" Septenber 12,1988 ©

Docket No. 50 134

-

~;-AMr. Thomas H.- Newton, Jr , D1rector
. Nuclear Reactor Facility
= - Worcester: Po1ytechn1c 1nst1tute
: ;sworcester Massachusetts 01609

'QSDear Mr. Newton

x }L'SUBJECT ISSUANCE OF ORDER MOD]FYING LICENSE NO. R 61 10 CONVERT FROM HIGH
oo 10 LO# -ENRICHED URANIUH--AMENDMENT NO. 10 - HORCESTFR POLYTECHNIC
INSTI UTE S

‘The Commiss1on has approved an Order modify1ng Fac111ty Operating L1cense :Q
No. R-61--Amendment No..10--for thé Worcester Polytechnic Institute Training
. and Reattor faciiity.: - The' Order modifies the. 1icense in accordance with the
JComm1sslon s. requ1at1ons, 10 CFR_50.64, which require that a.. non-power reactor - -
_ - such as yours cenvert-to Tow-enriched uranium (LEU) fuel under certain condi- T
. “tions. The Order.is being issued in accordance with 10 CFR"50, 64(c)(3) and in - -
'.jresponse 10 your submittals dated September 17, 1987 and February. 10, 1988, -
-~ While these submittals contained the necessary information for us to approve
" ‘the. corversion to.LEU, we found that some <information should be -corrected and
- clarified for the record “Please respond to the statements in Enclosure 4 in.
- this regard w1th1n 30 days after rece1pt of this 1etter or as 1nd1cated by the -
‘-statement L .

- The. Order w111 become effectlve on. the later date of e1ther rece1pt of LEU fue]‘
_élements or 30 days following the date of publication of this Order in the - -
- Federal:Register, provided there are no requests for a hear1ng. 1f 2 hear1ng

| - +J5 requested the Order will become effective. ‘on_the date specified in an order
~...following further proceed1ngs on.this Order. -Please inform me when you receive
~_the LEU fue] -€lements and wheu the HEU w1l1 be completely removed from the
faci11ty : . . .
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f7fEnc1059d with the c0p of the Order wh1ch 1s be1ng sent to the Federal ; R
- ~_.Register for publication is a.copy of. the Safety Eva]uation and repla ement S
"-;fpages or” the Techn1ca1 Specifications B _ _ A

S1ncere1y,

Theodore S. M1chae1s, PrOJect Manager .

Standardization and Non-Power
Reactor Project. D1rectorate o -

Div1sion of Reactor Projects - III 1V,

V and Specia) Projects - _
Office of Nuc1ear Reactor Regu]at1on

Enc105ures ,
‘1. “Order or ‘Amendment No
- 2. Replacement pages for Technica] Specifications
3. Safety Evaluation -
4, Information to be . supp]ied by WPI

‘ct: See next page -

DISTRIBUTION: © -~ - Docket Fi1é

. THurTey/JSnYezek - . Fliiraglia.
 EHylton - - TMichaels
GPA/PA - . " " Vlambe, PTSB.
Edordan B ~ DHagan -
Hearing Lawyer, OGC -~ " JScinto, 0GC- Rockvi]]e
- NRC & Local PDRs DNash, ‘PTSE-
‘DCrutchfield , : LRubenstein .
PDSNP Reading - - ARM/LFMB
" TBarnhart (4? S ACRS (10).
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4 nclosed wath the Order whlch is be1ng sent to the Federa]hReg1ster for L L
‘publication, is a. copy- of the Safety Eva]uatlon and replacement paqes for thej»*f#
r¢Techn1ca1 Spec1f1catlons - R . R R

_orlg1nal s1gned by, L
~ Theodore S, “Michaels, Progect Manager
"Stindardization and Non Power
Reactor: Project Directorate = - -
Division of Reactor Projects. - I, Iv oo
.V and Special Projects . - .
- 0ff1ce of Nuclear Reactor Regu]ation o

-V;Enc]osures R
- 1. Order or Amendment No. 10 . ' L
’“12, .Replacement pages- “for- Techn1ca1 Spec1f1cat10ns :

o -Safety Evaluation- .

.vf4 Informat1on to be suppl1ed by wPI ‘

See next page ;
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i UNI1ED STATES OF AMERICA
NUCLtAR REGULATORY COMMISSION

© In-the fatter of

o ‘ " % Dokket No. GO- 138
" WORCESTER POLYTECHNIC: INSTITUTE -

Fac111ty 0perat1ng Ltcense No. R 61

'Muworcester. Massachusetts 01609 Amendment No. 10

S N . o S e .

"_ORDERiMODIFYING.LICENSE
}1»’ |

WOrcenter Polytechn1c Institute (ltcensee or NPI) is the ho1der of Facil1ty L

”:'M'Operating L1cense No.- R<61 - (L1cense) 1ssued on December 16, 1959 and subsequent1y'- -

'OM.renewed on December 30,4 1982 by the U. S Nucaear Regu]atory Comm1ssion
M(COmmission) The 1icense orxginally author1zed operat1on of the Horcester ..A‘
"Polytechnic Institute Tra1n1ng and Research Reactor (fac111ty) at: a power 1eve1 ‘
'<_of up to- 1 k1lowatt (therma]) In 1967 the 11cense was amended to allow

' -operation up . to 10 k110watts (therma]) at wh1ch 1eve1 it is now 11m1ted The'

'ﬁ:,;fac111ty is a tra1n1ng and research reactor located in worcester Massachusetts, f

vapprox1mate1y 45 mi1es west southwest of Boston, Massachusetts, and 1s 10cated

ERREE 'S ‘the Nashburg Laboratory on the east side of the NPT campus The ma1ling

‘:address is worcester Polytechnic Inst1tute Nuc]ear Reactor Fac111ty, .

