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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 Retrievable Storage (MRS) facility in 
Pb-, Fe-, and U-shielded casks weighing 200,000 or 300,000 lbs. The study ^eluded 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 ceotcrline 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 to the 200,000-Ib casks, 50-100% more fuel may be shipped in the larger 300,000-lb 
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-lb U-shielded cask containing 84 consolidated PWR fuel assemblies in 21 
canisters, or 171 consolidated BWR fuel assemblies in 19 canisters. Criticality analyses have shown 
these high-capacity casks to be safely subcritkal-even if all the canisters were loaded with unirradi­
ated LWR fuel containing 3.4 wt% U-235. 

XI 



1. INTRODUCTION 

One of the fundamental purposes for establishing 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 
one is to 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) code1 to determine the amount of spent fuel that could be shipped 
in casks weighing 200,000 and 300,000 lbs. The spe.it fuel was assumed to be ten years old; and 
the gamma shielding 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 CONFIG URATIONS 

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 43S cm long (including lift­
ing pintle) and weigh 8810 kg fully loaded. In each case, the canister is internally Hivided into six 
pie-shaped segments which receive 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 
enhances heat transfer from the center, radially outward; and it enables retrieval of waste after 
emplacement. The steel overpacks into which the canisters may be placed prior to shipment have 
an outside diameter of 84.S cm and an inside diameter of 64.S cm. Overpacks containing a can­
ister of PWR spent fuel are 446.S cm long (including lifting pintle) and weigh 17,600 kg fully 
loaded, while overpacks containing a canister of BWR spent fuel are 481.S 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-lb Pb-, Fe-, and 
U-shielded shipping casks containing: 

(a) overpacks with canisters containing the equivalent of 12 PWR fuel assemblies, 

(b) overpacks with canisters containing the equivalent of 30 BWR fuel assemblies, 

(c) bare canisters containing the equivalent of 12 PWR fuel assemblies, and 

(d) bare canisters containing the equivalent of 30 BWR fuel assemblies. 

I 

http://spe.it
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LIFTING PINTLE 
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Fig. 1. Salt reference design for a segmented steel canister containing 
consolidated fuel rods from 12 PWR assemblies or 30 BWR assemblies. 
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Fig. 2. Thick carbon steel overpack in the Salt reference design. 
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2.2 TUFF REPOSITORY WASTE PACKAGE CONFIGURATIONS 

Packages for the Tuff repository may consist of (a) a 1-cm-thick stainless steel canister contain­
ing spent fuel or (b) a I-cm-thick stainless steel overpack containing a 1 cm-thick stainless steel 
canister with spent fuel. In each case, the fuel-bearing canister has an outside diameter of 63 cm 
and an inside diameter of 61 cm. Canisters containing consolidated 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 43S cm long (including lifting pin­
tle) and weigh 6426 kg fully loaded. Canisters for PWR spent fuel are internally divided into 
three square-shaped segments containing fuel rods (see Fig. 3) while canisters for BWR spent fuel 
are internally divided into seven square-shaped segments ccntaining 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 interna) 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 cm. Overpacks containing a canister of PWR 
spent fuel are 416.S cm long (including the 16.5-cm-long lifting pintle) and weigh 6700 kg fully 
loaded, while overpacks containing a canister of BWR spent fuel are 491.S cm long (including the 
16.5-cm-bng lifting pirde) and weigh 7900 kg fully loaded (see Figs. 3 and 4). Scoping calcu­
lations were performed to determine the ca-rying capacity of 200,000-lb and 300,000-lb Pb-, Fe-, 
and U-shielded shipping casks containing: 

(a) overpacks with canisters containing the equivalent of 6 PWR ^el assemblies, 

(b) overp&cks with canisters containing the equivalent of 14 BWR fuel assemblies, 

(c) bare canisters containing the equivalent of 6 PWR fuel assemblies, and 

(d) bare canistcn containing the equivalent of 14 BWR fuel assemblies. 

2.3 BASALT WASTE PACKAGE CONFIGURATIONS 

Packages for the Basalt repository may be one of two general types: (a) an 8.3-cra-thick carbon 
steel overpack (with no inner canister) containing consolidated fuel rods from 4 PWR assemblies or 
9 BWR assemblies, 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 S0.3 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 ir. the reference calcula­
tions are described in Table 1. Scoping calculations were performed to determine the carrying 
capacity of 200,000-lb and 300,000-lb Pb-, Fe-, and U-shielded shipping casks containing: 

(a) overpacks (with no internal canister) containing the equivalent of 4 PWR fuel assemblies, 

(b) overpacks (with no internal canister) containing the equivalent of 9 BWR fuel assemblies, 

(c) bare 17.5 m-diam canisters containing the equivalent of 1 PWR fuel assembly, 

(d) bare 17.5-cm-diam canisters containing the equivalent of 2 BWR fuel assemblies, 

(e) bare 23.3-cm-diam canisters containing the equivalent of 2 PWR fuel assemblies, 
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Fig. 3. Tuff reference design for an overpack and canister 
containing consolidated fuel rods from 6 PWR assemblies. 

ORNL-DWG 85-18138A 
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Fig. 4. Tuff reference design for an overpack and canister 
containing consolidated fuel rods from 14 BWR assemblies. 
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Table I. Basalt reference designs fcr thin-walled carbon steel 
canisters containing consolidated fuel rods from 1, 2, 3, or 4 

PWR assemblies and/or 2, 4, 7, or 9 BWR assemblies 

Canister of PWR fuel" Canister of BWR Fuelb 

OD(cm) ID (cm) *w Weight (kg) N«^ Weight (kg) 

17.5 16.5 1 750 2 795 
23.3 22.3 2 1439 4 1525 
28.9 27.9 3 2129 7 2256 
33.0 32.0 4 2511 9 2661 

'Length — 400 cm, including lifting pintle 
bLength — 435 cm, including lifting pintle 
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( 0 bare 23.3-cm-diam canisters containing the equivalent of 4 BWR fuel assemblies, 

(g) bare 28.9-cm-diam canisters containing the equivalent of 3 PWR fuel assemblies, 

(h) bare 28.9-cm-diam canisters containing the equivalent of 7 BWR fuel assemblies, 

(i) bare 33.0-cm-diam canisters containing the equivalent of 4 PWR fuel assemblies, 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-shielded casks designed for each of the 18 different types of waste packages described in 
Sect 2. Figure S shows a generic diagram of the type of shipping casks considered when 
estimating the overall loaded weight The gamma shield may be Pb, Fe, or U-metal between an 
inner steel shell and an outer steel shell. The neutron shield between the outer steel shell and the 
outer steel barrel was assumed to be 28.S vol% water (1.0 g/cc), 66.0 vol% ethylene glycol 
(1.11 g/cc; HOCHjCHzOH), and S.S voNb potassium tetraborate (1.74 g/cc; K2B4O78H2O) 
made with natural boron. This common mixture of water and antifreeze contains ~»1 wt% boron. 
The thicknesses of the inner steel shell, the outer steel shell, and the outer steel barrel, are given in 
Table 2 for each type of cask considered. The nominal neutron and gamma shield thicknesses 
shown in Table 2 are based on an extensive series of weight optimization studies for large casks 
containing 10-year-cookd PWR spent fuel irradiated to 33,000 MWd/MTIHM.* These optimiza­
tion studies are described in Sect IV and Table F.l 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/or thick-walled steel overpacks in the Salt, Tuff, and Basalt waste packages 
provide a significant amount of shielding, 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 reoort In every case, the thicknesses of the main structural 
components on either 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 temperature was assumed to be lWF.* Such fins were only required in about 
5-10% of the cases studied. The dimensions of the stainless steel Tins, when required, are shown in 
t>e 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 t ) of the holes containing the canisters was assumed to be 
0.2S 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 

•Megawatt-days per metric tonne of initial heavy metal. 

'The internal decay beat load associated with the 10-year-cooled spent fuel was 524 watu per 
PWR fuel assembly and 168 watu 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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Fig. 5. Generic description of a typical shipping cask, 
as modeled in this study. 
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Table 2. Thicknesses* of the main structural component.: in each type of cask 

FeCask PbCask UCask 

Inner steel shell 0.375 1.5 0.75 

Gamma shield 9.49b 4.04b 149 b 

Outer steel shell 0.375 2.0 L0 

Neutron shield 3.75 4.25 3.47 

Outer steel barrel 0.75 0.75 0.75 

'All thicknesses are given in inches. 

^The actual gamma shield thicknesses used in the present study were reduced 
relative to this nominal value to account for the shielding provided by the 
thin-walled steel canister and/or the thick-walled steel overpacks in the 
Salt, Tuff, and Basalt waste packages. 
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N = 1 N = 2 N = 3 
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N =4 

NO INSERT USED 
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Fig. 6. Reiravable aluminum inserts for casks containing 1-12 
cylindrical 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 0.2i ir*. greater than the outside diameter of the waste package.) The length of the 
cavity inside the cask was always assumed to be 1 in. greater than that of the corresponding waste 
package. 

4. METHODOLOGY 

The objective of this study was to determine the maximum number of waste packages or equiva­
lent spent fuel assemblies that could be shipped in Pb-, Fe-, and U-shieMed casks having a gross 
loaded weight of 200,000 or 300,000 lbs. 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 cask was defined as being I in. longer than the 
prescribed waste package. Adjusted gamma shield thicknesses which accounted for the shielding 
provided by the thin-walled steel canisters and/or thick-waited steel overpacks were used in the 
initial SCOPE analyse of the various casks. This initial analysis provided a rough estimate of the 
net carrying capacity for each of the various cask/waste package combinations. Thirty representa­
tive casks of potential interest were then selected for more detailed multigroup shielding analyses 
using the XSDRNPM and XSDOSE I-D, discrete ordinates, radiaticr. transport codes.2-3 Based on 
these results, second-order adjustments were made to the gamma shield thicknesses of the various 
casks; and another series of 1-D shielding 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 series of SCOPE analyses were then performed (using the finalized gamma shield 
thicknesses) to determine the net carrying capacity for each 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 shield 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 neutron and gamma shields as a func­
tion of the number of waste packages each 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 shield 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 shield thicknesses based 
on a cask containing 26, 10-ycar-coolcd PWR assemblies are given in Table 2. These thicknesses 
are based on an extensive series of weight optimization studies1 for large casks containing 10-year-
cooled PWR spent fuel irradiated to 33,000 MWd/MTIHM. These optimization studies used the 
XSDRNPM and XSDOSE l-D discrete ordinates shielding codes2-3 a->d are described in Sect. IV 
and Table F.l of ref. I. The resulting shield thicknesses typically yield a dose rate of 
10 millirem/hr at a point 10 ft from the centerline of the cask. Recognizing that the steel canis­
ters and/or thick-walled steel overpacks comprising the Salt, Tuff, or Basalt waste packages may 
provide a significant amount of shielding, the actual Fe g*_.ima 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.S98 cm Pb), and the 
U-metal shields were reduced by the equivalent amount of U-metal (1.0 cm Fe - 0.331 cm 
U-metal). The neutron 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 PV R casks. In practice, casks containing BWR spent fuel may 
require slightly less shielding (see Tables C.I and C.2 of ref. 1).] 
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4.2 SHIELDING REASSESSMENT 

Using the approximate gamma shield thicknesses described in Sect 4.1. the SCOPE code was 
used to survey a large number of 200,000-Ib and 300,000-lb Pb-, Fe-, and U-shiekkd casks for each 
of the 18 waste packages described in Sect. 2. *~rom the large field of casks surveyed, 30 repre­
sentative cask/waste package cooflguratioos were selected for more detailed shielding analyses. 
Table 3 describes each of the 30 cask/waste package configurations selected. It abo shows the 
number of waste packages contained in each given cask; the overall weight of the loaded cask; the 
actual thickness of the gamma shield 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 dose rates were determined using the SCALE system4 Shielding Analysis Sequence number I 
(Le., the SASI control module5), the SCALE 22n-18-y cross-section library with the ANSI stand­
ard flux-to-dose conversion factors, and the neutron and gamma source spectra for 10-year-cooled 
PWR spent fuel irradiated to 33.000 MWd/MTIHM, as given in Appendix C of ref. 1. The 
SASI control module employs the XSDRNPM discrete ordinates code2 to perform the radiation 
transport calculation throughout the cask and employs the XSDOSE code1 to calculate the result­
ing dose rate at the midpiane of the cask, 10 ft from the centerline. 

It can be seen from Table 3 that the approximate gamma shield thicknesses used in the initial 
analysis yielded dose rates that were generally between 6 and 9 millirem/hr, although some were 
as low as 4.7 millirem/hr and others were as high as 13.2 mOlirem/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 shields were then made so that each cask yielded a dose rate of 
10 millirem/hr. To accomplish this, the dose rate was assumed to vary as D—D aexp(-Z 7 Ar], 
where 2 T is the differential dose attenuation coefficient 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 IV, Appendix D, and Tables D.7-D.9 of ref. 1). it was estimated that for Fe, ZT -
0.9976/in.; for Pb, ZT - 1.5378/in.; and for U meUL Z t - 17909/in. Second-order adjustments 
to the actual gamma shield thicknesses were then made using these data. For the four Salt 
repository casks containing a single waste package, the gamma shield 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 effect on the gross loaded weight of the various casks. The multigroup 
discrete ordinates shielding 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 
each case were found to be between 9.8 and 10.2 millirem/hr, 10 ft from the centerline. 

4.3 HEAT TRANSFER CONSIDERATIONS 

Heat transfer considerations were generally considered an ancillary part of this initial scoping 
study. The SCOPE code1 does, however, calculate the steady-stale lemperalure distribution 
throughout the cask; it also performs a complete l-D space/time transient thermal analysis follow­
ing a postulated 30-min. Tire. The results of these calculations are 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 fur! pin temperature using the Wooton-Epstein correlation in 
which the prima.? 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 yield a very conserva­
tive result, such that the calculated fuel pin clad temperatures are well above those that one would 

v 



Table 3. Initial capacities, wiights, shield thicknesses, and dose rates 
for 30 representative casks fiat were selected for .nore detailed, 

multigroup, 1-D, discrete ordinate) shielding analyses 

t tap^al tory d a a l g n Typo of p t c k a g a Fa caak •b e a i k U c a l k 

S a l t d a a l g n 

(12 »wa«/pkg> 
(12 PMU/pkg> 
( U pw»a/pkg> 
(12 PW*a/pkg> 

Ovarpack I canlater 
Ovarpack t canlatar 
Caniater only 
Canlatar only 

n - www.w - t.tt - d.dd www.* - t.tt - d.dd www.w . t.tt - d.dd 

1 - 93.4 - 5.16 - 5.76 1 - 90.4 - 1.9.9 - «.?2 1 - 14.5 - 1.05 - 5.11 
3 - 269.4 - S.1« - S.62 1 - 2«}.0 - 1.45 - s.ts 3 - 232.« - 1.03 - 7.50 
1 - 96.7 . S.10 - 5.3* 1 - 71 .2 - 3.SO - 5.JO 1 - ««.< - 2.3f - 3.50 
) - 20*.• - t.10 - 9.01 3 - 1*1.0 - 3.SO - • .to 3 - 177.* - 2.3* - 9.06 

Tuft dealgn 

(* »H»a/pkc> 
(C PWRa/pkg) 

Ovarpack I canlatar 5 
Canlatar only 5 

a»».i - t.70 
23S.5 - ».10 

7,»5 
7.*0 

5 - 274.2 - 3.37 -
5 • 231.6 - J.SO - • 3 

233.* - 2.23 
220.7 - 2.3« 

7.94 
1.03 

•aaalt daalgn 

(« Ptota/pkg) 
<4 PlOU/pkg) 
(* Ptn»a/pkg> 
(1 »mt/pkg> 

Ovarpack only 10 - 327. .0 - C.22 - 7 .91 
Caulatar only 10 - 20*. ,1 - 9.29 - 9 .56 
Canlatar only 15 - 272, .* - 9.29 -11 .33 
Canlatar only 5* - 236. .2 - 9.29 - 11 .00 

10 - 317.9 - 2.09 - 6.53 
10 - 192.0 - 3.92 - *.»* 
17 - 279.2 - 3.92 - 12.25 
59 - 293.7 - 3.92 - 11.41 

10 - 303, ,1 - 1 , ,41 - 6, ,90 
10 - 110. ,4 - 2 .S3 - 9, ,60 
19 - 271, ,3 - 2, ,43 - 13, , it 
66 - 296, ,0 - 2 ,41 • 12, ,24 

n - number of waata packagaa In tha given caak. 
w - ovarall weight of tha loaded caak (2CS.4 - 269.400 lba). 
t • thlcknaaa of tha gaama ahlald In lnchea. 
d - calculated doaa rata, 10 ft froa tba cantarllna tallllrea/hr). 

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


Table 4. Final capacities, weights, shield thickness**, and dose rates 
for 30 representative casks that were selected for more detailed, 

multigroup, 1-D, discrete ordinates shielding analyses 

Repository dealgn Typa of package re < cask Pb i cask U i cask 

Salt Dealgn 

Ovarpaek t caalster 

n - W W . V - t.tt - d.dd" n - W W , , V - t.tt - d. dd 1 a - www, ,w - t.tt - d, dd* 

(13 PWe/pkg) Ovarpaek t caalster 1 - 8*. 2 - 4.58 - 9.97 1 - 64. .4 - O.M - 10. ,10 1 - SO, ,0 - 0.79 - 10. 10 
ill PNRa/pkg) Ovarpack ( canister 3 - 26S.6 - 5.01 - 9.93 i - 256 .6 - 1.20 - 10. ,17 3 - 248, ,1 - 0.94 - 10. ,02 
(12 PNlta/pkg) Canister only 1 - SI .5 - 8.48 - 9.S3 1 - 71. .9 - 3.37 - 9. ,04 1 - 63, ,2 - 2.11 - 10, 00 
(12 FW*s/pkg> Canister only 3 - 20S.1 - S.»» - 10.00 3 - 191 .5 - 3.72 - 9. ,90 3 - 176, ,6 - 2.32 - 9, ,95 

Tuff design 

Ovarpack t canlstar 5 289.1 8.46 9.95 5 2IS .1 3.37 9 .91 S 251 .3 2.13 9 (S WKs/pkg) Ovarpack t canlstar 5 289.1 8.46 9.95 5 2IS .1 3.37 9 .91 S 251 .3 2.13 9 .97 
(C »M*s/pkg> Canister only S - 253. 7 - S.S5 - 9.9S 5 - 234, .2 - 3.62 - 10. ,00 5 - 217, ,4 - 2.27 - 9. ,94 

Basalt dealga 

Ovarpack only 10 322.3 5.9S 9.91 10 310 .2 1.10 9, ,98 10 299. ,1 1.26 10. i< rtms/pkg> Ovarpack only 10 322.3 5.9S 9.91 10 310 .2 1.10 9, ,98 10 299. ,1 1.26 10. .12 
(4 pWKs/pkg> Canister only 10 - 20*. 3 - 9.24 - 10.02 10 - 191 .2 - 3.88 - 10 ,01 10 - 179, .8 - 2.41 - 10, .04 
(4 rMBs/pkg> Caalster only 15 - 275.C - 9.«* - 10.02 17 - 281 .9 - 4.07 - 10, ,09 19 - 279, .3 - 2.56 - 9. .89 
(1 FWR/pkg) Caalster only 54 - 2SS.0 - 9.39 - 10.01 59 - 298 .3 - 4.02 - 9, ,98 66 •• 299 .5 • 2.52 • 9, ,97 

n - nuabar of waata packagas la tba glvaa cask. 
w - ovarall weight ox tea loaded cask (265.6 - 265,600 lbs). 
t - talckaeas ot the gaaata ahlald la inches. 
d > calculated dosa rata, 10 ft frost the ceaterllae (allllrea/hr), 
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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 (see 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 limit. 

5. RESULTS 

Table S shows the number of consolidated PWR fuel assemblies that may be shipped in 
200,000-lb and 300,000-lb Pb-, Fe-, and U-shieldcd casks utilizing the various repository waste 
packages described in Sect 2, the cask configurations described in Sect 3, and the refined 
gamma shield 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 BV/R fuel. [ Because these latter results were deemed of 
secondary importance, the corresponding gamma shield thkknessrs were conservatively 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-lb 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 rq 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 Tuff repositories, 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 one waste package and each 

• weighing less than 100,000 lbs, would be less than that of a conventional cylindrical cask contain­
ing two waste packages (see Tables 7 and 8). Further reductions in the overall weight might 
therefore be realized through the use of a rectangular or elliptically shaped cask containing two 
such waste packages, (b) The highest capacity cask/waste package combination studied 
corresponds to a 300,000-lb U-shielded 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 IV4 Monte Carlo criticality analyses have shown these high-capacity casks to be safely 
subcritical--cven if all cf the canisters were loaded with unirradiated PWR fuel pins containing 
3.4 wt% U-235. 

