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1.0

1.1

1.2
1.2.1

Ceperal Inforpation
Aptroduction

Tech/Ops, Inc., Model Al 520 is designed for use as a radio-
graphic exposure device and a transport package for Type B
guantities of radicactive material in special form, The
Model Al 520 conforms to the criteria for Type E(U) pack-
aging in accordance with 12 CFR 7. and IREA Safety Series
No, 6, 1973 Revised Edition (as amended).

Package Description

Packaging

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 @ 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 (4@ pounds).

The radiocactive material is sealed in a source capsule which
conforms to the requirements for special form radicactive
material. Thie source capsule is installed onto a source
holder assembly. The source holder assemblies used in
conjunction with the Model Al 52f¢ are listed in the
appendix.

The source holder assembly ies housed in an 'S' shaped
titanium source tube. The source tube has an outside
diameter of 11.8 millimeters (£.465 inch) and an inside
diameter of 10.9 millimeters (.43€¢ 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 ie encloseé¢ by means of the
lock box assembly which ie welded to the rear plate of the
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 eeal 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 ie surrounded by uranium metal as shielding
materjal. The uranium shielding is cast in place around the
source tube. The mass of the uranium shield ie 12.3 kilo-
grams (27 pounds).
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The uranium shielé is encasedé in a type 3P4 stainless steel
houeing, The steel housing ig 3.2 millimeters (0.125
inches) thick,

The outer packaging is designed to aveoic the collection and
retention of water. The package has a smooth, unpainted
stainless steel finigh to provide for easy decontamination.

The racdioactive material is sealed inside a gtainless steel
gource capsule., This capsule acts as the containment vessel
for the radioactive material.

1.2.2 Qperatiocnal Features

The source holder assembly is secured in the proper ghielded
storage position by means of the locking assembly. With the
source holder assembly in the proper eghielded storage posi-
tion, a cap ie installed over the source holder assembly and
attached to the lock box. Thie cap is seal wired to prevent
inadvertent loosening. Inserting the shipping plug will
insure that the source holéer assembly is in the proper
shielded storage poeition, The shipping plug is also seal
wired to insure against unauthorized tampering or removal,

1.2.3 Copntepts of the Eackage

The Model Al 520 is designeé for the transport of iridium-
192 in guantities 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 1¢ CFE
71 ané IAEA Safety Series No. 6, 1973 Revised Ecition (as
amended) .
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APFENPIX

Drawing AI5205¢
Drawing AIS2091
Drawing 42402-1

Drawing 424€2-4

Sheets 1 through 4

Sheets 1 through 2
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REV. DATE DESCRIPTION

® 5/16 HIGH
.//_
= /8 HIGH
)
520 IRIDITRON e
SEEIAL NO. o
IRIDIUM=192 SPECIAL FOR M '/a H'GH
120 CURIES MAX.
TYPE BU) PACKAGE
PACKAGE IDENT. No. US.A/S007/B(U)
' MADE IN USA. e l/B H'G“
Aurom,«now InvusTrIES, INc. \
N \
E
w
NOTES: *

. ALL CHARACTERS ETCHED INTO NAMEPLATE .0I0 DEEP

¥ A.THE NAMERATE |5 THE FRONT END ALATE OF THE PPOJECTOR
BEFRCRE FINISH MACHINING & WELDING

1

TECH/OPS, INC,

A TORALS
KO THK 702 /204 ST 1L ( REF) Tech Ops RADIATION PRODUCTS DIVISION

BURLINGTON, MA 01803

DWG TITLE

NAMEPLATE

LASSIFICATION

v i ﬂj\" " AI5209]

[sneer [ oF 2




REY. DATE DESCRIPTION

/\— MAGENTA
- @0'( UP)
[ __aan }
& | CAUTION B ‘ STAY —5 .Kg\F;SUND
3 | RADIOACTIVE | AWA'Y‘ b
‘ tg \
| L | MATERIAL ‘ |
1 S~ 4® (rye)
— 4% ] £
MATL: 20 (032) GA ALUM. WITH ADHESIVE BACK
RADIATION muc':; DIVISION

BURLINGTON, MA 01803

OWG TITLE

NAMEPLATE

LASSIFICATION| SIZE | DWG

“AI52031

Jsome —w— ASHEET 2 OF 2

PAULDY 0. INC.



N e ——

S— 4| LT i
"R Noqnv. . ey
3evL anos
< SV 802 2-anlWs J I-DRsIMS SaMimynd 33<
— Ry - 20 ] ‘A1 Iy U VI NMOA0OH Sauian | [(N)ns-00s a1 )
- HBEOUR1 ) DNus Ns-008 1300w MM NOILIYNDI153Q :urCJ!..m
04 T I @ i /9 BETC T
_ i e 1'V | 4-101969]| 18°0|L80 vl |09 LY 10198y | TWirig yo 12009 WY | QUi | tel-di P8
(a)ns-ws 'Vip | dos QK002
i — ¥ — 1 -+ " ey S en _ e
i 049 ﬁ A NY _ | LAV Gl
98- 00 * 1 1€ ks | §-101%d | 1eU)L00| 95t | 169 Lol 10198y | 3mMiIX3is| 4O €009 ogrey | 06! | tel-ui wid
" ﬂ - V1 seung 19 uis ] a0t | 0eoo?
- 4 -~ ——— - - -~ - Al
| (N)ng-(uG XTI4HL 9.9
| 448 049 Ole 1'v | V-000ssV| 180 SE0| 9291 | &9 | 189 | 006 -9y 0 La09 io18V| Ol | tbiai vig
| '\N& piv —e el -————— . arc‘ - .Khlk.lrwli — —_—
. 3IA0 FSITEIEN : ﬁ
e Ose «w? YN JUNIYN N s A YN g Vitsd | oOsede| 0¥l |l6lHl]  ouedd
(¥ RS v
. ﬁ _— ey SPRSSENSN 5
HMM ok, | P9 | V-00095V | IL0|SC 0| seri| LG | 86’0 | 006-Ossd ﬁn“ﬂ.. au s |1-cempy | o x@..c; o -vLeY
. - 4 -1 s ool PR . SN SEUROER SO TR
"2/ @100y (NI NS-0UG T 099 | | .\\\.Tﬁ Gl T
.. esd 04y Wl V0008V | 16 0f S0 ‘1969 | 611 |ous-0wssa|isdiulwo pwoooa  |1-eoptby | out | 761-dl
e Sl SR 4 n_mil?lvlﬁ A se’s @ L (A3
| 1 404
0¥ vv | e <§§R<z VN VN GO0 690 U06-000ssad| XTI | wU 009 [ F90Y | QU | Zol-gl
q i8I OO
* — . ,v o . % ECERISNEEN SENEN
9 96 v
A ed .ovJ 2 il
wres 06D | ¥31 314 4l
: ks @4 6BD |V-O00%Y| 160|500 | wunt| 89 | il J006-000464d 40 po009 -I0PEpv ] OvC frot-dl
C-awby | (A)Ns-004 6 v Q@ Ll 10002
I kN VD S50 049 vty  pObp
M) Gda) ; ote viv | eep -z
*iI" e e ——— RS I,'l‘ - aa Aln\LrI. - hﬁl P & ih@%ﬁ.
oA ) / ..o o/ o /O 20 / & / \mu. o0& ,»i ,
i %Lw& %,w. P/ & &/ & %&t ¥/ 4 mw %aq% %w.% »%o /
" \*» \ b o 0. . bl / . R
7 v \ ‘ s / %\ wm» / %. w%\
5 53 fegfeprfy-f N S N SN S S S - N - | ¥
HULIIMNG ) s, A .
el vV
_I. N6 -1 1ve dais
- ——p P (
i 0 ﬁ\ﬁ 34
, .,...' v..y.. L - .:il\/ M




=] =n Tor— T
sl L) LLS N 1Y2
N : SESS— Al n'n was 118
—_—— { - 1.9
L L 8 B B ” k)" :r A ln/,“ ”’1'; m'l
~LOCK BALL i s s

fff‘ﬁftf ={[ ®
e’ / FOURCE (OECTOR

LT_I__C '}___U_ T ¢ 1. ‘T'—"lf' N < T SN S G B )“'ﬁ J T — - W L.

A ™
& ¢ / [ /s . /88 / /
g / Lg = 4 é r/ / Lé/ / //,J :. :' / /# // & Q‘ /
9‘9{{ w5 /& /c@é‘g}? é'ys’ | ;'«,g ,/N o g ,b y <7«§“9 \%?5\ \pg« / ;ﬂ

£ /& KOEEE/8% [ & ) &k 55/ s e £
Q ~ > A - Q/ ;. v
(g)g\s Q?§ ({8 ‘A‘ng‘ (Q(YYA) "ﬁe ; ('Q( < < < 9/49/9 l? & , PR OIN / KT
| | AL ¥3990; AID IR-192 | 120 1”’”’77 W8 OR WIO %D Te7 {GAMMA UMSLOTRY 714 | 6.62 25 |.964 |-285 (AT~ 12|MODEL 100A SERIES 505U (Nz
—_— - ———4 — A, 20A 041026 OR -y

AL 1%001%; All IR-192 | 120 |8%27]-) (W8 OR WIO ’31Q-7-7 Aﬂouaﬁiht 1.08 | 6.%6 7;5i A |.785 |ME2TN-4 | 108A , A0PA 043P%59

e ————————

N EEEmmm o . - - ———
ALAIT6: 2 |18-10] 120 |@X23T2-1a|we or wio| YD TeT|auTowAmIOn SR 12.21 | 11.69 | 2.76 | X |.285 |ASKII* ';‘fg";’f?;g@ 41024 OR
- oag 000 |oarser om

500U (R4N)

drn Rned
Annen (707)

A14IT06;87 |IR-192| 120 [FTR-2|W8 0R 0 I 717 GAMA UNROTTD) (2.7 | 1181 L’_-"’ 264 | 295 asw2317

= -
AJAIT08; 2 [IR192 | 120 |BWC2-8|W8 OR WI0 Y D 77 |AUTnemon Rew| .82 LAY | 2.26 | 4 |85 |MROPT-4 MODEL B0C SERYS | 0q1027 0R

AppeD (9.77)

- = ) J.13) - Prl3 ) MODEL I151H, BO0-SU (AN Ann Bl
AT410%C; HI [IR192| 120 |BDO3T2-19|WB OR WIO| L D 707 AUOMITION ScR 1644 | 19.62 m__q_LM 285 | MK 2772-4 V2m, 157 OB 0A3868 | noved (10.9€) |

- T MODEL 1610, 1500 SUlTaNY|onp BAce
Avaions ;o1 [1hea| 170 (s aiwe on wa’op w7 [arownon TR |37 |5 35364 o8 04| ST s ok A snaen (8 36)

ALIO-T20-00, N2 1R-192 | 120 [BSKZ¥M-37| WE OR W[/ D 147 AL TEjoprs | 1.3 | 66l | 118 (426 o0 [XIT-5 |

B

?

a

. — - - e T 17538 . ——{ 6IC , 67C, €C 04732 OR be—gr ]
6| ATAITOR; C? [IR193] 120 |B7392-79|W8 OR WIO %, D 7x7/GAMMA UNROTRD| 14,96 | 1444 | © "5 126 1285 AK 7212 SO 5UC4 W)

7

8

9

- - —— - e — - - e —y— - - - ~-J
JOJAL 200-70-010,M7 [ I1R-192 | 12C | BSw2332-13| WE OF mqvgu\j-‘-fmmngj_fg_[}p_ﬂﬁi_s-g 174 |.206 | 290 |MGI-B | o 90 woo-u(n) | ]
11 AL 200-m20-00 N4 | 1A-192 | 120 |BSKI%2- 21 W8 08 wiO |/ 7x7 JATOMATION TREW| 6.9 | 6.44 161 |25 [ 20 yorTIn-4 T jamossss | ]
7L 20090011, N8| IR-192| 120 |B5K297- [WE 0F Wi |6 7x7 [AT"HP-PIN'| 6.98)| 6.46 | 1.64 | 226 [ 790 pXasm-51 | B
P[A126910; T! [1R-192]120 [B5K752-%WE OR WIO/BD 7x7 |A. 1. TECH/OFS 7.97 | 7.0% + 232 |. 2% %12 /:‘»(2'.'2-‘_4 TECH/OP? MOD. | 500-V1T) 7 =
W A19€910 ; 72 |IA-92 | 120 |B5xamm-2a|ws OF wic oD 7x7 [SAMMA OTTED | 746 | 6.9 | 2.%6 L2, |17 pIn- 13| 490,498,597 (OF 04¥R66 |
1%|A13999€ , GI [IR-192| 120 |@sx2792-30|W8 OR WO /B D 7x7 GAMMA NG 708 | 6.56 | 1.96 |24 |.280 |#5x2372-0| GAMMA CEnmmY 571 80051 (8
|A.11999 ; G2 |1R192 120 |eskmm-29 | we 0B WiO|/aD 7x7 |GAWMA SLOTIED | 7.08 | 6.9 196 |24, |.290 M_m_-'{ GULF MIAEAR V20 OR 042867 =N

/ : 500-5U (G)
ITIA.1.%099¢ ;G |IR97 | 120 -26 |w8 0r wio /gD 717 |GANMASIOTTED | 7.96 | 7.44 | 280 |.276|. 290 |ANT¥-13 GAMMA (ATURY-5A | o aase, 7
> . - ERE A
. T T -

MADRATION SEOOR X T DEVTERON
7-—-* - ovEs

I. LETTER DESIGNATION WITH MODEL $00-5U TOURCE CHANGER
[1.e. %0-5U (N)] INDICATES LOLDOWN (AP TO BE USED.
GEE DRAWINGS SK2%4-1 ¢ SK27d-2 FOR DETAILS

et

SQURCE TABLE .
(AUTMATION INDUSTRIES)

e e =
g T 42402-4 g

—
-

ot s Toat’ | o |




2.0
2.1
2.1 .]

