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PARTIAL COMPILATION AND REVISION OF BASIC DATA

IN THE WATEQ PROGRAMS

By D. Kirk Nordstrom, Susan D. Valentine, James W. Ball,
L. Niel Plummer, and Blair F. Jones

ABSTRACT

Several portions of the basic data in the WATEQ series of computer programs
(WATEQ, WATEQF, WATEQ2, WATEQ3, and PHREEQE) are compiled. The density and
dielectric constant of water and their temperature dependence are evaluated for
the purpose of updating the Debye-Hiickel solvent parameters in the activity co-
efficiegt equations. The standard state thermodynamic properties of the Fe2
and Fe3” aqueous ions are refined. The main portion of this report is a com-
prehensive listing of aluminum hydrolysis constants, aluminum fluoride, aluminum
sulfate, calcium chloride, magnesium chloride, potassium sulfate and sodium
sulfate stability constants, solubility product constants for gibbsite and
amorphous aluminum hydroxide, and the standard electrode potentials for Fe’(s)/
Fe2" (aq) and Fe2 (aq)/Fe3'(aq).



INTRODUCTION

Several computer programs that calculate multicomponent chemical equilib-
rium for homogeneous or heterogeneous aqueous systems are presently available
(Nordstrom, et al., 1979). One major difficulty in using these programs is
the lack of critically evaluated thermodynamic data, specifically equilibrium
constants and reaction enthalpies. Stockmayer (1978) has noted that the effort
to evaluate fundamental physical and chemical data lags behind the efforts in
other areas of research and technological development. Poor quality data can
have dire consequences when applied to such important societal problems as
energy supply, environmental quality and industrial productivity (Lide, 1981).
The lack of reliable aqueous thermodynamic data makes it difficult to interpret
water-quality processes and problems which have become increasingly important
with the continued development of energy resources and urban and industrial
construction.

Before there can be a meaningful evaluation of data, all the relevant
literature must be compiled. The main purpose of this report is to provide
an update of the basic data compiled from literature references for selected
aqueous reactions relevant to water-mineral equilibria. These data are or-
ganized in a form that is convenient for anyone using chemical equilibrium
computer programs.

This compilation was initially begun to provide a more reliable data base
for the WATEQ series of computer programs. The first program, WATEQ, was de-
veloped by Truesdell and Jones (1974) and included a complete list of equili-
brium constants and reaction enthalpies with reference sources for the program
data base. WATEQF (Plummer, et al., 1976), the FORTRAN version of WATEQ,
includes equilibrium constants for manganese species as well as some revisions
of the earlier compilation. WATEQ2 (Ball, et al., 1979; 1980) was developed
from WATEQ and WATEQF but kept the original programing language (PL/1l). Sev-
eral trace elements (Pb, Cu, Zn, Cd, Ni, Ag, As, I) were added to WATEQZ and
some further revisions of the two previous data bases were given. PHREEQE
(Parkhurst, et al., 1980) computes chemical equilibria, pH, and pE (or Eh)
for heterogeneous systems including reaction progress calculations and mass
transfer between solution phase and solid phases (precipitation-dissolution
processes). The PHREEQE data base is similar to that of WATEQF, but revised
to be compatible with WATEQ2. Finally, WATEQ3, (Ball, et al., 1981) has
incorporated uranium species along with a few more changes in the coding and
the data base. The increasing number of changes in these programs makes it
difficult to keep track of the data base and is further motivation for organi-
zing the data into a form that can be easily documented, updated and reviewed
by WATEQ users. This report is not intended as a primary reference of thermo-
dynamic data. It is only intended as an aid to WATEQ users so that they can
make more informed decisions regarding water-quality interpretations when
employing WATEQ computations.



EVALUATION OF THE DEBYE-HUCKEL SOLVENT PARAMETERS

The original WATEQ program utilized activity coefficients for the major
ions in natural waters which were calculated from the extended Debye-Hiickel
equation with a linear term:

Azi/f_
log Yy, = = —————— + bl
* 1 + B&/T

in which Y is the activity coefficient of the ith ion, z, is the ion charge,

I is the ionic strength, A and B are the Debye-Huckel solvent parameters,

4 is an empirical ion-size parameter, and b is a fitting parameter. This form
of the Debye-Hiickel equation was first proposed by Huckel (1925) and is nearly
identical to the original Bronsted (1922) equation in which the linear term (bI)
accounts for specific short-range interactions between ions of opposite charge.
The A and B parameters are functions of the solvent density, the dielectric
constant and the temperature:

i
A = 2mNpo}? [ 1 \3/, €°
- {1000 kT
1
B = 811‘Nezpo 2
~ {1000ekT
where e is the electronic charge, € is the dielectric constant of the solvent,
k is the Boltzmann constant, T is the absolute temperature, p. is the density
of pure water, and N is the Avogadro constant. The following physical con-

stants, evaluated and revised by Cohen and Taylor (1973), were used in the
calculations:

6.022045 x 10%° mol™!
4.803242 x 10 *°esu
1.380662 x 10°'® erg K !
2.302585.

N
e
k
0

These constants were substituted into the definition of A and B to obtain:

1
Y e

1
A _ 1.824814x10° po

mole

k5
(kgHzO) and

1
8 3 -1 -1
B = =0.29012x10 i Po” cm ~ mole (kgHzO)
(eT)*

These formulae are more precise than those used in Truesdell and Jones (1974)
although the difference is only in the fifth significant figure.



The density has a much smaller effect on A and B than the dielectric con-
stant and an extensive compilation and evaluation is not necessary. The
investigation of Gildseth, et al. (1972) provides an accuracy of 3 ppm and
a mean absolute deviation of 0.7x10 ° g/mL over the temperature range 0-80°C
for the density of water. The function which best fits their data and addi-
tional measurements of comparably high precision is:

Po = 1 - (t-3.9863)2(t + 288.9414) + 0.011445 exp (-374.3/t)
508929.2 (t + 68.12963)

where t is degrees C. Any inaccuracies in this representation will be far
overshadowed by the uncertainties in the dielectric constant of water.

The dielectric constant is fundamental to any electrolyte theory of aque-
ous solutions; however, it is not known with the accuracy required for many
types of applications, including Debye-Huckel calculations. Truesdell and
Jones (1974) used the data of Malmberg and Maryott (1956) in WATEQ. Since
then, there have been several additional measurements and three major evalua-
tions of the data. The earliest evaluation is that of Helgeson and Kirkham
(1974) who fit a single equation to measurements for the pressure and tempera=~
ture range of 1-5000 bars and 0-600°C. Bradley and Pitzer (1979) developed
a single equation for the dielectric constant up to 350°C and 1000 bars.

The most comprehensive evaluation in which the measurements were weighted
according to precision and according to temperature range during fitting is
that of Uematsu and Franck (1980). In Figure 1 the deviations of each of
these three fitted equations are compared to the data of Malmberg and Maryott
(1956). It is very clear from this comparison that these three evaluations
agree very well with each other, but differ markedly from the data of Malmberg
and Maryott (1956) for 0-100°C. The Uematsu and Franck (1980) evaluation has
been chosed for the temperature dependence of the dielectric constant of
water. Since the WATEQ series data base is only considered to be reliable for
the temperature range 0-100°C, we have reduced the lengthy equation of Uematsu
and Franck (1980) to:

€ = 2727.586 + 0.6224107T - 466.9151 InT - 52000.87/T.

This equation fits to within 0.01 of the dielectric constant (about 0.0137%)
given by Uematsu and Franck's equation at any temperature in the range of O-
100°C. In Table 1 the Debye-Huckel A parameter is recalculated at 10° inter-
vals from 0-100°C and compared with the original WATEQ values, the values of
Helgeson and Kirkham (1974) and those of Bradley and Pitzer (1979). The
differences between our A values and those from the recent literature are
negligible. The change in the temperature dependence of the A parameter re-
flects the change in the dielectric constant data. These changes will improve
the temperature dependence of the activity coefficients.
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FIGURE 1.--Deviation of three evaluations for the temperature dependence

of the dielectric constant relative to Malmberg and Maryott's data.



TABLE 1. - Debye-Huckel "A" parameters as a function of temperature

° Helgeson & Bradley & .
t, C WATEQ Kirkhan, 1974 Pitzer{ 1974 This report

0 0.4917 0.4913 0.4912 0.4912
10 0.4987 0.4976 0.4977 0.4976
20 0.5062 0.5050 0.5055 0.5052
30 0.5141 0.5135 0.5146 0.5139
40 0.5225 0.5231 0.5238 0.5235
50 0.5314 0.5336 0.5342 0.5342
60 0.5408 0.5450 0.5459 0.5459
70 0.5507 0.5574 0.5576 0.5584
80 0.5613 0.5706 0.5707 0.5718
90 0.5725 0.5848 0.5850 0.5859
100 0.5845 0.5998 0.6006 0.6007

COMPILATION OF DATA

Sources of Data

Primary references containing thermodynamic measurements were compiled
from the list of references in Table 2. In addition to these references,
several journals including '"Geochimica et Cosmochimica Acta," '"Marine
Chemistry,'" '""Journal of Solution Chemistry," and '"Journal of Chemical Thermo-
dynamics' were searched for references cited in articles already known to the
authors. A computer search in "Chemical Abstracts" for reactions involving
aluminum hydrolysis was carried out for the years 1967-1980. The result
(Table 6) is a comprehensive listing of equilibrium constants and reaction
enthalpies. Data were checked against the original primary reference if
possible or against the abstract in "Chemical Abstracts' to see that the ci-
tation and the values were accurately and fully recorded. To narrow the
search, only values reported for 25°C (with a few exceptions) were selected.
No analytical equations of equilibrium constants as a function of temperature
were used in this report.



TABLE 2. - List of compilations searched

Author(s) Bibliographic information
Baes, C. F., Jr. and Mesmer, 1976, The Hydrolysis of Cations, John
R. E. Wiley and Sons, New York, 489 p.
Bond, A. M., and Hefter, 1980, Critical Survey of Stability
G. T. Constants and Related Thermodynamic

Data of Fluoride Complexes in
Aqueous Solution, IUPAC Chem. Data
Ser. No. 27, Permagon Press,
Oxford, 71 p.

[periodical] Bulletin of Chemical Thermodynamics,
Thermochemistry, Inc., Stillwater,
Oklahoma.
Christensen, J. J., Eatough, 1975, Handbook of Metal Ligand Heats
D. J., and Izatt, R. M. and Related Thermodynamic Quanti-
ties, Marcel Dekker, New York,
495 p.
Charlot, G., Collumeau, A., and 1971, Selected Constants: Oxidation-
Marchon, M. J. C. Reduction Potentials of Inorganic

Substances in Aqueous Solution,
Butterworths, London, 73 p.

Naumov, G. B., Ryzhenko, B. N. 1971, Handbook of Thermodynamic Data,
and Khodakovskii, I. L. Atomizdat, Moscow, 240 p. (Eng.
trans. by G. Soleimani, ed., I.
Barnes and V. Speltz, N.T.I.S.
PB~226-722).

Perrin, D. D. 1969, Dissociation constants of in-
organic acids and bases in aqueous
solution, Pure Appl. Chem., 20,

133-326,
Robie, R. A., Hemingway, 1977, Thermodynamic Properties of
B. S., and Fisher, J. R. Minerals and Related Substances at

298.15K and One Atmosphere Pressure
and a High Temperatures, U.S.
Geol. Survey Bull. 1259, 456 p.

Sadiq, M., and Lindsay, W. L. 1979, Selection of Standard Free Ener=-
gies of Formation for Use in Soil
Chemistry, Colo. State Univ. Tech.
Bull. 134, 1069 p.



TABLE 2. - List of compilations searched--Continued

Authors Bibliographic information
Sillen, L. G., and Martell, 1964, Stability Constants of Metal-Ion
A. E. Complexes, Spec. Publ. No. 17, The

Chemical Society, London (Metcalfe and
Cooper) 754 p.

Sillen, L. G., and Martell, 1971, Stability Constants of Metal-Ion
A. E. Complexes, Spec. Publ. No. 25, The
Chemical Society, London (Alen and
Mowbray), 865 p.

Smith, R. M., and Martell, 1976, Critical Stability Constants.
A. E. Vol. 4: Inorganic Complexes, Plenum
Press, New York, 257 p.
Yatsi@irskii, K. B. and 1960, Instability Constants of Complex
Vasil'ev, V. P. Compounds, Van Nostrand, Princeton

(Engl. transl.), 214 p.

