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ABSTRACT 

A technique f o r  measuring in t e r f ac i a l  area between an aqueous solution 
of an alpha emitter and a l iquid s c i n t i l l a t o r  has been devised. The short-  
range alpha par t ic les  produce l i g h t  s c in t i l l a t i ons  i n  the organic phase 
within a few microns of the l iquid interface,  which are  detected by a 
photomultiplier, analyzed by appropriate pulse circuitry,and counted. A 
theore t ica l  re la t ion  f o r  extracting the in t e r f ac i a l  area from the observed 
count ra te  w a s  derived. 
l i g h t  absorber t o  of fse t  the scat ter ing e f fec ts  of the droplets; otherwise, 
the specif ic  i n t e r f ac i a l  area would be independent of the measured count 
ra te .  In a preliminary ser ies  of experiments the in t e r f ac i a l  area produced 
i n  a small mixer w a s  measured and found t o  be proportional t o  the 1.6 power 
of the impeller speed. 
the advantage of requiring very low ac t iv i ty  levels  and i s  amenable t o  
rather exact mathematical analysis. 

In the technique it i s  necessary t o  include a 

This technique of measuring in t e r f ac i a l  area has 

. 
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1.0 INTRODUCTION 

A method of rapidly measuring the interfacial area between an aqueous 
solution of an alpha emitter and an organic phase containing a liquid scin- 
tillator is described here. Measurement of interfacial area is important 
to the study of mass transfer operations, as the rate of transfer is pro- 
portional to the area across which the transfer takes place. However, the 
traditional method in liquid-liquid systems-high-speed photography-is tedious 
and difficult because drop size and number must be determined by hand from 
photographs. The successful analysis and application of the liquid scin- 
tillator technique to interfacial area determinations in a small mixer show 
a way the mass-transfer researcher can be relieved of the onerous task of 
drop counting in photographs. 

Any measurement of interfacial area must rely on some phenomenon that 
is restricted to the interface and preferably dependent only on the inter- 
facial area and not on the properties of the adjacent phases. Mass-transfer 
methods of measuring interfacial area are dependent on the diffusivity of 
the detecting species entering the adjacent phases. Radioisotopes that emit 
short-range particles are applicable to the measurement of interfacial area. 
Since the concentration of the emitting species does not change over a short 
experimental time, the rate of emission is independent of both the time and 
the distance from the interface. 
particles emitted in one phase and a radiation-sensitive material in the 
other phase. 

The technique is to have the short-range 

Recently an attempt to apply radioisotopes for the measurement of inter- 
facial area was made at Oak Ridge National Laboratory. 
method was unsuccessful,1 and a method using an (CX,n) reaction was successful 
but of doubtful practicality.2 
here was suggested by one of the authors in an attempt to get more information 
from particles crossing the interface.3 

A chemical-dosimetry 

The use of a liquid scintillator described 

The authors gratefully acknowledge the stimulating criticism of M. E. 
Whatley in the preparation of this report. 

2.0 THEORETICAL Rl3LATIONS 

The use of light as the detected radiation from the interfaces suffers 
from the complication that the light is attenuated by scattering at the 
interface due to the different indices of refraction of the phases. This 
attenuation is proportional to the specific interfacial area. For a 
sufficiently deep solution an increase in the specific interfacial area 
increases the light attenuation by scattering so as to exactly (theoretically) 
cancel the effect of the increased light production. As a result the net 
light output by the dispersion is independent of the specific interfacial 
area. 
light differently from scattering at an interface, an equation is obtained 
which is not independent of interfacial area. 
absorber was the uranyl ion, which also provided the alpha source. If the 
solution is sufficiently concentrated in uranium, the attenuation will 
depend largely on the uranyl concentration and will be independent of 
specific interfacial area. In this case the count rate is linearly pro- 
portionalto the interfacial area. 

However, if something is placed in the solution which attenuates the 

In the system used the 
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Since i n  any r e a l  system the l i g h t  output from a dispersion of an alpha 
source and a l iquid s c i n t i l l a t o r  i s  highly nonlinear, the prac t icabi l i ty  of 
the method i s  dependent t o  a considerable degree on the a b i l i t y  of analyzing 
the system mathematically, of predicting the nonlinearit ies and correcting 
for  them, and of being able t o  determine t h e  i n t e r f ac i a l  area from the count 
r a t e  data. The relat ions between count ra te ,  the specific i n t e r f ac i a l  area, 
the mstrwnent parameters, and alpha energies are  not obvious. 
a re  derived here fo r  pertinent experimental configurations. 

