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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 light 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-II, 

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.W.) of the fully loaded cask. To obtain this objective it was 

necessary to consider the shipping cask, tractor and trailer is 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 fuel in filters may be shipped in sealed 
canisters, providedAthe limits of 10 CFR 71.63 are met.) Use of the inner I 
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. All 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 pslg, 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 not 

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 Fermi, 

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 provides 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 lead expansion, resolidificatlon 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 

calculations 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 (1300 to -400F) 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 90gF, the 

bulk water temperature is 295OF and there is solid neutron water shield. The 

ambient temperature drops 30*F which results in a reduction in the water volume 

of .712 ft 3 . 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 necessary to.maintain a solid neutron 

shield for even small ambient temperature changes.  

The expansion tank system as shown in the Schematic Diagram on Page 11-4 

provides positive free flow of water in both directions.  

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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Figure 1A - Schematic, NLI-1/2 with Inner Container, 

Configuration A
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Figure 1B - Schematic, NLI-1/2, 

Configuration B
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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 a 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 liquid 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 line 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 130OF ambient temperatures.  

The bulk water temperature is calculated to be 2960F. Correcting for the effect 

of the personnel barrier (+35 0F) the design temperature was set at 3310F. 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 400OF 
Design pressure 250 psig 
Operating pressure 185 psig 
Relief valve setting 200 psig 
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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 transported 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.  
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The inner 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 s-ainless 

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 line 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 top 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 penetrates the 
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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 

line 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 -320OF to 15000F. 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, self-energizing 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 "0" ring. The concentric-"O" ring 

seals provide an annulus into which air can be introduced for the purpose of 

checking seal integrity prior to each shipment.  
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When PWR or BWR fuel rods are being transported, the fuel is supported 

within the primary containment vessel by an aluminum basket. The aluminum basket 

is made up of four pieces of aluminum approximately 150 inches long. Each 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, 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 

a 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 

panels provide access for inspection of the cask and tie-downs. A specially 
designed lift rig is provided for cask handling which engages the trunnions on 

the cask body.  

Revised 
11-9 Oct. 1990



NLI-1/2 SPENT FUEL SHIPPING CASK DATA

Envelopes, inches 

Enrichment (w/o U-235) 

Weight of Uranium

I-PWR Type 

8.60 sq x 171.5 

3.7 

475 kg

Max. Avg. Burnup (MWD/MTU) 40,000

Avg. Specific Power 

Cask Weight, loaded, Calculated 

Cask Data and Dimensions

40 kW/kg U 

47,350 lbs

2-BWR Type 

5.44 sq x 176.25 

2.65 

197 kg

34,000 

27 kW/kg U 

47,077 lbs

Consolidated 
PWRFuel Rods 
8.75 sq x 171.5 

3.7 

950 kg

40,000 

40 kW/kg U 

49,250 lbs

Metallic Fuel 

1.36" diameter 

Natural 

1,145.5 kg 

54.5 kg per rod 

1,600

47,480 lbs

PWR 
Rods3 

25 rods 

4.9 

58.2 kg 

60,000

PWR 
Ro4 

18 rods

BWR 
Res 

25 rods

4.9 5.0 

58.2 kg 75 kg 

60,000 75,000

44kW/kgU 60kW/kg 60kW/kg 

46,455 lbs 46,455 46,455 
lbs lbs

Cask Design Weight 
Gross Vehicle Weight 

Cask Assembly Envelope 

Cask Body Envelope 

Internal Cavity 

Inner Container

48,000 lbs 
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

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

Notes: 
i. With or without control rods or burnable poison rods or with additional inadiated fuel rods inserted and secured in the guide 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 a maximum average bumup of 56.000 MWD/MTJU, provided that the assembly meets the criteria established in Part 6 of Section Il and the neutron shield fluid 

contains 1.0 w/o boronx (The boron fluid may be left in the shielding tanks during the shipment of other contents.) 
3. Up to 25 PWR rods may be shipped provided that the maximum average bumup does not exceed 60,000 MWD/MTU, the initial enrichment 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/YMTU. Rods with a maximum average bumup that exceeds 45.000 
MWD&M1J must be shipped in Configuration A.  

4. Up to 13 PWR rods cooled 300 days with an average specific power of 60 kW/kg may be shipped. The conditions of Note 3 apply.  
5. Up to 25 DWR 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 

uranium does not exceed 75 kg.

-4 0 gi 
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NLI-1/2 SPENT FUEL SHIPPING CASK DATA

Caacit-y Mark 42 Fuel AssembLy

Fuel Data

Envelope 

Weight of Plutonium 

Initial pu2 3 9 concentration 

Atom Fission 

Cask Weight, loaded

4.11 inches in diameter 
3.350 kg (initial) 

78.28 w/o 

87% 

46,000 lbs.

Mark 22 Fuel Assembly

Fuel Data

Envelope 

Weight of U2 3 5 

Initial U235 Concentration 

Burnup 

Cask Weight, loaded

II-lOa

3.20 inches in diameter 

3.2 kg (initial) 

66.0-80.0 w/o 
1226 HWD 

46,000 lbs.  

Page added 
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NLI 1/2 SPENT FUEL SHIPPING CASK DATA

Fermi -1 

Fuel Assemblies (16 per Cask)

Fuel Data 

Envelope 

Enrichment w/o U-235 

Weight of Uranium 

Maximum Average Burnup (MWD/MTU) 

Cask Weight, Loaded

2.93 sq x 30.5 

26.0 

18.7 kg 

2840 

46,735 lb

EBR-II 

Fuel Assemblies (4 Canisters per Cask)

Fuel Data 

Envelope 
Enrichment w/o U-235 

Weight of Uranium 

Maximum Average Burnup (MWD/MTU) 

Cask Weight, Loaded 

Page Added 
Oct. 1990 II-]Ob

4.875 inches in diameter 

0.21 

291.8 kg 

2400 

48,625 lb



CC

Cask Cavity 
Shell 
Bottom Head 
Inner Cl. Head 

Inner Container 
Shell 
Bottom Head 
Closure Head 

Closure Head Cavity 
Outer Cl. Head 

Water Jacket

Max. Allowable 
Pressure @ Oper. Temp.

*Max. Operating 
Pressure @ Oper. Temp. Design Pressure

I t 4

1188 
461 
612

(XI-1-5) (XI-B2) 
(XI-1-6) 
(XI-1-38) (XI-B12)

640 (XI-1-37E) 
543 (XI-1-38) 
612 (XI-1-38) 

594 (XI-B4) 

***250 (XI-1-8)

117 (XI-1-37E) 

117 (XI-1-37E) 

**117 (XI-1-37E) 

***185 (XI-1-8)

120 (XI-1-37E) 

120 (XI-1-37E) 

**120 (XI-1-37E) 

***250 (XI-1-8)

*Post fire accident condition 

"**Assumes inner closure head seal fails 

***Normal transport conditions - water jacket relief valve is set for 200 psig and water 
jacket is not operative under accident conditions.

SUMMARY OF MAXIMUM 
OPERATING PRESSURES (PSIG)

6-4
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SECTION III 

FUEL DESCRIPTION AND SOURCE DATA 

1.0 - INTRODUCTION AND SUWIARY 

The NLI 1/2 spent fuel cask is a shipping container that was designed to 

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 111-1. 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, initial enrichment 
and axial peaking factor. These limiting operating parameters are given in Table 

111-2. The design basis PiWR 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, Hark 42 fuel, and Hark 22 fuel.) 

The mechanical design parameters of BWR and PW1R fuel shown on Table 11I-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 gamma, neutron and decay heat sources and the noble gas and halogen 

fission product inventories for the reference cask loadings are summarized 

Revised 
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Table HI-I

PARAMETERS FOR DESIGN BASIS FUEL 

Maximum Average Average Specific Initial Enrichment kgU per 
SBurnu MWD/M P kWkg w/o U-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"5'6  60,000 44 4.9 58 for 25 rods 

BWR Rods4  75,000 60 5.0 75 for 25 rods 

Notes: 

I. 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 I-6.0, and that the neutron shield 
water is boronated to I 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 
Oct. 1986 
Feb. 1987 
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Jan. 1990 
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Feb. 1991 
Oct. 1991 
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Table III-la 
PARAMETERS FOR KARK 42 FUEL

Initial Plutonium Content 
Initial pu239 Concentration 
Atom Fission

Table Ill-lb 

PARAMETERS FOR MARK 22 FUEL

Initial U2 3 5 Content 
Initial U2 35 Concentration 
Burnup

3.2 kg 

66.0-80.0 w/o_ 
1226 MWD

Page Added 
August 1988 
Revised 
February 1990III-2a

3.350 kg 

78.28 w/o 

87%
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TABLE 111-2 

FUEL MECHANICAL DESIGN PARAMETERS

Combustion 
Westinghouse Engineering Babcock & Wilco General Electric 

Reactor Type PWR PWR PWR BWR 

Pellet Dia., in. 0.3649 0.3795 0370 0.487 

Pin Array 15 x 15 14 x 14 15 x 15 7x7 

Pin Pitch, in. 0.563 0.580 0.568 0.738 

Pin Dia., in. 0.422 0.440 0.430 0.563 

KgU/Assembly 448 395 454 197 

Clad Material Zr-4 Zr.4 Zr-4 Zr-2 

Clad Thickness, in. 0.0243 0.026 0.0265 0.032 

Fuel Pin/Fuel Assembly 204 176 208 49 

Overall Fuel Assembly 

Cross-Section, in. 8.426 x &426 7.98 x 7.98 8.522 x 8.522 5.438 x 5.438 

Active Fuel Length, in.* 144 136.7 144 144 

Overall Shipping Length, in. 166.1 157 165 175.9 

Enrichment w/o U-235 3-35 2.99 3.09 2.65 

Spccific Power kw/KgU 38.5 24.7 31.8 22.6 

Average Burnup MWD/MTU** 33,000 24,000 28,200 30,000 

UO2 Density,%•%TD 93 93 91 95

* The active fuel length of PWR and BWR rods has been 

inches.  

See table on page 11-10 for allowable burnups based on

111-3

increased to 150.0 

type of fuel.  
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Cnnditinnn 

Loading 

Initial Enrichment 

Avg. Specific Power 

Max. Avg. Burnup (MWDIMTU) 

Cooling Time (days) 
Sources 

Total Gamma Energy 
MeV/sec) 

Total Decay Heat (kW) 

Notes:

One PWR 1.2 
Fuel AssemlWy 

475 kgU 

3.7 w/o 

40 kW/kg 

40,000 

150 

3.074x1016

10.63

Table 111-3 
REFERENCE DESIGN SUMMARY 

Two BWR Consolidated3 

FuelAsmblie WRi elERdl 

197 x 2 kgU 950 kgU 

2.65 w/o 3.7 w/o 

27 kW/kg 40 kW/kg 

34,000 40,000 

120 4,380

2.257x1016

7.93

2.05x1016

0.6

Metallic 
Euel 

1,145.5 kgU 

Natural 

1,600 

365

58.2 kgU 

4.9 w/o 

44 kW/kg7 

60,000s'6 

150

1.253xi015 4.OlxlO' 5

0.75 1.65

2i BgQd&4 

75 kgU 

5.0 w/o 

60 kW/kg 

75,0006 

150 

7.54x10 5 

4.0

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 111-6.0, and that the neutron shield water is borated to I 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. The neutron shield water must be borated to I w/o boron when shipping PWR rods. The neutron shield water must be borated to I w/o 
boron when shipping PWR rods.  

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

6. PWR rods with bumup in excess of 45,000 MWD/MTU and BWR rods with bumup in excess of 50,000 MWD must be shipped in Configuartion A.  

7. 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.
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Table III-3a 
REFERENCE DESIGN SUMARY

Conditions 

Loading 

Intial Pu 2 3 9 enrichment 

Atom Fission 

Cooling Time (days) 

Sources 

Total Gamma Energy 

Total Neutron Source 

Total Decay Heat

Mark 42 Fuel Assembly 

3.350 kg Plutonium 

78.28 w/o 

87% 

1245 

5.80 x 1014 MeV/sec 

1.20 x 109 n/sec 

0.45 kW

Table III-3b 
REFERENCE DESIGN SUNHARY 

rns Two Mark 22 Fuel Assemblies

Loading 

Intial U235 Enrichment 

Burnup 

Cooling Time (days) 

Sources 

Total Gamma Energy 

Total Neutron Source 

Total Decay Heat

III-4a

3.2 kg U2 3 5/Assembly 
66.0-80.0 w/o 

1226 HWD 

150

9.753 

7.872
x 1015 MeV/sec 

x 105 n/sec

3.451 kW

Page added 
August 1988 
Revised 
February 1990



This page intentionally left blank.

a



in Table 111-3. As can be seen the source strengths for the one PWR cask 

loading are more restrictive than for the two BWR loading and therefore 

were used to establish the basic cask parameters.  

