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( suMMARY )

Review of SRT-CMA-940003, "Phase I Criticality Analysis For The 9972-9975 Family Of
Shipping Casks (U); (SRT-CMA-940003)," January 22,1994, has been performed by the
SRTC Applied Physics Group. The NCSE is a criticality assessment of the 9972-9975
family of shipping casks. This work is a follow-on of a previous criticality safety
evaluation, with the differences between this and the previous evaluation are that now wall
tolerances are modeled and more sophisticated analytical methods are applied.

The NCSE under review concludes that, with one exception, the previously specified
plutonium and uranium mass limits for 9972-9975 family of shipping casks do ensure that
WSRC Nuclear Criticality Safety Manual requirements (ref. 1) are satisfied. The one
exception is that the plutonium mass limit for the 9974 cask had to be reduced from 4.4 to
4.3 kg. In contrast, the 7.5 kg uranium mass limit for the 9974 cask was raised to 14.5
kg, making the uranium mass limit identical for all casks in this family.

After a thorough review of the NCSE, this reviewer agrees with all conclusions stated
therein.

(CSCOPE_OF TECHNICAL REVIEW )

This technical review consisted of:
B> anindependent check of the methods and models employed,
B> application of ANSI/ANS 8.1 and 8.15,
verification of WSRC Nuclear Criticality Safety Manual(1) procedures.

(. DOCUMENTATION )

Issuance of this memorandum transmits this technical review as critical data.

(METHOD AND MODEL REVIEW)

Method:

Cross-Sections

Hansen-Roach 16-Group Cross-Section Data Library
This library is an extensively utilized database used for criticality safety analysis
that is installed and verified on the SRS IBM mainframe computer.

SCALE Library

This library is an extensively utilized database for criticality safety analysis
developed at ORNL and is installed and verified on the SRS Cray mainframe
computer.,
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Computer Codes

Three sets of computing codes were utilized for the NCSE under review, and are listed
here;

HRXN/TWOTRAN
Cross-section preparation and processing for this set of tools was performed with
the Joshua 70 version of HRXN. The 16-group Hansen-Roach library is
processed. This is a validated code developed at SRS.

TWOTRAN is a 2-dimensional, neutron transport theory criticality code. The
validated J70 version was employed.

DORT
This is a neutron transport theory criticality code similar to TWOTRAN. This
code developed at ORNL and is installed and verified on the SRS Cray mainframe
computer. The SCALE cross section data is employed with DORT.

HRXN/JSWL/KENO-V.a
Cross-section preparation and processing was performed with the Joshua 70
versions of HRXN and JSWL. These are validated codes developed at SRS. The
system keff is predicted with KENO-V.a, an SRS validated Monte Carlo criticality

calculational code developed at Oak Ridge National Laboratory as part of the
SCALE package.

These codes are widely used throughout the industry for performing criticality safety
calculations.

Model:

The materials and dimensions used in all calculations were provided to this reviewer in
microfiche form. The drawings upon which all this data was generated were also
provided. These sources were thoroughly checked and were seen to be censistent, with
only one exception. This exception was corrected, re-calculated and shown to have an
insignificant impact on the originally calculated keff.

((EVALUATION )

Data to perform this evaluation were derived from the NCSE under review, from
references listed in the NCSE, and from private communications with the author.
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2 NCSE CONTENT EVALUATION 8C8c8
Bias Applied, Subcritical Margin and K-Safe:
For uranium limit calculations;

Standard Bias: The bias applied is 0.03, the maximum for uranium systems
predicted with the HRXN/ANISN criticality method, which are deemed to apply to
HRXN/TWOTRAN and HRXN/KENO-V .a calculations since these code package
methodologies are nearly equivalent.

Non-uniformity Bias: The NCSE assumes full-flooding and unguaranteed fissile
material distribution. Since the calculations are performed for uniform distribution,
additional margin is added to account for non-uniform distribution of materials that
can potentially yield higher keff's. The bias applied is 0.02, deemed to be
conservative. This margin is applied in lieu of performing actual non-uniform
calculations. For the solid metal cases, this additional margin does not apply, since
fissile materials are at their maximum density throughout the unit in question.

Subcritical Margin: The subcritical margin imposed for both normal and accident
conditions is 0.05 Ak, which is a commonly used value for criticality evaluations.

K-safe: The K-safe used for the NCSE is 1.000-0.030(standard bias)-0.020(non-
uniform bias)-0.050(margin) = 0.900 for solutions and 0.920 for the solid metal
cases. Thus, the k-eff predicted for acceptable configurations will be less than or
equal to this value.

For plutonium limit calculations;

Standard Bias: The bias applied is 0.01, the maximum for plutonium systems
predicted with the HRXN/ANISN criticality method, which are deemed to apply to
HRXN/TWOTRAN and HRXN/KENO-V .a calculations since these code package
methodologies are nearly equivalent.

Non-uniformity Bias: Same as uranium, see above.
Subcritical Margin: Same as uranium, see above.
K-safe: The K-safe used for the NCSE is 1.000-0.010(standard bias)-0.020(non-

uniform bias)-0.050(margin) = 0.920 for solutions and 0.940 for the solid metal

cases. Thus, the k-eff predicted for acceptable configurations will be less than or
equal to this value.

