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ABSTRACT

The "grid" method of study of gas reactions in vapor-dominated
reservoirs indicates the temperature and steam fraction of the in situ
fluid. When other observations, including steam flow, gas/steam,
boron and §180, are combined with the results of grid calculations,
processes induced by exploitation such as cold recharge (natural or
injected) and steam migration are clearly delineated. These
interpretive methods are of great value in reservoir management of
steam fields.

INTRODUCTION and MODEL DESCRIPTION

As vapor-dominated geothermal reservoirs produce only steam to
wells, geochemical studies are limited to gases and volatile salts. This
work concentrates oii the calculation of the in situ steam fraction and
temperature from ges compositions using the "grid" method and the
combiznzton of these calculations with other data to indicatea range of
reservor processes, The grid method has been proved to be a valid
tool for analyzing processes occurring in two phase geothermal
reservoirs (¢.g. Giggenbach, 1980; Calore et al., 1982; D'Amcre et al.,
1982; D'Amore et al., 1983; Truesdell et al. 1984; Bertrami et al.,
1985; D'Amore and Truesdell, 1985; D'Amore and Pruess, 1986;
Nieva et al. 1987; D'Amore and Truesdell, 1988; Arnorsson et al.,
1990; and others). We start from two chemical equilibria involving
the most commonly measured gas species (H2, H28, C02 and CH4)
and H20:

CH4 +2 H20 =4 H2 +CO2 1)
H2+ 3/2 FeS2 +2 H20 =3 H2S + 1/2 Fe304 (2)

Applying the law of mass action to these equilibra and following all
considerationsreported in Giggenbach (1980), DAmore et al. (1982)
and DAmore and Truesdell (1985 and 1988), the following two
equations can be obtained:

4log(HZ/H20) - log(CH4/CO2) = FT
=-15.35-3952.8/T + 4.635 log T *f1(y, Bi) 3)

3log(H2S/H20) - log(H/H20) = HSH
=6.231-6223.2/T - 0.412 logT + f2(y, Bi) )

where:

- FT and HSH are the symbols used in the diagrams reporting these
functions;

- temperature T is in K;

-y is the in situ steam fraction. It has a positive value when a fraction
of steam is present at equilibrium with the liquid phase; it has a
negative value when a fraction of steam is irreversibly lost from the
original liquid (Giggenbach, 1980; D'Amore and Truesdell, 1985);

- Bi is the-vapor-liquid distribution coefficient, a known function of
temperature, as described in Giggenbach (1980) and D'Amore and
Truesdell (1988).

For a two phase system (D'Amore et al., 1982 and D'Amore and
Truesdell, 1985):

f1(y,Bi) = 4log[y+(1-yYB(H2)]
+log[y+(1-yyB(CO)Hogly+( 1-y/B(CH4)] (5)

£2(y, Bi) = 3log[y + (1 - y)/B(H28)]
- logy +(1 - yyB(H2)] ©®

From the computed values of y and temperature we can calculate the
in situ liquid saturation:

St =(-y) vl/[y vs + (1-y) vI} O]

where vi and vg are respectively the specific volume for liquid water
and steam.

The graphical solution of he system given by equations 3 and 4
genererates a plot. un it the chemical parameters FT and HSH are
represented as coordinates, while ihe physical parameters temperature
and steam fraction y produce & grid inside the diagram. This system
can be successfullyused both for positive o aegative values of y (e g.
Giggenbach, 1980, D'knore et ai., 19%3)

Several limitations and assumptions must be taken into account when
using this method (e.g. D'Amore et al., 1983 and DAmore and Pruess,
1986):

1) the chemical reactions considered must exist and reach
themodynamic equilibrium for all chemical species considered;

2) all the chemical species considered, including H20, must be in both
chemical and phase equilibrium;

3) steam is considered to be in phase equilibrium with liquid water in
the reservoir;

