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NOTE: This Rev. 2, 4/88 SARP applies to LP 50 containers with serial numbers 1065
and below built in the years 1957 to 1968.

The chan6es in Revision 2 versus Revision 1 are in two r:t;;;

1. Drawings are revised to show the original valve configuration used on the
LP 50 and the various valve improvements since original fabrication includin5
the latest Hoke valve used for all present replacements.

2. Maintenance, valve replacement and connection fitting inst'allation procedures
have been updated to reflect improvements gained from operating experience and
equipment technology.

..

The original LP 50 was designed to meet the requirements of AECM 0529. (The LP.50
' , pcckage also meets the 1967 IAEA Safety Standards of Series #6) . Quality Assurance

for operating and maintenance procedures was added in Revision 1 and updated in
this revision (Rev. 2) to meet the requirements in 10CTR71 of
Jcnuary 1,1979.

New LP 50 containers of the design shown in this SARP cannot be f abricated without
ths approval of the Nuclear ReBulatory Commission (10CTR 71.13a(1) and c).

Fages marked with a Revision 2 in the lower right corner are the only pages chanSed
from the approved Revision 1, 4/78 SARP, The location of the change is shown by a ,

c vertical line in the margin. |
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SAFETY ANALYS25 REPORT PACFACES

1.P.50 TRITIt'M PACKAGE

0.0 CENER_AL INFORMATION

0.1 Introduction
.

Llemental tritium is shipped at low pressure in a stainless steel container (1.P.50)'

R1 insulation at least 4 in, thick in asurrounded by an atuainua vessel and Colotex
steel drum.

,

Each package contains a large quantity (( iater than a Type A quantity) of
nonfissile material, as defined in AECM 0:29.* (The package ras designed to meet
the regulations of AECM 0529 of 6/14/73, see Appendix D). No exemptions are claimed.

0.2 Package Description

0.2.1 Packaging

The total wet he of the package is 260 pounds maximum. The various components thatS
constitute the package are shown in figures 1 through 7 and major components, i.e. ,
drum, insulation, secondary container, and product (primary) container, are
described in the following paragraphs.

The drum is fabricated from 16 gage carbon steel to the dimensions of 22.5 in. Ip
by 38.5 in. inside height per Military Standard MS 27683 (or equal). Three 5/16
in, dia holes are drilled, approximately 1200 apart, one inch below the top curl of
the body and are covered on both sides with lead tape. The holes prevent rupture
of the drum during a fire by venting the gases from the insulation. A lo king ring..

with dropped forged lugs, installed with a 3/8 in high strength steel bolt,
provideo closure by securing the cover to the drum.

.-

The insulation that cradles the secondary container, also called aluminum shell,
Rwithin the drum is Colotex , laminated military packing board per Military

Specification Mil.F.26862.A. except paragraph 3.7 concerning fungus resistance,
Rk' hen the Colotex , *upplied in minimum thickness of 1 1/2 in, is fabricated and

(120 f 2, 0,010 in, thick, per gal unthinned highcoated with Cera.koteKZ
temperature cement), the annular pieces form a 14 1/4 in. ID void within the drum
which symmetrically positions the shell. A cop outer ring of molded Cera Form 3 13R

cemented with Cera koteR to the adjacent rings of CalotexR to form a refractory
Rbarrier behind the drilled vent holes in the drum. A disk of Carafelt " is used as

a spacer to restrict the movement of the CelotaxR within the drum.

The shell, contained by the insulation, is a two. piece container; the cylindrical
body (bottom part) is aluminum alloy, type 356, which houses the primary tritium
(product) container (PC). The bottom part of the container is 26 5/16 in, inside
depth by 13 1/2 in. ID. The side wall and bottom are nominally 15/64 in, thick. A

"

flange of 16 1/4 in. OD on the bottom section provides attachment to the mating4

flange on the top section (cover). Two cover designs (figure 1) exist: one flat

(east aluminum alloy =356) and the other domed (formed alum alloy 6061.T6).

1 Celotex Corp, trademark.
2,3,4 Johns Manville Corp, trademarks.-

* Changed to DOE 5480.3; .

Rev. 2, 4/88
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1

i
Either cover, flat or domed is secyred t. the bottom part by bolts equally spaced ,

'

on a 151/2 in, dia bolt circle with a buna N gasket compressed between the
flanges. Two handles are provided for ease of handling. No credit is taken for *

cne seal on the shell in the safety analysis and no test of its seal tightness is
made. The secondary vessel is a mechanical protection barrier.

|
The type 304L stainless steel PC, of welded construction, is essentially a closed

-

'

cylinder with a 13 in. ID and 0.078 in. vall thickness,' with radiused top and
botton edges. Complete closure *of the cylinder is accomplished by velding on a

'coetainer cover (head top) to which the fill tube and primary seal (vacuum tank .

valve) are attached.

The PC is held in position by close fit with the shell and by a laminated plywood
spacer with neoprene pads that is held between the top of the PC and the shell .

'

cover. This method of positioning provides both axial and transverse support and
restricts movement of the PC within the shell during transport.

Pilling the PC through the valve is accomplished by attaching the supply source to
R1 4VCR stainlessa continuation of the stainless steel tubin6 which has a Cajen

Rsteel connection. The overall length of the container, including the blind Cajon
cap that covers the open end.during shipment, is approximately 28 1/4 in.

0.2.2 Operating Teatures
.

The operational features of the LP 50 package are described in chapter 6.0,
Operating Procedures.

0.2.3 Contents of Packagina
..

Tritium gas may be pure or may contain varying amounts of protium (hydrogen 1),
deuterium, or helium. The following restrictions apply to the use of this container:

.

Maximum tritium content 75,300 STP cc (193,500 curies)

Radioactive decay heat 22.4 Btu /hr

Maximum initial loading pressure 23.2 psia (1200 torrs) at 250C

Maximum allowable time for
shipment '12 months after loading

6

.

!

L Cajon Co. trademark.

k Rev. 2, 4/88
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1.0 STRUCTURAL EVALUATION9

*
;

1.1 Structural Design
-

,

| 1.1._1 Discussion
*

i .

The principal structural members of the LP-50 are the stainless steel product
container (PC), the aluminum inner container (shell), the plywood spacer be-
twaas the PC and the shell, the Colotax@ insulation, and the carbon steel drum.
The PC has a specially fabricated stainless steel valve that is used for load-'

'ing acd the shall has a valve used for leak testing. There are two types of
covars f or the shell - flat and hemispherical (doned). There are also matching
spscors to provide a tight fit between the PC and the shell. The shell fits
enugly into the cemented rings of Calotex8 insulation. There is a clearance of
only 1/8 in. between the Celotax8 and the drum. No gasket is used with the lock-
ing ring and it is equipped with drop-forged lugs and a special bolt to f asten

*

the cover securely. A drum, made to military specifications (with some
modifications), completes the packaging.

1.1.2 Design Criteria

The following tables provide a comparison of the ASME Boiler and Pressure Vessel
Code values for maximum allowable stress and the calculated values.

..

-
,

Table 1. Stress Comparison
,

,

(0.5 atmos external pressure)

Maximum Allowable Strass, poi
'

Part
_ _ _

ASME Calc (3.6.3). Calc /ASME. %

Shella side 6200 300 5

bottom 6200 5520 89

top 9500 5840 61

Bolt 20,000 14,050 72

riange hub 9300 -3450 37

(Oasket
s eating)
radial 6200 1010 16

tangential 6200 590 10
g

Flange hub 9300 2730 29

(Operating.-

condition)'

radial 6200 801 13-

tan 6ential' 6200 -322 3

.
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Table 2. Pressure Comparison
.

(25 peig external pressure)'

.;
.

Maximus Alloweble Press.. psia .

: Part Tese Calc (1.5.2) Test /Cale, % g
i

*

Shell-(flat cover) 25 123 20

Bottom head 25 33 76

Top head 25 35 71

Shell (dome cover) 25 167 15

ASME Calc- Cale / AS)3, -%

T1ange (flat cover) hub 9300 2443 26

(Casket seating)
radial 6200 717 12

tangential 6200 289 5

.

1.2 Weights

- *

Weights of the components of the LP-50 packaging are
We ,1b '' '

Product container 32
* -

.

Wooden spacer 9

| Secondary container :43,

! Insulation 104-
Drum 72

' Total -260'

.

4

:
'
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1.3 Mechanical Properties of Materials
-

Information referenced in the American Society of Mechanical Engineers Boiler.

and Preosure vessel Code, section VIII, div 1, 1974 edition are abbreviated
f "ASME, p ."

1. B = 7400; ASME, p 280, figure UNT-28.5.

2. C (bottom head) = 0.3; ASME, p 25, figure UG-34 (b-2).

C (top head) = 0.2; ASME, p 25, figure'UG-34 (d).

3. S (bottom head) = 18,000 psi; ASME, p 149, min yield for S5-26 SG 70A-!71.

S (top head) = 20,000 psi ASME, p 149, min yield for 356-T6.

4 m = 0.50 for elastomers below 75 Shore Duremeter; ASME, p 208, table UA-
49.1.

5. y = 0.0 psi for elastomers 'below 75 Shore Durometer; ASME, p 238, table
UA-49.1.

5

6.K=h = 1. 20; ASME , p 240, figure UA-51.1,

T = 1.84, U = 11.81, Y = 10.75, and Z = 5.55.
,,

7. t = 1._0; ASME, p 242, figure UA-51.6 (when g /g = 1.0 and h/h, = 0.164).y

8. T = 0.909 ; ASME, p 240, figure UA-51.2 (when g /g, = 1.0 and h/h = 0.164).
.

y g

9. V = 0.55; ASME, p 241, figure UA-51.3 (when g /g, = 1.0 and h/h, = 0.164) .y

10. Allowable stress for SB-26 S070A(356)--T71 is 6200 psi; ASME, p 149.

11. B = 5500 psi; ASME, p 278, UMT 28.3.

12. Allowable cens11e acrcss for type 6061-T6 aluminum at iOO'T = 9500 psi and
at 250* T = 9100 psi; ASME, p 1.49, table UNT-23.1.

'

13. Allowable tensile stress for SB-26 SG-70A(356)-T71 up to 200'T = 6200 psi;
ASME, p 149, table UNT-23.1.

14. E = 1. 0 ; ASME , p 14, UG-27.
,' 15. Max allowable bolt stress (S) is 20,000 psi; ASME, p 127, table UCS-23.

16. Area of 1/4 in. is 0.0269; Mechanical Engineers Handbook, L. 5. Marks.
,

5th Ed, p 362.
'

|
|

|-
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1.4 General Standards for all Packaans
.

,

4
i

j 1.4.1 Chemical and Galvanic Reactions .

.

*

There is no reaction between the packaging and contents. However, some tritium

|
can permeate through the wall of the product container (see chapter 3.0, Con- 9
tainment). Also, there vill be no significant reaction between any of the ,

.,

parts of the packaging. The following chart shows what dissimilar materials
-

are in contact (X).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15i

;

X X X X X X X
j 1 Aluminum -

X X X
i 2 Brass -

l

Xi 3 Buns N X -

i

X X X X X4 Celot ax@ X -

,

X X5 Neoprene X -

X X X
f 6 Nylon X -

X X X7 Paint -
..

X X' 'X X X X Xi' 8 Steel (including SS) X X X X X X X -

.

9 Viton@ X X X -

Xi~ 10 Weldwcod glue X X X -

X11 ' dire seal (lead) X X X X -

12 Wood X X X X X -

13 Zinc or cadmium .X X X X X -

X -

14 Mercury

I
15 Silver. |

-

.

!
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1.4.2 Positive Closure
.

The closure system is made up of two parts; the package cannot be opened*

g inadvertantly. The parts of the system are:
-

.

The shall flange which is secured with bolts (two bolts are also securedo
with leaded wire seals), and the shall vent valve which is sacured with a
nipple cap and a leaded wire seal,

o The drum lid which is f astened to the drum with a bolted locking ring. The
lugs on the locking ring are secured'with a leaded wire seal.

,

1.4.3 Liftina Devices

Not applicable. There is no lifting device on the drum.

1.4.4 Tiedown Devices

Not applicable. There is no tiedown device en the drum.
,,

1.5 Standards for Type B and Large Quantity Packagint
.

>

1.5.1 Load Resistance

Tests showed that the LP-50 drum could support a uniformly distributed load
along its major axis equal to five times its loaded weight.

Bass of lead shot were stacked uniformly from bottom to top against one side of
an upright empty LP-50 drum. The lid was installed and the drum was carefully
laid over on its side and brought to rest with only the rim at each extreme end
in contact with supporting timbers. No deformation or damage resulted.

1.5.2 External Pressure of 25 pois

*

1.5.2.1 Secondary Containdr
g

Shell with Flat Cover
.

Katerial of shall and bottom head is type 356 aluminum alloy. However,
mechanical specifications for SB-26-SG70A-T71 will be used. Allowable*

stresses are listed in ASMZ Code.
.

. Rev 1. 4-78
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i Reference for equations is ASME Code, section VIII, div 1, page No. as !

| noted. .

.

| P,= D /t E '

o ,

or P = f p 24 UG-34t = d/CP/S

where

L = design length of vessel section, in.

B .= factor depending on D,/t and P, (dimensionless)'

D, = OD of cylindrical shell. in. .

,,.

P, = max allowable working press., poi_

,

t = min required thickness'of cylindrical shell on flat head, in.-

C = f actor depending on method of head attachment (dimensionless) ,,

(s'ee 1.3, item 2)

'd = dia or short span as in UG-34, in. .

.. = design,prese., psiP

S = max allowable stress (see 1.3, item 3)

o- Shell

'

= 1.91, 60= = = .

0 234

t.-B = 7400 (see 1.3, item 1)

.

P, = Dg t
. 7400B

= 123 psig greater than 25 Oji . !"
60

o Bottom Head '

18,000 0.312 2 i

p .1 - (.t.)
-

_ 33,3 p, -.
C de 0.3 13.25

9

greater than 25 0.ji-

'

16
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A.
'

'
.

' ' o Top Raad ,

P=f = 35 peig'

=*

0 1 .3 5.

greater than 25 _OK
,

1.5.2.2 Secondary Container

Flange and Bolting

wbGy P 243, UA-49'

m2
=

A /S
m2 22 a P 234, UA-47=

1/2(A, +Ay, p 243, UA-49W =

Wh p 243, UA-50M, =
o

H hD G)*T(h -h) p 245, UA-55M,
= ~

gD 7

where

min required bolt load for gasket seating, Ib-W =
..

effective gasket seating width (0.25 in.)b =
,

,

mean dia of gasket contai .ca (14.25 in.)G a

gasket unit seating load $0.0 lb) (see 1.3, item 5)y =

S, allowable bolt stress at atmospheric temp, psi=

total cross-sectional area of bolts at section of least diameterA =

22 2required for seating, in

flange design bolt load, lbW =

2cr as-secti nal area f bolts using root diameter of thread, inA =
b

M, total moment acting upon flange, in.-lb=

,
h hub length, in.a

. hydrostatic and force on area inside of flange
,

H =

20.785 B P (B = ID of flange,13.5 in. , and P is 25 psig test| =

pressure)

radial distance from bolt circle to circle on which H ac s, in,h =
D D

tav . 73,,
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difference between total hydrostatic and force and hydrostaticE =
7 and force on area inside of flange, lb H-H=

D

2a 0.785 C ptotal hydrostatic and force, IbH =

radial distance from bolt circle t9 circle on which H acts, in. -

h = TT ,

radial distance from gasket had reaction to bolt circle, in. ph =
g

= w (0.25) (14.25) (0.0) 0.0 lbvbGyW ==

0.0' intA =

m2

0.215 in2g - = 8(0.0269) =

0.215) (20,000). = 2150'1b1/2(0.0 +
1/2{A S,W + ==

(from page 243, table UA-50)
C- R + 81 * R + 0. 5 S .* ""d h,hh == t=

g 2 7 2 D

where:
..

bolt circle dia (15.5 in.)C =

'~ '

R 4 ~I't2

thickness of hub at back of flange (0.234 in.)gg =

14.25 1.25~0 15.50 -

0.625 in.h = = , =
G 2 2.

''3 *

0.766 + 0.23h + 0.625 = 0.312 in.
"

1 ,
, ,

15.5 - 13.5"

- 0.234R =
2 - g1 2

=
,

t

1.0 - 0.234 =. 0.766 in.=

!

0.5(0.234) ' = 0.383 in.0.766h = R + 0.5 g3 +=
,

'
'

Wh = 2150'(0.625) 1340 in.-lb (gasket seating)M, = =
g

'
.

'

13
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,

2 222 0.785 B P .= (0.785 C .3 ),H- g = 0.735 0 FR
-=

7

-h)-h)+HT (hMD,= g(h *
0a TD,

'

2 22 (0.785)(G .3 )(P)(0.812 - 0.625)! ( :. M,= (0.785) B P (0.883 - 0.625) +
22 13,3 )(25)(0.187)= (O.785)(13.5)2 (25)(0.258) + ' (0,785)(14.25'

i

999 in.-lb (operating conditions)923 + 76 ==
.

Gasket seating men.ent of 1340 in.-lb is larger and governs.
0 10,000 psi pf,Bolt stress = =

; 3

f Flange stresses (flat top):
fM

0 p 244, UA-51S =
H L(8)23; 3

p 244, UA-51S =-
R Lc2 3'

^~Z8 P 'S * ~..
T R

t' B
'

' where:.
,

calculated longitudinal stress in hub, psiS =g

calculated radial stress in flange, psiS =
R

calculated tangential stress in flange, psiS =
T

hub stress correction factor (a function of g;/g, and h/h,)f =
.

g1 thickness of hub at back of flange, in.=

g, thickness of hub at small end, in.=

I -
.

.'

hub length, in.j- h
* =

:

!' . '
-

/Bg,,in.factorh, = =-

j- .

,ID of flange, in.i. B =

;

19
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J

M*
total moment acting on flange for gasket seatics (or operating=

1 conditions), in.-lb

*'+factor = *L = -

T ,

i .

flange thickness, in. gt =
_

*

F/h,factor for integral flanges
-=e =

f actor for integral flanges ' (a function of 3 /3,1 h/h,)_+
F =

factor that is a function of K (see 1.3, item 6)T =

ratio of flange OD to flange ID (see 1.3, item 6)K =

fh,g,2factor of integral flangesd ==

U= f actor that is function of K (see 1.3, item 6)

V~ = factor for integral flanges (a function of g /g, and h/h,)g

factor that is function of K (see-1.3, item 6) -

Y =

factor that is function of K (see 1.3, item 6)Z =
1-..

Flange factors .

..

,3f=1.0*

S /S,f "*
t

h ;0.292 0.292 0.164h/h = - = ., =
1.78

vt gg (13.5(0.234)

1.0-(see 1.3, item 7)f =

0 0' 0.511 (for F, see-1.3,-item 8)F/h,. 8
= =e, - =

1 -

2. .f-h,g,2 5 (1.78)(0.234)2d == ,

'

. for. T U,Y- & 2, see 1.3, item 6)(,

:
(for V,_see 1.3, item 9)

- 1-10 -
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' e4

te+1 3,, 0.5(0.511) +1 + (0 5)38
g , ,

T d 1.84 2.1
.

-

0.742
. 0.682 + 0.060 ==

O

fMe 1.0(1340)
.

' 2443 psi less than 1.5 (6200) g" " =
8
H L(g )2 8 0.742(0.234)J(13.5)y

(see 1.3, item 10)

(1.33 e e + 1)Mo ((1. 33)(0. 5)(0. 511) + 13 1340g , ,

R L c2 8 (0.742)(0.5)2(13.5).

717 psi less than 6200 g=
,'

Y Me 10.75(1340) 3.55 (717)2S8 " -" -

T t2 B R (0.5)2(13.5)
.

289 psi less than 6200 0, K_39794268 == -

..

Conclusion: The flat type shall v111' withstand 25 psig external
pressure; therefore, the inner product container should- *

'

be unaffected.

1.5.2.3 Secondarv Container.

Shell with Domed Cover

Yield pressure (P) of cover (figure 6,E)

P 16P *

'1/C* ,

h

where

L P, max allowable working press., psi=

| .

inside radius of hemispherical head, in.L* =
y

min required thickness of-head, in.t =
,

I- -

calculated compressive stress, psi
|

B =

Rev 1. ;-78
L
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from L /t 0.3333, and= = =
g h 0g

'

5500 psi (see 1.3, item 11)3 =
.

,,

'

5500 and is less than 9100 (see 1.3, item 12)Since B = .
.

I 167 psidAllowable external pressure P, g g= = = =

Since this is greater than the specified dif ferential pressure of
25 paid, the hemispherical head can withstand the given test pressure
(25 poid) i<ith no damage.

1.5.2.4 External Pressure Test of the Produce Container

An LP-50 product container (PC) was dimensionally checked (ultrasonically) to
confirm that its wall thickness was within design specifications. Fourteen
strain gages were esmented to the external surfaces of the PC at points of
suspected strain. The PC was then evacuated to 200 microns absolute pressure
which is judged to be the most severe case with respect to external pressure.
The PC was then placed inside a ball jar. The ball jar pressure was raised
in 5 psig increments untti 25 p.sig external pressure was obtained. Strain ,,

gage readings were taken during evacuation and external pressurizatien and
| are reported in reference 1. The PC did not yield from the test as confirmed
| by the strain gage readings and later by visual inspection. .

.

t

:
.
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1.6 Normal Conditions of Transport ,

1.6.1 Heat
.--

1.6.1.1 Summary of Pressures and Temperatures-
.

See 2.1.1.
,

1.6-1.2' Differential Thermal Expansion

Hypothetical accident condition toets did not cause any damage attributable to
differential thermal expansion (see 1.7.3.2). Conditions of normal transport are

much less severe, thus no probless will be encountered during " normal transport" or '

actual transport-conditions.

1.6.1.3 Stress Calculations

Repeated shipments (with attendant thermal cycles) have produced no degrading
I

effects on the packaging. Deformation of the product'c9ntainer is checked during
|unloading operations per Ref. 6.5.1,[5] .

1,6.1.4 Comparison with Allowable Stresses

See table in subsection 1.1.2.

1.6.2 Cold_ , . ,

This package contains no liquids or other material harmfully affected by-an ambient
temperature of 400F ( 400C). .The shell' temperature when ambient temperature is.-
1000F (in shade is 121.1* F (2.5.3). When ambient temperature.is -400F or
(100-(-40))-lower,-the shell temperature would be 121 140 - 190F. The yield
strength-of-the aluminum shell would be higher at this temperature than at the
higher temperatures of normal conditions.-- Also, the 190F is within the design
range for the Basket materials: buna N, and VitonR1, the SST PC is unaffected in

*this temperature range.-
.

1Du Pont trademark

*
.

*
.

.

.

'c.
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1.6.3 Pressure (0.5 atmosphere)

1.6.3.1 Secondary container
.

- 4 ,

.It is shown under 2.4.4 that the maximum internal pressure in the secondary
4: container (shell) is 17.5 psia. With 0.5 standard atmospheric pressure on the

outside of the shell, the differential across the wall is-
.

10.2 psig and the temperature is 180'F.0.5 (14.7)17.5P = =-

Since allowable stresses for type 356-T51 aluminum are not listed in the ASME
Code, the stresses for the similar type SB-26 SG-70A (356)-T71 will be used
(see 1.3, item 13).

Allowable stress at 180*F is 6200 psi.

10.2 psig.Shell stresses: P =

This equation is from ASME Code, section VIII, div 1, p 14, UG-27, (c), (1).

0.6 t) or tP(R +Shell: S ==
Et SE - 0.6 P*-

.

where:..
4

max allowable stress, psiS
-=

design pressure, psiP =

inside radius, in.R =

min required hickness of shell plates, in.t =

joint efficie:cy (1.0) (see 1.3, item 14). '

E =

+ 0.6(0.234))PR + 0. 6 t) , 10.2 [6.75Shell S
,

j Et 1(0.234)
=

300 pai less than 6200 OK
, ,

,-

,
.

These equations are from ASME Code, section VIII, div 1, p 24, UG-34
I

*

CP( )2 (see 1.3, item 2)Both heads: S =
.

|

Rev 1, 4-78
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wheret
s

factor depending on the method of attachment of head, shallI: C =
dimensions, etc. (dimensionless) .

'

the ratio t,/t, (dimensionless)m =

t,= required thickness of seamless shell for pressure, in. -
.

t, = actual thickness of shall, in.-

maximtan allowable stress, psiS =

P = design pressure, psi

min required thickness of cover, in,e =

dia as measured in 1.3, item 2, in.d =

Bottom head:-

5520 psi less'than 6200 K(0.3)(10.2)S CP == =

-*
.

Top head

.(0.2)(10.2)(1
5 5840 psi less than 9500 .S CP == = .

(see 1.3, item 13) OK_

~

(a) Flange and Bolting Operating Conditions
!

These eiuations are from ASME Code, section VIII, div 1, page No. ast
noted, UA-47.

20.785 B P p 235H =
D

p 2352 b fr G m PH = -

g

0.785 (G2 23)P p 235H = _

T

* H E 0W,y = g+Hg T ,

+ h N p 235M, =-h G "G
.

D D T T e "-
.

- 1-14 - -'
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. d.

