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Abstract

An investigation of the ground wator, or underground water supply of Hous
ton and the region surrounding it has been in progress for several years as
part of a survey of the ground-water resources of Texas by the United States
Geological Survey in cooperation with the State Board of Water Engineers. The
investigation has covered Harris, Galveston and Waller Counties and a part of
Montgomery, Fort 3end, Brazoria, Liberty and Grimes Counties. In the summer of
1933 the investigation was interrupted because of a reduction in the State
appropriation, periodic observations of water level fluctuations in certain key
wells, however, being continued—mostly by tho Water Department of Houston. In
the spring of 1936 the cooperative investigation was resumed following the
appropriation of $1500 by the City of Houston and the matching of this amount
with an approximately equal sum by the Geological Survey.

Results of the investigation were set forth in mimeographed memoranda
which were released October 17, 1932, and Docomber 29, 1933. In these reports
the conclusion was reached that the available supply of ground water was ade
quate and it was pointed out that further material lowering in the artesian head
which had already amounted to about 80 foot in parts of the Houston-Pasadena
area, could be prevented and additional supplies could be obtained if in the
future the city located its now wolls at greater distances from tho ccntors of
the existing cones of depression, preferably toward the west and southwest.
New industrial requirements for wator in large quantities have recently devel
oped in the vicinity of Pasadena, amounting, it is said, to a total of
20,000,000 to 40,000,000 gallons a day, representing from about 40 percent to
about 80 percent of the total average daily supply pumped from all the wells of
the Houston-Pasadena area up to this tine. This proposed great increase in the
use of water and the possibility that it i-nty be followed by other large indus
trial demands has altered to a degree tho aspects of the water supply situation.

The present report is based on data obtained from observations during 5 to
6 years. It comprises about 60 pages of manuscript and 138 pages of tables and
is illustrated by hydrographs of water level fluctuations in wells and by a
hydrologic map covering Houston and several thousand square miles of the adja
cent region. (Copies of the report with all the tables are on file and avail
able for public reference at the offices of U. S. Geological Survey at Washing-
ton, Texas Board of Y/ator Engineers at Austin, and City Water Department at
Houston. ,



About 1930 the total pumpage from all wells in the Houston-Pasadena area
reached the maximum obtained up to that time, slightly under an average of
50,000,000 gallons a day. As the financial depression spread in 1931-32 tho
rate of pumping both from city and privately owned wells gradually declined and
reached a minimum for the 1931-36 period in 1933, but the decline amounted to
only 10 or 12 percent of the pumpage in 19o0-31. Since 1933 there has been a
gradual increase in the pumping and the total in the latter half of 1935 and
the first half of 1936 was not greatly different from tho total during corres
ponding periods in 1930-31.

For reasons explained in the roport the artesian pressures in a group of
observation wells in the spring are a raore accurate index of pressures that exist
genorally in the underground reservoirs than those recorded at any other time.
Tho trends in artesian pressure in tho rogion botwcen tho spring of 1931 and the
spring of 1936 (indicated by the records of wator lovel fluctuations in wells)
were as follows: In tho Houston-Pasadena area there was a loss in head amount

ing on the average to less than 2 feet. North and northwest of Houston there
are no deep wells that can be measured within several miles of the city limits,
but farther out in the vicinities of Spring, Humble and Fairbanks apparently
there was no material decline. West of Houston in the Katy rice-growning dis
trict there was a decline of 2j- to 3 feet in several wells. Southwest of Hous
ton at Bellaire the net decline amounted to about 2g- feet. South and southeast
of Houston in the localities of South Houston, Genoa, Friendswood, Webster and
League City, there was an average net decline of six or seven feet and farther
south in the localities of Dickinson, Toxas City, La jMarquo, and Hitchcock, the
average net decline was still greater.

The outstanding facts disclosed by the 5-year rocord of water level fluc
tuations are as follows: In the heavily pumped districts of the Houston-Pasa
dena area the artesian pressures declined, but the average decline was small;
down the dip to the southoast of Houston the avorago deolinc was relatively
large and the area in which tho artesian pressures aro doprossod to or below sea
level was materially expanded.

The chemical analyses and tests do not indicate that any important changes
occurred from 1931 to 1936 in the chemical charactor of the water in the Hous

ton-Pasadena aroa or in tho territory between Houston and the Gulf.

The following conclusions aro reached:

Considerable wator is v/astod in tho Houston-Pasadena area and tho elimina

tion of this waste and of prodigal use of tho water would go far toward solv
ing the wator supply problems of the aroa.

No large increase in pumping over the volume of water pumped in 1931 should
be made within the city limits or along the ship channel between tho city limits
and Baytown.

In developing additional supplies of ground water, it would be advisable to
go out from the city a sufficient distance to avoid undue interception of water
that is moving toward the heavily pumped areas at Houston, Pasadena and Baytown,
and replenishing the supply in those aroas.



When additional pumping at the rate of 20,000,000 gallons a day is started
at Pasadena, it appears probable that, locally, the present cone of artesian
depression will be deepened to considerably more than 100 feet bolow sea level.
This new cone of depression will expand to adjacent areas. The amount of lower
ing in any given direction from the new veils will decrease with distanco from
them and as the area affected expands the rate of expansion will decrease and
the progress of tho regional drawdown can bo watched. A pronounced drop in head
is to bo expected during the spring of 1937 in all wolls in the vicinity of
Pasadena and probably also in the wells of southeastern Houston. Before tho end
of tho summer a material doclino in artesian head may occur in central and west
central Houston 8 to 10 miles from tho now project and necessitate the lowering
of pumps in wells in which tho present minimum wator level during pumping is
close to the suction limit of tho pumps. With an adequate program of observa
tions of wator lovols in wolls, however, it should bo possible to anticipate pro
nounced regional drawdown at theso distances.

Tho possibility that a further large decline in the artesian pressures may
result in the encroachment of water containing objectionable quantities of salt
from the direction of the Gulf is to be feared. Such encroachment, if it does

occur, fortunately is likely to be slow and the movement of tho salt water can
be watched.

The people of Houston need have no immediate serious apprehension regarding
the effect of an increase of 20,000,000 gallons in tho pumpage at Pasadena as
ample time will be available in which to dovelop an additional water supply out
side the Houston-Pasadena area. Plans toward that end, however, should be made
at onco.

Tho offeet of pumping an additional 40,000,000 gallons a day at Pasadena is
not discussed. If carried out, tho pumpage from that vicinity, it is believed,
would be greater than from almost any other area of equal size on earth. It
would invito eventual disaster to the ground-water supply of tho entire Houston-
Pasadena area.

Important ground-water supplies aro to be found in the territory west and
southwest of the city in Harris County and a part of Fort Bend and Wharton Coun
ties, north of the city in Harris and ilontgomery Counties, and northeast of the
city in Harris, Montgomery and Liberty Counties. Detailed information is given
in the report regarding the yield of the wolls and quality of the ground water
in different parts of this territory, together with information indicating some
of the advantages or disadvantages to bo expected in tho development of additional
water supplies in tho different sections.

The present water level observation program in the city and surrounding
territory should be continued and materially expanded. Additional observation
wells should be added and several of them equipped with continuous water stage
recorders. This is especially necessary in the neighborhood of the new develop
ment. In certain critical areas where the observations are likely to have espe
cial significance, existing unused wells, not now available should be cleaned
out, deepened if necessary, and used for observation wells, or now wells should
be put down for that purpose. The observation program should include froquent
sampling and determination of the chloride content in the water from numerous
carefully selected wells. The pumping inventory should be continued.

June 10, 1937. A pronounced decline in water levels has occurred in the
observation wells of the Houston-Pasadena area since March First, 1937, follow
ing a large increase in the total pumpage. The average net decline for the year
ending Ilay, 1937, was as follows: 30 feet + near Pasadena, 11 feet in Southeast
Houston, 7 feet in Northeast and Central .louston, I foot in North Houston and 1
foot in Southwest Houston.
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INTRODUCTION

History of investigation, location and extent of area and previous reports

An investigation of the ground-water, or underground water, supply avail
able for Houston and the region surrounding it has been in progress for several
years, as part of a survey of the ground-water resources of Texas by the United
States Geological Survey in cooperation with the State Board of Water Engineers,
under the general direction of 0. E. i.Ieinzer, geologist in charge of the Divi
sion of Ground Water in the Geological Survey. The investigation has covered
Harris, Galveston and Waller Counties, a large part of Montgomery, Fort Bend and
and Brazoria Counties, and a small part of Liberty and Grimes Counties. Results
of the investigation were set forth in mimeographed memoranda which were
released October 17, 1932, and December 29, 1933. In tho first memorandum it
was shown that the wator-bearing beds of sand tapped by the wells in the Houston
district have an extensive outcrop area, that thore is good evidence that the
ground-water recharge by penetration of the rain that falls on this area is
heavy, that the sands have a large aggregate capacity to transmit water, and
that a state of essential equilibrium in artesian pressures had been reachod in
the Houston district.

The most significant fact brought out in the second memorandum is that there
was a rise in the artesian head from the spring of 1931 to the spring of 1933
as a result of a moderate decrease in the rate of withdrawal from wells. In the

summer of 1933 the investigation was interrupted because of a reduction in the
State appropriation. In the spring of 1936 the sum of $1,500 was allotted by
the City of Houston for further investigation, and this sum was matched by an
equal sum by the U. S. Geological Survey. Between the summer of 1933 and the
spring of 1936 monthly measurements of water levels in observation wells in the
city were made by the Water Department of the City of Houston, and some measure
ments were made on the observation wells outside of tho city by the Geological
Survey in cooperation with the Board of Water Engineers.

In connection with earlier investigations, a study was made of the geo-
chemical relations of the ground waters of an area about 25 miles wide and 90
miles long extending from Galveston northwestward through Houston, including a
study of salt-water encroachment. A brief report on this subject relating to
a part of the area, entitled "A study of salt-water encroachment in the Galves
ton area, Texas," by Samuel F. Turner and ilargaret D. Foster, was published in
the Transactions of tho American Geophysical Union of tho National Researoh
Council for 1934, part 2, pp. 432-435.

In March, 1936, field work was resumed in making regular measurements on
observation wells and in obtaining the rate of pumpage from the different pro
ducing wells, and studies of the chemical character of the well waters were con
tinued with the special purpose of determining whether or not any material
change had occurred in the character of the water during the proceeding three to
five years. Samples were obtained from about 50 deep wells that had been pre
viously sampled and these were tested for their contents of chloride, bicar
bonate, and sulphate, and for their hardness. Samples wero also analyzed from
27 deep wells, in the city and in areas northeast, southeast, south and west of
the city, in Harris, Liberty, Montgomery and Fort Bend Counties, to supplement
analyses of waters from 30 deep wells made in 1931 or 1932 or to give a compar
ison with later analyses.

The field work in March and April, 1936, was done by T. W. Bridges, whose
untimely death occurred on April 30. Most of the later fiold work was done by
J. F. Heusor.



Tables of well records, water level fluctuations in wells, drillers' logs
and analyses of well waters. Ilydrological map of the region.

Copies of a manuscript report from which this mimeographed release is taken
are on file at the offices of the United States Geological Survey at Washington,
the Texas Board of Water Engineers at Austin and the City Water Department at
Houston. In tho manuscript report are given tho records of all the wolls investi
gated in Harris, Galveston, Fort Bond, Brazoria, and Waller Counties, including
the results of field tests of the water for ohlorido, sulphate, and hardness
(table 1); the records of tho wator levels in observation wells in Harris, Gal
veston and Waller Countios (table 2); the highest water levels rooorded in most
of tho observation wells in Houston in tho spring of each year from 1931 to 1935
and tho not riso or decline to 1936 (tablo 3); average quantities of wator pumped
by tho City of Houston, 1923-36, in millions of gallons a day (tablo 4); total
quantities of water pumpod by the City of Houston, 1930-36, at oach of the 9
pumping plants (table 4a); total quantitios of v/ater pumpod from Houston wolls
not owned by tho City (tablo 5); analysos or partial analysos of well waters in
Harris, Galvoston, Fort Bend, Brazoria, Waller and Liberty Countios (tablos 6,
7, 8, 9, 10, 10a, 10b and 10c); and logs of selected deop wells (tablo 11). Tho
fluctuations of tho water levels in 21 of tho observation wolls aro shown by
graphs.

The map that accompanies the manuscript report shows tho location of most
of the wolls in tho region studied outside of Houston, the wolls boing given a
number that corresponds to tho number assigned to them in tho tablos* On this
map, wolls used for stock and domostic purposes and unused wolls aro indicated
by a black circle, wells with pumping plants by a solid black dot, flowing wolls
by a blue circle, principal observation wolls by a black half-arrowhoad, wolls
for which water analyses or partial analysos aro availablo by a groon arrowhead,
and wolls that wore tostod for chlorido, sulphate and hardness by a short groon
line. The approximate elevations above sea level to which the static water
levels in deep wells would rise in 1936 is indicated by dashed red lines. These
elevations are an index of the artesian pressures. The map, therefore, is an
artesian pressure map besides a well map and shows approximately the amount and
direction of the hydraulic gradient. This in turn indicates tho direction of
the underflow.

The tables and illustrations listed below accompany this mimeographed release.

Table 1. Water level fluctuations in observation wells (part of tablo 2 of
manuscript report).

Table 2. Analyses of water from wolls (part of table 6 of manusoript report).

llap 1. Map of Houston-Galvoston aroa and adjacent region, Texas, showing
location of observation wells, etc.

Llap 2. Sketch map of Houston-Pasadena area, Texas, showing location of
selected record wolls.

Graphs of water level fluctuations in 21 observation wells.



GEOLOGY AND GROUND-WATER RECHARGE AND MOVEMENT

Discussions of the geology of the region and the conditions that affect
ground-water recharge and movement are given in the report of October 17, 1932,1^,
and will not be repeated in detail hero. The most essential facts are as fol
lows: Supplies of ground water in this rogion that aro available at depths to
which it is practicable to drill wator wells occur in pormoablc bods of sand
and fino gravol belonging, in ascending order, to tho Lagarto clay, the unit con
sisting of tho Goliad (?) sand, Willis (?) sand and Lissio formation, and the
Beaumont clay. The sands are interbedded with relatively impermeable clay gumbo
and shale and the beds dip generally to the south and southeast. Each of the
formations except the Goliad has an outcrop area from which it extends toward
the south or southeast benoath younger formations in general to progressively
groater depths below the surface. Successively youngor formations aro therefore
oncountorcd in crossing tho region from north to south or from northwest to
southeast.

The Lagarto 'clay appears at the surface in the southern part of Grimes
County, the northwestern part of Montgomery County and northern part of San
Jacinto County, and is encountered at considerable dopth at Houston. The thick
sand members of the formation yield large quantities of water, usually somewhat
hard but othorwiso of good quality to doop wolls in tho central and southern
parts of Waller and Montgomery Counties and in tho northern part of Harris and
Liberty Countios.

Tho Goliad sand does not crop out in the Houston district, its nearest
appearance at the surface, known to the writers, being about 65 miles to the
west near Eagle Lake in Colorado County; apparently it has been completely over
lapped by younger formations for there is good evidence of its presence in sub
surface in different parts of the district.

Tho Willis sand, and the Lissio formation crop out in broad zones covering
tho northern part of Harris County, tho southorn part of San Jacinto County, the
northwestern part of Liberty County, and most of Wallor and Montgomery Counties.
Sands in tho Lissio formation, and in tho Willis (?) and Goliad (?) yield wator
to tho wolls of tho Katy rice-growing districts and to most of tho deep wells
of the Houston and Pasadena areas.

The- outcrop area of the Beaumont clay occupies the southern part of Harris
County, the southern and eastern parts of Liberty County, and nearly all of Fort
Bend, Brazoria, Galveston and Chambers Counties. The basal 200 feet of the for

mation consists largely of sand, but the upper and middle parts are largely clay.
This member furnishes water to most of tho largo producing wolls at Baytown,
Texas City and Alta Loma and to shallow wells at Houston. Tho base of the for
mation which crops out immediately to tho north of Houston is moro than 1000
feet bolow tho surface at Galveston.

Tho undorground reservoirs formed by the pormoablc sands arc replenished by
rainfall on tho outcrop aroas of tho sands and in a largo part of these areas
are filled to overflowing and spilling into the streams. In the 1932 report, l/
it was concluded that the replenishment or recharge is comparatively heavy.
This conclusion has been confirmed by subsequent observations of water level
fluctuations in shallow wells on the outcrops* However, in most of the region
the heavily pumped areas are remoto from tho outcrops of tho sands that furnish
water to the wells and the available supply is largely detorminod by the capa
city of tho sands to transmit wator from the outcrops to the wolls.

Xj 0p» cit., p^ 4*



The water moves slowly down dip and if not intercepted by wells eventually
escapes through natural outlets, perhaps located in the Gulf of Mexico, or it
may escape by slow movement into overlying beds. Suoh outlets must exist. The
formations for the most part were deposited in tho sea and were thoroforo once
full of salt wator. Thoy now contain fresh water to relatively groat depths,
far down tho dip, indicating movement has takon place, which would havo boon
impossible if thoro woro no docp-seatod outlots.

The water-bearing sands are at higher elevations at their outcrop than they
are at any place down the dip. On this account, and because the sands are inter
bedded with relatively impermeable clay, the water in them is under artesian
pressure practically everywhere down the dip, oven in areas closo to the outcrop.

Map showing artosian pressures in underground reservoirs in 1936
and amount and direction of hydraulic gradients.

On the accompanying map of tho Houston-Galvoston aroa and adjacent region,
lines aro drawn showing tho position above or bolow sea level to which water in
wells 400 foot to 1800 foot or more in depth would rise in 1936. Tho lines arc
comparable with the contours on a topographic map, but instead of indicating the
form of the land surface, they indicate the form of a surface represented by the
water levels in wells. In most of the moderately deep to deep wells the water
level is determined by the artesian pressure and the map therefore is essentially
an artesian pressure map.

When wells were first put down in the region tho artesian pressures practi
cally everywhere woro higher in the deeper wells than thoy woro in tho shallow
wells. In tho Houston, Pasadena, Baytown, Texas City, and Alta Loma areas this
has boon rovorscd as tho result of heavy pumping from doop wolls, and now tho
wator levol stands lowor in tho deep wolls. North and west of Houston the deep
well pressures still are greater and the water levels in wells from 800 or 1000
feet to 1500 feet or more in depth in the Lagarto clay and lower part of the
Goliad (?) sand range from 25 to 40 feet higher than the water levels in wells
300 to 800 feet in depth in the upper part of the Goliad (?), the Willis (?)
sand and the Lissie formation* For convenience, tho difference, arbitrarily, has
been assumed to bo 35 feet, and on the map the contours north and west of Houston
are indicated as 50 to 85 feet, 100 to 135 foot, and 150 to 185 feet, the larger
number in each case representing the altitude of the water level in the deeper
wells. At Houston and in the vicinity of Pasadena the lines represent most
nearly the levels in wells 700 to 1300 foot deep in the Lissie, Willis (?), and
Goliad (?) formations. South of Houston tho linos at sea level and 20 feot
above sea levol aro based on wells 475 to 900 feet deep in the Lissie formation,
none of the wells studied in that area being of sufficient depth to penetrate to
the deeper sands. Around La Porte and Baytown tho lines represent tho levels in
wells from about 400 to about 1000 feet deep in the Lissie formation and Boau-
mont clay.

In the oarly days of well development tho artosian head ovorywhoro was
above sea level, even, perhaps, in areas well out in the Gulf, and the lines of
equal pressure probably were roughly parallel to the Coast, the 50 to 85 foot
line passing through the southern part of Houston. The prevailing pressures now
have been depressed below sea levol in an aroa of several hundred square miles
at Houston and east and southeast of Houston, and, as mentioned later in this
report, tho aroa of doprossion is still deepening and widening.
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Water confined underground is not unlike water confined in a system of
pipes; it will move in the direction of the hydraulic gradient. Tho gradients
here have directions roughly at right angles to the lines 3hown on the map and
the water everywhere is moving approximately in those directions. Originally
the direction of movement throughout the region was from northwest to southeast
approximately in the direction of the dip of the water-bearing formations and
the first few wells put down at Houston intercepted water from only a small seg
ment along the line of flow. Now, however, in some parts of the Houston, Pasa
dena and Baytown areas, the water is moving along the strike and up the dip of
the wator-bearing formations as well as down the dip.

FLUCTUATIONS IN WATER LEVELS IN OBSERVATION WELLS

IN RELATION TO PUMPAGE

Fluctuations of the artosian pressures and water levels in wolls when cor
related with changes in the rate of ground-water withdrawals through wells pro
vide the most accurate information available regarding changes in underground
storage and the safe limits of ground-water uso. Tho program of water-level
measurements in wells undertaken in connection with tho investigation in the
Houston district and contiguous territory has been described in tho mimeographed
reports of October 17, 1932, and December 29, 1933. The record on many of tho
wells was started in the winter of 1930-31, and now covers almost six yoars.
The measurements in the oity wells and in a few wolls in closely adjoining ter
ritory have been made monthly ever since the program was started. In most of
the surrounding area, however, the monthly measurements were discontinued in
the summer of 1933, and since then the measurements have been made at irregular
intervals. The measurements in some of the wells have been discontinued because

the wells have been sealed at the top or obstructed so that it is no longer
possible to introduce a measuring tape.

Following is a discussion of the fluctuations in water levels in 63 obser
vation wells of which 25 are located in Houston, 3 near Pasadena, 8 near Baytown
(observations made by Humble Oil L Refining Co.), 1 at La Porte, 2 at South
Houston, 2 at or near Genoa, 1 at Webster, 2 near Friondswood, 3 at or near

Webster, 1 at La Marque, 3 near Hitchcock, 1 noar Alta Loma, 1 at Texas City, 1
near Aldine, 1 at Spring, 1 at Humble, 3 on the Houston-Hempstead road and 4 in
the rioe-growing district noar Katy. The wator lovel measurements in these
wells are given in the accompanying table and the fluctuations in 21 of the Hous
ton and Pasadena wells are shown by the attached hydrographs.

The most consistent results can be obtained by comparing the maximum spring
water levels. During the winter many wells are idle or are not pumped heavily,
and local inequalities in artesian pressure produced by heavy pumping during the
summer are gradually smoothed out. Therefore spring measurements of water levels
in a group of observation wolls are a more accurate index of pressures that
exist generally in the underground reservoir than measurements at any other time.
The discussion that follows is devoted chiefly to a comparison of the water levels
in tho spring of 1936 with those in the spring of 1931. Consideration is also
given to changes in the rate of pumping from the well itself and from noarby
wells that may have had an effect on the trend in pressures.



Fluctuations in ITorthwostern Houston

Well 590. City of Houston, Heights pumping station, 4r?j- miles northwest of
Post Office. Depth, 1,332 feet.

The water level recorded in this well on February 20, 1936, was 9.35 feet
lower than the level recorded on January 23, 1031, and on the average the levels
recorded in February, March, April and Hay, 1936, were about 4 feet lower than
those recorded in the corresponding months in 1932 (graph l).

The observation well is an unused one and has not beo in operation during
the last six years. It is about 100 feet from ono pumped well (Heights No. 3)
and 600 to 800 feet from the other (Heights No. 5). The average quantities of
water pumped at the station in million gallons a day from 1931 to 1936, inclusive,
were approximately as follows: 1931, 2.9; 1932, 4.6; 1933, 4*1; 1934, 4.9; 1935,
5.1; 1936, 4.4.

Fluctuations in Contral and South-Central Houston

Well 619. City of Houston, Lincoln Pool, Sabine Street, and Buffalo Drive,
about 1 milo west of Post Office. Depth, 900 feet (?).

The water levels in this well were I:-:t.:oon 2 and 3 feet lower in tho early
spring of 1936 than they were in the early spring of 1931 (graph 6).

Tho woll has not boon usod during the observation period of more than 5
years. So far as is known thore aro no pumped wells in its immodiatc vicinity,
but it is loss than one-half milo from the contral pumping plant of tho city,
where tho total pumpage in millions of gallons during 1930-1935 was as follows:
1930, 2653; 1931, 2789; 1932, 1784; 1933, 1G92; 1934, 1782; 1935, 1870; 1936,

2369. It is on the western border of down-town Houston, an aroa in which thero
has boon a material increase in pumpago during tho last two years.

Well 673. H. K. & T. Railway Company. At railroad yards on North Main
Street, 1 milo north of Post Office. Depth, 1,63G foot.

This woll has not boon usod during the last six years, the wator in it
having bocome salty. Tho fluctuation in water lovols disclosed by tho record
are erratic and probably do not rcfloct tho true fluctuation of the artesian
pressures in the fresh wator-bearing sands.

Well 679. Houston Gas and Fuel Company, Commerce and La Branch Strocts,
one-half mile northoast of Post Office. Dopth, 1,392 foot.

Tho wator lovols in this woll woro 3 to 4 feet higher in tho spring of 1936
than they wore in the spring of 1931. Tho woll has not boon used during tho
last six years. It is located on tho west bank of Buffalo Bayou and is subject
to flooding during high wator* Tho fluctuations of wator lovols in it, there
fore, may not rofloct the true fluctuations in artosian pressure in tho vicinity.



10

Well 680. Houston Electric Company, La Branch Strcot, one-half milo north-
oast of Houston Post Office. Depth, 1,350 foot +♦

This is an unused woll noar Buffalo Bayou* The water level in it is very
sensitive to the effects of pumping in neighboring wells and may be affected to
so5B extent by the stage of the bayou. The record of water level fluctuations
in the well, therefore, is believed to have little or no significance.

Well 790. Southern United Ice Company, Alameda and Cleburne Streets, 2
miles south-southwest of Post Office. Depth, 606 foot.

The water levels recorded in this well wore about the same in the spring
of 1936 as they were in the spring of 1931 (graph 9). The well was pumped in
1931, the average reported daily delivery amounting to about 140,000 gallons.
The pumping plant was idlo during 1932, 1933, and 1935, and was usod for only a
few days in 1934. It was shut down entirely in 1935, but was operated again a
part of the time in the summer of 1936. Tho woll is located in a district in
which the total pumpage is not ver-r hoavy. It is, however, only about 1 mile
northeast of tho South. End pumping plant, arid about lvr miles northwest of tho
Scott Streot plant, tho two most heavily pumped of tho six plants now operated
by the City. The total pumpago from thoso two plants in million gallons from
1931 to 1936 was as follows: 1931, 3321; 1932, 3654; 1933, 4091; 1934, 4493;
1935, 4553; 1936, 4377.

Well 853. Port City Ice Company, 2715 I.IcKiimcy Street, ono mile east-
southeast of Houston Post Office. Depth, 650 foot.

The wator level in this woll was about ono foot lower in February, 1936,
than it was in February, 1931 (graph 7). The woll has not been usod during tho
last six years. It is, however, about 180 foot from a v/ell belonging to the
same company, which is roported to have been pumpod at a rate averaging 50,000
gallons a day in 1931, but has not been operated sinco 1933. The woll is close
to the east border of down-town Houston, where thoro has been a considerable
increaso in pumpago during tho last two years.

Well 738. Houston Packing Company, Navigation Boulovard, lj-miles west of
Houston Post Office. Dopth, 417 foot.

The water levels in this woll wore about tho same in the spring of 1936 as
thoy were in tho spring of 1931, and tho fluctuations during tho intervening
period wore comparatively small* The well has not been used during the last
six years* It is located noar another woll, belonging to tho Houston Packing
Company, that is pumped almost continuously, the reported avorago daily pumpago
in thousand gallons a day being as follows: 1931,770.; 1933 and 1934, 900; 1935
and 1936, 948* The wator level in the observation woll fluctuates only slightly
with changes in the rato of pumping.

Well 741. Houston Electric Company, at car barns on Navigation Boulevard,
if- miles east of Post Office. Depth, 540 feet.

This well has not been used during the last six years. The record shows that
the water level in it has declined persistently since the first measurement was
made on January 8, 1931, the total decline to September 26, 1936, amounting to
8*21 feet (graph 8). This reoord is unlike that obtained at any other v/ell in
the Houston area. It is fairly clear that tho well is shut off from the water
bearing sands that aro tapped by the pumped wells in the vicinity, including
the pumped well at the car bars, as otherwise it would be subject not only to
seasonal rises and declines in water level but also to daily fluctuations.
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Fluctuations in Western Houston

Well 598. Brooks estate, noar Eureka Junction, 4^- milos west-northwest of
Houston Post Office. This is an unusod woll located about 4# milos west-north
west of the Houston Post Office, at tho western bordor of tho city near Eureka
Junction.

Tho wator surface in the well reached the highest observed level in the
spring of 1933 and was at about the same elevation in the spring of 1934 as it
was in the spring of 1931 (graph 2), when measurements were begun. The v/ell is
an old one and its exact depth is not known but is reported to be several hun
dred feet. It is remote from any heavily pumped v/ells. The last measurement was
made in June, 1934, when the well became obstructed.

Well 602. River Oaks Country Club, 4 miles west of Houston Post Office.
Depth, 1,038 feet. The v/ater levels recorded in this observation well were
about the same in the spring of 1936 as they were in the spring of 1931 (graph
3), but lower than in 1932 and 1933.

The well is equipped with a 30 h. p. motor and turbine pump, and from 1931
to 1935 furnished all the water used for tho club house, golf course and swim
ming pool, amounting to an average of about 240,000 gallons a day from May to
October and about 20,000 gallons a day from November to April. During the sum
mer of 1936 the suppl;/- for the swimming pool, amounting to about 40,000 gallons
a day during the summer, was pumped from a new well about one-fourth mile dis
tant. Most of the measurements wore made on days when tho pump was idle. None
was taken while it was running.

