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LETTER OF SUBMITTAL.

Pror. CHARLES J. NORWOOD,

Director, Kentucky Geological Survey.

Sir: I have the honor to submit herewith a report on
the availability of the Dix river as a source of high pressure
water power. This report represents a part of the work
done during the summer of 1910. It necessarily is prelimi-
nary in nature, since no effort was made until the summer
of 1910 to secure definite data regarding the daily gage
height or rate of flow of the Dix river. Early in July of
that year 1 visited Mr. A. H. Horton, District Engineer
of the Water Resources Branch of the United States Geo-
logical Survey, at his office in Newport, Kentucky, and
borrowed from him the Price current meter by means of
which the rate of flow of the river was determined. I am
under great obligations to Mr. Horton for many valuable
suggestions. The first measurements were made in the
company of Mr. L. B. Herrington and Mr. Bogart, both of
Richmond, Kentucky, and these gentlemen continued the
work later. My own attention has been directed chiefly to
the problem whether there was any great danger of leakage
of the waters, to be held up by a high dam, towards the
Kentucky river. No evidence of such danger was dis-
covered. Whether the rainfall is sufficient to supply the
reservoir to be held up by the dam with ample water during
the dry months is a problem for the engineer to solve. By
inaugurating daily records of gage heights of the river,
and occasional accurate determinations of stream flow, a be-
ginning of a basis for such a solution has been made. The
records of a series of years will be necessary to give abso-
lutely safe results. In the mean time I desire to call atten-
tion to the very dry months of July and August in 1911.
These months represent very well the dangers from a long
continued dry spell. On bringing this matter to the atten-






INTRODUCTION.

The following observations were begun with a geo-
logical investigation of the Dix river area, with a view of
determining the influence of the geologic structure of
this area upon the feasibility of erecting a high pressure
water power plant at Kennedy’s mill, about 5 miles east
of Burgin, in Mercer county, Kentucky. However, since
it soon became evident that an accurate series of obser-
vations on the stream flow of the Dix river at the pro-
posed dam site would be of absolute necessity to the
answering of many of the questions proposed, it was con-
sidered highly advisable not to delay the inauguration
of such a systematic investigation of the stream flow
of this river, and the assistance of the United States
Geological Survey was sought. The Hydrographic divis-
ion of that Survey, through Mr. A. H. Horton, in charge
of the division with headquarters at Newport, Kentucky,
promptly offered the loan of a Price Current Meter, which
was accepted by Mr. L. B. Herrington, a gentleman who
has given a strong impulse to the development of the
Dix river dam project.

‘Mr. Harrington has arranged for the taking of daily
gauge readings at the bridge below the mill, and has him-
self undertaken the securing of the data regarding stream
flow, with the use of the Price Current Meter.

The result will be an early substitution of accurate
data on stream flow for the usually very inaccurate fig-
ures secured by taking a certain percentage of the total
rainfall.

Nevertheless, observations on rainfall, if not used
to secure data for which they are only moderately well
adapted, have some value, and a few of the most readily
available statistics are here appended.
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CLASSIFICATION OF STRATA WITHIN THE
DIX RIVER DRAINAGE AREA.
Total Thickness About 2800 Feet.
L ] Lithologiecal
Systems. Gra;)rf;:. Formations. | Members. | Feet. Ch;ragtgxgilsi?cs.
: Sandstore, with large
Pem}sy Iva- ngas%/lélg Lee 500 conglomerate lentils
DAL eet: thinning westward.
. Upper balf, limestone-
Leitchfield 40 lower half, chiefly
Cilg(?tg.et. Kaskaskia clay.
Thinning 30 | Limestone.
westward
and north- .
60 | Limestone.
ward. Sf;ie(iffe' Maxville 50 Llilrr.lestone, chiefly oo-
itic.
Limestone, frequently
St. Louis. 90 cherty, thinning west-
ward and northward.
Meremac. Limestone and eclay,
125 feet. %hinm'ng eastward.
Mississippian elongs below the typ-
700 feet. Atherton. | 35 | ;o) oolitic Salem lime-
stone but contains the
same fauna.
Limestone and clay,
Harrodsburg| ~ 30 thinning eastward.
Argillaceous shales,
more indurated and
Waverly. Keokuk. sandy toward the top
375 feet. Il?:okfsst 0(:'8 330 softer, and more clay:
o k ey towards the base,
merging into the un-
derlying clays.
Kinderhook Nde(::'1 cIZOVi- 45 | Softer clays.
Bradford 3 Black shale, thinning
Devoniat and Seneca. . Obio. 0 westward.
100 feet. : 3
Jefferson- Limestone, often cher-
Ulster. Bk 20 ty. 0
















THE VALUE OF DIX RIVER AS A SOURCE OF
WATER POWER.

Elevations of Water Level Along Dix River Channel.

On the map known as the Harrodsburg sheet or quad-
rangle, published by the United States Geological Sur-
vey in 1905, the elevation of the water level in the Ken-
tucky river at Lock No. 7, at High Bridge, is given as
only slightly in excess of 500 feet above sea level.

The Dix river empties into the Kentucky river imme-
diately above High Bridge, and the slack water due to
Lock No. 7, in the Kentucky river, extends for about
2 miles up the channel of the Dix river. From this point
the river level rises as far as Kennedy’s mill, at the cross-
ing of the road from Burgin to Buena Vista. The dam
at Kennedy’s mill creates slack water for another section
also about 2 miles in length, after which the river rises
again up stream by a succession of numerous riffles inter-
rupted by limpid pools or by longer stretches of water
in which the current is comparatively slow.

Above the dam, at Kennedy’s mill, the water level
is approximately 550 feet, a rise of 51 feet in the distance
of 8 miles measured along the windings of the river from
its mouth. The elevation of 600 feet above sea level
is reached exactly east of Faulconer, and about a mile
south of the point where the boundary line between Mercer
and Boyle counties strikes the Dix river. This is equiva-
lent to a rise of 50 feet in a distance of 10 miles measured
along the river course, or the same elevation along 8 miles
measured from the head of the slack water above Ken-
nedy’s mill.

