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1.0

INTRODUCTION

The BU-7 package, as described in General Electric's
consolidated application to the NRC for a Certificate
of Compliance, is currently authorized by NRC Certificact
of Compliance USA/9019/B()F, Revision 35, as a Fissile
Class I container for the transport of fissile radio-
active material in the f .rm of uranium dioxide and
pellets.

A complete series of tests were recently conducted on
the BU-7 package comnstructed with an outer container
different from that specified in the Certilicate, to
verify conformance of the package with the requirements
of 10 CFR 71. Also, a criticality safety analysis was
recently completed to verify that the BU-7 package still
meets the Fissile Class I requirements of 10 CFR 71 with
an increase in the H/U ratio allowed Ior the package
contents from 0.45 to 1.577.

This application amendment contains a consolidation of
all applications and package test res.its previously
subtmitted in Docket 70-754 (for NRC License SNM-960),
Docket 70-1007 (for NRC License SNM-34), and Docket
71-9019 for license and certificate amendments pursuant
to 10 CFR 71 related to the General Electric BU-7
package, as well as supporting information for the
requested change in allowed ‘H/U ratio for package
contents.
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2.2

2.3

PACKAGE DESCRIPTION

General

Inner containment is a nominal 16-gallon drum closed
by a gasketed, bolted lid, centered and supported
within an outer 55-gallon drum by solid insulating
media, and containing two or more steel pails which
contain UQOg. (See Drawing 112D15962, Revision 0, in
Section 6.)

Gross Weight

320 pounds, maximum

Uranium Oxide Powder Container

One or more closed coantainers, 11.25" inside diameter
fabricated of minimum 24-gauge steel, vertically stacked
in each BU-7 unit.

BU-7 Inner Containment

A nominal 16-gallon, Uniform Freight Classification
Rule 40 drum constructed of 18 gauge steel, modified by
the welded attachment of a closure flange to accept a
3/16" thick steel lid which is gasketed for resistance
to high temperature as shown in Drawing 112D1592,
Revision 0, and attached by twelve 5/18" minimum steel
bolts. The inside dimensions of the inner containment
drum are 13 5/8" diameter by 26 5/8" high. The
maximum hydrogen to uranium atamic ratio in the UCq
fuel mixtures within the inner containment is 1.3577
taking into account all sources of hydrogeneous material
mixed in with the UOs3.

License No. SNM-1097 Docket No. 71-9019  Sect. No. 2.4
Amendment do. T-16 Date 7/25/80 Amends Sect. 2.4 (Vew)
Certificate YNo. 9019




BU-7 Outer Container

A nominal 55-gallon, Uniform Freight Classification
Rule 40 18 gauge steel drum with nominal outer
dimensions 22 1/2" diameter by 34" high.

Insulating Material

The inner containment drum is centrally held within

the outer container by, and the space between the

inner and the outer containers is completely filled
with, solid insulating media composed of fire-retardant
phenolic foam as spe ified in Drawing 112D13592 . Four
1/4" diameter holes near the top of the outer coatainer,
covered with waterproof tape, would permit steam to
escape in the event free moisture in the insulating
material were exposed to the heat from an accidental
fire during transport.

Package Description - Contents

Type and Form of Material

Uranium oxides enriched to not more than 4% in U-235;
and of density not greater than 4.5 grams per cc for
powder and not greater than 10.96 grams per cc for
pellets. These may contain ammonium oxalate and/or
ammonium bicarbonate additives.

Maximum Quantity

For uran’um oxide powder, 89 kilograms per package,
except that powder at earichments above 3.00% shall be
limited to 35 kilograms of uranium oxide. For mixtures
of uranium oxide powder and pellets, 90 kilograms per
package, except that such mixtures at enrichments above
2.70% shall be limited to twice the safe batch sizes

License No. SNM-1097 Docket No. 71-9019 Sect. NYo. 2.7.2

Amendment No. T-185 Date T7/25/80 Amends Sect. New
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for pellets given in Paragraph 5.2.3(c) on page A-29
of Appendix A to NRC License SNM-1097 (Docket #70-1113).

License No. SNM-1097 Docket No. 71-9019 Sect. No. N Page
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3.0

PACKAGE EVALUATION

General

There are no components of the packaging or 1ts contents
which are subject to chemical or galvanic reaction
during normal transportation.

The package cannot be opened inadvertently, uses no
coolant and has no lifting or tiedown attachmeats.

Single Package - Normal Transport Conditions

Between March 20 and Apr.l 2, 1980, a series of tests
were performed on the BU-7 transport package. These

tests are described in a report dated April 25, 1980,
which is included in Snclosure 1A to this application.

Included in these tests were some simulated normal
transport conditions. Yot all such conditions were
tested because the package requirements for some of

these conditions could be demonstrated to be satisfactory
by other means.

Two BU-7 packages were loaded with two 5-gallon steel
pails, each pail being filled with 45 kgs of UOy powder
containing natural uranium, for a total of 90 kgs of UOs
powder per package. These packages were used for the
tests simulating hypothetical accident conditioms, as
described in the test report (Enclosure li).

One BU-7 package was loaded with two 5-gallon steel

pails coantaining a total of 93 kgs of lead shat. This
package was subjected to tests simulating normal traansport
conditions.

A summary of this information is given in Table 1.

License No. SNM-1097 Docket No. 71-2019 Sect. No. 3.2 Page
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SINGLE BU-7 TRANSPORT PACKAGE - NORMAL TRANSPORT

CONDITIONS

Requirement s*

Tests Conducted

Results
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No tests required.

No tests required,

Package was submerged
in water to a pressure
of 1.50 kg/em2 (50 feetl
of water), then
pressurized and checked
for leakage in four
increments;

o 0.75 kg/em2 for 3 hrs
1.0 kg/cmf for 3 hrs
1.25 kg/em? for 3 hrs
1.5 kg/cm? for 3 hrs

ocCc¢e

No tests required.

Package was exposed to

a water spray sufficient-
ly heayy to keep all
exnosed surface except
the bottom wet for a
period of 30 minutes.

Temperature of 130° F is
within normal operating
range for materials of
construction. :

Temperature of -40°0 F is
within normal operating
range for materials of
construction.

o No water leakage into
inner containers after
8 hours of submergence.

o No leakage of air from
inner containers when
pressurized and held at
cach pressure increment
for 3 hours,

Packages ol this type
have withstood several
years of tramnsport with
no occurrences of
significant damage due
to normal vibration.

There were no signs of
water damage to the
package.

sPursuant to Appendices A and 8 of 10 CFR 71.
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The package, loaded with
93 kgs of tesL weight, was
dropped 4 feet with the
closure ring impacting
onto a flat reinforced
concrete pad. The test
was conducted 2 hours
after the water spray
test.

No tests were required.

The package was penetration
tested by impacting the
hemisphericat end of a
vertical steel cylinder
1 1/4" in diameter and
weighing 13 pounds, and
dropped from a height of
40" into the top of the
container where it 1is
most susceptible to a
projectile penetration.

Weight equal to more than
5 times the weight of the
package was applied to

the top of the package for
a period of 24 hours., The
test weight used was

2,440 pounds.

There was a slight
deformation of the outer
container closure ring
that did not impair its
function. There was no
damage to the inner
container seal or the 5-
gallon pails, and there
was no separation of the
closure ring from the lid
of the outer container.

The package gross weight
exceeds 110 pounds.

There was a slight
indentation where the 13
pound bar struck the
container, It did not
penetrate the package.

No damage to the package
due to compressive load-
ing was found.
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The tests and assessments set forth in Table 1 provide
assurance that the powder or pellet conteats are
contained in the pails during normal transport and
there is no reduction in effectiveness of the package
system.

It has been demonstrated, moreover, that there would
be no water inleakage to the product during normal

transport conditions.

Single Package - Accident Evaluation

Between March 20 and April 2, 1980, a series of tests
were performed on the BU-7 traansport package. These
tests are described in a rerort dated April 25, 1980,
which is included in Enclosure 1A to this application.
Included in these tects were some done sequentially
simulating hypothetical acciuent conditions during
transport. A summary of these tests in given in Table
-

Upon completion of the four hypothetical accident
condition tests, conducted the sequence prescribed in
10 CFR 71, the package subjected to all these tests,
was opened and inspected. There was no damage to the

ye—a— e

inner containment sealing features; the original computer

weigh cards were with the 5-gallon pails; they were not
wet and there was no moisture in the inner container.
The top insulation.disc was badly charred and the out-
side of the bolted cover had some blistered paint,

but there was no structural damage, breach of containmeat,

or loss of shielding.

License No.

SNM-1097 Docket Yo. 71-9019  3ect. No. 3.3

Amendment No.

Certificace No.
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TABLE 2

SINGLE BU-7 TRANSPORT PACKAGE - ACCIDENT CONDITIONS

Requiremnents#*

Tests Conducted

Results
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Each of 2 packages was
raised by a crane to a
30-ft height at approx-

imately a 459 angle. The

height was determined by
a measured, weighed cord
hanging from the
containers. A quick
release mechanism was
used to drop the
packages, which fell at
approximately a 459 angle
landing on the corners of
the package.

Both packages impacted at
pre-determined angles.
Areas at points of impact
of both units were without
fracture. Beyond this,
the only significant
damage was a slight open-.
ing of the cover where the
closure ring of one
package was deformed. The
bottom corner free-fall
test of the other package
caused somewhat more
crushing of the container
than was experienced in
the top drop. There was
no evidence of fractures
or separation of the
package side from the
bottom; therefore, the
package with the slight
opening due to the top
drop was deemed to have
sulfered the maximum
damage.

Post-test inspection
showed NO damage to the
sealing features of the
irner containers or to
the 5-gallon pails,

*Pursuant to Appendices A and B of 10 CFR 71,
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Both packages were free-
dropped through a distance
of 40", striking the top
end of a vertical steel
bar mounted on a re-
inforced concrete pad.

The bar was fabricated

per the requirements of

10 CFR 71, Appendix B.

A vertical drop with the
container impacting on
the 18 gauge cover near
the outer edge was
considered the most
vulnerable orientation to
puncture.

A thermal test of one of
the packages (the one
that sustained the most
damage from the free-drop
through 30 feet) followed
the 30 foot free-drop

and puncture tests. The
thermal test conducted
required exposure Lo an
environment of 14759
minimum for a period of
30 minutes. Since an
actual gasoline {ire with
open flames provides the
most realistic means of
satisfying the require-
ments of 10 CFR 70 thermal
test, this method was
chosen for the BU-7 test,

Both packages were
slightly indented about
1/4". There was no
puncture of either
package.

Inspection of the inner
container after all the
tests showed no damage
to the inner container,
its sealing features or
to the 5-gallon pails
that would yield either
of them ineffective,.
The paint was slightly
blistered in a small
area at the top end of
the inner container, but
no indication of this on
either of the S-gallon
pails containing UOg
power .




SEASEE R e e

"

S wun s

*QUaIU0D Aanistow ayl ut
aseadoutr juuorjrudrs ou
sem agayl pamoys aspmod
Zon oyl jo sisAprum puwn
‘podewmup jou sem jaysed

Joqqna auoo111s ayl ‘Aap
SUM JID2UTRIUOD Jauut ayy],

*pajoadsup puw pauado sem
adeyoud a2yl ‘psqraosap
s® uworsaauuy Juimor[og

*sanoy 01
J0] padaowqns paurrud.x 3]
HUFS pInom 1T Juyl sansug
01 jiun ayjl ©3 payouilie
agom siyfrom jo spunod

0Z1 ‘a93um Jo 1993 Z/1 €
Japun url UOISJIOUNT ADTeM
oyl ur paoeid uayl pue
‘owty Jo poraad paqraosaad
o1 JI0J umop [000

01 pomorlr sem adwyord

a1 ‘3891 Sy Oyl A9V

CILOUE RIS R A [ poend
® A0 EEA J 138) £ JERSY BT Sapun SR Doyt
2 o) 3%rgsed sqr g sweniind g IRl pesies
UG ET LS TR R PERTLEL I R L wfrgied
LTI USRI T R L A R L 13

s1nsay

poionpuo) si1sa]

sjuawaainbay

¥
on !~
~ |
o, M
(o | 2
Q
iy -
e
0
la)
= 4
)
L)
. J
0 wv
-
0
* B,
© c
ﬂ Q
o &
(a3] o
v i on
Q ~
(&3] 1p]
| (]
v ~
-] =
L
-
v
a
> Q
U o
0 o
(=] o
t- o7
(o)} -
(&) Q
rd e 57]
1 | _
W\u.
Z o
. 7
O
" - L 3]
Q o
z o .
[+ 3]
L @ et
0 [ ey
[+ o -4
@ ) %]
S 2 %
3
a 2 o
S’



3.4 Acceptance'Criteria

Acceptance criteria for meeting the requ.rements of
10 CFR 71, paragraphs 71.35 and 71.36, are as follows:

o No water intrusion to the contents.

o No rupture of the product containers or ianer
coantainer.

o No damage to the inner containment sealing features
that would yield them ineffective.

o No significant deformation to the outer container
that would affect criticality safety considerations.

We have concluded, as a result of these tests described
above, that all tests required by 10 CFR 71, have been
conducted, witnessed by Quality Control Engineering,
and have passed the acceptance criteria. Test
completion check sheets and compliance certificates

are included in Enclosure 1A to this application.