'where:

hydrostatic and force on area inside of flange, lb
} H =

D,

!

l -- B inside dia of flan;;e, in.=

'

design pressure, psiP =

H - total joint-contact surface compression load, IbG

effective gasket seating vidth, in.b =

d1a at location of gasket lead reaction, in.G =

gasket factor (see 1.3, item 5)m >=

diffsrence between total hydrostatic end force and the-H =
T hydrostatic end force on area inside of flange, Ib

min required bolt lead for the operating conditions, 1bW =
d

M, total moment acting upon the flange for operating conditions,=

in.-lb'

h radial distance fr'om bolt circle to corresponding forces'
-

D,G,T =

"D,c,T
*

,

2 (0.785)(13.5)2(10.2) 1460 lb; 1460 x 0.883 =0.785 B PH = ==
D

1290 in.-lb-

114 lb(2)(0.25)n(14.25)(0,5)(10.2)2 b rr G m P =
H ==

g

71 in.-lb114 x 0.625 =

2(0.785)(14.252- 13.5 )(10.2)2(0.753)(G2 3 )(P) =
H == .

T

136 in.-lb'167 lb; 167 x 0.812 =
,
,

1741 lb1460 + 114 + 167W -=
,3

"

.

1497 in.-lb '

13671.= 1290M,
=+ -

- 1-15 -
i

[:

'

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



- - - - . _ - .

-.

|.

.. .

.

ib) Gasket Seating .

These equations are from ASME Code, section VIII, div 1, p 243, UA-49
and UA-50. .

wbGyW =
m2

Wm1
-

.

A "
mi S

1/2 (A, +A)SW* =
b a

WhM, =
o

where

min required bolt load for gasket seating, Ib-W =

effective gasket seating vidth, in.b =

dia at location of gasket load reaction, in,G =

gasket seating load, psi (see 1.3, item 5)y = ,

A = total cross-sectional area of bolts at sect' ion of least dia-
"I 2meter under stress, required for the operating conditions, :In , .,

W = -min required bolt load for the operating conditions, Ib,y

max allowable stress, psi (see 1.3, item 15)S =

min cross-sectional area of bolts, in.A =
3

flange design bolt load for ganket seating, IbW =

2
A, total' required cross-sectional area of bolts, in=

S, allowable bolt stress at atmospheric temperature, psi=

M, total gasket seating moment acting on flange, in.-lb ,.=

radial distance from gasket load reaccion to bolt circle, in.-h* =
g ,,

w (0.25)(14.25)(0.0) 0.0 less than WW wbGy === dm2

Rgv 1. 4-78
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0.0870 intA * =
d *2

' 0.215 in2 (see 1.3, item 16) OK_8(0.0269)A = =
.

.

b

1/2-(0.0870 + 0.215)(20,000) 3020 lb
, 1/2(A, + A )8 =W = =

. b a

1890 in.-lb (gasket seating)(3020)(0.625)= Wh =M,
=

g

e

Gasket seating governs

1 .050 psi less chan 20,000 psi gBolt stress = = =
5

For flange constants see 1.3, items 6 through 9.

Gasket seating: A11ovable stress is 6200 psi (see 1.3, item 13).

'These equations are from ASME Code, section V!11, div 1, p 244, UA-51.
D o

S- =
H 'L(gt)B

..

(1.33 e e * 1) Mo
3 ,

R L 2Bg,
,

S 23* ~

T B R

where:

calculated longitudinal stress in hub, psiS =g

hub ; tress correction f actor for integral flanges (see 1.3,f =

item 7)

calculated radial stress'in flange, paiS =
R.

'

calculated tangential stress in flange, psi
,

S =
T

M, totsi moment acting on flange for gasket seating or operating-=
.

conditions, in.-lb*

'

.
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.e .

"'+1
= +.factorL. =

7

flange. thickness, in.t a
'

factor involving K (ratio of flange OD-to flange ID)T = ,

'

(see 1.3, item 10)
- i

'

factor for integral flanges == F/h, .e = ,

1

F.= factor for integral flanges (see l.3, item 11)
involving g g, wherey

-

thickness of hub at back of flange, in.
g1 =

thickness of hub at small and, in.=g,

' 4,B g,, in.factorh, ==

hh,~g,2
-

factor for integral flanges -=d =

U ' factor involving K (see 1.3,. item 10)=
i

factor for integral typs flanges (see 1.3,V =
item .12) , ,

,.

inside diameter of flange, in.-B =
.

Y & Z - , s e e T j us t lis ted
.

(1.0)(1890)
3450 less than 1. 5 ( 6200) ' ,0_K,S = = =

2

L(8 J B (0.742)(0.234)2(13.5)H
1

(l' 3 3 * * * 1} "' ((1.33)(0.5)(0.511) 11 1890-

S = = ,

R Lt2B (0.742)(0.5)2(13.5)
'

1010 psi ~ loss than 6200 OK.

Y Mo , (10. m (1890)3 g3 (5.55)(1010) =, , -

T t2B R (0.5)2(13.5) *

'

6200 - 5610 590 psi less than 6200 $ '=

.
:

6
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Operating condition n

2730 psi 1.5(6200) g=
S

'

g L 2B (0.74 ( 4 (13.5)=
,

1] 1497I- (1.33 t e * 1) % ,[11.33)(0.5)(0.511) +
"

8 " "
R Lt2B (0.742)(0.5)2 (13,3)'

*

801 psi less enan 6200 g

h-ZS (5.55)(801) =-
S

*=
R .5 2 13 )7

322 psi less than 6200 g44464768 =-

1.6.3.2 P1oduct Container

Reduction of the external pressure to 7.4 psia would give a maximum differential
pressure a:ross the product container wall of 1508 torre absolute - 380 torre or
1128'torra Each product container is annually tested at 1173 torrs (8.11.2) and
.therefore iould not be damaged at a pressure of 1128 torrs.

-

1. 6.4 Vibr'a tion --
.

The stainle is steel and aluminum containers were shipped for many years without
-vibration damage. The addition of the insulation and steel drum provides more,

'

, protection. Therefore, normal vibraticn will not damage the package.

1. 6. 5 k'a t e r pray

The closed at eel drum,- with vent holes sealed with metal tape, is impervious to
_ ater spray asd is not significa..ly affected.w

>1.6.6 Free Dr{p,

'Two 4 ft drope of the LP-50 packaging were made. First, the LP-50 was dropped
at a 45' augh onto its bottom edge at a point 90' from the plane of the locking
ring lugs at Ihe top of the LP-50. The second drop was also made at a 45'
angle, but th:.s time the LP-50 was dropped onto the top edge when it was in
linewiththe{oottomimpactpoint.

-

.,

Prior to these} ~dropa, the PC was evacuated to 100 microns. After.these drops
- and two subsec:aent -drops from' 30 f t, no detectable' change in pressure was found.
,

' ~ Minimal damage:resulted. See figures 19, 2.0, and 21.
'

. .

:
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1.6.7 Corner Drop
.

Since this package is constructed primarily of metal and not wood or fiberboard ,

and also because it weighs more than 110 lb, this test le not applicable.

'
1.6.8 Penetration

.
,

A 13 lb 1-1/4 in. dia rod was dropped four f eet ento the side of the . drum
between two chimes. The maximum deflection of' the drum was 1/4 in. with no
damage to the Colotax@ insulation.

1.6.9 Compression

An empty drum was uniformly loaded to 1700 lb (more than five times its normal
package weight). A 2 in. thick plywood load distribution plate was placed on
top of an upright drum. Bags of lead shot, weighing 25 lb each, were stacked
on the plate to the required total load. Af ter 24 hours, no def ormation of the
drum had occurred.

1.7 Hypothetical Accident Cenditions

'

1.7.1 Free' Drop . -

Three prototype packages were dropped 30 ft on a flat, unyielding horizontal
surface.- The surf ace was a 1 in, thick stesi place weishing about 870 lb '

supported by a 6 in, thick, 20 x 30 ft concrete slab on firm soil. A crane
with~ a quick release device was used to wuspend each package. The first two
packages are described in 2.5.1.2 and the third in 0.2.1.

Thef first package was dropped on its side with impact on the locking ring lugs. .
The diameter was reduced 3/16 inch (figure 8). The second was dropped- en its
top corner. resulting in a 3 in. deformation of the corner (figure 13) . - The'
third package was first dropped twice from four f t (see 1.6.6) and then dropped
on its top corner with the major axis at 15' to -the horizontal. A 2-3/4 in.

. reduction in diameter resulted (figure 21). -None of the three drops resulted
in exposure of any of the insulation or any other damage that might affect the

. ability of -the package = to withstand the subsequent accident . conditions.

1.7.2' Puncture
.'

Each of-the first two packages mentioned in 1.7.1 was dropped from a distance
of *0 in, anco a 6 in. dia s teel cost. The post was 10 in, high and welded to ,

a 1 in thick x 1 1./2 ft x 1-1/2 ft steel place. The side of the drum was in-
-

dented 1/16 in. in both cases (figure. 9). -

Rev 1. 4-73
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1.7.1 M -
.

,.

' *
,- 'ik

1.7.3.3' Slumunary Pressure and Teemarature

Ashieme 10tF.4'F (34*C)'
.

s At shall to ambient 19.8'F (11*C)
''

.< ,
.

Temp rise of shall 114'F (63*C)

Mas product container temp 241'F (117'C)
Mas product container pressure 32 psia at age of 12 months

1.7.3.2 Differential Thermal Expansion

The furnace test, see 2.5.1.1, did not cause any damage that could be attributed
to dif ferential thermal expansion. The calculated expansion of the shell is
0.026 in. in dia and the product container is only 0.018 in. in dia.

13.7 x 10'' in./in.'T Marks Handbook, 7th EditionC = ,g

9.9 x10~' in./in.'F p 6- 10C =
33

The clearances, the temperature dif f erential involved, and the thermal expansion
coefficients.of the materials will minimize the of f acts of thermal expansion.

1

1.7.3.3 Stress calculation

None.

1.7.3.4 Comoarison with Allevable Stress

This package has shown by testing that it has withstood any stress developed
durist actual tests of hypothetical accidant conditions. See 2.5.4, Maximum
Internal Pressure, for discussion of internal pressure and yield strength.

1.7.4 Water Isumersion

Not applicable. There is no fissile material in this package.-

.,

'
*

,

..,

'
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1.7.5 Summary of Damage

A complete package was dropped on a flat surface and on a piston, then heated in a
furnace, in the manner prescribed by AECM 0529*. Three separate tests were

performed. The appearance of the package at various stages during the first test ,

is shown in figures 8 through 12 during the second cast in figures 13 through 16, .
,

and during the third test in figures 19 through 21. The package was not
significantly damaged from the drops in any of the teste. Soma insulation damage i

was caused by smoldering near vent holes after the two thermal tests, but the .

present design (shown in figure 1) prevents this by the use of a noncombustible
insulation in the vicinity of the three vent holes which are provided to prevent
drum damage by internal gas pressure durin5 a fire. Before the first two tests,

the primary' container was pressurized to about 29.4 psia. Following the tests, no

pressure had been lost and there was no apparent damage to the contriner valve.
During the thermal tests, the surface temperature of the aluminum secondary
container was continuously measured. Maximum temperature at various points in the

Thepackage was determined from the condition of pellets of known meltin6 points.
temperature rise in the furnace test was low enough that critium permeation and
leakaBe would have been less than the one curie limit,

Prior to the third 30' drop test, the package was subjected to two a f t drops as
described in 1.6.6. The package still passed the test satisfactorily and the PC

*
also held a vacuum of 100 microns without detectable change.

1.8 Special Form

Not applicable. No special form is claimed.

1.9 Fuel Rods

Not applicable. There are no fuel rods in the shipment.
.

1.10 Apoendix

l.10.1 Reference

1. DPST 79 283, R. G. Derrick to I B. New, Strain Gauge Measurements on Typical
Low Pressure Product Containers, March 6, 1979. (See Appendix A)

*
.

| *ChanSed.to DOE 5430.3 ,

.

.
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2.0 'titEB(A1. EVALUATION

. .

2.1 Discussiong ,

%
.

The significaat theriaal design of the 1.P-50 packaging is the insulated shipping
drum or overpack A saaled product container (PC) inside an aluminum shall is
placed in a Calotam8 lined carbon steal drum. See 0.2.1 for a complete descrip-a

tion and principal dimensions.

Tha weighted svarage thickness of Calotax@ is 3.8 in. This adequately protects
the PC and shall during normal transport and during hypothetical accident con-
ditions. This packaging has been in use for over a decade without adverse
ef fecta due to thermal conditions.

The maximum decay heat load is 22.4 Btu /hr. The =4n4== heat load is zero when
the PC is empty. Significant results of the thermal analysis of the package
are

2.1.1 Normal Trnnsport
,

Drum surface temp sun side (T ) 182.PF 83.8'C
d

nrum surface temp shade side (T ') 132.8'T 56'c
d

Wall temp of shell (T,) 177.2*F 80.7'c

Product container camp (T ) 179.9'F 82.l'C
p

4

Ambient temp (T,) 130*7 54.4'c

Pressure inner vessel (P) 29.17 psia, assuming 1 year
of radioactive decay

Differential pressure across vall of
inner vessel 11.7 psi

Radioactive heat-decay 22.4 Btu /hr

2.1.2 Hypothetieni Accident

Ambiisnt tantp 100.4'? 3 8' C

Temp at between shell and ambient 18.9'? 10.5*C

Msasured temp rise of shall during.

furnace test 114'? 63'c

Temp at between shell and product con-
tainer 2.7'T 1.4*C

21 Rev i. -3'

1

' ' ' '

- .______m. - - _ . _ _ _ _ _ _ _ _ _ _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _

.

Temp rise of shall and product
container by adiabatic self heating 4,60F 30C

Max product container temp 2420F 1170C
.

Pressure of product container at max temp 32.0 psia
,

'
2,2 Summary of Thermal Properties of Materials a'

~

a, CelotexR thermal conductivity 0.031 Beu/hr f t (oF/f t), density 13 25 lb/f t32

b. Cera ForaR thermal conductivity 0.028 Beu/hr le2(oF/f t), density 11 14 lb/f t3

c. CerafeltR thermal' conductivity 0,025 Beu/hr ft2(oF/ft), density 6 lb/ft3

d. CerafeltR thermal conductivity 0.027 Beu/hr ft (OF/ft), density 16 lb/ft3

e. Solar flux 144 Beu/hr/ft2 (ORNL NSIC 68, Cask Designers Cuide, p 143)

f. Air thermal conductivity 0.0175 Beu/hr fe2(opfge) g 177or (Marks Handbook for
Mechanical' Engineers, 7th ed, p 4 94, 1967)

g. Absorptivity factor painted surface --0,94 (ORNL NSIC 68, p 133)

2.3 Technical Specifications of Components

2.3.1 ColotexR fiberboard made from sugar cane fibers bonded with organic glue per'

Mil F 26862A, Shear strength 3133 pai, stable to 2500F,

2.3.2-Cera FormR molded,from slurry of alumina silica refractory fiber and bonded
'

,

by inorganic: binders, stable to 23000F,

2,3,3 CerafeltR . A loosely spun alumina silica refractory material, stable to
23000F,

2.3.4 Product-Container Valves

Four.s116 ely different valves have been used: a Fulton Folphon, a modified Fultonh
Sylphon, a Hoke TY445 and a Hoke 4213x2 (Figure 7A, 7B, 7C and 7D). The valves
were tested for tritium leakago at 250 and 11000 with differential pressures of
$70 950 torrs. The Hoka valves have a proof test of 3000 psig and a max operating
temperature of 6000F, The Fulton Sylphon valves are prooftested at 150 psig.

At 250C, leakage was well below the 7 x 10 8 atm ec/see limit (see 3.3.2.2) At

1100C leakaBe was still insignificant when compared with the 0.39 cc (1 curie) loss
allowed under accident conditions. (IAEA Safety Series No. 6) "Re6ulations for the ,

Safe Transport of Radioactive Materials," 1973 Revised edition, section II, p 230,
-

(b) ]' Current regulations (January 1,1986 of 10CTR71,51(a)2) allows a leakage oof
an A2 amount.in one-week for accident conditions or 1000 ci, .

All present replacement' valves are the improved Hoke 4213x2 with the Cajon AVCR
fitting shown in Figure 7C (Type IIIA Modified). Future replacement valves are
expected to be the Hoke 4213x2 with Cajon fitting and container stub directly
welded to the valve body as shown in Figure 7D.

Rev. 2, 4'/88j
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2.4 Thermal 2 valuation for Normal Conditions of Transport

*
.

* 2.4.1 Thermal Model
' The standard packaging described in 0.2.1, and shown in detail in the ref erence
'

,

drawings cited in the contents (S5-2-5733.et seq) serves as a model for the
thermal evaluation.

2.4.1.1 Thermal Evaluation

The thermal evaluation for normal transport was made analytically following the
methods and equations of ORNL-NSIC-68 using thermal conductivities f rom manu-
facturers technical data sheets. The assumptions used in the calculations
follow.

o Assumptions

1) The package 1s in thermal equilibrium at 130'F ambient air temperature
in sunlight at latitude 42'N during the summer solstice (144 Beu/hr-
ft2, 24-hour average solar heat rate).

2) Solar heating is applied to the top and one . side of the drum over a
projected area equal to diagonal height times diameter.

3) There is no circumferential heat flow in the thin wall of the drum or
in the Celotex8 insulation.

,

4) Heat escape through the bottom of the package is neglected.

5) The wall temperature of the aluminum shell is uniform (high con-
ductivity, low heat flux). )

6) Heat passage from the sunny surf aces of the drum to the aluminum
shell, thence to the shaded surface of the drum, is calculated on the |
basis of a weighted average insulation thickness. '

o Definitions and Constants

solar radiation x projected area x1) Q, solar heat input= =

. -absorptivity f actor

144 Stu/hr-ft2 (1)Solar radiation =
.

0.94 (2) for a painted drumAbsorptivity f actor =-

1

j
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Projected area = diagonal height x diameter

'/(22.5)2 + (38.5)2' x 22.5 6.97 ft2=
144 ,|

,
*

'

1

144 x 6.97.x 0.94 = 943.46 Btu /hr .;
Q =

s- ,
.

+

" "" '* '""** I "# * "" *2) Q '" **
R

22.4 Beu/hr !50. liters + 3718 cc/g tritium =

(vessel. 0 1250 corr):g
.

''"#f""* "#ea f drum (sun side)3) A "
d ,

top. surface + 1/2 cylindrical surface=

'12.- 2 .f t2=-

surface area of drum (shade side)4) A' d =

1/2. cylindrical' surface i=

9.'45 fc2=

~ :heat transfer coef ficient through insulation -(sun side)5).U,
,=

"=.f=0.038 0.106 Beu/hr-ft2 ( y)=
,3

thermal conductivity of Colotax@ in temp range of- 85' .co. 90*C.-K- =-

= J0.038',festimated'from room camp; conductivity'of.0.030i'

Stu/hr-ft -('F/ft)

L = weighted average insulation thickness of 3.8 in. + 0.5 in.
-of Calotex@ equivalent of air gap of 0.36,ft

9

6) U , = - heat transfer coefficient through. insulation-(shade.~ side)
'

- ge
e=

: tr

0.036 astimated (158'?/70*C) .K' =

0.36'feL' =

.03 0.10 Beu/hr-ft2 (ey)=. =
6

-:;.

'
'
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mean heat transfer area (sun side)7) A, =

mean area of drum top + 1/2 sean area of cyl side=

.

1.84 ft2 5 6.14 ft2 7.98 ft2==

1/2 mean heat transfer area (shade side)8) A' ,'' =
,

6.14 ft2mean area of cyl side ==

sun side, 'Fdrum surface temperature9) T -=
d

,

shade side, 'F
10) T'd drum surface temperature -=

wall camperature of aluminum vessel, 'F11) T, - =

54'C (130'F)12) T, ambient temperature= =

o Calculations
,

-1) Heat Balances

For determination of temperaturas T , T'd' "" e, heat balances are
'

-

d
made on the entire package, the aluminum vessel, and the separate
sides of the steel drum...

SHADE SIDE SUN SIDE

-

Es
Qf%

~

'

.T* = 54.4'c-
r (130*F),

.. 7
, *c c T

d

T'd
Q1'

.

.

|
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Entire package

Qt + -Q'1Q in- = ,Q o'At! or Q, + Q, =
.

'

(- Q, + Q, Q1 + Q'1=

,

(h', h ' ,) A' d
'

h,) Ad (Td a)(h + + +-943.36 + - 22.4 = -

e

-

(T'd T,)-

i
E where:

0.19 :( AT)l/3 ORNL-NSIC-68 p 135'

h = -

c

_ _

(T + 460}4
~[T,t'460}"d

h, 0.173 x F,F=
100 / \ 100 /e

T ~

d a
- -

1.0 direct sunlightF, Angle factor= =

'

0.94.F, Emissivity factor= =

.

'O 'in : 0-ouc

Q',Aluminum- Q + Q, =
. s

.

o.A'm C, -

T.'d)Container - Q, - + :U,A,(T.d c
' "

.

t

Q' Steel = drum sun side - Q, Qg= +

.

9'1:- = Steel drum shade side Q'2
*

,

- By -successive substitution of trial values Lin the above equations, it is ,

found-thatLthe following set of temperatures is required for equilibrium.- *
- -

18 .9 F (8 .3'C) ~Orum : '' sunny . side (I ) =
-

d ,

132.8*F-($6'C)-shaded side (T'd)Drum =-

177.2'F (80.7'C).Alumgnumshell_(T,) =

:

- 2-6 -
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2) Temperature Gradient Between PC and Shell

To determine the temperature of the PC (and tritium), it is necessary
to estimate the temperature gradient between the PC and the shell.

,

177.2*F (80.7'C)T, Temperature of aluminum shell= =.

T, Temperature of stainless steel PC, 'F, to be determit.ed=

A = Area for heat transfer by conduction

Cylindrical surf ace only (large clearances at top and bottom of-

6.55 ft2the PC 22.828 in.) =

0.014 ft0.17 in.L = . clearance between cylindrical surfaces -=

area for heat transfer by radiationA =
r

8.0 ft3entire surface of PC ==

T)h ,A ,(T,. Heat balance Q = -

e c cr

.

' where:

22.4 Btu /hr
'

Q, = radioactive decay heat* =

h, = heat transfer coe h ent by conducc hn = f =
c

0.0175 Beu/(hr)(ft2)(*F/ft) 1.25 Stu/hr-ft2 (ey), =

0.014 ft

-K ir 0 177'T = -0.0175 Btu /hr fg2 [ Marks Handbook 7th Edition 4-94a Thermal Conductivity of Air and >

S team] ,--
-

TT, " " * *-

c h A (1.25 6 55)co co

..
.

2.7177.2T =-

s
.

'

T* 179.9'F (82.l*C)-

. . .

There will be no significant dif f erence 'in temperature between the tritium
and the inner vessel; therefore, the temperature of the tritium in normal
transport will not exceed 180*E (82*C).

- 2-7 -
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2.4.2 Maximum Temperature

The mawimum temperatures for normal transport conditions are,t
t

Steel drum 182.9'F 83.8'C
.

Shell wall 177.2'F 80.7'C -!

[iProduct container 179.9'F 82.1'C
,

4

2.4.3 Miu1 mum Temperature

This is a dry shipment and conta1ns no liquids or other material harmfully
affected by a temperature of -40'T (-40'C).

2.'4.4 Maximum' Internal Pressure

The maximum initial loading pras:ure is 23.2 psia (1200 corrs) at 25'C. The
,

maximum pressure during normal transport will be at maximum temperature in
the PC (see 2.4.2).

PC' pressure - (23.2) f3)xheliumbuildupat1 year - yf5'$0 "
0

,

29.17 psia

The max 1 mum temperature for the shell is taken to be the. average tem-
'

parature. The initial shell pressure is 1 atmosphere at 25'C.
.,

T '

PC shell 17.5 psia |.g 4.C P 14.7 ==,

5
- _

The ability of the packaging to withstand this pressure is shown in 1.6.3.
|
,

'

2.4. 5 Maximum Thermal S' tresses'

The. temperature differentials throughout the package are relatively small and~ i

will cause no significant.chermal stresses.

2.4.6 F. valuation
.

The packaging 'hs4 provided effective protection-for many shipments over the
past decade.. ,.

The package-will not be affected by maximum full sunlight temperaturos of 130'?
-

(54*C) . as the maximum internal temperature will not exceed 180*F- (82'C) - well-

under the 250*F ;(121*C) plus temperatures that affect' the insulating material.
Minimum (-40*F or -40*C) temperatures will produce no detrimental. ef f ects Jon the'

; packaging as- this is a dry shipment. |

Rev 1, 4-73
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The effects of pressure as calculated in section 1.6.3 show that the product
container and shell will withstand normal transport conditions..

*

Vibration and star spray do not ef fect the packaging (see 1.6.4 and 1.6.5).
~

'

Free drepe an4 penetration testa had no significant effect on the package*

(see 1.6.7 and 1.6.8).
,

- ~ The package had no deformation af ter the compression test (see 1.6.9).

2.5 Hypothetical Thermal Accident Evaluation

2.5.1 Thermal Model

2.5.1.1 Analytical Model

The standard packaging described in 0.2.1 and shown in detail on drawings
S5-2-5733 et. seg, serves as a model for the calculations made to extend the
thermal test results to packaging components whose temperatures were not
directly measured.

.

