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Dear Mr. MacDonald:

We request issuance of a USNRC Certificate of Compliance for Radioactive
Materials Package for Tech/Ops Model 864 Type B Package - Source Changer.
We are enclosing elght copies of the Safety Analysis Report of the Model 864
for your review. In accordance with 10CFR170.31 Item 11.E., we are also
enclosing a check for $200 for the application fee.

We plan to apply to the U.S. Depar:ment of Transportation for an International
Atomic Energy Agency Certificate of Competent Authority for Type B(U)

packaging under the 1973 Revised Edition of IAEA Safety Series No. 6. We
. ask that this package be reviewed for conformance to these requirements
also.

We trust that this application satisfies your requirements for issuance
of this certificate., If we can provide any additional information, please
contact us.

Sincerelr,\

Johh J. M&ﬁro III
Teghnical Director
/s

/
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xc: R.R. Rawl, U.S. DOT
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Radation Progucts Division

40 North Avenus

Burkington. Massachusetts 01803
Telephone (617) 272-2000

15 July, 1982

Mr. Richard R. Rawl, Chief

Radioactive Materials Branch

Office of Hazardous Materials Regulatica
Materials Transportation Bureau

Research and Special Program Administration
U.S5. Department of Transportation

400 Seventh Street N.W,

Washington, DC 20590

Dear Mr. Rawl: P

We request issuance of an International Atomic Energy Agecy Certificate
of Competent Authority for Type B(U) Packaging under the 1973 Revised
Edition of IAEA Safety Series No. 6 for Tech/Ops Inc. Model 864 Type B
Package. We are enclosing two copies of the Safety Analysis leport for
this package for your review.

We have applied to the U.S. Nuclear Reg.latory Commission for issuance
of a Certificate of Compliance tor this package. We wili forward this
certificate to you as it becomes available.

We trust this application satisfies your requirements for issuance
of this certificate. If we can provide any additional information,
please contact us.

Sincerely,

JJIM:1h
Enclosures

xe: C.E. MacDonald, USNRC
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1.1

1.2

1.2.1

General Information

Introduction

The Tech/Ops 864 is designed for use as a source changer and shipping
container for Type B quantities of radioactive material in special
form. The Model 864 conforms to the criteria for Type B packaging

in accordance withh 10CFR71 and satisfies the criteria for Type B(U)
packaging in accordance with IAEA Safety Series No. 6, 1973 Edition.

Package Description

Packaging

The Model 864 is 6.0 inches (152mm) in diameter and 8.96 inches (228mm)
high. The package also incorporates a handle which rotates out of
position when not in use. The handle assembly is 7.38 inches (187mm)
wide at its widest point. With the handle fully extended, the overall
height ot the package is 11.95 inches (304mm), The’gross weight of

the package is 67 pounds (31kg).

The radioactive material is sealed in source capsules which conform
to the requirements of special form radioactive material. These
source capsules are installed in source holder assemblies. These
source holder assemblies are 1,275 inch (7.0mm) in diameter and
6.13 inches (156mm)long.

The source holder assemblies are housed in brass source tubes. The
source tubes have an outside diameter of 0.313 inch (7.9mm) and
and inside diameter diameter of 0.281 inch (7.lmm).

The source tubes are surrounded by uranium metal as shielding. The
mass of the uranium shield is 43 pounds (20kg).

The uranium shield assembly is encased in a carbon steel (ASTM 1020)
housing. The shield is supported on the bottom by the base plate.

The base plate is welded to the carbon steel shell. The shield assembly

is supported on the top by the deck plate. The deck plate is also
welaca “o the shell. The deck plate and base plate providesupport
for the shield in both vertical and horizontal directions. Copper
separators are positioned between the shield and these plates to
prevent any iron-uranium interfaces.

The void space between the uranium shield assembly and the steel
housing is filled with a castable rigid polyurethane foam. This
foam is installed through two one inch (25mm) diameter pour holes
in the deck plate.

Mounted on the deck plate is the scurce latching assembly. This
assembly is used to secure the radioactive sources and source holder
assemblies in a shielded position during transport.

Revision O
1-1 15 July 1982



1.2.2

1.2.3

techjops )

An outer package cover, also fabricated from carbon steel, is bolted
to the package to provide protection to the latching assembly.

Tamper proof seals are provided during shipment of these sources. 1TwO

vent holes in the package provide passageways for the escape of any g
gas generated from decomposition of the polyurethane foam in the !!
event the source changer is involved in a fire accident. The outer ‘i

packaging is designed to avoid the collection and retention of water.

