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SECTION 1

- INTRODUCTION

This report contains a detailed description and safety analysis of the
N L Industries, Inc. NLI 10/24 Universal Spent Fuel Shipping Cask.
This cask is designed for rail transportatloﬁ of elther ten (10) PWR
type or twenty-four (24) BWR type light water reactor spent fuel

assemblies.

The cask design contains several unique features which permit operation
as a "zero release" system under normal conditions of transport and
hypothetical accident conditions. The design providés double contain-
ment of the fuel assemblies in a dry em)ironment. The internal pfessure

in the inner contélnmen_t wlll not exceed 86 psi_g even L_mder hypothetical A
accident conditions with no external mechanical cooling of the package
and assuming all fuel rods release fission product gas to the inner con-
tainment environment. This pressure is easily contained. There are no
active mechanical connections such as pressure relief valves between the
inner containment and the environment. The inner containment has drain
and vent penetrations which terminate at v.alves located in the secondary
containment space between the cask inner and outer closure heads. Thus
the inner contélnment functions exactly as a failed fuel can and no distinction

need be made with regard to fuel cladding integrity prior to cask loading.



Decay heat is removed from the fuel to the cask by thermal radiation and
conduction through an aluminum fuel basket. Heat is then transferred
through the cask sides and ends by a combination of conduction, natural
convection in the water filled neutron shield, and natural convection and
radiation from the surfaces of the cask. Being ehtirely passl;re this means

of heat dissipation is highly reliable. A self-contained redundant auxiliary

. cooling system, mounted on the rail car, is used to maintain cask and fuel

temperatures as low as possible solely to facilitate cask cooldown and unloading

operations.

The criticality analysis was based on fresh fuel assemblies with zero burnup
and shows that the NLI 10/24 rail cask meets all the requirements of a

Fissile Class III package in accordance with the requirements of 10 CFR 71.

Thve NLI 10/24 cask has been designed to meet all applicable requ_ii-ements ,

of 10 CFR, Chapter 1, Part 71 and 49 CFR, Chapter 1, Parts 170-189.

The design function was carried out under N L Industries, Inc. Qﬁality
Assurance Program for Design and Engineering which is comparable to 10 CFR,
Chapter 1, Part 50, Appendix B and ASME, Section III, Design Control.
Manufacturing and Quality Assurance Program will be carried out in accordance
with N L Industries, Inc. Commercial Nuclear Quality Control Manual as

applicable by design requirements.
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For the purpose of package evaluation, the shipping cask mounted on the rail
car with impact structures attached is to be considered as the package
presented for shipment. The auxiliary cooling system is not considered as
part of the package since the safety and integrity of the package is not

dependent upon the operation of the cooling system.
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SECTION II

DESIGN SUMMARY

Design Philosophy

The basic philosophy follow-e>d in the development of the NLI
10/24 cask design was to approach as near as possible to a
"sero release” system. Moreover, it was decided that thls
system should be passive in nature and not be dependent

upon post accident operation of active components to achieve
containment. For this reason, dry shipment with double
containment was selected as the preferred mode for large

rail shipments of spent fuel. With the containment filled with
helium, the cavity pressure under normal conditions of trans-
port is 16.45psig. If the"assumption is made that all the fuel
pins rupture and there is a total release of fission gas product
to the containment vessel environment, the maximum transport
pressure would be 72.9 psig. Any increase in cask cavity
temperature due to hypothetical accident conditions will be
accompanied by a very small increase in cavity pressure.
Maximum i:ossible cavity pressure is only 85.8 psig which
occurs at the end of the fire accident only if all the ABWR fuel
pins ‘rupture. With a2 wet shipment, normal operating pressure -
would be on the order of 400 to 500 psig and loss of coolant

would occur due to loss of auxiliary cooling and neutron shield

11-1
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water as a result of the hypothetical accident sequence. The
NLI 10/24 cask dry concept does not reqﬁire a safety valve.
The inner and outer containments have a maximum allowable
working pressure several times greater than the maximum
possible internal pressure of 85.6 psig. No release of the
helium filler gas is predicted under normal conditions of trans-
port or hypothetical accident conditions. The filler gas is

considered to be part of the package contents.

11-2



2.0

Cask System Description

The NLI 10/24 shipping cask has been designed to provide double
containment of either intact or failed fuel assemblies. The
package as presented for shipment conslsts. !-of the cask body, fuel
basket, cask cévity closure head (inner closure head), the cask
body closure head (outer closure head), and impact structures
attached to each end of the cask. (See NLI Drawing 70650). The
cask body consi;ts of inner and outer stainless steei shells which
are jéined by stainless steel forgings at each end tobmake a continu-
ous weldmer;t. The annulus between the inner and outer cylinders
contain a lead gamma shield. Neutron shielding is provided by a
water jacket which surrounds the outer stainless steel cylinder
and axially blanket; thg active fuel region of the fuel assembly.
The internal cask cavity, which is 45.0 inches in diameter, has
been sized to accommodate the removable aluminum fuel baskets.
Separate baskets are designed to carry eithe; 10 PWR type or 24
BWR type fuel assemblies. The closure head énd or open end of
the cask cavity is machined from a stainless steel fo.rgingb. The
length of the forging is such that it forms part of the cask cavity.
This design provides the necessary material from which two closure
head flange seating surfaces can be -ma..chined. The de;ign also
provides the opportunity to have the cask body penetration pass.

through the solid stainless steel forging, eliminating the need for

o-3
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a penetration through the shielding materials and the inner and
outer shells compromising the integrity of the cask structure.
The head end forging also provides maximum protection of the
inner and outer closure heads and closure head seals since the
closure head is locaied within the outer dimensions of the
forging. The cask lifting trunnions are located in the head end
fdrging eliminating the concern of a puncture of the shielding
containment shell by an impact on a trunnion.

The neutron shield water jacket is constructed of 3/4 inch
stainless steel. At each end of the 3/4 inch shell is a short
reinforced section of stainless steel which provides an adequate
transition section from the 3/4 inch shell material to the upper
and lower forgings. The water jacket design was developed to
-prévide structural iﬁtegrity and resistance to penetration under

normal conditions of transport as well as to contribute to the

overall strength of the cask in the hypothetical accident conditions.

Expansion tanks are provided in order to maintain a solid water
shield. The expansion tanks are located on the rail car and are
connected to the water jacket by a flexible metal hose. The
water jacket is equipped with a fill aﬁd drain valve and a relief
valve and a plugged penetration at the top end which is used to
vent the jacket during initial filling. The relief valve is set to

relieve at a pressure of 220 psig.

I1-4
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There is one penetration through the head end forging of the cask
body. This penetration exits into the cavity area between the
inner and outer closure heads and is outside the primary contain-
ment seal area. This penetration is used to drain the area between
the inner and outer closure heads as the cask is removed from the
spent storage pool. Prior to shipment of the load_ed cask, the
penetration is used to pressure test the secondary containment
system. The penetration terminates in a threaded connection
located within a recess in the head end forging. A bolted and
gasketed closure plate isolates the penetration from the ambient.
The cask body closure head (outer closure head) is & flat stain-
less steel plate 2-1/2 inches thick. There are no penetrations
through the outer closure head since the single necessary service
‘ perietratibn is r_nadé through the cask body end forging. The outer
closure head, which is the seconglary containment boundary, also
serves as a rugged valve box cover for the two service penetra-
tions in the inner closure head cask flange. Viton or silicone
may be used for the outer closure head seal.

The cask cavity closure head (inner closure head) consists of a
stainless steel forging, the center section of which is filled with
uranium which is covered by & stainie;s steel pléte welded to
the forging. The bulk of the required gamma shielding is conta.ined

in the inner head to provide operator protection during the handling

operations involving a loaded cask. The closure head is held in

II-5
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place by 16 high strength bolts. The inner closure head seal

js a metallic "0" ring. The seal is more than adequate to
withstand the temperatures expected as a result of the hypo-
thetical fire accident. There are two penetrations in the inner
closure head cask flange which afe used for venting and draining
the cask cavity. These penetrations are equipped with 1-1/2
valved quick disconnect fittings. These fittings are housed

in a valve box which is bolted to the cask flange. The metal
"0" ring seals in the valve box arrangement provide the pressure
boundary for the primary containment system.

‘Separate fuel baskets are provided for the 10 PWR and 24 BWR
cask loading. Each fuel basket 1is constructed from aluminum
castings 45 inches in diameter. The basket covers the active
length of the PWR and BWR fuel. Axial channels are located in
the casting to accep; jndividual fuel assemblies. Criticality
control is achieved by means of a Box struéthfe which>lines tﬁe
fuel channel openings in the aluminum basket. The box is
constructed of plate material consisting of Ag-In-Cd in a 304
stainless steel sandwich. The box structures are supported at
both ends by means of a stainless steel plate to form a rigid
structure independent of the aluminum basket.

The aluminum basket serves as a heat conduction path from

each individual fuel assembly to the cask cavity wall. Decay
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heat is removed frbm the cavity wall by meaﬁs'of cooling water
circulated through channels welded to the outside surface of

the inner shell. When the cooling system is not operating,

heat dissipation from the inner shell occurs by conduction

through the lead'and oufér shell, natural convection in the

shield tank and convection and radiation to the environment

from the finned outer surface of the water shield jacket.

Impact Timiting structures are integrated into the tie-down struc-
ture at each end of the cask. The impact limiter system is a cyl-
inder of balsa wdod encased between aluminum shells. The

impact limiter is mojnted on the ends of the cask and provide pro-
tection for angles of impact. The impact limiters are designed
such that the kinetic energy of the system upon impact is spent

in the progressive crushing of the impact structure yet at the
end of the failure mode. ihere has been no contact made between
any portion of the cask body and the impact surface.

The NLI 10/24 Spent Fuel Shipping Cask has a fully loaded

weight of 194,000 pounds. The transport system consists of

a specially designed rail car with the cask tie-down -arrange-
ment built into the car frame. The rail car can be equipped with
either a single or redundant cask cooling system which can be
used to maintain lower in transit cask and fuel temperathres to
facilitate cask cooldown and unloading 6perations. The rail car

mounted cooling system is a closed circulating water loop consisiing

11-7



of a pump and a water to air heat exchanger in series with

cooling channels located on the cask inner shell. The system

is normally run on forced convection with power supplied to

the pump and heat exchanger fan by means of a diesel generator.

In the case of a redundant system loss of power or loss of an active
component, automatic transfer to the redundant system takes place.
Should power be lost in both systems, decay heat removal will be
accomplished by boiling natural convection in both systems. In
the ambient condition of sfi]l air at 130°F, the average coolant
temperature is 1810F with forced convection and 250%F in the
boiling natural convection mode.

Personnel barriers completely cover both cooling system

packages as well as the cask under normal transport conditions.
The personnel barrier is basically an aluminum cage made from
expanded aluminum sheet on”an aluminum frame. A removable

panel at the center of the car provides access to the conneétion
between the water jacket and expansion tanks. A specially
designed 1ift rig is provided for cask handling which engages the

trunnions on the cask body.

11-8
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The safety analysis report also covers an alternate configuration of the rajl
cask. The alternate configuration as shown on Dr. 70708F affects the bottom ‘
end of the cask only. The features affected are as follows:

1) The ring structure located m'the void space, outboard of the
uranium shielding is deleted.

2) Auxiliary cooling syétem headers in the bottom forging have been
deleted.

3) The twe"nty cooling channels which run axially down the shell are
now Inter connected on the shell by & return bend between pairs
of channels.

4) The weld joint whlch joins the outer ring forging to the outer

bottom head is located in board from the original location,

The alternate configuration does not change the essential features on which

structural integrity, shielding, criticality or thermal performance are based.

II-8a
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NLI 10/24 SPENT FUEL SHIPPING CASK DATA

_\../

Capacity 10 PWR Type or 24 BWR Type

' Fuel Assembly Fuel Assembly

Fuel Data ' 10 PWR 24 BWR
! Envelope, inches 8.60 sq. x 171.5 5.44 sq. x 176.25
Enrichment w/o0 U-235 3.50 2.80
} Weight of Uranium, kg 4,750 4,800
! Average burnup, MWD/MTU 35,500 29,700
£ Assembly average specific power, 36.3 25
g kw/kg
i
’ Total Fixed Neutron Source, n/sec 48.5 x 108 46.6 x 108
Total Gamma Source, mev/sec 27.9 x 1016 25.1x 1016
Fy
; Total Decay Heat, kw 70 70
‘i.
i Cask weight, loaded Calculated 194,000 lbs.
: Design weight 200,000 lbs.
! Cask Assembly Envelope Dimensions 96 in diameter
N ' . 204.5" long
Internal Cavity Dimensions ' : 45.0" in diameter
3 178.5" long
: *Maximum normal operating pressures
T Cask cavity (primary containment) 72.9 psig
Water Jacket . 153 .psig* |
- *Water jacket relief is set for
: 220 psig.
t * Maximum normal operating pressures are based on operation without
auxiliary cooling and total fission gas release.
:
~ 11-9
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3.0 Thermal Analysis

The following cask operating conditions were analyzed using a

two dimensional model of the cask axial cross section:

o Normal Conditions without Auxiliary Cooling. Under

these conditions a rupture of both cooling systems is
assumed. Decay heat is transferred through the cask
gamma shield and the neutron shield water jacket, and
is dissipated by means of natural convection and
radiation from the finned exterior surface of the package.

o Hypothetical Accident Conditions. The hypothetical

accident conditions are assumed to result in loss of all
auxiliary coolant -and loss‘of shield water. This is the
worst thermal condition (post fire steady state) since
decéy heat must be transferred through the empty neutron
shield. The increased temperature drop across the empty
shield tank causes higher cask and fuel operéting
temperatures.

A detailed description of the thermal analyses performed is pro-

vided in Section VIII. Results of these analyses are summarized

in Table II-1. The design heat load used in the thermal analys.is

is 70 kw.

I1-10 -/
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TABLE II-1
CASK TEMPERATURE DISTRIBUTIONS

FUEL MIDPLANE

Normal Conditlons

of Transport Post Fire
Wilithout Cooling Steady State
Decay Heat =70
Ambient 130°F 130°F
Outer Surface 323 327 (1230*%)
Quter Shell 344 490
OQuter Lead 359 514
Inner Lead 420 566
Duct Fluid 420 (dry) 556 (dry)
Inner Shell 420 561
Outer Seal 180 270 (1190%%*)
Inner Seal 270 350

** Maximum temperature, occurs at end of fire

The analysis for 70 kw is shown in appendix E of Section VIIl. This represents a 2-D
axial analysis including the top and bottom sections of the cask. Calculated

temperatures are shown in Table II-1 for the cask body at the cask midplane.

The temperatures obtained during actual operation will be lower than the temperatures
shown in Table II-1 since the cooling system will be operating. ‘1f power is lost in
both cooling systems, decay heat will be removed by natural convection bolling

heat transfer in the coolant channels with the steam at a temperature of about 250° F.

Under normal conditions of transport without auxiliary cooling, no heat isremoved ffom
the cooling channels. Decay heat is dissipated to the ambient statically by conduction,
radiation and convection. The package surface temperature reaches a maximum of

,23°F under these conditions with the neutron shield water and ethyfene glycol

I1-11




reaching a maximum average temperature 0f341°F with a corresponding saturation

pressure of 85.3 psig.The design pressure of the neutron shield tank is 235 psig.

Under hypothetical accident conditions all coolant and shield water is lost.

The increased AT across the neutron shield results In the hottest cask
temperatures. Any fission gas released from the fuel pins will be trapped in the
cask cavity. Since there Is no blowdown of cavity fluid and the closure head
seals are not affected structurally by the accident sequence, there is no
predicted release of activity to the ambient as a result of the hypothetical

accident conditions of 10 CFR 71.

11-12
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Criticality Analysis

The NLI 10/24 cask meets all requirements of a fissile Class
111 package. The fresh fuel assumption was used in performing
the required analyses. A preliminary analysis was use_d to
determine the most reactive pitch of the individual fuel
assemblies assuming water filled cavity conditions. This
most reactive pitch was used in performing the criticality
analysis for the array. Results are summarized in Table II-2.

A detailed description of the analysis is provided in Section X.

TABLE II-2

CRITICALITY ANALYSIS RESULTS

Mumber of Weight Percent K
Fuel Type = Elements - U-235 in Fuel eff
PWR 10 3.50 0.946 + 0,005
BWR 24 2.80 0.953. + 0.005

11-14
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Structural Analysis

A detailed struétural analysis of the NLI 10/24 rail cask is

presented in Section XI. This analysis shows that the NLI

10/24 cask is designed to withstand all the loads associated

with the normal conditions of transport with a minimum factor

of safety of 1.5 based on yield strength of the material.

Under the dynamic loading of the hypothetical accident

sequence, stresses in the inner and outer pressure boundary

of the cask are below the allowable dynamic strength of the material.
Thus, all pressure boundary materials retain their integrity and

there Is no breach of the system. Integrity of the double containment

system is maintained.

The impact limiting structures on the ca sk ends are sacrificial
members which are '_destg.ned to absorb the energy of the free -

drop tests by -plastlc deformation. The shock absorber system
prevents direct impact of any part of the cask body including the
neutron shield tank. For the purposes of package evaluation,

the cask with impact limiters attached is to be considered as the
package presented for shipment. Loss of shield water is assumed.

This has been considered in the thermal analyses. Peak acceler-

ation loads for the free drop are as foilows:

Side Impact 80.75 ¢

Corner Impact (45°) 30.95¢g

Top & Bottom Impact 28.4 ¢
11-15
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The fuel basket and associated internal structures are

designed to maintain basket integrity and fuel bundle

spacing under impact conditions.

II-16
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6.0 Shielding Analysis

The neutron and gamma shield has been designed to limit the
combined dose rate to less than 10 mrem/hour at a point six
feet off the cask personnel barrier. Under hypothetical accident

conditions, loss of all shield water is assumed to occur.

The accident dose rates at & point 3 feet off the surface of the

cask are:
mrem/hour
Gamma 25
Neutron 625
Total 650

The combined accident dose rates are less than the allowable

value of 1000 mrem/hour. Please refer to Section IX for a

detailed discussion of the shielding design.

11-17
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PREFACE

Section III establishes the design basis fuel parameters and calculates
the resulting neutron, gamma and decay heat source values. Subsequent
determinations required the decay heat load to be limited to 70 kw/hr.
This reduction in decay heat load Is not accommodate by a reduction iIn

operating values of fuel exposure, specific power and initial

enrichments established in this section but rather by an increased in fuel

cool-down time prior to shipment.

i
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Section II1

FUEL DESCRIPTION AND SOURCE DATA
1.0 INTRODUCTION AND SUMMARY

The NLI 10/24 spent fucl cask is a dual purpose shipping container
designed to transport ten PWR or twenty four BWR spent fuel assemblies.
The cask is capable of accommodating the fuel designs of General Electric,
Westinghouse, Babcock and Wilcox, and Combustion Engineering (typical
descriptions in Table III - :1). The reference design cask loadings and the
corresponding sources for the NLI 10/24 cask are given in Table I11-2.

The fuel heat and radiation source terms which were derived from
consideration of operating values of fuel exposure, specific power,

initial enrichment and axial peaking factor are described in the following
paragraphs. The design basis PWR fuel will have been cooled for 150

days following discharge from the reactor and prior to loading in the cask.
The design basis cooling time for BWR fuel is 120 days following discharge.
The mechanical design param.eters of BWR and PWR fuel shown in Table
I1-1 were vdeveloped frbm a review of PSAR and FSAR data and are
considered representative of the designs which will be shipped in the

NLI 10/24 cask.

