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1. Abstract

The TMI-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 thipping 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 encloused 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
on a case by case basis and are therefore not included in the current

workscope.
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2. Introduction

Transfer of the Fuel, Filter, and Knockout canister designs within the
reactor and fuel handling buildings is accomplished in part using the transfer
shield and transfer cask. The function of the transfer shield is to allow
safe removal and transfer of canisters out of containment for reactor defuel-
ing. The transfer shield will facilitate loading the canisters into the
transfer basket for movement to the fuel handiing building. A second transfer
shield will be located within the fuel handling facility for the placement of
canisters within the storage racks, subsequent transfer to a dewatering
station, and transfer of canisters to a transfer cask loading station. A
transfer cask will be located within the fuel handling building to allow move-
ment of debris filled canisters into shipping casks.

From the description provided in Reference 1 by GPUN the transfer shield
comprises a long hollow cylindrical lead shield. The inside and outside of
the lead shield will be 1ined with steel for structural support. A smaller
movable outer lead shield will be lowered at least one foot below the water
surface prior to withdrawal of the canister into the transfer shield. This
outer shield can be raised once the canister is fully inserted to allow
clearance of the shield from obstructions, The shorter length outer *hields
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 transfer shield by a canister grapple and cables connected to a hoist
which is mounted on the movable trolly,

The transfer cask 1s 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

.2.
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steel linings for structural support. The transfer cask has a movable bottom
door to allow insertion of a canister by a grapple and cable mechanism and
subsequent closure of the cask upon canister insertion. Located below the
bottom door is a lead/steel-lined flange that projects outward from the cask
to reduce levels of backscattered radiation. The hoist for the transfer cask

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

transfer cask 1s suspended by a crane,



ransfer Shiel r 11 lysi

3.1. _Background

The criticality studies in this report have proceeded at times in par-
allel or in advance of rormally required mechanical design information. Where
specific dimensions on the transfer cask or shield were available they were
incorporated into the analysis. In some cases information was not available
and dimensions were chosen in a fashion to produce a bounding analysis and
maintain conservatism, For further details see the section on assumptions,

Calculations in this report address the following objectives: (1)
evaluate the optimal fue! 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 a4 canister in the transfer shiela, 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
rcports.z"

f Calculation

The required scope of criticality calculations 1s detatled in the “Tech-
nical Specifications for Design of Defueling Canisters for GPU Nuclear
Corporation Three Mile Island Unit 2 « Nuclear Power Plant” Appendix £, (2)
Section 1.2.‘ Section 1.2.3 specifically details transfer criticality,

although subsequent changes to the work scope were negotiated.
3.3, Reactivity Criterion
The reactivity criterion for criticality safety used in this analysis 1s
that the value of K-effective for the most resctive canister inside the
oo



transfer system shall not exceed 0.95. These analysis are consistent with
10CFR72.73 and ANSI/ANS 8.1, 8.17, and 16.5%*%+7+8 Litnin the workscope nego-
tiated by GPUN,

4, Calculationa) §

The calculational models for the canistorsz'a

in the transfer shield or

cask assume the following conservative conditions:

1. Batch 3 unirradiated fresh fuel only,

2. Enrichment: batch 3 average ¢ 20 (2.98 wt% U235).

3. No cladding or core structural material.

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

5. Optimal fuel Tump 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, 1f a
weight restriction were to apply and canisters were partially filled with

clean water or structure the result would he lower canister roact'v!ty.’

7. At Teast 2¢ al'owance in fixed poison concentrations.

8. Uniform 50°F temperature.

9. Infinite media Dancoff factors (see Dancoff Factor Assumptions),

The mode! for the transfer shield assumes the following conditions (See

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

I, The trolly was mode'ed as & dxd foot, 12 inch thick block of steel, This
astumption will be conservative since steel in atr will be & good reflec-
tor of epithermal neutrons,

2. A movable horizontal lead shield 15.5 inches in diameter 1s assumed to be
6 Inches thick and located 20 inches from the top of the upper canister
head at a1l canister insertion levels, Because of the conservative size
of this lead shield, the grapple was not specifically modeled,

«§o
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3.

4.

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
shield cases originally contained in revision 1 of this document, For
revision 2 calculations the steel liners are explicitly modeled.