The Data Base Listing

In Table 6 we have compiled the reported equilibrium constant and enthalpy
measurements for (1) aluminum hydrolysis, (2) aqueous ion associations for alu-
minum fluorides, aluminum sulfates, calcium chloride, magnesium chloride,
potassium sulfate and sodium sulfate, (3) the solubility product constants for
gibbsite and amorphous aluminum hydroxide, (4) the oxidation-reduction poten-
tials for the Fe®/Fe’ and Fe® /Fe® couples, (5) the standard state thermody-
namic yalues of the following aqueous ions: Al®", Ca®’, Mg2", Fe?*, Fe*', X,
and Na', and (6) the standard state thermodynamic properties of solid gibbsite.
These substances are listed in alphabetical order by element, and for any one
reaction the listing of measurements is in chronological order. The values
which were given in the WATEQ, WATEQF, and WATEQ2 publications are also pro-
vided for comparison. The standard state for aqueous species is the hypothet-
jcal ideal solution of unit activity at unit molality, 298.15 K and 1 bar. The
standard state for gibbsite is the pure crystalline solid of composition A1(OH) s
at 298.15 K and 1 bar. The calorie, rather than the joule, was used as the unit
of energy because most of the published data are reported in calories, and the
integrity of the original data is preserved by avoiding any additional conver-
sions. The most obvious reason for using the calorie is that the WATEQ data
base has always been in calories and keeping the same energy unit would be more
convenient for WATEQ users. Anyone else who wants to use this data base for
other purposes can easily make the conversion to joules. Furthermore, Adamson
(1978) presents valid criticisms for not using SI units.



All equilibrium constants involving hydrolysis have been written in terms
of H' and H,0 rather than OH™. This uniformity required conversion of some of
the reported values. The notation for equilibrium constants follows the symbols
used by Sillen and Martell (1964): *K, is the first acid dissociation con-
stant, %K, is the second dissociation constant, etc. K, represents the addi-
tion of hydroxide ion to a metal cation. A subscript "s" refers to the
solubility product for a solid phase. For example *Kg, for gibbsite refers to

the reaction:

Al1(OH) 5 (solid) + H,0 = AL(OH)7 + H'
and the product K,;K; refers to:

A1® + 20H" = AL(OH): .

There has been considerable discussion in the literature concerning the
existence of polynuclear species (e.g. Aveston, 1965; Baes and Mesmer, 1976).
We feel that these species occur under non-equilibrium conditions that do not
merit evaluation of an equilibrium constant value. However we have included a
compilation of the equilibrium constants for the dimer because of the consis-
tency of the values and the direct spectroscopic evidence for its existence
(Akitt, et al., 1969). Unfortunately, the dimer was not fitted with the other
recommended values for the aluminum hydrolysis constants and the gibbsite
solubility product constants (May, et al., 1979). For this reason we do not
recommend that the dimer be used in WATEQ computations until such time that
its importance can be evaluated. Preliminary testing indicates that it has
a negligible effect on the other equilibrium constants (Howard May, oral
commun. ).

Occasionally a reported value is clearly of higher quality than the
others, based on the experimental approach and the reported precision. These
values have been identified in the REMARKS column of Table 6 by the word
RECOMMENDED. Several reactions have not been 'recommended" because they can
not be adequately evaluated at this time.

Uncertainties reported by the original authors are given in parentheses
following the reported value. These numbers usually represent one standard
deviation. The original articles should be consulted for further information
regarding errors.

Please note that equilibrium constants which can be calculated from stan-
dard state free energies are not included. Free energies of substances and re-
actions are usually not measured directly. Free energies are commonly derived
from measurements of enthalpies, heat capacities and equilibrium constants. An
exception is the measurement of the Fe°/Fe?* electrode potential which is di-
rectly proportional to the free energy of the aqueous ferrous ion if the
experiment is carried out under carefully controlled conditions. If an attempt
is made to rebuild equilibrium constants from tabulated free energies through
the equation, AG® = - RT1nK, then large uncertainties can result unless exactly
the same path is used as that from which the free energies were originally
calculated. Because free energies are usually taken from different sources, a
calculated equilibrium constant can be seriously in error and inconsistent



with other data. The solubility product constant for siderite provides a
typical example of this problem. Although it is listed in many standard com-
pilations, there has been no direct measurement of the free energy of siderite.
If we use the free energy da}a listed in N.B.S. Technical Note Series 270-3
and 270-4 for FeCOs (c), Fe*  (aq) and CO3~ (aq), then the log K = -10.94.

The source for AG.(FeCOs) is a solubility product measurement of siderite
which is log K = =10.68 (Kelly and Anderson, 1935), noticeably different from
the value back-calculated from free energies. The reason for this_discrepancy
is relatively simple. Different values for AG, (Fe ) and AG2(CO37) were

used by Kelly and Anderson (1935) to calculate AG> (FeCOs) than are listed

in N.B. § Tech. Notes 270-3 and 270-4. The biggest change has been in the
AG? (Fe ). Although this example is a fairly typical one, there are some
equ111br1um constants which are inconsistent by an order of magnitude or

more because of the cumulative errors in adding free energies from different
sources. For this reason, we have only listed equilibrium constant and re-
action enthalpy measurements. No equilibrium constant data are based on

free energy calculations. Such calculations can be used to check consistency
when enough data are available, but for listing equilibrium constants only
primary data are used.

Refinement of the Standard State Thermodynamic Properties

of Fe*' and Fe®' Aqueous Ions

Free energies of formation from the elements for aqueous Fe*' and Fe®*
ions are reported anywhere in the range of -18.85 to -22.1 kcal/mole and ~l1.1
to -4.27 kcal/mole, respectively. Enthalpies and entropies are discrepant by
similar amounts. Recent measurements (1968-1980) of heats of solution, heats
of oxidation and an electrode potential measurement can be used to narrow the
range of uncertainty to a more acceptable set of values.

Thermodynamic Data For Aqueous Fe®®

AG2(Fe? ) can be obtained by three 1ndepe§dent pathways The first
pathway is by combining the values for AH: (Fe ) with ASf(Fe ) using the
equation:

= AH®

AG £

-] -]
£ - T'ASf
where AH., ASZ, and AG. are the standard state enthalpies, entropies, and
Gibbs free enérgy of formation from the elements. In the second pathway,

AG: is obtained from the standard electrode potential, E°, for the Fe° (s)/Fe
regox couple using the equation:

AGf = -nFE

10



The third pathway involves calculating AG3 (Fe2+) from measurements of AG: and
the solubility product constant, K, of FefOH)z(c) from the relationship:

°--
AGR = ~RTAnK .

The value for AH°(Fe2+) can be obtained from heat of solution measure=-
ments of 'FeCl:(c) and the enthalpies of formation of FeCl.(c) and Cl (aq),

AHZ(Fe*”, aq) = AH?(FeCla) = 20HZ(C1™, aq) + AHg(FeCla)

where AH;(FeCIz) is the standard heat of solution of FeCl.. The AH®°(FeCl:)
has been"measured by Li and Gregory (1952), Cerutti and Hepler (1977) and
Cobble _(1978). All three measurements are in close agreement (Table 3). The
°(C17, aq) is known with a hlgh degree of reliability (e.g. CODATA, 1977)
ang the only known value for AH_(FeCl:) is that from Koehler and Coughlin
(1959). Comb1n1ng these data, ghe resultant AH® (Fe’+, aq) = -21.6; kcal/mol.
The AS2(Fe? ) can be calculated from the thlrd-faw entropy, S°(Fe® ) reported
by Larson, et al. (1968) and the entropies of the elements from Robie, et al.
(1978). The resultant AG® (Fe ) = ~21.34 kcal/mol. This pathway is shown
as set I in Table 4.

Electrode potential measurements for the Fe°(s)/Fe2+ couple can be reli=~
able if (1) the iron is pure and free from defects, (2) no oxygen is present
in the system, (3) the potential is independent of pH and (4) no hydrogen
evolution takes place. No investigation has shown beyond doubt that all of
these conditions have been met; however, the most reliable attempt is John§on
and Bauman (1978). Using thelr value of E® = 0.415 V we calculate AG%(Fe?")
-19.15 kcal/mol. This pathway is the basis for set II in Table 4. Tﬁe range
of measured values is shown in Table 6. The difference between this number
and the number derived from enthalpies and entropies is 2.2 kcal/mol, hardly
an acceptable 1ncon51stency

TABLE 3. - Heat of solution of FeCl, (so;ig)

AH; (kcal/mol) Reference

-19.5(%0.2) Li and Gregory (1952)

-19.7(%0.2) Li and Gregory (1952) corrected by
Cerutti and Hepler (1977)

-19.815 Cobble (1978)

-19.82 Cerutti and Hepler (1977)

11



Careful measurements of the log Ksp (-15.1) for Fe(OH)2(c) have been made
by Leussing and Kolthoff (1953). Two values have been calculated for AHS of
Fe(OH)2(c) based on heat measurements (see JANAF Tables, Stull and Prophet,
1971). The more commonly accepted value of AH2 = -135.8 kcal/mol was not con-
sidered by JANAF to be as accurate as AH = -1§7 2 kcal/mol. JANAF used the
latter value and an estimate of S° 6 cal/degemol to obtain AG: for
Fe(OH)2(c) = =117.6 kcal/mol. We prefer the former enthalpy value which has
additional support from the electrochemical measurements of Dibrov, et al.
(1980). If the S° value of 21 cal/deg*mol is considered to be the best avail-
able estimate then thg AG = =116.2 kcal/mol. Combining this value with the
Ksp we obtain AG2(Fe?") = -20 40 kcal/mol. These values form the basis for
set III in Table 4.

Thermodynamic Data for Aqueous Fe®”

The thgrmodynamic g;opertles of Fe*' are usually obtained indirectly from
data on Fe®? and the Fe* /Fe®  electrode potential. One direct value is
available on AH°(Fe3+) = =10.89 (-.17) kcal/mol from measurements on the heat
of oxidation of solid iron to Fe® by H.0. (Vasil'ev, et al., 1976). Since
this value is dependent on the AH) for H.0., we rechecked the calculation by
using the peroxide enthalpy given in Wagman, et al. (1968). The difference is
only 50 cal/mol, thus we have accepted the or1g1nal value rgported by Vasil' ev,
et al. (1976). We now have an independent check on AH®(Fe®*") through the Fe® /
Fesx—énthalpy. Unfortunately, the Fe? /Fe® enthalpy 1s not precisely known
(see Table 6). Values range from 9.2 to 10.2 kcal/mol. In addition, two mea-
surements have bgen reported for the heat of reaction, based on hydrogen peroxide
oxidation of Fe? . Sousa-Alonso, et al. (1968) reported -69. 8( -0.4) kcal/mol
and Bernardelli and Tumanova (1971) reported -71 11 L-O 03) kcal/mol for the
heat of this reaction. From these data the Fe? /Fe reaction enthalpy is
9.26 and 10.57 kcal/mol, respectively. Thus the reaction enthalpy must lie in
the range of 9.2 to 10.6 kcal/mol and from the frequency of reported values
and the average, a rea§onab1e estimate would be 10.0 kcal/mol. U51ng this
number and the AH:(Fe®’) from Vasil'ev, et al. (1976) we obtain AHZ(Fe®’) =
~20.89 kcal/mol. "These enthalpies are used in both sets II and IIf of Table 4.

The standard electrode potential (-.7702 volts) and thus the AGS (17. 76 kcal/
mol) is known very precisely and very accurately (see Table 6) for tﬁe Fe? /Fe
couple. For this reason, the same recommended value is used in every set of
Table 4. Since only one measurement for the enthalpy and entropy of goethite
have been reported in the literature (Barany, 1965; King and Weller, 1970},
these values are also the same in each set.

12



TABLE 4. - Three sets of internally consistent, standard state

(298.15 K) thermodynamic data for Fe2+(aq), Fe3+(aq),

Fe(OH)2(c), and goethite

Species* Set I Set II Set III
AG%(Fe’+) -21.34 -19.15 -20.40
AH;(Fez*) -21.61 -20.89 -20.89
s°(Fe?") -25.6 -30.4 -26.3
AG;(Fe’*) -3.78 -1.39 -2.64
AH;(Fe3*) -11.04 -10.89 -10.89
S°(Fe*™) -65.3 -71.9 -69.4
AGy (Fe*" /Fe®") 17.76 17.76 17.76
AHg (Fe** /Fe") 10.57 10.0 10.0
ASE(Fe2+/Fe3+) -24.1 -26.0 -26.0
AGZ(Fe(OH) 2) -117.6 -115.0 -116.2
AHZ (Fe (OH) 2) -137.2 -135.0 -135.8
S°(Fe(OH)2) 21.0 19.3 21.0
log Ksp -15.3 -15.1 -15.1
AG%(goethite) -116.8 -116.8 -116.8
AHg (goethite) -133.7 -133.7 -133.7
S°(goethite) 14.4 14.4 14.4
log Ksp «41.7 -43.5 -42.7
AH;(FeCIz, solid) -81.69 -80.97 -80.97

*Free energies and enthalpies have units of kcal/mol and entropies
have units of cal/degemol.
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Internal Comnsistency

Based on the previous discussion, it is possible to derive three sets of
data relating to the thermodynamic properties of aqueous Fe?' and Fe®® as shown
in Table 4. Each set is internally consistent but not entirely consistent with
each other set. Each set assumes certain selected data to be the most reliable,
and the remaining data are calculated from these selected values by the standard
thermodynamic relationships.