These relat ions 

2.1 Energy Spectrum of Alpha Part ic les  Crossing an Interface 

The frequency of alpha par t ic les  as a function of t h e i r  energy i n  
crossing the aqueous-organic interface must be found. The fract ion of 
alpha par t ic les  from a d i f f e ren t i a l  source SA dy t ravel ing between r and r 
+ d r  t o  get t o  the interface i s  (Fig. 2.1) 

2?rr dQ y dr 
-G3-=21*2 

Integration of t h i s  expression along y from 0 t o  r gives the expression fo r  
the frequency function of the number of par t ic les  per uni t  time crossing an 
interface with a range r (cm) lying i n  an in te rva l  dr  about r, N ( r ) :  

r 

J N ( r )  = 
- 
0 

where S = volume source strength, d i s  min-l 

A = area of the interface,  cm2 

SA 
=4 

The re la t ion  between energy loss  and distance traveled i n  water has 
been found empirically 4 t o  be well represented2 by 

- - (2ME + L)  d r  
E -  

where E = energy of the alpha par t ic le ,  MeV 

2M = 1.7 x cm 

L = 2.6 x loe4 cm MeV-' 

If N(E) i s  the energy frequency function, then 

N(E)dE = N ( r )  dE 

( 3 )  

(4) 

The t o t a l  number of alpha par t ic les ,  N,  crossing the interface per uni t  
time with energies lying i n  the closed interval  between E and Eo is 
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A 

Fig. 2.1. Calculation o f  fraction o f  particles from a bulk source having a range 
between r and r + dr. By similar triangles, rdQ/y = dr/x or xrdQ = ydr. 

Fraction of observable KE lying i n  d8 i s  
Y 

= sin 8 d  8 21~r  sin8 r d Q  
2r r2 

PY 
cos 8 
- Energy reaching photo cathode i s  

d (cos@) sin8 e-Pr d 8  = -e 

Fig. 2.2. Interface observed through attenuating medium. 
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N = [ N(E)dE = ( L  + 2ME) dE 
L 

( 5 )  

2.2 Observation of Sc in t i l l a t ions  a t  an Interface through an Attenuating 
Medium 

Let be the energy of a sc in t i l l a t i on  occurring near an interface 
at  a distance y into a medium of attenuation e-p,r, i f  y i s  suff ic ient ly  small 
that am observing photocathode has essent ia l ly  a 2n view of the interface,  
then the energy from h’E3, reaching the photocathode i s  (Fig. 2.2) 

0 0 

Making the substi tution 

l/t = cos 0 (7)  

and integrating eq. 5 by par ts  once, gives 

where -Ei(-py) = tabulated exponential integral .  
plotted against py i n  Fig. 2.3. 

The quantity g(Py) i s  
A plot  of e-vy i s  included for comparison. 

L e t  KEp be the minimum energy of an unattenuated sc in t i l l a t i on  due t o  

In  order eo be detected, a sc in t i l l a t i on  of  energy T\’E, 
an alpha par t ic le  of energy E , which will be detected and counted by the 
electronic system. 
occurring at  a distance y from the  photocathode must s a t i s fy  the relat ion 

Then %/g(lJ-y), being the energy of the l e a s t  energetic alpha par t ic le  cross- 
ing the interface t o  produce a countable sc in t i l l a t i on ,  i s  the lower l i m i t  
of the in tegra l  i n  eq. 5. Equation 5 becomes 
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From eq. 10, a relat ion between E and the pulse height selector  se t t ing  

P may be obtained. If a plane interface i s  floated a distance y above the 
photocathode on a m e d i u m  of attenuation w, and the se t t ing  i s  adjusted t o  
j u s t  make the net count r a t e  go zero, then a t  t h i s  point ( N  --3 0') 

Eo = q-Jg(wY) (11) 

A uranium solution, containing no dispersed organic phase, has an attenuation 
given by 

++ where B = molar absorption coefficient of U02 
44- C = concentration of UO2 A 

The pulse height-to-gain r a t io ,  PHS/gain, i s  proportional t o  the scin- 
t i l l a t i o n  energy fo r  a given geometry. 
energy i s  proportional t o  the alpha enerw (K of eq. 6 i s  constant) over 
the  range of i n t e re s t ,  PHS/gain i s  proportional t o  E . 
constant may be determined by dividing the PHS/gain Por eq. 11 by the  Ep 
calculated from eq. 11. 