4) no mass gain or loss is allowed in the original equilibrated system;
5) fluid at the wellhead generally consists of a mixture of fluids
coming from various volumes or sources of the reservoir with different
chemical and physical characteristics. What we obtain through the
application of this method are integrated resultant values of the in situ
temperature and steam fraction y for all these different sources
(D'Amore and Celati, 1983; DAmore and Pruess, 1986). D'Amore
and Truesdell (1979) describe some of these sources in vapor-
dominated systems. Exploitation can induce production from new
regions of the reservoir having different fluid composition;

6) differences in chemical composition of the fluids from different
reservoir regions can also exist due to variations in mineral
compositions between different reservoir layers (e.g. production of
extra CO2 not equilibrated with other gases), or to the entry of a
separated high-pressure gas phase (formed because of condensation
phenomenon close to a border of the field) into the exploited tow-
pressure reservoir. This will cause y values to be overestimated

7) differences or changes with time of the source temperature.
Although this method allows the calculation of a change in
temperature with time in a local portion of the reservoir, it is unable to
discriminatebetween differentportions having differenttemperatures;
8) it is assumed there is no re-equilibration of the chemical species
from the source or sourcesto the wellhead,
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The aim of this work is to present some examples, limited to the
vapor-dominated fields of The Geysers and Larderello, of the
application of the method for some physical phenomena affecting the
reservoir fluid composition. These phenomena produce correlations
between computed in situ steam fraction (y) or liquid saturation (SI)
and other parameters of the well, such as gas/steam ratio, isotopic
compositionof steam, and flow rate.

APPLICATIONS

In both The Geysers and Larderello, we observe a large variability in
the computed in situ steam fraction for several wells at a given time

(Fig 1, fiom DAmore and Truesdell, 1985, and Fig. 2). This can be
due both to different sources of fluid having different contents of liquid
with respect to total fluid and to different parameters locally affecting
the rock matrix, such as permeability, porosity, heat and mass balance.

9 HSH 8 7 6

Fig. 1. "Grid" diagram applied to The Geysers geothernial field ( from
DAmore and Truesdell, 1985). Squares refer to wells located in the
central zone after years of production, circles refer to wells located in
the southeastem zone of the field under initial conditions. FT and HSH
are defined by Eqs. 3 and 4 respectively.

In Fig. 1 circles refer to wells located in the southeastern zone of The
Geysers and squares, to wells in the central zone. All these wells
produce superheated steam and are not affected by reinjection. In
spite of the relatively small range in temperatures computed by the use
of the grid, 235+15°C, the range of y values spans more than two
orders of magnitude, from 0.008 to 0.90. This distribution is not
random, but seemsto be roughly related to the time of exploitation of
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Fig. 2. "Grid" diagram applied to Larderello wells unaffected by
injection.
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Fig. 3. Measured values of flow-rate Q (tons/h) vs the liquid
saturation 8] from computed steam fraction and temperature values
for wells of The Geysers in the southeastern zone of the field.

the wells represented in the figure. In fact, all wells located in the
newly-exploited SE zone, are positioned in the lower half part of the
diagram with y values not exceeding 0.1. On the contrary, wells
located in central area, which had been under production for several
years, show quite high y values, despite the same order of computed
temperature as the southeastern wells.

In Fig. 2, 1978 data for several wells of Larderello, before any
injection effect, located in different zones of the field, have been
plotted. These wells have been exploited for several decades. While
they show y values greaterthan 0.1, similar to those of the oldest wells
of The Geysers, their computed temperatures yield an average close to
280°C.  Temperatures close to 300°C have been measured in
Larderello at depths of the order of 1500 meters (Cappetti et al.,
1985).
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Fig. 4. Geyserswell DV-3. Measured values of flow-rate Q (tons/h),
gas/steam molar ratio and computed values of steam fraction y and
liquid saturation SI vs time.

