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ABSTRACT

..

g The calculations and analysis of two series of recently performed
- critical experiments are presented. Three cross-section libraries
-available in the-SCALE system are used in the analyses. The.results

' obtained are discussed in detail and are compared with MOPET code
calculations. The comparison with experimental results validates the
cross-section libraries and allows an optimistic approach to the
results of future studies using the three libraries and the SCALE
system.
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I. LINTRODUCTIONf7

*
s .,

-

..

1The purpose ~ of: this _ study 'is to validate three cross-section
'-4: libraries provided'with'the' SCALE system (l):for criticality safety

analysis oft fuelurodilattices': Of'particular' interest are problems, .
'

=;- -.which- arise in the industrial' fuel' cycle for PWR=and BWR' type reactors.
; -Such- fuel' lattice problems occur in pool. storage, <har storage with

; hypothetical-accidenta1Lmoderation, shearing and dissolution of'
irradiated elements'and packing and ~ hipping cask designs.-' s

|In this re
~

.

Jexperiments(2) port we present an analysis.of two series of recent! using three cross-section libraries available in the
. SCALE-system.

<

II. -DESCRIPTION OF CROSS-SECTION LIBRARIES
,

9

'Four cross-section libraries have been assembled for use in the
] SCALE-system; -These~ include a 16-group-cross-section set based on
i earlier Hansen-Roach data (3).123-group cross-section set' based on-

onENDF/B-IVdata.k5fata,4) and 'a 218-group cross-section set basedearlier CAM-THERM 0*

A 27-group
218-groupdataisalsoavailable.gJoss-sectionsetcollapsedfromthe-7

:
...

'

In this work we have used the following three cross-section,

! libraries:
i-

i 1 - Hansen-Roach 16-group library:

|- The data for almost all the nuclides in the Hansen-Roach library

,
is based on the original Los Alanos report by Hansen and Roach. While

'- this data has'been used widely with good results, it was developed
primarily for the ' analysis of fast systems. Data for a few nuclides;'

j missing in 'the ' original library was generated by collapsing the 218- -
'

group ENDF/B-IV to 16 groups. This was done for the sake of. complete-~

~

ness and to extend the utility of;the present library. Resonance dat_a
,

is.available_for 71 of the nuclides in this library. Seven of these,

2, - have Bondarenko factors in lieu of resonance parameters and must be
i self-shielded using the BONAMI Module'(Appendix A). q

):

; 11 - 27-group ENDF/B-IV:

I ' The data for 27-group ENDF/B-IV library was collapsed from the
218-GROUPNDF4 data. This broad group library was developed specially4

. . ,

.for criticality analysis of'a wide variety of thermal systems and has*

j undergone extensive evaluation. Of the 27 groups, 12 groups are

: 4. - thermal .(ES3.05 ev)'.
;.

.

.

i rew +- c- esrp - sw * 7yd y =% =T= - #'ei y W- ye- 4- u,,-rha-4 r---y- >4 +a-1-y e-r pp-- p y y ,yqy y-
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111 .123-group GAM-THERMOS:

The'123 GROUPGMTH library is based on earlier data produced by -

the CAM-II and THERMOS codes. It has 93 fast and 30 thermal groups.
The fast group boundaries are based on equal lethargy widths. Resonance i

data is available for only six~ nuclides. On the other hand,; thermal *

scattering data for many.nuclides is available over a wide range of
temperatures.

III. ANALYSIS OF EXPERIMENTS

Two series .of experiments (2) involving 4.75 wt. % enriched UO
2-rods were analyzed. The rods had a fuel diameter of 0.79 cm, an

active fuel length' of 90 cm, and an AGS aluminum clad of 0.06 cm.

The first series of experiments utilized a square pitch lattice

immersed in a sodium nitrate solution (NANO 3 + H O) as shown in2
Fig. 1. The parametric variations in this series were lattice pitch,
NANO c ncentration and the total number of rods in nearly square3
arrays. Criticality was de* ermined by varying the height of the sodium
nitrate solution. -

.