:ﬁﬁworcester, Massachusetts 01609.1




On February 25 1986 the Commission promu]gated a f1na1 rule in 10" CFR

"fj50 64 of its regulat1ons 1imiting the use of hwgh enr1ched uran1um (HEU) fue]
i domest1c research and test reactors (non power reactors) (see 51 FR 6514)

}ﬁT:;The ru]e which became effective on March 27 1986 reQU1res ‘that a 1icensee of ST

an ex1st1ng non- power reactor replace HEU fuel at 1ts fac111ty with 1ow enriched

_;'uran1um (LEU) fuel acceptable to the Commiss1on (1) un1ess the Comm1ss1on has
'ﬂ,’videterm1ned that the reactor has a un1que purpose and (2) cont1ngent upon ‘

'dFederal Government fund1ng for convers1on re]ated costs._ The rule 1s 1ntended;
.:to promote the common defense and securlty by reduc1ng ‘the risk of" theft and
'divers1on of HEU fue] used in non power reactors and the adverse consequences

; hto pub]ic hea]th and safety and the env1ronment from such theft or. d1version.-"h o

10 CFR 50.64 b)(2 (1) and (i1) require=that a‘licensee of a'honfbower'"

"_freactor (1) not init1ate acqu1s1t1on nf addit1ona1 HEU fuel if'tEU fu91 o

acceptab]e to the COmmission for that reactor 1s ava11ab1e when 1t proposes

" that acqu151t1on and (2) rep]ace a11 HEU fuel in 1t5 P°559551°" with available
'IELEU fuel acceptable to. the Commission: for that reactor..1n accordance "1th a

'Aiischedule deternined pursuant to 10-CFR so 54(c)(2)

10 CFR 50 54(6)(2)(1) of the rule, among other thxngs requ1res each 5::

”ij;licensee of a non power reactor. author1zed to possess and to use. HEU fue1

‘”1j§deve10p and to subm1t to the D1rector of the 0ff1ce of Nuc]ear Reactor

*fRegu]ation (D\rector) by March 27 1987, and at 12- month 1ntervals thereafter, :,,,5,p2f?f

';ffioposal) for meet1ng the rule 'S requ1ref”nts,




;i10 CFR 50 64(c)(2)(1) a]so requires the 1icensee to include in its proposalpgp;ffj;_iu

»';r(l) 8. certification that Federa] Government funding for converSion is availabie |

"f°jthrough the Department of Energy (DOE) or other appropriate Federai agency, and-V o

7,(2) a schedule for conver51on, based upon avaiiability of fuei acceptabie to

: jthe CommiSSion for that reactor and upon consideration of other factors such as |

frluifthe availab111ty of sh1pp1ng casks, 1mpiementation of arrangements for the

,5ava11able financial support and reactor usage

10 CFR 50.64(c)(2)(i41) requires the licensee to include in its proposal,

“to thé"extent required to'effeot'conversion"aii neceSSary changes to the

‘?'1f11cense to the faci]ity, and to the licensee s procedures (a1l three types of

*changes hereafter cal]ed modifications) This paragraph also requires the
nuiicensee to prov1de supporting safety analyses S0; as to meet the schedu]e ;-

5“festabiished for conversion

. 10.CFR 50 64(c)(2) iii) also- requ1res the Director to review. the
| iicensee 5 proposai to confirm the status of Federai Government funding, and

' ,'to determine a final schedule, if. the iicensee has submitted a scheduie for

o conversion

10 CFR 50 64( )(3) requ1res the Director to rev1ew the 1icensee s

'“;Supporting safety ana]yses and to 1ssue an appropriate enforcement order : {f}ﬂhf{LV

;;;directing both the converSion and to the extent conSistent with protecting ;kf:fgvlilé; B

_H_T;the“public health and safety, any necessary modifications. The CommiSSion

TIHEd 1n the statement of considerations of the final ruie that in most




ey
P

L _ffa licenSe by issuing an amendment on notice to the 11censee that it may demand‘

.J;:fa hearing w1th respect ‘to any part: or ail of the’ amendment within 20 days fromi'--

"-lq'the date of the notice or such ionger period as the notice may provide. 'The_m e

10 CFR 2 204 provides among other things that the Commission may modiﬁv;.ﬁiihyzfs"

"ﬂ:amendment wiil become effective on the expiration of this 20 day or-Ionger - o

o period If the 1icensee requests a hearing during this period the amendment

| 'i.wiii become effective on the date spec1fied in an order made- after the

‘_f hearing.
10 CFR 2 714 sets out the requ1rements for a person whose interest may be |
. affected by any proceeding to initiate a hearing or to partiCipate as-a .
fparty |

1

On September 17, 1987 the Director received the licensee s proposai

;inciuding its proposed modifications, supporting safety anaiyses and -schedule

L for conversion, The conver51on C0n51StS of repiacement of high-enriched with

1on'enriched uranium fue] e1ements. The fuei elements contain MTR~ type fuei

- piates w1th the fue1 meat in the form-of uraniim aiuminides dispersed in an

“7_::_aium1num matrix The enrichment is 1ess than 20% in the U- 235 1sotope Thee'“ ”,',_.f;.:

'""1}L1cen51ng cOnditions and Technical Spec1fication changes needed to amend the

7;;,faci]1ty iicense are. inc]uded in the attachment to this. Order 0n the bases ;thwf”;._;wﬁ

' -;5of the 11censee s submittais and the requ1rements of 10 CFR 50 64 I have

hade’ 3 determination that the pub]ic heaith and. safety and the common“defense L




:,j;and security requ1re the 1icensee to convert from the use of HEU to LEU fue]

ﬂ~fJ;:pursuant to the modiflcations set forth 1n the attachment 1n accordance w1th

1the schedule set out below
v -

Accordingly, pursuant to Sect1ons 51, 53 57, 101 104 '161b., 161i., and

51610. of. the Atom1c Energy Act of 1954 as amended, and to the Comm1551on s

a regulat1ons in 10 CFR 2. 204 and 50. 64 IT IS HEREBY ORDERED THAT

On the later date of either receipt of low-enrichgd uranium fuel elements- - -
by the licensee or 30 days following the date of publication of this Order in
, ‘the Federa] Reg1ster Fac11ity Operating L1cense No. R- 61 is- mod1f1ed by |

,,amend1ng the L1cense Cond1tions and Techn1ca1 Spec1f1cat10ns as stated in the

.fAttachment to this Order._

Pursuant to the Atom1c Energy ‘Act of 1954 as Jmended the 11censee or any .

' other person adversely affected by th1s Order may request a heartng within 30

s ;days of the date of thws Order Any request for a hearing sha11 be subm1tted

S ﬁto the Director 0ff1ce of Nuc1ear Reactor Regulation, U S, Nuc1ear Regulatory.'f;i,e

L ;;Commissxon Nashtngton DC 20555 w1th a copy to’ the Ass1stant General

' ”“-Counsel for Enforcement at the: same address. If a person other than the

A}§11censee requests a hear1ng, that perSon shal] set forth with part1cu1ar1ty in i*-Vft.]TFH*

ﬁaccordance with 10; CFRKZ 714 the. manner 1n wh1ch the person S 1nterest 1s ;"

y: th15 Orderlhis&




If a. hearing is requested by the 11censee or a person whose 1nterest 1s |

’“{fadversely affected the cOmm1ss1on sha]l issue an Order des1gnat1ng the time d-l o
f?and p1ace of any hear1ng ' If a hear1ng 1s he]d the 1ssue to be considered at

'~ansuch hearings 1s whether. this. Order shou]d be- susta1ned L

. ThlS Order sha]] become effect1ve on’ the ]ater date of e1ther the rece1pt
of Tow- enrlched uranium fuel elements by the 11censee or 30 days fol]owwng the |

'date of publlcat1onvof th1s-0rder-1n the Federal.Register or, if a hearing 1s__.

