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FOREWORD

In presenting this information, it is not the intention of the
author to attempt to fix the responsibility for the corrosion of auto-
mobile bodies on either the manufacturers of motor vehicles, nor on the
governmental agencies using chloride "salts on streets and highways.

It is felt, however, that this problem can best be solved by the
cooperative action of all the organizations connected with motor
transportation. This informetion is presented, therefore, not as a
solution to the problem, but as an initial step toward that goal. It
is hoped that this work may, in a small way, contribute to the ultimate
success of their efforts.

The author wishes to thsnk Dr. C. C. DeWitt, Dr. M, G. Larian,
and Dr. R. W. Ludt of the Chemical Engineering Department for their
helpful counsel and guidance. Sincere appreciation is expressed to
Mr, E. A, Finney, Mr, C. C. Rhodes, Dr. Richard Thurm, and the other
members of the Michigan State Highway Research Laboratory for the
friendly assistance and cooperation which contributed so much to the
completion of this work. Without their assistance, this project

would not have been possible.

L. L. Peterson
May 19, 1949
East Lansing, Michigan
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A STUDY OF THE CORROSION OF AUTOMOBILE SHEET STEEL

In recent years, the problem of automobile body corrosion has
become increasingly troublesome to motorists. The extensive use of
the automobile 28 a means of transportation has demended that streets
and highways be kept safely passable under all weather conditions. To
this end, sodium chloride and calcium chloride have been applied as
a means of ice control and dust pallistion. The use of these chemicals
has mounted in direct proportion to the increasing traffic on our high-
ways and has brought the problem of corrosion sharply to the attention
of the motorist. The opinion of a great majority of motorists seems
to be that these chloride salts are the chief cause of this destruc-
tion (Figure 1).

Little published information is available on this specific phase
of chloride salt corrosion, although some work on this problem has
.been reported in recent periodicals and press releases. These reports
have apparently been based on opinion and visual field surveys, lacking

(1) (2)(3)(16)
in quantitative support. However, considerable data may be
found on the corrosive properties of refrigerating brines and sea
waterfs) Speller(7)gives an excellent bibliography on the general
subject of corrosion.

This investigation concerns the feasibility of reducing the
corrosion of automobile bodies by the addition of corrosion inhibitors
to the chloride salts used on streets and highways. Since a thorough
study of the complete problem of automobile body corrosion would
require a very extensive investigation, the scope of this work has

been limited to a laboratory study of the corrosiveness of sodium
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and calcium chloride salts and of the effects of wvarious corrosion
inhibitors.

FACTORS AFFECTING CORROSION

Generally, corrosive action is similar to the action occurring
in a galvanic cell, Just as the galvanic cell has positive and
negative terminals, so a sheet of metel has positive and negative
areas. There may be a great many of these oppositely charged areas
on & single sheet of metal, These areas are caused by internal
stresses, heterogeneity, ruptures in a protective coating, and many
other factors. Corroslion tekes place when metal dissolves at the
positive area, or anode. The corrosion products are generally depos-
ited on the negative area, or cathodef7)(8) These corrosion products
form a film over the negative region, isolating the metal and thus
retarding corrosion. Excellent examples of the formation of very
thin, dense and adherent films of corrosion products over the metal
surfaces are afforded by stainless steel, chromium, and aluminum.

Corrosion continues when this film is mechanically or chemically
broken. In the case of chromium, aluminum, or stainless steel, film
destruction is very difficult. Other metals, such as iron and steel,
form films of corrosion products which are easily removed or broken,
thus allowing corrosiqn to continue. Many agents such as oxygen,
abrasive action, or the presence of certain chemicals accelerate the
breakdown of the film of corrosion products.

It is the function of corrosion inhibitors to form new or repair
the old films on the surface of the metalfg) Inhibitors are classified
as anodic or cathodic depending on whether they form a film over the
positive or negative areas of the metal, The isolation of the metal
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from the corroding medium is essential if corrosion ies to be pre-

vented.

Consideration of the problem of automobile body corrosion indi-

cates that the following factors are involved.

1.

2.

S.

4.

S.

6.

7.

8.

A corrosive brine is formed as a result of the use of

sodium and calcium chlorides on roads for dust palliation
and ice control.

Rain and other forms of precipitation, in the absence of
chloride salts, cause corrosion.

In industrial areas sulfur dioxide-laden rain and moisture
contribute to active corrosion.

In the case of rock salt, crystal growth by evaporation
may mechanically loosen the protective paint coating.
Calcium chloride leads to corrosion by holding moisture
in cracks and crevices.

Accumulation of water, with or without dissolved chloride
salts, in hollow body members such as doors, door posts,
and running boards likewise contributes to the corrosion
picture.

Abrasive action of sand and pebbles thrown against the
body breaks paint coatings and films of corrosion products.
Soil and other foreign matter, comprising the mud that
exists underneath an automobile, materially affects the
character of the corrosion.

The changes in metal thickness and the stresses set up in
the metal by deep-drawing operations contribute largely

to localized corrosion failures.
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The above factors will, directly or indirectly, affect elther
the actual dissolving of the automobile steel and the continual des-
truction of the protective film of corrosion products. In this paper,

only the first of these factors will be considered.

SCOPE_AND GENERAL PROCEDURE

The investigation was divided into two major parts. First, an
examination of several inhibitors was undertaken., This was done to
determine which inhibitors might be effective in reducing the corro-
;{veness of the chloride salts., The second part of the investigation
consisted of a comparison of the corrosive effects of distilled water,
g§aium chloride, and calcium chloride. Its purpose was to learn whe-
ther or not the chloride salts were more corrosive than rain or
ground water.

Throughout the investigation, the chloride concentrations are
glven in weight-per cent based on the weight of water in solution.
The inhibitor (or inhibitor mixture) concentrations are in weight-
per cent based on the weight of total chloride salts in solution.

The various components of the inhibitor mixtures are given in parts
by weight, with the entire mixture taken as 100 parts. Imn all cases,
excepl the elimination study, triplicate samples were tested.

itor St

In studying the effects of the various inhibitors, eleven series
of tests were conducted. The test perlods were two weeks initially,
bu£ were increased to four weeks later on. Room temperature (75° F.JJ
was maintained throughout the inhibitor tests.
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Series 1 was an elimination test of several inhibitors and
inhibitor mixtures conducted on single samples. The inhibitors were
usged in concentrations of 0.5 per cent. The corrosive solution was a
5 per cent calcium chloride brine, saturated with oxygen by a con-
tinuwous flow of air bubbles.

Series 2, 3, 6, 10; 11, end 12 were confined to a study of
chromate inhibitors. Samples were continuously aerated throughout the
test. In series 2 the effect of various organic additives on the
inhibitive efficiency of sodium chromate in a § per cent calcium
chloride brine was studied. Series 3 compared the inhibitive prop-
erties of sodium chromate and sodium dichromate at various concen-
trations in a 5 per cent rock salt (NaCl) brine. The effects of
hydroquinone on sodium dichromate and of quinone and quinhydrene on
sodium chromate in a 5§ per cent calcium chloride brine were examined
in series 10. In serles 6 the optimum sodium chromate-hydroquinone
ratio was determined by varying the proportions of each at a constant
concentration of inhibitor mixture. This was done in a § per cent
and a 20 per cent calcium chloride solution. An effort to ascertain
the minimum effective inhibitor concentration was made in series 11,
by using wiarious concentrations of a fixed sodium chromate-hydroqui-
none mixture in a § per cent calcium chloride brine. Series 12 was
identical to seriles ll; except that sodium chromate alone was used.

In series 4 the effect of road soll on inhibition efficiency was
studiede A mud consisting of road soil passing a 30-mesh sieve and
a saturﬁted calcium chloride brine was made up to simulate a graveled

road immediately after a chloride application. Weighed metal plates
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were immersed in the mud for eight hours and exposed to the air for
sixteen hours over a period of twenty-eight days. The plates were
cleaned and weighed once each week according to the procedure des-
cribed in Appendix B, and returned to the test. This was done at
room temperature with brines containing varying amounts of sodium
chromate as an inhibitor.

In series 7 several phosphate inhibitors were tested at a 1 per
cent concentration in a § per cent calcium chloride brine and a 5 per
cent rock salt (NaCl) brine. The metal plates were alternately im-
mersed in the brine and exposed to the air. This test was repeated
in series 8, except that the metal plates were continuously immersed
in aerated brines. These two tests were performed in order to compare
the continuous aeration and alternate'immersion types of tests. In
series 9 several other phosphate inhibitors were tested at 0.5 per
cent concentrations in both a § per cent rock salt brine and a §
per cent calcium chloride brine.

Study of the Corrosive Medja

In this study, the influence of temperature, aeration, and
agitation on the corrosive effects of distilled water, sodium chloride,
and calcium chloride was investigated. Brines of wvarious concentra-
tions were used, ranging from distilled water to a saturated brine for
both calcium chloride and rock salt.

Series 5, 14, and 15 were all continuously aerated tests. Series
5 and 15 were run at 75° F. and were identical, except tbat series 15
included rock salt solutions. Series 14 was the same as series 15,

except that it was conducted at a temperature of 35° F.
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Series 13 and 16 were conducted under conditions of limited ac-
cess to air by placing the specimens in sealed jars. The brines were
prepared with distilled water that had been freshly boiled. The two
tests were the same, except that series 13 was conducted at 35° F.,
while series 14 was run at 75° F.

The detailed procedure for all of these tests may be found in
ppe 75-79 of Appendix B. Series 1, 2, 3, 5, 6, 8, 9, 10, 11, 12, 14,
and 15 were conducted according to cycle 1l; series 7 according to cycle
2; and series 13 and 16 according to cycle 5. Serles 4 was performed as
previously stated. Data summaries and photographs are located in pp.
33-73 of Appendix A. All original data is included in pp. 85-109 of
Appendix B.

DISCUSSION OF RESULTS

The chief factors affecting the results of all these tests seemed
to be temperature and aeration. The temperature variestions were within
f 5° F. and did not appear to introduce any apprecieble errors. The
control of seration, however, was not completely satisfactory.

According to Speller(7)the supply of oxygen to the metal surface
is influenced by the solubility of oxygen in the solution, the physical
distribution of oxygen throughout the solution, and the rate of diffu-
sion of oxygen across the liquid film at the metal-liquid interface.
Since the degree of aeration affects all of these factors, and since
oxygen is essential for ordinary cases of corrosion, it can easily be
seen that aeration is & critical factor. In concentrated brines and
in the presence of an effective inhibitor, i.e. at low rates of corro-
sion, no apprecisble variations were noticed. However, in dilute

brines, i.e. at high rates of corrosion considerable uncertainty was
-8~



observed. At these high corrosion rates, the supply of oxygen to the
metal was apparently the controlling factor, rather than the nature of
the solution itself.(IO)

Although it is well recognized that pH and its proper control
exert considerable influence on corrosion, it was deemed unnecessary
to control pH in these tests. The reason for this decision was the
apparent impracticability of controlling pH over miles of road surface
under widely varied conditions. For this reason, it was decided that
an inhibitor should be effective without any particular attempt at pH
regulation.

The pH of some of the solutions was, however, checked with a
Beckman pH meter at intervals throughout the tests, pp. 87-109,
Appendix B, The only significant trend noticed was a general decrease
in pH as corrosion progressed. The higher rates of corrosion also
appeared to be accompanied by a larger pH drop for aerated solutions.
The unaerated tests, however, sometimes exhibited an increase in pH.

All data presented represent the average results of three samples,
Chromate Inhibitorg

The data of Table 1 and Figure 2 show that the corrosiveness of
a 5 per cent sodium chloride brine was reduced considerably for a
period of fourteen days by either sodium chromate or sodium dichro-
mate. There appeared to be very little difference in the behavior
of the fwo, although the chromate lost most of its effectiveness at
low concentrations after about seven days.

In series 4 an attempt was made to determine what effect soil
particles would have on the effectiveness of inhibitors. This
attempt was unsuccessful because the brine used was too highly
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concentrated to show any sigznificant trend (Table 2). A later analysis
of road slush showed tbat the actual concentration of chloride salts
presant did not exceed 2 per cent, pp. 82, Appendix B. This confirms
the data reported by Finney.(u)

From Figure 3 and Table 3, it can be seen that sodium chromate
alone was fairly effective in reducing the corrosiveness of a § per
cent calcium chloride brine, losing its effectiveness after abéut
fourteen days. The addition of small amounts of pyridine, sodium sali-
cylate, formaldehyde, or sodium benzoate increased the effectiveness of
the inhibitor only slightly. However, the addition of hydroquinone
maintained the effectiveness for at least 21 days.

The effect of quinone, hydroquinone, and quinhydrone on sodium
chromate as an inhibitor is shown in Table 4 and Figure 4. They all
appear to affect the inhibitive properties of sodium chromate in about
the same manner. This would be expected in view of their chemical
similarity. Sodium dichromate behaves in the same way in the presence
of hydroquindne as does sodium chromate.

An examination of Table § and Figure 5 reveals that, for a 5 per
cent calcium chloride brine, increasing the hydroquinone-sodium chro-
mate ratio resulted in a sharp drop in the corrosion rate dowm to a
minimum, after which there was a comparatively gradual increase. The
total concentration of inhibitor mixture was held at 0.5 per cent
throughout the test. The optimum proportions of sodium chromate and
hydroquinone appeared to be in the range of 80 per cent chromate-20
per cent hydroquinone to 90 per cent chromete-10 per cent hydroquinone.
H;wever, for a 20 per cent calcium chloride brine, there appeared to
be 1little advantage to the use of hydroquinone with sodium chromate.
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In series 11 and 12 it was desired to learn at what concentration
the sodium chromate was most effective, and what influence the addition
of hydroquinone exerted on this concentration. Tables 6, 7, and Figure 6
show the minimum effective concentration to be about 1.5 per cent of the
weight of the total chloride salts in solution, whether or not hydroqui-
none was present. In fact, the curves indicate that the presence of
small amounts of hydroquinone has practically no effect on the inhibitive
properties of sodium chromate. Although these results were not in agree-
ment with thoseof Figures 4, 5, and 6 time limitations did not permit
a duplication of the tests.

In spite of the lack of agreement with the previous data, some
interesting information can be obtained from series 11 and 12. An
examination of Figures 13 and 14 reveals that at low inhibitor concen-
trations, the corrosion appears to be rather evenly distributed over
the surface of the metal as evidenced by the even coating of light
red rust. As the inhibitor concentration is increased, the appéarance
of large uncorroded areas can be noticed, accompanied by rather hard,
dark red blisters over the corroded regions. This tyve of corrosion is
known as pitting corrosion.

It can also be noticed that areas which were once pitted and then
cleaned during the weekly cleaning and weighing were not necessarily
subject to continued attack on being reimmersed in solution. On the
contrary these areas often appear to be completely protected. This
can probably be explained on the basis of a change in polarity of the
pitted areas. It is now widely accepted that rust ordinarily forms by
electrochemical loss of metal at an anodic region, the corrosion
products being deposited at the cathode.(ll) For this reason, it would



seem that the once-pitted areas had, after cleaning, become.cathodic
relative to certain other areas on the metal surface.

It will also be noted that pitting appeared at about the same
inhibitor concentration, see Figure 6, at which the corrosion rate
became relatively constant. In the light of this fact and the pitting
exhibited by the photographs, it can be seen that although the rate of
corrosion has decreased, the area actually subjected to corrosion has
decreased also. This indicates that the corrosion taking place under
the blisters 1s probably more rapid than the data lead one to beiieveflz)
This indicates that the metal may actually corrode completely through
~ in a much shorter time over a small area under pitting conditions than
under conditions of overall corrosion.(g) According to Hoar and Evansflz)
pitting diminishes and finally ceases as the chromate concentration
increases.

Although some of the preceding data regarding hydroquinone as an
additive to sodium chromate are contradictory, there is a strong indi-
cation that hydroquinone may have some beneficilal effect. VThe opinion
of some authors is that the chromates could not be expected to main-
tain their effectiveness as inhibitors in the presence of easily
oxidized material.(l4)(15) It would seem that these statements were
based on the fact that the chromates, being oxidizing agents, would
be reduced in the presence of easily oxidizable material. The
results of these tests show, however, that the chromates maintained
their effectiveness whether or not hydroquinone was present. Moreover,
the effectiveness of the chromates was, in some cases, actually

increased.
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Acceptance of the fact that the chromates would be reduced by
easiiy oxidizable material, such as hydroquinone, merely.leads to
speculation as to the effect of chromous lon as a corrosion inhibitor.

Generally, these data show that there may be some merit to the
addition of hydroguinone to sodium chromate for corrosion inhibition,
although this 18 not conclusive. Pitting conditions persist at
chromate concentrations of 3 per cent of the weight of dissolved
chloride salts, even though the data indicates marked leveling off
in corrosion rate at sbout 1.5 per cent.

