Or Severe. weather S

: :;r’ ' !,"l‘. :
i

231 General ﬁlha AL"o}ca;l Climate’

B
H .

2.3.1.l -Mointh'ly Temperatures |

4

Monthly temperature: values. for the Portland area are shown in Table 2.2. [3]
Values are taken from 1971 to 2000. Monthly averages-and:daily extremes are-
* given for’ each month. The:normal m1n1mum daily temperature €xtreme i$ 34. 2°F
' '1n January and the normal max1mum da1ly température extreme is 79. 7°F
occurring 'in August. Extreme temperatures have ranged from 8°F to 107°F inthe -

L sample period.

Sy
i i

‘Table 2.2"Monthly Temperatures

Safety Analysis Report

Monthly Normals, °F Daily Extremes, °F

Month | Maximum | Minimum | Mean | Maximum| Minimum

» Jan 1456 34.2 1399 |63 12
Feb . 503 ... .[359 43.1 |71 19
Mar 55.7.; .. .]386. 472 .77 19,
Apr | 60.5 41.9 512 |90 . |30 .
May 66.7 47.5 57.1 100 35
Jun 72.7 52.6 62.7 100 41
Jul 79.3 56.9 68.1 104 45
Aug 79.7 57.3 68.5 | 107 44

Reed Research Reactor 2-8 e July 2010
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Sep 74.6 52.5 636 |105 . |37

Oct 633 45.2 543 |92 26

Nov  |51.8 398 1458 |73 |13

Dec  |454 °~ [35.0 402 |65 8 =

“Annual |62.1-° [448 ]335 107 |8
2.3.1.2 Precipitation

Precipitation values, also taken from 1971 to 2000, are shown in Table 2.3. [4]"
The normal annual precipitation, calculated over the years 1971 to 2000, for the

.. -Portland.area is 37.07 inches: The range of total annual precipitation:is, however,

., for 1961-1.990.

Table 2.3 Morithly Rainfall in Iﬁchés" T L

considerable. A low of 26.11 inches was recorded in Portland.in 1929 and a high «
of 67.24 inches was recorded in 1882. More than three-fourths of the annual
precipitation falls during the six-month period October, through March In the ..
Portland area, July and August are the driest months, with aver. ages less than I
inch per month. November, December, and January constitute the wettest period
with around 5 inches per.month: Table 2 4 [5] summarizes solid. premplta‘uon ‘data

Jan | Feb |Mar | Apr | May |Jun |Jul | Aug | Sep | Oct | Nov | Dec | Annual

Mean 5.0714.18 13.71|2.64 238 | 1.59|0.7210.93 | 1.65./2.88 | 5.61 | 5.71 | 37.07
gfﬁfme 2.33[2.16 | 1.54 | 1.25 [ 1.45 | 1.46 | 1.06 | 1.47 | 2.03 | 2.44 | 2.69 | 2.08 | 2.69

Table 2.4 Monthly Solid Precipitation (Snow, Ice Pellets Ha11) in Inches.
T denotes a trace amount.was measured TS . NI R R

© | Jan | Feb | Mar | Apr|{ May | Jun:. «Jul'. Aug | Sep | Oct | Nov | Dec | Annual

Max. 41413212907 " [06 |T. 10017 |1 |02|82. 157|414
Monthly R O R

g:“hfme 10664 |77 |T |os [T {oo|T |T [02774 |80 |106

23.13 Wmd Stablllty

i

e

Wlnd rose data are avallable for the Portland Internatlonal Alrport weather station
(station. ID 24229, operated by the National Weather Service). Annual average

data from this station is presented in the wind rose in Flgure 2 6. [3] Data are

taken from 1961 to 1990

Reed Research Reactor
Safety Analysis Report
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2.3.1.4 Humidity

Values for average relative humidity are given in Table 2.5. Data are from the
National Climatic Data Center. [4] Humidity data are given for morning (M)
values, measured at 4 A.M. local time, and for afternoon (A) values, measured at
4 P.M. local time.

Table 2.5 Relative Humidity

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual

85 |84 |85 |8 |85 |8 |81 |8 |8 [8 |88 [8 |85

A
M

75 166 |59 [55 |53 |49 |44 |44 |48 |62 [74 |78 |59

2.3.1.5 Severe Weather Phenomena

Tornadoes are infrequent in the Wlllamette Valley. Most of the Willameite Valley
tornadoes are classified as FO on the Fujlta scale, with wind speeds reaching 72
mph. Two significant tornadoes in the Portland area are described here. An F2
tornado (wind speeds of 113 to 157 rnph) occurred on December 8, 1993 near
Newberg, Oregon'in’ Washlngton County. Damage was not extensive. On.April 5,
1972, an F3 tornado (wind speeds of 158 to 206 mph) struck Portland and
Vancouver, Washington. The tornado covered about nine miles, injuring 300
people and killing six. This tornado was the most devastating in Oregon’s
recorded weather history, which dates to 1871. [5]

Snowstorms are infrequent in the Portland area. Freezing rain and ice storms are
more common, due to effects of air flow through the Columbia River Gorge.
While ice storms are more common in the Gorge to the east of Portland, they can
affect the eastside and even downtown Portland. Ice storms in the Portland area
typically cause power outages and road closures,-neither of which are threatening
to reactor safety. The dates of the most recent significant ice storms are
summarized: December 28 to January 6 2004; January 16-18 1996; February. 2-4
1996; December 26-30 1996; January 6-7 1991; January 5 1986; January 9-10 -
1979, January 9-10 1978; January 11-12 1973; and February 4- 6 1972. [3] None
have caused damage to the Reactor bulldlng

Reed Research Reactor 2-10 C < " July 2010 '
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2.3.2 Site Meteorology

Currently, monthly wind rose data are readily available from the National Water and
Climate Center division of the Natural Resources Conservation Service of the United
States Department of Agriculture (USDA). Meteorological information is not recorded
on-site; however, the National Weather Service has multiple meteorological measuring
stations in the Portland area, data from which is accessible to the public.

24 Hydrology

The nearest waterway to the reactor site-is Crystal Springs Creek, located at the bottom
of the ravine to the north of the reactor site. It-flows westward through the campus, then
south through the municipal golf course and pait of Sellwood; and in the southern part of
Sellwood it joins Johnson Creek which flows southward to join the Willamette River at
Milwaukie. Crystal Springs Creek is fed by springs that issue from near the base of a
terrace scarp where the regional water table is intercepted by the land surface. Most of the
water is credited to ground water discharge. The water level of the lake stays nearly
constant year-round, as the springs are self-regulating. It has been estimated that the total
annual runoff of Crystal Spring Creek is in the neighborhood of 4,000 acre feet per year.
The reactor site is on the bank of the ravine above Crystal Springs creek, and not at a
high risk of being flooded by the spring-fed creek. [6]

Tsunamis are not a significant hazard to Portland,. as the c1ty is over 50 miles (80 km)
from the Pacific coast. The reacior site is not located near ‘any 51gn1ﬁcant dams. The 100-
year flood plain for waterways near the reactor 1s shown in Flgure 2.6. [7]

LRI T
B PR
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foregoing geologlc units'are summarized in'the strat1graph1c column below (Table 2.6),
after Allen (l 932): :

P

. Table 2.6.Stratigraphic Column, Portland Area

Age Thickness of Unit
(Feet)
Recent . iAlluvium, sand'andsilt - - =~ - - 1 " 0-50
Pleistocene - - . T - . T o
I ‘ ' Alluvium, sand and silt -~ - .. ¢ oo < .0-100
.Lacustrine. deposits, gravel, sand - . e 0-150
. . Loess, windblownsilt . .- -, ol 0-60
Pl1ocene or Boring lavas, basalt S £ 0-800 -
Pleistocene
|_Pliocene . Troutdale conglomerate, sandstone. . . ..0-1000
Miocene .. . Columbia River basalt - | . 0-2000

Most of the East Portland area 1s underla1n by bedrock of the Troutdale formatlon Th1s AA
mater1al also makes up much of Mt. Tabor Kelly Butte and other hills in the. East '
Portland area. Boring lavas are the most important unit at Rocky Butte, but they compose
only small portions of Mt. Tabor and Kelly Butte.

One of the most important geologic features in East Portland is a series of terraces which
were cut by.the Willamette and Columbia Rivers on Pleistocene lake silts and gravels. :,
These terraces occur at elevat1ons of approx1mately lOO feet (30 m) 200 feet (60 m), and ;
275 feet (83 m) The unconsol1dated deposits of gravel,,sand and silt comprise sediments
hundreds of feet thick. Recent sand and silt in, the W1llamette and Columbia River valleys:
rarely rise hlgher than the 50.foot (15. m) elevat1on T

From the. structural pomt of view, the Portland area is relat1vely s1mple Broad folds w1th

the Portland West Hills' anticline. The W1llamette syncllne lies to the east of thls

No major faults are known to ex1st in the Portland area M1nor faults w1th small
displacements may cut Columbia River basalt in: West Portland. ' Deformations that
produced the anticlines and synclines in the' lavas and overlaymg Troutdale beds must
have ceased before the extrusion of the- Borlng lavas, because the latter are not deformed.
The top of the Columbia River basalt i in East Portland is at a depth of 1000 feet (305 m)
below sea level. [6] St

252 Site Geology

1 . . - s

The Reed College campus ls on a stream-carved terrace The reactor site slopes gently to
the north from an elevation of approximately 145 feet (44 m): The campus is situated on

the unconsolidated deposits of the 'Willamette basin. The depth to bedrock is unknown

Reed Research Reactor 2-14 ' July 2010
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In July of 1966, Shannon and Wilson, Foundation Engineers, made a boring to a depth of
47 feet (14.3 m) at the reactor site, north of the existing psychology building. The log of
this boring indicates that the subsurface materials at the reactor site are sand and silt, the
one admixed with the other in most horizons: This sand and silt section represents lake or

fluvial deposrtron [6]

The Portland Hills fault is located west of the reactor site, along the eastem margin of the
Portland Hills west of the city. Investigations in 1993 did not reveal any evidence of fault
- activity in the Holoczne or late Pleistocene activity. The fault is approximately 40 km (25
miles) long: The slip rates of the Portland Hills fault are considered to be 0.05 mm (0.002
 inches) per year to 0.2 mm (0.008 inches) per year whrch are. comparable to other
" potentially active faults in the region. [9] ‘ . '

The Lackamas Creek fault is located east of the reactor site; along the eastern margin of

the Portland Basin, near Lackamas Creek. No.evidence of activity of this fault in the

Holocene era has been observed. The fault is approximately 10 km (6 miles) long. Sllp .
rates assrgned to the fault by the Geomatruf analy51s are; O 05 mm (0 002 1nches) per year

to 0. 2 mm’ (0 008 1ncnes) per year [9]

253 Seismicity
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In the past 150 years, there have been three 51gn1ﬁcant earthquakes with epreenfer neéar’
Portland: (1) the magnrtude 5.4 earthquake in 1877; (2) 'the magnitude 575 earthquake in
1962; and (3) the magnitude 55 earthquake in 1993, Hrstorrcally, earthquakes occurring
in the Puget Sound region have also caused minor damage in Portland. Table 2. 7 o

summarizes historic earthquakes that have occurred'in the Portland area. 10}

Frgure 2.7 shows the epicenters of earthquakes recorded from 1841 to 2002. Many of
these are small magnrtude (< 3 0) earthquakes and not hrstorrc events [1 l]

Table 2. 7 Hlstorlc Earthquakes Near Portland, OR

" |” Approx. Location Magmtude
Oct 12,1877 | 'Portland, OR 54
" Feb4,1892 | Portland, OR 56 .
Jul 19, 1930 " Salem, OR . 5.0
‘Dec 29, 1941 Portland, OR 5.0
Apr 13, 1949 Olympia, WA 7.1
Dec 16, 1953 Portland, OR 5.0
Nov 17, 1957 Tillamook, OR 5.0
Sep 16-17, 1961 | Mt. St. Helens, WA | 4.8,4.0,5.1
e oo Nov 5, 1962 * Portland, OR.. : | .. 5.5
<t Mar7,1963 ~Salem, OR. - . 46
o[ Oet 1, 1964 " Portland, OR’ 40
- May 28,1981 " | Goat Rocks, WA' |’

46,50 -]

Reed Research Reactor
Safety Analysis Report

2415

o July 2010,






SITE CHARACTERISTIC

255 Vibratory Ground Motion Lo

Figures 2.8, 2.9, and 2. 10 depict ground shakmg at the ground surface in the Portland
metropolitan area. They incorporate the site- -Tesponse. effects of soils, unconsolidated
sediments, and shallow rock. The probabilistic maps, Figures 2.8 and 2.9, are for a
moment magnitude (MW) 9.0 earthquake along the megathrust of the Cascadia
subduction zone. They are for the two return perlods of building code relevance, 500 and
2,500 years. Figure 2.10 depicts a hypothetical MW 6.8 event on the Portland Hills fault.
The maps were prepared by the State of Oregon, Department of Geology and Mineral
Industries. A Cornell-McGuire hazard analy51s was used to calculate the probabilistic
ground motions. [12]

Figure 2.8 is a map of the probabilistic peak horizontal acceleration at ground surface in
the Portland, Oregon area in the 500 year return period. The Reed campus is located in a
region of peak acceleration estimated at 0.25 to 0.30 times the acceleration of gravity.
The acceleration of gravity is a constant 980 cm/sec/sec; hence 0.25 g corresponds to an
acceleration of 245 cm/sec/sec. Figure 2.9 is a map of the probabilistic peak horizontal
acceleration at ground surface in the Portland, Oregon area in the 2,500 year return
period. Here the Reed campus is located in an area where the peak acceleration at ground
surface is estimated to be 0.5 to 0.6 g, or 490 to 588 cm/sec/sec. [12]

Figure 2.10 estimates the peak horizontal acceleration at the ground surface fora

magnitude 6.8 earthquake emanating from the Portland Hills fault The Reed campus is
located in a region estimaied at 0.6 to 0.7 g. [12]~ '~ ' (
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2.5.6 Surface Faulting

The Reed campus lies to the east uf the Portland Hills fault. Earthquakes occurring near
the fault are mapped in Figure 2.7. Notable earthquakes occurring near the fault are
summarized in Table 2.6.

2.5.7 Liquefaction Potential

As discussed in 2.4.2, the subsurface materials at the reactor site are sand and silt, the one
admixed with the other in most horizons. This sand and silt section represents lake or
fluvial deposition. The water table in the test boring was observed to stand at a depth of
46 feet (14 m). [6] '

The Natural Resources:Conservation Service classifies the soil at the reactor site as a
Latourell complex, which is characterized as being a well drained loam, with its parent
material 'bemg medium textured alluvium. A typical profile of the soil reveals it to be
loam for 0 to 56 inches (0 to 1.4 m) fromthe surface, and from 56 to 66 inches (1.4 to 1 7
m) a very gravelly sandy loam. [13]

Liquefaction occurs when soils are saturated w1th water. Since the soil at the’ reactor site
is well drained loam, liquefaction has a low potential for occurrence.
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3 DESIGN OF STRUCTURES, SYSTEMS, &
COMPONENTS

This chapter describes the principal architectural and engineering design criteria for the
structures, systems, and components that are required to ensure reactor facility safety and
protection of the public.

3.1 Design Criteria

The Reed Research Reactor (RRR) is sited on the campus of Reed College in Portland,
Oregon. It is located in a building constructed for that purpose and the
Psychology Building. 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. All building modifications and equipment additions were
in conformance with Oregon and Portland building codes in existence at the time, to meet
fire, safety, seismic, and flood requirements. The contract architect for installation was
Farnham & Peck.

The basic design goal of a TRIGA® reactor is integrity of the fuel by cladding that will
act as a physical containment system for fission products. Fuel design prevents the
release of radioactive fission products during routine reactor operation and potential
accident conditions. The prompt negative temperature coefficient of reactivity of
TRIGA® fuel is the basic parameter that allows safe usage of the fuel, as it results in a
temperature-dependent decrease in the number of absorptions of neutrons by uranium-
235, producing a feedback that places a physical limitation on fuel temperature below
danger levels. Limits on the amount of fuel loaded in the core (i.e., reactivity) establish a
maximum steady state power level, which limits the maximum fuel temperature, the
major constraint on safe operation of TRIGA® fuel. Fuel design is detailed in Chapter 4,
Reactor Description. -

Accident analyses presented in Chapter 13 show that under credible accident conditions,
the limit on the temperature of the reactor fuel will not be exceeded. Consequently, there
would be no fission product release that would exceed 10 CFR Part 20 allowable
radiation levels.

The reactor control system maintains safe shutdown conditions. Since operational limits
prevent achieving conditions that could lead to fuel element failure, control system
response speed is not significant to protection of fuel integrity. System design is
discussed in Chapter 4, Reactor Description and Chapter 7, Instrumentation and Control
Systems.
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Building and striicture design:for meteorological, hydrolog1ca1 and selsmlc effects are
discussed in the following sectlons L

st

3.2 Meteorological,Dan'iagéi} oL

facility has endured approximately forty years of local Weather conditions with no
: meteorological damage. Hurricanes, tsunamis, and seiches do not occur in the Portland. .. .
area. i . - LS S P A bastioa o P i : . : TN P
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established for the RRR “ - 5

3.3 Water' Damage ’:::s"él;;;:-; X B s .; oo v i
As discussed in Chapter 2 the ﬂood pla1n of the local r1vers does not come near the .
‘reactor site. The reactor building is designed for ant1c1pated rain or snow loads. However,
even if flooding occurred, core safety would not be an issue, smce the.core.is located in a
water pool. Water may damage electrical gomponents by caysing,electrical shorts anda
loss of power. Loss of power to electrlcal systems is addressed in Chapter 13, ,

3.4 Seismic Damage

No faults are known to exist near the RRR site. Howevér, ~folIoévi‘ng the ‘practice of
Portland architects the construction of the building and reactor pit were designed to resist
‘lateral forces of Zone II as specified in the, Uniform Building Code when the reactor was
installed. This ensures that the reactor,can be returned to operation without structural
repairs following an earthquake hkely to occur during. the lifetime of the plant. Failure of.
the reactor, tank and loss of the coolant.in the event of a very large earthquake has been
considered in Chapter 13, Acc1dent Analy51s, and the consequences found acceptable for
‘the standpoint of pubhc safety - : s - :

ety

35 Systems and Components

iThe,reactor- facility design uses a defense-in-depth concept to reduce and control the ..
potential for exposure to radioactive material generated during reactor operation. Fuel
‘cladding is the principal barrier to the release of radioactive fission products. Shielding is

Reed Research Reactor 3-2 o July 2010
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provided (including reactor pool water) to control potential personnel exposures to
radiation associated with reactor during operation or activated material.. The control rods
assure that safe shutdown conditions are maintained when reactor operation is not
required. If radioactive material releases associated with reactor operations occur, a
controlled ventilation system minimizes exposure to réactor personnel and the‘public.

