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GROUND-FATER RECOURCES OF

BOONE COUNTY, INDIANA

By Edwin A, Brown

ABSTRACT

Boone County is in central Indiana on the drainage divide between the
West Pork of Thite River and the abash River. The county is rectangular
in shape, comprising L27 square miles, Lebanon, the county seat, is in the
center of the county, about 27 miles northwest of Indianapclis,

The topography is mainly that of a rather level, gently undulating tiil
plain, traversed by relatively small streams and the remnants of a moraine.

A chain of low morainal knolls itrends northwest diagonally across the center
v

of the county. Kames and kame-like structures are common, The greatest

local relief (about 75 feet) éccurs in the southeastern part of the county
where the morainal hills are cut by the tributaries of fagle Creek, which
flows southward, draining the eastern part of the county. OSugar Creek, a
somewhat larger stream, flows westward and drains the northern half of the
county, The headwaters of Eel River, flowing southwestward, drain the south-
central and southwestern parts of the county.,

According to U, 5., “eather Bureaun data, the nermal annual precipitation
at Thitestown is 39,7h inches and the humidity averages about 70 percent.
The mean annual air temperature is 51.3° F, The county is vrincipally an

agricultural center with a few industries in the larger communities, Three



of the municipalities have a population greater than 1,000, Numerous small
agricultural communities are common throughout the county.

A mantle of glacial drift, at least 354 feet thick according to one
record, covers the entire county with the exception of a bedrock outcrop
along the bed of Sugar Creek on the county line in the northwestern part of
the county. The rocks cropping out beneath the drift are Paleozoic in age,
ranging from the Middle Devonian limestones in the east to lower Mississippian
sediments in the west, The rocks apparenﬁly dip west-southwest at a rate of
about 25 feet per mile, A few wells indicate that the formations below the
Devonian yield mineralized water. The best bedrock wells--which, however,
do not have large yields-=obtain water from the Devonian limestones and Mis-
sissippian limestones, sandstones, and other clastic sediments.

The topography of the buried bedrock surface is relatively rugged. The
main bedrock drainage syztem follows rather c¢leosely the present course of
Svgar Creek., In the areas of the Devonian rocks, the slopes of the bedrock
surface are gentle. However, the contact of the Mississippian and Devonian
formations is marked by a steep escarpment trending nsrihwest through the
approximate center of the county. The buried upland in the western part of
the county is dissected by ravine-like valleys.

The major part of the county outside the valleys of Sugar Creek, Zagle
Creek, and the headwaters of Eel River is underlain by gravelly till or "blue
clay" containing interbedded depnsits of sand and gravel outwash. The
surficial materials in the northeastern part of the county are considered
to be deposits of the Bloomington morainic system and those in the scuth-
western part of the Champaign morainic system.

Outwash terrace remnants are moderately extensive along thé valleys of
Bagle and Sugar Crecks. Many kames and kame-like deposits of sand and gravel

ars seattarad tbhroughout the ccunty.,



The buried sand and gravel deposits within the drift are fairly numerous,
especially in the upper part, but usually are thin and not extensive over
broad areas. They are believed to be comnected hydraulically, however, and
furnish the major part of the ground water used in the'county. Thick units
of fine sand, many of which contain well-preserved vegetal material and com-
bustible gas, are fairly common, Buried swamp-type muck deposits containing
vegetal remains were reported in several wells, Yellow clay is present
within the drift at various levels, OSuch evidence suggests that some of
the drift is of Illinoian age or older. The thicker deposits of sand and
gravel are more common in the bedrock valleys than in the adjacent bedrock
unland areas, The glacial deposits of Boone County are extremely complex.

The glacial deposits of Boone County form a large underground reservoir
in which large gquantities of water are stored. The reservoir is replenished
by recharge from precipitation and is depleted by losses from evaperation
and plant use, by natural drainage of ground water into streams, and by
purping from wells.

Throughout most of the county, ground water occurs under artesian con-
ditions~--that is, it is confined under artesian pressure., Flowing wells
occur in several areas mainly along the vaileys of the present streams. The
piezometric surface, in general, is similar to the surface btopography, and
ground water discharges naturally into Sugar and Eagle Creeks,

Records of water levels in observation wells show that water levels in
Boone County have a seasonal fluctuation of about 8 to 10 feet, generally
being highest in April or kay and lowest in November or Yecember. In the
vicinities of the larger communities where ground water is used for municipal
and industrial purposes, the water levels in many wells are affected to a
large extent by pumping from the municipal and industrial wells.,

Water levels doubtless have declined throughout the county to a certain
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extent, but the decline during the past 10 years, except where affected by
pumping, has been negligible. The general trends in ground-water levels are
similar to trends in precipitation throughout most of the county.

Ground water is used principally for domestic, stock-watering, public
supply, inducstrial, railroad, air-conditioning, and other wurposes. The
vater is obtained chiefly from drilled and from dug wells: The commnities
of Lebanon, Zionsville, Thorntown, and Jamestown have municipally ovmed and
operated waterworks, and Advance is constructing one at present,

In general, the ground water is generally satisfactory from a sanitary
standpoint, but it is high in mineral content. The high iron content and
hardness are the chief objections for present usage, According to the
chemical analyses of waters from-public supvplies, the average iron content
is about-1.2 parts per million, the average alkalinity about 260 te 370
parts as calcium carbonate, the average total hardness about 300 to L50 parts,
and the average hydrogen-ion concentration, or pH valuve, agout 7.5. The
mean temperature of the ground water measured in water from 21 wells and 3
springs during 1947 sras about 52,59 F,

The present pumpage of ground water in Boone County is estimated to be
about 500 million gallons a year, of which about 200 million gallons a year
is used in the lebanon area, It is also estimated that nearly 200 million
gallons of water a year is wasted by the uncontrolled discharge of flowing
wells throughout the county,

The municipal water sﬂpnly of Lebanon is taken from wells tapoing three
zones of glacial sand and gravel aquifers at depths of about 50, 10G, and 220
feet. The shallow zone is apnarently relatively poor as a scurce of vater,
as snhovn by the operational difficulties in maintaining adequate yields from
wells in this zone. The intermediate zone is the main source of supply at

the present %4ime. Coeflicients of transmissibility and storage in this zone




were determined by pumping tests to be 10,000 gallons per day per foot and
.7 X lO'h, respectively., Differences in specific capacities and well loss
in the four wells tapping the intermediate zone suggest that there may be 3
highly permeable lens.of sand and gravellin the southmest part of the well
filled that is not present in the northeastern part. It appears likely that
additional water might be cbtained from the deeper zone from widely spaced
wells,

The future potentialities of ground-water supplies in Boone County ap-
pear to be fairly promising, particularly for small supplies. The complexity
of the glacial deposits make the correlation of individual aquifers difficult
and often impossible, and considerable test drilling may be required to
locate sand and gravel deposits of sufficient thickness and areal extent to
provide adequate water supplies. ‘Care should be taken in developing new
supplies, in rehabilitating and maintaining existing vells and well fields,
and in conserving ground water for beneficial use. “ells should be spaced
as far apart aé possible to avoid excessive interference between wells,

The sand and gravel terrace deposits along the valleys of Sugar and
Eagle Creeks apnear to be potentially the most productive sources of ground
water in the county, Next in importance are the buried lenses of sand and
gravel, many of which are described in the report. In the development of
new sources of supply, the importance of test drilling and test pumping can-
not be overemphasized. Information on nearby existing wells should be
utilized vhere possible.

The waste of water from flowing wells should be reduced to prevent the
lowering of ground-water levels and the depletion of ground-water supplies.

Tables of well records and chemical analyses of water from the several
public water-supply systems, and maps showing the surface topography, lo-
cations of wells, topnocgraphy of the bedrock surface, data on the aquifers

and the piezometric surface, are included in the report.
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GROUND<"ATER RESOURCES OF BOONE COUNTY, INDIAPA

INTRODUCTION

STATE-TIDE COOPERATIVE FROGRANM

A cooperative investigation of the ground-water resocurces of Indiana
by the Indiana Department of Conservation and the Geological Survey, United
States Department of the Interior, has been in progress since 1935. The
Department of Conservation was represented prior to 1943 by the Division of
Geology, from 1943 to 19L5 by the Division of Zrgineering, and since that
time by the Division of Water Resources., Detailed investigations of the
ground-water resources of individual areas, generally counties, are being
made as a part of the larger State-wide project. The present report is tﬁe
second areal report to be prepared since the detailed county investigations
were started in 1943, thé first being a report on the South Bend area, vt,
éoseph County. }/ The areas of Indiana on which reports have been released,
the area described in this report, and the areas under investigation are
shown in figure 1,

The present investigation was made under the general supervision of
C. H. Bechert, Director, Division of Yater Resources,lindiana Department of
Conservation, and O. E, keinger and A. N, Sayre, successive chiefs of the

Division of Ground Yater, U, S. Geological Survey,

PURFCEE AMD SCOPE
The importance of ground water as a natural rescurce has increased

considerably in recent years in both rural and urban areas, The increased

i/

='alaer, F, H,, Jr., and Stallman, R, '',, Ground-water resources of St,
Joseoh County, Indiuna; Part 1, South Bend area: Indiana Dept. Cons., Div.
ater Raesources Bull., 3, 1%L8,
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availability of electricity and the demand for better sanitary facilities

on farms and the increasing demand for water by municipalities and industries
in towns and cities have resulted in a greater demand for dependable ground-
water supplies, The City of Lebanon, the county seat of Boone County, has
‘had difficulty for seweral years in maintaining an adequate supply of water
from wells during periods of peak demand., In response to a request from the
officials of the Lebanon Utilities, Inc., a municipally owned and operated
corporation, a preliminary investigation of the ground-water resources of
the Lebanon area was made in May 19L5 by F, H, Klaer, Jr,, of the U. 5, Geo-
logical Survey, as a part of the State-wide investigation. The results of
this work, released in typewritten form, included a sumnary of the available
information on ground-water supply in the Lebanon area and pointed out the |
need for a detailed study of the ground-waier resources of the entire county
in order to obtain the basic information needed for the proper and economic
maintenance of the existing ground-water supply. The county investigation,
the results of which are presented in this report, was started in December
1945 in cooperation with the City of Lebanon.

The investigation as proposed included the detailed study of the sur-
face and subsurface geology of the entire county to determine the thickness,
areal extent, and outcrop areas of water-bearing and non-~water-bearing for-
mations, and their relations to potential sowrces of recharge; the relation
of changes in ground-water levels to precipitation, vumping, and other
factors; the seasonal and long-term trends in ground-water levels; the run-
ning of pumping tests to determine the hydraulic characteristics of the
water-bearing formations; and a study of chemical analyses of ground water
to determine the quality of water in each water-bhearing zone and the changes

in quality over a period of time,
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SUMMARY CF FIEID "ORK

A preliminary investigation of the available_information on the geo-
logy and ground water resources of the Lebanon area was made by F. H. Klaer,
Jr., in Nay 1945, During 1945 several observation wells were established
and regular measurements of water levels in these wells were started on
October 26, 1945, and have been continued todate, by Fred Price of the
Lebanon Utilities, Inc, Two observation wells had been established rzar
Lebanon in the fall of 1935 as a nart of the State-wide observation well
program, but measurehents of water levels had been discontinued in October
L1, ieasurements of water levels in these wells were resumed in 19,5,

Information on other wells vas obtained by B, ¥, Swartz and the vwriter
during January 1946, The well inventory was resumed in Jenuary 1947 by the
writer and was continued through July 1947. The surficial deposits and
glacial geology of the county were studied and mapped by ¥, 1, Thornbury, of
Indiana tniversity, and the writer in avgust 1946, Pumping tests were made
in the municipal well field at Lebanon in February 1947 by R, 7, Stallman,
assisted by B, W, Swartz, ¥, L, Ballard, and D. T, King. Surface elsvations
at wells on which information had been obtained were determined by the

writer in July and Augush 1947, using a Paulin altimeter and bench marks

established by the U, S. Coast and Geodetic Survey,

ACKNOYLEDGMENTS
The author rishes to acknowledge the heleful assistance giver br the
officials and other rembers of cities, toms, and industries, in providing
informatisn on existing wells and water supplies, &92cial thanks are due

b

the many well drilliers, particularly those listed on rages 10 and 11 of *his
report, who vrovided much af *he information included in the “:biea of el

records in anppendix A,

The employnes of thne Lebinon Utilitiss, Inc,, T. J. Burrin, Lanager,
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Fred Price, and others, have helped greatly in providing information, making
water-level measurements, and assisting on pumping tests in the Lebanon area,
The aerial photographs provided by the State Highway Commission of
Indiana have been used to great advantage in studying the topography and
drainage of Boone County. Chemical analyses in appendix 7 were made by the
Indiana State Board of Health, Data on pumpage from the public water-supply
¢ystems of the several cities and towns of Boone County were provided by the
Public Service Commission of Indiana,

Thanks are due F, H, Klaer, Jr., under whose supérvision the irvesti-
gation was made, for his guidance and criticism throughout the project, and

R, ™., Stallman for his suggestions and criticism of the report,

PREVIOUS ™ORK

Information on the geology, geography, and ground-water resources of
Boone County is given in several published reports, One of the earliest
publications is that by Gorby and Lee (?),E/Fhich includes a general dis-
cussion of the geography and geclogy and contains detailed logs of many wells,
leverett (10} presents a brief description of the geography of the county
and detailed discussions and logs of many wells, including some of those
published by Gorby and Lee. Capp's report (L) gives a more detailed account
of the ground-water geology and resources of the county, containing records
of wells, water levels, and chemical analyses of ground waters, Leverett
and Taylor (11) discuss in considerable detail the glacial geology of the
county in relation to the surrounding regicn and include many logs of wells,
mostly those from former reports. Harrell's publication (B) is a general
sum:ary of the ground-water geology and resowurces of the county based mainly
on information in previous reports. Tharp and Quinn (17) give a brief dis-

cussion of the topography, drainage, and agriculture of the county and a

2/
-/gee references in bibliography, appendix D,

~9 -



detailed discussion of the soils, iuch of the information in this report

on the geology and glacial histery has been taken from these publications,

“ZLL RECCRDE

¥uch information on the geclogy and ground-water resources of a given
area can be obtained by a study of existing wells and the records obtained
during tne drilling of wells and tese holes. In EBeoone County, information
on wells and well drilling vas obtained from well owners, residents, and
well drillers. The records thus obtained are swmarized and tabniated in
anpendix A, The locations of the individual wells are shown cn nlaie 2,
The records of wells in appendix A have been provided in large part by

the following well drillers, who gave freely of their time and information

to help in the present study:

John Bomaine Clayton
Flem Bowrd Lebanon
“Willard English. Clayton

R, A, fiplt and Sons Darlington
A, R, Kelly Frankfort
Claude iersey Lebanon
Clyde Lersey Lebanon
James Kersey Lebanoﬂ
tloble biger Cclfax
Charles Krauss & fons Indiananolis

Harold Lister
Ray Lister
#amn Lomax
farl kerritt

Thomas “alton

- 13 =
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horntown
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heridan
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Zionsville



It should be realized that many of the well data included in appendix
A were obtained mainly from conversation ang not from written records, In-
formation obtained from different persons regarding the same well was somne-
times differant, and it was not poszible to check much of the information
obtained. iany of the wells in Boone Ccunty are sealed at the top or other-
wice constructed in such a way as to prevent the measurement of the total
depth or of the wzter level. The author has attempted to sresent the bact
data availzble where questions e:dst, and where sericus disgj ~reement nas
been found the uncertainty is indicated by a question mark,

In order to facilitate the identification of a particular well, each
well is assigned & number., In the nurbering system adopted for use in
Indiana, the well number has a geographic significance taat enables its lo-
cation to be detzrmined within a l-square-mile section.

Boone County centains all or parte of 15 tovmships of larpd as it is
divided in the *ovmsnip and range system of the General Land Office. 2ach
of these townships is designated by a capital letter, startinrg with A and
lettering alphabetically from the wz termmost ioundary in the northern tier
and vroceeding eastward, then dropping one tier scuth, following the same

plan of lettering alvhabetically eastward. {See nlan in lower vight corney

The well number includes “the prefix "Bo" to designate Boone County.
To this is added the capital letiter indicating the townchip in which the
well is located, ard to this group of letiers is added the number of the
section of the tovmship within ~taich the well is located. Tnis irirartite

symbol of the well number irdicates the greegraphic location of the well,

To this symbol is added a number vhich identifies the individual well

of wa2ll ovmer. It is seravated from the former symbol by a dash. If cne

—

nwner has savoeral v 2 within tlie same cection, additicnal identifying




numbers are given to each of thece wells, These numbers are added to the
geographic symbols and owner's number following a desh, Test wells are
designated by the letter T before the last number in the well-numbered
symbol, Gas or oil wells are decigrated by the letter ¢ and a dash vhich
appears in front of the county prefix. Observation wells are noted by the
letter © and a dash which appear before the county prefix, Those parts of
the geographic tripartite symbol for vhich the informaticn is not Krown are

replaced by question marks, fxamples cof well numbers are BoAlk-1, Bo¥F36-1-10,

and G-30 7?-1,

Some of those wells for which only a general location is known are
listed first in apnendix A, They are given an identification in numerical
crder as the information was recorded. A few records of wells in sSurrounding
counties are included in this repert. The county prefix for these vells is

shorn on plate 2, and at the end of the tables in appendix A.



GENIRAL DESTRIPTION OF T'E AREA

CCATION AND ST7E

Boone County is in central Indiana. Lebanon, the county seat and the
largest city, is at the geographic center of the county {see »nl. 1}, about
27 miles northwest of Indiarapolis, The intersection of longitude 86030’
and latitude L0OP00!' is about 2% miles south and 1% miles west of the county
courthouse in Lebanon, through the center of which the second princinal
meridian of Indiana runs. The county is rectangular in shape, being zbout
2h miles in an east-west direction and about 17% miles in a north-south

direction, and compriszes zbout L27 square miles, Its population according

to the U, 8, Census was 22,081 in 15h0, and 22,290 in 1930.

