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ISOTOPIC ENRICHMENT OF FUELS FOR D-T FUSION REACTORS*

by

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

Isotopic enrichment scenarios using cryogenic d i s t i l l a t i o n were developed
for a near-term D-T burning fusion-reactor design (ETF) as well as for a com-
mercial fus ion-reac tor design (STARFIRE). The analyt ica l r e s u l t s of s tud ies
of spent-fuel reprocessing for ETF show tha t i so topic enrichment can be c a r r i e d
out to meet fue l -pur i ty requirements by a system consis t ing of a 5-column d i s -
t i l l a t i o n cascade and two chemical e q u i l i b r a t o r s . For STARFIRE, the ana ly t i ca l
r e s u l t s show t h a t , for a fixed number of columns and chemical e q u i l i b r a t o r s in
a reprocessing system, the compositions of the recycle streams depend s t rongly
on whether t he two fuel streams (plasma exhaust and blanket) a re processed
separa te ly or mixed and then processed as a s ing le stream.

- ch» f ide uf r-u- .• <->•;:•. •••:. .-::a r r :s iizsi'iirz o-i a s>jp:-.rate s n e a i OL

r--"P-

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 U ) ] 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-

Argonne National Laboratory, Argonne IL 60439

tern. The atom fraction of protium in the '
spent fuel may be of the order of 1-2%, but
the protium fraction in the blanket process!
fuel may be much higher, especially if light
water is used as the heat transport medium i
the blanket. In 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 rela-
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

2DT (1

Based on the initial molar ratio D2/T2 of 3/:
for ETF, the equilibrium compositions at 50
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and 300 K were calculated based on existing
equilibrium constant data (j^) for Equation
(1). For the bred fuel from the blanket, the
equilibration reaction of importance is

H2 2HT (2)

jsing a ratio of 19/1 for T2/H2, 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 given 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 T2.
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
eqtiilibrator. 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 useTul compared to Equation (2).

HT + D 2 ?== DT + HD (3)

Since HD is more volatile than DT, the separa-
tion of protiun fr^m tritium can be carried
out in a distillation column after equilibra-
tion of HT with D 2 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

H2 HD HT

5.36x10-4 2.06x10-2 1.83x10-2

D2 DT

2.42x10-1 4.75X10-1 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 sstimated 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 (2xlO~3
atp) of deuterium {to avoid singularity
problems in the solution algorithm). After
equilibration, the fuel from blanket pro-
cessing has the following composition:

H2 HD HT

2.38X10-2 1.79x10-4 7.52xlO"2

D2 DT

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 separately 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-l, heavy fraction from B-5
and the light fraction (top product) from B-4.
"he 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

H2 HD HT

1.82x10-2 3.63x10-3 3.63xlO"3

D2 DT

1.78x10-1 3.55x10-1 4.41x10-1

Chemical Equilibration at 300 K

H2 HD HT

8.90x10-4 1.94x10-2 2.97XLO~*

D2 DT

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
product 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
premixed before distillation. The estimated
composition of the product streams for the
separately processed fuel streams with chemi-
cal equilibrators operating at 5G K is shown
in T»h1t> f>. .

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- I
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. For
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.

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



Our studies have indicated that the
composition of the product streams depend
to a lesser extent 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
three separate fuel processing scenarios as
described in the previous sections are based
on the same distillat-on cascade so that the
resultant product compositions may be dis-
cussed and compared on a common basis. The
results obtained with a 5-column cascade seem
to meet the currently-conceived purity re-
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
in the waste product stream. The parametric
investigations carried out during this study
were limited to distillation cascades con-
taining 5 columns. Because the exact fueling
methods and the purity requirements for the
recycle fuel have not been established, only
limited attempts v/ere made to optimize the
distillation cascade in terms of the number
of theoretical stages, reflux ratio, operating
pressure, and the interconnection pattern
Detween distillation columns. All of the
calculations 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
and 5 operating at 67 KPa (500 Torr). As the
cinetics 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 iind After Equilibrium

I n i t i a l Composition (Moles)

Spent Fuel, ETF

D2

75 25

DT

0

Bred Fuel, STARFIRE

H2

5

h
95

HT

0

Final Composition (Moles)

Equilibration at 50 K

D2

57.8 7.8

DT

34.4

Equilibration at 50 K

H2

1.8

T2

91.8

HT

6.4

Equilibration at 300 K

D2

56.4

T2

6.4

DT

37.2

Equilibration at 300 K

H2

0.4

T2

90.4

HT

9.2

Table 2 . Sunwary of Analytical Results for 5-Coluap Caacade <ETT)

