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3.0 GsDexD1 JDf91satiDD

1.1 LD%19&ustiDD

() Tech / Ops, Inc. Model AI 520 is designed for use as a radio- !

graphic exposure device and a transport package for Type D
quantities of radioactive material in special form. The .

Model AI 520 conforms to the criteria for Type B(U) pack- |
aging in accordance with le CFR 71 and IAEA Safety Series
No. 6, 1973 Revised Edition (as amended).

1.2 EDGhagt DgD9115%iDD

1.2.1 EashagiD9
;

The model AI 520 is 273 millimeters (10.75 inches) long, 133
millimeters (5.25 inches) wide, and 162 millimeters (6.38
inches) high. The packaging incorporates a handle which
extends 38 millimeters ( 1.50 inches) from the top surface
and is 209 millimeters (8.25 inches) long. The total mass
of the package is 18 kilograms (40 pounds) .

The radioactive material is sealed in a source capsule which
conforms to the requirements for special form radioactive
material. This source capsule is installed onto a source
holder assembly. The source holder assemblies used in
conjunction with the Model AI 520 are listed in the
appendix.

() The source holder assembly is housed in an 'S' shaped
titanium source tube. The source tube has an outside
diameter of 11.8 millimeters (0.465 inch) and an inside
diameter of 10.9 millimeters (0.430 inch). One end of the
source tube is enclosed by means of a shipping plug that
fastens onto a threaded fitting that is welded to the front -

end plate. The shipping plug is drilled to provide a means
for attaching tamper-proof seal wire during transport. The
other end of the source tube is enclosed by means of the
lock box assembly which is welded to the rear plate of the r

device. A brass plug is attached to the threaded fitting
on the lock box. This brass plug is drilled to provide a
means for attaching a tamper-proof seal wire during trans-
port. The locking assembly is used to secure the radioac-
tive source and source holder assembly in the shielded
position during transport.

The source tube is surrounded by uranium metal as shielding
material. The uranium shielding is cast in place around the "

source tube. The mass of the uranium shield is 12.3 kilo-
grams (27 pounds) .

1-1 Revision 0
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d

The uranium chie'Id is encased in a type 304 stainless steel

housing. The steel housing is 3.2 millimeters (0.125
inches) thick.4

O
\- / The outer packaging is designed to avoid the collection and4

'

retention of water. The package has a smooth, unpainted
. stainless steel finish to provide for easy decontamination.'

,

The radioactive material is sealed inside a stainless steel
source capsule. This capsule acts as the containment vessel

4

<for the radioactive material.

1.2.2 Opgzatippal Egagyxgg

The source holder assembly is secured in the proper shielded ,

i storage position by means of the locking assembly. With the '

i

holder assembly in the proper shielded storage posi-source
tion, a cap is installed over the source holder assembly and
attached to the lock box. This cap is seal wired to prevent
inadvertent loosening. Inserting the shipping plug will -

insure that the -source holder assembly is in the proper

|
shielded storage position. The shipping plug is also seal

wired to insure against unauthorized tampering or removal.!

i

1.2.3 CpoggDts of gbg Enchagg

The Model AI 520 is designed for the transport of iridium-,

192 in quantities up to 120 curies in Tech / ops source assem-
blies listed in the appendix. The source capsule used with

'
; each of these source assemblies satisfies the criteria for,

special form radioactive material in accordance with le CFR'

.

71 and IAEA Safety Series No. 6, 1973 Revised Edition (as
i amended).
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Drawing AI52090 Sheets 1 through 4

Drawing AI52091 Sheets 1 through 2 i

Drawing 42402-1
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Drawing 42402-4 ;-
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2.0 SLxuctural Exalvation

^() 2.1 Structural Denied

2 .1.1 Di..... inn

The Model AI 520 is comprised of five structural components:
a source capsule, source holder assembly, shield assembly,

'

outer housing assembly and locking assembly. The source
capsule is the primary containment vessel. It satisfies the
criteria for special form radioactive material. The shield
assembly provides shielding for the radioactive material

and, together with the source holder assembly and locking

assembly, assures proper positioning of the radioactive
source.

The outer housing is fabricated from 3.2 millimeter (0.125
inch) thick Type 304 stainless steel. The housing provides
the structural integrity of the package.

The lockbox assembly secures the source holder assembly in

the shielded position at the center of the source tube and
assures positive closure.

*

2. 3 . 2 D991SD Cx119xia

The Model AI 520 is designed to comply with the requirements
for Type B(U) packaging as prescribed by 10 CFR 71 and IAEA,

Safety Series No. 6, 1973 Revised Edition (as amended) . All
A

design criteria are evaluated by a straightforward applica-
tion of the appropriate section of le CFR 71 or IAEA Safety

Series No. 6.

2.2 beishts and fsDieIs of Gravity

The total mass of the model AI 520 is le kilograms (40
pounds). The shield assembly consists of 12.3 kilograms (27
pounds) of depleted uranium. The center of gravity was
located experimentally. It is located 99 millimeters (3.89
inches) from the rear, 94 millimeters (3.69 inches) above
the bottom surface, and 51 millimeters (2.00 inches) from

the right surface.

2-1 Revision 0
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2.3 Eggbacigal Exopgxting of Enterialg

The outer housing of the Model AI 520 is fabricated from

(-~) Type 304 stainless steel. This material has a yield

strength of 207 MPa (3 0,000 psi) .

Drawings of the source capsules used in conjunction with the
Model AI 520 are enclosed in Section 2.10. These source

4

capsules are fabricated from either Type 324 or Type 304L
stainless steel.

2.4 Gang 191 ELBDDDEBD 191 bil Enckaggs

2.4.1 Chggical nos GalynDig EssgLigDs

The materials used in the construction of the Model AI 520,

'

are uranium metal, stainless steel, brass, titanium, and
There will be no significant chemical or galvanicepoxy.

action between any of these components.

The possibility of the formation of the eutectic alloy iron

uranium at temperatures below the melting temperatures of

the individual metals has been considered. The iron uranium
) eutectic alloy temperature is approximately 725 C (1337 F).
.

However, vacuum conditions and extreme cleanliness of the

! surfaces are necessary to produce this alloy at this low
temperature. Due to the conditions in which the shield is
mounted in the Model AI 520, sufficient contact for this

effect would not exist.()
In support of this conclusion, the following test results

are presented. On 28 November 1973, a thermal test of a,

'

i sample of bare depleted uranium metal was performed by
Nuclear Metals, Inc., Concord, MA. The sample was placed in
a ceramic crucible and inserted in a furnace preheated to

800 C (1475'F) and remained there for thirty minutes. The
sample was then removed and allowed to cool. The test

! indicated that the uranium sample oxidized such that the
,

radial dimension was reduced by 0.18 millimeters (c.007
inch).

I On 25 January 1974, a subsequent test was performed by
Nuclear Metals, Inc. In this test, a sample of bare

depleted uranium metal was placed on a steel plate and
subjected to the thermal test conditions. The test revealed
no melting or alloying characteristics in the sample and the
degree of oxidation was the same as experienced in the
earlier test.
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Notwithstanding these test results, there are no iren-

uranium interfaces in the Model AI 520.

2.4.2 Essjtjys flsssIs

The source assembly in the model AI 520 cannot be moved to

an unshielded position without the unlocking of the key,

operated lock box and the connection of the drive cable to

the source holder assembly. As a safety feature the locking
mechanism also has a limiting orifice which prevents acci-

dental withdrawal of the source assembly during hookup.

During transport the key is renoved and controls discon-

nected. This allows a cap to be installed over the source
assembly holder and a seal wire to hold the cap in place.
The shipping plug is also drilled to allow a seal wire to be
inserted and hold the cap in place. Positive closure of the
package during transport is maintained with these features.

2.4.3 LiftlDS Dfylsas

: The Model AI 520-is designed to be lifted by its handle.
The handle is attached to the package by means of handle
bails at each end of the handle. A static tensile test of

this handle arrangement was made. A report of this test is
included in section 2.10. This test demonstrates that the

!
lifting device can suppott five times the weight of the
package without exceeding the yield strength of tne

,

material.

() 2.4.4 Tiedown Deylsgs'

The Model AI 520 can be tied down by means of the handle.
An analysis of this tiedown arrangement under the load
conditions of 10 CFR 71.45 (b) is presented in Section 2.10.
This analysis demonstrates that the maximum stress generated
in the handle would be less than the yield strength of the

material. Therefore, we conclude that the Model AI 520
satisfies the tiedown condition of 10 CFR 71.45 (b) (1) .

Additionally, if the handle were to fail under excessive
load, the ability of the package to maintain its structural
integrity and shielding efficiency would not be impaired.
Therefore, the package tiedown design satisfies the criteria,

'

of 10 CFR 71.45 (b) (3) .

2.5 Standards IDI Typs B Pashases
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2.5.1 L9aB EssistaDcs

Considering the package as a simple beam supported on both
ends, with a uniform load of five times the package weight

(S) evenly distributed along its length, the maximum stress can
'- ' be computed from

(fmax F1=

Sz

where O' max = maximun stress
F = assumed load (890 N or 200 lbs.)
1 = length of beam (197 mm or 7.78 in.)
z = section modulus (7 8,896 mm' or 4. 81 in' )

(Bef. Machinery's Handbook, 22nd Edition, p. 294 and 264)

The load is assumed to be 890 newtons (200 lbs.). The

container is assumed to be an elliptical cylinder 197 mm

(7.7 8 in.) long, a major axis of 127 mm (5.0 in.) , a minor

axis of 102 mm (4 in.) and a wall thickness of 3.2 mm (0.125
in.). Consequently section modulus of the beam is

7 8,896 mm ' (4.81 in. 5) .the

Therefore, the maximum stress generated in the beam under
these conditions would be 0.279 mPa (40.43 lb/in:) which is

far below the yield strength of the material.

2.5.2 ExtgxDal 21sssy12

The Model AI 520 is open to the atmosphere. Thus there will
' be no differential pressure acting on it. The collapsing;

of the source capsule is calculated assuming thatpressure
the capsule is a thin wall tube with a wall thickness equal
to the minimum depth of weld penetration which is 0.5 mm

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

P = 597.6 t/d - 9.556
where P Collapsing Pressure in MPa'

t: Wall Thickness (0.5mm or e.02 inch)
di Outside Diameter (6.4 mm or 0.25E inch)

(Ref: Machinery's Handbook, 22nd Edition, p. 330)

From this relationship, the collapsing pressure of the
source capsule is calculated to be 37.1 MPa (5548 psi).

Therefore, the source capsule could withstand an external

pressure of 0.17 MPa (25 psi) .
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2.6.0 Epxzc1 ConDigions c1 111:ns291%

2.6.1 Esat

O,' The thermal evaluation of the Model AI 520 is presented in

Section 3. From this evaluation, it is concluded that the
Model AI 520 will maintain its structural integrity and
shielding effectiveness under the normal transport heat

condition.

2.6.2 Cold

The metals used in the manufacture of the Model AI 520 can
all withstand a temperature of -40 C (-4 0 * F) . The outer

package housing and the primary containment are all fabri-

cated from Type 304 stainless steel. As stated in Draft

Regulatory Guide, Division 7, Task MS 144-4, austenitic
stainless steels are not susceptible to brittle fracture at

tenperatures encountered in transport.

The epoxy used in the Model AI 520 have an operating tem-

perature range of -43 *C to 104 T. From this data, it is

concluded that the Model AI 520 will maintain its structural
integrity and shielding effectiveness under the normal tran-

j sport cold condition.

2.6.3 Enducsd 21ss5912

An external pressure test of the Model AI 520 wac conducted
by Automation Industries, Inc. The device was placed in a

p)g pressure chamber and the pressure was reduced to 0.25 kg/cm(_
and maintained its shielding efficiency and structural
integrity. A report of this test is presented in a letter
to Mr. R. Rawl from Mr. M. Santoro dated 4 December 1981 and
included in Section 2.10.

A demonstration of the ability of the source capsules to

withstand an external pressure of 0.5 atmosphere is

presented in Section 3.5.4.

On the basis of these data, it is concluded that the Model
AI 520 will naintain its structural integrity and shielding
effectiveness under the normal transport pressure condition.

2.6.4 ylbzalism

The Model AI 520 has been in use for more than fifteen
years. In this period, there has been no evidence of vibra-
tion-induced failure.
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On the basis of this history, it is concludcd that the Model
AI 520 will maintain its structural integrity and shielding

effectiveness under the normal transport vibration condi-
7-- tien.t
N

2.6.5 EatsI Spray

The water spray test was not acually performed on the Model
AI 520. The materials used in the construction of the Model

' AI 520 are highly water resistant. Therefore, it is con-

cluded that the Model AI 520 will maintain its structural
integrity and shielding effectiveness under the normal tran-
sport water spray condition.

2.6.6 FIss Drop

A prototype Model AI 520 was subjected to the hypothetical

accident free fall condition. This is described in Section
2.7.1. On the basis of this test, it is concluded that the
Model AI 520 will maintain its structural integrity and
shielding effectiveness under the normal transport free drop
condition.

,

2.6.7 fpIDer DIpp

Not applicable

'
2.6.8 EsDs%IntiDD

i i
A prototype Model AI 520 was subjected to a penetration test
by Automation Industries. The package was impacted by the
penetration bar in three different attitudes. As a result

of these impacts, there was no loss of structural integrity

nor reduction of shielding efficiency. A report of this

test is presented in a letter to Mr. R. Rawl from Mr. M.

Santoro dated December 1981 and included in Section 2.10.i

On the basis of this test it is concluded that the Model AI
i 520 will maintain its structural integrity and shielding

effectiveness under the normal transport penetration condi-
|

tion.

{
2.6.9 CsgpIssgj9D

A prototype Model AI 520 was subjected to the compression
condition. The total mass of the package is 18 kilograms
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(40 pounds). The maximum cross ssctional area of the
peckage is 0.03 m' (49.6 in '). Thus, five times the weight
of the package (890 newtons or 200 pounds) is greater than

13.8 epa (two pounds per square inch) times the maximum

(
cross sectional area (441 newtons or 99.2 pounds).s

subjected to a compressive load of 1515The package was
newtons (340 pounds) . The load was applied for a period of
24 hours. At the conclusion of this test, there was no loss
of structural integrity nor reduction of shielding

efficiency. A report of this test is presented in a letter
to Mr. R. Rawl from Mr. M. Santoro dated 4 December 1981 and
on the basis of this test, it is concluded that the Model
AI 520 will maintain its structural integrity and shielding

effectiveness under the normal transport compression condi-
tion.

2.7 Bypotbs11 sal AssidsDi CDDdlilons

2.7.1 freg DIpp

The Model AI 520 was subjected to the conditions of the free
drop by Automation Industries, Inc. The target used in this

i free drop test consisted of a solid concrete apron with a

thickness of 0.2 meters (8 inches) . A steel plate with a
thickness of 16 mm (C.63 in.) was placed in intimate contact'

with the concrete apron.