License No. SNM-1097 Docket No. 71-9019 Sect. No. 3.4 Page
Amendment No. T-158 Date 7/25/80 Amends Sec:=. Vew 3-3

Certificate No. 9019




CRITICALITY SAFETY EVALUATION

Uranium Oxides in Powder Form

For the contents described in Section 2.7.1 (uranium
oxide powder), the criticality safety of the BU-7
package is described in Enclosure 1B to this aprlication.
These analyses results demonstrate that the BU-7 package
can be transpoited as Fissile Class I, pursuant to the
applicable sections of 10 CFR 71, for these contents.

Uranium Oxides in Pellet Form

For the contents described in Section 2.7.2 (uranium
oxide pellets), the criticality safety of the BU-7
package is described in Bnclosure 1C to this application,
GE Document No. NEDO-11277, "The General Electric Model
BU-7 Uranium Shippiang Container - Criticality Safety
Analysis."” These analyses results demonstrate that for
these contents, the BU-7 package can be transported as
Fissile Class I, pursuant to the applicable secticas

of 10 CFR 71.

License No. 3NM-1097 Doc' ot No. 71-C019 Sect. No.
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5.0

PROCEDURAL CONTROLS

New containers are inspected prior to first use and
used packages are inspected prior to each re-use, in
compliance with 10 CFR 71 (71.24 and Appendix E) and
with the quality assurance plan submitted to the NRC
and approved by the NRC on July 6, 1979, in Quality
Assurance Program Approval for Radiocactive Material
Packages Approval Number 0254, to assure that each of
these packages meets the specifications delineated in
the applicable NRC Certificate of Compliance and in

the supporting documents referenced in this Certificate.

Prior to shinment, linits for package loading and
proper closure of package are verified.

Appropriate procedures and instructions have been
prepared to accomplish these actions.

License No. SNM-1097 Docket Yo. 71-9019 Sect. No. 5.0

Amendment No. _T-16 Date 7/25/80 Amends Sect. Yew
8019

Certificate MNo.
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BU-7 TRANSPORT PACKAGE DRAWING

Specifications for the BU-7 transport package are

shown on General Electric Drawing 11201592, Revision
0.

License YNo SNM-1097

Docket No. 71-9019 *

Amendment Ne. T-18 Date 7/25/80
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TEST REPORT
| FOR
MODEL BU~7 BULK URANIUM SHIPPING CONTAINER

1.0 INTRODUCTION

1.

1

W

TEST DESCRIPTION

Normal and Hypothetical accident condition tests were conducted
on General Electric Model BU-7, Bulk Uranium Shipping Containers
in accordance with 10CFR71, "Packaging of Radioactive Materials
for Transpo-t and Transportation of Radicactive Mzterial Under
Certain Coraitions.” Tha tests were conducted at the Wilmirgyton
Manufacturing Department facility on March 20th and 21st 1980,
and April 1st and 2nd 1980,

The BU-7 Conta ner is intended to be a fissile class I shipping
container for suipment of enriched uranium powder.

PACKAGING DESCRIPTICN

Inner containment is a nominal 16-gallon drum closed by a gasketed-
bolted 1id, centered and supported within an outer S55-gallon drum
by a solid insulating media, and containing two steel paiis which
contain U02. (See Drawing 112D5231A and Figure 1.)

1.2.1. Quter Container

A nominal 55-gallen, Uniform Freight Classification Rule
40, 18 gqauge steel drum with nominal outside dimensions
of 22.82" diameter by 36.5" high. Fourl/4" holes near
the top of the container are provided for venting and are
covered with waterproof tape. The cover is flat 18 gauge
steel. The =losure ring is 12 gauge steel with 5/8"bolt
meeting DOT Specification 17H.

. Inner Container

A nominal 16-gallon drum constructed of 18 gauge steel,
modified by welding a closure flange to accept a 3/16"
thick steel 1id. The 1id is gasketed for resistance to
high temperature and attached with twelve 5/16" steel
bolts. The inside dimensions are 13.75" diameter by 27"
high.

1.2.3> Insulation

The 16-gallon inner containment drum is centrally held
within the outer container by, and the space hetween the
two drums is completely filled with, solid fire-retardant
phenalic foam per USAEC Specification SP-2.



2.0

1.2.4. Product Container

Two closed 5-gallon containers fabricated of 24 gauge
steel, vertically stacked in each BU-7 container.

1.2.5. Test Weight

Each 5-gallon pail contained 45 kgs (33 pounds) of
natural U02 powder. Total test weight including weight
of the 5-gallon pails is 209 pounds. Gross weight of
the BU-7 is between 365 and 375 pounds, depending on
variations in weights of BU-7 container populations.
Actual gross weight of the two S-gallon pails as recorded
on the computer weigh sheets was 24.81 kgs (209 pounds)
for contairer S/N K0174, and 95.29 kgs (210 pounds) for
container S/N k1373).

TESTING

2.1

TEST SUMMARY

The test program consisted of a combination of normal and hypothetical
accident condition tests as described in 10CFR71 Appendix A and 3.
Three 8U-7 containers were utilized in the tests. They were taken
from the G.E. iaventory of containers at Wilmington and are built to
same specificacions as all model BU-7 Containers. Serial numbers

and tests theyv were subjected to is as follows:

"CONTAINER SERIAL

TEST CONDITION NUMEZR TeSTED
WATER SPRAY TEST K031¢

Normal Cond. DROP TEST 4 FT. K0319

tests PENETRATION TEST k0319
COMPRESSION TEST KQ319

Hypothetical 30 FEET FREE OROP KQ174  K1378

Accident PUNCTURE TEST KQ174  K1878

%‘e’:gm" THERMAL TEST K1878
WATER IMMERSION TEST 1878

Container No. K031S was used only for the normal test conditions.
K0174 was drop testes 30 feet impacting on the bottom seam, then
puncture tested. Container S/N K1878 was drop tested 30 feet
impacting on the closure ring, then subjected to all remaining
hypothetical ac ident conditions, that were applied sequentially
in the order incicated in 10CFR71 Appendix B, to determine their
cumulative effect on the package. A1l tests were mcaitored by
General Electric Fuel Quality Contrcl Engineering, and certifiad
there completion per test check sheets in the Appendix.



2.3

LOADING

2.2.1

2.2.2

8.3

Hypothetical Accident Loading

Containers K0174 and K1878 were loaded with approximately
45 kilograms (99 pounds) of natural UO2 powder, in the
Fuel Manufacturing Operation (FMO) powder pack facility,
using 2 computer controlled loading and accountability
system, see figures ( 2 and 3) the computer punch cards
rerained with the 5 gallon pails of gowder during the
tests. (Loading Record Sheets and Request Sheet are in the
Appendix).

Normal Condition Loading

Container Serial No. K0319 was loaded with lead shot
weighing 93 Kg's (205 pounds) gross weight.

Moisture Content

Moisture content analysis of the natural uranium powder
was made before and after the Hypothetical accident tests.

MORMAL CONDITION TESTS NOT CONDUCTED

The follcwing normal conditions tests were not conducted because
their requirements have been satisfied for the following reason:

°Heat: Temperature of 130°F is within normal
operating range for materials of construction.

°Cold: Temperature of -40°F is within normal
operating range for materials of construction.

°Reduced Pressure: Successfully passed this requirement in prior
tests. (See GE Packaging Engineering test report
dated 2/10/78 {pcluded as Appendix =)

°yibration: Cecntainers of this type have withstood years
of transport with no occurencas of significant
damage due to normal vibration.

°Corner Orop: Not required since package weight exceeds 110

pounds.



3.0 TEST RESULTS

. 3.1 MNormal Condition Tests. (container S/MN 2

3.1.1 Water Spray Test

Container was exposed to a water spray sufficiently
heavy to keep all exposed surface except the bottom
wet for a period of 30 minutes. (See Fig. 4).
RESULT

There were no signs of water damage to the package.

3.1.2 Four Foot Drop Test

The container, loaded with 205 pounds of test weight
was dropped four feet with the closure ring impacting
onto a flat reinforced concrete pad. Test was conducted
2 hours after water spray test. (See Fig. 5).

RESULT

There was a slight deformation of the outer container
closure ring that did not impair its function. No
damage to the inner container seal or the 5 gallon
pails.

3.1.3 Penetration Test

Container was penetration tested by impacting the
hemicpherical end of a vertical steel cylinder 1-1/4
inches in diameter and weighing 13 pounds and dropped
from a height of 40 inches into the top of the container
where it is most susceptible to a projectile penetration.
(See Fig. 6).

RESULT

There was a slight indentation where the 13 pound bar
struck the container. It did not penetrate the package.

3.1.4 Compression Test

Weight equal to more than 3 times the weight of the package
be applied to top of the containers for a period of 24
hours. (Minimum weight for 8U-7 is 5§ times 375 pounds, or
1,875 pounds). Test weight used was 2,240 pounds (See

Fig. 6).

RESULT

No damage due to compression Toading.



3.2

Hypothetical Accident Condition Tests

The hypothetical accident condition tests were conducted

in the sequence specified in Appendix B8 to 10CFR71, to
evaluate the ability of the package to withstand cumulative
damage of the four tests. To establish the drop orientation
that covers the most severe damage, two containers (S/N

K1878 and K0174 were selected at random, then one (k1878

was dropped on its top closure ring and the other (Serial

Nco. K0174), impacted on the bottom seam as these are the ones
most likely tc create a breach; impact angle of both tests was
approximately 45°. After completion of the drep test, both
containers were puncture tested, then container S/N K1878 was
subjected to the thermal and water immersion tests.

3.8 Free Orop

The packages were raised by a crane to a 30 foot
height at approximately a 45°angle as shown in figure
7. The height was determined by a measured, weighted
cord hanging from the containers. A quick release ]
mechanism was used to drop the packages, which fell

at approximately a 45° angle, landing on the corners
of the containers (See Fig. 8 and 9).

RESULT

Both containers impacted at the pre-determined angles.
Areas at points of impact of both units were without
fracture. Beyond this, the only significant damage was
a slight opening of the cover where the closure ring of
container No. K-187% was deformed, as shown in Figures
10 thru 14. The bottom corner free fall test of contaiaer
K0174 caused somewhat more crushing of the container
than was experienced in the top drop. There was 70
evidence of fractures or separation of the containers
side from the bottom, (See Fig. 15 and 18) therefore the
container with the slight opening due to the top drop
was deemed to have suffered the maximum damage.

Past test inspection showed NO damage to the sealing

features of the inner container or to the S gallon
pails.

3.3.2 PUNCTURE TEST

Containers K-1878 and K-0174 were free dropped through
a distance of 40 inches, striking the top end of a
vertical steel bar mounted on a reinforced concrete
pad. The bar was fabricated per the requirements of
10CFR71, Appendix 8 (See Fig. 17).

A vertical drop with the container impacting on the 18
gauge cover near the outer edge was considered the most
vulnerable orientation to puncture.



3.3.2

3.2.3

PUNCTURE TEST (cont.)

RESULT

Both packages were s1ight1y indented about 1/4 inch, there
was no puncture of either container. (See Figures 18 and 19).

THERMAL TEST

A Thermal Test of container No. K-1878 fol1lcwed the 30 foot
free drop and puncture tests. The thermal test conducted
required exposure to an environment of 1475° minimum for a
period of 30 minutes. Since an actual gasoline fire with
open flames provides the most realistic means of satisfying
the requirements of 10CFR70 thermal test, this method was
chosen for the BU-7 test.

Test sat up as shown in Fig. 20 was used. The gasoline and
water supplies were located 100 feet from the fire pan.

A thermocouple mounted on the closure ring adjacent to the
slight opening of the container 1id was monitored using

a Honeywell Model R7353A Dial-0-Troll, Serial No. 7812-3843,
which was calibrated using a West millivolt pot that has
traceability to the National Bureau of Standards.

The eight foot square fire kit with containe mounted 3 feet
above the surface allowed for approximately 2 feet of flames
around a1l sides of the container. By using the open gasoline
fire, the emissivity and absorbtion coefficients were in
accordance with those specified in 10CFR71. Appendix 8.

3.2.3.1 Test Procedure

Approximately 200 gallons of water were fed into
the pit resulting in a water level of 5 inches.
Approximately S50 ga11gns of gasoline were then fed

into the steel fire pit to form a layer of fuel
about one inch deep on top of the water surface.

After ignition, (See Fig. 21) the fuel and water
supplies were turned on and manually controllad to
one gallon per minute of water and 5.8 GPM of fuel
to maintain a fire that completely envelaped the
3y.7 Container. Figures 22 thru 31 are random
photographs taken during the test. The temperature
measured an the surface of the test container
increased rapidly to 1475° F. (See Figs. 32 and 33}
and exceeded that throughout the test w#ith a maximum
temperature of 2000° F. being reached. The full
fire test continued for 42 minutes durning 300
gallons of fuel during that pericc.



3.3

3.2.4

.
~
.

3.2.3.1 Test Procedure (cont.)
RESULIS

Inspection of the inner container after
all the tests showed no damage to the
inner container, its sealing features or
to the 5 gallon pails that would yield
either of them ineffective. The paint was
slightly blistered in a small area at the
top end of the inner container, but no
indication of this cn either of the 3
gallon pails containing UC2 powder.