Presented below is a description of the development of the source terms.  

rigure HII-1 taken from Reference 1 shows the axial burnup distributions 

in a FWR 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 
(2) 

Following Shutdown of Uranium-Fueled Thermal Reactors . The method is 

based on information published by Shure. For a hypothetical infinite reactor 

operating time, the curve of fraction of operating power due to fission 
P0 

products versus cooling time has been fitted by an analytic expression: 

P (-, ts) Ats-a (1) P0o 

where t is the decay time in seconds. For decay times such that 4 x 106 
s 8 

<t _<2 x 10 (which includes the cooling time of interest = 150 days) the 

fitting constants are 

A = 0.266 

a = 0.335 P_ 
For a finite reactor operating time to < 0 , Is calculated through a 

correction to Equation (1): 

( )- -t(n, t + t 5) (2)
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FIGURE I1--1 
AXIAL LOCAL-TO-AVERAGE BURNUP
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For the limiting PWR assembly with a power density of 40 kw/kgU, a burnup 
of 40,000 MWD/NTU 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 energy release is approximately 
equal so the gamma decay energy Isz 4.93 kw/assembly or 3.074 x 1016 

MeV/sec-assembly. Gamma decay energy production 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 111-4. 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 111-4. 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 lbs. fuel assembly design weight.  

The active poison in the burnable rods is B4 C or B2 03 and the predominate 
neutron capture reaction is 610 (1,.K). 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.

111-7



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 (7t,l) 

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 111-5. 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 111-4 

DESIGN BASIS PWR ASSEMBLY GAMMA DECAY 
HEAT DISTRIBUTION

Shure (3) 
Energy Group 

MeV 

0.1 - 0.4 

0.4 - 0.9 

0.9 - 1.35 

1.35 - 1.8 

1.8 - 2.2 
>2.2

Relative 
Distribution 

150 Days After 
Shutdown 

1.2 x 10-2 

0.97526 

1.8 x 10-3 

9.4 x 10-4 

1.0 x 10-2 

<2 x 10-4

Total

*Source per assembly with 40,000 MWD/MTU burnup, 40 kw/kgU 
days cooling time, and 0.454 MTU.

Gamma Decay 
Source* MeV/Sec 

3.6888 x 1014 

2.9979 x 1016 

5.5332 x 1013 

2.889 x 1013 

3.074 x 1014 

3.074 x 1016 

power density, 150
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Material 

Melting Point 
(OF)

1 1
Babcock & Wilcox

Combuusti On 

Engineering Westinghouse

control Burnable Control Burnable Control Burnable 
Rods Poison Rods Rods * Polsop Rods Rods Poison Rods 
Ag-In-Cd B4 C B4 C B4 C Ag-In-Cd Borosilicate ** 

(1427) (4350) (4350) (4350) (1427) (1292) 

A12 0 3  A12 0 3  A12 0 3 

(3700) (3700) (3700) 

Ag-In-Cd 

(1427)

Various designs are available with different combim tions of these materials.  

Softening point given. Various types of Borosilicates may be used with softening points 

from 1292OF to islOr.

TABLE 111-5 

PWR POISON COMPOSITIONS AND MELTING POINTS

C
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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 (4,ýn) reactions in oxygen.  

Though most of the transuranium elements undergo A decay and have a 

small probability for spontaneous fission, experimental data (5) 

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 

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

o completely defined fuel and irradiation characteristics; or 

o 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 (9) 
time. For this purpose, the LEOPARD code was used in conjunction 

with the FLYASH-II code. (10) 

3.2 Methods of Analysis 

The FLYASH-II 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.

IIl-10



The following information is supplied as input data to the FLYASH-I1 

code: 

1. Total core voume of reactor 

2. Initial fuel loading 

3. Fuel type (i.e., U, U02 , or UC2 ) 

4. Initial isotopic composition of reactor core 

5. Time intervals for reactor operation and shutdown 

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

7. Wigner-Wilkins and spatial self-shielding factors for each 
time step prescribed 

8. A description of the nuclide chains to be solved 

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

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

3. The 2,200 meter capture cross section 

4. The estimated effective epithermal cross section 

5. The decay constant 

6. The mean beta energy 

7. The average alpha energy 

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

9. 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 library 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(9) 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 factor 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-Il was calculated 
in accordance with the flowchart in Figure 111-2 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.(12,13) The half lives and neutron 
source data for spontaneous fission for the transuranium elements are 
given in Table 111-6. The corresponding data for the (v(, n) reactions 
are given in Table 111-7.  

3.3 Results 

LEOPARD FLYASH-II 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/gmU-sec) is shown in Fig. 111-3.  
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Table 111-6

SPONTANEOUS FISSION DATA FOR 
TRANSURANIUM ELEMENTS DEFINED 

IN FLYASH-II

S.F. Half Life, yrs.  

1.8 x 1017 

2 x 10l6 

8 x 1015 15 
84x10 

>4 x 1010 

4.9 x 10 10

Nuclide 

U-235 

U-236 

U-238 

Np-237 

Pu-238 

Pu-239 

Pu-240 

Pu-242 

Am-241 

Cm-242 

Cm-244

Neutron Source, 

n/gm-sec 

8 x 10-4 * 

4.4 x 10 

1.6 x 10-2 * 

2.5 x 103*

3.0 x 10-2 

3* 
1.02 x 10 

1.7 x 10 3*

2.3 x 10* 

1.19 x 107***

* See References (12) and (14) 

** See Reference (13) 

* See Reference (15)

a
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5.5 x 1015 

1.2 x 1011 

7.25 x 1010 

1.4 x 10 13 

7.2 x 106 ** 

1.4 x 10 **



Table 111- 7

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

Nuclide.  

U-235 

U-236 

U-238 

Np-237 

Pu-238 

Pu-239 

Pu-240 

Pu-242 

Am-241 

Am-242m 

Cm-242 

Cn-244

Half Life for 
REmission, yrs.(c) 

7.1 x 108 

2.42 x 107 

9 4.51 x 10.  

2.14 x 106 

57.4 

24,390 

6600 

3.87 x 105 

433 

152 

162.5 days 

18.1

Neutron Source from (a~n) 
in.Oxv aen n/am-sec 

1.09x10-
2 (a) 

3.19 x 10-1 (a) 

1. 71 x 10-3 (a) 

3.62 (a) 

1.4 x 104  (b) 

4.5 x 101 (b) 

1.7 x 102  (b) 

2.7 (b) 

1.79 x 104  (a) 

2.45 x 102 (a) 

2.0 x 107 (d) 

4.29 x 105 (d)

(a) Calculated based on ratio of indicated half life of 
Cm-244 (Am-242m a 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 Rcferonce (15) 
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As can be seen from Figure 111-3, 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 

1.2 x 103 to 2.1 x 103 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 
3 

40,000 MWD/MTU is substantially reduced (1.5 x 10 n/gmU-sec). The fuel 

with the higher U-235 content produces relatively more energy by U-235 fission 

and relatively 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/o. Applying the specific source results of Figure 1ll-3 to an 

assembly with an average burnup of 40,000 MWD/MTU with the end of life 

distribution shown in Figure III-I results in a total neutron source strength 

of 7.55 x 10 n/sec for the design basis PWR 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 energy structure used in the shielding 

studies. The resulting combined spectra are shown in Table 111-8 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-HI 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 1II-8.  

4.0 DECAY HEAT 

As previously described in Section 111-2.0, the total decay heat (gamma + beta) 

for the reference PWR assembly at 40,000 MWD/MTU and 150 days cooling
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Table 111-8

NEUTRON SPECTRUM FROM CURIUM

Enery 

> 3.0 MeV 

1.4 - 3.0 

0.9 - 1.4 

0.4 - 0.9 

0.1 -0.4 

<0.1

Cm-242 

0.358 

0.415 

0.100 

0.107 

0.020

Cm-244 

0.231 

0.367 

0.174 

0.190 

0.038

Fission 
Spectrum 

0.093 

0.208 

0.238 

0.225 

0.137 

-- 0.1

Combined 
Cm Spectrum 

(E = 3.35 w/o 
40,000 MWD/MTU) 

0.273 

0.383 

0.150 

0.163 

0.031
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is 9.85 kw/assembly due to fission product decay. The contributions of 
betas and gammas are approximately equal. Energy associated with neu
trons and fissioning 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-I1 calculation described in Section 111-3.3 and 
was equal to 0.78 kw/assembly. For the reference PWR assembly over 95% 
of the decay heat from transuranium elements is due to o 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.  

5.0 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 MWD/MTU, and 120 days cooling time. The resulting 
source strengths for two BWR fuel 4ssemblies are shown in Table 111-3.  
As can be seen from this Table, the PWR source is the lIfmiting design 

condition.  

6.0 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 111-3.  

The analysis demonstrates that high burn-up assemblies that meet the 
following conditions are acceptable 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.
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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 criteria 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 have been performed relative to the transport of up to 21 

rods of metallic fuel. These rods are 53.75 kgU per rod nominally, using natural 

uranium metal fuel. The burnups achieved by these rods are low compared to PWR 

fuel, as shown in Tables III-1 and 111-3.  

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 Natural, 0.711 w/o U-235 
Maximum Initial Uranium Content 54.5 kgU 
Gamma Source Strength 5.97 x i013 1eV/sec.  
Neutron Source Strength 1.07 x 10' n/sec.  
Thermal Output 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 sources 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.

PWR 

Source Type 

gamma (MeV/sec) 
neutron (n/sec) 
Heat (kW) 

BWR 

Source Tyne 

gamma (MeV/sec) 
neutron (n/sec) 
Heat (kW)

High Burnup 
PWR Assembly 

1.OxlO' 6 

1.86x109 

10.63 

High Burnup 
PWR Assemblies 

1.Ox1016 
1.86x10 9 

10.63

PWR Rods* 
(25 Total) 

4 .04x10" 
1.12x109 

1.65 

BWR Rods 
(25 Tota! 

7.54x1R1 s 
3.5x10 
4.0

Percent Of 
High Burnup PWR 

40.4% 
60.3% 
16% 

Percent of 
Deslin Basis BWR

75% 
19% 
38%

23 PWR Rods at 60,000 MWD/MTU and 2 PWR Rods at 65,000 MWD/MTU.
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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 library for the ORIGEN-2 computer code was used to 

calculate the gamma source terms given below. Neutron source terms were 

based on actinide composition calculations made by Savannah River personnel.  

The analyses show that any Hark 42 fuel assembly that meets the following 

conditions is acceptable for transport.

Maximum Initial Weight of Plutonium 

Maximum Pu 2 3 9 Concentration 

Gamma Source Strength 

Neutron Source Strength 

Thermal Output 

MARK 22 FUEL ASSEMBLY SOURCES

3.350 kg 

78.28 w/o 

5.80 x 1014 MeV/sec 

1.20 x 109 n/sec 

0.45 kW

Additional analyses have been performed to support the transport of two 
Hark 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 

U2 3 5 Concentration 

Gamma Source Strength 

Neutron Source Strength 

Thermal Output 

Page added 
August 1988 
Revised 
February 1990 III-20b

4.85 kg/assembly 

66.0 w/o 

9.753 x 1015 MeV/sec 

7.872 x 105 n/sec 

3.451 kW
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11.0 FUELS TO BE TRANSPORTED

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

a. One irradiated PWR uranium oxide fuel assembly with limiting 

characteristics as specified in Table 111-3. The assembly may be 

shipped in either Configuration (A) or (B).  

b. Up to two irradiated BWR uranium oxide fuel assemblies with limiting 

characteristics as specified in Table 111-3. The assemblies may be 

shipped in either Configuration (A) or (B).  

c. Consolidated PWR or BWR fuel rods with limiting characteristics as 

specified in Table 111-3. 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.  

d. 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.  

e. Up to 21 irradiated research reactor metallic fuel rods with limiting 

characteristics as specified in Table 111-3. 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.  
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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 IIM-3. PWR rods with burnup in excess of 45,000 MWD/MTU and BWR rods with 

bumup in excess of 50,000 MWD/MTU must be shipped in Configuration A. Evaluations of these r 

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 III-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 XI.  

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

specified in Table I1-3 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.  
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Compliance With 10 CFR 71, Chapter 1

* K -

71.22 

71. 22 (a)(l) 

71. 22 (a) (2) 

71. 22 (a) (3) 

7 1. 22 (a) (3) (1)

Requirement or Subject 
of Provision

Package Description 

Gross Weight 

Model Number 

Specific materials, weights, 
dimensions, and fabrication 
methods 

Receptacles, identifying the 
one which Is considered to be 
the containment vessel.

