.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

- }2 -




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,
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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 &.
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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

- 65 -




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,




__c._. - - = fleama? L) (€L}
LT L {pueeyonl) (L1) £ - - - uTry AUIoQATET; LOUBIRT JO K ERTTE Su 0g-LitH
TeA®Il o=
[ Aﬂm
. —avaEipRs) {61} aliotnEqe
T - - - {puEg ) (z1) 801 - - - - ut TreR "985 uBuustes £1-4505
O
o1 OOt
q09
kad - - - TeATLD - oy OF - - - - pluwege] Uiy BT-ii
LeARId puRg 9
. pues $3TUM (ze) pdiususcy UOSHIIT Ul
11 - - - |teaRa®’ povg (z1) a2 - - - A{TYE ' WOp | uMeyESERy Jv K SATTE Yu LT-AI0R
. . whucy
7 - - | 9¢ |(pusesoInd) (o) 9Ez - - 10w 'y eeuwep £qJeu IYE] -gow®r FO Uil ST {Zn 9T-LI0¢
WP
ki - A% - TaaRIy L LY - - - & -reeRy 3° 1 GRTW {Za L aion
Tonel¥
e op ] - Arqeqarg AT LT - - - antag £740 pFFTITeTEH JO T ERTIT Zu 1~ i
AT L 96
™ wmeay | & a0 o 3 TT - - - - W I | ETm
. pusostrys | (T} |{T7) peoy uRBTHOTY uv feTITA
I3 - - - | pusexoTny {81} ¥ - - 1oy C¥ ey - -ET1[3 JoHS FATTU fu ZT-4199
. uL3AlT 30
[73 - - - TOARID zz §zz - - - TeFueON Sewoul Y3 oU BOURIETP RIOUG 1T-w
PUCYE
-y ‘19 001 ozl
*a"ET rap g | oot |-awad’pueg o 8 “ B - - - - piasog Uln 01-2™
LO6T o0t 1114 weRuLrdg
o aneay | oOT | - TOARAD o1 8 vy 8 - - - - g Jo pacyioayPieu Ul f- e
‘ wITTTASTIOTY 1%
T+'T - - - {TeawiD) (og) 591 +op - - - c1p eTFEg Jo ARTURA U, | §miiOReT
a1 - = | oot - - T op - - - WY TTTATUSTZ 4, e
aeal fouwe fTuiER IO O,
1T - - SL e WP 30 W 1T +4L top - - - yjnos ut eprerds I UD. G-l
Teamal o STUTYT WiMojuIoty
11 - - o et JHp Jo |9 O7 0¥ op - - - ut AeTEA™ 10 2TIT%d Uly ¢-l
b - - | % - - e 1 *og - - - amcqurogl ¥, | t-iien
H.T- (TaAmID) (50T}
o011 - - | sez {peg) (92) 2174 rop - - - kousqe ma1l gy eeTrw §vy | £ @R
Ti* (501} - T1oa "
mw.. t - - |z - {3z} TET ger - - - oI 628 "pul fucuRQYy Z= .0
oy k1L
2T - - - oTE - - 009 T 34 - - - atiou=gq et 4, - ash
[ ty o 3= =]
gle | geE | 3 (EHET| £ |3e |34
& . JM [ EEREE 4 e |-z
¥ 13555 = |2 = g [Fisds e |K5 8| 5% prae1d
5 |: g = Hm P~ A Ll ke 3 m ~5 Wm R L ~@oo 2011 20y uotIvso] “oN TTON
g |a]l % s Te BEIEF wim
3 b [ . walw il -0 - T
3 2 ] . Hn 23 [
— M > & 2 =
n..% M XY TOiHT de50) T ]