For revision | calculations the lead walls were assumed to be 5.125
inches thick which includes the 0,125 inch air gap modeled as being lead
filled for conservatism, Additionally, the inside diameter of the walls
are 15.5 inches and extend the entire length of the transfer shield,
Revision 2 analyres 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 1s followed by an 11/64 inch
atr gap and a 9 ft long movable outer shield, The § ft long movable
outer shield has a combined lead and steel thickness of 2-5/32 inches.
Attached to the movable outer § ft shield 1s a shorter 30 inch long
shield with a lead and steel thickness of 2-61/64 inches. These
dimensions yleld a maximum lead and steel thickness less the alr gap of
B«21/64 inches at the base and & minimum thickness of 3-7/32 inches above
the § foot lung outer shield, The inside diameter of the transfer shield
18 15-5/8 inches, Shown in figure 3 13 a cross-sectional cut of the
transfer shield wall with lead and steel dimensions,

For revision | calculations the water level of the pool 1s level with the
bottom of the transfer shield since lead with an alr gap between the
canister and shield was shown to be more reactive than lead with & water
gap (see cantster shield gap analysis). In revision 2 analyses the
conister=shinld gap was air f11led as before but water was modeled for a
length of 2 feet outs'de the shield to maximize reflected neutrons to the
canister. This modification was shown with XSORNPM to be conservative

(2)
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(see section 3.10 - transfer shield water reflector analysis).

6. Ory air 15 modeled in the ragion between the canister and shield and in
regions external to the s'feld. This will minimize thermalization of
reflected neutrons and reduce subsequent absorption in non-fissioning
structural material. DOry air 1s assumed to consist of pure oxygen and
fs conservatiye since 1t has both a smaller removal and absorption
cross-section than nitrogen, Assuming afr to consist of pure oxygen will
have a negligible effect on K-effective considering the small density of (2)
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 1ike water. Furthermore 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 13 void, Finally, since the top and bottom heads of the canister
are low importance and low fission density regions the affect of the (2)
assumed composition of air in this reglon fs insignificant on calculated
results with a probabiiistic code 1ike KENOIV,

7. Although there 15 an air gap between the bottom of the transfer shield

and the water level when the outer shield s ratsed, this gap s not
mode 'ed to prevent neutron streaming,
8. No soluble boron 1s assumed in any water regions,
9. For the canister types examined, only internally ruptured configurations
Gue to filter screen fallure were examined in the transfer shield since (2)
these are most reactive,’*’

10, The upper head protective skirt on the canisters 15 not modeled,



11. The transfer shield in revision 2 calculations models the latest knockout | (2)

canister geometry with shorter I‘C rods.
The mode! for the transfer cask assumes the following (see Figure 4):
1. No trolly 1s modeled since the transfer cask is supported by a crane l (2)
2. A horizontal lead shield 15 inches in diameter is assumed to be 6 inches
thick and located 10 irches 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 | insh long upper lead shield is assumed to have 4.5 inches
of lead with & | inch steel liner on all sides. The inside diameter of
the main shield 1s 15 inches.

4. The bottom lead door 15 assumed to be 4 inches thick with 0.5 inches of
steel Virer on all sides. The diameter of the bottom door fs (2)
conservatively extended to 43 inches in revision 2 analyses.

5. The lead/steel flange located below the bottom door projects 7.5 inches
radially beyond the main cask walls, This flange 1s 4 inches thick with
8 0.5 inch Tiner on a1l sides. The radial width of the flange 1s 14
inches,

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

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) 1s assumed to be 3 feet long, with
a thickness of 3 inches of lead and | inch of steel 1iner on all sides,
Although the loading boot 1s no longer required 1t is retained for con- (2)

servatism,



Figure 1

Revision 1 Transfer Shield Model
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Figure 2

Revision 2 Transfer Shield Model
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Figure 3

Transfer Shield Wall Cross-Section
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8. The loading boot extends 2 feet below the water surface.

9. Dry air is modeled in the gap region between the canister and cask and in
regions above the water surface external to the cask.

10. No soluble borcr is assumed in any water regions.

11. Only internally ruptured canister configurations due to screen failure
were considered since 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
and shorter 54C rods in revision 2 analyses.

3.5. Dancoff Factor Assumptions

An obvious limitation in generating cross-sections for complicated geome-
trical configurations where differing fuel regions are involved is determining
the effective Dancoff self-shielding effect on epithermal fuel resonances.

