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1. General Information

The Tech / Ops Models 680 and 6803 are designed for use as ga==a ray projec-
tors and shipping containers for Type B quantities of radicactive material

The Model 680 differs frc= the Model 680E only by thein special form.
addition of an electric circuit, which provides cenpatibility with Tech / Ops
Model 657 Autcratic Exposure Device. Thrcughout this evaluation, the Models
680 and 6803 are considered interchangeable, except where specifically
designated.

in accordanceThe Model 680 confor=s to the criteria for Type 3 packagin6
with 10CFR71 and satisfies the criteria for Type 3(U) packaging in acecr-
dance with IAEA Safety Series 3o. 6,1973 The source to be used in
conjunction with the Mcdel 680 is Tech / Ops sealed source assedbly Model
No. Ah2h-lh. The Model 680 vill contain a maximum of 110 curies of
cotait-60 as special form.

1.2 package Descriction

1.2.1 Packaging
.

The Model 680 is 11.8 inches (3CCc=) high, 21 inches (533n=) long, and
1h.75 inches (375cm) wide in overall dimension. The gress weight cf the
package is hC5 ;cunds (13hig). The radicactive source assembly is stcred
in a circalloy cr titaniu= "S" tube in the geccetric center of the package.

The weight
The "S" tube is cast inside a depleted uraniu= shield assembly.
of the uraniu= shield is 285 pounds (130k6). The shield is provided with
a paint finish.

The shield is enclosed in a shell fabricated cf inch (6.35n=) thick hot
relled steel. The shield is fixed in position within the shell by the
retaining bar assemblies. The void space .tetween the shield and the shell
is filled with a castable rigid polyurethane fear. Steel-uranium inter-
faces are separated with 0.010 inch (0.25ir=) thick copper separators.

Attached to the sides of the container are 0 75 inch (191 =) thick hot
rolled steel s4 Aa "-o-as used fcr lifting the package.

The scurce
Mounted at each end of the "S" tube are positioning devices.
assembly is locked in position by reans of the control cable connecter
and additicnally secured by reans of a shipping plug. A prctective
shipping plate ( inch thick steel) is counted cver the control cable
ecnnectcr assetbly.

Assembly
Tamperprccf seals are previded during shipment of these scurces.
joints which are not leak-tight provide pacsageways for the escape cf any
gas generated frc= deccepcsition of the ;otting fcan in the event theThe cuter packaging is designedprojecter is irvolved in a fire accident.
to avoid the collection and retention of water. The package is painted
and finished to provide fcr easy decentamination. The radicactive materialessel of theis sealed inside a source capsule, which is the conta'--a -
pa ckage.
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The Model 680 has been previously approved for use as a Type 3 package
under USNRC Certificate of Compliance No. 9035, Rev. 2 (enclosed in
Section 1 3).

1.2.2 Operational Features

The source assembly is secured in the proper position by the control cable
connector and lock assembly. This asse=bly requires a key for operation,
and thus provides positise closure. A inch (6.35c=) thick steel shipping
plate is used to prctect the asse=bly during shi,=ent. Additionally, the
source assembly is secured by means of a shipping plug inserted in the
opposite end of the "S" tube. This plug is seal wired and provided with a
tamperproof seal.

1.2 3 Contents of Packaging

The Model 680 is designed for a capacity of up to 110 curies of cobalt-60
as Tech / Ops Source Asderbly A42k-lk. The reurce asse=bly is in special
form as prescribed in ICCFRTl and IAEA Safety Series No. 6,1973

<
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- US EC Certificate of Cc=pliance :To. 9035, Rev. 2

- Descriptive Assembly Drawing, Model 680
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. Foe f adioactive Materials Packages

O. * 1.fal Certificate humber 1.tu) nevision Nn. 1.lc) Park ane identification No. 1(d) Pages No 1.{e) Tct al No.

) 4035 2 USA /9035/M i 1 2
'

2. PREAMBLE

2.fa) lhis certificite is essurid to sausf y Sections 173.333a.173 304.173.39s. arvi 173 306 of the Cepartment of Transportaison ida:
Materials Regulations (49 CFR 170-189 anal 14 CFR 103) and Sections 14 6- 19-1Ca and 146-19-100 of the Cesariment of
Transportation Cangerous Cargoes Aegulaisons (46 CFR 146-149), as amendal.

2.tb) The pieckagena anr1 contents descriled in item S helow, meets the safety standarcs set forth in Sutoart C of Tiite 10. Code of
' Frvieral Regulations. Part 71, ** Packaging of Aadioacteve Materials for Transport arms Transportation of Racicactive Materist Ur

Certain Conditions.*

2Jc) This certificaia does not relieve the consignor t,om compliance wiin any reuvoemens of the regu ations of the U s. Cesarimentr

Transportai on or other applicable regulatory agencies. including the gover nment of any country through or into which the pace
Will be transpor1ed.

3. This certificate is issued on the basis of a saf ety analysis senort of the package cesign or aWication-

Ital Piccared by (Name 4.H adoress): 3 ftil Title and w1entification of re::ert or soplication

Technical Operation, Inc. Technical Operations, Inc. application dated
Northwest Industrial Park January 13, 1975, as supplemented.
Burlington, Ma ssa'chusetts 01803

3.(c) Cochet No. 71-9035
4. CCNmi tC NS

This cer tificate is conditional ucon the f ulfilling of the swuirements of Subpart D of 10 CF R 71, as apoiscable. and the conditions scec
s, stem 5 below.

5. Cessiction of Fach aning and Authuraad Conicots. Model Number. Fissile Class. Cther CWi ens. and Pef er ences:

(a) Fackaging

^

'(i ) Model Nos.- 680 and 680E b
oo w ,dJ .\ _,

. (2) Description

A steel encased, uranium shielded Ganna Ray Frojector. prima ry
components consists of an outer steel sheli, internal bracing,

polyurethane potting material, depleted urania shield, and a
zircalloy "S" tube. The contents are securely positioned in the
zircalloy "S" tube by a source cable locking device and shippingi

plug. Tamper-proof seals are provided on the packaging and a'

1/4-inch thick steel shipping plate is bolted over the source
locking mechanism for additional protection during transport.
The total weight of the package is approximately 405 pcunds.

(3) Drawings

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

A52401-3D68001, Sheet 1, 2 -
B65502D68001 -3

B 68001 -4 , 10, 12 B65503
A68001 - 9, 11, 13, 14, 15 ' B655 E01.

D68002C68002-1 B65501-6
068003 A74101-2 )()92 295

. 068003-1 B74101-8
.) C6dOO3-2 AS4102-3

Sill of Mat'is 68001 (Sheets 1-4)
3EVIE'CU C
C' 2 0 s79

1-h
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Page 2 - Certificate No. 9035 - Revision No. 2 - Docket No. 71-9035_.
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5. (b) Contents

(1) Type and form of material

Cobalt-60 as sealed sources which meet the requirements of special
form as defined in 571.4(o) of 10 CFR Part 71.

(2) Maximum quantity of material per package

110 curies

6. The source shall be secured in the shielded position of the packaging by the
shipping plug, source assembly, and locking device. The shipping plug,
source assemb.ly used must be fabricated of materials capable of resisting a
1475 F fire environment for one-half hour and maintaining their positioning
function. The ball stop af the source assembly must engage the locking
device. The flexible cable of the source assembly and shipping plug must
be of sufficient length and dian'eter to provide positive positioning of the
source in the shielded position.

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

.A

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

9. Expiration date: Februa ry 28, 1980.

. - REFERENCES ,

.

Technical Operation, Inc. applica tion dated January 13, 1975.

Supplement dated: June 17, 1975.

FOR THE U.S. NUCLEAR REGULATORY CCF. MISSION

hv- JI. bas
Charles E. "acDonald, Chief
Transportation Branch
Division of Fuel Cycle and

- Material Safety

Ca. te : AFR I 3 I377

i

_

- - 6

NCV 2 01973

_
.- - --

1692 296



.

- -

,,

jl; &$ ,e

!I| 0-

% o

f[g,
,'

e
19-

"I
; <

-
-

|Nf|'- o. .

( t6( g\' '-
- ,.....

,f::g Q ? !!!. . dl~
* e $ s' -

\\ 1 s

l ! Ihh $
s

E

* \\'t s

\b\g

e ,
1 a

r , , \
r

~

tQ

\' '4 s

b)k/ T))
x

,

\
^

k *g

&[
x 'e

ev\ sd Dg
A

6

\
-

O

9
%\Q 2

%

'v

\ b)(
'

'

\ \ 1692 297

\= "\} f
8

\'
b

h
N El-6

,



,

R
E) e.
| RA (4 )V. O L
5 Y)W) L L - TL MI B

M[
CKL E U

CE A) E A EM .QOE WM 0ET JELT
) 5 U S 1 O5~ 4$ F. RS 0F 3

I

D ERNT( E FA 9 ,,
L D R M 0 A E NO )

( rT l A M 0 -O E Y- E .I O NM I

E"
l U 0E 8B R L T D. T *T R E - VNB A 0R D RR ADIW 8I 6T

i H M L
P 6 O T

O U R ) 6 P .-L

1 Y H Y D U 4XY E /E' I

' ET S L L LR(

HE S t
7G O W O D R EC-

r L KF A i EL L PM E E
T 5H DS>

0A P BA L

m
H'

E-" 2 $ K. P UC E T DA E

UM u _-
.O D,SL E- C I TR H4 GF P

I

D AO H l C

AWL $ 5 (Z S/ I E . rR- D )S RX .1 E- ( ( B GC .

" - R O
T DL 9L

- E . A-
E L 2 .

Es4& ) xU I

T) ( H 8J F _

D S (2 E O R ,CLF

m~ ._

E L A B ( - , . .F< E
W \ S a

m~ " .s. .-
(

W 0 D V D2 H E

,w
. .

E T -
' E&Y G T
iP E q t

Y L E N
5 S I

' \ 7H I O5 C /

N N wL

F . I T

n4 3 _ - A.