The package has a painted steel finish to provide for easy decontaminat ion.

The radioactive material is sealed inside stainless steel source capsules.
The capsules act as the containment vessel for the radioactive material.

Operat ional Features

The source holder assemblies are secured in the proper position by means

of the source latching assembly. With the source in the proper storage

position, the source holder connector is located at the level of the

source latch bar. With the source latch bar in the engaged or latched _
position, an interference is created with the change in diameter of '
the source connector. This interference prevents the removal of the

source holder agsembly from the source changer.

The package cover is designed such that it cannot be installed on the
package unless all latch bars are in the engaged or latched position.
Additionally, the latch bars are held in the engaged position by two
safety pins.

Contents of Package

The Model 864 is designed for the transport of iridium-192 in quantities

up to 360 curies in Tech/Ops source capsules 90004 and 90005. These
gource capsules satisfy the criteria for special form radioactive
material in accordance with 10CFR71 and IAEA safety Series No. 6. 1973

revised edition (Section 2.8).
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2.1

2.1.1

2.1.2

2.2

2.3

Structural Lvaluation

§£ructutal Design

Discassion

Scruciverally, the Model 864 consists of five components: a source
capsule, source holder assembly, shield assembly, outer housing and
locking assembly. The source capsule is the primary containment
vessel, It satisfies the criteria for special form radiocactive
material. The shield assemb.y fulfills two functions. It provides
shieiding ior the radioactive material and, together with the latching
ass:mbly and source holder asseambly, assures proper positioning of

the gsource.

Tne outer housing is fsbricated from six inch (152mm) diameter, 0.120 inch
(3.0mm) thick wall carbon steel tube (ASTM 1020). The housing provides
the structural strength of the package. The cover protects the latching
assembly. The latching assembly secures the source holder assemblies

i the shielded position at the bottom of the sourcetubes, and assures
positive closure.,

Design Criteria

Tae Model 864 is designea to comply with the requirements of 10CFR71
and IAFA Safety Series No. 6 1973 Edition. 1The device is simple in
design, There are no design criteria which cannot be evaluated

by straight forward application of the aprropriate section of 10CFR71
or IAEA Safety Series No. 6.

Weighte and Centers of Gravit,

The Model 864 weighs 67 pounds (3lig.). The shield assembly coutains

43 pounds (20kg) of depleted uranium. The center of gravity was located
experimentally., It is located along tie cylindrical axis at a distance
of 3.0 inches (76mm) above the bottoem surface,

Meclhanical Properties of Materiails

The Model B64 housing is fabricated from carbon steel (ASTM 1020).
This mat:sinl has a yield strength of 55,000 pounds per square inch
(380 l':.'\','m ) .

Drawings of the source capsules used in conjunction with the Model

864are enclosed in Section 2.10. These source assemblies all consist

of a source capsule fabricated from Type 304 or Type 304L stainless

steel. The source capsule is installed in a source holder zssembly.

The capsules are sealed by tungsten inert gas welding. The source

holder is tensile tested on a production basis to 100 pounds (445 newtons).

Revision 0
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2.4

2.4.1

2.4.2

2.4.3

s
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General Standards for All Packages

Chemical and Galvanic Reactors

The materials used in the construction of the Model 864 are uranium
metal, steel, brass, tungsten and copper. There will be no significant
chemical or galvanic action totween any of these components.

The possibility of the formation of the eutectic alloy ironuranium

at temperatures below the melting temperatures of the individual metals
has been considered. The iron-uranium eutectic alloy temperature

is approximately 1337°9F . However, vacuum conditions and extreme
cleanliness of the surfaces are necessary to produce the alloy at this
low temperature. Due to the conditions under which the shields are
mounted, sufficient contact for this effect does not exist.

In support of this conclusion, the following test results are presented.
A thermal test of a sample of bare depleted uranium metal was per formed
by Nuclear Metals, Inc. The test indicated that the uyranium sample
oxidized such that the radial dimension was reduced by 1/32 inch (0.8mm).
A subsequent test was per formed in which a sample of bare depleted
uyranium metal was placed on & steel plate and subjected to the thermal
test conditions. The test showed no meliting oOr alloying character=
jstics in the sample, and the degree of oxidat ion was the same 28
evidenced in the first test. Copies of the test reports are included

in Section 2.10.

Notwithstanding these test results, copper shims are used as separators
at all iron-uranium interfaces toO prevent contact and to preciude the

possibility of the formation of this eutectic alloy.

