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1.0 Introduction 

Canisters are required during the defueling at TMI-2 to retain core 
debris ranging from very small fines to partial length fuel assemblies. 
These canisters provide effective long term storage of the TMl-2 core 
debris. Three types of canisters are required to support the defueling 
system to be used at THl-2: filter, knockout, and fuel canisters. 

1.1 Purpose 

The purpose of this report is to show that the canisters are 
designed to remain safe under normal operation and handling 
conditions as well as postulated drop accidents and storage. 
Section 2.0 of this report describes the three types of canisters. 
Section 3.0 addresses the safety of the canister design considering 
design drop analyses and drop tests and criticality analyses. 
Require~ots for spacing of the canisters in an array under normal 
conditions are also addressed. Section 4.0 outlines the 
radiological concerns associated with the handling and storage of 
the canisters. Section 5.0 draws conclusions about the safe 
operation and handling of the canisters. 

l.Z Scope 

This report addresses only those safety is£ues ·associated with the 
loading, handling and storage of the canisters as reldted to 
canister design. Analyses of the design drop considers only the 
effect of that drop on a canister; dama&. to other components is not 
considered. Actual handling of the canisters is not addressed in 
this report and neither are the snielding requirements for canister 
handling with the exception that the criticality concern associated 
with the use of lead shields around the canisters is addressed in 
Attachment l. Also, the criticality concern associated with a 
drained spent fuel pool is addressed in Attachment 2. Canister 
performance during defueling is addressed here only as it impacts 
the safe use of the canister. canister interfaces with the 
defueling equipment, canister handling equipment and the fuel 
transfer system are not covered in this report. The issues related 
to canister use {e.g. shielding requirements, load drops, etc.) are 
evaluated in the Safety Evaluation Report for Early Defueling of the 
TMl-2 Reactor Vessel (reference 3). The transportation requirements 
for the canisters will be separately addressed. 

-5-
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2.0 Canister Description 

This section presents the designs of three canisters to be used in 
defuel1ng THl-2. Compatible with the RCS and spent fue.l pool 
environment, these canisters provide long term storage of the TMl-2 core 
debris. In conjunction with the defueling system, the canisters will 
retain and encapsulate debris ranging from micron size particles to 
partial length fuel assemblies. 

The canisters consist of a circular pressure vessel housing one of three 
types of internals, depending on the function of the canister. Except 
for the top closures, the outer shell is the same for all three types of 
canister design. lt serves as a pressure vessel protecting again~t 
leakage of the canister contents as well as providing structural support 
for the neutron absorbing materials . lt is designed to withstand the 
pressures associated with normal operating conditions . A reversed dish 
end is used for the lower closure head for all of the canisters while the 
upper closure head design varies according to the canister's function. 
The canisters are non-buoyant unaer all storage and operational 
conaitions. 

eacn canister contains a recombiner catalyst package incorporated into 
the upper and lover heads. The catalyst recombines the hydrogen and 
oxygen gases formed by radiolytic decomposition of water in the canisters . 

Eacn canister has two pressure relief valves which are connected to the 
canisters using Hansen quick disconnect couplings. Tne low pressure 
relief valve has a pressure setpoint of 25 psig. The high pressure ASH£ 
code relief valve has a 150 psig setpoin t . 

2.1 Codes and Standards 

The defueling canisters have been classified as Nuclear Safety 
Related for criticality control purposes. 

They are designed and designated for fabrication in accordance with 
t he following codes and standards: 

A!IS!/ANS 8.1 (H!U) 

AliSI/ANS b.l7 (1984) 

ANSI N45 . 2 (1977 ) 

American National Standards Institute/ 
American National Standard, Nuclear Criti­
cality Safety in Operations with 
Fissionable Materials Outside Reactors 

American National Standards Institute/ 
American Nationnl Standard, Criticality 
Safety Criteria for the Handling, Storage, 
and Transportation of LWR Fuel Outside 
keactors 

American National Standards Institute, 
Quality Assurance Program Requirements for 
Nuclear Power Plants 
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ANSI N45.2.2 (1972) 

ANSI N45.2.11 (1974) 

ANSI N45.2.13 (197&) 

ANSI/ASHE NQA-1 (1979) 
Appendix l7A-1 
(including ANSI/ASHE 
NQA-la-1981 Addenda) 

N~SI/ASM£ NQA-1 (197~) 
Supplement 17S-l 
(incluaing ANSI/ASH£ 
NQA-la-1981 Addenda) 

AS~ Boiler and Pressure 
Vessel Code, Section 
VIII, Part UW (lethal) 
(1983) 

ASHE Boiler and Pr<!ssure 
Vessel Code, Section IX 
(19~0) 

ASTM A 312 (1982) 

SNT-TC-lA (1980) 

10 CFR 21 

10 CFR 50, Appendix A 

10 CF~ 50, Appendix B 

10 CFR 72 

NUREG-0612 

15737-2-GOJ-114 

American National Standards Institute, 
Packaging, Shipping, Receiving, Storage, 
and Handling of Items for Nuclear Power 
Plants 

American National Standards Institute, 
Quality Assurance Requirements for the 
Design of Nuclear Power Plants 

American National Standards Institute, 
Quality Assurance Requirements for Control 
of Procurement of Items and Services for 
Nuclear Power PlantH 

Quality Assurance Program Requirementti for 
Nuclear Power Plants, Nonmandatory 
Guidance on Quality Assurance Records 

Quality Assurance Program Requirements for 
Nuclear Power Plants, Supplementary 
Requirements for Quality Assurance Records 

A:llerican Society of l".echa·nical Engineers, 
Pressure Vessels 

American Society of Mechanical Engineers, 
Welding and Brazing Qualifications 

American Society for Testing and 
Materials, Seamless and Welded Austenitic 
Stainless Steel Pipe 

American Society for Nondestructive 
Testing, Recommended Practice for 
Nondestrutive Testing, Personnel 
Qualification and Certification 

Reporting of Defects and Noncompliance 

General Design Criteria for Nuclear Power 
Plants 

Quality Assurance Criteria for Nuclear 
Power Plants and Fuel Reprocessing Plants 

Licensing Requirements for the Storage of 
Spent Fuel in an Independent Spent Fuel 
Storage Installation 

Control of Heavy Loads at Nuclear Power 
Plants 
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2.2 Fuel Canister 

The fuel canister is a receptacle for large pieces of core debris to 
be picked up and placed in the canister. The fuel canister consists 
of a cylindrical pressure v~ssel with a flat upper closure head. lt 
uses the same outer shell as the other canisters. Within the shell, 
a full length square shroud forms the internal cavity (see Figure 
2.2-1). This shroud is supported at the top by a bulkhead that 
mates w!th the upper closure head (see Figure 2.2-2). Both the 
shroud a~d core debris rest on a support plate that is welded to the 
shell. Tr.e support plate has impact plates attached to absorb 
canister d1op loads and payload drop loads. 

The shroud assembly consists of a pair of concentric square 
stainless steel plates seal welded to completely enclose four sheets 
of Boral, a neutron absorbing material (see Figure 2.2-1). The 
shroud internal dimensions are larger than the cross section of an 
undamaged fuel assembly. The shroud external dimensions are 
slightly smaller than the inner diameter of the canister, thus 
providing support at the shroud corners for lateral loads. The void 
area outside of the shroud is filled with a cement/glass bead 
mixture to the maximum extent practical to eliminate migration of 
the debris to an area outside of the shroud during a design basis 
accident. 

Tne upper closure head is attached to the canister by eight equally 
spaced bolts. These bolts are designed for the design pressure 
loaas, handling loads, and postulated impact force due to shifting 
of the canister contents during an in-plant load drop or a shipping 
accident. 

2.3 ~ockout Canister 

Oesignea to separate debris ranging in size from 140 microns up to 
approximately the size of whole fuel pellets (whole fuel pell~ts 
included), the knockout canister, Figure 2.3-1, is part of the 
fines/Debris Vacuum System. The influent comes directly from the 
defueling vacuum system inside the reactor while the outlet flow 
goes to a filter canister for further treatment. Flow fittings are 
2" cam and groove type similar to tbe filter canister fittings and 
are capped or plugged after use. Externally, the knockout canister 
is similar to the other canisters, using the same outer shell 
design. It also incorporates the same handling tool. interface. 

The internals module for the knockout canister is supported from a 
lower header welded to the outer shell. An array of four outer 
neutron absorber rods around a central neutron absorber rod is 
located in the canister for criticality control. The four outer 
rods are 1.315" 0.0. tubes filled with sintered 84C pellets. 

The central absorb~r rod is comprised of an outer strongback tube 
surrounding a 2.12S" 0.0. tube filled with sintered a4c pellets. 
Lateral support for the neutron absorber rods and center assembly is 
provided by intermediate support plates. 

-8-
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The influent flow is directed tangentially along the inner diameter 
of the shell, setting up a swirling action of the water within the 
canister. The large particulates settle out and the water moves 
upwards, exiting the canister through a machined outlet in the 
head. A full flow screen ensures that particles larg~: than 850 
microns will not escape from the knockout canister. Th1s screen has 
been designed to withstand the maximum pressure differe·ttial across 
the scree~ that can be developed by the vacuum system equipment. 

2.4 Filter Canister 

As part of either the Defueling Water Cleanup System or the 
Fines/Debris Vacuum System, the filter canisters are designed to 
re~ove small debris particles from the water. Externally, it is 
similar to the other canister types. The filter assembly bundle 
that fits inside the canister shell was designed to remove 
particulates down to 0.5 (nominal) microns. Flow into and out of 
the filter canister is through 2 1/2" cam and groove quick 
disconnect fittings (Figure 2.4-1). 

The internal filter assembly bundle consists of a circular cluster 
of 17 filter elements, a drain line and a neutron absorber assembly 
(Figure 2.4-2). Tite influent enters the upper plenum region, flows 
down past the support plate, through the filter media and down the 
filter element drain tube to the lower sump. The flow is from 
outside to inside with the particulate remaining around the outer 
perimeter of the filter elements. The filtered water exits the 
canister via the drain line. 

A filter element consists of 11 modules. Each module consists of 
pleated filter media forming an annulus around a central, perforated 
drain tube (Figure 2.4-3). Fabricated from a porous stainless steel 
material, the media is pre-coated with a sintered metal powder to 
control pore size. Bands are placed around the outer perimeter of 
the pleated filter media to restrict the unfolding of the pleats. 

The filter assembly bundle is held in place by an upper support 
plate and lower header. The lower header is welded to the outer 
shell of the canister to provide a boundary between the primary and 
secondary side of the filter system. The upper header is equipped 
with a series of openings to allow for the passage of the influent 
into the filter section of the canister and to protect the filter 
media from direct impingement of particles carried in the influent 
flow. Six tie rods position the upper plate axially relative to the 
lower support plate. 

The filter canister has a central neutron absorber rod that is 
comprised of an outer strong back tube surrounding a 2.125" O.D. 
tube filled with sintered B4C pellets. 

