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h General Information

The Tech/Ops Models 680 and 680E are designed for use as gamma Tay orojec-
tors and shipping containers for Type B quantities of radicactive materisl

in special form. The Model 580 differs from the Model 530E o
addition of an electric circuilt, which provides compatibility w

nly by the
{th Tech/Ops

Model 657 Automatic Exposure Device. Throughout this evaluation, the Models
480 snd SB0E are considered interchangeable, except where specifically

designrated.

The Model 580 conforms to the criteria for Type 3 packaging in accordance
with 10CFRTL and satisfies the criteria for Type B(U) packaging in acccr-
jance with IAZA Safety Series lo. £, 1973. The source to be used in
conjunction with the Model 630 is Tach/Ops sealed source assembly Model
No. Alok-1L, The Model 680 will contain a maximum of 110 curies of

sotalt-n0 as special form.

1.2 Package Descriotion

y 5 8 Packaging

The Model 680 is 11.8 inches ‘300mm) high, 21 inches '§23mm) long, and

),

vackage is 405 pounds (134kg). The radicactive sour
in a zircalloy or titanium "S" tube in the gzometric
The "S" tube is cast inside a depleted uranium shiel

a paint finish.

relled steel. The shield is fixed in position with
retaining car assemblies. The void space between th
is £111ed with a castable rigid polyurethane fcam.

mhe snield is enclesed in a shell fabricated of L in
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faces are separated with C.Cl0 tneh (0.254mm) thick copper separators.
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ce assemp

14,75 inches (23743mm) wide in overall dimension. The gross weight of the
ly is stored

center of the package.
4 assembly. The weight
of the uranium shield is 235 pounds (130kg). The shield is provided with
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A=+ached to the sides of the container are 0.75 inch (19.1rm) thick hot

rollad steel side frames used for 1ifting the packag

Mounted at 2ach 2nd of the "S" tube are positionin
1 ©

ch e
assembly is locked in positicn
nd addistorally securad by means of a shipping plh

.
.

"~ .
v

shipping plate (% inch thick steel) is mounted cver the
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The Model 580 has been previcusly approved for use as a Type 3 package
under USNRC Certificate of Compliance No. 3035, Rev. 2 (enclosed in

Section 1.3).

1l.2.2 Operational Features

The source assembly is secured in the proper position by the control cable

connector and lock assembly. This assembly requires a xey for operation,
and thus provides positive closure. A % inch (6.35mm) thick steel shipping
plate is used to protect the assembly during shipment. Additionally, the
source assembly is secured by means of a shipping plug inserted in the

opposite end of the "3" tube. This plug is seal wired and provided with a

tamperproof seal,

l.2.2 Contents of Packaging

The Model 680 is designed for a capacity of up to 1l1C curies o
as Tech/Ops Source Asdembly Ak2k-lL, The scurce assembly is i
form as rrescribed in 1OCFRT1 and IA®A Safety Series No. 6, 19
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2e3 APPENDIX
- USNRC Certificate of Compliance No. 9035, Rev. 2

- Descriptive Assembly Drawing, Model 630

REVISION 2

wi\wli: o

NOV 2 C 1979

1692 294



Foom MAC G18

US. NUUCL AR NECGULATORY CCHntISSION

n273 ¢ -
10 CFR 71 CERTI"ICATE OF COMPLIANCE
For I adicactive Materiais Pachages
' 1.la) Certificare fumuer 1.06) Mevision No 1.le) Packane 'dennfication No. 1.(d) Pages No |1.le) Total No.
9035 2 USA/9035/8( )
2. PREAMBLE

2(a)  This certificate s 1ssund 10 satisly Sections 1733933, 173 394, 173 395, and 173 296 of the Department of Transportation i4a:
Materials Regulations (49 CFR 170189 and 14 CFR 103) and Scctions 146-13-103 and 146-19-100 of the Cepartment of
Transporation Oangerous Cargoes Regulations (46 CFR 146-1490), as amended.

2®) The packaging and contents described in itermn S helow, meets the safety siandards set lorth in Sutoart C of Tile 10, Code of
Foderal Regulations, Part 71, “Packaging of Radwcactive Materials for Tranipon snd Transportation of Racicactive Mareral Ur
Certain Conditions.”

2ic)  This certificais dnes not relicve the consignor from compliance with any reguirement of the regulations of the U S Ceparimen:
Transportation ot other appiicable regulatory sgencies, including the government of any country through or into which the pacs
will be transponed.

3. This certificate is issued on the Lasis of a safety analysis 1eport of the package ceugn or apohication=

3lal  Prepwed hy (Name snd adaress): J i) Title ang waennification of regort or application
Technical Operation, Inc. Technical Operations, Inc. application dated
Northwest Industrial Park January 13, 1975, as supplemented.

Burlington, Massachusetts 01803

3.le} Cocket No. 71.Q035

4. CCNDITIONS

This certificate s conditional upen the tullilling of the reguirements of Subipart D of 10 CFR 71, as appiicable, and the condiiions spec

® item S Leiow.

S. Cexaiotion of Facraaing and Authurized Contents, Model Number, Fissile Class, Cther Conditons, and Relerences:

(a) Packaging

Model Nos.: 680 and 630E P@R @Rﬁ@ﬂNAﬂ,

Description

A steel encased, uranium shielded Gawma Ray Projector. Primary
conponents consists of an outer steel shell, internal bracing,
polyurethane potting material, depleted uranium shield, and a
zircalloy "S" tube. The contents are securely positioned in the
zircalloy “S" tube by a source cable locking device and shipping
plug. Tamper-proof seals are provided on the packaging and a
1/4-inch thick steel shipping plate is bolted over the source
locking mechanism for additional protoction during transport

The tota! weight of the package is approximateiy E ﬂf“nds

Drawings

The packaging is constructed in accordance with the following
Technical Operations, Inc. Drawing Nos.:

D6&001, Sheet 1, 2 A52401-3

062001-3 : 265502

360001-3 10, 12 865503

A62001-9, 11, 13, 14, 15 ‘RGSSEO

N68002C68002-1 B65501-6 ~
068003 Mﬂm-c 1692 295
068003-1 B74101-8

C6£0013-2 AS4102-3

8i11 of Mat'ls 68001 (Sheets 1-4)
REVISION ©
Nov. 2 O 1879
1-4
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Page 2 - Certificate No. 9035 - Revision No. 2 - Docket No. 71-9035

5. (b) Contents
(1) Type and form of material

Cobalt-60 as sealed sources which meet the requirements of special
form as defined in §71.4(0) of 10 CFR Part 71.

(2) Maximum quantity of material per package
110 curies

6. The source shall be secured in the shielded position of the packaging by the
shipping plug, source assembly, and locking device. The shipping pluag,
source assembly used must be fabricated of materials capable of resisting a
1475°F fire environment for onc-half hour and maintaining their positioning

- function. The ball stop of the source assembly must encgage the locking
device. The flexible cable of the source assembly and shipping plug must
be of sufficient length and diameter to provide positive positioning of the
scurce in the shielded position.

1 The nameplates shall be fabricated of materials capabie of resisting the
fire test of 10 CFR Part 71 and maintaining their legibility.

8. The package authorized by this certificate is hereby approved for use under
the general license provisions of Paragraph 71.12(b) of 10 CFR Part 71.

9. Expiration date: February 28, 1980.
REFERENCES
Technical Operation, Inc. application dated January 13, 1975.
Supplement dated: June 17, 1975.
FOR THE U.S. NUCLEAR REGULATCRY COMMISSION

ﬁ‘z—j& 7 /_4 a@h“‘ﬂq
Charles E. MacDonald, Chief
Transportation Branch
Division of Fuel Cycle and

Material Safety

Date: APR 13 1877
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2. Structural Evaluation

2.1 Structural Design

2.1.1 Discussion

Structurally the Model 680 consists of five components: a source capsule,
shield assembly, outer shell, side frames and lock assembly. The source
capsule is the primary contairment vessel. It meets the requirements for
special form radicactive material as outlined in 1OCFRTL (see Section 2.8).
The shield is 285 pounds (130kg) of depleted uranium. The shield assembly
fulfills two functions: It provides shielding for the radicactive material
and, together with the positioning mechanisms, insures propger positioning of
the source. The shield assembly is supported with retaining bars which are
forced together by means of hex nuts threaded on adjusting screws. The
adjusting screws and retaining bars are secured with jam nuts. The entire
shield assembly is potted in a castable rigid polyurethane foam and en-
cased in a * inch (5.35mm) thick hot rolled steel shell. Steel-uranium
interfaces are separated with copper. ‘Attached to the shell are side
frames made of 0.75 inch (15.lmm) thick steel which are belted togsther
with T7/16 = 20 UNF hex head bolts. These are designed as lifting devices
and impact limiters. The key cperated lock assembly and control cable

connector secure the source in the shielded position. A 1 tach (6.35mm)
thick steel shipping plate is installed to protect the lock from damage.
Pesitive proof of source position is evidenced by the use of 2 ceal wired

shipping plug.