P
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The second series of experiments utilized four assemblies of rods
in an 18x18 square pitch lattice. Cross-shaped, water tight containers ,

,

with various gap thickness (2.5, 5, and 10 cm) were positioned between
the four assemblies Figs. 2(a) and 2(b). The containers were filled

with either water, air, expanded polystyrene (C H )n't concentrationsI* 1E Y 7 *"*g g *

powder or polyethylene balls, thus providing differen
of hydrogenous material. The parameters of interest in this series
were the composition and density of the hydrogenous materials and the

,

separation distance (i.e., gap thickness) between the assemblies.
Criticality was determined by varying the lattice water height.

The SCALE system calculational sequence used in the analysis of
both series of experiments is shown in Fig. 3. A more detailed descrip-
tion of the functional modules shown in Fig. 3 is presented in Appendix
A and in Reference 1. The SCALE system input for both series of
experiuents is presented in Appendix B.

IV. RESULTS AND CONCLUSIONS

The results obtained using the SCALE system to analyze the two
series of experiments are presented in Tables 1 and 2, respectively.

'

Table 1 presents the results obtained in the analysis of the six
,

experiments in the first series. The sodium nitrate solution acts as a
moderator and a reflector of the lattice. It is found that the average
k of the 27-group ENDF/B-IV library is 0.998 .004, that for the
13bggroup GAM-THERMOS library is 1.003 .004 and for the 16-group
Hansen-Roach library is 1.007 .004. Results obtained with the MORET
code are also presented for comparison.

,

We see that the 24- and 123-group results of the three libraries
are more accurate than the 16-group results. Therefore, the 27-group
ENDF/B-IV libre y is preferred because it has substantially smaller
computer storage requirements than the 123-group library.

.
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CROSS SECTION AND'. I INPUT ,

PROBLEM SETUP

u

PERFORM ENERGY SELF- IBONAMi
SHIELDING CORRECTIONS

u

CONVERT TO WORKINGN I T AWL
LIBRARY-

~

u

PERFORM MONTE CARLOKENO-lV
k-eff CALCULATIONS

u

COMPARE CALCULATIONAL
OUTPUT 11

RESULTS WITH EXPERIMENTAL
RESULTS

.

Figure 3. SCALE system calculational
*

sequence used in the analysis

of both series of experiments
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Table 1. CSA52 Analysis of 4.75% U02 Rods in Sodium Nitrate Solution

Lattice Solution
_

Calculated k-eff 1 1 o
Lattice Array Densit NANO Critical 'Tl-Group 123-Group 16-Group Apoll o-Moret*g/cm' yPitch Size Conc. Height DDF/8-IV GAM-THERMOS Hansen-Roach

cm g/cm' cm

1.26 24x25 1.1521 0.247 80.9 0.99598 1 0.00464 1.00401 1 0.00477 0.98823 1 0.00478 1.005 1 005
1.6 18x18 1.1503 0.243 76.1 0.98728 1 0.00478 1.00216 1 0.00453 0.99259 1 0.00484 .998 1 0055 co

2.1 17x17 1.1523 0.246 76.2 0.99817 1 0.00402 1.00846 + 0.00379 1.01476 1 0.004!1 .993 1 005
2.1 16x16 1.1094 0.178 89.5 1.00157 1 0.00442 0.99509 1 0.00430 1.01586 1 0.00421
2.1 15x16 1.0565 0.090 84.8 1.00536 1 0.00416 1.00658 1 0.00389 1.0128 +1 0.00477 .996 + .008
2.52 20x21 1.1523 0.246 85.9 0.99812 + 0.00385 1.00239 + 0.00418 1.01895 + 0.00363 1.003 1 0045

''.ou'". laken from Reference 2

, , e. >
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In Table 2,.results are presented for the 19 experiments of.the
p second series. .For assemblies with water only as the interstitial
|', material. the 27-group library gives better agreement with experiment
' .

than the two .other-libraries.
| 10 --

.