Cladding integrity is ensured by the fuel system (fuel rod and core design). Fuel cladding
surrounding 1nd1v1dual fuel elements is the primary barr1er to the release of radioactive
fission products The fuel system ma1nta1ns cladding 1ntegr1ty through establlshed l1m1ts
on react1v1ty and power such that claddlng 1ntegr1ty will not be challenged .
Shutdown reactor ¢dnditions are initiated 3nd miaintairied by the control rod scrain o
system. Automatic scrams are provided for high power indication on the core neutron =~
detectors. A manual scram is available to the operator at any time. S1nce inherent '
shutdown mechamsms of the TRIGA® prevent unsafe excurs1ons the TRIGA® system
does not rely on speed of control as paramount to the safety of the reactor The control
system ensures maintenance of reacfor shutdown cond1t1ons as well as control of power
level during operation.

Interlocks are provided to limit reactivity insertion. One interlock will prevent ‘control. rod
withdrawal unless there is a neutron-induced signal on one of the nuclear instruments.
' The other 1nterlock prevent 51multaneous manually w1thdrawal of more than one control
rod. A

1 " .. ¥ .
P R S PR A [EC T A A o

Although‘ there-are no requited-engineered safety featlres for this' reactor due to low
operating power and good fission product réteiation iri ‘the fuel, 4 controlled ventilation =
system maintains a negative air pressure in the bay to réduce the consequences of
airborne radiological release. The ventilation system is described in Chapter 9, Aux111ary
Systems. = -

3.6 Control Rod Scram System

[

The RRR operatmg at up to 250 kW thermal power, is des1gned to be operated with three
standard control rods. The control rods are nominally 1 .25 inches (3.18'cm) outside -
diameter; 20 inches (50 8 cm) long, anid are clad' with 30 mil (0.076 cm) stainless steel or *
aluminum. The control rod material is eithetr boron carbide or borated’ graphite. During K
opération, the rods ate held in.place by electromagnets, and are withdrawr or inserted by
motor-driven gear mechanisms. Upon a scram signal, power to the electromagnets is
1nterrupted and the control rods descend by gravity into the core. The rods have a
maximum drop time of 1 second from fully withdrawn to Jfuily inserted.positions. In the
event of a loss of electrical power, the electromagnets will deenerglze and drop the 1
control rods into the core, which is the safe condition. Details of the control rod scram
system.are addressed in Chapter'4, Reactor Description, and Chapter 7; Instrumentation - -
and Control. ST e ST e S A

1 I
H A
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S REACTOR COOLANT SYSTEMS

The Reed Research Reactor (RRR) is located at the bottom of an -25 foot (7.6
m) deep open-top aluminum pool, which holds 25,000 gallons (95,000 L) of shielding
and cooling water. Due to the small size and low power of the RRR, the primary coolant
system is not a necessary safety system of the facility, but is used for maintaining
efficient operations. The water in the tank is used to moderate the reactor, to cool the fuel
rods during operation, and to shield the reactor room from radiation. In the unlikely event
that the pool was emptied, design analysis of TRIGA® fuel shows that it may be cooled
by natural convection in air without risk of fuel failure.

5.1 Summary Description

)

The primary cooling system serves the 'folloWing' ﬁ\;é'majéf;functions:

1. Provides a means of dissipating heat generated in the reactor;

2. Reduces radioactivity in the water by removing nearly all particulate and soluble
impurities; - '

3. Maintains low conductivity in the water in order to minimize corrosion of reactor
components, especially the fuel elements;

4. Maintains the optical clarity of the primary water; and

5. Shields reactor bay from radiation generated in the core.

Figure 5.1 shows the primary cooling system and Figure 5.2 shows the secondary cooling
system.

The primary system contains purified water and is open to the atmosphere. The reactor
core is cooled by natural convection alone. To assist in temperature control during
extended operation, bulk heat is transferred by forced convection across a heat exchanger
to the secondary cooling system. The secondary cooling system then transfers the heat to
the environment via a cooling tower, using service water treated with caustic and
algaecide to prevent corrosion and biological growth. This cooling system combination is
designed to remove 250 kW of heat, thus is adequate for both normal operation and
shutdown cooling. Makeup for both water systems comes from the municipal water
system, though water entering the primary system passes through a preliminary filter
before entering the pool.

Water level is normally kept approximately 8.7 inches (22 cm) below the top of the
reactor tank. To prevent a malfunction in the primary system from draining the pool, the
primary inlet is approximately 28 inches (71 cm) below water level, and there is a siphon
break in the return pipe 40 inches (102 cm) below water level. A pool level meter
activates an alarm if water level is above or below normal.

Reed Research Reactor 5-1 July 2010
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CHAPTER 5' -

5.2 Primary Coolant System

Principal functional requirements of the primary coolant system are to transfer heat from
the reactor core out of the facility by way of the secondary cooling system and to'provide’
radiation shielding directly above the reactor core. Primary bulk water is kept below 55°C
in order to prevent damage to the demineralizer. At temperatures above this level, the -
resin may break down and be dispersed in the reactor pool, threatening corrosion of

. reactor systems. In order to monitor temperature, a thermocouple in the pool reads out in

" the control room and alarms at 40°C. The radiation shielding requirement is fulfilled-by : -
keeping at least 16 feet (4.9 m) of water. d1rectly above the reactor-core. Th1s isa pool
level of approx1mately 20. feet (6 m) S '

: St e c N Lo )
 The system cons1sts pr1nc1pally of a‘pump, heat exchanger ﬁber cartrldge ﬁlter m1xed- :
" bed type demineralizer, and flow meter connected by suitable aluminum piping and .

- valving; as. shown in:Figure:5.1.:The primary system has two suction inlets in the. reactor, -
* pool; one large intake pipe located 28 inches(71: cm) below:the pool surface, and a: ...

- skimmer that collects foreign. part1cles ﬂoatmg on the pool surface. sty

Lt R FETIPER P VIS S ST P E i TV £

‘ 5 2 1 Sl(llmmel' el o ,,, FR "':éln.' Voo ! _ o

- o ~'~"_~‘"f: a AN R

. . . ' Lot ;';:',‘5 Tty Ty ERANREE : R K
A surface skimmer (Figure 5.1) collects foreign part1cles that float on the surface of the
reactor-tank water. The skimmer is connected to the mam water suction line by p1p1ng

and a valve. A N 5 et x e :

The skimmer is a plastic cylmder that contains a basket in its upper end. Water at the

. surface of the tark flows over the top of the floating’ cyl1nder so that large floating !
fore1gn part1cles are deposrted in the basket Part1cles sthall énough to pass through the
basKet screen are collected in the ﬁlter cartrldges located downstream in'the pur1ﬁcat1on
“loop. - '

5.2.2_ Pump»z

. < .. B i
RN | se 8 - b

The water system pump is a centrifugal-type with a stainless steel’ body and: 1mpeller The
pump is driven by a d1rectly coupled 1nduct10n motor y

IR

5'2'3':-'He-'at EXChanger, R

From the primary pump; the ‘water flow enters a plate -type heat exchanger that acts to
transfer heat from the primary to th¢ secondary coolant. The two‘coolants are separated-
by thin metal platés to maximize surface area for heat transfer. A temperature gauge and
a pressure gauge are located at‘éach-inlet and outlet of the heat exchanger (prithary inlet,
primary outlet, secondary inlet, secondary outlet) and butterfly valves allow isolation of

Reéd Research Reactor 5-4 R July 2010
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inlet and outlet of each coolant system in case of heat exchanger damage to prevent
mixing of coolant water.

The heat exchanger was installed in 2009. It is a plate-, type heat exchanger rated for 500 -
kW at 250°F,; (120°C) and 150 psi. (1 MPa) L

5.3 Secondary Coolmg System |

S AR St : ; o
- The secondary COOlng system cuculates water from the h=at exchanger through the . .-

' cooling tower.: The secondary cooling system is. designed-te remove at least 250 kW of, :
" heat so as to sustain continuous operation at full power. The water utilized in the. -
secondary system is normal municipal water that has been treated with caustic and
algaecide to minimize corrosion and biological growth, respectively::The: systemi onsists
of a centrifugal pump, the heat exchanger, and the cooling'tower, as well'as an automatic*
caustic addition system ar.d an algaecide feed loop.i The algaecide loop: consists of a feed
pot to which algazcidé is added on a regular basis. The ccoling tower is located on'the:.
outside of the facility. The heat exchangerand sezondary pump:are locatzd inside the"
reactor bay room, and the algaecide loop and the caustic reservoir are located in the
mechanical room. Water is added to the cooling tower automatically by-a fleat-operated
valve, and overflow is drained into the sanitary sewer. To prevent freezing in winter the
secondary can be manually drained to the sewer. o

o . R PR P S S

l:( ) ‘4..3.."

54 Prlmary Coolant Cleanup System P

The pr1mary coolant cleanup system ma1nta1ns reactor pool water conduct1v1ty below 2
m1croSe1mens/cm by means of a filter and a mlxed bed demineralizer to 11m1t corrosion
of the reactor. tank and the primary system. The ‘mixed bed demineralizer tends to keep o
the water pH neutral, but this is not measured. This limit has been shown through 40 .
years of experience to adequately limit the corrosion.

After the primary coolant passes through the heat exchanger, approximately 20 gallons
per minute (88 liters per minute) are piped through the cleanup loop before returning to
the main.coolant ﬂow loop. i e e e e
The filter removes insoluble particulate matter from the reactor water system. It uses
replaceable fiber cartridges (i.e., the cartridges are removed from the filter vessel and
replaced when they become clogged, rather than being back-flushied:-and reused). Three
filter cartridges of 25-micron ratings are available for the filter vessel. In addition to
improving the optical clarity of the water in the reactor tank, the removal of solid .
particles from the water by the filter extends the operating life of the demineralizer resin...
The filter. will become slightly radioactive;in use and will be disposed of in accordance | |
with Chapter 11, Radiation Protection and Waste Management. .. ., ... .. |

Reed ResearchReactor - . 5:5_ - . July201()
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Two pressure gauges are provided in the filter line, one before the filter and one after the
filter. These gauges can be used'to measure the pressure drop across the filter as an ‘did in

~ determining the extent of filter clogging.

The prime function of a demineralizer is to maintain the conductivity of the water at a
sufficiently low level to prevent corrosion of the reactor components exposed to the
water, particularly the fuel elements A dem1nerahzer performs thls functlon by remov1ng

soluble 1mpur1t1es from the water S P
{

The demlnerahzer is.a m1xed bed type that removes both pos1t1ve and negatlve ions from
the circulating water. The positive ions are replaced byihydroxyl (OH):ons and the
negative ions by hydrogen (H) ions; The OH-and H ions combine to form: water.
Consequently, any contaminants in the water are concentrated.on the resin -and replaced -

" by pure water. Any radioactive ions in the water are therefore absorbed and concentrated
* in the resin bed. In.normal:use; a demineralizer will become slightly radioactive and will ’
. be disposed of in accordance with Chapter.11; Radiation Protection and Waste: + - »

- Management. Historically the ddse rate ati30.cmifrom the demineralizers after continuous
. at full power operation is less than 100 mrem per hour, which is consistent with the *

. ALARA program. Historically the annual shipment or spent resin and filters average 110
" cubic feet, whlch is cons1stent w1th the ALARA program Lo S © o

i
v e

. Each demlnerahzer unit contains 3 ft (85 L) of an intimate mixture of anion resin and
" cation resin. , [V T : :

There are two conductivity probes in the water system. One, located upstream from the

" demineralizer, measures the conductivity of the water leaving the fedctor tank. The other,
* located downstream from the demineralizer, measures the conductivity of the water as it

leaves the demineralizer and thus indicates whether the demmerahzer is operatmg
properly or whether the resin has become depleted.

' Connections to the demineralizer are made with V1ctau11c snap type couphngs These

couplings effect a seal by means of specially- grooved pipe ‘fiipples, a neoprene -rubber

'gasket, and a toggle type couplmg The couphngs may be eas1ly d1sconnected by opening

the toggle joint.

i

The flowmeter is mounted downstream from the demineralizer.

To establish proper flow through the water-purification loop, a stainless steel orifice
assembly is installed in the piping from the heat exchanger.

5.5 Primary Coolant Makeup Water System

Makeup water for the primary system is provided by the municipal water supply. It is
normally passed through a particulate filter and a carbon filter unit before entering the
pool in order to extend the cleanup loop replaceable part lifetimes.

Reed Research Reactor 5-6 S July 2010
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The amount of water added through the make up system is recorded weekly to detect
increases in the make up rate wh1ch m1ght indicate leaks from the primary system or the
reactor tank. :

56 Nrtrogen 16 Control System

The prrmary coohng system returns water to the pool through a diffuser nozzle Thls

- 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 7:1-seconds, more than enough time to'decay before

. reaching the surface.. As a result, radiation levels in-the reactor bay room remain low, =

" even durmg perlods of extended operatlon vt et

R TR P S

. H1storlcally the r‘oncentra ion of N- 16 at the sne boundary has averaged 1 X 10 uCi/mlf,?
which would produce a dose to a member'of the public atithe site boundary of . - -:r1. +  ~
i approximately 0.5 mrem per year, well in:compliance with the regulations and. the /
ALARAprogram e i e D e B o e e SN

- . . . ,l..-A-,',n,,,,-
EST L IS T ) . B, 1 §

5 7 Auxrllary Systems usmg Prlmary Coolant

AR RS A foL i L N i i Ty RS L

There are no auxiliary system which use primary coolant.
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6 ENGINEERED SAFETY FEATURES

The Reed Research Reactor does not require or have any Engineered Safety Features.
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7 INSTRUMENTATION AND CONTROL
SYSTEMS

7.1 Summary Descriptidn

The reactor is operated from a console located in the control room, at which the operator
has a clear view into the reactor bay through large windows, and has all instrumentation
necessary to monitor reactor operation and radiation safety close at hand. Instrumentation
is either mounted on the console, near at hand,.or in the reactor bay with readout clearly
visible through the window.

The console allows operation of the.reactor.with interlocks preventing rapid reactivity
insertion. The console allows for automatic rod control, which modulates the movement
of the least reactive control rod to keep power within a certain percentage of the currently
selected linear range. The reactor instrumentation is all solid-state circuitry.

7.2 Design of Instrumentation and Control System

7.2.1 Design Criteria

The instrumentation and control system is designed to provide:

Complete information on the status of the reactor and reactor-related systems;
A means for manually withdrawing and inserting control rods;

Automatic scrams in response to excessive power levels;

Manual scram capability in case of emergency; and

Monitoring of radiation and airborne radioactivity levels.

N

Additional parameters not necessary for the reactor protection system are also monitored
and displayed. ‘

7.2.2 Design-Basis Requirements

The primary design basis for the Reed Research Reactor (RRR) is the safety limit on
reactor power, designed to keep reactor fuel below a safe operating temperature. To
prevent exceeding the safety limit, automatic scrams are provided for high power
conditions, although none are required for reactor safety and none are taken credit for in
this SAR. Interlocks limit the magnitude of reactivity insertions.

Reed Research Reactor 7-1 January 2008
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7.2.3 System Description

Reactor power is measured by three neutron detectors: a fission chamber, a comﬁensated
ion chamber, and an uncompensated ion chamber. The signal from the fission chamber is
used by the wide range logarithmic channel. The compensated.ion chamber is used by the
multi-range linear channel.. The uncompensated ion chamber. runs a, full-scale percent-
power channel. A schematic is presented in Figure 7.1.
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Figure 7.1 Instrumentation and Control

- 1. 2 3.1 Fission:Chamber . A : Lo

- The ﬁssmn chamber (called the Logar1thm1c Channel or the Log Channel)
provides a continuous indication..from. 10E-8 to 100% power. It,is lined with
highly enriched uranium-235 and operates in the proportional region of the gas
filled detector curve. Neutrons from the core interact with the uranium-235 lining
to produce fission fragments, which .ionize the fill - gas: Gammas from the core
(and background) ionize.the gas in both chambers. At powers below 0.1% of full

. power the circuitry distinguishes-the. neutron induced . fission fragments from

- gammas by means of :a; pulse height discriminator.:At low powers most of the
-.gammas. come from -the ‘decay of . fission products in.the core, which is not
indicative of reactor power. The signal is displayed as a percentage of full power.
There is no count per second display. At powers above 0.1% the circuitry changes
to display current signal like an ion chamber. At high powers there is no

Reed Research Reactor 7-2 ' -~ January 2008
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discrimination for gammas since the gamma signal is: much smaller than the
neutron signal, and .the gammas are mostly coming from fission, which is
proportional to power. The Log Channel also displays the reactor period.

" The only safety related feature of the Log Channel is the Source interlock, which
ensures that rods cannot be withdrawn if there is no fieutron-induced signal. Once
the reactor is above 5 watts the Log Channel is no longer needed.

7.2.3.2 Linear Channel

The compensated ion chamber (called the Linear Channel) provides an indication
from 0 to 120% of 10 ranges, up to full power. It has an outer chamber for the
~ primary signal, and an inner chamber for the compensatlng signal. The outer
chamber is lined with boron-10; the inner chamber is not. Fission; neutrons from
the core interact with boron in the outer chamber, releasing alpha particles that
' ionize the fill gas. Gammas from the core (and background) ionize the gas in both
...chambers. Electronics are used to subtract the inner chamber signal from the outer
chamber signal; resultlng ina 51gnal that is proportlonal to the neutron signal, and
thus the reactor power Y
The L1near (‘hannel has multlple 11near ranges that shghtly overlap The channel
' automatlcally ranges up to the next highest (less sensitive) range when the signal
is above 90% of the current range. It automatically ranges to the down (to a more
sensitive) range when the slgnal is below 10% of the current range. It is also
possible to manually select an 1nd1v1dua1 range

P ' N . i

The Linear Channel is required to be operable w1th a hlgh power scram whenever
the reactor is not in the shutdown mode. :

7.2.3.3 Percent C'hannel" RIS PR O

The uncompensated ion chamber (called the Percent Channel) .provides an
indication from 0 to 120% of full power. It has only one chamber, and it is lined
with boron-10. Fission'neutrons from the' core interact with'boron; releasing alpha
particles that ionize the fill gas Gammas from the core (and background) also

'1on1zethegas B S - S AT

. e T . ot

At low powers most, of the .garnmas .come from the decay of ﬁss1on products in
- the "core, which is ‘not indicative of reactor. power. This makes the Percent
.Channel inaccurate below approximately. 1% of ‘full power. At high powers the
gamma signal is-much smaller-than the neutron signal, and the gammas are mostly
coming from fission, which is proportlonal to power ‘Thus. there is no need for
, compensatlon for' gammas. . i S e Lot
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The Percent ‘Channel is requ1red to be operable w1th a h1gh power scram
whenever the reactor is not in the shutdown mode '

The relative overlap of the three neutron detectors is show in Figure 7.2.