Phosphate Inhibitors

In studying the phosphate inhibitors, the tests were performed
with a twofold purpose: First, to evaluate certain commercial glassy
sodium phosphates for use in reducing the corrosiveness of sodium
chloride and calcium chloride brines. Second, to compare the aerated
method of test to the alternate immersion method being used by some
phosphate manufacturers. Three proprietary products were studied
primarily and used as a gulde in evaluating the other phosphates.
These products may be identified as follows:

1. - Micromet - A slightly soluble complex sodium-calcium
hexametapﬁosphate used for rust prevention in household
water systems.

2. - Calgon - Sodium héxametaphosphate, containing about €7
per cent P205, used extensively for feed water treatment.

3. - Banox - Reported to be a mixture of Calgon and calcium

chloride, it is used as a corrosion inhibitor for surface

treatment of steel prior to painting and for addition to
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rock salt for use on highwsys.

A glance at the data of Tables 8 and 9 and Figures 7 and 8 show
that in concentrations of 1 per cent.the above-mentioned phosphates were
ineffective in reducing the corrosiveness of calcium chloride brine. In
sodiumichloride, however, (see Figures 9 and 10) it is evident that the
behavior of Micromet and Banox was about the same as in calcium chloride,
while Calgon stood out as being very effective.

The data of Table 10 are in general agreement with the preceding
data. However, disodium phosphate and trisodium phosphate were ineffec-
tive in rock salt brine. Nalco 519, a commerical sodium septaphosphate,
deserves mention as being very effective with rock salt.

The behavior of these inhibitors can probably be explained on the
basis that the sodium hexametephosphate prevalent in whese materials
forms a reletively insoluble calcium phosphate complex in calcium
chloride. This would remove a large portion of inhibitor from solution
by precipitation before a sufficiently protective film could be formed
on the metal surface. In the case of sodium chloride (rock salt) the
basic reason would probably be the same, with the calcium ion being
furnished by the inhibitors themselves (Micromet and Banox) on being
dissolveda along with a small amount of calcium ion present in the rock
salt as gypsum. The calcium present in the rock salt was apparently not
sufficlent to affect the inhibitive properties of the plain sodium
hexametaphosphate.

The results of the alternate. immersion test, series 7, and the
aerated test, series 8, were in qualitative agreement with each other.

However, the degree of corrocion obtained in the aerated test was much
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higher than in the alternate immersion test. Apparently, then, the
aerated test would be a more rapid means for laboratory evaluation of
the properties of corrosion inhibitors.

From these data it appears that the presence of considersable
amounts of calcium ion relative to the amount of phosphate is undesir-
able when the phosphate inhibitors are used. This is in general agree-
ment with the work of Hatch and Rice.(IS)

These data show that the phosphates are not suitable inhibitors
for calcium chloride selts. However, Calgon and Nalco §$19 show promise
of being effective for sodium chloride. The continuously aerated test
seemed to be more severe than the alternate lmmersion test, although
their correlation was fairly good.

A1l the inhibitors included in this study may be classified as
anodic inhibitors. It i1s a characteristic of anodic inhibitors that
they sometimes cause the pitting effects shown in Figures 13 and 14E9)
This would be especially true at the crevices and corners under an
automobile body where access is difficult. It would, therefore, seem
that use of these inhibitors, particularly in low concentrations
involves a certain amount of risk.

If these data are plofted to show the cumulative loss in weight
(corrosion) versus time, as in Figures 2, 3, 4, 7, 8, 9, and 10 the
length of time any given inhibitor retains its effectiveness may be
ascertained. As the inhibitor loses its efficiency, the slope of the
corrosion curve for the inhibited solution becomes steeper, until it

is approximately parallel to the corrosion curve for the same uninbibited

solution. In other words, the rate of corrosion gradually increases
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until it becomes about the same as that of an uninhibited solution.
Corrosive Media

In series 5, 13, 14, 15, and 16 an attempt was made to ghed some
light on the question as to whether solutions of chloride salts were
more or less corrosive than water. This was deemed necessary in view
of the volume of seemingly contradictory data to be found in the
literature, Whitman, Russell, and Davis(l7)show that dilute solutions
of chloride salts are more corrosive than water, with a gradual de-
cresse in corrosion as the chloride salt content is increased. Spell-
er(le)reports Richardson as showing distilled water less corrosive
than a 10 per cent salt brine for six different irons in both the stag-
nant and aerated alternate wetting and drying type tests at room
temperature. Richardson also shows distilled water as being more
corrosive than a 10vper cent salt brine for the same irons in both the
stagnant and aserated continuous immersion type tests at room temperature.
Friend and Marshall(lg)indicate tap water as being only very slightly
less corrosive than a 3 per cent NaCl solution for a three month conti-
nuous immersion test. Friend(ZO)later reports tap water as being more
corrosive than a 3 per cent NaCl solution for three different steels in
a one-year continuous immersion test at 50° F. Friend and Brown(4)
report that at about 12° C. dilute NaCl solutions and distilled water
are about equally corrosive. At temperatures above 13° C., dilute
solutions of NaCl are more corrosive than distilled water, while at
temperatures below 13° C. dilute NaCl solutions are less corrosive
than distilled water. Corrosion gradually decreases for higher concen-
trations at all temperatures.
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The results of series 5, 13, 14, 15, and 16 given in Tables 11 and
12 contain some of the above-mentioned discrepancies. In these tests
it i1s believed that the variations were due to difficulty in control of
the rate of aeration. However, the generel trends shown in Figures llamd
12 are fairly well indicated. The results of the aerated tests, Figure
11, exhibit the same trends as those of Whitman, Russell, and Davis,(l7)
and of Friend and Brown for temperatures below 13° C. However, the
relation between the corrosiveness of dilute salt solutions and water
did not reverse with change in temperature as reported by Friend and
Brown, even though the temperatures used were in the same range. The
results of the unaerated tests, Figure 12, follow the pattern of Friend
and Brown at temperatures above 13° C,

The overall corrosion rate of series 5, Table 11, follows the same
pattern as does Figure 11 for CaCl, at 75° F. However, the weekly
rates show considerable variation for dilute solutions.

The character of the corrosion which took place in series 13, 14,
15, and 16 1s illustrated in the photographs of Figures 15, 16, 17, and
18. There were two distinct layers of corrosion products formed on
the surface of the metal. The outer layer consisted of a hydrated
ferric oxide mixture varying in color from an orange-red for distilled
water and dilute brines to a red-brown for the more concentrated solu-
tions. The darker colored products seemed to adhere to the metal more
firmly than did the light colored scale.

A dark blue-bleck layer of ferrous oxides and hydroxides was
found underneath the outer layer. This dark layer was particularly
noticeable in series 13 and 16 where the air supply was limited, indica-

ting insufficient oxygen to convert the ferrous products to the ferric
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state,

Plates la, 1b, lc of series 14 for distilled water exhibited very
little corrosion as may be seen in Figure 15-1., However, these plates
seemed to have a rather peculiar yellow-green film over the surface at
conclusion of the tests. This film was not present in the other dis-
tilled water tests. For this reason; the results of plates la, 1b, and
lc were discarded and the results of plates 6a, 6b, 6c substituted.

The results of the unaerated series 13 and 16, Figure 12, show
distilled water at 35° F. to be more corrosive than any concentration
of elther NaCl or CaCl, at the same temperature. However, at 78° F.
dilute CaCl, solutions appear to be more corroslve thén distilled water,
while NaCl exhibits the same characteristics as at 35° F, The increase
in corrosion by the dilute CaCl2 over that for distilled water was
about 25 per cent. The corrosion rates shown here appear to follow
very closely the same pattern as the oxygen solubility curves for
solutions of various salts given by Speller.(21) Increasing the
temperature from 35 to 75° F. did not appear to affect the corrosiveness
of NaCl appreciably.

Figure 11, series 14 and 15, shows that at 35° F. dilute solutions
of both NaCl and CaCl, increase corrosion over that for distilled
water by about 20 per cent, At 756° F. dilute NaCl solutions continue
to be more corrosive than distilled water. However, the behavior of
dilute CaCly, solutions at 75° F. is not understood.

Increasing the temperature from 35 to 75° F. resulted in a
marked increase in corrosion for all but the most concentrated solutions.
At 35° F, no concentration of either CaCl, or NaCl showed as much corro-

sion as did distilled water at 75° F,.
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Furthermore, it can be seen that the corrosion rates are much higher
at either temperature under conditions of aeration and agitation than
under limited air supply and quiescent conditions. The combined effects
of agitation and air supply produced a corrosion rate from 50 to 80 times
greater than in their absence. Apparently the presence or absence of
oxygen at the metal surface is of prime importance in the corrosion
reactions taking place.

However, the mere presence or absence of oxygen does not explain
the results shown in Figure 11. There éppear to be several variables
which contribute to the results shown and greatly complicate the
sltuation. Speller shows that for water with free access to air corro-
sion increases with temperature up to about 175° F. and then decreases
with further increase in temperature.(zz) This is explainable on the
basis that oxygen solubility decreases as temperature increases. How-
ever, the increase in temperature affects those factors which increase
the transfer of the dissolved oxygen to the metal surface aslfollows:
(1) The viscosity of the solution decreases, resulting in more effi-
cient distribution of oxygen throughout the liquid. (2) The rate of
diffusion of oxygen across the liquid film at the'liquid-metal inter-
face increases, thus carrying the oxygen to the metal faster. (3) The
liquid film at the liquid-metal interface decreases in thickness,'thus
decreasing the time required for diffusion. In addition to these
factors, the corrosion reactions take place faster at the higher temp-
eratures provided there is enough oxygen present to permit the reactions
to take place. It is, therefore, apparent that the corrosion will
increase with increasing temperatures, until the factors tending to
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increase corrosion can no longer compensate for the decrease in oxygen
solubility. Beyond this point corrosion will decrease as Speller has
demonstrated.

It seems that these conditions would also be true for solutions of
salts, with the additional condition that oxygen solubility decreases
with increasing salt concentrations.(zz) There should, therefore, be
an inversion temperature similar to that for water in the case of salt
solutions. However, this temperature may be different for each concen-
tration and type of salt. Further work certainly seems to be indicated
on the effect of temperature on oxygen solubility in various concentra-
tions of different salts, and on the corrosiveness of these salt
solutions.

Generally, these data show that oxygen is of major importance in
the corrosion reactions. Under identical ordinary conditions, dilute
chloride salts were about 20 to 25 per cent more corrosive than dis-

tilled water. However, distilled water at 75° F. was nearly twice as

eorrosive as any chloride salt solution at 35° F.

CONCLUSIONS
Although these results must be interpreted cautiously until
confirmed by tests under field conditions, the following conclusions
may be made:

1. - In order for an inhibitor to be considered satisfactory, it
must reduce corrosion without setting up pitting conditions;
and it must do so at concentrations that are economically
practical for highway usage.

2. = Of the inhibitors studied, only three appear to merit further
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consideration for use. The chromates should be considered
for use in either sodium or calcium chloride, while Calgon
and Nalco 519 should be considered for use in rock salt only.

No inhibitor should be used, however, unless it has been

thoroughly tested, since it may actually increase the corrosion

in localized areas by setting up pitting conditions rather

than reducing the damage due to corrosion.

3. - Although there appears to be strong indications that hydro-

40-

50-

60‘

quinone, quinone, or gquinhydrone may have some beneficial
action on the effectiveness of the chromate inhibitors,

this is not conclusive., Further work on this point is
indicated, including study of the effect of chromous ion as
an inhibitor.

Under the same conditions, chloride salts are generally from
20 to 25 per cent more corrosive than distilled water. How-
ever, distilled water is much more corrosive at ordinary
spring and summer temperatures than any solution of chloride
salts is at ordinary winter temperatures.

Chloride salts probably do not contribute nearly as much to
the corrosion of automobile bodies &s is popularly believed.
Although the inhibitors tested may possibly reduce the
corrosiveness of the chloride salts, inhibition of these
salts cannot be justified on the basis of present

information.
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SERIES 1

EFFECT OF CHROMATE CONCENTRATION ON

CHARACTER OF CORROSION
8%/ CaCl-M.Cl, BRINE, AERATED & AGITATED AT 75°F
FI3URE 13-
-46-



CONCENTRATION ON

EFFECT OF CHROMA
CHARACTER OF CORROSION

5°/0 CaCly-M.Cl, 3~INE, AERATED & AGITATED AT 75°F

FI3URE 13-2
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EFFECT OF CHROMATE CONCENTRATION ON

CHARACTER OF CORROSION

5°%0 CaCly-M.Zi, 3~I"E, AERATED & AGITATED AT 75°F

FI'3URE 13-3
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EFFECT OF CHi= 2} CONCENTRATION ON

CHARACTZR OF CORROSION
_1, B=INE, AERATED & AGITATED AT 75°F
FSURE 13-4

-49-
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EFFECT OF CHROMATE -HYDROQUINONE CONCENTRATION ON
CHARACTER OF CORROSION
5%6 CoCly=MqCla B\, AERATED & AGITATED AT 78°F

FIGURE 14-1
-50-




EFFECT OF CHROMATE - HYDROU I NONE CONCENTRATION ON
CHARACTER OF CORROSION
5% CiCly=MCla BFIlic, AERATED & AGITATED AT 75°F
FIGURE 14-2
- 5'-
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EFFECT OF CHROMATE - HYDROUUINONE COMCENTRATION ON

CHARACTER OF CORROSION
5%o C;Cl‘-M{.',_E.' .=, AciRATED & AGITATED AT 75°F
FIGURE 14-3
—52_



I TRATION ON

EFFECT OF CHROMATE — HYDROQL I NONE COMNCES
CHARACTER ©F CORROSION
o CaCly=M"l BHilic, AERATED & AGITATED AT 79°F
FIGURE 14-4
_53_



SERIES I3

CORROSIVE EFFECTS OF H,0, CaCl,=M,Cl,
AND N.CI AT 35°F (NOT AERATED)

FIGURE 15-1
-5‘4_






CORROSIVE LFFECTS OF HO, CaCl,~MsCl,
AND N,Z! AT 35°F (NOT AERATED)
FIGURE 15-2
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CORROSIVE LFFEC]S OF HO. CLCIZ"MiCIZ
AND N,CI AT 35°F (NOT AERATED)

FrRF 15-3
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CORROSIVE EFFECTS OF H0, CaCl,~M4Cl,
 AND 1N.Ci AT 35°F (NOT AERATED)

FIGURE 15-4
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CORROSIVE LFFECTS OF HO, CaCl,~MsCl,
~ AND NioC! AT 35°F (NOT AERATED)
FIGURF 15-5
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CORROSIVE EFFECTS OF H,a0, CaCl,-MqCl,
AND NaCl AT 35°F (AERATED)
FIGUF.!E‘ 16-2



CORROSIVE EFFECTS OF H,0, CaCl,-MqCl,
AND NgCl AT 35°F (AERATED)

FIGURE |16-3
_6|..
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SERIES 14

CORROSIVE EFFECTS OF H,0, CaCl,~MgCl,
AND NaCl AT 35°F (AERATED)

FInIRE 18-85
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CORROSIVE EFFECTS OF H,0, CaCl,;~MgCl,
AND NaCl AT 75°F (AERATED)
FIGURE 17-1I
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CORROSIVE EFFECTS OF H,0, CaCl,-MqCl,

AND NaCl AT 75°F (AERATED)

FIGURE |7-2
-QR —
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CORROSIVE EFFECTS OF H,0, CaCl;-MgCl,

AND NaCl AT 75°F (AERATED)
FIRNOE |7-3
-66-






SERIES 15

iy

CORROSIVE EFFECTS OF H,0, CaCl,-MgCl,
AND NaCl AT 75°F (AERATED)
FIGURE |17-4
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| SERIES 15

N

e e e e e — . ¢ A s - - ————— . ————— -

CORROSIVE EFFECTS OF H,0, CaCl,-MgCl,

AND NaCi AT 75°F (AERATED)
FIGURE 17-5
—66_



I SERIES 16

CORROSIVE EFFECTS OF H,0,CaCl,=M4Cl,
AND NaCl AT 75°F (NOT AERATED)
FIGURE 18-1

-69-.



I SERIES 18

CORROSIVE EFFECTS OF H,0,CaCl,~MqCl,
AND NaCl AT 75°F (NOT AERATED)

FIGURE 18=-2
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CORROSIVE EFFECTS OF H,0,CaCl,=MyCl,
AND NaC! AT 75°F (NOT AERATED)

FIGURE 18-=3
-7|=



CORROSIVE EFFECTS OF H,0,CaCl,~MyCl,
AND NaCl AT 75°F (NOT AERATED)

FIGURE 18-4
-72-
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l SERIES 16

CORROSIVE EFFECTS OF H,0,CaCl,~MqgCl,
AND NaCl AT 75°F (NOT AERATED)

FIGURE |8-5
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APPENDIX B



LABORATORY PROCEDURE
Preparation of Solutions
The solutions were prepared by weighing out the amount of chlor-

ide salt necessary to obtain the desired concentration and adding
enough distilled water to bring the volume up to 300 ml., In the
event that the chloride salt was in brine form, the brine was
measured volumetrically and diluted to the desired concentration with
distilled water. The salts used were, in all cases, the technical
grades used in highway applications. Inhibitors, when used, were
weighed out and placed in this solution. All inhibitor concentrations
were based on the total chloride salt content of the solution.

epara o Plat

The metal used was 19 gauge, S.A.E. No. 1008 sheet steel, which

i

Figure 19. Freshly prepared test plates.
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vas the same as that used in the 1947-1949 Oldsmobile bodies. The

metal was cut into plates 2 in. by 2 in. A 1/4 in. diameter hole was

drilled through the plates near one edge in such a manner as to leave

no burrs around the hole. The plates were then polished with No. 280

wet and dry emery paper and finally with crocus cloth to produce a

uniform surface, (see Note). The plates were then cleaned in carbon

tetrachloride or trichlorethylene to remove any grease or oil from

handling, dried in an oven at 220° F. for one hour and weighed to

constant weight.

