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SAFETY ANALYSIS REPORT FOR PACKAGING: THE OKNL
LITHIOM HYDROXIDE FIRE AND IMPACT SHIELD

J. il. Evans, R. E, Eversole, R. A, Just, and R, W. Schaich
ABSTRACT

The ORNL Lithium Hydroxide Fire and Impact Shield
and its packaging were designed and fabricated at Oak
Ridge National Laboratory to permit the transport of
Type B quantities of radioactive material and limited
quantities of fissionable material. The shield and its
packaging were evaluated analytically and experimentally
to determine its compliance with the applicable regulations
governing containers in which radioactive and fissile
materials are transported, and that evaluation is the sub-
ject of this report. Computational and test procedures
were used to determine the structural integrity and thermesl
behavior of the shield relative to the general standards
for normal conditions of transport and the standards for
the hypothetical accident conditions. The results of the
evalugtion demonstrate that the shield and its packaging
are in compliance with the applicable regulations.

0. GENERAL INFORMATION
0.1 Introduction

The ORNL 1lithium hydroxide (LiOH) fire and impact shield was designed
by ORNL in 1969. The original design was revised in 1973 to incorporate
improvements and to upgrade the shields. Six shields were built in 1970,
One shield was filled with lithium hydroxide monohydrate (LiOH-H70) and was
then impact and fire tested as described in Sects. 1.5.1 and 2.4.1 of this
report. The shields were inspected and examined, and the shields were
filled with LiOH*H20 in accordance with the drawings and specifications in
Appendix A.

The primary use of thz shield is to provide impact and thermal
resistance for a Type A shielded cask (Fig. A.4) containing special form3,4
packages to permit the transport of Type B quantities of radioactive
material and limited quantities of fissionable material for both normal and

accident conditions by rail, highway, and water modes. The contents for




which the design 1is evaluated are outlined 1ir. Sect. 0.2.3. The L1iOH shield
and its packaying complies with the regulations of the International
Atomic Energy Agency (IAEA), 1973,4 the Nuclear Regulatory Commission,
Title 10 CFR Part 71,2 DOE Order 5480.1, Chapter III,l and the Immediate
Action Directives (IAD) in effect as of this report date. The shields
also comply with U.S. Department of Transportation (DOT) regulations,

Title 49 CFR Part 173.3 cCalculations, engineering logic, test results,

and documents demonstrating compliance are presented in succeeding sections

of this report. Copies of the approval documents are included in Appendix B.
0.2 Package Description

0.2,1 Container description
The features of the shield are illuztrated in Fig. 0.l. As-built

fabrication drawings are in Appendix A. The s.:leld consists of two right
circular cylinders 36 and 27-1/4 in. in diameter, each 1/8 in. thick,
forming the outer and inner cladding. The body or vessel is 30-3/4 in.
high, and the 1id or plug 1s 4-5/8 in. high. These form a cavity 27 in. in
diameter by 26 in, high., The 4-1/4-in. nominal space between outer and
inner cladding is-filled with LiOH*H70 crystals. After pouring, the
crystals form a s0lid mass by absorption of water. The outer surface of
the vessel has 92 vertical cooling fins 1/8 in. thick by 1 in., wide welded
to the wall to improve heat dissipation to the atmosphere.

The closure consists of a pair of 44-in.-diam reinforced rflanges.
Twenty seal-wired l-in. alloy steel bolts secure the closure. There is no
gasket, since beta/gamma shielding is provided by the Type A radioisotope
shipping cask and the special form cap3ule provides containment as dis-
cussed below. At the base of the vessel, the inner and the outer cladding
are separated by a cross structure of pine lumber. The inner and the outer
cladding of the 1lid are spaced apart and supported by a structural member.
The material of construction, with the exceptions noted above, is type
304L stainless steel sheet, plate, and special shapes. The fire and impact
shield weighs 1450 1b, and the total package weight will not exceed 4000 1b.
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0.2,2 Operational features
The shield is designed to be lifted and tied down by lugs (see Sect.
1.2.2, Fig. 1.1). The four channels extending above the top offer impact

protection,

The Li0OH-H20 forms neutron shielding in addition to offering thermal
and impact protection. The beta/gamma shielding 38 provided by a shielded
cask which meets the test requirements outlined in DOT and IAEA
regulations3’4 for Type A containers (see Appendix B). This cask weighs
2500 1b for a total package weight of 4000 1b.

The radioactive material is contained in a special form capsule which
has been tested and certified to meet the test requirements for special
form found in the DOT and IAEA regulations.3-4

The radioisotope shipping container (Fig. 0.2) will be blocked in the
L1i0H shield with lumber such that movement in any radial or axial direction
is limited to 1/4 in. or less.

0.2.3 Contents

The contents of the special form container within the LiOH packaging
will be any solid radioactive material whose decay heat load does not
exceed 300 W and whose gamma and/or neutron activity does not exceed dose
rate limits specified in DOT and IAEA regulations.394 The maximum quantity
of 24‘Am, 244Cm, 24SCm, 247Cm, 21‘9Cf, and 251Cf will be limited to a com~
bined total of 5 g. The Li0H shield package will aigo be used to transport
up to 100 g of fissionable materials including 235y and 233y, in solid
form. The above materials will be packaged internally to meet special form
requirements.

The LiOH package will carry irradiated metal specimens such as tensile,
impact, and weld specimens including, but not limited to, stainless ateel,
mild steel, INOR-89, nickel, high-nickel alloys such as Inconel and Monel,
and tungsten, All such specimens will meet special form requirements of
the DOT and IAEA.
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0.2.4 LiOH cavities
Cavities. in the vessel and 1id are filled with LiOH+H70, which provides
neutron shielding and thermal protection. Lithium hydroxide monohydrate is

a corrosive material as defined by DOT regulation34 (see 173.240) even
though not specifically listed (see Part 172). Since the material is con~
tained in a stainless steel shell, the shields comply with the DOT require-
ments for corrosive materials containers (see 173.21 and 173.245b) and will
be labeled as required (see 172.442),

1. STRUCTURAL EVALUATION
l.1 Mechanical Properties of Materials

The properties of the materials used in the LiOH shield are listed in
Table 1.1. For some materials, dynamic properties are not availatle. In
these instances, static properties are used, but care is exercised to

ensure that their use results in a conservative evaluation.

1.2 General Standards for All Packages
The general standards for all packaging cover the chemical and galvanic
reactions of the materials of the package, closure of the package, and the
11fting and tie~down devices for the package. The shields are coastructed
of 300-serics stainless steel filled with LiOH-H90 salt. There has been

no evidence of any corrosive or galvanic action between these materials.

1.2.1 Closure
The standards specify that the package be equipped with a positive clo-
sure that will prevent inadverten; opening. The 1lid and body are secured

with seal-wired bolts that qudfif& as a pesitive closure.




Table 1.1. Mechanical properties of cask materials

Static and dynamic Symbol 304L Closure bolts

properties stainless steel ASTM A320
Yield stress, psi oy 30,0002 105,0002
Ultimate tensile stress, psi o 75,000 125,000
Modulus of elasticity, psi E 29 x 10%b
Ultimate elongation, in./in. € 0.5 0.16°¢
Poisson's ratio v 0.3b
Density, 1b/in.3 p 0.283P
Allowable shear stress, psi T 15,000d 52,500d
Design stress, psi 14,400e

abynamic properties are taken equal to static properties.
bmaterials in Design Engineering, Reinhold, New York, 1961.

cgbecification for Alloy Steel Bolting Materials for Low Temperature
Service, ASME SA-320, ASME Boiler and Pressure Vessel Code, Section II,
"Materials,” American Society of Mechanical Engineers, New York, 1971.
dOne—half yield stress.

at 500°F, design stress 1s applicable to pressure calculations only.
Taken from ref. 5.

1.2.2 Cask lifting device
If there is a system of 1lifting devices that 1s a structural part of

the package, the regulations require that this system be capable of sup-
porting three times the weight of the loaded package without generating
stress in any material of the package in excess of its yield strength.

The shields are designed to be 1lifted by four lugs (see Fig. 0.1)
spaced symmetrically around the shield using conventional slings. It 1is
reasonable to assume that on occasion only two lugs will be used; hence the
lugs will be evaluated on this basis. The lugs are of type 304L stainless
steel, which has a yleld stress of 30,000 psi. The force on the lugs is
applied as shown in Fig. 1.1.
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The angle § is limited by shield geometry to

0 = tan™l (6.38/6.75) = 43.38°.
The force, T, is found from

T = 1.5W/sin ¢ = (1.5)(4000)/sir 43.38° = 8736 1b .
The shearing stress, r, on the 1.875-in. rod is

T = T/(2A) = 8740/[(2)(»)(1.875)2/4] = 1600 psi ,
where A is cross-sectional area of the rod.

The bending stress in the rod, ¢, assuming a concentrated load at the

center, 1s

Q
L]

M/Z = [(T/2)(L/2)]/[(x)(D)3/32]
[(8740)(2-5)(8)]/[(x)(1.875)3] -: 8450 psi ,

[
L]

length of rod (in.),
D = diameter (in.),
M = moment around center of mass (in.°1b),
Z=1/c,
in which
¢ = height of center of mass abov: the base (in.),

{ = moment of inertia.

With reference to Fig. 1.1,

Ty, = 1.5W = 1.5(4000) = 6000 1b ,

Tp, = T cos 6 = 8740(cos 43.38°) = 6350 1b .

[I |
. .
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The centroid of Sect. A-A is found by the area moment »roposition

¥ = (A1yy + A2y2)/ (A + A2)
= [(5.25)(0.5)(2.625) + (2)(0.5)(3.875)]/[(5.25)(0.5) + (2)(0.5)]
= 2,97 in. ,

where
A] = cross-sectional area of support plates (in.z),

Ay = cross-sectional area of flange (in.z).

The moment of inertia about the centroidal axis is found b’ the transfer

axis theorem

I =2I,+Ad2 = I} +Aj(y - y1)2 + I, + Az(;- y2)2
= 2{1/12(3.5)(5.25)3 + (5.25)(0.5)(2.97 - 2.625)2 + 1/12(2)(C.5)3
+ 2(0.5)(2.97 - 3.875)2] = 14.34.% .

The maximum bending stress, oy, in the support plates resultiag from Ty

is at C-C and is found from

0p = mc/1 = +[F,a(b/2)]/1
= +6000(2)(5.25)/2(14.34) = +2200 psi .

The compressive stress, ¢., in the plates resulting from Ty 1s
0. = Ty/A = 6350/2{(5.25)(0.5) + (2)(0.5)] = 880 psi .
The maximum stress, o, 1is

f =0y + 9, = 2200 + 880 = 3080 psi .
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The force, Ty, loads the shell in compression and the weld securing the
support plates to the flange in shear. Assuming -hat the weld carries

all the load, the maximum shearing stress, Ig, in the weld is

Ty = Tg/(e)(cos 45°)S = 6350/(0.25)(co- 45°)(16) = 2250 psi ,

wnere
e = weld size = 1/4 in.,
S = total length of weld (in.).

The force T, loads the weld securing the support plates to the shell.

As above, the shearing stress in the weld is

T, = T,/{e)(cos 459S = 6000/ " 25)(cos 45°)(4)(5.25) = 1620 psi .

These stresses are less than the allowable stresses (see Table 1.1);
hence the shield compliz2s with the lifting requirements.

Failure of the lifting device under excessive load would probably be
a bending failure of the 1.875-in.-diam rod, since it is the most highly
stressed member. Failure of the rod or any other part of the lifting
device would not impair the shield"ng and containment capabilities of
the shield.

1.2,3 Lid-lifting device
The regulations require that if there is a system of 1ifting devices

that is a structural part of the 1lid only, this system shall be capable
of supporting three times the weight of the 1id and any attachment with-
out generating stress in any material of the 1lid in excess of its yield
atrength., 1Ir is further required that unless rendered useless for
11fting during transport of the package, th: lid~1lifting or any other
system of lifting devices shall conform to the requirements for the
package lifting system.

The 1id, which weighs approximately 310 1b, 1g 1lifted by a 1/2-in.

eyebolt located at the center. The safe working load for the eyebolt
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is 2600 1b,8 which 1s in cxcess of three times the welight of the 1id.
The eyebolt is removed for shipping; hence it is not available for
lifting the entire cask during transport (see Appendix C).

Failure of the 1id-1ifting device under excazssive load would be
in the form of a tensile fallure of the eyebolt which would not impair
the shielding or containment capabilities of the shield.

1.2.4 Tie-down devices

If there 18 a system of tie—down devices that is a structural part

of the package, the regulations require that this system be <apable of
withstanding a static force applied to the center of gravity oi the package
with & vertical component of two times the weight of the package (W) and
its contents, a horizontal componert along the direction of travel of ten
times the welight »f the package (W) and its contents, and a horizontal
component in the transverse direction of five times the weight of the
package (W) and its contents. This applied force shall not generate
stresses in ainy material of the package in excess of the yield strength of
that material, It is also required that any tle—-down device that is a
structural part of the package shall be so designed that failure of the
device under excessive load will not impair the ability of the package to
meet other requirements of the regulations.

The LiOH shield is designed to be sccured to the tramsport vehicle
as shown in Fig. 1.2 by four tension members attached to the four lifting
and tie—-down lugs. For the general case, the notation I, J, K, H, ard 1.
of Fig. 1,2 represents the dimensions of the tie—down system. Of these,
only the value of H is fixed by the container geometry.

It cannot be determined »y inspection if the forward members C and D
are under load. If they are under load, the normal force, Fp, will be
located on the outer radius of ithe shield. To determine whether C and D
are loaded, it will be asiumec that they are not, and the location of ¥,
will be calculated. If the calculated location 1s within the confines
of the shield base, these members are not loaded. However, if the cal-
culated location is not within the boundary of the base, the members

C and D must be under load to achieve equilibrium.
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For the 10W load, by summation of horizontal forces (see Fig. 1.2),
T

e
-

Fy 18 equal to 5W. It follsws
tion of the tie—down member is Fg = SW(K/J). The tension in each of the
two rear tie—down members is Tjg = SW(L/J). For the 5W transverse load,
the tension in member a and in member d is Tg = 2.5W(L/I). The 2W vertical
load has a net resultant of W upward ~2nd is equally distributed between
the four tie-down members. The tension in each member as a result of
the upward load is Ty = (W/4)(L/H). The tension, T, in the most loaded
member 18 T, = Tjg + T5 + Ty = SW(L/J) + 2.5W(L/I) + (W/4)(L/H) = WL(5/J
+ 2.5/1 + 0.25/8#). The values or the d.mensions I and J will vary over
a considerable range in practire. Ratios of I to J will be in the range
1/1 to 1/2. For highway trailers, the most likely mode of tramnsport for
tne shields, an I to H ratio of near 1/1 is likely. Theze ratios are
selected to demonstrate compliance with the tie-down reguirements. Taking
H as the reference height of a tie-dewn, and letting I/J =1, K = 21/2,
L = 31/2 then T, 1s equal to W(d)1/2(5 + 2.5 + 0.25) or 13.42W.
Similarly, for the I/J ratio of 1/2 and H = reference height, K = 51/2,
L = 61/2, then T, 1s equal to W(6)1/2(5/2 + 2.5/1 + 0.25/1) or 12.86W.