Log Liﬁear Percent

1.E403

1.E402",

- 1.E+0]

1.E+00

1.E:01

+ 1.E-02

1.E-03

' 1.E-04°
LA

- 1.E-05!

Percent of Full Power

1.E-06

1.E-07

"1.E-08

1.E-09.

1.E-10 v - ‘

Figure 7.2 Relativé Ranges of the Power Indications

7.2.4 System Performance Analysis, .

The system performance of the current instrumentation and control systems is ‘excellent.
Reliability has been high, with few unanticipated reactor shutdowns. Since daily
checkouts are performed, any discrepancies would be observed and corrected in a prompt

manner. The isolated outputs of the neutron channels allow the data to be utilized by
other devices without concern over those devices affecting the channels.

7.2.5 Conclusion

The current instrumentation and control systems outperform the original equipment
supplied with the reactor, while meeting all of the necessary design bases for the facility.

Reed Research Reactor 7-4 January 2008
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The human design factors used in control room -development allow the reactor to be
operated by a single individual. Checkout and testing procedures ensure _that all
equipment is malntalned in operat10nal status.

73 Reactor Control System

Three control rods are required- for reactor operations to meet reactivity control
requirements: a shim rod, a regulating rod, and a safety .rod. These are positioned by
control rod drives mounted on the reactor top center channel. The three rods provide
coarse and fine power control. All rods can be individually scrammed if necessary, or all
three can be manually scrammed by the operator.
: R

Each rod is controlled by a rack-and-pinion drive (Figure 7.3), with the rack mounted on
a drawtube extending approximately 12 inches (30 cm) below the center channel. At the
bottom of the draw tube is an electromagnet which, when actuatéd, connects the draw
tube to the control rod armature and allows rod withdrawal and insertion. The draw tube
and top of the armature are housed in a tubular barrel that extends below the water
surface. Just below the connection to the magnet on the control rod armature is a piston
that travels within the barrel assembly. Vents in the top portion of the barrel enable the
water to escape, allowing the piston to move freely, but the 'bottom two inches (0.8 cm)
restrain the motion by dashpot: action, providing cushlomng for the control rod
mechanism in the event of a scram. =

Rod position is indicated by a ten-turn potentiometer that sends motor position indication
to the console. Three limit switches, motor-full-out, motor-full-in, and rod-full-in, light
the rod control pushbuttons at the motor-out and motor-in positions and turn off the
contact light if the rod-in and motor-in switches do not agree. The limit switches are
shown in Figure 7.4.

The regulating fod can be- put in automatlc rod control Whl(‘h disables manual rod control
and engages a rod control servo which moves the rod to keep the percentage on the
current decade of the multi-range linear channel within 2% of the percent demand set by
the operator. The servo stops the motor from moving if either'thé motor- up or motor-
down lights are engaged, and will not move it again unless the rod is moved manually to
clear the 11m1t sw1tch N SRS : :
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pull
rod

»
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Figure 7.4 Control Rod Lnt Switches

Two interlocks are built into the control system of the reactor to prevent improper
operation. These interlocks are hard-wired into the control rod drive circuitry. They are
stated below: h :

1. No control rod withdrawal is possible unless a neutron-induced signal is present on
an instrumentation channel. This interlock prevents the possibility of raising the
rods with no neutrons in the core, which could cause an uncontrolled power
increase when neutrons are introduced to the core; and

2. Simultaneous manual withdrawal of twc_é or more control rods is not possible. This
interlock prevents violation of the maximum reactivity insertion rate of the reactor.

7.4 Reactor Protection System

The reactor protection system wiil initiate & reactor scram if any of several measured
parameters are outside their safety system settings. The reactor scram effectively shuts
down the reactor by de-energizing the rod drive electromagnets, causing the control rods
to drop into the reactor core by gravitational force. The reactor operator may manually
scram the reactor by means of a scram bar on the console. The scrams required for
operation of the reactor are a high power scram on the percent power channel, a high
power scram on the linear channel, and a manual scram. All of these scrams are tested
daily before operation.

Reed Research Reactor 7-7 : 0 January 2008
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7.5 Engineered Safety Features Actuation Systems

There are no engineered safety features actuation systems. Control rod insertion is
provided by gravity and core cooling is provided by natural convection in water or air.
Therefore, Engineered Safety Features systems are not required in this design.

7.6 Control Conscle and Display Instruments

Data from the neutron detectors are displayed in separate electronic modules on the
console. The information is also supplied to a console data recorder.

Control rod indication is displayed on three labeled displays mounted in the console.
Position is displayed as 0 to 100% of withdrawal with 0.1% resolution.

When a reactor scram occurs, the corresponding annunciator lights up. There are no
audible annunicators on the console. The annunciators only reset when the console key is
moved to the reset posmon There are Annunciators for the Manual Scram, Linear
Channel Scram, and Percént Power Cnannel Scram Ir addltion there 1s an annunciator
for the Source Interlock. :

7.7 Radiation Monitoring Systems

A radiation area monitor (RAM) is mounted in the reactor room and is easily visible
through the windows by the operator. It has a local visible and audible alarm that can be
seen and heard in the control room. The RAM is an energy-compensated Geiger-Mueller.

M

A contifiuous air monitor (CAM) is mounted in the reactor bay and. samples the air for
“radioactive particulates. Air from the reactor bay is passed thirough a paper particulate

filter in close proximity to a detector. The readout from the unit is mounted within reach

of the operator at-‘the console. The CAM will’ alarm on high airborne  activity.Similar
" units sample air from’the exhaust stack, ‘through which all air from the facility passes, and
may be used as a backup if the CAM fails.

Reed Research Reactor - 7-8 January 2008
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9 Auxiliary Systems
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9 AUXILIARY SYSTEMS

The systems covered in this chapter are not directly required for reactor operation, but are
used in support of the reactor for normal and emergency operations.

9.1 Heating, Ventilation, and Air Conditioning Systems

Heating of the reactor bay and control room is provided by steam from the Reed College
Physical Plant. The thermostat is automatically controlled at the Physical Plant. The
reactor building does not have an air conditioning system. Routine maintenance and
service of these systems is the responsibility of the Reed College Physical Plant.

The reactor bay was specifically designed for handling radioactive materials. A
ventilation system moves air through the reactor room, the control room, and the
mechanical equipment room. In normal operation (Figure 9.1), a fan draws air from the
loft over the facility entry hallway and moves it into the reactor room through two vents
~ for a total airflow of approximately 1,330 cubic feet per minute (630 L/s). This air is
drawn from the reactor room by an exhaust fan, and either recirculates or goes up the
‘exhaust stack, which by technical specifications releases at least 12 feet (3.7 m) above
ground level to allow for decay of radiological emissions.

Upon a high radioactivity alarm on the reactor bay air monitor (typically 1 x 10
uCi/ml), the system switches over to isolation mode (Figure 9.2), the input fan shuts
down and the exhaust fan draws reactor room air through a HEPA filter at an airflow of
approximately 100 cfm (50 L/s). This maintains the reactor bay at a negative pressure
which serves to restrict air leakage from the reactor bay. This serves to contain any
possible airborne radioactivity. Once the system is in isolation mode, it will remain in
isolation mode until it is manually reset. The system can be set to isolation mode by a
button on the reactor console. Technical Specifications require periodic testing to ensure
that the isolation system works properly. |
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- Figure 9.1 Ventilation System in Normal Operation
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9.2 Handling and Storage of Reactor Fuel

The racks are fabricated of aluminum
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and allow only for single row spacing of up to ten elements. Spacing in the rack is
sufficiently far apart to prevent accidental criticalities. No neutron poisons are used. -

A licensed operator must be at
the controls of the reactor while fuel movement is underway S

Fuel inspection is accomplished with a small underwater video camera attached to a rigid
pole The fuel element is in.a special rack des1gned to. hold and measure the fuel element

i

¥ .‘.v" oo

Fuel replacement may. be accomp11shed by mov1ng spent or 11ght1y burned fuel rods 1nto a
shielded container under water using the fuel-handling teol.-A suitable:-container.can be .
lowered into the pool by use of the 4-ton-(3.6 metric ton) crane. SR

P it TR A Lo B R T R ro

9.3 Fire Protection Systems and Programs
Fire protection systems are maintained andserviced by-services-contracted by Reed
College Community Safety, which maintain fire protection services for the entire

campus. The building fire alarm system is part of a campus-wide network.

he reactor has four pull-
stations. There is a smoke detector i 1n the control room two 1n the reactor room and one
in the mechan1cal equ1pment room ‘

A number of fire extinguishers are readily available to reactor personnel. There are no -
fire hose stations in the facility. '

Reed College Environmental Health & Safety contracts w1th an off-campus agency for e
fire ext1ngu1sher test1ng and ma1ntenance on a regular basis '
The pr1mary potential source of ﬁres in the reactor bay, control-room, mechan1cal
equipment room;, and ventilation loft is an electrical malfunction: The design of the RRR
‘incorporates passive protection into the basic Structure of the building. The building is
constructed of concrete; brick, and glass.:The only wood structures in the facility. are
experimental facilities, laboratory sink, and cabinets: The doors separating the facility
from the outside are fire résistant doors: Thé doors to. the control room and the reactor
bay are fire resistant. Inside the reactor facility; the door to the mechanical room is-a fire
resistant door. The fire loading (flammable matetials) is very low in theses areas. The
trash cans are metal. Solvents and flammables are kept in fireproof metal cabinets. No
smoking is allowed in the entire facility. The walls and ceiling are structural concrete. The .
cable conduit from the control console to the reactor bay are steel pipe set in concrete.

Reed Research Reactor 9-4 S July 2010
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In the event of electrical fire while the reactor is operating, failure of any one of many .
systems (e.g., 110.Volt AC power, Linear Power Channel, Percent Power Channel) will
cause an immediate scram to a shutdown condition. When the reactor is shutdown, there is no
conceivable series of events initiated by fire in the control console that could change the .
status of the reactor core to an unsafe condition. . ‘

9.4 Commnnication Systenis

Telephones at the facility share a common line, and are serviced by the Reed College - ...
switchboard. Phones are located in the Director’s office, the control room, and the reactor
room; additional lines can be ‘connected elsewhere in the facility as needed. Connection
to thz'campus Ethernet for computers in the facility is maintained by Resd College- - -
Computer User Services. In addition, there is & public address system allowing -~ "
communication from the control room into the reactor bay, and an intercom system.

9.5 Possession and ﬁSe of ’B’yprodnct; Sodrce,‘and‘?
Specia_llNuclearnMa.teria.l::‘;;- R R

. PRESENERE

Reportable quant1t1es of radloactlve materlals are possessed under the College s State ‘
: Radioactive Materials hcense and the Reactor Llcense The reactor fuel is the property of
the Department of Energy Several radroact1ve sources are owned by Reed College.
Radioactive materials, including special nuclear material (SNM) are 1nspected for
contamination and inventoried on a semiannual basis. Several areas ate designated for
storage of these materials. . R

Byproduct material produced in the reactor for research purposes is transferred to the
College’s state license and recorded on the irradjation documentation. The state license is
maintained by the Reed College Office of Envrronmental Health and Safety (EHS) and
“administered by the Radioactive Materials (RAM) Committee. Only individuals listed

- under the license are permitted to receive materials. Normally, a member of the reactor
staff is also approved by the. RAM Committee to receive byproduct and special nuclear

. material under the state license. Possession limits‘are set by the state, and the RAM
Committee detérmines use limits. Transfers off<campus to other licensees must first go
through EHS. The facility has several sources for. research and instrumentation
calibration purposes that are possessed under this license: Low-level wastes generated A
under the State of Oregon license are disposed of under the state license. Disposal of low-

“level wastes generated under the reactor license.is coordinated with EHS. Short-lived |
isotopes (half-life less than 90 days) are decayed in storage. Longer-hved 1sotopes are .
dlsposed of at US Ecology s fa0111ty in chhland Washlngton '
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SNM inventory is reported to the Nuclear Assurance Corporation under Reporting -
Identification Symbol (RIS) ZSW. The reactor fuel comprises the bulk of SNM at the
facility. This fuel is owned by the Department of Energy and possessed under the Reactor
Facility license R-112. The possession limit for 250 kW is set by the license R-112 at
ilranium-235 in enrichments less than 20%. The license also allows possession of

americium-beryllium neutron source, and no more than [ of uranium-235 in
the fission chambers.

9.6 Cover Gas Control in Closed Primary Coolant
Systems

The Reed reactor has an open primary coolant system and hence has no cover gas control.
Nitrogen-16 is controlled as described in Chapters 5 and 11 by forcing convection
cooling flow from the reactor core into a helical pattern (to enhance time delays for more
decay).

9.7 Other Auxiliary Systems

9.7.1 Reactor Bay Crane

A manual chain-fall crane in the reactor bay is used to manipulate loads of up to 4 tons
(3.6 metric tons). It is inspected by a professional contractor every year. Its use is
administratively controlled to prohibit movement of the crane over the reactor core when
~ the reactor is operating, and to avoid movement of the crane over the pool, unless
necessary for the activity. A procedure exists for the use of the crane and for certification
of crane operators. It is normally stored in a wall mounted rack in the southeast corner of
the reactor bay.

9.7.2 Associated Laboratories

In the rear of the reactor building is the RRR radiochemistry laboratory, featuring sample
preparation facilities and several fume hoods for wet chemistry work. In an adjacent
room is the gamma spectroscopy laboratory, which features several high-purity
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germanium detectors and associated electronics for neutron activation analy31s There is
also a dedicated scmtlllatlon detector for counting health physics wipes.
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10 EXPERIMENTAL FACILITIES AND
UTILIZATION |

10.1 Summary Description

The Reed Research Reactor (RRR) provides educational and training services to support
the scientific curriculum at Reed College and the education of the community about
nuclear science and radiology. The laboratory science programs at Reed College are
among the top five in the nation, and the RRR plays a part in allowing in-depth training
for all students in the field of nuclear physics and engineering. The main experimental
technique utilized at the RRR is neutron activation analysis.

Sectional views of the reactor are shown in Chapter 1, The Facility. Principal
experimental features of the RRR facility include:

* Central thimble

* Rotary specimen rack

* Pneumatic transfer system

* Single-element replacement

* Gamma irradiation facility

New experiments are reviewed and approved by the Reactor Review Committee (RRC)
prior to operations. The Reactor Director or Supervisor may schedule for performance an
approved experiment or an experiment of any type previously reviewed by the
committee.

10.2 Experimental Facilities

The RRR is a flexible, multi-use facility with irradiation facilities inside the core
boundary, in the reflector, outside the reflector, and outside the biological shielding. One
of the in-core facilities is a pneumatic sample delivery system capable of providing
samples directly to the neutron activation analysis laboratory. The experimental facilities
are comparable in design, construction, utilization, and purpose to experimental facilities
at other similar research reactors. The experimental facilities have been successfully and
safely utilized during the period of the current facility license.

Accidents such as loss of coolant and reactivity insertion that experimental facilities
could be subject to are discussed in Chapter 13. The design, construction, and utilization
of the experimental facilities are such that these accidents are extremely unlikely. Chapter
11 discusses radiation hazards. Access to experimental facilities is controlled by the use
of operating and radiation protection procedures. Use of appropriate radiation detection
equipment, radiation protection practices (including the ALARA program), and
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established experimient review procedures provide reasonable assurance that doses from
experimental facilities will meet the requ1rements of 10 CFR Part 20 for personnel and
members of the general publlc ‘

The,reactor safety systems are independent of the experimental facilities. The
experimental facilities are maintained by in service inspections on a regular schedule.
The reactivity worth of experiments and their materials are limited by TS'3.6.

10.2.1 Central Thlmble

The reactor is equipped with a central thimble for access to the point of. maximum flux in
the core. A removable screen at the top end of the thimble allows gas relief and prevents
objects from falling through the reactor tank covers.:

The central thimble is an aluminum tube-that fits through the center holes of the top and
bottom grid plates terminating with a plug ata pomt approx1mately 7.5 inches (19 cm)
below the lower grid plate..The tube is anodlzed ‘to-retard corrosion and wear. Although
the shield water may be removed fo.allow extraction of a vertical thermal-neutron and
gamma-ray beam, four holes are located.in the tube,at the top of the core to prevent
expulsion of water from the: sectlon of the tube within the react()r core. Dimensions of the
tube are 1.5 inch OD (3.81 cm) with an 1n51de diameter of 133 inches (3.38 cm). The
thimble is approximately 24.5° feet (7 S m) in length made in three sectlons joined with
watertight tube ﬁttmgs ' .

10.2.2 Rotary Specimen Racl‘(,‘

A forty-position rotary specimen rack (Lazy Susan; or LS) is located in a well in the top
of the graphite radial reflector. The LS allows large-scale production of radioisotopes and
activation and irradiation of multiple material samples with neutron and gamma ray flux
densities of comparable intensity.. Spe01men positions are, 1.25 inches (3.18 cm) diameter
by 10.8 inches (27.41 cm) depth. Samples are manually loaded from the top of the reactor
through a water-tight tube into the LS. The rack may be rotated (repositioned) manually
from the top of the reactor, and a motor allows continuous rotation at about 1.17 rpm
during irradiation. Figure 10.1 is an image of the LS during construction, and figure 10.2
is an image of the rotation control mechanism and motor housing.

The rotary specimen rack, which surrounds the core, consists of an aluminum rack for
holding specimens during irradiation. This rack is located inside a ring-shaped, seal-
welded aluminum housing. The rack is rotated on a stainless steel ball-bearing assembly.
It supports 40 evenly spaced, tubular aluminum containers, open at the top and closed at
the bottom, which serve as receptacles for specimen containers. The maximum internal
space in each of the 40 tubes is 1.25 inches (3.18 ¢cm) in diameter by 10.8 inches (27.41
cm) in length. Each location can hold one TRIGA irradiation tube, or two tubes if they
are properly screwed together as shown in figure 10.3.
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Four of the tubes, spaced 90° apart, haye perforations in their walls, One of these four
perforated tubes has a 0.625 inch (1.6 cm) diameter hole in the bottom This hole permits
periodic testing of the bottom of the rotary specimen-rack housing to determine the extent
of any accumulation of condensation or leaking water. Each of the four perforated tubes
can be loaded with a suitable porous container filled with a water-absorbing agent to dry
any condensation that may occur as a result of high humidity in the reactor area and low
operating temperature. , . - : o o -

Each tube on the rack is oriented with respect to the specimen removal tube by a smgle
locking rod. The ring is rotated from a drive at the top of the reactor, rotation being
transmitted through a drive shaft inside a tubular housmg toa sprocket-and chain drive in
the roiary %pemmen rack housing. .= - - .7 ; : B

CEE I SN t R A
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D F1gure 10 2 Rotary. Spec1men Rack Motor -

Figure 10.3 1TRIGA® Irradiation Tubes

10.2.3 Pneumatic Trans‘ferfSystemv ;
A pneumatlc transfer system permlttlng experlments 1nvolv1ng short hved rad101sotopes
rapidly conveys a specimen.from’ the reactor core to a'remote receiver. The in-core

terminus. is normally located in the outer ring of fuel- element positions. The sample
capsule (rabbit) is conveyed to a receiver/sender station via tubing at least 1.08 inches
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(2.74 cm) ID. The in-tank and in-core portion of the pneumatic transfer system is
illustrated in figure 10.6. This system, shown schematrcally in figure 10.4 and 10.5,
consists of the following major components: '

* A specimen capsule (“rabbit”)

* A blower-and-filter assembly

* A valve assembly

* A terminus assembly

* A receiver assembly

* A control assembly

* Tubing fittings

The system is controlled from the receiving area and may be operated either manually or
automatically (i.e., with an electric timing device incorporated into the system so that the
specimen capsule is ejected aufomatlcally from the core after a predetermined length of
time). Four solenoid-operated valves control the a1r flow. The system operates on a
pressure differential, drawing the specimen capsule 1nto and out of the core by vacuum.
Thus, the system is always undér a negative pressure so that any leakage is always into
the tub1ng system. All the air from the pneumatrc system is passed through a HEPA filter
before it is discharged to the exha st 'stack., = :

The operator at the reactor console’ can control rabbit insertion by means of a permissive
switch in the control room that will deenergize the four solenoids. This will prevent
inserting any rabbits and will causé any: rabbit in the core to. move back to the receiving
area.