No other wells aro pumped in the vicinity, but. the numicipal West End pump
ing plant, the only largo plant in this part of the city, is located about lh
miles to the northeast. The total yearly pumpage from the West End plant in
1931, 1932, 1933 and 1934, amounted to 401, 389, 167, and 40 million gallons
respectively. In 1935 the plant was not used.

Well 604. West End Ice Company, Heights Boulevard, about Zh miles west-
northwest of the Houston Post Office. Depth unknown, but reported to be around
400 feet.

The v/ater levol recorded in this woll was about 2It foot higher in April,
1936, than it was in April, 1931 (graph 4), but the average in the spring of
1936 was lower than the average in the springs of 1934 and 1935.

The well v/as pumpod more or less rogularaly during the summer of 1931 and
1932, the average reported daily pumpage amounting to 30,000 gallons* The pump
ing plant was shut down in the fall of 1932, and has not been operated since
except for about two months in the summer of 1934. The West End pumping plant
of the City of Houston is located about soven-eighths of a mile west of the v/ell.
As stated in the paragraph above relating to the River Oaks well (No. 602), the
pumpage at the West End plant declined from a total of 401,000,000 gallons in
1931, to 40,000,000 gallons in 1934, and the plant was not operated in 1935 and
1936. On the other hand, pumpage by industrial plants within a mile of the Ice
Company's woll has increased materially since 1933, the largest increase, about
80,000 gallons a day, being at the plant of the Fidelity Products Company, locatod
about three-fourths of a mile to the southwest.
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Well 606. Henke and Pillot, Y/ashington and Brown Streets, 2 miles west-
northwest of Houston Post Office. Depth, 575 feet.

The record of water levels in this v/ell show there v/as a net decline of

about 3-J- feet from the spring of 1931 to the spring of 1933 (graph 5). The
v/ell is unused but is v/ithin a fev/ hundred feet of another well belonging to
the Ilenke and Pillot Company that is regularly pumped, the reported average
daily pumpage being 15,000 gallons in 1936. It is less than one-fourth mile
from the plant of the Dickson Car Company, which in 1931 was supplied v/ith water
from a v/ell belonging to the company, but is now supplied by the City. It lies
between the West End and Central pumping plants of the City, being about 1-J-
milos from the former and about Iff- miles from the latter.

Fluctuations in Southwestern Houston

Well 783. Houston Riding and Polo Club, Westheimer Road, 6 milos v/ost of
Houston Post Office. Depth, 350 feet.

Measurements of water levels in thij; well were started in July, 1932. The
record shows that although the seasonal and yearly fluctuations have been rather
small, tho water levels in March, April and May, 1936, were about 2f- foot lower
than they were in the corresponding months in 1933 (graph 13).

The v/oll is unused but is only about 8 foot from a woll of about the same
depth that is pumped occasionally to provide drinking water for club members and
for horsos. It is remote from any other pumped well.

Well 801. South Side Place, West University and Virginia Avenues, 5-|r miles
southwest of Post Office. Depth, 600 foot.

The water level observations in this well were begun in January, 1931, and
stopped at the close of 1935, when the well v/as sealed at the top so that it
could no longer be measured. The water level fluctuations during the period
v/ere comparatively small. Tho recorded level in January, 1935, v/as about ih
feet higher than that in January, 1931, and was about the same in November and
December, 1935, as it was in tho corresponding months in 1931. The well is used
for public water supply in South Side Placo, the reported average pumpage being
35,000 gallons a day from 1931 to 1935, and 55,000 gallons a day in 1936. It
is comparatively remote from any other heavily pumped well*

Well 804. West University Place, 5-J- miles west-southwest of the Houston
Post Offico. Depth, 650 feet.

The water levels recorded in this well averaged 2 feet lov/cr in February,
March and April, 1936, than thoy wore in tho corresponding months in 1932
(graph 12). Tho well has not been used during the last six yoars. It is located
noar two other wells that are pumped to supply water to Wost University Place,
the average combined yield of which, in gallons a day, is reported to have been
as follows: 1931, 90,000; 1933, 105,000; 1934 and 1935, 120,000; 1936, 140,000.
No record was obtained of the pumpage in 1932. There are no other heavily pumped
wells in the vicinity.
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Well 809. Gem Electric and Ice Company, Bellaire, 7 miles southwest of
HoustolTPosFoffioe. Depth, 1,100 feet.

The water levels reported in this v/ell were slightly lower in the spring of
1936 than they wore in the spring of 1931 (graph 11). The well has not been
used during the last six years. It is about 50 feet from a well 340 feet deep
that is usod for public water supply of Bellaire. The water level in the obser
vation well shows no immediate effect from this pumping and is about the same
when the pump is operated as it is v/hen it is not operated*

Fluctuations in extreme Southern Houston

Well 820. Institute Place, & miles south-southwest of Houston Post Office.
Depth, 310 foet.

The water levels recorded in this well show a small but rather persistent
decline (graph 10). The v/ell is located on the open prairie south of the present
city development* The nearest heavily pumpod wells are at the South End plant
of the City about two miles to the north.

Fluctuations in Eastern and Southeastern Houston

Well 759. Port City Compress Company, foot of Buchanan Street, 4-^ miles
east of Post Office. Depth, 396 feet v/hen drilled, deepened to 569 feet in Novem
ber, 1932.

The water levels reoorded in this v/ell averaged about 5 feet lower in 1936
than they did in 1951 (graph 19) before the well v/as deepened, and the loss in
head was due chiefly to the drop that occurred abruptly when the well was
deepened. An average of only a few thousand gallons a day are pumped and appar
ently this draft has not changed materially during the last five years. No
other heavily pumped wells aro located within tv/o miles of the well. As explained
elsewhere the water level in well 881, 650 feot deep looatod about one mile to
the southwest, was higher in the spring of 1936 than it was in the spring of 1931.

Well 868. Hughes Tool Company, Hughes and North Capitol Streets, 3 miles
southeast of Post Office. Depth, 697 feet.

The water levels recorded in this well were about 3 foet lower in the spring
of 1936 than they were in the spring of 1931. The well has been idle most of
the time during the 5j years covered by the record. Two other nearby wells,
owned by tho Hughes Tool Company, supply water to the Company's plant and to the
Gulf brewery, a few hundred foet distant. The well that supplies the brewery
is only about 125 feet from the observation v/ell and is about 1,100 feot doop.
It has been pumpod almost continuously since operations woro started at tho
brewery (about January 1, 1934), at the roportod rate of about 1,300,000 gallons
a day. The other well, usod to supply tho tool plant, is about 300 foot from
the observation v/ell. Its reported production in gallons a day is as follows:
1931, 750,000; 1932, small; 1933 to 1935, 480,000; 1936, 1,440,000. The total
reported pumpago at this plant in the spring of 1936 therofore v/as nearly 2,000,000
gallons a day greater than it v/as in the spring of 1931*
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Well 878. Houston Compress Company, Anderson Clayton Turning Basin, 4?;
miles southeast of Post Office. Depth, 905 feet.

The water levels recorded in this v/ell were 2 to 3 feet higher in the spring
of 1936 than they wero in the spring of 1931. Tho well supplies v/ater to the
cotton compress works and to ships, but :io records are available as to the amount
used from 1931 to 1936. In 1928, the v/ator supply was furnished by the City and
according to meter readings, averaged about 140,000 gallons a day. So far as is
known there has been no material change since 1931 in the pumpage from other
wells that are within a milo of this well.

Well 881. Terminal Compress Company, 32d Street and Harrisburg Boulevard,
5-J- milos southeast of Post Office. Depth, G50 feot.

The water lovols recorded in this woll in the spring of 1936 wero slightly
higher than thoy wore in the spring of 1931 (graph 18). The well has not been
usod during the last six years. So far as can bo loarnedthere has been no mater
ial change in tho pumpago in this locality sinco 1931.

Well 886. Bennett Oil Company (formerly Texas Alkali Works), San Antonio
and Bowie Stroots, 5g- milos southeast of Post Office.

The water levels recorded in this v/ell in February and May, 1936, were
about 6 feet lower than they were in tho corresponding months in 1931 j(graph
20). The pumpage from the v/ell is reported to have averaged 10,000 gallons a
day in 1931, and 23,000 gallons a day in 1935 and 1936. So far as known, there
has been no material change in the rate of pumping from other wells in this
locality since 1931.

Well 890. Texas Chemical Company, Magnolia Street, six miles southeast of
Post Office.

This well has been in use most of the time since the early part of 1931.
The water level fluctuation record thereforo is a rather poor one. The water
level was about the same on May 8, 1936, as it was on January 13 and April 6,
1931. The reported average yield of the woll, in gallons a day, is as follows:
1931, 300,000; 1932, 230,000; 1933 and 1934, 300,000; 1935 and 1936, 400,000.
The production of wator from the well of the Doopwater Oil Refinery, less than
one-fourth milo from this woll, is also said to be greater in 1936 than it v/as
in 1931, being reported as follows: 1931, 370,000; 1932, no record; 1933 and
1934, 400,000; 1935 and 1936, 420,000. Production from tho v/oll of the Bennett
Oil Company, the only other pumped woll within a mile, has also increased con
siderably (see discussion of well 886 above).

Well 898. City of Houston, Park Place, Oj miles east-southeast of Post
Office.

This well v/as partly destroyed in the summer of 1935 and is no longer
measurable. The last record v/as obtainod June 18, 1935. The water levels
recorded in January and April, 1935, were about a foot higher than those recorded
in the corresponding months in 1931.
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Well 900. Golf Crest Country Club, Telephone Road, Similes east-south
east of Houston Post Office. Oil test well, depth, 2,560 feet, filled with mud
to a level within 360 feet of the surface.

The water levels recorded in this well in the spring of 1931 were made while
an adjoining well that supplies tho golf course v/as being pumped, and apparently
were abnormally low. Records obtained v/hilo tho pump v/as idle indicate that the
water lovols v/oro about 2 feot lower in the spring of 1936 than thoy were in the
spring of 1932.

Fluctuations noar Pasadena

Well 1170. Houston Light and Power Co., Doepwater plant, G-|- milos east-
southoast of houston Post Offico, 1 mile northeast of Pasadena. Dopth, 836 foot.

Tho observation woll is one of throe closely-spacod wells that supply wator
to tho power station* Tho wator levol rooord is badly broken because tho pump
usually was running v/hen it v/as visited by tho observer. Tho few measurements
that wero mado, however, indicate that tho water level in tho early part of 1936
was about as high as it was during the corresponding period in 1931 (graph 15).
It is reported that on tho average about 75,000 gallons a day was pumped at tho
plant in 1935 and that this rato of pumping has not varied materially since
1931* The woll is less than a milo from tho heavily pumped wolls of tho Sinclair
Refining Company. Tho reported pumpago at tho Sinclair plant from 1932 to 1935
in million gallons a day is as follows: 1932, 4*31; 1933 to 1935, 5.04; 1936
(first half), 5.1.

Well 1176. Texas Company Oil Refinory, Galena Park, 9§- milos oast-south-
oast of Houston Post Office, about 2 miles north-northwost of Pasadena. Depth,
800 feet.

Tho water lovols rooordod in this woll in the spring of 1936 v/oro about the
same as those recorded in 1931 (graph 21). Tho well has not been usod during
tho last six years* It is looatod about one-half mile north of tv/o wells that
supply v/ater to the oil refinory of the Texas Company. Tho reported avorage
quantities pumped from the refinery wells in gallons a day from 1932 to 1935
were as follows: 1932, 345,000; 1933, 352,000; 1934, 590,000; 1935, 407,000.

Well 1196. Talford Jonos, 13 miles southoast of Houston Post Office and 3
milos oast of Pasadena. Dopth, 550 foot.

Wator levol observations in this woll v/oro started in Docembor, 1932. Tho

water lovols recorded in tho spring of 19oil v/ore about tho samo as those recordod
in the spring of 1933. Tho woll is practically unused, and there is no heavy
pumpago noar it. At tho refinory of tho Shell Petroleum Company, about 2-ji- milos
to tho northeast, the use of the following average quantities of ground water in
million gallons a day is reported: 1933, 2.55; 1934, 2.64; 1935, 3.52; 1936, 3.50.

Fluctuations at La Porte

Well 1105. (Harris County). A. A. Womack, La Porte, about 23 miles east-
southeast of Houston Post Office. Reported several hundred feet deep.
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Water level observations v/ere started in this well in December, 1952. The

levels recorded in the spring of 1936 averaged about 3v/ feet lower than those
recorded in the spring of 1933. The average spring levels recorded during the
four years are as follows: 1933, 53.0; 1934, 52.1; 1935, 53.54; 1936, 56.5.

According to report, this well formerly had a flow and when it was drilled,
about 40 years ago, the artesian prossuro was sufficient to raise tho water 20
foet above the ground. The v/ell is unused but is only a few hundred feet from
a well that furnishes tho public wator supply for La Porto, amounting to the
following average quantities in gallons a day, according to the municipal records:
1931, 311,000; 1932, 304,000; 1933, 318,000; 1934, 374,000; 1935, 500,000.

Tho woll is across the bay and about four milos from tho heavily pumpod
wells of the Humble Oil Refinery at Baytown.

Fluctuations at Baytown

Wolls of Humble Oil Refinery at Baytown, 1051 to 1067 (Harris County).
According to records kindly furnished by tho Humblo Oil and Refining Company,
the water levels in tho wells at the Baytown Rofinory had doclinod in the spring
of 1929 on the average to a depth of about 30 feet below sea level. Tho wator
levels bocamo higher each spring during tho succeeding 3 years and reached an
avorago of 46 foot below sea level in tho spring of 1932. Thoy declined to
about 56 feet bolow sea lovol in tho sprin ; of 1933, rose to about 47 foet in
the spring of 1935, and doclinod to about Su feot in tho early spring of 1936.
The water lovols at tho ond of the 7-yoar period, thorcforc, wore in about tho
samo position as they woro at tho start.

During this period the average daily pumpage from the refinery wells
reached a maximum of about 17 million gallons a day in 1929 and declined to a
minimum of about 10,000,000 gallons in 1931. The average daily pumpage during
the fall, winter and spring in 1935-36 was about 13,800,000 gallons, which,
however, v/as about 2,900,000 gallons a day less than the average during the
corresponding period in 1928-29.

The water levels in the spring of 1936, thereforo, v/ore correlated with
considerably less pumpago than the levels in the spring of 1929.

Fluctuations at South Houston

Well 1203. (Harris County). Highway Department v/oll at South Houston,
about 11 miles southeast of Houston Post Office. Depth, 600 feet*

Accoiding to the comparatively fow rooords of v/ater levels in this well tho
levels in spring havo bocome progrcssivoly lower since 1931, the net decline
from 1931 to 1936 amounting to about 5 foot. The v/oll is about 1,000 foot from
a v/ell that furnishes tho public supply for South Houston, a small community v/ith
a population of about 600.
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Well 1209. (Harris County). Firework Co., South Houston, about 11 miles
southeast of Houston Post Office. Depth, 650 feet +.

The record in this well v/as started in October, 1932. The water level in

the spring of 1936 v/as about three feet lower than it was in the spring of 1932.

Fluctuations at Genoa

Well 1302. (Harris County). City of Genoa, at Genoa, about 14 miles
southeast of Houston Post Office. Depth, 832 feet.

The spring measurements of water levels in this v/ell show a progressive
decline from 48.06 feet in 1931 to 53*91 feet in 1936 below the reference point.
The well is not used but is near another v/ell that supplies water to Genoa, a
community with about 600 inhabitants. No heavy pumping is known v/ithin several
miles.

WeH 1312. (Harris County). T. C Dunn. Depth, 885 feet. Unused rice
irrigation well 2-fi- miles southwest of Genoa.. The water level in this well was
about 6 feet lov/er in the spring of 193G than it was in the spring of 1931.

Fluctuations at Webster

Well 1360. Mrs. Fain. One-fourth mile east of Webster and about 22 miles

southeast of Houston Post Office. Depth, 659 feet. The water levels in this
well show a progressive decline below the reference point from 31*47 feet in
April, 1931, to 38.70 feet in February, 1936. A v/oll about 2 miles northwest of
this well is pumped during the summer to irrigate rice.

Fluctuations at Friendswood

Well 1* (Galvoston County). Garrotson Estate, 8 miles west-northv/est of
League City. Depth, 600 feet. The v/ater level in this v/oll was 4*36 feet lower
on February 28, 1936, than it was on Hay 9, 1933. On January 1, 1937, tho levol
was at least 2 foet lower than it was on February 28, 1936, but its position was
not exactly determined, the tape being stopped by an obstruction before water
was reached.

Fluctuations at League City

Well 3. (Galveston County). I2rs. A. Voss, 5-J miles v/est of League City.
Depth, 763~feet.

The water level in this well v/as about lh foet lov/er on January 1, 1937,
than it v/as on May 9, 1933.
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Fluctuations at Dickinson

Well 112. (Galveston County). G. II. & H. Ry. Depth, 750 feet. Not used.
The water level in this well was about 18 feet lower in the spring of 1936 than
it was in the spring of 1931.

Well 113. (Galveston County). E. Henotti. Depth, 504 feet. Pumped with
2 h.p. engine for domestic use and stock. The water level in this well was
about 4|r feet lower in the spring of 1933 than it was in the spring of 1933.

Well 115. (Galveston County). J. W. Palmer. Depth, 526 feet. The water
level in this well dropped nearly 9 feet in the 3 years from the spring of 1933
to the spring of 1936.

Fluctuations at La Marque

Well 206. (Galveston County). A* J. Biron. Dopth, 926 feet. The water
level in this woll was about 23 feet lower in tho spring of 1936 than it was in
the spring of 1931.

Fluctuations at ?.'oxas City-

Well 228. (Galveston County). "Depot" v/ell. Not usod. Dopth, 740 feet.

The wator level in this well was about 7 feet below the surface in tho

spring of 1932. On January 28, 1937, it was more than 27 foet below. (On the
latter date tho well was obstructed and the tape could not be lowered below a
depth of 27.2 foet.) The lowering of tho v/ater level in this well and in well
206 above probably was due in large parb to heavy pumping at Texas City amount
ing in 1936 to an average of about 10,000,000 gallons a day. This is more than
twice the amount pumped in 1931 and 1932. Most of the water is used by oil
refineries.

Fluctuations at Hitchcock

Well 286. (Galveston County). A. Cook. Depth, 720 feet.

The v/ater level in this well was about 8 feet lower in the spring of 1936
than it was in the spring of 1933.

Well 297. (Galveston County). Chas. Schiro. Depth, 720 feet. Equipped
with 3 h.p* gas engine and pumped for domestic use and stock.

The water level in this well was about 8.j foet lower in the spring of 1936
than it was in the spring of 1933.

Well 300. (Galveston County). Chris Jonson. Depth, 500 feet. Not used.

Tho wator levol in thi3 well was about 6 foot lower in tho spring of 1936
than it was in the spring of 1933.
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Fluctuations at Alta Loma

Well 272. (Galveston County). City' of Galveston. Depth, 809 feet. Unused.

The water level in this v/ell v/as about &j feet lower in the spring of 1936
than it was in the spring of 1933.

Fluctuations north of Houston, (near Aldino)

Well 264. (Harris County). Weary Farm, 3 miles north of Aldine and about
16 miles north of Houston Post Office. Depth, 1610 feet. The water levels
recorded in this well shov/ a continuous decline from 3 feet below tho top of the
casing in May, 1931, to 21.22 feet below in May, 1936. From May to September,
1936, the level rose about one-fourth foot, the only rise indicated in five
years* The well is reported to have had a flow until 1930, tho water coming
from sand about 900 feet below the surface.

The woll is located in a depression and is subject to flooding during
exceptionally heavy rain. It is possible that silt has entered the casing at
suoh times and partly sealed the sands thereby causing a decline in the artesian
head. On tho other hand the decline may have been duo to heavy pumping from the
deep sands at Houston and Pasadona. Tho well furnished v/ater for stock whon it
flowed but has not boon used since tho flow coased.

Fluctuations at Humble

Well, 281a. (Harris County). City of Humble. Depth, 1140 feet. When this
well was put down in 1934 it had a flow of 40 gallons a minute at a height of
21 feet above the ground. The well, and another one near it, 740 feet in depth,
are heavily pumped for the public v/ater supply of Humble. In December, 1936, it
v/as flowing into a tank about 10 feet above the ground during periods when the
pump was idle.

Fluctuations at Spring

Well 93. (Harris County). International and Great Northern R. R., at
Spring, about 22 miles north of Houston, Depth, 984 feet.

When measured in tho summer of 1936, this v/oll had a flow of about 35 gal-
longs a minute and the artesian pressure v/as sufficient to raise tho v/ater about
25 feet above the ground. This is about tho pressure recorded in the well when
it was drilled, about 10 years ago.

Fluctuations northwest of Houston, along Houston-Hempstead Road

Well 206. (Harris County). R. B. Tucker. 20 miles northwost of Houston
Post Office and 6jy miles southeast of Cypress. Depth, 450 feet.
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Tho record for this v/ell shows that the changes in water lovol during tho
last 5 years have been comparatively small.

Well 431. (Harris County). G. E. YiTilkins, about 13 miles northwest of
Houston and 2 miles west of Fairbanks.

This is a flowing well. Its dopth is unknown but is said to be only a few
hundred feet. However tho high temperature of the v/ater, 87° F., indicates that
it may be 1500 feet or more in depth.

The discharge of the v/ell was estimated at about 75 gallons a minute in
1931, when it was visited in connection v/ith the ground v/ater survey, and in
1936, whon it was again visited, tho discharge apparently v/as about the samo.
The well flov/s continuously and tho wator is unusod except by stock.

Woll 205. (Harris County). Humble Pipe Line Co., near Satsuma, about 20
miles northwest of Houston Post Office and about 6-J milos southeast of Cypress.
Depth, 700 feet.

Tho v/ater levels recorded in this v/ell in the spring of 1936 were about the
same as those recorded in the springs of 1933 and 1934, but averaged about 3
feet lower than those recorded in the spring of 1931.

The well supplies the domestic needs and other modorate requirements at the
pipe line station at Satsuma. It is pumpod only occasionally.

Fluctuations in Ifoty rico-growing district

Well 362. (Harris County). E. G. Stockdick, about 4 miles northeast of
Katy. Dopth, 500 feet.

This well is used for rice irrigation and is roportod to have a yield of
about 1200 gallons a minute. The wator level was about 3 feet lower in the
spring of 1936 than it v/as in the spring of 1931.

Well 367. (Harris County). W. C Hickman. 3^-miles east-northeast of
Katy. Depth, 535 feet. Used for rice irrigation, and is reported to have a
yield of about 1100 gallons a minute. The v/ater level was about 2-ij feet lower
in April, 1936, than it v/as in May, 1931*

Well 370. (Harris County). J. II* Johnson, about 3 miles east of Katy.
Depth, 625 feet. Used for irrigation and reported to yield about 1600 gallons
a minute. Wator levol was 2v feet lov/er in April, 1936, than it was in March,
1931.

Well 384. (Harris County). A. J. Jordan, 6 miles northeast of Katy.
Depth, 505 feet* Well does not yield much water, and is unused. Wator level
was about tho same in tho spring of 1936 as it was in tho spring of 1931*
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Summary of results of water level observations in wells

The results of the water level fluctuation measurements in the region are
briefly summarized below.

In general the water levels in the Houston observation wells stood higher
in the spring of 1932 than in the spring of 1931, and reached a maximum eleva
tion for the 1931-36 period in the spring of 1933. Since 1933 there has been a
general decline in the maximum levels and in most wells the maximum in the spring
of 1936 was somewhat lower than the maximum in the spring of 1931, but on the
average the difference amounted to less than 2 feet.

East of Houston, in the vicinity of Pasadena, the water levels in two obser
vation wells were about the same in the spring of 1936 as they wero in the
spring of 1931.

East of Pasadena, at La Porte, there was a decline of about 3g- feet from
the spring of 1933 to the spring of 1936. Across the Bay from La Porte, at
Baytown, the water levels showed practically no net decline from 1929 to 1936.

Northeast, north and northwest of Houston thore are no deep wells within
several miles of the city limits that can be measured. In this territory,
therefore, no information is available as to whether or not thore have been im

portant changes in the artesian pressure. Farther out in these directions, 3
wells are flowing with no apparent decline in pressure, one at Humble, another
at Spring and the third near Fairbanks. In one well near Aldine (No. 264) which
had a flow until 1930, the wator level has persistently declined but the decline
may have been due to the entrance of muddy storm v/ater into the well* Northwest
of Houston on the Houston-Hempstead road near Satsuma tho water lovel in a 700
foot well displayed a not decline of about 3 foot between 1931 and 1936, due,
perhaps, to the effects of pumping from wolls for rice irrigation a few miles to
the south.

West of Houston, in tho Katy rice-growing district in several wolls, thore
was a decline of 2^ to 3 feet from 1931 to 1936.

Southv/est of Houston, at Bellaire, thore was a net dooline of about %h foot
from 1931 to 1936.

South and southeast of Houston, in tho localities of South Houston, Genoa,
Friendswood, Wobstor and League City, there v/as a not doclino during the 5 years,
amounting to 6 or 7 foet in several wolls. Still farther south, in the locali
ties of Dickinson, Texas City, La Marque and Hitchcock, a net dcclino was
recordod that was the largest in the rogion, reaching a maximum of more than 20
feot. At Texas City and La Marquo tho decline probably was due in large part to
the inoroased use of ground water by oil refineries at Toxas City.

Of the 30 observation wells at Houston and Pasadena that have yielded tho
most satisfactory data, 5 aro unused and aro locatod a half milo or more from
any heavily pumpod woll; 13 aro unused but aro only a short distance (in some
instances loss than 100 feet) from a v/oll that is pumped a part of the time; 2
are pumped rogularly during the summer but are not used very much during tho
winter and 10 aro pumpod more or less rogularly, tho most of them, however, being
subjeotod to a hoavior draft in summer than in winter. None of tho wolls wee
measured while tho v/oll itsolf was being pumpod.
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The water level fluctuation record in most of the wells of the Houston-

Pasadena area must have been affected to a degree by pumping from the v/ell
itself, if it was pumped, or by pumping from nearby wells, as v/ell as by regional
changes in the artesian pressure. When the records are studied, however, the
trend in the fluctuations is found to have a remarkable similarity. The seasonal
fluctuations vary in amplitude but the yearly trends are about the same in most
of the wells and the net gains or losses during the 5 yoar period are not greatly
different. This can bo most clearly seen by reforonco to the hydrographs. The
conclusion is reached that the rocords reflect fairly woll the changes in pres
sure for the entire Houston-Pasadena area.

The outstanding facts disclosed by the wator levol measurements are as
follows: (l) The depression in the prevailing artesian head that oxistod in
the most heavily pumped districts of Houston, Pasadena and Baytown, prior to
1931, was deepened soarcely at all botween 1931 and 1936. (2) The depression
in the prevailing artesian hoad that existed in tho rogion south and southeast
of Houston, prior to 1931, was materially deopenod and widoried betwoen 1931 and
1936.

(See attached maps for location of observation wolls.)

HOUSTON PUMPAGE, 1930-36

According to the records of tho City Water Department, tho average quanti
ties of water delivered by the City botweon 1928 and 1936, in million gallons a
day were as follows: 1928, 21.9; 1929, 23*0; 1930, 25.8; 1931, 25.4; 1932, 23.7;
1933, 23.5; 1934, 24.2; 1935, 24.4; 1936, 25.4.

A part of tho results of studies that were mado for the purpose of computing
the production of wator from wells in tho Houston and Pasadena areas, other than
those belonging to tho City from 1930 to 1936, aro givon in table 5 of the manu
script roport. In making the inventory of this indopondont pumpage, tho yield
of the well v/as measured if possible and the best available information was
obtained regarding tho operation of tho pump ovor a period of years. Systematic
pumping records, it was found, aro seldom kept. Many of the pumps aro cloctrio-
ally operatod, but ordinarily, the pump is on the same oloctric motor as other
machinery and no accurate information is to bo had as to how the load is dis
tributed. Often it is necessary to depend entirely upon the memory of the pump
engineer or the plant manager for the pump5.ng record, and sometimes when the
statements of both are obtained they are found to differ materially. It is
found that the general tendency of company officials, however, is to overesti
mate the yield of the pump and the length of tho pumping periods. The figures
on total pumpage given in the preliminar}' report of October 17, 1932, a?re believed
to be somewhat too high, largely as a result of this tendonoy.

The figures in the table have been rated from A to E according to their
probable accuracy, those designated "A" being tho most accurate and those desig
nated "E" tho least accurate. All tho figures oxcopt those rated "A" and "3",
should be classed as estimates. While tho data aro not as accurate as could be

desired, thoy nevertheless appoar to justify the following conclusions: About
1930 tho total pumpage from all wolls in the area roachod the maximum obtained
up to that time. As tho financial depression grow in 1931-33, the rate of pump
ing both from city and privately owned wolls gradually declined and reached a
minimum in 1933, but the decline amounted to only 10 or 12 porcont of tho pumpage
in 1930-31. Since 1933 there has boon a gradual increase in tho pumping and the
total in the lattor half of 1935 and the first half of 1936 was not greatly dif
ferent from tho total during corresponding periods in 1930-31.
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The upward trend in v/ater levels in the Houston-Pasadena area between 1930
and 1933 was due to the reduced rate of pumping in most of the producing wells,
and the decline in v/ater levels since 1933 was chiefly tho result of increased
pumping. It is significant that tho increase in pumping to a rate comparablo
with that at the start of tho investigation has boon accomplished v/ith compara
tively littlo average not loss in artosian head.