Positive Closure

The source assemblies in the Model 864 cannot be exposed without opening
a latch bar. Access to the latch bar requires removal of the cOover.
The cover is seal wired and provided with a t amper proof seal.

Lifting Devices

The Model 864 is designed to be lifted by its handle. The handle

is attached to the package by two 5/16~18 UNC socket head cagscrews. 2
The cross sectionalarea of each of these screws is 0.0464 in (29.95mm“)
The minimum shgar strength of these screws is 20,000 pounds per square
inch (138 MN/m Y. Therefore the minimum shear strength of each bolt

is 928 pounds (4135 ~ewtons) which is more than thirteen times the

weight of the package. Therefore, the lifting device can support

five times the weight of the package without exceeding the yield strength
of the material.

Revision O
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2.4.4 Tiedown Devices

f tiedown devices on the Model 864 which is a structural

There is no system O
part of the package.

229 Standards for Type B and Large Quantity Packages

2.5.1 Load Resistance

beam supported on both ends with
kage weight evenly distributed
be computed from:

Considering the package as a simple
a uniform load of five times the pac
along its length, the maximum stress can

S=F1

b2

Where S: Maximum Stress

F: Total load (335 pounds; 1.5 kN)
1: Length of Beam (8.96 inches; 228mm) ., -
7: Section Modulus (3.19 in?, 52,352mm°)

(Reference: Machinery's Handbook, 21st Edition, P 373)

The load is assumed to be 335 pounds (1.5 kN). The container is assumed
ide diameter of 6.0 inches (152mm), a

. to be a cylinder with an outsi
wall thickness of 0.120 inch (3.0mm) and a length of 8.96 inches (222mm).
Consequently, the section modulus of the beam is 3.19 in”.

Therefore, the maximum, stress generated in the beam is 117 pounds per
square inch (0.81 MN/m“) which is far below the yield strength of

the material.

2.5.2 External Pressure

The Model 864 is open to the atmosphere. Therefore, there will be no
differential pressure acting on it. The collapsing pressure of the

source capsules is calculated assuming that the capsules are thin wall
tubing with a wall thickness equal to the minimum depth of weld penetration

(0.020 inch; 0.5 mm). The collapsing pressure is calculated from:

P=86,670 t - 1386
d
vhere P: collapsing pressure in pounds per square inch
t: Wall thickness (0.020 inch)
d: outs'de diameter (0.205 inch)

(Reference: Machinery's Handbook, 21st Edition, p 440)
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2.6

2.6.1

2.6.2

2'6.3

2.6.4

2.6.5

2.6.6

_rthﬂffb)

The collapsing pressure of the sourge capsules is calculated to be
7070 pounds per square inch(49 MN/m“). Therefore, the source capsules
can withstand an external pressure of 25ps.g.

Normal Conditions of Transport

Heat

The thermal evaluation of the Model 864 is performed in Chapter 3.
From this evaluation, it can be concluded that the Model 864 can
withstand the normal heat transport condition.

Cold

The metals used in the manufacture of the Model 864 can all withstand
a temperature of “40°C. The lower operating limit of the polyurethane
foam is=100°F (=73°C). Thus, it is concluded that the Model 864 will
withstand the normal transport cold conditions.

’ressure

The Model 864 is open to the atmosphere; thus, there will be no differential
pressure acting on the package. In Section 3.5.4, it is demonstrated that the
source capsules are able to withstand an external pressure reduction

of 0.5 atmosphere (50.7 kN/m?).

Vibration

The Model 864 is similar in construction to our Model 820 Type B package
(Certificate No. 9137). The Model 820 has been in use for two years.

During that time, there have been no vibrational failures reported.

On that basis, we contend that the Model 864 will not undergo a vibrational
failure in transport.

Water Spray Test

The water spray test was not actually performed on the Model 864. We
contend that the materials used in construction of the Made! 364 are
all highly water resistant and that exposure to water will not reduce
the shielding effectiveness or affect the structural integrity of the
package.

Free Drog

The drop analysis performed in Section 2.7.1 is sufficient to satisfy the
requirements of the normal transport free drop condition. On this

basis, we conclude that the Model 864 will withstand the free drop
without loss of shielding effectiveness of loss of package integrity.
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2.6.7

2.6.9

2.7

2.7.1

2.7.2

Corner Drop

Not Applicable

Penetration

A penetration test of the Model 864 was per formed. There was no loss
of shielding ef fectiveness OT loss of structural integrity as 4
result of this test. A copy of the test report appears in Section

2.10.