The I to J ratio of 1/1 results in the larger of the loads con-
gsidered in the tie—-duvwn lugs, and the evaluation will be made on this

basis. The tensile forces and component loads in the members are

T, = 13.42W ,

Ty, = W(3)1/2(5 + 0.25) = 3.09W ,

T, = W(3)1/20.25) = 0.437 ,

Ty = W(3)1/2(2.5 + 0.25) = 4.76W ,
Foa = T8/l = 13.426/31/2 = 7.75%
Fop = 9.09%/31/2 = 5,250 ,

Fge = 0.43w/31/2 = 0,250 ,
Fgq = 4.76/31/2 = 2,750 ,
P, - W = 15V,

o
=]
]
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Summation of moments about axis wm yields ZTM._, = O:
IMpqp = FpX = 10WE + (~Fzgq — Fap + Fpe + Fz4)A = 0,
X = [10WE + (7.75 + 5.25 - 0.25 - 2.75) WA]/15W
=~ (E+A)/1.5 = (12.88 + 16.98)/1.5 = 19.9 1in.
Summation of moments about axis n—n ylelds ZM,_, = O:
ZMoon " FaY = SWE + (== + Fyp + Fpe = Fog)A = 0»,
Y = [SWE + (7.75 - . - C.25 + 2.75) WA]/15W
= (E + AK)/3 = (12.8é + 16.98)/3 = 9.95 1in.

The normal force F, is located at a radius r = (X2 + Yz)l/2 =
(19.92 + 9,952)1/2 = 22.25 in., which has a slope of y/-x = 1/-2. This
coincides with the line of action of the resultant of the 10W and 5W
forces. The calculated location of F, is not on the container base.
This demonstrates thut there is additional tension in the members. The
radius, r, cannot exceed 18 in., and the expression r = [X2 + ()(/2)2]1/2
+ X(5)Y/2/2. Ssolving for X, X = 2(18)/51/2 = 16.1 in. and Y = X/2
= 8.05 in. Considering only the 10W load and again summing moments about

axis m-m,
FPnX = 2F,A + 2P,A - 10WE = O ,

where F, 1s the vertical component of the tension, T, in membcr a and in
member b, and P, is the vertical component of the iension, T', in member
¢ and in member d. By summation of vertical forces, F, = 2(F, + P,). By
summation of horizontal forces, 2T(J/L) - 10W - 2T'(J/L) = 0, and

T = SWL/J + T'. The vertical components F, = T(H/L) = 5WH/J + T'(H/L)
and P, = T'(H/L). Substituting in’ the moment equation yields
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2F,X + 2P,X - 2F,Z + 2P,A - 10WE = O ,
Fo/X = A) +P,(X +A) - 5WE = 0,
T(H/L)(X - A) + T'(H/L)(X +A) - S8E =0 ,
(5WL/J + T')(X - A) + T"(X + A) - SWEL/H = 0,
SWLX/J + T'X — SWLA/J - T'A+ T'X + T'A - SWEL/H = 0 ,
SWL(X/J -- A/J - E/R) 2T'X = O .
Making the notation change T' = T';o and solving,
T'10 = SWL/2%(A/J + E/H - X/J)
= 5(40000/372(16-1)[16.98 + 12.88 —~ 16.1]
= 14,800 b = 3.7W ,
where P, = vertical component of the tension in members b and c, and
F, = vertical component of the tension in members a and d; it can be
seen by inspection that T'g, the tension in members b and c, is zero,
since the results at F, are located within the base. The tension, T,,
in the most loaded member, member a, is
Tg = (T10 + T5 + T2 + T'10) = 17.12W
= 68,500 1b .
The shearing stress, 7, in the pin is

T = T,/(2h) = 68,500/[(2)(x)(1.875)2/4] = 12,400 psi .

The bending stress, ¢, in the rod, considering the rod as a beam with

restrained ends, is
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o = M/Z = [TgL/8]/{(x)(D)3/32]
= [(68,500)(2)(4)1/[(x)(1-875)3] = 26,500 pei .

To determine the maximum stress in the tie-down lug (point d, Pig. 1.2,
view B-B), the component stresses (¢, and o) are calculated and summed.
The force (see Fig. 1.2) is

Fy = Ta(H/L) = 68,500(1)/31/2 = 39,550 1b .

The moment of inertia from Sect. 1.2.2 = 14.34.
As before, the beading stress

oy = Mc/I = Fya(b/2)/1 = (39,550)(2)(2.5)/i4.34 = 13,800 psi .

The force Fy = To(K/L) = 68,500(21/2/31/2) « 55,900 1b, so the direct

tensile stress is

oy = Fg/A = 55,900/[(2)(0.500)(5.25) + 2(0.500)(2)] = 7700 psi .
The maximum stress at point d (see Fig. 1.2, view A-A) is

=0, + %y = 13,800 + 7700 = 21,500 psi .
The four vertical channels extending above the shield could be used to
tie it down. The dimensional ratios previously used are valid; hence the
maximum force in the most loided tie~down member 1s 68,500 1b. The
horizontal component of the force,

Py = To(K/L) = 68,500(21/2/31/2y = 55,900 1b ,

would place the built-up portion of tke channel in shear. This shearing

stress would be

T = Fyg/A = 55,900/{(4 + 2 + 2)(1/2)] = 14,000 psi .
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The vertical component of this force, Fz, would load the shield locally
in compression in the area around the channel and would be of little
consequence. ;

All normal stres3es are less than the yield point, 30,000 psi for
stainless steel, and shearing stresses are less than the allowable shear
stress. Various tie—~down geometries are possible when securing the
shipping coatainer to the transport vehicle. The most likely tie—dowm
geometry was used in rhe analysis, which showed that normal stresses
are less than the allowable shear stress. If under extreme load the
tie-down device fails, damage will be localized to the area of the tie-
down lug. This area of the container does not contribute to the function
of the shipping contairer. Failure would not impair the containment or
shielding properties of the overall package. Hence the package conforms

to the tie—-down requirements.
1.3 Standards for Type B Packaging

The structural standards for Type B packaging cover load resistance of
the packaging and the external pressure which the package must withstand.
The ORNL 1ithium hydroxide shield complies with these requirements as

discussed in the following subsections.

1.3.1 Load resistance

When regarded as a simple beam supported at its ends along any malor

axis, the shield must be capable of withstanding a static load normal to
and uniformly distcibuted along ita length that is equal to five times
its fully loaded weight without generating stress in any material of the
container in excess of the yield strength of that material. The
equivalent cross section of the container analyzed in this study is
illustrateu in Fig, 1.3,

The cross section of the Li0H shield is composed of the outer stain-
less steel shell, the Li0OH*H90 salt, and the inner stainless steel shell
as shown in Fig., 1.3. Since these components are symmetrical about the

same axis, the moment of inertia for the section is the sum of the moments
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of inertia of the individual components. For a thin shell the moment

of inertia about its center is
1/2
Ig '/Y2 dA = /(; (ri sinzo)t:r:lll de = rrz t,

where
Iy = mean radius (imn.),

t = thickness (in.).

Neglecting the effect of the LiOH*H70 and since t, = t; = t, the moment

of inertia of the composite section is
I =x(rs + e = #[(17.94)3 + (13.56)3]1(1/8) = 3250 in.% .
The maximum bending stress is

o = Mc/I = w(L)2r,/(8I) = [(565.3)(35.38)2(17.94)]/((8)(3250))
= 490 psi ,

where w = weight per unit length (1b/in.), which 18 small compared with
the yleld strength of the material.

1.3.2 External pressure

The regulations require that the shipping v.ckage be adequate to
assure that the vessel will suffer no loss of contents 1f subjected to
an external pressure of 25 psig. For calculational purposes it will be
assumed that the LiOH cavity is at atmospheric pressure.

A potential consequence of external pressure is buckling of the
cylindrical shells. The outer shell of the vessel or body is probably

the most vulnerable shell from a buckling standpoint. It 1s strengthened

by the fins and four channels and supported by the LiOH*H70; hence it 1is
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not readily analyzed. If the conservative approach is taken of neglecting
these reinforcements and assuming the simplified model of a right circular
cylinder 26 in. in outside diameter by 30.25 in. long by 0.125 in. in
wall thickness with closed ends, the critical (buckling) pressure can be
determined using equations priblished by Faupe1.6 For axisymmetric
(bellows type) buckling, the critical pressure 1is found from

Por = [2E(t/rg)2)/(3(1 - v2)11/2
= [2(20 x 106)(0.125/18.0)2]/[3(1 - 0.32))1/2

= 1693 psig .

For lobar buckling,

1.345E(t /rp)>/2
(1 ~v2)3/4[(1.57)(L/rg) ~ (t/rg)1/2]

Pcr

1.345(29 x 106)(0.125/18.0)5/2
" (1 - 0.32)3/4[(1.57)(30.25/18.0) - (0.125/18.0)1/2]

= 66 psig .

Since the critical buckling pressure of 66 psig 1s greater than 25 psi,
the shells will not buckle.

External pressure would load the flat ends of both the base and 1id.
The plates forming the inner and outer heads are braced by the crossed
4 by 4 lumber and the 1id plates by the lifting socket.

Both sets of plates are also supported over their entire area by
the L10H*H20, which has a crushing strength in excess of 25 psig. It
is therefore concluded that the heads will not fail when subjected to the
25-psig external pressure.

Primary containments formed by the special form container will
withstand the 25-psig external pressure, since they are tested (see Sect.
1.7 and ref. 5) at 1.5 times the design pressure of 21 psig.




1.4 Compliance with Standards for Normal Conditions
of Transport

The regulations for normal conditions of tramsport for a single
package require that the effectiveness of the package will not be sub-
stantially reduced by the normal conditions of tramsport and that there
will be no release of radioactive material from the containment vessel.
The contents of the container are limited such that there will be no
gases or vapors in the package that could reduce the effectiveness of
the packaging. There i8 no circulating coolant other than atmospheric
air, and there is no mechanical cooling device raquired or provided.
The shield and the inner container(s) are.so designed that the contents
will not be vented to the atmosphere under normal conditions of transport.
These normal conditions include the effects of heat, cold, pressure,

free drop, and penetration.

l.4.1 Heat

The package must be able to withstand direct sunlight at an ambient
temperature of 130°F in still air without reducing the :ffectiveness of
the packaging. A computer program,7 HEATING 3 (see Sect. 2.0), was used
to compute the steady-state temperature distribution in the package and
its contents under the specified conditions. The dimensional model is
shown in Fig. 2.1 and the input constants in Table 2.1. The computed
temperatures at locations of concern are outlined in Table 2.2. These
temperatures will not adversely affect the shields. The materials of
construction do not suffer significant loss of physical properties at
these temperatures. The LiOH cavity temperature is below the level
where water of hydration would be lost, and the maximum calculated
surface temperature is below the minimum release temperature of the
fusible plugs (208°F). The calculated pressures (see Sect. 2.3.4) will
not adversely affect the shields.

The DOT regulations stipulate that the temperature of any accessible

surface of the fully loaded shipping package shall not exceed 122°F when
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the package i1s in e ghade in still alr at an ambient temperature. For
this evaluation, ambient temperatures were assumed to be 100°F, and the
referenced computer progran7 was used to compute the maximum shield surface
temperature with the shield loaded with a heat load of 300 W. The maximum
accessible surface temperature was found to be 118°FP, which occurred at

the centerline on the bottom of the vessel.

1.4.2 Cold

The shipping package must be able to withstand an smbient temperature
of -40°F (420°R) in still air and shade. Using the same methods of
analysis used in Sect. 1.4.3 and assuming no internal heat load, the final
or maximum pressure (P) in any cavity sealed at a pressure of 14.7 psia
and a température of 70°F (530°R) is

P = P1To/T) = (14.7)(420)/(530) = 11.65 psia .

The resulting pressure differential is not significant by comparison with
the 25-psig external pressure of Sect. 1.3.2. A temperature of —-40°F is
within the operating temperature range of the materials of the package.
Brittle fracture of the shield under the stipulated cold condition is not
credible because the temperatures of all the components of the shield

will be above the ductile-to-brittle transition temperatures of the
materials from which the shields are constructed. Therefore, the stipu-
lated cold condition will not reduce the effectiveness of the packaging,
and the package conforms to the requirements for the cold condition of nor-

mal transport.

1.4.3 Pressure

The regulations for normal conditions of transport specify that the
package be able to withstand an atmospheric pressure of 0.5 times the
standard atmospheric pressure, the resulting pressure being 7.35 psia.
The shield 18 not equipped with a gasket; hence the cavitv would also
be at the reduced pressure. The LiOH cavities are sealed; therefore, the

pressure would not drop. This reduced atmospheric pressure is additive
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to the internal pressures in the LiOH cavities attributable to the
elevated temperatures resulting from decay heat of the contents and
atmospheric conditjons (see Sects. 1.3 and 2.0). The inner containers
(secondary and/or primary containment) are designed to withstand this
differential (see Sect. 1.7).

The pressure differential in the LiOH cavities of the body would
be the sum of 7.35 and 3.3, or 10.65 psi, and for the cover cavity the
sum of 7.35 and 2.41, or 9.76 psi (see Sects. 2.3.2 and 2.3.4). By
comparison with the calculations of Sect. 1.3.2, the inner cylinders
will wot buciile. The hoop stress, oy, in the outer cylinder would be

°h = Pr/t = (16.65)(18)/(0.125) = 1540 psi ,

where
P = pressure (psi),
r = radius (in.),

t = wall thickness (in.).

The flat heads of the base and the cover are connected at the center.
The plates forming the base head are 1/4 2a. thick, while the cover is
formed by a 1/4-in.-thick lower plate and a braced 1/8-in.-thick upper
plate. The plates in the 1id represent a more stressed condition than
do the plates in the body due to the center support (see Fig. 0.1).

Calculation techniques for determining the stress in the 1/8-in.
reinforced plate were not evident in the literatvre; consequently, the
114 was hydrostatically pressure tested to determine its ability to
withstand the reduced pressure requirement. The 1id was pressurized to
11 psig and the deflection measured at various pressures. The results
of this test are presented i. ‘ppendix D.

The 1/4-in. lower plate could be analyzed, and the formulas for
this calculation have been coded into a FORTRAN program. The derivation
of this program is presented in Appendix D along with the compilation
of the program.

The hydrostatic pressure test of the head indicates that there was

no significant permanent deformation of the 1/8-in. reinforced plate;
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therefore, yield stress was not exceeded. The calculation for the
1/4-1in. lower plate revealed maximum point stresses at or near the
yield point of the material; hence, significant deformations will not
occur. It is, therefore, concluded that the package complies with the

reduced atmosphere requirement.

1.4.4 Vibrations

The regulations require packages to withstand the vibrations nor-
mally incident to transport.

The shields are of welded construction, and all welds are complete
penetration. Transport vibrations are not expected to affect the
integrity of the shield weldment. The LiOH'H20 forms a hard cake after
filling. Vibrations are not expected to cause cracks or settling.
Fasteners will be seal wired and will not loosen due to transport

vibrations.

l.4.5 Water spray

The reguiation specifies that package effectivenese not be reduced
when subjected to a water spray sufficiently heavy to keep the entire
surface of the package except the bottom continuously wet for a period
of 3 min.

The specified water spray will not affect the integrity of the
stainless steel LiOH shield.

1.4.6 Pree drop

The regulationg for normal conditions of transport require that a
package weighing less than 10,000 1b be capablie of withstanding a free
drop through a distance of 4 ft onto a flat, essentially unyielding,
horizontal surface, striking the surface in a position in which maximum
damage 18 expected to result.

Only for the corner drop is impact directly on the containmer body.
All cther drop orientations result in impact on an extemsion of the body,

for example, cooling fins, which acts as an energy absorber. Therefore,
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the maximum damage would resrlt from a drop onto the top corner. There
would be some local permanent deformation of the 1lid. Tte corner welds
are of a design and quality that a rupture would not l’kely occur. Con-
tainment would be maintaired, and the deformation w-uld not affect the
heat transfer capabilities of the package. These conclusions ar= based
on the results of the 30-ft and 43-in. free-fall tests of the full-scale
model discussed in Sect. 1.5 and the testing of a 3800-1b container
employing gypsum plaster in lieu of the LiOH reported by Evans.l4 1If 4
weld rupture did occur, routine inspections (see Appendix C) would

result in detection and repair before further usage.