- ‘requested, On}the date specified in ah_ordeh fdlIowihg.furtheraproceedings on this R

- Order.

'FOR THE NUCLEAR REGULATORY COMMISSION

Thomas E. Mur1ey, D1rector LN
0ff1ce of Nuclear Reactor. Regu]ation

Dated-at Rockville, Maryland
this 12thday of September 1988.

Enc1osure
As. stated




R ATTACHMENT ro ORDERAA_ R |
Mooxrrxnc FACILITY OPERATING LICENSE o R- 61 R

“!ﬂiL1cense Cond1t1ons Rev1sed And Added By Th1s Order -

-No 2 B (2) Pursuant to the ‘Act and 10 CFR Part 70 "Domestic

" Licensing ‘of Special Nuclear. Material, " to receive, possess - .
-~ and use up to 3 maximum of 5.2 kilograms of conta1ned R
. uranium 235.at.enrichments equal to-or less. than 20%.and 16
~ grams of plutonium as Pu-Be source for use in connection :
;_w1th operat1on of the reactor :

Mo. 2.8.(8)  Pursuant to the Act and 10 CFR Part-70, “Donestxc'

- Licensing of Specidal.Nuclear Material, i to possess, but
not to use, a maximum of 4004 grams: of contained uranium
~ at greater than 20% enrichment until the existing.
- .inventory of h1gh enriched uranium is removed from ‘the -
: fac111ty o

hNo.TZ.C;(Z) ~ The Techn1ca1 Spec1f1cat1ons conta1ned in Append1x A, as

revised through Amendment 10, are hereby incorporated in
the license. The licensee shal) operate the reactor in
,accordance with these Technical Specifications.

'Teohnieal Spec1f1cataons Rev1sed By This Order

2. 0 SAFETY LIMITS AND OPERATING RESTRICTIONS
2.1 Safety L1m1ts s

Shutdown Margin: The minimum shotdown'marg1n under-any cond1t1on§
with the highest worth control b1ade fu11y w1thdrawn shall be no .

less than 124 k/k.

_Control Blade W1thdrawa1 - The max1mum withdrawa] rate for a contro]

bYade shall be 7.5 in./min. . The maximum - reactivity addition rate
through movement of the regulatlng blade shall be 0.006%& k/k sec.
Interlocks shall prevent siimultaneous withdrawal of more than one

" control blade and -shall’ prevent withdrawal of "any control blade
:unless the regu]at1ng blade is fu]ly 1nserted -

~-Temperature and Void Coeff1c1ents The temperaturg and void coeffic1ents .3
... .of reactivity- shall.be more negative than -2.x.107°A k/k .°F and -2 X 10
- AK/K % void, respectively,.at 80°F and shall not be pos1t1ve at any
- average core temperature above 80° F SRR A




*?,?j3 1 Frequency Of Surveiiianceig{?'.ffo?;:* .

Dty o

3.0 SURVETLLANCE. RsouiREMENTs”gaf::f

'."_(4) The’ minimun shutdown margin with the highest worth controi

biade fuiiy withdrawn shaii be verified to be no iess than 1%£Sk/k o

| B (5) The reactivity worth of the regulating biade shaii be measured.} .
":‘Annuaiiz * At least once each year, 211 fué) elements shall be. _removed

rom the core to the storage racks. While the fuel elements are thus.

.fstored the control blades shall be. brought to. the.surface and visuaiiy
,'inspected and the blade drives lubricated. Blade drop- times and magnet.

release times shall be. measured for each control blade, and & plot of

" blade drép. times versus distance shall be obtained for each safety. biade

and compered with data of previous years.  Abnormal deviation from

. previous data will be investigated and reviewed by the Radiation. Heaith,'i
~ and Safeguards Committee. _

4, 0. SITE AND DESIGN FEATURES
4 4 Reactor Core

Fuel Elements Standard fuei ‘elements shali be flat piate type

- 'consTsting of uranium-aluminum alloy clad with aluminum. The width'
" . and depth of each fuel element shall be 3. in. x 3 in. Each element

shall have an active length of 24 in. There shall be a maximum of -
10°'g of U= 235 §n each fuel plate and not more than 170 g of U-235-1n-
any fuel element. The fuel shall be enriched to less. than 20%
U-235, Standard fuel elements have 18 fuel piates. each plate 1.52
mm-thick with.a clad thickness of .0.381 mm on each side. A maximum _
of 28 standard fue1 elements may be. instaiied in the core T :

" Not more than two experimentai ‘fuel elements with sixteen. removabie

fuel plateés similar to standard fuel plates and fitted with -

" removable top end boxes may be installed in the core. These

elements may be used as part of -the core assembly either as: compiete
elements or as partial assemblies. 1oaded with from 2 to-a total of

o 18 fuei plates each,
4, 5. z Control Biades ;

'. There shaii be three controi blades intersecting the core, each

consisting of -vertical blades 10,5 An.-wide x-40.5 fn. long with'a =
poison sectiori composed of boron carbide -and :aluminum: 0: 375 in.
thick sandwiched between aiuminum side piates. '

4 5 3 Reguiating Biade iwmmw e

There shall. be one reguiatin% biade consisting of a, verticai : e
srainiess steel blade 10,65 in. wide x 40.5 in. long x 0,125 in. o e
cIt shail have a: reactivity worth of iess than 0 7%£>k/k.i’ SO e




B Reports . PR I |
"In addit{on to reports otherwise required under this fcense and: . o 0
‘6pp1icaﬁlg:réguﬂations: e T

-~ (1): The 1icensee shall inform the Commission of any incident or.condition. " - ..
- relating to the operation.of the reactor that prevented or could o
" have prevented a-nuclear system: from performing its safety function
~as.described in the Techrical Specifications. For each'such - ~
* - occurrence, WPI shall promptly notify, by telephone or telegraph, .
"~ - the -Adminfistrator of the appropriate NRC Regional Office 1isted. fri. . .
~_Appendix D of 10 CFR 20 and shall submit within 10 days a report in’
writing to the Director, Division of Reactor Projects-111/1V/V &
‘Special Projects (DRSP), with a copy to-the Regional Office.