Water Immersion Test

After the fire test, container No. K-1878 was allowed to cool
down for the prescribed period of time, and then placed in

the water immersion tink (See Fig. 34) under 3 1/2 feat of
water. One hundred and twenty pounds of weights were attached
to the unit to insure that it would sink; it remained submerged
for 10 hours.

RESULTS

Following immersion as described, container No. K<1878 was
cpened and inspected. The inner container was dry, the
silicone rubber gasket was not damaged, and analysis of the
U02 powder showed there was no significant increase in the
moisture content.

F.st Test Inspection

Ugon completion of the four hypothetical accident condition
tests, conducted the sequence prescribed in 10CFR71, container
Serial No. K1878 was opened and inspected. As previously
mentioned, there was no damage to the inner containment
sealing features; the computer weight cards were with the §
gallon pails; they were not wet and there was no moisture in
the inner containar. (See Figures 35 thru 38). The top
insulatior disc was badly charred (See Fig. 32) and the out-
side of the bolted cover had some blistered paint, but there
was no structural damage, Breach of containment or loss of
shielding. Post Test condition of all three containers tested
is shown on Figure 40.

Acceptance Criteria

Acceptance Criteria for meeting the requirements of 1CCFR71, paragraphs
71.35 and 71.36 was as follows:

2

2

No water intrusion to the contents.
No rupture of the product containers or inner container,

No damage to the inner containment sealing features that would
yield them ineffective.



3.3

3.4

Acceptance Criteria (cont.)

® No significant deformaticn to the outer container that would

affect criticality safety considerations.

Conclusion

All tests required by 10CFR71, have been conducted, witnessed by
Quality Control Engineering and have passed the acceptance criteria.
Test completion check sheets and compliance certificates are
included in Appendices 1 and 2.
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PAGE 1 of 3

APPENDIX 1

COMPLIANCE

The tast referenced in Paragrap: 5 have been conducted and satisfartorily
meet the acceptance criteria of the test plan.

Container Orawing No. 128p5231

Container Serial No. K1878

Date Tested 3/20/80, 3/21/80, 4/1/80 and 4/2/80

Packaging Engineer Qg % -l=TC
-
Fuel Quality Control Engineering '%WI/'/#”?O

4
a%' MJZ y/ ZI'/ &

Liczasing & Compliance Audits

Traffic & Material Distribution %,7/7 m ?/// 42‘3
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PAGE 2 of 2

The test referenced in Paragraph 5 have been conductad and satisfactorily
meet the accesptance criteiia of the test plan.

Container Orawing No. 128D5231

Container Serial No. K 0174

Data Tested 3/20/80 and 3/21/80

Packaging Enginear

Fuel Quality Control Engineering

Licensing & Compliance Audits

Traffic & Material Distributicn
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APPENDIX 1

COMPLIANCE

ihe test refarenced in Paragrapn 5 have beéen conducted and satisfactorily
meet the acceptance criteria of the test plan.

Container Drawing No. 128D5231

Container Serial No. K 0319

Date Tested April 1, 1930

Packaging Enginser 94(‘) ; &2 -850
Fuel Quality Control Engineering %ﬂv 4 -/44-30

Licensing & Compliance Audits

Traffic & Material Distribution %WM {4//?4
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oAGE 1 of 3
APPENDIX 2
TEST CHECK SHEETS
Container Orawing MNo. 128 D 523!
Container Serial Yo. K /? 78
Date

Pre Test Visual Inspection

per Paragrach 5.1 C(’J J[za'A;:a

Loading Parc ¥ {:g:g-”::g &0 d/,toL;ao
water Spray Test St

Orop Tes<t nisani
Panetration Test e
Comsression Test s

30 Feet Free Orop v L w 24
Puncture Test ‘ ) ,./'_4.//. 37/)//4
Thermal Test Ao 4/’ Ko
Water Immersion Test . W, 2! 4/"'/“

Fuel Quality Contral Engineering Mﬁ_{{7 §o
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PAGE 2 of !
APPENDIX 2
TEST CHECK SHEETS
Container Crawing No. [22 0 fé 3/
Container Serial No. KO!74
Date

Pre Test Visual Inspection

per Paragraph 5.1 ¢§’¢’ \3130/;0
2LR8P cor ~
Loading 22 8PP0 " & d’[,aof’ro

—
Water Spray Test
ﬁ
Drop Test
. e
Penetration Test
Compressicn Tast

30 Feet Free Drop \ Adl. Il
Puncture Test | ) Z}w’ : 1&1;./5’

Thermal Test

Water Immersion Test ; R

Fuel Quality Control Engineering M{‘?ﬁ?ﬂwzﬁ:)
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APPENDIX 2

TEST CHECK SHEETS

Container Drawing No. /RB L 52 3/
Container Serial %o. K O3 19

Date

A, 3/?_:,[30

Pre Test Visual Inspectxon
ser Paragraph 5.1 (*as 7 Gross)

Loading Am 9/3'ﬁ~9
Watar Spray Test _ ’é@{' f//?b
Drop Test //1’7"\ 'ﬁ///e"’
Penetration Test &{/r 9‘// Zf‘
Compression Test 441;/'5”\ fy/io
30 Feet Free Orop \

Puncture Test

Thermal Test

Water Immersion Test

Fuel Quality Control Engineering / /("/L(' y Al /a 75’0
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. L '/v‘/ ) - ._J B
SRR e ' = Request No. §€-19
I" .
NSR Area No. .
PROCESS AND EQUIPMENT/FACILITIES CHANGE REQUEST
Reguestor

Initiating Component L%CA Installation Responsibility T*}MD

Equipment Location We—— "0 POWDER PACK AREA AND TEST PAD WEST OF FrOX.

Pur‘pose of Change TEST LUADED BC=/ AND BU=5 CONLAIGLERS UK RKELLCZLOL

B8Y oo NRC,

NATUSAL
UDescription of Change  ST-DARD PACK b S-FUALLUN PAILS WiITH 35 RGS UU, -~
333 LOAD AND SEAL IN Z BC-7 AND I BU=-5 CONTAINERS. TEST CONTAINERS T0
NRC TEST STANDARDS ATTACHED (J0~-rcOT DROP, “0=-IlLCh, rixr, ETC.)
Scheduled Project Compietion Preliminary NSE Review Ngeded By, SAL3/:
Final NSE Review Neesded By 3/15/80  Requestor's Signature/Date ) L7 A7 58/
2 . ﬂz” ;LZéf!m
Nuclear Safety Engineering 3 /lg’/?a

Typ2 Anaiysis Required: *Criticality [JO *Qadiological ./0 None
Radio. . None

New/Updatad NSE Method Sheet Required: Crit
Anticipated Availability of NSE }
Signatures: Criticajity, Safet

Rerarks: Lok o /{’

; i 7
Fuel Quality Control Enginesrina /),

wm o wny

1. Is New Changed Quality Instruction Required? Yes No
. 1f Yes, Anticipated Availability of Instruction
2. Responsible Fuel Quality Control Engineer

3. Approval: Mgr., Fuel Quality Control Engineering

-

Fuel Process Technoloay A/)

1. Is New/Changed Instruction Required? Yes No
If Yes, Anticinated Availability of Instruction

2. Responsible FPT Engineer 1

3. Approval: Responsibie FPT Unit Manager

SHOP Eu res & - /
L3 / / - : /'
Subsection Manager Approval ( gVé“- 2 '//L- s “%

Area Manager

1. Priority Assignment.For Nuclear Safety Review
2. Area Manager Approval

Nuclear Safaty Engineering /'
-

Date Approved Request Received Date Completed hr?

Area Manacer Acceptance of Completed Project Late

*Oocumented information from regquestor regquired per P/P d0-3 Appx. A

- o APPEMAT Y 1
-“."]‘O’l" (1‘]‘,'77) - N rxP -t -

T4 084l RINED I'DS AT - AeeT
URANIUM PCWCER LOARIMG REQUES



APPENDIX 3 Page 1

KAPLAN

GENERAL £3 ELECTRIC

RELATIONS AND UTILITIES CPERATICN
San Jose, California

February 10, 1978

TEST REPORT
BU-5 AND BU-7 CONTAINER PRESSURE TEST

A. Ok ECTIVE
The cbjective of this test was to verify the integrity of the BU-5'~

and BiJ-7 containers for the New Japanese Container Regulations.
The procedures were presented to the Japanese and approved by them.

B. SUMMARY

The following tests were performed on cne BU-5 and one BU-7 cen-
tainer on February 6, 1978 thru February 10, 1978.

5
1. Both ccntainers were tested under water to 1.50 Kg per OM°
for eight hours. This was done by submerging them in the test
tank in Building G, to a depth of 30 feet above the containers.

2. The containers were then pressurized internally and checked for
leakage at four increments:

a.) .73 !(g/C'.‘-!2 for three hours
b.) 1.0 l(g/()iz for three hours
e.}] 1.25 Kg/C}12 for three hours
d.) 1.5 Kg/OF for three hours



GENERAL D ELECTRIC

TEST REPORT
2-10-78
Page 2

C. TEST EQUIPMENT

The following equipment was used in the test:
1. 60 feet deep test tank
2. BU-5 container S/N B-7522
3. BU-7 container S/N K-0397
4. Permagage 7 175 0 to 60 psi pressure gage, regulator and
valves as shown in Figure 1.
D. CALIBRATICN
The pressure gage was calibrated prior to testing. Calibration
record and curve (Figure 2) are included in this report. Calibra-

tion was made with equipment traceable to the Naticnal Bureau of
Standards conformance.

E. TEST RESULTS

1. Water Immersion Test

There was nc water leakage in the inner containers after eight
hours of submergence in 50 feet of water.

L

Air Pressurization Tests

There was nc leakage of air from the inner containers when
pressurized as shown in Figure 1 and held at pressure incre-
ments of .75, 1.0, 1.25 and 1.50 Kg per square centimeter for
periods of three hours for each pressure increment.

CONCLUSICN

The 3U-5 and BU-7 containers passed all the pressures test require-
ments for the New Japanese Container Regulations. In fact, the tests
exceeded their requirements. The water submergence test was for
eight hours rather than three, and the BU-7 container was tested at



—

GEMERAL &3 ELECTRIC

TEST REPORT
2-10-78
Page 3

1.25 gm/cm?' for 14 hours. There was no leakage in either case.

(L - .
7 /ﬁ/ Certified By: KX(/7 / 47-27/ jéﬁi
J. A. Zidak W. 5.  Cowan, Manager’

P g Packaging Engineering
M/C 512
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GENERAL £3 ELECTRIC
Director - ONMSS

July 25, 1980

APPLICATION FOR REVISION OF
NRC CERTIFICATE OF COMPLIANCE USA/9019/B()F
FOR THE BU-7 TRANSPORT PACKACGE

ENCLOSURE 1B

CRITICALITY SAFETY ANALYSIS

OF THE BU-7 SHIPPING PACKAGE FOR URANIUM OXIDE POWDER

A, L. Kaplan
. bmw



Prepared: 3/€/80

CRITICALITY SAFETY ANALYSIS COF

3U-7 SHIPPING CONTAINER FOR U > POWLCER

INTRODUCTION

-

Model BU=-7 sh-on;nq containers are used by the General
alectrlc Cempany for the transpcrtation c‘ low=-enxiched
uﬁxr*ad'a*ed uranium oxide pcwce The BU-7 container is
a fissile Class I package which Ls currently licensed for a

maximum U=-2235 enrichment of 4.0% with no more than two five =

gallon containers, each l‘nl-ed to no more than cone salfe
batch of U0, powder. In addéition, it is reguired hat the
B/U ratio i% the fuel in each five=-gallcn ccntainer must be
no more than 0.45. The purpose of the present analysis is
to extand the Fissile Class I certification ZIcr the BU-7 %o
include the following:

1.1 Incrnased water moderation by increasing th fuel
H/U limit from 0.45 to 1.377.

o

*J
.

R placement of the safe batch limit with a limit of 35
Xg L’O2 per ‘ive-gallon container. The total 30-7
contafner mass limit is still 382 Kg.

1.3 Reduced levels of insulating media (phenclic resin)
composition and densities reguiring that at least 60%
by weight of each of the constituents oI tle full densi
phenolic resin must be precent.

1.4 The presence of carbon in the U0, fuel provided that the
C/U ratic in the U0, fuel mixturs does not exceed 1.262

All other limits and recuirements for the BU-7 ccntainer
re unchanged.

MALYSIS SCCPS

The present analysis has been undertaken to camonstIate that
the GZ Mcdel 3U-7 shipping container meets the applicable
crxiticality safety standa*ds for Fissile Class I shipping
packages as required by Part 71, Title 10, 0f the Ccde of

Federal Regulations.

2.1 BU-7 Container Scecifications

This analvysis is valid for .he following 3U0-7 centainer
specifications.

ty
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Quter Container

18-gauge, 55 gallon steel drum, or similar drums

larger in dimensicns or with thicker steel walls

(reference Drawing 128D5231). Drums with smaller
dimensions or with steel walls which are thinner

than 18 gauge are not covered by this analysis.

Insulaticen

Phenolic resin containing the amounts of hydrogen,
boron, carbon, nitrogen and chlorine and minimum
resin density as shown in Table 4.1.