During test, the package fell from a height of 10.3)

meters (34 feet) onto the target.
)

As a result of this test, there was no loss of structural'

integrity nor loss of shielding officiency. A report of

this test by Mr. M. Santoro dated 24 July 1973 is presented
in Section 2.10. On the basis of this test, it is concluded
that the Model AI 520 will maintain its structural integrity
and shielding effectiveness under the hypothetical free drop
accident condition.

2.7.2 EMDsiVrf

At the conclusion of the free drop test, the prototype Model'

AI 520 was twice subjected to the puncture condition by
Automation Industries. The target for the puncture test was
a steel billet 76 mm (3 inches) in diameter and 203 mm (6
inches) high mounted on the target used in the free drop

test.

2-7 Revision 0
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During this test, the p2ckcged dropped from the height of

one meter (40 inches) onto the billet.
As a result of this test, there was no loss of structuralO

\/ integrity nor reduction in shielding efficiency. A report

of this test by Mr. M. Santoro dated 24 July 1973 is pre-

sented in Section 2.30. On the basis of these tests, it is'

concluded that the Model AI 520 will maintain its structural
integrity and shielding effectiveness under the hypothetical ,

puncture accident condition.

2.7.3 Zbgxtal

At the conclusion of the free drop and puncture tests, the
prototype model AI 520 was subjected to the thermal condi-

tion by Automation Industries. The package was placed into a
kerosene and fuel oil fire. The package remained there for

47 minutes. At the conclusion of the test, the fire was

extinguished and the package was allowed to cool only by
natural convection and radiation. No artificial cooling

methods were used.4

As a result of this test, there was no loss of structural

integrity nor reduction in shielding efficiency. A report

of this test by Mr. F. Santoro dated 24 July 1973 is
;

presented in Section 2.10. On the basis of this test, it is

concluded that the Model AI 520 will maintain its structural
! integrity and shielding effectiveness under the hypothetical

thermal accident condition,

2.7.4 Eates itspsslDD,

Not Applicable.
;

2.7.5 SDEEnzy DL DDEngs

The tests designed to induce mechanical stress (free drop,

; puncture) caused minor deformation but no reduction in

structural integrity nor impairment of any safety features.
The thermal test had no adverse affect on the package.'

As a result of these tests, there was no loss of structural
i

integrity nor release of any contents.'

,

| Prior to the conduct of these tests and subsequent to the
conduct of these tests, measurements of the radiation inten-

,

sity in the vicinity of the package were made. The results
;

of these measurements demonstrate that there was no reduc->

tion in shielding efficiency as a result of these tests.
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: 2.8 Sptcis] Epxs2

'
:

I The Model AI 520 is designed to transport Tech / Ops source
a |

|
capsules. These source capsules have been certified as

'

! special form radioactive material under IAEA Certificate ofTheseCompetent Authority Number USA /0154/5 and USA /0279/S.
; certificates are presented in Section 2.30.
i

; r
I 2.9 EDR1 E9BB
| |

Not applicable
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2.10 Appsp412'

IAEA Certificate of Competent Authority USA /0154/S

Ot

IAEA Certificate of Competent Authority USA /0279/S!

Drawing 60050
i

Drawings SK2332-7, -8, -9, -10

Test Report: Model AI 520 Holddown Arrangement
4

;
Report: Analysis of Model AI 520 Tiedown Arrangement

j
Letter to Mr. R. Rawl, U. S. Department of Transportation
from Mr. M. P. Santoro, Autonation Industries, Dated 4
December 1981, describing the results of the Model 520
Penetration Reduced Pressure and Compression Tests.

Automation Industries Test Report by Mr. M. P Santoro, dated
j 24 July 1973, describing the results of the Model 520

I.
Free Drop, Puncture and Thermal Tests.

i

i

1

|

,

i
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bSeoach and
spxw Prosro ns IAE A CERTIFICATE OF COMPETENT AUTHORITY
AdmWitradon

O Special form Rodioottive Moteriol Encopsulation

Certificote Number USA /Ol54/5
(Revision 4)

This certifies that the encapsulated sources, as described, when looded with the
outhorized rodiooctive contents, have been demonstrated to meet the regulatory
requirements for speciol form rodioottive materiols as prescribed in IAEA t/ ond

~

USA 2/ regalotions for the tronsport of radioottive materials.

1. Source Description - The source copsules described by this certificate ore
identified as the T echnicol Oper ations, Inc., Models which ore described and
constructed as f ollows:

Copsule Model Approximate Size
(in inches, diometer x length)

60001 .25 x .97
60004 .25 x .97
60006 Pellet, Wofer or Large .25 x .90

Wofer
68310 Pellet or Wofer .25 x .78
60017 .25 x .97

O 60018 .25 x .97
60020 .25 x .97
6002I .25 x .97

All copsules are constructed of either 304 or 304L stainless steel and conform with
the following design drawings:

Copsule M,odel Drowing Nu nber

60001 60001 - 1, Rev. M and 60001-5
60004 60004 - 1, Rev. E ond 60004 - 2
60006 Pellet 60001 - 5 ond 60006 - 3
60006 Wofer 60006 - 1 Rev. H ond 60004 - 1, Rev. E
60006 Lorge Wofer 60006 - 1, Rev. H ond 60001 - 5, Rev. F,

68310 Pellet 68310 - 9 and 68310 - 10, Rev. A
! 68310 Wofer 68310 - 1, Rev. F ond 68310 - 2, Rev. G

60017 60017 - l, Rev. A and 60001 - 2
60018 60017 - 1, Rev. A and 60004 - 1, Rev. E
60020 60020 - 3 and 60001 - 5
60021 60020 - | and 60004 - 1, Rev. E

II. Rodiooctive Contents - The authorized radiooctive contents consist of metollic
tridium-192 with not more than 240 Curies in models 60001, 60004, 60006 Pellet,
Wofer and Lorge Wofer or 120 Curies in models 60017, 60018, 60020, 60021, 68310
Pellet and Wofer.

O
.
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Cer1ificote Nsmber US A/0:54/S, Revision 4
.

Ill. This certificate, unless renewed, expires December 31,1989.
Od This certificate is issued in occordance with porogroph 803 of the IAE A Regalotions

1/ ond in respo tse to the November 1,1984, petition by Technical Operotions, Inc.,
Bs,tlington, Mossochuset15, and in consideration of the ossocioted information therein.

Certified by:

& 9|9fhDh
Richord R. Rowl (Dat e) *

Chief, Rodloottive Materials Bronch
Of fice of Hozordous M.oteriots Regstation
Materiols Tronsportotion Bareou

1/ "Sof ety Series No. 6, Regalotions for the Sofe Transport of Rodioactive Materiots,
I973 Revised Edition", published by the international Atomic Energy Agency (IAE A),
Vienna, Austrio.

2/ Title 49, Code of Federal Regstations, Ports 170- 178, US A.

Revision 4 -incorporated new drawing nos; extended expiration date.-
,
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5*C 0 , IAEA CERTIFICATE OF COMPETENT AUTHORITY
Administrationf-}

-

Special Form Radioective Material Encaosulation
,

\ J
Certificate Number USA /0279/S

Revision 0*

.

This certifies that the encapsulated sources, as described, when loaded with the
authorized radioactive contents have been demonstrated to meet the regulatory
requirements for special form radioactive material as prescribed in IAEA 1/ and
USA 2/ regulations for the transport of radioactive materials.

1. Source Description - The sources described by this certificate are identified as
Automation Industries Models 500-W8 and 500-W10 which are tungsten-inert-gas
welded 316 stainless steel encapsulations which measu e 0.25 inches (G.4 mm) in
diameter by 0.75 inches (19 mm)in length (Al drawing 500-W8 & W10).

D. Radioactive Contents - The authorized radioactive contents of these sources
consist of not more than 300 curies.of Iridium-192 metal wafers.

Bl. This certificate, unless renewed, expires April 30,1988.

This certificate is issued in accordance with paragraph 803 of the IAEA
Regulations Jf, and in response to the October 19, 1983 petition by Automation
Industries,Inc. Phoenixville, PA and in consideration of the associated information *

therein.
( i .

kJ Certified by:

(b k_ W h h b
'

. . .... - _ - - - - -

ichard R. Rawl ~

ate -

Chief, Radioactive Branch
Office of Hazardous Materials Regulation
Materials Transportation Bureau

1/ " Safety Series No. 6, Regulations for the Safe Transport of Radioactive
7.1sterials,1973 Revised Edition", published by the International Atomic Energy
Agency 0AEA) Vienna, Austria.

.

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

(
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RADIATION PRODUCTS DIVISIOKTEST REPORT

!

.

BY: Cathleen M. Roughan

| DATE: 24 September 1985

| SUBJECT: Model AI 520 Package Tiedown Test
i .. _______....__ ..._____________.... ......______ ..__........_____..-
i A model AI 520 Type B(U) package, serial number 284 was subjected to

j the tiedown load standard of 10 CFR 71.45 (b) . The package was tied down
by means of cables attached to each side of each bail connecting the

j handle to the package.

l

|
A force of ten times the weight of the package (400 lbs.) in the

horizontal direction in which the vehicle travels and a force of five
j

|
tires the weight of the package (200 lbs.) in the transverse horizontal

1 direction produce a resultant horizontal force of 447 lbs. It was

concluded that the most severe application of this force was along the

direction of the long axis of the package. The actual horizontal force
applied in this direction during the test was 475 lbs. The actual

j vertical force applied to the package during this test was 350 lbs., or

j greater than five times the weight of the package.

| The package was subjected to these forces for one hour.
4

! At the conclusion of this test, there was no failure of any component of
the package or of the tiedown arrangement.,

( ) There was no evidence of any yield of ar 7mponent. Therefore, it is

| concluded that the package can withstano the tiedown load conditions

| without generating any stress in excess of the yield strength of the

i material.
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TEST REPORT RADIATION PRODUCTS DIVISION

()BY: Cathleen M. Roughan
,

DATE: 24 September 1985

SUBJECT: Model AI 520 Package Lifting Test

-----------------......................--..--- ..... -----------....----

A model AI 520 Type B(U) Package, Serial Number 284 was subjected to,

the lif ting load standard of 10 CFB 71.45 (a) . The package was secured
to a platform, with a mass in excess of ten tines the mass of the

package, by means of cables attached to each side of each bail that

connects the handle to the package.

A force in excess of three times the weight of the package (200 lbs.)

was applied to the package handle in the vertical direction. This force

was applied for one hour.

At the conclusion of this test, there was no failure of any component of
the package or of the handle. There was no evidence of any yield of any

component. Therefore, it is concluded that the package can withstand
the lifting load conditions without generating any stress in excess of

the yield strength of the n.aterial.

O
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AUTOMATION INDUST RIES, INC.
'

f SPERRY PRODUCTS DIVISION
Po soi r45

/..
. PHOENIXVILtE.PA 19440 Decenber 4, 198)
L (215pm

.

O
Mr. R. R. Rawl
Office of Hazardous Materials. Regulation
Materials Transportation Bureau
U.S. Department of Transportation

,400 Seventh Street, S.W.
.

Washington, D.C. 20590

Application For B(U) Certification Of Two (2) OfRe:
Automation's Existing Type "B" Packages Raving
Assigned Identification Numbers As Follocs:'''

USA /9006/B Model 500-SU, IR-192 Source Changer

USA /9007/B Model 520 Iriditron Exposure Device

Dear Mr. Rawl:

The above referenced packages were originally certified as Type "B"
packages by your of fice in 1973. Automation Industries has recently

O subjected both of these packages to the basic and specific additional
test requirements for Type B(U) packages. All additional tests were
performed in accordance to, and in sequential order as outlined in the
IAEA Safety Series No. 6,1973 Revised Edition (as amended 1979).

I. SPECIAL NOTES AND CONDITIONS RELATING TO ADDITIONAL TESTS:

A. There have been no design changes to either package such as
size, mass, structural configuration, or shielding medium
since the original Type "B" approvals were issued in 1973.

B. Each package was subjected to the additional tests separately;
and during each test, the test package contained the same en-
capsulated source of Iridium-192.

C. The contained source of Iridium-192 had a calibrated strength
of 17.0 curies on September 1, 1981, and is identified by
Automation's serial no. IR-14361.

D. One test specimen of each package design was used throughout
all of the additional test requirements.

.

|
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E. Each test package was surveyed for external surface radia-
tion levels and radiation levels measured at one (1) meter
from any external surface; both prior to, and after each
test. To further insure structural and containment integ-
rity, an intimate vipe test of the contained IR-192 sealed
source and container "S" or "J" tube was performed both prior
to and after each test.
Af ter the VATER IMMERSION TEST, Sect. VII, Par. 721, the
residual water after each 8 hour hydrostatic test was col-
1ected and the volume determined. Two (2) 10ml samples of
each batch were assayed by well-counting for a 10 minute
period. This procedure was to further assure the integrity
of contain=ent.
After completion of all tests covering additional requirements
for Type B(U) packaging, the contained source of Iridium-192,
serial no. IR-14361 was further leak tested to meet the require-
ments of Appendix "A" of ANSI Standard N542, Sections:

A2.1.1. Wipe (Smear) Test
A2.1.3. Immersion with Boiling Test.

NOTE: All of Automation's sealed sources of Iridium-192 have
an internal vaid volume of less than 0.10 ml.

F. Considering the materials of construction, compact design con-
figuration, and relatively light mass of both packages, some
of the additional test (such as water spray or internal heat
generation) were omitted by reasoned consideration or where con-
servative and reliable engineering judgement clearly obviates the

! need for testing. These particular tests will be referenced in
I this report with the notation-- " Test Not Required".

Reference to the cumulative effects of the mechanical tests and
thermal test performed in 1973 for qualifying as Type "B" Pack-
ages will be included in this report with the notation-- "Com-
pliance Deronstrated, 1973".

G. A set of photographs will be included as part of this test report
to illustrate the various equipment and apparatus used in per-
forming the applicable tests.

B. All of the additional tests for B(U) packaging were performed
during th. period September 1,1981 through September 11, 1981.

,

I
i
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() Page -3- December 4, 1981

II. EQUIPMENT AND INSTRUMENTS EMPLOYED

A. TEST EQUIPMT.NT ,

i

1. Vacuum Pu=p
Welch Duo Seal.

Model 1400, S/N 112839

2. Hydrostatic Pump
Neptune
Model HP-1, 750 PSIC Max.

3. Pressure Vessel
Fabricated from 8" std. vt., sch. 40,
seamless steel pipe, fitted with 300 lb.
RF slip-on blind flange as removable top,
and two pressure taps.
Internal Dicensions: 7.981" I.D. X 14" high

4. Dead weight for compression test.
Cylindrical, lead shielded, Cobalt-60 transport
container. Container S/N SC-204
Gross weight " Empty": 340 lbs.