2.1.2 Design Criteria

The Model 680 is designed to comply with the requirements of 10CFRTL and
IABA Safaty Series No. 6, 1373. The device is simple in design, such that
there are no design criteria which cannot be evaluated by straight+forwvard
application of the appropriate section of 10CFRTL or IAEA Safety Series
No. 6, 15732.

2.2 Weights and Centers of Gravity

The Model 680 projector weighs 405 pounds (124kg). The shield assembly
contains 235 pounds (13Ckg) of depleted uranium. The cer of gravity
i3 located approximately at the gecmetric center of the racxage.

2.3 Machanical Properties of Materials

The Model 530 Gemma Ray Projector shell is made of hot rolled steal, Thi
zaterial has a yield strength of 40,000 pounds per square inch (27
(Reference: Machinery's Handbook, 20th Zditioenm, 1976, p. 452).

2.% General Standards for All Packages ’ 6 ?2 504
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2.4,1 Chemical and Galvanic Reactions

The materials used in the construction of the Model 630 Gamma Ray Projector
are uranium metal, steel, beryllium copper, bronze, copper, and zircalloy
or titanium. There will be no significant chemical or galvanic action
between any of these compcnents.

The possibility of the formation of the eutectic allcy of iron uranium at
temperatures telow the melting temperatures of the individual metals was
considered. The iron uranium esutectic alloy temperature is appreoximately
133797 (725°C). 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 ars mounted, sufficient contact
for this effect does not axist,

In support of this conclusion, the following test results are presented.
A thermal test of a sample of bare depleted uranium metal was performed
by Nuclear Metals, Inc. The test indicated that the uranium sample
oxidized such that the radial dimension was reduced by 1/32 inch. A
sutsequent test was performed in which a sample of bare, depleted uranium
metal was placed on a steel plate and subjected to the thermal test con-
ditions. The test showed no alloying or melting characteristics in th
sample, and the degree of oxidatiocn was the same as evidenced in the first
test. A copy of the test report appears in Sectiocn 2.10.

Although the likelihood of the fcrmation ¢f an iron-uranium eutectic alloy
is remote, copper secarators are used at steel-uranium interfaces.

2.4.,2 Positive Closure

The Model 680 source cannot be =xposed without cpening a key-cperated lock.
Access to the lock requires the removal of the shipping plate. Additionally,
there is a shipping plug which is seal wired and provided with a tamperproof
seal,

2.4.2 lLifting Devices

The Model 680 is designed to be lifted by the side frames., 3Zach Is secured
'cy four 7/16 - 20 UNF SAE-JB2S Grade 5 hex head bolts. These bolts ar
installed with T7/16 lock washers. The yinli strength of these T/156 - 20
N0 bolts is 10,30C pounds (48.6kN). there is a thread ergagement of
2 h inch betaeen the bolt and the vapoed rod, the yield strength is less
than the stripping strength (approximately 21,JUC ~ounds) and thus is the
Zimiting factor. A torgue of 20 fcot-pounds (L1N-m) is applied to these
tolts. This corresponds $0 a tension of a;;rox.matelj 4080 pounds (18.2xN).
The total tensile loading on each bolt is 4330 pounds (19.5kN), due to the
bolt ‘orrue and three times the weight of the packag2. The total torsicnal
lcading is 5110 pounds (27.2xN). Both lcads are less than the yield strergth
£ the bolts.

e e g
RE acifvds &

QJ:\I 2 : 1919
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The weld joining the side frame to the side frame insert on the Model 6830
is a 3/16 inch fillet weld. The American Welding Society "Code for Arc
and Gas Welding in Building Construction" permits the stress on a £illet
weld to be 12,600psi (89.6MN/m®). As the shear stress on the throat of
the fillet weld is the limiting factor, the allowable stress on a 2/1%

inch fillet weld (threoat dimension, 0.122 inch, 3.28m) is calculated

to be 1,300 pounds per linear inch (220N/mm). As the perimeter of the

side frame insert is 50 inches (1.27m), the allowable lcad is 90,000

pounds (L0lkN). Hence, the allowable load on the side frame insert weld is
greater than the yield strength of the bolt.

2.4.4 Tiedown Devices

The tiedown devices on the Model 530 are the side frames. As indicated
in 2.4.3 above, these frames can safely suppert the package.

2.5 Standards for Type B and lLarge Quantity Packages

2:5.1 Toad Rasistance

Considering the package as a simple beam suppom :d on both ends with 4
uniform load of 5 times the package weight evenl, distributed along its
length, the maximum stress can be computed from:

S = Pl
-7
where: F: total load (2025 pounds)
1: 1length of beam (21 inches) .
Z: section modulus of beam (79.2 in-)

’

eference: Machinery's Handbook, 20th 2d., 1976, p. 442)

O

Thus, the max%mum stress generated in the team is 67.2 pounds rer sguare
inch (46LkN/m<), wgich is far telow the yield strength of the material,
-~ f ~ /
L0,000pst (276MN/m).
2.5.2 xternal Pressure
The Model 530 {s cpen to the atmosphere; thus, thers wi rential

ha =
S .
-~

o
‘J-

-

by
P

N R

- — =
pressure acting on i{t., The collapsing pressure of the sour
be found:

e cagsu

P = 86,670 ¢ - 1336
D
where: P: collapsing pressure in pounds per sguare inch
t: wall thickness in inches [0.220 inch)
D: outside diameter in inches (0.25 inch)

. D

1 1AL » Lin
(Reference: Machirerv's Handbtook, 2Cth ed., 1976, p.448)
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The collapsing pressuse of the capsules is calculated to be 5550 pounds per
square inch (38,3MN/m )o Therefore, the capsule can withstand an external
pressure of 25psig.

2.6 Normsl Conditions of Transport

2.6.1 Heat

The thermal evaluation is performed in Chapter 2 of this application.
From this evaluaticn, it can be concluded that the Model 530 can withstand
the normal heat transport conditions.

2.6.2 Cold

The metals used in the manufacture of the Model 680 can all withstand
temperstures of -40°F -409C). The lower operating limit of the polyure-
thane foam is -100°PF (-72°C). Thus, it is concluded that the Model 680
will withstand the normal transport celd conditions.

2.5.2 DPressure
The Model 530 is open to the atmosphere; thus, there will e no differen-

-

ol

ial rresswe acting on it. In Sectien 2.5.4, the source capsules are

emonstrated o te able to withstand an external pressure reduction of
< {en we

7.5 atmospheres (50.7xN/m<).

3 ks b

.

)

2.6.4 Vibration

The Model 680 has been in use nine years. During that time there has
never been a vitrational failure repcrted. Thus, we contend the Model
680 will nct undergo a vibraticnal fail in transport.

2.6.5 Water Sgray Test

The water spray test was not actually performed on the Model 630. We
contend that the zaterials used in construction of the Model 53C are 3ll
nighly water resistant and that expcsure tc water will not reduce the
shielding or affect the structural integrity of the package.

2.6.6 TFree Drop

The drop analysis performed in Hypothetical Accident Conditions see
Section 2.7.1) is sufficient to satisfy the requirements outlined for
the normal transport free drop condition in 10CFRTL and IAZA Sefety
Series Ne. 6, 1372. On this basis, we conclude that the Model 68C can
withstand the iree drop without impairment of the shielding or package

integrity.