1.4.7 Penetration

The regulations for normal conditions of tramspert also stipulate
that the package be capable of withstanding the impact of the hemispher-
ical end of a vertical steel cylinder which weighs 13 1b, has a diameter of
1-1/4 in., and 1is dropped from a height of 40 in., normally onto the
exposed surface of the package that is expected to be the most vulner-
able to pvncture. This test was conducted on an unfilled Li0OH shield
and did not reduce the =ffectiveness of the shield. The results were no
more than a very superficial dent in the stainless steel surface of the
L1i0H shield.

1.4.8 Compression
It is required that packages weighing less than 10,000 1b be

capable of withstanding a compression load of five times the container
weight, or 2 1b/in.2, distributed uniformly across the top or bottom,
whichever 18 greater. Five times the weight of the container is greater
than 2 psi for the LiOH shield. The maximum compressive stress occurs
in the 1id and 18, neglecting the contributior of the LiOH-H;0,

o = P/A = (SW)/(xDyt) = [(5)(5000)1/[(*)(34.0)(0.125}] = 1500 psi ,
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where
W = weight of container = 4000 1b,
D, = mean diameter of outer wall (in.),
t=

wall thickness (in.).

The shield adequately meets this requiremen: in that the stresses gen-

erated by the compression load are very much less than the allowable
yield stress.

1.5 Compliance with Standards for Hypothetical
Accident Conditions

The standards for the hypothetical accident conditions stipulate

that a package used for the shipment of fissile or a large quantity of
radioactive material shall be so designed and constructed and its con-
tenrs so limited that 1f it is subjected to the specified free-drop,
. pncture, thermal, and water immersion conditions, the reduction in
shielding would not be sufficient to increase the external radiation
! dose rate to more than 1000 millirems/hr at 3 ft from the outside surface
of the package, no radioactive material would be released from the pack-
age except for gases and contaminated coclant not to exceed 0.1% of the
total radioactivity of the contenrts of the package, or specific activity
levels specified in the regulations by transport group, and the contents

would remain subcritical.

The effects of the free drops are discussed below, and the effects

of the therm2l exposure are discussed in Sect. 2. The water immersion

r would result in the cavity being flooded and the LiOH cavities being

partially filled with water. The degree of filling would depend on
shield orientation.

Sect. 5).

The flooding would not result in criticality (see

Little if any of the LiGH would go into solution and be lost.

1.5.1 Free drop

The first in the sequence of hypothetical accident conditions to

e T T TR R T TRTT

which the cask must be subjected is a free drop through a distance of

30 ft onto a flat, essentially unylelding, horizontal surface, striking
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the surface in a position in which the maximum damsge is expected to
occur, A full-scale test model was designed and fabricated at ORNL,
The model was fabricated in accordance with the ORNL drawings in
Appendix E.

1.5.1.1 End drop (bottom). During July 1971, this full-sized
model was drop tested at the ORNL Drop Test Facility. The shield was
loaded with 2300 1b of lead bricks to siuulate an inner Type A or
Specification 55 gamma shield. An 8- by 8- by l-in.—~thick steel plate
welded to the drop pad at its geometric center for other testing in

progress at this time was not removed, since it would effect a more
stringent test. The model was dropped from 30 ft, impacting on its
vottom. The change in length of the package was less than 1/4 in. The
area of the base that cratacted the plate was deflocted equivalent to
the plate thicknese of 1 in, There was one visible hairline crack about
1/4 in. tong in a weld which impacted in the vicinity of the plate.
There #as no significant damage to the interior due to the bricks nor
was there any breach of the outer shell through which any LiOH°H20 could
be lcst. This test was witnessed by ORNL staff members.

1.5.1.2 End drop (top). If the shield impacted on the top, the

four vertical channels woald contact the pad (unyielding surface) and
collapse. The primary concern in a top imp:ct would be separation of
the cover from the base. Note that the maximum allowable weight of
2500 1b of an inner shield and contents would place the twenty 1.0-in.-
diam bolts in tension due to the inertial forces. Calculations to
estimate the accelerations experienced in thia,;mpacg would be suspect.
Hence, five half-scale models of the channel s:;tionrﬁere tested at the
ORNL drop tower on April 18, 1974. The test was conducted in accordance
with the procedure in Appendix F. Tthe report of this test and the data
are also included in Appendix F. The model shown in Figs., 1.4 and 1.5
was bolted to the bottom of the guided, variable-weight drop hammer.
A total weight of 121 1b represents a half-scale of oue-fourth the total
container weight, the portion applicable to one channel.

Five drops from 30 ft were made, Figure 1.6 indicates the typical

damage to the models. Acceleration with respect to time was measured
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using the instrumentation system shown in Fig. 1.7 and the peak recording
accelerometer. From the data in Appendix ¥ it can be seen that the
acceleration of the half-scale model did not exceed 200 g's. From model
theory it :an be concluded that the maximum acceleration for the full-
sized channel would not exceed one-half this value, or 100 g's, since
model theory predicts that accelerations are inversely proportional to
scale factor. Hence, for four channelg, the shield acceleration would
be 100 g's. From Newton's second law, the force, P, applied to the bolts

can be found from

F = ma - Wa/g - (2730)(100)(32.2)/32.2 = 273,000 1b ,

=
]

weight of the contents and 1id = 2730 1b,

acceleration = 100 g's,

g = gravitaticnal constant (ft'lhnllbf'secz).

Note that this is a conservative approach: 1t assumes that the 1lid and

contents are rigid. It follows that the stress 1is
o=F/(NA) = 273,000/[(20)(0.6051)]) = 22,600 psi ,
where

N = number of bolts = 20,

A = gtress area of one bolt (see ref. 8).
Since this is below the yield stress of the bolts, which is 105,000 psi
(see Table 1.1), it can be concluded that the 1id will remain in place

and that the shield meets the requirements of the regulatiors.

1.5.2 Impact on side

The highest level of acceleration would occur 1if the shield impacted
normal to one of the channels. The two legs of the channel would col-

lapre similarly to heat transfer fins with very small angles of inclination
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if the turning moment attributable to the closure flange, which strikes
first, is neglected. If the data from Fig. 5.10 from Davis's report9
on fing are extrapolated siightly, the peak force for a fin having a
height-to~thickness ratio of 8 18 found to be about 9.2 x 104 1b per
inch of length. Note that Davis's fi~ models were 2 in. long. It is
believed that there is little difference in the peak force for a stain-
legs steel fin and for the ASTH A285 steel fins Davis tested. This con-
clusion is supported by static column theory and dynamic tensile
stress-strain data by Clark,lo and 18 modified to compressive data and
presented by Evans.ll Static column theory states that the critical
collapse load for an intermediate column, 30 < L/K < 100, is a function
of material yield strength and L/K, where L = effective column length
(in.), and K = least radius of gyration (in.). The dynamic yield point
from data by Clark for both 18-8 stainless steel and mild steel is
approximately 60,000 psi at an impact velocity of 40 fps.

If the effective length of the channel is taken as 44~1/4 in,, the
channel length for total fin length of 88-1/2 in., the peak force, F, 1s

F = (9.2 x 104)(88.5) = 8.14 x 106 1b .
The peak acceleration, a, from Newton's second law is
a = Fg/W = (8.146 x 106)(g)/4000 = 2040 g's .

Again, from Newton's law the shearing force, Fg, on the bolts holding the
11d to the base 1s

P = Wpa/g = (310)(2040)(g)/g = 632,000 1b ,

where Wj, 18 the weight of the 1id = 310 1b.

The shearing stress in the twenty l-in., closure bolts 1is
1 = Pg/[(N)(Ag)] = 632,000/[(20)(x)(1)2/4) = 40,200 psi ,

which 1s less than the allowable shear stress of 53,500 psi (see Table 1.1),




35

The evaluatior of Davis's data (see Appendix B of Davis's report9)
for straight fins revealed that the ratio, K, of the peak or maximum
force to the average force was between 1.3 and 3.2. Using this ratio,
it can be written that

U = Faygdl = Fpa LA/K = WH ,

where
U = energy (in.°1lb),
A = deformation of the fin (in.),
L = total active length of fin (in.),
W = ghield weight (1b),
B = drop height (in.),

?avg = average or mean force required to crush a fic
per inch of length (1b),

= maximum force, that is, force required to start
collapse of fin per inch of length (1b).

Solving for A and taking K as 3.2 for conservatism,
4 = (KWH)/(FpayL) = [(3.2)(4000)(360)1/[(92,000)(61.5)] = 0.81 in.

Since A is less than the 1.75 in. available for collapse, it is concluded
that the channels have the capacity to absorb the kinetic energy pos—
sessed by the package; hence there will not be significant damage to the
remainder of the package. Note that only the length of the fin rigidly
backed by the shield was taken for L. Also, the stainless steel fin
would have greaier energy absorption capacity than a steel fin of the
same geometry due to the strain hardening characteristics of stainless
steel,

If the shield impacted on its side in another radial orientation,
the closure flange would contact the surface first, There would be some
plastic deformation of the flange, and the shield would rotate about
the point of contact until the fins at the base contacted the impact
surface. The shield's kinetic energy would be dissipated in plastic
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deformation of the closure flanges, the heat transfer fins, and the
shield body. The response of the shield to this impact cannot be cal-
culated by current techniques. However, it can be seen that the
accelerations will be less than those calculated for the impact on the
channels. Comparison of the structural rigidity of the channel legs
and the closure flanges supports this. The previously referenced
testsl® of the 4000-1b plaster-filled container also support this and
demonstrate that there will not be gross structural failure which would
allow loss of LiOH and that the 1id will remain in place.

1.5.3 Puncture

The second in the sequence of hypothetical accident conditions to
which the package must be subjected is a free drop through a distance of
40 in. to strike, in a position in which maximum damage is expected, the
top end of a vertical cylindrical mild steel bar mounted on an essentially
unyielding, horizontal surface. The mild steel bar shall have =
diameter of 6 in., with the top horizontal and its edge rounded to a
radius of not more than 1/4 in., and the bar shall be of such length
that it will cause maximum damage to the package but not less than 8 in.
wong. The long axis of this bar shall be normal to the surface of the
package upon impact.

The full-dcale test model described in Sect. 1.5.1.1 and Appendix E
was dropped from 40 in. onto the bar as described above. The package
impacted on the flat bottom. There was no puncture of the outer shell.
The permanent deflection in the piston contact area was minimal, less
than 1/4 in. The flat bottom was a more vulnerable orientation than
the fin-protected circumference and essentially equivalent to the flat
top. Based on the observed damage, it is concluded that the shield

conforms to the requirements of the regulations.
1.6 Special Form
The ORNL Operations Division is authorized by Laboratory management

to certify that a material conforms to the special form requirements of
IAFA, Safety Series No. 6, 1973 Revised edition,% Section VII. The
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tests prescribed by the IAEA have been performed on a significant
quantity of capsule designs, and Certificates of Competent Authority,
ﬁeeting the 1973 IAEA requirements, have been issued by thz2 DOT.
Typical examples of special form capsules are illustrated in Figs. 1.8
and 1.9. The ORNL special form capsule also meets the leak rate
requirements of IAEA Safety Series No. 6 (1973 Revision), Section II
for Type B(U) packages.
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2. THERMAL EVALGATION

2.1 Discussion

The package must be able to withstand direct sunlight at an ambient
temperature of 130°F in still air without reducing the effectiveness of the
parkaging. The DOT regulations3 further stipulate that the temperature of
any accessible surface of the fully loaded shipping package shall not
exceed 122°F when the package is in the shade in still air at an ambient
temperature; for this evaulation, ambient cemperature was assumed to be
100°F.

The third in the sequence of hypothetical accident conditions to which
the cask must be subjected, as specified by the regulations, is exposure for
30 min within a source of radiant heat having a temperature of 1475°F and
an emissivity coefficient of 0.9 or equivalent. For calculational pur-
poses, it shall be assumed that the package has an absorption coefficient
of 0.8. The package shall not be cooled artificially until after the
30-min test period has expired and the temperature at the center of the
package has begun to fall.

A computer program, HEATING-3,7 was used to determine the temperature
distribution and the quantity and location of material which changes phase
when the cask is exposed to these thermal environments.

It was assumed that the container was loaded with the maximum per-
missible decay heat load of 300 W. The temperature distribution from 100°F
ambient condition was 1input as starting temperatures for the accident

(fire) calculation.

2.2 Thermal Properties of Materials
The thermal properties of materials used to compute the temperature

distribution and material phase change are listed in Table 2.1.

2.3 Thermal Evaluation for Normal Conditions of Transport

2.3.1 Thermal model
The computational model representing the LiOH shield and its intended

contents is 1llustrated in Fig. 2.1. The contents a e modeled as a




Table 2.1. Material properties used in thermal analysis

Temperature Thermal conductivity Densit Heat capacity Latent heat
(°F) (Btu/hr-£ft*°F) (1b/1in.>) (Btu/1lb*°F) (2tu/1b)
Hydrated 11thgum
hydroxide 212 0.316 0.031 0.661 560
Dehydrated lighium
hydroxide%s 0.2576 0.0243 0.356
Stainless steeld 32 7.73-8.51 0.2861 0.120
212 9,43
752 G.135
932 12.57
1292 14.99
Lead %7 32 20.3 0.41088 0.0305
572 17.2
621 0.03282
Plywood? 0.1 0.0347 0.1

AThe thermal conductivity and density of lithium hydroxide were obtained from a memo from R. J. Lauer
to R. D. Seagren, "Monthly Report for June 1969," dated June 27, 1969 (see Appendix J).

The heat capacity of lithium hydroxide was calculated from data taken from J. A. Dean, Lange's Hand-
book of Chemistry, McGraw-Hill, New York, 1973.
“The latent heat of hydrated lithium hydroxide (LiOH°Hp0) was based upon the weight fraction of water.
he properties of stainless steel were obtained from A Compilation of Thermal Property Data for
Computer Heat-Conduction Calculations, UCRL-50589.
“The thermal conduction and density of lead were taken from J. P. Holman, Heat Transfer, McGraw Hill,
‘New York, 1972. -
“The specific heat of lead was obtained from R. H. Perry, Chemical Engineer's Handbook, McGraw-Hill,
New York, 1973.
IThe thermal prceperties of plywood were based upon an engineering estimation.

¥y
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homogeneous body. The decay heat generation was modeled as being uniformly
distributed in the contents. The heat generation rate is assumed to be
constant with no decay with time. The contents are separated from the
inner container by an air gap as shown. This was done, since the contents
will be supported in a rack which has minimum contact. The dimensions of
the model of the Inner container are typical of the containers used. The
base of the cask was assumed to be Insulated during normal conditions. The
size of the inner shield has very little effect ou contents temperature
during the specified thermal exposure (fire) due to evaporative cooling
from the loss of water from the lithium hydroxide. The efficiency of the
fins was calculated, and the heat transfer coefficient for the outer sur-
face was raised to compensate for the exclusion of tt: fins from the model.

These calculations, using equations from Kreith,l3 are shown below:

<]
]

[tanh(mL)]/mL ,

where

fin effectiveness,
fin hefight = 1 in, = 0,0833 ft,
(he/ka)1/2,

in which

h = prevailing convective heat transfer coefficient (Btu/hr-ft2-°F),

¢ = fin perimeter = 2 in, = 0,167 ft,

fitted thermal conductivity of stainless steel (see Table 2.1)
7.350 + 1.23 x 10727 - 1.3 x 107312 + 6,22 x 10913
Btu/hreft+°F,

A - profile area = 1/8 in.2 = 0.00087 ft2.




44

The convective heat transfer coefficient, h, was based upon a laminar
natural convection correlation for vertical cylinders. A least-
squares fit was made to incorporate the temperature dependence of h
and K at an ambient temperature of 100°F, h = 0.254T0+23 Beu/hr-£t2-°F.