The filter canisters are not expected to contain significant 
quantities of fuel particles larger than 850 microns. The filter 
canisters are used with the defueling water cleanup system (DWCS) 
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and the defueling vacuum system. The DWCS is used to process both 
spent fuel pool/fuel transfer canal water and reactor coolant system 
(RCS) water. In the RCS, the DWCS suction is located in the upper 
region of the reactor vessel, where large fuel debris (i.e., > 
850~) would not be expected to be suspended in solution. The 
spent fuel pool/fuel transfer canal is not expected to contain 
significant quantities of fuel particles larger than 850 microns. 
Consequently, the DWCS filter canisters are not expected to contain 
significant quantities of fuel particles larger tl~n 850 microns. 

When the filter canisters are used in conjunction with the defueling 
vacuum system, they are located downstream of the knockout 
canisters. Proof of principle t~sting (Reference 11) has shown that 
for the planned vacuum system flowrates, minimal quantities, if any, 
of 850 micron or larger sized particles would be carried out of the 
knockout canister. Additionally, the discharge of the knockout 
canisters are equipped with a 841 micron screen to prevent larger 
fuel particles from exiting the knockout canister. Thus the vacuum 
system filter canisters are not expected to contain significant 
quantities of fuel particles larget than 850 microns. 

-10- Rev. 1 
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3.0 Technical Evaluation 

This section summarizes the safety issues which were evaluated during the 
design of the canisters. These issues deal with the expected performance 
of the canisters during normal operations and various design basis 
events. Safety issues which w~re evaluated include structural forces on 
a canister as a result of a drop accident. criticality issues associated 
with both siugle caniste~s and canisters in the storage racks and the 
canister/storage rack interface, including any constraints on the storage 
rack design. 

3.1 Canister Structural Eval ·~tion 

A structural evaluation h~ ~ been performed (Reference 1) which 
addresses both the loads imposed on the canister during normal 
ope:ations (loading and handling) as well as postulated dtops. 

A combination of analytical methods and component testing is used to 
verify the adequacy of the design. Acceptacce criteria for normal 
operation is based on the ASH£ Press~re Vessel Code, Section VIII, 
Part UW (lethal). 

Normal operation of the can.ister imposes very small loads on the 
canister internals. The largest load on the internals is the 
cocbined weight of tne debris and internals·. The configuration of 
the canisters is such that only the lower plate assemb~y that 
supports botn the debris and internals experiences any significant 
loatts. Results of the stress anal~sis shows a large margin of 
safety for the lower plate assembly and its weld to the outer shell 
for all canister types. The canister shell is subject to ASHE Code, 
Section Vlll standards. Verification of the canister shell 
structural design to the ASHE requirements has been performed 
(Refer~nce 1). The canisters 'are designed for a combined (canister, 
debris, and water) static weight of 3500 pounds. 

During normal handling operations (lifting), the static plus dynamic 
loading considered in the design of the handling features of the 
canister is 1.15 times the static lifted we!ght. Results from the 
structural evaluation show an acceptable margin of safety 
considering the stress design factors specified in NUREG-0612 and 
ANSI Nl4.6. 

Normal loading of the fuel canister presents two cases for 
evaluation. First is the capability of the lower support plate to 
absorb the impact of debris accidently dropped into the canister. 
kesults of the dynamic impact evaluation show that the support plate 
can ac~o~odate loads of up to 350 lbs (23% of a fuel assembly) 
dropped. in air, the full canister length without a failure of the 
lower plate to shell weld. Tnis weight limit increases to 550 lbs. 
(in air ~eight) if credit ic taken for the drag forces of the water 
in the canister. Second is the verification that placement of 
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debris within the canister will not rupture the shroud's inner· 
wall. This would expose tne Boral sheets to the KCS water which 
could cause corrosion of the boral. However , examination of the 
shrouds subjected to drop tests (reference 10) indicate that the 
inner wall is resistant to debris impacts and scrapes. 

A dewatering system is used to remove water from all canisters prior 
to shipment. During this procedure, a pressure differential is 
developed across the debris screen, lower support plate and drain 
tube. The maximum pre ~sure differential allowed, via a safety 
relief valve in the dewatering system, across canister internal 
components during dewatering is 55 p~i. The canister internals are 
designed for a =aximum differential pressure of 150 psi although 
filter media differential pressure is limited by design to 60 paid. 
Hence, an adequate margin of safety exists for the dewatering 
process. 

The canisters are capable of withstanding enveloping accidents. 
Vertical drops of 6'-1 1/2* in air followed by 19'-6* in wat~r, or 
lt'-7• in air are considered along with a col4bination of vertical 
and horizontal drops. These drops were analyzed to bound a drop in 
a .• y orientation. for these cases, the structural integrity of the 
poison components must be maintained and the canister must remain 
subcritical. Deformation of the canister is acceptable. Although 
not expected based on the H~W drop tost results, leakage of cor€ 
material froc the canister, up to its full contents, is allowed 
provided that the contents left in the canisters re=ain 
subcritical. An equivalent drop in air was calculated for the worst 
case and tnis equivalent air drop was used as the basis for the 
structural analysis. Structural analysis methods were used to 
deter=ine the extent of the deformation of the shell and canister 
internals. Impact velocities were calculated for the specified 
canister drops. Based on these velocities, strain ener3y m~thods 
were used to compute the impact loads associated wi th the various 
postulated drops. Vector combinations of the horizontal and 
vertical components were used to determine the effect of a drop at 
any orientation. 

In the vertical drop cases (reference 10), the same deformation will 
occur regardless of the canister type, since it is shell dependent. 
Test results from the actual canister drops have verified that for 
the bottom iopact, all deformation occurs below the lower support 
plate in the lower ·head region. An upper bound shell defo~tion 
was computed using the ANSYS (Referenc~ 5) computer code and the 
results are presented in figure 3.1-1 along with the actual test 
results. 

To determine the cons~quences of a vertical and horizontal drop on 
the filter and knockout canisters, their internals were analyzed 
with finite element methods using the ANSYS computer program. This 
analysis incorporated the actual non-linear properties of the 
material. Geometric constraints imposed by the shell were accounted 
for by limiting the displAcement of the supports. 
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In the filter canister, criticality control is provided by the 
central B4C poison rod coupled with the mass of steel in the 
filter element drain tubes and tie rods. Using the end caps of the 
filter modules as deflection limiters, the entire tube array 
deflection is limited to 1.6" under postulated accidents. This 
analysis is conservative because it does not take into account the 5 
circumferential bands around the array or the viscosity of the 
filter cake bed, both of which would tend to maintain the standard 
spacing. Using the maximum calculated deformed geometry (before the 
array bounced back closer to its original position), the criticality 
criterion given in section 3.2 was met. 

In the knockout canister, criticality control is provided by the 
central B4C poison rod coupled with four absorber r ods. Results 
fro!ll the structural an.llysis show that the poison rods remain 
essentially elastic during all postulated accidents and the maximum 
instantaneous displacements are less than 0.75 inch. As in the case 
of the filter canister, the resultant deformed geometry successfully 
cet the criticality criterion given in section 3.2. 

The fuel canisters, with their square-within-a circle geometry, 
exnibit different drop ~ehavior than the other canisters. For both 
the vertical and side drops, the fuel canister internals will not 
experience significant deformations other than the shell 
de!oroations discussed above. Lightweight concrete filling the void 
between the square inner shroud and the circular outer shell 
provides continous lateral support to both the outer shell and the 
shroud. Tnis results in a distributed loading function for 
horizontal drops resulting in no calculated deformation to the 
shroud shape. Testing has demonstrated that the lower support plate 
remains in place for design drops while supporting a mass equal to 
t he shroud, payload and the concrete. Tne lack of significant 
deformation after a crop (r~ference 10) makes the criticality 
analysis for the standard design applicable to the drop cases as 
well. 

3.2 Canister Critir.ality ~valuation 

Criticality calculations were performed to ensure that individual 
canisters as well as an array of canisters will remain below the 
est~ blished kef£ criterion under normal and faulted conditions. 
The criticality safety criterion established is that no single 
canister or array of canisters shall have a kef£ greater than 0.95 
during normal handling and storage at the THI-l site. For plant 
accidents (e.g., drained spent fuel pool), the criticality safety 
criterion established is a ketf ~ 0.9~. These criteria are 
satisfied for all caniRter configurations . 

The computer codes used in this work were NULIF, NITAWL, XSDRNPM and 
K£NOIV (References 6, 7, 8 and 9). The NULIF code was used 
primarily for fuel optimization studies in a 111 energy group 
representation. NITAWL and XSDRNPM were userl for proceosin& cross 
sections from the 123 group AHPX master cross section library. 
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NITAWL provides the resonance treatment and formats the cross 
section for use by either XSDRNPM or KENOIV. In most cases, XSDRNPM 
cell weighted cross Hections were used in the KENOlV calculations 
but for some comparative fuel optimization runs the NITA~L output 
library was used directly by KENOlV. 

The calculational models assume the following conditions for the 
canister contents: 

1. Batch 3 fresh fuel only 

2. Enrichment: batch 3 average + 2o (highest core enrichment) 

3. No cladding or core structural material 

4. No soluble poison or control material from the core 

5. Credible fuel size and optimal volume r raction and moderator 
density 

6. Canister fuel regions are completely fillec without weight 
restrictions 

7. Uniform 50°F temperature 

8. B-10 surface density was assumed to be 0.040 gm/cm2 in the 
Boral used for the fuel canister. (Actual B-10 surface density 
will be 0.040 gm/cm~ with a ~5/95% confidence level in the 
testing to provide at least a 2o margin.) 

9. B4C density used is the poison tubes for the filter ana 
knoc~out canister was ass~ed to be 1.35 gm/cm3 with the b~ton 
weight percent assumed to be 70%. (Actual B4C density will be 
at least 1.38 gm/cm3 with a boron weight percent meeting 
requirements for ASTM-C-750 type 2 B4C powder, minimum boron 
weight percent 731.) 

Optimization studies were performed to detercine the value of these 
parameters. These optimization studies are presented in Reference 1 
along with other parametric studies performed for special cases. 

the KENO analysis employs a fuel model that bounds all debris 
loading configurations. Three basic configurations were analyzed 
f~r each canister: a single canister surrounded by water, an array 
of canisters in the storage pool and a disrupted canister model 
resulting from an enveloping drop. The standard canister 
configuration assumed that some minimum degree of damage could have 
occurred in the canisters during normal loadin& operations. All the 
canisters analyzed in an array were assumed to have this minimum 
damagt. A 17.3" center-to-center spacing vas analyzed for the array 
cases. The 17.3" center-to-center spacing accounts for all storage 
rack tolerances and is the minimum center-to-center spacing possible 
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for any two canisters. The canisters are assumed to be loaded with 
debris consisting of wnole fuel pellets enriched to 2.9H wlo. 
optimally moderated with 50°f unborated water. This provides the 
most reactive fuel configuration possible for the canisters. Thus. 
the analysis will provide conservative results and bound any actual 
configuration including draining of the canisters durins the 
dewatering operation. For accident conditions. it is assumed that 
optimized fuel is present in both normal fuel locations and in all 
void regions internal to the canister. Filling all void regions 
with fuel has the effect of adding fuel to the canister after a drop. 

