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Summary 

The main results obtained within the framework of CEC programmes, by 
KFK, UKAEA and CEA, are reviewed concerning the characterization of 
dissolution wastes. The contents were determined of the main 
radioactive emitters contained in the hulls originating in a whole 
fuel assembly sampled at the La Hague plant, or from Dounreay PFR 
fuels. Radiochemical characterizations were carried out by 
different methods including neutron emission measurement, alpha and 
beta-gamma spectrometry, and mass spectrometry. Decontamination 
of the hulls by using rinsings and supplementary treatment were also 
dealt with. The ignition and explosion risks associated with the 
zircaloy fines formed during the shearing of LWR fuels were examined, 
and the ignition properties of irradiated and unirradiated zircaloy 
powders were determined and compared. The physical properties and 
compositions of the dissolution residues of PFR fuels were defined, 
in order to conduct tests on the immobilization of these wastes in 
cement. 

1 INTRODUCTION 

Structural wastes of fuel elements and dissolution residues make up 
mest of the high-level wastes that are recovered at the head end of 
reprocessing plants, and must be immobilized for subsequent disposal. 
Different immobilization methods are currently being investigated worldwide. 
Before finalizing these methods, however, a major effort is needed to 
characterize the wastes, both for their alpha/beta/gamma emitter 
contamination, as well as their stability. These data are actually 
indispensable for a definition of: 

the safety of their handling and transfer, 
monitoring of the activity levels, 
rinsings and supplementary treatment, 
the ideal packaging. 

The characterisation of theoe wastes is being investigated in European 
countries, and this document reviews the work carried out on this topic by 
UKAEA, KFK and CEA, under CEC programmes. 



7 CHARACTERIZATION OF HULLS FROM IRRADIATED ASSEMBLIES 

2.1 LWR FUEL HULLS 

2.1.1 Radiochemical characterization and testing of hulls 
(Coquenstock programme developed at the CEA) 

Operation Coquenstock consists of characterizing large volumes of LWR 
hulls, taken from whole fuel assemblies reprocessed in the La Hague plant, 
and hence representative of a waste obtained on the industrial scale. This 
programme deals with the following points: 

examination of hulls and sampling by quartering, 
neutron measurements to estimate the residual amount of fuel in the 
hulls, 
gamma spectrometry measurements on containers measuring several 
litres, 
after dissolution of some 15 samples, determination of the uranium 
and transuranics contents, alpha/beta/gamma activities (activities of 
fission products, strontium 90 and activation products), 
measurement of tritium retention. 

This exceptional operation was difficult to implement and was considerably 
delayed. So far characterizations have only begun on the first assembly 
(Coquenstock 1). 

All the hulls (about 100 litres) from an assembly taken from the West 
German Obrigheim PWR reactor irradiated to 30,136 MWd't - 1 and discharged in 
June 1979 r were recovered in the La Hague plant. After shearing of the 
assembly in clusters, followed by dissolution and rinsing, the hulls were 
transferred to Saclay and then partly to Fontenay aux Roses. The photo
graph in Figure 1 shows that these industrial hulls bear no resemblance to 
those obtained in the laboratory or in a pilot plant (pin by pin shearing). 
These hulls displayed a bulk density of 1.08 g*cm~3, and we noted that their 
appearance was quite different from that of hulls normally used in simulation 
experiments. The shape and length of each of the sections varied 
considerably, and many of them were shredded, broken up and even crushed. 

The main results of the radiochemical characterizations that were 
performed are summarized and compared in Table I with the previous results 
published by the CEC <1>. For tritium, the different results show good 
agreement (mean activity about 1.15 Ci'kg""1) and they confirm the measure
ments taken at KFK on the same fuels <3>. The fraction of tritium fixed 
in the zircaloy represents 65% of the tritium formed in the reactor. A 
small part of this element (S 0.1%) was found in the form of tritiated 
methane. Apart from tritium, the zircaloy occludes small amounts of 
krypton 85, up to 55 mCi'kg" on the average, or 0.1% of the total quantity 
formed. Spectrometry measurements by gamma scanning on large masses of 
hulls (total 20 kg) indicated that the beta/gamma activity essentially 
originated in the activation products contained in the structural parte of 
the assembly, or in the pins (Co 60, Mn 54, Sb 125, grids, springs, spacers 
and clads), together with fission products such as Ru 106/Rh 106, Cs 134, 
Cs 137 and Sr 90, insolubilized or deposited during dissolution. 