The Dancoff factor using Sauer's method can be analytically determined for
only the simplest geometries. In the case of the three canister designs, the
fuel region geometries cannot be treated analytically with respect to Danceff
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, the NULIF code was utilized. Evaluation of
NULIF results with different Dancoff factors indicates that any increase in
the Dancoff D=(1-C) factor from the infinite cell array condition results in a
decrease in K-effective as a result of decreased U238 self-shielding. Results
also indicate that the potential decrease in K-effective is greater for higher
density fuel. In the determination of Dancoff factors for cross-section sets
used by KENOIV and XSDRNPM, infinite cell array conditions will be assumed for

conservatism.

« 13
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3.6. Computer Codes and Cross Sections

9 10 11

The computer codes used in this work were NULIF™, NITAWL"™, XSDRNPM"®,
and KENOIVIZ. The NULIF code was used only for the study of Dancoff factor
effects. NITAWL and XSDRNPM were used for processing cross-sections from

the 123 group AMPX master cross-section library.13 NITAWL provides the reso-
nance treatment and formats the cross-sections for use by either XSDRNPM or
KENCIV. In all cases XSDRNPM cell weighted cross-sections are used by KENOIV
and XSDRNPM/ANISN type calculations.

3.7. KENOIV Bias

No benchmark results are included in the current workscope to allow a
direct assessment of the KENCIV bias for a fuel/lead system. However, the

14,15 indicates a

comparison of results between critical experiments and KENOIV
trend of increasing KENOIV bias related only to the spacing between fuel
assemblies with no discerrable trend due to materials placed between assem-
blies. The materials placed between the assemblies were stainless steel,
aluminum, and B4C rods, they provide a sufficient density change to indicate
if there is a related bias. Since none is obvious, it is assumed that a
significant trend does rot exist. This assumption is carried over for the
single canister, where it is assumed that the KENCIV bias is not dependent
upon the refiector density. Thus, the bias for this case is assumed to be

: . . i 2
that of the single canister in water. i.e. 0.028k.”

3.8. Fuel Optimizetion for Lead Shielded Canisters

3.8.1. Background Information and Assumptions

Of interest in this extension of the fuel optimizaticn study is the
effect of the external lez¢ shield which makes up the transfer shield and
transfer cask. To examine the effect of the lead shield on the optimized fuel

mixture, simplified KENCIV and XSORNPM models were utilized. Assumptions used

3



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 benchmark KENOIV against XSDRNPM for simple cell types
and to use XSDRNPM to quantify the effect of the lead shield. A simple 2D
cell was run with KENOIV which consisted of a 14 inch diameter fuel region
surrounded by water. No poiscn rods are modeled for these simple cases. This
case was run for .31 ana .37 volume fraction cases and when taken with the

infinite media NULIF result52'3

predict the .31084 fuel volume fraction to be
optimum, These results are shown in Table 1. Two XSCRNPM 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 XSDRNPM results also indicate the .31084 volume
fraction is optimum and are shown in Table 1.

A six inch lead shield was modeled around the outside of the 14 inch
canister in XSDkNPM, The lead shield had a 15.5 inch inside diameter result-
ing 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 considered to be the maximum thickness of lead
for either the transfer shield or transfer cask. No modeling of the steel
liners on the shieiding was considered. Dry air was also considered to con-
sist of pure oxygen.

Three lead shielded XSCRNPM cases were performed for volume fractions of
.25, .31084, and .37. The resulting eigenvalues are shown in Table 1 and
demonstrates for the lead shield cases that the optimum fuel volume fraction

remains as .31084. For the .31084 fuel volume fraction a six inch lead shield

causes a .055 increase in delta K-effective cver the water moderated case.



This is the result of both decreased absorption in hydrogen and the canister
shell as well as epithermal back-scattering of neutrons from the lead to the
canister.

One final case was performed with XSDRNPM 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-XSDRNPM cross-sections were generated for the
.31084 fuel volume fraction with a 95% nominal water density. The result was
a decrease in K-effective of .0154k due to the decreased hydrogen density and

neutron thermalization.

