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0.0 GENERAL INFORMATION 

0.1 Introduction 0-1 
0.2 Package Description 0-1 

0.2.1 Packaging 0-1 
0.2.2 Operating Features 0-2 
0.2.3 Contents of Packaging 0-2 

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 changes in Revision 2 versus Revision 1 are in two areas: 

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

2. Maintenance, valve replacement and connection fitting installation 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 
package 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 10CFR71 of 
January 1, 1979. 

New LP-50 containers of the design shown in this SARP cannot be fabricated without 
the approval of the Nuclear Regulatory Commission (lOCFR 71.13a(l) and c). 

Pages marked with a Revision 2 in the lower right comer are the only pages changed 
from the approved Revision 1, 4/78 SARP. The location of the change is shown by a 
vertical line in the margin. 
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SAFETY ANALYSIS REPORT - PACKAGES 
LP-50 TRITIUM PACKAGE 

0.0 GENERAL INFORMATION 

0.1 Introduction 

Elemental tritium is shipped at low pressure in a stainless steel container (LP-50) 
surrounded by an aluminxim vessel'and Celotex^^ insulation at least 4 in. thick in a 
steel drum. 

Each package contains a large quantity (greater than a Type A quantity) of 
nonfissile material, as defined in AECM 0529.* (The package was 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 weight of the package is 260 pounds maximum. The various components that 
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. ID 
by 38.5 in. inside height per Military Standard MS-27683 (or equal). Three 5/16* 
in. dia holes are drilled, approximately 120*' apart, one inch below the top cvirl 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 locking ring 
with dropped forged lugs, installed with a 3/8 in. high-strength steel bolt, 
provides closure by securing the cover to the drum. 

The insulation that cradles the secondary container, also called aluminum shell, 
within the drum is Celotex^, laminated military packing board per Military 
Specification Mil-F-26862-A, except paragraph 3.7 concerning fvingus resistance. 
When the Celotex^, supplied in minimum thickness of 1-1/2 in. is fabricated and 
coated with Cera-kote^^ (120 ft^, 0.010 in. thick, per gal unthinned high 
temperature cement), the annular pieces form a 14-1/4 in. ID void within the drum 
which symmetrically positions the shell. A top outer ring of molded Cera Form^^ is 
cemented with Cera-kote^ to the adjacent rings of Celotex^ to form a refractory 
barrier behind the drilled vent holes in the drum. A disk of Cerafelt̂ '̂  is used as 
a spacer to restrict the movement of the Celotex^ within the dnim. 

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) contaln«r (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 mating 
flange on the top section (cover). Two cover designs (figure 1) exist: one flat 
(cast aluminum alloy #356) and the other domed (formed alum alloy 6061.T6). 

^ Celotex Coirp. trademark. 
213,4 Johns Manville Corp. trademarks. 

•Changed to DOE 5480.3 

Rev. 2, 4/88 
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Either cover, flat or domed is secured to the bottom part by bolts eqxially spaced 
on a 15-1/2 in. dia bolt circle with a buxui N gasket compressed between the 
flanges. Two handles are provided for ease of handling. No credit is taken for 
the seal on th* shell la the safety analysis and no test of its seal tightness is 
made. The secondary veasel is a mechanical protection barrier. 

The type 304L staliaesa steel PC, of welded construction, is essentially a closed 
cylinder with a 13 in. ID and 0.078 in. wall thickness,' with radlused top and 
bottom edges. Complete closure<o€ the cylinder is accomplished by welding on a 
container 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. 

Filling the PC through the valve is accomplished by attaching the supply source to 
a continuation of the stainless steel tvibing which has a Cajon^^ 4VCR stainless 
steel 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 Features 

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

0.2.3 Contents of Packaging 

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 2S°C 

Maximiim allowable time for 

shipment 12 months after loading 

•'• Cajon Co. trademark. 

Rev. 2. 4/88 
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1.0 STRUCTURAL EVALUATION 

1.1 Structural Design 

1.1.1 Discussion 

The principal structural members of the LP-50 are the stainless steel product 
container (PC), the aluminum inner container (shell), the plywood spacer be­
tween the PC and the shell, the Celote^^ insulation, and the carbon steel drum. 
The PC has a specially fabricated stainless steel valve that is used for load­
ing and the shell has a valve used for leak testing. There are two t3rpes of 
covers for the shell — flat and hemispherical (domed). There are also matching 
spacers to provide a tight fit between the PC and the shell. The shell fits 
snugly into the cemented rings of Celote^ insulation. There is a clearance of 
only 1/8 in. between the Celote:^ 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 fasten 
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 Stress, psl 
Part 

Shell: side 
bottom 
top 

Bolt 

Flange hub 
(Gasket 
seating) 
radial 
tangential 

Flange hub 
(Operating 
condition) 
radial 
tangential 

ASME 

6200 
6200 
9500 

20,000 

9300 

6200 
6200 

9300 

6200 
6200 

Calc (1.6.3) 

300 
5520 
5840 

14,050 

3450 

1010 
590 

2730 

801 
322 

Calc/ASME. % 

5 
89 
61 

72 

37 

16 
10 

29 

13 
5 
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Table 2. Pressure Comparison 

(25 psig external pressure) 

Maximum Allowable Press., psig 

Part Test Calc (1.5.2) Test/Calc. % 

Shell (flat cover) 25 
Bottom head 25 
Top head 25 
Shell (dome cover) 25 

ASME 
Flange (flat cover) hub 9300 
(Gasket seating) 
radial 6200 
tangential 6200 

123 
33 
35 
167 
Calc 
2443 

717 
289 

20 
76 
71 
15 

Calc/ASME. % 
26 

12 
5 

1.2 Weights 

Weights of the components of the LF-50 packaging are: 

Product container 
Wooden spacer 
Secondary container 
Insulation 
Drum 

Total 

Wt. lb 
32 
9 
43 
104 
72 

260 
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1.3 Mechanical Properties of Materials 

Information referenced in the American Society of Mechanical Engineers Boiler 
and Pressure Vessel Code, section VIII, div 1, 1974 edition are abbreviated 
"ASME, p ." 

1. B - 7400; ASME, p 280, figure UNF-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 SB-26 SG 70A-T71. 

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

4. a - 0.50 for elastomers below 75 Shore Durometer; ASME, p 238, table UA-
49.1. 

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

6. K =" YD 13*5^ " 1-20; ASME, p 240, figure UA-51.1, 

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

7. f « 1.0; ASME, p 242, figure UA-51.6 (when g /g - 1.0 and h/h^ - 0.164). 

8. F - 0.909; ASME, p 240, figure UA-51.2 (when i-^^S^ - 1-0 and h/h^ - 0.164). 

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

10. Allowable stress for SB-26 SG70A(356)-T71 is 6200 psi; ASME, p 149. 

11. B » 5500 psi; ASME, ? 278, UNF 28.3. 

12. Allowable tensile stress for type 6061-T6 aluminum at 200*F - 9500 psi and 
at ZSO^F « 9100 psi; ASME, p 149, cable UNF-23.1. 

13. Allowable tensile stress for SB-26 SG-70A(356)-T71 up to 200'F - 6200 psi; 
ASME, p 149, table UNF-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. .\rea of 1/4 in. is 0.0269; Mechanical Engineers Handbook, L. S. Marks, 
3th Ed, p 862. 

- 1-3 -



1.4 General Standards for all Packages 

• 

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
tainment). Also, there will 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 15 

1 

2 

3 

4 

5 

6 

7 

3 

9 

10 

11 

12 

13 

14 

15 

Aluminum 

Brass 

Buna N 

Celotex^ 

Neoprene 

Nylon 

Paint 

Steel (including SS) 

Viton® 

Weldwood 

Wire seal 

Wood 

glue 

(lead) 

Zinc or cadmium 

Mercury 

Silver 

-

X 

X 

X 

X 

X 

X 

X 

X X 

-

-

-

X 

X X X 

X 

X 

X 

X 

X 

X 

-

X 

X 

X 

-

X 

X 

X 

-

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

-

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

-

X 

X 

X 

-

X 

X 

X 

X 

X 

-

X 

X 

X 

X 

X 

X 

-

X 

X 

X 

X 

X 

-

Rev i, 4-; 
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1.4.2 Positive Closure 

The closure system la made up of two parts; the package cannot be opened 
Inadvertently. The parts of the system are: 

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

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

1.4.3 Lifting Devices 

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

1.4.4 Tiedown Devices 

Not applicable. There Is no tiedown device on the drum. 

1.5 Standards for Type B and Large Quantity Packaging 

1.5.1 Load Resistance 

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

Bags of lead shot were stacked uniformly from bottom to top against one side of 
an upright empty LF-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 psig 

1.5.2.1 Secondary Container 

Shell with Flat Cover 

Material of shell and bottom head is type 356 aluminum alloy. However, 
mechanical specifications for SB-26-SG70A-T71 will be used. Allowable 
stresses are listed in ASME Code. 

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

p 16, UG-28 a D^/t 

t - d/CP/S °'̂  ̂  " c (d) P ^^' ^^^^ 

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., psi 

t " min required thickness of cylindrical shell on flat head, in. 

C • factor depending on method of head attachment (dimensionless) 
(see 1.3, item 2) 

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

P • design press., psi 

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

0 S h e l l 

D 14 ^ '^^^ t 
' ' - 60 
0.234 

.'. B - 7400 (see 1.3, item 1) 

P - -r—?- » - ^ » 123 psig greater than 25 OK 
a u /t ou — 

0 

o Bottom Head 

„ S ft\^' 18,000 0.312 ^ .,- - . 
P- C Uj ' " t r 13725 - 33.3 psig 

greater than 25 OK 

- 1-6 -



o Top Head 

-f r - 20.000 
0.2 

/ 0.25 y 
U3.375J 

- 35 psig 

greater than 25 

1.5.2.2 Secondary Container 

Flange and Bolting 

OK 

W m2 • ir b G y 

A W /S 
m2 " m2 a 

W - 1/2(A + A. )S 
m2 0 a 

M Wh, 

ô - ^ ( S - ̂ G) * «T (̂T - ̂ G) 

P 243, UA-49 

p 234, UA-47 

p 243, UA-49 

p 243, UA-50 

p 245, UA-55 

where: 

U 
m2 

b 

G 

y 

s 
a 

A 
m2 

W 

\ 

M 
o 

h 

H. 

min required bolt load for gasket-seating, lb 

effective gasket seating width (0.25 in.) 

mean dia of gasket contact face (14.25 ill.) 

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

allowable bolt stress at atmospheric temp, psi 

total cross-sectional area of bolts at section of least diameter 
required for seating, in^ 

flange design bolt load, lb 

cross-sectional area of bolts using root diameter of thread, in^ 

total moment acting upon flange, in.-lb 

hub length, in. 

hydrostatic end force on area inside of flange 

0.785 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 acts, in. 

<e\ 
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difference between total hydrostatic end force and hydrostatic 
end force on area inside of flange, lb - H - H^ 

total hydrostatic end force, lb « 0.785 G^P 

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

radial distance from gasket load reaction to bolt circle, in. 

ir b G y - IT (0.25) (14.25) (0.0) - 0.0 lb 

0.0'in^ 

8(0.0269) - 0.215 in^ 

1/2[A + \ ) S - 1/2(0.0 + 0.215) (20,000) - 2150 lb 

page 243, table UA-50) 

— T — , h - r i*» and h - R + 0 . 5 S i . 

bolt circle dia (15.5 in.) 

2 *1' 

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

C - G 15.50 - 14.25 1.25 
0.625 in. 

^ ^ ^1 ^ ^^1 a O.T66 > 0.23U * 0.625 , 0.812 m. 

C - B 15.5 - 13.5 « --, 
—2 h ' 2 ^-""^ 

1.0 - 0.234 - 0.766 in. 

R + 0.3 ĝ  - 0.766 + 0.3(0.234) - 0.383 in. 

Wh - 2150'(0.625) » 1340 in.-lb (gasket seating) 

- i.-0 



H - H- H^ - 0.785 G^F - 0.785 B^p - (0.785 G^-i^)? 

«0o - %(\ - ^G) -̂  «T (4 - ^G) 

:. M - (0.785) B^p (0.883 - 0.625) + (0.785) (G^-B^) (P) (0.812 - 0.625) 

- (0.785)(13.5)2(25)(0.258) -h (0.785)(14.252 - 13.52)(25)(0.187) 

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

Gasket seating mon.ent of 1340 in.-lb is larger and governs. 

Bolt stress - Q 2 1 5 " ^°»°°° P^^ 9L 

Flange stresses (flat top): 

fM 
S„ = 2 p 244, UA-51 
^ L(g^)2B 

S, - (1.33 t e-H 1)M^ p 244, UA-51 

L t2 B 

S - ^ ^o - 2 S p 244, UA-51 

t2 B 

where: 

S„ " calculated longitudinal stress in hub, psi 
£1 

S^ - calculated radial stress in flange, psi 

S_ « calculated tangential stress in flange, psi 

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

g^ " thickness of hub at back of flange, in. 

g • thickness of hub at small end, in. 

h - hub length, in. 

h » factor » v/^S-t i^. 
O V 0 

B - ID" of flange, in. 

- 1-9 -



M ' total moment acting on flange for gasket seating (or operating 
° conditions), in.-lb 

e - t e + 1 ^ t̂  L » factor - ^ + -j-

t > flange thickness, in. 

e • factor for integral flanges • F/h 

F • factor for integral flanges (a function of g,/g + h/h ) 

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

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

U 7 

d • factor of integral flanges - — h g ̂  

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

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

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

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

ige f a c t o r s : 

0.234 , „ 
" H'^o ' 0.234 - ^-Q 

h/h ™ ^ - ° -^2 
° ^ g- /13 .3(0 .234) 

0.292 
1.73 

0.164 

» 1.0 (see 1.3, item 7) 

e - F/h - T4i^ - 0.511 (for F, see 1.3, item 8) o 1. /o 

" " V ^ 8 / - ^(1.78)(0.234)-2 . 2.1 

(for T,U,Y 5. 2, see 1.3, item 6) 

(for V, see 1.3, item 9) 
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t m g g -̂  1 + tf. 0 .5(0 .511) + 1 + (0 .5)-
T "̂  d • 1.84 2 . 1 

- 0.682 -1- 0.060 « 0.742 

- fMo 1.0(1340) . , , , ^ , V •, = /.:n««x 
Ĥ " Ui[)i. B • 0 .742(0 .234) i (13 .5 ) " ^^^3 p s l l e s s than 1.5 (6200) OK 

(see 1 . 3 , item 10) 

S (1.33 t e •)• DU? [ (1 .33) (0 .5) (0.511) + l ] 1340 
R L t2 B • ( 0 . 7 4 2 ) ( 0 . 5 ) 2 ( 1 3 . 5 ) 

- 717 ps i l e s s than 6200 OK 

S - I j k . z S - 10-75(1340) _ . 
T̂ t^TT ^ R̂ (0 .5 )2(13 .5 ) ^'^^ ^^^^^ 

- 4268 - 3979 - 289 psl less than 6200 OK 

Conclusion: The flat type shell will withstand 25 psig external 
pressure; therefore, the inner product container should 
be unaffected. 

1.5.2.3 Secondary Container 

Shell with Domed Cover 

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

^ - r ^ 

where: 

P « max allowable working press., psl 

L. " inside radius of hemispherical head, in. 

t • min required thickness of head, in. 

B - calculated compressive stress, psi 

Rev 1, 4-7; 
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B - 5500 psi (see 1.3, item 11) 

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

Allowable external pressure - P « -—r- • ^-^ - 167 psid 

s L./t 33 

Since this is greater than the specified differential pressure of 
25 psid, the hemispherical head can withstand the given test pressure 
(25 psid) with no damage. 

1.5.2.4 External Pressure Test of the Product 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 cemented 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 bell jar. The bell jar pressure was raised 
in 3 psig- increments until 25 psig external pressure was obtained. Strain 
gage readings were taken during evacuation and external pressurization 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. 

Rev I, 
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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 tests 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 problems 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 
effects on the packaging. Deformation of the product container 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 -40°F (-40°C). The shell temperature when ambient temperature is 
100°F (in shade is 121.1' F (2.5.3). When ambient temperature is -40°F or 
[100-(-40)] lower, the shell temperature would be 121 - 140 - -19°F. The yield 
strength of the aluminum shell would be higher at this temperature than at the 
higher temperatures of normal conditions. Also, the -19°F is within the design 
range for the gasket materials: buna N, and Viton^l, the SST PC is unaffectad in 
this temperature range. 

Du Pont trademark 
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1.6.3 Pressure (0.5 atmosphere) 

1.6.3.1 Secondary Container 

It is shown under 2.4.4 that the maximum internal pressure in the secondary 
container (shell) is 17.5 psia. With 0.5 standard atmospheric pressure on the 
outside of the shell, the differential across the wall is 

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

Since allowable s t r e s s e s for t3rpe 356-T51 aluminimi are not l i s t e d in the ASME 
Code, the s t r e s s e s for the s imi lar type SB-26 SG-70A (356)-T71 w i l l be used 
(see 1 .3 , item 13) . 

Allowable s t r e s s at 180"F i s 6200 p s i . 

She l l s t r e s s e s : P > 10.2 ps ig . 

This equation i s from ASME Code, sec t ion VIII , div 1, p 14, UG-27, ( c ) , ( 1 ) . 

where: 

S > max allowable stress, psl 

P > design pressure, psi 

R * inside radius, in. 

t » min required thickness of shell plates, in. 

E • joint efficiency (1.0) (see 1.3, item 14). 

Sh-ll- s . P(R •*• 0.6 t) 10.2 [6.75 + 0.6(0.234)1 
E t • 1(0.234) 

300 psl less than 6200 OK 

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

Both heads: S - CP̂ -̂ )2 (gg^ 1̂ ,3̂  ̂ ^gj^ 2) 

Rev 1, 4-78 
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where: 

C > factor depending on the method of attachment of head, shell 
dimensions, etc. (dimensionless) 

m - the ratio t /t (dimensionless) 
t 9 

t " required thickness of seamless shell for pressure, in. 

t > actual thickness of shell, in. 

s 

S > maximim allowable stress, psi 

P « design pressure, psi 

t * min required thickness of cover, in. 

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

Bottom head: 

S - CP (^Y - (0.3)(10.2)(^^^) - 5520 psi less than 6200 

Top head: 

S - CP(^)^ - (0.2) (10.2) (^^^IP) - 5840 psi less than 9500 

(see 1.3, item 13) 

(a; Flange and Bolting Operating Conditions 

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

H^ - 0.785 B P̂ p 235 

H - 2 b IT G m P p 235 

lij, - 0.785 (G2 - B 2 ) P P 235 

w , - a_ + a^ + H, o 236 
mi u G T 

M - h„ H„ + h^ H^ + h_ H_ p 235 0 D D G G T T f _ - _ 

- 1-14 -
Rev i , 4 



hydrostatic end force on area inside of flange, lb 

inside dia of flange, in. 

design pressure, psi 

total joint-contact surface compression load, lb 

effective gasket seating width, in. 

dia at location of gasket load reaction, in. 

gasket factor (see 1.3, item 5) 

difference between total hydrostatic end force and the 
hydrostatic end force on area inside of flange, lb 

min required bolt load for the operating conditions, lb 

total moment acting upon the flange for operating conditions, 
in.-lb 

* radial distance from bolt circle to corresponding forces 

^D,G,T 

0.785 B2p « (0.785)(13.5)2(10.2) - 1460 lb; 1460 x 0.883 

1290 in.-lb 

2 b ^ G m P - (2)(0.25)TT(14.25)(0.5)(10.2) - 114 1b 

114 X 0.625 - 71 in.-lb 

(0.785)(G2 - B2)(P) . (0.785)(14.25^ - 13.52)(10.2) -

167 lb; 167 X 0.812 = 136 in.-lb-

1460 + 114 + 167 - 1741 lb 

1290 + 71 + L36 « 1497 in.-lb 

- 1-15 -



(b) Gasket Seating 

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

\ 2 - ^ b G y 

ml 
Wml 
S 

W - 1/2 (A^ "•• A^) S 

M - Wh„ 

a 

where: 

m2 
W 

b 

G 

7 

ml 

ml 

S 

W 

A 
m 

S 
a 

M 

min required bolt load for gasket seating, lb 

effective gasket seating width, in. 

dia at location of gasket load reaction, in. 

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

total cross-sectional area of bolts at section of least dia­
meter under stress, required for the operating conditions, in^, 

min required bolt load for the operating conditions, lb 

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

min cross-sectional area of bolts, in. 

flange design bolt load for gasket seating, lb 

total required cross-sectional area of bolts, in^ 

allowable bolt stress at atmospheric temperature, psi 

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

« radial distance from gasket load reaction to bolt circle, in. 

W m2 
- TT b G y - TT (0.25) (14.25) (0.0) - 0.0 less than W 

ml 
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A. - 8(0.0269) - 0.215 in^ (see 1.3, item 16) OK 

W - 1/2(A + A.)S - 1/2 (0.0870 + 0.215)(20,000) - 3020 lb 
m 0 a 

M - Wh^ - (3020)(0.625) - 1890 in.-lb (gasket seating) 
O G 

Gasket seating governs 

u 3020 
Bolt stress - T " TT^ " 14,050 psi less than 20,000 psi OK 

A, 0.^15 

For flange constants see 1.3, items 6 through 9. 

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

These equations are from ASME Code, section VIII, div 1, p 244, UA-51. 

^ o 

L(gi)2B 

(1.33 t e -t- 1) Mb 
^R " L ^2 B 

=T • f\ - "R 

where: 

S,, ^ calculated longitudinal stress in hub, psi 

f « hub stress correction factor for integral flanges (see 1.3, 
item 7) 

S- « calculated radial stress in flange, psi 

S_ > calculated tangential stress in flange, psi 

M « total moment acting on flange for gasket seating or operating 
condi t ions, in.-lb 
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t - flange thickness, in. 