TOPSGRAPEY AN DRATNAGE

The area under discussion lies within the Tipbton Till Plain rhysio-
graphic division of central Indiana, The land surface ranges in elevation
from about 77L feet above mean s=a level, along Sugsr Creek at the Montgomery
County line, to about 978 feet cn knolls % miles east-southeast of Lebanon
in see. 3, T, 18 ¥,, R, 1 E., and about 5 miles scuth-southwast of Lebanon
in sec, 34, T. 18 ¥., R. 1 W,, 25 determined by altimeter traverses. The
contours of the land surface shown on plate 1 were based on the bench marks
established by the U, £, Coast and Geodetic Survey, 110 of which are located
along the major highways in the county,

The land is an almost flat to gently relling plain cn the broad divide
between the drainage basins of the 7abash River and the “est Fork of “hite
River., The slopes throuchout most of the county are very gentle and the
local relief is generally less than 30 feet within ar area of several square

miles, & helt of morainal krolls runc diagonally across the county from the
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northwest to the southeast corner, having somewhat greater local relief a-
long its margins,

The natural drainage on the uplands throughout most of the county is
generally very poor. According to Gorby and Lee {7, p. 152) there were
originally many depressions in rhich water accumulated to form swamps and
bogs of considerable depth. The greater number of these areas are now drained
by open ditches and tile. During periods of heavy rainfzll, however, nany
fields are flooded for several veeks because of slow drainage through the
tile drains.

Near the streams the slopes are more proncunced, especially along Zagle
Creek, which flows south in the eastern part of the county. In the area of
its headwaters between Whitestown and Zionsville, where morzinal hills are
common, the topography is the most rugged in the county. Eagle Creck and
its tributaries are youthful streams with V-shaped valleys, The gradient of
Eagle Creek is estimated to be about 9 feet per mile, and the local relief
between the stream and the uplands may be as much 2s 75 feet,

Zugar Creek, flowing west across the northern part of the county, and
its tributaries drain the major roart of the county., It is somewhzt nore
mature than Zagle Creek, its gradient being estimated as about 5 feet Der
mile. It has a relatively broad villey with rather gentle slopes, the local
relief between the flcod nlain and the valley walls being about 50 feet.

Little Sugar Creek and "alnut Fork are minor drainage lires in the
vestern part of the county. They flow west, Joining Sugar Creek in ontgomery
County. Big Racoon Creek, draining the southwestern part of the county, flows
southwest to join the Wabash River near Lontezuma.

A major part of south'estern and south-central Boore County is driined
by the headwaters of Eel River., The three main tributnries, Horth Fork of

“alnut Creek. Edlin Ditch, ~nd {irassey 3ranch, have low gradients estimated
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as 2.k, 2.9, and 2,7 feet per mile, respectively. They are small, shallow
streams, following the original drainage lines in a broad, shalloy basin or
depression with an outlet near Jamestomn,

Tithin this area are some mounds or knolls thot have elevations similar
to those on the drainage divide betrsen Sugar and Eagle Creeks, They are in
alinement with this divide, the axis of which would form a gently curved arc
across the entire county from northeact to southwest, bending toverd the
scutheast.

CLIMATE

The U. S. Weather Bureau has maintained a station in southenstern Boone
County since harch 18%96. It was first located in Nortnfield but was trans-
ferred b miles southwest to “hitestown in November 1908. The climatclogical
data given in this report are it2ken from the records {18) of this station,

The climate of Boone County is typical of that of the interior Mid-
western States; i.e., rather cold winters, hot sumrers, a relatively high
humidity, and considerable precipitation, The mean annual air temperature
is 51.39 P, The temperzture has ranged from a maximum of 1052 F, to 2 minimum
of ~14° ¥, in the last 10 years. <The growing seacon betwesn killing frosts
has averaged 162 days in this period, The prevailing winds are from the
southwest. The humidity in this general region ayeraged about 70 percent

for the period 19Lh-L6, =

vl

cording to records of the U, S. eather Bureau
stntion at the Indisnapolis municipal airnort.
Table 1. Annual preciritation, in inches, at Northfield, 1896-1507,

and “hitestown, (1908-L47), Indiana. (U. €. @ecther Surecu data.)

YEAR FREC TP TTA TN ?féﬂ CemLIPLTATION TIAR FR=CIPIT\TION
L1 n/

1896/ 35,6502 191 30.31 1932 40.73

1897 25.30 1915 L5,.20 1933 33.13
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Table 1, {Con't,),

YEAR PRICIPITATION 124R FROSCTIPITAT ION YRAR FPAECIPITATION
1898 L7.54 1916 37.15 1934 27.34
1899 32.90 1917 L0,90 1935 36,69
1900 36.08 1918 k2.3l 1936 32,30
1901 30,3k 1919 37.88 1937 43.52
1902 33.25 1920 3547 1938 W07
1903 37.12 1921 L2.93 1939 36.12
190, 37.60 1922 Lh.13 1940 27.37
1905 40.15 1023 hé.hh 1941 29.32
1906 38.94 192k 39.81 142 38.75
1907 37.49 125 26.76 1943 3k.13
19062/ 28,99 1526 50.25 191, 3147
1909 50,31 1927 L47.89 19445 L8.61
1910 26.55.2 1920 h1.L9 1946 35,88
1911 38.13 1929 19,93 18h7 36.98
1912 37.75 1530 33.k2

1913 Lh .52 1531 35.12

2/ Northfield.
E/ Incomplete record,

e/ Hhitestorn.

Accordirg to the U, 2, "‘eather Eureau, the normal annval precipitation
at “hitestorm is 35.7L inches. The total anmusl rrecinitation at Horthfield
(1896-1907), and “hitestorm (1503-117), ic miven in tabie 1 and is shown in
figure 2.

The Iour yeare of grenalesi rainfall were 1979, 1925, 1529, and 1945;

and the four years of locst rainfall were 193k, 1940, 1998, and 1941, in
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order from highest to leowest, Since 1930 there hove been five years during
which precipitation was 6 inches or more helow normal ard only one year
during vhich precipitation was 6 inches or more above normal,
The normal monthly and seasonal precipitation at “hitestorm is shown
in table 2,
Table 2., Normal pracinitation, in inches, at "hitestown, Ind., by
monthe and seasons. (U. S. Weather Bursau.,)
Tinter Spring Summer Autumn
Dec, 2.65 Mar, L.09 June 3,63 Sept.  3.h6
Jan., 2.98 Apr.  3.57 July 3,55 Oct, 2.79
Feb, 1.99 May .05 Aug, 3,28 Nov. 2.70
7.62 1T71 1916 8.95
March or ay usually is the wettest month and February usually is the
driest, The heaviest precinzitation of the year genera2lly occurs during the
spring, when conditions for ground-water recharre are favorable hecauss
evapo-transpiration losses are low and temperatures are usually sufficiently

high to permit thawing of frezen ground.

GENFRAL GECGRAPHY

The city of Lebanon is situated on an upland flat, near the center of
the main drainage divide of the county, on the upper reaches of Prairie Creek.
It had a vpopulatin of 6,529 in 1940, and 6,445 in 1930, according to U. S.
Census data, The figure is doubtless somevhat larger now, owing to the
migration of vopulation to the tovns and cities during the war years,
Lebanon is an expanding industrial and =2gricultural center. Industries in-
clude stcker and gther he=ting-equipment producticn, bus-body fabricatien,
assorted iron and steel products, canning, a milk plant, and other smaller

vwied dndusbrics. It is on main lines of the Ner York Cantral and Fennsyl-
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vania Railroads 2nd is a terminus of the Central Indiann Railroad., Three
major highways pass through the town. (See pl. 1 and fig, 2.)

Zionsville, which had a population of 1,314 in 1940, and 1,131 in
1930, is mainly a residential ard esricultural community. It is in the
southeastern corner of the county on the upland of the west bank of Eagle
Creek, Several large o0il and gas tank farms, pumping stations, and 2n oil
refinery are lecated in MHarion County avout 2 miles scuth of the torm, and
a lerge bio-chemical plant is just south of the tovm,

Thorntorm, which had a population of 1,226 in 1940, and 1,325 in 1930,
is an agriculturzl town ~ith minor industriss., It is on the scuth bank and
uplands of Sugar Creek at its junction with Prairie Creelk, in tha northwestern
part of the county,

Jamestom is a small acricultural and industrial community cn the county
line in the southwestern sesction of the county, on the norihvest bank of Eel
River, It had a populstion of $83 in 1930. A pumping station of an oil and
gas company is located just southeast of the town in H2ndricks County.

Advance, pepulation 365 in 19,0, is a small agricultural community 5
miles north of Jamestovn,

Numernis smaller communities are rather evenly dis*ributad over the

county,
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AT It L "? 1 n ) asr
ROCKS AND THEIR RELAT!QN TO THE OCCURRENCE OF GRVUj? "ATER

The eccurrence of ground water is controlled largely by the geolegic
and hydrologic characteristics and relationships af the various rocks and
soils of the earth's crust. The rocks of Boone County may bé divided ints
two general proups: the consolidated Paleszoic sediments, or bedrock forma-
tions, and the unconsolidated Pleistocene glacirl deposits. Ground-water
conditions in the twn groups are auite different.

The bedrock is buried under a mantle of glacial drift over practically
the entire county. The only outcrop of bedrock known to the vriter is in
the bed of Sugar Creek in the northwestern part of the coﬁnty. The outcrop
Serves as the foundation for the bridge on the hontgomery-Boecne County line
road, a quarter of a mile north of State Highway L7. The greatest thickness
of glacial drift on record is 354 feet, in well BoK17-1 (pl. 2). In this
well limestone was struck at that depth, Other wells that penetrated great
thicknesses of glacial drift are: SoKS;h-2, 350 feet; G-Ba?%2-2, 3L2 feet;
BoB3S-1, 320 feet; BoC5-1, 314 feet; and G-Ba?2-3, 285 feet.

The majority of wells in Boone County derive their water supply from
sand and gravel in the glacial drift; detailed records of wells penetrating
bedrock are relatively scarce. i:ost of the informatien en the bedrock was
obtained from wells in the western part of the county, where the elevation

of the bedrock is greater and the glacial deposits are thinner,

BEDRCCK GEOLCGY

Rock Units and Their Vater-Bearing Properties

The general succession of rack formations uncerlying Boone County and
their water-be ring properties are shown in table 3. As the majerity af

wells in Boora County obtain their water supplies from the glacial drift cr
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Table 3. Generalized seotion of the geologlo formations of Boone County &/

System

Stratigraphio Unit

Character of Material

Ground-Water Conditions

Qua ternary

Alluvium

Clay, ailt, send, mnd
gravel in bottom of
larger atrsams

¥oderats supplies avalladle from
sands and gravels. Depcosits are
fine-grained and lees permeablse
than the glaclal outwssh depos-
its. Limited in Boone County to
velleys of main streams.

Wisconsin glacial
drife

7111 {boulder olay),
sand end gravel

Moderats to sbundant supplies
from outwash deposits of sand
and gravel; moderate suppliaes
from lenses of send and gravel
interbedded with till. Smuall
aupplies from dug wells in ¢113.

Flaistocens

Illinoian glacial
drif't

Till {boulder olay),
sand and gravel

Moderate %o abundsnt supplies
from outwash deposits of sand
end gravel; moderate supplies
from lenses of sand and gravel
interbedded with t111.

Older glacial drift?h/

Red clay ebove bedrook,
in southeestemn part off
sounty

Unimportant as a aocurce of
ground water. Generally necss-
sary to drill into umderlying
bedroosk formations to get ada-
quate supplies.

Borden group
S Edwardeville Shale, siltstone, snd
A g formation sandetons
% ‘é F lgg’f‘:ag::: Lime stone Small aupplies from limestona
s 'E Caerwood formation Sandstone and siltstond °F ssndstone layers.
sﬁ' Looust Point Shaly siltstone, and
- g formation shals
- = New Providencs Shale and sandetone
5 s shale
S Rockford limestone Limestone Unimportant ag a source of water,
New Albany shale Blaok end brown shals | Meager supplies only. Kay aup~
hg ply a few domestioc wells in
§ Boons County. Water likely %o
§ bs rather highly minerslized.
o & | Jeffersenville {(7) White to gray limestonq Moderate to sbundant supplies
g ("Corniferous") g/ much orevicad and chan< from orevices. Supplies meager
§ limestone neled in soms places where limestone is dense, with’
fow arevices.
S Niagara limestcne Blue to buff limestone, Moderate te abundant supplies
'g massive to orystalline, from crevicea. Supplies meager
~ eroviced in places where limestones are dense, with
w faw orovices.

Ordovician

Cinoinnetian series

Shales, with a faew
thin interbedded lime-
gtonesa

Unimportent as a source of
ground water.

Ordo- |Ordo~

Middle|Upper

Trenton limestone 4/

Magaive limestones, in
piaces dolomitie

Yields salt water; alao gax and
0il in relatively small quanti-
ties in soms places.

vician| vician |viclian

Ordo—

Lower

84, Petar sandatons

Porous sandstons

Smell supplies of highly
mineralized water.




Table

b,

Ce

d.

3. feneralized section of the geologic formations of Boone County 3/
{continued)

Based on section by C. L. McQuinness in “Gro%Pd-water resowrces of the
Indianapolis area, Marion County, Indiena¥:*<ud i Dept., -Goasewvhsiony €iv.,
of Geology, pp.l6~19, (mimeographed) Jan. 1, 1943, modified by the writer,
Hay be residual soil or deposit of pre-Pleistocene age.

The Mississippian is regarded by the U, S. Geological Survey as a series
of the Carboniferous system and by the Indiana Division of Geology as a
separate system.

Geologic names in common use by drillers.
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from the upper bedrock formations, detailed informaticn on the deeper bed-
rock formations is incomplete.

The regional dip of the bedrock formations is west—southwesf and the
younger formations are present only in the western part of the county, These
are the shales and siltstones {perhaps the Carwood formation) of the Borden
group of wississippian ave, which are underlain by the Rockford limestone,

New Albany shale of Devonian age, Under-

also of kississippian are, and the
iying the New Albany shale in the central and western prts of the county
and immediately underlying the glacial drift in the esastern rart of the
county are the limestones of Devcnian age., The locations of wells that pene-

trated bedrock and the type of bedrock penetrated are shevn in plete 3. The

logs of wells penetrating bedrock are included in apmendix B.

Silurian and Ordoviecian Rocks

Several wells in Boone County that penetrate the Silurian and Crdovician
formations are G-Bo?7-1 at Lebanon, G-Bo??-li at Therntorm, G-Ro??-7 at Zions-
ville, BoF36-1-11 at Lebanon, and 3-BoE3L-? nezr Rosston. The well near
Rosston is the deepest knovm in the county (1,825 feet), penetrating the St.
Peter sandstone of Ordovician age. The well was reported tc yield mineralized
water from the St. Peter sandstone at a depth of 1,670 feet and salt water
(10 gallons per hour) from the Trenton "1lime" between depths of 1,0L8 and
1,142 feet, A L7-foot sirntum of limestone {probably of Niagarsn age) at a
depth of 515 feet was also reported to be water bearing (app, B). In well
BoF36-1-11 at Lebanon, the lirestone (probably of Niagaran age) L07 feet
thick did not yield sufficien% water for municigal supply, although in other
parts of the state the livestones of Niagaran age genernally yield moderate
supplies of water to wells, Conditions do not appaar faverable for obtaining
moderate to large suppliss of potable water from the Silnrion =nd wdovicinn

formatinne in Bumne Moty
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Devonian Rocks
Limestones
The limestones of Devonian age are the uppermost bedrock formations in
the eastern part of the county, east of a line running northrest from the
southeast corner of the county through Zionsville, betwesen “hitestown and
Gadsden, and near Pike. The wells in vhich the Devonian limestonss were
found at the bedrock surfoce are included in table i, with the elevations

of the top of the limestones and the thicknesses penetrated

Table L

Wells in Boone County penetrating Devonian limestones

Well Type of rock Thickness Elevation of Position
{feet) top, in feet
above mean
sea level
BoB35-1 Probably ? 590 At bedrock surface
limestone
Bo35-1 Lirestone ? 623 do,
BolLllj-2 Blue Limestone 17 720 do.
Bol27-1-1 Limestone 10 676 do,
HaE31-1 do. 19 727 do.
3~Bo??-) "Corniferous! 37 160 Below New Albany shale
limestone
(Ly p. 7h; 6, p. 2633 12, p.L5)
G-Bo?7-7 "Devonian lime- 76 625 do.

Sstone with san
stone at base®

(12, p. L)

BoH31-2-1 Hard white 93 656 Below shale
limestone

G-BoH3L-2 Limestone; 67 713 do.
water

DoL7-1 Limestone 65+ 693 . do.

The mention of sandstone at the "base of the Bevonian limestone® in
the log of well G-Bo??-7 is the only known record in Boone County of what
may be the Pendleton sandstone or its correlative, The limestone is known
to be water bearing in the wells given above, except in wells (G-Bo?7?7-l and

G-Bo??-7, fer »tdich no information is available. The yields of the wells
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are generally ample for domestic and farm use. The water from well BoLll-2
was reported to be slightly mineralized and that from well HaB3l-l was re-

ported to be somewhat "oily.®

New Albany shale

liany wells in the eastern and southeastern parts of the county have
penetrated & black shale, the New Albany shale of Upper Devonian age, which
overlies the mi’dle Devonian limestones. Its complete thickness in the
eastern half of the county is not known, the greatest thickness penetrated
being 90 feet in well BoH31-2-2 where it is the uppermost bedrock formation
at an elevation of 751 feet above sea level,

Wells in which the complete thickness of the New Alvany shale was
drilled are G-Bo??-h, at Thorntown, in which 87 feet of "Hamilton shale® _
(New Alnany) was reported, snd BoF36-1-11, in Lebanon, in which 75 feet of
black shale was logged., It is probable that much of the 20k feet of blue
and black shales in well G-Bo?%-~1 and possibly all the shale in well G-Bo?7-2,
both in Lebanon, is the Mew Albany. Shale was reported as the uppermost
bedrock in well BoKS-l-2 at an elevaticn of 570 feet above sea level. This
is probably the New Albany shale, as the top of the New Albany was reported
at an elevation of 607 feet sbove sea level in well BoKh-1-2, about a mile
northeast, If so, this is the westernmost point knowm where the New Aibany
shale forms the bedrock surface. The New Albany shale generally does not

yvield water to wells in sufficient quantities to be considered as 2 source

of water supply.