In the above examples, the wide variability in y values, despite relative
homogeneity in computed temperature, suggests that y values can be
locally related to the relative amount of liquid stored in the reservoir,
and so potentially exploitable. An example ofthis is given for samples
located in the southeastern zone of The Geysers. We can report for
these samples the measured values of flow-rate (tons/h) vs the liquid
saturation (S} in %) (Fig.3) computed fiom the y and temperature
values (the circles of Fig.1). A logarithmic correlation is evident as
for the Larderello samples reported in DAmore and Pruess (1986).



4*0 o610y t('p) yed
-8 -6 -4 0 110100 200 240 0 1 10 00
1 ol L 1 i 1 1
0 J
J [ ] |
r r T
1000
Te v
1 \

1290 d \. o
. . Gas 2
E e hd \ocap [ )]
== L] ’ \ !
<= 1500 \ L] \ |
: oL |l g \ :
B 1750 . *Jle" ‘. - ”%

Y ‘ CONDENSATE  “~gq i~
, \ LAYER T [}
’ \ [

2000 - Sl e 4|

» ‘e i ' '
‘ 1 i \
® /) ! '

2250 ! : WO .p::\mss AYER H ‘

| : . o ) °

Fig. 5. Distribution with depth oftneasured §180 ofthe steam,
gas/steam molar ratio and computed temperature (t°C) and steam
fraction (v) values from Geysers wells during drilling.

Geothermal reservoirs are dynamic stores of heat and fluid. For
vapor-dominated systems, fluid supply is critical as we can observe for
DV3, a typical Geysers well. This well, located in the southeastern
part of the field, has been monitored for about 12 years for physical
and geochemical parameters (Table 1). Computed steam fraction (y)
and liquid saturation (SI) values are compared to other parameters: F
180 ofthe produced steam, the gas/steam ratio and the steam flow rate
(Fig. 4). The temporal trends observed can be explained by the
"multiple sources" model described by D'Amore and Truesdell, 1979.
In this example two main sources are assumedto be responsiblefor the
variations observed in Fig. 4. The firt source may be an upper,
liquid-rich layer formed by condensation, produced by local upward
heat losses, of steam from the underlying two-phase layer, which
constitutes the main second source.

During the first period of exploitation (1980-83), the main
contribution to the produced steam came in large amount from the
first source. The condensate layer shows low y values (and high liquid
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Fig. 6. Geysers well McKinley 1. Measured values of fiow-rate
Q(tons/h), gas/steam as molar ratio, 3180 and FD of'the stezm and
computed values of steam fraction y and liquid saturation SI vs time.
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saturation) producing the observed high flow rates from a very
permeable portion of the reservoir. The gas content in this upper layer
is very low with respect to total water because of the relatively low
solubility of gases in the liquid phase (as compared to the vapor
phase). With time, the upper condensate layer becomes exhausted and
steam is then produced mainly from the main two-phase reservoir
(1984-92 period). The fluid therein is characterized by much higher y
values and low liquid saturation which is correlated with the observed
progressive lowering of the flow rate and drawdown of the available
liquid in the reservoir. The high content of gas in 1992 ( about six
times respect to the original fluid) can be related to the high steam
contents in the two-phase reservoir ( in the two-phase zone there is
"room" for the gas). The flow-rate decline after 12 years of
production s close to 80%. The FD of the steam is constant (close to =
55%o) indicating no reinjectate returns. The values of 880 become
two units more negative in the first four years of production, then
almost stabilize. If we suppose that the first production was from a
upper condensate liquid layer, and then production was mostly from a
two-phase layer, rich in steam, the equilibrium fractionation beween
the two phases at 240£10°C is 2%a
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Fig.7. "Grid" diagram application for the well Guiducci (Castelnuovo
zone, Larderello) from 1939 to 1982, Numbersindicatesampling order.