T - factor involving K (ratio of flange OD to flange ID) 
(see 1.3, item 10) 

e • factor for integral flanges » F/h 

F - factor for integral flanges (see 1.3, item 11) 
involving g.g where 

g. - thickness of hub at back of flange, in, 

g - thickness of hub at small end, in. 

h - factor « ''B g , in. 
0 0 

U h g 2 
d - factor for integral flanges - y '̂  ° 

U - factor involving K (see 1.3, item 10) 

V " factor for integral type flanges (see 1.3, 
item 12) 

in s ide diameter of f lange , i n . 

, see T jus t l i s t e d 

iftTjTT - (0.742)-("2W°a3.5) • " ' ° -"^ ' ' '» l-'"°°> S£ 

r i . 3 3 c e -t- 1) ^o [ ( 1 . 3 3 ) ( 0 . 5 ) ( 0 . 5 1 1 ) ^ 1] 1890 
L =2 3 " ( 0 . 7 4 2 ) ( 0 . 5 ) 2 ( 1 3 . 5 ) 

1010 p s i l e s s than 6200 OK 

U k . 2 S - (^0-75)(1890) _ (5 55W1010) . 
t2 B ^ R̂ (0 .5 )2 (13 .5 ) • ^5.55)(1010) -

6200 - 5610 - 590 psi less than 6200 OK 
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Operating condition 

^H • i:p^'(0.74l)iS!23t!2(13.5) " 2730 psi 1.5(6200) OK 

c (1.33 t e -I- 1) Mo [(1.33)(0.5)(0.511) + I] 1497 
^R " L t2 B • (0.742)(0.5)2 (13.5) 

801 psi less than 6200 OK 

c - YMQ . - C . (10.75) (1497) _ ,. „ w o m x . 
^T " "ETt ^h ' (0.5)2(13.5) (5.55)(801) -

4768 - 4446 - 322 psi less than 6200 OK 

1.6.3.2 Product Container 

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

1.6.4 Vibration 

The stainless 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 vibration will not damage the package. 

1.6.5 Water Spray 

The closed steel dnim, with vent holes sealed with metal tape, is impervious to 
water spray and is not significantly affected. 

1.6.6 Free Dron 

Two 4 ft drops of the LP-50 packaging were made. First, the LP-50 was dropped 
at a 45* angle onto its bottom edge at a point 90* from the plane of the locking 
ring lugs at the top of the LP-50. The second drop was also made at a 45* 
angle, but this time the LP-50 was dropped onto the top edge when it was in 
line with the bottom impact point. 

Prior to these drops, the PC was evacuated to 100 microns. After these drops 
and two subsequent drops from 30 ft, no detectable change in pressure was found. 
Minimal damage resulted. See figures 19, 20, and 21. 

Rev 1, 4-78 
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1.6.7 Comer 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 is not applicable. 

1.6.8 Penetration 

A 13 lb 1-1/4 in. dia rod was dropped four feet onto the side of the drum 
between two chimes. The maximum deflection of the drum was 1/4 in. with no 
damage to the Celote:^ 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. After 24 hours, no deformation of the 
drum had occurred. 

1.7 Hypothetical Accident Conditions 

1.7.1 Free Drop 

Three prototype packages were dropped 30 ft on a flat, unyielding horizontal 
surface. The surface was a 1 in. thick steel plate weighing 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 suspend each package. The first two 
packages are described in 2.5.1.2 and the third in 0.2.1. 

The 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 on its 
cop comer, resulting in a 3 in. deformation of the comer (figure 13). The' 
third package was first dropped twice from four ft (see 1.6.6) and then dropped 
on its top comer 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 i+O in. onto a 6 in. dia steel post. The post was 10 in. high and welded to 
a 1 in. thick x 1-1/2 ft x 1-1/2 ft steel plate. The side of the drum was in­
dented 1/16 in. in both cases (figure 9). 

Rev 1, 4-73 
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1.7.3 Tbrnxwrnk. 

lm7»3,X Sl—aant ytaaanra uA Taaoaratura 

Aiftianft eMpriOA4*T Oft'O 

tt alMll to aaibiaat 19.8*? (I1*C> 

T a ^ n a « of ahal l U4*7'(63*C) 

Max product eontalnar taap 242*7 (117*C) 
Max product eontalnar praaaura 32 pala at aga o£ 12 ooncha 

1.7.3.2 Dlffarantlal Tharaal Expanalon 

Tha fumaca taat, aaa 2.5.1.1, did not cauaa any daaaga that could ba attributed 
to dlffarantlal thannal axpanalon. Tha calculated expansion of tha shall is 
0.026 in. in dia and tha product container is only 0.018 in. in dia. 

Marka Handbook, 7th Edition 

p 6-10 

Tha elaarancaa, tha tentparatura dlffarantlal isvelvad, and tha thermal expansion 
coefficients of tha materials will mlnlolza tha affects of thermal expansion. 

1.7.3.3 Stress Calculation 

Nona. 

1.7.3.4 Comparison with Allovabla Straaa 

This packaga haa shown by taatlng that It haa vlthatood any straaa davalopad 
during actual taata of hypothetical accident conditions. See 2.5.4, Haxlaum 
Intamal Praaaura, for dlaeuaalon of Internal praaaura and ylald strength. 

1.7.4 Watar I^wralon 

Not applicable. Thara is no fissile material in this packaga. 

C ^ - 13.7 X 10~® ln./ln.*F 

Cgg - 9.9 xio"® ln./ln.*P 
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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 AECH 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 test in figures 13 through 16, 
and during the third test in figiires 19 through 21. The package was not 
significantly damaged from the drops in any of the tests. Some insulation damage 
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 noncombuscible 
insulation in the vicinity of the three vent holes which are provided to prevent 
drum damage by internal gas pressure during a fire. Before the first two tests, 
Che primary container was pressurized to about 29.4 psia. Following the tescs, no 
pressure had been lost and there was no apparent damage to the container valve. 
During the thermal tests, the surface temperature of the aluminum secondary 
container was continuously measured. Maximum temperature at various points in the 
package was determined from the condition of pellets of known melting points. The 
temperature rise in the furnace test was low enough that tritium permeation and 
leakage would have been less than the one curie limit. 

Prior to the third 30' drop test, the package was subjected to two 4 ft 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 Appendix 

1.10.I 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) 

^Changed co DOE 5480.3 
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2.0 THEIMAL gVALIIAIIOil 

2.1 Dlacvtaalon 

Tha algnifSiettr tharaal daalgn of tha LP-50 packaging la tha Inaulated shipping 
dr» or otvarpack^ k aaalad product container (PC) Inalda an alwolnua shell is 
plaead la a Calota:^ llnad carbon ataal drum. Saa 0.2.1 for a complete descrip­
tion and principal dlaanalona. 

Tha valghtad avaraga thlcknaaa of Calota:^ la 3.8 In. This adequately protects 
tha PC and shall during noraal tranaport and during hypothatleal accident con­
ditions. This packaging haa bean In uaa for over a dacada without adverse 
effacta dua to thermal eondltlona. 

Tha aazlBua decay haat load la 22.4 Btu/hr. Tha mlnliwiB haat load is zero when 
tha PC is empty. Significant results of tha tharaal analysis of tha package 
are: 

2.1.1 Normal Transport 

DruB surface temp sun side (T.) 

Dxvm surface tamp shada aIda (T.*) 

Wall tamp of ahall 

Product container temp 

Ambient temp 

Pressure inner vessel (P) 

Differential pressure across wall of 
inner vassal 

Radioactive haat decay 

^^d^ 

(T^ ' ) 

(T,) 

(Tp) 

(^5 

182.9*P 

132.8*P 

177.2*F 

179.9*7 

130*7 

83.8*C 

56*0 

80.7*C 

82.1*C 

54.4*C 

29.17 psia, asstuning 1 year 
of radioactive decay 

11.7 psi 
22.4 Btu/hr 

2.1.2 Hypothetical Aceidant 

Aabiant tamp 

Tamp 4t batvaan shall and ambient 

Maaaurad tamp rlsa of shall during 
fumaca test 

Temp '\t between shell and product con­
tainer 

- 2-1 -

100.4*7 

18.9*7 

114*7 

2.7*7 

38*C 

10.5*C 

63*C 

1.4'C 
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Temp rise of shell and product 
container by adiabatic self-heating 4.6°F 3°C 

Max product container temp 2U2°T 117°C 

Pressure of product container at max temp 32.0 psia 

2.2 Summary of Thermal Properties of Materials 

a. Celotex^ thermal conductivity 0.031 Btu/hr-ft^(Op/ft), density 13-25 Ib/fc^ 

b. Cera Form^ thermal conductivity 0.028 Btu/hr-ft^(Op/ft), density 11-14 Ib/ft^ 

c. Cerafelt^ thermal conductivity 0.025 Btu/hr-ft^(°F/ft), density 6 Ib/ft^ 

d. Cerafelt^ thermal conductivity 0.027 Btu/hr-ft (Op/ft), density 16 Ib/ft^ 

e. Solar flux 144 Btu/hr/ft2 [ORNL-NSIC-68, Cask Designers Guide, p 143] 

f. Air thermal conductivity 0.0175 Btu/hr-ft2(OF/ft) @ 177°F [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 Celotex^ fiberboard made from sugar cane fibers bonded with organic glue per 
Mil F-26862A. Shear strength 31-33 psi, stable to 250OF, 

2.3.2 Cera Form^ - molded from slurry of alumina-silica refractory fiber and bonded 
by inorganic binders, stable to 2300°F. 

2.3.3 Cerafelt^ - A loosely spun aliomina-silica refractory material, stable co 
2300OF. 

2.3.4 Product Container Valves 

"our slightly different valves have been used: a Fulton Sylphon, a modified Fulton 
Sylphon. a Hoke TY445 and a Hoke 4213x2 (Figure 7A, 7B, 7C and 7D). The valves 
were tested for tritium leakage at 25° and llO'̂ C with differential pressures of 
370-950 torrs. The Hoke valves have a proof test of 3000 psig and a max operating 
temperature of 600°F. The Fulton Sylphon valves are prooftested at 150 psig. 

At 25°C, leakage was well below the 7 x 10"^ atm cc/sec limit (see 3.3.2.2) At 
110°C leakage was still insignificant when compared with the 0.39 cc (1 curie) loss 
allowed under accident conditions. [IAEA Safety Series No. 6) "Regulations for the 
Safe Transport of Radioactive Materials," 1973 Revised edition, section II, p 230. 
(b).] Current regulations (January 1, 1986 of 10CFR71.51(a)2) allows a leakage of 
an .̂2 amount in one week for accident conditions or 1000 ci. 

All present replacement'valves are the improved Hoke 4213x2 with the Cajon 4VCR 
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, 4/88 
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2.4 Thermal Evaluation for Normal Conditions of Transport 

•9 

2.4.1 Thermal Model 

The standard packaging described in 0.2.1, and shown in detail in the reference 
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 from manu­
facturers technical data sheets. The assumptions used in the calculations 
follow. 

o Assumptions 

1) The package is in thermal equilibrium at 130*F ambient air temperature 
in sunlight at latitude 42''N during the summer solstice (144 Btu/hr-
ft^, 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 Celotex® insulation. 

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

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

6) Heat passage from the svinny surfaces 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 

1) Q • solar heat input • solar radiation x projected area x 
S 

absorptivity factor 

Solar radiation - 144 Btu/hr-ft^ [1] 

Absorptivity factor » 0.94 [2] for a painted drum 
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Projected area •• diagonal height x diameter 

. V(22.5)^ •>• (38.5)2 X 22.5 . g 97 ̂ ^2 
144 

Q - 144 X 6.97 X 0.94 - 943.46 Btu/hr 
s 

2) Q_ - 0.32 watt/g tritium x 3.4139 Btu/watt/hr x 75,300 cc in 

50 liters + 3718 cc/g tritium - 22.4 Btu/hr 

(vessel (§ 1250 torr) 

3) A, 

^) A'd 

5) U 

K 

6) U» 

surface area of drtjm (sun side) 

top surface + 1/2 cylindrical surface 

12.2 ft^ 

surface area of drxim (shade side) 

1/2 cylindrical surface 

9.45 ft^ 

heat transfer coefficient through insulation (sun side) 

I " TW ' °-̂ °̂  Btu/hr-ft̂  CF) 

thermal conductivity of Celote:*® in temp range of 85' to 90'C 

0.038, estimated from room temp conductivity of 0.030 
Btu/hr-ft^ CF/ft) 

weighted average insulation thickness of 3.8 in. + 0.5 in. 
of Celote:^ equivalent of air gap of 0^36 ft 

heat transfer coefficient through insulation (shade side) 

K' 

K' - 0.036 estimated (158'F/70*C) 

L' - 0.36 ft 

^4r^ - 0.10 Btu/hr-ft2 CF) 
U. JO 
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7) A * mean heat transfer area (sun side) 
m 

" mean area of drum top -t- 1/2 mean area of cyl side 

- 1.84 ft^ + 6.14 ft2 - 7.98 ft^ 

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

m 
" mean area of cyl side > 6.14 ft^ 

9) T, • drum surface temperature — sun side, 'F 
a 

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

11) T " wall temperature of aluminum vessel, *F 

12) T - ambient temperature - 54'C (130*F) 
til 

o Calculations 

1) Heat Balances 

For determination of temperatures T., T'., and T , heat balances are 

a a c 
made on the entire package, the aluminum vessel, and the separate 
sides of the steel dnim. 

SHADE SIDE SUN SIDE 

T - 54.4°C 
(130*'F) * /̂  "̂ n̂ l 
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Entire package 

Q in - Q out or Q + Q^ - Qi + Q ' l 

Qg + Qr - Qi + Q ' l 

943.36 + 22.4 - (h -i- h ) A. (T, - T ) •»• (h* -I- h ' )A' 
c r d d a c r d 

(T-̂  - V 

where: 

h - 0.19 (AT)1/3 ORNL-NSIC-68 - p 135 

h - 0.173 X F F r a e 

T^ + 460̂ *̂* /T^ + 460\'* 

100 100 
T, - T d a 

E - Angle factor - 1.0 direct sunlight 

F • Emissivity factor - 0.94 e 

Q in Q out 

Aluminum 

Container 

Q^ + Q, - QV 

Q + U A (T, - T ) - U' A' (T - T' ) r o m d c o m c d 

S t e e l drum sun s i d e Qi + Q^ 

Steel drum shade side Q', Q' 

By successive substitution of trial values in the above equations, it is 
found that the following set of temperatures is required for equilibrium. 

Drum - sunny side (T.) - 182.9'F (83.3'C) 
a 

Drum _ shaded side (T'^) - 132.8'F (56'C) 

Aluminum shell (T ) - 177.2°F (80.7*C) 
c 
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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. 

T - Temperature of aluminum shell « 177.2'F (80.7'C) 

T " Temperature of stainless steel PC, °F, to be determined 

A • Area for heat transfer by conduction 
CO 

- Cylindrical surface only (large clearances at top and bottom of 
the PC 22.828 in.) - 6.55 ft^ 

L • clearance between cylindrical surfaces • 0.17 in. • 0.014 ft 

A " area for heat transfer by radiation 

« entire surface of PC - 8.0 ft^ 

Heat balance: Q - h A (T - T ) 
r CO CO s c 

where: 

Q • radioactive decay heat • 22.4 Btu/hr 

K air 
h • heat transfer coefficient by conduction « •; • 
CO L 

, 0.0175 Btu/(hr)(ft^) CF/ft) . ^^^5 Btu/hr-ft^ CF) 
0.014 tt 

K 3 177'F » 0.0175 3tu/hr ft^ [Marks Handbook 7th Edition 4-94 
^^^ Thermal Conductivity of Air and 

T T ^ ^mtm^mmm^^ii^ M 

' = ' ^ O ' ^ O 

T - 177.2 - 2.7 
s 

22.4 
(1 .25 ) (6 .55 ) 

• 

-

Steam] 

2.74 

T - 179.9'F (82.1'C) 
s 

There will be no significant difference 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). 
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2.4.2 Maximum Temperature 

The maximum temperatures for normal transport conditions are,: 

Steel drum 182.9*7 83.8*C 

Shell wall 177.2*7 80.7*C 

Product container 179.9*7 82.1'C 

2.4.3 Minimvim Temperature 

This is a dry shipment and contains no liquids or other material harmfully 
affected by a temperature of -40'F (-40'C). 

2.4.4 Maximum Internal Pressure 

The maximum initial loading pressure is 23.2 psia (1200 torrs) at 25'C. The 
maximum pressure during normal transport will be at maximum temperature in 
the PC (see 2.4.2). 

/ 82 + 27l\ /l265 55 \ 
PC pressure (23.2) \T5"+~273/ ^ helium buildup at 1 year (""JJo^—)~ 

29.17 psia 

The maximum temperature for the shell is taken to be the average temr-
perature. The initial shell pressure is 1 atmosphere at 25'C. 

^PC ^ ^shell . 3^^^,^ p , ^^_^ 81.4 + 273 
" 17.5 psia 

25 + 273 

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

2.4.5 Maximim Thermal Stresses 

The temperature differentials throughout the package are relatively small and 
will cause no significant thermal stresses. 

2.4.6 Evaluation 

The packaging has provided effective protection for many shipments over the 
past decade. 

The package will not be affected by maximum full sunlight temperatures of 130'r 
(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 effects on the 
packaging as this is a dry shipment. 

Rev 1, 4-78 
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Thm affacta of praaaura am calculatad In aaetlon 1.6.3 ahow thnt tha product 
container and shaUL vllL withstand noraal tranaport eondltlona. 

Vlbratloa and vatar apray do not effect tha packaging (saa 1.6.4 and 1.6.5). 
7raa dropm an£panatratlon taata had no algnlfleant affect on tha package 
(saa 1.6.7 and I.6.8). 

Tha package had no deformation after tha compraaalon test (saa 1.6.9). 

2.5 Hypothatleal Tharaal Accident Evaluation 

2.5.1 Tharaal ttodal 

2.5.1.1 Analytical Model 

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

2.5.1.2 Test Model 

Tha test modal used for both drop and tharaal tests Is Identical to tha pack­
aging described in 0.2.1 with three minor exceptions: 

a. To eliminate smoldering which developed in tha top ring of CelotesdS 
insulation in the vicinity of tha drum vent holaa during tha postfire 
cooldown period, tha affected insulation was replaced in the final 
design (0.2.1) with a ring of noncombustibia Cera FondS (felt) in­
sulation. Subsequent tests on numerous packagings of this generic 
design indicated no advarsa affect of this substitution on either the 
drop or other teat raaults (nona waa expected), and no recurrence of 
smoldering. Two effects ara assumed as possible sources of this ia-
provemant: (1) raplacemant of a combustlbla insulation with a non-
combuatibla type in a zona whara poatflra smoldering could occur and 
(2> reduction of air paraaatlon into tha drum via tha vents as a 
raault of tha fln*-spun structura of Cara 7oniB which Is known to re­
strict air flow at small dlffarantlal pressures. 

b. Also, In tha final design, a disk of CarafelcS is specified under the 
drum cover on top of tha CalotaaA CarafalcS is stable up to 2300*7 
and may prevent burning or smoldering of tha Celote:tiS even if tha 
closure is breached, assuming no Celotex® 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. 
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c. Lastly, a coating of Cera-kote^ Is applied to the Celotex^, Cera-kotê . 
stabilizes the irritating dust and larger particles of cane fiber 
gradually released from the Celotex^ surface. Therefore, Cera-kote^ 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 AECH 0529*. Two separate tests were performed. 

A large annealing furnace was used for thermal tests on full-scale packages. After 
the fuimace was heated to 147S°F, 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 ocher points was determined from the condition 
of pellets of known melting points. 

The package tested contained no radioactive material. 

2.5.2 Package Conditions and Environment 

The appearance of the package at various stages during the drop and piston tests is 
shown in figures 8 through 21. The package was not significantly damaged by the 
drop tests, and therefore the tests were not detrimental to the cask during the 
furnace tests. 

2.5.3 Package Temperatures 

During the thermal tests some insulation damage was caused by smoldering near venc 
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 
test, no pressure had been lost and there was no apparent damage to the container 
valve. During the thermal tests, the surface temperature of the aluminum shell was 
continuously measured. The initial temperature of the PC was 24°C. The maximum 
cemperature reached from the fire was 870c (189°F), a rise of 63°C. The smoldering 
in the insulation began noticeably showing the temperature decline after about 250 
minutes, eventually causing it to level at an abnormally high value. However, 
extrapolation of the initial part of the decline, shown by the dashed line in 
figure 18, produces a curve similar to what would be obtained without smoldering 
and allows, an approximation of the time at elevated temperature for tritium 
permeation calculations. The temperature rise in the furnace test is low enough 
that tritium permeation and leakage are less than the 1 curie limit 

*Changed to DOE 5480.3 
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9- Taaparaturm- Calculations 

Xh»-mazlmua- tamperatura of a loaded primary eontalnar In a fire la less 
thaa thft- aum. of th» following: 

1) Calculatad tamparatura of tha aluminum shall before tha flra. 

2) Maaaured teoparatura rlsa of tha aluminum shell during tha furnace 
teat (114*7 or 63*C). 

3) Calculated temperature difference between tha PC and tha aluminum 
shall (2.7*7 or 1.5*C). (see 2.4.1). 