' 2.6.7 Corner Dror

———————

Yot appliceble.
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2.6,8 Penetration

A penetration test of the Model 680 was not actually performed. However,
the similar Mcdel 584 was subjected to the penetration test with no
resultant loss of shielding or package integrity (a copy of the test
report is enclosed in Section 2.10). The following analysis demonstrates
that the meximum damage exhibited by the Model 680 due to the penetration
test is less than that of the Model 684,

The maximum stress cbserved in a flat rectangular plate supported on all
edges due to concentrated central loading is:

8 = 0.62F 1n (_E_ + 0.5T7T
?‘2 22'0

P : total load

t : thickness of plate (inches)

L : length of longest side /inches)
ro: 0.325t (inches)

where:

.

Reference: Machinery's Handbook, 20th ed., 1976, p. Lbk)

The arpropriate dimensions for the Model 680 and Model 584 are:

Model 680 Model 534
t 0.25 inch (6.35mm) 0.1875 in. (i4,.T6mm)
L 21 inch (523mm) 17 in. (432mm)
9 C.0182 in. (2.06mm) 0.0609 in, (1l.55mm)

™e caloulated stress for the Model 480 is SL.OF; for the Model 58. it

is 97.3F., In both cases the load F (40 inch drop of a 13 pound hemisphe-
rical bpillet) and the material of construction (hot rolled steel) are the
same. The maximum stress, and thus the maximum damage, to the flat plate
occurs in the Model 684, The shipping plate which gprotects the lock
mechanism 15 the same in the two models. As the Model 684 successfully
withstood t

underge the penetratiocn test with no loss of structural integrity or
shielding. (A copy of the test report for the Model 634 is enclosed in

]

Section 2.10).
2.6.9 Compression

The gross weight of the Model 630 is 405 pounds (13kkg). The maximum
cross-secticnal area of the package is 310 sguare inches (0.20m2). ™us
two pounds per square inch times the cross-sectional area (620 pounds,
282xg) is less than five times the package weight (2025 pounds, 230kg ).
For this analysis, the load will be taken to be 2025 pounds.

2-5
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The maximui stres: generated in a flat rectangular steel plate with all
edges fixed and a lcad distridbute uniformly cver the surface of the plate
can be computed from:

gy

vhere: §S: maximum stress
P: total load (2725 pounds)
t: ickness of plate (2.25 inches)
w: width of plate (14.8 inches)
1: length of plate (21 inches)

(Reference: Machinery's Handbook, 20th ed., 1375, p. b4k4, 3g. 13)

From this relationahip, the max! stress generated in the plate is 2240
pounds per sqguare inch | (22.3MN/m°)., This figure is grsatl_,r oclou the yield

strength of the mteria- 43,000 pounds per square inck (276MN/m?). "‘hul,
it can be concluded that canpresdon will not adversely affect the rackage.

2.7 Hypothetical Accident Conditicns

2.Tsl Free Drop

The Model 630 was not actually submitted tc the 30 foot drop test. However,
the Model 555 was sutmitted to the drop test /the test report appears in
Section 2.10). The Model 530 has agproximately the same weight and is
constructed from the same materials as the Model 255:

Model 655 Model 630
Length 16-2/L inches (502 mm) 21 inches (523 mm)
width 11 inches (279 mm) 14<2/b inches (375 mm)
Height 10-1/4 inches (260 mm) 11-12/15 inches (200 mm)
Weight of Shield 280 lbs. 285 1bva.
Cross Weight of Container 3585 lbs. L5 1lvs.
Side Frame Material 3/4 inch thick (13.1 mm) 3/4 inch thick (19,1 mm)
ductile ircen hot reolled steel
Shell Matarial 4 inch thick (6.35 mm, 4 inch thick (6.35 =m)
stee‘ hot rol. d steel

3ased on the satisiactery performance of the Model ¢55, we conclude that
the Model 680 will undergo no loss of shielding or structural iategrity
as a result of the 20 foot free drop test.

2.7.2 Puncture

The Model 680 was not submitted to the puncture tast cf 10CFRT1. Hcwever,
the similar Model 576 was submitted to the puncture test,

“"-ﬂ.ﬂ'.
oV.ciw.l 4

MV 235
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There was no resultant damage to the container nor reduction in shielding.
(4 copy of the test report appears in Section 2,10). The shipping plate
used in the Model 680 is the same as that used in the Model 676, The
Model 676 puncture test report (included in Section 2.10) shows that

the shipping plate withstood the puncture test. On this basis, we con-
clude that the Model 680 can successfully withstand the puncture condition
of 10CFRT1.

2.T.2 Thermal

The thermal analysis is presented in Section 2.5. There it is shown that
the melting point of the materials, except the potting compound, used in
the construction of Model 580 are all greater than 14TS°P (800°C). Also
indicated i{s the previous acceptacility of this design [NRC Certificate
of Compliance No. 5039 Rev. 2) using this evaluation.

Thus, it i{s concluded that the Model 630 satisfactorily meets the require-
ments for the hypothetical accident-thermal svaluation as set forth in
10CFRT1.

2.7.4 ‘Water Irmersion

Not applicable

2.7.5 Sumary of Damage

The tests designed to induce mechanical stress (drop, puncture) caused
minor deformatiocn, but no reducticn in the safety features of the package.
The thermal test resulted in no reducticn of the safety of the package.

It can be concluded that the hypothetical accident conditions have no
adverse effect on the shielding effectiveness and structural integrity

of the cackage.

2.8 Special Ferm

The Model 520 Gamma Rey Projector is designed for use with Tech/Ops Scurce
Assembly AL2L-1lk, This source asszembly has been previcusly certified as
special form radicactive material., (IAEA Certificate of Competent autherity
No. USA/0165/S, see Section 2.1C). We contend that this certificate is
sufficient evidence that the requirements for special form radicactive
materials, as established in IARA Safety Series No. o, 1973 are satisfied,

2.9 ™uel Rods

Not applicable

REVISION O
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2.10

APPENDIX

Nuclear Metals, Inc., Test Report: Iron Uranium Alloying

Test Report: Fenetration Test, Model 684
Test Report: Drop and Puncture Tests, Model £55
Test Repert: Puncture Test, Model 676

Descriptive Assembly Drawings, Source Assembly

IAEA Certificate of Competent Authority No. USA/0165/s
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NUCLEAR METALS,INC.

2229 MAIN STRLEY
CONCORD MASSACHUSETTS Dive2
TELEPWONE 67 )69 540

28 January 1974

Technical Operations, Inc.
Radiation Products Division
South Avenue

Burlington, Massachusetts 01803

Attention: Mr. J. Lima
Gentlemen:

In response to a request by Joe Lima of Tech Ops, a simulated fire test
was performed on samples of bare depleted uranium in contact with mild
steel, the object being to determine what, if any, alloying or melting
would occur under these conditions.

TEST DATA:

A 3/4-inch diameter x 5/8-inch long bare depleted uranium specimen was
set on a 1-inch diameter x 1/8-inch thick mild steel plate, placed in a
thin wall ceramic crucible. A mild steel cover plate was used on top
of the crucible to act as a partial air seal. The crucible was joaded
in a prehez.ed 1450°F resistance heated furnace, held for 25 minutes,
then removed and allowed to air cool under a ventilated hood,

RESULTS:

“o reaction was evidenced between the two metals. Both separated readily
and showed no alloving or meltina characteristics.

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

The test was perforned by NMI on 25 January 1974,

Very truly yours,

John G. Powers .
Project Engineer



TEST REFCRT RADIATION PRODUCTS DIVISION

Y: John J, Munro III
DATE: S September 1979

SUBJECT: Model S84 Penetration Test

Cn S Septemver 1979, a penetration test was performed on a Technical
Operations Model 63£ Shipping Container in.accordance with 10CFRT1
Appendix A.S and TAEA Safety Series Ne. 6, 1973, paragraphs Tlia and 7llb.

The hemispherical end of a vertical steel cylinder 1.25 inch in diameter
weighing 14 pounds was dropped from the height of U0 inches ontc the
gecmetric center of the bottom surface cf the Model 534, There was no
deformetion and no damage which would affect the shielding or structural
integrity of the package.

A second test was conducted using the same cylinder, It was dropped from
the height of 40 inches onto the shipping plate. Thare was no deformation
and no dazage which would affect the shielding or structural integrity

of the package.