Assessment of Compliance

1

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 weights of the cask components are given in Section 
VII, "Weight Calculations". The materials of constructicn 
are given in Section Vl, "Material Specifications". rab
rication methods are described in Section XII ,"Manufact
uring and Quality Control".  

The cask structure consists .of inner and outer stainless 
steel cylinders which are Joined by stainless steel forgings 
at each end. The annules 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 an 
inner container whibh 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.

SECTION IV

Secilon o0 
Part 71

C



Sectio 
Part

n1 of 
71

71.22(a)(3)(11) 

71.22(a) (3) (iii) 

71.22(a) (3) (iv)

K

I-. -

Requirement or Subjoct 
of Provision Assessment of ComplidMnce

1 1--

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;

There are no special materials 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 
requiredto maintain the cask at subcritical condition.  
For further discussion see Section X "Criticality Analysis".  

The fuel is supported within the primary containment vessel 
by an aluminum basket. The aluminum basket is made up of 
four pieces of aluminum approximately 150 inches long. Each 
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 held In position by circumferential 
aluminum straps which are welded to each aluminum seg
ment. The aluminum basket and fuel are supported axially 
by stainless steel weldments.  

The primary containment vessel (Inner Container) flange Is 
supported and bolted to a step which is 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 

C
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Sectlon of 
Part 71

Requirement or Subject 
of Provision

71.22 (a)(3)(Iv) co t.

Assessment of Compliance

and bellows seal are made of type 316 stainless steel and 
have a operating temperature range of -3200 to 15000 F.  The valves are designed for liquids and gases of radio
activq, reactive or toxic nature, liquid metals and cryogenic 
service.  

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 integ+ra' 
expansion tank hts an overflow pipe which is also fitted with 
a Snap-Tite valved coupling or may be fitted with a stainless 
steel 3000# pipe cap.  

Lifting and positioning of the cask Is accomplished with the 
use of a lifting yoke which engages a set of trunnions welded 
to the top forging of the cask body. Each trunnion Is mach
Ined from a solid bar of stainless steel. The top forging of 
the cask body provides a more than adequate foundation for 
the trunnion.

Tie-down of the cask to the trailer Is accomplished by a set 
of trunnions 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 pivot to 
rotate the cask from a vertical to horizontal position on the 
trailer 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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Section of Requirement or Subject 
Part 71 of Provision Assessment of Compliance

71.22 (a) (3) (iv) 
cont.  

71.22 (a) (3) (v) 

71.22 (a) (4)

K

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

Identification and volumes 
of any coolant and of re
ceptacles containing cool
ant.

rings spaced some distance apart which engage a mating 
ring section In the front saddle. A bolting block which Is 
welded between the two rings on the cask provide the tie
down points between the cask and the saddle. This 
arrangement Is capable of withstanding the specified accel
eration components of 2G vertical, 5G transverse, and 
lOG In the direction of travel without generating stresses In 
excess of the yield stress In any material of the package.  

Decay heat Is removed from the fuel to the cask first by 
thermal radiation and condtiction through a helium filled 
Inner container 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. 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. Therrmal 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.  

Being a dry shipment with passive heat removal, 
there is no coolant associated with the package.

!
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Section of Requirement or Subject 

Part 71 of Provision Assessment of Compliance

71.22(b)(1) 

71.22(b)(2) 

71.22(b)(3) 

71.22(b)(4) 

71.22(b)(5) 

71.22(b)(6) 

71.23 

71.23(a) 

71. 23(b) 

71.23(c)

Identification and maximum 
radioactivity of radioactive 
constituents 

Identification and maximum 
quantities of fissile con
stituents 

Chemical and physical form 

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

Maximum weight of contents 

Maximum amount of decay heat 

Package evaluation 

Demonstrate that the package 
satisfies the standards 
specified in Sub-Part C 

Fissile Class II 

Fissile Class III

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

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

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

See Section X, "Criticality Analysis".

The maximum weight of 
cask is 1600 pounds.  
fuel canister is 2934

a fuel assembly(s) carried in the 
The maximum weight of a consolidated 
pounds.

The maximum decay heat generated by a fuel assembly(s) 
the cask will not exceed 10.63 kw.

in

The cask satisfies the standards in Sub-Part C. See 
Sub-Part "C" below.  

Not applicable 

The fissile contents of the cask are so limited that the use 
of poison materials is not required to maintain the cask at

.1
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Section of Requirement or Subject 
Part 71 of Provision Assessment of Compliance

71.23(c) Cont.  

71.24 

SUBPART C 

71.31 

7 1. 31 (a) 

71.31(b)

Fissile Class III 

Procedural Controls 

General Standards for all 
Packaging 

Packaging shall be of such 
materials and construction 
that there will be no signif
icant chemical, galvanicor 
other reaction among the 
packaging components.  

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

subcritical condition. Operating procedures and check-off 
lists will be used to control the loading, unloading and 
handling of the cask. Accident control and recovery plans 
will be established In accordance with local and federal re
gulations.  

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

There will be no significant chemical, galvanic, or other 
reaction among the pa kaging components, or between the 
packaging components and the package contents. The 
fuel Is carried In an altiminim basket which Is housed In 
the stainless steel Inner container. The cask body Is a 
stainless steel weldment. Reaction between the uranium 
shield and the stainless steel Inner shell is prevented by 
a layer of flime-sprayed copper applied to those areas of 
the stainless 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.  

Qi
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Sectilon Or 

Part 71

- P I

71.31 (c) 

71.31 (c) (1) 

71.31 (c) (2) 

71.3 1(c) (3) 

71.31 (c) (4) 

71.31 (d) 

71.31 (d) (1)

Requirement or Subject 
of Provision

Lifting Devices 

Tie-Down Devices

(

i -- - I

C

Assessment of Compliance 

The cask lifting structure is capable of supporting 3 times the weight of the loaded cask without exceeding the yield 
strength of the materials Involved. See Section XI.  
"Structural Analysis".  

The closure head lifting structure is capable of supp~ting 
3 times the weight of the closure head without exceeding the yield strength of the materials Involved. See Section XI, "Structural Analysis".  

The only structure available for lifting the entire cask Is 
the structure Intended for that purpose.  

The failure of any lifting device which Is a part of the cask 
would not Impair the containment or shielding properties 
of the cask.  

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



Section of Requirement or Subject 
Part 71 of Provision Assessment of Compliance

71.31(d) (2) 

71.31 (d) (3) 

71.32 

71.32 (a) 

71.32(b) 

71.33 

71.34 

71. 34 (a) (1)

Structural Standards, Large 
Quantity Packaging 

Load Resistance 

External Pressure 

Criticality Standards

Evaluation 
Package

of a Single

Normal Transport

There are no parts of the cask structure which can be 
used as tie-down devices, other than those specifically 
designed for that purpose.  

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

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

The containment vessel can withstand an external pressure 
of 25 pounds per square Inch without loss of contents. See 
Section XI *"Structural Analysis".

The cask remains sub-critical 
defined in this section. See 
Analysis".

under all the conditions 
Section X, "Criticality

See 71.35 below.

(
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Section of 
Part 71

71.34(a) (2) 

71.34(b) 

71.34(c) 

71.35 

71.35(a)(1)

Requirement or Subject 
of Provision

Hypothetical Accident 

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

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

(

Model testing was not done. The mechanical properties 
of the materials of construction are well known. Analytical 
methods for predicting damage to a cask of this size have 
bien 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 achieved by double containment.  
Both the inner and outer closure heads maintain their 
integrity.under the conditions specified In Appendix "A".  
See Section XI "Structural Analysis".
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Section of Requirement or Subject 
Part 71 of Provision Assessment of Compliance

71.35 (a) (2) 

71.35 (a) (3) 

71.35 (a) (4) 

71.35 (a) (5) 

71.35 (b) (1) 

71.35 (b) (2) 

71.35 (b) (3)

Packaging Effectiveness 

Explosive Mixtures 

Coolant Contamination 

Loss of Coolant 

Criticality 

Geometric Form 

No leakage of water into 
the containment vessel.

(I

The effectiveness of the cask Is not reduced by the con
ditions specified in Appendix "A"l. 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 Is no coolant associated with the package. The dry 
double containment system Isolates the low pressure cavity 
filler gas from the environment under normal conditions 
of transport and hypothetical accident conditions. The 
coolant activity limits of this section do not apply.  

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

The cask is sub-critical under the normal conditions of 
transport. See Section X, "Criticality Analysi s".  

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

There can be no leakage of water Into the cask during normal 
shipment. The cask Is equipped with two separately sealed 
closure heads.

0

i



C

Section of 
Part 71

7 1. 35 (b) (4) (i) 

71. 35 (b) (4) (i1) 

71.35 (b) (4) (I11) 

71.35(c) 

71.36 

7 1.36(a) (1) 

71.36(a)(2)

Requirement or Subject 
of Provision

Effective Volume 

Effective Spacing 

Apertures 

Venting 

Hypothetical Accident 

Radiation Dose Rate 

Radioactive Material 
Release

C

Assessment of Compliance

i i
Under normal conditions of transport, there Is no reduction 
In the volume of the cask or the containment vessel.  

Under normal conditions of transport there Is no reduction 
In the space between the center of the containment vessel 
and the outer surface of the cask.  

Under normal conditions of transport no apertures of any 
size can occur In the outer surface of the cask.  

The cask containment vessel does not vent to the atmosphere 
under the normal conditions of transport. See 7l.35(a) (5) 
above.  

Frllowing the hypothetical accident condition the highest..  
dose rate at point 3-feet from the external surface cask, 
would be 787 mrem/hr. See Section 1X,"Shielding Analysis".  

No radioactive material would be released from the package.  
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 Impact 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.

C
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Section of Requirement or Subject 
Part 71 of Provision Assessment of Compliance

71.36(b) 

71.37 

71.37-(a) 

71.37(b) 

71.38 

71.39 

71.40 

71.41

I y

Criticality 

Evaluation of Fissile Package 
Array 

Model Testing 

Criticality Assumpations 

Standards for Fissile Class I 

Standards for Fissile Class II 

Standards for Fissile Class III

Previously 
Package

Constructed

The cask would remain sub-critical following the 
hypothetical accident sequence specified In Appendix "B" 
of this part. See Section X, "Criticality Analysis".  

Model testing has not been done to evaluate the cask by 
the critierla specified In 71.39. Damage to the package, 
following the hypothetical accident described in Appendix "B" 
of this part, has been evaluated by analytipal methods. See 
response to 71.34(a)(2) above.  

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

Not Applicable .  

Not Applicable .  

There will be only one cask per transport vehicle. The ship
ment remains' sub-critical under the conditions of 71.40 (a) 
and (b). See Section X, "Criticality Analysis".  

Not Applicable.

(
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Section or 
Part 71

-- -

71.51 

71.51 (a) 

71.51 (b) 

71.52 

71.53 

71.53 (a) 

71.53 (b)

Requirement or Subject 
of Provision

C

Assessment of Compliance

I I
Procedures 

Operating Procedures 

Inspection Procedures 

Unknown Properties 

Preliminary Determinations 

Defects 

Pressure Test

See Section XV, "Operating Procedures".  

All loading, unloading and handling operations with the 
cask will be supervised by a qualified representative of 
the licensee who will ensure that the operating procedires 
are properly executed.  

Conservative values have been assigned to variables;such 
as Isotopic abundances degree of irradiation, degree of 
moderation, etc. , In all criticality calculations. The value 
of Keff calculated are the maximum credible values. See 
Section X, "Criticality Analysis".  

All material of construction will be procured to established 
standards such as but not limited to ASTM, ASME, or AISI 
specifications. A thorough program of quality assurance 
including non-destructive testing will be conducted during 
fabrication to Insure that there are no cracks, pinholes, un
controlled voids, or other defects which could significantly 
reduce the effectiveness of the package.  

Prior to Its first use the Inner container and cask cavity 
will be given a helium leak test. See Section XIII, 
Functional Test Procedures."

C
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Part 71

71.53 (c) 

71.54 

71.54 (a).  

71.54 (b) 

71.54 (c)

Requirement or Subject 
of Provision

Marking 

Routing Determination 

Damage 

Neutron Absorbers 

Closure

I

K K

! 

4=.

I

Assessment of Compliance 

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

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

The cask will not contain any special moderators or neutron 
absorbers. Therefore, no. inspection Is required.  

See 71.54 (a) above. In addition, a routine 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 Inner container 
to 10 psig with helium and flodding the closure head cavity 
area with water. This procedure is carried 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 -psig and pressure held for 10 
minutes. If there is no drop in pressure, the outer closure 
head seals are satisfactory.



