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ISOTOPIC ENRICHMENT OF FUELS FOR D-T FUSION REACTORS* 3

B. Misra, R. G. Clemmer, and P. A. Finn

Isotopic enrichment scenarios using cryogenic distillation were developed
for a near-term D-T burning fusion-reactor design (ETF) as well as for a com~

mercial fusion-reactor design (STARFIRE).
of spent-fuel reprocessing for ETF show that isotopic enrichment can be carried

out to meet fuel-purity requirements by a system consisting of a 5-column dis~-
tillation cascade and two chemical equilibrators.

The analytical results of studies

For STARFIRE, the analytical

results show that, for a fixed number of columns and chemical equilibrators in
a reprocessing system, the compositions of the recycle streams depernd strongly
on whether the two fuel streams (plasma exhaust and blanket) are processed
separately or mixed and then processed as a single stream. .

The design-base operating parameters that have
been developed for currently-conceived deute-
rium-tritium (D-T) fueled tokamak fusion reac-
tors show that only a relatively small frac-
tion of the injected fuel reacts during the
burn period. Ongoing design studies [i.e.,
STARFIRE (1)] are continuing t~ devise means
of increasing the burn fraction. Because of
the extremely high cost of tritium, as well

as the environmental consequences of releasing
biologically hazardous tritium, the spent fuel
must be recycled to the maximum extent possi-
ble. Although the exact details of fueling
methods and the purity requirements for D-T
reactors have not been developed, NRC stan-
dards require that the tritium content of the
waste product stream be very low (2). Also,
for certain reactor designs, for example ETF
(3), it may be necessary to have separate
isotopically pure streams of tritium and deu-
terium. The consensus view of several recent
studies {4-9) is that where large quantities
of mixed fuel are involved, separation or
enrichment by cryogenic distillation is the
most-practical and economical method. Since
previous studies have dealt primarily with
reprocessing of plasma exhaust and since the
effluent from the blanket processing system is
considerably different, this study was under-
taken to assess the implications of reproces-
sing the plasma exhaust in conjunction with
the effluent from the blanket processing sys-
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tem. The atom fraction of protium in the

spent fuel may be of the order of 1-2%, but
the protium fraction in the blanket processi
fuel may be much higher, especially if light
water is used as the heat transport medium i
the blanket. 14 addition, the fuel from the
blanket processing system contains essential
no deuterium-bearing species. A series of
parametric studies was carried out to assess
how the composition of the light and heavy
fractions from the distillation column are
influenced by different fuel processing sce-:

narios.

EQUILIBRIUM CONSIDERATIONS

Before analyzing the various steps re-
quired to develop the distillation cascades
for the spent fuel from plasma exhausts and
the bred fuel from breeding blankets, it is
essential to consider the equilibrium reia-
tionships among the isotopic species of hy-
drogen. For the sake of simplicity, let us
consider the equilibrium between the princip -
constituents (i.e., deuterium and tritium in
ETF spent fuel, and protium and tritium in t
bred fuel from the STARFIRE blanket). When
deuterium and tritium are mixed and allowed
to equilibrate, the following reaction takes

place

b, + T, 207 , (1

Based on the initial molar ratio Dp/Tp of 3/,
for ETF, the equilibrium compositions at 50 I
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and 300 K were calculated based on existing
equilibrium constant data (10) for Equation
(1). For the bred fuel from the blanket, the
equilibration reaction of importance is

Hy + Tz = 2HT (2)
Jsing a ratio of 19/1 for Tp/Hz, equilibrium
compositions of the fuel mixture at 50 K and
300 K were calculated. The compositions of
the fuel mixtures before and after equilibra-
tion are giver in Table 1.

An examination of the data presented in
Table 1 shows that only 1/3 of the tritium in
the initial ETF fuel mixture remains as Tp.
For the blanket effluent, essentially all of
the protium impurity is present as HT. Hence,
complete isotopic separation is impossible
based on cryogenic distillation alone. At
some appropriate stage in the distillation
cascade, the reverse reactions [see Equations
(1) and (2)] must be promoted in an isotopic
equilibrator. For separation of protium from
tritium, it has been pointed out by the previ-
ous studies (5,7) that the following reaction
may be more useful compared to Equation (2).

HT + Dp &= DT + HD (3)
Since HD is more volatile than DT, the separa-
tion of protium fr~m tritium can be carried
out in a distilla.ion column after equilibra-
tion of HT with Dy supplied from an external
source.