The canister she 1. including the lower head. is identical for all 
three canisters. n e cylindrical shell is modelled using the 
maximum shell OD o. 14.09JM and t he nominal 0.25M wall thickness. 
The model explicitly describ~s the concave inner surface but squares 
off the rounded corners. This increases the volume of the lower 
head . 

All tnree canisters contain catalytic material for hydrog~n 
recombination in both the lower and upper head. This material and 
its struct ural supports are not included in the models. The volume 
occupied by these materials is replaced with fuel. In addition. the 
protr.ctive skirt and nozzles on the upper canister head are not 
modelled. 

The storage rack cases assume the canisters are stored in unborated 
water with a 17.JM minimum center-to-center spacing. Sensitivity 
studies were performed on the nominal 18M center to center spacing 
to determine the effect of a canister dropped outside of the rack. 
These analysis show that keff < 0.95 for canisters dropped 
outside the rack as long as the side of the dropped canister does 
not co~e within 2M of the side of the nearest canister in the rack. 
This requirement is met by the stora~e rack design (Reference 2) . 

Three cases are examined for a dropped canister: a vertical drop. a 
norizontal drop and a combined vertical and horizontal drop . The 
shell defor.nation is essentially the same for all cases. For these 
drops. the cylindrical shell is assumed not to deform. Any 
deviation from the cylindrical shape would increase the surface to 
volume ratio and increase the neutron leakage from the system. In 
the lower head region of the shell. a tear drop shape expansion is 
assumed to occur. Tne bottom head is modelled as a flat plate wlth 
the internal components resting on it. To bound all drop cases. the 
canister was assumed to rotate during a drop and land on its head. 
A similar tear drop shape will result. Both of these cases were 
merged into a single model that assumes the tear drop deformation at 
both the top and bottom with the internals displaced to the 
flattened lower head surface. f'or the combined vertical-horizontal 
drop. the radial displacement of the internal components is combined 
with the double tear drop model. This drop model bounds any 
conceivable drop configuration by exceeding conservative stress 
estimates of deformation. 
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Results 

The results of KENO, using basic three dimensional canister models are 
presented in Table 3-l. These results represent bounding values for any 
configuration of the canisters at THI-2. 

Basically, they show that for any configuration, the effective 
multiplication factor, with uncertaint 'es included, will be less than 
0.95. Due to the conservatism built into the models, the keff of any 
actual configuration will be less than these bounding values. 

Three assumptions used in the analyses reported in Table 3-l have been 
reevaluated. The affected assumptions are : 

1. type of poison used in the filter and knockout canister~>, 

2. storage pool water tecperature, and 

3. fuel particle size. 

The values reported in Table 3-1 fo1· the filter and knockout canisters 
are based on the assumption that the poison tubes for the canisters are 
filled with vibrapacked B4C powder. Actual fabricated filter and 
knockout canisters contain compressed sintered 84C pellets. This 
change resulted in a small reduction to the diameter of the poison in the 
canisters which reRults in a small increase in the multiplication value 
(keff) of the two canister types. Based on analyses the increase in 
multiplication will not exceed 0.4% Ak. 

The values reported in Table 3-1 assume a minimum temperature of soor 
for all canister types. For canisters stored in the spent fuel pool the 
temperature could be as low as 32or. Explicit criticality array 
calculations were not performed at this lower temperature. Rather, an 
evaluation was performed to determine the maximum increase in 
multiplication due to cooling from 500F to 32oF. The maximum change 
in multiplication was determined to be an increase of 0.1: Ak. 

The results reported in Table 3-1 are also based on the assumption that 
no single fuel mass greater than a whole fuel pellet exists in the THl-2 
core. Examinations of the core have indicated that fuel melting may have 
occurred. To assess the impact of this possibility an evaluation was 
performed to determine the ke for the most reactive batch 3 fuel particl~ 
&ize. The k.., for the large particle was only 0.07% Ak higher than the 
~ for the standard whole pellet. 

In conclusion, the changes in keff resulting from the three modified 
assucptions will not result in exceeding the keff criteria of 0.95 for 
the cases reported in Table 3-1. 
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3.3 Canister Hydrogen Control Evaluation 

A generic feature of the canisters is the recombiner catalyst 
package incorporated into the upper and lower heads of all the 
canisters. Tne catalyst recombines the hydrogen and oxygen gases 
formed by radiolytic decomposition of the water trapped in the damp 
debris. This reduces the buildup of internal pressure in the 
canister and keeps the gases below the flammability limit. The 
redundant locatious ensure that an adequate amount of catalyst is 
available for any canister orientation in which hydrogen might be 
generated (e.g., an accident which leaves a canister upside down). 
Test results (Reference 4) have shown that the catalyst will perform 
effectively when dripping wet, but not when submerged. 

A total of 200 grams of catalyst is initially installed in each 
canister. Tnen extra catalyst is installed in the beds to fill 
remaining voids. The 200 gram quantity was determined fro: the 
catalyst tests run by RHO (Reference 4) which used 100 grams and a 
H2/02 generator which simulated the maximum gas generation 
state~ in the report of 0.076 liter/hr hydrogen. Additionally, the 
beds were designed to meet the shape and volume requirements 
established by the tested catalyst beds. A total of at least 200 
grams of catalyst is installed in the canister in order to be 
assured that at least 100 grams is above the maximum water level for 
all canister orientations. At least 100 grams of catalyst is at 
either end of the canister and the bed arrangement at each end is 
syametrical. 

The maximum predicted gas generation rate in a canister has been 
determined by two separate models; (1) the maximum theoretical gas 
generation rate and (2J the maximum realistic gas generation rate. 
The maximum theoretical gas generation rate was determined by 
Rockwell Hanford Operations (RHO) in their document RHO-WM-EV-7 
(G~~D-051) for purpose of developing the catalytic recombiner b~J 
design. The maximum realistic gas generation rates were determined 
by GPU for purposes of predicting canister internal pressures during 
periods when the canisters are water solid. 

Both models are based on the Turner paper, "Radiolytic Decomposition 
of Water in Water-Moderated Reactors Under Accident Conditions", 
referenced in the RHO report. The basic relationship is: 

H2 • (W)(F)(G){r) 8.4 x lo-3 liters/hour 

where: 
F • fraction of -, and 8 energy absorbed in water 
G • Hz generation value in moles/100 eV 
r • ratio of peak to average decay heat energy in the fuel debris 
W • ionizing radiation per canister (watts) 
ij.4 x lo-3 • unit conversions (L•ev/W.hr) 
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For the maximum theoretical generation, the above factors are 
maximized as follows: 

o W - the maximum quantity of fuel debris in any canister, not 
including residual water weight or weighing accuracy, is 
assumed. (W • 54.2) 

o F - The fraction of y and 8 energy absorbed is conservatively 
high and large amounts of water are also assumed to be 
available for absorbtion ~hich is in excess of what is 
possible in the canisters. (F • 0.2) 

o C - The hydrogen gas generation value is based on a) completely 
turbulent/boiling conditions when the radiolytic gases are 
instantly removed from the generation site and b) no build up 
of hydrogen overvressure which tends t o retard radiolysis. (U 
• 0.44) 

o r - The ratio of peak-to-average decay heat energy in the fuel is 
based on the most active region of an undamaged core . This 
assumes the fuel is intact and not scattered to other 
regions. (r • 1.9) 

For the maximum realistic generation of hydrogen and oxygen, the 
worst case realistic factors for the damaged THl core are used as 
follows: 

o W - The =aximum quantity of fuel debris expected in any canister 
is used which includes allowances for residual water and 
weighing accuracy. (W • 50) 

o F - The fraction of Y and 8 energy absorbed is based on the 
maximum amount of water possible in an actual canister. 
(F • 0.07) 

o G - The hydrogen &ds generation value is based on the actual worst 
case core debris conditions expected in a canister which 
includes lo~~r t~~~cr~ ture, quiescent conditions. 
(G • 0.12) 

o r - The ratio of peak to average decay heat energy in the fuel 
debris is based on the worst case conditions in the damaged 
TMI core. (r • 1.4) 

The resulting hydrogen/oxygen generation rates for the tvo models 
are: 

Max. Theoretical 
liter/hour 

1.o x 1o-2 
3.8 x 1o-z 
1.14 x 1o-1 
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~dx. Realistic 
liter/hour 

5.0 x lo-3 
2.~ x lo-3 
7.5 x lo-3 
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l'he generation of other. gases was not considered. Since the amount 
of contaminants in the R~S is small, the generation of other gases 
from the radiolytic decomposition of these contaminants is not 
expected to be significant. 

Using the maximum realistic gas generation rate of 0.0075 
liters/hour and assuming no recombination or scavenging of oxygen, 
the 25 psig reliei valve is estimated to first open in approximately 
:l5 days for the worst case canister. Released gas will be vented 
through the pool water directly to the containment or fuel handling 
building and is such a small quantity that it will cause no 
combustion concerns in the atmosphere of these buildings. 

To address the issue of canister pressurization resulting from 
failure of the 25 psig relief valve a second relief valve is 
installed on the canisters. This relief valve will ensure that 
canister pressure does not exceed the design limit of 150 psig. The 
additional relief valve will make the canister single failure proof 
with regards to pressurization. This second valve will also be 
installed in such a manner to eliminate common mode failure of the 
two pressure relief valves. 

The recombiner catalyst is ineffective when it is under water. An 
evaluation has been performed to determine how long it takes an 
undewatered canister to reach 1;0 psig if the 25 psig relief valve 
fails closed. This time for the worst case c~nister is 139 days. A 
similar concern exists for the dewatered canister should a 
signficiant amount ot oxygen scavenging occur and the 25 psig relief 
valve fails closed. Assuming no recombination, (i.e. complete 
oxygen scavenging) the canister will reach the design pressure in 
42ij6 days for the worst case canister. 

lf the relief valve snould fail open while the canisters are being 
stored there is the possibility that fuel debris can be released 
into the pool water. lf contaminants are released into the pool the 
defueling water cleanup tiystem (DWCS) can be used as necessary to 
limit the contamination level of the water. Hence, a failed open 
relief valve does not pose a safety concern. Additionally, given 
that it is planned, although not required, to dewater the canisters 
snortly after they are loaded, pressurization of the canisters 
caused by nydrogen/oxygen generation will be minimal and the relief 
valve is not expected to open. 