O 5. Cylindrical Steel Bar for Penetration Test
Bar diameter: 3.2 cm (1.25")'
Bar weight: 6.0 kg (13.25 Lb.)
Bar length: 97.2 cm (38.25")
Striking end: Hemisherical

B. TEST INSTRUMENTS

1. Survey Meter
Radiac Set, Model 68-27R
S/N I-130, Calibrated 6-5-81 & 9-7-81

l 2. Well Counter
For leak test analysis

! Eberline Mini Scaler
! Model hS-2, S/N 151

with bicron 2"X2" crystal
& 1" diam. I 1-1/2" deep cavity

Bicron Model 2MW2-PQ
| -. . ....

3. Rate Meter
For calibrating source

Victoreen Model 555
S/N 279.

/-

-3-
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a
4. Pressure Cauge

Marshaltown fG27477
2-1/2" Dial. 0-400 PSIC
Calibration: ANSI Grade B, 2%

5. Vacuu= cause
Marshaltown fG14489
2-1/2" Dial. 0-30" Hg. Vac.
Calibration: ANSI Grade B, 2%

6. Various laboratory supplies such as hot plate,
beakers, burettes, syringes, radiac wash, dis-
tilled water, rinse bottles, etc...for leak test-
ing and evaluating radioactive concentrations.

C. TEST SPECIMENS

1. Model 500-SU source Changer
Type "B" Certificate No. USA /9006/B
Serial No. 670

2. Model 520 Iriditron Exposure Device
Type "B" Certificate No. USA /9007/B
Serial No. 831

h 3. Sealed Source of Iridium-192
Encapsulation: Special Form
Calibrated Strength: 17.0 Curies (9-1-81)
Automation's S/N 1R-14361

III. RADIATION SURVEYS OF PACKAGES

A 17 curie source of Iridium-192 was inserted into the Model 500-
SU source changer and also into the Model 520 Iriditron. Both

|
packages were surveyed for surface radiation levels and for rad-
istion Icvels ceasured at one (1) meter from any external surface

|

|
of the package. These surveys were performed prior.to subjecting
the packages to the basic and specific additional tests for B(U)'

packaging. Results of these initial surveys also established a
baseline for comparison of radiation levels and integrity of con-,

|

! tainment prior to and after each sequential test. Results of these
initial " baseline" surveys are tabulated below:

{ A. Model 500-SU source chariger, S/N 670
Results of " baseline" radiation surveys

Area Surveyed arem/h at Surface prem/h at 1 Meter
.

L. Side 2.5 0.1
R. Side 11.0 0.15
Front 1.5 0.1
Rear 10.5 0.15

h%I Top 2.3 0.1
V Bottom 9.5 0.1

-4-
. . _ _
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B. Model 520 Iriditron, S/N 831
Results of " baseline Radiation Surveys

Area Surveyed trem/h at Surface trem/h at 1 Meter
L. Side 26.0 0.1
R. Side 28.0 0.15
Front (lock end) 14.0 0.1
Rear 6.0 0.1
Top 26.0 0.1
Botto= 8.0 0.1

IV.. ADDITIONAL PERFORMANCE TESTS

Each package was tested separately while containing the 17 curie
sealed source of Iridiu=-192. Each package was subjected sequen-
tially to the following prescribed tests required by IAEA Saf ety
Series #6.
A. Reduced Pressure - Sec. II, Par. 221

- Specieens placed in pressure vessel and chamber air pressure
reduced to 0.25 kg/cm2 (3.56 f/in2 Ab.). Specimens were held
at this reduced pressure for a period of 3 hours.

O 1. Evaluation---Visual examination after reduced pressurc
V tests to containers revealed no apparent damage to com-

ponents.

2. Radiation surveys on all exterior surfaces and at I neter
distance showed no significant variation from " baseline"
surveys.

3. Post contamination wipe (seear) test results on both con-
tainer surfaces and source capsule were less than 0.0001
micro curies /sq. cm.

B. Water Spray Test---Sec. VII, Pars. 710 & 711

" Test Not Required"

C. Free Drop Test---Sec. VII, Par. 712

" Compliance Demonstrated, 1973"

D. Compression Test--Sec. VII, Par. 713(a)
Since the vertical projected area of the test packages are
rather small, a load in excess of five (5) time the actual
weight of either package was used in performing this test.

J.U,

-5-
|
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The Model 500-SU source changer 9eighs 58 pounds.
The Model 520 Iriditron weighs 40 pounds.

We employed a cylindrical, lead shielded transport container
weighing 340 pounds for performing the compression test.
Each package was placed in its normal upright position with
the base supported by a flat concrete floor. The 340 pound
load was positioned on the top surface of each package, and
the compressive load applied for an uninterrupted period of
24 hours.

1. Evaluation---Visual examination of each container after
the 24 hour load period revealed no apparent damage to
containers or components.

2. Radiation surveys on all exterior surfaces and at 1 meter
distance showed no significant variation from " baseline"
surveys.

3. Post contamination wipe (smear) test results on both con-
.

tainer surfaces and source capsule were less than 0.0001
micro curies /sq. cm.

b E. Penetration Test---Sec. VII, Par. 714

Each package was subjected to the following penetration test.
Each package was placed on flat, horizontal concrete floor.
Each package received three (3) impacts from the penetrating
bar. The height of free fall of the bar was one meter, nea-
sured from the lower hemispherical end of the bar to the upper
surface of the test specimen.

The penetrating bar consisted of cylindrical steel rod having
a 3.2 cm. (1.25") diameter, and a hemispherical striking end.
The overall length of the bar was 38-1/4", and the total weight
was 13-3/8 pounds.

The Model 500-SU source changer was subjected to a total of
three (3) impacts; one each to the following exterior surfaces:

(a) Center of top surface
(b) Center of right side

(c) Center of raar eurface
The Model 520 Iriditron was subjected to a total of three (3)

impacts; one each to the following exterior surfaces:

(a) Center of 1 sit sida
(b) Center of rear end plate

,

(c) Rear of locking mechanism

g
G

_e.
. . . . .. .. -- _
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1. Evaluation---Visual examination revealed that the
penetration test results in little or no damage to
either package. A small indentation, barely discern-
ible was noted at each point of impact. There was no
deformation of container surfaces, and all velds and
locking devices remained intact.

2. The penetrating bar was not deformed as a result of
the 6 drops.

3. Radiation surveys on all exterior surfaces of the pack-
ages, and at I meter distance showed no significant var-
istion from " baseline" surveys.

4. Post contamination vipe (smear) test results on both
container surfaces and source capsule were less than
0.0001 micro curies /sq. cm.

F. Free Drops (1 & II)---Sec. VII, Par. 719
" Compliance demonstrated, 1973"'

G. Thermal Test---Sec. VII, Par. 720
" Compliance demonstrated, 1973"

11 . L'ater Ic=ersion Test---Sec. VII, Par. 721
Both packages were tested separately while containing the
17 curie source of Iridium-192. A pressure vessel was used
in conjunction with a hydrostatic pump to exert an external
water pressure of 1.5 kg/cm2 (gauge). The actual test pres-
sure used for thesce tests was 30 PSIC maintained for a period
.of 18 hours..
1. Evaluation---Visual examination revealed that the water

immersion test resulted in no physical damage to either
package.

2. Radiation surveys on all exterior surfaces of the pack-
ages, and at I meter distance showed no significant var-
istion from " baseline" surveys.

3. Post contamination wipe (smear) test results on both
container surfaces and source capsule were less than
0.0001 ziero curies /sq. em.

(
n

|

|

-7-
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4. The total volume of pressure vessel equals 700 cu.
in. = 11.47 liters.
Residual water after Model 500-SU source changer was
removed from pressure vessel = 7.78 liters.

Residual water after Model 520 Iriditron was removed
from pressure vessel = 7.99 liters.
For purpose of calculations lets use 8 liters of
residual water for both packages.
A 10 mi sample (1/800 of total residual water) from
each test package was assayed by well counting over
a 10 minute period. Results of these assayes showed
no activity levels above background.

V. INTEGRITY OF CONTAINMENT AND SHIELDING

Our well counting instrument is sufficiently sensitive toA.
detect the presence of gam =a emission down to 0.005 nei
over a 10 minute counting period.

B. After each performance test both packages were evaluated
.

for extent of non-fixed removable surface contamination.
This was determined by hand wiping a 300 sq. em. area of

['
the container surface using a dry cotton vad. Results of
vell counting demonstrated that in no instance did concen-%

trations of non-fixed contamination exceed 0.0001 micro
curies /sq. em.

C. After each performance test the contained sealed source of
Iridium-192 was leak tested by using the wipe (smear) test
method described in Appendix "A" of ANSI-N542, Section
A2.1.1.
All exterior surfaces of the capsule were wiped thoroughly
with cotton pipe stem cleaners moistened with a 5% solution
of radiac wash. The amount of radioactivity removed from
the source before and af ter each performance test was used
as an indicator in evaluating the integrity of the package
in restricting the loss of radioactiveicontents. In no case
were results of capsule wipe tests in excess of 0.0001 micro
curies.

| To further assure the packages ability to restrict loss of
-

| D.
radioactive content, an additional leak test was performed
on the contained sealed source of Iridium-192 after the
packages had been subjected to the required cumulative tests.
This test consisted of " Immersion with Boiling" as specified
in Appendix "A" of ANSI-N542, Section A2.1.3.

t

o

-8-
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Immersion with boiling was accomplished by using a stand-
ard radiographic exposure device which was equipp,ed with
a source guide tube fitted with a perforated " screen-type"
end cap which terminated into a 1000 m1 beaker containing
a 500 m1 solution of 5% radiac wash. This arrangement per-
mitted remote handling and positioning of the source during
the test. The Iridium-192 source was exposed and immersed
into the 500 ml of solvent. The solvent.was then boiled
for a period of 10 minutes. The sealed source was then re-
moved and allowed to cool. The' boiling solvent was retained.

The test source was then rinsed in a 150 m1 fresh solution
of solvent. The rinse solvent was then added to the origi-
nal boiling solvent---This operation was repeated twice,
for a total of three tests, using the original solvent for
the boiling. Two 10 mi samples of the original solvent
were each assayed by well ecunting for a 10 minute period.
Results of these assays sho' sed no concentrations above 0.002
nci/ml of solvent. Since the total residual solvent after
boiling was equal to 600 m1, then the total activity in the-

solvent is (0.002 nei/ml X 100 ml) equals 1.2 nei total act-

!.

ivity. '

3 VI. SUMMARY AND COMMENTS

A. Test results demonstrate that the two (2) packages have
successfully met the basic and specific additional test
requirements for Type B(U) packaging relating to:
(1) Structural integrity.
(2) Retention of shielding and shielding integrity.
(3) Restricting loss of radioactive contents to less

than: A X 10-6 per hour.
2

and
X 10-3 per weekA2

where A2 = 20 ci. for Iridium-192.
B. A set of 8 photographs are included as part of this test re- -

port which illustrate the various equipment and test appara-
tus employed.

C. Automation Industries Inc. requests that both of the above

referenced containers be certified as type B(U) packages,
and that appropriate Certificates of Competent Authority
be established.

Sincerely,

(.
Y A
Michael P. Santoro,,

'] Nuclear Products 12-4-81t

MPS: deb
Ene: (8) Photographs

!
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I'v) TEST RESULTS FOR TYPE "E" PACKACINC

IRIDIlP SOURCE CMNCER SFTNT URANILP TYPE

AND MDDEL 520 IRIDITRON E.XPOSURE DEVICE

in an effort to reduce transportation costs and also as an effort
towards product improvecent, Automation Industries, Inc has de-
signed and constructed a new Iridium Source Changer for servicing
our Iridium-192 customers.

Our new Source Changer will use Spent Uranium as the shielding
medium. By utilizing Spent Uranium, our new changer is approxi-
mately one quarter the volume and one-third the weight of our
present lead shielded Changers. We gross shipping weight of the
new Source Changer will be sixty (60) pounds. This reduction in
size and weight renders a very co= pact, rugged, and structurally
sound design, capable of withstanding severe abuse encountered
during shipcent and in field use.

The container design consists of a rectangular box, approximately
5" wide x 7" high x 11" long, fitted with a hinged cover to permit
access to the internal cocpartment. We entire unit is fabricated
from type 18-8 Stainless Steel sheet, #10 Cage, (0.140" thick),
with all corners and seems continuously welded. h e Spent Uranium
shield is completely encased in an all-welded leak tight compart-
ce n t. De shield is fixed in the compartment by seal welding the
two (2) exit tubes through the partitioning sheet, and then potting-.

with a high temperature solid epoxy. De unit is designed to meet
( ,} the requirements of D.O.T.-55 Specification.[
U In essence, this rw , changer is a miniature version of our present

lead shielded chan.er. All threaded connections, threaded seal
caps, transfer tubes, method of packaging, securing and sealing are
the same for both units. he procedures to be followed for effect-
ing a source change in the field are also the same for both units.
We same operating instructions will apply for both Source Changers.

As designed, the Spent Uranium Changer is a D.O.T.-55 shipping con-
tainer; however, at this time, Automtion Industries, Inc. would
also like to qualify it as a Type "B" shipping container. In order
to substantiate this qualification, the Spent Uranium Source Changer
was subjected to the following test requirements of the International
Atomic Energy Agency. Tests were performed sequentially in the order
listed below:

A. ECHANICA1, 'ITST

Pree Drop fl ne package was dropped from a height
of thirty-four (34) feet onto a flat, horizontal, 5/8
inch thick steel plate.

! ~

July 24, 11M

$ ) Michael P. Santoro
* 9 Product Manager, Nuclear
sev. fl Date. 5-8-80 Rev f2 Dated ,-27-83
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Free Drop (2 The packsge was dropped from a height
of forty (40) inches onto the upper end of a steel
circular bar which was perpendicular to the concrete
pad. The target surface of the circular bar was flat
with its outer edges rounded off to a radius of six

(6) ac.

Deviations:
(a) For the Free Drop fl, the 5/8" steel plate

was not wet floated onto the concrete pad.
However, the eight (8) inch thick concrete
apron was flat and horizontal, as was the
steel plate, and the contact interface was
intimate.

(b) For the Free Drop #2, the circular steel
bar was three (3) inch diameter in liau
of the fifteen (15) em. diameter called
for.

OBSERVATIONS:
Subsequent to Drops #1 and f2, visual in-
spection and radiation surveys indicate,
that the container and/or containers, as
presently designed, would have sustained
more severe test conditions, and still
maintained integrity. Results of the
drop tests showed negligible effects.

B. THERMA 1, TEST

)v The container and/or containers were suspended by
wire rope from an "A" frame, centered over a 66 inch
by 66 inch fuel pan, having five (5) inch sides.
The container and/or containers were positioned
approximately twelve (12) inches above the surface
of the fuel. The fuel consisted of a 50/50 percent
mixture of Kerosene and #2 Fuel 011. Total time
of exposure to flame was fourty-seven (47) minutes.
This exceeded the required test period by seventeen
(17) minutes, since we were unable to extinguish the
flame by use of three (3) conventional co2 extin-
guishers. Two (2) local Fire Companies arrived with
suitable foam generating equipment to blanket the
fla me . The container and/or containers were allowed
to cool naturally for a period of three (3) hours.

