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W((?_Babcock &Wilcox ne a nu m- rus o msi-

P.O. Box 785, Lynchburg,Va. 24505

Telephone: (804) 384-5111

License SNM-42
October 2, 1979

i

Mr. Charles E. MacDonald, Chief
Transportation Branch
Division of Fuel Cycle and Material Safety
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Dear Mr. MacDonald:

Babcock & Wilcox, Naval Nuclear Fuel Division (B&W-NNFD) , i s in-

need of the use of a shipping container arrangement as described in
Certificate of Compliance No. 9119 This certi ficate of compliance is
issued to the U. S. Department of Energy, Division of Naval Reactors,
Washington, D. C. for container model no. BAPL 5910 bi rdcage. However,
the container authorized by this certificate is not approved for use
under the general license provisions of 10 CFR 71.

Accordingly, Babcock & Wilcox, Naval Nuclear Fuel Division, re-
quests NRC Certificate of Compliance No. 9119 (USA /9119/B( )F) be re-
vised to include approvai for use under the general license provisions
of 10 CFR 71.12(b). BsW-NNFD also requests to be registered as an
authorized user of shipping assemblies described in this certificate.
As required by 10 CFR 71.12(b), B&W-NNFD has obtained a copy of the
certificate of compliance and all documents referenced in this certifi-
cate. A copy of these referenced documents is attached.

The attached document WAPD-0(AO)-4191 contains the analysis for
ten shipping assemblies originally submitted by Bettis Atomic Power
Laboratory. The shipping assembly authorized for use under Certificate
of Compliance No. 9119 is identified as BE 1270 birdcage in this docu-
ment.

Enclosed is a check in the amount of $150 to cover the administra-
tive fee requi red by 10 CFR 1/0.31.

Sincerely,

BABC0CK & WILCOX
. 1

f %N;

RAC/bjc R. A. Cordani
A t t achmen ts Nuclear Safety & Licensing Of ficer

1323 087
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U-235 PACKAGIIU & SHIPPI!G CONDITIONS AND LIMITS -

i

. Introduction and Scope '

Pany shipents of U-235 mterial can be mde for which
'

specially designed shipping containers are not needed to protect the
material against damage during ship:ent. A nu=ber of standard
shipping containers, arrangements, and limits have been established
for Part I, Fissile Classes I, II and III material (as defined in AECM
0529) which assure adequate nuclear safety and ccx:pliance with AECM
0529 and yet provide flexibility for shipents not requiring shielding. ( I

These standards and limits for psckaging and shipping are delineated kin tabular form in Section A. The evaluation to assure adequate jnuclear safety and compliance with AECM 0529 and Appendix 0529 Annar 1
)through 5, dated August 22, 1966, is discussed in succeeding sections, j
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Fissile Class II Ship ents

MATERIAL IESCRIPIION Inner Container Shipping Centainer

(Note 10) Description Limit Description Limit Container Radiation Units

(Note 1) Grecs U-235 (Note 2) Per Ship:ent Per Container

Oxide Sch 40 pipe with 8,000 IE 2071 dn:m 4 10.0

Rods, with inner circular spacing contained in or EE 1926 drum
pellet diameter insert (note 11) 3 rods (modified)
4 0.66 inch ,

Sch 40 pipe with 5,800 55 gal 17H 4 10.0

circular spacing contained in dntm
insert (note 11) 3 rods

.t
'

.
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Qo) N(UE 1: Abbreviated descriptions are used in the table and refer to the following: :

k__3 Sch 40 pipe - Schedule-40 iron or steel pipe with a naximum inner Me-mmter of 5 inches and with" threaded
Q__J endcaps. Six tubular struts velded to each of the endcaps and to circu=ferential hoops, or eight tubular .
g struts velded to- the sides of the pipe 4 inches frca its extre:::ities and to circe:2ferential hoops, are -

used to center the pipe radially in a shipping dru:1. The endcap vill be tightened to ensure a ::inimu:n
f- ;) of 4 threads being engaged. Less than 5-inch diereter polysthylene bottles with screw-on tops, or screv-

on top =etal cans, or mechanically sealed metal cans, or r.::tal . cans with slip-on lids sealed by strong
cloth or fiber-glass tape, or other containers of equal or better construction are used inside the

gg Schedule-40 pipe for liquids, powders, or s=111 pieces of caterial.^

', Thermo jar - Ther:no polystyrene covered glass ,}sr of 1/2-pint,1-pint, or 1-quart capacity enclosed in a
retal can. The metal can is a 28-gauge juice can ucchanically craled, or a 30-Cage can with a slip-on~'. , ' - ,

Mg lid sealed with strong cloth or fiber glass taps.

k* Poly bottle - Polyethylene bottle centered radintlly with a heavy rod bracket. Bottle is 5-inch dia:neter
and of either 11-liter or 7-litar capacity.'f c. .

%,, Absorbent - Absorbent caterial used in the space tet ::n the inner container and shipping container,

carnble of absorbing any leahage iTcan the inner container.
NOIE 2: Abbreviated descriptions are used in the table and refer to the following:

17H Drus - 30 or 55-gallon steel drun with bolted ring' closure or 5-gallon steel drum with lug type h
~ .

closure, countructed in accordance with Specification 17H of T. C. George's Interstate Cocuseree
'" c,,, , Ccc:niasion Regulations pertaining to Shipping Containar C ccifications.I

"#
S E31926 Drum - Steel dru:n sace as the 17H 55-gallon dru"t except that it is 51 inches high. Bears Bureau'

9- of Explosive Pemit No.1506. Also includes BE 1926 Drum (Modified).whenever B of E 1926 is listed.~

'
BE 2071 Dru.2 - Steel drun 53 inches tall constructe'l from tha 4typer and laser sections cf two 17H 55-

N gallon dru=s, joined together with a solid cireurfercatial veld and further reinforced with a steel
M{~,, { hgcircumferential bar (3/16-in. thick, 2-in. vide) t .k valdsd top nad bottoa to the drina Bears Bureau of-e

4 Explosive Pemit No. 2071.

;k f p' hWood box - Wooden box msde in accordm:ce with Specifioction 15A, ISB, loa, or ISB of T. C. George's
E*D Interstate Cc::rnerce Co:cnission Regulatio:Ut pertaining to Chiyping Container Crecifications.

gN BE 1885 - Birdcage type of shipping container with Schedulo-hO pipe incert. Icars Bureau of Explosive
Pemit No.1885
JE 2070 Drum - Steel dru:n 28 inches diameter and 27 inches high; Basketed 114 using eight 3/8-inch
cachine bolts. Sides are reinforced with three tack veldad circumferential hoops. Bears Bureau of~

Explosive Pemit No. 20p.
> . .. .

g ,,
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NOIE 2: BE 1270 - Slotted angle frame binicage with 14 gauge (or heavier) aluminum or steel. box with hinged lid,
"

gasket, and cross sectional area not greater than 20 square inches; box held in frame with steel bands. ,

Box loading up to a net weight of 54 pounJs pemitted.* When an aluminum box is used, it is centered
in the birdcage with sections of slotted steel angle bolted directly against all six sides of the box -

foming a steel framework around the box. May be used only for material that has a melting temperature
of 1700oF or higher. Bears Bureau of Explosive Pemit No.1270. *Per six (6) feet of length.

"

NOIE 3: Up to a total of 5155-gallon 17H drums, BE 1926, EE 1926 (modifsed), BE 2071,'1E 2070 or EE 1270 and
BE 1885 birdcagei containing material covered by this note may be shipped intemingled in a semi-trailer
van provided at least 25 percent of the floor spice is left vacant and the containers are tied and/or
blocked so. that they vill break loose and niide or tumble or' the blocking mterial vill crush more
easily than the containers in the event of a severe highway accident. The centainers shall be loaded as
followa:

55 gallon 17H drums)
BE 1926 & 1926 mod.) On end in a single layer
EE 2071 drums )

On end in a single or double layer, or a single layer on top ofBE 2070 drums -

other drums

EE 1270 biracages ) On end anywhere in the van trailer; or in one, two, or three layers *

EE 1885 birdcages ) with the long axis horizontal along the length of the van but not f
closer than 5 feet to either end of the van

NOIE 4: Limits per container my be exceeded provided the total quantity of U-235 in a group of containers does
not exceed 3400 grams for 2 containers,1650 for 3 containers, and 1600 for 4 containers for unmoderated
shipments and one-half these values for moderated ship::ents (not to exceed 1000 gmes of modemted
material in any cingle drum). -

NOIE 5: The material must be blocked or supported so that there is 6 inches or more spacind between the material
and the ends of the inner container. However, this requirement may be waived by Criticality Control
St tndards if the linear fuel density is less than 333 grams per inch of inner container length.

NOTE 6: No inner container is required if the shipping container is completely filled.

NOIE 7: If the theoretical density of U-235 is greater than 11,000 grams per liter, then there is a limit of
5000 grams on the amount of U-235 pemitted.

N01E 8: Inner container is not reqttired if quantity of U-235 is detemined to be less than 60 grams by use of
scintillation counter calibrated for the purpose.-
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Nont 9: .When it is desired to ship.nore than.coe In 1270 birtes.se, the coluving limits apply to the material in
'

,

each steel bar:

Crcss sectional Limit
.

,

Area of Box Grams U-235

Not greater than 20 sq. in. 1,900 50 Isreent or more of the volt =e in the bar must be filled
with metal which is reasonably unifor.nly distributed along
the bom length

Not greater tima 20 sq. in. 300 None

Not greater than 13 sq. in. 430 None

Not greater than 10 sq. in. 800 Ncne

F011C 20: The limits in this table do not apply to material compositions in which there are sicaifiaant amounts of ~
hzavy water, berylliu:n, or graphite.

NOTE 11: Circular 8pcing C ert - The steel inserts ccusist of three 1/8 inch thick steel plates apprnrimately 5
inches in diar.eter and speed along the length of Schedule 40 pips by three 3/8 inch diar +ter all thread

- rods which pas through the plates en a trinngular pitch rotated 600 frcs the ftel reds. The 3 fuel rods
y are located on a 2-1/4 inch dienetor bolt circlo end are evenly agced. The six nuto es each of the all
g- thread rods axially position the 3 steel At*m. 3hy be used only for atsel, zircaloy or other high melt-

ing point cladded rods. Additional circular speed blank inserta shall be used to restrain the axial i

;FM motion of the rods if the length of the rods represent less than 607. of the length of the Schedule hO @
'M pipe. (Figura M'
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B. EESCEIPTION OF CONTAINERS
f

7< 55-gallon 17H Drum - This is a standard SS-Ballon steel drum with a bolted *

< 1,E * ? , ,, ring closure, constructed in accordance with specification 17H of T. C.'

3 s',. George's Interstate Concerce Co:=dssion Regulations pertaining to Shipping
'd*,''/*; Container Specifications. The body is 18 gage steel with 3 rolled hoops.g*,

The bottom head is 18 gage steel. The gasketed removnble head is Wgage !<
'

. p# steel held onto the drum with a 12 gage bolted ring. The bolted ring uces
drop forged lugs which are threaded for a 5/8 inch bolt and nut. The drum.

has nominal dirensions of 23 inches diameter and 35 inches height. ICC
-

Regulations Section 73 393(f)(4) authorizes use of 17H (cingle trip) dru=s i

for not more than 2700 millicuries of mdioactive mterial. Bureau of i

Explosives letter 25-3-5, Pemissive 25-16-174 dated Msy 24, 1960, gmnted '

authority for re-use of single trip drume. ;

I

55-gallon 17H Drus with Schedule 40 pim insert - A Schedule-40 iron or
h steel Pipe with mximum 5-inch inner dicceter Ts centered mdially in a

~

Y U/55-gallon 17H drum. The Schedule-40 pipe has threaded endcaps with 9
A $ threads per inch; six l-1/2 inch diameter solid steel tubular struts velded

to the endcaps and to circumferential steel hoops (2 inches vide x 3/16 inch
.) thick) . center the pipe radially in the drum. Polyethylene bottles with -

if screw-on tops, or screw-on top metal cans, or mechanically sealed metal cans, .

or metal cans with slip-on lids sealed by strong cloth or fiber glass tape,
or other containers of equal or better construction are used inside the -

Schedule-40 pipe for liquids, powders, or sml1 pieces of mterial. (
(Figure 1) !

lThemo Jar - This container is a polystyrene covered glass jar of 1/2-pint, ,

1-pint, or 1-quart capacity which is sold ec=nercially as a "Thsrmo Jar." ;+

6 For this application the jar is enclosed in a metal can which is either a :

28-gauge juice can mechanically sealed, or a 30-gauge can with a slip-on }
lid sealed with strong cloth or fiber glass tape. (Figure 2) 1

*
.

Polvethylene Bottle - This bottle is either a standard 11 liter polyethylene
bottle 5 inches in diamter and 33 inches tan with a screw-on cap or a
7-liter polyethylene bottle 5 inches in diameter and 22 inenes tall with a
screw-on cap. It is centered radially in a 55-ganon 17H drun with two

*

brackets made from 1/4-inch rod. The space between the bottle and the dru:s
is iilled with absorbent material. (Figure 3)

Wooden Box - Wooden boxes used for shipping containers are mde in accord-
ance with Specification 15A,153,19A, or 19B of T. C. George's Interstate
Coc:merce Co=nission Regulations pertaining to Shipping Container Specifica-

_, ions. ICC Regulations Section 73 393(f)(1) authorizes shiment of radio-
, etive material in Specification 15A, ISB,19A, and 19B vooden boxes for not

><g ore than 2700 millicuries per container.

Drum B.E.1926 - This is a steel drum with a bolted ring closure similar to
the standard 55-gallon 17H drum except that it has nominal dimensions of 23
inches diameter and 51 inches height. A 45-inch long, maximum 5-1nch inner
diameter, Schedule-40 iron or steel pipe with thrwaded endcaps (9 threads
per inch) is centered radially in the drum by two-vagon wheel supports which
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are located 417ches frcn the extremities of the pipe, Each support &
consists of 8 r.ubular struts (2 inches in diameter cf solid steel) velded
to the pipe and to a circumferential hoop, 3/16-inch thick and 2 inches
vide. The upper circumferential hoop is bolted to the side of the drum
with 3/8 inch diameter x 1 inch long steel mehine bolts. Bureau of
Explosives Pemit No.1926 authorizes use of this type drum for shipents
of mdioactive mterial up to 2700 millicuries. (Figure 4)

Drum E3 2071 - This is a steel drum constructed frca the upper (including
,

the bolted ring closure) and lower sections of two 17H 55-snuon drums, '

joined together with a solid circumferential veld and further reinfo::'ced

with a steel circu=femntial bar (3/16-in. thick, 2-in. vide) tack velded
top and bottom to the artn. This drum has nominal dimensions of 23 inches
diame ter and 53 inches height. The body is 18 cage steel vith 5 rolled
hoops. The bottcc head is 18 gage steel. The gasketed removable head is 14
gage steel held onto the drum with 12 gage bolted ring. The bolted ring
uses drop forged lugs which are threaded for a 5/8 inch bolt and nut. A
48 inch long, schedule-40 iron or steel pipe with mximum 5 inch inner
diameter is centemd mdially in the drum. The schedule-40 pipe has
threaded endcaps with 9 threads per inch; six tubular struts,1-1/2 inch
in diameter cd solid steel, velded to the endcaps and to the circumferential
ateel hoops (2 inches vide x 3/16 inch thick) center the pipe radially in
the drum. Bureau of Explosives Pemit No. 2071 authorizes use of this type
drum for shi pents of radioactive material up to 2700 millicuries.
(Figure 5)

Drum HE 2070 - This is a steel drum 28 inches in dinmter and 27 inches
high with a Epsketed cover held in place with eight 3/8-inch mehine bolts.
The dmm body, bottcm, and top are made from steel as beavy or heavier than
specified M-callon dres. The sides are reinforced with three tack

*

velded c .t ' ops. Btireau of Explosives Pemit No. 2070 authorizes
use of '' drt ipents of radioactive m terial up to 350 crams,

of U-? - J1e c x tents and 120 grams of U-235 for shipents of
'))thrt a e mo. - b u: s . g. qr

Bi ~ '* T.. ats er is a Schedule 40, 5-inch inner diameter-

pi;5 2 -

. r 'i ' ucea .2d endcaps, and which is centered in a
ve0 ' A .nd as Ittre. Steel angles 1-1/2" x 1-1/2" (angle
of- .3d 'o the schedule-40 pipe and the 24" square steel-

-.

f. '. . 1chedule-40 pipe in a series of "I" ptterna spaced
e 3" a% . e 12 fact length of pipe. The steel frame is covered with. .s
0.065 -in ' hel sheet. Etxeau of Explosives Pemit No.1885 authorizes use
t' th!" :.er for ship ents of radioactive caterial up to 2700 milli-
curi a. (, wure 7)

tiiz . '70 - These bi uges consist of a steel or aluminum box fastenede

in a aae of slotted e ; eel angle 3 x 1-1/2 x 0.lO4-inch, f astened.

toge.. c.h 3/8-inch bolts. The fmme is 2-feet square and fmm 5 to 10
4ei 'N The box is mde of 14-gauge steel with a piano hinged lid and a..

o o. - e minket. The box may be of a variety of cross sections, but none
yet 4 . C t.nre inches. The box is centered in the birdcage frame with

H.t sectio:o c,f slotted angle and in addition is banded to the deck of the 9
-

f".fr' N 3/4-inch steel band. When an aluminum box is used, it is centered
t-t- birdcage with sections of slotted steel angle bolted directly against
al.' six sides of the box foming a steel framework areund the aluminum box to
Lrovide geometric restmint which will withstand a " standard fire". (Figure 8

.

f

eb)
^
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O 1, DeaartpLion of Container

4, g 1171926 (Medifled) - This drum incorporates the PE PO'() outer '

spsciflFations with tne DE 1926 inner spectrications. This is a steel
drum constructed frce the upper (including the bolted rind structurb) and
lower sections of two l'/-!! 55-gullon drums, . joined together with tack
volds and further reinforced with a steel circumferentin] bar (3/16 ihch
thick, 2 inches wide) that is welded to the dmm no31dly at the top and
bottom of the bsr. This dmm has nominal dimenaiene of 23 inches dini1tri;tif-
and 53 inchen height. The body is 16 6nge steel with h or 5 rolled hoops.
The bottom head is 18 gage etcel. The gacheted re:rovnble head is 14 gage
steel held onto the drum vi th n 22 mge bol ted ring. The bolted ring tises
drop forged lugo unich are threrded for a 5/8 inch bolt and nut. ft 11 8
inch long, maxitua 5 inch inner dinmeter, schedule 40 imrt or steel piph '

with threaded endeapc (9 threads per inch) is centered radially in th6
dru:n by two ungen wheel surrorts which are located 2 inenes from the
extremities of the pipe. Eeen support consists of 8 tubular struts (2
inchen in diameter of solid steel) welded to the pipe and to a circumfetEM
tial hoop, 3/lo inch thick and 2 inches wide. The upper ciretmferential
hoop is bolted to the side of tha drus by 3/8 inch diameter by 1 inch' long
steel snenine bolts. (Figure hA) '
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C. REQUIREMET."rS FOR FACFACl?iG

1. ICC Approval Requirements j

i
Packaging described herein for fissile mterials may continue to be used .

until July 1,1968, if there is no change in the use for which it has been |
approved. After that date, all such packaging must have ICC approval. As !
noted elsewhere, pekaging described herein has BE pemits. After ICC
pemits are obtained, appropriate changes in this report will be made.

.

2. Exemptions 5

|
The following types of material are exempt fmm the pekaging requirements I

of Section A.

a. Not more than 15 grams of fissile material; or

b. Thorium.

D. PACKAGE STANDARDS

1. General Standards for All Packaging
,

n. Packaging shall be of such materials and construction that there vill

be no significant chemical, galvanic, or other reaction among the
% packaging cc=ponents, or between the packaging ccznponents and the

Mckage contents. )
I

Except for rusting of the steel and the possible leakage of acid |
solution frcs the primary polyethylene container, no serious reactions i
are expected. In the latter case, the absorbent mterial surrounding !
the polyethylene containers will contain any such spillage. |

1
b. Packaging shall be equipped with a positive closure which vill prevent i

inadvertent opening.

The lids of the 17H, BE 1926 and BE 2071 Drums are secured by bolted
rings. The lid of BE 2070 is held in place by 8 machine bolts. Both (
ends of BE 1885 am beld in place by machine bolts. The inner steel or i
altednum box of BE 1270 is secured by 2 steel bands. The lids of the

;
Wooden Boxes are nailed, and all boxes are banded. j

i
c. Lifting devices -

(1) If there is a system of lifting devices which is a structural i
part of the p-kage, the system shall be camble of supporting '

three times tt- eeigbt of the loaded pekage without genemting
stress in any merial of the packaging in excess of its yield
strength.

|

There are no lifting devices specifically incorporated.m

.
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1. c. (2) If there is a system of lifting devices which is a structural &.

part only of the lid, the system shall be capable of supporting
three time the weight of the lid and any attach:::ents without
genemting stress in any enterial of the lid in excess of its -

yield strength.
'

Them are no lifting devices specifically incorporated.

(3) If there is a structural part of the package which could be
employed to lift the package and which does not comply with

'

subparagraph (1) of this paragraph, the part shall be securely
covered or locked during transport in such a mnner as to
prevent its use for that purpose.

1

The fnu::evork of BE 1270 Birdcage is employed for lifts. No |

birdcages are used for Fissile Class I or II shipments. The ,

,

birdcages used for Class III ship::ents are tmnsported by sealed ',

van or are escorted and are not accessible; therefore, co=plete -

enclosure is not necessary. Leading and unloading of the truck
'

is not considered transport.
.

(4) Each lifting device which is a structural part of the pckage ;

oball be so designed that failure of the device under excessive
load would not i= pair the containment or shielding properties of
the package.

ONot applicable.

d. Tie-down devices

(1) If there is a system of tie-down devices which is a structural
part of the package, the system aball be capable of withstanding,
without generating stress in any material of the package in excess
of its yield strength, a static force applied to the center of
gravity of the package having a vertical cmponent of two times
the weight of the pckage with its contents, a horizontal ecznponent
along the direction in which the vehicle travels of ten times the
weight of the package with its contents, and a horizontal component
in the transverse direction of five times the weight of the package

with its contents.

Them are no tie-down devices specifically incorporated.

(2) If them is a structural part of the package which coul'd be '
employed to tie the plckage down and which doec not comply with
subparagraph (1) of this paragmph, the part shall be secuimly
covend or locked dring transport in such a manner as to prevent
its une for that purpose.

.
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A D. 1. d. '(2) The framework of BE 1270 birdcage my be employed for tie down.
This component has not been evaluated with respect to d.(1) above;
however, failure of Mckaging is assumed to be a possible accident
and such failure is shown to be acceptable. See Table A, Note (3)
All such tie downs are prepred by Bettis fersonnel. Tie downs
used are restricted to the use of 2 by 4 boards and nails.

(3) Each tie-down device which is a structuM part of the package
shall be so designed that failure of the (avice under excessive
vould not impir the ability of the packa ;e to meet other require-
ments of this subpart.

Not applicable.

2. Structuml Standards for large Quantity Packaging

Packaging used to ship a hrge quantity of mdioactive mterial, as
defined in I.A.6 (of AECM 0529), shall be designed and constructed in
compliance with the structural standards of this section. Stendards differ-
ent from those specified in this section my be approved by the mmger
or other designated official if the controls proposed to be exercised by
the shipper are demonstmted to be adequate to assure the safety of the
shipent.

,

i
Not applicable. j

3 Criticality Standards for Ficaile Material Pachages

a. A Mckage used for the tmnsport of fissile mterial aball be so |
designed and constructed and its contents so limited that it would be

suberitical if it is assumed that water leaks into the containment
vessel, and:

'

(1) Water modemtion of the contents occurs to the most reactive
credible extent consistent with the chemical and physical fom
of the contents; and ;

t

(2) The containment vessel is fully reflected on all cides by water.
.

*

Calculated data has confi med that each unit being shipped is
suberitical. (See Criticalitt Analyses, Sections H, I and J).