Although not considered a credible event, the consequences of a 
hydrogen ignition inside a canister has been evaluated. The maximum 
pressure that can be reached inside a canister under normal 
conditions, because of the 25 psig relief valve, is approximately 4:l 
psia. This pressure includes the :l5 psig set pressure and 5 feet ot 
water submergence. Under the asaumption that the recombiner 
catalyst does not function properly, a flammable .mixture of hydrogen 
and oxygen can accumulate within a canister. lf an ignition of this 
mixture is postulated, an overpressurizatioo of the canister could 
occur. The ultimate stresses will be reached for various canister 
components at the estimated pressures: 
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o canister shell - 2160 psi 
o fuel canister bolts - 2~00 psi 
o threaded connections - 2~00 psi 

Considering the large margin that exists between these pressures and 
the maximum, normal condition canister pressure (i.e., approximately 
a factor of 50), the overpressurization resulting from an ignition 
of hydrogen within the canister is not expected to affect the 
overall canister integrity. 
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Table 3-l Results of 3D KENO Criticality Calculation 

Description 

Filter Canister*• 

Single. Ruptured Filters 0.795 z 0.024 

17.3M Array. Ruptured Filters 0.823 ~ 0.021 

Vertical Drop. Ruptured. 
without filter screens 0.79H + 0.02~ 

Horizontal Drop. Ruptured. 
without screens 0.843 + 0.010 

Combined Horizontal/Vertical 
Dro?. Ruptured. without screens 0.851 ~ 0.021 

Fuel Canister 

Single. Standard Configuration 0.825 ~ 0.012 

l7.3M Array . Standard Configuration 0.829 ~ 0.025 

Knockout Canister*• 

Single. Standard Configuration 0.835 ~ O.OlH 

17.3M Array. Standard Configuration 0.877 ~ 0.015 

Vertical Drop. Single 0.843 ~ 0 . 019 

Horizontal Vrop, Single 0.853 ~ 0.008 

Combined Horizontal/Veritical 
Drop, Single 0 .851 ~ O.Olb 

*keff + 2C + calculational bias (see Reference l) 

Histories Maximum kef£* 

9331 

52374 

8127 

15050 

44849 

15050 

b321 

10!135 

11438 

9933 

26488 

12943 

0.839 

0.8b7 

0.843 

O.H73 

o. 8\12 

0.857 

0.877 

o.a73 

0.915 

0.8B2 

0.881 

0.887 

**results are based on vibrapacked B4C powder in the poison tubes 

-27- Rev. I 
0334Y 



15737-2-COJ-114 

figure 3.1-1 

SHELL DEFO~~TIOSS - VERTICAL DROP (ALL Ck~ISTERS) 

'------ . --

SHAPE BEFORE TEST 

.2 ACTUAL 

.6 PREDICTED 
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4.0 Radiological Considerations 

The canisters are designed to be loaded with core debris fro~ the THl-2 
~CS. These canisters do not contain internal shielding and must be 
shielded during all handling and storage operations. 

The shielding require~ents for the various canister operations (e.g. 
loading, handling, and storage ) are discussed in reference 3. 

Personnel exposure from the loaded canisters will be addressed in 
Reference 3 as part of the canister handling sequence. 
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5.0 lOCFK 50.59 Evaluation 

Changes, Tests and Experiments, lOCFR 50, paragraph 50.59, permits the 
holder of an operating license to make changes to the facility or perform 
a teat or experiment, provided the change, test or experiment is 
determined not to be an unrevieved safety question and does not involve a 
modification of the plant technical specifications. A propoYed change 
involves an unrevieved safety question if: 

a) The probability of occurrence or the consequences of an accident or 
malfunction of equipment important to safety previously evaluated in 
the satety analysis report may be increased; or 

b) tne possibility for an accident or malfunction of a different type 
than any evaluated previously in the safety analysis report may be 
created; or 

c) the margin of safety, as defined in the basis for any technical. 
specification, is reduced. 

Tne defueling canisters replace the fuel cladding lost during the 
accident as the barrier for containing the fuel. As discussed in Section 
1.1 of this T£K, the purpose of this evaluation is to shov that the 
canisters are designed to remain safe under normal operation and handling 
conditions as well as postulated drop accidents and storage. The scope 
of the evaluation relates only to design aspects and not in field 
canister use which is addressed in the Safety Evaluation Report for Early 
Defueling of tne THI-2 Reactor Vessel (Reference J). On tnis basis the 
scope of this 10 CfR 50.59 Evaluation is limited to design aspects of the 
canister. 

The issues of concern with canister design are criticality control and 
overpressurization protection. With respect to criticality control, this 
evaluation shows that the canister vill remain subcritical under any 
configuration or following structural deformation due to a load drop. 
~ith respect to overpressurization protection, two relief valves will be 
installed on each canister to prevent the possibility of a single failure 
or common mode failure from overpressurizing the canister. Thus, it can 
be concluded that the design of the defueling canisters neither increases 
the probability of any accident previously evaluated nor creates the 
possibility of a different type of accident. Additionally, as the 
current THI-2 Technical Specifications do not specifically address 
contain:ent of the fuel debris, the margin of safety as defined in the 
basis of the Technical Specifications is not reduced. 

As discussed above, these canisters are critically safe by design. 
Additionally, activities associated vith canister closure and handling, 
including installation of the relief devicea, vill be performed in 
accordance with procedures pr~pared, reviewed and approve~ Jn accordance 
with THl-2 Technical Specifications Section 6.8, which requires NRC 
approval of certain types of procedures. Therefore, as no further 
engineering controls are needed to ensure criticality safety and 
activities associated with canister closure and handling will be 
controlled in accordance with procedures subject to Technical 
Speclficfttton S~ctton 6,ij, lt fA GPU Nucleftr's belief th&t no changes to 
the Technical Specifications are required. 
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lo conclusion, vithio the bounds described io this report, the design and 
use of the defueling canisters do not result io ao unrevieved safety 
question, nor require changes to the THl-2 Technical Specifications. 
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6.0 Conclusions 

Canisters are needed to provide effective long term storage for the THl-2 
core debris. Three types of canisters are required to support the 
defueling syste~: fuel, filter and knockout canisters. These canisters 
have been evaluated to determine if they could safely perform their 
function under normal and accident conditions. The results of this 
evaluation snow that the canisters will re~in oubcritical under no~l 
operations, handling and accident conditions. A structural evaluation of 
the canisters has shown that they ~intain their integrity and will 
function as designed under normal operating conditions. Drop analyses 
and drop tests were used to determine the effect of a design basis drop 
on the canister shell and internals. The results fro~ these analyses 
were used in determining the reactivity of tne canisters under accident 
conditions. Therefore, based on structural and criticality 
considerations, it can be concluded that these canisters can safely 
function under no~l and accident conditions at THl-2. 
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1. Abstract 

The THI-2 defueling canisters will be transferred to locations within the 

reactor and fuel handling buildings using a transfer shield containing lead. 

Transfer of canisters to the shipping cask will utilize a different device 

called a transfer cask. This report examines K-effective for both the trans­

fer shield and cask, with dimensions supplied by GPUN. The enclosed results 

indicate that for ruptured and non-ruptured canisters no poison materials 

other than those contained in the canisters are required in the design of 

either the transfer shield or cask to maintain K-effective <.95. Canisters 

with extensive internal damage and/or external damage from being dropped or 

deforrred are r.ot addressed since these canisters will be handled by GPUN (2) 

on a case by case basis and are therefore not included in the current 

works cope. 
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2. Introduction 

Transfer of the Fuel. Filter. and Knockout canister designs within the 

reactor and fuel handling buildings is accomplished in part using the transfer 

shield and transfer cask. The function of the transfer shield is to allow 

safe removal and transfer of canisters out cf containment for reactor defuel­

ing. The transfer shield will facilitate loading the canisters into the 

transfer basket for movement to the fuel handling building. A second transfer 

shield will be located within the fuel handling facility for the placement of 

canisters within the storage racks. subsequent transfer to a dewatering 

station. and transfer of canisters to a transfer cask loading station. A 

transfer cask will be located within the fuel handling building to allow move­

ment of debris filled canisters into shipping casks. 

From the description provided in Reference 1 by GPUN the transfer shield 

comprises a long hollow cylindrical lead shield . The inside and outside of 

the lead shield will be lined with steel for structural support. A smaller 

movable outer lead shield will be lowered at least one foot below the water 

surface prior to withdrawal of the canister into the transfer shield. This 

outer shield can be raised once the canister is fully inserted to allow 

clearance of the shield from obstructions. The shorter length outer sh ields 

will also be lined with steel for structural support. The transfer shield 

will be attached to a can1ster handling trolly to allow transfer of the 

canisters within the shield as a unit. The canisters will be withdrawn into 

the transfer shield by a canister grapple and cables connected to a ho i st 

which is mounted on the movable trolly. 

The transt~r cask is simi lar to the transfer sh ield with the main walls 

of the transfer cas~ containing 4.5 inches of lead with 1 inch inner and outer 
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steel linings for structural support. The transfer cask has a movable bottom 

door to dllow insertion of a canister by a grapple and cable mechanism and 

subsequent closure of the cask upon canister insertion. Located below the 

bottom door is a lead/steel-lined flange that projects outward from the cask 

to reduce levels of backscattered radiation . The hoist for the transfer cask 

i s located to one side of the cask and near the cask midplane . The entire (2) 

transfer cask is suspended by a crane. 
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3. Transfer Shield and Cask Criticality Analysis 

3.1. Background 

The criticality studies in this report have proceeded at times in par­

allel or in advance of r.ormally required mechanical design information. Where 

specific dimensions on the transfer cask or shield were available they were 

incorporated into the analysis. In some cases information was not available 

and dimensions were chosen in a fashion to produce a bounding analysis and 

maintain conservatism. For further details see the section on assumptions. 

Calculations in this report address the following objectives: (1) 

evaluate the optimal fuel composition with the lead shield in place, (2) 

determine the effect of the gap region between the fnserted canister and the (2) 

cask or shield for centered and off-centered canisters, (3) determine the most 

react ;ve canister type in the transfer shield, (4) evaluate the most reactive 

insertion point for a canister in the transfer shielo, and (5) eva1uate the 

most reactive canister for the worst insertion point in the transfer cask. 

Canister criticality results for both ruptured and non-ruptured as well as 

single and lattice configurations are summarized in recent technical 

reports. 2•3 

3.2. Scope of Calculations 

The required scope of criticality calculations is detailed in the "Tech­

nical Specifications for ues1gn of Defuelinr Canisters for GPU ~uclear 

Corporation Three Mile Isla~o Unit 2 - Nuclear Power Plant" Appendix E. 

Section 1.2.' Section 1.2.3 specifically details transfer criticality, 

although subsequent changes to the work scope were negotiated. 

3.3. ~eactivity Criterion 

The reactivity criterion for criti~ality safety used in this analysis is 

that the value of K-effective for the most reactive canister inside the 
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transfer system shall not exceed 0.95. Th~se analysis are consistent with (2) 

10CFR72.73 and ANSI/ANS 8.1, 8.17, and 16.55•6•7•8 within the workscope nego-

tiated by GPUtl. 

3.4. Calculational Assumptions 

The calcu1ational models for the canisters2•3 in the transfer shield or 

cask assur.e the following conservative conditions: 

1. Batch 3 unirradiated fresh fuel only. 

2. Enrichment: bate~ 3 average + 2o (2.98 wt~ U235). 

3. No cladding or core structural naterial. 

4. flo soluble poison or CQntrol materials from the reactor core. 

5. Optimal fuel lunp size anc volume fraction and optimal water 

moderator density (e~cept in parametric cases for the optimization 

s~udy). 

6. Canister fuel regions conolete1y filled without weight restriction. lf a 

weight restriction were to apply Jnd canisters were partially filled with (2) 

clean water or structure the result would be lower canister reactivity. 3 

7. At least 2o allowance in fixed poison concentrations. 

8. Uniform 50cF temperature. 

9. Infinite med~a Oancoff factors (see Oancoff Factor ~ssumptions). 

The ~ccel for the transfer shield assumes the following conditions {See 

Figure 1 for revision 1 model and Figure 2 for revision 2 model). 