10.2.3.1 Valve Assembly ST e

Adjacent to the blower assembly, four solen01d operated valves (see figure 10.4)
for 2.25 inch (5.7 cm) tubing are mounted on a common bracket. In the
deenergized condition, valves 2 and 4 are open and-valves 1 and 3.are closed.
Valves 2 and 3 open to the Mechanical Room, and valves 1-and 4 are connected
by flexible hoses through the plenum chambers and filter to the blower suction.
No special maintenance of the valves is required except for periodic inspection of
the electrical equipment and oiling of the moving parts.

$ ...

10.2.3.2 Terminus Assembly -

The terminus assembly (figure 10.6) is located in the reactor tank. The bottom
part, a double tube, extends into the reactor core. The terminus support is shaped
like the tip of a fuel moderator element and can therefore fit into any fuel location
in the core lattice. The prescribed location for the terminus assembly is in the
 outer rlng of the lattice. Approximately 6 inches (15 cm) above the top grid p1ate
_the double tube branches into two separate tubes, both of which extend to the top
. of the reactor. The tubes are made of anodized alumlnum and have an outside’
; dlameter of 1.25 lnches (3.2 cm). The d1stance between the centerllnes of ‘the two
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tubes is 4.5 inches (11.4 cm). The overall length of the terminus assembly is
approximately 12.8 feet (3.9 m). Two 90° bends, 1.25 inch (3.18 ¢cm) diameter
tubes connect the assembly with the tubing at the reactor; one tube connects the
terminus assembly to the receiver, and the other connects it to the blower
assembly.

To counteract its buoyancy and keep it firmly in place in the core, the terminus
assembly is weighted The bottom of the internal tube is equipped with an
aluminum spring shock absorber to absorb the impact of the spec1men container
when it is dr1ven into position. '

‘1:0.2.3.3 :_'f Receiver-SenderAssembiy_

_The specimen capsule is inserted in and removed from the pneumatic system
‘through an aluminum door in the receiver-sender assembly (figure 10.7). This

door is hlnged on the upper side and has a latch on the lower side. When latched,
~the door w1ll stop the eJeoted capsule in the receiver assembly :

,'10 234 Blower-and-Filter Assembly

'The blower-and-filter assembly (figure 10.10) is installed on a wall- mounted steel
: angle support in the Mechanical Room. The assembly consists of a blower, a -
“manifold, plenum chambers, and a filter. The blower exhausts the system air into

.a vent p1pe that d1scharges outs1de the building.
)

.

The blower is driven by an electr1c motor, which is maintained periodically. The
blower is connected to the plenum chambers by a tube. The connections.at both
ends of the tube consist of flexible hosé, 2.25 inches (5.7 cm) in inside dlameter
and hose clamps.

The filter, which is sandwiched between the plenum chambers, has a 12 inch (30
cm) by 12 inch (30 cm) face area. The minimum filter efficiency is 99.97%. Th1s
filter is replaced when periodic visual inspection indicates a reduction in-
efficiency due to the buildup of impurities on the filter. Two rods w1th w1ng nuts
hold the filter'sandwiched between'the chambers )
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Figure 10.4 Diagram of the pneumatic transfer system inserting a sample
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Figure 10.5 Diagram of the pneumatic transfer system removing a sample
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Figure 10.6 In-tank and in-core portions of the Pneumatic Transfer System.

| g
3
Figure 10.7 Pneumatic Transfer System Terminus
{
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Figure 10.8 Pneumatic Transfer System Blowér-gnd-Filter Assembly
10.24 Single-Element Replacement Facilities

Experiments may be inserted in spaces designed for fuel elements using a special
“dummy element” con31st1ng of two threaded alummum SCCthIlS (ﬁgure 10.9). When
Rintiianauntlanaoe g Rintie gamuc! element and an
long at the vertical
center. This dummy element may be inserted in any posmon in the core with the standard
fuel-handling tool, or by means of an attached rlng

R B A
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G

. 'Figure 10.9 S:’ource:l-nldldeij / “Dummy Element” o
102.5 Gamma,In Tank,and Ex Core Facilities

The gamma irradiation facility is a standing fuel rack located approximately five feet
from the reactor on the bottom of the pool. The gamma source is an iridium source
activated by the reactor as a single-element replacement experiment. The geometry of the
facility allows varying intensities of gamma irradiation without any substantial neutron
dose from the reactor.

Experimental procedures also authorize irradiations adjacent to the radial reflector.

10.3 Experiment Review

The Reactor Review Committee (RRC) approves the types of experiments to be
performed at the facility and the procedures for performing the experiement. If an

ReedRésearch Reac.tor, - ‘J-Ok—JI.“ S : : AJulyZ‘d]'(’)
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experiment falls within the scope of the set of approved experiment, a requést for
operation is submitted to the Director. The Director verifies that operation is ' within the
scope of approved experiments, and approves the request by signature so that the
experiment may be scheduled. If it is determmed that the proposed experiment does not
fall within the scope of previously approved experiments or if the experlment involves an
unreviewed safety question, the experiment is considered a new exper1ment and referred
to the Reactor Rev1ew Comm1ttee (RRC) for approval

10.3.1 Planning} and Scheduling of.New Experiments

o R ) . = Ry 1:{5-"'.'; :

.......

1mplementatlon To support RRC review, 4 'Written descr1pt1on of ¢ach proposed new
experiment must.be prepared, with sufficient detail to enable evaluation of experiment
' safety The RRC shall evaluate whether new contemplated experlmeqts procedures
fac111ty mod1f1cat1ons (and/or changes thereto) meet review criteria, and e1ther approve
exper1mental operatlons (w1th or w1thout changes or add1tlonal constramts) or,prohibit
the experlment from being. performed The follow1ng,1nformat1on is. the minimum for a
proposed experiment:

A L EUUE RS B S A Fioeo

. .% Purpose of the experiment. . . . .
© s ‘Background (if Appropriate) * R RS
* Procedure - to include a descr1pt1on of the experimental methods to be used and a
_description of the equipment to, be, used. A sketch of, the. physical layout and a
(,tabular list, of equ1pment necessary for the exper1ment are recommended. if
appropr1ate . i :
e A summary of var1ous effects that the exper1ment could cause, or that could
o 1nteract with the exper1ment or 1nclud1ng - ‘
e React1v1tyEffects T S p
. . Thermal- Hydraulic Effects Do
o Mechanical Stress Effects
* References

The RRC may require additional information to determine that an experiment is
acceptable; the experiment shall not be scheduled until the RRC has reviewed the
proposed experiment, including any supplemental information requested by the RRC.

1032 Review Criteria

The RRC shall consider new experiments in terms of effect on reactor operation and the
possibility and consequences of failure, including, where significant, consideration of
chemical reactions, physical integrity, design life, proper cooling, interaction with core
components, and reactivity effects. Before approval, the RRC shall conclude that in their
judgment the experiment, by virtue of its nature and/or design, will not constitute a
significant hazard to the integrity of the core or to the safety of personnel. Evaluation of -
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the proposed exper1ment shall 1nclude (as a minimum, not limited to) that the likelihood
of occurrences l1sted below are minimal or acceptable in both normal and failure modes: |

Breach of fission product barriers (which could occur through reactivity
effects, thermal effects, rnechanical forces, and/or chemical attack)

 Interference with reactor control system functions (wh1ch could occur through
local flux perturbations or mechanical forces that can affect shielding or
confinement)

Introduction or exacerbation of radiological hazards (which could occur
_ through irradiation of dlsperS1ble material, mechanical instability, inadequate

sh1eld1ng and/or 1nadequate controls for safe handl1ng)

[
PR

Interferences ‘with other exner1ments or onerat1ons act1v1t1es (wh1ch could
‘occur through reactivity etfects from more’ than ‘one source, degradat1on of
performance of ‘shared systems e. g electr1cal potable water etc., phys1cal

'1nterrupt1on of operat1onal activities, or egress of toxic or noxious 1ndustr1al

hazards.” Note “this evaluation ‘should “also considér” potent1al for ﬁre or
personnel exposure to toxic/noxious material)

Determination that the proposed act1v1ty 1s 1n comphance w1th F echmcal
Spec1f1cat1on o o

! Coe T ey
,l o IRE .‘ E . Ve .»‘l*'

If an evént or new information challenges the or1g1nal evaluation; the RRC shall review
the experiment approval and deteimine if the original ‘approval is 5till valid | prior'to a
continuation of the experimental program. When conta1ner fa1lure is d1scovered that has
released material with potential to damage ‘the reactdt fuel of structure (by corros1on or
other means), physical inspection shall be performed to determ1ne the consequences and
need for corrective action. The results of the inspection and any corrective action taken
shall be reviewed by the RRC and determined to be sat1sfactory before operat1on of the
reactor is resumed.
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11 RADIATION PROTECTION AND WASTE
MANAGEMENT o

This Chapter deals with the overall radiation protection program for the Reed Research
Reactor (RRR) and the associated practices for management of radioactive wastes. The
chapter identifies radiation sources that may be present during normal operation of the
reactor and the various procedures followed to monitor and control these sources. The
chapter also identifies expected personnel radiation exposures due to normal operations.

11.1 Radiation Protection

The Radiation Protection Program for the RRR was prepared to meet the requirements of
Title 10, Part 20.1101, Code of Federal Regulations and the requirements of the State of
Oregon. The Program seeks to control radiation exposures and radioactivity releases to a
level that is As Low As Reasonably Achievable (ALARA) without unnecessarily
restricting operation of the reactor for purposes of education and research. The Program
is executed in coordination with the Environmental Health and Safety office of Reed

College. The Program is reviewed and approved by the Reactor Review Committee
(RRC).

Certain aspects of the Program deal with radioactive materials regulated by the State of
Oregon (an Agreement state) under license ORE-90010. Therefore, the Reed College
Radioactive Materials Committee (responsible for administration of the State license)
reviewed the Program. The Radiation Protection Program was developed following the
guidance of the American National Standard Radiation Protection at Research Reactor
Facilities [1] and Regulatory Guides issued by the NRC [2-7].

11.1.1 Radiation Sources

Radiation sources present in the reactor facility may be in gaseous (airborne), liquid, or
solid form. These forms are treated individually in successive subsections.

11.1.1.1 Airborne Radiation Sources

For purposes of radiation dose calculations the actually measurements during
operation are used. Appendix B of 10 CFR Part 20 lists the allowable Derived
Air Concentration (DAC) for argon-41 as 3E-6 uCi/em’. For 2000 hours
exposure this will produce the 50 mSv (5 rem) maximum permissible annual
exposure. Appendix B of 10 CFR Part 20 lists the allowable Effluent
Concentration (EC) for argon-41 as 1E-8 uCi/em®. For 8760 hours exposure this
will produce the 0.5 mSv (0.05 rem) annual exposure for a member of the

Reed Research Reactor 11-1 ' July 2010
Safety Analysis Report



CHAPTER 11 '~ v © . v s 7

public.”

For purposes of radiation dose calculations within the reactor bay, the reactor
bay is approximated as a rectangle 13.5 feet (4.11 m) high, 34 feet (10.36 m)

long, and 27.5 feet (8.38 m) wide. The free volume is 12,600 ft* (357 m®). The
air exhaust rate is 1330 cfm (630 L/s). The site boundary is 250 feet (76 m) from
the center of the reactor. S A

Durmg normal operations the pr1mary a1rborne sources of radlatlon are. argon-41
" and nitrogen-16. Argon-41 results from 1rrad1at10n of the. air in, experlmental
facilities and dissolved air in the reactor pool water. The primary means of
-argon-41 production is the rotating specimen rack. Other production sources
. .include the _pool water and the pneumatic- 1rrad1atlon system. Nitrogen-16 is
4 produced when oxygen in the pool water is 1rrad1ated by the reactor core.

' N1trogen-16 argon 41 and rad1at10n from the reactor core contrlbute to this
dose rate. Nitrogen-16 has a very short half-life (about 7 seconds) and the
reactor has a tore diffuser system (see Chapter:5) that creates-a water circulation
pattern designed to suppress nitrogen-16 transport to the surface of the pool and
reduce the reactor; pool surface dose rate, The maximum measured dose rate at
the top of the reactor tank at full, power w1th the. primary coolmg system

: operatmg is 0.3. mrem/hr The maximum measured dose rate-at the top of the
. ., reactor tank at full power is with the primary:cooling. system off is 2.5 mrem/hr.

: Assumlng that the 2.5 mrem/hr dose at the pool surface was from nitrogen-16 (a

. conservative assumptlon) the occupatlona_l airborne 1s.w1th1n 10 CFR 20 limits.

- Because of the short half-life.of nitrogen-16, exposure to the ,public is negligible.

}

" The largest source of argon 41 productlon is the rotatlng speclmen rack. The
"Gaseous Stack Monitor measures the noble gasses released from the facility
~ through the exhaust stack It is tracked in DAC- hours. The hlghest annual total
. release rate measured since the totahzmg equlpment was installed in 2002 was
'760 DAC hours when the facility was performmg an unusually long operation
 fora prOJect Every other recorded year was well less than half that amount.
_ .Usmg the 10 CFR 20 Appendlx B argon- 41 DAC of 3E10-6 and dividing by the
" number of hours in a year (8760), the average concentration at he point of
release during the year was 1.15E-7 pCi/ml. Using the dilution factor for travel
to the site boundary of 880, the average concentration a the site boundary during
the year was 3.0E-10 pCi/ml. Assuming that the 10 CFR 20 Appendix B argon-
41 EC of 1.00E-8 is equivalent-to 50 mrem/year, the dose to a member of the
public duringthat year was 1.48: ‘mrem, well w1th1n 10 CFR 20 limits.

This is below the 10 CFR Part 20, Appendlx B Table 2 11m1t of 50 mrem for
inhalation.

TS 3.5.2 limits the concentratlon of argon 41 d1scharged mto the environment as
follows: ' e e :
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The annual average concentration of Ar-41 discharged into the unrestricted area
shall not exceed 1.5E-6 uCi/ml at the point of discharge.

The concentration of 1.5E-6 pCi/ml in TS 3.5.2 bounds the concentration of the
calculated maximum concentration of 1.15E-7 uCi/ml. The concentration in TS
3.5.2 represents a dose of about 8 mrem/yr under the assumptions discussed
above. This dose meets the regulatory requirements for radiation dose limits for
individual members of the public in 10 CFR 20.1301, “Dose Limits for
Individual Members of the Public,” and the constraint on air’ emlssrons of
radloactlve materlal in 10 CFR 20‘ 1 101(d) '

'Releases from!accident conditions can occur if the fuel cladding is breached.

* Conservative calculations performed ini Chapter 13 of the SAR demonstrate that,
even if a-fuel pin clad rupture were to'occur in air and the radidactive material
quickly released to the environment at ground level, the dose to populatlon

o d1rectly out51de the RRR would be w1th1n 10 CFR Part 20 requlrements

‘,1.1.1.1.1.1 Radlologlcal Assessment Radlolog,lcal Assessment of Argon-
-41 in Rotary Specimen Rack :

' The air'volume in the rota‘y specimen rack (RSR) does not freely
‘e)\change with the air in the reactor bay; there is'no motive force for
cifculation and the rotary speclmen ‘rack opening is- routinely covered
during operation. If the rotary specimen rack were to flood, water would
* force the air volume in the RSR into the reactor bay. The air volume of the
. RSR can be-approximated as a section of a tyliridrical annulus, with 28-
“inches’ (71 cm) OD, 24-inches 61 cm) ID; and 14-inches (35.6°cm)
helght The volume of the rotary speclmen rack, VRSR, is therefore 3. 75E4
‘ cm’. The thermal neutron ﬂux den51ty in the RSR is ¢RSR = 3.0E12 n/cm?s
at 250 KW. The mictoscopic cross sectlon for thermal neutron absorption
Cin argon -40 is 0.66 barns The macroscoplc Cross sectlon u, for thermal
neutron absorptlon in argon-40 in air (0 0129 welght fraction) is. the
‘ product of the atomic den51ty of argon 40 and the MICroscopic cross
~ section and is equal to p= 1. 54E-7 ¢m™ After sustained operatlon at full
L power, the equ111br1um argon 41 act1v1ty (Bq) in the RSR volume is given
,by .

- Ay .u(bRSR RSR_l7b10Bq , o A, M

. .

. Thls is 0 47 C1 in conventlonal units. If this activity were ﬂushed into the

- reactor.bay atmospherc as a result of a water leak into the RSR, the initial
activity concentration would be

A, IV, = 13E3 pCifem®. . - 2)

Bay

.. This would instantaneously be well above the occupational DAC for
argon-41. However, with radioactive decay and ventilation, the -
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concentration would decline in time according to

AD) = A H ™ | L 3)

Ifa worker were exposed to the full course of the decay, cumulatlve
concentration (uCi-h/cm®) in the reactor bay would be . .

15 A | :
— [ A()dt = ———2>—— — 1.91E-4uCi-h/cm’. 4
— [ Awdi = Gy iy~ OEAmC e, @

bay 0 bay . !

o -Assummg an occupatlonal exposure of 2000 hours per year the value of
. 1.91E-4.uCi- h/cm above produces - et

'1.91E-4 1iCi-h/em*/2000 hours = 9.55E-8 ptCl/Cm B f O

This is well below the 2000 hour annual limit of 3E-6 uC1/cm specified in
Appendix B of 10 CFR Part 20.