Inner Container

l6-gallon, l8-gauge steel drum with an inner
diameter of 13.75 £ 0.25 inches and an inner
height of 27.75 & 0.25 inches. This container
must have 2 leak-prcof seal and cover as described
in Drawing 128D3231.

contents

™o five-gallon steel containers or three
three-gallcn steel containers with an inner
diameter no greater than 11.25 inches and with
a total stacked heigh:z of no more than 27.64
inches. The steel containers must be at least
0.0206 inches thick.

Plastic bags wrapped around the five-gallcn
container or used as a liner inside cof the cont in
re permitted.

Fuel

Up to 70 Kg of U0, powdar per 8U-7 ccntainer at
a U=-235 en:ichmen% of no more than 4.0%. Zach
five-gallon product container may hold no mere
than 35 Xg of UQ,. The UO, poewder may be mixed
with water or hydrogen-carcicn additions subject

to the regquirements that the fuel-additive mixture
may not exceed:

.1 an H/U ratio of 1.377
.2 a C/U ratio of 1l.262

in addition, t
mav not axceed 1.

er
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2.2

Fissile Class I Criteri

To demonstrata that the 3U-7 shippi=ng container as
described in Section 2.1 meets the crisicality safety
standards for Fissile Class I packages as defined in
part 71, Title 10, of the Ccce of Federal Regulations,
the fcllowing calculations have ceen perfcrmed.

2.2.1 Necrmal Case

The X, ©0f an infinite array of 2U-" containers

has been-calculatad for three cassas: full density
phenolic resin, 303 of £41l densi-y phenmclic resin

-

and 60% of full density phenclic resina.
2.2.2 Accident Case

The RKege of a 255 unit array has been calculated

for the conditiocns cf optimu insarspersed modera-

isn and full reflection of the array. This

analysis was performed far BU-7 containers limited

to 2 x 35 = 70 Rg of UO02 as well as £or the case

Gf the wmwo product (five gallen) containers IilL with powder at

a U0z cdensity of 4.5 gm/ce (202 Xg UG, total).
2.2.3 Evaluation of Cazbon

The most reactive cases in 2.2.1 and 2.2.2 (with
35 Xg UO,/five-gallon container limit) were
reanalyzed for UO:-HEO mixsures to which an addi-
cional amcunt of carSon was addec. The atem
density of the carbon was taken tc be 80% of

the atom densisy of hydrogen in the mixture €0
simulate mixtures of U0,, 10,000 ppm bv weight of
water and 40,000 pom by weight cof H-C adéditives.

m'a g

2.2.4 Accidents Invelving a Single BU-7 Ceontainer

To demonstrate the safscty of a single 3U~-7 con-

sainer under extraordinary upset conditicns, Ttwo
five-gallon product conta.ners have been analyzed
for cptimum medaraticn and full reflecticn by wa

2.2.5 Concrets Reflecticn
The impact cf concrets raflec~ion of the most

reactive 256 unit array as descrited in Secticn
2.2.2 has been analyzec.
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2.2.6 Code Validation

To demonstrate the validity of the computaticnal
codes used in this analysis, validation calcula-
rions have been made for the following cases:

.1l Comparison between ccdes for:
e Normal case (K, ) BU-7 contaliner

e 256 unit array of BU-7 containers with
cptimum interspersed moderaticn and full
reflection by water

® A single 3U-7 container with 0.073 gm/ce
of interspersed water

e Two five-gallon containers in a vertical
column with optimally mecderated uoz and
with full reflection by water

.2 Calculaticn of ths Kggeg Of the low enriched

U30g low moderated bencimark critical experi-

ments described in Reference 7.

2.3 Analv+tical Methods

The criticality analysis of the B3U-7 container has been
performed with the General Electric Company MERIT and
GEMER codes and with the XENO IV Monte Carlo Code. MERIT
and GEMER are Mcnte Carlo neutron transgert codes which
employ 120 broad group cross secticn sets generated from
ENDF/3-IV and which treat resonance abscrption by explicit-
ly modelling the rescnance parameters on 2 discrete enexrgy
basis. The difference between MERIT and GEMER is that the
former has a gecmetry package especially designed to model
BWR lattices while the latter has an enhanced version of
the regular and generalized gecmetry packagas in the XINO
IV code.

The XKENO IV Monte Carle Ccde was used in =hi
with 16 group mocdified Hansen and Roach cros
sets (Reference 3).

s analysis
s 3ecticn

SUMMARY AND CONCLUSICNS

The results of this analysis have demonstrated that the GE Model
3U-7 shipping container meets the criticality salfat requirements

0f 10 C™R 71 for a Pissile Class I package for the traasmorta-

=icn subject tc the conditicns specified in Section 2.1 of tai

- - aa - - ——

analysis. In summary, these results are:
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3.1

3.2

3.3

3.4

3.5

Mormal Case

The Ko calculated with XENO IV for the normal case
BU-7 container is 0.903 + 0.003.

Accident Case

The X, z¢ calculated with XKENO IV for the 256 unit array

. ¥ . .
of BU-% containers with the most raactive degree of
interspersed moderation and with full rellecticn by water

is
0.955 + 0.005 for 202 Kg U0, per BU-7 container

and

H
w
a
!
~1
QO
(8]
o]
o
W
..o
]
o
L3

0.750 +# 0.005 for 70 Xg 002 ce

Presence of Carbon

The presence of carbon ia amcunts which rasult in a c/uU
ratio in the fuel of no more than 1.262 increases the
Kassas-ive OFf the 3U-7 contalner bv less than 1.25%.
ACZIyiAg tais to the values in 3.2 and 3.1 above for

30=-7 centainers limi*ed %o not more than 70 Xg UQ, per
container dces not result in critically unsafe redctivities
for these cases.

™0 Five=Galleon (Product) Containers

The X_.. calculated with XENO IV of two closely packed
five-gadllon product containers with optimum mcderation
and full reflection by water is

K

"

b\ue

= 0.963 + 0.008 if the UO2 contents of th
containers are not restricted (approximataly
65 Kg uoz per container)

efs

Kefg = 0.902 + 0.005 iZ the :02 contents of each of
the containsrs are restr

icted to 35 Kg.

Concrete Reflection

Concrate reflection on all six sides of the
accident array of BU-7 containers (limited
rer container) results in a K of 0.789
an increase of 5.2% over the wa o

to 70 Rg U0,
+ 0.004, -
ac system.
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4.0

3.6 Ccde Validation

The validation calculations performed in this analysis
have demcnstrated that

3.6.1 For infinite or finite arrays of BU~7 containers,
MERIT and GEMER predict neutren multiplication
factors from 2 to 5% lower than the values calcu-
lated by KENO IV. MERIT and GEMER results are
in excellent agreement. The discrepancy with KENO
is due in part to the cross-section sets used in
the KENO calculaticens. The cross-section sets
were determine based only upcn the mcderaticn in
the fuel mixture.

3.6.2 For a singla BU-7 container, MERIT, GEMER and
XENO IV all agree with 0.4%.

3.5.3 Likewise, MERIT, GEMER and XENO IV are in excellent
agreement for the case of two closely-packed copti-
mally moderated fully reflected five-gallon con-
tainers (with U02 contents of 65.8 Xg or more per
container).

3.6.4 For the Rocky Flats low enriched U,0 low moderated
benchmarks, the XENC IV calculated™Xggs averaged
over the 10 cases is 0.997 + 0.002 and the GEMER
value is 1.003 + 0.003.(for™7 cases)

PACKAGE DESCRI2TION

BU-7 shipping containers are S55-gallon drums constructed of 18

gauge steel which contain an inner lé6-gallon, 13 gauge steel drum
enclosed in and supported by a phenolic resin liner. Specifications
of the BU-7 shipping container are given in Figure 4.1, Drawing
12805231, Figure 4.2 (ANSI MN 2.2-1974, UFC-Rule 40 55-gallon drum)
and Figure 4.3 (ANSI MH 2.5-1974, DCT specification 1l7H S55-gallon
drum), and include:

5SS gallon drum dimensions: Diameter 22% inches
Height 33 5/8 inches
Thickness 0.0473 inches
. Material Carbc: steel

16 gallon drum inner dimensions:
Diameter 13 15/16 .inches
Height 27 inches
Thickness 0.0428 inches
Material Carbon Steel

S and 3 gallcen product container:
Diameter 11 1/4 inches
Inner Cimensicns Heignt 13.5 inches (5 gallon)
7.5 inches (3 gallon)
Thickness 0.0208 inches
Material Carbon Steel
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FIGURE 4.1 - BU-7 SHIPPING CONTAIN
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FIGURE 4.2 - UFC-RULE 40 55-GALLON DRUM
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The 16 gallon drum has been modified by the welded attach-

ment of a closure flange to accept a 3/16 inch thick steel cover which
is gasketad for resistance to high temperature and 1s attached

by twelve 5/l6-inch stesel bolts. This gasket has been demon-
strated to survive the drep,flame,flced ané impact tests required

by 10 CFR 71 and insures that the five gallon product pails con-
tained within the 16 gallon drum dc not come into centact with
additional moderating materials (for example, water) as a result

of the postulated accident cenditionms.

Due to the 11.25 inch inner diameter and maximum height of 13.53
inches, a single standard orecduct pail has a volume of no more
than 22.5 liters. This is less than the 29.0 liter safe volume
limit for containers of cptimally mcderated Uoz sowder at en-
richments not exceeding 4.0% U-235.

As described in Figure 4.1, the space between tle ceoncentric
inner 16 gallen and cuter 535 gallon drums is completely £illed
with a solid phenolic resin insulating material. The chemi-
cal composition of full demsity ( 8 = 1 lbs/ft3) phenolic resia
is shcwn in Table 4.l.
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TASLE 4.1 CHEMICAL COMPOSITION OF FULL DENSITY
PHENOLIC RESIN INSULATION

ELEMENTAL WESGET PER CENT ORCANIC COMPCINDS-WelCGaET PER CNT
Elarent Full Densicy
Weight Weight
Element Per Cant Material Per Cent
Hydrogen 4.5 Cnicn Carxbide Fhenclic 65.8
Pesin 3RL 2760

Soren 3.2 Silicone Surfactant LS30 r
Carben 41.0 2cric Anhydride 3-203 8.2
Nitzogen (pprex) 0.0 Anhydride Qxalic Acice 8.2
Cxygen 48.6 Frecn 113 6.6
Flworine (apprex) 0.0 Fiberglass Roving 9.6
Siliccre 2.2
Chlorine 0.5
Total 100.0 100.4

Density = 8 = 1 ln/&%

Min‘mz Demmissible Demsity 4.8 lb/fe’




5.0 TECHNICAL CONSIDERATION

5.1 Mixtures Densities

The mixture atom densities used in this criticalicy
saféty analysis are tabulated in Appendix A. The 15
group medified Hansen and Roach U-235 and U-238 cross
section sets used in the XENO 1V Monte Carlo calcula-
tions were taken %o be the sets corresponding to

min min
v and c
U=235 U=2338
with
nin 5

as described in Table 5.1 and with ro other o satisfying

mir
K- - < c_n n

2

I~

Thec's ars the potential scattering cross section values
(in bans) correspgonding to U-235 and U-238 cross-secticn
sets (Refarence 4).



TARIE 5.1 X0 IV RESONANCE ABSCRPTICN CHCSS SECTION CALCUIATICHS

i
g
= - Z RIS
No
where N, = atom density of isotope i in mixtvle
q,

i = potential scaztaring cross section
for material i as tabulated telow

N, = atom density of Isotope whose effective
rescnance abscrption cross secticn is Beling computed
Material/Isczcoe 7i (sarns)
Hydrogen 20.0
Carten 4.7
Oxygen 3.8
U=235 15.0
U-228 10.7
Water 43.8



5.1.1 Moderation of Fuel Mixture

As noted in Section 4.0, in leakage of water into

the 16 gallon inner drum (and consequ ntly into

the five or three gallon prcduct containers)

dces not occcur under %he postulated accident conditions
(drcp, flame, flced or impact). The tevel of modera-
tion in the five or three gallon product containers
will therefore not change when the 3U-7 containers

are subject to the pestulated accident conditions.

The maximum normal levels of water or hydrogeneous
moderaticon in the UO2 pcwder are:

.1 from 0.3 to 1.0% by weight of moisture (320)

.7 for certain blands of U0, powder up to 4.0%
by weight of avérogen-cirbcn materials for
which

e the hydr_gen content is less than the
equivalent of 4.0 weight per cent of water

e +the ratio of atems of hydrogen to atoms
of carbon in the additive is nc less than
cne.

S5.1.2 Fuel Mixture

:tom densities of the fuel mixtures for 4.0% en-
riched U0, powder and water used in the preseac
analysis ° are tabulated in Appendix A. These
mix=ure densities were computed in cne of two ways:

.1 Mixtures with 350,000 pgm of water or its
equivalent

For systems of UQ, pewder and water in which
the water content®is restricted to low volumes
fuel-water mixtures may be determined by takin
the maximum U0, density and watsr density
gossible. For“uUl, gowder, the maximum density
possible is less than 4.3 gm/cc unless mechanical
presses (etc.) have Deen usec O compress th
cowéer. Mixtures of U0, and 50,000 ppm 8,0 are
then specified By - 3

'
-~
2

Puo, = 4.5
e UO“ = b
320 = 2 *0 .05 = 0,23684 gm/cc
+ 93
Bonsbon * 0.8¢ * Yy (atcm densities)
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This last condition simulates a mixture of 10,000
ppm H,0 and 40,000 pom of hydrcgen-carbon additive
in whzch the weighz fraction of hydrogen is the same
as that in water (11.19%) and for which the ratio of
hydrogen atcms to carkon atoms (in the additive) is
no less than one.