2.].2

2.2

Structural Eveluation
Structural DesigD

Discussicop

The Model Al 520 is compriseé of five structural components:
a source capsule, source holder assemktly, shield assembly,
outer housing assembly and locking assembly. The source
capsule is the primary containment vessel, 1t satisfies the
criteria for special form radioactive material. The shielc
assembly provides shielcding for the radioactive material
and, together with the source holder assembly and locking
assembly, assures proper positioning of the radiocactive
source,

The outer housing is fabricated from 3.2 millimeter (0.125
inch) thick Type 3€4 stainless steel. The houeing provides
the structural intecrity of the packacge.

The lockbox assembly secures the source holder assembly in
the shielded position at the center of the source tube and
assures positive closure,

Pesigp Critexria

The Model Al 52¢ ie designed to comply with the reguirements
for Type B(U) packaging as prescribed by 10 CFR 71 and IAEZ
Safety Series No., 6, 1973 Revised Edition (as amended). All
design criteria are evaluated by a straightforwarc¢ applica-
tion of the appropriate section of 1€ CFE 71 or IAEA Safety
Series No., 6,

Weights angd Centers of Cravity

The total mase of the model Al 520 is 1€ kilograme (40
pounds). The shielé assembly consists of 12,3 kilograme (27
pounde) of depleted uranium. The center of c¢ravity was
located experimentally. It is locateé 99 millimeters (3.€°
inches) from the rear, 94 millimeters (3.69 incheg) above
the bottom surface, and 51 millimeters (2.00 inches) fronm
the right surface.
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2.3

2.4
2.‘.1

Mechapical Properties of Materials

The outer housing of the Model AI 520 is fabricated fron
Type 3C4 stainless steel., This material bhas a yielc
strength of 207 MPa (30,008psi).

Drawings of the source capsules used in conjunction with the
Model Al 520 are enclosed in Section 2.10. These source
capsules are fabricated from either Type 304 or Type 3P04L
stainless steel.

Geperal Stapdards for Al)l Packages

Chemical apgd Galvapic Reactions

The materials used in the construction of the Model Al 520
are uranium metal, stainless steel, brass, titanium, and
epoxy. There will be no significant chemical or galvanic
action between any of these componentes.

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 uraniur
eutectic alloy temperature is approximately 725 C (1337 F).
Eowever, vacuum conditions and extreme cleanliness of the
surfacee are necessary to produce this alloy at thie low
temperature. Due to the conditions in which the shieldé is
mounteé in the Model AI 520, sufficient contact for this
effect would not exist,

In support of thie conclusion, the following test results
are presented, On 28 November 1973, a thermal test of a
sample of bare depleted uranium metal wae performed by
Nuclear Metals, Inc., Concord, MA., The sample was placed in
a getanic °czucihle and inserted in a furnace preheated to
800 °C (1475°F) and remained ‘here for thirty minutes, The
sample wae then removeéd and allowed to cool, The tect
indicated that the uranium sample oxidized such that the
radial dimencion wae reduced by 0.18 millimeters (€.007
inch).

On 25 January 1974, a subsequent test was performed by
Nuclear Metals, 1Inc. In this test, a sample of bare
depleted uranium metal wae 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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2.4.2

2."3

2.4.4

2'5

Notwithstand¢ing tlese test results, there are no iron-
uranium interfaces in the Model AI 52¢@.

Pogitive Closuze

The source assembly in the model Al 520 cannot be moved to
an unshielded position without the unlocking of the key
operated lock box and the connecticn 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 removed and controle discon~-
nected. This allows a cap to be installed over the source
assembly holder and a seal wire to holé 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,

Lifting Devices

The Model Al 520 is designed to be lifted by its handle.
The hancle is attached to the package by means of handle
baile at each end of the handle. A static tensile test of
this hanéle arrangement was made. A report of this test is
included in sectioun 2.10. This test demonstrates that the
lifting device can supporc five timee the weight of the
package without exceeding the yield strength of tne
material.

Tiedowp Devices

The Model Al 520 can be tied down by means of the handle.
An analysis of this tiedown arrangement under the load
conditions of 1@ CFR 71.45(b) is presented in Secticn 2.1€.
Thie analyeis demonstrates that the maximum strese generated
in the handle would be less than the yielé strength of the
material. Therefore, we conclude that the Model AI 520
gatisfies the tiedown condition of 1€ CFE 71.45(b) (1).

Adéitionally, if the handle were to fail under excessive
load, the ability of the package to maintain ite structural
integrity and shielding efficiency would not be impaired,
Therefore, the package tiedown design satisfies the criteria
of 10 CFR 71.45(b) (3).

Standards for Iype E Packages
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2.5.1 Loa¢ Resistapce

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

‘ evenly distributed along its length, the maximum stress can
be computed from

Uﬁmx = F

—

Z

where O max = maximum stress
F = assumed loaé (89€ N or 20€ 1lbs.)
1 = length of beam (187 mm or 7.7€ in.) .
z = section modulus (78,896 mm’ or 4.81 in )

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

The locad ie assumed to be B89F¢ newtons (20¢ 1bs.). The
container is assumed to be an elliptical cylinder 197 nmm
(7.7 in.) long, a major axis of 127 mm (5.0 in,), a minor
axie of 102 mr (4 in.) and a wall thickness of 3,2 mm (@.)2F
in.). Consequentlys the section modulus of the beam is
76,896 mr° (4,81 in.’).

Therefore, the maximum stress generated in the bearm under
these conditions would be £.279 mPa (4P.43 1b/in? which is
far below the yielé strength of the material.,

. 2.5.2 Exterpal Fiessuze

The Model Al 52¢ is open to the atmosphere. Thus there will
be no differential pressure acting on it, The collapeing
pressure of the source capsule ie calculated assuming that
the capsule is a thin wall tube with a wall thickness equal
to the minimum depth of welé penetration which ie 0.5 mm
(f.22¢ inch). The collapeing pressure is calculated from:

F = 59706 t/d o 9.556
where P: Collapeing Pressure in MPa
t: wall Thicknese (€.5mm or €.02 inch)
é: Outside Diameter (6.4 mm or 0,25¢ inch)

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

From this relationship, the collapsing pressure of the
gource capsule ig calculated to be 37.1 MPa (5546 psi).
Therefore, the source capsule could withstand an external
pressure of 0,17 MPa (25psi).

2-4 Revision €
16 September 1985



2.6.0
2.6.1

2.6,2

2.6,3

2.6.‘

Normal Copgitiops of Trapsport
Beat

The thermal evaluation of the Model Al 520 is presented in
Section 3. From this evaluation, it is concluded that the
MoGel Al 52¢ will maintain its structural integrity and
shielding effectiveness under the normal transport heat
condition.

Cold

The metals used in the manufacture of the Model Al 520 can
all withstand a temperature of -40°C (-40 ° F). The outer
package housing and the primary containment are all fabri-
cated from Type 304 stainless steel. As stated in Draft
Regulatory Guice, Division 7, Task MS 144-4, austenitic
stainless steels are not susceptible to brittle fracture at
temperatures encountered in transport.

The epoxy used in the Model Al 52¢ have an operating tem-
perature range of -43°C to 104 °C, From this data, it is
concluded that the Model Al 52@ will maintain its structural
integrity and shielding effectivenees under the normal tran-
sport cold concition,

Eeduced Pressuie

An external presesure test of the Model Rl 520 wae conducted
by Automation Industries, Inc. The device was placed in a
pressure chamber and the pressure was reduced to .25 kg/cm
and maintained ites shielding efficiency and structural
integrity. A report of thie test ie presented in a letter
to Mr. R, Rawl from Mr, M, Santoro dated 4 December 19E1 anc
included in Section 2.10.

A demcnstration of the ability of the source capsules to
withstand an external pressure of @.5 atmosphere is
presented in Section 3.5.4.

On the baeis of these data, it is concluded that the Model
Al 520 will raintain its structural integrity and shielding
effectiveness under the normal transport pressure condition,

Yibratiop

The PModel Al 520 has been in uee for more than fifteen
yeare. In this period, there has been no evidence of vibra-
tion-induced failure.
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2.6.5

2.6.6

2.,6.7

2,6.8

2,6,9

On the basies of this history, it is concluded that the Model
Al 520 will maintain its structural integrity and shielding
effectiveness under the normal transport vibration conci~-
ticn,

hater Spray

The water spray test was not acually performed on the Model
Al 520. The materials used in the construction of the Model
Al 520 are highly water resistant, Therefore, it ie con-
cluded that the Model Al 52¢ will maintain its structural
integrity and shielding effectiveness under the normal tran-
sport water spray condition.

Free Drog

A prototype Model Al 520 was subjected to the hypothetical
accident free fall concdition, Thie is described in Section
2:7.1, On the basis of this test, it is concluded that the
Model Al 520 will maintain its structural integrity anc
shielding effectiveness under the normal transport free drop
conéition,

Corper DiQEk
Not applicable

Eenetzation

A prototype Model Al 520 was subjected to a penetration tecst
by Avtomation Industries. The package was impacted by the
penetration bar in three different attitudes, As 2 1result
of these impacte, there was no loss of structural integrity
nor reduction of shielding efficiency. A report of this
test is presented in a letter to Mr. F, Rawl from Mr., V.
cantoro dated December 1981 and included in Secticn 2.10.

On the basis of this test it is concluded that the Model Al
§2¢ will maintain its structural integrity and shielding
effectivenese under the normal transport penetration conéi-
tion,

Conpressiop

A prototype Model Al 520 was subjected to the compression
conéition., The total mase of the package is 18 kilograms
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2.7
2.7.1

2.7.2

(40 pounds). The maximum crose sectional area of the
package ie @.83 m’ (49.6 ir?). Thus, five times the weight
of the package (890 newtons or 20 pounds) is greater than
12.8 KPa (twe pounds per square inch) times the maximum
croes sectional area (441 newtons or 99.2 pounds).

The package was subjected to a compressive load of 1515
newtons (34€ pounds). The load was applied for a period of
24 hours. At the conclusion of this teet, there was no loss
of structural integrity nor reduction of shieldine
efficiency. A report of this test ie presented in a letter
to Mr. R, Rawl from Mr, M, Santoro dated 4 December 19El1 anc
on the basis of thie teet, it is concluded that the Model
Al 520 will maintain its structural integrity and shielding
effectiveness under the normal transport compression condi-
tion.

Bypotbetical Accident Copditicns

Free Diop

The Model Al 52¢ was subjected to the conditions of the free
érop by Automation Industries, Inc, The target used in this
free drop test consisted of a solid concrete apron with a
thickness of 0.2 meters (€ inches). A steel plate with a
thicknese of 16 mm (£.63 in.,) was placed in intimate contact
with the concrete apron.

During test, the package fell from a height of 10.3
metere (34 feet) onto the target.

Ae a result of this test, there was no loss of structural
intecrity nor loss of shielling efficiency. A report of
thie test by Mr, M, Santoro dated 24 July 1973 is presented
in Section 2.1¢., On the basis of this test, it ie concludec
that the Model Al %20 will maintain its structural integrity
anéd shielding effectiveness under the hypothetical free drop
accident condition,

Bupcture

At the conclusion of the free drop test, the prototype Model
Al 520 was twice subjected to the puncture condition by
Automation Industries, The target for the puncture teet wae
a steel billet 76 mr (3 inches) in diameter and 203 mm (&
inches) high mounted on the target used in the free drop
test.,

2=7 Revision @
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2.7.3

2.7.‘

2.7.5

During thie test, the packaged dropped from the height of
one meter (4@ inches) onto the billet.

As a result of this test, there wae no loss of structural
integrity nor reduction in shieldinc efficiency. A report
of this test by Mr, M, Santoro dated 24 July 1973 is pre-
sented in Secticn 2.1€. On the basis of these tests, it is
concluded that the Model Al 52¢ will maintain its gtructural
integrity and shielding effectiveness under the hypothetical
puncture accident condition,

Ibermal

At the conclusion of the free drop and puncture tests, the
prototype model Al 520 was subjected to the thermal concdi-
tion by Automation Industries. The package was placed into a
kerosene anc fuel oil fire. The package remained there for
47 minutes, At the conclusion of the test, the fire was
extinguished and the package was alloweé to cool only by
natural convection and radiation. No artificial cooling
methods were used.

Ae a result of this test, there was no loss of gtructural
integrity nor reduction in shielding efficiency. A report
of thie test by Mr. P, Santoro dated 24 July 1873 e
presented in Section 2,1f, On the basis of this test, it is
concluded that the Model Al 52@ will maintain its structural
integrity and shieléing effectiveness under the hypothetical
thermal accident condition,

Bater Ippersionp
Not Applicaktle.

Sunoazry of Damage

The tests designed to induce mechanical etrese (free drof,
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.