SUHHMW Of I I H W I O ' . HESX.TS FOU COUHH = 1

PTOO.COilP N-H2 •»
1 3.8451650-03 2.5£.tf42O-03

50 1.06S392O-20 1.1764330-13

HT
1.471/J5D-03
6.786430D-12

cn> N-H2
3.1777970-02
2.7346J40-06

HO
1.116199D-O1
1.0272830-03

4.049S36O-03
7.30I347O-04

OF AflfllYTTrtL BFSULTS FOB fntUMH • 3

PROD.COUP N-H2
1 6.352913D-02

30 4.2726953-07

HO
2.2214070-01
1.0067SW-03

5UIIHJBY OF tHJUrilCat KCSUITS f l » COIUTO I

PflOD.CCM? N-H2

30 3I4941670-02

5UHHAB/ Of AIUIYT1CIL BESPITS fffi) COLUtW

HO
5.2S7145D-01
2.1514010-01

HT
4.5201J3U-04

9 8 i C

BOO.COUP H-H2
1 6.2720319-07

75 3.0334170-19

«0 HT
1.4771910-03 9.4972360-04
1.4281670-09 9.7354310-07

N-02
5.74C4470-01
5.103S490-06

« 0 2
7.«618550-01
S. (209930-01

N-D2
6.9582330-01
I..3626330-01

N-02
6.7707050-03
7.2913450-01

N-02
9.757354D-01
5.JS2725D-01

DT
4.1009360-01
3.S29431D-03

or
8.66074*0-02

DT
1.U7II4O-U
1.6134DSD-01

or
3.3109630-06
1.30124(0-02

OT
Z.1SSJ2£O-02
4 6 a ? l < 5 0

N-T2
6.2908550-03
9.9616550-01

N-T2
1.18636M-04
7.22112211-03

H-T2
9.7412JIO-07
2.3640070-04

H-T2
5.4072270-10
1.710*970-04

N-T2
4.2IJIUO-5S
7.4158700-04

«PH
5.8720-01
3.4520-10

APH
S.961D 00
8.S13D-02

«PH
1.7630 01
S.274D-02

*PH
7.29S0 01
1.433D 01

»PH
I.2IHD-0I
4.&720-05

<P0
7.8E4O 01
1.920D-01

tro
g.6530 01
7.6700 01

IPO
8.1260
9.1760

teo
2.7110
S.460D

01
01

01
01

APO
t.<740 01
7.6140 01

»PT
2.1210 01
9.930D 0 1 *

«7
4.5450 00
2.320D 01

APT
9.4100-01
8.1430 00

iPT
2.3270-02*0
9.974O-0I

«PT
1.1420 0 9 * * *
2.3110 01

*TrltiuB-rlch produce.
"Protlum waste.
**Deutcrium-rlch product.

Table 3. Distillation Produces froa Reprocessing Fuel from Breeding
Blankets (Number of Theoretical Stacts: 1.5. 30. 75)

StUKJSY OF UUIYTJCU RESULTS FOB BlUNKET FRKESSIl.Tj: M»= 15

PPOO.COIIP H-H2
I 7.63C7S9D-0I

15 5.S5111M-44

HO
1.(535710-04

HT
1.2499010-04
S.7731ISO-OS

H-D2
6.3302620-05
7.1151970-06

SUKIW Of »N»ltTIC<L RE5UUS FM CltlKET PaOCESSIIIOl NP» 30

PK00.COMP N-K2
1 7.7SJ655O-81

30 1.2677I0O-S6

HO
1.843S67D-S4
5.6534750-07

HT
I.4S44450-04
2.6336520-06

S.39!J:005
5.99SU160-06

suimtn OF o w v n m wsutw rof. iiuxn paocEssiHG! NP> 75

raoo.conp N-HJ
1 7.8334200-01

75 2.1544100-10

HD
-,.9403190-04
1.D75070D-O7

HT
1.47CIS9D-04
2.631470D-06

N-02
S.657033D-05
S.M5092O-06

OT
1.6006630-05
9.6749850-05

or
2.827779D-05
9.011023D-06

0T
3.9474330-05
8.417170D-05

N-T2
2.3153CCO-01
9.9941470-01

N-tt
2.211951D-01
9.9997530-01

N-T2
2.19600IO-III
9.999830D-01

tPH
7.6820 01
S.6530-02

7.7850 I I
7.»67O-Ct

tPH
7.2350 01
1.3700-04

tea
1.540D-02
1.2750-03

1.1030-02
1.I7M-03

<FO
2.0330-02
1.0150-03

<PT
2.310O 01
9.9940 0 1 *

2.2130 01
1.000D 0 2 *

«PT
2.t970 01
1.O00O 02*

*Irltlua-rlch product.