From this point, a mile south of the Mercer-Boyle,
boundary line, the river rises much more rapidly. The
elevation of 650 feet above sea level is reached at Davis-
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town, a rise of 50 feet in 6 miles. The elevation of 700
feet above sea level is reached directly east of Danville,
at the more eastern bend of the river, a mile and a half
in a direct line north of Hedgeville. This is equivalent
to a rise of 50 feet in six and a half miles.

Effect of Dam 130 Feet High at Kennedy’s Mill.

The locality last mentioned lies about 2 miles up stream
from the Danville Water Works dam. The river bed
immediately below the dam lies approximately at 680
feet above sea level or 130 feet above the level of the
water in the area above the dam at Kennedy’s mill.
From this it is evident that a dam rising to a level 130
feet above the present dam at Kennedy’s mill would hold
back the water as far as the Danville Water Works, a
distance measured along the river course of about 20
miles.

Possibility of Erecting a High Dam at Kennedy’s Mill.

The possibility of erecting a dam of these dimen-
sions at Kennedy’s mill becomes apparent at once when
the elevations of the rocky walls bordering the Dix river
gorge in the vicinity of this mill are examined.

Both above and below the bridge at Kennedy’s mill,
the rocky walls of the Dix river gorge attain a height
of 750 feet above sea level on immediately opposite sides
of the gorge at several localities where the walls of the
gorge are nearly vertical, and where the width of the
gorge is comparatively narrow. As a matter of fact,
localities can be selected in which the walls on opposite
sides of the river spread so little at the top that dams
attaining an elevation of 800 feet above sea level could
be erected, at cemparatively moderate expense when
thed great height of the dam above river level is consid-
ered.

A dam attaining an elevation of 750 feet would hold
back the waters as far as the turn of the river one mile
north of the road from Danville to Lancaster, by way
of Hedgeville. 4
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The data supplied in the preceding lines have been
taken from the Harrodsburg sheet, but of course the
length of the stream channel between the localities men-
tioned is subject to slight errors which could be corrected
by accurate local surveys. Nevertheless, they are con-
sidered as fully within the limits of accuracy necessary
for the preliminary survey of a water power project.

Walls of Dix River Gorge at Kennedy’s Mill Formed by High
Bridge Limestone.

The Dix river gorge is walled in by the lowest rocks
belonging to the series exposed within the limits of the
State of Kentucky. This does not mean that rocks can
not ke found at lower elevations, but the slope of the
rock beds within the State is such that the lowest rocks
in the series have been sufficiently elevated here to be
magnificently exposed in the picturesque vertical -cliffs
lining the gorge. These rocks belong to the High Bridge
section as defined by Campbell in the Richmond folio, pub-
lished by the U. S. Geological Survey.

Three quarters of a mile east of Kennedy’s mill, on
the road to Buena Vista, the top of the Tyrone lime-
stone is approximately at 900 feet above sea level. Half
a mile northwest of the mill, along a road leading north-
ward from the pike to Burgin, the top of the Tyrone
limestone is approximately at about the same eleva-
tion. From this it is evident that any dam erected in
the vicinity of Kennedy’s mill will abut only against
walls of rock belonging to the High Bridge division.

Characteristics of High Bridge Limestone.

The High Bridge division consisits almost entirely
of limestone, with occasional thin seams of clay, or of
more readily weathering limestone. As a whole, the
limestone appears massive. It is very fine grained,
has a conchoidal fracture, and fresh surfaces present
a light blue color. As a rule, the layers do not separate
readily, and the rock, therefore, is of little value except
for road metal. However, 90 feet below the top of the
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Tyrone limestone, there is a section about 25 feet
thick, in which the rock is more even bedded. The lay-
ers separate more readily, and in former times this part
of the High Bridge section was extensively quarried.
Formerly it was known as the Kentucky river marble.
At present it is known as the Oregon bed. Freshly quar-
ried, the rock has a light gray or cream color, yellowing
on exposure.

That part of the High Bridge limestone overlying
the Oregon bed is known as the Tyrone bed, and that
part which underlies the Oregon bed, is known as the
Campnelson bed. The order of succession of these rocks,
in descending order, is

Thickness.

J Tyxroueibed s s3I IRE et 90 feet

High Bridge Limestone {Oregonbed.................c...ooiiii.t. 25 feet
CamprN S0l bad T r ) e e srecatreys o . foko 285 feet

Camp Nelson Division of High Bridge Limestone Forms
Wall of Gorge.

The preceding data indicate that in the vicinity of
Kennedy’s mill the top of the Campnelson bed is to be
found about 115 feet below the top of the Tyrone
limestone, which in this vicinity is about 900 feet above
sea level. This would place the top of the Campnelson
bed at about 785-foot the level. Since a dam rising 130
feet above the level of the water at the Kennedy mill
dam would attain practically the same level, it 1s evi-
dent that only the lower, or Campnelson bed of the High
Bridge limestone would be used as abutment walls in
the erection of any dam not rising above the level of the
dam belonging to the Danville water works.

The question as to the commercial value of a dam
across the Dix river in the vicinity of Kennedy’s mill,
therefore, depends not only upon the quantity of water
which would be delivered by the Dix river to the reser-
voir held back by the dam, but also upon the compara-
tive impermeability of the rock masses forming the lateral

-
-
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walls of this reservoir. The water retaining powers of
the largest dam under contemplation in the vicinity of
Kennedy’s mill can be readily assured, this being a prob-
lem in hydraulic engineering which can be readily solved
The retaining of the waters by the natural walls now
forming the cliffs lining the gorge, and which later must
assist in retaining the waters of the rising reservoir, is
another question, and not one so readily answered.

Value of Camp Nelson Rock for Holding in the Waters
of a.Reservoir.