PurfpuT ‘A4UNOD SUOGT UL Wi[em JO epLOSMY

.78 -




6T L08T _ $06T
w o - - - - - gy e - puvg | o v Vra - ¥y | ameqy - VITIGIEe] TNOP | JUASUIOUL O N GPTTT [ or=1gog
L0567 a4 ozt _
1 - - - - - - meqd o7 | §esy Cep ) (2T (BUY| % 81 - +OER - ep PTEASUITEN TY o &~
1 - - - - - - - - | Eat (eevenornd) (21Y| (83| - SBT - 08 - T °¥ ceuwp g S | WUMOITIOYL JO TN EETIW (o BE-L1v0g
(mwawss
payususn ) (49) {921} _
T - - - - - - - = = (eumexoTRdY (E2)) (V) - 2T - %98 - - FTIINY ULy | uMOLICYI JU ‘g OTTO T4 -y
'] - w Uy
T -1 - - - - - - = | vy (eree sungy (5)i (aT)| - L - o - - dpooy, Weqoy -uIogl Jo 'y dATTE §E. 9E-iio8
, _ wlsOgTIO]
whan - - - - - - - - - Yroawar L) (ory| ¢y | - vy - ISE8 - - TIIom vty I a eI §T anoqy, Se-Liog
wrl -] - - - - - - - = | (pumexornd)| (£} | (s2)| - HOT - Joig - - TUIA UPTTTTM | wumoqusoqy Jo 'y oW Tu -1 108
067 Iem
" -] ¥ - - - - noa] zt+ [ - eavtn | - | n5 | B 0oLy e B | et - I TemANG | ,umOjwioyl Jo eFpe qeeR,i  {f-Lioge-n
085
Teanw2d 8r -2
OT# -1 - - - - - - - -| owepg | - -1 - o3y - 02 - - - wlacittaony o7, ZE=tiog
T {Tearan} (€) | {§T} £V
. E L] Je a0 X0 _ IwTI1R
T -1 - - - - - - - oot {peeanatd)i {%) | (1z)| - FEf - +0%8 - TI* °Y Wewmp Fu® 1TEH "eIsceq WUMORTICUT, 4, TE-2iom
st - - - - - - -l - - ‘ap i g | - {57 - 056 - - urEyIeTq #izoen nlU07G ¥ Gy of~mieg
. . - _ WU TRy
'y -] - - - - - - - - op § fwz | - 00T - LB - - - oy AsTTes XoWQUETL UT, 62— pdog
[+ 13
. 96 o . dewy pure
Tl - - - - - - - - - rop s ifoz [ - °3 0y - 088 - - 283007 ‘wigdey ‘op 8Z- 40
1,91
k% -1 - - - ~ - ey 5T 911 144 e
anoqy oy 4 - eawan - fog of ~ o7 O - oge - - - ileeh L Lt [hal® -
L -t - - - - - - -1 - powg | LB | §ar | - 21 - 196 - . - caequYy) R wdanqEyE, 9z-in0g
LO6T .33 osT
7 N - - - - negy| 91 | - op - |oeg - o oal - $16 - - - WOATdy §z-iiom
o1 081 _
wer| - | - - - - - - - |- aran | - | 3 g - ©1 11 - +056 - - - nHIPRBUTLIG ey, T N0y
oL
OB ST UM seaty o3 sz
yefly o~ | - - - - - anoqy| o} 7| 0. joue Teawap . gor| - - @07 -~ o143 - - - T, fz-1109
i
beperi = | - - - - - - - 1 oot - -1 - - 60T - 956 - T8 ¥ esunp I88ANPUTY T8N | WUOUBIET JG g EeTIT g, cE-iiog
wrr| -1} - - - - - - - - meg i ¢ | g1 | - BT - 016 - - dwyzog Y UIes | LUOHEQET Jo 'N 613 G, To- i
o o i Jr o o) - [ =] T#as]
FEIE | HRE[L 3 EEREEl o (g2 |B%E . oss meu
« (355 | D L5E 1w BINEE ¢ [R5 |EE5E| as vaqe | praeTd
s .mq g \m.u 0 w“ W o T H w..\ﬂ oo a (m ~F el »2 LE0] -.—!-m vl —mos ELIRA S JEEM uo1wIor CON 1%
215 {3 o it I K o Ay 2 sl |85 ¥ il B CL
| B 'l : 3|3 » X0 PR Jo
5 1% — : < = e LY
& % UG PURIT PIOTL 1%A8] oy erey by