Comgression
t of the Model 864 is 67zpounds (31 kg). The maximum
cross sectional area is 54 in (0.035 m“). This, five times the weight

of the package (335 pounds; 1492 newtons) is greater than two pounds
s the maximum Cross sectional area (108 pounds,

.

The gross weigh

per square inch time
481 newtons).

A compression test of a prototype Model 864 was conducted. The

package was subiected to 3 compressive load of 370 pounds (1648 newtons)

for a period of twenty-four hours. At the conclusion of this test,

there was no loss of structural integrity nor loss or shielding effectiveness.
There was no failure of any part of the package. A copy of the test report

is included in Section 2.10.

Hypothetical Accident Conditions

Free Drop

The Model 864 was sub

onto a steel plate.
integrity as a result of this test. A copy of t

in Section 2 +10%

jected to & drop test through a distance of 30 feet

There was no loss of shielding nor loss of package
he test report is included

Puncture

The Model 864 was subjected toO the puncture test of 10CFR71. As a
result of this test, there was no loss of shielding nor loss of package
integrity. A copy of the test report is included in gection 2.10.
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2.7.3 Thermal

2.7.“

The thermal analysis is presented in 3ection 3.5. It is shown that
the melting temperatures of the materials used in the construction

of the Model 864, except the polyurethane foam, are all in excess of
1475°F (800°C).

To demonstrate that the radioactive source assemblies will remain in
a shielded position following the hypothstical thermal accident, the
following analysis is presented. At the conclusion of the thermal
test, it is assumed that the polyurethane foam has completely escaped
from the package. The shield assembly is prcohibited from rotational
movement by the source tubes which protruce through the deck plate.
The shield is restricted from vertical movement by the deck plate and
the base plate.

Thus, it is concluded that the Model 864 sa:isfactorily meets the
requirements for the hypothetical accident -- thermal condition of
10CFR71. :

Water Immersion

Not Applicable

Summary of Damage

The tests designed to induce mechanical stress (drop, puncture) caused
minor deformation but no reduction in the safety features of this package.
The thermal condition will resi 1t in no reduction of the safety of

the package.

It can be concluded that the hypothetical accident conditions have
no adverse effect on the shielding effectiveness or structural integrity
of the package.

Special Form

The Model 864 is designed for use with Tech/Ops source capsule Models
90004 and 90005. These source capsules have been certified as special
form radioactive material under IAEA Certificate of Competent Authority
No. USA/0179/S. A copy of this certiticate is included in Section
2.10.

Fuel Rods

Not Applicable
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2.10 APPENDIX
Descriptive Assembly Drawings - Source Capsules
Test Report: Uranium Thermal Test
Test Report: Model 864 Penetration Test
Test Report: Model 864 Compression Test
Test Report: Model 864 Free Fall and Puncture Tests

IAEA Certificate of Competent Authority USA/0179/S

Revision 0
2-7 15 July 1982



REV. DATE DESCRIPTION

A | wIan 80| REDRAWN FEoM B SIZE - No 0THRE Cvants
B [15Jun 81 [.205/204 CiA ReF WAS.205 +.002 DIA Pe4
C |18 i 600 * 008 €eF wWAS 560 Tpcepsr  w

SPECIFIED TOLERANCES ARE

”‘[”~7°” o | x -

CHECKED BY Y

| ! \
T0 FRONT —=— OIS M[ g T
OF PROJECTOR IR0 |t aaan il
EEF. * f s S
f & i
f ’ \
;" i \
J 4 ) 2
L—HELW?C NELD PER
TECH-OPS ENCAPS.
PROCEDURE
MAX: DIA AT WELL
=215
MATERIALS TECHNICAL OPERATIONS INC.
SEE BM 80004 RADIATION PRODUCTS DIVISION
BURLINGTON, MA 01803
FINISH OWG TITLE
DRAWN BY UNLESS OTHERWISE CENE(’;IS 85

IR19¢ CAPSULE ASSEMBLY

X
K Lracurss 19l | xx = cussméfﬂo»«i' SIZE | DWG. NO REV
APPROVED BY ANGLES + LA 90%4 C
L FRACTIONS 4 SCALE 4 ;| [SHEET | OF |
SPAULDING CO.. INC. 21-801069 - o