.

b. A package used for the ttrnsport of fissile mterial shall be so
designed and constructed and its contents so limited that it would

be suberitical if it is assumed that any contents of the pachage
which are liquid during nomal transport leak out of the contain=ent
vessel, and that the fissile mterial is then:

(1) In the most reactive credible configumtion consistent with the
chemical and physical fom of the mterial;

O (2) Moderated by water outside of the containment vessel to the me
reactive credible extent; and

1323 119
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D. 3 b. (3) Fully reflected on all sides by water. q

(See Criticality Analyses, Sections H, I and J).

c. The manager or other designated official my approve exceptions to
. the requirements of this section where the containment vessel

incorporates special design features which would preclwie leakage of
liquids in spite of any single packaging error and appropriate

,

measures are taken befon each shipent to verify the leak tightness
of each containment vessel.

No exception requested.

4. Evaluation of a Single Package

a. The effect of the transport environment on the safety of any single
package of radioactive material shall be evaluated as follows:

(1) The ability of a Mckage to withstand conditions likely to occur
in nomal transport shall be assessed by subjecting a sample
package or scale model, by test or other assessment, to the
normal conditions of transport as specified in II.E. of AECM

0529

The various aspects of normal conditions of transport as
specified in II.E. of AECM 0529 are described in Section D.5
below. Non:nl Transport Condition Tests as specified in Annex O
1 of AECM 0529 are described and qualified in Appendix I of this

report.

(2) The effect on a package of conditions likely to occur in an
accident shall be assessed by subjecting a sample Mckage or
scale model, by test or other assessment, to the hypothetical
accident conditions as specified in II.F. of AECM 0529

The various aspects of accident conditions as specified in II.F.
-

of AECM 0529 are described in Section D.6. belov.AcAccident
Condition Tests as specified in Annex 2 of AECM 0529 are des-
cribed and qualified in Appendix II of this report.

*

.

b. Taking into account controls to be exercised by the shipper, the
manager or other designated official may pemit the shipent to be
evaluated together with or without the transporting vehicle, for the
purpose of one or more tests.

Not applicable.

c. Norml conditions of transport and hypothetical accident conditions
diffe mnt from those specified in II.E. and II.F. of AECM 0529 may
be approved by the manager or other designated official if the
controls proposed to be exercised by the shipper are demonstrated to
be adequate to assure the safety of the shipent. O

1323 120
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'|
N D. 4. c. The folluving m:eeptions to nomal or hypothetical accident !

'conditions (as described in Appendices I and II) qualify for
Ispecial approval as stated above: ,

,!

(1) Refennee II.E.2.(3). of AECM 0529 - Occurrence of any
~

i
Iaperture in the outer surface of the mekaging large enough

to permit the entry of a four-inch cube.

BE 1270 Birdcages, shipped as Fissile Class III in a sealed
van or under escort, vill have no fissile packages smaller
than other birdcages.

(2) Annex 1 of AECM 0529 (Normal Conditions of Transport, Item 6) -
Within 2-1/2 hours after conclusion of the vater spray, a free
drop through the distance specified below (4 ft.) onto a f ht !

essentially unyielding horizontal surface, striking the surface '

in a position for which maximum da= age is expected.

The water spray test was not conducted within 2-1/2 hours of the
free drop but subsequent to it. It is not expected that any
dampness vould affect the results of the free drop test.

(3) Annex 1 of AECM 0529 (Nomal Conditions of Tmnsport, Item 1 -
Heat and Item 2 - Cold)- The effect of an ambient temperature of'

130 F or -400F on solutions Mckaged in 55-gallon 17H dntma with i

a polyethylene bottle and absorbent material (see Appendix I.B) (
vas not tested. The manufacture indicates that structural (
integrity of the poly bottles containing solutions which freeze !

0vill be maintained at temperatures at least 20 F above and below I

the AECM 0529 temperature limits. }
I

(4) Annex 1 of AECM 0529 (Nomal Conditions of Transport, Item 7 - !

Comer Drop) - The Corner Drop Test onto each corner of the .

package from a height of one foot was not conducted and docu- j
mented for the wooden box since this was not an original AECM '

0529 requirement. The free drop frcm four feet, which is a more i

severe test, shoved no external or internal damage to the box .
!whatsoever (see Appendix I.C.); it is assumed that the one foot

*

corner drops would also produce no damage considering that wooden.

box shipnents generally weigh less than 100 lbs. This assu=p-
tion is also substantiated by the fact that, except for splinter-
ing, there was no dar.nge to the wooden box after a 30 foot drop

!
test.

(5) Annex 2 of AECM 0529 (Hypothetical Accident Conditions, Item 3 -
Themal) - The Themal Test was not conducted. See Section J.5 ;

and Appendix II, General for explanatory considerations. !

(6) Annex 2 of AECM 0529 (Hypothetical Accident Conditions, Item 4 -
Water Immersion) - Water Immersion Tests were not conducted since
packaging limits are established that air safe even if the con-

O tainer is optitcally moderated..
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D. 5 Standards for Norml Conditions of Transport for a Single Package N
a

a. A package used for the shipent of fissile mterial or a large
quantity of mdicactive mterial, as defined in I.A.6. of AECM 0529,
shall be so designed and constructed and its contents no limited

- that under the norml conditions of transport specified in Annex 1;

(1) Them vill be no release of mdioactive material from the
containment vessel.

Tests have shown that, under most nomal conditions of transport,
there is no release of mterial from the containment vessel. See
Section c.(l+). above for vaiver condition and Appendix I for test
descriptions and qualifications-

(2) The effectiveness of the packaging vill not be substantially
reduced.

Tests have shown that nomal conditions of tmnsport vill not
reduce the effectiveness of the packaging. (See Appendix I)

(3) There vill be no mixture of gases or vapors in the package which
could, through any credible increase of pressure or an explosion,
significantly reduce the effectiveness of the mekage.

Not applicable. q
(l+) Radioactive contamination of the liquid or gaseous primary

coolant vill not exceed 10-7 cur 4es of activity of Grcup I radio-
nuclides per milliliter, 5 x 10-0 curges of activity of Group II
radionuclides per milliliter, 3 x 10- curies of activity of
Group III and Group IV mdionuclides per milliliter..

Not applicable.

(5) There vill be no loss of coolant or loss of operation of any
mechanical cooling device.

Not applicable..
,

b. A pekage used for the shipnent of fissile material shall be -
designed and constructed and its contents so limited that und 1:a

nomal conditions of tmnsport specified in Annex 1 of AECM 0529,
considered individually;

(1) The package vill be suberitical.

Calculated data has confimed that each package is suberitical
even when completely flooded. (See Sections H, I and J).

(2) The geometric form of the package contents would not be
substantially altered. O~
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& D. 5 b. (2) Tests have shown that nor.:al conditions of transport, as
described in Appendix I, vill not alter the geometric fom of
the package contents.

(3) There vill be no leakage of water into the containment vessel.
This requirement need not be met if, in the evaluation of
undamaged packages under II.H.l. , II.I.l.a. , or II.4.1. of
AECM 0529 it has been assumed that moderation is present to such
an extent as to cause maximum reactivity consistent with the
chemical and physical fom of the material.

No leakage of water into contain=ent vessel was observed in the
nomal condi 2ons of tmnsport test on any Mckages.

(4) There vill be no substantial reduction in the effectiveness of tbc
packaging, including:

(a) Reduction by more than five percent in the total effective
volume of the packaging on which nuclear safety is assessed.

The nomal conditions of transport tests conducted on each
type of package indicated no significant chnnSe in dimens-
ions. (See Appendix I).

(b) Reduction by more than five percent in the effective spcing
on which nuclear safety is assessed, between the center ofn
the containment vessel and the outer surface of the packaging.

The normal conditions of tmnaport tests conducted on each
typ of rackage indicated no significant change in dimnsions.

(c) Occurrence of any aperture in the outer surface of the
packaging large enough to permit the entry of a four-inch
cubi.

EE 1270 Birdcage is an open structure; however, since it is
us i orly in Fie.sile Class III ehiInents using escort or a
sealed van, no fissile packages smiler than a birdcage vill
be present. (See D.h.c.(1). for vaiver aquest) .

c. A package ussd for the shirment of a large quantity of radioactive
material as defined in I.A.6. of AECM 0529, shall be so designed and
constructed and its contents so limited that under the nomal condi-
tions of tmnsport specified in Annex 1, considered individually, the
containment vessel vould not be vented directly to the atmosphere.

Not applicable.

6. Standards for Hypothetical Accident Conditions for a Single Package

a. Packages used for the shipment of a large quantity of radioactive
O material.

Not applicable.
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D. 6. b. A package used for the shipsent of fissile material shall be so N
designed and constructed and its contents so limited that if

- subjected to the hypothetical accident conditions specified in Annex
2 of AECM 0529 as the Free Drop, Puncture, Themal, and Water
Immersion conditions, in the sequence listed in Annex 2, the pekage
would be suberitical. In detemining whether this standard is satis-
fied, it shall be assumed that:

(1) The fissile caterial is in the most reactive credible configura-
tion consistent with the damaged condition of the package and
the chemical and physical fom of the contents;

(2) Water moderation occurs to the most reactive credible extent
consistent with the damaged condition of the package and the
chemical and physical fom of the contents; and

(3) There is reflection by water on all sides and as close as is
consistent with the damaged condition of the package.

*

Calculations have established that each ps:kage is suberitical
under these conditions (See Sections H, I and J).

7 Evaluation of An Array of Packages of Fissile Material

a. The effect of the transport environment on the nuclear criticality
safety of an army of packages of fissile caterial shall be evaluated q
by subjecting a sample Mckage or a scale model, by test or other
assessment, to the hypothetical accident conditions specified in II.H.,
II.I., or II.J of AECM 0529 for the proposed fissile class, and by
assuming that each package in the av sy is damaged to the same extent
as the sample package or scale model. In the case of a Fissile Class
III shipent, the manager or other designated official may, taking
into account contmls to be exercised by the shipper, pemit the
shipent to be evaluated as a whole rather than as individual packages,
and either with or without the transporting vehicle, for the purpose
of one or more tests.

b. In detemining vhether the standards of II.H.2., II.I.l.b. , and
II.J.2. of AECM 0529 are satisfied, it aball be assumed that:

(1) The fissile material is in the most reactive credible configura-
tion consistent with the damaged condition of the p ekage, the
chemical and physical fom of the contents, and controls exer-
cised over the number of packages to be transported together;
and

(2) Water moderation occurs to the most reactive credible extent
consistent with the damaged condition of the package and the
chemical ani physical form of the contents. -

For each type of package the evaluation was made assuming that
the army of packages was subjected to the most mactive condi- O
tion of partial flooding. In each case, entry of water into the
containment vessel was assumed to be possible under the hypo-
thetical accident conditions (See Sections H, I, and J).
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^ D. 8. Specific Standard:. for a Flusile Class I Package

A Fissile Class I package shall be so designed and constructed and its ,

contents so limited that: ,

a. Any number of such undamaged packages vould be suberitical in any
arrangement, and . tith optimum interspersed hydrogenous modemtion
unless there is a greater amount of interspersed moderation in the
packaging, in which case that greater amount my be considered; and

b. Two hundred fifty such gekages would be suberitical in any arrange-
ment, if each package were subjected to the hypothetical accident
conditions specified in Annex 2 of AECM 0529 Appendix as the Fme Dmp,
Thermal, and Water Irmerston conditicas, in the sequence listed in
Annex 2, with close reflection by water on all sides of the array and '

with optimum interspersed modemtion in the pekaging, in vhich case '

that greater amounn my be considered. The condition of the p ekage i

shall be assumed to be as described in II.G. of AECM 0529 |
|The criticality analysis for Fissile Chss I packages under hypothetical

accident conditions is contained in Section H.2.
|

9 Specific Standards for a Fissih Class II Package

A Fissile Class II package shall be so designed and constructed and ',a.

m its contents so limited, and the number of such pekages which may '

be transported together so limited, that: )

(1) Five times that number of such unda::nged packages would be
suberitical in any arrc.ngement if closely reflected by water; and '

(2) Twice that number of such packages would be suberitical in any
arrangement 4.f W ch package were subjected to the hypothetical !

accident conditions spe:ified in Annex 2 of AECM 0529 Apynm
i

as the Free Drop, Themal, and Water Immersion conditions, in the .

sequence listed in Annex 2, with close reflection by water on all
sides of the array and vith opti=um interspersed hydrogenous i

moderation unless there is a greater amount of interspersed I

moderation in the packaging, in which case that greater a=ount
my be considered. The condition of the package shall be assumed
to be as defined in II.G. of AECM 0529

b. The minimum number of radiation units for each Fissile Class II package
is calculated by dividing the number 40 by the number of such Fissile
Class II packages which rny be transported together as detemined under
the limitations of paragraph a. of this section. The calculated number
shall be rounded up to the first decimal pInce.

The criticality anallais for Fissile Class II packages is contained
in Section I.2.

m

.
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10. Specific Standards for a Fissile Class III Ship:ent &
.

A package for Fissile Class III ship:ent aball be so designed and
constructed and its contents so limited, and the number of plckages in -

a Fissile Class III shipent shall be so limited that:

1. The undm aged shipsent would be suberitical with an identical ship-
ment in contact with it and with the two shipsents closely reflected

on all sides by water; and

2. The ship =ent vould be suberitical if each package vere subjected to
the hypothetical accident conditions specified in Annex 2 of Appendix
AECM 0529 as the Free Drop, Themal, and Water II:mersion conditions,
in the sequence listed in Annex 2, with close reflection by water on
all sides of the array and with the Mckages in the most reactive
arrangement and with the most reactive degree of interspersed hydro-
genous modemtion which would be credible considering the controls .

to be exercised over the shipnent. The condition of the plckage shall (

be assumed to be as described in II.G. of AECM 0529 Hypothetical ,

accident conditions different from those specified in this subparagraph ,

may be approved by the unnager or other designated official if the
controls proposed to be exercised by the shipper are demonstrated to be
adequate to assure the safety of the shipment. ;

The number of pichages permitted in Fissile Class III shipments is
shown in the Table in Section A. The criticality analynes for each

type of shipment is contained in Section J. This data demonstrates 'm
1

that each shipnent vill be suberitical under the hypothetical accident
conditions. In addition, the analyses considers the effect of severe
one dimensional crushing of the containers.

E. OPERATING _Py0CEDIMES

1. Establishment nud thintcannce of Procedures

a. The shipper shall establish and traintain:

(1) Operating precedares adequate to assure that the determinatior.s
and controls required by AECM 0529 are acco=plished; and

(2) Regular and p:riodic inspection procedures adequate to assure
that the shipper follows the procedures required by subparagraph
(1). of this paragmph.

Bettis will comply with all these requirements. Bettis Critica-
lity Control Standanis will independently review opemting
procedures as part of its monthly inspections; the Bettis Fuel
Handling Safeguards Committee vill also review these procedures
as part of its annual criticality inspection.

m
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S B. 2. Asaumptions as to Unniovn Properties

When the isotopic abundance, mass, concentration, degree of irradiation,
degn:e of moderation, or other pertinent property of fissile mterial in

'

any package is not known, the shipper shall package the fissile material
as if the unknown properties have such credible values as vill cause the
martmum nuclear reactivity. ,

Bettis will comply with these requirements.

3 Preliminary Deteminations_

Prior to the first use of any packaging for the shipent of a largea.
quantity of mdioactive mterial or fissile mterials, such Mckaging .'
shall be inspected to ascertain that there are no cracks, pinholes,
uncontrolled voids or other defects which could significantly reduce
its effectiveness.

Bettis vill comply with these requirements by perfoming a visual
inspection.

b. Prior to the first use of any pekaging for the shipent of a Inrge ,

quantity of radioactive mterial or fissile mterials, whem the
eximum non::al operating pressure vill exceed 5 pounds per square inch
gaugej the containment vessel shall be tested to assure it vill not
leak at an internal pressure fifty percent higher than the mximum

j
m norml operating pressure.

,

Rot applicable. ,

,

Packaging shall be conspicuously and dumbly mrked with itc model '
c.

number. Prior to applying the model number, an inspection shall be i

ade to detemine that the packaging has been fabricated in accordance
with the approved design. ,

Bettis vill comply with these requirements.

4. Routine Deteminations ,

Prior to each use of a package for shiTrent of radioactive,or fissile
material the shipper shall ascertain that the package with6its contents
satisfies the applicable requirements of section II of AECM 0529 appendix
includirsi; deteminations that:

a. The pckaging has not been significantly damaged;

b. Any modemtors and non-fissile neutron absorbers, if required, are
present and am as authorized;

c. The closure of the package and any sealing gaskets are present and are
free from defects;

O d. Any valve through which primary coolant can flow is protected against
tampering;
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E. i+ . e. The internal gauge pressure of tt'e package vill not exceed, during &
the anticipted period of tmnsport, the mximum norm 1 operating ,

pressure;
, .

f. Contamination of the primary coolant vill not exceed, during the g
anticipated period of tmnsport, the limits specified in II.E.1.d.

i

Bettis will comply with item a. Items b, d, e and f are not applica-
ble. The closure of the mekage, as indicated in the first psrt of
Item c. vill be checked to insure structural integrity; since Bettis
criticality evaluations are mde assuming the most recctive flooded ,

conditions, reliance upon the integrity of sealing gaskets is not a '

detemining factor (second part of item c.).

5 Reports

The shipper shall maintain for a period of at least two years after its
generation a record of each shi gent of fissile m terial and of a large
quantity of radioactive mterial, as defined in I.A.6. of AECM 0529, in
a sin 61e package, shoving, where applicable:

a. Identification of the packaging by model number;

b. Details of any significant defects in the packagin6, with the means
employed to repair the defects and prevent their recurm nce;

Oc. Volume and identification of coolant; >

d. Type and quantity of material in each package, and the total quantity
in each shipent;

c. For each item of irmdiated fissile material:

(1) Identification by model number;

(2) Irmdiation and decay history to the extent appropriate to
demonstrate that its nuclear and themal characteristics comply

with approved conditions;
*

.

(3) Any abnorml or unusual condition relevant to radiation safety.

f. Date of the shipent;

g. For Fissile Class III, any special controls exercised;

h. Name and address of the transferee;

i. Address to which the shipent was made; and

,) . Results of the deteminations required by III.C. and III.D. of AECM
0529 O
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% E. 5 Items e and e are not appitcable. Bettis vill comply with all other
requirements. Required infoncation is recorded on either the AEC 101
Shipping Pom or on Bettis Fom 73228 (SS Shipping Request Fora).

F. LABELIIU
,

AECM 0529 requires that "each shiInent of fissile mterial and other radio-
active mterial shall be in compliance with the safety regulations of the
Interstate Ccc=erce Commission (ICC), Federal Aviation Agency (FAA), Post
Office Department, or Ccast Guard depending on the mode of transportation,
when offered to the carrier." Bettis ccmplies with this requirement. -

t

G. ADMINISTRATIVE CONTROL ,

1

AECM 0529 requires that Fissile Class III pachages must be transported under [
the adminirtrative control of the shipper to prevent ecmingling with other 1

shipnerts of fissile caterial. Bettis complies with this requirement by ;

mking Fissile C] ass III shipments with exclusive use of vehicles, or escort.
In some cases a specific type of vehicle is required. (See Note 3 of Table, i

LSection A). Fissile Class I and II require no administrutive control.

H. FISSILE CLASS I SHIPMENTS i
i

1. Geneial t

The specific standards as required by AECM 0529 for Fissile Class I
packages are described in Section D.8. of this report. Nor:sl conditions {
of transport tests for Bettis containers which qualify for Fissile Class -

I shipnents are described in Appendix I. Hypothetical accident test
conditions are described in Appendix II.

2. Criticality Analysis

a. Modemted Criticality !
!

The data in figure 4 of IAMS 2kl5, " Critical Data For Nuclear Safety [
Guidance ," dated May 16, 1960, for semi-infinite slabs cf vster ,

moderated U-235 indicates that the minimum critical mes of U-235 per
unit slab area is 365 grams U-235/fta. This indicates that a safe cass -

2density is 165 grams U-235/ft , using the 2:3 mars safety fnetor. In'
'

semi-infinite slab geometry the neutron multiplication is independent
of the density of the mterials provided all materials, including the
reflector caterials, be reduced in density in inverse proportion to the
height of the slab. |

Therefore the 4-inch semi-infinite slab data in IAMS 2415 is applicable
to a slab 10 5 feet high (4,55-gallon drums high) if the densities of
the mterials are reduced by a factor of 32. Calculations have
established that replacing the 1/32 nomal density water reflector at
the top and bottom of the slab by water at nor=al density only reduces
the multiplication of the slab. ,

o '

|
I
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H. 2. a.

In a hexagonal close packed array of 55-gallon drwa or EE 2071
drums standing on their bottcns, the slab area per drum is 2 9
sq. ft; hence, the volume above this area may safely contain
480 grams, or four drums high and 120 grams per drum. If the
drums are stacked laying down, their horizontal projected area
is 5 6 sq. ft. for the 55-gallon drums. The volume above this
arva may safely contain 870 grams or seven drums high (13 f t.).

The uniforu distribution of fuel within the drum with water
present unifor=11y at approximately 3f, by volume is the most
reactive arrangement. Re-arranging the fuel to confine it
within an inner 5-inch cylinder, or any other arrangecent, vill
reduce the multiplication. Changes in the amount or distribu-
tion of water within the drum, or the addition of any other
non-fissile mterials (exclusive or significant amounts of heavy ,

water, beryllium and graphite), vill also reduce the multiplication.

b. Unmoderated Criticality

When 55-gallon drums, each containing 120 87*~s U-235, are
hexagonal close Ineked in a cubic array, the lattice density
is 0.0155 kg U-235/ft3. Figure 22 of TID-7016, nev. 1,
" Nuclear Safety Guide," 1961, may be used to show that at
this low lattice density, fast criticality cannot occur even q
in a closely reflected cubic array of 31,000 druns. The range
of Figure 22 is such that a rwim size unit occupies 30
cu. ft. and contains not more than 18.5 kg U-235 Since it is
conservative to reduce the volu=e of the drums, their volume
may be reduced by a factor of 40 without exceeding the 18 5 kg
limit for the mximum size unit of 30 cu. ft. (A review of the
basic principles used to constract Figure 22 has shown that
under conditions where there is no moderator present, there is

_

no need for the 8-;nch minimum surface-to-surface spacing
specified in Figure 22.) At this reduced volum of a drum,
the 30 cubic feet of lattice volume vill contain 155 dricas.
Figure 22 of TID-7016 allows a cubic array with 200 cnximum
size units, or 31,000 of the reduced volume drums, under
conditions where there is no moderator present. It ie thus
concluded that the moderated array limits associated with a
semi-infinite plane are more restrictive in any realistic
chipping or storage condition.
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% c. Appendix 0520 Pequirements for Single Package and Arrays
The limit of 120 gm=s U-235 per drum insures under any
conceivable accident condition that the mass of U-235, which is
the controlling factor, doco not exceed 60% of the critical caso.

An infinite number of undamaged dru=s is ouberitical in any array
subject only to the condition that if the dru=s are stacked
standing up in horizontal layers that the nu=ber of tiers does
not exceed 8 (23 feet for the 55-gallon dru=s and 35 feet for the
EE 2071 drums), or stacked laying dovn that this semi-infinite
arraqr is not higher than 16 layers of drums (30 feet for either
drum). Since the vertical dimensions of these two stacking
arrange =ents are greater than can reasonably be expected to occur,
such a condition 10 considered to meet the intent of the AEC
requirement of suberitical in "any array."

The results of the drop tests on the 55-gallon dru=s and BE 2071
drums indicate that the array accident test conditions referred
to in AEC Appendix 0529 do not alter the condition of the dru=s in
any manner which affects the criticality of arrays of dru=s.
Therefore, the suberiticality of an array of 250 dru=s, each
dama6ed to this extent, is assured in the same manner as the sub-
criticality of an infinite number of undassged drums.

3 Hazards Evaluation
'

Each of the shipping conditions has been evaluated as regards satisfying
the " double accident" criterion. Moderation within the drums (except for ;

material which is moderated when packed) or double fuel loading of the ~

material is considered as the first accident. Unlikely though it may be,
the only other second accident to an array of drtt:s which conceivably
could result in accidental criticality is one-dimensional crushing; there-
fore, one-dimensional crushing has been considered in the evnlmtions
below.

Stacking of the dru=a in a four hi6h semi-infinite array must be
considered a normal (non-accident) condition. If this array is stacked
out of doors, accumulation of snow and ice can result in opti=un modera-
tion between the undamaged d2.:=s. Under such a condition the semi-.