PRDUTIUCG-FUNTRU] “Aqtiu; Suoeg UL [T Jo dproowy




R O A T
L26T _ L6l
- - - - - - - queq¥ | 91 - T#amIn - - z [t 8 i +0OTR 1nogy IeTiH 8Tq0y | prasTtTy Jneg Jg ystag 1~9z¥o]
LI6L " G ) . pwmh
wum I¥eT 1™ LReT LB alo
- | el - t 35 her ot eunr | op for suar [ ET T+f - f1arqoid -1 - ¥ w89 s geg Puwg - €TUL FIURLEE] Yantan Z-zzveg
61 £Z61
- -1 - - - - it neqy |+ - earag | (41 z| 9 ¥y 418 oy w3ty #(qoK | praztrey Inog iy jastes v
576T -
- -1 - - - - -] smeav| TI - - -1 - T ¥ s &78 - op LERoYTER 14K Funtan 1-12¥%
S76T
- -1 - - - - - aneqy | ¥z - - - - - 06 g'a b 147] 9THT Laog ysIe] ufAIT HeF LAY T-6T¥og
{{eama?
Y pueg) {c6T)
(puta
puE TeARID) (o} 5
et | oooef 26T L 61
20 | o1 Jo <SAF] pUT Ju Je3TH FLUoN
8 - - - acet | ost| gger | oot | ger| erwuw ania | eV 96T | % €9 s'q o SE6T pu¥ sxuty 8qy GIaN0] YUTIH EysEn T-LTY
It
svel | & a0 a0 . zont
- bl - - - - qreqy | (1 - - - - k4 o1 s'a ra qnogy | BusIFeuIV wWop *3TUy IDURLILE] hici < =41V
bl _ 9761
- -1- - - - - ALt FTA - puig | +2  [+05 z | s'a €8 |30 TT*4 A581H ATACH uselg TRIE] LT 1-7oreg
ol 091 1513
i © o3
¥ -1 - - - - - - = F - teaman | FoU |+0IT ) - | O - o%6 - phog 0 TR - WUCWREET g TEd  BP-i0™
o7 wApUnes Jo AL
oq JETE L EEY-T PR e TR 4]
oT+Et] - | - - - - - - - 1oz - -1 - - - - ¥ - - - amBng 0 L3TUToTA UIM 0 BT-ENOR
L06T bl pure WELTIA
a % |- - =~ | ancay |1 oF H = | pue Teamin -le | E®| - To%e - - siuon Aramg ¥ ~sueYz §O MN T jZu  LT-EIW
o6a
06T o
% -l - - - - jacay | g - Erd - | o1 £ BOT - o8 - - pusrg TR e nS TTTARUOTZ 57119
£ 2z §9 o]
o1 | ™ 0% °
wo | - - - |- - -y - - |- 5 T |9t | -]+ - oEd - - - LTTTATUOTZ AT 57-MN
061
ki - r - - - -| meav | 6 - arap | - | sot| 7 [ soI - ¥SE6 - - Jncyiwe] DEEE] WSO 20 T, Y11
1061 -
= -1~ - « | aneqy | o€ - S+ - - - | » z| o9 - Y096 - - uoEUGEp ETTITH | «ASTI®ITUM JO K 172 T4  E£7-i09
LUDITA WOTUR TReT
11 -1- - - - -~ - - - | (peememdy | (8) |(t2) | - | 1T - | ¥oss - - - wwoguioyy Jo '§ CRTTR €y Z¥-ANW
wUMOY
e P - - - - - o - wavan | 2 Lo | o] ovt - om - - wrmIeTITe (g —uzwyl JoEN eeiTE G THES
oW o L4 -4 — Al
= .MJ. W W uw..u mm m. mm mr.m -4 = W NM -on._i__._do..."
.._u =2 T ﬂm ¥ & ¥ Pis dF Y %3 Ll ¥ sacqr | peqe1d
g = F e & |8 - - [ =l BN 4 2 g g I HiN wepy | qee] Ot -mog ELadish) Jutiug LIS BT ton TI*M
£ o |7 ® r..um * & . \.m.,.w) gls. ks er feangIng
Hy E = . b = = [ m. uls .Wv m\ﬂ — # LLLl
- - — H . T 2le -4 ey J0
> |5 = 2 e O = PP TATY
) s UnCpMId PI*TX TeAST T804 sxa JrbyY