Note: Sand-blasting may be substituted for the above polishing method,

providing it is used throughout the experiment.

Tests
The tests were run according to one of the following cycles.

Since pH control on the highway did not seem feasible, no attempt at

pH control was made in the laboratory. However, the pH was checked

periodically throughout the tests. The inhibitor was not replenished

during the test, since it was desired to learn how long a given

application of inhibitor would remain effective. Triplicate samples

were run in all cases. The amount of corrosion was calculated in

milligrams per square decimeter and in milligrams per square decimeter

per day, using the equations given on pp. 80.

Corrosion Cycle No, 1

300 ml. of prepared solution were placed in a 400 ml. beaker and
the weighed metal plate suspended in the solufion by means of a glass

hook. The solutions were kept saturated with oxygen by continuously

bubbling filtered air through the solution, which also supplied agita-

tion. The beaker was kept covered insofar as possible, to reduce
~768-



evaporation losses and to keep dust and other foreign material from

entering. Any evaporation losses were made up by adding distilled

water periodically in order to maintain the solution voIlume at 300 ml.

Tests were run at 75 % 5° F, and at 35 ¥ 2° F,

The metal plate was removed from the solution at 7 day intervals,

cleaned, dried at 220° F. for one hour, weighed to constant weight and

returned to the solution. The cleaning was done by thoroughly brushing

with a stiff bristle or brass brush under a stream of water in order to

remove as much of the corrosion products as possible. The duration of

Figure 20. Detailed Set-up for Corrosion Cycle No. 1l.

-77-



Figure 21. Battery of Tests for Corrosion Cycle No. 1.
the test was 28 days.

Corrosgion Cycle No. 2

300 ml. of prepared solution were placed in a 400 ml. beaker and
the weighed metal plate placed in the beaker with one edge resting on

the bottom of the beaker and the top of the plate leaning against

the side of the beaker. The beaker was covered with a glass plate to

exclude foreign matter, but in such a way as to allow air circulation

over the beaker. The plate was alternately immersed and exposed to

air as follows:

18 hours - immersion
2 hours - air exposure
4 hours - immersion
2 hours - air exposure

The plate was removed from the solution at 7 day intervals, cleaned,

weighed, and returned to the solution as in Cycle No. 1. The duration

~78-
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of the test was 28 days. Temperature was 75 Y soF,

Corrosion Cycle No, 3

The solution was prepared as previously stated, except that the
distilled water was freshly boiled for 15 minutes to remove dissolved

oxygen before preparing the solution. The prepared solution and

weighed metal plate were placed, as described in Cycle No. 2, in a

16 ounce specimen bottle and the cap tightened to limit the oxygen

supply. The plate was cleaned and weighed at the end of the test

only, using the cleaning method of Cycles No. 1 and 2.

Tests were
run at 75 ¥ 5° F, and at 35 T 20 F,

Figure 22.

Detailed Set-up for Corrosion Cycle No. 3.
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ECUATIONS USED FOR CORROSION CALCULATIONS

General tions

Corrosion Rate = _1000 W in mg/dm®/day
At

Cumulative Corrosion = _1000 W_  in mg/dm?
A

For Series 1 to 12, Inclusive

Corrosion Rate = _1000 W = 1854 W

0.54 t t

Cumulative Corrosion = _]O00 W_ = 1854 W
0.54

For Series 13 to 16, Inclusive

Corrosion Rate = _1000 W
0.48 t

2085 _W_
t

Cumulative Corrosion = _1000 W = 2085 W
0.48

[
n

Average total surface area of test plate. (dmz)

=
"

Welght "loss which occurred during time interval "t"., (gms)

ct+
1}

Time during which corrosion took place. (days)
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TABLE 13

ANALYSES OF CALCIUM CHLORIDE BRINES USED FOR CORROSION STUDIES

No. 1 No. 2 No. 3

Calcium Chloride, per cent by weight 37.48 40.57 39.78
Magnesium Chloride, per cent by weight 1.54 1.78 1.47
Sodium Chloride, per cent by weight 0.99 0.51 0.56

Specific Gravity 25.0/25.0° C. 1.399 1.431 1.422

Sum of Calcium and Magnesium Chlorides  39.02 42,33 41.25

These brines were obtained from Michigan Chemical Co., St. Louils,
Michigan. Analyzed by the Solvay Method.

The Rock Salt used in these tests was obtained from the Michigan
State Highway Department, and was identical to that used on highways.
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TABLE 14

CHLORIDE CONTENT OF WINTER ROAD SLUSH

Sample Location ' Sample Temp. CaCl
No. (cF) (i §)
1 Gr. River-Abbott Rd-center of intersection 32.0 0.23
2 " " " " right gutter, east bound 31.3 0.30
3 n " . n Jleft gutter, east bound 32.2 0.59
4 " " " " right gutter, west bound 31.5 1.52
5 Mich. Ave.-Delta St-right gutter, west bound 31.8 0.41
6 " " " % _center of intersection 31.6 0.24
7T ® n Beal St.-right gutter, west bound 30.8 1.47

g " " " " Jeft gutter, west bound 31.9 0.50
9 ¥ " " " center of intersection 30.7 1.24

These samples were taken about 6 hours after application of a calcium
chloride-sand mixture to the streets of East Lansing, Michigan. Air
Temperature = 28° F., February 16, 1949. Pavement: . Concrete.
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TABLE 16
MEASUREMENTS TO DETERMINE AVERAGE TOTAL PLATE AREA FOR CORROSION TEST

SERIES NO. 13-16, INCLUSIVE

Dimensions of Sampled Plates

Length Width Thickness Hole Diameter
(in.) (in.) (in.) ~ (in.)
1.86 1.85 0.044 0.250
1.91 1.91 0.044 0.250
1.91 1.20 0.044 0.250
1.91 1.90 0.044 0.250
1.886 1.86 0.044 0.250
1.91 1.91 0.044 0.250
1.91 1.91 0.044 0.250
1.91 1,90 0.044 0.250
1.38 1.84 0.044 0.250
1.90 1.91 0.044 0.250

1.90 1.83 0.044 0.250

Face Area = 2(1.90)(1.89) - (o.g4§)2 = 7.08 in.?

Edge Area = 2(1.90 + 1.89) (0.544) + (0.25)(0.044) = 0.33 in.?
Average Total Area = 7.08 + 0.33 = 7.41 in.?

1in.° = 0.0845 du° Average Total Area = 0.48 dm®

-84~



245

LLEL

il

PERRERRRRI

| -85~

1

1992393

|
"u""""f"'
|

L

G ke

ks
elvie s wvis|e

o

sleisie|s|ninicie s
slejeisin(esis u|n]le

PEECE

3

R LR

wiels vz = |vi= e e

s|vis e

ﬁ

=TTy arsxsr T e TIeY WYY |

iom ¢4 SL = eanjuredue] *pejwy
» _!I i S £ eV

REEEEECEEEERII

1

4

u-lm--u{..m--v--m--

REEEEECCCRCEE

|
LR AL AL A L R L N LR R A L A AL R LA LA AR LA L AL LA L A R AL AR AR AR A R A R A R A L 2 L B L J

A A A A AA A A AAAAAAAAA A A A A A A Ao A A A

L-.--.-....I-.l.l'..l..‘.--!ll

T

|

3

o4

a

4 800800

1341
-

)
d'.

r.-n-’--.------b-

PERECED!
|e|e|e|e|n]s

e o Lo Be Lo Bo Ko

N

|

:

!




A B S e L LMY ——
U B e |
| DS AL e
Wul. 0‘ . ,...c ity B
05820 | === | = TFPT*0 | EOSL0 | 6gv0 02 | = = — e d . T .
BITF*0 | === | ===== | E292*0 | 95LI"U | - == AR
G4 Ml B B B SR 7 608 i i B S —" T~ [
1123 60 B — TOLO'0 | 29Z0°0 | O9sg ot 50 hanad e —— WU POy oymoayy ry . T -
3 === | ===== | 6502°0 | 55v0°0 | VI05'1Z | 5'0 - e (L9 WAV SwoI0y w . &
T920°0 | ——— == 70000 | 0000 | SCILBT | 50 | = | === | 00| 3w unypoy [ e 3
TEE0*0 | —=—= —— E2I0°0 | OT200 | SwpL'st | O°T - n ... n n ” .-. T
W00 | ——— —— VIOO'C | OLTO*0 | UIPL*ST | 5'0 b PUOUTHBOIPAT T
£JA (hdy =====| Y2000 | S5O0 [ ¢tS09°0Z || 0'¢ u “ n n n u
W00 | ——— ==== | 2200°0 | 22t0°0 | o5 0z | O°'T | . . . " w “ T
BE20°0 | ===== | ===== | CET0°0 | S010°0 | OVBE'0Z | 5°0 13 SUTP T . - . a T
TO0W0 | ——— —— THOO*0 | 90100 | OLSEIZ || 0T a . » » » . - T o £
1 2] L ZA UMY OTLZ'ET T M " “ " u - - b3 T ¥
VLE00 S2I0°0 [—6gus T | 5°U I B bt Sl 10 W " u ek 05 ¢
5 SW0°0 | L2200 | WELUZT | 0T . M . - " . [} Y. %
1510°0 | === === 1" F200°0 | L2T0°0 | ¥Z65°6L | O°L . . - - M . - T e -
SIM0*0 | === | === —EEY0"0 | 50 5 - M - Y S -
P00 | ===== | === | ED00°0 | EOT0°0 | E5Lt*02 || 0'2 . u . “ “ T w
SO0 | === == 1 pTto°0 | TE ooz || 0°T . . . . - T [ 55
BEEO*O | ===== | ===== | TO00*0 | OLZ0°0 | TI¥2P*1T || 5°0 b] - “ - e
o CLI00 | === —aa—— SPO00 | EZWOTO | OLS9YET || 0°2 - - . B P
1 S e SPI0°0 ¥ - W - - 3
885T°0 | === ] === ] 502T°0| 6Lt0%0 50 £ SIVWOIY) WNTPOS 5
00 | —=—— == | 0%02°0 | 6tZZ°0f GOLE'OZ || 0°¢ . - - -
B9 0| === | === | Lppi°0| OTLZ°0f W¥oeo'0¢ || O'T . - . M T AT
13707 === | === | 951’0 | vave'0| S0 S| swouwmssIpAT |, - - . -
cena ——— ] ~POIT0]  ovop ot 0%¢ - “ " - 0 - - - xt 12
— | —— 7°0| 20610 €e0t°0z || O°t P . s
llllll]?l%cq b Y = AR
e 20%) SANINOINOD HONIN
pFl -
sAvO | sAVO .“..u .....N.J i3I 40 :
LHLY | LOuE | & AHOIIM FUNLXIN c
KR AVILING R
sHYYv Ceno) AHOIIM 40 §5O1 | e =
n__ & FQU.P zgﬂgs :“.nl

(pomisauon) T .3 "




e T

T | P §
) ol
, [ =
S — 0 H =3 3
: - o N - i e Tl
- } } SN
I S ——+ | < " O BT 3T S, - - =
i 1 o T Py e i 2 l‘ur
== FF —
| | -4 — = i 4 Lﬁ‘
1 — —t— AT | SOSSIERREN )
—_— e HI Miq == N = = I g &N = i == - #.l A
! — S R = T
S & = e v R
1 B TG RCCRmE—— - YW ]
===+ 50" | 65100 | OO0 [ WSW | . [ = | 8| . s st L BB
ﬂﬁifli.i gvio"0 | 9910%0 | QELLOZ | . | = | i -oft+———yior-symieg— wtli.!duaan X% =
WTE™Y | = | Bl - e = ¥+ ot—
T§|.| - e fig - - ¢ - LJ = 1
LIS —TORT"0% ;._f = T Ty oI ¥
(A1 08 Y =
PIES O = gwe et
TSWo | T | . e .y s T =1
_ B BN ot v ey - 5 Soar=Sow - 1
1 [TESEE0T [ 50 [ = ﬁ! .-y . 78 52
A e e e e e e R S e ! B
= ;m«&d!.s.oﬂ.lnlnw.lu 06000 * 690070 SLT0"D IWWﬁW = - b ‘ = . PN PO - BT S IS
ST ]| Ove0"0 | == £900%0 | T§00°0 | 9600°0 | ¥¥ég6T | S0 | § e =3 S ISALIE a5 RS
== e e e B o o Sl 1 .
— 5120 | === | S9T"0 I LS - — —t— = 5 ~
s = === §1|§H s — wwmmowipos f S Crom-Zpw ! T f w
— veoTo i 99000 | 6YT0"0 ga PR | L w\. SR .
- — e 1 sow I - = = a T
——— ——-gzITeD £6L0°0 + 0ST0°0 | SgT0°0 §M bt S e = rtae
— . asees 1 " "0 | 6@S6*6T » . s S - « 2w 11w
A ‘ Lygro T | WY | WD oGzgst | S0 |5 | ety wiey | S| wweosgwipoy |5 | Zroom
u.ﬂ m%ﬂ&“&m’nhfﬂ“dhf'lwmua\d 9T10*0 vmﬂuoaa ‘ag‘r . . s S BSE T RS = 3 i MA“ -
. rlqlil’r . - S — - L -
ERCE RN “vpeawy || LS02°0 | === | GEFT*0 | LLE00 | ZQW'0 | 0T | . | . _— t—  eywEDaqy wmipog - 315 = e T =
“¥% puw pegwIeY Arwmonauoy | LETZ°0 §JF§H4I§ s ¥ . T‘*rlti — - i [ X =
Y e Al (=g =5 1--p a— - | ULAR
~Tod-puwy stou ¥939Td WX " ytt0 90T0%0 | 9ev2*0% M M g —n N5 -9 — tta
)
| ety T R ot « B aﬁ,agé ", $ 1 ontuoprwmz | S5 wpmompwypog | S| rodw-dyows | T | wr | gveszl| gzl
TP BOTISN WTU3 UT 3983 TTV || 990C°0 | w=ww= | GyLT*0 | BLIT'0 | P00 | 9690°0Z | $°0 .S& - — o =
ava | sava | sava | sava [6worZivaa A8 LA U] SININGINOD MONIN g sl Bt 3441 | ON mu aN3 | snvis
SMHVWIY WASL | Lue | cowe | tonz | cusi thou_zuno -~ NOILISOdWO)D . Si¥ve 'SIANY nm
CSWO) LHODI3M 40 SSO7 | twiiimi 3UNLIXIW HOLIGIHNI NOILNT0S 3AISOMNOD | 2% 31va

