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1.0 Introduction 

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

l.l Purpose 

The purpose of this report is to show that the canisters are 
designed to remain safe under normal operation and handling 
conditions as vell dS postulated dro~ 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 testa and criticality analyses. 
Requirements for spacing of the canisters in an array under-normal 
conditions are also addressed. Section 4.0 outlines the 
radiological concerns associated vith the handling and storage of 
the canisters. Section 5.0 draws conclusion• about the safe 
operation and handling of the canisters. 

1.2 Scope 

This report ad~reases only those safety issues associated vith the 
loading, handling and storage of the canisters as related to 
canister design. ~lyses of the design drop considers only the 
effect of that drop on a canister; damage to other components is not 
consi~ered. Actual handling of the canisters is not addressed in 
this report and neither are the snielding require=ents for canister 
handling vith the exception that the criticality concern associated 
vith the use of lead snields around the canisters is addressed in 
Attachment 1. Also, the criticality concern associated vith a 
drained spent fuel pool is addressed in Attachcent 2. Canister 
performance during defueling is addressed here only as it impacts 
the safe use of the canister. Canister interfaces vith the 
defueling equipment, canister handling equipcent 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 
~l-2 Reactor Vessel (reference 3). The transportation requirements 
for the canisters vill be separately addressed. 

-~-
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2.0 Canister Description 

This section presents the designs of th=ee canisters to be used in 
defueling THl-2. Compatible with the RCS and spent fuel pool 
enviro~ent, these canisters provide long term storage of the THJ-2 core 
debris. 'In conjunction with the defueling syste~. 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 housin~ one of three 
types of internals, depending on the function of the canister. Except 
for the top closures, tne outer shell is the sace for all three types of 
canister design. It serves as a pressure vessel protecting against 
leakage of the canister contents as well as providing structural support 
for the neutron absorbing materials. It 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 under all storage and operational 
con<litions. 

Each canister contains a recombiner catalyst package incor,orated into 
the upper and lower heads. The catalyst reco:bines the hydrogen and 
oxygen gases forced by radiolytic decomposition of water in the canisters. 

Each 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 ASHL 
code relief valve has a 150 psig setpoint. 

2.1 Codes and Standards 

The defueling canisters have beeu classified as Nuclear Safety 
~elated for criticality control purposes. 

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

~iSI/~\S 8.1 (l~~J) 

A:iSl/AtiS 8.17 (l<J84J 

ANSl :145.2 (1977) 

Al:lerican :lational Standards Institute/ 
American :iationa! Standard, ~uclear tr1ti
~al1ty Safety in Operations with 
Fissionable ~~terials Outside Reactors 

American National Standards Institute/ 
Al:lerican National Standard, Criticality 
Safety Criteria for the Handling, Storage, 
and Transportation of Lh~ Fuel Outside 
Keactors 

Acerican National Standards Institute, 
Quality Assurance Program Requirements for 
Nuclear Power Plants 

-6- Rev. I 
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ANSI N4~.2.2 (1972) 

~~Sl N4~.2.11 (197~) 

~~Sl N45.2.13 (197b) 

~~SI/ASME SQA-1 (1979} 
Appendix l7A-l 
(including ANSl/ASME 
NQA-la-1981 Addenda) 

~~SI/ASME NQA-1 (197~) 
Supplea~ent l7S-l 
(incluaing ~~SI/ASHL 
NQA-la-1981 Addenda) 

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

ASME Boiler and Pressure 
Vessel Code, Section lX 
(l9bU) 

AST~ A 312 (1982) 

SNT-TC-lA (1980) 

10 CFR 21 

10 CFR ~0, Appendix A 

10 CFK ~0, Appendix B 

10 CFR 72 

NURlG-Obl2 
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American National Standards Institute, 
Packaging, Shipping, Receiving, Storage, 
and Handling of Items for Nuclear Power 
Plants 

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

Acerican National Standards Institute, 
Quality Assurance Requirecents for Control 
of Procurement of Itea~s and Services for 
Nuclear Power Plants 

Quality Assurance Prograa~ Requirea~enta for 
Suclear Powe.r Plants, Nonmandatory 
Guidance on Quality Assurance Records 

Quality Assurance Program Requirecents for 
Nuclear Power Plants, Supplecentary 
Require=ents for Quality Assurance Records 

American Society of Mechanical Engineers, 
Pressure Vessels 

Acerican Society of Mechanical Engineers, 
welding and Brazing Qualifications 

American Society for Testing and 
Materials, Sea=less and Welded Austenitic 
Stainless Steel Pipe 

American Society for ~ondestructive 
Testing, Reco:=ended Practice for 
Nondestruti\'e Testing, Personnel 
4Ualification 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 Nucle3r Power 
Plants 

-7-
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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 veRsel with a flat upper closure head. It 
uses the sace outer shell as the other canisters. ~!thin the shell, 
a full length square shroud forms the internal cavity (see Figure 
2.2-l). This shroud is supported at the top by a bulkhead that 
cates with the upper closure head (see Figure 2.2-2). Both the 
shroud and core debris rest on a support plate that is welded to the 
shell. The support plate has impact plates attached to absorb 
canister drop 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 dime~sions 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 Q8Ximum extent practical to eliminate migration of 
the debris to an area outside of the shroud during a design basis 
accident. 

The upper closure head is attached to the canister by eight equally 
spaced bolts. These bolts are designed for the design pressure 
loads, 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 Knockout Canister 

The knockout canister, Figure 2.3-1, will be used as part of the 
vacuuming systems. Flow fittings are 2" cam and groove type similar 
to the filter canister fittings and are capped or plugged after 
use. Externally, the knockout canister is similar to the oth~r 
canisters, using the same outer shell design. It also incorporates 
t he sace handling tool interface. 

The internals module for the knockout canister is supported froc 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 sintcred B4C pellets. 

The ~entral a~sorber rod is comprised of an outer strongback tube 
surrounding a 2. 125" 0.0. tube f1 '" 4 d with s1ntered B4C pellets. 
l.ateral support for the neutron a ~u;rber rods and center assembly is 
provided by intermediate support plates. 

-a- Rev. 2 
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The influent flow is directed t~ngentially along the inner diaceter 
of the shell, setting up a swi r~ing action of the water within the 
canister. The large particulates settle out and the water moves 
upwarda, exiting the canister through a machined outlet in the 
head. A full flow screen ensures that particles larger than 850 
microns will not escape from the knockout "canister. This screen has 
been designed to withstand the maximum pressure differential across 
the screen that can be developed by the vacuum system equipment. 

2.4 Filter Canister 

As part of either the Oefueling Water Cleanup System or the 
Fines/Debris Vacuum System, the filter canisters are design~d to 
remove 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 cac~ - ter is through 2 1/2" cam and groove quick 
disconnect fittings (Figure 2.4-l). 

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). The 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 sucp. The flow is from 
outside to inside with the particulate remaining around the outer 
perioeter 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 meaia forming an annulus around a central, perforated 
drain ~ube (figure 2.4-3). Fabricated froo 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 
p!ate and lower header. The lower header is welded to the outer 
shell of the canister to provide a boundary betw~en the primary and 
secondary side of the !ilter system. The upper header is equipped 
with a series of openings to allow for the passage of the influe~t 
into the filter section of the canister and to protect the filter 
media from direct iopingement 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 th4t is 
comprised of an outer strong back tube surrounding a 2.125" o.o. 
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 de!ueliog water cleanup system (D~CS) 
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and the defueling vacuum system. The D~CS 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. ~e 
spent fuel pool/fuel transfer canal is not expected to contain 
significant quantities of fuel particles larger than 850 microns . 
Co~sequently, the D~CS filter canisters are not expected to contain 
significant quantities of fuel particles larger than 850 cicrons. 