POBUTIUDO-FINTPAT *A7Um0) 8TOGE uE ILIAM FO ERIO0WY



- oral | o5 Tuave? LI EL LTS
- - |- - - - - BEET | + | — | dramaciyd =1 - & oTT  |uray €8 {8681 BosiepERy uTETes) 3940y fr1g qaIng] ‘y 0rT €-5£Yeg
LT L761 poeg Lret wjanpeag L LEL ATV T 0 A
T - =] 1 oor|OY Ty | OO Tawp oY - pur Teasp 0T 8L El -] a1t [£4:] tuwp ‘eRag ITOH A3vw) uaoqozoyl PUR TIe84 JOWI0D gy —5ETeg
- - | - - - - &P | - ‘ap - - 19 oL &d 818 op - op ap §-1~$£¥og
TaoIIO0]
[A13 frqg yoann) pUw gucay
- - | ¥ - - - - P oERAT L o+ | - Teswn | - - |8 1) ed ST | BE6T - op Jo "% "7 Y059 PuSkEN | S-T4€voq
g o096
o 20 ETTEY
vt - | 9 - - - - - - |ooz|wwoamswrt | oor |oos | zU| S94 [} 1% op ‘op ‘op op eTm6 £¥Og
0161 2 uugy
- - |1 - - neqyY | 00y - - - op - k06 |8 oIt (8d} 154 op ~op -op ‘op E~T$Cren
€Tt
934314 | 10 mgy
- - 1 - - meqy | 00 - - - op - poé |8 £0T (8d} %8 op op rop ‘ep Z-T-5EYoq
DIAT TeavI® R rwgy 0ThT Juery Jejrp Twd umOLIONYY,
- - 1 - - neqy | oo - - = | Arawqorg | - Lo (@ 2 (£d) 58 preay £e01ay eenwp  TOTUN uMSqOIOY] frag Toved "N YOTT | T-T=$EYoq
S761
- - i - - - - - - - - op - - |- %9t s'a 168 pmony Aegaey epne() Suteeng naey L z-7EYeqg
LE6T 2E6T yaumey
- - - - - - - yneqy | of - Teawtn g 56 - ort a grg  [neqgy (%) <eSTH e1qON upryd refng LML T=YCyeg
LY6T Tear:f Io
- =ik - - - [‘6r owmr sty | - | ewoqesmyy | - - |7 |efie sn e - Rucxyemry oyor op Yastan | z-f-Teveq
L6t
- -1 - - - - - | "L aeRpoET| - - - - v | w1 3 ki - - nean 1R teshan | T-€-16v0q
9761 | _
- - - - - - - InoqyY [ +£1 - - - - ki Jo9 g 4. - Fnorysory wor ‘op Mstun | r-r-Teved
poo®
queserd | jou
- -] - - - o1 dn rrem - - - “op = |ox gy oy g org - op op WNs | e-z-TeveT
quegead TToeM
=l -|-7 - -] e2empoen| - -1 - e |- oz [z | o¥ s ozs - o8ty ‘op ttas | z-z-1even
9761 | —
- - - - - - - qnog¥ b = |puvorgewT, | - - ¥ +09 §'n il - Fuesiomay tryep JBACA GOTITY) WniEs | Tz-teved
L¥T LE6T | euoiseutr - teet
- |esw - - - - - qnogy¥ | 9 ot | prey Lrep, [+12  [vO1 E i) g‘n SI8  |I0oqy Legaey ppoeTn Ieq9g Leyivy s 1-tevog
LY6T
“uep L761
- | fes - - - - = | vmey T 00T 0P 41 oo1 | 2 ™1 a e | gret ep eded mraTy fantus z-ocTo
LYeT
Lreruwp | £
€'t -~ - - - - - 96T | £+ [ T2 wenervemtTufree | Tz | 2 98 a el | gvet as¥ty erqon el eTen Inska T-0¢ YoT
5721
m m m -m.._ w. W, W m mm ..w.m.- r W.. m...m. vas ymas
shlaie, f g g e g FIsEl 5 [5h (5% |eE| o anoae| pne
A R R - 4 by § Re-ldg B tE ¢ 3B &8 asy | 8@y uy|  -uo: 23TTTI1 TR vatitasy oy (e
L |5 o | &5 % I o Ym..u = & (m o Fa| z g ‘ageyane| @9
LN I B -4 5 g ein " 3 O puel 3o
. ] e i LR P o
A il PR LY
= @ [TEF I PIFTL [2AaT de3ta |l cae ooy
peTTpIneI-SeuTpal L4unog suocg UT STIAA JO SpIessy
- .