(2) The licensee shall report to the Director, DRSP, in writing within

. 30 days, any observed occurrence of substantial variance disclosed.
by operation of - the reactor from performance specifications - ~
contained in the Safety Analysis Report or the Technical

 Specifications. o , 4
" (3) The licensee report to the Director, DRSP, fn writing within 30
© days, any occurrence of stgnificant changes in transient or accident °
“analysis as described in the SAR. : ) '

5.8 Annual Operating Reports

i A report COVérjngAthe»previous year shall be[Submiftgd;fofthe Administtafor
. of the appropriate Regional Office not later than March 31 of each year.
It.sha11 include - ' " R . ; ' ~ :

(1) Operations Summary: a summary of operating éxper1ence‘hév{ng,safety.; .
‘sTgni¥Tcance occurring during the report‘period.~1nc1ud1ng, :

(e) a brief suimary of those changes, tests, and experiments that
" did not require authorization from the Commission pursusnt to
10 CFR 50.59(a). o . . .
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ﬁ,z 1 Safety L1m1ts S

2:0 SAFETY LIMITS AND OPERATING RESTRICTIONS

‘ The reactor sha]] be: subcritical when the three contro] b]ades
eir fu11y withdrawn- positions and the regulating b1ade is 1n 1ts o

'c’"h‘fu1]y tnserted pos1t10n..l',A _ : T
':Z,Shutdown Margin '~ The m1n1mum shutdown marg1n Under any- condition with the

fghest wort contro1 b1ade fu11y withdrawn shall be no- 1ess than IZZkk/k

'g?Magnet Release: and. Blade Drop Times: The 1nterva1 between the -occurrence of
- cuto¥T_voltage (scram) and the separation of ‘each. contrcl blade from its

magnet shall not-exceed 100 msec. Total time of insertion of the first 24 in, -~ L

~ of the ‘control blades following initiation of a scram.signa1 shall. be 1ess

than 600 msec, 1nc1ud1ng the magnet release time. -

. ; Maximum Excess React1vt " The maximum excess reactivity above cold, c1ean,
: _cr1t1ca1 shall be 0. /k.-

'Rad1ation A]arm Upon indication of. rad1at10n levels 1n excess of. 50 mrems/hr

T20 mrems/hr for fuel storage) area monitors shall actuate audible evacuation
alarms in the reactor room and in the second and third f100r -areas above the
reactor pool.

Radiation. Leve15' -The max1mum radiation levels 1 m above the pool surface

and at the surface of the concrete. shield, when the beam port and therma1

~ column are closed shall be less than 50 mrems/hr.

a h:Contro1 B]ade Nithdrawa1 " The maximum withdrawal rate -for a contro1 blade

e maximum reactivity addition rate through movement

: of the regulating blade shall be .0.006% 4 k/k+sec. Interlocks shall prevent
“.- simultaneous withdrawal of more than one control blade and shall prevent-

withdrawal of any control blade unless the regu]ating blade 1s fu11y 1nserted

"Startup Source gegyirement During reactor startup. a neutron source produc-
“Tng at Teast 10~ neutrons/sec shall be located adjacent to the fuel region..

When readings on the log count raté meter are below 50 counts/sec, an 1nter10ck .:ﬂ
shall prevent withdrawal of any controt blade. . _

lTemperature dnd Void Coeff1c1ents The temperagure and void coeff1c1en§s of

. Yeactivity shall be more negative than -2 x 10°° A k/ks°F and -2 x 107D k/ke% -
‘void, respect1ve1y. at - 80°F, and shall not be pos1t1ve at-any aVerage core water .

temperature above 80°F

‘t?ffwater LeVe1 The m1n1mun depth of ‘water-. above the top of the end box of the -
“'core~_ue-*e ements in the reactor poo1 sha11 be 10 ft - ,

.[.ZWater Purity CorrectiVe action sha11 be taken prompt1y 1f the fol]owing 11m1ts}:v~ L

{
(:

' e for the poo1 wdter are not net

) pH 1ess than 8.0 and- greater thap 6.0
). resistivity greater than 5x.10° 5ohm-cm
) poo1 wdter act1v1ty less than- 10 L uCi/m]

1
2
3




30 SURVEILLANCE: REQUIREMENTS

: fiffFrgqhéﬁéi;qffsﬁiyéTIlaﬁéé"

eriments that ‘require the reactor to be operated.continuously for more =~ .
than one-full day, the two'safety charnels, the log-N period channel, and the -

'fféll”¢on59]¢'qnﬁunc1at0r system shall.be checked and ensured to be.operational. . -

.»Quaftér1gi The gig§<raﬂjatiqnfmbniforing;systéhS'@hd the pool water level
‘switch shall be ‘checked ‘and ensured to be operational quarterly. =~ .

- “Semiannually: At‘1east.sem1annué1ly..afreacton,1nspeétion shal] be performed
~consisting of LT : AR o

{1 TheAexcgss reactivity cf the core above cold, clean, critical shall be
- measured. = . ‘ e ' _— .
-{2)" The console {nstrumentation shall be.calibrated by a foil activation
. measurement. of reactor power where applicable, or calibrated by other

. ' .- means, and checked for proper conditions. = T .

- (3) Pool water pH shali be measured -and conductivity and pH devices shall be
.. -calibrated. A ' ' B
(4) " The minimum shutdown margin with the highest worth control blade fully
- withdrawn shall be verified to be no less than 1%Ak/k. .

(5) . ‘The reactivity worth of the regulating blade shall be measured.

o Ahn0a11ziv'Atz1east once each year, all fuel -elements shail be removed from
- the core to the storage racks. While the fuel elements are thus stored, the
control blades shall be brought to the surface and visually inspected and ‘the

| " blade drives lubricated. Blade drop times and magnet release times sh21l be -

measured for each contro) blade,. and a plot of blade drop times versus
distance shall be cbtained for each safety blade and compared with data of
‘previous years. Abnormal deviation from previous data will be investigated

- -and reviewed by the Radiation, Health, and Safeguards Committee. . .
3.2 Action to be Taken I |

If_maintenancé or,reéalibration,is required for any of the 1tems; it sh&l].be _
~performed and the instrument shall be rechecked before reactor startup proceeds.

‘-13;3' Ra&iation Detection

Avea Monftors: Area radiation sensors capable of detecting gamma radiation in
~the range of 0.1 to 100 mrems/hr shall be installed near the beam port, deminer-

277 a1izer, thermal column door,-fuel storage area, and less: than 1.m .above the ..