! LFor assemblies separated by the aluminum container filled with
.different materials, the calculated Keff's using all three libraries
are,1for the most part, equal- or. slightly greater than unity. Also,
considering statistical uncertainties, K,ff increases slightly with
increasing hydrogen concentration for gap thickness of 2.5. and 5.0 cm, '

but not for 10.0- cm gap.

Finally, for this series of experiments, the three libraries give
essentially the same value for Keff. So, either the 16-group Hansen-
Roach or the 27-croup ENDF/B-IV library would be preferred over the
123-group library because of their smaller computer storage requirement
(approximate factor of 5).

As may be observed in Tables 1 and 2, the results obtained with
the MORET code (2) are limited in that only some of the cases have been
calculated. For the cases presented, the agreement between the SCALE
system results and the MORET' code results appe;rs to be reasonable.

.
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Table 2. CSA52 Analysis of Four Assemblies of 18x18 t'(4.752)Di Reds of-
Lattice Pitch. Separated by Various Hydrogenous Materials

Assembly Configuration Calculated k-eff 1 1 o
..- -

Water
Compounds Critical

. .

A Interstitial Ensity Conc. II Height 27-Group 123-Group 16-Group Apollo-Moret
cm* Material gn /cm' gm/cm' cm ENDF/8-IV G4M THCRMOS Hansen-Roach

_ .,

O Water 1.0 0.1119 23.8. 1.00806 1 0.00507 1.07868 + 0.00515 1.01481 1 0.00514 1.010 1 0055 ,

Box + Air 0 0 29.03 1.01663 1 0.00488 '1.01591 1 00476 1.0046u 1 0.00504 1.005 1 0050

Scx + (C3H.)g 0.0323 0.0025 28.61 1.00506 1 0.00499 1.01608 1 0.00491 0.99856 + 0.00517 0.987 1 0.005
2.5' Box + rowder *CH,)n 0.2879 0.0414 26.98 1.02348 1 0.00472 1.02786 + 0.00455 1.00797 1 0.00471,

Cox + Ball (CHz)n 0.5540 0.0000 25.54 1.03263 1 0.00504 1.03542 1 0.00457 1.02559 + 0.00461 0.995 1 005
Box + Water 1.0 0.1119 25.66 1.02827 1 0.00454 1.03379 1 0.03474 1.02991 1 0.00425 wWater 1.0 0.1119 24.48 1.00391 1 0.00399 1.02718 1 0.00481 1.00673 1 0.00376 1.006 + .005 . o -|
Box + Air 0 0 34.18 0.99886 + 0.00462 1.01276 + 0.00495 1.00366 + 0.00451 -{
Box + (C.%)n 0.0262 0.002 34.39 1.00614 + 0.00537 1.01100 + 0.00477 1.00696 + 0.00474 |

E Box + rowder (CH )n 0.3335 0.0480 30.16 1.02215 1 0.00527 1.03381 1 0.00412 1.0290 1 0.004642

Box + Balls (CH ), 0.5796 0.0833 30.73 1.02913 1 0.00446 1.02881 1 0.00494 1.03299 1 0.00519
Box + Water 1.0 0.1119 32.78 1.02257 1 0.00415 1.03349 1 0.00463 1.02909 1 0.00478
Water 1.0 0.1119 31.47 0.99973 1 0.00451 1.01139 1 0.00473 1.01094 1 0.00424 1.000 1 006
Box t Air 0 0 .~.6 . 08 0.99138 1 0.00441 1.01345 1 0.00498 0.99519 1 0.00537 0.996 1 005 q
Box + (C.H.), 0.c288 0.0022 45.62 1.01184 1 0.00488 1.01393 1 0.00526 0.98367 1 0.00579 0.987 1 005

in Box > rowder (CH )n 0.3216 0.0464 42.05 1.01247 1 0.00421 1.03046 1 0.00454 1.02375 10.00444 - 1.011 1 006.2

Box + Balls (CH )n 0.5680 0.0816 49.94 1.01674 1 0.00450 1.00612 1 0.00514 1.00898 1 0.00499 1.010 1 005 .