Assuming that the sc in t i l l a t i on  

The proportionality 

2.3 Scin t i l l a t ion  Spectrum from a Deep Source with Attenuation by Absorption 
and Scattering 

The equation for  the sc in t i l l a t i on  spectrum from a volume source of 
specif ic  i n t e r f ac i a l  area may be obtained by subst i tut ing the d i f f e ren t i a l  
area aAdy fo r  the area A i n  eq. 10. 
ment and i s  independent of y, the variable of integration may be changed 
t o  py t o  simplify numerical calculations:  

Since p i s  constant fo r  any one measure- 

p k L x  

N = 4 u .  sAa / r ( L  + 2ME) dE d(Py) 
U 

0 

or 

The upper l i m i t  on the in tegra l  i n  eqs.13 and 14, pym, is  the value of 
~y i n  g(vy) t o  jus t  make the integrand go t o  zero: 

. 
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The in tegra l  i n  eq. 14 i s  then a function only of Ep and Eo, which shall 

be defined as F(E) .  
f o r  several values of Ep i n  Fig. 2.4. 
as 4 B ~ e v ,  the energy of the tJ238 alpha par t ic le .  
plotted against Ep i n  Fig. 2.5 a and b. 

The lntegrand of eq. 14 i s  plotted against the integrator 
In  a l l  these calculations E i s  taken 

The quantity !??E) i s  

In eq. 14 the quantity IJ- is  the sum of the attenuation by scat ter ing 
and by absorption : 

+ Bx CA 

where C: = scat ter ing factor  

X = volume fract ion of aqueous phase i n  the dispersion 

The equation fo r  count r a t e  as a function of i n t e r f ac i a l  area i s  

SA F(E) a 
k(aa + B X C ~ )  

and the inverse i s  

4BXCAN 

a =  SA F(E) - 4NC: 

3.0 MPERLMEIWAL EQUIPMENT 

In the work done, the aqueous phase contained uranyl n i t r a t e  (100 g of 
uranium per l i t e r ) ;  the organic phase was phenylcyclohexane which contained 
trans-sti lbene (5  g / l i t e r )  as the primary sc in t i l l an t .  

A 2-1/16-in. -i.d. s ta in less  s t e e l  vessel  (Fig. 3.1) w a s  fabricated f o r  
use as a mixing vessel, with provision for  sealing out l igh t .  The bottom 
of the vessel  contained a Pyrex window. The photomultiplier tube housing 
screwed into the bottom of the vessel. A Lucite disk and 200 series Cow 
Corning f lu id  (2.5 million centistokes) provided opt ica l  coupling between 
the Pyrex window and the photomultiplier cathode. 

The photomultiplier tube used w a s  a DuMont 6292 operated with a negative 
high voltage applied t o  the cathode (Fig. 3.2). The area of the photocathode 
w a s  14.42 cm2. A s tabi l ized negative high voltage supply (Atomic 312) w a s  
used. An RCA 6199 tube using 8 posit ive high voltage applied to  the anode 
w a s  t r i ed ,  but t h i s  system w a s  much nois ier .  

The output of the photomultiplier tube w a s  amplified by a D E  preamplifier 
and then by a DD2 l inear  amplifier (Fig. 3 . 3 ) .  The output of the amplifier 
included provision fo r  selecting the pulse height. It might e i the r  cut  out 
all pulses below a selected pulse height ( in tegra l  counting) or cut  out a l l  
pulses except those between two selected pulse heights (d i f f e ren t i a l  counting). 
Pulses tha t  passed the selector  were fur ther  amplified and clipped t o  about 
26 volts.  The amplifier output was counted by a 64-scaler-counter. A Sola 
voltage -regulating transformer was used t o  s t ab i l i ze  the voltage supplied t o  
the amplifier. 
and mixing vessel. 