4) Calculated temperature rise of the PC and tha shall vessels caused 
by adiabatic self-heating while tha temperature is elevated from 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 
h^ as in 2.4.1 and an effective area of 21.6 ft^ for dissipatioil of heat 
from the cylindrical surface and one end of the drum, it is found that 
the outer surface temperature is about 1*C (1.8*7) above ambient. For 
a mean heat transfer area of 14.2 ft^ through the Celotex,® an effective 
thickness of 0.36 ft and a thermal conductivity of 0.030 Btu/(hr)(ft)(*F) 
(see 2.4.1), the temperature drop through the Celote^ is -

22.4 Btu/hr x 0.36 ft . -» Q,_ ..- ...v 
14.2 ft2>, 0.030 Btu/(hr)(ft)CF) ^^'^ ^ ^^°'^ ^^ 

The temperature drop between the aluminum shell and the Celotej^ was 
taken into account in the effective thickness of the Celotex.® There­
fore, the calculated temperature of the aluminum shell is 

100.4 -I- 1.8 -I- 18.9 - 121.1'F (49.5*C). 

The temperature difference between tha two inner containers is calcu­
lated in 2.4.1 to ba 2.7*7 (1.5*C). 

Self-heating following a flra is calculated as follows: 

[(Self-heating tlma from figure 18) x (tritium decay haat rate)] divided 
by (maaa of primary container x specific heat of stainless steel + mass 
of aluminum shall x specific heat of aluminum) • temperature rise. 

(3 hours) (22.4 Btu/hr) 

(36.5 lb steel) rO.ii 3tu/(lbW'FT]' + (47 lb A15L0.23 atu/(lb)C^] 

- 4.6'F (2.6'C) 
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Tha sua of tha preceding temperatures is the maartmimi primary container 
temperature following a fire; 121.1 ••• 114.0 •»• 2.7 -I- 4.6 -
242.4*r-(116.7*C>. 

2.5.4 Ma-rlmiro Intamal Presstire 

Tha Initial tritium loading praaaura will be 23.2 psia at 25*C which will not 
cauae yielding of tha container at the fire temperature of about 242*7 (117*C). 
This waa 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 0.2Z 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: 

?zs S25 

where: 

P « yield pressure, gage 

S • yield strength 

The yield pressure at 25*C was determined expex'imentally to be 30 psig. 

IiiZ_ - ^°'°°° or Pi 17 - 24.0 psig or 38.7 psia 
30 25,000 

An initial loading pressure of 23.2 psia at 25*C will be 32.0 psia at 
117'C at 1 year of age; therefore, the container pressure would noc 
reach the yield pressure during the thermal accident. 

2.5.5 Maximum Thermal Streases 

Tha packaga waa tasted in such a manner that tha 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 Performance for the Hypothetical Thermal .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 lOCFR 71.73 
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during the free drop and puncture tests. 

Furnace tests and calculations show the maximtmi product container temperature 
and pressure to be 242*7 (117*C) and 32.0 psia. Yield pressare at 117'C is 
38.7 psia. 

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 Cera ForniS) extended into the Celote:^ for 1-1/2 inches, the maximum char 
depth observed on any test. 

2.6 Appendix 

2.6.1 References 

1. Lewallen, 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. 
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3.0 CONTAINMENT 

3.1 Containment Boundary 

3.1.1 Containment Vessel 

The containment vessel is the product container (PC). It is a 50-liter right 
circular cylinder made of 0.078 in. thick type 304L stainless steel. See figure 5 
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 
vacuum valve is welded. Originally, all PC's were equipped with the vacuvim valve 
shown in figure 7A. Other similar valves have since been used as replacements 
(figures 7B & 7C). A future replacement valve assembly will be a SS Hoke valve, 
model No. 4213X2 (figure 7D). It can operate at 2000 psig and 600°F and has a 
leakage rate less than 8 x 10*^ atm cc/s. 

3.1.3 Seals and Welds 

The cover is attached to Che PC with an edge weld using a gas tungsten arc weld 
(GTAW) and no filler material. The vacuum valve is fillet welded in two passes -
with a 1/15 in. dia type 308L SS rod on the first pass and with a 3/32 in. type 
308L rod on the second pass (using GTAU) • into the 1/2 in. dia countersunk hole at 
Che top of the 1/4 in. dia hole through the cover. A 3/16 in. fillet leg dimension 
is achieved using the procedure in reference 6.3.1,[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 
micron-fc^/hr (1 x 10*^ atm cc/sec). 

3.2 Requirements for Normal Conditions 
of Transport 

3.2.1 Release of Radioactive Material 

Gaseous 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 piiislic. For transportation 
in a closed vehicle (the worst case), the maximum allowable release rate per 
package would be about 7 x 10'^ atm cc/sec of tritivim. This value is derived by 
assiiming that air in a closed vehicle is replaced about once a day, chat a vehicle 
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contains about 300 ft^ 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 concentration in the vehicle is computed from the 
maximum permissible concentration for 163 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 a.czua.1 tritium release 
rates will be greatly below the derived upper limit. (It is interesting to note 
that the IAEA regulations would permit escape of 1.1 x 10'^ atm cc/sec. [2. section 
II, para 230(a).] 

3.2.2 Pressurization of Containment Vessel 

At a release rate of 7 x 10"^ atm cc/sec for 365 days of transportation, the mol 
fraction of hydrogen isotopes in the shell will be: , 

7 x 10'^ atm cc/sec x 365 days x 24 hr/day x 3600 sec/hr 
5200 (chamber volume) 

- 4.2 X 10"^ or 0.04% tritium 

The gas mixture 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 cff-
normal transport. 

3.2.3 Coolant Contanination 

No coolant as such is put into the package. However, the calculations and 
explanations below describe the permeation phenomena of tritium from the PC into the 
shell. 

Equilibrium hydrogen permeation through type 304L stainless steel 

at 82<'C is 1.5 x lO'^ STP cc mm at 760 torrs [3, p 6]. 
(cm'̂ )(hr) 

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

1.5 X 10-7 STP cc mm X 8040 cm^ /W^ . 2.4 x 10*7 atm cc/sec 
(3600 sec/hr) (cm<̂ )(hr) x 1.98 mm s/yTJ 

•Changed to DOE 5480.lA, Chapter XI 

Rev. 2, 4/88 
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A very long time, however, la required to reach equilibrium rate. The time 
to reach 7 ^ 10-~̂  atm cc/sec is obtained from a graphical plot of 

p^ vs 11 [3, p 5] and the equation B - 0.0265 x g-l^.OOO/RT ^^^ ^ ^^ 

where 

P - permeation rate at time t or 7 x io~^ atm cc tritium/sec 

P^ « permeation rate at equilibrium, atm cc/sec 

D - difftiaion rate, cm^/sec 

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

T' - temperature 'jC - 'C + 273 - 82 + 273 - 355'K 

L - thickness of PC, cm - 0.198 cm 

t • time to reach Pt, sec 

P a 
when _t 7 x 10" atm cc tritixan/sec n ?Q rh -21 

P. • 2.4 X 10-r atm cc tritium/sec' ^^^' ^"®" L^ - 0.097 

But D . 0.0265 X e -14.000/(1.987) (355) . , , , . Q - U ^2/3,, 

(0.097)(0.198)^ 

(6.4 X 10-11)(3600)(24) 
690 davs 

Because it is reasonable to expect the transportation to be completed 
within 365 days, tritium permeation would be significantly less Chan the 
7 X 10"3 atm cc/sec limit. 

Other illustraclona of these equations and plots are given in references 
5,6, and 7. 

Tritium may be stored in these containers for up to 1 year before ship­
ment, but the permeation rate is extremely low under normal storage 
conditions at less than lOO'F. Calculations indicate that many years 
must elapse before the permeation rate reaches only IQ-^ STP cc/sec, a 
factor of 10 below the derived maximum allowable limits. Therefore, per­
meation during normal storage is so small as not to alter the conclusions 
first drawn. 

Rev 1, 4-78 
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Before initial use, each container is leak tested (<7 x io"8 atm cc/sec) 
at 1.5 times its maximum operating pressure to show that it complies with 
regxilatlons. Loss through the container valve is also negligible (<10"^ 
atm cc/sec) as shown in 3.3.4. Therefore, it is concluded that the LP-30 
container does not represent a hazard at the maximum normal operating 
temperature. 

3.3 Containment Requirements for the 

Hypothetical Accident 

3.3.1 Fission Gas Products 

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

3.3.2 Releaise of Contents 

3.3.2.1 PC Wall 

Equilibrium hydrogen permeation through type 304L SS at 242°F (117''C) is 

1.05 X 10-6 STP cc mm ^^ ̂ ^̂  ̂ ^̂ ^̂  ^^^ gj^ 
(cm^)(hr) 

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

1.05 X 10-6 STP cc mm X 8040 cm^ / 32 , , m - s _ / 
. , g ^ . . yr—s—•, rr—rr-T T T o . / TTT " 1 .7 x 10 ° atm CC/sec 
(3600 sec/hr; (cm2) (hr) x 1.98 am ^l 14.7 

A very long time, however, is required to reach the equilibrium rate. The time 
to reach 7 x 10-8 ^̂ jj ̂ jc/sec is calculated as shown in 3.2.3. 

•a 

*«- t 7 X 10-9 atm cc tritium/sec n n/ -i 
tor •;r- • - - I n ^ , • U.U*>i 

P« 1.7 X 10-6 atm cc tritium/sec 

•^ - 0.052 from [3, p 5] 
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where 

D - 0.<D265 X e-1^.000/(1-987) (390) . 3,3 ^ IQ-IO 

L - 0.198 cm 

therefore, 

t - . ,(0.052)(0.198)2 _ g2 days 
(3.8 X 10-J-" cmVsec)(3600 sec/hr) (24 hr/day) 

Because the time at the elevated temperature is less than 12 hours, the 
tritium permeation rate would not reach the limit for even normal shipping 
conditions. 

3.3.2.2 PC Valve 

Four slightly different valves have been used on 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 25° and 110°C with the results shown in the 
following table: 

Tritium Leak Rate,* atm cc/sec 

Tempera­
tures in 
Sequence,°C 

25 
110 
25 
110 

Fulton 
314A 

1.1 
1.1 
34 
29 

Valve 
Modified 
Fulton 

3.8 
2.3 
1.5 
1.9 

Hoke 

2.3 
1.5 
3.4 
1.9 

a Multiply by lO'^. 

At 25°C, leakage from any valve is well below the 7 x 10"^ atm cc/sec limit. Ac 
110°C, or 32°C, under normal conditions, leakage is still insignificant, especiallv 
when compared to che 1 curie (0.39 cc) loss allowed under accident conditions. [2, 
section II, para 233(b).] 

Rev 2, 4/88 
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3.4 Appendix 

3.4.1 References 

1. USERDA Manual Chapter 0524*, Standards for Radiation Protection. 

2. International Atomic Energy Agency (Safety Series No.6) "Regulations for che 
Safe Transport of Radioactive Materials." 1973 Revised Ed. 

3. Jennings, A. S., Composite Reservoir Tests. November 1964, USAEC Report 
DPSTWD-64.168, E. I. du Pont de Nemours and Co., SRL, Aiken, SC, 29801. 
(Secret) 

4. Louthan, M. R. and Dexter, A. H., Tritiun Offgassing from Pinch Welds. May 
1969. USAEC Report DPSTWD-69-131, E. I. du Pont da Nemours and Co., SRL, 
Aiken, SC 29801. (Secret) 

5. Flint, P. S., The Diffusion of Hydrogen Through Materials of Construction. 
December 1951, USAEC Report KAPL-659, Knolls Atomic Power Laboratory, 
Schenectady, New York. 

6. Rideout, S. P., et. al.. Effects of Hydrogen in Metals, June 1966. USAEC 
Report DPWD-1057 and DPVD-10S7TL, E. I. du Font de Nemours and Co., SRL, 
Aiken, SC, 29801. (Secret) 

7. Rideout, S. P., et, al., Effects of Hydrogen in Metals - II. December 1967. 
USAEC Report OPWD-1132 and DPWD-1132TL, E. I, du Pont de Nemours and Co., 
SRL, Aiken, SC, 29801, (Secret) 

* Changed to DOE 5480.lA Chapter XI 
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4.0 SHIELDING EVALUATION 

It is unnecessary to evaluate shielding for this packaging since the radio­
active material (tritium) is a beta emitter and gives off no penetrating 
radiations. 

4.1 Discussion and Results 

Not applicable. 

4.2 Source Specification 

Not applicable. 

4.3 Model Specification 

Not applicable. 

4.4 Shielding Evaluation 

Not applicable. 

4.5 Appendix 

Not applicable. 
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5.0 CRITICALITY EVALUATION 

The radioactive material (tritiiun) in this package is not fiss'ile and cannot 
be made to go critical. Therefore, nuclear criticallty safety is of no con­
cern in the shipment of this package. 

5.1 Discussion and Results 

Not applicable, 

5.2 Package Fuel Loadins 

Not applicable. 

5.3 Model Specification 

Not applicable, 

5.4 Criticallty Calculations and Experiments 

Not applicable, 

5.5 Critical Benchmark Experiments 

Not applicable. 

5.6 Appendix 

:ioc 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 shell which is an aluminxim inner container into which a product container is 
placed. 

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

6.1 Procedure for Loading the LP-50 Package 

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 che shell 
lid, the shell is placed in air flow from a process hood and monitored for tricium 
leakage from PC to shell volume as the vent valve on top of the secondary container 
(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 
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 torrs. The PC valve is determined to be 
closed by a rate of rise pressure test. (A rise of 7 microns of pressure or less 
over 40 minutes at 50 microns pressure is acceptable.) The loaded PC is removed 
from che loading station, put in the shell and a Cajon^ cap with a new gasket Is 
installed after the fill valve. The PC serial number is matched withche shell. 
The PC is again monitored for tritium which must be less than 3 x 10'^ 
.nicrocuries/cc. The spacer and cover are installed and the cover of che shell is 
bolced in place, after the rubber 0-ring and groove are verified co be in good 
condition. Lead seals are Installed through two of the bolts, 180° apart. The 
shell is decontaminated to less than 50 c/m/200 cm^ beta/gamma. The shell vent 
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 
an LP-50 overpack shipping drum. Reference 8 is sent with the PC to indicate che 
valve used (per reference 9). 

The shipping dmm is opened and inspected for moistxire, significant defects, or 
damage. The sealed PC shell 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 locking ring and a lead seal per reference ? 
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The overpack is labeled with two Military shipment labels (Form DD 1387), two 
Radioactive White I labels (Parag. 172.436), one red Flanmable Gas 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 # BOE-6000-F, effective 4-3-87.) The 
sealed overpack is decontaminated to less than ISO d/m/100 cm^ beta/gamma. 
Procedure (reference 7) is completed by recording the dnom serial ntimber, the PC 
number, and verifying that the shipment has been prepared in compliance with 
procedures. The dace is recorded when the container will be at 2/3 of proof test 
pressure at 25°C to provide the customer with the time period when the PC would 
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 Unloading the LP-50 Package 

The overpack is received from DOE tising 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 (130° apart on lid bolts and shell vent valve) and any obvious 
damage. The PC is placed in a protective ventilated hood and is unloaded per 
procedure (reference 5 or 6), 

6.3 Preparation of Empty LP-50 Packaging for Transport 

An empty contaminated LP-50 PC is prepared and transported in a manner identical to 
chat for a loaded PC. Residual radioactive gas is always present from outgassing 
from che 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 che PC has been used 
three cimes, whichever occurs first. This work is done using procedure, reference 
10, and certified with procedure, reference 11. 
Preparation for repair involves verifying the container to be empty and che PC 
valve open, heating to 12S°C for six hours while continuing to evacuate, cooling cu 
room temperature, and evaciiating 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 Hoke 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 IS and 14 respectively. 
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6.5 Appendix 

6.5.1 References 

1. 
2. 

3. 
4. 
5. 
6. 
7. 
8. 

9, 
10. 

11. 
12. 
13. 
14. 
15. 

DPSOL 
DPSOL 
Hood S 
DPSOL 
DPSOL 
DPSOL 
DPSOL 
DPSOL 
DPSOL 
Valves 
DPSOL 
DPSOL 
LP-12 
DPSOL 
DPSOL 
DPSOL 
DPSOL 
DPSOL 

232-H-804, Rev 
232-H-2050A or 
tation A or B. 
232-H-208, Rev. 
232-H-821, Rev. 
232-H-813, Rev. 
232-H-806, Rev. 
232-H-114, Rev. 
232-H-812, Rev. 

17, Loading Product Container LP-50 
2050B, Rev. 2, Load/Unload Product Containers at CR 

9, Receiving LP-12 and LP-50 Product Containers 
3, Product Container Stations Fittings and Valves. 
17, Unloading Product Container LP-50 on the TS Flange 
4, Unloading Product Container LP-50 on the PL Flange 
9, LP-50 Loading/Shipping Verification 
3, Shipping Product Containers - Identificacion of 

232-H-814, Rev. 9, Preparing and Shipping Product Container LP-50 
232-H-1414, Rev. 10, Pressure and Leak Testing Product Containers 
and LP-50 
232-H-113, Rev. 8, Certification of Pressure Test - Product Containers 
232-H-1540, Rev. 6, Preparing Product Containers for Repair 
T-901004, Rev. 0, Welding Cajon Fitting on Product Container Valve 
T-901045, Rev. 0, Replacing Product Container Valve 
T-901046, Rev. 0, 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 Labels 
Number used 
oer container 

Form DD 1387 
DOE Form AD60 

Military Shipment Label 
Courier Receipt 
Radioactive White I 
Red Flammable Gas, diamond 
Cargo Aircraft Only 

2 
1 
2 
I 
1 
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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^llF or 
Freon^lpCA followed by absolute ethyl alcohol to verify the cleanliness of the 
container. 

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 
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 Leak Testing 

Each PC is leak tested at 1.5 times MNOP with helium. Leak testing is performed 
per procedure, reference 6.5.1,[10], A leak rate of 7 x 10'^ atm cc/sec or less is 
acceptable. 

7.1.4 Valves 

Valves are checked for operability and are leak tested during the tests noted in 
section 7.1.3. 

7.1.5 Test for Shielding Integritv 

Not applicable. No penetrating radiation is present. 

7.1.5 Thermal .Acceptance Test 

The maximum temperature of the product containers is estimated at 177°F when in 
equilibrium with the shipping drum during the most severe environmental conditions 
(130°F and full sunlight). This is considerably below the threshold temperature of 
285°F, above which significant breakdown of Celotex^ insulation occurs. Therefore, 
no further thermal testing is necessary. 
Samples of the Celotex^ insulation of the existing shipping drum overpacks indicate 
chat the material is acceptable. 

Ou Pont trademark. 
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7.2 Maintenance Program 

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 rate must be less than 7 x 10*^ atm cc/sec helium with a test sensitivity 
better than 1 x 10*^ atm cc/sec helium. 

7.2.3 Valve Replacement • 

The closure valve for the 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 decontaminated for 6 hours at 12S°C according to procedure, 
reference 6.S.1,[12]. The defective valve is removed per procedure, reference 
6.5.1,[15] and a new valve is installed per procedure, reference 6.5.1,[14] 
(Appendix B). The PC is then retested per procedure, reference 6.5.1,[10]. 

The original LP-50 was fabricated with a Fulton Sylphon 1-314 packless needle 
valve with facility for leak testing the bellows, figure 7A. A simplier design of 
Fulton Sylphon 314A packless needle valve was used later, figure 7B. Both valves 
needed frequent replacement due to seat leakage. ' The Fulton Sylphon valves were 
replaced with an improved valve with lower leakage rate i.e., the Hoke TY 445 
Model #4 Figure 7C (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 
lower 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 vise the Hoke 4213x2 valve with a directly welded Cajon 4VCR fitting as shown in 
Figure 7D (Type IIIB) 

Containers with the original Fulton Sylphon valves or containers with newer valves 
chat do not meet the leak test specification have valves replaced according co 
procedures i.e. Ref. 6.5.1,[15] for valve removal and Ref. 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 Che 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 
Hoke valve, a welding procedure written to ASME Section IX requirements and a 
welder certified to ASME requirements for this procedure. The weld must be a 
fillet weld with 3/16" leg as specified in procedure Ref. 6.5.1,[14] and the 
socket depth must be not less than 5/32". Weld 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 co ensure procedures are followed. The 
fillec weld must be dye penetrant tested (by a certified welding inspector) and -
verified to have a 3/16. inch leg using the criteria in DuPont SW60W for class III 
welds. All documents, and certifications are placed in the QA file under each 
LP-50 container serial number. 

A leak test is performed (Ref. 6.5.1,[10]) before loading the container. 
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7.2.4 Miscellaneous 

The PC shell and shipping dr\jm are visually inspected prior to each use for 
obvious physical damage. The insulation is inspected for excessive moisture 
before the PC is installed in its shell. 

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 7C, valve Type 
IIIA) are refurbished to remove the compression fitting and replace with a 
stainless 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 fitting 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. Level III inspector using the 
criteria in OuPont SW60W for Class III welds. All documents, radiographs and 
certifications are placed in the QA file under each LP-50 container serial number. 

••• During periods of prolonged storage, the pressure and leak tests are not 
required at these intervals, but they are required prior to shipment. 
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8.0 QPALITY ASSURANCE REQUIREMENTS 

8.1 Organization 

Tritium production management is responsible for quality assurance of the shipping 
packaging. Quality assurance in the Atomic Energy Division of the Petrochemicals 
Department of E. I. 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 Quality Assurance Program 

8.2.1 Procedures 

Written 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 8.4). 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, 
Works Engineering, Technical, and Quality supervision through the Plant Staff Level 
(Department Superintendents). 

3.2.3 Safety Related Items 

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

3.2.4 Training 

Personnel are trained by Production supervision using approved operating 
procedures. An Operator Training Status book is maintained for each operator in 
Che 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 built" and current configuration of the LP-50. 

