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1.0 ."‘;,‘,_-SUMMARY AND CONCLUSIONS

":ﬂAn ana1y51s has been performed to determine the criticality safety of
"11nd1v1dual Shipping Containers ‘Model -UNC-2800. - Then, - arrays of these "
;\_containers were evaluated - BEach container w111 be 1oaded With four ?‘5““

,?'Dresden (BWR) fuel assemblies.-' ' e : . T

f?-Ind1v1dual packages are safe under normal transport conditions (dry) and
‘Q“have a K oo = 0.77 under accldent cond1tions.__"”‘~ Lo
N R . - .o . . L . . . - "'.
.,_'Arrays of packages also are safe under normal transport conditions (dry) _
- Under- accident conditions (optimun water between inner :and ‘outer container’ e N
. and between individual containers), an infinite array of packages has a e
B oo = 0. 818.... ——- < . P N, N - SRR

-

S _:!ﬁ?Therefore, this container when loaded w1th four Dresden (BWR) fuel assem-:fﬂ7 .
s t--bliesis subcriticalunder "all” pOSSlble ¢énditions of Todération and re—l""ﬁ'f'f”
) flectlon,_and meets the criteria for a. FiSSile Class I Package.(1 2)- A

/2.0 .'DESCRIPTION or' CONTAINERS

The Model UNC—2800 Shipping Container con51sts of a fuel assenbly support
znine inches high by 10 inches wide by. 192, inches long, seven-gage steel
"U" shaped strong=back- with' adjustable end" clamps and- cross . support brackets.
.. The fuel ‘element- support’ is shock mounted ‘to an outer container by shearyﬂ-
mounts. The outer container 'is.a l12-gage- steel cyllnder 36 inches I.D. by
© 207 inches long with- flange. closure, skids, stacking brackets ‘and roll rings..
“'The container is "described in -Applied DeSign Company s .Drawings, numbers'
874R1~874A7, 874A99-874A114, and 874A116-874A136. The fuel assembly. arrange-
ment and clamping de51gn w111 be as described 1n UNC Drawing D 304329 Rev. 1.

3.0 jMETHOD OF. ANALYSIS

The Diffu51on Coeff1c1ent and Macroscopic Cross Sections’ for the uranium/
'water/strong—back (stainless ‘steel) ryion were calculated using. the
LOCALUX-3(3) one dlmen51onal (cylindrical), multienergy unit. cell or fuel -
’assembly reactivity and ‘depletion code.: The LOCALUX (3,4,5,6)code is an
improved version of the LASER(7) code. Fast and ‘thermal energy spectra
effective cross sections are obtained from an included MUFT ?—THERMOS( )
calculation. . R
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The MUFT portion performs a homogeneous calculatron in the’ energy range o
from 10 MEV to 1. 855 ev.. To agcount for lumplng of absorbers and the'."
- resultant shielding.of the y23t resonances, LOCALUX-3" provides . for' the
appllcation of self-shielding factors based on the Dancoff and- Doppler
effects. . These self-shle‘dlng factors are calculated using the. 1nter- :

. action method of Strawbrldge and Barry (10 . : :
The THERMOS portlon handles the spatlal characterlstlcs of the fuel rods
dlscretely by 1ntegra1 transport theory so:as. to account for energy and -
spatlal self-shielding.. The thermal energy reglon covers ‘the’ range- from
_zero to 1.855 ev. The NELKIN(ll) “bound proton 'scattering kernel  is used
A typlcal configuratlon treated by LOCALUX-B is deplcted 1n Flgure 1.

All ba51c mlcroscoplc cross sectlon data are. contalned W1th1n ‘the’ LOCALUX »1f}ffﬁ
~-1ibraries." - These llbrarles ‘were origlnally complled by Westlnghouse:ﬁ‘xa ISR

Atomic .Power Dlv1510n as part of ‘the’ LASER . code’ and have. been revised ;"

‘ by United Nuclear Corporation as reported experlmental measurements be- s T
.come available., The LOCALUX. codes .or" cross.sections ‘do ‘not contain any fiﬁfyj
arbltrary adjustments to force agreement w1th critlcal experiments.;:f< R

""*The LOCALUX codes are used routznely at Unlted Nuclear Corporatlon as a

ba51c tool for. generatlon of. depletlon dependent reactor constants ror K
' both BWR and- PWR assemblles. The parent code, LASER,. was checked exten— :
51vely agalnst crltlcals by’ Westlnghouse Atomlc ‘Power- D1v1$1on. ‘The *

'“: results. ‘indicated that the LASER code ‘was: preferred over "the! LEOPARD(lz)
code from: a‘standp01nt ofia. ‘smaller spread between calculatlons and eX= L e
perlments.. The standard devratlon in. reactlvlty for mlxed oxide. (002 + - o

.- ‘Pu0p) lattices was.6.19 x 1073 for 'LASER:and: -9.26 x 1073 ‘for LEOPARD(13) o

-~~For =02 -lattices,- the standard- dev;atlon was 0 974 x 10’3“for LASER and

2. 31 x 10-3 for Lz-:opARn (13)