DISTILLATION CASCADE DEVELOPMENT

Cascade Arrangement for ETF

For the sake of simplicity, the flow rate
to the distillation cascade was assumed to be
100 moles per unit time. The composition of
the three isotopic species in the spent fuel
was estimated to be: 49 atp (atp = atom %)
tritium; 49 atp deuterium; and 2 atp protium.
when such a gas mixture is equilibrated at 300
K, the six isotopomeric species (in descending
order or volatility) have the following compo-
sition

Hp HD HT
5.36x10-%  2.06x10~2  1.83x10-2
Do DT T2

4.75x10~1

2.42x10-1 2.43x10-1

A computer program that was developed for
design and analysis of interconnected distil-
lation columns .and chemical equilibrators (8)
was used to estimate the composition of the
product.streams. A schematic of the distil-
lation.cascade is shown in Figure 1. The
analytical results are summarized in Table 2.
(The first six columns show the mole fraction
of the products and the last three columns
show the atomic percentages of the three iso-

topic species of hydrogen.

Distillation Cascade for the STARFIRE Design

For one set of STARFIRE (1) operating
conditions, the tritium flow rate from the
plasma exhaust gases was estimated to be 750
g/day, and the flow rate of tritium from the
blanket processing system for the same set of
STARFIRE operating conditions was 2stimated tc
be 562 g/day. In the absence of any experi-
mental data, it was assumed that the ratio of
protium to tritium in the fuel from the blan-
ket processing system is the same as that in
the exhaust gases. The fuel from blanket pro-
cessing is assumed to have been equilibrated
at 300 K. Although the concentration of deu-
terium in the blanket effluent fuel is essen-
tially zero, the non-linear equations for the
chemical equilibrator were solved by assuming
the presence of a very small amount (2x10-
atp) of deuterium (to avoid singularity
problems in the solution algorithm). After
equilibration, the fuel from blanket pro-
cessing has the following composition:

Hp HD HT
2.38x10-2  1.79x10~%  7.52x10-2
D2 0T T2
4.14x10-10  3.82x10-5  9.22x10-1

Thus, we have the flow rates and the composi-
tion of the two feed streams which are to be
processed through a cryogenic distillation

cascade.

ANALYTICAL RESULTS

Enrichment scenarios based on two sepa-
rate cascade arrangements were studied.
Figures 2 and 3 show in schematic form the
distillation cascades for STARFIRE with
interconnected distillation columns. Figure
2 shows a cascade arrangement where the two



fuel streams are processed separateiy at the
initial stages. The heavy fraction from
Column A is the tritium product stream. As
shown in Figure 2, the product streams from
the B-Cascade are: bottom product (heavy
fraction) from B-1, heavy fraction from B-5
and the 1ight fraction (top preduct) from B-4.
The top product from B-4 is the waste pro-
duct stream. The cascade arrangement shown

in Figure 3 assumes that the two feed streams
are mixed and chemically equilibrated before
entering the distillation system. The fol-
lowing table shows how the composition of the
fuel stream changes from simple mixing of the
two streams (compositions as shown in the
previous section) to equilibration at 300 K.

Simple Mixing

Hp HD HT
1.82x10-2  3.63x10-3  3.63x10-3
Do DT T2
1.78x10-1  3.55x10-1  4.41x10-1

Chemical Equilibration at 300 K

Hp HD HT
8.90x10-4  1.94x10-2  2.97x10~Z
Do DT T2
1.29x10-1  4.36x10-1  3.85x10-1

The composition of the top and the bottom
products for the single column (Column A,
Figure 2) and the two cascade arrangements
(Figure 2 and Figure 3) are summarized in
Tables 3, 4, and 5. Table 3 shows the compo-
sition of the product streams when the fuel
from the blanket processing system is dis-
tilled in a single column {(Column A, Figure 2).
For the separately-processed streams, the top
praduct from A is mixed with the top product
from B-3 before the mixture enters the chemi-
cal equilibrator (see Figure 2). The composi-
tion of the product streams are summarized in
Table 4. Table 5 shows the composition of the
product streams where the fuel streams are
oremixed before distillation. The estimated
composition of the product streams for the
separately processed fuel streams with chemi-
cal equilibrators operating at 5C K is shown

