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ABSTRACT

The objective of this study was to determine the maximum number of specialized repository
waste packages that could be shipped from the Monitored Retricvable Storage (MRS) facility in
Pb-, Fe-, and U-shiclded casks weighing 200,000 or 300,000 Ibs. The study ..cluded 18 different
waste packages designed for the Salt, Tuff, and Basalt repositories. Nine of these contained
consolidated PWR fuel pins, and nine contained consolidated BWR fuel pins. Discrete ordinates
calculations were performed to determine the neutron and gamma shield thicknesses that would
ensure a dose rate of 10 millirem/hr, 10 ft from the ceaterline of the cask(s) Over 100 casks of
particular interest have been identified, while preliminary design information is also given for 522
casks of potential interest.

Relative 1o the 200,000-1b casks, 50-100% more fuel may be shipped in the larger 300,000-1b
casks. Placing the spent fuel canisters in overpacks prior to shipment from the MRS will reduce
the net payload by 30-50%. The highest-capacity cask/waste package combination studied
corresponds to a 300,000-Ib U-shielded cask containing 84 consolidated PWR fuel assemblics in 21
canisters, or 171 consolidated BWR fuel assemblies in 19 canisters. Criticality analyses have shown
these high-capacity casks to be safely subcritical-—-cven if all the canisters were loaded with unirradi-
ated LWR fuel containing 3.4 wi% U-235.

xi



1. INTRODUCTION

One of the fundamental purposes for cstablishing a Monitored Retrievable Storage (MRS)
facility is to process spent fuel and repackage it in such a way as to reduce the number of ship-
ments to, and handling requirements at, the chosen repository site.

In order to evaluate the benefits of repackaging the spent fuel at the MRS, it is necessary to
determine the net carrying capacity of shipping casks that could be designed for the various types
of waste packages used to transfer spent fuel to the repository. Two packaging options exist: (a)
the fuel could be disassembled at the MRS, rod-by-rod, and placed in high quality steel canisters;
and (b) these canisters might be placed in an overpack before shipment to a repository. Use of
overpacks would permit the packages to be placed directly in the geologic repository without any
additional processing.

Spent fuel could move from the MRS facility to repositories located in salt, tuff, or basalt for-
mations. Each geologic medium would require a different size canister and a different overpack, if
onc is 1o be used. Given the size, weight, and capacity of the canisters and overpacks that would be
used for the various repositories, this study employed the Shipping Cask Optimization and
Parametric Evaluation (SCOPE) code! to determine the amount of spent fuel that could be shipped
in casks weighing 200,000 and 300,000 Ibs. The speat fuel was assumed to be ten years old; and
the gamma shiclding in the casks could be lead, steel, or depleted uranium metal.

2. DESCRIPTION OF PACKAGES TO BE TRANSPORTED
INSIDE THE SHIPPING CASKS

2.1 SALT REPOSITORY WASTE PACKAGE CONFICURATIONS

Packages fo. the Salt repository may consist of (a) a 1-cm-thick carbon steel canister containing
spent fuel or (b) a 10-cm-thick carbon steel overpack containing a 1-cm-thick carbon steel canister
with spent fuel. In either case, the thin-walled steel canister has an outside diameter of 62 cm
and an inside diameter of 60 cm. Canisters containing consolidated fuel rods from 12 PWR
assemblies are 400 cm long (including lifting pintle) and weigh 8390 kg fully loaded, while cani-
sters containing consolidated fuel rods from 30 BWR assemblies are 435 cm long (including lift-
ing pintle) and weigh 8810 kg fully loaded. In cach case, the canister is internally divided into six
pie-shaped segments which reccive the spent fuel rods (see Fig. 1). The internally segmented can-
ister serves several functions: it facilitates the handling of rods during the consolidation operation; it
cnhances heat transfer from the center, radially outward; and it enables retrieval of waste after
emplacement. The stecl overpacks into which the canisters may be placed prior to shipment have
an outside diameter of 84.5 cm and an inside diameter of 64.5 cm. Overpacks containing a can-
ister of PWR spent fuel are 446.5 cm long (including lifting pintle) and weigh 17,600 kg fully
loaded, while overpacks containing a canister of BWR spent fuel are 481.5 cm long (including lift-
ing pintle) and weigh 18,700 kg fully loaded (see Fig. 2). Scoping calculations were performed
to determine the net carrying capacity of 200,000-lb and 300,000-1b Pb-, Fe-, and
U-shiclded shipping casks containing:

(a) overpacks with canisters containing the equivalent of 12 PWR fuel ascemblies,
(b) overpacks with canisters containing the equivalent of 30 BWR fuel assemblics,
() bare canisters containing the equivalent of 12 PWR fuel assemblies, and

(d) bare canisters contaiiiing the equivalent of 30 BWR fuel assemblies.
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2.2 TUFF REPOSITORY WASTE PACKAGE CONFIGURATIONS

Packages for the Tulf repcsitory may consist of (a) a 1-cm-thick stainless stez] canister contain-
ing spent fuel or (h) a l-cm-thick stainless steel overpack containing a I-cm-thick stainless steel
canister with spent fuel. In each case, tlic fucl-bearing canister has an outside diameter of 63 cm
and an inside diameter of 61 cm. Canisters containing corsolidated fuel rods from 6 PWR assem-
blies are 400 cm long (including lifting pintle) and weigh 5466 kg fully loaded, while canisters
containing consolidated fuel rods from 14 BWR assemblies are 435 cm long {iacluding lifting pin-
tle) and weigh 6426 kg fully loaded. Canisters for PWR spent fuel are internally divided iato
three square-shaped segments containing fuel rods (see Fig. 3) while canisters for BWR spent fuel
are internally divided into seven square-shaped segments centaining fuel rods (see Fig. 4). This
1-cm-thick stainless steel internal structure provides additional mechanical stability and enhances
heat transfer. It also provides room for internai poison rods to ensure against criticality. The stain-
less steel overpacks into which the canisters may be placed prior to shipment have an outside
diameter of 70 cm and an inside diameter of 68 ¢m. Overpacks containing a canister of PWR
spent fuel are 416.5 cm long (including tte 1€.5-cm-long lifting pintle) and weigh 6700 kg fully
loaded, while overpacks containing a canister of BWR spent fuel are 491.5 cm long (including the
16.5-cm-Iong lifting pinde) and weigh 7900 kg fully loaded (see Figs. 3 and 4). Scoping calcu-
lations were zertcrmed to determine the catrying capacity of 200,000-1b and 300,000-1b Pb-, Fe-,
and U-shielded shipping casks containing:

(a) overpacks with canisters containing the equivalent of 6 PWR el assemblies,
(b) overpzacks with canisters containing the equivalent of 14 BWR fuel assemblies,
(c) bare canisizrs containing the equivalent of 6 PWR fuel assemblies, and
(d) bare canisters containing the eguivalent of 14 BWR fuel assemblies.
2.3 BASALT WASTE PACKAGE CONFIGURATIONS

Packages for the Basalt repository may be one of iwo general types: (a) an 8.3-cm-thick carbon
steel overpack (with no inner canister) containing consolidated fucl rods from 4 PWR assemblies or
9 BWR aisemblies, or (b) various types of 0.5-cm-thick carbon steel canisters containing consoli-
dated fuel rods from 1, 2, 3, or 4 PWR assemblies or 2, 4, 7, or 9 BWR assemblies. The thick-
walled overpacks have an outside diameter of 50.3 cm and an inside diameter of 33.7 cm. Over-
packs containing PWR fuel are 405 cm long (including lifting pintle) and weigh 7000 kg fully
loaded, while overpacks containing BWR fuel are 440 cm long (including lifting pintle) and weigh
7400 kg fully loaded. The four different thin-walled canisters included in the reference calcula-
tions are described in Table 1. Scoping calculations were performed to determine the carrying
capacity of 200,000-1b and 300,000-1b Pb-, Fe-, and U-shielded shipping casks containing:
(a) overpacks (with no ‘aternal canister) containing the equivalent of 4 PWR fuel assemblies,
(b) overpacks (with no internal canister) containing the equivalent of 9 BWR fuel assemblies,
(¢) bare 17.5 ‘m-diam canisters containing the equivalent of 1 PWR fuel assembly,

\d) bare 17.5-cm-diam canisters containing the equivalent ¢f 2 BWR fuel assemblies,

(e) bare 23.3-cm-diam canisters coniaining the equivalent of 2 PWR fuel assemblies,
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Table 1. Basalt reference designs fer thin-walled carbon steel
canisters containing consolidated fuel rods from 1, 2, 3, or 4
PWR assemblics and/or 2, 4, 7, or 9 BWR assemblics

Canister of PWR fuel® Canister of BWR Fucl®

OD(cmj ID(cm) N, Weight (kg) Newys  Weight (kg)
17.5 16.5 1 750 2 795
23.3 22.3 2 1439 4 1525
28.9 279 3 2129 7 2256
33.0 320 4 2511 9 2661

*Length = 400 cm, including lifting pintle
®Length = 435 cm, including lifting pintle



(f) bare 23.3-cm-diam canisters containing the equivalent of 4 BWR fuel assemblies,
(g) bare 28.9-cm-diam canisters coataining the equivaleat of 3 PWR fuel assemblies,
(h) bare 28.9-cm-diam canisters containing the equivalent of 7 BWR fuel assembilies,
(i) bare 33.0-cm-diam canisters containing the equivaleat of 4 PWR fuel assemblics, and

(J) bare 33.0-cm-diam canisters containing the equivalent of 9 BWR fuel assemblies.

3. GENERIC DESCRIPTION OF CASKS TO BE USED

Scoping calculations were performed to determine the net carrying capacity of Pb-, Fe-, and
U-shiclded casks designed for cach of the 18 different types of waste packages described in
Sect. 2. Figure 5 shows a generic diagram of the type of shipping casks conmsidered when
estimating the overall loaded weight. The gamma shicld may be Pb, Fe, or U-metal between an
inner steel shell and an outer steel shell.  The neutron shicld between the outer steel shell and the
outer steel barrel was assumed to be 28.5 vol% water (1.0 g/cc), 66.0 vol% cthylenc glycol
(L.11 g/cc; HOCH,CH,OH), and 5.5 vol% potassium tetraborate (1.74 g/cc; K,B,0,:8H;0)
made with natural boron. This common mixture of water and antifreeze contains ~1 wt% boron.
The thicknesses of the inner stee] sheil, the outer steel shell, and the outer steel barrel, are given in
Table 2 for ecach type of cask considered. The nominal neutron and gamma shield thicknesses
shown in Table 2 are based on an extensive scrics of weight optimization studies for large casks
containing 10-year-cooled PWR spent fuel irradiated to 33,000 MWd/MTIHM.* These optimiza-
tion studies arc described in Sect. IV and Table F.1 of ref. 1. The procedure followed there
assures a dose rate of 10 millirem/hr at a point 10 ft from the cask centerline. Recognizing that
the steel canisters and/cr thick-walled steel overpacks in the Salt, Tuff, and Basalt waste packages
provide a significant amount of shiclding, the actual gamma shield thicknesses used in the present
study were correspondingly reduced relative to the nominal thicknesses shown in Table 2. The
neutron shield thicknesses were assumed to be unaffected. Additional details are provided in
Sect. 4.2 and the Appendix of this report. In every case, the thicknesses of the main structural
components on ¢ither end were assumed to be the same as in the radial direction.

In a few cases involving larger payloads, circumferential cooling fins (spaced every 4 in. axi-
ally) were required to orevent the external surface temperature from exceeding 250°F when the
outside ambient temperaturc was assumed to be 130°F.! Such fins were only required in about
5-10% of the cases studied. The dimensions of the stainless steel fins, when required, are shown in
the Appendix.

Within the cask, the cylindrical waste packages were assumed to be placed in separate cavities
of a removable aluminum insert. Inserts for casks containing 1-12 cylindrical canisters are illus-
trated in Fig. 6. The thickness (t) of the insert between canisters was assumed to be 1 in., as
was the outer wall thickness (w) of the insert between the outermost canister and the inner wall of
the cask (see Fig. 6). The diameter (D) of the holes containing the canisters was assumed to be
0.25 in. greater than that of the corresponding waste package. The inner diameter of the cask
was generally assumed to be 0.25 in. greater than the outside diameter of the insert. (For casks

*Mecgawatt-days per metric tonne of initial heavy metal.

1"l'lsc internal decay heat load associated with the 10-year-cooled spest fuel was 524 watts per
PWR fuel assembly and 168 watts per BWR fuel assembly. BWR fuel assemblies are considerably
smaller than PWR assemblies and are typically irradiated to 27,500 MWd/MTIHM.
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Table 2. Thicknesses® of the main structural composent:: in each type of cask

Fe Cask Pb Cask U Cask
Inner steel shell 0.375 1.5 0.75
Gamma shield 9.49® 4.04° 249°
Outer steel shell 0.375 20 20
Neutron shicld 375 4.25 347
Outer steel barrel 0.75 0.75 0.75

*All thicknesses are given in inches.

*The actual gamma shicld thicknesses used in the present study were reduced
relative to this nominal value to account for the shielding provided by the
thin-walled steel canistess and/or the thick-walled steel overpacks in the
Salt, Tuff, and Basalt waste packages.
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containing a single waste package, no insert was used, aad the inner diameter of the cask was
assumed to be 0.2% in. greater than the outside diameter of the waste package.) The length of the
cavily inside the cask was always assumed to be 1 in. greater than that of the corresponding waste
package.

4. METHODOLOGY

Thoe objective of this study was to determine the maximum number of waste packages or equiva-
lent spent fuel assemblics that could be shipped in Pb-, Fe-, and U-shiclded casks having a gross
loaded weight of 200,000 or 300,000 Ibs. This determination was to be made for each of the 18
waste packages described in Sect. 2. To accomplish this, a modified version of the SCOPE code
was prepared in which the internal cavity of the vask was defined as being 1 in. longer than the
prescribed waste package. Adjusted gamma shickd thicknesses which accounted for the shiclding
provided by the thin-walled steel canisters and/or thick-walled steel overpacks were used in the
initial SCOPE znalysis of the various casks. This initial analysis provided a rough estimate of the
net carrying capacity for each of the various cask/wasie package combinations. Thirty representa-
tive casks of potential interest were then selected for more detailed multigroup shielding analyses
using the XSDRNPM and XSDOSE 1-D, discrete ordinates, radiatics transport codes.>’ Based on
these results, second-order adjustments were made to the gamma shicld thicknesses of the various
casks; and another series of 1-D shiclding calculations were performed to ensure that the final
gamma shield thicknesses did, in fact, yield a dose rate of 10 millirem/hr, 10 ft from the center-
line. A final serics of SCOPE analyses were then performed (using the finalized gamma shield
thicknesses) to determine the net carrying capacity for cach of the various cask/waste package
combinations. Because the results for casks containing compacted BWR spent fuel were considered
of marginal importance in this initial study, the gamma shicld thicknesses for the BWR casks were
assumed to be the same as those for similar PWR casks.

4.1 INITIAL ANALYSIS

The SCOPE code' requires, as input, the thickness of the ncutron and gamma shields as a func-
tion of the number of waste packages cach type of cask. Because of the large amount of consoli-
dated spent fuel contained in these particular casks and the spatial self-shielding afforded by the
fuel itself, it was anticipated that the actual neutron and gamma shicld thicknesses would be rela-
tively insensitive to the number of waste packages in the cask. These parameters were therefore
treated as constants in the initial analysis. Nominal neutron and gamma shicld thicknesses based
on a cask containing 26, 10-year-cooled PWR assemblies are given in Table 2. These thicknesses
are based on an extensive series of weight optimization studies' for large casks containing 10-year-
cooled PWR spent fuel irradiated 10 33,000 MWd/MTIHM. These optimization studics used the
XSDRNPM and XSDOSE 1-D discrete ordinates shielding codes™® 2nd are described in Sect. IV
and Table F.1 of ref. 1. The resulting shicld thicknesses typically yield a dose rate of
10 millirem/hr at a point 10 ft froin the centerline of the cask. Recognizing that the steel canis-
ters and Jor thick-walled steel overpacks comprising the Salt, Tuff, or Basalt waste packages may
provide a significant amount of shielding, the actual Fe g._..ma shield thicknesses used in this study
were correspondingly reduced relative to the nominal thicknesses shown in Table 2. Likewise, the
Pb shields were reduced by the equivalent amount of Pb (1.0 cm Fe = 0.598 cm Pb), and the
U-metal shiclds were reduced by the equivalent amount of U-metal (1.0 cm Fe = 0.331 ¢cm
U-metal). The ncutron shield thicknesses were assumed to be unaffected. This procedure was
expected to maintain a dose rate of approximately 10 millirem/hr at a point 10 ft from the cask
centerline. [The nominal neutron and gamma shield thicknesses for the BWR casks were assumed
to be the same as those for similar PW R casks. In practice, casks containing BWR spent fuel may
require slightly less shielding (sec Tables C.1 and C.2 of ref. 1).]
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42 SHIELDING REASSESSMENT

Using the approximate gamma shicld thicknesses described in Sect. 4.1, the SCOPE code was
used to survey a large number of 200,000-1b and 300,000-1b Pb-, Fe-, and U-shiclded casks for each
of the 18 waste packages described in Sect. 2. "rom the large ficld of casks surveyed, 30 repre-
sentative cask/waste package configurations were sclected for more detailed shiclding analyses.
Table 3 describes cach of the 30 cask/waste package coafigurations sclected. It also shows the
number of waste packages contained in cach given cask; the overall weight of the loaded cask; the
actual thickness of the gamma shicld resulting from the initial approximations described in
Sect. 4.1; and the actual calculated dose rate, 10 ft from the cent:rline of the cask. These calcu-
lated dosc rates were determined using the SCALE system® Shiclding Analysis Sequence number |
(ic., the SASI control modulc’), the SCALE 22n-18+ cross-section library with the ANSI stand-
ard flux-to-dose conversion factors, and the neutron and gamma sovrce spectra for 10-year-cooled
PWR spent fuel irradiated to 33,000 MWd/MTIHM, as given in Appeadix C of ref. 1. The
SAS1 control module employs the XSDRNPM discrete ordinates code? to perform the radiation
transport calculation throughout the cask and employs the XSDOSE code? io calculate the result-
ing dose rate at the midplanc of the cask, 10 ft from the centerline.