CHEMICAL CHARACTER OF GROUND WATER; FLUCTUATION IN CHARACTER

The following records of analyses of water from wells in the Houston region
accompany the manuscript report:

Analyses of water from wells in Harris, Galveston, Wallor and Fort Bend
Counties, Texas, 1931-35 (Table 6); partial analyses of water from wells in the
Houston district, Texas, 1936 (Table 7); partial analyses of water from selected
deep wells in Houston, Texas, and in areas southeast, south and west of tho city,
1936 (Table 8); results of a series of tosts of chloride in woll v/ater at Houston
(Table 9); rosults of a series of tests of chloride- in v/oll waters of Houston
region (Table 9a); analysos of wator from wolls in the Humble-Crosby district in
Harris County (Table 10); analyses of v/ater from v/ells along the Humble-New Caney
road in Montgomery County and at Cleveland and Hightov/er in Liberty County (Table
10a) j analyses of water from v/ells at Stilson, Dayton and Liberty in Liberty
County (Table 10b). The analyses given in tables 6 to 9a were made in the Water
Resources laboratory of the U. S. Geological Survoy at Washington by Margaret D.
Foster. Those in tables 10 to 10b v/oro mc.do for tho C'.ty of Houston in the
laboratory of Rico Instituto by A. J. Hartsook.

Analyses from representative wells in different parts of the region are
given in the table of analyses herewith.

These records shov/ that ground v/ater of good quality is to be found in a
large region surrounding Houston, as v/ell as in Houston itself* In general, the
water is hardost in tho outcrop areas of tho water-bearing sands and becomes
progressively softer while the chloride in the v/ater tends to increase with
distance down the dip. For example: tho water in the middle and lower parts
of the Lagarto is of good quality in the northern part of Harris and Liberty-
Counties and in Montgomery County, but is salty in the vicinity of Houston;
the water in tho Goliad (?) sand and YJillis (?) sand is of exceptionally good
quality at Houston but is salty in the vicinity of Baytown.

The subject of the increase in the chloride content of the wator v/ith dis
tance down tho dip to the southeast of Houston is discussod at somo length in
tho paper by Tumor and Foster montionod on pago 4 cntitlod "Encroachment of
salt v/ater in tho Galveston area, Texas". The information in that paper and
other data obtained in the course of the investigation tends to shov/ that at no
great distance down the dip to the southeast of Houston the fresh water in the
deep sands from which the city water supplies are largely obtained gives way to
v/ater that is too salty for municipal or industrial use.
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As explained in the Turner-Foster paper, samples from 12 wells located in an
irregular line from Houston southeastward to Texas City are being analyzed from
time to time to determine whether or not the v/ells show any evidence of the en
croachment of salt v/ater, the last analysis being made in the summer of 1936.
The series of tests of water from about 50 v/ells in the region referred to on
pago 4 wero mado for the same purpose. Comparison of tho most recent analyses
of samples from the 12 wolls in the Houston-Texas City lino with earlier analyses
and the results of the chloride tests in 1936 v/ith those made in 1931 and 1935

does not indicate any important change in tho composition of tho v/ater. However,
as stated later in this report, it must bo rccognizod that a heavy increase in
the rate of pumpago in the eastern part of Houston or in tho vicinity of Pasadena,
v/hero the artosian head already has been depressed to 20 foet or more below the
level of the sea may further lower the pressure to such an oxtont that v/ater
containing objectionable quantities of salt ovontually will bo drawn into tho
area from down tho dip.

PROBABLE EFFECT OF ADDITIONAL HEAVY PUMPING

HT THE VICINITY OF PASADENA

Industrial roquiromonts have developed in recont months in the vicinity of
Pasadena which, it is said, will nooossitate an additional v/ater supply of from
20,000,000 to 40,000,000 gallons a day. Nov/ wells have boon put down which, it
is said, have a combined capacity of 20,000,000 gallons a day. The pumping of
those wells is to be started this month (March, 1937). What will be the effoct
of this groat inoroase in tho pumping dr:..?t on othor wolls in tho area and on
tho underground roservoir as a v/holo ?

When additional pumping at the rate of 20,000,000 gallons a day is started,
a deep oono of depression will quickly bo dovelopod in the immediate vicinity
of the wells, all of which are located within an area of not more than 1 square
mile. In one area of similar size in this region, the inoreaso in the average
daily pumping from about 10,300,000 gallons a day to about 14,200,000 gallons a
day caused tho average static wator levol to decline from about 4G feet below
sea level in tho spring of 1932 to about 68 feot below soa level in tho spring
of 1936, or a not decline of about 5.6 foot for oach million gallons a day
increase. In tho Pasadona area the fresh wator sands are materially thicker
than in tho aroa cited and, if the permeability of tho sands is about the same,
the rate of doclino is likoly to bo materially less. Nevertheless, with an
incroasc in pumpago of 20,000,000 gallons a day at Pasadona, it appears probablo
that locally the present cone of artosian depression will be deepened to con
siderably moro than 100 foet below sea levol. This now cone of depression will
expand to adjacent areas. Tho amount of lowering in any given direction from
the new v/ells will docreaso v/ith tho distanco from thorn, but as the area
affected expands tho rate of expansion will decroaso and the progress of tho
regional drawdown can bo watched. A pronouncod drop in hoad is to bo expected
during the spring of 1937 in all v/ells in the vicinity of Pasadena and probably,
also, in the wells of southeastern Houston. Before the end of the summer of 1937
a material decline in artesian head may occur in central and west central Hous
ton 8 to 10 miles from the new project and necessitate the lowering of pumps in
wells in which the wator level during pumping is close to the suction limit of
the pumps. With proper observations, hov/over, it should be possible to antici
pate pronounced regional drawdown at these distances.
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The possibility that a further large decline in the artesian pressures may
result in the encroachment of salt v/ater is to be feared. Salty water occurs
below the Houston-Pasadena area at depths of 3,000 to 3,500 feet, but this
water is rather effectively confined by the thick clays of the Lagarto formation,
and is not likely to rise into the v/ells. But chlorides in objectionable quanti
ties probably occur only a few miles down dip in the deep horizons from which
the largest supplies in the Houston-Pasadena area are now being pumped, and this
water may move up the dip to this area. The recent extension of the cono of
depression down the dip to the southeast of Houston adds to the apprehension on
this score.

If, following over-pumping, salt water does move into the locality of
greatest artesian depression, its movoment, fortunately, is likely to bo slow,
and the movement can be watchod. Tho contact, down the dip, between the fresh
water and salt v/ator, in all probability, is not abrupt, but is in the form of
a zone of brackish water with a gradual gradation from fresh water to salt
water. Moreover, further pronounced deepening of the cone of depression at
first, is likely to increase tho movement of water toward the depression from
localities up the dip to tho northwest of Houston faster than from localities
down the dip, to the southeast, due to the fact that the water-bearing sands
aro more permeable up the dip and the hydraulic gradient is greater. The first
result, therefore, of a heavy increase in pumping may bo to decrease the chlo
ride content of the water, and increase its hardness. This has already occurred
in one of the most heavily pumped areas of this region. If salt v/ater does
enter the localities of over pumping, its spread to other parts of the area also
is likely to be slow, and the movement can be watched. The people of Houston
need have no immediate apprehension, as ample time will be available in which
to develop an additional water supply outside tho Houston-Pasadena area. Plans
toward that end should, however, be made at once.

The effect of pumping an additional 40,000,000 gallons a day will not be
discussed. If carried out, the pumpago in this vicinity, it is bolievod, would
be greater than that from almost any other area of equal size on earth. It
would invite evontual disaster to tho wator supply of the entire Houston-Pasa
dena area.

POSSIBILITIES OF DEVELOPING ADDITIONAL SUPPLIES OF GROUND WATER

FOR THE HOUSTON-PASADENA AREA HI LOCALITIES OUTSIDE THE AREA

(See map 1 and tables)

In the 1932 report the following statement v/as made: "Further material
lowering in head can be prevented and additional supplies can be obtained if, in
the future, the city locates its new wells at greater distances from the exist
ing cones of depression, preferably toward the west and-southwest."

It is believed that the data now available from observations covering 5 to
6 years justify the following conclusions: No large increase in pumping over
the volume of water pumped in 1936 should be made within the city limits or
along the ship channel between the city limits and Baytown. Any large increase
in ground-water withdrawals in or near the existing deep depressions in arte
sian pressure in down-town Houston and in the East Houston-Pasadena district
would be especially undesirable. Nov/ wells involving heavy withdrawals of
ground water should be located at distances of several miles from these depres
sions.
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Large additional supplies are now needed by at least one industry, and a
decision must be reached as to where these supplies can be obtained most eco
nomically and v/ith least interference with present ground-water development.
In considering the possibilities of obtaining additional supplies, it is neces
sary to keep tho following facts in mind. Essentially there aro throe ground
water roscrvoirs in the region. Tho reservoir in tho Beaumont sands occupios
only tho southern part of tho area, tho upper limit of the formation being along
a northoast-southv/est lino that passes a few milos northwest of Houston. Bolow
this lino all four formations aro present, the Beaumont slowly thickening down
dip.

Tho reservoir formed by tho Goliad (?) sand, the Yfillis (?) sand, and tho
Lissio formation is more or loss effectively separated from tho reservoir in the
underlying Lagarto by thick, persistent clays belonging to tho upper part of the
Lagarto. In places thick, persistent clays in the Goliad (?), Willis (?), and •
Lissie separate to a degree the water supplies in the sands at different horizons.
At Houston and from there southeastward the water is salty in the middle and
lower sands of the Lagarto and contains objectionable amounts of chloride even in
the uppermost sand. In the vicinities of Texas City and Alta Loma the water in
the Goliad (?) sand, Willis (?) sand and Lissie formation is salty and the wells
obtain their supplies from sands in the Beaumont clay. At Baytown the water in
the Goliad (?), and Willis (?) is salty and the v/ells are supplied from the
Lissio and tho Beaumont.

Reserves of ground wator of fair quality that aro practically untouched
occur in sands of the Lagarto clay west, north and northeast of Houston but
relatively little is known regarding the cxtont of these supplies* Reserves
are also available in the Goliad (?) sand, Willis (?) sand, and Lissie formation
but in planning to develop them it v/ould be advisable to go considerable distances
from Houston in order to avoid the interception of water that is moving toward
the heavily pumped areas and replenishing the supply in these areas. As mentioned
on page 8 and indicated by the linos of equal artesian pressure shov/n on map 1,
wator is moving into parts of theso areas along the strike and up the dip as
v/ell as down the dip.

In tho paragraphs that follow, some of the advantages and disadvantages
are citod of making new development in different directions from tho city.

Northv/est and north from Houston

(See map 1 and table of v/ater analyses)

No additional ground-v/ater supplies should be developed to the northv/est or
north of Houston, unless deep v/ells are put down and v/ater is pumped only from
the Lagarto sands or the v/ells are located far enough out to prevent serious
interference with the wells of Houston and Pasadena, perhaps at loast 20 miles
from down-town Houston.

Some of the available data rogarding deep wolls northv/est and north of
Houston aro summarized below.

Woll 431, located about 2 miles west of Fairbanks, has a natural flow of
v/ater amounting to about 75 gallons a minute, having a temperature of 87 degreos
Fahrenheit. Tho wator is moderately high in dissolved mineral mattor but is
very soft* Tho dopth of tho v/oll is rcportod as only about 800 foot but the
high temporaturo of the wator indicates that its depth may bo 1500 foot or moro.
In such case tho v/oll may bo drawing from a sand in tho Lagarto clay.
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According to field tests made near Satsuma, about half way between Fair
banks and Cypress, the v/ater from a v/ell 700 feet deep (No. 205) has a hardness
of 220 parts per million while that from a nearby well about 400 feet deep (No.
206) has a hardness of about 400 parts per million.

Well 174, located l*g- miles southeast of Cypress, supplies water to the
Houston hot well bathing and health resort. Tho woll has a flow of about 50
gallons a minute of water that has a temx^erature of 104 degrees Fahrenheit and
is very highly mineralized being particularly high in chloride. The well is
reported to have a dopth of 2,830 feet.

About lj miles northwest of Cypress, a 400-foot v/oll (No. 159) yields v/ater
that is relatively low in dissolved solids and is comparatively soft and fresh.

About 1 mile northeast of Cypress, an oil test well (No. 165), 1717 foot
deep, has a flow of about 1 gallon a minuto of water that is excessively high
in chloride and contains some gas.

At Spring, about 25 miles north of Houston, wator is obtained for loco
motives and public use from well 93 belonging to the International and Great
Northern Railway Company. This v/oll has a flow of about 35 gallons a minuto 4
feet above the ground and tho artosian pressure is sufficient to raise tho
water about 25 feet above tho ground. It is reported that during a pumping
tost in 1931 a yiold of about 960,000 gr.llons a day v/as developed. Tho wator
contains a moderate quantity of dissolved r.dnci\'.ls. According to tho log, tho
sands penetrated by tho v/oll have a total thioknoss of about 300 foot.

V/oll 264, used as on observation woll, is located along the International
and Great Northern Railroad about 16 i.iiles lorth of Houston. Until 1930 this

well had a flow from a horizon reported as located about 950 feet below the
surface and the water is said to have been of good quality.

Well 54, Montgomery County, is located near the north bank of Spring Creek
about 26 miles north of Houston. The v/ell belongs to Mr. C. L. Fitch and is
reported to have a depth of 2285 feet. According to a field test made in 1931
the chloride and hardness in the water amounted to 60 and 150 parts per million,
respectively.

Well 35, Montgomery County, is located close to the Houston-Conroo highway
about 4if miles south of Conroe. Tho well belongs to JJr. Yf. T. Peoplos, has a
reported depth of about 350 foot, and on June 3, 1931, had a flow of about 9
gallons a minute. A field test on that date indicatod that tho chloride and
hardness amounted to 35 and 110 parts per million, respectively.

Woll 23, Montgomery County, belongs to tho City of Conroe and is locatod
at Conroe. The \vell has a total depth of 1221 feot and is equipped with screens
at depths 1099 to 1163 feet and 11G5 to 1221 foot. Tho chloride and hardness,
according to a fiold tost in 1931, amounted to 60 and 110 parts por million,
rospectivoly.

Yfell 28, Montgomery County, is located about -J mile southwest of Conroe.
It belongs to the Delta Land and Timber Company, has a total depth of 1172 feet
and is equipped with a screen from a depth of 1028 to 1148 feet.
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Northeast from Houston

In this direotion the nearest wells should be located at least 15 miles

from down-town Houston and even at that distance should not tap the water in
the upper sands which might eventually reach the wells in the vicinity of Bay-
town. In this direction from Houston there are comparatively few deep v/ells
and considerable exploratory drilling may be needed before a conclusion can be
reached as to whether or not adequate suxjplies of water of suitable quality-
can be obtained. Available data regarding tho deep wells in tho areas north
and northeast from Houston and tho character of the deep waters aro briefly
summarized below. The map shows the location of the wolls and tho results of
analysos of tho v/oll waters aro given in tho tablo of wator analyses. The
distances givon are ostimatod distancos from tho Houston Post Office.

Wolls 281a and 281b aro located at Humble, about 18 miles north of Hous

ton. Thoy belong to tho City of Humble and aro 1140 and 740 foet doop respec
tively. The deopor woll is reported to have had a flow of 40 gallons a minute
21 feet above the ground and a pumping yield of 250 gallons a minute in 1934,
when it was drilled. In December, 1936, when not pumped, it was discharging by
natural pressure into a reservoir about 10 feot above the ground. Tho static
v/ater level in the shallower well remains at about 26 feet below the surface.

This well is reported to have had an initial yield of 304 gallons a minute.
The analyses indicate that tho mineral content in the water from both of the
wells is rather high and is similar in amount and character.

Wolls 56 and 56a, Montgomery County, have a flow of water amounting to 3
or 4 gallons a minute, about one foot above the level of the ground in the
first mentioned, and to about 20 gallons a minute, 6 feet abovo the ground in
the other. These wells are located along the Humble-New Caney road about 5
miles north of Humble and about 23 milos northeast of Houston. The depth of
one of those wolls is reported as 992 feet. The temperature of the water in
both wolls is about normal for wells around 1000 feet deep in this region.
According to the analyses tho dissolved solids are relatively high but the water
is comparatively soft.

At Cleveland, in Liberty County, about 45 miles northeast of Houston, tho
water supply for locomotives of the Gulf, Colorado and Santa Fe Railroad is
obtained from a flowing v/ell 1300 feot in dopth. The woll was first drilled to
a depth of about 900 foot and developed a small flow at about the levol of tho
ground. Whon it was deepened to 1300 feot, the artesian pressure increased
materially and the well now has a flow thirty feet above tho lovol of the ground.
According to tho analysis tho water contains a modorato amount of dissolved
solids and is relatively soft.

The public wator supply of Cleveland is obtained from a woll 386 foet deep
belonging to the Gulf States Utilities Company. This water is considerably
harder than that from the railroad v/oll, but tho total dissolved solids is loss.

Along tho north side of the Gulf, Colorado and Santa Fo Railroad, about 6
miles east of Cleveland and 1 mile west of Hightower station in Liberty County,
there is an oil test that has a flow of water amounting to about 50 gallons a
minute 5 to 6 feet above the ground. The well is located on land belonging to
the B. E* Quinn estate, but nothing has yet been learned regarding its depth.
The temperature of the water is relativoly high and the well may be materially
deeper than the railroad well at Cleveland, described above* The total quantity
of dissolved solids in the water is moderately high but the water is quite soft*
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About 8 miles east of Humble near the east bank of the San Jacinto River
there is an abandoned oil test that has a barely perceptible flow about 1 foot
above the ground. The v/ell is located on the Frederick Rankin Survey and is
known locally as the Black Cat oil tost. Tho woll may or may not be well No. 1
of the Humble Gulf Coast Oil Company v/hich is on the same survey and has a
total depth of 3557 feot. According to tho log of that V/ell, artesian water
was struck in a bed of sand 32 feet thick bctwocn 2468 and 2500 feot. Accord
ing to tho analyses the water contains a modorato quantity of dissolved mineral
mattor. Further inquiry should bo made to cloar up tho doubt as to tho idontity
of the Black Cat v/oll.

At Dayton in Liberty County about 33 miles northeast of Houston, the public
water supply is obtained from a well 400 feet in depth* The v/ater is somewhat
highly mineralized.

At Liberty, county seat of Liberty County, about 40 miles northeast of
Houston, the public v/ater supply is obtained from 3 wells 650 to 685 feet in
depth, all of which have a flow. The wator is somewhat highly mineralized.

The swimming pool at Liberty is supplied from the natural flow of a v/ell
only 233 feet deep belonging to Mr* Fisher, manager of the cotton gin. The
dissolved minerals in this water according to the results of the analyses are
materially less than those in the waters of the deeper flowing v/ells at Liberty
referred to above.

At the Stilson pumping station of tho American Pipe Lino Company, in Liberty
County about 28 miles northeast of Houston, water is obtainod from a v/ell that
is roportod to havo a depth of about 300 foot. Tho wator is quite soft.

Wost and southwest from Houston

Tho territory west and southwest from Houston offers certain advantages as
a field for obtaining additional ground-water supplies for the city. It is
believed that nev/ v/ells could be put down and pumped at moderate distances from
the city in these directions v/ith loss effect on presont wolls at Houston, Pasa
dena and Baytown than v/ould bo producod by now developments at similar distances
in other directions. Evon in that territory, however, any nev/ development should
be located several miles west of tho western limits of the city. The artesian
head at Bellaire is about 60 feet below its original level and the area of
depressed head undoubtedly is still progressing westward and southward, the rate
of decline being rather slow, hov/evor, as it amounted only to 2i feet at Bellaire
between 1931 and 1936. From the initial well a lino of v/ells could be extended

westward or southwostward, if necessary all the way to the Brazos River, or
even beyond tho Brazos, into the northern part of Fort Bend County and eastern
part of Wharton County, although to do this v/ould involve tho heavy expense of
constructing a pipe lino across the river.

It is believed that wolls almost anywhere in this territory will yield
fairly large supplies. Y/ells of fair to large yield have been brought in in
western and southwestern Houston. Some of the v/ells in the Katy rice -district
are reported to yield upwards of 1500 gallons a minute. Three wolls at Sugar-
land have a reported combined yield of 2,000,000 gallons a day. Wells put down
for rico irrigation west of tho Brazos in Yifharton County yiold vory largo sup
plies of water.



30

The territory west and southwest of Houston includes the Katy rice-grow
ing district, most of tho rice wells being located within 6 or 8 miles of Katy.
The total pumpage in the district v/as estimated e;6 about 20,500 acre-foot in
1930 and 18,000 acre-feet in 1931—the equivalent' of a continuous draft of about
18,000,000 gallons a day and 16,000,000 gallons a day respectively (1932 report,
page 10). No figures are available as to tho amount of wator used in tho dis
trict in 1936, but reports indicate that the total pumpago in that year was not
greatly different from the pumpage in 1931. According to a statement by Mr.
John Cope, one of the leading rice growers, the water levol in the Katy district
declined about 5 feet between 1903 and 1931 (1932 roport, p. 13), and as men
tioned in tho prosent roport in the section on wator-lovol fluctuations a small
decline occurred in a few wells in tho district betwoon 1931 and 1936. A fur

ther matorial decline in wator lovols undoubtedly will occur if hoavy additional
pumping is undertaken within several milos of tho district.

Tho wator in the deep woll at Bollairo is relatively soft but in most of
the territory west and southwost of Houston tho water probably avoragos con
siderably harder than it does at Houston. The rico wolls in the Katy district
and tho woll along the railroad at Simonton yiold rather hard wator. The muni
cipal wolls at Richmond and Rosenberg yiold wator that is materially harder than
the Houston wator. (Records of wells, drillers logs and wator analyses, Fort
Bend County, west of Brazos River, a mimeographed report compiled by tho Texas
Board of Water Engineers under an allocation of funds from tho Works Progress
Administration.) Tho rico wells in Y/harton County yiold wator that is relatively
hard. (Unpublished data on water v/ells in Yilharton County available for public
reference in tho open files of the State Board of Water Engineers at Austin and
the U. S. Goological Survoy at Washington.)

The Katy rice wells admit v/ater from shallow as well as deep horizons*
This is illustrated by the logs of wells 353 and 370, Harris County, in table
11, pages 6 and 7 of the manuscript report. At Sugarland the v/ater from a well
1606 feet deep (v/ell 54, Fort Bend County) in which the top of the principal
v/ater-bearing sand is reported to be 1505 feet below the surface, is quite soft,
whereas the wator from a well 733 feet deep (well 53, Fort Bond County) is quite
hard. It is believed that much softer v/ater could bo obtained in the rice-grow
ing areas and contiguous territory if the shallow ground water were cased off.

Presumably in all this area the v/ater becomes softer toward the south and,
on the whole, the strip of territory between the San Antonio and Aransas Pass
Railroad and tho Richmond road may offer tho most favorable opportunities for
development. Tho drilling should not procood south of the Richmond road because
of the possibilities that the chloride in the wator is too high, or may become
so with hoavy pumping.

It should bo pointed out that tho development of additional supplies of
well water for Houston in tho territory to the northoast of tho city would have
this advantage: The conduit constructed to carry tho woll water to the city
might later be usod to convey v/ater from the San Jacinto River or the Trinity
River if it is decided to resort to one or both of those streams for a supple
mentary wator supply.

Similarly, if now supplies of ground v/ater woro developed to the west-
southwest of the oity, the conduit constructed to convey the v/ater to Houston
might later be used to convey water from the Brazos River if it is decided
eventually to moke use of that stream.
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IMPORTANCE OF CONTINUING AND EXPANDING THE PRESENT OBSERVATION PROGRAM

It was pointed out in a preceding section of this report that both the
widening of the deep cone of artesian depression which additional heavy pumping
is likely to produce, and the movement of salt v/ater into the depression, if
such movement does occur, can be watched and to a degree anticipated if proper
observations are carried out. With this in mind the following recommendations
are submitted:

The present water level observation program in the city and surrounding
territory should be continued and materially expanded. Additional observation
wells should be added and the v/ells should be measured weekly, at least for a
time, after the new pumping starts. This is especially necessary in the neigh
borhood of the new development. Dependable information regarding artesian pres
sure fluctuations is being obtained from only 2 deep observation v/ells in the
vicinity of Pasadena: well 1170, 03G feet deep, at the Deepwater plant of the
Houston Lighting and Power Company; and well 1176, 800 feet deep belonging to
the Texas Company. YYoll 1181, 691 feet deep, belonging to the Phillips Petroleum
Company, Well 1183, of unknown depth, belonging to the Crown Oil Refinery, and
one or more of the v/ells of the Sinclair Refinery Company (Nos. 1161-1167, 800
to 1301 feet deep), probably could be measured if a determined effort were made.
Yfell 898 at tho old East End plant of the City at Park Place should be cleaned
out, deepened to not less than 1300 foot, and equipped with an automatic water-
stage rocordor. This is very important. The we-l'.'. is noar the present East End
plant and is in a direct line between Pasadena r.nd the heavily pumped Scott
Street and South End plants. If possible, an observation well 800 to3,000feot
deep should be put down and equipped v/ith a water-stage recorder a mile or so
to the southeast of the Northeast plant from which an average of about a million
gallons a day v/as pumped in 1936, in order that any further decline in pressure
in that part of the area can be observed. The unused well at the North End
plant should bo equipped with a water-stago recorder. Several privately owned
unused wells in central and east-central Houston should be equipped with water-
stage reoorders, if this can be arranged. The wells must be 8 inchos in diameter
or larger in order to admit a float of adequate size and, of course, the pumping
equipment must be removed. The following v/olls are suggested (sec table 1 in
manuscript report): Well 677, depth 873 feet, screens set at 741-996 and 818-
873 feet; well 605, 900 feet deep +, position of screens unknown; well 687, 1222
feet deep, screens set at 1279-1328 feet; well 854, 919 feet deep, screens sot
at 224-266, 366-382, 421-442, 542-564, 704-764 and 831-853 feet.

The observation program should include the frequent collection of samples
of water and determination of their chloride contont from numerous carefully
selected deep v/ells in eastern Houston and Pasadena and in the areas south and
southeast of Pasadona.

The pumping inventory should be continued without interruption, with a view
to obtaining accurate information as to tho current pumpage in each section and
in the entire area. Without such information it is not possible to understand
the significance of the fluctuations in artesian pressures and to roach a con
clusion as to whether or not the available ground-water supplies aro being mater
ially dopleted. For this purpose tho cooperation of the owners or managers and
engineers of the plants must be obtained. Such cooperation should not be diffi
cult to obtain, onco it is understood that the continuation of tho pumpago inven
tory and other observations aro of vital importance both to the ownor of the
plant and the whole community.
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WASTE OF WATER; PROPOSED GROUND-WATER LAW

The availability of a largo and convenient supply of ground water of good
quality has been one of the major incentives for the location of industries in
the vicinity of Houston and it is of the greatest importance that this resource
should not be impaired. Most of the industrial firms make reasonable use of
the water but others do not. For example, wator employed for oooling machinery
and air conditioning in some instances is used only once and then emptied into
the sewer or nearest stream. The universal use of properly constructed cooling
towers would greatly decrease the consumption of wator. Considerable waste
results also from the omployment of mothods of manufacture that involve unneces
sarily largo quantities of water. Tho elimination of this waste and prodigal
use should go far toward solving the water-supply problems of the area.

The Texas State Planning Board is preparing a bill to submit to the cur
rent Legislature that is designed to stop the waste of underground water and
henceforth to control the development of the availablo supplies so as to prevent
them from being seriously doplotod, while permitting tho fullest uso of the wator
that can bo made with safety. Ono of tho chief purposes of tho proposod law is
to protect the rights of tho owners of wolls that aro now in uso. This bill
doserves tho support of the pooplc of Houston.

POSTSCRIPT

June 10, 1937

Sinoo the above v/as written, records of water level measurements in wells
have been accumulated for several additional months in the Houston-Pasadena area,

the last measurement being made in well 1170 on June 5, 1937. These additional
records have been incorporated in the table of v/ater level measurements and
graphs of water level fluctuations herewith.

About March 1 a battery of new wolls was brought into operation near Pasa
dena and since then has been pumped almost continuously at the reported rate of
about 19 million gallons a day. This represents an increase of around 40 per
cent over the total maximum previous pumpago in the Houston-Pasadena area* More
over, due to lack of rain, the pumpage by the City of Houston in May and the
latter part of April, 1937, was materially heavier than it was during the corres
ponding period in 1936. The water levels in most of the observation wells in
the aroa have responded to this increased draft and aro materially lower than
they were a year ago, the levels in wolls 1170 and 1176 noar Pasadena, for oxample,
being more than 30 foot lower. In other parts of the aroa tho average decline
between May, 1936, and May, 1937, was approximately as follows in the doopor
observation wells: 11 feet in Southeast Houston; 7 feet in Northeast Houston;
7,foot in Central, South Central and Yfost Contral Houston; 1 foot in Southwest
Houston, 1 foot in North Houston*
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TABLE 1

Water level fluctuations in observation wells in Houston-Pasadena area, Texas

Date

Depth
to water

(feet)
Date

Depth
to water

(feet)

Well 590

City of Houston, at Heights
pumping station, 4-J- miles
northwest of Houston post
office. Depth 1362 feet.
Measuring point, top of
pump base.

