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Revision D
10/1990

02/1991
03/1991

08/1991

10/2/91

10/23/91

04/1992

12/1995

02/1996

RECORD OF REVISIONS
Affected Pages

N/A

Throughout

XI-Hé, XI-H7, XI-H8, X1-H9,
XI-H10, XI-H11, XI-H13

X1-H1, XI-H2, XI-H3, XI-H4,
XI-H5, XI-H6, XI-H7, XI-HS,
XI-H9, XI-H10, XI-H11, XI-H12,
XI-H13, XI-H14, XI-H15, XI-H16,
XI-H17, X1-H18, XI-H19, XI-H20,
XI1-H21, XI-H22, XI-H23, XI-H24,
XI-H25

I-1,1I-2, I-3, I1l-4, XI-D1, XI-H19a,
XI-H19b, XI-H19¢, XI-H10d, XV-1,
XV-19, XV-20, XV-21, XV-2la,
XV-21b

11-10, IT1-2, I11-4, VIII-43b,
VIII-43c, IX-37d, IX-37¢, IX-37g,
X-21a, X-22, XI-D1

III-3, IT1-4, I11-20a, I11-21a,
VIII-43b, IX-iii, IX-37d, IX-37e,
IX-37g

XVI-1, XVI-2, XVI-3

11-10, I11-2, IT1-4, I1I-21a, VIII-43b,
IX-37d, IX-37¢

Descrintion of Changes

Original Release

Incorporation of Responses to
NRC Comments

Correction of Drawing
References

Allow shipping of severely failed
metallic fuel contained in filters.

Incorporation of response to NRC
comments concerning shipping of
severely failed metallic fuel
contained in filters.

Allow shipment of 25 BWR rods
with maximum burnup of 75,000
MWD/MTU and initial
enrichment of 5.0 w/o U-235

Allow shipping of 25 BWR rods
with a fuel length of 150 inches.

Revise packaging maintenance
program to delete annual
hydrostatic test requirements.

Revised and consolidated Safety
Analysis Report for Certificate of
Compliance Renewal.
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III-20 ...cvenierenscronsassncssssassasasanes Original Issue
1 €5 DRSO .Oct. 1990 IM-20a Apr. 1992
I-2..... Oct. 1990 I-20b Feb. 1990
| £ SO .Oct. 1990 1121 Feb. 1991
I4.......... Original Issue!  IMI-21a Feb. 1996
II-5uucriciniincicncsnsscsnneasansncssnnarens Oct. 1990 m-21b .Feb. 1991
II-6....cccereeuneee Oct. 1990 m-22 .Original Issue
1 C [ .Oct. 1990
II-B..eriircrercscsnncsnnensisassssnneennnns Oct. 1990 Section IV
II<9utreiriiaceecissnonnnnsneansenens Oct. 1990
II-10ueuciiiiricrereereeesaecanenes Feb. 1996 IV-1 Original Issue
II-10a...ccoieeerereeseenereeeneesneseeasene Feb. 1990 IV-2 ... Original Issue
I-10b. e saeanes Oct. 1990 IV-3 .Original Issue
0 3 1 OO OO Original Issue IV4....... .. Original Issue
IV-S. Oct. 1990
Section III IV-6 Original Issue
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II-icocieiiiincicncscnncrnreeesacnesnasnnnes Feb. 1991 IV-8......... R— Original Issue
{1 C OSSO Original Issue IVEY.rcctrcnnnesancaesesnes Original Issue
1 ) VOO Oct. 1990 IV-10.iiecnscianecsncannsnnes Original Issue
III2 ciiieenceneeenesaesesenessannenes Feb. 1996 | A3 § ORI Original Issue
1 RSSO SUR Feb. 1990 IV-12 ... Original Issue
III-3 et Apr. 1992 | AT 1K OO Original Issue
II-4 ..onrreieeerereeseeeneesnenas Feb. 1996 | AV SO Original Issue
HI4a .....cueereeereerenrererneserarsessenes Feb. 1990 IvV-15......... ... Original Issue
IIL-S .. Original Issue IVo16..aiiicinecincnccsnnnens Original Issue
16 .... veesteneaisnensnerasnines Original Issue IV-17 .... Original Issue
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' Original Issue refers to application dated December
1985.
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SECTION I
INTRODUCTION

The following safety analysis report describes NL Industries, Inc. NLI 1/2
Universal Spent Fuel Shipping Cask. The cask has been designed to accommodate
~ one (1) PWR type, two (2) BWR type 1ight water reactor spent fuel assemblies or
one (1) cannister of up to 408 PWR type fuel rods (pins). (The cask can also be
used for transport of other types of fuel such as metallic fuel, Fermi, EBR-1I,
Mark 42, or Mark 22 fuel assemblies.) Accordingly, the cask design is based on
fuel decay heat radiation source terms which were derived for certain limiting
operating values of fuel exposure, specific power, initial enrichment, and axial
peaking factor, thereby permitting shipment of any PWR or BWR fuel assemblies
whose parameters do not exceed the design basis fuel values established by this

report.

Cask size and capacity are limited to permit legal weight truck shipment
(72,380#G.V.M.) of the fully loaded cask. To obtain this objective it was
necessary to consider the shipping cask, tractor and trailer as a system with
primary consideration being given to the shipping cask integrity and reliability.
The trailer is specially designed to accommodate the cask. For the purpose of
package evaluation, the shipping cask with impact structures attached to each end
is to be considered as the configuration of the package as presented for
shipment. '

The NLI-1/2 spent Fuel Shipping Cask has been designed to provide maximum
safety for the shipment of spent fuel by providing double containment of the fuel
assemblies in a dry environment. The cask body has been designed to accommodate
a separate inner container which has a bolted and gasketed closure. This design
provides for safe shipment of defective or failed fuel assemblies. (Failed fuel
rods can also be transported in sealed individual shipping containers within the
cask. Severely failed metallic fyel in filters may be shipped in sealed
canisters, provided:the limits of 10 CFR 71.63 are met.) Use of the inner
container for sound fuel assemblies is optional for :burnups less than 45,000
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MWD/MTU. The normal shipping configuration will not use the inner container.
For the normal shipping configuration the cask is fitted with the appropriate
fuel basket and the inner closure head is bolted directly to the cask body
flange. A1l other features including double closure are retained.

The overall safety of the NLI system is further enhanced by not having a
liquid coolant. The internal pressure of a package under normal conditions of
transport can easily reach 100 to 150 psig in a water filled system, whereas the
internal pressure for the same fuel load in the NLI system would be in the range
of 15-20 psig, considering the air trapped in the cask cavity as gaseous coolant.
The difficulties of achieving and maintaining coolant activity levels below the
specified maximums are greatly reduced, if not eliminated in the dry system. The
problems of contaminated coolant release as a result of the hypothetical accident
conditions are eliminated since containment of a low pressure gaseous coolant
system is achieved.

Decay heat is removed from the fuel to the cask first by thermal radiation
and conduction through a helium filled cavity and then 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. Thermal radiation augments the conduction heat transfer across well
established air gaps within the cask. Being entirely passive, this means of heat
dissipation is highly reliable.

The criticality analysis, which was based on fresh fuel assemblies with
zero burnup, shows that an infinite array of NLI 1/2 Spent Fuel Shipping Casks
result in a subcritical condition. The NLI 1/2 Spent Fuel Shipping Cask may
therefore be considered as a Fissile Class I package in accordance with the
requirements of 10 CFR 71.

Appendices have been added to the appropriate sections of this report to
demonstrate the integrity of the cask shipping configurations which do no:
utilize the inner container.
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The NLI 1/2 Spent Fuel Shipping Cask has been designed to meet all
applicable requirements of 10 CFR, Chapter 1, Part 71 and 49 CFR, Chapter 1,
parts 170-189. The design function was carried out under NL Industries, Inc.
Quality Assurance Program for Design and Engineering which is comparable to 10
CFR, Chapter 1, Part 50, Appendix B, Section III, Design Control. Manufacturing
and the Quality Assurance Program were carried out in accordance with NL
Industries, Inc. Commercial Nuclear Quality Control Manual as applicable by
design requirements.
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SECTION II
CASK SYSTEM DESCRIPTION

— The shipping cask has been designed to provide for two separate shipping
configurations. One arrangement (Configuration A) provides for an. inner
container which houses the spent -fuel and is placed within the cask cavity. The
second arrangement (Configuration B) utilizes an aluminum fuel basket, which is
placed within the cask cavity in place of the inner container. Both
configurations use a double closure design (two separate closure heads). Two
additional cask configurations exist for shipment of spent fuel. Configuration
" C uses a cruciform basket and is the configuration used when shipping the Fernmi,
EBR-II, Mark 22 or Mark 42 fuel assemblies. Configuration D is used for the
shipment of metallic fuel.

The shipping package as presented for shipment consists of the cask body,
inner container (optional), inner closure head, outer closure head, and impact
structures bolted to each end of the cask. The cask body consists of inner and
outer stainless steel shells which are joined by stainless steel forgings at each
end to make a continuous weldment. The annulus between the inner and outer
cylinders contain a composite lead/uranium gamma shield. Neutron shielding is
provided by a water jacket which surrounds the outer stainless steel cylinder and
axially blankets the active fuel region of the fuel assembly. (The water jacket
is empty in Configuration D.) The internal cask cavity, which is 13.375 inches
in diameter, has been sized to accommodate the removable inner container which
is designed to carry either one PWR type or two BWR type fuel assemblies. The
closure head seals the open end of the cask cavity and is seated on a stainless
steel forging when closed. The length of the forging is such that it forms part
of the cask cavity. The design pravides the necessary material from which two
closure head flange seating surfaces can be machined. The design also provides
the opportunity to have all the necessary penetrations thru the cask body pass
thru the solid stainless steel forgings, eliminating the need for pipe and tube
penetrations which pass thru the shielding materials and penetrate the inner and
outer shell, compromising the integrity of the cask structure.
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The head end forging also provides maximum protection of the inner closure
head and closure head seal since the closure head is located within the outer
dimensions of the forging. The cask lifting trunnions are located in the head
end forgings eliminating the concern of a puncture of the shielding containment
shell by an impact on a trunnion.

The shield materials used in the cask design have been selected and
arranged to minimize the cask weight while maintaining overall shield
effectiveness. Lead and depleted uranium were chosen as effective gamma
radiation shields, and a water jacket on the outside of the cask as the Tight
material to efficiently moderate the neutron radiation. The gamma radiation
shields at the ends of the cask are made up entirely of uranium and steel, thus
eliminating the problems of 1lead expansion, resolidification level and
containment under the hypothetical accident conditions. The lead/uranium shield
in the cask body is arranged such that the cylinder of uranium is immediately
adjacent to the inner cavity while the lead shielding fills the annulus between
the uranium shield and the outer stainless steel shell. Although the thermal
ca]Eulations show that some amount of lead melts during the fire accident, the
problem of controlling the lead is not critical since the uranium shield suffers
no damage and provides sufficient shielding to maintain dose rate levels well
below the 10 CFR 71 limit of 1000 mrem/hr.

The water jacket neutron shield is designed to provide shielding during all
phases of loading and unloading of the cask (except in Configuration D) as well
as under the extreme ambient conditions of transport (130° to -40°F) as specified
by 10 CFR 71. Having a solid water shield under the above conditions requires
that an expansion volume be provided to accommodate the water expansion which
results due to heatup as the cask system reaches thermal equilibrium. The
expansion volume must be designed to permit the expanded water to flow back into
the water jacket when ambient conditions result in lower water temperatures than
initially encountered during a given shipment. Design approaches which do not
provide for retention of the expanded water volume may result in something less
than a solid neutron water shield as ambient temperature changes occur during
transit.
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Consider a hypothetical case where the cask is loaded with a fuel element
that generates the design basis 'decay heat load and neutron shield water
expansion is accommodated by allowing the water to blow off thru a relief valve.
When the cask reaches thermal equilibrium, the ambient temperature is 90°F, the
bulk water temperature is 295°F and there is solid neutron water shield. The
ambient temperature drops 30°F which results in a reduction in the water volume
of .712 ft3. This represents about a 19% reduction in shielding along the
vertical axis of the cask when the cask is in the horizontal position. This
condition is, of course, in violation of Paragraph 71.35 of 10 CFR 71.

From this hypothetical case which considers an ambient temperature drop
only one-sixth of that indicated by the regulations, it can be seen that
containment of the shield water as it expands in an expansion tank system that
permits free flow in both directions is neceésary to.maintain a solid neutron
shield for even small ambient temperature changes.

The expansion tank system as shown in the Schematic Diagram on Page II-4
provides positive free flow of water in both directions. B |

The neutron shield water jacket is constructed of 1/4 inch high strength
stainless steel. At each end of the 1/4 inch shield is a short shell section of
1/2 inch thick high-strength stainless steel which provides an adequate
transition section from the 1/4 inch material to the 2 inch square jacket closure
rings which are made of 304 stainless steel. The water jacket design, which is
more than adequate to satisfy the design'pressure, was developed to provide
‘structural integrity under the normal conditions of transport as defined by 10
CFR 71 as well as to contribute to the overall strength of the cask in the
hypothetical accident conditions. - In order to maintain a solid water shield,
an expansion tank is provided in the form of a second water jacket which is
welded to the outside of the neutron shield water jacket. The expansion tank is
located.at the top or head end of the cask and is connected to the water jacket
by a short section of pipe which exits the water jacket thru the upper Jacket
closure ring. |
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The pipe immediately enters the expansion tank and travels around the water
jacket shell to the low point of the expansion tank. The low point of the
expansion tank is the bottom of the tank in the vertical position and also the
underside of the cask in the horizontal shipping position. To avoid air pockets
forming in the expansion line, the expansion tank is filled to 2 pre-determined
level which assures that the open end of the expansion line is under water when
the cask is in either the vertical or horizontal position. The vent and overflow
line, which penetrates the bottom closure ring of the expansion tank, extends
_into the tank a distance that equals the 1iquid level required to cover the end
of the expansion line. Initial filling of the expansion tank is done with the
cask in the vertical position. The overflow line is left open and when water
begins to flow from the line the filling operation is complete. The overflow
line is disconnected and the valve coupling automatically closes. A segment of
the expansion tank is fitted with baffles on the side of the tank which would be
on the bottom when the cask is in the horizontal shipping position. The baffles
are provided to break up any wave motion that may tend to uncover the end of the
expansion line. The short section of pipe which connects the two chambers is
protected by a larger half-section of heavy wall pipe which is welded to the cask
body. The expansion tank has a vent and overflow 1ine at the bottom of the tank,
which terminates with a quick disconnect valved coupling or a pipe cap. The
relief valve is set to relieve at 200 psig.

The design requirements for the water jacket neutron shield system are
established by the calculated bulkwater temperature in the water jacket at the
design decay heat load steady state conditions and 130°F ambient temperatures.
The bulk water temperature is calculated to be 296°F. Correcting for the effect
of the personnel barrier (+35°F) the design temperature was set at 331°F. The
~saturation pressure at this temperature is 100 psia. The system is designed for
an operating pressure of 200 psia to accommodate the decrease in volume of the
air trapped in the expansion tank. .The design conditions for the neutron water
shield system are: '

Design metal temperature 400°F

Design pressure 250 psig ' .
Operating pressure - 185 psig

Relief valve setting 200 psig

Revised
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Under the hypothetical accident conditions, it is assumed that the water
Jacket or expansion tank would be damaged sufficiently to allow the water to
escape. Both the thermal and shielding calculations have assumed a complete loss
of- neutron shield water. The results of these calculations show that the cask
meets the radiation dose levels specified by the post-accident requirements.

For metallic fuel shipments, the neutron shield tanks are drained and the
cask is fransported in a closed shipping container. The thermal effects of the
empty neutron shield tank and the enclosed container are evaluated in Section
VII. The dose rate from the metallic fuel is evaluated in Section IX.

There are two valved penetrations thru the head end forging of the cask
body. Both penetrations exit into the closure head cavity area and are outside
the primary containment seal area. The two penetrations are used to drain the
closure head area as the cask is removed from the spent fuel storage pool. Prior
to shipment of the loaded cask, the penetrations are used to pressure test the
secondary containment system. The fitting used at each of these penetrations is
a valved quick-disconnect. The valved quick-disconnect fitting is constructed
from-300 series stainless steel and has a pressure rating of 2000 psi (3/4"
size). The valve design provided an automatic and positive shut-off when the
connecting lines are disconnected. Each valve assembly is housed in a stainless
steel valve box which is an integral part of the cask body.

Each valve box has a gasketed cover which is bolted in place. Under
hypothetical accident conditions the valves and valve boxes are protected from
impact by the impact structures which are attached to the ends of the cask.

The cask body closure head (outer closure head) is a stainless steel
forging machined to form a cap. There are no penetrations thru the outer closure
head since all necessary service penetrations are made either thru the cask body
end forging or the inner closure head. The outer closure head, which is the
secondary containment boundary, also serves as a rugged valve box cover for the
service penetrations on the inner closure head. The outer closure head seal is
an elastomer type "0" ring.

Revised
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The 1inner container used in Configuration A, carries the aluminum fuel
basket and the fuel. It is a separate removable cylindrical can which has a high
integrity sealed closure. The inner container is designed to perform as a
pressure vessel. The container consists of a 1/4 inch thick stainless steel
shell. The shell is closed at one end by a flat stainless steel head which is
machined to permit the head to be butt-welded to the shell, thus eliminating a
corner weld type joint. The top end or open end of the container has a stainless
steel forged flange section which is butt welded to the end of the shell. The
flange is machined to receive the container closure head bolting arrangement.
~ There are two service lines of 3/8 inch stainless steel tubing which extends the
full length of the container and are placed inside the container. One line is
the section drain line used to evacuate the pool water from the inner container.
The line terminates at the center of the bottom head. The opposite end of the
line is fitted with a flange, the face of which is machined to effect a seal with
the container closure head. An elastomer type seal is used in this installation
since a wide range of tolerances must be accommodated in effecting a seal. The
thermal calculations show that the temperature in this region under normal
conditions of transport permit the use of an elastomer type seal. Failure of
this seal in the hypothetical fire accident is of no consequence since it results
in an opening within the primary containment boundary and not a breach of the
primary containment boundary. The second service line is the suction drain line
used to evacuate the pool water from the annulus between the outside of the inner
container and the cask cavity. The line is designed such that there are no
mechanical gasketed joints between the 1ine and the inner container. The joints
between the line and the inner container are welded and provide the same
integrity as is inherent in the basic can construction. The line exits thru the
bottom head of the inner container and is fitted with a short length of rubber
tubing which terminates Just above the surface of the cask cavity bottom head.
Rubber tubing is used to avoid the problems associated with a rigid piece of
tubing relative to the differential thermal expansion between the inner container
and the cask cavity. The line exits the tqp end of the container thru a blind
hole in the container flange. The hole in the container flange is fitted with
a heavy wall stainless steel tube that extends thru the closure head and
terminates with a quick disconnect fitting. The heavy wall tube penetratesvthe

, Revised
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container flange outside of the primary seal area, thereby maintaining the
integrity of the inner container. The inner container closure head (inner
closure head) consists of a stainless steel forging, the center section of which
is filled with uranium, which is covered by a stainless steel plate which is
welded to the forging. The bulk of the required gamma shielding is contained in
the inner head to provide operator protection during the handling operations
involving a loaded cask. The closure head is held in place by twelve high-
strength bolts. The inner closure head seal is a metallic "0" ring type seal.
The closure head is equipped with two valved penetrations. The penetrations are
located between closure head bolts and exit to the interior of the container on
the underside of the closure head. One penetration mates with the suction drain
lTine used to evacuate the inner container. The other penetration is used to
back-fill the inner container with helium. The valves used at each of the
penetrations may be bellows-seal type as manufactured by Hoke, or may be
identical to the Configuration B inner head valve arrangement.