SPAULDING CO., INC. 21.60189

REV DATE DESCRIPTION
A_]1a Jan 80 | REDRAWN FROM B SIZE - NO OTHER CHiyst:
B [levne B | DIA A" was.20% ¢.002 RaT
C |P1JUL 31 |FEDRAWN. WAS 90004-1 REY B F&
b - D |A-C-& [wh: 767 DIk |
= t. 00005 .
& .09%75 DIA
o ST STL BALL
~ t q
z OR EGQUIV. §§'\ ps
- 2,00009 ‘e
%‘E — 12500 DA "
o [sTsTLBALL | |
ol [ PIC # AK-2 | =
A / OREQUIV. | '
3 Fr ————t
| | o|I3 &
| 4 /\ ‘ Nl 9
= TV 777 Nk L ..1. ¢ !
' I NS R
. L% et
| 2002 [ "l
095 - | —
' | 100 | zj
‘ 002 Q
‘ 356 =
' +.002 o
oS00 7 L
|
TiGtE: ) —EDAES SHARP
l. ALL INCLUDED DRILL 8 | BUT FREE OF BURRS
ANGLES 118 # |° I
|-
L
MATERIALS 3 04 C.R 304 L ’5‘7’ S’ L v TECHNICAL OPERATIONS INC.
. . W (tech]ops RADIATION PRODUCTS DIVISION
MATERIAL CERTIFCATION FRWIEED L BURLINGTON, MA 01803
FINISH DWG TITLE
e st [ |
s‘"“ oY St Terraaess ant GENESS 8B
e e SOURCE CAPSULE BOTTOM
CHECKED BY XX &
A Demamira /# )50 80| x| + .005 CLASSIFICATION] SIZE | DWG. NO REV
APPROVED BY ANGLES  + yz‘ A 9@04 5 ‘ -
L FRACTIONS + SCALE A4 :| [SHEET | OF |

l Li,i,,,i P



REDRAWN FROM B SIZE
N0 _CHER CHANSES
DA Was.208 2.002 DA

k&% S;ﬁ%@ﬁ! B) __»
7 ) __C

m“” "m

'-0’ » "'M'Q *



REY. OATE DESCRIPTION

D {80a 8l | REPLACES DW6 A90005 REY C

— 1 103 PELLETS AS REQD

o

209
204 DIA REF

g

MATERIALS

TECH/OPS, INC.
SE_E B\A W Tech Ops RADIATION PRODUCTS DIVISION

BURLINGTON, MA O180C3

DWG TITLE
e e ————

@;} —EETEE. | |R'% S0URCE CAPSULE ASSY
e ~ ( PELLET STYLE)
20X x BAT ﬁ gw—)—

FRACTIONS &/ |scAe 4:) |SHEET | OF |

&
L
A

APPROVED BY

U3




£90005- q REV. | DATE DESCRIPTION
' A leamesi | Dia A" was.205 +.002 -
£, 1 0.321 WAS 0. 502 wAS 0.52
E’ l%i"f 8 (::’8:. °VG:;R?> Z‘U"WCR?VA “'??',‘Q.ﬁ.f e
. C |10-C-8l | wnas .16/ DA r
<
EDGES SHARP ——) O
BUT FREE OF BURRS §§ 1
o Wit {\
’ A BAOL 3G =
O-’)‘,’O D'A E/‘LL """" 7 " g Q
> o
& w
r
!

:'2C;/:
Q. 203

.
PR

|[®[A[0C3TIR

NCTE : INCLUDED DRILL ANGLE - (18°

MATERIALS TYPE 304 OR 304 L TECHNICAL OPERATIONS INC.
RADIATION PRODUCTS DIVISION
STAINLE$5 STEEL BURLINGTON, MA 01803
FINISH - DWG TITLE
e BT | SOURCE CAPSULE BOTTOM

/"Ié' X *

CHEGKED' BY o = 0.0l
00X = 0.00 CLASSIFICATION] SIZE | OWG. NO REV

APPROVED BY ANGLES < |‘J A 90005" C
FRACTIONS & SCALE 41| |SHEET | OF |

SPAULDING (Y INC. 21.80'59



AS(Y)O‘i -2 L DESCRIPTION

®

003
=250 =
+003
52 ke

-1 ‘-‘—~~.O’C WIDE x,010 DEEF
i '

3

~09%DIA (NO. 41 DRILL)