SUMMARY AND CONCLUSIONS

The calculated product compositions for
ETF (see Table 2) show that high deuterium and
tritium fractions can be obtained by using a
distillation cascade consisting of 5 columns.
The number of theoretical stages for the five
columns are respectively 50, 30, 30, 30, 75.
The atom fraction of the deuterium- and
tritium-rich products meet the purity require-
ments for recycle fuel (>98%). The tritium
fraction in the waste product stream is less
than 0.02%. By using a larger number of
theoretical stages, it would be possible to
further increase the purity of the product
streams. The analytical results for the
STARFIRE design show that if a very pure tri-
tium fraction (>99.9}) is required, it would
be desirable to process the two fuel streams
separately (see Fig. 2). The computer calcu-
lations for a single column containing differ-
ent numbers of theoretical stages are shown in
Table 3. Essentially pure tritium may be pro-
duced from the blanket processing fuel as long
as the number of theoretical stages in the
distillation column (Column A in Figure 2) is
of the order of 30 (see Table 3). The tritium
fraction in the waste product stream for pro-
cessing of STARFIRE fuel separately is 0.15%.
However, if the chemical equilibrators are
assumed to operate at 50 K instead of 300 K,
the tritium fraction in the waste product
stream may be reduced to 0.02% (see Table 6).
The reason for lower tritium fraction in the
waste product at 50 K is due to less favor-
able chemical kinetics for formation of HT at
lower temperatures. However, in practice, it
may be desirable to use higher equilibration
temperatures (e.g., room temperature) to
ensure reasonably fast reaction rates.
processing of mixed fuel in the STARFIRE
design, the deuterium and tritium fractions
are less than 97%, which may not meet the
purity requirements of the recycle fuel.

For

In the fuel processing scenarios pre-
sented above the mole fraction of protium in
the blanket processing fuel has been assumed
to be only 4%. If iight water is used as the
heat transport fluid for the breeding blanket,
it is conceivable that the protium fraction
in the blanket processing fuel may be signi- .
ficantly higher than the values used in the
present analyses. Under such circumstances,

a single column such as Column A in Figure 2,
may not be adequate to produce pure tritium.

§
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composition of the product streams depend

to a lesser cxtent on the total number of
theoretical plates which is in excess of 200
for the 5 column distillation cascade. The
product composition depends to a large extent
on (1) the cascade arrangement, (2) location
of chemical equilibrators, (3) product stream
to feed stream flow rate ratios, and (4) col-
umn operating pressure. For this study, the 4,
three separate fuel processing scenarios as

described in the previous sections are based

on the same distillation cascade so that the
resultant product compositions may be dis-

tussed and cempared on a common basis. The

results obtained with a 5-column cascade seem

to meet the currently-conceived purity re- 5.
quirements for fueling tokamak reactors.

whether the protium waste product stream (top

product from column 4) can be discharged di-

rectly into the ambient will depend primarily

on the total quantity of tritium involved

rather than on the mole fraction of tritium 6.
in the waste product stream. The parametric
investigations carried out during this study

~ere limited to distillation cascades con-

‘taining 5 columns. Because the exact fueling

1ethods and the purity requirements for the

recycle fuel have not been established, only 7.
“iimited attempts were made to optimize the
distillation cascade in terms of the number

of theoretical stages, reflux ratio, operating
aressure, and the interconnection pattern

Detween distillation columns. A1l of the
talculations were carried out using a reflux

ratio of 5, and with columns 2, 3, and 5

operating at 133 kPa (1000 Torr) and columns 1 8.
and 5 operating at 67 KPa (500 Torr). As the
~inetics of the isotopic interactions are not

“nown, no attempt was made to size the chemi-

~al equilibrators.
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Table 1.

Composition of Fuel Mixtures Before and After_Equilibrium

Initial Composition (Mo]es)

Final Composition (Moles)