The information contained in Tables 5 and 6 is useful but incomplete. Because of elementary 
geometric constraints on the internal loading pattern, 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 effect in other cases. Tables 7, 8, and 9 therefore 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 
seen 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-shielded casks, each carrying one Salt overpack, would have a com­
bined weight of 160,000 lbs while a single, cylindrically shaped U-shielded cask carrying two Salt 
overpacks would have a weight of 206,200 lbs. Presumably a single, rectangular or elliptically 
shaped U-shielded 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. 18 of the Appendix show the more detailed 
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Table S. Number of consolidated PWR fuel assemblies that may be 
shipped in 200,000-lb and 300,000-lb casks 

200,000-lb casks 300,000-lb casks 

Repository design Typs of package Fe Pb U Fe Pb U 

Salt (feign 
(12 PWRs/pkg) Overpack & canister 24* 24* 2 4 l 36 36 48 
(12 PWRs/pkg) Canister only 24* 36 36 60 60 72 

Tuff design 
Overpack tt canister 12* 18 18 30 30 (6 PWRs/pkg) Overpack tt canister 12* 18 18 30 30 42 

(6 PWRs/pkg) Canister only 18 24 24 42 42 48 

Basalt design 
(4PWRs/pkg) Overpack only 20 20 24 36 36 40 
(4 PWRs/pkg) Canister only 36 40 48 68 76 84 
(J PWRs/pkg) Canister only 36 39 42 63 69 75 
(2 PWRs/pkg) Canister only 34 38 42 62 68 76 
(1 PWR/pkg) Canister only 31 34 39 SS 61 69 

"Uses 2 casks, each containing 1 waste package, and each weighing less than 
100,000 lbs; alternately, one may use a single rectangular or elliptically shaped 
cask containing 2 waste packages. 

Table 6. Number of consolidated BWR fuel assemblies that may be 
shipped in 200,000-lb and 300,000-lb casks 

Type of package 

200,000-lb casks 300.000-lb casks 

Repository design Type of package Fe Pb U Fe Pb U 

Salt design 
(30 BWRs/pkg) Overpack A canister 60* 60* 60* 90 90 90 
(30 BWRs/pkg) Canister only 60* 90 90 150 150 150 

Tuff design 
(14 BWRs/pkg) Overpack & canister 28* 28* 28* 56 56 70 
(14 BWRs/pkg) Canister only 28* 42 42 70 98 98 

Basalt design 
(9 BWRs/pkg) Overpack only 45 45 45 72 81 81 
(9 BWRs/pkg) Canister only 72 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 64 70 110 112 126 

*Uie* 2 casks, each containing I waste package,and each weighing lea* than 
100,000 lbs; alternately, one may use a single rectangular or elliptically shaped 
cask containing 2 waste packages. 



Table 7. Grots weight of Salt repository casks vs the number of waste packages* 

Type of package - overpack t canlatar 

12 m asseabllea/package 30 MP. asaeatlles/packege 

5.01-in. 
Pe shield 

1.20-ln. 
Pb shield 

0.94-ln. 
u shield 

5.01-in. 
Pe shield 

1.20-in. 
Pb shield 

0.94-ln. 
U shield 

1 - 12 - 88.2 b* 
2 - 24 - 222.6 
3 - 36 - 265.6 
4 - 48 - 323.7 

c 1 
2 
3 
4 

- 12 - 8 4 . 4 b ' d 

- 24 - 214.2 
- 36 - 256.6 
- 48 - 313.7 

- 12 - 60.0 b ' * 
- 24 - 206.2 
- 36 - 248.1 
- 48 - 304.4 
- 60 - 367.2 

1 -
2 -
3 -
4 -

30 - 93.9 C 

60 - 237.0 
90 - 282.4 
120 - 344.1 

1 - 30 - 89.9 d 

2 - 60 - 228.1 
3 - 90 - 273.0 
4 - 120 - 333.6 

1 - 30 - 85.2* 
2 - 60 - 219.7 
3 - 90 - 264.0 
4 - 120 - 323.7 

Type of package - canister only 

12 PNK •ssea&lles/package 39 BMP. assemblies/package 

8.99-in. 
Pe shield 

3.72-ln. 
Pb shield 

2.32-ln. 
U shield 

8.99-ln. 
Pe shield 

3.72-ln. 
Pb shield 

2.32-ln. 
U shield 

1 - 12 - 81.5 b' 
2 - 24 - 182.6 
3 - 36 - 208.1 
4 - 48 - 244.5 
5 - 60 - 290.8 
6 - 72 - 335.2 

1 1 - 12 - 7 1 . 9 b , f l 

- 24 - 166.8 
- 36 - 191.5 
- 48 - 231.5 
- 60 - 271.3 
- 72 - 314.1 
- 84 - 326.4 

1 
2 
3 
4 
5 
6 
7 
8 

b.h 
- 12 - 63.2 ' 
- 24 - 152.8 
- 36 - 176.8 
- 48 - 214.7 
- 60 - 253.1 
- 72 - 294.4 
- 84 - 307.6 
- 96 - 352.9 

1 - 30 - 87.l f 

60 - 194.7 
90 - 221.5 

120 - 259.9 
150 - 303.1 
180 - 349.6 

1 - 30 - 76.8* 
2 - 60 - 178.0 
3 - SO - 203.9 
4 - 120 - 240.9 
5 - 150 - 202.5 
6 - 180 - 327.3 

1 - 30 - 67. 6 h 

2 - 60 - 163.2 
3 - 90 - 189.4 
4 - 120 - 224.2 
5 - 150 - 264.3 
6 - ISO - 312.8 
7 - 210 - 324.2 

The n-am-ww.w format used to present the data givesi 
n - the nuaUter of waste packages In the cask 
• - the equivalent nustber of consolidated fuel asseablles In the cask 
v - the loaded weight of the cask, where 222.6 - 222,600 lbs 

b 
Calculated dose rate 10 ft froa centerllne was 9.8-10.2 allllrea/hr. 
exception - t,, « 4 58 In. of Pe. 
Exception - *y * 0 9* In. of Pb. 

Exception - *y = 0 79 In. of U. 
Exception - *y = 8 49 In. of Pe. 
Exception - *y " 3 37 In. of Pb. 
Exception - *y = 2 11 In. of U. 



Table 8. Gross weight of Tuff repository casks vs the number of wute packages 

Typ* of package - ovarpack C canli tar 

6 PWR assemblies/pack* S* 14 •MR aaaawbllaa/peckaga 

8.46-in. 
P* shield 

3.37-in. 
Ft) shield 

2.13-ln. 
U ahiald 

8.46-ln. 
P* ahiald 

3.37-ln. 
Pb ahiald 

2.13-ln. 
U ahlald 

1 
2 
3 
4 
5 
6 
7 

- 6 - 86.1 
- 12 - 191.0 
- 18 - 213.2 
- 24 - 248.4 
- 30 - 289.1 
- 36 - 333.7 
- 42 - 338.' 

1 - 6 - 75.8 
2 - 12 - 174.8 
3 - 15 - 196.1 
4 - 24 - 229.8 
; - 30 - 268.8 
6 - 36 - 311 .6 
7 - 42 - 316.6 

1 
2 
3 
4 
5 
6 
7 
8 

- 6 - 66.6 
- 12 - 160.6 
- 18 - 181.3 
- 24 - 213.B 
- 30 - 251.3 
- 36 - 292.5 
- 42 - 297.6 
- 48 - 342.1 

1 
2 
3 
4 
5 

- 14 - 99.4 
- 28 - 219.. 
- 42 - 245.2 
- 56 - 285.7 
- 70 - 332.3 

1 
2 
3 
4 
5 
6 

- 14 - 87.7 
- 28 - 201.6 
- 42 - 226.1 
- 56 - 264.9 
- 70 - 309.7 
- 84 - 356.8 

1 - 14 - 77 
2 - 28 - 165 
3 - 42 - 209 
4 - 56 - 247 
5 - 70 - 290 
6 - 64 - 337 

.3 
9 
6 
0 
3 
7 

Typ* of package - canister only 

6 PWS aaseablles/package 1* BWP. assostbl lea/package 

8.85-ln. 3.62-ln. 2.27-ln. 8.85-la. 3.42-ln. 2 27-ln. 
P* ahiald Pb ahiald U ahiald Pa shield Pb ahiald 0 Jbield 

1 - 6 - 79.0 1 _ 6 - 6G.6 1 - 6 - 59.5 - 14 - 85.9 - 14 - 74.9 - 14 - 65.3 
2 - 12 - 170.0 2 - 12 - "54.2 2 - 12 - 140.6 - 28 - 184.5 ; I - 28 - 167.8 1 - 26 - 153.4 
3 - 18 - 189.0 3 - 18 - 172.4 3 - 18 - 158.1 - 42 - 206.0 ; I - 42 - 18f 4 1 - •2 - 173.3 
4 - 24 - 219.1 

- 30 - 253.7 
4 _ 24 - 201.1 

30 - 234.2 
4 - 24 - 185.7 

- 30 - 217.4 
- 56 - 239.3 < 1 - 56 - 220.3 < 1 - 56 - 204.0 

5 
- 24 - 219.1 
- 30 - 253.7 5 -

24 - 201.1 
30 - 234.2 5 

- 24 - 185.7 
- 30 - 217.4 - 70 - 277.4 ! ( - 70 - 256.6 ! s - 70 - 239.1 

6 - 36 - 291.6 6 - 36 - 270.4 6 - 36 - 252.2 6 - 84 - 319.0 1 > - 64 - 296.6 1 5 - 84 - 277.5 
7 - 42 - 296.1 7 42 - 274.8 7 - 42 - 256.7 7 - 98 - 324.9 t - 98 - 302.3 r - 98 - 283.4 
8 - 48 - 336.7 8 - 48 - 313.'. 8 - 48 - 294.1 t - 112 - 345.3 1 i - 112 - 324.6 

9 - 54 - 334.0 

The n-aa-www.w forstat ua*d to present tha data glvaai 
n - tha nunbar of vasts packages In th* cask, 
a - th* equivalent number of consolidated fual a»s*abll*a In tha caak, and 
v - tha lo«ded weight of th* cask, vhara 191.0 - 191,000 lbs. 

Calculated dosa rata 10 ft froa cantarlino was 9.8-10.2 allllrea/hr. 

http://www.w


Table 9. Groat weight of Basalt repository casks vs the number of waste packages 

Type of packag* - ovarpack only 

4 Fin •ssaabllaa/packag* 9 BWK aaseabllea/package 

5.99- In. 1.90- In. 1.36-ln. 5.99-ln. 1.90-ln. 1 36-ln. 
r« shi«id Pb shield U shield Pa shield 9b shield U shield 

1 - 4 - 53.3 1 - 4 - 44.9 1 - « _ s.4.1 1 - 9 - 57.0 - 9 - 52.2 - 9 - 47.2 
a - • -116.2 - • -109.0 3 - 4 - 103.0 I I - 19 - 124.3 1 - 19 - 116.5 - 19 - 109.1 
3 - ia - 135.5 - 12 - 127.4 3 - 12 - 120.5 1 - 27 - 144.5 > - 27 - 136.4 - 27 - 129.7 
4 - 16 - 161.3 - 16 - 153.0 4 - 16 - 145.2 • 1 - 36 - 171.9 1 - 36 - 163.1 - 36 - 154.4 
5 - ao -149.9 - 30 - 140.9 5 - 20 - 172.4 ! S - 4)5 - 202.3 i - 45 - 192.7 - 45 - 163.7 
6 - a» _ 330.5 - 24 - 210.6 ; - 24 - 201.4 < S - 54 - 234.7 1 i - 54 - 224.3 - 54 - 214.5 
7 - a» - 331.0 - 24 - 231.1 7 - 3 4 - 3 1 1 . 9 P - 63 - 245.7 t - 63 - 235.2 - 63 - 325.5 
e - 3a -363.a - 32 - 4»2.5 4 - 32 - 242.6 1 1 - 72 - 279.9 1 - 72 - 264.6 - 72 - 259.1 
9 - 36 - 397.0 

322.3 
- 36 - 295.5 

310.2 
9 - 36 - 274.9 < 

10 - 40 - 299.1 
1 - 91 - 315.9 ! » - 91 - 303.6 - 91 - 292.3 

10 - 40 -
397.0 
322.3 10 - 40 -

295.5 
310.2 

9 - 36 - 274.9 < 
10 - 40 - 299.1 1C » - 90 - 329.4 10 - 90 - 319.1 

11 - «« -330.1 11 - 44 - 314.7 11 . 99 - 339.9 
12 - 46 - 339.7 



Table 9 (continued) 

Typa o f packaga - c a n l a t a r o n l y 

1 PMJt aaaaa fe ly /packaga 2 BWIt aaaaau> l laa /packaga 

9 . 3 9 - l n . 4 0 2 - i n . 2 5 2 - l n . 9 3 9 - i n . ».( ) 2 - l n . 2 . 5 2 - l n 
r * s h l a l d Pb a h l a l d U a h i a l d Pa a h i a l d Pb i i b l a l d U a h i a l d 

27 - ?7 - 1 8 6 . 2 >2 - 32 - 1 9 0 . 1 35 _ 35 - 1 8 7 . 2 21 1 - 18 - 1 8 5 . 9 8 - 16 - 1 8 5 . 9 3 2 - 64 - 1 8 7 . 7 
28 - 28 - 1 8 9 . 9 13 - 33 - 1 9 5 . 4 35 - 36 - 1 9 2 . 2 2! I - iO - 1 8 9 . 7 9 - ! 18 - 1 9 0 . 3 3 3 - 66 - 1 9 3 . 2 
29 - 29 - 1 9 « . 2 l« - 34 - 1 9 8 . 2 37 - 37 - 1 9 3 . 2 21 i - (2 - 1 9 8 . 2 0 - ( iO - 1 9 3 . 0 3 4 - 68 - 1 9 6 . 0 
30 - 30 - 1 9 6 . 9 15 - 35 - 2 0 2 . 2 38 - 38 - 1 9 6 . 5 2^ r - i« - 1 9 8 . 7 1 - ( i2 - 1 9 8 . 1 3 5 - 70 - 2 0 0 . 1 
31 - 31 - 1 9 7 . 9 2 16 - 36 - 2 0 7 . 3 39 - 39 - 2 0 0 . 8 21 I - 16 - 2 0 2 . 7 2 - < .4 - 2 0 3 . 0 3 6 - 72 - 2 0 5 . 4 
32 - 32 - 2 0 * . 7 : >7 - 37 - 2 0 8 . 4 4© - »0 - 2 0 5 . 2 2 ' i - S8 - 2 0 7 . 3 3 - 1 >6 - 2 0 8 . 7 3 7 - 74 - 2 0 6 . 5 
33 - 33 - 2 1 2 . 3 18 - 38 - 2 1 1 . 8 81 - 81 - 2 0 8 . 5 3( ) - SO - 2 1 0 . 1 8 - ( SS - 2 1 1 . 6 3 6 - 76 - 2 1 0 . 0 
3« - 34 - 2 1 5 . 1 : 19 - 39 - 2 1 5 . 8 • 2 - * 2 - 2 1 8 . 7 3 - S2 - 2 1 1 . 2 5 - '0 - 2 1 5 . 8 3 9 - 7 1 - 2 1 4 . 1 
35 - 35 - 2 1 9 . 2 I to - 40 - 2 2 0 . 7 »3 - «3 - 2 2 1 . 1 3; ! - >« - ?20 .S 6 - 5 ' 2 - 2 2 1 . 3 4 

1 -
80 - 2 1 9 . 2 
• 2 - 2 2 2 . 7 

o 

50 - 50 - 2 7 5 . 9 55 - 55 - 2 6 9 . 8 6 2 - 62 - 2 8 7 . 3 4 6 - 92 - 2 7 8 . 2 5 4 - 108 - 2 8 0 . 6 5 5 - 1 10 - 2 6 4 . 2 
51 - 51 - 2 7 9 . 6 56 - 56 - 2 9 0 . • S 3 - 63 - 2 8 1 . 3 4 7 - 94 - 2 8 3 . 2 5 5 - 110 - 2 8 1 . 9 5 6 - 1 12 - 2 8 5 . 4 
52 - 52 - 2 8 0 . 7 57 - 57 - 2 9 6 . 2 6 4 - 64 - 2 9 2 . 7 4 a - 96 - 2 8 7 . 1 5 6 - 112 - 3 0 4 . 1 5 7 - 1 14 - 2 9 0 . 9 
53 - 53 - 2 8 1 . 7 58 - - 2 9 7 . 2 6 5 - 65 - 2 9 5 . 9 4 3 - 98 - 2 8 9 . 3 5 7 - 114 - 3 0 9 . 7 5 8 - 1 16 - 2 9 2 . 0 
54 - 54 - 2 8 8 . 0 b 59 - - 2 9 8 . 3 b 6 6 - 66 - 2 9 9 . 5 b 5 0 - 100 - 2 9 4 . 0 5 8 - 116 - 3 1 0 . 8 6 0 - 1 10 - 2 9 4 . 2 
55 - 55 - 2 8 9 . 1 60 - - 2 9 9 . 3 6 7 - 67 - 3 0 0 . 6 5 1 - 102 - 2 9 8 . 0 5 9 - 118 - 3 1 1 . 9 6 1 - 1 . 12 - 2 9 7 . 4 
56 - 56 - 3 0 5 . 6 61 - - 3 0 2 . 5 6 8 - 68 - 3 0 1 . 6 5 2 - 104 . - 2 9 9 . 0 6 0 - 120 - 3 1 3 . 0 6 2 - 1 ; 14 - 3 0 1 . 4 
57 - 57 - 3 1 6 . 7 62 - - 3 0 6 . 4 6 9 - 69 - 3 0 2 . 7 5 3 - 106 - 3 0 0 . 1 6 1 - 122 - 3 1 6 . 3 6 3 - 1i 16 - 3 0 2 . 5 
58 - 58 - 3 1 7 . 7 63 - - 3 0 7 . 5 7 0 - 70 - 3 1 3 . 3 5 4 - 108 - 3 0 1 . 2 6 2 - 124 - 3 2 0 . 5 6 4 - 1 24 - 3 0 7 . 2 
59 - 59 - 3 1 8 . 8 64 - - 3 1 2 . 0 7 1 - 71 - 318 1 5 5 - 110 - 3 0 2 . 3 6 3 - 126 - 3 2 1 . 5 6 5 - 1 10 - 3 1 0 . 5 
60 - 60 - 3 1 9 . 8 65 - - 3 1 5 . 3 7 2 - 72 - 3 1 9 . 1 5 6 - 112 - 3 2 5 . 5 6 4 - 126 - 3 2 6 . 4 6 6 - 1 12 - 3 1 4 . 3 
61 - 61 - 3 2 3 . 1 66 - - 3 1 9 . 1 V 3 - 73 - 3 2 0 . 2 8 - 1 16 - 3 1 6 . 5 
62 - 62 3 2 7 . 2 67 67 - 3 2 0 . 1 7 74 3 2 7 . 1 

0 - 1 1 10 -
3 1 7 . 6 
3 2 8 . 9 



Table 9. (oootiaued) 

Typ* of packaga - canlatar only 

2 PWS. *aa*abll*a/packag* 

9.39-ln. 
Pa ahlald 

4.02-ln. 
Pb ahiald 

2.52-ln. 
U ahlald 

15 - 30 - 183.7 
16 - 32 - 191.3 
17 - 34 - 199.5 
18 - 36 - 206.9 
19 - 39 - 209.9 
20 - *0 217.9 

17 - 34 - 183.5 
18 - 36 - 190.5 
19 - 38 - 192.6 
20 - 40 - 201.2 
21 - «2 - 207.9 
22 44 - 217.1 

19 
20 
21 
22 
23 

39 - 181.8 
•0 - 190.2 
*2 - 196.8 
M - 205.8 
•6 - 212.3 

24 - M 218.* 

• BWR aaa*abll*a/packag* 

9.39-ln. 4 .03 -in. 2 .52-ln. 
Pa ihlald Pb •1 ilald U •hlald 

14 - 56 - 188 4 1 6 - 61 - 187.6 18 - 72 - 188.3 
15 - 60 - 196 0 1 7 - 61 - 195.9 19 - 76 - 190.5 
16 - 64 - 204 2 1 9 - 71 - 203.3 20 - 60 - 199.3 
17 - 68 - 212 9 1 9 - 7( - 205.5 21 - 64 - 206.2 
18 - 7 2 - 2 2 0 6 2 0 - SC - 214.7 22 - 66 - 215.7 

2 1 - 8« - 221.9 23 - 92 - 222.5 

29 - 58 - 285.1 32 - 64 - 285.6 35 - 70 - 286.6 27 - 108 - 264.6 
30 - 60 - 289.7 33 - 66 - 294.1 36 - 72 - 294.5 29 - 112 - 291.0 
31 - 62 - 291.8 34 - 68 - 298.8 37 - 74 - 296.6 29 - 116 - 296.2 
32 - 64 - 305.2 35 - 70 - 305.2 38 - 76 - 303.1 30 - 120 - 303.0 
33 - 66 - 314.0 36 - 72 - 313.5 39 - 78 - 309.5 31 - 124 - 305.2 
34 69 316.9 37 - 74 - 315.6 40 - 90 317.2 32 - 128 - 319.3 

30 - 120 - 282.9 33 - 132 - 289.3 
31 - 124 - 285.1 34 - 136 - 294.1 
32 - 128 - 298.7 35 - 140 - 300.7 
33 - 132 - 307.6 36 - 144 - 309.1 
34 - 136 - 312.5 37 - 149 - 311.3 
35 - 140 - 319.3 39 - 152 - 317.0 