Set I is based on (1) Cerutti and Hepler's (1977) arguments and data for
heat of solution measurements of FeCl,(c) which provides AH® for Fe?*, and an
estimated S° for Fe?” from Larson, et al. (1968) from which AG® for Fe?* is
calculated, (2) the recommended value for E° of Fe2?'/Fe®* and gernardelli and
Tumanova's (1971) value for AH® of Fe’+/Fe3+ from which AG°, AH® and S° for Fe3+
and the log Ksp for goethite are calculated and (3) the JA&AF véﬁues for Fe(OH).
from which the log Ksp of Fe(OH), is calculated. This set then becomes ‘incon-
sistent with the E° for Fe®(s)/Fe?* of Johnson and Bauman (1978), the data on
Fe(OH), by Dibrov, et al. (1980) and Leussing and Kolthoff (1953), and the best
estimated enthalpy for Fe?*/Fe®*. A further check on inconsistencies can be
made by comparing the Ksp for goethite calculated from free energy data with
the ion activity product (IAP) measured by Langmuir and Whittemore (1971).

The AGY for goethite can be obtained from the AH2 of Barany (1965) and the S°
data o§ King and Weller (1970). Combining these data with the AG] of Fe?™
from set I gives a log Ksp =-41.7 which does not compare favorably with the
range of log IAP = -43.3 to -43.5 for laboratory solutions containing crystal-
line goethite and groundwaters from aquifers containing iron minerals.

Set II is based on (1) Johnson and Bauman (1978) for AG°of Fe?' and the
recommended value of AG® for Fe®*/Fe®* from which AG2 of Fe®*%is calculated,
(2) Vasilev, et al. (1976) for AH® of Fe®’ and the bést estimated AH® of Fe?'/
Fe®* from which AH® of Fe?* is cafculated and (3) the log Ksp for Fe(OH), from
Leussing and Kolthoff (1953) and S° for Fe(OH). from Dibrov, et al. (1980) from
which AG] and AH] of Fe(OH), is calculated. This set, of course, is inconsis-
tent witﬁ nearly all of the data in set I including primary data such as AH!
and S° for Fe?*" and AHE for Fe(OH).. £

Set III appears to be the best compromise in that it is most consistent
with all the primary data. Set III is based on (1) the JANAF estimate for S°
of Fe(OH), and the AH} of Fe(OH), from Dibrov, et al. (1980) from which AG] of
Fe(OH). is calculated, (2) the log Ksp of Fe(OH), from Leussing and Kolthoff
(1953) and AGY of Fe(OH), from the previous calculation from which AGE of Fe?™
is calculated, (3) the best estimated AH® of Fe2+/Fe3+ and the AH® of Fe®" from
Vasil'ev, et al. (1976) from which AH2 of Fe?® is calculated. Everything else
is calculated from these values. Altﬁough set III shows greater consistency
with more of the data than any other set, there really is no optimal choice
because of the inherently large uncertainties in some of the data. More
accurate and more precise measurements of AH° for Fe2+/Fe3+, AG® for Fe?' and
Fe®" would help to resolve these inconsistencies. It would also be highly
desirable to make additional measurements of AH] and S° for goethite in order
to reduce the uncertainty and inconsistencies related to the log Ksp for
goethite.
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Reference Source Codes

The symbols for the source column in Table 5 are abbreviated reference
citations coded in a similar manner to those in Sillen and Martell (1964).
Each reference abbreviation contains the year of publication followed by the
first letter of the first author's last name. When more than one article
could have the same designation, they are distinguished by a lower case
letter starting with "a", e.g. 77Ha, 77Hb.

Additional information is provided by a slash (/), an equality symbol
(=), or a comma (,); the symbols are explained in Table 5.

TABLE 5. - Symbols used for '"source' code

Symbols Interpretation

60F=62F=63F Data from 60F, 62F, and 63F are identical
68S/72P Data from 68S has been modified by 72P
43B, 53L Data from 43B and 53L have been combined

or averaged

ACKNOWLEDGMENTS

We are very grateful to Bill Sanders and the staff of the Menlo Park
USGS Library for their efficient and courteous assistance in the pursuit
of obscure references. Generous assistance was also provided by the library
staff at the USGS national headquarters, the University of Virginia and
Stanford University. Manuscript reviews by Bruce Hemingway, John Haas, Jr.,
Howard May, George Parks, Yousif Kharaka, Meeshka Borisov and John Hem were
especially helpful.

15



REFERENCES CITED

Adamson, A. W., 1978 SI units? A camel is a camel: Journal of Chemical
Education, v. 55, p. 634-637.

Akitt, J. W., Greenwood, N. N., and Lester, G. D., 1969, Hydrolysis and
dimerisation of aqueous aluminum salt solutions: Chemical Communications,
p. 988-989.

Aveston, John, 1965, Hydrolysis of the aluminum ion: Ultracentrifugation
and acidity measurements: Journal of the Chemical Society (London),

p. 4438-4443. '

Baes, C. F. and Mesmer, R. E., 1976, The hydrolysis of cations: New York,
Wiley-Inter-science, Chap. 6.2, p. 112-123.

Ball, J. W., Jenne, E. A., and Nordstrom, D. K., 1979, WATEQ2Z - A computerized
chemical model for trace and major element speciation and mineral
equilibrium of natural waters, in Jenne, E. A., ed., Chemical modeling
in aqueous systems: Washington, D. C., American Chemical Society
Symposium Series 93, p. 815-836.

Ball, J. W., Nordstrom D. K., and Jenne, E. A., 1980, Additional and revised
thermochemical data and computer code for WATEQZ--A computerized chemical
model for trace and major element speciation and mineral equilibria of
natural waters: U.S. Geological Survey Water-Resources Investigations 78-
116, 109 p.

Ball, J. W., Jenne, E. A., and Cantrell, M. W., 1981, WATEQ3--A geochemical
model with uranium added: U.S. Geological Survey Open-File Report 8l=-
1183, 81 p.

Barany, Ronald, 1965, Heats of formation of goethite, ferrous vanadate, and
manganese molybdate: U.S. Bureau of Mines Report of Investigations 6618,
10 p.

Bernardelli, A. E. and Tumanova, T. A., 1971, Thermochemical study of the
oxidation of Fe® ion with hydrogen peroxide in aqueous solution at 25°C,
Trudy Leningradskogo Tekhnologicheskogo Instituta Tsellyulozono-
Bumazhnoi Promyshlennosti 25, 112-115.

Bradley, D. J. and Pitzer, K. S., 1979, Thermodynamics of electrolytes. 12.
Dielectric properties of water and Debye-Hiickel parameters to 350°C and
1 kbar: Journal of Physical Chemistry v. 83, p. 1599-1603.

Bronsted, J. N., 1922, Calculation of the osmotic and activity functions in
solutions of uni-univalent salts: Journal of the American Chemical
Society, v. 44, p. 938-948.

Cerutti, P. J. and Helper, L. G., 1977, The enthalpy of solution of ferrous
chloride in water at 298 K: Thermochimica Acta, v. 20, p. 309-314.

Cobble, J. W., 1978, Chemical thermodynamic studies of aqueous trace
components in light water reactors at high temperature and pressures:
EPRI Report 311-2.

CODATA, 1978, Recommended key values for thermodynamics 1977: CODATA
Bulletin 28, 17 p.

Cohen, E. R. and Taylor, B. N., 1973, Least-squares adjustment of the
fundamental constants: Journal of Physical and Chemical Reference
Data 2, p. 663-734.

Criss, C. M. and Cobble, J. W., 1964, The thermodynamic properties of high
temperature aqueous solutions. 4. Entropies of the ions up to 200°
and the correspondence principle: Journal of the American Chemical
Society, v. 86, p. 5385-5393.

16



Dibrov, I. A., Chervyak~Voronich, S. M., Grigor'eva, T. V., and Kozoliva,

G. M., 1980, New values of thermodynamic constants of some iron oxides:
Soviet Electrochemistry, v. 16, no. 6, p. 675-679.

Diehl, Harvey, 1979, High precision coulometry and the value of the Faraday:
Analytical Chemistry, v. 51, p. 318A=-329A.

Gildseth, Wayne, Habenschuss, Anton, and Spedding, F. H., 1972, Precision
measurements of densities and thermal dilation of water between 5° and
80°C: Journal of Chemical and Engineering Data, v. 17, p. 402-409.

Helgeson, H. C. and Kirkham, D. H., 1974, Theoretical prediction of the
thermodynamic behavior of aqueous electrolytes at high pressures and
temperatures. 1.,--Summary of the thermodynamic/electrostatic properties
of the solvent: American Journal of Science, v. 274, p. 1089-1198.

Huckel E., 1925, The theory of concentrated aqueous solutions of strong
electrolytes: Physik. Z. 26, 93-147.

Johnson, G. K. and Bauman, J. E., Jr., 1978, Equilibrium constants for the
aquated iron (II) cation: Inorganic Chemistry, v. 17, p. 2774-2779.

Kelly, K. K. and Anderson, C. T., 1935, Contributions to the data on
theoretical metallurgy. 4. Metal carbonates--Correlation and applica-
tions of thermodynamic properties: U.S. Bureau of Mines Bulletin 384,
73 p.

King, E. G. and Weller, W. W., 1970, Low-temperature heat capacities and
entropies at 298.51°K of goethite and pyrophyllite: U.S. Bureau of
Mines Report of Investigations 7369, 6 p.

Koehler, M. F. and Coughlin, J. P., 1959, Heats of formation of ferrous
chloride, ferric chloride and manganous chloride: Journal of Physical
Chemistry, v. 63, p. 605-608.

Langmuir, Donald and Whittemore, D. 0., 1971, Variations in the stability of
precipitated ferric oxyhydroxides, in Hem, J. D., ed., Nonequilibrium
systems in natural water chemistry: Washington, Advances in Chemistry
Series 106, p. 209-234.

Larson, J. W., Cerutti, Paul, Garber, H. K., and Hepler, L. G., 1968,
Electrode potentials and thermodynamic data for aqueous ions: Copper,
zinc, cadmium, iron, cobalt, and nickel: Journal of Physical Chemistry,
v. 72, p. 2902-2907.

Leussing, D. L. and Kolthoff, I. M., 1953, The solubility product of ferrous
hydroxide and the ionization of the aquo-~ferrous ion: Journal of the
American Chemical Society, v. 75, p. 2476-2479.

Li, J. C. M. and Gregory, N. W., 1952, Heats of solution and formation of
some iron halides: Journal of the American Chemical Society, v. 74,
p-4670-4672.

Lide, D. R., Jr., 1981, Critical data for critical needs: Science, v. 212,
p. 1343-1349.

Malmberg, C. G. and Maryott, A. A., 1956, Dielectric constant of water from
0° to 100°C: U. S. National Bureau of Standards Journal of Research,
v. 56, p. 1=8.

May, H. M., Helmke, P. A., and Jackson, M. L., 1979, Gibbsite solubility and
thermodynamic properties of hydroxy-aluminum ions in an aqueous
solution at 25°C: Geochimica et Cosmochimica Acta, 43, p. 861-868.

17



Nordstrom, D. K., Plummer, L. N., Wigley, T. M. L., Wolery, T. J., Ball, J. W.,
Jenne, E. A., Bassett, R. L., Crerar, D. A., Florence, T. M., Fritz, B.,
Hoffman, M., Holdren, G. R., Jr., Lafon, G. M., Mattigod, S. V., McDuff,
R. E., Morel, F., Reddy, M. M., Sposito, G., and Thrailkill, J., 1979,

A comparison of computerized chemical models for equilibrium calculations
in aqueous systems, in Jenne, E. A., ed., Chemical modeling in aqueous
systems: Washington, D.C., American Chemical Society Symposium

Series 93, p. 857-892.

Parkhurst, D. L., Thorstenson, D. C., and Plummer, L. N., 1980, PHREEQE--A
computer program for geochemical calculations: U.S. Geological Survey
Water-Resources Investigations 80-96, 210 p.

Plummer, L. N., Jones, B. F., and Truesdell, A. H., 1976, WATEQ - A Fortran IV
version of WATEQ, A computer program for calculating chemical equilibrium
of natural waters: U.S. Geological Survey Water-Resources Investigations
76-13, 61 p.

Robie, R. A., Hemingway, B. S., and Fisher, J. R., 1978, Thermodynamic
progerties of minerals and related substances at 298.15 K and 1 bar
(10 pascals) pressure and at higher temperatures: Geological Survey
Bulletin 1452, 456 p.

Sillen, L. G. and Martell A. E., 1964, Stability constants of metal-ion
complexes, Spec. Publ, No. 17, Metcalfe and Cooper, Ltd., 754 p.
Supplement No. 1, Special Publication No. 25 (1971), 865 p.

Sousa-Alonsa, A., Chadwick, Isabel, and Irving, R. J., 1968, The heat of
oxidation of ferrous ions with hydrogen peroxide: Journal of the
Chemical Society (A), p. 2364-2366.

Stull, D. R., and Prophet, Harold, 1971, JANAF thermochemical tables, 2nd ed.,
National Standard Reference Data Series - National Bureau of Standards 37,
1141 p.

Stockmayer, W. H., 1978, Data evaluation: A critical activity, Science, 201,
577 p.

Truesdell, A. H. and Jones, B. F., 1974, WATEQ, a computer program for
calculating chemical equilibria of natural waters: U.S. Geological
Survey Journal of Research 2, p. 233-248.

Uematsu, M. and Franck, E. U., 1980, Static dielectric constant of water
and steam: Journal of Physical and Chemical Reference Data, v. 9,

p. 1291-1306.