It can be seen from Table 3 ihat the approximate gamma shicld thicknesses used in the initial
analysis yielded dose rates that were gencrally between 6 and 9 millirem /hr, although some were
as low as 4.7 millirem/hr and others were as high as 13.2 millirem/hr. So that comparisons of
net carrying capacities could be made on a fair basis among the various casks, second-order adjust-
ments of the various gamma shiclds were then made so that each cask yielded a dose rate of
10 millirem/br. To accomplish this, the dose rate was assumed to vary as D=Dgexp{—Z, Ar],
where Z, is the differential dose attenuation cocfficieat for the gamma shield; and Ar is the change
in the gamma shield thickness. From earlier gamma shield sensitivity studies for similar casks (see
Sect. 1V, Appendix D, and Tables D.7-D.9 of ref. 1), it was estimated that for Fe, Z, =
0.9976/in.; for Pb, Z, = 1.5378/in.; and for U metal, Z,= 2.7909/in. Second-order adjustments
tc the actual gamma shicld thicknesses were then made using these data. For the four Salt
repository casks containing a single waste package, the gamma shicld thicknesses could be reduced
by about 0.5 in. In the other 26 cases studied, the required second-order adjustments ranged from
—0.26 in. to +0.13 in. These revised gamma shield thicknesses were then used in the SCOPE
code to determine their cffect on the gross loaded weight of the various casks. The multigroup
discrete ordinates shiclding analysis was also repeated for each of these 30 casks, using the revised
gamma shield tnicknesses. The results of this reevaluation are shown in Table 4. Note that the
gross weight of most casks changed by no more than 3000-5000 lbs and that the dose rates in
cach casc were found to be between 9.8 and 10.2 millirem/hr, 10 ft from the centerline.

43 HEAT TRANSFER CCNSIDERATIONS

Heat transfer considerations were generally considered an ancillary part of this initial scoping
study. The SCOPE code' does, however, caiculale the steady-state temperature distribution
throughout the cask; it also performs a complete 1-D space/time transient thermal analysis follow-
ing a postulated 30-min. firc. The results of these calculations arc reported in the Appendix. It
should be noted, however, that the algorithm used by the code for calculating the maximum fuel
pin temperatures may be very conservative when applied to consolidated spent fuel. The code
assumes, for example, that the fuel pins are dispersed within the canister or overpack in a square
array, and calculates the maximum fue! pin temperature using the Wooton-Epstein correlation in
which the prima.y mode of heat transfer is thermal radiation, with a small correction for thermal
convection within the fuel bundle. For tightly compacted spent fuel (and for canisters with radial
conductors, as in the Salt waste canister), the Wooton-Epstein equation will yicld a very conserva-
tive result, such that the calculated fuel pin clad temperatures are well above those that one would



Table 3.

Initial capacities, weights, shield thicknesses, and dose rates

for 30 representative casks tiat were selected for more detailed,
multigroup, 1-D, discrete ordinates shielding analyses

Repisitory design Type of packags Pe Cask b cask U cask
Salt design n ww,w - t.tt - d.dir n wwy,.v - %,tt d.‘;‘ n wyw,.¥ - t,tt d.di‘
112 PURs/pkq) Overpack & canister 1 3.4 -~ 3,16 -~ 3.76 1 90.% -~ 1.4% 8.72 1 84,5 - 1,08 $.19
(12 PWRs/pk@) Overpack & canister 3 260.4 - 5,16 - 0.62 3 263.0 = 1,48 6.96 3 2%2.84 - 1,09 7.%0
(12 PWRs/pky) Canister only 1 96.7 - 9.10 - $.%58 1 N.2 - 3.00 $.%0 1 66.6 - 2,36 35.50
(12 PWRs/pky) Canjister only 3 209.0 - 9.0 - 9.0 3 193,0 - 3.80 8.90 3 177.9 - 2.3¢ 9,06
Tuft design
(6 PWRE/pkQ) Overpack & canister S 2%%.1 - 8.70 - 7.9% L) 274,32 - 3.9 7.98 L) 29%.4 - 2.,2) 7.88
(6 PWRe/pkg) Canister only L 258.5 - 9.10 - 7.90 L 230.86 - ).00 7.0) ] 220.7 - 2,36 .03
Sasalt design
(8 PWRs/pkg) Overpack only 10 3ar.0 - 6.22 - 7.9 10 317.0 - 2,09 6.9 10 308.Y - 1.4 6.90
(8 PWRS/pkg) Canister only 10 209.1 - 9.29 - 9.%56 10 192.0 - 3,92 9.49 10 190,84 - 2. 8) $.60
{8 PWRS/pkg) Canister only 15 272.9 - 9.29 - 11.%) 17 270.2 - 3.92 12.28% 19 218,88 - 2.0) 13,90
(1 PWR/pkg) Canjister only L1 286.2 - 9.29 - 11,00 9 295.7 - 3.9 11,481 [{] 2%6.0 - 2.4) 15,28

*a = aumber of waste packages in the giver cask.

w = overall weight of the loaded cask (268.4 = 268,800 1bs).

t = thickness of the gamma shield in imnches.

d = calculated dose rate, 10 ft from the centerline (millirea/hr).

€l


http://www.w
http://www.*
http://www.w

Table 4. Final capacitics, weights, shicld thickness~s, and dose rates

for 30 representative casks that were selected for more detailed,

multigroup, 1-D, discrete ordinates shiclding analyses

Repository design Type of package Po Cask Pb cask U cask
Salt Design B - wew.v - t.tt 4.44" 0 - wwv.v - t.tt - d.dd B - www.¥ - t.tt d.4d
(13 PWRs/pkg!} Overpack ¢ Canister 1 - 90.2 - 4.930 .07 1 4.4 - 0.94 - 10.10 1 00.0 - 0,79 10.10
(13 PWRs/pkg) Overpack ¢ canister ) - 26%.6 - 3.0 9.9 3 2%6.6 - 1,20 - 10,17 b} 280,11 - 0.9 10.02
(12 PWRa/pka) Canister only 1 - 01.3 - 0.40 9.02 1 71.9 - 3,37 - .M 1 63.2 -~ 2.1 10.00
(12 PWRs/pky) Canister only ) - 200.1 - 0.9 10.00 h ] 191,85 - 3,72 - 9.90 3 176.0 - 2.32 9.98
Tufft design
{6 PWRs/pkg) Overpack § canister S - 209.1 - 8,46 9.98% S a68.8 - 3,37 - 9.9 S as1,) - 3.1} 9.97
(6 PWRs/pkg) Canister only S - 253.7 - 0.03 9.980 - 234,2 - 3,62 - 10.00 s 217.4 - 2,27 9,98
Basalt design
(& PWRa/pky! Overpack only 10 - 322.) - 3.9 9.9 10 310.2 - 1,80 - 9.90 10 299.1 - 1,26 10.12
(8 PWRa/pkyg) Canister only 10 - 209.) - 9.24 10.02 10 191.2 - 3.98 - 10,01 10 179.0 - 2,41 10.04
(4 pWRa/pkyg) Canister only 15 - 275.6 - 9.0 10.02 17 201.9 - 4,07 - 10,09 19 279.3 ~ 2.3¢ 9.09
(1 PWR/pkg) Canister only 54 - 200.0 - 9.3 10.01 39 299.3 - 8,02 - 9,98 66 299 .3 - 2,%2 9.97

*a = number Of waste packages in the given cask.

v = overall weight of the loaded cask (26%.6 = 265,600 1bs),

t = thickness ot the gamma shield in jinches.

d = calculated dose rate, 10 ft from the centerline (millires/hr).

L4
s
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realistically expect. Even so, the calculated steady-state temperatures are generally well below the
limit at which oxidation of the fuel becomes a significant problem. In those few cases where the
calculated temperatures do approach this limit (sce the Salt case, with canisters only, with 12 PWR
assemblies per canister), a more rigorous thermal analysis may show the actual temperatures to be
well below the iimit.

5. RESULTS

Table 5 shows the number of consolidated PWR fuel assemblies that may be shipped in
200,000-1b and 300,000-Ib Pb-, Fe-, and U-shiclded casks utilizing the various repository waste
packages described in Sect. 2, the cask configurations described in Sect. 3, and the refined
gamma shicld thicknesses described in Sect. 4. Table 6 shows the number of consolidated BWR
fuel assemblies that may be shipped in similar casks whose waste packages (that is, canisters
and /or overpacks) have been designed for BWR fuel. [Because these latter results were deemed of
secondary importance, the corresponding gamma shield thicknesses were coaservatively assumed to
be the same as those for casks containing PWR spent fuel.] In general, it should be noted that (a)
50-100% more spent fuel may be shipped in the larger 300,000-Ib casks; (b) placing the spent fuel
canisters in overpacks prior to shipment from the MRS will reduce the net carrying capacity by
about 30-50%; (c) for the higher capacity packages used by the Salt and Tuff repositories, the Pb
and U metal casks offer equal carrying capacities, while that of the Fe casks is generally less; and
(d) for the smaller packages used by the Basalt rej ository, the U metal casks can carry more spent
fuel than the Pb casks which, in turn, can carry n ore spent fuel than the Fe casks. [Even for the
larger packages used by the Salt and Tufl repositorics, the U metal casks generally weigh some-
what less than a Pb cask of equal capacity.] With respect to specific cask/waste package configu-
rations, two points should be noted: (a) In the case of the larger overpacks used in the Salt and
Tuff designs, the combined weight of two casks, each containing onc waste package and each
weighing less than 100,000 1bs, would be less than that of a conventional cylindrical cask contain-
ing two waste packages (scc Tables 7 and 8). Further reductions in the overall weight might
therefore be realized through the use of a rectangular or clliptically shaped cask containing two
such waste packages. (b) The highest capacity cask/waste package combination studied
corresponds to a 300,000-1b U-shiclded cask containing 84 PWR fuel assemblies in 21 thin-walled
steel canisters, or 171 BWR fuel assemblies in 19 thin-walled steel canisters. As noted below,
KENO IV® Monte Carlo criticality analyses have shown these high-capacity casks to be safely
subcritical--even if all cf the canisters were loaded with unirradiated PWR fuel pins containing
3.4 wt% U-235.

The information contained in Tables S and 6 is useful but incomplete. Because of clementary
geometric constraints on the internal loading pautern, the inside diameter of a cask and its overall
weight are nonuniform: functions of the number of waste packages contained therein. Slight
increases in the allowable weight of a cask may have a significant effect on the net carrying capac-
ity in some cases while having no cffect in other cases. Tables 7, 8, and 9 thérefore show the
gross (loaded) weight of Salt, Tuff, and Basalt repository casks as a function of the number of
waste packages in the cask and the equivalent number of consolidated fuel assemblies in the cask.
They also show the actual amount of Pb, Fe, or U-metal shielding finally used for each of the 18
waste package configurations described in Sect. 2. From this more detailed information it may be
scen that a U-metal cask of a given capacity will always weigh less than a Pb cask of the same
capacity, and that a Pb cask will always weigh less than an Fe cask. While two casks may have the
same net carrying capacity, the differences in the gross weight may be significant in some cases. It
should also be noted that two U-shiclded casks, each carrying one Salt overpack, would have a com-
bined weight of 160,000 Ibs while a single, cylindrically shaped U-shielded cask carrying two Salt
overpacks would have a weight of 206,200 Ibs. Presumably a single, rectangular or elliptically
shaped U-shiclded cask carrying two Salt overpacks would weigh less than 160,000 lbs.

Tables 7, 8, and 9 briefly describe 522 casks of potential interest corresponding to the 18 reposi-
tory waste packages defined in Sect. 2. Tables A.1 A.I8 of the Appendix show the more detailed
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Table 5. Number of consolidated PWR fuel assemblies that may be

shipped in 200,000-1b and 300,000-1b casks

200,000-1b casks 300,000-1b casks

Repository design Typ=: of package Fe Pb U Fe Pb U
Salt design
(12 PWRs/pkg) Overpack & canister 24 24 45 3 36 48
(12 PWRs/pkg) Canister only u 36 36 6 60 T2
Tuff design
(6 PWRs/pkg) Overpack & canister 12 s 18 30 42
(6 PWRs/pkg) Canister only 18 24 4 42 4?2 48
(4 PWRs/pkg) Overpack only 20 20 24 36 36 40
(4 PWRs/pkg) Canister only 36 40 4 68 16 84
(3 PWRs/pkg) Canister oaly '3 39 2 63 69 15
(2 PWRs/pkg) Canister only u 33 2 62 68 16
(1 PWR/pkg) Canister oaly 3N M ) 55 61 69

*Uses 2 casks, cach containing | waste peckage, and cach weighing less than
100,000 Ibs; alternately, one may use a single rectasgular or elliptically shaped

cask containing 2 waste packages.

Table 6. Number of consolidated BWR fuel assemblics that may be

shipped in 200,000-1b and 300,000-Ib casks

200,000-1b casks 300,000-1b casks
Repesitory design Type of package Fe Pb U Fe Pb U

Sah design

(30 BWRs/pkg) Overpack & canister 60 6" 6 9% 9% 9
(30 BWRs/pkg) Canister only 60" 9% %0 150 150 150
Tufl design

(14 BWRs/pkg) Overpack & canister 28: 8" 28° 56 56 10
(14 BWRs/pkg) Canister only 28 42 42 70 98 98
Basalt design

{9 BWRs/pkg) Overpack only 45 45 45 7 81 81
(9 BWRs/pkg) Canister only mn 81 99 144 153 171
(7 BWRs/pkg) Canister only 70 84 91 140 154 161
(4 BWRs/pkg) Canister only 60 68' 80 120 128 140
(2 BWRs/pkg) Canister only 56 70 110 12 126

64"

“Uses 2 casks, each conlaining | waste package,and cach wd;ﬁing less than

100,000 Ibs; alternately, onc may use a single rectangular or cliiptically shaped
cask containing 2 waste packages.



Table 7. Gross weight of Salt repository casks vs the number of waste pnch'u'

Typs of package - overpack & caniater

12 PWR asseablies/package

30 AWR asseal'lies/package

$.01-4n. 1.20-4n. 0.94-4in, $.01-4n. 1.20-4n. 0.98=4n,

Fe shield Pb shield U shield Fe shield Pb shield U shield
1-12- 98,221 212 - eaa®? o2 900”1 - 30- 93.95 1. 30- e9.9% 1 - 30 - 8s5.2°
2 - 28 - 222.6b 2 - 28 - 21!.2b 2 a8 - 206.2b 2 - 60 - 237.0 2 - 60 - 220.1 2 - 60 - 219.7
3 - 36 - 265.6 3 - 36 - 256.6 3 36 - 2a8.1 3 - %0 - 282.a 3 - 90 - 273.0 3 - 90 - 26,0
A - A8 - 32).7 4 - 49 - 311.7 L} 49 - J0A .6 4 - 120 - J48.1 A - 120 - 33).6 4 - 120 - 32)3.7

S 60 - 367.2
Type of package - canister only
12 PWR assemblies/package 32 BWR assemblies/package
8.99-1in. 3.72-4n. 2.32-1in. 8.99-in. 3.72-4in, 2.32-4n,
Pe shisld Pb shield U shield Pe shield Pd shield U shield
1 - 12 - Dl.sb'! 1 -12 - 11.9”'g 1 12 - 6).2b'h 1« 30 - .7.1! 1 - 30 - 76..' 1 - 30 - 67.6h
2 - 28 - 1!2.6b 2 - 28 - 166.lb 2 8 - 152.0b 2 - 60 - 194,77 2 - 60 - 179.0 2 - 60 - 16).2
3 - 36 - 208.1 3 - 36 - 191.5 3 36 - 176.0 3 - 90 - 221.5 3 - Sy -~ 203.9 3 - 90 -~ 100.%
N - A8 - 280.5 8 - A8 - 231.5 L) A8 - 2134.7 4 - 120 - 259.9 § - 120 - 280.9 § - 120 - 224.2
S - 60 - 290.8 S - 60 - 271.) H 60 - 253.1 S - 150 - 3013.1 5 - 1350 - 203.5 5 - 150 - 264.)
6 - 72 - 335.2 6 - 72 - 31a.0 6 72 - 294.% 6 - 180 - 349.6 6 - 180 - 327.) 6 - 1900 - 312,98
7 - 86 - 326.0 7 88 - 307.6 7 - 210 - 324.2
[ ] 96 - 353.9

“The n-am-wwv.¥ format used to present the data gives:
n - the number of wvaste packages in the cask
m - the eguivalent number of consolidated fusl assemblies in the cask
v - the loaded veight of the cask, vhere 222.6 = 222,600 1lbs

b

Calculated dose rate

a

Bxception

-3

Bxception
‘lxccptlon
tlxccptlon
glxc.pt:on

hlxccptlon

§.59
0.98
0.79
8.40
3.7
2.1

10 ft from centerline wvas 9.8-10.2 millirem/hr,

in.
in.
in.
in.
in.

in.

of
of
of
of
of

of

Fe.
Pb.
u.
Fe.
Pb.
u.
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Table 8.