Typ* of packag* - canlatar only 

3 PKR aaa*abll*a/packag* 

9.39-ln. 
P* ahlald 

4.02-ln. 
Pb ahlald 

2.52-ln. 
U ahlald 

10 - 30 - 194.8 
11 - 33 - 193.3 
12 - 36 - 202.5 
13 - 39 - 213.9 

12 - 36 - 186.3 
13 - 39 - 197.3 
14 - 42 - 209.2 
15 - 45 - 217.6 

13 - 39 - 196.4 
14 - 42 - 197.0 
15 - 45 - 206.2 
16 - 48 - 216.1 

7 IWR aaaaabliai/packaga 

9.39-ln. 
Pa ahlald 

4.02-ln. 
Pb ahlald 

2.52-ln. 
17 ablald 

9 - 63 - 165.3 
10 - 70 - 197.3 
11 - 77 - 206.2 
12 - 84 - 216.0 

11 - 77 - 169.5 
12 - 64 - 199.9 
13 - 91 - 210.6 
14 - 98-222.1 

12 - 94 - 184.0 
13 - 91 - 195.3 
14 - 99 - 206.4 
15 - 105 - 216.1 

20 - 60 - 297.2 
21 - 63 - 296.9 
22 - 66 - 310.2 
23 - S9 - 319.9 

22 - 66 - 290.4 
23 - 69 - 299.7 
24 - 72 - 309.4 
25 - 75 - 316.2 

24 - 72 - 299.5 
25 - 75 - 299.2 
26 - 78 - 306.9 
27 - 91 - 315.9 

19 - 133 - 267.3 
20 - 140 - 300.3 
21 - 147 - 310.6 
22 - 154 - 324.5 

21 - 147 - 290.2 
22 - 154 - 303.6 
23 - 161 - -13.3 
24 - 168 - 322.5 

22 - 154 - 285.4 
23 - 161 - 299.7 
24 - 168 - 306.7 
25 - 175 - 316.6 



Table 9 (oonlinued) 

Typ* of package - canister only 

« m ass*abll*a/p*ck*g* 1 IKS asseabllea/package 

9 .44--in. 4.07--In. 2 .56-•la. 9.44-10. 4.03 r_; lb. 2.56-In. 
Pa shield ] Pb ahlald U ahleld 

7 

1 Pa ahlald ! »b abl< aid U sal aid 

• - 32 - c 176.2 9 - 36 - 1 7 , , S b d 191.2 b , d 

10 _ 40 _ 179.9°'" 7 

1 

63 - 169.ic 9 - 72 . 171, i 9 . 91 - 175.4" 
9 - 36 - 195.2^ b.c 200.3°' 

219.7* 
230.1 

10 - «0 -
1 7 , , S b d 191.2 b , d 11 - 4« - 109.5* 

200.1 
• - 72 - 1ee.1C 9 - • 1 . 190, i 10 - 90 - 111.) 1 

10 - 40 -
195.2^ b.c 200.3°' 
219.7* 
230.1 

11 - M - 205.0* 12 . 41 -
109.5* 
200.1 9 - •1 - 209.3 C 10 - 90 - 204, i 11 - 99 - 199.4* 

209.6* 11 - <* -
195.2^ b.c 200.3°' 
219.7* 
230.1 

12 - 49 - 216.0* 
230.a3 

13 - 52 - 213.1* 
226.1 

10 - 90 - 222.2° 11 - 99 - 214, ,7" 12 - 109 -
199.4* 
209.6* 

12 - *• -

195.2^ b.c 200.3°' 
219.7* 
230.1 13 - 52 -

216.0* 
230.a3 14 - 56 -

213.1* 
226.1 • • 1J - 117 - 223.1 

15 - 60 _ 275.6° 17 — 6* - 201.9 b 19 — 76 _ 279.3 b 14 _ 126 - 275.1 16 144 290, ,4 17 1S3 - 275.4 
16 - 6* - 290.1 It - 72 - 293.3 20 - • 0 - 293.1 15 - 135 - 291.1 17 . 153 - 294 .6 19 - 162 - 292.5 
17 - 61 - 301.4 19 - 76 - 296.9 21 - • 4 - 304.9 16 - 144 - 301.2 19 - 162 - 306, .6 19 - 171 - 296.9 
18 - 72 - 313.3 20 - • 0 - 310.9 22 - • • - 319.7 17 - 153 - 315.2 19 - 171 - 310, .2 20 - 110 - ill.3 
19 - 76 - 316.7 21 - • * -323.2 23 - 92 - 331.5 11 - 162 - 327.7 20 - 110 - 325 .1 21 - 199 - 322.9 

The a-an-www.tr format u » d to prevent the data glveat 
a - tba auabar of wait* packages la tha caak, 
• - tha equivalent auatber of conaolldatad fuel assemblies la tha caak, and 
v - tb* loaded weight of the caak, where 195.2 - 195,200 lba. 

Calculated doae rat* 10 ft frost centerline was 9.1-10.2 mUlllreaVhr. 
c exception - *x - 9, .24 In. of Pe. 
d Exception - t, = 3. .99 In. of Pb. 
exception - *x s 2. .41 la. of U. 
exception - *x « 9. ,29 la. of Pe. g •exception - *y - 3. .92 In. of Pb. 

h Exception - *x - 2, .44 la. of 0. 
exception - *x = 9. .32 In. of Pe. 

3except1 - *y = 3, 96 In. of Pb. 
exception - *x = 2. ,49 In. of u. 

http://a-an-www.tr
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SCOPE output corresponding to each 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
ponents 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 ambient temperature of 130°F. The worst case of practical interest 
corresponds to the large U-shielded 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.-thkk 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 |in temperatures, the other calculated tempera­
tures shown in the Appendix are considered fairlj accurate. To calculate the maximum fuel pin 
cladding temperatures, the SCOPE code1 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 tightly 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 are 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 500°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 assemblies may experience some melting of the Pb gamma shield 
during or after the hypothetical fire (T£dt - 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 shield, (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 h. !9 thin-walled 
canisters designed for the Basalt repository], (c) The accident scenario used in the SCOPE code is 
unusually conservative insofar as it assumes that the cask is allowed to attain a new (elevated) state 
of thermal equilibrium after the loss of the neutron shield 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 neutron 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 a 300,000-lb U-shielded 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-geaeration neutron multiplication factor (k^) no greater than 
0.536 ± 0.002, even if one assumes that the PWR fuel is unirradiated and contains 3.4 wt% 
U-235. The low neutron multiplication factor in these highly specialized casks stems from several 
factors: (a) the consolidated fuel pins have a small pitcb-to-diameter ratio, (b) the fuel is shipped 
dry in canisters that are hermetically sealed at the MRS facility, and (c) the solid alvminum insert 
between the canisters effectively displaces any interstitial water that might be in the cask during 
loading (or in the event 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 
Computer Analyses for Licensing Evaluation.4,7 That particular analytical sequence employs the 
NITAWL resonance self-shielding code,' the XSDRNPM discrete ordinates transport code2 for 
cell-averaging the multigroup cross sections, and the KENO IV Monte Carlo criticality program.6 

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 
assemblies* 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 UO2 density of 10.41 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 1 7 x 1 7 assemblies would yield a slightly tighter 
lattice pitch, but would contain essentially the same amount of U 0 2 per canister and have approxi­
mately the same k^ as long as the canister is dry.] For an infinite lattice of such fuel pins, the 
one-dimensional XSDRNPM code yielded a k^ of 0.6797. A simplified KENO IV 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 Ic^of 0.536 ± 0.002. 

•Each assembly contains 204 fuel pins and 21 guide tubes to accommodate the movable con­
trol rod cli sters. 
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ORNL-OWG B-ISI37R 

u-w.^^^^^ 
5.08 cm THICK OUTER STEEL 
SHELL 

6.5024 on THICK DEPLETED 
U METAL GAMMA SHIELD 

I SOS cm THICK INNER STEEL 
SHELL 

254 cm THICK REMOVABLE 
ALUMINUM INSERT 

0.45 cm THICK CARBON STEEL 
CANISTER CONTAINING PINS 
FROM 4 COMPACTED PWR 
FUEL ASSEMBLIES 

NOTE: STEEL CANISTERS MEASURE 
29.25cm X 29.25cm (OUTSIDE) 

Fig. 7. A simplified 2-0 KENO IV model of a Urge U-shiekkd 
cask containing 100 consolidated PWR fuel assemblies in 25 thin-walled 
steel canisters. 
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6. CONCLUSIONS 

The objective of this study was to determine the maximum nup-Ser of repository waste packages 
tnat could be shipped in Pb-, Fc-, and U-shielded casks having a gross loaded weight of 200,000 or 
300,000 lbs. This determination was made for each of 18 different waste packages defined by 
requirements at the Salt, Tuff, and Basalt repositories. 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, each waste package contained 
1-12 consolidated PWR fuel assemblies or 2-30 consolidated BWR fuel assemblies (see Sect. 2). 

Subsequent to the initial scoping analysis but prior to the final scoping analysis, discrete ordi-
nates shielding calculations were performed for 30 cases of potential interest The object of these 
calculations was to determine the actual neutron and gamma shield thicknesses that would yield a 
dose rate 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 so»newhat conservative, these same neutron and gamma shield thicknesses were 
also assumed to apply to casks containing consolidated BWR fuel irradiated to 
27,500 MWd/MTIHM. 

Tables S and 6 show the number of consolidated PWR and BWR fuel assemblies that may be 
shipped in 200,000-lb and 300,000-lb 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 S22 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-lb casks, 50-100% more fuel may be shipped in the larger 
300.000-lb 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-shielded cask will weigh less than a Pb-shielded cask, which will 
weigh less than an Fe-shielded 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 Basalt repository, the U-
shielded casks do offer a noticeable payload advantage. 

(e) Most (i.e., 9095%) of the casks surveyed do not require external cooling Tins. 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 Tins. 

(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-lb 
U-shielded cask containing 84 consolidated PWR fuel assemblies in 21 thin-walled steel can­
isters, or 171 consolidated BWR fuel assemblies in 19 thin-walled steel canisters. Prelim­
inary KENO IV 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. 



Based on these findings, one may condnde that the total number of required shipments between the 
MRS and the various repositories may be substantially reduced through the use of larger casks 
especially 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 each 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 each type of cask .'., a function of the number of 
waste packages (Le., canisters) in the cask. The 18 tables in uis Appendix may be briefly 
described as follows: 

Table A.1. Salt reference design; overpack and canister with 12 PWR assemblies/package 
Table A.2. Salt reference design; overpack and canister with 30 BWR assemblies/package 
Table A.3. Salt reference design; bare canister with 12 PWR assemblies/package 
Table A.4. Salt reference design; bare canister with 30 BWR assemblies/package 
Table A.S. 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. 11 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. Basalt 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. Basalt reference design; canister only, with 7 BWR assemblies/package 
Table A. 17. Basalt reference design; canister only, with 4 PWR assemblies/package 
Table A. 18. Basalt reference design; canister only, with 9 BWR assemblies/package 
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(*• 1 2 * 2 2 7 117 
7 1 t 1*1 a t * 21a 

5 * 7 l » t * « i * « 
* S * 277 2 * 1 I I S 

«*• i a s a a * a i t 
7 1 1 i s * 2 « 2 2 1 * 

5 * 2 a * i 2 * * i n 
( S * » i a * 7 i l l 
« * a i i * a n i n 
7 1 * i c i a t * a i t 
7 1 ( 1*7 a t * a t 7 

• i t • t l • 1 2 
7 7 * t i l ••( 
• 2 7 t i t * * 1 
I S * 5 1 2 S22 

; i * t 2 1 • 2 1 
7 * 2 t i l • 11 
117 t i t • 5 1 
1 * 1 s a t t i l 

• S I t i i t ! 2 
77S t a t t ( l 
• 12 117 S I * 
I t * 5 1 1 s«s 
I t t S ( S s « t 

Tabla £.2. tilt BafarMC* Daalaai Ovarpack tad Caalatar vltk 1* ••• Aanaabliaa/Packaga 

ITSADT •TATB BAZ P I I B - T M T 
n i c u u i D I K B M I O M i m t u n i u T B O g B A T U M * 

• A T B B I A L * I B I B C B U I B IBCBBI I B DB6.P I B 0 1 6 . P 
C A M 
M i e B T ran • 0 . i B i r r BAR. •BUT CAB. •BUT 
C A M 
M i e B T I D 0 0 LBB6TB P I B P I B PUBl I B I I T GAfBIA C A M PUBL I B I « SAMBA 

AS* CAM* U L O SILO n u IULO ( K L I S l BT . t B K . P I B BATL (BLD • O I P . P I B • A T L IBLD 

i t . t 1 « x t s • 10 «.!• t . 2 S t l . l 1 1 . S 5 2 . • 2 0 * . S 0 . ' 0 . 0 s o t 1 *1 1 ( 2 1 7 * 712 • 1 1 «12 
1 0 . 0 2 AL P I • 2 0 1 . 2 * I . 2 S 2 1 1 . 1 7 0 . ) • » . 7 2 1 0 . 0 I . t 0 . 0 SSI 1*7 1 * ( 1*2 t * 2 1 7 * * 1 * 
1 0 . t 1 A t pa • 2 0 1 . 2 0 I . 2 S 2 7 1 . 0 7 5 . < * S . « i l t . S 0 . 0 0 . 0 S I 2 2 * t 107 1*9 711 • I f *S5 
1 0 . 0 • At. p i • 2 0 1 . 2 0 1 . 2 5 l l l . t • « . t 1 0 4 . 0 2 1 0 . 0 0 . 0 o . t t o * 111 220 111 7 1 * • 7 1 * I 0 

1 0 . t 1 AL PS • 1 0 t . s t 1 . 7 5 *!.* 1 1 . S 5 1 . 2 2 1 0 . 2 0 . 0 0 . 0 • i * 111 111 17* H I 1*2 1*1 
1 0 . t 2 AL PB • 2 0 S . 0 1 1 . 7 5 2 1 7 . 1 7 0 . J *».! 2 1 1 . 1 0 . 0 o . t s < * 245 117 1*2 ( S « I t * 1 7 * 
1 0 . 0 1 AL PB • 1 0 5 . 0 1 1 . 7 5 2 * 1 . • 7 5 . t * t . 2 2 1 1 . 1 0 . 0 t . o 5 ( 0 2 * 1 2 1 * I M 702 • I f «20 
1 0 . 0 • AL PB • 2 0 5 . 0 1 1 .7S I M . t M . I 1 * 5 . 1 2 1 1 . 1 0 . 0 0 . 0 t t 2 110 2 1 * 110 710 • • 1 M f 

1 0 . 0 1 AL V • 1 0 0 . 7 * l . * 7 • 5 . 2 1 1 . 5 • *.• l o t . ' 0 . 0 o . t 501 l * < 1*5 1 7 * 7 f t • f 2 * f 2 
1 0 . 0 1 A t a • 2 0 0 . * ) l . « 7 2 1 * . 7 7 0 . J • t . 1 1 0 t . « 0 . 0 0 . 0 5 5 1 2 * 1 1*1 115 (•• 1 7 * «17 
1 0 . 0 1 AL 0 • 1 0 o . » » l . « 7 J M . O 7 5 . t • 1 .5 1 0 * . t 0 . 0 0 . 0 S M 2 M 211 201 7 1 t M l * 7 7 
1 0 . 0 • AL a • 2 0 0 . M J . « 7 1 1 1 . 7 M . t 1 0 0 . * l o t . t 0 . 0 0 . 0 <«S 115 3 1 * 215 7«5 • 7 7 501 
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rabla ».l. (alt Bafaraaca Daalaai Bara Caalatar »lt» l] m Asa*a*>llaa/aacka«*> 

axx « T U - T * * T 
m c n n i 
IB M o n t 

can 
CM. UDT men - O C T ! PIS FIB 

t i n i u i t a w t v a r . t i n n u 
t » . » 
1 0 . 0 
t o 
10 
10 
t o 
t o 

1 0 . 0 
1 0 . 0 
t o . * 
1 0 . 0 
1 0 . 0 

t o . a 

t o . o 
1 0 . 0 
t o . o 
1 0 . 0 
1 0 . 0 
1 0 . 0 
t o . o 
1 0 . 0 

1 U . 
2 AL 
) AL 
• u 
5 JU. 
t AL 
7 AL 

1 a x 
3 U . 
J AL 
• AL 
5 A t 
f A l 

• 3 0 1 . 1 7 4 . 2 5 
• 3 0 J . 7 2 0 . 2 5 
B20 J . 7 2 4 . 2 5 
• 2 0 1 . 7 2 4 . 2 5 
• 3 0 J . 7 2 « . 2 S 
• 2 0 1 . 7 2 4 . 2 5 
B30 1 . 7 2 4 . 2 5 

7 1 . » 
I M . t 
1 * 1 . S 
2 1 1 . S 
2 7 1 . 1 
1 1 1 . 1 
1 3 * . * 

AL 
At 
At 

n 
r a 
n 
n 
n 

• 2 0 
B30 
• 3 0 
B30 
• 2 0 
U O 

WO 
U O 
• 2 0 
• 2 0 
• 2 0 
• 2 0 
• 2 0 
• 3 0 

0 . 0 0 1 .7S 0 1 . S 
( . 1 1 1 . 7 5 1 0 2 . 0 
» . * , » 1 . 7 5 3 0 0 . 1 
0 . 0 * 1 .7S 2 * 4 . 5 
O . t * 1 .7S 2 0 0 . 0 
0 . * * 1 .7S I I S . 2 

2 . 1 1 
2 . 1 2 
2 . 1 2 
2 . 1 2 
2 . 1 2 
2 . 1 2 
2 . 1 2 
3 . 1 2 

1 . 4 7 
1 . 0 7 
l . » 7 
1 .47 
J . 0 7 
1 .47 
1 . 4 7 
1 .47 

« l . 2 
1 J 2 . 0 
1 7 0 . 0 
2 1 4 . 7 
2 S 1 . 1 
2 * 1 . 0 
1 0 7 . C 
1 5 1 . 5 

an.7 »*.» 
1 2 . « 7 7 . 0 
5 * . 5 0 1 . 0 
< J . 2 t l . O 
7 0 . ( I * . * 
7 0 . 2 t * t . 7 
7 0 . 2 1 0 0 . 7 

2 0 . 7 5 1 . 1 
S 3 . * 0 1 . * 
i ( . S O S . * 
( 1 . 2 « t . 7 
7 0 . 0 1 * 1 . 0 
7 0 . 3 1 1 0 . 7 

1 0 2 . 2 
1 0 2 . * 
1 ( 2 . 1 
1 * 2 . * 
1 * 2 . * 
1 * 2 . * 
1 ( 2 . * 

1 ( 9 . * 
1 * 7 . 0 
1 * 7 . 0 
1 * 7 . * 
1 ( 7 . * 
1 * 7 . * 

2 4 . 7 
5 2 . C 
9 0 . 9 
( 1 . 2 
7 0 . * 

« 2 . 0 
7 1 . 1 
7 5 . 1 
• 9 . 0 
M . I 

7 0 . 3 1 0 0 . 0 
7 0 . 2 l « « . 0 
• ( . 1 1 1 * . t 

t7* 
177 
177 
177 
177 
177 
177 
177.1 

• -( 0 * 1 3 0 * 2 * 7 1 * t •(• • ( 9 < ( 2 

(-• 725 1 2 f 221 2 ( 1 • t l « 7 ( • ( 2 

*.* 771 I t * 291 2 ) 0 1 1 1 5 ( 2 517 
a . 2 9 702 (•« 3 1 * 211 151 ( 1 ( 972 
0 . 2 5 0 ( 1 0 1 2 391 3 2 * 1 7 * - * * « 1 **( 
• - 3 5 0 1 * * S » 3 ( 1 217 1 ( 1 ((• ( 1 * 
( . 2 5 0 ( * • * 1 3 7 * 2 ( 1 1 ( 4 0 727 ( 9 4 * 

*.* t i t 2 * 2 3 *1 1*1 7 1 1 1 ( 1 • • 5 
a.o 731 1 2 0 3 l f 2 ( 5 1 2 1 • 5 5 • 2 4 
o.« 1 « 101 2 * 4 3 2 * I t * 515 • 7 * 
• . 0 7 * f • 3 3 2 * 9 2 « f 127 5 ( ( 915 
• . 2 9 7 * 0 ( 3 5 2<5 2 2 * I t l (!• 554 
• . 2 5 • 1 * ««7 295 2 1 2 1 ( 7 • 1 1 5 7 1 

*.• t o t 217 215 2 0 5 ( 1 5 • 1 * •*• 
• .* 7 2 * 111 3 2 * 2 1 * ( 5 ( • *( • ( 7 

• •• 775 1 * 1 2 5 * 2 * 1 1 2 1 57« 5 « 1 
0 . 2 5 7 ( 5 • 07 2 * « 225 1 ( 3 ( 2 1 • 0 1 
• . 2 9 ••• • 2 5 257 2 1 ( 1 ( 2 ( 5 2 ( 2 4 
0 . 3 5 021 • 5 7 2*7 2 * 5 117 ( 7 1 ( 4 1 
• . 3 9 ••* • S I 2 7 1 2 * 7 1 ( 5 2 7*1 t i l 
• . 2 5 ( 5 t 5 * 1 2 7 ( 250 1 ( 5 ( 750 1 0 * 

Tabla A.4. (alt aaraxaaca Daalgai Baca Caalatar wlta 10 a m Aaaaaatllaa/aackaaa 

•TBAOT ( T A T * • A X F I U - T B I T 

t n c n u i D i a n a t o n T m > n A T S u a T B v a a A T o a s t 
• A T B T I A M w IBCBM 