It should be noted that for the KENO calculations, 3 standard deviations (o) are always
added to the nominal keff.
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Application of ANSI/ANS Standards:

The NCSE uses equivalencies for isotopes other than the dominant ones, U-235 and Pu-
239.

The substitutions used are:
U-235 in place of U-234, U-232 or U-236;
U-238 not included,
Pu-239 is substituted for Pu-240 and Pu-241, provided that Pu-240 is greater than
Pu-241.

These substitutions are in accord with ANSI/ANS Standards 8.1 and 8.15.

Review of NCSE Conclusions:

The NCSE under review concludes that, with one exception, the previously specified
plutonium and uranium mass limits for 9972-9975 family of shipping casks do ensure that
WSRC Nuclear Criticality Safety Manual requirements (ref. 1) are satisfied. The one
exception is that the plutonium mass limit for the 9974 cask had to be reduced from 4.4 to
4.3 kg. In contrast, the 7.5 kg urarium limit mass limit for the 9974 cask was raised to
14.5 kg, making the uranium mass limit identical for all casks in this family. The following
is an assessment of how that conclusion was reached.

Normal conditions:

All calculations were performed under accident conditions.

Accident conditions:

All calculations were performed under fully flooded conditions, i. e., water inside the casks
and at least a one foot water reflector in all directions. It is assumed that there are no
controls to prevent flooding, and hence, flooding could happen at any time the cask is
loaded and in use. Additionally, a full range of cases were executed to ensure that
optimally moderated configurations were covered.

Double contingency is addressed by stating that two independent administration checks
must be placed on the fissile mass limit before a cask is loaded. This assumes that the
uncertainty in scale measurement is taken into account. That being the case, it is fully
demonstrated that while the fissile mass limit is adhered to, predictions for fully flooded
casks do not exceed K-safe. This reviewer agrees with that conclusion.
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O INDEPENDENT CALCULATIONS 3c¢3cs8

Due to the extensive treatment by the NCSE author and the conservatism built into the
accident scenarios, it was not felt that independent calculations were necessary.

(SAFETY MANUAL FORMAT AND PROCEDURES )

The WSRC Nuclear Criticality Safety Manual (ref. 1) describes certain requirements that

are to be included in a specifically formatted NCSE. This section reviews the compliance
with that document.

SECTION REMARKS

1.0 Introduction: Included with appropriate contents
2.0 Description: Included with appropriate contents
3.0 Requirements Documentation Included with appropriate contents
4.0 Methodology Included with appropriate contents
5.0 Discussion of Contingencies Included with appropriate contents
6.0 Evaluation of Results Included with appropriate contents
7.0 Administratively Controlled Included with appropriate contents
Limits and Requirements

8.0 Summary and Conclusions Included with appropriate contents
9.0 References Included with appropriate contents

( REFERENCES )

1. WSRC Nuclear Criticality Safety Manual (U), WSRC-IM-93-13, Rev.1, 7/1/93.
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To: R.S. Maurer

From: R.L. Frost

1. INTRODUCTION AND SUMMARY

A criticality analysis of the 9972-9975 shipping casks has been
performed that accounts for tolerances on pipe diameters and wall
thicknesses as allowed in the ASTM standards. The previous criticality
analysis for these casks was performed using a maximum inner
diameter for the Primary Containment Vessel (PCV) of 5.10 inches; an
evaluation of the ASTM standards indicates a maximum inner diameter
of 5.174 inches is appropriate. The goal of the new analysis was to
confirm that the mass of fissile material permitted by the previous
work (Ref. 1) does indecd meet criticality safety requirements when the
larger inner diameter of the PCV is taken into consideration. This
required a re-analysic of the single flooded unit scenario. With one
exception, it was found that the previous mass limits do indeed ensure
criticality safety limits are not exceeded for the 9972-9975 series of
shipping casks. The exception was for the 9974 cask with plutonium.
The plutonium mass limit for this cask had to be reduced to 4.3 kg
(from 4.4 kg) to ensure criticality safety. In contrast, the uranium mass
limit for this same cask (9974) has been increased from 7.5 kg 10 145
kg. The previous uranium limit was based on a physically unrealizable
geometry.

The previous analysis of the damaged array scenario remains valid.
The revised SARP will reference the curreat work for the single flooded
unit scenario and Ref. 1 for the damaged array scenario. Note that both
the current work and the previous analysis apply to dry uranium
compounds that are predominantly U-235 and dry plutonium
compounds that are predominantly Pu-239. In particular, materials
containing more than one fissile clement are not covered by the current
analysis; they will, however, be considered in phase 1l of this task. This
work was completed under the guidance of Task 93-006-H-W-1.

This dc is not intended 1o be a new SARP Chapter. and was not
written to NRC Regulatory Guide 7.9 requirements. This memorandum
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was written to transfer intermediate results. A new SARP chapter will
be writien after completion of phase Il of this work. That document
wilt conform to the NRC requirements, and will include the material in
this memorandum as well as the phase Il results.