Vasil'ev, V. P., Raskova, 0. G., Vasil'eva, V.+N., and Dmitrieva, N. G., 1976,
Standard enthalpy of formation of the Fe® ion in aqueous solution at
25°C: Zhural Neorganischeskoi Khimii 21, p. 2253-2256.

Wagman, D. D. Evans, W. H., Parker, V. B., Halow, I., Bailey, S. M., and
Schumann, R. H., 1968: Selected values of thermodynamic properties,
National Bureau of Standards, Technical Note 270-3, 270 p.

18



TABLE 6

19



ALL 66" ¥~

83wao(ysaed untpos ¥ |°0 N69 68° -

ocon = 969 0"t 969 19°

uUsAld oslw n..o— puw 70— 318 senlRA ‘®jvIrofydoded umuymmiw R mlo_ €89 91 *G~
HE9 (A8 A

HL9 (€))L ¥

NG9 6° v
(4] S0°6-
4C9~329=409 20°6-

49L=495 (20°)L6°¥-

295 €06

199 98°6~

16S 194 o

QHGG=NGS 96" -

8¥S 86" ¥~

16 RS

Hey 9% 1

4.0 8 b

SHUVRIN eanog wmn eoanog 3 901
JH v SHOTY = 0%H + 1Y
HLL :eousisjey  ToW-30p/T89 (9°€)9°CL-=oS T0W/T8N (1)6°9Zh-=sH TOW/TEIN (£C°)16°91i=moD uoy @noenbe Ty

o.-o-noo-na.oc.¢-¢-ntc-on-o-ooooa.ocoao-.-o-..o-..ouuuo-o-oo-§H§<..-o.-oco.onca-ocQcoco-ooc-oo-ooca.oau-oco-nnc--c-o.

sweadoad PHFLYM 9Yy3 J0J wlep otweulpowiayj jJo uotrjewiidwod [eylaegd 9 FIAVL



woay

(4

984 (1°0)¢9°8~
44 99°8~

SHUVWIY 20anog H aoanog § oy

2 z
. *(HO)T¥ = 0%He +

*dd 601 ‘9iy-8L_‘I*U°A AoAaang +109) "g°n (0861)°V'@‘euusp puw ‘) q‘woI3SPION‘ *M°r TTEE
.moml.mm .mw 8]0y ‘wWYoowso) -wiyoody (6.L61)°1° :.:oaxoaw pus ‘°y-q* mxeﬁmm..z H* Ley
*68-2L ‘P9 "1o8 998JI93ul PYOITOD °f (8L61) 1°d‘ufnag oq puv ‘-p Y1038  “H*NOH aq

*po¥ 1-2ovL ‘1% 930V ‘wiyoowso) ‘wryooey (LL64)°V H'9Tqo4 pue °g* m.hu:mcuso=

*dd 19 ‘g{-9L *I'H°A Aoaang 108D °S°'f (9L6V)°H Y IIepsend] puw ‘g g‘saucy’ y-1‘Iawumig

*g2i-2il ‘geg *dey .oosmﬂcmumasu-nmaﬁa ‘8u0t38) JO STEATOIPAH oYL (9L61) W Y‘Ioueay pus *Jap‘-jg-)‘sowg

*gyz-g2 ‘2 Aaaing -109n *s°p *eay °r (vl6l) 4 sauop pue “j*V'[12peanIy

*1gg-LI¢ ‘I0qay uuy ‘+pe ‘cpey‘urqny ‘eTE3d JO AIjSTwAY) [E¥jUSWUOITAUF-snoANbY =ﬁ.hahm—v £ey‘urquy pue °+4‘uspley

— ‘681 1~¢911 .pm *{BJ2UTH "Wy (2161)°V°DeeyI8g

*6v2-9b2 ‘P¥ ‘mIul TATId *UZ_(1L61)) A A‘AOUOLTH puv ‘- pN‘ujwaag‘ N-I‘AOTABd’ Y X‘AOYOTOA
*6691-9691 ‘¥l °weup *Fiour °p *seny (6961) N'3‘vhexsroy puw cyep’ ojualez ey

_ *€69-069 ‘CL ‘wouy) °efud °r (6961)°A°q‘Fuog pue *g‘premuniy

*182\-0824 ‘09 °00ssy S{JON J938p ‘uwy °f (8961)°d°r‘La1urg puw cyep’ UBATLING

*POC-10€ ‘2L “wOU) °sAYd °r (8961)°W'd‘Fuiafy puw ..g.a ooy d-1* somrof

*dd ¢ ‘v-L2g) aadeg hanmzwuumuca KLaaang *102) °g*n (296)) d*D‘uosIaqoy puw .n pfuay

‘oot 1-86¢l ‘B¢ udp *o0g -wayd ﬁﬂsm (4961) u‘eLtyonsy pue °J‘eopIYsIN

JM¢.mm *83y 110§ °f *380Y (C961)° N’ :onggnu
*gLy-cLy ‘2 *weud .mhosH (£961) K‘Yooaqd pue *y*D‘jutay

*Lbg-9¥¢ ‘9z °903g -Jemy ‘005 °TIS [TOS (2964) K'U099d PuU® “H O YuUiad

+dd 19} ‘eomyjr ‘*Atup [1dUX0) ‘sYBAYY *q*Ud (0961)°H° o Juragd

+dd L¢y ‘uostpul ‘UTBU0IBTN AU .nﬂno;a *@-ud (9661) "H'w30qny

*262-98¢ ‘2Z ‘JUO0) *UYonEN °*peXV ‘U, TS °NTOW ' THOQ (9G61) N°S‘UTUSSIY PUE *N°'V‘AOUBAT
«dd g9 ‘3vo0a3eq ..3.5 93wlg aufep ‘syeay] *d-ud (6561)° o.n ‘uosduoyy,

oY

208
W6L
HeL
HLL
d9L
a9L
Il
HvL
del
AlL
H69
069
S89
HB9
HLY
NG9
4¢9
a¢9
429
409
194
194
1449

*dd 6¢ ‘L9 *ON ‘IIV ‘ewOTUUS4 °TOS °*PEOY ‘UUY (GGG ) [ ‘wRWRIIUAY QGG
*tLi~2L) @82 *113sTwe)y cwong (GG64)°r wemejjusy BYGG

K:iaaad1244 Anousoqv *20g ‘way) ‘f (¥G61) MV 20TLEg pue 'y 4'PIOTIOUDS  SPS
*061-681 ‘L¢ ‘I ‘*Atupg wioyoy, S: sjgodey 19§ Ammm.v N ‘Inx pus °J ‘o3r IS
*$26-026 ‘¥C Jmow *Sug cpul (Z¥61)°H'A ‘PI0OJIIBH HZP

*€8¢-9¢¢ ‘66 “wou) -sAud °z (LO6L)°N ‘wnaxeld €LO

$830udI9}9y

W6L U3 TA Jue38Ysu0d 81w g9)

sonyeA (Tow 30p/180 (L°1)2°Li=) oS Puw o: {QAANTNNOOTY ¢ZDALYA g408=49L  (G°0)6° 14 408=H6L (80°)L86° ¥~
b0=1 HBL Gt "G~

AOALVA d9L SLL* ¥t d9L 64

dALVA il ¥9°ai vl 00°6-

6L°0=1 HPL (60°)G6°G-

dzL (¥0°)10°G~



T

TqEYTaIUN . 0| 38 enysA ‘ojezoryoxad uwnuyunye §-0! s89 2°6G1-
V65 €0°61-
SHUVHAY aoanog M: eoanog A For

+dd 601 w__nmh ‘I*H*M Koaang *108) °S°n (0861)°V F‘euusp pus ‘<) *qWOIIBPION‘ AL LT
°898- 198 ‘C¥ ®ioy cuwyoowso) °wyyooen Amg—v TeWiuosyoBp puw ‘cy g oquyel W H'AeK
*¢PSI-CEGL ‘CY 930V ‘uTYoouso) ‘wiyooey (BL6L) Y £ AOTIIATN puw ‘y y*a1qoy’ S g ‘LueaFuruey
*dd 19 ‘¢l-9L *I°U°A Leaang °108h ‘SN (9L61)*H 'V TIToPBONLy pus ‘- g-g‘eouop’ N*1‘Iommig
*g2i=2IL ‘29 *deyy .ou:o«ongoazm-hoﬁua *8u0T38) JO STBATOIPAH oYy (9L61) W y‘romeal puw *ap‘+j°p‘eesyg
‘gve-¢¢2 ‘e Leaang +yoeny °gen ey °p Avhm_v 4°g‘seuop pue °H-y* Hﬂovuozue

*L811-€911 ‘LG °Tedeuly uy Ampm_v ¥ d'sjaeg

*6691-9691_" ‘Y1 cwayy *Fioul °p *ssny (6961) W3 ekeysr8y puw *y°p‘oqusaezBy

*18Z1-0821 ‘09 °008SY 610N Jojep wy .alﬁwwm: ‘d*p*LoyBurg pus °H L UBATIING

*Gy-6¢ ‘L *eey 1308 °f .an=<anwm-v K‘yowdney

*1L21-8921 ‘9¢ Juweyy cp -uwy (8%61)°&°0 xeu:..uw pus ‘°j°q‘uoeduwoyy’ *y-y‘1akey

*dd 69 ‘3yoazeq “*aAyup e3e3g eufep ‘eysey] g ud ($s61)°0°1 ‘uosdwoyy

JHE + S(HO)TV = o%HE + T

g08
W6L
H8L
d9L
a9L
&L
del
N69
£89
ue9
8%
A1

tweouslejey

*UOT3¥1e1200 ® £q pOUTEIqO SEA mz fQAANANNOOZY ) FoT a0 ZOIALVA 9. 0°2e 408=H6L (80°)¢l Ol-
ADILVA 0°0 d9L 0L 6~
83UB38U00 BISATOIpAY UT ©8BSJIOUT JBOUJ[ ¥ UO pPOSBQ S}BWT}8E d9L G0\~
OALYAM 0°0 1173 19L 6~

(49L) L66°CL~ = Ry B0t Fursn Syty woay pejsrnogmo HBL=d2L (1°0)69°8-

O = I 01 Ppe3}d8II0d d9L/N69 €6~

ej8a0TYoaed WNypos ¥ | °0Q N69 6°6~
e3saoryoaed . Ol PuUs ._Ol 39 63[NESI I0j uwem deL/ss9  (£°)s8e-0i-

CACLASCAL LI -0t 3% eny{eA ‘ejwroryoded wmutunye N vno_ 89 03°0l1-

4e9 L6~

1 (penutjuod )sweifoad HFLYA oY} Joj ®IEp Ofwsuhpomiay} JO uoy3erydmod [eY3Ied 9 TIAVL



e1q¥yTalun G

9625~ = 0%y o1 pejaodes pue ¢g-o-

v zg- = 0%y Foy peraodea pue g9-o-

Lolg~ = ong o1 pajaodaa pue 2g°||-

9L:91- = Ex%atnaB01 puw 2z ii- =

‘gZi=2gil ‘29 *deyy ‘souetomrajul-AoyIM ‘suctiew) Jo sTsA{0oIphH oUy (9L6)) W'H‘Ismsay pus *ap‘cjcy‘soeqg
—_— “18LL=€9LL ‘LG *T1BIBUTH *wy (2L6))°V'D‘eRIeq
.mmw—uwmwﬁl.v— *wayy °Fxoul °p *€8ny (6961)°W'3‘vABIEASN puv *Y°A‘oOjyuaavzBy
*lggi-082lL ‘09 °‘°oossy ejIop Jaisp ‘uwy [ (8961)°d°r‘Aedulg puw ‘g piueAriIng
*Li-¥l G2 anyz ‘wiyy ‘ureaxn (6G61)°d°A‘TINSAoReardg pue cp°N‘pra, [aSRY

R/

_Ol 18 anieA ‘ajsioyyolad unujpumye ¥ -0}

(g) @jouzooy

= vnx Jo1 pejaodal moaj paAtaap

= vna 301 pejaodaa moxj paAtaap

(1) @3ouroog

= vazamoa pejaodsa woaj paArillsp

vgcmoa pojlodax woxy pajBInNO[BO
(2) @30uzoog
(1) @30uj004

(1) @3j0ujoog

SHUVNIY

*g98-198 ‘CF 910V WIYoowsoy -mWiyooop (GL61) 1M UOSAOEP puw ‘°y-J‘oquyeH‘ H'H* AN

eoanog

o88810Uf IBauf[ ¥ Bujunses £q pauyev}qoO M: ¢ AIANIWNO DAY

sjus}suod s(ef{oapfy Ul ©8BaIOU] JBIUI[ UO pasBq 23BmTIED

0 = I 0} Pa3oelxod

ajsaoryoxad unypos W |°0

0°¢e

589

HL9
HBL=499
dzl=399
db9

909

Yo9

089

16S
HBl=d2L/45S
08¢

149

HOZ

HOZ

S11/M80

H soanog

+

9L

62°¢2-
0 ee-
(1°)ece-
(s0°)e ce-
61 ve-
612~
69°Le-
Lsrge-
ve ve-
92 ¢e-
12°2e-
8% L2~
[ AR T
1812~