C A M 
wear 

» z a c a a a I B D B S . * I B D s e . r 

r u * x a o . i » n SAB. n o r SAB. • • ITT 
C A M 
wear 1 0 oo L a a o r a r i a r n ruBL » t a t aaaMA CAM. r r a L m a r «*J0AA 

AG* C A R M L O (BLO >au> I B L 0 l a x i o a l l . TBX. » I B • A T I I I U •oar. • I B • A T I M L O 

1 0 . 0 1 AL f a • 2 0 1 . 1 7 4 . 2 5 7 ( . ( 2 4 . 7 4 ( . ( 1 K . 0 • . 0 0 . 0 9 * 2 112 110 1 ( 2 7 9 ( 411 • 2 1 
1 0 . 0 2 At. a * • 2 0 1 . 7 2 4 . 2 1 1 7 4 . 0 5 2 . ( 7 7 . 0 l i t . 7 , 0 . 0 0 . 0 ( t o 2 * 1 202 112 7 3 ( 424 • 25 
1 0 . 0 1 AL t * • 2 0 1 . 7 2 4 . 3 5 2 0 1 . 1 5 ( . l ( 1 . 0 l i t . 7 0 . 0 0 . 0 ( 4 1 1 1 * 225 2 1 1 7 ( 4 • 15 • 72 
1 0 . 0 4 AL a * • 2 0 1 . 7 2 4 . 2 1 2 * 0 . 1 ( 1 . 2 0 7 . ( l i t . 7 0 . 0 0 . 0 ( 7 5 1 * ( 242 220 0 t 7 5 1 1 501 
1 0 . 0 5 AL »• • 2 0 1 . 7 2 4 . 2 5 2 ( 2 . 5 7 0 . ( 1 9 . 0 l i t . 7 0 . 0 o . t ( 1 * 1 * 1 395 2 1 1 ( 1 0 5 ( 7 535 
1 0 . 0 ( AL a * • 2 0 1 . 7 3 4 . 2 5 1 2 7 . 1 7 * . 2 1 0 2 . 7 l i t . 7 0 . 0 0 . 0 700 412 2 ( ( 3 4 1 0 9 1 911 5«2 

1 0 . ( 1 AL n K20 0 . 4 * 1 .75 ( 7 . 1 2 4 . 7 9 2 . 1 1 1 1 . 7 0 . 0 0 . 0 SJ7 1 ( ( 1 « 170 ( 0 7 190 171 
1 0 . 0 2 AL r i • 2 0 0 . * 1 1 .79 1 * 4 . 7 9 2 . ( 0 1 . 0 2 0 0 . 7 0 . 0 o.o ( 0 7 2 7 * 111 101 700 401 100 
1 0 . 0 1 AL r« • 2 0 0 . 1 * 1 .75 2 3 1 . 5 5 ( . 5 0 9 . 0 2 0 0 . 7 0 . 0 0 . 0 ( 4 4 1 2 * 120 2 0 1 7 ( 1 • 70 • 15 
1 ( . 0 4 AL P I • 2 0 0 . * 1 1 .75 2 5 1 . 1 ( 1 . 1 1 1 . 7 2 0 0 . 7 0 . 0 0 . 0 ( 7 0 1 ( 2 217 2 2 1 714 511 • • 7 
1 0 . 0 5 AL ww • 3 0 ».*» 1 .75 1 0 1 . ) 7 0 . ( 1 1 . 0 2 0 0 . 7 • •0 0 . 0 ((* ] ( ( 110 214 ( 1 7 541 • 10 
1 0 . ( ( AL n • 2 0 0 . * * 1 . 75 1 4 1 . ( 7 ( . 2 1 0 0 . 7 2 0 0 . 7 0 . 0 0 . 0 7 0 1 *C5 1 ( 0 2 4 1 • 14 5 ( 9 500 

tO.O 1 AL a • 3 0 2 . 1 1 1 .47 ( 7 . ( 1 4 . 7 4 2 . 0 1 * 0 . 4 0 . 0 0 . 0 J . 1 * 1 117 101 7 ( ( 4 ( 4 • ( 1 
1 0 . 0 2 AL 0 giO 2 . 1 2 1 .47 1 ( 1 . 2 5 3 . ( 7 1 . 1 1 1 0 . 0 0 . 0 0 . 0 , 1 1 2 ( 7 207 111 717 414 • • 1 
1 0 . 0 1 A t a • 2 0 1 . 1 3 1 .47 !»».» 5 ( . 5 7 5 . 1 1 1 0 . 1 0 . 0 0 . 0 ( 9 2 I X 312 220 714 507 • 10 
1 0 . 0 • AL a • 2 0 2 . 1 2 3 . 4 7 2 2 4 . 2 ( 1 . 2 o t .o 1 1 0 . 0 0 . 0 0 . 0 ( 7 ( 171 150 3 1 * • 3 ( 510 510 
1 0 . 0 5 AL u • 2 0 2 . 1 3 1 . 4 7 2 ( 4 . 1 7 0 . ( 0 1 . 1 1 1 0 . 0 0 . 0 0 . 0 ( 1 7 I K 3 ( J 247 • 47 5 / 0 550 
1 0 . 0 ( AL a • 2 0 2 . 1 2 J . 4 7 1 1 2 . 1 7 * . 2 1 0 0 . 0 1 1 0 . 0 2 . 0 0 . 1 ' ( 1 1 1 * 1 111 331 ( ( 0 111 501 
1 0 . 0 7 AL 0 • 2 0 2 . 1 1 1 .47 1 2 4 . 2 I t . J 1 0 0 . 0 1 1 0 . 0 3 . 0 0 . 2 5 7 1 1 4 2 ( 2 9 ) 3 1 1 • 05 <«7 • 10 
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Tab!* A-5. Tatf li(«uc< Daalsai Ooarpack aad Camlatar altb ( m Aaaaabllaa/lackaga 

STCADT • T A T * • A X r i u - n n 
m e n u s D I u n i o n I I W U A T B B B * TaBDTBBATIIBEl 

• A T B I I A U I B IBCBSI 
CASK 
raion 

i a m u n o a s . r I B DBS.F 

rm- •0 . I H R CAM. ran 6AM. • • in 
CASK 
raion I D 0 0 L B M B T B r i a r n F9BL i n n SAMM C A M FUEL ianr SAMBA 

ACS O H • U I I »au> »«U> •mu I I L M ) A T . T a x . F I B • A T I n x D • O I F . • I B W L ( B U I 

1 0 . 0 1 AL r i • 2 0 1 . 1 7 « . 2 ' 5 . 0 2 7 . 0 5 1 . 5 1 0 0 . 7 0 . 0 0 . 0 1 * * 171 1 7 * 1 ( 5 5 1 * 1 7 * 177 
1 0 . 0 2 AL •• • 2 0 J . 3 7 « . 2 S 1 7 1 . 0 5 0 . * 0 2 . * 1 0 0 . 7 0 . 0 0 . 0 • 1 7 2 2 ( 177 172 5 5 * 1 * 1 170 
1 0 . 0 1 AL » • 2 0 3.it «.» 1 » * . l ( 1 . 1 ( 7 . 1 I t * . 7 o.s ( . 0 • 75 2 ( 2 111 1>S 5 * ( 1*7 1 ( 5 
1 0 . 0 • AL t o • 2 0 1 . 1 7 ( . 2 5 2 2 5 . 1 7 0 . 0 M . 5 1 0 0 . 7 0 . 0 ( . 0 1*5 2 ( ( 205 115 ( 2 2 • 2 ( • 27 
1 0 . 0 s AL n • 2 C 1 . 1 7 1 . 2 5 2 * 0 . 0 7 « . 1 1 * 2 . 0 1 0 0 . 7 0 . 0 0 . 0 5 « * 101 2 1 1 2 * 1 ( 1 * ( I I M l 
1 0 . 0 ( AL »• • 2 0 1 . 1 7 « . 2 5 l l l . f 0 7 . 7 1 1 1 . 1 1 0 0 . 1 0 . 0 ( . 0 5 2 * I K 220 2 ( 1 (•! * ( 1 • 5 * 
1 0 . 0 7 JU. >• • 2 0 1 . 1 7 « . 2 5 1 1 * . * 0 7 . 7 1 1 1 . 1 1 * 0 . 1 0 . 0 0 . 0 5 1 1 ) « ] 2 1 1 220 ( t ( 5 * 5 • 7 1 

1 0 . 0 1 AL n • 2 0 !.*( 1 .75 • ( . 1 2 7 . 0 5 5 . 2 1 * 2 . • ( . 0 0 . 0 1 * * 1 ( 7 1 ( 7 1 ( 2 5 2 * 1 1 * 12« 
1 0 . 0 2 AL n • 2 0 • -•* 1 .75 l f l . 0 5 0 . * ( ( . ] 1 * 2 . 1 0 . 0 0 . 0 • i ; 225 175 1 ( 1 5 1 2 12« 11« 
1 0 . 0 1 AL n • 2 0 l . a c 1 .75 2 1 1 . 2 ( 1 . 1 * 0 . 7 1 * 2 . 1 0 . 0 0 . 0 • 72 2 5 * 1*0 1 ( 1 5 7 * 1 7 * !(• 
1 0 . 0 • AL F I • 2 0 • .*( 1 .75 2 1 0 . * 7 0 . 0 * 0 . 2 1 * 2 . 1 0 . 0 0 . ( • » 1 202 2 * 1 111 ( 0 1 • 0 ( 1*2 
1 0 . 0 s AL F l • 2 0 >.«( 1 .75 2 0 1 . 1 7 5 . 1 l i t . 5 1 * 2 . 1 0 . 0 0 . 0 505 2 * 1 210 2 0 * ( 2 * • 2 * • •* 
1 0 . 0 ( AL n • 2 0 • .«( 1 . 7 5 1 1 1 . 7 0 7 . 7 1 1 5 . 1 1 * 2 . 1 0 . 0 ( . 0 5 1 ( 112 217 1 < ( ( 1 1 • • 5 • 22 
1 0 . 0 7 AL F I • 2 0 • -•» 1 . 7 5 1 1 0 . 0 0 7 . 7 1 1 5 . 1 1 * 2 . 1 C O ( . 0 5 1 * 1 1 * 220 . : 1 ( ((( ••• • •( 
1 0 . 0 1 AL 0 • 2 0 2 . 1 1 l . « 7 «(.* 2 7 . 0 • C O 1 ( 1 . 2 0 . 0 0 . 0 ••! 175 171 '(! ( 2 2 • 07 •*( 
1 0 . 0 2 AL 0 • i n 2 . 1 1 l . « 7 1 * 0 . 0 5 0 . 1 7 7 . 1 1 0 1 . 2 ( . 0 0 . 0 «•* 211 1*1 175 557 150 1*2 
1 0 . 0 1 AL u • 2 0 2 . 1 1 ] . « 7 1 * 1 . 1 ( 1 . 1 • 1 . 5 1 ( 1 . 2 0 . 0 0 . 0 • 7 ( .« 1 * * 1 1 * ( 0 « • 0 ( • 2 7 
1 0 . 0 • AL 0 • 2 0 2 . 1 1 l . « 7 2 1 1 . 0 7 0 . * • 1 . 0 1 * 1 . 2 0 . 0 0 . 0 «*7 2 . ' * 2 0 * 2 ( 0 • 2 * • 17 • 4 1 
1 0 . 0 5 AL 0 • 2 0 2 . 1 1 l . « 7 1 5 1 . 1 7 J . 1 * 7 . 1 1 0 1 . 2 0 . 0 0 . 0 512 i t s 2 1 * 200 • • ( 157 • (( 
1 0 . 0 • AL D • 2 0 2 . 1 1 1 .17 2 * 2 . 5 0 7 . 7 1 * 5 . * ' 0 1 . 2 0 . 0 0 . 0 521 111 225 215 ( 5 7 • 71 « 7 ( 
1 0 . 0 7 AL 0 • 2 0 2 . 1 1 l . * 7 2 * 7 . * 0 7 . 7 1 * 5 . * 1 0 1 . 2 0 . 0 0 . 0 5 1 * 1«7 2 1 * 2 2 ( > ••• i l l 502 
1 C . 0 • AL 0 • 2 0 2 . I J l . « 7 1 1 2 . 1 M . 5 1 1 1 . 7 1 0 1 . 2 0 . 0 0 . 0 552 155 212 210 (*( 5 1 1 5 0 1 

Tabla A.(. Tuff lafaraaca Daalgai Ovarpack aad caalatar altk 11 1*1 Aaaaabllaa/aaekaga 

( W A S T • T A T * BAX r i B B - T U T 
T B I C X B I 1 1 DIBBBa'OBI T B B n i A T U I I I T E M V I B A T D I U 

u i n i u i I B I B C f l M I B I B C B I I I B DBC.F I B DBG.f 
C A H 
BBISBT r v i L B O I B I H GAB. •CUT CAB. BOUT 
C A H 
BBISBT 10 1 0 ICBOTB F I B n a ran I B I K tjm^f^n CASK rax I B I B T fiAgfA 

U l CAB* H L O m r 1BLO 1 ILD n u n B T . TBX. M B BAIL (BLO • O I F . F I B BATL IBLD 

1 0 . 0 AL F I B20 1 . 1 7 1 .25 • 7 . 7 2 7 . 1 5 1 . 5 2 1 * . 2 0 . 0 0 . 0 121 15( 15 ( r i 55 i 152 152 
1 0 . 0 1 AL r i • JO 1 . 1 7 1 .25 2 0 1 . • 5 0 . 1 • 2 . ( 2 1 * . 2 0 . 0 0 . 0 1 (2 117 U l 151 • 5 1 1 1 1 I I I 
1 0 . 0 A l n B20 1 . 1 7 1 .25 2 2 0 . 1 • 1 . 1 ( 7 . 1 2 1 * . 2 0 . 0 o.o 112 220 1 7 * 1 ( 1 • 1 1 1*1 1 ( 7 
1 0 . 0 AL •» B20 1 . 1 7 1 .25 2 ( « . * 7 0 . * 1 1 . 5 2 1 * . 2 0 . 0 o.o 1 1 * 217 1 ( 2 1 7 ( 111 115 1 ( 5 
1 0 . 0 AL ro • 3 0 1 . 1 7 1 .25 1 0 1 . 7 7 * . l 1 0 2 . ) 2 1 * . 2 0 . 0 0 . 0 • 07 2 « * 1 * 1 1 ( 2 S 2 ( 1*0 1 * * 
1 0 . 0 1 AL F I B20 1 . 1 7 1 .25 1 5 * . i • 7 . 7 1 1 1 . • 2 1 1 . 2 0 . 0 0 . 0 • 15 2 5 * 111 1 ( ( 511 1*0 • 07 

1 0 . 0 AL r i • 2 0 *.•( 1.75 1 1 . 1 2 7 . * 5 5 . 2 2 2 1 . * 0 . 0 o.o 127 15 ( 1 5 * 152 • • 1 2 * 5 1 1 1 
1 0 . 0 AL n • 2 0 *.«• 1.75 2 1 1 . 7 5 * . l M . l 2 2 1 . * 0 . 0 0 . 0 l i O 115 U l 157 • 11 2 ( 0 105 
1 0 . 0 AL n • 2 0 *.•( 1 .75 2 1 5 . 2 • 1 . 1 1 0 . 7 2 2 1 . * 0 . 0 0 . 0 110 2 1 * 172 1 ( 7 «7< 121 112 
1 0 . 0 1 AL r i • 2 0 (.•• !.:• 2 * 5 . 7 7 0 . * • 1 . 2 2 2 1 . 1 0 . 0 0 . 0 !!• 2 1 * U O 17» • !• 1«5 150 
1 0 . 0 AL r« • 2 0 (.•• 1.T5 1 1 2 . 1 7 1 . 1 1 0 ( . 5 2 2 1 . * C O 0 . 0 «0« 2 « ( 1 * ( 171 501 1 ( 1 i n 

1 0 . 0 AL 0 • 2 0 2 . 1 1 1 .17 7 7 . 1 2 7 . 1 • • . 0 2 1 2 . 7 0 . 0 o.o 111 1(1 U l 157 111 1 7 * 1 7 * 
1 0 . 0 1 AL 0 • 2 0 2 . 1 1 l . » 7 i » r . * 5 * . l 7 7 . 1 2 1 2 . 7 0 . 0 0 . 0 1 ( 1 1*1 1*5 U l 111 105 i * i 
1 0 . 0 AL u • 2 0 2 . 1 1 1 .17 2 0 1 . ( • 1 . 1 • 1 .5 2 1 2 . 7 0 . 0 0 . 0 111 122 177 172 500 ] • • )•• 
1 0 . 0 AL u • 2 0 2 . 1 } 1 . ( 7 I I T . I 7 0 . 0 • 1 . 0 2 1 2 . 7 0 . 0 0 . 0 111 2 1 * 1*5 171 S20 171 • 0 * 
1 0 . 0 AL 0 • 2 0 2 . 1 1 1.17 2 1 0 . 1 7 1 . 1 1 7 . 1 2 1 2 . 7 0 . 0 0 . 0 • 01 151 1*2 U S 5 i 2 1*7 4 1 * 
1 0 . 0 1 AL 0 • 2 0 2 . 1 1 1.17 1 1 7 . 7 0 7 . " 1 0 5 . 1 2 1 2 . 7 0 . 0 0 . 0 • 17 2 ( 1 1*7 1*0 510 1*7 • 2 * 
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Tabla A. 7. Taff Bataraaca Daalfai Sara caalatar altk ( m Aaa kllaa/tackaa* 

rruiii STATS • A X r i B B - T B S T 
m e n • S S D I assnioas TSajasBATBBBS TBajVSBATSBBS 

n m u u I B IBCBBS I B IBCBBS I B I •JS.r I B DSC. r 
CAST 
aitsar rosi «o. I X * * SAB. •BOY SAB. BSDT 
CAST 
aitsar I D oo Lsasta m ttu run, roar SABBA C«SK rusL 7JMBT 6ABBA 

ASS CABS •SLD S B U S B U sau ISLBS) •T. rax. »m B A I L S B U SBBT. r ia BATL SBLD 

1 0 . • 1 AL ra • M 9 . ( 2 0 . 2 S O S . * 2 5 . 0 0 1 . 1 1 * 2 . 7 0 . 0 0 . * 020 170 173 1ST 011 305 I S 3 
i i .o a AL ra • 2 0 3 . ( 2 0 . 2 S 1 5 0 . 1 5 1 . 1 7 7 . 0 1 * 2 . 7 0 . 0 0 . 0 077 1 1 1 1 ( 1 ITS 500 I S * 37S 
1 0 . 0 J AL » • 2 0 1 .C2 0 . 2 S 1 7 1 . 0 5 7 . 0 0 1 . ( 1 * 2 . 7 0 . 0 0 . 0 507 I T S I S * ISO 011 017 01S 
1 0 . 0 • A t ra BIO 1 . ( 2 0 . 1 5 1 0 1 . 1 M . I 0 0 . 0 1 ( 2 . 7 * . * 0 . 0 520 1 0 1 211 201 0 5 1 050 0 3 1 
1 0 . 0 5 AL ra • 2 0 3 . * 2 0 . 2 S 1 I 0 . 1 7 1 . 0 is.t 1 * 2 . 7 0 . 0 0 . 0 500 l i t 2 2 1 2 0 1 070 0 7 3 050 
1 0 . 0 ( AL ra • 2 0 1 . 0 2 • . 2 5 2 7 0 . 0 7 0 . 0 1 0 3 . S 1 * 2 . 7 0 . 0 0 . 0 555 130 2 2 1 210 0 0 1 000 070 
1 0 . 0 7 AL ra • 1 0 ] . * 2 0 . 2 S 1 7 0 . 0 T 1 . 0 1 0 3 . C 1 * 2 . 7 0 . 0 0 . 0 500 305 2 0 2 22T 710 5 1 1 010 
1 0 . 0 0 AL ra B20 J . « 2 0 . 2 5 J 1 J . 7 • 7 . 3 1 1 1 . 0 1 * 2 . 7 0 . 0 0 . 0 507 373 207 232 7 1 1 S30 5 0 1 

1 0 . 0 1 AL rs B I O a.ss 1 . 7 3 7 1 . 0 1 5 . 0 5 3 . 2 I t * . 7 0 . 0 0 . * 010 170 1 0 1 100 5 5 1 313 111 
1 0 . 0 1 AL n BIO s.ss 3 . T 5 1 7 0 . 0 5 3 . 3 0 1 . S 1 * 0 . 7 0 . 0 * . * 070 135 170 172 SS 33S 101 
1 1 . 0 J AL n BIO S.SS 1 . 7 S l O t . I 5 7 . 0 • 5 . * 1 * 0 . 7 0 . 0 0 . 0 500 272 1S5 107 0 4 1 313 370 
n • < AL n BIO O.OS 1 . 7 S l l l . l 0 0 . 1 • 2 . 1 1 * 0 . 7 0 . 0 0 . 0 510 217 207 117 017 017 003 
1 0 . 0 AL rs BIO S.SS J . 7 J 2 5 3 . T 7 1 . t 1 1 . 0 1 * 0 . 7 ( . 0 0 . 0 5 3 * 310 217 200 CSC 051 011 
1 0 . 0 « AL rs BIO S.SS 1 . 7 J 2 > i . : 7 0 . 0 1 0 7 . 0 1 * ( . 7 0 . 0 0 . 0 551 330 220 212 C70 OSS oio 
1 0 . 0 7 AL rs BIO 0 . 0 5 1 . 7 5 2 * 0 . 1 7 0 . « 1 0 7 . 0 . * « . ? 0 . 0 0 . * 575 151 137 213 TOO S S I too 
1 0 . 0 • A l rs BIO s.os J . 7 5 3 3 * . T • 7 . 3 1 1 5 . 5 1 * ( . 7 0 . 0 0 . 0 501 3 0 * 202 117 710 517 O H 