Several characteristics of the Camp Nelson rock favor
the view that it will prove efficient in retaining the waters
of a reservoir, even under high hydraulic pressure. One
of these is the comparative massiveness of the rock. Ix-
cepting some beds of calcareous shale, not over three or
four feet in thickness, the rock consists of limestone.
Although this limestone weathers into layers near the
exposed surfaces, the separation into layers becomes
less conspicuous as quarrying operations are continued
farther from the surface and finally areas are reached
in which the limestone masses become practically contin-
uous. From this it is evident that the abutments of a
dam must rest upon the still consolidated rock and not
upon its weathered surfaces. The higher the dam,
the greater will be the hydraulic pressure at the base,
and the greater must be the precautions to abut the dam
only against the consolidated rock, laterally as well as
vertically.

Another characteristic of the Camp Nelson rock, favor-
ing its ability to hold in the waters of a reservoir, is the
exceeding fineness of its grain. The porosity of a rock di-
minishes rapidly with the fineness of its grain, and its abili-
ty to hold back the waters of a reservoir increases in the
same ratio.

Danger Resulting from Ready Solubility of Limestone.

One of the features which militate against the avail-
ability of large natural masses of limestone as retain-
ing walls of reservoirs is the comparative ready solubility
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of limestone in water containing carbon dioxide or de-
caying animal and vegetable matter. Where layers of
rock are readily separable along their bedding planes,
or where the masses of limestone are traversed by cracks
or faults, the percolating waters frequently open up un-
derground channels occupied by an ever expanding under-
ground drainage system.

Presence of Limesinks in the More Northern Areas Drained
by the Dix River.

The existence of such an underground drainage sys-
tem in the vicinity of the Dix river, both above and be-
low Kennedy’s mill, is abundantly attested by the pres-
ence of numerous sink holes and the small number of
surface channels occupied by streams excepting immed-
iately after a rain. However, these sink holes and under-
ground channels occur chiefly on the high lands border-
ing the Dix river gorge. Here they traverse not the
High Bridge limestone, but the overlying, much coarser
and more porous Lexington limestone. It is certain that
underground channels penetrate also upper parts of these
the High Bridge limestone, and some of the channels reach
the lower parts of the ngh Bridge limestone, but in much
smaller numbers.

On the map known as the Harrodsburg sheet, pub-
lished by the Umted States Geological Survey, the pres-
ence of a few of the larger and more conspicuous sink holes
is indicated by small circles from which lines radiate
toward the center. The blue rings within some of these
circles indicates that the bottoms of certain sink holes
have become clogged with mud and now are filled with
small ponds. This is the meaning also of the isolated
small blue circles found on the same parts of the map.
An examination of the map will indicate the presence
of rather numerous sink holes within a moderate dis-
tance of the Dix river, between Hedgeville and a point
about 2 miles north of Kennedy’s mill. When it is re-
membered that only a small part of the limesinks is indi-

-
-
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cated upon the map, the general prevalence of an un-
derground drainage in the vicinity of the Dix river be-
comes apparent. As stated in the preceding lines, most
of this underground drainage lies within the compara-
tively coarse grained Lexington limestone. However,
since these underground channels undoubtedly extend
into the upper part of the High Bridge limestone and
possibly might penetrate even the lowest beds, a canoe
trip was taken down the Dix river gorge for the purpose
of making an accurate survey of the exposures there
presented.

Examination of Dix River Gorge, Below Davistown.

A short distance down stream from the bridge across
the Dix river, southwest of Marcellus, there is a small
flexure of the rocks shown on the western bank. This
is a small anticline, probably of no special significance
in connection with the question under consideration.

At the strong bend of the river north of Davistown,
a small stream runs out rapidly from beneath a mud
talus, at an elevation of only one foot above low water.
This evidently is the exit of an underground stream.
Since the top of the Tyrone limestone at this locality
is 860 feet above sea level, and the top of the Campnel-
son bed is estimated at 745 feet, it is probable that the
underground stream here detected finds an exit about -
100 feet below the top of the Campnelson bed.

At the Fryingpan Bend.

A mile west of Davistown is the strong bend of the
river known as the Fryingpan. The underground stream
channels here probably attract much more general at-
tention than the subject deserves. The meanderings
of the river have carved out a triangular mass of rock
with sides half a mile in length, the northern apex of
which is still connected by a narrow ridge with the north-
ern wall of the gorge. Numerous small underground
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streams here drop through the mud at river level and re-
appear on the opposite side of the connecting ridge along
a line several hundred yards in length. At their exit
these streams flow out from among the lower courses
of rock lining the river bank, several feet above low water
level in the river. It is probable that such a large tri-
angular mass of rock, having become loosened from the
walls of the gorge, would on account of inequalities of
pressure, especially in case of high waters, tend to give
rise to underground streams, even if underground streams
were absent in surrounding rocks, and it is probable that
no special significance should be attributed to the pres-
ence of underground streams at this specific locality.
The elevation of these underground streams at the Iry-
ingpan is approximately 625 feet above sea level.

much more significant feature is presented by a
heavily flowing spring located on the western bank of
the Dix river, opposite the southwestern angle of the
Fryingpan triangle. The mouth of this spring opens
into the gorge at an elevation of 60 feet above the river
level, or about 685 feet above sea level. Estimating
the top of the Camp Nelson bed at this locality at 745
feet above sea level, the mouth of the spring at the Fry-
ingpan bend is approximately 60 feet below the top of the
Camp Nelson bed.

North of the Fryingpan Bend.