At a result of these tests, there wae no loss of structural
integrity nor release of any contents,

Prior to the conduct of these teste and subeeguent to the
conduct of these teste, measurements of the radiation inten-
gity in the vicinity of the package were made, The results
of these measuremente demonstrate that there was no reduc-
tion in shielding efficiency as a result of these tests,
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2.9

Specizl Forpm

The Model Al 52¢ ie designed to transport Tech/Ops source
capsules, These source capsules have been certified as @
special form radioactive material under IAEA Certificate of
Competent Authority Number USA/€154/S and USR/0279/S. These
certificates are presented in Section 2.10.,

Fuel Rods
Kot applicable
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2.10 Appepgix

IAEA Certificate of Competent Authority USA/@i54/S

1AEA Certificate of Competent Authority UEA/0279/8

Drawing 6£€5¢0

Drawings SK2332-7, -8, -9, -1¢@

Test Report: Model AI 528 Hclddown Arrancement

Report: Analysies of Model Al 520 Tiedown Arrangement

Letter to Mr. R, Rawl, U, &, Department of Trangportation
from Mr. M., P, Santoro, Automation Industries, Datec 4
December 1981, describing the results of the Model 52¢
Penetration Reduced Pressure and Compression Tests.
Automation Industries Test Report by Mr, M, P Santoro, dated

24 July 1973, describing the results of the Model 520
Free Drop, Puncture and Thermal Tests.
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Reseorch ond
$pecio Progroms (A A CERTIFICATE OF COMPLTENT AUTHORITY

A minrohon

Specio! Form Rodiooctive Moterio! Encopsulotion

Certificote Number USA/0154/S
(Revision &)

This certifies thot the encopsuloted sources, 0s described, when looded with the
outhorized rodiooctive contents, hove been demonstroted 1o meet the regulotory
requirements for speciol form rodiooctive moteriols as prescribed in IAEA |/ ond
USA 2/ regulations for the tronsport of rodiooctive materiols,

l. Source Description - The source copsules described by this certificote ore
identiTied as the lechnical Operations, Inc., Models which ore described ond
constructed as follows:

Capsule Mode! Lpproximote Size
in inches, diometer x length)
60001 25 x 97
60004 25 x .97
60006 Pellet, Wafer or Large 25 x 90
Woler
68310 Pellet or Wofer 25 x 78
m|7 025 x -,7
60018 25 x 97
60020 25 x 97
60021 25 x 97

All capsules are constructed of either 304 or 304L stainless stee! ond conform with
the following design drawings:

opsule Mode! Drowing Number
60001 60001 « |, Rev, M ond 6000 1.5
60004

60004 - |, Rev. E ond 60004 - 2
60006 Pellet 60001 - 5 ond 6000€ - 3
6000¢ Wafer

6000€ - |, Rev. H ond 60004 - |, Rev,
60006 Large Waler 60006 - |, Rev. M ond 60001 - 5, Rev.
68310 Pellet 68310 - 9 ond 68310 - 10, Rev. A
68310 Wafer 68310. 1, Rev, F ond ‘83|0 2, Rev,
60017 600!7-! Rev, A ond 60001 - 2
60018 60017 - | Rev. A ond 60004 - |, Rev,
%g? 60020 - 3 ond 60001 - §

60020 - | and 60004 - |, Rev. E

I, Rodiooctive Contents - The authorized rodiooctive contents consist of metallic
Iridium-192 with not more than 240 Curies in models 60001, 60004, 60006 Pellet

Wafer ond Large Woler or 120 Curies in models 60017, 60018, 60026. 60021, 683!6
Pellet and Wafer.,

m O ™mm



Certificote Number USA/DISL/S, Revision &

N,  This certificote, unless renewed, expires December 31, 1985,

This certificote is issued in occordonce with porogroph BO3 of the IAT A Regulotions
1/, ond in response 1o the November |, 1984, petition by Technica! Operotions, Inc.,
Jrlington, Massochusetts, 0nd in consideration of the associoted information therein,

Certitied by:

foorbe 9, 1954

Chief, Rod ooctive Moteriols Bronch
Otfice of Hozardous Moterials Regulation
Moteriols Tronsportation Bureou

[/ "Sofety Series No. 6, Regulations for the Sofe Tronsport of Rodiococtive Materials,

7973 Revised Edition", published by the International Atomic Energy Agency (IAE A),
Vienng, Austria.

2/ Title 49, Code of Fede o! Regulations, Ports 170-178, USA.

Revision & - incorporated new drawing nos; extended expiration dote.
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~”°"hw L] »
e hoacoms JAEA CERTIFICATE OF COMPETENT AUTHORITY

Administration

Special Form Radioactive Material Enceansulation

Certificate Number USA/0279/8
Revision 0

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

1. Source Descrintion = The sources described by this certificate are identified as
Automation Industries Models 500-WE and $500-W10 which are tungsten-inert-gas
welded 316 stainiess steel encapulatlons which measure 0.25 inches (6.4 mm) in
diameter by 0.75 inches (18 mm) in length (Al drawing 500-W8 & Wi0).

0. Rediocactive Contents - The authorized radioactive contents of these sources
cons'st o] not more than 300 curies of iridium-192 meta! wafers.

0I. This certificate, unless renewed, expires April 30, 1988,

This certificate is issued in accordance with paragraph 803 of the IAEA
Reguletions 1/, and in response to the Octoder 19, 1983 pctmon by Automation

Industries, Inc. Phoenixville, PA and in consdenhon of the associated information
therein.

Certified by:

W T - Ay 10083

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

17 "Salely Series No. 6, Regulations for the Safe Transport of Radioactive

Taterials, 1973 Revised Edition", pudlished by the International Atomic Energy
Agency(UAEA) Vienna, Austria,

2/ Title 48, Code of Federal Regulations, Part 170-178, USA.
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TEST REPORT RADIATION PRODUCTS DIVIEION

EY: Cathleen M, Roughan
DATE: 24 September 19865

SUBJECT: Model Al 520 Package Tiedown Test

.—-—-----------—--------’-—--—---—--———----------------o---------—-o-—-

A model Al 52¢ Type B(U) package, serial number 284 wag subjected to
the tiedowr load standard of 1¢ CFR 71,45 (b). The package was tied dowr
by means of cables attached to each side of each bail connecting the
hancéle to the package,

A force of ten times the weight of the package (40¢ 1bs.) in the
horizontal cirection in which the vehicle travels anc a force of five
timee the weicht of the package (200 1lbs.) in the transverse horizontal
direction produce a resultant horizontal force of 447 1lbs, It was
concludeé that the most severe application of this force wae along the
direction of the long axis of the package. The actual horizontal force
applied in this directicn during the test wae 47% lbs. The actual
vertical force applieéd to the package during this test was 35¢ 1lbse., or
greater than five times the weight of the package.

The package wae subjected to these forces for one hour.

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 smponent., Therefore, it 1is
concluded that the package can withstanu the tiedown load concitione
without generating any stress in excess of the yield strength of the
material,
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TEST REFORT RADIATION PRODUCTS DIVISIOX

BY: Cathleen M, Roughan
DATE: 24 September 19€S5

SUBJECT: Model AI 52@ Package Lifting Test

.-------------------------------—-----’------'---—--’-—-----’-----’----—

A model Al 520 Type EB(U) Package, Serial Number 284 , was subjectec to
the 1lifting load standard of 1@ CFR 71.4%Z(a). The package was EecCurec
to a platform, with a mess in excess of ten times the maseg of the
vackage, by means of catles attached to each eside of each bail that
connecte the handle to the package.

A force in excess of three times the weight of the packacge (280 1lbs.)
was applied to the package handle in the vertical éirection, Thie force
was applied for one hour,.

At the conclusion of thie test, there was no failure cf any component of
the package or of the hancle. There was no evidence of any yield of any
component, Therefore, it ie concludeé that the package can withstand
the 1lifting load conditions without generating any stress in excess of
the yielé strength of the material.

2-12 Reviegion @
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AUTOMATION INDU A ,
’ SPERRY PRODUCTS DIVISION

PO Box 245
/ \ PHOENXVILLE PA 19480

(215) 933-896) Decenber &, 1981

Mr. R, R, Ravl

Office of Hazardous Materisls Regulation
Materials Transportation Bureau

U.S. Department of Transportation

400 Seventh Street, S.W.

washington, D.C., 20590

Re: Application For B(U) Certification Of Two (2) Of
Automation's Existing Type "B" Packages Raving
Assigned Tdentificetion Numbers As Follows:

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 office in 1973, Automation Industries has recently
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 1579).

1. 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.

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

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

— s — g —+ ———— i —— -
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Decenmber &, 198]

Each test package was surveyed for external surface radia-
tion levels and radiation levels measured at one (1) meter
from any externasl surface; both prior to, and after each
test. To further insure structural and containment integ-
rity, an intimate wipe test of the contained IR-192 sealed
source and container "S" or "J" tube was performed both prior
to and after each test,

After the WATER IMMERSION TEST, Sect. VII, Par. 721, the
residual water after each 8 hour hydrostatic test was col-
lected and the volume determined. Two (2) 10m]l samples of
each batch were assayed by well-counting for a 10 minute
period. This procedure was to further assure the integrity
of containment.

After completion of all tests covering additional requirements
for Type B(U) packaging, the contained source of Iridium-192,
serial no. IR-1436]1 wvas further leak tested to meet the require-
pents of Appendix "A" of ANSI Standard NS542, Sections:

A2.1.1, Wipe (Smear) Test

A2.1.3, lmmersion with Boiling Test.

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

Considering the materials of construction, compact design con-
figuration, and relatively 1ight mass of both packages, some

of the additional test (such &s 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
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 Dermonstrated, 1973".

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.

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

A.

TEST EQUIPMENT

1.

Vacuum Pump
Welch Duo Seal
Model 1400, S/N 112839

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

Pressure Vessel
Fabricated from 8" std. wt., sch., 40,

December &, 198)

seanmless steel pipe, fitted with 300 1b.
RF slip-on blind flange as removable top,

and two pressure taps.

Internsl Dimensions: 7.981" I.D. X 14" high

Dead weight for compression test.

Cylindrical, lead shielded, Cobalt-60 transport

container. Container S/N SC-204
Gross weight "Empty": 340 Lbs.

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

TEST INSTRUMENTS

1.

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

wWell Counter

For leak test analysis

Eberline Mini Scaler

Model MS-2, S/K 151

with bicron 2"X2" crystal

& 1" diam. X 1-1/2" deep cavity
Bicron Model 2MW2-PQ

Rate Meter

For calibrating source
Victoreen Model 555
S/N 279



Mr. E. R, Rawl
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4., Pressure GCauge
Marshaltown #G27477
2-1/2" Disl, 0-400 PSIC
Calibration: ANSI Grade B, 2%

5. Vacuum Cauge
Marshaltown #G1448Y
2-1/2" Dial, 0-30" Hg. Vac.
Calibration: ANSI Grade B, 22

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 radicactive 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

‘ 3, Sealed Source of Iridium-192
Encapsulation: Special Form
Calibrated Strength: 17,0 Curies (9-1-81)
Automation's S/N IR-14361

111. RADIATION SURVEYS OF PACKAGES

A 17 curie source of Iridium-192 was inserted intc the Model 500-
SU source changer and also into the Model 520 Iriditron. Both
packages were surveyed for surface radiation levels and for rad-
{ation levels measured at one (1) weter 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 ectablished a
baseline for comparison of radiation levels and integrity of con-
tainment prior to and after each sequential test. Results of these
ipitial "baseline" surveys are tabulated below:

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

December &, 198l

Area Surveyed pren/h at Surface mrem/h at 1 Mecer |
L. Side 2.5 0.1 1
R. Side 11.0 0.15
Front 1.5 0.1 |
Rear 10.5 0.15

' Top 2.3 0.1
Bottom 9.5 0.1
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Decendber &, 1981

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

Area Surveyed mrem/h at Surface wmrem/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

Bottom 8.0 0.1

ADDITIONAL PERFORMANCE TESTS

Each package was tested separately while containing the 17 curie
sealed source of Iridium-192, Each package was subjected sequen~-
tially to the following prescribed tests required by IAEA Safety
Series #6,

A. Reduced Pressure - Sec, 11, Par, 221

Specimens placed in pressure vessel and chamber air pressure
reduced to 0.25 kg/cw? (3.56 #/4in? Ab,). Specimens were held
at this reduced pressure for a period of 3 hours.

1. Evaluation---Visual examination after reduced pressure
tests to containers revealed no apparent damage to com-
ponents.

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. 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,




(
&

Mr. R. R, Rawl

Paze -6~

December &, 198)

The Model 500-SU source changer weighs 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 pesition 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 lcad 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. Radietion 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 0.000]
micro curies/sq. cm.

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, mea-

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
a8 3.2 em. (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 extcrior surfaces:

(a) Center of top surface
(b) Center of right side
(¢} Center of r2ar rurface

The Model 520 Iriditron was subjected to a total of three (3)
impacts; one each to the following exterior surfaces:

(a) Cente: of 1=f: side
(b) Center of rear end plate
(¢) Rear of locking mechanism
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1. Evaluatiop---Visual examination revealed that the
penetration test results in little or no damage to
either package. A small indentation, barely discern~
{ble was noted at each point of impact. There was no
deformation of container surfaces, end all welds and
locking devices remained intact.

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

3. Radistion surveys on all exterior surfaces of the pack-
ages, and at ] meter distance showed no significent var-
{ation from "baseline" surveys.

L. Post contamination wipe (smear) test results on both
container surfaces and source capsule were less than
0.0001 micro curies/sqg. cm.

F. Free Drops (1 & 11)---Sec. Vi1, Par. 719
"Compliance demonstrated, 1973"
C. Thermal Test---Sec., VII, Par. 720

"Compliance demonstrated, 1973"

E. Water Immersion Test---Sec. VII, Par. 721

Both packages were tested separately while containing the

17 curie source of Iridium-192. A pressurs vessel was used
in conjunctior with a hydrostatic pump to exert an external
water pressure of 1.5 kg/cn2 (gauge). The actual test pres-

sure used for these tests was 30 PSIC maintained for a period
of 18 hours.