When the filter canisters are used in conjunction with the defueling 
vacuum system, they are located downstream of the knockout 
canisters. Proof of principle testing (Reference 11) has shown that 
for the planned vacuum s ystem flowrates, miniQ&l quantities, 1f 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 cicron screen to prevent larger 
fuel particles from e•iting the knockout canister. Thus the vacuum 
system filter canisters are not expected to contain significant 
quantities of fuel particles larger than 850 microns. · 

.· 
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3.0 Technical Evaluation 

This section aucmarizes 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 b~sis 
events. ·· safety issues which were evaluated include structural forces on 
a canister as a result of a drop accident, criticality issues associated 
with both single canisters and canisters in the storage racks and the 
canister/storage rack interface, including any constraints on the storage 
rack design. 

3.1 canister Structural Evaluation 

A structural evaluation has been performed (Reference l) which 
addresses both the loads imposed on the canister during normal 
operations (loading and handling) as well as postulated drops. 

A comb~nation of analytical methods and component testing is used to 
verify the adequacy of the design. Acceptance criteria for normal 
operation is based on the ASHE Pressure Vessel Code, Section VIII, 
Part UW (lethal). 

Normal operation of the canister imposes very acall loads on the 
canister internals. The largest load on the internals is the 
combined weight of tne debris and internals. The configuration of 
the canisters is such that only the lower plate assembly that 
supports both the debris and internals experiences any significant 
loads. Results of the stress analysis shows a large margin of 
safety for the lower plate assembly and ita weld to the outer shell 
for all canister types. The canister shell is subject to ASM£ Code, 
Section Vlll standards. Verification of the canister shell 
structural design to the ASME requirements has been performed 
(Reference 1). The canisters are designed for a combined (canister, 
debris, and water) atatic 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 weight. Results from the 
structural evaluation show an acceptable margin of safety 
considering the stress design factors specified in NURLG-0612 and 
~~Sl 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. 
Results of the dynamic impact evaluation show that the support plate 
can accommodate loads of up to 350 lbs (23% of a fuel assembly) 
dropped, in air, the full canister length without a failure of the 
lover plate to shell weld. tnis weight limit increases to 550 lbs. 
(in air weight) if credit is 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 
vall. This would expose the Boral sheets to the RCS water which 
could cause corrosion of the boral. However, examination of the 
shrouds subjected to drop testa (reference 10) indicate that the 
inn~r 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 tne debris screen, lower support plate and drain 
tube. The maEimum pressure differential allowed, via a safety 
relief valve in the dewatering system, across canister internal 
components during dewatering is 55 psi. The canister internals are 
designed for a maximum 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 withstandi-ng enveloping accidents. 
Vertical drops of 6'-1 112• in air followed by 19'-6• in water, or 
11'-7. in air are considered along with a combination of vertical 
and horizontal drops. These drops were analyzed to bound a drop in 
any 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 B&W drop test re~ults, leakage of core 
material from the canister, up to ita full contents, is allowed 
provided that the contents left in the canisters remain 
subcritical. An equivalent drop in air was calculated for the worst 
case and this equivalent air drop was used as the basis for the 
structural analysis. Structural analysis methods were used to 
determine the extent of the deformation of the shell and canister 
internals. Impact ~elocities were calculated for the specified 
canister drops. Baaed on these velocities, strain energy methods 
were used to compute the impact loads associated with the various 
postulated drops. Vector combinations of the horizontal and 
vertical components were used to deter~ine 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, &11 deformation occurs below the lower support 
plate in the lower head region. An upper bound shell deformation 
was computed using the ANSYS (Reference 5) computer code and the 
results are presented in Figure 3.1-1 along with the actual test 
results. 

To determine the consequences of a vertical and horizontal drop on 
the filter and knockout canisters, their internals were analyzed 
with ·finite element methods using the ~~SYS computer program. This 
analysis incorporated the actual non-linear properties of the 
material. Geometric constraints ioposed 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 84C 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 li~iters. the entire tube array 
de~lection is limited to 1.6" under postulated accidents. ·This 
analysis is conservative because it does not take into account the S 
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 84C poison rod coupled with four absorber rods. Results 
fro= the structural analysis 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 
met the criticality criterion given in section 3.2. 

The fuel canisters. with their square-within-a circle geometry. 
exhibit different drop behavior than the other canisters. For both 
the vertical and side drops. the fuel canister internals will not 
experience significant deformations other than the shell 
deformations discussed above. Lightweight concrete filling the void 
between the square inner shroud and the circular outer shell 
provides cootinous lateral support to both the outer shell and the 
shroud. This 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 
the shroud. payload and the concrete. The lack of significant 
deformation after a drop (reference 10) makes the criticality 
analysis for the standard design applicable to the drop cases as 
well. 

3.2 Canister Criticality ivaluation 

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

The computer codes used in this work were NULlF. NlTAWL. XSDRNP~ and 
KENOlV (References 6. 7. 8 and 9). The NULIF code was used 
primarily for !uel optimization studies in a 111 energy group 
representation. NITAWL and XSOKNPH were used for processing cross 
sections from the 123 group ~~X master cross section library . 
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NITAWL provides the resonance treatment and formats the cross 
section for use by either XSD~~PM or KL~OIV. In most cases, XSD~~PH 
cell weighted cross sections were used in the KENOIV calculationo 
but for some comparative fuel optimization runs the NlTAWL output 
llbrary was used directly by KLNOIV. 

The calculational models assume the following conditions for the 
ca~ister contents : 

1. Batch 3 fresh fue~ only 

2. Enrichment: batch 3 average + 2o (highest c~r~ enrichment) 

3. No ~laddie~ or core structural material 

4, N~ 9oluble poison or control material froc the core 

5. Cptimally moderated, stacked, standard whole fuel _pellets 

6. Canister fuel regions are completely filled without veignt 
restrictions 

7. Uniform 50°F temperature 

8. D-10 uurtacc densi ;y was assumed to be 0.040 gc/cm2 in the 
Boral usP.d for the fuel canister. (Actual B-10 surface density 
will be 0.040 gm/cm2 with a 95/95% confidence level in the 
testing to provide at least a 2o margin.) 

9. B4C density used is the poison tub~a for the filter and 
knockout canister va~ ASsumed (~ be 1.35 gm/cm3 with the boron 
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 coron 
weight percent 73%.) 

Optimization studies were perforce~ to determine the value of these 
parameters. These optimization studies are present~d in Reference 1 
along with other parametric studies performed for spe~lal cases. 

The KENO analysis ecploya a fuel model that bounds all ~ebris 
loading configurations. Three basic configurations were analyzed 
for 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 assuoed that some minimum degree of damage could have 

·occurred in the canisters during normal loading operations. All the 
canisters analyzed in an array were assumed to have this minimum 
damage. 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 ca~isters are assumed to be loaded with 
debris consisting of whole fuel pellets enriched to 2.98 w/o, 
opticzlly moderated with SQDF unborated water. The analysis will 
provide conservative results and bound any actual configuration 
including draining of the canlsters during the dewateriaz 
operation. For accident conditions, it is assumed that optimi~ed 
fuel is present ~n both normal fuel locations and in all void 
regions internal to the canister. Filling all void regions wi th 
fuel has the effect of adding fuel to the canister after a drop. 