Mississipnian Rocks

Rockford limestone
The Rockford limestone, which marks the base of the Mississippian, is

a relatively thin (generally less than 20 feet thick) but rather persistent
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limestone, It was found in Lebmnon in well BoF36-1-11, at zn elevation of
601 feet above sea lavel, where 7 feet of limestone is overlain by 10C feel
of blue shale and is underlain by 75 feet of black shale. About 3 miles
south of Lebanon, in well BoK17-1, 7 feet of non-water-bearing limestone,
which is probably the Rockford, was found 2t an elevation of about 600 feet
above sea level,

In the sastern part of the county, a Zimestone aquifer was found 2t an
alevation of about 760 fzet above sea level in wells RoHlh-1, BoH16-1l, and
BoH20-1, The elevation of the limestone in relation to that of the ilew
Albany shale in nearby wells indicates that the limestone lies above the
black shale and, therefore, is probably the Rockford, The limestone was 18
feet thick in well BoHlh-1 and 12 feet thick in well BoH20-1, The Rockford

limectone generally does not yield large cuantities of water to wells,

Borden grouﬁ

The majority of the wells in the southwestern half of the county thnt
penetrate bedrock end in rocks of the Borden group of Mississinopian age.
Rocks of this group have been described by drillers as "socapstone,! "blue
shale," Ygreen shale," "limestone," "sandstone," "porous rock,! and "hard
white rock," The Borden group in its.outcrop area in southern Indiana has
been described in detail by Stockdale (15). It is pointed out that there
is considzrable wvariation in lithology both vertically ard laterélly, and
major changes in the type and character of the formrticns are common.
Stockdale {pl., 2, column 3), has separated the Borden group in southern
Indiana into the following formations: |

Formationn Lithologic character Averare thickness
(in feet)

Edwordsville x~inly sandstone, shole, 50-55
forration and siltstone, with lecal
limestone reef deposits
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Formation Lithologic character Average thickness

(in feet}
Floyds Knob formation Limestone and shale 2-6
Carwood formation Sandstones, siltstone, and 115-120
shale, with local limestone
reef deposits
Locust Point formation 3iltstone, sandstone, shale 120-130
New Providence shale Kenwood beds -~ sandstone and 200

shale. {"soapstone) .
Argillacdsous slrale (soapstene
with local limestone reef deposits)

He also reports (15, p, 62), that the Borden group becomes thicker from
South to north and from east to west. The maximum thickness of the Borden
group in Beone County is not known., A well at Thorntown {G-Bo??2<L) showed
238 feet of “Subcarboniferous limestone and shale® (6, p. 233 L, p. 7h; 12,
p. 15},

A study of well logs and of the elevations at which the Mississippian-
Devonian contact was encountered indicate that the base of the Borden group

dips southwestward at a rate of from about 15 to LO feet per mile, the aver-

age dip being about 25 feet, or less, per mile.

¥ew Providence shale. - According to Stockdale {15), although the New

Providence shale, like the other formations of the Berden group, may vary
widely in character, it is usually an argillaceous shale, commonly knovm by
many well drillers as "soapstone.® The blue shale or “soapstone" generally
is not water bearing, The logs of several wells in the central and western
parts of the county showed the presence of sandstones and "yellow limestones"
about 230 feet above the base of the Mississippian strata., The "yellow
limestone” may be an iron-stained calcareous sandstone. These strata are
believed to be in the unper part of the New Providenca shala < perhaps at

ther hase of the Loeenst Point Sorwation,
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The eastern limit of the formations qf the Borden group, including the
basal New Providence shale, runs roughly parallel to and 1 to 2 miles east _
of U, 5. Highway 52, as indicated by the logs in about 25 wells, This coin-
cides fairly well with the line of the buried “Knobstoneﬁ escarpment as
shown in plate 3,

In general the.Ngw P@Evidence shales yield little or no water to wells,
although the sandstone and "yellow limestones' in the uoper part may yield

sufficient water for domestic and stock use,

Locust Point formation, - In southern Indiana the Locust Point formation

is composed mainly of alternating sandstones, siltstones, and shales with
interbedded calcareous lenses., In Boone County many of the bedrock strata
between 230 and 370 feet.above the base of the Borden group are reported to
be limsstone. It is possible that the "limestones" in reality may be cal-
careoys sandstone, or the Locust Point formation may be largely calcareous
in Boone County. ilost of the so-called *limestone" équifers that produce
sufficient water for domestic and stock use are in this interval, as shown
by wells 30d8-1 (12 feet of white limestone), Bod15-2-1 (15 feet of lime-

stone), and BoL36-1 (18 feet of limestone).

Carwood, Flovds Knob, and Edwardsville formations., - The remainder of

the bedrock formatiéns ¢f the Borden group in Boone County £all in the in-
terval between 370 and L70 feet above the base of the group, The upper 100~
foot interval may represent the Carwood formation and may perhaps include
part of the Floyds Krob and Edwardsville formations,

In southern Indiana the Carwood is mainly a sandstone with minor shale

and silfstone lenzes., The only sandstone reperted in this interval is that

found in well HaAlé-1-1, in Hamilton County in vhich its thickness is not
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recorded. The elevation of the sandstone is about 390 feet above the base
of the RBorden group., In Boonz Ccounty several "limestone” aquifers that
supply sufficient water for domestic and stock use occur in this interval,
such as those found in wells BoI18-1-3 {5 feet of yellow porcus rock},
Rol2¢-1 (70 feet of hard white limestone), and Boiil5-1-3 (17 fe=t of white
porcus limestone).

As described zbove, much of the bedrock is listed as blue shale. This
type of rock does not seem to be diagnostic as the term is used to describe
the bedrock at many elevations and in many different areas, It does sug-
gest, howevaer, that the rock is in the Borden group, Nost of the drillers
report that water is obiainsd from crevices in this type of rock and from
nonporous limestones and sandstones, The crevices are reported to decrease
in z2bundance with depth, s¢ that if water is nét obtained in the upper part
of the rock the chances of success decrease accordingly. The loge of certain
wells, such as Bokl0-6-5 (L12 feet of soft blue shale), G-Bo??-L (238 feet
of "Subcarboniferous"” limestone and shale), and Boli9-2-1 (123 feet of soft
blue shale}, probably are not sufficiently accurate or detailed for corrsl-
ative purpcses.

The only outcrop of bedrock in Bocne County knovn teo the »riter, the
location of which is descrimed on page 19, is a licht- to medium-drab to
greenish-gray fine-grained silistone containing 2 mincr percentage of mica
flakes and sand grains, It aprears to be slightly peorous and centalns a
small percentage of small pyrite inclusiors, Imall inpressions ahout 10
millimeters in length and 2 millimeters in width, with varallel lines along
the long axis, ore belisved to te plant remaing, Irregular, hairlike im-
pressions suggest wrm btraiis,
ragments of the relatively "Iresh" unoxidized rock do net react to

ccld or warm hydrochloric scid., The surlace of the rocks of the cutcrop is




buff to dark brown to black, oxidirned, leached, somewhal pcrous, and iron-
stained. The rocks have a bloclky appearance and a hackly fracture, Certain
parts of the outcrop are reported by a local well driller to contain *Indian
beads," the description of which suggests crinoid columnals.

This outcrop occurs probably about 3hS feet above the base of the Borden
group. 1ts stratigraphic location is in the upper part of the Locust Point
formation, but it is possible that the rocks are basal beds of the Carwocd
formation. The reported abundance of crinoid columnals and the topographic
location seem to favor the latisr hypothesis. The Carwood formeticn is the
resistant rock that caps the Knobstone escarpment in many places in gouthern
Indiana, However, the Locust Point formation is also found at the crests of

some hills in the outercp area in southern Indiana,

TOPOGRAPEY OF THE BZDROCK SWRFACE

The topography of the bedrock erosion surface in Boone County as shown
in plate 3 is consi&erably rougher than the topography of the present sur-
face. Because of the unequal distribution of wells drilled to bedrock, the
detail of mapping throughout the county is variable, The accuracy of the
map is dependent on that of the available well records, and as additional
information is obtained revision of the map will doubtless be necessary,

The wells in which bedrock has the highest elevations are BoJ26-L
(limestone at an elevation of 91 feet) and BoJ26-5 (limestone at 907 feet},
in Milledgeville, and BeI?2-1 (shale at 899 feet), in Advance; and the wells
with lowest bedrock elevations are Bo335-1 (bedrock at 59C feet), near Pike,
and BoK5-h~2 (shale at 590 feet) and BoK17-1 (limectone at approximately
600 feet), just southeast of Lebanon. The relief based on the measured el-
evation of bedrock in individual wells is, therefore, 2bout 32L feet, but
according to the conteour map the relief within the county may be ag much as

L0O0O feet,



The contours of elevation show an 2scarpment paralleling the trace of
the kississippian-Dévonian contact described above, A similar escarpment
occcurs in the ouberop area of the Borden group in southern Indiana, because
of differential erosion of the more resistant rocks of the Borden group and
the less resistant MNew Albany shale.

It is noted that east of this buried escarpment the bedrock slepes are
rather gentle and uniform, averaging about 70 to 86 feet per mile, but that
west of it the topography apvears as a rather well defined plateau with
relatively flat uplands and almost precipitous ravines. The highest ela-
vation east of the escarpment is on a bedrock mound in secs. 9, 10, 15, and
16, T. 19 M., R. 2 E, 7lell HeZ30~1, east of this area in Hamilton County,
entered limestone at an elevation of 800 feet, est of the escarpment the
plateau averages about £00 to 890 feet in elevation, with the exceptions in
Milledgeville and Advance previously mentioned. The elevation of the bed-
rock upland declines to about 800 feet near Thorntown, Tweo mounds that
reach elevations of 820 to 830 feet occur 2 miles north of Lebanon and mide
way between Royalton and Zionsville, respectively. These are probably out-
liers of hississipnian rocks.

The former drainage pattern of the bedrock erosion surface agrees
generally with the regional subsurface drainage of central Indiana. The
main tributary to the main trunk stream headed south through the center of
Te 19 N., R. 1 B, It drained practically the entire e2stern half and the
extreme southern part of the county., The dashed line extending northeast
from Lebanon on plate 3 indicates the possioility that the bedrock drainage
entering Lebanen from the seuth might have drained along this line instead

of turning northrest, az shown,
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GIACTAL GIOLOGY

1lacial History

Following withdrawal of the shallow continental s2as in which the sed-
iments were deposited during the Paleozoic era, the land surface was sub-
jected to weathering and erosion. The rock strata became consolidated and
were gently folded, and erosion and weathering removed a large quantity of
rock material, The surface topography, as shown by plate 3, was quite
similar to parts of southern Indiana teday.

During the Pleistocens epoch of geologic time, climatic changes causéd
the accumulation of large masses of snow and ice in the northern part of
North America., As the accumulation continued, the ice masses expanded
horizontally,.with the greatest expansion to the south. The large masses
of ice and snow, called continental glaciers, advanced at a faster rate in
troughs or depressicns than on the upland., The ice fronts became irregular
as the rate and directicn of movement of the ice front varied because of
changes in climatic conditicns, The glacial history and the conditions under
which the glacial materials of 3oone Ccounty were deposited were rather
complex,

The major glacial stages, during which the ice sheets covered much of
the North Central States, were senarated by interglacial stages during which
the materials were subject to modification by weathering and erosion.
Climatic conditions during the interglacial stages may have been somewhat
similar to those of the present tirme, as shown by the presence of swamp de-
posits, buried trees, and other plants within the mass of glacial deposits.

According to publiched reportz on the glacial geolegy of the Ridwestern
States, Indiana was covered by at least two large continental ice sheets,
Minor advances and retresats of the ice front were commen during the major

stages,



Although the deposits of the Illinoian stage are the oldest glacial
deposits in Indiana for which identification has been definitely established,
an earlier glacial stage may be represented, In many localities in Indiaha
a bed of red clay and gravel that lies irmediately above the bedrock may
represent the Kansan or Hebraskan stage. The deposits of the earlier glacial
stage have been recognized in several states west of Indiana,

The Illinoian ice sheet covered nearly three-quarters of the State,
being absent only in a triangle-shaped area in south-central Indiana. “hare
the Illinoian deposits are exposed at the surface their thickness is gen-
erally less than 50 feect. They may be considerably thicker, however, in
central and northern Indiana,

The last ice sheet to cover central Indiana was that of the Yisconsin
stage, From west to east the southern boundary of Wisconsin glaciation exe
tends through Vigo, Parke, Putnam, Korgan, Sartholomew, Decatur, Yayette, and
franklin Counties, As the Wisconsin drift and underlying Illinoian drift
are quite similar in appearance and general character, it is difficult and
Sametimes impossible to determine the contact bHetwaen the deposits of the
two glacial stages. The meximum known thickness of corbired T11linai-m and
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Subsurface Glacial Deposits

The information on the subsuriace glacial materials of Boore County
must be obtained from records of wells, most of which are based on the nemory
of the well driller or s'mer, Actual crilling samples were seen in only a
few nlaces and 1% -wis ot rossible to obtain a complele set of samples for

any well, It should be rererbered that these deposits were laid down under
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a complex set of natural conditions and the materials may change radically
within short distances both horizentally and vertically, Several gravel-pit
operators claim that they have removed sand and gravel up to a nearly vertical
wall of blue clay. "ells within several feet of each other are reported to
have penetrated entirely different materials at similar depths, Specific
exanples of such differences’'were found in wells Bofi3i-L-1 and Bo31-hi-2;
and in BoK18-3-1 and BoK18-3-2, where one well struck a sand and gravel
27ulfer and the other, blue clay at the same depth,

The major part of the glacial material underlying the surface of Boone
County is described by drillers as "tough blue clay" with assorted stones
and boulders. This is typical boulder clay of glacial +ill, Interbedded
with the till deposits are beds and lenses of sand and gravel that serve as
underground reservoirs in which ground water is stored and from which water
Supplies can be obtained through wells, The sand and gravel deposits where
water bearing are called aguifers. Normally sand and gravel aguifers occur
at many different levels within the till deposits, but, becaus:z of their ir-
regular areal extent, in several locations in the county wells have been
drilled to bedrock without encountering an aquifer. Such failures were ra-
ported not only in the western part of the county where the drift is rela-
tively thin but also in the eastern nart when the drift cover is considerably
thicker. In many cases, however, nroductive wells were obtained within short
distances of the unsuccessful wells,

liost of the wells do not penetrate the full thickness of the aquifer
tapped. The general practice for farm and  demestic wells is to drill into
the water-bearing formation only 50 far as is necassary to obtain the de-
sired yield,

The elavation of the tope of glacial aquifers penetrated by wells in

Boone County are shovm on plate L and fligures 3 and L, These elevations are
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in feet above sea level, and in many cases are estimated on the basis of the
depths of vells. The thickness in fect and/or type of aquifer are noted
after the elevation for those wells in which this informatisn is knorn.

more detailed data are included in the well records. A study of the maps
and well records reveals that the elevations of the tops of aquifers in many
wells in the county are identical or nearly so, and that in ce-tain areas
some aquifers are evidently more cormon than others, This evidence, plus
the fact that there appear to be relatively immermeable beds of considerable
thickness between the aquifers, suggests that many of the aquifers weve
probavly deposited over many parts of the county on a relatively level sur-
face. The aquifers in certain wells may have beesn formed by the irregular
deposition of outwash or may be the remnants of sand and gravel deposits
partially removed by later erosion,

According to the well records, certain aquifers are rather ertensive
throughout the county outside the nresent stream vzlleys., The tovs of these
acquifers are found at elevations of 930, 903 to 908, &7k, (880), 830 to 840,
868+, (765-775), and 7L0 to 750 fest above sea level., These shown in paren-
theses are of relatively local importance,

The elevations above sea lavel of the tops of important acuifers in

different parts of specific areas are given below:

Sugar Cresk Zagle Creek Extreme

drainage drainage Southwest part  northecast part
Lebanon area aresa area of ccuq}g;_ of county
905 to 920 874 508 925 to 30 930
(892) 860 903 to 908 910 27l
875 730 to 83k 868 906 750 +
£60 820 e 8%6 Lo 900
820 to 838 803 720 38 to 890
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Sugar Creek Eagle Creek Extreme

drainage drainape Southrrest part  northeast part
Lebanon area area area of county of county
805 796 798 to 808 878 to 880
765 785 775 870

773 760 832 to 838

73L to 750 750 810 to 81

(g 7ho 78k to 788

701 to 706 730 7L0

662 to 666 70L

A spring in the M23SE} sec, 22, T, 19 W., R. 1%7,, cccurs at an ele-
vation of about 920 feet; springs and seeps in sec, 19 and 20, T, 20 N,,
R. 1 E., near the center of the NEX sec. 26, in the N3 sec. 25, and in the
SELSET sec. 23, T, 18 M., R. 2 E,, are at elevations of about 860 to 870
feet; and a spring numbered as well Bol25-2 is at an elevation of 837 feet,
A number of springs in the vicinity of 3ig Springs occwr at elevations of
915 to 935 feet,

lells in the Lebanon area reported to have perstrated aquifers B feet

or more are listed below:

Blevation of Thickness in feet,

Tell No. Ovner top of aguifer and type of aquifer
BoF36-1-11  Lebanon Utilities,Inc. 709 8+, Sand and gravel
ReF36~-1-104 do, 71lh+ 12, Gravel and quicksand
Bo331-2 Industrial Land Co. of 72k (or 716) 13 {(or 12), Sa1d and

Irdizanapolis zravel
BoK6-2-2 Joseph Tyre 7h3 10, Gravel
BoK5-2-1 do. 767 10, Gravel
30J1-3 PFennsvlvania R,R, 772 1L, Cemented gravel
BoK7-2 0. E. Faflin 795 10, Gravel



Elevation of

Thickness in feet,

Well No, Qvmer top of aquifer and type of aquifer

Bodl~3 Pennsylvania R,R. {Bo2) 30, Sand, gravel, and
boulders

BoF36-1-3 Lebanon Utilities,Incs. 833 10 or 40, Sard and grawel

Bof36-1-7 do. 8,2 19+, Sand and gravel

BoF36-1-8 do. 858 {or 843) 35+, Sand and gravel

BoK18-3-1 Seth Agan 856 10, Gravel and sand

BoF36-6 Pennsylvania R.R. 862+ 20, Sand

BoJ1l-1 Joseph LaBolle {863} 18, Quicksand

BoK6-1 Ed Piercol 871 (or 881) 10, Gravel overlain by
10 feet of sand

BoF 36~1-2 Lebanon Utilities,Inc, 886 12 Sand and gravel

BoF35-1-7  Dan Presser 0L 9,Gray gravel

Bo(:31-5 Indiana Condensed Milk  (912) 12, Gravel

Company

It is notable that the majority of wells in the Lebanon area that are re-

ported to penetrate thick aquifers are in the southern part of Lebanon and

south of it {fig. 3).