2.0 NEUTRON SOURCE

2.1 Source Per Assembly

With regard to operating parameters the generation of neutrons in
spent fuel from spontaneous fission and «, n reactions in oxygen is
primarily dependent on burnup and only weakly dependent on specific
power. The specific fixed neutron source (i.e., neutrons/sec/gram

uranium without subcritical multiplication) as a function of burnup is



¢-1

2

TABLE I1I-1

FUEL MECHANICAL DESIGN PARAMETERS

Combustion .
Reactor Type Westinghouse Engineering Babcock & Wilcox | General Electric

PWR PWR PWR BWR
Pellet Dia., in. 0.3649 0.3795 0,370 0.487
Pin Array 15 x 15 14 x 14 15 x 15 7x7
Pin Pitch, in, 0.563 0.580 0.568 0.738
Pin Dia., in. 0.422 0.440 0.430 '0.563
KgU/Assembly 448 433 454 197
Clad Material Zr-4 Zr-4 Zr-4 Zr-2
Clad Thickness, in. 0.0243 0.026 0.0265 0.032
Fuel Pin/Fuel Assy. 204 176 208 49
Overall Fuel Assy,

Cross Section, in. 8.426 x 8.426 8.13 x 8,13 8.536 x 8,536 5.438 x 5,438
Active Fuel Length, in. 144 137 144 144
Overall Shipping Length, in. 159.8 157.2 165.6 175.9
Enrichment w/o U-235 3.35 2.90 3.09 2,65
Specific Power kw/KgU 38.5 35,7 39.8 22,6
Average Bumup MWD/MTU 33,000 32,000 32,400 30,000

93 93 91 95

UO2 Density, % TD




TABLE III-2 ¢

REFERENCE DESIGN CASK LOADINGS AND SOURCES

10 PWR 24 BWR
Total Uranium Loading, KgU 4,.54,0‘:’" 4,728
Initial Enrichment, w/o U-235 ' 3.35 2.65
Average Burnup, MWD/MTU 35,500 29,700
Average Specific Power, Kw/KgU 36.3 25
Totzl Fixed Neutron Source, n/sec 48.5 x 108 46.6 x 108
Axial Maximum to Average Neutron Source 1.25 ' 1,38
Total Gamma Source, MeV/sec 27.9 x 1016 25.1 x 1016
Total Decay Heat, Kw 97.2 = 88.8 =
Axial Maximum to Average Decay Heat 1.2 _ 1.2
(O .
> % Used for certain conditions, balance of cases are for a 70kw thermal
L load. i
o/
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shown in Figure III-1. These curves are based on LEOPARD-FLYASH
calculations as described in Reference 1. In each case they are for

a constant specific power(38 kw/Xg PWR, 27 kw/Kg BWR) with various
continuous operating times to give the desired burnup. Other calculations
have shown that a 50% reduction in specific power would yield only a 5%

increase in neutron source.

Because the burnup of a given fuel assembly is not uniform and because
the specific neutron source does not increase linearly with burnup, the
total neutron source must be obtained from a summation of the source
from various portions of the fuel assembly. This will lead to a source
different from that obtained from Figure III-1 at the average assembly

bumup.

The most significant spatial variation of burnup is the axial distribution.
2.3 The

total assembly fixed neutron sources using these axial distributions and

Typical axial burnup distributions are shown in Figure III-2.

the specific neutron sources from Figure III-1 are given versus assembly ;

average bumup in Figure III-3.

The rapid increase in specific neutron source with burnup leads to an
axial neutron source distribution which has a larger maximum-to-average
ratio than the bumup distribution. The maximum-to-average neutron
source ratio basad on the burmup distributions in Figure III-2 are given

in Table III-2.

2.2 Total Cask Source’

In order to determine a total neutron source for the cask available infqrm—
ation on the actual expected distribition of average assembly burnup in

discharge fuel was reviewed. This review led to a typical cask loading

III-4
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for each fuel type (PWR and BWR). The source for each assembly was
then obtained from Figure III-3 and summed to give the total source '
in Table IiI-2. The total source is seen to be only slightly larger than

that obtained for the average bumup in the cask.

2.3 Energyv Spectrum

The energy spectra for neutrons coming from spontaneous fission and

from (a, n) reactions are given in Reference 4 for both Cm-242 and Cm-244.
For both isotopés the spectra were weighted by the relative contributions

of spontaneous fission and («, n) and put into the energy structure used

in the shielding studies. The resulting combined spectra are shown in
Table III-3. For a given fuel condition the spectra fromAthe separate
isotopes Cm-242 and Cm-244 can be combined based on the fraction of
neutrons emitted from the two isotopes. For the PWR fuel at 3.35 w/o

and 35,000 MWD/MTU, FLYASH-II results gave 52.3% of the neutrons
emitted by Cm-242 and 47.7 % by Cm-244. Using these weighting

factors the combined spe ctrum for Curium neutrons is shown in Table III-3.

3.0 DECAY HEAT

As described in more detail in Reference 1, the fission product decay heat
was calculated using the method given in the American Nuclear Society
Proposed Standard, "Energy Release Following Shutdown of Uranium-Fueled
Thermal Reactors" .(5) '

For the conditions of interest for spent fuél shipment (and for a given
cooling time) the fission product decay heat is primarily dependent on

specific power during operation with only a secondary dependence on

II1-8
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TABLE III-3

NEUTRON SPECTRUM FROM CURIUM

Combined
Cm Spectrum
| ~ : (E=3.35%)

Group Energy ,Mev_  Cm-242  Cm-244 35,000 MWD/MTU

1 15.0 - 12.2 - - -

2 12.2 -10.0  0.0004 0.0008 0.0006

3 10.0 - 8.18  0.0020 0.0040 0.0030

4 8.18 - 6,36  0.0073 0.0138 0.0104

5 6.36 - 4.96  0.0229 0.0454 0.0336

6 4.96 - 4.06  0.0472 0.0473 0.0472

7 4.06 - 3.01  0.2345 0.1163 0.1781

8 3.01 - 2.46  0.2068 0.1072 '0.1592

9 2.46 - 2.35 - - -

10 2.35-1.83 0.1702 0.1432 0.1573

11 1.83-1.11  0.1309 0.1887 -~ 0.1585

12 1.11 - 0.55 0.1173 0.2188 0.1657

13 0.55 -0 0.0606 0.1145 0.0864

1II-9
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burnup (or operating time). For a cooling time of 150 days increasing the
operating time from 1000 to 1200 days gives only a 5% increase in fission .
product decay heat for the same specific power during operation. Moreover,
the decay heat is more than that during the earlier stages of operation.

For example, for constant specific power the last 1/3 of operation
contributes 65% of the decay heat, the middle 1/3 of operation contributes
22% of the decay heat while the -ﬁrst 1/3 contributes 13% of the decay heat.

Based on a review of typical operating specific powers, it was concluded
for a 10 PWR loading that the fission product decay heat could be adequately
based on average specific power of 36.3 kw/KgU. For 1000 days of
operation and 150 days cooling this yields a fission product decay heat

of 8.94 Kw per PWR assembly.

In addition to the fission product decay heat, heat is éenerated from the
decay of the transuranium nuclides produced from non-fission capture in
the fuel. This has been calculated to be 0.78 Kw for a 40,000 MWD/MTU
(1) The total decay heat load is therefore 97.2 Kw for
the 10 PWR cask loading. =* |

burnup assembly.

For BWR fuel it was concluded that the decay heat load could be based
on a specific power of 25 Kw/KgU and an operating time of 1260 days.
For 120 days cooling this yields a fission product decay heat of 3.35

Kw per assembly and a transuranium decay heat of 0.35 Kw per assembly.
The total decay heat is therefore 3.70 Kw per assembly and 88.8 Kw for

a cask loading of 24 BWR assemblies. *

The operatiné power distribution in the reactor leads to an axial decay
heat distribution. At cooling times of interest for spent fuel shipment

the axial distribution of decay heat is better represented by the average

* Decay heat load has been reduced to 70kw.

Ii-10
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axial power distribution over the last several months of operation than

by the reactor core design axial power distribution. The decay heat
distribution is therefore considerably less peaked than the core design
distribution, and will approach the end-of-life burnup distribution. An
axial maximum-to-average decay heat peaking factor of 1.2 was therefore

selected for use in the thermal design of the cask.
4.0 GAMMA SOURCE

The gamma source for shielding purposes can be adequatély taken as

50% of the fission product decay heat. Using the previously defined
fission product decay heats the 50% assumption yields a 4.47 Kw gamma
source per PWR assembly and 1.68 Kw gamma source per BWR assembly.
Converting units the total gamma source strengths are 27.9 x 1016 MeV/sec
for the 10 PWR loading and 25.07 x 1016 MeV/sec for the 24 BWR loading.

For shielding calculations the total gamma source defined above is

broken c}own into discrete energy groups. The Shure data in Reference 6
\}Jas used to obtain the x;elative gamma energy distribution at 150 days
after shutdown as shown in Table III-4. The previously calculated total
gamma source was then assigned to the different energy groups according
to this distribution. The resulting energy dependent source distribution

is given in Table IlI-4. As indicaied in Section X this energy distribution
was further subdivided to be consistent with the energy distribution used
in the shielding calculation. As can be seen from the table, almost 98%

of the gamma ray energy is emitted below 1 MeV.

II1-11




TABLE III-4

REFERENCE DESIGN 10 PWR LOADING
GAMMA ENERGY DISTRIBUTION

(6) Relative
Shure Distribution
Energy Group 150 Days After Gamma Decay
MeV Shutdown Source* MeV/sec
0.1-10.4 1.2 x 1072 _ 3.35 x 10°°
0.4-0.9 0.97526 27.21 x 10°
0.9 - 1.35 1.8x10°° 5.02 x 1002
1.35-1.8 6.4x10°3 2.62 x 104
(A 1.8 - 2.2 1.0 x 1072 2.79 x 10°°
>2.2 <2x107} -
16

Total 27.9 x10

*Source for 10 PWR assemblies each with 36.3 kw/kg specific
power, 150 days cooling time, and 0.454 MTU.

I11-12
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SECTION IV

COMPLIANCE WITH 10 CFR 71, CHAPTER 1

Section of Requirement or Subject -
Part 71 of Provision Assessment of Compliance
71,22 Package Description

71.22 (a) (1)
71.22 (a) (2)

71,22 (a) (3)

71.22 (2)(3) (1)

Gross Weight
Model Number
Specific materials, weights,

dimensions, and fabrication
methods.

Receptacles, identifying the

" one which is considered to

be the containment vessel.

The maximum gross weight of the cask is 200,000 lbs.
The model number of the cask is NLI-10/24,

The weights of the cask components are given in Section
VII, "Weight Calculations”, The materjals of construction
are given in Section VI, "Material Specifications", Fab-
rication methods are described in Section X111, "Manufact-
uring and Quality Control".

The cask structure consists of inner and outer stainless
steel cylinders which are joined by stainless steel forgings
at each end. The annulus between the inner and outer
cylinders contains a lead gamma shield, Neutron shielding
is provided by a water jacket which surrounds the outer
stainless steel cylinder and all of the region containing
active fuel. The fuel is carried in the cask cavity which
has its own closure head, and is fitted with an aluminum
basket which acts as a heat conductor, The cask cavity

“and its closure head is considered the primary contain-

ment vessel. The cask body is also fitted with an outer
closure head. The volume between the inner and outer
closure heads is considered as the secondary containment
vessel,



Scction of
Part

Requirement or Subject
of Provision

Assessment of Compliance

71.22(a) (3) (i)

71.22 (a) (3) (i11)

Non-fissile Neutron Absorbers
or moderators.

Internal and external structures
supporting or protecting '
receptacles.

Criticality control is achieved by means of a box structure
which lines each fuel slot opening in the aluminum fuel
basket and surrounds each fuel assembly.

The box Is constructed of plate material consisting of
Ag-In-Cd absorber material in a 304 SS sandwich, The
box structures are supported at both ends by means of a
stalnless steel plate to form a rigid structure Independent
of the aluminum basket. For further discussion see
Section X "Criticality Analysis".

The fuel is supported radially within the primary containment
by means of the neutron absorber structure which is backed
up by a solid aluminum basket. The basket Is positioned
axlally within the cask by means of Internal top and bottom
support structures, The fuel Is supported top and bottom
axially by a separate support structure,

The inner and outer closure heads are supported by and
bolted to steps machined in the cask end forging.

The ends of the cask body are fitted with Impact structures
consisting of a built up balsa wood disc encapsulated in

aluminum shells., _

Z Ay
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Scction of
Part

Requirement or Subject
of Provision

Assessment of Compliance

71.22 (a) (3) (iv)

Valves, sampling ports,
lifting devices and tie down
devices

There is one penetration through the body end forging to
drain the volume between the Inner and outer closure heads.
There are two - penetrations in the inner closure head flange
to allow venting and draining of the cask cavity. These
penetrations are between the primary and secondary con-
talnments. There are no penetrations between the primary
containment and the amblent. P

The penetration thru the inner closure head flange are fitted
with valved quick disconnect fittings. These fittings are
housed in stainless steel valve boxes which are bolted to the
cask flange. The metal "0" ring seals in the valve box arrange-
ment provide the pressure boundary for the primary contain-
ment system.

The single penetration through the body end forging terminates
in athreaded connectlon located In a recess in the body end
forging. A bolted and gasketed closure plate isolates the
penetration from the amblent. -

Sy
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Section of
Part

Requirement or Subject
of Provislon

Assessment of Compliance

71.22 (a) (3) (iv)
Cont,

The neutron shield jacket and expansion tanks are fitted
with NUPRO-#1/2-8CPAZ-150 relief valve. The valves are
made of Type 316 stainless steel with VITON "0" Ring
seals. Service temperature range is 1009F to 400°F,
Water jacket is provided with a fil1l quick-disconnect
valve type Snaptite EA. Series with VITON "0" Ring seals.
Service temperature range is 100°F to 400°F.

Lifting and positioning of the cask Is accomplished with the - ‘
use of a lifting yoke which engages a set of trunnions welded

to the top forging of the cask body. Each trunnion is

machined from a solld bar of stalnless steel. The top

forging of the cask body provides a more than adequate
foundation for the trunnion.

The tle~down of the cask to the rall car i{s accomplished by
a set of saddle arrangements which support the cask at Its
ends. At each end of the cask Is a large lug which Is wel- |
ded to the cask end forgings. These lugs mesh with sets

of lugs which are welded to the car floor. With the cask in
the horizontal shipping position and the lugs on the cask

x
meshed with the lugs on the rall car, plns are fitted through f<°
the holes In the engaged lugs. Thls arrangement at the bot- o ’
tom end of the cask is designed to take the entire 10g lon~ ,
gitudinal loading. The arrangements at the top end and the €
bottom end of the cask are designed to take thelr share of 5

the 5g lateral and 2g vertical loadings.
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Section of
Part

Requirement or Subject
of Provision

Assessment of Compliance

71.22 (a) (3) (v)
Cont.

71.22 (a) (3) (v)

Structural and mechanical
means for the transfer and
dissipation of heat.

This arrangement is capable of withstanding the specified
acceleratlon components of 2 g vertical, S g transverse
and 10 g in the direction of travel without generating
stresses In excess of the yleld stress in any material

of the package. .

Decay heat is removed from the fuel to the cask first by
thermal radiation to the basket and then by conduction
through the aluminum basket to the cask inner shell.

Heat is then removed through the cask sides by a com-
bination of conduction, natural convection in the water
filled neutron shield, and natural convection and radiation
from the surfaces of the cask. Thermal radiation augments
the conduction heat transfer across well established gaps
within the cask. Being entirely passive, this means of
heat dissipation is highly reliable,

A rall car mounted cooling system is provided to maintaln
cask and fuel temperatures as low as possible during
transportation In order to facilitate cooldown and cask
unloading operatlons at the fuel reprocessing plant.




Section of
Part 71

Requirement or Subject
of Provision

Assessment of Compliance

71,22(a)(4)
71,22(b)(1)
71.22(b)(2)

71,22(b)(3)
71,22(b) (4)
' 71.22(b)(5)
71,22(b)(6)
71.23

71,23 (a)

71,23(b)

Identification and volumes
of any coolants and of re-
ceptaclées containing coolant

Identification and maximum
radioactivity of radioactive

constituénts®

Identification and maximum
quantities of fissile con-
stituents:

Chemical and physical form;

Extent of reflection, the
amount and identity of non-
fissile neutron absorbers;

Maximum weight of contents

Maximum amount of Decay
Heat;

Package Evaluation

Demonstrate that the package
satisfles the standards spec-
ified in Subpart C,

Fissile Class II

. Being a dry shipment with passive heat removal, there

is no coolant associated with the package.

See Section III, "Fuel Description and Source Data. "
Section Section I1I, "Fuel Description and Source Data,"

See Section III, "Fuel Description and Source Data."

See Section Section X, "Criticality Analysis",

The maximum weight of fuel carried in the cask is 18,000
pounds,

The maximum decay heat generated by fuel assemblies
in the cask will not exceed 79 kw.

The cask satisfies the standards in Subpart C. See subpart
"C" below, '

Not Applicable,



Section of
Part 71

Requirement or Subject
of Provision

Assessment of Compliance

71,23(c)

71.24

SUBPART C

71.31

71.31(a)

71.31(b)

Fissile Class III

Procedural Gontrols

General Standards for all

- Packaging

Packaging shall be of such
materials and construction
that there will be no signifi-
cant chemical, galvanic, or
other reaction among the
packaging components.

Packaging shall be equipped -

with a positive closure which
will prevent inadvertent

opening.

There are no special controls or precautions to be exercised
during transport., Operating procedures and check-off lists
will be used to control the loading, unload ing and handling
of the cask. Accident control and recovery plans will be

"~ established in accordance with local and federal regulations,

Procedural Control adequate to satisfy the requirements of
71.51(b) have been prepared, See 71.51 below,

There will be no significant chemical, galvanic, or other
reaction among the packaging components, or between the
packaging components and the package contents, The
fuel is carried in an aluminum basket which is housed in
the stainless steel weldment, Reaction between local
uranium shielding and stainless steel is prevented by a
layer of flame-sprayed copper applied to those areas of
the stainless steel shell where maximum temperatures are
predicted.

The double containment system utilizes two separate closure -

heads. The inner head is held in place by 16 stud bolts,
1 3/4" diameter. The outer closure head is held in place
by 28 bolts,1} inch diameter. Removal of the closure
head requires deliberate action and the use of tools,
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Section of
Part 71

Requirement or Subject
of Provision

Assessment of Compliance -

71.31(c)

71.31(c)(1)
71.31(c)(2)
71.31(0) (3)

71.31(c)(4)

71.31(d)

71.31(d)(1)

Lifting Devices

Tie-Down Devices

The cask lifting structure i{s capable of supporting 3 times
the weight of the loaded cask without exceeding the yield
strength of the materials involved, See Section XI,
"Structural Analysis”.

The closure head lifting structure is capable of supporting

3 times the weight of the closure head without exceeding the
yield strength of the materials involved. See Section XI,
"Structural Analysis”. ‘

The eyebolts used for closure head lifting and handling are
removed prior to shipment. Hence, the only structure
available for lifting the entire cask is the structure in-
tended for that purpose.