The factor, F, by which b is increased to obtain the effect of the
fins is

F = (Ab + AFE)/Ab ,

where

Ap = base area = xDH = x (36)(30.5) = 3450 in.2,
Ap = fin area = HN(2L + t) = 92(30.5)[2(1) + 0.125) = 5960 in.2,

in which

N = number of fins = 92,
H = fin length = 30.5 in.,
t = fin thickness = 0,125,

Thus, the effective heat transfer coefficient can be calculated from
he = (0.25AT0-23)F Btu/hr-£t2.°F .

The effective surface emissivity for the finned area of the cask

was calculated using the equations in the Cask Designer's Guidelb for

a cavity-type radiator. The surface emissivity was assﬁmed to be 0.6.
The effective emissivity was found to be 0.81.

After the above resuits (Table 2.2) were calculated, region 24
(Fig. 2.1) was changed from air to stainless steel to simulate an
inner container which would always contact the bottom of the shielded
container, This also simulates the effect of a concentrated heat
source. Results indicated there were only minor differences in tem—

perature distribution.
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Table 2.2. Package temperature during normal conditions of transport

Temperature (°F)

100°F air
Location? 130°F air 100°F air in shade
in sunlight in shade (suspended container)

A. Contents at centerline 530 500 680
B. Contents at midpoint and outer radius 520 490 670
C. Inner container at bottom on centerline 280 220
D. Mid-elevatior inner container inner

radius 280 220
E. Mid-elevation inner container outer

radius 270 220 n

W

F. Mid-elevation LiOH shield at inside

rad{ius 220 160 200
G. Mid-elevation LiOH shield at outside

radius 170 115 120
H. Afr temperature LiOH cavity 180 150 160
I. Inner container seal 270 220
J. Cavity LiOR cap 220 140 120
K. Inner container at top on centerline 200 150 130
L. Air in container 400 350 600

gee Fig. 2.1 for location.
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2.3.2 Maximum temperatures

The maximum temperatures for the model illustrated in Fig. 2.1 for
the environment of 130°F in direct sunlight, with a 300-W load, are
presented in Table 2.2. It is assumed that a solar heat flux of 144
Btu/hr-ft2 was incident on the cask. This value of solar heat flux
is the value suggested in the Cask Designer's Guide.16 For the 100°F

in the shade environment, the maximum accessible surface temperatures
were 115°F at the midpoint and 110°F near the end on the cylindrical
portion of the shield. Since this is less than 122°F, the package
complies with the DOT and TAEA surface temperature vegulation cited in

Sect. 2.1.

2.3.3 Minimum temperatures

Reduced (less than 300 W) or zero heat loads would lower tem—
peratures throughout the container. This situation would not affect
the safe operation of the container nor the margin of safety (see
Sect. 1.4.2).

2.3.4 Maximum internal pressure

A sealing temperature of 70°F is assumed. Thus, for the 130°F
condition, there would be a rise in pressure in the encapsulated con-
tents, the inner container, and the LiOH-H20 cavities. The resulting
pressures are calculated from the gas laws, assuming constant volume

and a sealing temperature of T; of 70°F (530°R):

Py = P1T2/Ty ;

for the LiOH°H70 cavity shield cap,

Py = (14.7)(680)/530 = 18.9 psia = 4.2 psig.
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For the cask cavity,

Pp = (14.7)(706)/530 = 19.6 psia = 4.9 psig ;
and for the LiOH-H90 cavity,
Py = (14.7)(657)/530 = 18.2 psia = 3.5 psig .

2.3.5 Thermal stress

There are no thermal gradients sufficient to cause significant

thermal stresses in metallic members.

2.4 Hypothetical Thermal Accident Evaluation

The damage from the free—drop and puncture portions of the hypo-
thetical accident would not adversely affect the performance of the
shield in the hypothetical thermal accident. Hence the undamaged con-

figuration was assumed.

2.4.1 Fire testing
A full-sized model of the shield as detailed on the drawings (see

Appendix E) was fire tested as described below. The lithium hydroxide
cavities were vented via 1/2-in.~diam vent holes!® for fire testing as
shown on the drawings.

 The fire test was carried out at the Oak Ridge Gaseous Diffusion
Plant (ORGDP) fire test site. One hunared fifty gallons of diesel
fuel were pumped into the outer tank, 100 gal into the middle tank, and
55 gal into the center tank. This was in accordance with normal fire
test operating methods at the ORGDP fire test facility. Water was
added to each tank to bring the oil level up to within 10 in. of tie
rails on which the shield rested.

The oil was ignited at 10:49 a.m. on July 23, 1971. Five minutes

after oil ignition, cracking noises were heard. The cracking noises

increased in frequency and continued until about 11.20 a.m. At 11.15 a.m.
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it was possible to observe the package momentarily from time to time.
Steam was issuing from the vents in the 1lid, and steam appeared to be
venting from one side of the package.

There was complete flame coverage until 11:25 a.m. (30 min) and
partial flame coverage for an additional 10 to 15 min before the fire
self-extinguished. Steam was still issuing from the 1id when the fire
went out.

Examination of the shield showed that the cracking noise was the
popping of the almost dry LiOH being forced out of the vents by the
steam inside. Evidently, LiOH would build up over the vent holes and
would be blown out. There was LiOH spattered over a radius of 10 ft
around the shield. The shield itself was covered with spattered LiOH.
It was estimated that no more than 2 to 3 1b of LiOH was lost. The
loss was not con- .dered significant.

Examination of the inside of the shield showed no apparent damage.
The stainless steel was still shiny, with no evidenre of heat Linting,
The stenciled heat number and ASTM gpecification number on the inner
cladding were intact and showed no evidence of being heated. The lead
bricks, loaded into the shield to simulate a shielded container and

contents, were also intact.

2.4.2 Thermal accident analysis

The computational model previously used (see Sect, 2.3.1 and Fig.
2,1) to represent the package was assumed for the thermal analysis. The
HEATING-3 computer program7 was used to determine the temperature dis-
tribution in the package that would result from the prescribed 30-min
thermal exposure, and the material constants given in Table 2,1 were
used as computer input. The thermal conductivity of hydrated lithium
hydroxide was used in the thermal analysis throughout the 30-min thermal
exposure, «ith the water of hydration being driven off at 212°F, This
i8 a congservative assumption, since the thermal conductivity of hydrated
lithium hydroxide 1s greater than the thermal conductivity of unhydrated
lithium hydroxide. During the subsequent cooldown, the thermal conduc-

tivity of unhydrated lithium hydroxide was used in the thermal analysis.
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The steady-state temperature distribution computed for the heat condition
of 100°F ambience for normal transport and a heat load of 300 W was taken
as the starting point; internal heat generation was also included in the

transient analysis. During the 30-min thermal exposure and subsequent

cooldown, the base of the cask was exposed to the ambient environment.

2.4.3 Container temperatures

The temperature distribution within the shield with respect to time is
illustrated in Figs. 2.2 and 2.3. The interior surface of the fire shield
does not exceed 240°F at any time; hence the contents would not exceed the
special form test .emperature of the IAEA Safety Series No. 6 (1973

Revision).

2.4.4 Maximum pressures

The resulting pressure for the cask cavity is

Py = PiT9/Ty = (14.7)(700)/530

19.4 psia = 4.7 psig ,

aud for the special form container

Py = PyT/Ty = (14.7)(825)/530

22.9 psia = 8.2 psig

these pressures are negligible.
The LiOH°Hy0 cavities are equipped with fusible plugs so that they will

be vented during a fire.

2.4.5 Evaluation of package performance

The temperatures and pressures resulting from the specified thermal
exposure will not result in the release of radioactive material, increase
in radiation dose beyond permissible limits, or nuclear criticality. The
special form encapsulation will maintain containment of coantents. No
lead will melt within the inner container. The LiOH-H70 will lose moisture
(hydrogen content) as illustrated in Fig. 2.4. The resulting increase in
neutron dose will not exceed the specified limits (Sect. 4).
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3. CONTAINMENT

3.1 Containment Boundaries

Containment boundaries for the shipping options available with
this package are described below.

3.1.1 Special form shipments

For all special form shipments, the welded encapsulation forms
primary contaimment which meets the IAEA Safety Series No. 6 (1973
Revision) for Type B(U) packaging. See Figs. 1.8 and 1.9 for
examples of special form encapsulations and Sect. 1.6 for description
of ORNL special form certification. If the material is doubly encap-
sulated, the outer welded capsule forms secondary containment. These
lines of containment are routinely leak checked using vacuum-bubblel?
leak detection techniques (Appendix C). The radioisotope shipping
cask supplies gamma shielding and also forms an additional line of
containment. These containers are equipped with gasketed closures

which are periodically leak checked.

3.1.2 Other shipments

Solids such as metal specimens, etc., meeting the definition of
special form may be shipped in containers which are not designed for
leak checking. The required gamma shielding is supplied by the Type
A shipping cask and forms secondary containment. The fire test per-
formed on the LiOH ghield showed that the lead shielding would not
melt under accident conditions and the packaging would mect the
shielding requirements for IAEA Safety Series No. 6 (1973 Revision),
Section II, for Type B(U) packages.
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3.2 Requirements for Normal Conditions of Tramsport

The test sequence for special form is more severe than the
requirements for normal conditions of transport; hence, there will be
no release of radioactive material from the containment vessel(s).
The pressure rises encountered will be less than those experienced in
the special form thermal test. There will be essentially no con-
tamination of primary coolant (air).

3.3 Requirements for the Hypothetical Accident Conditions

The test series for special form demonstrates that special form
encapsulation will not fail nor leak contents as the result of the
free falls., The special form thermal test results in temperatures in
excess of those applicable to the contents during the spec’fied ther-
mal exposure (see Sect. 2); hence there will be no release during the
thermal exposure. The water immersion test for special form is iden-

tical to the hypothetical accident.
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4. SHIELDING

Shielding from neutrons is effected by the LiOH'H90 in the fire
and impact shield. The gamma shielding is provided by the DOT Type A
inner container. The user 1is required (see Sect. 6) by the operating
procedures and checklist to monitor each package to ensure that the
external radiation dose rate does not exceed that allowed by the
regelations.

The hypothetical accident will not reduce the shielding effec-
tiveness of an inner container. There will be no significant redistri-
bution of lead shielding, and no lead will melt (see Sects. 1.5 and
2.4). The specified temperature excursion will result in a reduction
in the effectiveness of shielding from neutrons. The water of hydra-
tion will be evaporated, and the LiOH°H70 will become LiOH in the
region indicated in Fig. 2.4. The effect of this shielding loss was
evaluated. A copy of the results of these calculations is presented
in Appendix G. In summary, this evaluation demonstrates that if the
neutron dose rate level is equal to the maximum allowable for

shipment, it will not exceed the allowable after the accident.
5. CRITICALITY

The regulations require that packages used for the transport of
fissile material shall be so designed and constructed, and the con-
tents so limited, that they would be subcritical if it 1s assumed that
water leaks into the containment vessel; that water moderation of the
contents occurs to the most reactive credible extent consistent with
the chemical and physical form of the contents; and that the contein-
ment vessel is fully reflected on all sides by water.

There are additional requirements for packages containing liquids
which do not apply to the LiOH shield. It is also required that a
package used for the shipment of fissile material shall be designed and
congtructed, and its contents so limited, that under normal conditions
of transport specified in the regulation, considered individually, the
package will be subcritical and the geometric form of the package con-
tents will not be substantially altered. There will be no leakage of
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water into the containment vessel. This requirement need not be met if,
in the evaluation of undamaged packages for compliance with Fissile Class
I requirements below, it has been assumed that moderation 1s prasent to
such an extent as to cause maximum reactivity consistent with the chemi-
cal and physical form of the material.

It 1s also required that when subjected to the specified normal con-
ditions of tramsport, there will be no substantial reduction in the
effectiveness of the packaging, including the specific requirements
below: (1) a reduction by more than 52 in the total effective volume of
the packaging of which nuclear safety is assessed; (2) a reduction by
more than 5% to the effective spacing on which nuclear safety is assessed
betweer. the center of the containment vessel and the outer surface of the
packaging; (3) the occurrence of any aperture in the outer surface of the
packaging large enough to permit the entry of a 4—in. cube.

The regulations specify that a package used for the shipment of
fissile material shall be so designed and constructed, and its contents
so limited that, if subjected to the sequence of the hypothetical acci-
dent conditions specified in Annex 2 of the regulations, the package
would be subcritical. In determining whether this standard is satisfied,
the conditions outlined below shall be assumed.

The fissile material is in the most reactive credible configuration
congsistent with the damaged condition of the package and the chemical and
physical form of the contents.

Water moderation occurs to the most reactive credible extent con-
sistent with the damaged condition of the package and the chemical and
physical form of the contents,

There 18 reflection by water on all sides and as close as is con-
sistent with the damaged condition of the package.

A Fissile Class 1 package shall be so designed and constructed, and
its contents so limited, that compliance with the requirements below are
ensured.

Any number of such undamaged packages would be subcritical in any
arrangement, and with optimum interspersed hydrogenous moder?tion unless

there 1s a greater amount of Interspersed moderation in the packaging,
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in which case that greater amount may be considered. Two hundred fifty
such packages would be subcritical in any arrangement, if each package
were subjected tn *ne sequence of the hypothetical accident conditions
specified in Annex 2, with close reflection by water on all sides of the
array and with optimum interspersed moderation ui.less there is a greater
amount of interspersed moderation in packaging, in which case that
greater amount may be considered. The condition of the package shall be
agssumed to be as described below.

It shall be assumed that the fissile material is in the most reactive
credible configuration consistent with the damaged condition of the
package, the chemical and physical form of the contents, and controls
exercised over the number of packages to be transported together. It
shall also be assumed that water moderation occurs to the most reactive
credible extent congsistent with the damaged condition of the package and
the chemical and physical form of the contents.

The ORNL Criticality Committee has evaluated the package and its con-
tents as described in Sect. 0.2 and the as-built drawings in Appendix A.
This evaluation, presented in Appendix H, demonstrates compliance with

the regulations for Fissile Class I shipments.

6. QUALITY ASSURANCE

6.1 Fabrication, Inspection, and Acceptance Tests

The majority of the fabrication work on these shields was performed
prior ro the requirements for a formal quality assurance program. The
fabrication was performed in OKNL Shops in accordance with normal). shop
fabrication procedures. Material was specified on the original drawings
ag "304L SST.” Material was withdrawn from ORNL Stores stock, The
material used conforms to the requirements of note I of as-built drawing
M-11566~-EM-001-D, since ORNL Stores stock is purchased by these specifi-
cations. The existing weldments were inspected by ORNL personnel for
conformance to the as-built drawings and quality of workmanship required
by the drawings. In the opinion of the inspecting personnel, the weld-
ments were built in accordance with the drawings and specifications. The

ORNL report 1is presented in Appendix I,




The modifications to the weldments were performed in accordance with
the drawings, notes, and the applicable ORNL Quality Assurance
Procedures. The welds were made in accordance with the WPS procedures
and inspected as spaecified by note II.2 of the drawings. The material
vsed in modifications was withdrawn from ORNL Stores stock which was
puirchased in accordance with the specifications in note I. The lithium
hydroxide monohydrate was poured in accordance with the procedure on the
drawing (note VI). The leak tests required by note III of the drawing
were performed to verify the integrity and leak-tightness of the weld-
ment. Dimensional inspections of the completed containers were per—
formed. Weld and dimensional inspection reports and leak tests reports
are presented in Appendix I. Each container was tested for homogeneity

of the LiOH-H)0 pour (neutron shielding) per note VI of the drawing.

6.2 Operating Procedures and Routine Inspection

The ORNL Operations Division has established packing and routine
inspection procedures to ensure that all shipments are safe and comply
with the regulations.l'3 Copies of the procedures and checklists are

presented in Appendix C.