After five years of cooling, Co 60 predominates, but the distribution 
of its activity in the containers, related to the disparity of the 
structural materials, remains quite heterogeneous as shown in Figure 2. 
Cesium, however, is distributed more or less uniformly. In terms of 
protection and packaging, it would therefore be irrelevant to define a mean 
activity for cobalt 60. The mean activity of the fission products 
associated with the hulls represented about 0.2>. of the quantity formed in 



o 
< 

Q 
LU 
CL 
LU 
> 
O 
O 
LU 

cr 
en 

X 
ft 

LU 
X 
O 

cr 
CD 
O 

Li_ 
O 

LU 
O 
_ LU 
< => 
CC CD 

< 
X 

< 
LU 

- 2 
< - 1 

< ~ 
CT t -
LU ^ 
Z < 
LU - J 
O CL 

l 



Table I 
Characterization of Obrigheim PWR hulls 

Comparison of preliminary results with those 
obtained previously in the CEC programme 

Coquenstock 1 
previous CEC 
work on 
"WR hulls <1> 

CONCENTCATIONS (in mg/kg hulls) 

uranium 
neptunium 

6C7 to 1470 (a) 
0.16 to 0.36 (a) 

PLUTONIUM 

by neutron emission 
measurement of 
curium 244 

by mass spectrometry 
by neutron activation 

total measurement: 
26.2 (b) 

10."S to 11.6 (b) 
12.2 to 15.7 (a) 

2.1 to 9.1 (b) 

ALPHA ACTIVITIES (in mCi/kg 
hulls after 5 years of cooling) 

total activity 
Am 241 activity 

6 to 8.7 (a) 
1 to 1.9 

2.9 to 3.75 (a) 

BETA-GAMMA ACTIVITIES -I. (at discharge, in Ci'kg ) 

total 
Ru 106 
Ce 144 
Cs 134 
Cs 137 
Co 60 
Mn 54 
Sb 125 
Sr 90 
tritium 
krypton 05 

Rh 106 
Pr 144 

(a) (b) (a) 

29.7 to 35.7- - 20.4 to 46 
12.5 to 15.3 51.3 15.6 to 30 
11.7 to 14.8 - 3.1 to 13.4 
0.8 to 1 0.63 0.17 to 1.36 
0.57 to 0.7 0.47 0.27 to 0.78 
0.056 to 0.086 8.83 0.02 to 0.406 
0.21 to 0.38 4 0.077 to 0.234 
2.8 to 3.4 1.73 0.83 to 3.16 
0.3 to 0.5 - 0.175 to 0.381 
0.93 to 1.29 - 0.486 to 1.485 
0.049 to 0.062 — _ 

(a) measurements after dissolution of all-zircaloy hulls 
(b) direct measurements on hulls 
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the reactor (values confirmed after sample dissolution)• It was higher 
for the pair Ru lCu/Rh 106 (0.4 to 2%), but it is well-known that these 
noble metals are relatively insoluble (main constituents of dissolution 
residues) and that they form colloids which redeposit on the hulls during 
dissolution of the irradiated oxide. The total alpha activity measured 
after dissolution of the zircaloy hulls was rather high (6 to 8.7 mCi'kg - 1). 
Americium 241 accounted for 17 to 22% and curium 244 represented 14 to 20%. 
Neptunium was determined by neutron activation, and its content was between 
0.16 and 0.36 mg'kg - 1, or 0.02 to 0.04% of the quantity formed in the 
reactor. 

After four years of cooling, spontaneous fissions of curium 244 
accounted for over 92% of the neutron emission of the fuel. Assuming 
that this element exhibits behaviour identical to that of plutonium, both 
during irradiation and during dissolution (these two elements can diffuse 
in the clad, migrate in the oxide, be adsorbed in solution on zirconia in 
different ways), the measurement of its concentration in the hulls should, 
in principle, help to determine their plutonium content. The results 
obtained by this neutron emission measurement technique, on 100 litres of 
hulls, yielded-an initial total plutonium estimate of 26 mg*kg - 1 of hulls. 
Out of 12 litres of hulls, sampled by quartering from the entire batch, 
the measured values (12 measurements) were lower, between 10 and 12 mg'kg"1. 
Comparr±>le .values (12 to 16 mg*kg _ 1, see Table I) were found by mass 
spectrometry, after dissolution of the hulls of the same sample. 