The Hoke type valve and bellows seal are made of type 316 stainless steel
and have an operating temperature range of -320°F to 1500°F. The valves are
designed for liquids and gases of radioactive, reactive or- toxic nature, liquid
metals and cryogenic service.

The inner closure head used in all of the shipping configurations except
Configuration B is of the same basic design as just described with the exception
of the valve arrangement. The closure head has two penetrations as does the
inner closure head which is used with the inner container. Each penetration is
fitted with a stainless steel block that is machined and welded to the top
surface of the closure head. The block forms a closed passage from the head
penetration to a tapped hole which receives a valved quick disconnect fitting.
The block also provides a sealing surface to which is bolted a stainless steel
cap which is fitted with double "0" ring gaskets. The inner gasket is a metal
"0" ring type, Inconel-X, se]f—enefgizing seal. The seal is more than adequate
to withstand the temperatures expected as a result of the hypothetical fire
accident. The outer gasket is an elastomer non ring. The concentric-"0" ring
seals provide an annulus into which air can be introduced for the purpose of
checking seal integrity prior to each shipment.

Revised
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_ When PWR or BHR‘fueI rods are being transported, the fuel is supported l
within the primary containment vessel by an aluminum basket. The aluminum basket
is made up of four pieces of aluminum approximately 150 inches Jong. Each piece
of aluminum {s shaped to form a segment of a circle. The internal flat face of
each segment forms a square which supports the fuel, or canister, for its entire
length. The aluminum basket and fuel are supported axially by stainless steel

weldments.

The cruciform basket, used in Configuration C, is described in Appendix F
of Section XI. The three-hole basket and the six-hole basket used in

Configuration D are described in Appendices G and H of Section XI.‘

Impact structures are bolted to each end of the assembled shipping cask.
The structures have been designed to soften the impact resulting from a 30-foot
drop on an unyielding surface. The impact structures have a shape similar to
that of a hat and 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 there has been no contact made between any portion of the
cask body and the impact surface. The brim of the hat is 74 1/4 inches in
diameter and protects the cask from the side impact condition. The top portion
of the hat shape is 33 inches in diameter and approximately 17 inches high. The
top portion protects the cask from the end and corner impact conditions. The
impact structure is constructed of balsa wood which is completely enclosed in an
aluminum weldment.

The NLI 1/2 Spent Fuel Shipping Cask has been designed to permit legal
weight truck shipment (73280 # G.V.W.). The transport system consists of a
specially designed trailer with the cask tie-down arrangement built into the
trailer frame. Outriggers are built out from the main trailer frame providing
2 support and tie-down point for the personnel barrier. The personnel barrier
is basically a cage made from expanded sheet metal on a metal frame. Removable
papels provide access for inspection of the cask and tie-downs. A specially
designed 1ift rig is provided for cask handling which engages the trunnions on
the cask body. , ' :

Revised
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Fuel Data
Eavelopes, inches

Enrichment (w/o U-235)
Weight of Uranium

Max. Avg. Bumup (MWD/MTU)?
Avg. Specific Power

Cask Weight, loaded, Calculated
Cask D 1 Dj .

Cask Design Weight
Gross Vehicle Weight

Cask Assembly Envelope
Cask Body Envelope
Internal Cavity

Inner Container

Notes:

NLI-1/2 SPENT FUEL SHIPPING CASK DATA

1-PWR Type ,
Fuel Assembly
8.60sgx 171.5
3.7

475kg

40,000
40 kWrkg U
47,350 Ibs

48,000 Ibs
73,280 lbs

72.25" in diameter
238.31" length

40" in diameter
193" long

13.375" in diameter
178" long

12.625" in diameter
178" long

2-BWR Type Consolidated Metallic Fuel PWR PWR BWR

Fuel Assemblies PWR FuelRods (Max.21 Rods) Rods® Rods'  Rods’

544s5qx 17625 8.75sqx 171.5 1.36" diameter 25 rods 18rods 25 rods

2.65 3.7 Natural 49 49 5.0

197 kg 950 kg 1,145.5 kg 582 kg 582kg  75kg
54.5 kg per rod

34,000 40,000 1,600 60,000 60,000 75,000

27 kWikg U 40 kW/kg U — 44kWkgU 60kWikg 60kWikg

47,077 Ibs 49,250 Ibs 47,480 lbs 46,455 lbs ;3:;455 ?:;455

Normal Cavity Operating Pressure — 26 psig
Maximum Cavity Operating Pressure — 117 (accident conditions)
Neutron Shield Water Jacket — ethylene glycol, 52% volume, -42 degree F freezing point

l.  With or without coatrol rods or bumnable poison rods or with additional irradiated fuel rods inserted and secured in the gulde thimbles. Maximum initial uranium content shall be 495 kg and the
maximum average initial U-235 enrichment shall be 3.35 w/o.

2. PWR fuel assembly may have s maximum average bumup of 56,000 MWD/MTU, provided that the assembly meets the criteria established in Part 6 of Section Il and the neutron shield fluid
contains 1.0 w/o boron. (The boron fluid may be left in the shiclding tanks during the shipment of other contents.)

3. Upto 25 PWR rods may be shipped provided that the maximum average burnup does not exceed 60,000 MWD/MTU, the initial carichment does not exceed 4.9 w/o U-235 and that the neutron
shield fluid contains 1.0 w/o boron. Up to two of the 25 PWR rods may have a maximum bumup of 65,000 MWD/MTU. Rods with a maximum average burnup that exceeds 45,000
MWIDV/MTU must be shipped in Configuration A.

bl o

uranium does not exceed 75 kg.

Up to 18 PWR rods cooled 300 days with an average specific power of 60 kW/kg may be shipped. The conditions of Note 3 apply.
Up to 25 BWR rods may be shipped provided that the maximum average burnup does not exceed 75,000 MWD/MTU, the initial enrichment does not exceed 5.0 w/o U-235, and the weight of




RLI-1/2 SPERT FUEL SHIPPING CASK DATA

Capacity

Eue] Data

Envelope

Veight of Plutonium
Initial Pu®3?
Atom Fission

Cask Weight, loaded

concentration

Envelope
Weight of U235
Initial U233
Burnup
Cask Weight, loaded

Concentration

II-10a

Mark & e) Assemb

4.11 inches in diameter
3.350 kg (initial)
78.28 w/o

87%

46,000 1bs.

ar e ssemb

3.20 inches in diameter
3.2 kg (initiel)
66.0-80.0 w/o

1226 MWD

46,000 1bs.

Page added
August 1988
Revised
February 1990




NLI 1/2 SPENT FUEL SHIPPING CASK DATA

Fermi-1
Fuel Assemblies (16 per Cask)

Fuel Data
Envelope 2.93 sq x 30.5
Enrichment w/o U-235 26.0
Weight of Uranium 18.7 kg
Maximum Average Burnup (MWD/MTU) 2840
Cask Weight, Loaded 46,735 1b
EBR-11

Fuel Assemblies (4 Canisters per Cask)
Fuel Data
Envelope 4.875 inches in diameter
Enrichment w/o U-235 0.21
Weight of Uranium 291.8 kg
Maximum Average Burnup (MWD/MTU) 2400
Cask Weight, Loaded : 48,625 1b

Page Added

Oct. 1990 II-10b



L1-11

SUMMARY OF MAXIMUM
OPERATING PRESSURES (PSIG)

Max. Allowable

Pressure @ Oper. Temp.

*Max. Operating
Pressure @ Oper. Temp.

Design Pressure

Cask Cavity
Shell
Bottom Head
Inner Cl. Head

Inner Container
Shell
Bottom Head °
Closure Head

Closure Head Cavity
Outer C1, Head

Hater Jacket

1188 (XI-1-5) (XI-B2)

461 (XI-1-6)

612 (XI-1-38) (XI-B12)

640 (X1-1-37€E)
543 (X1-1-38)
612 (X1-1-38)
594 (X1-B4)

**%250 (XI1-1-8)

*Post fire accident condition

**Assumes jinner closure head seal fails

117 (XI-1-37E)

117 (XI-1-37E)

**117 (X1-1-37E)
***]185 (X1-1-8)

120 (XI-1-37E)

120 (XI-1-37E)

**120 (XI-1-37E)
***250 (XI1-1-8)

***Normal transport conditions - water jacket relief valve is set for 200 psig and water
Jacket is not operative under accident conditions,
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SECTION III
FUEL DESCRIPTION AND SOURCE DATA

1.0 - INTRODUCTION AND SUMMARY

The NLI 1/2 spent fuel cask is .2 shipping container that was designed to l
transport one PWR or two BWR spent fuel assemblies. The cask is capable of
accommodating the fuel designs of General Electric, Westinghouse, Babcock and
Wilcox, and Combustion Engineering as described on Table III-1. The cask design
is based on fuel heat and radiation source terms which were derived from certain
limiting operating values of fuel exposure, specific power, fnitial enrichment
and axjal peaking factor. These 1imiting operating parameters are given in Table
111-2. 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.

By designing for fuel radiation and heat source terms based on limiting
fuel parameters, the NLI 1/2 cask will be capable of shipping any PWR or BWR fuel
whose parameters are no more restrictive than the design basis values. (The NLI
1/2 cask can also accommodate the shipment of other types of fuel such as
metallic fuel, Mark 42 fuel, and Mark 22 fuel.) '

‘The mechanical design parameters of BWR and PWR fuel shown on Table III-1
were developed from a review of PSAR and FSAR data and are considered
representative of the designs which will be shipped in the NLI 1/2 cask. These
parameters are used as a basis for the fuel thermal and structural analyses
performed in this report. ’ :

The ganma, neutron and decay heat sources and the noble gas and halogen
fission product inventories for the reference cask loadings are summarized

: Revised
II1-1 _ Oct. 1990



Table ITI-1
PARAMETERS FOR DESIGN BASIS FUEL

Maximum Average Average Specific Initial Enrichment kgU per
Type Burnup MWD/MTU Power kW/kg U © wloU-235 Assembly
PWR'? 40,000 40 3.70 475
BWR 34,000 27 2.65 197
Consolidated
PWR Fuel’® 40,000 40 3.70 950
Metallic Fuel 1,600 ———- Natural 54.5
PWR Rods*** 60,000 44 49 . 58 for 25 rods
BWR Rods* 75,000 60 5.0 75 for 25 rods
Notes:

1. A PWR fuel assembly having maximum burnup up to 56,000 MWD/MTU may be transported,
provided that the assembly meets the criteria given in Section II1-6.0, and that the neutron shield

water is boronated to 1 w/o boron.

2. A PWR fuel assembly configuration containing additional irradiated fuel rods inserted and secured in
the guide thimbles is permissible provided the initial uranium content of the assembly does not
exceed 495 kg and the maximum average initial U-235 enrichment does not exceed 3.35 w/o. Such
an assembly may have no more than four fuel rods having a cooling time of 120 days.

3. Consolidated PWR fuel consists of the fuel rods from up to two (2) PWR fuel assemblies packed in a
stainless steel canister in a triangular array. The loaded canister must be transported in a
Configuration A.

4. Up to 25 PWR or 25 BWR rods may be shipped, provided that the parameters of the rod shipment
are within the bounds of the parameters shown above for PWR and BWR rods. PWR rods with
burnup in excess of 45,000 MWD/MTU, and BWR rods with burnup in excess of 50,000
MWD/MTU, must be shipped in Configuration A.

5. Up to two of the 25 PWR rods may have a maximum burnup of 65,000 MWD/MTU

6. Up to 18 PWR rods, with a maximum specific power of 60 kW/kg U and a minimum cooling time of
300 days, may be packaged per cask.

Revised
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Oct. 1990
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Table III-la
PARAMETERS FOR MARK 42 FUEL

Initial Plutonium Content 3.350 kg
Initial Pu?3? Concentration 78.28 w/o
Atom Fission 87%

Table III-1b
PARAMNETERS FOR MARK 22 FUEL

235

Initial U Content 3.2 kg

Initial U233 Concentration 66.0-80.0 w/o_

Burnup 1226 MWD
III-2a

Page Added
August 1988
Revised -
February 1990
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TABLE III-2

FUEL MECHANICAL DESIGN PARAMETERS

*%

—— ——— —
Combustion .
Westinghouse | Engineering | Babcock & Wilcox General Electric
Reactor Type PWR PWR PWR BWR
Pellet Dia., in. 0.3649 03795 0370 0487 ||
Pin Array 15x 15 14 x 14 15x 15 7x7 “
Pin Pitch, in. 0563 0580 0.568 0.738 "
Pin Dia., in. 0.422 0.440 0.430 0.563
KgU/Asscmbly 448 395 454 197
| Clad Material Zr4 Zr4 Zr4 Zr2 u
Clad Thickness, in. 0.0243 0.026 0.0265 0.032
Fuel Pin/Fuel Asscmbly 204 176 208 49
Overall Fuel Assembly
Cross-Section, in. 8.426 x 8.426 7.98 x 7.98 8522 x 8522 5.438x 5438
Active Fuel Leagth, in.* 144 136.7 144 144 "
Overall Shipping Length, in. 166.1 157 165 1759
Enrichment w/o U-235 335 299 3.09 265
Specific Power kw/KgU 385 24.7 318 226
- Average Burnup MWD/MTU** 33,000 24,000 28,200 30,000
UO, Density, % TD 93 . 93 2 95
A e ————

* The active fuel length of PWR and BWR rods has béen increased to 150.0

inches.

I11-3

See table on page I11-10 for allowable burnups based on type of fuel.
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9661 "qa4
¢661 "1dy
1661 ‘190
1661 'qs4
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E g Table I1I-3

ga REFERENCE DESIGN SUMMARY

One PWR '? Two BWR Consolidated®  Metallic

Conditions Fuel Assembly  Fuel Assemblies ~ PWR FuelRods  Fuel 25PWRRods' 25 BWR Rods*
Loading 475 kgU 197 x2kgU 950 kgU 1,145.5kgU 582 kgU 75kgU |
Initial Enrichment 3.7wlo 2.65 w/o 3.7wlo Natural 49 wlo 5.0 w/o
Avg. Specific Power 40 kW/kg 27 kW/kg 40 kW/kg — 44 kW/kg' 60 kW/kg
Max. Avg. Bumup (MWD/MTU) 40,000 34,000 40,000 1,600 60,000°¢ 75,000°
Cooling Time (days) 150 120 4,380 365 150 150
Sources
Total Gamma Energy 3.074x10' 2.257x10'¢ 2.05x10' 1.253x10"  4.01x10" 7.54x10"
MeV/sec)
Total Decay Heat (kW) 10.63 7.93 0.6 0.75 1.65 4.0
Notes:

1.

A PWR fuel assembly having maximum bumup up to 56,000 MWD/MTU may be transported, provided that the assembly meets the criteria given in
Section I11-6.0, and that the neutron shield water is borated to 1 w/o boron.

A PWR fuel assembly configuration containing additional irradiated fuel rods inserted and secured in the guide thimbles is permissible provided the initial
uranium content of the assembly does not exceed 495 kg and the maximum average initial U-235 enrichment does not exceed 3.35 w/o. Such an assembly
may have no more than four fuel rods having a cooling time of 120 days. '

Consolidated PWR fuel consists of the fuel rods from up to two (2) PWR fuel assemblies packed in a stainless steel canister in a triangular array. The loaded
canister must be transported in a Configuration A.

Up to 25 PWR or 25 BWR rods may be shipped, provided that the parameters of the rod shipment are within the bounds of the parameters shown above for
PWR and BWR rods. The neutron shield water must be borated to 1 w/o boron when shipping PWR rods. The neutron shield water must be borated to 1 w/o

boron when shipping PWR rods.
Up to two of the 25 PWR rods may have a maximum bumup of 65,000 MWD/MTU.
PWR rods with burnup in excess of 45,000 MWD/MTU and BWR rods with burnup in excess of 50,000 MWD must be shipped in Configuartion A.

Up to 18 PWR rods, with a maximum specific power of 60 kw/kgU and a minimum cooling time of 300 days may be packaged per cask.

N ( C
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Teble III-3a
REFERENCE DESIGN SUMMARY

onditions Mark 42 Fuel Assembly

Loading 3.350 kg Plutonium
Intial Pu239 enrichment 78.28 w/o

Atom Fission 87%
Cooling Time (days) 1245

EOUEEGS

Total Gamma Energy 5.80 x 1014 MeV/sec
Total Neutron Source 1.20 x 109 n/sec
Total Decay Heat 0.45 xw

Table 1I1I-3b
REFERENCE DESIGN SUMMARY

Conditions Two Mark 22 Fuel Assemblies
235

Loading . 3.2 kg U°"“/Assembly

Intial U2 Enrichment  66.0-80.0 w/o

Burnup 1226 MWD

Cooling Time (days) 150

Sources

Total Gamma Energy 9.753 x 1015 MeV/sec

Total Neutron Source 7.872 x 105 n/sec

Total Decay Heat 3.451 kW
Page added
August 1988
Revised

III-4a February 1990
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in Table II1-3. As can be seen the source strengths for the one PWR cask
lcading are more restrictive than for the two BWR loading and therefore

were used to establish the basic cask parameters.
Presented below is a2 description of the development of the source terms.

Figure III-1 taken from Reference 1 shows the axial burnup distributions
in a PWR at various stages in its lifetime. The axial distribution was
considered in each of the analyses performed as described in subsequent

sections of this report.

2.0 GAMMA SOURCE

The fission product decay gamma source was calculated using the method
given in the American Nuclear Society Proposed Standard, “Energy Release
Following Shutdown of Uranium-}‘ueled Thermal Reactors*” .(2). The method is
based on information published by Shure. (3) For a hypothetical infinite reactor
operating time, the curve of fraction of operatiné power ?P; due to fission
products versus cooling time has been fitted by an analytic expression:
P

Po
where t is the decay time in seconds. For decay times such that 4 x 10
<t =2 x 10 (which includes the coolinq time of interest = 150 days) the

(e, t)= At ® Q)
6

‘fitt.ing constants are
A = 0,266
a = 0,335

For a finite reactor operating time to <w, T’E- is calculated through a
-]
correction to Equation (1):

(T ct) g-P-E- (cats)"

o, t t 2
Pq o S ( o+ s (2)

II-$
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For the limiting PWR assembly with a power density of 40 kw/kgU, a burnup
of 40,000 MWD/MTU requires an irradiation time of 1000 days. With a loading
of 0.454 MTU per assembly, Equation (2) gives a total (gamma + beta) decay
heat source of 9.85 kw/assembly assuming 150 days cooling time. The
contribution of betas and gammas to the decay énergy release is approximately
equal so the gamma decay energy s 4.93 kw/assembly or 3,074 x 1016
MeV/sec-assembly, Gamma decay energy pfoduction using the ANS standard was
checked against earlier data published by Blomeke and Todd(4) and found to be
in agreement. The gamma decay energy arrived at above is conservative
compared to that given by Shure in Ref. 3 indicating that the assumed equal
" split between gamma and beta is conservative.

For shielding calculations, the total gamma source defined above is
broken down into discrete energy groups. The Shure data in Ref. 3 was used to
obtain the relative gamma energy distribution at 150 days after shutdown shown
in Table I11-4., 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 III-4, As
can be seen from the table, almost 99% of the gamma ray energy is emitted
below 1 MeV.

It may be necessary on occasion to ship PWR type‘spent-fuel which
contains either burnable poison rods or control rods. These rod clusters are
contained within the basic fuel asembly cross section and the additional .
weight is accounted for in the 1600 1bs. fuel assembly design weight.

The active poison in the burnable rods is B4C or By03 and the predominate
neutron capture reaction is 810 (1,4). In this way, the neutrons are
captured without the generation of gamma radiation. The alpha particles will
be absorbed within the fuel assemblies. Therefore, if a significant amount of
boron were contained in a shipment, the results would be beneficial from a

radiation hazard standpoint.