At a strong bend of the Dix river, 2 miles northwest
of Davistown, and nearly a mile and a half southeast
of Bushtown, a large stream plunges down the cliff, and
a cold spring appears at a lower level in the immediate
vicinity. Since no surface stream is located in this vi-
cinity on the government map, inquiries were made on
leaving the gorge, and these elicited the information
that there was considerable underground drainage on
the eastern side of the Dix river between this point and
Camp Dick Robinson. During the Civil War a large camp
was established at the latter locality owing to the pres-
ence here of abundant water obtained from an under-
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ground stream reached by a sink hole. This source of
supply is still in use but access is had through a spring
house. Several other sink holes occur in the immediaie
vicinity. A short distance north of Camp Dick Rob-
inson a line of sink holes crosses the pike to Bryantsville.
The waters of these sink holes have been traced west-
ward toward the Dix river and a part of them are believ-
ed by the neighboring farmers to find their exit within
the territory northwest of Davistown, here under con-
sideration. The accurate determination of the direction
of flow of these underground streams could readily be
determined if the necessary expense were -considered
justifiable. Fluorescin has been used in the investiga-
tion of problems of this nature and with great success.

At the strong bend of the river near Bushtown, a
strong stream of water comes down a ravine on the west-
ern side of the river, apparently in the absence of a cor-
responding surface stream on the high lands bordering
the gorge. This. also, suggests the presence of some
underground stream entenng the gorge by some open-
ing farther up the lateral ravine. Since the elevation
of the exits of these streams would be considerably above
the level of the river, at Kennedy’s mill, at which it is
proposed to erect a dam no special exammatlon was made
of this ravine.

No Evidence of Underground Drainage Toward
Kentucky River.

The chief object of the trip down the Dix river was
determined whether it was possible to discover any chan-
nels through which water accumulated behind a dam
at Kennedy’s mill might drain away. A close study
was made of the rocky walls lining the gorge in order
to locate the presence of cracks or faults. The examina-
tion was sufficiently detailed to indicate that no faults
crossed the gorge within the territory north of Marcellus,
nor could any cracks be detected which were sufficiently
conspicuous to suggest injury to the dam project. If
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such cracks are present, their existence can not be de-
termined by a careful study of the surface of the ecliffs
lining the gorge.

For almost the entire distance down the Dix river
gorge, from Marcellus northward, the rocky bottom of
the river may be reached easily by means of the canoe
paddle. In the quiet pools between the riffles any out-
flow of water from the riffle into an underground chan-
nel should be perceptible, if of any considerable propor-
tion. Nothing of the kind was noticed.

In brief, a careful examination of the Dix river gorge
suggests the feasibility of the erection of a dam, and the
probability that the walls of the gorge will retain a reas-
onable percentage of the water, provided that an ade-
quate water supply be furnished by the head waters and
branches of the river.

Difficulties Encountered at Danville Water Works.

In a project involving such a large expenditure of
money as that contemplated if the Dix river is to be used
as a source of water power on a large scale, any evidence
casting doubt upon the feasibility of the project should
be carefully weighed.

It would be difficult to convince the engineers who
have been connected with the Danville Water Works
that the erection of a high pressure water power plant
near the northern end of the Dix river gorge is feasible.
They have had altogether too much trouble with their
own dam, a much lower structure, erected across the Dix
river at a point about a mile south of the pike from Dan-
ville to Marcellus. This dam has a height of only 16
feet. There is considerable leakage through the rocks
forming the walls of the gorge at the level of the reser-
voir. The quantity of the water held back by the dam
is not sufficient even for the comparatively moderate
necessities of the water works system of Danville, dur-
ing the drier months of summer and early autumn. Last
year ditches were blasted from the reservoir southward,
up the river, from water hole to water hole, utilizing
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pools only 2 feet in depth, in order to meet the immedi-
ate necessities of the water works. The present dam
holds back the water for a distance of three quarters of
a mile. A second dam crosses the same gorge farther
up stream and will be in a condition for service during
the latter part of the present year. With the assistance
of this second dam it will be possible to meet the necessi-
ties of the water service of the comparatively small city,
Danville. Any water power proposition in addition to
the water supply of Danville appears out of the question
at this locality.

There is abundant evidence of the leakage of water
through the walls of the gorge lining the Danville Water
Works reservoir. The deforesting of the lands border-
ing the Dix river caused the drying up, at least during
the summer months, of many of the springs which for-
merly entered the Dix river gorge below the location
of the reservoir dam. Since the erection of the dam a
considerable number of these springs have opened up
again, evidently securing their supply from the waters
in the reservoir. It seems possible, that under the much
greater hydraulic pressure developed by the much higher
dams contemplated for the water power plants in the
vieinity of Kennedy’s mill, such leakage channels might
be converted in a comparatively small number of years
from springs to gushing streams of water.

The difficulty of locating the points of exit of the
waters is illustrated by the fact that whenever the water
at the Danville reservoir rises more than a foot above
the dam, a large quantity of water gushes out from the
river bed a short distance below the dam. Although
the existence of this leak has been known for a long time,
so far it has been impossible to find its origin above the
dam, notwithstanding the fact that most of the time
this leak must lie above water level. Evidently the
difficulty of locating such a leak, if below the water level,
must be much greater.
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Examination of Rocks Forming Walls of Gorge at Danville
Reservoir.

On account of the adverse evidence presented by
the reservoir at the Danville Water Works, a special
examination was made of this locality. The level of
the water in the reservoir is given as 686 feet above sea
level, on the Harrodsburg sheet, published by the United
States Geological Survey. The top of the Tyrone
limestone is somewhere near 850 feet. This would place
the level of the water in the reservoir 164 feet below the
top of the Tyrone limestone, or about 50 feet below
the top of the Camp Nelson bed. 'The base of the dam
is located 16 feet lower.

This suggests the leakage of water through walls form-
ed by rock belonging about 65 feet below the top of the
Camp Nelson bed. It will be remembered that the spring
at the southwestern angle of the Fryingpan bend, 2 miles
northwest of the Danville Water Works issues from the
same rock. It is probable that a considerable part of
the underground drainage connected with the sink holes
in the more immediate vicinity of the Dix river extends
down to this level, notwithstanding the fact that almost
all of the sink holes begin in the comparatively coarse-
grained limestones belonging to the overlying Lexington
group of limestones.