1 0 . 0 1 AL s • 1 0 2 . 2 7 J . « 7 5 0 . 5 1 5 . 0 0 3 . 5 1 7 7 . 0 0 . 0 0 . 0 017 171 170 171 0 0 1 010 013 
1 0 . 0 1 AL 0 BIO 1 . 1 7 J . « 7 1O0.S 5 3 . 3 7 1 . • 1 7 7 . 0 0 . 0 0 . 0 071 202 105 171 S11 100 000 
1 0 . 0 } AL 0 BIO 2 . 1 7 J . 0 7 1 5 0 . 1 5 7 . 0 7 5 . * 1 7 7 . 0 0 . 0 0 . 0 510 2 ( 3 2 0 0 115 coo 027 030 
1 0 . 0 * AL s BIO 1 . 1 7 J . 07 1 0 5 . 7 M . I 0 1 . 0 1 7 7 . 0 0 . 0 0 . 0 531 300 217 107 oco 0C1 < ( 1 
1 0 . 0 S AL s BIO 1 . 1 7 J . * 7 2 1 7 . 0 7 1 . 0 • 0 . 1 1 7 7 . 0 0 . 0 0 . 0 M l 325 227 110 COS 0S2 071 
1 0 . 0 0 AL 0 B I O 1 . 1 7 3 . 0 T 2 5 2 . 2 7 0 . 0 » 7 . » 1 7 7 . 0 0 . 0 0 . 0 550 3 3 1 2 1 0 1 2 2 0 1 0 017 0 1 1 
1 0 . 0 7 AL 0 BIO 2 . 2 7 J . « 7 2 5 0 . 7 7 0 . 0 1 7 . * 1 7 7 . 0 0 . 0 0 . 0 503 301 200 210 73S 502 510 
1 0 . 0 0 AL 0 BIO 2 . 2 7 J . 0 7 2 * 0 . 1 • 7 . 3 1 0 5 . • 1 7 7 . 0 0 . 0 0 . 0 511 377 2 5 1 231 737 S07 SIS 
' 4 . 0 > AL I BIO 2 . 2 7 J . « 7 3 1 0 . 0 • 5 . 0 1 1 1 . * 1 7 7 . 0 0 . 0 0 . 0 51S 300 257 1 0 1 700 550 S31 

Tabla A.0. Taff *»t*tmnc» Molgai Sara Caalatar altk 10 M B Asoaabllao/rackaga 

STSADT STATS • A X r i B B - T B I T 
T B I C U B S S 0 1 B S M I O B S TSBVSBATUBSS TBOSaATOBBS 

•ATBSIALS I B IBCBBS I S ISKBSS I B DBO.r I B DSC.r 
CASK 
WBIOBT root so. IBSBT SAB. BBVT GAB. • s n 
CASK 
WBIOBT 10 OD isasra ria ria fUBL iaosr OABBA CASS rosL I 8SBT CINHHA 

ASS CABS OSLO S ILO SBLO S B U IKLSSI ST . T B S . S I B BATL S B U soar. r ia B A n SOLD 

1 0 . 0 1 AL ra • 1 0 3 . ( 1 0 . 1 5 7 0 . 1 2 S . 0 0 1 . 1 1 1 0 . J 0 351 101 101 1S7 S I S 151 ISO 
1 0 . 0 1 AL ra • 1 0 1 . C 1 0 . 1 S 1 0 7 . 0 S I . 3 , 7 . 0 1 1 0 . J 0 311 1 0 1 1 ( 0 103 0 0 1 1 ' 7 101 
1 0 . 0 1 AL is • 2 0 3 . 0 1 0 . 2 5 1 ( 0 . 0 3 7 . 0 1 \ * 1 1 0 . 5 0 010 137 1 ( 1 ITS S I ! 3 0 ) 171 
1 0 . 0 0 AL ra • 2 0 1 . 0 1 0 . 2 S 2 2 0 . 1 0 0 . 1 0 0 . 0 1 1 0 . J 0 030 ISO 110 1 ( 3 351 110 117 
1 0 . 0 S A l ra • 2 0 3 . 0 1 0 . 2 S 2 5 0 . • 7 1 . 0 I S . * 1 1 * . S 0 001 271 110 1 ( 1 SOS 007 012 
1 0 . 0 0 A l ra • 2 0 3 . 0 2 0 . 2 5 2 1 0 . 0 7 1 . 0 1 0 1 . • 1 1 0 . 5 0 051 2 ( 2 200 I I S S7S • 11 022 
1 0 . 0 7 AL ra • 2 0 3 . 0 1 0 . 2 5 1 0 2 . 0 7 1 . 0 1 0 1 . ( 1 1 * . S 0 071 1 ( 0 213 1 0 1 007 050 001 
1 0 . 0 0 AL rs • 2 0 1 . 0 1 0 . 2 5 1 0 5 . 1 ( 7 . 3 1 1 1 . 0 1 1 0 . S 0 070 111 217 207 0 0 1 000 001 

1 0 . 0 1 AL n • 2 0 ( . 1 5 1 . 7 5 0 5 . 1 1 3 . 0 5 1 . 2 1 0 * . S 0 301 151 151 155 071 2 0 1 10S 
1 0 . 0 1 A l rs • 1 0 0 . 0 5 3 . 7 S 1 0 0 . 5 5 1 . 1 0 1 . S 2 0 0 . 5 0 111 2 ( 7 1 ( 0 101 070 2 1 ( 112 
1 0 . 0 1 AL rs • 1 0 O.OS 1 . 7 5 2 0 0 . 0 5 7 . 0 • S . S 1 0 0 . 5 0 O i l 210 170 171 soo 101 102 
1 0 . 0 0 AL rs • 2 0 0 . 0 5 3 . 7 5 2 1 1 . 3 ( 0 . 1 1 3 . 1 1 0 * . S 0 037 253 1 ( 7 100 510 100 102 
1 0 . 0 5 AL rs • 2 0 O.OS 1 . 7 5 1 7 7 . 0 7 1 . 0 1 1 . ( 2 0 0 . 5 ( O i l 3 ( 7 I I S 1 ( ( SOO 100 177 
1 0 . 0 0 AL rs • 1 0 O.OS 1 . 7 5 3 1 1 . 0 7 1 . 0 1 ( 7 . 0 2 0 0 . 5 ( 0 ( 1 i 7 1 1 ( 0 111 SS7 000 101 
1 0 . 0 7 AL rs • 1 0 O.OS 1 . 7 5 3 1 0 . 1 7 1 . 0 1 ( 7 . • 2 ( 0 . 5 0 007 1 ( ( 110 200 SOO O i l 001 

1 0 . 0 1 AL D • 1 0 1 . 1 7 1 . 0 7 0 5 . 3 1 5 . 0 • ) . S 1 1 0 . 7 0 3S« 1 ( 0 M S 1 ( 1 SOS 100 100 
1 0 . 0 1 AL 0 • 1 0 1 . 1 7 1 . 0 7 1 5 3 . 0 5 1 . 1 7 1 . * 1 1 0 . 7 0 113 211 171 1 ( ( 010 120 101 
1 0 . 0 1 AL D • 1 0 1 . 1 7 1 . 0 7 1 7 3 . 1 5 7 . 0 7 J . » 1 1 0 . 7 0 017 200 1 ( 5 171 517 172 000 
1 0 . 0 0 AL 0 • 1 0 1 . 1 7 1 . 0 7 1 0 0 . 0 0 0 . 1 0 2 . 0 1 1 * . 7 • O i l 200 U S 1 ( 7 SOO 111 O i l 
1 0 . 0 S AL 0 • 2 0 1 . 1 7 1 . 0 7 3 3 1 . 1 7 1 . 0 • 0 . 1 1 1 0 . 7 0 005 270 1 ( 1 1 M 5 7 1 010 O i l 
1 0 . 0 0 AL V • 2 0 1 . 1 7 1 . 0 7 2 7 7 . 5 7 1 . 0 • 7 . 1 1 1 * . 7 0 OS* 205 1 ( ( 111 502 027 040 
1 0 . 0 7 AL V • 2 0 1 . 1 7 1 . 0 7 3 0 3 . < 7 1 . 0 1 7 . » 1 1 0 . 7 0 070 100 I K 200 013 005 tos 
1 0 . 0 0 AL U • 1 0 1 . 2 7 1 . 0 7 1 2 0 . 0 • 7 . 1 1 0 5 . ( 1 1 0 . 7 0 071 110 1 1 1 1 1 1 010 000 071 
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Tula ft.*. M u l t aanraaca D H 1 | > I Orarpack oaty. wltk * MB AS* kllM/toe&M* 

ria •»«. 
1*.* 1 At ra •20 1.1* 1.2S 4*.* 2*.* «*.< 1(1.1 1 .* 0.0 •1* 1*« M S 1(1 (4* )*1 H I 
II.• 2 At ra •20 1.00 0.25 1*1.* 01.1 (1.* 1*1.1 1 .0 0.0 *7« 22* 171 1«* 5(7 )*1 17* 
1t.» 1 u. ra •20 l.tl *.2S 127.1 *(.* «7.2 1(1.1 « .* 0.0 5*1 252 117 1*1 (2* )*) *•• 
1*.* * At ra B20 1.00 *.2S 151.* 52.1 72.7 1(1.1 1 1.0 l.t 52( 271 1*1 1** (52 422 •2* 
!•-• S At n •JO 1.1* *.2S It*.* 5(.1 7*.7 1(1.1 1 1.* l.t 511 2(* 21* 1** CC* 441 (44 
tt.t « At ra I M 1.M «.2S 21*.* **.* • 5 . * 1(1.1 1 1.* I.I 5*1 1(2 211 2*« (75 454 455 
M . ( 7 At ra •20 I.N 4.25 221.1 *«.« • 5 . * 1*1.1 i 1.* I.* 5*1 12* 22* 211 7(( 4*1 477 
!•-• • At ra •SO 1.** 0.2S 252.5 7*.f tl.O 1*1.1 1 1.* 0.) 5<* 12* 22* 217 71* 4*7 *•« 
M . I • u. ra no !.*• 4.25 2*5.5 77.> *7.» 1*1.1 1 1.* *.* 57* 1** 2)2 221 711 5** * M 
1*.( 1* At w no l.tl 4.25 110.2 • 1.2 :ti.« 1(1.1 1 1.0 0.0 5*2 15* 217 22* 721 512 *»• 
1*.* 11 At ra •20 1.M 4.25 1J0.I •l.t it*.* 1*1.1 1 ».* 0.0 5*2 1*1 2*4 211 7)5 52* 51* 

It.* 1 At ra •20 S.M J.75 51.1 2*.t •2.5 1(2.* 1 1.* 0.0 • 12 1*0 1«« If* 5 M ))) U J 
M . ( 2 At ra B20 *.*• 1.75 11*.2 01.1 «5.* 1*2.* 1 1.* 0.0 •7* 21* 171 1*7 571 127 )!• 
1*.* 1 At ra •20 S.M 1.75 IIS.5 *(.( M.I 1*2.. • 1 0.* Stl 20* II* 17* (12 17* )(7 
<•.( 0 u. ra •20 S.M 1.75 1*1.1 52.1 7».» til.* > 1.0 0.0 511 27* 1*t 1** (15 4*5 )•• 
IB.t S At ra •20 *.*• 1.75 1**.* 50.1 •*.* 1(2.* ».* *.* 51* 2(* 210 1*( *51 424 4*5 
1*.* ( AX ra U O S.M 1.75 229.5 **.* •*.* 1*2.* 1 1.* 0.0 SO* 2*S 211 2*2 M l 4)* 417 
1*.* 7 At ra •20 S.M 1.75 2)1.* *«.* •*.* 1*2.* 1.* 0.0 S*l 122 221 211 <*1 475 4)S 
1*.* • At ra •20 S.M 1.7S 2*1.2 70.0 11.1 1*2.* ( 1.* 0.* S«* 11* 22* 215 «•* 4*1 447 
1*.* * u. ra •20 S.M 1.75 2*7.* 77.1 **.» 1*2.* I.J 0.0 57* 11* 22* 21* *•* **« 45* 
M . » 1* At ra •20 S.M 1.75 122.1 • 1.2 1*1.7 1*2.* 1.0 0.0 57* 14* 215 22] 7** *•• 4(4 

1*.* 1 At • •20 1.2* 1.47 M.I 20.0 It.5 17*.* ».* ».* • 17 17* 1(* 1(5 • 77 42) 42) 
1*.* 2 At • •20 1.2* 1.47 1*2.t «1.1 5*.* 17*.* 1.* *.* •7* 221 17* 171 5*4 151 !•* 
10.* J Mi 0 •20 1.2* l.*7 12*.5 *(.( «1.1 17*.* 1.* *.* 5*5 255 1*1 U S • 17 !•! 4)2 
10.* « U t •20 1.2* l.«7 1*5.2 52.1 **.5 17*.* I.* 0.0 522 27* 2*2 1*5 ««• 4)2 45] 
10.* S At D •20 1.2* 1.47 172.0 50.1 70.* 17*.* 1.0 0.* 515 2*2 211 2*2 (71 44* 4** 
10.1 ( At 0 •20 1.2* l.«7 201.« («.« •«.* 17*.* I.I t.t 5*5 1*5 217 200 **2 «*1 47* 
10.0 7 AI. 0 •20 1.2* !.«7 211.* (4.0 •(.* 17*.* I.I *.* 5(5 12* 22* 21* 71* 5(2 5*1 
18.0 ( At a •20 1.2* 1.07 2*2.« 70.0 •7.1 17*.* I.* *.* S71 117 211 222 717 JOS 500 
10.» • At s •JO 1.2* 1.47 270.* 77.1 «].( 17*.* 1.* *.» 57* 1*1 217 22* 71* 5*7 514 
10.0 1* At a •30 1.2* l.*7 2M.1 • 1.2 »7.7 17*.* 1.* 0.* 5*0 IS] 1*2 21* 727 51* 521 
10.0 11 At 0 •20 1.2* l.«7 11*. 7 •l.t 1*0.1 17*.* 1.* ».* 5*5 !«* 24* 21* 7*1 51* 51* 
1*.* 12 At • •20 1.2* l.«7 11*.7 •*.« 1*1.1 17*.* J.O *.* <•* 177 254 241 752 55* 5*1 
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T«k l * A . I t . • • • • I t tw(»rrac» B u l a a i Ovsraock OoUy. v i t a * k l l M / » i c k * « « 

I f S A B T I T A T I • A X r ias-Tnr 
m a n D I •amtom Ataaaa TCaraaAsaaaa 

u m i u i m I K n n a n n • • M . r is aac.i 
C A M 
a i o n ran, •0 . n t R SAB. ravr aw. B B B T 

C A M 
a i o n I D oo Loom ra ra r a n X M t M •ABBA C A K r * B L m a r SAMBA 

» n C A M S D H n i n u ono ( U U I R . i m . i n •An. CBLB soar. a n B A I L SBLB 

i t . t 1 A L ra • 2 0 i . t t t . 2 5 5 2 . 2 I t . t O t . f 1 1 0 . • 0 . 0 t . i 1 5 1 150 155 152 S57 1 * 1 1 * 1 
i t . t 2 AL ra • 2 0 t . t t 0 . 2 5 1 1 0 . S 0 1 . 1 f l . l t l t . t 0 . 0 i . t i n 111 1*1 157 015 i t i 1 * 1 
i t . t 1 AL ra • 2 0 i . t t 0 . 2 5 t i t . * O f . * 0 7 . 2 n o . • o . t t . i • u 210 171 107 5 1 1 i « i 1 7 1 
i t . t « AL n • 2 0 i . t t « . 2 S 1 0 1 . 1 5 2 . 1 7 2 . 7 I f O . I 0 . 0 i . t • 15 212 1 7 1 170 517 1 *5 I t ! 
i t . t 5 AL ra • 3 0 1 . 0 0 * . 2 S H I . ? 5 1 . 1 7 1 . 7 1 1 0 . 1 l . t 1 . 0 • 2 5 2 0 1 I I S 1 7 1 5 0 1 1 7 1 O i l 
i t . t f AL ra • 2 0 I . t t ( . 2 5 3 3 0 . 1 , 0 0 . 0 • S . I l i t . I t . l 1 . 0 • 11 2S2 l i t 1 1 1 550 i n • I I 
i t . t 7 AL ra • 2 0 I . t t t . 2 S 3 1 5 . 3 0 0 . 0 1 5 . • l l t . t l . t l . t ••• 371 t i t t i l 5 I J 131 0 3 7 
i t . t t AL ra • 2 0 I . t t t . 2 5 2 0 1 . C 7 0 . 0 1 1 . 0 1 1 0 . 1 t . t t . t 052 270 111 1 * 1 5 1 1 0 2 2 1 1 1 
t t . t * AL ra • 2 0 1 . 0 0 0 . 2 5 I t l . C 7 7 . 1 1 7 . 1 I I O . I I . I t . l OSS 211 210 I f f 5 1 1 0 2 1 017 
i t . t I t AL ra • 2 0 I . t t 0 . 2 5 J l » . » 1 1 . 2 1 1 1 . 1 1 1 0 . 1 0 . 0 t . l t f l 2 1 1 2 t l 2 1 1 5 1 1 O i l oos 

i t . t t AL ra • 2 0 S . M 1 . 7 5 5 7 . 0 2 1 . t 0 2 . 5 1 1 0 . 7 t . t I . I 151 150 ISO 151 I I ! l i t 1 1 1 
t t . t 2 AL ra • 2 0 S . M 1 . 7 5 1 2 0 . 3 0 1 . 1 0 5 . 0 l i t . 7 t . t l . t 102 112 I f ! 150 071 2 1 1 J I 7 
t t . t 1 AL ra • 2 0 S . M 1 . 7 5 t o o . * Of . t f l . l 1 1 0 . 7 t . t l . t 101 210 171 i t s 5 1 1 1 2 * 111 
t t . t 1 AL ra • 2 0 S . M 1 . 7 5 1 7 1 . • 5 2 . 1 7 0 . 5 1 1 0 . 7 l . t t . t O i l 2 2 1 177 172 521 1 0 1 l i t 
i t . t 5 AL ra • 2 0 S . M 1 . 7 5 2 1 2 . 1 5 1 . 1 I t . f 1 1 0 . 7 0 . 0 t . l 0 2 1 201 I t ] 1 7 1 5 1 1 1 * 1 ] f t 
t t . t f AL n • 2 0 S . f t 1 . 7 5 2 2 0 . 7 M . O •«.» 1 1 0 . 7 t . t t . t O i l 2 5 t l i t 1 *2 SOt 1 7 1 171 
i t . t 7 AL ra • 2 0 S . O I 1 . 7 5 2 0 5 . 7 M . O 0 0 . 0 1 1 0 . 7 o . t t . l • 0 5 200 I I I 1 1 1 I f f • 1 1 1 1 1 
i t . t t AL ra • 2 0 S . * t 1 . 7 5 2 7 f . » 7 1 . 1 1 1 . 1 1 1 0 . 7 l . t l . t • 5 1 2 7 ] t i l 112 S f l Ot7 115 
t t . t 1 AL ra • 2 0 S . f t 1 . 7 5 1 1 5 . • 7 7 . 1 I I . 1 1 1 0 . 7 o . t l . t 0 1 * 270 212 115 S 7 I l i t • 0 0 

t t . t 1 AL 0 • 2 0 1 . 2 0 1 . 0 7 0 7 . 3 2 1 . 1 J O . J 1 1 0 . 7 I . I t . l ISO l i t 1 S I 155 S IS 117 117 
i t . i 2 AL 0 • 2 0 I . J O 1 . 0 7 1 0 0 . 1 0 1 . 1 5 1 . 0 1 1 1 . 7 0 . 1 l . t i t s 115 1 * 1 1 5 1 111 l i t 171 
i t . t * AL 0 • 2 0 I . J O 1 . 0 7 1 2 1 . 7 Of . 0 f l . l 1 1 1 . 7 0 . 0 1 . 0 000 2 1 1 1 7 * I f ! 527 1S1 110 
t t . t 0 AL 0 • 2 0 I . J O 1 . 0 7 I S O . * 5 2 . 1 f t . 5 1 1 * . 7 0 . 1 t . f »17 2 1 1 112 170 500 1 7 ] 012 
i t . t 5 AL 0 • 2 0 I . J O 1 . 0 7 t i l . 7 5 1 . 1 7 0 . J 1 1 1 . 7 0 . 0 t . l 027 2 0 f t i l 112 550 1 1 * 0 2 1 
i t . t « AL 0 • 2 0 1 .20 1 . 0 7 2 1 0 . S 0 0 . 0 t t . l I f f . 7 0 . 0 t . f 015 25S I I I 107 sot 115 0 1 2 
i t . t 7 AL 0 • 2 0 1 . 2 0 1 . 0 7 2 1 5 . S t l . O I t . ! I I I . 7 o . t l . t t s t 271 2 1 2 110 5 1 1 « 2 ! • 5 0 

t t . t t AL 0 • 2 0 1 .20 1 . 0 7 2 5 1 . 1 7 1 . t 0 7 . 1 t i t . 7 t . t l . t 050 2 7 1 215 117 511 • 1 1 OSf 
1 0 . 0 1 AL 0 • 2 0 1 . 2 0 1 . 0 7 2 0 2 . 1 7 7 . 1 1 1 . 1 1 1 1 . 7 0 . 0 I . I 0 5 1 2 1 1 2 1 1 2 1 1 S i t • I t OS! 
1 0 . 0 I t AL 0 • 2 0 1 . 2 0 1 . 0 7 1 1 1 . 1 • 1 . 2 1 7 . 7 1 1 1 . 7 o . t 1 . 0 005 211 212 2 1 1 S M • 1 ! 007 

t t . t 11 AL B • 2 0 t . 2 0 1 . 0 7 l l l . l • 1 . 1 l i t . 2 1 1 1 . 7 t . t 0 . 0 0 7 1 111 2 ! f 217 007 0 5 1 0 7 f 