Well 590 — Continued

1935 - Apr. 24 -
May 21 -
June 19 -

July 26 -
Aug. 17 -
Sept.21 -
Oct. 26 -

Nov. 23 -

1936 - Feb. 20 -

Mar. 14 -

Mar. 14 -

Mar. 14 -

Apr. 25 -
May 9 -
May 22 -
July 24 -
Aug. 26 -

63.05 b/
63.10 b/
65.14 b/
68.55 b/
69.74 b/
69.27 b/
67.20 b/
61.56 b/
65.02 b/

63.95 b/
64.04 y
64.11 b/
64.35 b/
64.77 y
63.69 b/
64.79 b/
63.90 b/

1931 - Jan. 23 -

July 2 -
Aug. 12 -
Sept. 9 -
Nov. 3 -

Dec. 5 -

1932 - Jan. 7 -

Feb. 6 -

Mar. 4 -

Apr. 8 -
May 7 -
June 7 -

July 7 -
Aug. 8 -
Sept. 7 -
Oct. 8 -

Nov. 4 -

Nov. 29 -

Dec. 31 -

1933 - Jan. 26 -

Mar. 9 -

Apr. 15 -
May 12 -
June 23 -

Aug. 18 -
Sept.20 -
Oct. 22 -

Nov. 22 -

Dec. 23 -

1934 - Jan. 23 -

Feb. 21 -

Mar. 21 -
Mar. 30 -
Apr* 20 ~
May 22 -
June 26 -

July 24 -
Aug. 16 -
Sept.22 -
Oct. 23 -

Nov. 21 -

Dec. 21 -

1935 - Jan. 31 -

Mar. 1 -

Mar. 22 -

a/ Pump runningi

55.67

63.70

69.21 b/
67.83 b/
65.54

60.94 b/
58.62 V
58.70 b/
61.38

60.06 b/
62.20

64.00

63*84

66.28

65.12

62.90

63.35

60.87

60.25 b/
60.64 b/
59.32 b/
58*80 b/
59.45 b/
64.38 b/
65.47 b/
65.95 b/
63.91 b/
63.38 b/
62.07 y
60.57 b/
59.87 y
58.38 b/
5,9.76 ~/
59*24
59*80 .66,79 b/
65.01

65.51 b/
66.30 y
65.75 b/
62.52

60.71

64.11 b/
62.20 b/
62.25 b/
b/ Pump

Well 598

Brooks, 4-J- miles west
northwest of Houston post
office, near Eure!<a Junc

tion. Measuring point,
top of casing at level of
ground. Abandoned v/oll.

1931 - Mar. 20 - 43.80

May 26 - 43.38
July 2 - 44.00
Aug. 12 - 46.25
Sept. 9 - 47.41
Nov. 5 - 40.26

Dec. 5- 47.37

1932 - Jan. 7 - 47.10

Feb. 6 - 45.42

Mar. 4 - 45.30

Apr. 8 - 44*32
May 7 - 44.63
June 8 - 45.48

July 7 - 45.94
Aug. 8 - 46.25
Sept. 7 - 47.43
Oct. 8 - 46*54

Nov. 28 - 45.15

Dec* 29 - 44.55

1933 - Jan. 31 - 42.51

Mar. 11 - 41.55

May 12 - 41.58
Aug. 18 - 47.26

running in nearby well.

Date

Depth
to water

(feet)

YiTell 598 — Continued

1933 - Oot. 31

Nov. 22

Dec. 23

1934 - Jan. 23

Feb. 21

Mar. 21

Mar. 30

Apr. 20
May 22
June 26

July 24
Aug. 16
Sept.22

44.68

44*50

44.06

43.06

42.73

42.42

43.09

43; 64

43.91

45.90

Obstructed

YiTell 602

River Oaks Country Club, 4
miles west of Houston post
office. Depth 1038 feet.
Measuring pointy -o- inch
hole in pump bowl, 2 feet
above ground.

1931 - Jan. 19 -

Apr. 7 -
May 21 -
July 2 -
Aug. 12 -
Sept.10 -
Nov. 3 -

Dec. 5 -

1932 - Jan. 7 -

Feb. 6 -

Mar. 4 -

Apr. 8 -
June 7 -

July 8 -
July 9 -
Aug. 8 -
Sept. 7 -
Oct. 5 -

Nov. 7 -

Nov. 28 -

1933 - Jan. 2 -

Mar. 10 -

Apr. 15 -
Nov. 22 -

Dec. 23 -

1934 - Jan. 23 -

Feb. 23 -

48.54

47.10

48.05

51.56

51.65

52.29

49.97

48.48

46.38

45.14

44.18

43.22

y
48.09

45.86

s/
44.00

43.05

42.16

41.18

41.00

44.74



u1
t>0

Ph
O

>>> ,3-P-P»dPCM©
•Perf©©COCOCM«&at-•H<+HLO•*t>OCOCOCOCOCDCMOCDCMOCM"sHCDCOCM<*

3
LOCOCOCMLOCOcoCM^COCOLO^OCO

Pi3©3CDLO^CMCMLOrP*•»Ol>+3OLOCDCOCOOCOLOrHCOCDCDfr-CM^rHlOD~LOCOLOCDCM^COr-iCOO«#O-COCOrH

©«H
A

•.•••.CO10LOflrP
-P-Herf QO*—'LO"tfCO^<LOC-d-PCDLOC-OSrHLOrHOCOC*-COOOCDOOO0CDD-CO^CDCO•tfCOCOCDOCDCOOO

-p•P

O

COCOCOCOCOCO!=;©
*"©

raxo
045ftn
£P<©

LOLOLOLOCOCOCOCOLOLOLOCOCOLOCDCOCOCOLOLO10LOLOLOLOLOLOLOCDLOLOLOLO

O111111CD+3+3
OOCO

X©MX1I1tI1111tItt1
1

11!!1111It1111I11

IcoCMrHCDt-cdCOrHU.H5
O3h'H

CMCOLOCMCMCOLOt-CO^COt>c-t>COt>-LO•tfCOrHOCDLOcocoCOOrHCMCOCOrH
I<MCMCMCMr-ir*SCMCMrHCMCOtorHrHCMrHCMCOCMCMCMCM

rH-Hgfl•^
••

<*••.••rHPhO©COCO••P©•-P•••••

o}>orQ
dPa

>*©*-.-P0erfCU>srHb0>O
dPUd320©

r!&ShU>,SrHtoPU-Ps>>O
s

UU>»dtoPi-PJ>OtirQ
CDo©©d«EtjnW«H©tOd©dPid333000O©dPad33©00©d©

rH
r^-4Qfea<J

%—•

§-d
©ch;-pj
^«H-h»

<CO0SSQ*n•-=4<S•-3<\COOSQ*~3fe

r-i11
©3

0coTJ1l11
©co-erf£j

©
t»COo

!i
©-P-PO3rHCMCOx*

-pCOCO'ciprHCO©OCOCOCOto

dCDCD©o•HO©CfHJ-*CDCDCDCD

QrHrHK-PfiP-1«HOtdOrHrHrHrH

©^
,3+>.p'd
-Pd©©vHCOOCMOCOoco^.^rHC>OrH03COOLOLOOCOCD<«0-0t-OCOLOLOLOCO<HOOrHt-LOOcoCOE-0«tfO*HrH•^
p.&©
©fH1

CO
•

CO
•

CO
•-u

CO*°^^N^<Ns^v^^>s,oooLOO'.ir.~-')COOCO%HOT.MCDCMO^COlOt>rHLOCMC"-coCOt-iCD0CDOrHCDCOCOCMLO

QO^--•HrHco-#COCMr-iOCD•^rHOCDCDCOCOCDCMrHOCOL-OcoC«-CDLOLO<JiCDrHCMcoCMCMC^coCOCOCOCOr-iHrl'OC-COI•
•P•PC-COCOCOCOCOCOLOCOCDCOLOLOLOLOLOCOCDCOLOLOcoLOLOLOLOLOLOLOCOCOCOCDCDLOLOLOLOLOLOCDCDCDCDCOco;rH

O
111I111I1I11fill11111I1I11111111111111111t11111111

1COCOCOLOE-CO%HCOt-C-O-COt»CO<#CJ>rHCOG>LOCOIOCOOrHC'O:or-irHrHrHCM<<r~iCDco0rHCDCOOS.M•^^hCDLOOCM%HCDCO'>j
1CMCMCOCMrHrHCOrHCMCOCMCM(SiCMCOCMCMCMrHCMrHCMCMCMCMrHrHrHrHCMCMCMCMCM.rO

•Pd <*+>•••••••O•-p•©!*»•-P•
••.•.

•.
r*l*

o
§

u>
©d

rpUU>-s£rHtOP*-P!>f>OdJhChSfjOfo-P
oddP-idp^oo

J>-P>OdUUU
OdddP-4£>

£jr-itoP-i-P>rOuuuuU£>>>^s?fto
COPho©aPhcj322©000O0£d333OOOOd&ddPadd53CDri

rH
»"D<Q*3f=AS<ISbb<iCO053jg

f

1-^5O

•

r^-io^aa<cj

1

fcr^
*0»"3<COOJs;

t

co

S-*3*v1<fc3S^<JCO

l.r-)

©

1

rH

1

CM

I

co•<j<LO

|.rl

Ito
-ptoCOCOCOCOCOP"
dCDcdCD0CDCD•H

Qr-ir-irHr-irHrH
^1

©/-xCOO

CO
©f

rHChPa
,Ei-p-pTJ-P•HOy
•Perf<D©LOCMrHCD

**^^^CM^^^^*>OLOCMCMCD<tfLOt-r-ic-r-1OJZ
•

6•»c-3
P<|S©
©Ch1^a]loftdialdIdl^*"•^erfTcrfl^.

CO\\n^Tv^cd\,i>
•djdl*dldl*dl*•

CO
•

CO
•

CDrHCOCO
••••ci|•

CO
•

rH
•'^

tD£-i
•H-''02COrirH

CMO»H
.^

OO•H^OC-IO0COCDCOLOCDcoLOCDCDCDOCDCOCOLOr-i©«3>i
-p

13O
<tf<#"*^^^^H*xH^^J<^«tf^«#^LO•5H^1<#•^LO

KM

PaO•»
P4©

tOCH©
•

T3

rQ|

o111ii11111t1II111111111111l11It11!111I11*t*
.rHOt0+»

§
•

0Ou•HGto
1rHooCMCO^COCMCOrHr-ir-irHCM-xt*CDrHCDCOC-rHCOCOO"^"^«<#COLOCDCM^COCDcoCOrHCDt-OCDOdCO-P.HXO

3 1CMcoCMCMCMCMr-iCMCMCMCMCOCMCMCMCMrHCMrHCMCMCMCMrHrHr-irHCMCMCMCMCMCMCMCMCMCM©

cros
hwesasur-inc

^

04

O
©

rH

.

>>tiHtOP«-P>^0U^>»>>r-ihO

•

-P
P-l

rH©
O

rH

PStorj

J-iL,L,fcuOP-i-P}>O£
3©oo©3

UUUUu
5

U>O£UU£>£
n©3

COd
APad33erfdp<P<d3230>ooffidddPaCrfd3?OO©©dPad£c'd-p©-^>^

F^*=H<S3^•-D<JCOOSQ*-3*2}»£l<1<{SnbxlwoigfaSsaIh<<^S-3<3COJ3QfeS<J3'dL,
*2^s^

0

rH
§

ddofl,0P4
r-i1i11>OS'Hdg

©©V<1•J3
©P=^LOCOC-•PrHrH-P©©-pA-i
-pCOCOCOCOCO3•HCOOr-i©
OSCDOlCDCD©Od©«HO©"S-

QrHrHr-irH^cq^£<HXCMerfl



u
©'

-S-£if 53d©
Pa£©
©<H
QC"»

•P

©
•P
d

U
©'

A-P+>
-Perf©
PaW©
©«H

Q0>
•P

O

IS

©/

,P-P-P
-Pd©
Paj2©
©«H

•P

©

•s

>i*l
P.
O

•p
•d
o
d
p.
•H

-P
«
O

O

I

I

CD
rH
CD

r-i
rH

I

LOOtO^^LOLOOCMCOC^C-COLOCMO
HCDOOl^ONHt-OCOOWNlOCO

••••'••»•••••••••

^COCOCOCDt^tOLO^CO-^lrHCOLOCOCO
LOLOLOLOLOCOC-l>»t>COCDCDCOCOCOCD

J*O
dl,

WrH
•H

•»d
•V*

o
o.

to
P<J

•H

•P
O
CO

o
o

O

O

,P
•P

O

P

o

to

o

{>
o

COCOCOOCO
CD

CD^rH.CM.LO.to.LOCM.
3^CDOco\cot>-LO\,00^OOOs^O\,CDNX.^1\.<«}«*\.
»••••dj•••di•d|d|d]d]•d|•djd]•d|•dj

CMCMLOC"-^*«
CDCOCDCDCO

CMrHCM
CDCOCD

CO
CD

rH
CO

CD
LO

CD
LO

P4r0
d

UO
P-P

IIIIIIIIIIItICD
LO
CO

CO•P
0P.

rHO
•HO
e

Hj?l*

^O
O

•*•H

tO<H
P<H

•HO
CO

to-P
Oto

UO
OPi

IIIIIIIIIIIIIIIIIIIIIII

OCOLOCDC\J^COCDt"-COCMrHCDCOC>CD
CMrHCMCMCMCMCMCMCMCMCMrHCMrH

«

•H

*•«O
d«h
to

dLO
Q

OtOCDWtOOtOWCOM>0)COOHO>Ht-0)WWNmO
CMrHCMCOCMrHrHCMrHCM

od

CD
CO
O

>,•4>•••
1+>>>>rHtOP*-Pr*O
Paddd3OOOO
<<SSb<!wo^Q

co
CD
rH

PaPaa&
S<I<!S

to

d

©
En

o
Pa

•^H

•PPa
©
O«h

«hO

••>,..••••©>».+>•••••
£Ur+>OGJQUU>>£rHbDQ*4»>OfiU....^_
dPido©d©dP-id3dd©oo©ddP*d3dv

rH

CO
CD
rH

CM
to

CD

CO
CO
CD
rH

•©•-p
U>sPtOPa
Pad33O

0
d

•p
p
0

0

CDOCO
CMO^

l>OCO
LOCDLO

1tI

incOLONlOOtOO^tOC\l©lONCOLO©N^NWNWOlO(OHLONNNOrHOO>©tOCOC*CD^C-JO^^[ON
^l>-WQNH^COON000^^05COO>NHH^^^HCOHO(OH,.;j^COCONfflHOWlOCOS[OCO^«)CO

I
i

CD
rH
O

rH

i

•d
©
d
P

•H

-P
P
O

o

I
I

CD

O
CO

g

CO»j<ONHNAJ<WC0C-C0^NH05C000OWr-lsOM0lO^r}lsJlL0tDOir-:HHHG)C0CDOOW©MaHHO
LOLOLOLOLOLOLOLOIOLOIOLOLOLO^<<^LOLOLOLOLOLOLOLOLOLOLOLOLOLOCDOCDW

IIIIIII1IIIIIII111IIII1IIII"IIIII

rHOCO

tf1II

LOt-CDt«CO

I1

CDCOC-COtHCDrHCOOLO
CMtOCMrHrH

COCOCO
rHCMrH

rHCMtOCOr-irHOOCMCD
COCMCMCMCMCMCOCMCMCMC-2

CMLOiHrH
CMCMCMCM

-!rHCM^rHCDfO
CCMCMCMrHCM

C-rHCD
rHCMCM

!>>-P•
-iPap>
p©o
"3COS

r-i
CO
CD
rH

OP,Q*h*h
©3OdP<

«^feS<!

CM
CO
CD

©

dd
*2j^3

S•-P•
r-itOPn-P
PP©OdPad3

a<*is^ ^«icQoasfi^

co
co
CD

o•43.••
fcjOP-.-P>O
d©oo©
<Jwoaq

© d©S

CO
CD

.•©

dP<d3
^<J3«t>

•P•
tOPa-P

ddoo
^•^wo

> ^oioioi>fel^IcftJoiol
mWLO(OU)00)tOH(OOCO^C7>0)W^(OC«-lOt*-©lDWtOU)t*NlOHOiNnNOnH
ON^|^COc»^lfl^^OtOC7>CDWlOOOCOtOO^^^O)^^NN^•0)005^•N^COC»tO

SOCOCOH^tOni!OWHa050000HN^IOCyl(J)0>OHHtOO)NOr-WNtOlOCD
U3WLOintOtOtOCOCO©COlOU)COWtOlOCO©-©tOCOlOLOtOtOCO(DtDf>-C,-©tDCDCO©CO

IIIIIIIIIIII II1II1III1

HOONtD^CONWHHHHN^HOiCDC-HCOlOOOJlflON^COCOC-tONHCOt-O)
CMCOCMCMCMCMrHCMCMCMCMCOCMCMCMrHCMrHCMCMCMCMrHCMCMCMCMCMCMCMCMCMNH

•••

»»•U/K-S--f-------w>».-P*»»»»r*»•"P-.
LLLl>)gHMft4J|>OdLLLVHHUft43|>pLL^^HMp)4J>0^tjL>,
dd^dddd©oo©dddP^d3dd©ooodO(ddddtooo©©dPicrf

1111

^10coe-
cototoco
CDCDCDCD
rHr-irHrH

©

Pad
S2<!3^

LO

CO
CD

CD
rH
CO

rH

>»•-p•
rHtOPa-P
2200
O^CQO

LO^
LOLO

OrH
COCM

Pa



©'
,3-p+»
+>d©
Ph?©
©Ch

•P

©
-P
d

©'
,P-P-P
•Pd0
P*£©
©Ch

Q0>
-P

©

•P
d

Q

l,
©'

rS+>"P
•PdO
P«-5©
©<H

-P

©
-P
d

»d
©
d

•so
o

I
I

CM
CD
CO

M

CMLOCOrHCDLO
COCMLOCDOCM

••••••

rHCMC-COLOt>
CDCDCDCDCDCO

CMLOCOLOO
COCOCOCOCO
[•••••
LO-LOOOLO
COCDCDCDCD

IIIIIIIIIIIII

^CDrHCM^FCOCOCDCOCMrHC-CD
CMCMCMCMCMCMCMCMCMCMrH

•©t>5.-P**».»

**£>£>3rjyf^435=*°5fc^ p,d^3dd©ooodPwd
^SSTO^WOSQh3<t|2

I

CD
CO

CD

I

o
CO
CD

CO
CD
CO

£

O

•H
O

ti
o

•p
-p

O
o

to

d
«
©

E-4

•p
d
o

w

COS

to

T3-P
dto
oo
UPa

r-i
•H«H
do

-P
•to

S3erf
©

cis-p

c3o
P

MW

O
-dr-i

St
EhCM

O©

PaO
O,0

-Pd

*-P
*-PO

^P.o
-P«hcm
Pjo.
©Pat'P.

to©
Pto

d•
,Qrrf

Pa3

d^
P*tO

C-HO
CMCDCM

•••d1d1d
CO^rH
LOLOCO

IIII

Ot>CMtOCOCOCMLO
hcococoococ-co

COLOLO^CDCOO-O
lOLOLOLOLOLOLOLO

LO.CDOOCMCOCDLOCDOCO
CMCDCOCDCOCMLOCMLOrHCO

CDCOCMCOLOCOCOCDLO^CO
LOLOLOLOLOLOLOLOLOLOLO

IIIIIIIIIIItIIII(I1I

^00)K)WCOtDMCO[>C«-0)COOHOir-DNNCnOHNnW
__l__if».->rv>—1/v>1r\iWv/mrv>ro

HWNrHCMrHCMCOCMCMCM

CO
CD

•-P
^P

_Pa©
^<1CO

CM
CO
CD

© WV"p"•»VWwvw^^J^S)^"T*••••
§Lft>ori^LL>,r«HW)Pa-P>PU

CL,oo©d©dp4d3dd©oodd

co
CO
CD
rH

O•-P••••
>,dtpd,+>J>op
d3d©oood
2^<!WO!5Qb

I

co
CD

-d
©rHCMO^^COCOCD

§
CD

•

CO
*>

coW,©
•djdj•

CDO
••

•HCMrHLOCMOO
•PCDCOCOCOOCD

OCOCOC-COOLO^CMCOtO.^.^rH^05H^HNvrHCDCO'O^LOCMrHCDCOCDtOCDr-rS-,
0COCD—.OCDOO•O^.'tfO'•-V'^.VsOv,CD^0\_|CDOtOCO\,rHC-«#\.0CDCO^CDCDLOCDCDtOCO\.^
•••dj••*•d]dJ••»d|djd|dJ•djd|•••••d1•••dj»***.*.**»*dl•
MOOCDOCJCOOOt"tOCMrHCMiHrHCOC-CDCOCOCD^COCMCMrHCMLCLDCD
OOCDLOCDCDCDCOlOIT;CDCOCDCDCOOCDCDCDCDCOCOCDCOCDCDCDCOCDCOCD

O
o

CM
CD
CD

r-i
r-i

»d
©

d

-p
p
o

o

1
1

CD
LO
CO

£

tillI1II1tIII1f31II11I

CMCMCDOrHCJCOCOrHrHOOCMCD-^CDrHCOOOOCOrHCOOCCCOCOOlO
rHCMrHCMCOCMCMWCMCMCOCMCMCMCMrHCMCMCMCMtOCMCMCMCMrHCMMCMCM

•••

••©t>»a-P*******©
UU>>PrHtOPL,^r>OPrPtt^S

3©

11111111111I11I11t1111I

«5jlCOCOCOCOCOCDCOCOfc-t-CDCOCDrH<t
rHrH

^rH>
Pa3O©d©CrfPabt'

&hu>»
©©•43••

IDPa-P{>
d©OO©3©.d

CMCD
CMrH

>-j•-1-5•
•HtOPa4*
dd©o

rHtOPa-P>
„.-,_^v«vwMVJ^dd©oo
•o^o^ObfeS^Sbb^wos

I!

o3

1

co
CO
o
rH

d.Aiddd©oo©dPad
4<JWO^Q^fcSS<!abO<lWO!5Qbfn^i!SbO<i|WO

rH
CO
CD
rH

CM
CO
O
rH

I

CO
CD

LO
CO
CD

OHHCOC*OvCD^C*-^COCO^^COCOrH^C-Nv^COH^vCO^OVCD
NWCOC-<<^\,CD\.CD^V^LOCM\r\,CO^<O\,CMCM\,COCOCM\>N,tO^v-CO\.LO

••**••crfJ•dJ•dl••dJd1•••dI••d1•••d|d|•d1•d|•
cv5N-»evico<-v>co«4it>-cocoinintointoooococoloto CMCOCMCMCMCM
CDCDCOCOCDCD

COCO
COCD

LOLOCD
COCDCD

LOCO
COCD

COCOCO
CDCDCD

CO
CD

LO
CO

CDCDLOLOCDCD
.LOCDOCMrHCO

•••*•

'CDt»COO-LO^
CDCDCDCDCOO

C-^V^CD
•crfj•

CMCD

COCD
O

CDCO
COCD

IIIII1IIII1IIIIIIIIIIIII1

CMCOCOrHrHOOCMCD^COrHCMOOOCOrHCOOCOLOCDOLOCMCD
CMCMCMCMCMCOCMCMCMCMrHCMCMCMCMCOCMCMCMCMrHCMrHCMCMCMrH

o©3©ddP*d?

I

CO
co
CD

I

CO
CD

©>,.-P****««*©
rHtOP»-P^OPrOJn^^sP
dd©oo©3©dCLtdd
TijW03QbfeS<t!S4

LO

CO
CD

>»•-p•
rHtOPa-P
33©o
•7^WO

CO
CO
CD

IIIIII

Ti<CDCM^COCDCDCOCM
CMCMCMCMCMCMCMCM

CD>•O
CMCMrH

U>»J>»rHtOPa-P>O^QUU>»
PL,d^dd©oo©©dPid
-Jl^a^.siCOO^QfcS^S

co
CD
rH

CM
CD
CO

£

•».to

•«£TJ+>
Odto

O«3OO.
UPa

d
X
©

EH

si
•p
d
o

CO

W

O

P
0

CO.H

O

0

•P
to

d
©

•P

O

-PP
o•
§HtO

©
•QT)H

ud"g
•to!*

EHCM

Pa



©

XI-p
4*d
Pa£
©

d

u
©

xl-p
•E£ Pi£
©

©

d
Q

©^->

4sd©
ftf5©
©<h

O«w
4>

Q

©

d

»d
©
d

•p
p
o

CO

I

I

CO
c-
CD

fi

'd
©

•H

+>

o
o

I
I

CO

o

£

»d
©
d
p

•H

-p
p
o

o

I
I

co
CD
CD

s£

^<o^n^oco^o^c^lOOffl®^^oowNOon^WHcnoWlnocow^r^cooHlocO'!)lcooco^otoo^to
OWNOO<lOWOOtOCDWCOHOCOlOtOOO^^C)lfl^OOlnNONOOOOWOHWm^tn(OH^ONOWN^

CO^tONHNWtOHHOHHNOOOHNNHOOOHOOOOcnOffiO^sJlOIONrtOHOlOJCOCOCOOIOlOlCftCO©
CMWCMCMWCMCMCMCMCMCMCMCMCMCMCMCMCMCMWCNJCMCMCMCMrHrHrHCMrSW

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII11I1II

NH^Wl!OC•OlDCOlntOOtOCO^^OlOHNCOOOHr^NOOOmHlfl^OWH(^IOOOCOHlOOCOWlOOWNO)
rHCMCMCMHHNHHNNCJPJNWCOHNNWHNNNNWNNNNHWHNNNH

••mm.

IIIIItIIIIIII

©>»•+>©_•-p•
>Oti,DLL^,drjUft4>>>OjJLL>,r'MCI,+>
o©d©dftdpdd©ooo©ddftd3d©o
!3Pbli)3<{^h3^<!wOftSQh3^<2^<!wo

III

r-iCMCO
COCOCO
CDCDCD

OdOd
QT>fnS

I

CO
CD

••©>j.4-3.••••••
*jJ-.>»PrHtOP^4»J>OP,QUU.._
dftdddd©oo©dodftd3dd©oo©
^<;a^b-<wo|s;qofca<!;^Ti!woi2;fc

t

LO
CO
CD

©>>•+>
SgHWP.43>rP

I

CD
CO
CD
rH

•^lCOCDCDCOC-"tf
CDLfJCDCMCOt-CM

Ot-COCOOOC-COCDCOCOCOLOOt-fHrHCOC-CDCOr-ICDLOLO
£DNOC*<*W^COHOHtOMONP*lOlOLOr»^CMWOW

10

43
CO

O

9U

•P
•P©
to©
OCh
ft

CM

*

<HrH
OrH

P.

&*
©

•»p
+5O
P«d

od

&5 to

L,tO
dp
to-H

dto

,2«?

Tj<i^OOr-iCM
t-^LOLOCDCM

••••••

O-CDLOOOCO
CMCMCMCMCMCM

LOLOOrHCMCMO
<i*t*<*&LOLOLO

LO^^COLOLOCO^COt>COCMLOLOC>COCOrHLO<DCOCOOrHCO
^'^^<<"*<<^%!<^"CHT?^<<^\,H<J|<1inLOIfiLOWLOIflL-

rH

©

<H
O

4*
w

d
o

o
p

©
rH
•H

6

IIIIIIIIIII!IIIIIIIItIIIII

OCMCD<!t£lCMCMrHrHrHCOCM<<r-iCDCDC-rHCOCOOCDLOCDCM^COt>-*+»CJp-l
-fr\yr\.>rvirv>tv\rvir\ir\>r^i__jr\iir\ir\tr\imi/\>£0r^yj^MCMCMCM

,.v—'x.iv_tvmi,Mr-ir—ii—tv.jw\j-srr-iui^->u—t—1>^c"J*w»o>

CMCMCMCMrHCMCMCMCMCOCMCMCMCMrHCMrHCMCMCMCMrHCM

©

11

:~c.