6.3 Periodic Maintenance and Inspection

The design of the shield is such that a dye penetration inspection
report, no older than six months, must be maintained in the container's
QA file., In addition, the gaskets are replaced every six months.
Additional maintenauce will be required only when routine inspections
indicate damage. There are no time-degradable mairerials used in the
construction of the shields. All inspection and maintenance reports are
to be included in the OA files., These files must be auditable and main-

tained for the life of the container.
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11,

12.

13.

14.

15.

16.

U.S. Department of Energy, "Safety Requirements for the Packaging of
Fissile and Other Radioactive Materials,” in DOE 5480.1A Chapter III.

Code of Federal Regulations, Title 10, Part 71, "Packaging of Radio-
active Material for Transport and Transportation of Radioactive
Material Under Certain Conditions.”

Code of Federal Regulations, Title 49, Part 173, "Transportation.”

International Atomic Energy Agency, Safety Series No. 6, Regulations
for the Safe Transport of Radioactive Material, 1973 Revised Edition.

ASME Boiler and Pressure Vessel Code, Section VIII, "Pressure
Vessels,” Division I, American Society of Mechanical Engineers, New
York, July 1, 1974,

Joseph H. Faupel, Engineering Design, a Synthesis of Stress Analysis
and Materials Engineering, Wiley, New York, 1964.

W. D. Turner and M. Siman-Tov, HEATING-3, an IBM 360 Heat Conduction
Program, ORNL/TM-3208 (February 1972),

E. Oberg and F. 0. Jones, Machinery's Handbook, Industrial Press,
17th Ed. (1964).

F. C, Davis, Structural Analysis of Shipping Casks, Vol. 9, Energy
Absorption Capabhilities of Plastically Deformed Struts under Specified

Impact Loading Conditions, ORNL/TM-1312 (February 1971).

D. S. Clark, The Influence of Impact Velocity on the Tensile Char-
acteristics of Some Aircraft Metals and Alloys, National Advisory

Committee for Aeronautics, Technical Note No. 868 (October 1942),

J. H. Evans, Design and Analysis of the New Brunswick Laboratory High
Level Waste Cask, ORNL/TM—4242 (June 1973).

American National Standards Institute, "Leakage Tests on Packages of
Radioactive Materials,”™ ANSI N 14.5, 1977,

F. Kreith, Principles of Heat Transfer, International Textbook
Company, Scranton, Pa., 1966.

J. H. Evans, Safety Analysis Report for Packaging Lawrence Livermore
Laboratories Shipping Containers, ORNL/TM-4905 (in publication).

R. D. Seagren, personal communication (unpublished data).

L. B. Shappert, Cask Designer's Guide, ORNL/NSIC-68 (February 1970).
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APPROVAL DOCUMENTS
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INTRA-LAZCRATORY CORRISPONSINCE

0AX fIDGI NATIONAL LAZCRAVGRY

Deceaber 16, 1574 TC 74-5
To: J. H. Evans, R. W. Schaich.~
Froa: Transportatioa Committce

Subject: Approval of SARP? for the ORNL Lithium Hydroxide Fire and
Impact Shield

e OXNL Transportation Commiilee has reviewad your submissicn of the
schject SARP to fulfill the requlzenments (internzl review) of para-
graph B of ACC Immeciate Action Divective 5201-3. Particular
2itenzion was Ziven the five areas of structural iategrity, thermal
;tesistance, radiation shielding, nuclear criticality safety, and
quality cssurzace.

The results of the evaluztion shouw that the shield neets the requive-
ments of AECYH 0529 and the SARD is approved for submission to the AEC
for request of a Certificate ci Comnliance for approval of the shiela
for use as described for offsite shiprments of fissile and : idiocactive
caterials.

~ .
E.m. K M7.
E. M. King, Chairman

Transportation Committee

cc: Transportation Committee
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.S. F Y
DOE Form EVE18 U.S. DEPARTMENT GF ENERG

111-17) CERTIFICATE OF COMPLIANCE

16 cFRTI For Radwcactve Materiais Packages
1a. Cortificate Number 1b. Rewision No. 1c. Package ldenufication No. 1d. Pega No. | le. Toui No. Pages.
9851 A USA/9851/8(U) (DOE-OR) 1 2
2. PREAMSBLE

22.  This certificate is imsued to satisfy Sections 173.393s, 173.394, 173.395, and 173.396 of the Department of Transportation Hazardous
Materials Reguistions (49 CFR 170-189).

5. The packaging ind CONTES Ge3CTibeD in item S EIOW. mMeets the safety standards sst forth in Suipert C of Tite 10, Code of Federal
Regulations, Part 71, “Packaging of Radioactive Material for Transport and Transportation of Rsdiosctive Material Under Cartsin

Conditions.”
2c.  This earuficate does not reiieve the g trom 0 wnth any requirement of the regulstions of the U.S. Depertment of
Transportation or othar hicable regut y Jgencies, ding the gover! of any country through Or into which the peckage
wnil be tramponed.
3. This cartificate s issued on the beus of 2 safety ansyns repart of the packag gn or application—
{1} Prepared by (Name and address): {21 Titte and Identifiation of report or appircation: {3) Date:
November 1983
Oak Ridge National Laboratory Safety Analysis Report for
Post Office Box X Packaging for the ORNL Lithium
Oak Ridge, TN 37830 Hydroxide Fire and Impact Shield

Report No.: ORNL/ENG/TM-8/R1

4. CONODITIONS
This certificate :s conditional upon the fufilling of the requirements of Subpart D of 10 CFR 71, as applicable, and the conditions spe.ified
in itam 5 below

S. Description of Packaging and Authonized Cantents, Madet Numbar, Fissile Class, Other Conditians, and Referances:

(a) Packaging:
(1) Model: Lithium Hydroxide Fire and Impact Shield
(2) Description:

Packaging for inner Type A packages to permit transport of Type B quantities of
radioactive materials and Timited quantities of fissile materials, which are
contained within inner special form encapsulation. The inner vessels will be
blocked to minimize movement during transport.

The inner cavity of the shield is a cylinder 27 inches diameter x.26 inches high
(68.6 cm, dia. x 66 cm. high). The outer shell is 36 inches diameter x 30-3/4
inches high (91.4 cm. dia. x 78.1 cm. high).

The 1id is 4-5/8 inches (11.7 cm.) thick. The shield is fabricated from 1/8
inches (0.3 cm.) thick 304-L stainless steel with the 4-1/4 inches (10.8 cm.)
nominal space between inner and outer cladding being filled with LiOH'HZO
crystals. The outer surface of the shield has 92 vertical cooling fins.” The
flanged closure is held in position by twenty 1-inch (2.5 cm.) alloy steel bolts.

6s. Daw of Issuance: NOvVember 30, 1983 | 6b. Expiratian Date- November 3C, 1988
FOR T4k J.S. DEPARTMENT OF ENERGY
73. Address (o'! DQE issuing O'fical l 75. Sgnaturs, Nams, and Titla (of DOE Approving Official)
{ 0
U.S. Department of Energy WDl vasee '\ [foemsd
P.0. Box E iwilliam H. Travis, Director
O0ak Ridge, Tennessee 37830 :Safety 4 Environmental Control Divisicn

R e



71

€ of C USA/9851/B(U)(DOE-OR), Rev. 2 Page 2.

(b)

(c)

(3)

The inner Type A package is a top loading, cylindrical Tead shield clad with

3/8 inch {1 cm.) thick Series 300 s*.inless steel., Qutside dimensions are

20 inches 0D x 21-11/16 inches high (51 cm. OD x 55 cm. high). Cavity dimensions
are 7-1/4 inches ID x 10-1/2 inches high (18.4 cm. ID x 26.7 cm high). The
cavity plug is closed with eight 1/2-inch {1.3 cm.) diameter bolts and nuts.

The gross weight of the oackage is 4,000 1bs. (1814 kg.).

Drawings:

The overpack and the inner Type A Cask are described and fabricated in accord-
ance with Union Carbide Corp., Nuclear Division, Oak Ridge National Laboratory

drawings:

D-RD-2760-D through D-RD-2764-D, X3D-1091-109, and X3D-10191-109.

Contents:

(1)

(3)

Type and form of material:

Any solid, large quantity of radioactive materials, fissile and nonfissilie,
meeting special form and whose decay heat load does not exceed 300 watts.

External radiation levels will be within the levels prescribed in DOT Regula-
tions, Title 49.

Specific limits of contents:

(i) 5 g of:

242Am, 244Cm, 245Cm, 247Cm. 249Cf, or 251Cf
(ii) 100 g of:

235U or 233U.

(iii) Irradiated metal such as tensile, impact, and weld specimens (including
but not limited to stainless steel, mild steel, INOR-89, nickel, high-
nickel alloys such as Inconel, Monel, and tungsten).

Fissile Class: I
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INTRA-LABORATORY CORRESPONGENCE

OAK RIDGE NATIONAL LABORATORY

June 24, 1982

To: E. Lacb H/ %ﬂ/

Fron: K. W. Hafft and B. P. Phillips

Subject: Type A Testing of ORNL Radioisotope Shipping Cask
{OBRNL Drawing X3D-10191 109)

Tasts prescribed for Type A Radioactive Materials Packaging in Safety

Series No. 6, Regulations for the Safe Transport of Radioactive Materials,

1973 Revised Edition, International Atomic Energy Agency, Vieana, 1973, pp.
79-82 and Title 49, Code »f Federal Regulations, paragraph 173.398(b) have

been performed on the shipping container described in OPNL drawing
X3D-10191 109. The cask suffered minimal damage as a result of the tests,
and showed that no damage serious enough to fmpair shielding or containment
of radioactive material occurred as a result of the tests.

The cask has demonstrated its ability to withstand the rigors of transpor-
tation and the other tests required by 49CFR 173.398(b) through greater
than 15 years of actual service. I, therefore, conclude that the ORNL

Radioisotope Shipping Cask meets the requirements for Type A packaging.

KWH:drw
Attachments

cc: F. N. Case
C. L. Ottinger
J. E. Ratledge
R. W. Schaich
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ROUTINE PACKAGING AND INSPECTION PROCEDURES




75

OPERATIONS DIVISION :‘fj"°'1 —
RADIOISOTOPE DFPARTMENT onie Hpinisn -
BUILDING 303S
RAOIOISOTOPE PACKING AND SEIP2ING
0AX RIDSE NATIONAL LABIRATCRY
. P«D'O;GOIJ‘ P\Cmﬂclvb AMD SFI’PI.u PJOLFDDD"
m—,&khw"'u“_

PROCEDURE "2 APPROYAL 1O SHIP RADIOACTIVE MATERIAL

1. All rejuests to ship radioactive zaterial are first rafcrred to the
SS Materials Managemeat Deopartment or to the Isotopes Sales Office
for a2nproval (reference: Isolopes Salss Oparatiry Mzl and the
Luclzzr Moterials Manajerernt Marucl, CINL-2800 (Revised)].

2. Radicactive Materials Packaging Form ('JCX-12301) is coxmplered by
the requester and attached to the Special Works data sheet (UCK-1784)
or the SS Accountability document (UCN-2681). The supervisor of the
Radioisotope Packing and Shipping operation reviews the informatfon
provicded and flags all shipping documeats for shipmerts requiring
Type "B" shipping containers.

3. Docureatation of requests for shipping radioactive materials with
half-lives >14 days is submitted two full vorking day: before the
scheduled shipping date to give adequrte time for review of package
docunmentation and approval of the shipment.

. 4. Documentation of requests for shipment of radioactive material with
a half-life of <14 days must be submicted by 1:00 p.m. on the day
before the scheduled shipping date.

S. The review of packaging documenta=ion follows the procedure
established in ORJL Guide for the Packaging of PRadiocactive Materials
for Transport, and luclzar taterials Manzgerent lManual, ORNL-2800
(Revised).

6. A Radioactive Materials Packaging Form (UCN-12301) is required for
all returmable container shipaents (empty or full) and for all

ship_-nts containing >1 wCi alpha or >3 Ci beta/gamma.

PACKING AND SHIPPING PROCEDURE

1. The svpervisor of the Radioisotope Packing and Shipping Operation
(RPS0) receives approved shipping documents UCN-2775 (3 3~79) from the
SS Materials Management and Isotopes Sales Group by 1:00 p.m. on the
day before the stiprent is scheduled to leave ORMNL.

2. The RPSO supervisor reviews each shipping documant and the Radioactive
Materials Packaging For— 2nd reports auny discrepancies to the Process
Croup Leader for action. in the absence of the Group leader, dis-
crepancies in the documentation are reported to the Radioisotope
Departnent Superintendent for action.

—————— ————— e o

’ vnocf 3 c,rmu: L_gA'n a
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s
UCH 1280, ~ * ah

R




Y
[# 4]

RADIQISUTOPE PACKING A.\D SHIPPTAG
OAK RIDCE NATIOMAL LABORATORY
RADIOISOTCPE PATKACING AND SHIPPING PROCEBURE
OPZ2ATIONS DIVEIS(OY

OPERATIONS DIVISION T
RADIQISQTOFPE DEPARTMENT LI &750/e3

1

3. All shipping documeats flagzed as Type "8" are separated by the

properly loaded on the traasporting vehicle. HKe then signs the
Radioactive Materials Packaging Forzm (UCN-12301) and immadiately

final review.

relief supervisor.

GENERAL REGULATIONS

1. Short half-life materials (<14 days) are shipped on Tuesday and
weeks. Medical isotopes are shipped when required.

2. Long half-life materials (>14 days) ave shipped on Wednesday and
shipped on Friday unless special arrangements are mace.

K Al1 packages received at Building 3038 Packing and Shipping Room

DOT shipping regulations for gernal radiation (<200 wmren/hr at
surface and 10 wrem/hr at 3 feet). The RPSO supervisor must be

to Building 3038.

copy of the Special Work Ordzr or a note must be attached to the
container with the following information:

A. Quantity of radioactivity actually being shipped.!
B. Chemical form.

C. Concentration of radionuclide in solution, mCi/ml.
D. Volume or product weight.

E. Specific activity! (list as "C.F."” for carrier free where
applicatle).

F. Assay date and time.}

RP50 supervisor and houdled ca a personal basis until the unit is
-»

returns all completcd documeats to the Process CGroup Lleader for =2

4. In the absence of the RPSO supervisor, the relief supervisor brings
all shipping docu=ents to the Process Sroup Leader for review and
identification of shipments that require special attention of the

Friday of each week. Special schedules can be arranged for holiday

Thursday of each week. Shipmeats weighing greater thtan 300 1b are

wust meet ORNL Health Physics Manual Chapter 4.2 requirements con—
cerning intermal transfers of -~dioactive materials ind must meet

the

notified by the originator of the shipment when he delivers his packege

4. For each package, bottle of product, source, target, or other form of
radioactive material taken to Radioisotope Packing and Shipping, a

ASPROVED

UCN 123100 4171

—————

lu’n ?’ P /\ *Am@cr;’ cﬂﬁy;t—r‘;;rﬂ—_—"
44 1-— 5—{_’/ . - '-/J //r—"‘-'- Lpm -/——~——-—4

OArv:

| 6/30/80_
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OPERATIONS DiVISION P L —
RAD!OISOTOPC E)CPART‘/‘ENT oere 6730730

RJD‘OTQOTOPE PAC\[\P AND SHIPZING
02X RIDCE NATIONAL LABOQATCRY
RADIOISITOYE PACKAGING AND SHIPPiNG PROCIIURE
OPERATIUNS DIVISION

G. Normality of solutions of acids and bases.

. Radiochenical purity.2

IL’nprocessed reactor and cyclotron tarzets ate not assaved; therefore,
cuantity of radioactivity is calculated in thesa cases. Crclotroan target
strip solutions should be analyzed for quantity of product rzdioisotope
prior to shipment.