Figure 3.4 shows the disassembled photomultiplier housing 

. 
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U r a n y l  N i t r a t e  

DuMont 6292 
'hotomultipl ier 

Tube 

I 
I 

I I  I / I  

Y T r a n s -  sti lbene In 
Phenyl  c yclo hexa  ne 

- P y r e x  Window 
S o l u t i o n  

A d a p t e r  Bushing  L u c i t e  L ight  Pipe 

Photomul t ip l ie r  
Housing ( 2 4 s  Alum- 
i n u m )  

Fig 3.1 Photomultiplier tube and mixing vessel for  liquid scintillator experiments 
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Scaler u 
Fig. 3.3. Liquid scintillator instrumentation. 

In  the  mixing experiment a l - in .  four-blade f la t -blade turbine impeller 
The impeller w a s  driven by a variable- fabricated of f’used quartz w a s  used. 

speed Bdine  motor, with which the  impeller speed could be varied continuously 
from 0 t o  about 4000 rpm. 

4.0 RESULTS 

Despite very careful  grooming of the  electronic  equipment, the  noise 
l eve l  i n  the  amplifier w a s  appreciable compared t o  the  experimentally obtained 
count rates. The e lectronic  equipment w a s  extremely sensi t ive t o  moisture. 

Liquid s c i n t i l l a t o r s  have a ra ther  low l i g h t  output compared t o  other  
s c i n t i l l a t o r s ,  e.g. sodium iodide crystals .  To count an appreciable f rac t ion  
of t he  sc in t i l l a t i ons ,  the pulse height selector  had t o  be set low so that 
rather  large noise rates had t o  be subtracted from a l l  the  experimentally 
obtained gross counts. Additional background from the gamma radiation of 
the  uranyl n i t r a t e  solution alone gave a count rate about three times that 
of t he  electronic  noise l eve l  with the  pulse height selector  s e t t i ng  used. 
Apparently the  photocathode i s  s l i gh t ly  gamma sensit ive.  

4.1 Calibration 

To determine the  proportionali ty constant between the alpha energy and 
the  pulse height output of the  amplifier,  an experiment w a s  performed i n  which 
a s t a t i c  interface w a s  produced over t h e  photocathode by f loa t ing  the  l iqu id  
s c i n t i l l a t o r  on about a 2-mm layer  of the  uranyl n i t r a t e  solution. A series 
of count rates w a s  obtained a t  various PHS/gain r a t i o s  and the curve extrapolated 
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t o  zero net count rate. 
t o  the  maximum value of the alpha energy, attenuated by a 2-mm layer of 
the aqueous uranyl solution: 

At t h i s  point the  PHS/gain i s  exactly proportional 

+ Ep ( N - + O  ) = 

This value o f t h e  alpha energy corresponds 
vol t  (Fig. 4.1). With 0.185 cm depth of a 
the attenuation factor,  g(py), was 0.0762. 
0.32 Mev a t  a PH/gain r a t i o  of 0.21 vol t .  
re la t ian  between F(E) and E,, given i n  Fig. 

t o  the PHS/gain r a t io  of 0.21 
solution 0.441 M i n  uranyl n i t r a t e ,  

From t h i s  value of E and the 
2.5b, the value of FTE) applicable 

From eq. 4, Epcorresponds t o  

i n  t h i s  se r ies  of experimenfs-can be obtained. This i s  25.9 x cm. 

4.2 Count Rate vs Mixing h e e d  Data 

When the net count r a t e  due t o  mixing i s  plotted against the impeller 
speed on logarithmic paper, two curves a re  c lear ly  v is ib le  (Fig. 4.2). 
resu l t ,  which at  first w a s  somewhat surprising, was explained by the later 
observation of air  bubbles i n  the dispersion at higher impeller speeds. 
the impeller speed was increased beyond approximately 1000 rpm, air was drawn 
into the dispersion which caused a decrease i n  the count ra te .  
performed a f t e r  mixing a t  the high impeller speeds, without stopping the 
impeller, gave data which lay  on the second curve a t  speeds as low as 600 rpm. 
This w a s  due t o  the  f a c t  t h a t  the  air bubbles once i n  the  dispersion were 
very slow t o  come out of the  re la t ive ly  viscous organic phase. This behavior 
and the existance of asymptotic upper l i m i t s  of the curves might be predicted 
from the inspection of eq. 17, 

This 

As 

Experiments 

SA F(E) a 
= &(Q:a + B X C ~ )  