raoie «. Dlsclll«cton Products for Separately Processed Fuel (STARMRE)

SUKMAP.Y OF ANALYTICAL RESULTS FOB COLUKH ! 1

PRO0.C0MP N-H2
1 3.8526770-03

50 1.0094830-20

HO
3.1916590-03
1.6453290-13

HT
1.9210920-03
1.7O1209O-1I

SUKHABY CF AHALYT1CAL RESULTS FOH COLUMN : 2

PP.00.COHP H-H2
1 5.3019130-02

30 2.6252930-06

HO
1.9790220-01
1.5466650-03

HT
1.652467D-02
1.M1757D-03

SVMWBYJOf ANALYTICAL RESULTS FOB COLUMN = 3

PPCD.COW N-H2
1 1.0535250-01

30 &.0730S4D-07

HO
3.93331CO-01
2.1096860-03

HT
2.979SB7O-02
3.2272240-03

SUKMJSYiOF ANALYTICAL RESULTS FOR COLUMN : 4

P9C3.C0MP N-H2
1 5.916556O-O1

30 7.8372470-02

HO
4.0102350-01
3.903964D-01

HT
2.93I730D-03
2.2459570-02

SVKHASY OF ANALYTICAL RESULTS FOR COLUHH : 5

PFOO.COHP H-H2
1 1.1848990-06

75 4.6727960-19

HO
3.0964500-03
2.380261D-09

4.7348520-03
3.8424640-06

N-D2
S.21060SO-01
4.3159850-06

N-02
6.3545203-01
4.745705D-01

N-02
(.6430430-01
8 0632259-01

N-02
1.998717003
4.35234M-0I

N-02
9.6424350-01
4.6875010-01

OT
4.6217610-01
3.7111130-03

OT
9.751939O-02
5.124456O-0I

OT
7.0552310-03
1.8800S3D-01

OT
1.086722D-05
6.49)7330-02

OT
2.799439D-02
5.302059D-01

N-T2
8.1437700-03
9.962S46D-01

N-T2
1.6601640-04
9.692512O-03

N-T2
(.1910490-07
3.314680D-04

N-T2
1.50S60SO-08
2.540140D-03

N-T2
6.9053130-08
1.0401720-03

APH
6.409D-01
S.5S8D-10

APH
1.602D ill
1.4970-01

APH
3.175D 01
2.6690-01

APH
7.9660 01
2.8780 01

APH
3.9170-01
1.921C-04

7.5370 01
1.860O-01

APO
7.831D 01
7.3150 01

«P0
6.645D 01
9.0130 01

AFO
2.0250 01
6.6290 01

APO
9.7980 01
7.3340 01

APT
2.4020 01
9.96ID 0 1 *

APT
5.7190 00
2.6660 01

APT
1.8430 00
4.5940 00

APT
1.4710-01**
4.9260 00

APT
1.636D 0 0 * * *
2.660D 01

Trltium-rlch product.
*Protlun waste.
Deuteriw-rlch product.

Table 5. Distillation Products for Premised Fuel (STARFIRE)

SLMHARY OF AtULVTICAl RESULTS FOR COLUMN ! 1

FJCO.COnP H-H2
1 3.3701640-03

50 4.0799590-14

NO
4.0238460-03
1.4150440-09

HT
2.286627^-03
2.3383050-08

OF UULVTICAL RESULTS FOR COLUMN : 2

FSC3.C0HS N-H2
I 5.3016120-02

30 9.4023830-06

HO
1.9691990-01
2.5S2303O-03

HT
1.7363450-02
1.8304220-03

SLWUSY OF MUIYTIC4L RESULTS FOR COLLTO : 3

PRCO.CCKP N-H2
1 1.0601780-01

30 7.3925960-07

m
3.9187930-01
1.910133D-03

HT
3.1585930-02
3.1371960-03

Of <!HflLYTICAL RESULTS FOR COLUHN : 4

PROO.COKP N-H2
1 5.9903610-01

30 7.9133520-02

HO
3.965416D-01
3.9013770-01

HT
3.O234S2O-03
2.99743IO-02

SLMKHY OF ANALYTICAL RESULTS FOR COLLWI : 5

PRCO.COKP N-H2
1 9.477641D-07

75 2.9755530-14

HO
2.44B3310-03
1.6133540-07

HT
4.018580D-03
1.2231970-05

Trltlum-rlch streaa.
Prutium waste.