2. DESCRIPTION
Shipping Cask Mod=ls

The objective of this work was to show that the criticality safety limits
discussed above could not be exceeded with the currently allowed
fissile masses in the 9972-9975 series of shipping casks. The fissile
mass limits derived from the original analysis are given in Table 1. The
first step in the current work was 1o preparc computer models for each
of the shipping casks. The J70 version of TWOTRAN (Ref. 2) was used
(o calculate k-eff for each configuration considered in this work. ‘The
validation of TWOTRAN for these calculations is based on that for its 1-d
counterpart, ANISN, and is reporied in Refs. 3 and 4. Hansen-Roach
cross sections were processed by HRXN (Ref. 5) and used by TWOTRAN.
Figures 1-8 show the TWOTRAN models for the 9972-9975 shipoing
casks used in this analysis. For cach cask, a scale drawing of the model
is given, to orient the reader, and then a detailed TWOTRAN model is
shown. The following points should be noted:

|. The Primary Containment Vessel (PCV) is made from S inch schedule
40 pipe. In order to maximize its volume (which maximizes the volume
of fissile material), the maximum inner diameter permissible by ASTM
standards (Ref. 6) was used in the TWOTRAN model. This maximum is
found by applying an allowed tolerance of +1/16 inch onto the nominal
outer diameter, and then decreasing the nominal wall thickness by the
allowable 12.5%. Note this procedure also minimizes the PCV wall
thickness, which reduces neutron loss in the stainiess steel (a further
conservatism).

2. The Secondary Containment Vessel (SCV) is constructed of 6 inch
schedule 40 pipe. Also, small lengths of 4 inch and 5 inch schedule 40
pipe are welded to the bottom of the PCV and SCV, respectively, to mate
with the anti-rotation plate. Since none of these components restricts
fissile volume. nominal dimensions were used.
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4 W]

3. The cel insulation was of absorbing enough
water 10 become equal to water as a reflector. Thus, the celotex region
is modeled as water.

4. The drum wall is not included in the dels. This omission is made
because their is such a large distance of water reflector between the
PCV and the drum wall that its inclusion or omission will make no
difference in the results. Since the only difference between the 9972-
9975 series of shipping casks and the 9965-9968 series is in the drum
wall material, omission of this detail also means that the results of this
study are applicable to both series of shipping casks.

S. The modeling of the PCV and SCV was simplified to conform to the
cylindrical geometry limitations of TWOTRAN. Where approximations
would have a noticeable effect on the results, a conservative approach
was taken. For example, the bottom of the PCV is a concave cap.
Modeling it as flat (making the PCV a perfec: right cylinder) increases
the fissile volume and thus k-eff.

6. The bottom of the PCV contains an aluminum honcycomb spacer.
This spacer was conservatively ignored (this increases the volume
available for fissile solution), 2!though the honeycomy spacers in the
SCV were modeled.

7. No credit is taken for any type of packaging material inside the PCV.

8. The materials used in the analysis arc listed in Table 2. The
densities of natural uranium, Pu-239, and aluminum honeycomb are the
same as those used in the original work. HRXN was set up to adjust the
natural uranium density to that of pure U-235. HRXN also calculated
the isotopics for the uranium/water and piutonium/water homogencous
mixtures, and then produced the appropriate cross sections.

3. REQUIREMENTS DOCUMENTATION

The curmrent work, along with that of the current SARP (ref. 1), meet the
requirements of 10-CFR-71, NRC Reg. Guide 7.9, and DOE Order 5480.3.
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4. METHODOLOGY
Criticality Safety Limits

The analysis considers U-235 systems with concentrations ranging from
pure metal to 1 g UMA. Criticality safety limits for U-235 systems using
HRXN-ANISN were reported in Ref. 3. The current calculations used
HRXN-TWOTRAN; TWOTRAN is a 2-d counterpart to the 1-d ANISN, and
it is assumed the HRXN-ANISN biases apply to HRXN-TWOTRAN. Ref. 3
provides a graph from which one can determine the required bias
versus H/U-235 ratio for HRXN-ANISN calculations. For the current
work, it is necessary to take the largest bias obtained over the H/U-235
range. In the previous work (Ref. 1), this value was reported to be
0.025. However, that value corresponds to an “eyeball fit" line through
the data; considering the actual data points, a value of 0.03 is
appropriate. Reference 4 contains a similar graph for plutonium
systems. This graph indicates a bias of 0.01 as being maximum across
the H/fissile Pu range, and this reading is in agr with the value
reported in the previous SARP. In the previous SARP, a sub-critical
margin of 0.05 was added to the above biases to find the maximum
allowable k-eff. This value was confirmed as being adequate in Ref. 7.
and is the value used in the current work.

The maximum atlowable values of k-eff can be found by subtracting the
bias and bias correction from 1.0. This results in an allowed k-eff
for the U-235 systems of 0.92, and 0.94 for the plutonium
systems.

Equivalences

The work performed for this task considered two different materials:
dry uranium material consisting primarily of U-235 and dry plutonium
mateiial consisting primarily of Pu-239. According to Ref. 7, small
amounts of U-232, U-234, and U-236 could be counted as equivalent to
U-235 on a gram for gram basis in meeting the U-235 mass limit. U-
238 does not count toward the mass limit. U-233 is not covered by the
current work. For the plutonium material, small amounts of the other
plutonium isotopes (non Pu-239) can be included in the Pu-239 mass
limit if the following rules are adhered to:
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I. The mass of Pu-240 and Pu-24]1 can be counted as equivalent on a
gram for gram basis to Pu-239 jf the Pu-240 mass exceeds the Pu-241
mass and if their sum is less than the Pu-239 mass.