C
71.54n of 
Part 71 

71.54 (d) 

71.54 (e)

Requirement or Subject 
of Provision 

Valves 

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

C

Assessment of Compliance 

The valves which penetrate the primary system are located on the Inaer closure head. The Inner closure Is protected by an outer closure head which Is designed to Wvithstand 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 difficult If not Impossible.  

After securing the inner closure head and preforming the routine pressure test on the Inner container, 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 Is 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 line fitting. After Initiating the above operation the evacuation of water from the Inner container shall be.accomplished concurrently as follows. The pool water remaining in the Inner container 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 being 
expelled cab 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

i-.  
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Section of Requirement or Subject 
Part 71 of Provision Assessment of Compliance

71.54(e) and the drain line disconnected.  
Cont.  

Then, a vacuum pump and guage is connected to the Inner con
tainer Inlet valve. After connecting a vacuum gauge to Inner 
container outlet valve, the Inner container Is pumped down to 
1.0 Inch of mercury which assures tha total removal of water 
from Inner container. The vacuum pump, gauges and hoses 
are removed, after inner container Is returned to atmospheric 
pressure. Upon completion of Installation and torquing the outer closure head bolts, connect a vacuum pump to one closure 
head cavity drain valve. After a vacuum gauge Is connected to 
the opposite closure head cavity drain valve, both cavity 
valves are opened, the closure head cavity and annulus Is 
pumped to 1.0 Inch of mercury which assures total removal of 
water from the cask cavity. The vacuum pump, gauges and hoses are removed, after cavity is brought to atmospheric 
pressure. Pressure testing of the outer closure head Is also 
accomplished. This procedure assures that the pool water In the annulus between the Inner container and cask cavity has been 
been completely removed.  

Internal pressure under ncrmal shipping conditions are not critical In a dry system. The Inner container and cask cavity 
will withstand an operating pressure eight times greater than 
the Internal pressures associated with the normal conditions 
of transport.  

C I
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Section of Requirement or Subject 
Part 71 of Provision Assessment of Compliance

Coolant Contamin atlon 

Records

The cask design precludes release of the radioactive con
tents Including the gaseous coolant. The coolant Is 
considered as being part of the package contents. There
fore, the restrictions on coolant activity levels are not 
applicable.  

A record of each spent fuel shipment shall be prepare&°ahd 
maintained as required by Paragraph 71.62.

a
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APPENDIX A 

SECTION IV 
Compliance With 10 CFR 71, Chapter I

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)(iii) 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 0 are 
described in Appendices G and H of Section IX.
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Section of 
Part 71

71.22(a) (3)(Iii) 
(cont.) 

71.22(a) (3)(iv)

Requirement or Subject 
of Provision

Assessment n~f rnmnhivvr.

Valves, sampling ports, lift
Ing devices, and tie-down 
devices;

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 (2) penetrations thru the inner closure head.  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 having double !"01 ring gaskets; 
one elastomer and one metal. The valves are designed 
to withstand all normal and accident conditions.  
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 
disconnect 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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Section of 
Part 71 

7 1. 2 2 (a) (3)(iv) 
(cont.)

Requirement or Subject 
of Provision

C

Assessment of Compliance 

Tie-down of the cask to the trailer Is accomplished by a set 
of trunnions 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 pivot to 
rotate the cask from a vertical to horizontal position on the 
trailer bed. The trunnions support the cask In a horizontal 
position and provide the necessary restraint for the vertidal 
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 Is welded' 
between the two rings on the cask provide the tie-down 
points between the cask and the saddle. This arrangement 
Is capable of withstanding the specified acceleration com
ponents of 2G vertical, 5G transverse, and 1OG In the 
direction of travel without generating stresses In excess of 
the yield stress In any material of the package.

I 

CA)

i



W%.#4 %oUI UIL 

Part 71

71.22 (a) (3) (v) 

71.31(a)

I � I. -.- � _______

i

nuequrement or S ubject 
of"Provision

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

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

Q

Assessment of Compliance 

Decay heat Is removed frcm the fuel to the cask first by 
thermal radiation and conduction through a helium filled 
cask 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. Hielium was select
ed because it is a chemically inert gas and does not become 
radioactive. lHelium is only slightly soluble in water, and 
will neither burn nor 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.  
ThenmIal 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.  

There will be no significant chemical, galvanic, or other 
reaction amog the packaging cmponents, or between the 
packaging comonants and the package contents. The fuel 
is carried in an aluminum basket which is housed in the cavity formed by the SS. inner shell. %he cask body is a ,stainless steel weldment. Reaction between the uranium 
shield and the stainless steel inner shell is prevented by a layer of flama-sprayed copper applied to those areas of the 
stainless steel shell where maximn 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 1, Materials.

d•



C C

Section of 
Part 71 

71.31(b) 

71.53(b) 

71.54(c)

Requirement or Subject 
of Provision 

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

Pres sure Test 

Closure

C

The double containment system utilizes two separate closure 
heads. The Inner head which weighs 743 lbs. Is held In 
place by 12 stud bolts, 1 Inch diameter. The outer closure 
head which weighs 341 lbs. is held In place by 8 bolts, 
1 Inch diameter. Removal of the closure head requires
deliberate action and the use of tools.  

Prior to Its first use, the cask cavity and closure head 
cavity will be given a helium leak test. See Section XIII.  
Functional 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 helium and flooding the closure head cavity 
area with water. This procedure is carried 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 psig and pressure held for 
10 minutes. If there is no drop in pressure, the outer closure 
head seals and closure head cavity dra In. valves are satis
factory.

U'



Section of 
Part 71

71.54(e)

.1�

Requirement or Subject 
of Provision

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

I

a)

Assessment of Compliance 

After securing the inner closure head and performing the rou
tine pressure test on the Inner head seal, the pool water 
remaining in the cask cavity shall be removed. The pool 
water remaining In the cask cavity will be blown out of the 
cavity by maintaining the gas pressure In the cask cavity and 
opening the drain line valve on the Inner closure head. A 
line shall be attached to the valve so that the water being 
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 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 
Inch 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 atmospheric pressure.  
Upon completion of Installation and torquing the outer closure 
head bolts, connect a vacuum pump to one closure head cavity 
drain valve. After a vacuum gauge is connected to the opposite 
closure head cavity drain 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 atmospheric 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 cavity has been completely removed.
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Section of 
Part 71 

71.94(e) (cont.)

Requirement or Subject 
of Provision

(

Assessment of Compliance

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

1
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SECTION V -

COMPLIANCE WITH CFR, TITLE 49, CHAPTER 1, PART 170-189



This page intentionally left blank.



(

SECTION V 

Compliance with CFR 49, Chapter 1

Section Requirement or Subject 
of Provision Assessment of Compliance

173.393 

173.3930b) 

173.393(e)(2) 

173.393(h) 

173.3930)

General Packaging 
Requirements 

Evidence that Package 
has not been illicitly 
opened 

Accessible Surface Temper
ature 

Surface Contamination 

Radiation Dose Rate'

Compliance with this part, except as specifically noted 
below, is described in Section IV, "Compliance with 
CFR, Title 10, Chapter 1, Part 71".  

Prior to each shipment, a tamper indicating seal.  
shall be lock wired through the bolts that attach 
the top impact limiter to the cask.  

Fully loaded, in shade, assuming still air at an anblent 
temperature of 1300 F.. the external surface of the cask 
body will be at a temperature dE 375oF. 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 amblant air.  
See Section VIII, "Thermal Analysis".  

See response to 173.397 below.  

The cask will be transported by a sole use vehicle. The 
radiation dose rate 6-feet from external surface of the 
car or vehicle will not exceed 10 mrem/hr. See Section 
IX, "Shielding Analysis".

I

I



173.397 

17 3.3 9 9)a) (3)

I i
Requirement or Subject 

of Provision

Surface Contamination 

Labeling

Q

Assessment of Compliance

1
Prior to shipment, the exposed surfaces of the cask will 
be decontaminated to. conform with the limits of this 
subpart. See Section XV, "Operating Procedures".  

The cask will be labeled Radioactive Yellow III.

N
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SECTION VI 

MATERIAL SPECIFICATION 

The spent fuel shipping cask shall be constructed of the following materials 

per their respective specifications.  

Plate

1. Allegheny Ludlum Steel Corp.  

Type 216 Stainless Steel 

2. ASME-SA-240, Type 304 

Castings

1. ASME-SA-351, CFSM 

-2. ASTM-A-451, Gr. CPF8M 

Forgfngs

1. ASME-SA-336, Grade FS' 

Bar

1. ASTM-A-276, Type 304 

2. 17-4Ph conditioned per drawing requirements 

Lead

1. ASTM-B-29, Pig Lead, Chemical Grade 

Uranium

1. ASTM-B-419 

2. N L Industries, Inc. Specification No. 760S dated 4/10/72,Issue No. 1 

Aluminum

1. 6061-T6

VI-l



Material Specifications 

Pipe-

ASTM-A-312, 
ASTM-A-358,

J
Type 304 
Class I, Type 304

Pipe Fittings-

ASTM-A-182, 
ASTM-A-403,

Type 304 
Type 304

Valves

1. ASTM-A-276, Series 300 

Tubing-

ASTM-A-269, 
ASTM-A-213,

Type 304 
Type 304

Fasteners

1. ASTM-A-320, Grade L7 
2. ASTM-A-194, Grade 4 or Gnde 7 
3. ASTM-A-193, Grade B8 
4. Commercial Grade Stainless Steel 18/8 

Seals

1. Metallc O-Rings Inconel X, Silver plated 
2. Neoprene 
3. Silicone Rubber Compound 1235-70

Substitution of appropriate ASME specification for the specified ASTM 
specification is acceptable.

VI-2
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-. -~4300 SERIES 316 SS
bellows sealed valves (.312 orifice) 
AFPL:CAT;O;,.'-S: 
* Heat treating furnaces 
* Uitra-high vacuums 
* Radioactive, Reactive or toxic fluids 

Liquid metals 
SCryogenic service 

MA:¢XIMU.F.e" O PERAT ;'1.NG- P RES UF.M 

(heavy wall 316SS bellows) ...................... 2000 PSI • 600'F 
(liqht wall 316SS bellows) ....................... 400 PSI @350'F I' hH V4CU t .................................................... to 10V TORR 

TEMPERA TURE RANGE . . ---3200 to 1500"F 
ORIFICE SIZE . ............ 312 
C" FACTOR ....... 1.3 (maximum) 
IN:TERMAL VOLUME ......... ....... 38 cu. in.  
* Sea Ifmiy" en 0a80 4 ftr oxotnation 

FEATURES: 
1. Pos•tive plug return in all models 
3L Back seating of valve stem in all models 
. Secondary packing prevents escape of process fluid in the 
event of bellows rupture 

4. No torque transmitled to bellows 
" Easy to replace plugs and bellows In gasketed models "L 316SS Forged body-union bonnet construction for long life 
7.3188S bellows Is pressure formed from seamless tubing 
L. Variety of custom modifications (see page 6) 
L. A£ welded Joints am fused using Tungsten arc argon shield 

(tig method) 
10. Choose from NPT, pipe, pipe extension, or Gyrolok tube 

fitting ends 
11. Choice of globe or angle flow patterns 
12. Alr.to-open or alir-to-close operators for remote actuation 

are available (see pages 19 and 22) 

01ERATIN2 PRESSURE VS. OPERATINGQ T-,7A'.r-AR=R 
4300 SERIES A#LVES

i I

1100
Tewpmtatum Or
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MEL-C-7413B 
2 February 1970 
SUPERSEDING 
MIL-C -74 13A(USAF) 
5 October 1955 

MILITARY SPECIFICATION 

COUPLINGS, QUICK DISCONNECT. AUTOMATIC SHUTOFF, 
GENERAL SPECIFICATION FOR 

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

1. SCOPE 

1. 1 Scop. 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 6.2);

Type I - Fuel Line Coupling Temperature Range 

Class A -65' to +131T F fuel and +160. Fambient 
Class B -65' to +200( F fuel and+350' F ambient 
Class C -650 to +300* F fuel and +600T F ambient 

Type 11 - Oil Line Coupling Temperature Range 

Class A - Petroleum Oil -65' to +250' F oil and +160' F ambient 
(MIL-L-6082) 
Class B - Synthetic Oil -651 to+350' F oil and+350' F ambient 
(MIL-L-7808) 
Class C - Synthetic Oil -40r to+400' F oil and+400' F ambient 
(31IL-L-23699) 

Sizes: Types I and II couplings shall mate with hose and tubing of the following 
nominal sizes: 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 specification to the extent specified herein.  

FSC 4730
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4.6 Inspection methods 

4.6. 1 Examination of product. Each coupling half shall be carefully examined to determine conformance to the requirements of this specification with respect to design, workmanship, and identification.  