_11.1.1.2 Liquid Radioactive Sources “-~ ¢« -v2 " i
- -t During normal operation of the RRR, the primary production of 11qu1d
radioactive méterials occurs through' neutron activation-of impurities in the. .. ..
primary coolant.-Most of this mateérial is captured in mechanical filtration or ion
_exchange in demineralizer resin; therefore, these materials are dealt with as solid
waste. Non-routine liquid radioactive waste is generated from decontamination
or maintenance activities; however, based on past experience, the quantity and
.. radioactive concentrations would be small. It is Reed Collége policy notto
release liquid radloactlve waste asan efﬂuent

. Analysis of semlannual 11qu1d sc1nt111at10n counts of the primary coolant,.
secondary coolant, and environs detect no measurable quantlty of tr1t1um in the ,
water, and thus tritium is not a concern in this analy51s -

g o

”—quUId samples are normally mixed w1th absorbent and handledas solid waste.
Table 11.7 shows the normal, measured activity of the reactor pool-water.

. . Table 11.7 Normal:Reactor Pool Activity L

: " Per Gallon > Total Pool’ ™" -+ = "‘Isotopes
Afteralongrun ' 0.04uCit . 11Ci | 50% argon-41;25% manganese-56;
Lo T T ose sodium-24
1 day after scram =~ .0.003 pCi ~ 75uCi  Mostlysodium-24
1 week after . Below detectlon 03uCi  Mostly cobalt-60 and europium-154
" scram 277 limits ' B
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RADIATION PROTECTION AND WASTE MANAGEMENT

11.1.1.3 Solid Radioactive Sources , A

Solid sources consist of reactor fuel, a startup neutron source, and fixed
radioisotope sources such as those used for instrumentation calibration. Solid
wastes include: ion-exchange resin used in reactor-water cleanup, irradiated
samples, labware and anti-contamination clothing associated w1th reactor
experiments and surveillance or maintenance operations.

The solid radioactive sources associatéd with reactor operations are summarized
in Table 11.8. Because the actual inventory of fuel and other sources
- continuously changes in'normal operation, the information in the table is to be
considered representative rather than-an exact inventory.-Solid and liquid wastes
_are not included in Tables 11 7 11 8 and 11 9 These sources are addressed in
Section 1 L. 2 S

PR A S SR TS SR

Table 11.8 Representative Special Nuclear Material Inventory

IR A SR Lo App mass (g)
Physical , ., .- Welght % N
characteristics - - ,U 235 - U935 Total

Source description’ ' Radionuclide’ -

11.1.2 Radiation Protection Program

The Radiation Protection Program was prepared by personnel of the RRR and the Reed

" College office of Environmental Health and Safety, (EHS).in response to the requirements
of 10 CFR Part 20. The goal of the Program is the limitation of radiation exposures and
radioactivity releases to a level that is As Low As Reasonably Achievable (ALARA)
without seriously restrlctlng operation of the Facility for purposes of education and
research. The Program is executed in coordination with the EHS office. It has been
'reviewed and approved by the RRC for the Facility. Certaln aspects of the Program deal
‘with radioactive materials regulated by the State of Oregon (an Agreement state) under
license ORE-90010 and the Program has been reviewed by the Reed College Radiation
Safety Committee, which is responsible for administration of that license. The Program is
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CHAPTER 11 -~

designed to meet requirements of 10 CFR Part 20. It has been developed following the
guidance of the American National Standard Radiation Protection at Research Reactor
Facilities [1] and Regulatory Guides issued by the NRC [2-7].

Lot
Pl

Table 11.9 Slgnlﬁcant Byproduct Inventory

Source descrlptlon Radlonuclide Activity -~ ‘Location

Reactor startup

. Instriment calibration -

Instrument calibration

Instrument calibration -+ -

Instrument calibration

L IV B P B S A FEPEEN PR ¢ .

11. 1 2. 1 Management and Admlmstratlon B

vy | * ';l_-, . EUR ",“’! A | : .
Preparation, aud1t and review ofi the Radiation Protectlon Program are the
respon51b111ty of the Director of the.RRR.-The:Reactor Review Committee
(RRC) reviews the activities of the Director and audits the Program The RRCis

: 'descrlbed in deta11 n Chapter 21 Admmlstratlon e :
,Survelllance and record—keeplng.are; the respon51b11ity of.the Reactor Supervisor
who reports to the Director. ALARA activities, for which record keeping is the
particular responsibility of the Reactor Supervisor, are incumbent upon all
radlatlon workers assoc1ated w1th the Reactor Facﬂlty ' '

"3
oo TR

) :Substantlve changes in the Radlatlon Protectlon Program requlre approval of the
RRC. Editorial changes, or changes.to appendices, may be.made on the
authority of the Director. Changes made to the Radiation Protection Program
apply automatically to operating or emergency procedures; corresponding
Program changes may be made without further consideration by the RRC,,

The Director is responsible for implementation of the Radiation Protection
Program and compliance with 10 CFR 20 at the reactor. The Environmental .

. Health and Safety Officer is responsible for radiation safety for the campus. The
Reactor Health Phy5101st oversees the 1mp1ementat10n of the Radiation
\Protectlon Pro gram at. the reactor. The Reactor Health Phy5101st is independent

~of reactor operatlons management The Reactor Director and the Reactor Health
'Physmlst report to the Dean of the Facuilty; they coordinate activities and
program 1mplementat10n the Environmental Health and Safety office. During an
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emergency the Emergency Coordinator is responsible for radiation safety as
described in the Emergency Plan. -

Procedures are in place for radiation protection during normal operations and
reactor experiments. The procedures are reviewed by the RRC periodically.
Records of the implementation of the radiation protection program are
maintained for review and audit. A radiation work permit process addresses
unusual activities and special experiments Emergency procedures are in place
for rad1at10n protectlon durmg emergencies.

11 122 Trammo 3 . S R TS

Implementation of training for radiation protection is the responsibility of the .
Environmental Health and Safety office and the Reactor Director. Personnel -
who need access to the facility, but are not reactor staff, are either escorted. by -
trained personnel or provided facility access training. Radiation training for
licensed operators and staff is integratedwith the training and requalification ...
’program '
The gbal of facility access training is to provide knowlédge and skills necessary
to control personnel exposure to radiation.associated with:the-operation of the * .
nuclear reactor. Specific training requirements of 10 CFR Part 19, 10 CFR Part

.20, the Radiation. Protection .Plan,.and the Emergency Plan are expllcltly

, addressed A fac111ty walkthrough is mcorporated T N
All persons granted unescorted access to thc reactor bay, must receive the
training and must complete without assistance a written examination over

- radiation safety and emergency preparedness Examlnatlons must be retained on

- file for audlt purposes for at least three years o

The reactor staff accomphshes health phys1cs functlons at the reactor followmg
approved procedures. Therefore, procedure training for the licensed reactor staff

« training includes additional radiological training. Examinations for reactor staff
training are prepared and 1mplernented in accordance W1th the Requallﬁcatlon
Plan. .. .. . . N A -

1113 ALARA' Program' LT,

- 11.1.3.1 Pollcy and Objectlves L A

Mahagement of the Fac111ty is'’committed to keeping both occupational
and public radiation exposure as low as is reasonably ach1evab1e
(ALARA). The specific goal of the ALARA program is to assure that
actual exposures are no greater than 10 pefcent of the occupat10na1 limits
-and 50 percent of the pubhc hmlts prescrlbed by 10 CFR Part 20
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11.1.3.2 Implementation of the ALARA Program

Planning and scheduling of operations and experiments, education and
training are the responsibilities of the Redctor Supervisor and/or the
Reactor Director. Any action that, in either of their opinions, might lead to

"as a dose of 5 mrem to any one 1nd1v1dua1 requlres a formal Radiation
Work Permit.

11.1.3.3 Review and Audit

Implementation of the ALARA Program is audited annually by the
Director as part of the general audit of the Radiation. Protéction Program

1114 Radiation Monitoring and Surveying

Ve e A BLAREES PRV i [ RS SR .
The radiation monitoring program for the reactor is structured to ensure:that all three
categories of radlatlon sources—-air, liquid, and solid—are detected and assessed in a
_t1mely manner. : - s iy o R

11. 1 4 1 Surveys .,.I ,:,?3 ' -vy\”‘ Bt

Radidtion mon1tor1ng survey requlrements are 1mposed by the RRC
* through the_Radlatlon Protection Program (independent of the Emergency
Plan) for:. '

o Contmuously Area monltors in reactor bay. using energy compensated -
' geiger ( counters. Air monltors in the reactor bay and the efﬂuent path w1th
proport10na1 counters “ - 2 ' :

Daily prior to operatlon Contammatlon surveys with a geiger counter or .
equivalent. Area dose rates with-ion chambers, scintillation detectors, or
energy compensated gelger counters.

Weekly: Solid waste is surveyed with a geiger. counter or equlvalent
- Liquid 'waste'is solidified prior to disposal: " % 1t :

Biweekly: Wipe test reactor bay, control room, and fac111ty w1th a wipe

test counter. e . S 230 S

Semi- annually Source 1nventory and leak test Env1ronmental
'survelllance e ‘f-w Coare b ..

11 1.4.2 Radiation’ Mom.tormg Equlpment

Radlatlon mon1tor1ng equlpment Used in the reactor program is
_summarlzed in Fable 11.10. Because equlpment is updated and replaced as
technology and performance requires, the equipment in the table should be
considered as representative rather than exact.
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11.1.4.3 Instrument Calibration Sy

Radiation monitoring instrumentation is calibrated according to written
procedures. NIST traceable sources are used for the calibration. The

~ Director is responsible for calibration of the Table 11.10 instruments on
site. Calibration records are maintained by the facility staff and audited
annually by the RRC. Calibration stickers containing pertinent information
are affixed to instruments.

Table 11.10 "l‘"yoieerl'Rladiation Monitorirrg:and‘Survei'llance Equipnient

Item Location _ Function .
Air monitors (3) Reactor bay' " -Measure’ pdrtlculates in room air
Continuous air monitor Release stack Measure particulates released to
- Air particulate monitor - = .. ou o thepublies o o 0 et
i e ey Release stack... Measure radioactive gases.. .-
Gaseous stack monitor released to the public .

Measure gamma-ray exposure

Area radiation monitors (3) Reactor bay rates in the reactor bay -

“ ... - .. Measure removable

Hand and shoe inonitor ' i : oo .
Contro) room, = . contamination upon leaving

Walkihrough monitor
reactor bay
Portable ion chamber meters (4), Reactor bay and_ Measure gamma-ray exposure
: v - control room rate, sense beta particles
' o ' Reactor bay ‘and Measure amma-tay exposure
Portable survey meters (6) Y gamma-fay exposu
control room rate; sense beta partlcles
Fixed beta counter -+ Counting room ~'Wipe-test assay
Liquid scintillation spectrometer "Chemistry " - Counts liquid samples
building - e
-Gamma-spectroscopy systems (2) | Counting room . Gamma-ray assay
Direct reading pocket dosimeters . . Control room .. Personnel gamma dose

P

11.1.5 Ra‘diati'on‘:Exposll\lre éor'ntrol"anfd ﬁosime'try-,

Radiation exposure control depends on many different factors including facility design
features, operating procedures, training, proper equipment, etc. Training and procedures
have been discussed in Section 11.1.2. This sectior,deals with design features such as
shielding, ventilation, containment, and entry control for high radiation areas, protective
equipment, personnel exposure, and estimates of annua1 radlatlon exposures for specific
locatlons w1th1n the facility. Dosimetry records and trends are also 1ncluded
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11.1.5.1 Shielding

‘The water around the Reed TRIGA® reactor is the principal design feature for
control of radiation exposure during operation. The shielding is based on
TRIGA® sh1e1d designs used successfully at many other 51m11ar reactors.

The reactor-is designed so that radiation from the’ ¢ore area can be extracted via
the central thimble for research and educational purposes When the water is
removed from the central thimble, additional measures are required to control
radiation exposure by restricting access to areas of elevated radlatlon fields.
Written procedures are required for arly work to bé done in the vicinity of the
openbeam. o

11.1.5.2 Personnel Exposure o o
Regulation 10CFR20.1502 requires monitoring of workers hkely to receive, in.
one year from sources external to the body, a dose in excess of 10 percent of the
. limits prescribed in 10CFR20.1201.The regulation also requ1res monitering of
‘any 1nd1v1duals enterlng a hlgh or very high radiation area within Wthh an

' 1nd1v1dual could recelve a dose equlvalent of 0 1 remin one hour

- Table'T1:11 lists tesults of a 7 year survey of deep dose. equlvalent (DDE) and
shallow dose equivalent (SDE) occupational exposures at'the RRR. There have
been no instances of any exposures in excess of 10 percent of the applicable -
limits. o

Monltorlng of workers and members of the pubhc for radlatlon exposure
h requ1red by the RRC and 1s descrlbed 1n the Program )

i

Table 11.11 Represehtative Oeeupational Eiposures

Numbers of persons in annual-dose categories. - -,

Year < ]00 mrem - >100mrem  <100.mrem. -100-500 mrem.-. > 500 mrem

DDE - DDE .. . SDE .. SDE...  SDE
2006 ' ' S
51 0 50 1 ‘ 0
2005 PP RE
47 -0 46 1 ' 0
2004 : e ey e . . C : L . P
38 ’ 0 ' 37 | 0
2003 R L ; N
31 0 31 0 0
2002 e L | L
0 . " 0., .29 1 . 0
2000 o . L e
26 7 T 0T 25 1 .0
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2000 L e
29 0 29 0 ’ 0

11.1.53 Authorization for Access

Personnel who enter the control room or the reactor bay will either hold
authorization for unescorted access, or be under direct supervision of an escort

_ (i.e., escorted individuals can be observed by the escort) who holds authorization
for unescorted access. : :

11.1.5.4 Access Cor‘ltrol‘ During Operation

When the reactor is operating, the licensed reactor operator (or senior reactor
operator) at the controls shall be responsible for controlhng access to the control
room and the reactor bay.

ey I R A

1L1. 5.5 Exposure Records Tor Access S N
" Personnel who enter the reactor bay shall have a record of accumulated dose
" measured by a gaimma Sensitive 1nd1v1dua1 momtormg dev1ce e1ther a personal
‘dosimeter or a self-reading dosimeter. Normally no less than two individual
. monitoring devices may be used for a group. of visitors all spendma the same
- amount of tlme 1n the bay f

11.1.5.6 Record Keeping '~
Although the RRR is likely exempt from federally requlred record keeping -

requirements of 10CFR20. 2106(a), certam records are requlred in conﬁrmat1on
that personnel exposures are less than 10 percent of applicable limits.”

11.1.5.7 Records of Prlor Occupatlonal Exposures

These records (N RC Form 4) are 1n1t1ally obtalned and then maintained
'permanently by the Office of Environmental Health and Safety. This is not
- normally done for students since they typically donot have any prior -
occupational exposure.

11.1.5.8 Records of Occupational Personnel Monitoring
The Office of Environmental Health and Safety permanently maintains exposure records.
11.1.5.9 Records of Doses to Individual Members of the Public

Self-reading dosimeter records are kept in a logbook maintained by the RRR. Such
records are kept permanently. Results of measurements or calculations used to assess
accidental releases of radioactive effluents to the environment are to be retained on file '
permanently at the RRR.
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11.1.6 Contamination Control

Potential contamination is controlled at the RRR by trained personnel followmg written
procedures to control radioactive contamination, and by a monltormg program designed
to detect contamination in a tlmely manner.

There are no areas within the reactor facility with continuing removable contamination.
The most likely sites of contamination are the sample port at the rotary specimen rack
(Lazy Susan, or LS) and at a sample-handling hood for receiving irradiated samples.
These sites are covered by removable absorbent paper pads with plast1c backmg, and are
routinely monitored on a periodic basis. If contamlnated pads are removed and treated as
solid radioactive waste. While workmg at this or other potentially contaminated sites,
workers wear protective gloves, and, if necessary, protective clothing and footwear. -
Workers are required to perform surveys to assure that no contamination is present on
hands, clothing, shoes, etc., before leaving workstations where. contamination is likely to
occur. If contamination is detected,.then:a check of the exposed areas of the body and
clothing is required, with monitoring control points-established for this purpose,
Materials, tools, and equipment are monitored for contamination before removal from
contaminated areas or from restricted areas likelyto be contaminated. Upon leaving the - .
reactor bay, hands and feet are momtored for removable contamlnatlon

RRR staff" and visiting researchers are tralned on’ the rlsks of" contammatlon and on
techniques for'avoiding, limiting, and controlhng contamlnatlon Ce

Samples that have been activated in the reactor are monltored for contamlnatlon and
radioactivity upon removal from the reactor. Personnel protective:clothing (gloves, lab .
coats, etc.) are worn while handling samples from the reactor. Samples are transferred
from-their irradiation vials into counting’ vials or are placed in plastic bags.to limit the
spread of contamination. All personnel are surveyed for contamination following
handling irradiated samples.

Table 11.12 lists sample locations for routine momtorlng of surface contamination
control measures. On'a b1weekly basis, 100 cm’ swipe tests with'ethanol are analyzed in
a wipe test counter for contaminatior. ‘Acceptable surface contammatlon levels for
unconditional release are no more than 1000 dpm/100 cm” beta-gamma radiation.

e . I
o A T T

-y e

Table'11.12 Representative Contamlnatlon Samplmg Locations .
Reactor bay e N ;-
Clean sample-preparation fume hood

Floor between LS removal port and contaminated fume hood
Floor near entrance to reactor bay

Mechanical room

Floor in NW corner of reactor bay
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Outside reactor bay : .
Control room -
Exit hallway floor

Table for rabbit sample preparation

Stairway to Psychology building

11.1.7 Environmental Monitoring

‘ ]:nv1ronmenta1 monitoring is required to assure comphance with Subpart F of 10
"~ CFR Part 20 and 'with Technical Specifications. Installed monitoring systems-
1nclude area rad1at10n monltors and airborne contamlnatlon monltors St

{
...... P SIS H -

11.1. 7 1 Radiation Area Monltors T e D
A radlation area monitor is requlred for reactor operatlon Rad1at10n ‘area.
rionitor calibration is accomplished as requlred by Tech:ncal Spec1ﬁcat10ns 1n
accordance with fac111ty procedures e T L TE

11.1.7. 2 Alrborne Contammation Momtors S e e

The facility has one required air monitoring system in the reactor bay. Two
- additional systems monitor air from the exhaust stack: Airborne contamination ;
monitor calibration is accomplished as'required by Technical Specifications in: -

accordance w1th fac111ty procedures

Sty Lo . ot

11.1.7. 3 Additional Momtormg ‘ L con

The RRC may 1mpose add1t10na1 requlrements through the Rad1at10n Protectlon
Program: .. . . | U I IR Sy

11.1.7.4 Contamination Surveys

Contammatlon momtormg requlrements and survelllances addressed in 11 1.6
prevent track-out of radioactive contammatlon from the reactor faclhtles to the
environment.. '

As required by 10CFR20.1501, contamination surveys are conducted to ensure
compliance with regulations reasonable under the circumstances to evaluate the
magnitude and extent of radiation levels, concentrations or quantities of
radioactive material, and potential rad1010g1ca1 hazards.