Cemented gravel was report in wells Badl-3 and Bor7~37 and as obeserved

in outcrops in sec, 23, T, 18 ¥,, R, 2 E,

Lenses of "fine sand" which may be water bearing in part are reported

in many localitias in the glacial drift.

sands, ranging in thickness from a

The greatest concentration of these

few inches to as much as 70 feet (in wells

BoJ22-1 and BoK30-2), is alorg the former drainage lines of the bedrock sur-

face, Beds of quicksand are reported in many wells near Sugar Creek.

Cther glacial materials of interest occur within the +ill in Boone

County, Although many of these materials have little direct significance to

the ground-water supnlies of the area, they do accist in the interpretation

of the glacial penlogy and, therefore, are discussed in this report,
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Gas, and vegetal material ranging in size from leaves and twigs to
branches and tree trunks greater than a foot in diamster {in well BcB19-2},
have been found in the glacial till of Boone County, The gas is reported to
be combustible in most cases, suggesting its source to be the buried vegetal
material undergoing decay. lost of the-wells in which g£as has baen reported
either yield small quantities over a rather long period, or else yield strong
flows for several minutes or hours and then practically ceaze giving off the
gas, However, well BoF26-~2-2, northwest of Lebanon, suprlied enough gas for
cooking purposes for one family for about a year before the pressure became
too low. The gas may have come from a 6-foot interval of sand and gravel at
a depth of 216 feet, although it did not gush forth until 8 feet of the
underlying blue shale bedrock was penetrated. Fine sand forming a cone about
150 feet in diameter and 3 feet high at the apex was blovm out of the well
by the gas pressure in a period of about 2l hours., Cas in well Bol7~1 is
believed by the owner to come from the limestone aquifer %tapped at a2 depth
of about 2L5 feet, under approximately LS feet of shale.

The elevations of the top of the deposits in which vegetal matter was
discovered are 676, 689, 70L, 730 to 737, 750 to 753, 760 to 0L, 778, 81
to 822, and 891 to 903 feet above sea level, The elevations at which gas
was found are 700, 720 to 7hO, 740, 820+, 850, 890, and 903 feet., The source
of the vegetal materials doubtless is vegetation that grew locally during
interglacial stages or substages and was later buried by glacial deposition,

Leverett believed that some of the formations drilled belonged to the
Illinoian or older drifts. (See notes regarding wells G-Bo??-2, at Lebanon,
and G-Bo?7-8, at Zionsville, in app. B.)

The term "hardpan® is used by drillers to describe several tyves of de-
posits. It is evident that some use this term to designate the usual bluish-

gray boulder 2law. come to designate a firm, uniform bluish-gray clay through
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which it is hard to drill, and zome to designate a yellow to reddish-brown
compact clay. There seems to be no consistent usage of this term,

A study of the locations of wells in which unusual thicknesses of sand
and buried vegetal matter are found shows that these deposits are confined
largely to areas that are underlain by the deeper V-shaped bedrock valleys,
It is notable that deposits ranging from 3 to 12 feet in thickness, con-
taining dark swémp—type muck in which leaves, twigs, and branches of %reses
are embedded, occur at depths of L6 to 61 feet below the surface in aresas
that aline closely with the position and directicn of a glacial sluiceway
mentioned by Leverett (11, p. 96). These deposits are penetrated by wells
BoH?-12, BoI?-16, and Bo?-22 at an elevation of about 895 feet above sea
level, Although well BoH?-12 lies northeast of the sluiceway in the morainal
area, and the muck is buried beneath the morainal deposits, the well is in
line with the sluiceway. These beds prchbably were deposited during a minor
retreat of the ice front during the Wisconsin stage.

& large elongated area along the headwaters of Zel River, heading into
the morainal hills trending northwest across the county from the vicinity
of Zionsville, has been mapped by Leverett (11, pl. 5), as a glacial sluice~
way for the meltwaters from the ice front that formed the moraine {pl. 1}.
He noted that the present étreams are now f£illing the channel, an indication
that the streams were probably larger than at preszent. The channel appears
to be quite shallow, as records of wells fail to show any tnick or extensive
depesits of outwash materials in this area. The greatest thickness of out-
wash noted is 70 fzat of sand, the top of whiech ic at an elevation of %31
feet, in well BoJ33-2. iany wwells throughout Boone County were rercrted to
penetrate a layer of sand and gravel, 2 to 10 fect thick, at elevatisns of
about 900 to 930 fzet above sea level, A comparissn of plates 1 and 3 shows

that the headwaters of Eel River largely cverlie deep ravires in the bedrock
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surface, except near Jamestown where the present stream crosses the buried
uplands of the bedrock,

Yellow clay is common in the drift. It is commonly present at the top
of the blue clay, but it alsc occurs at scattered horizons in the blue clay,
Sections at an outerop in the south side of Eagle Creek in the center of
the ¥37% sec. 1, T, 17 ¥., R. 2 E., and in gravel pits in the SELSWL sec.

10, T. 18 ¥., R. 1 W,, and in the \WAWINE} sec, 12, T. 17 N., R, 2 ¥., show
a leached and oxidized subsoil zone below a bluish-gray calcareous clay. A
2+ 10 23-foot zone of gumbotil is present above the subsoil zone in the
section mentioned second above, These occurrences may be the remnants of a
scil zone of the Illinoian or an older drifit.

If the drainage area of the headwaters of Bel River is the site of a
glacial sluiceway, as proposed by Leverett, it would have been of only local
importance because of its topographic position along the divide between the
Thite River and Wabash River drainage areas, Subsurface evidence agrees
with this, as described above., A possible explanation of this basinlike area
is that the moraine that was deposited diagonally across the county blocked
the drainage of the area of the headwaters of Eel River and the drainage of
the southeastern portion of the county from Zionsville and Northfield through
the area just north of Whitestown, as shown on the bedrock map {pl. 3},
causing réversal of flow and resulting in the present drainage pattern,in
which the headwaters of Eel River flow southwest and Bagle Creek flows south,
The morainal deposits are assumed to have filled in and built up the area
of the main valley tributary to ancestral Sugar Creek, and the mouths of most
of its tributaries, so that it became topographically high, (Compare pls.1l
and 3.} The position of the Sugar Creek-Eagle Craek drainage divide and the
highs at Milledgeville and north of Jamestown on the present surface, occur-

ring as a gently curved arc, might be explained by this hypothesis, or by
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the theory that this area is underlain by morainal deposits of an earlier

age, possibly Illinoian or earlier, or by a combination of both of these,

Surficial Glacial Deposits

The most extensive glacial deposit in Boone County is boulder clay or
glacial till, commonly referred to by well drillers and natives as Tolue
clay." This material is primarily a blue or gray clay containing varying
perzentages of angular rock fragments, sand, gravel, and silt, I% is derived
from materials picked up by the advancing ice sheets, ground in part inte a
rock "flour," and dropped in place without sorting or stratification when the
ice sheet became overloaded or when it melted. The till is compact and rel-
atively impermeable and generally yields only small quantities of water to
wells,

The surficial deposits of Boone County are mainly glacial till, which
forms a generally level to gently rolling plain known as a till plain or

groand moraine, The low mounds of the same general type of material, which

occur as a discontinuous belt running northwest from the southeastern part
of the county, were formed when the ice front remained at approximately the
fame position for a considerable time, They indicate the location of a
moraine,

The stratified coarse materials found along the major drainage lines in
Boone County are alluvial depcsits laid down by meltwaters which issued from
the glacier front when it remained stationary or retreated. They constitute

outwash or a "valley train,” In areas where sands and gravels were deposited

by meltwaters on an aluost flat surface, the deposit is called on outwash

plain. The fine materials were carried away by the water,
The numerous small depcsits of stratified gand and gravel scattered

ATer Rorra Cannder yare probobly deposited by streams within or at the base
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.of the glacier, They are known as kames. Fany of them are mounds that rise
above the general lond surface and others occur beleoy the surface at the
general plain level., Kost gravel pits in the county are in these deposits,

The trend of kames and associated deposits throughout the county is in
& northeast-southyest direction, similar to the present trend of Zel River.
The relatively uniform trend suggests that the ice sheet moved southrrest
across the county, which acoords with the direction of noverment suggested by
the deposits in nearby counties,

The relatively gr=at permeability of the surficial materials in areas
of Fox and Genescee s0ils, as shown on plate 1, allows water from precipite-
tion and, in places, from stream flow to percolate freely into the underlying
outwash deposits, from which the water is discharged into streams or by
evaporation and transpiration (use by vegetation), or is transmitted by slow
Seepage to less permeable adjacent deposits, The kames and associated gravel

deposits serve in a Similar manner,

echarge from precipitation doubtless occurs through the soil and glacial
t =] g

till in the area of ground moraine, Surface drsinage is poor and largs flat

areas or depressions slow up surface ruvnoff and srenote ground-—water recharge,

However, owRing to the low permeability of the till, the rate of recharge is

much less than that in areas of glacial outwash,
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GROUND VATTR AVD (ROUND-WATER LEVELS

GEZIRAL DISCUSSION

Water falling as precipitation on the earth's surface follows a complex
hydrologic cycle. Part of the precipitation retwrns to the air by evapor-
ation and transpiration; part runs off into surface streams, ditches, and
lakes; and nart gseeps intc the ground. That part that is stored in the

ground, generally temporarily, is called ground water.

The water that seeps into the ground tends to percolate dowrmrard through
obenings in the soil and rocks, including interstices between individual
fragments of rock and cracks and fissures in hard rocks,

to reach the zone

of saturation, in which the rock openings are filled with water,

The upper
surface of the zone of saturation, except where formed by an impermeable
body, is the water table,'and its position is shown in a general way by the

water levels 4n wells,

In areas where porous and permeable formations are present at the sur-

face and water from precipitation can reach the zone of saturation by direct

dovmvard percolation, water is said to ocour under vater-table conditions.

Yhere, horever, the water~bearing formations are overlain by relatively

impermeable formations and the water in the aquifers is confined under hy-

drostatic pressure, aprtesian conditions exist,

and the water levels in walls

vill rise above the bottom of the confining layer, Under artesian conditions,

the water levels in wells topping the confined aquifers rill shov the posi-

tion of the pressure-indicating or piczomotric surfnce. In Boone County,
Lo nt 26

ground water occurs under both artesian and water-table conditions in dif-

ferent places,

The water levels in many wells are recorded in the well tables as depth
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in feet below the land surface. Some of these levels are based on drillers!
and owners' reports, but many were measured by personnel of the U, S. Geo-
logical Survey. The latter measurements are indicated where the water level
is shown to the nearest tenth or hundredth of a foot, The elevations of
vater levels in feet above sea level in the individual wells are shown on
plate S5 and figure 5, which also show contours on the piezometric surface

or the wvater table. In some Jocalities the surface shom is the water table
but in others it is an artesian-pressure surface., No attempt has been made
to distinguish betrrecn the twe on the map. The contours in the extreme
southern part of the county, from Fayette to Jamestorm, are questionable
because of the scarcity of reliable data.

The elevations of water levels in the shallow wells (that is, wells
less than about 32 feet in depth), which include most of the dug wells, were
used with caution as a guide in contouring. In gencral, the water lovels
in decp and shallow wells fairly close to each other are nearly the same,
though in most localities the water levels in the shallow wells are slightly
higher than those in the deep wells, The meﬁn difference in water levels
between the deep and shallow wells was obscerved to be approximately 8 feet
in L7 localities where a shallow well and a deep vell are close together,
Hovever, it is believed that the aquifers of Boone County are connected
hydraulically even though they may be separated locally by relatively imper-
mecble beds. The lower woter levels in the deeper vwells indicate that water
is moving from the shallow into the deeper aquifers.,

The estimated elevation of the water surface of streams near bench
marks at vorious points in the county are shown on plate 5,

An examination of plote 5 shows that generally the piezometric surface
and water table conform writh the topography ~nd that ground water discharges

naturally to Sugar Creck and Eogle Creek. Discharge by cvapo-transpiration
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is discussed later, in the section on observation wells, The effects of
punping at Lebanon and Jamestown are alse indicated by cones of depression
of the piezometric swrface. (See fig., 5 for a more detailed picture of the
Lebanon area,) The high points on the piezometric surface in the area sup-
rounding Lebanon iﬁdicate possible areas of recharge from rainfall to the
ground-water reservoir, The depression in this surface neap the center of
Tps. 18 and 19 N,, R, 2 ., may be due to structural or textural features in
the bedrock allowing a relatively high rate of movement of the ground water
through it, inasmuch as the bedrock is close to the surface in this area,

There are a number of flowing wells in Boone County., They are Jocated
in areas in which the piezometric surface is higher than the ground surface,
mainly in valleys, They are indicated in the well records and are shown on
plate 5,

The strongest flows noted by the writer were from well BoB29-1-1, which
¥as reported to yield 250 to 300 gallons per minute from a 3-inch casing,
and well BoLll-3, vhich was observed to give about the zame yield from a
k-inch casing, Harrell (8, p., 132} reports that three flowing municipal
gravel wells at Thorntovm (probably vells BoA3S-1, 2, and 3), "produce an
unlimited quantity of vater, estimated as igh as one and cne-quarter mil-
lion gallons per day,® Cavps (L, p. 72) revorts that +oll (:-B0o??-33 in
1887 spouted an 8-inch jet of water 7 foct above the woll mouth, from
gravel at a depth of about 90 fzet, vhich he stated to indicate a flow of
over 3,000 gallons per minute,

Comparison of present water lovels with thogo given by Capps (L) in
1907 suggest some gzneral ducline in water lovel, It wes not possible to
locate many of the vlls listod by Capps or to determine the scason during
which the wator Loval wes feasurid,  Ricords of rator lowvels in past years,

oxceot those given b5y Capns, 2re -~1lmost nonaxistent, Of the 19 -a1ls or
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areas for which general comparisons qould be made,IIB showed nct declines
in water level ranging from a few feet to as much as 22 feet, 5 showed net
rises ranging from a few feet o as much as § feet, and 1, near Royalton,
showed noc net change, The apparent net declines in water level have oc-
curred in the vicinity of towns and cities, where pumpage of ground water
is doubtless much greater at present than in 1907.

Capps (L} reported the water level in a well 97 feet deep in Lebanon
municipal well field to be about 20 feet below the ground surface, The
highest water level in well BoF36-1-6, about 104 feet deep, during 1945,
1946, and 1947, was L2 feet below the surface, in 1947, showing a decline
of at least 22 feet in that well, one of the greatest declines reported in
the county,

Declines of water levels were noted in other wells in Lebanon, The
water level in well BoG3l-L-1 was reported to be 17 feet below the ground
surface when the well was drilled in 1910, The highest static level mea-
sured in recent years was about L0.S feet. A nearby well (BoG31-2), tapping
2 different aguifer, had the same general water level (18 feet below the
land surface in 1917 vhen the well vas drilled}. The hydrograph of this
well shows that there was ne apparent decline in the water level up to the
Spring of 1937.

An examination of plate %, figures 6, 7, and 8, and the well records
Suggests that the decline of water levels is due primarily, if not almost
totally, to pumping, and that cessation of pumping probably would result in
a rise of vater levels to stages comparable with those vwhen wells were first
drilled, -

Four wells listed in the records were reported to have "completely
drained" when nearby ditches vere oxcavated or deecpened; they are wells

RoF11-1, Ba®22_1.7, B8rT2-1-1, ~nd BoJ24~3, However, ncarby wells tapping
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the same aquifers as wells BoF22-1-1 and BoI2-l-1 were apparently unaffeected,
The originel water level olovatisns of thesc wells agree with the contours
of the water table drovm from other water-lovel elevations on plate 5, Tt
is possible that the wells may have been drained, but it is more likely that
the vater levels may have declined to a point below the suction of the pumps
or that the wells or pumps became plugged or otherwise faulty, suggesting

the complete "draining."

OBSERVATION WELIS

Regular measurements of water level were started in wells BoJ23-1-1 and
BoKh~1~1 in September and October 1935, respecﬁively, as part of a State-
wide observation-wcll program, Thesc wells are also identified as obser-—
vation wells O-Boore 1 ond O-Boone 2, respectively, The regular measurements
were discontinued in October 1941, but occasional measurements were made in
1942, 1943, 19LL, and 1945, Regular measurements were resumed in 1945 and
have been continued to date in well C-Boone 2, Well 0-Boone 1 was replaced
by well O-Boone 16 (BoJ23-1-2) in September 1946, These are abandoned shallow
wells, less than 25 feet deep, located in areas where there is no apparent
effect of pumping from other wells, Oraphs of water levels in these wells
are shown in figures 6 and 7.

The water levels in these wells usually rise during the winter and spring
vhen losses from evaporation and transpiration are at a minimum and vhen
conditions for recharge from precipitation are favorable. During the growing
season, from about the last weck in April to the second mweek in October,
losses by evaporation and transpiration are high and ground—ﬁater recharge
is small, so that the vater levels, particularly in shallow wells, generally
decline as the ground water moves to lower areas and is discharged into and
along the streams, Precipitation during the summer months is seldom ef-

fective in roising ground-water levels,
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Regular water-level measurements were made in an abandoned well, O-Boone
3 (BcG31~2), in the southeastern part of Lebanon, from October 1935 to April
1937, when the well was destroyed. This well was reported to be about 230
feet deep. The graph of water level in this well, whick also. appears on
figure 6, shows a maximum seasonal range of 8,6 feet for the period of
record,

The water-level records for wells O-Bocne E_(Boné-l-é) and O-Boone 10A
(BoF36-1-10A) were cbtained by automatic water-stage recorders installed in
May and October 1945, respectively, The first well is 10L feet deep and the
second, about 216 feet deep; both are abandoned wells in the Lebanon munic-
ipal well fiéld of Lebanon Utilities, Inc, (See fig, 9 and well records.)
Vater-level records for these wells reflect very clearly the effects of
pumping from other nearby wells in the same aquifers. OCraphs of the water
levels at 2 a.m, for each day of record are shown in figure 8. The great
decline of the water level of well O-Boone 10A (BoF36-1-104) in the swmer
of 1946 is due to the fact that BoF36-1-10 was pumped frequently, starting
early in June,

Regular weekly measurements of water levels in wells O-Boone 1l
(BoF36-1-11), O-Boane 12 {BoF36-1-12), O-Boone 13 {BoF25-1}, and O-Boone 1
(BoG@31-2) were started in October 1945. These wells are 193, 142, 18, and
13 feet deep, respectively. The first two are abandened wells in the |
Lebanon municipal well field (fig. 9). Their water levels are affected by
pumping, that in the latter well to a lesser degree than that in the former,
inasmuch as no pumped well of similar depth exists in this field, Well
O-Boone 11 also shows the great decline of water level during the summer of
1946, as mentioned above, “ell O-Boone 13 is an abandoned well in Grant

‘Memorial Park, on the north side of Lebanon, and well O-Boone i is near the
water tower in the central part of Lebanon (figs, 2 and 13). Graphs of the

water levels of these wells are shown in figure 7; that of well O-Boone 13
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is similar to those of wells 0-Boone 1, 2, and 16. The pumping of well
BoF25~1-2 during the warmer months may possibly affect the water level in
well O-Boone 13 to a small extent. The graph of the water level in well
O-Boone 1l shows the effect of pumping well BeG31-li-1, a2 15Li-foot well low-
cated about 575 feet west of it, Regular weekly measurements of the water
level in the latter well, which is pumped during spring, summer, and auwtumn
by an ice company for cooling purposes, were begun in February 1916,

The highest and lowest water levels measured in these observation vells
during 1946 and 1947 are listed below as depths in feet below the land sur-
face,

Table 5, Range in water level in observation wells, Boone County,
Indiana, in feet below land-surface datum, 1946-L7.

