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U.S. Atomlc Energy Commission
Division of Licensing and Regulation
Germantown, Maryland

ATTENTION: Mr. J. C. Delaney Chief,
: Nuclear Materials Sectlon

REFERENCE: Docket 70-139; SNM-185
SUBJECT ¢ Request for Amendment to Store PRDC Core Subassemblies.,
Gentlemens:

It has become necessary, in the course of producing PRDC
core subassemblies, to set up temporary storage facilities
for 39 of these units. This situation has arisen due to
‘unforeseen delays in the procurement and installation of a /
fixture for grinding colmonoy pads on wrapper tubes. The
fixture 1s expected to be 1n operation by the first week of /
April, at which time, stored subassemblies w111 be ground and /

packaged for shipment to PRDC.

It is anticipated that storage of the core subassemblies
will be done in the following manner:

Fifteen subassemblies will be packed in always safe
shipping containers which will be placed in a locked metal
storage bullding under Security surveillance. These containers /
hold one unit each, at a 14" center to center separation /
from adjacent units, and have previously been approved for
shipment. A draw1ng of the container (No. 543A1l) is enclosed.

The remainder, or 24 core subassemblies, will be stored
in a room which will be constructed adjacent to our assembly
area. This storage room will be 8 ft. wide, 20 ft. long, and

10 ft. high, with a sloping, watertight ceiling. A sketch
showing the construction and relative location of the room is ot
attached for reference (SK-86). . i34
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Core subassemblies will be stored in a vertical position
on wall racks, 12 on each side of the room. Spacing of these
units will be 19% center to center with 14" at each end. A
drawing which shows the construction and layout of the wall
racks (SK-87) is enclosed. The wall racks will be identical
to present blanket storage racks except for spacing, and
angle iron floor guldes. They will also have barrier rods
which must be removed prior to insertion of cores into the rack.
This 1s to avoid the possibility of inadvertently placing a
core on the transport truck closer than 14" to one which is
already in position on the rack.

There are two doors at opposite ends of the room, one of
which will be permanently locked. The other door will provide
the only entrance to the storage room and wlll be unlocked
only with the prior approval of Criticality Control personnel.
No more than one core subassembly will ever be outside the
rack at any time.,

‘A transport truck (Ref. Sketch No. SK-88) will be used
for all movements of cores into and out of storage. Angle.
irons will be set on the floor in an inverted "V¥ position
in order to prevent the possibility of a unit in transport
from coming closer than 14" to any hanging unit. All
transportation will be done wilth units in a vertical position.

Criticality criteria which have been used to derive
spacing requirements were taken from Exhibit 8 To Application
For Special Nuclear Materials And Source Materials License
Submitted By Power Reactor Development Co., copies of which
are attached. This lists minimum spacing of 14% center to
center as effectively isolating each core subassembly under
either full or partial flooding conditions. The multiplication
factor for an infinite array would, therefore, be essentially
the same as for an individual core which is approximately 0.6.
We propose to store core subassemblies on 19" centers which
is even more conservative with respect to the above data.

A tight administrative control will be enforced over all
movement of material into or out of the core storage roon.
Prior approval of any anticipated movement must be obtained
by the area supervisor from Criticality Control personnel.

No more than one core subassembly will be in transit at any
tims, In addition, only one core is allowed in each of the
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three clean rooms for processing. A red light system is in
operation which indicates the presence of an enriched core
in a particular room. When the red light i1s on, no enriched
material is allowed to enter the room.

We trust that sufficlent information has been provided
to grant approval of this request. Should further information
be required, do not hesitate to call the writer by collect
telephone. Your earliest possible attention to this matter
is requested, since any lengthy delay willl serlously disrupt
our production schedule.

Very truly yours,

Norton M. Weiss :

Health & Safety Manager
NMW/s1

Attachments (5)
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EXHIBIT 8 TO APPLICATION FOR SPECIAL NUCL
MATERIALS AND SONVRCE MATERIALS LICENSE
BY POWER REACTCR DEVEZLOPMENT COMPANY

Criticality Considerations

A, Summ&rx

Tha design of the fgel storage area is fsuch as to mesure a eubstantially
subcritical configuratien either when the ares ip dry or in the svent of partial
or complete ﬁnodmg. The fimded condition dictates the epacing reguirement
since, &t any given spacing, & floeded array of highly enriched metallic wranium
is more reactive then & dry array. A i4-imch cemter-te-cemter équrs pitch was
selacted because this spacing in water sff@c?imlf isolates each aubsssembly; i.e.,
the multiplié&tio;a fsctor for an infinits srray {8 essentially the same as that for
& single subassembly and equal in thia case ‘o approximately 0.6 Under dry
cenditions the multiplication factor for am infinite array with 14-{nch spacing is
&Wmim&wiy 8. 2 At imtermediate lavels of fiseding the array {2 elee substantially
subcritical, with‘ the muitiplication facter verylag from 0.2 to 9.6 85 the level ia

raiged.