Table 1. Comparison of KENOIV and XSDRNPM Results for Simple
Cell Types With and Without Lead and No Poison Rods*

Neutron
Cell Type Model Vol. Fraction K-effective/20c dev. Histories
14 inch dia. fuel, KENCIV .31084 1.07+.010 18863
re steel, w/hZO
. KENOIV .37 1.065+.008 19565
13.5 inch dia. fuel, XSDRNPM .31084 1.0300 -
1/4 in. steel can,
w/HZO
a XSDRNPM 37 1.0195 -
13.5 inch dia. fuel, XSDRNPM .25 1.0797 -
1/4 in. steel can,
w/air gap and 6 inch
lead shell
. XSDELPM .31084 1.C853 -
" ASDRNPM o 1.0712 -
(95% Nomire! H0 XSPRNPM .31084/95% H,0 1.0703 -

Dens.)

*The absolute macnitude of K-effective is not significant. Simple cell results

are only used to indicate trends.

- 16 »
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3.9. Canister-Shield Gap Criticality Analysis

3.9.1. Model Description and Background

wWhen the transfer shield is lowered into the pool to allow insertion of a
canister, part of the gap region between the transfer shield and canister will
be water filled 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 jap region. For this analysis XSDRNPM was used since
the changes in reactivity due to the gap are small and would not be suited for
a Monte-Carlo code with its associated uncertainties. Two additional XSCRNPM
cases were run for the optimal fuel volume fraction of .31084 with 50°F
neminal density water and 5% dense water in the gep region. The lead shield
was assumed to be six inches thick and the canister was modeled as a 13.5 inch
diameter fuel region with a 1/4 inch steel shell. No poison rods are modeled

in these simple canister types.

3.9.2. Gap Analysis Results

The results shown in Table 2, which include two cates from the fuel
optimization study, cemonstrate that the most reactive configuraticn occurs
with an air gap between the lead shield and canister. These results are
explained by the backscatter of neutrons from the lead shield to the water
filled canister. The air between the canister and shield attenuates few
neutrons and does rot contribute significantly to the thermal neutron spec-
trum. Without the consideration of 3D geometry induced leakage effects these
results predict the mest criticel configuration for 2 cenister is to be fully

inserted into the transfer shield.

- .e



Table 2. XSDRNPM K-effective Results For
Canister-Shield Gap Analysis*

Model Description K-effective
Fuel Canister (14 in. dia.) and water only 1.030
Fuel Canister (13.5 in. dia. fuel, 1.066

1/4 inch steel shell, .75 inch water gap,
6 inches lead)

Fuel Canister (13.5 in. dia. fuel, 1.0848
1/4 inch steel shell, .75 in. 5% water
density gap, 6 inches lead)

Fuel Canister (13.5 in. dia. fuel, 1.0853
1/4 inch steel shell, .75 in air gap,
6 inches lead)

*The absolute magnitude of K-effective is not significant. Simple cell
results are only used to ingicate trends.

3.10. Trarsfer Shieid Water keflector Analysis

3.10.1 Model Description anc Background

Fevision ] 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.) Additionally, the
XSDENPM gap analysis (section 2.9) demonstrated that an air or void filled gap
is most reactive. In the subsequent revision 2 analyses that incorporate the
latest krockout canister geometry it was theorized that a 2 foot high water
reflector outside the shield may help reflect neutrons back to canister and
prove to be an additional conservative modeling assumption. Therefore in
revision 2 transfer shield analyses, the following conservatisms will be
implemented.

1. The outer movable shield will be completely raised to maximize the total
lead and steel thickness,

2. The water level of the pool will be raised to a height 2 feet from the
bottom of the transfer shield to help reduce leakage,

w1 =

(1)
(1)

(1)

(1)

(2)



3. The canister-shield gap region will be assumed to consist entirely of air
to maximize reactivity of the system, and
4. Water will be assumed along the bottom of the canister to reduce leakage

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

3.10.2. Water Reflector Results

Two cylindrical XSDRNFM cases were performed modeling a canister with a
centeral poison rod surroundec by the transfer shield geometry according to
Figure 3. One case was run with a 1 foot wige air reflector and on: with a 1
foot water reflector. In both cases the canister shield gap region was filled
with air to be consistent with the conservative manner in which later 30
KENOIV transfer shield cases would be run. The results of this analysis,
shown in Table 3 d-mcnstrate that the water reflector external to the lead
shield is a positive reactive addition by reducing reutron leakage. The
difference in K-effective fur these two cases is ~.0081ak. The 2 foot
increase in water level above the canister bottom in the external region
around the shield conprises only 16.4% of the knockout canister length. Since
the XSCRNPM calculation is mcdeling the water regiorn over the entire length of
the shield the reactivity increase in the 3D KENOIV model is much less than
.0081ak. It is also important to reccgnize that the bottom carister regicn
has less neutron importance than the middle regions of the carister. For
simplicity, if we assume all canister regions are equally important, it is
expected that the increase in K-effective of this alreacy conservative model
would be approximately .0013ak.