1916 1947
Highest Lovest Highest Loviest

Observation viater watar water watar

mell level Date level Date level Date level Date
0-Bo-1 0.97 3/18 — - ——— - —_—— _—
0-Bo-16 —— - 7.29  11/25 0.56 /21 6.10 11/28
0-Bo-2 2.52  3/15 9.18 10/11 2,15 s5/1 7.25  10/18
0-Bo-4 L5.50  L/8 67.60 2/16 h1l.,55  2/22  63.35 1/2k
0-80-104 13.59  5/10 51,17  10/13 30.1s b/1h sh,25 8/14
0-Bo-11 18.18  3/i5  52,L0  11/1 36,50 L/2L, 53,42 8/8
0-Bo-12 26.55 5/17  35.98 11/1 25,66 3/1h 33,36 8/21
0-Bo-13 3.49  5/2h 13.L7 12/8 2.83  5/1 12,73 1/10
0-Bo-1 36.70  1/25 50,1 8/23 35,78 10/ 50.0% 8/21
0-Bo-15 39.45  3/15 93.67  8/16  L0.1S  2/1h  99.60+ ?/185/

8/18

a/ Measuremsnts discontinued Aug, 18,

It should be noted that in all the vells except vells 0-Bo-104, -11,
and ~15, which are greatly afficted by pumping, both the highest and lovest
water levels reuched during 1947 werc from a tenth of a foot to several faoet
higher than similar lovels reached during 1946, although precinitatior at
“hitestorm during 1946 ras groater than during 1947,

The poriod of r.cord of vater lovilsin Boone County is too short for
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the determination of gencral trcends. The rocords do shorr, howvever, that
rater levels in Boone County in wells unaffocted op only slightly affeocted
by pumping have a scasonal fluctuation of about 7 to 15 foet. For this
reason, it is nccessary to continuc regular measurcments of water lavcl in
wclls over a period of years to determine general long-term tronds., The
scasonal fluctuation in wolls 0-Bo-104, -11, and -15 has basn considorably
greator, ranging from about 18 to mor: than 60 feet, owing in large part to
the effect of pumping,

BEarly in November 1947 the water levels ware mensurad in wells widely
distributed throughout the county. These levels werc compared with those
measured when the wéll inventory was mede in the first half of 1947. Three
wvells of the 72 meosured showed a rise in wnter level, These three are
ceen wells in the Lebanon area, vhere the fluctustion in the ~mount pumped
would zccount for the rise, Of these, the greatest rise (18.68 feet), was
in wrell BoF35-1-3. The remeining 59 wells showed 2 net decline in water
level., Twenty-five of these are shnllom (ﬁpproximataly 32 feet or less in
depth) and showed an aver~ge decline of -~bout ki feet, the greatest decline
in 2 well unnffected by pumping being 5.l feet, in well Bol23-3-1, Forty-
four wellslare deep and shqwed an overage decline of 1% feet, the greatest
decline being 4,08 feet, in well BoF3L~9, which is affected by little or no
pumping. The declines appe-r to be sensonnl, 2nd do not indicnte 2 general

dovmviard trend,

2



UTILIZATION OF GROUND WATZR

INTRODUCTION

Because of the relative ease in obtaining small supplies of ground
vater at low cost, ground w~ter is used more extensively than surface vater
in Boone County. All the municipal wnter-supply systems and nenrly =11 the
industrinl plonts that use substontial amounts of water depend on ground
water for their source of supply, 2s do also the rural users. Surface woter
is used for watering stock and woshing gravel, The water used for cooling
purpeses by the Indiznc Condensed Milk Co,, in Lebanon is taken from wnter-
filled gravel pits, which constitute, in effect, lorge dug wells, in the
southeast part of tovm., The Ohio 0il Co, plant in Hondricks County, just
southenast of Jamestown, is reported to use 2 continual supply of vnter

trken from Bel River,

YIELL CONSTRUCTION AMND OPERATION

There are several common tvpzs of wnter wolls in Boone County, 4 dug
vell is generally a shellow well consisting of 2 hol: dug in the éround.
Most of these wells are lined +rith somc motericl, such s brick, stone, tile,
or wood slots, to provent c2ving of the sides. Generally they are several
feet in diameter, and tap water-table or shallew artesian aquifers. An
vnusuzl dug well is BoF36-1-li, which is L7 feet deep and 30 feet in diameter,
and is lined with concrete,

Driven wells are constructed by driving into the ground a small-diameter
pipe, usually fitted with a well point and screen on the bottom section,
until an aquifer is penetrated or the screen is below the water table. They
are usually not deep.

The most common type of well in the county is the drilled well., In

recent years most new wells have boen drilled hecause of the speed with
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which they can be completed and the greater depths to which they can be
constructed, The depths and diameters of these wells vary greatly. CGen-
erally in Boone County the well casings are from 2 to 12 inches in diamster,
the municipal and industrial wells ranging between 6 and 12 inches, and the
more recently drilled domestic wells, 2 to Ly inches, This type of well, in
Boone County, is made by drilling a hole with a standard cable-tool rig by
the percussion method, through a metal casing driven into the hole, keeping
the drilling bit several feet ahead of the bottom of the casing. The rock
cuttings are bailed out frequently. ‘hen a suitable aguifer is penetrated,
the hole is drilled to a desired depth and the bit is withdrawn. In sand
and gravel wells a screen may be set in the bottom of the hole and the well
is bailed clean. Not all drillers use a screen, nor do all seal the screen
to the bobttom of the casing. Some drillers pump and surgz the well to re-
move the fine materisals from the aquifer suwrrounding the scrszn. No screen
is used in rock wells, and the casing generally is driven just to or into the
rock,

Various types of pumps and power are uscd on thase wrells, The driven
vells are cquipped with pitcher pumps and other types of hand pamps. Domestic
and stock wells are cequipped with all types of suction and 1ift pumps,
pitcher pumps, and Jjot pumps, oporated manually or by windmill or clectric
power, Municipal and industrial wells are gencrally cquiopoed with deep-

wiell turbine pumps or suction pumps, pewered by clectricity.

"ELL-WATER USE
liost of the rural or farm woclls arc widely scattoered throughout the
county, Many farms have twvo or morc wells, cne for domestic use and onc or
more for watcring stock, cooling milk, and goncral washing purposcs. These

wells generally are capable of producing sbout 10 zallons per minute.
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liost of the water from industrial wells is usced for cooling purposes,
meking steam, washing, and domostic uscs, These wells arc generally in or
near toms, Their production varics, ranging from a fow gallons up to
several hundred gallens per minute. Active industrial wells in the Lebanon
aroa areBoF35-1-7, BoF36-2-2, BoF36~3-2 and -3, BoF36-L, and BoG31-4-1 and
-3,

The water from municipal irells is uscd in 2 variety of public scrvices,.
such es domestic, industrial, stock watoring, miscellancous cooling, fire
fighting, somc irrigating, cte. Towns hoving municipal water-supply systoms,
211l of vhich utilize ground water, erc Lubanon, Zionsville, Thorntorm,
Jamestovn, and Advance., The wells of thesc systems are described in the

vell records and in the following scction,

PUBLIC WATER-SUPPLY SYSTELS
Labonon

According to Capps {4, p. 73) and the records of the Public Sorvice
Commission of Indicra, the municipal waterworks at lehanon was built and
started opecrations in 18%9L at the location on Chicago Stroet botween Klotz
and Kersey Streets, just north of Prairic Creck {fig. 9). The wrter supply
wrs obtained from threc wells, L3, 97, and 230 fect in depth. By 1907 four
more wells, 97 fect in depth and 8 inches in diameter, werc drilled, and one
hole was drilled to a depth of 816 foot (BoF356-1-11). This lattor hole was
reported to have beoen dynamited at 230 foet in an unsuccessful attempt to
make it a productive wnter well, Capps (L) states that the woter was distri-
buted from a st~ndpipe {(189,000-gallon copacity) and that a new underground
cement reservoir (500,000-gallon capacity) was completed by the end of 1907.

In 1947 the water supply was obtained from wells 1, 2, 3, L, 7, 8, ~nd
10. The loc~tions of these and other walls ot the witervorks ficld nre

shorm on figure 9. Tho water from tho active wolls in the field is pumped
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intc & raw-water reservoir with a capacity of about 150,000 gallons. Vell

i is pumped only when pumping from the other wells fails to maintain a
certain minimum level in the reservoir. The water is then treated and pumped
into a soft-water reserveoir of about L00,000-gallon capacity, from which it
is pumped into the distribution system by high-service pumps. & standpipe,
120 feet high and of a reported 300,000-gallon capacity, in the southeastern
part of town, 30 feet west of well BoGl3-3, about two-thirds of a mile from
the plant, maintains pressure in the system. The treatment consists of iron
removal and softening, accomplished by aeration followed by addition of
chemicals, coagulation, and sedimentation, Finally the water is chlorinated
and pumped into the distribution svstem.

Yithin the last several years there have been periods when continual
pumping from all the active w2lls barely produced enough water to satisfy
peak demands, Water levels in well 6 {0-Bo-l) indicate that, during 1947,
there was almost continuous pumping from its aquifer. Water levels in well
104 {0-Bo-1CA) indicate that well 10 was pumped somevhat less than half the
time during 1947, This condition is due to increased pumping to meet in-
creasing demands and to declines in yields of the wells. Total yearly
pumpage from the entire fisld for the period of racord is shown in table 6
and figure 10, #onthly pumpage for the last 3 years appears in table 7 and
figure 1l. Declines in yield of the wells are indicated by comparison of
reported capacities of the -wells 2t the time they were drilled and those
determined by pumping tosts during the present investigations. The deelines
in yield are due, at least in part, to ircrustation of the well scrzons and
aquifers nenar the screens by deposition of minerals and sediment caused by
the deerense of hydrostatic prossure, the reloase of dissolved carbon
dioxide, 2nd contact with 2ir, The deersas: in hydrostatic prossurs is due

Lo the lowering of witer lov:ils, which in turn is increased by intarfurence
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Table 6,

Year

1918
1916
1917
1918
1919
1920
1921
1922
1923
192k
1925
19264
1927
1928
1929
1930
1931
1932
1933
193y
1935
1936
1937
1938
1939
1sho
1gkl
1942
1943
19hL
1945
1946
1947

Total annual pumpage, in thousands of gallons, of
Boone County municipal waterworks systems

Lebanon

a/ 58,557
126,169
156,419
168,081
147,773
151,610
158,627
128,823
142,593
145,651
141,539
135,460
136,256
146,020
176,726
157,958
ih3,735
135,265
146,567
122,746
105,390
138,037
118,306
107,566
120,650
134,761
139,261
153,757
153,561
181,37L
175,k7k
176,900
188,519

a/ Pumpage
b/ Fumpage
c/ Pumpage

est,

Zionsville

b/ 1,029
¢/ 16,000
11,000
L,910
6,000

P

-8y -

est,
est.
est.
est,
est.

est.,
est,

Thorntown

from end of June to end of year,
from June 30, 191L, to Jure 30, 1915,
from June 30, 1915, to June 30, 1916,
Zstimated pumpage,

Janestown

€175
5})—1?5 est,
5,475 est,



Table 7. lMonthly pumpage, in thousands of gallons, of Lebanon
Utilities, Inc. waterworks

TR

}L.ONTH 1945 19L6 1947

January 1,287 12,651 14,536
February 12,208 12,772 13,084
March i, 790 13,7h0 1h,219
April 14,335 13,200 13,896
ay 15,h19 13,943 15,66L
June 15,6L0 15,606 15,909
July 16,h90 17,343 17,103
August 16,058 17,298 17,546
September 15,012 16,352 17,157
October 1,218 15,573 16,230
November 12,750 1,219 18,185
Decerber 12,567 1,201 1h,9h9

between closely spaced wells, The maximuwn distance beireen wells pumping
from the same formation is only about 200 feet {wells 1 and 3).

In 1943 an ~ttempt was made to incraase the yield of the well field by
acidizing rells 1, ?A, 7, and 8. Before acid treztment, well 7 was reported
to yield about 75 gallons per minute with a 33-fool dravdown, giving a
specific capacity of 2.3 gpm per foot of drawdown, Afier acidizing, the
vell yizlded 200 gpm with a 1i-foot drawdovn and had a specific capacity of
2.3 cpm per foot of drdovm, After acidizing, the well yizldod 200 gpm
with 1 Hi-foot drawmicwm and ad o gpecific capacity of 1.3 gom per foot
of drowdowmn, an incrcase in wrell @fficiency of more than 600 percent., The
yicld of well 24 wras not moterially improved and the well was abandoned.
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The information on the aquifer is gnined mainly from information on the
depths of wells and on scrazn settings. There apnesr to be thrce mein zones
of aquifers in the arsa of the municipal watorworks, as indicated Ly the
common 50—, 10h-, and 220-foot {aporoximate) depths of wolls, Apprrantly
these water-bearing zon:S ara separatoed by glacizal drift composcd mainly ¢

bluish-gray boulder clay. The shallowr zZone is vanped by wellz 24, 2, L, and
"5, a5 indicoted on figure 9, OF thsse, only wells 2 and b are active. The
clevation of the top of this zonc is about 885 fost above sca level oxe:ph
in well 5, in which there is svidently either 9 or 21 fest of gravel, the
top of which is 2t an =levation of 877+ fezt,
The intermediate zone is topped by wells 1, 3, 6, 7, and £, of which

all but well 6 are active, liost of the production of the field comes from

{

this zone. The slcvation of tho top of this zone and ite thickncss in
these wells vary groatly, according to the racords, ranging from on elovation
of about 833 feet to 843 feet above zoa lovel.
The dep zone iz tuapped by wells 154, 10, and 11, of +hich only well
10 is active. The elevation of fhe %o of this zone, trhich i3 2bout § feso

thick, is arproximately 710 foct, Ths only rocord of the aguifer of well 12

[w]

€ that the well was reportcd to have been drilled to a denth of 185 or 143
feet. It wac measwred and found to be 142 focot de::p. The hydroulic chor-
Acteristics of these wolls and of the aquifers they top, and relotions between

acuifers, arc discussed in the scetion an guantitaiive hydraulic chrractir-

il

It is roperted thot the muni cipal wabarworks of Ziongwille bosan vumbing
wator from a well 27 foot duip on January 1, 191h. No storape or troatmont

ph

of the wntur was maint-inid., About 19 S22 2 vy vell vas drilled to - d=pth
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of 110 fo t and it subsequently flowed. In 1921 the watervorks vas oper-
oting two wells {one 20 feet d-ep znd 10 fest in dicmeter. ond one 1L0 feet
deep ~nd & inches in di~meter) yielding ~bout 53,000 g-llons per dy. In
1937 & well (Bor2-1-3), zbout 70 feet desp, was drilled ~t the city building
on the southrest corner of Cedrr 2nd Elm Streets, Ouving to o decrense in
vield from 75 to 2F gallons per minute, probzbly dus to incrustntion, onother
well (BoP2-1-l), 7h fert deep, 15 drilled in 1939 2t the orocent punping
stntion on the west side of Elm Street betueen Pine rnd Howthorne Streets.
The yield of this well hns dacreased from 1n originnl 200 gollons par minute
with a 5-foot dramdovm to 125 gnllons psr minube with ~ L-foot dr~wdown in
July 1947. The latter well is usad for the torn supply and +ell BoP2-3-3

is uscd only in emergencies. Thu wrter is chlerinated and pumped into the
distribution system, A lO0,000;gtllon clevatad steol tonk, locnted on the

uplonds on the west side of town, maint7ins pressure in the distribution

system,
Thorntovm
ir December 1909 the municipnl vwat_rworks bo--n pumping woter from 2

well (BoA3S-1-1), 96 faoct doop, loentid -t the origircl pumping plant on tha
west side of Fuerl Stroet miduny betr.on inin and Bow Streosts.  Thoe water
wAS pumped into the distribution syst.z, including an 18,000-g=1lon ressr-
voir 3 fout below the stition 1.v.l =rd =~ L0O,U00-g~1lon ..l.v-tod tonk, 85
Set high, =% the plant., In 1515 2 now well (BoA35-1-2) wns drilled to o
depth of cither 103 or 113 fiet, closc to the originnl well. Both those
vells wore supplying the torm in 1920, In 1923 ~nother woll (BoA35-1-3},
116 £t doop, wos drilled in this same Locnlity. According to rocords of
the S~nborn Mnp Company of Mo Tork, on file ~t the Thorntorm city building,
211l three of these flowing == 1ls wior. oumned byt Setn dupliax double-

~cting stoom suction pumps in 5ot ombor 1926, tho wmtor boing purped to the
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System described above., Drillers and natives of Thorntown claim that a

deep (almost 1,000 feet) test well (BoA35-1-k) drilled hetween 1920 and

1930 was unsuccessful, In 1928 two new flowing wells (BoA35-1-5 and -6),
about 70 feet deep, were drilled in the valley of Prairie Creek at the basze
of the upland slope east of Front Street, in line with Church Street extended.
The new station was electrified and equpped with three centrifugal pumps,

A 50,000-gallon elevated steel storage tank at the old plant location main-
tains pressure in the distribution system, The flow of well BoA35-L, 150
feet south of the present municipal wells, is intermittent because of the

rumping of those wells.