* 26 T #

u U 8
, - . &~~r-

E t

* r. ~C i ge

- E
T RP S " .

-

0

-(} s,
' '

, , E_
,

-

J

N N r$ D
-

E A I

I
- WV Y

N' hT
C

'A -
0 /6

D eA 7R s
~

N y)
As'/~

' )

/ ~ y L
- - E

' 'e / E
' A )T

,

g 3 S E' s
- J N M

,
(

/ E D A )F,
l' L O T L

\e- /, /}
I I

I R E

7 T AMF R
(t

\
C fKO E'

T VE E H
' S MT D E

E

' \s\
A 5E L" N2 I SN-

/ u
0.

I

VI,
R(

A R E

MI' h P

rd"'"
'

P
OQ .N) i

C

e ' - , ;'

L s~E

bT E
T -

P S '
.

s'
I ,

E
CD '*

/T EI

L

L )E O MM R U
A 3

I

4 NRT AFO T
H ) TIE L

C4 E R

Sl
* E OI/ T

E S YD( T 0 L
A D 1 E41REl C H

Ro R SlY
Y T R ZO

l

E D5 &F (T5 ) A CTO EI)L A O L 5 )4 E H VT
Y T N

F E L O -( NE E G DR
S U )D A B R )L hK E *)TD L E O6 EA-

E E PE E O EHE CT L CLM P D R ( 6 ST $
A P E 0; T 1

w U xAS /4A LR
T )HO i -

Pt N Ew( (r 1

eL
F HxD

o3 G R Ps X 0cE
e.0E s

H 2oR ~ N NWcg i

6 BL
i

HI E EE
- L I ohD S()

s- e

$ A

g [7U O j } W e

T (C l

C

y
-



g } m , ~~ , =~

~

.

CLEAT (8) WEtLtD TD SHELL

ADJUSTir6 SCREW (4) f THK CCLD ROLLED 5 TEEL $lDE FRAME (2)
" /2-1) THREACtD f00 (SR

( 3/4 THK HOT ROLLED STEEL)

f< N /
'

, /2-13 JAM T1UT(20)
97m p' ~ 7

,NN j

' ';
I

SON Y,s ''

(STEEL) x q Ns 0, LOCK A55Y(REF)
' x s y

hN ( SEE C66025 SW1) 2 ( 5)
'

. , , < s s

Y, 4 )'
,

/w , ,

hg N 4 - ''*
, . .

'

'7 - N'+w . -- y- -- -

~g eCONNECTCA PLATEr
s. ,r_ -y_ u e

/ (1/4 THK HOT ROLLED STEEL)
.

[W
4 ,

%.
h

_ u ....
' " ~

C, ._

{'7 -
(

D ; -n' '', .

,

||' J _
<

'

||
'

$NIPPitG PLATE,

'(( x / d l/4 THK CCLD ROLLED STEEL
F

'

/ ,- b/ 'N '

c %- Ak t3; _ /} N i'

,

' ' ' 4
(CPPER SLEEVE (4) ,/ p - 3/8-24 HEX HD EOLT

'
& LOCKWAS)<ER (6EA)[ (STEEL)

/ EH:M (4)

(GO TdK COPKR)
~

$HIELD(REF)
PETAlf attG BAR(4) LEVEL r6 PLATE

(i/4 THK COLD ROLLED STEEL) (1/8 THK CCLD RGLLED STEEL)

AL) JUSTING rHTM) $EPARATOR
(?/.1 HEX COtD POLLED STEEL) (.010 TWK COHER)

SECTION B-8u
b -

m m
C

8 N ~

rCTED E aaE^ E i d h a"(b
. . ,.

N m., ' _.J.
--

MODEL 680 PROJECTOR
~

g ?.jg -- "(".-" - DESCRIPTIVE ASSEMBLYs,

-_ . -__

t, arw6r}.g.. C 16 BORO
_ _ _

. .

-- . . .

ma T-. :. .
_ _ , , , _



~

R

[{-
OY
T L
CB

.E M- J
OE 04D

Q{'m
RS,

P S 9n
A Qoy 0 E 8r8V
I 5

". GT 5
P

a L
n

I

.
E RDCd.

. O5

E
. D 3rM E' y

. e- .
i

.

- _-
_
s

t
~ '

_@6 "E
Ti

h,p~ g . ' ' .
I

|J '
. ' .

|

-.-
.'

a_'"'TN.D
E
T

0 h

w '

r

ag "
, "

. .
. - sg-.

- . -

A
T
A 5
D B

L

D 7L
E 8
I 2H
S

.
-

a
=' '

- /
/

/ /
9 /
3 /

-

'//
'

//
-

20
8

/ -
J /

/

:
,

~
r

s
.

W
. - cem uOo

.

Af .

.

.

O
C

Wom ~4



ti .
.

Cr
@>

I|ll,di s
i. aI

g
- ii Cc Y Ol

m!!*- I8 'E O'

8 (O8

I!)
W W |t

G.
_Jsg
85!:
O 12 U($lCE FRAME) 2 u p-

-

.I .

.Iit u

/
CLEAT (8) WELCED TO 5HEU.

1,

| 1/
f/4 THK COLD ROLLED $ TEEL

f ,y ,,! _
, ,

;,yff fj,

r. r
( y, 33;jj i- ADJUST;NG SCREW (4) o

| } ||| 7 # I/2-13 THFCAMD FCD,$ TEEL y) f ,a
Z I|'| /

| Q[, j fI/2-0 JAM riUTCO) j ;

| g j,STEEL j
b|j( RETAINitG 94R (4)

j

f | | I/4 THK COLD PouED STEEL
5 ICE FFAMETI s

\

1-20 m l'LG hEK
. IG

HD BOLT

I
i

;\'N1 rfT1 1i
'

/ .'\\| ' ' |, '[' ' , mDuex-

a o.p nomu.
\TAFCC 7|I6-X

,

> r
| } SHIM 4) (_r 1YI.fDEEPBOTH/

,j. .cto THK ccpFER : mDS-

;A /'~

{t
,

/'

h/o
_i i ~

'

It
%.

n
D WAM NUT)

VlEW C
) gft

i spagna ngq(s) SCALEI:|l' / '/ ''

' \
'/4 WEX CM ROLLS STEe

.

VIEW D 1692 301
'GLE I:t

O !

$

- PAGE l-lO
_



)P R In )

i mA
O#2 ee
TD( n C

SED
l b
l

ElG)HWE J Y ,OT5. a.E T O L. C m DRE a R B .

E
. 0RTI .T

c A OPC T PR
- EM 25CC

sEr
u R ESA Y NE2. S O

EM - L
O

L
Lc AIL- 1

P ONP RAS 53 ,

TS 2mH DO2-
A0AT 4

1 CI MONA o* W N 7;)E E
- ~ ( l(

. d
, s71|fe

MC s
U , Ii. EP h1 "l

R A V e

NTT
S - GIPW G

.
. GM = 0Is PN Cr PII OI 6

#C / KCS 6I
' s PRa CUk ' CH L H CI,\, g3' h

)

L I(M SOT

M E .D""
ES EA ~ 0 u\ LW C

' -
- I . m

' ,tg- *@
- t

- -

<
-

C
- N-

O - s/ '

T
- 3*- -

[@ / D_fg
I ;= ''\

, * . .
'

.

s C
_F

._

.b E,

_- '".z_.
.

S D .W " ,
,

// ' E~
T
O

| R N - "E
.t I

~
N

'I""""bm.
)

- A '

fL T "FT G
ES IN

E ~

N p R )L+

I
. R -

a $ c,
*e

s GTl

Ar P ; r

s%u
INSTi ) S aiA L c

E T n R .
RS T N )E Ns

S. OR )LRIAn c
G 'T

I

x %,y
s O TK4 SIW nN NT St

) C0 I S I Se
s CK0 O3 A E RRT R C c E 4 .C9 L( to"3 L0 RNI

O2 ES PS '

E I

L2 V MU
O O4 O B S (3 OATT

D* C0 C (M CS
3 E

E *NI

( L4
E 0FI S3I BD (R

O OMC // /'

( -

/. / /
/ 'D Y

f 6' y L

,! C
_ \'\N.'#fM - M

/ B-

]\\\\1:
b'

'

E-

_

[2 S'

7
- -

CC

+
, - i

t - N -
t k''z ,_ -

- S'

' -

. ] A
*

w'''/'Qa
_]xd' - (" ':q , C

(''

KI 4

. /'h 4. '
Ow , ' ' s ;, , 4

f j, ^
.x'[_

ls
s'

'

-

F.
E
R G
- NI

J . RE )
T R R PT_ B hA E C S SE SL YP G)NP DP E

U LH POO A L TOD B C S (4 SISEN E D. )T.EmM T . SE E ANE .U S H. Tt I TIT
CL C S. C OA RTI

O O RT P .

EL St L SM
.

.L Y l

T4
t .

OER 2 I

3AH .SE TT N 0 C s
~ OeN uc) N

B OSI -( l(W A (5 $
*

-

I-



R NO
T

: . C. Ee
J

* O Y
RR L

.

*g
.

PEB <

YNAI f

1

g A A E 5R TS 2,
ANS 0MOA 6

E. M CT
6H F E

'v A E5 E V

GGVf
R E 7 NOoE

t N E 0I P.
s p S

.L 6P6
.d A

iyg _ M 6PRd*I

HCN.
i G C L
m

I

O y[

S S..

@U D]"w.
N ,

N _ m E. E6 K $

nQ. q"

~ C m O._A O M _.P .L 3

R x' g f D. 7 yfwi. E ' O

7 L E'>

'-
D .h -

. C = X

' _?'f
n K Is\ C N . ' .
- O U .

L

_W. { a C <.
9 .,

I N o .
. .

I tP i
L 0 ,
L D 4 ,

f ,

M U
hW - ', -E

iA 1 ' "

_[g, "' m
L E 'D D "[ *.."5 .

