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enental tritium is shipped et lov pressure in & stainiess steel container (LP.!
irrounded by an aluninue vessel and alotex™* (nsulation at least & iv 1 4 +

Fach packapge contains & Large quantit . sater than a Type A quantit £
gsile materisal, &8s delLnd ini ALONM ‘ of T as designed to neet
the regulations £ AECM 6§29 of 6/14/7 nee Appendix | NOo exemptions are aime
< Package Descriptiof
L Packaging
he total welght of the package is (60U pounds maximum The various mpone
l nstitute the package are shown in figures 1 througt and majox ponent ¢
; sulation, secondar ntainer, and pre primar ntainer, are
escrided (in the following paragrapns
™he drum is fabricated from 16 gage carbon steel to the dimensions of 22 .5 in. if
¢
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hree 5/1€
ow the top curl
oth sides with lead tape The holés preve
drum during a fire by venting the gases from the insulation A lo ki
pped forged lugs, installed with a 3/8 (n. high-strength steel boit

. it inside helight Military St

o tandard MS-2768 or equal
it ii{a holes are drilled, approximately 120¢¥ apart, one inch bel
»

the body and are covered on

. A AAS

al 44!

{des closure by securing the cover to the drums

¢ insulation that ¢cradies the secondary

laminated military packing board per Militar

pecification Mil-F-26850-A, axcept paragraph soncerning fungus resistance
when the Celotex® eypplied in minimum thickness f 1-1/2 it {s fabricate

at wit era-kotets 0 ft¢ 1 t thic per gal unthinned hig!
temperature cement the annulas

emented with Cera-kotel to the adjacent rings of Celotex™ to £«
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vartiel ehind the drilled vent holes {n the drum A QiSK 0Of eragteict™™ | L
4 Space!l resctrict the movement )£ the ei0Cax’ within Che 4arum

¢ shelil contained by the i{nsulation 18 a4 tTwo+Dlece
t

vod bottom part) is aluminum alloy, type 2356, which houses the primary tritium
product) container (PC The bottom part of the container is (¢ 16 it inside
epth t 13-1/2 in, 1L The side wall and bottom are nominally 15/64 {n. thick
flange of 16:.1/4 in. OD on the botto he mating
! ge on the top sectior 0! e fla
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gither cover, flat or domed is secured t the bottom part by bolts equally spaced
on & 15:1/2 in. dis bolt circle with & buna N gasket compressed betveen the
flanges. Tvo handles are provided for ease of handling. No credit i{s taken for
tne seal on the shell in the safety analysis and no test of its seal tightness ls
sade. The secondary vessel is & mechanical protection barrier.

The type 304L stainless steel PC, of velded construction, is essentially & closed
cylinder with & 13 {n, ID and 0,078 in. vall thickness, vith radiused top and
bottom edges. Complets closure of the eylinder is sccomplished by wvelding on a
cortainer cover (head top) to vhich the fill tube and primary sesl (vecuum tank
valve) are attached.

The PC is held in position by close fit with the shell and by & lasinated plywood
specer with neoprene pads that {s held batveen the top of the PC and the shell
cover. This method of positioning provides both axial and transverss support and
restricts movement of the PC within the shell during transport.

Filling the PC through the valve i{s accomplished by attaching the supply source to
a continuation of the stainless steel tubing which has & chcnRl 4VCR stainless
steel connection. The overall length of the contalner, including the blind cajonk
cap that covers the cpen end during shipment, is approximately 28-1/4 in.

0. 3 n t

The cperational features 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),
deuteriuw, or helium. The following restrictions apply to the use of this container

Maximum tritium content 75,300 STP cc (193,500 curies)
Radicactive dacay heat 22.4 Beu/nr
Maximum initial loading pressure 23.2 pele (1200 torrs) at 25°¢C

Maximum allowable time for
shipment 12 months after loading

——e
* Cajlon Co. trademark.
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4.0 STRUCTURAL EVALUATION
1.1 Seructurel Desige

The rriocipal structural members of the LP=50 are the stainless steel product
container (PC), the aluminum inner container (shell), the plywood spacer be-
tvean the FC and the shell, the Celotex® insulation, and the carbon steel drum,
The PC has & specially fadbricated stainless steel valve that is used for load~
ing and the shell has & valve used for leak testing. There are two tyvpes of
covers for the shell — flat and hemispherical (domed). There are also matching
snacers to provide a tight fit between the PC and the shell. The shell fits
snugly into the cemented rings of Celotex® insulation, There Lis a clearance of
only 1/8 in. between the Celotex® and the drum. No gasket is used with the lock
ing ring and it is equipped with drop-forged luge and & special bolt to fasten
the cover securely. A drum, made to military specifications (with some
modifications), completes the packaging.

1.5.2 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 ex al T
Maximum Allowable Stress, psi
7T S ¢ Calc/ASME, 3
Shell: side 6200 300 L]
bottom 6200 5520 89
top 9500 5840 61
Bolt 20,000 14,080 72
Flange hud 92300 3450 7
(Gasket
seating)
radial 6200 1010 16
tangential 6200 590 10
Flange hubd 9300 2730 29
(Operating
condiction)
radial $200 801 13
tangential 6200 b 2

Rev L, «=7H



Table 2. Pressure Comparison

(25 peig external pressure)

Maximum Allowable Press., psig
Part Test Cale (1.5.2)
Shell (flat cover) 25 123
Bottom head 28 33
Top head 35 35

Shell (dome cover) 167

25
¢
Flange (flat cover) hub 9%%51 3%*%

(Gaskat seating)

radial 6200 717
tangential 6200 289
1,2 Weights

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

fyglh
Product container

Wooden spacer 9
Secondary container 45
Insulation 104
Druin 72
Tocal 260



ch Pro es o

Information referenced in the American Society of Mechanical Engineers Boiler
and Prensure Vessel Code, section VIII, div 1, 1974 edition are apbreviated

' nhsuz. ’ .n

1.
2.

3

6.

14,
13.

16,

- 7“00; ABH!, p 2‘0. fi'“t. UNF-Z’.S-

¢ (bottom head) = 0.3; ASME, p 25, figure UG=34 (be2),
C (top head) » 0.2; ASME, p 25, figure UG=34 (d).

§ (bottom head) = 18,000 psi; ASME, p 149, min yield for SB=26 SG 70A-T71.
§ (top head) = 20,000 psi ASME, p 149, min vield for 356-T6.

g e 0,50 for elastomers below 75 Shore Durometer; ASME, p ou8, tadble UA-
49.1.

y = 0.0 pei for elastomers below 75 Shore Durometer; ASME, p 238, table
UA“‘9 . l-

kw3 %%;%2 o 1.20; ASME, p 260, figure UA=S1.1,
Te1.84, Use 11.81, ¥ » 10,75, and 2 = 5,55,

£ e 1.0 ASME, p 242, figure UA=51.6 (vhen '1/'0 e 1.0 ané h/ho e 0,164),

, F e 0,909; ASME, p 240, figure UA=31.2 (when 31130 e 1,0 and h/hQ e 0,164),
. Ve 0,55 ASME, p 241, figure UA-31.0 (when gl/go e 1,0 and h:"ho e 0.164).

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

B e 5500 pei; ASME, p 278, UNF 28.3.

Allowable tensile stress for type 6061-T6 aluminum at J00°F « 9500 pei and
at 250°F « 3100 pai; ASME, p 149, table UNF-23.1.

Allovable tensile stress for SB=26 $G-70A(386)=T71 up to 200°F » 6200 pei;
ASME, p 149, table UNPe23.1.

E= 1.0; ASME, p 14, UG=27.
Max allovable bolt stress (S) is 20,000 pei; ASME, p 127, table UCSe23.

srea of L/4 in. is 0.0269; vMechanical Engiveers Handbook, L. 5. larks,
deh Ed, p 862.



l.4.3 Chemical snd Gelvanic Resctions

There is 00 resction between the packsging and contents. However, some tritium
can permeste through the wall of the product container (see chapter 3.0, Con-
taioment). 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 & 15

1 Aluminum - X X X X X X X
2 Brass - X X X

J Buna N X - X

4 Celotex® X - X X X X X
5 Neoprene X - X ¥

6 Nylom X - X X X

7  Paint - X X X

8 Steel (including §8) X X X X X x X - XX X X X X X

9 Viton® X X X -

10 Weldweod glue X X X - X

i Wire seal (lead) X X X X - X

id Wood S B 3 X X -

1) Zinc or cadmium X X X X X -

14 Mercury X -

15 Silver X "

Rev L, 4=78
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1.4,2 Positive Closure

The closure system is nade up of two parts; the package

cannot be opened
inadvertently., The parts of the system are

The shell flange which is secured with bolis (two bolts are also secured
with leaded wire seals), &nd the shell vent valve which is sacured with a
pipple cap and & leaded vire seal

The drum 1id which is fastened to the drum with & bolted locking ring.

™.
e
luge on the locking ring are secured with a lesded wire seal.

1,6.4 Tiecdowvn Levices

Not applicable. Thers is no tiedown device on the drum.

1.5 Stendards for Type B and Large Quantity Packaging

1.5.1 Load Resistance

could support a uniformly distr
five tines its loasdad weight,

p 8 o)

Tests showed that the LP-30 drum
along its major axis equal to

Bags of lead shot wersa stacked uniformly from bottom Lo tOop against one side
an upright empty LP-50 drum., The lid was installed and the drum was
laid over on its side and dreught to rest with

in contact with supporting timbers. No def

carelul.y
h only the rim at each extreme end
ormation or damage resulted.

1 ¢
=

External Pressure of 25 peig

.1 Secondary Containeér

Shell with Flat Cover

o 4 a n b aad - g e
aterial of shell and bdottom head is tvpe Jo6 aluminum alad lowever
mechanical specifications for SB=26-3G

OA=T71 will be used, Al.owabdie
stresses are listed in ASME Code




Reference for equations is ASME Code, section VIII, div 1, page No. as

noted.
P o= 3!7- p 16, UG-28
a Ot

/o \d
¢ o /FF erved (&) p 26, UG=34
where:

L « design length of vessel section, in,
B e factor depending on Do/t and P‘ (dimensionless)

b o 0D of cylindrical shell, in.
P o max allowable working press., pei

t o min required thickness of cylindrical shell oa 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 e design prese., psi

§ = max allowable stress (see 1.3, {tem 1)
¢ Shell

L 28,78 %, 14

e ) es— 1‘91’ T - - 60

Do l“ On‘ ‘

v Bw 7400 (see 1.3, item 1)

P‘ - 357? - l%gg e 123 peig greater than 25 oK
o Bottom Head

P e i%/z. - 323%%9 %?%%% - e 13,1 paig

greater than 25 oK



o Top Head

rod (@ - 2P () o0

greater than 25 oK
(4.2 Secon ntain
Plange and Bolting
s, = "b Gy P 263, UA=49
Ay, o “a,/% p 234, UA=4?
Voooe 120, * A5, p 243, UA=49
No - th p 243, UVA=50
M, * Hb(hb = hg) + By (h, - hc) p 245, UA=SS
where!:
wlz = min required bolt load for gasket seating, 1b
b = effective gasket seating width (0.25 in.)
G = mean dia of gasket conta ce (14.25 1a.)
v = gasket unit seating load (0.0 1b) (see 1.3, item J)
S. = allowable bolt stress at atmospheric temp, psi
Ang s total crecss-sectional at:; of bolts at section of least diameter
requiced for seating, in
W « flange design bolt load, 1b
Ab = cross-sectional area of bolts using root diameter of thread, {n®
Mo = total moment acting upon flange, in.-lb
h = hub length, in.
HD s hydrostatic end force on area inside of flange
 0.785 8%p (B = ID of flange, 13.5 in., and P is 25 psig test
pressure)
ho = radial distance from bolt circle to circle on which HD acts, in.



fference between total hydrosta drostatic

force on ares inside of flange,

nydrostat

distance




Ry ® He Wy o 0.785 Gip - 0.78%5 3% e (0.785 GR-pd)P
W, = Hy(hy = hg) + By (hy - M) :

“ M (0.785) B3P (0.883 « 0.625) + (0.788)(G%=0%)(P)(0.812 - 0.628)

o (0.785)(13.8)3(25)(0.258) + (0.785)(16,25% - 13.5%)(28)(0.187)
« 923 + 76 = 999 in.~lb (operating conditionms)

Gasket seating monent of 1340 in,~1b is larger and governs.

Bolt stress é%ig! « 10,000 ped oK

Flange stresses (flat top):

™
s - —J—— 4 2“‘0, UA051

b g
S * (1,33 ¢t &+ )M,
Ltd

Sy * _:!_% - 28, p 264, UA=S1

p 244, UAeS1

wvhere:

s“ e calculated longitudinal stress in hub, pei

R calculated radial stress in flange, pei

B calculated tangential stress in flange, pei

-
.

hub stress correction factor (a function of g,/g,  and h/ha‘

8, thickness o hub at back of flange, in.
G " thickness of hub at small end, in.
h = hub length, in.

4 i
h, e facter = /B g, iR,

B o 1D of flange, in.

s 1o =

R T P I e R T



l° = total moment acting on flange for gasket seating (or operating
‘”“um) ' in.=1lb

L = factor = 5-373-1 - ﬁl

t = flange thickness, in,
e = factor for integral flanges = !/ho
F e factor for integral flanges (a function of ;1/30 - h/ho)
T = factor that is a function of K (see 1.3, item §)

K e ratio of flange OD to flange 1D (see 1.3, item 6)

o
.

1
factor of integral flanges = % h, ;°2
U e factor that is function of K (see 1.3, item 6)

vV e factor for integral flanges (a function of ;x/;° and h/ho)

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

2 = factor that is function of K (see 1.3, item §)

Flange factors:

t o 4 /8, ~ F 2 e 1.0
h Q.292 0,292
hW/h B e— — e —— w .T s 0.164
’ 's .o 'lS.S(E-aS‘) 1./
4 e 1.0 (see 1.3, item 7)

« = ¥n, . :’ 2 o 0.511 (for F, see 1.3, item 8)

2 o AL8L o 9gy(0.2302 e 2.

(for T, U, & 2, soe 1.3, iten &)

(for V, see 1.3, item 9



- 0.“2 +* 0-0‘0 . 007‘2
- % e 2643 pei less than 1.5 (6200) OK
l L\.l W‘ l. A . p Y o

(see 1.3, item 10)

(133 c e+ . 1(1.33)¢0.8)¢0.811) + 1) 1340
S * -yt A ICILIEERY
e 717 pei less than 6200 oK
b ) . 40.75(1340)
s, o Lr3 - 25, o WHNTE - 588 (D
w 4268 - 3979 = 289 pei 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)

B
P . ee—— Plb
a Ll/t.h

where!
P = max allowable working press., psi
L. = inside radius of hemispherical head, in.

£ e ain required thickness of head, in.

B = calculated compressive stress, psi
Rev L, «~7H
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from Ll/t.h - %f- =« 33, and v

"
AV

B = 550 pei (see 1.3, item 1l)

Since B « 5500 and 1is lese than 9100 (see 1.3, item 12

Allovable external presgure = gl ® e 167 paid
a My /8 .
Since this is greater than the speciflied differential pressure of
29 paid, the hemispherical head can withstand the given test pressure
(25 peid) with no damage.
1.5.2.4 External Pressure Test of the Product Container
k An LP=50 product ntainer (PC) was dimensionally checked (ultrasonica..
onfirm that its wall thickness was within design specifications. Fourteen
! strain gages were cemented to the external surfaces of the PC at points £

suspected strain., The PC was then evacuated to 200 microns absolute pressure
which L8 judged to be the mOst severe cige with respect CLO external pressure.
The PC was then placed inside a vell jar. The bell jar pressure was ralsed
in 5 peig increments unti’ 25 psig external pressure was obtained. Sirain

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




1.6 Normal Conditions Of Transport

1.6.1 Hesat

1.6.1. 1 Summary of Pressures and Temperatures

- See 2.1.1
1.6 1.2 Differential Thermsl Expansion -
Hypothetical accident condition thsts ¢id not cause any damage attributable tc¢
N differential thermal expansion (see 1.7.3.2) - t

ions of normal transport are
much less severe, thus no problems will be encountered durin "normal trar

sctual transport cenditions

gsnort"

1.6.1.2 Stress Calculations

,
Repeated shipments (with attendant thermal ¢vcles) have produced no degrading
effects on the packaging Deformation of the product cuntainer 1s checkeC QUILnNE
unloading operations per Ref. 6.5.1
L.6.1.4 Comparison with Allowable Stresses

Ses table in subsection 1.1.2

his package containg no liquids or other material harmfully affected by an ambient
temperature of -40°F (-40°C) The shell temperature when ambient temperature 1is

100°F (in shade is 121.1°* F (2.35.3 When ambient temperature i{s -40°F
100+ (&0 lower, the shell temperature would be 121 « 150 = <199F The vid

Ak L * \/ -

strength of the aluminum shell would be higher at this temperature than at the

Y igher temperatures of normal conditions Also, the -19°F is within the design
2 range for the gasket materials buna N, and VitonRi 6 the SST PC is unaflected |
v" - v
his temperature range
it
S T .
: tradomark
.
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0.

g ain

It is shown under 2.4.4 that the
container (skell) is 17.5 peia.

maximum internal pressure in the secondary
With 0.5 standard atmospheric pressure on the

outside of the shell, the differential across the wall is

P

12.8

0.5 (14.7)

10.2 peig and the temperature is 180°F,

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

(see 1.3, item 11),

Allowable stress at 180°F is# 6200 psi

Shell stresses: P = 10,2 peig.
This equation is from ASME Code, section VIII div 1, p 14, UG=27, (e), ().
4 P(R + 0.6¢t) PR
Shell: § = Tt or t B | o ]

where:

§ = max allowable stress, psi

P = design pressure, psi

R = inside radius, in.

t = min required .hickness of shell plates, in.

E = joint efficiercy (1.0) (see 1.3, item 14).

. P(R + 0.6 ¢t) 10.2 [6.75 + 0.6(0.234)]
il 8 Bt 70,330
300 psi less than 6200 oK

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

Both heads: & = CP{%)z (see 1.3, item 2)



where!

C = factor depending on the method o. attachment of head, shell
dimene (ons, etc. (dimensionless)

m = the ratio tr/t. (dimensionless)

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

§ =« paximum 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 o @ (@) ~ 0.200.2)(48)" « 5520 pest less then 6200 0K

Top head:

s o @ o 020003 « 5800 pat 1ess than 9500
(see 1.3, item 13) OK

(a) Flange and Bolting Operating Conditions

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

iy = 0.785 B2p p 238
RG - 2bnrGm P p 233
Hy * 0.785 (G2 -« B%)p p 238
Jml - RD - 15 + i? p 236
M, = hyHy - hg Ho + hg Hy 9:235_ [



hydrostatic end force on area inside of flange, 1b

inside dia of flange, in.

design pressure, psi

total joint-contact surface compression load, 1b
effective gasket seating width, in,

dis at location of gesket load reaction, in.
gasket factor (see 1.3, item 3)

diffarence between total hydrostatic end force and the
hydrostatic end force on area inside of flange, 1b

min required bolt load for the operating conditions, 1d

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

e radial distance from belt circle to corresponding forces

Hy,6,T

0.785 B3P = (0.78%)(13.5)%(10.2) = 1460 1b; 1460 x 0,883 =
2 rGaP & (2)(0.28)m(14.25)(0.5)(10.2) = 114 1b
(0.753)(6% - B2)(P) = (0.785)(14.25% = 13.5%)(10.2) =

167 1b; 167 x 0.812 = 136 in.=ld

1460 + 114 + 167 = 1741 1b

1290 + 71 = 136 = 1497 in.=ib



(b) Gasket Seating

These equations are from ASME Code, section VIII, div 1, p 243, UA=4S

and UA-50.