Gross weight of Tuff repository casks vs the number of waste |)l¢:lugua

Type of package - ovexpack & canister

6 PWR assenblies/packags 18 BWR assemblies/package
e.46-1in. 3.37-4n. 2.13-4n. 8.86-1n. 3.37-4n. 2.13-4m.
Ye shield Pb shield U shield Fe shield Pb shield U shield
1 - 6 - 86.1 1 - 6~ 75.8 1 - 6 ~- 66.6 1 - 18 - 99.2 1 - 184 - 87.7 1 - 18 - 77.3
2 - 12 - 191.0 2 - 12 - 1728 2 -~ 12 - 160.8 2 - 28 - 219.7 2 - 28 - 201.6 2 - 28 - 108.9
3 - 18 - 213.2 3 - 13 - 196.1 3 - 18 - 181,13 3 - 842 - 285.2 3 - 82 - 226.1 3 - 842 - 209.6
N - 284 - zl..lb N - 24 - zzs.eb N - 28 - 213.ID 4 - 56 - 285.7 A - 56 - 264,99 A - 56 - 2847.,0
5 - 30 - 209.1 Y - 30 - 268.8 S - 30 - 351.) 5 -70 - 3323 5 -70 - 309.7 $ - 70 - 290.3
6 - 36 - 333.7 6 - 36 - 311.6 6 - 36 - 292.5 6 - 84 - 358.8 6 - 84 - 337.7
7 - 842 - 33.7 7 - 82 - 316.6 7 - 82 - 297.6
8 - 48 - JA2."
Type Of package - canister Only
6 PWR assemblies/package 14 BYR asszmblies/package
8.85-in. 3.62-4n. 2.27-4n. 9.85~1in. 3.52-3n, 2.27-4n.
Fe shield Pdb shield U shield Fe shiald #b shield U shield
1 - 6 - 79.0 1 - 6 - 6C.6 1 - 6 - S59.5 1 - 184 - 85,9 1 - 18 = 78,9 1 - 14 - 6S5.3
2 - 12 - 170.0 2 - 12 - "“S54.2 2 - 12 - 140.6 2 - 28 - 184.5 32 - 20 - 167.8 2~ 28 - 133.%
3 - 18 - 189.0 3 - 18 - 172.% 3 - 18 -~ 158.1 3 - 82 - 206.0 3 - 842 - 1822 3 - 82 - 173.)
N - 28 - 219.1b N - 28 - 201.1b N~ 28 - 105.7b 4 - 56 - 239.) 4 - SE& - 220.) 4 - S6 - 2048.0
5 - 30 - 253.7 S - 30 - 2348.2 S - 30 - 217.% S - 70 - 277.% 5 - 70 - 256.8 5 - 70 - 239.1
6 - 36 - 291.6 6 - 36 - 270.a 6 - 36 - 252.2 6 - 84 - 319.0 6 - 04 - 296.6 6 -~ 684 - 277.5
7 - 842 - 296.1 7 - 82 - 274.8 7T - 43 - 256.7 7 - 98 - 328.9 7 - 98 - 302.3 7 - 98 - 283.2%
8 - A8 - 336.7 8 - 48 - 3113.7 8 - 48 - 294%.1 8 - 112 - 345,13 8 ~ 112 - 324.6
9 - S8 - 3.0
.rh. n-mm-www.¥w format used to present the data gives:
n - the number of waste packages in the Cask,
m - the equivalent number of consclidated fuel assemblies in the cask, and
v - the loaded weight of the cask, where 191.0 = 191,000 1bs.

bc;lculatnd dose rate 10 ft from centerline was 9.8-10.2 millirem/hr.
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Table 9. Groas weight of Basalt repository casks vs the number of waste pcch.u'

Type of package - overpack only

§ PNR assembliess/package

9 BWR assemblies/package

48 - 339.7

5.98-4in. 1.00-1in. 1.26~4n. 5.90-1n. 1.00-1n. 1.36-1n.

Pe shiaeld Pb shield U shield Pe shielad Pb shield U shield
1 [} 53.3 1 [} 80.0 1 4 - a8 1 9 57.0 1 -9 2.2 1« 9 87.2
2 ] 116.2 2 ] 109.0 2 e - 102.0 2 19 128.2 2 - 19 116.53 2 - 19 109.1
3 12 138.5 3 12 127.0 3 12 - 120.8% 3 a7 184.9% 3 - 27 136.8 3 - 27 120.7
] 16 161.3 [ ] 16 153.0 8 16 - 185.2 8 36 171.9 LI 1 163.1 8- 36 154.9
S 20 199.9 S 20 180.9 - 20 - 172.% L] [ 1} 202.3 3 - 48 192.7 5 - 48 103.7
6 28 220.5 6 28 210.6 ) 28 - 201,84 [ 38 2348.7 6 - S 224.) 6 - 3% 214,83
7 28 231.0 7 2% 221.1 7 28 - 211.,9 7 63 245.7 7 - 63 23%.2 7 - 63 223.9%
] K} 263.2 [} 32 452.5 ] 32 - 2842.6 [} 72 279.9 f-72 264.6 -~ 72 258.1
9 36 297.0 9 36 205.5 9 36 - 274.8 9 L ] 315.9 9 - 9 303.6 9 - 292.3
10 80 322.) 10 R0 310.2 40 - 299.1 10 - 90 329.0 10 -~ 90 31,1
1" (1} 330.1 A - 310.7 11 - 99 338.8

61



Table 9 (coatinued)

Typs of package - élniltot only

1 PWR assembly/package 2 BWR assaeamblies/package

9.39-4n. 4.02-1n. 2.52-4n. 9.39-1n. 4,02-4in.

PFe shield Pd shield U shield Fe shield Pb shield
27 - 27 -"1886.2 32 - 32 -190.) 3% - 35 - 187.2 2N - a8 - 105.9 as - 58 - 185.9
28 - 28 189.9 33 - 33 -19%.6 3§ - 36 - t192.2 25 - S0 - 199.7 29 - 38 - 190.)
29 - 29 19%8.2 38 - 38 -198.2 37 - 37 - 193.2 26 - 53 - 194.2 30 - 60 - 193.0
30 - 30 196.9 3 ~ 35 -202.2 38 - 30 - 196.8% 27 - S8 - 198.7 M -~ 62 - 194,11
3 - N 197.9 36 - 36 -207.3 39 - 39 - 200.% 28 - S%6 - 202.7 32 - 64 - 203.0
32 - 32 206 .7 37 - 37 -108.0 a0 - 840 - 290%.2 2% - %% -~ 207.3 3) - 66 -~ 208.7
33 - 3 212.) 3s - 38 -211.8 41 - 41 - 208.5 30 - 60 - 210.1 38 - 68 - 211.6
38 - 3 21%.1 39 ~ 39 -215.0 42 - 842 - 218,72 It - 62 - 211.2 3s - 70 - 213.8
38 - 38 219.2 40 ~ &0 -220.7 8) - 83 - 221.1 32 - 68 - 220.9% g - 7172 - 221.3
50 - S50 275.9 55 -~ 55 -269.8 62 - 62 - 287.3 46 - 92 - 278.32 38 -~ 108 - 200.8
51 - S 279.6 56 - 56 -290.8 63 - 63 - 288.2 47 - 9% - 28).2 $5 - 110 - 281.9
52 - 52 290.7 57 -~ 57 -296.2 68 - 68 - 292.7 80 - 96 - 207.1 $6 - 112 - 3041
5 - 53 281.7 58 -~ 58 -297.2 65 - 65 - 293%.9 83 - 98 - 289.) $7 - 114 - 309.7
58 - S§ 288.0b s9 - 59 -298.3b 66 - 66 - 299.3 S0 - 100 ~ 294.0 S8 - 116 - )310.8
55 - SS 289.1 60 -~ 60 -299.) 67 ~ 67 - 300.6 51 « 102 - 298.0 59 - 119 - 311.9
56 - S6 305.6 61 - 61 -302.5 68 - 68 - 301.6 $2 - 104 .- 299.0 60 - 120 ~ 313.0
57 - 57 316.7 62 - 62 -306.% 69 -~ 69 - 30%.7 53 - 106 - 1300.1 61 - 122 - 316.)
58 - 58 317.7 63 -~ 63 -307.5 70 - 70 - 313.) 5S4 - 108 ~ J01.2 62 ~ 1284 - 320.%
59 - 59 31e.8 64 - 64 -312.0 71 - 7Y - 318 ¢ $S - 110 - 302.3 63 - 126 - 321.8
60 -~ 60 319.8 65 -~ 65 -315.3 72 - 72 ~ 319.1 56 - 112 - 325.5 684 - 128 - 326.%
61 - 61 323.t 66 - 66 -319.1 ) - 73 - 320.2
62 - 62 327.2 67 - 67 -320.1 74 - 78 - 327.1

2.%52-4n
U shield
(1] 187.7
66 193.2
68 196.0
70 200.1
72 205.8
kL) 206.5
76 210.0
78 2189
a0 219.2
82 222.7
110 2648.2
112 20%.%
118 290.9
116 292.0
120 294.2
122 297.%
124 301.8
126 3oa.s
134 3oz.2
130 310.8
132 314.)
136 316.8
138 317.6
140 328.9

174



Table 9. (coatinued)

Type of package - canister only

2 PWR assemblies/package & BYR asgemblies/package
9.39-4n. 4,02-4n. 2.%2-4n. 9.39-4n. 4,02-4n, 2.%32-4n.
Pe shield Pb shield U shield Ps shield Pb shield U shield
15 - 30 - 183.7 17 - 38 - 193.5 19 - 39 - 101,98 18 - 56 -~ 100,08 16 - 64 - 1907.6 19 - 72 - 100.)
16 - 32 - 1913 18 - 36 - 190.5 20 - 40 - 190.2 1S - 60 - 196.0 17 - 69 - 195.9 19 « 76 - 190.5
17 - 38 - 199.5 19 - 30 - 192.6 21 - 42 - 196.9 16 - 64 -~ 204.,2 19 - 72 - 203.) 20 - 980 - 199.)
18 - 36 - 206.9 20 - 40 - 201.2 22 - a8 - 205.9 17 - 680 - 212.9 19 - 76 - 208.9% 21 - 86 -~ 208.2
19 - 390 - 208.9 21 - a2 - 207.9 2) - &6 -~ 212.3 19 - 72 - 220.6 20 - 90 -~ 2147 a2 - 89 - 21%.7
20 - &0 - 217.9 22 ~ &8 - 217.1 24 - &40 - 210,04 . 21 -~ 88 ~ 221.9 a3y - 92 - 222.3
29 - 58 - 285.1 32 - 68 - 285.6 35 -~ 70 -~ 286.6 27 - 108 - 204.6 30 - 120 - 202.9 3) - 132 - 209.)
30 - 60 - 289.7 33 - 66 - 2941 36 -~ 72 - 294,83 a8 - 112 - 291.0 31 = 1284 - 205.1 38 - 136 - 2941
31 - 62 - 291.8 34 - 60 - 298.8 37 -~ 78 - 296.6 29 - 116 - 299.2 32 - 120 - 290.7 3% - 180 - 300.7
32 - 64 - 305.2 3% - 70 - 305.2 38 - 76 - 303.1 30 - 120 - 303.0 33 - 132 - 307.6 36 - 148 - 1309.1
33 - 66 - 3180 36 - 72 - 3113.5 39 - 79 - 309.8% 31 - 1284 - 305.2 3N - 136 - 12,5 37 -~ 1848 - 311,)
38 - 68 - 318.9 37 - 78 - 11S5.6 40 - 80 - 347.2 32 - 120 ~ 319,13 38 - 140 - 319.3 38 - 152 - 317.6
Type of package - canister only
3 PNR assemblies/package 7 BNR assembl ies/package
9.39-4n. 4.02-4n, 2.52-14n, 9.39-4n, 8,02-4n, 2.52-4n,
Fe shield Pdb shield U shield Pe shield Pd »hield U ahiasld
10 - 30 - 180.8 12 - 36 - 186.) 13 - 39 - 186.4 9 - 63 - 185.3 11 = 77 - 189.3 12 - 84 - 184.,0
tr - 33 - 193.) 13 - 39 - 1972.) 14 - 42 - 1972.0 10 - 70 - 192.) 12 - 88 - 198.9 13 - 91 -~ 19%,)
12 - 36 - 202.5 14 - 42 - 208.2 18 - A4S - 206.2 11 = 77 - 206.2 13 - 91 - 210.6 18 - 98 - 206.6
13 - 39 - 2139 15 - &5 - 217.6 16 - A8 - 216.1 12 - 84 - 216.0 18 - 99 - 222.,1 19 - 108 - 216.1
20 - 60 - 287.2 22 - 66 - 290.% 24 - 72 - 209.5 19 - 133 - 287.) a1 - 187 - 290.2 22 -~ 154 - 288,84
21 - 63 - 296.9 2) - 69 - 299.7 2% - 715 - 299.2 20 - 180 -~ 300.) 22 - 1584 - 30).6 3y - 161 - 299.7
22 - 66 - 1310.2 2N - 72 - 308.% 26 - 790 - 306.9 21 - 187 - 310.6 23 - 161 - ,1}.) a8 - 168 - 300.7
2) - $9 - 319.9 2% - 715 - 316.2 27 - 8t - 1%, 22 - 158 - 324.8 a8 - 168 - 322.9% 4% - 17% - 316.8
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Table 9 (continued)

Type of package - canister only

§ PHR assemblies/package

3 BWR asseabliea/package

9.44-1n. §.07-1n. 2.36-1n.

Fes shield Pb shield U shield

s - 32 - 17¢.i: 9 - 36 - 17..5: g 10 - 80 - 179..2
3 - 36 - 195,20 10 - 40 - 191,29 11 - aa - 1e9.s]
10 - 40 - 208.3.°C 11 - a8 - 205.8 12 - a8 - 200.1
1M - 44 - 2187 12 - a8 - a‘c.ng 13 - 82 - anag
12 - &8 - 230.1 13 - 52 - 230.4 18 - 36 - 226.1
15 - 60 - 275.6% 17 - 68 - 281.9° 19 - 76 - 279.3°
16 - 68 - 298.1 10 - 72 - 293.) 20 - 80 - 293.1
17 - 680 - 30V. 8 19 - 76 - 296.8 21 - 44 - 304.9
19 - 72 - 313.) 20 - 80 - 310.9 22 - 88 - 319.7
19 - 76 - 316.7 21 - 84 - 32).2 23 - 92 - 331,53

L]
9
10

18
15
16
17

9.800-10. 8.07-1n. 2.56-1n,
Pe shield Pb shield U shield
7-63- 16805 e- 72. 111.63_7 9 - 81 - 1750
72 - 10817 9 0 - 190,80, 10 - 90 - 188.37
81 - 20837 10 %0 - 20019 11 ” - 15800
90 - 222.2 1" 99 - 218,79 12 - 108 - 09,6,
. 13 - 117 - 223.)
126 - 275.1 16 - 188 - 200.4 17 - 153 - 27%.4
138 - 280.1 17 153 - 298.6 18 - 162 - 293.9%
188 = 301,32 18 - 182 - J06.6 19 - {71 - 296.8
153 - 315,319 ~ 171 - 310.2 20 - 180 - 311,3
162 - 327.7 20 - 1800 - 32%.1 21 - 189 - 323.8
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.Tho n-mm-www.v format used to present the data gives:

n - the number of waste packages in the cask,

m - the equivalent number of consolidated fuel assemblies in the cask, and

¥ - the loaded weight of the cask, vhere 195.2 = 193,200 1lbs.
Calculated dose rate 10 ft from centerline was 9.8-10.2 millirem/hr.
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SCOPE output corresponding to cach of these 522 individual cases. For each case, they give the
actual neutron and gamma shield thicknesses; the gross loaded weight of the cask; the overall inside
and outside dimensions of the cask (including external circumferential fins, when required); the
steady-state temperature distribution; and the maximum transient temperature in certain key com-
poaents during and after the postulated 30-min. fire.

Most (90-95%) of the casks surveyed do not require external cooling fins. Some, however, do
require 2-in-high circumferential fins in order to maintain an external surface temperature of
250°F, given an outside ambicnt temperature of 130°F. The worst case of practical interest
corresponds to the large U-shiclded cask for the Basalt repository which contains 84 PWR fuel
assemblies in 21 thin-walled steel canisters. In this case, 4-in.-high x 0.25-in.-thick stainless-steel
fins were required every 4 in. along the outer surface of the cask (The internal decay heat load
associated with the 10-year-cooled spent fuel was 524 watts per PWR fuel assembly, and
168 watts per BWR fuel assembly.) In no case does the external diameter of a cask exceed
120 in,, including the cooling fins.

Except for the steady-state and transient fuel jin temperatures, the other calculated tempera-
tures shown in the Appendix are considered fairly accurate. To calculate the maximum fuel pin
cladding temperatures, the SCOPE code' assumes the fuel pins are dispersed within the canister or
overpack in a square array. It then calculates the maximum fuel pin cladding temperature using
the Wooton-Epstein correlation in which the primary mode of heat transfer is thermal radiation,
with a small correction for thermal convection within the fuel bundle. For tightl:' compacted spent
fuel (and for canisters with radial conductors, as in the Salt waste canister), the Wooton-Epstein
equation will yield a very conservative result, such that the calculated temperatures are well above
those that one would realistically expect. Even so, the calculated steady-state fuel pin clad tem-
peratures arc generally well below the point at which oxidation of the fuel becomes a significant
problem. In those few cases where the calculated temperatures do approach this limit, a more rig-
orous thermal analysis may show the actual temperatures to be well below the limit. One obvious
exception to this is the large U-shielded cask for the Basalt repository which contains 84 PWR fuel
assemblies in 21 thin-walled steel canisters. In this case, the steady-state temperature on the inner-
most portion of the removable aluminum insert may approach S00°F (260°C). While the maxi-
mum fuel pin temperature will be substantially less than the 718°F (381°C) shown in Table A.17,
it will obviously be greater than that of the surrounding insert (500°F or 260°C). In such cases it
may be desirable to provide an inert atmosphere within the canister to prevent excessive oxidation
of the fuel.