,

infinite array would not meet a postulated double accident condition of
both. double fuel b2tching and double fuel loading (that is, four times
the permitted fuel 1 M ing in each drum). Howver, quadruple loading is
very unlikely to occur throughout a four hi6h array of dru=s large
enough to pennit criticality to occur with !+80 grams U-235 per drum. It
is estimated that the critical size for a fully reflected, four hiSh
array of dru=s each containing 1+80 gra=s unifomly distributed in the d2un
with optimum moderation is approximately 250 dru=s. Under these
conditions quadruple loading requires that approximately 100 kg U-235
be unknowin6 y present. Also, the array is safe with either a double1
batching or a double loading accident. Therefore, this condition is
considered to be acceptable.

r
4
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Various types of shiInents are evaluated below. m
Solutions - For solutions in which the U-235/ liter is less than twoa.
grams, an infinite number of drms vill satisfy the double accident
criterion of double 1cMing plus one-di-annion el crushing. L more
than 2 gm=s U-235/ liter are present, cadmium nitrate is added on a
gram for gram basis. If it is necessary to ship more than 2 Grass
U-235/literwithoutadditionofcadmiumnitrate(limitedto60 grams
U-235 per drum), then a Schedule-40 pipe inner liner is required to
give higher O grity. In this case at least 15 inner cylinders
must be An-acti and leak and the solution collect in a single pool
before a critical condition is achieved. Considering the integrity
of the inner container (Schedule-40 pipe) and the presence of enough
absorbent to absorb an of the liquid, such a series of events is
considered i= plausible even under accident con.iitions involving
severe ono-dinennional crushing.

b. Irv Concentration U-235 (less tnan 20 gra=s/ cubic foot) in Vaste
Material -

These materials nonrally may be packaged under. optimum moderation
conditions. Hence the double accident criteria must be double 1tnding
plus one-dimensional crushing. These mterials win normnlly be
packaged within the entire drum. If the caterials are cc=pressible
and hence vn-nin within the drum when the drum is one-dimensionni.ly
crushed, they fom an iron /U-235 mixture with an iron /U-235 atos ratio
of approximately 300 if the drums are double loaded or iren/U-235
atom ratio of approximately 600 if they are not. These systems are O
safe for an infinite number of crushed drums because of the high iron /
U-235 ratio.

If the materials are not ccc::pressible, the lids may pop off vhen the
drums are crushed one-dimensionally and the iron vill be ineffectual

as a poison since the material win not be within the crushed dru=s.
However, in this case, since the density of material in the system
vin not be significantly altered, safety is stin assund since it
is unlikely that the height of the disturbed semi-infinite array vill
at any point exceed the height which is safe; in this case, if the
material is incompressible and the dru=s were completely filled, the
cafe semi-infinite slab height is apprmi-ntely 9 ft (if tbn dmms
vere double loaded).

~

c. Povdcr and Fuel Elements - Rese ship::ents am considered as un-
moderated and hence the accidents of interest are one-dimenuional
cnishing plus I::oderation inside the acntainar. Rese shiIr.ents am
packaged with the faal contained within a 5-inch diemeter inner
cylinder of Schedule-40 pipe. A single row, infinitely long, of these
druns may be crushed (in the dimetion along the rov len6th) to a dma
thickness of 3 inches before the 40 gram / inch critical loading is
approached. It is considered unlikely that the 5-inch dicmeter
Schedule-40 pipe vill be crushed (as is required to appmv.h 3-inch
b-idth per unit) when sigiificant numbers of dm=s whius crush more
easily are present. It should be noted that if less than eight drums q
are pasent the crushing of the inner cyTindar is of little importance,
since the system is safe by virtue of the mass of fuel present.
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A Two-dimensions.1 crushing in the horizontal plane of an array of these
drums one tier high is safe with optimum moderation down to a packing
density of one crushed drum plus 5-inch inner diameter cylinder per
1/3 sq. ft (7 inch sq) of crushed array area since this constitutes
the minimum critical loading per sq. ft.

d. Chips Under Oil or Vater - The co=ments above apply to moderated chips
provided the amount of fuel is restricted to 60 grams U-235 per arts.
Since thene systems are deliberately moderated the accidents of
interest are double loading plus crushing. The above considerations
show that for materials packaged according to the restrictions
indicated above and su=marized in the table in Section A, there is
little likelihood of the one-dimensional crushing accident resulting
in a critical array regardless of the number of drums in the array.

A

|
i
e

!

i.
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S I. FISSIIE CIASS II SHIPMEffr3

1. General
.

The specific standards as mquired by AECM 0529 for Fissile Class II
,

packages are described in Section D.9. of this report. At present,
Bettis qualifies only one type shipment under Pissile Class II requim -
ments. EE 2071 drum or 55-gallon 17H drum with a schedule 40 pipe
insert is used for ship:ents of fissile nnterial in rod form. Integrity
of the EE 2071 drum or 55-gallon 17H drum with schedule 40 pipe insert
under nomal conditions of transport and under hypothetical test condi-
tions is described in Appendices I and II respectively.

For Class II shipnents of fissile mterial in rod form, a 1/8 inch steel -

insert will be used within each of the schedule-40 pipes to maintain 3
rods on a triangular pitch with their axis located on a 2-1/4 inch
diameter bolt circle which will restrain the rods to a minimum 1.8 inch

,

'
!surface to surface spacing. The steel inserts consist of three 1/8-inch

thick steel plates approximtely 5 inches in diameter rnd spaced along
the length of the schedule-40 pipe by three 3/8-inch di meter all thread
rods which pass through the plates on a triangulsr pitch rotated 60o fras .

the fuel rod holes. The six nuts on each of the threaded rods axially -

position the three centering disks. The fuel rods my contain U-235 in i
any uranium oxide enrichment and concentration with the pellet dia=eter
less 0.66 inch. Maximum fuel leading per drum is 8 kgs. U-235 limited to

,

S 4 drums per shipnent. t

i

2. Criticality Analysis

I
a. Single Fackage ;

!

The restrictions inposed of: {
i

(1) only 3 rods per packege, and j

(2) rod lengths limited by the maximum drum height of 53 inches.

(3) Fully enriched UO2 Pellets (all intemal to the rod) must be '

less than 0.66 inch dia=cter.-

.

ensure that nc more than 8 kgs. U-235 vill be transported in any
single package. Therefore, the analysis in Section J.l. which
justified a single package limit of 10 kgs. U-235 for a similar
container, is applicable to this case.

.

An actual calculation of the k pt for a single, flooded packagee
containing 3 rods of the maximum size and fuel loading yielded a

kert=0 53 In this calculation, the thermi net'troa group utiliza-
tion factor was calculated for an infinite medium of rods in a
square pitch with a 1.8 inch surface-to-surface spacing. This is
conservative since for a system with only 3 rods, the themal
utilization factor must be considerably less than that for an infinite

,

medium of rods at the same spacing.
,

.

:
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2. b. Array of Packa6es, 8
.

Five (5) times the number of approved M ckages (i.e. a total of
20 pekages) in an unds= aged condition must be suberitical when there
is no internal modemtion, other than the packaging mterials, and
the array is closely reflected by water.

To show that tne packages meet this criteria, reference my be rnde
to the fast criticality curv2s in reference 1*. The mximum fuel
loading is 8 kgs. U-235 per 53-inch high dmm, or 0 7 kgs. U-235 per
cubic foot of packaging. The data in Figure 1 indicate that a total
loading in excess of 1000 kgs. U-235 (or 125 packages) is safe from
fast criticality at this density provided the H/U radio within the 5"
diameter pipe is not more than 2.0.

A second method of evaluating this condition, a method which does not
restrict,the H/U ratio resulting from the packaging m terials, is to
use the interaction calculations described in reference 2*. Since the
reference 2* method is applicable only to unreflected arrays, the data
in reference 3* has been used to find the unreflected array size equi-
valent to a fully reflected array. Since the data in reference 3*
indicate that the critical number of interacting units is reduced by a
factor of 6 by adding optimum reflection to an unreflected array, the
interactica calculation was done for 6 x 20 or 120 containers in an
unreflected array. Using the notation of reference 2*, and making the
following very conservative assumptions:

(1) No fuel is shielded frcm the central suberit and

(2) qi = 1.0 for all positions in the array.

(3) Packaging material is highly moderating and is apprewimnted by
filling the entire 5" diameter inner cylinder with vater.

(4) f = 0 515 (themal utilir.ation factor for an infinite medium
of rods at the 1.8 inch surface-to-surface s pcirg,

the following results were obtained:

[ qi i < 1.0

Ur = 0 32

Ksuberit = 0.165

V=(1-U)[qibi<0.68
f

Karray = rit ( 0 515s

Hence, it is concluded that 20 packages, in an optimum, reflected,
arruy are suberitical.

O[Reference 1* WAPD-0(IHH)-133, 4th Edition
2* K-1478, " Extension of Neutron Interaction Criteria" l
3* ORNL-TM-719 ,/

,
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% I. 2. b. Twice the nuaber of approved packages (i.e. , a total of 8 pekages)
each dannged to the extent produced by the array accident test
conditions must be suberitical in an optimum armngement and with full
vater reflecticn. While the specified array accident test conditions
do not cause severe distortion of the outer container, it is necessary
to consider the containers one-di:mnsionally crushed in order to
ensure that they meet the Bettis double accident criteria. The
analysis of this condition assu cd that all the schedule 40 pipes and
endcaps in the 20 containers were in metal-to-metal contact. In this
condition, the internal rod spacers have been designed to provide a
1.8 inch minimum surface-to-surface spacing between any two adjacent
fuel rods. The themal neutron group utilization factor, f, for an
infinite array of the nnximum size and loaded rods has been calculated
to be 0 515 for this condition when the rods are armnged in a square
pitch vith this spcing and all the volume between the rods is occupied
by water. This is a conservative calculation for the actual flooded
case since the iron in the schedule 40 pipes vould reduce the f factor.
The fuel in the rods was completely smared in the three fast groups
with the maximum amount of water which can be present assiming it is
displaced only by the uranium present. This is a conserative |

assumption since the pipe valls and actual rod volume vill displace
about 15% of this water volume. The cmshed system size was chosen
as the size resulting frcm 24 fuel rods on a square 1.8 inch surface- .

to-surface pitch. With these assumptions, the calculated keff=0 95 |

Since in this analysis the array has been actually subjected to a 2- |
dimensional crushing, it is concluded that when the approved number i
of containers is set at four, all the requiremnts of the AEC Manual ?

Chapter 0529 and the Bettis double accident criteria are met with a i

considemble margin to criticality. !
!
1
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A
J. FISSIIE CLASS III SHIMEFfS

The specific standards as required by AECM 0529 for Fissile Class III
packages am described in Section D.10. of this report. Hypothetical
accident test conditions for the Bettis containers which qualify for
Fissile Class III shipents are described in Appendix II.

For purposes of mking a criticality analysis and hazards evaluation, the
following shipping arrangements must be considered:

1. Single metal container shipments with up to 10 kg. U-235

2. Two, three, or four metal container shipents with lesser amounts of
U-235

3 Wooden box con, tainers.

4. Multi metal containers shipped in a semi-trailer truck van.

1. Single Containers - up to 10 kg U-235

a. Effectiveness of 5-inch diameter geometric restraint

(1) Hydrogen / Uranium-235 mtio greater than 20

The volume cf the 5-inch diameter inner container is
approximtely 11 liters (in a 55-6 anon drum outer container).
TID-7016 u.swee 3 shows that confining solutions (or metal-#96 water mixtures) to a 5-inch diameter cylinder, and with optimum
reflection, even infinite length is criticality safe up to a

s8' solution limit of 1 kg/ liter with a H/U ratio of 20. Above this
,., yo density the analysis of paragraph (2) below is applicable.

p g..

r' The low U-235 density of vaste unterials and uranius alloy
chips and turnings physically li it the shipping of these
mterials to less than 5 kgs per 11 liter cylinder. Since
solutions, alloy chips and turnings, vaste caterials and
metallography samples are the only shi :=ents which areI

deliberately moderated, shiInents of this type in this container
satisfy the double accident criteria for moderated materials,
i.e. suberitical after double loading followed by double batching.
While a 5 kgs limit is adequately safe,1 kg limit has been
arbitrarily established since it is consistent with operational
requi mments.

.

.
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(2) H/U-235 ratio le m than 20 and fuel density greater than"
1kg/ liter

%.r e
Examination of T E-7016 figure 3 shova that the 5-inch-

cylinder geometry control is not nuclearly cafe for H/U
ratios less than 20. For this range the addition of a casa
control limit is required. Examination of T E-7016 figures
1 and 2 show that in the range H/U f20 to 0 and U-235 density
in excess of 1 kg/ liter, the cafe critical mass of the
optimum geometry (a sphere) varies from 3 kas to lo kgs.
However, when materials of this composition are limited in
shape by a 5-inch cylinder the safe critical mass. increases
to 10 kgs or greater. One shape transfomation of an
optimum sphere geometry to a 5-inch diameter, finite length
cylinder while holding the material composition constant,
vill illustrate this point.

Consider the 4 kg/ liter point on figure 1 of T E-7016.
Assume that the inner container is double loaded by
accident with 20 kg. Tne 20 kgs occupy 5 liters at the
assumed density. This 5 liter volume when placed inside
the 5-inch diameter inner cylinder has a height to
diameter ratio of 3 and hence by figure 27 of T E -7016 a J,

shape allowance factor on critical mass of 15.'' For this

geometry then the critical mass is 1 5 times the minimum
critical mass for material of this co= position. "igure 1
of TE-7016 specifies this minimum critical mass as 2 3 x

O 7 8 kg. Thus it is concluded that for U-235 concentrations
of 4 kg/ liter, 20 kg is not critical when co.nfined to a
5-inch diameter cylinder since for this geo=etry the
minimum critical mass is 15 x 2 3 x 7 8 - 27 kg. Similar

reasoning applies to all materials with co= positions of
greater than 1 kg/ liter but less than 7 kg/ liter.

It is thus concluded that since any single container with U-235
loadings of greater than 1 kg vill be shipped in a non-
moderated condition, that these materials meet the double
accidant criteria of being suberitical after double loading
and f.uoding.

The 10 kg U-235 limit by itself is insufficient to protect
against d:j criticality. . In this case the double accident
condition to be applied is double loading and double batching;
this results in a dry accident condition mass of 40 kg. Dry

suberiticality of 40 kg U-235 in a 5-inch diameter cylinder is
only assured if the theoretical density of the U-235 is less
than 11 kg/ liter. This may be shown as follova: Figure 19 of
T E-7016 indicates that the effect on dry criticality of the
denalty reduction from l'(.6 to 11 gram /cc is a mass allowance
factor (in optimum shape) of 15 The reduced density

increases the minimum volume of the 40 kg U-235 to 3,640 cc,
which vnen confined to a 5-inch diameter cylinder produces a

.7 Height to Diameter ratio of 2 3 and hence a shape allowance
facter of 1.25 Therefore, for the postulated conditions the

1323 138-

r



,. .

, ,
.

.

-39- :

.

minimu:n dry critical mass of 22.8 kg is increased to 22.8 x 15 x .

1.25 or 43 kg of U-235 Thus for theoretical U-235 density

' greater than 11 kg/ liter, the mass limit of 10 kg must be reduced
to 5 kg to ensure meeting the double accident criterion.

b. Interaction between two identical shipents

The shipping guide TE-7019, Table IX specifies that two 5-inch
diameter cylinders of uraniu:n solution of infinite length are safe
for shipment with a spacing of 12 inches or greater between cylinders.
The 55-gallon 17H druns, the E 1926 and E 2071 dru=s, and the
N 1885 and E 1270 birdcages all provide 12-inch or greater spacing
from adjacent units.

Since two identical shipents with U-235 loadings of greater than
333 gram / inch of inner container height are not necessarily safe if
placed end to end (sinco they are mass limited) such shipments require
6 inches of spacing at either end of the inner container to c.soure a
minimum of 12-inch spacing between two identical ship =ents each
contained within a 5-inch dicmeter sphore. Table IX of TE-7019
indicates ths.t this is a cafe spacing for a more restrictive case,
that of a 4.8 liter sphere.

Protection from criticality resulting from one-dimensional crushingc.
The analysis discussed in paragraph a. above is valid only an long
as the shipment is contained within the 5-inch diameter inner
cylinder (or equivalent cross sectional area steel box). The double 7
accident criterion requires that one-dimensional crushing be
considered as one of the acc.idents unless such an accident is rot
credible. For this reason vhen fuel is in a form and present in
sufficient amounts that rearrangement of the fuel can result in
criticality, only the h16 hest integrity inner container (Schedulo-40
pipe with threaded endcap) is used.

2. Two, Three, or Four Containers
The previous section dealt only with the limits for shi pents involving
a single container. Shipments sometimes must be made in more than a
single container, however, because of physical capacities even thou,",h the
U-235 limit is not controning. Therefore, shipping arrangements arsi
limits have been established for two, three, and four container shipents
in which the inner container is Schedule-40 pipe.

The analysis was initiated with the following assu:nptions:
(a) Fuel vill be in a 5-inch I.D. Schedule-40 pipe centered raAi=11y

in a 55-gallon 17H dru:n, a E 1926 drum, or a E 2071 drum.

(b) The location of containers in a carrier is unrestricted when
the carrier giYes a non- W neJing certificate.

The most limiting double accident condition is one-dimensional crushing
of the outer containers until the Schedule-40 pipes are in contact cad
then there is complete flooding of all void spaces; it is assumed the

1323 139
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pipes are fully reflec:,cd by water. For moderated materials the second'

accident is double leading. To si:plify the anaksis, and to ensure that
the results vero consezvative, the following additional assu:xptions vero
mado:

(a) Fuel is uniformly distributed in equal a=ounts within each of
the 5-inch diameter cylinders over a height which maximizes the
kett for the crushed array.

(b) The fuel within the 5-inch die =eter cylinder is assu=ad to
occupy zero volu=e so that a maximum volume is availnble for
Ego.

(c) The one-dimensional crushing (the most severe accident that
could occur) results in the most closely packed array of
cylinders possible with no intervening material other than the
pipe valls. ( Actually this is equivalent to two-dimensional
crushing.)

a. Method of Analysis

The keft for the crushed array of an isolated set of 2, and 4
cylinders in contact was calculated using 4 group PDQ-05 b xy
geometry problems. The circular gccmetry vas represented by a,

rectangular mesh using a minimum of a 0.25-inch step. The steps vore
arranged no that the total area of the metal vall of the Schedule-40

. pipe was represented as 90% of its actual area, and the area inside
the pipe at 100% of its actual area. The ther=al neutron cbsorptions..

in the iron (the steel pipe was considered as pure iron) were
included in the calculations, but no epi-thermal absorptions in the
iron vere considered.

Table I shows the results of the calculations and a cocparison o,f the
calculational)model (minus the iron vall) vith the experi=cntal datain TID-7028(2 , Figure 56 for two 5-inch dic=eter cylinders separated
by 0 5 inches. This is the only experimental data epplicable to this
problem. Based on this result, a calculated keff = 0 95 vns chosen
to set the maximum pemissible loading per cylinder. Figure 9 shows
the method of interpolating the results in Table I to other cases.

Figurce 10,11, and 12 show the calculated keft for various arrays
as a function of kg U-235 per cylinder.

o* Pod., ,

.

(1) W. R. Cadvell, et al, "PDQ-5, A Fortran Program for the Solution of the
Two Dimensional Neutron-Diffusion Problem, Part I: Steady-State Version,"
WAPD 'IM-363, February,1963

(2) TID-7028, " Critical Dimensions of Systems Containing U-235, Pu-239, and
U-233," June, 1964.

,
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. KEFF VS. LOADING PER CYLINDER
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TAN.: I q

Guncury of PIQ Heculta

for L 3, and 4 Cylir.:1_:rs in Conta et

Fmeticn of f5t ron [ Gi % r n Fuel
2

^

Ecglon Height of:Canturce by ner:1cn

u 35 Loading Iron w;

G rtu:ic/ Liter K ee, Puol Vall PM f) . 20cm AOcm 90cm Re:Tirka
2 Cylir.w r.. in Ccntac t- LJ

235
100 1.823 .49 .10 7 .W .'T.: o 791 .630 Fuel Region is Eq' 0+U

" " " "

200 1 915 52 .082 .b0 .U% .i 97 . r).O
" " " " "

300 1 937 54 .069 39 .365 962 566
" " " " "

459 1 940 56 .057 33 3,9 9; | 1.023 -

459 1 939 55 .058 39 - 9% - UOgF2 Solution
459 1 939 .60 0 .40 - 1.073 - uc2 2 Golution--Iren |F

Wall Replaced by 140, '

known Critical ConElition
3 Cylindera in Contact - 80

FuelRegioninHf'fr35
,,

200 1 915 59 .030 33 .M3~ - 1.07h ,

" " " "

300 1 937 .62 .072 31 9'IB - -

.

'

4 Cylindera in _C ;.e e.ct - Q''
.686 " " " " " '

.19 32 T - 030 1.452 .49
100 1.823 .60 .22 .23 .633 971 -

" " " " "

200_ l.915 .64 .o9 .27 936 - -
" " " " "

- .

b. Conclusions

The results in Figures 10,11, agi 12 indict.te that when the avemge ,

unmoderated U-235 1cadin; per conte. inn la li~.ited to the values given in
Table II, criticality cannot occur as a result of any credible accident.
It is also concluded that the a:ulynis is 2 nservative for any ccebination
of loading uithin the ir.dividual cylinders , provided that the total loading
in concistent with the valu: st n: in f able H for the total number of

:itic iul lir.iit tu required on the formcontainers containir.P, U-235 J x
of U-235 or end spacini; in the pip.+

T?d3LE II
Several ContairI.'lniric.cnt,s

Unmoderated Material
~L ber of Centaincra

2 3 4

Average loading per centainer
(grama U-235) 1700 550 400

.-
M1ximum total loiding
per shileent, (gnuaa U-2.35) 3 LOO 1650 1600

Moderated Ihtcrial
Averugc Imding par ccMair""

(snu:is U-235) 850 275 200

Maximum total Ic.adire ,

per chipment (cr., U-235) 1700 825 800 [
.f U-235 :ny 1;u expc31e.1 !*(However, the possibil t* t ent rli t' 1'.1.. n:.

from the pipe in a fire au- to the .i on - .r g a..ure within the centa iner, I
* - cfonte:Inl.) ,.haa required Im.e * :w. ' int to t' r

tRev. 2, February l'jud 0 GR,E ma us /, <

7.
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3 Wooden Box Contalj e..
" The maximum nr.ount of U-J.y. c.l.lo'. :d in a ning;1e shipmnt of one outer *

container when a vooder box (built to met ICC cpecificationn) is used
for the outer container la 350 sem for c.r.y rom of un ;odorated material
and SCO grar_s of urmierated :nt-cird. if it la cc:hnnically restricted i

along the length of the packnze to 10 (;rma or lean per in'ch. Since ,
'with theac licita , twice. thic mount. of U-P35 10 cuberitical under opti=u:1

conditions of acceration cud reflecticn, it is conaidered that all of the
requirczento for Ficaile Clann III r.re car.isfied including that of meeting '

another identice.1 chipsent.

4. Multi-Container Shigunto -

!
All of the shipping arre.nge: ento de scrib '1 above hnvo been entabliched so !

that the chip. =t la nuc1carly are ov :n in the evcat of such a covere !
'accident that or.e-df r.encions.1 cr chi n'; ci "2.1 11:0 chirp?n3 containers occup,

unlikely as such an nccident ray be. 3r.ic ship:.ents r.uct be Indo, hove mr,
involving :any contTiners (e.g. chti unto of acrrp w.terial for recirMtion)
cad a cubstantic.1 amount of U-235 rattriel. Sert.re.cing the total quantity
of material into a few aep rate cir no 6.u chtr. m te of the order of 8 - 10
kg frequently in not pgsically pc3.'.ible. N tha c'.her br"1 vcksgin6 the .

material to the lov linits of Fia911e Cl . A I, or cven the 2, 3, or 4
contniner limitc, results in such a n=23r of containers and vehic1co that
shipping costs nre execsalve. 'Thcreforn ther s are opemtioral and econcraic
requirements for a chippir~, r.r: .w3.1nt tha.t pcmits chipping tr.ny containers,
each with a mterial linit that remita effcative utili ation of the cpccoc

avai]cble in the conte.iner. A linit cf 1900 :.r.m of U-235 p r cente.iner
& 10 hiCh enough to lumit recconnbly effectiv^ utilization of containor

capacit'/. While a tackleM of auch aca.trare is t,hova belov to be
,

'nuclearly safe for the usuni r.ceident ecP.tiove of optixn toderation,
double loading, and double batchir.g. cuch a .fa'p aat cannot to shown to h3 '

nuclearly cafe if large m::bers of the enatriners cro ona-dirmnaional.1,y
crushed and nederated. Th:rafore, it ic neceaanIy to limit the shiIn:nt
in a nanner that the effecto of severe ene-dimenaional crushing of the
containers are tolerable in a highway accident. Thic is diccuBoed in
ocction b. below. '

a. Criticality Analyci3
,

The principal criticality s.:cidento of interest are:
.