The failure of any lifting device which is a part of the cask
would not impair the containment or shielding properties
of the cask,

When the acceleration defined by this section are applied
to the cask the resulting stress in any material of the
cask does not exceed the yield point of the material
involved, See Section XI, "Structural Analysis",



Section of Requirement or Subject
part 71 of Provision Assessment of Compliance
71.31(d)(2) There are no parts of the cask structure which can be
~ -used as tie-down devices, other than those specifically

designed for that purpose.

71.31(d)(3) The failure of any of the cask tie-down structures would
not impair the ability of the cask to meet the other re-
quirements of this subpart.

71.32 Structural Standards, Large )

Quantity Packaging

71 .32(a) Load Resistance Regarded as a simple beam, supported at its ends along the
major axis, the cask can withstand a static load, normal
to and uniformly distributed along its length, equal to 5
times its fully loaded weight without generating stress in
any material of the cask in excess of its yield strength.

71,.32(b) External Pressure The containment veséel can withstand an external pressure
of 25 pounds per square inch without loss of contents. See
Section XI, “Structural Analysis",

71.33 Criticality Standards The cask remains sub-critical under all the conditions

' defined in this section. See Section X, "Criticality

Analysis".

71,34 Evaluation of a Single

Package
71.34(a)(1) Normal Transport See 71,35 below,
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Section of
Part 71

Requirement or Subject
of Provision

Assessment of Compliance

71.34(a)(2)

71.34 (b)

71.34 (c)

71.35

71.35 (a) (1)

Hypothetical Accident

Standards for normal con-
ditions of transport for a
single package.

There will be no release of
radioactive material from the
containment vessel,

Model testing was not done. The mechanical properties

of the materials of construction of the cask and the shock
absorber are well known. Analytical methods for predicting
cask and shock absorber response to impact loads have
been developed and. correlated to actual data, Considering
this, and the fact that conservative assumptions have been
used throughout the analysis, mathematical analysis has
been used to satisfy this subpart, |

For the purpose of the hypothetical accidents, the cask
has been analyzed independently of the vehicle.

The normal and accident conditions for which the cask has
been analyzed are the same as those defined in 71.35
and 71.36,

Maximum integrity is achieved by double containment.
Both the inner and outer closure heads maintain their
integrity under the conditions specified in Appendix "A".
See Section XI, "Structural Analysis". :
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Section of
Part 71

Requirement or Subject
of Provision

Assessment of Compliance

71,.35(a)(2)
71,35(a)(3)

71,35(a)(4)

71.35(a)(5)

71.35(b)(1)
71.35(b)(2)

71.35(b)(3)

Packaging Effectiveness

Explosive Mixtures

1

Coolant Contamination

Loss of Coolant

Criticality

- Geometric Form

No leakage of water into the
containment vessel.

The effectiveness of the cask is not reduced by the con-
ditions specified in Appendix "A", See Section XI,
"Structural Analysis". -

There is no mixture of gases or vapors in the package which
could, through any credible increase in pressure or ex-
plosion, significantly reduce the effectiveness of the cask.

There is no coolant associated with the package. The dry
double containment system isolates the low pressure cavity

filler gas from the environment under normal conditions
of transport and hypothetical accident conditions. The
coolant activity limits of this section do not apply.

There will be no loss of the helium filler gas during a normal
shipment, The dry double containment system provides
maximum integrity at low operating pressure,

The cask is sub-critical under the normal condliions of
transport, See Section X, "Criticality Analysis",

The geometric form of the cask contents are not altered
under the normal conditions. of transport,

There can be no leakage of water into the cask during normal '
shipment, The cask is equipped with two separately sealed
closure heads.



Section of Requirement or Subject

Part 71 of Provision Assessment of Compliance

¢1-AL

71.35(b) (4) (1) Effective Volume Under normal conditions of transport, there is no reduction
' in the volume of the cask or the containment vessel.,

71.35(b) (4) (11) Effective Spacing Under normal conditions of transport there is no reduction
in the space between the center of the containment vessel
and the outer surface of the cask.

71.35(b) (4) (111) Apertures .| Under normal conditions of transport no apertures of any
size can occur in the outer surface of the cask.

71 .35 (c) Venting The cask containment vessel does not vent to the atmosphere
under the normal conditions of transport. See 71 .35(a)(5)
above.

71,36 Hypothetical Accident

71.36(a)(1) Radiation Dose Rate Following the hypothetical accident condition the highest
dose rate at point 3 feet from the external surface cask,
would be 650 mrem/hr. See Section IX, "Shielding Analysis”.

71.36(a)(2) Radioactive Material No radioactive material would be released from the package,
Release The package is designed such that two individually sealed
closure heads prevent loss of the low pressure filler gas trapped
in the dry system, The impact structures on each end of the
cask effectively form a protective envelope around the cask.
There are no valves in the external surface of the cask which
provide a leakage path directly into the primary containment
system, All valves which penetrate the primary container

are located on the inner head and are protected by a rugged
outer stainless steel closure head. o

(
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Section of
Part 71

Requirement or Subject
of Provision

Assessment of Compliance

71.36(b)

71,37

71.37(a)

71.37(b)

71,38
71,39
71,40

71,41

Criticality

Evaluation of Fissile Packége
Array

Model Testing

Criticality Assumptions

Standards for Fissile Class I.
Standards for Fissile Class II
Standards For Fissile Class III

Previously Constructed
Package

The cask would remain sub-critical following the

hypothetical accident sequence specified in Appendix "B"

of this part, See Section X, "Criticality Analysis”.

Model testing has not been done to evaluate the cask by

the criteria specified in 71,39, Damage to the package,
following the hypothetical accident described in Appendix "B"
of this part, has been evaluated by analytical methods, See
response to 71.34(a)(2) above.

The assumptions made in determining compliance with
71.39(a)(2) comply with this subpart. See Section X,
"Criticality Analysis",

Not Applicable,
Not Applicable.

There will be only one cask per transport vehicle. The ship-
ment remains sub-critical under the conditions of 71,40 (a)
and (b). See Section X, "Criticality Analysis”.

Not Applicable,



Section of Requirement or Subject

Part 71 of Provision Assessment of Compliance

p1-Al

71.51 Procedures

71.51(a) Operating Procedures - See Section XVI, "Operating Procedures”.

71,51(b) Inspection Procedures All loading, unloading and handling operations with the
cask will be supervised by a qualified representative of
the licensee who will ensure that the operating procedures
are properly executed.

71,52 . Unknown Properties Conservative values have been assigned to variables; such
as isotopic abundance, degree or irradiation, degree of
moderation, etc., in all criticality calculations. The value
of K .. calculated are the maximum credible values, See
Secﬁon X, "Criticality Analysis".

71,53 : Preliminary Determinations

71.53(a) Defects All materials of construction will be procured to ASTM,
ASME, or AISI specifications, A thorough program of

't | quality assurance including non-destructive testing will

be conducted during fabrication to insure that there are no
cracks, pinholes, uncontrolled voids, or other defects

which could significantly reduce the effectiveness of this
part. See Section XIII, »Manufacturing and Quality Control"”.

71.53(b) - Pressure Test Prior to its first use the inner container and cask cavity
will be given a helium leak test. See Section XIV,
“Functional Test Procedures”,
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Section of
Part

Requirement or Subject
of Provision

Assessment of Compliance

71.53 (c)

71.54

71.54 (a)

71.54 (b)

71.54 (c)

71.54 (d)

Marking

Routine Determination

Damage

Neutron Absorbers

Closure

Valves

The cask model number will be engraved in a stainless
steel plate which will In:turn be welded to the cask
outer shell.

Prior to each use, a visual inspection will be made of all
accessible surfaces of the cask. See Section XVI
"Operating Procedures" and Section XVII, "Maintenance
Program” .

The neutron absorber is a permanent part of the fuel
basket. The basket must be in place to support the fuel,

See 71,54 (a) above. In addition, a rbutlne pressure test
will be performed prior to each use,

The valves which penetrate the primary system are located
on the Inner closure head flange. The Inner closure:is
protected by an outer closure head which s structurally
adequate to survive the hypothetical impact condition.
Unauthorized access to these valves would be extremely
difficult if not impossible.

“) /T/C =T *AdN
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sectionof | Requrement or SUHJect | gegment of Compiance
71.54(e) Internal pressure will not After securing the inner closure head and prior to in-
exceed normal operating stalling the outer closure head the inner container
pressure during anticipated pressure will be checked. Internal pressures under
period of transport normal shipping conditions are not critical in a dry
system since the containment is designed to hold the
pressures generated as a result of the hypothetical
fire accident condition.
71.54(f) Coolant Contamination The cask design precludes release of the radioactive
. contents including the gaseous coolant. The coolant is
considered as being part of the package contents. There-
fore, the restrictions on coolant activity levels are not
applicable.
71,62 Records A record of each spent fuel shipment shall be prepared

and maintained as required by Paragraph 71,62
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SECTION V

COMPLIANCE WITH CFR, TITLE 49, CHAPTER 1, PART 170-189
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SECTION V ’
Compliance with CFR 49, Chapter 1

173.393 (e) (2)

173.393 (h)

173.393 (1)

Section of Requirement or Subject
Part of Provision _ Assessment of Compliance
173.393 General Packaging Compliance with this part, except as specifically noted
Requirements below, s described in Section IV, “Compliance with
CFR, Title 10, Chapter 1, Part 71".
173.393 (b) Evidence that package has Prior to each shipment, two adjacent top Impact structure

not been {llicitly opened bolts will be lockwired and a lead seal installed on the
: lockwire, The impact structure must be removed to gain
access to outer head bolts.

Accessible Surface Fully loaded, In shade, assuming still alr an amblent
Temperature temperature of 1300F,, the external surface of the cask
body will be a temperature of 3249F without auxiliary
cooling.

However, the cask will be totally enclosed in an
expanded metal personnel barrier. The personnel barrier is
then the accesslble surface of the package, The temperature
of the personnel barrler will be less than the maxtmum

permissible.
Surface Contamination See response to 173,397 below.

Radiation Dose Rates ' The radiation dose rate 6 feet from the accessible surface
: of the vehicle will not exceed 10 mrem/hr. See Section IX,
"Shielding Analysis". '

* A \T
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JTION V - Page 2

Requirement or Subject

Section of Provision

Assessment of Compliance

173.397 Surface Contamination

173.399 (a) (3) Labeling

Prior to shipment, the exposed surfaces of the cask
will be decontaminated to conform with the limits
of this subpart. See Section XVI, "Operating
Procedures" .

The cask will be labeled Radioactive Yellow III.
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SECTION VI

MATERIAL SPECIFICATIONS

Top Forging - ASME SA 336, Grade F8

Uranium - NLI Spec. No. 7065, Issue No. 1

Inner Shell - ASME SA 240, Type 304

Outer Shell - ASME SA 240, Type 304

Inner Bottom Forging - ASME SA 336, Grade F8

Outer Bottom Forging - ASME SA 336, Grade F8

Bottom Outer Ring Forging - ASME SA 336, Grade F8

Cooling Pipes - ASME SA 312, Type 304

Lead - ASTM B-29, Chemical Grade

Water Jacket Shell - ASME SA 240, Type 304

Fins - ASME SA 240, Type 304

Trunnions - ASME SA 336, Grade F8

Trunnion Sleeves - 17 -4 Ph conditioned per drawing requirements

Outer Closure Head Bolts ~ Republic A-286, Condition STA, ASTM 453, Grade 660
Inner Closure Head Bolts- Republic A-286, Condition STA, ASTM 453, Grade 660
Miscellaneous Fasteners - ASTM 193, Grade B7,

Neutron Shielding - Ricorad PPC-V

Fuel Basket - Aluminum 1180

Spacer Plug - Aluminum 5052-H32

Containment Vessel Valve Bolts - ASTM A193 Class 2 Grades B3, B8C, BST.
Vi-1
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Neutron Absorber - Silver based alloy
Material 80% Ag., 15 In. and 5% Cd. Clad inType 304

Stainless Steel. Silver based alloy properties <
taken from Neutron Absorber Materials for Rea.ctor

Control, by W.K. Andersbn and J.S. Thetlacker,

Naval Reactors, Division of Reactor Development,

USAEC.
Accessories
Pipe ASTM-A-312, Type 304
Pipe Fittings ASTM-A-182, Type 304
Tubing ASTM-A-269, Type 304

Outer Closure Seal, "O" Ring - Viton
Mechanical and Physical Properties of Viton
Mechanical properties of Viton

Tenslle strer-lgth 1735 psi

Elongation 190% i

100% modulus, 880 psi
Hardness, Durometer A 79
Viton mechanical properties exceeds mechanical properties of

AMS-7278D, MIL-R-83248, AMS-7280

Physical properties of Viton
Specific gravity 1.80 to 1.86

, -6 o
Coefficient of linear expansion 88 x 10 in./in./ F.

———————— s s
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WATER JACKET EXPANSION TANK FLEXIBLE HOSE
1. Flexible hose type: = ANACONDA 1/2" BW-21-1H
2. Flexible hose end fitting type: PMW4

3. Threads are sealed with SILVER GOOP or equal.

See Pages VI-4, VI-5 and VI-6 for Manufacturers

Specifications.

VI-3
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Heavy Weignt—For High Pressures

BW21-0 Corrugdgefﬂ Stoinless 'Sicel, BW21-1H-C "éormgoled Stoinless Steel, one
BWM21-0 | unbroided heovy wire braid, overcll stainless
steel protective casing

BWM21-1 Corrugated Stoinless Steel, BW21-2H Corrugated Stainless Steel, two

TYPES one wire broid _ heovy wire braids )
BW21-14  Corrugated Steinless Steel, BW21-2H-C Corrugated Stainless Steel, two 6
. one heavy wire braid : heavy wite braids, overcll stain-

fess steel protectlive cosing

Because of its construction it is cble to withstand higher pressures thon stondard or medium
USES weight hose. This heavier construction clso mokes it more svitable for some corrosive eppli-
- cotions. Type -B¥/M21 has the -some-properiies—as-type BW21 end i cvailable in sizes 5%-

147 1L.D.

' Types BW21 ond BWM21 — Made with annulor corrugations from bult welded Type 321 stcin-
CONSTRUCTION less steel tubing. Covered with Type 321 stainiess steel wire broid. Both BW and BWM availcble -
in Type 316 stainless steel. Specify BW16 (—0, —1) ond BEWM14 {—0, —1) when ordering.

FITTINGS See pages CR15 through CR19 for specifications on stendard fittings.

MINIMUM PRESSUAE DATA
MINIMUM €71 BEND EXPOSED APPROX.
NOMINAL MAXIMUM RADIUS BOR LENSTH Maox. Pressure) RATEID BURST WEICHT
ro. lpisicnanion | ©.0. FOR Unbreided PRESSURE (psi) Moximem i
finl) (in.) € nt Pe t NORMAL end Test [ 1-]-31
Flexure Bend VIBRATION | Unrerrreined Welded Silver Bresed Pressure (ths.)
(in.) {in.) (in) (psi) Fittings Sirtings {psi)
BW21-0 455 R . — 255 — — _ 09
% |swaiam .535 4 ) % — 9000 16000 4200 e
i BW21.2H 818 : v - 0000 1500 "2s
sW21-0 2645 — 255 — — e :
EW21-1K 7858 6 1Y 8 — 8500 10000 4000 3s é
N s BW21.2H 865 5 — 10000 15000 52
BW21-0 790 — 255 — — 23
v, |swar.am ‘oo |8 1%, P — 1000 ©009 2000 e
EW21-2H 7.010 sV, — 10000 13500 60
TW21-0 1.125 — T — — )
y  |sw2i.am 1.235 g 2 6 - 5200 €000 2600 e
EW21.2H 1.365 6 —_ €000 9000 S12
BW21.0 1.465 ; p— €0 — — D)
1 EwW21.1H 1.575 ® 3 7 — 4500 s200 |. 2200 142
BW21.2H 1,708 7 — 4000 7750 1.55
sw21-0 1.775 — 35 — — 95
W fswaran 1.885 o v t - 3500 4000 1750 1.46
EW21-2H 1.995 : _ 5000 £0C0 1.97
Tw21-0 2.050 — 25 p— — 1.35
1y, | swaian 2.260 1 3% A —_ 3500 4000 1750 2.1
EW21-2H 2.450 LY, — 5000 €000 287
tW21.0 2.715 — 12 p p 1.99
2 EW21-1H 2.8858 ny 5% oY - 2100 2400 1050 2.7
EW21.2H 2.075 oV, — 3600 3600 398
BW21-0 3.940 — ¢ — —_ 2.91
2y, |ewaiak 3.510 T 6 0% - 1500 1725 250 4.08
sW21.24 3.700 0% - 2000 2600 PRTS
tW1i-0 3.965 — e | — = 30
3 VIR 4138 1 % n —_ 1 400 1600 €00 4.51
BW21.2H 4.328 1" — 2000 2460 5.91 i
SWM21-0 5.825 — — R .24 C
$ EWM21-1 6.045 87 b 13 s 1160 1250 650 -1 732
Tewm21.0 ©.950 p— — — 628
¢ BwWm21-] 7.170 s 24 149, é 800 $30 00 .48
LWM21.0 9.125 — - ; — 9.68
t
Ewm21.) 9.385 103 23 16Y, 3.5 200 909 500 13,58
ewm21.0 11.248 —_— - o ‘ 10.23
pwm2i1 | 11,533 1o n 7Y, 3 400 75 430 Va4
: tWml1.0 13.420 -_— —_ — 1).78 O
?
./ Bv/M21-1 13330 n4 35 19y, 2.25 600 675 230 12.32
twma1.0 | 14.725 - — — 1668
14
l swm21.1 15133 114 37 7 1.3 300 575 175 2160

Netes: 1. Io_- ordler thut arremties mutle lrum sbure hited hore, 1BW2 M, shain tha Sume Luert Cauulniiins @3 e hore, carelut snnsiterutiva it Lo
wiven 10 hinng desyn ond method of otmubing Unl plet b wte ordecad, sompult Anutenda Metul More Enysnveringy Deporiment.