I11-7



The control rods will contain Ag-In -Cd and/or B4C as an active poison.
The cadmium, indium and silver will generate capture gammas by the (m,¥)
reaction, however, this will not result in a net increase in gamma produc-
tion. The presence of control rods—is beneficial in that they will tend to
decrease the spent fuel system reactivity.

The composition and melting points of the poson materials used in the various
PWR fuels are given in Table III-5. As indicated in Figure VIII-2, the max-
imum temperature to be expected by a fuel pin {(or in this case, a poison rod)
is approximately 1100°F. This is well below the melting point of any of the
poison materials being used.

Table II1-4

DESIGN BASIS PWR ASSEMBLY GAMMA DECAY
HEAT DISTRIBUTION

(3) RE]ative
Shure Distribution
Energy Group 150 Days After Gamma Decay
MeV Shutdown Source* MeV/Sec
0.1 - 0.4 1.2 x 102 3.6888 x 1014
0.4 - 0.9 0.97526 2.9979 x 1016
0.9 - 1.35 1.8 x 10-3 5.5332 x 1013
1.35 - 1.8 9.4 x 10-4 2.889 x 1013
1.8 - 2.2 1.0 x 10-2 3.074 x 1014
»2,2 <2 x 10-4 -

*Source per assembly with 40,000 MWD/MTU burnup,

days cooling time, and 0.454 MTU,

111-8
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PWR POISON COMPOSITIONS AND MELTING POINTS

TABLE II1I-5

N Combustion
Babcock & Wilcox Englneering Westinghouse
'Control Burnable Control Burnable Control Burnable
Rods Poison Rods Rods * Polson Rods Rods Polson Rods
Material Ag-In-Cd | B,C B4C B4C Ag-In-Cd Borosilicate o
Me(gtl.;lg Point (1427) (4350) (4350) (4350) (1427) (1292)
A1203 Al203 Al,203
.(3700) (3700) | (3700) !
Ag-In-Cd |
(1427)

*k

Varlous designs are available with different combim tions of these materlals.

~ Softening point glven. Varlous types of Borosilicates may be used with softening points

from 1292°F to 1510°F.




3.0 NEUTRON SOURCE

3.1 General

In addition to the production of gamma and beta emitting fission
products as a result of U-235 irradiation, neutron emitting transuranium
elements will be produced in higher burnup fuel. These neutrons come
from both spontaneous fission and from (o,n) reactions in oxygen.
Though most of the transuranium elements undergo & decay and have a
small probability for spontaneous fission, experimental data ()
indicates that the buildup of these transuranium neutron sources is not
significant below exposures of approximately 20,000 MWD/MTU. Above
20,000 MWD/MTU, the isotopes Curium-242 and Curium -244 contribute a
significant neutron source.

Most analytical and experimental transuranium source data(5’6’7’8)
generated to date has not

° considered transuranium element production rates to 40,000
MWD/MTU;

° completely defined fuel and irradiation characteristics; or

° defined conditions representative of second generation LWR core
operation

Accordingly, a study was performed to define a typical PWR assembly
neutron source strength after 40,000 MWD/MTU burnup and 150 days cooling
time. For this purpose, the LEOPARD code was used in conjunction '
with the FLYASH-I1 code.(lo)

3.2 Methods of Analysis

The FLYASH-11 code was developed to calculate the inventory of
fission products, fuel isotopes and transuranium isotopes contained in
the fuel from a specific reactor as a function of fuel burnup, reactor
power level, reactor operating and shutdown times, and the elapsed
cooling or decay time after removal of the fuel from the reactor core.

I11-10



The following information is supplied as 1nput data to the FLYASH-II

code:

1.
2.

8.
9.

Tot2l core voume of reactor

Initial fuel loading

Fuel type (1.e., U, U0z, or UCp)

Inftial isotopic composition of reactor core

Time intervals for reactor operation and shutdown

Neutron flux (thermal, epithermal and fast) during each
time interval

Wigner-Hilkins and spatial self-shielding factors for each
time step prescribed

A description of the nuclide chains to be solved

Absorption and fission cross sections for the fissile and
fertile isotopes, U-235, U-238, Pu-239, Pu-240, and Pu-242

- and any additional transuranium 1sotopes 1nc1uded in the

nuclide chains to be solved.

Within the FLYASH program is incorporated a library of nuclear data for
the major fission products. Three hundred and thirty-four nuclides are
presently listed in the FLYASH library. The following data are
incorporated for each nuclide:

1.

2.

3.

The direct fission yield from each of the four fissile
species, U-235, U-239, Pu-239 and Pu-241

The decay yield from up to two parent nuclides, each of
which must also be included in the library

The 2,200 meter capture cross section

The estimated effective epithermal cross section
The decay constant |

The mean beta energy

The average alpha energy

The yield and energy of each gamma emission for up to 21
photon energies

The decay constant for spontaneous neutron emission

111-11



Using the foregoing information, FLYASH calculates the effective
reaction rate for each isotope using two neutron energy groups. The
inventory of each fission product and transuranium nuclide is then
calculated using these reaction rates, the 1ibrary information on yields,
decay, etc., and the appropriate equations for buildup and decay of
radioactive nuclides. The equations solved in FLYASH are given in Ref.
11 along with a comparison of calculated isotopic contents using FLYASH
with measured isotopic contents of irradiated fuel.

The LEOPARD code(g) was used to generate the input required by
FLYASH-II. LEOPARD is a zero-dimensional unit cell depletion program
which automatically recalculates the spectrum in the unit cell at each
burnup step. The important spatial effects in the unit cell, such as
thermal disadvantage factdr_and resonance shielding are also calculated
at each burnup step. The LEOPARD output provided thermal absorption,
thermal fission, fast absorption, and fast fission cross section data
required by FLYASH-II. In addition, the thermal, epithermal, and fast
flux values, Wigner-Wilkins factors, and self shielding factors were
obtained from the LEOPARD output.

Production of the transuranium elements in FLYASH-II was calculated
in accordance with the flowchart in Figure II1-2 which depicts all the
important nuclide chains. It should be noted that this flowchart is in
agreement with, and is more detailed than, other sources of transuranium
element buildup and decay data.(]2-13) The half lives and neutron
source data for spontaneous fission for the transuranium elements are
given in Table III-6, The corresponding data for the {(, n) reactions
are given in Table II1-7,

3.3 Results

LEOPARD FLYASH-I1 calculations of transuranium element production were
made for the reference PWR fuel design for enrichments of 2.0, 2.68, and
3.35 w/o and for burnups between 20,000 and 45,000 MWD/MTU. The calcu-
lations were performed for continuous operation at a constant specific
power of 40 kw/kgu. Other calculations indicated the effect of changes
“in specific power to be negligible. The resulting neutron source data
n/gml-sec) is shown in Fig. I11-3,
I11-12
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FIGURE I1I-2
DECAY CHAINS USED IN FLYASH
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Table III-6

SPONTANEOUS FISSION DATA FOR
TRANSURANIUM ELEMENTS DEFINED
' IN FLYASH-II

Neutron Source,

Nucli.de S.F. Half Life, yrs. ' n/gm-sec

- *
U-235 1.8 x 107 8 x10 2
U-236 2 x 1018 4.4x10°%"
U-238 gx10'° 1.6x1072"
Np-237 >4 x JI.O15 . -7
. . E 3
Pu-238 4.9 x 1010 2.5x%10°
- *
Pu-239 5.5 x 10%° 3.0 x 1072
Pu-240 | 1.2 x 10t} 1.02x 105"
Pu-242 | 7.25 % 1010 1.7 x10°"
Am-241 1.4x 1083 —
- 6 % 7***
Cm-242 7.2x10 2.3x10
‘ 7 *% - YARZ:
Cm-244 1.4%10 1.19 x 10

* See References (12) and (14)
** See Reference (13)

*** See Reference (15)
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Nuclide.

Am-241
Am-242m
Cm-242

Cm-244

Table III~-7

Half Life for
e Emission, yrs. (¢

(a, n) REACTION DATA FOR TRANSURANIUM
ELEMENTS DEFINED IN FLYASH=-II

Neutron Source from (a,n) -
in Oxvaen n/am-sec

7.1 x 10°

2.42 x 107
4.51 x 10°
2.14 Jc‘m6
§7.4
24,390
6600 ,
3.87 x 10°
433

152

162.5 days

18.1

1.09 x 10
3.19x 10

1.71 x 10
(2)

1.4::104

4..5 b < 101

l.7x 102

(b)

1.79 x 10‘l

2.45 x 102

7

3.62

2.7

2.0x10

4.29 x 10s

(a) Calculated based on ratio of indicated half life of
Cm-244 (Am-242m « decay is only 0.48%. Am-242
result takes this into consideration. Rest are 100%

a decay).
(b) See References (12) and (13) -

(c) See Reference (13)
(d_) See Rcfefcnce (15)

I11-15
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As can be seen from Figure IfI-S. the neutron source from transuranium
elements is strongly dependent on initial enrichment as well as fuel burnup.
For the enrichment of 2.68 w/o, the neutron source strength increases from
1.2x 103 to 2.1 x ll'J3 n/gmU-sec as burnup increases from 35,000 to
40,000 MWD/MTU. At a higher enrichment (3.35 w/o) the neutron source at
40,000 MWD/MTU is substantially reduced (1 ..‘»xlO3 n/gmU-sec). The fuel
with the higher U-235 content produces relatively more enerqgy by U-23S fission
and relativel& less energy by plutonium fission. In practice it will not be
possible to drive 2.68 w/o fuel to an assembly average burnup of 40,000
MWD/MTU and a source based on this assumption would be unnecessarily
conservative. Therefore the neutron source was based on an initial enrich-
ment of 3.35 w/o0. Applying the specific 'source results of Figure III-3 to an
assembly with an average burnup of 40,000 MWD/MTU with the end of life
distribution shown in Figure III-1 results in a total neutron source strength

of 7.55 x 108 n/sec for the design basis FWR assembly.

The energy spectra for neutrons coming from spontaneous fission and from

( a,n) reactions are given in Reference 15 for both Cm-242 and Cm-244. For
both isotopes the spectra were weighted by the relative contributions of sponta-
neous fission and (a,n) and put into the enerq:f structure used in the shielding
studies. The resulting combined spectra are shown in Table III-8 along with
the spectrum for neutrons emitted from thermal neutron fissioning of U-235.
-For a given fuel condition the spectra from the separate isotopes Cm-242 and
Cm-244 can be combined based on the fraction of neutrons emitted from the
two isotopes. For the reference PWR fuel at 3.35 w/o and 40,000 MWD/MTU,
FLYASH-II results gave 32.6% of the neutrons 'emitted by Cm-242 and 67.4%
by Cm-244. Using these weighting factors the combined spectrum for Curium
neutrons is shown in Table III-8,

4.0 DECAY HEAT

As previously described in Section III-2.0, the total decay heat (gamma + beta)
for the reference PWR assembly at 40,000 MWD/MTU and 150 days cooling

111-16
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FIGURE 11-3
TRANSURANIUM ELEMENT NEUTRON SOURCE PRODUCTION
IN PWR FUEL AS A FUNCTION OF FUEL BURNUP
 FULL POWER, 150 DAYS COOLING
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Table III-8

NEUTRON SPECTRUM FROM CURIUM

Fission

Group  Energy Cm-242 = Cm-244  Spectrum
I >3.0Mev  0.358 0.231 0.093
m 1.4-3.0 0.415 0.367 0.208
m 0.9-1.4 0.100  0.174 0.238
IV  0.4-0.9 0.107 0.190 0.225
Vv  0.1-0.4 0.020 0.038 0.137
<0.1 - - ~0.1

I11-18

Combined
. Cm Spectrum
(E=3.35 w/o
40,000 MWD/MTU)

0.273
0.383
0.150
0.163

0.031



6.0

1s 9.85 kw/assembly due to fission product decay. The contributions of
betas and gammas are approximately equal. Energy associated with neu-
trons and fissfoning in the subcritical assembly is negligible. In
addition to the heat from fission product decay, there is heat generated
by the decay of the transuranium elements. This contribution was ob-
tained from the FLYASH-II calculation described in Sectfon I11-3.3 and
was equal to 0,78 kw/assemb]y. For the reference PUR assembly over 95%
of the decay heat from transuranium elements is due to « decay in the
Curium isotopes. The total decay heat source due to fission products
plus transuranium elements is then 9.85 + 0.78 = 10.63 kw/per assembly.

BWR SOURCES

Calculations similar to the described above were carried out to
determine the source strengths associated with two BWR fuel assemblies.
The BWR design conditions were taken as 197 kgU/assembly, E = 0.0265 w/o,
27 kw/kg, 34,000'MND/MTU, and 120 days cooling time. The resulting
source strengths for two BWR fuel assemblies are shown in Table III-3.

As can be seen from this Table, fhe PWR source is the 1imiting design
condition.

HIGH BURNUP PWR SOURCES

Additional analysis has been performed relative to the transport of
PWR assemblies with burn-ups up to 56,000 MWD/MTU, as referenced in the
notes of Tables III-1 and III-3.

~ The analysis demonstrates that high burn-up assemblies that meet the
following conditions are ;cceptable for transport:

Maximum Average Initial Enrichment 3.35 w/o

Maximum Initial Uranium Content 475 kg

Gamma Source Strength - : 1.0 x 1016 Mev/seC
. Neutron Source Strength _ 1.86 x 109 n/sec

Thermal Output Less than 10.6 kw

Minimum Cool Time* 150 days

Assembly Weight (including any additional

rods) 1600 pounds

*Cooling time may be less than 450 days, provided that an ORIGEN cal-
culation shows that the neutron and gamma source strengths, and the
decay heat, are less than those values given in this table.

I11-19



For each assembly to be shipped, the thermal output (decay heat) and
the gamma and neutron source strengths must be calculated by the ORIGEN
computer code. In addition, the neutron shield water must contain one
percent boron (by weight). Typically, the required reduction in gamma
and neutron source strengths of the high burn-up assembly is achieved by
cooling after discharge, which also reduces the decay heat output. The
assembly may contain additional fuel rods secured in the. thimble tubes,
provided that all of the above criteria are met.

Provided that the high burn-up assembly meets the above criterfa and
the other conditions of the license, the criticality, structural,
thermal, and shielding considerations are summarized as follows:

The NLI-1/2 cask is currently licensed to carry PWR fuel enriched to
3.7 w/o U-235, which is reduced to 3.35 w/o if fuel rods are carried in
the assembly guide thimbles. A detailed criticality analysis is not
necessary because the enrichment of the high burn-up assembly must be
equal to, or less than, the licensed limit and subcriticality is assured.

No thermal analysis is required because the decay heat to the high
burn-up assembly is required to be equal to or less than the licensed
fuel decay heat.

The ORIGEN code provides gamma and neutron source strengths as a
function of cool time. The requirements for the high burn-up assembly,
as presented above, are that the gamma source strength be less than the
design gamma source term of the cask. The neutron source strength may be
as high as 1.86 x 109, provided that the neutron shield tanks contain
boron to provide additional neutron shielding. A gamma and neutron
shielding analysis is presented in Section IX, verifying that adequate
neutron shielding is provided.
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7.0 METALLIC FUEL SOURCES

Additional analyses haﬁé‘%een performed relative to ‘the transport of up to 21
rods of metallic fuel. These rods are 53.75 kgl per rod nominally, using natural
uranium metal fuel. The burnups achieved by these rods are low compared to PWR
fuel, as shown in Tables I1I-1 and III-3.

The ORIGEN computer code was used to calculate the source terms given below. The
analyses show that up to 21 metallic fuel rods that meet the following conditions

are acceptable for transport.

Maximum Average Initial Enrichment
Maximum Initial Uranium Content
Gamma Source Strength

Neutron Source Strength

Thermal Output

Natural, 0.711 w/o U-235
54.5 kgV

5.97 x 10" MeV/sec.
1.07 x 10° n/sec.

35.7 watts

Minimum Cool Time | 365 days

8.0 PWR AND BWR ROD SOURCES

Additional analyses have been performed relative to the transport of up to 25
rods of PWR or 25 rods of BWR fuel with burnups of 60,000 MWD/MTU' and 75,000
MWD/MTU respectively, and cool times of 150 days minimum in both cases. The
total sotirces for rods of either fuel type are lower than the high burnup PWR
fuel as shown below. The analyses show that up to 25 PWR and 25 BWR rods, with
the sources given, are acceptable for transport.

PUHR . o
High Burnup PWR Rods* Percent Of
Source_Type PWR Assembly (25 Total) High Burnup PWR
gamma (MeV/sec) 1.0x10% 4.04x10" 40.4%
neutron (n/sec) 1.86x10° © 1.12x10° 60.3%
Heat (kW) : 10.63 1.65 16%
BWR ,
High Burnup = BHWR Rods Percent of
Source Type PWR Assemblies (25 Total) Design Basis BHWR
gamma (MeV/sec) 1.0x10% 7.54x10% 5%
neutron (n/sec) 1.86x10° 3.5x10° C19%
Heat (kW) 10.63 4.0 38%
: _ Revised
Oct. 1986
. , ' Feb. 1987
23 PWR Rods at 60,000 MWD/MTU and 2 PWR Rods at 65,000 MWD/MTU. -May 1987
: Jan. 1990
Oct. 1990
Feb. 1991
111-20a Apr. 1992




9.0 MARK 42 FUEL ASSEMBLY SOURCES

Additional analyses have been performed relative to the transport of
the Mark 42 fuel assembly. The assembly initially contains 3.350 kilograms
plutonium with an enrichment of 78.28 w/o plutonium-239.

The CANDU data librarf for the ORIGEN-2 computer code was used to
calculate the gamma source terms given below. Neutron source terms were
based on actinide compogition calculations made by Savannah River personnel.
The analyses show that any Mark 42 fuel assembly that meets the following
conditions is acceptable for transport.

Maximum Initial Weight of Plutonium 3.350 kg

Maximum Pu239 Concentration : 78.28 w/o

Gamma Source Strength . 5.80 x 101“ MeV/sec
Neutron Source Strength 1.20 x 109 n/sec
Thermal Output 0.45 kW

10.0 MARK 22 FUEL ASSEMBLY SOURCES

Additional analyses have been performed to support the transport of two
Mark 22 fuel assemblies. The assembly is similar to the previously licensed
Mark 42 assembly in design. The Mark 22 is, however, composed of 3.2
kilograms of uranium-235 with an enrichment range of 66.0-80.0 w/o
uranium-235. An enrichment of 66.0 w/o uranium-235 was used for the source
calculations, because it yields the limiting source terms for 4.85 kilograms

of uranium.

The LOR-2 version of ORIGEN2 available from Babcock and Wilcox was used
to calculate the source terms given below for the two assemblies. The
sources calculated were compared to values supplied by Savannah River
personnel and were found to be conservative.

Maximum Initial Weight of Uranium 4.85 kg/assembly
0235 Concentration 66.0 w/o
Gamma Source Strength 9.753 x 1015 MeV/sec
Neutron Source Strength 7.872 x 105 n/sec
Thermal OQutput 3.451 xW

Page added

August 1988

Revised

February 1990 III-20b
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11.0 FUELS TO BE TRANSPORTED

The following fuels have been evaluated for transport in the NLI-1/2 cask:

One irradiated PWR uranium oxide fuel assembly with 1limiting
characteristics as specified in Table III-3. The assembly may be
shipped in either Configuration (A) or (B).

Up to two irradiated BWR uranium oxide fuel assemblies with limiting
characteristics as specified in Table III-3. The assemblies may be
shipped in either Configuration (A) or (B).

Consolidated PWR or BWR fuel rods with 1imiting characteristics as
specified in Table III-3. Consolidated fuel rods must be shipped in
Configuration (A). Consolidated fuel analyses are located in
Paragraphs 4.11 of Section VIII, 4.3 of Section IX, 10.0 of Section X
and Appendix E of Section XI.