7 ON s3Iy3s 1§31 NOISONNOD — yivq $S07 LH9I1IM




-88-

] _ O 1 - — -+
| ; } / ' -
SR | = |
— 4 | 4 1 ‘ - doiiid
= el h ! =3 -
— o — = = - ” ” | ' W ——— - —
—— — : 4 + 4 + 4 —t—] 4
et 1Tt [ ss== === 0610 | (GW'0 | 95M°0Z | — 1 m——— ], 3 sot =
e == e ot 2% | TG — —— o 1 . a0t
& P T5002°0 | === === | #ORT°0 10200 | OOFT°02 | 02 — ﬁ —— _§ #3%0TT7s mmipog || § 419 3004 ot
= s — GO T GBIV | NSO YTy ——{ N O RPN T ) s
B L e e L A e e L. L 8 e Xoow | “
L — —_— e 4 e e —_— + - -
.Tﬁqd e f wseee T QOTED TG0 | 996K7DZ - | Sm——— s e e | e % |
TEIMNY | === e=— W0 WD | ML , [ | m———— | . . SRR T RO b S |
e [V [=—— == [Wr0 [TV ["WS'N] 50 [= e W WeRwww 1Y [T wwew ] Wl
{1 S160%0 | awme | mme Y0 TSV | GOSCOT | a [ | e | = et =——1
T e T SW0 | G500 | 95T = Tme——| - . a —
e UG = = SO WHO | O | TT = = 00T | eaweeTw Y Ry | 5
fous WO | === | = ZOW0°0 (6020 | ISEETET | , [ | e e S T 191
Pyry: [wemes | m—| GORPY WP | W] e m— s e e s ——;
oW |~ = W [WWD | @R[ OT [ | = [0t ﬁsla_.s._ls.. s Dok .. 7% P [
%os.o | T’ Hﬂs.o soror T . = | ssmm—— T, 1ot +—
0g20°0 | ===== | ===== ' p600"0 ' 9ETO"O TSS¥*6T . _— T — . . . - s LY
11 9gEO®0 | wmeww | musmew 9S00 HRSd GOOE"6T | S°0 | === - e e f3_.. WWOIYOY W POy s TS Yoo L] =il =
d | | R My o5~ 32 d R . .
B Hrm&d mcees [ ase= ' GETC"0 Hﬁdd weSTRT | . [~ A B vV t i
= TR | === === OGI0°0 |9V | T | , |= | =———— |, s 2 T Sl K e
\“Jaﬂad —— = [ VW0 (%00 | €6t 0% [== | e 00T | ey wipos : sy o | -
T | = === | 060% | gL£0%0 | Lbgs°6l | —_ ——— * of
| OLEO®0 | =weme | =mmm= ' ly10%0 | €20 | 2999°61 — ———— i 0 R «
| 19v0% | ===== | —==—= ' ogr0%0 | Tof0%0 | Szvi'ér| o°T | == me—emmeeee—= | 00T | e3wwamp wnpog | § 3T 100 3
*T_§ $Tok5 uoyesLIe | u | s
*4,5 ¢ 5Lz SmveI || ity | —— [~— | Ku‘o | kWO ] WH®] . [— s T L - /%
woass | G250%0 | —— | —-— | L% | W0 | BROEET| , [ | === | , . : 5 o8 - e
[ <o s posssen Fromamuroms | Saneco | W —— aa.;asa B[ 5 [ = | e [ O0T | wwSmywTeR [ § ¥Tog ooy |
o . o o B B M Bl o DRl s R B e i .
[ =ted-puwy o2aa SORWTE TOIIN | OSOTD T e | s ftioo pﬂl..ly HEnl == == =] o= a1l T sl
[ vatwy vy ey peTIe | ggygg | —o | —— | (l6te0 | WEEW0 | @el| — | o= | e [ = | e ‘. o ‘
ot SeTIeN #THS WY 95805 TIV || SHOED | ——— | ———— | 6310 | GWSZ'0 | VESETET | - | == | mmmmee—eeee [ 5 [(10%) 3% A0ex wt | grCt-6| gr-ge-L
| | A8 AM g
| vios | S4v0 [ sava [ sava | sava fowonsivaalii ol Clyvg] SININGINOD WOMIN [gjyny] SuNNOMROD MOMVR| 50 saas | ow | ER ana | suwas
SHYVW3N [ ey | cowe | conz | casi | NEIE SOnaome NOILISOdWOD S1uve [oanv) 8§
CSWO) LHOI3M 40 SSOT AVILING 3UNLXIW YOLISIHNI NOILNT0S 3AISOMNOD || 22 31va
T'ON §3143S 1S3L NOISOMMOD — viva SSO1 LHOIIM




el ) I B S E—
= i o Eees ERCETENen R e — bt el e —— —
3 SO (Se—— Tl S - S * ”v LIE_ e = =% —
— ST — - + + — =
& o =
e + ﬂ i -
ﬂaalrﬂua#ihmxg.oa«a.oﬁ. w090z | 50 | ~= 4 SES— ) = 57 [
| OET0"0 | €5a0% | ¥R60™0 (900070 BR[| —— | . . Mm
60 | graovo | 9200°0 |L000°0 | ¥I9E'0T | 5°0 | = b oo ,8: wywmaveyg wnypoy | 09 | ‘row=dow | 2
%%70 | 0% ggaoco | 19000 [LT06°0 | EBLEOZ | WO | = | = ] OOT 3 o [ vot
2200 | TOW'0 | gLzov0 | THOO'D [COO0TD | SLLETET | 900 | == | see=—-===== OO . M o | wT
E&Igélhgﬁdi A ———— HSJ swomeyy wntpog || 09 | 1o = dow [ 3 |t
FET00 VEE0%0 | 1g000 0WO'0 | GELGOT | €0 | == | me———e==e=  OOU | e « ||
—GITO0 T ¥IRO"D | TE00"0  S000"0~ | eee——— 4,‘8:& 5 . o [
T § otoko woreodaopy |[PORO'0 | VOZ0'0 | wz0°0 | TWO0'0 S000°0 | JWRLYEL | €O | = I—— ‘HGJS.IH-&I*I- 09 «8&7\.«3 % %
PO {36160 | TS0 | ¢ 98660 | L¥00%0 'S000°0= | GRSTET | 30 | = | ememmees 00T ] o OIS SO
|| Totevu I weneTd T 2T0°0 | €520°0 | Lgcovo | L000°07[6200°0 A B cosssssnascns HSj . S m M
LT ST TS| WY | gt | 0D 0o | G | 70 | = === [ oT| swesvwemwer | 09| - How | F
[ PO yway oy T (G070 | 6C0°0 | 1070 | W00 (VIOT'D oz | 1o 1= W S| OOT H T R, [N T N T BT e
o L L o e ¥ T = o momsimior | | Wi 1§ | %
T90°0 | 922070 | 89200 | 9L00°0 | TVBCR [ 10 | = | ——————— | T epsIEYg WPy |09 = 1
B B L atl 3 1 1 T
||05%°0 | 2K0°0 | %200 | ¥S00°0 |2000°0 | T¥'ST | 570 = e [« . . L et
~ T waTY 03 wmeolxs RN [[Tg50°0 | 20€0°0 | U900 | S200°0 '9O00°0 | LIMUET | S0 [ == | meemesmeemes oot A . + . 9
. [T vy uy w5070 rﬂsal.g [9T00°0 [VT000 | Z0ULTEY | TN | Se——— O | Syw——— )2 o= dow | T [
o s . ol ool g ‘ ,, f
~ - [/C®0"0 | W50% | SEE0°0 | BE00™D 'E000T0 | 6WE0TDZ | VO | == | esm==e—e= [ OOT] - . . . W s
"STATITIIow PRIy " 9855°0 | L250%0 | 19€0°0 | TL00*0 '5100°0 ovov*oz | ¥°0 - H ——— .oS . . amw
;¥§§4§H@o 2500°0 | 90000 0Zgr'oz | ¥°0 H el s osaemaces oﬁ. 30Ty W POy 09 | 1o - 2row 4 % |
[ QY £q pesmYe W o AT e Y e | T S 1 ,
SeuIq ey3 03 WIIN[0s ¢ J?!Zgﬂmo g¥00°0 | LD00*0 €rszroz 7 €0 A l; ceemeeeanae—s | 00T | . . . o
[—=pPY ueqy pUV IeTw F 1 W00 | z3€0°0 | VOO0 |2000°0 | WIST'OZ | €°0 | = D WL s T = v
P Y VET R Jﬂuwﬂgli.imoao §900°0 | 9T00*0 95L1°0Z | €*0 , - | e .81 e3wwayy wmypog | 09 | o = qrow z e
[ Jo gunows peatnbel & 15 1 1
-, g.o o °0 - | ——————— - H oot ' . ﬁ - H ™ ”M {
1 » 2°0 -— ————— ' 00T 5 f N e {
+ ’ 2°0 _ IM ccccmmeesenes | 0OT S3WNDJY) WRTPOg 3* 1o - Fow T v
' { g '
- 10 -— _ ——— ———— t aﬁﬁ - » A . oz !
Y0 | = | w—————== | 0OT| . s | @ |
T0 | == | eestsesme—e—= | Q0T ®3WOIY ENTPOY 09| Wometum ¢ 2 o |
“ + } ' ' 4
— *, '% S SR H -1 ——— . . . - m .ﬂ»
- e ——————— - 1 e e e = = N Sl qr
& Ponly - B e W - ! ————— sh Zro%y - Zromo | 2 | ot _w’nz
M A8 % N3 [AMAB] ¢ nINoaNOD o o A R ) S
b aciai Sven 2114 9 000 ﬂ.:L SININOIWOD MONIW L N | ss i ] -
SYHYVW3Y LHLY | L Que | LONZ | L 1S! , u.u.w_:uho;-zuuln NOILIEOdWOD | siuval SNy | mm
_ CSWO) LHOI3M 40 SSOT | TvidiN | JHNLXIW HOLIBIHNI | NoiLn10s 3A1sOMMOD | 2%
7 ON S$31¥3S L1S31 NOISONMHOD — Vivad SSO7 LHOIIM




|
DEID IS TS TN W Sy S

——— gty

—— ————

. <# b— -
) 55 4

o

|
Py x—t—g—#:r_"q-tf’—z> s =

4R 443 RAaR

g T — v
- I . ! |
'!| . u 4 u k !
| ! i ! 1
4., 4 '} ') \ '
. ' ') 4 ‘ T
ﬂ + m - 4 4
S - — +“ } 4 4 1
- ~ U { | 4
— - — - \4 - \H 4 4 f $
—- - — 1t 1 - t 1
S ———_ ~ ..m . + 1
A —— i 1 4 4 ! 1 4
R — . - - s + . -
S | S H\ = E + + .
r——— e ——— v.r\‘ - - — u ‘ 4 e
- = — ; 4 |,.|H!l E 2 CEWE —
I - - 4
= I | {
— " t 4 M . -
— i + 4 4 — —
S M 4 } P 3 -
; . — = t . — -
—— — # —1 —— e — —— -~ ’ T ST G
— S | e e —— o — +
it 25€0%0 Hmouo.o | 6210%0 * 00T0°0 ' 12000 et (el Nl D sl Fnd B issine o
[| C#0%0" | 15000 | SMI0D | LUWD VOOV | WUETR | == | = | s | | seemeeesees
| %00 | 65T0%0 | TPT0%0 | €000 02K | GSCOT | = | = e
.w«nﬁaﬂoﬂoé.!ad. 622070 ' 692070 VE0"0Z T == | == | cecesscsscese | s | — esssccceccces
' ¥EET*0 | LZEO®O ' 0OWO°0 © §Z€0°0 ° 6LZ6°0 SETG°6T | == | = * e S —————aetance
" 7P H&S.o ' gSE0*D © STE0°0 T 0L20°0 6LIG"6T | === | = o ——— -1
| i } | ) | S { |
= 469560 1 L¥GO%0 ' VZTI'D © V60D V90D | GVGToOZ | = 1 == H e B ST
T¥902°0 | TILO*0 ' ZELWO"0 © €LL0°0 ' §SO"0 | C9OLTET T == | - s e T e
lld§+§.n§.a§6..§d %.I-HI. S—— ] ceccesctesacs
U ¢ ] | Bt ca | 4 , { } |
L«m&d.qﬂu‘aﬂmﬁto. SBLI"0 ' ZLYT*0 | @S6Z°6T | == ' == e
| 669970 | 66V1°0 [06QT°0 | ELST'O LVT°0 | 99w20Z | === | == w | -1
Mﬁﬁd €910 | w6T°0 ' 9612°0 " LSET*O 8&&4 3| leael ot
! | ; | | ! |
" of¥g'0 | LLLT*D | €912°0 * Ow¥2z°0 | 0502°0 €660°0z | — | - | |- e
1 # ook uoysosoy | 69060 | BLET°0 | SOEZ0 | 96¥Z*0 062D &ondi et e R e meeee
©_lwetgro | €IgT"0 ' SPOZ'O °  9T¥Z°O | 0SOZ°O SELTOS || === | W | Teesseme—— - S ——
- -homﬂm st 4 4 4 H M J
Semmgjusedusy *poysirod-puwy | 6565°T | LLVE'D [ ¥REY'D © WYIETO | VSO | R ET | === | = s el —————
[ exeE e3WLd e Jﬂqﬂ&i YORY*0 | 6E5T°0 T 96ZT°0 ° ﬂﬂdHa‘q ﬁu«oouA N [ [T Seee————
_ uw pegsdew Ayemonuiimos | ywbGU0 | 96220 | TOE2'0 | 6LET*0) §252%0 | SLZET | ~— | == | eemmemmemeee | - ——
| A A8 4
_4.:0.P siva | sive | sive | sava [[Gw2 Zivie ﬁwﬁrﬂcm&!ﬂuuzo‘lou\ Joz_!T..h:R SININOINOD ¥Orvm
SHHVWIY I Ly | cove | coNz | cas | TNAIR SO, NOILISOdWOD
L CSW9O) 1HO9I3M 30 SSOT r vising | 38NLXIW HOLIBIHNI | NOILNIOS 3AISO¥HOD |
“TON S$3I1¥3S 1S31 NOISOMMOD — vivd SSO1 LHOIIM




_91-

- ! . . ‘ - L
ORI DU S S T . ; ; N . : e e - —
B SR SN S S S - : . . - . [ —
———— : . : ) . ; L . ;
- - , . ; . _ : 5 . *
# - - lf h X | ! m ' I . ,
_—— * ] + ” : w. ‘
N S S St SR 4 “ S e : v
] I ' 0 * 4 : . .x ~ M
i i I Tar - : 4 _ w ” " |
Sk Sl s S St S| ] . o
- Z1- ) - ) F » » * “ 1} -
— : ) | : ) : H
el o h ; X . . )
— * r ) . 1 ‘
— { . —_—— e — - ” i .

- . e * P o ] . - . .
———— 1 - - ) BE H 1 ) - o S S
4 - e e e Ee I B T B e _,

s T St B S ) I S
= - H R ! . ; (8 SN S A S
_ ) - - L1 L e 'Y ﬁ T T e ° 4 . ,
- | ves | mAl oms ﬁm W5 ae| e | we | ovi| e
- - — o 1 s ° * L - ot°l 8 . <
— i A s €ses oS s s | as | o 09°9 " f D V
1 o - » A : TR oLl .
=y @ m| @ om omomom)omom omiy
R H I gE%s 00°9 s | 65 ws | S | | 15 -
- ——e—— — 4 L -= 4 - * ...'T 8'0 - quHA |80q + ﬂa$ _ MO\ . 4 - \‘.v
- L |ﬂ; i - 4ll‘i.1 & h ) M nm.@ t 144 0é°L oy N .
= Bzl omiomlom3oogyc @l ogslom sl
| ‘ R I M R I - e il i R T - R
— ) — W — —_—t - — .H,llw-W‘l. Nﬂoo v'}rWﬁoO M mo°|1 o QM\O i \‘lhlf'l, ] L | 06 : :
p— o - I - ¢ s o 0 ® ‘Nh-o of
H i * “Clea ~ 1T "Talea Lo i &00 9 ﬂho@ 18°9 T8°9 vo°l . 4 . '
e (15 ol°y viy . e 4 s ok € ”
T . 1 i*9 b e 19°9 ) 9Ls9 X 3l
- * 13 i &3 s | 0 o9 | a9 | oee9 | o9 | w9 | a.h ,
—— . - - - —_— 4 PR - - ‘ !
[ . o . ) ﬂ : B o 17 7 o9 T 0 - °g - Q°G "9 * *9 xuo 20°L eoo [ T4 .
R e sl o IR IR IR F I
S v b I HF. : X ° t ° - 0 ‘o0 aoo 3.0!0. z ]
- - - -— - H ; .ai.w.- _ 8l _ 59%9 oL*9 3L*9 - _26%9 M ) &oer v6°9 | o ﬁ.‘]..l b
IS SR S S S - T Twey T 6L ,ix..,” f B SO
. S ! e o R R . ey T a e
S H |+ w9 1 el ﬁ N i1 |w|ml|» -&.M. 1 M.M Mw; A- R vé'9 4 " N [ m!«.ﬂ&
— - LSS DR i abvy ot ehwp €t ekep 1T skwp ] L ekw Noln10s| . ON |
R fuw v Tawa | Mwqr uwot e swu Wl e al._ n ﬂ on R