The LOCALUX codes have been checked exten51vely at- Unrted Nuclear against
. both PWR and BWR" experlmental data as well as agalnst Monte Carlo calcu-
lations.” A -program has been completed at Unlted Nuclear (%?) whlch ‘ess -
tabllshed the- superlorlty of the LOCALUX (LASER) ‘code - over LEOPARD® 1n o
calculatlng mixed oxide lattices. 'The program results were 51m11ar to =
those reported by Westlnghouse.lh”ﬁf~ ST T : . . :
lefusion Coeff1c1ents and Macroscoplc Cross Sections for the reglons
between the strong-back and outer container and .outside the outer. con-“"”
tainer were calculated: us1ng the FORM(ls) and- TEMPEST(15) _codes. Con-=
‘servative values of the: Diffusion: cgaffinient were asiumed for conditions
of low water. content (under-moderated) by clipping the ‘rising ‘values at:
10 cm. Diffusion Coeff1c1ents ‘and Macroscopic: Cross Sectlons for the
region w1th1n.the outer contalner were calculated u51ng LOCALUX-B.-

Array 1nf1n1te multiplicatlon calculatlons were. performed u51ng AIM-G,
- multigroup, one-dimensional diffusion theory . code. AIM=-6 is based- prl-"'
‘marily upon the AIM-5(17) code and differs from it-in that prov151on is

: made for the use of a macroscoplc cross sectlon 11brary.. ) -

Array calculations were performed assuming four reglons-~ (1) the fuel- .
moderator- strong-back, (2) the space:between the strong—back and the outer
container,” (3) the outer ‘container and (4) the space out51de ‘the outer
_-container. . Two energy groups were used and zero boundary current was
assumed. ' ‘ S C B =
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4.0 NUCLEAR SAFETY EVALUATION - NORMAL TRANSPORT CONDITIONS

Under normal transport condltlons, both the 1nd1v1dual packages and
. arrays of packages are dry. . :‘There is no water or other moderatlng mater1a1
“'within the fuel assembly,. w1th1n the ‘container voids; or out51de the con-
talner. It has been shown: that" "f..exponentlal experlments indicate . that:
unmoderated uranlum cannot become critical if -the U-235 content is below
5.0r 6 wt. %.v(18) . Therefdre, both' 1nd1v1dual packages and arrays of IR
packages are subcrltical under normal condltlons. T 4~‘f"'

5.0, NUCLEAR SAFETY EVALUATION -'ACCIDENT TRANSPORT CONDITIONS }fff h

Under acc1dent conditlons, 1t is . assumed that the contalners are damaged :
-such that the outer mean’ dlameter is’ reduced from 36 1nches to 34 1nches.~“
“The results.of the structural tests’ 1nd1cate ‘that the 1ntegr1ty of ‘the . -
_ R .,strong-back and the fuel assemblles were resistant to:the tests performed..;_
Ca ny~ﬁ1'_' Sufficient damage to “the outer contalner seal was* noted so that water in-
B leakage is possible..h.;“} . ;fnl T A . SR

The baszs of the acc1dent evaluatlon 1s.~: P e ”f‘}:‘;g,;,':‘~d : S o

3.133”Ind1v1dual Contalners fl'rfﬁf TR 7:3*.?j‘
7. a, - Damaged: contalner (O D. = 34 0 1nches) o : .

. . b Full'or optlmum moderation;of ‘the fuel assemblles (H/U—235
ey “Full :density water’ between inner ‘and outer contaxner. R
‘“d;ffContalner reflected (4 cm of water) o : S

_I|" : .ot

165) 0

L 20 Array L -

S- e wpetniiig; - Damaged: contalner*f'rt' Fedinae g
’ " 'b.. - Full.or optimum moderation . of fuel assemblies (H/U-235 165) .

. ‘. "Variable water density’ between inner”and outer contalner._ ‘;;,"-‘ S

©od. Varlable thicknesses of water out51de outer contalner._; e

4,

- 5.1 . Indiv1dua1 Container

PR

The maxlmum K oo = 0 770 as shown on. Table I._ Decreases 1n in-1°
ternal- moderatzon and/or reduced reflectlon ‘would result -in.
decreased ‘K a:values. Therefore,'1nd1v1dua1 contalners are
subcrltlcal._g:ﬁési : S - :

5.2 Arrays of*Containers

Inflnlte multlpllcation factors for arrays were' calculated
varying the denSLty of water between .the inner and outer contalners.‘
and varying the thlckness of water out51de the- outer contalner.A ’
The maximum K co= 0.818 occurs- wlth optlmum 1nterna1 moderation
- and no water between" 1nner and outer container -oxr between 1nd1—-'
vidual containers. Increa51ng water density  between inner ‘and
. outer container and increasing water thickness ‘between -individual
- containers results in decreased-K covalues.' These results are
; = ’ . shown in Table I Decreases in internal moderatlon would. result
T . . - . in further decreases in K oovalues. Therefore, arrays of contalners
' are subcrltzcal under all acc1dent condltlons.g. -

Lo
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:.CONCLUSIONS

:"The evaluatxon 1nd1cates that 1ndxv1dual contalners ‘or arrays of con-
- tainers are -subcritical under all’ condltlons., Thus, the contalner meets
: the requlrement for a FlSSlle Class I Package(l 2)

Prepared by.'_‘ : /( g ) Q/p

"R. E. T(r}app'

e ,,,9 &, .
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© o Assembly .o e SCIOCALUX-3 Unit Cell Reprosentation .