Hu = nbGCy (

A B o

W = 1/2 (A‘ + Ab) S‘

Mo - th

where!:

umz = min required bolt load for gasket seating, 1b

b = effective gasket seating width, in.

G s dia at location of gasket load reactiom, in.

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

Aml = total cross-sectional area of bolts at section of least diaf <
meter under stress, required for the operating conditiomns, ’n*,

wml « min required bolt load for the operating conditions, lb

S = max allowable stress, pei (see 1.], item 13)

min cross~sectional area of bolts, in.

flange design bolt load for gasket seating, lb

total required cross-sectional area ot'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 dolit circle, in.

"b Gy = = (0,25)(14.25)(0.0) = 0.0 less than wm|

-
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Operating condition
“ ™M . (1,0) (1497

S 7 y YRV o 2730 pei 1.5(6200) Ok
il L(“’l)z B (0.742)(0.234)2(13.3) ¢/oV PO 4 e oK
8. & (1,33 t & = 1) Mo (1.33)€0.5)¢0,511) + 31 1497
P Ll B FRD0.0F (5.8
. vV - VW e - -
801 pei less tnan 620( OK
» " a9
§, w wmhe * 7§ o SSpes o - (5,55)(801) =
[ te B F 0.3)e(1l3.3)
4768 « 4446 = 322 pel less than 620X K

Reduction »f the external pressure O 7.4 peia would give a maximum dilferential

pressure a:rose the product container wai. oL 1508 torrs absolute = 380 torve OF
1128 torrs Each product container is annua.ly tested at 4... torrs (B.11.¢2) and

\J:
therefore 1ould not be damaged at a pressure of 112

o

1.6.4 Vibrition

The stainle & steel and aluminum containers were shipped for many vears without
vibration d.mage. The addition of th {nsulation and steel drum provides MOYTE
protection. Therefore, normal vibraticn will not damage the package.

1.6.,5 Water opray

PYR-IRIR.L 17 1 S 15 /

The closed steel drum, with vent holes sesa.ec wild metal tape, i8 ilmpervious C<
Jsater spray ¢id is not significCa. ..y affectied.

5.6 Frea Dr 0

e et e wmrar

Two & ft drop. of the LP=30 packaging were mace. First, the LP-30 was dropped ’
at a 45° angli onto its bottom edge at a point 90° from the plane of the locking

ring lugs at ‘he top of the 1P~50, The seccnd drop was also made at a 45°

angle, but this time the LP=50 was dropped onto the top edge when it wWas in

line with the hottom impact point.

Prior to these drops, the PC was evacuated UG 100 microns After these drops

nd two subsac sent drops from 30 ft, no detectadbie Change in nressure was Irout

Yinimal camage resu.sted e L[iguUTes 7, «v, A0 &4




1.6,7 Corner Drop

Since this package is constructed primarily of metal and not wood

and also because it weighs more than 110 1b, this test is not appl

1.6,8 Penetration

dis rod was dropped ir feet onto the side
es. The nmaximum defle of the drun was 1
otex® insulation.

1.6.9 Compression

An empty drum was

L)

1.7 Hypothetical Accident Ccnditicns

. Free Drop

Three prototype packiages were
The surface was a
slab
nd each

first package
AmMerar was reduced

corner, resulting
rd package was first
corner with the axis
in diameter resu figure <1
re of any of the on or any other

nd the subsequent ac




1.7.3 Thermel

L. 2.5 _!1”' Pressure snd Temperature

Avhient temg 100.4°F (38°C)
At shall to smbient 19.8°F (1L1°'C)

Tenp rise of shell 11A'FP (63°C)

Max product container tesp 242°F (117°C)
Max product container pressure 32 peia at age of 12 months

1.7.3.2 Differantial Thermal Expansion

Tha furnace test, see 2.5.1.1, did oot cause any damage that could be attribured
to differential thermal expansion. The calculated axpansion of the shell is
0.026 {n. in dia and the product container is only 0.018 i{n. in digz,

¢. ®» 13.7x10°%

Al {n./in.°F Marks Handbook, 7th Edition

Cgg = 9.9 x10"% {n./ta0.°F p 6=10

The clearances, the temperature differemtial {nvolved, and the thermal expansic
soafficients of the materials will minimize the effects of thermal expansion.

1.7.3.3 Stress Calculation

Nons.

1

1.7.3.4 Comparison with Allovable Stress

This package has shown by testing that it has withstood any stress developed
during actual tasts of nypothetical accident conditions. 3See 2.35.4, Maxiaum

Iotarnal Pressure, for discussion of intarual prassure and yield streagth.

1.7.4 Water Immarsiou

Not applicable. There (s o fissile material i{n this package.




1.5 8 of Damage

A complete package was dropped on & flat surface and on a piston, then heated in a
furnace, in the manner prescribed by AECM 0529%. Three separate tests were
performed, The appearance of the package at various stages during the first test
{s shown {n figures 8 through 12, during the second test in figures 13 through 16,
and during the third test in figures 19 through 21. The package was not
significantly damaged from the drops in any of the tests. Soma 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 noncombustible
{nsulation 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,
the primary container was pressurized to about 29.4 psia. Following the tests, no
pressure had been lost and there was no apparent damage to the contriner valve.
During the thermal tests, the surface temperature of the aluminum secondary
container was continuously measured. Maximum temperature at various points in the
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 limic,

Prior to the third 30' drop test, the package was subjected to two & 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 changs.

.

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. 1 Reference

1. DPST-79.283, R, G. Derrick zo I. B, New, Strain Cauge Measurements on Typical
Low-Pressure Product Containers, March 5, 1979, (See Appendix A)

Rev. 2, 4/B8
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2.0 THERMAL EVALUATION

a 2.1 Discussion
-t

The signiffcant thermal design of the LP-50 packaging ie the ilosulated shipping
drus or averpack. A sealed product container (PC) Loside o aluminum shell (s

placed in a Calotex® lined carbon steel drum. See 0.2.1 for & complete descrip-
tion and principal dimensions,

The veighted sversge thickness of Celotex® is 3.8 in. This adequately protects
the PC snd shell during normal transport and during hypothetical accident con=

ditions. This peckaging has been in use for over a decade without adverse
effects due to thermal conditioms.

T e naximum decay heat loasd is 22,4 Btu/hr. The minimum heat load is zero when
the PC is empty. Significant results of the thermal analysis of the package
are:

‘ ] -
2.1,1 Normal Transport
b

Drum surface temp sun side Td” 182.9°'F 83.8°C
Drum surface temp shade side \Td') 132.8°7 56°C
Wall temp of shell (T.) 177.2°? 80.7°C
Product container temp T.) 179.9°7 82.1°C
v
Ambient tomp \TaW 130y $4.4°C
Pressure inner vessael P) 29.17 peia, assuming 1 vea:
of radicactive decay
Differential pressure across wall of
JAner vesse. 1.7 pei
Radiocactive heat decay iy

k™ 3!.; h-r

)

a. 1.2 Hvpothetical Accident

Ambiwnt temp 100.4%? 3g*C
Temp At between shell and amblent 18.9°F 10.5°C
Maasured temp rise of shaell during

furnace test Lie'F 63°C

Temp Lt between shell and product lom

MU A VNHGe . - ™A

E N . > “ee 3
cainer °




Temp rise of shell and product
containsr by adiabatic self-heating

Max produzt container temp

Pressure of product container at max temp 32.0 psia

-

2.2 Summary of Thermal Properties of Materilals

celotex® thermal conduct iviey 0.03 density

Cera ForaR thermal conductivity 0.0 uw/hr-dt«(°F/ft), density

cerafeltR thermal density 6

densicy 16

(ask Designers Cuide,

A a ik 1 { k. o -
ALT thermai ¢ ) {

@ 177°F [Marks
Mechanical

Absorptivi

-9

inted surface 0.94 [ORNL-NSIC-68, p

3 Technical Specificatiorws of Components

Celotex® fiberboard made from sugar
Mil F-26862A Shear strengzh 31-.33

7 -

psi, stable to 250°F.

Cera Form® . molded from slurry of alum
by inorganic binders, stabl o 2300°F,

v L eVV

ina-silica refractory

CerafeltR . A loosely spun alumina-silica
"’«“O:""

&

refractory material

Valves

. valves have been C a Fulton ¢ lphon modified
svlp a Hok { and a Hoke 4213x2 y The
ere tested for tritium leakage at 25° and

valvy
-

pressures

)+950 ctorrs The Hoke valves have a pre¢ t £ 300 g and a max oper
teamperature of 600°F, The Fulton Sylphon 150 psig
25°9C, lcakage was well bel x 10°

L109C leakage was still insign when

Lowed under accident conditi (TAEA S
fe Transport of “adtoa':z“e Materia.s

gt
rrent v { Anm Taniiarv
Gwirtentc regul gion «anuarty .

aounc 1N one wWveexk )T daccident

Li present replacement lves are the improv

i rring shown

rey

g shown \ P \ype ...A {odified
expected to 2 fleeing
welded to the valte body oW n Fig /1

cane fibers bonded with organic glue per



2.4 Thermal 7valuation for Normal Conditions of Transport

2.4,1 Thermal Model

The standard packaging descrited in 0.2.1, and shown in detail in the reference
drawings cited in the Contents (§5-2-5731 et seq) serves as a model for the
thermal evaluation,

2.4.,1.1 Thermal Evaluation

The thermal evaluailon 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.

© Assumptions

1) The package is in thermal equilibrium at 1J0°F ambient air temperature
{n sunlight at lacitude 42°N during the summer solstice (144 Btu/hr-
ft2, 24-hour average solar heat rate).

2) Solar heating is applied to the top and one side of the drum over a
projected area equal to disgonal 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 uniform (high con-
ductivity, low heat flux).

6) Heat passage from the sunny 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.

¢ Definitions and Constants

1) Q. @ golar heat input = solar radiation x projected area x
absorptivity factor

Solar radiation = 144 Beu/hr-fe? (1)

Absorptivity faccor = 0,94 (2] for a painted drum

w Aul &



2) Q

3) A

“) A'd

L)L A

Projected area = diagonal height x diameter

v (22.8)% =+ (§§L”2 2 22,8 . .97 a2

144 x 6,97 x 0,94 = 943,46 Btu/hr

0.32 watt/g tritium x 3,413% Btu/watt/hr X 75,300 cc in
50 liters + 23718 cc/g tritium = 22.4 Btu/hr

(vessel @ 1250 torr)

surface area of drum (sun side)

top surface + 1/2 cylindrical surface
12.2 ¢4

surface area of drum (shade side)

1/2 cylindrical surface

9.45 £e?

heat transfer coefficient through insulation (sun side)

% 2 %f%%ﬁ = 0.106 Btu/hr«ft2 (°F)

thermal conductivity of Celotex® in temp range of 85° to 30°C

0.038, cugimacod from room temp comductivity of 0.030
Beu/hr-ftc (°F/ft)

weighted average insulation thickness of 3.8 4n. + 0.5 in.
of Celotex® equivalent of air gap of 0.36 ft

heat transfer coefficzient through imsulation (shade side)

r'_",-i

K' = 0,036 astimated (158°¥/70°C)

L' = 0.36 ft

22222 o 0,10 Btu/hr-ft® (°F)



7) A = mesn heat transfer area (sun side)

®
» mean area of drum top + 1/i mean area of cyl side
o 1,86 fe2 4 6.14 ft2 = 7,98 fi?

8) A" * 1/2 mean heat transfer area (shade side)
e mean area of cyl side = 6,14 ft?

9) T drum surface temperature = sun side, °F

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

11) :, * wall temperature of aluminum vessel, °F

12) T, = amblent temperature = 54°C (130°F)

o Calculations

1) Heat Balances

For determination of temperatures Td’ T'd. and Tc. heat balances are

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

SHADE SIDE SUN SIDE

U

Qi,‘E/

T = 54.4°C
(130°F)




Entire package

Qin = QoutorQ, + Q = Q + Q"

B, ¢ Q 5 ) * Q")

P b ] 1 ]
963,36 + 22.4 = \hc - hr) Ad (rd T.) + (h " + h r)A d

' -
(T d T.)

where:

h = 0,19 (AT)}/?  ORNL-NSIC-68 - p 138

r + 460\4 1 - aeo\
h, ® 0.173 x F_F,

F. = Angle factor = 1.0 direct sunlight

F = Emissivity factor = 0.9

Q in Q cut

Aluminum Q * Q - Q'

o v - & \ L ' - ' \
Container Q: + LoAm(‘d Tc « U i A . LTC T "
Steel drum sun side Q . Oty

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,

-~

Orum = sunny side (Td) s 182.9°F (83.8°QC)

Drum - shaded side (T' e '133.8°F (36'0C)

a4’

Aluminum shell (T) = 177.2°F (80.7°C)



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,
.. Temperature of aluminum shell = 177,2°F (80.7°C)
T. » Temperature of stainless steel PC, *F, to be deternin.d
Aco = Area for heat transfer by conduction
= (Cylindrical surface only (large clearances at top and bottomw of
the PC 22.828 in.) = 6,55 ft?
L = clearance between cylindrical surfaces « 0.17 in, = 0,014 f:
Ar = area for heat transfer by radiation
e entire surface of PC = 8,0 ft?
Heat balance: Qr - hcoAuo(To - Tc)

where!
Qr e radicactive decay heat = 22.4 Btu/hr
K air
hco = heat transfer coefficient by conduction = P
- 2 ° =
K, Q@ 177°F e 0,017%5 Beu/hr f££® [Marks Handbook 7th Edition 4=
s Thermal Conductivity of Alr and
Steam|
Q
X 22.6 9
T - T - — 2 G - ——————— 0 s W 2.,".
) ¢ hco'Aco (1.28) (6.33)
T = Y17:3 w 2i1
8
T. = L179.9°F (82.1°C)
‘ »

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°F (82°C).



b, eratu

The maximum temperatures for normal transport conditions are!

Steel drum 182.9°F 83.8°C
Shell wall 177.2°? 80.7°C
Product container 179.9°F 82.1°C

2,4,3 Miuimum Temperature

This is & dry shipment and contains no liquicds or other material harmfully
affected by a temperature of =40°F (-40°C).

2,4.4 Maximum Internal Pressure

The maximum initial loading pressure i{s 23.2 psia (1200 corrs) at 25°C. The
maximum pressure during normal transport will be at maximum temperature in
the PC (see 2.4.2).

o P .
pC pressure (23.2) ( - §73) « helium buildup at 1 year (3222 )«

29.17 psia

The maximum temperature for the shell is taken to be the average tem=-
persture. The initial shell pressure is 1 atmosphere at 25°C.

7 ¢

o « 17.5 peia

+ T ~1
B Tl L ogate pos e {%1.« +_273

—

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

2,4,5 Maximum Thermal Stresses

The temperature differentiazls throughout the package are relatively small and
will cavse no significant thermal stresses.

2.4,6 FEvaluation

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 l30°F
(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.



The offects of pressure as calculated in sectiom 1.6.3 show that the product
container and shell will withstand normal transport conditiouns.

Vibration and vater spray do not affect the packagiog (see 1.6.4 and 1.6.95).

Pree drope and penetration tests had no significant effect on the package
(see 1.6.7 and 1.6.8).

The package had no deformation after the compression test (see 1.6.9),

2.5 Hypothetical Thermal Accident Evaluatiom

2.5.1 Thermal Modcl

2.5.1.1 Analytical Model

The standard packaging described in 0.2.1 and shown in detail on drawings

§5=2-5733 et. seq. serves as a model for the calculations made to extend

thermal test results to packaging components vhose temperatures were not
directly measured.

the

2.5.1.2 Tast Model

The test model used for both drop and thermal taste is idemti-al to the pack~

aging described in 0.2.1 with three minor exceptions:

a. To eliminate smoldering which developed in the top ring of Celotex®
{nsulation in the vicinity of the drum vent holes during the postfire
cooldown period, the affected insulation was replaced in "he final
design (0,2.1) with a ring of noncombustible Cera Form® (felt) in-
sulation., Subsequent tests on numerous packagings of this generic
design indicated no adverss affect of this substitution on either the
drop or other tast results (none vas expected), and no recurrence of
smoldering. 1Two effects are assumed as possible sources of this im=
provement: (1) replacement of a combustible {nsulation with a non-
combustible type in a zoune vherse postfire smoldering iould occur and
(2) reduction of air permeation into the drum via the vents as a
result of the fine-spun structure of Cera Forw® which is known to ra-
strict air flow at small differential pressures,

Also, in the final design, a disk of Cerafelt® {s specified under the
drum cover on top of the Celotex® Carafelt® (s stable up to 2300°F
and may prevent burning or smoldering of the Celotex® even if the
slosure is breached, assuming no Celotex® {s exposed.

Equally iapor-
rant, *he disk serves as a spacer to enfure that the

insulation is
tightly constrained to avoid breaching the closure., Several L/3 1a.

cknesses may be used Lf required.




¢. Lastly, a coating of Cera-koteR {s applied to the CelotexR, Cera-koteR
stabilizes the irritating dust and larger particles of cane fiber
gradually released from the Celotex® surface. Therefore, Cera-koteR was
specified for the final design. For a full account of the development:
program for this type of package, see reference {n section 2.6,

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

A large annealing furnace was used for thermal tests on full-scale packages Afrter
che furnace was heated to l475°F, the package was inserted for 30 minutes, then
removed for cooling. A thermocouple, inserted through the drum, measured the
temperaturs of the aluminum shell just inside the inaulation.

*"he maximum temperature at various sther points was determined from the condition
of pellats of known melting points,

The package tested contained no radicactive material.

2.5.2 Package Conditions and Envizonment

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 vent
holes, but the present design (shown in figure 1) prevents this by the use of
noncombustible insulation in the vicinity of the three vent holes (these holes are
provided to prevent drum damage by internal gas pressure during a fire). Before
the tests, the primary container was pressurized to about 29.4 psia. Following the
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
temperature reached from the fire was 87°C (189°F), a rise of 63°C. The smoldering
in the insulacion began noticeably showing the temperature decline after about 220
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 appruximation of the time at elavated temperature for tricium
permeation calculations. The temperature rise in the furnace test is low enough
that tritium permeation and leakage ara less than the 1 curie limic

*Changed to DOE 5480.3
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o Tempersture Calculations

The maximus temperature of & losded primary container in a fire is lese
than the sum of the following:

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

2) Measured temperature rise of the aluminum shell during the furnace
test (114°F or 63°C).

3) Calculsted temperature difference between the PC and the aluminum
shell (2.7°F or 1.5°C). (see 2.4.1).