The canister shell, including the lower head, is identical for all 
three canisters. The cylindrical shell is modelled using the 
maximum shell 00 of 14.093" and the nominal 0.25" wall thickness. 
The model explicitly describes the concave inner surface but squares 
off tbe rounded corners. This increases the volume of the lower 
head. 

All thre~ canisters contain catalytic material for hydrogen 
recombi~ation in both the lower and upper head. This material and 
its struct•Jral supports are not included in the models. The volume 
occupied by these m t erials is replaced with fuel. In addition, the 
protectiv~ 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 17.3" minimum center-to-center spacing. Sensitivity 
studies were performed on the nominal 18" 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 come within 2" of the aide of the nearest canister in the rack. 
This requirement is met by the storage rack design (Reference 2). 

Three cases are examined for a drop1 ~d canister: a vertical drop, a 
horizontal drop and a combined vert ~ cal and horizontal drop. The 
shell deformation 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 
volcce ratio and increase the neutron leakage from the system. In 
the lower head region of the shell, a tear drop shape expansion is 
aaauced to occur. The bottom head is modelled as a flat plate with 
the internal components resting on it. To bound all drop cases, the 
canister was assumed to rotate during a drop and ' land on ita head. 
A similar tear d:op 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. For 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 KESO, using basic three dimensional canister models are 
presented in Table 3-1. These results represent bounding values for any 
confi~uration o{ the canisters at THI-2. 

Basically, t hey show that for any configuration, the effective 
multiplication factor, with uncertainties included, will be less than 
0.95. Due to the conservatism built into the models, the Kef! of any 
actual configuration will be less than these bounding values. 

Three assumptions used in the analyses repvr ted in Table 3-1 have been 
reevaluated. The affected assumptions are: 

1. type of poison used in the filter and knockout canisters, 

2. storage pool water temperature, and 

3. fuel particle size. 

The values reported in Table 3-1 for 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 B4C pellets. This 
change resulted in a small reduction to the diameter of the poison in the 
canisters which results in a small increase in the multiplication value 
(keff) of the two canister types. Based on analyses the increase in 
multiplicatio~ will not exceed 0.4t Ak. 

The values reported in Table 3-1 assume a minimum temperature of 50°F 
for all canister types. For can!sters stored in the spent fuel pool the 
temperature could be as low as 32°F. 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 50~f to 32°F. The maxi~um change 
in multiplication was detercined to be an increase of O.lt 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 TMl-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 k~ for the most reactive batch 3 fuel particle 
size. The k~ for the optimum size particle was only 0.07t Ak higher 
than the k~ for the standard whole pellet. The corresponding increase in 
keff would be approxioately the same magni tude . Thus, there is no 
limit on the sizes of fuel particles that can be placed in the fuel and 
kno~out canisters . 

In conclusion , the changes in keff resulting from the three modified 
assumptions will not result in exceeding the kef! criterion 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. The 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 locations 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 (&eference 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. Then extra catalyst is installed in the beds to fill 
remaining voids. The 200 gram quantity was determined from the 
catalyst tests run b; RHO (&eference 4) which used 100 grams and a 
H2/0l generator which simulated the maximum gas generation 
stated in the report of 0.076 liter/hr hydrogen . Additionally, the 
beds were designed t o 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 
sycmetrical. 

The maximum predicted gas generation rate in a canister haa been 
determined by two separate models; (l) the maximum theoretical gas 
generation rate and (2) the maximum realistic gas generation rate. 
The maximum theoretical gas generation rate waa determined by 
Rockwell Hanford Operations (~O) in their document RHO-WM-EV-7 
(C~~D-051) for purpose of developing the catalytic recombiner bed 
design. The maximum realistic gas generation rates were determined 
by CPU for purposes of predicting canister internal pressures during 
periods when the canisters are water qolid. 

Botn models are based on the Turner paper, •Radiolytic Decomposition 
of Water in Water-Moderated Reactors Under Accident Conditiono·, 
referenced in the RHO report. The basic relationsnip is: 

H2 • (W)(F)(C)(r) 8,4 x 10-3 liters/hour 

where: 
f • fraction of Y and 8 energy absorbed in water 
C • H2 generation value in mol ea/100 eV 
r • ratio of peak to average decay heat energy i ~ the fuel .debria 
W • ionizing radiation per canister (watts ) 
8 . 4 x lo-3 • unit conversions (L•ev/W. hr ) 
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For the maximum theoretical generation, the above factors are 
maximize~ 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 w~ ter are also assumed to be 
available for absorbtio~ which is !n excess of what is 
possible in the canisters. (F • 0.2) 

o G - The hydrogen gas generation value ia based on a) completely 
turbulent/boi~ing condition \ when the radiolytic gases are 
instantly remr ved fr:m the aeneration site and b) no build up 
of hydrogen overpressure which tends to retard radiolysis. (~ 
• 0.44) 

o r - The ratio of pe.ak-to-average decay heat energy in the fuel 1a 
based on the moat 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 
vorst case realistic factors for the damaged !MI core are used as 
follows: 

o W - The maximum quantity of fuel debris e~pected in any canister 
is used which includes allowances for residual vater and 
weighing accuracy. (W • 50) 

o F - The fraction of Y aod 8 energy absorbed is based oo the 
~ximum amount of water possible in an actual canister. 
(F • 0.07) 

o G - !he hydrogen gas g~neration value is based on the actual vorst 
case core debris conditions expect~d in a caniater vhich 
includes lower temperature, quiescent conditions. 
(G • 0.12) 

o r - The ratio of peak to average decay heat energy in the fuel 
debris is baaed on the vors: case conditions in the da=aged 
!MI core. (r • 1.4) 

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

Hax. Theoretical 
liter/hour 

7.& x 1o-2 
3 , 8 X 10-~ 
1.14 X 10-l 
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Hax. Realistic 
liter/hour 

5.o x lo-3 
2.!1 x 1o-J 
7.5 x lo-J 
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The generation of other gases vas 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 maximua 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 
25 days for the worst case canister. Released gas will be vented 
through the pcol 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 tne 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 !ong it takes an 
undevatered canister to reach 1;0 psig if the 25 psig relief valve 
fails closed. This time for the worst case canister is 139 days. A 
similar concern exists for he dewatered can~ster snould a 
signficiant amount of oxygen scavenging occur and the 25 psig relief 
valve fails closed. Assuaing no recombination, (i.~. complete 
oxygen scavenging) the canister will reach the design pressure in 
42d6 days for the worst case canister . 

If the relief valve snould fail open while the canisters are being 
stored there is the possibility t hat fuel debris can be released 
into the pool water. !f contaminants are released into the pool the 
defueling water cleanup system (D~CS) can be used as necessary to 
lim!t the contamination level of the water. Hence, a failed open 
reli ef valve does not pose a safety concern. Additionally, given 
that ~t is planned, although not required, to ~ewater the canisterA 
shortly after they are loaded, pressurization J f the canisters 
caused by hydrogen/oxygen generation will be minimal nod the relief 
valve is not expected to opec. 