2. Sises lorger thon 14 oveiluble en epphcation, VvIi-5

Son “Fxnlanation of Spacification Column Headings and Yorminology”, page CRI.
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HEX MALZ (4"-%") . |
A HMW4 304 Stainless Steel fitting—welded NeT MOl A s | ¢ lﬁ/
' 8 HMSS 304 Stoinless Stee) fitting—silver brozed Al'.‘po, ::23! (in) {in) - {m)
1 5 HMW 321 or 315 Stoinless Steel Aitting—welded " 1.500 1125 ; a'so
\ H § nMms 321 er 18 Stoinless Sreel firting—silver brozed £ 1.825 1.125 794
és y ; se ; ¥ 1.937 1.437 1.013
232 SHM'N  Corbon Stest fitting—welded ¥, 2.187 1.437 1372
SHMS Corbon Sreel fitting—silver brozed
P HEX MALE (17-4") , Nt 1. | A 3 c
;; - 5CH &D-or-405 PIPE- Ao rastl Gr) fin) (in)
A
B HMWS 334 Stoinless Steel fiting—walded 1 3.000 2.0 L7
| . . . 1% 3300 2.500 2.195
— HMS4 J04 Stoinless Stesl firting—silver brazed “; 3750 2530 2.522
:‘ - »
S i g HMw 321 or 1S Sum.llns Sreel ﬁﬂmg-.wnldnd 2 2750 2.509 2.010
oL ég HMS 321 or 318 Stoniless Steel hose—silver brozed 2% 4250 3.c00 31.635
s ‘ y SHMW  Corbon Stesl fitting—welded . 3 4.250 3.co0 4.360
MALLEABLE IRON SHMS  Corbon Stesl firting—silver brozed 3% 5250 | 4.000 5037 § .
LOCK KUY 4 5.250 4020 3720
PLAIN MALE (%4"-4") weramo. | A B c
SCH 4D or 40S PIPE ‘ Ao oy e] G Gim.) (in.)
% 3.375 1502 539
. . 3 R . .
; PMWS 384 Stoinless Steel fitting—welded :: ;2:3 :;:g l.:f:
7 i PASA 304 Stoinless Steel firting—silver b, d
D PMW 321 ar 316 Stoinlers Seeel fiing—walded % | 250 |1z | s
\l E > or aniess Steel Titting * 1 3.000 2.000 1.693
) Ei PMS 321 or 318 Stointess Sieel fitting—1silver brazed 1% 3.5c0 2.500 2.147
ig SPMW  Corbon Steel fitting—welded % 3.750 2.539 2.52.
SPMs Cfc’boa Steel ﬁning-.-silnr brozed . -;!ﬁ :;;g g.ggg g z;g S
NOTE: Sizes %" through %" ovailable
only in stainless steel. ‘ gﬁ ;'gig 3223 ‘:igg
4 5.250 4.002 5.720
MALE UNION (%"1") °
Mmow 32) Tube End, with 13-3 stoinless steel MPY THD. A 3 [ 4
A nut, sleeve ond adopler—welded A’NDD ?;s;‘i {in.) {in.) (in)
~.033 8 315 Tube End ond Adapter, with 18-8
= . | () stoinlers stee] nut ond sleeve—welded Y% 2.625 2253 AL
AL :2 T . . L 2.843 2,343 1.015
W i . MuUs 321 Tube End, with 18-8 stainless stesl ¥% 3.390 2.890 1158
Vi AN g2 nut, sleeve ond odoprer—silver brazed
'lzii) 314 Tube End ond Adapter, with 18.8 ,% 3:;:; g';;; :;gi
e stoinless steel nut ond slesve—silver brazed ° “
MALE UNION (%"-3") wrmal A s | e
1., (in) {in} {in.) {in)
r‘\! . A % 3.125 2.750 1.5
< . . » 3325 2.825 131
"d’ I-— [ — SMUWD 3000 1b. Forged Steel union—welded Y 379 -1 39 1.938
[ SMUSD 30C0 Ib. Forged Stesl union—isilver brazed un 4.156 3.408 2.375
FH 1 am | 3 2.623
e % 3.03t 4.031 3328
& % 5.583 433 1.433
— ) 2 s12s | 4375 | 4230
£ . 2% 6.813 5.563 4313
3 2.281 6.0 8.125

Hetas. 1, AN o} i1e LLose Lilne,s cun La uied wn Iyues 321 or 316 sruenless steel hose, Type 321 unid JO4 hinnys ure ol wsed on 321 hose. ipe Jve—
fonngs are normnlly vied on 316 n
. nMonmwm tomporciture bomt for 310

tesl fittines attuched by weolilinng is 3300°F. — by silver heaang &30°F. .
) o bLmao for ngs oitached by welthney is 350°F, — hy silver hrating 400°F
- To mouke vp un ovsembly uf @ reipus wil length  bguee iongih 10 which hose shovld be cut by odding Liting dimension “3°° for beth end it
Hings ond subiratting the 10tul brem oeertl lregth nl wrembdly. .
VI-6

siee]l hare with stoinl
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WATER JACKET AND EXPANSION TANK QUICK DISCONNECT COUPLING

1. valved Coupler type: Snap-Tite Cat. No. VHC8-8F W/SL.
2. Valved Nipple type: Snap-Tite Cat. No. VPHN8-8M
3. "O" Ring Seal Material: Viton

4, Threads are sealed with SILVER GOOQP or equal.

See Pages VI-8 and VI-9 for Manufacturers

Specifications.

VI-7
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QUICK-DISCONNECT COUPLINGS
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New Ca.pa..bil'ity for Hydraulic Applications

No;v - . . a quick-disconnect you can
connect against trapped pressure. Snap-

-Tite PH Series quick-disconnect

couplings® give all the time-proved
pecformance features of Snap-Tite H
Series quick-disconnects. In addition,

" they can be connected 2gainst static

pressure . . ., for fast, easy connection
of hydraulic lines, and for other appli-
cations that call for periodic connec-
tion against trapped pressure.

The pressure connector feature can be
supplied in either the coupler half or
nipple half. PH Scrics couplers and
nipples-are completely interchangeable
with H Scries valved couplers and
nipples of the same size. ,

Thus, PH Series units can be readily
incorporated as required in new fluid
systems that are designed for H Scries
quick-disconnects. And they can easily
be substituted for H Series valved units
in existing field installations.

Snap-Tite’s PH Series couplings have
been successfully field-tested in con-
aecting against static pressures of
3000 psi. They are especially suited
for such applications as hydraulic sys-
tems on farm implements, construc-
tion, utility and materials handling
equipment, and on any fluid power
system in which removable attach-
ments are supplied through lines from
a hydrauplic power unit.

Instant, Automatic Bleed-Oif

Easy connection against static pressure
is assured by the special poppet valve.
When the coupling halves are being
connected, the small bleeder valve in-
side the PH Scries shut-off valve is

depressed to the open position. Trapped
pressure that bears upon the larger sur-
faces of the shut-off valve is instantly
and automatically reduced, permitting
effortless engagement.

R S S e

s,

H:\.__.........,,:b‘:zk 27 Sy

o (LI I.

NIV AT R £ S

124G

e ——

...__.L__J

Coudling shown i3 H Saries valved nipple and PH Series valved coudler,
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Pressure Dats L L O ) \d
Working Pressures {03i2) 4500 4000 35C0 2029

Proof Pressuces: 1Y times working pressures.
Burst Pressures: 3 times working pressuiss.

NOTE: For dezailed information on other
features plis complere dimensions, weights
and rechnical data, please refer 10 Snap-
Tite H Series Catalog.

. TWO TYPES

1. PH SERIES VALVED COUPLER
that mates with H Series valved nipple.

. PH SERIES VALVED NIPPLE th.
m.ues wnh H Series valved coupler

All coupler: or nipples of the same size
are interchangeable segardless of end
fitting. .

-

FOUR SIZES. %", %", 37,1~ .
EIGHT END FITTINGS. Female NPT,
Male NPT, Hose Shank, AND 10050
(female), SAE Female, MS33655 (male),
SAE (JIC) ' 37° Male Flare, MS33657
(bulkhead). Other fittings on request.

METAL AND FINISH. Heat-treated al-
loy steel with cadmium-chromate plating.

CAPS AND PLUGS. Dust caps, pres-
sure caps or dust plugs protect discon.
nected couplers or nipples from damage,
dirt and other contaminants.

SLEEVE LOCK. Prevents accidental ive
connectivn of coupling. Sleeve cannot be
moved to retracted position until pin i
in line with slol in sleeve.

—

*Patents Applicd Foa\‘\/

, ;
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PH SERIES COUPLINGS WITH END FITTINGS

L 4

N . .
o .ering . .
. STEEL COUPLINGS WITH END FITTINGS .
Information
Part Numbers by Size
PH Series Valved Couplers #H Series Valved Couplers
Select the ?r;p;r cox;{pli;g: Tod Ficier v e rr] - Py — re e e e
consisting 0 or crie Fomsls APT | VPACS.5F  { VPR : 5
h - TI8F | YPHCIZ1IF | v2n2ls-18F Fomslo KPT) YHCS.6F | VHCS 8Fg | WNCIZ.107 1% 157
coupler and PH or H Series e ! .“:'" — S 1 w218 15
pipple—from the table. ness il Midinitaindl T L HeE: VHCS-B | ¥NCIZ12M | WHCIG-1ém
Moo Sheak (VPHCEAN | WPNCE-EH | YPHCIZ-I2ZW | vAnCIG-3EN Mess Shaad | VNCESX | VACS.EM | WACIZAZM | VHCI&-1en
ANDI00S0 | VPRCH-6-30 | VPHCE 850 | VPHCIZ.12.30 | VANCIE-16-50 ANDI0030 | YHCE-8-50 | WHCS.8.30 | YNCI2.12.50 | WHCI6 168
ANTI-EXTRUSION SEAL SET.  [usness |wacesss | vencadse | vnciziz.s | vncieiess N3IJ6SE | WACE-8.36 | VNCES-36 | WACIZIZ.S5 | VKCIS16.36
:ha.:! se;‘_ u: C:ﬂoffhsual’::dk:r MSIIES? | VANCE-6-ST | YPHCS-8.57 | YPHCIZ-12.87 | VPN218-16-87 MS33637 | YKCE-6.87 | WNCE.8-57 | WuC1Z-12.57 | WNCIG-16.87
andard instea e U-Packer
. SAE Female | VPHCE.G-EF | VPHCS-8.€F | YPHCIZ-1Z.KF | Vone 7 SAT Fomals] VHCE-6.EF | VNCB-B.EF 312 X7
seal. H Scries Catalog for o cs-8- NCAZ-12-KF | VPncis-16-C oma B.4F | vNC1212.6F | vnCi6.38.6F
demilss.“lf it is desired, please |3\ Mole | VPNCEEEN] venCa a-Eu| venCiZ-12-Tu| VPACIE- 16t SAL Male | VHCGE.EM | VHCE-S.EM| WnC1Z.12.EM | WHCIS IS.E%
suffix the part number with 9.
Example: VPHC6-6F-9. . . . .
P PH Series Valved Nipples ‘H Series Valved Nipples
: Cnd biming | %" %" S " Ead Ritting % ¥~ %" 1"
\SVLIESE‘I!E LOCK. ':: °£d°f- 31“ Fomale RPT | VAHNG.AF | VPNNSF ) VPHNIZAZF | VAWWIS.16F Fomats NFI| VHNGA7 | VRNBEF | WRNIZOZF | VRAIS. 147
o part number. Example: T -
Male NPT | VPHNS.6M | WPHNZ-EM,T VPRNIZ-12M | VARNIS- 16N Male NPT | VHNSEM | YNNA.SM | vaniz-izm Ty
VPHC6-6F W/SL. i), il il
: Wose Shaak [VPNNSAK | VPNNEBH | YPHNIZ-IZH | ¥PRSLS-ISH Woss Shant| VHNG-6K | VHNESM | VANIZAZK | vAnIg.16H
ANDIB0S0 | VARNG-6.50 | VPNN3-8-50 | VPHAI2-12-30 | vPnN1g-16-50 ANDICOSD | YHNS-8.30 | WHNZ.E-S0 | VANIZ-12.30 | WHNIG.16.80
MSIIEIE | VANNE-6.55 | YPHNS2.S5 | YPHNIZ.12-55 ) VANNLE-16:56 MSIISE | VANG-8SS | VNNE.E-56 | VNNIZ12.58 | vAn16.16.55
- MSI3ES7 [ VPHNS.6.57 | WPHNI-B.5T | VPHNI2-12.57 | vAn1b-16-87 MSI657 | YNNS-637 | VNNS.B.87 | VRMI2.12.57 | VENIS-15 87
SAT Fomals | VPNAS-S.EF | VPHNS-G.EF | VPHKIZ-12.6F | vor16-18-EF SAE Fomsta] VHAG-G-LF | VHRS.B-EF | WANIZA2.E7 | VANIG.15.0F
JsaEmate | vrunesEm] vemns.a-en| veun12.12-Em] vPun1e-16-EW SAE Male | VHNS.G-EM| VHNBBEM| VHMIZAIZEM] WRN1S-15.EM

\_ :

Dust Caps, Pressure Caps, Dust Plugs

PLASTIC. Dust Caps for nipples and Dust Plugs for couplers R
2re supplied complete with corrosion-resistant steel eable. ﬁ é

. ® * - <‘
METAL: Pressure-tight Pressure Caps for nipples and Dust Plugs r

: Mnrny
. for couplers are available in cadmium chromate plated stecl \o o
and clear anodized aluminum. Dust Caps for nipples are also Plastic’ ) Metat
available in aluminum. On sizes through 35, a 10-inch long Bust Ca3 pm Plug Dust Plug Dust Cap Pressure Cap
brasy chrome-plated bead chain is supplied. On 17 size, a - - - .
10-inch long cadmium-plated steel sash chain is supplied. PLASTIC % Y % !
DUST CAP POCH-S POCHS rock-12 | rocwas
Special lengths of chains are available on request. Ordsting BUST PLUC POPH-C oms POPR-12 | POPHAS
designations are: W/BC for bead chain, W/SC for sash chain.
isnations are i STEEL %" %~ %~ -
TO ORDER: For standard caps and plugs. use the part num- PRESSURE CAP MCH-E MCH-8 aeH-12 | mewas
bers given in table. For special lenpths, add chain desipnation and SUST PLUG MPH-6 MPH-B WPH12 | MPHS
length in inches to the pant aumber. Example: MCH-6 W/C-8. ALUMINUM o %" %= -
PRESSURE CAP RAMCH-& AMCN-8 AMCH-12 | AMCH-1C
DUST CAP A0CN-6 ADCH-8 ADCN-12 | ADCK-16
Qp'xre Parts DUST PLUC AMPH-§ ANPH-3 | AMPH-3Z | -AMPN-36
[ - [ 3
Valve assembly, valved coupler body and sembly for a ¥4~ PH Series coupler or
- walved nipple body for P'H Scrics are nipple. Your order would read: PHK-42,
shown. To order, specify (1) coupling -
series, (2) size of coupling and (3) spure All other PH Scries spare paris are the .
part number same 3s for H Scrics quich-dinconnzcis, .
: Please refer to H Scrigs Cawloy fur order- }:% P 2
ample: You wish to order a valve ax-  ing informatiun, .. - - .
) X . -, it
v Vilesd ‘""" body Valved mipple bodys Valve 2ssambly, coupler o2 ninl. 2, :’,?’? f l & 7= L ’
A\ S, s o SINC
Ej . ‘é \D _./'}.\_ I\N ﬁ - 4 Union City, Pa. 16433
L.d.,,,,_, Juet- ' |
os g8 Q@ Vi-9
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WATER JACKET EXPANSION TANK DRAIN AND FILL VALVE

1. Valve type: Hex. Eng. HGV-48S, with Stellited
Ball on a 316 S/S Stem. ‘
2, Valve body material: 304 S/S.

3. Valve inlet: 1/2" Male NPT

See Pages VI-11 and VI-12 for Manufacturers

Specifications.

Vi-10
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| Hex Instrument Valves HGV-48 and HGV-48S are

"o Three outlets

PURPOSE

designed with multiple outlets to meet the valve- |
users needs. Each Hex valve is hand-assembled by = |
skilled craftsmen and individually tested to pro-
vide valves of the highest quality. '

FEATURES

¢ Three Seat Types Available

+ Replaceable Soft Seat HGV-48S

« Bubble-tight Shut-off

s Backseat Stem - protects packing during
operation

¢ Inlet connection Schedule 160 or heavier

s John Crane 187-1 1200° F Packing Rings .

« Straight through passage (Roddable) on Soft
Seat

OPTIONS ' '&§&
Directional Safety Tube Bleed Valve — See Bulle- ' :‘\;\ \ /Aé"-

tin h-200 . ‘ t

Teflon Chevron Packing Rings
Kel-F Replaceable Soft Seat Insert
316 Stainless Steel Ball Stém

- CONNECTIONS:~ + = - .« = - R

Three Outlets
¥%* or 2" Female NPT

Oneinlet
%" or %’ Male NPT
. or Socketweld

) /

VIi-11
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et fuatimn HEX VALVES ARE USED WORLDWIDE FOR SAFETY AND PERFORMANCE,

LOCK PN LHANDLE

srem 3

PACKING NUT

PACKING

BACKSEATING 3 -;-“OPEN

BONNET

|
- CLOSED

LOCK PIN

” ” '
f ';-OR%M.N.P.T. ;_
INLET
I
Al I HTRERY Y

Lob it
eI R

!

"GV-46 \Weight 2 Ibs. :

MATERIALS

Standard Hex Valve body materials are plated carbon steel, 304 and 316 stainless steel. Special materials
such as Inconel, Incoloy, eté. are available. 303 stainless steel trim is furnished in both.carbon steel and 304
-stainless steel valves..316 stainless steel. valves have 316, stainless steel trim. Special trim materials are
optional. John Crane 187-1 1200° F Packing Rings are furnishad, with other packing materials optional.

PRESSURE-TEMPERATURE RATING T T T T T
i CninFroom LUl

6000 PS1 @ 200°F f AT A AL Aol

' WHEN ORDERING PLEASE SPECIFY
(EXAMPLE)

| VALVE | MATERIAL ONE INLET [ JHREE
j auanTity | Tyee BODY TRIM PACKING SEAT  |CONNECTION| cONNEETION

1o o v %" x %"
l HGV48S cs 303 (JC87 | PENTON | MaALENPT| WXL

; Represented by:

. " rPICIIDI IR peyp . ‘ . ’ .
fe . we - HEX EGBIIEERIIB
/77 b @ 'x PAKTAVT s N S p Shed e N T IR L e T e e, . . . . . .ot -
| S I R e A Y TR A IR L v -/
v r Dl Uat i Lol DU |

VALVIES ™ Wi

A DIVISION OF CIRCLE SEAL CORPORATION ¢ BOX 3GGG » ANAFEIM, CALIFORNIA 92803
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~ WATER JACKET AND WATER JACKET EXPANSION TANK RELIEF VALVE

1. Valve type: NUPRO No. 8CPA2-150, wlth Viton
*"O" Ring Seal.

i 2. Valve body materlal: 316 S/8

3. Threads are sealed with SILVER GOOP or equal.

See Pages VI-14, VI-15 and VI-16 for Manufacturers

Specifications.

VI-13
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NP/ O
“CP” & “CPA” SERIES PIPE ENDED CHECK, ADJUSTABLE RELIEF

& POPOFF RELIEF VALVES

-

DEFLECTOR CAP

TECHNICAL DATA

rCanane

BT e Oy l'l"‘."'.»l"

P4 S T e

.