U0. - H.0 Mixtures Occupying Minimum Theoretical
Volumes

Given a weight fraction of water ia the mixture,
the densities of 002 and wacer are spgecified by

ecoz o ‘- “?HZO
e "’?azo\
+ WF.
10.35 / 20
and

. o
Cupo=1- Cue,

10.96

A3 in 5.3.1, maximum permissible carben centent
is determined by

NC = 0.80 * XN,

.



5.2

8U-7 GCeometrv model

The gecmetry mcdel used in this analysis is illustrated in
Figure S.1 and the KINC IV and GEMER geometIy input is
tabulated in Tables 5.2 thru 5.4. For the normal case,

the Figure 5.1 model was spacially reflected on all six

sides (J = 0) to simulate an infinite array. Calculations
were then performed for the phenclic resin insulation mixtures
in Regicns 5 and 8 or for varying amounts of interspersed
water in Regicns 6, 7, 8, 10 and 12. Calzulations were also
performed with interspersed water in Region 4 as well in
order to evaluate the impact cf close-paclked mederation

about the five or +hree gallen product pails. The three-
gallen procduct pails were not explicitly modeled since it

is readily evident that tley are less ceactive than the
five-gallon containers (less UOZ' more carbon stezel and smaller
volumes).

Tor the accident analysis, a 256 unit array was defined with
the same Table 5.2 - 5.4 geometry But with eight conmtainers
in ®he X and Y directicns and four containers in the I
direc=ion. The 8 x 8 x 4 coniiguration gives the array
with t2e minimum gecmetrical Buckling and is therefore

the mes: reactive case from an array gecmetry standpeint.



FIGURE 5.1: KENO/GEMER GEOMETRY MODEL
FOR BU=7 CONTAINER
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TABLE 5.2:

BU=7 CONTAINER INFINITE ARRAY GEOMETRY MCDEL

(KENO/GEMER INPUT)

Regicn Gecmetry Tyre
1 Cylinder
2 Cylincer
3 Cylinder
B Cylinder
5 Cylinder
6 Cylinder
7 Cylinder
8 Cylinder

Cylinder
L Cylinder
11l Cylinder
12 Cuboid
13 Core
14 Cuboid

Material

Carton Steel
002-520 Fuel Mixture
Carbon Steel

Veid

Carbon Steel

Phenolic Resin or
Interspersed Water

Veid or
Inte~spersaed Water

Phenclic Resin cor
Interspersed Water

Carbon Steel

Veid eor
Interspersed Water

Carbon Steel

Veoid or
Interspersed Water

void

Void

* Dimensicns in ¢m

=
~4

*
Radins' :ﬁeight
or or *
+ X » - 4 + 2
14.2875 + 0.05
14.2875 * 35.08%
14,34 + 35.31
17.70 * 35.1
17.808 35,5783 35.2087
23.495 35.5763 42.828°7
23.495 36.€88 42.8287
28.578 44.308 42.8287
28.575 44 .4167 42.937-
28.575 45,3692 44,842
28.634 45,3692 44,8424
:;8.684 * 23.684 45,3692
44.2422
:;3.684 :_28.684 45,3692
44 .8424
+28.634 » 28.634 45.3692
44.8424



TABLE 5.3:

GEOMETRY MODEL MODIFICATIONS FOR 33 XG
UOZ CALCULATIONS (XENQ/GEMER INPUT

-
Region Gecmetry Tvve Material Radius” 4 Heicht
i» Cylinder Carbon Steel 14.2875 + 0.05
1A Cylinder Void 14.28753 0.05 A
2 Cylinder 002 - 320 14,2875 3 -35.05
Fuel Mixture
2A Cylinder Vvoiad 14.2875 35.08 =35.05
3 Cyiinder Carbon Steel 14.34 + 35.1
Fuel Mixture Height of I 3
No. Fuel in Container A -

12.128 - 22.922 12.178

2 29.0 - 15.05 20.05

3 35.0 - 0.05 35.05
=
Unchanged
-

Dimensicons in cm



TABLE 5.4:

GEOMETRY MODEL MODIFICATICONS FCR 8 x 8 x 4
FINITE ARRAY (XENC/GEMER INPUT)

- -~
Recicn Gecmetry Tve Material 2% e 2z
12+ Cubeid Carkon steel + 28.634 + 28.684 45.3692
13 Core Void + 229.47 +229.472 +130.4232
14 Cuboid Full Density + 260.0 +260.0 +212.0
water (or
concrate)
' -
Unchanged
* » - .
Dimensions in cm

U
'4
(=

I
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Tight reflecticn of the 256 unit array was mcdelad by 12=-inch
thick slabs of full density water on all six sides of the
array. For the case of concrste reflecticn, the 12-inch
thick slabs were replaced with lé-inch thick concrete slabs
(XENO IV material number 300).

One aspect of the Figure 5.1 gecmetry modal that should be
noted is that the dimensions used are conservative as compared
to the actual BU-7 container described in Figures 4.1 and 4.2.
This especially applies to the use of the 22.5 inch inner
diameter for the maximum size of the 55 gallon drum rather
than taking credit for the 23% inch diameter cof the drum
provided by the two or three corrugaticns along the lengta

of the container. This constitutes a reduction by at least
4%% in the diametar and 9% in the volume of the drum and

is a significant factor of cemservatism in the analysis of

the 256 unit accident array. This reduction of 2% in the
velume conservatively simulates the collapsing of the rolling
heaps on the lateral surface c¢f the drums under the postulated
accident conditions (drep, flame, £floecding).

It is advised that the geometry model used in this analysis
for the BU-7 container is different from that used in the
Reference 3 analysis. The Figure 3.1 mccel is more coa-
servative than the cne previcusly used.

Five Gallon Product Container Gecmetry Mcdel

The five gallon product containers have been mecdelsd in this
analysis as shewn in Figures 3.2. The ID = 23.575 cm,

I¥ = 35.0 cm dimensions slightly overestimate the true

size of a five-gallon product container (the value is

22.44 liters as compared to the true value of less than

22.0 liters), and the mecdel is thersicre conservative,
especially since the carbon steel walls are mcdeled as

being less than 0.0207 inches thick.
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6.0 RESULTS

6.1 BU=7 Container Analvsis

Tables 6.1 through 6.3 show the rasults cf the MERIT/
GEMER/XENO IV calculaticns for the BU=-7 container.

6.1.1 Normal Case

-

TABLE 6.1 NORMAL CASE K_s for BU-7 CCNTAINER

PERCENT OF
FULL DENSITY

OF PHENOLI e & ¢
RESIN GEMER MERI RENO IV
100 0.758 + 0.004 0.753 £ 0.004  0.790 # 0.004
30 0.739 + 0,004 0.304 + 0.003  0.843 £ 0.004
60 0.853 + 0.004 0.850 + 0.003  0.903 # 0.003

k3
with 202 Kgs 002 per 8U-7 cocntainer

These results show that the ncrmal case infinite array of
3U-7 containers is critically safe and that the phenclic
resin serves as an "overmoderating” influence in that themere
resin present the lower than X,.

Comparison of MERIT, GEMER and XENO shew that MERIT and
GEMER are in good agreement but that RKENO overpredicts
the X_s relative to them by from five €0 six per cent.




6§.1.2 Accident Case - Optimum Interspersad Water
.1 Infinite Arrays

These calculations were perfcocrmed in order to
compare MERIT/GEMER and XENC. (The MERIT
geometry package is unable to meédel the 256
unit finite array.)

TABLE 6.2 = K, FOR 3U-7 CONTAINER WITH CPTIMLM
= R

-
D .
e - -

INTERSPIRS TER *
Ke * ¢

INTERSPEZRSED

WATER (gm/cc) GEME MERIT RKENO IV
0.000 1.111 +# 0.003 1.106 + 0.003 1.163 + 0.003
0.023 1.147 + 0.0G3 1.147 + 0.003 1.182 + 0.004
0.052 1.117 + 0.003 1.115 + 0.003 1.153 + 0.004
0.073 1.067 +# 0,003 1.099 + 0.004
0.100 1.021 +# 0.003 1.046 + 0.003
0.200 0.829 + 0.003 0.8428 + 0.004
0.300 0.634 + 0.004 0.642 + 0.004
1.000 0.610 + 0.004 0.617 + 0.004

T with 202 Xg coz per 3U~7 container

* Interspersad water in Regions 6, 7, 8, 10 and 12
5.2)

5
F




TABLE 6.3 - K. Fux BU=-7 CONTAINER'WITH CLOSE . ‘
PACKED OPTIMUM INTERSPERSED WATER

Interspersed % KENE Ivc

Water (gm/cc) - -
0.000 1.163 + 0.004
0.025 1.185 +# 0.002
0.050 1.144 + 0.004
0.073 1.065 + 0.004
0.100 1.008 + 0.004
0.200 0.792 +# 0.004
0.500 0.641 # 0.005
1.000 0.657 # 0.004

Wwith 202 Xg UQ, per 3U-~7 container

* Interspersed water in Regicn 4 as well
as in Regicns 6, 7, 8, 10 and 12 (Table 5.2)

Table 6.2 indicates the same trends as shown in Table 6.1.
GEMER and MERIT are in geced agrsement dut XENO IV overpredicts
the Xes relative to them by three tc five per cent in the
regicn around optimum interspersed mcderaticn.

mable 6.3 indicates that, as is to be expected, a slight shiZlt
may exist in the density of interspersed water corresponding
o cptimum mcderation, Bbut she impact on the X_,s is smaller
snan zhe Mcnte Carlo statistical uncertainties. This is evi-
dence that the addition of hydrogen anywhere cutside of the
UC, fuel has been implicitly considered Dy analyzing the BU-7
cofitainer arrays for optimum interspersed mcderaticn between
containers (anéd wizhia the 53 gallen drums) .



.2

Single Container

To provide a further comparison between
MERIT, GEMER and KENO IV, the Fagfs of a
single BU-7 container was calculatad. The
conditions for this calculation were 202
Xg U0, in the container and 0.073 gm/ce

of wa%er in Regions 6, 7, 8, 10 and 12
(see Table 5.2). The results wera:

Code Kagz L ¢

GEMER 0.355 +  0.004
MERIT 0.356 +  0.003
XKENO IV 0.356 +  0.004

Accident Case - 8 x 8 x 4 Arrays of 3U-7
Containers

The GEMER and XZNO IV results for the analysis
0f the 8 x 8 x 4 arrays of BU-7 containers
with cptimum interspersed water are given in
Tables 6.4 and 6.5. Table 6.4 is Sor the case
in which the 3U-7 containers each hold 202 Xg
Ug, (full Zive-gallon preduct pails at 4.5gm
J05/cc] while Table 6.5 centains the results
503 the containers limited to 70 Kg 302 each
(35 Rg 002 per five-gallen product pail).



TABLE 6.4 = K ;.8 for 8 x 8 x 4 ARRAY
oF 3U-7 CONTAINERS (202 Xg

ue, PER CONTAINER)

Interspersed hett = O

Waser (am/cc) GEMER KENO IV
0.000 0.853 + 0.004
9.325 0.834 + 0.004 0.%06 + 0.004
0.030 0.924 E 2.004 0.955 + 0.005
2.073 0.928 + 0.005 0.944 + 0.004
0.100 0.929 + 0.005
0.200 0.802 + 0.003
0.3500 0.637 + 0.004
1.000 0.617 + 0.005

The array is tightly reflected on all six sides
by 12 inches of water. No interspersed water
is placed in Regicn 4 (see Table 5.2)

[
n
|
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TABLE 6.5 = K_ ;.8 for 8 x 8 x &4 Array

of BU=7 Containers (70 Xg
002 Per Container)

Height in
Intersrersed Can of
Water (em/cc) 12,128 en
0.0G0 0.534 + 0.004
0.025 0.609% + 0.004
0.050 C.637 + 0.004
0.07S 0.636 + 0.004
0.100 0.641 + 0,004
0.200 0.537 = 0.004
0.500 0.413 + 0.004
1.000 0.417 + 0.004
0.075 0.142 + 0.0Q02
Single =C
Container

KENO IV K ¢ + 0

Height in Height in
Can of Can of

20.0 em 35.0 em(Full)
0.530 + 0.003 0.532 + 0.003
0.624 + 0.003 0.655 # 2.005
0.679 +# 0.004 0.731 + 0.004
0.693 + 0.004 0.750 + 0.00S
0.681 +# ".005 0.743 + 0.004
0.573 + 0.004 0.623 + 0.004
0.410 + 0.004 0.427 + 0.004
0.40€ + 0.004 0.401 + 0.005
0.731 + 0.002 0.351 + 0.003

The array is tightly reflected on all sides by 12 inches of water.
No interspersed water is placed in Region 4 (see Table 5.2).



It is concluded from those WO cables that the 3U-7 container
array is critically safe under the postulaced cptimum inter-
spersed moderaticn, full reflection accident cendition even
if ehe individual 8U-7 econtainer mass limit of 70 Kg 002 is
exceeded. This assumes that the /U = 1,577 and C/U = 1.262
limits are still met.