LO

CD

r-i
rH

.©

«3

to

d
co

P
o

+>
to

d
o

IIIII

COOOrH
rHCMCOrH

co
CD

©^•4J>••
^PrHtOPa-P>Op,P..
d3ddoooo3od
S^O<jWOSQ^h

LO
CO
CD
rH

»d
CO^COCDCMfH^O©
CDCDrH^LOO^tOrH

••••••••d
CMCMCOtOCOCDC-CO©
LOLOLOLOLOLOLOLOCO

I1I1III

HHOONCO^tOH
CMCMCOCMCMCMCMrHCM

•

••••o>>,•-p
^LLL,>,rtHt3ft
odoSPicsB22o

co
CD
rH

CO

co

i

ftd3dd©oo©dftddddoo
rH

d
»"3

©©ftd

I

co
CD
rH

•d

o
o

is
rH

•H
d

Xl
-p
u
OXl

<H©
O©

<H
+>
toCO
OCO
ftCD

«HrH
O

5ft
©

M
to

u
d

W>»rH<H

O

p.
•H

rH

U
•H
d

ch
o

ft
o

•p

d-p

O
ft

CO
co
CD

OH|02o

5«°b aod
-a&,a"^

CO
CD

tOCOLO^OCOLOrHCD's^OCMCO^LOt^CMLOLOCMCOOC'-OCMOCMlOCOO
W^C*CCHrtO)rtC-005HWNC»(OOH«OHOCOOO^NCOWO>t-

N^N©00)CONC>-OO^CONO)LO^'*^mcOOOOit«-l0^^^ril
LO^tnint;(i^(^^^inLOtninio^<t\i<^^^^inio^«ii^^^^^

IIII

CDfr-OCO
CMCMrH

co
CD
rH

III1IIIIIIIIIIIII

HOWC-t-OOCOC>-CO^>OrllOWHOOO)HH»WHHO
rHfHr-iCMCOrHrHrHCMrHrHCOCMCMCMCMCMCO

•••

••£•}•-p••©^>}.4^>••••••0«4>.»..**.
§^J>>r-ltOft>P>>PrHtOft+>>OP^Ll>>gtOft+>>O(irOUU

ftddd©o3d3dd©oo©,«odftd3d©ooodOdd
b<iab^w!z;bSbb^wO|gQbS<!Sb<!wOg!Dnfaa^

I

CM

CO
CD

I

CO
CO
CD

I

CO
CD



u
©'

XI-P+>
4>d©
ft?©
©<H

lOo*

©

u
©/

X\-P-P]
•Pd©

"»£o
©<*H]

Oo>
-•_3

©

Crf

©«
,P45-P
•Pd©
ft£©
©«h

QOs
+>

©

»d
©
d

4»
P
O

o

f
I

LO
CD
CD

£

•d
©

1•H
4a

r-«

O

I

1

o
CO
CD

r-i
JO

*d
©

•H

P,
O

o

f
I

CO

CO

K̂—

WHNWWO^OWXCOONOHO^OnCONincOCOONnOO^HWCOCOHi-«)tOnHI>U)HO«)0)COSNC-C>
HmOOiN05n^ONH©tOffiH©fflNNW(nWH©HHNHWtOCOtOO©NNONWm^©roinr»f-HOtOCOO

ooow^tolOHCDNnocoo)nNwo^NHNlnNln^HO^Ococ)CO^•^•^•c-ooc)C)0
^NCX)COtOCO(X)COt^^©^>NCOCO^lONc^t>SN©^NCO©CO^N^^H^^<l^<4^^LO

rHrHrHOOCDCOCOCOCD
loinlo10<i^i^^^^

lI1111II1111I11111I111I1l111I11111I11t111111111I

^^O^H(ONHC-WWNLO(OODCOOtDOWCO^C-OWHNCOO)COHHNOOOO)r|LOtOlOHNOOOnHWOO CMCMr-iCMrHCMCMCM..-...--..-.._...--_.....w rHiHCMrHrHCMCMCMCMCMCMCOrHCMCMCMrHCMCMCMCMCOCMCMCMCMrH

©•-P••••••••©f>s•4?•••••••©

©ft§*

11

©•-P

©fta*,33©o©3_©dftcjdddd
©>»••4»....
PrHtotoft+>{>>o Pt4>|>>OqLL>>dU)ft^>OtJ1OtiLL>)dHll|)ft^>Oc;P^LJ>1r|

©ooo©ddftd3d©oo©d©ddftd3dd©oo©d©dftdd

CO
CD

CM
CO
CD

CO
CO
CD

rH

CO
CD
rH

LO
CO
CD

OOONNCOoOCO^HNCOC«OOHlfllOfflmOHl*030WN<OnHIOOO'.,IOHH^WCOtO
0<ttOCON(»lfllOHO)NCOWt-^HNOC)WOtOOW^WW>t,'tOin«0(OON©HIOt>-WOW

OWN^OCOoroWOOCOWtOHCJNWW:OHOO^H^HC)roO)COtaiOtDN^CONOCONW
COCOCOCOCOCOCOtOlO<sj<LO5ft^«t£-^•<#«tf<1<••T*<LOLOO,LOU><•LO'<<*+•^<<LOLOLOLOLOLOLOLO^LOCD

oo3©
•2;Q^fr,

to
co
CD

I

co
CD

II

©

OrHCDOLO^rHCDCM
CDrHCOlOCDrHLOC"-^

•••••••••

LOC-OHvjtNN©>•H
CMCMCMCMCMCMCMCMCO

IIIIIIIIf

CO^fr-r-iCM<#tOLOCD
rHCMCMCMCMCMCMCM

••©>*•-P•
uu>,>>5htOft4»
dftdd322<s>o
X<jaso^<i)wo

I

CO
CO
CD

I.IIIItI

>»•-P•
UIaU>>Pr-ihOft4»
ddftd3dd©po©
^2<ia^b«4wOSQ

r>O
•••©

©erfftd3
•-*~>-1}in:-3 •"Dfa£3

LO

CO
CD
rH

©
1h**>«d

d«h©4*©
h4S0pPj

•HO«HO
•»,-:C2Ch10otJ
•ChtoPaP

O«»OrHO
optoxt

0+3»P«*5
0-ha.£.1-1 0

00^•PO-PL
coIadftftd•

4343©totO
rHOtochpdp
rHOO©«H

SPrH•^W
^M-P-P-d

COwd0
.pdo*.
O,P©>»+«H

•POXHiO
top43cq4s
d3u©ft
0*•«0p©0
WWPO<h43

IIIIII

>>•-P•
HMft+5
dd©o
»o<JWOfaS

co
co
o

1I11I!II II

rHr-1CMOOOOrHLOtOLOrHCMOOOCOrHlOOCO'OCOOlOC>:0>CO-rjlt>-riCO%•<LOLOO-J<CM>-CMCD
WNNNWnrtOlNNHNNNNWOlNCJNHWHNCvlMHHNCMCMCMCMrOCMCMCMCMCMCM

I

CD

•©

Ubb§ Padd^5

•4^•
toft43
d©o

^WO
o©

P^u
3dft
"3S<J

1

co

CD

LO

CD
CD

£
od
•h.©

LOLOtO^^I>OLOtOOtOtOCOiHOLOCOCOLOOC^-t>COCMC^OCM<sHLOO
CMCOCOC^CMCOLOrHOCMLOCOCDOCOCOLO^tO>OCOCOOcbOtOLOCOCDI>-

COt>-0^t~t>CDCMOOOrHCMCDC^r4COt>LOCOrHCDCMCDtOOLOLOCOC>
coc\2^^^^s^^sHco^^^coco<<^iMcocococ>2COCMBC^^«#^co

lIII1IIIIII1IIIIIIIII

C0OOOOHC0C>3HMO(0M0lDC0lflCDOWC0t>-C»0)WHNC00)O
rHCMCOCOrH

©

CMCMCMCM

©

CO

-P••
r°r*S>>PtOPAr*©

3©dd3d©o©3'©dftd"ddd©o
4h'4a,o<jWSQb|i(g<(|S,olo«jwo

1I

r-iCM
COCO
CDCD
rHrH

©>>•-P
^LL>,dHh3ft+>

d732

co
co
CD

•-P•

o©3dftddd©o
!5Q^a<|Sb<JWO



u
©,-•>

Xi4?43
4>d©
ft£©
©Ch

©
43
d

©

d

u
©

JC-P
43d

ft* ©

Qo
43

©

Q

•»«H
L,•1d
d»dch
0

rH43O•
1CO43OrH

•W©ftrH
OP,O<HO©

OOft43^
•HO

rH043«H-^H«»-d
rH•HdOLO43©
C-Utop"d

43•H43»«HO
rHO>MXO-ti
rH©dd43ftP

Jz;©ft3 ^rH

FSW©£(0,0
dCOQp<C|

dO©«H
0rHfc

4303«H•d•
tod£©to©

^OdP
d«!<?»HO«H

d
0

1—1
KM^AtHgH

^o1^oio^J^oS!oS!nio^J>io^
W1!N^5^WWONOO^WO^OOWONHN^C0QOlflNNNlflH^C0OOC0T|IO^C-<dlCQ
0)t0Nt0fflN^©OOONW^^roOHWNHinOWroNt0^l0CO^c-OC0C0OHNWl0tDNC00>

tSOCDOCDOOOOOrHrHrHrHrHrHCMCMCMCMCMCMCMCMCMCMtOCOCOCOCOtOCOCOCO^^
^t^^^^LOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOlOLOLOLOtOLOLOLOLOlOLOLOLO

»d
©

I•H
43
P.
0
o

I
I

CO
CO

£

*d
©

d
«
•H

43
P
O
o

I
I

LO
CD
CO

«

•^•*CD•*
CO^C

CMrHrHrH
CDCOCOCD

IIIIIIIIIIIIIIIIIII•IItIIIItIIIIIIIII1II

OlflNNONH^WtO^COCOffllOCOOnCOCO^ffl^HNCOOOHHNOOOffiHlOtOLOHNOOO CMr—4-—Jr\lr\1rv>—J—1r\>—1__i«"icm/m/^>r\>«•>m•»»>/>»/•»»j«•>•»<»»-.»«T»rS CMCMCMrHrHCMrHrHCOCMCMCMCMCMCMrHCMCMCMrHCMCMCMCMCO

©•43.•••••••©S>j*43 ©J»•43

3^dd©o©3©dftd3dd©ooo©ddftd3d©oo©d©dSftc?3dd©oo©3

CO
CD

CM

CO
CD

to
CO
CD

CO
CD

^oXoS^nioinV.Uft!plroLo£oS!alaVp3Xc^U^Jojnlo^alo^^^
WlOWCOtOtOOHtOCO^NlOOOiOWHNOfflN©tONtOONlOfOON^OHlOOJCJ)00>WNNOC3

Nl0^^iniOlO^OCOC>CDC-a)NLOS3rHSOtONMNNn^U)CO©OHa)OOOOHWLOr-OOHNLO«)r>

HHHHHHHOOOOOHHHNNNNNNNNNNNNWMNNlO(OnWWWMvl<^<!H^'>H<Jl^
«5tOCOlD(OOCOOCOOOCOO(OOtO«3lOtOW(0«)OCOOtOtO(OOOOCOOCO(0«)(0©CDti)OCO(00

LO
CO
CD

ItIIttIIIIIIIII!I!ItIII1III1IIIIIIIIIIIIIIt!

CD«*r-iCM
rHrHCM

COCDOrHrHCMOOCDCDrHLOlO:•'-
rHrHCOCMCMCMCMCMCMrHCMCMCMrH

OOOCOrHtOOCOLOCDO10CMCDCO<•C-rHCMCOLOLOCD<tfCMC-C>2COCD
rMCMCOCMCMCMCMrHCMrHCMCMCMiHrHCCCMCMCMCMCMCMCMCMCMCMCMrH raCVCOCMCMCMCMrHCMrHCMCMCMrH

•©

kbS ftd^

•43•
toft43
d©o3©dftd

©•4^>

dftd3
3<JS«-d

t

co
co
CD

•43*••
toft43>o
d©oo©

<3COOJpPa
3©d

•-3faHS^S^^^wOSP^fcSolS^b^wO

co
CD

LOt>-CDCO
COCMCOt>-

COOlOCOOCOtOCDOLOrHOOrH^COCM
rHrHrHC-OCMCOLOCMrHCOLOLOCMOtOrH

CDOOO
•<<LOLOLO

OCOCOCOCDCDCDOCMtOCOCOCOOCMCMCO
LO^^^H^^H^LOLOLOLOLOLOLOLOVOLO

IIIIItIIIIIIII1IIIIII

LOCDOLO
CMrHCMCM

rHtOft4->
dd©O
o<)wo

I

LO
CO
CD

CMOCDTj<t>-rHCM^LOLOCD^J<CMC-CMCDCD
CMrHrHCMCMCMCMCMCMCMCMCMCMCMCMrH

>.OUIa>>>>
O©dftddp
»sfaJ3<iaS*-3

l

CD
CO
CD

©>»•4>
rHtOft4>\>OPUU>»
dd©00©3dftd
^3<lwO!2!Q^a<<5§

I

O
co
CD

LO

CO
CD
rH

CO
CO

I?

XI
fto+>

•H©ft
r>rH©
d«HQ

•rH
O

O•»
•d

tou

s«M
o

P.
O

43
to

d
0

W

©
o

•H

Ch
ch

o

>
©+>

rHto

dO
0ft

00
<H

pO
0

•H43
43co

d©
to£

43.
d©

•H©
O43
ft

<H
LOO

43
©
©Ch

<HO

t>ft3
rHO,0
*•43<J

.tOft+>>.OUU>5>»drHI0ft43>OPJhut>>
dd©00©dftcrfd3dd©t30©ddftd
,''-^—(x,a«tjr^,Hf-3H3<1C0O5rj;Q»-D^<a{S

I

CO
CO
CD

t-CO
coco

CMCM
CDCD

I

c-

CO
CD

OCOCOCOOCDLOCOC-CMOCDCMLOO
o©©^HO©-^'^LO©uoin^o
.*•••••••••••••

^COWCOCOCMCMCMCMCMCMCMCMCMCM
OCDOCDCDCDCDCDCDCDCDCDCOCOCD

II1IIf1IIIIIIIII

COCOCOCMCMrHC^LOCOt-COCOCOLOCDCOCOCOt>
rHCMCMCM

*

•••••••••©>).49«.«*
tOftJ>>OP
J~~~©d

PU>>43>O
dftdo0©
b<!SO

1

r-i
co
CD

o
43

,0uu>>
©dftddddooo

CM
CO
CD



u•Pch
©S~**

COO
XI4343•d
4>d©©OCDCOLOc-CO•vflCOtJ<rHCOC>0*#CD^COtoCDCDcoCDOuoCOCOOcocoLO-3*OCDCDtot--"^COCDCOco«tfC»COt-4->4>
ftW©

<h
d

.3
rHCDCMCOrHCMCOCDCDCDLOOCOCD^rHCOCDLOCMLOCM0toCO0CMCDc-C-c-0CDCDCDCOOCOCO^rHCOCOrHo-©to

Md
u©

©
P\0COC-C-COCDCDCDCO00CDOr-iOOCDCOo-CDCOCDCOC-COCDCOCOCDinLOLOLOCOLOLOCDOCDCDOCDCOCDfr-OCM

4343
d

LOLOLOLOLOLOLOLOLOLOCDCDCDCDLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOCDLOLOLOLOCDCD

.H43
0

01I11t11111I1111111111I11111I1I111111111I1I1IJ

LO

u
*0

•d
0 1CMCOCOrHr-iCDOCMLO^CDrHCMOOOCOrHtoOCOLOCDOLOCMCDCDt-c-t>^CDrHw^n0CDcoCMt-CDt-CD

1CMCMCMCMCMCMCOCMCMCMrHCMCMCMCMcoCMCMCMCMrHCMrHCMCMCMr-ir-irHrHr-iCMCMCMCMCMCMCMCMCMCMCMCMrH043

rH•••••••©•

•

JL3•••••••©>>
•

•4>•.••••••

•

©>s•4=
rH
rH

CO

cod
LO>O

30
uU

hbi
rHtoift43>O

§
X>L,u>>PrHtoft4>>rQuuL,uu>>>>drHtOP-i4»>OPU$-4>>©d©

O-O©ddftd3dd©OO©©Aftd3dd©OO©ddddPadd3dd©OO©3dftd£•K

rH

IT"
Q*"3faS<n«-3-3<tjCOOHnQ•-3far—i<9—.•"3»"3<sjCOOSfa»H1*4

*—<

a<*-3*-3<«JCOO
1—»
f-AQ«"3S<

krrt
^4©to

CH©

©

rH

ii
1

CO

11

LO

1

CD

l1rH
©-ri

4>COCOCOCOco
dCDCDCDCDCDdH>

OrHr-irHrHrHfjnJ<

©•^Xo^oioiIoXqXdI^q1.

1
CO

©
rH

1

xi
43

xl 4343
P

^4343•dT3rHuO•.-I43'd
43d
ft£

©©OCOCMCM«#CMLOC-rHCO©d0.QO©©rHC>rHtoCOCOrHlOCDOCOCDCMCMCOco•^OCMCOO-^COcoCMCDLOCO
©dCM0COOCO«*-^CMCO0rHr^dfiOPrHcorHCMr-irHt>^^H^CMCMCOC-COLO-^f'OLOt>0COCMOCOCDrHrH

©<Vhd•»•••*••••dCh0

PaOv_^•HctCOvj<^COCMr-ir-iCDCD©nto•f.;G
rr-t

«tf^CDC-COCDC-CDLO•s^COCOCO"^LOLOLOLO-^tOCOCMCMCM-3-«LOc-co1
43

30

fpCDCDCDCOCOCDCDLOLOCO•

0
0

©
rH
•H

©
O•H

LO
•s

L")LOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOlOLOLO10!

i

r-i
:H
O

0II1II111111r-i
LO©

£
<Hr^,v>

r-'<111111I11!ililt111I111111I1.:>

1CDinCOrHCOcoCOOCDLOLOc-P
1?

Od<f;OLOCOrHCDCOCOCOCDcoc-CDC-OLOCDr-iCOCOCOt-OLOCMCMCDOrH1Jt-
1rHCMCMCMrHrH•HP.

•.-;•rHCMrHr-iCMCMCMr-ir-iCMrH02to,,0
»r-!1-^•Pr*"-i-!~i•"C'.•au

CO>>
•rH•»top

3
•^•43••••••O>i•439••*•••©»43•d

•tftrHtoft43>>OPU
©3d

*M
b•2©'d0'au>»Htoftfc>O

3©
UJhSdHwft43>>©PS-.ur~>

B
toft43©

c»dd©00Oftd^ftdft••H0dd
r-i

d©0©dftdddd©OOO©3<dftCrf75©0P
•"3<JCOO&&Q^)S<]£3•H043d*HH-43^<rjCO£hO•"3faa«;a»-3^><COO

*Z*r—»
Pa«-3<a•"33COO

rHftPhCh©toP
rH11O©<H1I1•H

<£.
CO©Ch0©.

©^CMtodrH43>rHrHCMcoto
+>COCOKr-iCOOft0rHCOCOcod
dCDCD©•Hd•tf0rO2>CDCDCD•H

QrHr-i^t»©LO43d£rHrHrH

l
L,

©^pXjq£0X0X^X0X0X01>!
»P

rHO
•Hm

to

>!»ft
X4343-dd4>©%4CO©

3«H|>
g

•%£©©OLOCMCOCOLOCOOC>-CMOCOLOO-CDCMCOCOCOOCOt-<#CDOCM

w§
0C-^COLOt-coCMCOLO0CMCO3

ft£©dO0r-ir-iCMCO•sHLOCDt>COc-COCOCOCDCDOrHCMCMrHCMCMcoCO10.HMT}OrHC-CMOLOCDCO^COcoCMrHft
©ch

.5
COrH©«hd,0.•••••a•a..a•

PaOlOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOcoCDCDCDCDCOCDCDCOPftrHCh©XidCO-#CO0c-LO-tfCOCMrHrHCM<s.
4343

P
c

LOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOlOLOLOLOLOLOLO103
©EJ

rHP

•HO

,43

a0
p43

•H©

COCDCDCOCOCDCDCDCOCDCDCOrO|

0111111I1I11I11111!I1111111CDU-H
O43

r!j^CO
CO0

*1©
43COch

111111111111a

to
tCOrHto0COLOCDOLOCMCDco^c-t-iCMCOLOCDCO«tfCMt>-CMCDCDO^Oft©CMCOrHCDCOCOCOCOCOCOt-t-p
1CMCMCMCMr-iCMrHCMCM

•

CMrHr-iCMCMCMCMCMCM
»

CMCMCMCMCMCMrH
rH

^to
©O•dch

©ch«#
Ch0

rHrH
*

•H

rH••.©>>-43•••••©>>*43•*••••t-is©d0©•
>>•+>•*•••a©C

"tfx>uU>>Pr-itOft4>>x>uu>S>Jr*r-itoft43>OPJhU>j£u0co»dft
§

rHtOft>0

§
,ouu

bS
r->

t>-©dfterfdd3©OO©dftdd3dd©OO©3dPad^TO*Oce;43LOp«Hdd©O©©dau

rH
faS<S3*n>"3<JCO0£5fa3<a•^»"3•-3<COOS3P\-3a<*=*

§.
to

>>d
co©ft•-3•"3<co53Pa•"3fa!h<i«-i*"3

9s rH111043©•v•»©"d|1g

»2CO0UXX-Ptop|3
©r5LOCOc-d©43+>pu3

ft«Hd0
rHCMft

4>COCOcoK>>rQUCOCO
dCDCDCD©d•H0©0XuCDCDV.

Ot-irHrHB-i£KHPPaftOtCr-irHd



u
©^^

X-P4>•d
43d©©^OOCMCDOt>C--COCOwCMr-iCOrHtOCDCOCOrHt-CDCOC-CDLOCD^COO««*«CDOCO0r>-CO000COOCMO**
ftp,©
©Ch

1
\.0O-COCMCOCDrH\to\,Q\\iO
d|••*.*••d1•dl•d]di•

CDCMCDOCDCMinrHCOCDvHOCOLOCM\^0rHrH\-rH\,ininCOcoCOCOco\ominco\.o

QpwrHOCDCDt-t>-CO^COvh
COCDLOLOLOLOLOCDCOCO

COCMCMCOCOCDt»COCOc-0-^••#coCOCMCOtHCD•^CMrHrHrHrHrHCMto^wto
4»

d
COCDCDCOCOCO.CDCDCOCOCDCDCOCOCOCOCOCDCOCDCDCDCOCDCDCDCDCOCDCOCD

0
11.111I11111111I1111111I111111111111111fI11I11111111

1rHtOC0C0C--CDLOCMCMCDOrHCMCOCOOOCDCDrHinCOLOrHCMOOOCOrHCOOCOLOCDOLOCMCDCDt~Ot>--sfiCDrHCM^HCDCOCD
1rHCMCMCMrHrHCMrHCMCOCMCMCMCMCMCMrHCMCMCMrHCMCMCMCMCOCMCMCMCMrHCMt-iCMCMCMrHrHrHr-irHCMCMCMCMCMCMCM

CD>s•4343©>>a4>•
LO43$>r»e>p^fc>>dt»Dft+>t>0d

ooo©odftddd©oo©d•°h***«>>dr-itOft43>OdXUU>>dr-itoft4>l>XUUuUU>>>>PrHtOft4=»
t>-©ddftd3dd0000d©dftd3dd©OO©ddAdPadd3dd©0

rH
OSaQ^S^S^-alWOigQ^

111

CMCO^J»

faa♦"3<JCOosQ^faa-^a^^^
1

CO0sfaa

1

CD

a*iia<jaa^•o<jW0

©£LO
4ftoCOCOtoCO
dCDCDCDCDCD

P\r-ir-ir-i

»d

r-i

X-

rH

u©4343
©^-»4343wftp

^434»»d0O©©«H
43d©
ftp©
©<H

©COOtHCD^>^lCOOWOvCMtOrHr-iLO0incmdCOCMOrHPaOLOCOrHCOr-iCOCDCOm^m^to

1
OCMtOCO\COCOOr-iCMtO\cOCO<*

aa•adl••••••d]a#•
inm

••

COtoCOu
aa•43dlaft^

O
•

ft.rjft43
£©

COCM^CD
*••a

lO
•

CO
•^acftdY"*

cd\,cm\^co
•dj•d|•

Q0<w•HCOCDOOrHOCDCOCOCOCOCOCOCDOrHCMt-itoCOCD•to©COCDOOOCDOCDLOf-CO•

4343LOLOCDCDCDCOLOLOlOLOLOLOLOLOCOCDCDCDXCOCD•Oltf©Pch
torHO'H,

LOLOCDCDCDLOmtomm10rH

POrH
OW«HUH\^H©

O111I1I1111111«I111t111111CD
LO

©^3H
UaChtO

1111111lt111l11r»

•O©mC0OL0CMCDC0l>t>C><»CDrHCM«#•CDtOCMt-CDCOCDt-ft43Od•»0nw0COCOCOCDCOt>COO0}LOCD>>
1CMrHCMrHCMCMCMrHrHrHrHrHCMCMCMCMcMCMOJCMCMCMCMrH£CO©t'jaCMrH-P

fr~©>>
arH

r-i
043aP*d

0pto.ap
do03

a•

O>Sa435
LOrtGc-i1*0Pa-Pt>XUUUU1->.>.

dPZZoooQddddpAdd
d,rHtOft>OPuu>>Si>Xr-itOPa>0

d©dft
SPrHtOft2 t>3dd©0©ddftd£=t>>PftadO

4334>0it
©dP©O©d3dd0p

a^^xswosfas^aaoiss•-3*S<COJ^Pa^3Z*<afa*"3<JCOJ^Q«-3faa«s;a»-3^«*jco
rH•HX!ch©tod
r-i1t1OOO©<H11•H

3dch00
©

••*»
incoc-4*CQ43>rHCMto

43tococoUtoCOft0COCOP
dCDCDCDOChdcd0,0CDCD>rl

ParHrHrHft0©co43drHr-i

|
L,
©^.

^s4343T>COg
+>d©©fc~*HWCOOVcoo^oo

CO43CDCOCMON.H^^CDCD
PCh•••adI••••a

^•HOD-C«-COCMHOCOCOin

COCMlOCMCOCMOrHtOOOrHr-iCMCOr4_OC»COCOCMNHH^Os
ft£©
©ch

d
p•dldloftdl•

CO\jH\,CDt-\,CO
•d1ad1••dl•

COC-CD00CDCO
•«••••

r-i
a

OCM\CM
••d1•a

0\NCO
•dJa*

COCDr-iOrH
•••••

ft

PaO^•HLOOt-CDcocot>CDOr-ir-ir-iOOCDCDOCO<#^COCMOOCDCD^v,
-P+>

P
O

X0LOLOincocoLOioinin
43ftrH
ft©

inLOin.inminmLOCDCDCDCDCDCDmmcoCOCDCDCOCDCDCD10inrQl

O©to>llllllllll
QP©

111111111111111111111111111lilt1I111a

to
1•HrHLOCDt>-CDtOWCOCOtOt>-CDC-CDLOCOrHcococoC~-CDinCMCMCDOrHCMCOCOrHr-iCDOr-ilO"#mr-iCMOOOCOrHCOd
1UCMr-iCMr-iCMCMCMr-ir-iCMrHCMCOCMCMCMCMCMCMCMCMCMCMrHCMCMCMCMCOCMCMCM•H

•P4>•
••aP

O©©>»C

LOOdXU^PAfrOGXlliU
•H©©©dcf©0©3©dft

>»drHtOft4>>>0
3dftd3

toft4>t>OP
d©00©8

rOUUU>ipr-itOft43fc»OPXIat->
Od<ddPa

d
C-d3dd©000©©ddftd3dd©00c^

,__)CHjsjtofea3waQ^fea<!
chd•
OX"011

a*3-o«*JCO0SSQ«-3a<j5a»-3<jcooao'-3faaa<a>-3•3<tco0aq«-3faa<1
ft

rH

£
111

©4343ftBr-iCMCO<tftoft
4>to©gOCOtoCOCOCO
dO©3%aCDCDCDCDCD^ Paft«HfttOrHrHrHr-irH«8l



©'
X-P4>
4>d©
ft£©
©tin

43

©
43
d

U
©

4>d
ft«S
©

PaO
4>

©
43
d

Q

©
.P.43

©
PaO

4>

©

U

»d
©
d

43
d
o

o

1
t

O
CD

rH
.©

©

•H
43

p
o

o

1
1

CO
CO
o

-d
©
d

43

P
o

o

I
1

CD
in

&

CMOOCOrHCOCMCO
CDOCDCOOOt>

:V2̂COCOCMrHrHrHOOO
inintninininiOLOioio

coLO0

•Tidirfia-^*:". LOCMrH
mmm

CMCDrHrHinOCD
rHCDCDCDCOCDC*

•••••a#

COOCOCOLOO-CO
10m10toinmm

O
CO

10
m

••d|d]d

LOlO

LOCDLOC-CO
.COCDO^CM
Ia•aaa
rHCOOOrH
CDlOCDCDCD

43IX
•H,p43
to43p^
up0
©OQ
f>toto

•Hp
,dw•
POO

•H

!s rHO
•»^H«Hto

©fiChd
O,ch.©
driUfiO

t-iLO
a

ft43
*>to•

©•O+
tJtoft
•H4343
COCOCh©

1IIII1I1IIII!tIIIIII!IIII1IIIII1III1II1IIrH

O
CO tOWCOHNtOWHHOCDWtD^ONWHHHrlN^HO)