2,5.1.2 Taet Model

The test model used for both drop and thermal tests is ident1*al' to the pack--

aging described in 0.2.1 with three minor exceptions :

a. To eliminate smoldering which developed in the top ring of CaloterS*

insulation in the vicinity of the drum vent holes during the postfire
cooldown period, the af fected insulation was replaced in the final
design (0.2.1) with a ring of noncombustible Cara Fors8 (felt) in-
sulation. Subsequent tests on numerous packagings of this generic
design indicated no adverse aff ect of this substitution on either the
drop or other test results (none was expected), and no recurrence of
smoldering. Two ef f ects are assumed as possible sources of this On-
provements (1) replacement of a combustible insulation with a non-
combustible type in a zone where postfire smold,ering could occur and
(2) reduction of air permeation into the drum via the vents as a
result of the fine-spun structure of Cara Form 8 which is known to re-
strict air flow at small differential pressures.

b. Also, in the final design, a disk of Carafelc8 is specified under the
drum cover on top of the Colotax4 Caraf ales is stable up to 2300*F

.

and may prevent burning or smoldering of the ColoterS even if the'

closure is breached, assuming no ColotexD is exposed. Equally impor-
tant, the disk serves as a spacer to ensure that the insulation is
tightly constrained to avoid breaching the closure. Several 1/2 in.
thicknesses may be used if required.

. :.9 -
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Lastly, a coating of Cera koteR is applied to the Colotex Cera koteRR
c. stabilizes the irritating dust and larger particles of cane fiber

gradually released from the ColocexR surface. Therefore, Cara-koteR was

specified for the final design. For a full account of the development

program for this type of package, see reference in section 2.6.
.

A complete package was dropped on a flat surface and.on a piston, then heated in a

|
furnace, in the manner prescribed by AECM 0529*. Two separate tests were performed..

.

After.A large annealing furnace was used for thermal tests on full scale packages. .

the furnace was heated to 14750F, the package was inserted for 30 minutes, then
removed for cooling. A thermocouple, inserted through the drum, measured the
temperature of the aluminum shell just inside the insulation.

The maximum temperature at various other points was dete'rmined from the condition
of pellets of known molting points.

The package tested contained no radioactive material.

! 2.5.2 Packase Conditions and Environment

The appearance of the package at various stages during the drop and piston tests is
The package was not significantly damaged by theshown in figures 8 through 21.

and therefore the tests were not detrimental to the cask during the 'drop tests,
furnace tests. ,

|

|
2.5.3 Packase Temperatures

During the thermal tests some insulation damage was caused by smoldering near vent
-

holes, but the present design (shown in figure 1) prevents this by the use of
noncombustible insulation in the vicinity of the three vent holes (these holes are
provided to prevent drum damage by internal gas pressure during a fire). Before
the tests, the primary container was pressurized to about 29.4 psia. Following.the

no pressure had been lost and there was no apparent damage to the container
,

| test,

| valve. During the thermal costs, the surface temperature of the aluminum shell was
continuously measured. The initial temperature of the PC was 240C. The maximum

-temperature reached from the fire was 870C'(1890F), a rise of 630C. The smoldering
in the insulation began noticeably showin5 the temperature decline after about 250
minutes, eventually causing it to level at an abnormally high value. However,

|
extrapolation of the inicial part of the decline, shown by the dashed line ini

|
. figure 18, produces a curve similar to what would be obtained without smolderin6
and allows an approximation of the time at elevated temperature for tritium
permeation calculations. The comperature rise in the furnace test is low enough;

!

that critium permeation and leakage ara less than the 1 curie limit
.

.

L

* Changed to DOE 5480.3'
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o. Temperature calculation *

The maximius temperature of a loaded primary container in a fire is less
than the sumL of the following:

1) Calculated temperature of the aluminum shell before the fire.
,

2) Measured temperature rise of the aluminum shell during the furnace* *

test (114'F or 63*C).

3) Calculated temperature difference between the PC and the aluminum
shall (2.7'T or 1.5'C). (see 2.4.1).

4) Calculated temperature rise of the PC and the shell vessels caused
by adiabatic self-heating while the temperature is elevated f rom the
fire (see 2.4.1) . ,

The temperature before the fire is calculated on the basis of still
ambient air at 38'c without solar radiation. Using values of h and.

e
2 for dissipation of heath as in 2.4.1 and an effective area of 21.6 ft

from the cylindrical surface and one end of the drum, it is found thatr

the outer surface temperature is about l'c (1.8'F) above ambient. For
2 through the Celotex,@ an ef fectivea mean heat transfer area of 14.2 ft

thickness of 0.36 f t and a thermal conductivity of 0.030 Stu/(hr)(f t)(*F)
(see 2.4.1), the temperature drop through the Celocex# is -

.

22.4~Beu/hr x 0.36 ft 1%9'F (10''**C)=

14.2 ft1 x 0.030 Ecu/(hr)(f c)(*F). -
.

-

The temperature drop between the aluminum shell and the Celotex8 was
taken into account in the effective thickness of the'Celotex.@ There-
f ore, the calculated temperaturn of the aluminum shell is

121.1*F (49.5'C).100.4 + 1.8 + 18.9 =

The temperature dif forence between the two inner containers is calcu-
laced in 2.4.1 to be 2.7'? (1.5'C).

Self-heating following a fire is calculated as follows:

[(Self-heating time from figure 18) x (tritiumdecayheatrate)] divided
by (mass of primary container x specific heat of stainless steel + mass

.of aluminum shall x specific heat of aluminum) = temperature rise.
.

(3 hours) (22.4 Beu/hr)
(30.5 lb steel) (0.12 Stu/(1b )('F)J + ( 4 7 lb A1)(0. 23 S cu/ (1b )( ' F)]-

4.6*F (2.6*C)=

- 2-11 -

I.



_ ___ ____ __-______ __ __ _ __ _- _ _-_ _ _ _ ___ _ _ _ _ -

. . .
_

. .
,

.. .,-
.

,

The sum of the preceding temperatures is the arMm= primary container ,

temperature following a fire; 121.1 + 114.0 + 2.7 + 4.6 =

242.4'P(116.7'C).
.

2.5.4 NmM== Internal Pressure
' '

.

The initial tritium loading pressure will be 23.2 psia at 25'c which will not , .

cause yielding of the container at the fire temperature of about 242.*F (117'C).
This was determined as follows:

As the primary container temperature increases, the internal pressure increases,
but the container yield pressure decreases (yield pressure is defined as that
which produces a 0.2% permanent strain). For a cylinder, yield pressure is
directly proportional to yield strength (yield strength of type 304L SS as a
function of temperature is listed in the ASME Code, section III,1965 edition,
table N-424) . Thus :

P33, S337-
,_

P25 S25

where

yield pressure, gageP =
,

yield strengthS =
.

The yield pressure at 25'C was determined experimentally to be 30 psig.
' '

Pt17 20,000
or Pt7 24.0 psig or 38.7 paia=,

30 25,000

An initial loading pressure of 23.2 psia at 25'c will be 32.0 psia at
117*C at 1 y ear of age; therefore. the container pressure would not
reach the yiela pressure during the thermai accident.

2.5.5 Maximum Thermal Stresses

The package was casted in such a manner that the initial pressure of the product
container was 29.4 psia which is equivalent to a pressure of 32 psia at 114*F. .

There was no pressure loss when the PC was opened at the conclusion of the test.

2.5.6 Evaluation of Package Perfor=ance for the Hvoothetical Ther=al Accident

The package evaluation indicates that ,it will withstand the accident conditions
I indicated in 10 CFR 71 Appendix B '. The package was not significantly damaged

| * Changed to 10CFR 71.73
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during the free drop and punctura tests.

Furnace tests and calculations show the maximum product container temperature
and pressure to be 242'F (117'C) and 32.0 psia. Yield pressare at 117'C is.-

38.7-paia..

The water immersion ' test was not _done because there is no fissile material in-

this package.-

Limited smoldering that occurred during the initial thermal testing was elimi-
nated by using noncombustible insulation, Cera Form,@ near the drum vent holes.
The Cara Fores extended into the Coloter$ for 1-1/2 inches, the maximum char
depth observed on any test.

2.6 Appendix

2.6.1 References

1. Leva 11en, E. E. , Drum and Board-Type Insulation Overpacks of Shipping
Packages for Radioactive Materials, July 1972. USAEC Report DP-1292,
E. I. du Pont de Nemours and Co. , SRL, Aiken, S. C. 29801.

.

.

.

.

Rev 1.'4-78
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3.0 CONTAINM1 q
4

3.1 Containment Boundary

(.

3.1.1 Containment Vessel |
'

d

The containment vessel is the product container (PC). It is a 50 11ter right ]
.

. .

circular cylinder made of 0.078 in, chick type 304L stainless steel. See figure 5 e
"

for details of specifications for cleanliness and leaktightness.

3.1.2 Containment Penetrations

The only penetration of the PC is a 1/4 in. hole, through the cover, into which'a i

vacuum valve is welded. Originally, all PC's were equipped with the vacuum valve
shown in figure 7A. Other similar valves have since been used as replacements
(figures 78 6 7C). A future replacement valve assembly will be a SS Hoke valve,
model No. 4213X2 (figure 70). It can operate at 2000 psig and 6000F and has a
leakage rate less than 8 x 10 9 ata cc/s.

3.1.3 Seals and Velds

The cover is attached to the PC with an edge weld using a gas tungsten are weld
(CTAW) and no~ filler material. The vacuum valve is fillet welded in two passes .

with a 1/16 in, dia type 308L SS rod on the first pass and with a 3/.32 in. type
.308L rod on the second pass (using GTAW) into the 1/2 in, dia countersunk hole .at

the top of the 1/4 in, dia hole throu5h the cover. A 3/16 in, fill..c leg dimension-

- is achieved using the procedure in reference 6.5.1,(14), |

- ' 3.1.4 Closure

In order to verify a seal. the four types of valves in use are tightened (per
procedure reference 6.5.1,(1] to maintain a leak rate of'less than 0.1 |

3micron ft /hr (1 x 10** atm ec/sec).

3.2 Requirements for Normal Conditions.
of Transoort

3.2.1 Release of Rt.dioactive Material

Caseous tritium permeates normal materials of construction at rates depending on
temperature, pressure, and other factors. The term containment (no release) as
used for normal conditions of transport is interpreted to mean no release which
would expose any persons to a dose above that received by continuous exposure to
the maximum permissible concentration allowed for the public. For transportation
in a closed vehicle (the worse case), the maximum allowable release rate per'

-

package would be about 7 x 10 8 atm ec/sec of tritium. This value is derived by

assuming that air in a closed vehicle is replaced about once a day. that a vehicle.

Rev. 2, G/38
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contrins about 300 fc3 of air for every package, and that a workman opening and
unloading the vehicle would be exposed to the maximum concentration for no more
than one minute. The maximum concentracion in the vehicle is computed from the

| maximum permissible concentration for 168 hour / week exposure set by the ERDAM 0524*
(1) Concentration Guide by the ratio of exposure time to 168 hours. The actual
exposure would be much lower than the calculated because actual crittua release
rates will be greatly below the derived upper limit. (It is interestin6 to note
that the IAEA regulations would permit escape of 1.1 x 10 7 ata ec/sec. (2. section'
II, para 230(a).] ,

* '

3.2.2 Pressurization of Containment Vessel

At a release rate of 7 x 10 8 aca cc/sec for 365 days of transportation, the mol
fraction of hydrogen isotopes in the shell will bs: ,

7 x 10*8 ats ce/sec x 365 days x 24 hr/dav x 3600 sec/hr
5200 (chamber volume)

- 4.2 x 10*4 or 0.04% tritium

The gas Ttxture is not ignitable because the beta particles present from tritium
decay will catalyze the formation of water from all hydrogen isotopes and oxygen in
the annular space. The corresponding pressure increase would also be insignificant;
consequently, there is no danger of creating an explosive mixture under conditions <>i
normal transnort.

3.2.3 Coolant Contamination
,

No coolant as such is put into the package. However, the calculations and .

explanations below describe tho' permeation phenomena of tritium from the PC into.the
shell.

.

Equilibrium hydrogen permeation throu5h type 304L stainless steel

at 820C is 1.5 x 10*7 STP ce mm at 760 torrs (3, p 6].
4(cm )(hr)

Corrected for pressure, surface area, and wall thickness, the permeation race becomes:

1.5 x 10*7 STP ce :mn x 8040 cm2 /29 2,4 x 10*7 atm ec/sec-

(3600 sec/hr)(cm )(hr) x 1.98 mm V14.74

) * Changed to DOE 5480.1A, Chapter XI
'

:
9
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however, is required to reach equilibrium rate. The time *

A very long time
to reach 7 x 10'".E ats cc/sec is obtained from a graphical plot of

'

-14,000/RT (4, p 2)F (3, p 5) and the equation D = 0.0265 x e- vs
.

. .

where

permention rate at time t or 7 = 10-6 ats cc tritium /seeP =
g

permeation rate at equilibrium, atm ec/ a tP, =

2diffusion rata, em /,,eD =

gas constant, g-cal /(g-mole)('K) 1.987R ==

355'KB2 + 273'C + 273T' temperature 'X ====

0.198 cmthickness of PC, em1. ==

time to reach Pg, sect =

I 7 x 10 8 ats ce tritium /sec Dt*
when t

I~,,
*

2.4 x 10-F ata ec tritium /sec 0.29, then Q = 0.097=

+
.

0.0265 = e -14,000/(1.987)(355) 6.4 x 10-12 2cm /,,eBut b ==

(0.097)(0.198)2 690 days, ,, =

(6.4 x 10-11)(3600)(24)

S4cause it is reasonable to expect the traasportation to be completed
within 365 days, tritium permencion would be significantly less than the

o7x 10-6 at,gef,,e itate,

other illustrations of these equations and plots are given in references
5,6, and 7.

Tritium issy be stored in these containers for up to 1 year before ship-.

ment, but the permeation rate is extremely low under normal storage'
4

conditions at less than 100*F. Calculations indicate that many years
must elapse before . the permeation rate reaches only 10-8 STP cc/sec a

,

f actor of 10 below the derived maximum allowable limits. ~herefore, per-

mention during normal storage is so small as not to alter the conclusions-
fir::t dra.m.

Rev 1, 4-78
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gefore initial use, each container is leak tasted (<7 x 10*8 ata ec/sec)
at 1.5 times its maximum operating pressure to show that it complies with
regulatione. Loss throesh the container valve is also negingible (<10-8
ses cc/sec) as shown in 3.3.4. Therefore, it is concluded that the LP-$0
container does not represent a hasard at the maxis sa norul operating ,

temperature. .

3.3 Containment Requirements for the *

Hypothetical Accident

3.3.1 Tission Gas Products

Not applicabis. There are no fission products in the package.

3.3.2 Release of Contents

3.3.2.1 PC Wall

Equilibrium hydrogen permestion through type 304L SS at 242'T (117'C) is
8I'

1.05 x 10-6 at 760 terrs (4 p 6).
2

(ca )(hr)
.

Corrected for pressure, surface area, and vall thickneer, the permention rate
.becomest

.

1.05 x 10-6 STP ec mm x 8040 em _3([' u 1.7 x 10-6 acn ec/pc
x 1.98 mm 14.7(3600 sec/hr) (cm2) (hr)

A very long time 5 however, is required to reach the equilibrium rate.
The time

to reach 7 x 10- aca ec/see is calculated as shown in 3.2.3. ,

P
t 7x 10-8 sta ce tritium /see 0.041g, ,. =

P. 1.7 x 10-6 aca ec tritium /sec

'

El = 0.052 from (3, p 5)
3 ,

L ,

.

Rev 1, 4-73
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where

D - 0.0265 x e.14,000/(1.987)(390) 3.8 x 10 10-

.

L - 0.198 cm.

therefore,*

. .

(0,052)(0.198)2 - 62 dayst-
(3.8 x 10*AV cm4/sec)(3600 sec/hr)(24 hr/ day)

Because the time at the elevated temperature is less than 12 hours, the
,

critium permeation rate would not rea:h the limit for even normal shipping
conditions.

*

3.3.2.2 PC Valve

Tour slightly different valves have been used pn the primary containers; the valve
shown in figure 7C (Type IIIA Modified) is the present standard (the two types of
Hoke valves (figures 7C and 7D) have equivalent specifications). Each type was
tested for tightness by cycling between 250 and 11000 with the results shown in ene
following table:

Tritium Leak Rate a gen eefs,e
__

Tempera. Valve~^

cures in Fulton Modified
Secuence.0C 314A Fulton Hoke,.

25 1.1 3.8 2.3
110 1.1, 2,3 1.5

25 34 1.5 3.4
110 29 1.9 1.9;

* Multiply by 10*9

At-250C, leakage from any valve is well below the 7 x 10 8 atm ec/see limit. At

1100C, or 820C, under normal conditions, leakage is still insignificant, especially
when' compared to the 1 curie (0.39 cc) loso allowed under accident conditions. (2.
section II, para 233(b).)

*
.

'.
.
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3.4 Appendix

! 3.4,1 References j

| 1. USERDA Kanual Chapter 0524*, Standards for Radiation Protection.
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* Changed to DOE $480.lA Chapter XI' -

.

Rev 2. 4/88 .

.36

. - . . - .. - . - - _ . _ . _ _ . . _ _ _ . - _ - - .__



__. . _ _ _ _ ___ -. . - _ _ _ - - .

,

1
J

!. 0 SHIELDING EVALUATION _

i 4-14.1 Discussion and Results . . . . . . . . . . . . . . . . . . . . . .-

4-1. . . . . . . . . . . . . . . . . . . . .4.2 Source Specification . .'

4-1-

. . . . . . . . . . . . . . . . .. . . . . . .4.3 Model Specification 4-1
4.4 Shielding Evaluation . . . . . . . . . . . . . . . . . . . . . . .*

4-1. . . . . <4.5 Appendix . . . . . . . . . . . . . . . . . . . . . . .'

.

o

O

4

4

4

e

^ ' '
- - ~ y , _



. ,

*

. . .

'
.. . , . .

,

.

4.0 SHIELDING EVALUATION *

It is unnecessary to evalusta shielding for this packaging since the radio-*

active material (tritium) is a beta emitter and gives of f no penetrating
radiations.

,

. .

4.1 Discussion and Results

Not applicable.

4.2 Source Specifiestien

Not applicable.

4.' Model Specification

Not applicable.

4.4 Shielding Evaluation

Not applicable.. ,

4.5 Appendix-

Not applicable.

.
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$.0 CRITICA1.1TY EVAI,UATION*

.

The radioactive material (tritium) in this package is not fissile and cannot
be made to go critical. Therefore, n'sclear criticality safety is of no con-.

cern in the shipment of this package.'

.

N

5.1 Discussien and Results

Not applicable. #
*

$.2 Package Tuel 1.cading

Not applicable.

5.3 Model Specificatien

*

Not applicable.

$.4 Criticality calculattens and Experit2;js
.

Not applicable.
,

.,.
$.5 Critical Benchrark Experiments

Not applicable

5.6 Appendix

Not applicable.

. .

,
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6.0 OPERATING PROCEDURES

Definition of Terms

The LP 50 tritium packaging is composed of three major parts:-

1. A product container (PC) which is a stainless steel vessel into which tritium is'

'

loaded.-

< - - 2. A shall which is an aluminum inner container into which a product container is
placed.

3. An insulated shipping drum or overpack which is a carbon steel drum with a lid
and lockin5 ring; it contains a PC inside a shell surrounded with insulation.

6.1 Procedure for Loading the LP 50 Package
i

Loading of the LP 50 product containers (PC) is performed per reference 1 or 2.
LP 50 shipping drums are unpacked, inspected, and the LP 50 inside its shell is :

'stored in a ventilation monitored vault per reference 3. Before opening the shell
lid, the shell is placed in air flow from a process hood and monitored for tritium
leakage from PC to shell volume as the vent valve on top of the secondary container i

(shell) is opened. If tritium is detected, the vent valve is closed and a special

procedure for further handling is prepared. If no tritium is detected in the shell,

the valve is closed, the aluminum cover and wooden spacer are removed and the PC is
exposed. The PC is inspected for matching serial numbers, visual damage, type of
valve, and type of connection fitting per reference 4 Install PC on' process

- connector, leak test the line by rate of pressure rise method, and unload contents
i per reference 5 or 6. The PC is evacuated until pressure is less than 130 microns

for 30 minutes per. reference 5 or 6.

The PC is loaded to a maximum of 1200 Corrs. The'PC valve is determined to be
closed by a rate of rise pressure test. (A rise of 7 microns of pressure or less

The loaded PC is removed
over 40 minutes at 50 microns pressure is acceptable.)R cap with a new gasketfrom che loading station, put in the shell and a Cajon is
installed after the fill valve. The PC serial number is matched with the shell.
The PC is again monitored for tritium which must be less than S x 10 5 '

microcuries/ce. The spacer and cover are installed and the cover of the shell is
bolted in place, after the rubber 0 ring and groove are verified to be in good |
condition. Lead sen1s are installed throuSh two of the bolts, 1800 apart. The
shell is decontaminated to less than 50 c/m/200 cm2 beca/ gamma. The shell vent I

valve is closed and sealed using a numbered aluminum tag and a lead seal. The open
pipe is capped with a pipe cap. The LP 50 loading and shipping procedure (reference
7) is used, verifying that the PC in the shell is loaded and ready to be placed in j

an LP 50 overpack shipping drum. Reference 8 is sent with the PC to indicate the -

valve used (per reference 9).

The shipping drum is opened and inspected for moisture, si5nificant defects, or
.

damage. The sealed PC shall containing the PC is placed in the overpack. The*

insulation cover is installed. A thin disk of insulation is placed on the cover.
The drum lid is secured with a bolted lockin6 ring and a lead seal per reference 9.

|

|
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Tho overpeck is labelod with two Military shipment icbols (Form DD 1387), two
Radioactive White I labels (Parag. 172.436), one red Flammable Cas label (Parag.
172.417), and one Cargo Aircraft only label (Parag. 172.448). (The labeling
paragraph number is from Hazardous Materials Regulations of the Department of
Transportation, Bureau of Explosives Tariff a BOE.6000 F effective 4 3 87.) The ,

2 beca/ gamma. )sealed overpack is decontaminated to less than 150 d/m/100 cm
Procedure (reference 7) is completed by recording the drum serial number, the P/. . ,

number, and verifying that the shipment has been prepared in compliance with .

procedures. The date is recorded when the container will be at 2/3 of proof teit w
pressure at 250C to provide the customer with the time period when the PC would - 8v

'

never be subjected to pressures beyond which it has been tested.

The shipment is transferred to the DOE with Courier Receipt, DOE Form AD60 as a
record.

These methods provide effective control and have been in use for several hundred
shipments during the past decade.

6.2 Procedure for Unicading the LP.50 Package

The overpack is received from DOE using procedure, reference 3. The overpack is
monitored for radioactivity. . The locking ring bolt seal is broken and the drum lid
and top insulation are removed. The PC and shell are removed and inspected for
proper seals (1800 apart on lid bolts and shell vent valve) and any obvious

| damage. The PC is placed in a protective ventilated hood and is unloadea per
procedure (reference 5 or 6).

6.3 Preparation of Empty LP.50 Packsting for Transport

An empty contaminated LP.50 PC is prepared and transported in a manner identical to
that for a loaded PC. Residual radioactive gas is always present"from outgassinB
from the container walls. An " empty" tag is attached to- the handle of the LP 50
shell.

6.4 Testing. Cleaning, and Repair

Product containers are pneumatically tested at greater than 1.5 times their maximum
normal operating pressure. The tests are certified and the PC's are marked and
dated. Certification of tests is valid for one year or until the PC has been used
three times. whichever occurs first. This work is done usin6 procedure, reference
10, and certified with procedure. reference 11.
Preparation for repair involves verifying the container to be empty and the PC
valve open, heating to 1250C for six hours while continuins to evacuate, cooling to
room temperature, and evacuating to less than 200 microns. This is done with
procedure, reference 12. Installation of a new Cajon 4VCR connector in place of a
compression fitting tube or damaged Cajon connector on a Hoko valve is done with
procedure, reference 13. Removing the valve and installing a new Hoke valve with
Cajon 4VCR connector is done with procedure, reference 15 and 14 respectively. .

4
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6.5 Appendix

6.5.1 References

1, DPSOL 232 H 804, Rev. 17, Loading Product Container LP 50 ,

2. DPSOL 232 H 2050A or 20$0B, Rev. 2, Load /Unicad Product Containers at CR
Hood Jeation A or B.

3. DPSOL 232 H 208. Rev. 9. Receiving LP 12 and LP 50 Product Containers~

4. DPSOL 232 H 821, Rev. 3, Product Container Stations Tittings and Valves.
5. DPSOL 232 H 813, Rev.17. Unioading Product Container LP 50 on the TS Flange
6. DPSOL 232 H 806, Rev. 4, Unioading Product Container LP 50 on the PL Tiange
7. DPSOL 232 H 114, Rev. 9, LP 50 Leading / Shipping Verification
8. DPSOL 232 H 812, Rev. 3, Shipping Product Containers Identification of

Valves
9. DPSOL 232 H 814, Rev. 9, Preparing and Shippin6 Product Container LP 50

10. DPSOL 232 H 1414, Rev. 10, Pressure and Leak Testin6 Product Containers
LP 12 and LP 50

11. DPSOL 232 H 113, Rev. 8, Certification of Pressure Test - Product Containers

12. DPSOL 232 H 1540, Rev. 6, Preparing Product Containers for Repair
13. DPSOL T 901004, Rev. O, Welding Cajon Fitting on Product Container Valve
14. DPSOL T 901045, Rev. O, Replacing Product Container Valve
15. DPSOL T 901046, Rev. O, LP 50 Product Container Valve Removal

Revision numbers are provided for. reference. Procedures are periodically reviewed
as needed and revised with management approval.

|

6.5.2 Labela
Number used !
per container !

Form DD 1387 Military Shipment Labei 2

DOE Form AD60 Courier Receipt 1

Radioactive White I 2 ;
Red Flammable Cas, diamond 1

Cargo Aircraft Only 1

'.,

-

|

|

l
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7.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

7.1 Acceptance Tests

7.1.1 Visual Inspection of New Containers
.

Product containers of the design shown in this SARP were last fabricated in 1968
and at that time- the PC was inspected for bulges, dents, mars, or other obvious.-

physical defects on receipt at,the plant. The inside was flushed with freon ITF orR

FreonR1PCA followed by absolute ethyl alcohol to verify the cleanliness of the
cantainer.