4. 6.2 Functional test, Each coupling half shall be manually connected and disconnected five times with a mating coupling half or adapter and with a pressure as specified in the detail specification. There shall be no binding, sticking or any other 
evidence of faulty operation.  

4.6.3 Proof pressure. Each couplinx, connected and disconnected. xhalt- besubjected to the vroof Rressure listed In tahba Tr Th-ar no ;464bl• •igns of leakag!e after 2 minutes minimum of presqurrftntim 

4.6.4 Low pressure, - Each coupling, connected or disconnected, shall be s-j cted to a pressure of 1 to 5 psi. There shall be no visiblts"gnaof-leakafe inutes 

4.6. 5 Vacuum. A vacuum of -6 psi (12.2 inches mercury gage) shall be applied to the connected couplmnsand -j psi (a. .inches mercury gage) to the disconnected coupling halves. There shaU- e no visile sir gns of-le!!eaE:inscate-b I loss of vacuum, shown D wvacuum gaeusedo, in minutes at these neati ye MqjureG$.  See figure 2 for a typical test setup.  

4. 6 .Opration," The couplings shall be connected and disconnected 200 times consecutivel by anann witout anv mpcial"means to keep iv n:pfrac-t - .umj D-. __• ._nate ressure as specified. in the detail secification. The counlin shalI then be subjected to and pass the teSts secoffied in416.3 -a.d4 64.  
4.6.7 Splage. The average spillage (fluid loss) during five consecutive disconnect cycles at each of the pressures specified in 3. 6.1. 1 shall not exceed the amounts shown in table L This test shall be performed immediately following the test specified 
in 4. . 6..  

4. 6. 8 Temperature shock. Matine couplinge sh:all be connected and tested In accordance with the temperat•re shock test specified in method 503 of MIL-STDb-810.  
After this test the couplings shall respond freely to connecting and dilsconnectingýuoeins anc ihi! b suoEeetoda-• pass te tests specuieda i. IS 3 1. d4. .4.  
There shall be no evidence of fariure.  

4.8.9 .Pressure drop. The pressure drop through the connected couplings shall not exceed the values shown In table I when using water as the test fluid. The tests shall be conducted as recommended in ARP 868. 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 as a test fluid. The data shall be presented in the form of curves. Pressure drops shall be conducted In both 
directions.
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4.6.14.3 -Endurance test procedureg The hose and eoiTp1frg a mkmh1ec gshail! subjected to a minimum of 200 hours of fluid circulation and vib•ntir witbh tnini.  mum of 10 yces of temperature mid pressurefea-h cycle shall congist-oLatleast.  2Uhours duration. The total implitude of the vibration shall be 0. 060 inch. and the IMe.Uc 0± vibration Hall be 65 ;M bertz. The temperaturne nd . nure .lads Abli el•Cr- W; -• atC_ oc ve-ry-hour.  

4.6. 14.4 - The test shall be started with the fluid in the vrwpn1iatg Lj.  S psic static pressure, and te bient tem, -rature shall be the low temve_ tur specified in 1. 2 *50 F. This temperaure shall be maintained-for a MiniMuM;jq 4 hours (shutdown period). Fluid c r ation and vi ration shal, •e'4"t.•id maintained for 20 hours. Fluid circulation shall be at a sufficient r-t•..fjai unorm pressures and temperatures. The oeratin- nressure shall be maintained ,_n -- _•, -,- ... aila -,m nt temperatre around the the .plin ' .hall].be 
1nMft~eri tho ~ f~thea anlbe mbiaryt -terni amn== +S: E--9 isPer'fiPA W.i2i wthinIou r a circulation isstarted. Wn circulation- is started. the temperature of the internal fluid shall be increased to tme appeabl eoperati gmpe'F"-as 
specified in 1.2, VitPRn 30 se-don5-& 0± IC ii iCircujatron. -TMA--b-a-WWepredur sball be repeatedi until the 2UU flours- or M ziuza Mc~ato In vwrauo CahF pling have been accomplished. E -M-Uý- -

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 testitn. After completion of cyclic testi.,
e coup lins hll be subected to.and -ass the.roof and low pressure tests of 

4.6.3 and 4.6.4- , . the psh o i anud losleneSS ueeto er 
finn, thP vibration.  

4.6.15 Vibration 

4. 6:15. 1 Vibration test installation. A complete hose assembly as used in 4.6. 14.1 and coupling assembly shall be Installed as shown on figure 4. Th" coupler ha shal-be 'connected to tne hose assembiy ana pr-essure source. Thothr couDjI~nZ]jBUr be contected toag Mid bulkhead TM njrtlerI n" thp --ina tn1ahe

4.6.15.2 -Vibration test fluid. The test fluid shall be the fluid for which the couplings were designed except that fuel couplings stall 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 4.6.15.3).  
,.6.5.3Vibration test Procedure. Unless otherwise specified by the Procurinx vl. thesm shall be vibrated, in each of two-mutually perpendicular axes 

eacordin to method 514 of ..L-.TD-SJUpoeue1 rves7L`. nv . c.n--ý secutive tests shall be runt one at operatinz pressure and one at lo1 P resro rea.SE ou-pling (e4.6 10.2Z).
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4.6. 15.4 Pressure ests r vibration. The pass Me Ia'st . - s,-nngs shall be subjed I ~~~~e td4oa a co°" -- and A 3. 1oDlw ~i not eXhilbit Any undue loosenesi due to wearh-irain 4. S. 15. 5 The burst pressure (see table II) shall be applied for 1 minute to the connected couplings. There shall be no leakage.  

4.6. 16 Compatibility 

4. 6.18.1 Fuel couplings 
4. 6. 18. 1 1 Fuel resistance and low teme .ected couplings shall 
satisfactorily complete tThe fuel resist.__e and low Theratnnectest ofplngs 15.  
The high temperature's shall te--- '-- " u wrmperature tests of MIL-F-881 .  Ts the operating temperatures specified In 1.2. The test fluid shall be as specified in MIL-F-8615. i 4. 6. 16. 1. 2 Contaminnated fluid endun,.ee, Test fluid containing each type of con
taminant and at the concentration specified in table MI shall be circulated 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. After this tests the couplings shall be 
flushed out with clear fluid and dra4ned, and the Aznctionai and leakage tests specfied In 4.6S. 2, 4.S.3, and 4.6.4 shall be conduc te The couplings shall perform satisfactorily.  

4.6.16.2 Ojpj4ng 
4.6. 16.2. 1 Off resistance and Iowigem-Mrature. The connected couplings shall satisfactorily complete the oil a and low temperah e tests shown in table IV. The hightempe shall be toe•- rating temperatu-es specified in 1.2.  4.8. r eshur e burst pressure listed in table 11 shall be applied for 
1 minute to the connecte coupling at the maximum temperat conditions specified in 1.2. There shall be no leakage.  
4. S.18 Electrical resistance The electrical resistance across the interface of the 
two coupling hves shall be measured with the couplings in the dry condition. The resistance shall not exceed 1 ohm.
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Wherever perfect searing is required, the proven relidbility of Circle Seat 
precision volves provides the one complete answer - a combination of abso.  
lute leakproof sealing when dosed and virtually maintenance-free operation.

. ........ o... . ......... o..........n

DESIGNED TO PROVIDE ACCURATE PERFORMANCE 
IN SERVICE WITH VIRTUALLY ALL GASES AND LIQUIDS 

Exceptonal pedormance characteristic of the Cicle Seatl ',elf vale provide sh. high 
degree of eccuracy and .iJabli7y essential in modern €rcut deign concepts.  

THE CIRCLE SEAL DESIGN OFFERS: 

* Zero Leakage 
Valve wil seal dead light virtually to lb cracking pressure.  

4 Dead Tight Reseat 
Valve reats with virtually mo hysteneis. reseals dead tight only slightly below cracking 
pressure.  

o Minimum Pressure Rise During Opening 
Flow ports are fully exposed as soon as valve starts to open.  

E Excellent Flow Characteristics 
low rate springs and full portin sure iqlnimum pressure buildup with increasI•ng Row.  

* AdiustablUty 
Tamper-proof internal adjustment allows setting cracking pressure to exact circui requir

merts. Interchangeable springs allow chonging cracking pressure ranges.  

10 No Chaffer or Squeal 
Balanced design end smooth tlow characteristics eliminate chatter and squeal.  

C Long, Meinfenance.Free Service Life 
Zero l:ek "0" "ag design prevents wire drawing across seat eliminating seat rework or 

I replacement.

F=M NO. 5•5-.2315

Oirsftilowit" wad U*vepmetf tiws &V Pu5.pale UL arkhs
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RELIEF 
VALVES 

5 100 S-eri 
10-2400 PSI 

....... .. ....... 00 .......... e.  

HOW IT WORKS 

open• 

it-lone constructon and full Cow ports perm;t 
maximunm tow with minium, increase In 
syste pressure.  

closing 

Spring equal•zer transmits to poppet only 
the axial component of spring force. Poppet 
sldes smoothly inside bare. -0- Ring makes 
even contact with conical sealing surface.  
With 0" Ring seated, system pressure 
forces "o- Ring to $eal dead fight.  

closed 

Spring ocd ks carried by mefal.to-metal seat 
which backs up te -0- Ring end prevents 
dicking. Sealing rfficiency increases as pres.  

urim increases. ''" ':••• ., 

cacking .  

As wae opens, pods in poppet open. fully 
and elirinate rapid increase in pressure.  
Flow is throttled between poppet shoulder 
and sea., provid;ng regularly increasing 
flow area with increasing low rates.

**IM;-. ig- A

S- 
-.

o9•o-.. . _ .. o .•T..



CONSTaLUCTZON. DETAILS

.lA 1IU ...... 20. 4 T4 ..................  
-minim ...... 4 To .................. A 

.ainless Steel...302 .................... T 
31S .................... ?I 

Carsester 28 .................... 13

END CONNECTIONS 
uincue MU 

Mmet Tie. UWAr3g (laJIl051S) ............. T 
Frmalse Tis. AI1110051 .................... I 
Mlet Toi. 1133=14 ...................... I 
Mele Pine ............................. U 
Fenale Pi e........................... P 

*Thb shes ar ts A'•st sips s ize I'o's

Circle Seal 3100 Swis relief valves are 
avaiabe in various materials to provde 
.* accurate. rerfla performance with virtu.  
ally oa liquids ar gases.  

i Careful In-*ne design provides ease of 
oumnting. lightweight construction and 
:eptiowal flow characteristics without the 

16mpl•0cot;0or arising froO Pilot operation.  
Cracking pressures may be changed by a 
simple internal adjustment or by replace
meat Of sprinfs.  

TECHNICAL DATA 

lady an- Isterna rts ................. 11r Stlck 
Irlaislks 

Ateminnm.. -. 04 1 ............ iudiZedsa 

£lumiiwa. .*. 6M6 TI ............ Anuhdi 
MiL.456i5A. TMe ti 

StA•tsl em .......................... ua 
Sariftg .................................. 17.71u 

Sult .................. S t A~ Wr Telln 1 
Cract WBsedi Prmr 

cracy ............ Sa Chae s racing Palge 
Operatig Pressure ................... O3620M PSI 
Pro u ....................... 3= n1 

MATERIAL TABLU

5135 

2.173 

5132 

5120.

-40" to 2W00 F 
-. 40" to 250P F 
-4V' to 300o F 

-20* ta 350*F 
-20" to 4S00 ir 

-2000 to 4Se F

NSOpreflo 

Nerfewe W 

Vilae £ VItosA

Telol

KSIOT I --320 to 45- I Te-fl I 
NOtei "0' Ings rated for mlnimum senrice of -40

Ariraft Fuels. Aromatic Fuels. CaaOline 
Air. Carbn Oleiuidt. FreQ 12. Irrso 22. 05125a 
wrg tsw autmre Silicate ester base hydraulic 
Iu=:. Orwmte &1%. 0S-45-1 

Aroematl Fuest. Carles Tetrachlaolde. MIL-0.  
7108. 0note ISe1, 03.45.1. SUeam (to 40O.  
FL Toluene. Xyletue 

ckem.caft, inset.l bllse s fsr Wimally ani Iluive 50 
=s 1200 a. Per essure bos Soo ale 1200 

-. tem, Servce.

Cr�pset Seonce.
-- •i AC*

* ------- ----

* .. V.

After a prolged period of storage with no system pressure.  
thee frl!is voalve wilt evidence an opparent high cracking* 
pressure on Area crock. Iherefore. in recivsng q inspection testl. true 
cracking pressure should be determined otter the Arn$ crack.