Deviations:
Total time of exposure to flane was fourty-seven
(47) minutes, due to difficulty encountered in
attenpting to axtinguish the fire at the thirty

(30) minute mark.

M '

July 24, 1973
Michael P. Santoro
Product Manager, Nuclear
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For ecological reasons and also potential fire hat-
ards, the same fire was used to expose two (2) dif-
ferent containers sicultaneously. (1he Spent Uranium
Source Changer and Our Model 520 Iriditron Exposure
Device . )
An attempt to monitor the flame temperature, using
a Weed Model 8000 Tecperature Indicator with platinum
resistance probe (0 to 1600 *F) failed, due to a
malfunction in the instrument or a short in the probe
ele me n t .

OBSERVATIONS:
After the three (3) hour cooling period, both contain-
ers were inspected visually for structural damage, and
also monitored for any radiation hazards. There were
no apparent high surface radiation levels. Both con-
tainers exhibited bulged or ') regnant" attitudes, due
to extremely high internal pressures resulting from
the decomposition of the trapped epoxy potting resins
at the elevated temperatures. The internal gas pres-
sures had to be exceedingly high in order to permanently
set a convex bow on all surfaces of the containment
shells (#10 Cage, 0.140 inch thick, type 3D4 Stainless
Steel Plate).

The Spent Uranium Source Changer showed no structural
failure, nor any loss of shielding integrity, as a
result of the fire test.

[h The Model $20 Iriditron did spring about 50% of the\_,) weld seam on the bottom portion of the rear end plate,
(Lock Box End).

This occurred at approximately the fourty (40) minute
elapsed time mark, while the firemen were preparing to
blanket the fire with foam. The weld failure was
clearly evidenced by a muffled explesion, followed by
a rapid release of expanding gases or epoxy vapors.
Close up inspection showed that the lower segment of
the rear end plate had pulled away from the shell tube,
forming an angle of approximately 15'off the perpen-
dicular. Accordingly, this rotation of the rear end
plate caused the lockbox to be cocked upward approx 1-
mately 15* off the horizontal.

One end of each hold down tube on either side of the
Model 520 base, had separated from the end plates.
These separations are not relevant to containment of
shielding integrity, however, they do attest to the
tremendous forces that were built up and released,'

in order to cause these weld failures.

M 4 u ' July 24, 1973
Michael P. Santoro
Product Manager, Nuclear
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It was also noted that the leather handles, and aluci-
nue Radiation Warning Tags and Labels, had cocpletely
disintegrated. Stainless Steel Nameplates and chemi-
cally etched engravings remained legible. On the Ndel
520, the aluminum Source Identification Plate was 60%
melted away, and the remaining portion not legible.

C. CONTAlbHENT AND SNIELDINO IhTECRITY

During each test, each container was loaded with a
sealed source of Iridiur 192 of following strengths:

1. SPEb7 URANIUM SOURCE CHANGER

Drop Tests 1 and 2, 34 Curies of Iridium-192
(See Chart "A")

30 Minute Fire Test, 30.7 Curies of Iridium-192

(See Chart "C")

2. PODEL 520 IRIDITRON (EXPOSURE DEVICE)

Drop Tests 1 and 2, 24 Curies of Iridium-192
(See Chart "B")

30 Minute Fire Test, 21.5 Curies of Iridium-192

(See Chart "D")

Radiation Surveys were performed on both containers,
m prior to and after being subjected to each test. Dose

(v) rates were measured and recorded for surface levels;
at six (6) inches from external surface, and at one (1)
meter from the external surface. See Charts "A" to
"D" for radiation survey results.

(a) ne Spent Uranium Source Changer did not
exhibit in any significant change in dose
rates af ter each and cuculative tests.

(b) ne Ndel 520 Iriditron did not exhibit any
significant change in dose rates af ter Drop
Tests 1 and 2. However, af ter the Thercal
Test, soce of the surface and six (6) inch
dote rates increased, while others directly
opposite in location decreased, (see Chart
"D"). The cumulative average of dose rates
did not shif t more than 15%. n is could be
considered negligible. h is change in radia-
tion dose levels can be attributed partly to
the couplete loss of epoxy resin, when the
rear and plate seal weld ruptured and reliev-
ed the internal pressure. It was calculated

/ t
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Product Manager, Nuclear
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'V/ that the epoxy offered approximately 1% of
the shielding value. We major cause of
shift in dose levels was caused when the
lockbox cocked upwards. his action of
the lockbox pulled the Iridium-192 source
capsule out of center position in the
shield; approximately 3/16" off center.
De source pigtail is positioned and fixed
into the shiell by means of the lock
prongs and limiting orifice when the unit
is in locked position. Accordingly, when
the locking nechanism rotated upward, the
source pigtail was displaced an equal
acount. his explains why some dose read-
ings increased, while others decreased.
Since the Ndel 520 Shield is overdesigned,
with resulting good safety factor; and a
1/2" safe dwell position ir the center of
the "S" tube, the source capsule can be
translated at least 1/4" to eigher side of
the theoretical center before appreciable
changes in radiation dose levels are noticed.
This feature was designed into the unit.

D. PHOTOCRAPRS

ne following photographs numbered one (1) through
twenty-three (23), illustrate the set-up, progress,,-

( and effects of tests on the containers:
r'N
( #1------------------ 30 Foo t Fre e Drop
s #2------------------ Spen t Ura nium Cha nge r -

Prior To Test
#3------------------Ndel 52 0 Iridi t ron -

Prior To Test
#4, f5-------------- Ndel 52 0 Iriditron -

Af ter 34 Foot Free Drop
f6------------------Spen t Uranium Change r -

Af ter 34 Foot Free Drop
py..................Model 52 0 And Source Change r -

Af ter All &chanical Tests
#8, #9-------------- mdel 52 0 Iriditron -

Before And After Drop Onto Circular Pin
#10, ill------------Sou rce Change r -

Before And After Drop Onto Circular Pin
(12, #13------------Close Up Of Fuel Pan -

Prior To Dermal Test
#14, #15, #16-------Progress Of Bernal Test
#17, #18------------Source Changer And mdel 520 -

Af ter hermal Test
- Note Source Pigtail Connectors

Protruding From Lockboxes.
Note Seam Weld Rupture On Ndel
520 Iriditron.

M July 24, 1973
Michael P. Santoro
Product knager, Nuclear-
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\] #19...............-. Side View of Ndel 520 -

Af ter The rmal Test
Note Cocked Position of Lockbox

d2 0, #21------------ Ra dia tion Surveys
,

#2 2, #2 3------------Ra dia t ion Surveys 1

E. Ih'ITCRITY OF SOURCE CAPSUIE (ENCAPSUuTION)

After completion of all tests, both source capsules
were leak tested to determine whether there was any
leakage of radioactive contents. Both leak test re-
sults were negative with respect to leakage.

Source Serial Number IR-6964, contained in Ndel 520
Iriditron.
Leak Tested on June 6, 1973 Af ter Fire Test
Recevable Contamination. 14ss than 0.001 micro curies

Source Serial Weber IR-7056, contained in Spent
Uranium Source Changer.
Leak Tested on June 6, 1973 Af ter Fire Test
Recevable Contamination: less than 0.001 micro curies

Visual inspection of the two (2) Source Pigtails
when inspected under magnification while viewing
through our Hot-Cell viewing window, indicated
that there was no mechanical damage imparted to

(_
either capsule assembly as result of tests.

F. RECOMMENDATIONS

(d Due to the severity of the Thermal Test, (011 Fire),
we would suggest that anyone performing this test,
do so in a very isolated area, removed from any flam-
mable equipment or buildings. It is also recocraended
that trained professional fire-fighting personnel and
equipant, be on hand to terminate the test, and for
obvious safety reasons. The heat intensity of this
test is so overwhelming, that it is impossible to
approach the flacie with conventional hand-held fire
extinguishers, when attempting to extinguish the
flace af ter the thirty (30) minute exposure.

C. CONCLUSION

It is our opinion that both of these containers satis-
factorily set the Type "B" test requirements of The
International Atomic Energy Agency, and that they be
certified as such by assignment of individual Certifi-
cation Markt- as issued by the U.S. Department of Trans-
portation, (D.O.T. ). We desire that this certificatico

|

NA'- 14[r - July 24, 1973
Michael P. Santoro
Product Manager, Nuclear
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or permit be acceptable for both docestic and export
shipcen t s .

Since the ledel 520 Iriditron is an Exposure Device,
used in Industrial Radiography, and the Spent Uranium
Source Changer is a shipping Container for transport-
ing new replacer.ent sources to our custocers, and the
returning of decayed sources to our Phoenixville faci-
lity for ultimate disposal, it is bened that this
type "B" certification will not require that our

idocestic custocers reE ster with the D.O.T. to enable
authorized receipt, use, or transshipcent of these
containers. (They are D.O.T. 55 Spec. containers,
and we do not feel that our domestic custocers should
be burdened with additional registration, sicply be-
cause we tested and proved that the containers will
withstand the more rigorous tests of Type "B" packaging.)

H. . SPECIAL FOR$d MTE RIAL

(a) The Spent Uranium Source Changer and the
todel 520 Iriditron, will be used only as
shielded containers for the isotope Iridiun.-
192 in solid metallic form. We wafers of
Iridiuc-192 are encapsulated into stainless
steel capsules using a 1770*F silver braze,
(Eutectic Welding Alloys Company, (1807),
for the sealing process. We sealed sources
are decontaminated and leak tested prior to

[m} insertion into the shielding units.
%.J

(b) To date we have distributed over 7400 Iridiuc-
192 Sealed source capsules of this design to
licensed recipients.

(c) ne isotope Iridiuc-192 in solid metallic form,
is an noble metal and meets all the require-
ments of melting point, sublimation, percussion
friability, low solubility or dissolution, and
chemical stability tests, as outlined in the
International Atomic Energy Agency regulations.
Since we encapsulate no wafers of metallic
Iridium-192 which have any dimension less than
0.5 cx:, the radioactive material in itself
is Special Form.

1. EqVEST FOR APPROVAL.S

(a) We request that the spent Uranium Source
,

Changer be certified as a Type "B" package |for shipping Special Form Sealed Sources
of Iridium-192, up to, but not exceeding,
300 Curies.
Specific Activity Range: 300 To 400 Curies / gram

N July 24, 19:
Michael P. Santoro

" Product Manager, Nuclear,
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'y (b) We request that the Ndel $20 Iriditron be certifiedx
as a Type "B" package for shipping Special Forz:.
Scaled Sources of Iridiuc-192, up to, but not ex-
ceeding, 120 Curies.
Specific Activity Range: 300 To 400 Curies / gras:.

(c) We request that our Iridium-192 Isotope be certified
as Special Fori: Shipcent and/or Special Forn. Nterial.

W ~

July 24, 1973de

Michael P. Santoro
Product N nager, Nuclear

grvis10s #1. APPENDIX "A" (ADDID 5-8-80)

ADDITIOW DROP TEST PERTOMID TO MODEL $20 SHIELD TO INSUPI TMAT FORCE OF
IXFAC7 oCCURAEL TO MOST VULMRAELE P ART 07 THE DITICE.

(a) Date of Test: April 2, 1975

(b) Description of Test: 30 f t. free drop onto unyielding target consisting of
6 inch thick flat steel plate.

(c) Ortertation of Device: A guy wire was employed to maintain proper orientatice
to assure that maximum damage occurred to tne locking mechanist and protruding
seal plug connector.

(d) Test Specimen: The 520 shield was the same unit whieb had previously been.

subjected te sequential drop, puncture, and fire exposure when qualif ying thex

(Y\ unit for Type **B" Packaging.
-

RI5ULTS & OBSDVATIONS

(a) After lepaet: The locking mechanist remained locked--The protruding seal plus
connector was slightly deformed--And the guy wire still maintained the 520 shield
in a vertical attitude.

(b) Af ter remving guy wire, deformed seal plug connector was tenoved--
There was ne evidence of any damage to the source pigtail connector---And
the source pigtail assembly was still retained in the proper locked, stcred
position.

(c) Conclusten: Results of this test clearly demenstrates the inherent stability of
the N del 520 shield and that the device would withstand tests of this severity.

GM ' May 8, 1980.~ a
Michael F. Santoro
General Manager, Nuclear Products.
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k ) REV151Ch #2. APPEND 13 '' B " (ADDED l-27-63)
V

1. SCOPE: 70 DOCtHENT RESl*LT5 OT MICRAMICAL TEST 5 PERFORMED ON THE
CO*GIAAT10% PACKACE C0%51STIE OF At*T&tATION INX5TDIES MODEL 500-SU
181DIL%)92 50CRCE CMA%ER (CONT A!EIX1 VE$$EL) WNEk ENCASED WITVIN
A STEEL DRUM OVERPACK.

A. PACKA0! DESCRIPTION: The complete package assently consists of
Automation ' Industries Model 500-5U 1ridium-192 source Changer
(Contairment Tessel) completely encased within a #18 gage steel
drue which sensures 15-1/8" outside diameter and a total height

of 13-3/4". The drum is fitted with a top opening lid which is
secured with a clamp ring and seal bolt. Two (2) close fitting
molded hair-packs ate fitted within the drum to receive and main-
tain the contairment vessel in a fined position during transport.
(See Automation's Dwg. No. D-500SV-CP for complete specifications.)

5. Cross v!1CHT OT CCreLETE P ACKACI (CONTA1EENT VESSEL PLUS DFtH
OVIU ACK ) 80 Pounds.

C. M3 DEL NLMBER OF CCPOLETE PACKACE: N del 5005t-OP.

D. TYPE AND PORw OT RADICACTIVE CONTENT: Metallic wafers of Iridium-
192 as sealed sources which meet the requirements of special-fora
encapsulation; and depleted uranta shield casting of the 500-5U.

E. MAXLe QUANTITY OF RAD 10 ACTIVE CONnNT PES PACyr.E: 300 Curies
of Iridium-192. plus 39 pounds of depleted uranium (shield cast-
ing of the 500-5U containment vessel).

11. PERFORw.ANCI TESTINC - CENERAL POR ALL PACKA01NC - 5t'EPAFT C

{(N
) A. fl.3)(c)(1) 1.1771NC DEVICES: The complete package assembly was

j aupported by the two (2) lif ting handles and a static load of 260
pounds was distributed over the top auf f ace of the package. Load-
ing was maintained for a period of 5 minutes. At completion of
test. visual inspection revealed no evidence of systen f ailure or
deformation to any of the supporting compcnents that would indi-
cate stresses in excess of the yield attength. (See attached
photograph #1).