Up to 4 canisters containing either Fermi-I or EBR-II Blanket metallic’
fuels with limiting characteristics as described on pages X-24 and X-
32. These fuels must be shipped in Configuration (C). Evaluations of
these fuels have been included to provide the supporting analyses for
Configuration (C). The criticality evaluation for this configuration
is located in Paragraph 10.8 of Section X. The structural evaluation
for this configuration is located in Appendix F of Section XI.

Up to 21 irradiated research reactor metallic fuel rods with limiting
characteristics as specified in Table III-3. Sound research reactor
metallic fuel rods must be shipped in Configuration (D). Evaluations
for this fuel are located in Paragraphs 4.12 of Section VIII, 4.4 of
Section IX, 10.4 of Section X, and Appendices D and G of Section XI.
Analyses have also been performed for transport of up to six
individually encapsulated failed metallic fuel rods. This analysis can
be found in Appendix H of Section XI. Up to three failed rods may be
shipped in the normal Configuration (D) three-hole basket. Up to six
failed rods may be shipped in the Configuration (D) six-hole basket.

Page Added
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f. Up to 25 irradiated PWR fuel rods or 25 irradiated BWR fuel rods with limiting characteristics as ‘
specified in Table III-3. PWR rods with burnup in excess of 45,000 MWD/MTU and BWR rods with
burnup in excess of 50,000 MWD/MTU must be shipped in Configuration A. Evaluations of these
payloads are found in Paragraphs 4.13 of Section VIII, 4.5 of Section IX, 10.5 of Section X and
Appendix D of Section XI.

g. One irradiated Connecticut Yankee fuel assembly with limiting characteristics as specified in
Appendix G of Section X. As described in Appendix G, this assembly may be shipped in either
Configuration (A) or (B). The evaluation for the Connecticut Yankee fuel assembly is also in
Appendix G of Section X.

h. One intact or sectioned irradiated Mark 42 fuel assembly with limiting characteristics as specified in
Table I1I-3a. This fuel must be shipped in Configuration (C). Supporting evaluations are located in
Paragraphs 4.14 of Section VIII, 4.6 of Section IX, 10.6 of Section X and Appendix D of Section XI.

i. One sectioned or two intact irradiated Mark 22 fuel assemblies with limiting characteristics as
specified in Table III-3b. This fuel must be shipped in Configuration (C). Supporting evaluations are
located in Paragraphs 4.15 of Sections VIII, 4.7 of Section IX, 10.7 of Section X and Appendix D of
Section X1.

j- Solid, non-fissile, irradiated hardware and neutron source components with source terms below those

specified in Table III-3 for one PWR fuel assembly.

k. Byproduct and special nuclear material in the form of irradiated uranium and plutonium oxide fuel
rods. Prior to irradiation, the maximum average enrichment in U-235 plus plutonium not to exceed
3.7 weight percent and the maximum enrichment not to exceed 4.0 weight percent. The maximum

mass of U-235 plus plutonium not to exceed 4.0 kg.

Page Added

Feb. 1991

Apr. 1992
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SECTION 1V

Compliance With 10 CFR 71, Chapter 1

Section of
Part 71

Requirement or Subject
of Provision

Assessment of Compliance

71.22
71,22(a) (1)
71.22(n)(2)

71.22(a)(3)

71.22(a) (3) (1)

Package Description

Groés Weight

Model Number

Specific materials, weights,

dimensions, and fabrication
methods

Rec't.aptacles, identifying the

one which 1s considered to be

the containment vessel,

Shipping configuration with inner container.
The maximum gross weight of the cask is 48,000 lbs.
The model number of the cask is NLI~1-2

The welghts of the cask components are given in Section

VII, "Weight Calculations". The materials of constructim '
are given in Section VI, "Materjal Specifications”. Fab-
rication methods are described in Section XII , "Manufact-
uring and Quality Control”.

The cask structure consists of inner and outer stainless
steel cyllnders which are joined by statnless steel forgings
at each end. The annules between the inner and outer
cylinders contain a composite lead/uranium gamma shteld,
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 an
inner container whith has its own closure head, and is fitted

~with an aluminum basket which supports the fuel. This

inner container is considered the primary containment vessel
while the cask cavity is considered as the secondary con-
tainment vessel. :




Scction of
Part 71

Requirement or Subject
of Provisjon

S e = 8 Se s G e e e o - ma—acr e S s m e——— b ———

Asscssment of Compliance

71.22(a) (3)(11)

71.22(a)(3) (111)

71.22(a)(3)(iv)

Non-fissile neutron
absorbers or moderators

Internal and external
structures supporting or pro-
tecting receptacles

Valves, sampling ports, lift-
ing devices, and tie-down

. devices;

s o . e —————

There are no special materlals used as non-fissile neutron
absorbers or moderators. The fissile contents of the cask
are so limited that the use of poison materials is not
required to maintain the cask at subcritical condition.

For further discussion see Section X "Criticality Analysis®,

The fuel 18 supported within the primary containment vessel .
by an aluminum basket. The aluminum basket is made up of
four pleces of aluminum approximately 150 inches long. Each
plece of aluminum is shaped to form a segment of a circle.
The internal flat face of each segment forms a square which
supports the fuel for its entire active length, The four
aluminum pleces are held in position by circumferential
aluminum straps which are welded to each aluminum seg-
ment. The aluminum basket and fuel are supported axlally

- by stainless steel weldments.

The primary containment vessel (Inner Container) flange 1s
supported and bolted to a step which 1s machined into the
head end forging of the cask body. '

The ends of the cask body are fitted with impact structures
which are aluminum weldments filled with balsa wood.

There are two (2) penetrations thru the cask body which
exit in the closure head cavity region. The valves are
located in the head end forging. There are two (2)

penetrations thru the inner closure head. Both valves
are the bellows seal type as manufactured by Hoke. The valve

(
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Assessment of Compllarnce

71.22 (a)(3)(lv) codt.

and bellows seal are made of type 316 stainless steel and-
have a operating temperature range of ~320° to 1500° p
The valves are deslgned for liquids and gases of radlo-
actlve, reactive or toxic nature, llquid metals and cryogenic
service, o

The water jacket is fitted with a 5100 series circle seal .
relief valve. The fill and drain valve is a Snap-Tite ~

valved coupling, 300 series stainless steel. The integiall
expansion tank has an overflow pipe which is also fitted with
a Snap-Tite valved coupling or may be fitted with a stainless
steel 3000# pipe cap.

c |
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 trunnlon 1s mach-
Ined from a solld bar of stainless steel. The top forging of
the cask body provides a more than adequate foundatlon- f% )
the trunnton. : e

Tle-down of the cask to the traller Is accomplished by a set
of trunnlons which engage sockets machined into bottom
forging of cask and a saddle arrangement at the head end

of the cask. The trunnion arrangement acts as a plvot to
rotate the cask from a vertical to horizontal position on the
traller bed. The trunnions support the cask In the horizontal .
position and provide the necessary restraint for the vertical
and transverse acceleration components of 2G and 5G re-
spectively. The head end of the cask has two machined
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71.22 (a) (3) (1v) " rings spaced some distance apart which engage a mating
cont. . ring sectlon In the front saddle. A bolting block which Is

welded between the two rings on the cask provide the tle-
down polnts between the cask and the saddle. This
arrangement Is capable of withstanding the specified accel- )
eratlon components of 2G vertical, G transverse, and

10G In the dlrection of travel without generating stresses In
excess of the yleld stress In any materlal of the package.

71.22 (a) (3) (v) Structural and mechanical Decay heat 1s removed from the fuel to the cask first by
means for the transfer and thermal radlation and condiiction through a helium fllled
dissipatlon of heat, Inner container and then through the cask sides and ends ,

by a combinatlon of conduction, natural convection In the
water filled neutron shield, and natural convection and
radiation from the surfaces of the cask. Helium
was selected because it is a chemically inert gas
and does not become radioactive. Helium is only
slightly soluble in water, and will neither burn
nor explode. Being completely inert, there is no
reaction with the materials used in the construction

of the cask nor with the spent fuel .elements being
‘shipped. Thermal radiation augments the conduction
heat transfer across well established air gaps with-
in the cask. Being entirely passive, this means of
heat dissipation is highly reliable.

71.22 (a) (4i Identification and volumes Being a dry shipment with passive heat removal,
) of any coolant and of re- there is no coolant associated with the package.
ceptacles containing cool-
m‘t.
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71.22(b)(1) Identification and maximum See Section III, "Fuel Description and Source Data".
: radioactivity of radioactive _
constituents
71.22(b)(2) Identification and maximum See Section III, "“Fuel Description and Source Data®.
quantities of fissile con-
stituents
71.22(b)(3) Chemical and physical form See Section III, "Fuel Description and Source Data". .
71.22(b)(4) Extent of reflection, the See Section X, "Criticality Analysis”. o
amount and identity of non- '
fissile neutron absorbers
71.22(b)(5) Maximum weight of‘contents The maximum weight of a fuel assembly(s) carried in the
cask is 1600 pounds. The maximum weight of a consolidated
_ fuel canister is 2934 pounds.
71.22(b) (6) Maximum amount of decay heat The maximum decay heat generated by a fuel assembly(s) in
. . the cask will not exceed 10.63 kw
71.23 Package evaluation
71.23(a) Demonstrate that the package The cask satisfies the standards in Sub-Part C. See a
satisfies the standards Sub-Part "C" below. : 5T
specified in Sub-Part C o ‘ - ‘
71.23(b) Fissile Class 11 Not applicable
71.23(c) Fissile Class III The fissile contents of the cask are so limited that the use

of poison materials is not required to maintain the cask at

0661 330
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71.23(c) Cont.

71,24

SUBPART C

71,31

71.31(a)

71.31(b) :

Fisslle Class I1I

Procedural Controls

General Standards for all
Packaging

Packaging shall be of such
materlals and construction
that there will be no signif-
icant chemical,galvanic,or
other reaction among the

. packaging components.

Packaging shall be equipped
with a positive closure which
will prevent inadvertent open-

ing. ‘

subcritical conditlon, Operating procedures and check-off
lists will be used to control the loading, unloading and

handling of the cask. Accldent control and recovery plans
will be established In accordance with local and federal re- -
gulations, '

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

There will be no significant chemlcal,galvanic, or other
reaction among the packaglng components, or between the
packaging components and the package contents. The
fuel Is carrled In an aluminim basket which Is housed In
the stainless steel Inner contalner. The cask body is a
stalnless steel weldment, Reaction between the uranium
shield and the stalnless steel Inner shell is prevented by
a layer of flame-sprayed copper applled to those areas of
the stalnless steel shell where maximum temperatures are
predicted. There is no reaction between the lead and

uranium shield materials in the temperature ranges predicted
during and after the fire accident conditions.

Ref. Reactor Handbook, 2nd Edition, Volume I, Materials.

The double containment svstem utilizes two separate closure
heads. ‘The inner head is held in place by 12 stud bolts, 1"
in diameter. ‘The outer closure head is held in place by 8
bolts, 1" in diameter. Removal of the closure head requires
deliberate action and the use of tools.
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71,31 (c) (1)

71.31 (c) (2)

71.31.(c) (3)

71.31 (c) (4)

71.31 (d)

1 71.31 (d) (1)

- Tilé-Down Devices

Sectlon of Requirement or Subject
Part 71 of Provision Assessment of Compllance |
71.31 (¢) Lifting Devices

The cask lifting structure 1s capable of supporting 3 times
the welght of the loaded cask without exceeding the yleld
strength of the materfals involved, See Section XI, L
"Structural Analysis”,

The closure head lifting structure is capable of supp&?ﬂhg

3 times the welght of the closure head without exceeding the

vleld strength of the materlals Involved. See Section XI,
"Structural Analysis”, L

The only structure avatlable for lifting the entire cask Is
the structure Intended for that purpose,

The fallure of any lifting device which is a part of the cask

" would not Impair the contalnment or shielding properties

of the cask. .

When the acceleration deftned by this section are applied
to the cask the resulting stress In any materjal of the
cask does not exceed the yleld point of the material
Involved. See Section XI, "Structural Analysis”,

-
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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 abllity 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 lté 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 ltsA vield strength,

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

?1.33 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 Slngle

Package
71.34(a) (1) Normal Transport See 71.35 below.
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71.34(a) (2)

71.34(b)

71.34(c)

71.35

71.35(a) (1)

Hypothetical Accident

Standards for ndrmal 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 materfals of construction are well known. Analytical
methods for predicting damage to a cask of this size have
been developed and correlated to actual data, Considering
this, and the fact that conservative assumptions have been
used throughout the analysis, mathenatical 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 cask has
been analyzed are the same as those defined in 71,35
and 71.36,

-

Maximum integrity is achfeved by double containment.
Both the inner and outer closure heads maintain their
integrity under the conditions specified in Appendix “A",
See Sectfon XI,"Structural Analysis®,



01-AI

Section of
Part 71

Requirement or Subject
of Provision

Assessment of Compllance

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

Coolant Contamination

Loss of Coolant

Critlcality

Gaometric Form

No leakage of water Into
the containment vessel.

-

The effectiveness of the cask 1s not reduced by the con-
ditions speclifled 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 of ex-
plosion, significantly reduce the effectiveness of the cask.

There 1s no coolant assoctated with the package. The dry
double contalnment system isolates the low pressure cavity
filler gas from the environment under normal condltions

of transport and hypothetical accident conditions., The
coolant activity limits of this sectlon do not apply.

There wlill be no loss of coolant during a normal shipment,
The dry double contalnment system provides maximum Integrity
at low operating pressure.

The cask I8 sub~critical under the normal conditions of
transport. See Section X, “Criticality Analysis*.

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

There cah be no leakage of water Into the cask during normal
shipment. The cask 1s equipped with two separately sealed
closure heads,
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Part 71 ‘ of Provision Assessment of Compliance .

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) (12) Effective Spacing ' Under normal conditfons of transport there 18 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 conditfons of transport no apertures of any
' ' size can occur In the outer surface of the cask.

"171.35(c) Venting The cask containment vessel does not vent to the atmosphere '
under the normal conditions of transport. See 71.35(a) (5)
above, - o '

71.36 Hypothetical Accident

71.36(a)(1) Radilation Dose Rate Following the hypothetical accident condition the highest..
‘ ‘ dose rate at point 3-feet from the external surface cask,
would be 787 mrem/hr, See Section IX,"Shielding Analysis",

71.36(a)(2) Radloactive 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 gaseous
mixture trapped in the dry system. The fmpact structures
on each end of the cask effectively form a protective en-
velope 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 values which pene-
trate the primary container are located on the inner head
and are protected by a rugged outer stainless steel closure
head.




¢l-A1

Section of

Requirement or Subject

Part 71 of Provision Assessment of Compliance

71.36(b) Cuiticality The cask would remaln sub-critlical following the
hypothetical accident sequence specified In Appendix “B*
of this part., See Section X, * Criticality Analysis".

71.37 Evaluation of Fissile Package :

Array

71.37(a) Model Testing Model testing has not been done to evaluate the cask by
the critierla 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. -

71.37(b) Criticality Assumpations The assumptlons made In determining compliance with

© 71.39 (a)(2) comply with this subpart. See Section X..
“Criticality Analysis”.

71,38 Standards for Fissile Class I Not Applicable .

71.39 Standards for Fisslle Class II Not Applicable .

71.40 Standards for Fisslle Class III There will be only one cask per transport vehicle. The ship-
ment remalns’ sub-critical under the conditions of 71.40 (a)
and (b). See Section X, "Criticality Analysis".

71.41 Previously Constructed Not Applicable.

Package
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Part 71 of Provision Assessment of Compllance

71.51 Procedures

71.51 (a) Operating Procedures See Sectlon XV, "Operating Procedures®.

71.51 () inspectlon Procedures All loading, unloadifng and handling operations with the )
cask will be supervised by a qualified representative of '
the licensee who will ensure that the operating procedires
are properly executed. :

71,52 Unknown Properties Conservative values have been assigned to varfables;such
as Isotopic abundance, degree of Irradiation, degree of
moderation, etc, , in all criticallty calculations. The value ,
of Kg¢g calculated are the maximum credlbile values. See
Section X, "Criticality Analysis", :

71.53 Preliminary Detei-mlnatlons

71,53 (a) Defects All materlal of construction will be procured to establlqhed
standards such as but not limited to ASTM, ASME, or A1SI
specifications, A thorough program of quality assurance
including non-destructive testing will be conducted during
fabricatton to insure that there are no cracks, pinholes, un- '
controlled voids, or other defects which could slanificantly
reduce the effectiveness of the package,

Pressure Test Prldr to Its first use the Inner container and cask cavity

71.53 (b)

will be given a helfjum leak test. See Section XII1,
Functional Test Procedures,"”
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71.53 (c)

71.54

71.54 (a).

71.54 (b)

7'1.54 (c)

Marking

Routing Determination

Damage

Neutron Absorbers

Closure

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

Prlor to each use, a visual inspection will be madé of all
accessible surfaces of the cask. See Sectlon XV, "Operating
Procedures* and Section XVI » "Maintenance Program® .

The cask will not contain any special moderators or néutron
absorbers. Therefore, no Inspection 1Is required.

See 71.54 (a) above. In addition, a routfne leak test will

" be performed by the gas bubble method., The formation of

gas bubble streams in a liquid bath locates individual leaks.
This will be accomplished by pressurizing the iInner contatner
to 10 psig with helfum and flodding the closure head cavity
area with water. This procedure 1s carried out prior to
Installation of the outer closure head. The outer closure

head seal 1s checked by pressurizing the closure head and cask
cavity utilizing the closure head cavity drain valve. The cask
is to be pressurized to 10 psig and pressure held for 10
minutes. If there 18 no drop In pressure, the outer closure
head seals are satisfactory.
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71.54 (@)

71,54 (e)

Valves

Internal pressure will not
exceed normal operating
pressure during anticipated
period of transport.

The valves which penetrate the primary system are located
on the inner closure head, The Inner closure 1s protected
by an outer closure head which 1s designed to withstand the
-maximum Internal pressure of the primary system as well as
being structural adequate to survive the hypothetical Impact
condition. Unauthorized access to these valves would be
extremely difflcult If not impossible.

After securing the inner closure head and preforming the
routine pressure test on the Inner contalner, the pool water
remaining In the annulus between the inner container and
the cask cavity shall be pumped out by attaching a suction

‘pump to the cask cavity drain line fitting at top of Inner

closure head. This operation shall continue until there 18 no
flow of water from the discharge side of the pump, at which
time the pump Is to be disconnected from the cask cavity
drain llne fitting. After Initlating the above operation the
evacuation of water from the Inner contalner shall be.accom-
plished concurrently as follows, The pool water remaining

. Inthe Inner contatner will be blown out of the container by
. maintaining the gas pressure In the Inner container and

opening the drain line valve on the Inner closure head, A

‘line shall be attached to the valve so that the water belng

expelled can flow back to the fuel pool. The procedure shall
continue until there Is no flow of water from the drain line at
which time the gas Inlet valve and drain valve on the inner
closure head shall be closed, and the gas supply line
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71.54(e) and the drain llne disconnected.
Cont.

SV

Then, a vacuum pump and guage I8 connected to the Inner con-
talner inlet valve, After connectlng a vacuum gauge to tnner
contalner outlet valve, the Inner contalner Is pumped down to
1.0 Inch of mercury which assures the total removal of water
from Inner contalner, The vacuum pump, gauges and hoses

are removed, after Inner contalner Is returned to atmospheric
pressure. Upon completion of Installation and torquing the
outer closure head bolts, connect a vacuum pump to one closure
head cavlty draln valve. After a vacuum gauge Is connected to
the opposite closure head cavity draln valve, both cavity
valves are opened, the closure head cavity and annulus s
pumped to 1.0 lach of mercury which assures total removal of
water from the cask cavity. The vacuum pump, gauges and
hoses are removed, after cavity s brought to atmospheric
pressure. Pressure testlng of the outer closure head ls also
accomplished, This procedure assures that the pool water In
the annulus between the Inner contalner and cask cavity has been
been completely removed.