- core pool surface. Upon-Indication of radfation levels in excess of 50 mrems/hr . - .

T 0 mrems/hr_for fuel storage) these monitors shall actuate audible alarms fn- ° °
- wthejreggtor_robm'and;iﬂ4the'second ang third floor areas,above the reactor popl. :

+“:patly: - Before each day's critical operation (With the exception of those = = - -
exper] '




4.0 SITEAND. m—:smn FEATURES
}fgd 1 Site

?;The reactor and associated equipment is housed in the Washburn Laboratories
. ‘located between West Street.and Boynton Street on the. campus of Norcester :

hf}*Poiyt¢°h"'° Institute in HOrcester. Massachusetts. '

42 Restricted Area and Exciusion Area

" The reactor room shai] constitute a restricted area as defined in: 10 CFR 20
- and shall be controlled by partitions and normally locked doors. In addition.

. two_small areas, one each on the second and: third floors of  Washburn

" ‘Laboratories, directly above the reactor control drives. shall become -
. restricted areas whenever the radiation. levels in any of the rooms exceed
- those specified -in- 10 CFR 20.105. The exclusion areas, as defined in-

, 410 CFR 100, shall consist of the reactor room and the areas above the reactors.'

8, 3 Reactor Buiiding and Ventilation System

i.The reactor shaii be housed- in a ciosed room that is designed to. restrict

r ‘leakage. The ventilation system shall provide at least two changes of air per:
_hour in the reactor room whenever the reactor is operating, .

_,4 4 Reactor COre

”'Fuei Eiements Standard fuei elements shai] be flat iate type consisting of “

vi'uranium-aluminum alloy clad with aluminum, The width and depth.of each -

© fuel element shall be. 3- ‘Yn. x 3 in. Each element shall -have an-active .
~ length of ‘24 in. There shall be a maximum of 10 g of U-235 in each fuel

"-,plate and not more than 170 .g of -U-235 in any fuel element. The fuel

© shal) be enriched to less than 20% U-235. Standard fuel elements have 18
“fuel plates, each plate 1.52 mm thick with a clad thickness of 0.381 mm.
on each side. A maximum of 28 standard fuel eiements may be instaiied in _
~ the core. A A

'Vuot more than two experimentai fuel eiements with’ sixteen removabie fuel .
‘plateés similar to standard fuel plates and fitted with removable top end
boxes may be installed. in the core. These elements may be used as part
of the core assembly efther as complete elements or as partial -
_ assembiies, loaded with from 2 to a total of’ 18 fue1 p1ates each, .

4, S Reactor Safety and Control Systems

JLEH{The safety system shall, be designed S0, that no. singie eiectricai fault that =
- “-partially or completely disables the automatic- scram function can, .in any.
“mapner, {mpafr or disable the manual scram function, and vice versa. The -

7-7&;saf¢ty system shall be fail safe with reSpect to Toss of voitage.;'~

. Anendment Ho, 10




S A Nuclear Instrumentat1on

' 5f{iThe channels of nuclear 1nstrumentation (listed be1ow with their minimum o
- operating ranges) shall during all reactor. critical operations be. operat1ona1 o
~.and"shall be’ connected to. the safety system,’ except as, noted in Table 4.1.
":,(J) startup channe]. background to 10 2% fu]] power, i.e:, background to 1 W

" (2) log-N period channe1, 2 x 10 % to 150%. fu11 power, l.e:, 0.2W to 15 kHT

to 15 ki |
4 5.¢ Control B1ades

.'”if(3) linear safety channe1s 1 and 2, 2 % 10-3% to 150 fu11 power, 1. e.y C 0.2 W

_ :fThere shall: be three control blades, 1ntersect1ng the core, each’ consist1ng of
~vertical blades 10.5 in. wide x 40,5 in. long with a poison section composed *

of boron carbide and a1um1num 0. 375 in. thick sandw1ched between aluminum sidegv

» p1ates. o o
4.5.3. Regu1at1ng Blade : - |
" There shall be one regulat1ng b1ade cons1st1ng of a vertical stainless- stee1
. blade 10.65 in.- wide x 40.5 in, long x 0.125 {n. thick. It shall have a
~react1v1ty worth of less than 0. 7%[3 k/k : _
4.5.4 Blade Position Indicators

The blade position. 1nd1cator on the console shall provide an ‘ndication of the S

blade position to within £,02 4n. Signal lights shall be rrovided for each

" control blade drive and for the regulating blade to indicate-the upper and-
“lower limits of travel and 1n the case of contro1 b1ades, an armature engaged
~ by a magnet. o ‘ .

" Worcester Tech Specs - . t° .80 ..o .0 Aendment No. 10 .-




Temporary procedures that do not change the intent of the initiai approva1

:5 6 Operating Records

S In addition to: records required eisewhere in the iicense app]ication. the
following records shaii be kept of e o

"l-"(]) “reactor operation, inciuding power 1eveis and periods of operation at
.each power. level

‘t(Z)’"maximum radioactivity re1eased or discharged into the air or water beyond -
. the effective control of the licensee as measured at. or before the point

" of such release or discharge;

"."(3) emergency shutdowns and inadvertent scrams, inciuding reasons: for emer-

';gency shutdowns

: '(4) maintenance operations invo]ving substitution or repiacement of reactor

equipment or. components

- (5) experiments instaiied inciuding description. reactivity worths, locations,
. exposure ‘time, total irradiation and any unusuai events invoived in their

' ‘performance and in their handiing

:~‘(Gi vtests and measurements performed pursuant to the Technical Specifications

(7)‘ incore irrodiations

s 7:'522223_

In addition to reports otherwise required under this 1icense and appiicabie
regulations _ _ ,

__(1) The licensee shall. {nform the Commission of any incident or condition

relating to the operation of the reactor that prevented or could have pre-
vented a nuclear system from performing its safety function as described

‘4n the Technical Specifications. For each such. occurrence, WPI shall

.. promptly notify, by telephone or telegraph, the: Administrator or the appro-:
_priate NRC Regional Office listed in Appendix D of 10 CFR 20 and shall -

submit within 10 days a report 4n writing to-the Director, Division of '

Reactor Projects- III/IV/V Specia1 Projects (DRSP). with a copy to the

nAmRegionai Office.;~-~

”4:ié),mThe iicensee shall report to the, Director. DRSP in writing within 30
- daysy any observed occurrence of . substantial variance disclosed by

| I iéperation”of ‘the ‘veactor from performarice specificatiors’ contained in the "

”1.Safety Anaiysis Report or the Technical Specifications.