In opposition to the unfavorable conclusions to be
derived from a study of the situation at the Danville
reservoir it might be suggested that there is no evidence
that sufficient care was exerted in the erection of the dam
to remove the more decayed portions of the limestones,
both from the sides and the bottom of the stream chan-
nel, so as to retain only solid rock for the foundations
and the lateral abutments of the dam. Care in this di-
rection is of the highest importance in the case of all lime-
stones on account of their comparatively ready solubil-
ity, but this care is especially necessary in proportion
as the bedding of the limestone is more distinct and the
seams between the layers are more readily discernible.

At the point where the Danville reservoir dam has

-
-
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been constructed the rocks actually used as lateral abut-
ments for the dam are much less precipitous than those
which would serve a similar purpose for the much higher
dam proposed in the vicinity of Kennedy’s mill. The
latter, therefore, may show much less deeper weathering,
and care in cutting back beyond the area of weathering
before putting in the foundations and the lateral abut-
ments may solve the problem for the Kennedy mill site.

Faulting a Mile South of Danville Water ‘'Works.

No faults were noticed at the Danville Water Works
site. Possibly a much more extended search might re-
veal evidence indicating the loosening of rock due to
faulting. This faulting may not have extended as far
as the Danville Water Works, but the cracking of the
rock may have extended as far as this point, without
resulting in actual faulting. In other words, faulting
is only the extreme expression of disturbance among
the rocks, and cracking may extend far beyond the area
of actual faulting. Usually this cracking extends along
a continuation of the line of faulting and for a moder-
ate distance on each side of the fault.

J. T. Sandidge Barytes Vein.

Evidence of moderate faulting is seen one inile south
ot the Danville Water Works, at the Barites mine on the
property of J. T. Sandidge. This barytes vein runs ap-
proximately north and south. At the southern extrem-
ity, it includes a small quantity of zinc blende. The
level of the ground at the so-called mine is about 900
feet above sea level. Since the top of the Tyrone
limestone a mile north of the mine is about 850 feet above
sea level, and 2 miles southeast of the mine, or half a
mile south of Hedgeville, is 842 feet above sea level, the
rock at the mine probably belongs to the lower 50 or 60
feet of the Lexington limestone. A contorted layer of
limestone is seen in the lower part of the open cut form-
ing the mine. On the west side of the cut this layer oc-
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curs at a level 4 feet lower than on the eastern side, in-
dicating the presence of moderate faulting. While the
amount of faulting is only moderate, the vein itself is
an indication of cracking of the rock, and this vein trends
directly toward the Danville Water Works site, only
a mile away.

Lime-sinks are abundant a mile north of the Danville
reservoir, along the pike from Danville to Marcellus.
A third of a mile west of the junction of the road leading
southward to the reservoir, there is a section in which
the rocks dip rapidly southward, the strike following
the pike for some distance. Since the rock immediate-
ly south of the pike, across the valley, appears horizon-
tal, there may have been faulting here, although the
tilting might be due to slumping of a large mass of rock
into the valley.

The Greét Camp Nelson Fault.

The great Camp Nelson fault passes about three miles
east of the Danville Water Works, and then takes a west-
ward turn about 5 miles southeast of the water works.
This fault appears too distant to effect the conditions
at the water works directly.

The Camp Nelson fault crosses the Kentucky river
at Camp Nelson, 5 miles a little north of east from Ken-
nedy’s mill, measured in a direct line. The fault fol-
lows the pike from Camp Nelson to Toddville, bears a
little to the east of Bryantsville, crosses Burdett’s knob,
and crosses the pike from Lancaster to Danville, by way
of Hedgeville, about three quarters of a mile east of the
bridge across the Dix river, directly east of the great
bend of the river north of the pike. From this point
the fault follows the ridge between the Dix river and
Hanging Fork as far as Hubble, north of which it breaks
up into some faults having a more westerly strike.

B. W. Givens Barytes Vein.

Along a considerable. part of this distance the fault
crack is filled with barites. An open barites mine is be-

-
-
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ing worked at the present time on the ridge between
the Dix river and Hanging Fork, 2 miles north of Hub-
ble. A little zinc blende is associated with the barites.
The vein branches irregularly, and the main branch var-
ies in direction, but the general trend is a little east of
north. Both High Bridge and Lexington limestone oc-
cur on the western side of the vein. The country rock
east of the vein was not exposed. South of the mine
the top of the Tyrone limestone occurs 885 feet
above sea level. That part of the Lexington limestone
which appears in the open cut of the mine probably be-
longs to the lower 50 or 60 feet of the Lexington beds.
The land is owned by B. W. Givens, and the mine is said
to be operated by the Nicholasville barite company.

Jerry Sandidge Barytes Vein.

The mine immediately north of the pike from Lan-
caster to Hedgeville, on the property of Jerry Sandidge,
probably is a continuation of the Givens vein, since it
lies along the same line of strike. At the pond immedi-
ately east of the house, the Eden beds, containing Dal-
manella multisecta, are exposed. A barites vein, running
north and south, occurs north of the pond. Small quan-
tities of zinc blende occur in the barites. No galena was
found. The Eden rock, with Dalmanella multisecta com-
mon, occurs west of the vein, and the Fairmount bed,
with Strophomena maysvillensis, forms the eastern wall.
Farther north, a continuation of this vein, on the same
property, has been mined as an open cut. .Here Lex-
ington limestone, containing Rhynchotrema inequivalve,
occurs on the western side of the vein, and a small patch
of the same limestone is seen also on the eastern side.
The fine grained rock on the eastern side of the vein at
its northern extremity, resembling the High Bridge lime-
stone was not identified definitely. It should be remem-
bered that the Perryville bed contains layers resembling
the High Bridge limestone. Evidently considerable fault-
ing has occurred along the strike of the barite vein.
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Large Fairmount Limestone Fault Block at Low Level.