Deep drilling of wells at The Geysers allowed multiple fluid sampling
from the main steam entries (Box et al., 1987) confirming most of the
sequence postulated by DAmore and Truesdell (1979) and observed
for well DV3 in this work and in Larderello (D'Amore and Pruess,
1986) at least for the first years of production. It was possible to
measure and to calculate some parameters during drilling, which
permit us to distinguish different chemical and physical characteristics
of the fluid at different depths. Three different fluids have been
encountered, as shown in Figure 5. The shallowest one is composed
of a mixture of gas and steam, with y values close to 1, at measured
and computed temperatures lower than 200°C and very negative
values of 8!80, These isotopic values of the steam are produced by
fractionation from the underlying layer. = Moreover gas can
accumulate and reequilibrate in this shallow layer. This volume ofthe
reservoir is generally exhausted after a few weeks or months of
production. The underlying layer has quite opposite characteristics.
The fluid is made of almost pure liquid, with y values close to 0, at
measured and computed temperatures close to 250°C and much less
negative values of 8!80. This fluid has been interpreted as
corresponding to that portion of the reservoir previously called the
condensate layer. The deepest fluid seems to have all the
characteristics corresponding to a two-phase fluic having about the
same temperature of the middle layer, but higher values of y and gas
content, and §!80 values more negative by about 2%s.

Well McK1, also located in the southeastern part of The Geysers field,
in a portion of the reservoir with relatively low permeability, after few
years of production started to be affected by reinjection returns (Table

1). FD values after about six years of production increased of about
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10%eo ; at the same time the values of 8!80 after an initial trend twards
more negative values (as for well DV3), increasd up to 1.5%(Fig. 6).
The isotopic composition of the injector was 8D = -11£2%o and §'80
= +2.3+1.0%. A mass balance using the 8D and &'80 values
indicates a maximum fraction of reinjectate returns close 25%. With
respect to the "normal" well DV3, we observe (Fig. 6) a smaller
increase in steam fraction or a decrease in liquid saturation. This
correspondsto a lower flow-rate decline (about 60%) probably due to
the inflow of reinjected water. The gas/steam ratio increased only
about three times.
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Fig. 8. "Grid" diagram application for the well Tommi (Castelnuovo
zone of Larderello) from 1939to 1978.

In the south-eastern part of Larderello field (Castelnuovo) several
wells have been affected by slow natural recharge and inflow of cold
water from the sorrounding aquifers and from the nearby outcrops of
permeable limestone structures (Celati et al., 1973; 1991; Panichi et
al., 1974; Ceccarelli et al., 1987). Up to 100 Tritium Units were still
present in the area in the seventies. This inflow eventually produced
the cooling of that portion of reservoir with a critical decline in steam
flow rate for many of the old shallow wells (less than 500 m deep).
The general trend observed in Figures 7 and 8 for two typical wells
(Guiducci and Tommi) is consistent with the inflow of cold water
from these recharge areas into the exploited reservoir. This behavior
contrasts with that of the S. Vincenzo well discussed later (Fig. 9).
Temperature decline ofthe Castelnuovo wells (measured downhole) is
from 250-275°C in the first period (1939-1955) to values lower then
200°C after 1970. The gas/steam ratio, after an initial increase, after
1955 startsto decreseregularly down to very low values (Fig. 10).
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Fig. 9. "Grid" diagram applied to the well S. Vincenzo 9 (at the
eastern border of Larderello) from 1961 to 1986.

1930

Moreover the large variation in NH3/N2 ratio with time from about
one to more then 50, as the decline in H2S content, is compatible with
a large decrease in temperature in the reservoir (D'Amore et al.,
1993).
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The S. Vincenzo wells, with a vertical depth exceeding 1 km, are
located in the extreme easthern portion of Larderello field. The local
reservoir has a high measured temperature (about 260°C) and the
wells are still good producers after many years of production. They
show very high gas/steam ratios, up to 0.6 moles gas/mole steam or
about 750 liters of gas per kg of steam. When the grid method is
applied to these fluids it generally produces extremely high values of
steam fraction (y), absolutely incompatible with the observed
production. It is evident thdt an external source of gas affects these
results. Indeed, considering the observations from DAmore and
Truesdell (1979) this behaviour can be explained. These wells are
located at the edge of the reservoir, where a cold, low permeability