2. Pu-242 can be treated equivalent tc Pu-239 on a gram for gram
basis if the Pu-241 mass exceeds the Pu-242 and if the sum of the Pu-
240, Pu-241, and Pu-24Z mass is less than the Pu-239 mass.

3. No equivalencies fcr Pu-238 or Pu-236 can be made.
These guidelines are outlined in References 4 and 7.
Analysis

The criticality analysis performed for the current work differs
somewhat from the previous work. The latter used the ANISN code, a
1-d discrete ordinates code, to find the fissile mass limits. This was
accomplished by first finding the critica! radius, buckling, and
extrapolation length of an infinite cylinder using HRXN-ANISN, and then
calculating the critical height from the definition of geometric buckling.
The appropriate extrapolation length was then applied to both the
diameter and height. This set of calculations was repeated over a wide
concentration range of fissile solutions, to ensurc that the optimal
moderating conditions were found. The calculation performed in the
first step used the proper wall thickness for the PCV, SCV, and shielding
material (if any), but the volume of the PCV itself was varied as needed
to contain the critical mass. The inside diameter was, however, limited
to no greater than 5.10 inches. There are three points of interest here:

1. While the PCV diameter was limited, the height was not. Therefore,
critical volumes greater than the PCV volume were achieved in some
cases. As will be shown later, this resulted in a much more stringent
mass limit than is nceded for one of the cases considered.

2. The real geometry of the shipping casks was not maintained (radially
or axially).
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3. The analysis assumes separability of the axial and radial flux. This
assumption may not be valid for small fissile volumes.

4. Heterogeneous solutions were not considered.

In addition, the inner diameter limit on the PCV should be 5.174 inches
as opposed to 5.10 inches, in order to account for pipe tolerances. This
was discussed in the section above.

The current analysis sought to address these issues. Two-dimensional
discrete ordinates calculations were performed using TWOTRAN. The

g y of the shipping cask was always the same, with only the
fissile solution geometry inside the PCV changing with concentration.
Three types of TWOTRAN calculations had to be performed. Since the
mass of fissile material was fixed (see Table 1), the volume required for
a fissile solution of a known concentration can be easily calculated. In
cases where this volume exceeds the PCV volume, the PCV was filled
with the fissile solution. In these cases, the fissile mass is less than the
permitted limit. In cases where the fissile ation is high gh
that the fissile solution volume is less than the PCV volume, a cylinder
of fissile solution with appropriate volume is centered within the PCV,
and surrounded by water. Tables 3-7 are worksheets that break up the
concentration range into three phases. The first range corresponds to
complete filling of the PCV volume with fissile solution. In the second
range, the fissile cylinder has a radius equal to the PCV but a height less
than the PCV height. In phase 3. the fissile cylinder is centered radially
and axially inside the PCV. These three phases are illustrated in Figure
9.

5. DISCUSSION OF CONTINGENCIES

The current analysis, combined with that of Ref. 1, considered two
abnormal events: (1) the cask, and in particular. the primary
containment vessel, under flooded conditions (the single unit flooded
analysis), and (2) an infinite amay of damaged casks (damage is
assumed to reduce the separation between fissile units). The analysis
also investigated the casks under normal (undamaged) conditions.
Because the fissile contents are in solid form, it is not necessary (o
consider the fissile material leaking out of the PCV. The cases envelope
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those required by 10-CFR-71 for fissile Class i packages, and are
sufficient to ensure criticality safety under all conditions.

6. EVALUATION AND RESULTS

The results of the TWOTRAN runs sre shown in Figures 10 and 11. As
can be seen, the calculated k-eff is less than the critical limit for all of
the casks for both the U-235 and Pu-239 cases. In all cases the curve of
k-eff versus concentration has two maxima. The first maxima occurs
when the fissile volume is exactly equal to the PCV volume (i.e., the
concentration is equal to the mass limit divided by PCV volume). Any
decrease in concentration from this point results in less fissile material
inside the PCV. and thus k-eff decreases to the left of this maxima.
Increasing the concentration beyond this point results in a decrease in
fissile volume and thus increase in neutron leakage. At first, the
increase in neutron leakage is more important than the increase in
fissile concentration, and the k-eff d A mini is achieved
at about 10 Kg/L for U-235 and sbout 4 kg/L for Pu-239, and then k-
off increases as concentration increases. In this region, the increase in
fissile concentration overshadows the increase in neutron leakage. This
effect is more pronounced due to the large amount of reflection present
in these systems. The second maxima is reached at the pure metal
state. For the U-235 cascs, the global maxima corresponded to the first
peak for the 9972, 9974 and 9975 casks, and to the second peak for the
9973 cask. The global maxima was the second peak for all of the
plutonium cases.