Internal pressure under namal shlpping conditlons are not
critical In a dry system. The Inner contalner and cask cavity
wil] withstand an operating pressure elght times greater than
the Internal pressures assoclated with the nomial conditlons
of transport.
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71.54 (f)

71.62

Coolant Contamlination

Records

The cask deslgn precludes release of the radloactlve con-
tents including the gaseous coolant. The coolant Is
considered as belng part of the package cohtents. There-
fore, the restrictions on coolant activity levels are not

.applicable,

A record of each spent fuel shipment shall be preparec_l}fphd
maintained as required by Paragraph 71.62.

=R
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APPENDIX A
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 ' Shipping configuration without inner container. Only those

parts which deviate from the previous assessment are -
addressed in this section.

71.22(a)(3)(i) Receptacles, Identifying the The cask structure consists of inner and outer stainless
one which is considered to be | steel cylinders which are joined by stainless steel

the containment vessel forgings at each end. The annulus between the inner and
outer cylinders contain a composite lead/uranium 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 cavity formed by the inner shell, and is fitted with
an aluminum basket which supports the fuel. The

inner shell is considered the primary containment vessel
while the outer shell is considered as the secondary
containment vessel.

71.22(a)(3)(i11) | Internal and external struc- The fuel is supported within the primary containment vessel

tures supporting or by an aluminum basket. The aluminum basket is made up of
protecting four pieces of aluminum approximately 165 inches long. Each
receptacles piece of aluminum is shaped to form a segment of a circle.

The internal flat face of each segment forms a square which
supports the fuel for its entire active length. The four
aluminum pieces are bolted together. The aluminum basket
and fuel are supported axially by stainless steel weldments.
The basket used in Configuration C is described in Appendix
F of Section IX. The baskets used in Configuration D are
described in Appendices G and H of Section IX.

0661 °"31°0
pasiAdy




v=-Al

Sectlon of Requirement or Subject
Part 71 of Provision Assessment of Compliance
71.22(a) (3)(t1D) The ends of the cask body are fitted with Impact structures
(cont.) which are alumlnum weldments fllled with balsa wood.
71.22(a)(3)(iv) Valves, sampling ports, Mft- .There are two (2) penetrations thru the ca'sk body

Ing devices, and tle~-down
devices; -

which exit in the closure head cavity region. The
valves are located in the head end forging. There

are (2) penetrations thru the imner closure head.

Each penetration is fitted with a stailnless steel

block that is machined and welded to the top surface

of the closure head. The block forms a closed pagsage
from the head penetration to a tapped hole which re-
celves a valved quick disconnect fitting. The block
81so provides a sealing surface to which is bolted a '
stainless steel cap having double "0O" ring gaskets;

one elastomer and one metal. The valves are designed
to withstand all normal and accident counditions. '
Expansion tank is fitted with an overflow line which
determines proper fluid level during filling operations
This line is fitted with a valved quick disconnect
fitting and pressure cap. As an alternate the line may
be closed with a pipe cap in lieu of the valved quick
discounect fitting.

Lifting and positioning of the cask is accomplished
with the use of a lifting yoke which engages a series
of trunnions welded to the top forging of the cask
body. Each trunnion is machined from a solid bar of
stainless steel. The top forging of the cask body
provides a more than adequate foundation for the
trunnion. ‘
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Sectlon of Redulrement or Subject
Part 71 of Provision Assessment of Compliance
71.22(a)(3)(lv) Tle-down of the cask to the traller Is accomplished by a set
(cont.)

of trunnlons which engage sockets machined into bottom
forging of cask and a saddle arrangement at the head end

of the cask. The trunnion arrangement acts as a plvot to
rotate the cask from a vertical to horizontal position on the
traller bed. The trunnlons support the cask in a horizontal
position and provide the necessary restraint for the vertical
and transverse acceleration components of 2G and 5G re~"
spectively. The head end of the cask has two machined rings
spaced some distance apart which engage a mating ring sec-
tion In the front saddle. A bolting block which 18 welded
between the two rings on the cask provide the tle-down
points between the cask and the saddle. This arrangement
Is capable of withstanding the speclfied acceleration com-
ponents of 2G vertical, 5G transverse, and 10G In the
direction of travel without generating stresses In excess of
the yield stress In any material of the package.
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71.22(a)(3)(v)

71.31(a)

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

Packaging shall be of such
materials and construction that
there will be no significant
chemical, galvanic, or other
reaction anong- the packaging
conponents.

Decay heat is removed fram the fuel to the cask first by
themmal radiation and conduction through a helium filled

cask cavity and then through the cask sides and ends by

& combination of conduction, natural convection in the

water filled neutron shield, and natural convection and = !
radiation from the surfaces of the cask. Helium was select-
ed because it is a chemically inert gas and does not become
radioactive. Helium is only slightly soluble in water, and .
will neither burn por explode. Being chemically inert, there
is no reaction with the materials used in the construction

of the cask nor with the spent fuel elements being shipped.
Thermal radiation augments the conduction heat transfer

across well established air gaps within the cask. Being !
enﬁ:giy passive, this means of heat dissipation is highly

re e. ’

There will be no significant chemical, galvanic, or other
reaction among the packaging conponents, or between the
packaging components and the package contents. The fuel
is carried in an aluninum basket which is housed in the

~cavity formed by the S.S. inner shell. The cask body is a

‘stainless steel welduent. Reaction between the uranium

shield and the stainless steel inner shell is prevented by a
layer of flame-sprayed copper applied to those areas of the
stainless steel shell where maximm tenperatures are predicted.
There is no reaction between the lead and uranium shield
materials in the teaperature ranges predicted during and after
the fire accident conditions. Ref. » Reactor Handbook, 2nd
Edition, Volume 1, Materials.
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71.31(b)

71.53(b)

71.54(c)

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

Pressure Test

Closure

The double contalnment system utilizes two separate closure
heads. The Inner head which welghs 743 lbs. Is held in
place by 12 stud bolts, 1 Inch dlameter. The outer closure
head which welghs 341 1bs. 1s held In place by 8 bolts,

1 inch dlameter. Removal of the closure head requires.. -..
dellberate actton and the use of tools. s

Prior to its first use, the cask cavity and closure head
cavity will be given a hellum leak test. See Sectlon XII1,
Functlonal Test Procedures.," :

See 71.54(a). In addition, a routine leak test will be per-
formed by the gas bubble method. The formation of gas
bubble streams in a liquid bath located Individual leaks.
This will be accomplished by pressurizing the cask cavity

to 10 psig with hellum and flooding the closure head cavity
area with water. This procedure Is carrled out prior to,. -
installation of the outer closure head, The outer closure:.
head seal Is checked by pressurizing the closure head and
cask cavity utilizing the closure head cavity drain valve,

The cask Is to be pressurized to 10 pslg and pressure held for
10 minutes. If thers is no drop in pressure, the outer closure
head seals and closure head cavity drain. valves are satis-
factory.
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Sectlon of Requlrement or Subject
Part 71 of Provision Assessment of Compllance
71.54(e) Internal pressure will not After securing the lnner closure head and performing the rou-

excegd normal operating
pressure durlng anticipated
period of transport.

tine pressure test on the Inner head seal, the pool water
remaining In the cask cavlity shall be removed. The pool
water remalning In the cask cavity will be blown out of the
cavity by malntaining the gas pressure In the cask cavity and
opening the draln line valve on the inner closure head. A
1tne shall be attached to the valve so that the water beling
expelled can flow back to the fuel pool. The procedure shall
continue until there Is no flow of water from the drain line at
whlich tlme the gas Inlet valve and draln valve on the Inner
closure head shall be closed, and the gas supply line and the
drain line disconnected. '

Then, a vacuum pump and gauge Is connected to the cask
cavity Inlet valve. After connecting a vacuum gauge to cask
cavity outlet valve, the cask cavity Is pumped down to 1.0

'| iInch of mercury which assures the total removal of water from

cask cavity. The vacuum pump, gauges and hoses are re-
‘moved, after cask cavity Is returned to atmospherlc pressure.
Upon completlon of installation and torquing the outer closure
head bolts, connect a vacuum pump to one closure head cavity
draln valve. After a vacuum gauge Is connected to the opposlte
closure head cavity dratn valve, both cavity valves are opened,
the closure head cavity Is pumped to 1.0 Inch of mercury which
assures total removal of water from the closure head cavity.
The vacuum pump, gauges and hoses are removed, after cavity
Is brought to atmospherlc pressure. Pressure testing of the
outer closure head Is also accomplished.  This procedure
assures that the pool water In the closure head cavity and
cask cavlty has been completely removed.

( | C
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Sectton of
Part 71

71.54(e) (cont.)

Requirement or Subject
of Provision

Assessment of Compllance

. e acsmcan  cems

Internal pressure under normal shipping conditions are not
critical In a dry system. The cask cavity will withstand an
operating pressure elght times greater than the Internal
pressures assoclated with the normal conditions of transport.

‘
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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

Section Requirement or Subject
of Provision _Assessment of Compliance
173,393 General Packaging Compliance with this part, except as specifically noted
: Requirements below, is described in Section IV, “Compliance with
CFR, Title 10, Chapter 1, Part 71".
173.393(b) Evidence that Package Prior to each shipment, a tamper indicating seal’
has not been illicitly shall be lock wired through the bolts that attach
opened ' the top impact limiter to the cask.
173.393(e)(2) Accessible Surface Temper- Fully loaded, in shade, assuming still air at an anbient
' ature temperature of 130° F,, the external surface of the cask
body will be at a temperature of 375°F. However, the
cask will be totally enclosed in an expanded metal
personnel barrier. The personnel barrier is then the
accessible surface of the package. The temperature of the
personnel barrier will be the same as that of ambiant air.
Sge Section VIII, "Thermal Analysis®.
173.393(h) Surface Contamination . See response to 173,397 below. .
Radiation Dose Rate The cask will be transported by a sole use vehicle. The

173.393(j)

radlation dose rate 6-feet from external surface of the
car or vehicle will not exceed 10 mrem/hr. See Section
IX, "“Shielding Analysis”,



Requirement or Subject
of Provision

Assessment of Compliance

173.397

173.399)a) (3)

Surface Contamination

' Labeling

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

The cask will be labeled Radloactive Yellow III.
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MATERIAL SPECIFICATION
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SECTION VI
MATERIAL SPECIFICATION
The spent fuel shipping cask shall be constructed of the following materials
per their respective speciﬂcatiqns .
i Plate~- |
1, Anegheny‘l.udlum Steel Corp.
Type 216 Stainless Steel -
2. ASME-SA-240, Type 304
Castings-
1. ASME-SA-351, CF8M
‘2.  ASTM-A-451, Gr. CPF8M
Forgings- |
1.  ASME-SA-336, Grade F8’
Bar-
1. ASTM-A-276, fype 304
2. 17-4Ph conditioned per drawing requirements
Lead-
1. ASTM-B-29, Pig Lead, Chemical Grade
Uranium--
1. ASTM-B-41¢ _
2.  NLIndustries, Inc. Specification No. 7605 dated 4/10/72, Issue No. 1
Aluminum-

1. 6061~-T6

Vi-1
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Material Specifications

Pipe-

1. ASTM-3-312, Type 304
2. ASTM-A-358, Class I, Type 304

Pipe Fittings-

2. ASTM=-A-403, Type 304

Valves-
1. ASTM-A-276, Series 300
Tubing~-

1. ASTM=-A-269, Type 304
2. ASTM=-A-213, Type 304

Fasteners-~

1. ASTM=-A-320, Grade L7

2. ASTM=-A-194, Grade 4 or Grade 7

3. ASTM=-A-193, Grade B8

4. Commercial Grade Stainless Steel 18/8

Seals-
1. Metalic O-Rings Inconel X, Sllver plated

2. Necprene
3. Silicone Rubber Compound 1235-70

Substitution of appropriate ASME specification for the specified ASTM
specification 1ls acceptable.
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ECUI® 4300 SERIES 316 SS—

SEE ST R, A HIIK
e e beliows sealed valves (312 orifice)

AFPLICATIONS:

¢ Heat treating furnaces

s Ultre-high vacuums *

* Radicactive, Reactive or toxic fluids
¢ Liquid metals

¢ Crycgenic service

MEXIGUIS OFPERATING PREGSURS:

(heavy wail 316SS bellows) .......eco...... 2000 PSI E 600°F

(light wall 316SS bellows) ............ eeneneeee 400 PSI & 350°F
HIGH VACULL ¢ . to 10~ TORR
TEMPERATURE FANGE -=320° to 1500*F
ORIFICE SIiZE 312
Cv FACTOR 1.3 (maximum)
IHNTERNRAL YOLUME 38 cu. in.
* $ae giossary an page & for explanation
FEATURES:

1. Positive plug return in ail models

2. Back saating of valve stem in el models

3. Gecondary packing pravents escape of process fluid in the
event of bellows rupture o

4. No tarque transmitied to bellows

§. Easy to replace plugs and befiows In gasketed mode!s

6. 316SS Forged body—union bonnat construction for long life

7. 318SS bellows is pressurs formed from seamless lubing

8. Variety of custom modiications (see page §)

8. All weided joinis ars fused using Tungsien arc argon shield

{TIG method)

10. Choose from NPT, pips, pipe extension, or Gyrolck tube
fitting ends .

11. Chaice of globe or angle flow patterns

12 Alr-to-open cor air-to-close operators for ramote actuation
are availzble (see pages 19 and 22)

'y Radam

v Y
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OFERATING PRESSURE VS. CFERATING TEIIFSRATURE
4303 SERIES VALVES
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MIL-C-T413B
2 February 1970

SUPERSEDING
MIL-C-7413A(USAF)
§ October 1955

MILITARY SPECIFICATION

COUPLINGS, QUICK DISCONNECT, AUTOMATIC SHUTOFF,
- GENERAL SPECIFICATION FOR

This specification {s mandatory for use by all Departments and
Agencies of the Department of Defense.

1, SCOPE

1.1 Scope. This specification covers requirements for automatic shutoff, quick-
-disconnect couplings for fuel and oil lines.

1.2 (Classification. Quick-disconnect couplings shall be of the following types and
classes, as specified (see €. 2):- : o

Type I - Fuel Line Coupling . Temperature Range
Class A -65° to +135° F fuel and +160" F ambient
Class B -65° to +200" F fuel and +350° F ambient
Class C - -65" to +300" F fusl and +600° F ambient
Type I - Oil Line Coupling Temperature Range
Class A - Petroleum Oil -65° to +250° F oil and +160° F ambient
(MIL-1.-6082) : '
Class B - Synthetic Oil -65° to+350° F ofl and +350° F ambient
(MIL-L-7808) .
‘Class C - Synthetic Oil ~40° to+400" F oil and+400° F ambient
(MIL-L-23699)

Sizes: Types I and I couplings shall mate with hose and tubing of the following
nominal gizes: 1/4, 3/8, 1/2, 5/8, 3/4, 1, 1-1/4, 1=1/2, and 2 inch.

2. APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on date of invitation for bids or
request for proposal, form a part of this apeciﬂcaﬁ.on to the extent specified herein,

FSC 4730
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4.8 Inspection methods

4.6.1 Examination of product. Each coupling half shall be carefully examined to
determine conformance to the r&gu.lrements of this specification with respect to
design, workmanship, and identification. ,

4.6.2 Tunctional test. Each coupling half shall be manually connected and dia-
connacted five times with a mating coupling half or adapter and with a pressure ag
specified in the detail specification, There shall ba no binding, sticking or any other
evidence of faulty operation. .

4.8.3 _Proof pressure. Each coupling, connected and disconpegted, shall be _sub-

Jected to the proof pregsure Hsted in table Tl Thera shall be no-Hsible-signs of

leakage after 2 minutes minimum of pressurization, . .
4. 6.4 Low gress;ure, -Each coupling, connected or disconnected, shall be subjected
re of 1 to 5 psi. There shall be no

to a2 pressw psi. ) vigible signs of leakage after 2 minutes
minimum af preasurization, ‘

4.8.5 Vacuum. A vacuum of -8 psi (12.2 inches mercury 'gg!;E shall bs applied to
the connected couplings and -3 pal (5. I inches mercury to disconnected
coupling halves. ’Il‘gre sball be 0o visible signs of 16 a8 indicated by a loss of
vacuum, shown vacuum

See figure 2 for a typical test setup.

used, in o minutes at these negative pressures,_

4.6.6 arat connected 200 Himes con-
"secutivaly by hs : 3 ST oupling halves in parfact
‘aligoment with an intern: Sure a3 specified in the detail specification. The

s the tests specifled in 4.8.3 and 4,8.4.

4.8.7 _Spillage. The average spillage (fluid loss) during five consecutive disconnect
cycles at each of tha pressures specified in 3.8.1. 1 shall not exceed the amounts
shown in table 1. This test shall be performed immediatsly following the test specified
in 4.6.8..

4.6.8 Temperature shock, atin lings shall be connected and tasgted in
accordance with tha temperature shock test specified in method 503 of MIL-3TD~ 10,
ouplin

After this test the couplings shall respond freely to connecting sconnecting
qperations and shall be subig?'f?d% and pass the t6sts specified 1o 3. 6.3 and 4. 8. 4.
Thare shall be no evidence of failura. ‘

4.8.9 Pressure drop, The pressure drop through the connected couplings shall not
exceed tha valuss shown in table I when using water as the tast fluid. Ths tests shall
be conducted as recommended in ARP 888. Also, tests shall be conducted over a
range of flows and temperatures completely covering the design capacity of the .
coupling using the fluid for which the coupling is intended a3 a test fluid. The data

shall be presented in the form of curves. Pressure drops shall be conducted in both
directions.

VI.6
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4.6.14.8 Endurance test procedure: The hose and. coupling assemhlies

subjecte & minimum of 200 hours of fluid eirculation and vihration with a2 mini-

mum o cycles of temperature and pressure; each cycle ghall consist of at least
duration, The

20 bours total amplitude of the vibration shall be 0. 050 inch, and the
guency B B S

4.6.14.4 _Cvclic. The test shall be started with the fluid in the conpling at 1 ¢o

2. psig static pregsure, and the ambient temperature ghzall be the low temperature
s%ciﬁed in1.2+5'F, This temperature shall be maintained for a minimum of

4 hours (shutdown Friodz. Fluid eirculation and vibration shall be started and _
maintained for 20 hours. Fluid circulation shall be at a sufficient rate to maintain
temperatures. The operatin : ned

unuorm

pressures

4.6.14.5 Disconnection. At least once during each shutdown period, the coupling

shall be disconnected for 30 minutes and then reconnected.

. 1.6.14.6 Pressure tests after cyclic testing. After completion of cvclic testing,

\_the couplings s subjected to and pasg the proof and low pressure tests of
4.6.3and 4.6.4, and the coupling shall pot exhibit any undue looseness due to wear _
from the vibration,

4.6.15 Vibration
4.6.15.1 Vibration test installation. A complete hosé assembly as used in 4.6.14.1
and coupling assembly shall be installed &s shown on figure <. The coupler half shall
.be connec OSe 85Sse -

4.6.15.2 “ibration test fluid. The test fluid shall be the fluid for which the couplings
were designed except that fuel couplings shall use solvent in accordance with P-D-680,
The couplings shall be pressurized to the applicable operating pressure for the first
vibration test and 10 psi for the second vibration test (see 4.6.15.8),

4.6.15.3 Vibration test procedure, Unless otherwise specified by the procuring
ity, the assemblies shall be vibrated, in each of two mutually perpendicular axes
cording to method 514 of MIL-STD-81 »_procedure ' '
secutive tests ghall be run, one at operating pressure one _at low pressure, on

each coupling (see €. 6. 15, 2).
==ca coup.ing (see 4.6.1

VI-7
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ping shall not exhibit any undue looseness dus to wear &gn_l_thg_vibrat!on.