CMCMrHCOCMCMCMCMCMCOCMCMCMCMrHCMCMCMCMCOCMCMCMrH

©•43•
§t0ft43

p©©
»-3<{COO

I

CO
CO
CD
rH

o©3©ddftd3dd©o
r>©p
0©3

l,fc^>,d
ddftd3

ss;o»-3faaa<5aH3,-3<jcoo£5Q*3aa<«5a-3

CO
CD

>

m

co
CD
rH

OOC-OCOO^Wr-OOt-NWNt-OO^HNO
mCDCDCOrHCOCDCOOOCMmcOCMCDt-COCOCD^LncO

COCOOOOOOCDCOCDCDCDCDOrHrHrHrHOCDCDCDO

CO
CM

C-rlCDcOOCDmcOCM^CDCOCOrH
rHCMCMCMCMrHCMCMCMCMCMCM

COOCD
CMCMrH

rHtOft43
dd©o

*"3<JCOO

CM
<H
o

43
co

43
d
0
to

1

.p
43
d
o
CO

co

©
rH
•H

0

O•
Oto

43
©co
o

rH

•*a•!>}*43*
J>,0UU>iJ>srHtOft>
o©dftdddd©o
^faa<jaa»-3<tjco^;

d..
a<a

ft.c?
rH

£

co
to
CD
rH

co
CD

43d
d>
o

COc'6

o©
«h

43
toO
©O
feCD

lO

OSO
O-CO

LOO
LOCO

COCM
CMCO

CD-^
mm

COOCOCDC-rHOCMOlOCO
OrH^rHCDCDCM^CMCDCO

rHrHCMCOCO<^COiHCDCOCO
mmmmmmmm^^-^i

rHCi
CMrH

©

dp
•=~i^3

I

m

co
CD
rH

I1It1IIIIII1!IIIII

C-rHCOCOO«#LOCOCM^COCOt~COtOr-iCDC-CD
rHCMCMCMCMrHCMCMCMCMCMCMCMCMCMCMrH

>3'-P•••
rHtOft43t>X
PP©OO©
»"3<JCOOSfa

••>>•43a
UU>s>,rHt0ft43J>O
3PAdd^S^OOO©__.._
a<*jaa^<x{coo&Qfaa<Jia

-0bp.b oo©©dftd

o
CD
c~

r-i
r-i

£
toCO

ft
o

43
CO
O«
CD43

l-A
M

*.H

.PO
43ft
ft
©to

PaP
•H
U

•d.
©to

od
•H©

<H
O

4343
to©

o©
ftCiH

5
rH

©
40

43
©
O

ch

to
rd

rHO
u

-to
to
P<H

•HO
CO

drH
O©

„> Ch©
OrH

1111t11I1111111111

ri

I

r-i
CO
CD

UP-
ft©

-<{CO

COLO£>COt-CDCDCOOOCOOCOLO
t-irHCMCOrH

.•.•O>j«-P
>opui>idt-i
o©gftd3dd©o_^_.
Jz;Q»-3<r;a,-3,-3<«lC0O:z;r0a<i

rAtOft4>t>P^L,
Ocodft

CMCDOCOCDCD
<tfO-CMCDCOCO

aaaa•a

LOtOtO^FCOr-i
CDCDCDCDCOt~

1IIIII

COCMt-CDCDO
CMCMCMCMCMCM

>OP»HU>>
o©ddftof

so-3a<ja

II

CDC-
toco
CDCD

CD
co
CD

CO
CO

£

•§• rHtO

o©
t-i

O.H
rH£
O
ftCO

tod

5a 'd
•H$*
ft*©

a.§ O©
43x
to43
dto
o©

w&

X
-p
ft
©

to

..5 ©u
od

•HtotoT3
<hddd
<h,©o3
oa0

-poto
to•

04!ft©
ftO>

4343o
ch©X
O©•»d

pis

to
p

»H

ch43
43
too
©LO

P43
Ho
oo

&COftCn

I

o
co
CD

d

©CM
CO
CD

co
CO
CD
rH

CDCDOCDt>CDC--CDOC--C>mcOmCD^CMCDOCOm
HW^N©^nWHH>t*-HCOlfiOjNO>0010

Ot-C-^IOLOCMCOO-C-'^CO
rHm^<mrHCMmCDtOCM«HlCO

COCOCOCOCOCOOCDCDCDCDO
cocococococotocococococo

>COCOCOCOt-C>t^t>t-r^COCDOOOOCDCOCDCOCO
COCOCOCOtOCOCOCOCOCOCOCO^s}<sH^tOCOCOWtO

1IIII

oococ-inc-

rHtOft43
dd©o
o^wo

CM
CO
CD

IIIIIIIIIt1I1IIIIt1I

COCM
CM

§8
•"3»"3

CO
CO
CD
rH>

mCOCOCOCOrHCMCOCOrHrHOOCMCD^CDCMCOrHrHrHrHCM^H
rHrHCMCMrHCOCMCMCMCMCMCOCMCMCMCMrHCMCMCMCMCOCMCM

©

Pad7i
<a-3

•43*
tOft4»
d©©

•<COO

>Op
o©3

ao^

co
CD

d3ftdp
aa<a^>

©b>s•43•aaa
rHtOft43>OP
dP©OO©3

»"3<COO53Q»^)

in
co
CD

rH

ddft
aa«Sf



43
u
©^~*

x4343•d>I40XoXol>l>j>1rO|4Di>fr>Xi>l•

to

©11
^dto-d^Xo^oXol

43d©©COcoCO

2
CMOrHrHCOCOCOrHCDCOrHr>CDO0cdm10coCOCDCMCOrH0X•©dpOOCMOCMOrHCMCOrHCO0

ft£©drH^COrHOt-OCOC--COCOCMCDCDCDcoc-CDrHmOLOmt-i00coe-043©a03coOmCDmOCOCOrHCDCMO
©<HPdoOaaa**..*a*aa

PiO^"•HCDCD10rH"*HrHCO"tf*sHOrHt~-CDLOCOCOrHrHrHmcot>OCDCDCMvHm©O-riChJhtOcMCMcorHmmiOLOcoCOCM
+»43NH<#<#•^•<*<#rHrHrHrHrH^^H«tfrHrH<#rHrHrHrH<1rHrH-cH^H0toch•,0t-.OrHrH"tfrH"=^rHrH'sHrHrHrHrH

pMch4J
0CDCO0ft©

011
1

11111111I111111111I111111O
CO

0430s1
rH43©43O

1If11111111

JCOrHr-irHrHCMrHrH.CDCOt>rHCDCOOCDmcoCMrHtOCDCDCOCOCOC>CD•HtO©rOCDt-rHCMCMOOtOLOOCDrH
CMCMCMCOCMCMCMr-iCMrH/WlCMCMCM

a

rHCMCMCMCMCMCM
•

CMCMCMCMrHrH
rHO

SOCh•>drH
ft43

CMrHrHCM
a

«cH©>ia43••••a
>>•+>a•••mO•HC-Od43aa^>a4-3aaa•aa

043f>O
§

UUU>»pi-rtoft43t>xL,
kb>»

rHtOft4>r*0bubP=JndO«H0xJ-l>jHtOft+>>OPXu
COOOOddftAddd©000d^Addd©O00dftd43•»OrHO©OPiddd©oo©3©d

r-i
O&Pa•"3S3*?*<a•-3»-3<;co0Sfaa<5aa»-3<t{COOf—«qa«t{a

©
rH

©43t-iftCHfa
$-1to

•Hp•»tOrH1

<5S^3<iwoSP*ofat=A

r-iI1111

£
fadO,dp

©•sHLOCDt-HM-P'H-rHCM
43COCOCOCO6rHftIatOCOCO
dCDCDCDCD©©Ch©dPCDCD

Par-irHrHrH03nOPaVI'rirHr-i

©^

4>©P
to1©3
©ch•43X
r?»O+1<>>1>1>1>1 x4343T3

43d©©CMOT3"©ChrHCOin0COLOLO0LOCMCOCMCDOrHOCOlOOt-COOC-CMLOrHCOOCDmOrHr«w

ftfe©2OO©•»rH4343OrHd•">:>rHOrHCDCOrHCDOCOrHrHC-COCOCOCDt-OOfiCDC-CDmCMOOCOS«
©chd••rH©«HCO©*a

PaO•HCDCDdOfiO©ft-dlocoCOCMCMrHrH1-1rHCMrHCMr-irHOCDCDCDCDOr-iCMTOCOCMCMCMCMCMCMCM.COCO

-I-343
p
0

toto©
CO

rH

dftCh0P
Hr^!433
ftLOch0O

rHrHvi«rH<#rHrH*:HrHrHrHrHvj<rHrHCOCOCOCOrHrH^H<cHtH•^p^jH^J.^HxftKp^"t*^H<vH

1
0I11

\O
CO

O10-U
>5«vO43to

11:11:1!1111111I111*1111111111111
1!

I

:
CD
CM

COO
CMrH

rH

43-43p
•H43W•»'riO

COCO©XO>

l-OLO'-Dri1COc-^-COCO010c-COCM
CM

O
to

O
,-i

LOCOCOCOCOrHCM
rHrHCMCMrHCOCM

a

COCOrHrHOOCMCDrH
CMCMCMCMCOCMCMCMCM

rHCI
rHCM

•

rHaaa©U^43ftOaaa»aa•©>T•43aaaa•aa©a43aa•0*m9m©£>3•+>
O43>XrS©r>>XPi^H{>OrfrOUSh!>>rHtOft43>r>g

§
%AU>sPtOft43>OprOL,L,JHJ>>drH

©3©ddftddd
fcOft

COOO©>4343©tOdrHO©30dftd32200O03dPad^^<X)OOd©

rH
Or2!fa•H.HpPaP^©

dto0-h43^
53Q•-3faa<a»"3•"3<tjCOOS3&^3•-3a<JS'"D«}COOSQ^fegg^^^^•Sico

r-iI1tOL,COU©1111
©©1ap©'d

©P"LOCO43>43©toch©rHCMCOrH
43COcoto«hto0dpCOCOCOCO
dCDCD©P©«H©H'C!O

£=£3^chScm-d
CDCDCDCD

Qr-ir-ir-ir-ir-irH

-P
^34343'dO
43d©©O^HcorH£T>CDCMLOOLOmc-COCOCO^COCMOlOOLOrHOCO0^^^OV^
ft£©
©ch

d
p

<hrH
•

mco
••

\£o\^HCOlO^lCM\rH
d]•dl•••••dI•

\CD
dla

•*H
•dl•

CD\/0\fDcm\^m
•dladl••dl••d1•Ift^^tift^chdl0.

CMt>-0\W\\SN
••*dldldj•d|d]djd

CO,O—•HrvCJOCDCOt>-COCOCDCDCDc-COCDm<#rHCDt-t-t>-t>-CDCDCOC-O
4343

P
„

cococoCOcococotococoCOCOCOcoCOCOCOCOcoCOCOcocototo

O
O

ft
d
0

1111I1!11II1I11111111111I1l1111111111111t1111111

1•tfCOLOD~COrHCOc»t-c-c-C-COc-mc-00CM00LOCOCOrHCMCOCOr-ir-i0OCMCOrHCDCMCOrHrHrHrHCMrHrHCDCOC-rH
1<H

0

aCMCMCOrHrHrHCMCOCMCMCMCMCMCOCMCMCMCMrHCMCMCMCMCOCMCMCMrHCMrHCM

r-i©.a
•

•aaa•©f>s•43a•43
Oft3

S
>0

§
Xuu>>>>>>>•>drHft43>>%3hU>>§"P>O

3©
uuU>>PrHtOft43>OpL,^L,>>RrH

o©3ddftddd
toft

COO00©©dPadddd2d©0003d5ftd3OO©ddPadli22OOd©

rH
4»u

to
•"3%AQ»"3faa<jaaaa^^>CO0S3S>"3^3f=A<Ja*-30aPa•"3faa*^A<ia*^>»-3^COOso^aa<jaH3,-3«ajCO

©

t-i

£
43
P

©

>

1

t-i

1

CM

1

CO

11

LO

i2
•H0COCOCOCOCO

dOXCDCDCDCDCD
0ftdrHrHt-ir-irH

^



-d
©
d

43
d
o

o

I
I

d
©

d

d
p
o

'd
d
to

d
ft

1

P
o

43
to

d
o

to

d
o

-ri

d
d

43
o
d

rH

CH

©
43

£

L,
©^s

J343+>
43d©
ft£©
©<H

Qow
^43

0
43
d
Pi

.P4343
43d©
ftp©
©Ch

©
43
d

©•->

.p4343
4>d©
ft£©
©<h

43

©
43
d

P*

©

•H
4>
d
o

o

1
I

o
CM
CO

rH
rH

£

'd
©
d
d

o
o

1
1

a
o
CO

«

»d
©
d
p

•H

43
p
o

o

t

1

CD
O
CO

£

COCDC-rH
CDLOCOr-i

CDCOOOCOCOCOCOOCOOrHmrH'^HtOrHCOO
CDCMrHOOCOrHCDCMCOCOCOmrHCMCOCOrHOO

rHCD
CMCD

••

Oo
COCO

LO

O
CM

CO©
do
©«H

ch
©Ch
ho

to
P

•H•
COTJ
dd
o

LOrHOCMCOrjimLOCOrHCM
CMC-COrHCOrHcOrHCMlOC*-
a.aaaa.aa.a

rHOCDCOt-OLOcOOt~lO
C-OCOC-t>t>-t»-t-C~CDCD

CDCDCDCD
CMCMCMCM

COCDCDCDOrHrHrHOCDCDOOOOrHrHrHrH
CMCMCMCMfJCOCOCOCOCMCMCOCOCOCOCOCOCOCO

o

to 1111IIIII1I1II11II1I1IIII
co
LO

CO

:t o
o

<H
oI1111ItIIII

COCOCDOrHOCOtOCOt>CO
r-iWrlHH

r-ir-it-i,r-i
CMCMCO

CMrHr-i
CMCMCM

CDCO
CM

O-rHCOCOOCDlOCOCMrHCDCDt-CO
rHCMCMCMCMrHCMCMCMCMCMCMCM

tOr-iCDC-CD
CMCMCMrH

ft©ft©
©•»©O>
Oachch43O
rH4>0,n

COO•»d

*»
43104=
toCDP43

•H©d•HO
OP©•»OO

dXXftCH
43.H4343
UWdfttorn
OO0©P•
ftaCOQ•t-i0

>odu
o©dd,_,

S3pi-3aa<

©

bP.bS dPadii
*2*si**.»->

>>•4^*••
rHtOft43}>X
dP©OO©
♦■3<JCOOS3fa

aa>>•43aa
3hL,>j^,-1tOft43>
dftdddd©oo
a-tjaa^^coos

0-0bbib ©©dftd
qfaa<a

£§^JJL:dt0ftP>.OPrQ
©ft3d©oood©

»-3fa<J»-3<JCOOSQ,-3fa

II

rHLO
tOCO
CDCD

>!
O^mrH
t~CDinCD

COCOCOc>
•NHrHrHrH

I!

CO>-oCO
CMCMCMCM

43aaa
Pa-P\>O
©CO©
WOSQ

I

>l
COrHCDCD
CDCOOCO

•••m

CDLOCDO

vHKi*<*nM

!II

COt-CD
CMCOrH

-°bUb (0dPad
faa<a

CO

to
o

t>
co
CD

O
CM
CO

£

CD
to
CD

»d
d
o

P4

d
•d
©

©
o
d

rH
ft

©
43
d

43
•H
+>
to

43
d
o
to

1

X
43
d
o
to

to

©
r-i
-ri

4»43
ftd
©»H

Qo
P

©rH

J>©
O£

4O_,
dTJ

©

P
O

•d
tOCHP
P3

•HrH,0

d
CHto
0d

.0
43a
to

O
ft•

43
p©
O©

43ch
to

d0
OrH

Wto

a<q

rp

to
P

•H
to

d
o

<H
OrH

©
ft>
oo

43rH

O
U
to

Ch
O

COrHrHrH
CDrHr4CM

COOCDC-
CMCMCMCO

II

rHrHLOt-
CM

43•a.
ft>OP
©o©3

COS3Pa*-3

I

CO
CD

CO
CD

CM

CO
CD
t-i

COOLOCOrHOCDC-OOtOCOOO
iHCMCDC^COCOCOOrHtOCMCOOrH

lOCDCDCOrHtOCOCMCO
cmcdtommmoinc«-

CMrH
rHCD

Cfflco»coco©cocor-coc-cococoo5c-c*f-r-r-M»w
CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM

CDCD
CMCM

I11II'

CDCOOCD10O
rH

I1

t-CO
CM

©.>>4-3aa
XUdrH"tOftJ>{>
oft3dd©oo
fa<J-3*"3<$COS3,3

!1II1I1IIIIIII

LOTOCOCOr-iCM
rHrHCMrHCOCM

a•4}•a
J-«>>tOft43>
ftdd©OO

<ja<JCOOS3

COlOrHrHOOCMCDrHCOCMCO
CMCMCMCMCOCMCMCMCMrHCMCM

mm•-»*©S>a*43a
L,U>»PrHtOft43
dftd3dd©o
S^S^^xtiwo

40
©
fa

CO
CD

CM
CO
CD

CO
co
CD

rH
CO
CD
rH

^oSSXrQl^o|lo]Al^1>1
COtOCMOCDLOOOOrHr^-OCMCOCOCM'OCMOmt>3COt>rHrHrHCMrHrl*rHCMC^mCD
©CDmcO©NO)<d,H(0©lOlO©©^HtDlOCMOCOO)0>tOO^©'i!^0)0^0

CDOCMCOCOlOOCMCOCOOCOCDt-LOCO
coc«-cor>-coeorHtocDCMOtomcoeorH

rHCMCMCOCOCOCMCMCMrHOOOOrHCMCOCOCOCOcaCMCMCMCMCOrHmCOCDC>COCDmrHr;:rH
rHrH^^^^^^^^H^^^^^vH^'vH^-'^'^'^^^^^^^^^^^'^^^,cH^

rHlO
rj«rH

cDo-ocommmL-jmcoco
rH^H^HrH^^H^vHrH^1^

III

00c-0-

a©

Ih>sP

I

CM
CO
CD

III

COCOc»

>»••£• rHtOft43
P3©©
»o<WO

III

COCM
CM

•-3»"3

to
co
CD

IIIII

mcotococo

1t11111l1t11111111111111111111l

a©
U>>P
ftd3

<ja^

rHCMtOCOrHrHOOCMCOrHCDCMCOrHrHrH
rHCMCMrHCOCMCMCMCMCMtOCMCMCMCMrHCMCMCMCMCO

•43aaaaaaa

tOft43>O
§

rO%Au
^IDOO©©dA «£}co0S3Pa•-3faaa

rH
CO
CD

•©>»•43•••
rA>i^r-itDP^43>O
ftd3dd©oo©
<ja^>K3<JWOS30»-3

I

lO
CO
CD
rH

CMrHrHCDO
CMCMCMCMr-i

t-iOCOO
CMCMCMCM

U

4

aa*>j•4>•*a
UU>>r-itOft43>4D
dftddd©oo©
a<r4aH3^coos3fa

CD
CO
CD

COm
rHCM

COCMCDCO
CMCMCM

bb^^° ddp2
aa*3<



to

'd
©
d
P

•H
43
P
O

o

I

1

d
©
u
d

d
d
©

rd
d
to

d
ft

1

P
o

43
to

d
o

to

P
o

•H
43
d
d

43
o
d

rH
ch

rH
©

>
©

rH

L,
©

43

£

FPdID
ft?©
©<H

43

o

X43
+»d
ft£
©

"^43

©

•8Pa

ft
©

d
p\

u
©/-^

x4343
43do
ft£o
©<h

PaOw
43

©
4>
d

Pa

'd
©
d
p

•H
4>
d
o

o

I
I

CO
CO
CO

>l^>l>|>i>^>1>j>l>l>i^>|>i>!
•d
©
4>
o

d
u
43
to

40
O

left^oXoft^^oft^oSioS^oXo^
rja,©
P4>+j©

CM•>to-O

COaO43
-dft©<H

•>f>©O•
*rHChChT3*

0roOP<P
003 O

to43LO43O
rHWUCOCO^
COtodd•>to
CO©XO•»43

UcoX^P©
rHft-H4343-H}>
rHBrAPft00
©0u0©ft,Q

t=tOdtoQd
HA

to
t-itop43
crf-d©••HO
ddrH

«H3-ri
©L,©

0d<h
66•H10

nachdm
©43r-i!?2Ch©a

EHCOLO0a60

r-i

i

rHto
CDCM

aa

rHCO

COrHCOrH
OrHrH«cH

LOOrHCDCOCOCOOt-
C-lOLOCMOCDCMrHiO

tOCMrHr-i
10inmm

COt-OCMCOCM
mLOCOCDCDCD

COlO
LOLO

mCOrHt~LO
00rHCMCDrH

COCOCDCDO
LOLOLOLOCD

CD

O
CD

I11II11II11III111II1I

LDC-COrHC-CDCMrHrH
L—COCMlOCOCMlOCMCO

•+•••••••

CMCMCOO-OCMCMrHO
LOmmLOCDCDCDCDCO

IItII1I

CMOOCD
CMCMCMCM

CDrHmcOmrHCMOOOCOrHCOOCOLOCDOmCM
rHCMCMCOrHCMCMCMCMCOCMCMCMCMrHCMrHCMCMCM

CDCOrH
rHrHCM

t>-rHCMCOLOLOCD
CMCMCMCMCMCM

5>°bb d©dd
••3faa*=*

CO
CD

©>>*4?aa.a*a.©>>•43.
J-i5>sP.HtOft43>OdrOL,U>sPrHt0ft4>
ftd3dd©oo©3©dftdddd©o
<ja^,-3^coo.,3QH3faa<ja

I

LO

co
CD

•-3*3<t

§

>
o

wos

CD
CO
CD

©_J>S.43•
UU>i>>PrHt.0ft43
dftdd3dd©o
S^S^^d^wo

CMO-rHrHCM
COrHrHCOrH

LDt>t>CDCM
CDLOlOLOCD

1IIII

CMt-CMCDO
CMCMCOCMr-i

0£bhb Oddftd
osa<a

to
CD
rH

OmmrH
CDCOCMLO

aaaa

OCOrHO
COCOro00

•H
OCOCOCDCMCDto£
OCMCDCOCOCOO

•m••*•XtO
LOtOrHrHCOrHto
•>0c-c-;>COP*

©
o

•H

ch
Ch
O

10m*wco
CMCOLOCD

Ocot>
rHU>O

COCOLO
CMrHt>

t-CD-^OCOOCOOmrHCMCOmcOOrHrHCO
lOt-CMLCCDCMrHCOCOC-t-CMCOOOCDrHm

OOCDCM
LOlfl^lO

rHs'lCM
10LOLO

COt-LO
rHrH~J»

rH'-OC-COCOcDt>-m^COCMCMCMrHC-
rl^rH^HsH^•5d•,,c,^i^<•!rHrH^H•^'«H^,

COt-10
LOmm

1IJII!1I
CO
CD
CO

rH
rH

.©

CO

43
CO

rH
O

43
•H

ft
d

o

43
to•

o43
ft©

©
chch

o

43CD
toCD
d
©•»

XX
4343
dft
o©

©
43
d

rH

ft

rH

©•
©T3

43p
CO2

o

ch^
Oto

Phe
0>

43o

•»d
+>
P43

•ho
oo
ftCH

111ItIti

cototo

11IItill11IIIIII

rHCM
CMCM

5s

CD
CO
CD

©

d
p

•H

43

P
o

CO

I
I

co
m
co

r-i

£

CO10
CMCM

LOCDrHCMl"-CMCO05
COCMCMCMCMCOCOrH

>S•43•
rHtOft43
pp©O

»-3<iCOO

>°Sb^b o©3dftd
S3o*-3a<*a

o
CO
CD
rH

O
O

r-i

O
O

Bh

to

©X
X43
tOrA
dO
WS3

COOLOCM
r-iCM•

»"3"3a*3

I

r-i
CO
CD

WON
rH

a43a
tOftI>
2©&

<coS3

%"nb d.©d
•"3ft

CM
to
CD

£-CDCDCOLOCDCOtOCOCC-?-•CD•?•r-iC4COCDOrH
t-iCMCMCMHHWHrlWM

•a

•a©Ji>«43.*aaaaa©•43••
feJ*S>sPrH"ti)ft43J>|>OP*•«*hJ»Ptpft-P>
dftdddd©ooooddftd3d©oo

<da^3^<1COOS3Pa^3

I

CO
CO

CD

CMrO

rHtOCOrHtoCMOOLOOOOt>
CDCOrHmC'-CDrHCMCOCOCD

oOlfl^Ncoonlfl^^^05^HHOt^tooto^(^©lOoOolCoo<ocol0^low^O(ONO
0iH<0NHOHN^NC'C»^lfl^O(DNOmC0t0mHOC0c»OmC0NC0OCnc-O'HW(0H

•••••».•••»•••••••••••a**)*a*a***aa*»a****aaa**)***»*
rHcomcoOrHCMCDt^mrHCNlcOCOrHC^OCMrHCMrHOOOroOrHL^
tococococor^-r^cococDCDCDcocDcDcoc^r^c^t>-t>f>-cocoooc>^r>-r^

IIIII

rHCOC-CDo^

••oS>t.
UU>»drH
dftd3d
a<a^*-3

CM
co
CD

IIIIIII11

COt-o
rH

a43a
tOft43
d©o
<iwo

rHCDCMCOCO
CMCM

f>r>P
o03

S3S3>"3

CO
CO
CD

SS3
*-3a

n«r-ir-i
rHCM

•©

Ub3 ft^3
<sa»-3

I1IIIIIIIIIIIIIIIIIIItIIIII

COCOrHCMrHCMOOO
rHrHCOCMCMCMCMCMCO

CD10to
COCM

a43a.a
tOft43>O
d©OO©

<£{COOS3O
3©

•"3fa

rH
CO
CD

•••©>-J
UUUJ>»PrH
3.crfftddd
aa<csa*•*^

LOCMOOOCOrHCOOCO
CMCMCMCOCMCMCMCMrH

•43a
tOP^43
d©o

•sicoo

>o
o©

S3Pa
3©

•"3fa

m

CO
CD
rH

•0©
Sh^>,P
dPad^i
a<1a"-a

mcDomcMcDCDOc-
CMrHCMCMCMrHrHrHrH

S»>•43•
rHtOft43
dd©o
"O^wo

>40
O©

S3fa

CD
CO

J-.Viuu
„..if a<a

ft



TO*
©

d
P

-H

-P
P
O

o

I

I

d
o
L,

d

d
P
©

rp
d
CO

d
ft

i

P
o

43
to

d
o

to

p
O

•H

43
d
P

43
o
d

rH

<H

©
43

©

X4343
43d©

ft©
©ch

Pa0
43

©
43
d

©
X43
43d
ft£
©

O

©
4>
d

co.