,

Containers used for current shipments are inspected according to 6.1. The shipping |
packaging is inspected for obvious damage. The insulation is visually checked for
voids or cracks. The PC is dimensionally checked by fitting it in a shell.

7.1.2 Structural and Pressure Tests

The maximum normal operating pressure (from 2.4.4) is 29.17 psia . 14.7 - 14.47
psig. Each PC is pneumatically tested with helium gas at a pressure of 1.5 times

j maximum normal operating pressure (MNOP) or 22.7 psi in accordance with procedure,
reference 6.5.1,[10). The concavity of the bottom is verified to be within |
specifications and that no permanent deformation is indicated.

; 7.1.3 Lack Testinz
I

Each PC is leak tested at 1.5 times MNOP with helium. 1.eak testing is performed
per procedure, reference 6.5.1,[10) . A leak rate of 7 x 10 8 ats cc/sec or less is |
acceptable.

7.1.4 Valves

Valves are checked for operability and are leak tested during the tests noted in i

section 7.1.3,
]

7.1.5 Test _for Shielding Intes'rity

Not applicable. No penetrating radiation is present.
.

| 7.1.6 Therinal Acceptance Test

The maximum temperature of the product containers is estimaced at 1770F when in"

equilibrium with the shipping drum during the most severe environmental conditions |
(1300F and full sunlight). This is considerably below the threshold temperature of

R insulation occurs. Therefore,2850F, above which significant breakdown of Colotex
,

no further thermal testing is necessary. .

t

R insulation of the existing shipping drum overpacks indicate'

Samples of the Celetex-

that the material is acceptable.
^

.

- Du Pont trademark.

'
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7.2 Maintenance Frearam

7.2.1 Structural __and Pressure Tests

The PC is structurally tested at 12. month intervals or before every fourth usage,
whichever occurs first, by a repeat of pressure test specified in 7.1.2.

.

! 7.2.2 Leak Tests
'

The PC is helium leak tested at the same time as in 7.2.1 at 1.5 times MNOP. The
leak race must be less than 7 x 10 8 atm ec/see helium with a test sensitivity
better than 1 x 10*9 sta ec/see helium.

7.2.3 Valve Rep 1seement -

The closure valve for ete PC is replaced when it no longer provides an effective
seal or is stuck. Before maintenance work, a PC is evacuated to the low micron
range and heat decontaminted for 6 hours at 12500 eccording to procedure,.

reference 6.5.1.t 12). Tn gefective valve is removed per procedure, reference
| 6.5.1,(15) and a -ow val * is installed per procedure, reference 6.5.1,(14]
,

| (Appendix B). T. a PC is -hen ratested per procedure, referente 6.5.1,(10).
I
; The originsi 1.F.!0 was raaricated with a Fulton Sylphon 1314 packless r.eedle

valve with faci 1 My for leak testing the bellows, figure 7A. A simplier design of
Fulton Sylphon 2 %A packless needle valve was used later, figure 73. Both valves

.needed frequent raptacament due to seat leakage. The Fulton Sylphon valves vero'

|

| replaced with an improved valve with lower leakage rate i.e., the Hoke TY 445

|
Model #4 Figure 70 (valve Type IIIA). Operating experience and improved valve
design technology resulted in the latest Hoke 4213X2 packless valve which is the
present day replacement valve Figure 7C (valve Type IIIA Modified). It has a
lover' leak rate, higher proof pressure, positive opening and closing feature and
reduced maintenance (see Section 3.3.2.2). Future valve replacements are planning
to use the Hoke 4213x2 valve with a directly welded Cajon 4VCR fitting as shown in

,

j Figure 7D (Type IIIB)
!

Containers with the original Fulton Sylphon valves or containers with never valves
that do not meet the leak test specification have valves replaced according to
procedures i.e. Ref. 6.5.1,(15) for valve removal and Raf. 6.5.1,(14] for valve
installation. (A copy of the valve installation procedure is included in Appendix

| B. As operating experience is gained, procedures are reviewed periodically and
revised and may differ from the copy in this SARP.). The valve installation
maintenance procedure is used to restore the container to original equipment
quality and includes the following safety aspects: use of an improved reliability
Hoka valve, a weldin6 procadure written to ASME Section IX requirements and a
welder certified to ASME requirements for this procedure. The weld must be a
fillet veld with 3/16" leg as specified in procedure Ref. 6.5.1,(14) and the

| socket depth must be not less than 5/32". Veld ' inspection must be done by a,

welding inspector certified to inspect and dye penetrant test each weld pass. The

welding inspector must read and understand the applicable procedures before
starting the job and will observe the job to ensure procedures are followed. The .

fillet veld must be dye penetrant tested (by a certified welding inspector) and . '

verified to havn a 3/16, inch leg using the criteria in DuPont SW60V for class III
welds. All dorments, and certifications are placed in the QA file under each
1.P.50 container serial number.

| A leak test is performed (Ref. 6.5.1,(10]) before loadin5 the container.

| Rev. 2, a/S8
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7.2.4 Miscellaneng

The PC shell and shipping drum are visually inspected prior to each use for
obvious physical damage. The insulation is inspected for excessi.ve moisture*

before the PC is inctalled in its shell.
R\ The gasket in the PC Cajon fitting is replaced after each loading.

The 0 ring for the shell is inspected prior to each use and replaced as necessary.

At the present time, all valves with compression fittings (Figure 70, valve Type
IIIA) are refurbished to remove the compression fitting and replace with a

Rstainless steel Cajon 4VCR fitting (Figure 7C, type IIIA Modified). The Cajon
fitting is preferred by customers because of ease of use, better sealing
characteristics and standardization. The replacement of the compression fitting
with a Cajon fittin6 is described in Ref. 6.5.1,[13) . (A current revision of the
procedure is shown in Appendix B. With improved repair techniques and as
operating experience is gained the procedure is reviewed and updated by periodic
revision (see 8.6) and may differ slightly from the copy included in Appendix B of
this SARP.) In order to ensure original or improved containment, the main safety
aspects of this fitting replacement maintenance procedure are: use of a welding
procedure written to ASME Section IX requirements and a welder currently certified
for the procedure. Weld inspection must be done by a welding inspector certified
to inspect and dye penetrant test each welding pass. The weld inspector must read
and understand the applicable procedures before starting the job to ensure the
procedures are followed. Completed full penetration butt welds must be
radiographed (ASME Section V, Article 2) and approved by an American Society for
Non Destructive Testing (ASNT) certified R. T. 1.evel III inspector using the
criteria in DuPont SW60W for Class III welds. All documents, radiographs and'

-

certifhations are placed in the QA file under each 1.P 50 container serial number.

.

1 During periods of prolonged storage. the pressure and leak tests are not
,

required at these intervals. but they are required prior to shipment.

Rev. 2, 4/88 |
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8.0 QUALITY A5gvRANCE REQUIREMDTTS
!

8,1 Organtration
'

lTritium production manalement is responsibis for quality assurance of the shipping'

packaging. Qualicy assurance in the Atomic Energy Division of the Petrochemicals
Department of E.1. du Pont de Nemours and Co. is an integral part of the
operation. This provides a system of checks at all organizational levels that
ensures the work produced by any group is scrutinized by other groups over which
the producing group has no control.

,

'

8.2 Oustity Assurance Proaras

i

8.2.1 Preesdures

Vritten Quality Assurance (QA) procedures for the design and fabrication of the
LP.50 packaging are not available, as this packaging was constructed over two
decades ago (8.3 and B.4). Quality Assurance is incorporated in the operating and

-maintenance procedures (chapters 6 and 7) and on the design drawings (Fig. 1 to 7D).

8.2.2 Approval

The operating and maintenance procedures are reviewed and approved by Production,
Vorka Engineering. Technical, and Qual'.cy supervision throu5h the Plant Staff Level
(Department Superintendents).

.

B.2.3 Seferv Related items

Primary safety related items are the product container, the PC Hoke packless valve.
the overpack insulation, and the 18 gale shipping drum. The aluminum shell, the
Hoke toggle valvo, and CajonR fitting are secondary safety items.

8.2.4 Training

'

Personnel are trained by Production supervision using approved operating
proceduras. An Operator Training Status book is maintained for each operator in
the unit. The training status is continually updated. As procedure revisions are
issued and reviewed with the operator, the status book is dated and initialed.

.

'

.

*

.
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,

8. 3 Design Review

This subsection is not applicable for the original LP.50 packaging. The subject
packaging was designed, fabricated, and has been in service for over two decades.
The drawings in this SARP reflect 'as builta and current configuration of the LP.50.

.

8.4 Procurement Document control

Procurement of the LP 50 packaging described in the SARP was completed ever two
decades ago. Available documentation and container verification tests have been
placed in the Quality Assurance Record file. Past purchases of LP.50 shipping
packages followed the guidelines specified in Du Pont Specification No. 3300. (See
8.19.1.) Purchases of safety related items (8.2.3) are according to procurement

Assurance Manual. Replacement Hoke packless valves are
levels in the SRP Quality'ings attached.purchased and CajonR gigg Material cer*.ification and test results
are placed in the Quality Assurance Record file (LP.50 730000 459) located in BldB.
703.A. E16.B.

8.5 Instructions, Procedures, and Drawings

All production and maintenance work of repair, testing, loading, shipping and
packaging is performed in strict accordance with written operating procedures or
DPSOLa (refer to Chapters 6 and 7),

f

8.6 Document Control

Operating procedures and drawings are given independent reviews by evo levels of ,.

Production supervision and two levels of Technical Assistance and Quality
personnel. -The-SRP Quality Assurance Manual requires a review of procedures at
least every two years.

Documents to be controlled are plant drawings and procedures. Drawing changes must
be approved by Production, Technical Assistance, Works Engineering personnel and
the Design Group. The Plant Records Division maintains a file of the latest
revisions.

8.7 Control of Purchased Material. Equipment, and Services

| Procurement of the LP.50 packaging was completed over two decades ago. Inspectionc
and tests have been performed on a random sample of the existing containers. Items
tested were: dimensional verification, densities of insulation (per Military Spec.
MIL F26862A except as specified on the drawing), and verification that the drums
were fabricated per Military standard MS63054, except as specified on the drawing.
The rasult of these inspections and tests have been included in the Quality
Assurance record file located in Building 703.A, E16.B. *

.

.
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8.8 Identification and Control of Materialet
Parts and Components*

Procurement of the 1.P 50 packaging.was completed over two decades ago. |
Verification of material used in the 1.P.50 packaging is listed in section 8.7.*

Past packaging purchases were made per Du Pont Specification No. 3300 refer to |-

8.19.1.
,

8.9 Control of Special Processes

Fabrication of the 1.P 50 packaging was completed over two decades ago. The |

manufacturer of the product container and shell is no longer in business.
Fabrication is according to DuPont Specification 3800, refer to 8.19.1. |
Nondestructive physical testing of the PC ensures that the welding meets the needs
of this container. The manufacturer of the steel drums has certified that
fabrication was per Military standard KS 63054, except as specified on the drawing. l

New welding procedures have been developed to provide a butt veld for the Cajon
AVCR to valve tube and a socket fillet veld for the container to valve tube
connection. These welds are made by procedures which are in conformance in form to
Section IX, ASME Boiler and Pressure Vessel Code. The precedures have been
qualified by destructive and nondestructive tests, the tsanual welds are made by
welders certified with these qualified procedures. Re'er to Section 7 of this
SARP. Each full penetration butt veld is x rayed in three views and read by an RT
level III trained radiologist who certifies the weld is an ASME Section IX quality
weld. Each pass of the socket fillet veld is dye pene': rant checked by a qualified
weld inspector.

8.10 Inspection

Inspection activities for past purchases of 1.P 50 shipping packaging have followed |
the guideline specified in Du Pont Specification No. 3300. This specification

indicates mandatory inspection holdpoints, inspection rer.ords, velding data, and
othat pertinent tests required to ensure quality. Welds for valve replacement and
Cajon fitting installation are inspected as described in 8.9.

8.11 Test Control

B.11.1 Preoperacional Test Program

Preoperational pressure and leak tests of each product container are described by
procedure (6.5.1,(10]). The tests are certified by the packaging supervisor on a
certification procedure (6.5;1,(11]). The certification sheet is kept in a
permanent central file for the life of the container. The pressure and leak test
is valid for 1 year .or thres_ fillings _of the-PC .unless .ttieTPCTisTdama6 dor

~

altered. The Building 232H senior line supervisor is responsible for the.

calibration and testing of new PC's and ratesting of the containers prior to
loadin5 and shipment.

'.
Ihe procedures used for testin$ are reviewed and approved by both Production and
Technical management to the Plant staff level.
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t

8.11.2 Acceptance Tests and Maintenance Program

Vhen returned from a customer, the PC is physically inspected for damage and
pertinent physical dimensions. The valve is verified to be the proper type for
shipment and correctly installed. Before every fourth use or annually, the PC is
pneumatically pressurized to 8 psig with helium gas. The PC valve is closed and -

Rthe container placed in a vacuum chamber without a cap on the Cajon 4VCR SS -

| fitting, the chamber is evacuated to 100 microns or less absolute pressure. This
*

results in a pressure differential across the wall of the product container and
valve seat seal equal to 22.7 psid. which results in the same unit stress on the PC
and valve as a 22.7 psig pressure test with the external of the PC under
atmospheric conditions. A helium leak test is then made at this 22.7 psi

The vacuum chamberdifferential (1.5 times maximum normal operating pressure)R.

pressure and leak test is repeated with a cap on the Cajon 4VCR SS fitting and the
R seal to the samevalve open. This tests the valve bellows and secondary Cajon

leak race specification. The leak test is acceptable if the detectable helium is
7 x 10*8 atm ec/see or less. The date of the first test is en6 raved on the PC top
disk per (6.5.1,(10]).

Before each use the PC is inspected for obvious physical damage, the serial numbern
| of the primary and secondary containers are verified to be in agreement, and the

valve is determined to be in working order. The PC is vacuum tested for leaka68 of
| 1 micron or less in 10 minutes at 250 microns or less per (6.5.1,(1]).

8.12 Control of Measuring and Test Ecutement

S.12.1 Calibration

A Heise pressure gage or Precise /Sensococ transducer will be, zeroed prior to
loading when the system pressure is in the l'ov micron pressure range, These gages
are compared annually to a gage recently certified by the Savannah River Plant
Standards Laboratory. (The Laboratory maintains standards directly traceable to
the National Bureau of Standards). When calibrated a tag displaying the expiration
date for the instrument will be affixed to the indicator.

| Helium leak detectors are calibrated with a calibrated " standard" leak each :ime
the detector is used.

8.12.2 Primary Standards

New Precise or Sensotec transducers are calibrated by the Savannah River Planc
Standards Laboratory annually so they can be used as transfer standards. These
instruments are installed in strategic process locations for conparison with
process instruments at a variety of pressure readings.

The standard helium leak is calibrated versus a known leak. The known leak is I

calibrated by PVT determinations with a certified leak supplied by Sandia - '

Laboratory. (Sanais Laboratory supplies certified leaks for DOE.)

|
,

.

|
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8.13 Handling, Storste, and Shipping

The written operating procedures in section 6.4 cover the handling and storage of
LP.50 packaging components. The PC in shells are stored inside plant buildings in-

regulated areas or in locked vaults, which have ventilation systems monitored for-

tritium beta radioactivity.
.

Shipment of LP 50 packages is by DOE truck under the supervision of DOE couriers,
|

' *

contract air carrier, or by common carrier for commercial shipments.

8.14 Inspection, Test, and operatint Stacu_s_

The PC is pneumatically tested at 1.5 times maximum normal operating pressure in
accordance with 8.11.2. The two leak tests: 1. valve seat and 2. container closed
with secondary seat is acceptable only if detectable helium is 7 x 10 8 ata ec/see
or less for each. This work is done per procedure (6.5.1,(10]). Certification form

procedure (6.5.1,[11]) is completed and kept on file as long as the"pickaging l's~ in'
~

use.
'

Ths PC, the shell, and the lid are engraved with the date of the first pressure and
leak test and the model number which is the drawing number per procedure
(6.5.1,(10]) step C 9.

The operating status of a PC and shell is recorded on a tag attached to the handle
of the shell as noted in the operating and testing DPSola.

8.15 Nonconforming Material, Parts, or Components*

I

8.15.1 Disposition
,

Damaged or nonconforming containers are tagged as per procedure 6.5.1,(5] . A tag is
attached to the shell handle and a supervisor notified. The PC and shall are moved
to a segregated storage area.

The supervisor (maintenance coordinator) issues a non conformance report for the !
nonconforming container. The coordinator is responsible for the repair and/or
disposai of nonconforming containers.

8,16 Corrective Acrion

Operating personnel report the damage or nonconformance of a PC or shell to
supervision. Operating supervision notifies the maintenance coordinator who directs
the specific action to be taken: a) repair, or b) ensure that the PC is empty ,

before disposal by burial. (If a product contain'er leaks due to valve or Cajon.
' fitting damage, repair is made by replacement of the component, any other PC damage

is referred to the maintenance coordinator for specific action).

'.
e

%

0
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I

8.17 Quality Assurance Records

Records are kept in the Plant Records Division (FRD) Quality Assurance Tile Number
1.P SP 10000 459 in 703 A 116 5 Central Tile.

8.18 Audits
.

The Raw Materials and Tritiua Quality Department conducts independent surveillances *
of Tritium Department operations. The surveillance program meets the criteria'

*

outlined in NQA 1. Annually, a surveillance is conducted on the LP 50 loading and
* *

unloading operations.

8.19 Reference

8.19.1 Specifiestion

1. Du Pont Specification No. 3300, ' Vacuum Tank and Shipping Container."
(Appendix C)*

|

!
|

|
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STRAIN GAGE MEASUREMEG F ON TYPICAL
.

LOW-PRESSU,RE PRODUCT CONTAINERS (PC)

SRP Product Containcr comply with NRC off-plant ship-To accure that
ping regulations , typical containers were sciected from th:. :hrooI

st:n:iord -i:es (1, 10, and 50 lit:r) and tested to detrinino the
acorn * of sti nin produced by an c>:ternal ' rossure o # 40 psir. Onl:-
ono location. at the bottom cege of the 5c liter PC, e:: hic itel a
.sigt..Jicant lev:1 of strain (0.005 in./in.). These :'sts ita.e : m-

S P.t'pletod in April 1978 and results were reported informa]1:* !.
perronoc1 at that time.

Test r' ocedures
---

.

Pri'ar to pressure t:'stinc., SRP Equipaent Engineering Divisior aca-.

sur. 1 a ti t'ic noss, n:, i ng an ul t rascr ic tt;chnique, a t. scice ed

.h4ppin C ". t . :. : ;tsed t' '. .; .. , : : ,, '

l ', * :' '. : * Cn 1. Oi - .
*

LOC.t Un; "|.nd scSti l i' * ' '' t h e m c q '. ' t e m e n ** ' arc FunviT . e d i ;' U . '*, q r s
i .in! I;hle I, resp;ctiVciv. N o .i i i' d i f it u n L V 0 '.' i M i c h s i n .3 L

..
*,

'.'

r

: thic!'es8 werc ?.,:tect.d.

;

I . , ., . , '
' 0 P' t| (} 1 ' ' ) g } g '1 y , ' ' ' ' *, 7 l' i.* |' , !!c r + C F P. , ! ' ''. ' ' :rr'n ** ' '

>.* *
, .
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DPST 79-283.

.

2. .

..

|

Strain gages were attached at various locations on each type of con-2 and Table II. The gages were
tainer tested as indicated in Fi installed'to measure strain in thebiaxial gages-(CEA-09-125UT-120)gured circumferential directions at each location on the

'
~

-

i ilongitudinal an
containers.
The containers were then tested using the following procedure:

,

,.

H, evacu-

Container was installed in the bell jar in Building 236-ated, Icak checked, and back-filled with one atmosphere helium.1.

Bell jar was secured, evacuated, Icak checked, and back-filled2. with one atmosphere of helium.

Strain gages.were balanced while maintaining the one atmosphereinside both the container and'the bell jar.3.
helium environment:
Strain measurements were made periodically while ,

14.
,

a)' The.PC was evacur.ted and '

Pressure in the bell jar was increased.to 2S psia.b), -

When steps 4a and-4b were' completed, the net differential pressurebetween the outside and inside of the PC was approximately 40 psia..

*

> .

' Tost Results.
Only one location, on the 50 liter shipping container, showed anyMaximum s train- for that
significant amount of strain at 40 pria..the curved surface where the bottom
condition was'0.005 in./in. at (usually called the knuckle).
and side wal~1s.of.the container meetResults of these. tests are summari:cd in Tables III, IV, and V for

i
.

L, 12,-and 50 liter containers, respectively.the

ERGD:ce-

'.
t

*

4

e

t

, , . , , . . , . . , - - , , . = -
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Summary of Ultrasonic Wall Thickness Measurements on Product'

Table I. Containers Prior to Pressure Testing.

'
.

.

.

1 Liter Container 12 Liter Container 50 Liter Container
S/N SRP-0676-04-T1 S/N S2 S/N 85S

(inch) (inch) (inch)

Top 1 .115 .105 .085

2 .115 .105 .085

3 .115 .105 .085

Middle 1 .110 .070 .0S0

2 .110 .075 .0S0

3 .110 .080 .080-
,

"httom 1 .265 .115 .085.

2 .265 .115 .0S5'

-

-3 .265 .115 .085

Center .265 .115 .085

.

E.

%

S
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Strain Gage Locations on the 1, 12, and 50 Liter Product-
.

'

Tabic II, Containers (sco Figure 2).

,

-.

Location on
Gage Location Gage CircunferenceNo. [ degrees)

_

__

0
01 and 2

1

1803 and 4;

15 and 16 90 next to 21d
7

17 and 1S 0 on weld
8

90 '

5 and 6'3

7 and 8 270
4 . .

0 and 10 100 on weld.

9

11 and 12 0
'

S

13 and 14 center of bott .:..

6

.

de

4

*

W

D

-< _ . - -
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Itestal ts of Strain Gage' Measurements _ on 1 Liter Product Container S/N SRP-0676-04-T1Table Ill. _

Strain Gage Measurements
e: age Gage Gage ** (p c) * * *n

1ocation .1 Direction
- . .

I 1 L -0 +50 +44 +44 +44 +42 +42 +42 +40

1 2 T 0 -13 -22 -26 -38 -50 -58 -71 -82

2 3 L 0 +12 +14 +14 +19 +18 +20 +20 +20

2 4 T 0 - 8 -16 -20 -28 -36 -44 -52 -62

4 7 L 0 +10 +13 +13 +6 -20 -42 -57 -38

4 8 T 0 + 8 +12 +13 +15 +15 +13 +14 +13

h
5 11 L 0 +100 +113 +121 +134 +142 +145 +153 +160

5 12 T 0 +93 +99 +101 +106 +106 +104 +105 +104

0 5 9.9 14.7 19.7 24.7 29.7 34.7 39.i
External
Prcssure (psi)

O.o
* Gage Location: See Table II and Figure 2. S.'

**. Gage Direction: L is longitudinal direction ~.o
s

.

.

T is ci rctimferential direction. m
co
u

~ -6
1 x 10 i n cli/ i ncli .in* One pc unit =

.

I

.

' ''
_ - _ - _ _ . _ _ - _ _ _ _ _ _ _ _
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Results of Strain' Gage Measurements on"12. Liter Product Container S/N 82 .

Lib le l 'I .

~

Strain Gage Measurements
;:: c e * Gage Gage ** (pc)***

c Direction1ecation_

1 1 L 0 -31 -55 -74 -121 -140 -176 -198 -237

I . 2 T 0- - 5 -6 -14 - 20 - 27 - 29 - 29 - 35

2 3 L 0 -39 -77 -98 -138 -186 -234 -272 -316

2 4 T U - 7 -11 .-16 - 24 - 28 - 38 - 45 - 53

4 7 L 0 + 5 -18 -31 - 56 - 47 - 50 - 44 - 52

4 8 T 0 :-15 -32 -44 - t> 2 - 78 -100 -120 -142 ,

c
*

+ 10 + 26 + 34 + 49 + 81

5 11 L 0 - 7 + 2 + 3

5 12 T 0 +40 +83 +102 +143 +187 +222 +258 +283

7 15 L 0 -68 -127 -173 -249 -317 -385 -457 -533
,

7 16 T 0 -26 - 46 - 57 - 85 -103 -138 -162 -189

_

0 5 9.9 14.7 19.7 24.7 29.7 34.7 39.7w

cs
u

External sn

Pressure (PS2) - *I-

.

u

.

,

Gage 1.ocation: See' Table 11 and Figure 2.. w
w*

1. i s longitudinal direct. ion** Gage liirection:
T i:. c i rcuu 'e r.:nt ia1 di rection.s

~ ' '
E.ie p t.n i I ' 1 '. 1 81 i t er l'. / i in i . ,

=
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Tahi V. Restal t 3 of Strain Gage Bleasurements" , . 50 Liter Product Container S/N 858
-

~ -

Gage * Gage Cage ** Strain Gage Measurements

I.ocation a Direction (uc)***
__

'

1 1 L 0 -16 -17 -29 -36 -44 -60 -74 -88

1 2 T 0 -16 -17 -25 -33 -42 -57 -72 -88

2 3 L 0 - -19 -23 -38 -51 -67 -86 -105 -125

2 -1 T 0 -16 -17 -25 -33 -44 -60 - 72 - 87

L 0 + 4 + 7 +19 +24 +25 +25 + 22 + 24
3 5 -

3
^

o T 0 -15 -17 -20 -36 -51 -70 - 92 -110
.