L020 x 45 CHMF
& N -0 | BOTH £NDS
= | | ()
8l _ IR = S
] < 8§ 83\ P15 - !
-1 W N - .
A '3‘2 N—EDGE SHARP

BUT FREE OF BIIRRS

|, ALL INCLUDED DRILL ANGLES 118 £ 1°

MATERIALS

304 OR 304L ST. STL
MATERIAL CERTIFICATION REQUIRED

FINISH DWG TITLE

TECHNICAL OPERATIONS INC,

RADIATION PRODUCTS DIVISION
BURLINGTON, MA 01803

e

® RS ey e GENETIS 8B
i X : 1 S0URCE CAPSULE SHANK

CHECKED BY XX

XXX : 009 cuss:mmo:a[ SIZE | OWG. NO REV
APPROVED BY ANGLES  + I/2° | A | 90005H "'2
FRACTIONS & scaLe 4 - | ISHEET | OF |

SPALIDING £A  INC 2 apten 1 - s




. '\l\j! 23

A CNAY . NUCLEAR METALS. INCG.
e XD

28 January 1974

-

Technical Operations, Inc.
Radiation Products Division
South Avenue
Burlinaton, Massachusetts 01803
Attention: Mr. J. Lima
Gentlemen -
In response to a request by Joe |ima of Tech Ops, a simulated firve test
was performed on samples of bare doploted uranium in contact with mild
steel, the object being to determine what, if any, alloying or melting
would occur under these conditions.
TEST DATA:

r N\ A 3/8-inch diameter x 65/8- inch Tong barve denleted uranium SPOcimen was

. set on a T-inch diameter x 1/8-inch thick mild steoi plate, placed in a

thin wall ceramic crucible. A wild steel cover plate was used on Lop

of the crucible to act as a partial airv seal. The crucible was loaded
in a preheated 1450°F resistance heated furnace, held for 3% minutes,
then removed and allowed to air conl under a ventilated hood

RESULTS :

e reaction was evidenced hetween the two metals. Both separated readily
and showed no alloying or meltina characteristics.

Oxidation of the uranium was about the same decree as that reported to
Joe Lima on an earlier experiment.

The test was performed by NMI on 75 January 1974.

Very truly vours,

-~ : C’? ) )

édnhn G. Powers
Project Fngineer

18 Jue 1957
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TEST REPORT RADIATION PRODUCTS DIVISION
BY: Ford Tingley
DATE : 23 June 1982

SUBJECT: Model 864 Penetration Test

On 10 May 1982 a Model 864 source changer was subjected to an impact

of the hemispherical end of a vertical steel cylinder 1% inches in diameter
and weight of 13 pounds. The cylinder was dropped three times; twice

on the outside of the shell, and once onto the cuver plate of the con-
tainer, all from a height of 40 inches. The long axis of the cylinder

was perpendicular to the container surface for each trial.

The Model 864 suffered only minor superficial dents to the exterior of
the package as a result of this test. There was no loss of structural
or shielding effectiveness.

Therefore, it is concluded that the Model 864 meets the requirements

of the penetration test outlined in 10CFR71 Appendix A and Paragraph
714 of IAEA Safety Series No. 6, 1973.

Witness-d

Angelo Kiklis

REVISION ©
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TEST REPORT RADIATION PRODUCTS DIVISION
BY: Ford Tingley
DATE : 27 May 1982

SUBJECT: Model 864 Compression Test

On 10 May 1982 a Model 864 source changer was subjected to a compressive
load of 370 pounds. A shipping package weighing 370 pounds was placed
on the top of the unit. The load was left in place from 1:45 P.M. 27
May 1982 to 1:45 P.M. 28 May 1982.

The package was not adversely affected as a result of the test. The
package did not suffer any loss of structural or shielding integrity.
Thus, it is concluded that the Model 864 meets the requirements of the

compression test as described in Appendix A of 10CFR71 and Paragraph
. 713 of IAEA Safety Series No. 6, 1973 Edition.

74 4

Witnesse

Anthony Gentile
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gafety geries No. b 1973.
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DEPARTMENT OF TRANSPORTATION

RESEARCH AND SPECIAL PROGRAMS ADMINISTRATION
WASHINGTON O.C. 20590

IAEA CERTIFICATE OF COMPETENT AUTHORITY

Special Fornm Radioactive Material Encapsulation

REFER TO:

Certificate Number USA/0179/S
(Revision 2)

This certifies that the encapsulated sources, as described, when loaded with
the authorized radicactive contents, have been demonstrated to meet the
regulatory requirements for special form radiocactive material as prescribed
in IAFAl and USA? Regulations for the transport of radicactive materials.