Documentyry photograchs are enclosed.,

Performed by Witnessed by

g/g e
Argelo Xiklts
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FROM LEFT, MODELS 670, 655 AND 672 GAMMA RAY PROJECTORS

EST AND PUNCTURE TEST
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AFTER CONCLUSION OF 30 FOOT DROP
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TEST REPORT

DESCRIPTION: DATE _ S December 1074

Puncture Test of Model ©76 Container Connector

A Mcdel 676 Camma ey Frojector with Shipping Flate installed was dropped
from & height of 4O inches onto a six inch diameter, eight inch high steel Billat
8s shown in Figure 1 a, The Container impacted on the Shipping FPlste as

shown in Figure 1 b,
CONCLUS ION:

Nc damage to the container, shipping plste or control cable connector
resulted, There was no reduction of shielding effectiveness nor loss

of Fadicactive Materisl.

ﬁ"" 15"\‘ AR
BY _Don

Erezeeur
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PUNCTURE TEST
CONTROL CAELE CONNECTOR ASSEMBLY

Model 676 Gamme Ray Projector
(weight 545 pounds) dropped from

a# height of L0 inches onto s steel
eylinder (Gin dis x 8 in high)

‘ s ’1141! o |0
1y CEN

8 | ] ‘
SN SSSSSSSSS SIS S S S S S S
1a | 1b



.

.

-

m

0

i

T
O

e

o

REVISICN O
NOv 2

\\ -

1979

~
-



-

SPEC.FIED TOLERANCES ARE

o / ’
D /L
v T 79

P | £ N

LCOCE0 REV. | DATE | DESCRIPTION
- | |
MODEL || CAPACITY || CAPSULE STYLE || DIM A DM B
(CURIES) (INCHES)|| (INCHES)
Ad24 -2 22 ©00!1y 60001 N-A. 2 'e
L£424-3 22 200113 6C00I N.A. 1'%
£424-4 ) 60011 s 60000 N.A 20
L£424-5 z 60011, 6000I N. A. 7 %6
AA24-17 185 60012 5 60002 N.A. (TVa |
L4724 -8 |10 &0011 » 60000 N.A. 11'%e
2424 -10 7 60011 5 60004 1.225 7 Y4
L4221 55 €001, ©0004 | 1.225 _2%e
424 -12 | 11O 60011, 60004 | 1.225 107
LL24=-13 | 330 e0012, 6C0O02R | 1.225 1C"%e
L4248 -14 | 110 60011, 60004 | 1.225 10 */g
£424-15 I | 50011y 50004 [ 1.22% &'%e
A424 -6 5% || 50011, 60000 | 2.372 122
Ac24-1T | 25 20011, £6000C 2.373 13/ i
Ad24 - g 33 0011 » 60000 1.2.25 10 Ya
| A424-19 O.ll 50001, 60004 1.225 736
| A4 1HQ |l &écoll s 60000 N.A. 11'%e
A477 -2 105 oCCI2 » 60002 f N.A. |74
A453 -5 250 €002 , 60002 | N.A. 17 %
£432 -6 " | 100 | 00CI% s 20003 I NA. ] 17TYa
EER 1O AO0I 3 50000 | N.A I1'%s
Em2s -8 l. 60011 5 50000 N.A. 1'%
=45% -9 5% oCCll, 60000 2.273 12'/2
AZEs-1C| 55 6001 [, 6OC2O 2373 31/
e B -
o e |
R e
MATERIALS TECHNICAL OPERATIONS INC.
@;@] RADIATION PRODUCTS DIVISION
GG, PP BURLINGTON, MA 01803
SINISH ’ OWG TITLE
\ 0 B
DRAWN BY UNLESS OTHERWISE COBALT sOqu,Ct RtFEPa\C:

_CKED 8Y XX - X i
| oex & \4( C'.ASSIHCAT.CN! SIZE ‘owc. NC. ~ if REV.
\PPROVED BY TANGLES & \ ; | 6CJOO O N
FRACTIONS = N SCALE —e—— ISHEET | OF 3
SPAULDING CO., 'NC. 21 50189 PAGE 2-9 ] £ (/} ; ﬂ Z ]




INNER CAPSULE:
ABOCI =]
ReCClI-2
AcEOC||-3
ABO01I-4
Ae00I1-5

REV. CATE

DESCRIPTION

OUTER CAPSULE ~
ASl0I-6

- 956
Helelll

\———INNEP
ABQOIZ

AG0012-

\

CAPSULE
i
2

COUTER CAPSULE

250
JAU DA

AelliZ-4 6 C, A6’fl2 4
INNeR CAPSULE
ZeCCi2-5
XA r T
S ; L 47
: a1
? ] 'l
CLTeR CASULE — 1.588 ﬁ-—,
Becorns | i N g PLG
- 60013 B8eCCi2-4
MATERIALS TECHNICAL OPERATIONS INC.
‘@Q RADIATION PRODUCTS DIVISION
‘—\ BURLINGTON, MA 01803
FINISH T\ OWG TITLE
S SV , | SP4ciried Toctnances ane CCBALT 5Ob RCt < E'—”CC
o D etly e 7 5 e (DOLBLE E_mc;;pﬁum‘nc”)
CKED 8Y XX & % :
XXX & e CLASSIFICATION| SIZE | OWG. NO. REV.
T A" 600e0
FRACTIONS < " SCALE %:} [SHEET 2 OF 3
SPAULDING CO.. 'NC. 21-60169 PLGE 2-20
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250
249

D

*J/AGOOOC—I ‘965

- £6000C-3 !
={2]6 0/8]

REV. | DATE DESCRIPTION
|
s Wil a0 4750
' A
: | |
» B&OCCI-1 ) ’AEMJ.Z
|
|
B6000I-2 l y
p ‘
1987 260003
Aaocﬁ;

kbest_a

MATERIALS

=3

TECHNICAL OPERATIONS INC.
RADIATION PRODUCTS DIVISION

BURLINGTON, MA 01803

FINISH 77\ OWG TITLE O
O =N =
. COBALT Crbr/: REFERENCE
2 ygphadl | |SPECinED ToLtaAncES ane AT
| 227 22200 | x = | (C“ r, C _" r’/_,‘,, IJ;\/
€D 8Y XX & \
XXX " cuss:rnc;mor“ SIZE | OWG. ~o6oo O REV.
APPROVED BY | ANGLES + L LA 6
FRACTIONS = - SCALE 2:1 [SHEET 3 OF 3
SPAULDING CO., INC. 21.60189 PAGE 2-2I ~
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DEPARTMENT OF TRANSPORTATION

RESEARCH AND SPECIAL PROGRAMS ADMINISTRATION
WASHINGTON. DC. 20580

1AEA CERTIFICATE OF COMPETENT AUTHORITY

REFER TO!

Special Form Radiocactive Material Encapsulation

Certificate Number USA/0165/S

(Revision 0)

This certifies t*at the encapsu’ated sources, as described, when loaded
with the au.horized radiocactive contents, have been demonstrated to meet
the regulatory requirements for special form radiocactive material as
prescribed in TAEA' and USA™ Regulations for the transport of radioactive

saterials.

I. Source Description and Radioactiw: Contents - The sources described
by this certificate consist of the following Technical Operations, Inc.,
models which are welded capsules constructed of either 304 or 304L

stainless steel to the listed capsule designs (see Appendix A) and which

&

contain not more than the listed quantities of Cobalt-60 in metallic form:

& B
|

oS
|

U e e
&~ oo e
PP 1D 1D 1

I~
|

AL

A424-15
AL24--16
A424-17
A424-18
AL24-19
A453-1
A453-2
A453-5
A452-6
A453-7
AL53-8
A453-9
A453-10

Capsule Stvle

60011,
60011,
60011,
60011,
60012,
60011,
60011,
60011,
60011,
60012,
60011,
60011,
60011,
60011,
60011,
60001,
60011,
60012,
60012,
60013,
60011,
60011,
60011,
60011,

60001
60001
60000
60001
60002
60000
60004
60004
60004
60002
60004
60004
60000
60000
60000
£0004
60000
60002
60002
60003
60000
60000
60000

-60000

Activity (Curies)

22
22
55
6
165
110
6
55
110
330
110
11
55
55
33
0.11
110
165
550
1100
110
55
55
55
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Certificate Number USA/0165/S, Revision 0O Page 2

-

11. This certificate, unless renewed, expires on Septesber 30, 1982.

This certificate is issved in accordance with paragraph 803 of the
1AEA Regulations and in response to the July 26, 1979, petition by
Technical Operations, Inc., Burlington, Massachusetts, and in
consideration of the associated information therein.