Althougn 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 
co~ditions , because ?f the 25 vsig relief valve, is approximately 42 
psia. This pressure incluaes the 25 psig set pressure and 5 feet of 
water submergence. Under the assu~ption that the recombiner 
catalyst does not function properly, a flammable mixture of hydrogen 
and oxygen cao acc~ulate within a canister. !f an ignition uf this 
mixture is postulated, an overpressurizatioo of tne canister ·could 
occur. The ultimate stresses will be reached for various canister 
componentA 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 

Con~idering 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 vithin the canister is not expected to affect the 
overall canister integrity. 
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Table 3-1 Results of 3D KENO Criticality Calculation 

Description 
. 

Filter Canister** 

Single. Ruptured Filters 0. 795! 0.024 

17.3" Array. Ruptured Filters 0.823! 0.021 

Vertical Drop. Ruptured. 
without filter screens 0.798! 0.025 

Horizontal Drop. Ruptured, 
without screens 0.843 + 0.010 

Combined Horizontal/Vertical 
Drop. Ruptured. without screens 0.851 ! 0.021 

Fuel Canister 

Single. Standard Configuration 0.825 + 0.012 

17.3" Arre/ • Standard Configuration 0.829! 0.025 

Knockout Canister•• 

Single. Standard Configurati~n 0.1$35 ! 0.018 

17.3" Array. Standard Configuration 0.877 + 0.015 

Vertical Drop. Single 

Horizontal Drop, Single 

Combined Horizontal/Veritical 
Drop. Single 

0.843! 0.019 

0.853 ! 0.008 

0.851 ! . 016 

*keff + 20 + calculational bias (see Reference l) 

Histories Maximum ketf* 

9331 

52374 

8127 

15050 

44849 

15050 

6321 

10535 

11438 

9933 

26488 

12943 

0.839 

0.8t>7 

0.843 

0.873 

0.892 

0.857 

0.877 

O.tH3 

0.915 

0.882 

0.881 

0.887 

••results are based or. vibrapacked B4C po\fdt-r lL ~~e poison tubes 
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figure 3.1-1 

SHELL DEFO~v~TIOSS - VERTICAL r~0P (ALL C~~ISTERS) 
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4.0 Radiological Considerations 

The canisters are designed to be loaded with core debris from the THl-2 
acs. These canisters do n~ t contain internal shielding and must be 
shielded during all handling and storage oper3tions. 

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

Personnel esposure from the loaded canisters will be addressed in 
Reference 3 as part of the canister handltng sequence. 
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5.0 lOCFR 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 perforg 
a test or experiment, provided tne chang~. test or experiment is 
determined not to be an unteviewed safety question and does not involve a 
modification of the plant technical specifications. A proposed .change 
involves an unreviewed 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 sarety analysis report may be increased; or 

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

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

The 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 1~, the purpose of this evaluation is to show that the 
canisters are designed to remain safe under normal operation and handling 
conditivns 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 the TMl-2 Reactor Vessel (Reference J). On this basis the 
scope of tbis 10 CFR 50.59 Evaluation is licited 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 will remain subcritical under any 
configuration or following atru: tural deformation due to a load drop. 
~itb respect to overpreasurizati~n protection, tvo 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 defue!ing canisters neither increases 
the probability of any accident previously evaluated nor creates the 
possibility of a different type of accident. Additionally, as the 
current TMl-2 Technical Specifications do not specifically address 
containment of the fuel debris, the margin of satety 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 with canister closure and handling, 
includ~ng installation of the relief devices, will be perforce~ in 
acc~rdance w!th procedures prepared, reviewed and approved in accordance 
with TMI-2 Technical Specifications Section 6.8, which requires NRC 
approval of certain t ypes of procedur~s. 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 procedure& subject to Technical 
Specification Section 6.~. it is GPU Nuclear's belief that no changes to 
the Technical Specifications are required. 
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In conclusion. within the bounds described in this report. the design and 
use of the defueliog canisters do not result in an unreviewed safety 
question. nor require changes to the TMI-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 
defueliog system: fuel, filter and knockout canisters. These canisters 
have been evaluated to determine if they could safely perform tneir 
function under norcal and accident conditions. The results of this 
evaluation show that the canisters will remain subcritical under normal 
operations, handling and accident conditions. A structural evaluation of 
the canisters has shown that they maintain their integrity and will 
function as designed under normal operating conditions. Drop analyses 
and drop tests were used to determine the effec~ of a design basis drop 
on the canister shell and internals. The results from these analyses 
were used in determining the reactivity of the canisters under accident 
conditions. Therefore, based on structural and criticality 
considerations, it can be concluded that these canisters ean safely 
function under normal and accident conditions at IMl-2. 
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The results of this analysis are based on the assumption that the moat 
reactive fuel particle capabl e of being in the knockout canister is an 
optimally moderated standard, whole fuel pellet. With the change to the 
vacuum system that permits fuel particles greater in size than whole pellets 
to be loade~ into a knockout canister, this assucption is no longer 
appropriate. To assess the impact of this assumption, an evaluation was 
performed to detercine kc for the most reactive batch 3 fuel particle, when 
optimally moderated with unborated water. The k. for the optimum size was 
found to be only 0.07% ~ k higher than the k· for the standard whole 
pellet. Since this increase is small and the other assumptions included in 
the analysis are conservative, tending to increase keff• the results 
presented in tl.is attachment are still considered appropriate. Additionally, 
even with an increase of 0.07 %Ak, the keff criterion for the cani~ters 
within the CTS will still be achieved. 
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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 

deformed are not addressed since these canisters will be handled by GPUN {2) 

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

workscope. 
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2. Introduction 

Transf~r of the Fuel, Filter, and Knockout canister des igns wi:hin 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 of containment for reactor defuel

ing. The transfer shield wil l 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

~ent of debris filled canisters into shipoing 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 

~~vable 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 fs fully inserted to allow 

clearance of the shield from obstructions. The shorter length outer shields 

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

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

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

the transf~r shield by a canister grapple ar.d cables connected to a hoist 

which is mounted on the movable trolly. 

The transfer cask is similar to the transfer shield with the main walls 

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

door to all~ insertion of a canister by a grapple and cable mechanism ar.d 

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

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

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

is 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 
4 

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 analys1s. 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 

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

insertion point for a canister in the transfer shield, and (5) evaluate 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 Design of Oefueling Canisters for GPU ~uclear 

Corporation Three Mile Isla~d Unit 2 - nuclear Power Plant" Appendix E, (2) 

Section 1.~. 4 Section 1.2.3 specifically details transfer criticaJity, 

although subsequent changes to the work scope were negotiated. 

3.3. Reactivity Criterion 

The reactivity criterion for criticality 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. These 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 GPUN. 

3.4. Calculational Assumptions 

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

cask assume the following conservative conditions: 

1. Batch 3 unirradiated fresh fuel only. 

2. Enrichment: batch 3 average + 2a (2.98 wt: U2j5). · 

3. No cladding or core structural ~aterial. 

4. No soluble poison or control materials from the reactor core. 

5. Optimal fuel lurnp size and volume fraction and optimal water 

moderator density (except in parametric cases for the optimization 

study}. 

6. Canister fuel regions completely filled without weight restriction. If a 

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

clean water or structure the result would be lower canister reactiv1ty.3 

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

8. Uniform 50°F temperature. 

9. Infinite media Oancoff factors (see Oancoff Factor Assumptions). 

The model for the transfer shield assumes the following conditions (See 

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

1. The trolly was ~odPled as a 4x4 foot. 12 inch thick block of steel. Th is 

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

tor of epithermal neut rons . 