2

Box + Water .1.0 0.1119 64.12 0.99758 1 0.00453 0.99949 1 0.005 1.003 % 1 0.00517
Water 1.0 9.'119 64.34 0.99352 1 0.00446 0.98991 1 0.00499 0.99659 1 0.00521 0.998 1 0055

% is the value of the gap width between the assemblies, including 0.6 cm which is twice the wall thickness of the aluminum
container box.

** Results taken from Ref. 2.

O *. ., ,



rc ,

11

REFERENCES

.

1. R. M. Westfall,-et al., " SCALE: A Modular Code System for Performing*
Standardized Computer Analysis for Licensing Evaluation," NUREC/
CR-0200, ORNL/NUREG/CSD-2 (1980) . Distributed by the Radiation
Shielding Information Center, P. O. Box X, Oak Ridge, TN 37830.

.2. J. G. Manaranche, et al.135" Dissolution and Storage ExperimentalProgram with 4.75 wt. % U Enriched UO Rods," Trans. Am. Nucl.2Soc. (1979).

3. G. E. Hansen, et al. , "Six and Sixteen Group Cross-Section for Fast
and Intermediate Critical Assemblies," LAMS-2543 (1961).

4. Undocumented ORNL library of ancient vintage.

5. W. E. Ford, et al., "A 218-Group Neutron Cross-Section Library in
AMPX Master Interface Format for Criticality Safety Studies,"
ORNL/CSD/TM-4, Oak Ridge National Laboratory, Oak Ridge, TN 37830
(1976).

6. R. M. Westfall, et al. , " Procedure for Determining Broad-Group.

. Energy Structure or Criticality Safety Calculations," Trans. Am.
Nucl. Soc., 22, 291 (1975).

e

9

-e
.



. _ _ _ _ _ _ _ _ . .-

i 13

* *y

1

b |

!
!
,

i

! APPENDICES
g

l

.

%

.

..

b



15

APPENDIX A

SCALE SYSTEM OVERVIEW,

The SCALE system ( draws heavily from basic neutron transport.-

It consists of a driver module, control modules, functional modules
and a data base.

1. The driver module:

The driver module resides in-core at all times and, upon various
types of commands, loads and unloads the control and functional modules
from the central processor unit. Thus the core storage requirement
for a sequence involving the execution of several modules corresponds
roughly to the largest needs of any single module in the sequence. The
intermodular execution paths are normally determined by the control
modules. The control modules communicate with the system driver through
a small common block of special parameters. Ordinarily, the user
specifies the control module to be executed on a data card read by the
driver. For example, in our case, to execute Criticality Safety
Analytical Sequence 2 (CSAS2), we submit = CSAS2 to the driver which
in turn, loads CSAS2 into the central processor unit.

') 2. The control module:

Six control modules have been developed for the initial version of.

SCAIE. One of the control modules is CSAS2 which performs data process-
ing and criticality safety analysis on systems which must he modeled in
three-dimensional geometry. The execution path includes the functional
modules BONAMI, NITAWL and KENO-IV.

3. The functional modules:

The functional modules included in the initial version of the SCALE
system are eight modules. The modules perform data processing, radia-
tion source determination, criticality safety analysis and radiation
shielding analysis. liere, we present a brief summary of the functional
modules included in the execution path of CSAS2.

i. BONAMI (Bondarenko AMPX Interpolator) is a module which accesses

.[g
master data sets that contain Bcndarenko factors. It is a new program
which performs resonance cross-section processing by the shiciding
factor method most frequently associated with Bondarenko and produces W
problem-dependent master data sets. The initia? application of BONAMI a

in SCALE is the automation of the use of the Hansen-Roach 16-group 8

library in the criticality safety analytical sequence. Eventually,3'
BONAMI will be used to perform problem-dependent unresolved resonance
processing with the cross-section libraries based on ENDF/B.