The detailed SCOPE output in the Appendix indicates that a few of the larger Pb casks con-
taining more than 70 PWR fuel assemblics may experience some melting of the Pb gamma shield
during or after the hypothetical fire (TE%, = 620°F). However, several points should be noted:
(a) Because of the lower decay heat loads, none of the casks containing BWR spent fuel experi-
enced any melting of the Pb shicld. (b) Of the several Pb-shielded PWR casks in the Appendix
which exhibit some melting of the gamma shield, most weigh in excess of 300,000 'bs; and only one
actually appears in Table 5 [that is, the Pb cask containing 76 PWR assemblies is: !9 thin-walled
canisters designed for the Basalt repository]). (c) The accident scenario used in the SCOPE code is
unusually conservative insofar as it ascumes that the cask is allowed to attain a new (elevaied) state
of thermal equilibrium after the loss of the neutron shicld and prior to the start of the 30-min. fire.
In a more conventional scenario, one typically assumes that the 30-min. fire begins concurrently
with the loss of the neutrcn shield. Under the more conventional scenario, the gamma shield tem-
perature at the start of the transient would be much lower; and it is doubtful that any significant
melting would occur during or after the 30-min. fire. While more detailed transient thermal analy-
ses of the high-capacity Pb casks should be performed as the final mechanical designs evolve, the
development of such casks should not be aborted prematurely based on the preliminary transient
thermal analyses reported here.
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Shipping large numbers of consolidated fuel assemblies in a single large cask raises some
interesting possibilities. Such systems must, however, be examined with respect to criticality safety.
The highest capacity cask reported in this study is a2 300,000-1b U-shiclded cask containing 84 con-
solidated PWR fuel assemblies in 21 thin-walled steel canisters designed for the Basalt repository.
As noted below, a slightly more reactive variation of this particular cask has been analyzed and
found to have a generation-to-generation neutron multiplication factor (kg) no greater than
0.536 % 0.002, even if onc assumes that the PWR fuel is unirradiated and contains 3.4 wt%
U-235. The low neutron mul'iplication factor in these highly specialized casks stems from several
factors: (a) the consolidated fuel pins have a small pitch-to-diameter ratio, (b) the fucl is shipped
dry in canisters that are hermetically sealed at the MRS facility, and (c) the solid aluminum insert
between the canisters effectively displaces any interstitial water that might be in the cask during
loading (or in the cvent of a transportation accident). While the other lower-capacity casks
reported ir this study should eventually be analyzed in a similar fashion, it would appear, based on
this preliminary evaluation, that all of the other casks would also be safely subcritical.

The criticality safety analysis referenced above was performed using Criticality Safety Analysis
Sequence no. 2 (CSAS2) as incorporated in the NRC-sponsored SCALE system for Standardized
Computcr Analyses for Licensing Evaluation.*” That particular analytical sequence employs the
NITAWL resonance self-shielding code,® the XSDRNPM discrete ordinates transport code? for
cell-averaging the multigroup cross sections, and the KENO 1V Monte Carlo criticality program.®
The SCALE system's 27-group ENDF-IV cross-section library was also used. The analysis
assumes that 816 unirradiated zircalloy-clad PWR fuel pins from four Westinghouse 15 x 15 fuel
assemblics® are placed in a thin-walled carbon steel canister having an inside diameter of 32 cm
and an outside diameter of 33 ¢cm. The fuel pins contain 3.4 wt% U-235, and have an outside
rod diameter of 1.0719 cm; a clad thickness of 0.0617 cm; a fuel pellet diameter of 0.9294 cm;
and a UO; density of 10.4] g/cc. Within the given canister, the compacted fuel pins were
assumed to be spaced on a close-packed triangular pitch of 1.2318 cm. [The 1056 0.95-cm-diam.
fuel rods from four of the newer Westinghouse 17 x 17 assemblies would yield a slightly tighter
lattice pitch, but would contain essentially the same amount of UQ, per canister and have approxi-
mately the same key as long as the canister is dry.] For an infinite lattice of such fuel pins, the
one-dimensional XSDRNPM code yielded a kyy of 0.6797. A simplified KENO 1V model was
then created which accounts for interstitial moderation by the aluminum insert and reflection by
the inner walls of the cask (see Fig. 7). An homogenized mixture representing the unirradiated
fuel pins was placed inside a 0.45-cm-thick carbon steel canister whose outside dimensions mea-
sured 29.25 cm x 29.25 cm. (These dimensions preserve the amount of fuel and the amount of
steel in the cylindrical canisters previously described.) The steel canister was then surrounded by a
1.27-cm-thick aluminum canister whose outside dimensions measured 31.79 cm x 31.79 cm.
Twenty-five of these composite canisters were arranged in a tight-fitting 5 x 5 array which was
surrounded on four sides by materials representing the inner walls of the U-shielded cask--that is,
1.905 cm of stainless steel, 6.5024 cm of depleted uranium metal, and another 5.08 cm of
stainless steel. Mirror-like boundary conditions were applied to the two axial ends of the model,
resulting in the conservative 2-D representation depicted in Fig. 7. Subsequent KENO IV anal-
ysis of this (dry) system showed it to be safely subcritical, with a kyof 0.536 * 0.002.

*Each assembly contains 204 fuel pins and 2! guide tubes to accommodate the movable con-
trol rod cli sters.
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6. CONCLUSIONS

The objective of this study was to determine the maximum nur-%er of repository waste packages
taat could be shipped in Pt-, Fe-, and U-shielded casks having a gross loaded weight of 200,000 or
300,000 Ibs. This determination was made for cach of 18 different waste packages defined by
requirements at the Salt, Tuff, and Basalt rcpositorics. The waste packages were comprised of
thin-walled steel canisters, thick-walled steel overpacks, or overpacks containing a single canister.
Depending on the particular repository and the particular design, cach waste package contained
1-12 consolidated PWR fuel assemblies or 2-30 consolidated BWR fuel assemblics (see Sect. 2).

Subsequent to the initial scoping analysis but prior to the final scoping analysis, discrete ordi-
nates shielding calcuiations were performed for 30 cases of potential interest. The object of these
calculations was to determine the actual neutron and gamma shicld thicknesses that would yield a
dose ratc of 10 millirem/hr at a point 10 ft from the centerline of the cask, assuming that the
consolidated PWR fuel had been irradiated to 33,000 MWd/MTIHM and allowed to cool for
10 years. While soinewhat conscrvative, these same neutron and gamma shicld thicknesses were
also assumed to apply to casks containing consolidated BWR fuel irradiated to
27,500 MWd4/MTIHM.

Tables 5 and 6 show the number of consolidated PWR and BWR fuel assemblies that may be
shipped in 200,000-1b and 300,000-1b Pb-, Fe-, and U-shielded casks designed to accommodate the
18 repository waste packages previously described. The 108 particular cask designs associated with
these limits are a subset of a larger group of 522 potentially interesting cask designs for which more
detailed information is also given. This information includes the gross weight of the casks as a
function of the number of waste packages or consolidated fuel assemblies, the overall cask dimen-
sions, the actual neutron and gamma shield thicknesses, the internal temperature distribution under
nominal steady-state conditions, and the maximum temperature in key components during and after
a 30-min. fire. In general it should be noted that:

(a) Relative to the 200,000-1b casks, 50-100% more fuel may be shipped in the larger
300,000-1b casks.

(b)  Placing the spent fuel canisters in overpacks prior to shipment from the MRS will reduce the
net payload by about 30-50%.

(c)  For a given payload, the U-shiclded cask will weigh less than a Pb-shiclded cask, which will
weigh less than an Fe-shiclded cask.

(d)  For the high capacity waste packages used at the Salt and Tuff repositories, the Pb- and
U-shiclded casks will offer equal payload capacities, with the only tangible difference being
the overall weight. For the smaller waste packages used at the Bazalt repository, the U-
shiclded casks do offer a noticcable payload advantage.

(¢) Most (i.c., 90-95%) of the casks surveyed do not require external cooling fins. Some of the
higher-capacity casks, however, may require 2- to 4-in.-high circumferential cooling fins. In
no case does the external diameter of a cask exceed 120 in., including cooling fins.

(f)  Use of some of the higher-capa ity casks may require that the thin-walled canisters be filled
with an inert atmosphere if excessive oxidation of the fuel is to be avoided.

(g) The highest capacity cask/waste package combination studied corresponds to a 300,000-1b
U-shielded cask containing 84 consolidated PWR fuel assemblics in 21 thin-walled steel can-
isters, or |71 consolidated BWR fuel assemblies in 19 thin-walled steel canisters. Prelim-
inary KENO 1V criticality analyses have shown these high-capacity casks to be safely
subcritical--even if all of the canisters were loaded with unirradiated PWR fuel pins contain-
ing 3.4 wt% U-235.
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Based on these findings, one may conclude that the total number of required shipments between the
MRS and the various repositorics may be substantially reduced through the use of larger casks
cspecially designed for the various repository waste packages.
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APPENDIX

Tables A.1-A.18 show the actual SCOPE output for all of the cases summarized in Sect. 5.
For cach cask/waste package configuration, they give the actual neutron and gamma shield
thicknesses, the gross loaded weight of the cask, the overall inside and outside dimensions of the
cask (including external cooling fins, when required), the steady-state temperature distribution, and
the maximum transient temperature in certain key components during and after the postulated
30-min. fire. This information is tabulated for cach type of cask . a function of the aumber of
waste packages (ic, canisters) in the cask The I8 tables in tris Appendix may be briefly
described as follows:

Table A_1. Salt refereace design; overpack and canister with 12 PWR assemblies/package
Table A2 Salt reference design; overpack and canister with 30 BWR assemblies/package
Table A3. Salt reference design; bare canister with 12 PWR assemblics/package

Table A 4. Salt reference design; bare canister with 30 BWR assemblies/package

Table A.5. Tuff reference design; overpack and canister with 6 PWR assemblies/package
Table A.6. Tuff reference design; overpack and canister with 14 BWR assemblies/package
Table A.7. Tuff reference design; bare canister with 6 PWR assemblies/package

Table A 8. Tuff reference design; bare canister with 14 BWR assemblies/package

Table A.9. Basalt reference design; overpack only, with 4 PWR assemblies/package
Table A.10. Basalt reference design; overpack only, with 9 BWR assemblies/package
Table A.11. Basalt reference design; canister only, with 1| PWR assembly/package

Table A_12. Basalt reference design; canister only, with 2 BWR assemblies/package

Table A.13. Basalt reference design; canister only, with 2 PWR assemblies/package

Table A.14. Basait reference design; canister only, with 4 BWR assemblies/package

Table A.15. Basalt reference design; canister only, with 3 PWR assemblies/package

Table A.16. Basalit reference design; canister only, with 7 BWR assemblies/package

Table A.17. Basalt reference design; canister only, with 4 PWR assemblies/package

Table A.i8. Basalt reference design; canister only, with 9 BWR assemblies/package
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fable A 1. Sslt Reference Design; Overpack asd Casister with 12 PFER Assemblies/Package
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18.0 3 AL 4 ] u30 1.2¢ &8.2% 236.6 73.6 95_8 196.2 8.0 0.0 (11} e a 217 .27 a9 493
8.8 L) AL ”»  E2I0 1.30 8.2% J1).7 88,56 1880 198.2 0.0 8.0 716 361 L) 233 (1) 332 522
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Table A.3. 8Salt Refereaces Desiga; Bare Camister with 12 PR Asseasbl ies/Package
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L} AL rs 30 0.9 €3.2 9t.7 107.0 o0 0.0 798 422 263 286 227 306 513
3 AL (¢ ] u30 ..99 76.6 10).0 107.8 2.0 0.2% 798 423 283 2238 99 (31 ) 338
¢ AL 14 ] R20 .99 76.2 110.7 107.0 2.0 9.2% [ 3L " 233 232 ”%? 639 $7)
160.8 1 AL L e 2.11 ).07 3.2 8.7 az2.8 176.6 a.6 8.0 (119 av 313 205 ()3 a9 ase
16.0 2 AL g R20 2.32 3.87 132.8 32.6 7V.y 7.0 0.0 6.0 729 m a2e 216 [ 1) %0 a7
10.0 3 AL ] B30 2.32 3.87 176.8 36.3 73.%v 177.1 8.0 0.0 778 i 239 anl 923 378 583
10.9 L] AL o n20 2.32 J3.87 278.7 63.2 $5.8 177.1% 2.0 0.2% 703 07 a8 225 36 (T3] 601
10.0 S AL v =30 2.32 3.87 2%3.1 0.6 #3.t (7171 2.0 0.2% 06 )3 237 236 302 652 628
10.90 [ 1 AL ] R30 2.32 3.87 2%%.% 78.2 100.8 V771 2.0 0.23 [ F3] 57 267 243 97 €73 (1]
10.0 7 AL [ 820 32.32 3.87 307.6 78.2 t9o%.8 177.? 4.0 0.23 [ 1} ] [} ) 273 awy 1052 781 9
10.0 ] AL L] | ¥ 1. 2.32 3.87 1%2.% 86.1 18,6 V7.9 5.0 6.29% (314 503 37 aso 158 750 J09
Tabls A.8. Salt Sefereace Desiga; Bars Casister with 10 SWR Assemblies/Package
STRBADY STATS NAX FIRR-TBST
TRICKNESS TEMPERATURRS
In 1NCESS IN DEG.7
.......... CASK - cerrareean———————
FURL NO. GAK. NEUT WEBIGNT 1m0 op LENGTR UL INSET GMBIA CASK YUEL INSRT ANMA
AGE CANS GELD SALD (KL3S) 12 L] NATL ONLD SURY, 1 2] NATL SNLD
10.0 1 AL ”» R20 3.37 .28 76.0 28.7 0.8 196.0 542 192 190 102 7356 an 429
10.0 2 AL ” n20 3.72 4.2% 179.0 s$2.¢6 77.0 196.7, 610 283 302 192 720 [¥1) 835
19.0 3 AL 1 4 ] E20 3.72 8.323 203.9 36.5 01.0 1196.7 (11 ] n 323 213 708 a9 472
10.0 L] AL ” %20 3.72 4.23% 200.9 $3.2 97.6 196.7 673 p11} 1Y) 220 " 338 303
10.0 1 AL ” 120 3.72 8.35 203.% 70.6 93.0 19¢6.7 698 393 3% 3 e)e 67 3%
10.0 [ AL ” =20 3.72 8.2% 327.) 718.2 192.7 1%6.7 700 a2 366 a0 [13) see 582
10.0 1 AL s N30 s.80 3.7% 7.1 38.7 32,5 199.7 537 188 166 170 (13 158 373
10.0 2 AL rs N0 .99 3.7%5 194,27 93.6 ©1.0 200.7 07 a7e 190 109 708 401 b1 1)
10.0 3 AL (£ 4 u30 .99 1.7% 221.% $6.5 035.0 200.7 (11} 328 320 309 761 s70 (3]
10.0 L] AL rs uio .99 3.75 139.9 $3.2 91.7 200.7 670 362 m ) 798 1) 467
10.0 3 AL [ 4] nio 8.92 3.7% 30).) 70.8 $9.0 200.? (1] b1 19 350 338 "7 s$8) 490
10.0 [} AL s %30 .99 3.75 143.6 76.2 106.7 200.7 703 403 360 28 [ 31 563 soe
10.0 1 AL o n3i0 .11 &7 67.6 38,7 83,9 190.0 L} 190 197 109 708 (11 46l
16.0 ] AL 1] %30 2.32 32.847 18).2 53.6 73.1 390.0 A3 b} 307 198 737 438 (11}
10.0 3 AL v u30 3.32 3.7 1e6.0 $6.% 75.1 190.8 52 3le M az0 kA L) so7 L3 1)
10.0 L] AL [ 20 2.32 1.47 22a.2 6.2 05,0 130.9 e7e 1 %0 33 [ F1] E31) by 1)
10.0 ] AL v 20 2.32 3.87 26s.) 10.6 €9.7 190.9 97 )9 303 an "’ 570 550
10.0 [ AL v [ 1] 2.32 3.a7 313.8 78.2 100.0 1%0.9 (1 2] Jjes 3l 3 60 S92 S0y
10.0 ? AL ] | P 3.32 3.87 1.2 76.32 100.0 190.9 719 826 23] 3 903 (1} (31 ]




Tabla A.5. Tuff Referance Dasiga: Overpack amd Canister with ¢ PWE Assemblisa/Package