4 1 L 0 + 8 +9 +12 0 +18 +40 + 41 + 46

4 8 T 0 - 5 - 1 0 0 +2 + 2 + 2 + 6

9 9 L 0 -11 -10 -40 -44 -43 -53 - 68 - 75

9 10 T 0 -22 -25 -42 -58 -74 -93 -116 -135

5 11 L 0 +155 +222 +345 +514 +688 +1003 +1973 +5300 0
.

5 12 T 0 +32 +49 +70 +97 +130 +141 +168 +168

6 13 L 0 +13 +25 +33 +46 +58 +71 +77 +74

6 14 T 0 +]1 +20 +25 +38 +48 +58 +59 +82

7 15 L 0 -41 -52 -87 -128 -164 -201 -242 -278 -

7 16 T o -27 -32 -53 -79 -102 -124 -152- -172

S 17 L 0 - 7 - 6 -3 - 3 - 5 - 8 -14 -20

8 18 T 0 -18 -19 -31 -38 -46 52 63 70
o
c

<n

0 5 7.9 -14.7 19.7 24.7 29.7 34.7 39.7 7
lix te rnal y
Pressure (Psi) e-a

(4

* Gage Locaaion: See Table II and Figure 2. t,9

Gage Direction: L is longitudinal. direction**

T is ciccunferential direction.

10 " incl / inch. .

-

1 x" On.. p. in.it =

' -
-_____m___.m___
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OPSOL T.901004
00 NOT REMOVE from SRP Revision 0Without Approval
TRITIUM DEPARTMENT - TWE

Approval Date 3/28/88

DPSOP Ref 297 1
Category 3

TRITIUM FACILITIES
Pcge 1 of 7,

...............................................................................
.'

WELDING CAJON FITTING ON PRODUCT CONTAIER VALVE
,

...............................................................................
' denotes revisions to this DPSOL

FREQUENCY:
As requested

REFERENCES:
Procedure Qualification Record 2.T -T2 (Attachment 1)
Du Pont Engineering Standard, SV60W (Weld Integrity - Metallic Piping
Systems)
OPSOL T.9010|AA (Sumary Sheet for OPSOL T.901004)
DPSOL 232.H-1540 (Preparing Product Containers For Repairs)
DPSOL 232.H.821 (Product Container Stations - Fittings and Valves)
DPSDL 232-H.812 (Shipping PC's - Identification of Valves & Containers)
DPSOL 232-H-1414 (Pressure and Leak Testing Product Containers)
Drawing 55 2 10158 or S5 2 187 (LP-50 Product Container)
Drawing S4-2-633 (Prgduct Container Valve Type III-8)
Drawing S4-2-659 (LP-50 PC Valve Sub. assembly)
Drawing 55-2 2168 (Product Container Valves Type III 'AaB Modified and*

,

Copper Heat Sink)

GgbERAL LIMITATIONS:
1) This DPSOL is for infornation and reference only. OPSOL T-901004A

serves to document _ completion and approval of job.
2) Certified welding inspector must observe job and dye check root pass

and final weld before completion of job.
3) The welder must be currently certified under Welding Procedure

Specification 2.T. which applies to stainless steel GTAW welding, as
well as 2 0T, which was developed specifically for this procedure.

4) The welding inspector must read ano understand this procedure, as nell
as Welding Procedure Specification 2-0T, before beginning work.

5) Completed weld radiographs, the Radiograph Inspection Report, and
Data Sheet #1 must be forwarded to the Quality Assurance file in the
Tritium Technology Office, 235-H, Room 143.

.

INFORMATION:
*

The purpose of this OPSOL is to provide a procedure for welding a CAJON
fitting onto a Hoke valve. If the valve is already welded to a product*

container, a plastic suit is required and the job will be performeo in the
,

232-H regulated maintenance area of 232.H. This procedure also applies to ,

'

welding CAJON fittings onto new valves which have not yet been placed on a |

.

container. This job will be performed in a clean shop, j

!

4
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OPSOL T.901004 f
DO NOT REMOVE FROM SRP 1Revision 0 Page 2
Without Approval
............................................................................... I

1

Tnnan Ape iguiptqny: .)
Male and female CAJON A VCR fittings, with gasket
Hoke Valva (Type TY445, 4213X2, or 421306Y) .\

,

Hacksaw -|
Tungsten Inert Gas Welding machine with foot pedal control
0.045" diameter ER-308L stainless steel filler Tod (with identifying label)

- |
-

Stainless steel wire brush
Welding shield and gloves
Completely outfitted plastic suits (where required)
Freon TF
De. burring device
Flat file
Custom-made alignment clamp
DC Ammeter
Right.Engle Borescope
Foam wad (ear plug)
Copper heat sink assently (see 55 2 2160)
1/8" argon purge tube
Wood screw
Engraver
Q Tips
Temperature pencil (175 225'F) (optional)
Argon cylinder, stores or construction supply (sampling required, see
Procedure) * .

AUTHORIZATION:
'

1)_0btain an authorized Work Request Card
?) Obtain a Work Clearance Permit

SAFETY:
.1) Comply with Plant General Safety Rules and DPSOP 326 -(E & I Safety

! Procedures).
2) Observe safe welding practices, including eye and hand protection.
3) The. stainless steel container (without the shell, etc.) weighs 32 lbs.

and may be lifted by one' person,
4) A complete plastic suit is required for the welder and the welding

- assistant when working on a contaminated LP 50.
5) Comply with requirements of OPSOL 200.FH.2 and OPSOP 401.

PROCEDiftE:

Certain steps in this procedure nust be verified in DPSOL T-901004A byNOTE: initialing and dating. These steps are indicated by a '+' at the J

beginning.
.

1) * Assemble a complete CAJON VCR fitting (with male and female nuts and _
-

Prepare the male CAJON fitting by filing away the countersink ,

gasket).
with a flat-file, Remove 10 and 00 burrs. Clean away metal filings with
Freon TF.t

If using
2) + Record argon purity on Summary Sheet before beginning welding.If using

bottled argon, the purity should be posted on the cylinder.results .from a sample taken after the lastargon from Construction's tank, If results are notrefilling should be Keot in the Maintenance Shop. Argon purity, when ,

posted, request OperatLons Supervisor to sample. Irounded to one decimal place, must De 99.9% or greater.
b
|
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OPSOL T 901004
00 NOT REMOVE FROM SRP
Without Approval Revision 0 Page 3
...............................................................................
3) + Verify that welding machine and torch are set-up within limits described

in Welding Procedure specification 2-0T, which is attached. It will be.

necessary to adjust the welding machine with a DC ameter each day that PC
welding is performed. In addition, if the welding current must be.

'

deviated from the set value, this value and the reset normal value must be
measured. -(The welding current for each PC is recorded on OPSOL

,

"

T.901004A.) 1

4) Operations will supply either a PC with a good Hoke valve, or a new Hoke
valve. Operations will also supply a unique identification number for the J

valve (PCV###). ;

5) Engrave number on back of Hoke valve..

6) Verify that valve is closed. If valve is on container, lay container on
its side. If valve is separate, clamp horizontally in vise.

7) Squeeze and roll roam wad to minimum diameter. Insert into valve tube
beyond cut line. (See Figure 1 for cut location)

8) Using a hacksaw, cut off compression fitting on valve. Locate cut just
below diameter increase, approximately 13/32" from valve body. (Figure 1)
If necessary, file a flat at cut location to aid in starting the cut.
Take care to keep cut perpendicular to axis of tube. If cutting a CAJON*

*

fitting that was already welded near this location, cut just below center
.' of weld and file away excess weld cap to regain proper wall thickness

(maximum 00: 0.386").

9) Using file, flatten and smooth the cut surface. The filed surface should
be as perpendicular as possible.

10) De. burr both ID and 00 of cut surface.

11) Remove foam wad from valve tube by twisting wood screw into it and pulling.

12) Clean with Freon /TF. netted Q.T Los., If valve is separate fr m container,
blow air through other end. It is extremely important that no filings
remain in valve or tube. This could damage the valve seat and cause a
product leak.

13) Install copper heat sink block on valve with mounting screws.
.

14) If valve is separate, clamp assembly in vise vertically. Otherwise, set'

PC container in upright position.
'.

15) using alignment clamp, position complete CAJON fitting assemoly on ' valve.
Fitting with male' nut is butted to valve. (See Figure 1) Check that tubes'

- are butted together and that alignnent is good. 10 misalignment will be
verified by radiography to be less than 0.02" (per SW60W). (Note: Use of

-

alignment clang may not be possible with certain valves previously
equipped with CAJON fittings.)

(NOTE: Welding Procedure Specification 2-0T aoolies to Steos 15 through
22.).

!
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DPSOL T.901004
00 NUT REMOVE FROM SRP Revision 0 Page 4Without Approval'
...............................................................................
16) Place argon purge tube through fitting and below weld position. Check for

|adequate argon tank capacity. Start argon purge. ,

17) Tack weld fitting onto valve by placing electrode through opening on |
'

;
.

alignment tool.
'

18) Remove alignment clamp. Check for good alignment and centering. Make any
.

necessary adjustments. (If off. center, file off tack and go back to Step
15.) .

19) Weld first pass bitermittently for full penetration using no filler
metal.- Maintain argon blanket on weld while hot. Brush weld clean.

20) +After weld cools, examine 10 of weld with barescope for full
penetration. If lack of full penetration is found, re.neld area and
re-examine.

21) + Weld inspector inspect root pass for cracks by using dye penetrant test.
If flaws are found, rework.

22) Replace argon purge and weld cover pass intermittently with filler metal.
If possible, limit weld cap diameter to that of the larger tube. (This

Maintain argon blanket on weld whilewill simplify X-ray evaluation.)
hot. Brush weld clean. .

If flaws23) C# eld inspector inspect cover pass by using dye penetrant test. -

are found, rework. ,

24) +Have weld radiographed on 3 ' views (120* apart) by PTL radiographer.Use a lowRadiograph to conform to Section V, AIticle 2 of the ASNE Code.
voltage X-ray source, using the IT hole on a #5 ASNE pentrameter to
indicate sensitivity.

25) Forward the original copy of this procedure to the Procedure Coordinator
for file.

The . radiograph films, Welo Radiographic Inspection Report, and DataNOTE: Sheet #1 for the repair made are to be sent to EED, RT Level III to be
read. He will certify the weld to be according to SW60W Class III, or
will indicate deviations. The film and reports item 24 are returned to.
232-H, Room 117 and placed in the QA file for the LP.50 containers, _
which is arranged by container number.

.

9
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OW 443 SUGGESTED PORMAT POR PROCEDURE QUALIFICAfl0N RECORD (PCR)
'

(See CW 201.2. Secusa IX, ASME Se.4er and Pressere vessei Cosel
,

E. I. Du Pont (Savannah River Plant)%,, um
preceoure QwowAssoon Recore h 2-I-T2 Osw 12/29/B7 *

. - - .

wes % 1.t.- ._

Weeeeg Preesee6ees can tunest3n _ Are Waldine (CT.Atin
Tyees (Meawet. Automet,e. gem Auss .f4nu al

=

_ _ _ .

JOINTS CWec21

.4, avnp
-

W 0. 0*ff"W4tt )(,,Y;iTI%

.

& 0.04'wAAA
(b)

'.=1
'

-

Greeve Deegn usee
m

BASE MCALS CW do3l POSTWELD MEAT TMATMSNT IQW 407)

Menend Soec. SA2I3 T- N/A .

Typo or Grose 304-L Tube to 316 Tube % N/A

P*h S to P ' % 8 Omer .

% 0.047" to 0.062"
1/8" Tubinaw

Ceer
G 4 IQ W 408)
Type W Can w Geese Argon 20 SCTR
Campemeen et Gas M6aesae 0 9 0 f .,

over Barkine C as t to SCMt

PILLeR METALS CW 40dl . - - . - -

OWeM Metal Anaryone A.Me.
g;g, g gleierese 0.04%" ?nd Pman only E 3CT15 CAL CHAAACTUlt8 TICS CW 4001

Meer Metal P .% 6 h DC

spa Seeerneseen 5.9 Poteney Strataht ,.

Awt Clemaneesen EE 308-L amos, S n i t^ voas 10-11

om, 1st Paset Me Filler Metal omer
2nd Pase 0.0A5" ER 308-L

N NI TECH *eQUE IQW 410
-

Poemen of om 7ertieal Fixed (2C) y,,,,3 ,,,g N/A

WeM B-r - IV9ana.Deumhse) N/A gartng er weg,c geog String

00e' Osasseen 4/i

hueeses or Engse Pese > mee3 miltipie Pasaes
*1 e1eSages or Wessee Elearosos'

PMHLAT IQW 408) Omer
p,gneog ;,,,ig N/A

N/A% y,,,,

Cover

CCIG % form (On mov ee sees ==se trem en ocar Desc Aansa.344 s. 47en se. see. yers. Nm tooi
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Qw.44 (seckl

Teneele feet (QW.1601

ultimate Vmmene Charector o'

Total Leae Unit Stroes pedure &
Seessmen

No. W6em Th.eenees ares it sei Location

0.0130 1.802 13B.615 Broke in Tube
1

0.0130 1,611 123.923 iBroke in Tute
2

. > r
I

Guided Send Teste (OW.1001
_

Reewn
Tves one P4ure Me.

Satisfactory
3 . Face CW 463.2 (a)

Satisfactory
4 . Root OW 463.2 (a)

Satisfactory
5 . Face CW 463.2 (a)

Satisfactorv
6 . Root OW 463.2 (a) '

Tewohneee Tests (QW.1791
..

I Droe we. eati ts-_: Ena.
Sesomen Noten Neetn Test trneset a o eresa

No. Lee.w Tyne Tems. ver % sn:: we trees n ,

N/A
N/A

_
q

l

Meet Weld Test (QW.tett

N/A he Penetreuen into Peront Moses: vee Ns
monum-sees *emorvt Yes

_

" _: : ". = rte

Other Teses

(3 shots taken 120' apiirt) Accepted per SW60W Class III byRadienraony
Type W T m var t., twt.

.DeseneJaca ese._.. accepted Kax. leak rate 2.L07 by J. M. Googhnourr
i.eak test,ogno,

.

, .. ... . ....

.............. ............................................. ... ............... .............. .
569 BT

C. M.' Cantt Cleet No. gg,,, go,
Weteer's Name PCV 1.2.3.4.5

P. f. Du Pone W Teet No.Teess eeneusted tyt
We certWy inst the asessmenen in meo reserW are soneet and met me test weees were proerered, neesed and teeteo in accoroence we
me rueueromente of $eseen IX of me ASME Cees.

E. I. Du Pont Company
g % ,,,

S e c._.eber 29 . 1997 3,
osie
(Desed ei reeere of teses are itivetroove enry one mov to meeHlee to senderm se the tune and sogneer et tosse required av me Cooe.1
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.

SLM4ARY SEET FOR DPSOL T-901004
WELDING CAJON FITTING ON PRODUCT CONTAINER .

,

................................................................................

This DPSOL is a summary and data sheet for Category 3 OPSOL T.901004, Rev. O.
All necessary instructions and references are found in that document.

Work Request Number Date Work Performed

LP.50 Number PC Valve Number PCV

Check one:
New CAJON VCR fitting replacing contaminated compression tube.

New CAJON VCR fitting replacing damaged or existing CAJON fitting-

New CAJON VCR fitting replacing compression tube on new Hoke valve-

Initial /Date-
1) Argon purity % (99.9% purity required). ,

(Mechanic)
2) CAJON 4 VCR fitting filed and cleaned. _.

(Mechanic)
3) Valve tube cut, filed, and cleaned.-

(Mechanic)
'.4) Weld conforms to PQR No. 2.T.T2

( ) Yes ( ) With Exceptions
Welding current: Amps.
Exceptions:

,,

(Weld Insp.)
5) Borescope shows full penetration on root pass.

(Weld Insp.)
6) Root pass passed dye penetrant test.

(Weld Inso.)
7)' Final-weld acceptable by dye penetrant test

(Weld Insp.)

OPSOL T.901004, Rev. O completed with any exceptions noted and initialed on -
back of this form

,

-Certified Welder /Date Certified Welding Insp./Date -

Weld radiograpned 100% per Section V of ,

ASE code. (3 views at 120*) PTL Radlographer/Date -

Radiograoh Inspection passed
Yes No (Check) RT Level III, EED/Date

Attach Weld Inspection Report and radiograph film to this sheet and forward to
the Product Container Quality Assurance file, 232-H, Room 117.

f
;

. ..
- _ _ _ _ _ _ _ _ _ _ .
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DPSOP Ref 297-1
Category 3

TRITIUM FACILITIES
Fage 1 of 6

...............................................................................
,

.

REPLACING PRODUCT CONTAINER VALVE
.

...............................................................................
*

.

* denotes revisions to this DPSOL

FREguENCY:
As Requested

REFERENCES:
Welding Procedure Specification 2.T*

Procedure Qualification Record 2-T-Tl (page 1 attached)
Du Pont Engineering Standard, SW60W (Weld Integrity - Metallic Piping
Systems)
DPSOL T-901045A, (Summary Sheet for Replacing Product Container Valve)
DPSOL T-901004 and T-901004A (Welding CAJON Fitting on Product Container)
DPSOL 232.H-1540 (Preparing Product Containers For Repair)
DPSOL 232-H 821 (Product Container Stations . Fittings and Valves)
OPSOL 232-H-812 (Shipping PC's - Identification of Valves & Containers)
DPSOL 232-H-1414 (Pressure and Leak Testing Product Containers)
Drawing S5-210158 or SS-2-187 (tP-50 Product Container)
Drawing S4-2-633 (Product Container Valve Type III-8)
Drawing S4-2-659 (LP.50 PC Valve Sub. assembly)
Drawing S5 2 2168 (Product Container Valves Type III.A and 111-8 Mod.)

.

GENERAL LIMITATIONS:
1) This DPSOL is for information and reference only. DPSOL T.901045A

serves tu docunent completion and approval of job.
2) Certified welding inspector must observe job and dye check both weld

passes before completion of job.
3) The welder must be currently certified under Welding Procedure

Specification 2.T, which applies to stainless steel GTAW welding.
- 4) The welding inspector must read and understand this procedure, as well

as Procedure Qualification 2-T.T1, before beginning work.
5) DPSOL T-901045A must Le forwarded to the Quality Assurance file in the

Tritium Technology office, 232.H. room 117.

INFORMATION:
The purpose of this DPSOL is to provide a procedure for replacing the'

.
valve on a product container. This procedure does not include the removal-
of the old valve and tubing. A 1/2" diameter socket, with a minimum depth
of 5/32" and a maximum depth of 1/4", is required on the PC before

.

beginning this procedure. This job requires a plastic suit and will be'

performed in the 232-H regulated shop,
,

i

-

-__
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TOOLS AND EQUIPtENT:
Hoke Valve (type TY445, 4213X2, or 4213Q6Y) fitted with male CAJON fitting
CAJON 4 VCR blind cap and gasket

-

Tungsten Inert Gas Welding machine
1/16" diameter ER-308L stainless steel filler rod (with identifying label) : !

Stainless steel wire brush '

Welding shield and gloves .

Completely outfitted plastic suits (where required)
Freon TF
Rags
Q-Tips
Round file
Engraver
DC Ameter
Foam wad (ear plug)-
Temocrature pencii (175 - 225'F) (optional)
Argon cyliner, stores or construction supply (sampling required, see

-Procedure)-
Copper heat sink (1/4" x 2" x 6" bevelled plate with matching holes and
set screws)
.Two (2) 1/64" thick' shim-
Vise grip pliers for 1/2" tube
Fillet weld gage (supplied by welding inspector)

AUTHORIZATION:
Obtain an authorized Work Request Card
Obtain a Works Clearance Permit ,

SAFETY:
1) Comply with plant and Tritium area safety rules.
2) Observe safe welding practices, including eye and hand protection
3) The stainless steel container (without the shell, etc.) weighs 32 lbs.

and may be lifted by one person.
4) A complete plastic suit is required for the welder and the welding

assistant when working on a contaminated LP-50.
5) Have Health Protection monitor tritium stack losses during job.

PROCEDURE

NOTE: Certain steps in this procedure must be verified in OPSOL T-901045A by
initiating and dating. These steps are indicated by a '+' at the beginning.

1) + Verify that argon cylinder to be used has been analyzed. (Analysis from
lab should be posted on cylinder.) If not, request operations supervisor
to samole. Minimum purity is 99.9% (as rounded to 3 significant digits).
Record argon concentration on OPSOL T-901045A. |

'

2) Verify that the PC was back-filled with argon. Container should be taped
|. closed unless valve removal took place imediately before this job.

.

- - .---_ __ _- _-__ _ _
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3) + Verify that welding machtne and torch are set-up withLn LLmits described
En WeldLng Procedure Specification 21T, which is attached. It will be

.

necessary to adjust welding machine with a DC ameter each day that PC
weldtng is perforned. The maxtmum current delivered with the foot pedal'

.

completely depressed should be between 70 and 85 Amps DC. Record the set*

value on DPSOL T-901045A,.

.

4) + Verify that new valve to be installed has a PCV numtst marked on it.
Record on DPSOL T-901045A. If no number is found, obtain number from
operations supervisor and engrave on valve back.

5) Verify that flow arrow on valve points toward CAJON fitting. If not,

notify Operations Supervisor.

6) Attach copper heat sink assembly to valve and tighten screws.

7) Open new valve slightly to prevent container from building pressure during
welding.

8) Remove tape from socket if present. Check socket for burrs or defe:ts
that would prevent insertion of 1/2" valve tube. If filing or de-burring

is requirod, insert foam ear plug into 1/4" orifice to keep metal snavings
from entering PC. Leave the cord connected to the plug ar.d on outside of
container to remove plug.

.

9) Clean tape adhesive and metal filings away with Freon -wetted Q-tips, then
remove foam plug if used in preceding step.

.

10) + Measure socket depth with depth gage (thousandths of inch). Inform
Operations Supervisor if less than 0.156" (5/32"). Record value on
DPSOL T-901045A.

11) Place new valve into socket on Product Container. Make sure that tube is
inserted completely to bottom of socket. Clamp vise grip pliers on 1/2"
tube with pliers against top of container.

12) Insert 1/64" shim between pliers and top of container to raise tube off of
the socket bottom.

13) Verify that torch argon flow is 20 SCFH.

14) Tack weld tube to container top between plier jaws. Remove pliers and
shim.,

15) Weld first pass for both fusion of joint and fillet accumulation. Use
'. L/16" ER-308L filler rod with 70-85 amos. Weld specifications are given

in PQR 2-T-Tl (Attacnment 1).

16) Keep argon purge on weld durLng initial cool-down. Close valve. Wire
brush clean. Freon -wetted rags may tur used to cool valve and container,
but do not quench weld area directly,

i

___ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _
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17) +Have welding inspector check first pass visually and with dye penetrant
test.- If any cracks or defects are found (SW60W Class III), rework weld
area and re. check. .

'

18) Verify that torch argon flow is 20 SCFH. .

19) Weld final pass to complete fillet accumulation of- 3/16" on horizontal and .

vertical leg. Use 3/32" ER-308L filler rod with 70-85 amps. Additional -

asses are allowed if necessary to achieve 3/16" leg dimension. Use 1/16"
' B.308-L for additional passes. Weld specifications are given in PQR,

2.T.Tl (Attachment 1).

20) Keep argon purge on weld during initial cool.down. Wire brush clean.
.

21) Place S4 CAJON. gasket-and blind cap on valve top.

22) +Have welding inspector visually inspect weld for defects and to verify
that a 3/16" fillet. leg has been achieved. The fillet weld gage should be ;

'

used to verify welv size.-
' 23) &Have welding inspector perform dye penetrant test on fillet weld.

24's if defects are found or additional fillet thickness is Tequired, perform
the following steps:

*
-

A) Verify argon purge..
B) Rework fillet weld. Follow PQR 2.T.T1. *

C) Keep argon purge on weld during initial cool-down. ,

|. D) Wire brush clean finished weld.
E) Have welding inspector perform dye penetrant test. Repeat if defectsL

are found.

NOTE: DPSOL T-901045A should be completed and_ forwarded to 235-H, Room 143
.and placed in the QA file for the LP 50 containers, ~ which is arranged by

L
container number.

L

- )

.
,

t
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QW 443 $UCC83750 PORMAT POR PROCIOURE QU AtlPICATION RICORD (PCR)
(See QW.201.2. Seesen lx, ASMe sehr and Proes.ere vennoi Ceest

% % e _ _ _E. I. Du Pont Company ,,(Savannah River Plant)
~

besseure QaeAcsoon Aecoeg h . _1TI.*U_. . _ _ _ _,_ Ooes 3-14-88'

weg g 2-T , , _ _ _

'' m e *oacegan Are Valdt-e / C* A' *T*

qq p,ecessini,

* * *" A lTypes iMenwel. Automebc. Seme-Autet)

A|)tNf5 CW 602) .

-

h, H SDAT__

Y ~

Lgy*
- I%' =

GrooveDeogn Veed
_

SAS4 METALS CW deal POSTWELD MEAT TREATWENT CW-ac71
N/AcA?il t o 9 A2 40 yaMasonet Sess.