4) Calculated temperature rise of the PC and the shell vessels caused
by adiabatic self-heating whila the 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 hg and

he a8 in 2.4.1 and an effective area of 21.6 fte for dissipatiofi of heat
from the cylindrical surface and one end of the drum, it {8 found that
the outer surface temperature is about 1°C (1.8°F) above ambient, For

a mean heat transfer area of 14.2 £t through the Celotex,® an effective
thickaess of 0.36 ft and a thermal conductivity of 0.030 Beu/(hr)(£t) (°F)
(see 2.4.1), the temperature drop through the Celotex® is -

22.4 Beu/hr x 0.36 ft
14.2 £t x 0,030 Beu/(he) (££) (°F)

18.9°F (10.5°C)

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

100.6 + 1.8 + 18.9 = 121,1°F (49.3%C).

The temperature difference between the two {nner containers is calcu=-
lated in 2.4.1 to de 2.7°F (1.3%°C).

Self-heating following a fire is calculated as follows:
&Sclt-hc&tin; time from figure 18) x (tritium decay heat ra:oﬂ divided

by (mass of primary container specific heat of stainless steel + mass
of aluminum shell x specific heat of aluminum) = temperature rise.

(3 hours) (22.4 Beu/hr)
(30.5 1b steel) 0.1 8eu/(lb) T+ (a7 1o AD 0. 23 Beu/(16)C 5

e« 4,6°F (2.6°C)

r



The sum of the preceding temperatures is the maximum primary container
temperature following a fire; 121.1 + 1140 + 2.7 + 4.6 =
242.4°F (116.7%C).

2.5.4 Maximus Internal Pressure

The initial tritium loading pressure will be 23.2 psia at 25°C which wi

cause yielding of the container at the fire temperature of about 242°F
This was determined as follows:

ot
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As the primary container temperature increases, the internal pressure increases,

but the contaiver vield prassure decreases (yield prassure is dofined as that
which produces a 0.2% permanent strain). For a cylinder, yield pressure is

directly proportional to yield strength (yield strength of type 304L S§ as a
function of temperatute is listed in the ASME Code, section III, 1965 edition

by + a0

table N=&24), Thus:

vhere:

P = vyield pressure, gage

S = vyield strength

/

The vield pressure at 25°C determined experimentally to be

P, i A " »
or P, 26.0 peig or 38,7 psia

An initial loading prassure of 23.2 psia at 25°C will be 32.0 psia ac
117°C at L year of age; therefore, the

container pressure would not
reach the vieiu pressure during the therma. accident,

ol

2.5.5 Maximum Thermal Stresses

The package was taested in such a manner that the initial pressure of the
container was 29.4 psia which is equivalent to a pressure of 32 psia at
There was no pressure loss when tiie PC was opened at the conclusion of

. = 111 4 ~F b - 1 M O \ i~ 1 1 \ s M
6 Evaluacion of Package Hypothetical Thermal Accident

icated in

package eval withstand the accident condicti

a4 mifipramerlu iamage
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during the free drop and puncture tests.

Furnace tests and calculations show the maximum product container temperature
and pressure to be 242°F (117°C) and 32.0 peia. Yield pressare at 117°C 1»
38.7 peia.

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 Cers Form® extended into the Celotex® for l-1/2 inches, the maximum char
depth observed on any test.

2.6 Appendix

2.5,1 References

1. Lewallen, E, E., Drum and Board-Type Insulation Overpacks of Shipping
Packages for Radioactive Materials, July 1972. USAEC Report DP-1292,
E. 1. du Pont de Nemours and Co., SRL, Aiken, S. C. 298Cl.
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1.0 CONTAINMi .

nt t Bo

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 vacuum 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 S5 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 1077 atm cc/s.

3.1.3 Seals and Welds

The cover is attszhed to the PC with an edge weld using a gas tungsten arc weld
(CTAW) and no filler material. The vacuum valve is fillet welded in two passes -
with a 1/16 i{n. dia type 308L SS rod on the first pass and with a 3/32 in. type
308L rod on the second pass (using GTAW) - into the 1/2 in. dia countersunk hole at
the top of the 1/4 in. dia hole through the cover. A 3/16 in. fil).c le, dimension
{s achieved using the procedure in reference 6.5.1,(14].

3.1.4 Closure

In order to verify a seal, the four types of valves in use are tightened (per
procedure reference 6.5.1,(1] to maintain a leak rate of less than 0.1
micron-fe/hr (1 x 10°% acm cc/sec).

3.2 Reguirements for Normal Conditions
of Transport

1.2.1 Release of Radivaccive Material

Gaseous tritium pesrmeates 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 cuncentration allowed for the public. For transportation
in a closed vehicle (the worst case). the maximum allowable release rate per
package would be about 7 x 10°8 aem co/sec of tritium., This value {s derived bv
assuming that air in a closed vehicle is replaced about once a day. that a1 venhicle

1.&" : - ” 3
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sonteins about 300 £e° of air for every package, and that a workman opening and
anloading the vehicle would be exposed to the maximum concentration for no more
than one minute. The maximum concentracion in the vehicle is computed from the
maximum permissible concentration for 168 hour/week exposure set by the ERDAM 0524
1) Concentration Guide by the ratio of exposure time to 168 hours., The actual
exposure would be much lower than the calculated because actual 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 P
11, para 230(a)

-

1.2.2 Pressurization of Containmen

At a release rate of 7 x 108 aem ce

trensportation, the mo!
fraction of hydrogen isotopes in the

ue L

10°8 acm cc/sec x ) days x 24 hr/day x 31600 sec/hr

5200 hamber volume)

® 4.2 x 10°% or 0.048 tritium

The gas ixture is not ignitable because the beta particles present from
decay will catalyze the formation of water from all hydrogen i{sotopes and
the annular space The corresponding pressur Lug.euse would also be
congequently, there

normal transnort.

3. 2.3 Coolant Contamination

No coolant as such .s put into the package However, the

C ul
4
-

am

explanations below describe the permeation phencmena of
shell

r

Librium hydrogen g n cy J04L stainless steel

surface area, and wall thickness, cthe

ermeation

2 2 _1C ( 8040 cm~ { 10°7 atm
1600 sec/? ¢ X 1.98 mm \

-




A very loong :1m“ however,

to reach 7 » 107

Fy Dt 4 oy «14,000/R
= v =+ (3, p 5) end the equation D = 63 * o
e L*
vhere
b . :
P. = perumeation rate at time t oF x I atm ¢ 4 ;
Pe = permestion rate at equilibrium, atm 5
{ . {ffusion rate, cm*/se
I * gas constant, g-~ca./lg~mole b . ¥87
1 « temperature ! - * g e 8 . . -
e thickness of PC, e = 198 ¢n
t o time to reach Pg, sed
‘ 9 . { od / ,
wvhen t atm cc tritivum/ el .
—— . —— ey A ——— e e — - s & .‘ '» .’
| e % x LO*7 atm ¢c tritium/sec
olb SR L
But L = 26" g " i o 6,4 = ]
Q"
A3 o o=l - « 6950 dave
6.4 10"
ause 4 18 reasonablie ¢ expect te T gportat
withit L1 avs tritium ermeat ! ne gnili
it sec Lidit
ther fllustrations of these equations and plots are g
2:6, und
Iritium way be stored in these containers for up ¢ .
ment, but the permeation rate is extremel low undet
conditions at less than 100°F. alculations dicate
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Bufore initial use, each container is leak tested (<7 » 10°% aem cc/eec)
at 1.5 times its BAXLOUD Operating Pressure to show that it complies with
regulstions. Loss through the coutainer valve is also negligible («20~0
atm cc/sec) a8 shown in 3.3.4. Therefors, it is concluded that the LP=50

container does not represent & hazard at the saxinm roreal operating
temperature.

3.3.1 Fission Gas Products

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

3,3;2 & of Co

2! 2‘2'1 'E w!;l
Equilibrium hydrogen permeation through type 304l §8 at 242°F (117°C) is

1,08 « 106 STESEHB 40 760 torrs [4p 6),
(em’) (hr)

Corrected for pressure, surface area, and vall thicknesr, the permeation rate
becomes:

"‘Z"T 3 1.7 % 10°% atm cc/sec
- " 4

A very long tuu‘ however, is required to reach the equilibrium rate. The time
to resch 7 * 10*% atm cc/sec is calculated as shown in 3.2.3.

P
7% 20=%  ata ce critiumjsec
L 04
'"T-‘- ® TV It aem cc tritium/see 0.0
f§ e 0.082 from (3, p §)
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vhere

D = 0.0265 x .-16.000/(1.’07)(390) e 3.8 x10°10
Le0.198 cn

therefore,

(0.082)(0.198)2 .62 4
IR - lliﬂ.%z%l £2 davs
(2.8 x 107V co‘/sec) (3600 sec/hr) (24 hr/day) v

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

tritium vermeation 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 II11A 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 1109C with the results shown in tne
following table:

Ixitiue Leak Rate,® sv» cc/sec
Tempera- Valw
tures in Fulton Modified
Sequence °C  _314A _Fulton  Hoke
28 1.1 1.8 2.3
110 1.1 2.3 1.8
28 3% 1.8 1.4
110 29 1.9 1.9

& Multiply by 10°°

At 259C, leskage from any valve {s vell below the 7 x 10°8 aem cc/sec limit, At
110°C, or 829C, under normal conditions, leakage (s still insignificant especially

when compared to the 1 curie (0.39 cc) losy allowed under accident conditions [2
section I1, para 233(b).)

Rev 2, &/88
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1.6, Referances
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DPSTVD-64-168, E. 1. du Pont de Nemours and Co., SRL, Alken, §C, 29801.
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4. Louthan, M. R, and Dexter, A. H., w.zt;mmmm May
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$. Flint, P. 8., »
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SRL, Alken, SC, 29801, (Secret)
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1t is unnecessary to evaluate shielding for this peckaging since t!

active material (tritium) 4s & beta emitter and gives off no penet
radiations.
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5.0 CRITICALITY EVALUATION
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6.0 CPERATING PROCEDURES
Definition of Terms

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

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

2. A shell which is an aluminus inner container into which a product container is
placed.

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

6.1 Procedure for loading the LP-50 Package

Losding of the LP-50 product containers (PC) is performed per reference 1 or 2.
LP-50 shipping drums are unpacked, inspected, and the LP-30 inside its shell is
stored in a ventilation monitored vault per reference 3. Before opening the shell
14d, the shell is placed in air fiow from a process hood and monitored for tritium
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 val.ve is closed and a special
precedure for further handling (s prepared. If no trictium is detected i(n the shell,
the valve is closed, the aluminum cover and wooden spacer are removed and the PC ls
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 (s 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 (s removed
from the loading station, put in the shell and a CajonR cap with a new gasket is
installed after the £fill valve. The PC serial number is matched with the shell

The PC {s again monitoved for tritium which must be less then 8 x 1073
microcuries/cec. The spacer and cover are installed and the cover of the shell is
bolted (n place, after the rubber O-ring and groove are verified to be in good
condition, Lead senls are installed through two of the bolts, 180° apart. The
shell is decontaminated to less than 50 ¢/m/200 cm* beta/gamma. The shell vent
valve is closed and sealed using a numbered aluminum tag and a lead seal. The oven
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 the
valve used (per reference 9).

The shipping drum {s opened and inspected for moisture, significant defects, or
damage. The sealed PC shell containing the PC {s placed i{n the overpack. The
insulation cover is installed. A thin disk of insularion {s placed on the cover.
The drum lid (s secured with a bolted locking ring and a lead seal per reference @

ro
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The overpack i{s labeled with two ML

{tary shipment labels (Form DD 1387
Kadiosctive ] '

whice 1 labels (Parag. 172.436), one red Flammable Cas label
and one Cargo Alrcraft only label (Parag

8 The label.
ph number is from Hazardous Materials Regulations of
x :

! of the Depai :nent
tation, Bureau of Explosives, Tariff » BOE-6000.F
overpack is decontaminated to less than 1I 10C beta/gamma
dure (reference is completed by ding the dru numbet
and verifying that the shipment
procedures The date is recorded when

pressure at - «0 } vide The cuzxlone

1

effective 4-3-87

75

never D& JUD) e« b C O Pressures oevyor

hipmernt 1 é d to the

procedure, refer

TANR D0LC seal |

{ »

and to insulation a ved he P¢ d shell are remc
propet
lamage

procedu

shell ent valve

ventilated ho¢

6.3 Preparation of Empty LP.50 kaging f

An empty contaminated LP-20 PC and transported
; Loaded PC Resldual tive gas (s alwvays

tainer walls Ar .8 attached %o

Preparation
‘alve oper - ¢ six hours while
room temperature, and evacuating tc :
rocedure, reference | Installat new

v damaged Cajon connect(
2

Removing the valve and

jone with procedur referenc




£.5 Appendix

6.5.1 References

"

o 2o

4

P

a

13.
14,
18,

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

DPSOL 232-H-2050A or 2050B, Rev. 2, Load/Unlead Product Containers at CR
Hood .tation A or B.

DPSOL 232-M-208, Rev. 9, Receiving LP-12 and LP-50 Product Containers

DPSOL 232-M-821, Rev. 3, Product Contalner Stations Fittings and Valves.
DPSOL 232+H-813, Rev. 17, Unloading Product Container LP-50 on the TS Flange
DPSOL 232-H-806, Rev. 4, Unloading Product Container LP.50 on the PL Flange
DPSOL 232-H-114, Rev. 9, LP-50 Loading/Shipping Verification

DPSOL 232-H-812, Rev. ), Shipping Product Containers - Identification of
Valves

DPSOL 232.H-814, Rev. 9, Preparing and Shipping Product Container LP-50
DPSOL 232-H-1414, Rev. 10, Pressure and Leak Testing Product Containers
LP-12 and LP-50

DPSOL 232-H-113, Rev. 8, Certification of Pressure Test - Product Containers
DPSOL 232-H-1540, Rev. 6, Preparing Product Containers for Repair

OPSOL T-901004, Rev. O, Welding Cajon Fitting on Product Container Valve
DPSOL T-901045, Rev. 0O, Replacing Product Container Valve

DPSOL T-901046, Rev. O, LP-50 Product Container Valve Removel

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

6.5, b
Numoer used
per container
Form DD 1387 Military Shipment Label P
DCE Form AD6O Courier Receipt 1
Radicactive White I :
Red Flammable Cas, diamond 1
Cargo Aircrafc Only l
Rev, 2. 4/88
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7.0 ACCEPTANCE TESTS AND MAINTENANCE PROCRAM
1.1 Acceptance Tests
; AP v in

Product containers of the design shown in this SARP were last fabricated in 1968
and at that time the PC was inspected fov bulges, dents, mars, or other obvious
phyotitl defects on receipt at the plant. The inside was flushed with FreonRlTF or
FreonRiPCA 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 {s dimensionally checked by fitting it in a shell.

7 n

The maximum normal operating pressure (from 2.4.4) is 29.17 pela - 14.7 =« 14 47
peig. Each PC {s 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,

2.1.3 Leek Testing

Each PC is leak tested at 1.5 times MNOP with hellum. Leak ioottn. is performed
per procedure, reference 6.5.1,110]. A lesk rate of 7 x 10°" atm cc/sec or less is
azceptable.

7., L & V!LV.!

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

7.1.5 Test for Shielding Integrity
Not applicable, No penetrating radiatior (s present,.
- ] 3 A

The maximum temperature of the product containers is estimaced at L77°F when in
equilibrium with the shipping drum during the most severe environmental conditions
(L30°F and full sunlight). This i{s considerably below the threshold temperature of
2859F, above which significant breakdown of Celotex® insulation occurs. Therefore,
no further thermal touixn; is necessary.

Samples of the Celotex™ i(nsulation of the existing shipping drum overpacks indicate
that the material {s acceptable.

~ Ju Pont trademark.
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1.2 Maintenance Frogras

The PC is struct ally tested at 12-month intervals or before every fourth usage,
whichever ocours first, by & repeat of pressure test specified in 7.1.2.

7.2.2 Leak Tests

The PC (s 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°8 ata cc/sec heliun with & test sensitivity
better than 1 x 09 atm ¢¢/sec helium,

7.2.3 Valve Replo-ement

T™he closure valv for ti. PC Ls replaced when it no longer provides an effective
seal or is stuck Befor uaintenance work, & PC {s evacuated to the low micron
range and heat ¢ -ontami tad for 6 hours at 125°C sccording to prosedure,
reference 6.5.1, 2], T  defective valve is removed per procedure, reference
6.5.1,[15) and a “ev val is installed per procedurs, reference 6.5 .1, [14)
(Appendix B). T « PC L{s en retested per procedure, referente 6.5.1,(10].

The original LP  was fooricated with a Fulton Syiphon 1.314 packless reedle
valve with faci :y for Leak testing the bellows, figure 7A. A simplier design of
Fulton Sylphon <A packiess reedle valve vas used later, figure 7B. Both valves
needed frequent ap.acement due to seat leakage. The Fulton Sylphon valves wvere
replaced with an {mproved valve with lower leakage rate 1.e., the Hoke TY 445
Model #4 Filgure 7C (valve Type 11IA). Oporceing experience and ilmproved valve
design technology resulted in the latest Hoke 4211X2 packless valve which Ls the
present day repiacement valve Flgure 7C (valve Type I1IA Modifled). 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 use the Hoke 4213x2 valve with a directly welded Cajon 4VCR fitting as shown in
Figure 7D (Type [11B)

Containers with “he original Fulton Sylphon valves or containers with newer valves
that 40 not mee the leak test specification have valves rep.aced according o
procedures {.e Aef. 6 .5.1,(15] for valve removal and Ruf. 6.5.1.(14]) for valve
installatien. A copy of the valve installation procedure is included in Appendix
B. As operatin: experience is gained, procedures are reviewed periodically and
revised and mav iffer from the copy in this SARP.). The valve installation
maintenance pro -cure is used to restore the container to original equipment
quality and inc.udes the following safety aspects: use of an improved reliabilicy
Hoke valve, & welding procodure written to ASME Section IX requirements and a
wvelder 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, (1l4] and the
socket depth must be not less than 5/32". Weld inspection must be done by a
velding inspector certified to inspect and dye penetrant test each weld pass. The
welding inspector must read and underszand the applicable procedures before
starting the job and will observe the ob to ensure procedures are followed The
fillet weld must be dye penecrant tested by a certifiec welding inspector,) and -
verified to hav» a 3/16 inch leg using the criteria in DuPont SW6OW for class 11l
velds. All do- ments, and certifications are placed in zhe QA file under each
LP-%50 containe: serial number.

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

Rev. 2. 4/88



1.2.4 Miscellanecus

The PC shell and ahipping drum are visually inspected prior to each use for
obvious physical demage. The insulation {s inspected for excessive moisture
before the PC {s inrtalled in its shell.