AN
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11.1.7.5 Radiation Surveys

Quarterly environmental monitoring is conducted, involving measurement of
both gamma-ray doses within the facility and exterior to the fa0111ty over the
‘course of the quarter usmg fixed area dosimetry.

Radlatlon surveys are conducted da11y before operatlon at the RRR for radiation
leveis. /

Gamma-ray exposure-rate data, based on quarterly measurements over the most
recent'7-year period is indicated in Table 11.13. Source terms aré related to
reactor power levels; therefore maximum radiation levels during ‘operation at

" 250 kW should not exceed twice the maximum historical values in Table 11.13.

PN

~ Table 11.13 Representative Environmental Exposures

Year Highest Annual Dose Highest Annual Dose’ ' '
Inside Reactor Bay Outside the Facility
2006 " 197 -~ o 81
2005 R 136 S - 17
f r2004 P . 3875‘;“' HEE ¥ [ R 81
2003 688 S o102
2002 659 25
2001 204 T R\ I
2000 21 1

11.1.7.6 Monitoring for Conditions R:'eqniring EVacuation |

* An evacuation alarm is requlred in the reactor. Response testmg of the alarm is
performed in accordance with facility pfocedures.

11.2 Radioactive Waste Management

The reactor generates Very small quantltles of radloactlve waste, as 1ndlcated in Sectlon
11.1.1. Training for waste management functions are mcorporated in operator license
training and requahﬁcatlon program, .. L

Ny !

11 2. 1 Radloactlve Waste Management Program

Liquid wastes are not ‘cu.stolm:ari_ly released from the RRR. Solid wastes are either allowed
to decay in storage to background, or are shipped for burial.
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11.2.2 Radioactive Waste Controls

Radioactive solrd waste is generally considered to be any item or substance no longer of
use to the facrlrty, which contains or is suspected of containing radroactlvrty above
background levels. Volume of waste at the RRR is small, and the nature of the waste
items is limited and of known characterization. Consumable supplies such as,absorbent
materials or protective clothing are declared radioactive waste if radioactivity above
background is found to be present

When possrble sohd radloactrve waste is 1n1t1ally segregated at the pomt of or1g1n from
items that are not con51dered waste. Screenrng is based on the presence of detectable
radloactrvrty using approprrate monitoring and detection techniques and onthe future
need for the items and materials involved. Oregon is an “agreement state,” so radioactive
materials generated for research and experiments under the federal byproduct material
license of the Reactor. Fac111ty are transferred to the State of Oregon license for conduct
of the activitiés., -.. ~ o N »

Although argon-41 is released from the RRR thls release is not considered to be waste in
the same sense as liquid ‘and solid wastes. Rather, it is.an effluent, which i is routine part of
the operation of the facility. A complete descrrptlon of argon-41 productlon and dispersal
is provided in section 11.1.1. -

11.2.3 Release of Radioactive Waste

The RRR does not have a pollcy of releasrng radloactlve waste to the env1ronment as.
effluent. If contaminated liquids are produced; théy are contained localiy, added to
absorbent, and transferred to a waste barrel in preparation for transfer to a licensed burial
facility. Solid waste is likewise rout1ne1y contarned on-srte ‘
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12 CONDUCT OF OPERATIONS

This chapter describes the conduct of operations at the Reed Research Reactor (RRR).
The conduct of operations involves the administrative aspects of facility operations, the
facility emergency plan, the physical security plan, and the requalification plan. This
chapter of the Safety Analysis Report (SAR) forms the basis of Section 6 of the
Technical Specifications (Chapter 14). .

12.1 Organization

The operating license R-112, Docket 50-288, for the reactor is held by Reed College. The
chief administrating officer for Reed College is the President. The Reactor Director
reports to the Vice President, Dean of the Faculty, who in turn reports directly to the :
President of Reed College. The Director is responsible for licensing and reporting
information to the NRC.

(AR FE FEEN)

12.1.1 Structure

As indicated on Figure 12.1, the Presldent of Reed College is the licensee for the Reed
Reactor Facility.. The reactor is under the direct control of the Reed Reactor Facility
Administration, consisting of the- facility Director and Associate Director, who report to
the college Dean of the Faculty and President. ' :

Environmental, safety, and health overS1ght functions are administered through the Vice
President, Treasurer, while reactor line management functiofis are through the Vice
President, Dean of the Faculty, Radiation protection funct1ons are divided between the
Radiation Safety Ofﬁcer (RSO) and the reactor staff and management,, with ‘management
and author1ty for the RSO separate from line management and author1ty for facility
operat1ons Day to day radiation protectlon funct10ns 1mplemented by fac1l1ty staff and
management are gu1ded by approved adm1n1strat1ve controls (Radlat1on Protection
Program or RPP, operating and experiment procedures) These controls are reviewed and
approved by the RSO as part of the Reactor Review Committee (RRC). The Reactor
Health Physicist reports to the RSO and has specific oversight functions assigned though
the Administrative Procedures. The Reactor Health Physicist provides routine support for
personnel mon1tor1ng, rad1olog1cal analys1s and radioactive' material’ 1nventory control.
The Reactor Health Phys1c1st provides gu1dance on request for non- routlne operat1ons
such as transportat1on and 1mplementat10n of new exper1ments '

Reed Research Reactor : 12-1 S July 2010
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Figure'12.1 Organization and Management'Structure for the Reed Reactor
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12.12 Responsibility ** "~ - . 0 o
The following describes the individuals and groups that appear in the 'orgahiiational
structure chart and their associated duties and responsibilities.

12 1 2 1 Reed College Admmlstratlon )

’ N .
[ Dot : AR S

‘'The Reed College admmlstratron is respon51ble for establ1sh1ng the facrlrty
budget, and for appointing the Director, Associate D1rector Health Physrc1st and
members of the Reactor Review Committee: =~ "+ - -

12.1.2.2‘ '\ Reaetor Review Conllmittee',' '

“The Reactor Rev1ew Comm1ttee serves as arn overs1ght comm1ttee The RRC 1s
responsible for rev1ew1ng reactor operatrons to assure that the reactor facrl1ty 1s
operated and used i 1n a manner within the terms of the facrlrty license and -

' consistent with the safety of the publrc Dut1es of the Reactor Review Comimttee ‘
are enumerated 1n Technrcal Spec1ﬁcat1ons Sectron 6 2 b. '

o

12123 . Reactor Heaith Physleist o

The Reactor Health Phys1crst provrdes routrne support for personnel momtorrng,
radiological analysrs and radioactive material inventory, control The Reactor
'Health Physicist reports to the College Radiation Safety, Ofﬁcer Dutres of the .

- Reactor Health Physicist are enumerated in Technical Specrﬁcat1ons Section
6.1.2.g.
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1‘2.‘1.2-.4 ~~ 'Reed Reactor Facility Administration

b

The Reactor Director has the ultimate responsibility for the safe and competent
operation of the RRR. The Associate Director acts as an assistant to the Director,
and can act on the behalf of the Director in some instances. Duties of the Director
and Associate Director are enumerated in Techmcal Spemﬁcatlons Sectlon
6.12band6.1.2c.

.. 12125  Reactor Supeﬁisbr -

i1

The Reactor Supervisor is respon51ble to the Director for dlrectlng the activities of

~ Reactor Operators and for the day-to day operation and maintenance of the
reactor. The Superv1sor shall ‘be a NRC licensed, Seniof Reactor Operator for the
facﬂlty Specific duties are énumerated in Techmcal bpemﬁcatlons Sectlon
6.1.2.d.

12.1.2.6 Reactor Operat ors”

n - Reactor, Operators are appointed; by the Director, and:must hold an NRC Reactor:
.. .. Operator-or Senior Reactor Operator license. They are responsible for the safe and
--.competent operation and maintenance of the reactor.and associated equipment.
"+, Specific. duties of Reactor. Operators are enumerated in Techmcal Specifications, ..
Section6.1.22h.. -, .. o, - : :

12.1.2.7 Reactor Assistants

Reactor Assistants are appomted by the Director to work at the Facility under the
direct supervision of a licenised Reactor Operator or the Health Physicist.
Assistants shall be trained in the safe use of radioactive materials, radlatlon safety,
and emergency procedures. '

12.1.3 Staffing

Whenever the reactor is not in the secured mode, the reactor shall be under the
direction of a US NRC licensed Senior Operator. The Senior Operator shall be
easily reachable, such as by phone OF pager, on campus, and w1th1n five, mlnutes
travel time of the facility. : '

Whenever the reactor is.not secured, a US NRC licensed Reactor Operator (or
Senior.Reactor Operator) - who meets requirements of the Operator Requalification
Program shall be'at the reactor control console, and dlrectly responsible for. .
react1v1ty manlpulatlons : :
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Whenever the reactor is not secured, a second person shall-be in the facility. This
person may leave the facility briefly to take readings or conduct inspections.

. In addition to the above reqlrirements, during fuel movement a Senior Operator
inside the reactor bay directing fuel operations.

Only the Reactor Operator at the controls or personnel authorized by, and under
direct supervision of, the Reactor Operator at the controls shall manipulate the
controls. Whenever the reactor is not secured, operation of equipment that has the
potential to affect reactivity or power level shall be manipulated only with the
: knowledge and consent of the Reactor Operator at the controls. The Reactor

Operator at the controls may authorize persons to mampulate reactivity controls
who are tra1n1ng e1ther as (1) a student maklng use of the reactor, (2) to qualify

’ for an operator 11cense or (3) in accordance the approved Reactor Operator
'requallﬁcatlon program.

12.1.4 Selection and Training of Personr}gl:.r. PR

The Director of the RRR ‘shall-select individuals >with ‘the requisite 'experiénce and
qualifications -recommended’ in-- ANSI/ANS - 1:5.4:1988;. Selection rand Training of
Personnel for Research Reactor's. -All personnel shall have a combinatien of ‘academic
training, experiénce, health, and skills commenstirateiwith their réspensibility- and duties.

Training for new personnel includes emergency preparedness and radiation safety.

12.1.5 Radiation Safety SRS

The radiation safety progranr is discnss_ed in Chapterl 1 i} . : .‘ ;,} )
12.2 Review and Audit Activities

It is the responsibility of the Reactor Review Committee (RRC) to review reactor
operations to assure that the reactor facility is operated and used in a manner within the
terms of the facility license and consistent with the safety of the public/and of persons.

ot

12.2.1 Composition and Qualifications

The RRC shall have at least five voting members, at least two of which are -
knowledgeable in fields that relate to physics and nuclear safety. The Reactor Director
and Associate Director shall be nonvoting members. The Dean of the Faculty, the:
Reactor Health Physicist, and the campus Radiation Safety Officer shall te voting
members. The President shall appoint the ROC members except those who are members
by virtue of their position described above.

Reed Research Reactor 12-4 - . . C o July 2010
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12.2.2 Charter and Rules

The RRC shall have a written statement defining its authority -and responsibilities, the
subjects within its purview, and other such administrative provisions as are required for
its effective functioning. Minutes of all meetings and records of all formal actions of the
RRC shall be kept by the Director. o ‘ Lo -

The RRC shall meet a minimum of two times each academic year. Additional meetings
may.be called by the chair, and the RRC may be polled in lieu of a meeting. Such a poll
shall constitute RRC action subject to the same requirements as for an actual meeting. A
quorum shall consist of not less than a majority of the voting RRC members. Any action
of the RRC requires a majority vote of the members present S

The Reactor Rev1ew Comm1ttee may be d1v1ded into two subcomm1ttees (Reactor
" Operations Committee and Reactor Safety Comm1ttee) PR : 2
A written report of the ﬁndings of any audit shall be submitted to the Director after the
audit has been completed.

12.23 'Reyié'v'vl :.Fun"c.tion

e R R T S R I g l Lo
The responsibilities of the RRC shall include, but are not limited to, the following:
‘ l) Rev1ew and approval of rules procedures and proposed Technical Spec1ﬁcations
2) Rev1ew and approval of all proposed changes in the fac111ty that could have a
s1gn1ﬁcant effect on safety and of all proposed changes .in: approved rules,

procedures, and Technical Specifications, in accordance with procedures in
Technical Specifications, Section 6.3;

3) Review and approval of experiments using the reactor in accordance with
procedures and criteria in Technical Speciﬁcations Section 6.4,

4) Determination of whether a proposed change test or experiment would constitute
. an_ unrev1ewed safety, question or change in the F echnical SpeC1ﬁcations (Ref 10
" CFR 50. 59)

5) Review of v1olations of Technical Spec1ﬁcations Surveillance requirements
6) Review of abnormal performance of equipment and operating anomalies

7) Review of unusual or abnormal occurrences and 1n01dents Wthh are reportable
under 10 CFR Part 20 and 10 CFR Part 50; and o

- 8) Inspection of the facility, review-of safety- measures, and audit of operations at a
frequency not less than once a year, including operation and operations records of
the facility. Standard Operating Procedures shall be audited biennially.

Reed Research Reactor 12-5 : CJuly 2010
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12.2.4 Audit Function

The RRC shall audit the reactor operations, including but not limited to, operatron and
operations records of the fac1l1ty, annually

Members of the Reactor Rev1ew Comm1ttee who are assigned responsibility for audits
shall perform or arrange for examination of operating records, logs, and other documents.
Discussions with cognizant personnel and observation of operations shall be:used as
appropriate. In no.case. shall the individual 1mmed1ately respons1ble for an aspect of
fac1l1ty 0perat1on audit that area. :

The purpose of aud1ts is to determme if act1v1t1es _since the last audit were conducted
safely and in accordance with regulatory requirements and applicable procedures. In
addition to checking the. controlling document -or procedure, the audit should verify that
the records are completed and retrievable, that the procedures are clear, that deficiencies
in previous audits have been addressed and that the procedure fulﬁlls the 1ntended
function. "~ v . e R % : Dot

The status of the reviews and audits shall be a standing agenda item for all committee
meetings. Deficiencies uncovered in audits that affect reactor, safety shall 1mmed1ately be
reported to the President of Reed College by the chairperson of the Committee. A written
report of the findings of the aud1t shall be subm1tted to the D1rector after the aud1t has
been completed R ‘ > SRR

The Rad1at1on Protectlon Plan Requahflcatlon Plan and Emergency Plan are aud1ted
each academic year. A list of items to be audited and the1r frequency is prov1ded in the
RRR Adm1n1strat1ve Procedures Sectlon 2. 3 '

P ool

12.3 Procedures

Written procedures rev1ewed and approved by the RRC shall be followed for the
activities listed below. The procedures shall be adequate to assure 'the safety of the
reactor, persons within the facility, and the publlc but should not preclude the e of
independent judgment and action should the situation require it. The act1v1t1es are:

1) Startup, operat1on and shutdown of the reactor 1nclud1ng

() Startup procedures to test the reactor 1nstrumentatlon and safety systems area

monitors, and continuous air momtors and NS

~-(b) Shutdown procedures to assure that the reactor is secured before the end of the
i day ' ' ‘ ' g

2) Installat1on or removal of fuel elements control rods and other core components
that significantly affect reactivity or reactor safety.
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3) Preventive or corrective maintenance activities that could have a significant effect
on the safety of the reactor or personnel.

4) Periodic inspection, testing, or callbratlon of - systems or- 1nstrumentat10n that
-relate to reactor operation. S te

- Substantive changes in the above procedures shall be made only with the approval of the
RRC, and shall be issued to the personnel in written form. The Reactor Director may -
make temporary changés that do not change'the original intent. The change and the ™
reasons thereof shall be reviewed by the RRC.

1ii ' UL A S U U A PR

124 Required Actions”
This is addressed in the RRR Technical Specifications. i

12.5 Reports to the Nuclear Regulatory Commission

.....

This is addressed in the RRR Technical Spec1ﬁcatlbﬁs A
12.6 - Record Retention~ -~ -~ "

This is addressed in the RRR Technical Specifications.

12.7 Emergency Planning

The RRR Emergency Plan contains detailed information regarding the RRR response to
emergency situations. The RRR Emergency Plan is written to be in accordance with
ANSI/ANS 15.16, Emergency Planning for Research Reactors.

12.8 Security Planning

The RRR Physical Security Plan contains detailed information concerning the RRR
security measures. The plan provides the RRR with criteria and actions for protecting the
facility.

Primary responsibility for the plan and facility security rest with the Director.
Implementation of the plan on a day-to-day basis is also the responsibility of the Director.
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12.9 Quality Assurance

Changes to the facility through replacement, modification, and changes are performed
under the safety review process of 10 CFR 50.59 to ensure proper quality assurance.
Procedures are in place for performlng the reviews. The RRC oversees the process

12 10 Operator 'Ii'amlng and Requallflcatlon . L

The RRR Requalification Plan is designed to satlsfy the requlrements of 10 CFR 55. The
Requalification Plan is provided as an attachment to this Safety Analysis Report. '

12.11 StartepPlan = . ..
This is not applicable.-

12.12 Environmental Reports . .. ,

The Environmental Report for the RRR is attached to this Safety-:énalysis Report.

o fe
S PAIE S Py A
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TECHNICAL SPECIFICATIONS

DEFINITIONS

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

Channel: The combination of sensor, line, amplifier, and output dev1ces that are
connected for the purpose of measuring the value of a parameter.

Channel Calibration: An adjustment of the channel such that its output corresponds
with acceptable accuracy to known values of the parameter that the channel measures.
Calibration shall encompass the entire channel, including equ1pment actuat1on alarm, or
trip and shall include a-Channel Test. - ‘

Channel Check: A qual1tat1ve verification of acceptable performance by observat1on of
channel behavior. This verification, where possible, shall include comparison of the
channel with other 1ndependent channels or systems measurmg the same variable. -

Channel Test: The 1ntroduct1on ofa s1gnal 1nto the channel for ver1ﬁcat1on that it is
operable. . _

Confinement: An enclosure of the reactor bay that is ‘desi'gned to only allow the release
of effluents between the enclosure and its external environment through controlled or
defined pathways. = . :

Control Rod: A device fabricated from neutron absorbing material that is used'to . -
establish neutron flux changes and to compensate for routine reactivity.changes. = ,

Excess Reactnvnty That ‘amount of react1v1ty that Would exist if all control rods were
moved to the maximum react1ve cond1t1on from the pomt where the reactor is exactly
cr1t1cal (Kefr) at reference core conditions." S

Experiment: Any operation, hardware, or target that is des1gned for non- rout1ne
investigation of reactor characteristics or that is intended for 1rrad1at1on within an
irradiation facility. Hardware rigidly secured to a core or tank structure so as to be a part
of their design to carry out experiments 1s not normally cons1dered an exper1ment
Specific experiments shall mclude '

a. leed Experlment Any exper1ment or component of an exper1ment that is held in a
consistent position relative to the reactor by mechanical means. This includes the
rotating specimen rack, the central thimble, and fuel locations.

b. Movable Experiment: Any experiment that is not fixed. It is intended that the
experiment may be moved in or near the core or into and out of the core while the
reactor is;operating. This included the pneumatic transfer system

" Fuel Element: A single TRIGA® fuel rod.