ADJUSTMENT RANGE AND REPLACEMENT SPRING DATA
Mll teh lts

13 
28 
33 50 
70 

I00 
340 
200 
250 
300 
401 
S0W 
625 
5110 1000 

1251 (625) 
1700 (550) 
2000 (10c

Utlic adWUs

10.26 
1.,.25 24.41 

40460 5644 
W0,120 

112.158 
160240 
200,=0 
240.360 320-M1 

400-6m 
500.150 
610.1020 650.3210 

1070.1410 
1250.1250 
1530-2400

Fai replacement springs specify spring number from table be
low followed by cracking pressure number (middle column at 
left). ELt Af.-30. E•ceoton, in the 1201-2400 psi spring rane, 
use spring number in brackets.

ra StIN 
it"*e I

%.'A-

10.40 pa 4511206psI 29144M &11 4.I
10313 

515

10525 
525 

545 
SIS

525 
525 
S45 
573

Springs im the 10-ASO psi range re Interchangeable 
Sprin4fn ;a the 4S*4200 psi re410. Wre interchengeabti 
Snrlpmas in the l19nl_"AAfti -o . .. ...2. .

S•ra ng mOfrtrintogeaalO

Distributorsa".n Represemetiven is orisciput II. S. ckI;U, 

VI-lo 0. 111:

Tomve ordereg tn 
to" range "Il

10.15 
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MODEL NUM3ER AND SERVICE RECOMMENDATIONS 
Moel sberuffsi e" rim 

seass . e1e=pate ' terlal sersice 
S1u5 to0_ 5275. S long N Air. Alcohol. Ammonia. Ammonium 141raxdq, 

Freon 12. Ethylene glrcol. He;.uum, Hyarawul,c Fluid (mineral usuj P".I.-'ro1en. Lube oil.  MIL-N.5604. 1IL*.144M, Nitrogen. Water 
3177 -S* te 2750 F MIL-P-25732 Same a SISS 
5122 --40 to 3000F satwt UO1N

Q

4SI.121 pid10-450 old
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iC311. 112 51.3 f 

L - 513.3. 4 
Igo 2 175tl 11 51 CI 314 -a.  

a.  
I.  

as 
.6 

a.  

U' 

a.

15 5 7.5 10 12.5 15 175 
RATE OF FLOW - GPM

I [ � I

20 225 25 30

K)

1 311 31A 

1200 -W I 
10 - -

AC - 38 311 . 12 5,,.1 354 

50 t 
•.0 L1 313. 314

J3,,9. 1/ 12 .I 

20K 

0 25 50 75 100 125 150 175 200 
RATE OF FLOW -SCFM 

1200 - W , . 314 

-r 

••|18'g 314---" 

400i1 

325 • • -m ,, -_ . ;_ .3.1, t.. A12 v s8. 314 

250 

200 
150 -313 112..  

7 ,13. l :l . 31, 

1 1 I s 
I "1 . 3 4 .100 -- /I1 0 

20 II ~ loll F •

3. Itsell appropriate sitl -Allen" key into *mile# 

end eand odius to do".d cracking pressue. o

C. Held heas mooch steotery roeltive to oaf*i 
and .od tight.e body to lock it adjuumet.  

VALVE WEIGHTS 
(I11. appreal

sift s mu t psi 

•& .18 .1S .43 .6.  
,i .20 .22 .50 .. 7 
•, .15 .13 .41 .56 
% .50' .74 LOS L.u 

.42 .60 L= 1.14 
1 .72 1.10 L60 L18 

WMlti Malo ottet. 0.45

- - -...... ............................... 00 .

#A 

m letist 
10-48 451-24"0

a'" 
1n

2.4S 

L22 
2.25 
3.37 

3.00 
4.33

2.0* 

2.1S 
4.27 

5.82

I10.450 431-2400
2.7? 

L931 

4.00 
L.72 
.17

"For 1201 to 2400 psi. At is 3.51: hen. itst and body dim. ore 1.00.  
S... . ....... ....... .. . . . , ita and body di., . . . 1.00.

3.37"o 

2.81 
2&70 
4.90 

4.6 
6.97

Dtibw or,8s end Representativ he siceip .- U. L---...,., . I,. .... _..l

Mi~0 4 -41 
P1 _M3Q

MINIMUM ORIFICE AREAS 
(opmale.. with oafv op".) 

Tube I Or11 c2 Areo. sq. in.  Size i 10.1200 psi J1201.2000 psi 

all .023 
%• .038 .022 S 2A .o30 .125S 

I .2WI .130 

ADJUSTING INFORMATION 

4100 Ser;a log we odrvsfebil eapproiomtely 
=15% of their nesmid $Wing ratins (soe. P 
S1.2&.  

1. lo10e1 diaargo 118U. if aRy 

2. "llrk" body joint by wremching hoze. Do 
W use pipe moech.

I
.55 

.6,57 

.758 

.164 

.911
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1.00 
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1.375 
1.625
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E SERIES QUICK-DISCONNECT COUPLINGS

DEPENDABLE W= 
VACUUM AND 
PRESSURE SYSTEMS 
Snap.Tile's E Seris quick disconnects 
are specifically designed for and have 
proved their performance in vacuum sys
terns. gravity flow systems and pressure 
systems.  
BEccau. of their large inside diameter 
and streamlined valve de.,ign. E Series 
couplings work as efficiently with vacuum 
as with static pressures to 3000 psi (¼") 
size.  
The unique E-Packer makes the series 
especially suitable for vacuum systems.  
Sm.llcr size couplings hold vacuum in 
the micron range. in either the connected 
or disconnected position. Field reports 
show the 1/i" size capable of pulling 
near absolute when coupled.  

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

LESS PRESSURE DROP. You benefit 
from greater flow with lo-er pressure 
drop than any other make of quick-dis
connect with the same envelope size. The 
two-pieee body construction permits 

- •_/larger orifices and a valve chamber 25% 
larger than the designated size of the 
coupling.  

SMOOTHER FLOW. New "Jct-Siream' 
valc design maintains a clean linear 
flow. Use of positive valve stops-made 
possible by the two-piece body construe
tion--combines maximum strength with 
minimum flow restrictions ard elimi
n-tes the possibility'of valve float.  
Smooth flow is further insured by re
cessin; the valve washer in the body of 
the coupler and nipple. Positive position
ing of valve maintains a steady, 
flow under all conditions.  
INSTANT FLOW ON CONNECT. Valves 
oren automatically when halves are con
nected to permit full. free flow.  
POSITIVE SHUT-OFF ON DISCON
NECT. ValvCs automatically and corn
pitely bhiut-uff at both cads when lHnes 
are diaconnacted.  
FAST OPERATION. Connect or duseon.  
nect in seconds. without tools. To con
ncct. pull b:.ak sleeve. push couple" onto 
nirple and release sleeve. To disconnect.  
pull back the sleeve . . . coupler and 
nipple halves separate.  
DEPENDABLE OPERATION. The hall.  
lixk nicchanism is the simples', mosw 
,eliable type in use. providin, positive 
:annection tinder :any operating condi.  
lion. Hall he.rin; and %teclc engJgcsement 
permits 3611' swivel atin. preventing 
ibild-up.of ht%,e torque. Hardened .tain
less steel balls rive extri.-ln; service.  
Ball race i% radit-aed to provide line 
contact and spread the load.  
TIGHT SEAL CONNECTED.Snap-Tite's 
exclh-tive E-Packer inurcs a pe.itive 
seal under vacuum and pre.vture. enahles 
ih.. r O.-r,,t to h:amdle a wide- rnnec of

Iwo PuFeIK 2:07i 1*0 'Ritt 5iDV
rosiltvi 

Sttt LOCA tLSInGN

the E-Packer partially compresses to pro
vide a form fit between coupler and 
nipple. It maintains a reliable seal even 
after swelling as much as 25% - pro
viding capability far beyond that of 
normal rubber seal designs while saving 
the expense of special seal raterials.  
The unique E-Packcr seal contact per
mits the use of high temperature seal 
materials without the danger of leakage 
due to seal shrinkage and tearing - a 
common occurrence with normal b=,lt 
seals or peripheral seal configurations.  

TIGHT SEAL DiS
. . CONNECTED. The 
p~poppet has a metal

to-mctal stop to con
trol compression on 

\4 the valve O-ring seal 
- This seal is recessed 

and wedged in the 
coupler or niople 
body to keep it in 
place. The metal-to
mcal conta=t of the 
valve w'ith eou;ler 

or nipple body is designed to control 
compression of the valve seal. eliminat.  
ing wear and increasing seal life. To is
smur that vacuum is held. extra-strong 
sprin are furnished in the coupler and 
nipple valves.  

CORROSION RESISTANCE. The steel 
E Series ceur!.;n is plated w•th heavy 
"cadmium chromate that resists corro
sion while enhancing appearance.  

STRENGTH. Coupling bodies in sizes 
through 2" are machined from wolid 
bar stock. The two-piece body construc
tion with O-ring adapter seals provides 
built-in safety relief at ultimate pres
sure limits.  

VERSATILITY. Wide ch•h:c of stinJard 
and specia; ,eul materials enahlcs E Scrtes 
to handle a great variety of fluid..  

THREE COMINATIONS 
I. Double shut-off coupling: Valved 

nil,!c and va.ved coupler.  
2. Sinl. shut-off coupling: Plain nip

pIe ;md va, ed coupler.  
3. No shul.off cuuplinrg: Plain nipple 

And pl:1.n co•,"1-.  
All combi VI-13 the same size are

E.b~~ SLAL 9 / l~il

Wtille' • AL .m: 
J11 I'. tt- ----- W Is Tnt Md0d 

Va

" u w-

w-. i

Plain couplers arm NOT sed %ith vahaed 
nipples-- valve in nipple cannot be 
actuated.  
TWELVE SIZES. w". %-, %.-. ?-2. r, 
Ii', I!%i. 2", 21A ". 3", 4. 6". Other 
sizes on request.  
TEN END FITTINGS. Female NPT.  
Male NPT, Hose Shank. AND 10050 
Ifemalel. SAE Female. MS33656 (m.leh.  
SAE (JIC) 37" Male Flare. ,IS33514 
(male). MS33637 (bulkhead). MS33.S15 
(bulkhead). Other fittings on request.  
FIVE METALS. Heat-tralted alloy %*c!.  
biass aluminum. 303 stainless. 316 stain
les. Other mc:als on requett.  
EIGHT SEAL COMPOUNDS. Choice of 
eight basic E.Packer and O-Rin; e.al 
compounds, plus a variety of -. cials.  
See Packer Uuage Guide for detali.  
FINISHES. Cadmium chromte steel.  
anodired aluminum and p ssiv-tl- A-tmr,
less steels. i.ectroless nickel. chrome.  
nickel and other finihes on retiaut.  
CAPS AND PLUGS. Dust c€at. prcsure 
Cap% or dust plugs protect diuconncwcd 
couplers or nipples Irmm dama;ge. irt .:nd 
other contaminants. SLc halck prtie.  
SLEEVE LOCK. Pre,,enl-t aci:dcnm.,l ,.
connection of coupling. Sleeve c.into' be



E SERIES VALVED COUPLINGS WITH END FITTINGF

Valv.d Couplers 
Basic Coupler Designation: VEC 

With Female NPT (.nF With M336357. Bukhead (-57) 

1.....

With Mall NPT (-M) With Host Shank (-K) 

With AND 10050. Female (.50) With MS33514. Male (.14) 
or SAE Female (.EF) 

L3
With MS33655. Mali (-56) With MS335158 Bulkhead (.15) 

.of SAE (JIC) Male (.EM) 

]ved •TNipples 
Balsic" Nipple Iesignation: VEN

_ _ I 

With MS33657. Bulkhead (.57)

-A 

With Mile NPT (.M) With Hose Shank (.4)

-- t--a , 1 

hANDO 10050. Female (-50) Wit MS33514. Male (.14) ' £AE Female (-(F)

'p

a# SAC (IC) Malt (EM)
W111t MS33515. Bullhead (.IS) 

S.. .. .. VI-'I4

Di1piisions(:,.~. o ___ 

'A"t lm  I S/* 'h I t. I%- r" 2%/ 3w r 6.  

W % 17. IX 13 Z% 2'4 23 % 3%5S* 3U* 6%* iO, . ', 

1 115 1.0 2.09 2.42 2.67 3.14 3.27 3.32 4.53 4.77 S.71 9.31 

9 1.53 1.33 1.33 2.11 2.22 2.3 2.34 3.52 4.26 4.33 5.71 3.31 

1 1.t3 1.9 2.z3 253 2.74 3.33 3.42 4.15 

1 1.53 .63 1.38 2.16 2.32 2.51 2.34 3.58 

N .1.53 1.69 MI. 2.35 2=3 

S W.. ., 0.63 6.13 .24 6.15 0.73 0.34 2.12 1. 1.33 1.73 2.31 

.L. 1.54 .II 1."4 2. 2.4 L 3 .I 2.9 5 3.50 4.10 4.4 5.47 3.41 

L 42 II.3 LP15 1.31 2.03 2 2.3 3.05 3.73 4.03 5.37 3.41 

1.7 1.-1 2.04 2.41 2.55 3.13 3.16 3.73 

P t.42 2.66 1.61 5lit 2.14 2.34 2.5•2 2.0 

S t.42 2.5 1.58 1. 2.14

Hex dimensions are taken from flat 
of hex aed not across cornes 
Decimal dimensions are *.0.5.  
Dimensions are subject to change 
without notire.

rfh
"Sleeve configura
dons for these sizes 
as shown.