Note that the k-eff versus concentration curve for the 9974 cask with
U-235 is very much lower than that for the other casks. This is due to
the much lower mass limit placed on the U-235 in this cask (7.5 kg
versus 14.5 kg for the other casks). This limit was imposed due to the
very low critical mass of this system at very small concentrations.
Recall that the methodology used in Ref. 1 for finding the mass limit
placed no limit on the fissile volume. It turns out that the 7.5 kg mass
limit was based on a point on the curve of fissile mass versus
concentration that results in a fissile volume far greater than the PCV
volume (larger than the PCV volume by about a factor of 3). Since the
current work restricts the fissile volume to the actual geometry, this
peak is not seen.
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Verifying Calculations

The J70 version of TWOTRAN has a maximum' mesh upabllity of 8000
cells. For casks as large as those modeled here, ‘this”'results in a rather
coarse mesh. In addition, since it Is an old ¢odd without the modemn
acceleration routines, execution is very lime ‘cOn gt

that the TWOTRAN modeis used had a : N
quadrature order. It is desirable to run wld\-' m
higher quadrature order to confirm the calcoldtionial2results. This is not
possible with 770 TWOTRAN; however, It is quits*éasy to do with DORT.
DORT is a modem 2-D discrete ordinates code -that has recently been
obtained from the Radiation Shielding and Information Center. It has
been installed and certificd on the SRS Cray (Ref.. 8).4. ‘DORT was first set
up to duplicate the TWOTRAN mesh and qnadnmte" t-each of the two
maxima for all casks, to ensure that good sgrecment with the TWOTRAN -
result was obtained. The results shown in Table:8 indicate reasonable.:
agreement between the TWOTRAN and DORT ccarsé mesh Sq results.
For both codes, :%= ecigenvalue convergence critéria®was 1.0 X 104, It is
spparent the codcs do not calculate the same eigeu_ to within
convergence critersa.  This is due to diﬂerenoef" theway’ the two
codes perform negative flux fixup, rebalance 4 Ta'atﬁﬁ,' d, ,the way:
they choose a starting direction. The minor di‘%f‘e"ﬁ‘fnci at”

from these differences have been noted by other §

Table 8 indicates two cases in which the differencel -between coarse
mesh TWOTRAN and coarse mesh DORT are much larger than the others
(9974 cask with uranium at 2.0 and 19.05 kg/L). Comparison to the
other results, and to the DORT fine mesh calculations (discussed below)-
indicate the DORT results are more accurate. A review of the TWOTRAN
input tumed up no errors. The author suspecu tht"lhe”TWOmAN

same mesh and quadrature are used, a very f o 'mésh>DORT cllculltion
with S16 quadrature was performcd The mesh . tplclng ‘was .calculated -
using the formulac suggested in the TWOTRAN sgection -in Ref. 5. The
total number of mesh cells in these DORT calculations was between

gree
“DORT " calculations T4z “tidicatod In “the table. ' The KENO V.a sphere resul

; re:c(iva ,thln cylinde
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x 'muh ‘results in all _cases, .
";esulu are eonsmltlve.. Also not dm._th

' smnll enovgh tofz!lnslde the *peV. However. it is not possible to modcl A;’

a sphere -insid ylinder with -the discrete ordinates codes currently
v spite .of this, it is important to consider the sphere

have- s larger k-eff than a cylinder of equal

. volome, . MontsCatlgcodés’ do not have the geometry limitations of
- discrete ordlnnu}c es,¥and thus- provide a means of gnalyzing .this - ..

situation:: ‘ﬂCENO V.2 modelsiwers et up ‘for the pure metal cases,
modeling fmtnme’,ﬁnﬂo cyﬁnder, and “then the fissile sphere.s The .
results m’:bown in Tnble .92 1n"all of tbe K‘ENO V. cascs, ! 8
P d f

% ¥ 'e ﬁssﬂe‘cyhndcr
th™the fino" mesh-high. quadratire; order

“:ﬁf

~are ‘gbout ~.02 hlghct ‘K*eff /than the cylinder results in all cases.
Howevcr. the results are” still -somewhat below the critical limits in all
cases. It should' be noted that the cylinders used in the analysis are not
of optimtl shape. DORT fine mesh calculations of optimal metal
cylinders resulted in k-eff values that are about .006-.01 smaller than
the sphere values.. It was :not necessary to consider optimal cylinders,
however, since tphma:wefe analyzed, md spheres arc always more
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Consideration of a Heterogeneous Geomelry

Phase I Criticality Analysis for ...

The calculations discussed thus far have assumed the fissile material to
be evenly distributed throughout the fissile volume; i.e.. a homogencous
mixture. It has been demonstrated through both experiment and
calculation that the maximum k-eff of a solution occurs when the fissile
material is heterogeneously distributed in a manner that results in a
flat neutron flux (Ref. 10). Using Table VII of Ref. 11, one can
determine that adding a value of .02 to the k-eff found with a
homogeneous distribution of a material will ensure that the maximum
k-eff has been bounded, regardless of fissile material distribution. For
the current work, it is appropriate to consider this addition at the point
of the first maximum in Figures 10 and 11. At the second maximum,
the material is pure metai; redistributing it would only recreate the
situation achieved at the first maximum. From Table 8, adding .02 to
the TWOTRAN values achicved at the first maximum results in a k-eff
that is greater than the critical limit. However, as was shown above, the
TWOTRAN values are overly conservative due to the coarse mesh and
low quadrature order. If one considers the fine-mesh, high quadrature
order DORT calculations, adding .02 to the values at the first maximum
results in values that are still below the critical limit.