Ly-ee-

A 3ot

v + T(HO)TV = o%Hb + 1Y

W6L
q9L
del
N69
589
v6S

teaousIejoy

W6L (60°)9L°91~

691~

deL (1°)61°61-

49L/X69
N69

0°Gl-

9°61-



*dd 601 *911-8L_*1°4°m KLoaang °708) °g°[l (086 L) vV d‘euuer pus ‘-y-q‘woa}spioN’ M-r'11ed €08

*898- 198 ‘C¥ ®30V °WTYOOWSO) °WY208Y Amhm.v *T*K'uosyoer pus ‘‘y q'ejuieq’ W H'AeN W6L

*CHGI-€CGL ‘CF B3OV ‘wlyoouwsoy -wiyooen (glel) v'r' goapuuax pue ‘cyeyg‘erqoy’ g d‘Lendutuey Hgy

+dd 19 ‘Ci-9L *I°¥°M AeAang °100) ‘s°n (9L61)°H°VTIIepeenay pue ‘*jgeg‘seuor’ N7’ Jowmid 49,

*g2l=2IL ‘2°9 *dey .ou:oﬂomuoucthouﬁ: ‘8u0T38) Jo OTSAT0IPAY 8Y] (9L61) W*¥’Ieusdy puw .nh..h D*eesyg g9,
*8¥e-£€z ‘Z Koaang °100p ‘gen *Sey ‘r (¥L61)°d'd'seuopr pue ‘yry'TIePSeNIy bl

*i1gg-Lig ‘aoqay ==< fepo ‘cpeyiurqny ‘sfejel Jo A1ystuey) [vjuswuOITAUF-Snosnby uf A¢>m.v £ y'urqny pue .g.m.:og»a= HYL
*dd LG ‘S-Lzgl dedey A1ddng-xejmm Leaang 108H °g*N (CL6L)*TI°A‘I8370d puw ..a 0'puvT’ *g p’uosraqoy’ qepue Hel
*68VI-€9 Ll ‘IG TRISUTN -uwy (2L61)°V'D'enavd J2L

__ *6l¥1-LO¥L ‘Gl w30V *wyYooa3os(d (OL61)*1'91T2ZS Puv *g‘z0eaeg €Ol

*1821-0821 ‘09 °0088y &3i0oM 3038BM ‘wy °f (8961)°d‘r‘AeyIuls puw -y°p’ USATTING  §89

dd ¢G ‘*y-L2g| asdeg L1ddng-aejep ho>u=w 1089 °S°q Abom-v q°p‘uosiaqoy puw °*g-prfwey HL9

.mmmummm ‘0f *00ad *wy *00g ‘10§ 108 (9961) v°r’ AOTIIITE A99

*¥902-1602 ‘89 “weyd -efyy .a|h¢om_v.an..= ffeutesg pue *pry‘qunid dv9

10Ge-6v¢ ‘18 Tuseez njedey uoddiy nomm_v j¥‘030n 909

__ °OLOI~L90} ‘TE| HSSS °neN °puAY - Tioq Aoma_v *ATNPna, 1e8qY V09

*1L2i-8924 ‘9¢ JweYp °f usp (8%61)°5°0° xooaﬂnm pue ‘cpequosdwoyy‘ Hex‘aeken 9gg

+dd 69 ‘3toazeq ‘*Ajup eje3g eukey ‘erseyy *q-ud (G661)°0°1 =oaaaosa 144

*gZIi-€Z 1l ‘COZ "Fug *TTPION "UTN '3ISUL cuy “suvyy (GG61)°S° u.goﬂmmp pue ‘°q°r‘spasAapy‘ g y‘11e8eny UGG
*Cl01-1L6_‘6G udr *oog *meyy °pr (8¢61)°X‘%A0 0B¢

*091-6¥1 .qm *Te3L "WYY *B2®D (E6))° V' TOJIOH HYC

*G204-£ 101 ‘LY "205 *weud °f (0261)° n.hgn>o~»o= HoZ

*692-192 ‘Ll nmo:ooguxoam *Z (Li61) a-y* °pPvIs S11

*cev-LI¥ ‘g6 005 cweud °f (8061)°N°[‘POOR MEO

t gaduaJa9ajay

W6L (20°)91 22~

JOALYM d9l ezey d9L 266°22-
2bALYA 408=89L (£°)o°g2-
DALVA 408=04¥L 90° ¥ q08=I¥L ¥so°2e-
H¥L \Leze-
HEL lo-ee-
g0L Letee-

:(penutyuod JeweaFoxd OFLYM @43} J0j ®Iep ojuweulpowrayy Jo uolje[Tdwoo [8IIIBd 9 FIAVL



SC

0 = I 03} Pa}DaLL00 H89/ 465 10°L
c0°0 - 90°0 =1 A66 19°9
¢ 865/ Lty
¢°0-90°0=1 €8 [T
e3va3tu umresejod ¥ €60 A6S/ACY 9l°9
0 = I 03 pejodelrdoo dss/dzy 00°L
OLG=
83813 Tu untesejod W ¢G°0 aeh=acy €19
SAYVNIY adanog MMI 8oanog 3 Foy
bAW = d s T
*68-2L ‘¥9 *10o§ eowjIeju] PIOTIO) ‘L (Bl61)°1'd‘ufnag eq pus ‘°*p y*T103IS‘ H'NeH oC Hsl

"€21-2il ‘29 *deuwp ‘ecuetosiejur-Aelin ‘SuoTIE) Jo STEATOIDAH OUL (9L61)°W'H‘Iewme pus -dp’+f-p'sesy gyl

*Lige-1182 ‘gG cweyp cr cum) (GL6V)D H'Ieuang gL
*1911-€911 “LG *1Ba0UTy ‘WY (2L61)°V* c easd J2L

*9622-0622 ‘Of "weu) .mhonm (1L61) ap’ g-p*sevg puw °y° m JowBoN Wil

*ehby-gehy ¢ (uopuoq)toog ‘wayy °f (G961)°r‘uoiseAy Y49

«dd Lgy .=onﬁgax .=ﬁu=oomﬂ: *ATUp ‘sTBBYL *(°ud Awmm_v H‘®30qny Y9G

*6e-1

vo=1

aptrIoTyo umisesjod N |

ajraotyoxed umipos R 2

ajrroTyoaed umipos ¢0°0 - 1000°0

800 - €00 = 1
938I3TU umideq W 9°0

8jBI3fu umyaeq K ¢l °0

SAYVRIY

‘19 ‘1Iv "uueg ©1og *pEOY -uuy (9G61)°r‘vawBluey ANGG
*bLi-2Ll ‘€8T °1T3ISTwey °wong Ammm_v.a LLLLAELL) I ' (44
*L92-LG2 ‘*ad 005 ‘wiyy *TInd (¥G61)°roazoyonss  J¥g

*69¢1-L9¢) ‘L2z °puey *3dwod (g¥61)°r‘elaoyonsd Jdgy

tgaouagajay
HeL VoL
6L (90°)%6°9-
g9.l=HiL L L-
d2l=¥99 (90°)Llo°L-

96 L2°9-
AGG=BNGG 9 L-
dvG=day vere-
dve=dst 90°8-
8oanog M:I aoanog A fot

2(10)° 4
JHE s G[“(H0)CTV] = 0%He + TV



2°0~90°0=1 44 €61
83813 Tu umissejod § ¢G°0 65/acy 1204
0Lg=
acv=acv [15%}
SHUVHIY .o'o.:.|om M*._.I aoanog ) Fot
Gy - dz e

*dd 601 ‘91|-8L "I'4°M Leaang *108) ‘s°fn Aomm:é d‘euuap puw ‘-y'(‘WOIISPION‘°AL'ITPE €OS
*dd {9 ‘Ci-9L °I°U°M £sAang °108D SN (9L61)°H'V TIepsenIy pue ‘-jgeg‘seuor‘-N* .H...o____.aﬂ d9L
*6611-9611 ‘02 *wIWY *FI0eN *uz (GL61)°A°A‘FIASAOTZON pus *J'A'A9,TTSBA  AGL

"8yg-<€e 'z »2&% *toen °g°n *eey °r (¥l6l)°d°d‘sauor pue .=.<.28ao=.§ bl

*LiB1-€181 ‘¢¢ *weyp *1omy -Jaouy °fp 28: y°p‘urddoyp puw ‘-yg-p'euyal’ g riaenien KiL
‘088-¢L8 ‘8Bl Sauersy, (1L61) D d‘ousaoy pue °*g-y* 1...;2 ViL

*291€-661¢ ‘I cmeup -TonN -Fzoul °p (6961) AT’ usunsg 669

+dd ¢¢ ‘a-Lgg) dedey L1ddng-aejup Leaang <108 *§°n (8964)°A°r‘weH HB9

+dd L6y ‘uoweBaeq ‘spunodwo) xe1dwo) Jo sanjonays puv L1094y (¥961)°V* PiSIsUTAg pue .:.Acvnaun a¥9
+dd yoI ‘syrodeeuuty ‘w30BOUUTN "ATUR ‘SYSOYL °*CUd (6561)°0°d‘313098 S64

.S.o_-m.o, ‘9 -uwoyy "ekyg °p Ammm:.x.m Ieydeyre) pue 10 F'Fury  N6G

*9616-€G16 ‘6L *008 ‘weuyp ‘uwy °p ?mm:.m y‘uos{nog pue °Fy’IOTUUCY JLG

*9262_740n "oN °3dey *qeT °"peY °JTYE) “ATUn Rmm:.aé LT O ({4

*0651-8¥G1 ‘GL_°00g *weu ‘wy °p (¢G61)"1°M‘ATIOr PuUB ‘N N‘IeWIIET ICG

*901-101 ‘GG *IASPYY Cwey “USAS (£¥61) r*Puraig pue -p‘jessorg dcl

*dd ¢z| ‘pung ‘pung catup ‘syseyy °q-ud (2¥61)°0‘ressoxg dIh

:8aduaaxejey

408= 208=
CDALVA = ADIALVA = OIALYA d9l=L¥L 00 d9l=I¥L 10°L

ASL (%0°)¥9°0
ejurotyoted umypos N | ALL ¥L*0 AL (80°)PLL°9
viL (20°)69°9

469=X65
L0°0 = 1 303 87 anyeAa Ad{eyjue {qIINANWOOIIY /€adey 90"} 869 (80°)86°9

O[QUTIBA = I ‘DyGZ = | Pounssw av9 80°9

:(panutjuoo )sweaBoad PALVA oy} J03 wiwp orwrulpomiayl Jo woyielydwod [eT3a8d 9 FIEVY



G

00 =1 A6S €091

S66/1¢€5 gl°e

2'0-90°'0=1 1¢€S 4 4
ejua3tu unyeseiod ¥ €GO A6s/aey 4541}
e3813tu wnysesjod W €50 am¢wmww 00°S1
«mw_ﬂzm eoanog MI:- eoanog 3 9o1

¢

ALY = €+ TV

*dd 601 ‘911-8L *I*Y°M feAang *10e) °s°n (0961) Y d‘ouusp puw °)y°q‘woXISpION‘-A°r‘lT%d €08
*dd 19 ‘Cy-9L "I°H°M AeAang °T08H °*S°n (9L61) H VTTepsenay pue ‘+j-g‘eeuor’ yN° q.uesaaﬁm d9L
‘6611~ um__ ‘02 wWIW *Ja00f ‘uZ (GLE61) AT TIASAOTZO0) puv °*d°pA‘A0,[T18BA AGL
‘8vz-¢52 ‘2 he>u=m *108p .m.: 8oy °f (bL61) 4" m.acnon pue *H°y* ﬁﬁouao=~a L
*088-€18 ‘8l BjusTEy A_hm-v 0°d'OusJOl pus 4y ﬁnauam< ViL
*291€-66 1§ “TE -wey)y *Tony *Baouf (6961)°n°3°* .Ba:am 469
*dd ¢¢ ‘g-Leg) xedeg L1ddng-aejsy feaang °108p °g°n Amom_v.n r'weH  HB9
*dd 6y ‘mesasp ‘uowsfaeg ‘spunodwo) xe1dwol jJo o»:aozuam puw Axosyj, (¥961)°V‘1HSIBUTAS puw ° ' Hcvzunm a9
*dd 101 ‘eytodeeuuty ‘wjoseuuty *ATuf ‘eyseyl °q-uUd (6961)°0°d'313098 866
.whop €LOV ‘€9 *weyy °sAug °r (6661)°A°d‘Ieudmyiey pus 1 4'3ury  J66
*L9ve-ssbe ‘T Cupuy *8100f ‘uz (LS6L)°A°V .a»oenumo=ﬁ> pus °p°1’ Aovususy, LS
*9G16-€G1G ‘6L 008 *moyy Wy °r (LG61)"d*y‘uosnog pum ‘FeyjyouUu) JLS
*046 1-8¥G) ‘GL_*o0g ‘wowd ‘wy °r (£G61)*1°A‘ArIor pue .:.:.aeaﬂ»-a b (44
*901-10} ‘GG *IASPTY ‘WOY - UOAS An¢m_v *r‘3utrip pus -pfjessoag deh
*dd ¢zi ‘pury ‘pung -atun ‘eyseyy °q-ud (2¥61)°0‘ieesoad gzt
tgoouUsI0JoY
408= 400=
2OALYA = ADALVA = DALVA d9l=3¥L 0°02 d9L=3¥L 6L 21
ASL  (11°)os*t
Vil y0°2i
469=2465