Weights eelith nd Fittings (Pounwes) 
i~n Steel and Stainless Steels
COUPLEs 'A- %-I I - 1I/z%-J r 2%-/ 3-1 4V £

VEC.F 0.22 0.25 0.44 6.7S 1.22 1.50 2.50 4.20 3.50 j10.50 20.50 0?.00 

VEC.14. VEI-CM 0.22 0.25 0.44 0.72 1.05 1.50 2.30 4.50 3.55 12.95 72.00 43.00 

Y€C.N 0.21 0.25 0.44 0.73 1.30 1.53 2.35 4.32 100 1.J4 22.00 43.00 

-C.50. V[C.U 0.25 0.23 0.471 0.72 1.22 1.31 2.72 4.30 

VEC..4. J...... !.2% _VS .l 9 6.2 2 122 0.471 0.31 1.44w 1.701 2.75 5.20 

'/"Iia k % 1 lh % 2' Zt," 30 4" W 

-VR 1/- 1- 1 %-1 S i P -'A I- I r - -7 
VIN I 0.150.1030.32 0.55 0.85 1.213 1.66 2.11 .4s 13.00 ImS.So co 

VIEN- ,S. I I I I
VEn. 14. VIN 10 

YI[N II 

VEN.5. VIN.I 

VrNS-7. VEN- iS

0.15 

0 l 
0.21 

0 II

;0.13 

60.22

6.32 

0.31 

035 
0.35

0.50a 132?I 1,1 1.u 3.38

0.21 

0.35

0.C1 1.00 223 2.15 4 01

!322 

. 23

1.31 

2.31

6.52 
6.56 3.53 

2.52

5.15 

5.'S

O 44 

3 55,

25000 

20 00

31.05 

21 CO.

OTHER METALS: 
Multiply weights given in table by the following conversion factors: 
ALUMINUM: 0.379. BRASS: 1.05

i



E SERIES PLAI[NCPLING~S WITH1 END FIT TINGS

Dimensions (i,.ches)

I With 1153357. Bulkhead (.57) 

-r 

With Hose Shank (-H) 

With US33514. Male (014) 

F r 

With 1K533515. Bulkhead (-5)

With Female NPT (4) 

With Male NPT (.M) 

With AND 10050. Female (.50) 
ot SAE Female (,EF) 

WiOh VS33656. l•.:ae (-50 
or SAE (IC) Male (-EM)

With MS32657ý Bulkhead (-57) 

"I e h ) 

With Hose Shank (-H)

-- € -"

With ANCD 10050. Female (-50) With VMS33514. Male (-14) 
or SAE Female (-EF)

With MS33ESC. Maie (-56) 
or SAE (J;C) Mile (-EM)

1-m -tW 

L" L&

With MS33z51. lullhcad (15)

P lain Couplers 
Basic Coupler Designation: PEC

COUPLERS %,., . -I %-" 4'-1 Z' 1G " 2-" 121-" " r 1 41- 1_ _ 

PEC .F J 0.1100.-2 O.2 5  
0.10 0.31 0.81. ' 2 .00 .o 7112 512.C [cC.U•. P2c 16. " ..... . .  

P22 :4. P22CEM C- P.O. M:' 0.39 :19 0.45 1.04 2 C4 3.50 6f Do II an11 1 77 so 

P,,t 71-2 0.2 0 44 0.63 1.13 ,, f;. -• .; ..: ,!o, o+ ,,- I -i. ..- ' -"P'C $0.,P'tcr T0 •Z5 1"020 0.54 03

P[ *7.P C' 1 0,2?**2 * 025 3,04 .7 073 O 

0.7..07. 0.120 026 l S i U.V~ 1.47 2.00. i !0 

PEN-.Y . PEI;6.Ij 
PEI 14. PER41.-& 00 010 0.22 047 0.75 1.13 10s 300 4 A .2217.?ICO 

0 so. E . . 1 PER 5'. 1 1, o I 
;:::0.PLN2:mir :::+l Jot? 0. OP, O V 
PIN 57 .. PN s '1 ,. vt lf 01 6 o 41 052 os I I I

OTHER METALS: 

Multiply. wri.•.-.t given in table by the following conversion l,..-.tats 
ALUMINUM: 0.37.9. BRASS. 1.08

VI-15

Ip-a':! Nipples 
Basic Coupler Designation: PEN

With Femait NPT (4) 

With Mile cNPT (.M)

.P..

a" " 3-" -1" -r "•3 -3 

AO014 %1 IN 14 1% , 2 2X 3 2 3h 4!3 I 8 

3 1 V. 1R. JIG 14 ZX. 2"S 24 21i% s s**~14 
"9 !.31 1.13 1.72 3.34 2.01 .25, 2.41 :1 2.67 2.21 3.35 3 .1t 4.33 

V 5.22 1.42 1.65 1.34 136 

"W 0.22 0.,3 0.33 1.01 1.17 

"1 1.43 1.63 1.10 2.13 .2;"; 
Z .5 0.61 '.63 0.34 01.115 0.79 0.34 1.12 1.22 1.28 1.73 2.32 

&A 1.27 1.1 1.41 1.69 .M 2.22 2.23 2.35 2.31 .2 .13.50 4.60 

3,( 0.67 ,- 87 0 1.04 : .U 2.12 2.22 2.25 2.32.1232.50 4.60 

to 0.72 0.37 0.37 1.04 1.10 

UT 1.11 1.66 1.67 1.33 2.04 

ii e zt ? 'r. I 4 L& 1 4 13% 2 y, 2 34 2 F4 7 ' 5 

1%K 1% 134 13 

NOTES: 
Hex dimensions are taken from flat ,'-f *Sleeve configura, of hex and not sicss corners.__ Mions for these sizes 
Decimal dimensions ere t .015. as shown.  

Dimensions are subject to change 
without notice.  

Weighhts With End Fittin's (Pc;.nas) 
in Steel and Stainless Steels

r



E SERIES COUPLINGS: TECHNICAL DATA

Pressure Data
"i - following data were determined by actual test under 
s, ic conditions with no flow or surge and are conscrva
Ii . Condilions such 21 shock, cycles per given time. and 
o er factors will @affcct. coupling life.  

F ssure ratings of standard units can be increased in some 
a ilicalions by slight detign modifications or if specific

operating conditions are met. On applications requiring 
higher ratings than those listed. please consult with Snap
"Tite. Inc.  

Burst pressures listed were taken at the point at which 
failure that rendered the couplings inoperative occurred
not at complete bursting of the units.

Working Pressures (psIg)

N Ived & Valved and Valved & Plain Cquplings
PUINSSIZE %a ~ " 13 

2hM 1 110 214 124W ' 2A- r 4- 6
A 3000 3000 3000 2000 1500 u250 1000 750 750 S7o0 50 

S00 1503 ISCO 1500 •500 300120 300 300 200 150 I 50.  •NUm 1500 SOO 1500 1S: so 500 300 300 0 300 200 ISO Ie50 NLISS s1rt11 3000 3000 30O0 2000 1000 1000M 758 S0 400 300 200 200 

xin & Plain Couplings " 
PLING SIZE 'A"340 % Ia 3AO 106 12/4o I'" r1/ 2 1/3' r 46 5 

L 4500 4000 4000 3750 3000 2=00 1500 100 7150 750 S00 m 
;$ 2M1000 2000 2750 2000 710 500 DoS 300 203 20 250 IS 'INUM 3000 2050 2000 1750 1060 750 500 500 300 200 150 ISO 

NLESS StEflS 4000 3500 3500 1 3500 2000 1500 I 000 750 400 300 200 200 

)OF PRESSURES (psig): 11/2 times working pressures.  

:ST PRESSURES (psig): 2 times working preSsureL 

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

'PUNS SIZE 'he% 1 361 IN3 1 1l'0 1%0 20 214- 3-6 46 

PLED UNIT VACUUM H AIiM"Wit .20' .20' 1.40 . .Sr 1. 2.9r 1 2.1 n.90 , 2 1. 29. I. S 2.90* 29.30.  
PUl ANDo IPPUL (pat9tedl II "-CUUM -A Aessees .-Mg At.b0"i 1.0 0 . 25.90" 2 2 2.9 10 2 19 1 21.90' 290.2 2.9001 2931S, 29.0" 

Force to Connect: Valved Nipple and Valved Coupler 
IPUNG SIZE . a 6 % ! i1 lI 1,A, I i6fr 12"1rzI 1r4- r

:... ITICRS•J. PIU5SU• tC 
'. o0 co"N[cT (Pa04.a

200 j I r1 I 145 I S 1 - 245 I 425 I 560 s 45
2 

as

Epil!:,gc on Disconnect: Valved Nipple and V]Lved Coupler 
e following data were determined by actual test using hydraulic oil MIL-H.5606. specific gravity 0.83 in circulatin! 
ov with pressure applhed on coupler side only.  

JPLlNG SIZE 'A" 1%" 2416 2, 2122/ 361 4VI 

IN' RIh*hIA LIQUI ,11, I' t ESj~ 12 2 i 14 Ag 4..2: ;g 5C S 19.6 u 13 a. 53.2 : 5. 3 i 172.0..i 12020 1 !150.

.i

C 

5 

A 

S"

C 

C 
C 

(

I

II

I



E SERIES COUPLINGS: TECHNICAL DATA

Flow and Pressure Drop

H~YDRAU7LIC FLUZDS

VALVED AND VALVED COUPLINGS: 
1.  

poeassure IOU~ vs how vat.  
(MIL.H.S606 hyirauoi.c flind).

I -11

�% 5. A % � - - -

VALVED AND PLAIN COUPLINGS: 
9...... lons vs. flow lawo 
PUIL-SC-M0 hydimfic Iland).

"o"- oba w a.t 46d -

PLAIN AND PLAIN COUPUINGS: 
feessm t IM is. flow rate 
EUIL.H.ISO&6 bldrula. fluid).

a.  
is 

I

S. -j

AIR

\.,..di AND VALVED COUPLINGS: 
oeshuff fell vs. air flow mel.

VALVED AND PLAIN COUPLINCS: 
Ptassuva loss vs. got Flow mis.-

PLAIN AND PLAIN COUPLINGS: 
Psaissre loss Mi. air flow wit.

E.g 

I.  
I 
V

if ~icr~,r-,'L:r1%' S5 psig. pressure drop at any speci
fici rate of flow in either cubic feet per minute or p'ounds 
per Minute cain be taken directly from Zraphs. If inlet

Alit PRXISSURC 111FORE COUPLINC 
'P- table 

K.,ýIssU'c COVWtC.MC: FAC;,3R

so a - - S 5 5 en

pressure is hi;her or lower than 85 psi&,. multiply the 
prM2s~re drop by the pres-surec orrection factor given :n 
tail~Ie below.-

Air Flo-%% Pressure and Temperature 
Correction F;a-ctors

I = 2M13OI=I SooI-SooI12soz1oI~SO I oo 1 1jiojia 170 1 so I so 1
I 0 j~ C51,1 I0.027 1 0.13 103 1 1'j 0 17 1 03 OS1 1 I6 C iS 1 1.06 12.181 13.34 1 1.14 1 1 .7

Alif IMMrATURE IT*)

I.1101EAIJOE CCRSCCIION FACTOR

1 200 310Io I i 10 140 1 120 1 300 1 to

I 1.25s 1.21 17 .133 3i l 

VI-17

I 0 Il 70

1.04 1 3 .02 ..1 , **ou I .'R 096

smawagsAoat1 P"..  
be.. a .0 ft .w uwe -we
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E SERIES COUPLINGS: ORDERING INFORMATION

Select, the proper coupling - consisting of coupler haltf BRASS: Prefix the part number with the letter B. Ex-% 
with end fitting and nipple half with end fitting -from ample: BVEC564F.  
the table. 303 STAINLESS STEEL:Use prefix~ letter S and suffix 
Coupler and Nipple Part Numbers in table are given in designation (303). Example: SVEC6-6F (303).  