As in the previcus cases, the XKENC IV results around the

optimum interspersed water level are cne to three per cenc higher
than =he correspending GEMER values. (The 3 x 8 x 4 array cannct
be medeled in MERIT due to gecmetry limitations.)

The Xefe for the 8 X 8 x 4 array with cptimum incerspersed

water and full reflecticn and with the 70 Kg 002 limit per

container is 0.750 + 0,005 (at 0.075 gm H,0/cc interspersed

watar.] For comparison, this case was anily:ed replacing the

tight water reflecter by a tight lé-inch thick conzrete reflacter

(on all six sides). The KZNOC IV Xef# for this case was 0.739 & 0.004,
an increase of 5.2%.

EVALUATION OF CAR3CN ADDITIVES

from Refersnce 3, the relative medarating facter for a mixture
of wasar and carbon can be determined to be:

Moderating facter = 20 SH + 0.76 Ne + 0.50 No

where N.., N¢, and No are tae ceorsesponding atom densiti for
hydrogeﬁ, carben, and oxygen in the medevator. I+ follcws frcm
+his relaticonship that the worth af carbon as a moderatcr is

0.76 + 20 = 0.038 times the worth of hydrogen. Applying this value
to the mixture of U0,, water and hydrocgen-carion additives

which is approved toz the 3U-7 container, (an H/U atomic ratio

of 1.577 and a C/u atemic racio of 1.262) tien results in an
equivalent U0, = Hzo mixsure with 51438 pom H,0 as ocposed

o the 50,000°ppm “H,0 limit for the 2/7 rasid of 1.377.

The effect of the additicnal 1438 ppm aza eguivalence can te
estimated from existing cabulatad data “(Reference 3) =2 be
less than 1.0% in X. However, as part of the present analysis
of the BU=-7 centainer, addi=ional calculaticns have been
made using tihe XENC IV Monte carlo code to evaluate the efs
of carbon on 4.0% enriched UQ, systems. The results of the
are given in Tables 5.6 throuéh 6.10.

ect
se
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TABLE 6.6 K_ s Of U(4.05)0, - Carbon Systems

of Carbon in C/U=-235 =o IV
Mixturs Atcmic Ratio X, ¥ o
0.00 0.0 0.806 + 0.002
0.1 61.6 0.814 * 0.002
0.20 138.7 0.803 * 0.002
.30 237.8 0.778 + 0.002
0.40 36%.9 0.775 + 0.002
0.50 554.9 0.788 *+ 0.002
0.60 332.4 0.809 * 0.003
0.70 1294.8 0.867 * 0.003
0.30 2219.6 0.936 + 0.003
0.85 3144.4 056 + 0.003
0.375 33884.3 1.122 # 0.002
0.90 4994.1 1.186 + 0.003
0.925 £843.7 1.303 + 0.003
0.95 10543. 1.359 + 0.003
0.975 21641. 1.438 ¥ 0.003
0.982 30273. 1.448 + 0.003
0.%90 54935, 1.377 * 0.c003
The thecrestical dersity of carbon was taken t© be 2.25 @ms/cc



TABLE 6.7 MINIMM CRITICAL MASSES CF 7(4.05)0, = H.0 CIEECS* SYSTESS

210 IV calc.

Weicht Fracticn Weight Fracticn /C=235 Min, Critical
of 320 of Carben Atcmic Ratio Mass of Uoz(Kg)
0.0 0.375 21641 140.9
0.982 30273 128.1
0.990 54235 147.4
0.0 0.00 2208
9.0S 22.84 1954.5
30.0 1533.0
200.0 861.3
1000.0 419.8
0.0 0.00 337.5
¢.10 22.84 277.
200 263.3
1000 164.0
0.0 0.00 101.0
0.20 22.84 104.9
200 108.9
1000 93.7
0.0 c.00 74.4
0.30 22.84 70.2
200 76.7
1000 10l1.8
0.0 0.00 65.9
0.40 22.84 66.2
200 73.2
10C0 331.6
. 0.0 c.00 £8.6
0.50 22.84 73.3
200 36.9

.~
?c‘ = 2,25 an/ce

* Water reflectad

=, 2N -
-



TABLE 6.8 MINDAM CRITICAL MASSES CF U(4.03)
02 ® H20 SYSTEMS

X0 IV Calculatad

H/U

Atcmic Ratio

1.577

3.330

7.492

12.84
19.98
29.97
44.35

69.92

e

Minimim Critical

o
P

Xe)




1
MINIMUM CRITICAL MASS 'S

TABLE 6.9: MERIT VERIFICATION OF KENO 1V U0,
c/u-235 Weight Fraction Critical U0, Critical MERIT
Atomic Ratio of Water Radius Mass K ee ¥
0 0.30 20.98 74.4 1.0031 +
0 0.40 22.84 65.9 1.0041 +
0 0.50 26.14 68.6 0.9941 +
22.84 0.30 21.12 70.9 0.9895 +
22,64 0.40 23.34 66.2 1.0019 +
22.44 0.50 27.23 73.5 1.0016 +
& 1000 0.10 36.24 164.0 0.9926 +
v 1000 0.20 33.01 93.17 0.9963 +
1000 0.30 37.16 101.8 0.9819 +

See Table 6.7

0.0042
0.0039
0.0033
0.0048
0.0043
0.0034
0.0048
0.0042
0.0039



TASLE 6.10 = BU=-7 CONTAINER ANALYSIS WITH CARBCNé

A. Normal case K with 60% of full density phenclic resin
(202 Xg U0, per BU-7 container)
XENC IV X_ without carkon 0.903 + 0.003
XENO IV K_ with carkon 0.913 + 0.005
3. Accicdent case: 8 x 8 x 4 water reflected array with
-
70 Xg UO2 per 3BU-7
Censity of
Interscersad 320 RENC IV X_.¢ XENO IV Rg:zs
(gm/ce) (without ~~“carbon (with carbon)
0.025 0.635 + 0.003 0.683 + 0.004
0.050 0.731 + 0.004 0.731 + 0.004
0.075 0.750 + 0.005 0.757 + 0,005
0.100 0.743 + 0.004 0.745 + 0.004
' -
Height 02 fuel in five gallen product pails is 35.0 cm

- -



The X, results in Table 5.6 can be compared with the tabulated
values in Reference 6 for U(4.0) 0z - H20 in which the maximum
= is no greater than 1.40. Figure 6.1 is a plot of the Table
5.6 results. In additicn, if all the moderator in tlhe vo, -
moderator mixture in the 3U-7 containers were carbon, Table 6.6
indicates that the X, of the fuel would be less than 0.8. (An
B/U ratio of 1.577 and C/u ratic of 1.2562 imply an effective
"C/U" ratio of 42.737 when using the 0.038 eguivalence factor
between carbcn and hvdrcgen). The Xe of a U(4.0) Cp - H 0
mixture with 40000 ppm H0 (a H/U ratioc of 1.377) is greater
than 1.0.

Tables 6.7 and 6.8 show minimum critical masses calculated wita
RENO IV Zfor U(4.05)02 - H30-C and U(é.SS)Oz - H,0 systems.
These two tables indicate that the minimum“critl al mass occurs
for pure U0,-H,0 mixtures and that the presance of carbon there-
fore results i dilution of the fuel mixture. Table 6.7 clearly
astablishes however that carbon mcderation can De apereciable
for under mccerated systems such as the BU-7 container. In this
regard, the eantries in Table 6.7 for 0.05 weight fracticn of
water indicata the impact of the C/U = 1.282 BU-7 container

imi=. With no carbon, the minimum critical mass at the E/U ratio
of 1.577 (i.e., 0.05 weight fracticn water) is 2208 Xg UQ0,. With
a mixture containing cazbon with a C/U-235 ratio of 30, (an B/U
of about

1.2), the critical mass decreases to 1637.7 Xg UOZ, a
33% eflect.

Table 6.3 presents a verificaticn of the KENO IV UO, minimum
critical masses which was performed with the MERIT fonte Carlo
code. The MERIT code was used to calculates the Xg:zs of the
U0, spheres determined to be critical with XENO 1V {7ia the
search option). The results show excellent agraement between
MERIT and KENC IV fcor these L'O2 - azo-ca:b n systems.
Finally, Table 6.10 summarizes the resulets of XENO IV calcula-
tions for the 3U-7 container normal case and accident case
nalvses described in Secticn 6.1 with the addition cf carbon
in =he fuel mixtures. The C/U ratio Zor these calculations is
1.262. As can be seen, the addition of the caxzbon increases
the X, and X 2+ values Dy nC mors than 1.25%. Ia both cases,
the 3U-7 contiiner system is still subcritical.
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Analysis of five Gallon Product Pails

The safety of individual BU-7 containers has
calculating the effective neutrcon mu tipli
ewo five gallen product pails unéer condit
moderation and full reflection. The resu
sions are shcwn in Tables 6.11 and 6.12. 6.11 gives the
results of KENO IV calculations for two £ive gallon containers
placed side by side (ané touching) with tight watel reflection
in all areas except immediately between the two ccntainers.

The maximum Keegs for this case are:
-~ -

1 shese calcula-
m
-

0.963 + 0.006 for 65.8 Xg UOZ per container

0.909 + 0.005 Zor 35.0 Xg U0, per container

mable 6.12 gives the results of calculations for the two five
gallcn contalnerss stacked in a vertical column. Again, the
contziners ares touching and the assembly is tightly reflected
sy at lsast 1. inches of water. T2ae maximum X_... for the
ver=ical arrangsment are: T

-
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container

0.904 + 0.004 for 35.0 Xg UQ, per container

Since the B8U-7 shipping container is lim ted to 35.0 Xg per
£ive gallon preduct pail, the criticalitzy safety of an indivi-
dual container is established Zor the case ¢f cpgtimum moderatlio

arnd full reflection.
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TABLE 6.11 - ANALYSIS OF TWO FIVE GALLON CO

NTAINERS SID

M

A.

™1
-, -

Weight Fraction
of H,0 in Fuel

OOOO 00
« ¢ 8 s & @
UL da Wt O
QoOoooowm

Containers widl

siaimii P
Weicht Fracticn
3 .- 4 :
of E,0 in fuel
-

0.40

0.30

Containers with Maximum 002 Masses

Mass of UOZ

in Single

Container (Xg)

T~
B W

OWWLWuLOoOo
- - . . - -
OOy )W WO

Limits

Mass

RENO IV K_og:S
Minimun Heighit

0.581 + 0.004
(127128 cm)

0.639 + 0.005
(127128 =)

0.801 + 0.005
(18,624 <)

0.885 + 0.005
(28.370 =)

0.909 + 0.005

(3570 em)

0.341 + 0.003
(35.3 cm)

| +

Intermediate
Height
in cans

R R R R R R

0.538 + 0.004
(20.0 &)

0.579 + 0.004
(20.0 &m)

0.746 = 0.004
(25.0 =)

0.0C4
0.005
0.006
0.005
0.005
0.003

Full
35.

cans

0 cm




A.
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TABLE 6.12 - ANALYSIS OF TWO FIVE GALLON CCNTAI

- —-

=

S STACXED

VERTICALLY

Full Containers with Maximum UOZ Masses

Weight Fraction Massof Wpin o TRU T g fT Kooz =

of Hy0 in Fuel Single container €5 - - " -
0.05 156.0 0.804+.0C4
0.10 110.9 0.902+0.006
0.20 65.3 0.964+0.005  0.3330.004  0.953:0.006
0.30 13.2 0.354+0.005
0.40 2.6 0.904+0.004

0.30

20.56

0.850+0.005

B. Ceontainers with 35 Xg UG2 Mass Limits

Weight Tracticn Minimmm Height

of 120 in Fueal

in Cans

wn

0.0

0.1

0.20

0.40

2.30

0.586+0.005

12.728 cen)

5.633+0.004
(12.128 em)

0.793 + 0.005
(18.624 =)

0.881 + 0.00%
(28.370 =m)

0.204 + 0.004

(34.0 )

0.850 + 0.005
(35.07e)

Interrediate
Heicht

he-

in Cans

o
-
~ n
to
O w o O
.
o+
e
: -

0.578 + 0.005
(20.0 &)
0.736 + 0.005
(25.0 em)

Full Cans
(Feight=35.Ccn)

0.519 + 0.004

0.536 + 0.005



The Xgge = 0.909 + 0.005 and 0.204 + 0.004 results listed above
constitute uprer limits for extreme accident conditions since

the moderation limit in the containers is limited by BU-7 specifi-
cations to 50,000 pem H20 or less. (50,000 ppm is the same as a
weight fraction of 0.05.)

In Table 6.12 Kes¢ results have also been presented for MERIT and
GEMER calculations of the vertically stacked assembly with 63.8 Xg
U0, (weight fraction of water = 0.20). The “ERIT and GEMER results
for this case are in excellent agrzement and are akout 1% lcower
than the KENO IV result.

Finally, it is noted that the presence of carbon in these containers
has been found in Section 6.2 to increase the Keffg by no mcre than
1.25% provided that the H/U = 1.577 and C/U = 1.262 linits are met.
The ccnditions analvzed in Tables 6.1l and 6.12 would in such
accident conditions still correspond to a C/U = 1.262 case but the
B/U ratio would exceed 7.5 (see Table 6.83). 1In this case the pre-
sence of the low level of carbon would have an even smaller effect
on the system X,ss5. Nevertheless, if the system Xg:zs5 were Lo
increase by 1.25%, the two 5 gallon containers with 33 Kg UC2 in
either geometry arrangement would still be critically safe since
most Kg:z would be no higher than 0.920.