barrier is present. From the center of the field towards this border, it
has been demonstrated that a condensation path exists. This locally
increasesthe gas content in the nearby reservoir. In the cold zone at
about 3 km east from these wells, the well Sesta 1, with a temperature
of 100°C at a depth of about 1 km, produced in 1978 only cold gas at
a pressure of about 25 bars (or, with adiabatic decompression, - 20°C
at a WHP of 1 bar). From this we can postulate an inflow of high
pressure cold gas in that portion of the exploited reservoir with low
pressure in the large fractures (about 6 bars in the late seventies). In
the well S. Vincenzo 9 (Figures 9 and 10) despite very high values of y
(>0.5) in the grid, the computed temperaturesare very close to that of
the reservoir, averaging250+15°C. Flow-ratein 1986 (after26 years
of production) was still 35 tons/h. At the beginning of production,
with a very high flow-rate (> 150 tons/h), the gas content was low.
When the system depressurized because of production, exotic gas
started to flow into the reservoir from the cold border.

CONCLUSIONS

In this paper we review the early studies of fluid supply to Larderello
and Geysers, two vapor-dominated reservoirs, and compare steam
fraction computed values or liquid saturation values with very
different reservoir conditions. A knowledge of the liquid water
saturation in different parts of a geothermal reservoir and its variations
with time are of crucial importance for rational field exploitation. In
fact estimates of drawdown or cooling phenomena in different parts of
the reservoir, in different periods, are extremely useful in establishing
optimal drilling and reinjection programs. Neither geophysical well
logs nor classical well-testing techniques have yet managed to
determine precisely the steam fraction in the reservoir.

On the other hand methods that utilize fluid composition and its
variations over space and time, as shown in this and earlier papers,
also appear promising because of their low cost. The method
proposed here tries to utilize in a simple way both physical processes
and chemical and phase equilibria concepts to obtain values of
equilibrium temperature, and in situ steam fraction or liquid saturation
in tlie reservoir. The application ofthis method is facilitated by the
use of suitable graphs with "grids" which allow the unique
determination of both parameters.