1. The trolly was ~odpled as a 4x4 foot, 12 inch thick block of steel. This 

assumption will be conservative since steel in air will be a good reflec-

tor cf epithermal neutrcns. 

2. A movable horizontal lead shield 15.5 inches in diameter is assu~ed to be 

6 inches thick and lO(~ted 20 inches from the top Of the upper canister 

head at all canister insertion level~. Because of the conservative size 

of this lead shield, the grapple was not specifically modeled. 
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3. The shield walls were originally assumed to be made entirely of lead for 

the transfer shield to provide maximum r~flection wit~out absorption or 

removal of epithermal neutrons. This assumption applies to all transfer (2) 

shield cases originally contained in revision 1 of this document. For 

revision 2 calculations the steel liners are explicitly modeled. 

4. For revision 1 calculations the lead walls were assumed to be 5.125 

inches thick which includes the 0.125 inch air gap modeled as being lead 

filled for conservatism. Additionally, the inside diameter of the walls 

are 15.5 inches and extend the entire length of the transfer shield. 

Revision 2 ~nalyses assu~e an inner shield wall that extends the full 

length of the transfer shield with a combined steel and lead thickness of 

3-7/32 inches. The inner full length shield is followed by an 11/64 inch 

air gap and a 9 ft long movable outer shield. The 9 ft long movable 

outer shield has a corrb1r.ed lead and steel thic~ness of 2-5/32 inches. (2) 

Attached to the movable outer 9 ft shield is a shorter 30 inch long 

shield with a lead and steel thickness of 2-61/64 inches. These 

di~ensions yield a maximum lead ar.d steel thickness less the air gap of 

e-21/64 inches at the base and a minimum thickness of 3-7132 inches above 

the 9 foot long outer shield. The inside diameter of the transfer shield 

is 15-5/8 inches. Shown in figure 3 is a cross-sectlonal cut of the 

transfer shield wall wi th lead and steel dimens ions. 

5. For rev ision 1 calculations the water level of the pool is level with the 

bottom of the transfer shield sir.ce lead with an air gap between the 

canister and shield wa s shewn to be more react ive than lead with a water 

gap (see canister shi~ld gap analysis). In r~vision 2 analyses the (2) 

canister-shield gap was air filled as before but water was modeled for a 

length of 2 feet outside the shield to maximize reflected neutrons to the 

canister. This modification was shown with XSORNPM to be conservative 

- 6 -



(see sectio~ 3.10- transfer shield water reflector analysis). 

6. Dry air is modeled in the region between the canister and shield and in 

regions external to the shield. This will minimize thenmalization of 

reflected neutrons and reduce subsequent absorption in non-fissioning 

structural material. Dry air is assumed to consist of o~re oxygen and 

is consorvative since it has both a smaller removal and absorption 

cross-section than nitrogen. Assuming air to consist of pure oxygen will 

have a ~egligible effect on K-effective considering the small density of (Z) 

air even for the 20 inch vertical gap between the top of the canister and 

lead shield. There are three orders of magnitude difference between the 

density of air and a material like water. Furthermore results of the 

canister shield gap analysis (see Section 3.g.2) shows a trend that 

indicates the most reactive material for the gap region that could be 

assuw.ed is vo id. Finally, since the top and bottom heads of the canister 

are low in~ortance and low fission density regions the effect of the (2) 

assurr~d composition of air in this region is insignificant on calculated 

results with a probabilistic code like KE~OIV. 

i. Although there i s an air gap between the bottom of the transfer shield 

and the water level when the outer shield is ra ised , this gap is not 

~od~~ed to prevent neutror streaming. 

8. No soluble boron is assumed in any water regions. 

9. For the cani~ter types examined, only internally ruptured configurations 

due to filter screen failure were examined in the transfer shield since (2) 

these are most reactive. 2•3 

10. The upper hedd protective ski rt on the canisters is not modeled. 
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11. The transfer shield in revision 2 calculations models the latest knockout (2) 

canister geometry with shorter s4c rods. 

The model for the transfer casL assumes the followi•·~ (see Figure 4) : 

1. No trolly is modeled since the transfer cask is supported by a crane I (2) 

2. A horizontal lead shield 15 inches in diameter is assumed to be 6 inches 

thick and located 10 inches from the top of the upper canister head. 

Because of t he conservative size of this lead shield the grapple was not 

specifically modeled. 

3. The 15 foot 1 1nch long upper lead shield is assumed to have 4.5 inches 

of lead wi th a 1 inch steel liner on all sides. The inside dia~eter of 

the main shield i s 15 inches. 

4. The bottom lead door is assu7.ed to be 4 inches thick with 0.5 inches of 

steel liner on all sides . The dia~eter of the bottom door is 

conservat ively extended to 43 inches in revision 2 analyses. 

5. The lead/ steel flange located below the bottom door projects 7.5 inches 

radially beyond the main cask walls. This flange is 4 inches th ick with 

a 0. 5 inch liner on all sides. The radial width of the flange is 14 

inches. 

6. The region be low the 4 inch thick lead-door was filled with lead for con-

( 2) 

servat is~ 1n revision 2 calculations. This gives a combined lead and (2) 

steel thickness below the canister of 10 inches. 

7. A lower shie1d col lar (loading boot) is assumed to be 3 feet long, with 

a :hickness of 3 inches of lead and 1 inch of steel liner on all sides. 

Altnough the load1ng boot i s no longer required it is reta ined for con-

servatism. 
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8. The loading boot extends 2 feet below the water surface. 

9. Dry air is modeled in the gap region between the canister and cask and in 

regions above the water surface external to the cask. 

10. No soluble boron is assumed in any water ;·egions. 

11. Only internally ruptured canister configurations due to screen failure (2) 

were considered since these are most reactive. 3 

12. The protective skirt on the canisters are not modeied. 

13. The transfer cask mo~els the knockout canister with the latest geometry (2) 

and shorter s4c rods in revision 2 analyses. 

3.5. Dancoff Factor Pssumptions 

An obvious limitation in generating cross-sections for complicated geo~e­

trical configurations where differing fuel regions are involved is determining 

the effective Dancoff self-shielding effect on epithermal fuel resonances. 

ihe Dancoff factor using Sauer's method can be analytically determined for 

only the simplest geometries. In the case of the three canister designs, the 

fuel region georretries cannot be treated analytically with resptct to Dancoff 

factors. In th is analysis it is only necessary to demonstrate that whatever 

Oarcoff factors are utilized they result in the prediction of a conservative 

eigenvalue. For this purpose, the ~ULIF code was utilized. Evaluation of 

NULI F results with different Dancoff factors indicates that any increase in 

the Dancoff 0=(1-C) factor from the infinite cell array condition re~u!ts in a 

decrease in K-effective as a result of decreased U238 self-shielding. Results 

also indicate that the potential decrease in K-effective is greater for higher 

density fuel. In the determination of Oancoff factors for cross-section sets 

used by KENOl'/ and XSDF.I;Pr~ . infinite cell array conditions will be assumed for 

conservatism. 
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3.6. Computer Codes and Cross Sections 

The computer codes used in this work were NULIF9, ~ITAWL 10 • XSOR~PM11 • 

and KENOiv12• The NULIF code was used only for the ·study of Oancoff factor 

effects. NITAWL and XSDRNPM were used for processing cross-sections from 

the 123 group AMPX master cross-section library. 13 NITAWL provides the reso­

nance treatment and formats the cross-sections for use by either XSORNPM or 

KENOIV. In all cases XSORNP~ cell weighted cross-sections are used by KENOIV 

and XSDRNPM/A~ISN type calculations. 

3.7. KENOIV Bias 

No benchmark results are inclu~ed in the current workscope to allow a (2) 

direct assessment of the ~E~OIV bias for a fuel/lead system. Howev~r. the 

co~parison of results between critical experiments and KE~OIV 14 • 15 i~dicates a 

trend of increasing KENOIV bias related only to the spacing between fuel 

assemblies with no discer~able trend due to materials placed between assem-

blies. The ~aterials placed between the assemblies were stainless steel, 

aluminum, and s,c rods. they provide a sufficient density change to indicate 

if there is a related bias. Since none is obvious, it is assurred that a 

significant trend dces r.ct exist. This assu~~t ion is carr1ed over for the 

single canister, where it is assu~ed that the ~E~0IV bias is ~ot dependent 

upon the retiector density. Thus, the bias for this case is assumed to be 
~ 

that of the single canister ir. water. i.e. 0.02uk.-

3.8. Fuel Optimizatior for Lead Shielded Canisters 

3.8.1. Background Infonration ar.d Assurr.ptions 

Of interest in this extension of the fuel optimizaticr. st:.~dy is the 

effect of the external leac shi eld which makes up the transfer shield and 

transfer cask. To exami ne the eff~ct of the lead shield on the optimi~ed fuel 

mixture, simplified KE~GlV a~d XSORNP~ ~cdels wer~ utilized. tssumptions used 
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in this optimization study which were based on previous canister studies 

contained in references 2 and 3. 

3.8.2. Fuel Optimization Results 

It was decided to benchma,.k KENOIV against XSDRNPM for simple cell types 

and to use XSDRNP~ to quantify the effect of the lead shield. A simple 20 

cell was run with KENOIV which consisted of a 14 inch diameter fuel region 

surrcunded by water. No poison rods are i.odeled for these simple cases. This 

case was run for .3! ano .37 volu~e fraction cases and when taken with the 

infinite media hULIF results2•3 predict the .31084 fuel volume fraction to be 

cpt1rr.um. The~e results are shown in Table 1. Two XSGRNPM cases were run for 

a 13.5 inch aia~eter fuel region with a 1/4 inch thick steel outer shell sur­

rounded by water. These XSDR~P~ results also indicate the .31084 volu~e 

fracticn is optimum and are shewn in Table 1. 

A six inch lead shield was modeled around the outside of the 14 inch 

canister in XSD~~P~. Th~ lfad shield had a 15.5 inch inside diameter result­

i~g in a .75 inch dry air gap between the canister and the lead shield. Dry 

air was also modeled outside the six inch thick lead shield. Six inches of 

lead was chosen si~ce it was ccnsidered to be the maxi~u~ thickness of lead 

for either the tra~sfer shield or transfer cask. No mod~ling of the steel 

liners or. the shieidi~g was considered. Dry air was also ccnsidered to con­

sist of pure cxygen. 

Three lead shielded XSCRNPM cases were performed for volurre fractions of 

.25 • . 31084. and .37 . The resulting eigenvalues are shown in Table 1 and 

de~onstrates for th~ leaa shielc cases that tte opti~um fuel volume fraction 

re~ains as .31034. For trr. .31084 fuel volume fracti on a six inch lead shielo 

causes a .055 increase in delta K-tffective ever the water moderated case. 
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This is the result of both decreased absorption in hydrogen and the canister 

shell as well as epithermal back-scattering of neutrons from the lead to the 

canister. 