1. Evaluation---Visual examination revealed that the water
{mmersion test resulted in no physical damage to either
package.

2. Radiation surveys on al: exterior surfaces of the pack-
ages, and at ] meter distance shoved no significant var-
jation from "baseline" surveys.

3. Post contamination wipe (smear) test results on both
container surfaces and source capsule were less than
0.0001 micro curies/sq. ca.
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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 B liters of
residual water for both packages.

A 10 ml 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,

INTEGRITY OF CONTAINMENT AND SKIELDING

A.

Our well counting instrument is sufficiently sensitive to
detect the presence of gamma emission down to 0.005 nci
over a 10 minute counting period.

After each performance test both packages were evaluated
for extent of non-fixed removadble surface contamination.
This was deternined by hand wiping a 300 sq. cm. area of
the container surface using a dry cotton wad. Results of
well counting demonstrated that in no instance did concen-
trations of non-fixed contamination exceed 0.0001 micro
curies/sq. cm.

After each performance test the contained sealed source of
Iridium-192 was leak tested by using the wipe (smear) test

pethod described in Appendix "A" of ANSI-N542, Section
A2.1.1.

A1l exterior surfaces of the capsule were wiped thoroughly
with cotton pipe stem cleaners moistened with a 5% solution
of radiac wash., The amount of radiocactivity remcved from
the source before and after each performance test was used
as an indicator in evaluating the integrity of the package
in restricting the loss of radioactive:contents. In no case

vere results of capsule wipe tests in excess of 0.000]1 micro
curies.

To further assure the packages ability to restrict loss of
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,
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Immersion with boiling was accomplished by using a stand-
ard radiographic exposure device which was equipped with

a source guide tube fitted with a perforated "screen-type"
end cap which terminated into a 1000 ml beaker containing

a 500 ml solution of 5X 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 ml 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 ml samples of the original solvent

were each assayed by well ccunting for & 10 minute period.
Results of these assays sho/ed no concentrations above 0.002
nci/ml of solvent. Since tie total residual solvent after
boiling was equal to 600 ml, then the total activity in the

solvent 1s (0.002 nci/ml X 500 ml) equals 1.2 nci total act-
ivity. .

V. SUMMARY AND COMMENTS

A.

MPS:deb

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 radiocactive contents to less
than: A, X 10-6 per hour
and
Ay X 103 per week
where Ay = 20 c¢i. for Iridium-192,

A set of 8 photographs are included as part of this test re- .
port which 1llustrate the various equipment and test appara-
tus employed.

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,

“rlted /0 )//-Z;

. Michael P. Santoro,
Nuclear Products 12-4-81

Enc: (B) Photographs
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In ar effort to reduce transportation costs and also as an effort
towards product {mprovement, Automstion Industries, Inc has de-
signed and constructed a new Iridium Source Changer for servicing
our Iridium-192 customers.

Our pew Source Changer will use Spent Uraniuz as the shielding
mediuz. By utilizing Spent Uranium, our new changer is approxi-
metely one-quarter the volume and one-third the weight of our
present lead shielded Changers. The gross shipping weight of the
new Source Changer will be sixty (60) pounds. This reduction in
size and weight renders a very compact, rugged, and structurally
sound design, capable of withstanding severe abuse encountered
during shipment 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
sccess to the internal compartment. The entire unit is fabricated
froz type 18-8 Stainless Steel sheet, #10 Gage, (0.140" thick),
with all corners and sesms continuously welded. The Spent Uranius
shield is completely encased in ar all-welded leak tight compart-
ment. The 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. The unit is designed to meet
the requirements of D.0.T.-55 Specification.

In essence, this n+ changer i{s 8 miniature version of our present
lead shielded char_er. All threaded connections, threaded seal
caps, transfer tubes, method of packaging, securing and sealing are
the same for both units. The procedures to be followed for effect-
ing a source change in the field are also the same for both units.
The same operating instructions will apply for both Source Changers.

As designed, the Spent Uranium Changer is & D.0.T.-55 shipping con-
tainer; however, at this time, Autometion Industries, Inc. would
also like to qualify it as & Type "B" shipping container. 1In order
to substantiate this qualification, the Spent Uranium Source Changer
was subjected to the following test requirements of the Internmational
Atomic Energy Agency. Tests were performed sequentially in the order
listed below:

A, MECHANICAL TEST
Pree Drop #l——The package was dropped from a height

of thirty-four (34) feet ooto & flat, horizontal, 5/8
inch thick steel plate.

s : ; July 24, 1¢
. & Michael P. Santoro

\" 2 Product Manager, Nuclear

} Rev. #1 Dated 5-8-80 A Rev, #2 Dated 1-27-83

R See added Appendix "A" Fage 8 See added Appendiz "8", Pages § thru 13.

L
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Free Drop $#2——The packsge was dropped from 8 height
of forty (40) inches onto the upper end of & 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 redius of six
(6) mx.

viat :

(a) For the Pree Drop #1, 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) Por the Pree Drop #2, the circular steel
bar was three (3) inch diameter in liau
of the fifteen (15) cm. diemeter called

for.
QBRSERVAT JONS ¢

Subsequent to Drops #1 and #2, 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.

THERMAL TEST

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
spproximately tweive (12) inches above the surface
of the fuel. The fuel consisted of a 50/50 percent
mixture of Kerosene and #2 Puel 0il. 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 CO; extin-
guishers. Two (2) local Pire Companies arrived with
suitable foam generating equipment to blanket the
flame. The container and/or containers were allowed
to cool naturally for a period of three (3) hours.

- :
Total time of exposure to flame was fourty-seven
(47) minutes, due to difficulty encountered in

attempting to extinguish the fire at the thirty
(30) minute mark.

w— Nly 24, 1973
chael P. Santoro

Product Manager, Nuclear
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Por ecological reasons and also potential fire haz-
ards, the name fire was used to expose two (2) dif-
ferent containers simultaneously. (The Spent Uraniun
Source Changer and Our Model 520 Iriditron Exposure
Device.)

Ar attempt to monitor the flame temperature, using

8 Weed Model 8000 Temperature Indicator with platinum
resistance probe (0 to 1600 *P) fafled, due to a
melfunction &n the instrument or a short in the probe
element.

\! »
After the three (3) hour cooling period, both contain-
ers were inspected visuslly for structural damage, and
alsc monitored for any radiation hazerds. There were
no apparent high surface radiation levels. Both con-
tainers exhibited bulged or "pregnant” 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 & convex bow on all surfaces of the containment
shells (#10 Gage, 0.140 inch thick, type 304 Stainless
Steel Plate).

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

The Model 520 Irdditron did spring about 50% of the

weld seax on the bottom portion of the rear end plate,
(Lock Box End).

This occurred at approximetely the fourty (40) aminute
elapsed time mark, while the firemen were preparing to
blanket the fire with foam. The weld failure was
clearly evidenced by a muffled explcsion, followed by
& rapid release of expanding gases or epoxy vapors.
Close up inspection showed that the lower segment of
the rear end plate had pulled away frox the shell tube,
forming an angle of approximately 15°cff the perpen-
dicular. Accordingly, this rotstion of the rear end
plate caused the lockbox to be cocked upward approxi-
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 ere not relevant to containment of
shielding integrity, however, they do attest to the
tremendous forces that were built up and released,
in order to ceuse these weld failures.

. July 24, 1973
Micheel P. Santoro

Product Manager, Nuclear
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1t was alsc noted that the leather handles, and alum!-
pum Radiation Warning Tags and Labels, had completely
disintegrated. Stainless Steel Nameplates and chemi-
cally etched engrevings remained legible. On the Model
5§20, the aluminum Source ldentificetion Plate was 60%
melted away, and the remaining portion not legible.

J

During each test, each container was loaded with &
sealed source of Iridium192 of following strengths:

1. SPENT URANIUM SOURCE CHANGEE

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

30 Minute Pire Test, 30.7 Curies of Iridium192
(See Chart 'C")

2. MODEL 520 IRIDITRON (EXPOSURE DEVICE)

Drop Tests 1 and 2, 24 Curies of Iridium192
(See Chart "B")

30 Minute Fire Test, 21.5 Curies of Iridium192
(See Chart "D")

Radiation Surveys were performed on both containers,
prior to and after being subjected to each test. Dose
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
"p" for radiation survey results.

(a) The Spent Uranium Source Changer did not
exhibit &n any significant change in dose
rates after each and cumulative tests.

(b) The Model 520 Iriditron did not exhibit any
significant change in dose rates after Drop
Tests 1 and 2. However, after the Thermal
Test, some of the surface and gix (6) inch
dose rates increased, while others directly
opposite in location decreased, (see Chart
"B'"). The cumulative average of dose rates
did not shift more than 15%. This could be
considered negligible. This change in radia-
tion dose levels can be attributed partly to
the complete loss of epoxy resin, when the
rear end plate seal weld ruptured and reliev-
ed the internal pressure. It was calculated

7//% July 24, 1973

Michael P. Santoro
Product Manager, Nuclear
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that the epoxy offered approximstely 1% of
the shielding value. The major cause of
shift in dose levels was caused when the
lockbox cocked upwards. This motion of
the lockbox pulled the Iridiuz-192 source
capsule out of center position in the
shield; approximately 3/16" off center.
The source pigtail 1is positioned and fixed
into the shiel’' by means of the lock
prongs and limiting orifice when the unit
is in locked position. Accordingly, when
the locking mechanisz rotated upward, the
source pigtail was displaced an egqual
amount. This explains why some dose rezad-
ings increased, while others decreased.
Since the Model 520 Shield is overdesigned,
with resulting good safety factor; and a
1/2" safe éwell position ir the center of
the "S" tube, the source capsule can be
translated at least 1/4" to eigher side of
the theoreticel center before appreciable
changes in radietion dose levels are noticed.
This feature was designed into the unit.

PHOTOC RAPHS

The following photographs numbered one (1) through
twenty-three (23), 1llustrate the set-up, progress,
and effects of tests on the containers:

i bt AR b e 30 Poot FPree Drop
#issrevcvrnsrecsnsacen Spent Uranium Changer -

Prior To Test
PP omecrresscssences Model 520 Iriditron -

Prior To Test
K, P rrrrmrnccnen Model 520 Iriditron -

After 34 Poot Free Drop
R Spent Uranium Changer -

After 34 Poot Pree Drop
#7--eccccccccccccnn. Model 520 Ané Source Changer -

After All Mechanical Tests
#8, #5-----crernncnn Model 520 Iriditron -

Before And After Drop Onto Circulsr Pin
0, Plerereessoen Source Changer -

Before And After Drop Onto Circular Pin
P12, #13--cncccnes ~Close Up Of Puel Pan -

Prior To Thermal Test
#14, 415, #16--~=-~-~~ Progress Of Thermal Test
11, AAPoovrensecs ~Source Changer And Moudel 520 -

After Thermal Test

Rote Source Pigtall Connectors
Protruding Prozw Lockboxes.

Note Seam Weld Rupture On Model
520 Iriditron.

July 24, 1973

Michael P. Santoro
) Product Mansger, Nuclear
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#l9-vsrenccccnconnas Side View Of Model 520 -
After Thermal Test
Note Cocked Position Of Lockbox

#20, #21-~---~ wauaee Radiation Surveys
922, $R3Y>ovrornsenes Rediation Surveys
Y Nc "

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

Source Serial Number IR-6964, contained in Model 520
Iriditron.

Leak Tested on June 6, 1973 After Fire Test
Removable Contamination. Less than 0.00] micro curies

Source Serial Number IR-7056, contained in Spent
Uranium Source Changer.

Leak Tested on June 6, 1973 After Fire Test
Removable Contamination: Lless than 0.00] 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 {mparted to
either capsule assembly &s result of tests.

RECOMMENDATIONS

Due to the severity of the Thermal Test, (0il Pire),
we would suggest that anyone performing this test,

dc 80 in & very isolated area, removed from any flam
meble equipment or buildings. It {s alsc recommended
that trained professional fire-fighting personnel and
equipment, be on hand to terminate the test, and for
obvious safety reasons. The heat intensity of this
test is s0 overwhelming, that it is i{mpossible to
approach the flame with cooventional hand-held fire
extinguishers, when attempting to extinguish the
flame after the thirty (30) minute exposure.

CONCLUS 1N

It 1is our opinion that both of these containers satis-
fectorily met the Type "B" test requirements of The
International Atomic Energy Agency, and that they be
certified as guch by assigoment of individual Certifi-
cation Mark: as issued by the U.S. Department Of Trans-
portation, (D.0.T.). We desire that this certification

July 24, 1973

Michael P. Santoro
Product Manager, Nuclear
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or permit be acceptable for both domestic and export
shipzents.

Since the Model 520 Iriditron is an Exposure Device,
used in Industrial Radiography, and the Spent Uraniucm
Source Changer is 8 shipping Container for transport-
ing new replaceuent sources to our customers, and the
returning of decayed sources to cur Phoenixville faci-
11ty for ultimate disposal, it is hoped that this
type "B" certification will pot regquire that our
domestic customers register with the D.0.T. to enable
authorized receipt, use, or transshipment of these
containers. (They are D.O.T. 55 Spec. containers,
and we do not feel that our domestic customers should
be burdened with additional registration, simply be-
cause we tested and proved that the containers will
withstand the more rigorous tests of Type "B" packaging.)