2
1

3

Y
L
B
M )

E F.
S E
S R)

F. (A E Y
E R D(C OR , G B)

F U NI
RE O ,

RR S
;

R O(
a y

N -
O T
T C

R C E
E L

G _
L E

N E S
I |' S

_ K
C J _ '-

O
Q~

/
L /,

F _

E , ''_

R_ ;~ l7

Y BT0= /~
.

\
, / -e ?; B

f .

_ s\
'

f N,F ^ - O
,

_ig - _ ? I

^8 T
i 7 y.g 'jh

;
I .

f( Cc '

,e' ,I<
E_

'L:

= - ~ ':' S'2/ ', - - /

g /
-

?
'

/'

'

e
r _

r).d' S

~ I

W
E
V

I E

sCwN wDU
ET A N CE
S R

f F. mE
R E

3

/ S
o
u
6
C 1"% _' F .



.

2. Structural Evaluation

2.1 Structural Design

2.1.1 Discussion

Structurally the Model 680 consists of five components: a source capsule,
shield asse=bly, outer shell, side fra=es and lock assembly. The source
capsule is the primary contain=ent vessel. It meets the require =ents for

special for= radioactive =aterial as outlined in lOCFRTl (see Section 2.8).
The shield is 285 pounds (13Ckg) of depleted uranium. The shield assembly
fulfills two functions: It provides shielding for the radioactive =aterial
and, together with the positioning =echanisms, insures proper positioning of
the source. The shield assembly is supported with retaining bars which are
forced together by means of hex nuts threaded on adjusting screws. The
adjusting screws and retaining bars are secured with ja= nuts. The entire
shield assembly is potted in a castable rigid polyurethane foa= and en-
cased in a inch (6.35==) thick hot rolled steel shell. Steel-uranium
interfaces are separated with copper. ' Attached to the shell are side
fra es made of 0.75 inch (191=n) thick steel which are bolted together
with T/16 - 20 UNF hex head bolts. These are designed as lifting devices
and i= pact li=iters. The key operated lock asse=bly and control cable
connectcr secure the source in the shielded position. A inch (6 35c=)
thich steel shipping plate is installed to protect the lock from damage.
Positive proof of source position is evidenced by the use of a real vired
shipping plug.

2.1.2 Design Criteria

The Model 680 is designed to ec= ply with the requirements of 10CFR71 and
1AEA Safety Series No. 6, 1973 The device is sl=ple in design, such that

there are no design criteria which cannot be evaluated by straight-forward
application of the appropriate section of 10CFR71 or IAEA Safety Series
No. 6, 1973

2.2 '4 eights and Centers of Gravity

The Model 680 projector weighs h05 pounds (18kkg). The shield assembly
contains 255 pounds (13cks) of depleted uraniu=. The center of gravity
is located approximately at the geometric center of the package.

23 Mechanical Properties of Materials

The Model 680 Ga==a Ray Frojector shell is made of hot rolled steel. This
=aterial has a yield strength of kO,000 pounds per square inch (276MN/=2),
(Reference: Machinery's Handbook, 20th Edition,1976, p. h52).

.f[}} }2.4 General Standards for All ?sekages

2-1 REVISICN O
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2.h.1 Che=ical and Galvanic Reactions

The =aterials used in the construction of the Model 680 Can=a Ray projector
are uraniu= retal, steel, beryllium copper, bronze, copper, and circalloy
or titaniu=. There vill be no significant chemical or galvanic action
between any of these ec=penents.

The possibility of the for=ation of the eutectic allcy of iron uranium at
te=peratures belev the =eltin6 te=peratures of the individual =etals was
considered. The iron uraniu= eutectic alloy temperature is cpprcximately

1337 F (725 C). Hcwever, vacuu conditions and extreme cleanliness of the
surfaces are necessar'y to produce the alloy at this 1cv temperature. Due
to the conditiens under which the shields are counted, sufficient contact
for this effect dces not exist.

In support of this conclusion, the folleving test results are presented.
A ther=al test of a sa=ple of bare depleted uranium =etal was performed
by Nuclear Metals, Inc. The test indicated that the uranium sample
cxidized such that the radial dLnension was reduced by 1/32 inch. A
subsequent test was perforced in which a senple cf bare, depleted uranium
metal was placed on a steel plate and subjected to the thermal test con-
ditions. The test shewed no alloying or =elting characteristics in the

sa=ple, and the de6ree of exidaticn was the sa=e as evidenced in the first
test. A copy of the test report appears in Sectica 2.10.

Althcugh the likelihcod of the fcr=ation cf an iren-uranium eutectic allcy
is re=cte, copper separators are used at steel-uranium interfaces.

2.h.2 Positive Closure

The Model 680 source. cannot be exposed without opening a key-cperated lock.
Access to the 1cck requires the re=cval of the shipping plate. Additionally,
there is a shipping plu6 which is seal vired and provided with a tamperproof
seal.

2.k.3 Lifting revices

The Mcdel 680 is designed to be lifted by the side ""'-as. Each is secured
by four 7/16 - 20 UNF SAI-Jh29 Grade 5 hex head belts. These bolts are
installed with 7/16 leek washers. The yield strength of these 7/16 - 20
C3y bolts is 10,900 pcunds (43.6kN). As there is a thread engage =ent cf
3/h inch between the bolt and the tapped rod, the yield strength is less

000 ;cunds) and thus is the
than the stripping strength (apprcximately 21,klN-=) is applied to theseli=iting factor. A torque of 30 fcot-pcunds (
bolt s . This corresponds to a tension of approximately hC30 scunds (13.2kN).
The total tensile loading en each bolt is h350 pcunds (19 5kN), due to the
bolt torque and three times the weight of the package. The total tcrsional
icading is 6110 pounds (27 2kN). Both leads are less than the sield strength
cf the bolts.

2-2
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The veld joining the side frame to the side frame insert on the Model 680
is a 3/16 inch fillet veld. The A=erican Welding Society " Code for Arc
and Gas Welding in 3uilding Construction" per=its the stress on a fillet
veld to be 13,600 psi (89.6MN/=2). As the shear stress on the throat of
the fillet veld is the limiting factor, the allowable stress on a 3/16
inch fillet veld (throat dimension, 0.133 inch 3 38t=) is calculated
to be 1,800 pounds per linear inch (32CN/en). ,As the peri =eter of the
side frame insert is 50 inches (1.27=), the allowable lead is 90,000
pounda (holkN). Hence, the allowable load on the side fra=e insert veld is
greater than the yield strength of the bolt.

2.h.h Tiedown revices

The tiedown devices on the Model 630 are the side frames. As indicated
in 2.h.3 above, these frames can safely suppcrt the package.

25 Standards for Tyoe E and Large Quantity Packeges

251 lead Resistance

Ccnsidering the package as a si=ple bea= supperi :d on both ends with a
unifor= lead of 5 times the package weight evenl/ distributed along its
length, the maximum stress can be ec puted frc=:

F1S =

:w

where: F: total load (2025 pcunds)
1: length of beam (21 inches)
Z: section modulus of bea= (79 0 in,)

(Reference: Machinery's Handbcok, 2^th ed. ,1976, p. hh2).

Thus, the maximu= stress generated in the bea= is 67 3 pounda per square
inch (h6hkN/=2), which is far below the yield strength of the =aterial,
k0,000;s1 (276MN/=#).

252 hternal oressure

The ycdel 680 is cpen to the at=csphere ; thus, there vill be no d* '"=-a ''al
pressure acting on it. The collapsing pressure of the scurce capsules can
be fcund:

? = $6,670 1 - 1386
D

.

where: P: collapsing pressure in pounds per square inch

t: vall thickness in inches (0. ^20 inch)
D: outside diameter in inches (0.25 inch)

/ eference: Machinery's Handbook, 20th ed., 1976, p.kh8)R
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The collapsing pressure of the capsules is calculated to be 5550 pounds per
square inch (33,3MN/=2). Therefore, the capsule can withstand an external
pressure of 25psig.

2.6 Nor=el Ccnditions of Transport

2.6.1 Heat

The thermal evaluation is perfer=ed in Chapter 3 of this application.
Frc= this evaluatien, it can be concluded that the Model 680 can withstand
the nor=al heat transport conditions.

2.6.2 Cold

The =etals used in the manufacture of the Model 630 can all withstand
te=peratures of LO F 1-40 C). The lo er operating limit of the polyure-C

thane fea= is -100 F (-730C). Thus, it is concluded that the Model 6300

vill withstand the ncr=al transport cold conditions.

2.6.3 Fressure

The Model 630 is open to the atmosphere; thus, there vill be no differen-
tial pressure acting cn it. In Section 3 5.h, the source capsules are
de=cnstrated to te able to withstand an external cressure reduction cf
0 5 atmos;heres (50 7kN/=2).

~

2.6.h Vibration

The Model 630 has been in use nine years. During that ti=e there has
never been a vibraticnal failure repcrted. Thus, we contend the Mcdel
.630 vill nct undergo a vibraticnal failure in transport.

.

2.6 5 Water Spray Test

The water spray test was not actually perfer=ed on the Model 630. We

centend that the =aterials used in construction of the Model 630 are all
highly water resistant and that exposure to water vill nct reduce the
shielding or affect the structural integrity of the package.

2.6.6 Free Drop

The drop analysis perferred in Hypothetical Accident Conditiens (see
Section 2 7.1) is sufficient to satisfy the require =ents outlined for
the nor=al transport free drop condition in 10CFRTl and 2 Safety
Series No. 6, jot 3 On this basis, vc conclude that the Mcdel 63C can
withstand the rree drop without h:pairment of the shielding or package
integrity.

2.6.7 Corner Drop

Not applicable,

2u ny:s:e3 0
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2.6.8 Fenetration

A penetration test of the Model 680 was not actually perfer=ed. However,
the similar Mcdel 6% vas subjected to the penetration test with no
resultant loss of shielding or package integrity (a copy of the test
report is enclosed in Section 2.10). The folicving analysis demonstrates
that the taximum da= age exhibited by the Model 680 due to the penetration
test is less than that of the Model 6%.