New Mass Limits

The value of k-eff at each of the two peaks must be below the critical
limit to ensure criticality safety. As discussed above, this is true for all
cases at the first maxima, even with the .02 factor added to account for
heterogeneity. At the second maximum, the most reactive case is that
of the fissile metal sphere. Since this case was analyzed with KENO V.a,
it is necessary to add 3o, where o is the standard deviation, to the value
of k-eff; the result must still be below the critical limit. As can be seen
from the values in Table 9, this is not the case for the 9974 with
plutonium, where the result is 0.9395 and c=0.0008 (at +3c, k=0.9419
which is greater than the critical limit of 0.94). In order to ensure
criticality safety for this cask, it was necessary to reduce the mass limit
1o 4.3 kg (from 4.4 kg), which resuits in a k-eff of 0.9365 and ¢=0009.

This value is still below the critical limit at +3c.
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It is also desirable to increase the uranium mass limit for the 9974 cask.

As was discussed previously, the original value was based on a
physically unrealizable geometry and fssile volume. The DORT fine

mesh calculation was repeated at the first maximum using a 14.5 kg
mass limit (the old limit was 7.5 kg). and the uranium metal sphere
Iculation was repeated at the other maximum. In both cases, the

results were below the critical limit.

Table 10 lists the maximum values of k-eff obtained for each of the
casks with U-235 and Pu-239. The maximum k-eff values reported in
this table are the larger of the two k-eff from the following cases:

1. The k-eff produced by DORT at the first maximum, plus .02.

2. The k-eff produced by KENO V.a for the spherical metal fissiie mass,
at the +30 limit.

The values for the 9974 cask correspond to the new mass limits for that
cask. It turns cut that for the U-235 cases, the larger value occurs with
case 1 above, while with Pu-239, it occurs with case 2. This is true for

all four of the casks.

Note that in all cases, the maximum k-eff is below the critical limit.

The new mass limits are presented in Table I1.

7. ADMINISTRATIVELY CONTROLLED LIMITS AND
REQUIREMENTS

As a requirement of this analysis, the amount of fissile material in a
single shipping cask must not exceed the limits given in Table 11. The
controls on this limit should follow the guidance of the double
contingency principle, with a mini of two ind d
administrative checks of the fissile mass in a cask.

The uranium isotopes U-232, U-234, and U-236 can be counted as
equivalent to U-235 on a gram for gram basis in meeting the uranium
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mass limit. U-238 does not count toward the uranium mass limit, U-
233 in not covered by the current analysis.

Small amounts of Pu-240, Pu-24!, and Pu-242 can be counted as
equivalent to Pu-239 on a gram for gram basis in meeting the
plutonium mass limit if the following rules are adhered to:

{. The mass of Pu-240 and Pu-241 can be counted as equivalent on a
gram for gram basis to Pu-239 if the Pu-240 mass exceeds the Pu-241
mass and if their sum is less than the Pu-239 mass.

2. Pu-242 can be treated equivalent to Pu-239 on a gram for gram
basis if the Pu-241 mass exceeds the Pu-242 and if the sum of the Pu-
240, Pu-241, and Pu-242 mass is less than the Pu-239 mass.

Pu-236 and Pu-238 are not covered by the current analysis.
8. SUMMARY AND CONCLUSIONS

A thorough single flooded unit analysis of the 9972.9975 shipping
casks for dry uranium material consisting primarily of U-235 and for
dry plutonium materials consisting primarily of Pu-239 has
demonstrated that the mass limitations in Table I1 are sufficient to
maintain criticality safety. Both the uranium and plutonium mass limits
for the 9974 cask have changed from the original values, while the
limits for the remaining casks have not changed.
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TABLE 1

Previously Determined Shipping Cask
Mass Limits* From Ref. 1

Maximum Maximum
Cask Uranium Mass | Plutonlum Mass
(kQ) (kg}
9972 (9965) 14.5 4.4
9873 (9966) 14.5 4.4
9974 (9967) 7.5 4.4
9975 (9968) 14.5 4.4

oNote: The limits have changed as 2 result of the current analysis. See
Table 11.

TABLE 2

Materials Used in the Criticality Analysis

Material Description
H20 at 20°C HRXN Standard Material #1
$S-304 HRXN STandard Material #5

UMH20 Homogeneous Solution  {U density = 19.05 g/cc
PWH20 Homogeneous Solution |Pu density = 19.84 g/cc

Al-1100 Used pure Al st 2.70 g/cc
Aluminum Honeycomb Al effective density = 0.2781 g/cc
Lead Pb density = 11.29 gfcc
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TABLE 3

Calculation Worksheet for the 9972 and 9973
Casks with U-235 Aqueous Solution

Conc U-235 | Fissile | Cylindor | Sphere
1) Volume (cc)] Radius | Radius [Type
1000 14500 657 15.13 1
1500 9667 657 | 1321
2000 7250 657 | 1201
3000 4333 657 | 1049
3860 3756 6.57 9.64
4000 3625 6.57 9.53 [
5000 2900 6.57 3.85
6000 217 6.44 832 m
7000 2071 6.06 791
3000 1813 5.76 156
9000 1611 5.5 127
10000 1450 532 102
11000 1318 5.3 6.80
12000 1208 499 6.61
13000 ms 485 643
14000 1036 473 6.28
15000 967 4.63 6.13
16000 906 452 6.00
17000 853 443 588
18000 806 435 mn
19000 763 429 $.67