8.4 Procurement Docvunent Control 

Procurement of the LP-50 packaging described In the SARP was completed over two 
decades ago. Available docximentatlon 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 
levels in the SRP Quality Assurance Manual. Replacement Hoke packless valves are 
purchased and Cajon^ fittings attached. Material certification and test results 
are placed in the Qiiality Assurance Record file (LP-50 730000 459) located in Bldg. 
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 
DPSOLs (refer to Chapters 6 and 7). 

8.6 Docvunent Control 

Operating procedures and drawings are given independent reviews by two levels of 
Production supervision and two levels of Technical Assistance and Quality 
personnel. The SRP Quality Assurance Manxial requires a review of procedures at 
least every two years. 

Documents to be controlled are plant drawings and procedures. Drawing changes muse 
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 Ser'/ices 

Procurement of the LP-50 packaging was completed over two decades ago. Inspections 
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 MS630S4, except as specified on the drawing. 
The result 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 Materials. 
Parts, and Components 

Procurement of the LF-50 packaging.was completed over two decades ago. 
Verification of material used in the LP-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 LP-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 manufacoirer of the steel drums has certified that 
fabrication was per Military standard MS 63054, except as specified on the drawing. 

New welding procedures have been developed to provide a butt weld for the Cajon 
4VCR to valve tube and a socket fillet weld for the container to valve tube 
connection. These welds are made by procedures which are in conformance in form co 
Section IX, ASME Boiler and Pressure Vessel Code. The procedures have been 
qualified by destructive and nondestructive tests, the manual welds are made by 
welders certified with these q\ialified procedures. Refer to Section 7 of this 
SARP. Each full penetration butt weld 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 weld is dye penetrant checked by a qualified 
weld inspector. 

8.10 Inspection 

Inspection activities for past purchases of LP-50 shipping packaging have followed 
the guideline specified in Du Pont Specification No. 3300. This specification 
indicates mandatory inspection holdpoints, inspection records, welding data, and 
other pertinent tests required to ensure qxiality. Welds for valve replacement and 
Cajon fitting installation are inspected as described in 8.9. 

8.11 Test Control 

3.II.I Preoperational 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 three fillings of the PC unless the PC is damaged or 
altered. The Building 232H senior line supervisor is responsible for the 
calibration and testing of new PC's and retesting of the containers prior to 
loading and shipment. 

The procedures used for testing are reviewed and approved by both Production and 
Technical management to the Plant staff level. 
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8.11.2 Acceptance Tests and Maintenance Program 

When returned from a cxistomer, 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 
the container {ilaced 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 
differential (1.5 times maximum normal operating pressure). The vacuiom chamber 
pressure and leak test is repeated with a cap on the Cajon^VCR SS fitting and the 
valve open. This tests the valve bellows and secondary Cajon^ seal to the same 
leak rate specification. The leak test is acceptable if the detectable helium is 
7 X 10*^ atm cc/sec or less. The date of the first test is engraved on the PC top 
disk per (6.5.1,[10]). 

Before each use the PC is inspected for obvious physical damage, the serial number'; 
of the primairy 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 leakage of 
1 micron or less in 10 minutes at 250 microns or less per (6.5.1,[1]). 

8.12 Control of Measviring and Test Equipment 

8.12.1 Calibration 

A Heise pressure gage or Precise/Sensotec transducer will be zeroed prior to 
loading when the system pressure is in the low 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 time 
Che detector is used. 

8.12.2 Primary Standards 

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

The standard helium leak is calibrated verstis a known leak. The known leak is 
calibrated by PVT determinations with a certified leak supplied by Sandia 
Laboratory. (Sandia Laboratory supplies certified leaks for DOE.) 
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8.13 Handling. Storage, 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-SO 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 Operating Status 

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'^ atm cc/sec 
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 packaging is in 
use. 

The 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 DPSOLs. 

8.15 Nonconforming Material, Parts, or Components 

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 shell 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 
disposal of nonconforming containers. 

8.16 Corrective Action 

Operating personnel report the damage or nonconformance of a PC or shell to 
supervision. Operating supervision notifies the maintenance coordinator who directs 
Che specific action to be taken: a) repair, or b) ensure that the PC is empty 
before disposal by burial. (If a product container 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). 

Rev. 2, 4/88-
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8.17 Qtiality Assurance Records 

Records are kept in the Plant Records Division (PRO) Quality Assurance File Number 
LP-50 730000 459 in 703-A E16-B Central File. 

8.18 Audits 

The Raw Materials and Tritium (Quality Department conducts independent surveillances 
of Trltivua 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 Specification 

1. Du Pont Specification No. 3300, "Vacuum Tank and Shipping Container." 
(Appendix C) 
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FIGURE 4. FLAT-TYPE SECONDARY CONTAINER 
(Redrawn from Rctttfrch Wilding & Engg Co. dwg 485.0'OI) 

% 

GENERAL NOTES 

1. Inside surface of container must be free of grease, oxide, dirt and other foreign 
matter. Pickling recommended as follows: immerse in bath composed of 10-lSZ 
hydrofluoric acid (by volume) for 10-15 minutea at a temperature of 120'-140*F. 
Thoroughly rinse in water and dry. 

2. Maximum leakage of container under vacuum shall be not more than 0.1 micron cubic 
foot per hour. 

3. Container shall be annealed in cracked natural gas at 1800*-2100*F. A bright 
stainless steel pickling operation to follow firing. 

4. Castings shall be smooth and free of air holes. 

5. All welds to be made with 1/16-diaffleter type ER 308L SS rod using inert gas arc. 

6. Flow helium through can while welding, 

7. Farts S5-2-187B and S5-2-187E to be impregnated with "Mogul Cast Seal" in accordance 
with spec. AN-1-36 to ensure leak-tightness. The parts are to be tested by sub­
mersion In water with 20-pslg air pressure within the container. 

S4-2-147 

S5-2-187E 
S5-2-186D 
ss-j-ia«c 
S5-2-186A 
S5-2-186B 
S5-2-187B 
S5-2-187A 

S5-2-187C 
S5-1-187F 
S5-2-187D 
S5-2-186E 

PART NO. 

48S-A-18 

iii-t-i1 
485-B-16 
485-B-15 
485-C-14 
485-C-13 
465-B- l i 
4B5-5-11 
485-A-lO 
<8S-A-0« 
485-A-08 
4BS-A-07 

ONAWIHS NO 

11 
10 
* 
6 
7 
6 
5 
4 
3 
i 
1 

DEP1 
NO. 

3 

i 

1 
NO. 

iceo 

1/4-28 NF jam nut , z inc or cad p la ted 
1/4-20 NC X 3/4 soc hd capscr , z inc or cad plated 
1/4-28 NT K 2-1/2 hex hd capscr , z inc or cad plated 
Hoke va lve Ho. 450 c o m 
Vacuum tank valve 
0 - r l n | - l i n e a r No. 1820-84 comm 
1/4-20 NC X 1 hex hd capscr , z i n c or cad p lated 
1/4 f l a t washer, z inc or cad p la ted 
1/4 lock washer, z inc or cad p la ted 
1/4-20 HC i 1-1/B hex ha capscr , z inc or cad plated 
0 - r i n g - l i n e a r No. 1820-74 coima 
Container-bucket cover, made from 485-C-02R 
Spring, z inc or cad p la t ed 
tlandle. made from 485-C-0£tt 
Bracket, made from 485-B-05R 
Retaining r ing , made from 485-B-04R 
Container bucket, made from 48S-C-03R 
Container assembly 
F i t t i n g , see 485-C-13 
Head top . see 485-C-13 
Plug receptor 
Gasket washer 
Compression gasket 
Compressor plug 

OKSCRIPTION 

Std 
Std 
Std 
Std 

Std 
Std 
Std 
Std 
Std 
Std 

MAT'L 



Figure 5 LP-50 Transfer Container - Assembly & Details (Du Pont dwg S5-2-186, Rev. 79) 
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FIGUR6 8 .  FIRST FlRE TEST - EFFECT OF 

30-FOCIT DROP O N  SIDE 

FIGURP 9 .  FIRST FlRE TEST - EFFECT OF 
4 0 - I N C H  DROP ON 6 - I N C H  PISTON 

F l R E  TEST - EFFECT OF SMOLDERING IN AREA OF VENT HOLES 



FIGURE 13.  SECOND FIRE TEST - EFFECT 
OF 30-FOOT DROP O N  END OF 

DRUM AND OF PISTON DROP 

FIGURE 1 1 .  FIRST FIRE TEST - UNBURNED "CELOTEX* A W A Y  FROM VENTS 



FIGURE 14. SECOND FlRE TEST - VIEW 
IN FURNACE DURING TEST 

(Trit ium Container on Left)  

FIGURE 15. SECOND FlRE TEST - EFFECT 

OF SMOLDERING NEAR VENTS 

FIGURE 16. SECOND FlRE TEST - SHOWING G O O D  C O N D I T I O N S  OF 

"CELOTEX" BELOW VENTS 
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FIGURE 19. FOUR-FOOT DROP ON BOTTOM EDGE 

FIGURE 20. FOUR-FOOT DROP ON TOP EDGE FIGURE 2 1 . THIRTY-FOOT DROP AT 15° TO HORIZONTAL 
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LOW-TRESSURH PRODUCT CCNT^JXP.RS (?C) 

'10 assure that -;RP ProJuct Containers comply with NRC cff-pl-r.t: ship­
ping vc ,ul:-tion?' , typical containers were selected from the c^rce 
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Strain gages were attached at various locations on each type of con­
tainer tested as indicated in Figure 2 and Table II. The gages wore 
biaxial gages (CEA-09-125UT-120)" installed' to measure strain in the 
longitudinal and circumferential directions at each location on the 
containers. 

The containers were then tested using the following procedure: 

1. Container was installed in the bell jar in Building 236-H, evacu­
ated, leak checked, and back-filled with one atnosphere helium. 

2. Bell jar was secured, evacuated, leak checked, and back-filled 
with one atmosphere of helium. 

3. Strain gages were balanced while maintaining the one atmosphere 
helium environment inside both the container and the bell jar. 

4. Strain measurements were made periodically while 

a) The PC was evacuated and 

b) Pressure in the bell jar was increased to 25 psia. 

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

Test Results 

Only one location, on the 50 liter shipping container, shov;ed any 
significant amount of strain at 40 psia. Maximum strain for that 
condition was O.OOS in./in. at the curved surface where the bottom 
and side walls of the container meet (usually called the knuckle;. 
Results of these tesrs are summarized in Tables III, IV, and V for 
tlie 1, 12, and 50 liter containers, respectively. 

PvCD: ce 
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Table I. Summary of Ultrasonic V/all Thickness Measurements on Product 
Containers Prior to Pressure Testing 

Top 

Middle 

''-'ttom 

C-anter 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 Liter Container 
S/N SRP-0676-04-T1 
(inch) 

.115 

.115 

.115 

.110 

.110 

.110 

.265 

.265 

.265 

.265 

12 Liter Container 
S/N 32 
(inch) 

.105 

.105 

.105 

.070 

.075 

.080 

.115 

.115 

.115 

.115 

50 Liter Contai 
S/N 858 
(inch) 

.085 

.085 

.085 

.080 

.080 

.080-

.083 

.OSS 

.085 

.085 
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Table II. Strain Gage Locations on the 1, 12, and 50 Liter Product 
Containers (sec Figure 2) 

Gac3e Location 

1 

2 

7 

8 

"3 

4 

9 

5 

6 

Gage 
N'o. 

I and 2 

3 and 4 

15 and 16 

17 and IS 

5 and 6 

7 and 8 

9 and 10 

II and 12 

15 and 14 

Location on 
Circunference 
(degrees') 

0° 

180° 

90° next to void 

0 on weld 

90° 

270° 

13 0° on weld 

0° 

center of bo rt.. 



Inble III. Hc->ults of Strain Gage Measurements on 1 Liter Product Container S/N SRP-0676-04-T1 

'•-»S»-'" dagc Gage'" Strain Gage Measurements 
I oca t ion j/ Direction (ue)"*** 

1 

1 

2 

'1 

4 

4 

5 

b 

1 

-> 

3 

4 

7 

8 

11 

12 

L 

T 

0 

0 

0 

0 

0 

0 

0 

0 

+ 50 

-13 

+ 12 

- 8 

+ 10 

+ 8 

+ 100 

+ 93 

+ 44 

-22 

+ 14 

-16 

+ 13 

+ 12 

+ 113 

+ 99 

+ 44 

-26 

+ 14 

-20 

+ 13 

+ 13 

+ 121 

+ 101 

+ 44 

-38 

+ 19 

-28 

+ 6 

+ 15 

+ 134 

+ 106 

+ 42 

-50 

+ 18 

-36 

-20 

+ 15 

+ 142 

+ 106 

+ 42 

-58 

+ 20 

-44 

-42 

+ 13 

+ 145 

+ 104 

+ 42 

-71 

+ 20 

-52 

-57 

+14 

+ 153 

+ 105 

+ 40 

-82 

+ 20 

-62 

-38 

+13 

+ 160 

+ 104 

rxternnl 0 5 9.9 14.7 19.7 24.7 29.7 34.7 39.7 
Picssurc (psi) 

=* Gage Location: 

•̂". Gage Direction: 

One \ic unit = 1 

See Table II and Figure 2. ^ 

L is longitudinal direction 7 
« --1 

T is circumferential direction. ' 

,-6 : ., ..,, /:.,„!. o: 
X 10 inch/inch 



,„Me .V. R C . U S Of Strain r.a.e Measu^nonts on 12 Liter Product Container S/N 82 

l.iC'i tion 

1 

1 

2 

t. 

4 

4 

S 

5 

7 

7 

External 
Pressure 

Cage 

1 

2 

5 

4 

7 

8 

11 

12 

15 

16 

(psi) 

Gage*̂ = 
Direct ion 

L 

T 

L 

T 

L 

T 

L 

'1' 

L 

1-

• 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-31 

- 5 

-39 

- 7 

+ 5 

-15 

- 7 

+ 40 

-68 

-26 

5 

-55 

- 6. 

-77 

-11 

-18 

-52 

+ 2 

+ 83 

-127 

- 46 

9.9 

. 

-74 

-14 

-98 

-16 

-31 

-44 

+ 3 

+ 102 

-173 

- 57 

14.7 

Strain 

-121 

- 20 

-138 

- 24 

- 56 

- 62 

+ 10 

+ 143 

-249 

- 85 

19.7 

Gage Measurements 
(ye)*** 

-140 

- 27 

-186 

- 28 

- 47 

- 78 

+ 26 

+ 187 

-317 

-103 

24.7 

-176 

- 29 

-234 

- 38 

- 50 

-100 

+ 34 

+ 222 

-385 

-138 

29.7 

-198 

- 29 

-272 

- 45 

- 44 

-120 

+ 49 

+ 258 

-457 

-162 

34.7 

-237 

- 35 

-516 

- 53 

- 52 

-142 

+ 81 

+ 285 

-555 

-189 

59.7 

1 

\ 

C3 

"a 

••* Gage Local ion; See Table I I and Figure 2. 

•*'̂  Gaĵ o Di r tcLion : L i s lungj t u d m a l d i r e c t i o n 

T i;- i: ii-cui,)!"^ r^nt i al d i r e c t i o n , 

'' u^ 111 >.ii: r - 1 .\ 1 0 ' ' ' i IK i / i m 1 . 



labi V. Results of Strain Gage McasurcmeiiLs . 50 Liter Product Container S/N 858 

ĉ agc* Gage Gage'--'' Strain Cage Measurements 
1 ocatlon « Direction (pc) *** 

1 

1 

2 

2 

5 

3 

4 

t 

9 

9 

5 

5 

6 

6 

7 

7 

8 

8 

1 

2 

3 

1 

5 

6 

7 

8 

9 

10 

n 
12 

13 

14 

15 

16 

17 

18 

L 

T 

L 

T 

L 
T 

L 

T 

L 

T 

L 

T 

L 

T 

L 

T 

« 

T 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-16 

-16 

-19 

-16 

+ 4 

-15 

+ 8 

- 5 

-11 

-22 

+ 155 

+ 32 

+ 15 

+ 11 

-41 

-27 

- 7 

-18 

-17 

-17 

-25 

-17 

+ 7 

-17 

+ 9 

- 1 

-10 

-25 

+ 222 

+ 49 

+ 25 

+ 20 

-52 

-32 

- 6 

-19 

-29 

-25 

-58 

-25 

+ 19 

-20 

+ 12 

0 

-40 

-42 

+ 545 

+ 70 

+ 53 

+ 25 

-87 

-53 

- 3 

-51 

-56 

-55 

-51 

-33 

+ 24 

-36 

0 

0 

-44 

-58 

+ 514 

+ 97 

+ 46 

+ 58 

-128 

-79 

- 5 

-58 

-44 

-42 

-67 

-44 

+ 25 

-51 

+ 18 

+ 2 

-48 

-74 

+ 688 

+ 150 

+ 58 

+ 48 

-164 

-102 

- 5 

-46 

-60 

-57 

-86 

-60 

+ 25 

-70 

+ 40 

+ 2 

-58 

-93 

+ 1003 

+ 141 

+ 71 

+ 58 

-201 

-124 

- 8 

-52 

-74 

-72 

-105 

- 72 

+ 22 

- 92 

+ 41 

+ 2 

- 68 

-116 

+ 1978 

+ 168 

+ 77 

+ 59 

-242 

-152 

-14 

-63 

-88 

-88 

-125 

- 87 

+ 24 

-110 

+ 46 

+ 6 

- 75 

-135 

+ 5500 

+ 168 

+ 74 

+ 82 

-278 

-172 

-20 

-70 

Id 

. -n 
External 0 5 7.9 -14.7 19.7 24.7 29.7 54.7 59.7 7" 
Pressure (p^i) ;̂  

* Gage Local ion: See Table II and Figure 2. 

••'* Gage Oirci.Lion: L is Ion-] i tud inal direction 

I' is <• 1 i cuiiircrenLial direction. 

One jK uh It -= 1 X 10 ' I 111 ! / LUcli. 



a) Top View b) Front View 

r 

c) Bottom Vier 

Figure 1. Location of Ultrasonic Wall Thickness Measurements on Product Containers Prior To 
Pressure Testing - Three Equally Spaced L ~ ~ a t i o n s  on Top, Middle, and Bottom Loca- 
tions and a Single Measurement in the Bottom Center. 



a) Top View b)  Front V i e w  c) Bottom View 

Figure 2. S t r a i n  Gage Locations on the 1, 1 2 ,  and 50 L i t e r  Product Containers (See Tabla 11). 
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DO NOT REMOVE from SRP OPSOL T-901004 
Without Approval Revision 0 
TRITIUM DEPARTNENT - TV€ Approval Date: 3/28/88 
OPSOP Ref 297-1 Category 3 
TRITIUM FACILITIES Page I of 7 

WELDING CAJON FITTING ON PRODUCT CONTAINER VALVE 

•denotes revisions to this OPSOL 

FREQUENCY: 
As requested 

REFERENCES: 
Procedure Qualification Record 2-T -T2 (Attachment 1) 
Du Pont Engineering Standard, SW60W (Weld Integrity - Metallic Piping 
Systems) 
OPSOL T-901004A (Summary Sheet for DPSOL T-901004) 
OPSOL 232-H-1540 (Preparing Product Containers For Repairs) 
OPSOL 232-H-821 (Product Container Stations - Fittings and Valves) 
OPSOL 232-H-812 (Shipping PC's - Identification of Valves & Containers) 
OPSOL 232-H-lAW (Pressure and Leak Testing Product Containers) 
Drawing S5-2-10158 or S5-2-187 (LP-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&B Modified and 
Copper Heat Sink) 

GENERAL LIMITATIONS: 
1) This DPSOL is for information and reference only. OPSOL T-90100AA 

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-OT, which was developed specifically for this procedure. 

4) The welding Inspector must read and understand this procedure, as well 
as Welding Procedure Specification 2-OT, before beginning work. 

3) 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 performed 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. 



DO NOT REMOVE FROM SRP 
Without Approval 

TOOLS AND EQUIP^€NT: 
Male and female CAJON 4 VCR fittings, with gasket 
Hoke Valve (Type TY445, 4213X2, or 4213Q6Y) 
Hacksaw 
Tungsten Inert Gas Welding machine with foot pedal control 
0.045" 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 
De-burring device 
Flat f i l e 
Custom-made alignment clamp 
DC Ammeter 
Right-angle Borescope 
Foam wad (ear plug) 
Copper heat sink assembly (see S5-2-2168) 
1/8** argon purge tube 
Wood screw 
Engraver 
Q-Tips 
Temperature pencil (175-223*F) (optional) 
Argon cylinder, stores or construction supply (sampling required, see 
Procedure) 

AUTHORIZATION: 
1) Obtain an authorized Work Request Card 
2) Obtain a Work Clearance Permit 

SAFETY: 
1) Comply with Plant General Safety Rules and OPSOP 326 (E i I Safety 

Procedures). 
2) Observe safe welding practices, including eye and hand protection. 
3) The stainless steel contaiiler (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-SO. 
3) Comply with requirements of OPSOL 200-FH-2 and OPSOP 40-1. 

PROCEDURE: 

NOTE: Certain steps in this procedure must be verified in OPSOL T-901004A by 
initialing and dating. These steps are indicated by a '*' at the 
beginning. 

1) ^Assemble a complete CAJON VCR fitting (with male and female nuts and 
gasket). Prepare the male CAJON fitting by filing away the countersink 
with a flat file. Remove 10 and X burrs. Clean away metal filings with 
Freon TF. 

2) >R"̂ cord argon purity on Summary Sheet before beginning welding. If using 
bottled argon, the purity should be posted on the cylinder. If using 
argon from Construction's tanK, results from a sample taken after the Last 
refilling should be kept in the Maintenance Shop. If results are not 
posted, request Operations Supervisor to sample. Argon purity, when 
rounded to one decimal place, must be 99.9% or greater. 