The =axi=u= stress cbserved in a flat rectangular plate supported on all
ed es due to concentrated central loading is:6

~ ~

0.62F 1n L +S 0 577=

.2 m.
,

"* o ,
*

where: F: total load
t: thickness of plate (inches)
L: length of icngest side (inches)
r: 0 325t (inches)o

(Reference: Machine: r's Handbook, 20th ed.,1976, p. hhh)

The appropriate di=ensicns for the Model 680 and Model 68h are:

Model 680 Mcdel 6%

t 0.25 inch (6.35==) 0.1875 in. ( h. 76=)
L 21 inch (533==) 17 in. (h32:=n)
r 0.0182 in. (2.06:=) 0.c609 in. (1 55:=)o

The calculated stress fer the Model 680 is Sh.CF; for the Model 68h it
is 97.3F. In both cases the load F (ho inch drop of a 13 pound he=isphe- .

rical billet) and the =aterial of constructio= (hot rolled steel) are the
"he =axi=u= stress, and thus the =aximu= da= age, to the flat platesa=e.

occurs in the Model 68k. The shipping plate which protects the lock

=echanism is the sa=e in the two =odels. As the Model 68h successfully
withstcod the ;enetration condition, we conclude that the Model 680 can
underge the penetratica test with no less of structural inte6rity or
shielding. ( A copy of the test report for the Model 6% is enclosed in
Section 2.10).

2.69 ccepressicn

The grcss weight of the Mcdel 680 is 405 pounds (18hkg). The =aximum
cross-sectional area of the package is 310 square inches (0.20=2). "hus

two pcunds per square inch ti=es the crcss-sectional area (620 pounds,
282kg) is less than five times the package weight (2025 pounds, 29Ckg).
For this analysis, the load vill be taken to be 2025 pcunds.

2-5
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The maxi =uu stresc generated in a flat rectangular steel plate with all
edges fixed and a lead distributed uniformly over the surface of the plate
can be ec=puted frc=:

S _0. 5 F=

0.623 l'52 1 +
t

w v
L -

where: S: =axir=1 stress
F: total lead (2025 pounds)
t: thickness of plate (0.25 inches)

vidth of plate (1h.8 inches)v:
1: length of plate (21 inches)

(Reference: Vachinery's Handtcok, 20th ed.,1976, p. hhh, Eq.13)

Fro = this relationship, the maxi =u= stress generated in the plate is 32h0
pounds per square inch (22 3:G/=2). This figure is grestly belcw the yield

2strength of the material, h0,000 pounds cer square inch (276MN/c ). Thus,
it can be concluded that ec=pression will not adversely affect the package.

27 Hypothetical Accident Conditiens

2.7.1 Free Erco

The yodel 630 was nct actually sub=itted to the 30 fect drop test. Ecwever,
the Model 655 was sub=itted to the drop test (the test report appears in
Section 2.10). The Model 630 has apprcximately the sa=e weight and is
constructed frc= the same =aterials as the Medel 655:

Model 655 Model 680

Length 19-3/h inches (502 ==) 21 inches (533 ==)
Width 11 inches (279 ==) lk-3/h inches (375 ==)
seight 10-1/h inches (260 ==) 11-13/16 inches (300 ==)
Weight of Shield 280 lbs. 235 lbs.
Crcss Weight of Container 235 lbs. k O5 lb s.
Side Frame Material 3/h inch thick (19 1 ==) 3/h inch thick (19 1 ==)

ductile iron het rolled steel

Shell Mat: rial inch thick (6.35 ==) inch thick (6 35 :=)
steel hot ro'i'd steel

3ased en the satis:actcry perfer ance of the Mcdel 655, we conclude that
the Model 630 vill undergo no loss cf shielding cr structural integrity
as a result of the 30 foot free drop test.

.

272 puncture

The Mcdel 680 was not submitted to the puncture test cf 1CCFR71. Ecwever,
the similar Model 676 was submitted to the puncture test.

- , . - - . . . ,
* L 'e' .c iv . 4 s

-
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There was no resultant dacage to the container nor reduction in shieldirg.
(/. copy of the test report appears in Section 2.10). "he shipping plate

used in the Model 680 is the sa=e as that used in the Model 676. The
Model 676 puncture test report (included in Section 2.10) shows that
the shipping plate withstcod the puncture test. On this basis, we con-
clude that the Model 680 can successfully withstand the puncture condition
of 10CFR71.

2.73 The=al

The thermal analysis is presented in Section 3 5 There it is shown that
the =elting point of the =aterials, except the potting ec= pound, used in

0the construction of Model 680 are all greater than lh75 F (800 C). Also
indicated is the previous acceptability of thi s design (:;RC Certificate
of Cc=pliance :;o. 9035 Rev. 2) usirg this evaluation.

Thus, it is concluded that the Model 630 satisfactorily =eets the require-
=ents for the hypothetical accident-themal evaluation as set forth in
10CFR71.

2 7.h '4ater I=ersien

:;ot applicable

275 Su= arv of Camage

The tests designed to induce mechanical stress (drop, puncture) caused
=iner defor=atica, but no reduction in the safety features of the package.
The ther=al test resulted in no reduction of the safety of the package.
It can be concluded that the hypothetical accident conditiens have no
adverse effect en the shielding effectiveness and structural integrity
of the packa6e.'

2.8 Scecial Fer=

The Model 680 Ga=a Ray Projector is designed for use with Tech / Ops Scurce
Asse=bly Ah2k-lh. This source assembly has been previcusly certified as
special fcr= radioactive caterial. (IAEA Certificate of Ccepetent Authcrity
?!o. USA /0165/S, see Section 2.10). ~4e centend that this certificate is
sufficient evidence that the requirements fer special fc= radicactive
materials, as established in IAEA Safety Series :;o. 6,1973 are satisfied.

29 Pael Rods

!!ot applicable
~
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2.10 AFFEiDIX

:.'uclear 14etals, Inc., Test Report: Iron Uraniu: Alloying-

Test Report: Fenetration Test,!<odel 68h-

Test Report: Drop and Pancture Tests, ?<cdel 655-

Test Repert: Pancture Test, !?odel 676-

Descriptive Aase=bly Drawings, Source Assembly-

IAEA Certificate of Cc=petent Authcrity I;o. USA /0165/S-

.
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2229 MaaN STACCT
Co **CO AO. w A S $ AC M us t?ts 0 7e2

f t & E **=C m L S i? 3 6 9-S** O

28 January 1974

Technical Operations, Inc.
Radiation Products Division
South Avenue
Burlington, f<assachusetts 01803

Attention: Mr. J. Lima

Gentlemen:

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

TEST DATA:

{ A 3/4-inch diameter x 5/8-inch long bare depleted uranium specimen was
set on a 1-inch diameter x 1/8-inch thick mild steel plate, placed in a
thin wall ceramic crucible. A mild steel cover plate was used on top
of the crucible to act as a partial air seal. The crucible was icaded
in a preheased 1450*F resistance heated furnace, held for 35 minutes,
then removed and allowed to air cool under a ventilated hood,

.
-

RESULTS:

No reaction was evidenced between the two metals. Both separated readily
and shcwed no alloving or meltina characteristics.

Oxidation of th'e uranium was about the same degree as thac reported to
Joe Lima on an earlier exceriment.

The test was performed by t,MI on 25 January 1974.

Very truly yg e .
r. i /, .

'
dwu ~ ,

[/ohn G. PcwersJ
Project Engineer

C 1692 312
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TEST REPCRT RADIATION FRCDUCTS DIVISION

EY: Jchn J. Munro III

DATE: 5 Septe ber 1979

SU3JECm: Model 68h Fenetration Test

on 5 septe=ter 1979 a penetration test was perfer:ed en a Technical
Operations Mcdel 63b Shipping Container in.acecrdance with 10CFR71
Appendix A.8 and IAEA Safety Series Nc. 6,1973, paragraphs 71ha and 71Lb.

The hemispherical end cf a vertical steel cylinder 1.25 inch in diaceter
veighing ik pounds was dropped free the height of h0 inches ente the
gecretric center of the bettet surface cf the Vedel 63k. There was ne
defer stien and no damage which would affect the shielding er structaral
integrity cf the package.

A second test was conducted using the same cylinder. It was dropped free
the height of h0 inches ento the shipping plate. There was no defer:ation
and no desage which would affect the shielding er structural integrity
of the package.

Decunentry phctegraphs are enclesed.
.

Ferfer ed by Witnessed by

,

/

W
11 (? /} /-

cc. J.' Munro III Argslo Kikits

.
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TEST REPORT

DESCRIPTION: DATE o recember lo7h

Puncture Test of Model 676 Container Connector

A Mcdel 676 Ca=ra Fay Frojectcr with Shipping Plate installed was dropped

frc= a height of h0 inches ento e six inch disteter, eight inch high steel Billet

as shcvn in Figure 1 s. The Centainer impacted on the Shippire Plate as

shewn in Figure 1 b.

CONCLUSION:

:lo derege to the container, shipping plate or control esble ccnnector

resulted. 2ere was no reduction of shielding effectiveness ner loss

of ?adicactin Material.

A
J,h4.-zeq_ - -
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A6GC601 REv. oATE oESCRierion

.

MODEL CAPACITY CAP 5ULE STYLE DIM A DlM 8
(CURlES) (INCNES) (INCHES)

A424-2 22 G00l13 GOOOl N.A. 9 "AG
A4 24-3 - 22 60011, G0001 N.A. I l 'M6
A424-4 59 600ll s 60000 N.A 20

._

4424-5 6 60011,60001 N.A. 7h
M 24-7 165 60019., 60002 N.A. IT V4
4A 2.6 -8 I10 600II.1 60000 N.A. Il '5As
A4 24 -10 G 60011, 60004 l.225 7%
4424-11 55 60011, 60004 l.225 9%
Aa2.? -12 I I10 600ll, 60004 l.225 lO %
A424-l3 I .350 60012, 6 C002 I l.225 lO'5A6
A424-14 I I10 6001i > 6 0004 f.229 10 5/a
A424-15 Il 6001l3 60004 1.225' 83%
A424 -16 55 6001li 60000 2.373 13'/2
A424-17 53 600ll , G0000 2 373 l3 %
4A20 -l8 35 600ll> 60000 1.2.25 10 %
A4 24- 19 0.11 1 60 Col , 60004 l.225 7%
A453-1 IIO 6COli i 6 0 000 N.A. Ill%
A45?-2 165 60012 3 60002 N.A. 17'/4
M53-3 550 60012, 60002 N.A. 17 %
A455-6 l10 0 6_0015, 60063 N.A. 17 W
A459-7 110 600ll , 6CCOO I N.A l| %
M55-S 95 600II s 60000 N.A. II %
" 453 -9 35 60011s 60000 2.373 I3W

A4 53 - 10 55 60011,60 COO 2.373 13 W
. g _;

A =
.

y . 9zmpg - --

.; _ -- ;- . j .