The gasket in the FC Cajon‘ ficting 1s replaced after each loading.
The O-ring for the shell i{s inspected prior to each use and replaced as necessary

At the present time, all velves with compression fittings (Figure 7C, valve Type
111A) are refurbished to remove the compression fitting and replace with a
stainless steel CajonR 4VCR fitting (Figure 7C, type INIA Modified). The Cajon
fitring 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 fltting replacement maintenance procedure are: wuse 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 Soclety for
Non-Destructive Testing (ASNT) certified R. T. Level III inspector using the
eriteria in DuPont SW6OW for Class 111 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,

Rev, 2, 4/88
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8.0 QUALTTY ASSURANCE REQUIREMENTS

§.) Orpenization

-

ritium production sansgeaent i responsible for quality sssurance of the shipsg
packaging Quality sssurance in the Atomic Energy Divieion of the Petrochemicals
Departmant of E. 1. du Pont de Nemours and Co. 18 an integrai part of the
operation T™his provides & systen of checks &t all organizational levels that
ensures the work produced by any group is serutinized by other Eroups

'er wvhi

the producing group has no control
§.2 Quality Assurance Progras

£ 2.1 Precscdures
written Quality Assuranc 0A) procedures for the design and fabrication of the
LP-50 packaging are not avallable, as this packaging was constructed over twe
scades ago (€ nd 0.4 Suality Assurancs Ls incorporated in the operating é
ralntenance procedures (chapters 6 and 7) and on the design Cravings Fig !
St s APRIOVAL
The operating and maintenant procedures are revieved and approved by Production

s

vorks Engineering, Techo!cal, and Quality supervision through the Flant

44 :‘ff I‘\'ﬂ
Department Superintendents

e 2 Safery Related it

L1

Primary safety related i{tems are the product container, the PC Hoke packless va.ve
the overpack insulation, and the 10 gage shipping arum The aluninum shel.

Hoke toggle valve, and Ca'on®™ fitting are secondary salety Ltems

a5

e

..

srsonnel are trained bv Production supervision using approved operating
edures An Operator Training Status book (s maintalned for eact erator
e unit he aining status is continually updatsd § procedure revis .
§ and . ‘ with the perator the status Dook § dated ana ACiale
]
L
y
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8.8 ldent ation and Control of Materials, K

Part and Components

bt

Procurement of the LP-50 packaging was completed over two decades ago
Verification of material used (n the LP-50 packaging is listed in se
Past packaging purchases vere made per Du Pont Specificati
8 19
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»ed
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Vhen returned from & customer, the PC is physically inspected for damage and
pertinent physical dimensions. The valve is verified to be the proper type for
shipment and correctly installed. Before every fourth use or annually. the PC is
preunatically pressurized to 8 psig with helium gas. The PC valve is closed and
the container placed in & vacuus chamber without & cap on the Cajon“avcn L1
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 & 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 psd
differential (1.5 times maximun normal operating pressure). The vacuum chamber
pressure and leak test {s repeated with a cap on the Cajon36VCl §§ fitting and the
valve opea. This tests the valve bellows and secondary CAJOﬂl seal to the same
leak tl;l specification. The leak test is acceptable i{f the detectable helius (s
7 % 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 i{s inspected for obvious physical damage, the serial number
of the primary and secondary containers are verified to be in agreement, and the
valve is determined to be in working order. The PC is vacuum tested for leakage of
1 micron or less in 10 minutes at 250 microns or less per (6.5.1,(1]).

8.12 Control of Measuring and Test Equipment
§.12.1 Calibration

A Heise pressure gage or Precise/Sensotec transducer will be zeroed prior to
loading when the system pressure i{s in the low micron pressuie 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
the detector is used.

8 12 2 Primary Standards

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

The standard helium leak {s calibrated versus a known leak. The known leak (s

calibrated by PVT determinations with a certified leak supplied by Sandia
Laboratory (Sanuis Laboratory supplies certified leaks for DOE.)

Rev v “/88



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 {n shells are stored inside plant buildings in
regulated areas or in locked vaults, which have ventilation systems monitored for
tritius beta radioactiviry

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

contract air carrier, or by common carrier for commercial shipments

8.14 Inspection, Test, and Operating Status

The PC is pneumacically tested at 1.5 times maximum normal
accordance with 8.11.2 The two leak tests 1. valve seat and
with secondary seat is acceptable only Lif detectable helium ia
or less for each This work is done per procedure (6.5 .1,(10]
procedure (6.5.1,(11 {s completed and kept on file as long as
A58

The PC. the shell, and the 1lid are engraved vwith the date of the
leak test and the model numder which is the drawing number per procedure
6.5.1,(10]) step C-9

™

'he operating status of a PC and shell is recorded on & tag attached to the handle
of the shell as noted in the operating and teating DPSOLs

8.15 Nonconforuing Material Parts or Cowponents

15.1 Disposition

Damaged or nonconforming containers are tagged as per procedure € 9
attached to the shell handle and a supervisor notified The PC

0 a4 segregated storage area

and

The supervisor (maintenance coordinator {ssues a non conformance revort f¢
nonconforming contaliner The coordinator is responsible for

the repair and
iisposal of nonconforming containers

8.40 COrrective ACtion

Jperating personnel report the damage or nonconformance of a
supervision, Operating supervision notifies the maintenance

the specific action to be taken 4) repair, or b) ensure
before disposal by burial. 1f a product container leaks
fitting damage, repair i{s made by replacement of the componen

is referred to the maintenance coordinator for specifi

¢ action




.17 Quality Assursnce Records

Records are kept in the Plant Records Division (FRD) Quality Assurance File Number
LP-5C 30000 459 in 703-A E16-B Central File.

.18 Avéics

The Rav Materials and Tritiua Qual!ty Department conducts independent surveillances
of Tritiusm Department operations. The surveillance progran meets the criteris
sutlined {n NQA-1. Annually, & surveillance i{s conducted on the LP-50 loading and
uynloading operations.

§.15 Refarence

§.19.1 Specification

1. Du Pont Specification No. 3300, "Vacuum Tank and Shipping Contaliner. ®
(Appendix C)
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DPST-78+285
+3e
Strain gages were attached at various locations on each type of con-
tairer testcd as {ndicated in Figure I and Tabls I1., The gages were

biaxial ¥uges (CE -09-125UT-120)° installed to measure strain in the
longitudinal and circumfervntial directicns at each location on the

_containers.
The containers were then tested using the following procedure:

1, Container was jnstalled in the bell jar in Building 216-H, evacu-
ated, leak checked, and back-filled with one atmosphere helium.

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

3, Strain gages were palanced 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 evacusted and
b) Pressure in the bell jar was increased to 25 psia.
When steps 4a and 4b were completed, the net differential pressure

hetween the outside and inside of the PC was approximately 40 psia.

Test Results

Only one location, on the 50 liter shipping container, showed any

significant amount of strain at 40 pria. Maximum strain for that

condition wos 0.008 in./in. at the curved surface where the bottonm
and side walls of the container meet (usually called the knucklz).
Results of thuse tests are summarized in Tables 111, tv, anc V for
ehe L, 12, and 50 1iter containers, respectively.

RGD:ce
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* Table I. Summary of Ultrasonic wall Thickness Measurements on Product
Containers Prior to Pressure Testing

1 Liter Container 12 Liter Container §0 Liter Containur
§/N SRP-0676-01-T1 S/N 82 S/N 858
(inch) (inch) (inch)
Tep 1 115 .105 .085
2 3115 105 085
3 118 108 088
Middle 1 110 070 080
2 110 075 .080
3 (110 .080 . 080
rattom 1 265 1158 083
2 . 265 118 0ES
| 265 115 .085

Canter 265 315 085



Tahle %I. Strain Gege Locations on the 1, 12, an

Containers (sece Figure 2)

Gupe Location

L

o w WO B t ™ 2

Gage
No.

- ————

1 and 2
3 and 4
1§ and 16
17 and 18
5 and 6
7 and 8
9 and 10
11 and 12
15 and 14

d 80 Liter Product

Locaticon on
Circunference
(degrees)

00
180°

900 next to -

0¥ on weld
90°
270°

i 80° on weld
0



fable fI1. Results of Strain Gage Measurements on 1 Liter Product Container S/N SRP-0676-04-T1

caee” Gage Gage” ™ Strain Gage Measurcments

jocation 1 Pirection 1R S
i 1 I 0 +50 +44 +41 +41 +42 +42 +42 +40
1 2 i 0 -13 -22 -26 -38 -50 -58 -71 -82
. 3 ! 0 +12 +14 +i4 +19 +18 +20 +20 +£20
x 1 T 0 - 8 -16 -20 -28 -36 -44 -52 -62
1 7 L 0 +10 #1535 +13 + 6 -20 -42 -57 -38
4 8 1 0 + 5 +12 +13 +15 +15 +13 +14 +13
5 11 L 0 +100 +113 +121 +134 +142 +145 +153 +160 .
5 §2 T 0 +93 +99 +101 +106 +106 +104 +105 +104
Pxternal 0 s 9.9 14.7 19.7 24.7 29.7 34.7 39.7

Pressure (psit)

* Gage Location: See Table (I and Figure 2.
2% Gage Divection: L is longitudinal direction
T is circumferential direction.

%% Ope pe wmit = 1 X 10'6 inch/inch.

L+16dQ

£ge-6



iable ¥V, Results of Serain Gage Measurements on 12 Liter Product Container S/N 82

ree® Gage Gage** Strain Gage Measurements

Locasion . Pirection z T e W S e P R
1 1 L a9 -31 -55 -74 -121 -140 -176 -198 -437
i 2 T 0 -5 - & -14 - 20 - 27 - 29 ~ 29 - 35
2 > 13 0 -39 -77 -98 -138 86 -238 -272 -316
2 4 T L] - 7 -1 -16 - 24 - 28 - 38 - 45 - 53
4 7 i 0 + 5 -18 -31 - 56 - 47 - 50 - 44 - 52
4 B T 0 -15 -32 -44 - 62 - 78 - 160 -120 -142 i
5 it i 0 - 7 + 2 $ 3 + 10 + 26 + 34 + 49 + 81 g
5 32 T 0 +40 +3% +1@2 +i45 +187 +222 +258 +283
7 15 L 0 -68 -127 -173 -249 -317 -385% -457 . -533
7 16 1 0 -5 ~ % - 57 - 85 -105 -138 -162 -189
External 0 5 9.9 14.7 19.7 24.7 29.7 34.7 39.7
pPressure (pst) .
* Gage Location: See Table 11 and Figure 2.

&z Gage Bircction: L 1s tongitudinal direction
T is circua¥zroatial direction.

. 4 L
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taba

*
Lree

fncation

i
i

LA

wvoo\n

~ & &

i

e &

Fxternal
Pressure (pst)

Y.

Resuits of Strain Gage Measuremcls

tage

v

-

v,

Gage**

PDir=ction

S . I ol R

-

e e Tl B

-

CG:@Q‘

-
S

30 — T — T — T - T - J — -

Strain Cage Measurements

. 50 Liter Product Container S/N 858

(u()ttt
-16 -37 -29 -36 ‘—44 -60 -74 -88
-16 -17 ~25 ~33 -42 -57 -T2 -88
-19 -23 -38 -53 -67 -86 -10S -125
-16 -17 -25 -33 -34 -60 - 72 - 87
+ 4 % 7 +19 +24 +25 *25 + 22 + 24
-15 ~37 -20 -36 -51 -70 - 92 -110
+ 8 =9 +12 0 +18 +40 + 41 + 4%
-5 - 3 0 0 G o A S SR R
-11 -10 -40 -44 -18 -S8 - 68 - 75
-22 -25 -42 -58 -74 -93  -116 -135
+155 +222 +345 +514 +688 +1003 +1978 +5300
+32 +49 +70 +97 +130 +141 +168 +1o08
13 +25 +33 +16 +58 +371 +77 +714
+11 +20 +25 +38 +48 +58 +59 +82
-41 ~-S2 -87 -128 -164 -201 -242 -278 -
-27 -32 -53 -79 -102 -124 -152 ~-172
! | =il -3 - 3 - 5 - 8B -35 -20
-18 -19 -31 -38 -46 -52 -63 -70
5 7.9 -14.7 19.7 24.7 29.7 534.7 39.7

* Gage Locaiion: See Table [l and Figure 2.

% Gape Drrection:

i

Jae~ 1

e i t

X

. is lonzitudinal direction

15

in

O

toctumlierential direction.

1t

3

4
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DO NOT REMOVE from SRP DPSOL. T-901004

without Approvel Revision O
TRITIUM DEPARTMENT - TWE Approval Date: 2/28/88
oPSOP Ref 2971 Category 3
TRITIUM FACILITIES Page 1 of 7

...............................................................................

edenotes revisions to this DPSOL

As requestec

Procedure Qualification Record 2-7 -T2 (Attachment 1)

Du Pont Engineering Standarc, SweOW (weld Integrity - Metallic Piping
Systems)

OPSOL T-90100eA (Summary Sheet for OPSOL T-901004)

DPSOL 232-M-1540 (Preparing Product Contalners For Repairs)

DPSOL 232-H=-821 (Product Contalner stations - Fittings and Valves)
OPSOL 232-M-B12 (Shipping PC's - ldentificatlon of valves & Contalners)
DPSOL 232-M=1414 (Pressure and Leak Testing Product Containers)
Drawing $5-2~10158 or $5-2-187 (LP-50 Product Coniainer)

Drawing $4-2-633 (Product Contalner valve Type 111-8)

Drawing $4-2-659 (LP-50 PC Valve Sub~-assemoly)

Drawing $5-2-2168 (Product Contalner valves Type 111 AMB Modified and
Copper Heat Sink)

AT $

1) This DPSOL is for information and reference only. OPSOL T-901004A
serves to document completlion and approval of Jjob.

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 certifled under welding Procedure
specification 2-T, which applies to stainless steel GTAW welding, as
well as 2-0T, which was developed specifically for this procedure.

4) The welaing inspector must read and understand this procedure, as well
as welding Procedurs Specification 2-0T, pefore beginning work,

) 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,

i $
The purpose of this OPSOL is to provide a procedure for welding a CAJON
fitting onto a Hoke valve, 1f the valve is already welded to a oroduct
container, a plastic suit is requirea and the Joo will be performea 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.
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Male and female CAJON 4 VCR fittings, with gasket

Hoke Valve (Type TYaad, 4213x2, or 4213Q6Y)

Hacksaw

Tungsien Inert Gas welding machine with foot pedal control
0.045" diameter ER-308L stainless steel filler rod (with identifying labal)
stainless steel wire brush

welding shield and gloves

COmplotolz outfitted plastic suits (where required)

Freon T

De-burring device

Flat file

Custom-made alignment clamp

OC Ammeter

Right -engle Borescope

Foam wad (ear plug)

Copper heat sink assembly (see $5-2-2168)

1/8" argon purge tube

wood screw

Engraver

Q-Tips

Temperature pencil (175-225°F) (optional)

Argon cylinder, stores or construction supply (sampling roquired, see
Procedure)

T $
1) Obtain an authorized work Request Card
7)) Obtaln a work Clearance Permit

SAFETY:

A

1) Comply with Plant General Safety Rules and OPSOP 326 (E & 1 Safety
Procedures).

2) Observe safe welding practices, incluaing eye and nand protection,

1) The stainless steel contaifier (without the shell, etc.) weighs 32 lbs.
and may be Lifted by one person.

a) A complete plastic suit is required for the welder and tnhe we lding
assistant when working on a contaminated LP-50.

5) Comply with requirements of DPSOL 200-FH-2 and DPSOP 40-1.

PROCEDURE :
NOTE: Certain steps in this procedure must be verifled in OPSOL ~-90L004A Dy

L)

2)

{nitialing and dating. These steps are indicatedg ty a '+' at the
peginning.

+JAssemnle a complete CAJUN VCR fitting (with male and female nuts and
gasket). Prepare the mnale CAJON fitting by flling away the countersink
with & flat file. Remove (D and 00 burrs. Clean away metal filings with
Freon TF.

sRecord argon purity on Summary sheet before beginning welding. 1f using
hottled argon, the purity should be oosted on the cylinder. 1f using
argon from Construyction's lank, results from a sampie taken after ine .ast
refiliing should be kept in the Maintenance Shop. 1f results are not
posted, request Operations Sypervisor to sample. Argon purity, when

rounded to one decimal place, must De 99,9% or greater.
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3)

a)

%)

6)

7)

8)

9)

10)
1)

12)

13)
14)

15)

sVerify that welding machine and torch are set-up within limits described
{n welding Procedure Specification 2-07, which is attached. It will be
necessary tu adjust the welding machine with a UC ammeter each day that PC
welding is performed. In additlion, {f the welding current must be
geviated from the set value, this value and the reset normal value must be
measured. (The weliding current for each PC is recorded on DPSOL
T-901004A. )

Operations will supply either a PC with a good Hoke valve, or a new Hoke
valve. Operations will also supply & unique {dentification number for the

valve (PCVB#E).
Engrave number on back of Hoke valve.

verify that valve is closed. 1f valve is on container, lay container on
{ts side. 1f valve is separate, clamp horizontally in vise.

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

Using a hacksaw, cut off compression fitting on valve. Locate cut Just
below diameter increase, approximately 13/32" from valve body. (Figure 1)
1f necessary, file a flat at cut location to aid in starting the cut.
Take care to keep cut perpendicular to axis of tube. 17 cutting a CAJON
ritting that was already welded near this location, cut Just below center
of weld and file away excess weld cap to regain proper wail thickness
(meximum 00: 0.386").

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

De-burr both 1D and 00 of cut surface.
Remove foam wad from valve tube Dy twisting wood screw into it and pulling.

Clean with Freon/TF-wetted Q-Tips. IF valve is separate frcm container,
blow air through other end. It is extremely important that no fllings
remain in valve or tube. This could damage the valve seat and cause a
product leek.

Install copper heat sink block on valve with mounting screws.

1f valve is separate, clamp assembly in vise vertically. Otherwise, set
PC container in uprignht position.

Using alignment clamp, position complete CAJON fitting assemoly on vaive.
Fitting with male nut is butted to valve. (See Figure 1) Check that tubes
are butted together and that alignment {s good. 10 misalignment will be
verified by radiography to be less than 0.02" (per SweOw), (Note: Use of
alignment clamp may not be possible with certain valves previously
equipped with CAJON fittings.)

(NOTE: welding Procedure Specification 20T applies to Steos 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
~ecessary adjustments. (1f off-center, file off tack and go back to Step
15.)

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

20) +After weld cools, examine 10 of weld with 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.
1f flaws are found, rework.

22) Replace argon purge and weld cover pass intermittently with filler metal.
1f 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) +weld inspector inspect cover pass by using dye penetrant test, If flaws
are found, rework.

24) sHave weld radiographed on 3 views (120° apart) by PTL radlographer.
Radiograpnh to conform to section V, Article 2 of the ASME Code. Use a Low
voltage X-ray source, using the LT hole on a #5 ASME pentrameter to
indicate sensitivity.

2%) Forward the original copy of this procedure to the Procedure Coordinator
for file.

NOTE: The radiograph films, welo Radiographic Inspection Report, and Data
sheet #1 for the repair made are to be sent to EED, RT Level 111 to be
read. Me will certify the weld to de according to SwéOw Class III, or
will indicate deviations. The film and reports item 24 are returned to
232-H, Room 117 and placed in the @A file for the LP-50 contalners,
which is arranged by container number.
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SUMMARY SHEET FOR DPSOL T-901004
WELDING CAJON FITTING ON PRODUCT CONTAINER

.................................................................................

This DPSOL is a summary and data sheet for Category 3 OPSOL T7-901004, Rev. O,
All necessary instructions and references are found in that document.
work Request Number . Date work Performed e
LP«50 Number PC valve Number ey
Check one:
-~ New CAJON VCR fitting replacing contaminated compression tube PO
- New CAJON YCR fitting replacing damaged or existing CAJON fitting _ ___
- New CAJON VCR fitting replacing compression tube on new Hoke valve _____
Initial/Date
1) Argon purity % (99.9% purity required).
(Mechanic)
2) CAJON 4 VCR fitting filed and cleaned. ol
(Mechanic)
3) valve tube cut, filed, and cleaned.
(Mechanic)
4) Weld conforms to PQR No. 2-T=-T2
( ) Yes ( ) with Exceptions
welding current: __ __ _Amps.
Exceptions: J
(weld Insp.)
5) Borescope shows full penetration on root pass. !
(weld Insp.