DPSOL T-901004 
Revision 0 Page 2 
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3) ^Verify that welding machine and torch are set-up within limits described 
in Welding Procedure Specification 2-OT, which is attached. It will be 
necessary to adjust the welding machine with a DC ammeter 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 DPSOL 
T-901004A.) 

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 
valve (PCV^MM^). 

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 foam 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 X of cut surface. 

11) Remove foam wad from valve tube by twisting wood screw Into It and pulling. 

12) Clean with Freon/TF-wetted Q-Tlps. If valve is separate from container, 
blow air throu^ 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. 

13) Using alignment clamp, position complete CAJdN fitting assembly on valve. 
Fitting with male nut is butted to valve. (See Figure I) Check that tubes 
are butted together and that alignment is good. ID misalignment will be 
verified by radiography to be less than 0.02" (per SW60W). (Note: Use of 
allgrment clamp may not be possible with certain valves previously 
equipped with CAJON fittings.) 

[NOTE: Welding Procedure Specification 2-OT applies to Steo§t 15 through 
22.] 
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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 
13.) 

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

20) fAfter weld cools, examine ID of weld with borescope for full 
penetration. If lack of full penetration is found, re-weld 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 
will simplify X-ray evaluation.) Maintain argon blanket on weld while 
hot. Brush weld clean. 

23) fWeld inspector inspect cover pass by using dye penetrant test. If flaws 
are found, rework. 

24) >Have weld radiographed on 3 views (120" apart) by PTL radiographer. 
Radiograph to conform to Section V, Article 2 of the ASME Code. Use a low 
voltage x-ray source, using the IT hole on a #3 ASME pentrameter to 
Indicate sensitivity. 

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

NOTE: The radiograph films. Weld Radiographic Inspection Report, and Data 
Sheet 91 for the repair made are to be sent to EEO, 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-30 containers, 
which is arranged by container number. 
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QW-*13 SUGCeSTIO FORMAT fOR M O C C O U R t QUAUlf ICATION RECORD (PQR) 
< S M QW-201.Z Uctioi* IX. ASMC Baiter and ^rctMrt VC«M< Cod«) 

Oimo«nY N«iT,« E. I . Du Pont (Savannah River Plant) 
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WMNo. _ ^ d [ 

1 2 / 2 9 / 8 7 
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0 » e r . 

POSmON (QWMOS) 
Vert ica l Fixed (2G) 
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OUm . 
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aw-4«3 (•oek) 
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SUMMARY SHEET FOR OPSOL T-901004 
VCLDING CAJON FITTING ON PRODUCT CONTAINER 

This DPSOL is a surrmary and data sheet for Category 3 DPSOL T-901004, Rev. 0. 
All necessary instructions and references are found in that document. 

Work Request Number 

LP-50 Number 

Date Work Performed 

PC Valve Number PCV 

Check one: 
- New CAJON VCR fitting replacing contaminated compression tube 
- New CAJON VCR fitting replacing damaged or existing CA3QH fitting 
- New CAJON VCR fitting replacing compression tube on new Hoke valve 

1) Argon purity _% (99.9% purity required). 

2) CAJON 4 VCR fitting filed and cleaned. 

3) Valve tube cut, filed, and cleaned. 

4) Weld conforms to PQR No. 2-T-T2 
( } Yes ( ) With Exceptions 
Welding current: Amos. 
Except ions: 

Initial/Date 

(Mechanic) 

(Mechanic) 

(Mechanic) 

3) Borescope shows full penetration on root pass. 

6) Root pass passed dye penetrant test. 

7) Final weld acceptable by dye penetrant test 

(Weld Insp.) 

(Weld Insp.) 

(Weld Insp.) 

(Weld Insp.) 

OPSOL T-901004, Rev. 0 completed with any exceptions noted and initialed on 
back of this form 

Certified Welder/Oate 

Weld radiographed 100% per Section v of 
ASME code. (3 views at 120") 

Radiograph Inspection passed 
Yes No (Check) 

Certified Welding Insp./Date 

PTL Radiographer/Date 

RT Level III, EED/Date 

Attach Weld Inspection Report and radiograph film to this sheet and forward to 
the Product Container Quality Assuranc- file, 232-H, Room 117. 
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REPLACING PRODUCT CONTAINER VALVE 

•denotes revisions to this DPSOL 

FREQUENCY: 
As Requested 

REFERENCES: 
Welding Procedure Specification 2-T 
Procedure Qualification Record 2-T-Tl (page 1 attached) 
Ou 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) 
DPSOL 232-H-812 (Shipping PC's - Identification of Valves k Containers) 
DPSOL 232-H-1414 (Pressure and Leak Testing Product Containers) 
Drawing S5-2-10158 or S5-2-187 (LP-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 III-8 Mod.) 

GENERAL LIMITATIONS; 
1) This DPSOL is for Information and reference only. DPSOL T-901045A 

serves to document completion and approval of Job. 
2) Certified welding inspector must pbserve 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-Tl, before beginning work. 
5) DPSOL T-901045A must be forwarded to the Quality Assurance file in the 

Tritium Technology office, 232-H, room 117. 

INFORMATION: 
The purpose of this OPSOL 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. 
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TOOLS AND EQUIPMENT; 
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 
OC Amneter 
Foam wad (ear plug) 
Temperature pencil (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 DPSOL T-901045A by 
initialing 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 sample. Minimum purity is 99.9% (as rounded to 3 significant digits). 
Record argon concentration on DPSOL T-901045A. 

2) Verify that the PC was back-filled with argon. Container should be taped 
closed unless valve removal took place Immediately before this job. 
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3) ^Verify that welding machine and torch are set-up within limits described 
in Welding Procedure Specification 2-lT, which is attached. It will be 
necessary to adjust welding machine with a DC ammeter each day that PC 
welding is performed. The maximum 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 number 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 defects 
that would prevent Insertion of 1/2" valve tube. If filing or de-burring 
is required, insert foam ear plug into 1/4" orifice to keep metal shavings 
from entering PC. Leave the cord connected to the plug and 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 pller jaws. Remove pliers and 
shim. 

15) Weld first pass for both fusion of joint and fillet accumulation. Use 
1/16" ER-308L filler rod with 70-85 amps. Weld specifications are given 
in PQR 2-T-Tl (Attachment 1). 

16) Keep argon purge on weld during initial cool-down. Close valve. Wire 
brush clean. Freon -wetted rags may be used to cool valve and container, 
but do not quench weld area directly. 
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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 accuimjlation of 3/16" on horizontal and 
vertical leg. Use 3/32" ER-308L filler rod with 70-85 amps. Additional 
passes are allowed If necessary to achieve 3/16" leg dimension. Use 1/16" 
ER-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 0A CAJON gasket and blind cap on valve top. 
22) fHave 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 weld size. 

23) >Have welding inspector perform dye penetrant test on fillet weld. 

24) If defects are found or additional fillet thickness is required, perforin 
the following steps: 

A) Verify argon purge. 
8) Rework fillet weld. Follow PQR 2-T-Tl. 
C) Keep argon purge on weld during initial cool-down. 
0) Wire brush clean finished weld. 
E) Have welding inspector perform dye penetrant test. Repeat if defects 

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 
container number. 
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QW-4M SUCGMTIO ^OWMAT FOP M 0 C 1 0 U « i QUALlFICAnOM HlCOno iPQH) 
(SMQW201.2.SMIMN IX. ASMf lerfar tm4Pnmtn V«Mt CMt) 

CampinLf N«m« £• I . Du Pont Company (Savannah R l v r Plant) 
PToe»&tn QwahftcitioA NM9f« No. - ,^"IrII— Odt S-U-SS 
wrSNo. 2rT 
wttdMf r̂ocMsiM) —fian Tiing»c«*n \n Wetillng fCTAWI 
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mMrMMUf-Na^ 
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3 

WtTVWU) MAT TMATMilifT AMMO?) 
TmiwJ-iia ^^* 

TMaaiOaaw Argon 20 C7H 
a<<S«aMfaMMi« 99.9Z 

0.045' 

5 .9 
EX 308-1. 

lat fiMi \l\r ff ?9f-t. 
2nd fMi; VVir a 3W-̂  

QC 

70-85 
StTiiibs 
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QW.4S3 (Back) 

Tenaile Test (QW-1S0) 

Spocimon • 
No. Width Thickntss Area 

Ultimata 
Total Load 

lb. 

Ultimata 
Unit Strasa 

pai 

Charaetar o< 
Pailura & 
Location 

Guided Bend Teats (QW-ISO) 

1 Typo and Figure No. Result 

Teughnesa Teats (QW-170) 

Spocimon 
No. 

Notch 
Location 

Notch 
Type 

Tost 
Tamp. 

Impact 
Values 

Lateral Exo. 
% Shear Mila 

Oroo Woioht 
Sraak No Braak 

nOpt WoM Tost (QW.1B0) 

Result — Satisfactory: Yes X No Ponetretion into Parent Meul: Yes ^ No 
Macro-flosults Nn Tndleatlona (J. A. Morln) 

Ottiar Teats 

Typo of Tost 
OotMsit Analysts __^_____^^_______^_^__^_^________^___ 
Other 

Welder's Nemo B. Wllllama Cjoeu NO. 3830 stamp No. H _ 
Testa conduaed by: n T . HOAA Laboretory Test No 
We certify that the atttententa in thia record are correct and that the test weida were prpprared. welded and tested in accordance 
the requirements of Section IX of the ASME Code. 

Manufacturer E. I . Du Font - SRP 
Date 3-14-88 By -
(Oeuil of record of teau are Iiluatrative only and may be modiflPd to conform to the t\EM and number of tests required by the Code.) 
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SUMW^Y SHEET FOR DPSOL T-901045 
REPLACING PRODUCT CONTAINER VALVE 

This DPSOL is a summary and data sheet for category 3 DPSOL T-901045. All 
necessary instructions and references are found in that document. 

Work Request Number Date Work performed. 

LP-5G Number: PC Valve number: PCV 

Initial/Date 

1) Argon purity (from mass spec, analysis): % (99.9% required) 

2) Socket depth: (thousandths of inch) 
Depth MUST be deeper than 0.136 or 3/32 inch. If not 
deeper, notify supervisor. 

(Mechanic) 

(Mechanic) 

3) Weld conforms to PQR 2-T-Tl Specifications ( ) Yes ( ) With Exceptions 
Welding current: Amps. 
Except ions: 

(Weld Insp.) 

4) First pass acceptable by visual and dye penetrant test. (SW60W III) 

(Weld Insp.) 

3) 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.) 

DPSOL T-901043 completed with any exceptions noted and initialed on back of 
this form. 

Certified Welder/Date Certified Welding Inpsector/Oate 

Forward to the Product Container Quality Assurance file, 232-H Room 117. 
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LP-50 Containers 906 to 100 
spsciPicATicg 3300* supnafflsr HO. 2 » 

SPBCmaiTIOH ?0R VACUOM TABK Am) SgEPPPO COHTAIIIEEQ 

szgnori I 

Vacuum Tank and Sfalppicg Containers 

A. DravlBg for Fabrication Work 

1. Tbese fabrication specifications apply as indicated to the foUovlng Dravlnga: 

S5-2«l67, Transfer Container Details 
S5-2«l86, Transfer Container Assembl/ and Details 
35-2-1692, Vacuua Tank Valve 

In addition, drawing S3-2-I26 illustrates tvo coopxession fittings vhlcb ars 
recoacoended for either blanking the stainless steel tubes of the ralves or for 
connecting thea to a TacuuB system for leak cheek and eTseuatlon porposes. 
One of each type of fitting vlll be furnished the vendor for his shop use. 
They are recommended for use in leak testing only. 

2. Part numbers given la Section I of this SpecifIcatioa for Vaeaua Tanks andy> 
Shipping Containers refer to dravlngs S5--2«ia7 and 3$»2-ia6 unless othervlae 
indicated. 

B. Material 

1. Aluminum parts shall be east from aluolnam alloy #356. 

2. All aluDdnua eastings shall be smooth and free of visible air holes. 

3. Part S5-2-I37A shall be fabricated frcm staialess steel type 30'»L. Parts 
S5-2-186S and S5-2-lfi7C shall be fabricated of brass, AS04 3-16, 1/2 hard 
or equal. Speelfleatlaa ^C-3«6lla, eomposltloa B Is equal. Hardness range 
of the brass parts shall be between Roekvell B-50 sad 70* Part 35-2*lS7D 
shall be seoprene, vlth Ourooeter (Shore) hardness ia the range 35-30. 

C. Assembly 

1. The flaiab of tte iaalds of parts S5-2-187B sad S5-2-I873 shall be as east 
vith core flsah zeBored by grinding. Maehlaed surface finish shall be as 
ladleated OB ttaa drwlags. Tha Inslda disaster of part 35-2-lfi7B shall 
accept eatzy of part S5^«l87A vltbout any bladlag or forelag. If necessary, 
the Inslda esat surftee of part S3-2«Id7B osj ba marhlred to Indicated 
dlssMter and toleraaee. 

2. Parts S5-2-ld7B sad 35«2*l878 shall be liqpregBated vlth Nocol Cast Seal Type 
A or Trs* B according to spselfleatloa AB-X-36 to Insure fteedcoi f»a leaks 
in the casting. ImpregDation shall be dona after eastings are asehlned. 
The parts are to be tested by sxibaersloa la vater vlth 20 psA^ inslda the 
c<»taiaer. Ho visible air bubbles are peimttted. The test is to be perfonaed 
with parts 35-2-1B7B sad a^-a-XoTl^ aasamlad wtt« ̂ « * ^ rlsc^s^iss4«s%-4 
oa dravlng S5«S-l66. /The assembled container asy be pressurized for this 
test n a the Soke valre. After the ccataiser passes this test, the lors 
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•aire la to ba cloaad with tba container Intexsally pressurized at 20 pslg, 
and tha Soke seat la to ba taated by subBHrsloa in vater. So ylsible air 
bubbles ara paxnitted. The Hoka Talre ahall ba Inatalled on part S5-2.137Z 
vlth tha vacuum slda of tha valra, defined aa tba side under tha seat, 
eloaaat to part S5-2-187Z. 

0. Welding 

1. Iteaa 1, 2, 2$ And ^̂  of part S5*2-l87A are to ba Joined by haliare valds 
la tha follovlag sequence: 

a. 3 aad '̂  by aa outside edge veld. 
b. 2 aad 3 by aa outalda butt weld. 
e. 1 aad 2 by sa outalda butt vald. 

A U theaa valda vlU ba mmie uaiag l/l6" disaster type 5R-3Qdl stainless 
steel rod vlth the ezeeption of the edge vald vhlch vlll be made using no 
filler aetal. 

2. Set Item 3 la poaltloo vlth large opealag dova aad lasart Item 4 in the 
small opening to conform to dravlag of part 35*2«l87A. After blanketing 
valdlag area vlth helium, sake aa edge vald batvaaa Items 3 aad k, breaking 
tha valdlng are oa tha body of Item '̂  rather thaa oa tha bead vald. Thea 
aet Item 2 la place under Item 3» eatablish a helium blaakat arouad tha ^ 
inaar aad outer surfkess, aad oaka tha butt vald. Sat Item 1 la place uadlbr 
Item 2, eatabllah helium blaakat arouad tha inaar aad outer surfaeea and 
sake tha butt vald. 

3* Tha helium plumbing supplying tha helium gaa for thla valdlag shall ba 
degreased aad thea pickled to lasure eleaallnaaa of tha gss. The gas shall 
ba filtaired through a 25 aleroa euao filter, or equal, to reaore particulate 
natter. Forelga oattar suat not become depoaitad la tha vacuum tank aaaem^Dy 
as a reault of theaa operations. 

k, Vbaa Joining tha ralre aaaaably to part 35^-l87A, Item k, treat the vald 
of Item 8, S5*2«l86, to Part 35-2-187A, Item h, similar to Itema 0-2 and 3 
abore. Filler :ro4 shall ba used for this vald. Blaakat tha vald lasida 
aad outside vlth helium daring tha veldlng opermtioa and TmlTitaLTi the 
helium blaakat uatil tha weld has cooled to room teagarstare. 

This vald fflsgr ba blaakatad vlth helium by; a) fluahlag tha raaaal through 
the port la part S5-2-187A, Item %, oa la 0-2 aad 3 above; b) attaehiag 
a balluB sourea to tha pcaaauza slda of thm ralre aaaaalBly aad purging air 
from thm ralra aaaaately; c) blaakatlac tha opaa aad of tba port la part 
35-8.iaTa» Itaa k, vlth eaothar heUum soareai d) raaanag tha flaahlag 
tuba ftom tha port la part 35-2-187A, Ztam k, aad laaartlag tha ralre tube; 
e) ceatlaalag tha hallni flov oa tha praaaura side of tha ralre assembly 
for a few aoaaata; f) diseoanaetiag tha halim source ftrom tha yalre 
aaaaoibly; g) ceatlaulag tha erterael blaakatlag of the JuactlQa of the 
ralra asse^ly aad part 35*2«l87A« Item k, darlag valdlag aad after voiding 
uatil tha vald bead has cooled. Parfon a«b-« together; foUovad by 
d-e-f-g la order. 

Before, during aad after valdlag, do aot permit eay foreign matter to enter 
parta 35-2-187A, Items 1, 2, 3, tad k, or tha ralre aaaeobly. Handle 
carefully to preclude cantamiaatioa by oil, greaaa, dirt, flngerprlats, 
etc. Tha tail of tha arrow vhlch la staavad ca tha ralra shall ba closest 
to part 35-2-18TA, Item k, vbaa tha ralra is attached to-ipart S5«2«l87A, 
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Item '*» The arrow shall point avay from 35-2«ld7A, Item k, Zn this orlan. 
tation tha vacuum slda of the valve, vhlch Is defined as being under the 
seat, is located closest to part S5~2-ld7A, Item k. 

2. ."̂ ak Teatlng 

1. The Inlaakage of the aaaenbled vacuum tank at 1 aicron internal preaaure 
shall net e:ceeed 0.1 aleroa cu.ft./hr. The final leak aball include, in 
addition to the ri&lls of tha vessel, test of all valds including all valve 
aaaaably valda and tha main naedle rralve aeat. Tha valra aeat also ahall 
be tested Indirldually for seat leakage. The test ahall ba made ia a suit-
cble helium hood using a aaaa spectrometer leak detector aad aa appropriate 
standard leak la tha helium hood. The ralre shall ba seated hand tight 
vlthottt exeeeaire force vhlch vould damage the seat. Valra seat leakage, 
aa such, shall aot exceed .05 micron cu.ft./hr. Main valre seat leakage 
shall ba tested aa la II, 0, 3# b, ybmn tha valre is assembled oa the tank. 

F. Jiimberlng 

1. Tha asaeobled vacuum tank aad shipping eoatainera shall be numbered nth 
serial nuabere aa deaignated oa tha purchaaa order. The aaaembly serial 
number shall be staovad, I/8" eharactara, oa tha aaaembly ccoponaata la k 
placea: a) top of part S5*2*187B, pezpeadieular to tha haadle; b) edge o^ 
flange of part 35-2-187B, e) edge of flaage of part S5^-l87B (tha loea- ' 
tioa la tha aerial auaJber b ead c abora ahall ba adjacaat to oae another 
vhaa parta 35-2»l87B aad S5^*l87B ara aaaaaibled); d) top of part 35-2-13TA, 
Item ̂  (the assasibiy of tank and shipping coatalnar ihall ba made vlth 
serial number a, b, c, d, abore all oriented la approxiaately the saoa 
sector of the cylindrical tank). 

0. Shipping 

1. Tha teaks ahall ba shipped la aa eraeuatad eoadltloa at aa Intaraal pressure 
not to exceed 10 alcroaa. After tha taaks paaa flaal laspectloa, the valve 
is to ba cloaad with a tag affixed ladlcatiag tha praaaura vlthla the tank 
vhaa tha ralra vaa last closed. 

2. Tha aaaaafalad taak sad shlpplag eoortaisar shall ba packaged adequately for 
protectioa darlag ahlpseat. Sealed corrugated eartoas are eoasidared ada-
quata. All natay bolts, acrewa shall ba aanggad vp at flaal assembly. 

3. The Baka ralvm, shall ba aafaty vlred cloaad prior to shlpsaat sad tha 
opsa ead 9g tha ralva ahall ba capped aa ladieatad oa 35-2-186. 

sacncw ii 
VaemoB Tsak Valve - Part So. 8 

1. Aaaaably of the tubing nipples (parts 2 .̂  3) to the vacuum task rxL-m La 
accoavlishad by reference to theaa spaeifleatloaa aad tha foUovlng drsvlng. 

•gg-g^lCgSj, Vacuum Tank Valre 
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2. Tha final diaenalon (-?£d to ezxd) of the v^ars cust sweetly catch the 
dimeasiaaa aa specified for the coaplete aaseobly ahcnm on Print -t-. a-luj]'. 

B. Material 

1. Tha vendor shall proexure bar stock or tubing. Type 30UL sr 2--7 for rhe 
fabrlcatlca rf î.-siis 2 ,.ud 3 of S3-2-l39i. 

2. The parta "shall be cleaned prior to asseably according to ZI. 2, 2, rslcw. 
Itema 2 and 3 shall ba vapor phase degreased only. 

C. Welding 

1. All filler reldlng shall be vlth I/16" dlomecer type SR-308L bare 3taizd.e8s 
steel rod using heliare. 

2. Valdlag ahall be by haliare. A eontiauoua flov of helium through the valve 
body la required during veldlng aad until the veld head has cooled to room 
temperature. 