. Sl tr RGN ICSETERMNEER B0 - P TS e T \
< [} mr“-; P _‘-.. <9 AA_»'_..' hcf::igmgs P ) 2 hodti ' "cr&.: ssa!ss 27, "‘;
STANDARD CRACKIG 1 ot :
PRESSURE (PS) applicadle
: ' 3t050 k
_ _ R . ADJUSTABLE RANGE not 50 to 150
DT P T RSSO A - B . (PSY applicable glo 350
The green polyethyte?e Dell%ctor ) A0 to 600
Cap is available for valves used as :
opoft-to-atmasphere relief valves. It WORKING PRESSURE 2500 2500
geﬂects the {low from direct contact RATING 370°F (PSI) "\ ]
with personnel and prevants atmos- " X
pheric contaminants from entering BACK PRESSURE 2500 2500
the valve. The Deaflector Cap easily RATING g 70°F (PS)
screws on a standard malio NPT pip:
thread. To order separately, the pa . : "4CPA™ Seri
number is P,-4CP4 for %" male NPT; FLOW CogFrGaNT. 02 ach Suice) 12 acoan o)
P,-8CP4 for %" mala NPT. ; : .
| s ME: e
' I General; -40°F 10 300°
-.FLOW CAPACITY With Atkalies; -40°F to 158°F
SN2 M R T
**221VUCI FLOW FOR €, =0.35 q .,
AR witll - TABLE OF DIMENSIONS
scrd A S ——
GI0F |} @I0F; EOINAL ERATHIS END CONMECTICNS ST
C o~ 482 L1 Arr2g3D | PRESSUIE A/NGE OVERAL X 1
13.25 243 LLLoER oSy . f. ..~ LUET _OUTLET  ftenste ) szEt) -
B4 350 - ~ N T T ' —
‘ -~CP2-1 - A s 2l NPT Y Male NPT i e \/
3 | 1 % Mals NPT %Femate NPT | 1% % | i
: WITER § i
e i c7a -4CPA2-3 31050 Y Male NPT uuaeNeT | W | ¢
HAL «0F | LIOF — — - . :
m 580 . 379 -4CPA2-50 50 to 150 o Y Male NPT s Mate NPT M. Y i
50 4544 849 16 s . ’» . . :
.. 100 .835% 1200} - : ~:‘4CPA2 150 . 1.’” (] 330 h Ma!e NFT 1] .ﬁale NPT 1.| R 18 . :
) ~4CPA2-350 350 to €20 Ya Mi2le NPT 5 Mate NPT 1% s :
H H
MATERIALS ¢ | -scp2-1 1 wMale NPT |\t Male NPT 25 h X
Body—~Brass, anodized aluminum, 316 . . . . . i
. staintess stecl. cadmium. plated carbon -ecPs-t | 1 % Male NPT wFemate NPT | 2% L
steel. asas- " .
Yerda et B S ste s A FFete s A Yoroo 3050 - f e MR RPT oo oo AUAIONET, o B0t Bi by
O-Ring—Buna "N is standard in alf -iFA2-5) 50to 159 '3 Male NPT ' Llate NPT ' L) 3
valves. Many difterent types of elastomer . .
O-Rings areystocked bynNUPRO Company -8CPA2-150 150 to 330 Y2 Male NPT ty Mate NPT 2 41
{or specialized applicatons. - _ _ " T
. Insert, Poppet—Same material as body ex- -BCPJ-\2-3:D 350 lo'.EOO - * Male _'{PT - "' tate NPT Gl -

. . JCeptsteslvalves use 316 stainless steel.

Insert Lock Screw (“4CP-4CPA™ Serias)—
- Same matenat as tody. (“SCP-3CPA™

. Seriss)=Brass, in drass valves: 316 staimn; -

tess steet in all other valves

Adjusting Screw, Lock Screw (“4CPA™
Senes only)-303 stmnless steel, cxcept
316 valves use 316 stanless steel.
("ECPA™ Sernies only)=31C stanless steel

NTIPRA 0

-, $XCEPLDIASS valves are brass. .

DRI

mp

ANV 156

Tan, o gt

D Foracom .
_;__'-’a.‘?‘rel,ix B for brass, SS for 316 stainless steel, A tor aluminum, and s Ipr,dar_'-‘ .
b e v « ! g *tLev . te f . ol o e B o te ey TRe

.. -

bon stéel.

-

plete ordering number:

-,

p. To order valves with Detlector Cap instalied, suffix the catalog number
with -DC. To order Detieclor Caps separately, the part number is P ,-4CP4
for %" male NPT; P..-BCP4 for %" male NPT.

]
| S

Series valves. To order, change the =1 sulhix to =%, =10, etc.

t

s mobes o

.o
eyl e -

35 Saranac Road = Clevelan
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=4 «Ccp” & “CPA” SERIES PIPE END
& POPOFF RELIEF VALVES

ED CHECK, ADJUSTABLE RELIEF

; R o e s R aars ARGk § IR S gy At e N . - -
pN—_— o R VLTI e . . PISE TL ed
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=5 A i
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F , - " . ‘-“J‘s—;i_:g-r._-::,‘...ﬂ.n|:|‘:’|’l"_| :vf _../
= =" - EEE
=z o ~4€PA" SEEISS KD SUSTAILE REUZF VALYES ==
L EEZ e e &z 2
== E ' CIRY - 5SAPs
. (T, Z)_J_oe o
3 5-2uF2-25-0C ' . , ".':;é-.-
IS st B TR s
. - - 8 {‘f b4 1 "ln! 'nsa;
e it D £ SO SEMES ADMSTAZLE IN-LNE REVIZS VALVES -
'r——— - Gmg et Beam. WS T s B <, Mt e >esen . P PESIC STR o e, S MR BT P SRS A 0.4 e LA '.-pn—@-.—f—_‘- :,:‘
! PURPOSE APPLICATIONS ADJUSTMEN 5
i NUPRO *CP™ Series Check and Unidirectiona! flow control of liquids e e e w—

N “CPA" Series Adjustable In-line Re-  and gases » Wide variety otindustrial, - : R 1 —
lief Vaives fill the need for improved, laboratory and process control sys- -2 .
compact. inexpensive, pipe ended tems e Prevention of undesirable mix- 2SSEMBLE ~—

\/) . check and reliet valves. . ing of twodluid streams » Protecsion , —>-| L-I’ — THS VIAY
H against over-pressurization ¢ Vac- Y :
H _OPER£T'_ON' E— uum breaker. “‘3‘”‘2,’_,?}:\”&";—"\ : ,

R
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|
|
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SPECIAL FEATURES

Soft. resilient O-Ring gently stops
poppet ¢ Large seating erea provides
sensilive opening pressures and
teak-tight sealing « Contained O-Ring
eliminates O-Ring blowout » O-Ring
is easily replaced * Metal-to-metal
slop prevents over-squecze of O-
Ring and eliminates sticking * No
feak path to atmosphere with one
piece body * Dual hex distinguishes
valves lrom hex pioe nigples
Smooth floating oopoeat 2nd solt O-
Ring permit chatlar-tree opralicn *
Smooth Kovw: patn proviZas minimum
pressure drop * O-Ring removed
trom main flow path * Backstopped
poppet prevents oversiressing

spring. :

ie,
orept Qe

L3 ]
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NUDPRO COMPANY « 16R38 Saranar Rnad ¢« Clavaland Nhin 424110

J A antuntin Tnandabad Landd

D R

S mse e wma e

To adjust "CPA™ Relief Valves:

© Insert a standarc hex key wrench
into tr.2 locking scrow. ‘

o Break locking scréew. counter-
clockwise until the hex key
wrench shdes into the adjusting
screw. :

© Turn Soth screws to the cdesired,

cracking pressure. (Clockwise in-
creases opeming pressure).
o Retract hex key wrench info the
focking screw. ’
¢ Lock ajanst adjustng screw bdy
turning clockwise,

PV YO

.
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WATER JACKET EXPANSION TANK PRESSURE GAUGE

1. Préssure Gauge type: Marshalltown Cat. No. 188
2. : Case material: Stainless Steel Type 304

3. Bourdon fube material: Stainless Steel

4, Dial Size: 2-1/2" Dia.

S. . Pressure range: 0-400 psi

6. Connection: 1/4" NPT Lower Connection

See Pages VI-18 for Manufacturers

Specifications

VI-17
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SPECIAL FEATURES
Waterproof, weatherproof, hermetically sealed, corrosion re-
sistant, vibration/pulsation proof.

APPLICATION

For severe application requiring a hermetically sealed weath-
erproof, corrosive service gauge where pulsation/vibration is
a problem. Stainless steel case and socket with crystal provide
external protection, with internal wetted parts constructed of
316 stainless steel for corrosive service. Shock absorbing poly-
glide movement plus liquid filling dampen and absorb effect of
pulsation/vibration for maximum performance and long ser-
vice life in all types of severe field and factory applications.

INTERNAL FEATURES
Accuracy — Within 2% of total scale range in middle half of
scale, 3% elsewhere. .
Bourdon Tube — 316 stainless steel.
Movement — Polyglide movement has nickel-silver working
parts and polycarbonate mounting plates for maximum
smoothness and shock absorption, providing exceptionally
long service life. o
Liquid Fill = Viscous lubricant constantly bathes interp-~
and dampens effect of vibration and pulsation dramatit r
extending service life. ~— T

EXTERMAL FEATUREY

Dial Size — 2.1/2"

Case — 304 stainless steel. '

Ring and Crystal — Unbreakable polycarbonate crystal and

. 304 stainless steel ring gasketed and spun on to case for

- .a positive leakproof seal.
Dial and Pointer — Aluminum with baked ename! finish.
Socket — 316 stainless steel, with internal “0" ring for posi-

.
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] tive leakproof seal to case.
! Checkscrew — Standard with .016 orifice checkscrew for
i oil. .
{ Safety Blowout Plug — Standard, calibrated to blow out at
X less than 10 psi to vent internal pressure through back of
case in the event of tube failure.
— . ' CASE VARIATIONS
Fig. 188 — 316 stainless steel 1/4™ male bottom connection
. is standard. .
Fig. 188C — 316 stainless steel 1/4” male center back connec-
— tion is standard. )
K B H G J F Fig. 1888 — 300 series stainless fteel"studs and U-clam: for
Fig. 188 2-55/64 1-11/64 2.9/32 11732 panel mounting. 316 stainless steel 1/4™ male center back con-
Fig. 188C 2-55/64 1.11/64 1 2-19/32 nection is standard. .
Fig. 1888 2-55/64 1-11/64 ) 2-19/32
STANDARD RANGES . —
Pounds Per Square Inch ’;"’
Total Graduation 30 60 100 150 200 300 400 A
Figure Intervals 5 10 10 20 20 50 50 Vi-18

Smallest Sub-Division 1 2 2 5 5 10 10
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FUEL TANK IMMERSION HEATER

1. Heater type: CHROMOLOX Cat. No. AR MT-

2155-E2-240V.

See Page VI-21 for Manufacturers

Specifications.
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| TYPES ABMT & ARMTO |-

2" & 2V2” screw plug—
copper & steel sheaths

Typs ARMT—copper sheathfor heating water and
water solulions—has integrat thermostat with 50° to
250°F rangze. Elements and [hermaowell are brazed to
brass screw plug,

Type ARIATO—slec] sheath—for heating of oils ~has 150°
to 550°F thermostat range. Elements and Thermowel!
are welded to steel screw plugs.

Temperature contrel 1s by mcans of an adjusting knob
on the red enameled sioel housing. Connections can be
made with standard 38X wiring. ’

Buift-in thermostat is connected as 3 line thermostat
for elements up to 650w on 249y single phase and
4200w on 120v. Thermostat is not wired to elements
for all 3 pRase Ard 330y ratinee. Frp Iatrar rabings,
3-ph, 420v and dc cizcuits, thermostat must be wiregd
to operate holding col of suitable contactor. Fer con-
tactors, see page 93.

DIMENSIONS—taches

Length
Overalt Inside
Length TaaX Catateg
A 8 [ [ 4 Hombar

[ 3 T
1 €

1y~ ¢ooUIT oPEInG

IMMERSION ELEMENTS

screw-plug t

| T
L |

foe-].

ypes -

%= For SEpiEs 2
4™ “FOR ST

T e
"ﬁ—"mlmu%-f.- -

i}

Bzl

AxlS,

Temperature Ranges Available:

T-1= 0-100°F
V2= 50-250°F
T-3—150.550°F

E-1 Housing: Standard sheet metal.

E-2 Housing: Moisture and Ex

Instatlation: See page 25,

Vologn
Availadte

Vemperalory
ges
Rvadatile °F

plosion Resistant,

Kousings
Avartadle

Asrez,
Net
Wi.ibs,

“Type ARMT—copper sheath—single phase—~2* scravs plu

9—45 vaatts per sq. in.—2 elemcnts

6.25

19 12 1% 1.8 ARMT-2155° 120, 240 T T2 ELE2 .

15 1 1% ) ARMT-2205.3 120, 230, 330 11, 12 EL, E2 5.0
16% % 17 2.5 ARMT-2255 240, 420 T1. T2 £l £2 6.3

19 12 1% 3 ARMT.23%5 120, 240, <30 1. T2 &L, E2 6.25
25 18 1% 4 ARMT-2405 230. 420 T1. T2 El E2 7.0
26 19% 1% 5 ARMT-2505 230, 450 11, T2 El, €2 15
32 25% 1% s ARMT-25%5 220, 220 1. T2 ELEZ | 100
35'Yie 28% 1% 7 ARIT-2705 230, 429 T, 72 EL E2 120
1% 0% 1% 10 ARMT-2i05 230, 450 1. 12 ELE2 [ 150

Type ARMTO—stec] sheath;single phase—~2" screw

plug—20 wiatts per sq. in,—2 elements

":\-_{ 18'%6 w1 2 L. Janro.21s9 | 1wo.pin e (LA (e & 11500 )
F3 Wis__; 2 2 __ARMTO Zeus 129, 24, 430 TL T2. T3 €L E2 1.0
. _ 26V 19% 2 2.5 AR%ITO-2255 120, 230, 430 T1, 72, T3 £l, 2 15
2% 25 2 3 ARTO-2205 129, 230, €50 7L T2.°T3 El, E2 ?
Y .. 3 2 - & -ARMTO-25 120, 240, 420. 7. T2, T3 . El, E2 7 -
47%x 0% § 2 5 ARLIT0-2595 122, 2:0, 820 Tl 72, T3 .. El, E2 5
- 55%16 a8 1 2 6 ARMTO-zE05 2. £30 7172, 13 El €2 19
Type ARIAT—copper sh2ath—single & 3 phase~21,* scraw plug—45 watts par sq. in.—3 elemenis
_13% % 2% 3 AR?47-3305 249 TL, T2 EL E2 8
16% 8% 2% 3.75 ARINT-3375 230 TL Y2 El. €2 9
__18% 1% 2%; [ ARLAT.3155 230, $20 Tl T2 EL, E2 9.25
4% 1% 2Ys s ARMT-3595 230, 430 71, 72 El, €2 12
%% 1% 2, 7.5 ARLAT-3155 230, 420 T1, T2 El, E2 13
32 2Y; ) ) AR?MT-3355 240, 330 T1, T2 El. E2 34
Type ARMTO—stcel sh2ath—single & 3 phase—-214* screw plug—20 watts per sq. in.—3 eloments
25 17% Vs 3 ARTO0.3235 240, 430 T1. T2. T3 El E2 8
26% 20 | 2, 3.75 AR 10-3375 210, 520 TL 72, 13 £l, E2 e.75
3% 20% 2% 4.5 ARL210-3355 233, 350 T, 72. 13 ELC2 - | 925
- 30 2% | 2 3 AL 102575 24, 330 T1, 72, 13 E), €2 12
41y, 20 2% 7.5 ARIITO- 1155 0, 420 71, ¥2. T3 £l, €2 13
p 55 a1y, 2% [] ARLITO-35 219, 42 . 7.1 EL, €2 14
- * Singrle clement . ..
- See Price Supplement lor pricing and Product Code Numbers (PCN) for cach azzembled heater. .
Spcclly: Quantity, Catrog Nu,, Vults, viats, Houssag, Inuncesion Heaters,
.-' - . . 42_ . . » <’ *
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United Metallic 0-Rings
Metallic O-rings are made of meral tubiing which u lomnd mlo circular face.0or ins , which el the need for machining 3 groovo
or other required 3hapes, the two ends Other 503l O groove conloguuuom may be used. -
and the weld ground flush, \Velding & sumetimes done Ly lunosun Upon 0N to » pred fixed height, the seal tubing

inert gas of PlakNA 1C, M vICULTY OF INEFL QIS EAVIFONMENtS.
The typical apphcation places & metatisg O-ring in anul D
between paratlel faces which are snuare 10 the liuid passage of vesset

axis. Theseal is Ity na b
Types of Metallic 0 ngs

o

\'l_
Plain (Not Pressurized,
Not Self-Ensrgized) Metallic O-Ring

For low 10 moderate pressure. Most economi-
cal typs o-ring.

buckies slightly, resulting 1n two contact areas on seat face, and
€ONTICT stress Letween the ual and the mating laces. The seal
soms i

from 1! and

or closcd groove in one

seated laces,

Salf-Energizing
Metallic O-Ring

Inner pheriphery s vented by small holes oc
large stot, thorefore pressure mscdc _ring us
same um the sy em,

parall of the

Pressure-Filled
Metaliic O-Ring

Ring is filted_with inert gas at about 600
ps 42 kp.cm?. At elevated temperatures pas

pe g oft :s.

e oﬂumo’ loss of strengthe
in tbing and i g the ling stress.
This nng as Mgh a8

. 91970, United Aircrait Products, Ine.

e o nevmE | pare o s -

*Solid Wire Rings are svailadle in moet materials

sei-energizing ring, but u usﬂul in tempers-
turs rangs of BOO 10 2000°F 425 to 1093 C.

Guide to the Selection of UAP Metallic 0-Rings

To select the  proper Metallic O-Ring for 8 particular apphulm. itis

These values are for straight tubing samples. For seals with a seal
di 10 tubi ratio of 200 or less allowance should be
mage for increased compression forca over thess valuea,

Y to d , Pe! , and fluvid to be
sealed.
1. O-RING TYPE: Pressurs determines it o-sing shoutd be seif gized
PI.LESSURE - O-RING TYPE
vacuum t0 100 psi 74 mome self-enermzing not required
100psi 7 !g:cmzand above salt-energizing deswsbie

2. O-RING MATERIAL: Temperature determines b;sfc o-ring material.

TEMPERATURE
eryogenics to S009F  2Cu-C

O-RING MATERIAL
321 staintess steed

10 S00PF - 4374 Inconel 600
10 1300°F 6877 lncone! X-750 =
above 1300°F  &37°C | consult UAP engineering

3 O-RING SIZE. Tub-ng Dumctu is determined by ring 0.D., com-
pe force , and te space.

OUTSIDE DIA. OF O-RING O-RING CROSS SECTION
250t0 4.000 625 1Wled~w 132 L Flizen
50010 10.000 12.720 254..2awm | 1118 1 Y«/nen
1.000 10 20.000 530 5SCaCime 32 D Lilmm
200010 50.000 Sy 4) 1270 »imm ] 158 I V2imm
over 50.000 12/0.00mm consult UAP engineering

Seal load vs. scal ring diameter 10 vanious tubing outer diametars and
wall thickness of 321 stanles stoel tubng. For tubing made of Inconsl
600, multiply louds shown by 1.1; for Inconel X-250, multwly by 1.4,

For tha larger tubing a the ded

forces are:

compression the

¥4 x 049 2000 Idlin

6,350imm x 1,2445 357,16 kgicm
38 x .049 1360 ib/en

95029 21,2445 242 87 kg/=m
/2 x .049 BSO ib/in

12,700mm = 1,2446 151,79 \g/cm

32183,

4 x .020 333 /in

8.350mm » O '.mu 58.93 kofcm
W4 x 035 990 1t/

6.350mm N 05890 175.73 hpiem

¢ e o e,

- FEI R | 55
VI
§ el
l‘ll
3

L———tr it

O-Ring wall thickness: The first requirement is that the tuung be able
1o supply the force neeced to causa its plating to yield, . °

As 3 ruls of thumb, wall mcknmfamumdlfmm‘lll
in. 3,175 mm tubing and smaller should causs yi of the p!
at 3 load of 400 1b/in 79,4 xgicm. For tubmgm /8 in 3175
mm dis.,, 80O tb/in 142.8 kq/cm should be required. Howsver, wall
thickness is not important with TFE coatings.