B. 71.31(c)(4) L1PTINC DD*1CEs. E2CEct?" toad: (Test performed by
the testing laboratories of W.g. Coreaan Company Philadelphia, PA).
The package was fistured onto a tensile testing machine and an up-
ward vertical force was applied to one of the lif ting handles and
gradually increased until failure. The handle grip loor failed at
2040 pound s. Failure consisted of the grip loop separating and pull-
ing out of the handle sounting bracket. Tieual inspection revealed
that the excessive load to the handle did not generate eacessive
stress to the dra housing norimpair the containment or ahtelding
properties of the package. (See attached photograph #2).

W Jan. 27. 19!
M.P. Santoro Nat. Engr..
Nuclear Products.
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( ) C. 71.31(d)(1) Tit-DCh5 DIV1CES: A static force applied through the
center of gravity of the package having a vertical component equal
to two (2) times the weight of the package (160 pounds) e hort-
sental component equal to ten (10) times the weight of the package
(800 pounds), and a horisontal component in the transverse direc-
tion equal to five (5) times the weight of the package (400 pounds).
Since we cannot control the orientation of the package in relation
to the direction of vehicle travel, we have selected the centerline

passing through the two (2) handles as the direction of the 600
pound horisontal vector. The resultant of these components is equal
te a static force of 910 pounds rotated through 27 degrees of f the
centerline passing through the bandles, and having an angle of de-
c11 cation equal to 10 degrees. (This test was performed by the test-
ing laboratories of V.S. Coleman Cospany, Philadelphie, PA).
The package was fixtured onto a tensile testing machine with eteel
banding straps securely tightened to the hold-down loops to main-
tain proper orientation of the package and also support the pack-
age during the test. A one (1) inch disseter ran was attached te
the crosshead to transfer and direct the 910 pound force in line
with the center of gravity of the package. This load was maintained
for five (5) minutes.
At full loading (910 pounds) there was no failure in the tie-dove
syster - The tie-down straps rammined intact as did the handle loops.
Further inspection revealed that the test load did not generate ex-
cessive stress to the drum body not to the tie-down system. (See
attached photograph f3).

D. 71.31(d)(3) TIE-D0m3 DEVICES. E3CE551VT LOAD: (Test performed by
the testing laboratories of W.B. Coleman Company Philadelphia. FA).
The package was fiatured onto the tensile testing machine so that
loading would be applied to the tie-down loop at approximately 45
degrees from the horizontal when the package would be in its normal
upright shipping attitude. leading was gradually increased until

[h failure. The tie-down handle loop f ailed at 1385 pounds. Failure

( ) consisted of the handle loop separating and pulling out of the han-
U dle mounting bracket. Visual inspection revealed that excessive

loading to the tie-down device to point of f ailure did not generate
excessive stress to the drum housing nor impair the containment or
shielding properties of the package. (See attached photograph f4).

E. 73.32(a) 1 DAD 915157AleCE: (Test performed by the testing labora-
tories of W.B. Coleman Company, Philadelphia, PA). The package was
tested as a simple beam supported at its ends along both its verti-
cal amis and horizontal amis. A static load of 400 pounds was applied
nors.a1 to and uniformly distributed along the length of its upper
surface. For both tests the load was amintained for a duration of
five (5) ainutes.
Visual examination at completion of tests showed oc evidence that
acy surface of the package was stressed to its yield point. (See
attached photograph f5).

/ 4Mem Jan.17, 1983
it.P. Santoro, Mgr. Engr.,.
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Duclear Products.
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k 111. PEAPODMN0t TESTINO - POR WORMAL COCITIONS OF TRA.N5 PORI *APPECIX *A"
l

A. APPEND 11 "A-6". FRft DROP: The package was subjected to three (3) l

f ree drops through a distance of f sur (4) feet onto e flat bort-
sontal earface (blechtop roadway). The pctnts of Lapact were to
the top clasping ring, the bottom ria and to the side smil of the
d rum.

These tests taparted very little damage to the drum other than re-
moval of paint and slight surface scratches to the metal at potets
of 1spect. (gee attached photograph f6).

B. APPENDIX "A-7". CORNER DROPT The package was subjected to one (1)
foot corner drops onto each quarter of the top clasping ring, and
onto each quarter of bottos rLa (total of eight drops). The sur-
face of impact was a flat horisontal blacktop roadway.
Again, damage was very sintaal consisting of paint removal and
slight surf ace scratches to the metal at pctnts of impact. (See
attached photograph f7).

C. APPECII "A-8". PEhTTRATION: The package was supprrted by a fast
herisontal blacktop roadway. The package was subjected to two (2)
Lapacte from the penetrating bar. One (1) drop onto the center of
the top lid, and the second drop onto the center of the drum's bet-
tot with the drum restieg in the inverted position.

The penetrating bar consisted of a cylindrical steel rod having a
1-1/4" diameter, and a bes1 spherical striking end. The overall
length of the bar was 38-1/4", and the total weight was 13-3/8
pounds. The height of free f all of the bar was 40 inches measured
from the lower bes1 spherical end of the bar to the upper surf ace
of the test package.

Visual examination revealed that the penetration drops resulted in
very little dama e to the two (2) surf aces of impact. Damage to

Os
both surfaces at point of Lapact consisted of a besiopherical de-
pression appro Laately 3/4" in diameter and 1/4" deep. There was
no piercing or tsaring of either test surf ace. (See attached photo-
graph #8).

D. APPE C 11 "A-9". C M PR25510N: A static load of 460 pounds was equally
distributed over the top surf ace of the drum while the drun was in
its normal upright transport positten end supported by a flat bort-
sontal concrete floor sleb. The compressive load was paintained
continuously for a period of 24 hours.

Visual examinations af ter testing revealed no evidence of any damage
to the package resulting from this loading, nor any indications of
de'ormation to any of supporting components which would indicate
stresses in excess of the yield strength. (See attached photograph
f9).

.

s--, f 1

/ P). . M M I- w Jan._.27, 1983
M.P. gantoro, hgr. Engt.,
Nuclaar Products.
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IV. PER70RMAN01 TESTINO - WYPOTMITICAL ACCIDENT COCITIONS "AFPEC11-??

A. AFFE!CIR "g-1", FRII DROP THRODCD 30 FITT A sealed source of U -
Ts2, serial n =ber 13202, having a calibrated strength of 8.5 curies
on January 12, 1983 was Ir,aded into and secured within a Model 503-
SU Source Changer, serial neber EU-44 This will be designated 1

|as the containment vessel.
The contairusent vessel was then inserted into the drum overpack |

and properly positioned and secuted within the cavity of the molded
hair-packs. The druz was then closed with the top raniovable lid
and secured and locked by the cleap ring and seal bolt essembly.
This complete assembly will be designated as the Model 500st-Or
overpack assembly, and will have a gross shaping weight of 80
pounds.
Prior to drop, the pack. age was surveyed for exterol surf ace
radiation levels and radiation levels measured at thica (3)
feet f rom all external surf aces of the package. gesults ce
these surveys indicated the highest levels recorded on any ex-
terior surf ace of the drum was 1.8 MR/D and 0.1 Mk/D when sea-
sured at a distance of three (3) feet from any exterior surface.
The package was hoisted to the roof top of a 34 foot high build-
ing, aid allowed to drop onto a flat horisontal essentially un-
yielding blacktop roadway.
Impact occurred at the lower side surf ace of the drum between the
area of the lower chise bead and the bcttos rim. Essentially it
approximated a bottos corner drop.
The damage to the package was minimal considering the amount of
energy absorbed. The structural soundness of the package was
unchanged and the integrity of closures and containment remained
intact. The only physical damage consisted of flattening of the

N bottos rim of the drum at surf ace of impact and a slight perfora-
tion of the side wall else within the area of impact. The perfora-

( tion resembled a right angle slit having a width of 3/32" and un-
equal legs of 1-1/2" 1 1". The perforation was actually the in-
print of the rear lower corner of the containment vessel which
compressed the hair pack at the instant of impact with sufficient
force to locally shear the side well of the dra by the combined
actions of shear, elongation, and forging.
Radiatten surveys on all esterior surfaces of the package, and at
a distance of 3 feet from all esterior surf aces demonstrated that
there was no increase in surface radiation levels or transport
indes resulting f rom the f ree drop test. The highest surface
radiation level remained at 1.8 MA/D as did the transport inden
at 0.1 ME/D .
Upon removal of the seal bolt, clasping ring, top lid, and upper
hair-pack acid from the package, we noted that containment vessel
was still properly positioned by the orientation bracket and pro-
perly oested within the lower hair-pack cavity. This demonstrated
that the hair-packs have an excellent capacity for energy absorb-
tion, combined with good elasticity and resiliency. Imasination
of the contattament vessel revealed no damage to any of exterior
surf aces, seal wires or closures. (See attached photograph (10).

t

e

M/ Jan. 27, 198
M.P. Santoro, I.ngr. Mgr.,

Euclear Products.
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B. AFFEND1X "B-2", FWOTURE: The package was subjected to four (4)

drops through a distance of 40 inches measured f rom the lowest
surf ace of the package to the top of a cylindrical sild steel bar
which was neunted vertically on a flat horizontal unytelding sur-
face. The bar was 6 inches in diameter, 8 inches in length, with
a flat horisontal top ourf ace whose edge was rounded to a 1/4"
radius.

The four (4) drops were so directed so that impacts would occur
to the following surf aces of the packaget Center of top lid,
center of bottos, sid-point of side with di a falling horisontal-
ly, and onto the seal bolt and locking lugs of the clamp ring
essembly.

Tieual esaminations af ter testing indicated that damage to the
package resulting from these drops were very minimal; consist-
ing of very slight crescent shaped indentations to the flat sur-
f aces of drum lid and bottom. (See attached photograph fil).

T. $U HARY A.C COHwIWSt

A. Test results demonstrate that the combination containment vessel
and drts: overpack assembly, Automation Industries, Inc. N del
50050-OF has successfully att the test requirements for both
normal and accident conditio3* of transport relating tot

(1) Structural integrity

(2) Betent* af shielding and shielding integrity

(3) Restric61ng loss of any radioactive content

B. The above radioactive material packages will continue to be de-
signed and fabricated in accordance to Automation Industries'
Quality Assurance Program, NRC Docket No. 71-0264, approved
October 9, 1979.

C. All tests covered by Revision #2, Appendiz "A" of this report*

were conducted during the period of January 4 through January 21,
1983.

D. Automation Industries, Inc. requer s that the combination con-
tainment vessel and drum overpact assembly, Model 5005U-OP be
certified as a Type '3(U)* packa.e for transporting sealed sources
of special-form, Iridium-192 ul .o a masimum of 300 cur'ies per
package, and that the apptcpris .e certificates of cospetent
authorities be established.

Jan. 27, 11
Michael P. Santoro, Mgr. Engr.,
Duclear Products*

.
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3.0 1bezwal ExaluatiDD^

,

3.1 DiscussipD

( |

The Model AI 520 is a completely passive thermal device and
i has no mechanical cooling system nor relief valves. All; *

cooling of the package is through free ccnvection and radia-'

tion. The heat source is 120 curies of iridium-192. The ,

:
' corresponding decay heat generation rate is 1.03 watts.

3.2 EMEEDEX Di Tbs 1Enl R19p21 kiss 95 ED%tzials
;

The melting temperatures of the metals used in the construc-,

tien of the Model AI 520 are:e

Brass 930*C (1706 F)
'

Uranium 1133*C (2070 *F)
|
! Steel 13 45 *C (2453 *F)

Tungsten 3370*C (6098 *F)
Titanium 1820*C (330 8 'F)

The epoxy used in this device has an operating temperature

range of -43 *C to 104 *C (-45'F to 220 *F) .

3.3 1sgbDisn1 EpsgificatigDs gi ComppngD%g'

Not applicable
.

3.4 591 gal C9DBitiDDs 91 TxnDspD1%
)

3.4.1 Tb2IEAl 59dsl'

! The heat source in the Model AI 520 is a maximum of 120

.

curies of Iridium-192. Iridium-192 decays with a total

! energy liberation of 1.45 MeV per disintegration or 6.58

! milliwatts per curie. Assuming all the decay energy is

; transformed into heat, the heat generation rate for the 120
curies of iridium-192 would be 1.03 watts.

To demonstrate compliance with the requirements of 10 CFR
'

71.43 (g) and paragraph 230 of IAEA Safety Series No. 6, a

separate 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 for Type B(U) packaging, a

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

,
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3.4.2 Eazityg Igapgzagyzes

The maximum temperatures encountered under normal I

(~' conditions of transport will have no adverse effect on the

( structural integrity or shielding efficiency of the
package. As presented in Section 3.6, the maximum tempera-
ture in the shade would not exceed 43*C (119 *F) and the
maximum temperature when insolated would not exceed 62 * C
( 144 F) .

,

3.4.3 EiDipyr Tempezatyrgs

The minimum normal operating temperature of the Model AI

520 is -40*C (-40 F). This temperature will have no
adverse effect on the structural integrity or shielding
efficiency of the package.

3.4.4 Enzigym inkgxDal Ergssyren

Normal operating conditions will generate negligible
internal pressures. Any pressure generated is signifi-
cantly below that which would be generated during the
hypothetical thermal accident condition, which is shown to
result in no reduction in structural integrity or shielding
efficiency.

3.4.5 Eazigus Ibgrtal Stressen
,

4

The maximum ten.peratures which will occur during normals
transport are sufficiently low to assure that thermal
gradients will cause no significant thermal stresses.

3.4.6 EsalyphipD pf Rackags 221291ganse undex E9xua) 'ditiDDE
Di TraDDP9xt

The normal transport thermal condition will hav Sverse
effect on the structural integrity or shielding lency
of the package. The applicable conditions of 1. fety
Series No. 6 for Type B (U) packages are shown to be
satisfied by the Model AI 520.

3.5.0 By29%bekiCal Thermal bscisgD% EsalvatiDD

3.5.1 Therral E9 del

A prototype Model AI 520 package was subjected to the
hypothetical thermal accident condition by Automation Indus-
tries Inc.

3-2 Revision 0
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4

3.5.2 Enchage C9DBikigDs DDB EpyixppagDs
'

The prototype Model AI 520 package which was subjected to

the hypothetical thermal' accident condition had previously

/"'N been subjected to free drop test and puncture test. The

(m / package had suffered minor structural deformation during

these mechanical tests, but suffered no reduction in struc-
tural integrity or shielding efficiency.

3.5.3 Easkagg Tgspgragyxgs

During the hypothetical thermal accident test, the package

was placed into a kerosene and fuel oil fire. The package
remained there for 47 minutes.

The possibility of the formation of an iron-uranium
eutectic allow was addressed in Section 2.4.1 where it was
concluded that the formation of t?e alloy was not a likely

possibility. There was no indication of any melting or

alloy formation as a result of this thermal test.

3.5.4 Mazipym 1DggxDal 21g22912s

The maximum internal pressure g(nerate during the thermal

test is described in the Automation Industries Test Report
by Mr. F. Santoro, dated 24 July 1973 and presented in

4

Section 2.10.