2. A movable horizontal lead shield 15.5 inches in diameter is assumed to be 

6 inches thick and l~cated 20 inches from the top of the upper canister 

head at all canister inserti~n levels. 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 reflection without 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 assu~ed 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 analyses assume 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 corrbir.ed lead and steel thickness 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 

dimensions yield a maximum lead and steel thickness less the air gap of 

8-21/64 inches at the base and a minimum thickness of 3-7/32 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-sectional cut of the 

transfer shield wall with lead and steel dimensions. 

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

bottom of the transfer shield since lead with an air gap between the 

canister and shield wa s shown to be more reactive than lead wi th a water , 
gap (see canister shield gap analys i s) . In revision 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 ~ith XSOR~PM to be conservative 
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(~ee section 3.10 - transfer shield water reflector analysis). 

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

region~ external to the shield. This will minimize thermaliza~ion of 

reflected neutrons and reduce subsequent absorption in non-fissioning 

structural material. Dry air is assumed to consist of pure oxygen and 

is conservative since it has both a smaller removal and absorption 

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

have a negligible 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. Furthe~ore results of the 

canister shield gap analysis (see Section 3.9.2) shows a trend that 

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

assumed is void. Finally, since the top and bottom heads of the canister 

are low i~portance and lew fiss ion density regions the effect of the (2) 

assumed composition of air in this region is insignificant on calculated 

results with a ~robabilistic code like kE~OJV. 

7. Although there is an air gap between the bottom of the transfer shield 

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

~odeled to prevent neutron streaming. 

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

9. For the canister types examined, only internally ruptured configurations 

due to f ilter screen failure were examined ir. the transfer shield since (2) 

these :are most reactive. 2•3 

10. The upper head protective skirt on the canisters is not ~odeled . 
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11. The transfer shield in revision 2 calculations models the latest knockout (2) 

canister geometry with shorter a4c rods. 

The model for the transfer cask assumes the following (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 the conservative size of this lead shield the grapple was not 

specifically modeled. 

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

of lead with a 1 inch steel liner on all sides. The inside diameter of 

the main shield is 15 inches. 

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

steel liner on all sides. The diameter of the bottom door Is 

conservatively extended to 43 inches in revision 2 analyses. 

5. The lead/steel f lan3e located below the bottom door projects 7.5 inches 

radially beyond the main cask walls. · This flange is 4 inches thick with 

a 0.5 inch liner on all sides. The radial width of the flange is 14 

inches. 

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

(2) 

servatism in revision 2 calculations; This gives a combined lead and (2) 

steel thickness below the canister of 10 inches. 

7. A lower shield collar (loading boot) is assumed to be 3 feet long, with 

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

Altho~gh the loading boot is no longer required it is retained for con-

servatism. 
I : (2) 
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8. The loading boot extends 2 feet below the water surface. 

g, 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 regions. 

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

were considered ~ince these are most reactive. 3 

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

13. The transfer cask models the knockout canister with the latest geometry (2) 

and shorter s4c rods in revision 2 analyses . 

3.5. Dancoff Factor ~ssumptions 

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 . 

The Oancoff factor using Sauer's method can be analytically determined for 

only the simplest geometries. In the case of the three can i ster designs, the 

fuel region geometries cannot be treated analytically with respect to Dancoff 

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

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

eigenvalue. For this purpose, t~e hUL IF code was utilized. Evaluation of 

rtULIF results with different Dancoff factors ir.dicates that any increase in 

the Oancoff 0•(1-C) factor from the infinite cell array condition results in a 

decrease in K-effective as a result of decrease~ U238 self-shi~lding. Results 

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

density fuel. In the determination of Da~coff factors for cross-section sets .· : 
used by KENOIV and XSDRt.PP., infin i te 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, NITAWL10 , XSDRNPM11 , 

and KENOIV12; The NULIF code was used only for the study of Oanco{f factor 

effects. NITAWL and XSORNFM 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 XSDRNPH or 

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

and XSORNPM/ANISN type calculations. 

3.7. KENOIV Bias 

No benchmark results are included in the current workscope. to allow a (2) 

direct assessment of the KE~OIV bias for a fuel/l ead system. However, the 

comparison of results between critical exper iments and KENOIV14 •15 indicates a 

trend of increasing KENOIV bias related or.ly to the spacing between fuel 

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

blies. The materials placed b~tween the assEmblies were stainless steel, 

aluminum, and s4c rods, they provide a sufficient d~nsity change to indicate 

if there is a related bias. Since none is obvious, it is assu~ed that a 

significant trend does ret exist. This assu~ption is carried over for the 

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

u~on the reflector density. Thus, the bias for this case is assumed to be 
1 

that of the single canister in water. i.~. O.OZ~k.-

3.8. Fuel Optimization for Lead Shielded Canisters 

3.8.1. Background lnfor~aticn and Assu~ptions 

Of interest in this e~tension of the fu~l o~timizatic~ study js the 

effect of the e~terr.al le~d shield which makes up t~e transfer shield and 

transfer cask. To e1amine the effect of the lead shteld on the optimi:ed fuel 

mixture, simplified KE~Ol~ a~d XSORNP~ rrcdels were ~tilized. ~ssumptions 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 benchrr.ark KENOIV against XSORtlPM for simple cell types 

and to use XSORNPM 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 

surrounded by water . No poison rods are ~odeled for tt.ese simple cases. This 

case was run for .31 ana .37 volu~e fraction cases and when taken with the 

infinite media ~~LIF results2•3 predict the .310S4 fuel volume fraction to be 

opti~um. These results are shown in Table 1. Two XSCR~PM cases were run for 

a 13.5 inch diameter fuel region with a 1/4 inch thick steel outer shell sur

rounded by water. These XSORNP~ 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 XSOKNP~. Th~ lead shield had a 15.5 inch inside diameter result-

ir.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 since it was ccnsidered to be the max~r.urn thickness of lead 

for either the trar.sfer shield or transfer cask. No ~odeling of the steel 

liners on the shielding was considered. Dry air was also ccnsidered to con

sist of pure oxygen. 

Three lead shielded XSCRNPM cases ~ere perforffi~d tor volu~e fractions of 

.~5 •. 31084, ar.d . 37. The resulting eisenvalues are shown in Table 1 and 

demonstrate~ for the lead shield cases that tt.e opti~urn fuel volur.e fraction 

re~ai ns as .31084, For t~c ,j1084 fuel volume fraction a six inch lead sh i el~ 

causes a .CSS increase in delta K-~ffective ever the water ffioderated case. 
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This is the result of both decreased absorption in hydrogen and thP. canister 

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

canister • .. 
One final case was perforr.~ed 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-XSDP.IlPM cross-sections were ~enerated for the 

.31084 fuel volune fraction with a 95~ nominal watP.r density. The result was 

a decrease in K-effective of .015Ak due to the decreased hydrogen density and 

neutron thermalization. 

Table 1. Comp3rison of KE~OIV and XSOR~PM Results for Simple 
Cell Types With and Wi thout Lead and llo Po ison Rods• 

Cell Type 

14 inch dia. fuel, 
nr. steel, w/H20 

It 

Model 

KEtiCI\' 

KENO IV 

13. 5 i~ch dia. fuel, XSO~~FM 
1/4 in. steel can, 
w/H20 " 

13.5 inch dia. fuel, 
1/4 in. steel can, 
w/air gap and 6 inch 
lead shell 

" 
" 

(95~ No~ir~l H~O 
Dens.) " , 

XSPR:lPM 

xso;:r.P~ 
XSOi'flF~ 

Neutron 
~ol. Fraction K-effective/2a dev. Histories 

.31084 

.37 

.31084 

.37 

.25 

.31084 

.37 

1.07:.010 

1.065:.008 

1.0300 

l.G19S 

1.0iSi 

l.C853 
1.0712 

.310e4/95~ P~O 1.0703 .. 