A s  the dispersion term, CZa, i n  the denominator becomes much greater 
than the attenuation term, BXCA, the specific i n t e r f ac i a l  area, a, has l e s s  
and l e s s  e f fec t  on the count ra te ,  so that when the dispersion t e r m  becomes 
very large,  a has no ef fec t  a t  a l l .  
asymptote wh&e ordinate would be given by 

This indicates the  existence of an 

SA F(E) 
4cl l i m  N = 

W - a ,  

4.3 Relation of Count Rate and Specific In te r fac ia l  Area 

Extrapolation of the curves of Fig. 4.2 t o  t h e i r  asymptotic values 
permits the calculation of CI from re la t ion  20, since a l l  other terms i n  the 
re la t ion  are  known. Two d i s t inc t  values of Q: are  obtained as expected: 
0.0251 (a i r - f ree)  and 0.0578 (air  i n  dispersion). The value for  an air-  
free dispersion 
t i o n  of Rodger.$ 
a ' s  were obtained assuming a long column geometry and essent ia l ly  no buildup. 
In t h i s  system l i g h t  once scattered has a very good probabili ty of sca t te r -  
ing back into the photocathode, which would produce less attenuation than 

0.10, i s  a factor  of 4 lower than CZ calculated by the correla- 
Rodger's This i s  probably due t o  the geometry of the system. 
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would be expected i n  a long column and hence smaller values of a. 
ing these derived values of Q and the other known parameters of the system 
into eq. 18 gives an expression fo r  the in t e r f ac i a l  area a i n  terms of the 
count rate N fo r  each value of Q: 

Substi tut-  

- 

3.949 N a =  751.7 - 0.0251 N 

a =  3.949 N 
751-7 - 0.0578 N 

(air free) (21) 

(air  i n  dispersion) (22) 

4.4 Calculated Specific In te r fac ia l  Area and the Weber Number 

The values of the  specif ic  i n t e r f ac i a l  area calculated by relat ions 
21 and 22 are  plotted against the Weber number i n  Fig. 4.3. 
end the curve has a s t ra ight  portion with a slope of 0.8, which i s  somewhat 
greater than that obtained by other investigators. 5 y 6  The values of 
specif ic  i n t e r f ac i a l  area are reasonable fo r  the  Weber numbers i n  the 
s t ra ight  portion of the curve. 
scattered a t  the high end, as might be expected i n  the v ic in i ty  of the 
asymptote i n  Fig. 4.2. A t  a Weber number of about 100, the curve appears 
t o  break sharply, and the slope i s  much higher a t  Weber numbers below 100 
than above. 
and aqueous phases near the bottom of the vessel. 
observed by the  photocathode, due t o  attenuation by the uranium ion, i s  
only 2 or 3 mm, rather vigorous agi ta t ion would be expected t o  be necessary 
t o  extend the uniform dispersion t o  the bottom of the vessel. This d i f f i cu l ty  
can be circumvented i n  future experiments by mounting the photomultiplier 
against the side of the vessel, probably opposite the impeller. 

A t  the  higher 

The data, although meager, seem somewhat 

This i s  believed t o  be due t o  incomplete mixing of the  organic 
Since the m a x i m u m  depth 

4.5 Photographic Checks 

A se r ies  of pho2ographic checks of the  system used was made by hnahue, 
Davis, and Friedman.[ 
mixer, using the same solutions as those used i n  the l iquid s c i n t i l l a t o r  
studies. 
the  same view as the photocathode. 

They photographed the dispersion produced i n  a 2-in. 

The photographs were taken from the bottom of the mixer, gett ing 

The photographs ver i f ied the  section of the  curve below the knee 
(Fig. 4.3), but unfortunately the available stroboscopic f l a sh  did not 
have the speed required t o  resolve drops a t  Weber numbers greater than 100. 
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6.0 APPENDIX 

6.1 Nomenclature 

A = area of photocathode 

a = specific interfacial area, cm2 ~ m - ~  

B = molar absorption coefficient of U02 
++ 

CA = concentration of uranyl ion in aqueous phase 

E = energy of alpha particle entering organic phase 

-Ei ( -py) = tabulated exponential integral 

Eo = energy of emitted alpha particle = 4.18 MeV for U238 

% = energy of alpha particle producing minimum scintillation counted 

% = energy of alpha particle crossing an interface a distance y from 
photocathode 