27n the case of short-lived radioisotopes, radiocheamical purity assay
results may be furmished after the shipmant is made.

In the case of partial shipments of products listed c¢n the Special Work
Order a copy of the Special Work Order must be furnished with each partial
shipzent, and the items on the Special Work Order not being shipped must
be marked out.

An Isotope Product Card (UCN-6216) must ba filled out for every radio-
isotope product solution. In the case of product solutions loaded in
shipping containecrs outside of Radioisotope Packing and Shipping, a completed
copy of this form must be submitted with the product container to the
Packing Supervisor with a copy to the Isotopes Sales Office.

5. The packaging and shipment of radioisotopes shall follow the Procedures
for Packaging ard Shipmaent of Radioactive Materials Butlding 3038 aud
ORIL Guide for the Packaging of Radioactive Faterials for Trarsport.

OATE

6/30/s0

UCrk 1253171y & 71,
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OAK RIDGE NATIONAL LABORATORY RADIOACTIVE MATERLIALS PACKAGING CERTIFICATION

THIS FORM IS REQUIRED FOR ALL RADIOACTIVE SHIPMENTS AND ALL EMPTY RETURNABLE CONTAINERS
{ Routine Type A Shipments Packaged by Process Group Pessonnel are Exempt )

GENERAL INFORMATION

1. Origin (Division) 2. Destination

3. Method of Transpor! 4. wWeight

5. Special Instructions

Special instructions Complied by

RADIOACTIVE CONTENTS

. All major activities in curies and,'or grams

2. [ Analyzea? ] catcutatea?
3. Specity (a) [JNormai Form (0) [T] Specia Form (¢) [] Fissite (d) [] Non-Fissite
4. Radioactive Material Form: [ ] Soiia [ diguia 3 aGas
5. Heat Load (watts) : Cak E By
INTERNAL CONTAINER
1. tnternal Containment: [] Glass Bottie I prastic Bottie O +2r- [ conoseat [J weided capsule

G aw N

{ specify capsule material )
J otner (expiain)

. Contamination level on intemmal contalner: Estimated Smeared

. Radiation leve!l from internal container: Measured Calculated
. Gaskets or seals (valves) properly installed By

. Leak tests of internal container 8y

. Packaging schematic attached 8y

EXTERNAL CONTAINER

1. Moderator and neutron absorber present for fissile materials? O ves By
2. External container examination O ves By
3. Gaskets or seais properly Instatled 3 ves B8y
4. Leak test O ves By
5. Bolts torqued to ft. lbs. By
6. Tie down 1o skid checked O ves By _
7. Tamper seal instalied O ves By I
8. Lideye bolt removed and wire to the outside of the carrier O vYes 8y
9. Packaging schematic attached 3 ves 8y

SHIPPING CONTAINER
1. Certificate of Compliance No, USA-
2. DOT Speclification No.

RADIATION SURVEY

1. Surface contamination level: Alpha apm; Beta/Gamma dpm
2. Externa  adistion level . mrem/hr ¥ contact
3. Domaestic shipments mrem/hr 3 3 ft, from surface
4. Foreign shipments mrem/he % 1 meter from center
5. Heaith Physics Surveyor Date

TRUCK TIE-DOWN AND SHORING

. Tie-down in accordance with s k" and Designed Layout checked by

( Inspection Enginoering)

. Shoring check by (if required)

Certifies Packaging Dats is Correct for Shipmen:: Date

UCN-12301
k] 4-01)




OPERATIONS DIVISION rocwo 26

PaAsGE 1 oF

RADIOISOTOPE DEPARTMENT oave _ 2/26/83

BUILDING 3029
SOURCE DEVELOPMENT LABORATORY
QUALITY ASSURANCE PROCEDURE FOR TYPE B SHIPPING CONTAINERS

Incoming Type B Containers

1. Container is opened under the supervision of the Packing Foreman anmd a
representative of the Health Physics Division. Radiation readings and
smear levels on the external and internal surfaces are recorded. These

records are stored in the auditable Quality Assurance Qi) file in
Buildings 3029.

2. 1f container is contaminated externally or internally, it is cleaned to
ORNL smear tolerance of 500 dis/min beta-gamma or 30 dis/min alpha. The

final smear level is recorded by Health Physics and placed in the com-
tainer’s QA file.

3. If the radiation level internally or externally is greater than 1 or/hr
beta-gamma or 500 dis/min alpha, the contairer is to be decontaminated to
the above tolerance. If decontamination efforts fail, the container is
tagged out of service and the Department Head is notified in writing of
the status. A copy of the notification is placed in the container's QA

file. EXCEPTION: Uranium carriers may read up to 10 mrem/br internally
or externally.

4. Fire Shields

The RSPO Foreman will visually inspect all fire shields for cracks in the
wood, protective coatings, foam glass, and/or steel covers. Defects in
these items are to be recorded in the container's QA file and 2 blanket
work order issued immediately to repair same. A copy of the blanket

work order and the copy of the completed work order are to be placed in
the container's QA file. An inspection of the repair work is to be

made by the RSPO Foreman and a record of acceptance placed in the con-
tainer's QA file.

Qutgoing Ty: e B Containers

1. shielded Containers

a. Vacuum leak test will be performed by operating personnel and
recorded in the container's QA file in Building 3029 before the

container can be used for loading encapsulated radicactive
material.

b. An Inspection Engineering report on the internal weld dye penetrant
inspection is valid for 6 months prior to shipment. 1f inspection
is over 6 months old, a new dye penetrant inspection of the internal

, welds must be made and the results recorded in the QA file. All
repairs will be inspected and approved by Inspection Engincering
and recorded in the QA file.

APPROVED:

E DATE

, 7
0,_/.4«7&.-/:.4@:2__ 2/26/82

[Pngc?s-caouf' LEADER:

UCN-12%30A {3} &71

Wi'.“
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24
OPERATIONS DIVISION ::::“2'—”—7_
RADIOISOTOPE DEPARTMENT oave _ 2/26/82
BUILDING 3029
SOURCE DEVELOPMENT LABORATORY
QUALITY ASSURANCE PROCEDURE FOR TYPE B SHIPPING CONTAINERS

c. Gaskets will be changed eve'y 6 months and rezurded in the container's
QA file. Gasket material from stores stock must be verified by the
store stock number.

2. Fire Shields

Fire shield lids and bolting devices will be inspected before shipment by
the Packing Foreman to insure proper fit of the locking mechanism to hold
the 1id securely in place during transit. A record of this inspection is
to be placed in the container's QA file. All repairs are to be made
before sh’pment and the blanket work order with its completed form is to
be filed ‘u the container's QA file.

APPROVED

Pt | Pd

e “V22§¢//, l—v j PROCFSS GRIWP L - . OATE
w2/ /deﬂ/%_w____dﬁ AT ) " "226182

Py =

UCN-12530A () 4-77)
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OPERATIONS DIVISION G —

P AGE S or_1

RADIOISOTOPE DEPARTMENT oave 2726187

BUILDING 3029
SOURCFE DEVELOPMENT LABORATOR
QUALITY ASSURANCE PROCEDURE FUR TYPE B SHI—’.—’IZ-C COXTAINERS

SUGARMAN CASK PACKING PROCEDIRE

Pre-loading Check

1. Chokers for cask handling and lid removal checked for
proper loadimg vclue and certification by Inspection

Engineering By
2. Vacuun leak test By
3. Inspection Engineering report date (If over 6 months
since last report, re-inspect) By
4. Planned radioactive heat load watts
5. Cavity and lid smear level B~y dpm
a dpm
By
6. Outside cask surface smear level B~y dpm
a dpm
By

7. Lid closure cap screws, lockwashers, and nuts
checked for burrs and proper
¢ " operation By

. Post Loading Check

1. Outside cask surface smear level (clean to ORNL

smear tolerance for shipping B~y dpm
a dpm
By
2. Lid closure cap screws free of burrs or damage
from in-cell loading By
3. Lid cap screws torqued to 150 fr.-1b By
4. Tamper seal installed By
5. Loaded into Fire & Impact Shield By
6. Packaging Information Form (UCN-12301) completed By
7. Notification to Packing and Shipping Foreman By

Supervisor Approval ty

‘ Date _

APPROVED:

) .
syrdavison, / PROC ou"—ruor < P DATE
' {7’ —-—7,1 e ] /’64 ‘3

v,

W.‘ 6" ./’" ff.—_—..- {—Z -_1—7;/.4__‘//.1’("’” 212ﬁ[ﬂ"

UCN-12530A (3 &-77)
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OPERATIONS DIVISION e _—1 7

RADIOISOTOPE DEPARTMENT oave __2/26/8?

BUILDING 3029
SOURCE DEVFLOPMENT LABORATORY
QUALITY ASSURANCE PROCEDURE FOR TYPE B SHIPPING CONTAINERS

CONXTAIXER INSPECTION SHEET .

Date Container Number

EXTERNAL INSPECTION By
Smeared dpm ByY; dpm alpha
Condition Good Fair Poor

Repairs Needod

Action Taken

INTERNAL INSPECTION By
Smeared dpm 8y; dpm alpha
Decontaminated: Yes No By

COXNTAINER TESTING

Vacuum Test Gaskets

Weld Dye Check Bolts & lLock Washers

Repairs Made

RE-TESTING

Vacuum Test

Weld Dye Check

CONTAINER CERTIFIED FOR SHIPMENT ~ Date

By

T e e mw —

APPROVED S

-

/ 1/

SurEpVIAn S ‘o UPLEA n
;('f s ,éd%;i’w' w}_(j’_ /!.._;"o Z‘_ AT 2/26/82

UCH-123)0A {3 & I
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OPERATIONS DIVISION frac.xo.__ 3]

PAGE 1 OoF
RADIOISOTOPE DEPARTMENT oave ___2/26/82
BUILDING 3029

SOURCE DEVELOPMENT LABORATORY
LEAK TESTING PROCEDURE FOR RADIOACTIVE MATERIALS
. CONTAINED IN SPECIAL FORM CAPSULES

3

I. Leak Testing

A. General

All radioactive materials contained in Special Form or DOT 2R
capsules are leak tested before shipment. The method used is
the air bubble, vacuum, and glycol as described in ANSI Standard
N14.5 A3.6.

B. Equipment

1. Thé leak test etquipment consists of a glass test chamber with a
removable sealable top. A line penetrates the top and is
connected to an in-cell vacuum pump. The size and shape of the
test chamber may vary with the design of the piece being
tested; and must be large enough that the piece can be
completely immersed in the test liquid, leaving at least one
inch of test liquid above the weld area.

' 2. Racks, suspension assemblies, or similar positioning devices
‘ may be required for some radioactive sburces. These will be

designed so as not to interfere with observation of the weld
area during testing.

3. \Unless otherwise specified, the test liquid for liners
. is distilled water. The final test liquid for radioactive
sources is ethylene glycol. The final leak test has a
sensitivity greater than 1 x 10 6 at.em3/sec.

C. Procedure

1. The test chamber is filled with test liquid to a depth
sufficient to cover the piece being tested and leave at least
one inch, but not more than threc inches, of test liquid above
the weld area when the piece is in the test position.

2. The top is placed on the test chamber and a vacuum of
at least 20 inches Hg is imposed.

3. The piece, and especially the weld area, is observed for
30 seconds while the vacuum is maintained. A leak is
indicated by a steady stream of air bubbles coming from a
fixed point on the source.

4. After the 30-second observation the vacuum is relieved;
then the piece is removed from the test chamber.

. AmPROVED
,/
"_?(uvu ,1 7 PROCESS SHOUP-LEADER 7 oATL
P [,—,1_ {:ﬁ /((_,{'f 1 }L[ /&,;44&4 2/26/82

UCN-12530A (3 &-77)

|
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PaGE

31

OPERATIONS DIVISION O

OF

BUILDIKG 32329
SOURCE DEVELOPMENT LABORATORY
LEAX TESTING PROCEDURE FOR RADIOACTIVE MATERIALS
COXTAINED N SPECIAL FORM CAPSULES

RADIOISOTOPE DEPARTMENT onve __ 2/26/82

a. Leaking pieces arc rejected and defueled.

b. Non-leaking pieces are transferred to the furmace
testing area.

APPAOVED

(D ¢u!23,

DATC

2/26/82

‘4”12L125"1347/ '”ijééfjjé :;ézyééukcﬁl

UCKH-52530A (D &77)
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31
OPERATIONS DIVISION Rogw
RADIOISOTOPE DEFARTMENT it —5pejas
BUILDING 3029
SOURCE LIVELOPMENT LABORATORY
LEAK TESTING PROCEDURE FUR RADIOACTIVE MATERI-LS
CONTAINE) IN SPECIAL FORM CAPSULES

RADIOACTiVYE SOURCE DATA SHEEY

Custoner Capsule No.
S.W. No. Fuel Form Curies
Fuel Batch No. Assay
Nom. Dim.-0.D. 1.Dh. Length Cap. Thk.
Capsule Comp. Spec. Sheet
Accepted | Reject Date Supvr.

Capsule & Cap Degreased
Liner No.

Liner Cleaned

Liner Dried ( )

Welding Procedure
Test Weld No.
Capsule Welded

Go-no-go Test

Leak Test

Oven Test ( )
Go-no-go Test

Leak Test

Decontaminated Max.Smear Avg.

Shelf Test Started
Shelf Test Completed

Re—smear Max.Smear Avg.

Go-no-go Test

Source Disposition

APPROVED

Plﬂvl:/, / - PROC?,R” H 'fAOV /’ . DATE
— 'y ,.,C" 5 P "
i d s 7/ 22 R Y S S 2/26/82

L UCNH-12%20A () 47D
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Appendix D
HYDROSTATIC PRESSURE TEST AND COMPUTER

LISTING FOR COMPOSITE HEADS

f
?
r
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Derivation of Equations for Computer Calculations

Fig. D.1 illustrates the model on which the calculations are based.
Two circular plates built in at the edges are connected at their
geometric center, forming a sealed cavity. The conmection, at b, is
assumed to be rigid; hence there is no deflection at the center of either
plate. The plates are loaded by a pressure differential as shown. Note
that the analysis is valid if the pressure differential is reversed and
the higher pressure is within the cavity. Since at b the deflection
must equal 0, then by superposition,

Ap =Af ,
where
Ap = deflection due to pressure P,

Af = deflection due to force F.

Using Roark's notation! (from Pormulas for Stress and Strain, Table X,

Cases 6 and 7), and sirce rg is very small compared with a and the term

rg2/a2 can be ignored, we may write
0

[(3W)(m? ~ 1)(a2)]/(16%En2c3) = [(3F)(m2 - 1)(a2)]/(4xEm2e3) ,

where

thickness of plate,
= tazP,
W/4 = xa2p/s,

= reciprocal of Poisson's ratio,

™ B = =
]

= modulus of elasticity.

The radial stress, o,, at any radius, r, is

Or ® 0¢p ~ OrF »
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wvhere

op = [(3W)/(8xmt2)]{[3m + 1)(r2/a2)] - m + D},
orp = [(3W)/(8mt2)]{ [(= + 1)in(a/r)] - n} .

Thus

or = [(3a2P)/(8mt2)1{ [(3m + 1)(r2/a2)] - (2m + 1) + [(m + 1)en(a/r)]} -
In a similar fashion, the tangential stress, 97, is

op = [(3a2P)/(Bmt2)]{[(n + 3)(r2/a2)] - (m + 2) + [(m + 12n(a/r)} .