SPECIAL FORM MATERIAL

(a) The Spent Uranium Source Changer and the
Model 520 Iriditron, will be used only as
shielded containers for the isotope Iridiun-
192 4in solid metallic form. The wafers of
Iridium- 192 sre encapsulated into stainless
steel capsules using a 1770°F s{lver braze,
(Eutectfic Welding Alloys Company, #1807),
for the sealing process. The sealed sources
are decontaminated and leak tested prior to
insertion into the shielding units.

(b) To date we have distributed over 7400 Iricdium

192 Sealed Source Capsules of this design to
licensed recipients.

(c) The isotope Iridium-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 mxx, the radiocactive materfal in itself
is Spocial Porm.

BEQUEST FPOR APPROVALS

(a) We request that the Spent Uranium Source
Changer be certified as a Type "B" package
for shipping Special Porm, Sealed Sources
of Iridium-192, up to, but mot exceeding,
300 Curies.

Specific Activity Range: 300 To 400 Curles/gran

Michsel P. Santoro
Product Menager, Muclear

July 24, 19
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(b) We request that the Model 520 Iriditron be certified
s & Type "B'" package for shipping Special Form,
Sealed Sources of Iridium 192, up to, but not ex-
ceeding, 120 Curles.
specific Activity Range: 300 To 400 Curies/gram.

(c) We request that our Iridium-192 Jsotope be certified
as Special Porm Shipment and/or Specisl Form Material.

71'//7M~ July 24, 1973

Michael P. Santorxe
Product Manager, MNuclear

REVISION ¢

1
} 8

APPENDIX "A" (ADDED 5-8-80)

ADDITIONAL DROP TEST PERFORMED TO MODEL 520 SHIELD TO INSURE THAT FORCE OF
IMPACT OCCURRED TO MOST VULNERAELE PART OF THE DEVICE

(a)
(»)

(c)

(d)

Date of Test: April 2, 1975

Description of Test: 30 ft. free drop onto unvielding target consisting of
6 foch thick flst steel plate.

Oriertaticn of Device: A guy wire vas employed tc maintain proper orientatior
to assure that maximur damsge occurred to tne locking mechanist and protruding
seal plug comnector.

Test Specimen: The 520 shield was the same unit which had previously bees
sublected tc sequential drop, puncture, and fire exposure wher qualifying the
unit for Type "B" Packaging.

RESULTE & OBSERVATIONS

()

(»)

(e)

After Impact: The locking wechanisz remained locked---The protruding seal plug
connector was slightly deformed---And the guy wire stil] maintained the 520 shield
it & vertical sttitude.

After removing guy wire, deformed seal plug connector was removed —-
There was no evidence of avy damage to the source pigteail cobnector-—And
the source pigtall assembly was otil] retained fv the proper locked, stored
position.

Copclusion: Results of this test clearly demonstrates the inherent stadility of
the Model 520 shield anéd that the device would withstand tests of this severit:

me s, 1980.
Michael P. Sastore

General Manager, Wuclear Products.
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. REVISION #2. APPENDIX “B" (ADDED 1-27-8))

1. SCOPE: TO DOCUMENT RESULTS OF MECHANICAL TESTS PERFORMED ON TH
COMBINATION PACKAGE CONSISTINC OF AUTOMATION INDUSTRIES MODEL 500-SU
JRIDIUM-162 SOURCE CHANCER (CONTAINMENT VESSEL) WHEN ENCASED WITHIN
A STEEL DRU™ OVERPACK,

A. PACKAGE DESCRIPTION: The cosplete pschkage sssembly consists of
Actosatior Industries Model 500-SU 1ridium-192 Scurce Changer
(Contaimment Vessel) completely encased within o #18 gage steel
drue which measures 15-1/8" outside diameter and @ total height
of 13-3/4", The drum is fitted with & top opening 11d which 1s
secured with a clasp ring end seal bolt, Two (2) close fitting
polded hair-packs are fitted within the druz to receive and main-
tain the containment vessel in 8 fixed position during transport,
(See Automation's Dwg. No. D-500SU-OF for complete specifications.)

B. GROSE WEIGHT OF COMPLETE PACKACE (CONTAINMENT VESSEL PLUS DRUM
OVERFPACK): 80 Pounds.

C. MODEL NUMBER OF COMFLETE PACKACE: Model 5005U-OF.

D. TYPE AND FOR™ OF RADIOACTIVE CONTENT: Metallic wafers of Iridium-
167 as sealed sources vhich meet the reguirements of special-fore
encapsulation; and depleted uranium shield casting of the 500-SU.

E. MAXIMU¥ QUANTITY OF RADIOACTIVE CONTENT PER PACKAGE: 300 Curies
of Iricdium~152, plus 35 pounds of depleted uranium (shield cast-
ing of the 500-SU containment vessel).

11. PERFORMANCE TESTINC - CENERAL POR ALL PACKACINCG - SUBPART €

A. 71.3)(c)(1) LIFTINC DEVICES: The complete package sssenbly was
supported by the twe (2) lifting handles and a static load of 260
pounds was distributed over the top surface of the package, Load-
ing was maintaived for » period of 5 minutes, At completion of
test, visual inspection revealed nc evidence of systen fallure or
deforsation to any of the supporting components that would fndi-
cate stresses in excess of the yield strength., (See attached
photograph 1),

B. 71.31(c) (&) LIPTING DEVICES, EXCES*"Y LOAD: (Test performed by
the testing laboratories of W.B. Coiesar Company, Philadelphia, PA).
The package was fixtured ontc & tensile testing machine and an up-
ward vertical force was spplied to ove of the 11fting handles and
gredually increased until feilure. The handle grip loop failed ot
2040 pounds. Failure consisted of the grip loop separating and pull
iog out of the handle mounting brachet. Visual fospection revealed
that the excessive load te the handle d1¢ not generate excessive
stress to the drum housing oor impair the contaimment or shielding
properties of the package. (See attached photograph #2).

7" p W Jen.

.P. Santorc, Mgr. Emgr.,
Nuclear Products.

.

n,

14
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71,.31¢¢)()) TIE-DOWN DEVICES: A etetic force applied through the
center of gravity of the pachage heving & vertical component equal
to twe (2) times the weight of the package (160 pounds), @ hori-
gontal component equal to ten (10) times the weight of the package
(8O0 pounéds), and & 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 wehicle travel, we have selected the centerlioe
passing through the two (2) handles as the direction of the BOO
pound horizontal vector. The resultant of these components is egual
to & static force of 910 pounds rotated through 27 degrees off the
centerline passing through the bandles, and having an angle of de-
clinetion egqual to 10 degrees. (This test was performed by the test-
iog ladoratories of W.B, Coleman Company, Philadelphie, PA).

The package was fixtured onto & tensile testing machine with steel
banding straps securely tighteoed to the hold~down loops to main-
tain proper orientstion of the package and alsc support the pach-
esge during the test. A one (]) fnch diameter rar was atteched to
the crosshead to transfer and direct the 910 pound force in line
with the center of gravity of the package. This load was msintainesd
for five (5) minutes.

At full loading (910 pounds) there was po fatlure in the tie-dowr
systep——The tie~down straps remained intact as did the handle loops.
Further inspection revealed that the test losd did not generate ex-
cessive stress to the druz body mor to the tie-down systex. (See
attached photograph #3).

71.31(é)(3) TIE-DOWN DEVICES, EXCESSIVE LOAD: (Test performed by
the testing laboratories of W.B. Coleman Company, Philadelphis, PA).
The package vas fixtured onto the tensile testing machine so that
losding would be applied to the tie~dowr loop st approximately 45
degrees from the horizontal when the package would be ip fts norsal
upright shipping attitude. Llosding was gredually increased unti)
fatlure, The tie~down handle loop failed at 1385 pounds, Fatlure
consisted of the handle loop separating and pulling out of the han-
dle wmounting bracket, Visual iospection revealed that excessive
losding to the tie~down device te point of failure d1d not generate
excessive stress to the drus housing por impair the contaioment or
shielding properties of the package. (See attached photograph #4).

71,32(a) LOAD RESISTANCE: (Test perforwed by the testing labora-
teries of W.B, emar oy, Phéladelphia, PA). The package vas
tested as 8 sizple bean supported at ite ends slong both fts verti-
cal axis anéd horizontal axis. A siatic load of 400 pounds was applied
normal to and uniformly distributed along the length of 1ts upper

surface, For both tests the load vas maintained for s duration of
five (5) minutes.

Visual exazination st completion of tests shoved pc evidence that

acy surface of the pachkage was stressed to 1ts yield point, (See
attached photograph #5).

i Jan. 27, 1983
.P. Sastoro, Mgr., Engr.,

Puclear Products,
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111, PERFORMANCE TESTINC « POR NORMAL CONDITION: OF TRANSPORT “APPENDIX “A"

A

APPENDIX “A-6", FREE DROP: The package was sut'ected to three (3)
free drops through a distance of four (&) feer ontc & flat hori-
sontal surfece (blacktop roadway). The points of impact were to
the top clemping ring, the bottom riz and to the side wall of the
drus,

These tests imparted wery little damage to the drym other thar re-
movel of paint and slight surfece scratches to the metal 8t points
of impact. (See attached photograph #6),

APPENDIX "A-7", CORNEF DROP: The pachkage was subjected to one (1)
foot corner drops onto each quarter of the top clasping ring, and
onto each quarter of bottos rim (totel of eight drops). The sur-
face of dmpact was & flot horizontal blacktop roadway.

Again, damage was wvery sinimal consisting of paint removal and
slight surface scratches to the setal ot poiots of fmpact., (See
attached photograph #7).

APPENDIX “A-8".  PENETRATION: The package was supprrted by o flat
herizontsl blacktop roadway. The package was subjected to twe (2)
ispacts from the penetrating bar. One (1) drop onto the center of
the top 11¢, and the second drop onto the center of the drum's bot-
toz with the drum resticg in the invertec position.

The penetrating bar consisted of » cylindrical steel rod having »
1=1/4" dismeter, anéd & hemispherical 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 fall of the bar was 40 inches measured
from the lower hemispherical end of the bar to the upper surface
of the test package.

Visual exazination revealed that the penetration drops resulted in
wery little damage to the two (2) surfaces of f{mpact. Damage to

both surfaces ot point of impact consisted of & bhemispherical de-
pression approximately 3/4" in diameter and 1/4" deep. There vas

oo piercing or tearing of either test surface. (See attached photo-
graph #8),

APPENDIX "A-9", COMPRESSION: A static load of 460 pounds was equally

distributed over the top surface of the druz while the drum was iv
its normal wpright trassport position anéd supported by o flat bori-
gontal concrete floor slab. The compressive load was maintained
continuously for & period of 24 bours.

Visual examinations after testing revealed no evidence of any damage
to the package resulting from this loading, mor any indications of
de’crmation to any of supporting components which would indicate

stresses in excess of the yieléd strength, (See attached photograpt
5.
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IV. PERFORMANCE TESTINC =~ NYPOTHETICAL ACCIDENT CONDITIONS - “APPENDIX-R"

A. APPENDIX “B-1", FWREE DROP THROUGE 30 FEET: A sealed source of 1k~
152, serial oumber T, having & calibrated strength of 8.5 curies
or January 12, 1983 was loaded ipto and secured within o Model 500-
SU Source Changer, serial number SU-644. This will be designated
a6 the containment vessel.

The containment vessel was then ioserted icto the drum overpack
and properly positione! and secured withic the cavity of the molided
hair-packs., The druz was then closed with the top removable 11¢
oné secured and locked by the clamp ricy and seal bolt sssently.
This complete assemdly will be designated as the Model 5005U-0F
overpack assesbly, and will have & gross sh.oping weight of BC
pounds.

Prior to drop, the package was surveyed for exter.sl surface
rediation levels and radistion levels measured at thice (3)

feer from all external surfaces of the package. Results o
these surveys indicated the highest levels recorded on any ex-
terior surfece of the drus was 1.8 MR/ER and 0.1 MR/HR vher mea-
sured at a distance of three (3) feet from aoy exterior surface.

The package was hoisted to the rooftep of 8 34 foot high bulld-
ing, a ¢ alloved to drop onic & flat horizontal essentislly un-
yielding blacktop rosdvay.

Ispect occurred at the lower side surface of the drum between the
ares of the lower chime bead and the bottom rie, Essentially 1t
spproximated 8 bottom corper drop.

The damage to the package was sinimal considering the asount of
energy absorbed, The structural soundoess of the package was
unchanged and the integrity of closures and contsinment remained
intect. The only physical damage consisted of flattening of the
bottom rim of the druz at surfece of impact ané a slight perfora-
tion of the side wall also vithin the ares of impact. The perfora-
tion resembled o right angle slit haviog & width of 3/32" and uo-
equal legs of 1-1/2" X 1. The perforation was sctually the im-
print of the rear lower corver of the containment vessel which
compressed the hair peck at the instant of impact with sufficient
force to locally shear the side wall of the drus by the combined
actions of shear, elongation, and forgiop.

Radiatios surveys on all exterior surfaces of the package, and at
a distance of 3 fee: from all exterior surfaces demonstrated that
there was no increase 1o surface radistion -evels or transport
index resulting from the free drop test. The highest surface
radistior level remained st 1.8 MR/HF as dié the traunsport index
at 0.1 lﬁ/ll.