Certified by:

a%ﬁ ndon, 171979

R. R. Rawl (Date)
Designated U.S. Competent Authority for the
International Transportation of Radiocactive Materials
0ffice of Hazardous Materials Regulation
Marerials Transportation Burezau
U.S. Department of Transportation

e e et

1 ” = it
"safety Series No. 6, Regulations for the cafe Transport of Radiocactive
vMaterials, 1973 Revised gdition" published by the International

Atomic Energy Agency (1AEA), Vienna, Austria.

zritle 49, Code of Tederal Regulations, Part 170-178, USA.

AEVISICN ©
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3. Thermal Evaluation

3.4 Discussion

The Model 580 Gemma Ray Projector is a completely passive thermal device
and has no mechanical cooling systems or relief valves. All cooling

of the package is through free convection and radiation. The only heat
source is the maximum 110Ci Cobalt-60 Source. The corresponding decay
heat is 2 watts (see Section 3.4k.1).

2.2 Summary of Thermal Properties of Materials

The melting points of the metals used in the construction of the Model
530 are:

Depleted Uranium Metal 2070°P (1132°C)
Carbon Steel 2u520F (1345°C)
Coprer 1940°F (1060°¢C)
Eronze 1840°F (1005°C)

‘Refarence: Machinery's Handbook, 20th ed., 1976)

Ti{tanium 2200°F (1820°C)
Beryllium Copper 1600°F ( 37°¢c)
Zircalloy 33500F (1345°C)

Reference: Metals Handbook, 1961)

The rigid polyurethane foam has a minimum operating range of -100°F to
200°P (-73° to 93°C). It will decompose at the fire test temperature of
1475°F (3 €)s Decomposition will result in gaseous byproducts which
will turn in air. -

3.3 Technical Specifications of Components

-

Yot applicable,

2.k Normal Conditions of Transport

2.4,1 Thermal Model

The heat source in the Model 530 results from a maximum 110Ci of Cobalt-60.
Cobalt-50 decays by beta emission, eta = 2.819MeV (Reference: Radiclogical

Yealth Handbook, p. 389). Thus:

a=12
-

2.81MeV x 3.7 x 10°° aistat . 1.6 x 1071° . 110Ci = 1.8 vatts
S-Ci Me"f

The decay heat source is taken to be 2 watis.

(e8]
'
[
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To qualify as a Type B(U) package the requirements of IARA Safety Series
No. 6, 1973, paragrapus 231 and 232 must be satisfied., The calculational
model used to desmonstrate compliance with these regulaticns is described
in detail in Section 3.6, along with the results of the analysis. Zsser-
tially, it is assumed that one-fourth of the entire decay heat load is
deposited uniformly in each of six sides. The smallest of the sides is
assumed to reach the maximum surface temperature. Heat transfer from the
side is restricted only to convective heat transfer from the upper face
of the plate.

To meet the additional requirements of paragraph 240 of the IAEA regula-
tions, a separate analysis was performed. To do this, a heat balance was
set up over the surface of the package, usirg the insolation data in
Table III of the IAEA regulations. The decay heat source was considered
negligible. The outer shell was assumed to be insulated from the interior
of the package. Heat transfer from the package was taken to occur by
radiation, and over specific surface areas by free convection. A de-
tailed description of the model is given in the analysis, in Section 2.5.

3.4.2 Maximum Tamperatures

An examination of the melting points of the materials used in construction
of the Model 680 show that the maximum temperatures encountared under
normal conditions of transport engender no loss of shielding of the
package. The specific Type B(U) analyses /Section 3.6) show the package
temperature to be below 40°C (10L°P) in the shade and below T72°C (163°F)
when insclated.

2.4.3 Minimum Temperatures

The mininum normal cperating tamperature of the Model 680 is <40°% (-40°p).
This temperature will have no adverse effect on the package.

3.4.4 Maximum Internal Pressure

Normal operating conditions generate negligitle internal pressures. Any
pressure generated is significantly below that of the hypothetical accident
pressure, which is shown to result in nc lcss of shielding or contaimment.

3.4.5 Maximum Thermal Stresses

The maximum temperatures that occur during ncrmal transport are low
enough to insure that thermal gradients will cause nc significant thermal
stresses.

3.4.6 Svaluation of Package Performance for licrmal Conditions of Transpert

The thermal ccnditions of ncrmal transport are cbvicusly insignificant from
a functional point of view for the Model 63C. Also, the applicable con-
ditions of IAZBA Regulations for Type B(U) packages have been shown to be
satisfied by the Model 580.
1692 327
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3.5 Hypothetical Accident Thermal Evaluation

3.5.1 Thermal Model

The Model 680, including the source assembly, is assumed to reach the

fire test temperature of 200°% /1475°F). At this temperature the polyure-
thane potting compound will have decomposed and the resulting gases will
have escaped the package through the assembly Jjoints which are not leak
tight.

3.5.2 Package Condjtions and Environment

The Model 630 is considered to have undergone no significant damage
during the free drop and puncture tests; thus, the package in tkis
analysis is assumed tc be free from functional damage.

o

053 Package Temperatures

As indicated in 2.5.1, the package reaches a maximum temperature of 800°¢
(1475°F) throughout. An examination of the melting points of the materials
used in the construction of the Model 580 (except the potting compound,

as noted) indicates that there will be no damage to the package as a
result of this temperature, The possibility of the fcormation of the
iron-uranium eutectic alloy was addressed in Section 2.4.1, where it was
concluded that the formation of the allcy was unlikely.

3.5.4 Maximum Internal Pressures

The Model 680 packaging is open to the atmosphere, insuring that there
will be no pressure buildup within the package. In Section 2.0 there is
an analysis of the source capsules under the fire test conditions. It
is shown that the 3axuxmxn internal gas pressure at this temperature is
Sk.Tpsi (0.37TMN/z%).

The critical location for failure of the capsule is the weld. An internal
cressure of S4.7psi (0.37TMN/m<) will generate a maximum stress of 237psi
/1,500 '22) in the weld. At a temperature of 370°C (160C°F) the yield
strength of Type 304 or 204L stainless steel is 10,000 psi (69.0MN/2%),

Thus, at 300% (1L75°F), the maximum stress in the capsule would be only
3% of the yield strength at that point.

3.5.5 Maximum Thermal Strecsses

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

LN
)
w
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3.5.6 Evaluation of Package Performance

The Model 680 will undergo no loss of structural integrity or shielding
when subjected to the conditions of the hypothetical thermal accident.
The pressures and temperatures generated have been demonstrated toc be
within acceptable limits.

(XS]
'
o

1692 129
REVISION O

NOV. 2 C 1879



APPENDIX

- Model 680 Thermal Analysis: IABA Safety Series No. 6,

1573, paragraphs 231, 222

- Model 530 Thermal Analysis: IABA Safety Series No. 6,

1972, paragraph 240

- Thermal Analysis, 0.25 inch 0.D. Capsules

LS )
1
un
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Model 630 - Thermal Aralysis

Type B(U), Parsgraphs 231, 232, TAEA Safety Series No. 6, 1973

This analysie is performed to demonstrate that the Model 680 GCamma Ray Pro-
Jector meets the specific Type B(U) thermal requirements of paragraphs 231
and 232 of TAEA Safety Series Yo. 6, 1973, Z.e., that the maximum surface
temperature does not exceed 50°C in the shade, assuming 38°C smbient temp-
erature,

To assure conservatism, it is assumed that: (1) the entire decay hest

(2 watts) is deposited in the exterior faces of the Model 630, (2) the in-
tericr of the Model 680 is perfectly insulated, providing heat transfer from
the wall orly to the atmosphere, The rectangular shape cf the container
means that each face eclipses a different amount of the solid angle through
which the radietion ‘and thus decay heat) is distributed., To (conservatively)
simplify, it is assumed that each of the six exterior faces receives é of the
total source ‘0.5 watts) uniformly distributed over the face.