Despite successful results, some limitations exist in the application of
the method. The necessary conditions are the achievement of chemical
and phase equilibria inside a unique main source of fluid, and the lack
of large mass gain or loss from the original fluid in out of equilibrium
conditions. The results reported here encourage the authors to extend
tlie application of fluid geochemistry to more complex geothermal
systems in which these special boundary conditions are not fulfilled.
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Table la. Analytical and calculated data for steam from well DV3 of The Geysers Table 2. Analytical data for steam from wells Tommi, Guiducci and S. Vincenzo of Larderello
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o T e - — e e L one TeTlusirenn e om i
i 06/84 __shut down o . . /11 5.6 | 951 [ 1. X B 8 2
;, ggl/%/z‘; 7 ] Gg :g: 33.0 24.4[ﬁ“ 130/2001293 [ | -¢ 3‘%-54-3 -16.86 | T 3]41/12] _ 31 28.7 95 1,03 [0.80] 1.2 | 06 | 0.70 | 530 195
3 ] 81701702 | 13 7 177 [40.8(200]11.91.29] 2.59 | 24.4 | -4.9 [-53.4]-16.26 252 ; :i:;f 22 3‘33 8 109 10781 11 1 07 8‘33 223 :::
4 . 81/09/08 | 21 2 201 [455[22.0]7.85(1.70] 2.82] 26,0 | 5.2 |.585|-15.85 W{’ ) 6146711 24 353 0.9 | 430
5 . 82/06/30 | 30 0 216 |51.1]17.2]6.50|1.83] 1.57 | 21.8 58 |-56.4] -15.8 250 [0.375 =T BTy
6 | 83/11/02 | 47 | 45 251 _|44.3]16.7680]1.62] .88 28.7 | 17.7 | 6.2 | .548] 152 240 [ 0.244 S 7 ‘8’03 ,2,8 2;'? €32 | €00 10790 060 ] 05 ‘1’?; gfg 195
7 ' 84/08/14 | 56 | 60 250 144.2]22.5(868]1.32] 120 | 22.1 | 16.8 | 5.4 | 56.7]-15.46 260 [ 0.42 81510 = S
8 | 84/09/20 | 57 | 80 194 [41.3[176]9.10 |1 -15.46 9 S0 TS 119 280 189
SR NEsToi i e i ommj T sia R 2Toilb] 21248 0 97.4 | 0.51 [ 030|040 0.23 | 1.18 | 225 189
OIREE105 258 WG SRINe 08 | 308T 1o T o ce 54 1 956 | 089 |0.62] 0.78 | 0.25 | 1.91 | 200 195
71| 86/02/05 | 74 41 216 137.6|17.3]9.97 | i5.28 - 960 1 0.90 1062 0.4 | 0.51 | V.62 213 194
uall L -39, E=512 [t 959 | 1.2 1030 027 ] 0.21 | 2.09 | 207 191
12, 86/02/25 | 74 38 222 138.5(17.8)10.5(1.90]1.79[30.2 ] 15.7 | -5.2 {-55.9]|-15.38 P 94.8 | 143 [055]0.33 ] 020 [ 267 | 200 180
131 86/08/19 | 80 | 36 | 256 |453(14.6]8.84 1.24] 1.39 | 28.7 | 11.4 | 5.5 | -56.4]-15.02 i X ; 157 0.15 | 225 191 190
14} 87/01/21 | 85 | 35 285 |44.90154]106(074]1.15] 272 | 798 ] 14.85 B 26T 013 191
15]| 87/03/16 { 87 | 33 2690 [43.8[14.4]9.53[0.68| 1.22 | 30.4 | 9.62 | 54 |-56.0].14.79 . 978 | 094 T09al 0101 010 153 188
161 87/06/04 | 90 | 32 281 4881137/ 855]1.02] 1.54 | 26.4 | 10.6 | -5.2 | -53.8]-15.02 = 106 106210221 017 177
17 87/09/21 | 93 | 30 291 [50.4)12.3]8.45 (083 1.43| 26.7 | 5.78 | 6.3 | -67.0]-14.89 Y36 051] 0201 018 108 165