Upon removal of the sea) bolt, claspiog ring, top 11d, and upper
hair-pack mold from the package, we noted that cootaioment vessel
was stil] properly positioned by the orientation brecket and pro-
perly pested withinc the lower bair-pack cavity, This demonstrated
that the hair-packs have av excellent capacity for epergy absorb-
tion, combined with good elasticity and resiliency. Examination
of the contaimment vessel revealed mo damage to any of exterior
surfaces, seal wires or closures. (See attached photograph $10).

;4/%'#Ju. 27, 19¢
M.P, Santoro, Engr. Mgr.,

Buclear Products.
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B. APPENDIX "B-2", PUNCTURE: The pachage was sutfected te four (&)
drops through @ distance of 40 inches measured from the lovest
surface of the pachage to the top of 8 cylindrical milé steel bar
which was mounted vertically oo & flat horirontal unylelding sur-
face. The bar was & iInches io diameter, 8 inches in lengih, with
s flat horizontsl top surface whose edge was rounded to & 1/&"
radius.

The four (&) drops were o0 directed po that impacts would eccur
to the following surfaces of the package: Center of top lid,
center of bottom, sid-point of side with ¢r = falling horizontal-
1y, and ontec the seal bolt and locking lugs of the clamp ring
assembdly.

Visua! examinations after testing indiceted that damage to the
peckage resulting from these drops were very minimal; consist-
iog of very slight crescent shaped indentations to the flat sur-
faces of drum 14¢ and bottom. (See attached photograph #11).

V. SIMMARY AND COMMENTS:

A. Test results demonstrate that the combination containment vessel
and drus overpack assesdly, Auvtomation Industries, Inc. Model
S00SU~OF has successfully met the test regquirements for both
pormal and eccident conditions of transport relatiog to:

(1) Structural integrity
(2) Retent of shielding and shielding integrity

(3) Restric.ing locs of any radiocactive content

B. The above radiocactive material packages will continue to be de-
signed and fabricated in sccordance to Automation Industries’
Quality Assurance Program, NRC Docket No. 71-0264, approved
October 9, 1975,

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

were conducted during the period of January & through January 21,
1983,

D. Automatios lpdustries, Inc., requer ; that the combinatior con-
taioment vessel and drum overpac) assesbly, Model 500SU-~OF be
certified as & Type "B(U)™ packs : for transporting sealed sources
of special-fore, Iridium~197 w; © & mavimus of 300 curies per
package, ané that the appropris e certificetes of cospetent
suthorities be established,

] /)Wm. 27, 1t

. Santoro, Mgr. Engr.,
Iuclut 'n‘uu




3.2

3.4
3.4.1

Thermgl Evaluatiop
Riscussiop

The Model BRI 52¢ is a completely passive thermal device and
has no mechanical cooling system nor relief valves. All
cooling of the package is through free cenvection and racdie-
tion. The heat source is 120 curies of iricdium-192. The
corresponding decay heat generation rate is 1.03 watts.

Summary of Thermal Properties of Materials

The melting temperatures of the metals used in the construc-
ticn of the Model Al 520 are:

Brass 93p°C (1706 °F)
Uranium 1133°C (207¢ °F)
Steel 1345°C (2453 °F)
Tungsten 337 °C (6098 °F)
Titanium 1820 °C (3308 °F)

The epoxy used in this device has an operating temperature
range of -43°C to 104 °C (-45°F to 220°F) .

Techbpical Specificatiops of Compopepnts
Not applicable

Norral Copditiops of Trapsport

Therral Model

The heat source in the Model AI 520 is a maximum of 12¢
curies of Iridium-192,. Iridium-192 decays with & total
energy liberation of 1.45 MeV per disintegration or §8.58
milliwatte per curie, Assuming all the decay energy is
tranzformed into heat, the heat ceneration rate for the 120
curies of iriédium-192 would be 1.£3 watts,

To demonstrate compliance with the reguirements 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 paragragh
240 of IAER Safety Series No, 6 for Type B(U) packaging, a
separate analysis is precented in Section 3.6. The thermal
model employec is describeé in that analysis.
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3.4.2

3.‘.3

3.4.4

3.‘.5

3.4.6

3.5.8
3.5.1

Maximup Tenperatuies

The maximum terperatures encountered under normal
conditions of transport will have no adverse effect on the
structural integrity or shielding efficiency of the
package. As presentec in Section 3,6, the maximum tempera-
ture in the shade would not exceed 43°C (119°F) and the
miiigun temperature when insolated would not exceed 62 g
( F).

Minipupr Temperatires

The minimum normal operating temperature cf the Model RAI
52¢ ig -40°C (-402°F). Thie temperature will have no
adverse effect on the structural integrity or shielding
efficiency of the »nackage.

Paxioup Ipterpal FIEESLIECE

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

Maximum Thermal Stresses
The maximum temperatures which will occur during normal

transport are sufficiently low to assure that thermal
gradients will cause no significant thermal stresses.

Evaluatiop of Package Ferformance upder Normal citiops
of Trapsport

The normal transport thermal condition will hav dverse
e'fect on the structural integrity or shieldinc iency
ot the package, The applicable conditiors of 1 fety

Series No., € for Type E(U) packages are shown <to be
satiefied by the Model Al 520.

Eypothetical Thermal Bccidept Evaluation
Ihermal Model
A prototype Model Al 520 package wae subjected to the

hypothetical thermal accident condition by Automation Indus-
tries Inc.
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3.5.2 Package Copditions apd Epviropmepnt

3.5.3

3.5.4

3.5.5

The prototype Model Al 52f package which was subjected to
the hypothetical thermal accident condition haé previously
been subjected to free drop test and puncture test, The
packagce had suffered minor structural deformation during
these mechanical tests, but suffered no reduction in struc-
tural integrity or shielding efficiency

Package Teiperatures

During the hypothetical therual ac ~ident test, the package
was placeé into a kerosene and fue. oil fire. The packace
renained there for 47 minutes,

The possibility of the formaticn of an iron-uranium
eutectic allow was addressed in S:ction 2.4.]1 where it was
concluded that the formation of t'e alloy was not a likely
pessibility. There was no ind.cation of any melting or
alloy formation as a2 result of tlris thermal test.

Maxirum Ipterpal Fressures

The maximum internal pressure generate during the thermal
test is describeé¢ in the Automaition Industries Test Report
by Mr. ¥, Santoro, dated 24 July 1673 and presentec¢ in
Section 2.10.

In Sectien 3.6.3, an analysis of the source capsule, which
gerves as the primary containment, under the thermal test
condition is presented. This analyeie demonstrates that
the maximum internal gas pressure at 80¢ °C would be 373 kFe
(54 pei).

The critical location for failure is the source capsule
weld. The analysis showe that an internal pressure of 373
kPa (54 pei) would generate a maximum stress of 1.96 NP2
(284 psi). At €78°C (l16P¢ °F), the yield strength of Type
3P4 stainless steel is 69 MPa (1€,800 psi).

Therefore, if th source capsule were to reach a
tenperature of 80P C, the maximum stress in the capsule
would be only 3% of the yield strength of the material.

Maxipur Thermal SLIesses

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.
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3,5.6 Evaluatiop of Package Performance

As 2 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 presentedé in Section
2.10. There was no reduction in shielcing efficiency as a
result of this damage. There wee no impairment of any
design or safety features, There was no damage to the
locking assembly or package closure, There was no releace
of tne packagce 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 2 result of the thermal test conlition,

A report of the thermal test by Automation Industries' NMr.
M. Santoro dates 24 July 1973 is presented in Section 2.10.
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3'6.2
3.6.1

3.6.2

3.6.3

Appendix

Model Al 52¢ Type B(U) Thermal Analysis: 1¢ CFR
71.43(g) and paragraph 230 of IAER Safety Series No. 6

Model Al 522 Type B(U) Thermal Analysis: Paragraph 240
of IAEA Safety Series No. 6

Iridium-19Z Source Capsule Thermal Analysis
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3.6.1 Model AI 520 Type B(U) Thermal Analysis
1¢ CFR71.43(g) andé paragragh 231 of
IAEA Safety Series No, 6

This analysie demonstrates that the maximum surface
temperature of the Model AI 52€ will not exceed 50 °C
with the package in the shade and an anbient tenperature of
38°C,

To assure conservatism, the following assumptions are used:

(a) The entire decay heat (1.£3 watts) is depositec
in the exterior surfaces of the package.

(b) The interior of the package is perfectly insu-
lated ané heat transfer occure 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.

(6) The only heat transfer mechanism is free
convection,

Using these assumptions, the maximum wall temperature is
found from
q = hA(T, - Ta)

where g = Heat deposited per unit time in the face of
interest (0.26 watts)

h = Free convection heat transfer coefficient for air
= 1,32 (A&I)k watt/m° °C
A = Area of the face of interest (£.P181 m?)
Tw = Maximum temperature of the surface of the package
Ta = Ambient Temperature (38 °C)
From thie relationship, the maximum temperature of the

surface is 42.3°C, Thie satisfies the requirement of 18
CFR 71.43(g) and paragraph 230 of IAEA Safety Series No., 6.
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Model AI 528 Type B(U) Thermal Analysis
paragraph 240 of IAEA Safety Series No. 6

This analysis demonstrates that the maximur surface
tenperature of the Model AI 52f will not exceed B2 °C
when the package is in an ambient temperature of 38°C and
ie insolated in accordance with 1¢ CFR 71.71(c) (1) and
Table 111 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 insclated at the rate of 775 W/m
(800 cal/cm ?-12 hr) on the top surface, 194 W/m
(26 cal/cm? =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

(¢) 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,

(6) 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-
dered to be sufficiently thin that no temperature
gradients exist in the faces.

(e) The package ies approximated as a rectangular
parallel pipeé 198 mm (7.€ 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 €.0263 m®, The total surface area of
the sides is 0.1073 m?,

The maximum surface temperature ies computed from a steacy
state heat balance relationship:

qin © Qout

3-7 Revigion @
16 September 1985



The heat load applied to the package is
%p = 9% * 94
where : solar absorptivity (£.9)
qg: solar heat load (41 .2 watts)
Qq: decay heat load (1.03 watts)
The heat dissipation is expressed as
Sout ) % * S
whered.: convective heat transfer
q.: radiative heat transfer

The convective heat transfer is
Q% ° [(hA)top : (hA)sides] (Tw a Ta)
where h: convective heat transfer coefficient

A: area of the surface of interest
Temperature of the surface
T,: Ambient Temperature (38°C)
The racdiative heat transfer is
o= vEA (Y- T
where r: StefanBoltzmann Constant (5.669 x 16" W/t ¥)
E: Emissivity (£.8)
Iteration of this relationship yields &a maximum wall

temperature of 61.5°C which satisfies the requirements of
paragraph 240 of IAEAR Safety Series No. 6.
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3.6.3

Model AI 52¢ Type B(U) Source Capsule Thermal Analysis
Paragraph 238 of IAEAR Safety Series No. 6 1973

Thie analysis demonstrates that the pressure inside the
source capsule useé in conjunction with the Model RI 52¢,
when subjected to the hypothetical thermal accident conci-
ticn, 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 ciameter of the cap-
sule is 6.35 mm (£.250 inch). The source capsule is seal
welded. The minimum weld penetration is 0.5 mm (8.€2 inch).
Under conditions of internal pressure, the critical location
for failure is this weld.

The internal volume of the source capsule contains only
iricdiur metal (as a solid) and air. It is assumed at the
time of loading the entrapped air is at standarc temperature
and pressure (20°C and 100 kPa). This is a conservative
assumption because, during the welcing 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 IAER Safety Series
No. 6, it is assumed that the capsule could reach a temper-
ature of 8¢ C (1475 F). Using the ideal gas law and re-
quiring the air to occupy a constant volume, the internal
gas pressure coulé reach 373 kPa (54 pei).

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

The maximum longitudinal stress is calculated from:

QA =P Ap

wheteo; : Longitucdinal Stress
Aj : Stress Area
P: Pressure
AP: Pressure Ares

From this relationship, the maximum longitudinal stress is
calculated to be 9€¢ kPa (129 psi).
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The hoop stress is calculatec from
22<x‘ L t =1‘Job

where 0f : Boop Stress
L: Length of the Cylinder
¢+ ¢ Thickness of the Cylinder (€.5mm or €.€2inch)

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

At a temperature of 87€ °C (160¢ °F), the yield strength of
Type 304 stainless steel is 69 MPa (10,020 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.
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4.0
‘.1.”
‘.].1

4.1.2

4.1.3

‘.1.‘

4.2.0
4.2.1

4.2.2

Coptaipment
Coptzipment Boupgdary

Coptaipment Vessel

The containment system for the Model Al 52¢ is the radioac-
tive source capsule as describec in Sectiorn 1.2.3 of tlLis
application, This source capsule is certified as special
form radioactive material in IAEA Certificate of Competent
Authority Number USA/£279/S or USA/0154/85.

Coptzipment Pepetratiops

There are no penetrations of the containment.

Seals apd Welds

The containment is seal welded by a tungsten inert gas
welding process which is descrited in Tech/Ope Standarc
Scurce Encapsulation Procedure presented in Section 7.4.
The minumum welé penetration is 2.5 mm (P.02 inch).

Closuze

Not applicable.

Reguiremepts for Neormal Copditiops of Trapsporl
Release of Radioactive Material

The source capsules used in conjunction with the Model Al
52¢ have satisfied thz requirements for special forr
radioactive material as prescribted in 1€ CFR 71.77 and IAEAR
Safety Series No., 6, There will be no release of radioac-
tive material under the normal conditions of transport.