18963 

19565 

•The absolute m~cnitude cf ~.-effective is not s~qnificant. Sir.-ple cell results 
arp only used to irdicatP. trcr.ds. 
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3.9. Canister-Shield Gap Criticality Analysis 

3.9.1. Model Description and Background 

When the transf~r shield is lowered into the pool to allow ins!rtion of a 

canister, part of the gap region between the transfer shi eld and canister will 

be water filled and 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 XSDR~PM was used s ince 

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

a Monte-Carlo code ~ ith its associated unc~rtainties. Two additional XSDRNFM 

cases were run for the optimal fuel volume fraction of .31G84 with 50°F 

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

was assumed to be six inches thick and the canister was modeled as a 13. 5 inch 

diameter fuel region wi th a 1/4 inch steel s~ell. No poisJn rods are ~odeled 

in these simple canister types . 

3.9.2. Gap Analy~i s Results 

The results shown in Table 2, which include two cases from the fuel 

optimization study, 'e~onstrate that the most reactive configuraticn occurs 

with an air gap between the lead shield and can is ter. These results are 

explaineci ~Y the backsc~ tter of nPutrous from the le3d shi eld to the wa ttr 

filled canister. The air between t~e canister and shield atter.uates few 

neutrons and does rot contr1bute significantly to the thermal neutron spec

trun. Without the consid~,·~tion of 30 geometry incuced lPJkage effects these 

results pr~~ i c t t he r.cst cr i t1cal confi gurat ion fo r a c~nister is to be fully : 

instrted into the transfer ~ ~ield. 
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Table 2. XSCRNPH 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 water 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-effective 

1.030 

1.066 

1.0848 

1.0853 

*The absolute magnitude of K-effective is not sigr.ificant . Simple cell 
results are only used to ir.oicate trends . 

3.10. Trarsfer Shield ~ater ~eflector Analysis 

3.10.1 ~odel Oescripticn anG Background 

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 level. This was determined to be the most reactive inser-

tion point (see section 3.13. Canister Insertion Analysis.) ~dditionally, the 

XSORNPI~ gap analysis (section ::.9) demonstrate.d that an air or void filled gap 

is ~nst reactive . In the subsequent rev ision 2 analyses that ir.corporate the 

(l) 

(1) 

(1) 

(1) 

latest kr.ockout car.ister geo~etry it was theorized that a 2 foot high water (2) 

reflector outside the shield may help reflect neutrons back to canister and 

prove to be an additional conservative ~odeling assur.ption. Therefore in 

revision 2 transfer shiP.lo analyses, the follcwi~g conservatisms will be 

irr.pl emented_. 

1. The outer movable s~1eld will be ccmpletely raised to ~axfmize the total 

lead ar.d steel thickr.ess, 

2. The water level of the pool will be raised to a height 2 feet frorn the 

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

to maximize reactivity of the system, and 

4. Water will be assumed along the botto~ of the canister to reduce leakage ... . 
and prevent neutron streaming (comp~re Figures 1 and 2). 

3. 10.2. Water Reflector Results 

Two cylindrical XSOPt\Fl~ cases were performed rr.odeling a canister with a 

centeral poison rod surrounded by the transfer shield geometry according to 

Figure 3. One case was run with a 1 foot wioe air ~efl~ctor and one wtth a 1 

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

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

r.Et!OiV transfer shield cases would be run. The results of this analysis, 

shown i n Table 3 demcnstrate that the water r~flector external to the l~ad 

shield is a positive reactive addition by reducing n~u tron leakage. The 

differe~ce in K-effective fer these two ca~es is ~.OOSl~k. The 2 foot 

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

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

the xc:cl\r-PM calculation is ~rcdeling the wilter regior. C•\c!r the entire length of 

the shield ~he rtactivity increase in th~ 30 r.E~OIV r.ocel is much le~s than 

.0081Ak. It is also important to reccgnize that the botto~ ca~ister region 

has less neutron importance than the rr.iddle regions of the car.ister. For 

simplicity, if we assu~e all canister regions are e~ually i~portant, i t is 

expected that the increase in K·effective of this alrea~y conservat1ve model 

would be approximately .0013Ak. 

For the early revision 1 analysis this ir.crease in Y.-eifective frcm the 2 

fcot water level is more than offset by the ~xtension of the cu~er lead sh1eld 

the full l~ngth of trar.sfer device. Additionally, if the entire canister 
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shield gap region contained water t~stead of air, K-effective based on XSDRNPM 

results would drop by approximately .0193dk (see section 3.9.) Therefore the 

gap region bet~een the canister and shield appear~ to be worth mor~ in terms 
~ 

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

shield. For these reasons the calculated K-effectives from the revision 1 (2) 

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

is physically impossible to have an air gap between the can ister and shield 

and have water outside the shield at the sa~e level, this char.ge ~as imple-

~ented in all revision 2 transfer shield ' nalyses. 

Table 3. XSDRHP~ Water Reflector Analys is• 

Model Des·rtption K-effective 

Canister in steel and lead shield, 

air ~3p, and !!r refle~tor 

Canister in steel and lead shield, 

air gap, and~ reflector 

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 canister that is off-cer.ter in the transfer 

shield or swinging from side-to-side within the shield, the XSDR~PM code was 

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

slab geometry with a buckl ing factor to allow axial leakage. The~ntire dia- J2) , 

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

region was assumed to certain air. Shewn in Figure 5 is th~ geometry deta il 

of the off-centered canister case. 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 XSOR~PH Ha,del 

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 ~odeled 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 

~.00016k which is considered negligible. Additionally. the centered canister 

is most reactive. Therefore. for the re~ainder of this analysis all canisters 

will be assumed to be centered within the respective shields . 

Table 4. XSDRNPM K-Effective Results For Off-Centered Canister• 

Model Description K-effective 

Centered Fuel Canister 1.05547 

Off-Centered Fuel Canister 1.05534 

•The absolute magnitu~e of K-effecttve is r.ot significant. Simple cell 

results are cr. ly used to 1r.dicate trends. 

3. 12. Canister Optimtzatlon in Transfer Shield 

3. 12.1 . Model Description and Background 

For determining wh ich canister type is most reactive in the transfer 

shield and the similar transfer cask. a 30 KENOIV transfer shield model was 

used. For conservat i sm in revision aralyses the 9 fcot long outer shield 

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

16 foot long frner shield was exter.ded to the water level . The steel ir.ner 
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and outer liners on each shield and the air gap ~ere modeled as lead giving a {2) 

combined thickness of 5. 125 inches. A circular shaped 3 inch lead plate i s 

located 20 i~ches above the top of the canister. A smaller 3 inch lead shield 

is located within the canister grapple. These two ~hields were combined to 

form o~~ 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 modeled by an acoitional 7.64 feet of shielding with a 1 foot thick 

blcck of steel placed hor1zcntally en top of the s~i~1 a to represent the 

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

underframe is 21 feet . This structure is surrounded by 1 feet of water {up to 

the bottom of the shield) cr. all sices. The transfer shield was not extended 

below the water surface in the original analyses since it was shewn by pre-

vious XSCRNPM calculations in Table 2 that the lead shield with an air gap is 

~ost reactive . The water l~vel was also extenced to the bottom of the canis-

ter and sh ield to precluce r.eutron streaming out of the transfer shield when 

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

shewn in Figure 1. 