_ : . 1 $383s . "5 va
IR - - ‘ Wt.an& 1834
———— 4 - e 4 Az<’xuuov :‘ i [ S |




-92-

245
-
|
ﬂﬂ..y L¥00°0 ﬁ-o ﬂé I120%0 ﬂ‘ . . s A - " oz ' a M o7t
Ayl 0°0 | 0€00°0 *0 | 05000, wwt0°0| g@E6T°0z ‘ 0z T
3 6200 | #%00°0 09000 | ovo0*0 | €looo | istzvos | s | ot | ewwwlomis | 0f | eswsmowwes| oz| Zrobe- oo | € | wm
= 0£%0°0 | 90100 N ST RS URWT . s s T el e o S5 e T € [ ot
S%0°0 | 0210%0 | 5L00°0 | ¥ZT0°0 | o100 | 2el9%éT | R TR TS TN MRS 0z e a € [ att
85v0°0 | €110%0 | 6900%0 | 1010°0 | S5T0°0 4 ouweér | 5% | S5 | ewowmbespdy | g6 | eywssyp wmppog | o0z | “roW - Frow | € [ wir
L0v0*0 | €010°0 | LL00%0 | $900°0 €0S6°6T | o | e e T T a | € [0t
Ly¥0*0 | €010°0 | 6010%0 Eé-lmﬁ 1 ) e A nr:::o.:‘?.ml 1 € [t
oo |_opoors [ Ggoro | sloore | wpoovo| s | o —[ ————— | wot[ evmiep mmer| on tobn - Biow | € [ wt
060g°0 | gT1z°0 | LST2°0 | gvit-0| 9020 | U502 | o | o | 0 4 0 | = | emmemeem——f g [ | € e
€15L% [ €geto ‘0 %? 0z a : - N I i | € ]aé
S0 | tvz-o | 60t otvao | oot | o | bor| —ceewbonty | = | e | § | tub- T | ¢ [ %
== . o ST SIS — e ISESEES kil - e o - e S e TSRS SNSRI SR eI, WS
¥21L*0| l9ST*0 | 9€0Z°0 | 265z°0 | éz60%0| waszsr | L, | . | E ) €l
#96°0| 9LI1°0| 6a¢z0 | SCsmso| gvaro| skt | o | & | & #nf R SN, I ) (P . & 38
[ ousao| a9re0 | Irca%o | Telz'0| owgr-o| oigv-ér | 5% | 06 | wwwmbowhy | of | eywsmommwes| § | Ctodi-Ziow | € [w
{ ]
6096%0| S01z°0 | goo€*0 | 2ge€'0 | vizi'o)| zooé%er | = PP [ R O = 1T ¢ e
L102°0 &moo LET0%0 *0 | S920°0 Tliz*ét . . . = i a s 2 [ﬂ‘ U
2262°0| SLIT"0 | ¥€60°0 | $600°0 | g10°0| 20vL°6T | 3°0 | oL euoumnbospiy ot wywma; wpes| § | oW - Siow | € | %
EER s : ] 3 S s Stars > Sl | .
) = _922€°0| LZ9T°0 | 99900 | 9090°0 | S0T0°0 | LOES' 02 E = = s L e — _€ [ o9 |
- LT T B P S S ————— A S u———
| ][ ését*o| oze1*0 | TORT°0 | -.s.oﬁ ovzo*o| €vol*éT | S0 | oS ououtnbosphy 05 o3wwoayy wnypog || S Tiodn - Srom | ¢ w9
| |
e % Lgtoco |~ Lv00% | 1100% | €900°0 | 99000 | ésésér | . | a P . 5 . . € los |
|| ewz'o| 0651°0 ¥ES0%0 | Cgoo‘o Tocof st . | : . . e | § . o | E]
—— ——F 892°0 | ¥0T°0 smé‘ﬂ-iaowmﬁnos:mnha 50 | of Itﬂﬂrﬁ- oL |  eswmmowmmweg| 5 | *rom-Zrow | € [
e = i H\M‘.l-mql, [ #é10°0| %500%0 .vmomqmi?wﬂooﬂm‘.v @WI 1 ‘u“ . . . o | a . . 5 . © € [ ov
1 sw| oso%| oo | dsooro| viw'o| waer] . | S - s L tle
S = T 22v0°0 | ¥210°0 | L900°0 ﬁ.wanﬁsgw.o Zlgzroz | S0 | o2 euoupnbosply og eyworgy wipog| S | TtoWm-Ztow | € | w
R S Coweo] oo [o6e | tieco] oo . P . . - .} e = L EIN
*0 *0 | 19000 0 T10°0 ‘2 g
| TSR (. 5] ‘N‘S.‘o;mﬁ&.mw 0é00*0| garo] CéELeét | %0 | ot suournbo.pty 06 wvwomp mpog| S | Zobw-Zuowo | ¢ [ o
‘Tgorohomrseaag | | | | ﬁ
e 1|cn|.._i.ww%w,m~rﬁ 2lgoo | 96100 60| gowicét | , | . | B B (R ] s . o | € Qo2 |
“pous *0 2°0 | 1gv1°0 | L610°0 | vT€0°0| 0SgT°03 || 2 & B €|«
-%rg.éﬁ@ﬁ‘h@; swret | st [ 51 ewembonm | @] eewbmowibes] S| ob-Zom [ ¢ [w
[ *4 oS ¥ 5L remawiedueg | gTige0| wsvz'0. .@-J‘lﬂ 95€T°0| oo a0z | , | —=| —e———e—e- | [ g o B um:.%T O L0
“peywy T61.°0 | £192*0 *0 *0 0 Q0TL*6T 50 mes S St nammmtywn - N 2 (B € qq P
v v poswion Frmanaremms | OUUbet| 6Ls0 | 60650 | Secko| vagbro] woerel | v | | s &.m swdro mipos| § | todw- ro% | ¢ | vt fyorozr [
s :_:,J $Ava | sava | sava ::uw.«..uwnh! Shywa| SANINOaw0D woniw [THIC] SiNINGIMOD wOrvI Lm N Lo
SHUVWIY twav | cave | conz | casi |TvE3No|ID NOILIS0dWOD sivve feuny
CSWO) LHDI3M 40 SSOM AVILING 3UNAXIN HOLIGIHNI NOILNT0S 3AISOHNOD | ®

9 'ON S3I183S 1S31 NOISOMNOD — ViVQ SSOT LHOIIM




: — B B R S G O I G
- : —_—— e ——— — 4 ey - - - =4 — — I — - — —_— - J— - |||+.|_
4 H L |
—_— 1 - = — u o 1 ». - L‘llll
_— P o - ;
—_ ﬁ S | (R S _
h R T S s (e e B _
1 - +—— —— - — —— —
— e -
+ L —— —— b s
+ et — )
—— i T S i ]
! S G S T -
; | I S _
T T
Ea— - - e B i - - SR
4_ - _— — ——— e = e —————— —_ -— — ——
T | S e | S - ]
M _
—
i
Lo 1 ¢- 40 I SRmah (A A ——— O 1 T gt -+
I Tt B TR S SR S e e (. TR B .1
Eaald B Bl R T B B mm‘! R O v 1
W0 Freen? " . T . e T e oz T . Tl e
$v00°02 » .« | " . . - [+ - . ) € [ VA4 P
B WL §T0| 06 [~ emcwmbomplg | OT | esvenpwn 2] Yom-Zowm | € [ it f ]
—_— b—— 4 - e— — — 4 —4— [ N | . T J— -4 —4 - —
Kl TR o[ e | e el e w02l e el €]
Ll | B SRS N AR T I O G 3 A
vovz o] —wper ] 50| oL ewamborpti | of | © eymoms wipes] | Fodw-Ztowm | € [ wn |
4 — ecodhodl UIEL UL U 4 _ % |
T &I§§¢§H§ (112144 H...rﬂi T e T T . oz s = € Tosx] ~ - WMU‘
e 1191-6 .lgce‘ g&?d*ﬁol_ 05500 vigteos o | = B [ . . . B 3 | € fat]
o ST 51500 Jqs.os..u.om.m.* 6v0%0” |~ 0plgest u TS| 05| eucumborpdg | oS eywmorgy mwog| 03| FtoMm- twow | € |wt|
S FYTTT W0 | WD OLX™D Tma.a seal L), s T el e alwl e . efm] T
0T TSI ggﬂg IR 2 (3.} O RN SRR S . o | R . oz N ] E ]
SA.QT%!JLT&GJP_ 00T0°0 [ 9630°0 | S22 T 5% ] 06| ewumbospdn | ol | eawwomis o] 0z Ztomedwows | € [wt| T [
Sl wemRe ol | __®vmmommipog] 03] "ToMMe W |
125070 | SC00~U | 0TU~0" F0T0°0 T W0 ] ST [ [ . - [ bt%:iﬂ. . o ] t Toﬂu ) _
3§§§L,§E§L « | e . . . o [0 . o« [E T att 1
Syoong SwoTasig ooy || WeMO°0| 1500°0 | Z0T0°0° $L00°0 | 9920°0 | ozofe0z ] S0 O | - - wwoumberpQy | OF | SFwmeaypywarpogl o2 | FtoMm - Frow | € [ €T [ov=01-ZT| gv=6-11]
| . - ; M A9 “AM AR 4 [
avios | $AYO | Sava | sava | sava J:thwm_ﬂ“uw vg| SININOINOI MONIM |g yyy| SLNINOSMOD WwOrVR ) ~o 3441 ‘oN mu ana | 1uvis
SHUVYNIY v | tove | conz | cast BT S o NOILISOdWOD Siuve ISTANY um
CSWNO) LHOIIM 340 SSOT Ivising 3UNLXIN YOLIGIHNI NOILNT0S 3AISOWNOD | 2% liva

(vowmymee) 5 'ON $31¥3§ 1§31 NOISOUYOD — Vivd $SO7 LHOIIM




&% f— 9°9 —_— &y 359 299 g9 06°9 02°g || ozt
w5 o e B -+ M M . S . B
(] = 1 Wy | % — ) 05%9 05%9 95%9 %9 oz'g || Wt
%9 oL [ Y | — = |0l | "L | &9 | 0oL e 00%9 ort FE
“ot°L | ov'l 969 — —— WL | ®L | %9 f i) -—— — 0% || &t | |
k'L %L 00°L —_ —_— Wl o'l | 0oL el — 00°g i
vl (257 — — OFFL | of°L | 389 el — (R %01
06°9 or*9 et w— 8L9 8°9 159 12°L ——— 88°L 1
6L9 529 i I Y 5 B 08°9 i 0 I T T O ot e,
06%9 Sl el e WY W RS s e
8’9 99 | —— — 0% | 9% | Sl'9 | oo°l —— o0 || W&
| 669 | w9 e o 56%9 0L 89°9 96°9 Se=- 471.,%.. % % e S|
= Uty | o089 | — WY | w9 | %o°L | evL | oL | s | % W =]
— 85°9 L%y — 28°9 06°9 06% | Tl vzl 888 [ @ |
— 89 | 099 e L WY | w9 | oL | @l L I
— W9 | 089 | —— | w9 | ol WL | Wl (1) (S
— ot°L L[ —— [1 97 ({42 B Al EL 6E°L 08 | |
PG O O IR 0 OO S Do (R O 9EL XL | o | m | el
T — Tl | el | — | owl | wel | &4 wel | ol | s | e | ]
g ... TS0 ST, I . S R S Y ) e ) we i.w .
° e 0°L | g69 | == | 0wl vl SveL vl el 06 || v | =1
ol | e — 1 @l 1 @l e oL L oVl | 05T | weL 00°6 [ dm.,hH!\ i
e 0 0 e L geL oveL gL 05°L 00°6 - e e
e so°L 66%9 — %l oE*L WL | ww ol | 00°¢ || %]
o vl wel e 6L | el ovelL ool L €69 o =
e ol [ 9,.4; e %L el ov’l 1 Wl | evel M g || @
— | wT | T | == | ol L T ol 0 | wel | wg || W
e 2 ‘Fﬁ — gf L oL ol ovel el gé%g || et
- &L WL | — 6z°L weL | gL ovel sl | ee [ ® T |
SENIS W — |  weL 60°L w i B 4 &7 ) el | TEL | gEL | ol gé*g | v
) . — Ry | = | — | &l | ®l | ol - grel g | oz | -
&l 6l S e oL ' oSl | ogl | - %2l oo [ @ | 1
&l | 5L 6g°9 S| — o5l | el | L % o= = othL et xw; =
| | | | [ RS |
3 e i i e
s eSS *9. | e %9 T el u6%9. | 8" s asm ol JOIRE, | D58 e T
by e S, . O Y. ) S . % _ 0l | — T oti | g9 | - | oLJ.ﬂ..ﬂ
, skwp 1z | ehwp 6T shwp LT  whwp £1 = skep of g shep | | S.qu shwp z Hzo.:joui i .ozlﬁel
et N ) S :Lr e | = B (5 Ea ON S31¥3s OUUFHQM»
(NVAMNO38) H e s o lwa “| s




~-95-~

!
e S S,
0 ) ‘ + + . “ -+ -
’ . ‘ N . ™ e b - o
: | . . N | 1 - .- -
v h . . . 4 \N —_— - .- - — -
t ' f . . .,
t t . !
! A ! . _ . [
| ' ; : i . b
M i . .- S . .-
| ,. . 1 . .
+ ’ . B e a e — . —
H h ’ . B - e e = 4 — ———— . —— -y — ——
1 4 . . - IS G S ‘
4 . . - - — . - *.lr
- ) ' : N . o .
82°9. — — 1 o9 | w9 | e | a9 | o— | e[
92°9 — ——— bl w9 05°9 e 0L |
ot*9 _— - T R TS B () w9 | — L
Bce | ety | —— | 9wy [ e | 0S| — oy [ o
¥E*9 69 | — | _SE9 1 w9 69 v5°9 —— 82°8
_ o9 | o9 | == [ gt9 | o9 . osr9 | ese | — &%
. N . t
9 oEy | —— 6E'9 . br9 059 | g9 | == steg
;%9 0s%9 —_— 059 | 099 @99 | 99 | == stg [
o9 | er9g 1 e l%d; A w9 [T 95ty | — st'g !
: . . .o B S |
059 059 -—_— w9 | SS9 299 9 | — 3] O
259 059 - 9 . ¥5%9 19°9 99°9 -] g :
059 A A T R o B e I L
By | %9 -— el Tooese | w9 | 6l — Teeeg | ,
15%9 0s%9 | -—— weL 159 w99l 69 | osc9 | 229
sv9 | o059 | - weL ol ey T T ase ] Towe | e D wew [
— . . |
~ T 89 &Ry T T ==y T B 859 w9 6% | %
059 [ a9 | == Sr'9 ] es%9 1oy S.o | el e s.PlT!.:.o
a9ty e 69 [ w9 | 'y . 869 e
olep 12 ) shep 61 | efwp LT shwp €T | .33 | -»Cs | skepy | 1 iu.» Nolindos |
__ (nvmwoaey wd




e e e s 1 - t 1 1 i i e e
= s — o
— J - — . l.l'l,.!
— B — — + — u‘ + .* 1
4 WS SEsRERa. | % — —_— = Ussnll assramk! b - b T | = — -
e S e D Bameny Hess ey j - W =
—— — — b — 4 “ " H
Hr v (R e ‘l\lﬂ\ N gvlil\“\* M M H 4
i R ‘‘‘‘‘‘ ————— ] I e T { 1
- — y[;lgvllw‘ == 1 1 t
, R e e e 4 — - = ! }
: Mvr o rloT +r + +
—— |+\| S ! —— ‘M w
— + — — —
I o —
g = = - = +— qg —
G | R o4 il Wike e
[ I 1 A T S s i - oL H e
. . . s L sFES 4
il B Bl en il st =] BiTf . ot s ) (.59 el T SO
| | , = I 4 ! LRSS
———————————— v | .%3 [ 9000 | W20%0 | veszor | o1 | = —_— %.JW“\ . I . . .L.r“w * ]
H | = gy " d|9§|0 %t.‘ﬁtﬁ‘\' + e e ———— Tl - - | - . - f
. ﬁ;éi ! iBﬂ.ﬁlqunTlrwxialix|li oot | FeISTH m ST Wt Iw W =1 3
=4 R =4 ° ‘ ] ! _
s— fqzu.ol‘g.%?gHgt!R«u.ﬁT.Jq.ﬂ Pt eesssesc— F= . , . « WM H w
[ TOPK T PRIy 1T ZLTZ™0 | E9E0°0 | OOTU'0 © SZW0°0 C Wg0"0 | €6TE*OZ | O°T | -~ e el B . o . ,
~ Ayvwes ek wea nq *3T0w0 1T 1352°0 | BWHO0 | 95210 ] 86Y0%0 [ DEEO™0 | 19130 | O°T | = ._ it s am s .- FBmIOTH m 5] M - dpw €r= | *
[ WYy STaute A ) AT e S | £ ] I i | l
S e e n s —— L L LT
1699070 1 T Y1000 | ¥OT0"0 88.39 L5 Wi D W g 1,455 U “.. m“ 3T Yooy nml. H
[y Sow yyoy wy e EETOw 1 e T 5 , ! ! ! _ !
ll:a:ﬁii!ﬂiuﬂﬂdlddl%.ﬁdwgd il S Bl B essmsvendll BB . f « = o [ €1 t
= = ~ 1 3620 | OTSO"0 | BLTT"0 ' §2S0"0 | 291070 | Lylg*61 oAH et W e el R - f H . o f o !
~ oamsodxd X7 - *aaq 2 1 391z*0 | €€S0°0 | ZEOT'O gd.&.a.m €959°6T | oA*!. ————— .oS. Touey u s i - foow € AH
il...ﬁlg B! 1 . fex— oty NN 5l ] 3 .
smeodxy IT = Y8 7 SIG2°0 | TEWO'0 | 2O¥T*0  €0S0°0 | 6L90°0 || 9SOL°6T | = | — e 2] M cmeass eraonel (0.1 M . 2 *
- = = 1 gS¥O~0 1 SEET*0 ' OLYO"0 © IWO0 g.ﬂ%lcwl B Hl ————— 2] o . i '
— !&-#uﬁ.«d ?‘@H.§H§6,|r|;-l*l+,§ [ et S| wwoawer ! €W | I
e e B B s S e
YOVZ*0 | S0 | YITD % & ==t ..4 e S 5] . T R E
[ VoS ¥ 5L & eamgvaeduer ' {19270 | WLE0"D | §ET"0 ' SOS00 | ¥Z¥O'O DE6676T .IWIF R F*Iﬂ —— S| wk-¥qow ' €| vt | éret=1' gveger
 siian | €AY _«n:o savo | save gu»«d,ﬂh“ﬂ,m@u& SININOIWOD woNIn | IMAS] 5inamMoan0d ..02:.‘ im s RS (1 T e
EREVYNIY v 1 TS oue | LaNZ | e is) ..wn.w..wuo“..zL NOILISOdWOD ISiuve ,.n.;.:-_ mm _
| CSWO) LHOIIM 40 SSOT | viumi | 3YNIXIN HOLIBIHNI | Noiln10s 3AIsowNod | 2% 3iva