L6 LT Tesma®
- -] - - ~ | ‘gr emmd ¢ T |'9T etmp { 48T Td -~ RICLUCEE N I N I 4 ot s'q T - Aoy veIpuF TOTTTN rautan £-nEgeq
$E6T 200 _ SE6T
(o) - | - - - ooy £°f - + - op Y| s 2 671 £'1 1658 |wnoqy 18P1H SL9OH TrYRIn BATIVUY Pt 7-0Eaoq
LYET .
- -1 - - - - - | Il wsziod - op o ot s'q e | L6l TeaETY Ay ueiIEg PeIFTY yasan T-ifaeg
o751
- -1 - - - - - .op + - ‘op ST LTI € 9£T - o | fine op op Yushan | z-1-erded
LPé)
aum(y L7617 " 954 LI6T - 3E6T
- | - - “~ | 1€ Drnp| Y5LBTE AING | 45T | - -op st - | ¢ el g'q 9zE | toeg fepzay cawer | wojFutuuey phoTy Yuntes | T-T-mEoR
EY6T _ - E76T
4 -1 - - - - - anoay | of | - °p - | - |¥7 | ¥mt g'a tep  pnoay Lin Lol | RTIITum ‘9 CH fastig T~HZA0H
W61 STRT
- -4 - - - - qnoay | of | - ™awn | 2 En | Y 't £q T6¢ [neay | UETTRIE pIETTTA FUTERTY adrem Tunfan 1-¢raca
SEET h LR SEAT
- I - - - - noqy [ 4§76 | = pmpmg| - | - g o g e  [ineqy JeRTH WTION op TunieN | z-r-treeoq
TeavaR
- - |- - - - - ep | - Amawqerg | = | - ¥ ay ga 88 op L1718y "y ¥ | uFoegenlg uiiemn IMNINN | T-7-YTHeq
fRaTid - | - - - - - ‘op s | - op € [ssT | ¥ asT q tin op op WUNTPOT JO ejmg Tuites £-fedgog
b
[ T34 JG S76T
- - |- - - - - qnoqy | o1 | - mwaran| - | - ¢ i a ggn  Anoq¥ | HETTRUT PIVIITM arp38TH udpy Yustis =Yoo
TeArY
- - | =}9 -1 s veT| 9 et o | - HOTIRI § |k | 7 SET a B8Y 6T ATToY "M 'Y Pupzyiun '8 ‘H Buntus T-rrdeg
LYET | 1€ LDET
- - -] - - - - toer | st | - “op st [ % a'q (98 [ooay - wTLY ‘3 ‘g Yantun (™