REFERENCE

1. R. J. Roark, Formulas for Stress and Strain, 4th ed., McGraw-Hill,
New York, 1965.
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BEIIVCIS ARV P ENR ISR R ICUAITARA QUL TROSERTOIR VAT IALAIOPIIOSIITAINAIN A 3T » 2

SHAEIRGIAFIDASADPInSE RS ARISINSA OB IPNFIIIT IR T VAT IO I SEIIGISCINCIF AR 3T 00~

THIS PROGE2ZN CXLCULARTES STEESSES I
PLAT PLATZ

ON TEE

ORN

0230 TOUPLZD AT THE CEITER LOADZD

EXTEQIOR2 SURFACES
CODZD BY JTHN E7ANS P.E., CAX RIDGZ FRI[ONAL

X

XTHIUX RYDROXIDE SHIPPING CCHTIINER

DINENSTON R(1C0), L (100} ,E(10D},S¥ (iC0} ST (10¢)
1 ,6(i00), XP({3500),YP(10C)

po 2 1=1, 199
R (1) =0.0

B (1) =0.0
E(X) =0.0
SR{I)=0.0
ST{1)=0.0

¥ (1) =0.0

2 CONTIKOZ

2=17.

T=.2¢5

P=10.55
Ch=(1./. 3)
IN=2_.*CY ¢+ 1.
cH=Cn ¢ 2.
6=0.0

§=0.0

S0nR=.75

WRITE (51,1C03)
VRITE(5Y, 1006)
WRITE (51,1002)
RRITE (51, 1005}
WRITE (S51,1002)
WRITE(SY,1006)
KRITE(ST, 1006)
WRITZ (51,1002
KBITE(51, 1007)
¥RITZ(51,1008)
NPITE (51,1002)
¥RITR (51,10035)
SRITE(S51, 1006)
BRITE (51,1002)
WRIT2(5Y, 1003)
®RITE (51,1002)
WRITE(S1, 1008)

A Car058T2 CIE

.
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.
.
SITH PREZ35U1
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MRITEZ (5, 1006)
URITZ (51,1002)
BRITE (51,1001)A,7,.P,
BRITE (5°.1002)
WRITE (5%, 1005)
WRITE(S51, 10058)
BRITE (51,1006}
MRITE(S51, 1006)
WRITE (51,1032)
WRITZ2 (51, 1000)
NRITE (51,1092)
w C=((3.%A*2) /(8. 2CH>T*T) ) *P
G ={(3.7Cl1}) +1.)
B0 1 X=1,69
N(I) =L
SUaR=(PLOAT{I) + 3.)%.25
R (I) =SUAR
10 B(I) = {(R(I)*R (I})) /{A*R))
S B(I)=((CA+1.) 3 (ALOG{A/R{I))))
8 ST(I)=(C*(((CI+3.)*E(I))-0n+2(I)))
T SR{I)= (C*((G*B{I))-ADB+E(I)))
WRITE(S5%, 1000} RII) ¢ST(I),SR(I)
WBITZ (51,1002)
1000 PORNAT(P20.3,2P20.1)
1007 PORMAT (2P20.3,£20.1)
1002 FORIAT('#0)
1003 PORMAT('H ,9X,1440YTSIDP RADIDS, 9X, 9HTHICHNESS, 12X, BHPRESSURE)
1008 FODNAT (YR , VO X,6HPADIUS ,BX, V7HTANGENTIAL STRESS,3X,6HARXDIAL,
1 X,6HSTR 2SS}
1005 FORMAT (1H, V10X ,4BHC F B L LITHIUN HYDROXILEZ TIRZ ABD IHPACT SHISLD)
1006 PORMAT(1H, X, GTH* 30 2243303303020 8stIuIgaNOENORIrIRVRRssIBIIONad,
1 ssuno;ot-oeaa-oa’e-.nw‘n.o‘o’taaoasantotni-nu‘ae';zattaasns'
2 1&[[1#133&39?:)0.9*,
1007 PORMAT (V5 ,8X,HSHSTREZSSES IN A PLAT PLATE DUILT IW AT THEZ EDGE,
1 X,3HAND)
1008 PORMAT (VI ,8X,L2ASUFPPORTED RT THE CEMTER, LOADZD BY UNIPOR[,
1 X,8HPRESSBREL)
IF(R(X)-EQ.R} GO 30 90
1 CONTINKUR
90 CONTINGE
NRITE (51,1006)
BRITE(S51, 1006)
sT10P
END
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[
PREDEIRSRDBERNETIEPEIPRORIEINAIIP O ILEDINSAPARAAABNSEAIIAINTRIISRDIDE N RO Fv 42
PERERBERRNEIRFIIRESPEERREPE PN LR PILIIEBIRIRR LIRS I HUSIVADINNAIIARPpwr PO =¥

O R N L LITHIUA HYCROXIDZ PIEE AND INEXCT SHIELD v

BHSEIRSERBRERRBPPIRRIIANEIRIELANGINSITRIIDBRSISRIEITISNPEINTIIIN AR LIPIDIDpAM
FLAPREEBEER SR BIRRS RS BEIPIPOAIIFRILSINIRSIHNDIIIIIIIIDNFIRDRBIIVIIIRARSEISP ¥ I ~

STRESSES IN 3 PLAT PLATE BOUILT IN AT THE EDGE AKD
SOPPORTED AT TdE CENTER LOADEL BY TUNIPOSY PRESSURE

PEEER RS RIREEERBERAIFIEELRIREIOC PSR PAPEFENITIIPRIDICIIIIAINSSABRIPPIRVRIRNPIIAD
BRSSP ENSRSRBRRERNRARBENRBERRS VLN RINBRRARFIREIINSSIPPIERRS IV RNINR IS ARG IT T

OUTSIDE BADIUS TRICKNESS PRESSURE

BRI RISRESSSRRSASSPREEENFEIANEDNILASIIEIPIORIDPINENEIPHDRVYAIARIICAPENNZC A D2
ERSIEDPESRAXSRRRARASXSPLRLISPIAIFBDTIPEISCBINEPIINBIINEIIRDINANSSPIA DI RR M NN DY

17.000 0.250 10.5

PESSPARSEPABORSER PSRN RARERIRPRIPR IS S INDEBPRBEIIINSIIRAIEDABIFIILIBIES S SIS
SRR AR APHEPABEISICTRGRSIISIIAREIIPLTOPRIERIRIININISSIRLFINTIIINZIPLAINPRIAT LN
A RREDERERPSRAREIFNRUIN LS RINADIDSNIIEEISENIRINSPIIIAPASIINAINIPAIIIAIRPSDAD
BERIEDPESSERSEISIERXNSTEIDERBIDIIFIADRSAIREIRRIILAEIINSSPIPIFSBAP L IPSARAIIINE P I TS

RADICS TANGENTIAL STRESS BADIRL STRESS

1.000 38229. 3 25512.3

1.250 32990.2 20323.0 ’
1.560 28736. 9 161130.7

1.750 25158.6 12635.5

2.000 22105.8 9554.7 .

2.250 19432, 5 7075.5

2.500 17059.6 5817.9

2.750 14960. 9 2825.5
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8.500

8.750
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5.250
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5.750

6.000

6.250

6.500

€.750

7.000

7.250

7.500

7.750

8.000

8.250
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13Un4. 0

4773, 8

3767.1

2840.4

1989.13

1205.2

486.3

-172.6

~775.1

-1324.8

-1823.6

-2275.0

-2681.1

-3043.8

-3365.1

~3€46.6

~3PR9.8

1056.5

-520.7

-1930.6

-3192.8

-6322.9

-5333.8

-6236.2

-7039.0

=7749.7

~-8374.7

-8919.7

-9389.3

-9787.8

-10118.9

-10385.¢

-10591.4

-10738.2

-10328.6

~10864.6

-1C848.0

~10780.5

=1NAKTY
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8.750
9.000
9_250
9500
8.750

10.000

10.250

10.500

10.750

11.000

11.250

11. 500

11.750

12.000

12. 250

12.500

12. 750

13.090

13.250

13.500

13.750

-83803.1.
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~4266.8

-3505.¢
-8576.48
-8615.%
-8623.6
-8602.0
-8551.2
-3471.8
-5361.6
~8230. 1
~5C66.7
-3881.1
-3667.7
-3420.9
-3165.2
-2076.9
~2564.5
-2228.2
~1868. 4

-1485.5

—wed0.2
-10287.5
-10020.5
-9729.0
-9385.0
-8996.5
-8567.2

~-8096.9

-7586.%

~7036.3

-6847.2

-5819.7

~51564.3

-4851.6

~3712.0

-2936.0

~-2123.9

-1276.2

~-393.3

524.5

1477.0

2663.6
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19, Yoy —ivis.0 a3

1a_250 6512 8538.6

14,500 : -200.3 . 5626.8%

18.750 272.6 6787.4

15,000 2 767.% 7901.3

15.250 : 1283.9 9068.0
15.500 1221.7 10307.1

15.750 2380. 8 11558.5

16.000 2961.0 12802.1

7 16.2%) 3561.9 11575
16.500 8183.5 155087

. 16.750 4925.6 16863.5
17.000 S488.1 ‘ 18293.7

t”’...."”...#.’."..t..".t’..’.’....‘...Gt’.'..?..3..9..&."0”".”.*#=
.O....’..a"..#."....l.’ﬁ’..!’.”’.......‘.03.’3"33..‘.3..9....0’0.0‘00’34
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Bydrostatic Pressure Test of Composite Head

Test description

On July 15, 1975, the 1lid of an ORNL lithium hydroxide fiive and
impact shield was hydrostatically pressure tested im Building 3020 at
ORNL. This particular 1id had not been filled witn the lithium
hydroxide material. The 1id was placed on its edge and tied to sup—

ports as shown in Fig. D.2 (a). Dial indicators were positioned at
several points on the reinforced side of the 1lid. Pressure was indi-
cated by a gage on the inlet. The results of this test are tabulated

below.

Test results

Test No. 1

Deflection at indicator location

No. 1 No. 2 No. 3
Pretest 0 psig 0.0000 No No
5 psig 0.0375
11 psig 0.1332 data data
Posttest 0 psig 0.0081
Test No. 2

Deflection at indicator location

No. 1 No. 2 ; No. 3

Pretest 0 psig 0.000 0.0000 No
5 psig 0.042 0.0155

11 psig 0.144 0.0362 data

Posttest 0 psig 0.004 0.0000
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Fig. D.2.

Hydrostatic pressure test.
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Teet No. 3

Deflection at indicator location

No. 1 No. 2 No. 3
Pretest 0 psig No No n.0000
5 psig 0.0018
11 psig data data 0.0039
Posttest 0 psig 0.0006

Data reduction and calculations

From the test results for test No. 2 at location 1, it can be seen
that there was a #0.004-in. permanent deflection. The permanent
strain or set can be calculated by calculating the length of the ele—
ment before and after pressurization.

The length of the element as shown in Fig. D.2 (b) before

pféssurlzation is
L = 2 (12/31/2) = 13.8564064% in.

Assuming the deflected curve 1s a portion of a circle, the deflected
element will have a length equal to the arc length Xh. From the

equations of a circle presented in the CRC Standard Math Tables, the
arc is

N

AB = Rg9 ,
where

- -IL
0= 2 gin 7R
R -‘&3_+‘é H
8A 2

therefore

£B = 13.85640925 in. ‘ ‘
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The permanent elongation of this element is
(o]
e = AB - L = 0.00000279 in.
The permanent strain is
e =e/L =2.01 x 1077 in./in.
This permanent strain is very small and indicates that the commonly

accepted 0.22 offset yield point for stainless steel has not been

exceeded.
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Appendix E

FABRICATION DRAVINGS OF FULL-SCALE TEST MODEL
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Fabrication Drawing no. D-RD-2760.
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Appendix F

MOJEL TESTING PROCEDURE AND REPORT
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Impact Testing of the LiOH Shield Top
Energy Absorber Models

Introduction

The tests described below were conducted to develop data from
which the response of the ORNL lithium hydroxide shield in a top (with
the axis of the shield vertical) impact of the shield on the
unyielding surface could be calculated. The shield is detailed on
ORNL drawings M-11566-EM-001-D through -003-D. The data taken were
used to demonstrate that the cap (Part 2) remains secured to the body
(vessel) (Part 1). The tests were performed by J. H. Evans and N. D.
Bradley of ORNL and witnessed by R. E. Harris of DOE-ORO. The tests
were conducted at the ORNL drop tower on April 18, 1974,

The test model was a one-half scale model of one of the four chan-
nel scctions extending above the container. It was intended that the
channels would buckle and protect the shield in a top impact. The
model fabrication drawing is shown in Fig. F.l. Five models were

fabricated in ORNL Shops in accordance with this drawing.

Test procedure
The variable-weight drop hammer was loaded to 121 1lb. This is the
half-gcale equivalent of one-fourth the weight of the container. The

test models were mounted one 4t a time on the lower surface of the
var’able-weight drop hammer, using four bolts. The length of each
spe:imen was measured and recorded prior to dropping. A piezoelectric
accelerometer was mounted on the hammer extension as described in
ORNL/TM-1312, vol. 9. The data acquisition system shown in Fig., F,2
was'utilized to measure and record an acceleration with respect to
time of each impact. The scope was set to make contact approximately
3/4 in. prior to the model contacting the impact surface. The speci-
mens were dropped from 30 ft onto the unyielding surface, and the
acceleration was measured, with resnect to time, and recorded. The

deformed length of the specimens was measured for all tests,
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Fig. F.1. Impact test model.
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Summary of results and conclusion

The specimens performed as expected and are adequate to absorb all
the shield's energy. The results are summarized in Table F.l. The
specimens after testing are shown in Fig. F.3. Three of the specimens
(74-1-1, 74-1-2, and 74-1-4) buckled and absorbed energy as expected.
The remaining two absorbed energy by & combination of buckling and
rupture of the weld joining the two angle sections forming the chan-
nel. It can be seen from Table F.1l that the difference in the
response between specimens is not significant. It is therefore of
little consequence which mode of deformation the specimen follows.

Table F.1l. Impact data and results

Prop” Weight” Final Maximum
Specimen height dropped deformation Acceleration

(in.) (1b) (1n.) (x 8),
74-1-1 360 125 2.53 190
74=-1-2 360 125 2.36 200
74-1-3 360 125 2.26 200
74-1-4 360 125 2,53 200
74-1-5 360 125 2,12 210

%rop height + 1/2 1n.
b1ncludes weight of specimen-mounting hardware.




Fig. F.3.

ORNL-PHOTO 1005-74

Mudels after testing.
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Appoendix G

SHIELDING ANALYSIS
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Radiation Safety Evaluation of the ORNL Lithium
Hydroxide Fire and Impact Shield

A study of the radiation saféty of the ORNL lithium hydroxide fire
and impact shield was made using the ANISN! discrete ordinates
trangport code and the 22-group neutron-18-group gamma-coupled cross-
section set. For purposes of this study, 2 source consisting of
neutrons having an energy distribution of spontaneous fission neutrons
from 252Cf was used. No primary gamma source was included, but secon-
dary gamma rays resulting from neutron capture were included in the
total dose rates obtained. A one-dimensional spherical annuli mock-
up, using the radii of the cylindrical cask, was assumed, since such a
representation should give doses as great or greater than those from
the real cylindrical container.

The Li0H*E20 was assumed to be made of 100Z /Li isotope. The
undamaged shield contained a 4-1/4-in.-thick layer of LiOH-H0 at a
density of 0.031 1b/in.3. The damaged shield, for which fire damage
was assumed, contained dry LiOH with the same lithium density instead
of the Li0H°H70 for the outer 1.6 in. of the 4-1/4-in. layer. Type
304L stainless steel was used for all metal parts. Damage other than
fire damage was not considered in this study.

The same strength neutron source was used for both the undamaged
and damaged containers. The dose rates at the surface and at 3 ft
from the surface of the shield were scaled to that source, yielding
200 millirems/hr at the surface of the undamaged shield. The results
are given in Table G.1.