6) Root pass passed dye penetrant test.

‘Weld Tnsp.)

7) Final weld acceptable by dye penetrant test

(weld Insp.)

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

Certified welder/Date Certified welding Insp./Date
~eld radiographed L00% per Sectlion of
ASME code. (3 views at 120°) PTL Radiographer/Date

Radiograph Inspection passed
Yes NoO (Check ) RT Level 11I, EED/Date

Attach weld Inspection Report and radiograph film to this sheet and forward to
the Product Container Quality Assurance file, 232-H, Room 117

(SR
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*denotes revisions to this OPSOL

FREQUENCY
As Requested

REFERENCES
welding Procedure Specification 2-1
Procedure Qualification Record 2-T-Tl (page 1 attached)
Du Pont Engineering Standard, Swélw (weld Integrity - Metallic Piping
Systems)
OPSOL T-901045%A, (Summary Sheet for Repiacing Product Contalner valve)
OPSOL T-901004 and T-901004A (wWelding CAJON Fitting on Product Container)
OPSOL 232-H-1540 (Preparing Product Contalners For Repair)
DPSOL 232-H-821 (Product Container Stations - Fittings and valves)
DPSOL 232-M-812 (Shipping PC's - Identification of valves & Containers)
DPSOL 232-H-l4l4 (Pressure and Leak Testing Product Containers)
Drawing $5-2-10158 cr $5-2-187 (1F-50 Product Container)
Orawing S4-2-633 (Product Container valve Type 111-8)
Drawing S4-2-659 (.P-50 PC valve Sub-assembly)
Orawing $5-2-2168 (Product Container valves Type 111-A and 111-8 Mcd.)

GENERAL LIMITATIONS:
1) This DPSOL is for information and reference only. DPSOL T-901045A
serves tu document completion and approval of job.
y Certified welding inspector must observe job and dye check both weld
passas before completion of job.
The welder must be currently certified under welding Procedure
specification 2-T, which applies to stainless steel GTAW welding.
) The welding inspector must read and understand this procecure, as weli.
as Procedure Qualification 2-T-Tl, before dDeginning work,
0PSOL T-90104%A must e forwarded to the Quality Assurance file in the
Tritium Technology office, 232<H, room L17.
INFORMAT TON:
The purpose of this OPSOL is to prouvide 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 deptnh
of 5/32" and a maximum depth of L/4", is required on the PC before
beginning this procedure. This job requires a plastic sull and aii. Q€
performed in the 232-H regulated shop.
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T00LS AND EQUIPMENT:
Hoke valve (type TY4dS, 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 Ammeter
Foam wad (ear plug)
Temperature pencis (175 - 225°F) (optional)
Argon cyliner, stores or construction supply (sampling required, see
Procedure)
Copper heat sink (l/4" x 2" x 6" bevelled plate with matching hoies and
set screws)
Two (2) 1/64" thick shim
vise grip pliers for 1/2" tube
Fillet weld gage (supplied by welding inspector)

Obtain an'authorlzed 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.

%) 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 's+' at the beginning.

1) +Verify that argon cylinder to be used has been analyzed. (Analysis from
lab should be posted on cylinder.) If not, request operations supervisor
to samole. Minimum purity is 99.9% (as rounded to 3 significant digits).
Record argon concentration on DPSOL T-901043A.

2) Verify that the PC was back-filled with argon. Container should be taped
closed unless valve removal took place immediately vefore this job.
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3) sVerify that welding machine and torch are set-up within limits described
in weloing Procedure Specification 2-1T, which is attached. It will be
necessary to adjust welding machine with a OC ammeter each day that PC
welding is performed. The maximum current dellvered with the foot pedal
completely depressed should be between 70 and 85 Amps DC. Record the set
value on DPSOL T-901045A,

+Verify that new valve to be installed has a PCV numr .o marked on it.
Record on DPSOL T-901045A. 1f no number is found, obtain number from
operations supervisor and engrave on valve back.

verify that flow arrow on valve points toward CAJON fitting. 1f no
notify Operations Supervisor.

Attach copper heat sink assembly to valve and tighten screws.

Open new valve slightly to prevent container from building pressure during
welding.

Remove tape from socket Lf present. Check socket for burrs or defests
that would prevent insertion of 1/2" valve tube. 1f filing or de-burring
is requirsd, insert foam ear plug into 1/4" orifice to keep metal shavings
from entering PC. Leave the cord connected to the plug ard on outside of
container to remove plug.

Clean tape adhesive and metal filings away with Freon -wetted Q-tips, then
remove foam plug if used in preceding step.

JMeasure socket depth with depth gage (thousandths of inch). Inform
Operations Supervisor if less than 0.156" (5/32"). Record value on
OPSOL. T-901045A.

Place new valve into socket on Product Container. Make sure that tuve is
inserted completely to bottom of socket. Clamp vise grip pliers on 1/27
tube with pliers against top of container.

Insert 1/64"™ shim between pliers and top of container to raise tube 1ff of
the socket bottom,

verify that torch argon flow is 20 SCFH,

Tack weld tube to container top between plier Jaws. Remove pliers and
shim.

weld first pass for both fusion of joint and fillet accumulation. Use
L/16™ ER-308L filler rod with 70-85 amps Neld specifications are gi
in PQR 2-T-T1 (Attacnment 1).

Keep argon purge on weld during initial cool-down. Clcse valve. wire
brush clean. Freon -wetted rags may be used Lo 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. 1f any cracks or defects are found (SWeOW Class 111), rework weld
area and re-check.

18) verify that torch argon flow is 20 SCFH.

19) weld final pass to complete fillet accumulation of 3/16" on horizontal and
vertical leg. Use 3/32" ER-308L filler rod with 70-85 amps. Additional

Eﬂ"" are allowed Lf necessary to schieve 3/16" leg dimension. Use 1/16"
-308-L for additional passes. weld specifications are given in PQR

2-T=T1 (Attachment 1).
20) Keep argon purge on weld during {nitial cool-down., Wire brush clean.
21) Place f4 CAJON gasket and blind cap on valve top.

22) +Have welding inspector visually inspect weld for defects and to verify
that a 3/16" fillet leg has been achieved. The fillet weld gage should be
used to verify welc size.

23) +Have welding inspector perform dye penetrant test on filllet weld.

24, 1f Jefects are found or additional fillet thickness is Tequired, perform
the following steps:

A) verify argon purge.

B) Rework fillet weld. Follow PQR 2-T-Tl,

C) Keep argon purge on weld during initial cool=down.

D) wire brush clean finished weld.

E) Have welding inspector perform dye penetrant test. Repeat if 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-5C containers, which is arranged by
container number.
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SUMMARY SHEET FOR DPSOL T-901045
REPLACING PRODUCT CONTAINER VALVE

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

work Request Number Date work performed.

LP«50 Number: PC vValve number: PCV

Initial/Date
Argon purity (from mass spec. analysis): _ % (99.9% required)

(Mechani

Socket depth: _ (thousandths of inch)
Depth MUST be deeper than 0.156 or /32 inch. 1f not
deeper, notify supervisor.

(Mechanic)

weld conforms to PQR 2-T-Tl Specifications ( ) Yes ( ) with xcept ions
welding current: ___ AMpS .
Exceptions:

(Wweld Insp.)

First pass acceptable by visual and dye Denetrant test. (SweOw 111

b

(weld

Final pass acceptable by visual and dye penetrant test. (SweOwIll

Fillet leg dimension is

OPSOL T-901045 completed with any excuptlong
this form.

Certified welder/Date Certified welding Inpsector/Date

Farward to the Product Container Quality Assurance file, 232-H Room 117.

-~ LJ74 La
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Le-=80 Containers 806 to
SPRCIFICATION 1300, SUPFLEMENT 20, 2

SPRCITICATION POR VACUUM TAFK AND 24IPPING CONTAINERS

1

vacuum Tank and Shipping Comtaliare

A.

:anui_tor Febrica ., w "ork

These fabrication specifications spply &8 ind' wted to the following Urevings:

85.2.187, Transfer Container Cetalls
§5.2.186, Transfer Container Assembly and Detalls
§5.2.1652, Vacuun Tank Velve

1o sdditior, drmwing 83ec+126 Lllustrates two compression fittings vhich are
recommpded for sither blanking the stainless steel tubes of the valves or
conpecting them %0 & vaduum systam fOr leak check And svacustiom purposes.
One of esch type of fitting will bte furnished the vendor for his shop use.
They are recoumended for use in leak tasting only.

Part oumbers given in Section I of this Specification for Vecuus Tanks ande.
an re reler v Beae A4 Bheael00 UDLeSS OLLETVieC
catad.

.'n.r

Material

Alumisus parts shall be east frow alusisum alloy #356.
ALl slusinus csstings shall be smooth and free of visible alr boles.

Prrt 85.24137A sball be fabricated from stainlyse steel type J0ML. Farts
§%52.1568 and 8%2+187C shall be fabricated of tress, ASTM 3.16, ./2 hard
or equal. Speeification (C-Be6lln, composition B is equal. Hardoees range
of the bress parts shall be between Rockvell B.50 and TO. Par. 8521870
ghall be oeoprens, vith Durometer (Shore) hardness in the Taoge 15«50,

v

Assently

i

The finish of the Laside of ™arts §5.2+1078 and 85.2-187F shall te a8 cast
vith core flsah removed by grinding. Mschioed surface finish shall Y o8
{ndicated oo tae druvings. The ineide diameter of part 855-2.1878 stall
scrept antry of part 85.2.187A vithout sny binding or forcing. If necessary,

the inside oast rurfrse of part 85.2.107F may e machined to indiceted
diametar and tolerance.

Parts 55-2+1878 and 35«2+157F shall be lupregnated vitd Nogul Cast Seal Type

A or Type D sccording to specificstion ANI«36 to lasure freedom from leaxs

{0 the casting. lopregnatiion shall be dane aftar castings are Bac Lined .

The “arts are to be testad by submersion Lo vater with 20 pakg iaeide the
comtainer. No visible air bubhles are permitted. The test 18 %0 De performed
vith parts 55.2.1878 and 8521878 sssenbled vith the "0 ring ss indicated
on dreving $5.2.186. The assenbled ¢ mtainar may be pressurited for tnis

tast vis tte Hoks vAlYS. AJtAr the ccntasher jasses this test, wne Joxe

10C




feeuun Tank asd S:ipping ‘emtainers (Comt'd) 'y

D.

valve 18 10 te closed vith the comtainer ioternally pressuriied st 20 jpaig.
and the Hoke sesat 18 0 be tastad by sulmersion in veter. o visible aur
Subbles Are permitted. The Hoke valve aball be installied on part 855.2.187%
vith the vecuus side of the valve, defined as the side under the sest,
closiet %0 part 55.2.157E.

talding

L.

3.

b,

Items 1, 2, 1, and ¢ of part 55.2.187A are 0 e joined by beliare valds
10 the folloving sequence!

s 3 and & by sn outeide sdge weld.
b. 2 apd 3 by an outaide butt weld,
¢. 1 and 2 by sa outaide Wutt weld.

ALl thess wvelds vill be made using 1/16" disseter type ER.3081 stalnless
steel rod vitd the exceptiom of the edge weld vhiech vill be made using oo
filler metal.

Set xmzumuzuuumommmunxm~ i the
soall to conform %0 dreving of part 85.2.18TA. Aftar blanketing
velding amv s vith helium, make an edge veld betvesn Items 3 and b, bresking
the welding are on the body of Item - reather thap on the dead weld. Then
set ltem 2 in place under Item I, establish & beliun blanket around the
inoer and outer surfaces, and make the butt veld. Set Item 1 in place \-Jv
Item 2, establish belium blanket arcound the inper and outar surfaces and
make the butt weld.

The belium plumbing supplying the belium ges for this velding shall e
wmmncmummuﬂlmuctuﬂﬂ. The g sbell
e filtered through & 29 microm cume filter, or equal, to remove particulais
pattar, Poreign mattar must not becoms deposited L3 the VeCUum tank sasen®. ¢
&8 & Teeult of these oparstions.

Vhen Joining the valve sssembly %o $5.2.18TA, Item 4, treat the weld
sbovs. Filler rod shall be used for this veld., ZRlanket the veld inside
and outsids with helium duwring the velding operstion and maintalr tie
selium blankst until the wld has cooled %0 room tampersture.

T™is veld may be blanketed vith helium by: &) flushing the vessel through
the port in part 552.187A, Ites &, cs in De2 snd 3 above; b) sttashing

s haliue sosiree to the pressure side of the valve sssembly and purging air
from the valve assembly; ¢) blanketing the open end of the port i» part
852.187A, Item b, vith another belium source; d) removing the flusbing
tube from the port Lo part S52.18TA, Item b, sod ioserting the valve tube;
¢) continuing the helium flov on the jwessre side of the valve sscembly
for 3 fev somsnts; ) dlaconzecting tbe helium sourcs from 3 valve
assesbly; g) continuing the extarnal blasketing of the juncuicm of the
valve assembly &nd part S5-2¢187A, Item b, during welding and after veldizg
wtil the veld besd has cooled, Perform sebec togutber; followed by
dedeleg in ordar.

Before, during and aftar velding, do not permit eny foreign matter o enter
parts 8%.2.187A, Items 1, 2, 1, end 4, or the valve assembly. Sandle
sarefully W0 precluds :omtaminaticn Uy 913, gTease, WU, fagermpraty,
ste. The teil of the arrov vhich is stamped on the valve soall de closest
to part §5.2.187A, Item &4, vhen the velve 18 attached %0 part §%5.2.87A,

L



‘souum Tonk and Shipping Contaimers (Caut'd) “le

Q.

Ttes 4. The arrow stall point evey from O5.2.18TA, Ites b, Ia this ortan.
tation the vecuum side of e valve, vbi.  is dafined a8 Delng under e
sest, 18 located closest 10 part 55.2.187A, Item b,

ek Testing

1, The inleakage of the assembled vecuus tank at 1 microm intsrnal pressure
shall sot ezceed 0.1 mieres su.ft./hr, The fioal leak small include, i»
sdditicn to tue walls of the vessel, test of all welds including s\l valve
sesuably velds and the main needle valve seat, The valve seat also shall
e tested Ladividually for seat leakage. The tast sbhall be made in & suite.
chble helium sood using & mase spectrometer leak detactor and an appropriate
standard leak in the helius hood. The valwve shall be seated hand tight
vithout excestive foree vhich would damage the sest. Valve seat leakage,
a8 such, shall not exceed .05 microm ou.ft./br. Mals velve seat leakage
shall be tested a8 40 II. D, I, b, vhen the valve is assembled om the tank.

Jamber ng

1. The sssembled vecuun tank and suipping contalners ahall be oumbered viih
serial pumbers as designated on the purchase order. The sssembly serial
sumber sball be stamped, 1/8" charsctars, on the assenbly components in b
places: o) top of part 85.2.187F, perpendicular to the hand.a; b) edge o‘
flange of part 5%5.2.187%, «¢) edge of flange of part 8521078 (the locee
tion Ls the seris) oumber b snd ¢ above shall Yo adiscent 10 one snotber
vhen rru 8521078 and 55-2-10TF are assenbled); 4) top of part 85241574
Tter 4 (the sssembly of task snd shipping container iball be mads vith
sarial pusber 8, b, ¢, 4, sbove all oriented in spproximately te sam
sector of the cylindrical tank).

Shipping

1. The tanks shall be shipped in an evecusted condition &t an intarnal preasurse
Bot t0 exceed 10 microms. After the tanks pass final Lospection, the valve
18 %0 be closed vith & tag affized indicating the pressure vithin the tank
vhen the velve wvas last closed.

2. The sssembled tank and shipping comtainer shall be peackaged alaquataly for
protection during chipmeot. CSealed corrugated cartcas are considered ada.
quate. ALl muts, bolte, serevs shall be spuggod up et final sssembly.

3 The Boke velve, sball be safety vired closed prior 0 shipment end the
opes end of the valwe sball b capped as indicated oo 952136,

ST 11

Veouus Task Valve « Part No, 8

A

The vecuus tank valve vill be & Pulton-Syipbon-parkives-velve-$iibet or equal
68 speeified by the rnm.r. A 12,
R s Hoki TYHYE f"oﬁ*ruﬂww\.‘lﬁtwum
Sravings
1. Assembly of tne subing mipples (parts 2 4 _) %0 the vecuum tank muve .3
sccomplished by reference to these spevifications and the folloving arsving.

ESePrtto% Jacuum Tank Valve
F§5-2-2/6%



wuuz Tank Valve

2., The fioal diswnsion (*2d %0 eud) of e 7alvys =ust xactly =ated e
dimsnsions a8 specified for the couplete 2asesbly sbowa on Prist Sdedvaerd

25-0-2/6F

Matarial

e i e -

1. The vendor sball procure bar stock or tubing, Tvee IOAL or [T fer the
tavricatica r? 2 2 08 ) T BRe@ell!

2. The parts shall bw cleaned prior o sssenvly sccording W O
Items 2 and 3 shall be vapor phase Cagrecsed coly.

veldling

1. ALl filler welding sball be vits 1/16" diuserar type ER<IOSL bare stainless
steel rod wing beliwmre,

2. Welding shall e by heliare. A continmuous flov of helium through the
pody is required during wvelding and until the veld heead has cooled W0
tamperature .,

Assenbly and Leak Testing

1. Pabricate Items 2 and % of 85.2.169% oy drilling bar stock or tubing.
phas degrease after fabriccetion. After degreasing Lendle W preclude
taminstion vith oil, dirt, foreign mtarial, flogerprints, e%e., Iten
shall be ground %o & 32 fialsh on “he outer cylisdrical surface.

The vapor passe Zegresse of the valve siall be conducted in & vertical
position vith bellows up. The degreesisng vessel sball e shieldsd %0 pre.
clude entry iutc the valve of any naterial other than the vapors of tie
degreasing sgent.

After clesning of the valve, items 2 ood I of S5.2.1657 shall be wvelded

by beliare to the valve, The leineh long 0,500 diametar tube shall be
sttached to the volve at the port closest 10 the tall of the arrov vhiceh

18 stamped on the hase of part 10. The 1.5/8" 0.500 dismetar tube shall o
sttached at the port clossst t0 e point of the arrow. 1o this orientation,

whe shortar tubs s located op the vecuum side of the valve vhich i» definec
af the sids undar the seat.

Bvery precaution must be taken to precluds entry of aay forvige matarial
into the walve; closuwre of the needle agalnst particulsats matter could
destroy e seas.

Valded Joints of the valve sssenbly are t© be tested fOr leaks on & mase
spectrometer leak detsctar. The valve total inleakage for valve seat
Leakage shall 2ot sxceed (0% mierom cu.ft./Ar. The valwve sball e sented
hand tight vithout excessive foree vhich would damsge the seat.

s, Total Inlesakage Test: Cover the vecuum side inlet with a compression
blank, cttach che other inlet to & leak detector and remove the Dounet.
Lok test the valve st 1.0 microm (otarual pressure vhile it (s iD &

nelium hood and deterwine the leak Mte by using b Appropriste sice
standard leas also (o the hood.




v %enk Velve Cav'd) «5e

5. m% Teat: Jitbout woe hocd, end vith the valve closed, mke & lews
TRSt SCrOSS ‘he 0ect vilh & vacuum &' ‘e exposed to helium gas st one
stonepbere precsure and the pressure side of “he "aive st 1.0 mieren
internal pressurt.