4.6.15.3 The burst pressure (see table II) shall be applied for 1 minute to the
connected couplings. There shal] be no leakage,

4.6.13.4 Pressura tests 3r vibration. The couplings shall ba sub ected to and

. 4.8.18 Compatibility

4.6.18.1 Fusl couplings

4.6.168.1.1 Fuel resistance and low tam rature, Tha connected couplings shall
satisfactorily complets the fual resistance and low temperaturs tests of MIL-F-8815,
The high temperatures shall be the operating temperatures specified in 1.2, The
test fluid shall ba ag specified in MIL-F-8613,

4.6.16.1.2 Contaminateq fluid end Test fluid containing each typs of con-
taminant and at the concentration specified in table II shall be ecireulated through
‘connected couplings as follows: '

a. With rated flow for 2-1/2 hours

b.  With 10 percent rated flow for 2-1/2 hours. _

The procedures shall be repeated one time, Aftar this test, the couplings shall be '
flushed out with clear fluid and drained, and the functional and leakage tests specified
in4.6.2, 4.6.3, and 4, 8.4 shall be conducted. The couplings shall perform
satisfactorily.

4.8.16.2 o1 couplingsg

mpleta ths
IV. The high temperatures shall be the operating tamperatureg specified in 1.2,

4.6.17 Burst pressure. The burst pressure listed in table IT shall be applied for
1 minuta to the connected coupling at the maximum temperature conditions specified
in 1.2, There shall be no leakaga,

4.6.18 Electrical resistance The electrical résista.nce across the intarface of the

two coupling halves shal] be measured with the couplings in the dry condition. The
resistance shall not exceed 1 ohm. "

vI-8
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precision valves provides the one complete onswer — a combination of abso-
lute leckproof sealing when closed ond virtually maintenance-free operation.

Wherever perfect secling is required, the proven relicbility of Circle Sec! E
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RELIEF
VALVES

5i00 Series
10-2400 £#S!
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DESIGNED TO PROVIDE ACCURATE PERFORMANCE
IN SERVICE WITH VIRTUALLY ALL GASES AND LIQUIDS

Exceptional performonce chorocteristics of the Circle Seal relief valve provide the high
degree of cccuracy end reliabilily essentiol in modern circuit design concepls.

. THE CIRCLE SEAL DESIGN OFFERS:

¢ Zero Leakoge
Vaive will seal deod fight virtually to the cracking pressure.

¢ Deod Tight Resect
Vaive reseats with virtuolly no hysteresis, reseals deed tight only slightly below crocking
pressure.

® Minimum Pressure Rise During Opening
Flow ports cre fully exposed as soon os volve starts to open.

¢ Excellent Fiow Choracteristics .
low rote springs end full perting Insure minimum pressure buildup with increasing flow.

* Adjustabllity
Temper-proof internal adjustment allows setting cracking pressure to exact cirevil require-
ments. Interchengeable spriags cllow chonging cracking pressure ranges,

® No Chatfer or Squea!
Bolanced design end smooth flow characteristics eliminote chatter and squecl.

¢ long, Maintenance-Free Service Life

Zero leck “O™ Ring design prevenls wire drowing ccross seat eliminaling seat rework or
replacement,

Distributers end Represestatives in Principel U, $. Cities

FOIm NO. 3321182

Vi-9

open

In-line construction end full fiow ports permit
maximum flow with minimum increcse in

system pressure.

Spring equolizer transmits fo poppet only
the axial component of spring force. Poppe!
slides smoothly inside bare. “O" Ring mokes
even conicct with conicol secling surface.
With “O" Ring sected, system pressure
forces “O™ Ring fo sec! dead tight.

oy

closed

$pring load is carried by metal-to-meto! seat
which bocks up the O Ring ond prevents !
glicking. Seoling efficiency increcses as pres. ;
sure increases, = :

As valve opens, poris in poppet open.lully
aond eliminote rapid increcie in pressure.
Flow is throttled betwsen poppet shoulder
ond seof, providing segularly increasing
flow area with increasing flow rates.
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CONSTaUCTION DETAILS —

Clrcle Seal 3100 Series relief volves are

available in various motericls to provide

accurate, reliable performance with virtye

aily ait liquids or goses.

Careful inline design provides ease of

- ounting, lightweight construction ond
:eptionat flow characteristics without the

e o—

- e an,

f MODEL NUMBER AND SERVICE RECOMMENDATIONS

womplications arising from pilo! operstion.
. o g pim
Cmc'kng 'pm"‘"‘;i "":7 b.' d"::“ ;" e -'-'.‘.u . ".::::2' mater service
simple internal adiustment or replace- - -
N ¥ R Air, Atcohol. Ammonig, Ammon .
ment of springs. 5159 =2 Sunan Freon 12, Lthylene 'glml. m::“u ".'.357:3&
Fluid (minerst Dasa), MWvdrogen,  Lude O,
MiIL#-5608, MIL-0-608), Mitrogen, Water
TECHNICAL DATA an ~£Se g 2780 F MILP-25732 Same 23 5159
N2 «~=$0° ts 300°F Butyl UQIM
Body and internal Ports....cc.c0evee....Bar Stock $139 ~40° 10 250% ¢ Buna ¥ Aircraft Fuels, Aromatie Fuels, Casoling
Flaish; 333 ~40* o250 ¥ Neoprens Air, Cardon Dioxide, Freom 12, Freon 22, Oxygen
Alumioum. .. 2028 T4........... .A¢%oGlItety an ~40® 19 300° ¢ Neoprene W Wigh temptrature silicate ester Base hydraulic
MILA-S625A, Type ) uu‘n::. Oroaite 8513, 05-45-1 hre
Aluminum. . 6088 T8............A%odlzed §132 =20° ta 350°F Viloa s IRFRA )
MILA-26234, Trpe N s130 ~200 ta 450 # Vitoa A Aromatis Fuets, Carbonm Tetrachloride, MIL-O-
Stainiess Ste8l ....ccounieninnncenans...NORD aog-“g’::ﬂ;"gzi. 0S-43-1, Steamm (ta £00°
SOMAR. .ttt et e e 177 120 ~100° 194504 7 T Chameally inert, Setoble for virtually oM fluice 50
Seals.....eiiuinai.. .. Synthatis Rubber or Teflan et For pressuces beiow 50 or sdove 1200
Crack snd Resest Pressure XS3207 «320° 0 4500 7 Teflon Cryegenic Service.

ACCUREY. v vnnnnne. S0 t on Facing Page Nate: “O" Rings rated for minimum service of ;JO‘P ore net adveriely effected by exposure to =45°F,
Operating Pressur® ...................0-2500 PSI ' - —
Proof PTEssurs....c.ceeeevecennnseeas 3750 PSI
Burst Pressurs......c.cco.ou......0ver S000 PSI
MATERIAL TABLE
materisl fattar
Aleminum ..., .202¢ The.ooiiiiienennn... A

‘ominum ..., . 8068 TR ... einnennn.... AY
~odinless Steel...303 .......v0iniiinnn.. T
b LU £ |

Corpenter 23 .................... T3
EXD CONNECTIONS
coanections letlpr® R 2sssiees
Male Tube, MS33638 ( ANDI0OSE). ............ T e e e e e
Femsle Tube, ANBI00%0.................... s B : :
Maie Tude, MSIISIL.............. ceeee... &M M'.,.prd..g.‘puiodolnmg.-ilhn-yih-pmm
L T | M theie reliaf valves will evidence am opparent high crocking
Femaio Pide .......ovvviiininnnnnnnnnnns P . pressure om first crack, therefore, in receiving inspeciion tests, true
*Tube sites 219 In A,'5; pise sizes In %'s : crocking pressere should be determined ofter the Arss crack,
ADJUSTMENT RANGE AND REPLACEMENT SPRING DATA
vatves srdered In :‘m‘." whieh aefests For replacement xpvinq.l specify t1pring number from table be-
hig range (psi) (meminel of daah sey sver this range. low followed by cracking pressure number (middle column ot
‘1221: 13 1018 teft). EX: 515.50. Excention: in the 1201-2400 psi spring ronge,
20 15.2§ i H
2641 n byt . use 1pring number in brackets.
£2.57 50 £0-60
g:}’ 70 5834 natve sire ' ’
o 100 10-120 1 R
:::;:‘: g‘: l:::l‘l (tvke) 0450 p3l 483.1200 pal 1201.2400 pat
. 180-240 Y 10518
231-23% 30 200-300 ‘. . . o 10e28 ol
218343 300 260380 %% sis 23 528
400 320420 %% 333 543 343
451.573 * 500 -400-600 .
378710 823 $00-750 . 563 813 378
e, = o
1000 6801210 H H H
12011403 1250 (62%) 10701810 Spr:ngn in the 10-450 psj ronge are -ul.ofchcngublo
1£01-1900 1700 (830} 1250-1950 Springs in the 451.3200 pai renge are interchangeable
1901-2400 2009 (1000) 15302200 Springs in the 1201-2400 pai renge ere interchongeabls
N

Distributers and Represantetives in Principel U, 3. Cities
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size — made! $138
MALE TUBE WLET AND

L $158A-4T6.°
% $1992-478-°
Led $1554-318-°
W $1594-1078.°
" 515822218

1 315841678

|  megersiny
PEMALE TUSE OUTLET

$177a-418.°
$1774-678.°
S51774-378.°
17721078
317741218
S5177A-1678-°

PART NUMBER -TAELE

|  masersizs

51334413
$1334.673.°
$133a.818.°
$133a.1078-
$1338-1278-°
S1338-1678-°

$13ga.478-°
51394-818.°
51392-878.°
§1354-1078.°
$1394-1218.*
$1394-1878.°

for wale tube hoth ends, connection designation is 17", Ex: S159A-LTT-180
for pop-efi configuration, connection designation is “T", Ex; S159A.87.150
.C

"yt i

e urt

sice | menergrss

meds! $377

MALE TUST WLET AND FEMALE TUSE GUTLEY

L
%

$159T-478-°
S1SGT.678.
S1397-818-°
$1597-1078.*
S1591.1278.°
S1387-1678.°

hd
“
%

S177v418.
S1777-678.°
1rrere.
$1771.1018-°
17713218
517771618

Craching Protture e oenetec by ° ebeve.

mede! $133

31337438
31331878
$1337-818-°
$1337-1078.°
$1337.2218.°
13311878

| mesersin
S139T.478.°
31391.678-°
s1397-078.°
51357-1078-°
S1397-1218.°
$1387-2675.

1 - For male tube Both ends, connection designotion is “TT, €2; S159T.47T.150
I For pop-efl configuration, connection devignation is T, Ex: 51397.81.150

* Compiere port number must inrtwge Craching Pressure = #sacec By ° obeve

TYPICAL PART NUMSER
INFORMATION

For Mode! Numbers or End Connections net
shown, use Port Number Designation system
on facing page tc develop Part Number.

$1204-478-*
$1204-878.°
$1204-878.°
$120a-10T8-*
5J204-1278-°
$1204-2678-°

ALUMINUM 2C24 T4

mede! $120

$120T-4T78-*
$1207-618.°
31207-478-*
$1201-1078-°
107118
$1207-1618.

303 STAINLESS STEEL

Cracking pressers it defined o3 Sco/min. with gas (.02

Vs

700 800 900 1000

LLl4

O S/ A

/.

600

Ll

TSI

500

sctm for Model 3120 er for C.P. ever 450 psi).

Mazimem pressure st which veive will ersck ln morms!
strwice (nominal eracking pressure plus $%).

Mazimum fectory preset gressure (momins) eraching
pressuce pius 2%).

l Nomina! preset cracking pressure.

1 wine factory preset pressure (mominal cracving

NOMINAL CRACKING PRESSURE

300

N

)7

§ sressure hess 2%).

} Mimmum pressure at which vaive will cract in norma!

200

r.Q

b

service {noming! cracking pressure less $%). Nomerg!
reseat.

| Minimum pressure at which vaive will reseat wm serc

230 300 <00

S0c 609 700

200 so0

ACTUAL CRACK AND RESEAT PRESSURES

1000

| tesnage. (Dotted tine is for Moder 3120,

Bistributers and Representatives in Principal V. 8. Cities
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369 —=3s, 12 7T M7
60 1= 513, 314
- R TTN YT —
s I3 . — -G
- 3 INED
E ol DA S50 — =
é ] |
g lgg L ] | :
“ 8 /A 318, 112 518 34
“ 7 ’ S
< @l I R = SE e
50 é/ T i -
. ' MINIMUM ORIFICE ARPAS
K 173 NS, 12 518, 34 1 (approx., 'i‘lh voive open)
20 / / L /‘L{" Tube I Orifics Areo, 1q. in.
Size 10-1200psf | 1201.2000 psi
15
0 Fi] 50 15 100 125 150 175 200 . % on 028
RATE OF FLOW - SCFM » % 035 028
® 3y 130 035
1 .200 a3
1209 — I8, 34
— ; B ADJUSTING INFORMATION
1000
174 " S100 Series veives ors sdivitedle egproximately
200 — ;‘:.. I,ﬁ - :l;;b of their nemincl 1pring ratings (see p.
600 —— =
Sao /”‘ 3". ll?j s". ," 1 1.2 & o tine, i any
400 i 2 “Sreuk” bedy joint by wrenching hezes, Do
BN _sis, 31a g et vie pipe wrench,
: 325 — 3. insert sppropriote size “Allen™ tey into outlel .
< 250 ond ond edivst 1o dasired cracking prasiwre, |
g 200 4. Hoid hex wrench uetionary relative fe inlet
a 174 end ond tighten body fo lock in adjvsiment.
3 150 ] M8, 112 S8, 34 =
£ 10 — VALVE WEIGHTS
o /14 /31!. 12 (s, spprox.)
75 — - 518, 314 =t 'l siuaisem staistess
50 | - e | 1040 ' asee19 | 10449 | 503919
ua) usju2 5i8, 314 1" n . i ” sl
19—~ ! pd Z w | . .19 43 68
- L7 " £ 20 -] 50 | e
20 / —c/ W .18 a9 o 58
] 1) .50° 78 103 168
. 0 1.00 114
Be 5 75 1w 8 RN Al B~ I .
RATE OF FLOW - G ! With male outlst, 0.48
7Y Y
=.0% =.038 Rax fats
a tube mals suttet female ontict e bety sia.
Am c __l size 10-433  €23-2409 10450 451-2¢00 -85 vt
“ 243 2.08° wn 337 53 e
. N 2.52 142 an 3151 K 1.00
" 2.23 s 229 179 £57 1.00
" LR} 427 400 40 758 1.2%
— % 2.00 350 2 482 254 LI7s
. 1 wn s s.17 587 1 L63s

“For 1200 to 2400 psi.Am is 2.53; hea. flots and body dia. ars 1.09,

**For 1201 19 2400 pai, Af is 3.80; hea. flots and body dia. are 1.00,

Distributers end Rupresentatives in Principal Y. 3. Citien

VI-12
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E SERIES QUICK DISCONNECT COUPLINGS

\

. DEPENDABLE WITH

N

Y

N

VACUUM AND

PRESSURE SYSTEMS
Snap-Tite's E Sericx quick - disconnects
are specifically designed for and have
proved theis performance in vacuum sys-
tems, gravity flow systems and pressure
syslems.

Because of their large inside diameter
and streamliined valve design, E Scries
couplings work as efficiently with vacuum
as with static pressures to 3000 pui (4 7)
size.

The unique E-Packer makes the series
especinlly suitable for vacuum sysiems.
Smaller size couplmgs hold vacuum in
the micron range, in either the connected
or disconnccied position. Ficld reponts
show the %" size capable of pulling
near absolute when coupled.

Features of E Series valved and valved
§uick-disconnects include:

LESS PRESSURE DROP. You benefit
from greater flow with lower pressure
" drop than any other make of quick-dis-
connect with the same envelope size. The
two-piece hody consiruction permits
larger orifices and a vaive chamber 25%
larger than the designated size of the
coupling.

SMOOTHER FLOW. New “Jet-Siream™
valve design maintains a3 clean lincar
flow. Use of pusitive valve stops—made
possible by the two-picce body construc-
tion—combincs maximum strength with
minimum flow restrictions and elimi-
nates the possidility of valve float.
Smooth flew is further insured by re-
cessing the valve washer in the body of
the coupler and nipple. Positive position-
ing of valve maintains 3 stcady, even
flow under all conditions.

INSTANT FLOW ON CONNECT. Valves
oren awtomatically when halves are con-
nected to permit full, free flow.
POSITIVE SHUT-OFF ON DISCON-
NECT. Valves automaticaily and com-
pleiely shut-uff at both cnds when knes
are disconnected.

FAST OPERATION. Conncct or disson-

nect in sceonds. without tools. Te con-
nect. pull back sleeve, push coupler onto
nirple and releuse sleeve. To disconnect,
pult back the sleeve . . . coupler and
nipple halves scparate.

DEPENDABLE OPERATION. The ball-
leck miechanism is the simplest, most
velinble type in use, providing positive
sonnection under any operating condi-
tien. Ball besring and sleeve enpagement
permits  360° c\u\e! action, preveating
build-up.of hue wrque. Hardened ain-
less stecl balls give exira-lung service.
Ball ruce is radinwed to provide line
contact and spread the load.

TIGHT SEAL CONNECTED. Snap-Tite's
exchinive E-Packer insures a  powitive
scal under vacuum and pressure, enables
the E Qeries 10 tuinedle 3 wide range of

rasinvg
RALL LOCK DLSICN

W3 PIFCE 220Y
CONY RLITICN

[AETT1Y]
L salaik SEAL

AN ,
e rfmm
LT STRLAN !I“]
Laxe _
s i L ﬂi;ﬁ;j
e ey | T uu:w
. N\

CADMIGKE SuEawATE o B &7 =T
MATED SURTAZELS
. NARDENLD

SLEDT

the E-Packer partially compresses to pro-
vide a form fit between coupler and
nipple. It maintains a reliable sea! even
after swelling as much as 2550 —= pro-
viding capatility far teyond that of
normal rubber seal designs while saving
the expense of special seal materials.
The unique E-Packer seal contact pere
mits the use of high temperature seal
materials without the danger of leakage
duc 1o sea! shrinkage and tearing - a

common occurrence with normal butt _

scals or peripheral seal configurations.

TIGHT SEAL DIS-
CONNECTED. The
poppet has 2 metal-
to-metal stop to con-

[""* P \~ the vaive O fing seat
Eomezsse| .

H This seal is recessed

= Povcaieng o, ==

and wedged in the

cocupler or niople
= ‘.‘:- fsg body to keep it in
enegdp A place. The metal-to-
Eo o hmiaas baicd mcial contact of the

valve «ith cougler
or nipple body is designed to control
compression of the valve seal, eliminat-
ing wear and increasing sea! life. To as-
sure that vacuum is _held. extra-strong
springs are furnished in the coupler and
nipple valves.
CORROSION RESISTANCE. The steel
E Sories coupling is plated with heovy
‘cadmium chromate that resists corro-
sion while enhancing appearance.
STRENGTH. Coupling bhodies in sizes
through 2” are machined from solid
bar stock. The two-picce body construc-
tion with O-rmg adapter ssals provides
built-in safety relief at ultimate pres-
sure {imits,

VERSATILITY. Wide chuice of standurd
and speeiai veul materiah enables E Sceriey
to hundie a grear variety of fluids.

THREE CCMEINATIONS

1. Double shut-off coupling: Valved .

aipple and va.ved cuupler.