Tvee er Grose 'l' '"'* ?$ 104-L ''2** Tipio N/A
-

8 OvierP.h 8 to P . h
1/8" *ubing Vdi%
h" O.D. Tubing%

owner
GAS CW cos)
y,,e et see y comes Arton 20 C7H
Conqueseen of Gee Miseare 99:3
Owner

MLam METAL $ CW eadi . ... _ '
Sweed Moses Anerywe A.%

0.045"See or Eleantes g,g ;yggag ggggag;yp,gyges g,,,,,,

6meer Meep P.g % y
5.9spa sesoAcamen % seretahe

u 308.L to.tu
AW5 censiAeemen 3,, 7o.g$ _ y ,,,

cui, Ise Pamat I/16" 2 308.L oyie,

%d Pa==t 1/12" n 308.L
'

N NI TBOtteQUG #Q W.41m
N/A

Peomen of Gremie Wrticd Fixed I2Gi 7 % g,,,,,
.

$erinaN/A sins, , Wee,e 3.esW ees % m fuerua.o wwwal
Outer omnessen y/A

*1""'eledessess y snges Pass W seal
Si-e1esngen er ensassee seasones

PRDgEAT CWMosi .. osier
Prunes Tarvio, N/A
tenerwees fewun, N'A

,,

Oster

! i

|

N MM$ MUMMMM M .N $.OM k M Yere.M.Y. SUI
l
l
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QW.483 (BCck)

Tonelle Test (QW.150)
, .

.

Ultamate Ultimate Character of
Unit Stresa peisure &specimen Total Loss ' poi LocationNo. Width Thickness Area Ib-

.

.

.

Quided Bend Tests (QW.160)

Type and Figure No. Resutt

-

Toaghness Tests (QW.170)
,

Specimen Noten Notch Test impact lateral Eve ! Oroo Weicht

No. Location Tvoe Tomo Valves % Sheer Mils i Brest No Breau

= .-

-

.__

..-m..
.

FINet Weed Test (QW.180)
.

NoResult - Sausfactory: yes X No Penetration into Parent Metal: Yes '- -

Macro-Results No Indications (J. A. Morin) ._

Ottier Tests

Type of Test
Deoosit Analysis

Otner
--

......... ... ................................................ ....... .......................
.... .... . .. ..

B. Williams Cloct No, 3830 Stamp No. "d
Weider's Name
Tests conducted by: n * 9adA Laborotory Test No.

We certify met me statements in mis record are correct and test me test weide were preptered, weided and testad in accorcance wi
-

| me requirements c. ,' eon IX of me ASME Code.

! E. I. Du ?cnt - 3RPManufacture,

3-14-88 sy .
.

3rd of testa are illustrstive only and mey be modined to conform to me ese and neuener of teses recuirno by tee Code.)

_ . .
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.

StDt4ARY SHEET FOR OPSOL T.901045:
REPLACING PRODUCT CONTAINER VALVE

.

*
...............................................................................

This OPSOL is a sumary and data sheet for category 3 DPSOL T-901045. All
necessary ins + ructions and references are found in that document.

Work Request Number Date Work performed.

LP.50 Number: PC Valve number: PCV

Initial /Date

1) Argon purity (from mass spec. analysis): % (99.9% required)

(MechanC,

2) Socket depth: (thousandths of inch)
Depth t4JST be deeper than 0.156 or 5/32 ' inch. If not
deeper, notify supervisor.

(Mechanic)

3) Weld conforms to PQR 2-T-Tl Specifications ( ) Yes ( ) with Exceptions-

Welding current: Amps.
Exceptions:

(Weld Insp.)

4) First pass acceptable by visual and dye penetrant test. (SW60W III)
t (Weld Insp.)

5) Final pass acceptable by visual and dye penetrant test. (SW60WIII)

(Weld Insp.)

6) Fillet leg dimension is 3/16" or greater. ( ) Yes ( ) No
'

(Weld Insp.)*

OPSOL T-901045 completed with any excuptions noted and initialed on back of
.

t.his form.-

Certified Welder /Date Certified Welding Inpsector/Date

Forward to the Product Container Quality Assurance file, 232.H Room 117.

.

. ., _ . _ _ _ _ _ _ _ _ _ _ _ _ _ -_.______------------------J
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LE-60 Containers 906 to 100
8SPECIFICATIGt 3300, SUFPLBSiff W. 2

,

SPECITICATIC3 FOR VACUtM 'DU'E AND SEI7PI!O CQlPfAINUt3
.

: Em8 2
Naeuva Tank and Shipping Centaiprs

.

A. Dravira for Fabrien , e 'Jork

1. These fabrication specifications apply as ind!"ated to the following Oravings:

$5 2 187, Transfer Container fetails
85 2 186, Transfer container Assembly and tetails
85 21693, Vacuum Tank Valve

In additiac, druving 33 126 illustrates two compression fittings which are
recommended for either blaaking the stainlass steel tubes of the valves or ter
connecting them to a vacunas system for lesh cheek and evacuation purposes.
One of each type of fitting vill be furnished the vendor for his abop use.
They are ree-aded for use in leak testing only.

2. Part numbe_rs givna in Section I of this Specification for Vacum Tanks ande.
5hiWM ContMaars refer to drsvings 55 2.Itrr and 55.a.16e unless othervisc~

indicated.

3. Material
-

.

1. Alumina parts shall be cast from aluminum alloy $356.

2. All aluminum castings shall be smooth and free of visible air holds.

3 Pest S5 2187A shan be fabricated frem stata13ss steel type 30kL. Parts
$5 2 1863 and 85 2 1870 shall be fabricated of brass, Astu 316,1/2 hard
or equal. Spesificatica CC-3 6 n a, composition B is equal. Eardness range
of the brase part,s shall be between Rockwell 3 30 and 70. Par; $5 2187D
sban be neoprene, with Durcester (Shore) hardness in the range 35 50.*

C. Assenhly

1. The finish of the inside of e 55 21973 and 35 2.t&TE shall be as cast
with oose flesh removed bY Srinding. Maahiaod surface finish shan be as
indicated on 4:ae dracings. The inside diameter of part 55 2 1873 aball
aenept entry of part 85 2197A vithout any binding or forcing. If neessaary,*

.

the inside east rurfue of part 85 21&rn may be snehined to inaicated
diameter and tolarsnee. ,

.

,

2. Parts 55 2 1873;and 35 2 187 shan be impregnated with mogul Cast Seal type
A or Type B socording to specification AN.I.36 to insure freedom fra laaks

.

in the casting. Impregnation shan be dans after castings are anchined.
The A are to be tested by submersion in water with 20 ps4 inside the'

. container. No visible air bubbles are perudtted. .The test is to be perfor:ned
with parts 85 2 1873 and 35 2 1875 assembled with the "O" ring as indicated
on drawing $5 2186. /The assembled entainer may be pressurized for this
test via the Ecke ' rahe. After the centuner ; asses :Ais testr *.he Zoro

.

--A-____
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.

| 1ae nan ;ank and Shipping Containers (Cont'd) 2

L
!

j vein is to k closed with the ecatainer internany pressurised at 20 psig,
j and the Iohn seat is to be tested by submersion in veter. No visible air
j twbbles are pomttted. The Ioks valve shan be instaued ce part $5 2 1673
' with the vaeuini side of the valw, defined as the side under the seat,
! elostet to part S5 21872. ,

1

I D. Weldias -

t

! 1. Items 1, 2, 3, and h of part S5 21&TA are to be joined by belis.re volds ,
.la the following sequentes

3 and 4 by as outside edge w14.a.
b. 2 and 3 by an outside butt veld.
s. 1 and 2 by sa outside butt veld.

Au these votes vin be made using 1/16" diameter type ER.3081 stainless
steel rod with the exceptica of the edge veld which vill be ande using noi

| fiust metal.

! 2. Set Item 3 in position with large opening does and insert Ites 4 in the
sean opening to conform to dzsving of part S5 2 187A. After blanketing

i velding ans with belium, make an edge veld between Items 3 and 4, breaking
the welding are on the body of Item 4 rather thaa on the bead void. Then,

set Ites 2 La place under Item 3, estah11ah a belium blanket around the .

inner and outer surfaces, and asks the butt veld. Set Item 1 in place undbr'

Item 2, establish helium blanket around the inner and outer surfaces and
make the butt veld.

-'

3 The helium plumbing supplying the helium gas for this welding shan be *

: degnased and then pickled to insus cleanliness of the gas. The gas sha11 .

be filtered thmugh a 25 microa eune tilter, or equal, to remove ps.rticulate
matter. Foreign matter taast not become deposited in the vacuum tank asseaMy
as a result of these operations.

4. Vben joining the valw assembly to part S$.2197A, Item k, treat the wid
of Item 8, 35 2 186, to Part 55 2187A, Item b, simite to Items D.2 and 3
above. Fin er med shall be used for this veld. Blanket the veld inside
and outside with belium during the velding operation and asiatair, the
helium blanket uns11 the veld has cooled to room tsagerature.

-This veld mer be bisabetad with helium by a) f1?- W the vessel through
the port la part S5.a.187A, Itma 4, as in D.a sad 3 above; b) attaching
a helium esarse to the panssure side of the valw assembly and pursing air
tras the vatw assessly; e) blanketing the opea and of the port in part'

35=21&TA, Item 4, vita' another helium source; d) romertag the nushing
tube tras the part in part 35 2187A, Item 4, and Laserting the valw tube; .

,

, e) continuing the helium flow on the pressure side of the valve assembly
for a few moments; f) disconnecting the helium seures from *.hs valve ,

assenhly; g) eentinuing the external blanketing of the junctica of the -

valw assembly and part 35 2187A, Item 4, during velding and after velding'

uutti the veld bead has cooled. Perform a.b.c together; fouceite by ,

4-e.f.g in order. |

Setors, during and after velding, do not permit any foreign matter to enter
parts S5 2187A, Items 1, 2, 3, sad 4, or the valw assembly. . Handle -,

caretauy to ;recluda cent:atnation by oil, grease, tirt, fingerprints,
etc. The tail of the arrow which is stamped on the valw shan be closest
to part 55 2187A, Item 4, vben the valw is attached to;part S5 21STA,-

,

_ is '-
.. .
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'f aeum Tank and Shipping ContAtaars (C(&t'd) 3
j
1 e
i

i Item .6 The arrow st.all peint away from 15 2 187A, Iten b. In this ortsa.

: tattaa the vacuum side of 2e valve, yht. , is defined as botag under the
i seat, is located elesest to pnrt 35-2 187A, Iten k.
,

;

s. f.eak Testina.,

1. The inleakage of the assembled vacuum taak at 1 aterna intamal presoun
.

shd1 not exceed 0.1 =1cma cu.ft./hr. The final leak aball include, in'

ad&ittoa to the valls of the vessel, test of au volds including an valvei

assembly volds and the asia usedle valve aest. The valve seat also shall'

be tested Ladividually for seat leakage. The test shall be unde is a suit.
c.ble belius nood ustag a asse spectrometer leak detector and as appropriate
standard leak is the belius bood. ':'ho valve shall be seated hand tight' '
without excessive force whiek would daanse the seat. Valve seat leakage,
assuch,shallnotexceed.05microacu.ft./hr. Mais valw seat leakage
shan be tested as la II, D, 3, b, when the valve is assembled on the tank.,

;

,

4

| F. fumherina
|

1. The assembled veems tank and shipping containere shall be numbered with
,

serial numbers as designated on the purchase order. The assembly serial'

| number shall be stamped,1/8" characters, on the assembly compoamats is 4

a) top of part aN 1873, perpendicular to the handia;(m) edge c1
bp).aeos*

flange of part sN.1873, e) edge et flames of part as.2 1873 loca. F
i

tion la the serial number b and e above shall be andament te one asether.
when parts sH.1873 and 35 21873 are assembled); d) top of part S$.2 187A,
Item 4 (the assenhly of tank and shipping container shall be unde with
serial number a, b, e, 4, above all oriented is approminately the same

, .

sector of the cylindrical taak).
.

G. Shippina

1. The tanks shall be ahipped in an evmounted condition at na internal . pressure
set to azooed 10 microne. After the tanks pass find Laspoesias, the valve
is to be elooed with a tag affixed indicattag the pressure within the taak
whom the valve vna last elooed.

2. The assembled tank and shipping container shd1 be packaged adequately for
protection daring shipment. Sealed corrugated eartone are ocasidend ads.
guate. All amts, baits, sareve shall be smugged up at final assembly.

3 The sabe valve, ahd1 he safety wired elooed prior to shipment and the
opea emi et the valve shall be espped as. indicated on 35 2 186.

.

SECTICE II
,

'

Vasuus Tank Valve . Part No. 8

The vaeuum tank valve vill be a W: "717 .
- ; h f',,1 M er equal^^

p T* Y K 5 M A 4 p & w Y*'

A. Drawines

1. Aasenhly of the tubing nipples (;arte 2 h 2) to the vacuum tank ralw :s
ascomplished by reference to these specifications and the following c. raving.-

G 2-iUH , Yaeuus Tank Valve
$S~-1 .216 %

-. - - , - . . - - _ - . . . . _ _ _ _ _ _ - . . - . - . - . - -- . - - _ . . . . . -_
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'

Wouus Tank Valv0 (0:st'd) .4.

'

3. The final' dimension (4:4 to end) of the valve z.tst exactly :: sten the
dimenstems as specified for the complete casombly shova ca ? tat -S L*.02

3T-2-2167-

3. Material ..

1. The vender shall pneure bar stock or tubing, trpe 304L er 3h7 ter the : :
fatricatica et l'.tas 2 rad 3 Sf 53 216)!.

*

2. The parts shall be cleaned prior to assembly according to C, 0, 2 hiew
Itene 2 and 3 shd1 he vapor phase dagnased caly.

C. Weldias
,

1. All filler velding shall be with 1/16" diameter type ER.308L tare stainless
steel rod using holis,re.

'

2. Welding shall be by haliare. A continuous flow of helius through the valve
body is a quired.during velding sad until W veld head has cooled to room
temperature.

D. Assenhly and Leak Testina

1. Fabrisate Itene a and 3 of 85 21693 sy drilling har stock or tubias. Vapor
phas degrease after fabrication. After degressing handle to pnelude com-
tendantion with oil, dirt, foreign unterid,- fingerprints, e+4. Item 3
shd1 he ground to a 32 finish on *.he outer eylindrical surface. .

,

2. The vapor phase degrease of the valve shall be conducted in a vertical
position with bellove up. The degreestag vessel,shall be shielded to pn. '

elude entry into the valve of any material other than the vapors of the
degressing agent.

After cleaning of the valve, items 2 and 3 of 55 21693 shall be welded
by helian te the valve. The 1 1 ash long 0.$00 diameter tube shall be
attaahed to the valve at the port element to the td1 of the arrow which !

is stamped on the base of part 10. The 1-5/8" o.500 diameter tube shall o.
ettaahed at the part alosest to the potat of the arrow. In this orientation,
the shorter tube is leested as the vaeuun side of the valve which is defiand !

as the side under the oest.

Every presention snee be takes to proelude entry of any fonign anterial
iate the valve; elemure of the needle agniaat particulate matter codd
destroy the seau -

3 Welded jotate of the valve assenhly are to be tasted for leaks on a mass -

speetameter leak deteeter. The valve total inleakage for valve seat
leakage shall not esseed .05 mieron eu.ft./hr. The valve sna11 de nested ;
hand tight without essessive force which wedd damage the seat.

a. Total Inleakase Test Cover the vaeuum side inlet with a compression

blank, attack she other inlet to a leak detectar and remove the bonnet.
*

Leak test the valve at 1.0 mierna intamal peessure while it is in a
belium bood and date 1mine the leak rste by using sa appropriate si:4
standard lost also in the hood.

.

S

'' '' ' ' -- - _.___-_____________m_
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''. . .a -?ssh Vs,1w {I:nt'd) 3' -

.

i b. dost Test Jithout the heed. e.no with *,.he valve elesed, sake a iss2
*est across the seat ' tith a vacuum s! *e exposed to helium gas at one'
.

atcosphere pressure and the pressure side of *,he valve at 1.0 mieren
interad pressure.'

'

|* e. Reverse Seat Test: Wit $out the hood, and with the valve closed, make
a lema test across the seat vith the pressun side expcsed to helium

,

'. gsa as cce atmesphere pressure and the 'rneuus side of the valve at'

i nieron internal pressure.
4

4. An engraved or stamped arrov ' rill he required on the bottom of the vain
body to indicate the direction cf flow. This arnv vill point from the
vseuum side of the valve towards the pressure side. The vacuum side of the
valve is defined as +he side under the seat. The direction of the arrow

i
is indicated on d.nving 35 2 1693

5 Iteme 2 and 3 shall be protected against damage during shi; ment or storage.
F.aeh stainless steel tube, Items 2 and 3 , shall be adequately espped after
final leak check to preclude entry of any foreign matter during shipment
or storage.

<

E. Shipping

1. If shipment of individual valves to a separate plant for final vacuum tankr
fabrication is required, each valve shall be psekaged in an individual card.
board carton to prennt abrasive damage. Several valves, individually

.

paahed, any be contained 1.n a larger shipping earten.
..

Y
y ad/A'10sl 111. ut.t.AN1 Jeu arsuiricATiwa .

1.0 SCOPE . (For Part Nos. Ref. to S5 2186 and S5 2187)

1.1 The inside surface of the container, part $5-2167A, Items 1, 2, 3 and 4 mat
be free of grease, oxide, dirt, and all other foreign matter.

1.2 Part 55 2187A, Items 1, 2, 3, and k shall be fired in cracked natural gas nt
1800 to 21000F prior to pickling and welding.

13 Part 55 21&TA, Items 1, 2, 3. and h shall be piekled after cracked natural es
firing and beton valding as follove: Imerse parts in a bath of 1015% attrit.

,

|
acic and 1.a$ Rydroflorie said, by volume, for 1015 minutes at a temperature
of 120 to 140*F. Thoroughly rinse parts in filtend ester and air day. A soft
water contaisias not more than five parts per million of total solids (dissolved
or suspended) shall be used as a final rinse. Parts must be fne of grense'

prior to picklin6. If necessary, degrense (vapor phase) prior to picklind.
i '.

| 1.h Part $5 2187A, Items 1, 2, 3, and i must be free of grosse, oxide, dirt or
other foreign matter befon, during and after velding assembly. To maintada*

the final requind cleanliness, store part S$.2187A, Items 1, 2 3, and 4 in
,

closed and/or sealed plastic bags until ready for velding, and after velding
until nady for final assembif. The velding and assembly opentions shall be

,

performed in a relatively clesa ans.

|
15 vapor decreasing . con.halogensted solvents . 0.P. :ssthol alcohol (preferred) .

Sensene (nitration grade) . =ay be used vnere halogensted soinnt degressing
equipment is not available. Safety pneautions genrains the use of flac=nble
toxic solwats must be obsernd.

_._ . - . . _ _ _ _ _ _ _ __ _ _ ____ _ _ __ _ . - . _ _ .
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'

;;1caming Specifientions (Cont'd) 6.

1.6 Iaspectica and Test . As a criteria of cleanliness with respect to grease,
oli mad orgnaie centa=4mation, the following test anst be made a the total
surfmos exposed to process of each piece after degressir.g.

Measure a quantity of cArbou tetrachloride of A.C.S. Reagent, Orade, spectro.
-

seopically pure'in the test range, is the saount et 55 eubic centimeters per-
square foot to the surface to be tested. Apply this quantity by rocking, :
sheJLing er rolling so that the surface is campistely wetted fer a mizi:na
period of three =1sutes. Drain the carbon ter.rachloride and analyse a samp.L4 ,

of it is a spectrephotcaster tetween the wave langth of 2.8 sad 4.0 micrens.
If the analysis indicates organic matter in excess of 22 milligrams per 1000
square eu (20 5 mg per sq. ft.), the piece shall be 2weleaned until this limit
is not exceeded. -

The spectrophotometer shall have a sensitivity of 0.01 milligrams gnase per
cubic centimeter of carbon tetrachlorida datemined by calibration.

It it is desired to use a large quantity of carbon tetrachloride, such that
the dilution of the sample could cause an unreliable analyeis by the spect.P

i

photometer an sliquat portion may be cacentre,ted for the spectrepbotometer
test.

For a discussion of the phyeiological properties and toxicity of carbon tetp.
chloride, see !|acyclonodia of Chemical Technology, Vol. 3, FP.197-199

.

O
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' U.S. ATOWlC ENERGY COMMisslON
AEC MANUAL

i

'. Volume: 0000 Generel Administration AEC 0529 01

Pori . 0600 Health and $stery OS

:.
Chapter 0629 SAFETY STANDARDS FOR THE PACKAGING OF FISSILE'*

AND OTHER RADIOACTIVE MATERI ALS-

.

062iLO1 POLICY Manspr in the deveinpment and remion of

Fiestle and other radioactive material shall be
packard and prepared for shipment in a manner that 033 He a ds of Diviolons and Of fic e s.
prondes assurance of protection of the public health Headquaettes, excludies Regulatory, provide
and sa fety dunt's the transportation of such guidance, tristructions. Standards, and criteria as

rnaterials.
described in Chapter 0101, consistent with (Ns
chapter, to assure the safe packaging ef Assile and;

0529 02 OEUECTIVE other radioactive matenals, including:
directing cogmtant managers of Geld ofocesa.

To estabibh safety standards for the packagirig of to require modineations of eqtupment
nesile and other radioactive materials for sNpment by procedures or practices.

AEC or by contractors not subrect to 10 CFR 71, b. Imposing a d ditional tequirements for
packagmg standards.
curtailing or suspending the use of specific0629 03 RESPONSIBILITIES AND AUTHORITIES e,

packaps when necessary.
-

031 ne DWtae, D6nsion of Operet6enal }
Safety: 034 Manapte of Field Ofnees and tlw Directoe,

s. determines the need for, and develops new Drvision of Novel Reactors, cortsistent with guidance /

and revised esfety standards to be applied in instructione standards, and criteria issued pursuant to

the preperation of fistile and other 033, above:
-

grant AEC approval for packages which meetradioactive materials for transportation, s.'

b. provides a central point of coordination with the standards contamed in appendix 0$20

the Director of Regulation for developing and 10CFR 71.31 71.40, and *Nch are to

and revising health and safety codes be used for the transportation of nssile or

pertaining to safety in the transportation of other radioactive materials m greater than

Asstle and other radioactive matenals which Type A quantiues.
are mtended for use in the AEC prograrns or b. grant AEC approval for sNpments made
by other fedetal agencies. under the National Secunty Exemption

c. conducts penodic appraisals to determme provuled to the AEC and DOD under the
the adequacy of the implementation of this Transportation of Explosives Act (18 U.S.C.

cha pter. 832 c) and in accordance with the
d. rendersinterpretations of this chapter, requirements of pertinent AEC manual

chapters. Packspes for such shipments rnust
032 Time D6rvetoe. Divuon of Weste Management meet the polley stJted in section 01,

grant such alternatives to the requirementsand Transportation, in addition to the respons4bilities s.

and authorities asstiped m 033, below: sei : orth in appendix 0529 as will provide
-

a. administers the program for design review . equivaleni protection to life or property and
and issuance of AFC Certincates of to the sommon defense and security: and

,

Compliance as provided in 056, below, within 30 doys after granung an alternative.
AliCM 5201, and 49 CFR 172.30 173.346 provide the Director, Division of Operahonal

h. asusts field offices in expediting essential Safety, a detailed report of the reasons for'

shipments consigned to or by AEC and in grantmg it. The grantmg of such attematives
- securing waivers or exempitons from Federal is in no way to be construed as the grantmg

Transportation Regul.tions. of exemptions or exceptions from or to the

prepures guidaner erif eria und procedures for Department of Transportation or otherc.
application of package testing and quality regulatory ageney regiurements.*

assurance standards, d. conduct annual appraisais of contractor

d. coordinates the total input for the General operations to assure compliance with the

Approsei June 16. WJ

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



- -- ._ _ - . - - -. - _ _ . __. _ _ . - - _. _ . - . . - .- - - _ - -

I

i .'.

y e .

.'j . . - )'

i

2

'

SAFETY STANDARDS FOR THE PACKACING OF
i

AEC 053 035 FISSILE AND OTHER RADIOACTIVE MATERIAL
*

requirements of this shapter. sNrment of fissile and other radioactive,

e. require that their contractors carry out,as a matenals consiped to a foreign country'

minimum. quallry esaurance programs mtst meet the requirements ut forth in :
dncribed in this chapter, and a prov ded for IATA Restricted Articles Regulations when

*
in appendix $201. sNpped via commercial aircraft. *

(NOTfr Contractors shall not be permitted
to exercise any of the above authorities.) c. U.S. Air Fotos ATM.714, Packagmg and

Handling of Desprous Matenals for
.

[ 035 The Manope. Albuquerque Operatiosa Tra nsport by Milleary Aircraft. Each
j Offke, in addition to the responsibilities and shipment of fissik and other radioactive

|
authorities assigned in 032, above, shall establish matenals must mwt the requirements set
safety standards for packaging and trarsportation of forth in AFM.714 when shipped via USAF

a
! nuclear weapons and their components in accordance aircraft.

!
with 055, below.