© . Figi1 ~=LOCALUX-3 -{;‘ssemb‘i’y‘ Configurations .-~ -,



TRBLE I ’

' v;" Kcn VS AMOUNT OF WATER BETWEEN INNER AND OUTER CONTAINER AND

WATER OUTSIDE THE OUTER CONTAINER

' 'i Amount of Water Outside

Amount of Water.Between Lﬁ {f }7: ‘ e
,'.-The Outer Container (cm) . Ky

E}~f'Inner and Outer “Container (Z)3§.f'3'
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‘1. Type Rod -Fuel Stack Length - Tube Lensth | n'ngh£.5 Fuel LoedlnclRod
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" Description of Dresden (BWR) Pellets, Rods and éleﬁénts_

?cll* Dcrcr’p fon: 0.482" §§ x 0.6" . 1.0" long

Rod Dnscrlp ions

© e
,,,,,

- Frée End -108.25 + .50 | 114, 70"Lérgth; .8#" : 3251 + %8 g
' Lot - Sprlng,Dlsc L (67 O g U-235)

" Fived ©. 108,255 S50 . - -I14.70"Léngth, 8f s + 98 g

.'[‘1 Type: . = . _W_A_AA.: Sprzng, Disc ; “ 1’ (67, 0 ‘g U-235)
" Remov.’ . 108.25 iﬂjsb" 3 114.70"Lenath,ﬁ'é#*' 3251+ 98 g 1.”
‘”21f4Typa S ) Sprin' Disc © . oa (67.0 g U-235) .
tpemov.  108.25 £ .50 . 114.70"Length, ' 85 3175 £ 95 8 o
Type 2 . S Sprlng, Dlsc. TR . :
PPC Type 108 25 + .SOJ : 114.70"Length 'é#' .3251 + 98 g . -
i ___“. _ T Sprlng, Disc . '_”.(50 7 8 U-235) . _
Segmonted 17,547 £ 05 - “ 1147 70"Length, 108 3013 +90 g ;' T
B 5. -par: Rod . Sprlng, Dl"c . (62.17U-235 Tota_)_~'
R S 12 63 :}: . 50. e e e e s ._-.__!__.‘,. e e e e e Bl e L e T e o e e
1 per Rod
.Iﬁéﬁrqmeﬁgé& None ° f- "f-.' 114, 70"Len0th T “'Noﬁg

No Springs,D*sc

*Uranium D10¥1de~uucolinia (64 1 g U-235) (55 o g ; cd 03); ,

-2, Zirealoy-2 Tubing :

© C.

“’std Tube: 0,0370" + .0025" W.T. xO. 4925" + .0020" 1. D.'
‘Instru. Tube 0.0293" + oozs" . T. % 0. 540" +°,002" I. n._

Ele?ent Dascr*ngvon

‘4.38',' x 4_.38" (L ngth OVEI' ACthg_ Fue_ - 10 251! o

Length Overall - 134.35":

Length Between Grids - 115, 33" '
36 Rods Per’ Elemnnt "'

1. Type Elemant ; Requlrgd/Bmuch Wo 6
- Type 1. . 53 '
Type 2 : 30

Instrumented - ' 13
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Description of Dresden (BWR) Pellets, Rods and Elements (contlnued)

‘No chuired per .- :No Requircd Pcr

ho Recuized P::r”

- General Information

1o Enrichment - , . o
"+ a.; Normal Fuel 2, 34 + 0.05 w/o

b, Segmented Fuel 2, 34 + 0,05 w/o
"¢i  PPC Fuel 1.77 + 0 05 w/o ﬁa

" 2. Type Rod -~ - Type T E’emcnt ' Typc TIX Elcmcnt " Instrumant Elecant
° Free End 20 : - 20ffwf"' : 20 .
- Pixed Type A -8 ‘,f8-' = 8

" Remov.Type 1 1 - -
- Remov.Type 2 - S -
PPC Type. 6 6 6
. 'Segmented 1 R B 1

. Instrument - . 1 -

‘de Gadolinia COntent 1 74 +—0 05 w/o (Remcv.Type 2 Pcllets Only With _

2,34 + 0,05 w/o U-235)

: ote ree End,. lype Ay Remov. ho. 1 end “Remov. ho. 2. Know as “"ormal"

PR SR . - c——

Sbutce of Data:

NIS-CP- LJS -22, dated October 31, 1968

.Materials License SNM-777 Docket 70 820..

E 2, Pellet Dens*ty- 93 SZ Theorctical + 2 OZ .- =

"Renewal of Special Nuclear a'

Section‘

800, Subpart 823,

Nuclear Safety Evaluation--Dresden-l Fuel Elements (BWR), pagse. 1 and

2 of 6.