2. Single shut-off coupling: Plain nip-
ple ind valved coupler.

3. No shut-off cuupling: Pliin nipple
gad plain counter,

All combir V1= the same size are

! (st ; : E .
: u N FITTLT MRS

v 'D Mi!l&

WiIDE SeaI1nt 08
STAL €O QUNIS

@:1* v R :,.. =
'~ geam— — p L §
'“- O-h.:. SO, ctieisn
4 ——

—— .n—-'*.:"‘

r.:'” p— F—- z\n.“—

m—_ =5
- ‘4—-—- apuen Id"——

— S

Plain eoup!crs are NOT used with vabed
nipples == valve ia nipplc cuspot be
actuated.

TWELVE SIZES. v~ %=, 14", 35", 1"
e, 11", 2", 21/~ 37, 4" §~. Other
sizes on request.

TEN END FITTINGS. Female NPT.
\Male NPT, Hose Shank, AND 12050
{female). SAE Female, MS33656 (m..let.
SAE (IC) 37° Male Flare, M333514
{male), MS33657 (bullhesd), MS33SS
(bulkhead). Other fittings oa request.
FIVE METALS. Heat-treated ailoy siec!,
brass. aluminum, 303 stainless, 316 stain-
ims. Oiher mctals on reguest.

EIGHT SEAL COMPOUNDS. Cheice of
eight basic E.Packer and O-Riag seal
compounds, plus a variety of «pesials.
Sce Pacier Usape Guide for detals.

FINISHES. Cadmium chromute steel,
anodized aluminum and passiviiied stan- .

less steels. Electroless nichel, chrome,
nickel and other fininhes on regucst.
CAFPS AND PLUGS. Dust caps. pres.ure
caps or dust plugs protest disconnc.icd
couplers or pipples Trom Jamage. Jirt and
other contaminants. See back page.
SLEEVE LOCK. Prevents accidentsl dise
cunnection of n.uuplmg slccve c..nnn' te

« 1T 36T
s&it

'-'c?
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E SERIES VALVED C OUPLINGS WI'I‘H END FITTIN G—‘;/

Valveéd Couvplers
Basic Coupler Designation: VEC

—_ |

s i

b

=1 ;

With Female NPT (-F) With MS33657, Bulkhead (-57) |
e — e __ ;

[ —A T3 1T
1L l.[_4 s ¢ ) ’
=] 1 o ! TS
With Mate NPT (-M) With Hose Shank (-H) ;
—— e N
- : °T i
F 11T M P
" - . i ! H t uo ? :
ey | L i

With AND 10050, Female (-50) With MS32514, Mais (-14)

or SAE Female (-EF)
4 p— Fr—nf

—

== -7
|
]
!

.i.:
I: $ -

" With MS33655, Male (-56) With MS3351S; Buikhead (-15)

.or SAE (JIC) Mals (-EM)

-. Valved Nipples
Basic Nipple Designation: VEN

b e e rumem e o

Din!:)y‘nsions (Inckcst
]"h %- l&' %n 1~ 1|/‘n l%' 2 th- 3” | s
Al % |12 INJIK %2 4 135 |ex. | 4y %1 8

1% {15 06| 1% |26 | 2% [ 2% | 3% [s%e | i | e%cfione

163119012097 2.42| 2.67 { 3.58 | 3.27 | 3.92 J4.53 | 477 | s.n) a.m2

]
¢
] 1531183133} 2116 2290 2.59) 298 352/4.20 | 433 | 5.1 L 31

gt hsolusal2ael 258|274 339 a2 {aus

’ 153 11.69{1.20) 2.18 | 2.32] 2.59 | 254 | 3.50
N 3 (10 10| 208 ) 232 -
‘—4 0.55 10.63 | 9.69 0.8 | 0.0 0.79 josa |1a2 122 'y Tl

A chsam G_f‘.m 249 us“z;ss 3.50 410 | aas | 507 241

] l:.u 153 [usr | 199|200 | 230 {262 [ 308|378 | e.00 | 5.37) :u_

n <70 |1.09 J2.08 | 2.41 | 2.58 | 3.13 | 3.10 | 3.73 °

’ €2 j1.60 Jo.es | 299 | 206 F2.3¢ ) 2.82 | 209

@ ez fvesfres| e 218 .
NOTES: \‘J

Decimal dimensions ars = .0185. 23 shown.

Dimensions are sublect ro chlnyc
without notice.

Hex dimensions are taken from flat ’ *Sleeve configurs-
of hex and not scross corners. tions forthese sizes

Weights W ih Znd Tittings (Pounzs)

». as
F‘Tl_-l « . in Stec:. and Stainless Stc.els

RE | I CEL [ . i COUPLERS |47 | %" | yo| %ol 1o i 2o [ange} 3| s+ -
\‘ With Fernate NPT (“)J WitiMSﬁﬁ;L Bulkhead (.snl ! VEC.F 0.22 0.25] 0.44] 0.78} 1.221 1.50] 2.50 |4.20] 2.50 [10.50 20.50| £2.00
:;u . -‘..' x ‘ xgrlvvt!ccstil 0.2210.25} 048] 0.72] 1.c8{ 1.59] 2.0 |4.50] 5.53 ID.Q.S 22.03]18).00
g S L 0 D"L - t vec- 0.21]0.25{0.4¢} 0.73{ 1.30{ 1.53| 2.25 |a.22{v.00 1.aej22.00[42.00

!"I[ “’__J E A l 1‘, i VEC-50. VEC-EF [0.23 | 0.28) 0.47] 0.72] 1.22] 1.3 .72 |a.80

With Mate NPT (-M) With Hose Shaak (-K) VEC.57. VEC-1$ [0.25 [0 28] 0.47) 0.91| 1.a8] 1.70] 2.75 Is.20
NPRLES 1% (%7 %] %e] 1o fiyfage] 2 fae] 3] a<] se

‘—.—.‘

jo—— » —eof

hAND 10030, Fernale (-50)  With MS33514, Mals (-14)

A SAfFemale (-EF)

e P o cm—gd f-—o—d
. r«-; e i
Jid T | 3
.. ; - l;é - ‘ l :
o d ‘:.. A oo
I ) 1 | N
With A1S13656. Mate (-46) Wirh MS33815, Butkhead (-15)

of SAE (11C) Male (-EM)

VI-14

VEN F 0.:16]0.19/0.32f 0.56{ 0.35{ 1.19| 1.58 f2.93 | 5.48 | 3.00|15.50{39.00

VEN.M vEN.SE. | : )
VEN-14, VEN EV]0.16 {0 19] 0.32] 0.50) o s2[ 1 18] 1.a8 {3.38 {595 | seais 00 11.09

VINN 0140.19/031]0.521091 |1.22]1.22 [3.69]8.¢s {36516 00]21.00.

VEN-50. VEN-EF |0.19 [0.22 o2sjossfoasirinfin 1.5

VEN-S7_ VEN-15 10 19]0.22] 0.35] 0.c9f 1.06] : 23] 2.38 401r \J

OTHER METALS:

Multiply weights ;rven n rab!o by the following conversion factors:
ALUMINUIA: 0.3 BRASS
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E SERIES PLAIN GOUPLIN GS WITH END FITTINGS

\—

lain Couplers

Dimensions (nches

Basic Coupier Designation: PEC -
- bl A Il A B ol BETAY B 370 I ol I SV I LR L I
| pp— =" A IR NN N AR
s [0 " s L A A R A EA A R ER ER S
1__ I e+ 8 [rsfusa[s2)a8a|2es| 225] 21 j267| 32 |a3s |z | eaB
¥ith Female NPT (85 With M3335.7 Bulkhead (-57) " 1L.22 143185 {192 | 398
F p—i— r— :“r w  Josz|es3|os3| roe | 117 - o .
! E:ri?_ . 7 Sy | t pesle] o]z - ..-...._. -
L . T li ? i 2 Jossfoss|sea]cus]oss| ern] one [raz2) 12 128 | 173 | 299
e -t e ——C L . m D |1se|vas! 1es] 1as] 2a2| 223 | 205 288 |aw | 3s0 | e
With Mate KPT (-4) with Ma:esun: i T oem foer|esr|ess|10s | 188 22| 20 | 235] 283 |aas {350 | k0
. r_ :1..‘. € Jrsfiaiin] s ) —T
.| mi 1, oo fors]eer|oar|10e] 120
—_ L [ ' " 135 | 166§ 1.67] 188 | 2.0¢ 1
With AND , Female (- ) Wiy 35 § W1 fax faw fax [ T fax {6 s [
c:SAElel?E?EF; “¢50 with saasia, Male(ll) | Pl N Ul h U6 || IR (2% I e s
r__r_"_'l_‘. r_';-l__: T AR 1 T
- It o : cob w0 (s |T T -
[} h a L l [ ] '
=— = i | ' NOTES:

With A1SIIESE, Maie (- iae (-S€ €)
or SAE (JIC) Mate (-EM)

Dl "'n Nicsosles
Basn: Coupler Desngnatnon PEN

With MS3351S, Butkhead (-15)

u e ——— e ot —— a &

— -

With MS32657, Bulkhead (-57)

44 . .i o 00 s
1= . -
- —z=
\ -’ | i., ' .. ‘
. . o ] wu
4 : I i )
cad Iy i

With Femaie NPT (-f)

S ) — e § § !
g e ~Fa':al —~~k B
fET ] -
= =pl
With Male NPT (-M) ¥:ith Hose Shank (-K) {
e € C e DO et . - g
o T C g i

. ! — T !

li s'u@ SYE :
T ~r—_ 1 '

With AND 106050, Female (-50) With MS32814, Mate (-14) :
o1 SAE Fermale (-EF) R :
—_ . i
‘-:D: :_?0.1-': . :

vCD ~ ¥ — f

At “ G A t :
Rt Cru et | ® pamentigere S | '

With MS33€56, Maie (-56)

or SAE uic) Male (‘EM) Yih '-1833515. el’“h"ﬂ (15)

VI-

Mex dimensions are taken from fiat
of hex and not across corners.

Decimal dimensions ere = .075.

Dimensions are subject to change
wrthout notice.

0

*Sleeve configura-
tionsforthese sizes
as shown.

T‘Velg‘h s With End Fi ttxn"*s {Pcunds)
in Steel and Stainless Steels

‘/‘. ’r.u l&n la

l/‘ "

147 14" 2~ %" r! g

COUPLERS
0.16

PLC-F 0.35] 0.50] 0.2

o.8s! 1.72 {3.00] 6.00 7.s:ixa.so

PEC-M. PEC 36,

PEC 33, PECEMIC.2D 1222 591998

2.3z

600 !“."!2:"

1.00)12%4

0.63
0.54
o

[ X1
032
(X}

0.13 .13

[ X X

(3]
PLC 50, PEC-CF

PEC §7. PEC 1S

019

01

0.2%

N'PPLB ‘/‘I I "'I'ﬂ b 14 l.

14-j1%

0.2

-

PEN-F 0i3j022
PEN.M2. PEN SE.

PEN )L, PEN-EV

e

-

0“ 022 (X}

0:8

00« en

1 .o
005 OI‘ 2 22}

PR 0. PEN EF 10 12 !5 1°

PEN-H

C16|02s 0!.0

[BUAREINT-E X

[ AR S

€25 11.13

[
Al hE i:r 1

OTHER METALS:

Multiply-weighte given in table by
ALUMINUA: 0.37Y. ERASS. 1.08

15
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Pressure Data

: following data were determined by actual test under
ic conditivns with no flow or surge and are conscrva-

- Conditions such as shock, cycles per given time, and
er factérs will @ffect. coupling lifz.

operating conditions are met. On appiicmions requiring
higher ratings than those listed. pleasc consult with Snap-
Tite, Ine.

Burst pressures listed were taken at the point at which

ssure ratings of standard units cun be increased in some failure that rendered the couplings inoperative occurred—
flications by slight design modifications or if specific ©  not at complete bursting of the urits.

Working Pressures (psig)
lved & Valved and Valved & Plain Couplings .
PUING SIZE ‘ i Il I ol o R S Rl R o I 7S I A
i 000 | 3000 { 3000 | 2000 | 1500 | 1250 | 1000 7% 750 730 580 500
s 1s00 | 1s00 | 1sco | isco sco-1 300 300 3 | 300 200 159 150,
1INUM . 1500 | s00 | 1so0 | 1s6d 500 300 300 300 300 200 190 | 1%0
NUESS STEELS 2000 | 3000 { 3000 § 2000 | 1000 | 1000 50 509 408 300 208 209
iin & Platn Couplings o
PLING SIZE R B sl I ol Ul DR R U ol N o O O IO L I
t : 4500 | a000 | <oso | 3rs0 | 3000 | 200 1500 | 1000 750 750 500 330
3$ : 3000 | 2000 | 2000 | 17s0 | 1000 50 500 300 ace 200 150 150
*INUM 3000 | 2000 | 20c0 | 1750 | 1od0 750 00 500 300 200 150 159

2000 | 1500 1000 730 400 300 200 260

NLESS STEELS 4000 3500 3500 3500

JOF PRESSURES (psig): 134 times working pressures.
ST PRESSURES (psig): 2 times working pressures.

Vacuum Test: Valved Nipple and Valved Coupler
(Connected and Disconnected)

'PLING SIZE I""' ' %' ' %" l %" ' 1" ' 13" ' 1%- l 2~ l 2’&“ ! 3" ' 4" | $”

PLED UNIT VACUUM “Ng Absolute 200§ 200 | 1400 190- l 1.80° l 190° | 230" | 290° | 29.50~ | 29.50° I 20.50° | 29.90°
PLER AAD NIPPLE (Sesarsted)

CUUM g Absaiue 20" | 19.90° | 199071 19.50- § 2s.90- | 2050 | 2990 | 2990 | 2090 | 20.90- | 29.00 | 2950~

Force to Connect: V; lved Nipple and Valved Coupler

JPLING SIZE . YA l 3. | Y l " ' 1 l 14 l 114° ' 2" ' 24" I o ' 1~ ' &

511G INTERNAL PRESSURE (oot 200 I 209 I 222 | s 109 I 100 I 50 50 50 I s0 l 2 ‘ 2
ST 10 CONNECT (Pounan) 50 8 e 18 188 158 2us as s60 | as 3

-

Epillize on Discannect: Valved Nip p’e and Valved Coupier

e following data were determined by actua! test using hydraulic oil MIL-H- 5606, specific gravity 0.83 in circu!

w wlth pressure applied on coupler side only.

-

1" I x’A- ' 1%- ' 2" ' ng- ' ko l 3 ' [

'atm;

IPLIKG SIZE %l %] %l % |
s INTERWAL LIGINIG FRESSURE 13 | 1ace| a2 nl it I
g INTENKAL 110USD PHESSURE 1.8¢ce 2%« Sheeld 116ce

218 cc

VI-16
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E SERIES COUPLINGS: TECHNICAL DATA

Flow and Pressure Drop

HBYDRAULIC FLUIDS

VALVED AND VALVED COUPLIKGS: YALVED AKD PLAIN COUPLINGS: . PLAIN AND PLAIN COUPLINGS:
Pressure loss vi llo-=|u : Prsure loss vs. flow mate Pressure loss vs. flow rate
{MIL-H-3606 hydrauiee tiuse). CMIL-H-3606 Mydrsulic flued). (MIL-N-3606 Mydraalic tluid).
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If inled prc\'il.?e" "§s psig. pressur: drop at any speci- pressure is higher or lower than 85 pﬂ" multiply the
fied rate of flow in either cubic feet per minute or pounds pressure drop by the pressure correction factor given :n
per minute can be taken directly from graphs. If inlet . table belaw..

Ziir Flow Pressure and Temperature
Corrcciion Factors
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E SERIES COUPLINGS ORDERING INFORMATION

—/

Sclect the proper coupling — consisting of coupler haif
with end fitting and aipple half with end fitting — from
the table.

Coupler and Nipple Part Numbers in table are given in
CADMIUM-CHROMATED STEEL.

If other material is desired, specily as follows:

ALUMINUM: Prefix the part number with the letter A
_Example: AVEC6-6F.

Steel Couplings

BRASS: Prefix the part number with the tetter B. Ex-

ample: BVECS-6F.

303 STAINLESS STEEL:Use prefix letter S and suffix
designation (303). Example: SVEC6-6F (303).

316 STAINLESS STEEL: Usc prefix letter S and suffix

designation (316). Example: SVEC6-6F (316).

SLEEVE LOCRK: To order, add W/SL to part number

selected. Examp!e. SVEC-6F (316) W/SL.

¢ with End Fittmcrs

VALVED COUPLERS

. J

€nd Fitting] 141" |* 14" ¥ preg 3~ 1 15" 1% r T * 4 &
omaw ey pvecaar | vicesr | VICEY ) vICHY | VICIRIF | VECIOI0F | WCI0TF | VECII6F | VG217 _| VECADAOK | VICA4UP | VICH 647 | VeI W
Usiewr? [vEca2d | viCs4M | vECE4M | VICH-SM | VECIZ-12M | VECIS.I6M | VICZD.20M | VECIS-20M | VCC3Z.33M0 | VECAO-GOM | VECAB 48/ | ¥ICSS 6iM | vECSS $6%
Wene Sank |VICA-IN | WECLAN | VESR-GM | VECRSM | VECIZ1ZN [ VECIGIEN |VECIO-ZON | VECI4.2aM | VECSZIZN | YCCAOAON | YECIBASN |vECEs. 8N | VECIS.5EM
AXD 10058 [VECA-2-50 | vEC4-4-58 | VICE €50 [ VECH-8-59 | VIC12.12.30 | YECIS 1838 | VECZS.20.38 | VECZO 2658 | VECI3.32 50
MSMESS  [vECA-258 | VICE-4-38 | VEC.438 | VECE3.38 | VECIZ 1288 | VICIB 1838 | VECZDI0.58 | YEEZO.Z6.38 | VICIT.32.38
M333637  |vecs-2.57 | vicas.s? | vCB-8.57 | VECR RSP | VECI212.37 | VICIB 1897 | VECID Z0.87 | YEC2820.57 | vECI2 3357
M323314  [VECL-2-18 | VIC6-4-16 | VICH6 14 | VECR 838 | VECIZI2.18 | VECIS 18,18 :
MS2I5S |VECA.2 1S | VICH 418 | VICLA.18 | VECB 8IS | VECIZIZ.05 | VICIS.(8 18 ~
SAL femate |VECH-2-8F | VECA4-LF | VECS-6-€F | VECIS-4F | VCSIZI2LF | VICIBISLF | VCCI204F | VECZO.20.0F | VEC32 32.0F
AL Male | VECA-2-UM| VECA4-CM | YECHG.EM | VECIS.UM | VICIZ 1261 | VECIS-16.€M | VECZ0.20.CM | VECZH.24.00 ] VECIT 3T EN
: VALVED NIPPLES ’
End Fitling] 14"xt4" %’ % | e 1° 1% 1 r a. ¥ *" &
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MI33EER  (VENG-238 | vEno-4-S8 | vENG638 | VENDA-TH | VENIZ-12.58 | VENIG 1638 | VENZBIB.58 | YIRITO.C058 | VENIZ 3258
M333E37  [VING-2-37 | VENG4-37 | VING.§ 37 | VXD-0.ST | VENIZ-U2 ST | VCMIS.18.37 | VINZD.20.57 | VANZ4 26.57 | VERIZ.32.57
K334 [VENE3-16 | VINGA-14 | VIKE&-10 | VENE .18 | VENIZ1Z.00 | VENIS 1618 '
M3I33IS | YERA-2-1S | VEN4-0.15 | VENS.&1S | VENE 813 | YENIZIZ.13 | VENIS 1693 ‘
SAL fomai |VONA-28F | VINS-&-EF | VENG-SLF | VENRS.GF | YENIZ 12.CF | VEMIS .16 €F | VERZS.20KF | vANZS.26.0F | VENIT.S2.CF
AL Male | VERS-26M | vEKO-0-0M | VEXS3-TM | VEND.B €10 | VENIZ 12.0M] VENIS. 16018 | VERZS 28 € | YENZS.TOEM| VENIZ.IE.EM
- PLAIN COUPLERS .
fng Firting Woeg™ | 4° %° %" % 1 1% R 2%° * 4 &
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MILIEIE  {PECH-258 | WT0atH | PLCE 4.8 | PECB 898 | PLCIZ 17.38 | PLCIG.16 38
¥333837 | PRCO-297 | P(Cea37 | PLCE 657 | PICB 87 | SLe12.0237 | PeECId 18 57
MIIISH4 | PECi-210 ) PLCA 418 | PICRG 20 | FECE 818 | PECIZIZ.18 | PECIE 1614
KIS | PRCA-3 i3 | PRSI | PICHAIS | PLCB8.18 | PECIZ 12.08 | PECS 16.18
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Woodlife

W ‘~ter-repellent preservative for allwood

««codlifa is the original, and it remains the most widely
used, water-repellent wood preservative throughout the
lumber and wood product industries. It i3 a light-bodied,
penetrating solution which leaves no perceptibla surfaca
coating. It does not discolor the wood. It is odoriess when
dry. It does not interfere with subsequent painting or
varnishing, and it does not affect the flammability of
the wood.