0. Assembly end Leak Testing 

1. Fabricate Iteaa 2 and 3 of 35-2-1693 ^ drUliag bar atock or tublag. Vqaor 
phas degreasa after fabricatloa. After degreaalng haadle to preclude eoa~ 
taalnatioa vlth oil, dirt, forelga material, fingerprints, etc. Item 3 
shall ba ground to a 32 finish oa tha outer eyliadrleal surface. 

2. Tha vapor ̂ lase degreaaa of tha ralre shall be conducted la a vertical 
pealtloa vlth bellowa up. Tha degreaalng reaael,ahall be shielded to pre­
clude entry into the valre of any aaterlal other than tha vapors of the 
degreaalng agent. 

After eleeaiag of tha valre, items 2 sad 3 0' S5-2-1693 shall be raided 
by haliare to tha ralra. The l-laeh long O.5OO diameter tube shall be 
attached to the ralra at tho port cloaeat to tha tall of the arrov vhlch 
la stamped oa tha base of part 10. Tha 1-5/8" O.5OO dleaeter tube shall be 
•ttaebed at tha port cloaeat to tha polat of tha arrow. In thla orientaticQ, 
the shorter tuba la located oa the racuua side of tho valre vhlch is defiasd 
sa the slda aadar tho seat. 

Svezy praeaatlea auat ba takaa to praduda eatry of eay forelga aaterlal 
lata tha iMlra; doaura of tha needle egalaat particulate matter could 
deatror the eaat. 

Velded JolBta of tha ralre asaeiibly ara to ba taated for leaks oa a 
spectroaster leak dataetor. Tha ralre total laleakaga for ralre seat 
leakage shall aot exceed .05 aleroa cu.ft./hr. Tha ralre shall ba seated 
head tight vlthout excesalra force lAlch vould damage tha seat. 

Total Tnlealraga Teat; Corsr tha raemoi side lalet vlth a eoovressioa 
bleak, attach tte'otbsr lalat to a leak detector aad rsaore tha bonnet. 
Leak taat tha ralre at 1.0 aleroa lataraal preaaure vhlle it ie in a 
helium hood aad detaralae tha leak rata by ualag sa appropriate size 
staadard leak also la tha hood. 
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b. Seat Teat;- ./Ithcut che hcci. and vlth the valYe elcaed, sake a !»&:£ 
teet acroaa tha seat 'I'lth a vacuum side exposed to helium gaa at one 
atmoaphare pressure aad the pressure 5lde of 'che -/alve at 1.0 micron 
internal ^rnnavrt* 

c. Reversa Seat Test; Vlthout the hood, and with the valve cloaad, nake 
a leak test acrcss the seat vlth the pressure side exposed to helium 
SSM at one atmosphere pressure and the vacuum aide of the valve at 
1 aicron intamal pressure. 

k. An engraved or stamped arrov vlll be required en the bottom of the valve 
body to indicate the direction cf flov. -rhis arrow vlU point from the 
vacuum side of the valve tovards tha preseure side. The vacuum side of the 
valve is defined as the aide under the seat. Tha direction of the arrow 
is indicated on dravlng 35-2-li393. 

5* Itema 2 and 3 shall be protected againat damage during shipment or storage. 
Saeh atainless steel tube, Iteaa 2 and 3 , shall be adequately capped after 
final leak check to preclude entry of any foreign matter during shiiaent 
or storage. 

3. Shipping 

1. If shipment of individual valrea to a aeparate plaat for final vacuum tankT 
fabrication ia required, each valre shall be packaged in an Individual card­
board carton to prevent abrasive daaage. Several valvee, Indirldually 
packed, aay be contained in a larger shipping cartoa. 

1.0 3C0PB - (For Part Soa. Ref. to S5-2-186 and 35-2-187) 

L.l Tha Inside surface of the container, part 35-2-ld7A, Iteaa 1, 2, 3 aad ' auat 
be free of grease, oxide, dirt, aad all other forelga aatter. 

1.2 Part 35-2-I6TA, Itema 1, 2. Z, aad 1̂  ahall be fired la cracked natural gam at 
1800 to 2100<'F prior to pickling and welding. 

1.3 Part S5-2-187A, Itema 1, 2, Z, aaA k ahall be pickled after cracked natural s ^ 
firlag aad before valdlag aa follows: I^rsa parta ia a bath of 10-15^ altrie 
acid aad 1-2^ Bydreflorle add, by volume, for 10-15 alnutea at a temperature 
of 120 to IkrT* Thoroughly rinse parta la filtered vater sad air dry. A soft 
water eoatalalac not mora thaa fire parta par mlllioa of totd solids (dissolved 
or suspeadad) shall be used aa a fled rinse. Parta auat be frea of a^aae 
prior to pickling. If neceeaary, degreaaa (vapor phase) prior to pickling. 

1.^ Part 35-2-ld7A, Itema 1, 2, 3, and ^ auat be free of greaaa, oxide, dirt or 
other foreign aatter before, during aad after valdlag aaaaably. To aalntala 
tba find required cleaaliaaaa, store part S5-2-187A, Itema 1, 2. 3« aad ^ in 
eloeed and/or aeded plaatic bags uatil ready for valdlag, and after veldlng 
until 2[f̂ ady for flaal assembly. The veldlng aad assembly oparatioaa shall be 
perforasad in a relatively clean area. 

1.3 Vapor degreaalng » oon-hdogenated solventa -C.P. aethd dcohol (preferred). 
Benzene (dtration grade) - say be used vhere hdogenated solvent dsgreasing 
equipment is not available. Safety precautions goremlng the use of flacsabl: 
toxic solrenta auat be obaerred. 
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1.6 laspectloa and Test - As a criteria of eleadineee vlth respect to grease, 
oil sad orgadc contamination, the foUovlng teat must be fflade ca the totd 
surfhee exposed to process of each piece after degreaalng. 

Meaaure a quaatlty of carboa tetraedoride of A.C.3. aeagent Grade, spectro-
acopieally pure la the teet range, in the aaotmt of 55 cubic centiaeters per 
square foot to the siurfaea to be teeted. Apply thla quaatlty by rocking, 
shaking or rolling «o that the surface is cooqpletdy vetted for a minimt^m 
period of three alautee. Drain the carbon tetrachloride and analyse a sampi* 
of it ia a spectrcphotcaeter between the vara length of 2.8 and ^.0 dcrons. 
If the analyais Indieatee orgadc setter in exeeaa of 22 allligraas per 1000 
aquare em (20.5 og per aq. ft.), the piece ehall be recleeaed until thla lioit 
la aot exeeedid. • 

The spectrophotometer ahall have a sensltlrlty of 0.01 dUigrama greaaa per 
cubic centimeter of carboa tetrachloride detemlaad by edibratioa. 

If it is deeired to usa a large quaatlty of carboa tetraedoride, such that 
the dUutloa of the ssmple codd cause sa uardlable analysis by tha spactrĉ ^ 
photometer sn diquot portioa aay ba eoacaatrated for tha spectrophotometer 
test. 

For a discussioa of tha physlologlcd properties aad todelty of carboa tet^-
chlorlda, see Sncyclopedla of Chemled Tachaology, Vol. 3* ??• 197-199. 
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U.S. ATOMIC ENERGY COMMISSION 
AEC MANUAL 

Volume: 0000 General Administration 
Part : 0500 Health and Safety 

AEC 0529-01 
OS 

Chspter 0529 SAFETY STANDARDS FOR THE PACKAGING OF FISSILE 
AND OTHER RADIOACTIVE MATERIALS 

0529-01 POLICY 

Fissile and other radioactive material shall be 
packaged and prepared for shipment m a manner that 
provides assurance of protection of the public health 
and safety during the transportation of such 
materials. 

0629^2 OBJECTIVE 

To establish safety standards for the packaging of 
fissile and other radioactive materials for shipment by 
AEC or by contractors not subject to 10 CFR 71. 

0529^)3 RESPONSIBILITIES AND AUTHORITIES 

OSITlie 
Safety: 

a. 

Director, Division of Operational 

b. 

c. 

d. 

determines the need for, and develops new 
and revised safety standards to be applied in 
the preparation of fissile and other 
radioactive materials for transportation, 
provides a central point of coordination with 
the Director of Regulation for developing 
and revising health and safety codes 
peruining to safety in the transportation of 
fissile and other radioactive matenals which 
are intended for use in the AEC programs or 
by other federal agencies, 
conducts periodic appraisals to determine 
the adequacy of the implementation of this 
chapter, 
renders interpreutions of this chapter. 

032 The Director, Division of Waste Manafement 
and Transportation, in addition to the responsibilities 
and authorities assigned in 0.).̂ . below: 

a. administers the program for design review 
and issuance of AFC Certincates of 
Compliance as provided in 056. below, 
AECM .5201. and 49CFR I72..'<<) I73..-?9ft. 

h. assists Held offices m expediting es.sential 
shipments consigned tu or by AEC and'in 
securing waivers or exemptions from Federal 
Transportation Regulations. 

c. prepares guidance criteria and procedures for 
application of package testing APd quality 
assurance standards. 

d. coordinates the toul input fot the General 

Manager in the development and revision of 
transportation regulations. 

033 Heads of Divisions and Offices, 
Headquarters, excluding Regulatory, provide 
guidance, instructions, standards, and aiteria as 
described in Chapter 0101, consistent with this 
chapter, to assure the safe packagmg of fissile and 
other radioactive materials, including: 

a. directing cognizant managers of field offices 
to require modifications of equipment 
procedures or practices. 

b. imposing additional requirements for 
packaging standards. 

c. curtailing or suspending the use of specific 
packages when necessary. ^ 

034 Manafen of Field Offices, and tiie Director,. 
Division of Naval Reacton, consistent with guidance, 
instructions, standards, and criteria issued pursuant to 
033, above: 

a. grant AEC approval for packages which meet 
the standards contained in appendix 05 2^ 
and 10CFR71.31--71.40, and which are to 
be used for the Uansportauon of fissile or 
other radioactive materials in greater than 
Type A quantities. 

b. grant AEC approval for shipments made 
under the National Security Exemption 
provided to the AEC and DOD under the 
Transporution of Explosives Act (18 U.S.C. 
832c) and in accordance with the 
requirements of pertment AEC manual 
chapters. Packages for such shipment̂  must 
meet the policy stated in section 01 

c. grant such alternatives to the requirements 
set forth in appendix 0529 as will provide 

• equivalent protection to life or property and 
to the common defense and security: and 
within 30 days after p-anting an alternative, 
provide the Director. Division ot Operational 
Safety, a detailed report of the reasons tor 
granting it. The granting of such alternatives 
is in no way to be construed as the granting 
of exemptioas or exceptions from or to the 
Department of Transportation or other 
regulatory agency reqiurements. 

d. conduct annual appraisals of contractor 
operattons to assure compliance with the 

Approved: June 14, 1973 
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requirements of this chapter, 
e. require that their contractors carry out, as a 

minimum, quality assurance programs 
described in this chapter, and as provided for 
in appendix 5201. 
{NOTE: Contractors shall not be permitted 
to exercise any of the above authorities.) 

03 S The Manager. Albuquerque Operations 
Office, in addition to the responsibilities and 
authorities assigned in 032, above, shall establish 
safety standards for packaging and transporution of 
nuclear weapons and their components in accordance 
with 055, below. 

0S2»O4 DEFINITION 

041 AEC Contractor for the purposes of this 
chapter, means a prime contractor or subcontractor 
of the Atomic Energy Commission who is exempt 
from the requirements of 10 CFR 71. 

05294)5 BASIC REQUIREMENTS 

051 Applicability. The provisions set forth |n this 
chapter and its appendix apply to the Headquarters, 
field offices, and AEC contractors. 

052 Coverage. This chapter and its appendix 
cover policies and procedures for the preparation of 
fissile and other radioactive materials for shipment 
outside the boundaries of AEC-controiled sites by 
for-hire or private carriers, or on public vehicles or 
aircraft. 

053 Federal Regulations. When offered to the 
carrier, each shipment of radioactive materials shall 
be in compliance with the applicable safety 
regulations of the Department of Transportation 
(DOT) or the US. Postal Service, depending on the 
mode of transportation. 

054 Other Refulstiont 

a. Internatioiial Atomic Energy Agency 
(IAEA) Reguiatioas. Each shipment of fissfle 
and other radioactive materials consigned to 
a foreign country must meet the 
requirements set forth in IAEA Safety Series 
No. 6. "Regulations tor the Safe Transport . 
of Radioactive Materials." Specifically, 
"Requirements for Packaging and for 
Delivery of Packages to Transport," must be 
met to he in compliance with this chapter. 

b. Intematirnal -.> Transport Association 
11 ATA) fmtric:e' Article Regulations. Wacii 

SAFETY STANDARDS FOR THE PACKAGING OF 
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shipment of fissile and other radioactive 
materials consigned to a foreign country 
must meet the requirements set forth in 
lATA Restricted Articles Regulations when 
shipped via commercial aircraft. 

c. VS. Air Force AFM-71-4, Packaging and 
Handling of Dangerous Materials for 
Transport by Military Aircraft. Each 
shipment of fissile and other radioactive 
materiab must meet the requirements set 
forth in AFM-71.4 when shipped via USAF 
aircraft. 

055 Package Standards for Radioactive Materiab 
in Amounts Greater Than Type A Quantities 

a. Packages of radioactive materials shall be 
prepared for shipment and transported in 
accordance with the provisions of this 
chapter. DOT specification containers for 
Type B and fissile materials an considered l 
to meet the standards of this chapter, and no ^ 
specific AEC Certiflcates of Compliance are ^ 
required for their tise. 

b. Nuclsar weapons and their components shall 
be paduged and transported in accordance 
with the standards in this chapter or with 
other standards which provide a degree of 
safety at least equivalent to that provided by 
the AEC and DOT regulations. Standards 
will be developed and documented under 
035, above. 

c. Packages shipped under the National 
Security Exemption of 18 U.S.C. 332.c must 
be in compliance with the standards in this 
chapter and must also comply with the 
provisions of other pertinent AEC manual 
chapters. 

d. All other packages for fissile and other 
radioactive materials in amounts greajter than 
Type A quantities shall be designetL 
constructed, and used in accordance with 
the standards contained in the attached 
appendix, and in 10 CFR 7131-71.40. 
Materials described in 71.6 are exempt from 
this requirement. 

e. A quality assurance program must be 
esublished and Implemented to assure that 
packages for radioactive materials are 
fabricated, maintained, and used in 
accordance with the regulations and 
approved design features. The program must 
meet the requirements in appendix 5201. 

056 AEC Certificates of Compliance for Packages 
of Radioactive Materials in Excess of Type A 

Approved: June 14, 1973 
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Qiuntities. Upon determination that a package design 
does in fact meet the requirements of this chapter 
and and its appendix and the AEC Standards in 10 
CFR 71.31-71.40, an AEC Certificate of Compliance 
will be issued by the AEC to the contractor. 
Procedures for obtaining and issuing these certificates 
are set forth in AECM 5201. No certificate is 
necessary for shipments meeting the requirements of 
10CFR7l.6or71.7. 

057 AEC as Consignor. Where an AEC office 
serves as the actual consignor, rather than a 
contractor, appropriate internal procedures shall be 
esublished by the responsible field office manager to 
assure compliance with the standards contained in 
this chapter. 

058 Waiven and Exemptions. Packages which do 
not meet the standards in the DOT Hazardous 
Materials Regulations, and which do not qualify for 
shipment under the National Security Exemption, 
may be shipped only under the provisioiu of a waiver 
or exemption issued by the DOT, or on public 
vehicles or aircraft if approved under the provisions 
of AEC 0529-034C. Applications for a DOT Special 
Permit for waiver or exemption shall be prepared in 
accordance with 49 CFR 170.13 and shall be 
forwarded to the DOT for issuance of a special 
permit. 

059 Existing Packaging*. Existing packagings for 
radioactive matenals must meet the sUndards of this 
chapter. However, Type B packagings designed and 
constructed prior to February 15. 1969, which could 
be subject to loss of shielding resulting from 
subjectmg the packaging to the puncture test 
followed by the thermal test (49 CFR 
I73.j98(c)(2)), are also approved for continued use. 
The packaging design must be covered by a DOT 
Special Permit providing for administnthe and 
operational controls as may be necessary to 
compensate for the deficiencies in padcage integrity 
and to provide equivalent safety in transportatioiL. 

05294)6 REFERENCES 

1. ^EC Regulation. Title 10. Code of Federal 
Regulations, Part 71, "Packaging of 
Radioactive Material for Transport." 

b. DOT Regulations 
I. Title 4*). CFR Parts I70-IH9, and Title 

14, CFR Part 103. "Hazardous Materials 
Regulations." 

2. T i t l e 4 6 , CFR Part 1 4 6 , 
"Transportation or Storage of 
Explosives or other Dangerous Arucles 
or SubsUnces, and Combustible Liquids 
on Board Vessels." 

c. U.S. Poetal Service Regulation. Title 39, 
CFR Parts 124 and 125, "Nonmailable 
Matter" and "Matter Mailable Under Soecial 
Rules." 

d. International Atomic Energy Agency 
(IAEA) Safety Scries No. 6, "Regulations 
for the Safe Transport of Radioactive 
Materials," 1967. 

e. AECM 2401, "Physical Protection of 
Chsaified Matter and Information." 

f. AECM 2405. "Physical Protection oC 
Unclassified Special Nuclear Material." 

g. AECM 0230, "Records Disposition." 

h. AECM 0530, "Nudear Criticality Safety." 

i. AECM 0560, "Program to Prevent Acadental 
or Uiuutfaorized Nuclear Explosive Detona­
tions." 

j . AECM 5201, "Transporution and Traffic 
Management" (to be reissued under the utle 
"Transporution of Property"). 

k. AEC Directory of Radioactive and Fissile 
Materials Shipping Containers, 1969. 

1. Intematioiul Air Transport Association 
(lATA) Restricted Artide Regulations. 

m. U.S. Air Force AFM-4, 'Tackaging and 
Handling of Dangerous Materials for 

• Transport by Military Aircraft." 

n. Transporution of Explosives Act (18 U.S.C. 
832J: ) . 

052947 NATIONAL EMERGENCY APPLICATION 

During a natwnal emergency, as detlned in AECM 
0601-04, the provisions of this chapter and appendix 
unll continue in effect. 
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PARTI 

DEFINITIONS AND EXEMPTIONS 

A. DEFINITIONS (as used in this appendix) 

1. Carrier means any person engaged in the 
transporution of passengers or property, as 
common, contract, or private carrier, or 
freight forwarder, as those terms are used in 
the Interstate Commerce Act, as amended, 
or the U.S. Postal Service. 

2. Close Reflection by Water means immediate 
conuct by water of sufficient thickness to 
reflect a maximum number of neutrons. 

3. Containment Vessel means the recepucle on 
which principal reliance is placed to retain 
the radioactive material during transport. 

4. Flssie Claaaification means classification of a 
package or shipment of flssile materials 
according to the controls needed to provide 
nuc lear criticality safety during 
transportation as followa: 

a. Fisale Claaa I. Packages which may be 
transported in unlimited numbers and in 
any arrangement and which require no 
nudear criticality safety controls during 
transporution. For purposes of nuclear 
criticality safety control, a transport 
index is not assigned to Rssile Class 1 
packages. However, the external 
radiation levels may require a transport 
index number. 

b. F'nsile Class H. Packages which may be 
transported together in any arrangement 
but in numbers which do not exceed a 
transport index of SO. For purposes of 
nuclear criticality safety control, 
individual packages may have a 
transport index of not less than 0.1 and 
not more than 10. However, the 
external radiation levels may require a 
higher transport index number but not 
to exceed 10. Such shipments require 
no nuclear criticality safety control by 
the shipper during transportation. 

c. Fissile Class UL Shipments of packages 
which do not meet the requirements of 
Fissile Classes I or II and which are 
controlled in transporution by special 
arrangements between the shipper and 
the carrier to provide nuclear criticality 
safety. 

Fissile Materials means uranium-233. 
u r a n i u m - 2 3 5 , p l u t o n i u m - 2 3 8 , 
ptutonium-239. and plutonium-24t. 

Large Quantity means a quantity of 
radioactive material, the aggregate 
radioactivity of which exceeds that specified 
in the following table for a transport group 
as defined in 16.. below: 

Radionuclide 
Identification 

Radioactivity 

I 

20 
Curies 

If 

20 
Curies 

III 

200 
Curies 

IV 

200 
Curies 

V 

Curies 

Vl-Vll 

50,000 
Curds 

Special 
Form 

5.000 
Curies 

7. Low Specific Activity Material means any of 
the following: 
a. Uranium or thonum ores and physical 

or chemical concentrates of those ores. 
b. Unirradiated natural or depleted 

uranium or unirradiated natural 
thorium. 

c. Tritium oxide n aqueous solutions, 
provided the concentration does not 
exceed 5.0 millicurics p̂ ,. milliliter. 

d. Material in which ihe activity is 

essentially uniformly distributed and in 
which the estimated average 
concentration per gram of contents does 
not exceed: 
(1) 0.0001 millicuries of Group I 

radionuclides; or 
(2) 0.005 millicuries of Group II 

radionudides: or 
(3) OJ millicuries of Group III or IV 

radionuclides. 
VOTE: This may include, hui is not 

Approved: June 14, 1973 



SAFETY STANDARDS FOR THE PACKAGING OF 
FISSILE AND OTHER RADIOACTIVE MATERIAL 

AEC Appendix 0529 
Part I 

17. 

b. For mixtures of radionudides the 
following shall apply; 
(1) If tlie identity and respective 

activity of each radionuclide are 
known, the permissible activity of 
each radionuclide shall be such that 
the sum of the ratios between the 
total activity for each group to the 
permissible activity for each group 
will not be greater Aan unity. 