The ruptured knockout and f il ter canisttrs were model ed in 30 with this 

transfer shield model tc ceterrnir~ which can1ster type is rest reactive. The 

fuel asserrbly canister was no t considered since concre:e will be placed in the 

outer lobes and will pr~~~ra t the mor~ reactive ruptur~c co~f i guraticn. For 

canisters with this ccrcrete modifica t ion in a 17 . 3 inch array, K-~ffective is 

0.5,9:0.0,53. This K-Pff~ctive is lo~ erough relutlve to tr.e ~roc~out cart!- (Z) 

ter !7.3 i~ch lattice K-effPctive3 t~at the fuel cirister can be ~liminated 

from consideration. 
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3.12.2. Transfer Shield Optimization Results 

The results of the transfer shield analysis wi th the ruptured knockout and 

filter canister fully inserted into the shield demonstrate the knockout canister 
~ . 

t~ be most reactive. These results are shown in Table 5 and indicate that the 

ruptured knockout canister is .036:.0146k more reactive than the ruptured 

filter canister in the transfer shield. The respective increase in 

K-effective from the lead shield for the knockout and filter canister cases is 

.G43:.018 and .0~5:.0!£. It should be recognized that the no shield cases in 

Table 5 were taken frcm q~ference 2, and have an overly high K-effective from 

the previously documented U238 cross-section treatment. If the .0156k 

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 examined. This increase in reactivity is in good agreement 

with the .055.:..k reactivity increase from XSORtlPI': results discussed in the 

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

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

Table 5. Canister - Transfer Shiela 
O~timization Results 

Neutron 
K-effective/2o l'eno Bias Max. K-effect ive Histories 

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

Transfer Shield•• .eS!:.Oll .02 .e82 18361 
· w/Filter Canister 

Sinsle Knockout • 
CJnlster, ~~ Shield 

.€.~4 : .016 .02 . 680 10234 

~ingle Filter .806:. 01' .02 .840 9331 
Car.fster,• No Shiel a 

•From keference 2. 
••These cases were run for a canister shield gap of o.s inches. 
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3.13. Canister Insertion Analysis 

3.13.1. ~odel Description and Background 

From the canister optimization study it was determined that t~e 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~v~l flush with the bottom 

of the shield to prevent neutron streaming. The outer shield will not be 

extended below the water surface since XSDP.~PM results from the gap study (2) 

indicated that lead with an air gap is more reactive than lead with a water 

gap by approximately 1.9:tP. 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 1s conservative for the smaller percentage insertion cases 

because the 6 inch hor1zor.tal shield will be modeled closer to the upper head 

than it should be maximizi~g K-effective. 

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

insertion levels . These levels correspond to the different geo~etry block 

boundaries. Other insertion levels were used to s~nerate the insertion curve 

shown in Figure 7. Although th~ problem "snapshot" cnanges in Figure 6 as the 

knockout canister is inserted into the shield the area being ~odeled is suf-.· . 
ficiently large that r.~terial effects external to the problem boundary are 

insignificant in the co~putaticn of K-effective. 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 considered 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 enti re transfer device were surrounded by water, the 

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

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

K-effective from walls or other structures will be sn·all . For these reasons 

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

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

3.13.2. Canister Insertion Ar.alysis Results 

The results of the transfer shield insertion study with the knockout 

canister are tabulated in Table 6 and shown in Figure 7. These results con

fi~ the XSORNPH results that the most reactive configuration is for the 

kr.ockout 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 . 7~ inch reduction in the four outer a4r. poison roes. The.3.75 inch 