* - rearrcngenent of ths r.rra;r into a fully reficcted cubic array,
- partial mode:ution of th.i L. n.f,

- leaka6e of the coc.w.to of t'u 'j-inch dirructer inner cylinanro
(where solui.icr3 nzu 12n o. sd),

;

- lack o[poiscu Ente-1al in crie<i 't.c re cadmiu:2 nitrate is
specified to b 3 c.dOd to rolutions,

- double Jo-ding and/or doub1n tc.tchirg of the contents of the
inner 5-inch dicuator cylirc .ro.

(1) Method of Analvata
A Figures 13 throu;A 15 ehow the nina different c3ceetries which

were utilized in ecleulatirg -h.: * rr on :r:ltiplicatien for

I 1323 146
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PDQ X Y GEOMETRY FOR 55 GALLON DRUMS WITH |
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PDORZ GEOMETRY FOR DISPERSION OF FUEL /%
'
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A varitun .a1 aitat*iona '!he calculut. ions were all performedc. . .

with b-grc up diff tuir n theory m del. "Three" dimensional
calculatier.a were put..able only in the cace of a single isolated
drum, since in thic care the real 3-dimensional problem reduces
to a true 2-dimenaienal prcblem (see figures 13B,13D, and ISB).
In the cute cf array < of drums . it was only practical to solve
cases where the arruy una semi-infinite in one pbne or direction
(see figures 13A,13C, ILA, lhB,15A, and 15C).

Solutions were then obtained for 32 cases utilizing the nine
basic geometriec which were :Ont.idered to be meaningful. The
results (cee Table III) -era -hen cross plotted in a number of
ways to ast.ist in evaluati: g prticular sets of double accidents.

(2) Results

Consider first the enae of unmederated uterials. The basic
limit for these cases ir 19M grams of U-235/centainer. The
double accident of y4rtial code mtion plus double loading is
evaluated directly for 55-gallen drums by referring to
Figure 17 The msults ror a semi-infinite army one dnes high

indicate that keff is less than 1.02 after this double accident.
Since the actual shipping army is only three containers vide,

the actusi keff is less than 1.0. The double accident of re-
arrange:.ent of the pl<.nnt army into a etssic array plus partial
modemtion is evaluated by referrind to Figure 16. Figure 16p
has been obtained frem the data in Table III by plotting the
k vs the array surface-to-velume ratio. The surface area is
dbned as the area of those surfaces ubich define the boundary
between the H O reflector and the array of containers. The2
accuracy achieved bf this nethod of correlating the calculational
results has been demonstrated in Appendix III. The number of
loaded containera ter shipsent is limited to 51; i.e. a 3 x 17
array. The results in Figure 16 for 51 containers in a cubic
array, with 1900 g:ws/ container and an annulus water fraction
of 0.08 H;0, indica.e a k ,; ' O.86. Figure 17 indicates trat3
if the annulus vater f ractic a reduced from 0.08 to zero when
Sol Speedi-Dry is prec-nt , the k rf increases by approximtelye
O.Oh A k . N is not pcesible with diffusion theory to rely on

,

the calcuhtted keff vith zero vater fraction in the annulus,'

however, the S/V eatire es of keff in this range have teen
shown to be correct by P.cate Carlo calculations reported in
Appendix IV. The calculations in Appendix IV also show that
reductions in center-to-center spleing of the Schedule 40 pipes
as c'ccurs under the accident test conditions, can be tolerated.

For other containers, such as BE 2071 drum or the EE 1270 birdcage,
the masa limits per centainer are the same; however, the U-235 may
be distributed over a areatur leueth, effectively increasing the
height of the nominal 3 x 17 x 1 array. For a nominally tall array.
the double accident of double loading plus optimum modemtion and

O Inflecticn may be more limiting than the double accident of
rearrangcaent into a cutic army plur, optimum coderation and
reflection. The ker; for 'hast t,vo cor.binatiens of accidents my
be ec.mptrei for container.; sf wiricus heights by ecmputing the
surface / v elure mt N for eich

.



TABLE III

53-galles CostMeer C+etry Fuel Region Bescription
Iosding ! Icading/ .

'

Density Container Calculated
Case
No. Figure XY Plane Height Annulus * Geccetry gU235/11ter(l) grn=s U235 %

1 15-A Infinite 1 high SSD + .10 H2O 22 liter sphere 100 2200 1.024

2 15-3 Isolated Drus 1 high 100 2200 0 74" "

3 15-A Infinite 1 high 11 liter sIhere 200 2200 1.11"

4 15-A Infinite 1 high 100 1100 1.02" "

M 9) 5 15-B 1 isolated drun 1 high 200 2000 0 966" "

(< 9 6 15-B 1 icolated dru:a 1 high 100 1100 0.603" "

( 3 7 14-A 2 x 2 array Infinite SSD + .08 H O 5" dia cylinder h59 ScoO O.832
8 14-3 4 x 4\erray Infinite 459 5000 1.12" "

9 13-D 1 isolated dru:s 1 high 459 5c00 0 57" "

10 13-A Infinite 2 hiSh 100 1100 1.02" "

U 11 13-A Infinite 2 high 200 2200 1.16" "

EE'5-d 12 13-A Infinite 2 high 459 5000 1.27" "

13 13-A Infinite 2 high SSD + .30 H O 4 59 5000 0.89"
2

14 13-C Infinite 1 high SSD + no H O 200 2200 0 967"
2

cj 15 13-C Infinite 1 high SSD + .05 H O 200 2200 0 96*
2

16 13-C Infinite 1 hip SSD + .10 H 4 200 2200 0 91"
L

HO h59 5000 1.06N 17 13-C 7 Tinite 1 hi h SSD + no
"

26
b 18 13-C Infinite 1 high SSD + .10 H O 459 5000 1.CC"

2

29 13-C Infinite 1 hig'i 0.08 H O 100 1100 0.80"
2

20 13-C Infinite 1 higa 0.08 H O 200 22CO 0 92"
2

21 13-C Infinite 1 high 0.08 H O 459 5000 1.01"
2

22 13-C Infinite 1 high 0 30 H O 459 5000 0 . 8*-"
2

23 13-D 1 isolated 1 hign 1.00 H2O 459 5000 0 94"

24 13-C Infinite 1 high SSD + 0 50 H O 55-gallon Drtra 5 1100 0 772
25 13-0 Infinite 1 h15h SSD + 0 30 H2O 5 1100 0.S9"

26 1)-C Infinite 1 high SSD + 0.10 H O 5 1100 0.88"
2

27 17-C Infinite 1 h15h SSD + 0.05 H O 5 1100 0 74"
2

28 17-C Infinite 1 high SSD + .50 H2O 10 2200 1.09"

2) l}-C Infinite 1 high SSD + .30 H2O 10 2200 1.19"

H0 10 2000 1.07"

30 1}-C Infinite 1 high SSD + .10 2
HO 10 2200 0.88"

31 15-C Infinite 1 high SSD + .05 2
_

( * SSD is Sol bpeedi-Dry absorh2t mitarial
O H O in fuel s egion is vnter at 1/2 norcal density for Ca::es 1 and 2. For cases 3 through 23

2the H O in fuel region is utter at norcal densit;y. For cases 24 through 31 the fuel region is the annulus.2-

___.
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K FOR FULLY REFLECTED, PARTIALLY MODERATED ARRAYS OF
'

EFF ,.

55 GALLON DRUM SHIPPING CONTAINER-SIN. INNER DIA. CYLINDER
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array of 51 containers and obtainin tne keff from Figure 16.
N, Table IV ohov; tne recuits of sucn a calculatien fo'r containers

shose taigats are multiples cf a c*sudani 55-Sallen drum.
i
:

TABLE IV i

ikeff for partial modemted, f ully reflected array
;

~

Nominal Array (3 x 17 x 1) Cubic Army
Height of NcminT1 U-235 Lcading Double U-235 Lcading Ucminal U-235 Loading
Container per Ccatainer per Container per Container i

32" 75 0.33 C . C '. ''

6h" 77 r.OP o.M
90" (.yo)* o.us (o.ol)* ,

* Estimate based on Figure 16 results for double leaded containers corrected for
change in p when reducing fuel concentratica from 116 grams / liter to 58 grams /
liter. *

Table IV '.ndicates that for the 55- mllon drum the mest
restrictive of the two double e.ccidents in rearrangement into a
cubic array plus maderatien, whereas for the BE 2071 drum the
most nstrictive is double 1cuding plus moderation. This follows
from the fact that for short arrays, rearrangement into a cubic
array has a more significant effect on the neutron leakage than
for tall arrnys. Table IV also indicates that in a cubic array,

g with a given number of containers and fixed 1cadin6s par inner
5-inch diameter centainer, the keff inemases as the height of
the container is reduced. Fcr this reaacn, no Fissile Class III
containers requiring 5-inch inner diameter cylinde n (or equiva-
lent 20 square inch boxes) a're permitted to be shorter than a
55-gallon 17H drum.

Since all of the above results vere obtained from F16ure 16, it
is sign!ficant to note that Fiwre 17 indicates that if the annulus
water fmetion is reduced fren 0.08 to zero wheri Sol Speedi-Dry is
present, the heff increases by apprcxistely 0.0h dk. Thus for the
vorst case double accident invciving the 3 x 17 x 1 array, it is
concluded that k is 0 92. While the case where only air is presentggf,

in the annulus cannot be solicei by diffusion theory, experimental*

datr_ (1) indicstes that the ca.re uith partial moderation in the
annulus region is more reactive than air sInced, fully reflected
arrays that are otherwise identical.

-

(1) Reference - OaNL-TM-719, " Critical Three-Dicensional Arrays of Neutron-
Interacting Units," . lated October 1,1963, page 8.

O
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For moderated solid mterials, a part of the double accident N
evaluation is cbtained by analogy vith unmoderated mterials by '

substituting double spacing, or double tatching, for the partial
moderation ecndition which is no longer an accident condition
but rather the nomal conditicn. (In this connecticn, it should
be noted that in most cases of moderated materials since a
liquid is present, an absorbent material, such an Sol Speedi-Dry,
is present in the annulus of the container. It is not unlikely
for these absorbent raterials to have 0.05 to 0.10 of normal
water density present. ) The basic limit for moderated solid
enterials is 950 grams of U-235 per container. Thus an
accident involving the doubling cf this loading brings the
loading to 1900 grams, the case which ha.: been considered above.
All moderated shipnents are made using a 55-gallon drum as the '

outer container. ;
;

In cases where U-235 is present in solution form (cr slurry), i

there is an additicrsl accident which must be considered, and |
that is the leakage of umnium solution from the polyethylene
bottle in which it is contained. The threaded endeaps on the
Schedule l+0 pipe which contains the bottle are not leak tight.
The absorption chameteristics of Sol Speedi-Dry are such that
if the solution leaks out of a 5-inch diameter innar cylinder, :

it vill diffuse out into the Sol Speedi-Dry mintaining a
liquid density which is substantially less than no: ml vater
density. The shape of the region containing the expanding
uranium solution may approach a spherical region. Cace 2 in O
Table III shows results for an isolated, full reflected dru:n -

containing 2200 grams of U-235 in a 22-liter sphere formed
frou 11 liters of solutien which has diffused out to twice the *

.

solution volume, with consequent 50% reduction in water and
fuel density. Compirison of Case 2 vith Case 5 shows that this
reduction in density provides a significant reduct!cn in the |
maximus k which can be achieved by a rearrangement of the
solution $bkoanll-litarsphere. However, since the mximum
solution or clurry density which can be achieved in the
absorbent material (which is not restricted to Sol Speedi-Dry)
has not been verified experimentally, and the controls are
such that there is no absolute assurance that the absorbent-

,

material fills are interior spices of the drum, the U-235 cnss
limit per container for solutions has been set at 350 grams
U-235 per container. With this limit, a single container vill '

' meet the double accidents of double loading plus leakage frcm
the inner container, or the double accident of leakage from i

the inner container plus additicn of water from a source external i

to the outer container.

1323 155 nRev. 2, February 1968 ._
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In order to evaluate the effect of mere than one inner cylinder
leaking, calculations 1. ave been performed which assume that all
inner cylinders in the ;hipment leak simultaneously. The results
are shown in Figure 18. Even for a loadind of 1100 grams U-235

'per container, Figure 18 shows tlut criticality is not expected
to occur since the transformation frca an ll-liter cylinder to a

:spherical volume vill not occur at constant volume (vertical path
in Figure 18) but rather along a line of increasing volume of
dispersed solution. The accident ecndi+1on where the contents of
three inner containers are in close contact, a condition which
might occur if the solution leaking frcs the inner containers in
three adjoining drums passes through the absorbent material to
adjoining interior regions of the 3 drtr.3, has not been examined
in detail. However, the data in Figure 9 of TID-7028 indica *ws
that for a nominal leading of 350 grams U-235 per container,
this condition is not expected to be critical if there is the

,

usual space at the intersection of the three drums. Near optimum
geometry is required for criticality with 1050 gra=s U-235

b. Hazards Evaluation

If drums and birdcages are loaded in a van-type semi-trailer, it is
conceivable (albeit unlikely) that the truck could be involved in an
accident of such severity that sevaml cf the outer containers are
crushed sufficiently that the array would not be nuclearly safe under
the condition of optimum moderation. If the truch-trailer jack-knifed
across the road, it is possible that the trailer could be hit broadside

0 by another heavy truck, or the trailer could be hit end-on while on the .

highway or parked at roadside. If the van brcke open and the containers !
scattered, or if the trailer overturned and most of the collision force ;
was taken by damage to the undercarriage and sliding of the trailer on j
the ground, then severe crushing of the containers probably is not .

plausible. However, if one side of the trailer is against (or very near)
an immovable object (e.g. a concrete abutnent or a rock vall at the side
of the road) and the other side is struck, then it is necessary to consider
the possibility of some of the containers being crushed.

In auch a very severe accident it is not pessible to state exactly what
will happen or how severely the van trailer is crushed. If the van trailer
has any room at all to slide or Inrtially tip, this will ameliorate the
crushing damage. Also there could be a tendency for the oncoming truck
cab to ride under the van trailer and lif t it. It also would be expected
that the oncoming vehicls. would suffer substantial damage. All of these
effects vill absorb some of the energy of the oncoming vehicle; how much
cannot be calculated with supportable assumptiens. However, it is reasonable
to conclude that while the van trailer certainly vill be damaged, all of the
energy of the oncoming vehicle vill not be dissipated in crushing the van
trailer and its lcad. The van trailer offers substantial resistance to
colliding forces with its heavy steel underframe. (Fruehauf trailers, for
example, have 4-inch I-beam cross members spaced on 12-inch centers the
length of the trailer.)

F If the containers are loaded in the van trailer so that they are
tightly packed against the sidewalls, either directly or with rigid

Rev. 2, February 1968
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K VS. VOLUME OF DISPERSED SOLUTION -ONE HIGH FULLY REFLECTEDEFF
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blocking, then any emshing forces on the sides of the trailer vill
^ be trancnitted directly to the containers. If, however, void floor-

space is left so that the containers are free to slide and tumble in
an accident, then the van trailer frame can be partially deflected ;

or buckled eithout large forces being impinged upon the containers. 1

The containers can, of course, withstand a fairly large force them- !

selves with only minor dar.aSe as has been demonstrated in drop tests ,

from a height of 30 feet onto a concrete surftwe. In these tests
the velocity at the instant of impact (M feet /second) is that '

equivalent to 30 mph.

Taking into account all of the above factors and effects, it is *

jud ed that if so=e reasonable amount of floor space is left vacant6 .

and the containers are tied or blocked so that they can slide and i
tumble in the event of a severe collision, it is reasonable to '

conclude severe one-dimensional cruching of the containers vill be
limited to a 3 x 3 array of containers nearest the point of impact. .

The question is what is a reasonable amunt of space to leave. 'Ine
'

standard trailer of an onecting vehicle is eight feet vide; the
*

tractor front end is less. A path c16ht feet vide vould represent
20% of the length of a standard LO-foot van trailer or 23% of the

'

length of a standard 35-foot tmiler. It is thus concluded that
vacant floor space of 25% is acceptable in addition to the void space
normally existing above the containers. ;

IThe addition of the require:ent that 25% of the floor space in the van
m be left vacant ensures that the one-dir:ensional enching accident is !

'indeed an "unlikely accident." An unlikely accident is one which is
other than the expected result of an event vhien is reasonably likely !

to occur. Under the Bettis double accident criteria, the single
unlike4 accident of one-dimensional crushing must not result in a ;
situation in which criticality is possible even under conditions of
optimum reflection. After the double accidents of one-dimensional -

crushing plus double loading (of moderated materials) or one-
dimensional crushing plus moderation (of unmoderated materials),
there must be a small margin to criticality. The two unlikely
accidents must be unrelated. The maximum credible number of containers
that could be crushed one-dimencionally until the inner containers
are in contact is a 3 x 3 x 1 army of containers. .

,

An evaluation of these accidents may be made using the data in
Table V and Figure 10. Fmm Figure 10 it is seen that for two
Schedule-40 pipes in contact, kept is calculated to be 0.89 for the
950 gram U-235 = ass limit. In order to evaluate the 3 x 3 x 1 one-
dimensional emched array, it is convenient to represent the circular
pipe as a square pipe of equivalent area (Figure 19). From the data

2iti Table V it is seen (by comparing problem 912 adjusted to B ,o
with problem 312) that for pipes in contact the square geccetry is
appmximately 0.036 ak mom reactive than the circular geometry.

By comparing problem 312 and 311, it is concluded that for the
completely flooded case, three pipes in contact (in a linear array)
is 0.075 ak more reactive than two pipes in contact. Comparison of
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TABLE V
,

PDQXY Results Required for Evaluation of One-Dimensional Crushing of 3x3x1 Array of 55-Gallon Dru=s -

With 5-inch Inner Diameter Cylinder-
.

.-
Array Geometry

Axial
Buckling Fuel Re61on

Problem E Figure Description Annulus Material CM-2 grams W 35/11ter keff

912 10 2 Sch 40 pipes in contact, None 0.00085 200 0 940
completely flooded

" " " " "
- 10 O O.955

\ (Fig. 9)

" "
312 10 Same as above except O O.991

Rectangular Geometry used
as shown in Fig. 19

311 19 3x3x1 array sub,Jected to 1.0 H O O 1.066"
2

1-dim. crushing 4
308 19 SSD + .10 H O O 1.0735 ?" " " " "

2,

" " " " "
309 19 SSD + .05 H O O 1.0742

" " " " "
310 19 SSD + zero H O O 1.07902

313 10 2 Sch 40 pipes, 1" separa- None 0.00085 O.900
"

-

tion, completely flooded

314 10 Same as above with 2" None 0.00085 O.860"

separation

325 19 Same as 309 except 1" SSD + .05 H O O l 037"
2

spacing between pipes

326 19 Same as 309 except 2" SSD + .05 H 0- O 1.018"
2

spacing between pipes

-

N
Wi

-

W
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PDOXY GEOMETRY FOR NINE 55 GALLON DRUMS
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problem 312 and 310 indicaten that the partial.ly coderated 3 x 3 x 1
one-dimensionally e mshed array 10$0.09 ak more reactive than two G.
pipen in contact and flooded. TableVI k rf valuco are obtained bye
referencing these changes in keft to the basic results in Figure 10.

TAILE VI

koff for 3x3x1 Array one-dimensionally crushed
g 35 and cocoletely reflected by H2O2

Inner Container Pipes in Contact 1"opacing between pipe valls 2"soncing

(Solutiono) 500 grams 0 915 0.875 -

(Modemted Solida) 0 98 0 94 -

950 grams

Unmoderated Solids 1.045 1.008 0 988
,

1900 grams

The effect of a s=all separation between pipe valls has been estimated for
flooded cases fmm a cc=parison of problems 313 anc 912 in Table V ; for
partially r:oderated systems the entirates are based on a cocrparison of
pmblems 309, 325, and 326.

These results asstne that there is only H O and U-235 in the Schedule 102 4

pipe and that these materials are uniformily distributed within the maximum
volume possible. They are calculations of the vorct case conditions which -

can only be appmached in the case of solutien or powder chipmants. In
evaluation of TableVI it is important to note that the endcaps on the
Schedule-40 pipe inner containers provide a minimic2 of a y-!neh separation
betveen pipes. In the case of powder ship =ents the intent of the Bettis

double accident criteria is considered to be met (even thou6h there is no
margin to criticality) after the following serico of events, on the basis
of their cumulative unlikeliness:

a. Three dru=s, each containing a maximum of 1900 grams U-235 are
one-dimensionally crushed until their Schedule-40 pipes ale
within 1 inch of each other and their axes are parallel.

b. The metal cans inside the Schedule 40 pipe, containing the
enriched UO2 powder, are broken open,

c. The pipes are completely flooded and the enriched power is
distributed unifomily inside the pipe.

For materials other than powder, the actual keff is expected t,o be lower
than 1.0 because of either heterogeneity effects in the themal neutron
group, metal / vater ratio effects on the non-leakage probability for the
fast neutron groups, or the reduced loading of 500 grams / container in the
case of solution chipmento.

.

For birdcages containing fuel plates or subassemblies the vorst case occurs
when three rectangular parallelepipedo each with a 20 sq. inch cross
section and filled only with U-235 unifomily distributed in space are

1323 161-
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brought into contact by a one-dimensional crushing accident and completely
flooded. Calculaticns for this case indicate that keff is approximtely
1.24 when a mss limit of 1900 grams U-235 is applied to cach container.
While in actual practice this value vill be reduced by metal / vater ratio |
and heterogenity effects, it is not possible to show that these effects ',

to less than 1.0. In order to ensure thatwill always reduce this keff ,

material shipped in birdcades vill meet this double accident, it is
necessary to impose one additional control on the contents of the inner
container. The control exerciced is to require by procedure that at least

50% of the volume within the box be metal (i.e. to ensure that metal / vater
ratioh 1.0) and that this metal be distributed reasonably uniformly along
the length of the box.

The justifiestien fcr the ebnice of a metal / vater ratio 1 1.0 is the result
of calculations made for P4R Core 2 Seed 2 clusters. With a nominal leadin6
of 1 kgs U-235 per five-inch length and zero poison, this 60 sq. inch
cluster has a keff of 0 92 and a metal / vater ratio equal to 1.0.

In order to provide some flexibility in the event that the 50% metal condition
!ennnot be met, reduced mass limits are provided which give an acceptable
'

for the worst case condition where the double accident of one-dimensionalkeffcrushing plus moderaticn is applied to a system in vhich the inner container
contains only U-235 uniformly distributed in an optimum length space. Table

'

VII shows the reduced mass limits which vill meet this vorst case ccadition
analysis:

A TABLE VII

Total Cross Sectional Area i

235 ass Limit per Inner Containerobtained when 3 inner containers U P
are in edge-to-edge contact which ensures that Worst Case i

keff = 0 95 keff = 1.0
60 sq. inch 250 gra=a 300 grams
40 270 430
30 430 800

The mass limits associated with a worst case calculated keff = 1.0 are
considered to provide a condition equivalent to that achieved with the-

,

1900 gram U-235 limit for 5-inch diameter Schedule 40 pipes and hence these
limits are listed in the guide as an alternative to meeting the 50% metal
rule. It is apparent that both the 50% metal rule and the Table VII values
encourage the use of the minimum size inner container.