CADMUM-CROMAED SEEL316 STAINLESS STEEL: Use prefix letter S and suffix 
If other M-21terial is desired. specify as follows: designaiion (3-16). Example: SVEC6-6F (316).  
ALUMINUM: Prefixe the parr number with the letter A. SLEEVE LOCK: To order. add W/SL to part numbtr 
Example: AVEC6-6F. sdeletcd. Example: SVEC-6F (316) W/SL 

Steel Coupling-rr with End Fittings 

VALVED COUPLERS
Ead fftuqj 14-0/." -' I -" I - - - 4-711% - -r 2 -' r _4- So 
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Own She#* 3134.274 V06.3 14 $W VtS -114 V131212 31334.26H V1320.m VC342443 VIN3(2 323 3t1648.-413 C1344.4-411 f1114443 31Vt9" 91 
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The Original Water Repellent Preservative
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Woodlife 

W '-ter-repellent preservative for all wood 

.uoodlife is the original, and it remains the most widely 
used, water-repellent wood preservative throughout the 
lumber and wood product industries. It Is a light-bodied, 
penetrating solution which leaves no perceptible surface 
coating. It does not discolor the wood. It is odorless when 
dry. It does not interfere with subsequent painting or 
varnishing, and it does not affect the flammability of 
the wood.  
Woodlife is suitable for the preservation of the finest 
cabinet work, and lumber items, alike.  
In addition to its high water repellent effectiveness, 
Woodlife has a unique and outstanding ability to retard 
the surface wetting of wood. This quality, "anti-wicking 
action," is especially important for the protection of 
wood siding, millwork, and any other wood products 
where the entrance of water by capillary attraction is 
undesirable.  

Woodlife Clear Coloriess-best base for paint finishes.  
Use sealer before lacquers.  

Marine Woodlife Green Also offers superior protection 
against salt water borers. Green tint. Contains Copper 
Naphthenate.  

Woodlif a conforms to the definition of a "non-swelling, 
paintable, water-repellent wood preservative" and meets 
or exceeds all requirements of the Preservative Minimum 
Standards of the National Woodwork Manufacturers 
Association. Conforms to the U.S. Department of Com
merce National Bureau of Standards recommended corn
mercial 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 treated with Woodlife by Im
mersion, DRI-VAC vacuum, roller-coater, brush, or low
pressure spray, allowing 24-48 hours before applying fin
ishes. May be force-dried for production requirements.  

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

Immersion (3-minute) - 5-10 gal. per MBM* 
Brush Application - 150 sq. fL per gal.  
"Absorption varies according to wood species and Its 
condition.  

P,,intability Excellent compatibility with finishes. Clear 
idlife-Use sealer coat before lacquers. Marine 

Woodlife Green-Possible staining of light colored prime 
oat; acceptable after second coaL Where requirements 

are critical, seal wood prior to painting.

71 z 11-s
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Vanger - Woodlif contains petiroltm distillates and may be harmfuA or fatal it swallowed. It swlolowe. " M Induce vomiting but can a physician.  
Xesp ouat of the0 racho of Children.

1. Reduces warping Hardwood 
truck body panels atter 13 months 
of weathering. All were cut from 
the same board and the pali -n 
the left was immersed in V 
life for 3 minutes. All were 
finished with O.D. enamel in ac
cordance with Ordinance Speci
fications.  

2. Guards against checking and 
splitting These laboratory test 
blocks of Southern Yellow Pine 
and Ponderosa Pine, partially 
Ireated In Woodlife, vividly show 
its ability to reduce end check
Ing. They are alternately soaked 
and dried to accelerate checking.  

3 Mlnimdzes grain raising and 
surface checldng Hall of this 
piece of Douglas Fir Plywood was 
dipped in Woodlife for 30 sec
onds. The entire piece was then 
given the game enamel finish and 
exposed to high humlblty-a 
severe test for any wood.  

4. Prevents decay Woodlilfe
treated flooring section, at !!-t 
left in photo, is sound and 
from decay after 7% years 
sure.  

L. Controls fungus stain These 
Woodlife-treated and untreated 
windows in the south wall of a 
humidity chamber show that in 
actual service of the most severe 
kind. Woodlife gives the same 
contrOl of stain-fungi as in labo
ratory tests.  

L. Stops termite and Insect at
tack After one end was treated 
with Woodlife, this block was 
placed In laboratory termite bed.  
Termites tunneled across the 
treated ares. but bored a hole 
clear through the untreated por
tion. During a 6-month test, the 
untreated end checked badly 
and developed decay.  

7..Improves paintablilty •-4 
paint holding quality Thesa 
blocks from the same board-,-,) 
identically finished with white 
enamel but the one on the left 
had previously been immersed In* 
Woodlife. One winters outdoor 
exposure demonstrated the value 
of Woodlife in keeping the wood



This shows what minsture can do even't quality malwork. In spite of 
a paint finish, after four years of exposure to the elements.

This sash Joint was not treated before painting. Observe the. open joint, glazing compound failure, staining, and poor condition in 
general 

I 

j'lls sash joint was Woodilfe treated before painting. Notice fth 
_ZIeent condition Of the Paint, Glazing compound and Joint.

Note the paint failure and gen
eral deterioration of the untreated 
door.

After 3 years exposure to year
around weathering, the WoodWfe 
treated door Is in excellent condi
tion.  

VI-21

Garge door sections constructed by a large, well-lnown manufac
turer. Swles and rails are finger Jointed hemlock with Douglas fir plywood panel. No. 3 was left untreated. No. 4 WOODLIFE treated by 3 minute Immersion. Both units then Primed with a well-known 
brand of Industrial primer finished with one coat exterior house paint.  Both moeis exposed to the elements for 12 months.

Close-up of painted garage door sections with hardboard panels.  
The untreated panel (M1) shows checking of the stile, paint failure 
where panel Joins the rall; the glue line and corner Joint have failed.  
The Woodllfe treated panel ('2) Is in excellent condition. Both have 
been exposed to the weather for 10 months.

Treating siding with Woodlife preserves wood's natural good qualities and offers the added benefits shown in this photograph. Note 
how the water has darkened the back of the untreated (left side of photo) portion of the siding test panel after one yea's exposure to the weather. Water worked In between the lap joints and wetted the 
back side. Treated siding (right side of photo) loses Its affinity for water, so remains dry.

"4



- How to apply Woodlife
Immersion (Open Tank Method) Flooding, Roller Coating, Brushing 

Where immersion Is not practical. Woodlife may be applied by flood
Ing or roller-coating. These processes should be designed to r "fy 
your Individual plant requirements. Consult our Technical ExI 
Department for assistance, on any Woodlife application.

Woodlife-treatlng tank In the shed 
of a prominent lumber dealer.  
The carriage and overhead hoist 
enable one man to handle full 
lumber.buggy load=.

An elevator-typeWoodlife tank In 
the plant of a leading millwork 
manufacturer. Roller conveyors 
on the elevitor, and connecting 
rollers on the floor, permit one.  
man handling of full pallet loads.

Roller-coating Is a fast, econom
Ical and effective method of treat.  
Ing plywood.The flow of Woodlife 
Is eAaIly controlled, and the re
suits are Comparble to those ob
tained in a standard 30-second

Immersion. Brushing Is the least 
effective method of continuous 
application. It Is only worth doing 
If care Is exercised to soak all 
Joints and end-grain with several a1plicattontL

CpcMWARi
Another Woodlife tank in a frame 
plant. HeMre a standard fork truck 
provides a very flexible and eco
nomical means of handling large 
pallet loads.

As shown here, a WoodIfe-treati 
Ing tank need not be elaborate 
or expensive. Many plants and 
yards find a hand operation 
serves for small jobs.

Dri-Vac Process 
(Controlled Vacuum) 

The DrI-Vac Process was developed and perfected In the U.A Ply
wood laboratory for applying Clear. paintable, water-repellent pre
servatives. It gives deeper penetration and higher retentions than are 
obtainable in open-tank Immersion of some species. It is also used 
to control and speed up the treatment of millwork.

The Dri-Vac tank of a large lum
ber firm where Woodlife treat
ment of everything from Umbers 
to millwork is done quickly and 
economically. Note the cleanil

is of the floor--evidence of the 
-,dated lumber's being virtually 
surface dry upon removal from

the tank. Side-views of elevator
type ODr-Vao unit In a large mill
work plant. Full pallet loads of 
sash and frames are Woodllfe
treated In accordance with NWMA 
standards or commercial stand
ards. The entire operation Is 
automatic.

Wood Treatment 
Products 
MUltueatp| 

Woodyouthi& 
Woodluboe, 

aozllfes 

$1dingiltfe 
Enz•mwi Stains 

Anchorweld 
Adhesives 

SpWa Contets 
Brush Contacts 

Nei-ftamlable Contacts 
Panel Adhesives 

Cnstuction Adhesives 

Regor•-tnl Glue 
White Glue 

Plsage Resin Glue 

... And 
Many Other Fine 
Wood Treatment 

And 
Adhesive Products

61321 Prtnlld 16- U.s.AJSe0t. 1973
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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 since metallic seals are being used which function satis

factorly at temperatures 85% higher than those reported.

Thermal Analysis Model 
Based on this Configuratlnn

Final rxeign 
O•figurat Ion

V
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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 cask is designed to safely contain irradiated fuel under a 

variety of normal conditions (7.1.35 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 analyses of a reference design PWR shipment 

were 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 acceptable for fuel cooled 

4,380 days. At 4,380 days, the maximum thermal output of the consolidated 

fuel is 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 Normal Conditions of Transport 

The ambient temperature around all parts of the cask is 130OF during hot 

operation. The air is still and direct solar heating has an effective 

intensity of 92 Btu/hr-ft 2 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 is 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 
VIII-1 May, 1987



can 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. Thpr'_al 
radiation augments the conduction heat transfer across well established 

air gaps within the cask.  

Under cold operation the ambient temperature is -40°F 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 -40OF 

may be conservatively assumed.  

1.2 Hypothetical Accident Conditions 

The following hypothetical accident conditions 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 temperature- of 100°F, the cask 

experiences a 30-foot drop onto a flat surface followed by a puncture.  

This is assumed to result in the complete and instantaneous loss of 

neutron shield water even though the neutron shield Jacket is essentially 

intact because of the balsa crash barrier effectiveness. All of the 

insulating crash barriers are conservatively assumed #o have been 

stripped from the cask after the drop and Just prior to the fire. Concurrent 

with the instantaneous loss of neutron shield water, the cask is exposed 
0 to a thermal radiation environment of 1475 F for 30 minutes with an 

emissivity coefficient of 0.9 and a cask surface absorption coefficient 

of 0.8. (Convection heat transfer at the outer surface has been conservatively 

considered even though the above regulations do not specify convection 

heat transfer during the fire.) 
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After the fire the cask is cooled naturally until equilibrium conditions are 

reached in ambient air at 130 F4 With the insulating crash barriers 

removed, all surfa'e6 of the cask are subjected to a full solar heat 

load. The cask surface emissivities after the fire are conservatively 

assumed to be the same as before the fire. Heat transfer within the 

cask occurs by a combination of conduction, radiation, 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 analyses were performed on thermal models of 

the central portion of the cask assuming negligible end effects and on 

the lid 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 associated 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 fi-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

V'113



power gradients because such a gradient his negligible effect on cask 

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

is conservative with respect to the end temperature calculations.  

A summary of the results of the cask thermal analyses is provided in 

Table VIM-I. The thermal responses 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 element under design steady state and transient conditions.  

The results of thermal analyses may be summarized as follows: 

a. Under normal conditions the hottest fuel pin temperatureL.Is 

10130F from the conservative one dimensional analysis. The 

actual maximum temperature will more likely be closer to 8600F 

(from the 2D analysis).  

b. Under normal conditions the neutron shield bulk water 

temperature is 296 0 F. The neutron shield local maximum 

water temperature is 3520r.  

c. Under normal conditions the outer head closure seal temperature 

is 3090F. The internal closure seal temperature is 375°F.  

d. The maximum cask surface temperature during normal operation 

is 3400F.  

e. Following the fire transient the hottest fuel pin temperature 

is 11020P. (A temperature of 10720F will eventually be 

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

severe* accident.) 

f. Maximum outer head closure seal temperature at the end of 

the fire is 648°F. The maxiMum internal closure seal temp

erature is 5640 F.  VIII-4
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TABLE VIII-1 

SUMMARY Or RESULTS 

TMAX, 0F TMAX,°F Post Tmax, or 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 81a 4.0 

(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

C
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FIGURE VIII-1 
THERMAL RESPONSE TO HYPOTHETICAL FIRE
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FIGURE VIII-2 

MAXIMUM TEMPERATURE DISTRIBUTION 
IN FUEL ELEMENT QUADRANT 

Steady State Wall Temperature = 674 F 
Maximum Wall Temperature = 812 0F
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g. 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.  

h. 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.
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