18| 88/02/09 | 98 | "27 [ 347 [51.2/12.3]8.66]0.55] 1.55 | 25.8 | 3.55 | -5.4 |-54.0]-14.67 T 1.03 | 050] 018 0.23 | 262 ] 137 140
19| 88/03/07 | 99 | "28 343 [52.2[12.4|7.88]0.71| 1.6 261 [ 3.97 | -55 |-55.1]-14.76 - 1.59 [0.59] 0.20 | 0.14 | 3.45 | 165 131
20| 88/09/13 23 420 $1.1/119/748{044]1.62]| 275293 | 56 |-56.0/-14.25 - 1.32 1050 0.14 | 0.14 | 3.13 | 150 130
21] 89/03/14 20 486 167.91%1.3/7.580.92] 1501 20,7} 0.84 -14.86 T ' 1.32 [ 053] 013 022 | 403 173
22 89/03/31 20 468 55.0111.2]8.36 1.98 1a.27 T 938 | 1.06 | 051 012 0.16 | 4.36 | 126
3| 89/09/12 18 482 [53.8/11.3]7.20 . 5.06 1447 | 229 1 0.086] 941 | 1,28 1057|013 | 0.32 | 3.64 | 171
"90/03/19 [ 123 17 529 |55.8]11.0]7.04 1 2.50 1403 082 616 | 232 | 0.084 . 97.7 | 1.08 [0.20] 0.15 | 0.23 117
i 90/12/14 | 132 15 519 55,6]10.2] 6.19 1 | 1.55 1387 9 | 048] 220 | 0059 i 984 | 097 |010] 0.25 ] 0.23 104 | shut
91706/10 | 1387 14 568 [57.7]10.7]6.57 1.60 5. -13.87|-8.76 | 0.17 | 230 [ 0.076 GUIDUCC! 93.2 | 1.54 | 1.25| 1.01 | 0.65 | 2.33 | 480 183
1511 14 579 158.4]8.39{7.70 0.56] 186 231 [ 3.67 | -56 |-52.8|.14.01] -9.08] 0.2 | 221 0.052 r 94.3 [1.62 |1.08]1.08 | 0.67 | 1.32 | 360 185
944 | 1,40 [1.02] 1.04 | 0.67 | 0.87 | 300 186
. = 945 | 1.50 [1.05] 110 | 0.66 | 0.83 | 270 202
941 | 1.35 [0.90] 1.16 | 0.68 | 0.69 | 250 204
240 208
B 220 198
- 210 191
200 190
180 ! 184
170 187
T 9a. 775 [ 0.75| 088 | 0.32 | 1.8 | 140 184
955 | 141 070 0.41 | 0.40 | 1.87 | 108 190
95 130 [0.71] 0.31 [ 0.18 [ 2.02 | 90 i
R . . 957 | 1.20 [0.74] 0.25 | 0.12 | 2.02| 85 ]
Table 1b. Analytical and calculated data for steam from well McKinleyl of The Geysers 945 120 [078] 0181 0351309 [ 80 7
95.0 | 142 [0.69] 0.22 ] 010 | 2.7t | 74 1
) 93.0 | 1.48 | 0.71 ] 0.21 | 0.09 | 4.49 | 80 190
840 | 145 [0.63] 0.15| 0.07 | 3.66 | 67 190
952 | 148 [0.61] 0.15] 0.09 | 2.38 | 78 180
92.9 | 1.34 | 0.48] 0912 | 0.06 | 5.29 | 70 170 | shut
| _cate _|monti fiow rate| Gas/steam CH4 | H2 | Ar_[018-0] aD FT_] B |y [tgrid) & SVINCENZOO | 1 248 | 251 209
- tonssh | x 1 mil coz 928 | 1.00 [0.81]0.67 ] 036 | 436 | 204 254 218
1 to 7/84 hut down - 186 | 284 | 221
[ [8o/07701] 7 45 i 144 | 250 | 224
2 | 80/10/16] 10 | 43 61 o 95.5 | 097 [084] 070 [0.70 [ 1.34 | 108 | 251 | 230
3 181/02/04] 14 | 40 145 [ 234 | 184 813 | 15.7| 9.47 | 321 -4.7 | -52.1] .16.89 | -9.39 o 94 | 252 | 231
4_[81/09/081 21 150 | 36.0 [ 234 80 | 4.45] 8.69 | 34.1 47 -9.07 958 | 1.06 |0.92]| 0.75 | 0.78 | 066 | 83 | 253 | 232
5 | 82/08/05] 32 38 167 186 [ 18.7] 51 | 13.6] 1.94 | 40 4.8 |.51.3] -15.72 | -9.34 95.8 | 1.05 | 090] 080 | 0.80 | 064 | 67 254 234