For the early revision 1 analysis this increase in K-effective from the 2
fcot water level is more than offset by the extension of the cuter lead shield

the full length of transfer device. Additionally, if the entire canister
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shield gap region contained water instead of air, K-effective based on XSDRNPM
results would drop by approximately .0193ak (see section 3.9.) Therefore the
gap region between the canister and shield appears to be worth more 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
transfer system analyéis are conservative. Although it is recognized that it
is physically impossible to have an air gap between the canister and shield
and have water outside the shield at the same level, this change was imple-
mented in all revision 2 transfer shield analyses.

Table 3. XSDRNPM Water Reflector Analysis*

Model Description K-effective
Canister in steel and lead shield, 1.02742 (2)

air gap, and air reflector

Canister in steel and lead shield, 1.03548 (2)

air gap, and water reflector

*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. Nodel Descripticn and Backgro:nd

To assess the effect of a canister that is off-center in the transfer
shield or swinging from side-to-side within the shield, the XSDRNPM code was
utilized. The off-centered canister was modeled inside the shield using 1D
slab geometry with a buckling factor to allow axial leakage. The entire dia-
meter of the shield was modeled plus 1 foot of air on either side. The gap
region was assumed to cortain air. Shown in Figure 5 is the geometry detail
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

o e
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Figure 5

Off-Centered Canister XSDRNPM Model
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to the canister. The two inch poison rod in ‘he center of the canister was
also modeled.

3,11.2. Off-Centered Canister Results

The results for centered and off-centered canister XSDRNPM calculations
are shown in Table 4. For the centered canister case the gap modeled is 49/64
inches on either side.of the canister. For the off-centered case, the total
gap width ot 1-17/32 inches is modeled entirely on one side of the canister
with th2 other side flush against the steel-lined lead wall. Examination of
the results of these two cases indicate that the difference in K-effective is
~.00014k which is considered negligible. Additionally, the centered canister
is most reactive. Therefore, for the remainder of this analysis all canisters

will be assumed to be centered within the respective shields.

Table 4. XSORNPM K-Effective Results For Off-Centered Canister*

Model Description K-effective
Centered Fuel Canister 1.05547
Off-Centered Fuel Canister 1.05534

*The absolute magnitude of K-effective is not significant. Simple cell
results are only used to indicate trends.

3.12. Canister Optimization in Transfer Shield

3.12.1. Model Description and Background

For determining which canister type is most reactive in the transfer
shield and the similar transfer cask, a 3D KENOIV transfer shield model was
used. For conservatism in revision 1 aralyses the § foot long outer shield
was extended the full length of the transfer shield. In a similar manner the

16 foot long inner shield was extended to the water level. The steel inner
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and outer liners on each shield and the air gap were modeled as lead giving a (2)
combined thickness of 5.125 inches. A circular shaped 3 inch lead plate is
located 20 inches above the top of the canister. A smaller 3 inch lead shield
is located within the canister grapple. These two shields were combined to
form one 6 inch lead shield 20 inches above the canister. Although few neu-
trons will penetrate the € inch circular shield, the rest of the transfer
shield was modeled by an additional 7.84 feet of shielding with a 1 foot thick
block of steel placed horizentally on top of the shield to represent the
trolly underframe, The total length of the thickened lead shield and trolly
underframe is 21 feet. This structure is surrounded by 1 foot of water (up to
the bottom of the shield) on all sides. The transfer shield was not extended
below the water surface in the original analyses since it was shown by pre-
vious XSORNPM calculations in Table 2 that the lead shield with an air gap is
most reactive. The water level was also extended to the bottom of the canis-
ter and shield to preclude neutron streaming out of the transfer shield when
the outer shield is raised. The previously described transfer shield model is
shown in Figure 1.