4. O-RING COATING or PLATING:
Unplated Scals: Liquwd leakage can be mumtad by use of the following
expression, which is based on tests at moderate pressurs: @ = 5.0 X
100 PAL Where O = teskage, ccfsee; # = pressure difference,
psi  kglemd: and v = liguid vi y at s, centi-
poise,
! the resulting calculated feakage is in the range of 10°3 10 104 or
less, actudl leakags may be zero because of surface tension, If leakage
oceurs, it should be proportional to seal ciameter, and the above
ummon muttiplied by 0/2; wheee D = scal duametsr, in, Actusl
ge witl most pr v be lets than predicted.
rmea Seals: Helmleatngm joints will resuly trom J' oper seal
and Test resuits vary from 1070 19 10 cclgmd
lower at one-aimosphere pieaure differential,

Cryogenic 10 5000F  2609C = Teflon
v 10 13009F _ 6877C ~ Sil
to 22005F  TiaLoC - -iN-:u'.i .

Ses back cover for other ings or it UAP

pineering.
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WEIGHT CALCULATIONS
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2. 1715 . 197.25 338283, 7¢
3 . 653 196.375 128232.8¢
4 H =13 . 192, 937¢ 60389,44 ;
5 . 308 192.375 76565.25 |
6 380 203 77105 .49
‘7 | 2837 . 197.937 561576, 9
8 692 192,937 133441, 0
9 | s 186. 625 13401541
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Section VIII

Thermal Analysis

1.0 Summary
This section summarizes the‘thermal analyses which were
performed to demonstrate fulfillment of the thermal capabllity
requh-ements established by AEC regulations, Title 10 CFR
Part 71. :
The shipping cask is designed to séfely contaln lrradlated
fuel under a variety of normal conditions (71.35 and Appendix A
of 10 CFR 71) and accident conditions (Appendix B of 10 CFR 71). |
In order to verify the adequacy of the design, a detalled
analysis of the reference design for shipment of 10 PWR
elements was perférmed considering extreme normal operating
conditions anc;i hypothetical fire conditions in conjunction with
appropriate postulated cask interactions. Because the decay
heat load for the PWR and BWR cases is the same, a separate
analysis was not performed for the BWR case. It is evident’
thgt for both PWR and BWR cases the cask body temperatures
will be equal and a calculation was performed to determine
the maximum BWR basket tempek‘ature (Appendix B). Other
modes of operation such as forced convection in the cooling
system, natural convection in the cooling system and cold

weather performance were evaluated on a qualitative basis.
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Normal Conditions of Transport

During hot operation the amblent temperature is 130°F.

The air is still and direct solar heatlng has an effective
intensity of 92 BTU/hr-£t2 on all exposed surfaces of the
cask. The average design decay ixeat' load is 70 kw

(238910 BTU/hr) for both ‘PWR and BWR shipments. As axlal
peaklng factor of 1.1 is applied to this heat load to establish

the design maximum local heating rate In the cask.
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Decay heat Is removed from the fuel to an ahim_lnum basket by thermal radiation
and conduction through helium and by cdhduétlon‘ through the neutron absorber
llnet;s. After conduction to the periphery of the basket, the decay heét is then
transferred to the cask through a helium gap by conduction and thermal rad-
iation and by conductlon and convecth_n through the cask body to the atmo-

sphere. The cooling channels are dry.

This mode of heat dissipation is considered as the normal mode of operation
for the purposes of détermlnlng metal temperatures and pre.ésures for the

structural evaluation of the cask.

Forced circulation in the auxiliary cooling system is the actual normal mode
of operation even tﬁough thé normal condition of transport analysis considers
the cooling system not to,bg operating. The cask temperatures will be
lower when the cooling system ls operatlhg. This will Increase the safety

of the package above what is required for normal conditions of transport.

The auxiliary cooling system is provlded to circulate coolant through cooling

channels that are :located in the cask at the outef surface of the inner shell.
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The auxiliary cooling system has the capacity to dissipate more than
100%_ of the decay heat. In operation, not all of the heat is removed by the
cooling system. A portion of the decay heat load .is" removed by a corriblnatlon

of conductlon, convection and radiation to the atmosphere.

During cold operation the amblent temperature: is -40°F in still air without
any solar heat load ( the cask is in the shade). Detailed analyses of the
~cask have not been performed under these conditions since a uniform cask
temperature of -40°F may be conservatively assumed. The neutron shield

will be protected from freezing to -40°F by using an antlfreeze solution.

1.2 Off Normal Conditions
The following off normal conditions have been evaluated:
a). A hypoth‘eticai fire acclident with conditions applied sequeptlany
as specified in Appendix B of 10 CFR 71. In Asome areas édd-
itional conservative assumpuops were lnv_olved.

b). Forced convection and loss of forced convection are evaluated
' qualitatively.

1.2.1 Hypothetical Accident Conditions

Beginning with an assumed ambient temperature of 100°F, the cask experiences

a 30 foot drop onto a flat surface followed by a puncture.
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This is assumed to result in the complete ‘and instantaneous loss of all
neutron shield water as well as all auxiliary cooling system water. Although
the auxiliary cooling system ls severed_ from the cask, the neutron shield
jacket aﬁd fins are assumed not removed because of crash barrier effect-
iveness. Concurrent with the Instantaneous loss of water, the cask ls
exposed to a thermal radiation environment of 14759? for 30 minutes with

an emissilvlty of 0.94 and a caék sufface absorptlon coefficient of 0.8.
Convection heat transfer at the oute.r surface has been conservatively con-
sidered even though mgﬂéﬁbns do nof specify convection ﬁeat transfer

during the fire.

After the fire the cask is cooled naturally until equilibrium conditions are
reached in ambient air at 130OF with the full design solar heat load. The
cask surface emissivities after the fire are conservatively assumed to be
the same as before the fire. Heat transfer within the cask occurs only by.
a combination of conduction, radiation and gaseous natural convection. The
auxiliary cooling system ducts are assumed completely inoperable. No |
solar heat load is applied during the fire. The decay heat load throughout

the entire transient is as specified under normal conditions.
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1.2.2 Loss of Forced Convection Conditions

-/
When the auxiliary cooling sistem ioses its forced circulation capability,
possibly due to a power failure, the éntire .sy;stefn becomes a ngtural
circulation sygtem. Whereas during normal operation, half of the

cask ducts are in fofced clmulation with the‘other half assumed passively
wet, all ducts are now essentially operating at a ﬁlgher temperature

under natural circulation. ‘E.:ccept for the lé‘ss of power fixe cask and

| the auxiliary cooling system are assuméd to be in the same condition

as under nomal transport.

1.3 Results
Normal condition of transport without auxiliary cooling at full heat
load was analyzed using the ANSYS computer program. The actual

shipment of the cask will be done with the cooling system operating.

Steady state and transient analyses were performéd on two dimensional
models of the central portion of the cask assuming negligible end
effect;. This covers the hottest portion of the cask. Detalled
analyses of the cask ends are not justified because upper bounds

on temperatures may be established on the basis of the above

analyses and because design features at the cask ends are not
thermally limiting.

The pin-to-pin temperature distribution is presented for the post-fira

N
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and normal condition PWR and BWR loadings. The post fire condition
gives the highest fuel pin temperatures and this detalled analysis
shows that the maximum pin temperature will not bé excessive.

The temperatures applicable to the central portion of the cask

are based on a maximum local heat load wimlch includes an axial
peaking factor of 1.1. The peaking factor is based on the maximum
burnup distribution curve of Figure IlI-2. This is & conservative
representation of the axial sbeciﬂc power distribution applicable

to decay heat calculation.

A summary of the results of the cask themmal analysis is provided -
in Table - VIII-1 for the PWR and BWR design loading. The following
general concluslons are based on these results:

a.) The BWR and PWR loadings have approximately
the same temperature distribution.

b.) Under normmal conditions of transport without
auxiliary cooling, the highest average fuel
temperature is 833°F which occurs in the hottest
PWR fuel assefnbly.

¢.) The maximum fuel pin temperature following the
hypothetical fire 1s 991°F for the PWR fuel and
854°F for the BWR fuel. Average temperatures

will be approximately 938°F for the PWR fuel and -

805°F for the BWR fuel.
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d.)

e.)

£.)

g.)

h.)

i.)

Rev. 2 - 1/31/75

With the exception of the cask surface, the hlghgst
temperatures are reached not during the fire transient
but under steady-state .cohd_ltlons following the fire.
Steady-state conditions are reached approximately 75
hours after the start of the accldent.

The aluminum basket will not melt under any conditions.
The lead shielding will not melt elther during the fire
or under postfire steady state condition.

With a complete loss of auxiliary coolant (normal
conditions of transport) the lead does not melt and

the nedtron shield water reaches an average tempera-
ture of 340°F correspondlﬁg to a saturation pressure
of 103.3 psig.

Under post-fire steady-state conditions the cask
surface will not exceed a temperature of 324°F.

The outer head gasket is estimated to have a tempera-
ture no higher than 335°F under post-fire steady-state
conditions and a maximum temperature of 1190°F at the
end of the fire. The inner head gasket is estimated to
have a tempefature no higher than 425°F under

normal conditions of transport, and a maximum tempera-
ture no higher than 615°F under post-fire steady-state

conditions.

VIII-8



‘e

Rev. 2 - 1/31/75

j'.’) Cold conditions are conservatively estimated to result
in a uniform cask témperature of <40°F. Freezing in
the auxillary cooling system and the neutron shield

will be avoided by addition of antifreeze,
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SUMMARY OF RESULTS
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- 'CASK TEMPERATURES WITH PWR AND BWR LOADINGS

Location-

Outer Surface
Outer Shell
Surface

Outer Lead

Inner Lead _
Duct Fluid

Inner Shell
Aluminum (Min.)
Aluminum (Max.)
Fuel (Max.) PWR
Fuel (Avg.) PWR
Fuel (Max.) BWR
Fuel (Avg.) BWR

Quter Seal

Inner Seal

Post-Fire

Steady-State

324
(1230+*)

525

545
599
599 (dry)
609
627
732
991
938
854

805

approx. 335

(1190*)

approx. 615

* Maximum, occurs at end of fire.

VIII-10

Wilthout
Auxiliary Cooling
—__Steady-State

approx.

approx.

324

343

364

407

407

418

439

542
S00
659
724
659

333

425

(dry)
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2.0 THERMAL CONSTANTS

The thermal constants used in the analysis are grouped into basic thermal proper-
ties of cask materlals and into effective thermal propérties whlch haire'been de-
rived. The latter consist of natural convection coefficients, simple film-coeffi~
clents, radiation exchange factors and effective conductivities and heat capacity

of composite materials.

‘2.1 Basic Thermal Properties

Table VIII-2 lists the basic thermél properties of the cask materials such as density, -
specific heat, conductivity, latent heat of fusion and associated melting tempera- -

tures. Surface emissivities are listed In Table VIII-3.

2.2 Effective Thermal Properties

Natural convection coefficlents are expressed in terms of equation (1) where '.[‘l and

. o
T are sink and source temperatures in F.
o

h =c@ -1)° . )
NC { o

Ordinary film coefficients, hf, accounting for simplified gap heat transfer and
crud and forced convection coefficients in the cooling ducts, are represented by

equation (1) with b equal to zero.

Radiation s considered across all gaps including the ports in the PWR basket.

Radiation coefficients are defined by equation (2) where '1‘l and T are sink and
o
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. Matera}

Stainless Stael
(304)
Ref. 1

Lead
Ref. 1

Hellum
Ref. 1 &2

Alumtnum
Q180
Ret. 1, 8510

" Fuel wo,)
Ref, 1

Fuel (Clad)-
Ref. 3

Absorber (Clad)
Ref. 1

Absarber
Ret. 1 &1l

Carbon Steel
Ref, 1 & 4

Duct Wall
Ref. 4

Duct Fluid (wet)
Ref, 4

Duct Fluid (dry]
Ref, 4 .

Neutron Shield Flutd

{wet) Ref. )

Neutron Shield Fluid

(dry) Ref. 1

TABLE VIII-2
MATERIAL FROPERTIES

Dcn; Spec. Heat-Temp. Conductivi Tem%.
oey  emen Bh  Gesendn Rn

494.0 0.120 32.0
0.135 752.0
708.6 0.030S 32.0
0.0315  212,0°
0.0338 21,8
0.0340  621.7
0.0328  1832.0
0.011 1,24 -
169.0 0.215 32.0
0.270 932.0
0.303  1220.0
0.258  1220.2
0.259  4472.6
608.8 0.063 .-
(PWR) (PWR
628.8 0.063 -
(BWR) (BWR
408.9 0.0732 -
434.0 0.120 -
655.0 0.0564 -
490.0 0.14 -
60.0 1.00 -
0.05  0.24 -
60.0 1.00 -
0.08053 0.24 -

7.74

9.43
12.8
15.0

© 20,0
13.6
18.3
16.9
14,8
12.1

9.68
9.02
8.71

0.079
0.100
0.119
0.13?
0.182
0,187
0.197

139.8
3.2
128.8
-124.1
122.3
121.0
120.0
119.8

0.02

VIII-12

32.0
212.0
932.0

1292.0

68.0
208.9
400.1
498.9
581.0
§30.0
717.1
799.9
980.1

1278.0

0.0
200.0
400.0
600.0
800.0

1000.0
1400.0

32.0
212.0
392.0
$72.0
752.0
932.0

1112.0
1210.0

Rev. 2°=1/31/75

Heat of Pusion Msltg:g Pt.
Btu/1b) (D
10.28 621,58
170.9 - 1210.0
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TABLE VIII-3

EMISSIVITIES
Material _— £ | References
Fuel Pins 0.4 ) ,3
Stainless Steel Except
as Noted Below 0.5 5.6
Neutron Shield Interior 0.8 S
Aluminum | | 0.2 6
Cask Exterior Before
and After Fire 0.5 5,6
Cask Exterior .
During Fire - 0.8 5, (10 CFR 71)
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source temperatures in ©R.
-8 2
h =0.174x10 CF @2 +T2H ( +T) @)
R i o i o

The values for C, b and F are listed in Table VIII-5. Heat ‘transfer coefficients,

h, are in Btu/hr-ft> - ©f.

Effective conductivities and heat capacities have ‘been computed for the cooling
ducts, the neutron absorber liners around the fuel elements and for single point

models of the fuel elements themselves. They are summarized In Table VIII-_4.

The semi circular cooling duct:walls and duct fluid where forced convection cooling
is used have been modeled in the analysis by a sIngle point rectangular block with

a conductance of the wall 'and a heat capacity of the fluid. : \/

The effective conductivity of the absori)er liner is based on an equivalent series
reslstanqe across the thlckneés of the liner considering the geometric distribution
of stainless steel and absorber shown in Figure X-9. The effective heat capacity of
the liner is a volume weighted average heat capacity of stainless steel and the ab-

sorber material.

.The effective conductlivity of the single point fuel element is nsed In conjunction
with a fuel radiation exchange factor. It Is obﬁained by fitting peak temperature.re-
sults from a detailed fuel element analysis to the single point fuel element model
used in the cask analels. The effective heat capacity is a volume weighted average

of active fuel and cladding distributed over the entire fuel element volume. The heat

N
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TABLE VIII-4

EFFECTIVE HEAT TRANSFER FACTORS

pC (Btu/ K

Application [ b F Ft3-oF)  (Btu/hr-ftOF)
PWR Element - - 0.1626 12.87 0.4374 @881°F
(single point) 0.5863 @1192°F

. Homogenized PWR - - == 43.3 22.4

Absorber Plate
Absorber -Aluminum 95.2 - 1667 -—- -
Gap
Aluminum-Inner Shell - - 0.1667 Helium* Helium*
Gap ' '
Neutroh Shield (wet)  65.0 0.3333 —  60.0% -
Neutron Shield (dry) . 0.18 0.3333 0.6925 0.0193* -
Ducts (dry) - - -- 0.012* 0.02
Cask Surface 0.5599 0.3333 0.8585 - -

Before & After Fire

Cask Surface 0.5599 0.3333 0.9843 —

* Same as Table VIII-2 for basic propertles.
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TABLE VIII-S

VIEW FACTORS FOR PWR BASKET PORTS

kEGION

Rect.Port 1-2
Rect. Port 2-2
Triag. Port 1-2
Triag. Port 3-1

Triag. Port 2-3

b2

.125
.16

.08

.14

3.15
4.85
4.7
$.0

3.0

VIII-16

Az

4.85
4.85
3.0
4.7

5.0
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capacity of hellum as well as Inactive pins and pin supports has been conserva-

tively ommitted.

3.0 ANALYTICAL METHODS

The thermal analyses of the cask ére based primarily on digital computer program

results with hand calculations providing a slghlﬂcant amount of input to the com-

puter programs used.

3.1 Hand Calculations

Hand calculations were performed to establish:

a)

b)

c)

d)

e)

The heat transfer coefficients applicable to the finned surface of

the cask and the heat generation rate simulating the solar heat load.

The heat transfer coefficients applicable to the finned gyrface of

the neutron shield.

The radiation exchange factor of the gap between the aluminum bas-
ket and the inner shell and neutron absorber sleeves, and across the

cutouts in the PWR aluminum basket.

The fllm coefficient of the gap around the neutron absorbers and the

effective conductivity and heat capacity of the neutron absorber liners.

The effective heat capacity of the single point fuel element model and
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its effective radlation exchange factor as well as
conductivity and the decay heat generation rata.

-

The calculations are based mainly on the recommendations in the "Cask

(5)

Designers Guide" and Referenceé 6 and 7.

- 3.2 Computer Programs _

Detailed steady-state transient thermal analysis of the cask were
performed with the ANSYS (12) digital computer program. Explicit
‘ temperature distributions within the fuel element under dry conditions

were calculated using the program WATSON developed by J. S. Watson. 9

ANSYS was used for the normal condltions of transport (without auxiliary
cooling) and fire accident steady state and transient response. The
results of this analysis were then used In the ANSYS program to cal-

culate thermal stresses in the aluminum basket.
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3.2.1

ANSYS solves a general nonlinear parabolic partial differential
equation describing various kinds of potentlal fields, such as

fields of temperature, pres'sur"e, electricity and magnetism. AN’SYS
will also solve for the stress'and' strain resulting from the imposition
of these fields.

Thermal problems may include heat transport by conduction, free

and forced convection, radlation, and mass flow. Heat may be
produced or absorbed by internal heat sources and sinks and

phase changes. Boundary conditlions may include ldsul&tlon, specified
surface temperatures or heat fluxes, & heat transfer by radiéuon,
free convection, or forced convection. Thermal properties, heat
generation rates, and surface heat transfer coefficients may be
tabulated functions of time. Initial conditions may vary with spatial

position.