¢. Reverse Seat Test: Vithout the 20od, and vith the valve closed, ke
& 1685 LAt Scroes the sast vith the yressure side sxposed %o heliwm
58 AT oze atmosphers pressure and the Taouum side of the valve st
1 mieron lnternal pressure.

b, An engrsved or stazped arrov vill be required on the botton of the valve
vody t0 indicate the dlrectiom cf flov. This arrov vill point from the
vacuus side of tie velve tovards the pressure side. The vacuum side of ioe
valve (s dafined es *he oide undsr “2e seat. The directiom of the arrov
is Lodiceted an dreving 3%5.2-159%

5, Items 2 and ! shall be protected agalnst damege during shijment or stormge.
Lach stainless steel tudbe, Items 2 and !, shall be adegquataly capped aftar
final leak check to precluds entry of any foreign matter during shipment

or storage.

B Shippisg

1. If shipment of ladividual valves t0 & separate plast for fimal vacuum tank I
fabricstion 18 required, sach valve shall be packaged in an individual card.
board carton %o prevent abrasive damege. Several valves, individually
packed, mey bDe coutained (o & larger sbhipping carton.

oaULIQN (U]l « & AN SPEULFLLALLWYG

1.0 SCOPE « (Por Part Yos. Ref. 0 §5.2.186 and 35.2.187)

1.1 The ineide surface of the contaioer, part 55.2.187A, Items 1, 2, ? snd . zust
be free of greese, oxide, dirt, and all other foreign mattar,

1.2 Part 552.187A, Items 1, 2, 7, and b shall be fired in crecked satural gas nt
1500 %o 2100°P prior to pickling and welding.

1.3 Part $5.2.187A, Items 1, 2, 3, and & shall be pickled after cracked natural gos
firing end before velding &e follows: Izmerse parts io & bath of 10«15 nitric
aciC and 129 Rydrofiloric seid, by volume, for 10«15 zinutes at & tamperature
of 120 w 1M0PP, Thoroughly rinse parts in filtered vater and air dry. A soft
veter cootaining Dot more than five parts per milliom of total solids (dissolved
or suspended) shall be used as & floal rinse. Parts must be free of crevese
prior o pickling. If necessary, degrease (veapor phase) prior to piskling.

L.b Papt 35.2.137A, Items 1, 2, !, and 4 muist be free of gresse, cxide, dirt or
sther foreign metter before, during and after velding sssembly. To mainstaln
the fioal required cleanliness, store part S5-2.187TA, Items 1, 2. I, and © in
closed and/or sealed plastic bags until resdy for velding, snd aftar welding
wntil resdy for final assembly. The welding and assembly operetiocns shall be
parformed in a relatively clean ares.

P
n

Vepor degressing - conebalogensted solvests - 2.P. methol aleodol (preferred).
Senzone (nitration grede) - zay be used vhere oalogensted solvent degreasing
equipment i not available, Safety precautions governing the use of flammab e
toxie solvents zus* be observed.



:.eaning Specifications (Cont d) ol

1.6 laspection and Test « As s criteris of clesnliness vith mMmepect 1o grease,
oil and organiec centamination, *he following test must e mede on tie wWital
surrace exposed to process of esch plece aftar degressizg.

Meosure & quastity of carbon tetrschloride of A.C.5. Reagent Jrade, spectroe
scopically pure in the test range, 1o the ssount of 55 cubie centimeters jer
square foot to the surfsce %0 be tested. Apply this quantity by rocking,
sbaking or rolling 0 that the surface (s completely wetted for & ninimua
pericd of three aioutes, Draln the cardae tetrschloride and analyse & sample
of it 4B & spectrophotometer Letveen the vave length of 2.0 and 4.0 microns.
If the soalysis iodicates organic mmtter (o excess of 22 milligrens per 1000
square e (20.5 mg per sq. 7t.), the plece sball be reclesnsd until wais limit
18 DOt exceedsd.

The spectrophotometer shall have & sensitivity of 0.0l milligrams grease jay
subic centimeter of carbon tatrschloride determined by calibratios.

If it 19 desired tO use & large quantity of carbam tetrschloride, such tiat
the dilution of the sample could cause an unmlisble analysis by the speciu
photometer an aliquot portion may be comcentroted for the spectropiotoustar
teet,

Por & discussicm of the physiclogical properties and toxicity of carboa ety
chloride, see Encyelowedis of Chemical Twe mology, Vol. I, PP. 157-199.
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Chepter 0529 SAFETY STANDARDS FOR THE PACKAGING OF FISSILE
AND OTHER RADIOACTIVE MATERIALS

082001 POLICY

Fasile and other radioactive material shall be
peckaged and prepared for shipment (n & manner that
provides amsurance of proteciion of the public health
and sefety during the transportation of such
materan

52902 ORECTIVE

To establish safety standards for the packagng of
fimile and other radivactive materials for shipmen( by
AEC 1 by contractors not subject to 10CFR 71,

082008 RESPONSIBILITIES AND AUTHORITIES

031 The Diector, Divimon of Operstional
Safery

0. determines the need for, and develops new
and revised safey standards 1o be applied in
ihe prepuration of fssile and other
redioactive materials for transportation.

b provides a central point of coordination with
the Director of Regulation for developing
and revising hesith and safety codes
periaining Lo safety in the transportation of
fNssie and other radioactive matenals which
are intended for use in the AEC programs or
by other federal agencies.

¢. conducts periodic appraisals o determine
the adeguacy of the implementation of this
chapter,

d. renders interpreiations of this chupter

032 The Director. Diwy con of Waste Managerwni
and Transportation, in addition (0 the responubilities
and authorities sssigned m 011, below:

a.  adminsiers the progrom for design review
and msuance of AC  Certificates of
Compliance us provided in 056, below,
AECM $201, and 49 CFR 172,10 173,104,

b, uswists Neld offices (n cxpediting sssentul
shipments consigned v or by AEC and in
securing waivers or exemptions (rom Federal
Transpurtation Regululions,

¢ prepmres guidance criteria und procedures for
application of package testing and quaiity
assurance standards,

d.  coordinates the total input for the General

Manager (n the develnpment and revision of
transportation regulstions

033 Meads of Divisions and Offices,
Mesdquerters, excluding Regulatory, provide
guidance, instructions. wiandards. and oriteria W
described in Chapter 0101, consstent with (hus
chapter, to assure the safe packaging of fissile and
other radioactive materials, including:

i directing cogruzant managers of fleid offices
to require modifications of equpment
procedures or praclices.

b, imposing «dditional regquirements o
packaging standards.

. curtalling or suspending the use of specific
packages when necessary. :

034 Managens of Field Offices, and the Director,
Dvvision of Neval Reactom, consistent with gudance.
instructions. suandards, and criteria issued pursuant (o
012, above

a.  grant AEC approval for packages which meet
the standards contained in appendix 02V
and 10CFR71 217140, and which are 10
be used for the transportation of fissile or
other radioactive materials in greater thun
Type A quantities.

b, gant AEC approval [or shupmenis made
under the National Secunty Exemption
provided to the AEC and DOD under the
Transportation of Explosives Act (18 USC.
832¢) and n accordance with the
requirements of perunent AEC manual
chapters. Mackupes 'or such shipmenis musi
meet the policy staied in section Ol

. grunt such alternatives to the requirements
set torth in appendix 0529 as will provide
equivalent protection 1o life or property and
1o the common delense and security: and
within 10 dava after granting an alternative
provide (he Director, Division of Operutional
Sufety. u detailed report of the reusons ‘o
granuing it. The granuing of such alternaiives
is in no way to be construed as the granting
of exemptions or exceptions from or 1o (he
Department of Transportation or other
regulatory agenyy requurements.

d. conduct annual appraisais of contracior
operations to assure compliance with the
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SAFETY STANDARDS FOR THE PACKAGING OF
FISSILE AND OTHER RADIOACTIVE MATERIAL

requirements of this chapter.

¢ require thet their contracton carry oul, as s
MInIMUm, quality assursnce programs
described n this chapter, and as prowded for
in appendix 5201
(NOTE. Coniractors shall not be permitied
1o exercise any of the above auithorities.)

035 The Menager. Albuguerque Operations
Uffice, i wddition 10 (he responsibilities and
suthorities wssigned in 032, ubove, shull establish
safety stendurds for puckaging and transporiation of
nuclear weapons und their components in accordance
with 085, below

052004 DEFINITION

041 AEC Contractor fur the purposes of this
chapier, means 4 prime contracion o subcontractor
of the Atomic Energy Commission who is exempt
from the requirements of IOCFR 71,

0820086 BASIC REQUIREMENTS

081 Applicability. The provisions set forth in this
chapter and ity appendix apply 1o the Headquarters,
field offices, and AEC contmetons,

082 Coversge. Thus chapter and (15 appendix
cover policies and procedures fur the preparation of
fissile and other radiorctive materials for shipment
outside the boundaries of AEC<ontrolled sites by
for-hire Or pnvate carriers, or on public vehicles or
wircralt,

08) Federal Regustions. When otfered 0 the
catrier. euch shipment of radiosctive materials shall
be In compliance with the applicable safety
regulations of the Departrent of Tronsportation
(DOT) or the US. Postal Service, depending on the
mode of transportation,

054 Other Regulations

o International Atomic Energy Agency
(IAEA) Regulations. bach shipment of lissile
and other radioactive materials vonsigned Lo
g foreign country must meet the
requirements set forth in [AEA Safety Series
No. 6, “Regulations tor the Sale Transport
of  Radioactive Materials." Specifically,
“Requiremenis for Packaging and for
Delivery of Packages 1o Transport,” musi be
mel L0 he in compiiance with this chapter,

n. International  Ar Tramport  Associniion
IATA) Restricted Article Regulanions. Fudh

Approved: June 14, 1973

shupment of fasthe and other radicactive
matenals consigned to & foreign country
must meet the requirements set forth in
IATA Restricted Articles Regulations when
shipped via commercial aircraft,

¢ US Ar Foree AFM.714, Packaging and
Handling of Dengerous Matermls for
Teansport by Milimry Aweraft. Each
shupment of fiaslle and other radicactive
matenals must meet the requirements set
forth in AFM:.7 14 when shipped via USAF
atreraft,

055 Package Sundards for Radicactive Moterals

in Amounts Greater Than Type A Quantities

0. Packagm of radioactive materials shall be
prepared for shipment and transporied in
sccordance with the provisions of thus
chapter. DOT specification containers for
Type B and lasile materinls are considered
10 meet the sisndards of this chapter, and no
specific AEC Certificates of Compliance are
required for their use.

b, Nucloas wespons and their components shall
be packaged and transported in accordance
with the standards in this chapter or with
other standards which provide a degree of
safety ai least ¢ t 10 that provided by
the AEC and regulations. Standards
wil, be developed and documented under
035, above,

¢. Packages shipped under the Natioral
Security Exemption of 18 US.C. 832.c must
be in compliance with the standards in this
chapter and must also comply with the
provisions of other pertinent AEC manua
chapters,

d. Al other packages for flssile and other
radionctive materials (n amounts greater than
Type A quantities shall be designed,
constructed, and used in accordance with
the standards contained in the attached
a ix, and in 10 CFR 71.31-71.40,

aterials described in 71.6 we exempt from
this requirement,

e. A guality assurance program must be
established and impiemented (0 assure that
packages for radioactive materias are
fabricated, maintained, and used n
accordance with the regulations and
approved design features. The program must
meet the requirements in appendix 520

086 AEC Certificates of Compliance for Packages
of Radioactve Materials n Excess of Type A

s B0 .
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AEC 0829087

Quantities. L'pon determinaton that & packige design
does n fact meet the requrements of this chapter
and and (ts appendix and the AEC Standards in 10
CFR71.31-71.40, an AEC Ceruficate of "~mpliance
will be wsued by the AEC (0 thr contractor,
Procedures tor obtaining and issuing t.*s certificates
are set forth in AECM 5201, No certificate is
necessary for shipments meeting the requirements of
IOCFR 7160t 71,7

057 AEC s Consignor. Where an AEC office
serves s the actual consignor, rather than
contrector, appropriate (nternal procedures shall de
established by the responsible Neld office manager to
assure compliance with the standards contained in
thus chapter

048 Waivers and Exemptions. Packages which do
not meet the standards in the DOT Hazardows
Materials Regulations, and which do not qualify for
shupment under the National Secunty Exemption,
may be shipped only under the provisions of & waiver
or exemption issued by the DOT, or on public
vehicles or aircraft (f approved under the provisiors
of AEC 0529.034c. Applications for a DOT Special
Permit for waiver or exemption shall be prepared in
accordance with 49 CFR 17013 and shall be
forwarded 1o the DOT for ssuance of a3 special
permit.

059 Existing Packagings. Existing packaging for
ragioactive matenals must meet the standards of this
chapter. However, Type B packagings designed and
consiructed prior to February |5, 1969, which could
he subect o loss of shieiding resulting from
sublecting the packaging (0 the puncture test
followed Sy the thermal test (49 CFR
JT3398(K D)), are also approved 1or continued use,
The packuging design must be covered by & DOT
Special Permut prowding for admirustrative and
operational controls as may be necessary 10
compensate for the deficiencies in package integnity
and 1o provide equivalent safety in transportation.

052906 REFERENCES

1 AEC Regulation. Title 10 Code of Federal
Regulations, Part “Packaging of
Kadioactive Material for Transport,”

n DOT Regulatwons
I Title 49, CFR Purts 170-1%9, and Title

14, CFR Part 103, “Hazardous Materials
Regulations.”

2. Title 46, CFR Part 146,
“Transportation or Storage of
Explosives or other Dangerous Ariicles
or Substances, and Combustible Liquids
on Board Vessels.”

¢. US. Postal Service Regulation Title 09
CFR Parus 124 and (25, “Nonmalable
Matter” and “Matter Malable Under Special
Rules.”

d. loternstional Atomk Energy Agency
(IAEA) Safety Seres Ne. 6, “Reguations
for the Safe Transport of Radioactive

Materials,” 1967,

e. AECM 2401, “Physical Protection of
Classified Matter and Information.”

f. AECM 2408, “Phyucal Protection of
Unclassified Special Nuclear Matenal "

§ AECM 0230, “Records Disposition.”
h. AECM 0530, “Nuclew Criticality Safety”

i,  AECM 0560, ‘Program to Prevent Accidental
ot Unauthorized Nuclear Explosive Delons
‘m~'0

). AECM $201, “Transportation and Traific
Management'' (1o be reussued under the tte
“Transportation of Property™).

k. AEC Directory of Radioactive and Fissie
Materials Shupping Containers, 1969

I, International Ax Transport Association
(IATA) Restrcted Article Regulations.

m. US. Air Force AFM<4, “Packaging and
Handling of Dangerous Matenals for
Transport by Military Aircraft.”

n. Transportation of Explosives Act (18 US.C.
833.¢).

062907 NATIONAL EMERGENCY APPLICATION
During @ national emergency, as defined in AECM

0601.04 the provisions of this chapter and appendix
will continue in effect.



a

SAFETY STANDARDS FOR THE PACKAGING OF
FISSILE AND OTHER RADIOACTIVE MATERIAL AEC Appendix 0529

PART |

DEFINITIONS AND EXEMPTIONS

A DEFINITIONS (as used in this appendix) Fimile Class 1. Packages which n
(ransporied together in any arrangemes
Carmer means any person C'IEJF'J n the but in numbers which 40 noOl exceed a
transportation of passengers of property, & gansport index of §0. For purposes
common, contract or privale carner of nuciear critcality salely cORLro
freight forwarder, as those terms are used ur ndividual packages may have
the [nterstate Commerce Act, 13 amended gamsport index of not less than
ot the U.S. Postal Service

not more thar ). However
external radiation levels may require
Close Reflection by Water means immediate higher transport index number by
contact by water of suificient thickness ¢ 1c exceed 10, Such shupments
reflect @ maximum number Of neulrons no nuglesr snilicalily salety contr

the shupper during ‘ransportation
Containment Veme! means the receplacie on
which principal reliance is placed 1O retawn

Fissile Class 1 Shipments of packoges
the radioactive material during transpori

which do not meet the requirements ol
Fissile Classes | or Il and which are
controlled in tramsportation by special
armangements between the shipper und
the carrier to provide nuclear cnticality
salety

Fisslle Classification means classification of &
package or shipment of fissile materials
according 10 the controls needed to provide
nuclear criticality safety during
transportation as follows

Fissibe Class |. Packages whic be
transported in uniimited numb iin
any arrangement and which require no
nuclear criticality safety controls during
ransportation. For purposes ol nuciear
ariticality safety control, a iransport Large Quantity means 3 quantity {
ndex 1 not assigned to Fissile Class | radicactive maleria he Jggregate
packages Ho wever \he exienal radicactivity of which exceeds thal spevilied
rudiation levels may reguire & Lransport n the (ollowing table for a transpori group
ndex number 23 defined in 1 6., below

S Fissile Materials means uranium..
uranium-23% plutonium

plutonium:239. and plutonium..4

Radionuc licde » Special|
identification 11 v vV IViVIil Form

Radioactinty 20 20 200 200 | 5,000 (50,000 5,000
Curies | Curies | Curies | Curies | Curies | Cureis | Curies

Low Specific Activity Matenal means any of essentially unifo

he 'ollowing which the

4 Uranium or thorigm ores and physicll concentration per gram
or chemical congentrates of those ores not exceed
Unirradiated naturw or depleted 1y 0.0 mullicuries
yranium yt  unirradiated natural radionuclides
thorium 2) 0.005 millic

Teit

curies
ium xide n aquedcus SOIULiONns ragionuciiges f

srovided the conceniration does nol 1y 0.3
exceed 5.0 millicuries per n ¢!
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FISSILE AND OTHER RADIOACTIVE MATERIAL

10,

1.

12,

13.

limited to, materals of low radicactivity
concentration, such a8 building rubble,
metsl, wood, and fabre scrip,
plassware, paper and cardboard, solid o1
liquid plant waste, sludge, and ashes.

¢. Nonrsdioactive obects externally
contaminated with radiceciive materil,
provided that the radioactive matenal &
not readily dispersible and the surface
contamination, when avetaged over an
sren of one square meter, does not
exceed 0.0001 milicuries (220,000
disintegrations per minute), per square
centimeter of Group | radionuclides or
0.001 millicuries (2,200,000
disntegrations per munule; per square
aen. meter of other radionuclides.

. Maximum Normal Operating Pressure means

the maximvm gauge pressure which
expeciad to deveiop in the contanneni
vessel under the normal conditions of
trangport specified in annex |, below,
considered individually.

. Moderator mesnd a maiena used 1o reduce

by scattering collisions, and without
apprecisble capture, the kinetic energy of
neutrons,

Optimum Interspersed Hydrogenow
Moderation means the occurrence of
hydrogenous material between containment
vessels 10 such an extent that the maximum
nuclear resctinity resulls

Package meuns puckagng and its radioactive
vOntents.