Hence it appears that the cross-check between these two methods is 
fairly good, and that plutonium and curium display closely comparable 
behaviour. This measurement technique, easily adaptable to the 
industrial scale, thus appears to be highly promising for the measurement 
and detection of residual quantities of fuels combined with the hulls. 
However, these initial results need to be confirmed on the second assembly 
planned in operation Coquenstock. The plutonium concentrations, as well 
as the alpha activities detected, were much higher than those hitherto 
defined in PWR hulls, under the CEC programmes <1,2>. However, a large 
share of this alpha contamination can be eliminated by simple additional 
rinsing with cold 3 N nitric acid. The final residual contamination 
threshold for plutonium appears to lie between 1 and 3 mg'kg"1, and 
corresponds approximately to the minimum contamination level reported so 
far <1,2>. However, this rinsing only succeeds in reducing the beta/ 
gamma activity by about 10%. To limit the alpha activity of these 
wastes, it is clear that one should proceed with effective rinsings in the 
plants, and we feel that the technique of dissolution and continuous 
rinsings, as performed in UP3 <4> achieves much more effective countercurrent 
rinsing than those currently performed by soaking. Intensive 
decontamination of the hulls by means of specific reagents is certainly 
feasible. However, it is limited (residual alpha activity produced by 
U and Th contained as impurities in the zircaloy) and it often raises a 
problem of recycling of the effluents produced in the reprocessing plant. 

In conclusion, it is difficult to go further in the interpretation of 
the still partial results that have been obtained. We can nevertheless 
point cut that: 

the quantities of plutonium associated with these Obrigheim hulls lie 
between 0.04 and O.C8% of the plutonium of the fuel, 
neutron emission measurements appear to offer a valid method to test 
the hulls, 
alpha contamination is rather high but most of it is labile. 

This observation recalls that, in the hull contamination process (diffusion 
during irradiation, fission recoils, impregnation of corrosion luyerj), tho 



reprocessing conditions (shearing, dissolution, rinsings) certainly remain 
the most important parameters. 

2.1.2 Pyrophoric behaviour of irradiated zircaloy chips and fines 
(KFK investigation) 

To promote the safe handling of Zry-fines arising in the shearing of 
fuel assemblies, chopping of fuel pins or compaction of leached hulls, an 
experimental programme was conducted to assess the ignition and explosion 
hazards. To ensure that the results will meet the requirements of the 
licensing authorities, expert advice was obtained from Bundesanstalt fur 
Materialforschung in Berlin (BAM). This Institute, the principal 
establishment for testing dusts for explosion and fire properties in 
Germany, investigated non-radioactive Zry-fines under their standard 
procedures. (A detailed account of the test methods used at BAM has been 
published in VDI Report No.304, 1973, pp.29-38) . Based on these results, the 
methods for active tests at the hot cells of KWU-Karlstein were defined. 
Tests were performed on Zry-fines artificially produced from hulls of 
irradiated LWR-fuel. To evaluate the effect of irradiation on the 
pyrophoric properties, irradiated and unirradiated Zry-fines, generated by 
the sane tool, were investigated and compared. The investigations have 
not yet been completed. The main findings obtained are described. 
All results refer to tests carried out on a < 100 u, sieve fraction. 
Information about practical applications of the results is given in VDI 
Guidelines 2263 and 3673. 

Ignition properties of dust deposits 

Zry-fines exposed to various ignition sources, such as flashlight or sparks 
from auermetall, turned out to be very easy to ignite, and subsequent 
burning was fast and self-sustaining. It was also observed that sparks 
caused by rubbing or impact of Zry-hulls ignited Zry-dust deposits. 

The minimum ignition temperatures of dust layers were determined by 
two methods. In the first method, Zry-fines were deposited on an 
electrically-heated plate. The lowest temperature at which ignition 
still occurred was measured and found to be 235 °C for the active fines and 
295 °C for the non-radioactive Zry-fines. 