3.2.1.1 Geometric Model
The geometric model analyzed by ANSYS consists 6f the cask with
PWR loading. The geometry is shown in Flig. VIII-1 and the ANSYS
element arrangement is shown in Fig. VIII-2. The nodes corresponding
to the elements of Fig. VIII-2 are shéwn in Fig. VIII-3. |
Each fuel element has been modeled by a number of triangular
elements with a single contfol node. A 15 mil hot gap between the

neutron absorber liner and the aluminum basket and a 20 mil hot gap
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between the aluminum basket and the Inner shell have been assumed.
Heat transfer across the gap is by conduction and radiation through
the heilum. Perfect contact is assumed at all lead steel interfaces.
The g:ask auxiliary coollhg ducts are represented by rectangular
elements distributed evenly around the inner shell. Under normal
conditions the ducts are considered dry. The fins Inside the neutron
shield jacket and on the aufer surface of the cask have been implicitly
represem_:éd by appropriate heat transfer coefficients and by assigning
the heat capacity of the fins to the water jacket and outer shell.
Nominal dimensions glvén in Fig. VIII-1 have been applléd in the

ANSYS analytical model.
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3.2.1.2 Internal and Boundary Conditions - -

The entire decay heat load correspondlng to an axlal maximum

value has been concentrated in the fuel for simplicity and conservatism.
A solar heat load ‘has been distributed over the n_eutron shield jacket
at all times except during the fire.
The heat transfer from each fuel element to the neutron absorber
liner Is modeled by a combination of thermal radiation and oonductton.
The results of detailed fuel pin temperature analyses have been used
to establish the radlatton-conduotlon characteristics of a single
point fuel elerne_nt node with a heat transfer area corresponding to
the lnstde of the neutron absorber llner.' This detalled pin temperature
analysis was performed by a modified version of WATSON.
The temperature of the center node of the fuel elernent as calculated
rby ANSYS, is not an actural temperature since thls center node in
ANSYS is a zero volume node. The average of the three nodes that
form one of the triangular elements win give the average temperature of -
that element.‘ |
| An effectlve conductlvlty of the clad neutron absorber llner ls calculated
based on a serles resistance of the clad and absorber normal to the -
jsurface of the basket. Thermal radiation supplements oobductlon]
heat transfer across the 20 mil gap between the aluminum basket and
the cask lnner shell and across the 15 mil gap between the neutron

| absorber plate and the aluminum basket. Thermal radlation is also

considered across the ports In the PWR basket. : " J

VIII-24



Rev. 2 - 1/31/75

Turbulent natural convection occurs in the neutron shield because the

@ and the Grashof

effective convection length exceeds 9 inches
number exceeds 109. Radjation In the dry neutron shield has been

assumed to be one dimensional in the radial direction.

Radiation and natural convecilbn heat transfer on the surface of the
cask an& Inside the water jacket have been modeled as recommended
in the "Cask Deslgpers Guide*!5), A fin effectiveness corresponding
to that 6f the limiting post-fire steady-state éonditions has been
used throughout all transients. The fire analysis Is performed with
the neutron shléld jacket In place. This is the design basis and is
more likely than complete stripping of the jacket structure.
3.2.2 WATSON-PETA. ]
'Ifhe WATSON program provides an approximate two dimensional steady
‘state témperature distrlbqtlon applicable to the pins of a square array
dry fuel element. The temperatures calculated by this program are
conservative since only radiation is considered. Because of this the
1.1 axia_l peaking factor is not included In heat generation rate., Only
uniform wall temperatures may be cbnsidered. Each pin is assumed to
have one temperature and all fuel plh locations are assumed to generaté
ldentléal power. The emlssiylty within the array Is constant and
'must be the same as the enclosure wall.

The program FETA (Fuel Element Thermal Analysis) was developed from
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WATSON and is basically the same except conduction is considered J

through the gas coolant. FETA was used to determine fuel element

conduction and radiation properties for use in ANSYS.

.3.2.2.1 Analytical Considerations
The heat transfer in a dry fuel element consists of radlation, conduction
and convection. The WATSON analysis has been restricted to radiation
and FETA t§ radiation and cohductlon. Natural convection may be
significant but has not been Incorporated In either program because
of the much greater complexlty of an appropriate mathematical modei.,
the large number of additional uncertainties introduced and what is
currently judged to be a small return on the added effort required

to evaluate natural convection explicitly.

The computation of temperature in FETA is baséd on an energy balance
of a single fuel pin considering the heat traﬁsfer to éurrouridlng pins as
far as two rows removed (Figure VIII-4). Radlation heat transfer occurs
between the reference pin and the four cloéest (primary) pins, four
dlagonal pins, and eight (secondary) pins located two rows from the
reference pin. Conductlon heat tranvsfer oc‘curs between the -referenc.e
pin and the adjacent four primary plns_ as wéll as four diagonal pins.
With the exception of the corner pins, heat tfansfer at -thé boundary of
| the element occurs by means of one conduction link and 6ne combined

radiation ilnk between the enclosing wall and each pin of the outside

VIII-26



Rev. 2 - 1/31/75

row of the fuel element. -One comblnéd radlatlon link and three conduc-

tion links are utilized at each corner of the fuel element.

The energy equation for each pin of unit lehgth is given in equation (3).

1
4 4 kA
q = [Al gr @ -1 )] + —1-;1- (r,- 1) ()
j=1 " o i=1
where
q'l. = heat generated in pin I, BTU/hr-ft

Ap = surface area of pin i, (V1TD), 'ftz/ft

q.
"

Stefan-Boltzmahn constant, 0.1713 x 10-8 BTU/hr—ft2-°R4
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FIGURE VIII-4
HEAT TRANSFER LINKS IN FUEL ELEMENT

Enclosing Wall

OO0OO0OO0O0

Conduction Links
Radjation Links
Reference Pin
Primary Pin
Diagonal Pin

'

Secondary Pin
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surface temperature of pin i, °R
surface temperature of plﬂ 1, °r
general radiétlon‘ e:ﬁqhanée facéor
gas conductivity , B’i‘U/hr-ft-OF

arpa for conduction heat transfer between pins i and j,
ft™/ft :

conduction leﬁgth between pins { and j, ft

number of radiation links applicable to pin {,
(N =16 for intemal pins, N = 6 for outside comer
pins, N = 10 for outside row pins, excluding corners).

number of conduction links applicable to pinl,
(N = 8 for internal pins, N = 6 for all outside row

_ pins).

The genei'al radiation exchange factor is evaluated by

where

F

1]

-1

) I
1) 1 2 '

surface emissitivities, El
between pins; Bl is pin emissivity and Bz is wall
emissivity for pin to wall heat transfer.

= Bz for heat transfer

conﬁguration factor. (Reference 9 )
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Justification for the use of equation (4).15 given in Reference 9 .

Conduction heat transfer for pins within the fuel element array is
approximated by four links to the primary pins and four links to the diagonal
pins. The primary effective area is the projected area of a pin. For

the diagonal links the effective area is the difference between the surface

area of a rod and the projected area used for the primary links. The
corresponding effective conduction lengths are the mean distances
between pin surfaces. In effect:

Primary A’ = D : v (5)
Diagonal Aj = "Z—D -D %0.571 D o " (6)
Primary 4 =P;—'§— D , | | - (7)
Dlagonal{] = 1.414P—+ D | (8)

Conduction to the enclosing wall is simulated by two primary links and
one diagonal link for corner pins. For the remaining pins of the outer

row only one primary conduction link is utilized.

The above procedure is considered sufficiently conservative because
convection is not considered. It is judged that the above conservatism
combined with pessimistic emissivities compénsates for the possible

unconservatism mentioned in Reference 5.

Uniform wall temperatures were used in FETA to establish the
single point fuel element heat transfer characteristics used in ANSYS.

4
[
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The above description of FETA generally is the same fbr WATSON except for
references to condition. The second term of equation (3), which includes

the conduction effects, is not included in the WATSON analysis.

Calculations and Results
This section provides the details of hand calculations and computer

calculations applicable to the thermal analysis of the cask.

Hand Calculations
4.1.1 Surface Conditions
Under steady state conditions the combined convection-radiation heat

transfer coefficient of the finned surface is:

A
-2 (0.18) (T,-T,) 0323

o

+%’5 (0.173).(10) 8 (F) [ (T;+460) 2+ (T,+460)2]

[}

x[(T,+460) +(T,+460)]
(9)

A, is the convection heat transfer area as defined in Reference 5. It is
based on a water jacket length of approximately 13 feet and a fin -
efficiency-established-iteratively as recommended in Ref. 5. For the
external fins A, 832.75 in? with a fin efficiency (N.) = .817 (See appendix

A for calculations)
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Ao is the unfinned jacket surface and Ap Is the radiation heat transfer
{5)

or "String" area. Both are based on the water jacket length of

13 feet.

F is the fin radiation exchange factor (5) given by:
A -1
1 1 1
F=|l> + 5 ( -1 ) . (10)
| [ee I ] |
€ e Is the effective fin emissivity 5) given by:

€ =f1+8— (1o |t W
e[ S+2; €r '

where
1 = fin height

S = spacing between fins

€ r = actual surface emissivity

Based on a fin thickness of 3/16 in., ;nd an actual emissivity of .5,
the effective emissivity of the finned surface Is .8. Since Az is
infinite compared to &), F= € =..-8

For the half hour fire condition, the actual surface emissivity is |
perséribed by regulation to be 8. The effective emléslvity is .941
for the finned surface. Slx;xée for the fire condition A2.= Al and th.e

'flre emissivity is .9, the radiation exchange factor is .852.

The solar heat load is based on a dally average normal heat flux of
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114 BTU/hr £t° ©) applied to the projected area of the neutron shield.
The equivalent éﬁrface heat flux in the ANSYS calculatibns assuming
the solar heat load Is distributed owier' one half the carsk surface .is
then 92 BTU/hr ft2 . With a water jacket node thickness of .75 in., |

the heat generation in the water jacket Is .8565 BTU/hr-in3,

4.1.2 Neutron Shield Conditions
' N_atui'al convection in the water filled neutron shield is based on &
conventional turbulent convection coefficient applicable to & vertical

wall ©:7) which ytelds: . .

h '=‘fss(Ar)V3 I ' (12)

NC

for an average temperature of 200°F. This coefficlent Increases with
water temperature. Its use at high temperatures is thus conservative.
The turbulent correlation has been used because the active convection

‘height exceeds 9 inches and the Grashof number is greater than 109.

With a dry neutron shield, the natural convection coefficient is assumed

()

to be the same as on a vertlcal surface.

hye = 0.8 (AmY3 a2)
AT is the iémpeétwé difference'liétﬁreen'the shell and the

bulk water temperature.

The neutron water jacket is finned on both inner and outer diameters to

assist in removing heat when the tank Is dry under post fire conditions.
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In order to determine the fin convectlon area A, to be used with equation \,
(12) and (13) a study was done to determine the effect of fin
temperature and fluid temperature on fin efficlency. The results of

this study are shown in Appendix A.

During fire accident conditions, the inner fin convection area is
789.4 lnz/ln of water jacket with a fin efficiency of .8. . The outer

water jackst fin convection area is 932.9 mz/ln of water jacket. .

To Include radiation across the."neutron shield during the fl.re accident
condition, an effective emissivity is ’calculate& fc;r both finned surfaces.
Since the fins are carbon steel and the éhell is stainless an actual area
weighted average emissivity lé calculated as 66 This is based

on a carbon steel emissivity of .7 and a stainless steal emissivity

of .5. Using .GG'as an average the effective fin emlsslvlty. calculated
from equation (11), Is .9066. The radiation éxchange factor for the |

neutron shleld cavity s .845.

When the neutron shield is filled with water, thé fins are not as
efficient as when the neutron shléld is dry. The fin ’éfﬂclehcy is
A1 and the convection area is 263. 1 lnz/ln for the inner neutron

_shield fins and 327.4 mz/ln for the outer neutron shleld fins.
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4.1.3  Duct Conditions
During normal conditions of transport,. the cooling ducts are dry.
For the ANSYS analysis, the ducts have a conductivity and specific
heat equal to al;. Radiation across the duct is also consldered. by

applying appropriate radiation shape factors.

4.1.4 Gap Conditions
Combined conduction and radiation occurs across the 20 mil gap
between the aluminum basket and the inner shell. Equation (10) is
used with an aluminum emissivity of .2 and a ;falnless steel
emissivity of .5 to establish a radiatipn exchange factor of . 1667
for this gap. For radlation across the gap, A equals Aj.

4.1.5 Neutron Ab.sorber Liner Conditions
The effective conducitivity of :the neutron absorber liner is equal to'
. the comblined series resistance of the absorber and cladding material

as calculated by equation (14).

-1
te _tE
k = —_ o+ (14)
eff ke kp
where
keff = effective conductivity normal to liner surface,

. BTU/hr-£t-°F

tc = clad thickness, In.
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tp = absorber thickness, in.
k, = clad conductivity, BTU/hr-ft-°F
kp = absorber oonductlvlty. BTU/hr-ft-°F

The parameters used in equation (14) applicable to the PWR and the
BWR liners are listed in Table VIII-6. They are based on Figure X-9,
Tolerances have been selected sothat the effective conductivity Is

minimized.

An effective film coefficient of 5.2 BTU/hr-ft2-OF applicable to the
15 mil gap between the absorber liner and the aluminum basket is
based only on a helium conductivity of .119 BTU/hr-ft-°F. The .
effects of variable temperature on the conductivity have been found

to be negligibly small. -

The effective heat capacities of the neutron absorber liners are based
on an absorber to liner volume fraction of .716 for the PWR design.

Appropriate material properties are listed in Table VIII-2.
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TABLE VIII-6

* ABSORBER LINER PARAMETERS

PWR
keff. Btu/hr-ft-OF - 21.23
te, In. * .05
tp, in. * | | o .30
ke Btu/hr-ft-OF @ 50%F 10.3
k_, Btu/hr-ft-OF @ 450°F 41.8

p

Reference Equation (14)

* Values used for poilson and clad thickness vary slightly from design
values. : '
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4.1.6 Fuel Element Conditions « J

In all ANSYS calculations each fuel element has been simulated by a
single node considering only radiation heat transfer and conduction between
the fuel and the element walls. ’

An effective volumetric specific heat for the fuel element node is cbtained
from equation (15;. The heat capacity of the active pins has been dis-
tributed over the cross-sectional area of tha enure fuel element.

2
C . P, Cc (D D ) + prL(D ) (15)
D= ett 4 2
. H
where: _
pCeﬁ = effective specific heat of node, Btu/ft3 -
N = number of active pins in an element ,
' N
pc =  density of clad, ll:c/fi:3
Cc =  specific heat of clad, Btu/1b-°F
P = density of fuel, lb/ft:3
Cf =  specific heat of fuel, Btu/lb-oF
Do = outer diameter of fuel pin, in
D1 =  inner diameter of fuel pl_n, in
H =  width of liner wall, in

' . . - L T Y
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The basic material properties appllcable to the PWR fuel elements

and equation (15) are listed in Table VIII-2. Associated dimenslons

are given in Table VIII-7.

Table VIII-7

Fuel Element Geometric Parameters

- N
Do,in.
Di, in.

H, In..

Réference Equation (15)

The temperature of the central fuel node in ANSYS does not represent

the maximum fuel témperature since this is & zero volume node. Only

the average fuel temperature can be determined from ANSYS by

averaging the nodes that make up each corner of the triangular fuel

elements.

The radiation exchange factor for the fuel element model in ANSYS

is established by equation (16) and is based on wall and peak fuel

pin temperatures obtained from explicit FETA analyses considering

only radiation heat transfer.

4

4 4
J(Tl - TO )
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radiation exchange factor

heat flux at the element wall, Btu/hr—ﬂ:2
Stefan-Boltzmann constant .173 x 10"8 Bt:u/hr-ﬂ:z--oR4
maximum temperature, °r

wall temperature, °R

The effective conductivity for the fuel element model in ANSYS
is then established by equation (17)

-k

e where:

t.[e - Fo (1{l - rod)g- - (17)
N T, -T
i o

‘node conductivity, Btu/hr-’fl:—oF

‘conduction length from node center to wall (half

the fuel element width), ft.

heat flux at the element wall, Btu/hr-ft>
radiation exchange facﬁ:r from eq.(16)
Stefan-Boltzmann constant (eq_. (16)).

o

maximum temperature, R

wall temperature, °R
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The texrxperatur'es in equatlion (17) are obtained from explicit FETA

analyses consldering both radiation heat transfer and conduction. The
helium conductlvit!.es used in FETA have been conservatively based on
wall temperatures lnsteed of the higher averege' fuel element tempera—

tures. This also elimlﬁates the need for iterative analyses.
A summary of parameters used in equations (16) and (17) to find the

PWR single point heat transfer coefficlents is presented in Table VIII-8.

Table VIII - 8

PWR Single Point Fuel Element Characteristics

PWR_
Y, Btu/hr-ft I n21
L L, ft ' | .3698
To, OR * | '960 1460
VTI. °R (radlation only) 1483 1709
F | | | .1626 .1626
T;. °R (radlation & cond.) | 1341 1652
k, Btu/hr-ft-°F - .4374 .5863
Ty, OF ** - 88l 1192

Reference Equations (16) & (17)

* Calculations have been performed at two wall temperatures to
determine the temperature dependence of the fuel element charac-
teristics.

**This is the node temperature, which establishes the temperature
dependence of conductivity in the thermal property table. (Table VIII-4)
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The decay heat generation rate in the fuel is uniform for each basket

design and is assumed to be the maximum based on an axial peaking

factor of 1.1. In the computer analysis the volumetric heat generation

of each fuel node is established by equation (18).

q.ll =

‘1.1

NLA

= 3.413(10)3 1'12 144
| 13 NH

(18)

where
q''' = heat generation rate, Btu/hr-ft3
Q' = cask averége decay heat load, Btu/hr
N = number of fuel elements in the cask

L
A
Q
H

axial conduction length, 13 ft.
-fuel element cross section, £t2
cask average decay heat load, kw

fuel element width, in.

Using equation (18) a heat generation rate of 3594 Btu/hr-ft3 is

calculated for the PWR fuel nodes lh ANSYS based on a decay heat

load of 70 kw, and a loading of 10 elements with a width of 8.998 in.

each.

Thirteen feet Is used in equation (18) rather than 12 feet, the active fuel

length. 13 feet is the length of the water jacket and the approximate

”
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. distance between end impact stru{ctures.. This is the length of the
cask over which radial conduction occurs. It is considered accept-
able for use In equation (18) since much of the generated heat is
produced by neutron and gamma absorptlioni_outslde of the fuel ..

elements.
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— 4.1.7  PWR Basket Port Radiation Factors

In the ANSYS analysis, radiation across the ports in the PWR basket has been
considered. The view factors are calculated as follows. Since the analysis is

done in two dimensions only, the basket Is considered to be 1 inch deep.

Rectanqular Port

From Fig. 5-17 of Ref. 4 with X =1

and f;_, to be found.

e
]

(o]
(4]

@ Y =3.15 .z = 4.85

£, =-.125

. N
e r—a\l{s —3

For f2-2' using Fig. 5-18 of Ref. 4 with small side =1. The ratio equals .32

and using curve 4, f,_, equals .16.
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Now, calculate P1_2 for input to ANSYS

F_'= B |
1-2 —1 "

f1-2

&7 =l

The results of this calculation for the triangular and rectangular ports are

shown in Table 5. (NOTE: fj_, Is the geométric shape_ factor. F|_, is the

gray body shape factor.)
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Trianqular Ports

f12

of Ref. 4 with X =1

can be found from Fig. 5-17
Y =4,7 Z=3.0

- f =
1-2 08

is for two parallel planes separated by an amount 6 and inclined slightly

£
0 = (3+1.2) = 2. 8 = 64°
2 .
'\/;
f,_, = fParallel (sin §)

f parallel = .22 forratio = .48 and curve 4 of

Fig. 5-18 of Ref. 4.