In 1939 and 1940 the waterworks at Jamestorm was built and a 56-foot
well (Boifl0~6-1) was drilled ir the eastern part of tovm in a lot betreen
the railroad and State Highway 3L, A 75,000-gallon clevated steel tank,

. 100 feet high, was built 2,300 feet vest-nortirrust of this well, on higher
ground. In 19:1 a second well (Bol10-6-2) of similar depth was drilled

about 70 foet north-northrost of the first, Watir from those wells vas
puped by elcetric deep~vell turbine purps into the distribution system.

The two vells supplicd sufficient water to mect the needs of the torm until
about the middle of I9Lh7. About 1941 t-o unsuccessful waells had been drilled
in an attempt to augmsnt the supply, They are well Bokl0-6-3, 100 foct deep,
ncar the storage tank, and ell 3oK10-6-k, 185 feit docp, in the southwastorn
part of town. In 19L6 anothor attempt to obtzin mors water was made by
drilling v:11 Bow10-4-5 midray beotomen the teoo original =1clls, to a dopth

of 512 fict, It also »as a f2ilurc.  In July 1947 well BokilO-5-6 s drillsq
awout 870 £o0t cast of the teo pumpud wells, It wras criginally drilled to
10S foct, but it was finally madc into a supnly wull nt a depth of 31 faot,

IV w8 ruvorted to yield 50 gallons pour minuse +ith o 9-foot dravdorm after
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approximately 8 hours of pumping. DPlans worc made to put this well in op-
cration in the last half of 1947, as o roplocament for woll Bowl0-6-2., The
water from well Bowl0-6-2 ond from the original watoreorks rells was being
chlorinated in July 1947, 2lthough State reccrds show no treatment in ecrlier
years. It is noteworthy that this well is loctted in 2 small aren of Fox
silt loam (which is usunlly underizin by sand and gravel) in the southeistern
part of Jamestorm (see pl. 1). It should also be noted that this hole, s
well os others in Boone County, such as BoF35-1-7 and BoLl19-L-2, wns success-
ful at a shallow depth after deeper unsuccessful holes had been drilled.

This indicntes the importnnce of attempis to develop wells in witer-beuring

formations that do not nppenr ot first to be satisfactory nquifers,

Advonce

The tovn of Advance hnd cne or more public vells o5 errly as 1907.
Copps (L, p. 76-77) reports a 2-inch limertone =ell {(BoI23-1), 90 feet deep,
nalf a square south of the roilrosd st-tion. Two other vublic vells in the
center of tovm, equipped v-ith hand suction pumps, apparently vere drillad
2arly in the century. One of those is well Bol22-2,

in the laotter part of 1946 construction of o municipnl woterworks vns
begun. A 6-inch test well, 30123-3~1, wns drilled to » depth of 38 f.et in
the souths:storn part of town. Upon rocommendztion of the Trdinna State
Board of Henlth, n well (BoI23-3-2) for the municipnl supply vis drilied at
~ loczticn S0 foet south of the test well, to 2 denth of 45 foot, but did
not produc: a satisfactory yicld; the original =ll w~s reomed to o dismetor
of 10 inchus and plans to usc it 25 2 source of supnly vere made. It voas
reported to have a 23-foot drvdorn aftcr 2l hours of runping 7h gzollens
oer minuto,

Avnilable pumpago rocords for the municipnl ytor-supply systoms in

Boone Gounty are shovm in table &.

- 59 -



QUALITY OF “ATER

In general, ground water in Boone County is of good quality from o
bacterioclogical stondpeint ~nd only modirately high in mincral econtont.
105t wells yicld ecleium bicsrbonate wzter, vhich is hord and usually quite
high in iron content., Of the drilled wells for which rccords were obtained,
the vater from only two {BoF25-3 and BoL10-1-2} was reportcd to have boen
rejected for human uso by the Indicna Statc Bozrd of Honlth on the basis of
boeteriological analyses. The former yiclds wator containing rust- to flush-
colorcd soft material rzzembling skin and mucous discharge. ‘iell BoLl0-1-2
w2s 2 flowing well that yiclded water thot w28 cleer but had a "sulfur odor."
Both wells probably tep gravel aquifors; they are 89 and 109 foet deep,
respectively.

The water from the rajority of the wells is relatively hard and high
in iron content, Records of chemical analyses of ground water are limited
largely to waters of wells furnishing municipal supplies, These records
are found in Capps' report (L) and in the files of the Indiana State Board
of Health,

#ost of the analyses of the Lebanon supply were of water from the ray-
water supply. Those in recent years (1931 to 19L7) show an iron content
ranging from about 0.5 to 3,0 parts per million (average, 1.2 parts), an
alkalinity ranging from 3Lk to 396 parts as calcium carbonate, and a total
hardness ranging from 280 to Ii5k parts, 2lso expressed as caleium carbonate.
Dissolied solids were 352 ang 522 parts per willion, 2ccording to anal/ses
made in 1907, and §12 and 7931, parts, according to analyses mode in 193,
from two ~ets of analysez (made in 1235) of waters from diffaerant wells, the
order of wells, arranged from low to high in iron, alxalinity, and hxrdnese,
is Bole-1-1, -6, -2, -3, ~1C¢, -L, -9, -5, =nd -2. It is noierorthy that

the wells tapping the intermedi~te aquirer are first in this order (the water
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is best) and those tapping the shallow zone are last; and that, of those
tapping the intermediate zone, the ones on the puriphery of this group of
wells are first, and those toward the center, lost.

Analyses of the Zionsville water suppiy made from 1930 to 1946 shovw the
followiing ranges: iron, 0 to 11 parts per million; alkelinity, 148 to k30
parts; total hardness, 73 (2) to 521 parts. The chloride contont decransed
a1t the end of 1939 and romnined low through 1946, |

Analyses of the Thorntovm voter supnly, made from 1931 to 1946, show
the following ranges: iron, 0 to 9,6 (2) parts per million; alkalinity,

322 to L20 parts; total hardness, 36k to 1,88 prts. The chloride contint
decrcased here also in 1940 and remaincd low through 1946,

Analyses of the Jamestorm water suoply, made in 1942 and 1946, show the
folloving ranges; iron, 1.2 to 2.0 parts per million; alkalinity, 328 to
356 parts; total hordness, 258 to 269 parts,

Analyses of wvater from municipal wells in Advance, made in 1946 and
1947, show the following rosults: iron, S and 10 parts per million; alka-
linity, 370 and LOO parts; total hardness, 338 nnd 354 ports, respectively,

‘The above records show that the average iron contont of ground watcr in
Boone County is about 1,2 prrts por million or higher, and that the hardnoss
in most places is over 300 parts, The Jomestovm analyses show the lowest
hardness,

The high iron content of practically all well wnater is cvidoneed by the
rust-colorcd deposits on cquipment thot it contacts. The runoff strocms
from flowing volls hove depositod much rust-colored motepial ~long thoir
channels,

Yiells yielding votor thot is obviously sulfurous zrc Beid35-1-i and -5,
BoF36-1-7 and -8, BoJ2-1-1, Boll0-1-2, =nd Bo¥S-1., The water from the lost

well has a vory peculinr taste. It is reported to be purgative, and to do-
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posit a black film on metals it contacts., It is obtained from bedrock, as
is the water from wells BoF31-1 and BoLl-2., The water from well BoLlk-?2
becomes milky with precinitated iron on standing. Thelwater in well BoF3L-10,
which taps badrock, was reported to be very highly mineralized and especially
high in iron when the well vas drilled, but it improved considerably in
quality after it was used for several months.

On the basis of measurements made by the author during 1947, the mean
ground-water temperature in 21 wells and 3 springs rather well distributed
in the county was found to be about 52.50° F. This is 1.2° P, higher than
the mean annual air temperature as determined at the U, S, Yeather Bureau
station at “thitestown. These measurements were made at various times during
the year, The difference in temperature 5etween summer and winter measure-
ments was found to be 1° F, in well BoLlh~3 and 110 in spring Bol25-2, The
vater in vrell BoE31-1, which flows, was measured at 522 in the summer of 19h7.

This is probably the same well which Capps (L, p. 78) feports yielded
water with a temperature of 51° in 1907, The temperature of 50° F, reported
by Capps in well BoB?-L0 in {1907) is the lowest ground-water temperature
reported in the county., The lowest temperatures found in 1947 were in wells
Boli12-1, BoH21-1-2, and BoB23-1-2 and were 51%° F., 513° 7., and 51-3/4° F.,
respectively. The highest termperatures were found in wells BoH16-1, BoH1k-1,

and BoG27-1 and were 570 F., 540 7, ang 53%° 7., respectively. It is

noteworthy ‘that the two coldest waters and the two warmest waters measured
are in the same general area, the former occurring in gravel wells 20 and

LO feet deep, and the latter in limestone wells 216 feet deep.
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QUANTITATIVE HY RAULIC CHARANTIRISTICS OF "TATER-BEARING iAT ZTALS

TNTRODUCT IO

Pumping a well in a water-bearing formatiocn causes water levels to de~-
cline in the vicinity of the pumped well. The amount of water-level decline
caused by pumping a well at a given rate depends upon the hydraulic char-
acteristics of the formation, including the coefficients of storage, perme-
ability, and transmissibility, the areal extent of the formation, and the
rate and distributicn of recharge to and natural discharge from the formation.
The coefficisnts of storage, permeability, and transmissibility are deter-
mined by field or laboratory tests, The other significant factors involved

must be determined from analveis of geologic, hydroleogic, and climatic data,

DEFINITIONS

The coefficients of storage, permeability, and transmissibility of the
formation are hydraulic characteristics and define the ability of the forma-
ticn to store and transmit water.

In the zone of saturati-n, all connected spaces between the rock
particles are filled with water. ‘ihen the water table is lowered, the voids
in the zone of lowering are nartially drained under the influence of gravity,
but the rest of the water is held to the surfaces of the rock particles by
molecular forces. The ratio of (1) the volume of water relzased from
storage by gravity flow to {2) the total volurz of the drained rock (in-

cluding the voids) is called the svecific yield of the forimation, The

specific yield is a measure of the stored water availeble for withdrawal from
the formation under water-tacle conditionz. The ratio of the water retained

oy molecular forces to the tstal volume i5 the speciflic re

The ability of an artesian formztinon to store water is indicated by its

coelficient of storage, “Then tho hdrostatic pressure in the artesian for-
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mation is reduced, a resultant compression of the beds occurs, accompanied
by the release of a relat’vely small cuantity of water., The coefficient of
storage is the amount of water, in cubic fest, released from a vertical
column of the formaticon with a base 1 square foot in area, when the hydro-
static pressure is reduced 1 foot,

-

[he ability of a material to transmit water is indicated by its coefl-

ficient of permeability, which may be expressed quantitatively as the vcolume

of water, in gallons a day, that will pass through a cross-sectional area

of 1 square foot of materizl under a hydrauliic gradient of 1 foot per foot

-

at a temperature of &0° I The ccefficient of permeability of a2 formation

yote

$ dependent mainly on the uniformity of size, shape, sorting, and nacking
of the individual particles. The field coelficient of permeability is that
corrected to the local ground-vrater temperature,

The coefficient of transmiczibility of a given formstisn is the product

of the field coefficient of vermeability z ¢ the saturabed thickness of the
formaticn and is eupressed as the mquantity of water, in gallons a day, at
the prevailing temperature, that will pass through a vertical sectiocn of the

fTermation 1 foot wide urd

a

r i hydraulic gradient of 1 foot per foot, or
through a section of the formation a mile wide under 2 eradient of 1 foot
per mile, The coefficients of transmissibility and storage Zefine, in part,

the ability of a formzmtion to serve as an acuifer,

A ferm that is useful for couparing well efficiency and verformance is

ot
Sy
0]

snecific capacity of a well, the rield per unit of drawdom, renerally

expressed as gallons per minute ner oot of dravcomm. A& yell yielding 200
nallons of water per minule «ith a Jdravdavm, or lovering of water level due
5 numsing, of 20 leet would have a swacific eapacity 2f 10 z.p.m. oar foot

of drardorm. Inasmuch as tie srecific canacity =F 2 »ell changes —ith tipe

until "equilibriun' or steady-Tlewr conditions are reached, values of specific
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capacity should be dstermined at the end of a specified period of pumping

in the group of wells to be studied.

PUNPING T3ISTS

The drawdown in the vicinity of a pumped well is the amount the water
level is lowered as a result of pumping the well, The drawdown in the for-
maticn is less with increasing distance from the pumped well, and increases
at 2 diminishing rate as the period of pumping is extended. The drawdom in
the vicinity of the pumped well, the distance from the pumped well to the
observation point, and the rate and duration of pumping are mathematically
related to the coefficients of transmissibility and storage of the formation.

The coefficients of transmissibility and storage are determined in the
field by pumping one or more wells at a constant rate and observing the
changes in water levels in nearby idle wells. The data collected in the
field are analyzed by several available methods. The most valuable formula
available at the present time for use in the analysis of pumping-test data
is the Theis nonegquilibrium formula, for it can be used to determine the
hydraulic characteristics of the formation from comparatively short runping
tests., The interested reader is referred to Wenzel (19) fer a detailed
discussicn and explanation of pumping-test nethods,

The equations generally used for obtaining the hydraulic characteristics
of aquifers from pumping-test data are all based on similar assumptions and
should yield the same results if the limitations of sach equaticn are kept
in mind, 1In apolying the Theis nonequilibrium formula, it is tacitly assumed
that, the hydraulic prorveriies of the formation are constant over an infinite
Are2, and that there is nc recharge to or natwal discharge from the fer-
mation throughout the test, Thsse assumed conditions rarely exist in the
field, and use of the pumping-test resulits should be applied within limits

according %o “he facte 'town about the formatien tested. The nquifers in
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Boone County, as indicated in thiz report, are believed to be vary hetero-
geneous and poorly connected at many points, and many are perhaps of small
areal extent, The use of the pumping-tect results in this county is there-
fore generally limited to comparison studies of the formations tested, Al-
vhough the use of test data is limited, purmping tests combined with other
hydrologic and geologic data serve as a valuable guife in selecting the
formation that will yield the maximum quantity of water with the lsasi draw-
~ Gown,

Pumning tests were made at the Lebanon municipal well field in Tegruary
1947 to determine the hvdraulic properties of the aquilers tapred by the
municipal wells. ¥ell 10 (see fig, 9) in the deep zone was pumped at an
estimated rate of 95 gallons per ﬁinute, and then allowed to reccver for
sbout 5 days, ater-level changes were observed in wells 1CA and 1i, The
coefficients of transmizsibility and storage of the deep zone were Cetor-
rined by means of the Theis ncreoguilibrium methed to be anproximately 7,000
rallons per day per foot and 2,0 x lO‘h, raspectively.

In the intermediate zeone, wells I, 3, and 7 were purmped for apout 6
hours each. Zach pumping peried was begun after water levels had beceme
relatively stable, 'later-level measurezents were made in wells 1, 3, 6,
and 7, From the interference and drawdown data collected during the tests,
the coefficients of transmissibiliiy and sterage were computed to be about
10,000 gallens per day per foot (g.p.d./ft.) and 5.7 x 1675, respectively.

The yields, observed and computed drawdowns, and specili: carcacities

of vells in
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bserved at the end ¢f a <-hour pumoing
period are given in table 8,

The computed drardcems giver in table B wers deifermired by means af
the Thels nonequilibrium Jcrrula, using the hydraulic charactericiii:s nal-

culated frem the interforvance cata, and the screen diamsfers, :ie comouted
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Table 8

Pumping-test data on wells in the intermediate zene, Lebanen
Utilities, Ine.,, well field, Lebancn, Irnd.

Obgerved Computed specific capa
Yield drawdcwn drawdown f=hour pumpirn

Tell No. (g.p.m.) (feet) (feet) {g.o.m,/

0

1 125 11.9 22,2 11,
3 108 13.5 19,1 9.5

7 97 33.8 17.2 2.9

drawdown here accounts onlvy for the drawdovm in the formation at the well-
screern [ace, assuming all flow in the formatipn to be laminar., However, an
additional head leoss, often called well loss, occwrs in the nurped well by
turbulent flow threugh the screen and wp the casing to the opump intake, and
oy turbulent flow near the screen where the induced zround-water velocities
are high. Incrustation of the screen arnd of the fermation surrounding the
screen may also cause cbserved drawdowns to be greater than the computed
drawdown given. Generally the drawdown computed from the Theis formula and
interference data is less than the drawdown obeerved in the numning well,
because well lcss is not included in the computed dravdowns. The figures

snovn for well 7 show this clearly,

=3

he data given for wells 1 and 3 show an cbserved drwriw— ral~h less

than that computed, and the snecific canacitiss of fhese *wo 22705 42 al-

most twice az hirh as the thecreftical value based on the Joters pmoes daba,
This apparent anomaly may be due o hetercgen=iiy of the water-earing

material, pernaps to a lens o siringer of highly nermeanle mater
locaticns of wells 1 and 35 or %o an increase in permesbilicv noar fha oo
due Yo romeval of Fine nurticles durins the well constructiong, so 2hub the

effactive diameter is larger than <he nominal diameter.,
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Yell 2 in the shallow zone was pumped at a rate of about 30 gallons
per minute, and depths to water were measured in well §. However, the slight
effects on water levels noted at well 5 were not suff cient to permit com-
puting definite values of the hydraulic characﬁeristics, and the results of

the tests were inconclusive,

SULLARY OF RESULTS

AS no quantitative data could be obtained from the existing wells in
tne shallow zone, its potentialities are knovn only from past experiences.
The intermediate 2one is better than the deep zone, considering individual
well performance and interference. Test drilling near well 1, and a de-
tailed analysis of the materials removed from the test holes, may substan-
tiate or disprove the assumption made regarding the existence of the nighly
perrieable lens in the intermediate zone,

The tests at the municipal well field jndicate that the three water-
bearing zones in the areas are neb commected within seome distance frcem the
wells; that is, that the c¢lays separating the zones are continuous over a
rather broad area. aintenance difficulties experienced in the past with
the operaticn of wells in the shallow zone irdicate that the shallow zone
is of littls value as a source cf water supply from the standpoint of both
quantity and quality.