6 83/11/03] 47 | 37 225 [ 237 |155] 749 | 95 | 2.20 9.34 961 | 090 | 082 0.80 | 0.88 | 0.54 | 56 | 255 | 236
7]83/11/20] 47 170 ] 357 | 17.6, 6.96 | 8.23 | 1.43 926 I 96.8 | 080 1078] 085 0.70 47 | 252 | 294
8| 84/08/13 56 | 35 141 1'52.2 | 12.1] 7.05 | 4.24 | 2.41 9.79 964 | 072 |0.65) 0.89 | 080 | 0.51 | 47 | 252 | 234
9 [84709/20] 57 | 36 150 [ 3571191 8.07 [6.33] 167 927 : N 97.2 | 071 10.52| 085 0.68 45 | 250 | 232
10| _85/02 | 62| a5 231 | 38.7 [ 16.1 6.66 | 8,07 | 1.21 9.12 - 45 | 250 | 234
11]85/05/24 | 65 | 30 173 | 26,3 | 14.1] 7.40 | 12.2] 1.84 966 o . 97.3 | 0.63 | 037} 0.90 | 0.79 40 | 24 231
12] 85/07 | 67 e e S 55 884 | 975 | 071 (040|086 051 | Gaz| 37 | 250 | 235
13]86/02/05] 74 | 20 153|296 | 175 9.05 [ 11.0] 2.04 D) - 53 90.0 96.9 | 0.72 1036 0.90 | 0.72 | 0.40 | 36 | 246 | 233
14 86/08/07| 80 | 29 168 | 257 | 152 9.55 | 7.3 1 1.96 T9.48 hal7i03]  se 91.6 96.9 | 0.70 | 0.36] 092 | 0.75 | 039 | 33 | 246 | 231
15[87/01/30] 85 | 28 166 | 39.3 | 16.0 | 8.88 | 6.99 ] 3.13 936 o 18] 72/02 1 49 924 6.9 | 0.70 ] 0.35] 090 | 083 | 037 | 31 | 246 | 231
16]87/03/16] 87 7 189 | 37.6 | 13.5] 8.86 | 4.75 | 5.02 850 o 19 72/08 | a8 94.0 7.4 | 067 [0.35] 0.85 | 0.77 5_| 246 | 232
17187/09/21] 93 7 197 [ 399 | 13.3 | 9.35 | 3.06 | 1.45 29.56 ) 20] 73/04] 46 96.4 7.2 | 0.60 [0.35] 0.85 | 0.78 | 0.27 24 233
| 18|88/02/10 8 ? 186 42.0 | 13.9] 9.26 | 2,55 | 1.42 ] 9.52 44 105 7.2 | 0.57 | 037 084 | 0.79 | 0.27 4 232
19[88/03/07] 99 4 195 | 40.0 [13.4] 8.71 [ 3.15] 1.66 15,38 | -9.56 _ 43 110 7.1 | 0.56 (031087 0.83]0.28 4 230
20 88709/13 | 105 1 242 | 425 123 8.17 [2.36 | 2.42 | 15.18 | -0.47 42 114 4 230
21189/03/141 111 19 277 | 49.1 [ 12.8] 7.77 | 2.65 | 1.01 15.15 | -9.23 42 114 969 | 058 | 034/ 096 0.87 | 0.27 4 230
| 22 8os04r04 | 192 18 354 | 45.9 10.2] 7.09 | 3.23 | 3.42 14.76 | -9.38 - 42 108 97.0 | 0.59 | 0.35 0.97 | 0.86 | 0.28 44 | 227
23189/09/12[ 117 17 358 | 468 | 9.28| 6.67 | 2.8 | 3.42 [ 14.69 | 9.45 42 104 97.0 | 0.60 [0.34] 0.98 | 0.85 | 0.28 | 34 44 | 224
24190/03/16) 123 17 420 41.5 | 940] 537 [ 289! 291 | 5 ‘m"ﬂg 41 ¥ 40 103 96.9 | 0.62 | 035|096 088 | 0.27 2 44 227
[25]90/08/20 ] 120 [ 16 358 | 47.7 | 109 6.65 ] 1.72] 3.03 8445 1474913 01 | 228 [0.13 39 100 | 968 | 062 1033, 1.041 090 | 029 34 | 243 | 225
26 91/06/11]138] 17 432 [ 534 {103 5.62 | 3.69 ] 6.00 | 34 [ 41.5] 15.22 | 901 | 0.08 | 240 { ] - . 38 VoI 86.5 1 0.61 10221 1.11 ] 1.07 1 0.21] 35 )| 243 [ 226
27/92/07/091 1511 13| 467 | 48.3 | 106] 672 [ 442536 114281 14 B|hQR_L 0.09 | 235 10.18 30/ 8e/01] 35 105 97.0 1 037 /0211 1.11 ) 1.05]0.26
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