£, = .22(.9) = .2

For f2_3. two perpendicular planes inclined slightly were used. Using Fig. 5-17 2

of Ref. 4, with X =1

Y =3 Z =5
f1L = .125
£, =t = .14
slne
-/
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4.2 .Computer Program Input
" 4.2.1  ANSYS Input |

The ANSYS calculations from the maln basis for saflsfylng the AEC
fequlrements concerning the safei:y of the cask in regdrd to the;mal
perfbrmalnce and also for detémilning the temperatures used in the
structural section (Section XI). The two dimensional thermal ANSYS
analysis was performed on the cask with the PWR basket for the
steady state normal conditions of transport wlthoﬁt é.uxlllary cooling

and for fire éécident cohditloxis.

The element and node arrangement and the geometric information
applicable to them in ANSYS were ge_neréted by hand. (Figure VIII-2
and Plgﬁre VIII-3). The natural convection coefficients and radiation .

exchange factors-are listed In Table VIII-4. The material properties -

are listed in Table VIII-2.

The heat generation rate at the surface Is presented In section 4.1.1
and the fuel node heat generation rate is presented in section 4.1.6.
Boundary conditions, le. ambient témperatures, are those specified in
Refetencé 5 and AEC regulation, Tltl_e 10 CFR Part 71. Under normal
steady-state conditions and post-fire stegdy state, thg ami::lent

temperature is 130°F.

The Initial condition for the fire acclident transient assumes an

ambient temperature of 100°F which Is considered more reasonable
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than 130°F. The cask enters the fire with a temperature distribution
equivalent to normal conditions of transport, that is, no auxiliary
cooling and the neutron shield tank full of wafer. Just before the
start of the fire, the neutron shield water is assumed lnstahtly'

lost. After the half hour fire, the ambient temperature is 130°F,

4.2.2 FETA -~ WATSON Input
A FETA analysis was performed for the PWR reference fuel element
to establish the heat transfer characteristics of the single point fual
element model used In ANSYS for two representative wall temperatures,
500°F and 1000°F. A summary of the FETA lnput s given In Table
VIII-9. Background information on FETA is provided In section 3.2.2

and 4.1.6.

The WATSON proéram was used to determine fuel pin temperatures for

~ normal steady state and post fire steady state conditions. The
WATSON calculations were performed for PWR and BWR representative
fuel. Wall temperature used was the average of the wall temperatures
determined by ANSYS. Fuel element powér'was 70 kw. The axial
peaking factor of 1.1 was not used since WATSON only considers
radiation heat transfer and would be expected to glve high conserva-"

tive temperaitures .
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TABLE VIII-S .

FETA INPUT SUMMARY

PWR
Pin array size ' 15 x 15
No. of actlve pins 204
Pin power, Btu/hr?ft : 16.26
Pin diameter, in. .422
Pin pitch, in | .563
Fyp * .1263
Pl3 * .08536
Pl4 i .01917
Pin emissivity .4
. 'Wall emissivity «S
He conductivity, Btu/hr-ft-°F .128 @ 500°F
.167 @ 1000°F

Pin to wall clearance, in .2855 -

* These are configuration factors defined in Reference 9 and in
Figure VIII-4. F,_ applies to primary pins, F}3 applies to dlagonal

pins and F)4 applllzes to secondary pins.
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WATSON INPUT SUMMARY

Pln amray size
No. of active pins
Pin power-watts/cm

Pin dia - cm

Pin emissivity

TABLE - 9A

VilI-5¢

PWR
15 x 15
225

.085 -

1.07

.1264

.0854

.0191

.4

Rev. 2 - 1/31/75

BWR
7x7
49
.162 .
1.43
.121
.083
..0233

.4
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In order to calculate fuel thermal expansion, it was necessary to
determine an average fuel temperature.df the hotteét fuel elerﬁent.
An average temperature.was used slnc‘e'fu.el tie rods, not the hottest
pin terﬁpera'ture, determine glement expansion. For PWR fuel a’
center to‘ edge average temperature was used since PWR fuel tie
rods are distributed about halfway between the center and the edge
of the el‘er'nent.: Since BWR fuel tle rods are on the edge of the

element, an edge average was used for BWR fuel,

A summary of the WATSON input is given in Table VIII-9A. Back- °

ground information on WATSON ls provided in section 3.2.2 and 4.1.6.

Normal Conditions of Transport Results without Auxillary Cooling

The steady-state normal conditions of transport has been analyzed

~ for the PWR case only. Because PWR and BWR heat loads are the

-same the shell and lead tempefatures will be the same for each

loading. But the temperature distributions in the fuel basket will be
different because of different geometries. Appendix B calculates the
maximum BWR basket témperature is approximately equal to the maxi-
mum PWR basket tempetature. The complete suxt;maxy of ANSYS node

temperatures is presented in Table VIII-l.O. N
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The maxlmumg temperature in the water ’filii‘ed neutron shield is 343°F,
which corrésponds to a saturation pressure of 123 psia. Since this
Is the hottest temperature on the Interior of the neutron shield, it

is unilkely that this pressure would ever be reached in the neu'i:ron

shleld tank.

A brief summary of temperatures thru the ca-sk is given In Table VIII-1l.
Thé maximum lead temperature ts 407°F (node 116) which is below the

lead melting point of 621°F.

TABLE VIII-11
TEMPERATURE DISTRIBUTION NORMAL CONDITIONS OF TRANSPORT

Ambient Temp.

Node No. Description 100°F 130°F
90 - _ Water Jacket 300 324
68 o Outer Shell 320 343
87 Outer Lead 341 364
116 Inner Lead 383 407
15 - Inner Shell . 394 418
137 Aluminum (Min.) 416 439 |

1 Aluminum (Max.) S19 542
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4.4 Hypothetical Fire Results . J
A brief summary of the cask thermal response during and after Athe
fire is provided In Figure VIII-5. The outer lead temperature Is seen
to peak within the first half hour and then slowly decrease to its
steady state value. The inner lead temperature does not reach its
maximum until steady state conditions. The’ transiept and steady
stafe calculations show that the lead wlu not melt either during or

after the fire.

A brief summary of the cask temperatura distribution is shown In
Table VIII-12. The complete summary of ANSYS node temperatures

is presented in Table VIII-13

_TABLE VIII-12 ~

TEMPERATURE DISTRIBUTION FIRE ACCIDENT STEADY STATE

Node No. Description Temp.°F

g0 Water Jacket 323

88 Outer Shell ' 525

87 Outer Lead ' 545
‘116 Inner Lead ' _ 599
115 Inner Shell : 609
137 Aluminum (Min.) 627

1 Aluminum (Max.) 732
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%1

The po_sg flr‘é steady state condition represents the most thermally
limiting condition of thé cask. The same condition will be reached
iIf all the neutron shield water as well as the auxiliary cooling capability

1s lost even If there is no fire.

Normal Operations with Auxiliary Cooling
The cask is nomally deslgned to operate with an auxm'ary cooling
system. This cooling system is redundant in that there is a second
stand-by system, should the ﬂrst one fail. The cooling system is
deslgned to have a maximum average coolant temperature of 180°F. The
dry coolant duct temperature (without auxiliary cooling) Is approximately
400°F. Thedifference between these temperatures Is 220°F. On
an order of magnitude basis it can be expected during the auxil-

iary cooling ,’ the normal condition of transport temperature (without

auxiliary cooling) wbu!d be reduced by this amount (220°F).

The auxiliary cooling system provides an extra measure of safety
above what is required by AEC normal conditions of transport. This
safety Is enhanced by having the second systém on stand-by and
also by system design that allows both systems to operate by natural

circulation.

Natural circulation begins when power is lost to both cooling systems.

The driving force is thedifference in density caused by bolling in the
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cask cooling channels and condensation In the cooling system heat
exchanger. The maximum coolant temperature durlng natural
circulation 1is 250°F. The difference between the dry coolant duct
temperature (400-250) is 150°F. On an order of magnitude basts it
can be expected that during natural circulation operation the normal
condition of transport temperature (without auxtliary cooling would

be reduced by this amount (150°F).

Fuel Pin Temperatures
Fuel Pin Temperatures have been calculated using WATSON. The

WATSON analysis was performed for the hottest element which is

‘node § Figure VIII-3. ‘The analysis for the BWR element was performed

assuming the same wall temp_eratures as the PWR analysis. The -
capabilities and limitations of WATSON are discussed in Section 3.2.2.

In view of WATSON's limitations, the calculated temperatures

~ should be considered conservative maximum values.

Average temperatures of the hotte;t element were calculated from
the WATSON results. The PWR average was 833°F and the BWR
average was 654.9°F for nomal condltions. This compares to an
ANSYS average of 703°F for the hot PWR element. The ANSYS
average is determined by averaging the corner node témperatures
of each ANSYS element that models the hot fuel glemenf. It is evi-

dent therefors that WATSON results are conservatively high.
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The temperatures obtained by the WATSON program are presented

in Table VIII-14 and VIII-1S.

Cold Operation
Under cold conditions it Is conservatively assumed that the cask is
uniformly at -40°F. Freezing of the water in the auxiliary cooling
system and in the neutron shield tank will be avoided by the
appropriate addition of antlfreeze.. Under actual cold conditions

the Interlor of the cask will

VI~ 59



Rev, 2 - 1/31/75

always be warmer than the outside of the cask. Thermal gradients and -
consequently the relative thermmal expansion of cask materials should
therefore not differ substantially from normal .opera_tmg conditions.

4.8 Seal Temperatures

Explicit thermal analyses of the cask seals have not been performed
because the gasket characteristics are not adirérsely affected by upper
bound temparatures which are readily obtained from the an-alyses at the
cask midplane. Thus the temperatura of the outer seal is Judged to be
no greater than tha temperature at the inside of the 3/4 inch thick neutron
shield jacket with a PWR loading. Similarly the temperature of the
. inner seal is judged to be no greater than the temperature in the middle
of the inner shell hot sector with a PWR loading. A summary of applicable
neutron shield jacket and inner shell temperatures in conjunction with
-the estimated outer and inner seal temperatures under various operating
conditions {s prasented in Table VIII-14

Table VIII-14
Seal Temperaturs Basis

Inner Shell
- Jacket Outer Seal NODE Inner Seal .

Cask ODE 89 Estimate 5 Estimate
Condition ' I%F °p ' oli-l' %p
Normal Steady-State 330 335 418 425
End-of-Fire 1174 . - 1190 428 - 435
Post-Fire Steady-State 330 ... 335 609 615
Cold Steady-State* >-40 ><-40 > -40 >-40

*3ee section 4.7 for details.
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4.9 Thermal Expansion and Contraction
Under complete loss of auxiliary cooling conditions the neutron
shield water reaches a local maximum ier_nperature of 343°F which
corresponds to & saturation pressure of 123 psia. Under fire cc;ndl-
tions It Is possible that the pressure in the neutron shield tank will
- become excessively high if the tank has not already been punctured

as postuiated in the hypothetical accident.

-The effects of differential expansion on éap slzesv has been considered
In a1l analyses on the basis of fixed normal steady-state gap conditions.
As shown in Figure VIII- S a slight revérsal of the temperature gradient
occurs at the gap between the basket and hmer shell for about .5
hours after the end of the fire (compare inner lead and cold aluminum
temberatures) . This re\;ersal actually tends to open the gap
tempora:"uy which reduces the heat flow from the lead to the aluminum,

- thus serving as a self-correcting mechanism. The similarity of the
relative temperature distribution at the start and during the latter

part of the transient confims that the use of a constant normal

steady-state gap s appropriate for analysis of the transient.

4.10 Uncertalnty Factors and Design Margins
The entire thermal analysis of the cask has been dimded at achieving
conservative results by use of maximum heat loads and low heat

capacities in the fuel elements. The use of nominal dimensions has
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been restricted to conditions where tolerances have a negligible
effect on thermal response. Physical phenomena such as blowdown

and ruptures have been simulated in a severe and conservative manner.

AP AN AN *W‘

No part of the analysis depends .on artificial cooling following ;ny

accident. The attenuation of temperatures due to axlal heat transfer
_has not been taken Into account. It is therefore anticipated that

the actual temperatures in the cask will always be lower than those

predicted by this analysis.

5.0 General Conclusions.
Uﬁder actual operating oondlthns the auxiliary cooling system is
- ' used in order to disslpatg approximately 80% of the decay heat load.
Although the system will function acceptably in a natural circulation
n}ode, forced circulation will be used nor;naHy because of the lcwef
. cask teﬁxperatures a&alnable and the better control on heat transport
performance possible. This reduces the required cask cool down
time prior to unloading. Even with the auxiliary cooling system
completely inoperative complete st;ieldlng effectlvengss and heat

disslpation is assured.

The thermally most limiting cask temperatures occur many hours after
the hypothetical accident. These same temperatures will be reached
even without a fire if the cooling ducts and the neutron shield become

dry. Melting of the lead will not occur under any postulated design

»ew—

VIII-g2




Rev, 2 - 1/31/7s

condltiqns. Previous transient calcqlatlons indicate that it takes
approximately 3 days to reach thermal equilibrium conditions after

the start of the fire.

Nelther the neutron absorber liners nor the aluminum basket will melt
under any accldent conditions assuring criticality control and spatial

separatloh of the fuel elements.

Since heat loads are the same for BWR and PWR cases, & separate
analysis was not performed for each case. The basis for this is
discussed in Appendix B. The use of & single point fuel element model
has been found to be acceptable in evaluating the thermal response of

an entire cask.

A summary of the most si.gniflcant results of the rall cask thermal
analysis is presented in Table VIII-1 and In Figure VIII-S as well as

-in Section 1.3.
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SECTION VIII

Appendix .A

In order to prevent the lead shield from melting after the fire a;ctdent,
fins were added to the annular area that forms the neutron shield
tank. During and after the fire the neutron shield tank is dry and the
fins wers added 1o transior baat more efficiently acmss tha gap.
The convection coefficient on the finned surface of the neutron shield
tank is given by equatlovn (12) for dry fire accident conditions and (2A)
for wet conditions.

he = .18 A 7-333 (12)

" hg =65 A p-333 (28)

The Grashof number is greater thaﬁ ldg based on the neutron shield
inner dlameter. Therefore, the convective flow in the neutron shield
is turbulent. Becaixse of the large gap between the tank walls and
the turbulent flow, the convection cocfficients are calculated from
correlations for vertical walls with the nuctron shield inner diameter

as the characteristic length. (1)(2)

When fins are added, more convection area is added. But not all
of the added area contributes in an equal amount to an increase in
heat transfer, since the fin temperature changes along its length and

approaches the surrounding fluid temperature. In order to account for
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this change in temperature, a fin efficiency is used in calculations.
The fin efficiency TI is the ratio of the heat transferred across the fin
surface to the heat which would be transferred if the entire surface

were at the base temperature.

'Reference 5 details a method of caiculatlng a fin efficiency. This
method is used to calculate a corrected fin efficiency 7] for various
average fin temperatures and {in o fluid tomporature difforznzes, Toe
results of this study are shown in Table 1A and. plotted in Figure 1A.

The variation of T(c with fin temperature and AT is small.

For the ANSYS thermal solution of the fire accident transient and
steady state conditions, a constant value for T( c will be used.
Assuming a AT of 300°F and a metal temperature of 600°F, the

value taken for T(C is .8.

During normal conditions, the neutron shield is water filled. Tab le 2A
shows the results of efficiency calculations for heat transfer to the
water filled neutron shield. The calculations show that the fins are
not very efficient when in a water environment. The efficlency used

for normal conditions was .11.
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TABLE 1A

FIN EFFICIENCY - DRY NEUTRON SHIELD

Fin Temp. Fin Tefnp. Fin Te}np.
200°F 600°F 1000°F
Or nc T‘)C TZc
40 .90l .890 .871
169 e .858 .831
150 . .8s6 .838 .811
200 .845 .826 .794
300 827 .807 .774
400 .814 | .793 Y
'FIGURE - 1A

FIN EFFICIENCY - DRY NEUTRON SHIELD

Fin Efficlency = 7]

600 800 1000
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TABLE 2A

FIN EFFICIENCY - WET NEUTRON SHIELD

Fin Temp.
200°F
A% n
10 .123
20 .109
40 .097

TABLE 3A

EXTERNAL FIN EFFICIENCY

Fin Temp. Fin Temp. Fin Temp.
200°F 800°F 1400°F
At Me - Ne - Te
100 .819 .832 .869
400 .747 .763 ' .810
800 .704 722 776
1000 .690 .708 .764
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FIGURE 2A

EXTERNAL FIN EFFICIENCY.

S o S —0— 200°f Pin Temmuy.

emp: Ei::::i

' }ﬁOO’?P"Piin?:‘I?
S ,

40 60 80

The same calculations were performed for the cask external fins.
The results are shown in Table 3A and Figure 2A. The convection

coefficient for the external surface is as recommended in Ref. (5),

(Equation 13).

The results plotted in Figure 2A again show that fin efficiency does’
not greatly depend on fin temperature or temperature difference.
The value 72 c= .817 was assumed primarily to allow a conservative

amount of heat to flow into the cask during the fire gccldent condition.
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At the steady state ( ﬂT = 194°E) condition this value osz ¢ is slightly

unconservative. But it is within 2% of the correct value and, since ~/
the cask temperatures are not excessively high, it is considered
acceptable.
- N’
N
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SECTION VIII

Appendix B

The present thermal calculations for the 10/24 rail cask were performed
only on the cask with the PWR basket and fuel since the PWR and BWR
heat loads are the same. Because the heat loads are equal, the cask
body temperatures will be equal. The only difference will be in basket
temperaturss. Tas calculations and results presented in tils

Appendix will show the maximum BWR basket temperature.

Calculations have been performed for aXEWR heat load of 363600
Btu/hr (106.6 kw). These results will be used to calculate a BWR
basket thermal resistance which will be used to calculate maximum
basket temperatures for the lower heat load.

The thermal resistance is given by equation (1B)

_ At '
= QT 1B
R ) (1B)

[\T is the temperature difference across the BWR basket. The analysis
for 106.6 kw calculated a /\.‘ T éf 145°F for post-fire conditions

(1020 - 875 = 145) and a A T of i37°F for the cask with auxiliary
cooling (443 - 306 = 137). This gl\_(és a thermal resistance of .000399015‘
hr-ftz/Btu for post fire conditions and .000377 °F - hr-ft2/Btu for

auxiliary cooling conditions. The thermal resistance of the BWR

- e

basket is seen to be fairly constant over a wide range of temperatures.
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Since thermal resistance depends on temperature and geometry, not
' N

heat load, these values of themal resistance may be used for the

present lower heat load.

The minimum BWR basket temperature will equal the minimum PWR
basket temperature since heat transfer across the gap to the inner shell
will be equal. For normal conditions the present minimum PWR
temp=rature is 439°F; for nost fire conlitions, it is 627°F. From

these temperatures and the thermal resistances obtained previously,

the A T and maximum basket temperature, may be calculated.

Post fire

(2T =70 kw (1.1) (3413) (.000399)
AT =104.8°F | —

627 +104.8

Max. BWR basket temp.

731.80F

Compare this to a maximum PWR basket temperature of 732°F as

calculated by ANSYS for fire accident conditions.

-

Nomal conditions
LT = 70 kw (1:1) (3413) (.000377)
At =99 |

Max. BWR basket temp. = 439 + 99 |

= 538°F
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Compare this to a maximum PWR basket temperature of 542°F as
calculated by ANSYS for normal conditions. The PWR and BWR

baskets are therefore considered thermally equal and the temperatures

are used interchangeably.
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