!
0$$ Package Standards for Radioactive Materials

] 0629 04 DEFINITION in Amounts Geester Than Type A Quantitle

i s. Packaps of radioactive matenals shall be
041 AEC Contractor for the purposes of this prepared for sNpment and transported in

chapter, mente a prinw contractor or subcontracto' secoidance with the provisions of this
of the Atomic Energy Commission who is exempt clupur. DOT specincation containers for ,

from the requirements of 10 CFR 71. Type 8 and fissile rnatorials are considered ;
to meet the standards of tWs chapter, and no ;

0529 06 BASIC MEQUIREMENTS . specific AEC Certincates of Compliance are 1

0$1 Applicability, The provis6ons ut forth in this [,|,uired their comporwnts shall
rm

g , , .

chapter and its appendix apply to the Headquarters' be packard and transported in accordance
neld offices.and AEC contractors' with the standards in this chapter or with .

other standards wNch provide a degree of
*

0$2 Coversy. This chapter and its appendix safety at least equivalent to that provided by
cover polletes and procedures for the preparation of the AEC and DOT regulations. Standards
finalle and other radioective matetta!: for sNpment wil. be developed and doeurnented under
outside the boundanes of AEC controlled sites by

te or pnvate carriers, or on public vehicles or ,' ',g - g ggr

Security Exemption of 18 U.S.C. 832.c must'

be in compilance with the standards in this
053 Federal Regulations. When otfered to the chapter and must also comply with the

carrier euch shipment of radioestive materials shall provisions of other pertinent AEC manualbe in compliance with the applicable safety
regulations of the Department of Transportation d. ther packages for nasile and other
(DOT) er the U.S. Postal Service, depending on the radioactive matenals in amounts gresar than
mode of transportation. -

constructed, and used in accordance with054 Other Repletions
the standards contained in the attached

a. Interna tional Atomic Energy . Apney appendix, and in 10 CFR 71.31-71.10.
(IAEA) Regulations. Each shipment of nisile Materials described in 71.6 are exempt from .

,

und other radioactive materials sonsigned to this requirement,

a foreign c6untry must meet the e. A quality assurance program must be
,

requiremei.ts set f orth in I AEA Safety Series established and implemented to assure that .

No.6. " Regulations for the Safe Transport packages for radioactrve materials are
of Radioactive Ma te rials." Specincally, fabricated, maintained. and used in .

" Requirements - for- Packaging and for accordance with the regulations and
Delivery of Packages to Transport," must be approved design features. The program must

met to he in conipliance with this shapter. meet the requirements in appendix $201.
*

h. International A:t Trarviport Amociation 056 AEC Certificates of Compliance for packages

(I ATAI Restr eted Article Regularmm. hsh of Radioactive Matefials in Excess of Type A

Approved: June 14.1973

. - , . - . - . -_- - - - - - . . - - - - - - .. -
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1 SAFETY STAND ARDS FOR THE PACK AGlNG OF

| FISSILE ANDOTHER RADIOACTIVE MATERIAL AEC 05:9 057
,

,

;'

Quantitles. Upon determination that a package design 14,CFR Part 103," Hazardous Materials j

does in fact meet 'he requirements of this chapter Reguistions." j

and and its appendia and the AEC Standards in 10 2. TI:Ie 46 CFR Part 146,
*

CF R 71.31-71.40, an AEC Certificate of rbmpliance " Transportation or Storage of,,

will be iswed by the AEC 4o the contractor. Explosives or other Dangerous Articles ,*

Procedures for obtaimns and issuing tr.9. certificates or Substances, and Combustible Liquids,

are set forth in AECM $201. No certincate is on Board Vessels."

necessary for shipments meeting the requirements of
10 CFR 7 f.6 or 71.7. c. U.S. Postal Service Regulation. Title 39,

CFR Parts 124 and 125 "Nonmailable
057 AEC as Consignor. Where an AEC ornce Matter" and " Matter Mailable Under Special

serves n the actual consignor, rather than a Rules."

sentractor, approprtste internal procedures shall be
established by the respotuible field office manspr to d. International Atomic Energy Agency
assure compliance with the standards cor.tained in (IAEA) Safety Senes Nr. 6. " Regulations

for the Safe Transport of Radioactive
th2s chapter.

Materials," 1967.

0$8 Walvers and Exemptions. Packages which do
not meet the standards in the DOT Hazardous e. A ECM 2401, " Physical Protection of

Classined Matter and Information "Matenals Regulations, and which do not qualify for
shipment under the National Secunty Exemption,

f. AECM 2405, " Physical Protection oC
may be shipped only under the provuions of a waiver
or exemption issued by the DOT or on public Unclassified Special Nuclear Matenal."

,

vehicles or aircraft if approved under the provisions

) of AEC 0$29 034c. Applications for a DOT Special s. AECM 0230," Records Disposition."
>

.

Permit ftr waiver or exemption shall be prepared in h. AECM 0$30, " Nuclear Critica!!ty Safety.".

accordance with 49 CFR 170.13 and shall be*

forwarded to the DOT for issuance of a speciai 1. AECM 0560," Program to Prevent Accidental'

permit. or Unauthonzed Nuclear Explosive Detone,
tions.",

059 Esisting Packaginp. Existing packagmg for
radioacttve malenals must meet the standards of this j. AECM $201, " Transportation and Trafne

chapter. However, Type B packagms: designed and Manarment"(to be retssued under the title
4

eonstructed prior to February 15.1969, which could " Transportation of Proporty").

i
be subject to , loss of shielding resulting from k. AEC Mctory of RadioactM and Fissile
subjectmg the packagmg to the puncture test,

Meterials Shipping Containers,1969.
followed by the thermal test (49 CFR
173.39McCH, are also approved for eontmued use l. International Air Transport Association:
The packagmg design must be covered by a DO.,; (IATA)Restncted Article Regulations.
Special Perrrut providing for administrative and
operational contro!s as may , necessary to m. UJ. Ale Force AFM 4, "Packagmg andbe

compensate for the denciencies in packap integrity Handling of Danprous Matenals for
and to provide equivalent safety in transportat5cn. . Transport by Military Aircraft.",

| 0629 06 REFERENCES n. Transportation of Explosives Act(18 U.S.C.
832.c).

a. AEC Regulation. Title 10. Code of Federal*

Regulations, Part 71, "Packagmg of 062H7 NATIONAL EMERGENCY APPi.lCATION
.

Radioactive Material for Transport."
During a national emergency, as detined in AECM

b. DOT Regulations 0601 04, the provisions of this chapter and appendix,

'

| 1. Title 40. CFR Parts 170 Ix9, and Title Mil continue m effect.

.

8 g 6
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SAFETY STANDARDS FOR Tile PACKAGING OF '

FISSILE AND OTHER RADIOACTIVE MATERIAL
AEC Appendix 0529

PARTI

DEFINITIONS AND EXEMPTIONS :

A. DEFINIT 10NS (as used in this appendix) b. Fisile Class !!. Packages which may be
,

transported together in any arrangement ,

l. Carnet means any person engsged in the but in numbers which do not exceed a

transportation of passengers or property, as transport index of 50. For purposes of

common, contract, or private carrier, or nuclear criticality safety control.
freight forwarder, as those terrns are used in individual packages may have a
the Interstate Commerce Act. as amended. transport index of not less than 0.1 and
or the U.S. Postal Service, not more than 10. However, ths

external radiation levels may require a

2. Close Reflection by Water means immediate higher transport index number but not
contact by water of sufficient thickness to to exceed 10. Such sNpments require

reflect a maximum number of neutrons. no nuclear criticality safety control by
the shipper during transportation.

3. Containment Vessel means the receptacle on
which principal reliance is placed to retam c. Flasile Class !!!. Shipments of packages
the radioactive material during transport, which do not meet the requirements of

Fissile Classes I or 11 and which are
4. Fnselle Classification means ulassification of a controlled in transportation by special

package or shipment of fissile materials arrangements between the shipper and
according to the controls needed to provide the carrier to provide nuclear enticality

.

nuclear criticality safety during safety.
.

transportation as follows:
'

a. Finalle Class 1. Packages which may be 5. Fissile Materials means uranium.233. .

transported in unlimited numbe n and in u r a n tu m.2 3 5. plutonium 238,
any arrsngement and which require re plutonium.239.and plutonium.241,
nuclear criticality safety controls during
transportation. For purposes of nucicar
criticality safety control, a transport 6. Large Quantity means a quantity of
index is not assigned to Fissile Class I radioactive materlat. the a gregate
packages. Ho wever, the extemai radioactivity of which exceeds that speettied

radiation levels may require a transport in the following table for a transpori group,

index number, es denned in 16.. below:

Radionuclide Special
*

identification i 18 lil IV V VI.VII Foem

Radioactivity 20 20 200 200 5,000 50,000 5.000

Curies Curies Curies Curies Curies Cureis Curies

'

7. Low Specine Activity Material means any of essentially uniformly distributed and in
which the estimated average

the following:
4. Uraruum or thonum ores and physical concentration per gram of contents doc .

'

or chemical concentrates of those ores. not exceed:

b. Unirtadiated natural or depleted (1) 0.0001 millicuries of Group i
uranium or unittadiated natural - radionuclides; or

thorium. (2) 0.005 millicuries of Group li
c. Tritium oxide in aqueous solutions, radionuclides or .

provided the concentration does not (3) 0.3 millicurtes of Group lit or IV
eseeed 5.0 millieuries per milliliter. radionuclides.

NO TE: This nay include. kut , not
d. Material in whnh the utmty is

Approved: June 14,1973
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Ahr Appendix 05N SMETY STANDARDS FOR THE PACKAGING OF
Part I - FIS51LE AND OTHER RADICACTIVE MATERIAL

'

limited io, materials of low radioactivity 14, Sample Packap mears a packap which is
concentration. such as building rubble, fabricated, pcked, and closed to faith-

metal - wood, and fabric scrap, represent the proposed packap as it would*
.

glassware, paper and cardboard, solid cr be posented for tramport, simulating the
liquid plant waste, study, and ashes. material to be transported, as to weight and"

e. Nontadioactive ob)erts externally physical and chemical form.
,

contaminated with radioactive materit.1,
provided that the radioacttw materialis 15. Special Form means any of the following
not readily dispersible and the surface Pnysical forms of radioactin material of any

contamination, when averapd over an transport poup:

area of one square trwter, does not a. The matnial is in solid form having no

exceed 0.0001 mDlleuries (220,000 dimension less than 0.5 millimeter or at
least one dimension pester than !disintepations per minute), per square milllineterst does not rnett, sublime, orcentirneter of Group i radionuclides or

0.001 millieurles (2,200,000 Ignite in air at a temperature of 1000*F;

disinterations per mmute) per square will not shatter or crumble if subjected
ceremeter of other radinnuclides, to the percussion test described in

annex 4, belowt and will not be

dissolnd or conwrted into a dispermble
8. Maximum Normal Operating Pressure means form in amounta pestet than 0.005the maximu:n gaup pressure which is

expated to dewtop in the containnunt Pucent by weight if immersed in water ,

wanel under the normal conditions of at 68 F or placed in air at 86 F for orw ,

""'

fon i
b, tuial is securely contained in a' '

r d ndi uail capule having no dimension less than ~
.

04 MWu or at kast a dension
'9. Moderatoe means a material used to reduce yester than 5 millimetus which (1) will

by scattering collisions, and without'

retain its contents if subjected to the-
appreciable capture, the kinetic energy of testa prescribed in annex 4, (2) is
""I''""' constructed of materials which do not

melt, sublime, or Ignite in air at 1475'F.
10. Optimum Interspersed Hydropneus and (3) will not be dissolved or

Moderation mears the occurrence of converted into a -dispersible form in
hydropnous material between containment amounts greater than 0.00$ percent by
vessels to such an extent that the maximum weight if immermd for one wek in
nuclear reactivity result' water at 68'F or in air at 86*F,

11. Packap mouns pckagmg and its radioactin 16. Transport Group means any one of the seven
contents. groups in which radionuclides in normal

form . are clautfled, according to their
12. Packaging means one or more receptacles toxicity and their relative potential hazard in

and wrapprs and their contents, excluding transport (see annex 3),
fissile material and other radioactiw a. Any radionuclide not specifically ll.5ted
material, but including absorbent material, in one of the poups in annex 3 shall be
spacing structures, thermal insulation. assigned to one of. the poups in*

,

radiation shielding, devices for cooling and accordance with the following table:'

| for absorbing mechanical shock, external Radioacthe Half. Life
i fittinp, neutron moderators, nonfissile

neutron absorbers. und other, supplementary 0 to 1000 1000 days to Over 10'
'

equipant, Radionuclide days 10* years Years
,

13. Primary Coo 4*nt means a gu, liquid, or Atomic Number
solid, or combination of them, in contact 1 81 Group tli Group il Group ill.

I. with the radioactive material, or if the
material is in special form, in contact with Atomic number
its capule, and used to remove decay heut< 82 and over Groupi Group i Grcup ill

Approved: June W. !9'3

. ..- - . - . __ . - - _ _ - _ _ - -



.. . . .. . . . . .

* .;.

.,.

i; ..
.

6

SAFETY ST ANDARD$ FOR THE P ACKACING OF
AEC Appendix 0529 ,

Part i
FISSILE ANDOTHER RADIOACTIVE MATERIAL

'

b. For mistures of radionuclides the b. The trsnsport indes for each Fissile

following shall applyt Class 11 packap is calculated by dividing .

(1)If the identity and tospective the number 50 by the number of such -
'

activity of each radionuclide are Fineile Clue 11 packapus which may be

known. the perminible actMty of transported topther as deternunt a -

*

each radionuclide shall be such that
under the limitations of part 11.1.1.The

the sum of the ratios between the
calculated number shall be rounded up

total settvity for each poup to the to the first decimal place.

permissible activity for each poup
will rol be greater than unity. 18. Type A Quantity and Type 8 Quantity mean

quantity of radioactive matenal, the(2) If the poups of the radionuclides e

are known, but the amount in each aggrepte radioactivity of which dces not

group cannut be reasonably exceed that specified in the following table;

determined, the mixture shall be Trmann Groups TmA Tyse s
assigned to the most restnctive

- (See 1.A.16.) QuentMY Quentity

group pesent. on ,,, w on ,,,,,o

(3) If the identity of au or some of the
radlonuclides cannot be reasonably I ............... 0.001 20

determined, each of those 11 .............. 0.05 20

unidentified radionuclides shall be 111 . . . . . . . . . . . . . 3 200
*

20 200 Jconsidered as belonging to the most IV ............. ^

restrictive group which cannot be V .............. 20 5.000

positively excluded. VI and Vil . . . . . . . 1.000 50.000
(4) Mixturce consisting of a single Special Forum . . . . 20 5,000-

.

rudlouctive decuy chem where the ,
,

radionuchdes are in the naturally .

occurring proportions shall be 8. EXEMPTIONS
.

*

considered as consisting of a single .

radionuclide. The poup and A shippet is exempt from all requirements of this !

activity shall he that of the Orst appendix to the extent that h's delivers to a carriet for

member present in the cham, transport packaps each containing not more than a

Exception If a radionuclide "x" Type A quantity of radioactive material as defined in
has a halflife longer than that of A.18. above, which may include one of the foDowing:

the Orst member and an activity 1. Not more than 15 pams of fissile material.

pester than that of any other 2. Thorium or utardum containing not more
member. mcluding the first, at any than 0.72 percent by weight of fissile
time dunng transportation, the matenal,

transport poup of the nuclide "x" 3. Uranium compounds, other than metal.
and the activity of the mixture shall (e.g., UFa. UFe. or uranium oxide in bulk
be the maximum activity of that form, not pelleted or fabricated into shapes)

nuclide "x" during transportation, or aqueous solutions of uranium,in which
the total amount of uranium 233 and

17. Transport ladex means the number placed plutonium present does not exceed 1.0

on a package to designate the degree of percent by weight of the uranium.235
content, and the total fissile content does .

control to be exercised by the carner during not exceed 1.00 percent by weight of the
'

transportation. The tramport index to be
total uranium content.assigned to .i package of radioastive matenal

shall be determined by cither a. or b.. below. 4. Homogeneous hydrogenous solutions or |

mixtures containing not more than:
whichever is larger. The number expressing

J. 500 pams of any Assile material.
the transport mdex shall he rounded up to
the next highest tenth; e.g.. l.01 becomes provided the atomic ratto of hydrogen

to ussile matenal is greater than 7600,
1.l.
a. . The h4 hest radiation dose me m b. 800 pams of uranium.2.t$.' provided

-

that the atonne ratio of hydrogen to
mdlitem per hour at three f eet from any fissde material giester than 5.200 andaccessible esternal surface of the

the .:ontent of other tissile natenal ispackne,

Approvect: June 14,1973

__- _ _ ____ ____ _



_. __ _ _ _ . _ . - . _ . . _ _ _ _ . _ _ - . . _._.-___..____..__m.___.-._ ._ .... ..m.

.

4

i
,

" 7;

SAFETY ST ANDARD5 FOR Tile P ACK AGING OF
a

AH' Appenalet 11529
FISNil.H AND OTilFR RADIDACTIVl! M AT!'.RlAl.l'ari i

.

mit unsre ilon i percent by weight ur hy weight of ilw total uranium.2.t3 and
the toisi uranium.235 wuntent., uranium.235 eunient,

,

s. 500 grams of uranium 23) and
uranium.235, provided thui the atomic 5. Less then 350 grams of fissfie material.' *

ratio of hydrogen to fissile material is provided that there is not more than 5 grams,

yester than $,200 and the content of of finile material in any cubic foot ethin
j

piutonium is not more than I percent the pekage.
i

.

6
.
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Approved: June 14,1973
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NAlthTY hT ANUAHiri 1 OH Tilh PACKAGING Ol'
FlSSILE AND OTHLH H ADIOACTIVU M ATERIAL ALC Appende. 0$29

.

P ART il -

PACKAGE STANDARDS
.

A. 0ENERAL 5TANDARDS FOR ALL direction in which the vehicle travels of -

PACKAGING 10 times the weight of the package.and *

(3) a hartzontal component in the
1. Packapng shall be of such materials and traverse direction of five times the

conswetion that there will be no significant weight of the package,
chemical, pivaruc, or other reacton among b. If there is a structural part of the
the packapng components or between the packapng which could be employed to
packspng components and the package tie the package down and which does
contents, not comply with a., above, the part shall

2. Packagtng shall be equipped with a positive be securely covered or toeked during
closure which will prevent inadvertent transport in such a manner as to prevent
operung. Its use for that purpose.

3. Lilting devices for packapnp. c. Each tiedown device which is a
s. If there is a system of lifting devices structural part of the packagmg shall be

which la a structural prt of the so designed that failure of the device
packaging, the system shall be capable under excessive lued would not impair ,
of supporting three times the weight of the ability of the packaging to meet ;
the package without pnerating stress in other reqmrements of this section A. i

1any matertal of the packapng in excess 5. Determination of transport indexes for
of its yield strength, packagings see part 1.A.17. of this appendix.

b. If there is a system of lifting demes
which is a structural part ordy of the tid. B. STRUCTURAL STANDARDS FOR TYPE D
the system shall be capable of AND LARGE QUANTITY PACKAGING
supporting three times the weight of the .

tid and any attachments without Packaging used to ship a Type B or a large quantity of

generating stress in any material of the radioactive material, as defined in part 1,A.6 and 18.
above, shall be designed and constructed mlid in excess of its yleid strength,
Comp ance with the structural standards of thislic. If there is a structural part of the

packaging which could be employed to section. Standards different from those specified in

lift the package and which does not tNs Section may be approved by the manager or other

comply with z., above, the part shall be designated official if the controls proposed to be
.

securely covered or locked durms exercised by the shipper are demonstrated to be

transport in such a manner as to prevent adequate to assure the safety of the sNpment,

its use for that purpose- 1. Land Resistance. Regarded as a simple beam
d. Each lifting device which is a structural supported at its end along any major axis,

part of the packapng shall be so packaging sha!! be capable of withstanding a
designed that failure of the device under static load, normal to and unifomily
excessive loud would not impair the distributed along its length, equal to 5 times
containment or shielding properties of its fully louded weight, without genemimg
the packepng. stress in any materiat of the packagmp m

4 Tiedown devices for packaginp excess of its yield strength.
a. if there is a system of tiedown devices

which is a structural part of the 2. E x ternal Pressure. Packagmg < hall he

packaging, the system shall be capable adequate to assure that the contammeni .

,

_/ of withstanding, .without generating vessel will suffer no lou of contents il
stress in any material of the packaging subjected to on external pressure of 25
in excess of its yield strength the pounds per square.mch gauge.

following. (I) a static force applied t
C. CRITICALITY STANDARDS FOR FISSi t.Ethe center of gravity of the package ,

M ATE RIAL PACK AGEShavmg a vertical component of two
times the weight of the package. (2) a 1. A package used for the transport of fimle
horizontal ;o mponent .tlong the material shall be 50 designed and evnstrue:ca

Approved: June 14,1973
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AEC Appendis 05N SAFETY STANDARDS FOR THE PACKACING OF 1

Part || FISSILE ANDOTHER RADIOACTIVE MATERIAL.

and its contents no limited that it would be designated otTicial may permit the shipment-

subcritical if it is assumed that water leaks to be evaluated topther with or without the
into the containment vessel: and transporting vehicle for the purpose of one
a. water moderation of the contents or more tests.'

occurs to the most reactive credible 3. Normal conditions of transport and,

extent consistent with the chemical and hypothetical accident conditions different.

physical form of its contents;and from those specified in E, and F., below,
b. the containment vessells fully redacted may be spproved by the manager or other

on all sides by water.. designated offletal if the controls proposed
2. A package used for the transport of fissile to be exercised by the shipper are

material shall be so designed and constructed demonstisted to be adequate to assure the !
and its contents so hmited that it would be safety of the shipment,,

subcritial if it is assumed that any contents
of the package which are liquid during E. STANDARDS FOR NORMAL CONDITIONS
normal transport leak out of the OF TRANgPORT FOR A glNGLE PACKAGE

.

containment venet, and that the fissile
meterial is then: 1. A package used for the shipment of fissue
a. In the most reactive credible materia' or more than Type A quantity of

configuration consistent ~ with the radioactt.s rusterial as defined in part 1. A.6
chemical and physical form of the and 18. above, shall be so designed and
material. constructed, and its contents sollmited that

b. moderated by water outside of the under the normal conditions of transport *
containment vessel to the most teactive specified in annex ! below:

! sredible extent. a. thers will be no release of radioactive
c. fully renected on all sides by weter, materials from the containment vessel.

3. The manspr or other designated official b. the effectiveness of the packagirig will*

.mey approve exceptforu to the requirements not be substantiauy reduced.
of this section where the containment ver.sel ~ c. there will be no mixture of gases or'

,'

incorporates spectal design features which vaport in the packap which could,
would preclude leakap of liquids in spite of through any credible increases of
ar'y single packaging error, and appropriate pressure or an explosion, significandy
measures are taken before each shiptrwnt to reduce the effectiveress of the package,
verify the leak tightness of each containment d. radioactive contamination of the liquid
vessel, or gneeous pnmary coolant will not

exceed 10" curies of activity of Group
D. EVALUATION OF A SINGLE PACKAGE I radionucildes per milluiter. $ x 10'

curies of activity of Group !!
l. The effect of the transport environment on radionuclides per rmililitert 3 x 10*

the safety of any single package of cunes of activity of Group til and
radioactive material shall be evolusted as Group IV radionuclides per milluiter,
follows: e. there will be no loss of coolant or loss
a. The abilliy of a package to withstand of operattoa of any mechanical cooling

conditions likely to occur in normal devia.
trarmport shall be annened by subjecting 2. A packap used for the shipment of fissile'

a sample poekage or seule model by test nuterial shall be designed and constructed,
or other assenment to the normal and its contents so limited, that under
sondli6pna of transport as specified in normal conditions of transport specified in

,

E.. below, annes I, considered individually:,

h. The elleet on a paekage of eunditioru a, the package wtli be suocritical..

likely to occur in an accident shall be b. .he geometric form of the package
assessed by subjecting a sample package aantents would not be substanually
or seale model, by test or other altered.,

assessment, to the hypothetical accident c. there wdl be no leskage of water into
*

conditions. as specified in F.. below, the c o n tainment vessel. This-

2. Taking into useount controls to be exercised requirement need not be met if, in the
by the shipper, the manager or other evaluation of undamaged packages,

Approved: June 14.19"'3
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FISSILF. AND OTilhR RADIOACflW. MATERIAL Part 11

_
. --

under H.1, l.l.a., or J,l., below, it has radioactivity of the packap
'

tven assumed that moderation is contentst not

present to such an extent as to cause (2) 0.0! curie of Group ! radionuclides,
traximum reactMry cor'sistent with the 0.5 curie of Group ti radionuclides, ,

chemical and physical form of the 10 eurles of.Grcup Ill

rnaterial.
radionuclides,10 curies of Group -

'

d. there will be no substantial reduction in
IV radionuclides, and 1000 curies

the effectiveness of the packaging, of inert gases irrespective of
including transport group.

(1) reduction by more than 5 percent A package need not satisfy the
in the total effective volume of the requirements of this paragraph if it
packaging of which nuclear safety is contains ordy low spedric actMty
anessed. materials, as defined in part IA.7,

(2) reduction by more than 5 percent above, and is transported on a motor
to the effecuve specuig on which vehicle, railroad car, aircraft. inland
nuclear safety is assessed between watercraft, or hold or deck of a sesgoing

the center of the contamment vessel assigned for the sole tue of the
vessel and the outer surface of the shipper.

packaging. 2. A packsp, used for the shipment of fisstle
(3) occurrence of any aperture in the material shall be so designed and

outer surface of the packagmglarge constructed, and its contents so Ittnited, that

enoulh to permit the entry of a if subjected to the sequence of the
4. inch cube, hypothetical accident condit6ons specified in

J. A package used for the shipment of more annex 2,6e package would be suberitical,
than Type A quantity of radioactive matenal in determirdng whether this standard is.
et denned in part 1 A.6. and IR., above, shall astianed,it shallbe assumed that:

be so designed and constructed, and its a. the fissile material is in the most
contents so limited, that under the normal reactive credible configuration
conditions of transport specined in annex 1, consistent with the damard condition

-

considered individually, the containment of the packap and the chemical and
vessel would not be vented directly to the physical form of the contents,
atmosphere, b. water modstation occun to the mort

reactive credible extent consistant with

F. STANOAROS FOR HYPOTHETICAL the damaged condition of the package

ACCIDENT CONDITIONS FOR A SINGLE and the chemical and physical form of

PACKAGE the contents,

c. there is redection by water on all udes

1. A package useo for the shipment of more and as close as is consistent with the
than Type A quantity of radioactive matettal damapd condition of ti.c package.