*D«>iterlun-rlch product.

N-D2
5.006564O-01
4.5961230-04

N-02
6.0665790-01
4.594114D-01

N-02
4.6126690-01
7.520619D-0I

N-02
1.9255350-03
4.3020280-01

N-02
9.19S8350-01
1.5827340-01

DT
4.6957900-01
5.9944290-02

DT
1.255434D-0I
5.1301890-01

OT
9.590290D-03
2.4151S6D-01

OT
1.1013830-05
6.7754150-02

OT
7.422405D-02
8.3551820-01

N-T2
1.994059D-02
9.3959610-01

N-T2
6.8699740-04
2.3147520-02

N-T2
2.709476O-06
1.3714170-03

N-T2
1.609396D-08
2.7924910-03

N-T2
1.243523D-05
6.196045D-03

APH
7.02JO-01
1.239D-06

APH
1.6020 01
2.216O-01

AFH
3.1780 01
2.5240-01

AFH
7.9S8D 01
2.8920 01

APH
3.2350-01
6.1930-04

AFO
7.3750 01
3.042O 00

AFO
7.679D 01
7.1720 01

APD
6.620D 01
8.7370 01

APO
2.002O 01
6.5910 01

APO
9.5790 01
5.7570 01

APT
2.555D 01
9.6910 0 1 *

APT
7.2140 00
2.806O 01

APT
2.1590 00
1.237D 01

APT
1.5170-01**
3.1650 00

3.913D 0 0 * * *
<>.237D 01

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

SUWU3Y OF ANALYTICAL PESULTS FO1 COLUMN : 1

FUCO.CC'IP II-IB
1 3.843CWO-03

50 1.1C7304D-20

HO
2.6024700-03
1.3017960-13

HT
1.4700770-03
7.541186D-I2

OF AHJlYTlCil RESULTS FOR COLUMN : 2

PROO.CCM? H-H2
1 3.235C310-02

30 2.7726660-06

HD
1.I24962D-01
1.04653SO-03

HT
4.0253300-03
7.3213750-04

suwuar OF AIHLYT:CAL RJSULTS FOR COLUHH I

PfiCO.CCMP N-H2
1 6.4094300-02

30 4.33632JO-07

H9
2.2339440-01
1.0215260-03

NT
7.4016120-03
6.47S3240-04

SLWIAHY OF ANALYTICAL RESULTS F03 COLUMN !

PRCO.CCMP H-H2
1 4.70132IO-01

30 1.-S-.5S27D-02

HO
S.2415410-01
2.1777220-01

HT
4.3624330-04
1.S315MD-03

SUKURYOFAIIALYTICAL RIS'lTS FOR COIUKN l 5

PROO.CCHP N-H2
1 6.K5«5D-07

75 3.1523CJD-19

HD
I.4996550-03
1.48S997O-09

NT
9.50I450O-04
1.0006(150-01

Trltlua-rlch product.
Protlua vaste.
D«ut«rlua-rlch product.

N-D2
5.S0S792O-01
5.7692600-06

N-D2
7.6665S6O-01
5.4727030-01

N-02
6.9382170-01
8.392739D-01

N-02
6.354766D-03
7.2731250-01

N-D2
9.76374JD-01
S.464020D-01

OT
4.0656530-01
4.6336640-03

OT
8.4970400-02
4.4528750-01

OT
1.106656D-02
1.5E8734O-01

OT
3.037534D-06
I.7670050-02

OT
?.1212530-02
4.530224U-01

N-T2
4.9217110-03
9.9536060-01

N-T2
9.198J6SO-05
5.6 ' ' 750-03

N-T2
7.47I00SO-07
1.S322I30-D4

N-T2
4.8451630-10
1.6502720-04

H-T2
3.1932520-08
5.7465590-04

APN
5.8790-01
3.835D-10

APH
9.0320 00
8.9200-02

AFH
1.797D 01
8.3490-02

APH
7.3250 01
1.4510 01

AFD
7.855D 01
2.3220-01

AFO
8.6540 01
7.7C4D 01

AFO
8.1130 01
9.1920 01

AFO
2.6S40 01
8.4490 01

APT
2.0S90 01
9.976D 0 1 *

APT
4.4590 00
2.287D 01

APT
9.2350-01
7.9940 00

APT
2.1760-02**
9.785D-01

APH APO APT
1.2260-01 9 .5770 0 1 1.1050 0 0 * * *
5.00SO-05 7.72SO 0 1 2 .270D 0 1