T t k l * A . M . a w a i t M u i m aaala>i C*slat«z Oml j . > l t k 1 r a i AaaaaMy/aacka** 

m c n n 
• u n u u m n a n 

CMS 
m t so. a n t •*•. wmt otm, wtmr asiaax xa 
M* caaa ma sua n u an> m m 
I I . * 1 1 u M • 2 0 «. *2 4.2S t * * . 1 S« . t 7».« 1*1.5 (.* *.* • * 1 171 241 I K M l S l ( «•( 
1 * . * 1 1 u n • 2 0 ».*! 4.2S 1*5.4 SS.* •*.* I I M • .* *.* « f l 1 7 1 » ] 2 2 7 H I S M S * 1 
1 * . * 1 * AL n • 3 0 ».»2 4.25 I f * . 2 S t . l ( t . l l l l . I *.* *.* ••* 177 1 1 1 2 2 * M I S « * S*S 
1 * . * I S u r* • 2 0 «.*> 4.2S 2*2.2 S7.1 • 1 . 1 l * l - S (.* *.* «*( 1 * 1 2«7 1 1 1 « U S S * S * ( 
1 * . * 1« AL ra • 2 0 « . *2 «.1J 2 *7 .1 S * . l • J.J 1*1.5 *.« *.* S*1 1 * 1 2 « * 2 1 1 ( S t SS2 S I * 
1 * . * 1? AL n • 2 0 * . * 2 4.2S 2 * * . * S * . l • 1.1 1*1-5 *.* *.« 5 * t M * M l l i t »• S S * S I S 
1 * . * 1 * AL M • 2 0 * . * 2 4.25 l i t . * 5 * . * • J . t 1*1-5 • .* *.* 5 * * 1 ( 2 2 5 2 1 1 * C f 2 5 * « S 1 ( 

!•-• I t u r* • 2 0 * . * 2 «..-'* ats .a J»-7 M . 7 1 ( 1 . S *.* *.* 5 ( 1 1 * « 254 217 («• S ( 7 S 2 ( 
1 * . * •• AL ra • 2 0 4 . * 2 4.2S 2 1 * . 7 * • 4 • 5 . * 1*1.5 *.* *.* S12 ) K 2SS 1 1 * (*( S ( « S22 

K . C SS U n • 2 0 • .02 • .25 a«* .« ( * . 1 *7 .1 l l l . S 2 . * ( . 1 5 5 1 1 • 1 * M S 2 2 4 7 1 * C IS S * l 
1 * . * S ( U ra • 2 0 «. *2 ( .15 2 * 3 . * 7 1 . * 1*2 . * 1*1.5 2 . * * .2S 522 ••• 2 « 2 2 2 1 •*• t * 5 5 7 5 
1 * . * 57 AL ra • 2 0 • - • 2 • .25 a*«.a 7 * . * 1 * 1 . * 1*1.5 2 . * • -15 5 2 1 ••* 2 « t 2 2 2 t * » M t 5 1 * 
1 * . * S * u . M • 2 0 « . I 2 «.2S 2*7.2 7 « . * 1 * 1 . • - "1*1 .5 1 . * • .25 527 • 11 2«« 2 2 1 7 * 1 t i l 5 7 * 

!•-• s* AL *• • 2 0 «. *2 «.15 I N . ] 7 * . * 1 * 1 . * 1*1.5 1 . * • .25 5 1 * • 17 2 * 5 1 2 * 7 « * ( 1 7 5 * 1 
1 * . * •• AL n • 2 0 «. *2 • . as 2*1 .1 7 « . * 1 * 1 . • 1(1.5 1 . * ( . 25 5 1 1 • 2 1 1«7 2 2 * 7 1 1 • 1 1 S * t 
1 * . * • 1 AL n • 2 0 «.*! • .25 1 * 1 . S 7«.S 1*1.5 1*1.5 1 . * • .25 515 • 2 1 1 M 2 2 * 715 tas 5 * » 
1 * . * « 2 AL ra • 2 0 » . *2 • -15 !•(.* 7S.2 1 l » . l 1(1.S 1 . * • .25 5 1 7 • I S 2 « * 2 2 7 717 • 2 7 5 1 * 
1 * . * i l AL ra • 2 0 «.*! • .as 1*7. S 7S.2 l l l . l 1(1.5 1 . * * .2S S « * • 2 * 2 S * 2 2 * 712 t i l 5 * 2 
1 * . * <• u ra • 2 0 * . * 2 • .15 1 1 1 . * 7 ( . * 1*5.1 1(1.5 1 . * • -2S 541 • 11 251 2 2 * 7 1 1 f l 4 5 » » 

1 * . * CS AL ra • 2 0 «.*2 «.as 11S.1 7*.S 1*S.( 1(1.5 1 . * • .25 5 * 1 • 1 1 252 2 1 * 715 ( 1 < 5 * 1 
1 * . * (( AL n • 2 0 «.*2 • . as 11* .1 77.2 1*t .2 1(1.5 1 . * • .25 5 * 5 • 15 2 5 1 2 1 * 727 • 1 * S I T 
I * . « • 7 u. ra • 2 0 «. *2 • .as 12* . 1 77.2 1 M . 1 1(1.5 1 . * • .25 5 * 1 • 1 * ass 2 1 2 711 M l (•• 
1 * . * 27 AL > l • 2 0 *.!# 1.75 l * t . 2 »•.« 7».» 1 ( 7 . * *.* «.« • 7 * !•• l i t a n 5*7 M * <•• 
1 * . * a* AL f l • 2 0 * . ] * 1.75 1 * * . * 51.1 ••-• 1*7.* • .* *.* • 7 1 I S * 2 2 * i i « M l ••« M * 
1 * , * a* AL r» • 2 0 1 . 1 * 1.75 1 M . 2 5 1 . • • 1.1 1*7.* (.* *.* « 7 t I S * 2 1 * n t M S «•* 4 5 1 

!•-• i * AL n • 2 0 * . l * 1.75 l i t . * S2.S 11.7 1 ( 7 . * • .* *.* ••• I S * 2 1 2 2 1 * • 1* 5 * 5 • 5* 
1 * . * i i AL n • 2 0 * . l * 1.75 1*7.* 52.5 • 1.7 1*7.1 • .* *.* • * t i t s 215 2 2 * • 17 51« 4 * 1 
1 * . * 1 2 AL n • 2 0 * . ] * 1.75 2 * ( . 7 5».» • 1 . 1 1*7.* • .* *.* M S I t * 115 221 t i t 512 • f t 
1 * . * 1 1 A l n • 2 0 1 . 1 * 1.75 211.1 5 5 . • • 5 . 1 1*7.* ».» *.* * * 7 I t t 217 2 2 2 ( 1 * 51 • 4 t « 
1 * . * 1« AL n • 2 0 * . l * 1.75 215.1 S t . l • S . t 1*7.1 • .* *.* •*• 1 7 * 1 1 * 2 2 4 • 2 2 S t f «<• 
1 * . * I S AL n • 2 0 * . l * 1.75 21* .2 57.1 •(.« 1*7.* *.* *.* • 1 1 1 7 1 2 M 2 2 5 f i t 5 1 1 • 71 

1 * . * S * AL n • 2 0 t . J f 1.75 275 . * • 7.4 * * . 7 1*7.* *.* *.* 5 1 * 417 2 * 1 M S • 7 1 577 511 
1 * . * S I AL n • 2 0 » . ] * 1.75 1 7 * . t M . I »7. • 1*7.* • .* *.* 512 4 2 * i t s 2 * t f 7 4 5 M 5 1 1 

!».• 5 1 AL n • 2 0 * . l * 1.7S a* * .7 M . I *7 .« 1*7.* • .* *.* S i t 4 2 5 1*7 M * • 7* 5 M 5 1 7 

%».* 5 1 AL n BIO * . l * 1.75 2*1.7 • 1 . 1 *7 .« 1*7.* «.» ».» 5 « * • 2 * 1 M as* ••• 5 * 2 521 
1 * . * S« AL n • 2 0 * . l * 1.75 a * * . * M . I 1*1 . • 1*7.* 1 . * • .25 5 2 1 *•• 1 1 * 2 1 * • M 5 * 1 S l ( 
1 * . * 55 AL r> • 1 0 *.!» 1.75 2 * * . 1 M . I 1 * 1 . • 1*7.1 1 . * • .25 5 2 1 4 1 2 2 1 * 2 1 * t t t S * t 5 4 1 
1 * . * S t AL n • 1 0 * . l * 1.75 1*5. t 7 1 . * 1*1.1 1 ( 7 . * • .* *.* 5 1 * 427 2 M 2 5 * ••• 5 M 521 
1 * . * 57 AL n • 2 0 * . l * 1.75 l i t . 7 7 « . ( 1*7.J 1*7.* 1 . * • .25 5 1 * 4 * 1 217 217 • 7 ( 5 * 1 S I S 
1*.« 5 * AL ra • 2 0 * . l * 1.75 117.7 7».» 1 (7 .1 1*7.* 1 . * • .25 521 4 * 7 1 1 * 2 1 * ••• 5 ( 7 5 1 ( 

!••• S * AL ra • 2 0 * . l * 1.75 111.1 7«.» 1 (7 .1 1 ( 7 . * 1 . * • .25 525 4 1 * 1 M 225 M 5 5 * 2 5 « 1 

1 * . * t * AL ra • 2 0 ».J» 1.75 1 1 * . • 7».» 1 (7 .1 1*7.1 1 . * • .25 5 1 * • 14 I t l 221 • 1 * 5 * 7 5«S 

!*.• • 1 AL ra • 2 0 f . l * 1.75 121.1 7».5 1 ( 7 . * 1*7.* 1 . * • .25 5 1 * 417 1 * 1 222 M l ••• 5 * 7 

1 * . * • 1 AL n • 2 0 * . l * 1.75 127.1 75 .1 I M . 5 1*7.* 1 . * ( .25 511 4 1 * 1 M 1 2 1 ••• M l 5 « * 

1*,« 15 AL « • 2 0 a.sa l . M 1*7.2 57.1 7 t , 1 177.5 • .* *.* 5 * 4 1 * « 155 M * M l 5 ( 1 5 1 4 
1 * . * 1 * AL a • 2 0 a.sa 1.47 1*1.1 S*.2 77.1 177.5 «.* «.* 5 * 5 1 M I S t 2 * 1 M 2 i « « S I S 
1 * . * 17 AL V • 2 0 a.sa 1.47 1*1.2 St .2 77.1 177.5 • .* • .* 5 1 * 1 * * 1 5 * 2 4 1 M t 5 7 1 5 « * 

!*.» 1 * AL 0 • 1 0 2.52 l .«7 1 M . 5 S ( . * 77 . * 177.5 • •• • .* 5 1 1 1*7 I t l M S t l ) 5 7 * 5 4 1 
1 * . * 1 * AL 0 • 2 0 1.52 l .«7 2** .< 5* .7 7*.7 177.5 • •• • .* S i t • •• 2 1 ! l « f • 75 5 7 * S 4 ( 
1 0 . • •• AL 0 • 2 0 2.52 l .«7 2 *5 .1 •*.* 7*.7 177.5 • .* • • * 517 • • 1 a t * 2«7 • 77 5*1 5 « * 
10.0 • 1 AL 0 • 1 0 a.sa J.«7 2 M . 5 • 1.« •*.• 177.S • .* • .• 5 1 * • • 5 2 * 5 M t M * 5*« 5 5 * 
1«.« •a AL 0 1 1 0 a.sa 1.47 l i t . 7 • 1.7 • • . 7 177.5 3 . 0 • . IS 5*1 1 ( 1 2 1 * 2 1 * • • J S M 5 7 * 
14.0 4 1 AL 0 • 20 2.52 1.47 221.1 t i . a • t . l 177.5 3 . * ( .25 5*1 1 ( 1 2 1 * 217 • • 1 5 ) 5 577 

1 * . * • 1 AL 0 n o 2.52 J.47 2*7.J 75.2 M . 2 177.5 1 . * • . IS 5 . 4 4 2 * 255 114 7 I t • 17 • 15 

!*.• f l AL 0 • 10 1.52 J.»7 a**. i 75.2 • * . l 177.5 1 . * 0.15 5 « 1 • 1 1 257 l i t 711 • • 2 • 1 * 
1*.« «• AL 0 ( 1 0 1.S1 l . M 2*2.7 7«.» •*.« 177.5 1 . * • . IS S M • 1 1 1 5 - l i t 711 M l • 1 * 
19.0 t s AL 0 • 1 0 1.51 l .«7 2*5 .1 7t .S • * . 5 177.5 1 . * • .25 S M • !• 1 5 * 117 711 • M • 11 
1 * . * t t AL a 1 2 0 2.52 1.47 2 M . S 77.2 1 M . 1 177.5 >.* • .25 5«7 • 1 * 2 5 * 2 1 * 715 ••• • 2 1 
1».0 t l AL 0 • 2 0 2.52 1.47 1 M . « 77.2 1M.1 177.5 1 . * • .25 551 • •1 1*1 1 1 * 7 4 * M l • 2 5 

!».» t * AL o 1 2 0 2.51 J.«7 1 ( 1 . • 77.2 1 M . 1 177,5 I . * • .25 55« • 4 5 1 ( 1 2 4 * 7 M • 5 * • a * 
1*.« t * AL 0 • 2 0 1.51 >.«7 1(2.7 77.2 1 M . I 177.5 1 . * • .15 557 • •• 1«4 141 745 t t • 1 1 
1*.» 7 * AL a 0 2 0 1.51 J.«7 111.1 7».S 1*2.5 I W . J l . « • .25 554 M S I t l 141 741 • S t • a * 
10.« 71 AL a • 2 0 2.51 J.17 1 K . 1 M . « 1*1.1 177.5 ] . * • .25 555 «*• M l 241 741 557 • i * 
n o 7 2 AL a m o 1.52 J.«7 11*.1 M . « 1*1.1 177.5 l.t • .as »»• • 10 1*5 1 4 1 747 M l • i i 
1*.« 7 1 A t a •ao 2.51 l . M 1 M . 1 •«.« 1*1.1 177.5 3 . * • .as 5*1 • 5 « 1«7 144 752 M 7 • i s 

!*.• 74 AL a •ao 1.52 l . M 127.1 • 1.7 1««.7 177.5 1 .0 • • 2 5 5 M • 51 1 M M « 7J0 • • 5 • 15 

ana. 
xa 
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* • » ! • A . 1 2 . a a u l t B * f M M C S B u l « a i C t a l t t a c O a l r . w i t * 2 a a a u • M f c l l * a / » > c k * « a 

S t B A m R A T S • A X r i B B - T U T 
n x a o j u f D I B B B f l O a S m i m i m i 

• u n u u a imam 
CASK 

i s t a c a u I B I l a c . r I B D B S . ! 

r m s o . ran • A M . BBS* SAB. • B R 
CASK 

I D o n t s a v t a rot r n i r r a t i t m OAWtA CASK r v a t i n n OABBA 
« s s c u n o t a s a u * m t o f a t a I I I I I I R . i a s . r i a t i n CTtO s a a r . r t a • A l t s a t o 

i t . t a t A t ra • a o t - t l t . a s i t s . * S 1 . 1 7 f . 2 1 * 7 . ) I . I I . t 3 f 2 3 7 1 H I i t l t i t t a i • 17 
i t . t a t A t ra • a o * . t 3 * . 3 S I t t . l S 3 . 1 7 7 . 1 1 1 7 . ) t . l I . t S f t 3 1 1 2 l t i n 117 t 3 l 1 2 1 
i t . t i t A t ra n o t . t 2 t . a s 1 * 1 . t s a . s 7 7 . 5 1 1 7 . ) t . t I . t S f 7 a i t 211 1 *3 511 • 2 1 1 2 ) 
i t . t J I A t ra a a o t . t 3 • . a s l l t . 1 S 3 . S 7 7 . 1 1 1 7 . ) I . I I . t ) 7 1 a n 2 1 ) i s t S I 7 t ) f 127 
i t . t >a A t ra • a o t . t 3 t . a s I t l . t S t . f 7 * . f 1 1 7 . 1 t . t I . t 1 7 1 3 1 1 2 1 1 1 s t S i t • )) 127 
i t . t ) J A t ra a a o t . t 2 t . a s 3 t t . 7 5 5 . t I t . t 1 1 7 . ) t . t t . l 173 a n 211 i t s S IS t j t • 2 1 
i t . t i t A t ra • a o t . t a t . a s 2 1 1 . 1 S f . 1 1 1 . ) 1 1 7 . ) 1 . 0 I . t 1 7 t a i a 2 t f i t f 5 1 1 «)• • ) l 
I t . t I S A t ra • a o t . t a t . 3 S 2 1 5 . t 5 7 . 1 1 2 . 1 1 1 7 . ) t . t I . I 1 7 1 315 217 117 511 111 •)) 
i t . t i t A t r a a a o t . t 3 t . 2 S 2 3 1 . 1 5 1 . 3 1 1 . ) 1 1 7 . ) I . t I . t 1 7 1 a t f 3 1 1 l i t 512 1 1 1 • ) 5 

i t . t i t A t t a • a o t . t l « . 3 S l l t . t t t . i t l . 1 1 1 7 . ) t . t t . t * 1 * 117 2 2 1 3 1 f s s t t t f • 7 ) 
t t . t ss A t ra a a o t . t a t . 2 S 2 t 1 . » f l . 1 t l . 1 1 1 7 . ) I . I t . t 117 111 2 ) 1 3 1 7 S f t 5 1 ' « 7 f 
I t . t S t A t ra • a o t . t a t . 2 S l t t . 1 7 1 . t t t . i 1 1 7 . ) I . I I . t t i t 111 237 31S S t l 115 • 71 
I t . t 57 AL ra a a o t . t a t . 2 S S t * . 7 7 1 . t **.! 1 1 7 . ) I . t t . l t i l l i t 3 3 1 3 1 5 s s t t t f • 71 
I t . t S t A t ra u o t . t a * . 2 S l l t . t 7 1 . t t t . i 1 1 7 . 1 I . t I . I t i l 117 3 3 1 3 1 1 S S I 1 1 1 • 7 ) 
1 1 . 1 S t A t r a a a o t . t a t . a s S I 1 . * 7 1 . 1 **.• 1 * 7 . ) t . t I . I t t f 111 3 ) 1 3 1 7 s s t t i l • 7 f 
I t . t f t A t r a a a o t . t a t . a s s t s . t I t . t t t . t 1 S 7 . 1 t . t t . t t i l 113 3 ) 3 3 1 1 511 1 1 1 • 71 
I t . t f l A t r a u o t . t a t . a s S l f . S 7 1 . 5 * * . t 1 S 7 . 1 t . t I . I 1 3 1 l i t 2 1 1 3 1 1 S f ) 511 I I I 
i t . t f a A t r a • a o t . t a I . 2 S 1 2 0 . 5 7 S . 3 i t t . a 1 * 7 . ) t . t t . l 1 3 1 I t f 2 1 1 3 3 1 SSS 512 • 1 2 
i t . t f > A t r a • 2 0 t . t 3 t . 2 S S 2 1 . S 7 S . 3 i n . a 1 1 7 . ) I . t t . l 1 3 1 I t t 215 331 SSI 517 t i t 
i t . t f t A t r a a a o t . t a t . a s s a t . t 7 f . t i t i . i 1 1 7 . S t . t t . t I 3 t SSI 2 ) 1 3 3 3 S f * S i t • 1 5 