STREADY STATR WAX FIRE-TEST
THICKNESS DINEMS I0NS TREPERATURES TERPERATURRS
RATERIALS IN IuCERS In INCHEBS In DeG.Y In DEG.PF
- - CASK
PURL BO. INSRT CAN. NEUT GAM. MNRUT WEIGET ID oo LENGTE FIR PIN PUBL INERT GAMNA CASK PURL INSRT GANNA
AGE CANZ SELD BALD SRLD SHLD (ELBS) =Y. THEK. 12 ] NATL SELD SURP. rim RA”L SEHLD
10.0 1 AL ”» n3o 3.37 a.2° /5.8 27.8 51.% 108.7 0.0 0.0 3% 171 170 163 596 378 377
10.0 2 AL ”» =30 3.37 Q.25 174.8 S50.9 €2.6¢ 198.7 0.0 0.0 a7 220 m 172 550 3a) 370
10.0 3 AL ” nio 3.07 8,25 196.1 63.3 87.1 1988.7 0.0 o.0 a7s 262 193 mns 596 37 803
10.0 L] AL L] nao 3.37 8.25 229.9 70.90 %4.5 100.7 0.0 0.0 as a6 303 195 622 e 427
i9.0 S AL » nac 3.37 8,23 1%0.8 79.1 102.9 168.7 0.6 0.0 509 103 213 203 638 889 [1})
10.0 6 AL £ ] nao 3.37 8.2% 311.6 87.7 111.8 100.7 0.0 0.0 530 e 2320 209 (11) 46) 456
10.0 7 AL ”» nio 3.37 4.2%5 J16.6 87.7 111,64 188.7 8.¢ 8.0 13 ) i1} ) an 210 686 508 [ ¥4 ]
10.0 1 AL 14 n3o 9.86 )3.715 36.1 27.0 33.2 193.2 0.0 0.0 3% 167 167 162 539 310 328
10.0 2 AL 14 nio 0.86 1.75 1%1.0 30.9 66.) 1%91.0 0.0 0.0 L1} 235 175 169 532 an 138
10.0 3 AL 14 n2o 9.86 3.7 213.1 63.3 90.7 192.% 0.0 0.0 472 1359 190 193 576 376 368
t0.0 L] AL rs nao 8.86 31.7%5 2488.2 70.0 99.2 192.% 0.0 0.0 "o 2832 201 19 603 408 3o
10.0 S AL n nao .86 3.73 209.1 79.1 186.5 192.8 6.0 0.0 50% 2% 210 200 620 429 409
10.0 [ AL rn nio 8.86 3.7% 333.7 @7.7 115.1 192.2 0.0 0.0 316 na ? 108 [$3) a8s 422
10.0 ? AL 14 nao S.86 3.75 330.9 #7.7 11%.1 192.4 c.0 0.0 539 33 228 Bl (111 488 ass
10.0 1 AL [} n3o 2.13 1.»? 6.6 27.0 15.0 10).32 0.0 0.0 40) 175 178 T 89 622 407 8406
10.0 2 AL '] nn 2.1 3.47 160.8 350.9 77.1 103.2 ¢.0 6.0 L1} ] M 191 175 557 350 32
10.0 3 AL 1 nio 2.13 .87 181.3) 3.3 1.3 19).2 0.0 0.0 ars 66 198 190 (11} 806 8§27
10.0 L} AL g nao 2.13 3.47 2:3.8 70.9 99.0 18).2 0.0 0.0 497 a9 209 200 629 a» (T3]
10.0 ] AL o nio 2.13 3.87 2%1.3 79.1 97.3 18).2 0.0 0.0 312 3058 210 208 (111 157 L1713
10.0 [ AL o nao 2.13 3.87 292.5 7.7 1035.9 ‘83.2 0.0 0.0 323 313 223 215 657 an are
10.0 ? AL o nao 2.13 3.87 297.6 07.7 105.9 19)3.2 0.0 0.0 586 7 a3 23¢ , 698 S8 502
1¢.0 1) AL v nao 2.12 3.87 382.1 96.%5 118,77 19).2 0.0 0.0 352 35S a2 230 696 si18 509
Table A.6. Tuff Refereacs Design; Overpack amd Cemister with 18 BWE Assemblies/Psckage
STEADY STATSE RAX PIRE-TEI?
THICKNESS DINENS TONS TEAPERATURES TENPERATUVARS
KATERIALS In INCEES 1% INCEES IN DBG.? IR DERG.P
CABK  ~weemmm s mmmmreeecccescmacmmmmas  cmemececmeaoaao
FUBL BO. WEBIGET ID 70 LEWGTH PUSL INSRT GANMA CASK TUBL INSRT CAMMA
AGE CANS SNLD SALC SHLD SELD (KLBS) | 24 ] MATL SELD SURP. 1 21 ] NATL BHLD
10.0 1 AL r ni0 3.37 8,23 $7.7 27.9 S1.3 119.2 329 158 131} 173 $:3 3sa 3512
10.0 2 AL ” R30 3.37 8,23 201.6 %0.9 #2.6 1210.2 162 197 163 159 4356 299 b13]
10.0 3 AL ”» =20 3.37 4.25 226.1 €3.3 e7.1 210.2 2 230 178 169 49) i 367
10.0 H AL ”» nio 3.37 8.25 264.9 T70.3 94.5 210.2 1% m 102 176 1) 363 388
16.0 3 AL  J ] | FL] 3.37 8.2% 309.7 79.1 102.9 210.32 807 e 109 102 526 Jo0 39
10.0 [ AL ” n30 3.37 &8.2% 330.3 87.7 111.8 210.2 s a9 193 186 538 390 407
10.0 1 AL rs nio s.86 ).73 99.8 27.¢ 535.2 221.9 w 136 156 152 L11) 203 299
10.0 2 AL rs nio $.86 3.7% 219.7 S6.9 06.3 221.9 360 193 161 157 (3] ] 200 308
10.0 3 AL rs nio 0.86 3.75 283.2 63.) 90.7 221.9 30 an 173 167 ars 3 b3 ¥ ]
10.0 L] AL 14} nio 3.7% 285.7 70.90 98.2 221.9 I F2l) 180 178 [11] 383 350
10.0 L AL rs nio 0.86 J.75 332.3) 79.1 106.% 221.9 408 286 186 179 08 361 3
10.0 1 AL o n3o 2.1 w7 77.3 27.0 #6.0 213.7 m 161 161 157 LI} 37 )70
1.0 2 AL v nio 2,13 3.47 18,9 8.9 7.y 2137 363 198 163 161 462 3os 361
10.0 ) AL u R20 2.3 3.7 209.6 63.3 01.35 212.7 pI1] an 177 172 %00 389 les
10.0 L) AL u n30 2.1 3,47 2a7.0 70.9 09.0 1212.7 i 23 183 179 320 m "we
10.0 ] AL o nio 2.13 3,47 290.3) 7s.1 97.3 1212.7 409 231 192 108 L¥Y] o7 410
10.0 13 AL ] w0 2.13 3,47 337.7 e7.° 105.9 212.7 413 261 %7 190 380 37 420




Kb}

fable A.7. Tulf Befereace Design; Bare Canister with ¢ FER Assemblies/Package

STEADT STATS WAX PIRE-TEST
TRICKERSS DINBNSIONS TEEFERATURES TENFERATURES
WATERIALS IN INCHES IN INCHES In DBG.Y in DEg.P
——ee CASY -
FPUSL WO. INSRT GAE. NSUT GAN. XNEUT W.icET ID oD LENGTE PIN PIN PURL INSRY GAMMA C.8K FUSL INSET GANNA
AGE CANS SELD SEID SHLD BHLD (KLBS) R?. TEK. rmm SATL BELD SURY. [ 2¢ ] NATL BSELD
10.0 1 AL 4 ] 0 3.62 .23 8.6 23%.¢ #9.3 182.7 .0 8.9 428 178 173 167 (23] 305 30
18.0 3 AL ”n 20 3.62 8.2% 138.2 $3.) 77.6 182.7 0.¢ 0.8 arn 239 101 178 382 359 rs
10.0 3 AL » 20 3.62 8.23 172.8 S57.2 81.6 182.7 0.8 0.0 507 are 199 190 [3)) [ 3%) s
10.0 L ] AL ” 0 3.62 8.23 201.1 6A.T 00.8 1B2.7 .8 0.0 328 302 an an 659 430 89
10.0 ] AL ”» o 3.62 8.23 2.2 Nr.6 95.% 182.7 9.0 9.0 588 h I an 209 76 a7 (111
10.0 [ AL ” n2o 3.62 8.33 270.8 79.8 10).8 182.7 0.0 0.0 35% 338 229 e (2 1) ase are
10.0 7 AL ”» u3o0 3.62 8.23 27%.8 79.8 10).8 182.7 0.¢ 0.0 See Jes 2a2 227 726 532 asn
10.¢ [ ] AL ”» 20 3.62 8.2% 313.7 87.) 111.6 182.7 0.6 o.8 87 b2 2 k13 212 729 s3)e se2
10.0 ] AL ¢ ] n2o 0.03 3.73 7%.% 23.0 3).2 . B0 820 170 189 163 552 mn J2s
10.0 2 AL 14§ n2o 3.73 170.06 53.) 1.3 0.8 0.0 ars 333 170 172 £ 13 330 mnt
12.0 3 AL s nao 3.73 169.0 37.% 65.8 s.¢ 0.0 S04 a3 193 187 (11] 3 e
1« L) AL s [ ¥ 3.75 219.1 64.7 932.) .. 8.0 s38 297 ae5 197 (3 1) 427 0
10.0 by AL s n20 3.73 23).7 711.6 99.0 0.0 0.0 (31 316 an 208 636 as 421
10.0 ¢ AL 14 ] n2o 3.73 291.f 79.8 107.8 .0 0.0 3 3 228 212 670 460 a6
10.0 ? AL ” n20 3.75 296.% 79.% t107.6 8.9 .8 375 35% 37 22) b) 1) 509 (11
t0.0 8 AL 8 120 3.75 336.7 07.3 115.3 0.0 0.0 %62 68 283 21y 716 517 Aey
10.0 ) AL ] 520 2.27 ). %7 $9.3 25.8 4).35 177.0 9.0 0.0 827 179 178 172 [1}] [ 31 43
10.0 3 AL [ 120 2.27 3.47 180.6 3).3 71.8 177.0 .0 0.0 are 22 10% 179 $91 360 400
10.0 3 AL v 220 2.27 3.87 1%0.1 S37.8 75.9% 77.0 0.0 0.0 s$10 a0 208 198 [(11) 227 4
10.0 L} AL ] 120 2.27 3.47 1835.7 68.1 81.8 177.0 0.0 0.0 N 3o a a0 (11] L] 3 62
10.0 S AL ] n2o 2.27 3.87 217.8 1.6 90.1 177.0 0.0 0.0 sa7 328 az e (11} a03 (3] ]
16.0 [ AL g n30 2.27 ).47 352.2 18.4 $7.9 177.0 6.0 0.0 558 3 23 222 (111 487 483
10.0 ? AL ] "0 2.27 3.87 236.7 79.% 97.% 177.0 6.0 0.0 $8) 369 ane 2 138 582 110
10.0 [} AL ] 120 2.27 3.87 2%%.1 @07.) 105.8 177.¢ .0 0.0 390 m a3 2y 17 587 2%
‘9.0 9 AL ] n20 2.27 3.87 338.0 95.8 113.9% 1177.0 .0 0.0 9% Jes asy ) 780 50 $32
Table A.0. Tuff Refereamce Design; Bare Cemister with 18 BWR Assemblies/Package
STRADY STATE WAX PIRE-TESY
TEICKNESS DINBNSIONS TENPERATURRS TEXPERATURRS
HRATERIALS IN INCKES I8 INCEES IN DBG.?P IN DBRG.P
- CABK cmm- || v erecvecececcerceas
FUSL %0. INSRT GAN., NEUT GAN. NWUT WRIGET ID oD LSWoT PIN PN PURL IBSRT GANNMA CASK PUBL INSRT GANNA
AGS CANs SELD SELD JSNLD JSELD (KLBS) . THR. rs EATL sELD SURF. 1 21 ] MATZ IRLD
10.0 1 AL ” R0 J.62 &.32% 78.9 35.0 89.) 196.5 0.0 0.0 51 162 161 157 $) 359 350
10.0 a AL ” n20 3.62 #.235 167.8 $3.) .7.6 196.% 0.0 0.0 s 209 160 163 L11] 3y a9
10.0 3 AL ” u20 3.62 8.2% 100.8 937.8 0V 6§ 196.3 0.0 0.0 (3L iy 19 178 329 363 s
10.0 L] AL ” 120 3.62 8.2% 220.3 66.1 08.% 196.3 0.0 6.0 430 as¢ 1%0 103 581 380 bl 1)
10.0 ] AL ” a30 .62 8.23 3%6.8 T71.6 95.9 196.3 0.0 0.0 (1}) an 190 109 363 807 a2
10.0 [ ] AL ” n30 .62 Q.23 296.6 79.8% 10).8 196.3 0.0 0.0 432 i 308 195 873 819 423
10.0 7 AL ” nio0 3.62 N.25 302.¢ 79.% 10).6 196.% 0.0 0.0 L1 Jos 213 20) (11 456 as3
10.0 ] AL ” 220 3.62 08.3%5 345.) 07.) 111.6 196.% 6.0 0.0 .76 m an 307 609 260 (1} )
10.0 1 AL [ £ ] R30 0.05 .73 5.9 23.0 33.2 200.% 0.0 o.0 pI1] 159 1959 153 [} A 309 308
10.0 2 AL (£} %20 9.0 .75 108,55 S5).) 01.3 200.% 0.0 0.0 b1 207 166 161 870 296 32
10.0 3 AL rs %20 $.03 ).7% 206.0 37.4 05.6 1200.% 0.0 0.0 L2} 3 170 172 so8 b} n2
10.0 L] AL rs %30 8.0% .75 239.) 68.1 92,3 200.% 0.0 0.0 27 %) 107 100 30 pI1] 362
10.0 ] AL rs N30 0.05 3.7% 277.4 71.6 99.8 200.5 0.0 0.0 [ 31] {4 19% 106 s4é Jeé m
10.0 ¢ AL s N30 0.9% 3.7% 319.0 79.8 107.6 200.% 0.0 0.0 (1] 479 300 192 537 800 pI1]
10.0 7 AL s w20 0.05 ).735 Ja2a.9 79.8 107.6 200.5 0.0 0.0 (11 Joo 310 200 s0¢ 833 409
10.0 1 AL [} m30 .27 )Wy 635.3 25.0 &43.35 190.7 .0 0.0 pL1] 166 163 161 563 08 bl 1
16,06 32 AL [} N30 2.27 ).87 133.8 $3.3 1.8 190.7 0.0 0.0 ) At 171 166 4%6 128 16y
10.0 3 AL ] u30 2.27 3.87 17).3 S7.8 75.9 1960.7 0.9 0.0 M 280 108 179 sy 373 400
10.0 L] AL u u30 23.27 3.87 204.0 68,1 02.8 190.7 0.0 0.0 ($}) 260 193 197 360 399 419
10.0 $ AL ] no 3.27 3.87 23%.1 7V.6 90.1 190.7 0.0 0.0 s a 302 190 873 e 4)
10.0 [ AL '} %20 3.27 3.847 277.3 79.8 97.9 190.7 0.0 0.0 (1] 263 00 199 302 827 LI1)
10.0 7 AL v %30 3.27 3.47 201.4 79.8 87.9 199.7 0.0 0.0 a7s 300 210 200 613 (13} s
10.0 [ ] AL v n3o 3.27 1.87 328.6 €7.) 10%.8 190.7 0.0 0.0 a9 318 i 212 e 460 amn
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Table A.9. Basalt Befereace Dusign; Overpack Osly, with 8§ PUR Assemblies/Pacliage

STRADY STATS NAZ PIRE-YEST
arcmss snmRs IS ROz TS TanTRATYISS
NATERIALS IN INcERS 1= tecEms ™ pes.r I pes.p
casE  ---

PUSL NO. INSRT GAN. WEUT WEIGNT D OO0 LEWGTE PIN PIN VORL INERT GUMA CASZ  FVEL

Az cams smip smxp (xzas) Y. TER. PIN NATL SNLD SWRF. PIN
" AL P B0 as.e 20.0 0.6 .0 AJs 166 165 161 ')
2 a »m =m0 1990 813 6.9 0. a718 220 173 168 se7
3 & B me 127.0 8.6 67.2 .. 63 232 107 (31}
s a » =0 1530 32,1 72.7 e o 530 273 198 1 €32
S A " w0 180.9 ss.1 7.7 0.0 0.0 533 289 206 199 666
¢ AL » B 310.6 688 05.0 0.0 o0 Se3 302 213 208 s7s
7 A o’ W 221.1 688 05.0 0.0 .0 se) 126 228 21y 708
s A’ m 252.3 7e.8 91.8 .0 0.2 ses 338 220 2vY 710
9 AL, N2 205.3 77.3 97.9 1011 6.0 .0 76 388 232 an M

0.0 10 AL P B0 310.2 01.3 01,6 101.1 0.0 0.0 ss2 356 237 226 721

1e.0 11 AL "B w20 330.1 3.8 1088 101.1 8.0 0.0 $92 36 28 2N 78
' AL PR N30 S.39 3.75 5).3 20.9 828 0.0 o0 32 168 168 168 s9e 3
2 AL PE 320 S.90 3.75 116.2 83.3 5.8 .0 o0 e 218 1M @7 s73 ”
3 AL PR BE20 S.90 3.75 1J5.5 A&6.6 69.9 3 e se1 289 185 179 s12 7
S AL PR EZO S.%0 3.75 161.3 S2.1 8.8 I W) Sis 378 136 199 3 00
S AL PR E20 S.99 3.75 195.9 S6.1 00.6 .0 o0 S3e 206 208 196 1 a0
6 AL PE E2O 3.90 3.7%5 223.5 68.8 6.9 o.0 o0 sas 238 211 2e2 661 a7
7 AL PE N2 S.90 3.75 2)1.0 6A.8 069 .0 o8 sée 322 221 an 691 (31
$ AL PR m20 5.90 3.7 263.2 70.8 93.) .0 00 s66 338 226 218 1 (1}
$ AL PE W10 S.50 3.73 297.9 77.3 $9.9 0. 00 s7e 336 229 219 (11 ass