. ca s . sz s :
Spent Fuel, ETF Equilibration at 50 K Equilibration at 300 K
75 25 0 57.8 7.8 34.4 56 .4 6.4 37.2
Bred Fuel, STARFIRE Equilibration at 50 K Equilibration at‘300 K
5 95 0 1.8 91.8 6.4 0.4 90.4 9.2
Table 2. 'Sun-ng of Analytical Results for 5-Column Caacade (ETF)
UMUAY_OF AHALYEICA, RESULTS EORCOLBOt s 1
PRO0.COMP  N-H2 4 Ht N-D2 or N-T2 APH aFQ APT
1 3.8451650-03  2.5800420-03  1.471/850-03  5.7604670-D)  4.100596D-0)  6.2908550-03 | 5.8720-01 7.8240 01  2.1210 01
50 1,0683920-20  3.1766330-13  6.786630D-12  5.1038490-06  3.8294310-03  9.9616550-01 | 3.4520-10 1.330D-01  9.980D 01%
SVRIARY QF ALY ICA BESUM S, ECRLILIEN i 2.
PRO0.CCH>  H-H2 HO Hr N-D2 ar N-T2 APH APD APT
1 3.1777970-02  1.$161990-01 9.0493360-03  7.6618500-01  B.6607580-02  1.1868630-06 | 8.9510 00 $.8530 01  .5450 00
30 2,7346840-06  1.0272030-03  7.3013470-06  5.6209930-01 4.4B9115D-D1 7.229122u-03 | 8.8130-02 7.67a0 01 2.3200 01
Wﬂ_&w
PROD.COMP  H-H2 HT N-D2 or N-T2 A ARD ART
1 6.3509130-02 2. 22!4070 -1 7.4476930-03  6.9582330-00  1.237104D-02  9.7412310-07 | 1.7830 01 B.126D 01  9.4100-01
30 6.2726950-07  1.0067860-03  6.4729330-04  §.3626830-01  1.513403D-01 2.3640070-04 | 8.274D-02 9.17260 01 &.1530 00
SUHHARY OF SMALYTICAL RESULTS FOR COLLMN & &
PROD.CCMP  H-H2 HO HT N-02 oY -T2 APH arg 4Pt
1 6,6524900-D1  5.2871650-01  6.6201230-0¢  6.7707050-03  3.3109630-06  5.4072270-10 § 7.2980 03 2.7110 01  2,327D-024n
30 3.4841670-02  2.1615010-01  1.5982520-03  7.2913650-01  1.3032440-02  3.7905070-06 ] 1.€33p 01 &.460D 01  9.974D-91
SUMHARY QF ANALYTICAL RESULTS FOR CoLumy : 5
PROD.CONP  M-N2 o Hy N-02 13 H-12 APH APD APT
1 6.2720319-07  1.4772910-03  9.697284D-04  9,757354D-01  2.1883260-02 4.2133120-08 | 1.2140-01 9.874D 07  1.142D 0D%#x
75  3.0336170-19  1,6289670-09  9.7354310-D7  5.3827290-01  4.6092950-01  7.4158700-0¢ V 4.8720-05 7.684D 01 2.3110 01
*“ITritivm-rich product.
**protium waste.
***peuterium-rich product.
Table 3. Distillation Products from Reprocessing Fuel from Breeding
Blankets (Number of Theoretical Stages: 15, 30, 75)
SUCIARY OF ANALYTICAL RESULTS FOR BLANKET PROCESSING: NP:
PPOD.CONP  H-H2 Ho HT N-02 DT H-T2 APH AFD APT
1 7.43025%0-01 \.6535!10-04 1.2499013-06  6,3302620-05  1.6006630-05  2.31515£0-01  7.6820 01 1.54DD-02  2.316D ()]
15 S.6311330-04  1.5739390-08  3.7731120-06  7.1158970-06  9.6749850-06  9.9941470-01 5.6530-02  1.2750-03  9.9940 O1#
SUIIIARY OF AMALYTICAL RESULTS FCR BLANXET PAQCESSING: NP= 30 ‘
FROD.CONP N-H2 uT v-p2 or N-T2 AFH AP0 AT ]
1 7.2836550-01 1, 8436670 36 1.4249680-06  8.39527.0-05 2.8277790-05 2.2119510-01 7.78%0 €1  1.%030-0 2.213 !
30 6.2677100-06  5.6534750~07  2.B33652D-06  5.553016D-06  9,0711023D-08 9.9997530-01  7.9470-0% ‘-0790-023 3 ZD 000 %}?' .
SUIRARY OF ANALYFICAL RESULTS FO® BLAMKET PROCESSING: MRz 75 E
- . = i
PROO.COMP  R-M2 WD HY [ N-T2 AR AFD APT !
1 2. 8334200-01 4.9403190-04  1.47C8550-04 8. 657033(7 05  3.9474330-05  2,1960020-01 7.335D 07 2.0330-02 2. 197 i
75  2.85%4100-10  1.0750700-07  2.6314700-06  5.8350920-06 8.4171700-05  9.9998300-01 1.3700-04  1.0150-03 1-0002 gi‘!* ;

*Iritium-rich product.