Considering the smallest face as undergoing one-dimensional convective heat
transfer:

e ———

-

Intericr (Insulated)

. hA
T.,: temperature at the wall outer surface

\

‘"decay) heat scurce (0.5 watts)
A: Surface ares of the smallest face (0,11 2)
h: free cecnvective heat transfer ccefficient for air

2

5 watts ‘meter® - ©°C /Reference: Heat Tra-~sfer, J. P, Holman,

L th BEdition, p. 13)
(o) -.-.0 o
Thus, the maximum temperature at the wall T, is 40°C (10L"F) under normal con-

ditions of transport. This satisfies the requirements cof the aforementioned
regulationrs,

1692 331
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Model A80 -« Thermal Analvsis

Type B(U), Paragraph 240, TARA Safety Series No. 6, 1973

This analysis is performed to demonstrate that the Mcdel 680 Gamma Ray Pro-
Jector meets the specific Type B/ U) thermal requirements of paragraph 240,
IABA Safety Series Yo. 6, 1973. This paragraph requires that the maximum
surface temperature of a Type B(U) package not exceed 82°¢c (180°F) under
normal conditions of transport, given insclaticn as outlined in Table L %4 4
of the regulations and an ambient temperature of 38°c (100°r).

The calculational model used consists of taking a steady state heat balance
over the surface of the package. To facilitate calculations, certain sim-
plifying assumptions are made, These are cutlined below:

Insclation

200 cal’em-12hr (775W/n?) for the top surface, 200 cal/em@-12hr (194W/z®)
for the side and side frames, none for the base as outlined in Table IIT of
IAEA Safety Series No. 6.

The package is finished with russest enamel, The solar absorptivity of this
enamel is 0.31 (Reference: Thermal Radiaticn Properties Survey, G.G. Gubaref?
et, al., 2nd ed., 1960, p. 260)., A conservative figure of 0.9C was used as
the package abscorptivity.

Decay Heat Load

The decay heat lcad /maximum 2 watts) is negligible,

Package Orientation
The package restes on the side frames, {.e., in the normal transport orientation.
’ ’

Hagt Transfer Mechanisms

The Model 580 is assumed to urndergo free convection and to radiate tc the anvir-
onment, The inside faces are considered to be insulated, so there is no con-
duction into the package. Further, the sides are %aken %o be thin enough sc
there are nc temperature gradients present.

Sadiation: The package is assumed tc radiate from the outer shell oaly i.e.
a cube 10.6 inches (263mm) x 14.5 inches (36%mm) x 13.8 inches
( 349mm).
This assumption ppovides for conservatism by not considering
any radiative heat loss through the side frames.

Convection, top: The upper surface of the cuter shell is taken to undergo
free convection. To provide conservatism, “he upper surfaces
of the side frames are ccnsidered not to undergo convection.
The heat transfer coefficient of a horizontal flat plate Is
given by:
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NOV. 2 0 1g7s



0.
h, = 1.32 (f>1;) .
. b

(Reference: Heat Transfer, J. P. Holman, Lth ed., 1976, p. 253)
where I is the average of the lengths of the sides 0.359m.

Thus:
h, = LTL 95?)0'25

Convection, sides: The vertical components of the outer shell are consi-
jered to axhibit frez convective heat transfer. For consers
vatism, the side frames are taken %o be insulated, Zffectively,
the vertical convective heat transfer area is that of a ver-
tical plate 0.267%m high x 2(0.340m + 0.365m) long, convec=
ting on one side only.

The heat transfer coefficlent for a vertical flat plate is:
O,
h, = 1l.k2 _@_’g\ &

: (48)

Refarence: Heat Transfer, J. ©, Holman, 4th ed., 1976, p. 253

where I is the height of the plate, 2.26%m.

Thus: (

Taking a heat balance cver the package surface:
heat in = heat out (rad. + con. top + con. sides)

A, = 9rad * Yop T Ges
=090 (T5W xA, +194W xA4A)

b o] ma
= 2,90 (775 x 0.128 - 194 x 0.54l) = 205 watts
L L
Yet "EO Ap (Ty = Ty )
- -8 y 2 4 o. 4
= (0.8) (5.669 x 10 W ) (c.6um®) |T - (311k)
m2 -k ¥

/,
Q. = _BeAy BT) whereaT = T_ - T,
. 2.25 |, P
= 1.71 X \‘T) \0012% ) éT)

oD e
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= h.A; bT)

.Em .for)o'aj (0.38°) (aT)

Iteration yields a wall temperature T, of 70°C (158°F). Thus, the Model 680
satisfies the requirements of paragraph 2L0, IAEA Safety Series No. 6, 1973.

qco
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0.25 Inch 0.D. Scurce Capsules - Thermal Analysis
gxpothetical Fire Conditions

This analysis is intended to demonstrate that Tech/Ops source capsules
which are of 0.25 inch (6.35mm) diameter, seal welded to a minimum
penetration of 0,020 inch (0.51mm), made of Type 304 or 304L stainless
stesl, and licensed as special form containers under TAEA Safety Series
No. 6, 1973, also meet the requirements of paragraph 238, IAEA Sefety
Ceries No. 6, 1973, i.e., containment under specified thermal test

"~ conditions,

The actual containment vessel for the radiocactive material is the welded
source capsule, These capsules are all 0.25 inches (6.,35mm) in diameter
and less than 1 inch (25.4mm) in langth.

The intarnal volume of the source capsules contains only iridium-192 or
ccbalt-60 metal (as a solid) and air. It is assumed at the time of leading
+hat the entrapped air in the capsule is at standard temperature and
pressure (20°c, C.101 Mzganewtons per square meter), We contend that this
{8 s conservative assumption because, during the welding process the in-
+arnal air is heated, causing scme of the air mess to escape before the
capsule is sealed. When the welded capsule returns to ambient temperature,
the internal pressure is somewhat reduced,

As described in Tech/Ops standard source ancapsulation procedure, the
minizum weld penetration is 0.02C inch (0,5lm). Under conditions of
{nternal pressure, the critical location for failure is this weld. Since
the capsule has an outside diameter of 0.25 inch (6.39mm), this weld has
a cross-sectional area of 0.0l% square inches (9.30mm).

Under conditions of paragraph 238 of IAEA Safety Series Ne. 6, it is

. sssumed that the capsule could reach a temperature of lﬂTSOF'(éOOOC).
Using the ideal gas law and requiring the air to occupy a constant volume:

?2 = PlTa

71
P, * initial pressure(0.101MN/az%)

T, = initial temperature (293%)

7 « final temperature (1093%)

Te internal gas pressure could rzach 0-37fu3/m2. It is assumed that the
=3

capsule can be treated as a thin-walled, cylindrical pressure vassel,
P
3 -0
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The maximum longitudinal tensile stress can be calculated by writing a
lengitudinal force talance through the weld:

stress x areag * pressure x nrcnp = 0
2

slrr(gn"'_i_gﬁ) SR L
where S; = longitudinal stress
Dy = outer diameter ( 6,35cm)
Dy = inner dlameter { 5.35cm)

P = pressure (0.37T74N/22).
Thus, the longituhinal stress is 0.92233/@2

The hoop stiress can be found in a similar fashion. Taking a longitudinal
cross-section and summing forces:

hoop stress x areag - pressure x areap = 0
2s,Lt - pDyL = O
where §, = hoop stress
L = length of cylinder
% = thickness of w2id (0.51m m)
Thus, the hoop stress is 1,52MN/n2

At a temperature of 1600°F (87:°C) the yield strength of type 30k
stainless stael is 10,000 psi ( 60.0MN/me)  Thus, the pressure induced
stresses are l2as than 3% of the yield strength at 800°C.
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L, Containment

k,1 Containment Boundary

L,1.1 Containment Vessel

The containment system for the Model 680 Gamma Ray Projector is the Tech/Ops
Model AL24-14 Source Assembly. The source assembly is currently certified
(IADA Certificate of Competent Authority No. USA/0165/S) as special form
containment for radiocactive materials.

The actual containment vessel is the welded source capsule, either style

50004 or 60011, The capsule is made of Type 304 or 30LL Stainless steel.

It is seal welded with a minimum weld penetraticn of 0.220 in. (0.51lmi). The
capsule is a rounded cylinder 0.25 inches (6,35mm) in dianeter and 0.37 inches
(25mm) in length. Appropriate descriptive drawings are enclosed in Section
2+10.

4.1.2 Containment Penetrations

There are 7o renetrations of containment. The scurce capsule is seal welded
to provide conformity to special form requirements.