The tests made at *he municipal well fisld may not be used as a basis
for extended predictions of water—level trends cr of the perennial yislds
cf the zon2s new in use, However, they do serve tc demonstrate the relative
abilities of the formations o transmit water, and to indicate features of
the formations that might be explered and exploited, Reference is mada +o
the assumed lens of nichly nerreable matorial in the intermediate zone.
fells screered in this material cronuee [rem 300 to 500 per cent more water

Han wella in the deep Zore, or *2lls in the intermsdiate zore which an-




parently do not tap the assumed lens. The value of these tests cannot be

emphasized too strongly in any future exploratory work, Detailed pumping

tests in conjunction with the geolo ic logzing of formations rovide an ex-
J o LRy t_‘)

cellent means of obtaining gquantitative data for precise comparisons of ‘he

abilities of formations to transmit water to vells,
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THZ GRO'ND=YATER RECARVOIR TN BOONZ COUNTY

The generally thick mantle of glacial drift thab contains many deposits
of sand and gravel at different levels within the drift of Boone County
constitutes a large underground reserveir in which many millions of gallons
of ground water are stored, A4lthough the individual beds of sand and gravel
aprear to be discontinuous, horizontally and vertically, they are avparently
connected hydraulically from place to place, so that water may pass slovly
from one permeable bed to another, Although clay and glacial till are
usually considered "impermeable," permeability is a relative term ard water
apparently may pass through clays and glacial tills at very slow rates of
moverent. It is believed that the glacial deposits of Boone County may be
considered as a unit from the standpeint of ground-water storage. “ater is
added to the reservoir by recharge from orecipitation and is withdrawn from

Tound-water storage by natural discharge into streams, by evaporation and
transpiration, and by discharge from wells. The water levels inwells in-
dicate in a general way the artent %o which the underground resesrveir is
full,

The amount and seascnal distribution of precipitaticn and the compar-
atively Ilat topography present “avorasble cenditions for recharge, The flat
surface has the effect of retarding surface runoff. However, the surface
of most of the county is underlain by clayey and silty soils and by glacial
till, which are relatively impermeable, and the average recharge per unit
area is therefore relatively small,

In an effort %o evaluate the average annual recharge cf water tc the

ground-water reservoir in Zoanne Connty, comnutations of the base flow of

t=

Sugar Creek at Crawfordsville and »f Earle Creek
F

el

¥

t Indianapclis wers made
by L. V. Furness, Surface “a*ar Jlvision, U, 2, Gesclorical Survey, at the

request, of the writer., The bace flecw or grourd-water runoff of a stream is
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the quantity of water contributed to the stream by natural discharge of
ground water and is apvroximatelv =qual to the average annual recharge in
the area drained by the strzam, The ground-water runoff renresents water
that cannot be stored and therefore overflews into the surflace stream, be-
cause the ground-water reservoir is already full in the vicinity =f the
stream,

The hydrologic analysis by sr, Furness shewed that the graund-water
runoff of Sugar Creek at Crawfordsville was about 3.8 inches per year and of
Eagle Creek near Indianapolis, about 2.9 inches per year, This is equivalent
to an average annual recharge of about 180,000 and 138,000 gallens ver day
per square mile, respectively, It is estimated that the average annual re-
charge in Boone County is about 3,0 inches or about 13,070 gallens per day
per square mile, According to this estimate and to the amount of direct
surface runoff shovm by the stream-gaging records, the tetal trecipitation
of nearly 39 inches in Beene County is dissipated in the fellowing pre-
perticns: Surface runcif abcut 19 psr cent, ground-water rurci] cr base
flow about 8 per cent, and leczzes by evaporation and transpiratinn aboud 73

-~

age of ground-water runcff is relatively lew, 25 com—

per cent. The perceniaze
pared to that for many other ar=as of Indiana, as might be expected from the
clayey nature of the scils, and the losses by evaporation and transpiration
are relatively hich because of the shallow water table and slow curface
drainage in many par<s of the county.

The total annual oumpage of ground water tharough wells in Beone County
during 1947 was estimated to be about 500 millizn gallons, or about 1,370,000

gallons per day., Of +this amcunt absut 250 million gallens, or avout 50 per

nent, ras used for muniecipal sup

3

21, sbout 25 millien, or absut 5 per cent,
was used for industrisl suecly, and the remaining 275 millicn -allors, or

LS per cent, was pumped fram orivate wells “or domestic and agricultural




purposes, Abcut 200 million gallors was numped from wells in the Lebanon
area, 190,000 of which was purmped for municinpal supnly.

In addition to the pumpage of ground water, a2 large quantity of ground
rater is.wasted through flowing artesian wells, One well, reveorted 4o flow
about 1,000 gallons per hour, would discharge 8,760,000 gallons of water in
a year if the flow remained constant, It is estimated that about 200,000,000
gallons of water was wasted in Boone County during 1947 from uncentrolled
flowing wells.

The available records of ground-water levels indicate no large decline
of water levels in wells in Boone County except in the vicinities of the
larger cities, towms, and industrial plants, where the declines have been
dus to heavy pumping from closely spaced wells, OSuch declines a-e necessary
in order to draw water to the wells, Throughout most of the county, the
ground-water level is not far below the land surfzce at present and, ale
though long-term records are scarce, the deelire in ground-water lovels ap-
pear to have been comparatively small, Some decline may have been caused

by artificial drainage and by the uncontrclied discharge of flewing wells,
The average annual recharge to the sround-water reservoir is rany times
greater than the annual withdrarwal of ground water through wells, fGround-
water levels are not far below the land surface and, in general, the ground-
water reservoir is relatively full, It is believed that much ef the natural

discharge into streams could e salvaged and »ut to beneficial use by the

development of preoperly located well fields near the stream vallesys,




FUTVRE DEVELOFUENT COF GROUND~WATIR SUPELITS

It has been shown that the ground-water supplies of Boone County have

153

not been fully developed and that additional urpliszs may be developed in
the county without exceeding the safe yield of the water-bearing formations,
This general ceonclusion is based on a study of the county as a whole and may
not be true in certain localized areas.

Although some rock wells, such as wells BoF3l-l and BoF34~9, are re~
ported to yield large guantities of water, the bedrock formations of Boone
County probably would not vield sufficient water for municipal or industrial
use. The deeper bedrock forrmations, such as the Silurian and Ordevicisn
limestones, probably would vield water of unsatisfactory chemical quality.
These formations are used extensively in other parts of Indiana as a source
of ground-water supply, but in Boone County the water from deep bedrock
wells is highly mineralized.

The sand and gravel depesits of the glacial drift are the best aquifers
within the county. The cutwrash denosits in the valleys of Sugar Croek and
Zagle Creek are especially irpertant, as +hey are relatively thick, course-
rrained deposits lccated close o a pctential source of continuous racharge
from the streams. They are fairly extensive along the valleys, and rather
large supplies of water nrobably could be obtained from properly located
wells, Other sand and gravel aquifers within the glacial drift have heen
discussed in this report and their lecations are shown in plate L., The
nost important of these at oresent are these that furnizh relatively large
sunnlies to municipal and industrial mells, It must be remembered, hewever,
that good potential aquifers, not yet tapped by wells, may cceur within the
Arift, particularlr in areas vhere the conditions are net well knovn te-

cause mest of “he wells are relatively shallow or fow wells have heen drilled,.
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The records indicate that the sand and gravel deposits are generally
more common.and are tiricker in areas underlain by hedrock valleys, Because
of this and because the thickness of drift that might contain sand and
gravel is greater, holes drilled over the bedrock valleys, shorm on plate 3,
have a better chance of obtaining a water supply than those drilled in arsas
of thin drift,

In the vicinity of Lebanon, areas that might prove suitable for the
development of new vells for municipal and industrial use include an area
within about 1,500 feet south and east of Noble and East Streets, where
aguifers would probably be encountered at elevatinns of about 905-920,

880-8 880-820, / 870-875, 825-830, 767, and Th3 feet abave sea level, and an area
vest of Lebanon in the central part of sec. 2, 3, 10, and 11, 7, 18 N,, R,
1., where sand and gravel would be encountered at elevetions of about 905,
880, 860, 84S, and B10 feet sbove sea level. In the kemerial Park area in
Lebanon, the best aguifer probably would be at an elevation of about 890
feet above sea level, Other areas suitable for the devclopment of large
Supplies of water may be revealed as additional vells in the Lebanon ares

are drilled and a more detailed knowledge of the local geology is thus ch-

tained,

DEVELOPLENT OF NET SUPPLIZS AND CONSERVATION OF GROUND ""ATER
The information and maps of this report will serve as a guide to the
location and development of new sources of ground-water sunnlies in Roone
County., It should be remeribered, however, that, because of the complexity

of glacial deposition, the correlation of a particular aquifer over a broad

area is often impossible,

In order to obtain additicnal informatisn on the details of geclogy

1/ The wlevations underlined indicate the best peossibilities,
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and ground-vabter conditions in Boone County, it is suggested that, in future
drilling within the county, records should be made of the location of the
drilling, a detailed description of the materials nenetrated, and information
on water leveis, yields, drawdowns, and the quality of the water., Well
drillers are requested to cooperate with the Division of Water Resources,
Indiana Department of Conservation, Indianapolis, by submitting to that
Division copies of well records of any new drilling, on the forms that will
be provided by the State, These forms include spaces for information similar
to that given in the well tables and will be provided free upon request.

The purpose of the State in requesting that such information be filed is to
provide a permanent record of detailed information on the occurrence of
ground-rater suﬁplies throughout Indiana for the mutual benefit of well
drillers, well ormers, and the general public.,

“hen the development of large supplies of ground water is planned, test
drilling should be accompanied by pumping tests to determine the hydraulic
characteristics of the water-bearing formations, From these data, the ex~
pected yields, interference effects, and spacing of wells can be estimated,
Hechanical sieve analyses of the aquifer materials will assist preatly in
the selection of a proper screen, Chemical and bactericlogical anzlyses of
the rater obtained will be of value in the preoper utilization of ground-
water supplies,

One phase of well driiling that is often overlooked is the development
of a new water well to remove the fine materials adjacent to the screen,
Such development is usually done by intermittent pumping or by the use of a
surge block which is moved up and down the well to force the water back and
forth through the scresen openings, In many wells the initial ;ield is
materially increased by develomment, liost wells of moderste te large yield

shauld be developed at a higher rate than that st =hich the well ordinarily
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vwill be pumped, in order to minimize the continued pumping of fine sand and
silt in the water., The use of screens and the proper development of small-
diameter wells will postpone or eliminate difficulties due to."sanding uph
or "riling up" of wells,

Permanent records of the drilling, construction, and yield of the well,
including well logs and water-level and drawdown data, are extremely valuable
for later comparison when supply problems ocecur, such as declining yield and
changes in the quality of the water. New wells should be spaced as far
apart as possible to minimize interference effects.

The increased use and importance of the ground-water supplies of Boone
County require that this valuable resource be developed wisely. Large
quantities of ground water are wasted by the uncontrolled discharge of flowing
wells, The continued waste will result in a lowering of the ground-water
level, However, caution should be used in changing the discharge from a
flowing well, Several wells are reported to have been plugged by sand by

changing the rate of flow too sudgenly,

1.76‘




ENDIY

HECORDS OF WELLS IN BOONE COINTY,
INDIANA

Explanation of symbola umed

Unag:
D - dommatic, § - Stock, Irr - irrigaticn, Ind - industrial , P3 - public wupply, ER - rallrosd, AC - alr conditianing,
Aban - anmndonsd, ( } = indicates forser wme,

Dapth:
All depth [igurea other than thoas followed by a (indicating measured depths) are reported dapths,
Papth figures snclosed in perentnesss indicate foarmer grawter depth to which well waa Arilled.
dquifers:
Aguifer data in parentheses are those of minor aquiters or dapoaite of sand and gravel that nsy be suitable =
aquifers.
dquifar date not in parentheser ars those af Lhe forsmtion utilized by the wall,
Rater level:

Figure preceded by + Indicates meamrament of artesisn head above the land gurfacs.

Figurs followad by + indicates the water level of » flowing wall at ar slightly above top of caplpg, so that the true
Flesonatric serface 1s at & higher but unknown level,

Flgure followed by + indicates spproximste depth below land aurfacs,

Figurag shown in tenths ard hundredtha of feet Indicats measured watsr lyvals.

D indicates that the well was reported te have besn drainsd by nearby ditching operaticns,

Drywrlown:
In the rate sid time colums, the rate appesrs in laft hand ¢olumn and the tims figure is ileted in the right hand
colewn,

Quality of water:
An A indicates that an snalysis of waler from the wall appears in Appendix C,
B indicates that the water from the well was condmtned for buman use without trestmemt by the Indlans State Board
of Health,
L - Water is very hard,
2 - Water haw bigh iron content .
3 — Watar ia sulfurgua,
4 = Mater 12 comparatively "saft".,
5 ~ Water has oliy scum on it,
& -~ Salt watar,
The note number or lstter refers to the guality of the water of the formation tapped by the well ln cases in which
oo parenthesas occur,
The figure in parentheses following the note numbar is the depth, ia feet, of the aquifer that contains the water
to which the note numbar refers,

Tempwyatura;

An astariek (#} indlicates that this is the temperature of water from a nearby spring.
Notes:

Iog of thia well appeara ln mppemdiz B,

Vagetal matier in good state of preservation was penetrated.
3mamplike mick depoait containing vegetal metter wps penstrated.
Gae issved frow this well.

Quicksand or fine- to Dedfum-gralned sand common.

Yellow clay penatrated,

Boulder layer or Zene reported,

Ury mands and/or gravels penstrated,

Bedrock 18 limsstone (probably Devonian}

Bedmock 1 black shale {Devcnlan, Mew Albany Shale],

Bedrock is scapstone or "hlve shals" (Mississippian}.
Bedrock i sandstona (kissiaszippisn),

Bedrock is limestone {Uississippian).

1L, Bedmck ie poroum rock (Kississippien).

15, Bedrock is yellew limestone or yellew rock {Misslmsippian}.
16, Bedrock is green shale {Mimsiasipplan},

17. Inadequate water supply when drilled,

Ll =
amucamdo\uhwmp

An aeterisi (#) preceding a number indicates the pumber raference in the bibidography from shich this well datum
was obtained,

Number in parentheses following note number ias depth, in feet, of material indicatad, unlesa this number in
parentheses 1s follewsed by & T, io which case it indicates the thickness, in fest, of the materiael referred to,
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APPERDIY B

LOGS_OF ¥EILS IN BOONE COUNTY,
TROILA

L.ote

Information in some of tae logs is taken from
puclished reports, as irdicated by quotation marks
and references in parentheses., Trne remaining logs
were obtained from well drillers in the ares.
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G-Bo77-1

G-Bo?7-2

G=Ba?7?=3

G-i0?2=4

"3t Lebanon® (12, p.Li)

Drift

Blue and tlack shales
Limestones

Shale

Trenton limestone

"Lebanon, Indiana, gas well" (10, p.16;

Soil, black

Till, yellow { Wisconsin)

Till, blue, becoming gray
toward bottom

Sand, with water

Till, asn-colored, soft and

Thickness of Depth to bottom

sticky {probably Wisconsin) 77

Gravel

Till, pale, ash-colored, hard

and dry (probably Iliinoian} 53
Till, dark asn or gray, with

some sand interbeddsd (probably

Illincian, if not clder)
Shale
Limcstone

stratum of stratuml

{teet) (feet)
210 210
20k Likh
Lol 815
412 1,227
373 1,600

11, p.99)

2 2
9 11
15 26
2 28
105
8 113
166
176 342
108 e

Great thickness

Leverett "examined a set of samples of drift taken
from a gas boring at Lebanon waici was of much service in
interpreting records in the neighboring districts, and he
has little doubt that tne change from soft to nard till marks
twe passage from Wisconsin to pre-iTisconsin drift."

8L% miles nortneast of Lebanon" (10,

Log of drift is similar to tnat

of G=Ho?%?7-2
"At Thorntowm" (L, p.7hk; 6,
Drift
Subcarboniferous limestone
and shale

Hamilton snale
Cornifercus limestone
tiagara limestone
Hudson Hiver and Uticsa
Trenton limestone

p.263;
65

238
87
37

LO7

373
80

p.17; 11, p.102)

12, p.hLS)
65

303
390
L27
834
1,207
1,287




G=B0?7-7 "At Zionsville’ {12, n.ld) Thicknoss cf  Depth to bottoa

strotum of strotum
(focn) (fzot)

Drift 160 160
Black shale 75 235
Devonian limestone with

sardstones at base 75 310
Tower Helderberg and water

lime 50 3€0
Niagara limestone 165 : 525
Clinton limestone 30 555
Hudsen River and Utica 525 1,080
Trenton limestong 33 1,113

G-RBo?7-8 At Zionsville" (11, p.l00)

Sand and gravel with a little

clay 30 30
Gravel, coarse 8 38
Ti11l, blue 50~ 88,
™11, yellow and blue, 'n -

alternate beds containing

pieces of wood 60+ 148«
Boulder, largze 7 155
Clay, yellow 10 165

"Tre yellow till at 538 feet may mark the passage from the
Viscensin to tne Illinocian t111 though its low altitude rather
favors the view that it is in fhe midst of pre-¥isconsin drift.
The well is in the wvalley of Eagle Oreek and mey start at a
level as low a3 the base of the Wiscoasin.? (11, p.1l02)

FoE?-11 "Short distance north of Dover" (7, p.l73)
Soil 1 1
Yellow clay & 7
Blue clay 15 22
Sravel . 3 224
RoH?-12 "3 miles southeast of Elizaville, on the Michigan Read"
(7, p.169; 10, p.15; 11, ».99)
30il 2nd yellew clay 13
fuicksand 3 21
Flue clay ' 20 41
white fine sond with gas 11 52
Flue clay & 53
Swamp muck, leauves, twigs, etc, 7 a5
Flue clay 19 A4

Gas at 41 feet flowed strongly for a short time.
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BoL?-14

BoI®-17

Bo?77-19

Bo?7?-20

2% miles north of Jamestown"

Thickness of

Depth to bottom

- 118 -

(7, p.167; 11, p.vy) stratum o1 stratum
(f2et) {fart)
Soil p 2
Yellow clay and sand 28 30
Wuicksand 2 32
Blue clay 26 61
Black muck, leaves, twigs
and branches of trees 3 &l
Sand and clay 12 74
Siliceous srale - "Soapstone™ 160 236
"Jacksorn Township, 4 miles north of Jamestown!
(7, op.166-167; 11, p.98)
So0il and yellow clay, mixsd
with sand 12 12
Yellow sand 2 1k
Hard gravel L 14
Hardpan-gravel L 22
"hite sand 6 28
Sand and clay, bluish 18 Lé
Black muck or loam, with branches
of trees and other vegetable
matter 12 58
Blue clay - 4 62
Gray sand, gravel, etc. 26 &8
"ell on Washingten 3%., in Lebanon!
(7, p.170; 10, p.16; 11, 5.10C)
Soil ¥ 7
Yellow sand 1 3
Zellow clay 3 11
Bluish sand and zlay 1 12
Sand L 15
Blue clay 2 1v
Sand and gravel b 23
Blue clay 2 25
Gray clay 3 28
Hardpan-indurated clay L 32-
Blue (laminated) clay 1k Lo
Gray clay 2 Ly
Sand and ~lay 1C 5y
Blu= clay 23 &2
Cearse gravel 1 ¢3
blue cliay 25 1C8
"5 miles west of Lebanou' (7, P.10%; 1C, 2.17; 11, pllO3)
Soil and yzllow clay 17 17
white quicksand S 22
Blue clay 51 13
Dry gravel - gas scam 5 76
Blue clay 165 243