~ rapie s, Distillation Products for Separately Processed Fuel (STARPIRE)

SUHHMARY OF AMALYTICAL RESULTS FOR COLULMM @ 1
————

PROD.COMP  N-H2 HD - HT
¥ 3.8525770-03  3.1916390-03  1.9210920-03
50 1.0096830-20  1.6453290-13  1.7012050-11

SUMHARY OF AMALYTICAL RESULTS FOR COLUMM : 2

PROD.COHP  N-H2 HD HT
1 5.3019130-02  1.9790220-D1  1.6526670-02
30 2,6252730-06  1.5656850-D3  1.4417570-03

SUMMARY QF ANALYTICAL RESULTS FOR COLAMN : 3

PPCD.COHP  N-H2 H) HT
1 1.0595290-01  3.9333100-01 2.9793870-02
30 8.0730240-07  2.1096860-03  3.2272240-03

SURMARY OF ANALYTICAL RESULTS FOR COLUN : &

PRCD.COMP  N-H2 HD HT
1 5.9455550-01 4.0102350-01 2.9317300-03
30 7.8372470-02  3.903964D-01  2.8459570-02

SUMMARY OF AMALYTICAL RESULTS FOR COLMH : 5
e

PROD.COMP  N-H2 L) NT
1 1.1368990-06  3.0965200-03  4,7348520-03
75 5.6727960-19  2.3302610-09  3.86264640-06

*Tritium-rich product.
**protium vaste.
***peuterium-rich product.

N-D2
5.2106030-01
4.3129850-06

N-D2
6.35643200-01
%.7543705D0-01

N-02
€.6430430-01
8.0632250-01

H-D2
1.9987170-03
4.3523430-01

H-02
9.6424350-01
4.6875010-01

0T N-T2 APH
4.6217610-01  8.1437700-03  6.409D-01

3.711130-03

o7
9.7513390-02
5.12644540-01

or
7.0552310-03
1.8800830-01

0T
1.0867220-05
6.4927330-02

o1
2.7996390-02
5.3020590-01

9.9628460-01

N-T2
1.660164D-04
9.6925120-03

NT2
6. 191049007
3.3146800-0%

N-T2
1.5086080-03
2.5601400-03

H-T2
6.9053130-08
1.0401720-03

8.58280-10

APH
1.6020 01
1.4970-01

APy
3.1750 01
2.6690-01

APH
7.9660 01
2.8780 01

APH
3.9170-01
1.9218-04

.

AFD
7.5370 01
1.8600-01

AFD
7.3310 0%
7.3120 01

APD
6.6450 D1
9.0130 01

APD
2.0250 01
6.6270 01

APD
9.7980 01
7.3340 01

Table 5. Distillation Products for Premixed Fuel (STARFIRE)

SUIARY OF AMALYTICAL RESULTS FDR COLUMN & 1
FROO.COMP  N-H2 HO HT
3 3.870164D-03  4.020346D-03  2.23662.U-03
50 4.079959D-1%  1.4150440-09  2,3383050-08

SULiRY OF ANALYTICAL RESULTS FOR COLLWN : 2

FROD.COHP  N-H2 HD HT
1 5.3016120-02  1.9691990-01  1.7363450-02
30 9.4023830-06 2.5323030-03  1.8304220-03

SUMMARY OF ANALYTICAL RESULTS FCR COLLMN = 3

PRCO.COMP  N-H2 KO HT
1 1.060173p-01 3.9187930-01  3.1585930-02
30 7.392596D-07  1.9301330-03  3.1371960-03

SUMYARY GF aNALYTICAL RESULTS FOR COLUMN : &

PROJ.COMR  N-H2 HD HT
1 5.9903610-01  3.965%16D-01  3.0234320-03
30 7.9133520-02  3.9013770-01 2.9974310-02

SUMMARY OF AMALYTICAL RESULTS FGR COLUMN @ §

PRCD.COMP  N-H2 KO HT
1 9.4776610-07 2.4%8331D-03  4,013530D-03
75 2.9755530-14  1.613354D-07  1.2231970-05

.:Tritim-rlch stream.
Protium waste,
"'Deu:eri\m-rich product.