Note: Approximate volume of the 9972, 9973, and 9974 PCV as
modeled is 3761 cm3: the uranium mass limit for the 9972 and 9973 is
14.5 kg.
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TABLE 4

Calculation Worksheet for the 9974
Cask with U-235 Aqueous Solution

Conc U-235 | Fissile |Cylinder] Sphere | Type
L) Volume | Radius | Radivs
1000 7500 | 657 | 1214 | 1
1500 s000 | 657 | 1061
2000 3750 | 657 | 964 [
3000 2500 | 657 | 842

4000 1875 | 597 | 165 | @
5000 1500 | 349 | 710
6000 1250 | .17 | 668
00 1071 | 487 | 635
8000 938 | 462 | 607
9000 833 | 444 | S84
10000 750 | 427 | s&4
11000 682 | 402 | s46
12000 628 | 400 | 530
13000 b 389 | S16
14000 536 379 | 504
15000 00 | 37m2 | 49
16000 459 363 | 482
17000 i 35 | am
18000 a7 | 349 | 463
19000 395 344 | 455

Note: Approximate volume of the 9972, 9973, and 9974 PCV as
modeled is 3761 cm3; the uranium mass limit for the 9974 is 7.5 kg.
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TABLE §

Calculation Worksheet for the 997§
Cask with U-235 Aqueous Solution

Conc U-235 | Fssile | Cylinder | Sphere [ Type
Volume | Radius { Radius
1000 14500 { 6.57 1513 ]
1500 9667 6.57 1321
250 657 1201
5390 6.57 10.88
4833 6.57 1049 [
3625 6.57 953

2000
-
3600
4000
l__sooo 20 | 6357 | 835
000
7000
8000
9000

I

217 644 832 m
om 6.06 791
1813 5.76 156
1611 553 &y

10000 1450 s 1.02
11000 1318 5.3 630
12000 1208 4.99 6.61
13000 115 485 643

14000 1036 47 628
15000 967 463 6.13
16000 906 452 6.00
17000 853 443 588
18000 806 433 m
19000 763 429 5.67

Note: Approximate volume of the 9975 PCV as modeled is 5385 cm3;
the uranium mass limit for the 9975 is 14.5 kg.
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TABLE 6

Calculation Worksheet for the 9972, 9973, and 9974
Casks with Pu-239 Aqueous Solution

U-235 | Fissile | Cylinder | Sphere | Type
() Volume| Radius | Radius
1000 4400 6.57 10.17 1
1170 361 6357 9.65
1500 2933 6.57 8.88 []

2000 2200 6.30 8.07 [y
3000 1467 5.50 7.05
4000 1100 5.00 6.40
5000 880 4.60 594
6000
7000
8000
9000

3 433 5359
629 4.07 531
550 e 5.08
489 m 48
10000 40 3.58 4
11000 400 348 4.57
12000 367 335 4
13000 338 3.26 32

14000 34 3.18 422
15000 293 n 412
16000 275 3.04 403
17000 259 298 39

18000 244 292 388
19840 222 2.84 3.75

Note: Approximate volume of the 9972, 9973 and 9974 PCV as

modeled is 3761 cm3; the piutonium mass limit for these casks is 4.4 kg.
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TABLE 7
Calculation Worksheet for the 9975
Cask with Pu-239 Aqueous Solution

Conc U-235 | Fussile | Cylinder| Sphere | Type
(@A) | Vowme| Radius | Radius

[ a8 3399 | 657 | 1087 T
1000 @0 | 651 | 1607 | ©
1500 2033 | 657 | 388 | |
2000 200 | 630 | 807 | o
3000 167 | 550 | 205

<G00 | 1100 | 500 | 640
5000 280 | 460 | s94¢
6000 ™3 | 433 | 559
7000 @ | 4o | s;
#2000 sso | 3m | so8
9000 a9 | 3 | ass
10000 “o | 338 | am
11000 400 | 345 | as7
12000 %67 | 335 | am
13000 ns | 326 | am
14000 34 | 38 | 4
15000 23 | 3 | a2
16000 25 | 304 | 403
17000 29 | 298 | 39s
18000 ue | 292 | 388
19840 > | 284 | 335

Note: Approximate volume of the 9975 PCV as modeled is 5385 cm3;
the plutonium mass limit for these casks is 4.4 kg.
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TABLE 8

DORT Verifying Calculations

Coarse Mesh Calculations Fine Mesh

Cask Case TWOTRAN DORT Ditterence DORT
997213.86 kg UL 0.9030 | 0.9085 ! -0.0055| 0.8956
19.05 kg UL 0.8903 0.8889 0.0014 0.8778

1.17 kg PuL 0.8747 0.8737 0.0010 0.8676

19.85 kg Pwl | 0.9351 0.9322 | 0.0029 | 0.9149
9973(3.86 kg UL 0.8786 0.8767 0.0018 0.8695
19.05 kg UL 0.8911 0.8891 0.0020 0.8783