One final case was performed with XSORNPM to determine the effect of a 

decrease in the water density for the fuel-water mixture in the canister sur­

rounded by lead. New NITAWL-XSOP.tlPM cross-sect ions were 9enerated for the 

.31084 fuel volume fraction with a 95~ nominal water density. The result was 

a decrease in !<-effective of .015t~ due to the decreased hydrogen density and 

neutron thermalization. 

Table 1. Comparison of KEIIOI\' and XSORtlPM Results for Simple 
Cell Tvoes With and Without Lead and No Poison Rods• 

Neutron 
Cell T~oe Medel Vol. Fraction K-effective/2o dev. Histories 

i 4 inc· dia. fuel, KEt:GI\' .31084 1.07:.010 18963 
rr s tee 1 , w/H~O 

II ' KENOl\' .37 1.065:.0C8 19565 

13.5 inch dia. fuel, XSOR';rM .31084 1.0300 
1/4 in. steel ca .. , 
W/H£0 

II XS£lR::PM .37 l.G195 

13 .5 inch din. fuel, YSOK::PI-' .25 1.0i9i 
1/4 in. steel can, 
w/air gap and 6 inch 
lead shell 

" xsli=r.Pfl. .31084 1.C853 
II :<SOP.tlPM .37 1.0712 

(95~ No~ircl H~O Y.S!'?NPii . 31084/95'· p .,0 1.0703 
Dens.) .. '· 

•The ab~olute maonitude ci t..-effective is not s ignif icant . Sil"ple cell t·esul ts 
ar~ only used tb i~dicate trends. 

- 16 -

(l) 

(l) 

{1) 

( :) 

( 1) 

(1) 
(1) 

(1) 



3.9. Canister-Shield Gap Criticality Analysis 

3.9.1. Model Description and Background 

When the transt~r shield is lowered into the pool to allow insertion of a 

canister, part of the gap region between the transfer shield and canister will 

be water filled an~ part of it may contain only air. To determine the most 

critical canister configuration in the shield it is necessary to quantify the 

effect of the .75 inch gap· region. For this analysis XSDRNPM was used since 

the changes in reactivity cue to the gap are small and would not be suited for 

a Monte-Carlo code ~·th its associated uncertainties. Two addition~l XSDRNFM 

cases were run for the optimal fuel volume fraction of .31084 with 50cF 

r.cminal density water ar.d 5~ dense water in the gap region. The lead shield 

was assumed to be six inches thick and the canister was modeled as a 13.5 inch 

dia~eter fuel region with a 1/4 inch steel shell. No poison rods are ~odeled 

in thes~ simple car.1ster tJpts. 

3.9. 2. Gap Analysis Results 

The results sho~n in Table 2, which include two cas~s from the fuel 

optimization study, cerronstrate that the most reactive configuration occurs 

with an air gap between the lead shield and canister. These results are 

e>'plained t:y t he backsciltter of nPutrons from the le3d shield to the wat~r 

fil ied canister. The air between the canistP.r and shield atteruates few 

ne~trons and does rot contribute significu11tly to the thermal neutron spec­

trur:. Without the considtration of 3D geometry induced leakage effects these 

results predict the r.cst critical configuration for a c~nister is to be fully 

inserted into the transfer ~hield. 
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Table 2. XSORNPM K-effective Results for 
Canister-Shield Gap Analysis* 

Model Description 

Fuel Canister (14 in. dia.) and water only 

fuel Canister (13.5 in. dia. fuel, 
1/4 inch steel shell, .75 inch ~ater gap, 
6 inches lead) 

fuel Canister (13.5 in. dia. fuel , 
1/4 inch steel shell, .75 in. 5~ water 
density gap, 6 inches lead) 

Fuel Canister (13.5 in. dia. fuel, 
1/4 inch steel shell, .75 in air gap , 
6 inches lead) 

K-effect i ve 

1.030 

1.066 

1.0848 

1.0e53 

*The absolute magnitude of ~-effective is not significant. Simple cell 
results are only usea to ir.oicate trends. 

3.10. Trarsfer Shieid ~ater ~~fleeter Analysis 

3.10.1 ~odel Description ana Backqround 

Revision 1 analysis did not have water modeled on the outside of the 

transfer shield because when the canister is fully inserted into the shield it 

is above the water l~vel. This was determined to be the most reactive inser-

tion pcint (see section 3.l3. Canister Insertion Analysis.) kdditionally, the 

XSOR~PP ~ap analysis (sectior1 J.9) de~onstrated that an air or void f1lled gap 

is ~nst reactiv~. In the subsequent revision 2 analyses that ircorporate the 

(1) 

( 1) 

(1) 

(1) 

lates t kr.cckout car.iner geol'etry it was theorized that a 2 foot high water (2} 

reflector out~1de the shltld ~ay help reflect neutrons back tc canister and 

prove to be an additioral conservative ~odeling assurption. Therefore in 

revision 2 transfer shiPlo analysts, the following conservatisms will be 

irr.plemented. 

1. The outer movable shltld will bt ccmpletely raised to caximize the total 

leao a~d steel thickr.tss, 

2. Tt1e water level of the pool will be raised to a height 2 feet fror:1 the 

bottom of the transfer shield to help reduce leakage, 
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3. The canister-shield gap region will be assumed to consist entirely of air 

to maximize reactivity of the system, and 

4. ~ater will be assumed along the botto~ of the canister to reduce leakage 

and prevent neutron streaming (compare Figures 1 and 2). 

3.10.2. Water ~eflector Results 

Two cylindrical XSOPr\FI-: cases were performed modeling a canister with a 

centeral poison rod surroundec by the transfer shield geometry according to 

Figure 3. One case was run with a 1 foot wi oe air reflE:ctor and one with a 

fcot water reflector. In both cases the canister shield gap region was filled 

~ith air to be consiste~t with the conservative ~anner in which later 3C 

YE~OiV transfer shield cases would be ru n. The results of this analysis, 

shown in Table 3 de~cnstrate that the water reflector external to the l~ad 

shield is a posit ive reactiYe addition by reducing re:utron lealage. The 

differer.ce in K-effective fer these two cases is ~.0081tk. The 2 foot (2) 

increase in water level above the canister bottom in the external region 

around the shield ccn.prises only 16.4~ of the knockout canister length. Since 

the XSCR~.PM calculation is rrcoeling the water regior C>ver the entire length of 

the shi elo the reactivity inc r~ase in the 30 KENOl'/ r.:od£:1 is much less than 

.0081lk. It is also irrportant to reccgnize that the botto~ ca~1ster regicn 

ha!. less neu:rc.n importat.ce than the rriddle regions of the carister. For 

simplicity, if we assume all canister rE:gions are EGually important, it is 

expected that the increase in Y.-effective ct this alrE:a<!y conservat1ve model 

would be approximately .00136k. 

For the early revision 1 analysis this i r.crease in Y.-effective frcm the 2 

feet water lPvel is more t~an offset by tt.E: extension of the cuter lead sh1eld 

the full length of transfer device. Additionally, if the entire canister 
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shield gap region contained water instead of air, K-effective based on XSORNPM 

results would drop by approximately .01936k (see section 3.9.) Therefore the 

gap region between the canister and shield appears to be worth more in tPrms 

of reactivity than the water or air region surrounding the lead transfer 

shield. For these reasons the calculated K-effectives from the revision (2) 

transfer system analysis are conservative. Although it is recognized that it 

is physically iffipossible to have an air gap between the canister and shield 

and have water outside the shield at the same level, this change was irr.ple-

mented in all revision 2 transfer shield analyses. 

Tabl~ 3. XSOP.NP~ Water Reflec•or Analysis• 

Model Description 

Canister in steel and lead shield, 

air gap, and air reflector 

Canister in steel and lead shield, 

air gap, and w~ter reflector 

K-effective 

1.02742 

1.03548 

(2) 

(2) 

•The absolute magnitude of K-effective is not significant. XSDRNPM results 

are only used to indicate trends. 

3.11. Off-Centered Canister in Transfer Shield 

3.11.1. ~odel Description and 6~ckground 

To assess the effect of a car.ister that is off-cer.ter in the transfer 

shield or swinging from side-to-side within the shield, the XSORNPM code was 

utilized. The off-centered canister was modeled inside the shield using 10 

slab geometry with a buckling factor to allow axial leakage. The entire dia- (2) 

meter of the shield was rrcdeled plus 1 foot of air on either side. The gap 

rtgion was assumed to cor.tain air. 

of th~ off-centered canister case. 

Shewn in Figure 5 is the georr~try detail 

The thickest lead region of the transfer 

shield was modeled since this would maximize the number of reflected neutrons 
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Figure 5 

Off-Centered Canister XSDR~P~I Hodel 

5-51/64" 
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to the canister. The two inch poison rod in the center of the canister was 

also modeled. 

3.11.2. Off-Centered Canister Results 

The results for centered and off-centered canister XSORNPM calculations 

are shown in Table 4. For the centered canister case the gap modeled is 49/64 

inches on either side of the canister. For the off-centered case. the total 

gap width ot 1-17/32 inches is modeled entirely on one side of the canister 

with the other side flush against the steel-lined lead wall. Examination of (2) 

the results of these two cases indicate that the difference in K-effective is 

~.0001Ak which is considered negligible. Additionally. the centered canister 

is most reactive. Therefore. for the remainder of this analysis all canisters 

will be assumed to be centered within the respective shields. 

Table 4. XSORNPM K-Effective Results For Off-Centere~ Canister• 

~odel Description 

Centered Fuel Car:~cer 

Off-Centered Fuel Canister 

K-effective 

1.05547 

1.05534 

•The absolute magnitude of K-effective is not significant. Simple cell 

results are cnly used to indicate trends. 

3.12. Canister Optimization in Transfer Shield 

3.12.1. ~odel Description and Background 

For determining which canister type is most reactive in the transfer 

shield and the similar transfer cask. a 30 KE~OIV transfer shield model was 

used. For conservatism in revision analyses the 9 foot long outer shield 

was exter.ded the full length of the transfer shield. In a similar manner the 

16 foot long inner shield was extended to the water level. The steel inner 
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and outer liners on each shield and the air gap were modeled as lead giving a (2) 

combined thickness of 5.125 inches. A circular shaped 3 inch lead plate is 

located 20 inches above the top of the canister. A smaller 3 inch lead shield 

is located within the canister grapple. These two shields were corr.bined to 

form one 6 inch lead shield 20 inches above the canister. Although few neu-

trons will penetrate the 6 inch circular shield, the rest of the transfer 

shield was ~odeled by an a~ditional 7.84 feet of shielding with a 1 foot thick 

block of steel placed horizcntally en top of the shi~ld to represent the 

trolly ur.derframe. The total lensth of the thickened lead shield and trolly 

underfra~e is 21 feet. This structure is surrounded by 1 foot of water (up to 

the bottom of the shield ) ~n all sides. The transfer shield was not extended 

belcw the water surface in the original analyses since it was shown by pre-

vious XSORNP~ calculations ir. Table 2 that the lead shield with an air gap is 

~ost reactive. The water level wa~ also extended to the bottom of the canis-

ter ar.d shield to precluce r.eutron streaming out of the transfer shield when 

the outer shield is raised. The previously described transfer shield model is 

~hcwr. in Figure 1. 