19.0 16 AL PE RI0 S.9¢ 3.75 322.3 1.2 103.7 e 00 s79 386 235 21 709 ass
' AL U IO 1.26 3.87 &1 208 365 176.9 6.0 0.0 7 178 169 16S 77 833 a2)
2 AL U EI0 1.26 3.67 162.6 83.3 39.8 176.9 9.6 .0 ATS 223 176 M SS8 350 39
3 AL U N0 1.26 3.07 126.35 6.6 63.1 176.% 6.0 0.8 Ses 255 191 188 €7 203
& AL t  m20 1.2¢ 3.87 183.2 2.1 66.3 176.9 8.0 0.0 323 276 202 198 660 832 asy
S AL U N30 1.26 3.87 173.8 S6.1 7.6 176.9 9.0 0.9 s3s 282 111 202 €73 a9 ass
¢ AL U EIO 1.2¢ 3.47 201.8 6a.8 60.9 176.3 6.0 0.0 sas 308 217 a0 02 a6 a7y
7 AL D M0 1.2¢ 3.87 211.9 68.4 00.9 176.9 0.0 0.0 ses 329 3239 218 716  s02 s
® AL Um0 1.3¢ 3.87 282.6 7Te.s 67.3 176.9 0.0 0.0 S7T1 337 233 222 717 508 soe
S AL U N0 1.26 3.87 27%.8 77.3 93.0 176.9 6.0 0.0 S7¢ 33 237 226 716 S07 S8
10 AL U E30  1.2¢ 3.87 299.1 81.2 97.7 176.9 0.0 0.0 ses 353 202 23 721 519 s
AL U E30 1.26 1.87 310.7 63.¢ 108.3 176.3 6.% 0.0 S93 366 289 236 1.5 336 338
12 AL U N30 1.2¢ 3.87 339.7 06.¢ 103.1 176.9 6.0 0.9 s 377 2% ae 152 3530  38)
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Table A.10. Basalt Befercace Deaiga: Overpack Only, vith 9 SWm Assemblies/Package

STEADY STATS BAX PIRES-YESTY
THRICXEESES DINENSI0NS TENFERATURES TENFERATVRSS
WATERIALS IN INCERS 1 1NCERs In bBG.P I Des.r
CASK

FURL MO. INSRT GAN. WNEVY GAN. NEUT WSIGRT 1D o0 LEWGITR FIN N POEL INSRT GAMNA CASR FURL INSET GANEA
AR CANS SELD SELD SELD SELD (KLBS) . TER. PIN NATL SELD SURF. PIN  RNATL SELD

L] 1 AL 3 EH2O 8.2% 32.2 .0 8.0 3% 156 153 152 537 369

L] 2 AL 3 E20 8.2% 116.3 e 0.0 30 19 161 157 03 3

] ) A ”5  E0 8.23 136.% .0 9.0 a2 316 " 167 sy 38

L] & AL 5 N0 163.1 .0 0.0 813 33 179 178 k2 1) 3635

L] $ AL 3 E20 193.7 .8 0.0 L} 1) a8 "s 179 a8 7.

] & AL 3 EH2O a38.) 0.0 0.0 L2 ] %2 190 103 338 p1 1)

[ 7 AL ”» EN20 33%.2 .0 0.0 s amn 199 190 50 82 427

L] ¢ AL s N2D 168.6 .0 o0 (] F] a7s an 133 $03 822 &)

* 9 AL 5  E20 Je3.¢ .0 0.0 %6 s L L] 196 58 423 ()]

¢ 10 AL s E20 329.8 .0 0.0 86) a8 208 208 590 3 L1 ]
10.0 1 AL PR E20 3.9 ).7% $7.0 20.8 02.9% .0 0.0 351 158 1% [} 1] 30 e
10.0 3 A P R20 $.96 J3.7% 128.2 8).) 5.0 0.0 0.0 382 192 156 am 289 87
10.0 ) AL PE HI0 3.90 3.7% 1.3 &6.6 69.1 .0 0.0 a0 an 163 se3 32¢ M
10.0 8§ AL P8 W20 3.99 ).7% 171.9 32.1 78.8 .0 0.0 L2} ) 29 173 L2 4] pL L] 388
10.0 S A P8 E20 5.90 3.75 202.3 30.1 80.¢6 .0 0.0 423 m 17 £ 2] 36 361
10.0 & AL 72 H20 $.9€¢ 3.7% 2)8.7 ¢3.0 @6.9 L] s.0 a 235 183 $sa 373 371
190.0 7 A PE W20 5.90 3.7% 285.7 ¢8.8 06.9 .. ] s a6 109 366 w) 309
10.0 ¢ AL 72 ®20 $.9¢ 13.7% 2379.9 7e.8 93.) .0 ] as%e amn 192 369 07 398
19.0 9 AL 2 B20 5.90 ).7% 2I%5.8 77.3 99.8 .0 L] (11 a7 193 S7e 818 et
10.9 1 AL L] 220 1.36 3.07 .2 0.0 0.0 %8 150 150 158 E1 1] 197 397
10.0 3 A g 820 1.26 3.87 109.1% 0.8 6.0 308 19% 163 139 " 310 m
10.8 ! A | 820 1.26 3.87 128.7 0.0 0.0 a0 3 178 169 $27 389 396
10.0 8 A L N0 1.26 3.87 1%%.0 0.0 0.¢ ar an 102 176 EL1} m 812
18.0 S AL v 820 1.26 3.87 193.7 0.0 0.0 a7 36 100 102 (11 06 42
19.8 ¢ AL L] uio0 1.26 3.47 24s.3 .0 &0 (1] 339 193 187 360 9 92
9.0 7 AL L] 220 1.236 3.87 225.9% 0.0 0.0 a3 m a0 198 sse 29 (11]
10.0 AL v R0 1.26 3.87 2%58.1 0.0 0.0 (11 a7 208 197 509 (3] 436
10.0 9 A v R20 1.26 3.87 292.) 0.0 &.0 430 E ] e 200 s (3 1] (]1]
10.0 10 AL v nio 1.26 3.87 0.1 .86 4.0 LI an 3132 218 59 (3 1] a7
10.0 1 AL o a0 1.26 3.87 J)0.0 0.0 0.0 LhE) 0N 2:6¢ 297 7 %) 476




i
(L]

Teble A.11. Basalt Befersace Pesiga; Casister Galy, ®ith 1 PER Asseably/Pachage

STRADY STATS
THICKERSS DINENS ICHS TEEPERATURES
WATERIALS IN INCRRS IN INCEES in pag.r
CASK
FUSL BO. INSRT GAN. NIUT GAN. MNRUT WEISNT ID o0 LaWOTRE PIN FIN FOSL INSRY GAMMA
AGE Cams SELD SELD WD SELD (KLBS) T, TEK. PIN NATL SELD
10.0 32 AL ”» R0 4.902 8.235 190.1 38.6 79.6 10).3 e 0.0 mn 37 a8
19.0 33 AL " E0 8.02 8,33 1958 335.0 00.0 19).3 0.0 493 7y 28
9.9 38 AL 8 E30  8.03 4.23 190.2 36.) 81.) 18).93 ¢ o0 496 37T 288
10.0 33 AL " RI0O  §.02 8.23 202.2 37.1 82.% 19).93 0.8 499 m 87
16.8 ¥ AL 7 R0 8.02 35.235 207.) 38.2 03.) 193.9 o8 s I ELL]
10.¢ 37 AL 8 E20 8.02 4.235 200.8 38.2 0).3 18).9 e 0.0 seé e 25y
10.0 30 AL 8 M0 4.3 8.23 211.8 30.9 83.9 10).3 0.0 e 39z 232
10.06 3% AL 8 E20 4.02 4.5% 21%5.8 39.7 688.7 10).3 o 0.0 1 % a3
18.0 8¢ AL 5 E20 8,02 3.235 220.7 6. % 03.0 183.3 V.0 0.0 $12 e ass
AL s x0 .29 3.6 0.23 32 288 228 76 623 se3
AL s x0 8.29 2.0 0.23 332 282 22 630 60S $75%
AL s B0 8.29 2.¢ 8.23% $23 ey 282 122 €8 8¢ s76
AL s x0 8.23 3.0 0.2% $27 813 28 223 703 (12 379
AL s B0 8.29 2.0 0.23% 330 (33 283 228 Te8 ¢V7 se3
AL s =220 .29 3.0 0.2% 33y ™7 226 713 632 s8¢
AL s 20 8.23 2.0 0.2 E3 1) 23 288 226 73 €33 3es
AL ” W0 8.29 3.0 0.2% 337 828 28 227 nr 7 se9
AL s N .29 3.6 0.2% S80 329 238 228 732 633 392
AL s RO 8.29 3.6 0.23 L1 L)) 231 239 733 6% 388
AL s o .29 3.6 0.23% 38 &) 232 230 728 €3¢ $96
AL ” R .33 3.0 0.23% EL L) L} H) 233 e 127 639 397
AL s RO 8.2% 3.0 0.23 383 83 33 a»n m (1} ] [{ 1]
AL 2 EI0 4.9 13.73 6.0 0.0 8 236 2313 97
AL 2 K0 9.39 J.73% 0.0 0.0 %0 220 218 601
AL 78 EI0 .39 )J.73 s.0 0.0 %8 236 2 643
AL 78 EI0 9.39 13.78 6.0 0.0 %8 232 210 610
AL 78 NJO 9.)9 3.73 0.0 0.0 J6s 238 220 67
AL 72 820 9.)9 13.73 0.0 0.0 pI1) 38 In 616
AL 72 EI0 9.)9 .78 0. 8.0 pI1) 237 222 (11
AL 78 NJO 9.39 1.73 0. 9.0 b 2] ] a3}y 22 622
AL 78 20 9.3 3.7% 0.0 0.0 7 280 213 626
AL 78 W20 9.)9 3178 .0 0.0 338 817 263 248 377 st
AL P8 B30 9.)9 1.7 0.6 0.0 32 a2 263 288 3¢ 31)
AL 78 R0 9.9 ).7% 0.8 0.0 536 82 267 aas t1 1] N
AL s 820 9.39 3.73% .9 0.0 38 229 269 ase 392 531
AL P2 E30 9.39 1.7 3.8 0.2% 332 00 e 210 s9 330
AL 78 R0 9.3 .73 2.0 0.23% $26 812 a3e  ass $96 EL3)
AL 78 B0 $.39 13.7% 3.6 107.6 0.0 0.0 339 a7 269 250 see $31
AL i W0 .39 13.7% 316.7 107.0  2.¢ .23 s10 L1} ] a3 an e 533
AL YR B0 9.9 J.7% M7 107.9 2.0 .23 $21 L1} s a1 se7 33
AL VB H30 9.3% 3.7% 0.8 107.0 2.0 3.25 2% e ane 229 392 482
AL yE R0 9.39 3.7% 319.0 187.8 2.0 0.2% 328 AW ELY B ¥ ) 397 (113
AL yR B0 9.3% 1.7% 3331 107.06 2.6 0.2% $30 (30 a8y 222 ({1] s87
AL V& N20 9.39 3.75 33ir.2 .3 197,80 2.0 0.2% 31 819 s a3y 602 sas
AL < W0 2,33 3.87 $e7.3 $7.1 6.1 177.% 4.8 0.0 k1) 188 258 28 661 561 9%
AL ] B30 2.352 3.847 192.2 $%0.2 17.2 177.% e.0 0.0 E{ 1] e 3¢ a8 662 $68 838
AL | J 220 2.32 3.87 ¥93.2 $0.3 77.2 177.% e.0 0.0 s1e In a3 24 (1]] $72 380
AL ] B27  2.%52 .87 196.3 30.9 77.9 177.%5 ¢.8 0.0 1) n 261 ans [ 23] 376 38
AL 1 820 2.52 ).87 206.4 39.7 70.7 177.3 e.0 0.0 316 800 26) ass 473 37 386
AL 1] B30 2.%2 3.%7 205.2 ¢8.0 79.7 177.% 0.0 O.0 s17 (1}] 268 207 677 so1 EL] ]
AL 1] 820 2.32 3.87 200.3 61.4 86.% 177.% 0.0 0.6 320 (1 1] 263 a9 600 E] L] $%0
AL ] $30 2.%2 3.87 2187 63.7 4.7 177.% 2.0 .23 e 30 28 216 603 t1 ] 376
AL ] N20 2.%2 3.87 221.1 63.2 06.2 177.% 1.0 0.2% o1 30 38 217 02 303 L 22l
10.0 63 AL ] ¥30 2.%3 3.47 207.3 75.2 98.2 177.% 1.0 6.2 3.0 235 238 T2¢ (3 1] s
190.0 63 AL o "0 3.52 3.47 200.3 73.2 90.2 77.% 1.0 0.2% $8) 57 )¢ ™ 610
10.0 68 AL v B20 2.5 ).87 292.7 76.6 99.0 177.% 1.0 0.2% (L1 Fi P L) m (12
10.0 63 AL g N30  2.%52 3.47 20%.9 6.5 99.3 177.% 1.9 0.28 386 ase  ay 733 21
10.0 66 AL ] R0 2.52 3.47 299.5 77.2 300.7 177.% .0 0.23 587 3% 1) 738 62)
10.0 67 ab -] 230 2.%2 3.37 )00.6¢ 77.2 100.Y 177,83 1.0 0.23 391 a6 E3 1] 746 [F1]
10.0 60 AL ] 230 2.353 ).47 301.6 77.2 100.1 177,93 .8 0.23 54 362 FLLJ 78 620
10.0 69 AL 1 830 2.52 ).%7 )02.7 77.2 100.1 177.8 .0 0.2% 387 F{1) FLA] 7% €3
0.0 70 AL ] 920 2.53 3.87 21).1 79.3 103.% 15).% 1.0 0.2% 358 263 28 783 36 629
10.0 71 AL 1] %30 2.352 ).87 )10.1 @6.4 10).3 177.% 1.0 0.2% 333 %) FLA ) 37 (2 1]
10.0 72 AL ] nao 2.52 3.37 219.1 08.8 163.) 177,83 .0 0.2 %0 263 s L 662 63)
10.0 7) AL 1] N30 2.%2 ).%7 328.2 e6.8 10).3 1717.% a0 0.2% 61 6?7 ns 132 (13 (2 1]
1.0 78 AL ] W20 2.%2 ).87 )27.1 1.7 108,17 177,83 1.0 0.2% 560 L1} asé FLL 750 (1] 6)3
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Table A.112. Besslt Befereance Desiga: Canister Ouly, vith 2 BWNA Assambliss/Package

STERADY STATE MAX FPIRE-TEST
THICKNESS DINENSIONS TIKPERATVRES TENPERATURES
EATERIALS In INCHSS I8 INCHES N D8G.7 18 D8G.P
CASK

INSRT GAM. HE¥T GAN. WEUT uERIGET ID oD LENGTR PIN FIN FURL INERT QA.VA CASK FURL INSRT GAMNA
SHLD SELD SSELD SELD (KLBS) ®T. TER. PIN EATL SHLD SUBP. PIR  WATL SWLD