In Section 3.6.3, an analysis of the source capsule, which
'

- serves as the primary containment, under the thermal test

Os condition is presented. This analysis demonstrates that
the maximum internal gas pressure at 800 *C would be 373 kPa
(54 psi) .

The critical location for failure is the source capsule
4

weld. The analysis ~shows that an internal pressure of 373
kPa (54 psi) would generate a maximum stress of 1.96 MPa

(284 psi). At 870 C (1600 F), the yield strength of Type
304 stainless steel is 69 MPa (10,000 psi) .,

Therefore, if the source capsule were to reach a

temperature of 800 C, the maximum stress in the capsule
would be only 3% of the yield strength of the material.

3.5.5 Eazimum Tbgxcal SLxgssen

There were no significant thermal stresses generated during
the thermal test. A description is presented in the
Automation Industries Test Report by Mr. M. Santoro dated
July 1973 and presented in Section 2.10,

3-3 Revision 0
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3.5.6 Exalvatipp of Raskagg EgxforanDcs

As a result of the hypothetical thermal accident test, the

bottom portion of the rear end plate sprung approximately
('' 50% of its weld seam. This occurred after the thirty minute
\ mark as documented in the test results presented in Section

2.10. There was no reduction in shielding efficiency as a
result of this damage. There was no impairment of any
design or safety features. There was no damage to the
locking assembly or package closure. There was'no release
of the package contents.

A shielding efficiency test was performed at the conclusion
of the thermal test. This shielding efficiency test demon-
strated that there was no reduction in shielding efficiency
as a result of the thermal test condition.

A report of the thermal test by Automation Industries' Mr.
M. Santoro dates 24 July 1973 is presented in Section 2.10.

i

,
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3.6.0 hppgDbi2
,

3.6.1 Model AI 520 Type B(U) Thermal Analysis: 10 CFR
71.43 (g) and paragraph 230 of IAEA Safety Series No. 6

! 3.6.2 Model AI 520 Type B(U) Thermal Analysis: Paragraph 240
of IAEA Safety Series No. 6-

f 3.6.3 Iridium-192 Source Capsule Thermal Analysis
I

!

I

j

i

!

l

'

O
)

i
:

!
;

i

|

$

|
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3.6.1 Model AI 520 Type B(U) Thermal Analysis
10 CFR71.43 (g) cnd paragraph 233 of
IAEA Safety Series No. 6

/'N This analysis demonstrates that the maximum surface
\ ) temperature of the Model AI 520 will not exceed 50 'C

with the package in the shade and an ambient tan.perature of%,

38*C.

To assure conservatism, the following assumptions are used:

(a) The entire decay heat (1.03 watts) is deposited
in the exterior surfaces of the package.

(b) The interior of the package is perfectly insu-

lated and heat transfer occurs only from the

exterior surface to the environment.

(c) 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.

(d) The only heat transfer mechanism is free

Convection.

Using these assumptions, the maximum wall temperature is

found from
q = hA(T - T,)g

where q = Heat deposited per unit time in the face of'

interest (0.26 watts)-

h = Free convection heat transfer coefficient for air
= 1.32 ( )N watt /m* C

A = Area of the face of interest (E.0181 m*)
Tw = Maximum temperature of the surface of the package

Ta = Ambient Temperature (38 C)

From this relationship, the maximum temperature of the

surface is 42.3 C. This satisfies the requirement of le

CFR 71.43 (g) and paragraph 230 of IAEA Safety Series No. 6.

3-6 Revision 9
16 September 1985

OO
,

:

. _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ ~ _ _ - - - _ . _ _ _ . . _ _ _ ._ . _ _ _



3.6.2 Model AI 520 Type B(U) Thermni Analysis
paragraph 240 of IAEA Safety Series No. 6

This analysis demonstrates that the maximum surface

temperature of the Model AI 520 will not exceed 82 'C(') when the package is in an ambient temperature of 38*C and
is insolated in accordance with 10 CFR 71.71 (c) (1) and
Table III of IAEA Safety Series No. 6.

The calculational model consists of taking a steady state
heat balance over the surface of the package. In order to
assure conservatism, the following assumptions are used.

(a) The package is insolated at the rate of 775 W/m
(800 cal /cm 2 -12 hr) on the top surface, 194 W/m
(200 cal /cm 2 -12 hr) on the side surfaces and no
insolation on the bottom surface.

(b) The decay heat load is added to the solar heat

load

(c) The package has an unpainted stainless steel

surface. The solar absorptivity is assumed to be
0.9. The solar emissivity is assumed to 0.8.

(d) 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 perfectly insulated so there is no
conduction into the package. The faces are consi-

Os, dered to be sufficiently thin that no temperature
gradients exist in the faces.

(e) The package is approximated as a rectangular
parallel piped 198 mm (7.8 in) long ,133 mm (5.25
in) wide, and 162 mm (6.38 in) high transported
on the bottom. The surface area of the top and.
bottom are 0.0263 m . The total surface area of8

the sides is 0.1073 m'.

The maximum surface temperature is computed from a steady
state heat balance relationship:

91n " 90ut

3-7 Revision 0
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The heat load applied to the package is

qin 9 +9d*
s

where : solar absorptivity (C.9)

qs: solar heat load (41 .2 watts)

qd : decay heat load (1.03 watts)

The heat dissipation is expressed as

+990ut " 9c r

whereq : convective heat transferc

97: radiative heat transfer

The convective heat transfer is
$c [(hA) top + (hA) sides ( w - T,)=

where h : convective heat transfer coefficient

A: area of the surface of interest

Tw: Temperature of the surface

T, : Ambient Temperature (3 8'C)

The radiative heat transfer is

q r = o- E A (T, - T, )
-8

wher e <T : StefanBoltzmann Constant (5.669 x le W/nh )

! E: Emissivity (0.8)

Iteration of this relationship yields a maximum wall
temperature of 61.5*C which satisfies the requirements of

paragraph 240 of IAEA Safety Series No. 6.

!

l
,
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3.6.3 Model AI 520 Type B(U) Source Capsule Thermal Analysis
Paragraph 238 of IAEA Safety Series No. 61973

O'-
This analysis demonstrates that the pressure inside the
source capsule used in conjunction with the Model AI 520,

when subjected to the hypothetical thermal accident condi-
tien, does not exceed the pressure which corresponds to the
minimum yield strength at the thermal test temperature.

The source capsule is fabricated from stainless steel,

either Type 304 or 304L. The outside diameter of the cap-
sule is 6.35 mm (0.250 inch). The source capsule is seal
welded. The minimum weld penetration is 0.5 mm (0.02 inch) .
Under conditions of internal pressure, the critical location
for failure is this weld.

The internal volume of the source capsule contains only
iridium metal (as a solid) and air. It is assumed at the
time of loading the entrapped air is at standard temperature
and pressure (20*C and 100 kPa). This is a conservative
assumption because, during the welding process, the internal
air is heated, causing some of the air mass to escape before
the capsule is sealed. When the welded capsule returns to
anbient temperature, the internal pressure would be somewhat
reduced.

Under the conditions of paragraph 238 of IAEA Safety Series
No. 6, it is assumed that the capsule could reach a temper-

pg ature of 800 C (1475 F) . Using the ideal gas law and re-

(_/ quiring the air to occupy a constant volume, the internal
gas pressure could reach 373 kPa (54 psi) .

The capsule is assumed to be a thin walled cylindrical
pressure vessel with the wall thickness equal to the depth
of weld penetration.

The maximum longitudinal stress is calculated from:

Cy A9 = P '1e
where Cy : Longitudinal Stress

Aj : Stress Area
p: Pressure

Pressure AreaAp :

Fror this relationship, the maximum longitudinal stress is
calculated to be 900 kPa (129 psi) .

'
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The hoop stress is calculated from

/$ 0c L t = PJp
O'

where0(: Hoop Stress
L: Length of the Cylinder
t: Thickness of the Cylinder (0.5mm or e.02 inch)

From this relationship, the hoop stress is calculated to be
1.96 MPa (284 psi) .

At a temperature of 870 C (1600 F) , the yield strength of

Type 304 stainless steel is 69 MPa (10,000 psi).
Therefore, under the conditions of paragraph 238 of IAEA
Safety Series No. 6, the stress generated is less than 3%
of the yield strength of the material.

,

I

e

4

i

O:

I
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4.0 CDD%BiDDDD%

4.1.0 CDDhalDagDt D9pDBaxy

4.1.1 29DhalDDgD% yggggl

The containment system for the Model AI 520 is the radioac-
tive source capsule as described in Section 3.2.3 of this

application. This source capsule is certified as special

form radioactive material in IAEA Certificate of Competent
Authority Number USA /0279/S or USA /0154/S.

4.1.2 CDD%DlDD9D% E2D2%1DhiDDD

There are no penetrations of the containment.

4.1.3 Esalg DD6 Eglds

The containment is seal welded by a tungsten inert gas
welding process which is described in Tech / Ops Standard
Source Encapsulation Procedure presented in Section 7.4.

The minumum weld penetration is 0.5 mm (0.02 inch).

4.1.4 C19syxs

Not applicable.

4.2.0 BRQDiERE9D%D 191 E9tDal CDDditiDDD 95 ZZDDB99L%

4.2.1 Eslease Di BadiDDG%iss BA%211A1')
The source capsules used in conjunction with the Model AI

520 have satisfied the requirements for special form
radioactive material as prescribed in 10 CFR 71.77 and IAEA
Safety Series No. 6. There will be no release of radioac-
tive material under the normal conditions of transport.

4.2.2 21&DDD112D%iDD Di %b2 CDDhblDDDD% 222B21

Pressurization of the source capsules under the conditions
of the hypothetical thermal accident was demonstrated to

generate stresses well below the yield strength of the

capsule material as described in Section 3.6.3. Therefore,

the containment will withstand the pressure variations of

normal transport.
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.

4.2.3 CoplaD% CpDhamination

Nat applicable.

4.2.4 CDDlaD% LDSD

Not applicable.

4.3 CgDtgjowgDL EggyixgacDLS for Lbg Bypptbetical b2gidgDL

CDDditiDD

4.3.1 ElSSiDD 939 EIDBMGLs

Not applicable.

4.3.2 EnigaSg 91 CODLgD%D

The hypcthetical accident conditions of 10 CFR 71.73 will
result in no loss of package containment. This conclusion
is based on information presented in Sections 2.7.1, 2.7.2,,

]
2.7.3, 2.7.4, and 3.5.

I

!

,

i

; O
<

I

i

.|
t
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1 5.0 Sbiglding Eyalyngign

5.1 Diggyggion and Easylgs

The principle shielding of the Model AI 57C is the uraniun
S

shield assembly. The mass of the uranfam shield is 12.3
kilograms (27 pounds) .

A shielding efficiency test of a Model AI 520 was made by

Automation Industries. The package contained 17 curies of
Iridium-192. A report of this test is presented in a

letter to Mr. R. Rawl from Mr. M. Santoro dated 4 December
1981 and included in section 2.10. Extrapolation of these

data to a capacity of 120 curies of Iridium-192 is

presented in Table 5.1. Since the model AI 520 contains no:

neutron source, the gamma dose rates are the total dose

rates which are presented. As shown in Table 5.3, the

maximum dose rates are below the regulatory requirements.

Table 5,1
Symnazy of Maximum D92g Bates

mBLbx
I

At Surface At One Meter from Surface
299 Sibe D9%%95 TD2 Sids D9%%9D

183.5 197.6 56.5 0.7 1.1 0.7

i 5.2 Spyrge Specification

5.2.1 gamga Spyxgg

The gamma source is Iridium-192 in a sealed capsule as
special form radioactive material in quantities up to 120
curies.

5.2.2 EgyLIDD SDyzgg

Not applicable.

5.3 EDdel Syggification

! Not applicable.
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5.4 Shl21 Bids E3ilDD.t19D

| A shielding efficiency test of a Model AI 520 containing
17 curies of Iridium-192 was performed. The results of ,

; '

| this test, which are presented in Secticn 2.10, demonstrate
that the does rates surrounding this package are within the i

,

; regulatory limits.
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6.0 QJijsalliy Eyalpaijsp

Not applicable.
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7.0 Degrating Exogadysgs

7.1 2199sduxg 191 L9ablDg kbg Rashagg

O' The procedure for fabricating the special form source
capsule is presented in Section 7.4.1. The procedure for

loading the source assemblies into the package is also

included in Section 7.4.1.

7.2 R192ndysg 191 Dsing Lbg Esp 9syxg Dggigg

The procedure for performing industrial radiography with

the model AI 520 exposure device is included in section

7.4.2.

.

7.3 ExDCaduzz LD1 DD19BdiD9 kbg RAGhngs

The procedure for unloading the package is presented in

section 7.4.2.

7.4 21gpn1AtlDD QL A Rackagg 191 ZKBDS991k

The procedure for preparation of a package for transport is
included in the Model AI 520 Instruction Manual presented in
Section 7.4.2.

i

A
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-

! 7.4 Appendiz

7.4.1 Procedure for Encapsulation of Sealed Sources |'

O:

; 7.4.2 Model AI 520 Exposure Device Operation Manual

i

!
1

I

4

i

4

i

i
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RADIATION SAFETY MANUAL
Part B - In Plant Operations() Section 2

ENCAPSULATION OF SEALED SOURCES

A. Personnel Reouirements

Only an individual qualified as a Radiological Technician shall
perform the operations associated with the encapsulation of sealed
sources. A second Radiological Technician must be available in the'

building when these operations are being performed.

B. General Recuirements

1. In the Burlington, MA facility, a loading cell shall be used for
the encapsulation of sealed sources and repackaging of sealed
sources. The maximum amount and form of radioactive material
which may be handled in the loading cell is specified below:

Radioisotope Form Maximum Activity

Iridium-192 Solid Metallic 2000 curies
Cobalt-60 Solid Metallic or

sealed sources 1 curie

O' Cesium-137 Sealed Sources only 100 curies
Ytterbium-169 Sealed Sources only 100 curies<

Tantalum-182 Sealed Metallic or 100 curies
Solid Carbide

Limits for any other radioisotopes or forms shall be specified
by the Radiation Safety Committee.

2. In the Phoenixville, PA facility, the general purpose hot cell
shall be used for the encapsulation of sealed sources and
repackaging of sealed sources. The maximum amount and form of
radioactive material which may be handled in the cell is
specified below:

Radioisotone EgIm Maximum Activity

Iridium-192 Solid Metallic 20,000 curies
Cobalt-60 Solid Metallic 1 curie
Cobalt-60 Sealed Sources 300 curies
Cesium-137 sealed Sources 200 curies
Ytterbium-169 Sealed Sources 100 curies
Tantalum-182 Solid Metallic or 100 curies

Solid Carbide

Limits for other radioisotopes or forms shall be specified by
the Radiation Safety Committee.