o

11. NITAWL (N_ordheim's Integral Treatment A_nd Working L_ibrary
production) is an application of the Nordheim integral technique to
perform neutron cross-section processing in the rcranance energy range.
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This technique involves a five-energy-group cal.ulation of the slowing-
down phase across each resonance with subsequer t flux-weighting of the

*resonance cross-sections. This is the maior function of NITAWL in its
conversion of cross-section libraries from a problem-independent to a
problem-dependent form. However, NITAWL also assembles group-to-group

'

transfer arrays rrom the elastic and inelastic scattering components
and performs other tasks in producing the problem-dependent library.

iii. KENO-IV is an improvement and extension of KENO - a Multigroup
Monte-Carlo Criticality program written for the IBM 360 computers. It
is flexibly dimensioned, utilizes free-form input, and offers more
geometry options. The geometry input is quite simple to prepare, and
complicated three-dimensional systems can often be described with a
minimue of ef fort. The results calculated by KENO-IV include K-effective
lifetime and generation time, energy-dependent leakages and absorptions,
energy- and region-depeadent fluxes and region-dependent fission
densities.

4. The data base:

The SCALE system data base contains a standard composition library,
various neutron and coupled neutron-photon libraries, and the ORIGEN-S
libraries. The standard compositions library is used by the materials
input processor in developing nuclide atom densities. Also the library .

contains data on each nuclide which is used in developing the input for
the resonance processors and for the mesh spacing algorithms used with

-

the determination codes. The library consists of a standard compositions
directory, a standard compositions table, an isotope distribution
directory, an isotope distribution table, and a nuclide information
table. The library is configured as a permanent direct access data set.
It contains 109 standard compositions, 78 nuclides, 3 elements with
variable isotopic distributions and data for the specification of three
aqueous fuel solutions. The physical data contained in the library is
taken from standard references.

.

4

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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APPENDIX B

.cg SCALE SYSTEM INPUT FOR THE FIRST AND SECOND
V SERIES OF EXPERIMENTS

+
To simplify the input and to eliminate the char.ce for human error,

the SCALE system control module internally applies a standardized pro-
cedure 'to calculate the number density for each nuclide in the system.
It also' creates the necessary mixing tables for use in KENO.

In the input stream, the eser describes all material mixtures

found in the problem under study in terms of various " standard compo-
sitions" and other engineering type, specifications such as their
associated volume fraction or the percent theoretical density, tempera-
ture and isotopic distribution. For each " standard composition," sub-
routine DETUPB scans the standard composition library to determine the
theoretical density (gm/cm), the number of elements in the standard

-composition, and whether the standard composition is a compound, alloy
or solution.

The input is divided into three main parts. First, the problem
parameters are read. This provides a general description of the system.
Next, a description of each material composition is read. As many

^5 entries as needed may be used to fully describe any material mixture.

Finally, the geometry description for the problem is read. In.

the CSAS2 analytic' sequence, several additional blocks of data are
required to describe the three-dimensional KENO-IV geometry.

The SCALE system input for a 20x21 lattice, 85.9 cm critical
height, and 2.52 cm lattice pitch is shown in Fig. 4 as an example,
which is one experiment in the first series. The input for one of the
experiments in the second series is shown in Fig. 5.