L0°0 = I 103 ey enyeA Ad{eyjue {qIANTNWOITY /1estdey 86°1 €69 (01°)09°ci

91qBIIBA = .oomm = J peunsew av9 oL°ti

0 = I 01 pe31deII0d HB9/ %65 6Lzt

10°0=1 N6S 17341

9TQETIBA = T aLS 90°6

$66/1¢4 61



34

O = I 03 pe}oaldod

0°0=1

¢°0-90=1

a3vI3tu wmissejod K ¢G°Q

o3ed3Tu umissejod J ¢G°0

SHUVNIY

$66/1€5
1es

90an0g

H89/ %65
€65
viee
ov-e
A66/d¢y

0LG=
dep=deh

H apanog

cL 61
L gl

@ Ll

YL LY

A For

v
_ATV = _JdF + +n~<

*dd 601 ‘911-8L *I°H'A Leaang -[09) °g°q Aomm_v.< g*auusp pue ‘°}-q‘wmoxyspioN‘ A r‘Tied 408
*dd )9 ‘g-9L °I*H°MheAang °108n °g° (9L6L) H'V'(Tepsenay pus ‘*jg-g‘eauop’-N° a Jemwnid d9L
‘6611 wm._ ‘OC cwrwy *3a0eN *UZ (SL6 L) A°E'TTASAOTZON PUs *J°A‘Ae TIS8pA AGL

‘g¥e-¢cz ‘T Aoaang °[oa) ‘gef *sey L (VL61)°d" m.acnoa pue ‘j-y‘irepsenay I¥L

*291¢-661¢ ¢

*088-¢l8 ‘8t BjuB{ey (1L61) 0 3‘0oustoy pue *J-y‘iemredy Vi,
1€ -wayp °TonN -Bxouwp °fp (6961) A-d* nes:nm 469

*dd ¢¢ ‘d-Lgg) tedey Lyddng-aejeqy Laaang 108D °g°n (896))°A°r‘WOH HBY
+dd 01 .aﬁﬁogaonnﬁz ‘ejoseuuty -Afup ‘STSOYL G ud (6661)°0°d 311095 64

‘9LOi- nho-

‘C9 cweyy shud °f (6G64)°N°d‘IoyTer(E) pus T-F‘IuLy N6G

*9616-€G1G ‘6L_°20§ "woyp ‘wy °r (LG64) d H'UOSINOg pue *F°¥‘NOTHUOD QLG
*06G i-8¥61 .m> *oog -wey) ‘wy °p (¢G61)I*A‘Artlop pue ‘e m‘IdwylEl 1I¢G

‘901104
«dd ¢z

ZOALVA = ADALVA = DALVA

L0*0 = I 103 8T enyea Adyeyjus {QIANINKOOAY

0 = I 03 Pa}dalIod

:(panutjuoo )susadoxd HALVA 943} 20J ®IEP dTwsufpowrsyl jo uoije(tdwoo [BI3L8d

ASL

408=
d9.L=dvL

469=26
/1es'acy

(£°)L0°¢

408=
052 d9l=avL

Vil

91e 469
H89/ 6%

‘9 ¥4V

g9 .uxavﬁa ‘wey ‘usAg (¢b6l)°r‘Iurarg pus °p'iessoag dch
‘pung ‘pun] cAtup ‘s¥sayl °qrud (2¥61)°0'Iessorg dzv

TN ESTY E3

20°Li
eLol

(61°)59°914
20°Li



14

+dd ¢¢ ‘g-Leg\ aedeg A1ddng-ae3ep Leaang °1oen °s°n (8961)°q ‘W
+dd 104 ‘stiodweuuty ‘B30SBUUTH *ATUf ‘STFEY] *q Ud (646%)°0°d’131008
*9L01-¢LOV_‘C9 ‘weud *sAug °r (6961)°N°d‘'Ieyderren pue -g‘Fury
‘0651-8¥G1 ‘GL_°90g ‘weud *wy °r (£G61)T°A'ATIOf pus *R°A‘IowWfiE]
*901-101 ‘6§ ISP cwey USAS (CH61)° r'3utaap pue *p‘jessoaq

*dd ¢zy ‘puny ‘puny cAtup ‘syseul °q-ud (2¥61)°0‘3es80ag
1883UBI8 JOY

L0°0 = I 103 87 enyeA Adysyjue :QIANINHOOITY

L0°0 = 1 30} 8T

100 =1

¢'0 - 90°0=1
e38a3tu umyssejod H ¢G°0

o38a3tu wnissejod ¥ ¢G°0

SAYVNIY

A6S
/1es'acy

866/1£4
€S

#oanog

1M

L

69°1

E
ol

HB9/ X65
164

A65/8ch
aeh=ded

aoanog

16°02
¥0°02

62°61
LE°61
A Bot

T RS

*dd 601 “‘9i1-8L *I-Y°A LeAang *[o8h °S°n (0861)° <.m.c==oﬁ pus ..a.n.soaauquoz..:.n.ﬁﬁam
*dd 19 ‘Ci-9L ‘I'N°M >a>n=m *100n *S°n (9L61)"H Vv'TTepsenyy pus ‘-geg‘seuop’ j*1’'Ieumnid
*g¥e-¢¢z ‘Z Aeaang -qoeh °gep *sey °r (vLEL)-d°g‘Seuor pus ‘j'y‘[repseniy

*088-¢L8 ‘81 BIURIRy (1L61)°0°d*OUBIOR pus °g Y’ [wAJIEIY
*291€-6G 1€ R.Sé.?é.SEHAASSV:m5§£
*dd ¢¢ ‘g-Leg) dedey A1ddng-aejsp Leang °1oeh *g°p Amwm_v.a.a L
*dd 1ot ‘syiodseuuty ‘B30BOUUTN -ATUR ‘STAYL *C Ud (6561)°0°d*3I3008
*9L0I-€LOL ‘C9 ‘weuy -shyg °f Amma_v.g.m.aosmuﬂauu pue ° q'Jaty
*9G16-€G1G ‘6L_°905 ‘mweyy ‘my °p (LGEL)*F"§'uosInod pus *F°§‘XoTuuc)
*056 t-8¥61 .mb *o0g *mAUD ‘WY *f (¢G61)T°A*ATTIOf PUE *H°A‘IOWIIN]

*904-10t ‘GG .uxuvﬁe L) |

2OALVA = JDIIVA = DILVA

enteA Adysyjue {qIANANWOOEY

+dd ¢zy ‘purg ’pung

q08=
d9l=i¥L

#69=36S
/ngstacy

CUSAG
*ATUN

0°0

(VA4

(

b6\ ) rdutiap pue *p‘iessoag
sy8eyy *q°ud (2v61)*0*31e880ag
:8e0uUBI8JOY

408=
d9l=1vL

ViL

469

eL-6t
Ly 8l

(G1°)g0°61

H89
$64
A6S
1es
: (44
: (44

o 1Y

408
d9L
1175
YiL
469
H89
865
A6S
LS
1es
acy
: €4



fo[%

*¥EL-B2L ‘VE *003g cwy "d0§ ° 195 [Y0§ Aopm_v d‘suepy pus -gep'IInqUOTH  HOL
‘lebi- ¢me_ ‘CL cuweyy -shyg °p Ammm_v.m oTAe{ 13BN pus °pe'IejhI3g 969
*CG-Lp ‘Y 005 *weyy °p (6961)°H" 9! 0 ‘meuwoyoylaeg pue ‘epeptuseuaistayy ‘i -qiydnoysg "W u‘13831 169
*00F1-86¢l ‘B ‘udp *00g_‘wsyy - 11rd (G961)-y‘ei1yonsy, pue *L*opIusiN NG9
*822-¢22 ‘99 *weyooaIxerd °Z (Z961)°H'IDPusA puw ‘g'ayeg @z9
i8aduaaajey
(viep paystiqndun ‘3etay) pue jxeqaig)ucijenbs seony uo pessq 409=NLL Gl°e
¥OL 2°¢
$69 LS°¢
408=
2OALYA _ NLl=169 (80°)10°¢
NG9 eLe¢
d9L= d9l=

IDALVA = DALVA Ibl=169 (80°)62°2 L¥L=a29 02'¢

SYHVHIY soanog oH oanog A o1

14 14
JOSTV = 05+ T¥
+dd ¢¢ ‘g-L2gl xedey A1ddng-Iejepy LaAang 108y °*gep nmwm.v.a.a.aoz H89
*dd 101 ‘srrodsouuty ‘sjoseuUuTN *ATup ‘SIS8YL *q°Ud (6G61)°0°d*3II098 866
*9LO1-€LOL_‘G9 ‘weup *shug °r (6461)°N°d‘IeudeyTE) puw *T°g'Iury J6G
065 1-8¥G) ‘GL_°008 ‘weyy cuwy °r (£G61)*1°M‘ATIor PUB HoA‘doWIIET ICG
*901-101 'G¢ “IASPY cwey °USAS (c¥61) r*Butaap pue °p‘jeseoag dch
-+dd ¢z| ‘puny ‘pung -Atup ‘eyseyl °q°ud (2¥61)°0'3essoag gzb
HEERLERT S )

c'0- wo..o = I 103 &7 enteA Adysyjue !qHANANNOIFY 1es oiL°o HB9/ 364 98°0C
§65/1¢S LAl 5

e3va3tu unysssjod W ¢G°0 ach=azt ¥8°61

SHUVYKRIN adanog ..le_l adanog ) foy

AW = 9+ TV

: (penutjuod jewsaBoxd YFLVA 843 0 ®IEp Otwsufpomrsy} Jo uoiye(¥dwod [BTIIEd 9 FIAVL



H $0°6

RLS 66 °8

4SS LG°6
08¢ (0]}

8)eem [BI0ABB J0J pode HOZ 0°'8e~ Hoe 20°6
SXUVHIY 804anog MMI 80anog A ot

O%HE + , ¥ = HE + S(HO)TY

QHLL ®HLL :®BOUBI®Fey Tow- Bep/18d 26°12«=dD

Toudap/180 (€0°)9¢°9l=yS Tou/TwOy Aon.vwo.monlnwz Tou/T80y Aon.vno.whmlnwc 9318qQq¥D: pILO8 nn=0v~<

+dd 601

‘911-8L *1°¥°M KLeaang *[oey °g°n (086 )°V'T‘euusp pus ‘-y°(‘woI}spION‘ M L*1TPY

dd gi2 ‘paojuelg ‘L118IeATUn paojuslg ‘BIBY] °*d*uUd Ahbmwv.g.n.sonunvhoz

*dd 49 ‘Ci-gL *I'N°A Reaing -Toe ‘S'n (9L61)'H V'TlepEen] puw ‘-'g ouor’:j-]'lewsniq

‘g¥e-ccz ‘2 ho>~:m ‘1089 °*s*n °sey °r Atbm—v d°g‘wouop pue *Hey‘IrepEenay

*¢G-Lp 'V *o05 cwoy) °r (6961)°H°D’ :oEoHo:uhum pue ‘cpepluesuayetay)y’ qiydnojeg’ Ny 1393]

*gge-¢2z ‘99 *weyoo13Xd1F °Z (2961)°H'Ipuen pue °g‘iyeg

408
NLL
daL
vl
169
429

$880UBI0JOY

(®v3%p peysrrqandun 608=

‘18714) puw 31eqetg)uoryenbe svong uo paseq AdrEujue ZdALVA 408=NLL v8-e NLL=169  (1°)06°¥
d9lL= d9l=

AOFLVA = DALVA Lyl=169  (2°)l0°C Lyl=d29 oL°s

SHYVHIY eoanog M: edanog 31 Fo1

«dd 601

EYos)y = Loz +

‘9y1-gL *I°H°M Keaang °1oey °g°f (0861)°V F*euuer pue ‘- }-q‘wox3sproN‘ AL TTRd

*dd g|g ‘piojusis ‘A37eaeAtup PIoJUBIS ‘STEGUL 'CUd (LLE)) N 'q‘WOI3EpION

*dd 19 ‘Ci-9L ‘I‘H°A ho>u=m *1oey *s°n (9L61)°H V'liepeeniy pus ‘*J°g aoeoa..z.g Teuwnumd

‘8be-<cz ‘Z Aoaang °108) 'S €AY °p (PL6))°A°A‘S6UOp puE °H°Y‘Tlepseniy

+m~<

408
NLL
d9L
vl



*dd g9 ‘3tvoajeq ‘-atup e3e}s oukep ‘sysayy ‘g uUd (G661)°0°1‘wosdwouy g6
*Clol-1L6_*6G *udp +d0g cwoyy °p (8C61)°K‘®I0 08¢

*92- L1 ‘LIt *00g *woy) °r (0261)°r Sisacakey HOZ

HE-EDLERES £ 1

-L1earyoedsea ‘sjeytdyosad
enoydaows u® 03 SUT{[e}BAI00I0TW B I0J G 0l-GC 6=} F0T JOo aFusx ey} ug
eo1l Arqeqoad 31 Inq ‘poutjop-T(eA jou ©Y JTur] A37TIqnros xeddn ayj -2