._”._”II
auerard | poof LYET Teava®
= b=0= = =] erdnyp ...Ei. 91 ewnpe (vioy - | Ktamaeag | - ) - v | e 5 tig - - woyIRIg TUSTYH tusen | r-ozce
¥ 1o 9E6T fowany
- - - - - - - IR d Y - eavan| ozjset | € 424 ga teg  |Tadeg 2nAT) pur eewwr | woqRuyuueg pleT LT T~ozaod
0EAT _ 0E6T
{TsT)y - | - - - - - ey | o - - - | = |& |+est g'a S8 [megy ‘ep uwFusy eousIv(y testas r-6THE
(oot 2434 744 Teavzn | ¢ lovt LEET
"oL)4 o)y - - Jnoqy| 4 97|  noay | & - {Teawan)f (oTyfel) | T i £ £ [wnegy JeFTH #TQUN | wasyom ¥ QT ‘g Tantas -4
EPET oYeL
- - |- - - - - anoay{ 1T | - op - - ¥ 24 £ £gg  [wnoqy op op Iashun | r-TLTHeE
$T61 $761 $voL
- =]~ = 01| % noqy¥| o1 anogy | §T | - *op W6l | Y 06T g'a €88 [moqgy Lymy ¥ ‘¥ | gfnwqenig viggnd tushes | T-TCTHoY
- - |- - - - - areT | & - Teamap | g v | € 43 £'q o | 9vel £esiey apirn Awsutyon wof fanfas -5y
LY6T| 10w LY61 Tearvad ot o]
- - |- - = [for mmploc oz wunp | 4g'3 | - Lrqvaeag | =~ ¢ = |9 %89 - EL) - [wpw2erddy prvapy ELY: PeL frag guedd TN FETE v
-2 - = -2 [ o [Fhal
LY - .
mﬂ M .m... m. W 5 mﬂ.NW.m 4 !W ha Bas uwan
> (29 = ] *e® |E E o §F FIA|5S & o 185D |- E] ~ aacqe| pie (4
2 E O 3 £z |® Y P s [Pw-lig 2 8E 2 s BB B | asy | ey up| -wee E 82 a2 MASLEES LT L
8 |5 2 |5 = | 5 . = E ~# R [Fe| 2F fasejaee| &)
s e l= = |35 P gheln “ R A pue] jo
- - . " i - - ] .
¢ | E [ o LA
o 2 AL ST e -TERSY TIAWT 280w | £10 TRy