Pressurization of the Coptaipment Vessel

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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‘.2.3

‘.2.4

‘.3

‘.3‘]

4.3.2

Coolapt Coptamipgtion
Not applicable.
Coolapt Loss

Not agvrlicable.

Coptzipment FEeguirenments foI

Congdition
Eissiop Gas Products

Not agplicable.

Release of Coptents

the Bypothetical Accident

The hypcthetical accident conditions of 12 CFR 71.73 will
result in no loss of package containment, This conclusion
ie based on information presented¢ in Sections 2.7.1, 2.7.2,

2.7.3, 2.7.4, ané 3.5.
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5.2
5.2.1

5.2.2

$.3

Sbieléipg Evaluaticr

Discussion apn¢ Resulis

The principle shielding of the Model Al 57f ie the wuraniun
shielé assembly. The mass of the uran‘.m shield¢ is 12.3
kilograms (27 pounds).

A shielding efficiency test of a2 Model Al 520 was made by
Automation Industries. Th: package contained 17 curies of
Iricdium-192. A report of thie test is presented in a
letter to Mr. R, Rawl from Mr., M, Santoro date¢ 4 December
1981 and included in section 2.1B. Extrapclation of these
data to a capacity of 120 curies of Iridium=-192 is
presented in Table 5.1. Since the model Al 52€ contains no
neutron source, the camma dose rates are the total dose
rates which are presentec. As shown in Table 5.1, the
maximum dose rates are below the regulatory reqguirements.,

Teble 2.1
Sumpary of Marinmup Dose Rates
mR/bx
At Surface At One Meter from Surface
Top Sige Bottom ToF Sige Bottom
183.5 197.6 56.5 0.7 1. 0.7

Source Specificaticp
Campg SQLICE
The gamma source i& Iridium-192 in a sealed capsule as

special form radioactive material in guantities up to 120
curies.,

Neutiop Scuice
Not applicable.

Fodel Specificaticon
Not applicable.
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Shielcipg Eveéluation

A shieléding efficiency test of a Model Al 52€ containing
17 curies of Iricdium=-192 was performed. The results of
this test, which are presented in Secticn 2.1€, demonstrate
that the does rates surrouncéinc this package are within the
regulatory limits.
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6.0 Criticality Evzluatiop

Not applicable.
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7.2

7.3

Operating Procedures
Procedure for Loading the Package

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.

Procedure for Using tbe Exposure Device

The procedure for performing industrial radiography with
the model Al 52f exposure device ie included in section
7".2.

Procedure for Unloading the Package

The procedure for unloading the package is presented in
section 7.4.2.

Prepazation of 2 Package for Iransport

The procedure for preparation of a package for transport is
included in the Model AI 52¢ Instruction Manual presented in
Section 7.4.2.
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7.4
7."1
7.4.2

Appendix

Procedure for Encapsulation of Sealed Sources

Model AI 520 Exposure Device Operation Manual
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RADIATION SAFETY MANUAL
Part B - In Plant Operations
. Section 2

ENCAPSULATION OF SEALED SOURCES
A. Personnel Reguirements

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. GCeneral Reguirements

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 radiocactive material

which may be handled in the loading cell is specified below:

Radioisotope Eorm Maximum Activity
Iridium=192 Solid Metallic 2000 curies
Cobalt-60 Solid Metallic or
sealed sources 1 curie
. 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
radicactive material which may be handled in the cell is
specified below:

Radioisotope Eorm Maximum Activity
Iridium=192 Solid Metallic 20,000 curies
Cobalt-60 Solid Metallic 1l curie
Cobalt-60 Sealed Sources 300 curies
Cesium=137 Sealed Sources 200 curies
Ytterbium-169 Sealed Sources 100 curies
Tantalum-182 So0lid Metallic or 100 curies

S0lid Carbide
‘ Limits for other radioisotopes or forms shall be specified by
the Radiation Safety Committee,
B.2.1 Revision 4
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The loacing and gencrel purpose hot cells are detiagned to be
opercted at less than atmospheric pressuvre. The exhaust blowel
ehouvld not be turned of f during the cperation or at any time
that racdicactive material is in the cell.

) e i iv aterial shall not be stored ir these
égf?gagig%aggg é:?ioigttngtﬁgndéé. Material may only be stored
incide theece cells in welded capsules or screw top capsules.
Wher radioactive materiel is stored in thece cells, 2
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,

when any "through the wall” tool is removed, the opening shall
be closed with the plug provided. All tools shall be
decontaninated whenever they are removed from the cell.

Each individual performing this operation must wear a film badce
and pocket dosimeter at waist level and a second film badge and
pocket dosimeter in the vicinity of the head. All operations
must be monitored with a calibrated and operational radiztion
survey meter.

Breparatory Procedure

1.

pecord the namees and initial pocket dosimeter readings for the
personnel performing the loading operation on the Loacding Log
Sheet.

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

Assure that the exhaust system is operational, Record the
manometer reading on the Loading Log Sheet. 1f the manometer
rezding ie less than 0.5 inch or greater than 2. inches of
water, the filter must be changed.

pesure that the air sampling systern is operational and that
sample filters are in place.

Perform the preoperational contamination survey as indicated on

the Loading Log Sheet. Record the results on the Loading Log
Sheet.

Perform the encapsulation procedure omitting the insertion of
any activity. Examine this dummy capsule weld., 1If thise 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
gtep must also must performed each time the welding electrode is
changed.
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Pricr to use, asscrlle and visurlly ingpect the twe coprule
components to assure the weld zone does not extibit any
misalionment and/or separation., Defective cepsulesr shall be
rejected,

Degrease capsule components in the Ultrasonic Bzth, using
isopropyl alcohol ez degreasing agent, for a period of e
minutes., Dry the capsule components at 160® C for a minimum of
20 minutes,

Insert capsule components into het cell with the posting bar.

Flace capsule bettorn in weld positioning device, Kithdraw the
posting bar.

Move the Crawer bar of the sovrce transfer container into the
loading cell. Open the screw top capsule.

wWithdraw the proper amount of activity from 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.

Assure that all unused radiocactive material ie removed fronm the

loading cell by installing it in the screw top capsule and

withdrawing the drawer bar of the source transfer container fror
the cell,

Remove the rivet (if applicable).

Assemble the capsule components.

Welé adhering to the written welding procedure for the capeule
being welded.

Visuelly inspect the weld, An acceptable weld must be
continuous without cratering, cracks or evidence of blow out.
1f the welcC is defective, the capsule must be cleaned and

rewelded to acceptable conditions or disposed of as racioactive
waste,

Check the capsule in the height gauge to be sure that the welc
is at the center of the capsule,

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

Count the patch with the scaler counting system, The patch must
gshow no more than .005 microcurie of contanination, If the
patch showe more than .0@5 microcurie, the capsule must be
cleaned ané rewiped. If the rewipe patch still showe more than
0.005 of contamination, steps 12 through 14 must be repeated.
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15,

16.

17.

18,

19.

20.

a2.

23.

Vecour bobbkle test the capsule, Flace the welded caprule in 2
alass vie) containing jropropyl alcohol., Apply a vacuour of 1%
in Bc(Cauge). Any visud’ dctection of bublles will indycste &
lJeaking source, 1i the gource je Geterrmired to be lecaking,
place the source in a dry vecuum viz) and boid ¢ff the residual
alcohol. Reweld the capsule; repeat steps 10 thiouch 1%,

Trancefer the welded scuvrce capsule tc the sealed source sgection
of the losding cell.

For wire mounted source capsules, transfer the capsule to the
swacing fixture, Insert the wire ané conrector zesenbly and
svaée.' Bydraulic pressure ehovlé not be less than 1250 nor note
than 1500 pounds,

For sovrce holcer mountecd source capsules, trensfer the capsule
to the appropricte scurce holder loading fixture. Insert the
source capsule into the source holder. Screw the source holder
together and install thc roll pin. Check to assure that the pir
doee not pretrude cn either gide.

Apply the tencile test to assenbly between the capsu}e and
connector by applying procf load of 160 lbs. Extension unde:
the load shall not exceed 0.05 inch. 1If the extension exceeds
¢.85 inch, the source must be disposed of ae radioactive warste,

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
for maximum response, Record the meter reading., Compute the
activity in curies and fill out a temporary gsource tag.

Again using remcte control, eject the source from cell into
scurce changer through the tube gauze wipe test fixture.
Monitor the radistion level as the source changer ghielded door
is opened. Femove the tube gauze and count with scaler
counting system, Thif assay must show no more than 0.205
ricrocurie. 1f contarination is in excess of thie level, the
source ie leaking and shall be rejected,

At the end of the day's operations, perforn the pcst-operationcl
contamination survey zs indicated on the Loading Log Sheet,
Record the results or the Loading Log Sheet,

Record the final pocket dosimeter readings for the personnel
performing the loading operation on the Loading Log Sheet.

Record the daily Air Sample results on the Loading Log Sheet.
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F. LEncapsulstion Frocedurc for Eboenixville, FF Fesility

1, Pric: te use, astertle and viguclly inspect the two copride
components to assure the weld zone goee not exhialit any
misalignment and/cr separetion, Defective capcules ghall be
rejected.

. 2. Decrease capsule components ir the Ultresonic Rath, veing
isopropyl alcohol as degreasing acent, for ¢ period of 30
minutes, Dry the capsule components at 100® C for & minirum ¢
20 rinutes.

3., Insert capsule components into hot cell with the posting bar,

4. Flace capsule bettor in weld positioning device, Withdraw the
posting bar.

5, Renove & storage rod from the storage pit in the cell floor.
Remove the threaded end caﬁ from the storage rodéd and remove the
gcrew top capsule, Oper the screw top capsule,

6. Withdraw the proper amount of activity from the screw top
capsule and place it in the welded capsule bottom., P brass
rivet rust be used with wafere to prevent contanination of the
welé zone.

7. RAssure that all unused radiocactive material is reroved from the
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 storace rod into the storage pit in the cell floor.

. 8. Reriove the rivet (if applicable).
9, Assernikle the capsule componente,

1¢. weld adhering to the written welding procecure for the capsule
being welced,

11, Visually inspect the welc. An acceptable weld must be
coentinucue without cretering, crecks or evicderce of tlow oot,
1£f the weléd is defective, the capsule must be cleared and
rewelded tc acceptable conditions or €ispcsed of as racdicactive
waste,

12, Check the capsule in the height gauge to be sure that the welc
je at the center of the capsule,

13. Wipe the exterior of the capsule with a flannel patch wetted
with EDTA scolution or eguivalent,
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15.

1e,

19.

20.

2],

22.

23,

Count the patel with the scalcr countin: gyttem, The potch muss
ehow ne rote thon 005 nicrocvrice of contardiration, I the
peteh shent mirc than 076 ricrocurie, the ca3rile rurt bic
cleancc snd rewiped, I1f the rewipe pateh #1111 shove nore theas
e.0e5 of contenination, steps 10 throuvgh 14 rust be repected,

Vacuvr bubble test the capeule. Place the welcded capsile in a
glass vial centairing isopropyl clcohol. Apply a vacuvun of 15
irn Hc(Gauge). Any visual detection of bubbles will irdicate ¢
lezkino source, JTf the source is deternrinec to be leaking,
place the scurce ir a dry vacuur vial and boil cff the resicus
zlcohol. Reweld the cepsvle; repect SLEpS 1¢ through 15,

3

-

welded source capsule tc the realed source gccticr
2

For wite mounted source capsules, transfel the capsule to the
swacing fiature. Insert the wire anéd connector assembly ana
swage, HMydrzuvlic pressure shoulé not be less than 1250 nor more
than 1500 pounds.

For source holder mounted source capsules, trensfer the capsule
tc the appropriate source hclder loading fixture. Insert the
ecurce capsule into the sovrce holéer. Screw the scurce holcer
together and install the roll pin, Check to assure that the pin
dcee not protrude on either side.

Apgly the tensile test to assembly between the capsule and
connector by applyino proof losd of 18@ 1bs, Fxtencion uncer
the load shall not exceed 0.85 inch., 1f the ertension exceeds
.05 inch, the source must be disposed of as rediocactive waste.

pesure that the cell tunnel door .s closed, Position the source
in the exit port of the losdirg cell, Use the rerncte control to
insert the source into the jon champer and position the source
for maxinun response, Pecord the meter reading, Conpute the
activity in curies &nd fill out a temporary source tacg,

Bgair usirg remcte contril, eject the ecurce from cell into
source chianger through the tube gauze wipe test firture,
Fonitor the radiestion level &s the source changer shielded Guon
ie opened. Fercove the tube gauze and count with sceler
counting eyetem., This assay muet show nc mere thar 0.005
ricrocurie. I1f contamination is in excess of this level, the
scurce is lezking ané shall be rejected,

At the end of the day's operations, perform the post-operationel
contezmina-ion survey at indicated on the Loading Log Sheet,
Record the results on the Loading Log Sheet.

Record the final pocket dosimeter readings for the personne]
performing the lcading operation on the Loading Log Sheet.

Recoré the daily Air Sample results on the Loading Log Sheet.

B.2.6 Revision 4
21 March 1984



MODEL Al 52¢
EXPOSURE DEVICE
OPERATION MANUAL

NOTICE

Thie device is used as a radiographic exposure device and Type B(U)
transport package for Tec%/Ops, Inc. radioactive sources listed in thie
manual. The user sbovld become thoroughbly familisr witb the ipstructiop
mapual before attenpting operatiop of the eQuipment.