4,1.2 Seals and Welds

™

The containment vessel is tungsten inert gas welded by General Electric at
their plant in Vallecitos, California. This is done in accordance with
Tech/Ops standard source encapsulation procedure /See Section 7.4). The
ninimum weld penetration is C.020 inches (C.5lmm). This has proved accept-
able for licensing this vessel as special form.

4.,1.4 Clesure
Not Applicable

4.2 Recuirements for Normal Conditions of Transport

4,2,1 BRelease of Radiocactive Material

The source assembly used nzeets the regquirements of special form radicactive
material as delineated in IASA Safaty Series No. 5, 1973 and 1OCFRT1. Thus,
there will be no release of radicactive materials urder conditions of normal
transport.

4.,2.2 Pressurization of Containment Vessel

The source assemblies usec all meet the reguirements of special form radlicactive
material. Pressure buildup due to the conditions of the hypcthetical thermal
accident has been shown to create stresses well below the structural limits

of the capsule (See Section 3.5). Thus, the containment vessel will withs azd -
the pressure variations of normal transport. i §) 9 . ) 3]

b -1
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h02u3

b.2.4

4.2

L

h¢3ol

ho312

Coolant Contamination

Not applicable.

Coolant Loss

Not Applicable.

Containment Requirements for the Hypothetical Accident Condition

Fission Gas Products

Not applicable.

Release of Contents

The hypothetical accident conditions as outlined in 1OCFRTL, Appendix B,
1., 2., and 2, have beex shown (Sections 2.7.1, 2.7.2 and 3.5 respectively)
to result in no loss of package containment.

1692 38
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Se Shielding Evaluation

Sl Discussion and Results

The Model 6580 is shielded with 285 pounds (130kg) of depleted uranium.
The uranium metal is cast around the zircalloy or titanium "S" tube which
holds the source. The storage position for the source is at the inflec-
tion in the "S" tube.

A radiation profile of Model 630 S.N. 257 containing 108Ci of cobalt-60
(see Section 5.5) was made. An extrapolation for a 110Ci source yielded
the results which are presented in Table 5.1. From this data, and from
previous acceptability (NRC Certificate of Compliance No. 2035, Rev. 2)
it is concluded that the Model 630 complies with the regulatory standards
{n 10CFRTL and TA24 Safety Series Neo. 5, 1973.

TABLE 5.1

SUMMARY CF MAXIMUM DOSE RATES

(mR/hr)
Contact At 1 Meter
Side Top Zottom Side Top Eottom
Garma 163 173 122 2.6 2.0 1.5
Neutron Not applicable Not applicable
Total 163 173 122 2.0 2.0 1.5

Hypothetical accident conditions will result in essentially no change in
the above reacings.

N

- Scurce Specification

N

2+¢3 Jerma Source

amma source used is encapsulated cobalt-50 in quar
uries,

3
t
"v
ct
b
17

s of up to

53

« M

e
3

5.2.2 Neutron Source

Not applicable

wn
.
LY

Model Specifications

Not applicable.
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5.2.2 lNeutron Source

Not applicable.

5.3 Model Specifications

Not applicable.

Sk Shielding EBvaluation

The Model 680 shielding evaluation was performed on Model 680 Serial Number
257, containing 108C1 of cobalt-60. The radiation profile is included in
Section 5.5. Extrapolation of this dates to the capacity of 110 curies
/Section 5.1) clearly indicates that the Model 680 conforms to regulatory
radiation limits. As the hypothetical sccident evaluation (Section 2.7)
revealed no change in the shielding arrangement, it is concluded that
shielding after the hypothetical accident is essentially unchanged. There-
fore, the radiation profile indicates the package will be within acceptable
limita.

1692 %40
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5.5

APPENDIX

- Mcdel 680: Radiation Profile
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RADIATION PROFILE

Model 630 Serisl “lumber 257
Source Model “lumber AL24-1k

Serisl Wumber 1803: 108 Curies °CCcbals

Location At Contact At 1 Meter
Top 179 2.0
Right Side 129 2.6
Bottom 120 1.5
left Stde 99 5
Front 150 2.0
Back 160 2.0

\1. intensities are expressed in units of millircentgens per hour.

Intensities expressed sre the maximum intensities on the particular
surface.

Measurements were made with an AN/FIR - 27/J) Survey Meter.

1692 342
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Criticality Evaluation

Not applicable
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T. Operating Procedures

T.1 Procedures for Loading the Package

Section 7.4 describes the procedure for fabricating the special form
source encapsulation . Section 7.4 also contains the procedure for loading
this source assembly into the package and preparing the package for transport.

T.2 Procedures for Unloading the Package

Section 7.4 contains the proc:dure for unloading the source assembly from
the package.

T.3 Preparation of an Bmpty Package for Transport

Section 7.4 describes the procedure for Preparing an empty package for
transport.

1697 344
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T.b APPENDIX
- Encapsulation of Sealed Sources

- Technical Operaticns Mcdel 680:
the Package

L ——————— —— - — - ——— —— .+ — ——.

Procedures of Loading - linlcading
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RADIATION SAFETY MANUAL
Part IT In Plant Operations

Section 2

ENCAPSULATION OF. SEALED SOURCES

A. Personnel Reguirements

Only an individual qualified as a Senior Radiological Technician
shall perform the operations associated with the encapsulation of

19274idium. There must be a second qualified Radiclecgical Technician
available in the building when these operations are being performed.

B. General Recuirements A

The 19271ridium loading cell shall be used for the encapsulation of
solid metallic 1921ridium and the packaging of sealed sources such
as 170mhul fum, 13Tcesiim and 169Ytterb1um. Solid metallic “Ocovelt
not exceeding cne curie may be handled in this cell also.

The maximum amount of 1921ridium to be handled in this cell at any
one time shall not exceed 1000 curies. The maximum amount of 13'Cs
+o be handled in this cell at any cne time shall not exceed 100 curies.

This cell is designed to be operated at less than etmospheric
pressure. The exhaust blower orovided shall not be turned off

except when the cell is in a decontaminated condition.

Sources shall not be stored in this cell covernight or when cell is
unattended. Unencapsulated material shall be returnad to the transfer
containers and encapsulated sources transferred to approved source

containers.

when any of the "through-the-wall" tools such as the welding fixture
or transfer pigs are removed, the openings are to be closed with the
plugs provided. These tools shall be decontaminated whenever they
are removed from the hot cell.

C. F-ecaratory Procedure

1. Check welding fixture, capsule drawer and manipulator fingers &
srom cell and survey for contemination. If contamination in
=

excess of 0.001L mCi of rsmovable contamination is found, these
items must be decontaminated.

2. 1If the welding fixture or the electrodes have been changed,
perform the encapsulation procedure cmitting the insertion of
any activity. Examine this dummy capsule by sectioning thru

weld., Weld pemetration must be not less tham 0.020 inch.

REVISION O
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3.

D.

1.

2.

Te

If weld is sound and penetration is at least 0.020 inch, the
preparation of active capsules may proceed., If not, the

condition responsible for an unacceptable weld must be corrected

and the preparatory procedure repeated.

Check pressure differential across first absolute filter, as
measured by the mancmeter on the left side of the hot cell.
This is about # inch of water for a new ~ilter. When this

pressure differential rises to about 2 inches of water, the filter

must be changed.

Encapsulation Procedure

Prior to use, assemble and visually inspect the two capsule
compcnents to determine if weld zone exhibits any misalignment
and/or separation. Defective capsules shall be rejected.
Degrease capsule components in the Ultrasonic Bath, using
isopropyl alcochol as degreasing agent, for a period of 10
minutes. [ry the capsule components at 100°C for a minimum
of twenty minutes.
Ineert capsule components into hot ecell with the posting bar.
Place capsule in weld positicning device,
Move drawer of source transfer container intoc hot cell,
lace proper amount of activity in capsule . Dispcsable
funnel must be used with pellets and a brass rivet with wafaers
to prevent contamination of weld zone.
Remove unused radicactive material from the hot cell by with-
drawing the drawer of the source transfer container from the
cell.
Remove funnel or rivet.
Assemble capsule components,
Weld adhering to the following conditions:

a. Electrode sracing .021" to .024"

centered on joint +.002"; use
Jjig for this purpose.

b. Preflow argon, flush 10 seconds.