The ruptured knoc~out and filter canisttrs were modeled in 30 with this 

transfer shield ffiodel tc cetenmirP which canister type is rros~ reactive. The 

fuel asse~bly canister has not considered since concre:e will be placed in the 

cute r lobes ar.d will prP~tr tt the more reactive ruptured configuration. For 

canisters with this corcrete rrodification 1n a 17.3 inch array, K-efffctive is 

0.6,9~ 0.0253 . This K-effettive i s lo~ enough relat1ve to the krockout car.1s- (2) 

ter 17.3 .inch lattice K-effPctive3 trat the fuel car.ister can be ~liminated 

from cons ideration. 
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3.12.2. Transfer Shield Optimization Results 

The results of the transfer shield analysis with the ruptured knockout and 

filter canister fully inserted into the shield demonstrate the · knockout canister 

tt' be most r·eactive. These results are shown in Table 5 and indicate that the 

ruptured knockout canister is .036!.0l46k more reactive than the ruptured 

filter canister in the transfer shield. The respective increase in 

K-effecti ve from the 1 ead shi e lc! for the knockout and fitter canister cases is 

.G43:.018 and .045:.01e. It should be recognized that the no shield cases in 

Table 5 were taken from Rt:ference 2, and have an overly high K-effective from 

the previously document~d U238 cros~-section treatment. If the .015~k 

conservatism3 is subtracted from these results the increase in K-effective (2) 

from the 5.125 inch leaa shield becomes .058:.018 and .060:.018, respectively 

for the two cases examinee. This ir.crease in reactivity is in good agreement 

with the .055~k reactivity increase from XSOP.NP~ results discussed in the 

optimization analysis. Ea3ed on the results of Table 5 the ruptured knockout 

canister was used in subsequent analysis of the transfer shield and cask. 

Table 5. Canister - TransfPr Shielo 
O~timization Results 

Neutron 
K-effective/2o reno Bias Max. K-eff~ctive Histories 

Transfer Shield*• .887:.009 .02 .916 21371 
w/Knockcut Canister 

Transfer Shield** .851: .011 .02 .882 18361 
w/Filter Canister 

Single Knockout• 
Canister, ~~ Shield 

.£44:.016 .02 .680 1023~ 

~ingle Filter .806:.0ll .02 .840 9331 
Catister,• ~o Shield 

•From keference 2. 
·~These cases were run for a canister shield gap of 0.5 inches. 
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3.13. Canister 'nsertion Analysis 

3.13.1. Model Description and Background 

From the canister optimization study it was detenmined that the knockout 

canister was the most reactive canister type. For that analysis it was as­

sumed, based on XSDRNPM results, that a ca~ister fully inserted into the 

transfer shield was the most reactive configuration. This assumption is veri­

fied by the insertion study described in·this section. 

The basic transfer shield model is the same as that described in the 

canister optimization study. To simplify the generalized geometry, the canis­

ter will be raised into the shield with the water l~vel flush with the bottom 

of tne shield to prevent neutron streaming. The outer shield wi ll not be 

exter.ded below the water surface since XSDRNPM results fru•n the gap study (2) 

ir.dic~ted that lead with an air gap is more reactive than lead with a water 

gap by approximately 1.9~P. The horizontal six inch lead shield will be 

maintained 20 inches above the canister upper head even though the downward 

travel of this shield is limited to the lower end of the inner shield. This 

approximation is cor.servative for the smaller percentage insertion cases 

because the 6 inch horizontal shield will be modeled closer to the upper head 

than it shoul~ be maximizir.g K-effective. 

Figure 6 shows the knockout canister at its 6.8, 54.4, 96.6, ar.d 100~ 

insertion levels. These levels c~rrespond to the different geometry block 

boundaries. Oth~r insertion levels w~re used to g~nerate the ir.sertion curve 

shown in Figure 7. Although th~ prcblem "snapshot" changes in Figure 6 as the 

knockout canister is inserted into the shield the area being modeled is suf­

ficiently large that ~~terial effects external to the probl~m boundary are 

insignificant in the computation of K·eff~ctive. This is true in the water 

moderated region where a miniffium of 12 inches of water is used, effectively 
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decoupling the canister from other pool materials. Neutrons that do penetrate 

the lead shield above the water surface stream through the air medium and 

would probably not return to the canister-shield system. Effects of the pool 

walls and other concrete structures were not consider~d since pool-wall 

reflector calculations in references 2 and 3 demonstrate that concrete behaves 

in a fashion similar to water. The effect of the concrete will be to therma­

lize most neutrons escaping from the lead shield. For those concrete re­

flected neutrons that have traversed the lead shield. they would be subject to 

absorption in the steel canister shell and gap medium prior to reaching the 

fuel water mixture. Finally. the water reflector analysis of section 3.10 (2) 

demonstrated that if the entire transfer device were surrounded by water. the 

most K-effective could increase from reduced leakage is .0081 ~k. Since it is 

not possible to completely surround the shield with concrete. any increase in 

K-effective fro~ walls or other structures will be sn~ll. For these reasons 

it is felt that an external concrete structure near the transfer . shield or 

cask will have a negligible impact on the calculated K-effective. 

3.13.2. Canister Insertion A~alysis Results 

The results of the transfer shield insertion study with the knockout 

canister are tabulated in Table 6 and shown in Figure i. These results con­

firm the XSORNPM results that the most reactive configuration is for the 

knockout canister fully inserted. The cases perfor~ed for the revision 1 

insertion study used the knockout canister model that does not reflect the 

recent 3.75 inch reduction in the four outer a4c poison rods . The 3.75 inch 

reduction in length represents only a 2.8~ reduction in the total poison 

length and should not result ir, a mort sigr.ificantly limiting insertion case. 
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Figure 6 
Typical Ruptured Knockout Canister 
Insertion Levels in Transfer Shield 