T ‘ON S$3I1¥43S 1S31 NOISOYHOD — vivd SSOT LHOI3IM




1 « =
‘‘‘‘‘ ) | - , } ! 4 't 4
T a = | $ ! | 4
- —_ — 4 | |
- - | ' | " '
“* | 4 t ﬁ l 1 1
_— + h_ 1 t ﬁ 1 J t
| y - i + + " .
4 { . + # '
—— ; o e
1T o't - evessccsssass ! o . - oot !
k O°T ! = ——ceee cea——— w - | - n I
&v o't - ﬂ P Rv.ak Touey 11 3% o0y [ -— w1t
- 1 ! '
H:g ”% H- - — & 1 = == = M " “~
Y‘Lﬂ = B i -
\dcﬂ,wll! B e IR ) GRa w!r S ﬂdm’ .dma L.F £ T&»
T e T — o - 1 <
GCAM -— * PR = Py . W - “
o't B T T - - A . ] ' ‘+
A ww S| ww v .1‘“‘14
;.F\dc.—w £ dlm e —— - N T T 3 . 1 -)H sl
‘Iqile i S ey e — e — - e ——— D ﬁv
0T lw 0T t‘omd’lrwaknmnaﬂaam&!-nlmv ?¢~|+
R 3h ~ | 5 ;,f ——— - P 5 D ‘H\NIA JH
o.«.ﬁl , et R | i | 1L
TN [ — 000 20T u S| v ey - -1
dcd.,? - t e a—— | || = . f - H . I MN
01| = | e | ,,
. o.g.l* meemmcemaeees 00T smoiemr  f S | 3w - 2w € fwt
4 + 4 - + ﬂ t - ”
i -4 m0°4 |H ———————— . t Py H - . - u 'H
+ 5% ] - ceeccccsecens | 1 - w
4 t WOO. - ——————— 00T !.‘ ﬂ W w lvﬂ‘ l-tﬂ - .ﬁ. ”w +
_— = w s + _ ‘
‘ i | gogT™ 4 PO &l = mdsuaress ) . m o] . . . M,
[ A3 v w¥rw) *Towy uy 0! “0 | &¥ST0 S0 | == ——————ee—— | % lice
[ oTInTOw sxow swa 37 20w | 02990 | 6622°0 | S9ZE*0° Z6ET°0 - YOST'O 1 m.o.lm ————— 1 00T Toues dwwsdwa.#ua ¢ A.
§ } : } }
TEE0™T gawﬂ%é.qﬂns;om«u.o 1 =1 lw exems il e —— . = yiss] I
L090°T | STPT*0 | 0SEZ*0 | EWlE*0 | 660C*0 .IHIW e | - —— T A =1 %] !
347“56»5&&5-.25«5# sl i) il e e Hmh 3reg Yooy -1 =]
— — . 4 — . - — ¢
s ¥ St USEE"0 | Z6VZ°0 | 99930 029270 | ISST0 | TgWeOZ | wm | we | eeseseeeee .l e 1, ﬁ S = 1
= YIOUTUZ [ W0 SLZ0 [ LTV | WSS0T | e = | meeeemmemeas | e « [ 2 : ar g
- puw pejusew Aysmonutqusy || ¥E6QUO | §IIZ°0 SZvZ°0 T YIvZ'O | L96T°0 [ BST9ST = <= e *l e m_«noo- Z1ow -19.1»9:?3
| [ T w |
ol Ava n:o el 3:9.:<u% thw_mpﬂ.‘.ﬁH SANINOIWOD HONI _ _ SIN3INOWOD HOrvm Lm iy - mu. z
SHYVW3Y i _ ve | conz | sas | VAP SO wamed zo_tnoa:ou siuve wanv| g
nw.z.uv kto_u; ...0 mmOJ 4444444 ,_ 3YUNLIXIN HOLIBIHNI g 8 NOILNT0S 3 AISOYNHOD U.MM
% ON S3I¥3S 1S3L NOISOHYMOD — vivad S$SOT LHOIIM




98—

1 !
RN ) MY o = ] 4§ e Bt
4 + — = L 2
e ——  m—— ﬂ o —
2 - + - —
e . M
l!,‘ﬁ — m - — —
i = Q B 1) (et T EEAUREG oM T Lo o Teel
. —— — — - — — — 4 — 4
7 — _— —
183 : B e ¢ el el S = =
=4 L = 0 3 : =
— - _— — By men T — . ——
- N T et TaN L) B L ¢ K Rl ety
= 3 T R ey | < Ky b
lli .
= M0 [ [50 | ™= - em—— . | . o B - <o el =
8T P50 | = m— T - e . 1= =
N RN (50 | = | 01| W% 5 W WY [ = [% ===
KLad . e . B . “ . B ol 8.3
gL 0 | BB - —— o . a ~ ~ - aa
Bl - S5 weTW [ 5 W ey [ = (W
— — S | 2 ol e 0 A0 P S ) T2 o 3 =
et dodl B j oo S 5 Mo Dot o 7 SR P o Mo O B #lllij
‘§T _ 5% e e A ——— e - \‘%Ml\\l“|‘\‘l“\l - .' | ) 2 lul ﬂ o ‘ \'ilx
sV | )] 0E69°0 5% ) —————— O G ® R D . . L)
S L S 3 [»J‘Ham.m”ﬂm‘qm —&agtT ATEw.a‘ : fﬂ-a = o0l mw@snq@ mpoRlg | 5 | W Yooy | €Y 1
SUGT0 | Y5120 | gOST0 RS 0 | ] el e 1. « |
1760 | 3220 | LVTU Ardi.ﬂlidlu:q- - : - TR [T e ) S ) =
JLL™T | LTIZ"0 | SHIT°0 1 EO8T"0 | CEE9"8T | %0 | = | e 00T wWw S | SpWefpw | € [ w
*T § 1ok woysosioy R e e s (e (e x| V. g
= BPE0°Y | VITZ0 | €2F2°0 | E6LT*O | 650 | WSt [ 50 | = e e ol . . . > . . | %t
[ "LT§ vuv gf veraew woxg (| €STET | L¥T2°0 [ Lvor°0 | SY¥T*0 | TiLgv'0 | 6S6g°0Z || S0 | == e — s A . . .. o |
[ 93% T3TA % 9143 epnreny || 6L6PT0 | SOTZ°0 | GYT°0 | 15320 | OELZ0 | ZROL°6T || S0 [ | we————— 1 0OT [ 615 oo {5 | dome=towm | €| %
pr—— S EEEEESEET e ey S - — — —_— - - — - - -~ -
[ vpowad|| €€29°0 | Sg0T°0 | €9E0"04 ZWST'O | 6962°0 | W70z || SO - . “ . . . M . " °Z |
[ 9w oy SuIVeN WY WTWI W] J5S6°0 | W0 | WSIV| 6WUO | SV VW[ SO [ = | === | o |  u & | s ] .a e | ] ®
[ SeIOTPUT WIS WU VPRUNY | VOPS™D | UZ2°0 [ ITEX'0 | OLST'O | WITO [ OEPETOZ [ S0 | = | === | 007 [Ww@sonwnmpostyy | 5 | ProW-fow | € | w |
[ vEeS ¥ 5L & wemwaetesy | O099°0 | TWZ"0 | 302°0| LU0 | SSEIU| SMROR [ S0 = . . . " R B . T =)
PRIRTI VIR0 | GEEZ"U | WZZ"0 | QST'U | WIZ'U | SIWU0 || 50 | = . . 1 « | _e o o | 1
v peywTes Syenarysney || W00 | 1022%0 | ORST0| VOST'D | S| LEST6T || 5% | = | e | 01| Gwisoni miwosng | 5 | YtoW-Ytow | € | W S=E1-T gr-91-71)
qvios | SAYO [ sava | savo | sava Jive .-d! IMAB| o NINOINOD HONIW [IM E;w‘w&wa wn O Mm TP
SHHYVWIY LHLy | Lowe | conz | oas ._an:uho . NOILISOdWOD Siuve 'ANY mm.
CSWO) LHOI3M 40 SSOT || vieng i 3UNLXIW HOLIGIHNI NOILNIOS 3AISONNOD | *Z 31va
T°'ON $31¥3§ 1§34 NOISOHYOD — Vivd SSOT LHOIIM




-99-~

| I ~
3 I ! v
“ 1
e A RN DO NS T : L Y 27
SN . ! z e L = n«\l'l‘lgl
= e S e i e 0 <
SR | -.LH|IMH bl FRE
! P (IO SRR Y R AT RS M PSSR o 0 =
o ) — i e
—— —— 1+ =
[ ] ] =
[ ] ] ESpifs v
| h “ f
——————————fstweo] 602070 Tv0070 | OLS0"0F | ——— 13 1 5 - B J SesEEes N
= 199070 | e DY N T o T 5 1T o o | ol o . . 1 %
= Jﬁélﬂggfﬁuﬁ\ oo | TBVEE | o1 | § | euowvbosdy | S6 | eywmsvera wwwes | § ow | ¢ | %
p— — _ 4|\+|"| — S
GRS 5. ;. o | Tor0 | 00| IRTOE | . | . R 2 5
= 180500 | ! _ j B oo o 0 e . el . 0 L
1
= i €tz0*0{ LOTO°0 | L900°0 ' SO0 | YZOO*O | TE9OOZ | . rl|\ - " e " . » “.v.|.l~r T . ™ ' 59 s
K 19€0°0 | @V10°0 | 2600°0 Lgé e g g - - . 1T ®
S 1 voro0 o200 | 0*0 | TS9"ET | 02 u; ——wuIpAET | 56 | | eAwedp w 5 oW - T ]
. m $170°0| 90100 1920070 T S0070t S0l W T T = | s e | s ] s s [ &l e e 5.9 =
SZv00 | 99T0™0 ' SYTO*0 © 190070 T L¥O0®0 | TTIYT°6T = = . e Y i SR ;ﬂ 3 T )
) || E9E0%0 | 5516%0 ﬂogo.a ﬂ«g&M G000 | SEZTST | ot | S | ewonkmmd y | 6 | eawoasqpenipos || S | “to%m - “tom oE 85 iﬂw# il
= I rﬂ TOOD | YOT0"0 | 250070 | TOT0°0 | 5000 |~ TS mi A S T, B S 1T N (R . )
e —6C10°0 | 290070 | 000 | 00V | SR [ . | w o T N T DS VBT S . D
= = N SRy | T600%0 | 26000 | 209*6T | 50 | § | esoipkmwd | 56 | eawsesup wnioy | ST %owm-%ow | €L w[ | ]
o900 T §600"0 H0€00%0 | 690070 | €ooovo | €Elroz | . | 2 = : % O P T .
[ §S20°0 | LL0O®0 {9900°0 | §S00°0 | ¥500%0 | LLET*OZ T . . . .| . o« | s s o8 | 3 3,5 >
1 Ltfovo 36#886 t oloo*0 | gfo0*0 || wZIT°0Z | 0°C 5 T ewoupnd | 56 ‘iiJ ¢ 1 %0 - %109 fd| Yrﬂl - ]
SRS I Pocndiedl SR . SR e o O I i E 5 5. I
seTJe8 Y3TM 3P STY3 oue_“ﬁ fgvo*o | €610°0 [0600°0 oao-oH, OTI0®0 || 0S6E£°6T ﬁ = e = 7] =l = 0z
Y § $15%; weTsozasy | VYOO | TYIO™D 1GOTOD | 960070 | ETOU| VSB[ W | w | o | o | _a s | o, ” . 1=
e eTrod | B7E0™D | ¥ZTOY0 {T900°0 © 1100°0 | 9¥OO'D| GLETOZT | O°T [ § | wwuid | 56 | eswespwmipos | S | (oW - %Tow W :
e IS SN N B g
[ a5 5L weImyeaedwmey 1 E8T0°0 [5v10°0 | 921070 | 9500%0 | ¥260°02 B R = & s - : 3 = ol ot S
[ "peawmYIv | g5¥0°0 | 9910°0 | ¥I10°0 = 2ZT0°0 00°0 | €900°02 - a . - e PR TR N I KT
pov pegwaee Aymonayuey 1 GLYO%0 | G9TO0 [ 9600°0 R \ld.-'&&'ﬁmw,li,ﬂa: 3 [t | = a
, sAva | sava | sava | sava 3avut SN L] sananomod vome Sinvg| SNIOMOD vorve| L 3441 | ON a3 | 1wwis
[| Tva0l VL3N 40
SHHYVW3Y LWL | LOUE | LONE | LASI] Lo g, [oramed NOILIEOdWOD Siwvel [oanv) g
_l‘ (SW9) LHOIIM 30 6501 AVILING JUNIXIN HOLIGIHNI NOILN10S 3AISONN0D | 2 T

3T'ON S3/¥3S 1531 NOISOYY¥OD — viva S§SO1 LHOI3M




T v T T
e ———— . . . 4 - - - - - i R 4 . . ) —— — =+
(RS O A G ST TL | - . : T Mt s 1]
— - SR e — . : — e e — —— —
“ 4 . ’ + + - + -
+ - - _ -t i N R N H ¢ _ '
- —— _ : i | : S
- : ‘ | ' - !
_ L | o ‘ , b i
e } 4+—— — — -y N
_ T S ! i R .. . '
p— - —-—t—t ——— —— - - ] | ¢ k- d -
—_— = — e — _ S - ,b - . - + v -
B 4 —_— — —— 4= — [ - - H — +‘ - - — -— - q. - —. - =
- I QU SR S i . . .
—_— _ - . _ I i 4 . N
— ] B . W ‘
4+ — - . . | i i ' '
R PSR SUR 1 1 - T ) P
R DU . [ ] _oou | oocr | evu | et | Teer ! el | _vorl | wmer | gocg [ e !
L ] et a0 ] el T[T vwel TP ozl 1T s€eL [ Teosd _[Tetl | e0te [ g [ i
) 00°L wel "] et w ] we e | soel € gocg | w . |
J— - — —_— S [ . - . Y GRN. — b ——— o ——— s ey e - - - - -
R # AR SO - A B LV G LA B YA G 1 O fio«ﬂ T oL :fd.wlrl.«‘n.nlwlwh -
0 -y 00+l i sl T L) 9oL | T melL e [T A
SR _ f__ %t | o0l | atl oteL o2l . weL_ | sl _ | €L _ 5|ﬁ.514|¢¢ e
_ e o _ I IS S S _ 1 e .

el

§el trel $6L | S6w
L] ol | oeseL 69 ] w

L
|
¥
.
~
!
(>3
W\
o
L]
|
N3
I
~
|

‘‘‘‘‘‘ I )

el el sl

L
L
el ] el el 6 » ol Tl T sl | s %9
2
L

5oL Tyl [ sl 00% [ s .
ss°L os°L _ssL 00°6 QS !

1 M_,; I o . el oL el ] wel 0$+L
- - ool [ el | owel | sseL |

'
} B o

I s m ) Tl [ govl 2oL 2oL ogL ! eseL | 6L 15l 20°6 o !
B S 1 B S S . 2 B L S X ol T feel ]l T Evel 20°6 o |

I A -1 L O T 1 L A M ) or'l st | 006 T w1

R SRR SRUR R SR S o7 R G T oseL | bl ssLo o vl Lt o9 [ 0% [t @ :
~ - T owel é€°L éreL Evel sl vl el €5°L 00°6 af |
IS S i e T ol AT B 2 S B M o5l | sel | estL | o0 || et h
T T T T T e e [T el | osl  we | oser | s | oo || oo
T : |i!,.; T LT[ o6tL | Toeeel sl el T geel b gl vl 08°g @ |
S e S ‘+ ) P T el o€°L sl | oL grel ] osL 1ol sl 03°g 2
—_— — ||!,.H"||¢.A||I e - - 4+ - - = - -4 . , - +

T 00°1 00°L 0z°l stel 62°L oreL sz°L gfel | " oég ov

v.
Tl ol [ evl T ol I wel 1 el vl ] et okt [ w

IS S S S O O S0 W 0 S S A
4 ‘

| T e €3 | ebwo | sbwgr | sl abwol  swi | swy | AwT  wounos| | o

I It i {

(NYWYD39) Hd

. veel 22l 6€L | vl . gwel  oscL | owel | zstL [ oot | % . T




~101.