Q
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PRIMARY MODULL ACCLLE AND INPU1 hELUhD ( 5 CALL DHIVck - Ob/AJ/bo - 10.J7)
MODULE CSA52 WILL UL LALLLD T I ME OF DAY 17.59.50 UATC 80.177

0.53 IN PITCH LAITICE CtLL 4.75 wTA ENk1LHED FUEL
.___323GROUPMTH 4 4 4 L A T i l CtiLE LL 0 0 __ _ _____ __.___ . _ _ _ _. _ _ _ ._,

UO2 1 0 947 295 9223b *.75 94236 90 2d tND UU2
AROMAG5 26 4 O O 1 14027 96.o5 14000 0.47 14026 0 4J 2b000 U.23 2 1 293 tN L,
H2O J 1 END c 0 0 0 6012 65.03 l u O l _ _1b 4 7 4 1 AW LND _ . _ _ _ __

ARB M T LC H2 0.5660
_ SOUARE PITCH 1.J5 0.79 1 J 0.94 2 0 82 O tND GCOMETkYCH2 box.18418 ARRAYd, 10.CM 5tPAhATION, ae9.94 CM LHil! CAL Mt 16H T .

20 100 300 4 46 41 41 3 0
_

BOX TYPE 1
_ ___,

CYL I NDE R 1 0. 295 49.94 0 -0.5
CYLINDER O O.41 49 94 0.0 -0 5
CYL I NOE H 2 0 47 49.94 0.0 -0.5
CUBOID 3 0.b75 -0.b75 0 .b 73 -0.b75 49 d4__Qso -ou_ ___

_

DOX TYPt 2
CYLINDER 1 0.395 90 49 94 -0.5 n
CYLINDeiR O O.41 90 49 94 -0.d O,

'

._ _. CYLINDER 2 0 47 98 2 49.94 -0.5 _ . _ _ _ . ___ , , _ _ _ _.

CUGOID O O.675 -0.o75 0 6Td -0 67d 96.2 49.94 -0 5

dOX TYPE 3
CUOO1D 3 -0.b75 -20 675 -0.b75 -zo.67d u -1.o -0.b

DOX TYPE 4
CUO L' 1D J 0 675 -0.o7s -u.675 -20.b75 o -1.e -u.5

BOX YYPE. 5
cut: U D 3 -0.675 -20 675 u.675 -0 675 0 -1 8 -0 5

. . , _ BOX _ "_ 6 .. _ _
_

CYLINbr_k 2 0 47 0 -1 6 -0 . 5

CU601D 3 0 675 -0 675 0 675 -0 07d 0 -1.6 -0 5

| HOx TYPE 7
CUHO I D 3 -0.675 -20.o75 -0.615 -20.675 4%.94 0 -0.5

i _ HOx TYPE 8
I

CudOID 3 -0 615 -20 675 0 6 /d -0.675 49.94 0 -0.5

HOX TYPE 9
_ _ __f,U u G I D 3 0.p_T5 -0 67S -0.b75 -2 0. b lD_4hjL4._ O -0 . h. _ _ . ,

Figure 5. SCALE system input for some Of

the cases in the second series

of experiments
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Dux TYPE 47
CUBOID 2 23.925 da.62L -0 . 0 7b -0.975 49.94 0 -0 6
CUSD1D 3 23.926 kJ.62b -0 613 -20.b75 49.94 0 -0 6
hnX TYPE 48
CUBOlu 2 2J.92S 23.025 -0.o75 -0.975 96.2 4 9.94 -0.dCUuGID 0 23 926 2J.025 -0 676 -20 673 9e.2 49.94 -0 6REFLECTOR 3 20 20 20 20 u 20 SCO
END CFnMFTMY
J 1 41 40 1 41 40 1 1 1 0
4 2 40 1 1 41 40 1 1 1 O
b 1 41 40 2 40 1 1 1 1 0
6 2 40 1 2 40 1 1 1 1 0

_

13 2 40 1 20 22 2 1 1 1 0
14 20 22 1 2 40 1 1 1 1 0
15 2 40 1 21 21 1 1 1 1 0
16 21 21 1 2 40 1 1 1 1 0
17 1 41 40 c0 22 1 1 1 1 0 __
20 20 22 1 20 22 1 1 1 1 0
21 21 21 1 21 21 1 1 1 1 0