N E )  = r Py(max) (L + 2ME) dE dy 
J 
0 

K = ratio of scintillation energy to alpha energy 

L = empirical constant, 2.6 x 

M = empirical constant, 0.85 x 

N = count rate, c min-' 

cm MeV-' 

cm 
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N ( r )  = frequency function of alpha particles crossing the interface in an 
interval dr about a range r 

N(E) = frequency function of alpha particles crossing the interface in an 
interval dE about an energy E 

R = path length of light from scintillation to photocathode 

r = path length of alpha particle from emission to interface 

S = source strength of alpha particles, dis min'l ~ m - ~  

W = impeller speed, r p m  

X = volume fraction aqueous in dispersion 

y = normal distance into emulsion, cm 

0 = scattering factor of interfacial area 

p = total absorbency of emulsion or solution 

6.2 Data and Calculations 

Properties of Aqueous Phase 

Solvent: demineralized water 

Solute: uranyl nitrate 

Concentration: 

Index of refraction: 1.34727 

Specific absorbtivity of uranyl ion for light at 4200 A: 

Density: 1.071 g ~ m ' ~  

Properties of Organic Phase 

Solvent: phenylcyclohexane 

Solute: trans-stilbene 

104.8 g of uranium per liter 

18.04 cm-l/m(jle-' liter'' 

uranium concentration : 

Index of refraction: 1.52522 

Calculated scattering factor, a5 : 

Interfacial tension, ui: 

4.95 g liter-' 

0.10 

32.72 dynes cm" 



. 

Table 6.1. Calibration Data 

Photocathode d i a  : 1-11/16 in.  
Tank d i a :  2-1/16 in. 
Depth of aqueous phase: 

Photomultiplier voltage : lo09 vo l t s  

4 cm3/21.6 cm2 
= 0.185 cm 

Counting pris Volume, ~ 1 3 1 1 ~  
Counts Time, Count Rate, counts min-l Amplifier Sett ing PHS/gain Aqueous Organic 
f 64 min Gross Uncertainty Net Uncertainty Gain vo l t s  vo l t s  Phase Phase 

2.11 3.2 
41.81 3.2 
476.03 3.2 
180.72 3.2 
1256.30 14 
166.67 9 
2.66 4 

42.2 
836.2 
9520.6 

1183 

3614.4 
5710 

42.5 

69.55 3.2 
164.66 3-2  
50.70 3.2 
7.375 3.2 
71-36 3.2 
16.69 6.4 
238.75 3.2 

1391.0 
3293.2 
1140.0 
1% 5 
1427.2 
166.9 
4775 0 

3.63 
16.15 

33.6 
54.6 

20.24 
11.45 
5.263 

20.85 
32.08 

6.79 
17.80 

21.1 

38.6 
5.104 

251.0 - 
- 

287.0 
20.0 

1481.8 

39.2 
19.86 

26.82 

4.89 

- 

27.60 
8.50 
50.2 

20 
10 
5 
7 
7 
10 
c3 

0.14 
0.20 
0.40 

rL 0 
0 w 
0 
0 
4 
4 
4 

1 

LOO 
LOO 
100 
100 
LOO 
LOO 
100 

20 
15 
20 
30 
20 
30 
1 5  

0.20 

- 
0.20 
0.30 
0.15 
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Table 6.2. Mixing Ista - Notes 
System: phenylcylohexane and Yater VO~. of aqueous phase: 43.5 cm3 
Tank dia: 2-1/16 in. V O ~ .  of organic phase: 44 cm3 
Number of baffles: 1 Impeller position: at interface of 
Baffle width: 3/8 In. unagitated phases 
Impeller type: four-blade flat-blade turbine Photomultiplier wltage: 1009 volts 

Amplifier gain: 70 
Impeller aia: 1 in. PHS setting: 15 volts integral 
Impeller blade height: 3/16 in. 

fabricated of ?used quartz 

Imoellcr Interfacial Weber 

t 

Area per cm3 Number 
of mspersion DV pF 

~~ ~~ 

Counting Count Rate Speed 
counts Tim, counts min-' 

No. m 464 mln Gross Net (a), cm-' U, 
Ihrn (W,  

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
w 
31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