*popusuwooda 8y W6l £q pejaodea enywA oyl °jucwesade JuS[[90X0 UF [[¥ oJde
W6L PU® §9L°S2L )99 JO sItneed ) Jor Y3} 9379qqTH Sur((vILAId 104 °} :NOILVANIWWOOIY

8A0G® WL S® S[T8}ep

1ejuowtsedxe owee ‘STRIS) SBUTK WOIF O3 TSqGQIF [vanjivu ¢2HALVA 408=H6L (S0°)GL°'8
86801 J0 YJUOW B U POYOBAJ PUB POBISASI 8BA wMTIQITTnbe
‘9218 Ul 8I9]OWOIOTW G~2 *©318qQTR euryieISLad o730y uUfE W6L (20°)ui°8
QH8L 0€°6
%99 WOJJ [BTJI9}BW SWES UO POJNEEIW UOTINTOB JO 38Oy {ZDALVM 408=SBHSL (18- 22~
ADALVA = DALVA d9Ll=dVL Ls*G62~ d9Ll=L¥L €2°6
*81f G°2-G*} pede S9L=8¥L (2°)v0° 12~ svL. (¢0°)to's
syjuow ¢ pofe ‘eury(e}ofioorotw HYL S0°01
*8ay p2 a0J pefe ‘snoydiowe HYL v°ol
*gxk 2 jnoqe i10j pefe seL 22°'8
0,02 3® 81Y pg pefe aiL [/ A%}
B3R 02-2 pefe ‘9318qqI¥ SuyyrwIsAId0I0TW HL9  (£°)4c°6
9218 Ul SI8}0WOIOTW OG-GO® ®o1oTjaed uy
90ouUSI9FFTP Ou ‘+vaf $ Inoqe suyy Juyde ‘9378qqQIP peFTITEIEAIO-[IOM A99 (%0°)L6°L
enoyd zome a9 g8°0l
2318 o1oT9aed Joj0m H9l=
-0101W 9-2 ‘uorjvanjesssdne woaj syjuow ¢-} uy uwntaiqyrinbe o} swed d29=409 (1°)6¥°8

:(ponutjuod JsweaFoxd HALVA oY} J0J ®IBp OTwsufpomrsy} Jo uorje(ydwod (BYIIEd ‘9 HIAVL



<
“C

8poa}daie eAT}deas-uoy £q .nozez K s6lL L0~
uoy}EINOIED [8OT}aL08Y} ASL 9¢ °0
L0=1I asL 6L0°0
9pTI0TyYd umipoe W Q01 - GLO°® NiL 09°0
0929 89°0
HeY 11eus
0,81 = & (64 suou
SHYYWIY 8oanog Mlx» 80anog A Fot
L1080 = 10+ .80
00l teousrooy
Tom*3ep/180 (1°)G°Cil-=o8 TOmM/T8IY AON.VS.mNT»w: Touw/180} (02°)G2l "2Li==pD uof snoenbe +2%

R AR R T T 0/ ¢ £t R R R R R R TR

D R R R N N R N R N R R R R N N R N N N R R N N R N N X R R TR TR RY

*dd 601 ‘9l1-8L ‘I°H°A fLeAxng -[oey °*Sen (0B61)"¥'d‘euuep puw ‘- }-q'wor}spioN‘-A'r‘1i%d €08

*898-198_" ‘Y §10V *wWIYoomwso) wyydooen (6L61)°T°W'UORHOEL pus ‘*y d‘emioH‘ W H'ASH W6l

.mm-& ‘v9 *1og eo®jaejul PIOTT0) °f AmS:J.m.iEa oq pug ‘°r°y‘1035 ‘°H'YOH o QHSL

*¢¥G1-€CGL ‘2P 30y ‘uwiyoomsoy cmyyooep 88: V'L AoTI33 TN puw ‘cyey‘erqoy’ g g ‘Lendurmey ®HgL

*908-L6L ‘G Keaang *10e) °*g°n (LL6Y)"H M'UOSTIA pue -y p'IsUstd‘ v y'e1qoy’ g g Aeafurmwey qHLL

*62v-CIb*G ey °r LeAung -[08) *g°q ?Sc| d‘etqoy pue °g-g‘Lemdurwey BHL,

*9¢g-2¢¢ ‘12t 198 TT0S QS:.m s'yfurg 89L

*dd 601 ‘C1-9L *I*M°A Leaxng -1oe *Hev'liepsenyy puw **j-géseuop’ N7 Sa_s.z d9L

*g21-2it *z°9 *deyy .853335-%:: ‘8uUOT3®) JO SYBATOIPAY oY (9L61)°N°'d‘Jowsey pue ..:...m 0'vesg €9,
‘8¥z-¢¢z ‘T Aeaang ‘{oep *gen sey ‘L (¥L61)°d°d'Seuop puw ‘| y'rIepsent) Ll

*Liv-Gip ‘BE °00a4 ‘uwy 20§ '1O§ T¥0S (¥L61)°S°S'uFurs S¥L

*18¢~-LI¢ ‘roqay uuy ‘-pe‘cpey‘urqny ‘sT¥leN jo A1jstwey) (®IuswuoltAug-snoenby ur (¥L61)°peyiuiqny puw *p-J‘uspAvy HpL
+dd g a-»wm- dodeg A1ddng-ae38py Keaang qoey °g°( R&:dé wey puw "A°§'UTWS S2L

“86L=16L ‘¢C wayy “TonN Baoul °p 28: H°H4'JToM puw ..= PISUTTTg* *H* ortezeq il

+dd ¢ ‘vy-L2g| tedey A1ddng-aejep ao?:_m ‘1089 *s°n (L961)°d°p‘uosdsqoy pue °q* plwe HL9

*865-G6G ‘0L "904d WY *00G ‘TS TTOS (9961)°V L AOTIIITH  N99

‘66 1-0¢1 .o rwayy *1ddy eand ?8:&62828 puw *p° yoeun3 o4 4£9

*LYC-9¥C ‘92 *9014 *205 *TOS TT0S (2961)°HU0@ed Pu® Yy o‘jutid 429

*dd (9 ‘®oEy3l ‘°Atup [Toul0) ‘siseyy °q* éamoom:.x o'Rutay 409

*1L21-8924 ‘9¢ ‘weyy °r *usw) (8G61)°L 0‘Aeotfez puw ‘-)*1‘uosdwoyy‘ y }‘IeLe) 9EG

°L022-2022 ‘2 Wiyl °PaoeN ‘uz (LS61)°I*V'AesjAesoup) pue ‘N N°ACUOLIN HLSG




h¢

uzg 0¢ *02- 2okb 0
H9¢Z G¢ °02- (434 A0
SHYVHIY 8oanog :os\:céuc (s3104) 3

jaodea STY} U SUOTIBINOIED P08 :680ULIDJOY

tou*8ep /180 Ab.vo.whlnom GO TALES | AN.va.o-inwz Tou /180y Amc.vmn.-cuoc uoy enoenbe +moh
jxodea STyl Uy SUOIIB[NOTED pue g6l ‘rel unﬁonanuom Tou*8ap /180 Am.bvm.Oimno
ofow-Fop/180 (G*2)L 0L-=,S OTow/18d} (L°)28°0Z-= H ©Tow/18aX (80°)G} 6 1-=y) uoy snoanbs o2

AR A L R R L R R L e A R AL A A R A AR A R R AR R Ry o i AR R R R R R R A R K R R AL

D R N R N N R R R N N I N R N R N R R R R R R N N N N N R R R AL L)

8«-2.« ‘T ruey) ‘awy 35: W'Baoqpep pue -g'yetnbdtd  A6L

‘Lbbi-82bL ‘'BLZ °19S ‘r ‘uy (8L61) W H'30TAONIAY E|¢ *s*y‘uosuyor gL

*dd L1 ‘gz *1Ind VIVAOD OOLL

*$202-0202 ‘OF °"unwmo) -wey) °yoaz) °3091T0D (GL6})°r*ATesep pus ‘‘pjepe)‘ T'myong gGL
*PLE-G9E ‘C "weuy *IeH (GL6 1) W H'ZOTAOYIAL pue .m.n...ﬁns_ NGL

.mmm'mal.m cwey) *JaBR (GLG61)° W'Bioqpen pue -g'3etubdry FAGL

*¢88-188 ‘GL *d0xd *uy 20§ *19g 110§ (1L61)°S-d‘vwekeiey NiL

*929-229 ‘6C conpg cwey) °p (2961)"p*oam8a0) 029

*2zy *d ‘proyuyey ‘suoyjnjog 0328«88 Jo Axystumeyy TeoTSAY 8Yy 23: g°g‘uenp pus g H'peudsy Heh
*009-26G ‘9¢ 005 Aepuiey *susiy (0¢6})°A°0'S9TASq Pue *0°q'0IBTISUTTY  HOEL

t88dusg8Joy

Lo=1 6L 0% 0-
9°0=1 rel 6¢°0
8poajoee 9pTIOIYD JOATYS £q .mozaz R SGL 2l o

: (ponuytjuoo jeuwesdoad HILVA oY} XoJ v3ep otweulpowteyy jo uoyisyydwod [BYIIEL 9 FIAVL



neL (¥:)ec-ou- nzL 9L Ll (200*)oLL 0O~
proe otaoryoxsd puw 8jwioryosed wnipos ¢z = I 229 10°L1 (1000°)6LEL O~
Fuixe(dwoo I0J Ps3}o8IIO0D W09/18% 8LL1 (¥00°)iLL O~
Jurxe(dwoo 10J pejdsiarooun . 186 20°L1\ 8¢L 0~
ptow DII0TYO0IPAY W | 84 8891 2¢L 0~
PIOw DTINJINB K G0 s8¢ $6°61 ¥L9°0-
pyow oraoryoaed K | 86 69°L1 L9L* 0~
PIO® JTJIITU K | s84 02°Li 9¥L 0~
PIow 2T TU K G2°0 s84 L2 Lt 6%L 0~
p1ow o1roryozed puw ejmio(yoled wnipos ‘| = I WES (2°)L°6- RES 00°L1 (100°)6LEL O~
ptos odraofysaed K G0 16 (%0°)S6°6- ol SO°Lt ¥6¢L 0~
PYo8 orzoqyored N G°0 406 (¥0°)€5°6-
SL¢ 9L L (2000°) tOLL O~
Fuixe (dwoo 103 pe3veizoo avc/d62 08 L1 (100°)2LL 0~
Suixetdwoo Jo0j pejosszO0OUN d62 v2° Ll (9000°) LLYL O~
SHUYHAY aoanog Aﬁoa\ﬁaaxvuz 8oanog Aaoa\ﬁaowic (s310A) 4

o+ cod =

*LzL-LlL ‘G *woup uoTINTOS °*r (6LE 1)U V'1EIZSHIN Puw ‘°y°T‘eeoN’ F -3’ oonpruuleg

*6LL2-¥LLz ‘LT *wey) -Paouy (gL6})°Ir‘ @ [ ussmeg puw °)*p‘uosuyor

*$GGI-CEGL ‘DI "PuwOg cmeYD B3OV (09614)°d‘UeTINY

‘Lyy-Gby ‘-3IM uig ‘*3euTy ‘weukpowrsyj] *mWeYo0I3oely ‘wWWO) *udeju] *d0id Ammm_v.a ue[Iny puw *J°J*‘I80H
‘L8ii-¥ail ‘GL -208 cway) cuwy °p (€G61) d°M‘uoedwoyy pus ‘y'p‘yo1IIEd

*$G-Ly ‘PG *00g -weyy cuy °p (2€61)°W'UsEpUBRL4 puw ‘J‘I[BpuBy

*166~086 ‘0f ‘weud “eAug "r (9261)°H"A‘uojduey

¢No~_

6L
rsL
HO9
H8%
d¢s
uze
H9Z

tL-LELEE LY 3

QIANIWWO OT Y rsL G161~ (e100°)esiv o
050C = & HO9 ¥ e L9v -0
HBS 6¢£ 02~ evv o

des S8°8i- ($L000* ) 060F *O



06L‘00LL ML :se0UBIGFOY

HEL 1086 0~
S6L £q pe3td sGb auou
sGlL £q pe3yo HEY 11eus
SGL £q Pe1T1d ‘D8l = d0¢ euou
SHUVRIY 89anog MM| 82anog X Fo1
JOM = 10+

Tow 39p/180 CC~m 8 TOW/TEOY N-.lﬁﬂ: 1o/ 8oy mo—nnwu uoy snoenbe

*Nmz

+Nw:

R R R T 2=t 1) | LR R R N

L R R R R R R R N N RN RN

lT44

juezeJJIp Inoj woly oFvreaw pejyItem !(IHAANAWKOOITU

suoT3eNoTeo paystIqndun (6L61) N (‘woI3SPION

*062-882 ‘L1 auJMI.wcﬂ *weyy °r (2L61)°q‘'aTnuIue] pue °Q°q‘erowdl) TuM

*6901-5901 ‘99 “weuy °sAyd .n £ (2961)°0°['UBATTING pus °r°yueterz

*0202~6102 ‘€C WIW *IATI Uz (0961)°N-g‘c033ey

*(sx10M projusH) Z21285-MH (8S61)°V° & 3300g pue ‘‘jeyg‘emexesy’-p-y‘3Ivuwodig
*G1Z1~0121 “Ig "wWIWi *IAT ugZ (8561)°N"0‘®wrazdeq