In the Table (Sect' ion A) the shipping conditions have been specified as:

"Up to a total of 5155-gallen 17H drums, BE 1926 dru=s, BE 2071
drums, BE 2070 drums, EE 1270 or BE 1885 birdcages containing
material ec.vered by this note may be shipped intermingled in a
semi-trailer van provided at least 25% of the floor space is left
vacant and the containers are tied and/or blocked so that they
will break loose and slide or tumble or the blocking materialp
vill crush more easily than the containern in the event of a severe
highway accident. The containers shall be loaded as follows:

1323 162
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55-gallon 17H drums ) A
BE 1926 druma ) On end in a single layer u

BE 2071 drums )
'

.

On end in a single or double layer, orBE 2070 dru=a -

a single layer on top of other drums

BE 1270 birdcager ) On end in a single layer; or in one, two,
BE 1885 birdcages ) or three layers with the long axis horizontal

along the length of the van but not closer

than 5 feet to either end of the van

5 General Considerations on the Effect of Fim on Packages

In the case of the themo jar in the wooden box, it has already been noted
that the integrity under accident test conditions is not required. In the
case of the 55 gallon drums and similar but taller containers, them are
several amas of concern which are discussed below.

Them is no evidence of excessive precsure buildup between the inner and
outer container in the test mported in LAP.S-2983 even though this space is
not vented to the atmosphere. It is also noted that the ICC 6L Specification
Container, which is similar to the Bettis designs, dws not incorpomte any
vent for this volume. It is therefore concluded that any adverse effects of
fire vill be limited to a possible loss of contents from the inner container
(non-leakage into the inner container, a facter usually requiring a fire test
to verify, has not been assumed in the Bettis analysis). O

In the case of fuel in solution fom being heated in a fire, the liquid vill
'

either be expelled frcm the inner container by a buildup of pressure in the
inner container, or the solution vill be converted within the inner container
to the dry salt fom. If the temperature is high enough, the salt my be
converted to the oxide fom; however, no ignition of the material vill occur.

,

If the liquid is expelled from the inner container, the situation is similar
to a contingency already examined in detail in the analysis, that of leakage j

fmm the inner container. e

The maximum amounts of U-235 in finely divided fem in either a solution or
slurry which are pemitted have been restricted to amounts consistent with
the cmdibility of leakage or expulsion of the slurry of solution from the
inner container due to pressure buildup under accident conditions.

In the case of the shipnent of fuel in a solid fom, the only fuel materials
being shipped which have a melting point belov 14750 are U-Al alloys and
uranium salts. The effects of heating umnium salts vem discussed above.
It should be noted that low melting point alloys are specifically excluded
from shipnent in BE 1270 type birdcages. In the case of a Schedule 40 pipe
inner container, a judg=ent has been made that it is unlikely that any
significant quantity of U-Al alloy in molten fom would leak ost of the
Schedule-40 pipe threads during a fire.

O
Rev. 2, February 1968
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O K. CONCLtI3 ION

It is concluded that the U-235 pickaging and shippinE conditions and limits
delineated in Section A are in accordance with the require =ents of AECM 0529
and Appendix 0529, Annex 1 through 5, dated August 22, 1966, and that adequate
nucl' ear safety is assured in the shipnents .

A
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APPENDIX I

NORMAL TRANSPORT CONDITION TESTS

Page No.

6655-gallon 17H Drum with Schedule 40 Pire Insert . .....
,

55-gallon 17H Drum with Polyethylene Bottle '

69and Absorbent Fhterial . . . . ............

............. 72ICC Specification 15A Wooden Box

B of E Pemit No. 2070 Drum . ............... 75

B of E Pemit No . 2071 Drum . . . . . . . . . . . . . . . . 73

81B of E Pemit No.1270 Birdcage . .............

.

.

.
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GENERAL
'

v

Tests were not conducted to evaluate the following nomal conditions of trans-
port criteria: heat, cold, pressure, vibration and corner drop. The free drop
tests were not conducted within 2-1/2 hours after conclusion of the water spmy
tests for each container. The following explanations represent Bettis justifica-
tion for these actions.

1. pat and Cold - These conditions vould only affect solution shi1r.ents. The
manufacturer indicates that the structural integrity of the polyethylene
bottles containing solutions which freeze vill be maintained at temperatures
at least 200F higher or lover than the AECM 0529 temperature limits. Refer-
ence D.4.c.(3). for vaiver request.

2. Pressure and Vibration - These conditions have little or no effect on the
shipping containers covered by this report.

3 Corner Drop - Affects wooden boxes weighing less than 10,000 pounds. Since a
30 foot drop test on a wooden box resulted in only superficial splintering,
it ic assu=ed that the corner drop test will produce no discernible effects
on the box or its contents. Reference D.4.c.(4). for vaiver request.

4. Within 2-1/2 hours after the conclusion of the vater spray tests, the related
free drop tests were not conducted. It is not expected that any dampness
resulting from the spray test would affect the results of the drop test.*

Y Reference D.4.c.(2) for vaiver request.

c

.
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CO:hAINER TESTED - 55-gallon 17H drum with 5-inch inner diameter Schedule-40A.
pipe insert

/

1. Identification - See Figure 1 for pictures showing external drum and
inner components.

2. Weight

55-gallon 17H drum weight - 53 lbs.a.

b. Schedule-40 pipe insert and hoops - 106 lbs.
Simulated shipment - 44 lbs. of steel plates, co= parable to thec.
veight of a subassembly or a group of plates, the heaviest shipping
load expected, vere loaded inside the Schedule-40 pipe.

d. Total gross veight - 203 lbs.
.

3 Free Drop Test

Surface used for test - 4-inch reinforced concrete floor at grounda.
icvel used for loading dock.

b. Surface of container tested - drum dropped with its long axis
horizontal so that the thinnest portion of the drum, its 18-gauge
steel body, was the surface tested.
Height of fall - 4 feet, as measured from the ground to the bottomc.
of the forks of a hi-lift supporting the drum.

d. Description of test effects - Figure 20a shows that this 4-foot
drop test had no significant effect on the external surface of the

'

drum. No damage occurred to the structure or material inside of -

the drum.

e. Date test performed - September 16, 1965

f. Perfomed by - F. Coyne.

g. Witnessed by - W. Stanko, W. B. Tho.as.
~

.

4. Penetration Test
Weight and measurement of steel cylinder used - 12 lbs., 36-1/8a.
inchesinlengthand1-1/4inchesindic=eter.

'

b. Surface of container tested - the flat end of the cylinder struck

the side of the drum, its thinnest section.

c. Height of cylinder drop - 4 feet, as measured from the top of drum
laying on its side to the bottom of the forks of a hi-lift
supporting the cylinder.

d. Dtscription of test effects - Figure 20b chovs that while a small
d9nt occurred, there was no penetrati o or the side of the drum.

e. Date test perfomed - September 16, 1965 ( -

f. Performed by - F. Coyne.
~

g. Witnessed by - W. B. Thomas, W. Stanko.
-

J
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5 Water Spray Test
.

Rate of water spray - 1.1 gallons per minute.a.
v

b. Time container exposed to opray - 30 minutes,

c. Position / container - positioned atop a metal skid so as to ensure
that container vould not become ir:serced in water during test.*

(Figure 20c)

55 lbs.d. Weight of container - before test -

55 lbs.- after test -

NoneNet weight change -

Description of test effects - There was no vater leakage into thee.
drum as evidenced by the fact there was no net weight change.
Also, upon opening of the container, no vater was found inside.

f. Date test performed - September 15, 1965

g. Perfomed by - A. Ulyas.

h. Witnessed by - A. Ulyas, W. Stanko.

6. Compression Test

a. Gross veight of container - 203 lbs.
b. Test specifications (5 times container veiEht or 2 lbs/sq. inch

times vertically-projected area in sq. inches of the upright
container, whichever is greater).

A (1) Five times container weight - 5 x 203 lbs - 1015 lbs.
D (2) Vertically-projected area - 415 sq. inches; area x 2 lbs =

830 lbs.
~

c. Actual test load used - 1090 lbs.
d. Der,aript, ion of test load - two 55-Ea11on d:vns containing silicon

carbide Brit and a wooden pallet placed atop the test,centainer.
(Figure 20d)

e. Duration of test - 24 hours; Started - 6:00p.m.on9/16/65
Ended - 6:00p.m.on9/17/65

f. Description of test effects - At the end of the test there was no
discernible effect on the dru.s.

g. Perfomed by - F. Coyne.

h. Witnessed by - A. Ulyas, W. Stanko.

-

. .
.

.

--
.

.
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CONTAINER TESTED - 55-gallon 17H 1 rum with polyethylene bottle and absorbent IB.
material |.,

v
Identification - See Figure 3 for pictures shovin6 external drum and1.
inner components.

2. WeiFht

55-6allon 17H drum weight - 55 lbs.a.

b. Polyethylene bottle - 3 lbs.
c. Brackets - 5 lbs. ,

Simulated shipment - 11 liters of water in the poly bottle - 15 lbs.d.

e. Absorbent material - 200 lbs.
f. Total gross weight - 278 lbs.

3 Free Drop Test

Surface used for test - 4-inch reinforced concrete floor at grounda.
level used for loading dock.
Surface of container tested - drum dropped with its long axisb.
horizontal so that the thinnest portion of the drts, its 18-gau60
steel body, was the surface tested.
Height of fall - 4 feet, as measured from the 6round to the bottomc.
of the forks of a hi-lift supporting the drum.
Description of test effects - Figure 21a shows that this 4-footN- d.
drop test had no significant effect on the externed surface of the
drum. No damage occurred to the structure inside of the drum;
no liquid was lost from the polyethylene bottle.
Date t,est perfomed - September 17, 1965e.

.

f. Perfomed by - A. Ulyas.

6 Witnessed by - W. Stanko, A. Ulyas.

4. Penetration Test
a. Wei6htandmeasurementofcylinderused-12lbs,36-1/8inchesin

.

lengthand1-1/4inchesindiameter.,

b. Surface of container tested - the flat end of the cylinder struck
the side of the drum, its thinnest section.
Height of cylinder drop - 4 feet, as measured from the side of thec.
tested -drum to the bottom of the forks of a hi-lift supporting the
cylinder. ,

d. Description of test effect - Figure 21b shows that while a small
dent occurred, there was no penetration of the side of the drum.

e. Date test perfomed - September 17, 1965
.

f. Test perfomed by - A. Uhas.
g. Witnessed by - W. Stanko, A. Ulyas.'
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5 Water Spray Test - A separate water spray test was not conducted. The
results would be the same as for the 55-gallon 17H drun with 5-inch
diameter Schedule-40 pipe insert. .j

6. compression Test
Gross weight of container - W8 lbs.a.

Test specifications (5 times container wei ht or 2 lbs/sq. inch6b.
times vertically-projected area in square inches of the upright
container, whichever is 6reater).
(1) Five times container veight - 5 x 278 lba = 1390 lbs.
(2) Vertically-projected area - 415 sq. inches; area x 2 lbs =

830 lbs.
Actual test load used - 1541 lbs.c.

Description of test load - three $5-gallon dru=s containing silicond.
carbide grit and a wooden pallet placed atop the test container.

c. Duration of test - 24 hours; Started 9:10 a.m. on 9 65
Ended 9:10 e m. on 9 65

f. Description of test effects - At the end of the test there was no
discernibic effect on the drum.

g. Performed by - A. Ulyas.

h. Witnessed by - A. Ulyas, W. Stanko.

/

.

P

.
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C. CONTAINEH TESTED - Outer container - ICC Specification 15A wooden box;
Inner container - Themo polystyrene-covered glass jars

of one-half pint, one pint and 1 quart caincity in a 30-6auge metal can j
vith slip-on lid sealed by cloth tape.

1. Identification - See Figure 2 for pictures showing vooden box and its
inner components and the. box final necembled.

2. Weight

a. 15A vooden box and bands - 13 lbs.
b. Primary containers - 3 lbs.

c. Intemediate c'an and tape - 5 lbs.

d. Simulated shipment (chunks of steel) - 3 lbs.
e. Total gross vei6ht - 24 lbs.

3 Free Drcp Test

a. Surface used for test - 4-inch reinforced concrete floor at ground

level used for leading dock.

b. Surface of container tested - Three surfaces were iested. The box
was dropped on its short flat side, on its long flat side, and on
a short edge.

c. Height of fall - 4 feet, as measured from the Ground to the bottom
of the forks of a hi-lift supportin6 the box.

d. Description of test effects - Figure 22a shovs the points of impact
,

'

on all three tests (point 1 - the short side; point 2 - the edge;
and point 3 - the long side). No significant da: age occurred to the
box . Also, no ds= age occurred to the inner containers.

Date test pe,rfomed - September 17, 1965c.

f. Perfomed by - A. Ulyas.

g. Witnessed by - W. Stanko, W. B. Thomas.

4. Penetration Test

Weight and measurement of steel cylinder used - 12 lbs, 36-1/8 inchesa.
in length and 1-1/4 inches in dic=eter.

b. Surface of container tested - the flat end of the cylinder struck
one long side of the box.

c. Height of cylinder drop - 4 feet, as measured fran the top of the
tested box to,the bottom of the forks of a hi-lift supporting the
cylinder,

d. Description of test effects - Figure 22b shows the results of the .
test on the closed box. A n-n11 mark was made on the surface of ,.

the wood; however, no penetration occurred.
~

e. Date test performed - September 17, 1965

f. Perfomed by - A. Ulyas.

g. Witnessed by - W. Stanko, A. Ulyas.
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5
Water Spray Test

Rateofwaterspray-1.1 gallons / minute.a.

Time container exposed to spray - 30 minutes,b.

Position of container - positioned atop a metal skid so as to ensure
that container vould not become immersed in water after test.

c.

(Figure 22c)
13 lbs.

d. Weight of container - before test -

13 lbs.- after test -

NoneNet veiEht change -

Description of test effects - Upon opening of the box, slightHowever,

dampness was noticed on one inner side of the box.there was no si6nificant water leakage into the box as evidenced
e.

by the fact there was no net ve16ht change.

f. Date test perfomed - September 15, 1965

Perfomed by - A. Ulyas. .g.

h. Witnessed by - W. Stanko, A. Ulyas.

6. Co=pression Test
Gross weight of container - 24 lbs.a.
Test specifications (5 times container weight or 2 lbs/sq. inch

;

t

times vertically-projected area in square inches of the uprightb. '

container, whichever is Bres.ter).

(1) Five times container ve15ht - 5 x 24 lbs = 120 lbs.
..

(2) Vertically-projected area - 241 sq. inches; area x 2 lbs = ,
482 lbs. -

Actual tept load used - 512 lbs.c.
Description of test lead - one 55-gallon drum containirs silicond.
carbide grit material. (Figure 22d)

Duration of test - 24 hours; Started 8:30 a.m. on 9/14/65
Ended 8:30a.m.on9/15/65e.

Description of test effect - At the end of the test there was nof.

discernible effect on the box or its contents.
Performed by - A. Ulyas.g.

h. Witnessed by - W. Stanko, A. Ulyas.

-
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D. CONTAINER TESTED - B of E Permit No. 2070 Drum

Identification - See Figure 6 for pictures cf the empty drum and drum1.
with a typical filter addition.

2. WeiF)ht
Container weight - 103 lbs.a.
Simulated shi; cent - A clean filter - 68 lbs.b.
Total gross veight - 171 lbs.c.

3 Free Drop Test

Surface used for test - 4-inch reinforced concrete floor at grounda.
level used for loading dock.
Surface of container tested - drum dropped so that the point of '

impact was the ed6e where the side (15-gauge) and bottom (20-6auge)
b.

of the drum are joined. j

Reight of fall - 4 feet, as measured from the ground to the bottomc.
of the forks of a hi-lift supporting the drum,
Description of test effects - Figure 23a shows the small dent thatd.
resulted. There was no si6nificant effect on the external shape
of the container. ,

Date test perfomed - September 17, 1965e.

Icr f. Perfomed by - A. Ulyas.
& Witnessed by - W. Stanko, W. B. Thomas.g.

4. Penetration Test
We16ht and measurement of steel cylinder used - 12 lbs, 36-1/8a.
inchestinlengthand1-1/4inchesindiameter.

The
b. Surface of container tested - Two surfaces were tested.

cylinder struck the side of the drum and the bottom of the drum,
He18ht of cylinder drop - 4 feet, as measured from the top of thec.
drum during test conditions to the bottom of the forks of a hi-
lift supporting the cylinder.
Description of test effects - Figums 23b and 23c show the resultsd.
of the two teste. There was only a minor dent on each surface of
the dmm tested; no penetration of the container valls occurred.
Date test perfomed - September 17, 1965e.

f. Perfomea by - A. Ulyas.
.

Witnessed by - W. Stanko, W. B. Thomas.
'g.

l.
.

5 Water Spray Test

Rate of water spray - 1.1 gallons / minute. .

a.

b. Time container exposed to spray - 30 minutes.
_

Position of container - positioned atop a metal skid so as to ensure,

v c.
that container vould not become immersed in water during test.

i
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Water Spray Test - continued
j

103 lbs.d. Wei6ht of oontainer - before test -

103 lbs.- after test -

NoneNet veight change -

Description of test effects - There was no water leakage into thee.
drum as evidenced by the fact there was no net weight change.
Also, upon opening the drum, no water was found inside.

f. Date test performed - September 16, 1965
- g. Perfomed by - W. Stanko.

h. Witnessed by - D. Zontek, E. Jackson.

6. Compression Test

a. Gross vei5ht of container - 171 lbs.
Test cpecifications (5 times container veight or 2 lbs/eq. inchb.
times vertically-projected area in square inches of the upright
container, whichever is greater).

(1) Five times container vei6ht - 5 x 171 lbs = 855 lbs.
(2) Vertically-projected area - 616 sq. inches; area x 2 lbs =

1232 lbs.
c. Actual test load used - 1332 lbs.
d. Description of test load - Two 55-gallon drums containing silicon

carbide grit and a wooden pallet placed ctop the test container. ;
#

(F16ure 23d)
e. Duration of test - 24 hours; Started-8:30a.m.on9/13/65

Ended -8:30a.m.on9/14/65
Description of, test effects - There was no discernible effect onf.

the drum.

g. Performed by - A. Ulyas.

h. Witnessed by - W. Stanko, W. B. Tho:::as.

-
.
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E. CONTAINER TESTED - B of E Pemit No. 2071 Drum

1 Identification - See Figure 5 for pictuns shoving external drum ,

and inner components.
-

2. Weight
.

a. Outer container veight - 70 lbs.

b. Schedule-40 pipe insert and hoop - 135 lbs.
Simulated ship =ent - Scrap subassembly - 45 lbs. - was loaded insidec.
the Schedule-40 pipe.

d. Total gross weight - 250 lbs.

3 Free Drop Test

Surface used for test - 4-inch reinforced concrete floor at grounda.
level used for loading dock area.

b. Surface of container tested - drum dropped with long axis horizontal
so that the thinnest portion of the drum, its 18-gauge steel body,
was the surface tested.
Height of fall - 4 feet, as measured from the ground to the bottomc.
of the forks of a hi-lift supporting the dnzm.

d. Description of test effects - Figure 24a shows that 'Ais 4-foot
drop test had no significant effect on the external surfacc of the
drum. No damage occurred to the structure or material inside of the
drum.

c. Date test perfomed - September 17, 1965

f. Perfomed by - A. Ulyas,

g. Witnessed by - W. Stanko, W. B.' Thomas.
.

4. Penetration Test
Weight and measurement of steel cylinder used - 12 lbs, 36-1/8 inchesa.
in length and 1 '/4 inches in diameter.

b. Surface of contener tested - the flat end of the cylinder struck the
side of the drm, its thinnest section.

Height of cylinder drop - 4 feet, as measured from top of the drumc.
laying vn its side to the bottom of the forks of a hi-lift supporting
the cylinder.

d. Description of test effect - Figure 24b shows the result of this
test. There was slight denting of the drum; however, penetration
did not occur '

'

e. Date test perfomed - September 17, 1965
. .

+
f. Perfomed by - A. Ulyas. _

g. Witnessed by - W. Stanko, W. B. Thomas. -

.

we*
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5 Water Spray Test-

Rateofvnterspray-1.1 gallons / minute.c' a.

b. Time container exposed to spray - 30 minutes.
Fosition of container - positioned atop a metal skid so es to ensurec.
that container would not become im:nersed in water during test.
(Figure 24c)

250 lbs.d. Weight of container - before test -

250 lbs.- after test -

NoneNet weight change -

Description of test effects - There was no vater leakage into thee.
drum as evidenced by the fact there was no net weight change. Also,
upon opening of the d.w , no water was found inside.

f. Date test perforced - September 15, 1965

g. Perfomed by - A. Ulyas,'

h. Witnessed by - W. Stanko, O. W. Hughes.

6. compression Test

s. Gross weight of container - 250 lbs.
Ted specifications (5 times centainer weight or 2 lbs/sq. inchb.
times vertically-projected area in square inches of the upright
container, whichever is greater).

,.

d (1) Five times container weight - 5 x 250 lbs =1250 lbs.
(2) Vertically-projected area - 415 sq. inches; area x 2 lbs =

830 lbs.
Actual test load used - 13'19 lbs.c.

d. Description of test load - Three 55-gallon drums containing silicen
carbide grit and a wooden pallet placed atop the test container.
(Figure 24d)

e. Duration of test - 24 hours; Started - 8:30 a.m. on 9 14 65
Ended - 8:30 a.m. on 9 15 65

f. Descriptic s of test effects - At the end of the test there was no
discernible effect on the drum.

g. Perfomed by - A. Ulyas.

h. Witnessed by - A. Ulyas, W. Stanko

-

.

.
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.
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F. CONTAINER Tim r.u - B of E Permit No. 1270 Birdcage
*
.. .

Identification - See Figure 8 for picture showing birdcage ready for1.
shipment and an empty rectangular box.

Dimensions of birdcage frame tested - 2 feet square by
6 feet long.*

2. Weight

Weight of outer container (with rectangular cross section box) -a.
118 lt .

b. Simulated shipment - Steel plates - 45 lbs.
Total gross weight - 163 lbs.c.

3 Free Drop Test

Surface used for test - 4-inch reinforced concrete floor at grounda.
level used for loading dock.

b. Surface of container tested - birdca6e dropped with its long axis
horizontal; point of impact was the long edge of the frame.
Hei ht of fall - 4 feet, as measured from the ground to the bottomc. 6
of the forks of a hi-lift supporting the birdcage.

d. Description of test effects - Figure 25a shows that there was
negligible effect on the structure of the birdcage.

t e. Date test perfomed - September 17, 1965
W f. Perfomed by - A. Ulyas.

g. Witnessed by - W. Stanko, A. Ulyas.
-

4. Penetration Test
Weight' and measurement of cylinder used - 12 lbs, 36-1/8 inchesa.
inlengthand1-1/4inchesindiameter.

b. Surface of container tested - the flat end of the cylinder struck

the top of the rectangralar box.
Height of cylinder drop - 4 feet, as measured from the top of thec.
rectangular box to t'te bottom of the forks of a hi-lift supporting
the cylinder.

d. Description of t a effects - Figure 25b shows the circular dent
made on the ru,tangular box; however, no penetration occurred.

e. Date test perfomed - September 17, 1965

f. Perfomed by - A. Ulyas.

g. Witnessed by - W. Stanko, A. Ulyas. ,

-

*'..
5 Water Spray Test

Rate of water spray - 1.1 gallons / minute. -

a.

, b. Time container exposed to spray - 30 minutes.
U

1323 182
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Water Spray Test - continued

c. Position of container - Positioned atop a metal skid so as to ensure ,

'

that container vould not be imersed in water during test.

(Figure 25c)
d. Wei6ht of container - before test H 8 lbs.-

H8 lbs.- after test -

NoneNet weight change -

Description of test effects - There was no water leakage into thee.
rectangular cross section box as evidenced by the fact there was
no net veight change. Also, upon opening the container, no vater
was found inside.

f. Date test perfomed - September 16, 1965

g. Performed by - E. Jackson.

h. Witnessed by - C. W. Hu6 es, W. Stanko.h

6. Compression Test

Gross weight of container - 163 lbs.a.

b. Test specifications (5 times container weight of 2 lbs/sq. inch
times vertically-projected area in square inches of the upr16ht
container, whichever is greater).