(see part 1,A.b. and 18., above) shall be so
designed and constructed, and its contents G. EV ALU ATION OF AN ARRAY OF
so limited, that if subjected to the sequence PACKAGES OF FIS$1LE MATERIAL
of the hypothetical accident conditions
specined in annex 2, it will meet the I. The effect of the transport environrnent on
following conditions: the nuclear criticality safety of an array of
a. The reduction of sineldmg would not be pachges of flistle material shall be evaluated

sutacient to increase the external by subjecting a sample package or a scale
radiation dose rate to more than 1000 model, by test or other messment, to the
milbrems per hour at three feet from hypothetical acendent conditions sycined m |

the external surface of the package. H.,1 or J., below, for the proposed Ossde4

h. No radioaettve material would be class, and by assuming that each package m ,

i

released f rom the package except for the array is damaged to the same extent as
gases and contammated coolant the sampic package or scale model, in the
contaming total radioactivity exceeding case of a Fissile Class ill shipment, the '

neither; manager or other designated of0eial may.
(11 0.1 nereent of the total taking into account controls to be exercised

Approved: J une 14.1973
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. '

by the shippr, permit the shipment to be a. five times that number of such
evaluated. as a whole rather than as undamaged packages would be

(' individual packages and either with or suberitical in any arrangement if closely

| without the transporting vehicle, for the te nected by water.
,

|, purpose of one or more tests. b, twice that number of such packages
2. In determining whether the standards of would be subentlealin any arrangement

H.2., I.l.b., and J.2., below, are satisfied, it if each package were subjected to the
shall be assumed that: se quence of hypothetical accident
a. the fissile material is in the most conditions specified in annex 2, with

j reactive credible configuration close renection by water on all sides os

consistent with the damaged condition the arny and the optimum interspersed

of the package, the chemical and hydrogenous moderation, unless there is

physical form of the conlents. and a greater amount of interspersed
controls exercised over the number of moderstkm in the packapng in which

j
packagts to be transported together, case the greater amount may be

b. water moderation occurs to the most considered. The condition of the
reactive credible extent consistent with pcckage shall be assumed to be as
the damaged condition of the package desenbed in G., above.

I and the chemical and physical form of 2. The transport index for each Fissile Class 11,

; the contents. package is calculated by dividing the number
1 50 by the number of such Fissile Class if

packaps which may be transported together
H. SPECIFIC STAN0AMOS FOR A FIS$lLE as determbted under the limitations in I.,-

l CLAS8 I PACKAGE ' above. The calculated number shall be.
| r unded up to the nrst decimal place.

A Fissile Class I package shall be to desi5ned and'

constructed and its contents so limited that: J. SPECIFIC STANDARDS FOR A FIS$1LE
I. any number of such undamaged packages CLAS$ lli SHIPMENT

would be suberitical in any arrangement, and
with optimurn interspened hydrogenous A packap for a Fissile Class ill shipment shall be so
moderauon unless there !s a greater amount designed and constructed and its contents and
of interspened moderation in the packagmg. number of packages so limited, that:
in ich case that greeter amount msy be

1. the undamaged shipment would be
suberttical with an identical shipment in

2, two hundred and Gfty such packages would c ntact with it and with the two shipments
be suberitical in any arrangement, if each closely reDected on all sides by water,
package were subjected to the sequence of the shipment would be subcritical if each,

..

the hy po the tical accident conditions package were subjected to the hypothetical
| specified in annex 2, with close reflection by accident cdtions spect6ed in the sequence
| water on all sides of the stray and with specined in annex L with close redection by

optimum interspened moderation unless water on all sides of the array and with the
there is a greater amount of interspersed packages in most reactive arrangement and
moderation in packaging, in which case that with the most reactive degree of intsrspersed

.

greater amount may be comidered. The , hydrogenous moderstion which would be'

condition of the package shall be assumed in credible considenng the controls to be
be as described in G., above, exercised over the shipment. The condition

of the package shall be assumed to be as.

l. SPECIFIC STANDARDS FOR A FISSILE desenbed in G., above. Hypothetical'

CLASS 11 Pt CK AGE accident conditions different from those
specined in this subparagraph may be

1. A Fissile Class Il package shall be so approved by the manager or other
designed and constructed and its contents so designated ofneial if the controls proposed

,

limited, and the number of such packages to be exercised by the shipper . ire
which may be transported together so demonstrated to be :idequate to assure the
hmited, that: safety of the sh;pment.

Approved: June 14,1973
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SAFETY STANDARDS FOR THE PACK AGING OF AEC Appendts 0$N
FIS$1LE AND OTHER RADIOACTIVE MATERIAL

P ART lli .

QUALITY ASSURANCF. PROCEDURES FOR THE FABRICATION,
ASSEMBLY, AND TESTING OF OFFSITE SHIPPING CONTAINERS.

.

*

A. ESTABLISHMENT AND MAINTEN ANCE OF
specifica tions. ,

d. govide, u requ! red by AECM 0$04. for
PROCEDURES at least an annual audit of the AEC

contractors' progrsms to asseu their
1. Each field office shau require its contractors

effectiverwen.to establish and maintain a quality asserance
povide that quality assurance recordse,

program for are maintained in an auditable fileassure that the requisite standards of
quality are met in the fabrication, durms the service life of the container.a.

assembly, and testing of each package, f. provide for a method of determining
that packagmps procured for use from

b. assure that packagu in use continue to e t her sources, incluriing AEC
meet the requisite standards of quality,

contractors and subcontractors or from
licensees meet the requirements of

B. ELEMENTS OF A QUALITY ASSURANCE
AECM OS29
establish acceptance criteris in terms of5,

PROGRAM mea surabl6 characteristics and the,
effects of appropnate tests prescribed int

1. The program shau consist of a formalsystem annexes I,2, and 4 and as required in;
of procedural and orgsalzstional part Ill,C.
arrangement which: h. provide for a program of routine

requirw that specific responsibilities be
'

maintenance inspection and, wherea.
assigned to designated uritts (including
those of the vendor, the fabricator,and

necessary, retesting to assure that "

reusable containars continue to meetthe contractor) for assuring specified the applicable det ,A standardo
,

quality at at stages of construction,
b, designate codes, standards, and 1. provide for required training, testing,

and certificatice of manufacturmg and
specifications for materials, equipinent, Inspection personnelinvolved in specialmethods of fabrication, testing, and prt. cesses, such as welding and
performance, nondestructive examinaHon. and for the
provide for quality controlof materials, required certification of equipment .mdc.
equipment, and services in instances procedures used in the performona ofwhere these have not alreedy been
established by existing standards and spectal processes.

5

.

.

Approved: June 14,1973
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1AlliW NT ANf)ARlW FOR THi PACK AGINfl OF AfC Appendix 0$N
Flisil.F. AND OTHER R AD60 ACTIVE M ATI:Rl AL

PARTIV*

OPER ATING PROCEDURES.

3 .

A. ESTABLISHt4ENT AND Malt (TENANCE OF 0. ROUTINE DETERMINATIONS*

PROCEDURE 8 Prior to each use of a peckage for shrpment of.

I. The shipper shall establist. and maintam: radiosettve or fissile material, the ihtpper shall

s. operattng procedures adequate to escure ascertain that the psekage with its contents satisnes

yst the determinatiores and controls the applicable requiremer te of part 11 including
T suite d by this appendin are determinations that:

the packa6 ng has not been significantlyiaccomplished. 1.

h. regular and periodle inspection damaged,

procedures adequate to saurs that the 2. any moderstors and nonfinile neutron
shipper follows the procedures required stoorbers.if required, are as authonzod,

by a., above. 3. tin closure of the packye and any sealing
gankets are present and are free from defects.

4 stry valve through which primary coolant-

can f ow is protected against tampering:
'

R. AS5UMPTION5 A5 TO UNKNOWN .$. the internal puge pressure of the package-
PROPERTIES

- will not easted, durint the anticipated
penod d transport. the rnaximurn norm

When the inotopic shundence, mann, concentrati m.
4per of irradietion, depe of modern 00n. or other 'j{ [,""}'the phy Mam a
pertinent property of f6esine matenelin any poskoge e not exceed, during the anticipated penod of-
not known. the sh6pper shall packap the Onsile gg gg
matovial as if the unknown properties have such
credible values as will cause the maximum nuc!est * E. RECORDS,

reactivity.
This ihlpper shall maintain for a period prescribed in

.

appendix 0230, '' Records Disposition.** a record of
-

C. PRELIMIN ARY DETERMINATIONS tach shipment of fissile motettal and each shipment
of amounts of radionetive matettal greater than Type

1. Pnor to the first une of any packagmg for A quantities as dentwd in part I.A.6. and IR., m
the shipment of more than a Type A single packages, showing where applicable:

quantity of radioacuve material or nasile 1. identification of the packaging by model
materials, such packopng shall be inspected number,

to awettnm that there are no cracks. 2. details of any signincant defects m the ,
pinholes, uncontrolled voids, or other packagmg. with the means employed to
defects which could sigmfienntly reduce its repair the defeets and prevent' their
ellectiveness, recurrence.

L prior to the first une of any piekagmp for 3. volume and identilication of coolant,

the shipment al mine than a Type A l. type tmd quantity of material in each
quantity of radioacuve or Gwle materials. packnac, and the total quantity in cash
wiwre the maximum normal operatingt shipment.

5. for caeliitem or irradiated fissile material:pressure will exceed 5 poumis per'

a. Identideation by model number.square inch pup, the containment vessel
; shall be tested to assure that it will not leak b. irradiation and decay history to the

at au mternoi presure 50 percent higher extent appropnate to demomtrate that
than the monumum normal operating its nueltat and thermal charsetensties

compiv with approved conditions.*

preuurt.

.1 Packagmg shall be conspicuously and e, -my abnormal or unusual condition
durably marked with its miniel number, relevant to radiatic.a safety.

Prior to applying the model number, an 6. date ut ibe shipment.

inspection shall be made to determine that '. for Fivile Claw lit, any special controls
the packagmg has been tahticated m estreised. .

accontanee woh the appenved 'lemen. 8. name and ad.!ress of the transferee.

Approved: June 14.1973
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AEC Aprwndis 05:4 SAFETY ST ANDARDS FOR THE P ACKAGING OF
Part lY FISSILE AND OTHER RADIOACTIVE MATERIAL (

.

4. address to which ilw shipment was made, user to prepare the document for an esist6ng
10. results of the determinations reqwred by C. puckapng if it is to he used by other Att

*
and D., above, fleid offket and contractors. Obsolete

packaginy no longer in une and contamers .

F. DOCUMENTATION OF TECHNICAL. SACKUP used for onsite movement of materials are
SUPPORT FOR SPECIFICATION. CERTIFIED, not subject to these documentation
AND SPECI A1. PERMIT PACKAGINGS requirements unless they are reactivated. I

altered or requested for use m offsite
Packagmy that have been certified by the Alir as shipments, in such instances the party or
meeting IX)T regulailom anil pockupmp for which parties requiring reestivntion and/or
specineatium have been publiecd by the DOT or a alterations shall prepare or have preputed
special permit has been,innued by the DOT may be the appropriate document,
used by any shipper harms authority to nhlp 2. Each document shall provide, as a mmimum,
radioactive or fissile materials. Therefore, it is the followinginformation:
essential that technical informati<m and limits a. s complete physical and tec W'

pertinent to the comeuction and use of thew desertption of the package.
packaginy be available to all pmential users. b, a safety analysts report

'
Accordingly, steps will be taken to implement the considerations for me t'
following requirements: requitements - for packs

1. Field office ma napers shall require transport safety. nuclear .,

contractors under their juriedletion to safety, and radiological safety. Ph. A
prepare a bound distributable document for documents in existense as of the date oc
each new specincation, certifned, or special this revision are acceptable.
permit, packaging designed, developed, and c. design and development inform' ~ tiona

fabrication by him for offsite shiptrwnt of including portirwns data, analyt' '
Assile and other radkiactive matertals.Such a methods, and the results of u.

.

thicument shall also be required for esisting peesenbed tests. .
puckaginy for which the DOT has issued d. tal'.es, paphs, drawinp. pictures, and
special permits except in thme mstances of technical references as required la eve ai

,

packagmp of u highly specialized design and clear treatment of the subject,
used solely by the anginator. Should these 3. Each document shall be prepereu and
specialized packagings be adopted for more submitted to the Technical Information
gerweal utilization, an appropriate technical Center in accordance with appendix 3:0I,
document must then be prepered. lt shall be - pari 111.B.2. for re production and

'

the responsibility of the onginator or first distribution based upon need.

.

.

*
.

.

I

| -

.

|

Approved: June 14.1973
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SAFETY STANDARD 6 FOR1HE PACKACING OF
F155tLE AND OTHER RAD 60 ACTIVE MATERIAL

AEC Appendis 0529

""

[ ANNEX 1

NORMAL CONDITIONS OF TRANSPORT
,

1. Host-Direct sunlight at an emblent temperature 7. Corner Drop-A free drop onto uch comer of
.

of 130* F in still air. the package in succession or in the case o'
cylindrical packap, onto each quarter of each

2. Cold-An amb5nt temprature of 40*F in still . rim, from a heisht of I foot onto a flat
air and shede. ementially unyielding horizontal surface. This

1881 8PP m onW to Packagm Wah areli
3. Presum-Atmos ric pressure of 0.5 time constructed primer 0y of wood or fiberboard, and

standard at cpressure, do not exceed 110 pounds poes weight, and to
.

4 Vibtation-Vibretion normally incident to all Finile Class 11 packaginy.

trarwport. .

$. Weter Spey- A water spray sufficiently heavy to 8. penetration-impact of the hemispherical end of
kwp the entire exposed surface of the package a vertical steel cylinder 14 tr.ches la diameter and
except the Nttom continuously wet during a weighing 13 pounds, dropped from a height of
priod of ,10 min nes. 40 inches onto the exposed surface of the

pckap which is expcted to be most vulnerable
6 Free Drop- Betueen IM and 2% hours after the to puncture. *conclusion of the water spey test, a free drop ,

through the distance specified below onto a flat 4,

seentially unyloiding horleontal surface, strking 9. Cosepression-For packages not exceeding
the surface in a position for e4tich metimum 10#00 punds in w@t, a comprestvo lead
*mer 18 8XPwted. equal to olther $ times the weight of the packap

or 2 pounds per square inch multiplied by thep,eePollD6 sense
meatmum horisontal cross secdon of' thee

Peses weem teauned Dimensa nant packaps, whichever is yester. De load shall be'
Lane than 10.000 4 applied during a period of 24 hours, uniformly
10,000 to 20,000 3 against the top and bottom of the packap in the
20,000 to 30,000 '2 position in which the package would normaDy be
More than 30,000 1 transported.

ANNEX 2

HYPOTHETICAL ACCIDENT CONDITIONS.

~

3. Thermal-Exposure to a thermal test in whichFew Drop- A frw drop through a distance of 301.
iest onto a flot essentiaNy unyielding hortiontal the heat input to the packap is not less than thsi
surfsco, striking the surface in a position for which would result from exposure of the whole
wnich maximum damage is expected. pokap to a radiation environment of 147$'F

for 30 minutes with an emissivity coefficient of 4

2. Punetwo-A free drop through a distance of 40 0.9, asuming the surfaces of the packap have an
, inches striking, in a position maximum damage is absorption coefficient of 0.8. The packap shall
| expected, the top end of a vertical cylindrical not be cooled artificially until 3 hours after the
; i mild steel bar mounted on an essentially test period unless it can be shown that :he
l unyielding hortiontal surface. The bar shall be 6 temperature on the inside of the packap has

inches in diameter, with the top horizontal and begun to fallin less than 3 hours..

its edy rounded to a radius of not more than
one quarter inch, and of such a length as to cause . 4. W oest iminero6on (finue meterial packages

1
- maximum damap to the packay, but not les only)-tmmersion in water to the extent that all

than 8 inches long. De long axis of the bar shall portions of the packap to be tested are under at
,

| _ be perpendicular to the unyielding horizontal least 3 feet of water for a period of not test than

( surface. 8 hours.

|
Approved: June 14,1973
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SAFETY STANDARDS FOR THE PACKAGING Oi
Fis5tLE AND OTHER RADICACTIVE MATERIAL

Al:0 4ppendas 0529

ANNEX 3 ,

TRANSPORT GROUPING OF RADIONUCLlDES
'

.

h' medioaudiew' 91.!ble tie-ead a nd'eavenoet' C'evo .

Actinium (89) Ac 227 I Copper (29) Cu M IV

Ac 228 i Curium (%) Cm 242 |

Americium (95) Am 241 i Cm 243 i

Am 243 i Cm 244 i

Antimony (51) Sb 122 IV Cm215 i

Sb124 111 Cm 246 i

Sb 125 Ill Dysprosium (66) Dy154 Ill

Atson(t8) At 37 VI Dy 165 IV

At di II Dy 166 IV

At 41 (uncompressed) V Erbium (68) Er 169 IV8

Arsenic (33) As 73 IV Er171 N
As74 IV Europium (63) Eu 150 111

As 76 IV Eu 152 m IV'

As 77 IV Eu152 !!!

Astatine (85) At 211 !!1 Eu 154 I I ','

Barium (56) Be 131 IV Eu !$$ IVt
Be 133 !! Fluorine (9) F 18 (V7

Ba140 111 Gadolinium (64) Gd 153 IV',

Berkelium (97) Bk 249 I Gd 159 IV*

Beryllium (4) Be 7 TV ,Gaillum(31) Ge 67 til
Bismuth (83) B1206 IV Ga72 IV'

Bi207 111 Germanium (32) Ge 71 IV .

,
B1210 11 Gold (79) Au 193 til
BI212 til Au 194 Ill

Bromine (35) Br82 IV ' Au 195 lli

Cadmium (48) Cd 109 IV Aulot TV

Cd 115 m (11 Au 198 (V

Cd 115 IV Au 199 (V
!

Calcium (20) Ca 45 IV Hafnium (72) Hf 18I IV
'

Ca 47 IV Holmium (67) Ho 166 IV

Califorruum.t98) Cf249 i Hydropn(l) H 3 (see tntium)

Cf250 I Indium (49) In i13 m IV

Cf252. I in 114 m !!!

Carbon (6) C 14 IV in 115 m IV

Cerium (58) Ce141 IV - In 115 (V

Ce 143 IV lodine (53) I124 lit i

Ce144 Ill I125 til
'

Cesium (55) Cs 131 IV i126 Ill'

Cs 134 m !!! ! 129 Ill
Cs 134 111 1131 111 i

Cs135 IV i132 IV

Cs136 IV i133 til .

Cs 137 111 1134 IV '

Chlorine (17) Cl36 lil i I35 IV'

Cl38' IV f ridium(77) ir190 IV

Chprmium(24) Cr $1 IV lr 192 til

Cobalt (27) Co56 Ill ir 144 IV ,

Co 57 IV Iron (26) Fe 55 IV

Co $8 m IV Fe 59 IV

Co 5x IV Krypton (3M Kr 85 m til

Co oO Ill Kr 65# luncompressed) V

Approved: June 14,1973
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S'AFETV STANDARDS FOR THE PACKACING OFAEC Appendts 0529
FISSILE AND OTHER RADIDACTIVE MATERIALAnnes J

g' Repenve6W h M nedeonucW Group.
8

Kr M5 111 Protactinium (91) Ps 230 1

Kr 85: (uncompressed) VI Ps231 1.

* Kr 87 11 P 233 ||

Kr 87 (uncompressed) V Radium (88) Rn 223 #18

lanthunum(57) 1.a 140 IV Ra 224 1

Lad (N2) Pb 203 (V Ra 226 i

Pb 210 (I Ra 228 i

Pb 212 11 Radon (86) Rn 220 IV

Luteuum(71) Lu 172 111 Rn 222 11

Lu177 IV Rhenium (75) Re 183 IV

Magnesium (12) Mg 2R 111 Re 186 IV

Manganese (25) Mn 52 tv Re 187 IV

MnS4 IV Re 188 TV

Re Natural IV
Mn 56 IV

Mercury (80) Hg 197 m IV Rhodium (45) Rh 103 m IV

Hs 107 IV Rh 105 TV

Hg 203 IV Rubidium (37) Rb86 IV

Mised Fisown Products MFP ll Rb 87 IV

Molybdenum (42) Mo 99 IV Rb Natural IV

Neodymtum (60) Nd 147 |V Ruthenium (44) Ru 97 IV

Nd 149 IV Ru 103 IV

Neptunium (93) Np 237 i Ru 105 N
Np 239 i Ru 106 !!! .

Nickel (2R) Ni56 Ill Samartum(62) Sm 145 Ill

Ni 59 IV Sm 147 111

4 Ni eJ N Sm 151 IV

Ni65 IV Sm 153 'IV

Nichium(41) Nb 93 m IV Scandium (21) Sc 46 til
Nb 95 IV Sc 47 IV

Nb 97 (V Sc 48 IV

Osmium (76) Os185 IV Selenium (34) Se 75 IV

- Os 191 m IV Silicon (id) SI 31 IV

Os 191 IV Silver (47) Ag 105 IV

Os193 IV Ag 110 m !!!

i alladium (4hl Pd 103 IV Ag 111 IV

Pd 1058 IV Sodium fl1) Na 22 111

Phossorus (15) P 12 IV N, 24 gy

PlatLom (7M) Pt 191 IV Strontium (38) Sr 85 m IV

Pt 193 IV Sr85 IV

Pt 193 m IV Sr89 til
Pt 197 m IV St90 11

Pt 197 IV Sr 91 til

Plutumum194) Pu 23M (F) 1 Sr92 IV

Pu 239 (F) I Sulphur (16) S 35 tv

Pu 240 i Tantalum (73) Ta182 !!!

Pu 241 (F) i Technetium (43) ' Tc 96 m IV,

Pu 242 1 Tc 96 IV.

Polonium (84) Po 210 1 Tc 97 m IV

Polanium (19) K 42 IV Tc97 [V

K 43 Ill Tc 99 m IV
' Prawodymium(59) Pr142 IV Tc 99 IV'

Pr 143 IV Tellurium (52) Te 125 m IV

Pronwthium (61) Pm147 IV Te 127 m IV

Pm I49 IV Te 127 TV

Approved: June 14,1973
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SAFETY STANDARDS FOR THE PACKAGING OF 4E0 APPendia 0$ N
FISSILE ANDOTHER RADIOACTIVEMATERIAL AnnesJ

*

g lemMi' 8tashamactes' Q,(3dt [,jg!3Dg Mactio w 0 m '. Q|ggg,

Te 129 m til Uranium (92) U230 11
*

Te 129 IV U 2J2 I

Te 131 m !!! U 233 (F) II .

Te 132 IV U2M 11

Terbium (65) Tb 160 !!! U 235 (F) t ..

Thallium (81) T1200 IV U 236 li
T1201 N U 238 !!!
Tl202 IV U Natural !!!
Tl204 !!! U Enriched (F) !!!

Thorium (90) Th 227 II U Depleted 111

'!h 228 I Vandium(23) V 48 IV
Th 230 I V 49 !!!
Th 231 1 Xenon (54) Xe 125 111

Th 232 111 Xe 131 m til
8Th 234 !! Xe 131 m(uncomprmed) V

Th Natural ll! Xe 133 ll!
Thulium (69) Tm 168 !!! Xe 1333 (uncompressed) VI

Tm 170 til X4135 11

Tm 171 IV Xe 135: (uncompressed) V
Tin (50) Sn i13 IV Ytterblum(70) Yb 175 N :

Sn 117 1 11 Yttrium (39) Y 88 111
'

Sn121 III Y 00 IV
Sn12' IV Y9tm 11 1

Tritium (1) .O IV Y 91 Ill
H 3 (as pas, as VII Y 92 IV
tununous paint Y 93 IV ,

or absorbed on Zinc (30) Zn 65 TV

solid material) In 69 m IV -
Tunpten (74) W 181 IV Zn 69 IV

W l85 N Zirconium (40) Zr 93 IV

W l87 IV Zr95 til
Zr97 IV

' Atomic Number shown in parenthemes,
s Atomic weght shown after the redsoniachde symbol
'Uncompresand mens at a pressure act eaccedag one atmosphere.
m Metassacle inste.
W) I'nande Matanal

ANNEX 4

TESTS FOR SPECIAL FORM MATERI AL

1. Free Drop- A free drop thruugh a distance of 30 supported by a smooth essentially unyseiding
feet onto a Ast 6ssentially unyividing hortzental surface. =

*
surface, strtktng the surt' ace in such a position as
to suffer maximum damage. . 3. Hesting-Heating in air to a temperature of

1475'F and remaining at that temperature for a
2. Percutsion-!rnpset of the flat circular end of a period of 10 minutes.

1 inch diameter steel rod weighing 3 pounds. -

dropped through a distance of 40 inches. The 4. Immersion Immersion for 24 hours in water at
cipsule or matettal shall be placed on a sheet of room temperature. The water shall be at pH 6-pH
lead, nf hardness number 3.5 to 4.5 on the 8, with a muimum conductmty of 10
Vickers scale, anc not more than !anch thi:k. micrombos per centimeter.

Approved: June 14,1973 '
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