¢c. Start 15 amps.

d. Weld 15 amps.

e, Slope 15 amps,

f. Post flow 15 seconds

II-2-2 REVISICN O
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11.

13.

14,

15.

17.

19.

Visually inspect the weld. An acceptable weld must be continuous
without cratering, cracks or evidence of blow out. If the weld
is defective, the capsule must be cleaned and rewelded to
acceptable conditions or disposed of as radicactive waste.

Check the capsule in height gauge to be sure that the weld
is at the center of the capsule.

Wipe exterior of capsule with flannel patch wetted with EDTA
solution or equivalent.

Count the patch with the scaler counting system. TPatch must
show no more than ,0054Ci of contamination. If the patch shows
more than ,005 uCi the capsule must be cleaned and rewiped.

If the rewipe patcg still shows more than 0.005 uCi of contamina-
tion, steps 8 through 11 must be repeated.

Vacuum bubble test the capsule. Place t he welded capsule in

a glass vial containing isopropyl alcohol. Apply a vacuum of
15 in Hg(Gauge). Any visual detection of bubbles will indicate
a leaking source. If the source is determined to be leaking,
place the source in a dry vacuum vial and boil off the residual
alcchol. Reweld the capsule.

Transfer the capsule to the swaging fixture. Insert the
wire and connector assembly and swage. Hydraulic pressure
should not be less than 1250 nor more than 1500 Pounds.

. Apply the tensile test to assembly between the capsule and

connector by applying proof load of 75 lbs. Extension under
the load shali not exceed 0.l inch. If the extension exceeds
0.1 inch, the source must be dispcsed of as radicative waste.

Position the source in the exit port of hot cell. Withdraw
all personnel to the control area. Use remote control to
insert source in the -ion chamoer and pesition the source for
maximum response. Record the meter reading. Compute the
activity in curies and fill out a temporary source tag.

Using remote control, eject the source from cell into source
changer through the tube gauze wipe test fixture. Monitor
before reentering the hot cell aregto be sure that the source
is in the source changer. Remove the tuhe gauze and count
with scaler counting system. This assay must show nc more
than 0.005 uCi. If contamination is in excess of this

level, the source is leaking and shall be rejected.

Complete a Source Loading Log (Figure II.2.1) for the cperaticn.

II.2.3
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Technical Operations
Model 680

Procedures for Loading - Unlcading the Package

Wear personnel monitoring devices during all source changing procedures. Mon-
{tor all operations with a calibrated, operable survey meter.

Note: All the precautions used when making radiographic
exposures must be followed.

1. Survey the projector to ensure that the source is in the proper po-
sition.

2. Locate the projector and source changer in a restricted area., Locate
the devices so as to aveid sharp bends in che guide tube or control
housing.

The control cable housing bend radius should not be less than 36 inches
0.914m), and the guide tube bend radius should not be less than 20
fnches (0.508m).

3. Set the source changer for operacion.

L, Attach one end of a guide tube fitting to the fitting above the empty
chamber in the source changer and the other end to the projector.

5. Attach the contrcl cable to the projector:

a. Unlock the projector with the key provided and turn the connector
selector ring from the LOCK position to the CONVECT position. When
the ring is in the COWNECT position, the storage cover will disen-
gage from the projector.

b. lide the contrcl cable ccllar back and cpen the jaws of the swi-
vel connectcr, exposing the male portion of the connector. Engage
the male and female portions of <he swivel connector by depressing
the spring loaded loecking pin tcward the projector with the thumb-
nall, Selease the locking pin and test that the connection has
been made.

¢c. Close the jaws of the control cable ccnnector over the swivel type
connector.

d. Slide the control cable collar over the connector jaws. Hold the
control cable ccllar flush against the projectcr connector and
rotate the selector ring from the CO/NECT position to the OPERATE
position.

6. Crank the source into source changer.

a. Survey this cperation with a survey meter to be sure the source

REVISICN O
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has been transferred from projector to changer.

b. With a survey meter verify radiation level does not exceed 200
mR/hr at the surface of the changer.

Disconnect the control cable from the source assembly. Disconnect the
guide tube from the source changer. Secure the source in the source
changer.

IF THE SROJECTOR TS TN REMAIYN DPTY:

a. * Pully retract the control cable. Disengage the control cable from
the projector and lock the projector.

b. Attach the identification plate of the source toc the source changer.
c. Affix a green "empty" tag to projector.

d. Perform a wipe test of the projector tc assure that the rad?a“on
cbserved is less than 0.001 microcuries per 100 sguare centimeters.

e. Survey the projector to assure that the radiaticn levels do not
xceed 200mR/hr &t the surface nor 10mR/hr at three fset from th
surface.

f. Mark the projector: Radicactive - "LSA". Affix the proper ship-
ping labels to the package.

g. Complete the proper shippi L
ation Safety Manual II.6.3E(4), (5), (6).

IF THE PRCGBCTOR -IS TO 2E FELOADED: cconnect the sour
tting above the new source i

J ()

a. Survey
-
b. With a survey meter verily radiztion level dces not exc2ed 200mwr/hr
at the surface of the croject
Disconnect the control cable and lock the zrojector.
isconnect the source guide tube from the projector and scurce charger.

ne new source L0 the proector anad
-
-

Affix the identification p
t he old scurce to the source

tach the idantificaticn

8., Again survey projectcr to irnsure that the radfztion level doss not
i REVISION O
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exceed 200mr/hr at the surface of the projector.

Survey the radiation level at a distance of three feet from the
surface of the projector. This radiation level should not exceed
10mr/hr. The highest radiation level measured at three feet from
the container is used to determine the Transport Index in accor-
dance with 49CFR173.389(h).

Affix the proper shipping labels.
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8. Acceptance Tests and Maintenance Program

8.1 Acceptance Tests

8.1.1 Visual Inspection

The package is visually examined tc assure that the appropriate fasteners are
seal wired properly and that the package is properly marked.

The seal weld of the radicactive source capsule is visually inspected for
proper closure.

8.1.2 Structural and Pressure Tests

The swage coupling between the source capsule and cable is subjected to &
static tensile test with a load of seventy-five pounds. Fallure of this
test will prevent the source assembly from being used.

28.1.2 lLeak Tests

The radioe .tive source capsule (the primary containment) is wipe tested for
leakage of radicactive contamination. The source carsule is subjected to

a vacuum bubble leak test. The capsule is then subjected to a second wipe
test for leakage of radicactive contamination. These tests are described in
Section T.4t. Failure of any of these tests will prevent use of this source
assembly.

8.1.4 Component Tests

The lock assembly of the package is tested to assure that security of the
source will be maintained. Failure of this test will prevent use of the
package until the lock assembly is corrected and retested.

3.1.5 Tests for Shielding Integrity

The radiation levels at the surface of the package and at three feet from
the surface are measured using a small detector survey instrument (e.g.,
AN/PER-E?).:ﬂThese radiation levels, when extrapolated to the rated capacity
of the package, must not exceed 200 millirocentgens per hour at the surface
nor ten millircentgens per hour at the surface nor ten millircentgens per
hour at three feet from the surface of the package. TFailure of this test
will prevent use of the package.

8.,1.6 Therma. Acceptance Tests

Not Apprlicable.
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8.2 Maintenance Program

8,2.1 Structural and Pressure Tests

Not applicable.
8.2.2 leak Tests
As described in Section 8.1.3, the radicactive source assembly is leak
tested at manufacture. Additionally, the source assembly is wipe tested
for leakage of radiocactive contamination every six months.

8.2.2 Subsystem Maintenance

The lock assembly is tested as described in Section 8.1.4, prior to each
use of the package. Additionally, the package is inspected for tightness
of fasteners, proper seal wires and general condition prior to each use.

8.2.4 valves, Rupture Discs, and Gaskets

Not applicable.

8.2,5 Shielding

Prior to eaun use, a radiation survey of the package is made to assure that
the rediation levels do not exceed 200 millircentgens per hour at the surface
nor ten millircentgens per hour at three feet from the surface.

8.2.6 Thermal

Not applicable.

8.2.7 Miscellaneous

Inspections and tests designed for secondary users of this package under
the general license provisions of 10CFRT1.12(b) are included in Section T.be

4' -
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