About a quarter of a mile east of the Jerry Sandidge
mine, along a steep gully north of the pike, Strophomena
maysvillensis is abundant as low as 50 feet below the
level of the pike, indicating the presence here of a con-
siderable section of Fairmount rock. A short distance
farther eastward a considerable thickness of Eden rock,
containing Dalmanella multisecta and Plectambonites ser-
icea in abundance, is exposed. Strophomena halli oc-
curs near the upper part of the hill eastward. These
facts suggest that a considerable block of Fairmount rock
has dropped between the Lexington limestone exposed
west of the Jerry Sandidge baryte vein and the IXden lime-
stone exposed a third of a mile farther eastward. The
amount of this drop is estimated at fully 250 feet, and
possibly more than 300 feet, as a maximum.

Faulting at Burdett Knob.

‘The most southern exposure of the Lexington lime-
stone along the pike from Bryantsville to Lancaster, is
located a little over a mile south of Burdett knob, where
a road turns off southward from the pike. A short dis-
tance north of the road corner, on the eastern side of the
pike, a quarry may be seen near the top of the hill land.
Here a very fine grained limestone, with numerous worm
borings, probably represents the Perryville bed. This
fine grained rock is 3 feet thick. The immediately over-
lying rock, 15 inches thick, is very irregularly bedded,
and the overlying rock, containing an abundance of He-
bertella frankfortensis at an elevation 4 feet farther up,
must be regarded as forming the top of the Lexington
limestone section. A short distance farther northward,
an old county road branches off eastward. In the valley
east of the pike this road exposes the Ohio Black shale,
dipping northeastward, evidently faulted for a vertical
distance of at least 400 to 500 feet below its former rela-
tive position, compared with the strata exposed farther

-
-
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westward, along the pike. This evidently is a continua-
tion of the fault at the Jerry Sandidge mine, southward,
and of the Burdett knob fault northward.

A mile southeast of Camp Dick Robinson, a lane
branches off from the pike, northeastward, toward a
farm house fully half a mile distant. At first this lane
takes an almost easterly direction, and then turns sud-
denly northward. At this bend of the lane the very
fine grained limestone resembling the High Bridge lime-
stone, but belonging to the Perryville bed, is exposed.
The worm borings in this Perryville limestone are very
characteristic of this rock at many localities. Tetradium
also occurs, as elsewhere at this horizon. West of this
exposure of Perryville rock, the immediately underlying
strata of the Lexington limestone are exposed.

Barytes Vein North of Burdett Knob.

Farther northward, about a quarter of a mile from
the pike, the lane turns more toward the northeast.
North of this angle of the road, a barytes vein was opened
in the field. Its general trend is northward. On the
western side of this barite vein, the country rock is formed
by the Lexington limestone. East of the barytes vein
the country rock consists of strata belonging to the
Maysville formation. The fault probably follows the
western side of Burdett Knob, the Lexington limestone
continuing as the country rock on the western side of
the fault.

Exposures Northeast of Burdett Knob.

East of the baryte vein mentioned above, the lane
turns northward at a pond, toward the farm house. Im-
mediately south of the pond, another road turns off east-
ward, and then southeastward, entering the valley east
of the knob. About 200 yards southeast of the pond,
blue limestone, containing Platystrophia ponderosa and
Labechia ohioensis, occurs in the stream bed followed by
the road. This limestone is referred to the upper part
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of the; Arnheim horizon, owing to the presence of the
Labechia. In this part of Kentucky, Labechia occurs
at various localities in the Arnheim horizon, but has not
been found so far in the lower parts of the Maysville for-
mation, although abundantly represented in the Fair-
mount beds along the Cumberland river, much farther
southward. The more characteristic fossils of the Arn-
heim bed were not found.

Westward from the Labechia locality, toward the pond
at which the lane turns northward to the farm house,
the immediately overlying massive argillaceous rock con-
tains Platystrophia ponderosa. This also is referred to
the Arnheim section. The unfossiliferous strata near
the pond, however, probably belong to the base of the
Waynesville section. Southwest from the pond, along
the lane already frequently mentioned, the Ohio black
shale overlies this lower Waynesville horizon, although
tilted strongly southward. This brings the Ohio black
shale in contact with the Perryville bed near the top
of the Lexington limestone for a short distance along
the lane. This contact represents a faulting of more
than 600 to 700 feet, with the drop on the eastern side
of the fault.

| Crest of Burdett Xnob.

Ascending the main elevation of Burdett IKXnob, direct-
ly south of the pond, the lower part of the so-called Wav-
erly section is traversed. It is an argillaceous rock, weath-
ering into softer material, and the cherty and quartzif-
erous concretions lining the hill slope west of the knob
evidently were obtained from the upper part of this Wav-
erly or Knobstone section.

Directly west of the crest of the knob a wire fence
extends north and south along the knob ridge, and only
a short distance below the level of this fence there are
abundant fragments of Fairmount limestone, contain-
ing Strophomena maysvillensis. The juxtaposition of
strata as far apart as the Fairmount bed and the Waver-
ly formation is another evidence of very considerable
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faulting. A wedge of Fairmount limestone evidently
occurs here at about the same level as the lower part of
the Waverly exposure on the west, and far above t'c
upper part of the Maysville exposure in the valley east
of the knob ridge. In the absence of sufficient expos-
ures, it is not possible to account for this extreme change
in the original position of the wedge of Fairmount rock.

East of the Burdett Knob.

At the southeastern corner of the Burdett knob ridge,
the Ohio black shale is exposed, far down the valley,
evidently east of a fault line crossing the knob in a north-
erly direction at some point farther westward. From
this point northward, up the valley lying east of the Bur-
dett knob ridge, the comparatively unfossiliferous strata
regarded as belonging to the Corrvville horizon are ex-
posed. East of the valley the rocks dip evenly west-
ward, so that the unfossiliferous rock section forms the
hill slopes as far as the crest of the hill land east of the
valley.

The Burdett Knob is a striking example of consider-
able faulting, accompanied by dislodged fault blocks of
fairly large size. In general, the strata east of the fault
line have dropped, as was the case also farther south-
ward, as already described. Burdett knob appears to
mark the area of maximum faulting along the Camp
Nelson fault plane.

Camp Nelson Fault North of Toddville.