In the second method (Gliwitzky), samples of different volumes were 
heated in a hot enclosure and the external surfaces of the dust deposit 
exposed to air at elevated temperatures. Again a substantially lower 
ignition temperature was observed for active fines. The results are 
plotted in Figure 3. The linear dependence of the logarithmic volume-
to-surface ratio on reciprocal ignition temperature allows a simple 
extrapolation to be made to the volumes in a practical case. For a pile 
of 10 I of irradiated Zry-fines, the minimum ignition temperature is 102 °C. 
Fines characterization of active and non-radioactive Zry-fines of the same 
sieve fraction, and prepared by the same tool, showed a finer grain and a 
bulk density higher by a factor of 3 of the active test material 
(2.4 g/cm 5)• These discrepancies may well have contributed to the lower 
ignition temperatures of the active fines. Supplementary tests will be 
performed to obtain conclusive results. 

Ignition properties of raised fines 

The minimum ignition temperature of a duut suspension was measured in 
the Goibert-Greenwald furnace. The Zry-fir.ee were blown by air in a 
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suspension towards the preheated furnace. The minimum ign i t ion 
temperature for the ac t ive f ines was measured and found to be 3G5 °C, 
which was only negl ig ib ly l e s s than for the non-radioact ive Zry-f ines . 

Dust explosibility 

Explosion properties were determined in the 20 I spherical explosion 
apparatus. The results are applicable in designing explosion protection 
on an industrial scale. The maximum pressure of. unirradiated Zry-fines 
reached a medium level (7.8 bar absolute) as did the maximum explosion rate 
of rise (KS£ value 200 bar m/s, dust explosion Class II). The maximum 
permissible oxygen concentration was also measured in the 20 l sphere with 
argon as the inert gas. A dust explosion *_ould still be triggered in an 
atmosphere containing 1% (by volume) of oxygen. Only in pure argon was 
this no longer possible. The explosion data of irradiated Zry-fines 
still reed to be measured. These tests will presumably be completed by 
the end of 1985. 

2. 2 FAST BREEDER REACTOR HULLS 
(characterization carried out by UKAEA) 

A substantial programme has been undertaken at the Harwell Laboratory 
on the examination of stainless steel hulls arising from irradiations in the 
Prototype Fast Reactor (PFR) at Dounreay. 

The fuel element hulls were obtained from the reprocessing operations 
at Dounreay and were transported to Harwell for characterization and studies 
on possible decontamination procedures. Some preliminary work on methods 
of immobilization has been undertaken. The behaviour of all active 
constituents has been examined. Attention has been given to the behaviour 
of long-lived radionuclides because of their significance to disposal. 
The fuel element hulls used came from four different irradiations in PFR, 
and had achieved burnups between 3.9 and 7.3% fissions of the initial heavy 
metal atoms in the fuelled section. A further sample from an unirradiated 
fuel pin which had been sheared and put through the active dissolver system 
was included, representing the zero burnup situation. The hulls differed 
in appearance, being either black or shiny. The black hulls were 
identified as coming from the central fuelled section of the pin where 
corrosion and related deposition effects would be at a maximum. The 
shiny hulls originated from the axial breeder positions, where conditions 
are less severe. Examples of both types are shown in Figure 4. The 
hulls as received were 25 to 75 mm in length, and were cut into 1 mm rings 
for ease of handling during treatment and analysis. This technique 
allowed determination of the activity profiles of individual fuel element 
hulls. Comparative work on complete hulls has confirmed that the 
sectioning process does not invalidate the results obtained. A wide 
range of measurements were made within the programme. The major gamma-
emitting species were measured directly using gamma spectrometry. The 
main fission product nuclides determined were P.u 106, Cs 137 and 3b 125. 
The activation products seen were Mn 54 and Co 60. Beta-emitting 
nuclides, 5r 90 and Tc 99, were measured by chemical separation and beta 
counting. Carbon 14 was determined by complete dissolution of the hulls, 
oxidation to COa , conversion to carbonate, and counting the final solution 
by liquid scintillation methods. The total fissile content of the hulls 
was determined by using neutron interrogation nx-thodi;. A total alpha 
count was made on solutions obtained from the complete dissolution of the 
hulls. Thi-j, was followed by chemical separation and alpha spectrometry 
to determine the individual actinides (Pu, Am and Cm) . 