(2) If the groups of the radionuclides 
are known, but the amount in each 
group cannot be reasonably 
determined, the mixture shall be 
assigned to the most restrictive 
group present. 

(3) If the identity of all or some of the 
radionudides caimot be reasonably 
determined, each of those 
unidentified radionuclides shall be 
considered as belonging to the most 
restrictive group which cannot be 
positively excluded. 

(4) Mixtures consisting of a single 
radioactive decay chain where the 
radionuclides are in the naturally 
occurring proportions shall be 
considered as consisting of a single 
radionuclide. The group and 
activity shall be that of the first 
member present in the chain. 
Exception: If a radionuclide "x" 
has a half-life longer than that of 
the tlrst member and an activity 
greater than that of any other 
member, including the first, at any 
time during transporution, the 
transport group of the nuclide "x" 
and the activity of the mixture diall 
be the maximum actWity of that 
nuclide "x" during transportation. 

Transport Index means the number placed 
on a package to designate the degree of 
control to be exercised by the carrier during 
transportation. The transport index to be 
assigned to a package of radioactive material 
shall be determined by cither a. or b.. below, 
whichever is larger. The number expressing 
the transport index sh.ill be rounded up to 

next higliesi icnih: e.g.. 1.01 becomes I lie 
1.1 
a. The higiicst radial ion dose rate in 

millireni per hour at three feet from any 
acces.siblc external surface of the 
packu|tc. 

b. The transport index for each Fissile 
Class II package is calculated by dividing 
the number 50 by the ntunber of such 
Fissile Class II packages which may be 
transported together as determined 
under the limitations of part IIJ.I. The 
calculated number shall be rounded up 
to the flnt decimal place. 

18. Type A Quantity and Type B Quantity mean 
a quantity of radioactive material, the 
aggregate radioactivity of which does not 
exceed that spedfled in the following table: 

Transoort Group* 
(S««l>.16.) 

I 
II 
Ill 
IV 
V 
VI and VII 
Special Forum 

Type A 
Quantity 
(IneuriMl 

0.001 
0.05 
3 

20 
20 

1.000 
20 

Typ«B 
Quantity 
(In curiM) 

20 
20 

200 
200 

5.000 
50.000 

5,000 

B. EXEMPTIONS 

A shipper is exempt from all requirements of this 
appendix to the extent that hie deliven to a carrier for 
transport paduges each containing not more than a 
Type A quantity of radioactive material, as defined in 
A.18, above, which may include one of the following: 

1. Not more than 15 grams of fissile material. 
2. Thorium or uranium containing not more 

than 0.72 percent by weight of fissile 
materiaL 

3. Uranium compounds, other than metal, 
(e.g., UF4, UF«, or uranium oxide in bulk 
form, not pelleted or fabricated into shapes) 
or aqueous solutions of uranium, in which 
the total amount of uranium-233 and 
plutonium present does not exceed 1.0 
percent by weight of the uranium-235 
content, and the total fissile content does 
not exceed 1.00 percent by wei^t of the 
total uranium content. 

4. Homogeneous hydrogenous solutions or 
mixtures containing not more than: 
a. 500 grams of any fissile material. 

provided the atomic ratio of hydrogen 
to fissile material is greater than 7600. 

b. 800 grams of uranium-235. provided 
that the atomic ratio of hydrogen to 
fissile materia! greater than 5.200, and 
the content of other fissile material is 
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limited to. materials of low radioactivity 
concentration, such as building rubble, 
metal, wood, and fabric scrap, 
glassware, paper and cardboard, solid or 
liquid plant waste, sludge, and ashes, 

e. Nonradioactive objects externally 
contaminated with radioactive material, 
provided that the radioactive material is 
not readily dispersible and the surface 
conUmination. when averaged over an 
area of one square meter, does not 
exceed 0.0001 millicuries (220,000 
disintegrations per minute), per square 
centimeter of. Group I radionudides or 
0 .001 mi l l icur ies (2,200.000 
disintegrations per minute) per square 
centimeter of other radionuclides. 

8. Maximum Normal Operating Pressure means 
the maximum gauge pressure which is 
expected to develop in the containment 
vessd under the normal conditions of 
transport specified in annex 1, bdow, 
considered individually. 

9. Moderator means a material used to reduce 
by scattering collisions, and without, 
appreciable capture, the kinetic energy of 
neutrons. 

10. Optimum Interspersed Hydrogenous 
Moderation means the occurrence of 
hydrogenous material between containment 
vessels to such an extent that the maximum 
nuclear reactivity results. 

11. Package means packagmg and its radioactive 
contents. 

12. Packaging means one or more receptacles 
and wrappers and their contents, excluding 
fissile material and other radioactive 
material, but including absorbent material, 
spacing structures, thermal insulation, 
radiation shidding. devices for cooling and 
for absorbing mechanical shock, external 
fittings, neutron moderators, nonfissile 
neutron absorbers, and other.supplementary 
equipment. 

13. Primary Coolant means a gas. liquid, or 
solid, or combination of them, in contact 
with the radioactive material, or if the 
material is in special form, in contact <vith 
its capsule, and used to remove decay heat. 

SAFETY STANDARDS FOR THE PACKAGING OF 
FISSILE AND OTHER RADIOACTIVE MATERIAL 

14. Sample Padcage means a package which is 
fabricated, packed, and closed to fairly 
represent the proposed package as it would 
be presented for transport, simulating the 
material to be transported, as to wei^t and 
physical and chemical form. 

15. Special Form means any of the following 
physical forms of radioactive material of any 
transport group: 
a. The material is in solid form having no 

dimension less than 0.5 millimeter or at 
least one dimension greater than 5 
millimeters; does not melt, sublime, or 
ignite in air at a temperature of lOOÔ F; 
will not shatter or crumble if subjected 
to the percussion test described in 
aimex 4, below; and will not be 
dissolved or converted into a dispersible 
form in amounts peater than 0.005 
percent by weight if immersed in water 
at 68'? ot placed in air at 86''F for one I 
week. 

b. The material is securely contained in a 
capsule having no ditnension less than 
0.S millimeter or at least one dimension 
peater than 5 millimeters wliich (1) will 
retain its contents if subjected to the 
tests prescribed in annex 4, (2) is 
constructed of materials which do not 
mdt, sublime, or ignite in air at 1475°F, 
and (3) will not be dissolved or 
converted into a dispersible form in 
amounts greater than 0.005 percent by 
weight if immersed for one week in 
water at S&'T or in air at 86''F. 

16. Transport Group means any one of the seven 
groups in which radionudides in normal 
form are dassifled, according to their 
toxidty and their rdative potentid hazard in 
transport (see annex 3). 
a. Any radionuclide not spedflcally listed 

in one of the groups in annex 3 shdl be 
assigned to one of- the groups in 
accordance with the following table: 

i Radioactive Half-Life | 

0 to 1000 
Radionuclide days 

Atomic Number 
1-81 Group III 

Atomic number 
H2 and over Group 1 

1000 days to 
10* years 

Group 11 

Group I 

1 
Over 10" 

Years 

Group III 

Group III 

.Approved: June 14. 19 "3 
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not more lliaii I percent hy weight of 
the total iiraniuin-23S content. 
500 grams uf uranium-233 and 
uranium-23S, provided that the atomic 
ratio of hydrogen to fissile material is 
peater than 5,200. and the content of 
plutonium is not more than I percent 

hy weight of tlie total uraniiiin-Z.̂ ^ uiul 
uranium-2.̂ 5 content. 

Less than 350 grams of fissile material, 
provided that there is not more than 5 grams 
of fissile material in any cubic foot within 
the package. 

Approved: June 14, 1973 
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PART I I 

PACKAGE STANDARDS 

AI.C Appendix 052«» 

A. G E N E R A L 
PACKAGING 

S T A N D A R D S FOR A L L 

1. Packaging shall be of such materials and 
construction that there will be no significant 
chemical, galvanic, or other reaction among 
the packaging components or between the 
packaging components and the package 
contents. 

2. Packaging shall be equipped with a positive 
closure which will prevent inadvertent 
opening. 

3. Lifting devices for packagings. 
a. If there is a system of lifting devices 

which is a structural part of the 
packaging, the system shall be capable 
of supporting three times the wd^t of 
the package without generating stress in 
any material of the packaging in excess 
of its yield strength. 

b. If there is a system of lifting devices 
wliich is a structural part only of the lid, 
the system shall be capable of 
supporting three time the weight of the 
lid and any attachments without 
generating stress in any material of the 
lid in excess of its yield strength. 

c. If there is a structural part of the 
packaging wiiich could be employed to 
Uft the package and which does not 
comply with a., above, the pan shaU be 
securely covered or locked during 
transport in such a manner as to prevent 
its use for that purpose. 

d. Each lifting device which is a structurd 
part of the packaging shall be so 
designed that failure of the device under 
excessive load would not impair the 
containment or shielding properties of 
the packaging. 

4. Tiedown devices for packagings 
a. If there is a system of tiedown devices 

which IS a structural pari of the 
packaging, the system shall be capable 
of withstanding, -without generating 
stress in any materid of the packaging 
in excess of its yield strength the 
following: (I) a static force applied to 
the center of gravity of the package 
having a verticd component of two 
times the weight of the package, (2) a 
horizontal component along the 

Approved: June 14, 1973 

direction in which the vehicle travels of 
10 times the weight of the package, and 
(3) ' a horizontd component in the 
traverse direction of five times the 
weight of the package. 

b. If there is a structural part of the 
packaging which could be employed to 
tie the package down and which does 
not comply with a., above, the part shall 
be securely covered or locked during 
transport in such a manner as to prevent 
iu use for that purpose. 

c. Each tiedown device which is u 
structural part of the packaging shall be 
so designed that failure of the device 
under excessive load would not impair , 
the ability of the packaging to meet T 
other requirements of this section A. 

5. Determination of transport indexes for -
packagings see part IA17. of this appendix. 

B. STRUCTURAL STANDARDS FOR TYPE B 
AND LARGE QUANTITY PACKAGING 

Packaging used to ship a Type B or a large quantity of 
radioactive nuterid, as defined in part 1,A.6 and 18. 
above, shall be designed and constructed in 
compliance with the structural standards of this 
section. Sundards different from those specified m 
this section may be approved by the manager or other 
designated official if the controls proposed to be 
exercised by the shipper are demonstrated to be 
adequate to assure the safety of the shipment. 

1. Load Resistuce. Regarded as a simple beam 
supported at its end dong any major axis, 
packaging shall be capable of withstanding a 
static load, normal to and uniformly 
distributed along its length, equal to 5 limes 
its fully loaded weight, without genciatiiig 
stress in any material of tlie packaging in 
excess of its yield strength. 

2. External Pressure. Packaging '̂ hail he 
adequate to assure that the containment 
vessd will suffer no loss of contents if 
subjected to an external pressure ot Z.*̂  
pounds per square-inch gauge. 

" ' . "1CALITY STANDARDS 
ji-UTC:^!AL PACKAGES 

FOR FISSILE 

.'. package used for the transport of fissile 
materid shall be so designed and consiructea 
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and its contents so limited that it would be 
subcritical if it is assumed that water leaks 
into the conuinment vessel; and 
a. water moderation of the contents 

occurs to the most reactive credible 
extent consistent with the chemicd and 
physical form of its contents: and 

b. the contdnment vessel is fully reflected 
on all sides by water. 

2. A package used for the transport of fissile 
material shall be so designed and constructed 
and its contents so limited that it would be 
subcritical if it is assumed that any contents 
of the package which are liquid during 
normal transport leak out of the 
conuinment vesseL and that the fissile 
materid is then: 
a. in the most reactive credible 

configuration conastent with the 
chemicul and physical form of the 
material. 

b. moderated by water outside of the 
conuinment vessel to the most reactne 
aedibie extent. 

c. fully reflected on dl sides by water. 
3. The manager or other designated officid 

may approve exceptions to the requirements 
of this section where the contdnment vessd 
incorporates specid dedgn features wiiich 
would preclude leakage of lk)uids in spite of 
any single packaging error, and appropriate 
measures are taken before each shipment to 
verify the leak ti^tness of each contdnment 
vessd. 

D. EVALUATION OF A SINGLE PACKAGE 

1. The effect of the transport environment on 
the safety ot any single package of 
radioactive materid shdl be evaluated as 
follows: 
a. The ability of a package to withstand 

conditions likely to occur in normd 
transpiirt shdl be a.̂ sessed by subjecting 
a sample package or scale model by lest 
or other assessment to the normd 
conditions of transport as spedtled in 
E.. below. 

b. The si'tcct on u package ot conditions 
likdy to occur In an accident shall be 
assessed by subjecting a sample package 
or scde model, by test or other 
assessment, to the hypothetical accident 
conditions, as specified in F., below. 

2. Taking into account controls to be exerdsed 
by the shipper, the manager or other 

designated official may permit the shipment 
to be evaluated together with or without the 
transporting vehicle for the purpose of one 
or more tests. 

3. Normal conditions of transport and 
hypotheticd acddent conditions different 
from those spedfied in E. and F., below, 
may be approved by the manager or other 
designated officid if the controls proposed 
to be exercised by the shipper are 
demonstrated to be adequate to assure the 
safety of the shipment. 

STANDARDS FOR NORMAL CONDITIONS 
OF TRANSPORT FOR A SINGLE PACKAGE 

t. A package used for the shipment of fissile 
materid or more than Type A quantity of 
radioactive materid as defined in part I, A.6 
and 18, above, shall be so designed and 
constructed, and its contents so limited that 
under the normd conditions of transport 
specified in annex 1 below: 
a. there will be no release of radioactive 

nuterids from the containment vessel. 
b. the effectiveness of the packaging will 

not be substantially reduced. 
c. there will be no mixture of gases or 

vapors in the package which could, 
throu^ any credible increases of 
pressure or an explosion, significantly 
reduce the effectiveness of the package. 

d. radioactive contamination of the liquid 
or gaseous primary coolant will not 
exceed 10"̂  curies of activity of Group 
I radionuclides per milliliter, 5 x 10"* 
curies of activity of Group II 
radionuclides per ndliliter; 3 x 10^ 
curies of activity of Group III and 
Group IV radionuclides per milliliter. 

e. there will be no loss of coolant or loss 
of operation of any mechanicd cooling 
device. 

2. A package used for the shipment of fissile 
liiateriai shall be designed and constructed, 
and its contents so limited, that under 
normal conditions of transport specified in 
annex I. considered individudly: 
a. the package will be subcriticd. 
b. the geometric form of the package 

contents would not be substantidly 
dtered. 

c. there will be no leakage of water into 
the containment vessal. This 
requirement need not be met if, in the 
evaluation of undamaged packages 

Approved: June 14, 1973 
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under H.l, LI.a., or J.I., below, it has 
been assumed that moderation is 
present to such an extent as to cause 
maximum reactivity consistent with the 
chemical and physicd form of the 
material, 

d. there will be no subsuntid reduction in 
the effectiveness of the packaging, 
including: 
(1) reduction by more than 5 percent 

in the totd effective volume of the 
packaging of which nuclear safety is 
assessed. 

(2) reduction by more than 5 percent 
to the effective spacing on which 
nuclear safety is assessed between 
the center of the contdnment 
vessd and the outer surface of the 
packaging. 

(3) occurrence of any aperture in the 
outer surface of the packaging large 
enough to permit the entry of a 
4^nch cube. 

3. A package used for the shipment of more 
than Type A quantity of radioactive materid 
as defined in part l,\.b. and 18., above, shdl 
be so dedgned and constructed, and iu 
contents so limited, that under the normd 
conditions of transport specified in annex I, 
considered indhndiially, the containment 
vessd would not be vented directly to the 
atmosphere. 

F. STANDARDS FOR HYPOTHETICAL 
ACCIDENT CONDITIONS FOR A SINGLE 
PACKAGE 

1. A package used for the shipment of more 
than Type A quantity of radioactive materid 
(see part 1A6. and 18., above) shall be so 
designed and constructed, and its contents 
so limited, that if subjected to the sequence 
of the hypotheticd accident conditions 
specified in annex 2, it will meet the 
following conditions: 
a. The reduction of shielding would not be 

sufficient to increase the external 
radiation dose rate to more than 1000 
millirems per hour al three feet from 
the external surfacc'of the package, 

h. No radioactive materid would be 
released from the package except for 
gases and contaminated coolant 
containing totd radioactivity exceeding 
neither: 
(1) 0.1 percent of the total 
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radioactivity of the package 
contents; nor 

(2) 0.01 curie of Group 1 radionuclides, 
0.S curie of Group II radionuclides, 
10 cur ies of Group IU 
radionuclides, 10 curies of Group 
IV radionuclides, and 1000 curies 
of inert gases inespective of 
transport group. 

A package need not satisfy the 
requirements of this paragraph if it 
contains only low spedfic activity 
nuterials, as defined in part 1,A.7, 
above, and is transported on a motor 
vehide, railroad car, drcraft. inland 
watercraft, or hold or deck of a seagoing 
vessel assigned for the sole use of the 
shipper. 

2. A package, used for the shipment of fissile 
material shall be so designed and 
constructed, and its contents so limited, that 
if subjected to the sequence of the 
hypotheticd acddent conditions specified in 
annex 2, the package would be subcriticd. 
In determining whether this sUndard is 
satisfied, it shdl be assumed that: 
a. the fissfle materid is in the most 

reactive credible configuration 
oondstent with the damaged condition 
of the package and the chemicd and 
physicd form of the contenu. 

b. water moderation occurs to the most 
reactive credible extent consistent with 
the damaged condition of the package 
and the chemicd and physicd form of 
the contents. 

c. there is reflection by water on ail sides 
and as close as is consistent with the 
damaged condition of the package. 

Q. EVALUATION OF AN ARRAY OF 
PACKAGES OF FISSILE MATERIAL 

1. The effect of the transport environment on 
the nudear criticality safety of an array of 
packages of fissile materid shall be evduated 
by subjecting a sample package or a scde 
model, by test or other assessment, to the 
hypothetical accident conditions specified in 
H., I., or J., below, for the proposed fissile 
class, and by assuming that each package in 
the array is damaged to the same extent as 
the sample package or scale model. In the 
ca.se of a Ficsile Class 111 shipment, the 
manage! w other designated officid may. 
taking into account controls to be exercised 

http://ca.se


AEC Appendix 0529 
Part II 

by tlie shipper, permit the shipment to be 
evaluated- as a whole rather than as 
individual packages, and eitlier with or 
without the transporting vehicle, for the 
purpose of one or more tests. 

2. in determining whether the standards of 
H.2.. 1.1.b., and J.2., below, are satisfied, it 
shall be assumed that: 
a. the fissile material is in the most 

reactive credible configuration 
consistent with the damaged condition 
of the package, the chemical and 
physical form of the contents, and 
controls exercised over the number of 
packages to be transported together. 

b. water moderation occurs to the most 
reactive credible extent consistent with 
the damaged condition of the package 
and the chemical and physical form of 
the contents. 

a SPECIFIC STANDARDS FOR A FISSILE 
CLASS I PACKAGE 

A Ftsdie Class I package shall be so designed and 
constructed and its contenu so limited that: 

1. any number of such undamaged packages 
would be subcriticd in any arrangement, and 
with optimum interspenrsed hydrogenous 
moderation unless there is a greater amount 
of interspersed moderation in the packaging, 
in which case that greater amount may be 
conddered. 

2. two hundred and fifty such packages would 
be subcriticd in any arrangement, if each 
package were subjected to the sequence of 
the hypotheticd accident conditions 
specified in annex 2, with close reflection by 
water on all sides of the array and with 
optimum interspersed moderation unless 
there is a greater amoimt of inteispersed 
moderation in packaging, in which case that 
greater amount may be considered. The 
condition of the package shall be assumed to 
be as described in G.. above. 

I. SPECIFIC STANDARDS FOR A FISSILE 
CLASS II PACKAGE 

I. A Fissile Cbss II package .shall be so 
designed and constructed and its contents so 
limited, and the number of such packages 
which may be transported together so 
limited, that: 

SAFETY STANDARDS FOR THE PACKAGING OF 
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a. five times that number of such 
undamaged packages wodd be 
subcriticd in any arrangement if closely 
reflected by water. 

b. twice that number of such packages 
would be subcritical in any arrangement 
if each package were subjected to the 
sequence of hypothetical accident 
conditions specified in annex 2. with 
close reflection by water on all sides oi 
the array and the optimum interspersed 
hydrogenous moderation, unless there is 
a greater amount of interspersed 
moderation in the packaging in which 
case the greater amount may be 
conddered. The condition of the 
paduge shall be assumed to be as 
described in G., above. 

2. The transport index for each Fissile Class II 
package is cdculated by dividing the number 
SO by the number of such Fissile Class It 
packages which may be transported togethee 
as determined under the limiutions in 1., 
above. The cdculated number shall be 
rounded up to the first decimd place. 

X SPECIFIC STANDARDS FOR A FISSILE 
CLASS III SHIPMENT 

A package for a Fissile Class 111 shipment shdl be so 
designed and constructed and its contents and 
number of packages so limited, that: 

1. the undamaged shipment would be 
subcritical with an identicd shipment in 
conUct with it and with the two shipments 
closely reflected on all sides by water. 

2. the shipment would be subcriticd if each 
package were subjected to the hypotheticd 
accident conditions specified in the sequence 
specified in annex 2. with close reflection by 
water on all sides of the array and with the 
packages in most reactive arrangement and 
with the most reactive degree of interspersed 

° hydrogenous moderation which would be 
credible considering the controls to be 
exerdsed over the shipment. The condition 
of the package shall be assumed to be as 
described in G.. above. Hypotheticd 
accident conditions different from those 
specified in this subparagraph may be 
approved by the manager or other 
designated official if the controls proposed 
to be exercised by the shipper are 
demonstrated to be :tdequate to assure the 
safety of the shipment. 