(1) Five times container vei6ht - 5 x 163 lbs - 815 lbs.
(2) Vertically-projected area - 1728 sq. inches; area x 2 lbs =

3456 lbs. j

c. Actual test load used - 3633 lbs.
d. Description of test load - Eight 55-gallon drums containing silicon

carbide Brit, and one wooden pallet and one metal skid placed atop
the tested b(rdcage. (Figure 25d)

e. Duration of test - 24 hours; Started - 9:00 a.m. on 9 1 65
Ended - 9:00 a.m. on 9 1 65

f. Description of test effects - At the end of the test there was no

discernible effect on the birdca6e.
g. Performed by - A. Ulyas.

h. Witnessed by - W. Stanko, A. Ulyas.

-

- .

e

.J. *
,

'.j'
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The integrity of the Inckages (55-gallon 17H drum, DE 2070 and 2071 drums and
BE 1270 birdcace) under hypothetical accident test conditions specified in
AECM 0529, Annex 2 lus been demonstrated to be adequate as follows:

1. Accident Tcut Conditions

a. Singic helude Conditions

Requirement (1): Free Drop - A free drop, from a height of 30 feet,
onto an unyielding, flat, horizontal surface, with the ;ackage striking
the surfacc in such a position as to suffer the maximum damages; followed
by the puncture test.

This requirement has been demonstrated by test to be satisfied. The
test results are summarized in Appendix II.

Requirement (2): Punctu_re - A fall onto a cylindrical target through a
distance of 40 inches measured from the lowest point of the package to the
surface of the target, striking the target in such a position as to suffer
the maxim 2m damage. Tne cylindrical target shall be the flat, horizontal
end surface of a vertical, solid, structural carbon steel cylinder, 8
inches long and 6 inches (+0.2 inch) in diameter. The edges of the surface
ray be rounded to a radius of not more than 0.25 inch. The bar shall be

~

rigidly mounted on a flat horizontal unyielding surface; followed by the i

fire test.

This requirement has been demonstrated by test to be satisfied. The test
results are summarized in Appendix II.

Requirement (3): Thermal - Since the criticality analysis for Fissile
Class I shipments makes no assumptions concerning the location or
properties of the material within the 55 callon drums, other than the U-235
mass per unit area, it is concluded that the integrity of the outer
container is the only factor which must be demonstrated in a fire test.
IAMS-2983, "Impet and Thermal Tests on Transport Containers ICC 2R and 6J"
dated December 16, 1963, reported the results of e fire test on 55 m llon,
18 gauge steel drums wt th the only effect being burned-off-paint. It is
therefore concluded that this requirement has been satisfied.

Requirement (4): Water Irmnersion - Immersion in vater so that the package
is at least three feet below the surface for 24 hours.

-

This test was not perfomed since packaging' limits are established that
are safe even if the container is optimally moderated. .

-

.

4
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APPENDIX II

/GCIDENT CONDITION TESIS
.

.

Page No.

* 5 6allon 17H Drun with Schedule-LO Pipe Insert . . . . . . 85

B of E Pemit No. 2071 Drum . . . . . . . . . . . . . 87. ..

69B of E Pemit No. 2070 Drum . ...............

91B of E Permit No.1270 Birdcage . . . . . . . . . . . . ..
, ,
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A. CONTAINER TESTED - 55-gallon 17H drum with 5-inch inner diameter'

O,. Schedule-40 pipe insert. |

1. Identification - See Figure 1.

2. Weight

a. 55-gallon 17H drum au Mhedule-40 pipe insert and hoops - 152 lbs.

b. Simulated shipment - Steel plates - 48 lbs. !

c. Total Gross vei6ht - 200 lbs.

3 MeDropdest -

Surface used for test - 4-inch reinforced concrete pad locateda.
behind Hangar #3 at acttis.

b. Surface of container tested - With the free fall from 30 feet,
the drum landed on its bottom rim.

c. He16ht of fall - 30 feet, as measured from the ground to the bottom
of the an:m,- which was suspended on a truck crane.

d. Description of test effects - Figure 26a shows the drum at impact.
Although some external distortion of the drum occurred, no ds= age
occurred to the Schedule-40 pipe insert and there was no loss of
material.

' e. Date test perfomed - August 26, 1964.
U' f. Perfomed by - A. Ulyas.

g. Witnessed by - W. B. Thomas, C. W. Hughes.
-

4. Followed by Puncture Test

Surfa'ce used for test - 4-inch reinforced concrete floor, at grounda.
level used for a loading dock.

b. Weight and measurement of cylinder - 78 lbs, 8 inches in length
and 6 inches in diameter.

c. Surface of container tested - the drum body.

d. Height of drop - 40 inches, as measured from the top of the
cylinder to the bottom of the drum vhich was positioned atop the
forks of a hi-lift.

Description of test effects - Figures 26b and 26c show the momente.
of the impact and the dent resulting frcn the test; however, no
penetrition occurred.

f. Date test perfomed - August 26, 1964.
g. Performed by - A. Ulyas.

'

h. Witnessed by - W. B. Thomas, C. W. Hu6hes.
-

G
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B. 00!TfADTER TE5nu - B of E Pemit No. 2071 Drum
.%-
D 1. Identification - See Figure 5

2. Weight

Outer container weight and Schedule-40 pipe insert and hoopa.
veight - 210 lbs.

b. Simulated shipment - Steel plates - 55 lbs.
Total gross weight - 265 lbs.c.

.

3 Free Drop Test

Surface used for test - 4-inch reinforced concrete pad located* a.
behind Hangar #3 at Bettis.c

b. Surface of container tested - vith the free fall from 30 feet,
the dru= landed on the edge of the top closure.
Height of fall - 30 feet, as measured from the ground to thec.
bottom of the drum, which was suspended on a truck crane.

d. , Description of test effects - Figum 27a _shows the result of the
30-foot drop test. The photograph shows the bolt removed from
the top. This was not the result of the drop test, but was
removed to open the container after the test in order to observe
the condition of the inner containar. The test resulted in'

denting of the top closure; however, there was no significant
displacement of the inner container and no material escaped from..

k' the drum.

e. Date test perfomed - June 24, 1965

f. Perfomed by - A. Ulyas.

g. Witn,essed by - C. W. Hughes, W. B. Thomas.
.

4. Followed by Puncture Test

a. Surface used for test - 4-inch reinforced concrete floor at ground
level used for loading dock.

b. Weight and measumment of cylinder - 78 lbs, 6 inches in length
and 6 inches in diameter.

c. Surface of container tested - the drum body.

d. Height of drop - 40 inches, as measured from the top of the
cylinder to the bottom of the drum which was positioned atop
the forks of a hi-lift.

Description of test effects - Figure 27b shows the result of thisc.

test. Although there was a dent in the side of the drum, ,
penetration did not occur.

'

f. Date test perfomed - June 24, 1965
g. Perfomed by - A. Ulyas. -

* ' . " . h. Witnessed by - C. W. Hu6hes, W. B. Thomas.
Y
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C. CONTAINER TESTED - B of E Permit #2070 Drum

l. Identification - See Figure 6{
2. Weight

a. Container Weight - 105 lbs.

b. Simulated Shipnent - 63 lbs. filter

Total Gross Weight - 168 lbs.c.

3 Free Drop Test

a. Surface used for test - 4-inch reinforced concrete pad located
behind Hanger #3 at Bettis.

b. Surface of container tested - With the free fall from 30-feet
the drum landed on the edge of the top ciceure.

c. Height of fall - 30-feet, as measured from the ground to the
bottom of the drum, which was suspended from a truck crane,

d. Description of test effects - There was no rupture of the top at
the bolt holes although the drop did produce a slight distortion
of the drum. See Figure 28a.

. e. Date test perfomed - June 24, 1965

f. Performed by A. Ulyas

g. Witnessed by - C. W. Hughes , W. B. Thomas.
,

4. Followed by Puncture Test

a. Surface used for test - 4-inch reinforced concrete floor.

b. Weight and measurement of cylinder - 78 lbs., 8 inchec in length
and 6 inches in diameter.

c. Surface of container tested - the drum body.

d. Height of drop - 40 inches, as measured from the top of the
cylinder to the bottom of the drum which was positioned atop the
forks of a hi-lift.

e. Description of test effects - There was little or no denting of
the drum and neither penetration nor rupture occurred. See Figures
28b and 28c. s,

f. Date test perfomed - June 24, 1965
.

6 Performed by A. Ulyas
,

k
h. Witnessed by C. W. Hughes, W. B. Thomas.

1323 191
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D. CONTAIER TESTED - B of E Pu r=it #1270 Birdcage
s

y, 1. The 2-feet square by 6-1/2 feet long birdcage

Identification - See Figure 8a (This represents a modificationa.
(additional anguhr braces and angle iron cover above the primary-
container) to the birdcage shown in Figure 8. )

b. Weight

(1) Weight of outer container (with rectangular cross section (box)
primary container) - 129 lbs.

(2) Simulated Shipment - 54 lbs.

(3) Total Gross weight - 183 lbs.

c. Ihte tests perfomed - April 12, 1967

d. Performed by A. Ulyas.

e. Witnessed by W. B. Thomas, W. A. Stanko.

f. Free Drop Tests

(1) Surface used for test - 4-inch reinforced concrete pad located
behind Hangar #3 at Bettis.

t .

b (2) Height of fad. - 30-feet as measured frcm the ground to the
bottom of the birdcage which was suspended frcm a truck crane.

(3) First test .

(a) Surface of container tested - with a free fall from 30-
feet a 6-1/2 foot birdcage was dropped with its long axis
at 45 , the point of imget being the bottom end cross0

member.

(b) Description of test effects - Figure 29a shows the birdcage
at impict and figure 29b shows the results of the test. No
damage occurred to the primry container. There was no loss*

,

of material from the primary container nor was there any
dicplacement oJ the primary container from the center of the
birdcage. The bottom cross member was deformed approximately
1" and the side member slightly damaged; there was no lces of

,, spacing.
.

(4) Second test

(a) Surface of centainer tested - with a free fall from 30-feet,
another 6-1/2 feet birdcage was dropped with its 1cng axis
horizontal. The oirdcage was upside down; the point of

impact was the top of the birdcage. The birdcage tested was
, . , similar to that shown in Figure 8 - no angle iron cover above.

the primary container but with angular braces.

b \b 0'

'

t.
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D. 1. f. (h) (b) Description of test effects - Figure 30a shows the
birdcage imediately after impact and Figure 30b shows a ~/ v
close-up of the birdcage on its side showing the bottom of the
birdcage. There was no damage to the birdcage frame; however,
the bottom angle iron enclosure around the primry container
spread allowing the primry container to leave its restraint.
(All birdcages vill hereafter be constructed with three angle
iron cross members perpendicular and adjacent to the top and
bottcm angl iron enclosurec around the primary container
similar to that used for the 12' birdcage shown in Figure 8b.
This configuration was demonstrated to effectively prevent a
similar recurrence - See results of second test for the 12'
birdcage).

g. Followed by Puncture Test

(1) Surface used for test - 4-inch reinforced concrete floor at ground
level used for a leading dock.

(2) Weight and measumment of cylinder - 78 lbs.; 8-inches in length
and 6-inches in diameter.

(3) Surface of centainer tested - the long axis of the birdcage frame
and the primry container (two tests).

(4) Height of drop - 40-inches, as measured from the top of the
cylinder to the bottom of the birdcage for the first test and .

'/40-inches, as measured from the top of the cylinder to the bottom --

of the primary container for the second test.

(5) Descriptien of test effects - :here was a slight distortion of the
angle iron frame as a msult of the first test; there was caly a
slight mark en the primary contt.iner as a result of the second
test. This puncture test was considered to have no hamful effect
on either the angle iron frame or the primary container..

(6) Date test performed - April 21, 1967

(7) Performed by A. Ulyas..
,

(8) Witnessed by W. B. Thomas, W. A. Stanko.

2. The 2-feet sq'am by 12 feet long birdcage

a. Identification 'See Figure 8b (This represents a modification
(additional angular and horizontal braces and angle iron cover above the
primry container) to the birdcage shown in Figure 8.) .

ap .

b. Weight

(1) Weight of outer centainer (with rectangular cross section (boa)
primry container) - 230 lbs.

%.}
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D. 2. b (2) Simulated Shircent - 100 lbs..,

d (3) Total Gross Weight - 330 lbs.

c. Date tests perfomed - April 12,1967

d. Perfomed by A. Ulyas.

e. Withessed by W. B. Thomas, W. A. Stanko.

f. Free Drop Tests

(1) Surf e used for test 4-inch reinforced concrete pad located

behind Hangar #3 at Bettis.

(2) Height of fall - 30-feet as measured frcu the ground to the
bottom of the birdcage which was suspended from a truck cmne.

(3) First Test.
(a) Surface of container tested - with a free fall from 30-feet,

a 12' birdcage was dropped with its long axis at 450, tae
point of impact being the bottom cross = ember. This test was
perfomed on each end of the same birdcage.

(b) Description of test effects - Figure 31a shows the birdcage
at impact during the fi*st drop; figure 31b shc1 the same,

#_ birdcage at impact during the second drop (point of impact
was the opposite end); figure 31c shows the birdcage at the
end of the test. The bottom ends of the birdcage were
defomed two inches; there was no loss of spacing and no
displacement of the primary container from the center of the

' birdcage. As a result of the first drop, however, the
primary container shifted within the angle iron enclosure to
the ed6e of the birdcage frame.

(4) Second Test

(a) Surface of container tested - With a free fall from 30-feet,-
,

another 12' birdcage was dropped with its long axis horizontal.
The birdcage was upside down. 'Ihm Wint of impact was the top
of the birdcage.

(b) , Description of test effects - Figum 32 shows the results of the
test. The birdcage is shown upside down as it landed. The
three tcp supports of the birdcage frame were defomed reducing
the spacing 3-inches, i.e. from 15-inches to 12-inches between
the primary container and outer edge of the birdcage 3,.

.

.

v
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D. 2. 8 Followed by the Pur.cture Test

(1) Surface used for test - 4-inch reinforced concrete floor at
ground level used for a leading dock.

(2) Weight anci measurvment of cylinder - 78 lbs.; 8-inches in
length and 6-inches in diameter.

(3) Surface of container tested - the lon6 axis of the birdcage
frame and the primary container (two tests).

(4) Height of drop - 40-inches, as measured from the top of the
cylinder to the bottom of the birdcage for the first test and
40-inches, as measured frcm the top of the cylinder to the bottom
of the primry container for the second test.

(5) Description of test effects - there was a slight distortion of
the angle iron frume as a result of the first test; there was
only a slight mark on the primary container as a result of the
second test. This puncture test was considered to have no
hamful effect on either the angle iron frame or the primary

container.

(6) Date test perfomed - April 21, 1967

(7) Perfomed by A. Ulyas.
j

(8) Witnessed by W. B. Thomas, W. A. St'inko. -

,

I
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APPENDIX III

SURFACE-VOLUME ANALYSIS'
.

w/

L. L. Jones-

H. A. Barnioin

INTBOL C ION

The rapidity with which 2-dimensional diffusion theory calculations may be
perfomed provides a strong incentive for detemining the validity of

Mr an actual 3-dimencional array of interacting fissileestimating the keff
units from geometricrdly similar 2-dimensional arraya. Intuition suggests

that a useful parameter for ItAking this estimate in cases where the array 10
fully reflected in the surface-to-volume ratio computed for the region bounded
by the reflector aurfaces. Experience han shown tha', there is a correlation
between the calculated kert and the S/V ratio for all 2-dimensional fully
reflected arrays which can be formed using the same basic opacing and geometry
for identical interacting fissile units.

[imental data for critical fully reflected arrays presented in ORNL-The e
m-719 i provideo an excellent test of the accuracy of this method of analysis.
In the following sections this method of analysis is applied to three of the
critical arrays described in ORNL-TM-719

METHOD OF ANALYSIS
,,

b In the ex, riments each suberitical fissile unit was a 5-liter right circular
cylinder of aqueous uranyl nitrate solution contained in a 0.64 cm thick plexi-
glass container with a Height / Diameter ratio of approximately 1.0. The solution

contained 415gramstotalU/ liter. The uranium was 92.6 vt% U-235 The

reflector was composed of paraffin,15 24 cm thich, and enclosed the air
spaced arrays ontall six sides. The reflector was spaced away from the outside
rows of containers at a distance equal to 1/2 the surface-to-surface spacing
between containers.

Since air spaced arrays cannot be calculated by diffusion theory, it was
necessary to smear out the plexiglass container into the region between the
cylinders of solution. Since the process of smearing out the plexigla;s
container reduces the multiplication of the array slightly, it is known that-

.

the actual kerr for the array being calculated is olightly less than 1.0.
Since it is r:nown that replacing a thin layer of uranium solution at the
surfacco of a cylinder by pure water reduces the multiplication only slightly,
a second subcritical array, capable of being described by diffusion theory,
mry be fomed by r.emoving one liter of solution from the container and smearing
it out as pure H O into the space between the cylinders.2 ,

Four group diffusion theory calculations vere performed for the 2-dimensional
geometries shown in Figures 33 thru 35 The two geometries shown in ca~ch
figure maintain the spacings characteristic of the critical array except as
they were modified by the smea-ing process. Since in the calculation the
flux in each groun is forced to zero at the outer edge of the paraffin, the

,

b (1) ORNL- % 719, " Critical Three-Dimensional Arrays of Neutron-Interacting
Units," dated October 1, 1963

1323 201
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PDQ-RZ GEOMETRY FOR ORNL-TM -719 CRITICAL

Ix2x2 ARRAY OF 4 UNITS FULLY REFLECTED .

.

$=0 +=O

h

PARAFFIN

REFLECTOR
17.78

I.

1

DR-

____q[ H/Dil.0 ____

f uo (NOy2'2
I i

23.0 |
SOLUTION;

- 5 LITER '
/ CYLIN DER

H/D=l.O i
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'
i

--- d ____J i
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.-
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17.78 | ,

R=O/ R=0
,,

+=0 1 90
12.13 - * i 2 9.91 :

NOTE: ALL DIMENSIONS ARE IN CM.

A- SEMI-INFINITE B- ONE ISOLATED, FULLY

ONE TIER HIGH ARRAY REFLECTED UNIT .
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PDQ -RZ GEOMETRY FOR ORNL-TM-719 CRITICAL,

O CUBIC ARR AY OF 8 UNITS - FULLY REFLECTED
.

+0
.

" NOTE ALL DIMENSIONS IN CM.

PARAFFIN
17.7 8

REFLECTOR

.

[5 LITERCYLINDER
H/D=l.0/ ___q___q

UO (NOY2|l 4 LITER 2
28.34 i CYLINDER

SOLUTIONI ml H / 0 = l.O

i 1 3
1 S T'

( m
3 I EI j ___J___J
4

..

G) <r

n

PARAFFIN PARAFFIN

REFLECTOR
-

R= % REFLECTOR
17.7 8

,

I

/
R=0

|o

$=O fr0
H 4.6 -

A- SEMI-INFINITE B- SEMI-INFINITE

ONE TIER HIGH ARRAY T'"O TIER HIGH ARRAY

C- SAME AS ABOVE-RIGHT HAND
Q REPLACED BY 17.78 CM, '

PARAFFIN REFLECTOR .

.

"'
Figure 34 -

.

I
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PDORZ GEOMETRY FOR ORNL-TM ~719 CRITICAL,
#

CUBIC ARRAY OF 27 UNITS FULLY REFLECTED
.

40.

'

a

PARAFFINNOTE ALL DIMENSIONS IN CM.
REFLECTOR

17.7 8

.

q o

n

5 LITER CYL
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I ICYLINDER
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35,9 | 17.2
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E 5 L __ _ _ _

'
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b 8.6 -
ANNULUS - *-925

*
o
il
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[REFLECTOR REFLECTOR17.78

.

+=0 4o
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TWO TIER ARRAY ' ONE-TIER ARRAY
,

'

s.''
F16urc 35 .
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thickness of the paraffin vaa increased to account for the bare extrapolation
. length which van entirated to be 2 54 cm. All of the chemical elements in the

lacs and parnffin vere represented explicitly in the
fuel s 1 tion, ple if problems used to generate the h-group mixed number density

*
-

Muft V 1 nnd Kate 2
constants. The nu%er densitics of these various'elecents in each caterial are
listed in Table X.

The results of these calculations are shown in Table VIII along.vith the S/V
ratio which chamoterizes each geo=otry. TableIXshovoS/V,ratiowhich
characterized the 3-dimensional arrays which were detemined experimentally to
be critical.

7ABIE U ..

Surface-to-Surface Surface-to-Volune
Array Size spacing between containers Ratio (ft-1)
2x2x1 3 94 cm 4 73
2x2x2 8 99 3 20
3x3x3 16 53 1 58

Figure 31 shows a plot of the calculated .Qf vs S/V ratio for each charac-
teristic spacing. The koffvaluesinferredfromthesecurvesattheS/Vratio
corresponding to the critical experiments are shown in Table X..

TABIE X

Calculated kerr
.

Q vith only the with one liter of
plex 16 ass solution and the1

Array Sine scared plexiglass s= eared

2x2x1 ~ 1.Q -

2x2x2 0 96 0.84
3 x 3 x'3 1.00 0 93

..

(1) H. Bohl, Jr. and A. P. Hemphill, "Muft-5, A Fast Neutron Spectrum Program
for the Philco 2000," WAPD-24-229, Febntary,1961.

(2) H. J. A= ster and J. B. Calinghan "Kate-1, A Program for Calculating Wigner-
Wilkins and Maxwellian Averaged 'fhemal Constants on the Philco-2000,"
WAPD-24-232, October,1960. --

.
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'NtBLE VIII - 4-Group Diffusion Theory Results for 2-Dimensional Calculations '

.

.

Geccetry

UO (NO )2 0*# """~ " "" "Problem Figure 2 3 Array Size Annulus Mtr1. Description
Voline Ratio kerrNo. No. Cylinder Size

297 28-B 5 liters 1 unit isolated o633(1) Plexiglass 7.65 ft-1 784.

298 28-A 5 liters One hi6h, semi-infinite 0633 2.65 1.251"
.

299 29-A 4 0463 Plexiglass +.0497 H O 2.15 1.058" " " "
2.

300 29-A 3
" 0485 Plexiglass 2.15 1.129" " "

.

\
*

303 29-B 4 Two high, semi-infinite 0463 Plexiglacs +.0497 H O 1.075 1.4332.

304 29-B 5 o485 Plexiglass 1.075 1.473" " " "
. .

,

301 30-B h One high, semi-infinite 0210 Plexiglass +.0226 H O 1 70 . 6392.

" " " " 0215 Plexiglass 1 70 973302 30-B 5- .

305 30-A '4 Two high, semi-infinite 0210 P1'exiglass +.0226 H O O.85 1.151 e2.

%306 30-A 5 0215 Plexiglass 0.85 1.210"' " " "
.

e

N7 29 4 5 1 unit isolated o485 Plexiglass 6 30 0.696.

Note (1)~ - This lumber denotes the fraction of normal density material
whien was used to generate the region constants.

.
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PDQ RZ RESULTS FOR K VS S/V FOR ARRAYS OF ORNL-TM-719EFF
a

UNITS WITH CRITICAL SPACINGS

1.6

~

@ It5 , .
,

'
I4 S/V FOR CRITICAL 2x2rl ARRAYi

/
1. 3 - LEGEND

CRITICAL 2x2xl SPACNG'

O SLITER UNITS, PLEXI SMEARED _! ,p l.2 .

CRITICAL 2x2x2 SPACINGT
| $ A 5 LITER UNITS.PLEXI SMEARED &

$ l.1 f \( k - - - - - - A 4 LITER UNITS, PLEXI+ Hp SPEARED - Sg
'

| \ CRITICAL 3x3x3 SPACING* r

O 5 LITER UNITS, PLEXl SME ARED -1.0 --

s go n
G 4UTERUNITS.PLEXI+H O SMEARED2

g - 0.9 s 3 3

h .8 - 3x3x3 ARRA(
S/V FOR CRITICAL \ F

0 '
~ ~

o

l S/V FOR CRITICAL
-k- 0.7 2x2x2 ARRAY

-

- 0.6
O.4 0.6 0.8 1.0 2.0 4.0 6.0 8.0 10 20 40

SURFACE-TO-VOLUME RATIO (FT-8)--

u
N
W v, ~

Figure 36'
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TAP 1E XI

Compound Ntucer densities of Constituents
'

Plexiglass (C 11go )n H " '5079 ~ l
$ 2

~f"'doneity=1.18g/cc 3i

25 52) C = .3971 - 1Paraffin (C H
H = .8259 - 1density = 0 93 g/cc

Aqueous Uranyl Nitrate H = .rfl1 - 1
Uo2(H0 )2 0 = .3712 - 13

Sp.Gr. = 1 555 N = .1976 - 2.