i t . t a t A t r a a a o t . i t J . 7 5 i t s . t %>.! 7 7 . 1 3 1 1 . S t . l I . I I t t 313 111 H I I S f ) t l ) f l 
i t . t as A t r a u o t . i * 1 .7S I t * . 7 t t . S 7 7 . 1 3 1 1 . S 1 . ' . t . t 1 5 1 3 f 5 H I 113 I I I ) I S ) 7 1 
i t . c a t A t r a • a o t . i * 1 .7S 1 » t . 3 t l . t 7 t . 7 3 1 1 . 5 I . t I . I 1 5 1 3 f l 112 I t l I f ) 111 ) 7 t 
i t . t a? A t r a 1 3 0 t . i t 1 . 75 1 t t . 7 s t . t 7 t . f 3 1 1 . S t . l I . t 1SS 371 1 1 ) I I S I f f 112 ) 7 7 
i t . t a t A t r a • 3 0 t . i * 1 . 7 5 2 0 2 . 7 5 1 . 1 I I . « 2 1 1 . 5 I . I I . t 1 S I 371 111 I t f 1 7 1 111 ) l l 
i t . t a t A t r a • a o t . i * J . 7 5 a t 7 . ) S 3 . I 1 1 . ) 2 1 1 . 5 I . I 1 . 0 1 f t 371 I t f 117 1 7 ) 111 )•) 
1 0 . • I t A t r a • a o *.!* 1 .75 a i t . i s a . s • 1 .7 2 1 1 . S • • • I . t 1 1 1 3 7 1 117 H I 177 I I I ) l f 
i t . t i i A t r a u o * . l * 1 . 75 3 1 1 . 3 s a . s I t . 7 3 * 1 . S • • • I . t I f f a n l i t H I 112 t i t ) 1 1 
i t . t i a A t r a • 3 0 t . l t J . 7 S a a t . s S t . f t l . l 3 1 1 . 5 t . t t . t I f f a n 2 1 1 1 * 1 111 t t * ) 1 1 

i t . t u A t r a B 3 0 f . 1 * 1 . 7 5 3 7 1 . 3 f t . i l t . 1 3 1 1 . 5 l . t I . t 112 i n 215 a t ) S IS 117 121 
I t . f 17 A t r a • a o t . I * 1 . 75 3 * 1 . 3 I S . 7 t s . t 3 1 1 . 5 t . l t . t I t l l i t 315 a t t 5 1 1 t i t 122 
I t . t « t A t r a • 2 0 t . i * 1 . 75 a t 7 . 1 f t . i * S . « 3 1 1 . 5 t . l I . I 115 i n 3 1 f 2 1 5 5 1 1 151 • 2 1 
I t . t t t A t r a B30 t . l * 1 .7S a i t . j f t . t s s . t 3 1 1 . 5 t . O I . t 1 1 1 i n 211 3 1 1 522 155 137 
I t . t S I A t r a U O t . i * 1 . 75 a * t . t t 7 . t * * . 7 3 1 1 . ) I . I t . t 1 1 1 l i t 2 1 1 317 5 2 ) 157 131 
I t . f S I A t r a • 3 0 t . l * 1 . 75 a t t . t f l . 1 » 7 . » 2 1 1 . 5 I . I I . I t i t 133 3 1 * 3 * 1 525 1 5 1 • )• 
i t . t sa A t r a • 3 0 t . l * 1 . 75 3 1 * . 1 f t . 1 1 7 . 1 2 1 1 . 5 I . I I . t t i l I I S 331 3 1 1 5 2 1 t f t l ) > 
I t . t S ) A t r a • 3 0 t . l * 1 . 75 i t t . i f t . 1 * 7 . t 3 1 1 . 5 I . I 0 . 0 l i t 111 322 3 1 1 5 1 ) t f t t ) t 
1 t . t S * A t r a U O » . l * 1 .7S i n . a i t . 1 * 7 . » 3 1 1 . » t . t t . t t i t i i a a a t 311 5 ) 7 • 7 ) 1 ) 1 
i t . t ss A t r a • 2 0 * . l * 1 . 75 i t a . i f l . 1 1 7 . 1 3 1 1 . 5 t . l t . O t i l 115 335 313 511 • 77 t i l 
i t . t Sf A t r a • 2 0 t . l t 1 . 75 11S .S 7 1 . 1 1 * 3 . 1 2 1 1 . 5 t . t t . t i t s 117 3 3 ) 3 1 1 5 2 1 t i t t ) f 

i o . • l a A t D r a o a . s a 1 . 1 7 1 1 7 . 7 S l . f 7 ) . t 1 1 1 . 2 t . l t . t 1 7 * 311 a t t 200 S i t • t t ISO 
t t . t i i A t D • a o a . s a l . t 7 i t i . a s s . t 7 t . l 1 1 1 . 2 t . l I . I ) 7 5 3 1 1 3 1 1 311 SIS • t s 151 
i t . t i t A t D • a o a . s a 1 . 1 7 i t i . t S f . 1 7 S . 1 1 1 1 . 2 t . t o . o m 3Sf 313 212 511 I t * I S I 
i t . t i s A t 0 u o a . s a 1 . 1 7 a t t . t S 7 . 1 7 f . 1 1 1 1 . 2 t . t 0 . 1 I t t 311 3 1 ) 1 0 ) 521 151 I S f 
i t . t i t A t 0 • 3 0 a . s a 1 . 1 7 a t s . t S I . 3 7 7 . 1 1 1 1 . 2 t . l I . I 111 l i t 311 a t t 521 I S ) 151 
I t . t 17 A t 0 • 3 0 a . s a 1 . 1 7 3 t f . S S I . 3 7 7 . 1 1 1 1 . 2 t . t 0 . 0 l i t l i t 3 1 1 1 0 1 527 1 5 1 t f l 
I t . t I t A t a a a o a . s a 1 . 1 7 3 1 * . t S t . * 7 7 . » 1 1 1 . 2 t . t t . t 117 l i t 317 217 5 ) 0 I f ! t f t 
I t . t I t A t B a a o 3 . S 3 l . t 7 a i t . i 5 * . 7 7 1 . 7 1 1 1 . 2 t . t t . l l i t 111 i l l 317 S )2 t f t I f f 
I t . t * t A t B a a o 2 . 5 2 1 . 1 7 a i * . a f t . t 7 1 . 7 i t i . a t . t t . l ) t t ) 1 l 311 200 5 ) 1 i t s 117 
I t . t * 1 A t B a a o 1 . 5 2 l . * 7 a a a . 7 t t . t I t . t i t i . a t . i t . t 111 111 a a t 2 t t 5 ) 5 t f l t f l 

I t . t SS A t B a a o a . s a l . t 7 2 * 1 . 3 f l . 1 • 7 . 1 i t i . a i . t o . o t a t ) I 5 3 ) 7 2 2 1 5 7 ) 511 500 
1 0 . 0 S f A t B a a o a . s a 1 . 1 7 a t s . t 7 1 . 1 t l . t 1 1 1 . 3 0 . 0 t . l t i l ) ) 7 3 1 ) 221 5 5 1 i t s 112 
I t . t S7 A t B a a o a . s a l . t 7 a t t . t 7 1 . 1 t l . O i t i . a t . i t . l t i l ) ) l ? ' • J33 5 5 1 I I S I t ) 
I t . t S t A t B • a o a . s a 1 . 1 7 3 * 3 . t 7 1 . 1 t l . t i t i . a t . t t . t t 1 7 I t l 1 ) 5 3 3 1 512 S i t t t f 
I t . t S t A t B • a o a . s a l . « 7 3 * 1 . 1 7 1 . 1 t l . l 1 1 1 . 3 t . t t . l t i t 111 3 ) 7 3 3 1 511 s i t I I * 
l t . 1 f t A t B • a o a . s a ) . I 7 3 t l . 3 7 t . l t l . O i t i . a t . t I . I 133 > I 7 a i t 335 5 7 1 s i t 501 
I t . t f l A t B • 3 0 a . s a l . « 7 3 * 7 . « 7 t . S » 1 . S i t i . a i . t t . t t i t ) t l a i t 3 3 1 573 511 5 0 ) 
i t . t t a A t B • a o a . s a 1 . 1 7 I t l . t 7 S . 3 * t . l 1 * 1 . 3 t . t I . t I 2 S ) S t a i t 337 571 S12 S i t 
i t . t f i A t B • a o a . s a 1 .17 1 0 2 . 5 7 5 . 1 I f . 1 m . a t . t f . l 137 >S> 341 3 3 1 577 S l f 517 
i t . t f t A t B • a o a . s a 1 . 1 7 1 1 7 . 1 7 f . l t s . o i t i . a t . t t . i t a t ) S t a t a 3 3 1 571 S I 7 5»1 
I t . t f S A t B • a o a . s a > . I 7 1 1 1 . 5 7 f . S 0 5 . J 1 * 1 . 3 t . t l . l t i t ) S t a t ) 3 J 1 S i t 511 S t . 
1 0 . 0 f t A t B • a o a . s a I . t 7 l l t . l 7 7 . 3 t t . i 1 * 1 . 3 0 . 0 t . l t i l 117 a t t 3 1 1 511 521 511 
I t . t f 7 A t B • a o a . s a ) . t 7 1 1 S . I 7 7 . 3 I f .1 1 * 1 . 3 t . t 0 . 0 t l ) l i t a t ) 311 SIS 515 5 1 ) 
I t . t f t A t B • a o a . s a ) . I 7 1 1 1 . 5 7 7 . a f t .1 i t i . a o o 0 . 0 t i t ) f l a t * 3 1 1 S I * 511 510 
1 1 . 1 f t A t B • a o a . s a 1 .17 1 1 7 . f 7 7 . 3 t f .1 i t i . a o .o 0 . 0 t ' t I I S a t t l i t 511 5 ) ) 511 
I t . t 70 A t B • 3 0 a . s a 1 . 0 7 l a t . t 7 * . 5 • t . s 1 1 1 . 3 0 . 0 t . g t i t )•) 317 2 1 ) 517 5 ) 1 S i t 
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n 

WBIGR IB 

• 17 AL ra no t.ta t.as Itl.S SI.* 77.1 111.5 
t It u. ra •30 t.ta I.3S 1*0.5 Sl.l 71.» ltl.S 
• 1* AL w •30 t.ta t.3S tia.t Sl.l 7t.l 1I1.S 
* a* AL ra •30 t.ta I.3S in.i SS.3 ft.l 111.5 
t ai AL ra •ao t.ta I.3S 217.1 Sf.S 11.f Itl.S 
• 33 AL ra •30 t.ta t.as aiT.t St.J fl.S Itl.S 

• 13 AL ra •ao t.ta I.2S ats.f f*.S tt.S ttl.S 
• 11 At ra •30 t.ta t.3S 3**.1 71.1 ltt.1 1I1.S 
• 1* AL ra •ao t.ta t.3S lit.l 71.7 1ft.7 1I1.S 
• IS At ra •30 t.ta I.3S ltt.1 73.7 111.I Itl.S 
• If AL ra •ao t.ta I.3S 1IJ.S 7*. 3 111.3 Itl.S 
• 17 AL ra •ao t.ta «.1S HS.f 71.3 113.1 Itl.S 

• 1* AL ra •20 ».» 1.T5 ttl.7 It.7 77.1 117.1 
• If AL r* •ao ».!» 1.7* 1*1.1 st.a 7*.S 117.1 
f 17 AL ra •30 *.!* 1.7S 11*.5 Sl.l 11-1 117.1 
• It AL ra •ao ».>» 1.7S ltf.1 Sl.l 13.f 117.1 
• 1* AL ra •ao ».J» 1.7S 31*.* Sl.l 13.f 117.1 
f 3* AL ra •20 1.1* 1.7S 317.t ss.a ft.S 117.1 

t 3* AL ra •20 t.l* 1.7S U5.1 ft.a fl.S 117.1 
* It AL ra •20 * . l * 1.7S It*. 7 tf.i 11*.1 117.1 
f 11 AL ra •30 1.1* 1.7S 3*1. t tf.t ltt.1 117.t 
t 11 AL ra •30 t.l* 1.7S » S . 3 fl.S 113.1 117.t 
t 11 AL ra •30 * . ] * 1.7S llt.t 71.1 Itl.l 117.1 
• It AL ra •30 1.1* 1.7S lit.* 7i.; ItS.t ltt.1 

* 1* AL V •30 a.sa l.*7 Itl.t Sl.l 7f.l 177.S 
• a* AL a •30 a.sa l.t7 lit.3 ss.a 7*.3 177.S 
* at AL 0 •30 a.sa I.t7 1*f .1 Sf.S 7*.S 177.S 
• 33 AL D •ao a.S3 l.*7 ats.t st.s 11.5 177.S 
* 31 AL D •30 3.S3 117 113.J S».7 t2.7 177.S 
* It AL 0 •30 a.sa l.»7 211.1 ft.* • 1.1 177.S 

• IS Al 0 •30 a.S3 l.t7 3lf.f 73.7 IS.7 177.S 
* If AL D •30 3.S3 l.*7 3tt.S 71.3 17.1 177.S 
• 17 Al 0 •30 a.sa J.tT 3*f.f 71.3 17.1 177.S 
0 If AL 0 •30 a.sa l.t7 1*1.1 75.1 ltt.1 177.S 
0 1* AL 0 •30 a.sa l.t> If l.S 71.1 1*1.* 177.S 
t ft AL 0 •30 a.sa l.tf 117.1 77.1 113.1 177.4 

1.1 SfS 1*1 351 311 7I( 5*5 S1> 
l.t 57t IS* as* 117 121 SI* sai 
l.t Sll • It 351 111 7 If S*t sia 
l.l Stt 115 313 311 lit Stt 517 
l.t sit 131 3fS 317 7*S ••1 5*3 
l.t 513 131 3ft 31* 7*7 ftt SI* 

1.35 (12 ISt 351 an 71S ftl ftt 
t.as fit tsa 35* ais 717 ffl fll 
I.3S fll •st 211 317 •tl (7t fit 
I.3S f33 tta at* 31* •tf t>5 • !•• 
1.35 111 Iff 2*5 311 ttt III •»»• 
I.3S fll • 73 2ft 313 tlf ft! (37» 

l.t Sll lit 211 333 *77 S31 1*5 
l.t SSI 177 211 335 fll 53* • 72 
t.f SSI lit 211 211 ftt S37 lit 
t.t Sfl 111 217 211 f!7 SIS It* 
l.t S7I •13 252 21S 711 stt *** 
t.t S77 •17 ass 317 711 sts «(• 
I.3S Slf 13* ait 331 757 (17 SSf 
I.3S ftl •IS 311 33f 7(1 (25 5ft 
1.3S fit •** asa 33* 773 (If 5(7 
t.3S fll •«! 251 33* 771 fll 5(7 
1.25 ft* «»5 351 31* 773 fit 571 
I.3S til •51 ast 313 777 til S7» 

• .IS Sfl It* ais 317 71* 113 513 
I.3S st; 1*1 in 31* 751 its Stt 
I.3S S71 11* ait 331 757 (12 Sll 
I.3S 57* 111 311 331 751 (11 SI* 
I.3S 571 III 3*« 335 7fl fit s*t 
•.as Sll • 11 3*7 337 7ft (If (tl 

t.as fit Iff 371 3*7 tts its f*S 
1.15 127 Ift 373 3«t 117 (17 f«t 
t.as fll «75 375 111 •3f t»7 fll 
t.as f!2 • 71 3fl 311 til 711 fff 
t.as lis I7S 371 3IS til 717 ft* 
I.2S f!7 It! 373 347 • It 7t» fit 
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T*kl* » .M. ( M a l t aafwaara B*alfBi Caalstox Oaly. «ltk * MB A M hll*a/r*ct*«» 

IITB ria n » 

ttu n n m i n v . via Ban n u 
• I t A t I S • 3 0 • • • ! • . IS 117.1 51.2 7S.1 l l l . J 

• I T JUL *• • 3 0 1.11 ( .15 I t S . t 5 1 . * T T . I 1*7.1 

• I S A t *• n o 4.12 • . IS 111.1 5 1 . 1 7 1 . • 117.1 

• l « JUL r» • 3 D 4.12 • . IS 115.5 1 1 . 1 7 1 . • I t T . l 

• a* JU. w • 3 0 ( . 1 1 ( .15 J 1 I . I SS.2 • 1 . 1 11T.1 

• a i JU, » • 3 D 4.12 *.1S 111.1 5 * .5 I 1 . « I t T . l 

• » JU. W9 M « . l l • .15 213.1 M . I 11 .1 I t T . l 

• i t JU, *» •so « . l l «.1S i n . i t « . l t l . t 117.1 
t i i u. *• • 3 0 1.11 • .15 i n . ) I t . S 14.5 I t T . l 

• J I JU, n n o ( . 1 1 «.15 1 M . * 71.1 M . t 111.J 

• i « J U n •to • • • 1 1.15 111.5 7 1 . T M . T I t T . l 

• i s JU, *» • 3 0 4.12 • .15 11* .1 72.7 1 7 . ' I t T . l 

• • t JU, r» • S O t . l * 1.T5 I I I . * M . 2 Tt .S 211.5 

• I S JU. n • 3 0 f . l t J.75 I t * . I • 1 . 7 T T . I 1 I1 .S 

• I t J U r» • 3 0 ».J» J.T5 1 1 * . 3 51.2 Tt .S 211 . S 

• I T JUL r» • 3 0 t . l * 1.75 1 1 1 . * S t . * • 1.1 211 . S 

• I I JU. rs • 3 0 » . l * l.TS 1 2 * . * « 1 . 1 1 1 . t 211.5 

t I T JU. r» • 3 0 f . l t 1.75 !*•.« f * . 1 t l . « 211 . S 

• I t J U rs • 3 0 t . l t J.75 211.1 ( 5 . 1 t .« 111.5 

• I t JU, r» n o t . l t J.7J l t l . 1 f f . 1 ts.s 211.5 

• >• J U r* • 3 0 t . ) l 1.75 1 1 1 . I f t - l l i . 1 211.5 

• 11 J U rm • 3 0 t . l t J.75 1 I S . 1 f f . 1 t t . 1 2*1.5 

• 1 1 J U n • 3 0 t . l l 1.75 11* .1 ( t . S I I . 1 211.5 

t I I A t • • 3 0 1.S1 l . M l l l . l 5 1 . 1 T l . l 111.2 

• 1 * J U • • 3 0 1.S1 ) .«7 1*1.S 5 1 . 1 T l . l 111.2 
f 2 1 J U • • 3 0 1.S1 !.»» I S * . l SS . l 71 .1 1*1.2 
f 11 JU, • • 3 0 1.S1 l .»7 1 1 * . 2 11.5 75.5 1*1.1 

• 22 J U a • 3 0 1.S1 l . M 215.7 51.5 TT.S 1*1.2 
f 1 ) J U • • 3 0 1.S1 1.(7 211.5 S t .7 71.T 1*1.3 

* 1 ) A t > • J O 1.S1 l . M 1 1 * . 1 71.1 t l . l 1*1.2 
t 1 * J U a • 1 0 1.S1 l . M m i 71.7 t l . 7 1*1.2 

• I S J U * • 1 0 L S I l . M 111.7 71.7 * l . 7 1*1.2 

* J * JU V • 1 0 1.S2 l . M )•*.! 7 « . l t l . l 1*1.2 

* JT A t 0 • 3 0 1.S1 l . M l l l . l 7 * . l t l . l 1*1.2 

• 1 1 A t B • 1 0 1.51 l . M 117.1 75 .1 t « . l 1*1.2 

• 11 U T 1 1 1 1*T 55S «»» • I f 
• 2 2 112 2 l t 1*S 5 5 * • 5 * ••• 
• 2 * 1 I T 212 111 5 f « « f l • •5 
• 11 U S l i t ? * • 575 4 7 1 • 5 2 
1 1 1 1 1 1 21T l i t 577 47S • J i 

«•• 1 1 1 2 2 1 1 1 1 5 1 1 411 • f t 

M l l i t 2 1 1 2 2 * t i l 5 1 * • * ] 

M * 115 M l l i t t i t 5 1 1 • t l 
• T5 I f f M l U T i l l 5 1 * •»• 
«T« I f * M l 1 1 1 f i t 511 5 1 1 
• I I 1 T I M S 1 1 1 t i l 5 1 f 5 1 * 
• 11 1 1 1 M f 111 f J2 511 J l f 

• I S 212 1*7 I I I S 1 I • I I 117 
• 11 2 I T 1 * 1 1*1 525 • I f 1 * 1 
• 1 * 1 * 1 111 1*1 5 1 1 • 1 1 ] * • 
M l 2 t f I I S D S 5 1 * • 1 1 • 1 1 
• 2 2 111 1 1 1 1*7 S « t • ] • «•• 

• S « M l 117 11« 512 «•• M f 
• S I ] « • 2 2 * l i t S IC • 1 * • S I 

•*! m 211 117 5 ) 1 t i l • SI 
• * S 1 5 1 211 1 1 * sts S t l • S I 
M l 1 5 1 l i t 222 t i l S t l « f ] 

•«* 1 5 1 2 1 1 222 ( I t S t f « f l 

• 11 l i t 2 1 1 211 575 • 7 1 • f t 
41? 1 2 1 222 211 S i t •ts • 77 
• • 1 1 1 1 22« 111 S i t • 1 7 • 1 * 
• 4 4 117 2 1 * 115 5 * 2 • * 2 t t « 
• 4 1 1 1 1 121 l i t S i l • •• • I f 
4 4 t 1 1 * 1 1 1 111 5*7 • •* • * l 

• I I 171 1 5 1 115 t i l 5 « : S l l 
• I * 175 1 5 1 117 t i l 5« f 517 
• 1 * 171 1 5 1 1 1 * S t t SSI 5 1 1 
• I I 111 1SS l i t 1 *2 511 S l l 
• * ] l i t 1ST 1 * 1 f t * 5*0 S ) f 
• i t 111 2 5 * !•• • 5) S t t 5 1 * 
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Tmkl* A . IS. toult h ( u a D H l f i i Caalitvx 0 » l j . »»t» > kll*«/r«ek*«* 

1*.* 12 AI> ra •30 • 11* 111 2SS 231 
1*.* 13 AL r» •20 • 11* 111 21* 2*2 
1*.* 11 u. r» •20 • I2S 11* 2(S 21* 
1*.* IS AL *B •20 • (32 12* 27* 25* 

1*.* 12 u. *• P20 2* *b2 IS* 2(1 23S 
1*.* 23 AL M •20 2S •57 111 2(3 211 
1*.* 2« AL ra •20 23 **3 1(7 2(( 211 
II.* 2* AL ra •20 2S ((* I7S 2(* 2*3 

It.* 1* AL ra B20 • III 31* 231 321 
1*.* II AL ra •20 • SIS 3*2 212 221 
1*.* 12 AL ra •20 • (II 3t* 21* 231 
1*.* 13 AL ra •30 • (12 1*3 2S3 231 

II.* 2* AL ra •20 2S 13* 131 21* 21* 
II.* 21 AL ra •20 2S III 1*3 2S2 22* 
11.1 22 AL ra •SO 2S III 117 2SI 231 
11.1 23 AL ra •20 2S *S2 IS3 2S7 233 

II.1 13 AL o •20 2S (II 3*1 23S 217 
10.1 1* AL • •20 2S III 3fl 23* 221 
11.1 IS AL • •20 25 IIS 1*7 2*3 22* 
10.1 IS AL • •20 2S 121 «1S 2*7 227 

11.1 2* AL 0 •20 IS III 171 273 2*1 
II. 1 31 AL > •20 as **7 «72 2(1 2*3 
II. I 2i AL S •20 2S (72 171 27- 2*3 
II.I 27 AL a •20 2S 17* *(• 27* 2*1 

7(3 SI* S2S 
771 SI* S33 
771 S*« 3*1 
7*7 (11 SIS 

• 33 (*( • 12 
•3* (7* (1* 
•*( (*2 (23« 
•S3 *»• (11* 

711 St* «(3 
72* S3S •7S 
737 551 *•( 
7*5 5*1 •*S 

7** 121 SSI 
•*5 •3* 5*7 
••• 13* 371 
• 1* (•( 57* 

7«« (•< 5(3 
7*1 (11 3** 
7** •21 SS7 
M S 12* (•* 
•55 HI 1*1 
••* 712 ••• *** 71* •(* 
• 7* 715 (73 
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Ta»l* A.1«. m i l t Daalami C u l l t i i O B I T . » l t » 7 MM Aaaaafellaa/facka** 

a n a n 

i a m r n rut ran n o t CAW. CASK 
m •»«. n u sua*. 