The ruptured knockout and filter canisters were modeled in 30D with this
transfer shield model tc cetermire which canister type is most reactive. The
fuel assembly canister was not considered since concrete will be placed in the
outer lobes and will prevent the more reactive ruptured configuration. For
canisters with this corcrete modification in a 17.3 inch array, K-effective is
0.629:0.0253. This K-effective is low enough relative to the krockout caris- (2)

3

ter 17.3 inch lattice K-effective” that the fuel cerister can be eliminated

from consideration.



3.12.2. Transfer Shield Optimization Results

The results of the trinsfer shield analysis with the ruptured knockout and
filter canister fully inserted into the shield demonstrate the knockout canister
to be most reactive. These results are shown in Table 5 and indicate that the
ruptured knockout canister is .036:.0142k 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
.0432.018 and .045:.018. It should be recognized that the no shield cases in
Table 5 were taken from Reference 2, and have an overly high K-effective from
the previously documented U238 cross-section treatment. If the .015:k

3

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

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

for the two cases examirec. This increase in reactivity is in good agreement
with the .0554k reactivity increase from XSDRNPM results discussed in the
optimization analysis. Based 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
Optimization Results

Neutron
K-effective/2s Keno Bias Max, K-effective Histories

Transfer Shield** .887+.009 .02 .916 21371 (1)
w/Knockcut Canister

Transfer Shield** .851:.011 .02 .882 18361 (1)
w/Filter Canister

Single Knockout* .£44:,016 .02 .880 10234 (1)
Canister, hc Shield

Single Filter .806:.014 .02 L840 9331 (1)
Carister,* No Shield

*From keference 2.
**These cases were run for a canister shield gap of 0.5 inches.
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3.13. Canister Insertion Analysis

3.13.1. Model Description and Background

From the canister optimization study it was determined that the knockout
canister was the most reactive canister type. For that analysis it was as-
sumed, based on XSDRNPM results, that a canister 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 level flush with the bottom
of the shield to prevent neutron streaming. The outer shield will not be
extended below the water surface since XSDRNPM results from the gap study
indicated that lead with an air gap is more reactive than lead with a water
gap by approximately 1.9%2c. The horizontel six inch lead shield will be
maintained 20 inches above the canister upper head even though the downward
travel of this shield is limited to the lower end of the inner shield. This
approximation is conservative for the smaller percentage insertion cases
because the 6 inch horizontal shield will be modeled closer to the upper head
than it should be maximizing K-effective.

Figure 6 shows the knockout canister at its 6.8, 54.4, 96.6, and 100%
insertion levels. These levels correspond to the different geometry block
boundaries. Other insertion levels were used to generate the insertion curve
shown in Figure 7. Although the problem “snapshot” changes in Figure 6 as the
knockout canister is inserted into the shield the area being modeled is suf-
ficiently large that material effects external to the problem boundary are
insignificant in the computation of K-effective. This is true in the water

moderated region where a minimum 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
demonstrated that if the entire 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 snall. For these reasons
it is felt that an external concrete structure near the transfer shield or

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

3.13.2. Canister Insertion Analysis 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-
firm the XSDRNPM results that the most reactive configuration is for the
knockout canister fully inserted. The cases performed for the revision 1
insertion study used the knockout canister model that does not reflect the
recent 3.75 inch reduction in the four outer B4C poison rods. The 3.75 inch
reduction in length represents only & 2.8% reduction in the total poison

length and should not result in a more sigrificantly limiting insertion case.
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Figure 6

Typical Ruptured Knockout Canister
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This effect was verified by computing the ruptured knockout canister case
fully inserted into the transfer shield with the shortened rods. The resul-
tant K-effective was .002 smaller than the case with longer rods and is shown
in Table 6. This difference in K-effective is insignificant since it is
smaller than the .006-.007 20 KENOIV uncertainty. Because of the insignifi-
cance of the 84C 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 into 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) The water reflector outside of the shield is raised 2 feet.

3) The new knockout canister geometry with baffle plate modifications

and poison rod length recuctions are implemented. (2)

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

With the above modifications, the resultant K-effective is 0.879 = .01 which

yields a maximum K-effective with the KENOIV bias cf .909. These results are
consistent with the revision 1 analysis indicating the earlier cases are suf-
ficiently conservative,

Two additional cases were calculated for the transfer shield. The first
case utilized the NULIF code to cetermine ar optimum fuel-water volume frac-
tion with low density water. An optimum fuel volume fraction of 0.02] was

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

concern that for low density water cases there coculd exist the possibility of
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a secondary reactivity spike for an array of assemblies or canisters. Since
lead and steel are good reflectors of neutrons this case was performed to
ensure that neither the transfer shield or cask could imitate this array
effect. As Table 6 indicates, K-effective is nearly zero due to the low
fission density 2f 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

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 dces not

occur for single canisters in a lead shielded device.