Packaging meuns one or more receplacies
and wrappers and their contents, excluding
fissile material and other radioactive
material, but including ubsorbent material,
spacing  structures. thermal insulation,
radiation shielding, devices lor cooling and
for absorbing mechanical shock, external
fittings. neutron moderators, nonlissile
neutron absorbers, und other suppiementary
equipment,

Primary Coolant means 2 gas. liquid, of
solid, or combination of them, in contagt
with the radiouctive material, or (f the
material & in special form, in contaet with
its capyule, und used 10 remove Jecuy heut

14, Sample Package mearns & package which
fabricated, pmcked, und closed to fairly
represent the proposed package as it would
be presented (or transport, simulating the
material (0 be transporied, & 10 weight and
physical and chemical form,

IS, Special Form means any of the [ollowing
physical forms of radiosctive material of any
t poup:

i material & in solid form having ne
dimension less than 0.5 millimeter or at
least one dimension greater than
millimeters; does not melt, sublime, or
ignite in ait at & temperature of |000°F
will not shatter or crumble if subjected
to the percussion test described in
annex 4, below, and will not be
dissolved or converted into a dispersible
form in amounts greater than 0005
percent by weight .f immersed in water
at 68°F or placed in air at 86°F for one |
week

b. The materia) is securely contained in a
capsule having no dimension less than
0.5 millimeter or at least one dimension
greater than 5 milimeters which (1) will
retain its contents if subjected to the
tests prescribed n annex 4, (1) @
constructed of materials which do not
melt, sublime, or ignite in air at 1475°F,
and (3) will not be dissoived or
converted into a dispersible form
smounts greater than 0.00% percent by
weight if immersed for one week in
water at 68°F or in ar 2t 86°F,

16. Tracsport Group means any one of the seven
groups n which radionuclides n normal
form are classified. according to thewr
toxicity and their relative potential hazard in
transport (see annex 1),

i,  Any radionuclide not speaifically listed
in one of the groups in annex J shall be
assigned 10 one of the groups in
accordance with the following table

Radiosc tive Half-Life ?

w 0to 1000 1000 daysto Over 10° |
Radionuclide days 10* years Years |

Atomic Number |
1!-8! Group 11l Growp ll Groupll!j

|
i Atomic number |
| Klandover Groupl Croup | Geoup 1

Approved. June i
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b For mixtures of radionuciides the The transport index [of

each Fissile
followang shall apply

Class || psckage is caloulated by dividing

(1) If the deniity and respective the number 50 by the number O such
activity of each radionuclide are Fissile Class || packages which may be
wnown. the permissibie actwity ol transportied together as  Qelermul
each radionuciide shall be such thal ander the limutations of part [L1.1. The
he sum of the ratios between Lhe alculated number shall be rounded Ug
total activity for each group o the to the first decimal place
parmissible activity for each group

will not be greater than unity 18, Type A Quantity and Type B Quantity mean
If the groups of the radionuclides s auantity of radioactive maleria
are known, bul the amount (n each sggregate ndioactivity ol which does
group cannut be reasonadly exceed thet specified in the |
determined, the mixture shall De
T G T T

assigned to the most restrictive amport Groum Tvoe A Tvoe ¢
'O it See | A'S Quantity Quentity
group prese in gurie) In sur e

he

llowing table

If the identity of all or some of the
radionuclides cannot be reasonably |
determined, each of (those (
unidentified radionuclides shall be 1
considered as helonging to the most v
resirictive group which cannol e VvV
pemitively excluded

Mixtures conssiing of @ Singie
rudionctive decuy chain wheie the
radionuchdes ure in the naturally
wurring  proportions  shall e 8. CXEMPTIONS

considered as consisting of a single

tadionuciide. The group and A shipper s exempt from all requirements of this
activity shall he that of the first appendix to the extent that he delivens 10 8 carmiet fof
member present n the Chain transport packages each contamning not more than a
Exception |l a rodionuclide “x” Type A quantity ol radioactive materal, 48 defined in
hgs o halfidife longer than that of A. 1K, above. which may inciude one of the following
the irst member and an acuwity . Not more than !5 grams of fissue matenal
geater than that of any other 2. Thorum Or uranium contaning not more

.00 1

n (e
Ve

2;.;
20
V1iamd VI 1000
Special Forum 20

member, including the (irst, at any than 0.72 percent by weight O Tissue
ime  during transportation, ‘he material,
ransport group of the nuciide “x” y, Urerium compounds, other ihan metal
and the activity of the mixture shall (e.§., UFy, UFy, or uranium oxige in bulk
be the maximum activity of that form, not pelieted or fabricated into shapes)
nuclide “'x" durning transportation or aqueous solutions of uranium, in which
the total amount of uranium-233 and
Transport Index means the number placed plutonium present does nol exceed )
n o package to designate the degree Of percent by weight ol the uranium.225
control 1o be exercised by the carner auring content, and the total fissile content does
ransportation. The transport index 10 be not exceed | .00 percent by weight ol the
Jss1gned Jd PUCKUgE radiosctive maleria wal uranium content
shail be determuned hy cither a. or b, beiow 4. Homogeneous hydrogenous
whichever 8 wrger. The number expressing mixtures centaining not more U
the trunsport index shall he rounded up 1o J SO0 grams o1 any [issie malery
he next ghwest e ; ey (Hmed provided the atomic ratio ot nydar
to lissile material (s greater than
800 grums uranium 18
na Wie Jiomig e
fissie malerial grealer

he mie net

Approved
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Pare FISSH L AND OTHER RADIOACTIVE MATERIAL
.
ot more than | pereent by weight ol by weight of (he total yraniam: 21 amd
(he totel urgnium:2 S conient. urgniume 218 content,
¢ 500 grams ol umnumll) end

uranium. 235, provided that the stomi S, Less than 350 grams of fasile material.
ratio of hydrogen to fissie material & provided that there is not more than § grams
gester than £ 200, and the content of of fisstle material in any cubic foot within
putonium s not more than | percert the puckage.

Approved: June i4, (473
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PART 1|

PACKAGE STANDARDS

A, GENERAL
PACKAGING

STANDARDS FOR ALL

Packaging shull be of such materials and

consg'uction that there will be no significant

chemical, gaivenuc, or other reaction among

the peckaging components or between the

packaging components and the package

contents

Packaging shall be equipped with a pomitive

osure which will prevent nadvertent

Jpenung

Lifting devices for packagings

o, If there is a system of lifting devices
wiuch 5 & structural purlt of the
packaging, the sysiem shall be capeble
of supporting (hree Limes the weight of
the package withou! generating stress in
any material of the packaging in excess
of 1ts yield strength
if there u 0 system of lifting Jdevices
wiuch is a structural part only of the lid
the system shall be capable of
supporting three Umes the weight of the
i and any attachments without
generating stress in any matenal of the
Id in excess of its vield strength
it there s a structural part of the
peckagng which could be employed to
urt the puckage and which does not
omply with 4., above, the part shall be
wcurety c(overed or locked during
Uansport in such a manner as (0 prevent
1§ use 'Or that purpose
Each lifting device which is 4 structural
part ol (he packaging shall be 30
designed Lhatl failure of the dewvice under
excessive loed would not impoair U
containment or shieiding properiies o
e pack aging.

Tiedown devices for packagings

3 It there 15 8 3yvstem O Liedown devives
~Nhict S fructural  purt ) he
packaging, the system shall be capabile
or - wathsianding, -wilhoul generaling

stress in any material ol the packaging

noexcess ol 18 yvield strength the

following. (1) a static force applied

he enter ol gravity [ the package

'J\"g 4 vertica smponer ol Wi

times the weight of the package

poner A ¥

direction in which the vehicie

(0 times the weigh! of the packa

(4) 8 horgontal omponer

traverse direction of five

weight of the packoge

If there s a structursl part

packapng which cowd be employed

tie the package down and whigt

not comply with 4., above, the part shi

be securely covered or locked during

(FANSPOrt (N SuLh 3 Mmanner as prever

18 use for that purpose

Each tedown device which

structural part of the packaging sholl be

SO desmgned that falure of the devive

under excessive load would not impuir

the ability of (he packaging to meet *

other requirements o1 this sevtion A
Determination of travsport (indexe "
packagings ree part 1A 17 of this sppendix

B. STRUCTURAL STANDARDS FOR TYPE B
AND LARGE QUANTITY PACKAGING

Packaging used 1o ship o Type B or a large quantiny

racdioactive matenial, as delined part LAG and |?
above. shall be designed and constructed
compliance with Lhe structural andards of u
section, Standards different from those specified
Lhus section may be approved by the manager ov other
designated official I the controls proposed b
exercised by the shipper are demonstrated (o be
adequate 10 assure Lhe salfely of the shipment

I, Losd Resstance. Regurded as u simple bean
supported at its end along any major axis
packaging sha'l he capable withstanding y
static  owd nowrmal O and uniformiy
Jdistribated along s iengih, equu "
12 fully 'ouded weghi, without gene \
SLPeSE IR Uny maien ) e pUvhiaging
excess ol 118 yield sirengih

External Pressure. Packuging
qaequate 10 assiire that he
vessel w
uhjected ) AN externg!l pressur
pounas per square-ingch gauge

sutfer n i

CRITICALITY STANDARDS FOR
MATERIAL PACKAGES

A package used r {he

Taieriai shatll He WLSgne
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SAFETY STANDARDS FOR THE PACKAGING OF
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*3

anl s gonienis s linuied that i1 would be

subcritigal if it s assumed that water leaks

INLO the contammen! vessel. and

& waler moderstion of Lhe contents
occurs 1o the most reactive credioke
extent consistent with the chemical and
physical form of 1ts contents; and

b.  the conlainment vessel is fully reflected
un all sides by waler.

A poackage used for the transport of lasile
material shall be so designed and constructed
end 1t contents so limited that it would be
subcritiaal if it is wssumed that any contents
of the package which are liquid during
normal transport leak out of the
containment vessel, and that the Nssile
material s then:

8. in the most reactive <redible
configuration consistent with the
ghemical and physical form of the
material.

b, moderated by waler outside of the
containment vessel 10 the most reactive
wredible exient,
fully reflected on all sides by water.

Thn manager o other designated ofNcial
may approve exceptions (o the requirements

of this section where the containment vessal
incorporstes special features which
would preclude leakage of liguids in spiie of
any single packaging error, and appropriate
messures are taken before each supment to
verify the leak tightiess of sach contawnment
vessel

D, EVALUATION OF A SINGLE PACKAGE

T

The effect of the transport environment on

the safety of any single package of

radioactive material shall be evalusted as

follows

4. The abilny of o packuge 1o withstand
gonditions likely 10 occur in normal
trunsport shall be assexsad by subjecting
4 sumple pockoge or seale model by 1est
or  other assessment (0 the normal
condivions ol (runspurt as specilied in
k., below

b The etiect un v packuge of vonditions
likely 1o oecur in an geeident shall be
assessed by subjecting a sample package
o scale model, by test or other
assessment, (o the hypothetical accident
conditions, as specified in F., below

Taking into acvount controls to be exercised

by the shipper. the manager or other

E. STANDARDS

designoted official may permit the shupment
10 be evaluatead togetner with or without the
transporting vehicle for the purpose of one
Or more tests.

Normsl conditions of transport and
hypothetical accident conditions different
from those specified in E. and F., below,
may be approved by the manager or other
designated official if the cantrols proposed
to be exercised by the shipper are
demonstrated to be adequats to assure the
safety of the shipment,

FOR NORMAL CONDITIONS

OF TRANSPORT FOR A SINGLE PACKAGE

"o

A package used for the shipment of fssie

materis. or more than Type A quantity of

radiosct®.s materin a3 defined in part |, A6

and |8, above, shall be so designed and

constructed, and its contents so limited that

under the normal conditions of transport -

specified in arnex | below:

8. thers will be no relesse of radiocactive
materials from the containment vessel.

b, the effectiveness of the packaging wul
not be substantially reduced.

¢. there will be no mixture of gases or
vipors in the package which could
through any credible increases of
pressure or an explosion, significantly
reduce the effectiveness of the puckage.

d.  mdiosctive contamination of the liquid
o gaseous primary coolant will not
exceed |07 curies of acumty of Gmur
| radionucliides per mullliter, § x |0
curies of acthty of Group |l
radionuclides per mulliiter; 3 x 0™
cunes of scumty of Group [l and
Group IV radionuclides por milluiter.

¢. there will be no lom of coolant or loss
of operation of any mechanical cooling
device,

A puckage used for the shipment of fssile

malerial shall be designed and vonstructed,

and its contents so limited, that under

normal conditions of transport specified in

annex |, considered indivndually

a. the package will be suberntical

b. e geometric form of the package
ontents would not be substantially
altered.

¢, there will be no leakage of water into
the containment vessel. This
requirement need not be met (f, in the
evaluation of undamaged packages

Approved: June (4, [972



10

SAFETY STANDARDS FOR THE PACKAGING OF

PISSILE AND OTHER RADIOACTIVE MATERIAL

ABC Appendix 0529
Part 1l

———

3.

under M1, Lla, or J.1, below, it has

been  assumed that  moderstion s

present L0 such an extent @8 10 cause

maximum reactivity consistent with the
chemical and physical form of the
material,

d. there will be no substantial reduction in
the effectiveness of the packaging,
including:

(1) reduction by more than & percent
in the total effective volume of the
packaging of which nuclear safety @
assessed.

(2) reduction by more than § percent
10 the effecuve spacing on which
nuclear safety is assessed between
the centar of the containment
vessel and the outer surface of the

ng
(3) occurrence of any aperture in the
outer surface of the packaging large
enough to permit the entry of a
danch cube.
A package used (or the shipment of more
than Type A quantity of radioactive material
as delined in purt LAG, end 18, above, shall
be w0 designed and consuucted, and s
conients so limited, that under the normal
conditions of transport specified in annex |,
considered indwvidually, the containment
vessel would not be ventsd directly 10 the
atmosphere,

F. STANDARDS FOR HWYPOTHETICAL
ACCIDENT CONDITIONS FOR A SINGLE
PACKAGE

|

A package usea for the shipment of more
than Type A quantity of radioactive material
(see part |, A.b. and 18, above) chall be w0
designed and constructed, and il confents
50 limited. that if subjected (0 the sequence
of the hyvpothetical acoident conditions
tpecified in unnex 2, it will meet the
lollowing conditions.

8. The reduction of shielding would not be
sutficient (0 increass the external
wdition Jose rate w more (than 1000
millirems per hour gt three feet from
the external surtage ol the packuge.

ho Nu o redicactive  material  would  be
reloased 1rom the puckuge except for
guses and contgminuted coolunl
containing otal radivactivity exceeding
neiher

iy 2.1

agreent ol the total

Approved: June |4, 1973

tedioactivity of the package
canlents, nor
(2) 0.01 cune of Group | radionuclides,
0.5 curie of Group [l radionuclides,
10 curies of Group I[1I
radionuclides, 10 curies of Group
IV radionuclides, and 1000 curies
of inert gases irrespective of
Lansport group.
A puckage need not
requirements of this ph if it
contains only low spealfic actmty
materials, as defined i part [AT,
sbove, and is trensported on a motor
vehicle, milroad car, wreraft. inland
watercraft, or hold or deck of a seagoing
vessel assigned for the sole use of the

satisfy the

shipper.
2. A package, used for the shupment of fasie

material shall be so designed and

constructed, and iis contents so limited. that

if subjected to the sequence of the
hypothetical accident conditions specified in
annex 2, the package would be subcritical,

In determining whether this standard &

satisfied, it shall be assumed that:

a the fNssile material ¥ In the most
resctive credible configuration
consisient with the damaged condition
of the package and the chemucal and
physical form of the contents.

b, water modarstion occurs to the most
reactive credible extent consistent with
the Jamaged condition of the package
and the chemical and physical form of
the contents,

¢, (here s reflection by water on all udes
and a8 close as & consistent wath the
damaged condition of tis peckage.

G EVALUATION OF AN ARRAY OF
PACKAGES OF FISSILE MATERIAL

The efiect of the trangport environment on
the nuclear criticality safety of an array ol
packages of flasile material shall be evaluated
hy subjecting o sample package of 3 scale
model, by test ot other issessment. (o the
hypothetical accident conditions specified in
M., 1, or 1., helow, for the proposed flssue
¢class, and by sssuming that each package in
the sreay 8 domaged (o the same extent us
e sample pockage of scale model In the
case of u Fusile Class (Il shupment. the
manager or other designated official may
taking into account controls 10 be exeraised
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by (e shipgur, permit the shipmeni (0 be

evalusied ® @ whole rmiher than @

individual peckages, and either with o

without the transporting vehicle, for the

purpose of one or more tesis.

In determining whether the standards of

H.2.. L1b., and J.2. below, are satsfied, it

shall be assumed that:

3. the Nsaile material s in the most
reactive «redible vonliguration
consistent with the damaged condition
of the puckuge, the chemical and
physical form of the contents, and
controls exercised over the number of
packages 10 be (ransported together,

b. waler moderation occurs (o the most
reactive credible extent consistent with
the damaged condition of the package
and the chemical and physical form of
the conlenis.

M. SPECIFIZ STANDARDS FOR A FISSILE
CLASS | PACKAGE

A Fissile Class | package shall be so designed and
constructed and its contents 8o limited that:

any number of such undamuged packages
would be suberitical in any arrungement, and
with oplimum (nterspersed hydrogenous
moderation unless there '3 a greater amount
of intsrapersed moderation in the packaging,
in which case that grester amount may be
considered.

two hundred and fifty such packages would
be subcritical in any arrangement, if each
package were subjected to the sequence of
the hy pothmw accident conditions
specified 1n annex 2, with close reflection by
water on all sides of the army and with
optimum interspersed moderation uniess
there 1 a gresier amount of interspersed
moderstion in packaging, in which case that
greater amount mey be convidered. The
condition of the package shall be ussumed 10
ne as described in G., above.

I, SPECIFIC STANDARDS FOR A FISSILE
CLASS || PACKAGE

i

A Fissile Class I} package shull be s
designed and conatructed and iis contents so
limited, and the number of such puckages
whigh may be (ransporied iogether %0
limited. that

. five times that number of such
undamaged packiges wouwd Dbe
subcritical in any arrangement if closely
rellected by water.

b. twice that number of such packages
would be subcntical in any arrangement
if esch package were subjected (0 the
sequence of hypothetical accident
conditions specified in annex 2. with
close reflection by water on all sides o
the array and the oplimum interspersed
hydrogenous moderation, uniess there s
s preater amount of interspersed
moderstion in the packaging in which
case the geuter amount may be
considered. The condition of the
pockage shall be assumed to be
described in G., above,

2. The transport index for each Fissue Class |1
package is calculated by dinding the number
SO by the number of such Fissile Class IE
peckages which may be transported together
as determmned under the limitations in |,
above, The calculated number shall be
rounded up to the first decimal place.

J. SPECIFIC STANDARDS FOR A FISSILE
CLASS (1l SHIPMENT

A package for a Fissile Clams 111 shipment shall be so
designed and constructed and its contents and
numhv of packages so limited, that!
the undamaged shipment would be
subcritical with an identical shipment in
contact with it and with the two shipments
closely reflected on all sides by water,

2. the stupment would be subcritical (f each
package were subjected (o the hypothetical
accident conditions specified in the sequence
specified in annex 2, with close reflection by
waler on all sides of the array and with the
packages in most reactive arrangement and
with the most reactive degree of interspersed
hydrogenous moderstion which wuuld be
credible consdering the controls to be
exercised over the shipment. The condition
of the package shall be assumed (0 be as
described in G, above. Hypotheuual
accident conditions different ‘rom (hose
specified in  this subparagruph nuwy He
approved by the manager or other
designated official 11 the controls proposed
to he exervised by the shipper ure
demonstrated to he ndequute to assure the
salety of the shupment.