Bo?7-21

Bo?77-22

BoN?-2Y4

Bo?7?-28

BoP?-29

BoH?-30

Bo?77-31

"4 miles west of Lebanon Thickness of

Depth to bottom

(7, p.167) stratum of stratum
(feet) (feet)
Soil 2 2
Blue clay (containing '
S-inch walnut branch) 11 13
Sand 5 18

"6 miles south of Lebanon" (7, p.173; 10, p.15; 11, p.%9)

Soil 2
Yellow clay 18
Blue clay L5
Swamp muck, leaves, twizs, etc, 10
Blue clay 25
Sandstone g

“"Average section of wells at New
Brunswick" (7, p.173)

Soil 1 to 2
Yellow clay or gravel 5 to 10
Sand and gravel 1t 3
Blue clay L to 20

"At foyalten" (7, p.172; 10, p.17)

Soil 3%
Yellow clay 17
Gravel 5
Blue clay with fregquent thin

layers of sand and gravel 703

"In Royalton, in Fishback Wlley" (11, p.102)

Elue clay 25+
Gravel 5
Blue clay 704

"Slabtown" (7, p.l71)

Soil 2
Blue clay 30
Gravel 3
Rlue clay 1L

"At Thorntown"™ ( Driller's log) (7, p.148;

Soil 2
Yellow clay 19
Quicksand k
Blue clay (cedar tree at 1C0 feet) 125
3iliceous snale - "soapstone® 143

- 110 -

2
20
€5
75

100

109

RS
mlr—m?r—m]w

O
[

254

30k
100+

2
32
32%

L6z
10, p.1k)

2
21
25

150
343




Bo?7-31

Bo77-3L

Bo??7-36

BoF?-37

Bod?-38 and

BoA?-~39

Bo B?-1;2

Bo”?~L5

YAt Thorntown" (kill Engineer's Thickness of Deptn to bottom

log) {7, p.1€8) stratum of stratum
{feet) (feet)

Soil l 2
Yellow clay s 13 15
Gravel ’ 3 18
Blue clar 82 100
Cadar tree

Elue clay 37 137
"3oapstone €0 157
Cray iimestone 136 333

"1 mile west of Thorntown"™ (7, p.l7L; 10, p.15; 11, p.l03)

Suil and yellow clay 25 25
Quiecksand 3 28
clue clay o{0] 108

3% miles west of Lebanon® (7, p.175; 11, p.103)

Soil and yellow clay 18 18
Fine wnhite sand 55 73
Blue clay 71 1Ll
Limestcone 3 1h7

"l mile scuth of Thorntown®" (7, p.l7hk; 10, 5. 1h; 11, p.103)

Soil and yezllow clay 19 13
Quicksand H 23
Blue clay 163 126
Cemented gravel é 132

"3 miles north of Thorntoewn"™ (7, p.173; 10, o.lh; 13, p.103)

Soil and yellow clay 18 18
Quicksand 12 30

blue clay 153% 1833

ded sandstone = 187

"3 miles east of Thorntowm, near Union Church®
(7, ».175; 10, o.1lk; 11, p.1C3)

Soil and yellow clay 27 27
Quicksand 9 36
Blue clay 75 111
"Average of wells at Ziensville" (7, p.172)
Soil 2 : 2
Yellow clay 10 12
Flue clay I to 10 14 to 22
Cravel 1 to 3 17 to 25
Blue clay 20 to LO 37 to 65
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BoA35-1-4

BoA35-2

BC33-1-1

BoFl3-1

BoFlL-1

BoF18-1

BoF2L-3-1

YAt Thorntown™

Irift

Gravel {hard water)
Mostly blue clay
Shale {no water)
Lirestone {ro water)
Shale {no water)

"In Thorntown®

Clay
Sand
Elue
Sand
Blue
Fine

clay
and dry gravel
clay
sand

Gravel and sard

"3 miles west of- Elizaville®

Blvue clay

Sand

Gravel

"2 miles nertn of Lebkanon on

S0il

Yzllow clay
Gravel and sand

Blue

clay

ravel
Gravel and clay
Blue clay
Boulder
Blue clay

"33 miles northwest of Lebanon™

Yellow clay
Black gravel

Yellow clay
Gravel

Drift, consisting mainly of vellow
clay

Blue shale cr scapstone

- 121 -

Thickness of Depth to botton
stratum af stratum
(feet) (feet)
1C3 103

10 i3
87 200
360 500
200 700
65 765
30 30

5 35
10 L5
10 5
20 75
3 78
10 88
&0 60
15+ 75+
5+ 80
Frankfort icadn
2 2
7 9
2 11
22 33
2 335
3 38
50 86
1 8¢
23 112
h7 L7
3 50
103 103
2 105
9 104
121 230




BoF2£-~-2-2 "L mile nerthwest of Lebanon" Thickness of Depth to bottom

stratum of stratum
{Teat) {teat)
Drift 115 118
Gravel S 120
Clay, vlue 3 123
Gravel 5 128
Shale L3 176
Clay, gray, nard L0 216
Gravel 6 222
Shale, blue, "sticky" 8 230
Sand, multicolored, iine to
medium with gravel (7) 1 231

It is telieved t.at the sand reported at 231 feet came Irom
6-foot graval unit above tne shale at 222 reet.

BP 348 ¥24 miles west of Lebanon!
T ow Py 3
Blue cizy ?OE 705
Black gravel 3% 7L
BoF36-1-11  "Lebanon waterworks field"
Scil ) L3 L3
Clay ,
Gravel 1
3tiff olay 54 97
Crawel ;
Stiiy slay 125 222
Graval 8 230
Biue snile 57 327
) toas 7 23
Ble-w -ale 75 409
Lincsicue (Mlast, or totiom,
16 Test is soft!) Lo7 3815
BoF36-3-1 "In western part of Lebanen"
Clay 130 130
Sand g 1LO
Shale 50 200
BoF36-6 "In western part of Lebanon!
Clay 20 20
Hardpan 25 L
Mud, blue 15 &0
Hand 5 65
Clay 16 75
Samd, water tearing 20 G5
Hardgan & 101
Sand, white dry 6 07
= 122 a




BoF36-7

BoGh-1

BoGh-2-1

BoGL~-2-2

BoG5-1

BoG5-2

BoGH-1

"In southwest Lebanon”

Hardpan
Sand amd gravel
Hardpan

Blue clay
Quicksand
Hardpan
Eoulders
Hardpan
Gray gravel

Blue clay
Sand '
Gravel

Blue clay
kuch nardpan
Cray gravel

Tellow clay

Blue clay

Quicksand

Hardpan

Fine sand and gravel
Limestona

Yellow clay
Blue clay
QJuicksand
ind bed
Hardpan
Gravel

slue clay
Sand strip
uardpan
Gray graval

|
|v-l
rd

Wl

Thickness of

Depth to bottom

stratum of stratum
{{eet) (foet)
70+ 7C+
5+ 75+
SOi 125;}-_
LN ) 2C‘l
10 211
&0 £0
15+ 754
S+ 8o
. 230
5 235
... 3133
E 31k
. 135
51 140
. 500
L 30L




- Trickness of Depth to bottom
. stratum of stratun
BoG8-2-2 {feet) \feet)
Yellor clay 110 110
Blue clay 3 113
Plack gravel 2 115
BoGg.],
Yello‘.‘f Clay .o L]
Blue <lay o ea ' ees
Quicksand . ean
Hardgan cos 126
Gravel 5 105
BoGo-2
Blune clay
Sand . ‘e . o
Boulders, etec. ves 156
Cray gravel L 1&0
BoG31-4-1
Clay Lo Lo
Fine sand 10 e
Sand, gravel, and clay 100 150
Cravel 6 156
BG32-1
Top soil 1L 14
Clay 36 50
Green gravszl 8 58
BoG33+2
Top seil & ' 6
Blue clay 2L 30
Boulders, rocks, sand, gravel,
clay ig Lo
Elue clay 12 524
Sand znd gravel S+ 57
BoH31-2-1
Lrift (mostly blue clay) 82 82
lack a 90
Gravel i w2
brift 116+ 2L G
New Albany black s-ale e 3007
Hard wnite limestone Y3 323
- 12.?4_ -




BoH31-2-2

BoH33-1

BoH3L-1

G-BoH3L-2

Bilue clay
Sand
Gravel

Top seil

lue clay
Hardpan and yellow clay
Sand

Soil
ned clay
Sand ard gravel

Toickness of

Depts to bottom

‘stratum of stratum

(feet) (reet)
57 5?

2 59

2 51

6 6

2k 20
121 151
b 155

1% 13

8 9%

1 to 10 103 to 155

"rarshall, Henry a., #1, 300 feet from N. line, 150 feet from

m

W. line, in K73Nt} sec, 3h 7. 19 H., d. 2 i,

21, 1940 by N. N. Smith, et al.

Clay and hardpan

Gravel, watsr

Clay, rocky

Sand, fine

Cizy, red

Slate, black

Limestone, water

Shale with layers of stone

Lime, soft

Lime, nard

Line, sef't, gritty, water

Shale, blue

Lime, dark, soft

Shale, tlue and lime

Shale, brown

Lime, nard:
1,146 feet,
2y nr.; 16 zal, per ar.
at 1,150 feet

Lire, soi't

Lime, murd

Shala, blue

Lime, brown, hard

Lime, wnite

Liie, nard

Lime, medium

Elevation 942 faet,

=
5
102
11
16
1o
&7
101
40
92
L7
19
16
150
261

Trenton, some gas at
Tst. 5,0ul cu. P,
srlt water

ok

7
73
31
11
L&
o6

Completed august
Dry avle,

&9
74
176
187
157
215
282
383
L23
515
562
581
597
787
1,0L8

P
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B-RoH34-2 {cont'd)

Lime, seoft
Lime, hard
Slate and shale

Sandstone, St. Peter, mineral

water
Sandstone, white, hard

Casin® record:
BoH34-4

Yellow clay
Blue clay
Flack gravel

BoIl8-1-4

Drift
White rock
Elue rock

Rol22-1

Drift
Shale
Limesione

PoT23-3-1

Yellow clay
Blue clay
Sand

Blue clay
ravel

BoJi-3-1

Top seoil

Clay

Clay and boulders

Sand

Clay and boulders

Sand and gravel

fravel ard boulders
Clay

Sard, gravel, boulders
Hardpan

Sand, gravel, boulders
Sand and cemented gravel

- 126 -

Thickness of

Depth to bottom

stratum of stratum
(feet) (feet)
57 1,43%
83 1,522
62 1,534
16 1,600
225 1,825

39
12
14
60
10

15
14

8~-inch to 199 feet, 6-5/8-inch to 530 feet.

40
90
95

301+
31 to 327
34 to 36

15
16
28
38

13
52
54
66
80
140
145
155
160
175
139




Thickness of Depth to bottom

stratuan of stratum
BoJ12-2 (feet) (feet)
Yellow clay 5 5
Blue clay 90 75
Sand 1 96
lue clay 154 250
Gravel 3 253
BoJl2-3
Drift {mostly blue clay with
some sand and gravel) 225 225
Sand and gravsl with gas 5 230
Blue clay 30 2€0
Sard 6 2%6-
Elue clar 0. 276,
Gravel (?) 5. 281
Limestone 1. 282,
Shale
EoJ26-1 "iverage section of wells at ¥illedgeville"
Soil 1 to 2 lte 2
Yellow clay or gravel 5 to 10 6 to 12
Cravel and sand 1 to 10 7 to 22
Blue clay S to 20 12 to 42
EoJd33-1
Top soil b+ 6+
Plue clay Sa &2
Gravel 2 &2
Blue clay 43 105
Gravel 5 110
BoK4-1-2
Drift 330 330«
Limestone 20 350+
Elack shale 50+ 4007
RoK5-1
Top soll aee . e
Plue clay
Hardpan v ‘e
fravel vee 124

- 137 -




BoKS-3-5

FoK6-4

PoK17~-1

BoK1§-3-1

BoK18-3-2

FoKz29-1

FoL3-~1

RoL7-1

Thickness of

pepth to bottom

stratun of stratum
(feat) (feet)

Clay 30 30
Sand, no water 10 49
Blue clay 80 120
Gravel, water bsaring 15 135
Blue shale .o eas
Ti11, with sand and cravel layers 243+ 243
Limestone dsbris znd gravel e 245
Sand (and sravel) gr 250
Limestone - e
Drift with some sand and gravel

layers 354 34
Limestone, no water 7 361
Shale Pae e
Hardpan 1290 123
Cravel 10 110
Hardpan 195+ 195 ¢+
Iimestone 4 197
Drifs S0 90
Limestone, alternating blue and

gray, pretty hard 50 140
Elue shale 2 1424

"Section of average well at Nertnfield

3oil 2 2
Vellow clay 10 ta 20 12 to 22
Sand or eravel 10 to Z0
Mrift 220
Shals 45
Limestone 65




PoLl4-2

BoLl4-3

Foll5-1-1

BoL1%-2-2

Bol23-3-2

RoL34~1-2

BoM5-3

BoM%~1

BoMG-2-2

Thickness of Depth to bottom

stratum of stratum
{feet) (feet)
Yellow and red clay 9 9
Blue clay 181 190
Quicksand 10 20
Limestone, blue 17 27
fravel 12 to 18 12 to 18
Elue clay 89 to &3 101
aravel, red oak bark at base 1 162
Hard, sandy clay 110 110
Gravel 5 115
Blue clay 140 140
Gravel 10 150
plue clay and other drift 100 100
Yellow clay and other drift 110+ 210+
Sand and gravel 5t 2152
Clay 10 10
Sand 2 12
Blue clay 6C 72
Sand 1 73
Riue clay 42 115
Sand and gravel 5 123
Sand 9 Ft
Elue clay 56 £5
Coarse gray gravel 1 65
Yellow clay &7t €Tt
Tough blue clay .0 72%
fravel T4+
Blue clay 28 28
(ravel 2 30

- 129 -




Thickness of Depth to botitom

stratun of stratum
RomlO-1 (feet) (feat)
Soil 3 3
Vellow clay 3 11
Tuicksand 1 12
Blue clay 28 40
Cravel 2 42
Blue clay 48 90
FolM1O-2
Seil 1 1
Yellew clay 10 11
Sand 2 13
Blue clay 49 652
RoMLO=-6-2
Rlue clay 52 52
Gravel 4 56
BoM10~-6-5
Blue clay a2r 42+
Sand {and gravel) 5: 47
T111 (blue clay) 505 57
Sand 3 10
Soft blues shale a2 512
BoM10-6-5
Fill 2 2
Clay 7 g
Hardpan 16 25
fravel 6 31
Hardpan 2 40
Gravel 2 42
Muddy sand 3 50
Hardpan 55 105
Plue shale
RoM10-8
Drift 85+ 85+
Shale, becoming harder with depth [ gas
Limestone, not sc nard 21 74~
BoN™-1,
Blue clay 120 129
Dirty sand 5 125
Blue clay 50 173
Shale t8 233

- 150 -




BoN3-2

BoN4-1

BoQ9~1-1

Bo09-1=-2

BoPl-1-1

BoPl-1-~4

BoP2-1-1

Clay and sand
Blue clay
Gravel

Blue clay with sand, gravel, etc. 1

Fine sand
Blue clay
Red dirt ("elay")

Thickness of

Depth to bottom

Driller believes that lime stone

underlies the unit above

Cinders, dirt, clay

Sand and gravel with layers of
clay '

Red clay

Blue c¢lay

Clay, yellow

Sard and gravel
Sand and clay mixed
Rock

Coarse sand

Drift
Shale
Limestone

Fill

Dry gravel
Blue clay
Yellow clay
Water gravel
Hardpan

Clay
Sand and gravel

Clay
Gravel

Another version of the log of this

- 131 -

stratum of stratum
{feet) {feet)
150 150
14 164
1 165
€0 140
5 165
20 185
5 190
19 19
61 80
10 90
8 98
19 19
8 27
33 60
5 65
12 77
175+ 175+
35, 210+
240, 450%
7 7
5 12
53 65
15 80
10 90
35, 354
5 0"
o) 100
10 110

hele follows:




BoP2-1-1 {cont'd)

BopP2-3-2T

BoP2~1-3T7

BoP2-1-3

BoF7-4

Thickness of

llepth to bottom

stratum of stratunm
{feet) {feet)

Top soil 3 3
Gravel 85 88
Hardpan 18 156
nravel 7+ 113
Soil and vellow, dirty gravel 15 15
Dry sgravel 12 27
Pine gray sand 19 37
Yardipan 3 40
Yellow water gravel 10 “0
Ccarse gray water sand 5 cg
Water wravel 5 £0
Good water gravel 10 70
Blue clay 60 130
Fine sand 10 140
3lue clay 5 148
Shale 5 150
i1l and clay 10 10
Gravel 36 ag
fravel, fine sand mixed 9 55
Travel 21 76
Clay 23 99
Sand, fine muddy 4 1493
Serd, fine 8 111
Fill and clay 4 4
gravel, fine, dry < 3
Clay, secndy 2 11
Gravsl, dirty g 19
Gravel, clean, fine 13 3z
Grzyel, coarse 14 ab
Bouldars 1 47
Cravel and sand 27 7

TilL 95 95
Sand, with 4%-tfoot log at 120 20 115

fzet

Till 12 127
Cravel 2 128




HdB13-1

Rluve clay

Sand

Yellow hardpan
Black gravel

- 133 -

Thickiess of

Lepth to bottom

stratun of stratum
{feet) {feet)
65 65
1 66
136 202
1 203




APPENDIX C

CHEMICAL ANALYSES OF (ROUND WATERS OF BOOYE COUNTY, INDIANA

Notes

All those analyses made by 4. E. Barnard (Indiana State Board of
Health) and Chase Falmer (U. S. Geological Survey) are from Capps!

raport (4).

I.S.B.H. indicates analyses were made by members of the Indizna

State Board of Health.
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