AL B R20 A4.83 &8.3%5 103.9 31.1 76.2 197.3 .0 0.0 362 ars 19 199 an an 817
AL PP N30 8.02 8.25 190.3 32.0 77.1 191.) 0.0 0.0 368 200 208 193 7 828 82e
AL " RID 8.02 8.325 77.% 197.3 .0 0.0 367 ass ae1 192 S0 829 423
AL P B20 8.82 .25 77.5% 191.) 0.0 0.0 m an 20 198 507 43¢ 827
AL P B20 8.02 8.25 79.6 197.) .0 0.8 370 a8 an 198 ses s3] 837
AL " B20 8.82 8.25 0.8 197.3 .0 0.0 372 28 an 195 508 38 830
AL 2 H20 8.02 .25 1.3 1973 0.0 9.0 37 2% 208 196 509 30 L3 )]
AL P R20 8.02 8.25 02.7 197.) 0.0 8.0 376 a9 207 197 N (1)) [}))
AL P2 K20 4.02 8.2% 03.3 197.) .0 0.0 370 2% an 190 $12 (L}} 838
AL P8 EJ0O A.02 8.2% 200.%8 8.1 93.1 197.) e 0.0 (31} m 228 216 559 A% [ 25}
AL 7 E20 8.2% 201.9 60.1 9).1 197.) .0 0.0 L3)) mn a3 217 E11) 50 L1 )
AL ”» E30 8.23 0.1 73.0 %%.0 197.) .0 0.0 810 b33 ) 227 213 L1} ] L]} are
AL s 20 8.23 309.7 78.¢ 99.0 197.3 .0 0.0 "e 338 228 218 30 886 an
AL ”» E30 8.25 310.8 74.0 99.0 197.3 .8 0.0 813 m 229 216 338 11} 873
AL ”» E30 8.23 J11.9 78.¢ 99.0 197.3 .8 0.0 816 39 an v 550 L1} 876
AL s 130 8.23 313.0 78.0 9%.0 197.3 e 0.0 s 3 232 219 561 L1 1] L1} ]
AL ”» E30 8.2% 316.3 74.5 99.5 197.) .8 0.0 420 Jn 233 21y 563 51 L1 1]
AL ”» =20 8.2% 320.% 73.2 196.2 197.) .0 0.0 821 pL 1] 28 220 565 502 82
AL s =20 .23 321.3 73.2 168.2 197.3 .8 0.0 428 b1 2% 224 560 507 L] L)
AL 7 220 8.25 326.% 76.8 101.1 1973 6.0 0.9 LF L) 350 233 222 E12 ] 508 ses
AL PE H230 9.39% 3.7% 103.9 &/.0 77.1 201.% 0.0 0.0 38 262 109 101 856 30 360
AL PR R30 9.39 3.7% 189.7 80.3 77.0 201.% o., 0.0 350 a3 190 182 860 303 I
AL PR B20 9.39 3.73 198.3 89.8 T0.7 201.8 0.0 0.0 3% 260 192 198 (}) b1 1] by L]
AL PR 220 9.3% 3.75 190.7 58.8 79.6 13201.5 0.0 6.0 383 are 193 103 (113 392 M
AL P8 E20 9.39 3.7% 202.7 31.1 60.% 3201.% 0.0 0.0 3% a7y 198 106 870 396 300
AL PR R20 9.3% 3.73 287.3 32.0 01.) 201.%5 6.0 0.0 360 are 196 107 873 399 30
AL PR B20 9.3% 3.7% 210.% 32.3 01.7 201.% 0.0 0.0 363 a1 197 100 77 408 306
AL PE  B20 9.39% 3.73 211.2 32.3 01.7 201.% 0.0 0.0 366 an 99 190 .02 810 3%
AL PE R20 9.3% 3.73 220.3 S8.6 $3.% 201.3 6.0 0.0 366 F L} ] 200 190 L1 )] 809 390
AL PR RI0 9.39 3.73 270.3 8.0 9.1 20%.3 0.0 0.0 392 313 215 20 313 "7 82!
AL PE R20 9.39 3.73 203.2 6€3.7 93.90 1201.% 0.0 0.0 b1 2] pAL] 213 208 s [11] 822
AL P8 B20 9.39 3.7% 287.7 66.% 93.6 1201.3 0.0 0.0 393 316 316 203 s1e (1)) 2
AL PR B30 9.39 3.75 209.3 ¢6.6 93.9 201.3% 0.0 0.0 398 3y 310 206 32 55 827
AL PR RI0 9.39 3.73 29%.0 67.8 36.7 2301.5 0.0 0.0 399 3320 219 307 523 837 820
AL P8 E20 9.3% 3.7% 290.8 66.1 97.%4 301.% 0.0 0.0 400 322 19 200 323 a3y 830
AL FE  E20 9.39 1.75 399.0 66.1 97.% 201.3 0.0 0.0 0 325 a2 a09 33 L1 83
AL PR E20 9.39 3.73 3080.1 6.1 97.8% 301.% 9.6 0.9 404 320 313 210 33 (11 836
AL PR EJ0 9.3% 3.7% 301.23 0.1 97.% 20YV.3 9.6 0.0 L1} ] 3 8 20 3 873 LD} ]
AL FE  R20 9.39% 3.7% 301.3 60.1 97.% 201.3 9.0 o.0 a 338 s a1 S8 77 (13
AL PR N20 9.9 3.75 333.% 73.0 102.2 201.3 0.0 0.9 L1 1] b r 23 21 29 L1} 83
AL ] P20 3.%1 3 ®? 58.6 73.% 191.2 0.0 0.0 3. 292 209 200 18 L L1} 450
AL ] 820 13.%2 W7 $35.0 8.0 191.2 0.0 6.0 37 29 210 a0 s18 (11} (1]
AL ] 520 2.53 1».w7 56.3 75,3 191.3 9.0 0.0 370 ase 313 202 19 [L1) 43
AL v 520 13.%53 ».%? $7.1 76.1 191.2 9.0 0.0 Jo0 29 313 30 L3 32 456
AL 1] n20 3.53 3.%7 50.2 77.2 191.2 0.0 0.0 Jon 380 s 208 SN L13) 450
AL o "0 3.33 .W? 50.2 77.2 191.2 8.0 0.0 Jes 308 216 205 337 L11) 461
AL L] N3 3.32 3.%? $8.9 77.9 19v.2 8.0 0.0 37 bl 1) an? a0 330 862 (I1]
AL o W30 3.32 3.87 216.1 38.7 7.7 191.2 0.0 9.0 Joe J00 410 2307 512 L1} LI}
AL ] §30 2.523 3.87 219.2 68.0 79.7 191.2 8.0 0.0 390 310 319 200 333 s %7
AL ] =20 1.%53 3.87 222.7 61.8 00.% 191.2 0.0 0.0 I 33 220 209 333 (11} L13]
AL ] 820 2.523 3.87 264.2 69.1 07.1 191.2 0.0 0.0 430 34 P 224 373 L AR 300
AL ] %20 2.523 3.87 20%.8% 73.0 91.9 191.2 0.0 .0 413 M 233 I 350 893 3
AL o R3O0  2.523 3.847 296.9 8.0 93.0 191.2 0.0 0.0 (31 ] 33 hA L] 423 50 493 ")
AL 9 N30 2.523 3.47 292.0 74.0 93).0 191.2 9.0 0.0 87 pLA) 3% 313 62 so00 "e
AL ] nio 32.32 3.47 29).% 7v.0 93.0 191.2 0.0 0.0 L2 ] e r 33 228 366 S04 (11
AL ] B30 2.3%3 .47 398,22 78.0 93.0 1.2 9.0 0.0 822 mn 238 229 370 508 301
AL ] M30 3.%2 3.47 a97.4 74.3 93.% 191.2 0.0 0.0 LF1) 38 339 236 73 S11 301
AL ] N30  2.33 3.87 30¢.% 73.2 98.2 191.3 9.0 0.0 433 330 %0 27 378 12 308
AL ] N30 2.323 3.47 302.% 73.2 98.12 191.2 0.0 0.0 427 % 341 220 377 316 307
AL ] N20 3.33 3.87 307.2 76.0 93.0 191.2 8.0 0.0 820 3% 382 229 37 317 LLL]
AL v N30  2.3%2 3.47 310.% 6.3 93.% 191.2 8.0 0.0 430 333 FL}] PP se0 319 3¢,
AL ] N30  3.33 3.87 314.) 77.3 96.) 191.2 0.0 0.0 L} ) 37 n a3 301 LF1) 919
AL |} B30 2.323 3.a7 J1%5.8 77.3 96.9 191.2 9.0 0.0 ) 360 FL}] o 503 523 313
AL 9 230 2.523 3.47 216.% 77.3 96.)' 191.2 9.0 0.0 436 363 28¢ 202 509 32 L 21 ]
AL 9 B0 2.33 2.87 17,6 77.3 %6.7 191.2 0.0 0.0 o 369 L1} 238 992 333 L 21
AL v %20 2.%2 3.47 33e.9 79.% 90.5 191.2 0.0 0.0 436 16) 387 m 367 530 L 21 ]




Table A.1). Bssslt Refersace Desiga; Caaister Omly, with 2 PWR Assemblies /Package

STREADY ETATS NAX PIRE-TRST
DINENSIONS THIFERATURES TUNPSAATURES
HATERIALS IR INCHESS m o88.? IN M0G.?
CASX
PURL B0. INSERT GAN. mEEVYT wsicEr 1D oD LENGTR FIN FORL INGNY GAMEA CASR FEEL INSRT GANNA
AGE CANS SELD sELD (XLBS) RT. PIR EATL. GEED GWBF. PIE WATL WD
10.0 17 AL PSS N20 183.5 St.9 [ ] E13] pi ) 250 23 716 363 317
10.0 10 AL ”» Ex20 190.3 53.3 L sT¢ 18 A8 2y 723 378 s2)
10.0 19 AL ”» n0 192.6 $53.3 L] S86 w10 359 2a9 73¢ 3% 332
16.0 20 AL ”» K20 $.02 2.2% 201.2 9%3.2 L} 308 13 262 s 733 398 537
10.86 AL ”» =20 8.02 3.25 207.9% 56.35 e.0 S8 263 a7 788 601 582
10.0 22 AL ”» =20 $.02 4.2% 217.1 36.35 9.0 392 W 260 289 787 08 saé
33 A S E20 $.02 4.25 285.6 69.5 2.0 0.23 612 ase 330 23 (3] ({2]
33 A ”» R0 ass.1 1.1 2.0 0.23 §18 432 238 238 63 613
L LI {8 ” N20 298.8 7v.7 3.6 .23 619 B 22 29 [ 24 B 317
3% A ” X200 305.2 73.7 2.0 0.2% 622 a862 a8k 23 673 6190
3 AL ” =20 313.% 78.3 3.6 8.2% 628 s 263 2% 77 &21e
37 A ” N20 315,68 70.2 3.6 §.23 (2 1] 472 260 243 687 627
1 AL S =m0 40.7 77.% 107.0 0.9 0.0 S8 37e 23 223 677 s 463
16 AL 8 w20 $8.2 79.5 107.0 L] ] 3358 M e 228 608 329 a72
17 A 8 N20 $1.9 81.2 107.8 ¢ .0 59 08 283 220 % 33 a7e
1 AL 8 R0 $3.3 02.8 187.8 ] .0 E1 1) b1 w7 an 637 383 &
1% AL 8 R20 $3.3 83.6 107.0 & .0 $78 802 332 238 768 568 ass
¥ AL 8 N20 $35.3 8.3 107.2 .0 0.0 s W7 s 713 3493 e
1.0 29 AL 8 N20 9.3% 3.735 203.1 $6.2 99.3 197.» 2.6 0.23 $96 839 386 22 %7 7 336
10.0 30 AL 78 210 9.39 3.75 299.7 6.8 197.9 3.0 0.23 (1 ]] 93 388 226 763 633 E11 ]
16.0 31 AL 78 B0 9.3% 1.73 291.8 ¢6.6 196.1 167.3 3.0 4.2% [ 1] S8 232 229 773 ¢3e 567
10.0 32 AL 8 B20  $.3% ).7% 385.23 §9.9% 102.8 187.% 3.6 0.28 [{ 1] "Wl 232 32 77¢ 633 367
10.0 33 AL 8 R0 9.39 3.7% 318.0 71.% 108.) 187.8 2.8 .23 609 S 233 2)e 772 €3¢ 378
16.0 38 AL 78 N20 9.39 3.73 11e.9 71.7 105.0 187.8 2.8 4.23 613 A% asé 232 777 &83 s
10.0 19 AL v 8530 3.%3 87 $3.3 76.3 V118 3.0 0.2% 363 e 2% awv Iy 402 502
10.8 20 AL v 820 2.%33 3.07 $5.2 76.2 177.3 3.0 4.3% 567 193 ay 39 % 03 388
109.0 21 AL L N20 2.%3 )).&7 $6.%5 79.5 177.8 2.0 .23 s7t 280 229 757 ¢12  s9°
10.¢ 22 AL v 820 3.52 387 $6.5 o1.5 177.% 2.6 .29 $78 n 323 750 (23] s98
10.0 23 AL u 520 2.%2 3.%7 $9.7 03.7 177.8 2.0 .28 s7¢ ELLI F ) 763 428 398
1.0 28 AL g 20 2.%2 3.0 8.9 03.3 177.8 2.¢ .29 t1 3] 83 . 227 768 626 (1 2]
10.6 3% AL o B30 2.52 3.87 206.6 72.7 95.7 177.8 .0 5.2% 628 s an aw 6135 683 ¢as
10.0 36 AL u u20 3.32 3.47 298.3 78.3 97.2 177.8 .9 .28 627 860 2712 2% [ 20) 7 (1)
10.0 37 AL v =20 2.53 3.7 296.6 18.2 97.2 177.5% 3.6 028 [ 3] L)) 273 ase 026 97 33
10.0 38 AL v N20  2.52 3.87 383.9 5.0 100.0 177.8 3.0 0.3% 632 (3] 6% 2m " 703 (1]
16.0 39 AL v 130 2.52 3.87 )09.% 76.1 101.8 1778 3.6 0.2% [ 3 1] e m 283 [ 21 767 9
10.0 &0 AL o 530 2.52 3.47 317.2 17.8 103.8 177.% 3.0 0.25 37 400 72 2wy [ 31] 109 70




Table A.13. Sesalt Befezreacs Desiga; Casister Ouly. with & BUR Assanblies/Pachage
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STEADY STATE HAX PIRS-TESY
TEICKNESS DINENS 0N TEIPERAIVASS TEEFERATURES
I INCHES ™ IECES3 m Beg.y ™ beG.¥

. CA. BNT CGAE. ¥WEUT WSICET ID o8 LEEBFFR FORL INERTY GANEA CASK FORL 1INSRT GAEA

CAmg Suis SELD SELD SELD PIN EATL BELD SUnp PIN EATL SELD
16 AL ” =20 8.023 04.23 5e.2 197.3 (3] ] a9 2e7 197 38 (1%} 436
17 AL ” E 8.02 4.23 1.9 197.3 422 2 289 199 39 A58 (11 ]
" AL ”» = 8.23 $3.3 1873 426 107 212 ann 568 L1} (1))
14 AL ”» xX0 8.2% $3.3 197.3 413 s a6 he L] 573 ) 432
20 AL ”» =X 4.23 3.2 197.) 436 e an 206 sy ars 433
an AL ” E 8.02 04.23 56.3 197.3 (11 ] 323 22¢ s 382 a1 (11 ]
b L] AL ”» =X 5.2% 6.0 91.9 197.) a0 359 Es 1) 224 619 528 (1)
n AL ” =520 8.23 6.8 91.9 197.) L 20 J 363 an 226 (¥ 1] 333 (11)
12 AL ”» =X 8.23 69.3 98.5 197.) 73 368 a8 327 622 S2¢ L1 1]
M AL ” =X 5.2% 1.1 96.1 197.3 476 366 ») 22¢ 628 3t sed
b1} AL ” =520 4.2% 71.7 96.7 1937.) 400 3ve 243 23 628 536 ses
3 AL ”» ¥20 4.2% 72.7 $Y.° $97.) "l 373 206 E 3 632 S0 306
"8 AL 3 =X 9.3% ).73 47.2 76.3 201.93 493 a8 197 188 st e 07
13 AL 3 =20 9.39 13.73 48.7 77.% 201.3 (2] ] a8y 208 191 323 6 3%
16 AL 3 =X 9.39 13.73 $0.2 79.3 201.3 s a2 203 193 338 422 3%
17 AL 3 =X 9.3% 3.73 $1.9 81.2 201.% 810 a%¢ 203 193 338 a2 (13 )
10 AL 78 B20 9.3% 373 3.3 02.6 an.s 822 31 200 197 sae L3 1) 400
a7 AL 7B 520 $.39 3.73 68.1 93.% 201.3 438 348 227 218 32 “wa we
e AL 78 820 9.3% 373 3.1 ¢ .8 201.8 ase 38 229 16 S8 ws 450
as AL 78 N30 9.3% 1373 66.2 93.3 201.3 86 38 an 17 390 [1}) 453
30 AL 7B 520 9.3% 3.73 6.8 96.1 201.9 s 352 233 21e 393 sSee ase
» AL 78 B0 9.39 3.78 6.8 96.1 201.9 are %8 236 222 60) ses W63
Ja AL 7B 820 .39 1.73 69.3 98.0 201.3 L1 ] 358 236 222 600 S0 L%}
" AL L J 20 33.3 72.3 "1.2 a0 m 218 208 37 L2} ] %9
19 AL L 520 $3.3 72.3 191.2 437 J2s 222 an s8¢ A8 L35
30 AL v 520 33.2 8.3 191.2 ane 323 228 213 ses L1}
a1 AL v 20 6.5 73.3 191.2 (11} b 22¢ 218 392 432
a2 AL L n20 30.3 77.35 191.2 LI 1] 330 228 216 393 (11
3 AL v 520 $9.7 7e.7 1%%.2 (1] I 230 218 397 L1 1]
33 AL L 20 2.32 1)@ 71,1 s8.a 191.2 ase m ase a3 $3) 387 313
p L] AL v 820 3.32 3.w@? 71.7 $8.7 1%1.2 a8 s 233 a» [ 21) EL1] 527
3 AL L J 3.32 3.@? 73.7 1.7 1%1.2 37e a3 239 (11 350 330
36 Ak v 2.32 3.w@? 78.2 9).2 ¥91.2 Joo 253 280 683 352 32
» Ak ] 2.33 3.7 78.2 93.3 191.2 Joé 57 282 (1] 360 £3 13
Je AL 9 3.32 33w 75.0 sa.0 191.3 389 a2ss PLl] 3) 68 33
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Table A.15. Basalt Refereace Dasign; Caaister Osly. with 3 PMR Assamblies/Package