Steel Trolly 

6" Lead Horizontal 
~~~:>f-+-- Lead (5. 125") 

Upper Head 

Intennedia~"P---n­
Section 

lower Head 

Trolly 

- 27 -

Trolly 

Steel Trolly 



This effect was verified by computing the ruptured knockout canister case 

fully inserted into the transfer shield with the shortened rods. The resul­

tant K-effective was .002 smaller than the case with longer rods and is shown 

in Table 6. This difference in K-effective is insign1ficant since it is 

smaller than the .006-.007 2c KENOIV uncertainty . Because of the insign i fi­

cance of the s4c rod length change on K-effective values, the original studies 

are valid for the current design . Since the transfer cas~ is simil ar to the 

transfer shield, the fully inserted position should be optimum for the cask, 

especially with the cask lead door closed. 

Also included in Table 6 is a reanalysis of the ruptured knockout 

canister 1001 inserted into the transfer shield. The transfer shield was 

modeled according to di~ensions in Figure 2. Differences between thi s calcu­

lat1on and earlier analys1s are: 

l) The exact height of the outer 9 foot and 30 inch shields are modeled. 

2) The water reflector outsi~e of the sh1cld is raised 2 feet. 

3) The new knockout canister geon•etry with baffle plate modifications 

and poiso" red length recuctions are implemented. 

') The steel liners arc modeled in the shield walls. 

~ith the above w.odifications, the resultant K-effectivt is 0.879 ! .0! wh ich 

yields a ~aximum K-effective with the ~E~OIV bias cf .909. These results are 

consiste~t with the revision 1 analysis indicating the earlier cases. are suf­

ficiently con~ervat ive. 

Two additional cases ~oo e re calculated for the transfer shield. The first 

case ut ilized the r\ULIF code to c!ttermine ar optimum fuel-~1ater volune frac­

tion with low der.sity water. An optimum fuel volu~e fraction of 0.021 was 

determir•ed for 0.05 g/cc dense water. This case was perforrui!C because of a 

concern that for low dE:nsity water cases thet·e cculd exist the possibility of 
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a secondary reactivity spike for an array of assemblies or canisters. Since 

lead and steel are good reflectors of neutrons this case was performed to 

ensure that neither the transfer shield or cask could imitate this array 

effect. As Table 6 indicates, K-effective is nearly zero due to the low 

fission density of neutrons. This low fission dens ity is the result of the 

s~all optimized fuel volume at low wat~r densities together with significant 

amounts of structural and poison marft • :d). The second case also utilizes (2) 

0.05 g/cc dense water but for a fuel-water volume fraction of .31084. As 

shown in Table 6, this case yields a maximum K-effective of only .205. There-

tore, it appears that the reactivity spike at low water densities does not 

occur for single canisters in a lead shielded device. 
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Table 6. Knockout Canister Insertion Study 
K-effective Results 

Neutron ., Inserted K-effectivel2o KENO Bias Max K-effective Histories 10 

100.0: .882::.006 .02 .9oe 38354 

86.0'- .881!.007 .02 . 908 39864 

65.0~ .875: .007 .02 .902 37448 

54.4~ .866: .008 .02 .894 30200 

42 . 4~ .855: .009 .02 .884 21744 

22 . 8~ .836:.011 .02 .867 16610 

6.8% .827: .011 .02 .858 19328 

100 .0% .880:.007 .02 . 907 42582 
(short rods ) 

100.01 .819:.010 .02 . 909 23655 
(new canister 
and shield 
geo~retry ) 

Optimized Fuel 
(.021 VF fuel. 

.020: .001 .02 .041 16185 

0.05 ~/cc dense 
water 

low \~ater .181:: .004 .02 .205 16600 
Dens i ty (.31084 
VF fuel. O.C5 
g/ cc dense water) 

Exani rat ion Gf the scattering cross-sPct ion for i ron in the epithermal 

range indicates that steel in air could be potentially as good of a reflector 

of epithermal neutrcns as lead due to both cross-section ~agnitude and the 

higher number density of iron atoms . To investigate the significance of steel 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(2) 

(2) 

(2 ) 

versus lead in an air wcc1ium. three XSORNPH cases were performed with cylin- (2) 

drical geometry . The cases perforned consisted of a shield containing a 

th ickness of 8.5 i nches of lead. one containing 8.5 inches of steel. and one 

with 8.5 inches of alternating layers of steel and lead according to Figure 3. 
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From the XSDRNPM results shown in Table 7, the all steel shield is more 

reactive than the all lead shield case by .004 Ak. 

However, when steel and lead are crmbined there is a decrease in 

K-effective relative to the all lead case of .002 Ak. This decrease in 

K-effective ;s currently thought to be a space-energy interaction between the 

steel and lead. Since both the transfer shield and cask have alternating 

layers of steel and lead. the steel liners in all revision 2 analyses are (2 ) 

modeled. 

Table 7. XSDRNPM Steel Liner Analxsis* 

Cell Tvoe Hodel K-Effect ive 

14 inch canister. air gap. XSDRNPM 1.03371 (2) 
8.5" steel shield 

14 inch canister. air gao. XSDRNPM 1.02961 (2) 
8.5" lead shield 

14 inch canister. air gap. XSORNPM 1.0Z742 (2} 
8.5" shield with alternating 
layers of steel and lead 

*The absolute magnitude of k-effective is not significant. Cell results used 
to indicate trends. 

3.14. Transfer Cask Analysis 

3.14.1. ~odel Description and Background 

The transfer cask is shown in figure 4. The 15 foot 1 i nch long upper 

lead shield is 4.5 inches thick with an additional 1 inch steel liner on both 

sides . A 6 inch thick horizontal lead shield, located 10 inches above the 

upper head of the knockout can is assumed . The bottom lead door. shown in the 

closed posi ti on in Figure 4, is 4 inches thick with an additional 0.5 inch of 

steel liner on all sides. For revision 2 analysis only, the region below th~ 

4 inch lead door was filled with lead to add an extra 5 inches of lead for (2) 

conservatism. This gives a combined lead and steel thickness below the 

canister of 10 inches. It is assumed the door consists of two hemi-cylindcrs 

that can be opened. For conservatism in revision 2 calculations only. the 
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door was extended to an outside diameter of 43 inches and is indicated in 

Figure 4. located below the bottom door is a lead shield flange that projects (2) 

7.5 inches in a radial direction beyond the main cask walls. This lead flange 

is also 4 irches thick with an additional 0.5 inch thick steel liner on all 

sides. The total length of the flange is 14 inches. A lower shield collar, 

called a loading boot was included in the model and extends 2 feet into the 

pool. The leading boct has a 3 inch lead thickness with a 1 inch steel liner 

on all sides. The total length of this collar is assumed to be 3 feet. 

Although the loading boot is no longer required, it was maintained for censer- (2} 

vatism since the inside dia~eter of the loading boot is less than the optional 

vertical shield used with the cask. The inside diameter of the transfer cask 

is assu~ed to be 15 inches resulting in a 0.5 inch air gao between the canis-

ter and the inner cask wall steel liner. 

3.14.2. Cask Analvsis Results 

Since it was determined from the transfer shield insertion study that the 

fully inserted canister is most reactive, calculations using the rupture~ 

knockout canister were perfor~ed with the canister fully inserted and the bat­

to~ lead door closed. Results from the ruptured knockout canister fully 

inserted into the transfer cask are shown in Table 8. These results indicate 

that with the 2? uncertainty ard KENOIV bias added, the maxtnum K-effective is 

less than the .95 criteria. This calculation ;.as perforned for the ruptured 

knockout canistPr with t~e original longer B4C rods. The previous insertion 

study demonstrated that the reduction in poison length ry 3.75 inches resulted 

in an effect on K-effective of less than the 2a unce rtainty of the calcula­

tion. 

It was not expec ted that the external lead/steel flange would have any 

significant impact on the worst reactive insertion positirn since this flange 
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is 10 inches thic~ and would cover only a 2.8~ slice of the canister at any 

time during insertion. To verify this assumption and to simplify geo~etry 

modifications, early calculations were performed with an additional 10 inch 

thick lead/steel collar, 7.5 inches thick radially, that was added to the 

outside of the cask at the approximate midplane of the knockout canister. 

This position will be nearly the most reactive position for this canister 

design. Additionally, the outer s4c rods were 3.75 inches shorter. This case 

in all other respects is the sar.~ as the previous case with longer rods. 

Since bo~h the additional lead and shorter s4c rods are positive reactivity 

additions, the close reactivity agreement between the first and second cases 

indicates that the change in poison rod length and additional lear collar have 

an insignificant effect on reactivity. These conclusions are in ~ lose agree­

ment with the ~ransfer shield insertion study which also indicated the dif­

ference i n B4C length to be within the KE~OIV uncertainty. 

One additional cask case was run which utilized the exact geo~etry of the 

kncckout canister with tho revised baffle plate positions and poison rod 

lengths. In addition, extra lead was added below the botton door and in the (2) 

flange region for conservatism. This case shown in Table 8 is the r.ost 

limit ins of all cases exa~ined with a maximum K-effecti\e of .931. 

The results of the insertion analysi~ for the ruptured knockout canister 

in the transfer cask indicate that criticality criteria will not be violated. 

It is therefore reasonablP to assume that no borated polyethylenp liner will 

be required as a reactivity control device for either the transfer shield or 

cask. No analysis has been nade of externally damaged or deforned canisters 

since these canisters will be handled by GPU!I on a case by case basis and (2) 

therefore are not included in the current workscope. 

- 34 -



Table 8. K-effective for the Ruptured Knockout 
Canister in the Tran~ fer Cask 

Max. Neutron 
% Inserted K-effective/2c KENO Bias K-eff Histories 

100~ .897:. 006 .02 . 923 47725 {1) 

(Longer s4c 
rvds) 

100~ .897:..007 .02 .924 43990 (1} 

(Shorter s4c 
rods and 
extra lead 
coll ar) 

100~ .904:..007 .02 . 931 40255 (2) 
(Latest geometry 
and extra lead) 
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4. Conclusions 

With the canister design assumptions defined by references 2 and 3 and 

unique cross-section sets generated by the NITAWL-XSORNPM codes, the optimal 

fuel volume mixture was demonstrated to remain as .31084 with a 6 inch lead 

shield. Conditions of water at 50°F and 100~ nominal density were demon­

strated to be most reactive. 

The most reactive co~positions for the gap region between the canister 

and transfer cask or shield le~d wall was shown to be either void or air. 

Partial mixtures of water and air and pure water were shown to be less reac­

tive co~positions rJr the gap region. Water regions surrounding the lead 

shield were shown to be small positive reactivity additions afid less than tre (2) 

gap effect. XSORNPM slab calculations demonstrateo that there was almost no 

charge in K-effective for an off-centered canister within the transfer shield 

with the centered positio~ being most reactive. 

Insert1on studies with the transfer shield demonstrate that the knockout 

canister is the most reactive of the three canister designs. The presence of 

a transfer shield provides a reactivity increase over the single canister in 

water of approxi~ately (.055 to .06ek) ! .0186k. The insertion analyses also 

defined the 100~ insertion level as the most reactive configuration for a 

canister in either the transfer shield or cask. Modeling the steel liners 

within the transfer shield wall as well as other modeling changes resulted in 

K-effective being nearly the same as that computed by earlier shield models. 

Therefore, previous analyses for the transfer shield are sufficiently conser- (2) 

vative. XSORfiPM calculations \·erified that an all steel liner is more reac-

tive than an all lead liner by 0.004 6k. ft combined steel and lead liner was 

found to be 0.002 6k less reactive than the all lead shield. Further analyses 

for the transfer shield with a reduced water density of 0.05 g/cc verified 
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that there is no secondary reactivity spike for low water density cases. 

Analy~~s were performed for the knockout canister in the transfer shield and 

cask with the 3.75 inch shortened outer s4c rod modification. These results 

demonstrated that the reactivity increase due to the slightly shorter outer 

s4c rods is less than the KENOIV uncertainty. The effect of the lead/steel 

flange was conservatively quantified by placing an additional lead collar 

around the middle of the transfer cask at potentially the most reactive 

position with a knockout canister fully inserted. Since the collar could 

cover only 2.8% of the canister at any time during insertion, the reactivity 

effect was shown to be less than the KENOIV uncertainty and calculationally 

insignificant. A cask case was performed implementing the latest knockout 

canister gecmetry which exactly models the shorter poison rods and the revised (2) 

baffle plate locations. Extra lead was added to the bottom door and flange 

region of the cask for conservatism. This case was the most limiting with a 

maximum K-effective of 0.931. 

Results of these analyses indicate that no borated polyethylene or other 

poison Material is required in the design of the transfer shield or cask for 

reactivity control. These results are valid for standard unruptured canisters 

and canisters with internally ruptured filter screens containing fuel in upper 

and lower head regions. Canisters with extensive internal damage and/or 

eAternal da~age from bein9 dropped ar.d deformed are not addressed since these (2) 

canisters will be handled by GPUN on a case by case basis and therefore are 

not included in the current workscope. 
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• 

TMl-2 Drained Pool Analysis 

Casu Ana lyted 

Two drained pool cases rtpresenting different states of internal canister 
~ederatfon are considered herr. These casts are judged to be bounding with 
respect to thr possible rtal contents of the canisters in the unlikelv 
tvrnt of loss of pool water. The conditions ass~ed for these cases ire as 
follows : 

Cur 1: Optieal furl vol~~nt fraction 1n C350 PPH boron IIOderator of fu11' · 
density It SOOf. 

tasr 2: Realistic fuel tolume fra~tion with purr water ~ederation at 100: 
humidity COnditions It SOUf. t 

Calculational Models and Procedures 

In both casts the basic canister .odel 1s thr standard configuration knock­
out canister described in 8&~ Document Mo. 77-1153937-03, page 2·31 . -Fer 
conservatism, and to facilitate ~ode11ng 1n ~N' standard ;romttry , the 
four utrlitt pohon tubes and all lateral support plates art cr.:i tttd and 
~heir space 1s occupied by· futl . 

Additional conservatism is provided by assum~tions of infinite extent of the 
canister array and enhancement of overhead rtflectfon by concrete eodrltd 
above the array. A 17.3 inch square pitch~~ ass~d. 

~or tasr 1, ~ opti~l furl Yol~ fraction was drte~inrd by WUtlF ca,cu· 
~ations to bt 0.620 with a k of 1.02890 and cell weighted cross sections 
for the l£HO calculations wtre generated by NlTAWL/lSORN~ calculations. . . 
For Case 2, 1 ~asurtd furl volume fraction for randomly pacled whole fvtl 
pellets was used (I&W C~rcial Plant L1crnsr SNH-1168, Docket 70.1201, 
Section 3, page 35) . THis wol~ fraction was 0.624 ~ich by coincidence 
l& close to thlt of Cast 1. NULIF calculation for this volume fraction with 
saturated steam (pure ~0) as ~ederator gave a I of 0.65706. Further NULtf 
ltlculations at this futl vol~ fraction vs. intreas1ng water density gave 
1 110notCJnit11ly increasing-«.... wp to 1.21412, It 100: water dtns1ty. Howtvtr, 
beyond tht saturation point there would bt liquid water not removed 1n the 
dewatering process and this water would bt borated. This eondition 1s covered 
1n Case 1. • 

aesults and Conclusions 

For Clst 1, the talculated a.xf.um Ktff ' including a 0.02 benchmark uncertainty 
and tht 2·s1;m. KENO uncertainty, 1s D.t64. This is for an infinite X·Y array 
with ttO toncrete side rrflcc;t!Dn. TN effect ef contrtu reflection on the '1dfos 
rather lhln ·~additional ltnockout canbttn was &hewn to lit Mgatht with l"'lpetl 
~ ftKUwtty; 

t 
• 



• For tin 2. tht "~ low walut of 1. COIIIPared to thlt for Cast 1 anures 
that K for an array of canister will M w11 below thlt for Case 1. 
This .affvarified by 1 KENO calculation for en infinite 17.3 inch pitch 
array yielding a value of '•ff of 0.632 including uncertainties. Tht 
effect of .concrete nflectiofl ws fou:\d to be Mgativt for t.hts case 
e1Jo. 
It is concluded thlt ftO realistically conceivable conditiona that could 
occur during a nu-2 storage pool drain~ge event would lead to 1 value 
of leff greater than the specified 0.99 acceptance criterion. This assUMes 
that a'lut1nt~ or nfloodtng the canister contents with pure wter ts pre-
cluded by adm1n1strat1ve control. . 

. . 
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