Approved: June 14, 1973 
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PART III 

QUALITY ASSURANCE PROCEDURES FOR THE FABRICATION, 
ASSEMBLY. AND TESTING OF OFFSITE SHIPPING CONTAINERS 

ESTABLISHMENT AND MAINTENANCE OF 
PROCEDURES 

1. Each Add office shall require its contncton 
to esublisb and maintain a quality assurance 
program tot 
a. assure that the requisite standards of 

qudity are met in the fabrication, 
assembly, and testing of each package. 

b. assure that padcages in use continue to 
meet the requisite sUndards of qudity. 

ELEMENTS OF A QUALITY ASSURANCE 
PROGRAM 

I. The program shaO consist of a formal system 
of procedural and organizational 
arrangement which: 
a. require that spedfic responsibilities be 

assigned to designated units .(induding 
those of the vendor, the fabricator, and 
the contractor) for assuring spedfled 
qudity at all stages of construction. 

b. designate codes, standards, and 
spedfications for materials, equipment, 
methods of fabrication, testing, and 
performance. 

c. provide for qudity control of materials, 
equipment, and services in instances 
where these have not already been 
esublished by existing sundards arid 

spedflcations. 
d. provide, as required by AECM 0504, tor 

d least an aimual audit of the AEC 
contractors' programs to assess their 
effectiveness. 

e. provide that quality assurance records 
are mdnUined in an auditable file 
during the service life of the container. 

r. provide for a method of determining 
that packagings procured for use from 
other sources, including AEC 
contractors and subcontractors or from 
licensees meet the requirements of 
AECM 0529. 

g. esUblish acceptance criteria in terms of 
measurable characteristics and the^ 
effects of appropriate tests prescribed in' 
annexes 1, 2, and 4 and as required in^ 
part I1I,C. 

h. provide for a program of routine 
maintenance inspection and. where 
necessary, retesting to assure that 
reusable contdners continue to meet 
the applicable design sundards. 

i. provide for required training, testing, 
and certification of manufacturing and 
inspection persoimei involved in specid 
processes, such as welding and 
nondestructive examiiution. and for the 
required certification of equipment and 
procedures used in the performance of 
special processes. 

Approved: June 14, 1973 
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PART IV 

OPERATING PROCEDURES 

A. ESTABLISHMENT AND MAINTENANCE OF 
PROCEDURES 

1. The shipper sliall establidt and niaintdn: 
a. operating procedures adequate to assure 

that the determinations and controls 
required by this appendix are 
accomplished. 

b. regular and periodic inspection 
procedures adequate to assure that the 
shipper follows the procedures required 
by a., above. 

B. ASSUMPTIONS AS TO UNKNOWN 
PROPERTIES 

When the isolupic abundance, inas.%. concentration, 
degree of irradiation, degree of moderation, or other 
pertment property of fisdie material in any package is 
not known, the shipper shall packaf̂  the fissile 
material as if the unknown properties have such 
credible vdues as will cause the maximum nudear 
reactivity. 

C. PRELIMINARY DETERMINATIONS 

1. Prior to the first use of any packaging for 
the shipment of more than a Type A 
quantity of radioactive materid or fissile 
materials, such packaging shdl be inspected 
to xvertain that there are no cracks, 
pinholes, uncontrolled voids, or other 
defects which could significantly reduce its 
cITectiveness. 

2. Prior to tlie first u.sc of any packaging for 
the shipment of intwe than a Type A 
quantity of nidii^clivc or fissile inateriuls. 
where the maximum normal operating 
pressure will exceed 5 pounds per 
square-inch ^luge, the containment vessd 
shall be tested to assure that it will not leak 
•il jii internal pressure 50 percent higher 
than the maximum normal operating 
pressure. 

.f. Packaging shall be conspicuously and 
durably marked with its model number. 
Prior to applying the model number, an 
inspet;tion shall be made to detennine that 
the packaging has been fahrirated m 
accordance wi»li the unproved ile îcn. 

D. ROUTINE DETERMINATIONS 

Prior to each use of a package for shipment of 
radioactive or fiinile materid, the shipper shall 
ascertain that the package with its contents satisfies 
ttie applicable requirements of part 11 including 
determinations that: 

1. the packaging has not been significantly 
damaged. 

2. any moderators and nonfissile neutron 
absorbers, if required, are as authorized. 

3. the closure of the package and any seding 
gaskets are present and are free from defects. 

4. any valve through which prinury coolant 
can flow is protected against tampering: 

5. the internal gauge pressure of the pockage 
will not exceetL during the anticipated 
period of transport, the maximum normal 
operating pressure. ~ 

6. contamination of the primary coolant will 
not exceed, during the antidpated period of 
transport, the limits in part II ,E.l .d. 

E. RECORDS 

This shipper shall maintain for a period prescribed in 
appendix 0230, "Records Dispoation,'* a record- of 
each shipment of fissile materid and each shipment 
of amounts of radioactive materid greater than Type 
A quantities as defined in part 1A6. and 18., in 
single packages, showing where applicable: 

1. identification of the packaging by model 
number. 

2. details of any significant defects in the 
packaging, with the means employed :o 
repair Jic defects and prevent their 
recurrence. 

.«. volume jnd idenlillcation of coolant. 
4 type and quantity of material in each 

package, and the total quantity in each 
shipment. 

5. for eacli item of irradiated fissile material: 
a. identification by model number. 
b. irradiation and decay history to the 

extent appropriate to demonstrate that 
Its nuclear and thermd charactenstics 
comply with approved conditions. 

I', iny ahnormni or unusual condition 
relevant 'o radiation safety. 

6. date ol the shipment. 
.̂ tor Fis.silo Class 111, any special controls 

oxerciscd. 
8. name and address of the transferee. 

Approved: June 14, 1973 
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>̂. address lo which ilw shipincni WM made. 
iU. results uf ihe delemiinaitoiis required by C. 

and D., above. 

F. DOCUMENTATION OF TECHNICAL BACKUP 
SUPPORT FOR SPECIFICATION. CERTIFIED, 
AND SPECIAL PERMIT PACKAGINGS 

Packagings lh:il have been certified by ihc AIT as 
meeting DOT rcgulaiKim and packagingx lor which 
spccificatioiM have been piihiisiied by ihc IXJT or a 
special permit has been issued by the OOT may be 
used by any shipper having authority to ship 
radioactive or Hiisile materials. Therefore, it is 
essential that technical information and limits 
pertinent to the construction and use of these 
packagings be available to all potential users. 
Accordingly, steps will be taken to Implement the 
following requirements: 

1. Field office managers shall require 
contractors under their jurisdiction to 
prepare a bound distributable document for 
each new specification, certified, or special 
permit, packaging designed, developed, and 
fabrication by him for offsite shipment of 
fissile and other radioactive materials. Such a 
document shall also be required for existing 
packagings for which the DOT has issued 
special permits except in those instances of 
packagings o( a highly specialized design and 
used solely by the originator. Should these 
specialized packagings be adopted for more 
general utilization, an appropriate technical 
document must then be prepared, it shall be 
the responsibility of the originator or first 

SAFETY STANDARDS FOR THt PACKAGING OF 
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user to prepare the document tor an existing 
packaging if it is to be used by other AEC 
field offices and contractors. Obsolete 
packagings no longer in use and containers 
used for onsite movement of materials are 
not subject to these documentation 
requirements unless they are reactivated, 
altered, or requested for use in offsitc 
shipments. In such instances the party or 
parties requiring, reactivation and/or 
alterations shall prepare ur have prepared 
the appropriate di>cument. 

2. Each document shall provide, as a miniinuni. 
tlie following information: 
a. a complete physical and technical 

description of the package. 
b. a safety analysis report including 

considerations for meeting the 
requirements for packaging and, 
transport safely, nudear criticalitjk 
safety, and radiological safety. Pertinent 
documents in existence as of the date oC 
this revision are acceptable. 

c . design and development information 
including pertinent data, analytical 
methods, and the results of the 
prescribed tests. 

d. tables, graphs, drawings, pictures, and 
technical references as required to give a 
clear treatment of the subject. 

3. Each document shall be prepared and 
submitted to the Technical Information 
Center in accordance with appendix 3201, 
part III.B.2. for reproduction and 
distribution based upon need. 

Approved: June 14,1973 
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ANNEXt 

NORMAL CONDITIONS OF TRANSPORT 

1. Hett-Direct sunlight at an ambient temperature 
of 130° Fin still air. 

2. Cold-An ambient temperature of -40"F in still 
air and siiade. 

3. Premire-Atmospheric pressure of OJ times 
standard atmospheric pressure. 

4. Vibration—Vibration normally incident to 
transport. 

5. Water Spny-A water spray sufficiently heavy to 
keep the entire exposed surface of tlie package 
except the bottom continuously wet dtiring a 
period of .̂ 0 minutes. 

6. Free Drop--Between IK and 2'/i hours after the 
conclusion of the water spray test, a free drop 
through the distance specified below onto a flat 
essentially unyielding horizonul surface, strfldng 
the surface in a position for whidi maximtun 
damage is expected. 

Free Fill Distanea 

Pick«Q» Wight (ooundtl 
Less than 10,000 
10,000 to 20,000 
20.000 to 30,000 
More than 30,000 

Dlrt«m»(f—tt 
4 
3 

^2 
1 

Comer Drop-A free drop onto each comer of 
the package in succession or in the case of a 
cylindrical package, onto each quarter of each 
rim, from a hei^t of 1 foot onto a flat 
essentially unyielding horizontal surface. This 
test applies only to packages which are 
constructed primarily of wood or fiberboard, and 
do not excead 110 pounds gross weight, and to 
all Fissile Clan II packaging. 

8. Peaetntioa—Impact of the hemisplierical end of 
a vertical steel cylinder 1^ inches in diameter and 
wei^iing 13 pounds, dropped from a hei^t of 
40 inches onto the exposed surface of the 
packafB which is expected to be moat vulnerable 
to puncture. 

% • 

i.~ 
9. Comprasrion-For packages not exceeding 

10,000 pounds in wei^t, a compressive load 
equal to estbar S times the weight of the package 
or 2 pounds per square inch multipUed by the 
maximum horizcantal cross sactioa of the 
package, whichever b peater. The load shall be 
applied during a period of 24 hours, uniformly 
against the top a«l bottom of the padcage in the 
poation in which the package would normally be 
transported. 

ANNEX 2 

HYPOTHETICAL ACCIDENT CONDITIONS 

Free Drop-A free drop through a distance of 30 
feet onto a flat essentially unyielding horizontal 
surface, striking the surface in a poeitxni for 
which maximum damage is expected. 

Pnncture-A free drop through a distance of 40 
inciies striking, in a position maximum damage is 
expected, the top end of a vertical cylindrical 
mild steel bar mounted on an essentially 
unyielding horizonul siuface. The bar shall be 6 
indies in diameter, with the top horizontal and 
its edge rounded to a radius of not more than 
one^uarter indi, and of such a length as to cause 
maximum damage to the package, but not less 
than 8 inches long. The long axis of the bar shall 
be perpendicular to the unyielding horizontal 
surface. 

3. Thafiml—Exposure to a thermal test in which 
the heat input to the package is not leu than th;t 
which woidd result from exposure of the whole 
packafi to a radiation environment of 1475"? 

• for 30 minutes with an emissivity coeffident of 
0.9, assuming the surfaces of the package have an 
absorption coefficient of 0.8. The package shall 
not be cooled artifidally until 3 hours after the 
test period unless it can be shown that ihe 
tempexature on the inside of the package has 
begun to fall in less than 3 hours, 

4. VlMtK bnineniOB (fissile material peekagn 
oiily)-Inunenion in water to the e.xtent that all 
portkms of the package to be tested are under at 
least 3 feet of water for a period of not less than 
8 hours. 

Approved: June 14, 1973 
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ANNEX 3 

TRANSPORT GROUPING OF RADIONUCLIDES 

Eltmant' 

Actinium (89) 

Ameridum(95) 

Antimony (51) 

Argon (18) 

Arsenic (33) 

Astatine (85) 
Barium (56) 

BerkeUum(97) 
Beryllium (4) 
Bismuth (83) 

Bromine (35) 
Cadmium (48) 

Calcium (20) 

Californium (98) 

Cart)on (6) 
Cerium (58) 

Cesium (55) 

Chlorine (17) 

Chprmium (24) 
Cobalt (27) 

Approved: June 14, 

RjdJonudidM' 

Ac 227 
Ac 228 
Am 241 
Am 243 
Sbl22 
Sb]24 
Sb 125 
Ar37 
Ar41 
Ar41^ (uncompressed) 
As 73 
As 74 
As 76 
As 77 
At 211 
Bal31 
Bal33 
Bal40 
Bk249 
Be7 
81206 
Bi207 
Bi210 
Bi212 
Br 82 
Cdl09 
C d l l 5 m 
C d l l 5 
Ca45 
Ca47 
Cf249 
Cf250 
Cf252 
C14 
Cel41 
Ce l43 
Cel44 
Cs 131 
Cs l34m 
C$134 
Csl35 
Csl36 
Csl37 
CI 36 • 
CI 38 
Cr5l 
Co 56 
Co 57 
Co 58 m 
Co 58 
Co 60 

1973 

GrouD 

I 
I 
1 
1 

IV 
111 
III 
VI 
II 
V 

IV 
IV 
IV 
IV 
IU 
IV 
II 

III 
I 

rv 
rv 
III 

u 
III 
IV 
IV 
111 
IV 
IV 
IV 

1 
I 
1 

IV 
IV 
IV 
111 
IV 
III 
III 
IV 
IV 
III 
111 
IV 
IV 
III 
IV 
rv 
IV 
HI 

Elarmnt' 

Copper(29) 
Curium (96) 

Dysprosium (66) 

Erbium (68) 

Europium (63) 

Fluorine (9) 
Gadolinium (64) 

GaUium(31) 

Germanium (32) 
Cold (79) 

Hafnium (72) 
Holmium (67) 
Hydrogen (1) 
Indium (49) 

Iodine (53) 

Iridium (77) 

Iron (26) 

Krypton (36) 

R««>ionuclidw' 

Cu64 
Cm 242 
Cm 243 
Cm 244 
Cm 245 
Cm 246 
Dy 154 
Dy 165 
Dy 166 
Erl69 
Erl71 
Eul50 
Eu 152 m 
Eul52 
Eul54 
EulS5 
F18 
Gdl53 
Gdl59 
Ga67 
Ga72 
Ge71 
Aul93 
AuI94 
Au 195 
Au 196 
Au 198 
Au 199 
Hf 181 
Ho 166 
H 3 (see tntium) 
in 11.? m 
In 114 m 
I n l l 5 m 
In l i s 
1 124 
1 125 
1126 
1 129 
1131 
(132 
1133 
1134 
1135 
l r l90 
lr l92 
Ir 194 
Fe55 
Fe59 
Kr 85 m 
Kr 85^ (uncomoressed) 

GrouD 

IV 
I 
I 
1 
1 
1 

111 
IV 
IV 
IV 
IV 
III 
IV 
111 
iiC 

IVt 
IV: 
IV 
IV 
III 
IV 
IV 
ill 
111 
HI 

rv 
[V 
(V 
IV 

rv 

rv 
111 
IV 

rv 
III 
III 
111 
III 
ill 
IV 
III 
IV 
IV 
IV 
ill 
IV 
IV 
IV 
in 
V 
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EltmMtt' 

Uinthanum(57) 
Lead(H2) 

Lutetium(7l) 

Magnesium (12) 
Manganese (25) 

Mercury (80) 

RadienudidM' 

KrHS 
Kr 85' (uncompressed) 
Kr87 
Kr 87' (uncompressed) 
U 1 4 0 
Pb203 
Ph210 
Pb2l2 
Lul72 
Lul77 
Mg2K 
Mn52 
Mn54 
MnS6 
Hg197 m 
Hgl97 
Hg203 

Mixed Fission Products MFP 
Molybdenum (42) 
Neodymtum(60) 

Neptunium (03) 

Nidcel (28) 

Niobium (41) 

Osmium (76) 

Palladium (4(>) 

Phosphorus (IS) 
Platinum (78) 

Plutonium (94) 

Polonium (84) 
Potassium (19) 

Praseodymium (5»)) 

Proniethium(6l) 

Mo 90 
Ndl47 
Ndl49 
N p l U 
Np239 
Ni56 
NI59 
NI63 
Ni65 
Nb93m 
Nb95 
Nb97 
Otl8S 
Os 101 m 
OslOI 
Osl93 
Pd 10.̂  
PdlOO 
P32 
Pt 101 
PtI93 
Pt 193 m 
Pt 107 m . 
Pt 107 
Pu 238(F) 
Pu 239 (F) 
Pu240 
Pu241(F) 
Pu242 
Po2lO 
K42 
K43 
Prl42 
Pr 143 
Pml47 
Pm 149 

Grou£ 

III 
VI 
II 
V 

IV 
IV 
11 
II 

III 
IV 
III 
IV 
IV 
IV 
IV 
IV 
IV 
II 
IV 
IV 
IV 

1 
I 

III 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 

1 
1 
1 
1 
1 
I 

IV 
III 
IV 
IV 
IV 
IV 
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Elamant' 

Protactinium (91) 

Radhim(88) 

Radon(86) 

Rhenium (75) 

Rhodium (45) 

Rubidium (37) 

Ruthenium (44) 

Samarium (62) 

Scandium (21) 

Selenium (34) 
SiUcon(l4) 
SUver(47) 

Sodium (II) 

Strontium (38) 

. J 3 

Sulphur (16) 
Tantalum (73) 
Technetium (43) 

Tellurium (52) 

RadionudidM' 

Pa 230 
Pa 231 
Pa 233 
Ra223 
Ra224 
Ra226 
Ra228 
Rn220 
Rn222 
Re 183 
Re 186 
Re 187 
Re 188 
Re Natural 
Rhl03m 
Rhl05 
Rb86 
Rb87 
Rb Natural 
Ru97 
Rul03 
RulOS 
Rul06 
Sml4S 
Sml47 
Sml51 
Sml53 
Sc46 
Sc47 
Sc48 
Se7S 
Si31 
Agios 
AgllOm 
A g i n 
Na22 
Na24 
SrSSm 

. Sr85 
Sr89 
Sr90 
Sr91 
Sr92 
S3S 
Tal82 
Tc96m 
Tc96 
Tc97m 
Tc97 
Tc99m 
Tc99 
Te 125 m 
Te l27m 
Tel27 

Grouo 

I 
1 

11 
II 
li 
I 
I 

IV 
II 

IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
rv 
IV 
IV 
IV 
III 
III 
Hi 
IV 
IV 
111 
IV 
IV 
IV 
IV 
IV 
III 
IV 
III 
IV 
IV 
IV 
III 
u 

III 
IV 
IV 
III 
IV 
IV 
IV 
IV 
IV 
rv 
rv 
IV 
IV 

•Approved: June 14, 1973 
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Eltnwnt' 

Terbium (65) 
Thallium (81) 

Thorium (90) 

Thulium (69) 

Tin (50) 

Tritium (1) 

Tungsten (74) 

Rmaoou^idnJ 

Tel29m 
Tel29 
Te 131 m 
Tel32 
Tbl60 
T1200 
T1201 
T1202 
T1204 
Th227 
Th228 
Th230 
Th231 
Th232 
Th234 
Th Natural 
Tml68 
Tml70 
Tml7I 
Snl l3 
S n i n 
Snl21 
Snl2S 
H3 
H 3 (as gas, as 
luminous paint 
or absorbed on 
solid material) 

W181 
WI85 
WI87 

GfouD 

III 
IV 
III 
IV 
III 
IV 
IV 
IV 
III 
II 
I 
I 
I 

IU 
u 
ai 
III 
IU 
IV 
IV 
IU 
in 
IV 
IV 

VII 

IV 
IV 
IV 

B Wf^VAv 

Uranium (92) 

Vandium(23) 

Xenon (54) 

Yttertihmi(70) 
Yttrium (39) 

Zinc (30) 

Zirconium (40) 
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Hadionucfidw' Group 

U230 
U2J2 
U 233 (F) 
U234 
LI 235 (P) 
U236 
U238 
U Natural 
U Enridied (F) 
U Depleted 
V48 
V49 
Xel2S 
Xe 131 m 

II 
I 
II 
II 

\.'. 
li 

III 
01 
III 
III 
rv 
HI 
III 
Ul 

Xe 13 I'm (uncompressed) V 
Xel33 
Xe 133'' (uncompressed) 
Xel35 
Xe 135' (uncompressed) 
Ybl75 
Y88 
Y90 
Y91 m 
Y91 
Y92 
Y93 
Zn65 
Zn69 m 
Zn69 
Zr93 
Zr95 
Zr97 

III 
VI 
U 
V 
IV 
Ul 
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INFORMATIgl^ ONLY 
TESTS FOR SPECIAL FORM MATERIAL 

1. Free Drop—A free drop through a distance of 30 
feet onio a flat essentially unyielding horizontal 
surface, striking the surface in such a position as 
to suffer maximum damage. . 

2. Percussion-Impact of the flat circular end of a 
1-inch diameter steel rod weighing 3 pounds, 
dropped through a disunce of 40 inches. The 
>:upsule or material shall be placed on a sheet of 
lead, of hardness number 3.5 to 4.5 on the 
Vickers scale, and not more than ! -inch thick. 

supported by a smooth essentially unyielding 
surface. 

Heating-Heating in air to a temperature of 
1475''F and remaining at that temperature for a 
period of 10 minutes. period of 10 minutes. 

4. Immeision- Immersion for 24 houra in water at 
room temperature. The water shall be at pH 6- pH 
8, with a maximum conductivity of 10 
micromhos per centimeter. 
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