B.2.1 Revision 4
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3. The loading and gencral purpose hot cells are designed to be
opercted at less than atmospheric pressure. The exhaust blowcr
should not be tun ned of f dut ing the opci ation or at any t ime ,

that raolcactive material is in the cell.,
,

Unencapsulated radioactive material shall not be stored in theseMaterial may only be stored
O.

4. cells when the cell is unattended.inside these cells in welded capsules or screw top capsules.
When radioactive material is stored in these cells, a

radioactive material tag identifying the types, quantities,
locations and storage dates of all such material shall be
attached to the manipulator or to the cell body adjacent to the
window.'

5. When any "through the wall" tool is removed, the opening shall
be closed with the plug provided. All tools shall be'

decontaminated whenever they are removed from the cell.

6. Each individual perf orming this operation must wear a film badge
and pocket dosimeter at waist level and a second film badge and
pocket dosimeter in the vicinity of the head. All operations

i must be monitored with a calibrated and operational radiation
survey meter.

a

l C. Preparatory Procedure

1. Pecord the names and initial pocket dosimeter readings for the
personnel performing the loading operation on the Loading Logj
Sheet.

|
.

2. Check the cell lights for proper operation. Check the cell
manipulators both visually and operationally. Assure that all
cell ports are plugged.

3. Assure that the exhaust system is operational. Record the
,

manometer reading on the Loading Log Sheet. If the manometer
reading is less than 0.5 inch or greater than 2.0 inches ofi

water, the filter must be changed.

! 4. Assure that the air sampling system is operational and that
sample filters are in place.

4

5. Perform the preoperational contamination survey as indicated on
the Loading Log Sheet. Record the results on the Loading Log.

Sheet.<

6. Perform the encapsulation procedure omitting the insertion of
any activity. Examine this dummy capsule weld. If this weld is
acceptable, preparation of active capsules may proceed. If the

weld is not acceptable, the condition responsible for this
unacceptable weld must be corrected prior to proceeding. This
step must also must performed each time the welding electrode isj
changed.

1 B.2.2. Revisim 4
i

21 March 1984
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D. Encapsulation Procedure ini Burlington, MA racility

3. Prict to usc, anscr !.3 c and vit ur]]y inspe ct the twc cerm]c
compenents to assure the we3d rone does not exbibit any
misalignment and/or separation. Defective capsulen sbs31 be
rejected.

O
s-) 2. Degrease capsule components in the Ultrasonic Bath, using

isopropyl alcohol as degreasing agent, for a period of 30
minutes. Dry the capsule components at 100' C for a ninimun of
20 minutes.

3. Insert capsule components into het cell with the posting bar.

4. Place capsule bct tor.. in weld positioning device. Withdraw the
posting bar.

5. Move the drawer bar of the source transfer container into the
loading cell. Open the screw top capsule.

6. Withdraw the proper amount of activity f rom the screw top cap-
sule and place it in the capsule bottom. A brass rivet must be
used with wafers to prevent contamination of weld zone.

7. Assure that all unused radioactive material is removed f ron. the
loading cell by installing it in the screw top capsule and
withdrawing the drawer bar of the source transfer container f ron-
the cell.

8. Remove the rivet (if applicable).

9. Assemble the capsule components.

10. Weld adhering to the written welding procedure for the capsule
being welded.

11. Visuelly inspect the weld. An acceptable weld must be
continuous without cratering, cracks or evidence of blow out.
If the weld is def ective, the capsule must be cleaned and
rewelded to acceptable conditions or disposed of as radioactive
waste.

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

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

14. Count the patch with the scaler counting system. The patch must

show no more than .005 microcurie of contarcinstion. If the
patch shows more than .005 microcurie, the capsule must be
cleaned and rewiped. If the rewipe patch still shows more than
0.005 of contamination, steps 10 through 14 must be repeated.

D.2.3 Revision 4
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15. Vecoun bubb]c tcrt the carru3c. Place thc vc3dcd capro)e in a
glass viL] containing iropropyl a3 coho). Apply a vocou:t of 15
in Hc (Gcuge). An3 virur3 dt tection of bub!]es wi]] indicstc c
3eaking source. If the r,urce is deter nir ed to be ]cabing,
place the source in a dry sceuun vie 3 and boil of f the residua)
alcohol. Feweld thc capsule; repeat steps 30 through 15.

O 16. Transfer the welded scurce capsule te the sea]ed sourec section
,

of the loading cell.

17. For wire mounted source capsules, trcnsfer the capsule to the
Insert the wire and connector assembly andswaging fixture.

; svage. Hydteulic pressure should not be less than 3 750 nor n ote
than 3500 pounds.

For source holder mounted source capsu3es, transfct the capsule
Insert theto the appropriate scurce holder loading fixture.

j
source capsule into the source holder. Screw the source holder,

together and install the roll pin. Check to assure that the pin
does not prctrude en either side.

18. Apply the tencile test to assembly between the capsule and
connector by applying proof load of 100 lbs. Extension undet
the load shall not exceed 0.05 inch. If the extensjon exceeds
0.05 inch, the source must be disposed of as radioactive waste.

i 19. Assure that the cell tunnel door is closed. Position the source
in the exit port of the loading cell. Use the remote control to
insert the source into the ion chanber and position the source
for maximum response. Record the meter reading. Compute the
activity in curies and fill out a temporary source tag.

20. Again using remote control, eject the source from cell into
source changer through the tube gauze wipe test fixture.
Monitor the radiation level as the source changer shielded door
is opened. Remove the tube gauze and count with scaler
counting system. This assay murt show no more than 0.005
ricrocurie. If contamination is in excess of this level, the
source is leaking and shall be rejected.i

} 21* At the end of the day's operations, perform the post-operations 1
contamination survey es indicated on the Loading Log Sheet.
Record the rEsu]ts or the Loading Log Sheet.

;

22. Record the final pocket dosimeter readings for the personneli

performing the loading operation on the Loading Log Sheet.
23. Pecord the daily Air Sample results on the Loading Log Sheet.

,

B.2.4 Revision 4
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E. Encaprulation Procedure I.cl Ebotnixvi]1L, Et f aciJi.*J.
3. Pric.: to u r. c , as!.c t"l ? c and vi rurl)y inspect tie tvc egr.r]r

components to arsure the wcid 2one docL not e xh i t-i t any
nisalignment and/or separction. Defcetive capru]cs rhall be
rejected.-

| 2. Degrease capsule components in the Ultrtmonic Bath, usino'

isopropyl alcohol as degreasing agent, f or a per iod of 30
minutes. Dry the capsu3 e components at 100* C for a nininun of
20 minutes.,

4

3. Insert capsule conponents into hot cell with the posting bar.

4. Place capsule botton. in weld positioning device. Withdraw the
posting bar.

i

i 5. Remove a storage rod from the storage pit in the cell floor.
I Remove the threaded end cap f rom the storage rod and remove the
: screw top capsule. Open the screw top capsule.
4

6. Withdraw the proper amount of activity f rom the screw top
capsule and place it in the welded capsule bot tom. A brass
rivet must be used with wafers to prevent contan inetion of the
weld zone.

7. Assure that all unused radioactive material is removed f rom the4

hot cell by installing it into the screw top capsule, close the
screw top capsule and place it into the threaded end cap of the

storage rod. Reinstall the end cap onto the storage rod.

| Replace the storage rod into the storage pit in the cell floor.
.

N 8. Fenove the rivet (if applicable).

j 9. Assemble the capsule components.

10. Weld adhering to the written welding procedure for the caprule
i

being we3ded.
,

11. Visually inspect the weld. An acceptable wc16 must be
continuous without crctering, crccks or evidence of blow out.
If the weld it defective, the capsule must be cleaned and

i rewelded to acceptable conditions or dispesed of as radicactive
waste.

12. Check the capsule in the height gauge to be sure that the weld:
i

4 is at the center of the capsule,

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

4

i-
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14 Count the I?tch v.ith thc tcalct countin:, cystem. Thc }.ztch muor . _ . .
_-- - - - - - - - . . ... __

chos no n ot e th .n .0 0 5 rc. i c i oc u r i t of contar.ii.at i en. If th(

pc t ch rhea. c rio: c t ?.a n .t"' 5 r i c i c,c u t i c , the ca; n 3c r. u t bc
c] r ati( 6 and r e wi pc d. If the rewipe pctch st i .i] shovc r. or t tLar
0.005 of contarsination, steps 10 thr orgt 14 must be repected.

15. Vacuum bubble test the capsule. Place the welded capsule in a{ glass vial ccntaining isoptopy) c]cobo). Apply a vacuum of 15,

in Hg(Gauge). Any visual detection of bubbles will indicate a
leaking source. If the source it determine 6 to be leaking,'

place the ecurce in a dry vacuun vial and boil of f the residuc1
alcohol. Rewc]d the capsule; repect stept 10 through 15.

.

16. Transfer the welded source capsule tc th< scaled source section
of the het cell,

17 . For wite mounted source capsules, transfer the capsule to the
swaging fixture. Insert the wire and connector assembly and
swage. Hydraulic pressure shoul6 not be less than 1250 nor nort-

-

than 1500 pounds.

source holder mounted source capsules, transfer the capoule
| For
; to the appropriate source holder loading fixture. Insert the

|
source capsule into the source holder. Screw the source holder

i
together and install the roll pin. Check to assure that the pin
dces not protrude on either sioe,i

f 18. Apply the tensile test to assembly between the capsule and
|

connector by applying proof load of 100 lbs. Extension under
i the load shall not exceed 0.05 inch. If the extension exceeds
i

0.05 inch, the source must be disposed of as radioactive waste.
| 19. Assure that the cell tunnel door is closed. position the source

; in the exit port of the loading cell. Use the remote control to,

insert the source into the ion chamber and position the source
4

] for maxin un response. Record the meter reading. Corapute the
j activity in curies and fill out a temporary source tag.

20. Again using remote contr01, eject the scurce from cell into'

source changer through the tube gauze wipe test fi>ture.
Monitor the radiation level as the source changer shielded door
is opened. Remove the tube gauze and count with sca3er;

'

; counting system. This assay must show no merr: than 0.005
| microcurie. If contamination is in excess of this level, the

! source is leaking and shall be rejected.

23. At the end of the day's operations, perform the post-operational
contamination survey as indicated on the Loading Log Sheet.
Record the results on the Loading Log Sheet.

22. Record the final pocket dosimeter readings for the personne)
performing the loading operation on the Loading Log Sheet.

i

23. Record the daily Air Sample results on the Loading Log Sheet.'

.
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MODEL AI 520 |

[ EXPOSURE DEVICE
OPERATION MANUAL

NOTICE

This device is used as a radiographic exposure device and Type B(U)
transport package for Tech / Ops, Inc. radioactive sources 31sted in this
manual. 2bg ysex sb9yld beg 9gg %b9199ghly Lagliiax yigh tbg iDsLxychiDD
MADDR1 bg!919 DLL259%iDg 9peratiDD 95 %be RQuipDED%s

In order to use this equipment to perform industrial radiography within

the United States, the user must be specifically licensed to do so.
Application for a license should be filed on Form NRC-313R with the

appropriate U.S. Nuclear Regulatory Commission Regional Office listed in
Appendix D of 10 CFR 20 or with the appropriate agreement state office.

Prior to initial use of Radiographic exposure device as a transport
package, the user in the United States must register his name, license
number and package identification number with:

Director
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
Washington, DC 20555

() The user must have in his possession a sopy of USNRC Certificate of

Compliance Number 9007 issued for this pac. age.

Prior to the first export hsipment of this exposure device from the
United States, the user must also register his identity with:

Office of Hazardous Materials Regulation
Materials Transportation Bureau
U.S. Department of Transportation
Washington, DC 20590

,

The user must have in his possession a copy of International Atomic
Energy Agency Certificate of Competent Authority Number USA /9007/B(U)T
issued for this radiographic exposure device.

, Users of this equipment outside the United States must comply with the
regulatory, licensing and transportation rules and regulations as they
apply in their respective countries,

t
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t

!

I GIEEFAL
1

The Al model 520 exposure device is used as a portable radiographic

.j device primarily for the radiography of steel in the th:ckness range of

(E.25 - 3 inches).
!

The basic radiography system consists of the model AI 520 radiographic
4

i exposure device, the source drive assembly and the source guide tube,

i The exposure device serves as the storage and transport package for the

radioactive source.

; The exposure device is 7.78 inches long (198 mm), 5.25 inches wide (133
mm) and 6.38 inches high (162 mm) . The total weight of the exposure

;
device is 40 pounds (18 kg) .;

'

!

! The exposure device is approved as a Type B(U) transport package under ,

USNRC Certificate of Compliance Number 9007 and IAEA Certificate of |
t

: Competent Authority Number USA /9007/B(U) . The capacity of the system is
| 120 curies of Iridium-192 as one of the source assemblies listed in <

| Table 1.
i

| EndlBLiCD SAL 21y CDDBidREBLiDnB
.

j Pursuant to USNRC and agreement state regulations, all personnel present
j during radiographic and source changing operations are required to wear
j a direct reading pocket dosimeter and either a film badge or a

i thermolurinescent dosimeter (TLD). The pocket dosimeter must be

i recharged at the start of each shift. The operator should frequently

check the pocket dosimeter reading througout the shift. Dosimeter*

readings must be recorded at the end of each shift. Records of the

initial and final readings of the pocket dosimeter must be kept for
,

j inspection by the USNRC.
; In the event that a person's pocket dosimeter is found to be off ccale,

that person must stop all work with radiation immediately. His film
,

j badge (or TLD) must be sent in immediately for processing, and he must

] not reenter a restricted area until it has been determined that he

| received less than the maximum allowed occupational exposure as defined [

!, in 10CFRPart 20.101. (

Personnel performing source changing and radiographic operations must
; also have a calibrated and operable radiation survey meter capable of

j measuring from 2mR/hr to at least 1000 mR/hr to determine radiation

|
1evels when performing these operations.

| Areas in which source changing or radiography is performed must be
identified. If a permanent radiographic installation is used, it must

i have the appropriate personnel access control devices as defined in if;

i CFR 20.203. Otherwise, certain areas must be established as follows:

7-5 Revision 0
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TABLE 1
Il

'
SOUFCE ASSEMBLIES USED IN CONJUNCTION WITH

AUTOMATION INDUSTPIES MODEL 520 EXPOSURE DEVICE

,

;

! AUTOMATION INDUSTEIES SOURCE ASSEMBLY DESIGNS

200-520-008, N1

: 200-520-009, N2
|

200-520-010, N3

200-520-008, N4
i

| 200-520-011, N5

i

i

TECH / OPS SOURCE ASSEMBLY DESIGNS

| 814
,

. 844

866
!

;

!

!

i

i

!
!