Results 

The levels of fission product activity found on the fuel element 
hulls were remarkably similar with the dominant activity being Ru 106 
(10"' to 10 _ 1 Ci«g _ 1 of hull). Next in importance was Sb 125 
(r 10"J Ci-g - 1). The results for Cs 137 were variable (10 - 5 to 
10 - > Ci-g - 1). Sr 90 was present at 10~5 to 10-1* Ci-g - 1. Our first 
measurements for Tc 99 suggest a level of about 10~ 6 Ci-g- . Typical 
results for both black and shiny hulls from an irradiation at 7.3% burnup 
are shown in Figure 5. The levels of fission product activity are 
generally similar. The levels of cesium are lower on the shiny hulls 
from the breeder section, possibly reflecting the lower mobility of cesium 
in this region. Activity measurements along a hull show that generally 
the activity levels are the same within the 1 mm resolution provided by 
the sectioning technique. Some variation is however evident for Ru 106, 
which may be associated with the presence or absence of alloy particles. 
For the activation products, the levels of Co 60 were similar in the range 
10~J to 10-1* Ci«g _ 1. The levels of Mn 54 were however substantially 
higher in the black hulls, and it is this that identifies them as coming 
from the core region of the reactor, since Mn 54 is formed by a fast 
neutron capture reaction, and its formation is much suppressed in the 
breeder sections of the fuel. Levels of C 14 up to 5 uCi-g - 1 were found. 
Measurements of the total fissile content of the hulls showed that, 
throughout, the carry-over of fuel was < 0.1%. The alpha activity level 
on the hulls was in the range 1Q-1* to 10~6 Ci«g - 1. It is notable that the 
levels of both actinide and fission product activity on the hulls from fuel 
that was not irradiated but passed through a solution obtained from the dis
solution of irradiated fuel, were similar to those on the hulls from irradiated fue 
This indicates that deposition of activity on the hulls during dissolution 
is important. 

Treatment _of the hulls 

Experiments on decontamination methods for these hulls were undertaken 
successfully using several aqueous reagents. 

The favoured decontamination method is to reflux the hulls three times in 
succession in 9 M nitric acid. The use of nitric acid should allow the 
decontaminating liquor to be fed to the fuel dissolver, and would thus be a 
preferred process for reprocessing plants. 

Methods of encapsulating undecontaminated hulls in cement were studied 
as an alternative to decontamination. Fully-active specimens immobilized 
in sand/cement and cement/blast furnace slag matrices were prepared. Leach 
testing experiments are in progress using the ISO 6961 test method, and 
cesium 137 and Sr 90 have been detected in the leachates. Actinide 
levels in the leach solutions are extremely low at the limits of detection 
for the methods used. 

3 CHARACTERIZATION OF DISSOLVER RESIDUES OF FAST BREEDER REACTOR FUELS 
IUKAEA) 

A work programme has been undertaken in the Harwell Laboratories to 
characterize the insoluble residues remaining after the dissolution of fajt 
breeder reactor fuel in nitric acid. The work established the nature of 
thin particular waste arising, and provided information on the handling of 
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these materials. Six samples from differing irradiations and 
dissolutions were examined, using both chomical and physical methods of 
characterization. These materials were immobilized in cement media and 
subjected to leach testing to establish possible routes for their disposal. 
The material examined originated from irradiations in PFR from co-
precipitated fuel at both inner and outer zone fuel compositions. 
Irradiations ranged between 2.7 and 7.8% burnup of heavy metal atoms in the 
fuelled section of the pin. The residues were separated from the 
dissolver liquor by centrifugation. Samples for analysis were taken 
from the resulting centrifuge bowls. 

3.1 CHARACTERIZATION METHODS 

The residues consist of several different materials and a range of 
methods is needed to obtain full information. The principal constituents 
of the residues are the alloys of noble metal fission products, which are 
formed as particles or inclusions in the fuel during irradiation and which 
resist nitric acid treatment. The main components are Ru, Rh, Pd, Mo 
and Tc. The" dominant radioactive component is Ru 106, which has a strong 
beta emission and, through its short-lived daughter (Rh 106), provides the 
major source of heat emission from the residues. 

To establish the proportion of the fission product yield appearing in 
the residue for each of the constituent elements, the full fuel and fission 
product inventory for the fuel pins, from.which the residues were obtained, 
was calculated using the FISPIN V computer program. Decay corrections 
were applied appropriate to the time of analysis, and heat output~ from 
radioactive decay were calculated for comparison with expérimentai, values. 

The characterization programme and the methods used are summarized in 
Figure 6. A microcalorimeter was used for the heat output measurements, 
which was capable of detecting emissions of 0.01 W, or lower in some 
circumstances. A complete dissolution procedure was used for chemical 
analysis. Samples were chlorinated in a sealed system, and then brought 
into solution by acid treatment. Physical characterization was 
undertaken by scanning electron microscopy on mounted samples. Supporting 
chemical information was obtained using electron probe microanalysis (EPMA) 
on polished sections of the mounted residues. Neutron interrogation 
techniques were used to determine fissile contents and were supported by 
chemical analyses and alpha spectrometry. 