_ __

" t A T E RI ALS TECHNICAL OPER ATIONS IN C..

RADIATION PRODUCTS DIVISION-' **

,, B U R LIN GTO N. MA 01803

FINISH # CWG TITLE

,n=- .< COBALT SOURG REFEREPCE%.%.n, =.x0-N3
n

\.CKED 9Y ,yy ,

xxx - 4 CLASSIFICATiC N SIZE DwG. NO. R EV.

APPROVED BY ANGLES k
FRACTIONS f. \ SCALE | SHEET I OF 3

'

-

s, - . co.. ~. ..... m e r 2-is 1692 321



g,gg
R EV. CATE DESCRIPTION

INNER CAP 5ULE :
A &DCII-I
F,6CCll-2

.AG ooll- 3 250
- DIAA6co tt-a .?A9

~ A600fi- 5
- - ,-

d j - - - - -
'

r

OUER CAP $ULE--= OurEE PwGA6CCil-6 , 956 -

AGooll-G:

60011

-lNNER CAPSULE:
A600l2 -1

~~ 4G00f2-2
^ A60012 -)

7

p ,N -

, $ \ \, N d - f - 4.,?2.aA

,

.-

_.

\\
s

CUTER CAP 5ULE ~ l.279
A60Cl2-4 OURE P LG&

_ 60Cl2 A m 12-4

INNEE CAPSULE
560013-5 -

-! ~h,
t

,

9 - / - ATE DIA,', \ 479,.

,
'

_f \l f
~ s

curee c;50LE I I.988 '

gger5_,' OUTEi2 PLLG~

600l3 . BGCcl3-4
MATERIALS

TECHNICAL OPER ATIONS IN C.M RADIATION PRODUCTS DIVISION
B U R LINGTON, MA 01803

FINISH M DWG TITLE g
COBALT SOURCE i2EH-EENCEU8^* / U$$cEUtc=Ifers==c

"*'
,

.(DOUBLE ENCAP5ULATION)
wee cm 2 %

CKED SY yy K
xxx - /( c' SSIFICATION SIZE DWG. NO.J

R EY.
APPROVED BY

ANGLES /
FRACTIONS 2 ( SCALE 2:1 SHEET 2 OF_ ) ,,

seautw a ca.. .nc. n sos se FASE 2*M
\ D ~) [ Dbb



Ah' Q REV. DATE DESCRIPTION

w .250 g _ .250 476_ p _ . D.
249 249 .475

I
, , , ,

-

r - l- ,

n ,

L I, n .

/ ' **''' 'A6 M 2B
/A6CCOO-2

'

s-

*937 @ ,9@ h *f ! \w fA6C00C-l 860001-2 , ,

Y Id8) I
- -A600G-l:.4 2: '

p 6CO M 1r
A50CCI-3 e - x,

Ny '

860000 86 COOL '
, ,

s\'.A# m,t ! l330 _ .250-D i
'

i_ 4497__ _
'

249 i

eeoco5-

( \7 g |
AGCoc2-2 ' '

,

l.312 -Y- /"
A6CCC2-l-

! / y
.926 .L -

' M -l,46ccc2-3 g /, ,

Y s
.I =,W W'

'

l
seoco2 seo004

MATERIALS
TECHNICAL OPER ATIONS IN C.

RADIATION PRODUCTS DIVISION
/p

B UR LIN G TO N. MA 01803" " ' ' " ' *

'"bC)BALT 60SOURCE REFERENCE=">~N et - ==::- .
1 :r' = .4 =2

(SINGLE ENCAF5ULATION)
% ...

.

C. ED BY
.

g

XXX - \g, CLASSlFICATION SIZE OWG. NO. R EV.
APPRCVED BY

ANGLES k
FRACTIONS A \ SCALE 2:} | SHEET 3 OF 3
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DEP ARTMENT OF TRANSPORTATION*
.

. ..

j - 1 RESEARCH AND SPECIAL PROGR AMS ADMINISTR ATION
._ J WASHINGTON. O C. 2oS90**

' . .. .. , /-:

j"5 IAEA CERTIFICATE OF COMPETENT AUTHORITY' "'

RUtm TO:

Special Form Radioactive Material Encapsulation
.

Certificate Number USA /0165/S
(Revision 0)

Ihis certifies that the encapsu ated sources, as described, when loaded
with the authorized radioactive contents, have been demonstrated to meet
the regulatory recuirements,for special form radioactive caterial as
prescribed in IAEA and USA" Regulae. ions for the transport of radioactivel

materials.
!

I. Source Description and Radioactive. Centents - The sources described
by this certificate consist of the following Technical Operations, Inc.,
models which are welded capsules constructed of either 304 or 304L
stainless steel to the listed capsule designs (see Appendix A) and which
contain not more than the listed quantities of Cobalt-60 in metallic form:

.Model Capsule Style Activity (Curies)

A420-2 60011, 60001 22

A424-3 60011, 60001 22

A424-4 60011, 60000 55

A424-5 60011, 60001 6
-

A424-7 60012, 60002 165

A424-8 60011, 60000 110

A424-10 60011, 60004 6

A424-11 60011, 60004 55

A424-12 60011, 60004 110

A424-13 60012, 60002 330 .

'

A424-14 60011, 60004 110

A424-15 60011, 60004 11

A424-16 60011, 60000 55

A424-17 60011, 60000 55

A424-18 60011, 60000 33

A424-19 60001, 60004 0.11
A453-1 60011, 60000 110

A453-2 60012, 60002 165

! A453-5 60012, 60002 550

A453-6 60013, 60003 1100

A453-7 60011, 60000 110

A453-8 60011, 60000 55

A453-9 60011, 60000 - 55

A453-10 60011,-60000 55

.

.

N,
2 - 22 REVISIC"' O

i NOK 2 0 rg73
1

- - - - - - { ._ - - __ _ . _ , .._ . _ .
~

.

1692 .574
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.

Page 2. . Certificate Number USA /0165/S, Revision 0

. -

30, 1982.,.

( This certificate, unless renewed, expires on SeptemberII.

This certificate is issued in accordance with paragraph 803 of the
IAEA Regulations and in response to the July 26, 1979, petition by;

Technical Operations, Inc., Burlington, Massachusetts, and in
consideration of the associated information therein.

Certified by:

d8 //ml& /Z/9 1
_(/ (Date)

R. R. R a. d
Authority for theDesignated U.S. Competent

International Transportation of Radioactive Materials
Office of Hazardous Materials Regulation
Materials Transportation Bureau,

U.S. Department of Transportation

1" Safety Series No. 6, Regulations for the Safe Transport of Radioactive
Materials, 1973 Revised Edition" published by the International -

Austria.
f~

Atomic Energy Agency (IAEA), Vienna,
170-178, USA.

~ Title 49, Code of Federal Regulations, Part

.

.

.

.

.

EEVISICN Ot #

-- 2 - 23 -
NOV. 2 01979

,

7
1692 $25

.
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3 Ther=al Evaluation

31 Discucsion

The Model 660 Ca==a Ray Projector is a co=pletely passive ther=al device
and has no =echanical cooling syste=s or relief valves. All coolira
of the package is through free convection and radiation. The only heat
source is the =aximum llCCi Cobalt-60 Source. The corresponding decay
heat is 2 vatts (see Section 3.h.1).

32 Su==ary of Therral Properties of Materials

The =eltira points of the retals used in the construction of the Model
630 are:

0 02070 F (1133 C)Depleted Uranium 'detal
Carbon Steel 24530F (13k5 C)

0 019h0 F (lC60 C)Copper
18kC F (1005 C)O3ronze

(Reference: '/achinerv's Handbook, 2Cth ed.,1976)

33CC F (1820 C)0 0
Titanium

1600 F ( 37;SC)C3er/111u= Copper
C 0

Zircalloy 335C F (13h5 C)

(Reference: '<etals Handbook,1961)

0The rigid colyurethane foa= has a =ini=u operating range of -100 F to
200F(-j3gto93C). It vill decccpose at the fire test te=perature of
lh75 ? ( 00 C). Decomposition vill result in gaseous byproducts which
vill burn in air. -

33 Technical Scecifications of Co=ronents

.'Iot applicable.

3.h Normal Conditions of Transport

3.h.1 Thermal v delo

The heat source in the Model 680 results from a maximum 110Ci of Cobalt-60.
Cobalt-60 decays by beta e=ission, @oeta = 2.619MeV (Reference: Radiological
Health Handbook, p. 389). Thus:

.

2.319MeV x 3 7 x 10 disint 1.6 x 10-13 llCCi = 1.3 vatts10
x x

s-Ci MeV

The decay heat source is taken to be 2 vatts.

3-1
REVISION O
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To qualify as a Type 3(U) package the require =ents of IAEA Safety Series
No. 6,1973, paragraphs 231 and 232 cust be satisfied. The calculational
=odel used to de=cnstrate cc=pliance with these regulations is described
in detail in Section 3.6, along with the results of the analysis. Esser-
tially, it is asst =ed that one-fourth of the entire decay heat load is
deposited uniformly in each of six sides. The s=allest of the sides is
assu=ed to reach the maxt=um surface temperature. Heat transfer frc: the
side is restricted only to convective heat transfer frc= the upper face
of the plate.