- -
-
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Evaluation of Rocky Flats Low Enriched Low Moderation U308
Benchmark Critical Experiments

Reference 7 describes a set of benchmark critical expe-iments that
were zerformed by Rockwell International (Rocky Flats Plant) to
provide data for low enriched u:an;um Oxide systams with low levels
of moderation. The Rocky Flats experiments consisted of a 5X5X3
array of Aluminum tins which »onta-ned 4.46% enriched U30g powder
and for which the average hydrogen content in the entire assembly
resulted in an H/U ratio of 0.77. Ten different cases were run
for the critical experiments corresponding to tne type of fully
enriched UranlumLmer (metal, low Uranium content solution or
high Uranium content solution) and to the type of reflector (con-
crete, metal or plastic). Measursd amounts of water were added

to the 3303 in the Alum‘num tins through drilled holes (56 per
tin). The measured critical parametar in the experiments was

the separation distance between halves of the 123 unit array.

rmed for the

Both XENO I? and GEMER ca‘cula ions have been perfocrm
ling of the assem-

Rocky Flats experiments with very dehalled mcdell

blies in -egular and enhanced XZNO IV geonet-les. The major area
in which the gecmetry models diZfered in the true configuration
was in the smearing o‘ the holes in the Aluminum tins which were

used to add the measured amounts of water. *He impact of this
smearing has beea evaluated however by analyzing the X of a
single Aluminum tin with and without the Alumiaum holes. From
XENC IV with enhanced gecmetry these results are

For single oxide can K, = 1.0838 + 0.0040
without holes ("smeared”)
For s-“g-- oxide can K, = 1.0830 # 0.0053

with holes ("unsmeared")
Any difference is ccmpletely masked by the 0.3 to 0.5% statistics.

Table 6.13 shows the results

for the Rocky Flats experimen
GEMER because ¢f gecmetry med
quire the use of the enhanced
in GEMER.)

£ the KENO IV and GEMER calculations
s. Cases l-3 were not gerformed wiktl
ling difficulties. (These cases re-
gecmetry option not currently available

c
-
-
=
=



TABLE 6.13 - KENO IV AND GEMER CALCULATIONS FOR ROCKY FLATS LOW ENRICHED U30

1.OW MODERATION BENCHMARE CRITICAL EXPERTMENTS

EXPERIMENT Kegg L ©
_ NO. DRIVER REFLECTOR KENO GEMER
1 Mctal Concrete 1.006040.0057
2 Metal Plastic 0.9931+0.0064
3 Metal Steel 1.007540.0067
1 High Uranium Concrete 0.9948+0.0052 0.996140.0060
Content Solution
5 High Uransum Plastic 0.9984+0.0052 1.011540.0059
Content Solution
6 High Uranium Steel 0.9819+0.0055 0.9816+40.0082
Content Solution
7 Low Uranium Concrete 0.9950+40.0048 1.0219+0.0087
Content Solution
8 Low Uranium Plastic (Spacing 1) 0.9981+0.0045 1.004510.00064
Content Solution
9 Low Uranium Plastic (Spacing 2) 0.997040.0050 1.013840.0079
Content Solution
10 Low Uranium Steel 0.9979L0.0051 0.989840.0080

Average values

Content Solution

0.997+ 0.002

1.003 + 0.003
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Appendix A. Mixture Densities
A.l Fuel Mixtures
Bl Phenolic Resin and Carbon Steel

A.3 Interspersed Water



TABLE A.l1 UO2-H70-C MIXTURE DENSITIES

4.5 gm UO2/cc + 0.23684 gm H0/cc Mixtures

Material MERIT/GEMER ENOC IV
tom Density At~m/Material
{atoms/barn-cm) Density (atoms/
barn-cm)

-0

5]
re

U=-235 4.0657 E-04 4.0657
U-238 9.6344 E-03 9,56344 E-03

Oxygen 2.8001 E-Q2 2.00828 E-22

Hydrogen 1.58365 E-02 -

v q - +
Water - 0.237269
Carkon - 1.26692 =-32

(Coticnal)

Use: 101 Rg UOz in 5 gallon container occupving entire vo
of can (height = 35 cm)

or 35 Xg UO2 in 5 gallon ccntalner cccupying minimm voO
of can (height = 12.128 cm)

= 0.23634/0.9982, which is the XENO input deasity (gm/cc
in this case - not atoms/barn-cm).

HANSEN-POACH
16 Group

Material

92503
92810
8le0

ID



8. 2.72388 gm UO2/cc + 0.14362 gm H,0/cc

MATERIAL MERIT/GEMER
Atom Censity
(atoms/barn-cm)

U=-235 2.463546 E-04
U-2383 5.84235 E-03
Oxvsan 1.69800 E-02

9.60334 =Z-03

wWatazr -

Use:

volume of can (height = 20.0

-

KENO IV
Atom/Material
Density (atoms/
barn-cm)

2.46545 =-04
5.84235 E-03
1.21783 2-02

0.143881"

35 Kg UO» in 5 gallon centainer occupying partial

cm)

BANSEN-ROACH
16 Greoup
Material iD

= XENO input density (gm/cc in this case = not atoms/barn=-cnm) .

- -



-

1.5593 gm UO2/cc + 0.08207 gm H20/ce

MATERIAL MERIT/GEMER KENO IV
Atom Censity Atem/Material
(atoms/barn-cm) Density (atcms/

barn-cm)
U=235 1.40883 E-04 1.40883 E-04
U=-238 3.33845 =2-03 3.33849 E-03
Oxygen 9.702384 =-03 6.959C3 E=-03
Hydrocgen 5.48763 E-03 -
Watar -— 0.0822179T
Carbon -- 4.39009 =-03

Use: 35 Xg UO2 in 5 gallon ccntainer cccupying entlire
volume cf can (height = 35 com)

HANSZN-=-ROACH
16 Group
Material ID

92508
92810
8100

+ XKENC input cdensity (sm/cc in this case - not atoms/tarn=-cm).
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0. FULL THEORETICAL DENSITY UO2-H20 MIXTURES

1. KENO Mixtures

Atcm/Material Density (Atcms/barn-cm) .
WF H20 U=235 U=-238 Oxygen wWater
(Material) (Material) (Material S5100) (Material 3502)

0.10 4.454322 E-04 1.058505 =2-02 2.20543 E-02 0.550088
(92509) (92818)

0.20 2.64783 E-04 6.27409 E-03 1.30783 E=-02 0.733941
(92510) (92825)

0.30 1.73810 E-04 4.11875 E=-03 8.58547 E-Q3 0.824960
(92511) (92831)

0.4 1.13208 =2-04 2.82485 =-033 5.88336 E-03 0.881201
(92512) (92835)

0.50 8.27944 ==-05 1.9619 =-03 4.08969 E=-03 0.918040
(92512) (92840)

Oxvgen = Material
wWater = Material

2 MERIT/GEMER Mixture: WF H50 = 0.20
Material Atcm Density
(atoms/barn-cm)
U=-235 2.64765 E-0C4
U-238 6.27409 E-03
Oxygen 3.75717 E-0Q2
dydrcgen 4.89868 E=-0Q2

Par+ial densitv atcm densities are determined by the ratio cf
the height of the fuel in the container to the height of
thecretical density aixture in container divided Ints the
densities in Table D.1l

’ . "

WA | : 3 - & ) \
* RENO input density /jec in this case - 710t atoms, carn=cCch) .

E

wif dw



TASLE A2 PHENOLIC RESIN AND CARBON STEZEL

A. Phenolic Resin

Material Full Density 80% Density 60% Censity
(atoms/barn=-cnm)
Hydrcgen 3.0140 E-03 2.4112 E-03 1.8084 E-0Q3
B-10 4.2688 E-05 3.4151 E-QS 2.5613 E-0S5
B-1l 1.6726 E-04 1.2581 E=04 9.4356 E-05
Carben 2.3050 E=-03 1.8440 =2-03 1.3830 E-03
Nitrogen 5.2890 E-0S5 4.2312 E-03 3.1734 E-0S
Oxygan 2.0510 E-03 1.6408 =-03 1.2306 E-
— 1.997 =-04 1.5976 E-04 1.1982 E-

3, Carbkon Steel

Material Density
(atoms/barn-cn)
Carbon 3.921 =2=03
Iron 8.3491 E-02
Material 100 1.0000
{Ransen-Ro0ach)

KENO IV Material



TABLE A.3

=
“
=

ERSPERSED WATER DENSITIES

XENO Material MERIT/GEIMER Densities
Density (atoms /barn-cm)
Hydrogen Oxygen
0.010 6.6866 E-04 3,.3433 E-04
0.025 1.67173 =-03 3.25816 E-04
0.050 3.3433 E-03 1.4716 E=-03
0.075 5.01489 E-03 2.50745 E-03
0.100 6.686¢ £-03 3.3433 =03
0.200 1.3373 E=-02 §.563658 E-03
0.500 I 3433 E-02 1.6716 E-02
1.000 5.6865 =2-02 3.3433 ==02
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ABSTRACT

The General Electnc Model BU-7 Shipping Container 2as been shown o mesl
the specilic criticality standards for a Fissiie Class | Package as required n Title 10,
Pant 71 of the U.S. Atomic Energy Ccmmissicn's Code of Feaeral Regulavons
(10CEART1). Each BU-7 container is restricted by the results of the analysis to contain
imited quantities of dry, unirradiated uranium compounds enriched up o four percent
in the U-235 isotope.

The KENO Monte Cario cnticality code was used with 3 mecaified Hansen and
Roach 16-Group sat of cross sections in the  alysis.

INTRODUCTICN

General Eieciric now uses the Model BU-5 shipping container for the transgonaiion of low-ennched, unirragiated,
granium ox:iges. The GE Mocel 8U-5 contains a salid nsulating mecium caliea VPAC, an acronym for vermiculite,
plyamine ang powdcerec ammonium chioride caialyst.

in order 1o lighten tha net weight of the container.and thus effect savings in the cost of transporting the fuel,
a phenolic resin has been proposed as a substitute insulating medium. The phenciic resin has 3 censity of approximateiy
8 pounds per cutic foct.

The GE Mode! BU-7 shipping container is thus identical to the GE Model BU-5, except that a lighter phenolic
resin insuiaton 1s used instead cf the VPAC insulauon.

ANALYSIS SCOPE

To demonst-ate hat the GE Mcdel 8U-7 packags meets the scecific crticaity safety standards for a Fissile
Class | package as required by Part 71, Title 10, of the U.S. Atomic Energy Commussion's Ccode of Federal Reguiaticns

SUMMARY AND CONDITIONS

The results demonstrate that the GE Model BU-7 shipping container meets the specific standarcs of the U.S.
Atormc Znergy Commission's Titte 10 Pant 71 for a Fissile Class | package whnen used 'or the iranspgonaticn of dry,
unirradiated, low-2nnched, uramum compounds.

The GE Modei 3U-7 and the insulating mixture are !0 be as described in the Package Cescnption section of
this repert. The insulating mixture shall have a density of 8 = 1 pounds/cuBic foct.

The fusi contant of each package (8U-7) 1s (0 be rasincted as fcliows
Ennchment: Uranum ennched up to a2 maxmum of 2% 0 the U-2325 sotcpe.

Moceration: Ory uranium comgounds. A maxmum nysrogen-tg-uranium rato cf 0.45, con-
sidenng all scurces of hydrogencus moceraicrs in the :nner containment

Physical Form Uranium compounas n the ‘orm of powcsar 2elets or Sowger-Dellet mixtures
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Contents: Not to exceed the iesser of:

@

(1} Two safe batches (30% of a minimum cntical mass) of UO, as a function
of the maximum enrichment and physical composition® (powder or pellets)
of the uramum in the contamner, or

2) 89 wilograms of total contents.’

* The sa’s Datch values 'or pellats snall be used whenever a combinaten of powder and pellels 's presant
® The 29 RECGrAM MUl 5 31 3 crticauly hmit Dut one Dased on tha iad drop-tested

PACKAGE DESCRIPTION

The 8U-7 inner containment i$ a nominal 18-gallon Department of Transpentation (COT) Specification 17H arum
constructed of 18-gauge steei. moaified by the welced attachment of a closure flange 0 accept a 3/18-inch thick steel
¢ which s gasketed for resistance to high temperature and is atlached by lwelve 5/16-inch steel oolts. The insice
cimensions of the inner containment drum are 13.75 inches in Jiameter by 27 inches high. The cuter containment
's 2 nominal 55-gallon. DOT Specificaiion 17H, 18-gauge steel drum, 22.32 inches outer diameter and 36.5 inches high

- W
The space tetween the concentric inner and cuter containers is completely filled with a sokd insulating mecium-
phenciic resin. Tha prenchc resin is the same as that used in the FL-10-1 package, and ‘he 5A and 30AB overpacks.
The resin has a density of 3 = 1 pounds/cubic foot. its chemical ccmpesiticn is shown in Tabie 1.