U 3J = .9849 - 32415gramtotalU/cc
2U .9 .7871 - 492.6% U 35 enrich = cat2

Water (H2 ) H = .6686 - 1O
density = 1.000 g/oc 0 = .33!+3 - 1

The results for 3 different spacinco are plotted in Figure 36 as a function
of the S/V ratio. In cases vaere kort results for only one spacind are
presented in each figure, eaca point on the S/V scale may be replaced by a
measure of the array size vaich nas the specified S/V ratio. The scale in
Figure 16 van generated in thic manner,

t

/

e

.
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APPE!! DIX IV

RECAP 4C ANALYSIS OF 56 DRUM, PARTIALLY MODERATED, Hp0 RFFMCTED ARRAY

.

H. C. Romesburd
J. U. Lankford*

RECAP hc Program .

The fueled arrays analyzed are characterized by large regions with low
scattering materials so that the neutron balance equations cannot be represented
in tems derived frori particle diffusion analogy. Exact neutron balavec in thi:

-dia. Forcase requires accounting for transport effects through low ccatt.crir.,
this reason the full energy range (10 Mav-0 ev) RECAP hc Monte Carlo ' ,mm

> 1)used in this analysis to estimate neutron capture fractionn. (Sce re: c.

RECAP 4C perfoms a probalilistic analysis by tracking simulated neutrcns
from birth to capture and recording all infor .ation necessary to fom capture
fractions and associated statistical uncertainties. The collection of may of
the st. trackings, temed histories, constitutes a mndom sample of the total
neutron population. 1000 histories are generally sufficient so that the probable
error for the neutron multiplication associated with a given fission source spatial
distribution is 1 %. Beside atatistical error and uncertainty in the spatial2
distribution of the fission source, both ' '' which can be made arbitrarily srall by
increasing the number of neutron histories, the only other errors which occur are
in the modeling of neutron collisions and the cross section data used with the,y

Q) models.

Confidence in the fomulation of RECAP hc has oeen obtained by compariscn of
RECAP kC and experimental result 6. The critical experiment (take i from Referen e
2) chosen for analysis consisted of 1/8 by 12 in. oralloy (94 3% enrichment) rus
immersed in an infinite water reflector. The center-to-center rod spacing was
0.625 in. which nearly corresponds to that atseciated with the minimum critical

The quarter confi6umtion use1 in RECA? hC is shown in Figure 37 Itmass.
differs from the experiment arrangement only in that symmetry requires dictated
that one additional rod be added.

For 3000 neutron histories the neutron multiplication observed w s Keff =
1.013 i o.016 with respect to the experimentally measured Keff = 1.00. In the
next section " RECAP 4C Method of Analysis" the method used to approximate the
fission source spatial distribution and to reduce the capture fractions to Keff
is described.

A similar criti' cal experiment with a large amount of Th-232 present in the
fuel with U-235 was analyzed also (Core 15D, taken from Reference 3). RECAP kC

to within 1% of that experimentally measured. .gave Keff

.n . _
.

I
"
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RECAP-4C CRii CAL EXPERIMENT GEOMETRY
(XY PLANE) {

,

I
I/8 IN. BY |2 iN. URANIUM METAL RODS
94.3 wh U-235-

0.625 IN. CTC ROD SPACING
.

Keff = 1.00 EXPERIMENTALLY ME ASURED
WATER MODERATED
RADIAL, AXIAL WATER REFLECTED

BLACK BOUNDARY

<
(

O O

FUt - _NSITY

O O O O n2O

O O O O Oz
_.o

~
U
g t

? O O O O~ O O
>- ,

O O O O O O

O O O O O O O

O O 'O O O. O O
I L ., .

I I I I I I -

0.793 2.381 3.968 5556 7.14 3 8.7 31 10.318 $ '" -
X-DIRECTION ,

ALL DIMENSIONS IN CENTIMETERS ,

FIGURE I s

1323 210Fidure 37
.

T



_ log.
. .

. .

HECAP hc Method of Analysis
b

Arrays of identical and regularly spaced fueled assemblico with low
hydrogen ecntent or a small diameter with high hydrocen content can be analyzed
for criticality hazard potential satisfactorily when a two region, region vise
flat fission scurce shape is assumed. For such systems the fraction of the fission
neutrons which lead to fissica again is not extremely sensitive to the spatial
points where the fissions occur. This assumption of a flat fission source shape
can be checked for validity in any system of this type by separating the assembly,
for edit purpose, into the two roughly equal volume regions which are expected to
differ the most in fissica neutron importance. Two RECAP hC problems are then run
with a flat source in each of the arbitrary volumes only. The two problems can
then be superpositioned giving one problem for the case of a flat input fission
source shape throughout the fueled assembly. An estimate of the sensitivity of
neutron multiplication to fissien source shape assumption can be obtained by
ccmparing the one generation Keff, as determined frca each of the partial source
problems with the Keff determined from the flat source results obtained frem the
superpositioned problem. It may be expected that this technique vill result in a
spread of +10% in Keff. Knculedge of this spread dces not come from quantitative
analyses, but rather is empirical in nature arising frcm the experience of the
authors in examining many different systems.

Systems which are not homogeneous in the sence of fuel lotding and hydrogen
content and sinple in gecmetry have a spatial variation of the converged fission
source which cannot be readily obtained prior to co=mencing a RECAP 4C analysis.
This detail can be obtained by the iteration technique of neutron diffusion or
transport equations by modifying the input fission source shape of the N'ths;)
generaticn by the output fission source shape of the N-l'th generation. Ecvever,
RECAP-4C is not equipped to iterate so that the execution of this method requires
considerable hand preparation between iterations. The process is unwieldly, time
consuming, and requires a large number of neutron histories. When a large number
of eases are to be examined this process must be greatly simplified.

Th? approach +sken in this analysis method gives results which fall in a
range of accuracy between that obtained with a flat input fission source shape and
an iterated source. While not proven for all classes, the results have been f ound
in several cases to be close to those obtained with the iterative method. It may
be stated unequivocally that this approach provides a better esticate of Keff than
obtained with a flat fission source shape.

,

The two partial source problems used in constructing the flat input souret
problem are used as a starting point. Each problem gives first generaticn
fission neutron source rates in the region containing the input scurce and in the
region where the input source is absent. The two problems, therefore, contain
sufficient information to fix the average fission source magnitude in each region
relative to the other in a manner which ensures that the input source equals the
output cource on a regionvise averaged basis.

.

e

k #

1323 211
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The equaticns v.Ach relate these quantities are:
I

afl + (1-a) f' =21

afl + (1-a) f2 =(1-a)d
2 2

whe re ,

a = .seicht given to region 1

(1-a) = veight given to region 2

lf = T13sion neutron source rate in region 1 vnes input source * is
1 in region 1

f2 fission neutron source rate in region 1 when input source is=

1 in region 2

lf fission neutron source rate in region 2 when input source is=

2 in region 1

2f fission neutron source rate in region 2 when input source is=

2 in region 2

k=systemeigenvalue

The solution of these equations for a and kwhen the fission source rates are
known from RECAP 4C specify the relative source magnitude nnq cigenvalue. Only the
fundamental mode roots denoted by a positive value of a and Aam of interest.

i* Note - The RECAP 4C is one neutron per second in the entim source rct on.

Results for 56 Drums,19 Kg. U-235/ Pipe. When All Pipes Leak

Diffusien theory calculations perfomed by Bettis (Reported on page 50_ )
to enmine the general characteristics of 55 gallon drum centemd, water reflected
arrays of Schedule 40, 5" diameter pipes, which contain a homogenous H2O U-235
mixture indicate that 200 drums each containing 19 kg. U-235 are substantially
sup rc'ritical (Keff ~ 1.1) under the partially moderated condition. Bettis has
limited its shipments to 51 drums, each with a mximum of 19 kg. U-235 to ensure
that this condition is suberitical. It is of interest to confirm that this
restriction is required and is adequate to prevent criticality even if the C.T.C.
sIncind c,f the internally flooded pipes in the array is si6nificantly reduced.

-

The array geometry which was examined is shown in Figure 33 Since the pipes

contained hydrogen in the atom mtio H/U-235 ~ 150, the effect of small amounts.
of water in the vemiculite was unknown but not expected to increase Kefr -

significantly. To resolve this, two B7 "P-4C problems were run with the source in'
the inner volume only for 0% and 5% vater. As shown in Table XII the reactivity
change is obscured by the prcbable errors. Hence the water density was taken as 0%. '
Inner and outer source volume problems were combined divinc a Keff = 0 908 + .0234. ,

The system is suberitical. These RECAP 4C results are in fair agreement with the j

diffusien theory resulta presented in _setion 2 , page 50 .

1323 212
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TABLE XII

RECAP-4C RESULTS FOR 56 DRUM ARRAY
-

C.T.C. Spacing

Prob. Vermiculite of Number .

H 0% Schedule 40 Pipes K Histories CP*(sec.)
Problem Type No. Source Position 2 eff

,

s
.

PARTIAL SOURCE PROBLEMS 5

56 Druas 1 Inner O Nominal 959 + .032 1000 924

2 Inner 5 983i.034 1000 960"

3 Oute r . O .863 + .033 1000 969 ~
"

4 Outer *O 9" Closer 1.027[.o33 1000 87'. h
Y

COMBINED SOURCE PROBIEG

56 Drums Comb. Prob. No. 1 & 3 0 uominal 908 + .o23 2000

* Note - CP time is CDC-6600 central processint; time required for the indicated number of histories.

.
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The effect on reactivity of crushing the drums tcgether was investicated by *
running a.1 outer source problem vi th tiu pipes 9 inches closer. This, with the ,

,

cortropondind problem for ncminal sincinc, was used to ccustniet a curva of Kerp
vs spacing as shown in Figure 34. The probable errors are used in drawing the
curva co as to iraximize the effect. The slope of the curve is approximately .02
units Kepp/ inch. Therefore , a crushing of 3 to 4 inches in dinneter or all drons
is needed before tir array ir. critical. Crushinc resulting in a reduction of 2
incl.es in diameter frcm a 30 foot drop test is of the m3nitude that has been
observed. Hence it is concluded the restrictions applied en container loading ar.d
number of containers per shipment are both necessary and suff!cient.

.

=

1323 214 j
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56 DRUM ARRAY.<

(BETTIS TYPE SHIPPING CONTAINERS)'

I? TOP DRUMS IN ARhnY DIVIDED SO AS TO ALLOW INNER AND
OUTER SOURCE TO BE SC% OF THE FUEL VOLUME..

2. -REDUCED SIZE DIMENSIONS
3. NUMBER IN ( ) SPECIFY HOW MANY DRUMS HIGH IN OCTANT

,

l
4. OUTER RADIUS 7. 30 C M FOR ALL PIPES

:NNER RADIUS = 6.66 CM,

' 8 LACK BOUNDARY7-

l 2

157

10 0.5)
H O REFLECTOR2

I26.7
' ' '' I

VERMICULITE , - FUEL + P.EM.'.INING VOLUME H O69.5 2

ALL PIPES
@.

(1/2155.6

STEEL
76.0
4 I .7 (I-l/ 2) (1/2)'

,

50.6
''-"2)

,27.8

25.3
'3.f (I-l/2) (I-l/2)l
.

O q,
O 50.6 101.3 152.0 1830

(27.8 ,55.6) (83.4 ,(114.4)

#iS 5

ALL DIMENSIONS IN CENTIMETERS
,

(. FIGURE 6

Ficun: 38 1323 215
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56 DRUM ARRAY ../

Kef t VS CTC SPACING
,
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A. Introduction

This report is a revision to the Safety Analysis Report for the BAPL 5910
Birdcage as presented in References (a) ani (b).

The birdcage design has been modified to improve the containment of the
fuel after the 30 foot drop test specified as part of the Hypothetical
Accident Conditions of AECM Appendix 0529 The modifications consist of
strengthening the lateral supports and providing improved endclosures. The
revised design is described in Section B. The inspection procedures were
also revised to correspond to the new design ani are included as Section C.

The modified birdcage was subjected to thirty foot drop tests to ensure
that the new design would not result in loss of containment and to verify
the damage assumptions used in the nuclear safety analysis. The drop
tests and the results are described in Section D.

The original nuclear safety analysis was based on a comparison to diffusion
theory calculations for arrays of 55 gallon specification 6L drums. The
analysis was repeated for the birdcage geometry using the Bettis RCP01
Monte Carlo Neutron Transport Program. It was shown that the limits established
on the basis of the original analysis met all applicable requirements of AECM
Appendix 0529 It was also shown that by reducing the shipment limit from 51
to 36 birdcages, the permitted contents could be increased and the corresponding
restrictions simplified. Since the reduced shipment limit is not expected to
be a limiting item, the new package limit (1900 grams 2350 per package) was
incorporated into the Certificate of Compliance for the birdcage. The revised
nuclear safety analysis has been included as Section E.

Reference.

(a) WAPD-(AO)-4191, dated 2/27/68
Section V.B. , Revision 3, " Westinghouse
Bettis Atomic Power Laboratory Radioactive
and Fissionable Material Shipping Containers"

(b) WAPD-RS(SA)-165, dated 4/28/72
" Technical Sur. mary Documents for Bettis
Nuclear Materials Management Off-Site
Shipping Containers",

,
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Section B - PACKAGI?;G DESCRIPTION

General
*

The BAPL 5910 birdcage shipping containers are fat ricated at Bettis as
n'e cded . The birdcages are assigned container identities as follows:
AD001, ABOO2, AB003, etc.

Figure B-1 shows an 8 foot birdcago ready for loading; Figure B-2 shows
a loaded 12 foot birdcago ready for shipment.

Description

The external frame of the birdcage is 2 feet square and from' 5 to 12 feet
long. The frame consists of 4 pieces of slotted steel angle along the
lenSth of the birdcage and supported by vertical " squares", also constructed
of slotted steel angle. The number of squares, including vl supports, used
is dependent on the overall length of the cage. That is, 5 to 8 foot cages
require 3 squares, cages over 8 feet but less than 10 feet require 4 squares,
and cages 10 to 12 feet long require 5 squares; the inner squares equally
spaced along the length of the cage. A total of four two foot long angular
braces are used to provide added rigidity to the external frame and are
positioned at the ends. Suspended within the external frame of the birdcage
is an inner cage. The inner cage is supported, above and below, with sections
of steel angle fastened to the 2 foot square supports. The inner cage is
centered and provides the needed support for the steel or aluminum inner
container. The external and internal frames of the birdcage are made from
31/8" x 1 J/8" x 0.104" slotted steel angle held together with 3/Gd bolts
tightened to approxi~ately 25 foot pounds. The inner frames must have two
angles back to back above and below the angles enclosing the inner container
(see Figure B-3). The outer frames require only two angles as shown in
Figure B-5. All joints, except those for the four braces, must be made with
two bolts. The joints for the braces may be made with one or two bolts
depending on the alignment of holes in the steel angles. The inner container
is supported and enclosed by additional steel angle bolted to the frames.
Both the box and the angles enclosing it are banded with 3/4" steel banding
(see Figure B-2). The configuration shown is for steel boxes. Aluminum boxes
must be completely enclosed with steel or steel angle, including the spaces
between angles. Small pieces of angle iron placed against each end of the
box are backed up with two additional pieces of aagle iron (at each end)
positioned at right angles to them for additional strength (see Figure B-4).
After the cage is loaded and bolted together four additional 3/8" bolts are
put through the long pieces, forming the inner enclosure for the transport
box to give it additional strength (see Figure B-5).

.

.
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Fabrication Instructions

]ictbods of Fabrication

(a) Use unrusted slotted steel angle.

(b) Cut slotted angle to required lengths.

(c) Construct the required number of square (two vertical and two
horizontal 24" pieces form a square).

1. For birdcages up to 8 feet in length, a minimm of three
squares is needed.

2. For birdcages measuring 8 feet to 10 feet in length, a minimum
of four squares is needed.

3 For birdcages measuring 10 feet to 12 feet in length, a minimum
of five squares is needed.

(d) At each joint, use two bolts to secure square.

(e) Provide four pieces of angle for the longitudinal structural
members of the cages. These pieces are bolted to the squares
at each corner. The length of the longitudinal braces is
dependent on the length of the birdcage being built.

(f) Angular brau.5, which are two foot long pieces of angle steel, are
positioned at approximately 45 angles at the end and may be bolted
with one or two bolts at each joint depending on the alisnment of
the bolt holes.

(g) Dolt horizantal slotted angle cross members to each square.
Position these cross members so they will support the primary
container in the center (1 h") of the square. The frame which
encloses the primary container will be bolted to these cross
members.

'(h)* Provide two slotted angle sections centered along the length of the
cage and bolted to the cross members described in (g) above. Sections
should provide a snug fit for the primary container being used.

(i) Bolt two pieces of slotted angle, each the width of the primary container
at each end of the two centered longitudinal pieces described in (h)
above butted against the end of the primary container.

(j) The small pieces of angle iron which are against each end of the
box are backed up with two additional pieces of angle iron positioned
at right angles to them for additional strength (see Figure B-4).

(k) Two more similar sections (as in item (g) above) are to be bolted over
the top of the primary contsiner.

.
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(1) Dolt tuo horizontal slotted angle cross 1. cabers to the frarae abcyc
ani below the pri: nary container at each vertical support st ruct,ure
unit location.

(m) Tighten all bolts to approxix.auely 25 foot pounda.

(n) Secure steel strapping around the slotted angles enclosing the
inner contali . Straps are equally spaced between vertical
supports.

(o) Four additional 3/8" bolts are put through the long pieces of
alc,le iron forming the enclosure for the prifaary box to give it
additional strength. The bolts are to be secured as cloco as
prasible to the ends of the box (see Figure B-5).

ljpterini Recuired

The following raaterial will be used:

(a) Angle, Steel, Slotted. Steel City No. RA 300 - 12 or equivalent.
Storeroom number D0198003BD - 31/8 x 15/8 x 0.104 inch.

(b) Electro-galvanized Hex Head bolts with serrated nuts (3/8 - 16 UC x
3/4" long) for RA - 300 Slotted angle or equivalent.

(c) Steel strapping, flat, ::ine-coated 3/4 inch width x 0.023 inch thick
17.1 feet / pound or equivalent. Storeroom number P7702003CL.

(d) 14 gage steel or aluminum b 6 uith a hinged and gasketed lid. Cross
section of the box must bc 20 square inches or lesr .

(c) A metallic tag must be bolted to the birdcage frame. This tag, in
half inch lettering, will read as follous: USA /5910/BF (ERDA-UR);
Ficaile Radloactive Material; ifestinghouse - Bettis Lab - ilest
Mifflin, Pa., and the birdcago identification number.

1323 222
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Section C - II;SPECTIOti Pi10CEDLitES

1. General

Since the birdcages are fabricated by the shipper as required for use,
the new container and pre-shipment inspections required by AECl. 0529 are
the same. The purpose of the inspecticn is to ensure that the loaded
container meets all applicable requirements.

2. Inspection Procedure

a. Contents

(1) The contents must be 235U oxide or alloy fuel elements and/or
assemblies.

(2) 235U content shall not exceed 1,900 grams.

(3) Melting points of contents shall not be less than 1700*F.
(Steel or zircalloy elements meet this requirement without
further certificaticn. )

(4) Significant quantities of heavy v iter, carbon or beryllium are
not permitted.

(5) The weight of the contents shall not exceed 9 pounds per foot
of the inner container.

b. Inner Container

(1) Container is 14 gauge steel or aluminum.

hominal thickness - 0.0747 inches
Minimum thickness - 0.0677 inches

(2) Gasket is present and in good condition.

(3) Hinges are in good condition.

(4) No other apparent defects in container (give details if defects
are present).

(5) Box is banded shut with 3/4" steel banding.

Birdcage Construction (Prior to Loading)c.

(1) Birdcage is constructed of 31/8" x 15/8" x .104" steel angle
in good condition--no significant rust and no bent or damaged
pieces.

.
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(2) Width ard height are 24" i 1/2".

(3) Length is not less than 5' and not more than 12'.

(4) The square must be straight (not deviating I:: ore than 1" along its
length using a straight edge as a guide).

(5) correct number of squares:

3 for 5 to 8'
4 for > 88
5 for > 10'

(6) Four braces present

(7) Bolts - 2 at each joint.except braces, which may hcve 1 or 2.

(8) Support for inner container centered (with 1/2" of vertical and
horizontal centerline).

(9) End restraints present and not closer than 6" to end of box.

d. Loaded Birdcage ,

(1) Inner container centered - with 11/2" of centerline and not closer
than 6" to end of birdcage.

(2) Inner container fits snugly into steel angle enclosure.

(3) Steel ancle cover and additional lateral supports added and bolted
in place.

(4) If inner container is aluminum, it must be completely surrounded
by steel and/or steel angle.

(5) Steel banding placed around steel angle.

(6) Four bolts in place at each end of inner container.

(7) All bolts tightened to approximately 25 foot-pounds.

(8) Identification Tag

(a) fastened to square with bolts
(b) legible with correct wording
(c) includes container identification number

.
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3 Record of Tnoocctions . .

Inspection Records for each birdcage in use must be maintained on file
during the useful life of the container.-

,
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BAPL 5910 Birdcago Inspection Record
Certificate of Compliance USA /5910/BF (ERDA-NR)

*
I. Shipment Number ,.

.h @Birdcage Identification Ihmber- _ _ * , 8, 1*
Seal Number , . ,

# S$ {Date of Inspection g
o. o, o <

II. Before Ioading 8 8 j$ o

N NN $
A.. Birdcage integrity

O O O
1. No excessive rust
2. No structural member O O O

bent greater than 1"
3 Correct number of squares O O O

(3 for 6 ' to 8 ' , 4 for > 8 8 ,
5 for >10' birdcage)

4.. Corner braces intact O O O
5 Cage 24" h i h" x 24" w 1" O O O
6. ID tag in place O O. O

B .. Inner Container Integrity

1. Box cross section 20 square inches O O O
4or less O O O -

2. Box gasket intact
3 Box lid hinged O O O

III. After Icading

A'. . Inner Contaia.er

1. . Box banded closed O O O
2. Centered + i" O O O
3 6" or more from end of cage O O O
4. Closure around box snug O O O
5 Aluminum box completely encased in steel O O O

(N/A for steel box)

B. Outer Container

1. All bolts intact O O O
2. All bolts tightened to 25 ft-lbs O O O

or greater

3.. Closure around outer container O O O
bended between each square

C O 04.. 4 bolts in place at each end of
inner container

S. Security seal (s) intact O O O

IV.. Birdcage acceptable for shipment O O O

7. Signature of person completing the inspection

1323 231NAIIE DATE
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Section D - DESCRIPTION OF THE 'IMIRTY FOOT DROP TESTS

The drop tests were conducted on a four inch thick concrete pad located at
the Bettis Hot Waste Area. A total of seven drops were made, using
representative 8' and 12' birdcages. The first three were bottom drops and
showed that there was no loss of containment and less than a 2" reduction
in spacing provided that the required steel banding around the inner
container was used. The remaining drops were end drops and showed that the end
restraints previously used were not sufficient to prevent loss of containment.
However, the tests were repeated with the modified end restraints described
in Section B and were successful.

Drov #1

This was a bottom drop of a 12' birdcage with a 90 pound load in a 10 foot
long box. The birdcage is shown in Figure D-1 prior to the drop. Figure
D-2 shows the method of suspending the birdcage for the drop. A quick-release
mechanism was used to release the cage and is shown attached to the crane
hook. A 30 foot long rope attached to the bottom of the cage was used to
insure that the 30 foot height requirement was met. This and the next 2 drops
wern performed on December 11, 1974

The cage dropped was horizontal during the drop as shown in Figure D-3 and
landed flat on the concrete. The damaged birdcage is shown in Figure D-4.
The frame remained essentially intact. The inner container was displaced
downward by approximately 1 1/4" at each of the three center supports as
shown in Figure D-5 There was also some ceparation of the angles enclosing
the inner container (Figure D--6). To reduce this, steel baniing will be
required between every pair of adjacent supports; for this test banding
had been used between the center 3 supports only.