penuTuOn-PTNIpUY FLjuns) suceg UT NTTeM JO #DIoosy



7yeL | EX T9 ™ P61 B
- -1- - - - - ynoqy |¥2 - |=avat 2wan | 2 | 4% ki F.ad gq €55 snoqy | feraey spwera wwy 13V fastan | T-T-vien
Of6T QEAT | whe Toawan | g | 65T Pog 6T ¢
-i- |z - - qnoay |oof | smoa¥ | T+ - qearaBipuws | (0T) fO%) | 9 24t £'a BY8 negy I03TR ATae ‘op Wshie | r-T-TEed
= B i - Lk o161 ‘op WhIeg eIng
$ -le - - - - F0TET | T = | P g | - | - 9 | 9T &0 8% anoqy - INpRAIT WUTHE L s¥ze | tT-u=m
- - |- - - - - - - - Teamap | ¢ |6 |45BT| YT a j:11.] p prefY (LM pxByY (L}H fuctan €-frana
_ Teara® | i wolin pely
-j=- |- - - - - L6t %t - e meg |5p pEE - | e a BEé Buol,| (&)U puw swep ISETTD Y 'Y beshiun rzaca
761 9761
=1 - |- - - - - | Fowds (¥ - - - |- r $H a s | Fupadg | quBrupoop soep Twaped) T tA $ushan T-£raeq
o
o}
-=l-1- - - - - op | ¥ - - -1 - - ovt £ BES o o op itas | z-1-0racH
SYET 6T
-1 - 1- - - - - neqy | 6T - ‘op - |- (4 56 a o% |exogen ‘op FI6R08 ¥UIIeH HNtIs | T-1-oraes
- | - - - - - - T | 9 - TeARID - - - 141 3] ek 5761 JepEY OUIvTg ueslp STLIEN = Y -91a%9
b £T61
- |- =1t 8 |¢= - - - - ~ |~amaR fwan | 9 josz | ¥ 14 s'a Y6 quogy ArteR H ¥ adwey iy tanien T-9€009
TeARLE .
o L - - - - - - = | &ramorg | - -7 88t s'q e - - JSUTRY URRISH fasjus 1=4£0ed
(o]
o
oK ‘
] - - - - - - op ar - TeawI) | BET ¥ orL s'a [F2 -op rop P Fusien | z-1-££00g
Te4w1 S
1 - |l=1: 9 £ - - op 4 - | puwpusg| 0¥ |09 ki o8 £°q [ 12} ep op ‘eoag woaoy fashus | T-T-€Eo0w
EY6T EYET
-4 =1~ - - - - moay | T8 - Taawan | - | - Phd 24 'q 616 Jnoqy L1190y "5 'Y UcAION TIVCUSH antas T-2£209
L61 wz Mcild
-1 -1~ - - - - [sz sunp | oriy - ‘op -1 - |5 6E s'qa 706 fuoT. - azumg Yeousy rasten T-txoen
-1-1- - - - - - - - ‘op - - - 96 s €16 - - pocd TAI0 rstys (7500
TeawI® £YAT
-l - |- - - - - - - ~ | Amqeaeas| - | - £ | wor B'a 716 aneqy op proded STIITA Yantas T-zened
€761 - E76T
[4 - |- - - - - anoqy | i91 - eavan | - | - - | 56 g L6 anoqy¥ LODEY SUTTTE etedoy 11000 Entas 1-0rseg
Aaoapeg = fozE)
{1oawan)| {z] KBTE)
s
OZE T pue e TI6T
(arzyy - {-¢ - - - - Ineqy | §7 |oze j-awaB suty | rU R | ¥ otz s'a 016 Jnogy Ar7ey "y Y BuiiFTue '3 CH rustas 1-¢caes
L76Y L7t .
-1 =-1- - - - - Trdy | 6T | - esvrn 40T |S0T | 7 STE g'a 68 Trady 26497 dvy e100n pley ‘eln tastey 1-zFaeq
[Fa=T] - —
o a | - o ol [Ec =1 — e
mm ElE w g .,_m. mwmmh 4 B wm eas wusn o
R EEE B I B - 13 o § [Fidlys Y o mm R R aaoe] BYE LS
5 2 RN wn\.u ® 5 by s -8 £ ol af =~ BB W asn 18] Uiy -iel 2BTLTLA ST ) Lorinn BTN T
m m sz 0= .c * ﬁmn x £ Hm we 2] 28 ‘pavying|  #YEI
* I U o Zeth * R N it pue[ Jo
o 3 . e o "~ ® £.w a1 LT
< g [ Twweneran PIaTL, {asa] 91w | SIagInoy I ]