Tabie 1
CHEMICAL CCMPOSITION OF THE PHENCLIC RESIN INSULATICN

Elemental Weight Percent® Organic Compounds - ‘Weight Percent

RPN i ersssosinivusshnserrainy SRR SB, - 7l Union Carbice Phenoilic Resin 2RL2780......... 65.8%
HYGPOGEN ...c.cnveerianscsesiassirsrasmsastass smassessonsssasssssses 45% Silicone Surfactant LS30.....cc.cceieinaisenssncssransanse 2.0%
BRI . - o coommcss sorconuabsamesnynssivsbmonssiss mpasisnassintsaripos 3.2% Sonc Anhydride 8-203........cciciieins st . 8.2%
BHICOR .. o caisssmsiasisvsaonsosarstsnsesviyfisrrrriepssasssbiis 2.2% Anhydnde OXaic ACIH........ccommimemsmissmsassessnsass 8.2°
CIMOMNG ..cv.euvmersesammrassarssssunsssee imansssasassasosionass sansss 0.5% Freon 113........... e ey prmpinipel 6.5%
NILPOGON .....ocoiocmmusmiresmsssnssansarsransasssassnasnsosssensonion ~0 FIDerglass ROVING .......ccoviemmimiisinmnssasnssasesssnanss 9.6%
FIOMNG. ... cerernserensesasssanersnssnsasssssansssasssssrsvantsns ~0

ORYGON .cocr v eonssssssasisnimmasinnimsssnsssinssisrinsssssnsassins 48.6%

*ODensdy = 8 = ' D/oudc ‘oot

The uranium S containea 0 'wo nominai 3-galon pais. or two or mere nominal 2.3-galicn dails. ‘zbncatea of :
minimum 24-gauge steel. The paiis have an nside damisr 2t 11 25 inches and ara2 verucally stacked n the nner Q
containment 3t 2ach 3U-7 '

Ld
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TECHNICAL CONSIDERATIONS

The KENQ' Monte Carla criticality code was used for the computaticns with 3 Knight-modcified® Hansen and
hoach® sat of cress sections cttained from Oak Ridge Naticnal Laboratery

Tests* performed by the General Electnc Company cemonstrate that the capacity of a 3-gallen canis 84 wilograms
of randomly stacked pellets, incicating a void fraction of aporoximately 62%, We have. therefore, very conservatively,
assumed for computational purposes that each S-gallon can is full of acout 35 kilcgrams of 4%-ennched UQ, peliets
Note that in reaiity the maximum amount of 4%-enriched peilets 10 te aliowed n any 3-gallen can is 24.7 ilograms
- a sale tatch,

Since ths pellets, which come from a dry environment, 2re icaded into the essantiaily 3ry inner cantainment
of the 3U-7. thare s practically no hydrogenous moderation present Datween the 'uel lumps Theretore, pellats in
the 5-gallcn cans are consicered !0 be a homogenecus mixture, with a gensity of & 2 grams UO,/cc [p theorsical
U0, x {1-void fraction)]. This nomogenacus mixture density also covers cans full of cowger, since the density of UO,
powder will not exceed 4 2 grams UQ,/cc. Tha fuel mixture number dansilies corresoenaing '0 4% ennchec uQ, at
an H-to-u ratio of 0.45 are given in Tatie 2.

Table 2
NUMBER DENSITIES OF FUEL MIXTURE

Number Density,

Element Atoms/Barn-cm

IR i s i ik TR S R W S SR o I 7 R caene--.0.00037986

U23B oot sves s ene et et ssennes s snrare i cnneon 0. 00899 )
O B BB v crer s s mmmaria s enieny Oy i ke ...0.0187

s e I S S L e B e ! .....0.0042185

Q (in watern)

Since he H/U ratio is ccnstant, the value of op (barns per acsorter atomi s 3lso constant. A op of 29.5
barns oer U-238 atom was computed. A conservative vaiue of 12 barns per U-238 atom was used .n the caiculations.
This ‘ow vaiue will undaresumate the resonance absorpticns in U-238 ana yieid ‘arger vaives of the muitiphication
constant.

The BU-7 was represented in the KENQO computer srogram Sy the same geometnc mocel used in the anaiysis
of the BU-5 package.®

RESULTS
. Normai Conditions of Transport
The razactvity of an nfinite array of ungamaged SU-T's loadea with aporommately 171 kiograms of ary

495-anncnec UC, (number Jensdies as given n Tacle 21, was shown 10 De succnucal under twao sats

¢t concitions

X
"
1

o

e

om



.

NEDO 11277

2. Insulating mixture with a density of 7 pounds/cubic ‘oot -

k= = 0.57659 = 000487 (1)

The number densities of the insulating mixtures as Jsed in the analysis are given in Tabie 3

Accidental Conditions

An array of 256 (8 x 8 x 4) BU-7's, loaded as above and fuily ~ater-reflectea, ~as shown o be subcrntical
under condiions of optimum inter-unit meceration

For the analysis of the accident conditions, no crecit was taken at all for the nsulating mixture, and the
spaces in between inner containments, Not occupied DY steel, were assumed '0 contain water of varnous
densities

The reactivity of the tully water-reflacted array is given in Table 4 as a function of inter-unit water density. it
can be seen from ‘he tabie that the max:mum reactivity for the array occurs at an inter-unit water density ot C.125 grams/cc,
and it 1s 'ess than 0.81

Eiement

Carten

Hydrcgen

Boron....

Sihicon.......

Chicrine

Cxygen

Table 5
NUMBER DENSITIES OF THE INSULATING MIXTURE

Density = 3 Ib/ft? Density = 7 ib/ft?
of Insulation of Insulation
Number Density Number Density
Atoms,Barn-cm Element Atoms/Barn-cm
ek R DO B YR Carbon.....c.ccovravecavense ke bre s bofstnd 2.308 x 107
..3.445 x 107? e . 3.014 x 10°?
.2.282 x 10 BRI ittt sty amsenalassassasres IR . DB
..... e serssacanneseresnenseraensennneen 0.048 X 1073 BN onsmissscsinsussomssssansassirssnsnsmesmsissibd® % 1072
1088 x 10 PRI < ssinicis s rrsnissmansismmananiimy I . T T
.2.344 x 107 CRERIBI .. oo covirsissryspepransisspmnprinimniatinel 2.051 x 107
Table 4

Keft OF FULLY WATER REFLECTED ARRAY OF
256 (8 x 8 x 4) BU-7'S

inter-Unit H.O Density, gm/cc 99% Configence Interval
0.25 0.67615 10 0.72580
2.125 0.77043 10 0.80885
JC5 Q.71741 10 0.77316
0 C2S 064875 10 2694
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farm N3ACH18 U.S. NUCLEAR REGULATORY COMMISSION
(12:22) - ~ \
Nt s CERTIFICATE OF COMPLIANCE
For Ragicactive 'Materisls Packages
1. Ceuificate Numper 1.8} Revision No. 1.lc) Package Identification Nao, 1.1d) Paqu No {1 te) Total No. Pages
¢019 5 USA/9019/AF 1
2. PRIAJMMBLE
2.(a)  This cervificate is issued 10 satisty Sections 173.293a, 173,394, 173.295, and 173.296 of ’N ar of Transportation Hazarcous
Materaly Reguiations (43 CFR 1701389 ang 14 CFR 102) and Sections 148-18-10a .nq 12 the Cepartment of
Transportation Cangerous Cargoes Regulations (46 CFR 146~ 143), as amendag

20)  The cackaging and contents descrioed in item 5 below, meers the safery snndar Sucoan C of Title 10, Code of

Faderal Regulations, Part 71, "Packaging of Ragicactive Materials for Tra * vsoortation of Radicective Materal Under
Certain Conditions.” Q

2idd  This certificale does not relieve the consignor from somgliance wi

Traniooriation or other apolicabie reguIatory agencies, ng
will Ce Transcorted.

wement of the requiations of the U.S. Cepartment of
omnmml of any country through Or into which the Sackage

1 Thas cenficae is issued on the basis of a safery ana /us
lla) Prepgarsd by Name and addn-)

w DACkage DN OF IDCHICAT Ofi=
Title ang Jentification ot report or application:

General Electric Cunpan/ General Electric Company application dated
P'O Box 780 May 24, 1974, as supplemented.
Wilmington, NC 2840 71-2019
? d.le} Docret No.
4. CONDITIONS

This centificate is conditional upon the fulfilling of the requirements of Subpart D of 10 CFR 71, as applicable, and the canditions specifisd
‘ ) n item S Delow.

S. Cescriprior of Pacxaging and Authorized Contents, Modei Numper, Fissile Class, Other Conditions, and References:

(a) Packaging
(1) Model No.: B8U-7.

(2) Description

The packaging consists of either two, 5-gallon or thres, 2.5-gallen,
11.25-inch ID, minimum 24-gauge steel pails contained in a 13.75-inch
diameter by 27-inch long inner container constructed of minimum 18-
gauge steel, with bolted and gasketed top flange closure. The inner
container is centered and SJDVOF’ed in a 22.5-inch ID, 18- -gauge :»e°1
55-gallon capacity DOT Specification 17H steel drum by solid insulating
material composed of fxre-re.ardant phenciic foam. The maximum

weight of the package is 320 pounds.

(3) Drawing

Thi; container is constructed in accordance with D Jrawing 11201592, |
Revision 0, of General Electric Company's application dated July 25 -
1980.

vy

()



Pige 2 - Certificate Mo. 9019 - Revision No. 5 - Docket No. 71-3019
v
(3) Contents
(1) Type and form of material
(i) Uranium oxide powder with a maximum bulk density not greater than
4.5 grams/cc. Uranium may be enriched to not more than 4.0 w/o >
in the U-235 isotope. The maximum H/U atomic ratio considerine

all sources of the hydrogeneous material within the inner l
container shall not exceed 1.577. "

(i) Uranium oxide as pellets with a maximum bulk density of 10.96 grams/ce.
Uranium may be enriched to a maximum 4.0 w/o in the U-235 isotope.

(2) Maximum quantity of matarial per package

(i) For the contents described in 5(b)(1)(1):

!
The maximum contents of uranium oxide powder per package and pail lae
shall be limited to 70 kgs and 35 kgs, respectively.

(i1) For the contents described in S(b)(1)(ii):

The maximum contents per package and pail for the maximum U-235
enrichment shal! be lTimitad in accordance with the follewing table:

Maximum U-235 . Maximum UQ, Maximum U0,
enrichment, per pail, per package,
w/0 Kgs kas
2.7 35.0 70.0
2.8 35.0 70.0
2.9 35.0 70.0
3.0 35.0 70.0
3.2 4.1 68.2
3.4 31,0 82.0
3.8 28.5 57.0
. 3.8 25.4 52.8
- .0 4.7 43.4
V -



Page 3 - Certificate No. 5019 - Revision No. 6 - Docket No. 71-2019

10.

11.

12.

(¢) Fissile Class [

For mixtures of contents (powders and pellets) descrited .n g(p)(1), the
maximum quantity of material per package shall be limited to the quantity given
in 5(b)(2)(1i).

For mixtures of contents as described in 5(b)(1)(i), ammcnium cxalate (AQD)
and/or ammonium bicartonate (ABC) additives are permitted in the U0, pcwder
to the estent that the C/U ratic does not exceed 1,782, | %

The density of the package insulation shall not be less than 4.8 1bs/cu ft. | *

The four, 1/4-inch diameter holes located near the top of the outer DOT Speci-
fication 17H steel drum as shown in Orawing 11201392, Revision O, shall be

covered with weatherproof tape to preclude the entry of water.

An alternative to the 53-gallon capacity DOT Specification 17H steel drum is
a drum meeting al) requirements of the Specificaticn 17H except the drum may have
two (2) rolling hoops.

The packags authorized by this certificate is heraby approved for use under the
geraral license provisions of 10 CFR §71.12(b).

Expiration date: July 31, 1924.
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10.

1.

12.

(i

(c) Fissile Class I

For mixtures of contents (powders and pellets) described in 5(b){1), the
maximum quantity of material per package shall be limited to the gquantity given
in 5(b)(2)(i1).

For mixtures of contents as described in 3(b)(1)(i), ammonium oxalate (AQ)
and/or ammonium bicarbonate (ABC) additives are “ernitted in the UQ, powder
provided that their presence is taken into account in the determination of
the H/U ratio in the package as follows:

Ny (water) + NH(additive) + 0.038 N. (additive)

NU {(UQ, powder)

wWhere N, (water) = atom density of h«dragen in the U0, powder
mixture in the form of water

N, (additive) tom density of nydrogen in the UD, powder

mixture in the form of AQ and/or AEC

atom dens1ty of carbon in the UD, powder

N. (additive)
= mixture in the form of AQ and/or naC

N = atom density of uranium in the UO, powder mixture

The density of the package insulation shall not be less than 4.3 1bs/cu ft. | ¢

The four, 1/4-inch diameter holes located near the top of the outer 00T Speci-
fication 17H steel drum as shown in Drawing 11201592, Revision 0, shall be l pe
covered with weatherproof tape to preclude the 2ntry of water.

An alternative to the 35-gallon capacity 00T Specification 17H steel drum is
a drum meeting all requirements of the Specification 17H except the drum may have
two (2) rolling hoops.

The package authorized by this certificate is hersby approved for use under the
general license provisions of 10 CFR §71.12(b).

Expiration date: July 31, 1584,
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‘Truposed Revision)

Charles £. MacConald, Chief
Transportation Certification Branch
Division of Fuel Cycle and

Material Safaty