*9¥2e-zvzz ‘GL *00g *wayy ‘wy °f (¢G61) YL SPUSZINY pus *g°q ‘uossnudey
_____"¥091-86L1 ‘¢l *90g ‘meup ‘my ' (1G61)°H"A'AOAOM Pus “g-¥‘}dTuUU0)

‘g6l °1op .mﬁeuucau: snoeue{1eds T JO LIanyreley puw AL13stwey) eyy (0G61)°r°d‘eusjuog
*69¢2-09¢2 ‘65°005 *mweu) .ﬂ< _°f (Lgb1)g°S're8joemg puw °g° W'TTTI20Ys* *0° K'qunyog

N6L
Kel
229
W09
£86
8%
NES
alg
405
SLe
ave
dée

:geouslajey

‘¢691-6881 mm *90g cwey) ‘my °r (PE6L)°A° y‘£Loysiey pus *p°pfeag
*bog-28¢ ‘1§ °00§ meyy ‘wy °p (6261)"H Vv ‘zuny pus °g‘Jyodog
3xa3 ees enyea Adyeyjue J0J !suoyjePyiseaut 2L ‘K09
(6°)o‘ol- sLe‘ave 9L L1 ( 1000°)20LL "0~
uotjenbe gweuir 03 3Tjer w3ep N6L/M2L 8l °6~ N6L/MCL SLeLi (8000°)669L "0~
:(penutjuod )emeadoad PFLVA ey} 10y wiep ojweufpowreyl Jo uorjeyydwes [ey3a8d °9 FIAVL



J0ALVA = DHALYA

SHYVNIY

169
d9.l=1 =189

8sanog

AI18°00LL ‘DLL :80Queas

i2L

0t 169
280°¢ d9.l=1¥ =189
ros

(04

£€8°0
6L*0
L¥8'o
960

280

H 90an0g

Joy Tou-Fep/(eO (° muao

Tou"3ep/180 (90°)P1°$2=¢S TOW/TBON (£0°)LZ'09-=oH TOW/T80X (€0°)2s* hwnucc

08N =

A Boy

208 + X

uo} enoenbw J

R R R R R R N ik A7 SRR R T T TR

980 000000 0C 0P E 0000000000000 000N0000000000N000ses00R00 0000000000000 0C0E0cR0NNR00ssLEIt0s0stOsINttRRIRRCEOGEEOERRORSIEBOTE

“Pri-ibt

‘11 *ukpomisy) ‘meyy °p (6161)"*uosszolo pus -5'A3jo3 I6L
‘Lvi-g2yL ‘8le "I9S °f UV (8L61) H°§'30TMONIMY puv g y‘Uosudor rgl

.mmm..mvm ‘9 swoy)y “aey (8L61)°H'B10qpen pus g‘3synbd1y 8L

*069-1¥9 ‘g ‘wey) uorntos *r (LL6L)‘d°V'X0d pue H J'IoUSTd JLL

*dd L1 ‘g2

*1Ind VIVA0O 0OLL

*$¥202-0202 ‘OF ‘unamoy ~wey)y °yosm) ‘3981100 (GL61)°r'AT8eap pus ' piyapsy’ T'wyong sGL

.mmm-m& ' cwey) °asmy (GL61)°N'3I0qpen pus *g'3eTnbITI  FGL
*pCC~¢2cc ‘Lz cpuedg cuwey) w3oy ?S:.m Ip1esfoy pue .a 1eA8H  HCL
dd J¢ ‘G-0LZ ®3O0M °*Udey °pusls *ang *3eN °*S°n (1L61)°T1°N'Keuany) pus ‘°Hey‘mumyog’ K* m.?:&.d MOTBH ' *g°pA‘aeNasd ‘" p'euvag ‘*q q usudey MiL

‘g¥9-2t9 *

1F co0g Aepsasy ‘musxl (G¥61)°H°H'EeN0IS SGb

*dd zg¥ *°X°N ‘ployutey ‘suoriniog 0329388 Jo Lxjetway)y (wo1shyd oYL (¢i61) d°d‘uenp pus g H'peudsy Heh
*009-26G ‘92 *00g Aepeisy *sus1], (0g61)°A*0*SOTARY Pus ‘) F'03BTISUITH  HOE

8poa}oa1e O8pfIoTYDd J8ATTe £q

<

9'0=1
L0=1

ONSN W |

8poJ3 0818 eajjoees-uoy £q .nozuz H1

Lo=1

rsL
sl
dLL
sal
salL
aalL

1880usI8j0Y
820
Lt o~
810~
Lo~
80°0~

eL 0



8¢

169 6v°0- 169 890

N99 06°0

DIALVA d9L oL°y d9l=r0% eLl'o

(024 oL'o

SAUVRIY 8danog w*l aoanog A For
Yosen = Pos + e

. . . . . . - . - . . . . . . . . . . . . . . . . . . . . . . . .

AI8°00LL .mowcchoumm fouw-Fep/180 |* :uao
Tou*30p/ T80 96°Cim,S TOW/T8IY (910° JEP LG==H  TOm/T8OX (20°)09°29-=gd uo} snoonbe =y

ao-ao..a-.oooa-ooo.-.-ao-ooo-auqo...0‘.-:c.cooo-.-.--.o.-oo.-==Hnow.-oaoo-noooo-ouo...-oo-.oo..-to.-o‘ao--n-o-.aa-a-o--co

PR R N R N N N R R R R N N R N N N R N R N N N Y Y]

*dd pg1 ‘g-0L2 ©30K Y09y °puslg *ang -3EN (1861)1°H‘TTe3INN puw ‘Y y‘wumyog’-g-p‘dexae]‘ "y A‘BuvAg‘(°q‘usudey AlQ
*dd 601 ‘911-8L °I°Y°M feaang *[08) °S°n (0961)°V d‘euusr puw ‘‘}°(‘woIIEpPION‘"MC‘TT1Pd €08

*dd g1z ‘plojuwig ‘£3ysaeAtun paojusig ‘syseul *q°Ud (LL61)°X°a’ WOI3SPION  HLL

*P00L-L66 ‘6 °*ukpomieyj ‘weyy °r Appm_v.m Tujpuoy pus ‘cp‘jurEEny‘ g’ Hsmnog..z p‘ouspioln DLL
*069-1¥9 ‘9 cwey) uoyIniog °f (LL61)°d°V'Xo4 pus °H- g‘leysid JLL

+dd 1y ‘BZ °TING VIVA0D OOLL

+dd .w ‘CA-9L *I1°U°A »e»usm *1oep °s*n (9L61)°H°v'i1epesena] pus ‘°4°g noaoa..z.q Jewumid d9L
‘8¥e-¢¢2 ‘C Leaang *108p °S°n °sY °p (VL6L)'d” m.ao:on pue *yey‘iiepsena] Iyl

s3up paysyrqndun (2/6\)°d°g‘seuop pus °yey‘Iiepsend] 2l

*¢G-Ly ‘(V) o008 ‘weyp .nnhmmm_v.m.o.:oaoﬁo:»uam pu® ..a.a.:omaouuﬂu:c..n suzouum..:.m 313931 169
*220t-0tloL ‘2¢ ®3o¥ "WE{ooWs0) *WY200p (896 1)°g°d‘Ie0138380 pus ‘H°y’ Trepsenay 189

mmmu-mmom ‘ZL *o0g *wey) cmy °r Aomm.v g°0‘fuoR pus *I°I‘suriuef oG

*009-26G ‘9z *o0g Ampmamy ‘suvi} (0¢61)°M°0‘®aTABq puw °D-F'o3BITAUITH  HOL

igaduagejey
dLL 20°1
20ALYA do8=NLL (0°i)Ge'2 q08=NLL (90°)$8°0

:(penutjuod euradoad dILYA U3 Joj wIep dTweulpowmrayy jo uopyerydwoo Ywijaed 9 FIAVL



uotyjenbe meu 03

C*

e

*g861-161 ‘8 ‘wayy °amy (0861) W'BIoqpep pue ‘°]‘uoesIad’ Q‘uossusyor o8

*dd 601 ‘9Li-8L *I*4°M Leaang °1oep °g°p 88:4.@.2:2 pue ‘ey°q‘woajepaoN‘-pmecTI8d €08
*129-029 ‘95 ‘vd cwey) f (6L61) L 0‘UTT pue ‘e¥CNPIIBL‘“NoW'eavwy  d6L

*0LG- 196 ‘L weyy uorinyog °p (8L61)°d-V‘xog pue °*H°J‘Ieysii 48l

*dd gtz ‘paojueyg .haﬂuno>u== paojurlg ‘sysey] °q°ud Arbm-v A*q‘uwoxyspaoN NLL

*069-1¥9 ‘9 ‘weyy uorynyog °f (LL61) d° ¥ x04 mm« *Hed'asystd ALl

*dd L} ‘ge *T1Ing Yivaod 00LL

*dd 19_‘Ci-9L *I'U°'M Keaang *1oep °s° (9L6L) H V‘TTepBenyy pue ..h g‘seuopr ‘°N°T* naaazﬁa d9L
*62-62 ‘Y ‘weyy uorjnyog °p (SL6t) n v u‘oyrears) op pus ‘*prdcucroyreAdB) Op‘ R N‘BOjUBS GG
*Gey-zeb ‘6L -weyp sy °p (6L61)°rc d‘uopaeey ygL

*9¢2-Gzz ‘v -weyy uoyntog °p (6l61)°d-v'xog pue °H-J'Ieysig QISGL

‘ove-L¢e ‘v ‘weyy uoyamyog °f (GL61)*H d‘I0yBTy ®BAGL

*8p2-¢¢2 ‘C Aeaang *1o8y °gp ‘sey °f (vL61) d°g‘souop pue °yry‘irepsenay &L

*2801-0804 ‘LiZ xmwv NN *peNY *TAOQ (PL6L) V'S‘eaoqefupzog pue ‘'peT‘BUTEEL‘ 10 BAOUAIIBN  HPL
*29¢ ‘2% (308118qw) suwly uoyun *shuydosp -uy (|L6L)° H 'V ITopean] pus *R°D‘uojer TiL

.owmnb—m “L9Z 198 °r .s< Awom-V ¥*q‘I0380) puw ‘| Y ZOTMONIMd  d69

*¢G-Ly ‘(v) 005 tuweyy *r (6961)°H-0‘meworoyjaeg puw ‘r°p =mm=oum«n:u..a ysnojey‘ N-yu‘13es] 169
*6201-¥20t ‘Ol sweyp *8AWd °f (9961) H*1‘8RI0g pUB *I°p° :oanoaan: W99

*126-615 ‘99 ‘weyp *8Ayg *( (2961)°A°V'aTER pue ‘cH°clurysny  vZ9

‘8F-¢¢ ‘C ®oT3IENOY Anmm-v A‘uwwe; pus .c ez3any  NCS

.wmwwnmmwm ‘ZL too0g cweyy cuy °f AOmm_v g:0‘juoy pue *p-1‘supiusf 0G

*26G ‘9z *oo0g Aepwawy -suvdy (OC6L)A°D‘SeTAsq pu® *p*F‘o3sTToYITY  Hog

H-ELIERED €)Y

12°0 = 1 6L (€0°)Ls°O

Lo =1 6L (20°)09°0

210 = 1 6L (10°)€L0

GL*0 = 1 r£os 0 del 00°t

ZOALVA q08=NLL=¥29 (08°)zl°l d08=NLL (%0°)OL*0

aLL 0"t

s6L ¢L°0

sl (%0°)z'0

LE (92 ot

gjueweanegew 6OUE]ONPUOD POIJTIOI QasL/ ros (Fag?
0 = I 0} pe3oedIod BiGL/d69 Lt

sjuewaaneweu uoyjdaiosqe punos pejeInoreded BJGL/NES 143
0502 = RPL 989°0

DELVA Ibi=TIL 622°2 Lhl="TiL 922°0

189°0 = 1 d69 (L00°)S0£°0



oh

.vxnumz—xt 838INI[ED 03 pesn
88A 93718qq1P QUTTT83I6L10010TH J0F HL9 WOIJ G9°2¢- = O A BT ()

PytxCyty, e38noTE0 03 pesn eeA nr=oV~<
enoydzows J0J (uof3oes 9378qQTT uF) J¢9 WoaF z*i¢- = 0%y Bor (g2)

V83, 10 V83 woaz VyExZyty, ersInorEc 03 peen eaem (d9L) L66°CI- = “u fo1
pue 318qqTF PO3TTIBIBAIO-TIOA 107 (W6L‘N99) O°vE- = 0%y Foy (1)
1 8870u3004

L N R R R N R N N N R R R N R N N N N N N N RN

*dd pgi ‘g-0Lz ©30N -uoey *puslg ‘ang *3BN (1961) T H'TTBIINN Puv -} -j‘uwmyog‘ g -A‘IoxIsd‘ ‘H-A‘suvAg ‘- q‘usuiey AIg

t(penutiuod jsusidoad dILYM oY} 10J ®Ivp ojuwsulpowisyl jo uorjeyydwod [8I3IB ‘9 FIAVL