~"(3). ‘The. 4censee’ report to the Director, DRSP,. fn writing within'30 days, any |
- occurrenceof significant changes in transient or. accident anaiysis as - 3573'3,*"

‘described in the SAR

procedures may be- ‘authordized by two members of the faci1ity staff at least one "
.~ of 'whom.shall be a: licensed senior operator. . Such procedures shall be subse~
quuentiy reviewed by the Radiation, Heaith. and Safeguards Committee.,ﬂ'__‘ T




8 Annuai Operating Reports

an report covering the previous year shaii be submitted to the Administrator of
;_g;t2e1appr0pr;ate Regionai Office not later than Marchm31 of . each year., It
- shall-include . ~ _ . f,_

| ':'51‘A(1)_ 0 erations Summar’°tla summary of operatina experience having safety sig- B

lcance occurring during the reporting period. including '

(a).,changes in faciiity design _ o

(b) performance characteristics (e. ey equipment and fuel. performance)

(c) changes in operating procedures that relate to the safety of faciiity

_ operations

(d) any abnormal results of surveiiiance tests and inspections required
by these Technical Specifications

{(e) a brief summary of those changes, tests, and experiments. that did :

- not require authorization from the Commission pursuant to ‘10 CFR 50, 59(a
" (f) changes-in the plant operating staff: serving ‘in. the positions of

“Reactor Facility Director. Health Physicist. or Radfatfon, Health, and
-Safety Committee members .

(2) Power Generation the most current summary of thermai output of the facii-;»
Yty available together with a  summary of the total thermal power generated
over. the iife of the reactor _ ‘

- (3) Shutdowns: a 14sting of unscheduled shutdowns which have. occurred during<
the reporting period, tabulated according .to cause, and a brief diSCus—
sion of. the actions taken to prevent recurrence

B (4): Maintenance a discussion of corrective. maintenance (exciuding preventa- S
‘ tive mainténance) performed: during the reporting period on safety reiated -
systems ‘and companents

- {5) es, Tests, and Ex eriments a brief description and a summary of
T e sa ety evajuation for those changes, tests, and experiments that were

‘ carried out ‘without prior Commissfon approvai pursuant to the
requirements of 10 CFR 50. 59(a) .

- (6) Radioactive: Effiuents Reieases a statement of the quantities of radio-
C active etfluents reieased from the piant

5. 9 Fuei Storage .

.. Two fuel storage racks are iocated on opposite sides of the reactor ooi. Each
v -+ “pack shall-be designed to-contain not more than-18 fuel elements.  When the
o reactor. contains .a critical mass,. all additional fuel elements not in. the core..

- shall be locked in piace except as’ authorized by the iicensed senior operator

tfuin charge.

g*‘:A fuel: element shall not be stored outside of the reactcr pooi un]ess it produces 11-”Q-~
:»radiation dose levels of “less than 100 nrems/hr at the storage container surface. . -

.Storage containers of fuei eiements shaii be 1ocked ciosed when unattended., .
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;w”*f'éAréTY:cVALUATibN'BY'THEiorritsldr sUbLEAkfksdcrdh‘RtGULAinN;ff"
RN SUPPORTiNGnCOﬁVEESION'ORDER T0_CONVERT FROM;' . |
' HIGH“ENRiCHED 76 LOW ENRfCHED:URANIUM:FUEL |
© FACILITY OPERATING LICENSE NO. R-61
-wORcsstR:POLYfEcHﬁi¢ iusTrTuTE o
,~_oockér N, 50-134

© 1.0 INTRODUCTION ”

In accordance with 10 CFR 50.64, which requires that rion-power reactors
‘convert to a low-eniched uranium (LEU) fuel, except under certain
conditions, the Worcester Polytechnic Institute (WPI) has proposed to
" convert the fuel in 1ts pool-type training and research reactor (the
_reactor) from high-enriched uranfum (HEU) to LEU. WPI submitted a Safety
Analysis Report [SAR) and revised Technical Specifications :(TS) dealing
with the changes needed to convert to LEU fuel on September 17, 1987. The-
- staff's safety review with respect to {ssuing an order for conversion from
HEU to LEU fuel has been based on an analysis of WPI's SAR and the '
- proposed TS as we1l ‘as information-provided by WPI on-February 10, 1988 in
response to staff questions, . This material is available for review at the - -
- Commission's Public Document Room at 1717 H Street, N.W., Washington, D.C. -~ '
* This Safety Evaluation (SE) was prepared by T.'S. Michaels, Project o
Manager, Division of Reactor Projects III, IV, V, and Special Projects,

- Office of Nuclear Reactor Regulation, U.S. Nuclear .Regulatory Commission. -
“Major contributors to the technical review include R. E. Carter, W. R. R
%arpe?ter..and C. H. Cooper of EG&G, Idaho National Engineering Laboratory -
INEL). o S o T :

" In addition to the changes associated with the HEU to LEU conversion some
minor TS changes, which do not pertain to the conversfion, were made to
-'update and clarify the intent of the TS.

" General .

...:The: WP1: reactor currently is licensed for operation at power levels not. . = . .
" to exceed 10 kW thermal, using MTR-type flat-plate fuel, and cooled by -
- natural thermal convection of the pool water. 'The Licensee has. proposed .
- _no changes to;any_réACtOr”syStems'Or'bperating'characteristjCS,exCeptzfor' S
.. " the replacement of .the HEU fue) elements by new LEU.fuel elements. The .. .- - . .
.. ~following evaluations and conclusions are based:-on that assumption. ~ ..o




 Fuel Construction and Geometry h

. The HEU: fuel elements chrignt]y fnstalled at WPI contain lblb1atés each,

- in-which:the fuel meat {s a. 93.4% enriched uranium.aluminum alloy. Each
fueled plate contains approximately 13.6 grams of U-235 for a total U-235 -
* loading of about 136:-grams per fuel element. -The new LEU: fuel elements:

- will-have the same outer. dimensiuns as the HEU fuel.elements, but will
contain 18 plates each, with the fuel meat in the form of uranium -

" aluminide (enriched to less than 20%) dispersed 1n an alumffium matrix, -~~~

The LEU fueled plates will each contain approximately 9.3 grams of U-235
for a total U-235 loading of about 167 grams of U-235 per fuel element.
The standardized LEU plates are thinner than the HEU plates, with thinner
aluminum cladding, so, even though there dre more LEU plates per fuel
"element, the metal-to-water ratio for the LEU and HEU fuel elements is
very nearly equal, with the LEU fuel element being slightly higher, f.e.,
slightly less water volume in the new LEU fuel elements. Fuel elements -
with plates and. uranium composition essentially tdentical with the .
proposed WP] plates were reviewed. by N?Q)and 1icensed in 1981 for use in
the 2MW Unfversity of Michigan reactor' ''. "These fuel elements have
operated: successfully at this higher power level with no unpredicted
events having a safety significance. . - - o L

The licensee aiso.proposés,to aéqu1re and use a fue?,elemenf;with removable
fueled plates. - The use of this-element in-positions at corners of the.
-core, B-3 or F-3, have been considered and such use {s deemed acceptable.