PONUTIUC- w0 T fqumon soocdg U WITRE JO SRJOIBRY




L6 Taanad
L - - - ~ %z £mp (4876 | - | frawasd | - -1 ¥ © weqy €9 - - - $antun -zddea
LYET
atmp
=z$
6T SYET L761
v | owtg| ~| = | | ey |ov|or swr | Lioe ~ wis 06T
w6t | & | o€ -op e o | ¥ e & gss | esoyeq - ayetroger IN tastus -tz
(RUOGH
€T - - - - - - L76T | 9T - |-ewpr ovpga| S| - | ¥ szt g'a o68 $€6T - dexoTen "L ¥ fastas 1-62309
SY6T | _ avsd €20l 08 LO6Y
- =1 - - - - « | 4qaoq¥ (487 | ~ | P pmgl -~ -~ | ¥ |30 &L 8’ 816 gy Lorey ey 10TLe], $TTIAIG yishas T-5230%
¥ o4l ™ - G761
3 R - - - - SYeL | € “ |waws® feap | - -z 92 s | ¥5ée nogy a9BTH FIGOK "op BuRdaIR | £-T-fEIew
L7651
atinp
wic
|l - - |- - “| =0 |® - op -0 =] & w8 5 | o8 "o - op THRRRS | T-TERAN
Teave¥ 0161
-l -] - - - - - et | ot -1 popwg | - - | z 5¢ d 840 Jnoqy - W TEEH WRTTTTA sk | T~T-fedod
L6t ToAws? ey LD6T
P - - - - <~ hpz emp |oze 6y ~ | ZLrawasg - - v bWy [{))] [ 25) nroyed - ‘op NN | £-T-6THeR
wl -1 - - - - - ep |7BU - “ap - -] 09 8 918 - o op tantan | crT-suIeR
$761 | 4061 uosqug
P R - - - -1 anoqy B - oatag | = - | = a %8 noqy | po Soarqmnay oy prarWy PERfEE | TToTI%e
Teans®
pus e wmay
- - - - - - - - - - - Amqwaeag - - z 59 [{i3)] £6a - L op bestan | r-touas
13414 £THT
I T - - - - | sneqy 4781 ~ |uomorewmyr,l - -1 % ott #'q ces Inoqy ALY P Keudtag ‘8 M dastan | 1-1-9THed
LY6T
foz sunp | 69°¢
0zéT J 2L 0Z6L N
ogtiz| = | - ~ - - ~| amoay | + = | Araeqoag [ - -1 ¢ | most 3 956 Jnaqy - “op Tanien | zererTANd
LY6T meqy
-] -] = - - - ~ Moz eump {2377 | - - - «- | | =z ey oo - - comis 11eq0y tandan | T-TRTH
(s'a
FALYS WO | eenouT LY6T
-l -1 -] = 61 - ~ fp eonr [6570E - - “ ] =1 Y| oYt pehon] s £on op op ks | TTTon
LY6T
ot'ze| - | - - - - - £xa |ogt ooy | - -~ » ST | wuey L8 Trxdy Aenaoy eplry | ueySumuuweg phoTy fubu | TN
P G “ - - - - - w | gy qeawxn | - - | v | %o £ £¢9 - woqang | TP 4 ANIAg SN r-ggoq
(g0}
LY6T epn uy
| - - - - - - lor wump |gaTeE] - wavwan | (€ j(o€)| v | wezT hed sog| B 6T | Aewdey sprryn Ll e | bgotun | 2-T-gog
o3| . o oo o [asl
MW m m .M W m. mMQ.M.Wl 5 \M EY) 35 usan
e 1B E (. |5 F o F [FPEs um 5 o A mm L8 - vacqe | paae (4
T L Wﬂ - Iy - 'y -8 £ hi g 2B w agn qea} ut| ~wor Ta11Le Tauag o140y ‘oR [1RF
g5 2|57 % is % N oS |58 (32| it ‘ecezme| 9380
® |- 1% . w., gk “ ag|eg| - puer Jo
- g Ll < 2 £ P13y
.HM. b rEETIE; PTaTL ToAvl deiBu | 09 JIAIY

paTUTuO)-wIREIRE] ‘A3UMO) SUOOE WP UITHA JO #pioded