To meet the additional require =ents of paragraph 2h0 of the IAEA regula-
tions, a separate analysis was performed. To do this, a heat balance was
set up over the surface of the package, using the insolation data in
Table III of the IAEA regulations. The decay heat scurce was considered
negligible. The cuter shell was assu=ed to be insulated fra= the interior
of the package. Heat transfer frc= the package was taken to occur by
radiation, and over specific surface areas by free convection. A de-
tailed description of the model is given in the analysis, in Section 3.6.

3.k.2 Maximu= Te=peratures

An examination of the =elting points of the =aterials used in construction
of the Model 680 show that the taximum te=peratures encountered under
normal conditions of transport engender no loss of shielding of the
package. The specific Type 3(U) analyses (Section 3.6) shev the package
te=perature to be below 40cc (lCh0F) in the shade and belev 73cC (163 F)
when insolated.

3.h.3 vini=u= Te=peratures

The cininum nomal cperatire te=perature of the Model 680 is -ho C ( ho F).
This temperature vill have no adverse effect on the package.

3.h.h yaximum Internal wessure

Normal operating conditions generate negligible internal pressures. Ary
pressure generated is significantly belev that of the hypothetical accident
pressure, which is shown to result in no less of shielding or contain=ent.

3.k.5 Maxi =um Thermal Stresses

The =axi=u= te=peratures that occur during ncr=al transport are lov
enough~ to insure that thermal gradients vill cause no significant ther=al
stresses.

.

3.h.6 Evaluation of Package Performance for Nernal Conditions of Trans;crt

The thermal ecnditions of ncr=al transport are obvicusly insignificant frc=
a functional point of view for the Mcdel 680. Also, the applicable cen-
ditiens cf IAEA Regulations for T"/pe 3(U) packages have been shcun to be
satisfied by the Model 680.

1692 327
3-2
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35 Hyrothetical Accident Thermal Evaluation

351 Ther=al Model

The Model 680, includirg the scuree asse=bly, is assumed to reach the
C 0fire test temperature of 800 C (1475 F). At this te=perature the polyure-

thane potting ec= pound vill have deco = posed and the resultire Eases vill
have escaped the package through the assembly joints which are not leak
tight.

352 Package Cond$tions and Environment

The Model 680 is censidered to have undergone no significant da= age
during the free drop and puncture tests; thus, the package in this
analysis is assu=ed to be free free functional anrnge.

353 Package Terperatures

CAs indicated in 3 5 1, the package reaches a maxi =u= te=perature of 80C C
(1k75 F) throughout. An examination of the meltire points of the caterials
used in the construction of the Model 680 (except the pcttire cc=pcand,
as noted) indicates that there vill be no damage to the package as a
result of this te=perature. The possibility of the fer=ation of the
iron-uraniu= eutectic alloy was addressed in 33ction 2.h.1, where it was
concluded that the femation of the alley was unlikely.

3 5.h vaximu= Internal Pressures

The Model 680 packaging is open to the atmosphere, ir.suring that there
vill be no pressure buildup within the package. In Section 3.6 there is
an analysis of the source capsules under the fire test conditions. It

is shcun that the =axi=u= internal gas pressure at this temperature is
Sh 7 psi (0 377:CI/=2),

The critical location for failure of the capsule is the veld. An internal
pressure of Sh.7 psi (0 37ZCi/=2) vill generate a =aximu= stress of 237 psi
(1 9 SCI /=2) in the veld. At a te=perature of 870 C (160Co?) the yield0

strength of ?/pe 30h or 3ChL stainless steel is 10,0C0 psi (69.Cici/=2),

Thus, at 800 C (lh75cF), the =aximu= stress in the capsule would be only
3% of the yield strength at that point.

355 Maximun Thermal Strecses
.

Tnere are no significant themal stresses generated during the the=al
test.

3-3 1692 328
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.

356 Evaluation of Package N rfor=ance

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

.

~h,

1692 J29
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3.6 APPE:TDIX

- Model 680 The=al Analysis: IAEA Safety Series :To. 6,
1973, paragraphs 231, 232

- Model 630 '"her al Analysis : IAEA safety series :To. 6,.

1973, paragraph 2ho

- Themal Analysis, 0.25 inch 0.D. Capsules

,

.

1692 330
3-5

REVISION O

NOV. 2 O 'g?g



.

.

Model 630 "'hermal Analysis

?/pe EIUI, Paragrachs 231. 232. IAEA Safety Series 'Io. 6.1973

This analysis is perfer:ed to de=enstrate that the Model 680 Ca==a Ray Prc-
jector teets the specific Type B(U) ther=al requirements of paragraphs 231
and 232 of IAEA Safety Series '7o. 6,1973, i.e., that the taxi =um surface
tecperature does not exceed 50 C in the shade, assuming 38 C ambient te=p-
erature.

To assure conservatis=, it is assumed that: (1) the entire decay heat
(2 vatts) is deposited in the extericr faces of the Model 680, (2) the in-
tericr of the Model 680 is perfectly insulated, providing heat transfer free
the vall only to the atmosphere. The rectangular shape cf the container
reans that each face eclipses a different amount cf the solid argle through
which the radiation (and thus decay heat) is distributed. To (censervatively)
simplify, it is assumed that each of the six exterior faces receives cf the
total source ' O.5 vatts) uniformly distributed over the face.

Consideri:g the stallest face as undergoing one-dimensional convective heat
transfer:

v'

T T o q / Interier (Insulated)agi7 y

>

/va ll' '

Ta where:T = c .y
_

. na

T: temperature at the vall outer surfacey

q: ' decay) heat scurce (0 5 vatts)

A: Surface area of the smallest face (0.11=2)

h: free convective heat transfer ccefficient for air

5 watts'reter cc (Reference: Hea t "'ra sfer, J. P. Hol=a n,-

h th Edition, p. 13)

c ) under ner al con-Thus, the maximum temperature at the vall T is ho C (lC Fy
ditions of transpcrt. This satisfies the requirerents of the afcrecentioned
regulations.

1692 331
-1-

3-6 EMO

NCV. 2 0137;



.

.

Model 680 - Thermal Analysis

Type BlUI. paragrach 240, IAEA Safety Series No. 6,1973

This analysis is perfor=ed to demonstrate that the Medel 680 Ga=ca Ray Prc-
jector meets the specific Type Bf U) thermal requirements of para 6raph 2h0,
IAEA Safety Series No. 6,1973 This paragraph requires that the maxi =um

0 0surface temperature of a Type B(U) package not exceed 82 C (130 F) under
normal conditions of transport, given insolation as cutlined in Table III
cf the regulations and an ambient temperature of 38 c (100 F).

The calculational rodel used censists of taking a steady state heat talance
over the surface of the package. To facilitate calculations, certain si=-
plifying assumptions are made. These are cutlined telev:

Insolatien

300 cal /cm -12hr (775W/ 2) for the top surface, 200 cal /c=2-12hr (19kW/=2)2

for the side and side frames, ncne fcr the base as outlined in Table III of
IAEA Safety Series No. 6.

The package is finished with russett enacel. The solar absorptivity of this
enamel is 0.31 (F.eference: Thermal Fadiatien properties Survey, G.G. Cubareff
et. al., 2nd ed., 1960, p. 200). A conservative figure of 0 90 was used as
the package abscrptivity.

Decay Heat Lead

The decay heat lead (maximum 2" watts) is negligible.

Package Orientation

The package rests en the side frames, i.e., in the normal transpcrt crientation.

Hest Transfer Mechanisms

The Model 680 is assured to undergo free convection and to radiate to the envir-
entent. The inside faces are considered to be insulated, so there is nc cen-
duction into the package. Further, the sides are taken to be thin encugh se
there are no temperature gradients present.

Padiation: The package is assu=ed to radiate frem the cuter shell only 1.e.
a cube 10.6 inches (268=m) x 1h.5 inches (363n=) x 13.3 inches
(3h9:m).
This assu=ptien provides for conservatism by not considering
any radiative heat less thrcugh the side frames.

Ccnvection, top: The upper surface of the cuter shell is taken to undergo
free ccnvection. To provide conservatism, the upper surfaces
of the side frames are censidered nct to undergo convection.
The heat transfer ccefficient of a horizontal flat plate is

given by:
.
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) 0. 25

132 (6 T
j

h*
=

L)

(Reference: Heat Transfer, J. P. Holcan, hth ed.,1976, p. 253)

where L is the average of the lengths of the sides 0 359m.

Thus:
1.71 foT)0'"05h =

g

Convection, sides: The vertical cceponents of the outer shell are censi-
dered to exhibit frea convective heat transfer. For conser-
vatism, the side frames are taken to be insulated. Effectively,

the vertical convective heat transfer area is that of a ver-
tical plate 0.263m high x 2(0 3h9m * 0 36Sm) long, convec-
ting on one side only.

The heat transfer cceffielent for a vertical flat plate is:
\0.251.h2 ATh =

/3

(Reference: Heat Transfer, J. P. Holman, kth ed., 1976, p. 253)

where L is the height cf the plate, 0.263m.

*kus-
1.97 GsT)0.25

'"

h =
3

Taking a heat balance over the cackage surface:

heat in = heat cut (rad. * con. top + con. sides)

* 9csR 9 ad + 9et"
in r

xA)0 90 (775 V x A.
+ 19h W~2

=
8~

[2 m-

0 90 (775 x 0.123 - 19h x 0 5hh) = 2C5 vatts=

k h
Ta)Uv -

9 " 6 0- r
-

,rad
2

= (0.8) (5 669 x 10-0 W ) (C 6km ) T - (311 k)
vo a ~

m' - k
.

_ .Ah. t 'o T) wher_e oT = T
-Tqt = v ae

1.71 x cat) * (0.12Em ) ?sT)=

_-_

-2-
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h,A[(oT)q =

Cs

97 (oT)U" (0 38 2) (37)=

-

Iteration yields a vall temperature Tv of 70 C (158 F). Thus, the Model 680
satisfies the requirements of paragraph 2h0, IAEA Safety Series No. 6, 1973

.

.

.