Drov #2

The second drop used an 8' birdcage with 54 pounds in a 6' box. This
should be the most severe test for the horizontal drop since 1) all the
weight is supported on one center support and 2) the 88 birdcage has the
longest span between supports, allowing the most beniing to occur.
Figure D.-7 shows the damage resu'. ting from the 30' drop. The maximum
deflection occurred at the center and was less than 2".

Drop H3

To determine the effect of omitting the steel banding, a second 88 birdcage,
identical to that used in Drop #2 but without the two steel bands, was
dropped. Less damage occurred at the center, but there was significant
distortion of the angles enclosing the inner container. The results are
shown in Figure D-8. This confirms the need for the steel banding.

1323 232
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It was concluded from the 3 horizontal drops that with steel banding the
package will survive the side drop test with less than a 2" decrease in spacing
and with no loss of containment. The horizontal drops were followed on the
same day by two end drops designed to test containment.

Droo #4

This was an end drop of the 12' birdcage used in Prop #1. Figure D-9 shows
the birdcage at the moment of hgact,. The box flattened the end closure
(a short piece of angle at a right angle to Lhe length of the box) and
continued to the end of Lhe birdcage, hitting the concrete. The distortion
of the box enclosure is shown in Figure D-10. This was considered a failure
of the package containment.

Dron #5

To be sure that the failure noted after Drop #4 was not a result of the
damaged sustained during Drop #1, the drop was repeated with an undamaged
12' birdcage. The results were approximately the same as in Drop #4, with
the box impacting directly on the concrete. A closeup of the damaged end
of the birdcage is shown in Figure D-ll. The fractured end of the aluminum
box may be seen between the two center angles. Following this drop with the
hypothetical fire would melt the aluminum, probably releasing the contents.
However, even if a steel box were used, it is possible that, with a slightly
different orientation, the box could be damaged to an extent to permit the
contents to slide out of the birdcage.

Following these tests, the end closure was redesigned to better contain the
inner box. The modified design was tested on December 20, 1974. Since the
changes would not affect the results of the bottom drops, these were not
repeated. The modification consisted basically of adding additional sections
of steel angle at the ends of the box to restrict box movement.

Dron #6
.

This drop test was conducted with a 12' birdcage similar to those in the
first series of tests with the exception of the end closures, which are
shown in Figure B-4. The end drop of this birdcage again failed due to
separation of the angles surrounding the inner container (Figure D-12).

Drou #7

Followag the failure of Drop #6, the end closure was further reinforced
by the addition of four 3/8" bolts passing through both the upper and
lower angles as shown in Figure D-13. Two were at the end of the box
and two through the reinforcing angles. These bolts served two purposes-
to resist in shear the motion of the box and to resist in tension the
tendency of the upper and lower angles to spread apart, allowing the box
to pass over the reinforcing angles. As shown in Figure D-14, the drop
test resulted in the failure of the bolts nearest the box, but the
other two held arxi the box containment remained intact.
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On the basis of Drop d7, it was concluded that with the noted modification
to the end closure (which has been included in the package description in
Section B) the birdcage will survive the end drops with no loss of contents.

1328 234
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Figure D-2

Droo #1: Suspension of Birdeane from Crane

.'c,
,,

.y
b: .

9 ;

fd P

^
.

.3 -
'

.a ~

) M - Y ,.JtV .

,:q fi' ./ -

,p:p ,.

a ,..
'

Act.~ .'! ,~ 'f fy*

sN
A.

$,,

J

/{

(exi.-

I i
! i$

is l

ma n:nx
1323 236



.

. .

E-r__. A g . . .p. r -Q*F ""'

Li-
~

R ji 8 :( f,:', f; ''
IEl-

_ _

, ~ ;Q f , "; p [,s , b(
- 1 , .; .yg a g ' > ;,1 7 iw,

,

PisEE 'iI ' fS. .. |u & sEF QEE= ,
* '

, . , |q.:?
h j '

52 i' ;}vm ;
,

t- hg_ G IA
-

t 4 -j .
, ^ {/ d';dJf ,.

)~4 ' ' ~

[~: pg=.=:
' '

.
>

'y-ggg , f_ f
*

I.-N, .If 2
' ' ' ,,he

tl . .) irT , ?. 0 w.
f fi.2 1 i!' . [,

[ l'<s1DN f.
ce .

% ,.

0 [J ,'i v .M- W'

,e* i 4- -H f: v=- F3 T M ._a -

{*+,' -
,; .

*'

e 5 ,,}g- i.,._ 14-

, .' M.6 j ' - 122MQ.; na. * * '' -
,.

-

s3 %W - g ur
, y|z9.tMn ,d.

_
n, . .1

=, ' 1J ,5 T'? .8 . Is. %.. p sig
~~ l. 3

-mg. .

1
o en ,

40 t . ..j. /T{s a -@w;,

<g-Mdl5 -e e yg- sygr
_

- ~ e4 g
j

,

y e
WA ' '~ &,s,. , ,,3o ..

h
,

[
.N. k hY q{g@

_
.

' ' | ;gyk , -

( h />
'

m ,

/ .h'' #o , j

f)5
'n 5

,t .;. ,

g. m.'J,.y. . , .. .. i'z
: . .k. '^ '

s '~ '. >s . i| ~ . #..g
'

t.v. . s.
c,-

3-~p _ _. ..,,
Y f \ |sev % hi A(Erh@$gjI. -'@ .~

F #
:;. I.. N;3

e ry
|i >u (X f.gtg;v4}.y M. . .;' msem .a -

&%n%;&q%m--,
,e..a:.r.:.Q... .; '

p@"!! f9?Mi I..}(Su.t,h.){,
m-

-

- ' gx . _. c. - . , .;._

h* t' : ;y
.

. .

. @lfI3>.

J,. w
m .d. . s=.. ,t, 4.-

, e
.: i .w> 3.2 ,_

-

4
.

v. e W., .* :. .w a u c- :~

4 :
a p;i al,- . v=.a-

d !. > ' , .i o ,iu .. , ,m...

CO Q
"

-D 1323 237
JJ _ oom o



9

e

; . .* : kw-- - ~ ~ ~ ~ ,ug 1 jr ,

,

L, .'*o
~ '*

~

. . -
* \* '

, ,

;
', '[, , , ,,

*~ is r
, s., v. e

,-. . . .

O s g
,

u , s s ,

%msm . 's .

'* "*%

,f. ,q.: -) g,-; .' H ~, ~ &.
,,

'':''y' . ~ ~
-

-

y *- 2 . Q "y '
' '

. ,,., _ ~s .: . . ,, : ;'
-

,-

. . . s' '2 % 4

,:_:'."'s'Y|,g,,-.ty||.'::~
1 ,' ,\ ~ ~ ~ ty , ;?g ' ' **-

4'
, . ' ' ~;~~,%-

. ,,

bsn -e,. ,. - ,
,_

@
. ,. * << * ff, * .s ,,, ,g'

., ., g
,

\- %e9 m >. s .
~s., ,,,. ,' y'

, , . ' , ' , ' ' , , . /,, . ^|' " * ~*jA *
,,,,. y

69 \ . - . rr --o :. ,

i \ s- % %,~, : =, . ,

c e r, ; - - - . -
-

.A . s,3 ,C3 ), 1 .c. ss-.g-o . . , . . . . . . . ,,
,

M f.**
'

1. c. e,l * ?.'; %'''e .'
g % , j'% ~ %)*

8 g- t 1 s .,..

$ )
* e * s3,s . g..

y.,g4 , ,\ '.L }.s,.\,;,,s<>g.
,

. s 6 ss
.

r. t u.. ...u ..

T' " . , , g g . ) ;i i::t: "r.. s

$h *

y! '
6 %D n"s , ?~ s l' Y'..

g

$ \
'\ n.

!.?, ,,. 6, s ..3, i ' ' . ,,e is.

'y", t t 4
g ,5,8

g r, l
.

, o,j.. v- ; '~
O 88'g ,r;-

'

f. *

. \ , e gu, : _
8 g

s;14s o m> .
..w

h g r(, # g: , %
gi

b!. ' , ' . , ,
*

g,.(,,ng**, i xi, a,
-

.i,
> =: w , %. - - -

, .,.

.. .$ - . .O % 6, ) 5'.
*

s,-
s

.,

4, s kn s.a, a
. ...

mm o . . .

00 6 , .



. .

.

i

!

t'~e Tj ? " **L9 .M ii
3 7| 'p .; e* - ,y .

o a ut ~ 'j ,! e1
.

r>
- .

. e a ,.o . ,

~

I
- '8

. . O
[f; ge- e. g.

-

,.g-
,

.

i e ,

k ! ,8.3 e i ' el ;e
',; . . ,.

'

q/ r g . g.j W e.
3 ,g,..

.e
- .;- .

d.- e. so , ,, gr 3
,

|,8 1.' . ' 8 g' - :.." ^fM36 ''
;j ||

:|-
;

. ,i . . e e,' |3
-

:s .

a ,~ neu s ;. :

4.);-
-

,.
u a. H e 0 *t 'u- i

,.

jf e .. ell is . .'s y ;L.*4
~

i .e e j| ( |;v :; |., : i-..e- _|

1 :. ,. -

t ,.

8 .'q l$ J: e. * ' . . = ,
. _..

1 8T
ty[ '* * ' * .

.,,

5 .
a s

K .e e e ;;;sQR 1;g *?;
,

Re s.
. . .

q*"-f,ct ,'eee34;y
g n e a -

. . ."
& o e ,''

,

,

. .
- o ,e ec

'h
'

f , 8,
.

#.g..

-e

I kTMN..6d,...d
= n.

3BBNaBi%$
.

a :nx ,m m.



.
.

-

.

s v. wary g ar q
k.- .

f

.. w M p @: c, d,y .'
,

. L JW m..

M-9j|3||5]$, ],. gh '

e
,

$i M 1)
-

-

- ,. ,

:: ,tY;:\
~

i L. :. .t z'.
n. m; -

4 e*.
\ r.o ' +

- 's2 : F pk; %.n. .; .u - _., u - - ---a >
.

,

l r p;7. - . . 4. . .. . . . . . . . . . . .,7, ,e - i u t
- _

.y;
' ..R:' ' :h.%W.gr ..w.$

,

B ,,, *

$ i
'

?.8 !$:.' .'!.:..
'

.

-a
h, w gy. . .4Mrg.<j ... .

ii
.

Q i: ::: . || ':)::.5 \ 1 -
-

;.; y ;a'
': |.. Q,.2

<i l.; :.: :-<n ~
a, ., .

.

.i; 1 ;n . Y~ :. . .:n
G !: :.: .:'

% !s~--mc g |. | *; i-!- \|- |-|- I $k%Y
[ m* *m x*Qf{;i-i | .T || * .'

~

f* 2 [.%2*" ME< .<ti

*
*

f.; ;g
s ., .-w o .*; .: r, :.g M, _- - - UR * ', = ':.:W ?| j.; *g ','

----

~ .

, . ;$$(g M \y C,./,0ht N.i..!!.!E{i\n~|,|..|]:.
*

i:!
.-. . . M ~& ... e w
..

.c... . | ..
- . ..... .

L,Y ? ' ! 'g-
. n . . .3w .

,'N$ ':;5Y'- [ : I ~-A
.p v' |

n. ...n-w**' ..,.. ..g.;p
[h . :f (Q

.o
. .; c.,

.-m. . .s x :3 . ..

.,E. ^ '.}. R!.f&. . . ' |i

.

N |
. \

y. ,i
.y z. : 2 S.- - .=........:. w<'..

*:. c . . : q' ', .t .: ra "ve ..
:: Q:~t *& 2-jW*, |.i [i -N;j |?|3:? :! a::.!. %. * * ' -

'n .- -

;L.' . ..
,

J' . I !.i %p
._ ;

n ..g 6 . :;5. :q f.Z3 | ...

. uq%mqh
*kA . u!;

' ,! .!
~

{ . .

'

. . >;.
.

a s. m .

y y; 2. ,
y 3 ?.d _ , :::n y;';pr '

.:yS t p :- :
;

:% * '.: ' . ; s 1:: G . .es di.'*.; .6 .

s..c 3 ; ; ; ;: ,u.h ? :.'s y, ._ . q.;p:%
.

,,

:g * n g__'.'!.r? 55
.

: x:~ .-,,

. !_R . ' '
** N''N f I"

t .. Q .~'1
} & ? |3|.

***
.

.c .y
k ai y N

..

.l f i
ys, ? Y y[:N . . |f f.y$1..J. W

'
'

-s ,.

d. i~ t, tgryjawst u -
y wtr . : +

.___ s aw-

D D "Q
~

oo @

e A.4~ . =
1328 240_m



.

.

w=:Lt n . : Af, si ~~~ M itvy,. ; ...
-

. p ... .. . y - - :. n ;,

Y,C, }~t' N ?N
.

!.:L
$.h| s.? j

'; (e ; -f.A :! [. :=-|e:

- Wi.

Lj\f ? 3P .=.t w t: ;.c -.

.;i : 2 i'i
.)v.:!..< i, .|:.R.

=_:-g. h t.: r--. ,l

.

w. i ni.. . .

'.l..... ,W1 :. h ,m. . . ..
. .. .

-

, .. .| -- % 2. 3 ; .'; *: % .)

*A hL d ., ' , l b:.k g' k ,

&
rh,

'

y Mf. a.
, ,) : . , 5b '"

~ ' ' . . .fg.,f - "'

- 4,dd.
>t -a - g c- m1~,

L ' W g G'
f ''-~i;.[. y'.'~;g} 7.-

e -je
4 7.,,. )

,- > - 1
. |

.
, ..

r n <- n j i 1 m i .., , r. .rq I 1,5

,

]. . y2, j fm n tr ::: y*
- r .t . . ...*-m

. ' 'g ;:. i

:W't i -- ;1&-
us.Ll.Q.t.

.:p n.. R:Nq:y =. * 6.t?
'g

.1
*:.: .: a.

.& .r, .. ..
., .- .- - ;. : .; s .: g .s ,,. r b: C..p3,

. ' " .u)
-~, %y ,,y,t('.. ?- = . , .. . .: :.p =.

.

Q :i t.( f.f
: -i; ., ,

b,
. t- Lj j: p s. . , 1, ; ,.,,; .- '.F,.g

. . .'...h .. g...,m Ah;t eT
.-

..d0"y ''

p. i.- i 9:;i- .e.o .

a y.8,L'-.i
.

o g . o ,
. - i' . ./ . : .,

.n.

5f.'iEU h' _r.,5 i,c.;-ij@kh
if $ 'ih* .$*

. i

g -- f*--emg7 f'..t.. t . tt,

'.I. , s. m ;h.h, ''k I'-I i; '.i k
-

'

d 6-+

1. .x - d M; =..- gi (t +t,
1 --y n. .: %a q -

1 '. N r 98 - - - -
-

'i : . t. -m ) ,%

- T :.~ . w.9 eiY ,-%: ,~

.

M
1.! .(&,,M.-

, - - + - * -
.

..b,. \ \ . q.,.-

f y p; W.t.:( 1i-(.- , k . ~ . , ,.-Q
." ''

- L' 4 + - ** - T y '*.
-

..

C
.

J
.',U p- '* 2;U t

, -4 .: * ;. ,4 R 'e'
oqn3 _;[ W 9 ...

y.-+- ,-
- y.'.;

___

@
,

. - @ .@9.*..

4*
V.t.t

t ; j.p ,.a
c.n z. 7 >9

Q jd*

d{|;,~~M -'-. d, --
'

,,8,'' y * I I- * '
_ . . -

. },2:5,t

A Wo ,cd. t.t %;gc}'%=3=.-w= - . -

\ ' ' 'rk '*;..=w w{u :!.u .

- - -
.

- 3-,
~ * * f;,,:; e ...

L44){m& y { Y; . ,;1: :;: . g ::_s::t : m+, u !
. . -

.

o& , nip q .d::,:. m=.g. .y .2
,

-+ kW tt r~ 3y. ::, c 1.:. :

Mk SF$d3dM|M||.id|M!.|, n-Q:$jffjyg
.

s :. g' ,a ?!;%

e -r: p &q c4 M \Q? :. :| s
:-i ':

;5.(Qg$$fq
~

4 :1 ij|||

esE@MP285

MG MM mm



.

.

Figure D-9

Droo //h: Angle of Impact for End Dron
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Figure D-11

. Drop #5: Damage to End of Inner Container
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Figure D-12

Drop #6: DamaRe to End Containment Following Thirty Foot End Dron
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Figure D-13

Drop #7: Bolts Added to Provide Additional Restraint
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Figure D-14

Droo #7: No Ioss of Containment After 30' Foot Dron
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SECTION E. - BAPL 5910 BIRDCAGE !!UCLEAR SAFETY AllALYSIS

1. Introduction
'

The BAPL 5910 birdcage was re-examined for compliance with the nuclear
safety criteria of Chapter 0529 of the AEC Manual. The evaluation was
not based on the original container limits but rather on new, simplified
limits. Under these new limits, the amount of 235U per container is
increased while the number of containers per shipment is decreased.
These new limits are shown here to comply with the 0529 requirements.

2. Packaainn Description

The 5910 birdcage consists of a metal inner container mounted in an open
steel angle framework. The inner container, or box, may be of any configura-
tion provided that its cross-section does not exceed 20 square inches. The
framework is 2' square and can be from 5 to 12 feet long. A detailed descrip-
tion is provided in Section B.

3 Package Contents

a. Previous Limits

D0r Special Permit 5910 lidted the 5910 birdcage to Fissile Class III
shipments of not more than 51 birdeares. Each birdcage was limited to
one of the following quantities of 235U based on the cross-section of
the inner container:

235Container Cross-Section grams g

10 in2 goo
13 in2 430
mh2 3w
20 in2 190g*

*provided that 50% or more of the box is filled
with metal which is reasonable uniformly dis-
tributed along the box length

-
.

b. Proposed Limits

It is proposed to change this limit to permit up to 1900 grams 235u
(at any volume percent metal) in inner containers with a cross-section
not to exceed 20 in2 The 20 in2 restriction on the cross-sectional
area of the inner container would then apply to all uses of the birdcage.
However, eliminating the volume percent metal requirement necessitated a
reduction in the number of packages permitted per shipment from 51 to 36.
With this new limit, the number of birdcages per Fissile Class III shi;nent
will be limited to 36 birdcages.
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k. Computer Program

All calculations were done with the Bettis RCP Monte Carlo neutron transport
program, which is based on the RECAP-12 program described in Reference (a).
The cross-sections used were prepared by RECAP-0, Reference (b), and were
qualified by comparing calculations to critical experie nt data.

The uncertaintities quoted for each value of k rr are at the 95% confidencee
level.

5 Analytical Model

For the purposes of this calculation the birdcage was considered to consist
only of the contents of the inner container. That is, neither the stee
angle framework nor the retal valls of the inner container were included.
This omission is justified since 1) the only purpose of the fracework is to
maintain the necessary spacing of the inner concainers, and 2) the nominally
.075" thick walls of the inner container would be a thermal absorber,
decreasing reactivity slightly and making che present calculations
correspondingly conservative.

The fuel was assumed to be unifor=ly distributed throughout the volume of
the inner container. No clad material or other metals were included. These
two assu=ptions were necessary since there are no restrictions on the
materials, shape, or distribution of the fuel ele =ents. Since the metal
vould in fact absorb some fraction of the neutrons, this does not result in
non-conservative results. In all cases, the inner container was assumed
to be flooded with water, since the container seals were not demonstrated
to be leak proof under either the normal or accident conditions. The water
was assuced to occupy the entire volute of the inner container, taking no
credit for the volume of the fuel elements, since this was shown to be the
most reactive case.

The inner container'vas shovn as a 4.5 inch square box. This results in
2 2a cross-section of 20.25 in , which is just over the 20 in limit. The

square configuration was encsen to provide maxi =um reactivity, since any
other rectangular shape with the same cross-sectional area would increase
leakage and thus be less reactive.

The length of the box was varied from 5" to 100" in demonstrating the
nuclear safety of a single package, to ensure that the =ost reactive
length was considered. For the array evaluations, the box was
considered to extend the full length of a 5' long birdcage, which is
the smallest permitted The smallest birdcage was used because this would

$35result in the highest U density in the array; the larger birdceges would
result in a larger array with greater leakage and would therefore be less
reactive. The fuel was assumed to homogeneously distributed throughout
the 5' long box. This was judged to be most reactive since it would
provide the greatest interaction between the fuel in adjacent birdcages.

1323 249.
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For the undarmaged array calculations, the h.5 inch square inner containers
were shown at the ncminal 2L inch center-to-center spacing since the
testing for the nornal transport conditions had shown no significant

* changes in the birdcage integrity or in the inner container spacing.
For the dansged arre) calculations, a spacing less than ncminal to
reflect the effects of the drop tests is required. The 30 foot drop
test showed a decrease of less than 7 inches between the inner centainer
and the side of the birdcage. Applying this to all sides of the birdcage
results in a CTC spacing of 20 inches, which is the value used in the
damaged array calculations.

6. Results of the Calculations

a. Single Package

Parts IIC, IIE2a, and 13F2 of AECM Appendix 0529 require that an
individual package be suberitical under specified conditions. These
requirements can all be cet by showing that a single inner container

flooded and reflected is suberitical under these conditions.

As stated above the inner container was assumed to be a 4.5 inch
square and the E35U - water mixture to be homogeneously distributed
throughout the inner container. However, the inner container length
at which the taximum k pt will occur is not apparent. Accordingly,e
several problems were run, showing an inner conteiner varying in length
from 5 to 100 inches immersed in water. The fuel content was assured
to be 1900 graes 235U mixed with water at 100% of ncrmal density. The
results of these calculations are plotted in Figure 1, which shows

keff as a function of container length. The maximum k ir ett!=atedeffas 0.89 1.03 and occurs at a container length of approxime.telj 20 inches.

b. Two Undamaced Arrays

Part IIJ1 of Appendix 0529 requires that "the undsmaged shipment would
be suberitical with an identical ship =ent in contact with it and with
the two ship =ents closely reflected on cl1 sides by water".

Since .sile Class III shipments of 36 biricages are proposed, it
is necessary to show that 72 birdcages are .2beritical. Since the
birdcages were assumed to be 2' x 2' x 5', this results in a
6 x 6 x 2 array of 192 birdcages; the overall dinension of the array
is 12' x 12' x 10'. The array is reflected with water and each inner
container is filled with water to the extent noted above. The space
between the inner containers was assumed to contain air only. The

calculated keff for this case is 0.94 i .01.

c. Sinnie Damane Arrav
~

Part IIJ2 of Appendix 0529 requires that a shipment of packages, each
of which has been damaged to the extent resulting from the hypothetical
accident conditions and then re-arranged in the most reactive array, is
suberitical.

.
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Since the Fissile Class III limit in 36 birdcages, it is necessary to
show that a damaged array of 36 birdcages is suberitical. The array

of 20" x 20" x 86.4" long birdcages .
was depicted as a 5 x 5 x 1 agggU at a density equivalent to 1900with ea,ch birdcage containing
grams per 60". This is equivalent to a 5 x 5 x 1.44 array of 60" long
birdcages, for a total of 36 birdcages. This was the s1=plest method
of depicting a reasonably cubic array (100" x 100" x 86.4") without
increasing the nu=ber of birdcages beyond 36. As in the two-undamaged-
array case, the array was water reflected with water coderation in *:he
inner containers and wit!. air between the inner containers. The
resulting keff was deter =ined to be 0 951.01. This result is considered
to be on the conservative side due to the assumed conditionlof the.
birdcages--that is, the 2" deformation noted after the 30' drop test
vus applied to all four sides of the birdcage. In fact, however, the
inner container was displaced in the birdcage rather than the birdcage
bein6 deformed. It is judged that the 24" x 24" cross-section of the
birdcage would be essentially unchanged even after 30' drops on each
side, although the inner container would no longer be centered.

7 Sunny & conclusions

The proposed limits for the MPL 5910 Birdcage have been shown to co= ply
with AECM Aprendix 0529 The values of k f r the various calculationseff
are summarized as:

Calculation kef(
Single Inner Container .89 1 .03
Two Undaraged Arrays 941 .01
Single Damaged Arrey 951 .01

8. References

(a) WAPD-TM-1139(L) Monte Carlo Techniques and Input Description for the
CDC-7600 Program, hecap-12 dated October 1974

(b) WAPD-TM-1096(L) Recap-0: A CDC-6600 Prcgram Which Prepares a Becap-12
Cross Section Library, dated October 1974
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