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

length and should not result in a more 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 
~~~lf.t-- Lead (5 . 125") 

Upper Head 

Intermediai"--..,...-
Section 

Lower Head 

Trolly 
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This effect was verified by ccmputing the ruptured knockout canister case 

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

tant K-effe~tive was .002 smaller than the case with longer rods a~d is shown 

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

smaller than the .006-.007 Za KEtiOIV uncertainty. Because of the insignifi

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

are valid for the current design. Since the transfer cask is similar 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 100: inserted in to the transfer shield. The transfer shield was 

modeled according to dimensions in Figure 2. Differences between this calcu

lation and earlier analysis are: 

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

2) Th£ water reflector outside of the shield is raised 2 feet. 

3) The new knockout canister geometry with baffle plate modifications 

and poison red length reductions are implemented. 

4) The steel liners are modeled in the shield walls. 

W1th the above modifications. the resultant K-effective is 0.879 : .01 wh ich 

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

consistent with the revision 1 analys is indicating the earlier cases are suf

ficiently conservative. 

Two additional cases ~tre calculated for the transfer shield. The first 

case utilized the NULIF code to cttermine ar. optimum fuel-water voJure frac

tion with low density water. An optimum fuel volu~e· fraction of 0.021 was 

determined for 0.05 g/cc dense water . This case was performed because of a 

concern that for low density water cases there 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 ~either the transfer shield or cask could imitate this ~rray 

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

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

small optimized fuel volume at low water densities together with significant 

amounts of structural and poison material. 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

fore. 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 

~ Inserted K-effective/2a 

100.0S .882~.006 

86.0: .881~.007 

65.0: .875~.007 

54.4% .866: .008 

42.4: .855:.009 

22.8~ .836~.011 

6.8: .827~ . 011 

100.0: .880:. 007 
(short rods) 

100.0% .879:.010 
(new canister 
and shield 
geometry) 

Optimized Fuel .020:.001 
(.021 VF fuel, 
0.05 9/cc dense 
water) 

Low Water .181~.004 
Density (.31084 
VF fuel, O.C5 
glee dense water) 

KENO Bias 

.02 

.02 

.02 

.02 

.02 

.02 

.02 

.02 

.02 

.02 

.02 

Max K-effective 

. 908 

.908 

.902 

.894 

.884 

.867 

.858 

.907 

.909 

.041 

.205 

Neutron 
Histories 

38354 

39864 

37448 

30200 

21744 

16610 

19328 

42582 

23655 

16185 

16600 

Examir.ation of the scattering cross-sP.ction for iron in the epithermal 

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

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

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

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(2) 

(2) 

(2) 

versus lead in an air r.:e<1ium, three XSORNPI1 cases were performed with cylin- (2) .. . 
drical geometry. The cases perforr.ed consisted of a sh~ eld containing a 

thickness of 8.5 inches 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 XSORNPH results shown in Table 7, the all steel shield fs more 

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

However, when steel and lead are combined there is a decrease in ·. 
K-effective relative to the all lead case of .002 Ak. This decrease in 

K-effective is 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. XSORNPM Steel Liner Anal~sis• 

Cell T~!!e ~ K-Effective 

14 inch canister, 
8.5" steel shield 

air gap, XSDRNPM 1.03371 (2) 

14 inch canister, 
8.5" lead shield 

air gap, XSORNPH 1.02961 (2) 

14 inch canister, air gap, XSORNPM 1.02742 (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. Model OescriEtion and Background 

The transfer cask is shown in figure 4. The 15 foot 1 inch 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 position 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 the 

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-cylinders 

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 inches 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 boot 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 conser- (2) 

vatism since the inside dianeter of the loading boot is less ~han the optional 

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

is assumed 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 Analysis Results 

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

fully inserted canister is most reactive. calculations using the ruptured 

knockout canister were perforrr.ed with the canister fully inserted and the bot

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 2c uncertainty ard KENOIV bias added. the maximum K-effective is 

less than the .95 criteria. This calculation was performed for the ruptured 

knockout can1stPr with the original longer B4C rods. The previous insertion 

study demonstrated that the reduction in poison length by 3.7S inches resulted 

in an effect on K-effect ive of less than the 2c uncertainty of the calcula-, : 

tion. 

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

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

time during insertion. To verify this assumption and to simplify geometry 

modifications. early calculations were perforrned 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 sa~e as the previous case with longer rods. 

Since both 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 lead collar have 

an insignificant effect on reactivity. These conclusions are in close agree

ment with the transfer shield insertion study which also indicated the dif

ference in s
4
c length to be within the KENOIV uncertainty. 

One additional cask case was run which utilized the exact geometry of the 

knockout canister with the revised baffle plate positions and poison rod 

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

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

limiting of all cases examined with a maximum K-effective of .931 . 

The results of the insertion analysis 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 f~r either the transfer shield or 

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

since thes~ canisters will be handled by GPUfl 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 Transfer Cask 

Max. Neutron 

S Inserted K-effective/2a KENO Bias kill Histories 
: 

100S .897:. 006 .02 .923 47725 (1) 

(Longer s4c 
rods) 

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

(Shorter s4c 
rods and 
extra lead 
collar) 

1001 .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-XSORNPH 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 compositions for the gap region between the canister 

and transfer cask or sh ield lead 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 compositions for the gap region. Water regions surrounding the lead 

shield were shown to be small positive reactivity additions and less than the (2) 

gap effect . XSORNPH slab calculations demonstrated that there was almost no 

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

with the centered position being most reactive. 

Insertion studies with the transfer shield demonstrate that the knockout 

canister fs 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 approximately (.055 to .06Ak) ~ .018Ak. 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) 

vatfve. XSORHPM calculations verified that an all steel liner i s more reac-, 
tive than an all lead liner by 0.004 Ak. ~ combined steel and lead liner was 

found to be 0.002 Ak less reactive than t~e 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. 

Analyses were performed for the knockout canister in the transfer shield and 

cask with the 3.75 inch shortened outer B4C rod mod i fication. Th~se 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 conser~atively 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 calculationalty 

insignificant. A cask case was performed implementing the latest knockout 

canister geometry 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 

external damage from being dropped and 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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1S737-2-G03-114 
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15737-2-GOJ-114 

The results of this analysis are based on the assumption that the most 
reactive fuel particle capable of beina in the knockout canister is an 
optimally moderated, standard, whole fuel pellet. With the cbanae to the 
vacuum system that permits fuel particles areater in size than whole pellets 
to be load~d into a knockout canister this assumption ia no lonaer •. 
appropriate. The analysis in this attachment has been completed usina 
conservative assumptions (e.a •• nealected four satellite poison tubes). 
Additionally, the probability of a drained pool scenario occurrina is small. 
Therefore, the analysis vas not repeated using optimum size fuel particles, 
however, the conclusion that k~ff will not exceed 0 .99 for a drained pool 
scenario is still considered appropriate. 

Rev. 2 
0334Y 
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TMJ-2 Drained Pool Analysis 

Cuts Anal ntd 

Two drainid pool casts rtprtstntfn; dffftrtnt statts of internal canisttr 
eodtratfon trt considered htrt. Thtst cases art jud;ed to bt bounding with 
respect to tht possfblt real contents of the canisters tn the unliktlv 

. tvtnt of 1oss .of pool water. The conditions assumed for these cases~rt as 
follows : 

Cut 1: Optimal fuel vol~o~~~e fractfon tn USO "" boron 11oderator of full' · 
~ensfty at soof. . 

Cast Z: lealtstfc fuel volume fra,tfon wfth purt wattr ~dtration at 100: 
h~fdfty COnditiOnS It SOUf. I 

Celculational Models and Procedures 

Jn both casts tht baste canfsttr 110del ts the standard configuration knock· 
out canfsttr dtscrfbtd tn I&~ Document No. 77·1153937·03, page 2·31. -Fer 
conservatf~. thd to facilitate 11odelfng fn KEN~ standard geometry, tht 
four sattlftt poison tubes and all 1attra1 support pla tes art ~itted and 
-ttltfr spect b occupied by' futl . · 

Additional conservatism fs provided by assum~tfons of tnfinftt eattnt of tht 
canfsttr array and tnhanc~tnt of overhead reflection by concrete eo~tltd 
lbovt tht array. A 17.3 fnch square pftch was ass~d. 

Yor tnt 1, tM opt111111 fut1 wolUI!It fraction wu dett""1ntd by WUUF calcu· 
lations to ~ 0.620 with 1 I of 1.02890 and ctll weighted cross ltcttDfts 
fo~ tht «!NO calculations wt1t ltntrattd by NJTAWL/JSDRNPH calculations. - . 
For Cast 2, a _,asurtd futl wolumt fraction for randomly pecltd ~olt fuel 
pellets was used (I&W Commercial Plant License SNM-1168, Docket 70.1201, 
Section J, page 35). THfs wol~ fraction was 0.624 Which by cofncfdtnct 
ta clost to t~t of Clst 1. NULIF calculation for this volume fraction ~th 
aaturattd sttam (pure ~0) 11 ~dtrator tavt 1 '· ef 0.65706. Furthtr NULIF 
lalculations at this full vol&l!'lt fraction vs. tncrtuing water dtnsi.ty llvt 
a 110notomfc.a1ly tncrtufng «.... IP to 1.21412, at 100: wattr ~tnsfty. However • 
.,yond tht saturation potnt thtrt would bt liquid water ftOt r~vtd fn the 
dewatering process and this water woul' bt borated. T~is condition ts covtrtd 
in Cast 1. .. 

atsults and Conclusions 

For tast 1. the calculated ~•1~ ltff ' including a 0.02 btnc~rk uncertainty 
end tht 2·sf;ma l£NO uncertainty, ts o. t64. This is for an infinite l·Y array 
with ttO eoncrttt side rtnuuan. TN •ff'tct ef concrtt.t nfltction ~ tt.t 'i*" 
rather &han I'\ addhion1l knockout unfsttrs •s aho.m to be Ngatht wftJ\ respec.t . 
M NKU•ttj; . . 

t 
• 

• 



.• 

For Clll I. tht we~ low nlul of Ia COIIQINd to thlt for Clll 1 IIIUNI 
t~at l for an array of canister will ~ .ell btlow that for Call 1. 
This .St'veriftld by a ltNO calculation for 1ft tnftnitl 17.1 tnch pttch 
·•rray Jielding 1 walut of '•ff of 0.632 tncluding unctrtltnttes. Thl 
effect of .concrete nflactiotl ws found to bt negathl for tMs call · 
also. 
Jt ta concluded that ftO rea1tsttca11y conct1vib11 conditions that could 
occvr ~rtng 1 TMl·Z storage pool drainage event would lead to 1 walut 
of '•lf lrtl\tr than tht 1Pit1f1td 0.99 acctptanct criterion. Thts~•·~• 
that tluttno· or nflooding tht canister contenu wUh purt wttr ts pre-
cluded by admtntatrattwt control • 

. . 
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