' Critical Opersting Masses of U-235

The critical mass of the WPI HEU reactor is approximately 3.3 kg .U-235, _
The critical mass of the LEU reactor 1§ predicted to be approximately 4.0 -
kg U-235. This increase {is due to the large increase in concentration of

- U-238, which absorbs low energy (thermal) and epithermal (resonance)

energy neutrons, and causes a hardening of the thermal neutron spectrum.

"~ The fncrease of uranium is achieved by increasing 1ts concentration in

" --again, demoris

the fuel matrix and increasing the number of fuel plates in:the fuel
elements. - The proposed concentration is similar to that successfully
achieved and tested in the licensed University of Michigan reactor.

(2)

. In an Argonr€ National Laboratory (ANL) report'S’ the sensitivity calculations . o
©..of reactivity for different core configurations is discussed. ..In this S

study, fuel elements were shifted and/or removed to form .various core .
configurations fn the WPI HEU and LEU cores. These fuel element -~
" pertiirbations .were- ideritical between the two cores and the resultant

: --reactivity-changes-were cpmpared.}~1nra114cases.theareact1v1tyAeffécts=bf4_a;;f,w;gfn

‘core rearrangements between thé HEU and LEU cores is virtually fdentical .
except for the removal of the center fuel element where the reactivity -
effect in the HEU core 1s slightly higher,  The results ‘of this study, -
trate the neutronic similarity between the HEU and:LEU cores -
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At-WPI, there are .18 plates An each new LEU fuel element. as compared to -

10:plates in each HEU:fuel element. The LEU plates, however, are thinner
‘and contain less U-235 (per plate). This results in less heat generation
‘per plate, due to the thinner clad. Also, the increased number of LEU
fuel plates per element is offset by the plates being thinner, which
~ results in a very similar metal to water ratio for the two fuels with the
‘cross section for coolant flow being slightly smaller-in each LEU fuel °
. element. Accordingly, the ANL calculations indicate that maximum fuel
plate temperatures will not be significantly different between the HEU
~and LEU cores (the LEU plates being cooler), and at the 10 kW power level

~ . these temperatures are well below the temperature for onset of nucleate

boiling or fuel degradation.

B Powef‘Dénéity and Power Peaking

" Power densities and power density peaking, including both nuclear and
.engineering factors, were computed by ANL. The power distribution among
the fuel elements is essentially the same for the. HEU and LEU cores. ' The
. power densities {n individual fuel plates and maximum peaking (hot .
-channel) factors were also very similar, but s1ightly higher in the LEU
fuel. However, the over-power at which onset of nucleate boiling would .
occur in the hottest channel was almost twice as high ‘in. the LEU core as
in the existing HEU core, primarily because of the lower' initial heat
generation per plate. Thus the safety margin between the licensed power
. and the power at which temperatures might lead to fuel damage is much -
higher in the LEU core than the currently licersed HEU core.. '

Control Rod Worths

‘The reactivity worths of the control and regulating blades were computed
by acceptable methods for both the LEU and HEU cores. The values for the
LEU -core were somewhat.smaller, as expected, because of the increased
. neutron absorption-in the U-238, but the LEU rod-worths are fully

-acceptable for safe reactor operation and control. o

Shutdown Margin -

The criterion used for ‘shutdown’ margén 31.,5.,'_th,'at,;r.e.gasio.n'ab'l.e, ?S.ﬁli!r_anc.e_, be

" “provided ‘that a nonpower reactor can be shut down from any operating - . T
condition even if the control/safety rod of ‘maximum worth {s in {4ts'most

reactive position (fully withdrawn). On the basis of the computed

'5*3¢ontr01;rquWOrths-and»fhé¥authqrized~excess-reactdv1ty;ﬁthe;HPI reactbif B

~ would be subcritical by approximately 6% A k/k with the rod of maximum -
© worth fully withdrawn. .This {s substantially larger than the Technical -
~Specification margin Of_at,léast ]%Z&k/ks_and,1§iaccqptab1e.i_d’__; o
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. Additional reactivity above.cold, clean critical is required to-allow a
‘reactor to perform programmatic and academic functions. The Licensee's

submittal discussed and presented calculated changes in reactivity caused . -~

by various LEU core configurations. - There {is reasonable assurance that -
the excess reactivity permitted by the Technical Specifications, which 1s
the same for the LEU and HEU cores, can be ack*sved, Because the -
authorized maximum excess {s o.s%l& k/k, {nadvertent insertion of all of
this excess will not allow the reactor to become prompt critical so any-
possible transient power fncrease would be quickly terminated by a power -
level scram or operator {ntervention and would increase fuel temperatures
‘only a few degrees C, which is acceptable for both the HEU and the '
proposed LEU ‘cores. ' : S S ‘

Reaciivigy’Fee&-back-COeff1c1ents .

The temperature coefficient of reactivity and the void coefficient of
reactivity were computed for both the HEU and LEU cores. Both o
coefficients are moré negative than required by the Technical .
Specifications.  The void coefficient of the LEU core is significantly .
more negative than for the HEU core because of the more under-moderated
LEU core condition. The temperature coefficient of the LEU core {is also
‘more negative than in the HEU core because of the epithermal Doppler. -

- éffect in the neutron capture resonances of the relatively much more

R abundant -U-238 preseént in the LEU fuel. :Thé_Dépp]er_féedback,1s,promp£; .