Irradiation Facilities: The central th1mble the rotatmg spec1men rack the- pneumat1c
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: Capable of performing its intended function.
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1.14 -
1.15

1.16°

1.17

1.18

1.19

1.20

1.21

1.22
1.23

1.24

1.25

1.26

Operating: Performing its intended function.

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

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

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

Reactor Secured: The reactor is secured when R
a. Either there is insufficient fissile material in the reactor to at‘aln crltlcallty under
optimum available conditions of moderation and reflection; or,
b. All of the following exist:
1. The three control rods are fully inserted.
2. The reactor is shutdown;
3. No experiments or irradiation facilities in the core are being moved or serviced
that have, on movement or servicing, a reactivity worth exceeding one dollar;
4. No work is in progress involving core fuel, core structure, installed control rods,
or control rod drives unless they are physically decoupled from the control rods.
5. The console key switch is in the “off” position and the key is removed from the
console.

Reactor Shutdown: The reactor is shutdown when it is subcritical by at least one dollar
both in the reference core condition and for all allowed ambient conditions, with the
reactivity worth of all installed experiments and irradiation facilities included;

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

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

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

Scram Time: The elapsed time between reaching a limiting safety system set point and
the instant that the slowest control rod reaches its fully-inserted position.

Shall, Should, and May: The word “shall” is used to denote a requirement; the word
“should” is used to denote a recommendation; and the word.“may” to denote permission,
neither a requirement nor a recommendation.

Shutdown Margin: The amount of reactivity by which the reactor is subcritical, or
would be subcritical if the control rods were inserted, except that the most reactive rod is
in its most reactive position.

Shutdown Margin Limit: The minimum shutdown reactivity necessary to provide
confidence that the reactor can be made subcritical by means of the control and safety
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systems and will remain subcritical without further operator action, starting from any
permissible operating condition with the most reactive rod in its most reactive position.

1.27  Substantive Changes: Changes in the orlglnal intent or safety significance of an action
or event.

1.28  Surveillance Intervals: Allowable surveillance intervals shall not exceed the following.
These intervals are to provide operational flexibility only and are not to be used to reduce
frequency.

" a. Biennial - 1nterval not to exceed 130 weeks.
b. Annual - interval not to exceed 65 weeks.
c. Semi-annual - interval not to exceed 32 weeks.
d. Monthly - interval not to exceed 6 weeks.
e. Weekly - interval not to exceed 10 days.. :
f. Daily - prior to each day’s operation or prior to each operatlon extendlng more than
one day. oo
i,
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2 SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTING

2.1 Safety Limit-Reactor Power

pphcablllty‘ This specification applies to the reactor thermal power

Ob]ectlv The objective is to define the maximum thermal power that can be permitted W1th
confidence that no damage to the fuel element cladding shall result.

Specifications. The thermal power of the reactor shall not exceed <to be completed> kW.
Basis. : N

<This will be completed as part of the analysis being performed by Oregon
_ State and General Atomics and will be submitted in November 2010.>

2.2 Limiting Safety System Setting -

Applicability, This spemﬁcatlon apphes to the scram settlngs that prevent the safety 11m1t from |
being reached. .

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

Specifications'The 11m1t1ng safety system settlng shall be equal to or less than 275 kW as
measured by a power measuring' channel. *

Basis. i

<This will be completed as part of the analysis being performed by. Oregon:
State and General Atomics and will be submitted in November 2010.>
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-3 LIMITING CONDITIONS OF OPERATION - e

3.0 General

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

3.1 Reactor Core Parameters

3.1.1 Operation ,

Applicability. This specification applies fo the energy generated in the reactor during operation.
Objective. The objective is to assure that the thermal power safety 11m1t shall not be exceeded
during operation.

Spemﬁcatlon The steady state reactor power level shall not exceed 250 kW

Basis. : . ey o

<This will be completed as part of 'the analysis being penjformed by. Oregon ‘
State and General Atomics and will be submitted in November 2010.> . ... .. .

3.1.2 Shutdown Margin

Applicability. These specifications apply to-the reactivitycondition of the reactor and the
reactivity worths of control rods and eéxperiments during'operation.- SRR

Objective. The objective is to assure that the reactor can be shut down at all times and to assure
that the thermal power safety limit shall not be exceeded.

Specifications. The reactor shall not be operated unless the shutdown margin provided by control
rods is greater than <to be completed> with:

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;

¢. The reactor in the reference core condition.

Basis. The value of the shutdown margin assures that the reactor can be shut down 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.
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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 shut down at all tlmes and to assure
that the thermal power safety limit shall not be exceeded. - :

Specifications. The maximum available excess reactivity based on the reference core condition .
shall not exceed <to be completed>.

BaSIo R
. <This will be completed as Jpart of the analysis bemg performed by Oregon
State and General Atomlcs and will be submltted in November 2010 >
3.1.4 Fuel Parameters -
Applicability. This. spec1ﬁcat1on applles to all fuel elements '
Objective. The objective is to maintain 1ntegr1ty of the fuel element cladd1ng

Spec1ﬁcat10n The reactor shall not operate with’ damaged fuel elements, except for the purpose
of locating damaged fuel elements A fuel element snall be cons1dered damaged and must be
removed from the core 1f ‘ ‘ N R :

a. A claddrng defect. e\nsts as 1nd1cated by release of ﬁssron products or
b. Visual inspection identifies bulges, gross: pitting, or corrosion.

Basis. Gross failure or obvious visual deterioration of the fuel i is sufﬁc1ent to warrant declaratlon
of the fuel as damaged S R

3.2 Reactor Control And Safety Systems
3.2.1 Control Rods |
ppl1cab1l1ty This spec1ﬁcat1on applles to the functron of the control rods

Objective. The objectlve is to determine that the control rods are, operable

Spec1ﬁcat10n The reactor shall not be operated if any control rods are operable Control rods
shall not be considered operable if: o

a. Damage is apparent to the rod or rod drive assembl1es or
'b. The scram time exceeds-1 second.
c. The reactivity. add1t1on rate exceeds. $0. 16 per second

Basis. This specification assures that’ the reactor shall be promptly shut down:-when a scram ,
signal is initiated and that the react1v1ty addition rates are safe. Experience and analysis have
indicated that for the range of transients anticipated for a TRIGA® reactor, the specified scram
time is adequate to assure the safety of the reactor.
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3.2.2 Reactor Power Measuring Channels

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

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

Specifications. The reactor shall not be operated unless at least two reactor power measuring
channels are operable.

(1) Any single power measuring channel may be inoperable while the reactor is operating for
the purpose of performing a channel check, test, or calibration. o

(2) If any requlred reactor power measuring channel becomes inoperable while the reactor is
operating for reasons other than that identifiéd in'Section 3.2. 2(1) above, the channel
shall be restored to operatlon within 5 minutes. If after 5 minutes the channel has not
been returned to service the reactor shall be 1mmed1ately shutdown.

Basis. Reactor power displayed at the ¢ontrol console glves continuous information on this "
parameter that has a specified safety limit. For note (1), taking these measuring channels off-line
for short durations for the. purpose of a.check, test, or calibration is considered acceptable
because in some cases, the reactor, must be operatlng in order to. perform thé check, test, or
calibration. Additionally there exist a power level indication operating while a s1ngle channel is -
off-line. For note (2), events that lead to these circumstances are self—reveahng to the operator.
Furthermore, recognition 6f approprlate action on the part of the operator asa result of an
instrument failure would make this'consistent w1th TS 6.7.2. ' e

3.2. 3 Reactor Safety Systems and Interlocks

Applicability. This specification applies to the reactor safety system channels and 1nterlocks

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

Specifications. The reactor shall not be operated unless the minimum number of safety channels
described in Table 1 and interlocks described in Table 2 are operable. SO

Table 1 Mmlmum Reactor Safety Channels

Safety Channel ' : Function .. Minimum Number
Power Level Scram , Scram at275kWorless | .~ - 2. 0
Console Manual Scram , .. Scram 1

Table 2 - Minimum Interlocks " - : .
Interlock t Function < - | Minimum Number
Low Power Level o Prevents control rod withdrawal A |

= . .| with no neutron induced signal .
| Control Rod Drive Circuit Prevents simultaneous. manual 1
withdrawal of two rods

(1) Any single safety channel or interlock may be inoperable while the reactor is operating
for the purpose of performing a channel check, test, or calibration.
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(2) If any required safety channel or interlock becomes inoperable while the reactor is
operating for reasons other than that identified in Section 3.2.3(1) above, the channel
shall be restored to operation within 5 minutes. If after 5 minutes the channel has not
been returned to service the reactor shall be immediately shutdown. -

Basis.

Power Level Scram: The set point for both the linear and percent power channels are normally
set to 100% of 250 kW, which is the licensed power.

Manual Scram: The manual scram must be functional at all times the reactor is in operation. It
has no spec1ﬁed value for a scram set p01nt itis manually initiated by the reactor operator.

Low Power Level Interlock: The rod withdrawal 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' COIldlthIl the per10d could qulckly 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 recognlze and respond to changlng
conditions. - . e I

Control Rod Drive Circuit: The single rod withdrawal interlock prevents the operator from
removing multiple control rods s1multaneously so that react1v1ty insertions from control rod
manipulation are done in a contrclled manner: . .- -..:v .. e e

<This will be completed as part of the an‘aly'sis b'e‘ing“"perfornred by Oregon
State and General Atomics and will be submitted in November 2010 >

For note (1), taking these safety channels off-line for short durations for the purpose of a check,
test, or calibration is considered acceptable because in some cases, the reactor must be operating
in order to perform the check test or calibration. Additionally there exist a power level 1nd1cat10n
operatinig while the single channel is off-line: For note (2), events that lead to these
circumstances are self-revealing to the operator. Furthermore, recognition of approprlate action ’
on the part of the operator as a result of an instrument failure would make this consistent with TS
6.7.2. : : ' \

3.3 ‘Reactor 'Prifnagy Pool Water _ o -

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

Objective. The objective is to assure that there is an adequate amount 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 demlnerahzer resin integrity, and that pool conductivity
remalns low enough to 11m1t corrosion. . :

Spemﬁcatlon The reactor primary water shall exhibit the- follow1ng parameters: -

a. The pool water level shall be greater than 5 meters above the upper core plate;
b. The bulk pool water temperature shall be less than 50°C;
c. The conductivity of the pool water shall be less than 2.0 mlcr081emens/cm
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Basis. The minimum height 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. Experience at many
research reactor facilities has shown that ma1nta1n1ng the conductivity within the specified 11m1t
provides acceptable control of corrosion (NUREG 1537)

3.4  Ventilation System

Applicability. This specification applies to the operation of the reactor bay ventilation §ystem. =

Objective. The objective is to assure that the ventilation system shall be in operation to mitigate
the consequences of possible releases of radloactlve miatérials resultlng from reactor operatlon or
when moving irradiated fuel.. - -+ - S

Spemﬁcatlon The reactor shall not be operated nor, 1rrad1ated fuel moved unless the fa0111ty
ventilation system i$ operating if the normal mode.or 1solat10n mode except for periods of time
not to exceed two hours to perm1t repa1r ma1ntenance or testing of the ventllatlon system.

Basis. Durlng normal operatlon of the vent11atlon system the annual average ground
concentration of Ar-41 in unrestncted areas is well below the applicable effluent concentration
11m1t1n 10CFR20 L L . o . : '

ey

<This will be completed as part of the analysns being: performed by Oregon
State and General Atomlcs and will be submitted in November 2010.> - .

' e RS Sy, e I N AR N
35 Radlatlon Momtorlng Systems and Efﬂuent L

351" Radlatlon Monitoring Systems SR .

Apphcablhty Th1s spec1ﬁcat10n apphes to the rad1atlon mon1tor1ng 1nformat10n that must be :
available to the reactor operator during reactor operation. S (oo

Objective. The obJectlve is to specify the minimum radidtion mon1tor1ng 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 Radlatlon Mon1tor and one A1r
Radiation Monitor are operating.

Exception: When a'single required radiation monitoring channel becomes inoperable,' operéltions
may continue only if other 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 opetating personnel regarding routine
releases of radioactivity and any impending or existing dangér from radiation. Their operation
will provide sufficient time to evacuate the facility or take the necessary steps to prevent the
spread of radioactivity to the surroundings. . :

3.5.2 Effluents _ o
Applicability. This speciﬁcation applies to the release rate of Ar-41.
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is below‘ the applicable effluent concentration value in 10 CFR 20.

Specifications. The annual average concentration of Ar-41 discharged into the unrestricted area
shall not exceed 1.5 x 10 pCi/ml at the point of discharge.

Basis. If Ar-41 is continuously discharged at 1.5 x 10" pCi/ml, measurements and calculations
show that Ar-41 released to the unrestricted areas under the worst-case weather conditions would
result in an annual TEDE of 8 mrem (SAR 11.1.1.1). This is less than the applicable limit of 10
mrem (Regulatory Guide 4.20).

3.6 Limitations on Experiments

3.6.1° Reactnvnty lelts

Apphcabihty This specifi catlon apphes to experiments 1nstalled in the reactor and 1ts 1rrad1at10n
facilities. . '

Objective. The objective isi-to prevent' damage'to the reactor or excesSive,releésﬁe@f radioactive'.
materials in the event of an experiment failure.

Specifications. The reactor sball not be. operated uriless the following conditions govemmg
experiments exist:’ 2 o o

a. The absolute value of the reactivity worth of any single moveable experlment shall be -
less than <to be completed>;

b. The sum of the absolute values of the reactivity worths of all experiments shall be less
than <to be completed>.

<This will be completed as part of the analysis being performed by Oregon
State and General Atomics and will be submitted in November 2010.>

3.6.2 Materials

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

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

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

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

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

3. 6 3 Failures and Malfunctions

Applicability. This specification applles to experlments installed in the reactor and its u'radlatlon
facilities. ' o

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

Specifications. Where the possibility exists that the failure of an expéeriment under nominal
operating conditions of the experiment or reactor, credible accident conditions in the reactor, or
possible accident conditions in the experlment 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 assumlng that 100% of the gases or,
aerosols escape from the experiment; : ‘ Co

Basis. This specification is intended to'meet the purpose of 10 CFR 20 by reducmg the .
likelihood that released airborne radioactivity to the reactor bay or unrestricted area surroundmg
the RRR will result in exceeding the total dose limits to an individual as specified in 10 CFR 20.
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4.0 General

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

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

Spec1ﬁcatlon

-a.. Surveillance requirements may be deferred during reactor shutdown (except Sectlons }
4.3.a,4.3.b, and 4.g); however, they shall be completed prior to reactor operation unless .
reactor operatlon is required for performance of the survelllance Such surveillance shall.
be performed as soon as pract1cable after reactor operatlon Scheduled surve111ance that
cannot be performed with the reactor operatlng 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 feactor safety systems ‘'shall be made and tested in accordance
with the specifications to which the systems were or1g1na11y de51gned ‘and fabricated or to
specifications reviewed by the Reactor Review Comm1ttee /A system shall not be
. considered operable until after it is successfully tested

l

Basis. This specification relates to surveillances of reactor systems 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 spec1ﬁcatlons it can be assumed that they meet the presently accepted '
operating criteria.

4.1 Reactor Core Parameters

Apphcablhty Thls spec1ﬁcatlon app11es to the surveillance requ1rements for reactor core
parameters

Ob]ectlv The Ob_] ectlve is to verify that the reactor does not exceed the authorized limits for
power, shutdown margin, core excess reactivity, specifications for fuel element condition, and
verification of the total reactivity worth of each control rod. '

Specifications.

a. The shutdown margln shaIl be determmed daily, or followmg any significant change
(>$0.25) from a reference core.

b. The core excess. react1v1ty shall be determ1ned annually or following any s1gn1ﬁcant
change (>$0 25) from a reference core. :
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c. Twenty percent of the fuel elements comprising the core shall be inspected visually for
damage or deterioration biennially such that the entire core is inspected over a ten year
period.

Basis. Experience has shown that the identified frequencies will ensure performance and
operability for each of these systems or components. The value of a significant change in
reactivity (>$0.25) is measurable and will ensure adequate coverage of the shutdown margin
after taking into account the accumulation of poisons. For inspection, looking at fuel elements
biennially will identify any developing fuel integrity issues throughout the core. Furthermore, the
method of determining non-conforming fuel at the RRR has been exclusively visual inspection.

4.2 Reactor Control and Safety Systems

Applicability. This. speclﬁcatron dpphes to the surveillance requirements of reactor control and
safety systems. : . : Co

Ob]ectlv The Ob_]eCtIVC is to verlfy performance and operablhty of those systems and
components that are d1rect1y related to reactor safety

Speclﬁcatlon

a. A channiel test of each iteni iri Tablés 1 and 2 i in Section 3. 2 3'shall be performed daily.
b. A channel calibration shall be made of the’ each reactor power level mon1tor1ng channel
by the calorimetric method anniially: o
" ¢. The scram time shall be measured annually
d. The total reactivity worth and react1v1ty addition rate of each control rod shall be
measured annually or following any significant change (>$0.25) from a'reference core,
- not including experiments. - - o N
e. The control rods-and drives shall be v1sua11y 1nspected for damage or deterloratlon
‘biennially. " - o : DT

AP

Basis. Experiencé has shown that the identified frequencies w1ll ensure performance and S
operability for each of these systems or components.” : o

4.3 Reactor Primary Pool Water

Applicability. This spec1ﬁcatron apphes to the survelllance requrrements 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 operatlng, and to verify appropr1ate alarm settmgs

Specifications. : ‘ T

A channel check of the water level monitor shall be performed daily.

A channel check of the water temperature monitor shall be performed daily.

A channel test of the water level monitor shall be performed monthly.

A channel test of the water temperature monitor shall be performed monthly.

'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 monthly.

REo Ao o
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Basis. Experience has shown that the frequencies of checks on systems that monitor reactor
primary water level, temperature, and conductivity adequately keep the poel water at the proper
level and maintain water quality at such a level to minimize corrosion and maintain safety.

4.4 Ventilation System

Applicability. This specification applies to the reactor bay confinement ventilation system.

Objective. The objective is to assure the proper operation of the ventilation system in controlling
releases of radioactive material to the unrestricted area.

Specifications. A channel test of the reactor bay confinement ventilation system’s ability to be in
isolation shall be performed monthly.