-9 -
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Table 6. Knockout Canister Insertion Study
K-effective Results

Neutron

%* Inserted K-effective/20 KENO Bias Max K-effective Histories
100.0% ,882+,006 .02 .908 38354
86.0% .881+.007 .02 .908 39864
65.0% .875+.007 .02 .902 37448
54.4% .866+,008 .02 .894 30200
42.4% .855+,009 .02 .884 21744
22.8% .836+.011 .02 .867 16610

6.8% .827+.,011 .02 .858 19328

100.0% .880+.007 .02 .907 42582

(short rods)
100.0% .879:.010 .02 .909 23655

(new canister

and shield

geometry)

Optimized Fuel .020+,001 .02 04! 16185

(.021 VF fuel,

0.05 g/cc dense

water?

Low Water .181+.004 .02 .205 16600

Density (.31084
VF fuel, 0.C5
g/cc dense water)

Examiration of the scattering cross-section 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 magnitude and the
higher number density of iron atoms. To investigate the significance of steel
versus lead in an air medium, three XSDRNPM cases were performed with cylin-

drical geometry. The cases performed consisted of a shield 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.

o3 -
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From the XSDRNPM results shown in Table 7, the all steel shield is more

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

However, when steel and lead are 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

modeled.
Table 7, XSDRNPM Steel Liner Analysis*
Cell Type Model K-Effective
14 inch canister, air gap, XSDRNPM 1.03371 (2)

B.5" steel shield

14 inch canister, air gap, XSDRNPM 1.02961 (2)
8.5" lead shield

14 inch canister, air gap, XSDRNPM 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 Description 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
stee! 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
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
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 tctal length of the flange is 14 inches. A lower shield collar,
called a loaling boot was included in the model and extends 2 feet into the
pool. The lcading 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-
vatism since the inside diameter of the loading boot is less than 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 gap between the canis-
ter and the inner cask wall steel lirer,

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 performed with the canister fully inserted and the bot-
tom 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 20 uncertainty and KENOIV bias added, the maximum K-effective is
less than the .95 criteria. This calculation was performed for the ruptured
knockout canister with the criginal longer B4C rods, The previous insertion
study demonstrated that the reduction in poison length by 3.75 inches resulted
in an effect on K-effective of less than the 20 uncertainty of the calcula-
tion.

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

significant impact on the worst reactive insertion positien since this flange

.33 -
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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 performed with an additional 10 inch
thick lead/steel collar, 7.5 inches thick radially, that was added to the
outside of the cask at the approximate midplane of the knockout canister.

This position will be nearly the most reactive position for this canister
design. Additionally, the outer B‘C rods were 3,75 inches shorter. This case
in al)l other respects is the same as the previous case with longer rods.

Since both the additional lead and shorter B4C 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‘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 addec below the bottom door and in the
flange region for conservatism, This case shown in Table P is the most
limiting of all cases examined with a maximum h-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 reasonable to assume that no borated polyethylene liner will
be required as a reactivity control device for either the transfer shield or
cask. No analysis has been made of externally damaged or deformed canisters
since these 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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Table 8.

K-effective for the Ruptured Knockout
Canister in the Transfer Cask

% Inserted

100%
(Longer B,C
rods)

100%
(Shorter B‘C
rods and
extra lead
collar)

100%
(Latest geometr
and extra lead

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

.897:.006 .02 .923 47725
.887+.007 .02 .924 43990
.904:,007 .02 931 40255

o=

(1)

(1)

(2)



4, Conclusions

With the canister design assumptions defined by references 2 and 3 and
unique cross-section sets generated by the NITAWL-XSDRNPM 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 conpositions for the gap region between the canister
and transfer cask or shield 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
gap effect. XSDRNPM slab calculations demonstrated that there was almost no
change in K-effective for an off-centered canister within the transfer chield
with the centered positior being most reactive.