.
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0.25 Inch 0.D. Scurce Capsules - Thermal Analysis
Hypcthetical Fire Conditicns

This analysis is intended to de=enstrate that Tech / Ops source capsules
which are of 0.25 inch (6 35==) diameter, seal velded to a mini =u=
penetratien of 0.020 inch (0 51==), made of Type 304 or 30hL stainless
steel and licensed as special for= containers under T.AEA Safety Series
No. 6,,1973, also =eet the require =ents of paragraph 238, IAEA Safety
Series 'Io. 6,1973, i.e., contain=ent under specified thermal test

- conditions.
f

Tne actual containment vessel fcr the radioactive material is the velded
source capsule. These capsules are all 0.25 inches (6.35:=) in diameter
and less than 1 inch (25.h==) in length.

The internal volu=e of the source capsules contains only iridiu=-192 cr
ccbalt-60 =etal (as a solid) and air. It' is assured at the tire of Icading
that the entrapped air in the capsule is at standard temperature and
pressure (20 C, 0.101 Meganewtons per square =eter). 'ie contend that this0

is a conservative assu=ption because, durin6 the velding process the in-
tarnal air is heated, causing sc=e of the air = ass to escape before the
capsule is sealed. Vnen the velded capsule returns to ambient te=rerature,
the internal pressure is sc=ewhat reduced.

As described in Tech / Ops standard source encapsulation precedure, the
mini =u= veld penetration is O.C2C inch (0 51:=n). Under cenditions of _

Sinceinternal pressure, the critical location for failure is this veld.
the capsule has an outside diameter of 0.25 inch (6.3{==), this veld has
a crcss-sectional area of 0.014 square inches (9 3C== ).

No. 6 it is
^

Under conditions of paragraph 238 of IAEA Safety Series
assu=ed that the capsule could reach a temperature of lkT50F '(o0CCC).
Using the ideal gas law and requiring the air to occupy a constant volu=e:

ETl2P "
2

T1

initial pressure (0.10B"i/=o)"

=p

initial te=perature (293 k)T =
1

0final te=perature (1093 k)=
T -2

Eas pressure cculd reach 0 377'G/=2 It is assu=ed that theThe internal
capsule can be treated as a thin-valled, cylindrical pressure vessel.

-1-
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The taximu:n lcngitudinal tensile stress can be calculated by writing a
longitudinal fcree balance thrcugh the veld:

stress x area - pressure x area =0
s p

STT(Dc - Di2)2 2
- P 1T D 4 =01 4 E^

where Si= longitudinal stress

Do= cuter diameter ( 6. 35cm)
'

Di= inner diameter ( 5 35cm)

(0 37Dri/=2).P = cr:ssure

Tnus, the longituIlinal stress is 0,922'C /m2

Tne hcop stress can be fcund in a similar fashion. Taking a longitudinal
crosc-section and surming fcrees:

=0hcop stress x areas - pressure x areap

2G Lt - PD L = 0h i

where S.n"h E t#288 -

L = length of cylinder

t = thickness of 931d (0 51r m)

,Thus, the Loop stress is 193:c/m2

At a temperature of 1600 F (67CcC) the yield strength of type 3Ch
2stainless steel is 10,000 psi ( 69.CMN/m ) Thus, the pressure induced

stresses are less than 3% of the yield strength at 80CcC.

.
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4. Containment

4.1 Containment Eoundary

4.1.1 Contain=ent Vessel

The contain=ent syste= for the Model 680 Gnrma Ray Projector is the Tech / Ops
Model A424-14 Source Asse=bly. The source assembly is currently certified
(IAPA Certificate of Cc=petent Authority No. USA /0165/S) as special fom
contain=ent for radioactive =aterials.

The actual contain=ent vessel is the velded source capsule, either style
600Ch or 60011. The capsule is =ade of Type 3Ch or 3OhL Stainless steel.
It is seal velded with a =ini=u= veld penetraticn of 0.020 in. (0 51=n). The
capsule is a rounded cylinder 0.25 inches (6.35==) in diameter and 0 97 inches
(25==) in length. Appropriate descriptive drawings are ene.lcsed in Section
2.10.

4.1.2 Contain=ent Fenetrations

There are no penetrations of containment. The scurce capsule is seal welded
to provide conformity to special fcr= require =ents.

h.l.3 Seals and Welds

The contain=ent vessel is tungsten inert gas welded by General Electric at
their plant in Vallecitos, California. This is done in accordance with
Tech / Ops standard scurce encapsulation procedure (See Section 7.h). The
= int =u= veld penetration is C.020 inches (0 51==). This has preved accept-
able for licensing this vessel as special for=.

h.l.4 Cicsare

not Applicable

h.2 Recuire=ents for Normal Conditions of Transport

h.2.1 Release of Radioactive Material

The scurce assenbly used =eets the require =ents of special fer: radicactive
=aterial as delineated in IAEA Safety Series No. 6, 1973 and lOCFR71. Thus,
there vill be no release of radicactive =aterials under conditions of normal
transport.

h.2.2 tressurination of Contain=ent Vessel
.

The source asse=blies used all =eet the require =ents of special for= radicactive
=aterial. Pressure buildup due to the conditions of the hypcthetical ther=al
accident has been chewn to create stresses well belev the structural limits
of the capsule (See Secticn 3 5). Thus, the containment vessel vill withs+a a

the prescure variations of normal transport. )2 j3[

4-1
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4.2 3 Coolant Contamination

?iot applicable.

4.2.4 Coolant Loss

Ilot Applicable.

4.3 Contain=ent Reauirements for the Hyocthetical Accident Condition

4.3 1 Fission Gas Products

lot applicable.

4.3 2 Release of Contents

The hypothetical accident conditions as outlined in 1CCFR71, Appendix 3,
l., 2., and 3. have been shown (Sections 2 7 1, 2 7 2 and 3 5 respectively)
to result in no loss of package containment.

.

.

h-2
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5 Shielding Evaluation

51 Discussion and Results

The Model 680 is shielded with 285 pounds (130kg) of depleted uranium.
The uranium metal is cast around the zirealloy or titanium "S" tube which
holds the source. The storage position for the source is at the inflec-

tion in the "S" tube.

A radiation profile cf Model 680 S.II. 257 containing 108Ci of cobalt-60
(see Section 5 5) was made. An extrapolation for a 11CCi source yielded
the resulta which are presented in Table 5 1. Frcs this data, and fro =

previous acceptability (NRC Certificate of Cc=pliance tio. 9035, Rev. 2)
it is concluded that the Model 680 ccmplies with the regulatory standards
in 1CCFRTl and IAEA Safety Series :o. 6,1973

TABLE 5 1

SD2MRY OF MAXIMUM DOSE RATES
(=R/hr)

Contact At 1 Meter

Side Top Ectton Side Top Ecttee

ca=a 163 173 122 2.6 2.0 15

:seutron ?!ct applicable I;ot applicable

Total 163 173 122 2.6 2.0 15

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

52 Scurce Specificatien

5 2.1 Ga=a Source

"he gs=a scurce used is encapsulated cobalt-60 in quantities of up to
110 curies.

5 2.2 ::eutron Source

:ot applicable
.

53 :/cdel Specifications

!!ct applicable.
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5 2.2 Neutron Source

Not applicable.

53 Model Soecifications

Not applicable.

5.h shieldine Evaluation

The Model 680 shielding evaluation was perfor=ed on Model 680 Serial Number
257, containing 108Ci of cobalt-60. The radiation profile is included in
Section 5 5 Extrapolation of this data to the capacity of 110 curies
(Section 51) clearly indicates that the Model 680 conforms to regulatory
radiation limits. As the hypothetical accident evaluation (Section 2 7)
revealed no change in the shielding arrange =ent, it is concluded that
shielding after the hypothetical accident is essentially unchanged. The re-
fore, the radiation profile indicates the package vill be within acceptable
li=its.

-

.
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55 Asen

- Model 680: Radiation Profile

.

.

e
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RADIATION FROFILE

Model 680 Serial 'Turber 257

Source Model '; umber Ah2h-lh

Serial Number 1803: 108 Curies 600cbalt

Location At Contact At 1 yeter

Top 170 2.0

Right Side 120 2.6

Ecttem 120 15

Left Side 90 15

Front 15 0 2.0

Back 160 2.0
.

' CTES: 1. All intensities are expressed in units of millircen.tgens per hcur.'

2. Intensities expressed are the maximum intensities en the particular
surface.

3 Veasurerents were made with an A:i/FER - 27(J) Survey yeter.

.
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.

6. Criticality Evaluation
.

Not applicable

, -

i
|
<

t

.

.
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7 Operating Procedures

T.1 Procedures for Loading the Package

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

72 Procedures for Unloading the Package

Section 7.4 contains the procedure for unloading the source asse=bly from
the package.

73 Preparation of an Empty Package for Transport

Section 7.4 describes the procedure for preparing an e=pty package for
transport.

.

.
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7.h APPE'IDIX

- Encapsulation of Sealed Sources

- Technical Operations Mcdel 680: Procedures of Leading - tinicading

the, Package

-

.

.
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RADIATION SAFETY PANUAL
Part II In Plant Operations

Section 2

ENCAPSULATION OF. SEALED SOURCES

.

A. Personnel Reauire=ents
.

On].y an individual qualified as a Senior Radiological Technician
shall perform the operations associated with the encapsulation of
192Iridiu=. There must be a second qualified Radiological Technician
available in the building when these operations are being perfor=ed.

3. General Recuire=ents .

'

The 192 Iridium loadir4 cell shall be used for the encapsulation of
solid retallic 192 Iridium and the packaging of sealed sources such

DO
as 1TCThulium, 137 esiu= and 169rtterbium. Solid metallic CobaltC

, not exceeding one curie =ay be handled in this cell also.

The =axi=um amount of 192 Iridium to be handled in this cell at any
one time shall not exceed 1000 curies. The maximum amount of 137 sC
to be handled in this cell at any one time shall not exceed 100 curies.

This cell is designed to be operated at less than eteospheric
pressure. The exhaast bicwer provided shall not be turned off
except when the cell is in a decentaminated condition.