B. Dry Storage
Each core subsssembly for the Tmrico Fermi resctor bas a comtral
14¢-pin eaction cemniniag 19.16 kg of wranlum - 10 w/o molybdemum alloy. The

urenivm cempomont of this eliey is enviched te 25 ¢ sercent and sach subassembly

thersfore comtalms 4. 90 kg of U-235. Ia the reacter, those subasssmbliag will be

piaced lmmedistaly adiacent to each ether in eppreximately cylindrical geemetry.

(1



Thae exriched vrasium core will be purrounded by depleted urasdam exisl and
.m.&iak blankste and the vold regions will be filled with sodlam coolamt. Multigroup
diffesion thoory caleslations of this configuration predict that appreuimately
91 of the suriched nramivm contaising au’@%@@m&@@ will havwa t2 ba lsaded in the
cenmtral vegicn in order to schieve criticality. If the sedium conlant is remeved,
@wmwzﬁm&%&y 15 sdditions! core subsgsemblies ere nsedad to ackieve criticallly
plnce sodinm mxeaeéa resetivity in the neutren gpacirurm of the resctsr,

" The ca&@lgﬁ@am mf@x?sﬁ te absve heve been verilled by & critical
experiment carried ost in the ZFR-II faciilty of Argonns Petlonal Laboratery
at Arco, ldske, Calculsted zed expervimenial values for critical meass agreed
within theoe pevcant, |

PR Aeh@ek em dry slorage critdeslity, btwe cam&imgaa‘ kave been made.
The first of &sm eslenlations was done 2e ebinim the muitiplication of a single
suhasesmbly i aty, anstuodag however that the subzssembly was inflnitely leng.
This calenlation wee dono by Los Alamwe foy PRDC se a part of & sevies of special
criticality esleulations. Using the &5 methed, vk was feund to ke about 0.2. The
cocond calculation was dene by APDA te obtais the mmitiplication of ma infinite
arvay of subsszsmbiiss stered on lé-inch contere. This was a maltigronp,
diffusion thesry, hemogenses celeulatien, which geve 2 k ogusl ta 6, i, Thie
roenls i legs thae the corvect valus hbaganse k@mg@&% such a widely spated
arrey €oes net %;a:@@mfﬁw eolf-muitiplication of individual subsssemblies. The

rassit, bowerer, dpes show that leakegs frem the axsay {8 very high se Chat

svidual saits sxe effectively isolsted frem cach other. The switiplizeties
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factor for the array {o then approximately the seme as that of a2 single sub-
assembly which, becsuse of the assumed inflnite length, is conservatively
estimated by the LLos Alamos celculation to be 0.2,

These calculstions together with the results of the critical experiment
show, {f dry storage only was considered, that a separation ¢f only a {ew inches

would be sufficient te assure subcriticality of 200 scbassembliss.

C. Fleoded Storsge

Fuel subassemblies for the Enrxico Fermi reactor are highly enriched
since a faet reactor {s vamoderated, At optimum spaciag in water, far less than
a normal core loading of subassemblias weuld be needed to form a critical array.
As a firet precaution, &ll sterage and handling of {resh fuel will be done dry
with every effort made te provent fuel from becoming immersed in water. All
handling of fresh fuel te e storasd will be done singly, all shipment or storage
will be with & minilmum of 14-inch center-te~center spacing.

The ctorsge area using l4-inch ceanter-to-center tubes to held sud-
assemhlies (s substantially subcritical when fisoded with water. Om Figure |
attached {3 a summary of calculated dats obtained for Enrico Fermi core
subassemblies spaced in water {n square latticos of different pitch. The peints
shown were obtained by the use of 2~dlmon;icuj. B—group,. diffusien theery
calculations using the PDQ} code sn an [BM-704 computer, Censtants needed for

q
the calculation ware obtained by tie method eutlined by R. W, Deutech.® The

R, W, Deutsch, “"Computing Three-Group Constants for Neutron Diffusion,”
Muclesnice 15:1, 47-31, Jammsry, 1957.
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regults of these calculations .qrco with infermation given im various AEC
documants, **in that unitz separated from each other by ome {oot of water are
shown to be offectively isclated from sach other; i. 6., the multiplication for an
infinite sarray with center-to-center spacing equal or grester than 12 inches i e ’
easentially the same as that of » single subassombly,

e
D.  Partially Floeded Conditisn ’