At Toddville, the lower part of the Iiden formation,
with Dalmanella multisecta common, is well exposed
on the hill side directly east of the road junction, and still
lower exposures of the same formation may be detected
on the western side of the pike to Camp Nelson. The
contact with the Catheys formation is seen 15 feet
below the road junction at the northern end of Todd-
ville. Farther north, the extreme top of the Lexington
limestone, above the Perryville bed, is identified by the
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presence of Hebertella frankfortensis, Strophomena vic-
ina, and Stromatocerium pustulosum The rock here
is tilted strongly southeastward. Still farther northward,
the very fine grained Perryville limestone is poorly ex-
posed. Evidences of moderate faulting are seen for half
a mile northeast of Toddville.

Camp Nelson Fault South of Camp Nelson.

A mile south of Camp Nelson, a vertical fault plane
follows the pike, with the High Bridge limestone on the
east of the fault and the Lexington limestone on the west.
The Lexington limestone dips west or northwest for a
long distance along the road. The fault line may be
traced along the pike as far as Camp Nelson, the High
Bridge limestone continuing on the eastern side of the
fault. This evidently indicates a reversal of the down-
throw, the drop being on the western side of the fault
line, instead of on the east, as farther southwad.

It would be just as pertinent to refer to the great up-
throw of the High Bridge strata on the eastern side of the
fault line at Camp Nelson, since at this locality the High
Bridge limestone has its greatest elevation within the
State of Kentucky, resulting in the exposure here of
lower strata in the High Bridge limestone section than
at any other locality within the state.

No Effect of Camp Nelson Fault on Lower Dix River
Drainage Noted.

The question arises, what effect does the presence
of such a long and strong fault as that extending from
Camp Nelson southwestward across Burdett knob have
upon the underground drainage in the vicinity of Ken-
nedy’s mills.

It would be folly to blind one’s self to the possibility
that faulting of such magnitude might resulting in crack-
ing of the strata for long distances, resulting in the open-
ing up of crevices giving rise to a considerable under-

-
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ground drainage. The only reply to the question which
can be given at present is that careful search has failed
to reveal the presence of such a drainage at the lower
levels at which it would invalidate the utility of the Dix
river as a source of water power.

Distance From Kennedy’s Mill to Kentucky River.

A careful study was made of the territory lying east
and northeast of Kennedy’s mill, as far as the Kentucky
river. It will be seen from the map that Kennedy’s mill
is exactly 3 miles from the nearest part of the Kentucky
river, at Handy’s Bend. It is nearly 4 miles distant
from the bend of the river two miles west of Camp Nel-
son and 5 miles distant from the bend of the river one
mile south of Camp Nelson.

Limesinks in Intervening Area.

In this connection the various limesinks east of the
pike north of Buena Vista, from a point one mile north
of Buena Vista toward Handys Bend should be men-
tioned. Several of these limesinks are of large size and
suggest a considerable underground drainage toward the
Kentucky river. Various limesinks on the road from
Buena Vista to Kennedy’s mill suggest the presence of
a considerable underground drainage toward the Dix
river. But no evidence was found indicating an under-
ground drainage connecting the Dix and Kentucky rivers
across the territory indicated.

Advisability of Fluorescin Tests.

Before the beginning of expensive operations at the
Kennedy mill site, it might be advisable to undertake
some of the fluorescin tests which have been so success-
ful in foreign countries in determining the presence and
direction of underground drainage, but it would be well
to remember that such tests would reveal only the.pres-
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ence of the lowest channels, those below the level of the
water at Kennedy’s mill. Those at higher elevations
would escape such a test.

No Evidence of Underground Drainage Toward Kentucky
River Noticed.

There is a limit to the possibilities of geological inves-
tigation. A geologist can interpret only that which he
sees. From actual exposures he must draw conclusions
as to conditions removed from sight. All that can be
said at present is not that underground drainage destruc-
tive of the use of the Dix river for water power purposes
does not exist, but that careful search has failed to reveal
such an underground drainage, and that a careful study
of the territory in question rather favors the opinion
that a dam can be constructed which will hold back as
much of the water actually supplied as is the case in other
dams of similar height as that contemplated.

Importance of Solid Rock Abutments for Dam.

No dam holds all of the water theoretically held up
by it. The rocks forming the gorge walls absorb a part
of the waters in the reservoir. A slow circulation takes
place within the rock itself, the rate of this circulation
depending upon the porosity of the rock. In this respect
the rock forming the gorge walls bordering the Dix river
are especially favorable owing to their great density and
corresponding small porosity. It may safely be stated that
few rocks exist through which the circulation would be
less rapid. '

The chief danger must lie in the crevices crossing
the rock and in the seams between the horizontal layers.
The necessity of quarrying back to the solid rock has been
mentioned on preceding pages.

A much more important question than the retaining
powers of a dam at Kennedy’s mill appears to be the
actual water supply which the river will deliver to the
dam.
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The contributions which a geologist can make to this
problem are less important than the results that can be
obtained by an actual accumulation of records of the
water discharged each day during a large period of time.

Inclination of Rock Strata Probably of Little Effect on
Underground Drainage in Dix River Area.

It is not believed that the inclination of the rock strata
has much to do with the direction of underground drain-
age excepting in the case of an alternation of porous and
relatively impervious strata. The direction of the under-
ground drainage in the case of the massive High Bridge
and Lexington limestones probably is determined more
by the direction of crevices enlarged by solution than
by the inclination of the layers which make up the rock
masses. The chief controlling factor undoubtedly is the
relative height reached by the ground water at neigh-
boring localities and the resultant inequalities of hy-
draulic pressure.

Direction of Underground Drainage Determined by
Differences of Hydrostatic Pressure.

The direction of flow of the underground water al-
ways is from the area where the top of the ground water
reaches a higher altitude towards that at which the al-
titude is less. Given a difference in the level of ground
water at two localities, the water always will flow from
the higher to the lower level, irrespective of the direc-
tion of slope of the intervening rock. If it can not flow
along the bedding planes it will follow the vertical fis-
sures that here and there intersect the layers.