)
i

;

i ,

!
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1

| Access to the Restricted Area must be controlled. A Restricted
Area is defined in 10 CFR 20.105 as the area where an individual

|
could receive an exposure in excess of two milliroentgens in any,

one hour, or 100 milliroentgens in seven consecutive days or 500
4

milliroentgens in one year. The Restricted Area should also be

posted with signs reading " Caution (or Danger) - Radiation Area."
Signs reading " Caution (or Danger) - High Radiation Area" should bei

posted around the perimeter where an individual could receive an

exposure in excess of 100 milliroentgens in any one hour.

| The radiographer or radiographer's assistant must guard against

unauthorized entrance into these areas at all times. No personne]
should be allowed into the restricted area without a direct reading

pocket dosir.eter and either a film badge or TLD.
.

EsGnipt 9L Eadioactlys Entszlal

The consignee of a package of radioactive material must nake
arrangements to receive the package when it is delivered. If the

package is to be picked up at the carrier's terminal, le CFR Part 20.205
requires that this be done expeditiously upon notification of its1

;

arrival.

'

Upon receipt, survey the exposure device with a survey meter as soon as
possible, preferably at the time of pickup and no more than three hours
later if it was received after nornal working hours. Radiation levels

should not exceed 200 milliroentgens per hour at the surface of the
! exposure device, nor le milliroentgens per hour at a distance of three4

feet from the surface. Actual radiation levels should be recorded on
the receiving report. If the radiation levels exceed these limits, the

container should be secured in a Restricted Area, and the appropriate

personnel notified.
;

All components should be inspected for physical damage.

The radioisotope, activity, model number, and serial number of the' ,

! source and the package model number and serial number should be

j recorded.

Op2xatiDD

1. Survey the entire circumference of the exposure device to assure4

| the source is properly stored and to obtain a reference reading of
! the radiographic exposure device. Assure that the device is

i locked.
!

!

7-6 Revision 0
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2. Position the exposure device at the required radiographic location
and the control housing as far away as possible and preferably
behind any available radiation shielding.

3. Remove the outlet plug assembly and attach the source guide tube.

Position the end of the source tube at the desired radiographic
exposure location, assuring that the bend radius of the source tube
is greater than 24 inches.

4. Remove the brass cap from the lock box assembly keeping the device

locked. The source assembly connector will protrude about 1/2"
from the lock box. This is normal.

5. Connect the drive cable to the source assembly connector. Assure

the connection is secure before continuing. Turn the swivel

fitting of the drive cable tube until the fitting is secure in the
lock box of the exposure device.

6. Assure that there are no unauthorized personnel in the restricted

area. Unlock the exposure device.

7. At the controls rapidly crank the source to the exposing position.

Observe the survey meter during this procedure. The radiation
intensity should greatly increase as the source first exits the
exposure device and then drop steadily until the source reaches the
exposing position.

6. Operator should wait in a low background area during the exposure.
A survey is required to be made of the restricted area boundary

O while the source is exposed to assure that the boundary is properly
set up.

9. At the conclusion of the exposure rapidly crank the source back
into the exposure device. Observe the survey meter during thic

procedure. The radiation intensities should increase steadily as
the source approaches the exposure device and then drop to

background as the source enters the exposure device.

19. Approach the exposure device observing the survey meter. Survey

the entire circumference of the exposure device the length of the
source guide tube and the collimator if one is present. Readings
of the device should be similar to the reference reading obtained
earlier, but should not exceed 288 millires/ hour at the surface or
le millirem per hour at three feet from the surface of the device.
If unusual radiation levels exist, restrict the area and alert the
Radiation Safety Officer.

7-7 Revision 8
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I

f 11. When the source is determined to be properly stored, lock the
assembly in the stored position by depressing the plunger

j source
j lock and removing the key.
4

| 12. If the exposure is the last exposure required, remove the source
guide tube and screw the outlet plug in place. ;

j

f 13. To remove the guide tube and controls, first assure the plunger

lock is depressed and the outlet plug is securely fastened. Remove
j the guide tube by unscrewing the swivel fitting at the lock box.
;
a

! 14. When the swivel fitting is disengaged, disconnect the drive cable

I from the source assembly connection. The source assembly connector

will remain exposed approximately 1/2". Do not attempt to push it
I

in.

15. Screw the lock box plug over the exposed connector onto the t

j threaded fitting of the lock box.
*

;

j

E991Ce CbnDett,
I

Source changes may be done using ' lech / Ops Models 414, 650, 820, or'

A150cSU source changers, which also serve as shipping containers. The

specific instructiona for the appropriate source changer should be
followed to perform a source exchange. The source exchange must be done,

] in a Restricted Area as previously described. The same personnel
monitoring requirements and safety precautions previously described for 0

r

| performing radiography must also be followed in performing source
i exchanges.

1. Survey the source changer to ensure the source is in the proper

i storage position.

2. Position the source changer and exposure device close together so

i that one length of source guide tube will connect them with no
sharp turns or bends. The bend radius of the guide tube should

i never be less than twenty inches. Shorter bend radii can restrict
source movement in the source guide tube.i

!
] 3. Remove the storage plug from the exposure device, and attach the
; source guide tube. Remove the source changer cover and attach the
! other end of the tube to the empty chamber of the source changer.

| Attach the control unit to the exposure device,

i
:

I

!
!
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4. Crank the cource rapidly from the exposure device to the source
changer. During this procedure the radiation intensity should
increase as the source is first exposed, drop slightly as the

source is cranked out, and then drop to background as the source
, (- enters the source changer.'

.

5. Approach the device and source changer with the survey meter.

Survey the entire circumference of the source changer, the exposure
device, and source guide tube to assure the source is properly

stored.'

6. Disconnect the drive cable from the source assembly.

7. Disconnect the source guide tube from the source changer. If a

replacement source is to be installed in the exposure device,

connect the source guide tube to the fitting above the chamber
contianing the new source. Connect the drive cable to the new

source.

8. At the controls crank the new source into the exposure device.

Observe the survey meter ~during this procedure. The radiation

intensity should increase as the source leaves the source changer

and approaches the exposure device. The intensity should drop to

background as the source enters the exposure device.
I

9. Approach the exposure device observing the survey meter. Survey
the entire circumference of the device and the source guide tube toi

assure the source is properly shielded. Radiation levels should
|. not exceed 200 mF/hr at the surface or 10 mR/hr at three feet from

the surface.

10. When the source is determined to be properly transferred and
shielded, depress the plunger lock and remove the key. Disconnect
the source guide tube from the source changer.,

II. Secure the source in the source changer in accordance with the
appropriate source changer instruction manual.

12. Disconnect the control unit and source guide tube from the exposure
device.

13. Attach the identification plate of the old source to the chamber of
j the source changer containing the old source. Affix the
; identification plate of the replacement source to the exposure

device.;

| 14. Return the source changer to Tech / Ops, Inc. prouptly, follwing the
shipping instructions.

:
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1 that the source assembly is secured in the proper storage

0
. Assure

position and the exposure device is locked. Assure that the brass
plugs are seal wired with tamperproof seals.

2. If the exposure device is to be packaged in a crate or other outer

packaging, the outer packaging must be strong enough to withstand
the normal conditions of transport. These requirements are out-

lined in 10 CFR 71.71. The exposure device should be put in the

outer package with sufficient blocking to prevent shifting during

transportation.

3. Survey the package with a survey meter at the surface and at a

distance of one meter from the surface to determine the proper
radioactive shipping labels to be applied to the package as re-

quired by 49 CFR Part 172.403. The radiation exposure linits for

each shipping label are given in figure 1. If radiation levels

above 200 mR/hr at the surface or 10 mR/hr at one meter from the
surface are measured, the package must not be shipped.

,

4. Properly complete two shipping lables indicating the radioisotope,

activity and the Transport Index. The Transport Index is used only
on Yellow II and Yellow III labels and is defined as the maximum

radiation level in milliroentgens per hour measured at a distance
t

- of one meter from the surface of the package. Put these two labels,

cn opposite sides of the package after making sure any previous
'

labels have been removed. The package should be marked with the

proper shipping name (Radioactive Material, Special Form, n.o.G.)
and the identification number (UN 2974). If the source changer is

t

packaged inside an outer container, mark the outside package
"INSIDE PACKAGE COMPLIES NITH PRESCRIBED SPECIFICATIONS - TYPE B(U);

USA /9007/B (U) . "'

5. Complete the appropriate shipping papers - Examples are shown in

Figure 2 and 3. These shipping papers must include -

a. Proper Shipping Name (Radioactive Material, Special Form,

n.o.s.) and Identification Number (UN2974)

b. Name of Radionuclide (Iridium-192)

c. Activity of the Source (in Curies)

d. Category of Label Applied (i.e. Radioactive Yellow II)
'\

t
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'
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Radioactive Yellow II
t

i
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o. Transport Index

f. Package Identification Number (i.e. USA /9007/B(U) Type B)
'

9 Shipper's Certifications

"This is to certify that the above named materials are

properly classified, described, packaged, marked and labeled
in proper condition for transport according to theand are

applicable regulations of the Department of Tranportation."

Notes: 1. For air shipments, the following shipper's certificastion
may be used:

"I hereby certify that the contents of this consignment

are fully and accurately described above by proper
shipping name and are classified, packed, marked and
labeled are are in proper condition for carriage by air

according to applicable national governmental
regulations."

2. For air shipments to, from or through the United States,
a " CARGO AIRCRAFT ONLY" label and the shipping papers
must state:

"THIS SHIPME!;T IS WITHIN THE LIMITATIONS PRESCRIBED FOR

CARGO ONLY AIRCRAFT."

6. Due to the depleted uranium used as shielding in the exposure
O. device, a notice must also be enclosed in or on the package

included with the packing list, or otherwise forwarded with the

package. This notice must include the name of the consignor or
consignee and the following statement:

"This package conforms to the conditions and limitations specified

in 49 CFR 173.424 for excepted radioactive material, articles
manufactured from depleted uranium, UN 2909.

7. For shipment of an empty exposure device, assure that there is no
source in the container. If the radiation level is below 0.5 mR/hr
at the surface, and there is no measurable radiation level at one
meter from the container, no label is required. Mark the outside
of the package with the proper shipping name (Radioactive material,
articles manufactured from depleted uranium UN 2909). Mark the
outside of the package:

" Exempt from specification packaging, shipping paper and
certification, marking and labeling and exempt from the

requirements of Part 175 per 49 CFR 173.421-1 and 49 CFR 173.424."
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Additionally, a notice must be enclosed in or on the package
included with the packing list or otherwise forwarded with the
package. This notice must include the name of the consignor or
consignee and the statement:

"This package conforms to the conditions and limitations specified
in 49 CFR 173.424 for excepted radioactive materials, articles
manufactured from depleted uranium, UN 2909."

8. Return the container to Tech / Ops, Inc. according to proper
procedures for transporting radioactive material as established in

Title 49 Code of Federal Regulations part 172-178.

NOTE: The U.S. Departrent of Transportation, in 49 CFR 173.22'

(c) requires each shipper of Type B quantities of
radioactive material to provide prior notification to the'

consignee of the dates of shipment and expected arrival.

.

O
.
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RELEASED VALUE NOT TO EXCEED 40< PER POUND
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! This is to certify that the above named materia!s are properly classified. described, packaged,
' marked and labeled and are in proper condition for transportation according to the applicable

regulations of the Department of Transportation.
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Iconsig,ee
Tech / Ops, Inc.
Radiation Product s Division
40 North Avenue

,

Burlington, Massachusetts 01803
USA

%c ccr~pierec and s ; ec coc.es c'in s De::a a:,oe masr
ce hanced re ree ope aro' WARNING

i

TRANSPORT DETAILS Failure to comp!y in all respects w,th the applicable
Dange ous Goods Regulations may be in bream o' the

55[ [' Airport of Departure applicaDie law, subject to legal pena't.es This Declaration*5
,

must not in any circumstances be completed and/or
,,,,, ,,,,,,,,,

signed by a consolidator, a forwa* der or an IATA ca go
FXLIN CA%O agent

^
!v

Shipment type toe e e non-apoaca$.e'
Airport of Destnation. BOST0h, ; y ; g,g, g

NATURE AND O'J ANTITY OF DANGEROUS GOODS
. .... . .. ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . .. ... .. ... . . , .. . . . , . . . . . . . . . . . .

ca,ge u Gaoos ioeapcaw j j '(. . .
u{. . ..... . ....... .. .. .... . . .. ... .

,

, ,

,

j 3,,, - a a n a,e Pa wng ' gm p;ciass ' UN,

type or pe=,a wo, , o, ,0D IPrctor Shwng Name onri-
'

; '. io.. *

' Re8
, ,, g

*
:. . . . . . . . . . . . ........ . ..........

,
, ,

7 * UN2974 : ilridium 192 Metal Solid i II ! SpecialRadioactise Material -

'

Special Form N.O.S. ; ; Yellow * Form*

,

! j 27 curies j j Certificate*
.

' ' : US A/0154|S- * *

.

: T.I. : Type B(U)'

., ,

! : : Package-
. ,

'. O.4 j Certificate|
* **
. .. .

| | : it'SA'9007 B(U).
.

; j {l Type btu) Package { !
*

,

' : :
'

:
j ; Dimensions;', . ;

:| 5 in x
*

. .

: :'
:,

', ! ! !7 in xi
', ! ! |11 in i.

; d_____ _______

' *
_

Additional Handhng Information

I hereby declare that the contents of this consignment are fully and accurately Name/ Title of Signatory

,
( l desenbed above by proper shipping name and are dassrfied, packed, marked

Radiolosical Technicianand labelled. and are in all respects in the proper conditon for transport by air Place and Date'

according to the applicable intemationat and National Govemment Reguta- Burlington, M A
tons Signature

(see wwrong above)
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It is recommended that inspection and maintenance of the Model AI 520
-

( exposure device and the control unit be performed at intervals not to

exceed three months.'

CDDt191 DDi% DDB E99199 GDid9 Tvb22

1. Disconnect the control unit from the exposure device.

2. Inspect the entire length of each control hose to assure that each
section is free from cuts and damage.

3. Inspect the end fittings to assure that they are tightly connected.
Check the threads on the fittings for damage.

4. To remove the drive cable, turn the hand crank of the control unit
in the expose direction. The emergent cable should be cranked into
a bucket or other container to keep it clean.

5. If the crank will no longer turn a stop spring has been put on the
drive cable. This must be removed before the drive cable can be
completely withdrawn from the crank.

6. Clean the drive cable with chlorothene and flush the control
housing and the source guide tubes.

7. Thoroughly dry the drive cable, control housing, and the source

)
guide tube. Any remaining solvent can cause permanent damage.

8. Check the source guide tubes for binding by holding them vertical
and dropping a dummy source through them.

9. Wipe the source guide tubes and control housings with a cloth
soaked in chlorothene and flex them to check for internal damage.

10. If the control housings or guide tubes are cut or flattened they
should be repaired or replaced.

11. The guide tubes or control housiags may be covered with tape where
only the outer plastic is cut through.

12. Check for excessive wear on the connector.

13. Lightly grease the drive cable with Texaco Unitemp grease.
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