The matrices used for experiments on immobilization methods were 
either sand and cement, or cement with blast furnace slag (BFS), or 
pulverized fuel ash (PFA) as an additive. Specimens were prepared using 
a shear mixer followed by vibro-packing into a mould. The ISO 6961 test 
was used for the leaching experiments. Some control leaching experiments 
were undertaken using un-immobilized material. 

3.2 RESULTS 

The results of the chemical analyses of the residues are shown in 
. -.blc 2, where the compositions of the metal alloys are given and are 
compared with the yields expected.theoretically from the computer 
calculation. Agreement is generally good, indicating that elements are 
incorporated in the alloys approximately.in the ratios of their yield, 
although the experimental rejults for Pd are consistently low. More 
detailed examination of these residues by EPMA suggest there arc variations 
in composition with radial position which may be systematic. The overall 
yield of noble metal fission product alloy found experimentally from these 



dissolutions is thought to account for approximately 50 % of the theoretical 
yield. The amounts of associated fissile material are small, although, as 
seen from Table II,the residues are rich in plutonium compared with the 
composition of the original fuel. 

Measurements on heat content gave values between 0.08 and 0.13 W.g~* 
which are consist_nt with the yields of ruthenium after appropriate decay 
correcticns of 2 to 4.5 years. The physical form of the residues are shown 
typically in Figure 7. The figure shows an agglomerated lump which, on exa
mination, is seen to be composed of fine particles less than 2 urn in diame
ter. No pieces of undissolved fuel or pieces of cladding were observed. 
Density measurements have given values in the region 5.6 to 7.3 g.cm~3 and 
are comparable with values reported in the USA. 

Experiments on the leaching of residues immobilized in cement matrices 
showed that Cs 137 and Sr 90 were readily detected in the leach solutions. 
These materials may arise from residual dissolver solution retained on the 
samples. The presence of actinides or other long-lived activities could 
not be detected in the leach solutions. By contrast, most of the major 
activities, including the actinides, were seen in the experiments where 
the un-immobilized residues were subjected to leach testing. 

4 DISCUSSION RELATED TO CEC PROGRAMMES 

The investigations discussed above have served to identify the main 
characteristics of the hulls and dissolution residues, as well as the points 
that still require clarification to define their disposal method. 

In general, the alpha contamination of the hulls is much higher than 
the values required for shallow ground disposal. The studies nevertheless 
hint at the possibility of considerably reducing this contamination, by 
rinsing and by specific treatment to be developed, simultaneously with sen
sitive testing methods. As for problems related to the pyrophoric properties 
of zircaloy, tests will have to be intensified in order to determine whether 
the ignition of zircaloy fines can propagate to large volumes of hulls. 
It will also be necessary to examine whether a synergistic effect exists in 
mixtures of zircaloy fines with insoluble fission products. 

Efforts to characterize these high-level wastes should be continued, 
especially in line with further developments in the fuels of the two reactors 
(high burnups, MOX fuels for LWR, developments in claddings and oxide fa
brication techniques in FBR ). This is especially true of dissolution resi
dues, whose characteristics are known to be highly sensitive to fuel fabri
cation and irradiation parameters. Preliminary encouraging results have 
been obtained during cementation tests on wastes from FBR fuels, but this 
complex area of immobilization and disposal is still largely open to inves
tigation. 



Table n 
Comparison of measured and computed results 

PFR insolubles 

composition of noble composition of 
metal alloy (%) insoluble fuel (%) 

sample •* source 
Mo Te Ru Rh Pd U Pu 

PFR 1 32 6 37 11 14 A 53 47 
33 9 30 9 19 C 

PFR 2 
i 

i 
27 
32 

8 
9 

41 
32 

12 
9 

12 
18 

A 
C 

63 37 

PFR 5 33 
31 

8 
8 

30 
29 

12 
10 

17 
22 

A 
C 

NA NA 

PFR 6 29 
31 

9 
8 

31 
29 

16 
10 

15 
22 

A 
C 

NA NA 

A 
C 

chemica l 
computed 

a s say 
assay (FISPIN V) NA not. a v a i l a b l e 
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