Irsertion studies with the transfer shield demonstrate that the knockout
canister is the most reactive of the three canister designs. The presence of
a transfer shield provides a reactivity increase over the single canister in
water of 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-
vative. XSDRNPM calculations verified that an all steel liner is more reac-
tive than an al) leac liner by 0.004 ak. A combined steel and lead Tiner was
found to be 0.002 ak less reactive than the all lead shield. Further analyses
for the transfer shield with a reduced water density of 0.05 g/cc verified
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that there is no secondary reactivity spike for low water density cases.
Analyses were performed for the knockout canister in the transfer shield and
cask with the 3.75 inch shortened outer B4C rod modification. These results
demonstrated that the reactivity increase due to the slightly shorter outer
B4C rods is less than the KENOIV uncertainty. The effect of the lead/steel
flange was conservatively quantified by placing an additional lead collar
around the middle of the transfer cask at potentially the most reactive
position with & knockout canister fully inserted. Since the collar could
cover only 2.8% of the canister at any time during insertion, the reactivity
effect was shown to be less than the KENOIV uncertainty and calculationally
insignificant. A cask case was performed implementing the latest knockout
canister geometry which exactly models the shorter poison rods and the revised
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
poiscn 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 cortaining fuel in upper
and lTower head regions. Canisters with extensive internal damage and/or
external damage from being dropped and deformed are not addressed since these
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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T™1-2 Drained Pocl Analysis

Ceses Analyzed

Two drained pool cases representing different states of internal canister
moderation are considered here. These Cases are judged to be bounding with
respect to the possible rea) contents of the canisters in the unlikely
:v:r‘\t of loss of pool water. The conditions assumed for these cases are &S
ollows:

Case 1: Optimal fue) volume fraction in 4350 PPM boron moderator of fu11‘~
density at 50°F.

Case 2: Realistic fuel volume fraction with pure water moderation at 100%
humidity conditions at ¥. '

Calculationa) Models and Procedures

In both cases the basic canister mode) {5 the standard configuration knock-
out canister described in Biw Document No. 77-1153537-03, page 2-31. =fer
conservatism, and to facilitate modeling 4n KEND standard geometry, the
four satelite poison tubes and all latera) support plates are omitted and
gheir space is occupied by fuel.

Additiona) conservatism {s provided by assumptions of infinite extent of the
canister array and enhancement of overhead reflection by concrete modeled
above the array. A 17.3 inch square pitch was assumed.

¥or Tase 1, the optima) fuel vo'ume fraction was determined by WULTF calcu-
Jations to be 0.620 with a K_ of 1.07850 and cell weightec cross sections
€or the KEND calculations were generated by NITAWL/XSDRNPM calculations.

For Case 2, & measured fuel volume fraction for randomly packed whole fuel
pellets was used (BbW Commercial Plant License SNM-1168, Docket 70-1201,

Section 3, page 35). THis volume fraction was 0.624 which by coincidence

is close to that of Case 1. NULIF calculation for this volume fraction with
saturated steam (pure H.0) as wmoderator gave 8 K_ of 0.6570€. Further NULIF

velculations at this fubl volume fraction vs. increasing water density gave

a monotomically increasing € ®p t0 1.21412, at 1005 water density. Mowever,

beyond the saturation point There would be 11quid water not removed in the

:o-acm;g process and this water would be borated. This condition is covered
n Case 1.

Results and Conclusions

For Case 1, the calculated maximum K g4, fncluding a 0.02 benchmark uncertainty
and the 2-sigma KENO uncertainty, 1s 6.966. This 4s for an infinite X-Y array
with ao concrete side re’ " The effect of concrete reflection on the sides
rather than an additional knockout canisters was shown to be negative with respect

s0 reactivity:



For Case 2, the very low value of Ko compared to that for Case 1 assures
that K oo for an array of canister will be well below that for Case 1.
This offverified by & KENO calculation for an fnfinite 17.3 inch pitch
array yielding a value of K_g¢ of 0.532 including uncertainties. The
effect of concrete reflectin was found to be negative for this case

also.

It 1s concluded that mo realistically conceivable conditfons that could
occur during @ TMI-2 storage pool drainage event would Tead to & value

of K ,, greater than the specified 0.95 acceptance criterion. This assumes
thn'“luﬂng or reflooding the canister contents with pure water 1s pre-
cluded by administrative control.