I. Source Description - The sources described by this certificate are
identifiea as Tech/Ops Model 90004 and 90005 which are 204 or 304L stainless
steel welded encapsulations measuring 0,205 inch in diameter by 0.65 inch in
length.

I1. Radiocactive Contents - The authorized radicactive contents of this source

B

in the model 90004 or 240 curies in the Model 90005,
I11I. This certificate, unless renewed, expires on October 31, 1983,

This certificate is issued in accordance with Paragraph 803 of the IAEA
Regulations and in response to the November 12, 1980 petition by Tech/Ops,
Bur lington, Massachusetts, and in consideration of the associated information
therein,

Cercified by:

Mj%«mﬂ W

Chief, rRadioactive Materials Branch
Of fice of Hazardous Materials Regulations
Materials Transportation Bureau

1/ "safety Series No. 6, Regulations for the Safe Transport of Radiocactive Materia
1975 Revised Edition", published by the International Atomic Energy Agency (IAEA),
Vienna, Austria.

2/ Title 49, Code of Federal Regulations, Part 170-178, USA.

Revision 1 issued to add Model 90005 and to extend expiration date.

Revision 2 issued to reflect conformance with the 1973 IAEA Regulations.




3.1

3.2

3'3

3.4

3.4.1

Thermal Evaluation

Discussion

The Model 864 is a completely passive thermal device and has no mechanical
cooling system nor relief valves. All cooling of the package is through
free convection and radiation. The heat source is 360 curies of iridium-
192. The corresponding decay heat is 3.09 watts.

Summary of Thermal Properties of Materials

The meiting points of the metals used in the construction of the Model
864 are:

Tungsten 6098 °F (3370°)
Steel 24539 (1345°C)
Uranium 2070°F (1133°%)
Copper 1940°F (1060°C)
Brass 1706°F (920°C)

.

The polyurethane foam has a minimum operating range of -100°F (-73°C)

to 200F (93°%). It will decompose at the fire test temperature (800°C).
Decomposition will result in gaseous by products which will burn in

air.

Technical Specifications of Components

Not Applicable

Normal Conuitions of Transport

Thermal Model

The heat source in the Model 864 is a maximum of 360 curies of iridium-192
decays with a total energy liberation of 1.45 meV per disintegration

or 8.58 milliwatts per curie. Assuming that all of the decay energy

is transformed into heat, the heat generation rate for the 360 curies of
iridium=192 would be 3.09 watts.

To demonstrate compliance with the requirements of paragraphs 231 and
232 of IAEA Safety Series No. 6, 1973 for Type B(U) packaging, an
analysis is presented in Section 3.6. The thermal model employed

is described in that analysis.

To demonstrate compliance with the requirements of paragraph 240

of IAEA Safety Series No. 6, 1973 for Type B(U) packaging, a

separate analysis is presented in Section 3.6. The thermal model employed
is described in that analysis.

Revision 0
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3.4.2

3.4.3

3.4.4

3.0.6

3.5.2

(tech|ops)

Maximum Temperatures

—

The maximum temperatures encountcred under normal conditions of
gransport will have no adverse effect on structural integrity or
shielding. As shown in section 3:6, the maximum temperature in
the shade would be less than 49.1°C and the maximum temperature
when insolated would be less than 73°%C.

Minimum Temgeratures

The minimum normal operating temperature of the Model 855 is ~40°F
(~40°C) + This temperature will have no adverse affect o the package-

Maximum Internal Pressures

Normal operating conditions generate negligible internal pressures.
Any pressure generated is significantly below that of the hypo~
therical accident pressure, which is shown to result in no loss of
gshielding ©OT containment . :

e

Maximum Thermal Stresses

The maximun temperatures that occur during normal transport ate
low enough tO insure that thermal gradients will cause no significant
thermal stresses.

Evaluation of Package per formance for Sormél Conditions of Transnort

i A

The thermal conditions of normal transpert are jnsignificant from

a gunct ional viewpoint for the Model 864 . 1Ihe app\icable conditions
of IAEA Safety series NO- €, 1973 for Type g(U) packages have besn
shown to be gatisfied by the Model 864 .

o o il

Hzgothetical Accident Thermal Evaluation

e/

'D*'ermal Model

The Model 864 including the source assemblies. is assumed tO reach

the thermal test temperature of g00°C. At this temperature the
polyurethane foam will have decomposed and the resulting gases will
have escaped the package through vent holes and non-leak tight assembly
joints.

package Conditions and Environment

The Model g64 underwent no significant damage during the free drop

and puncture tests. 1Ine package used in this analysis 38 considered
undamaged .