—t— | e o et
T T ATV TS i S
— ——— — - - —— — — - ﬁ + - — - - - 4 — —
== ' Za ;
= =S S _ R
== e Ty S R S i el 2 A i -
—r — s e

L
|
|
|
|
I
|
|
e

_ e a | ST _
Y &
e L
e il ! - v i £ 1 ——
4 Lﬁ e | L2 L) ‘
e T T . . ] _ I .W_ 2yo% - 10w L 1
- ete] ‘wwe| wso%s] wioo! sl oweEt | w | . | . S SR . 1% =
- [ TOU0| 65T0%0 | 06K0°0’ WT0%0 | O€0°0| WULET | . | . . . . . . g o e
‘lﬁr §50T°0 | SIT0*0| €6v0%0| 99T0%0 | vezo'o| 00égt | 0%z | ot woutnbosphy | 06 | eymomp wmypos | S | Crodw - Prow "
- 1 -— 44— —4 — - 4
[ 9680"0 SE0°0| @900 PEI0"0 552070 TR | . . 2T . . . . or
—— =T ST W Bwo! @] RS | ol
| W wmoo] viw] ymna.L wzro| zeatet | st | ot suourrborpiy | of | ewwmspwmmwos | § | Zrodw - Prow -
— |
€960°0 | 9€10%0 | oo0| T€T0°0| wzz0'0| osér+ét | %
t Zrto0| otiowd | LoEoco. seto of tzoco| 6ot | 4 | . . < : . . : 5 af
! 6SET"0| 6€T0°0 | 59900 S120%0 OWEO'0| 6506°0z | Ot | OT suoupiborphy | 0f | eswmemp wmppog | § | Zrodn - Prow v
. : ! l | :
| wes| o wevo; oféto! gworo] ozsta | . | . = . . u . N . oz
_*T§ 10k wotoxsoy || TEGL0 | ZvE2®0 | TebE0| 600T°0 | TwO'O| Z@STET | . . . . “ . . . =
~ bewsvod | 6ggo'0| 62g2°0 | @EE'0 0€20°0| 7gv0'0| 99ig70z | §°0 | o1 |  ewupmbosply  of | ewmempwmmos | § | “rodn - “row "
-puvy eem se3eTd [w3en I [ | R ] vy A ) E ] [
%353 ﬂ\.wﬂwﬂgszv | 9592°0 | 6LTL*0] T199z°0| lgtz*o| St9t*0z . ) T b,‘rt = a . . o1
T pewwayie | STST| w920 | wivl'o] O512°0| 9@0| SUL'GE| 4 | . s o Is . a
puv pejuaew Arenonurimos f LS6CTT| GOSIT0 | 2069°0° 9O¥Z'O| OO 9920z | 10 | oOF suoumbospty | 06 | “evmwryy wnwos | 5 | Prodw - Zrow o | 6rvt-z | r=L1-1
| avios | SAvQ | sava | sava | sava ja.ﬂ.u:.t Hcdhﬁiﬁl»gumo,ﬂou_h_@ SININOINOD WOrVA 1m S540 B mm R R
SHHVWIY LWy | Love | LONZ | LS ..Hx».w_:uhor.z NOILISGOdWOD Siuve STANY nm
CSWO) 1HOI3IM 40 SSOT viam | JUNLXIW HOLIBIHNI NOILNI0S 3AISONNOD | * 2] 31va

T 'ON $3183S 1§31 NOISOMN¥OD — vivQ SSO7 LHOIIM




-102- -

_— e e

T R !
+ 4 4 - . — — - - e —— — H,
4 . . y - . . - - (O —_—
— . - - 4 - 4 - ;‘w) - B . - - e ———— e —— -+ Tl t %
+ * + -— . - e . - - - - e— — |4. +
¢ ‘ | 4 v ' ' ‘. 1 F - - - _». —- 4 -—-
| — *!'l,ﬂ o o i { . - . * _ - %.i! ,,
t } } 1 . * .
+ - ,AH’A!|||F| et — — ——— p—— 4 - . w - | - - ' f m S
u | : - } . —— - — : ! .
} | ' - : h B e e e e S
- - S (U _ ) _ | . * - c— - b — — e e— 4
e e e e ey - -:.* . Iu R T e e

- - - — i , Il

I
I
i
|
L
E
|
i
|
e
|
|1
D
'
1
|
!
|
|
|
U S
i

sl o el | et | el 05°L wel el gsel g

e . — .\+ b - .
- _ — . » “ t v L
A S S S ) S S R SR SN
. p—— — » } _— - - - —¢ — .L.\l.l e e B ﬁ' e 4 -
-4 - - + - JRD U — - - —— - - - e e e S - - = ﬁ - — — — b — -
——— . - + - } - .4 - - - —— 4— - — e e
-— -+ 4 D Simnhats S S e S 1 T M ! IILI
T T T T SR S el | el [ Ceel b el T ol T WL [ ol TR T owg el T T
o R | walmm\H R S .3 T o 2 e D B o orel] 'l 'l qwéi.-»'g-.qulwl|lq|l
w ! STy | ol | oew | e | osn | wer ] we | oasw | ove | owor |
X v o ) TEel T vl ] ol T TRl ] iW&#l Tl [Tl T el | Twtee et
o TV el el el el T el | el wel sl | etg f © ! F
: o P vl | et | el | Tael [T o Tl | W | et [
L : wel wel Tovel vl © Syl ” ol | Gl T s vieg || | #
+

L LweL | TTeer T et T ol ores el " e TesL | vt -
- — + —_ = 4 y liT.||I - ® 4 ¥ 2 . 4
X X L el 26l el ovel o S 2] el el S0°g
, R EL L B L

SB[ el [ Sl T T ol ] TR T o5l | S0

. ofeL %L el 9kl el el | oo'g

€l 6€°L svel
0zl el | et

oS

s

%5

oy

wel T gl T ower T vl ] ol ] os°L so°g |
w

of

6L orel és°L 7 00°g of

o

el | sel | o5l | oo

08°9 Teg'9 | T ¥69 6% el | %L s0°g e
09 | t9 © grl 7 éocl] T SEl WL 50 b

- R - [ 2y

—_— e s —d e . . 4

——
i
UGSV P,

009 %9 . 169 M %9 9o°L 6oL so°g | ez
1

o _ ; | AU 089 08°9 ol T terg o1
- o D . A S l‘madw# RS ﬁw 069 08ty ] 9 |- ¢ W [ o
L ) o Tt o 09’9 | #l*9 03°9 sg9 ol9 | 0g9 | 669 g | WM, w .

= 4= - T I o

| Tatw gz . ebwp sz, siwp 1z ekwp Lt shep €1 skwpor; wiw ¢ stw 3 Noumosf | ‘ON

- = - - N - N . — - - I S -

- - . - $Iu3s
(NvAwd3@) W o e




~103-

- -
. @ ] . ! * ! ; M-Llfs s ]
e = e ] i A G S A R I o o= )
* } : i ! 4 PN SO
-+ N h . 4 - - I.A — 4\
— —— N ' . ﬂ 1 4 — o =
p— — ‘ { P ' + — _-
s = s SN | = e o e ¥
e — S— —— - ' . — — —
P ——————————————— — —_ —— e ——— 4 — “ “ w - _
PR TS o ! - +
o s e e
S ) 1 v ~
——tp i — - —_— —e - — . — 34— - - -+ _— — — + - — S _ =
»} ‘]4|, — =1 . et H\ - - —
: | G S SRS S = S TN s — X N
— — - a — — S— —— - —_ % — I.Y'IJ 1111 - ‘4Y —
. s _ S ! 0 =t . ‘ - 4
— - - —_— w‘ \\\:ril “_” “ o S —~ e A S— — - — - - {——
e - 1] ¢egoo \Wmo...iﬁ@o Mmzﬂ.ou,fmo..m TR0 | g | e | e | | 0 e e = 1
e tvl0°0 | 9T10°0 | 9600°0 | LZ10°0 | 20%0°0 | 2l€%°02 — ———————— . a N . 2 8 U . s
2l0T°0 | 0510°0 | 6510°0 qus.o | 6l50°0| 99L"61 | o —_— - 001 e3msoryy wnjpog s it = P v = {
T - 1960°0 | 5L10% | Zr10*0 | €510°0 W oroco| Tz | . | — | =—————— | .| . o | o] e I I
200T*0 | T6T0°0 | 05T0*0 | 1610°0 | 0l¥o*0 5«;.8@ . — | | iR R T e 0T e B MO TR =
T | iseto| T910%0 | LEN0%0 | &10°0 | 050°0| CYZLU6T | 5°F | |ﬁ — 01| eswmrgg wrpes | S | oM - Stow : e
=t Ass.o ovto"o | E610%0 | 06106% w @00 Qg0 | o | — | ———————— | | ., . 731 I T T e .. ¥
= | TeI0*0| TET0°0 TET0'0 | 6v10°0 | OLEC*O| wEgocoz | ., | -~ | - . . . . | » g %G
- séoro| set0% | Lot0°0 | 0ozo%o H Ceso0) taLLst | 0% | —— | ——ee————— ﬁ_sﬂ emmosgowntpeg | S | Z1oWm - “Tow %
R e, aﬂﬂ\:s.mmmsa | 16100 | ovgovo| az‘.w“ e | = mm— T Y 2 . e 2. 73
=== 9010 | 56T0°0 | gotoo | ogtovo | avsoo| léwsroe | 1 | — | - T S R (N Y PR =
- om0 &% [ Goto%o | evto®o | ovloo ) €igét | 5T | — | oot|  ewmmmgmwes | 5 | Prody - frow | i *
[ T 00| 9ZeT*0 | W00 7«36 8210°0 :.8..=H . | - S . . . . . of
o — 8L21°0 | $9€0°0 | S¥10°0 | 9L10°0 | 2650%0| €WES0Z | , | === | emmeme—mme—e—— | T » o af
- 6z11°0 | SL10%0 | L0TO*0 | 2910°0 # se0°0| oovEét | o1 | — 00T| e3wmoayp mmypog | S 9w - Ztow L1
[ weeo| eoswro o | twawo | odvo| gatsret| | = | e % P TSr TE (T Y T L
1§ o1oko woyeoidon | Tvgoo | 9691°0 | Z253°0 | it°0 | égoto| swaseér | , | -~ 5T R AT S | =
spoysitod || y1zl°0| E¥12°0 | 2LETO | *0 | LEgo*o S€*02 0 | = 001 e3wmay) wnpog 1o - %10% w2
.Tv| -puwy ezem #é39Td Ty | 000 | | 4]& 0 | Hip - Dmf.ln |M| & e g ednleass T I~ % ‘tl‘\ - v4“ - ) { ] .IM
A3 5L emeesedeey | Gole"0| 05270 09€8% | 120 | GoSTO] oust |, | = e e e e e
L €698°0 | v522°0 | €922°0 | 2z22°0 | wstz*o| f€wzleéT | - = 2 z . . qat
[ pue peawdes Aymonutsmoy || ww26°0 | 5992°0 | 9€52°0 | owzz0 | S6Lto| SLté*st || 10 | -— J.m e3wmoIyy wnpog S «Gr- 210w w1 | év=g1=€ | v=S1-2
= L A8 1M v e i
avioy | $AYO | SAva ﬁ SAva | sAva ._«_.muw.dﬂ ““&E oo st ikl | 17 B diealbit nn 344l OoN mu,, anN3 | iwwis
SHMHVYW3IY Luiv | Lawe | LONZ | Lasi | TVAAR SO NOILIEOdWOD Si¥va ISTANY nmF
CSW9O) LHOI3M 340 SSON Tviain | IYNLXIW HOLIBIHNI NOILNT0S 3AISOMMOD | *2 31va
7 ON $3I1¥3S 1S31 NOISOMHOD — vivd SSOT LHOIIM




-104-

T X ' ! X
' ! t ' : “ : S S S
, , M H I ; . ; ; S e e S SR
b — — - —_ Tlcll + o . 1 — — — - e - - cm— e i en e - -
| i H | . , . B . . . . i . - . ¢ —
b — ! ' ) : . t ‘- . —— -
f . ﬁ f H ! ' ' ' ' . i _ - ) ' —
— — - ——— + ) + } . ‘ * - b . ¢ - -
H— - - - ' T -y —— : — IH —_— | A
' | b h ' ' ) H . . R S - - - unﬁ e
i | + 3 # 3 . . - H - - —— 4 4
- - - H M + + ' ¢ - L4 - t - 0 S - - 4 -
L - - | | ; h ' ! . R T LI T
I y ‘ ) b “ f ; ’ t- ,
- * ‘ b ' i + . { -
- - s . * 4 t f ' -
TR S T L _ :
p-— - ‘ o } - 4 —— e e—— o — -
S 1 ! ﬁ - . . : S -l
L . + - . * b - - - - - —— E—_— —
S — [ — b - ﬁ S { oo R - —_— . e B
b — - — ——— e — e —_———— e — - - - . - B . - - - - - % —_——— i e— 4 — e —— s e S Lﬁ —— e e e g e e e e -
- % R el S SR érel ool | wel ' oGl -.8& 1ol f el T GrlC CeseTow o oo
i R - T o w6l ogel [ olel ' otel | T oesel 9s°L 6ol 7] Tl T T o5y [ A ;
SRR S o I M R 117 gLl Lol “ weL @l vl | oeEel | o€l L ose [ oW ]
! | S
[ - Y M ! H ’ - L | s gL T el T Tl | T oeel” el we e
T , o S ol 89 L g9°L gl wel Sl el oL - w°e ¥
- ! ) X ! 0s°L L | tetL ol sl 1 el ozl wi [T ee | %]
- ! B - e i ‘ - i o
[ | . ! * ! 6oL oLl gL ] eteL o gL T o9l gzl T 6L ! o5t - s
b I I ! i vl 6L us oozl | tel sl gl wlL:o o5y S
[ IT- S S R S SR S o S G LI8 L josrren T | e T T i ;111.1'.” ]
T M i ' R O 09°L sl oSl el el oLt ey w -
— D i _ , teoTT L AT B LV 1 1) 2L G oesL T wel [ ootl | el érg v @ )
— ) o ol TOT Tl esr ] ol !9l | ol T L 6l otl (100 0 O T 2
.ll I e T - * N 1
. t a [ Tt 6l T T ogel ¢ ovel 60°L oL ovel ﬂ 00°L éo°L i - u’-w :t of o
- M R seL |oeel t ws or-l A L &L | ool ol | g [T
I ! 4 ' % ) el 59 m el asL WL ol ; ool | ol ' oweg «
[ h : 1 3 Tt eer T v sv'L "] tool H 23 A (17 7 1) 60°L &) oz
- | R 7 S B 1) * 0s°L | ezl T el T ofeL ' 69 ot ! erg T o@
S S A S S SN . 57 SN S o7 TSGR o TS S 17 S < 27 SRS < 7 AR 3 S| 17 S o “ % )
- o T _ ’ = \jdlljaj.n 7L 999 T tol T g TTTerT T T
S e T HH.f,w_m.“-wu.-ﬁ.ﬁLJ.ﬁ e ey SR A B . R S
O R — *#L- D A S lﬁ»lz.r.r..lll U A T e O | 069 | W M, a, emst:
T D e e wmu e wmn mi e o o
(NYNY%D38) Hd moses Slgan 34va |

P - . [ - _ S G SO




et 124

~105-

eey

449 |44

= ==7 ¥t¥0%0 |
---| x| ---

T puve eJem seswrd Twiey |
S ey ¢ Gl . e

. A taSEmem | [
~szedme; w 3w peutwjuTwE etea | (290°0
“SUTISN WYY UT SUSHTOSAW 1 B

Fuo 139 19% ou U3ta_sae[ perves AP SRR ST

TS WL .

T

% g8

d

1

~Ne

Ans 143 4a

\
!