In the case of partial flooding, direct calculational evidence that the
maltiplication will mot increase above 0.6 iz very difficals te ebtain. A direct
calculation weuld require the use of J-dimensional geometry to adequately
doscribe the flux shape and maitigroup methods to deecribe the apectral variation
from one regiom to the other. In situations such ag this wheve k meed %ot ba knowa
accurstely, the weual Practice ia reactor theory is te compute a simple problem
whick i¢ known to be mers reactive thaa the complex ome, end/or to resort to
sexperimental msasarsmenta.

For the perticular geametry invelved hore, it is very difficuls to
dofing & simple problom which is kmown to be o little more roactive thax the
actual problem to be ssived. Our most relisble infer mation thes must be chtained
frem experiments and from the interpretatisa of these expariments by poeple
closely assecisted with this type of werk.

Babcock & Wilcox Conmpany has porformed many critical experimonts

in their facilitico at Lynchburg, Virginia, and they have given PRDC the results

““0, for ml@. ?!D-?'l?. A VTG
Matoripl, p. 18




of two water helght experinents which were performed ir connectien with their
thermel rezctor design work. Data frem th2se sxperiments &r@.pimmfd in
Flgures 2 and 3 for Cores | and 11 29 described in Tabls 1. |

Core 1 had & metal to watsr ratio of 1.119 and wae sndermeoderated.
Core I1 had a metal 16 water ratio of 0. 48 and was somewhst overmederated. The
PRDC atorags iacilily, when fleeded, {s mere cvermedarated than Cers [I. Note
that, with 80 cm of fusl shove the water level, tha reflacter savimgs due to dry
fuel is 9.% ¢m in the case of the urdermaderated core, and 6.2 cm in the casze
2f the svermoderated ceres. Eighty cm ef fusl is mere than the full length of
Emrico Fermi Reactor fuel pims nud in beth sxpsriments there was more U-Z35
par limear inch ef height then will be the case with Enrice Fermi Reactor fuel
gtored on l4-imch cmmm‘. Based on thase experiments it is zaca fowx F@rmi‘
subaszemblies that with any availakle dry fusl asbeve 2 flesded level the reflector
savings would be cignificantly less than 6.2 cm. Therefere, the facility is most
eritical, mﬂ% an effective multiplication of 0. 6, when cempletaly flosded .

n Figars ﬁ)k ie oqual te 0. 62 for s waai&g of 10.65 i;eekaa. The k
ef ©.62 was oltnined ascuming an axisl buckling of €. 89164 cm-2 be@xremmﬁmg
te the Farml fzol lemgth of 77.5 vc:m. When BZ was reduced te sere, thes ssauming
no end leakags, k increased only 8 very small amount, te 0. 64, Very largs |
refiecior savings thus have little influence ea the multiplieation of wéﬂ«»me@é |
APEBYS .'

Reforring sgain te Figures 2 and 3 note that the sbsolute velue ef the

slepe of the curves ls very nwuch leos than | and is emaller in Figure 3 {the

£3)



evermederated case) than in Flgure 2. Thus, at all water lawls. bare fuel above
the core is werth less in resctivity thaa is the same haight of feel plus water,
zo that k comtioually decrensee as the water level is lewsred. §imce the PRDC
storage spacing hae even leas U-235 per linesr inch of height than was precent
in either of these experiments. k will simturly geduce in valuse as the water
level is. iowered.

Ia the abksonce 8f water {lseding, there is ns m@dwatér present ia the
fasl regien of the PRDC sterage facility. PRDC is met aware ef azy reacter oy
criticakity esperiment in which resctivity hae imcrensed 2e a result of lowering

the moedsrater level about selld fngl which iz etherwine unmedsrated,

ket Subassemblies

Blanket subnzsemblies are made of wrantum dapleted to 0. 36 parcont
U-235. Criticality is not possible sither dry or in water, vegardless of hew

ARy 6F ia what geemelry they are stered.

(6}
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IABLE L
PHYSICAL DATA
Pin Lettice Core 1 Core 2
Pin pitch {eguare}, i=. . 3805 4810
Pian 0.D., f2 | . 3120 . 3030
Clad thickness, 1 .81%0 . 8346
{1}

Pelist dlamster, $m. 2740 L2340
pellet domeity, gmicm’ 8.20 8. 65
Metal-teswale? 1,119 . &80
Hps/Mag 8.8 as. 34
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