Revision O
15 July 1982




Package Temperatures

As indicated in Section 3.5.1, the entire package is assumed to reach
a temperature of 800°C. Examination of the melting temperatures

of the materials used in the construction of the Model 864 indicates
that there will be no damage to the package as a result of this
temperature. The possibility of the formation of an iron-uranium
eutectic alloy was addressed in Section 2.4.1 where is was concluded
that the formation of the alloy was notalikely eventuality.

3.5.4 Maximum Internal Pressures

The Model 864 packaging is open to the atmosphere. Therefore,
there will be no pressure buildup within the package. In
Section 3.6, an analysis of the source capsules under the thermal
test condition demonstrates that the maximum internal gas pressure
at 800°C is S4psi (373 kN/m2)
The critical locatign for failure is the weld. An internal pressure
of SQ psi (373 kN/m®) will generate a maximum stress of 223psi (1.54
MN/m“). At a temperature of 870°C (1600°F), 5he yield strength of
Type 304 stainless steel is 10,000psi (69MN/m*).

Thus, at 800°¢ the maximum stress in the source capsule would be
‘ only 3Z of the yield strength of the material.

3:5.5 Maximum Thermal Stresses

There are no significant thermal stresses generated during the thermal
test.

3.5.6 Evaluation of Package Performance

The Model 864 will undergo no loss of structural integrity or

shielding effectiveness when subjected to the thermal accident condition.
The pressures and temperatures have been demonstrated to be within
acceptable limits.

Revision 0
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3.6 APPENDIX

3.6.1 Model 864 Type B(U) Thermal Analysis: Paragraphs 231 and
232 of IAEA Safety Series No. 6, 1971

3.6.2 Model 864 Type B(U) Thermal Analysis: Paragraph 240 of
IAEA Safety Series No. 6, 1973

3.6.3 Iridium Source Capsules Thermal Analysis

Revision 0
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3.6.1 Model 864 Type B(U) Thermal Analysis
Paragraphs 231 and 232 of IAEA Safety Series No. 6, 1973

This analysis demonstrates that the maximum surface temperature of the Model

864 will ngt exceed 50°C with the package in the shade and an ambient tempera-
ture of 38 °C.

To assure conservatism, the following are used:

1) The entire decay heat(3,09 watts) is deposited in the exterior faces
of the Model 864.

2) The interior of the Model 864 is perfectly insulated and heat
transfer occurs only from the exterior wall to the atmosphere.

3) Because each face of the package eclipses a different solid angle,
it is assumed that twenty-five percent of the total heat is deposited
in the smallest face (top).

4) The only heat transfer mechanism is free convection.
Using these assumptions, the maximum wall temperature is found from:

q = hA (Tv - Ia)
where q: Heat deposited per unit time in the face of

interest (0.77 watts)

h: Free convective Beat transfer coefficient for air
(1.32 [AT) & W/m® - %C)
d J

A: Area of the face of interest (0.0182 32)

Ty: Maxioum temperature of the wall of the package

Ta: Ambient temperature (38°C)

From this relationship, the manimum temperature of the wall is 49.0°C. This

satisfies the requirement of paragraphs 231 and 232 of IAEA Safety Series
No. 6, 1973.

Revision 0
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3.6.2 Model 864 Type B(U) Thermal Analysis

’ Paragraph 240 of IAEA Safety Series No. 6, 1973

This analysis demonstrates that the maximum surface temperatures of the Model
864 will not exceed 82°C when the package is in an ambient temperature of
38°C and isolated in accordance with paragraph 240 of IAEA Safety Series

No. 6, 1973.

The calculational model consists of taking a steady heat balance over the
surface of the package. The following assumptions are used.

1) The package is insolated aE the rate of2775H/m2 (800 cal/cm2 = 12h)
on the top surface, 388W/m“ (400 cal/cm® - 12h) on the sides, and
no insolation on the bottom.

2) The decay heat load is added to the solar heat load.

3) The package has a painted steel surface. ’
The solar absorptivity is assumed to be 0.9.

The solar emissivity is assumed to be 0.8,

4) The package is assumed to undergo free convection from the sides
and top. and undergo radiation from the sides, top and bottom. The
inside faces are considered insulated so there is no conduction into
the package. The faces are considered to be sufficiently thin that

‘ no temperature gradients exist inthe faces.

5) The package is approximated as <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>