Woodlifs is suitable for the preservation of the finest
cabinat work, and lumber items, alika.

In addition to its high water repellent effectiveness,
Woodlite has a unique and cutstanding ability to retard
the surfacs wetting of wood. This quality, “anti-wicking
action,” is especially important for the protection of
weod siding, millwork, and any other wood products
where the entrance of water by capiilary attraction Is
undesirable.

Woodlita Clear Colorless—best base for paint finishes.
Usea sealer beforae lacquers.

Marine Woodiite Gresn Also offars superior protection |
against salt water borers. Green tint. Contains Copper
Naphthanata. .

Woodlife conforms to the definition of a “non-swelling,
paintable, water-repellent wood preservative” and meets
or axceeds all requirements of the Preservative Minimum
Standards of the Naticnal Woodwork Manufacturers
Association. Conforms to the U.S. Department of Com-
mearce National Bureau of Standards recommended coms
marcial standard for Water Repellent Preservative Treat-
ment of Millwork (CS-262). '

Conforms to Federal Spec. TT-W-572 and TT-W-00572.
Contains Pentachlorophenol (Federal Spec. TT-W-570).

Application Wood may be traated with Woodlife by im-
mersion, DRI-VAC vacuum, rollar-coatar, brush, or low-
pressure spray, allowing 24-48 hours bafore applying fin-
ishes. May ba force-dried for production requirements.

Retentlon (Meets NWMA Standards for 3-minute im-
mersion.) . .

Immersion (3-minute) — 5-10 gal. per MBM*
Brush Application — 150 sq. it. per gal.

“Absorption varies according to wood species and its
condition.

P~intability Excellent compatibility with finishes. Clear
: ydlife—Use sealer coat betore lacquers. Marine
Wocadlita Green—Possibla staining of light colored prime

2at; acceptable after second coat. Where requirements
are critical, seal wood prior to painting.

Danger = Woodlila containg pstroleum distillates and may be harmful or
fatal it swaltowsd. if swallowed, do not induce vomiting but calt a physician,
Xaep ogl of the reach of childran.

1. Reduces warping Hardwood
truck body panels atter 18 months
of weathering. All wers cut from
the same board and ths pai* ~n
the left was immarsed in ¥

- life for 3 minutas. All wers

finished with 0.D. enamel in ac-
cordance with Ordinance Spaci-
fications.

2. Guards against checking and
splitting Thesa laboratory test
blocks of Southern Yallow Pine
and Pondarosa Pine, partially
traated in Wocodlite, vividly show
its ability to reduce end checke

| ing. They ars altarnately soaked

and dried to accalerats chacking.

3. Minimizes grain ralsing and

o] surface chacking Half of this
d piece of Douglas Fir Plywood was
N dipped in Woodiite for 30 sec-

onds. The entirs piscs was then
given tha sams snamet finish and -
exposed to high humidity—a
savers tast for any wood,

4. Pravents decay Woodlife-

¢  treated flocring section, at e

lalt in photo, is sound and -

L from decay after 7%% years ¢ ;

sure.,

5. Controls fungus stain These
Woodlife-treated and untreated
windows in ths south wall of a
humidity chamber show that In
actual service of the most savers
kind, Woodlife gives the sams
control of stain-fungi as in labo-
ratory tasts,

8. Stops termite and Insect al-
tack After one end was treatsd
with - Woodlifs, this bdlock was
placed in laboratory termite bed,
Termites tunneled across the
treated area, but bored a hole
tlear through the untreated por-
tion. During a 6-month test, the
untreated end checked badly
and developed decay,

7..improves paintability 3~
paint hoiding quality Thase :
blocks from the same board .~
identically finished with whits
enamel but the ocne on the 1eft
had previously besn immersed in®
Woodlile. One wintar's outdoor
exposura demonstrated the valus
of Woodlifs in keeping the wosd
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This shows what moisture can do even to quality miliwork, in spite of
a paint finish, after four years of exposurs to the elements.

Garage door sections constructed by a largse, well-known manufac-
turer. Stiles and rails are finger Jointed hemiock with Douglas fir
__ . plywood paneis. No. 3 was left untreated, No. 4 WOODLIFE treated -

3 minute immersion. Both units then ed with -k
This gash oint was not treated bafors painting. Observe the. opsn by ute primed with & well-known

brand of industrial primer finished with One coat exterior house paint.
joint, glazing compound fallure, stalning, and poor condition iIn Both panels exposed to the elements for 12 months.
genersl. .

.
+

Closs-up of painted garage door sections with hardboard pansis.

7 7 The untreated pansi (#1) shows checking of the stile, paint fallure
Ys sesh joint was Woodilfe treated before painting. Notice the whers paned joins the rall; the gius line and corner joint have falled,
llent candition of the paint, glazing compound and joint.

The Woodlife treated panal {#2) I3 in excslient condition. Both have
been exposad to the weather for 10 months.

se L\ TTTIRMece S hwee
L] q‘ P A ] ]
L4

ppes

Treating siding with Woodlife presarves wood's natural good qual

- - ties and offers the added benefits shown in this photograph. Note

: how the water has darkened the back of the untreated (laft side of

" Nots the paint fallure and gen- After 3 ysars exposurs to yasr- photo) portion of the siding test pane! after one year's exposure to

oral dsierioration of the untreatsd  around weathering, the Woodllfe the weather. Water worked in between the lap joints and wetted the

door. treated door is in excellent eondi- back sids. Treated siding (right side of photo) loses its affinity for
tion. water, 80 remains dry.
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— How to apply Woodlife -

Immersion (Open Tank Method)

An slevatortyps Woodlife tank in
of a prominent lumber deslsr. tha plant of a leading millwork
The carriags snd overhead hoist manufacturer. Roller conveyors
enabls one man to handle full on the elevator, and connecting
lumber-buggy loads. rollers on the floor, permit one-
man handling of full pailat {oads.,

Flooding, Roller Coating, Brushing

Where immersion is not practical, Woedlife may be 2pplied by flood.
ing or roller-coating. Thesa procasses shoutd be designeg tor -ty
your Individual plant requirements. Consult our Tachnical ¢ ;N
Department for assistancs, on any Woodlile application.

" Roller-coating Is a fast, sconom-

ical and sffective method of treat.

immarsion. Brushing is the least
effactive method of continuous

ing plywood. The flow of Woodlifa  application. It Is only worth doing
Is easily controlied, and the re- if care is axercised to scak all
sults are comparable to thosacb-  joints and end-grain with several

tained in a standard 30-second

applications.

Another Woaodlifs tank in a frame
plant. Here a standard fork truck
provides a very flexibls and sco-
romical means of handling large
pallet {oads.

As shown hare, 3 Woodlile-trea
Ing tank need not be elaborate
or axpensive. Many plants and
yards find a hand operation
serves for amall jobs.

Dri-Vac’Process
(Controlled Vacuum)

The Dri-Vas Process was developed and perfacted in the U.S. Ply-

CHEMWARE

Wood Trestment
Products
MiNtreatp
. Convoy
Woodyouthp
Woodlube ®
Baxlife)

wood laboratory for applying clear, paintable, water-repellsnt pre-
servatives. It gives deeper penetration and higher retentions than are
obtainable in opan-tank immarsion of some specles. It is aiso used
to control and spesd up the treatment of millwork.

Sidingiitep
Exterior Stains

Ths Dri-Vac tank of & large lum-
ber firm where Woodlite trest
ment of everything from timbers
to miliwork is done gquickly and
aconomically. Note the cleanil-

. 38 of the floor—evidance of ths
™ .dated tumber's being virtuaily
surface dry upen removal from

the tank. Side-views of elsvatore
type Dri-Vae unit in a large mille
work plant. Full patist loads of
sash and frames are Woodlite-
treated In accordance with NWMA
standards or commercial stand-

ards. The entire operation Is )

sutomatie,

Anchorwsld
Adhesives
Spray Contacts
Brush Contsets
Non-ftammabis Contacts
Panel Adhesives
Construction Adhesives
Resorcinol Glue
White Glue
Plastig Resin Glus

L N ) Md
Many Qther Fine
Wood Treatment

And
Adhssive Products

CHEMWARE

CHAMPLON INTERNATIONAL
INDUSTRIAL ™~ ~*° PRODUCTS

8132/ Printad i1 U.S.A./Sept, 1973

2303 Superior Ave VI-ZZ 30, Michigan 49003
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29932
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NL INDUSTRIES, INC. NUCLEAR DIVISION| wercuts &

WILMINGTON, DELAWARE BALANCES

"t
COMPONENT CASK FINAL ADSEMBLY 2
DRAWING NO. 20026 B

CONFIGURATION A”

z X
Y
IT 1 2 3 4 5 6 7
No. | WEIGHT X Y A Wx Wy Wz
LBS. In. In. In. In. Lb. In. Lb. In. Lb.
| 454.37 ' ‘ 1.2 ‘ 4 B545.24
2 142505.11 24.74 _ 402612837
=) ©22.84 o« .| 28.83 _ : ©8413.37
4 | 620.02 21.14 ) - |o28s
S | 20.55 183.25 ' 376577
o | oo 105.02 168032
7T | 663.63 188.44 125442.62
8 | 341.04 195. 006 ©6721.8
9 | &&5.02 198.09 171365.67
2 14182418 ~ | ___ lae33215.01
2 p-3 2
5/ 2, 6/ 2 7/2-1 |
28.13 | —
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LOWER

WATER JACKET VALVGE Box
WATER JACKET VALVE BOX

—

<4

CAVITY vALVE Box . |,

2. ReEQ O .

-t 8

__h |oam NATIONAL LEAD COMPANY| -
CHXD. _ WILMINGTON PLANT
g‘—g ~  1/2 SPENT FUEL CASK

PROD WEIGHTS & C.G - CASK moby A

CODE IDENT PROD N2 | SIZE

DRAWING N2 | REV
29932 | A-532% | B|20034B |2

WT ABIL 94 oS, Is¢ Alg

|sHEET

1 oF 1 | 5.
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i /S 14, _lo.cl 18 1e
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G &6.9 — 3. 00 ' L.\ 0
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RIES, INC. NUGLEAR. DIVISION

| X NL INDUST WEIGHTS 8
(ﬁ' WILMINGTON. DELAWARE BALANCES
Orawing No. 200 34 B REV |
) Tor
T
' (2~ )
oriGN (©) AT
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INTRODUCTION

The thermal model used in the two-dimensional analysis is not an exact
representation of the actual closure head arrangement. Minor design modifi-
cations were made in the closure head area subsequent to the thermal analy-
sis. The following sketch shows the differences between the two configur-
ations. It can be seen that the differences between the two configurations
are minor, however it is recognized that the temperatures reported for the
various modes in this region could change by as much as 20 to 30%. Such a

. temperature change has not significance relative to the structural design of

the head joints sfnce metallic seals are being used which function satis-
factorly at temperatures 85% higher than those reported.

odel Final Design
Thermal Analysis M Configuration

Based on this Configuration
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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 capability requirements established by
AEC regulations, Title 10 CFR Part 71. '

The shipping caék is designed to safely contain irradiated fuel under a
variety of normal conditions (71.35 and Appendix A of 10 CFR 71) and accident
conditions (71.36 and Appendix B of 10 CFR 71). In order to verify the
adequacy of the design, detailed ana]ysés of a reference design PWR shipment
vere performed considering extreme normal operating conditions and
hypothetical fire conditions in conjunction with appropriate postulated cask
interactions. Both BWR and PWR type fuels are adequately considered by
analyzing only the PWR reference fuel element since it represents the highest
decay heat generated. Geometric differences between BWR and PWR types of
loading are conservatively covered by the PWR analysis.

Transport of consolidated PWR fuel rods {is acceptablé for fuel cooled
4,380 days. At 4,380 days, the maximum thermal output of the consolidated
fuel 1s 6% of the thermal output of the design basis PWR assembly.

Transport'of up to 24 PWR or 24 BWR rods is acceptable for fuel cooled
150 days. At 150 days, the maximum thermal output is 16% of the thermal
output of the design basis assemblies.

1.1 HNormal Conditions of Transport

The ambient temperature around all parts of the cask is 130°F during hot
operation. The air is still and direct solar heating has an effective
intensity of 92 Btu/hr-ft2 on all exposed surfaces of the cask with the
exception of the balsa crash barriers which act as thermal insulators. The
cask average design decay heat load is 36,300 Btu/hr. An axial power peaking
factor of 1.2 1s applied to this heat load to establish the design maximum
local heating rate in the cask. Decay heat is removed from the fuel to the
cask first by thermal radiation and conduction through a helium filled

Revised
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can and then through the cask sides and ends by a combination of
conduction, natural convection inthe water filled neutron shield, and
natural convection and radiation from the surfaces of the cask. Thermal
radiation augments tlie éonduction heat transfer across well establishéd
air gaps within the cask. '

Under cnld operation the ambient temperature is —40°P in still air and
shade (no solar heat load). No thermal analysis of the cask under these
conditions was not performed since a uniform cask temperature of -40°r
may be conservatively assumed.

1.2 Hypothetical Accident Conditions

The following hypothetical accident conditicns were applied sequentially
as specified in Appendix B of 10 CFR 71 (In some areas additional
conservative assumptions were involved):

Beginning with an assumed ambient temp_eiature of 10001-‘, the cask
experiences a 30-foot drop onto a flat surface followed by a puncture.
This is assumed to result in the complete and instantanecus loss of
neutron shield water even though the neutron shield jacket {3 essentially
intact because of the balsa crash barrier effectiiveness. All of the
insulating crash barriers are conservatively assumed *> have been
stripped from the cask after the drop and just pricr to the fire. Concurrent
with the instantaneous loss of neutron shield water, the cask is exposed
to a thermal radiation environment of '1475°F for 30 minutes with an
emissivity coefficient of 0.9 and a cask surface absorption coeffictent
~of 0.8. (Convection heat transfer at the outer surface has been conservatively
considered even though the above requlations do not specify convection
heat transfer during the fire.)

VIII-2



After the fire the cask is cooled naturally until equilibrium conditions are
. reached in ambient air at 130°F. With the insulating crash barriers

removed, all surfaces of the cask are subjected ‘to a full salar heat
load. The cask surface emissivities after the fire are conservatively
assﬁmed to be the same as before the fire, Heat transfer within the
cask occurs by a combination of conduction, radiatioh, and gaseous

natural convection.

The decay heat load throughout the entire accident is as specified under
normal conditions. The solar heat before and after the fire is as specified
under normal conditions. No solar heat load is applied during the fire.

-

1.3 Results

Steady-state and transient analyse_srwere performed on thermal models of
the central portiori of the cask assuming _uégugible end effects and on

the 1id end of the cask considering one-half the cask length. The

bottom end of the cask was not analyzed explicitly because it pre-

sented no unique thermal problems associateci with cask integrity and
performance. The* pin-to-pin temperature distributions of interest within the
fuel element were analyzed separately from those of the cask. A '
steady-state analysis was performed because of the relatively slow
response of the fuel under peak temperature transients.

The temperatures applicable to the central portion of the cask and the

fuel element per se are based on a maximum local'heat_load which includes
an axial peaking factor of 1.2. This peaking factor is based on the

300 day burnup distribution curve of Figure IlI-1. This is a conservative
representation of the axial specific power distribution applicable to decay
heat calculations, The temperatures applicable to ‘the top half of the cask
are based on a reference design heat load without representation of axial



poﬁver' gradients because such a gradient has negligible effect on cask

end temperature distributions, is not uniquely defined, and its omission

is conservative with respect to the end teniperati_xre calculations.

A summary of the resu.lté of the cask thermal analyses is provided in

‘Table VIII-1. The thenﬁal responsas of selected points in the cask during
and after the fire accident are shown in Figure VIII-1. In Figure VIII-2

are shown the maximum temperature distributions within a quadrant of the
reference’ fuel elemenﬁ under design steady state and transient conditions.

The results of thermal analyses may be summarized as follows:

Y-

Under normal conditions the hottest fuel pin temperature s
1013°F from the conservative one diixxensional analysis. The
actual maximum temperatute will more likely be cleser to 860°F
(from the 2D analysis). ::

Under normal conditions the neutron shield bulk water
temperature i3 296°F. The neutron shield local maximum
water temperature is 352°F.

Under r;orma_l conditions the outer head' closure seal temperature
is 309°F. The intemal closure seal temperature is 375°F,

The maximum cask surface temperafui'e during normal operation
1s 340°F.

Following the fire transient the hottest fuel pin temperature
i3 1102°F. (A temperature of 1072°F winl aeventually be

-reached if all the neutron shield water is lost in a less

severe ' accident.)

Maximum outer head closure seal temperature at the end of
the fire is 648°F. The maximum internal closure seal temp-

o
e@ture i3 564°F. VIII-4
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TABLE VIII-1

SUMMARY OF RESULTS

T o T
| MAX, °F MAX,%°FPost | Tmax, °F During Fire
Cask Location Normal Steady-State Fire Steady-State Accident, Time (hrs)
Fuel Surface 1013 1072 1102 5.0
Cavity Surface Aluminum 674 767 813 1.0
(Cask Middle)
Can 659 753 799 4.0 -
Uranium Shield 373 514 627 1.5
(Cask Middle)
Lead OD (Cask Middle) 356 497 652 0.53
Cask OD (Cask Middle) 352 493 702 - 0.5
Neutron Shield Jacket 340 341 1280 0.5
Neutron Shield Bulk Fluid 296 302 981 0.5
Cavity Surface 388 391 567 3.0
" {Center of Inner Head)
Gaskets (outer head) 309 304 648 0.75
(inner seal) 375 379 564 2.5
Ambient 130 130 1475
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FIGURE Vill-1
THERMAL RESPONSE TO HYPOTHETICAL FIRE
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FIGURE VIII-2

MAXIMUM TEMPERATURE DISTRIBUTION
IN FUEL ELEMENT QUADRANT

Steady State Wall Temperature = 6 74°

F

NOTE: Each pair of numbers represents a fuel pin location

( ) indicates no fuel in these locations.
Top number applies to normal steady state

Bottom number applies to transient maximum fuel temperaturé condition
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Maximum Wall Temperature = 812°F
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Practically all of the lead melts in the mid-section of the
cask during the fire accident on the basis of a maximum
local heat load. Little or no lead melting will occur at the
ends of the cask. All lead will have solidified 1.25 hours
after the end of the. fire.

Under extreme cold, freezing in the neutron shield is
avoided by addition of antifreeze. The remaining parts of
the cask are not adversely affected by -40°F.