&8

[l%

=== g0
set1e8 sTy3 uy suewtoeds 1TV | €260°0 - - E

SAVO | SAva SAva Igu:f

L HLY | L QM€

SHHVWN3Y

——— e

SININOJIWOD HONIW |

SAN3INOINOD HOrvm

HIGNNN

NOILISOdWOD

C(SWO) LHOI3M 40 SSOT

N3IWD3LS

3YNLXIW YOLISIHNI

TT'ON S$3183S 1S31 NOISOYHOD — vivd SSO1 LHOIIM

NOILNI0S 3AISOYYOD




-~10

?, .
: T T v T
[ — . S | T | yo Lo
e — o ¢ : - . . ' . . 1 - .
b -y - - . . - « . + " M . - .
v . . 4 i . I3 . . - . - —
1
t ! : ! 1 ! ' m ' . . .
- e - * . § " w N ., i . - .
- v.«; Iﬂl . . 1 - . N 4 . » .
S A ) Lo w i LoL
- - — 4 P i f} f ’ ’ - .
S . e e : R R d ! . b i
s SR . SO % N T IER N S Lot
_Lweer Lgvo* " PTELTY ] : . . . Pt . .
[ T T Twset T Twer T [ mwem ] 1ot | 3tes 200y ﬁ wioo. .
s S U - . - - ! . w .
L4 N &5 . o 6. .
T T oW1’ 26°01 b ! ; ﬁ “¥' . .
- e . . - L8 . . . LI S . .
I I £ .5 S - Lo oL S LI S A
o TotTemet : T ool €Ls5e Lt ' ! I ! g : :
— o v . . ) - i 8 : -
R 3 : T owEr” 0081 P o M me. ..
T otegee T : sz ,aw«,.ﬁf ' T ! 2
. . 2 . . . .
- Taeel o omen  paswloc b : P S A
T — oor T T T oet 9T61°6T T T 1. 1. . . €<l . L .
—_— + oLgt" + —_ e |o|°.hﬁl| !LrEL_I allw!v Y A L + vAIMOWOOI‘ - W b ‘ . H .
. . Voo . . X : . . “ | . L . -
N o . T sasee 062g°L1 ' _ . °9 CoWT
‘ o ek Coesee .&mi‘ Lo Do R A
O sevee stmeLt . S Soot! omvettnaen’ [ w er-te=e Teritet
4 ogzoe . " ggaoe szzbegt 4. . ‘ i - " . ~ . . ' o5 M A
RO :  lstor ST55°91 ] Lo o R . m <! 0L
6s20° | . | eseoc £099°L1 | Vo s qoe o row | %, ..
u Igwor ¢ : T lgvoe” vEr6°gT | Lo Lo T B . A e
_ I-:.,o«mo.ﬂ : © ozso"* 0ovo°*Lt ' ! : ' T A 2 “ @, .
T oot : © otsee” TEoveLT | ! ' s I oz oo - rom .,
B S, . . . ; ; . . . i | .
Lizze ez 6L€6°91 , # . of ! .
1§ oTok) wotsoaroy | 1963° ©ot963 SISTeRT | i ) m ” . u.-. u.. a€ ' “ L.
swee steze 0€€g 9t : . ; IR oM = “tow €, .
POASTIQ=puve slea se3eyd .* ' * : . 1 _ . ; , . . ' s
TOIOR °d T 3 SE 3o eamy ©  pozfe ! ) T ovozee gr6Lelt ] ! : : 4 | oz’ '
—uredees ¥ 79 5 " . . . .- oot 1 . ; . ML . . .y -
R all “ e . . X wove , LEYE g1 4 m ; \ . - » - - R @ H - . .
setdes sy uy sGewyeeds Ty (¢ o €2o€° 9Tty lt ) . m t , u.—ovx - Z1ow .°2 . - .
- - - -4 . . . “ . M 3 t . . ¢
ol T or ! Toeoc . ] élgéeln ] o ! : "ot |
‘pae pejwdes Aysmonujauoe eea H fozo* | no«o.m ‘ Hrgelt | i “ . ‘ H W A .-. * . n . |
901400 S1y3 UL suemtoeds 11V LEVO® | Levoe gEgg st * i | 0ot | oum Per1IIv W L,‘
X , - " LM AQ 1M AS P Oy " T ;
" vios _ $avo fava  Savo | cava Jﬂ.mh«“ “U.H. w.::t_. S1NINOIOD coz.:_ﬂcg SININOINOD wOrVR | 1w 3eas on | mm_ ons | suvis
SHMYVYWIY 1 [y coue canzlogase | TvA3n 40 gy NOILIEOdWOD Sivva! "S1ANY um
i 1 CSW9O) LHOI3M 340 SSOT || Iviant | 3UNLXIN YOLIBIHNI NOILNT0S 3AISOWHOD || 3%, 31va

T ON $31¥3S 1§31 NOISOYYOD — vivad $SO7 LHOIIM




40

~107-

3 T | )
SRS | etk 4 —r | | . ! u { | 4 !
- + + i | i | ' - '
S - v%l ——— i 4 ) - ) ' - .
——— S— -+ - — H 't + * J . 4 - + —
h— - — _— } s - | | | | " '
= {— | “ A | G | A I
- — -+ - e 4 . g ) - . '
i 1 RIS ' l I { 4 ' '
1 —4 - \]l_ ¢ w ) J ' .
200 | ~-=| ==~ ..olw R 1R ) ) il Ny I 02“
5990°0 .- -e = ﬂuo.' === \‘Q‘M(\Oknw.ﬂ - sslie s Sesme . . snh |
Mool ool c-ci@etel ---l weogr J-- A B S by o o Ko 8 e ,ﬂ
Bgio | === === logio HWQ‘ owz-gt |- - EEIEE T . . | ”
@20 | --<- | --=Tgrzm'0 - -<- | izl | N X T F . . . “ | |
1t0z*0 -- - olanan-o - == I Sltz°gt I e 0z 3[eg A0y | w5 !
- t - —_— - - . e \\lH —N ” - S
b — - 4- = L SO RIS + Y .
i 3.0vlll ~ee 3 P &«.Hﬁ ee |l cccecacaccee 3 = Ooq
. i o —===T === o | - == eéret R S e A B 8|
[ T IewN| c-c == @we | ---] wen | 38 B LTS O B (RO L. . fU BRE i, 1B |
Wol*o| === ==<=1 169l°0 === 5269t | Sl oe [ am are @e e = PR oL 1 2
T99L°0 ~e=e == gof P LItg*gt R I I A T T n = 1..|T‘i\|A-JIAHH == H
9lg9%0 | - == ---"olgg'0 | ---) tztogn , R AR 1 1 e 11 ﬁ\-s;‘ —
| |
e Zgv'o| --- --- zwo ---] ogwEer [-----c] - ----- Sl idialiodinlis I TR D . 5 e
et 8, ) BT P TR L o RPN B 0 R el WS SN TR T gepsnsvasere s 0 S T MG . S |
B ST Mo - ---] 9|~H.nf Sl i (e o J, ~s---=-= “-.;. ......... ﬂ.oﬁ N eua‘_.::u-z_H | ]
e Y| FES TR W e LRI V(e e e s ) e el x. . . ,_qu |
b B R MRl Ml I 8 PR [osar e O S PR S el (.3 e
Mocmo.o S R e N R qg.ﬁ,---u---ﬁ ........ IR T 5 of s T E | %5 ] |
A, . — N = i [ 1 I ,
————— = W = e e e W e e Bkt At i bl . of Jet
[ N Toeto] --0 --- ol --- Rno.ﬁ#---,-.-ﬁ ........ celee e eee | O SR .l K2 g3
| SR . WIS STCEHE LN AT IR N I SR ) R I [==]=======-=- 0z To9n - P1ows | ‘l.
~ief &‘o.noho wogsoddoy | | | It | H | m 4 \N
O R R L BRI B R LR B e I 5 5 .| B3 ,
b LAY o RSN A LI s WICIL A T o S (Lt (o) R e\l fFeiat] Stz sfaes aste | 2.8 e
-puve olom se3erd [eWR | 090 | - - - - =-=' fgog0 - - - mmom.sf--,---.,h ........ ) um 1 erobw = From *! [
il ., . ) ﬂ | ,. { i | ;
U oS3 SLI0 ey | LCEED| === === LG6E0  mm-] LY6LogL |m - -mer mmeee--- I u. s s 1 oz | [
-wiedmey w 39 peujviujwm elea 8%4: === === ogéf0 =---~- u«oo.ﬂl--.*---. ........ 1 A iy P 2 z . 2 |
‘-:.‘.o‘..ia.::wlm&.—ﬂ.kvnon.o., S S L L Y En.ﬂl.-..--; ........ Peel eecececen- tT todw - Zrow w-«,, !
4 t + . f + u
s aa .v:.aﬁ.u‘mua.& S BRI b ) RS B B R G IRl Sadla ! | AT ﬁ A R H;‘.ﬂ,l,u T
vuw pejesew Lrsmonujauwoo edem | T2L9°0 | - - - =--= T2l9%0| ---| zwizer |--- --- M ........ e [ oe ], oy el at | A
se1i08 s7y3 uy suowyoeds 1Ty | 9290 | - - = - -~ g629*0 - --[ ¥Slzggl |-=-=l-== --=------ R 1| o % pettvaswa 1 vt | erg-v &rva-t
. ) 1 \ )i 8
’ , Avioi, |~SAYQ | EAVA,.  $4v.Q d SA¥Q ,?.xo‘u._.(d ;wwavwﬁnrﬂc“‘ s Lo cncn ...oz_:_&..vom i et ..o..«-.__” wn 3dAl ON Mm anN3 1¥ViS
ks A l [ ¢y cove conz| casi | VSN Oz NOILISOdWO |siuve sunv) 8% |
- l;\ CCSWO) LHOI3M 40 SSOT | Iviuini 3YNLXIN HOLIBIHNI | NoiLN10s 3AISONNOD | *2 31va
ST 'ON S31¥3S 1S31 NOISOHHOD — vivad SSOT LHOI3IM




2/
] |
S TR, S— < SIS 1S 1.f FFSCLANIRSEN, (LT i (il . o<l [
S ST | R SR ET BEA o
+ et e e lq‘g[ N E e
|
—_— - — + 4 > S - A Std s - -4 _— e e —
A N | } } M
—_—— ,< i —— q e T T i
SR %4 1-|+||l+4f L L2 EIRC. & Wy e s - (A
e —t — 20 s, e T#wl.l.l _ — —t —_—1 o -
_— 4» -_— - — 4 — ST S - - <+ — - — —_— - ﬁ = -
- —p + —_— . — -— — — —_— — dn — " \.,. ?
0 N B ) B L i o N 5 %0t M
L€06%0 f s T Y. ] R R e ) SRR 2 (N . o .« 01 .
SI00°0 T806%0 A - ; ; 3wy X00y w1
B 1||4.|r'“¢ —_— N - =
LT P R O L & G S ST (SR R . g e l
COY | T Bwo w1 B 72 - % ;
fom o e —oas & gfo'o | | 3o.o+ || svos*lt == 1H = 0z :.- 3# %% | =
" 1%H\|}" l%vhno.o ” l” “ QPWO..O \‘H aonh.- 4 I == - - - °g — ﬂ
b B I S ) S 8 B S H . .. @ :
! ,Ax:o.o s 1 eot0%|  JPabeclt | | | e $: T ,.8-_ '] -m
= ———— eyt ®sT— e ,- St by TG o e T T 0T 1, 1 |
" T€%6°0 T€%0°0 | ¥980°51 1 . . 1 S I (.
19900 1 1990°0 | CZAMA = =] 1 3teg 700 . £ Sl SIS
e | 6250%0 1 ,,a&i 1925°91 | . - o - = TR .} e e
1 099070 — S L | B 1 . i SR TR . 1 SN e
e g ) B L .3 I S Q B oot| ofu pettiaeia w1
oo et —— .w,a.si — 1w T . = e R TR o5 e
[ o R éovo°9t . . . as .
1n.reo.,o ;7@8.&;11 wos* LT e =t e | %o - Zrom v
[ - oo | Tawre, [ mesut e T 8 i . or
T T ®mww | | ewol e | > e ——— ) . o | UL 7 I
ﬁ‘ — e WY Sog5*It | = Y g oz | Pom-? to%o| et
[ T # otok; woysoarsy Ldu&aaljlle T 8t%0°0 6150°91 _ - ; z of -
1550%0 | 1s%0%0 9g€s LT . . . o€ -
A st 9960°0 | e060%0 oviselt | s Zro%n - Pow |
oS ‘mhuoo.ao; : 1 fa=y - i H
n!.iv ¥ 39 peulwjujen edem A ¥560°0 ) ! ¥560°0 799991 . . . | oz
ogiusga pwﬂgco\L - H £990°0 “tegvelr e = = — .. . - e az 5
S e R K R tvlo%o [ teos*et g 3 RN S RS e 1 Zio%n - «SL 3 =
[ myei@vou yama eawf T | ST (T AR [T — . ‘ T M oy
potves uy 3dex  PeATOs [[TO500 | | | 0950%0] w5 S b TE P o o
[ - W o pea e 0% | | @00] | osaoner | =3 - N . al %
-ommwm s7y3 uy suewtoeds [TV || 2€90°0 | T T ze0t0| | estitlt = > 001 0%n peTTTas WD 1 ﬁmmn\ﬂx bv-g=v
wios | SAvQ | sava | sava | sava |Gwmzivie nznuu | sanInoawod coz_:Lm.)umeuzo..aou vorva] im Saas on l 23 S, 2
SYHVAIY Luiy | co¥e | LONZ | gast | VRS SOy NOILISOdWOD Siuve IIANY mm
: CSWO) LHOIIM 40 SSO1 AVILING 3¥NLXIW HOLISIHNI NOILNT0S 3AISOMNOD || 2 31va
9T 'ON S$3I1¥3S 1S31L NOISOHYHMOD — vivad SSOT LHOI3IM




TABLE 17

pE (EBCKMAN)

Soeoimen | - Series 13 Series 14 Series 15 Series 16
Noe Initial |14 days | Initial|1l4 days | Initial]14 days | Initial|l4 days
la 6460 7456 6.62 728 700  7.05 7600  7.70
1b T7.00 Te43 7.00 7.30 6.79 TelO 6.80 7.58
le 6070 7035 6.80 7.30 6.62 7.58 6072 7.52
2a 8.40 731 8.40 6.25 8.40 6-90 840 8.22
2 8.40 7«20 8.40 6.79 8.40 6-99 8.40 8e41
20 8-40 8.04 8.40 6.82 8040 6.93 8440 7000
3a 8.10 8.40 8.10 T70 8.10 6.20 8.10 7.46
3b 8.10 8.33 8.10 772 8.10 5.97 8.10 8.68
3¢ 8.10 8.15 810 7002 8.10 5087 8.10 8059
4a 790 7.70 T.90 6.80 T7.90 6444 7.90 8.09
& 790 795 790 6048 _ T«90 6440 T.90 8.08
40 7.90 T.90 790 TeT2 790 6.42 T90 8.09
Sa 7.70 7.60 T.70 6.69 770 6.18 Te70 759
Sb 770 7.69 770 6.68 T.70 6.14 7.70 8.01
50 7070 7066 7070 6.64 7070 6014 7.70 7.80
Ga T30 8.12 7.10 745 T35 7.18 720 815
6b T30 T.48 7.30 7.50 7.10 7.04 7.10 8.20
6o 7.30 Te30 T+20 7.64 715 7.03 7.00 799
Ta 7.25 T.19 7.30 T.19 7.30 7.03 T30 9.00
™ 725 6.98 T30 Te32 T30 T«00 T30 9.30
Te T7.25 7.90 T30 Te32 T30 T7.00 T30 9.10
8a 7045 6063 7.25 T.49 7025 6072 7.25 8.42
8b 7.45  6.65 725  Te30 7425  6.43 7¢25  9.10
8o 7.45 6.50 Te25 Te12 725 §o66 7.25 9432
93 7.60 6035 7045 7.02 7045 6-04 7045 9050
9b 7.60 6.25 745 6490 Te45 610 7.45 920
90 7.60 6098 7.45 6084 7.45 6.35 7.45 9.32

10a 7.60 742 7.60 Te11 760 6.98
10b 760 7.58 760 T.00 - 7.60 7.58
100 7060 7050 7.60 6097 7.60 7.98
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No.
1,750,761 - Otto V. Martin (to the Martin-Colvin Co.) Excess Mg(OH)2
maintained in brines in contact with iron.

2,187,723 - F. N, Alquist and H. R, Slagh (to Dow Chem. Co.) Certain
types of organic amines for prevention of corrosion of
iron by HC1l solutions.

2,207,767 - We O, Turner. Corrosiveness of drip brines reduced by
addition of a chromate.

2,215,038 -~ T. S. Hodgins and A, G, Hovey (to Reichold Chem. Co.).
Manufacture and use of certain aminohydroxy compounds
for rust prevention.

2,274,058 - M, T. Goebel and I. F. Walker (to DuPont Co.) Production
of long-chain metallonitriles suitable for use in
corrosion prevention.

2,297,531 - L. H. Bock (to Rohm and Haas Co.) Preparation of tertiary
amines suitable for corrosion inhibitors.

2,319,667 -~ As M, Edmunds (to Dow Chemical Co.) Sodium Arsenite used
for inhibitor in Ca012 solutions.

2,354,774 - A, R. RPummelsburg (to Hercules Powder Co.) Esters used
as rust inhibitors.

2,373,938 - A. W. Burwell (to Alox Corp.) Nitriles, amino acids and
their condensation products used as corrosion inhibitors
in oils.

2,426,496 - F. F. Farley (to Shell Development Co.) Alkali metel salts

of long-chain dibasic acids used as corrosion inhibitors in
antifreezes, deitcing fluids and metal treating compounds.
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