_22 21 21 1 20 22 2 1 1 1 0
23 1 41 40 21 21 1 1 1 1 0
46 20 22 1 1 41 40 1 1 1 0
20 21 21 1 1 41 40 1 1 1 0
29 20 22 2 21 21 3 1 1 1 O N
7 1 41 40 1 41 40 2 2 1 0
9 2 40 1 1 41 40 2 2 1 0
u 1 41 40 2 40 1 2 2 1 0
1 2 40 1 2 40 1 2 2 1 O
JO 2 40 1 20 22 2 2 2 1 U
32 20 22 1 2 40 1 2 2 1 O
J4 2 40 1 21 21 1 2 2 i O
J6 21 21 1 2 40 1 2 2 1 0
18 1 41 40 20 22 1 F. 2 1 0
38 20 22 1 20 22 1 2 2 1 0
40 21 21 1 21 21 1 2 2 1 0
42 21 21 1 20 22 2 2 2 1 0
24 1 41 40 21 21 1 2 2 1 0
47 20 22 1 1 41 40 2 2 1 C
27 21 21 1 1 91 40 2 2 1 0
44 20 22 2 21 21 1 2 2 1 0

,

Figure 5 (continued)
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BOX TYPE 26
CudOID 2 33.325 24 926 -0.675 -0.v75 vu.2 49 94 -0 5

CuoOID G 33.J2b 23 925 -0.67a -20.675 vo.2 49.94 -v.t
f4nu Y YP1 24s _ _ , ,

CUBOID 4 23 925 23.625 34 325 23.925 0 -1.6 -0 5
BOX TYPE 30
CUuGID 2 0 675 -0.675 23.925 23 625 49.94 0 -0 5
liny YYpF 31 _ _ . , , _ _

CUGOID 2 0.o75 -0.o76 2 3. 9eb EJ.o2b vb.c 49 94 -0.5
BOX TYPL 32
CUB O I D 2 23 945 PJ. bed 0.olb -0.675 49 94 0 -0.5
RnX TYPF 34 _ _ ,_

CUuGID 2 24.925 2J.625 0.b76 -0 675 96.e 49.94 -0 5
BOX TYPE 34
CUBO I D 4 0.o76 -0.o7b 43.J25 23 9eb 49.94 0 -0.5
f ant TYPF 36 _ _ ,

2

CUUDID 4 0.676 -0 676 J3.a25 23 92s 9o.e 4v.94 -G.b
DOX TYPE Jb
CUBOID 4 33 32b 2J.veb 0.675 -0.6 75 *9.9% O -o.S
HOX TwpF 37
CU60ao 4 33.J26 23.925 0.675 -o.67b 96 2 49 94 -0.5
oOX TYPE 38
CUBOID 2 23.925 23.625 ed.925 24 625 49 94 0 -0 . 5 N

N
r< nM TYPF 39
CUBOID 2 23 925 23.b25 2J.925 ea.6db 96.2 49.94 -0.6
DdX T YP C 40
CU6OID 4 J3 325 2a.925 JJ.Jeb 2J.925 49.94 0 -0.6
finz TYPF 41

CudOID 4 33 32b 2a.925 JJ.J25 2J.925 90.2 49 94 -0.5
GOX TYPE 42
CUBOID 4 33.J25 23.925 2J.925 23 625 99 9* O -0 . b
rsn X TYPF 43

CU6OID 4 33.J26 24.92b 23.925 23.u25 96.4 49.94 -0.6
HOX TYPE 44
CuaOID 4 23.925 23.b25 JJ.32b 23 925 49 94 0 -0 . 5
nns ivpE 4%

| CudOID 4 23.925 23.u25 J3.J25 23 925 96.2 a9 94 -0.6
) BOX TYPE 46
i CUBOID 2 23.925 2J.025 -0 . u76 -0.975 0 -1.6 -0.b

__ cue 010 3 23 92s 23 6ah_-o.67s -2u,6zs_n__1 8 -n.3

Figure 5 (continued)
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