" and therefore more effective in countering a reactor transient-in the LEU
' core than ‘s the heat transfer dependent moderator temperature . _
coefficient. in the HEU core. Thus, these reactivity coefficients for the
. LEU core are larger and more effective in leading to reactor stability .
- than the reactivity coefficients for the HEU core; and-therefore are
- acceptable, ‘ : ' : :

" Fission Product Inventory and Containment

The total inventory of fissfon groducts'w111 not be significantly
different between the HEU and L .. F ‘
18 plates in LEU:versus 10 in HEU fuel elements, the inventory per plate.
-{s less {n the LEU.core. The aluminum cladding however is thinner on the

. LEU.plates which may tend to.reduce the ‘integrity of the fission product- . -

barrier. This cladding thickness, however, {is currently in use on-the

U cores. ' Furthermore, because there are- -

" University of ‘Michigan LEU fuél, and has been used on HEU fuel for many co

~- years in most of the licénsed research reactors, Because there have been

' ““nO“faj]ures*or“sighif1cént¥re]easesw0f~fissibnvptodq6ts;%attribut§b1e~to.fJQH:; L

* this cladding thickness, there {s reasonable assurance that the.new LEU
- fuel.will perform satisfactorily in containing fission. products in the.
relatively beﬂign,envirbnmenﬁ'1n:§hé 10 kW-WPI reactor. - S
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" restricted areas of -only a small fraction. of those allowed by 10 . -

- CFR. 20 guidelines. - Therefore, damage to LEU fuel in:-place of ... -

S HED fue] wouTd. € ,
O health and safety of ‘the public,..

~'. low for the current- HEU core. - -

|

. Among the various potential accidents cons1dered.by:tks)Licgnsee‘or the . ...
L . staff at the time of the 1982 license renewal for WPI'“’, only two-could .-

o . be affected by the conversion from HEU to LEU fuel. These two scenarfos
. are addressed below. ' ST P

Inadvertent Insertion of Excess Reactivity.

The'ANL(Z) report presee&; the results of computations using

the modified PARET code' ' for stepwise insertion of reactivity
in both the current HEU core and the proposed LEU core. It was
assumed that only inherent reactivity feedback mechanisms limit

- the transient, and the assumed values are given. The

computation determined the m1nimum-step'1n$ertion'that.ﬁou1d,

 just raise the temperature to the melting: point of the cladding |
for each core. -For the HEU core the computed insertion was '
1.5% A k/k. For the LEU core the insertion was 2.0% D k/k.

The difference {s due principally to the prompt .Doppler
coefficient and the larger average void coefficient of -
reactivity in the LEU core as discussed previously.

Because the HPI‘Techﬁibaﬁ Specifications 1mit tﬁe-excess
reactivity to 0.5% A k/k, a step-insertion:of this amount was
also analyzed. The computed maximum fuel temperatures were

’s1ightly ‘above 100°C for both cores, well below temperatures at -

which fuel or cladding damage would occur. Also, the

- calculated maximum fuel temperature in the LEU core was
~ slightly lqwgr.than31n the HEU core, which is acceptable.

Fuel Handling Accident.

‘An accident leading to structural damege in air of & fully

frradiated fuel element was considered to .be the maximum _
hypothetical accident by both the Yicensee and the staff. in the
evaluation of the WPI reactor facility for renewal of its

| “operating license in 1982. This same accident was 21so

" considered by the ANL group in its assessment of the LEU fuel
-at WPI. - The only significant difference between the tnventory -
. of radioactivity in the LEU and in the HEU.element is the = .

plutontum-239 formed by neutron capture.in the uranium-238, .

which is much more abundant in the LEU fuel. -However; on'the

‘basis of the licensed power level and consequent burn-up-of = . =
fuel-at WPI; the-additional build-up of -plutonfum An-the LEU & omommin
©. - fuel is.radfologically, {nsignificant, and release of the fission -
- products. {ncluding this plutonium fron damaged LEU fuél would
- result fn maximum potential radiation exposures.in the un-

. which was already acceptably - .

sy i X . K 7. . e . N
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S Please subm1t a FueI Load and Reactor Start Up PTanning document w1th
_ speeific pr nstri nt -
. should also- i
- and who'have previous .experience with 1n1t1a1 fuel-Todding, power ~ . :
" calibration- and ‘start-up of-a.non-power. réactor. Please inform me: of the Co
 expectéd date’ when fuel 1oad1ng will beg1n and any changes that may occur '
'to thrs date : . :

B INFORMATION r"q 8 :_suBéL«'xep' _év WPl

Lln order to prov1de E compar1son between measured values N1th computed
- ‘predictions please prov1de a. report Six ‘wonths. following . fue1 lodding. o ‘
;?that addresses the items in the out11ne of the attachment to th]S enc]osure. R

otedurés and entation requirements. This’ docume t
identify. the- personnel who will be ifivolved with the startup "

‘ 1n reSponse to qucstton 3 of OUr January 21 1988 1etter to. you
« requesting additional’ 1nformat10n you subm1tted two. figures, 1abe1ed

Figure § and ‘Figure 10° stating. that they are from the current SAR. we_f“'

“note that (1) these: f)gures d6 not, -in themselves, respond to the .~
- question, and. (2) thesé figures are different from Figures 8, 9 and 10
1nc1uded in your. transmittal of September 17, 1987. Please. 1den ty

ch figures are to be considered as off1c1a1 parts of the SAR.and
‘ r relevance to" the Technical Spec1f1cat1ons requ1rements on

,.'p
©void coeffrcaent and temperature coefficient of react1v1ty

hPlease subm1t the fo]]owing corrections to the table of Section 2. 3 of 1""
”your February 10, 1988 reSponse “to clar1fy the record as follows: =~

.(a) Nucléar Character1st1cs--(Ca1c) (a) for the fTux entr1es under LEU

~the -symbol "nv" appedrs -to have no use and :should be deléted; (b) for
the flux entries under HEU, it is recommended that the . un1ts of n/cmz
sec be subst1tuted for the symbo1 V", .

,{bf: Contro] Safety Elements React1v1ty Contro] lt is recommended
' that the unit of coitrol: be made more comp]ete by mak1ng it read
S 3, 5%4} k/k each m1n1mum“i ' .




L Attachment;t"'Enclosure 4
OUTLINE OF REACTOR START UP

REPORT AND COMPARISONS WITH CALCULATIONSf'rf ,}f“;;ig_ . |

‘17,1;;,16r1t1ca1 Mass

g ”Measurement wtth HEU e 4
- - Measurement with'LEU - - -
. Compar{isons w1th ca1cu1at10ns for both LEY and HEU

‘2. Excess (operattona1)'react1v1ty ,
. " Messureient with HEU ‘
- Measurenent with LEU . - '
Comparison with ca1cu1ations for ooth LEU and. HEU
. 9:3t: Contro] and regu1at1ng rod ca1ibrat10ns |

‘.*Measurements of d1fferent1a1 and total rod worths, and comparisons
'with ca1cu1ations for: both HEY and LEU..

o - 4. Reactor power ca]tbration n ‘ S
L Methods and measurements that assure operation wtthin the 11cense 11m1t
o COmparison between HEU and LEU .nuclear 1nstrumentat10n Setpotnts,
. detector- positions, and detector output.-,. - . .
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