Basis. Experience has demonstrated that tests of the ventilation system on the prescribed basis
are sufficient to assure proper operation of the system and its control over releases of radioactive
material.

4.5 Radiation Monitoring System

Applicability. This specification applies to the surveillance requirements for the area radiation
monitoring equipment and the air monitoring systems.

Objective. The objective is to assure that the radiation monitoring equipment is operating
properly.
Specifications. For each radiation monitoring system in Section 3.5.1:

a. A channel check shall be performed daily.
b. A channel test shall be performed monthly.
c. A channel calibration shall be performed annually.

Basis. Experience has shown that an annual calibration is adequate to correct for any variation in
the system due to a change of operating characteristics over a long time span.

4.6 Experimental Limits

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

Objective. The objective is to prevent the conduct of experiments that may damage the reactor or
release excessive amounts of radioactive materials as a result of experiment failure.

Specifications.

a. The reactivity 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 its irradiation facilities unless a
safety analysis has been performed and reviewed for compliance with Section 3.6 by the
Reactor Review Committee in accord with Section 6.5 and the procedures that are
established for this purpose.
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Basis. Experience has shown that experiments that are reviewed by the RRR staff and the
Reactor Review Committee can be conducted without endangering the safety of the reactor or -
exceeding the limits in the TS. : ' '
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5 DESIGN FEATURES

5.0 General

Major alterations to safety related components Or equlpment shall not be made prior to
appropriate safety reviews.

5.1 Slte and Facility Description

ppllcablllg This spe01ﬁcat10n applies to the Reed College TRIGA® Reactor site locatlon and
spe01ﬁc facﬂlty design features.

Objective. The objectlve is to spe01fy the locatlon of specific fa0111ty des1gn features

Specifications.

a. The restricted area is that area inside reactor facility. The unrestricted area is that area
outside the reactor facility.

b. The reactor bay shall have a free air volume of 300,000 liters.

c. - The reactor bay shall be equipped with ventilation systems designed to exhaust air or

- other gases from the reactor bay and release them from a stack at a minimum of 3.6
. meters from ground level.

d. Emergency controls for the ventilation systems shall be located in the reactor cor‘trol
room.

e. -When in the isolation mode, the ventilation system shall exhaust through a HEPA filter
and maintain a negative pressure in the reactor bay with respect to the control.room.

f. The ventilation system shall enter the 1solat10n mode upon a hlgh activity alarm from an
Air Radiation Monitor. -

g. The radiation levels i 1n the reactor bay shall be monitored by an Area Radlatlon Monitor.

Basis. The reactor facility and site description are strictly defined (SAR 2.0). Proper handling of
airborne radioactive materials (in emergency situations) can be conducted from the reactor
control room with a minimum of exposure to operating personnel (SAR 9.1).

52 Reactor Coolant System

Applicability. ThlS spe01ﬁcat10n apphes to the pool contammg the reactor and to the coohno of
the core by the pool water: o :

Objective. The objective i is to ‘assure that ¢oolant water shall be available to prov1de adequate
cooling of the reactor core and adequate rad1at10n shielding.

Spemﬁcatlon

a. The reactor core shall be cooled by natural convective water flow.
b. The pool water inlet and outlet pipes shall be equlpped with siphon breaks not less than 5
meters above the upper core plate.
¢. . A pool water level alarm shall be provided to indicate loss of coolant if the pool level
“drops 15 cm below riormal level.
d. A'bulk pool water température alarm shall be provided to 1ndlcate high bulk water
temperature if the temperature exceeds 50°C.
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Safety Analysis Report



TECHNICAL SPECIFICATIONS

Basis. This specification is based on thermal and hydraulic calculations that show that the
TRIGA® core can operate in a safe manner at power levels up to 250 kW with natural convection
flow of the coolant water.

In the event of accidental siphoning of pool water through inlet and outlet pipes the pool water
level will drop to a level no less than 5 meters from the upper core plate either due to a 51phon
break or due to the pipe ending (SAR 5.2).

Loss-of-coolant alarm caused by a water level drop of no more than 15 cm provides a timely
warning so that correctlve actlon can be initiated. Thls alarm is located in the control room (SAR
5.2): ‘ ‘ : : :

The bulk water temperature alarm provides warning so that corrective action can be initiated ina
timely manner to protéect the demineralizer resin. The alarm is‘located in the control room. -

5.3 Reactor Core ahd Fuel .

5.3.1 Reactor Core coo , , 5} v
Applicability. This spemﬁcatlon apphes to the conﬁguratmn of fuel and in-core experiments.

Objective. The’ obJectlve is to assure that provisions are rmadé to restrlct the arrangement of fuel
elements and experlments SO as to prov1de assurance that excesswe power densmes shall not be
produced. ’

Specification. - I T Coe e
a. The core assembly shall consist of TRIGA® fuel elements.’
b. ‘The fuel shall be arranged'in a close-packed configuration except for smgle element
positions occupied by in-core experiments, irradiation facilities, graphlte dummles
- control rods, startup sources, ceritral thimble, or may be empty.
. ¢. .The reflector, excluding experlments and irradiation facilities, shall be-water and
graphite. - - :

A -

Basis.

Only TRIGA® fuel is anticipated to ever be used. In-core water-filled experiment positions
have been demonstrated to be safe in the TRIGA® Mark I reactor. The largest values of flux
peaking will be experienced in hydrogenous in-core irradiation positions. Various non- -
hydrogenous experiments positioned in element positions 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 combmatlon with graphite
reflectors can be used for neutron economy and the enhancement of irradiation facﬂlty
radiation requirements.

5.3.2 Control Rods _ ) L .
Applicability. This specification applies to the control rods used in the reaetor core.

Objective. The objective is to assure that the control rods are of s_uch q de51gn as to perfnjt their
use with a high degree of reliability with respect to their physical and nuclear characteristics.
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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 prov1ded for rapid insertion of -
the control rods that is the primary safety feature of the reactor.

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

Objective. The objective is to assure thatthe fuel elements are of such a design and fabricated in
such a manner as to permit their use w1th a h1gh degree of rehablhty with respect to their
physical and nuclear characteristics.

Specifications. o S
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;

¢. Cladding: stainless steel or aluminum, nominal 0.020 inches thick;

e. Identification: each element shall have a unique identification number.

Basis. Material analysis of 8.5/20 fuel shows that the makximum weight percent of uranium in
any fuel element is less than 8.5 percent, and the max1mum enrichment of any fuel element is
less than 20.0 percent. -

<This will be completed as part of the analysis being performed by Oregon
State and General Atomics and will be submitted in November 2010.>:

S. 4 Fuel Storage

Applicability. This specification applies to the storage of reactor fuel at t1mes when it is not in
the reactor core. o o :

Ob]ectlv The objectlve is to assure that fuel that is belng stored shall not become cr1t1cal and
shall not reach an unsafe temperature ~

Spec1ﬁcat10n

a. All fuel elements shall be stored in a geometrlcal array where the keﬂ‘ls less than 0.8 for
all conditions of moderation. : :

b. Irradiated fuel elements shall be stored in an array that will permlt natural convection
cooling bywater. ©= =~ - v e

Basis. The limits imposed are:conser‘i/'ati\’(e and assure safe-storage(N'UREG-,IS 37).

ot
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6 ADMINISTRATIVE CONTROLS S

6.1 Organization

Individuals at the various management levels, in addition to being responsible for the policies
and operation of the reactor facility, shall be responsible for safeguarding the public and facility
personnel from undue radiation exposures and for adhering to all requirements of the operating
license, TS, and federal regulations. ‘ - :

6.1.1 Structure

The reactor administration'shall be as shown in Figure 1. . .. .

Flgure l ‘Administrative Structure :

-
2

President of Reed College '
Dean of the Faculity

— ‘ I
Reactor Review Committee | | - ReactorDirector* * {*| ©  Health Physicist
. “Associate Difector
X d . '?,?J,« ,&1 p
R .+ - .| Operations Supervisor | . Ly -
Senior Reactor Operators Mo Ty
_ T Reactor Operators N I
6.1.2 Responsibility = - .-..» .- R R

The following specific organizational levels and responsibilities shall exist. Note that the Levels ‘
refer to ANSI/ANS-15.4-1988; R1999. :

a. President (Level 1): The President of Reed College is responsible for the delllly lleense
and representing Reed College.

b.. Director (Level 2): The Director reports to the President of Reed College via the Dean, of
the Faculty, and is accountable for ensuring that all regulatory requlrements including -
implementation, are in accordance with all requirements of the NRC “and the Code of
Federal Regulations.

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

d. Health Physicist (Level 3): The Health Physicist,reports to the President of Reed College
via the Dean of the Faculty and is responsible for directing health physics activities
including implementation of the radiation safety program.

e. Operations Supervisor (Level 3): The Operations Supervisor reports to the Associate
Director and Director and is responsible for directing the activities of the reactor staff and
for the day-to-day operation and maintenance of the reactor.

f. Reactor Operator and Senior Reactor Operator (Level 4): The Reactor Operators (RO)
and Senior Reactor Operators (SRO) report to the Operations Supervisor, Associate
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Director, and the Director, and are primarily involved in the manipulation of reactor
_controls, monitoring of instrumentation, and operation and maintenance of reactor related
equipment.
g. During a vacancy in any position individuals may fill multiple positions if they meet the
qualifications.

6.1.3 Staffing

a. The minimum staffing when the reactor is operating shall be:
1. A reactor operator in the control rccm; | o

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 read11y
available on call. Readily available on call means an individual who:

a) Can be contacted quickly by the operator on duty; - :
b) Is capable of gettlng to the reactor faclllty w1th1n 15 mlnutes

b. ‘Events requiring the presence of an SR(D 1in the fac111ty

Initial criticality of the day;

All fuel or control rod rélocations i 1n the reactor core o
Maintenance on any reactor safety system o ‘
Recovery from unplanned reactor scram;

Relocation of any in-core experiment or irradiation facility with a react1v1ty worth
greater than one dollar. :

b e

-
6.1.4- Selection and Training of Personnel - : -

The selection, training, and requalification of personnel should bé in accordance with ANSI/ANS
15.4-1988; R1999, “Standard for the Selectlon and Tra1n1ng of Personnel for Research ,
Reactors : . B A S -

6.2 Review And Audit

The Reactor Review Committee (RSC) shall have primary respcnsibility fdr. review and audit of
the safety aspects of reactor facility operations. Minutes, findings, or reports of the RSC shall be
presented to the President and the Director w1th1n ninety days of completlon

6.2.1 RSC Composntlon and Quallficatlons 3 : ,

The RRC shall have at least five voting members, at least two of which are knowledgeable in
fields that relate to physics and nuclear safety. The Reactor Director and Associate Director shall
be nonvoting members. The Dean of the Faculty, the Reactor Health Physicist, and the campus
Radiation Safety Officer shall be voting members. The President shall appoint the RSC members
except those who are members by virtue of their position described above.
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1 6.2.2 RSC Rules

The operations of the RSC shall be in accordance with written procedures including provisions
for: .

- Meeting frequency;
Voting rules;
Quorums;
- Method of submission and content of presentation to the committee;
Use of subcommittees; : : :
Review, approval, and dlssemlnatlon of mlnutes .

S

6.2.3 RSC Review Function"

The responsibilities of the RSC or de51gnated subcommittee thereof, include, but are not limited
to, the following: ., .. . O T ' L

Review changes made under ‘10 CFR 50.59; ;
Review new procedures and substantive changes to ex1st1ng procedures

Review proposed changes to the TS or license;

Review violations of TS, license, or violations of internal procedures or instructions
having safety significance;

Review operating abnormalities having safety s1gn1ﬁcance

Review events from reports requ1red in Sectlon 6 72, . B
Review new experiments under Section 6.5; L L
Review audit reports, o - .

Ao op

S0 o

6.2.4 RSC Audit Function

The RSC, or a subcommittee thereof, shall audit reactor operations at least annually: The annual-
audit shall include at least the followrng

a. Facility operatlons for conformance to these TS and appllcable llcense condrtlons

b. The requalification program for the operating staff;

c. The results of action taken to correct deficiencies that may occur in the reactor fac111ty
equipment, systems, structures, or methods of operation that affect reactor safety,

d. The Emergency Plan and 1mplement1ng procedures )

6.3  Radiation Safegg ‘

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 Fac111t1es :

.o ¢
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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 situation requires.
Operating procedures shall be in effect for the following:

a. Startup, operation, and shutdown of the reactor;
b. Fuel loading, unloading, and movement within the reactor;.
¢. Maintenance of major components of systems that could have an effect on reactor safety;
-~ d. ‘Surveillance checks, calibrations, and inspections requ1red by the TS or those that have’
an effect on reactor safety; S L
‘e. Radiation protection;
f. Admmlstratlve controls for operatlons and malntenance and for the conduct of

irradiations and experiments that could affect reactor safety or core react1v1ty,
g. Shipping of radioactive materials; © - -

h. Implementatlon of the Emergency Pian
P

Substantive changes to the above procedures shall be made only after review by the RSC
Unsubstantive changes shall be reviewed prior to 1mp1ementat10n by the Director or Associate

Director.

t

_ 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 D1rector or
Associate Director.

‘‘‘‘‘‘‘

6.5 Experlments Review and Approval

The follow1ng apply to experiments: .

© a. “Experiments shall be carried out in accordance with established and approved , ‘
procedures; o

b. ' All new experiments or class of experiments shall be reviewed- by the RSC 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 RSC and approved:in writing by the Director or Associaté Director; :

d. Minor changes that do not significantly alter the experiment may be approved by the

L Operatlons Superv1sor Assoc1ate D1rector or Dlrector he

6.6 Reduired Actions

6.6.1 Actlons to Be Taken in Case of Safety Limit Vlolatlon , ’
In the event a safety limit (reactor power) is exceeded: o

a. The reactor shall be shut down and reactor operation shall not be resumed until

authorized by the NRC;
b. An immediate notification of the occurrence shall be made to the Director, and the Chair
of the RSC;
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6.6.2

A report, and any applicable followup report, shall be prepared and reviewed by the RSC.

The report shall describe the following:

1. Applicable circumstances leading to the violation 1nclud1ng, ‘when known, the cause '
and contributing factors;

2. Effects of the violation upon reactor facility components systems, oOr structures and
on the health and safety of personnel and the public;

3. Corrective action to be taken to prevent recurrence.

- Actions to Be Taken in the Event of an Occurrence of the Type Identlﬁed in Sectlon

6.7.2 Other than a Safety Limit Violation

For all events that are required by regulations or TS to be reported to the NRC within 24 hours
under Section 6. 7.2, except a safety limit v1olat10n the following actions shall be taken

R0 o

6.7

The reactor shall be secured and the D1rector or Associate Dlrector notlﬁed
Operations shall not resume unless authorized by, the D1rector or Associate D1rector
The RSC shall review the occurrence at or before their next scheduled meeting;

A report shall be submltted to the NRC i 1n accordance w1th Sectlon 6.7. 2 a

Reports

6.7.1

‘

Annual Operatmg Report : T R T

An annual report shall be created and submitted by the Diréctor to thé NRC by November 1 of
each year consisting of:

a.

b.
c.

A brief summary of operating experience 1nc1ud1ng the energy produced by the reactor
and the hours the reactor was critical;

The number of unplanned shutdowns, including reasons-therefore; & *- T

A tabulation of major preventative and corrective maintenance operations having safety
significance;

A brief description, including a summary of the safety evaluations, of changes in the
facility or in procedures and of tests and experiments carried out pursuant to 10 CFR
50.59;. _

A summary of the nature and amount of radloactlve efﬂuents released or. d1scharged 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 practlcable 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 concentratron allowed or
recommended, a statement to this effect is sufficient;

A summarized result of environmental surveys performed outside the facrhty,

A summary of exposures received by facility personnel and visitors where such
exposures are greater than 25 percent of that allowed. v

¥
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L

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

a. A report not later than the following working day by telephone and confirmed in writing
by facsimile to the NRC Operations Center, to be followed by a written report that
describes the circumstances of the event within 14 days to the NRC Document Control
Desk of any of the following: :

1. Violation of the safety limit; :

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

3. Operation with actual safety system settings from réquired systems less conservative
than the limiting safety system setting;

4. Operation in violation of limiting conditions for operation unless prompt remedial
action is taken as permitted in Section 3;

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

6. An unanticipated or uncontrolled change in reactivity greater than one dollar. Reactor
trips resulting from a known cause are excluded;

7. Abnormal and significant degradation in reactor fuel or cladding, or both, coolant
boundary, or confinement boundary (excluding minor leaks) where applicable; or

8. An observed inadequacy in the implementation of administrative or procedural
controls such that the inadequacy causes or could have caused the existence or
development of an unsafe 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.

6.8  Records
6.8.1 Records to be Retained for a Period of at Least Five Years or for the Life of the

Component Involved if Less than Five Years

a. Normal reactor operation;

b. Principal maintenance activities;

c. Reportable occurrences;

d. Surveillance activities required by the TS;

e. Reactor facility radiation and contamination surveys;

f. Experiments performed with the reactor;

g. Fuel inventories, receipts, and shipments;

h. Approved changes to the operating procedures;

i. Reactor Review Committee meetings and audit reports.
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Records to be Retained for at Least One Requalification Cycle .. .,

Records of retraining and requalification of licensed operators shall be retained until the
operator’s license is terminated.

6.8.3

opo oW

Records to be Retained for the Lifetime of the Reactor Facility

‘Gaseous and liquid radioactive effluents released to the environs;
" Offsite environmental monitoring surveys;

Radiation exposures for all personnel monitored;
Drawings of the reactor facility; x
Reviews and reports pertaining to a violation of the safety limit, the 11m1t1ng safety

. system setting, or a limiting condition of operation. ... ..
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16 OTHER LICENSE CONSIDERATIONS

16.1 Prior Use of Reactor Components

16.1.1 General

All safety related equipment is evaluated prior to use at the Reed Research Reactor
(RRR) as required by 10 CFR 50.59. This includes equipment, components, and fuel
received from other research reactors.

All safety related equipment is 1nspected perlodlcally as required to ensure its continued
safety, suitability, and effectlveness including ¢component aging or corrosion.

16.1.2 Fuel Elements

The fuel used in the RRR is the same TRIGA® fuel installed by General Atomics in 1968.

Over the course of 40 years of operation, only approximatel
IR - . co:.c Lave had

pinhole leaks in their cladding and have were removed from service.
dropped during an inspection and its bottom pin was bent, so it was removed from
service.

- unused stainless steel clad elements were received from the Berkeley TRIGA®
reactor when it shutdown. They were never used before installation at RRR and were
evaluate prior to installation in the reactor core.

16.1.3 Control Rods

Unused boron carbide control rods were received from the Cornell TRIGA® reactor when
it shutdown. One has been installed in place of the original regulating rod.

16.2 Medical Uses

The RRR is not used for medical purposes, other than possible research W1th non-human
subjects.
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