• u riu-iuT 

r m i n n uuau 
III MTt H U 

10.a 11 At ra ua 
10.0 12 At ra •20 
10.0 1] At ra D O 
10.0 10 At ra •20 

10.0 21 At ra •20 
10.0 22 At ra •20 
10.0 21 At ra •20 
10.0 20 At ra •20 

10.0 1 At ra­ •20 
10.0 10 At re •20 
10.0 11 At r> • U 
10.0 12 At ra •20 

10.0 1* At ra •20 
10.0 10 At ra •20 
10.0 21 At ra •20 
10.0 22 At ra •20 

10.0 12 At 0 •20 
10.0 11 At 0 •20 
10.0 It At 0 •20 
10.0 15 At a •10 

10.0 22 At 0 •20 
10.0 21 At D •20 
10.0 11 At D •20 
10.0 21 At a •20 

0.02 «-2S 100.5 SO.O 75.0 1*7.1 
«.02 0.25 1 * * . * 52.S 77.5 1*7.1 
«.*2 0.25 210.0 50.0 71.0 1*7.1 
0.02 0.25 222.1 51 .1 02.0 1*7.1 

0.02 0.25 2*0 .2 ( 0 . 2 * 1 . 1 1*7.1 
0.02 0.25 1 0 1 . * 7 0 . t *5 .7 1*7.1 
«.*2 0.25 111.1 72.1 * 7 . 2 1*7.1 
«.*2 0.25 122.5 71.5 *0 .5 1*7.1 

* . ] * 1.75 1*5.1 • * . » 70.2 2*1.5 
1 . 1 * 1.75 1*7.1 11.2 70.5 201.5 
1.11 1.75 2*0 .2 51.0 00.0 201.5 
1.11 1.75 210.0 52.5 01.7 201.5 

1.11 1.75 2 * 7 . 1 iO.O 11.7 201.5 
1.11 1.75 110.1 ( 0 . 7 15 .1 201.5 
1.11 1.75 110.0 00.2 17.5 201.5 
1.11 1.75 12* .5 71.0 11.1 201.5 

2.52 1.07 100.0 52.5 71.0 111.2 
2.52 1.07 115.1 SI.O 71.7 111.2 
2.52 1.07 200.0 SO.* 75.1 111.2 
2.52 1.07 210.1 50.7 77.7 111.2 

2.52 I . ( 7 215.0 70.0 01.0 111.2 
2.52 1.07 211-7 72.1 15.1 111.2 
2.52 1.07 100.7 71.5 10.5 111.2 
2.52 1.07 110.1 70.0 17.0 111.2 

•07 121 21* 207 (20 111 1(0 
•IS 111 22« 211 (10 I K 1(1 
510 H O 22* 21* (IS 501 I7( 
500 III 211 210 (51 512 •12 

505 11« 255 211 (17 5(0 ill 
507 117 257 200 (11 S7I 527 
552 • 01 2*0 211 7(0 577 S12 
557 •01 2(1 205 710 501 S17 

• 00 211 20* 111 501 110 101 
• 71 117 201 111 511 112 112 
002 117 111 211 (02 I5( 122 
•01 127 211 20* (12 1(0 111 

511 170 111 221 ((5 112 •00 
511 102 2«7 211 ((* 517 •0* 
511 107 2*1 211 (7« 511 101 
5*2 110 252 215 (77 117 •11 

oil 110 211 211 (11 501 111 
50« 1«5 215 222 (SS 517 101 
510 152 211 225 ((1 521 507 
51* 151 2«1 221 ((1 511 51* 

551 •02 2(5 lit 701 502 551 
2.0 0.25 51« 1*1 215 211 712 SOI 571 
2.0 0.25 510 10* 217 220 717 511 501 
2.0 0.25 $•1 1*1 240 222 721 510 500 
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Tahl* A.17. taMlt l a f n u c t DMlfai C i i l i t u OalT. • " » * »•» A»»«1>1l««/»»rt»f 

n i c n n i 
• u n u u n men* 

o n 
ran ao. n o t SAB. n*r CAM. m m a r t u 
AC« CAM n u m i m a m a l u u i 

* JUL 1» •20 ].(• ».1S 170.* 52.7 77.J 1(1.2 
II AM. *• •20 !.•• 1.15 1*1.1 SS.« •*.I KJ.2 
It Al rt •20 l.*1 *.1S 1*5.* ST.1 •S.I 1*1.3 
11 Al *a •20 l.»l 1.25 lit.* »».• •J.I 1*3.1 
11 Al Ml •20 t.M • .IS 11*.* • 1.( ••.5 1*1.« 

*.* ««2 ••• 2SS 21* 7*2 S7I S2( 
*.* •S3 «1« 2*2 2 M ••• 5»3 537 
• .2* (IS «•• 11* 117 •2* • 1« S71 
• .25 (SS • 11 1*2 221 •11 C M 5«1 
«.1S U l « M !•• 12S •*• •1* 5*5 

17 At t% •20 «.*7 1.15 111.* 7».J •*.( 1*1.• 
11 Al. r» •20 «.«7 (.25 1*3.3 72.* 1*1.( 1(1.• 
1* Al r» •20 • •» 1.15 l*t.« 72.» 1*1.( US. C 
1* Al r» •20 • -•7 «.1S 11*.* 75.* 1«*.1 U l . C 
11 Al n •20 «.«7 I.IS 113.1 7«.« 1*7.* 1*1.* 

• .15 •»• •(2 1«J 21* • 71 »7( • !• • .15 1*7 • 71 1(7 111 • 7* ••s •25" 
• .25 7** ••* 171 M ( 1*5 7«t *17« 
«.2S 713 H I It* 11* *•• 711 • •!• 
(.15 715 1*1 172 111 **; 711 •55* 

• Al VI •20 i.2« 3.75 17(.l «*.] 77.1 1(7.5 

• Al n •20 *.2« 3.75 IIJ.3 52.7 • 1.7 1*7.5 
1* Al n •20 i.2* 1.75 2*1.1 V5.« •*.l 1*7.5 
11 Al n •20 *.2« 3.75 111.7 57.1 ••.1 1*7.5 
11 Al n •20 • •32 3.75 11*. 1 St.* ••.1 1*7.( 

*.• <}• 3(5 2*1 227 
*.* lit 3*3 2«* 211 
*.* •»T It* 15S 21* 
*.* •S( •31 1(2 2 M 
*.* if* • 15 1** 15* 

;<• S«« • 77 
nt S«* • •7 
77* 5(5 •5* 
7*4 S(« 511 
••( ••* 52* 

15 Al n •20 *.*« 1.75 175 • (t.l »!.« 1*7.* 
1< Al n •20 !.«• 3.75 IS* 1 ••.1 1*1.• 1*7.t 
17 AL r% •20 *.*• 1.75 1*1 « 7«.S 1*1.• 1*7.* 
1* Al n •30 *.*« 3.75 111 3 72.* 10J.I 1*7.* 
1* Al n •20 (.«* 1.75 IK 7 72.1 1*5.* 1*7.* 

(.25 (72 • 1* 1** 227 (i* (!• SCI 
I.2S •7* M 7 1S1 21* •J* Ill 57* 
I.2S (•• •55 1S7 111 M S («( 577 
*.2S (*1 1(3 !•• 11* (51 •5* sat 
C I S 7(1 •7* 2«« i«* ••• •77 5*5 

II Al 0 •20 l.«1 J.«7 17*.• 5 5 . • 7«.l 177.2 
II Al 11 •20 l.«l l.*7 III.5 57.1 7*.» 177.1 
11 Al 0 •10 2.M l.«7 110.1 S«.« • 1 * 177.1 
13 Al s •20 !.*• l.»7 111.1 • l.t •«.« 177.1 
U Al 0 •10 !.«• l.«7 11*. 1 •«.« ••.* 177.* 

*.1S (]• 1*3 137 11* 
(.15 («• •*• 1*1 224 
*.2S (sa •1* 1«» 22* 
*.2S ••5 • J* IS* 111 
*.2S •72 • 3* 15* 31* 

• 1* ••« 5 M 
• 11 •21 ••• M l • 1) • 1* 
151 M l • 17 
•J* (SI • 1* 

1* Al 0 •20 111 1.17 17*.1 7 2 . • »7.S 177.5 
1* Al V •20 1.5* 3.17 3*3.1 75. ( 1*0.1 177.5 
11 Al 0 •20 1.5* l.«7 It*.* 7*.I 1*1.1 177.5 
21 Al 0 •20 1.5* l.»7 J1». 7 7*.J 10*.i 177.5 
1} Al 0 •20 1.5* l.M 1)1.5 •1.111S.1 177.5 

t.15 7*7 ••« 172 »• *.2S 711 • •* 275 2«* 
g.is 715 • *] 275 2*7 
• .15 71* • 17 177 111 
• .23 711 5*1 17« 2S( 

•«• Til •71 
*•• 721 • 7( 
11* 711 ••( 110 715 (*1 
11* 7*« 7«( 

n u n m n a u rias-nrt 
i s ran n oae.r xa oae.r 

oo uassa rxa rtm i m O U T SAMBA CAKE ran m t t SAMBA 
R . ISB. I D n n *BW aaar. nu u n *au> 
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T t b l * A . I I . B a » l t u t u u n D a i l g a i C u l i t u 0 » l y . « l t m 1 • • * A a M a a > l l u / r « c k * a « 

n u n r u n 
• A i s a i A t t 

i n n out. 

m a v u t 
m 

niear ID L a s n rim m mat 
» i » « A T I 

8ABMA CAM 
n u iror. 

•AX n u - n i i 
TsnnAtvaw 

xa oae.r 

ran IBSST SAMBA 
tut BAIL lata 

I At 
* At 
II At 
II At 

II 
IJ 
II 
1« 
21 

* 
10 
11 
12 
11 

17 
II 
1» 
10 
11 

At 
At 
At 

7 At 
I At 
« At 
10 At 

11 At 
15 At 
U At 
17 At 
11 At 

At 
At 
At 
At 

At 
At 
At 
At 
At 

»• B20 
ra BIO 
ra aao 
rm aao 
ra aao 
ra aao 
ra aao 
ra aao 
ra aao 

ra aao 
n aao 
ra aao 
ra aao 
ra aao 
ra aao 
ra aao 
ra aao 
ra iao 
o aao 
D aao 
o aao 
o aao 
o aao 
o aao 
o no 
o iao 
0 120 
0 120 

l . l l I.1S 
J . I I I.1S 
l . M L I S 
l . t l I . I S 

l . l l I.2S 
1.17 I.2S 
1.17 I.2S 
1.17 I.2S 
1.17 1.25 

* . 2 I 1.7S 
f . 2 * 1.7S 

*.» 1.7S 
* . 2 « 1.7S 

f .10 1.71 
* . « • 1.75 
» . M 1.75 
5 . M 1.75 
t . M 1.7S 

2.11 1.17 
a.«i l.«7 
a . i i l .«7 
2 . M l .«7 
a . i t 1.17 

a.si 1.17 
a.s« l.«7 
1 .5* 1.17 
a.si 1.17 
a.si 1.17 

171.1 « ! . ] 
111.1 52.7 
211.1 55 . • 
2 '« .7 S7.1 

211.1 11.2 
2 0 t . l 71.5 
l l i . t 72.1 
110.2 71.« 
125.1 7S. I I 

111.1 M.O 
111.1 « • . ] 
201.1 SI .7 
222 .3 5 5 . 1 

275.1 K.O 
311.1 I t . O 
101.2 1 1 . 2 
115.2 71.S 
127.7 7 2 . 1 1 

175.1 S2.7 
111.1 55.» 
1*1.1 37.1 
200.0 St.O 
221.1 01.1 

275.1 70.5 
202.S 71.1 
210.0 72.1 
111.1 75 .0 
111.0 70 .0 



47 

ORNL/CSD/TM-237 

1. W. D. Box 
2-6. J. A. Bucholz 

7. W. D. Burch 
8. A. G. Croff 
9. H. R. Dyer 

10. C. W. Forsbcrg 
11. A. R. Irvine 
12. W. C. Jordan 
13. D. S. Joy 
14. J. A. Klein 
!5. J. V. Pace, III 
16. C. V. Parks 
17. R. T. Primm, HI 
18. R. R. Rawl 
19. J. P. Rcnier 
20. T. H. Row 

INTERNAL DISTRIBUTION 

21-25. L. B. Shappert 
26. W. C. Stoddart 
27. J. S. Tang 
28. J. T. Thomas 
29. C. C. Webster 
30. R. M. Westfall 
31. G. E. Whitesides/R. P. Leinius/ 

Central Research Library 
32. R. Q. Wright 
33. Central Research Library 
34. ORNL-Y-12 Technical Library, 

Document Reference Section 
35-36. Laboratory Records Department 

37. Laboratory Records, ORNL, RC 
38. ORNL Patent Office 

EXTERNAL DISTRIBUTION 

39. George Allen, Jr., Sandia National Laboratories, Div. 5323, P. O. Box 5800, 
Albuquerque, NM 87185 

40. R. Barner, U.S. Department of Energy, Nevada Operations Office, P.O. Box 14100, Las 
Vegas, NV 89114 

41. L. Barrett, U.S. Department of Energy, 1000 Independence Ave., RW-33, Washington, 
DC 20585 

42. W. P. Barthold, Barthold and Associates, P. O. Box i H30, Albuquerque, NM 87192 
43. E. Benz, Weston Corporation, 2301 Research Blvd.. Rockville, MD 20850 
44. W. Bixby, U.S. Department of Energy, Rt. 441 South, Bldg. 400, Middletown, PA 17057 
45. C. Boggs-Mayes, U.S. Department of Energy, Chicago Operations Office, 9800 S. Cass 

Avc.Argonne, IL 60439 
46-50. P. Bolton, Weston Corporation, 2301 Research Blvd., Pockvillc, MD 20850 

51. E. Burton, U.S. Department of Energy, 1000 Independence Ave., RW-25, Washington, 
DC 20585 

52. D. Carrell, Rockwell Hanford (BWIP), 1100 Jadwin, P. O. Box 800, Richland, WA 
99352 

53. S. Chu, U.S. Department of Transportation, Resourccs.and Special Programs Adm., 
DMT-60, Washington, DC 20590 

54. N. Dayem-Sheaks, Weston Corporation, 2301 Research Blvd., Rockvillc, MD 20850 
55. S. Denny, U.S. Department of Energy, 1000 Independence Ave., RW-33, Washington, 

DC 20585 
56. L. Friel, Western Interstate Energy Board, Stapleton Plaza, 3333 Quebec St., Denver, 

CO 80207 
57. R. Gale, U.S. Department of Energy, 1000 Independence Ave., RW-40, Wasi..ngton, DC 

20585 
58. K. Golliher, U.S. Department of Energy, Albuquerque Operations Office, P. O. Box 

5400, Albuquerque, NM 87115 
59. S. Gupta, Battelle Project Management Division, 505 King Ave., Columbus, OH 43201 
60. R. Halstead, Radioactive Waste Review Board, 3 South Pinckney St., 921 Tenncy Bldg., 

Madison. WI 53702 
61. R. Hannon, U.S. Department of Transportation, Resources, and Sped;.! Programs Adm., 

DMT-60, Washington, DC 20590 



48 

62-64. M. Heiskell, U.S. Department of Energy, Oak Ridge Operations Office, G-24, P. O. Box 
E, Oak Ridge, TN 37831 

65. K. Henry, Rockwell Hanford (BWIP), 1100 Jadwin, P. O. Box 800, Richland, WA 
99352 

66. R. Izatt, U.S. Department of Energy, Richland Operations Office, 825 Jadwin Ave., 
P. O. Box 550, Richland, WA 99352 

67. Robert Jones, P. O. Box 1510, Los Gatos, CA 95031-1510 
68. C. Kimm, Battelle Project Management Division, 505 King Ave., Columbus, OH 43201 
69. D. Langstaff, U.S. Department of Energy, Richland Operations Office, 825 Jadwin Ave., 

P. O. Box 550, Richland, WA 99352 
70. D. Larson, Western Interstate Energy Board, Stapleton Plaza, 3333 Quebec St., Denver, 

CO 80207 
71. J. A. Lenhard, U. S. Department of Energy, Oak Ridge Operations, Oak Ridge, TN 

37831 
72. L. Marks, U.S. Department of Energy, 1000 Independence Ave., RW-33, Washington, 

DC 20585 
73. Marilyn McNabb, Nebraska Energy Office, State Capitol, Ninth Floor, P. O. Box 

95085, Lin.»In, NE 68509 
74. G. W. McNair, Battelle Pacific Northwest Laboratory, Battelle Blvd., P. O. Box 999, 

Richland, WA 99352 
75. J. Neff, U.S. Department of Energy, Salt Repository Program Office, 505 King Ave., 

Columbus, OH 43201 
76. Bim Oliver, High Level Nuclear Waste Office, 355 W. North Temple, 3 Triad Center, 

Suite 330, Salt Lake City, UT 84180-1203 
77. W. Pardue, Battellc Project Management Division, Office of Crystalline Repository 

Development, 9800 S. Cass Ave., Bldg. 360, Argonne, IL 60439 
78. G. Parker, U.S. Department of Energy, 1000 Independence Ave., RW-25, Washington, 

DC 20585 
79. J. Parker, Office of High Level Nuclear Waste Management, 5826 Pacific Ave., Lacey, 

WA 98504 
80. R. W. Peterson, Battelle Project Management Division, 505 King Ave., Columbus, OH 

43201 
81. R. Philpott, U.S. Department of Energy, 1000 Independence Ave., RW 33, Washington, 

DC 20585 
82. R. B. Pope, IAEA, Wagramerstrasse 5, Rm. A-2744, P. O. Box 200, A-1400, Vienna. 

Austria 
83. M. Rahimi, Weston Corporation, 2301 Research Blvd., Rockville, MD 20850 
84. Marvin Resnikoff, P. O. Box 92, Blairstown, NJ 07825 
85. J. N. Rogers, S \ndia National Laboratories, Div. 8474, Livermore, CA 94550 
86. Tom Sanders, ^andia National Laboratories, Div. 6323, P. O. Box 5800, Albuquerque, 

NM 87185 
87. C. Scardino, Science Applications, Inc. (NNWSI), 2769 S. Highland Ave, Las Vegas, 

NV89114 
88. K. J. Schneider, Battelle Pacific Northwest Laboratory, Battelle Blvd., P. O. Box 999, 

Richland, WA 99352 
89. C. Toussaint, Weston Corporation, 2301 Research Blvd., Rockvillc, MD 20850 
90. D. Vieth, U.S. Department of Energy, Nevada Operations Office, P.O. Box 14100, Las 

Vegas, NV 89114 
91. J. Williams, U.S. Department of Energy, Salt Repository Program Office, 505 King 

Ave., Columbus, OH 43201 
92-96. E. Wilmot, U.S. Department of Energy, 1000 Independence Ave., Washington, DC 

20585 

file:///ndia