Table G.1. Dose rates from LiOH shield

Conditi At surface 3 ft from surface
ondltlon Total millirems/h- Z gamma Total millirems/hr % gamma
Undamaged 200 7.9 16.8 11.5

Damaged 273 4.6 23.1 4.0
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The maximm coantribution from secondary gamma rays is 12.7Z7 of the
totsl dose rate, and the increase in the total dose rate due to fice
damage both at the surface and at 3 ft from the surface for the damaged
shield is about 50%. Since the allowable dose rate for a damaged shield
at 3 ft from the surface is 1000 millirexs/hr as compared with the calcu- .
lated value of 23.1 millirems/hr, the shield satisfies the requirements
for safety with a considerable margin for any uncertainties in the

calculations.

1. W. W. Engle, A Uger’'s Manual for ANISN, K-1693 (Mar. 30, 1967).
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REQUEST FOR NUCLEAR SAFETY REVIEW CRITICALITY CotrTTE:
This request covers op with fissile material ia 3 control area ard. o: i35k material ¥58 7371

traaslers that odiginate within the control ared. The coatrel aces superviso: siall complone
the blocks below aad describe (e process and/oc opeations to br poriores. r::p!us-n-;
the peovisions for suclear criticality salety on the reverse side of Wis %32 This req T T

stall be spproved by the Radiation Contrel Officers ol e originatiny Diiision sed 1br March, 1979
Division{s) to which hssile ial will be !

TITLE, CONTROL AREA, AND SUMMARY OF BASIC CONTROL PARAMETERS
{To be complored by the Conral Arve.$r3veviver)

TIVLE (F@n SEFERIACE PUSPRN T DAl @F Da¥E Pioile
(< 44 2rurnte
ORXL -~ LiOH H 0 Fire and Yapact Sais=ld 2/13/76
CORTROL AREA lto:i ~9. [usioemc DI WISION
. Operations

TYPE AND FORM OF MATERIAL Solid U, s, A2, Ca, Cf, Es, and Bk (fissionable isotopes)

BOTOMC ENRICHNENT (1. %)

F"l ISOLAYED SATCR O UWT .
Ty See provisions for Fuclear Criticality Safety
oF TOTAL v CONTAOL ANEA
FiSSILE
ISOTOPES [TOTAL TO 8¢ PACCEISLD

Concentration or Deassly
of Frssile Materia!

Soxcing of Fissals Units

Prozimty and Type of Nevtron Refleclors
or A3jacemt Frssile Material 1.

Lmit on Moderstion

Limit on Neutron AdDsosbers

1 Limmst on Volume o Dwrewsions
of Contomers )
TS REQUEST IMOOIFIES, REPLACES! NSRIS) NO,
ey " * " NSR-737 = Rev. 1
.  RECOVMENDATIONS
2{Te bu complered by the Criticolity Commirrae)

This endorsement 15 Based on our present undzestanding of the operation (=121her 3cquired verbally or in wrling) and is
subject lo review and cancellaiion,

This request is approved subject to the requircment that the sum of the even izotoprs

of An, Bk, Es and the odd isotopes of Cm, C[, and Fna ia the package nor exceed S grans
- 4y »

In addition, the maximum quantity of 233 v, 235u, 2J9?u plus 2'll'u rhall not exceed

100 gm total., Thisis considered a safe rass assuming reflrction ourside the mrk.vm

and water moderatfon inside the cavity.

Other factors that help account for nuclear safety are th~ configuration of the cark
and cavity and normal dilution of the source with other ncutron ahsorbing rpecios

ALl shipments will be Fissile Class I.

3Mef18

e

[TL H113]
(1 811
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PRAVISIONS FOR NUCLEAR CRITICALITY SAFETY

1% by complored by ree Contral Acon Soreevizer)

Frovisioas for ewclear criticalicy safzdy shall be d23ciib=d below in accordaace with Appendices U and Ut of tae
anual Chapler 0530. This shall include Yriel escriptions of the process and/oc all operations to be pesforaed,: plan=
proced for the op foc nuclear cutecality salety. aad the basic coatrol parameters.  Please attach L1 cops

refe d drawings aad & ts

-The 03AT Lithiua Hydroxide Fire and Icpact Shicld forcs neutron shielding: however,

viien gacna shielding is requircd any Type A container, or equivalent, is carried inside,

The conteats of the coatainer will b= any solid, large quantity radioactive
matarial vhose decay hzat load does nor czceed 300 watfs and gaxma and/or neutron
activity that does not exceed allowable dose race levels. The maxizum quantity of
2h2py, 5cn, 2%Scm, 7ca, 299CE, and 251CE will be linited to a combined rotal of
5 grans, The container will ‘also be used to transport up ro 150 grans of JuD; heat
sources contaicing greater thaa 807 238pu ard less than 16Z 23%pu, 37 2%0py an4 12
2%lpy and haviog a decay heat load of 200 watts or less. The above caterials will

Beer “special fora™ rejuiremencs,

The cask Is intended for shipaents of up to 100 grams of fissionable marerfals
includ iag 2350, 233ps, and ?3%u in solid form.

GRAL,
CRITICALITY CAITR

NS 7371

(I3

darse, 1979

FEOATL 0T T G File i T dratlsty o "V"" SulPnvison =~ el OUILONG
s PR Rt B
, oo VP D ShemcA R W Schatch - 3037
WAGIATINNe COTTRI G HICTH Droisine HADIA LI 3% COWTRAL OFPICCH Crviviom

LR O
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INTEANAL CORRESPONDENCE

i NOLDIE

NUCLEAR DIVISION POST OFFICF BOX X, OAX KIDGE TENRIEISSZE 37230
Is tvramey J- W. Kachter Dute July 24, 1975

b esenn

Brivve 45008 Oriymsrag Depr. Qorputing Applications

Cepy to

BAovurer'vy befter date

File - RC st LioH Cask

As pzr your request, T have examined the LiOH cask for loading. Fummished
by you to establish validity of CLASS I designation.

In 3n effort to maximize the calculated k_ with the KIXO ¥onic Carlo code,

the stecel cxtermal fire LiCH shield wa2s ignored as was any intemal

container configurations that may be used. The cask was described in the

code as having a central cylindrical cavity with 2 radius of 34.3 cr and a height
of 78 cn. The cavity was lined with a 0.5 cm-thick layer of 304Ss5. A

11.43 cn-thickncss of LiGk covered the top and lateral surfaces of the

stzinless sieel while the bottom surface had 3 1.9 em-thickness of plywood.

The fissiopable wmaterials were concidered as spheres centered in the

cavity. Tne calculated X valucs are summarized in the following table.

Fissionable Density tass Calculated
Material g/cc £ -
%y 18.7 100 0.14
233y 18.4 100 0.20 -
239p, 19.7 100 0.23
23%0, 10.6 150 c.21
244 13.5 5 0.03

It would appear that these mass linits would conprise satisfactory valuss
to perait usz of the cask as a Class T container.

sl
J. T. Thomas

JTT/ kD
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Appendix 1

INSPECTION REPORTS




b G Vil Gl

6/2/75

DEPLETED LITHIUM-6 HYDROXIDE, MONOHYDZATE

FOR ML LiOH FIRE AYD TPACT SHIELD

Laboratory analyses are on a naterial basis.

Laboratory Requisition Mo. 821044 -

Atom I 7Li 97,52
Atoz X SLi 2.48
We. 2 Li 97.87
We, I S 2.13
Gas, Li/Cas of Material 0.166039
Z LioH 56.965
2 10 42,11
2 €O, 0.17
z7z1 0.0053
PPA EPY
Ag 0,17 Mn <0.17
Al 49.81 Mo <0.66
Ba 3.32 ¥a 13,95
Ca 13,95 Nb <3.32
Cd <1,00 Ni <1.66
Co <3.32 Pb - <0,66
Cr <0.17 Si <3.32 .
Cu <1.66 Sn 3,32 A
Fe 9.96 Sr <D 66
Hg 0.02 v <166
K 13.95 W <16,

Mg <3,32 Zn 0.1
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INTRA-LABORATORY CORRESPONDENCE

OAX RIOGE NATIONAL LABORATORY

To: R. W. Schaich Date: February 26, 1975
cc: R. E. Sizemore

Subject: X-111507 LiOH SUGARMAN FIRE SHIELD

The pressure test was coupleted on this Fire Shield and Lid on this date.
Pressure - 2 psig
Soap Solution - Sherlock Gas and Air Leak Detector Type I

No visible leaks were datected on Fire Shield body or Lid.

/4 51

S. E. Cheesling L)
PSE Field Engineer

SEG:RES:drwv
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INTRA-LABORATORY CORRESPONDENCE

OAK RIDGE NATIONAL LABORATORY

To: R. W. Schaich Date: June 17, 1975

Subject: LiOH FIRE SHIELD LID VOLUMFE

Filled an empty LiOH Fire Shield 1id with water,
Void space in the lid took 61.150 lirers.

61.150 : 3.785 = 16.156 gallons

16.156 x 231 =~ 3732,036 cu. in.
Used 107 pounds of LiOH to fill a similar lid.
Used 8.92 pounds of water to give the 1:1) ratjo.

115.92 & 3732 = 0,031 pounds/cu.in.

B F. Boppore

R. E. Sizemore

RES:drw
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INTRA-LABORATORY CORRESPONDENCE

OAK RIDGE NATIONAL LAUBORATORY

To: R. W. Schaich Date: June 12, 1975
From: R. E. Sizewore
cc: S. E. Cheesling

Subjecc: LiOH FIRE SHIELD FUSIBLE PLUGS

Heat tests were conducted on two of the LiOH fire shield fusible plugs.
IﬁIhe first plug was subjected to 100°C for 2-1/2 hr with the following results:

Starting length of fusible section - 0,782 in.
At the end of the ieating cycle there was 0.287 in. of the
fusible material siill in the plug.

The second plug was subjedted to 110°C for 2-1/2 hr with the following results:
Starting length of fusible section - 0.782 in.
At the end of the heating cycle there was 0.130 in. ¢f the
fusible material still in the plug.

Both tests were conducted in our drying oven., The plugs were suspended in a
glass beaker. No pressure was applied to the plugs.

R. E, Sizemore

RES:drw
» ,
vErie30
3 %8
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t INTRA-LABORATORY CORRESPONDERCE

DAK RIDSE MATIONAL LABORATORY

ray 9, 1974

70; Johe H. Evans

SUBJECT: Inspecticn of ORNL Isotopes Fire and Y=pact
Shieid weldzcncs.
ORNL Drzwings: MI11566-EM-001; -00z & -003

Five weldcants (Propsrty Wo., X-111506, X-111507, X-111508, X-111559 and
X-111510) vere visvally iaspected for quality vorksanship and general
: coalformance to the referenced drawings. All welds appear to be of good
s quality and seexm to be of the type joints a3 specified on the drawings.
The support chaennels and soxe of the sheer metal used in fabrication
bore identification markings as being IQ4L Stainless Steel.

. Xdentification Plates have not been attached to these fabrications.
s Property numbers have been attached to the bottom of each weldment,

This inspection indicates good quality workmanship aad, in our opiauion,
no reason to question the irtegrity of the weld=ent.

INSPECTION ENGINEERING D2PT.
r
%M
Y, J. Smith
0JS:bc
cc: J. R, McGuffey

J. N. Robinson
C. R, Starlin

*

%
b

¥
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Appendix J
TRERMAL STUDY OF LiOH

(Memo from R. J. Lauer to R. D. Seagren)
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INTRA-LABORATORY CORRESPONDENCE

OAK PIDCE KATIGNAL LACORATORY The Specwacs
/23S ge -Sh"-"”y Cempres.
Juns 27, 1959 wildh 3829955, iisa

blﬁ‘k l{’, ‘: A 'II- ‘.‘,’

A Wik g .‘L"’ aste
To: R- D. Seagren cesber w 4
Subject: Monthly Report for June, 1959 -

Therral Study of LiGH

~Tne thermzal study continued vith the collection of data
while the heater power was increased in 10-watt increments from
50 vatts to a maximuno-of 100 watts- As reported in Fay, 1959, the
LiOH block lost weight at a rate of 3 1bs./day as the water vas
driven off. This was the maximua rate until ~17% of the veight
h2d been lost- The rate gradually decreased until all the water,
which comprized k2.77% of the io:al weight, had been lost. The
water drive. off is cttributed to ~2% free moisture and the rest
is wvater of hydration. Some refluxing of the water was apparent
i-e. water was being driven from the center of the LiO!H block to the
outer surface, which was wrappsd in a polyethylene bag, vhere the
lower temperature induced condensation. The condensate was then
a2hsorb22 by the LiOd thus compleiing the reflux éycle- This reflux
cycle was apparent until ~40% of the weight vas lost.

One objective of this study was to calculate a value of thz
thermal conductivity (K) for LiOd at various rates of heat flow
(q;;), by conduction through the LiOH. Data collected for the range
of 50 to 99 watts did not give satisfactory results i.e. is con-
sistent values for K and AT- Tne probable reason is the refluxing
of the water through the LiOH. Tne data collected will be checked
epzin, and a different approach in use of the data to calculate K
will te at'tenpf.ed- A more satisfazctory result was achieved hovever
for dxta collected with the heater power set at 100 watts. In cal-
culating the thermal conductivity K the rate of hcat flow is defined
by the cquation

. (82355 15357W) K
K 2.9%5x 10°% Ku-br/3
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vhere ~35% of the heat as lost throush paihis other thzn the iansiru-

aented path over vwhich the date i=s being collecied, and ¥ is the

hcater powar in Kilosatis. Tae valuz of K wns d>lin=a by the chueziion
qk (l’ -ri)

k= —0 = = Btu/hr-°F-ft
OT A

vhere (ro-ri) is the difference of the LiOH cylind:r radii, AT is the
temperature drop across the radial differeace, and A™is tke log-
arithmic mean of the surface area whzre A=2arl. Tazble I lists

some of the pertinent dat2 with the heater at 100 watts, and K

vs. % water by wt in LiOJ is ploited in craph Ko- 1- A second

study is now under way to colleci datz to deterrmine a valuc of

K for the dry cylinger of LiCd. The data collected for the heater
set at 80 through 109 watts in 10 wait increments is listed in

table II. This study will continue through July, 1943.

X-Ray Un
Tne Faxitron x-ray and fluoroscope unit purchased by the
Isotopes Engineering Group has been delivered and is being installed

in Bldg. 3026-3.

Capsule Puncturing Apparatus

Tne parts of the puncturing epparatus, which were being machined,
have been rinish“3nd final assembly of the apparatus should be com-
plcted within the next two wecks. As soon as the assemdly and
testing of the apparatus has been done, cell space and time will be
scheduled, and en atteapt will be mzde to get a gas sample and
other required data conceraing the oulged source capsules.

Kr-85 Loak Test

The % capsulec to be used in determinire, 2 leak rate correlation
between Ye cnd Kr-85 have been checked with He. Two of the capsules

still have lcaks too large to be accurately rated on the He leak
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the lcak size.
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N tester-  An attemst will agein e to p2en the ldeck holes to decrerse
=t & P

Teble I. Data used to dciermine value of K vith heater
~power at 10D watts and to plot K vs. Zaater

% vater by wt. K
in LiOH Btu/nr-“pF-1t
21.77 0.316
20.01 0.276 v
1h.20 0.272
h.23 0.263
3-70 0.261 -
0.Co 0.2576

Table TI- Data used to dciermine value of K for dry Liog

while varying heater power i-e. q .

e
r
. . .Jost-
oOT Azﬁ,
i 4 1bs.
2.85'8 2.5,'.0
321.2 2.7
332.6 32.k
3h3.5 35-3
3A7.0 4.3
350.6 8.5
< Heater Power
v
. 80 x 103
. 9 x 1072
100 x 1072

AT

F
206.6
33%.7
350.6

R. J.

Lauer

K
Btu/hr-*P-rt

0.24383
0.25.:310
0.25760
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ORNL. DWG 77-9681
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