61 
62 
63 
64 
65 

€6 
67 
68 
69 
70 

71 
72 
73 
74 

0 
350 
0 

11% 
0 

590 
0 

850 
0 

750 

0 
1110 
0 

0 
374 

475 
0 

740 
0 

600 

0 
521 
0 

985 
0 

1275 
0 

1555 
0 
0 

1985 

go4 
820 
7 6  

593 
0 

593 
0 
0 

0 

600 
600 
0 
0 

780 

780 

958 
958 

0 
0 

0 
0 

1185 
1185 
w35 

w35 
0 
0 

1760 
1760 

0 
0 

2500 
2500 
0 

0 
3600 
3600 

0 
0 

3160 
3160 
0 
0 

23.77 

375.69 

28~86 
16.20 

14.75 

178.16 
14.27 
480.20 
14.40 
391.23 

13.94 

14.33 
492.22 

17.84 
14.05 

25.98 
15.95 
402.14 
15.m 
245.22 

174.67 

14.78 
66.17 

345.22 
17.64 

446.53 
15.77 
506.17 
16.31 
15.39 

554.97 
15.19 
297.06 
238.05 
191.19 

56.77 
15.89 
153.02 
4320.97 
31.27 

141.09 
291.61 
15.94 
34.02 
438.42 

926.27 
27.39 
54.02 

1148.44 
569.64 

25.98 
34.47 
560.47 
878.23 

11408.05 

921.21 
500.375 
154.81 
581.5 
1171.59 

20.47 
39.70 _, . 
975.33 
1294.56 
16.14 

32.72 
623.64 
1202.73 
16.92 
32.17 

760.83 

15.875 
1206.42 

52-45 

5 
5 
3.2  
3.2 
3 . 2  

3.2 
3.2 
3.2 
3.2 
3.2 

3.2 
4.0 
3.2 
3.2 
3.2 

3.2 
3.2 
3.2 
3.2 
5.0 

3.6 
3.2 
3.2 
3.2 
4.0 

3.2 
3.2 
3.2 
3.2 
3.2 

3.2 
3.2 
3 . 2  
3.2 
3.2 

3 .2  
3.2 
3.2 

x75 
363 
324 
7513.8 
295 

3563.2 
285.4 
9604 

288 
7824.6 

7870 
278.8 

286.6 
356.8 
281.0 

519.6 
319 

8042.8 
3% 
3150 

312 
1323.4 
295.6 
6904.4 
283 

8930.6 
315.4 

10123.4 
326.2 
x77.8 

303.8 

4761.0 
3823.8 

11099.4 

5941.2 

1135.4 

3.2 
6.4 
3.2 
6.4 
3.2 

6.4 
3.2 
6.4 
3.2 
6.4 

5 
6.4 
4 
6.4 
7.8 

6.4 
6.4 
3.2 
3.2 
6.4 

4 
8 
5 
6.4 
3.2 

6.4 
3.2  
6.4 
3.2 
6.4 

4 
6.4 
3.2  
6.4 

2821.8 
2916.1 
318.8 
340.2 
8763.4 

9262.7 
547.8 

11~2.8 
540.2 

11484.4 

334.2 
W.1 

%J70 
8782.3 
9360.0 

9212.1 
Y33.75 
Y39.62 

11790 
11715.9 

327.4 
317.5 

12480 
12345.6 

322.8 

327.2 
1247.28 
12027.3 

338.4 
321.7 

12170 
12064.2 
317.50 
324.5 

53.5 

7204.3 

3273 

9317.3 

7541.2 

7587.3 

73 

219.6 

7730.3 

2841 

1019.6 

6615.1 

8631.4 

9802.6 

10793.6 

5630.4 
4450.2 
3513 

824.6 

2742.6 

2592 

8822.5 

11042 

8455.1 

8884.9 

11402.4 

12023.2 

11702.9 

11741.1 

0.2812 

85.00 

19.32 

70.80 

52.68 

95:80 

0.3848 

1.161 

55.52 

16.49 

5.539 

70.61 

134.8 

208.9 

332.9 

52.18 
35.51 
25.29 

4.620 

15.06 

14.9 

65.67 

91.78 

126.6 

147.5 

487.0 

834.0 

612.7 

628.4 

18.24 

190.1 

51.8 

107.5 

83.62 

183.5 

20.81 

33.60 

81.4 

53.58 

40.4 

144.4 

242.0 

359.9 

74 6 

121.5 
100.0 
87.21 

52.4 

52.4 

53158 

go. 5 

136.5 

209.1 

209.1 

461.8 

9Y3 

1928 

1487 
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