H-D2
5.006565D-01
4.5961230-0%

N-D2
6.0565790-01
4.5941140-01

N-D2
4.6126590-01
7.5206190-01%

N-D2
1.9255340-03
4.3020280-01

N-D2
9.1958250-01
1.532734D-01

or
4.6957900-01
5.9544290-02

or
1.255434D-01
5.13013%0-01

or
9.5902500-03
2.4151260-01

or
1.1013830-05
6.775415D-02

0T
7.4224050-02
8.3551820-01

H-T12
1.9940590-02
$.39596 1D-01

H-12
6.869974D-04
2.3164752D-02

N-12
2.709476D-06
1.3714170-03

N-T2
1.6093960-038
2.7924910-03

N-72
1.2435230-05
6.1560450-03

APH
7.0230-01
1.2390-0%

APH
1.6020 01
2.2160-01

AFH
3.1780 01
2.5260-01

AFH
7.9380 0%
2.3920 0%

APH
3.2350-01
6.1930-04

AFD
7.3750 0t
3.0420 00

AFD
7.6790 01
7.7720 01

APD
6.6200 01
8.7370 01

APD
2.0020 01

6.5910 01

APD
9.57%0 0%
£.7570 01

APT
2.4020 01
9.5810 01N

APT
5.7130 00
2.8640 01

APT
1.8430 00
9.5940 00

APT
1.4710-01 %%
4.926D 00

APT
1.6360 00 XA*
2.6600 81

138
2.55%0 01
9.691D 01%

APT
7.2140 00
2.8063 01

APT
2.055n 09
1.2370 01

APT
1.5170-014%
3.1650 00

apPT
3.913p 0o**4
£.2370 01

Table 6. Distillation Products for Separately Processed Fuel (STARFIRE, Equilibration at 50 K)

SUMHARY OF ANALYTICAL PESULTS FGR COLiMN : 1

PRCD.CCMP  H-H2 HD HT
1 3.853044D-03  2.6026700-03  1.4700770-03
50 1.359304D-20  1.301796D-13  7.541186D-12

SUICIARY OF ANALYTICAL RESULYS FOR COLUMN : 2

PRCD.COCHP  N-H2 HD HT
1 3.2058310-02  1.1249620-0)  4.0253300-03
30 2.772666D-06  1.04653€0-03  7,3213750-04

SUMMARY OF ANALYTICAL RESULTS FOR COLUMH @ 3

PRCD.CCHP  N-H2 HD HT
1 6.409430D-02 2.2339440-01 ?7,4016170-03
30 4.3363220-07  1.0215260-03  6.6475324D-06

SUMIMARY OF ANALYTICAL RESULTS FOI COLUMN : 6
PRCO.CCMP_ N-H2 KD : HT
1 4.7018210-01 8.2415410-01  4.3624330-04
30 3.5%8227D-02 2,1777220-01  1.5815630-03
SUMMARY OF AHALYTICAL RES'LTS FOR COLUMN ¢ 5
PRO?.CCHP

N-H2 HD HT
6.3655420-07  1.4996550-03  9.5074500-04
75 3.1520080-19 1.6389970-09  1.0006050-06

*Iritiva-rich product.
*

.Protlu- vaste.
'"D-uurlu-rinh product.

N-D2
5.8087920-01
5.7692600-06

H-02
?.6665860-01
5.4727030-01

N-02
6.9382170-01
8.3927390-01

N-02
6,3549660-03

7.2731250-01

NH-D2
9.76376480-01
5.4660200-01

oT
4.0656530-01
4.631564D-03

or
8.4970400-02
4.4528750-01

or
1.108656D-02
1.5£87340-01

o1
3.0375340-06
1.7670050-02

o1
2.1212530-02
4.5302240-01

N-T2
4.921711p-03
$.$536060-01

N-T2
9.1982620-05
5.67" ‘75D-03

N-T2
7.671005D-07
1.8322130-04

H-T2
4.8451630-10
1.6502720-04

n-12
3.193252D-08
5.7465130-04

AFH
5.8790-01
3.3350-10

APH
9.0320 00
8.9200-02

AFH
1.7970 01
8.3490-02

APH
7.3250 01

*1.4510 01

APH
1.2260-01
5.0080-05

AFD
7.8550 01
2.3220-01

AFD
8.65%0 01
7.7¢40 01

AFD
8.1130 0%
9.1920 Ot

4FD
2.6340 0V
8.4450 01

APD
9.2770 01
7.7z60 D1

APT
2.0390 01
9.9760 0%

APT
4.4590 00
2.2870 01

APT
9.2350-01

7.9940 G0 '

AFT
2.1760-020 4
9.7350-01

APY ]
1.1050 gD **¥ |
2.2700 01 l