L,
©

X-P
•Pd
ft£
©

Qo
4>

©
43
d

•d
©lOCD

dCOrH

P••

•HrHrH
43
P
O

rH<#

OIItill

COCOCDCDCOOOO
cocDcoo-eoinoto

tommmcMcococo
mmmmmLomm

I1

I
I

CD
O
CO

CDrHrHCMCOCDO
rHrHCMrHrHCOCMCMCMCMCMCM

rH

.©

rp
©

§•H
43
P
O

o

1

I

rH
CO
CO

rH
©

•"3

I

CO
co
CD

rH
CO

CO
LO

•©

u>>P
ftd2

*A^i^3

*43•
tOft43
doo
<5coo

mCOCOOOrHCDCOCDCDCO
COCOrHLOmLOCOCOrHcom

rHOOOOOCDOOrHCM
lolommmtorHrHlomm

11IIII1I

mcm
CMCM

CDCDt-C-t-COrHC-rHCOrHLOLO
rHrHrHrHrHrHCOCMCMCOCOCO

43>
OO

OS3

xuu
odd
faaa

10

co
CD

CD

CO
CD

©>>a43
UUUU>i>.tirHh3PA
dddpAdd2220
'i'S''^*l<^*^>-»>-<
'=At^tf^A**«

COC-CMr-ico
t>CDrHt-O

COCO
rHO

COCDCO _.__N^CO^C-v^
-\,0\,COOCDCO\\..CDLOCMOG0\\
*dIadlm•00d]dja••aadjd

CMC-CMCOCDLOL0COsH•<<rHCO
mrH<cHrHrHrHrHrfrHrHrH'cH

111(111

CDCDCOCOCOmcDOC-OCOWCOCOC--
rHCMCM

r*>S>»•43•
r-ir-irHtOft-P
222200

*?*-3*3<JCOO

>>>>>d
0o000d

S3S3S3S3S3^3

CO

CO
CD

mOO^CM^C-rHCMrHCD
t-O^\1i°\X|tOOrHrHCD

a••dl•didJ••»m»
Oc-rHfc-COCDrHCOC\}
LO<,'.rHrHrHrHrHrHrH

!1IIII1I

<-0r.OCOLOCDOCOCOCO
rHCMCM

a

©{»a43a••a
>vPrHtOP-145i>>O

©dP^dpddoooo©
fa3--*!3*"3*"3<COOS3S3Pi

'd
©

d
P

•H

43
P
O

o

I
I

LO^^cno^Ncoto^)^^^cooco(00©H^co^cDc-^ooor-o^^^[^LOcolo^oo)OON<ocooHWloo^^i•ln
tOlO<0WH0)H<il!0^«0C0l0l0WnOWNlOt0lOO»0)C0H0D^^I>-^N05mHC*NHtOOCOC-WtOHW-sHlOtOCD

^^coo500^NOODcoe)HWHOOo50^w©c^wlflSco^-o^LOfo^|<uocoovOOcoc^L^«WNHOHN^ln
mmmmcommmmrHrHrHmmmmmrHrHrHrHrHrHmmmmmmmLOLOLommmmcocDmmLomLommLOLOLOmm

CO
CO

111111

r-iCMCMCO
CMrH

•S>>•-P
PrHtOft
d22O

•-3*"3<t{CO

CO
CD
r-i

X5hL,>>
OdPad

Pa»-3faa**{

I

CM
CO
CD

11111IIIIIt1II

NHCOlOtOC-OtaOintOOtOCOCDC-Cl^HNOOOHHCMOOClOHlflCOl-OHNOOOCOHtO
rHCMCMCMrHrHCMiHCMCOCMCMCMCMCMCMrHCMCMCMrHCOCMCMCMCOCMCMCM

11111111111l11IIIIIII

©r>s
rH

2

a43
b£|ft43|>!>OpL,L,S>

_^d©ooo©3dftd^
,-3^<tScoos3S3Q'^>a<sjaH3

I

CO
CO
CD
rH

OCOLOCD
CMrHCMrH

©a43©>5•+>
t0ft43^OPrDJ-.L,MJ>sPrHtOft4s>Ofj,0UU>:
d©oo©3©ddftd3dd©oo©d©id<ftid 2
^WOo*-3ftaa<«ia,-3H3<scoo:3«^3faa<c{

d
a

rH

2
tOft
2©

»-3-5iCO

rH
CO
CD

m
co
CD
r-i



'd
©
2
d

•H

4»
P
O

CD

I
I

d
©
%A
d

d
P
©

d
to

d
ft

t

P
o

4->
to

to

d
o

•H
43
d

tin

©

>
o

rH

U
©

43

£

u
©

.P-p
43d
fts*
©

QO

©

Q

©

•S"If 4»d
ft-5
©

QO
-P

©
43
d
ft

45
O
©

u
©•->

^;+>43
43d©
ftI?©
©ch

QOv_-
43

©
43
d

Q

-d
©

d

43
P
o

o

1
1

CD
CO
CO

rH
r-i
©

CO
CO

©
2
P

•H

4>
P
O

O

I
I

CO
t-
00

^LOr-1CMOOC-CMlO^CD^lO..
NN.COC0\o>rHCOrHCDm\^co\\mrH
dl••dla•a••adl•dldJa•

HOCMCOmC-COC-rHrHrHrHlOe-C-C-CO
COCOCOCOCOCOCOCDCOCOCDCOCOCOCOCDCD

tHr-iCDOOr-iO
cococmcomo-

CDCO,

143
0to

a©
A£ rH43

2
-.0

•to

00
CDCOCO
CO0

43©

p>
•HO
O,0
ftd

Xt043
43p©
P-i-HO
0Uch

2
to10
da
QrH

•djdJaaCrf]
mt»
CDCD

Q

DCOr-iCOCMmUOtOrH
r>OrHCOrHOCO\,CM\>>Vj\.
••a.a•a£I•dI*dlCrf]

COCOCOCDCMCDCD
CDCDf-t-t-CDCO

<tH
CO

II1IIIIIIIII!I1IIIII1II1III1IIItI2I1

tOCDCOCMrHCOmtOC-CDCOCO10 OCOr-iCOOCO10COOmCMCDCOrHCOrHCMCOLOlOCDLOLOC-CMCDCD
COCMCMCMCMrHCMrHCMCMCMrHrHCMCMCMCMCMCMCMCMCMCMCMCMrHd-h

o6
•H

o

<—♦

o•
43

toCO
d
Xd
©-H

EHrH

O
O

•H

Ch
<H
O

ft 000

B«°b dog

10

CO
CD
rH

1
C.H

O

pin+>•
«3co43

-.o©
P•ftQPi
atocho
0043Ch43

cooo

o

<h
o

O
o

Q43lO-P
;itor'
•5d•»•!-:
o©Xo

rHCOX-PPa
43ft
2©
OPa
to

•H
O-d

4">
43
©

©
n

to

P
•H
U
2

©©to
HOdto
H-H©d
Schao

.>s•43a
tiJ>»PrHtOft43

_^ftddddoo
ofeS<i2o^<i5coo

Ot»CM
C-rHm

r£rHlO
lOlOLO

:0CO•-.,
02

'°p^ Oftd
fa<a

to
CD

CD
CO
CD

CDrHrH
Oom

>-COCO
LOLOLO

o

OOrHCO
OCDCO00

cocomrH
inloinin

S>>*43aaaaaa

ftdd3ddOOooddftd
•^sa^b^wosQ^s^H

1

co
CD
rH

£

43ch
to

OrH
ftco

CM
«h*
Or-i

ft

<h
O'

O
to

d
40

o
u
to

00r>}0•m000OS^•
§LH>t)CJD^L>,gHM
ftdoododftd3dd

,-3<t5^>s3Q,^faa<jaH3H3<j

CO
CD

CM
CO

CD
rH

rHCOCMLO
COOCDCD

mrHrH^mmr3<coc>lo0cotocm,
t>-00COmCOCMrHCOC-C-t>00C-CO

COt-O-rHCD^'COC-COCMOCDCO
CDCDrHCDCMtOrH^HC-COCDCMrH

COC-C-SM>OWlflONCOtO
mm10lotomcococot>cococc

did!
rHtotorH
mmmm

mLOLOLOrH<•tOCMrHrHCMLOo:o
mmmmmmmlomlololom'.0

I

to

1I

roto

1::t

CMrHCOLO

iiii

CO£-CDCD

1111i11i11111111i1i111:1111

omcoocococot>cDrHrHcoc.r»:_•orihwoooohinm^hno
rHCMCMCMHHNHCJ«WNWNPJOiHNWNHNWN

>i•43
rHtOft
ddo

•-3<Aco

>od40
o©3©
25Q^3fa

CM
CO
CD

rHCOO"^
OCDCDt-

•a©

b%bS egftkd3
,h<J,.£j"-3

>>.4>...aa
rHtOft4»>f>OP
dd©oco©3
^<{WOSPQ^

co
to
CD

••©•4>•
LL|xdLOft43
dftd3d©o
a«ija^><cjco0

•a.a..aO>>0-P•0
ri-OGXUUUr^FirHbDPA-Pr*
o©3oddP-:d3ddooo
S3Pa*sfaaa-<a^•-o<cooS3

1

<cH
CO
CD

comtoc-om^
\\\0\,CD\C0rHCM\0\.
dldjdladjadlaaadl•d]

OrHCD
LOLOrH

O
rH

rHLOLOCD
mmmm

j<^00^CMr-lCOCO^CD^.CM(X>rH
-vON»NCMv^rHID\CMCO\^C0\sVNCMt-\,00
•dldIaC()1•adl*adl•31dl••dl•

rHCOrHCDrH
CDCOCO

CDO

rH"^H
t-CD
rHrH

mCO

rH^H
c-mC—CDCDCM
rHrH"cHrHrHm

mc—t>coco
LOCDCMC-rH

C~rH
OCM

OOLOCOCOLOCO
LOrHrHrHrHmLO

1I

CDrH

IIIIIIIIIIIIIII

COCDOrHrHCOOOCDCOrH
rHrHCOCMCMCN»CMCMCMrHCM

mco
CMCM

mrHCMOOOCOrHCOO
CMCMCMCMCOCMCMCMCM

CO

aa43-00000*
US>>t0ft43>©pPQ^h
dd20000dodd

aa<cooS3q**faaa

tOrH
DOCO
CDCD
rHrH

•©J>>a43a..
W>>P.rHtJ0ft43{>O
ftd3dd©oo©
«£jah3'-3<ScOOS3«

p'°bhbS d©dftd2
^faa<xja-a

m
CO
CD

IIIIIII1IItIII1

mCDOmCMCDCOrH
CMrHCMCMCMrHrHCM

C-rHCMCOLDlOCDrHCMC-CMCDO
CMCMCMCMCMCMCMCMCMCMCMCM

S•43•
rH1*0Pa-P
2200

•-3<{COO

©

>»°bbibb 0©dftddp
S3faa<t5aa^

CD

co
CD

!>»•43•
rHtOP.43
2200

•"3<1COO

>°5bpb o©3dftd
S3pa->a<ia

I

t>
to
CD

to

ft



u
Oo~*

X-P-P
43d©
ft£o
OCh'

QO-w,
43

O
43
d
P)

it
os-*-

X4343,
43do
ft£©
©^

Pa0>
43

O
43
d
P.

t-i
©'

X-P-P
43d©
ft£©'
©<H

OOv
43

©

d

-d
©

d

43
d
o

o

I
I

CO

CD
00

CDCOCMCMO
rHCOCMCOrH

00000

COCOCOCMCM
CDCDCOCDCD

cdm
t-m

00o-
mm

COCOCMrHCO
mcocdmco

cocommlo
mtoinmm

©
43
o

2
U
43
to

X
o

IIIIIIIIIIIII

COLOrHCMO
CMrHCMCMCM

>>•43••
rHtOft43>
d2OOO
•"3<t|COOS3

OO
CMCO

OP
©3

P\»-3

COrHCOOCOlOCDO
CMCMCMCMrHCMrHCM

•aa©S>s•43
XttU>*P)rHh.OPA
©dftd3dd©
fta<tja,"3,-3<<{CO

o
o
CD

.©

ftto
©

Pa

©

o
•H
Ch
Ch
o

43,
CO

o»
ft

43
d

to
P

•H
to

d•
o-d

.,§ oo
u

ftto
o

43Ch
o

*\

43rH

P©
•H>
O©
ftrH

43lrQ

rHCD00CMt>
fr-CMCMCOCO

COCOrHrHrH
^3"*IT"^s*^*P^T*

.olrOl

^
rHCOrHCMCMCOOmmCMCOt-OCDCOCOCOrHCO
mroCDCOCMrHrHC-OCOOOOrHCDCJrHlOrH

t-omcocdcococo!>•cdc-r>-t>cdmLOLOLOCO
cococococotococococococococotococococo

III!IIIIIIIIII!IIIII1I1

CDCDtOCOCOCOrHCOIDCOC~-CDCDCOlOCOOtOC?COI-CDrHrHCM
rHrH

a

aj>5a43..a.aa
LHW)ft>OfJJ3LLJ>,
ftdd©o©3©dftd
<«J»-3<^coS30H3faa<c!a

1

40
©
fa

©i>ja43••
§rHtOft4>S>

22©OO
bb<]OJOp

rHI

Ch
o

X4>
2co

rHd
O©

s3U2
43O
Pto

31
o43

OCO
d

43©
to

©to
L,©

CDrH
•H

<H0
rH

Or-:!?:
doin

p©
o©

43ch
to

2O
oco

Wto

CMCMCOrHrHCM

aa•.
9©

>O
§

uU>>d
O©dftd3

t-tPa•"3

1

CO
CO
CD

#=_<t'H•"3

•d
o
2
G

•H

43
p
o

o

I
I

O
CD
CO

rH

.©

•d
o
2
P

•H

4-3
P
O

o

I
I

o
CD
CO

tg

vH
CO
CD

O
CD

CM

CM
CM

CO
CD
rH

•d
rH

O
O

it
o

COID
CDCD

C-O
c-00

CDCD
CMrH

ftcrf
<H'C!

m
to
CD

to
CD
CO

rH
rH
.O

O
O

dCh
rHO
ft

43
44w
Ud
rfO
ftX

•P

•b
dco
o1

4343
toto

2d
Oo

r~i

to
«H©
OrH

•H

£B
•Htokli
OCD

J*
•H

d

P
tO«H

tOrH
PrH

•H©
H!^

'-0
d-d
,0o

„P *HO
o»d

Oft3
•HOX
jH43<4
ch
O•>

43
p

•H
O

ftftrH

O
LO

CO
m

CMrHCOCDrHCO
LO0ot-c-co

NOHHNO
LOCOCDCDCDCDIDUOLO

co
CD
rH

OOc-iOlOrHCOCOCOOOco
rHCDrHtOmmC~<HrHCOCOrH

COr-CDrHrHmCDC-C-CDCDCO
loin

CM
CO
CD

C-i>NCOOOHN(OC«lOHHH<(ii»
COr-isHCODOCOCDL—OrHrHC-tOOCMrH

LOHiCOCOrHt-COCDrHrHrHOOCDCDCD
10inin10in1010incolol*jmmlolocococdcdcdmlolo

II1II1III1)1111I!1II1

cotOLOCOCOrH
eHrH

•r-s043•*
UrHtOft>O
ft22OO©

<xj»-3<}COS3O

rH
CO
CD
rH

comcoc-ocDcomcootoco
rHCO

•...©S>5.4>...
P,Qitit>iPrHtOft4-3S>>
3©dftd3ddoooo
•-3faa<cja»-3^<5coo-3r?:

CM
CO
CD

COt-OrHrHCOCOOOrHrHCMCDOCDCD
COCOrHrHCOrHCMiOCMCMCMCMCMCOrH

rHlO
CMCM

.,00©•43••
OPUit>sPLOPa-P>O
©3d,ftj.!3doooo

o^3a<«a

Xititu
..______©ddft

»-3•=}coojvqo»-3faaa<*\

I1

COrH
tOCO
CDCD
rHrH

CMm
COrH

•djdl•acrfId
rHLO
CDCD

0^COl

•dleft™dldjdid!dl,C*"°cfteftdX^°.dXdlefteftd|aft[dl|cftdlcrfId OO

CM.

rHf.cftdftdlId]^dldSdldlleft|cft-i ~co1
CO;

IIIII1III1I1IIIII1IIIIIIIIIIIIIIIIIIIIII1tII

cootoCOCO
rHCMCM

t>CO
CM

rHrHCMOOOOrHiHCM
iHrHCMrHCMCOCMCMCM

43a.aa.a,
ft43>f>OP^^S>sdt0ft43r>OP
©oooo3dftddd©oo©3
WOS5RKor.«.S^<|WOSQ'o

tlI

CMCOrH
COtoco
OCDCD

©a+>

OOCDCDrHm
CMCMCOrHCM.CM

0000©

XJ-ritit>>P
Oddftd3

faaa<a^

COLOrHCOOOOCOrHCOOCO
CMrHCMCMCMCMCOCMCMCMCMrH

a

>S.4_»,a...a.©
rHtOft43>OS^t<h>_g
dd©oo©3©dftdd
»-3<i.C0OS3Q'-3faa<}aH3

I

m
co
CD

mcoOlDCMOCDrHCOiHrHlOinCDrHCM
CMrHCMCMCMrHrHCMCMCMCMCMCMCMCM

>^0•Paa•

rHtoPa-PJ-»,o
22OOO0

»"3<COOS3fa

1

co
co
o>

00s>>•43••♦
Uit>i>>rHtOft43>O
dftddddoooo
a-^aa^^coo^o



*4
©.—N

1©
X>

Xi-P4>4310
4>d©•»2Ch•»XICOtOrHt>coorHCMrHCOCMrHOCOLOrHm_>CD0C-rHCOcoOCOC-C-rHCO00COCDOmCOCOt>coCO0m

CD
ftjS0
©ch

©0043dP
4>cop3

NHCOCDrHmCDt-t-rHrHCDrHCDt-~mCD0mCOiCOCOLOrHrHCOCOCDCM100iHrHrH00O^oc.iHCMCMCD

•cHQOn__-M143-H43XCOtOCMCMCOrH
mmin

tHrHrH
mm

rH^HtoCOCMCMCMCM^H%H
s

LOLO->H<cH-tftoCOCOCOrHCO5>t>>-CDCDCDCOCDC--COCOCO
+>

m
043to0©«<rf
ftto0ft©

dftch

10mmmmmmm10lomLOmmmmIDlOmm10mmtommmminmlolommmmm

0
rHd©tOa1i11111t11111111111I1111111111111111I1I1111
rHh4pdco*d

•dw0»h•pCOt>-CDrHCMCMCD00CMrHCMOOCDCDrHLOCOIDrHCMOOOCOrHtOOcom00OLOCMCD00rHCOrHCM^m
©rH•»©43UrH2CMCMrHiHCMrHCMCOCMCMCMCMCMCMrHCMCMCMrHCMCMCMCMCOCMCMCMCMrHCMrHCMCMCMrHrHCMCMCMCMCM
2rHMrHCO2Oaa•

P_£
0»hdw»^••-a•-0a©a43aaaaa•00Qs>>a

©>>
a43a•0•a©>j

#

•H&=dS0d©tOrHOPit
oddfcb3

toft4>>0d,0*.
O©d©%d

uu>>PrHtoft43>O
3

XuU>>
©dftd

drH
22

toft+>>XitU;_»,!>_-rHto
43EK30rHftd32©Otdftd322©OJO©2©OO0dPadd«3dp
P
O

O

0COa43Ch
•SCM*HO£

q-^3a<a•o<?COOS5Q*ohf-i-H<J
*—f

•-31-3«ajCOOrHpa^>faa-^a>"3»-3<co0afa««-_<«•«--«
_^.**«^1f=t•"3•"33

OchIlI11
•43•OrH-d

1©<J24>©©©CMCOrHmCD
14>

d
0to0ft!>

a,0d»HO©
P
O

COCO
CDCD

CO
CD

to
CD

CO
0

d
©
U
d

O<Jd©«H43rHT_lrHrHrHrHrH

X<H1
u4302Pu

d0^"dft]O2*•
pAt43430©p.J43•roto
043dDdOOOCDCMto0com1todd^i

b<2-H•
OCMm<<COCDCOc-COtoOCDrHrHtoCMCOCO00OO

^Ph£0
.3

430COCMCM1000c>J2COCO<-•COCMl>OLOrHCDCDOH0/r-COCO0mLOrHrH
dOchaa0a••a0-0]to0da«»»daaaa••aaaaa•*aaaaaaaa

x
Qo>^43••_£».!^_COrHrHCOLOi0Sd

,A•O

CO:0toCOto*_'rHCOcoCMCMrHLOmCDr—CMrHrHrHCM•H
•

_.

4>5JO43LOLOmLOmm10rH-CMCOCMCMCMCMCMCJCMCMCMCMCMCMCMCMCMCMCMCMCOtorH

ft0OP

i»
•rjCh
£O

COrH

10•H«ri4|Chit©O

r-H)<<-.OJ1111110it0to1111111IJ11111111111I11111OP»

OJC.HPiJCDCD43d43O
43»OCD%HCMc-CMCDCD

;rH
CO00ft0COCOmCOOCOcocoC-CDrHrHCMOCOrHCM

>»
OOOrHmcomrHd>s

to-0COCMCMCMCMCOrH«dp00>rHCOCMCMrHrHCMCOCMCOCMCMCMCMrHCMCMCMrHCM
a

r?
2-343prHPOch430•U

P0tO.H-0-0•*•••0-0JO©X©X2>5
a43©J»_a43d

t—t0O.143{>O
§bhb

r~-T_»4300-dPrHtoft+>>>0
§

itit>•>P43r*OPX
dd

U>>drHtOft©
0ftpCOOdftd*d2•HO43222©O00©d,ftCi30O©3©ftj?3dd©it

t_rH
0O!_3

dd•~
ft•"3*'"1<H__1

»*-•*•«i"*.d0
aw

Ch0p43
Ch-ho

*-z*S<-HCOO!"3S3Q•"3f-A<3*SOS3Q»-3faaa<{_«•.•3»"3<JCO
d

drH0©to1110*00111•H

0
£43ap____?•£XftCH

•rf
0>-CO•.-.0t>£=434>43CMCO•^to

434fdtocorOdtofttOt>COtoCOd
dd0•dcoCD•000p•CDCDCO•H

d
43

ftSd«"•OrHrH•"3WftQ«HOrHrHrH
rj

0

2h'l:_
rH
<hO*~^

X-P4-V„>!>!>>1>>1I
in

ft

rH43doyOCMCOrHt—rHrHt>-CDPt-COrHCDrHCDCOCOCDSOCOmrHC-COCOCOrHrHCDt-CDCDOOLOr]<rHC-rHtotOCD•sHCOCMXch3
©ft£0drHCOCMCMCO00m^rHtoCOrHCDCOCOrHrHC>rHrHOrHrHmrHrHCOC"~COCDmC-CDCOCMC-rHCOCMCOCDrHCOmCD20ft
>©ChprH
OP\O^•HC—CDJ-C-fr-t~CDCOCDCOCOt-OCOCOCDOOCOCOCOCOCOCOCOCDCOOCOOCOCO00COOOCDOOCMrH0000OO43\.

rH+»43cotococotocoCOcoCOCOCOcocococococoCOCOCOCOCOcocoCOCOCOCOCOCOCOCOtoCOCOCOrHr}4rHrHrHrH«cH^•HrHto,01
P<>.d

uOOL,©
©O111111111111111111111111111111111tillt11111l1O4>r*•

•PtCDP43fcO

^
1COOOrHrHCM00CDOOrHmcomrHCMOOOCOrHCOOCOLOcoOmCMCOCOrH00rHCMtOLOmcori)CMC-CMCOOpdP
1rHCMCOCMCMCMCMCMCMrHCMCMCMrHCMCMCMCMCOCMCMCMCMrHCM«HCMCMCMrHrHCMCMCMCMCMCMCMCMCMCMCMCMrHrHO0•H

O
*

O>>a
a

43Os>»a

a

43a•a.aO>>•
arH

©
Oto

1|
OtOft43J>Op

200003
,0ituu>_PrHtOft4>r*OPXUit

©30dft
>sPrHtoft43!>43itit>,f^drHUJft4>>

O8
UUb

{•__.
4>433

CD©ddftd322©OOd32d©O0©dftd.d222OOOdftdWtoS-4

rH

rH

<coOS3Q*~3faaa<a•"3»-3<JCOOS3o»-_faa<a»-3*-3<CO0S3faa***tHa*o*o<!wogq^ao©
u

0

d
©

co
0

ft
11111

©COrHmCOc-chft
43COCOCOCOcorHrH.

dCDCDCDCDCDO•Hs.^
QrHrHrHrHrHC_>6dl



I©<->
x4343
4>d©
ft?©
©<H
PiOw

43

©
43
d

St
©•->

Xi4343
43d©
P.p©
©ch

PaOv__-
43

©
43
d

Q

5*8©; ft^©
©<H

QOv__*

43i

©
43
d

Q

•d
©

2

43
d
o

o

1
!

CD
C-
rH

»d
o

3
•H

"2
o

o

I

1

g

•d
©

2
P

•H
_'_>

P
O

O

1
1

m

0

g

1
<h

oto
©

43rH
tO«H

8* ft
CM

d
o43

432
too

od
*T_

chd
o3

43©
too
d-h
©<H

OrH

>P

d-d
o

43p
©o
o'd

^3

rH

14
d<h
to+>0
dO
ftOft

ch0
ch43
0O

O0,

4»CO43
toP
0n•H

XO
r*

43P:

t
ft
0to

OPaP
P
1

•H
U

X0d
43d00

iiPd
0©0

CMCOmmrHOmCMC-CMrHrHCOCMmrHrHCMCC
OC\2«OCOCOCOC^rHCOrHOCDOCDt>CMCOCM

t>ocMcomocMOomcMtocMrHcococomcDCMt>c.coco
C^r^rHrl<r4t>-r4r^-CDCMrHtOOC\_CDrHrHl>CM_OOC>-OCM

COOHHN^NHOOCOCDOlOSHHHOHOCiN^OHONNlOC.NtOtONtOtO'.tOin^tOtoCO
CMCMtOtOCOCOtOCOCMCMCMCMCMWCOtOtOCOCOCMCMCMCMCMCOCOtOtOtOtOCOCOCOCOCOW

II1IIIIIIIIIIIIIIIIII!IIIIII!I1IIII

mmco
CMCMrH

COCOCMrHCOLOCOt-CDCDCOmCOrH
rH

coCO©_-
CMCMCM

CDLDCMCMCDOOCMCOCOOOCDCDrHLOfCO
rHiHCMrHCMtOCMCMCMCMCMCMrHCMCMCM

mrHCMOO
rHCMCMCMCM

a4>aaa
tOft43J>O
2©co0©

<JCOOS3Pa

.r-

__b^ .3d2
aaH3<jcos3Q»-3

•P_" 10ft>
2©o

£3
ft

<5

©
>_P

&4

>>•43•
rHtOft4>
2200
o<jwo

>o
o©

S3Pa

aa©.43_.aaa.aa©>»
ttit>»dtOft4»l>OdrO*.^»H>_PrH
dftd3d©oo©3oddftd3d
a<.ai^<}coot5n,-3faaa<;a,-3,-3

pto-a

ted

fl__

o
p
to

1

co
CD

I

CM
CO
CD
rH

O
rH
DrH.OrHC^O^^COt>C-CM1
H^--,rH\.CMrH\>v,«#W\\,HCMCO\,CD\\j
adXaoft-•d]d•adJdj•aadJ•eftdj

rHCO-=hlOC-COLOCOO'
OCOCOCOCDCDOCDOCDI

LOOCO
_C-COrH

ONC-
inmm

cdt-0
cocdm

cococo
comm

CO
CO
co

rn
CO
CD

3^rJ»t-CDLO,_rH^CO.m
-\^rHrHcoo\w\a_\co
ad]0090d|adJ•dla

COCOt~t>-
minmm

o
CD

cm»d
10©mco

arHaa

OdOcm
CO©CDCD

CO
LO

COCO
aa

CMCO
CDCD

CD

1IIIIIIIIIII

OCMrHCOL_»OC>CDrHLOLOLOrHCMOOO00rH
SOCMCMCMCMCMO.rHCMCMCMrHCMCMCOCMCOCMCM

IIII1I1II11II1III

COCOCDrHCOrHCO'3</>lO-DrH
rHrHrHCMCMCMCOCMCM00CM

1I11I

CMCOrHCM
CMCMrHCM

CDLO
CM

1rH

43i>
OO

OS3

I

co
to
CD
rH

3'©
*3fa

to
O
rH

©>•_*43••a
>_PrHyft43J>CO
d3dd©oo©
UjTo<JWOSQ

3©9
•-3faa

m

to
CD

toocomoomcM
CMCMrHCMrHCOCMCM

©_>.a43aa
itS>>d«Ht0ft43>
ftd3dd©oo
<:a,-3H3<^coos3

©i>-
XUitU>j>.f_H?0ft4->>
©ddftdd3dd©coo
faaa<«iaaH3r-3<icoos3

dftcoco

a<aa

1

to
CD

CO
CO
CD

£

dI

©4>
rH2
do

Oto

-»43
J>-to
Ud
©©

P,
•HW
<HO

OrH

«u
OHjCJ

OCO

to•»

dJ4

Kb ©d
ehft

COrHt^CMrHOCOm
rHOmomcMrH'*
00900000

CDCDCOt-_^-t>-_«-t-
mmmmlouomm

rHrHrH
COC-C—

CMO..CO
rH-ON.CVI

**aaad\0000
CDCMrHc-mCD^COCO
mcocococommmLO

mrH
CMCD

CDCDOCMCOCOO
rHmrHt-rHrHCO
I.•a•••a
CMCOCOCMCMCMCO
CDCDCDCDCDCDCO

0\.o>^co\\\
•d1.d\•d\d\d

1111111

LOCDrHCMf-CMCDcD
CMCMCMCMCMCMCMrH

a

43••aaaa

ft43>Od$-.J_i>_
©oo©3dftd
coos3QH3a<».a

CD

CO
CD

I

co
CD
rH

o
c-

rH

111111111111111111111

WtOtOCONHCOLOtOMOCOOlflCOOtOtOWtOCOCOC-ro^NNClO
CMiHrHrHCMCMCMrHrHCMrHCM

XrHtOft>O
©>_•+>©a43

©dd©b©3©dftd3dd©oooooo©3dftddd©
fa^<tjcos3«^faa<<a^^<^coos3S3S3r3S3Q^>a<ja,-3<tico ptofa

•Hd•
u
2
CO

,0T31

ft2rH
d__OCO

J?2itCD

afttorH

1

CM
to
CD

I

CO
CO
CD



Water level fluctuations, Ilouston-Pasadena area -- Continued
51

Depth Depth Depth
Date to water Date to water Date to water

1176

(feet)

— Continued

'(feet)

Continued Woll 119

(feot)

Well Well 1153 — 6

1935 - Jan. 30 - 25.83 1932 - June 6 _. 53.88 b/ Talford Jonos, 13 milos

Feb. 2G - 25.26 July G - 47.75 southeast of Kouston post
liar. 21 - 25.88 Aug. 5 - 43.53 office and 3 miles south
Apr. 23 - Sept. 6 - 47.25 east of Pasadona. Depth,
May 20 - 25.15 Oct. 11 - 51.65 b/ 550 foot +. Measuring
June 18 - 26.14 Nov. 3 - 40.22 point, top of casing, 1*3
July 25 - 28.21 Nov. 28 - 47.43 feet abovo ground •

Aug. 16 - 27.25 Doc. 20 - 46.86

Sept.•20 - 28.37 1933 - Jan. 27 - 46.30 1932 - Doc. 2G - 62.05

Oct. 25 - 28.75 liar. 9 - 46.18 1933 - Jan. 27 - 62.03

Nov. 22 - 28.30 Apr. 15 - 46.42 Apr* 14 - 61.92

1936 - Feb. 19 - 29.40 May 12 - 46.56 May 12 - 62.56

Mar. 1C - 27.38 Juno 22 - 52.43 b/ Juno 22 - 62.30

Apr. 24 - 28.13 Aug. 19 - 49.72 b/ Aug. 19 - 62.28

May 9 - 29.40 Sept.20 - 49*84 b/ Sopt.20 - 61.47

May 21 - 30.28 1936 - Apr. 9 - 40.40 ? Oct. 30 - 61.22

Juno 22 - 32*50 Obstruoted Nov. 22 - 61.22

Aug. 25 - 33.12

Obstructed
....