In order to use this equipment to perform industrial raciography within
the United States, the user must be specifically licenged to do 80,
Application for a license should be filed on Form NRC-313R with the
appropriate U.S. Nuclear Regulatory Commission Regional Office listed in
Appencix D of 1¢ CFR 20 or with the appropriate agreenment state office.

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

Director

Office of Nuclear Material Safety and Safeguards
U.8., Nuclear Regulatory Commission

washington, DC 2€555

The user must have in his possession a «opy of USNRC Certificate of
Compliance Number 9@087 issued for thie pac. age.

Prior to the first export heipment of thie exposure device from the
United States, the user must alsc register his identity with:

Office of Hazardous Materials Regulation
Materials Transportation Bureau

U.§., Department of Transportation
washington, DC 2859¢

The user must have in hie poscession a copy of International RAtomic
Energy Agency Certificate of Competent Authority Number USA/98P7/E(U)T
issued for thie radiographic exposure device.

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

7-4 Reviseion @
16 September 1985



CEMNEFAL

The Al wmodel 520 exposure device is used as a portalble raciographic
device primarily for the radiocraphy of steel in the th:ckness range of

The basic radiography system consists of the model Al 520 radiograghic
exposure device, the source drive assembly ané the source guide tube.
The exposure device serves as the storage and transport package for the
radioactive source,

The exposure device ie 7.78 inches long (198 mm), 5,25 inches wicde (133
mm) and 6.3€ inches high (162 mm). The total weight of the exposure
device it 4 pounds (18 kg).

The exposure device is approved as a Type B(U) transport package under
USNRC Certificate of Compliance Number 9€@7 and IAEA Certificate of
Competent Authority Number USA/90€7/B(U). The capacity of the system is
126 curies of Iridium-192 as one of the source assemblies listec in
Table 1.

Fadistion Safety Copsiderstions

Pursuant to USNRC and agreement state regulations, all personnel present
during radiographic ané source changing operations are required to wear
a direct reading pocket dosimeter and either a film badge or &
thermcluminescent dosimeter (TLD). The pocket dosimeter must be
recharged at the start of each shift, The operator shoulé frequently
check the pocket dosimeter reading througout the shift, Dosimeter
readinge must be recorded at the end of each shift, Recorde of —he
initial and final readings of the pocket dosimeter must be kept for
inspection by the USNRC,

In the event that a person's pocket dosimeter is found to be off ncale,
that person must stop all work with radiation immeciately. BEis film
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
receiveéd lees than the maximum allowed occupational exposure as defined
in 10CFRPart 20,121,

Personnel performing source changing and radiographic operations must
also have a calibrated and operable radiation survey meter capatble of
measuring from 2mR/hr to at least 100¢€ mE/hr to determine racdiation
levels when performing these operations,

Areag in which source changing or radiography ie performed must be
identified. If a permanent radiographic installation is used, it must
have the appropriate personnel accees control devices as defined in 1¢
CFR 20.203. Otherwise, certain areas must be established as follows:
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TAEBLE 1

SOURCE ASSEMELIES USED IN CONJUNCTION WITE
AUTOMATION INDUSTRIES MODEL 520 EXPOSURE DEVICE

AUTOMATION INDUSTRIES SOURCE ASSEMBLY DESIGNS
200-520-008, N1
200-520-£09, N2
200-520-210, N3
200-520-008, N4
200-520-011, N5

TECH/OPS SOURCE ASSEMELY DESICNS
€l4
844
866
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Access to the Restricted Area must be controlled. A FRestrictec
Area is defined in 1@ CFR 20,185 as the area where an individual
coulé receive an exposure in excess of two millircentgens in any
one hour, or 10¢ milliroentgens in seven consecutive daye or 50¢€
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 be
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
unauthorizeé¢ entrance into these areas at all times. No personnel
shoulé be allowed into the restricted area without a direct reading
pocket dosireter and either a film badge or TLD.

Receipt of Radicactive Material

The conesignee of a package of radiocactive material must nake
arrancemente to receive the package when it is delivered. 1f the
package if to be picked up at the carrier's terminal, 1€ CFr Part 20.205
requires that this be done expecitiously upon notification of its
arrival.

Upon receipt, E€urvey the exposure device with a survey meter as soOn as
poseibtle, preferably at the time of pickup and no more than three houre
later if it wae received after normal working hours. Radiation levels
should not exceed 20¢€ milliroentgens per hour at the surface of the
exposure device, nor 12 milliroentgens per hour at a dietance of three
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 componente should be inspected for phyeical damage.

The radioisotope, activity, model number, and serial number of the
gource and the package model number &and serial number shoulé be
recorded,

Opezaticn

1. Survey the entire circumference of the exposure device to assure
the source is properly stored and to obtain a reference reacding of
the radiographic exposure device, Assure that the device ie
locked,
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3.

le.

Position the exposure device at the required radiographic location
and the control housing as far away as poseible and preferatly
behind any available radiation shielcing.

Remove the outlet plug assembly and attach the source guide tube.
Position the end of the source tube at the desired racdiographic
exposure location, assuring that the bend radius of the source tube
is greater than 24 inches.

Remove the brass cap from the lock box assembly keeping the device
locked. The source assembly connector will protrude about 172"
from the lock box. Thie is normal.

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 ie secure in the
lock box of the exposure device.

Acssure that there are no unauthorized personnel in the restrictec
area., Unlock the exposure device,

At the controls rapiély crank the source to the expoging position,
Observe the survey meter during this procedure. The racdiation
intensity should g¢reatly increase as the source first exits the
exposure device and then drop steadily until the source reaches the
exposing pogition,

Operator should wait in a low background area during ‘he exposure,.
A survey ie required to be made of the restricted area boundary
while the source is exposed to assure that the boundary is properly
set up.

At the conclusion of the exposure rapidly crank the scurce back
into the exposure device. Observe the survey meter during thie
procedure, The radiation intensities should increase eteadily as
the source approaches the exposure device and then drop to
background aes the source entere the exposure device,

Approach the exposure device observin, 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 shoulé be similar tu the reference reading obtained
earlier, but should not exceed 200 millirem/hour at the surface or
1¢ millirem per hour at three feet from the surface of the device,
I1f unusual radiation levels exist, restrict the area and alert the
Radiation Safety Officer.
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11. Wwhen the source is determined to be properly stored, lock the
source assembly in the stored position by depressing the plunger
lock ané removing the key.

12. If the exposure is the last exposure recuired, remcve the Bource
guide tube and screw the outlet plue in place.

13. To remove the guide tube and controls, first assure the plunger
lock is depressed and the outlet plug is securely fastened. Remove
the gquide tube by unscrewing the swivel fitting at the lock box.

14. When the swivel fittinc is disengaged, disconnect the drive cable
from the source assembly connection. The source assembly connector
will remain exposed approximately 1/72*%., Do not attempt to push it
in.

15. Screw the lock box plug over the exposed connector onto the
threaded fitting of the lock box.

Source Chapges

Source changes may be done using "ech/Ops Models 414, €5¢, 822, or
AISPESU source changers, which aluo serve as shipping containers. The
specific instructiors for the appropriate source changer shoulc be
followeé to perform a source exchange. The source exchange must be done
ir a Restricted Area as previously descrited. The same personnel
monitoring requirements and safety precautions previously described for
performing radiography must also be followed in performing source
exchanges,

1. Survey the source changer to ensure the source ie in the progetr
storage position,

- Position the source changer and exposure device close together €0
that one length of source guide tube will connect them with no
sharp turns or bends. The bend radius of the guide tube shoulcd
never be less than twenty inches. Shorter bend radii can restrict
source movement in the source guide tube.

3. Remove the storage plug from the exposure device, and attach the
source guide tube. Remcve 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.
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1e.

11.

12.

13,

14,

Crank the source rapidly from the exposure device to the source
changer. Puring this procedure the radiation intensity shoulc
increase as the source is first exposed, drop elightly as the
source ie cranked out, and then drop to background as the source
enters the source changer,

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.

Disconnect the drive cable from the source assembly.

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.

At the controls crank the new source into the exposure dcevice,
Observe the survey meter during this procedure. The radiation
intensity shoulé 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.

Approach the exposure device observing the survey meter, Survey
the entire circumference of the device and the source guicde tube to
assure the source is properly shielded. Radjation levels ehould
not exceed 200 mE/hr at the surface or 10 mR/hr at three feet fron
the surface.

When the source is determined to be properly transferred and
shielded, deprese the plunger lock ané remove the key. Disconnect
the source guicde tube from the source changer.

Secure the esource in the source changer ... accordance with the
appropriate source changer instructicn manual,

Disconnect the control unit and source guide tube from the exposure
cevice,

Attach the identification plate of the old source to the chamber of
the source changer containing the o0ld source. Affix the
jdentification plate of the replacement source to the exposure
device.

Return the source changer to Tech/Ops, Inc, promptly, follwing the
shipping instructions.
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Stippept of Racicactive Scuice

1.

Assure that the source assembly is securec¢ in the proper storage
position and the exposure device ie locked. Assure that the brass
plugs are seal wired with tamperproof seals.

1f 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 1€ CFR 71.71. The exposure device should be put in the
outer package with sufficient blocking to prevent shifting during
transportation,

Survey the package with a survey meter at the surface and at a
distance of one meter from the surface to determine the proyper
radiocactive shipping labels to be applied to the package ag 1€~
guired by 49 CFR Part 172.403, The radiation exposure limits for
each shipping label are given in figure 1. If radiation levels
above 200 mR/hr at the surface or 1 mR/hr at one meter from the
surface are measured, the package muet not be shipped.

Froperly complete two shipping lables indicating the radioisotope,
activity and the Transport Index. The Transport Index is used only
on Yellow 1I1I and Yellow 1II labels ané is defined aes the maximum
raciation level in milliroentgents per hour measured at a distance
of one meter from the surface of the package., FPut these two labele
on opposite sides of the package after making sure any previous
labels have been remcved, The package should be marked with the
proper shipping name (Radiocactive Material, Special Form, n.0.6.)
and the identification number (UN 2974). 1f the source changer is
eackaged inside an outer container, mark the outside package

INSIDE PACKAGE COMPLIES WITH PRESCRIBED SPECIFICATIONS - TYPE E(U)
UsSA/9007/B (VL) .*

Complete the appropriate shipping papers - Examples are shown in
Figure 2 and 3, Theee shipping papere must incluce-

a. Proper Shipping Name (Radiocactive Material, Special Form,
n.o.g8.) and Identif ~ation Number (UN2974)

b. Name of Radionuclide (Iridium=-1982)
C, Activity of the Source (in Curies)
d. Category of Label Applied (i.e, Radioactive Yellow II)
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Maximun

Radiation Level

at Surface

at One Meter

Radioactive White

1

0.5 mR/hr

None

S RADIGACTIVE W

\P

50 mR/hr

1.0 mR/hr

Radiocactive Yelliow 11

”.U(J L"‘.L\/l.‘r

FIGURE = 1

10 mR/hr

R




e. Transport Index

£. Package Identification Number (i.e. USA/9€07/B(U) Type BE)

Q. Shipper's Certification
*"Thie is to certify that the above named materials are
properly classified, described, packaged, markeé¢ ané labeled

and are in proper condition for transport according to the
applicable regulations of the Department of Tranportation.”

Notes: b For air shipments, the following shipper's certificastion

may be used:

"1 hereby certify that the contente of thie coneignment
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:

*TEIS SHIPMENT 1S WITHIN TEE LIMITATIONS PRESCRIBED FOR
CARGO ONLY AIRCERAFT,"

Due to the depleted uranium used as shielding in the exposure
device, a notice must also be enclosed in or on the package
included with the packing list, or otherwise forwarded with the
package, Thie notice must include the name of the consignor or
consignee and the following statement:

*This package conforme to the conditione and limitations specified
in 49 CFR 173.424 for excepted radiocactive material, articles
manufactured from depleted uranium, UN 2909.

For shipment of an empty exposure device, assure that there ie no
source in the container, If the radiation level is below £.5 mR/hr
at the surface, and there ie no measurable radiation level at one
meter from the container, no label is required. Mark the outeide
of the package with the proper shipping name (Radicactive material,
articlege manufactured from depleted uranium UN 2909). Mark the
outeide of the package:

"Exempt from gpecification packaging, ehipping paper and
certification, marking andé labeling and exempt from the
requiremente 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
includeé¢ with the packing list or otherwiee 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 epecified
in 49 CFR 173.424 for excepted radioactive materials, articles
manufactured from depleted uranium, UN 29989."

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. Department of Transportation, in 49 CFR 173.22
(c) requires each shipper of Type B gquantities of
radioactive material to provide prior notification to the
consignee of the dates of shipment and expected arrival.
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It

ie recommended that inspection and maintenance of the Model RI 520

exposure device and the control unit be performed at intervale not to
exceed three months.

Copntrol Unit apgd Sovice Cuide Tubes

1.
2.

ie.

11,

12,
13.

Disconnect the control unit from the exposure device.

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

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

To remove the drive cable, turn the hand crank of the control unit
in the expose direction. The emergent cable should be cranked into
a2 bucket or other container to keep it clean.

I1f 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
cormpletely withdrawn from the crank.

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

Thoroughly dry the drive cable, control housing, and the source
guide tube. Any remaining solvent can cause permanent damage.

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

Wipe the source guide tubes and control housings with a cloth
soakeéd in chlorothene and flex them to check for internal damace,

1f the control housings or guide tubes are cut or flattened they
should be repaired or reglaced.

The cuide tubes or control housings may be covered with tape where
only the outer plastic is cut through.

Check for excessive wear on the connector.

Lightly grease the drive cable with Texaco Unitemp grease.
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