STRADY STAYE WAX PIRE-TESY
THEICKNRSS DINENS I0NS TENPERATURES TERPERATURES
NATSRIALS IN YHCERS IN INCEES IN DEG.7P In DEG.P
CASE
FPUSL NO. INGRT GAN. WOOT GAE. INUTY WHIGET 1ID oo LMo rFIin ris PEEL INSRT GANRA CASK FURL INERY GANEA
AGE CANS SHLD SHLD SELD XNID (KLBO) 2. TEK. 1 2 ¢ BATL SELD smr. t 2 EATL SELD
12 AL [ ¢ ] =20 8.02 &.2%5 106.3 32.5 77.3 1e3.3 .0 0.0 (31} 253 ann 763 sas
LB ) AL ”» 220 8.28 197.3 353.0 79.% 10).9% .0 0.0 610 268 282 m 333
it} AL [ ¢ ] =20 200.2 56.% 82.8 10).% 9.8 0.0 623 363 2 170 599 k13
13 AL ” n20 317.6 3580.7 BY.7 18).5 0.0 0.8 632 829 ave pil) 107 [ 3] 389
a2 AL ” 30 390.4 70.6 9%3.7 118).%5 2.0 0.2% (1% [11) 260 236 [ 23] ({19 612
23 AL ” a0 299.7 72.1 191.2 18).8 3.0 0.25 7 461 263 a3 s (31) 610
an AL ”» B30 368.8 73.3 102.3 10).9% 2.0 0.23 (12 ) 867 266 a8 [ 117 [{}] 623
as AL ” a0 316.2 74.6 183.7 10).8 3.0 0.23 669 4713 269 a8) [ }3) (1] 629
10 AL [ ¢ ] B30 9.39 3.7% 104.8 15.2 7.5 07.8 .8 8.0 588 368 23 an T st 463
" AL [ ¢ ] 130 $.39 3.7 193.3 58.80 80.0 187.8 .0 0.0 593 302 282 326 738 53 s
12 AL [ ¢ ] B30 $.39 3.75 362.5 31.% 81.7 107.0 5.0 0.8 08 p L L) 2 o 12 ) 350 106
1 AL [ ¢ ] 520 $.39 3.7%5 3213.9 33.0 88.0 107.90 0.8 0.0 612 (13} a3y 23 748 S61 s
ae AL [ ¢ ] B30 9.39 3,73 297.2 66.7 99.9 3.9 0.2 630 836 s 236 799 626 56
21 AL (4 ] B30 $.39 3,75 296.9 60.2 101 3 3.0 0.3 (11} (13} as2 229 6 367
22 AL [, S+ $.39 3.7% 310.2 70.6 10).9 2.9 0.23 (119 a7 pil) 23 [$]] sn
33 AL [ ¢ ] =20 9.39 3.7 319.8 73.1 105.8% 2.0 0.2% 652 L 1)) as? 33 [ AL) (111 $7¢
12 AL g B30 2.52 3.47 586.% 338 77.7 177.3 3.0 0.2 (1] 3 233 an 784 ({2] 583
18 AL 9 B30 2.52 3.47 197.8 36.9 79.% 1771.8 2.0 0.2% (1] 3*s 23 an 790 610 590
15 AL ] =20 2.%52 3.37 286.2 30.7 @1.7 177.8 2.0 0.2% s (1)) FL3) an 798 620 597
s AL ] n20 2.%52 3.87 216.1 60.6 8).6 177.93 2.0 0.2% 21 89S k1Y) 227 s 629 (11)
10.0 28 AL v 20 2.32 3.47 289.% 73.35 96.3 177.8 2.0 0.i3 (11} 71 ar an ss [ 1} (1} ]
f0.8 28 AL v B30 2.52 3.87 298.2 7.6 99.6 177.3 3.0 0.28 (12) 472 260 )y [ 1) 702 ({1}
10.06 26 AL v | ¥ 2.52 3.47 386.9 76.9 10,8 177.8 3.0 0.2% 673 (3] ] are ans [ 1] 709 (11
10.0 27 AL v =20 2.%2 J.87 313.9% 77.% 102.8 177.% 3.0 0.2% 76 an a7 e 7 718 87
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Teble A.16. Bazalt Refereace Desiga; Camister Omnly, with 7 BRA Assambliien/Psckage

STRADY STATS RAX PIRE-TEST
THICKNESS DINENSIONS TANPERATURRS YEMPERATURRS
MATERIALS IN INCERS IN INCEES in pec.r IN D8G.¥
CASE

INSRT GAR. NEUT GAN. MNEUT WRIGET ID oD LEWGYR PIN PIN PUBL INSRT GAMMA CASK PUEL IESRT GAMA
SHLD SHLD SELD SELD (EL3S) NY. TER. PIN NATL SELD SUWP. PIN  MNATL SELD
AL P8 R0 A8.02 8.25 109.5 S50.0 73.8 187.3 e.0 8.0 887 333 ats 207 628  Ass Ak
AL PP E2I0 &.02 &.2%5 198.9 32.3 77.3 197.3 e.¢ 0.0 9% 333 22¢  an 638 a%6 A9
AL P8 W20 8.02 8.25 216.6 3A.0 79.0 197.3 e.0 0.0 S68 3W0 228 218 (13 ST T ¥ [
AL P8 E20 6.02 8.23 222.% 36.9 €2.0 197.3 9.0 0.0 566 387 231 21e €5t 312 ez
6.8 21 AL ”»  m20 8.2%5 290.2 €8.2 93.) 197.3 8.8 0.0 583  3%% 235 239 €97 5s8 32
10.80 22 aL 5 R0 8.2%5 383.6 70.6 93.7 197.3 6.0 0.0 587 337 257 280 699 37t 527
.0 23 AL ”» m20 .25 313.3 72.1 97.2 197.3 e.8 0.0 552 403 268  28) 708 377 5312
19.0 28 AL ”  N20 8.2% 322.35 73.5 9%0.3 197.3 e.9 oO.0 537 883 26) 288 71 588 337
4 3 AL P8 m20  9.39 3.73 185.3 86.9 76.2 201.3 6.0 0.0 866 298 208 198 581 430 e03
1.0 10 AL P8 B20 9.39 3.73 197.3 89.2 7.3 201.3 6.0 0.0 873 387 289 190 591 82 a2
1.0 11 AL P8 Eio $.39 3.75 286.2 38.8 86.0 201.35 6.9 0.0 a02 317 218 28) 602 A36  a22
0 12 AL 7S B20  9.39 3.7%3 218.0 32.3 81.7 201.3 0.0 0.0 a8s 327 218 206 612 a8 AN
6.8 19 AL 8 W20 9.39 3.73 287.3 4.8 93.7 201.%3 0.0 0.0 $31 378 284 228 663 532 Ae0
10.6 10 AL 8 W20 9.39 3.75 308.3 66.7 93.9 201.35 0.0 0.0 S38 382 27 2y 669 537 aes
16.6 21 AL P8 N20 9.3% 3.73 310.6 68.2 97.5 20t.35 0.0 0.0 $38 387 289 233 [/ 1Y B 1 1)
10.0 22 AL P8 M20 $.3% 3.75 328.35 70.6¢ 99.9 201.35 0.0 0.0 S82 390 232 238 €77 sa?  A93
10.06 12 AL ] ®20 2.52 3.87 184.0 32.3 71.8 191.2 0.0 0.0 a8 330 2Mm1 218 649 509 A9
10.0 13 AL ] N20 2.%2 3.47 195.3 S8.0 73.7 131.2 0.0 0.0 508 383 238 222 €53 517 s01
10.0 18 AL [ N20 2.32 3.87 204&.% 356.9 73.9 1%1.2 0.0 0.0 $10 332 23y 218 661 528 307
10.8 15 AL L] MeO 2.352 3.87 216.1 358.7 77.7 1%1.2 0.0 0.0 516 339 283 229 €69 5311 s1a
10.0 22 AL [ E20 2.32 3.87 203.% 70.6 €9.6 191.2 0.0 0.0 551 802 263 249 700  Se2 551
10.0 23 A ] ®20 2.%2 3.87 299.7 72.1 95.% 19%.2 2.0 0.2% $38 381 235 218 712 sex 3579
10.0 28 AL ] R20 2.52 3.87 300.7 73.3 96.5 191.2 2.0 0.2% 538 386 237 220 717 ss1 583
10.0 25 AL ] W20 2.52 3.87 316.8 78.6 97.6 197.2 1.9 0.23% Sa3 392 280 222 728 598 588




Table A.17. Basslt Refareacs Desiga; Canister Oaly, with & FER Aspemblies/Package
STEADY STATE WAX PIRE-TEST
TRICKNRSS DINENS10MS TEEPERATVRES TEDIAATWES
EATERIALS IN INCEES XN INCEERS N bug.? IN DE8G.7
CASK --
FUSL BO. INSRY GAN. NEFT GAN. MEOT WRIGET 10 a LENGTE TRSRT GAMMA CASK YUEL INSRY GAMNNA
A8 Cams SELD SELD BELD SELD IKLDS) BATL SALD SURT. L2 ] MATL SELD
10.¢ L AL ”» R20 3.880 8.2% 170.6 $3.) 77.3 103.2 6.0 09 233 33 792 379 336
10.0 W0 AL ”» =20 3.00 8.23 191.2 $35.4 BO.5 183.2 8.0 (3L} 263 288 [ [ 1] 593 337
1.6 M1 AL ”» [+ 3.97 &4.2% 205.6¢ 37.1 83.% 101.3 -0 s 236 an [ ¥ 1] 610 L 24
1.8 12 AL ”» R20 3.93 4.2% 216.0 $59.8 87.9 93.3 3.0 a? 242 21 233 626 382
19.0 3 AL ”» 120 3.96 8.23% 230.% 61.¢ 98.5 183.4 3.0 0.23 62 LY ] 286 213 [ 11] 636 503
17 AL ” 220 8.07 8.25 381.9 70.5 99.6 181.6 3.0 0.2% (1) 862 263 an [ 2B 876 [ 3] ]
18 AL ” 20 8.07 8.33% 293.3 73.8 101.6 18).6 2.0 0.23% £97 an 267 an s 683 623e
1 AL ” R20 8.07 8.2% 296.8 73.8 101.6 10).6 2.0 0.2% Te9 486 273 286 ”"s 786 637
20 AL ”» R20 N.87 8.2% 319.9 73.0 1081 10).6 2.9 0.23 73 "1 27s a8 [ 21 71 682
Pi) AL ”» =20 8.07 &.23%5 323.2 76.8 107.% 1036 3.6 0.2 s (13} ar2 288 w07 21 635
[ ] AL 14 ] =530 9.28 3.73 176.2 &8.3 77.) 107.3 .0 0.8 630 303 a8 b ¥ 3 760 sa0 arn
9 AL 14 ] B30 9.28 3.7% 195.23 $3.7 e1.7 187.9 0.0 0.0 [ 1) 393 240 232 166 349 a7
10 AL 1 ¢ ] R20 $.28 3.7% 200.3 53.8 84,3 187.3 0.8 9.0 (1} "we 333 a3 77e 563 539
" AL 14 ] R20 9.20 3.7% 210.7 S87.1 @6.1 197.5 6.0 0.0 (11 a2t 362 248 798 88 %12
12 AL 14 ] =30 $.32 3.7% 2)e.1 S%.0 08.1 187.6 0.0 8.0 (14 a3 269 250 ([ 13 600 538
10.0 13 AL 14 ] n30 3.7% 275.6 66.0 95.% 107.9 2.0 0.28% €73 430 any a2 093 620 563
10.0 16 AL 14 ] 530 3.7% 208.1 §66.2 101.6 107.9 3.9 0.3 e "W b3 31} [ 3] ] [$1) s70
9.0 17 AL 14 ] B30 3.7% J01.8 78.3 183.9 107.9 2.0 0.23 (11) 433 sy 233 s 680 577
16.0 10 AL 14 ] 0 3.75 313.3 73.8 105.8 107.9 2.0 0.2% 91 (13 ) aeo ax [} 3] [ 3]1] k1 1)
10.0 19 AL 14 ] B30 3.78 316.7 73.8 1035.8 107.9% 3.0 0.2% 703 e 266 a8 [ [1) (3 2) s95
10.0 10 AL | J N30 2.8 3.47 179.8 $5.8 7.1 177.2 3.0 0.2% 36 i) b33 219 e 608 s00
1.8 W1 AL o ®o 3.83 3.47 189.5 S7.% 177.3 3.0 0.2 (11 a0 anl 228 [ B 1] €23 600
0.0 12 AL v m30 2.48 3.47 200.1 $59.0 177.3 3.0 ©6.23 (1) 420 s 229 [ L3} 639 610
19.0 1) AL 9 =20 2.86 3.47 213.1 61.6 177.3 2.0 0.23 ({3] 430 ase 233 (1] [(L1] 617
1.6 18 AL 9 =20 3.89 3.47 226.1 680 177.8 2.0 0.28 72 439 ase 236 ”’e (3] ] 628
10.0 19 AL v n30 2.5¢ 3.87 279.3 72.8 97.5 171.3 3.0 0.2% 107 (1 1) ara ane 2906 718 72
10.0 20 AL | %30 3.56¢ 3.47 293.1 73.0 100.1 177.% 3.0 0.2 m L1} ] 273 a8 0 733 (213
10.0 21 AL | =30 2.96¢ 3.87 308.9 76.0 103.9 $77.8 8.0 0.2% ns [} 3) as s 18 73 90
16.0 22 AL ] | L) 2.356 3.87 318.7 7%.3 106.% 177.3 A0 0.2% ne a9 an s 920 73% 9
10.0 2) AL 1) wio 2.%6 3.47 3)1.3 01.2.110.3 177.% 5.0 0.2% 123 503 an aso 2y 746 706
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Table A_18. Bamalt Referaace Design; Canister Ouly, vith 9 DMR Assemblies/Package

STRADY STATE WAL TIRR-TRET
THICKNESS DIEEESI10NS TEEPERATURES TENPERATURES
WATERIALS IN INCEERS In INCHES In DEG.P In DBG.P
CASK
PURL BO. INSRT GAN. ESUT GAN. BNEUT WEIGHET 1ID 00 LENGTE PIN PIN PUSL INERT GAMMA CASK FUREL INSRT GANNA
AGE CaAMS SELD SELD SHLD SELD (ELBS) 5. TEE. PIN NATL SELD SURF. nn NATL SELD
10.0 s AL ”»» Em20 3.0 8.2% 171.6 8&8.3 T73.1 197.0 0.0 6.0 388.- )20 217 208 (13} L1 3] (1)
10.9 9 AL ¥ ElO 3.8 4.3 1%0.8 52.7 77.% 197.0 0.6 6.0 s1e 327 an 209 (1] .87 468
10.8 18 AL ”» ENH1O J.00 8.23 208.71 35.% 80.7 197.0 e.0 0.0 sie 3137 226 21a 660 a9 474
10.0 11 AL ”» um20 3.91 8.2 2'4.7 S7.1 Q1.9 197.% 8.0 o.0 528 3 232 31y $72 51% "ws
10.0 16 AL P =30 N.08 8.2% 280.% 60.2 93.3 197.) 9.0 0.0 361 3950 a3y a1y EAR 563 531
10.0 17 AL ”» 10 B.07 8.335 29%.6 760.5 93.6 197.8 8.0 0.0 \556 %6 357 240 716 s70 S36
10.0 18 AL ” =IO 8.07 8.23 306.6 T72.8 97.6 197.% 0.6 0.0 572 03 261 an) 123 s7e 832
10.0 1% AL ” 120 8.07 8.235 210.2 72.% 97.6 197.% 9.8 ‘,‘.D 502 e 366 28 737 $93 583
10.0 36 AL ¥ ElO B.07 A.23 335.1 75.0 100.1 197.% 6.9 ‘0.0 586 420 269 230 781 599 387
10.0 7T AL s B20 $.28 ).75 168.8 8.0 72.9 2301.2 0.0 o.0 ase 307 207 197 618 (133 L1
10.0 ¢ AL PB EW20 9.28 )3.7% 180.7 AaB.3) ?77.3 301.2 0.6 0.0 560 na 212 201 620 43) (2} )
16.6 3 AL V8 W10 9.28 3.75 208.3 352.7 81.7 20%.2 0.0 0.0 505 mn 26 208 629 a0 26
10.0 10 AL B E20 9.28 3.73 222.2 S55.8 4.3 201.2 0.0 o.0 513 m n 209 633 73 436
16.0 18 AL V2 Wm0 9.40 3.75 273.1 680 93.) 201.6 9.0 o0.0 583 3eo 280 225 673 19 an
10.0 13 AL s R320 9.88 3.7% 208.1 66.0 93.8 01.6 0.0 0.0 550 17e 3 320 _681 s29 a7y
10.0 16 AL L S F 1 9.88 3.75 301.2 69.2 97.6 201.6 0.0 0.0 53¢ b1 3 380 232 [11] 338 L1 14
10.0 17 AL y8 R20 9.80 3.7% 315.3 7e.3 99.9 201.¢ 0.0 0.0 61 i %1 2n 694 E11d L1 2]
10.0 18 AL 8 R20 9.88 3.7% 327.7 732.8 101.8 201.6 9.0 0.0 66 %6 338 23 701 338 e
10.0 AL ] 220 2.8t 3.47 1735.& 32.7 71.3 1%31.0 9.0 0.0 £l E 21 228 216 (11 ] (11) .0
10.0 10 AL | nao 2.8 3.87 109.3 S55.8 7.7 191.0 0.0 0.0 522 p13) 233y I ¢70 s a9
10.0 11? AL 9 20 2.83 3.87 190.84 37.1 5.9 191 0.0 0.0 L2 )] p 1] 3% 226 (1}) 327 s$10
10.0 12 AL 9 520 2.80 3.47 209.6 39.0 77.3 19.1 0.0 0.0 s80 p11) .S 2 69 sa0 s1y’
10.0 13 AL 9 n3o 2.86 3.87 223.3 61.6 e0.d 191.1 0.8 0.0 Sa¢ 372 a3 23S 100 348 328
10.0 17 AL 9 n20 2.33 3.7 373.8 70.3 8%.3 191.) 8.0 o0.0 N a0 263 2a0 736 sot $51
10.0 10 AL v R320 2.54 3.87 292.% 73.8 93.% 191.3 3.0 0.2% 538 392 238 21e 731 3508 379
10.0 19 AL 9 H30 2.56 3.87 296.0 71.8 95.5 191.) 2.0 0.23 s68 3ss 200 322 786 03 sss
10.0 20 AL 9 =20 2.56 3.87 113 735.0 90.% 1971.3 3.0 0.2% 567 397 2 223 Tas 606 $92
18.0 23t AL 9 B30 2.56 3.87 322.¢ T76.0 99.0 191.)3 3.0 0.23% 373 403 208 226 758 613 $97
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