1934

Doc. 21

- Jan. 22

— 61.22

61.18

Oct. 26 - 31*23 Woll 1106 Fob. 20 - 61.12

Nov. 24 - 32.42 Mar. 20 - 61.05

Dec. 22 - 31.14. American Sorvico Co.> Pasa- Mar. 29 - 61.00

1937 - Jan. 27 - 30.37 dona, 10 milos southeast of Apr. 19 - 60.89

Mar. 26 - 51*31 Houston post oi.f?..ce. Depth, May 21 - 60.85

Apr. 26 - 58.16 220 foet. Lloasuring point, June 25 - 60.83

May 19 - 64.27 top of casing, 0. 5 foot July 23 - 60.85

abovo

well.

ground. Abandoned Aug. 15
Sept.21

•*

Well 1153 1936 - Mar, 10 - 62.38

1932 - July 8 - 42*19 Apr. 24 - 62.65

Kirby Lumber Co., Clinton, Aug. 5 - 42.67 May 8 - 62.74

about f miles east-southeast Sept. C - 42.60 May 21 - 62*83

of Houston ]oost 0ffice and Oct. 10 - 43.02 June 22 - 63.03

2 miles northwest of Pasa- Nov. 3 - •_:0. u. July 24 - 63.29

dena. Depth, 549 feet. Nov. 2G - 43.43 Aug. 25 - 63.63

Measuring point, top of cas- Doc. 20 - 43.10 Sept.25 -

ing, 4.5 foet above ground. 1933 - Jan. 27 •- 42.95 Oct. 26 - 64.20

Abandoned well* Mar. 9 - 42.84 Nov. 24 - 64.44

Apr. 14 - 42.71 Doc. 22 - 64*62

1931 - Mar. 27 - 52.05 b/ May 12 - '1-3.05 1937 - Jan. 27 - 64.82

May 27 - 46.89 June 22 - 43.42 Mar. 22 - 65.16

July 13 - 49.16 Aug. 19 - 43.63 Apr. 26 - 65.31

Aug. 13 - 50.75 Sept.20 - 44.25 May 19 *• 65.37

Sept. 8 - 43.50 Oct. 30 - 44.44

Nov. 2 - 48.50 Nov. 22 - 44.60

Dec. 1 - 54.18 b/ Doc. 21 - 44.49

1932 - Jan. 8 - 47.30 193-1 - Jan* 22 - 44.27

Feb. 5 - 47.50 Fob. 20 - 41.12

Mar. O •" 46.30 Mar. 20 - 44.16

Apr. 7 - 47.23 Mar. 29 •a 44.11

May 6 - 51.50 b/ Apr. 19
ri,
Filled in

_ n na/ Pump running, b/ Pump running in nearby vrell
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Water level fluctuations in observation -./ells in Houston-Galveston area, Texas

Date

Depth
to v/ater

(feet)
Date

Depth
to water

(feet)
Date

Depth
to v/ater

(feet)

Well 1203 (Harris County) Well 1302 (Harris County) Woll 26 (C-alvoston County)

City of Genoa, at Genoa.
Depth, 832 feet. Measuring
point, hole in 6-inch cas
ing, 1 foot abovo ground.

Harris County highway well,
11 miles southeast of Hous

ton post office at South
Houston. Depth, 600 feet +
Not used. Measuring point,

Galveston, Houston and Ilenr-
dorson Railway, at League
City. Dopth, 1,020 foet.
Measuring point, top of cas
ing, 3 foot abovo ground.

top oi. casing, 0. 5 foot 1931 - Apr. 3 - 48.06 Abandonod well*

above ground. Sept. 4 - 51.18

1932 - May 10 - 50.19 1931 - Apr. 15 - 14.86

1931 -• Apr. 3 - 34.73 Oct. 7 - 52.12 Sept. 4 - 17.53

Sept.16 - 36.91 "Nov. 0 - 51*92 1932 - May 10 - 15.82

1932 •• Oct. 7 - 38.25 Nov. 26 - 51.92 Sept.20 - 17.19

Nov* 8 - 30.70 Doc. 30 - 51.43 Oct. 7 - 16.98

Nov. 26 - 38.97 1933 - Feb. 1 - 51.19 Nov. 8 - 17*22

Dec. 30 - 39.04 Mar. 14 - ^ Nov. 26 - 17.43

1933 -- Feb. 1 - 39.15 May 9 -
52.18

Doc. 30 - 18.71

Mar. 14 - 38.62 Oct. 26 - 1935 - Fob. 1 - 16.30

May 9 - 38.90 1935 - Aug. 22 - 53.02 Mar. 14 - 15.85

Oct. 26 - 39.85 1936 - May 11 *- */ May 9 - 16.18

1935 •• Aug. 22 - 43.81 May 12 - 53.91 Oct. 26 - 16.73

1936 -• Feb. 28 - 39.36 Aug. 11 - • V 1935 - Aug. 23 - 15.80

Mar. 18 •* 39.81 Aug. 12 - 55.60 1936 - Feb. 28 - 14.45

May 11 - Dec. 24 - Looked May 12 - 14.92

Aug* 28 - Aug. 11 - 16.04

Obstructed Aug. 29 - 16.19

Well 1360 (Harris County) Sept.17 -
Doc. 30 -

16.21

18.07

Well 1209 (Harris County) Mrs. Fain, i milei east of 1937 - Jan. 20 - 15.75

Webster. Depth, 659 foet. May 17 - 16.37

Fireworks Co., 11 miles

southeast of Houston post
office and -vj- mile southeast
of South Houston. Depth,
650 feet 4* Not used. Mea

suring point, top of air
line, 4 feet above ground.

1932 - Oct. 7 - 39.66

Nov. 8 - 39.95

Nov. 26 - 40.03

Dec. 30 - 39.75

1933 - Feb. 1 - 39.83

Mar. 14 - 39.41

May 9 - 39,83
Oct. 26 - 40.72

1935 - Aug. 22 - 43.77
1936 - May 11 - 42.97

Aug. 11 - 43.61
Aug. 23 - 45.03
Sept.17 - 45.32
Dec. 24 - 45.62

1937 - May 17 - 44.53

Measuring point, top of
casing, 2 feot above ground.

1931

1932

1935

1936

1937

- __pr.

Aug.
Sept

- May

July
Oct.

Nov.

Nov.

Dec.

1933 - Feb.

Mar.

May

- Aug.
- Fob.

May

Aug.
Aug.
Sept.17
Dec. 51

- May 17

3

7

4

10

9

7

8

26

30

1

14
c

22

28

12

11

29

31.47

37.29

36.00

32.25

37.26

?/
35.96

35.36

34.45

33.76

35.43

34.30

38.70

40.15 a/
Obstructed

ii

42.45

45.18

a/ Pump running, b/ Pump running in nearby well

Well 112 (Galveston County)

Galveston, Houston and Hen

derson Railway, 6g- milos
northeast of Alta Loma.

Dopth, 750 feet* Measuring
point, top of casing, 1 foot
above ground.

1931 -

1932 -

1933 -

1935

1936

Apr. 15
Sept.16
Oct. 7

Nov. 8

Nov. 26

Dec. 30

Feb. 1

Mar. 14

May 9
Oct. 26

Aug. 23
Feb. 28

18.89

23.12

24.10

24.37

23.33

21.41

20.82

20.57

22.86

25.10

35.60

37.40



Water level fluctuations, Houston-Galveston area — Continued
53

Depth Depth Depth
Date to water Date to water Date to water

a-

(feet)
___________ _._.. ______

(feet) (feet)

Well 112 — Continued Well 115 — Continued Woll 272 — Continued

1936 - May 12 - 40.20 1933 •- May 9 .. 19.15 1932 - Doc. 30 mm 37.61

Aug. 11 - 42.80 Oct. 26 - 20.14 1933 - Fob. 1 - 34.13

Aug. 28 - 43.00 1935 •- Aug. 23 - 23.95 Mar. 14 - 34.10

Sept.17 - 43.68 1936 •- Feb. 23 - 27.25 May 9 .* 39.67
1937 - Jan. 2 - 40.15 iky 11 - 27.84 Oct. 26 a. 40.52

Jan. 28 - 39.33 Aug. 11 - 31.66 1935 - Aug. 23 - 53.50

May 17 - 46.93 Aug. 29 - 24.69 1936 - Feb. 28 - 37.52

1937 -

Sept.17
- Jan. 2

"• 32.78

31.49

Hay
Aug.

12

11

— 46.92

4G.67

Well 113 (Galvesston County) Jan. 23 - 29.95 Sopt.•17 a. 51.28

May 17 - 43.91 1937 - Jan. 2 - 40.26

_jj. Menotti, 7 r_dies north-

Una. Depth,
iiay 24 "* 52.70

east of Alta Lc

504 feet. Measuring point,
top of pipe clamp, 6 inches
above ground.

1932 - Sept.20 - 14.92
Oct. 7 - 14.90

Nov. 8 - 15.17

Nov. 26 - 15.20

Dec. 30 - 15.40

1933 - Feb. 1 - 14.94

Mar. 14 - 14.86

Apr. 9 - 16.12
Oct. 23 - 15.70

1935 - Aug. 23 - 13.25
1936 - Feb. 28 - 19.45

May 11 - 19.04
Aug. 11 - 21.73
Aug. 29 - 20.63
Sept.17 - 20.32

1937 - Jan. 20 - 21.47

May 17 - a/

Woll 206 (Galvorvon County)

A. J. Biran, '&.:• rdles west

of Texas City* .'opth, 926
feet. Mcasurir,: -oint, hole

under 1-inoh pipe, 11 inchos
above top of casing.

Well 115 (Galveston County)

1931 - Apr. 15
1932 - Oct. 7

Nov. 3

Nov. 25

Doc. 30

1933 - Feb. 1

Mar. 14

May 9
Oct. 26

1935 - Aug. 23
1936 - Feb. 23

May 11
Aug. 11

1937 - Jan. 2

Jan. 2C

May 24

7.23

9.64

- 9.13

8.95

9.13

9.28

9.07

9.43

- 12.10

- 30.30

- 30.00

- 35.54

- Obstructed

- 34.00

- o-'.yv.

- 40.42

J. W. Palmer, 6 miles north

east of Alta Loma. Depth, Woll 272 (Galveston County)
526 feet. Measuring point,
top of air line, 4-^- feet
above ground.

1932 - Sopt.20 -
Oct. 7 -

Nov. 8 -

Nov. 26 -

Dec. 30 -

1933 - Feb. 1 -

Mar. 14 -

19.38

19.36

19.56

19.55

19.16

18.93

18.00

City o
Loma.

f Galveston, at Alta

Depth,

pump. Measur
of 12-inch receiver, 7 foot

abovo ground.

1932 - Sept.25 - 38.34
Oct. 7 - 38.20

Nov. 8 - 37.12

Nov. 26 - 32.63

OOv- feot. No

in^; point, top

a/ Pump" running* b/ Pump running in nearby woll.

Woll 297 (Galveston County)

Chas. Sohiro, 4 miles south-

cast of Alta Loma. Depth,
720 foot. Gas ongino pump.
Measuring point, top of cas
ing, 6 inches abovo ground.

1932 -

191

1935

1936

1937 -

Sopt.22
Oct. 7

Nov. 8

Nov. 26

Doc. 30

Feb. 1

Mar. 14

May C
Oct. 26

Aug. 23
Fob. 20

May 12
Aug. 12
Sept.17
Jan. 2

May 24

12.52

11.71

11.63

11.48

10.71

10.66

10.50

11.10

11.82

19.96

19.10

19.50

24.67

21.96

25.47

30.33
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Water levol fluctuations in observation wolls in areas north and northwest of Houston

Depth Dopth Dopth
Date to wator Date to wator Date to water

(feet) (foot)

-itinued Well 256 — Co:

(feet)

Well 205 Well 203 — Co ntinuod

Humb].e Pipe Line Co., &\ 1931 - Sept.24 _. 27.30 1933 - May 8 - 28.43

miles; southeast cif Cypress; Dec. 12 - 23.51 June 6 - 23.40

drilled. Depth, 700 feet. 1932 - Jan. 13 - 25.78 1934 - Apr. 26 - 28.75

Air and oil pump. Measur- Mar. 16 - 23.67 Nov. 29 - 30.49

ing point, top of' casing, 1 Apr. 19 - 23.55 1935 - May 29 - 23.75

foot above ground.. May 25 - 23.90 Aug. 22 - 29.00

June 24 - 25.32 1936 - Feb. 27 - 28.20

1931 - Apr. 7 - 25.91 July 22 - 25.62 June 3 - 27.59

;. May 19 - 23.34 Sept.29 - 27.07 1937 - Jan. 29 - 28.91

June 19 - 24.13 Oct. 23 - 27.94 May 18 - 23.26

July 23 -
Sept.24 -

24.17

26.22

1933 - Mar. 11

June 26 :
26.32

27.08

Dec. 12 - 25.62 Nov. 20 - 23*33 Well 264

1932 - Jan. 13 - 25.30 1934 - Nov. 23 - 23.05

Feb. 10 - 25.11 1935 - May 30 - 25.52 Weary farm, 15 miles north

Mar. 16 - 24.70 Aug. 20 • 27.84 of Houston post office.
May 25 - 24.56 1936 - Feb. 25 - 27.92 Depth, 1,610 feet . Water

June 24 - 25.29 May 13 - 23.43 from 950 foot sand. Mea

Aug. 28 - 27.00 Aug. 17 - 26.85 suring point, top of casing
Nov. 28 .- 27.30 Sept.10 - 26.93 Abandoned well.

Dec. 28 - 26.77 1937 - Jan. 12 00 25.78

1933 - Mar. 11 - 26.02 May 10 «• 23.45 1931 - May 29 - ,3*00

1934 - Apr. 25 -
- Aug. 20 -

26.46

27.17
_-

1932 -

Nov, 18 -

Jan. 19 -

5.08

1935 5.36

193.6 - Feb. 25 - 26.78 Well 256 Mar. 21 - 5.66

May 13 - 26.16 May 21 - 6.44

Aug. 17 - 21.46 J. M. Blake, IIouston-Conroe July 25 - 7.46

Sept.10 - 27.87 road, 14 milos north of Sept.27 - 8.30

1937 - Jan. 12 - y, Houston post office. Depth, Oct. 21 - 8.36

May 18 - W 189 feet. Measuring point, Nov. 26 - 8.69

plug in top of casing.
1933 -

Dec. 30 -

Jan. 25 -

8.66

8.92

Well 206 1931 - Nov. 9 - 28#H6 Mar. 15 - 8.96

Doc. 9 - 20.80 May 8 - 9.66

R. B., Tucker, Gih miles 1932 - Jan. 12 - 23.54 June 24 - 10.10

southeast of Cypr•ess; Feb. 9 - 23.24 1935 - Aug. 22 ~ 21.30

drilled. Depth, 450 feet +. Mar. 7 - 27.60 1936 - Feb. 26 - 21.37

Air and gas pump. Heasur- Apr. 11 Mft 27.23 Mar. 30 - 21.22

ing point, top of board May 7 - 27.28 June 3 - 20.95

cover by suction pipe. July 1 - 27.53 Sept.11 - 20.95

Aug. 31 - 20.20 1937 - Jan. 11 - 22.43

1931 - Apr. 2 - 22.50 Got. 2 - 20.92 May 18 - 23.52

June 19 - 23.59 Nov. 26. - 29.36

July 23 - 25.18

1933

Dec. 30

- Jan* 25

M 29.30

29.42

a/ Pinap running. b/ Pump running in nearW well.



TABLE 2

Analyses of water from wells in Houston, Texas

(Analyzed in laboratory of U. S. Geological Survey by Margaret D. Foster and others, unless otherwise specified.)
(Parts per million.)

Well

No.

Owner

a/589 City of Houston

_fe/600 do.
620 Public Laundries

688- City of Houston
690

Date of Total Cal- Magnes- Sodium and Blear- Sul- Chlo- Ni- Total
collec- Depth dissolved Iron cium ium Potassium bonate phate ride trate hardness
tion (feet) solids (Fe) (Ca) (Mg) (Na / K) (HC03) (S04) (Cl) (N0P) as CaCO

(Calc) _ (Calc.)3
Sept.12,1931 2X090 451

Oct. 7,1929 558 400

Mar. 30,1935 1.379 328
4£i

25 9.1 144 330 82

14_ 63 14 64 293 24 65

.03 852 2.3 127 297 2.0 •' 42

May 9,1932 - 362 .17 22 5.8 109.9 301 7.8.' 48

Ja/710 Nlfels-Ssper3on Bldg. Mar. 9.1927 883 305 29 11 75 260 21 31

732 Gottld Wet Wash Laundry do. 1,392 415 7.2 11 148 373 8.6 50

740 Houston Electric Co. July 21,1933 537

744 City of Houston

7793"
May 9, 1932 1,860

do.

808 Gem Electric Co.

Sept.12,1931 2,150
July 21,1933 340

811 Harris County do. 385

258 .56 '32 10

342 d/1.2 15 "^TcT
310 .14 62 14

298 .09

267 d/4.2"
71 12

J_L

112

41

29

234 13 30

380 91

268 11 49

270 12 48

254 9.2 51

.64

.0

100

215

"5ST
79

H3T
63

.0 121

.0 18

57

212

.40 227

a/878 Houston Compress Co. Nov. 9, 1929 905 23 6.4 69 220 14 * 28 83

879 City of Houston May 9, 1932 1,037 286 0.16, 34,r '7.5

a/892 Lone Star Cement Co. Feb. 4, 1929 lj_.284 425 d/1.4 8.4 274
1.160 Allendale Subdivsion Aug. 1, 1933 160

c/1,168 Houston Lighting and Mar. 1, 1922
Power Company

979

.fi/1,169 do. do. 1,100
a/ Analysis by Houston Laboratories,
b/ Analysis by Curtis Laboratories,
c/ Analysis by Penn Power and Light Company.
aa/ Iron and aluminum oxides.

2.9

281 d/1.4 51 6TT

302 d/4.8 9.3 5~

61.1 239 "^16 ' 26 0.20 Tltf
159 354 12 53 31

358 8 445 .96 454

83 229 14 35 .3 72

103 2^7 ' IS £T .5 44

»1
CJl
•en



Analyses of water from wells in Harris County, Texas.. (Outside Houston.)
(Analyzed in laboratory of U. S. Geological Survey by Margaret D. Foster and others, unless otherwise specified.)

(Parts per million.)

Date of Total

collec- Depth dissolved Iron
tion (feet) solids (Fe)

Cal- Magnes- Sodium and Blear- Sul- Chlo- Ni- Total

Well

No.

Owner

93 Missouri Pacific fly.Co.Mar.31,1936 1,070 344
Aug. 7, 1933 138 253136 J. Freeman

169 Houston and Texas

Central R.R.

Sept.28,1929 400 203

cium

(Ca)

.05 16

.35 61

25

lum

(Sfe)

5.9

5.4

3.4

potassium

(Na./ K)
(Calc.)

119

32

41

bonate phate ride
(HC03) (S04) (CI)

325 11 32

237 4.0 33

trate hardness

(N02) as CaC03
(Calc.)_

;05 64

.0 175

124 4.4 42 — 76

225 Trinity and Brazos
Valley R.R.

Oct.27, 1931 616 332 —— 65 5.7 41 189 12 75 — 186

b/281a luinble City Dec.31,1936 1,140 601 3 7.3 1.5 168 322 1.5 88 23

b/281b do. Dec.21,1936 595 3 7.5 1.3 166 319 1.3 88 25

b/321a Black Cat Oil Test do. — 377 2 23 1.7 83 204 3.6 52 64

b/326 Gulf Pipe Line Co. do.

370 J. M. Johnson Aug, 2^1932
399 Gertie Rice Farm Aug. 1, 1932

533 47-2

625

326

.10

9.1

68

.03 69

2.1

7.3

7.0

106 251 5.8 36 31

254 11 47

35 260 42

..10 200

.20 201 1

431 a. S. Wilkins June 2,1936 800? 423 9. 6 5.2 161 378 3 58 .0 45

492 Galveston, Houston
& San Antonio fly.

May 5, 1931 220 484 d/1.6 77 21 81 341 16 113 Trace 279

809 Gem Electric Co. May 17,1936 l,100j_- 314 •rk** 8. 4 4.8 116 266 1 52 •"-••65 41

828 Rio Brave Oil Co. Aug.12,1933 248 .15 — — 276 11 32". .2 183

829 C. S. Settegast do. 350 - -- 272 14 31 1.1 183

906 Gardenvilla Subdivi

sion

June 7,1929 875 316 d/2.6 26 ".6.6 88 256 16 38 —"* 88

1,103 Galveston, Harrisburg,0ct.6,1931
and San Antonio Ry.

770 726 d/4.6 5. 7 2.6 289 570 •*— 133 .9 25

1,151 Southern Pacific Ry. Sept.19i1930 793 301 — 24 4.1 79 228 16 31 .50 77

1,162a Sinclair Refining Co.June 5,1936 1,300 399 — 4. 4 2.6 162 390 1 37 .0 22

1,172 Texas Company June 6, 1936 1,37$ 311 — 14 4.7 109 288 8 33 .0 54

1,201 Shell Petroleum Co. June 5, 1936 860 564 — 5. 0 2.5 230 510 1 74 .0 23

1,251 C. F. Smith May 30, 1936 728 145 _.__ 26 7.9 21 146 4 13 .75 97

1,302 City of Genoa Mar.30,1935 832 461 .12 11 3.7 177 388 3.1 75 .12 43

1,329 J. W. Gear July 20f1933 473 429 1.9 16 8.5 151 378 1.2 66 .12 75

1,329 do. Mar.29,1935 473 522 1.5 24 15 169 392 4.1 115 1.7 122

1.364 Humble Pius Line <3o. Aue. 1. J.933 81 — .65 •»•_. — 1" 458 60 645 .60 352

b/ Analysis by A. j. HartsooK, Kice institute.

Iron and aluminum oxides.



Well

No.

Owner

Analyses of water from wells in Harris County—Continued
(Parts per million.)

Date of Total Cal-

collec- Depth dissolved Iron cium
tion (feet) solids (Fe) (Ca)

Magnes- Sodium and Bicar- Sul- Chlo- Ni- Total
ium Potassium bonate phate ride trate hardness
(Mg) (Na / K) (HCO,) (S04) (Cl) (N0P) as CaCO-

(Calc.) 5 , g (Calc.)5
1,365 Humble Pipe Line Co. July 18,1933 652 465

1,1751,366 Calveston-Houston Elec. .Co.-. 1934
a/ Analysis by Houston Laboratories.
b/ Analysis by A. J. Hartsook, Rice Institute.
d/ Iron and aluminum oxidesi

.07 11 3.0

44 45

324 1.3 94 .10 40
333 110 96 588 — 294

Well

No.

Analyses of water from wells in Waller County, Texas
(Analyzed in laboratory of XT. S. Geological Survey by Margaret D. Foster and others, unless otherwise specified.)

(Parts per million.)

Owner

Date of

collec

tion

Total Cal- Magnes- SodiumVud iioai^ Sul- Chlo- Ni^ Total £,
Depth dissolved Iron cium ium Potassium bonate phate ride trate hardness "J3
(feet) solids (Fe) (Ca) (Mg) (Na / K) (EC03) (S0-) (Cl) (N02) as CaC03

(Calc.) ~ (Calc.)
c/I08a.Texas Louisiana Power

Company
Jan. 2,1930 518 517 d/15 40 11 138 390 6.7 85 _-- 145

108b do. Jan. 6^1930
1930

723

576

451

309

A/20 50 7.5 115 372 10 66 —- 156

119 Prairie View State

College

•mmtm 34 11 70 255 23 36 —— 130

120 do. Mar.24,1928 574 415 ... 36 5.5 111 336 30 34 a_w 113

230 Francis Young Aug. 1,1932 237 240 .02 63 5.9 24 220 2 37 .15 182

d/ Iron and aluminum oxides.



Analyses of water from wells in Galveston County, Texas
(Analyzed in laboratory of U. S. Geological Survey by Margaret D. Foster and others, unless otherwise specified.)

(Parts per million.)

289 R. G. Roberts 260 .1,14095 2.9 23 18 398 598 4.5 355

Well Owner

No-,

Date of

collect

tion

Depth
(feet)

Total

dissloved

solids

Iron

(Fe)

Cal- Magnes-
cium ium

(Ca) (Mg)

- Sodium and

Potassium

(Na / K)
(Calc.)

Bi car

bonate

tHC03)

Sul

phate
(so4)

Chlo

ride

(Cl)

- Ni

trate

(N02)

Total

hardness

as CaC0„

(Calc.r
23 Joe L. Taylor Oct.22,1927 800 ..-r

— 12 2.0 268 ____. 72 — cm

23 do. July 19,1933 800 . 586 9.2 51 33 141 520 7.2 97 .10 203
62 W. R. McClendon May 10,1932 170 ,1,048 .96 30 20 Na

K

354

8.2

602 60 271 3.7 157

101 a. 2* Carter May 26,1928 200 913 d/3.0 33 15 318 806 2.7

1.7

123

75

— 144

106 Dickinson Ice Co. Mar.29,1935 576 . 447 .04 5.0 1.5 181 370 -.- .vS4 19

Ilia Fig Plant •Suly 18.1926 875 : , 1.920 d/3.2 15 7.0 736 334 1.7 985 — 66

111b do. July 16,1933 215 ..832 ' . Oft 20 12 Na

K

292

3.8

600 .8 175 .30 99

184 Southern Pacific Ry .Sept.17,1931

July 18,1933
600

245

705

366

il/3.9 8.9 2.1 443 — 182 1.2 31

223 Otis Walker .36 14 11 332 688 3.3 166 .61 80

a/224 Texas-Louisiana
Power Company

Jan.13,1916 1,038 . 1,496 *^* 20 11 — —— 261 — 767 — 95

ajZZo do. May 9, 1910 812 --682 — 7,8 2,5 261 379 6.5 198 =-. 30

227* do. July 18,1933 763 *B22 .20 8.5 3.0 Na

K

311

3.9

478 1.1 230 .20 34

230 Pan American Refin

ing Corp.
July 19,1933 611 L.B11 .82 7.7 3.1 Na

K

305

3.8

578 1.6 162 .12 32

239 Texas City Terminal
Railway

do. 855 .. .590 1.0 9.2 3.4 Na

K

371

3.5

511 .8 305 .20 37

254 City of Galveston July 22,1933 843 . . 852 .13 20 6.6 Na

K

302

3.8

331 1.2 330 .10 77

264 do. Mar.29,1935 843 i. 979 il5 26 8.0 356 333 2.6 422 .38 98

279 H. J. Mouna July 22,1933 120 <c765 1.9 42 30 229 626 12 140 ft.fr , 228

.20 131

291 Hitchcock Ice &

Fuel Company

293"L. Schansa

do:

do. 720

208Oct. 10,1930

a/ Analysis by Houston Laboratories,
d/ Iron and aluminum oxides.

^W 0.47 8.7 3.5

<i/. 7 22 5.8

Na 213

K 2.2

399 1.3 124 0.05 36

304 — 302 — 79

I

CO
I



Analyses of water from wells in Galveston County—Continued
(Parts per million.)

Well

No.

Owner

Date of Total

collec- Depth dissolved Iron
tion (feet) solids (Fe)

Cal- Magnes- Sodium and Bica_> Sul- Chlo- Ni- Total
cium ium Potassium bonate phate ride trate hardDsos
(Ca) (Mg) (Na / K) (HC03) (S04) (Cl) (NO2) as ©.€&

(Calc.) ~ (Calc.)
July 22,1933 533 569 3.3 7.1 2.8 T226 431
July 19,1933 710 690 1.5 6.8 2.5 269 447

351 - Derringer
355 P. H. Naschke

356 R. L. Whitburn"
360 Sinclair Refinery

No. 3

July .18,1933 117 846

July 19,1933 1,030 1,875

412 Galveston Ice & Cold May 10, 1932 1,345 5,840
Storage Company

.89 49 18

.38 28 12

274

:m 580

K 6.0

2.2 90 54 N& £,096
K 2300-0 W^r __» ^*a^^^^ ^yiy.ay

a/416 Gulf Colorado and Jan. 1, 1932 1,088 1,800 j|/4.8
Santa Fe R.R.

16 6.3 676

417 Geo. Sealy July 2, 1927 1,000 1,705
a/ Analysis by Houston Laboratories.
d/ Iron and aluminum oxides.

54 31 588

Analyses of water from v/ells in Fort Bend County, Texas

1.5 118 .05 29

1.2 189 .15 28

664 2.2 171 4.5 196
350 1.2 940 .50 119

331 ,6 35981 .0 446

446 .9 830 — 66

726 648 — 262

2 S. A. & A. P. R.R. May 14.1931

Aug. 7,1933

900

70 — mm

4/2.6 47 4.9. -~r~ 222 u- 38 0.23 .138

23 G. Phillips — -- — — 360 11 242 6.0 402

27 Southern Pacific liy. May 14,1931
June 2,1936

200

733 -H—
d/3.4 77 6.5 — 294 — 50 ,.23 219

53a Sugarland Ind. — -- —
— 232 12 61 — 237

54 do. do. 1,606 337 — 14 i.5.9. 115.. 257 18 57 .25 59

70 State of Texas Aug.16,1933 240 340 .02 56 17 55 279 13 62 .0 210

71 Sinclair-Prairie Oil

Company
Aug. 15,1933 285 £88 .08 44 11 72 277 15 49 .10 155

74 State of Texas do. 304 WS .04 9.3 2.9 302 376 17 257 .53 35

91a House Estate June 8,1936 350? 313 — 14 — 74 398 1 37 .0 145

d/ Iron and aluminum oxides.

1

en
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1
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