1.17 kg PuwL 0.8497 0.8477 0.0020 0.8406

19.85 kg Pwl | 0.9363 0.9335 0.0028 0.9167

9974 |2.00 kg UL 0.7917 0.8497 -0.0580 0.8432
19.05 kg UL 0.7469 0.7692 | -0.0223 | 0.7507

1.17 kg PuL 0.8756 0.8738 | 0.0018 0.8669

19.85 kg Pul | 0.9326 0.9391 -0.0065 | 0.9219
9975(2.69 kg UL 0.8898 0.8932 -0.0034 0.8849
19.05 kg UL 0.8864 0.8937 -0.0073 | ©.8832

0.818 kg Puwl | 0.8712 | 0.8690 | 0.0022 0.8605

19.85 kg Pu/L { 0.9341 0.9355 | -0.0014 | 0.9183
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TABLE 9

DORT Fine
Cash Coe Mesh KENOVa | Ditference
9972 {19.05 kg U/L - Cylinder 0.8778 0.8782 | -0.0004
19.05 kg WL - Sphere .- 0.8848 -
19.84 kg PuL - Cylinder | 0.9149 | 0.9155 | -0.0006
19.84 kg PunL - Sphers 0.9339 -
9973 119.05 kg WL - Cylinder 0.8783 0.8777 0.0006
19.05 kg UL - Sphers one 0.8889 -
19.84 kg PwL - Cylinder | 0.9167 0.9176 -0.0009
19.84 kg Pwl - Sphere e 0.9357 .-
9974 [19.05 kg UrL - Cylinder 0.7507 0.7506 0.0001
19.05 kg UA - Sphere --- 0.7585 -
19.84 kg Pul - Cylinder | 0.9219 | 0.9238 | -0.0019
19.84 kg Put. - Sphers 0.9395 --
9975 19.05 kg WL - Cylinder 0.8832 | 0.8818 | 0.0014
19.05 kg U - Sphere 0.8840 --
19.84 kg PuL - Cylinder | 0.9183 0.9186 | -0.0003
19.84 kg Pwl - Sphere 0.9367 -
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TABLE 10

Maximum k-eff Values Compared to Critical Limits

y-235 Pu-239
|___Cask Max_k-att |Critical Limit}] Max k-efft |Critical Limit
872 815 0.9200 0. 4 .9400
73 .889 -9200 0.9381 .9400
9974 914 . ] 0. 1 .9400
9975 .9049 0.9200 0.9399 .9400
TABLE 11

New Mass Limits for the 9972.9975 Casks

Mazimum Mazimum
Cask Uranium Mass {Plutonium Mass
(kg) (kg)
9972 (9965) 14.5 4.4
9973 (9966) 14.5 4.4
9974 (9967) 14.5 4.3
9975_(3968) 14.5 4.4
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Figure 1. Model of the 9972 cask. The unshaded areas represent
water. The light shading indi tumi the dark shading SS-304.
The position and g y of the interior of the PCV depends on the
case being modeled (see Figure 5). Everything out to the top and
bottom plate is to scale.
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Figure 2. TWOTRAN model of the 9972 shipping cask.
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Figure 3. Model of the 9973 cask. The haded areas rep

water. The lightest shading indi lumi honey b, the darker
shading alumiaum, and the darkest shading SS-304. The composition
and geometry of the interior of the PCV depends on the case being
modeled (see Figure 5). Everything out to the top and bottom plates is

to scale.
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Figure 4. TWOTRAN model of the 9973 shipping cask.
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Figure 5. Model of the 9974 cask. The haded areas rep

water. The lightest shading indicates aluminum honeycomb, the darker
shading SS-304, and the black lead. The position and g y of
the interior of the PCV depends on the case being modeled (see Figure
5). Everything out to the top and bottom plate is to scale.
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Figure 6. TWOTRAN model of the 9974 shipping cask.
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Figure 7. Model of the 9975 cask. The haded areas rep
water. The lightest shading indi tumi honeycomb, the next
darker shading aluminum, followed by SS-304. Solid black indicates

lead. The composition and g y of the interior of the PCV depends
on the case being modeled (sec Figure 5). Everything out to the top and
bottom plate is to scale.
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Figure 8. TWOTRAN model of the 9975 cask.
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Figure 9. Illustration of the different calculation types required. The
solid black rcgion represents the PCV wall.
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Figure 10. Resulis of the TWOTRAN analysis for U-235.
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Results of the TWOTRAN analysis for Pu-239.
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Attachment B
Review Sheet Form

OSR 24-K7
Task title T el neca ] Leviees of JCS-CMA-P%003 Task number__ /4

Item reviewed SCS— cmf - I¥o003 Page [/ of _/
(Attach additional pages as necessary; marked-up pages are acceptable.)

1. Areas reviewed (identify clearly each area reviewed).
See S(OFQ a2t f)a_a&_ Qﬂgé
2. Approaches used to perform the review.
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3. Questions, comments to be resolved.

one

A

Y 1 agree with the technical content. — | disagree with the technical content.

A

—- | accept the conclusions and recommendations.
— 1 do not accept the conclusions and recommendations for the following reasons:

Reviewer signature Z‘f W Date_> /_/__/ ?ﬁl

Refer to NRTSC procedure Ii-14, "Techmcal Review,” for additional information.
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