Approved: June (4, 1973
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PART Il

QUALITY ASSURANCE PROCEDURES F

OR THE FABRICATION,

ASSEMELY, AND TESTING OF OFFSITE SHIPPING CONTAINERS

A ESTABLISHMENT AND MAINTENANCE oF
PROCEDURES

I. Each Neld office shall require its contracion
10 establish and maintain & quality assurance
program (o
o amure that the requisite stendards of

quality are mel in the fabrication,
ssembly, and testing of each package.
b, assure that packages in use continue o
meet the requisite standards of quality.

8. ELEMENTS OF A QUALITY ASSURANCE
PROGRAM

B mmmmorummm
of procedursl and organizationsl
arrangement which:

s, requinv that specific responsibilities be
assigned (o designated units {including
those of Lhe vendor, the fabricator, and
the contractor) for amuring specified
quality at all stages of construction,

b. dulmu codes, standards, and
specifications for materials, equipinent,
methods of fabrication, testing, and
performance.

¢, provide for quality control of materials.
equipment, and services in instances
where these have not alresdy been
estahlished by ewsting standards and

Approved: June 14, 1973

d.

specifications.

provide, & required by AECM 0504 1or
at least sn annual sudit of the AEC

gontractons’ progams 1o amsess e
ef fective ness.

provide that quality assurance records
are maintained in an auditable (e
during the service life of the contuines

provide for 4 method of delermining
that peckagngs procured fur use frum
othet sources, including AEC
gontractors and subcontrieton or from
licensees meet (he requirements ol
AECM 0529

establigh scceptance criteri in terms of
messurably characieristios and  (he
effects of sppropriate testy prescribed n
annexes |, 2, ond 4 and as required in.
pert LHILC,

povide for & program of routine
maintensnce inspection and. where
necessary, retesting (0 assure that
reussble containam continue (© meel
the applicable det i standards.

provide for required training, [esung,
and certification of manufacturing and
nspection personnel involved in special
processes, such @ welding ond
nondestructive examination, and fur (he
required certification of equipinent JnJ
procedures used n (he performance ol
special processes.



SAFHTY NTANDARDS FOR THYE PACKAGING OF

FISSILE AND OTHER RADIOAUTIVE MATERIAL AlTC Appendix OF

.

PART IV

OPERATING PROCEDURES

A ESTABLISHMENT AND MAINTENANCE OF D ROUTINE DETERMINATIONS
PROCEDURES

Prior t0 esch use of & psckage for shrpment
The shipper slall establish, and maintan radiopctive or Missile materinl. the shipper sha

. peraling procecuros adequeie (O sssure ascertain thet the package with ity contenis satisiies
st e determunslions and SORLron the applicable requiremerts of pan Il including
suired by this appentix e determirations that

we complished |, the packaging has not been mgnificantly
regelar  and  periodic inspection damaged
s ocedures sdequaie (0 assure (hat Lhe any  modersiors and nonfisile neutror
shipper follows the procedures required absorbers, if required, are as suthorzed
by &, bhove the closure of the packi, * and any sealing
guakots are present and are (ree from defecis
sny valve through which primary “oolant
can Now i protected ageinst t e
B ASSUMPTIONS AS TO UNKNOWN it g o e
" )
PROPERTIES e internal gaupe pressure < e puckage
will not exceed, during the anticipated
riod of (ransporl, he maxim norm

When the Rotopic shundance, mash, conueniraiinon p ( ’ ’: D: \ o 1

Y f
regrer Of rradistion, Jegree of moderaiion, o Wwhet peraling prawu

6. contamination of the primary coolant wilk

pertinent property of fasile mulerml in any puckuge

not exceed. during the anticipated perod of
not known, the shipper shall peckege (he [isile ;

‘ (ransport , the (imits in purt [1LE.] &

matesial a8 | the unknown properties have such

redible values a3 will cause the maximum Aucew
o €. RECORDS
reactivity

This shipper shall maintain for 3 period prescribed in
sppendix 0230, “Recerds Dispomtion.™ & record ol
each shipment of fissile material and each shupment
of amounts of mdiosctive material greater than Type
A quantities as defined n part LAG. and (¥ in
single puckages, showing where applicable
dentification of the packaging by mode

G PRELIMINARY DETERMINATIONS

Prior 10 the (irst use of any packagng 'or
the shipment of more than & Type A
guuniity of radioactive material of nsile
materials, such mekamng shall be inspecied number

T,

asceriiun het here are " Cracks
pnhoies yneontrglicd  voigs 81 alhet
Jefects which could significantly reduce 18
elloctiveness,

details of any significant detects in the
puckaging. wiih the means empioved
renulr Jwe delevts and  prevent he

recurrenve
Prior 1o the Tl s o ny puchagng for

he shipment of moee an o Type A
Quuniity of dinayiive or Tiswie Inater
where (the maximuin  normal operaling

volume Jnd slent Higahion O ¢cootant
v nd guantilty of  matera

puckage. and the ol gquantity in
nmeni

pressuty  will  exeoed 5 pounds et i e0e ey ot ieradinted fissile materia

square-ngh giuge, the contamment vessel dend

ication by mode! number
shali he tesied 10 ussure (hal will nOL e aK

rradiction and Jecay history
\@rNul pressure ) percent highet gxient Jppropriaie 1O Jemonsirate
han he naximnmun A peraling niklear and therma charas
pressure ipproved conditions
Packoging hall e g gously Jnd O UnUs W
Jurably marked watt 5 xiel number ple ! rudia salety

Prioe applving the model n '

nspection shall be made Her

he packuging has  hegr ihricated

. "e y
| oY
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SAFETY STANDARDS FOR THE PACKAGING OF
FISSILE AND OTHER RADIOACTIVE MATERIAL

O address o winich the shipment wus made.
10, results of the determinations reguired by (.
ind .. shove,

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

Packogings (hat huve heen coriified by the AIC &
mecting DOT rogulyiwww aml packagings lor wiich
speciligations have heen miblished by the DOT or o
special permit has been wsued by the DOT may be
used by any shipper hoving suthority o ship
radionctive or fissile materals, Therefore. it s
emential that techmical mlormetion and limits
pertinent 1o the comstuction and use of (hew
packagings be avoilable to oll potential  users.
Accordingly, steps will be tuken (0 implement the
following requiremenis.

I, Field olfive manugers shall require
contractors  under thew jurmdiction Lo
prepare o bound disiributable document or
each new specification, certified, ur special
rmn‘ puckaging designed, developed. and
abrication by hum for offsite shipment of
fissile and other radioactive materials. Such &
document shall also he required o existing
puckagings for which (he DOT has issued
spectal permis exvepl in those instances ol
packagings of o highly spevialized Jesign and
used solely by the onginuior, Should these
specialized puckagings be adupted for more
general utilization, on wppropriate technizal
document must then be prepured, It shail be
the responsibility of the onginator or first

Approved: June |4, 1973

user (o prepure the document for un exsting
ma iiis to e used by other Ak(
field o and contractors.  Obsolete
mhrn. no longer in use and containers
used for onsite movemen! of materils are
not subject to these documentation
requirements uress they we reactivated,
sltered. o requested for use n offsite
shipments. In such i"siances the purty or
parties  voquiring reagtiviiion  and/ue
alterntions  shall prepece or huve propured
the uppropriaie dovument,

Each documnent shell provide. a8 & minimum

the following information.

a. & complete physical and lechw
description of the package.

b. o safety anwysis report
considerations for mer
requirements for pack
iransport  sately, nuclest .
wiety. and nndiological safety Pe. A
documents in existence as of the date of
this revision are acceplable,

¢. deugn and development information
including pertinent data, amalyt
methods, and the results of ...
prescribed tests

d. tul es, graphs, drawings, pictures, end
technical references as required 1 ewve y
clear treatment of the subject.

3. Each document shall be prepares «nd
submitted (o the Technical Information
Center in accordance with appendix 3301,
part I1.B.2. for reproduction and
distribution bated upon need.

.
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ANNEX 1

NORMAL CONDITIONS OF TRANSPORT

Hest - Direct sunlight &t an ambient temperature
of 130°F in still air,

Cold=An amb'~at tempersture of 40"F in stlll
air and shade,

Pressure - Atmospheric pressure of 05 tumes

standard atmospheric pressure.
Vibration~Vibration nonmally (nadent to
Lransport,

Water Spruy - A waler spray sufficiently heavy 1o
keep the entire exposed swisce of the package
except (he “ottom continuously wet during 2
period of 10 min stes,

Free Dvop Betv/een | % and 2'4 nours after the
conclusion of the water spray lest, » free drop
through the distance specified below onto & flat
essentially unyielding horizonial surface, striking
(he surface in & position for which maximum

L A

Corner Drop- A free drop onto each comer of
the package in succession or in the case o" 3
cylindrical package, onto each quarter of esch
nm, from » t of | foor onto » flat
essentially unyie horizontal surface. This
test applies only o packages which e
constructed of wood or fiberboard, and
@ not excead |10 pounds grom weight, and to
all Figsile Class [l packaging.

Penetration - mpact of the hemsphenical end of
s veriical steel cylinder |% iiches in diameter and
weighing | 3 pounds, dropped from & height of
40 inches onto the exposed surface of the
package which s expecied (0 be maost vulnenable
o puncture,

!

Compression-For packages not exceeding
10000 pounds in 1, & compressive load

L)

Smep b sxponed squal 10 sither ¢ timas the waight of the sckage

Free Full Divmnos or 2 pounds per square inch multiplied by the

maximum horizontal cross scdon of the

W Rigsanc ey package, whichever is greater. The load shall be

than | o applied during ¢ period of 24 hours, uniformly

10,000 to 20,000 ) aguinst the 1op and bottom of the package in the

20,000 to 30,000 2 poution in which the package would normally be
More than 30,000 ] transported.

ANNEX 2

HYPOTHETICAL ACCIDENT CONDITIONS

Free Drop- A free drop through & distance of 30
et onto o flat essentially unyielding horizontal
surface, striking the surface in & position for
wruch maximum damage is expected.

Puncture-A free drop through & distance of 40
inches striking, in & position maximum damage is
expected, the top end of a vertical cylindrical
mild steel har mounted on an essentially
unyweiding horizontal surface. The bar shail be 6
inches in diameter, with the top horizontal and
its edge rounded to & radius of not more than
one-quarter inch, and of such a length as o caum
maximum damage to the package, but not les
than 8 inches long. The long exis of the bar shall
be perpendicular to the unyielding horizontal
surface.

3, Thermal-Exposure (0 & thermal test in which

the heat input to the package & not less than thi |
which would result from exposure of the whole
package 1o & radistion environment of 1475°F
for 30 minutes with an emisgvity coefficient of
0.9, amuming the surfaces of the package have an
absorption coefficient of 0.8, The package shall
not be cooled artifictally until 3 hours after the
test period unless it can de snown ‘hat he
temperature on the inside of the package has
begun to fall in less than 3 hours,

Weter Immersion (fimile materil
only)~immersion in water to the extent that all
portions of the package 1o be tested are under st
least 3 feet of water for s period of not less than
£ hours.

Approved: June |4, (573
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Element’
Actinium (89)
Americium (95)

Antimony (51)

Argon (18)

Arseniv (13

Astatine (85)
Berium (56)

Berkelium (97)
Beryllium (4)
Bismuth (83}

Bromine (35)
Cadmium (48)

Caletum (20)

Califorruum (98)

Carbon (6)
Cerium (58)

Cesium (55)

Chiorine (17)

Chormium (24)
Cobalt (27)

Ac 227
Ac 228
Am 24|
Am 243
Sh 122
b 124
Sb 125
Ar 37
Ard|
Ar 417 (uncompressed)
As 13
As 74
As 76
AT
At 211
Ba 13)
Bs 133
Ba 140
Bk 249
Be 7

Bi 206
Bi 207
Bi210
Bi212
Br 82
Cd 109
Cdlilsm
Cdils
Ca 45
Cad?
Cr 49
Craso
Cras:
Cl4e
Ce 1 4]
Ce 142
Ce |44
Cs 131
Csldm
Cs 134
Cs 125
Cs 106
Cs 137
Clie
C138
Cr 51
Co 56
Co 57
CoS8m
Co X
(o o0

Approved: June 14, 1973

ANNEX 3
TRANSPORT GROUPING OF RADIONUCLIDES

Asdionueiige’  Qroup

Lement

Copper (29)
Cuyrium (96)

Dysprosium (66)

Erbium (68)

Europium (63)

Fluonne (%)
Gasolinium (64)

Gallium (31)

Germanuum (32)
Gold (79)

Hafnium (72)
Holmium (67)

Hydrogen (1)
Indium (49)

lodine (53)

Iridium (77)

lron (26)

Krypton { 36)

Aagionuc!ige’

Cubd
Cm 242
Cm 243
(m Jé44
Cm 248
('m J406
Dy 154
Dy 165
Dy 166
Er 169
Er 171
Eu 150
EulS2m
Eu 152
Eu 154
Eu i55
FI8
Gd 153
Gd 159
Ga 67
Ga 72
Ge 71
Au 193
Au 194
Au 195
Ay 0=
Ay (98
Ay 199
HI 181
Ho 166
H J (see tntium)
Inilim
inlldm
Inllfm
Inll$
1124
1128
1136
1129
113l
1132
1133

| 134
1138

It 190
Ir 192

Ir 194
Fe 55
Fe 59
Kr88fm

Kr 85% {uncoimpressed)

i
v
v
v

mn
v
il
i,
v
Iv:

|
v
v
il
il
i

v
v

v
i

il
il
(
i
i
v
i
v
v
v
il
v
v
v
il
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Amnex ) FISSILE AND OTHER RADIOACTIVE MATERIAL
Lioment’ Ranonye i Group  Lmment Aggionuciom’ Qeove
Kr NS i Protactinium (91) Ps 230 |
Kr 85 (uncompressed) Vi Pa 231 |
Kr 87 I Pa 233 i
Kr 87 (uncompressed) Radium (88) Ra 223 J!
| anthenum (57) L4 140 v Ra 224 I
Laud (N2) [ QR v Ra 226 |
™ 210 i Ra 228 |
P 212 il Radon (86) Rn 220 v
Lutetium (71) Lui?2 m Rn 222 ]
L IM v Rhentum (75) Re 183 v
Magnesium (12) Mg ¥ ] Re 186 v
Manganese (15) Mn §2 v Re 187 v
Mn 54 v Re 188 v
Mn 56 v Re Natural v
Mercury (%0) Hg 197 m v Rhodium (45) Rh 103 m v
Hg 197 v Rh 105 v
H.'%OJ v Rubidium (37) Rb 86 v
Mixed Fisson Producis M i Rb 87 v
Molyhdenum (42) Mo ¥ v Rb Nstural v
Neody mium (60) Nd 147 v Ruthenium (44) Ru 97 v
Nd a8 v Ru 103 v
Nept unwm (93) Np 217 | Ry 10§ v
Np 239 | Ru 106 n
Nickel (28) Ni 56 1] Samarium (62) Sm 145 i
Ni 59 v Sm 147 i
Ni ol v Sm 151 v
Ni 6§ v Sm 153 v
Niobium (41} Nb93im v Scandium (21) Sc 46 1
Nb 95 v Sc 47 v
Nb 97 v Sc 48 v
Osmium (76) On 185 v Selenium (34) Se 75 v
O i m v Silicon (1 4) Sin v
On 1N IV Silver (47) Ag 108 v
O 193 M Ag 110m il
ralladium (48) Pd 10} v Ag I v
Pd 1OV v Sodium (11) Na 22 i
Phos Sorus (15) P2 v Na 24 v
Platium (7¥) ™ 191 v Strontium { 3R) Sr8Sm v
Pt 192 v St 8S v
™MI0im v S¢ 8BS |
M9 m v St 90 I
M v St 91 i
PMutonium (V4) Pu 238 (F) | §t 92 v
Py 239 (FY | Sulphur (16) §3§ 14"
Pu 240 | Tantalum (73) Ta 182 i
Puldl(F) | Technetium (43) Te9%m v
Pu 242 | T¢ 96 v
Polonium (84) Fo 210 i Te9"m v
Potassium (19) K 42 v Te 97 v
K43 m Te99m v
Praseodymium (§9)  Pr 142 v Te 99 v
Pr 14} v Tellurium (52) Tel2fm v
Promethium (01) Pm 147 v Tel2™m v
Pm 149 v Te 127 v

Approved: June (4, (973
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FISSILE AND OTHER RADIOACTIVE MATERIAL Annex J
Llomeni’ Rageonygien’ Qo Lmewnr Aagpnvcion’ e
Tel2¥m m Urarium (92) (' 230 n
Te 129 v un |
Teldlm (1] V2 (p I
Tel2 v Uty il
Terbium (65) To 160 (1] U235 (F) ™
Thallium (81) 7200 v U2 i
T 201 v V238 m
nam v U Natural m
T 204 1] U Ensiched (F) i
Thorium (90) Th 227 L} U Depleted )
Th 228 1 Vandium (23) Va8 v
Th 230 I V49 1
Th 22! ! Xenon (54) Xe 125 i
™N i Xe I3l m (m
Th 234 u Xe 131° m (uncompressed) V
Th Natural m Xe 133 1|
Thulium (69) Tm |68 m Xe 1337 (uncompressed) VI
Tm 170 i Xe 138 u
Tm 171 v Xe 135° (uncompressed) V
Tin (50) S$n 113 v Ytterbium (70) Yb 17§ v
S$n 117 1 Yisrum (39) Y 88 m
Sn 121 m Y %0 v
Sn 10" v Y9l i
Tritium (1) s d v Y9l Il
H 3 (s pas, 4 vil Y 92 v
luminous paint Y93 1Y
or absorbed on Zine (30) Zn 65 v
solid material) Zn®m v -
Tungsten (74) W81 v Zn 69 I_V
LA L v Zirconium (40) 2t 93 (Y
w187 v g 3: -ﬂ:,

' Atomic Number shown n parent heses.

T Atomic wesght shown after the radio nuchide symbol.
"Uncompressed means &1 & pressure a0t exceeding ome stmosphere.
m Metastatie taie,

(F) Viastle Ma taral

ANNEX 4
TESTS FOR SPECIAL FORM MATERIAL

. Free Drop-A free drop through a distance of 30 supported hy a smooth essentially unwieiding

feet onio a Nat ussentiaily unvieiding horzontal surface
surface, striking the surtace in such a position a8
1o suffer maximum damage, 3. Hesting-Heating in aur 0 a temperature of

[475°F and remaining at that temperature for 3
period of 10 minutes,

L

Percuttion~!mipact of the MNat circular end of 2
1 inch diameter steel rod weighing 3 pounds,
dropped through a distance of 40 inches. The 4 Immemsion- Immersion for 24 hours n water at
upsule or material shail he placed on a sheet of toom temperature, The water shall beat pH 6-pH
lead, of hardness number 15 to 4.5 on the 8, with & maximum conductinity of 10
Vickers scale. and not more than [-ngh thigk MICIOMhOs per centimeter

Approved: June 14, (973
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