_

Sources shall not be stored in this cell overnight or when cell is
unattended. Unencapsulated =aterial shall be returned to the transfer
containers and encapsulated sources transferred to approved source
containers.

~4 hen any of the "thrcugh-the-vall" tools such as the velding fixture
or transfer pigs are removed, the openings are to be closed with the
plugs provided. These tools shall be decentaminated whenever they
are recoved frcm the hot cell.

C. Freparatory Procedure
'

. 1. Check velding fixture, capsule draver and =anipulator fingers .

frcm cell and survey for ccntamination.' If contaminaticn in
excess of 0.001 AC1 of re=ovable conta=ination is found, these
items =ust be decontacinated.

2. If the velding fixture or the electrodes have been changed,
perform the encapsulation procedure coitting the insertion of
any activity. Examine this du==y capsule by sectioning thru~

veld.' ~4 eld penetratica cust be not less than 0.020 inch.

REVISTON O
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If veld is sound and penetration is at least 0.020 inch, the
preparation of active capsules may proceed. If not, the
condition responsible for an unacceptable veld must be corrected
and the preparatory procedure repeated.

3 Check pressure differential across first absolute filter, as
=easured by the canc=eter on the left side of the hot cell.
Thisisabout}inchofwaterforanewfilter. When this
pressure differential rises to about 2 inches of water, the filter
=ust be changed.

D. Encapsulation Procedure
.

1. Prior to use, asse=ble and visually inspect the two capsule
cc=penents to determine if weld zone exhibits any =isalign=ent
and/or separation. Defective capsules shall be rejected.

2. Degrease capsule ec=ponents in the Ultrasonic Bath, using
isopropyl alechol as degreasing agent, for a period of 10
minutes. Ery the capsule ec=ponents at 100c0 for a minimu=
of twenty =inute|s.

3 Insert capsule ec=penents into hot cell with the posting bar.

4. Place capsule in veld positiening device.

5 Move drawer of source transfer container into hot cell.

Place proper arount of activity in capsule . Disposablec.
funnel must be used with pellets and a brass rivet with vafers
to prevent contamination of weld rene.

7. Recove unused radicactive =aterial frca the het cell by ylth- -

drawing the drawer of the source transfer container frc= the
cell.

8. Re=cve funnel er rivet.

9 Assemble capsule cc=ponents.

1C. ~4 eld adhering to the folicwing conditions:

a. Electrede spacing .021" to .C24"
centered on joint +.002"; use
jig for this purpose.

.

- b. Preflow argen, flush 10 seconds. -

c. Start 15 a=ps.

d. Weld 15 amps.

e. Slope 15 amps.

f. Post flow 15 seconds
II-2-2 F.EVISION O
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11. Visually inspect the veld. An acceptable veld must be continuous
without cratering, cracks or evidence of blev cut. If the veld'

is defective, the capsule =ust be cleaned and revelded to
acceptable conditions or disposed of as radicactive vaste.

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

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

14. Count the patch with the scaler counting system. Patch must
show no more than .005/4C1 of contamination. If the patch shows
more than .005j4C1 the capsule =ust be cleaned and reviped.
Iftherevipepate$stillshowsmorethan0.005ACiofcontamina-,

f.

tion, steps 8 through 11 must be repeated.

15 Vacuum bubble test the capsule. Place t he velded capsule in
a glass vial containing isopropyl alcohol. Apply a vacuum of
15 in Hg(Gauge). Any visual detection of bubbles vill indicate
a leaking source. If the source is determined to be leaking,
place the source in a dry vacuum vial and boil off the residual
alcohol. Reveld the capsule.

lo. Transfer the capsule to the svaging fixture. Insert the
wire and connector asse=bly and svage. Hydraulic pressure
should not be less than 1250 nor more than 1500 pounds.

17. . Apply the tensile test to asse=bly between the capsule and
. connector by applying proof load of 75 lbs. Extension under
the load shall not exceed 0.1 inch. If the extension exceeds
0.1 inch, the source must be disposed of as radica:tive vaste.

18. position the source in the exit port of hot cell. Withdraw
all personnel to the control area. Use remote control to
insert source in the ion chamaer and position the scurce for-

maximum response. Record the meter reading. Compute the
activity in curies and fill cut a temporary source tag.

19 Using remote centrol, eject the scurce frcm cell into source
changer thrcugh the tube gauze vipe test fixture. Monitor
before reentering the hot cell arma to be sure that the scurce
is in the source changer. Remove the tu'ne gauze and count
with scaler counting system. This assay must shcv no more
than 0.005 pC1. If contamination is in excess of this
level, the source is leaking and shall be rejected.

20. Ccmplete a Source Loading Log (Figure II.2.1) for the c;eraticn.
-

. .
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Technical Operations
Model 680

Procedures for Leading - Unicading the Packa,7e

Wear personnel monitcring devices during all source changing procedures. Men-
ttor all operations with a calibrated, operable survey meter.

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

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

2. Locate the projector and source changer in a restricted area. Lccate
the devices so as to avoid sharp bends in the guide tube er control
housing.

The control cable housing bend radius should not be less than 36 inches
(0 91hn), and the guide tube bend radius should not be less than 20
inches (0 508m).

3 Set the source changer for operacion.

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

5 Attach the control cable to the projector:

a. Unlock the projector with the key provided and turn the connector
selector ring fren the LCCK position to the COIMECT pcsition. When,
the ring is in the COTECT position, the storage cover vill disen-
gage from the projeccer.

b. Slide the control cable collar back and cpen the jaws of the svi-
vel connecter, exposing the male pertion of the connector. Engage
the ale and female portions of the suivel connector by depressing
the spring leaded locking pin tcvard the projector with the thumb-
nail. Eelease the locking pin and test that the connection has
been made,

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

'

d. Slide the control cable collar ever the connector jaws. Hold the
centrol cable collar flush against the projecter connector and
rotate the selector ring frcm the COVECT position to the C=: RATE
po si t i.cn .

6. Crank the scurce into source changer.

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

, ,
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has been transferred fro = projector to changer.

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

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

8. IF THE MCTOR T8 TO REMAI's r?PY:

a. * Fully retract the control cable. Disengage the control cable frcm
the projector and lock the projector.

b. Attach the identification plate of the source to the source changer,

c. Affix a green "ecpty" tag to projector,

d. Perform a vipe test of the projector to assure that the radiation
cbserved is less than 0.001 microcuries per 100 scuare centimeters.

e. Survey the projector to assure that the radiation levels do not

exceed 200mR/hr at the surface nor lQ:R/hr at three feet frc= the
surface.

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

,g. Cc=plete the proper shipping papers as specified in Tech / Ops Radi-
n tion Safety Manual II.6.3E( h), (5 ), (6).

9 IF THE -~4.0EFOR -IS TO 3E FILOADED: connect the source charger end cf
the guide tube te the fitting above the new source in the source
changer.

10. Crank scurce to full retraction within the projector.

a. Survey this cperation with a survey reter to be sure the scurce has
been transferred into the projectcr.

b. With a survey meter verify radiation level dces not exceed 20 Cur /hr
at the surface of the prcjector.

11. Discennect the control cable and lock the prcjectcr.

12. Disconnect the source guide tube frce the projecter and scurce changer.

13 AffLx the identification plate of the new scurce to the prcjecter and
attach the identification plate of the old scurce to the source
cha nger.

lb. Prepare for shipment:

a. Again survey projectcr to insure that the radiation level dcas not

-2- REVISION O
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exceed 200=r/hr at the surface of the projec. tor.

b. Survey the radiation level at a distance of three feet from the*

surface of the projector. This radiation level should not exceed
10mr/hr. The highest radiation level ceasured at three feet from
the container is used to determine the Transport Index in accor-

dance with h9CFRlT3 389(h).

c. Affix the proper shipping labels.

.
-

.
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8. Acceptance Tests and Maintenance Fregram

8.1 Acceptance Tests

8.1.1 visual Insoection

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

The seal veld of the radioactive source capsule is visually inspected for
proper closure.

8.1.2 Structural and tressure Tests

The svage coupling between the source capsule and cable is subjected to a
static tensile test with a load of seventy-five pounds. Failure of this
test vill prevent the scurce assembly frca being used.

8.1 3 Leak Tests

The radioc;tive source capsule (the primar/' contain=ent) is vipe tested for
leakage of radicactive contamination. The source espsule is subjected to
a vacuum bubble leak test. The capsule is then subjected to a second vipe
test for leakage of radicactive contamination. These tests are described in
Section 7.h. Failure of any of these tests vill prevent use of this source
assembly.

8.1.4 Cc=ponent Tests

The lock asse=bly of the package is tested to assure that security cf the
scurce vill be maintained. Failure of this test vill prevent use of the
package until the leck assembly is corrected and retested.

8.1 5 Tests fer Shielding Integrity

The radiation levels at the surface of the package and at three feet from
the surface are =easured using a small detector survey instr' ment (e.g.,
AN/PG-27)., These radistion levels, when extrapolated to the rated capacity
of the package, must not exceed 200 milliroentgens per hour at the surface
nor ten millircentgens per hour at the surface ncr ten =1111rcentgens per
hcur at three feet frcm the surface of the package. Failure of this test
vill prevent use of the package.

8.1.6 Thermal Acceotance Tests
.

Not Applicable.

8-1
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8.2 Maintenance Program

8.2.1 Structural and Pressure Tests

Not applicable.

8.2.2 Leak Tests

As described in Section 8.13, the radioactive source asse=bly is leak
-tested at =anufacture. Additionally, the source assembly is vipe tested
for leakage of radioactive centamination every six months.

8.2 3 Subsystem Maintenance

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

8.2.h Valves, Rupture Dises, and Gaskets

Not applicable.

8.2 5 Shielding

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

8.2.o Ther=al

Not applicable.
.

.

8.2 7 Miscellanecus

Inspections and tests designed for secondary users of this package under
the general license provisiens of ICCFRT1.12(b) are included in Secticn T.4.

.
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