Nevertheless, a few observations on the general in-
clination of the rocks, among the many accumulated,
will be of interest.
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Dips of Strata Between Buena Vista and Camp Nelson.

At Buena Vista, two miles directly east of Kennedy’s

mill, the top of the Tyrone limestone is 866 feet above
sea level. A mile and a quarter south of Camp Nelson,
where a country road turns off from the pike, westward,
the top of the Tyrone limestone is about 785 feet above
sea level. Three quarters of a mile south of Camp Nelson,
the top of the Tyrone limestone is not more than 670
feet above sea level. The rock on the western side of
the Camp Nelson fault evidently is dipping rapidly
toward the north. This dip continues northward, and a
little over a quarter of a mile from the Kentucky river,
the top is found somewhere near 610 feet, the dip con-
tinuing as far as the Kentucky river.
- North of Camp Nelson, there is a corresponding rise
of the strata, the top of the Tyrone reaching an
elevation of 930 feet, a mile and a quarter north of the
village. From this point northward the change of ele-
vation appears inconsiderable, the top of the Tyrone
limestone being somewhere near 900 feet at the bridge
over Town Fork, two and a half miles south of Nicholas-
ville.

Dips of Strata Between Buena Vista and Camp Dick

Robinson.

While there is a dip of strata from Buena Vista east-
ward from an elevation of 866 feet to the lower levels
indicated in the preceding lines, the rise of the rocks south-
wards, along the pike from Camp Nelson to Bryants-
ville continues. A mile west of Bryantsville, the top
of the Tyrone is found at 860 feet. A mile south-
west of Bryantsville, the elevation of this horizon is some-
where near 950 feet. This is the maximum elevation
of the Tyrone limestone along this direction. Half
a mile southeast of Camp Dick Robinson, the Wilmore
bed of the Lexington limestone, with an abundance of
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large specimens of Prasopora simulatrix, is exposed at
about the same elevation, indicating a drop of the strata
in this direction.

Absence of Strong Dips Along the Northern Part of the
Dix River. ‘

That the elevation of strata between Camp Dick Rob-
inson and Bryantsville is extreme is shown by the fol-
lowing data. Elevation of the top of the Tyrone
limestone at Buena Vista, 866 feet above sea level. At
a mile and a half west of Buena Vista, the elevation does
not exceed 884 feet since chert from the Curdsville bed
occurs down to this level. A little over two miles north-
west of Bryantsville, and a mile south of the pike from
the Kennedy Mill to Buena Vista, about 870 feet. A
mile west of Bryantsville, 860 feet. At several locali-
ties about two miles southwest of Bryantsville, along the
road entering Davistown from the north, 850 to 860 feet.
Within a third of a mile south of Marcellus, 865 feet.
At the Danville Water Works, somewhere near 850 feet.
At the bridge a mile south of Hedgeville, 842 feet. A
mile and a half east of this bridge, at the B. W.Givens
Barite mine, on the ridge between the Dix river and
Hanging Fork, 842 feet. Between one and two miles
northeast of Hedgeville, somewhere near 840 feet. In
contrast with the rapid change of level along the line
of the Camp Nelson fault from Camp Dick Robinson
northward, the elevations along the immediate channel
of the Dix river are remarkably uniform.

Probable Absence of Faulting Along the Dix River Gorge.

This uniformity of elevation of the High Bridge strata
between the area southeast of Hedgeville and Kennedy’s
mill certainly is in favor of the absence of important
crevices due to faulting along the intervening part of
the Dix river gorge.
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Faulting Northeast of Hubble.

In the faulted area three quarters of a mile south of
the Givens baryte mine, and about a mile north of Hub-
ble, the top of the Tyrone limestone in one of the
fault blocks is 885 feet, the Eden beds, with Trinucleus,
being exposed within a short distance southwards, at
an elevation only slightly higher. This is the most south-
erly appearance of the Tyrone limestone, the south-
ward dip of the strata, beginning near the northern edge
of Lincoln county, soon bringing in strata belonging to
a much higher series of rocks, geologically.

Possible Faulting Three Miles Northeast of Danville.

Nearly three miles northeast of the center of Dan-
ville, along the pike to Davistown, the top of the
Tyrone limestone is found at about 850 feet. This is
the elevation also at the Danville Water Works, and -
the steep dips along the pike three and a half miles north-
east of the center of Danville may be due to the tilting
of the rock locally toward the valley south of the pike,
but the explanation of this dip should receive further
study. Apparently the rock dips eastward for a con-
siderable distance along the pike, as far as the strongly
inclined rock already mentioned.

Absence of Faulting Along Dix River Northeast of
Kennedy’s Mill.

About two miles directly east of Burgin, north of
Cane Run, the top of the Tyrone limestone is ex-
posed approx1mately at 880 feet above sea level. Along
the railroad, a mile and a half south of High Bridge, the
top of the Tyrone limestone is seen at 860 feet. At
a culvert along the pike, two miles north of Buena Vista,
the top is somewhere near 860 feet. Three and a half
miles northwest of Buena Vista, along the same pike,
the elevation is about 870 feet. A mile south of the

-
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mouth of the Dix river, on the eastern side of the river,
the top of the Tyrone limestone is somewhere between
850 and 800 feet.

The preceding observations agree sufficiently well
with those obtained south of the Burgin-Buena Vista
pike to confirm the opinion that the area surrounding
the Kennedy mill was not an area subjected in times
past to considerable faulting. Data of a similar nature
could be largely multiplied, but it is believed that the
selection here presented will be sufficient to indicate the
nature of the evidence favoring this view.

Westward Dip of Strata West of Burgin.

About a mile and a half west of the railroad at Burgin,
the top of the very fine grained Perryville limestone is
exposed about 950 feet above sea level; two and a half
miles west of Burgin, at somewhere near 930 feet; one
mile east of the center of Harrodsburg, at about 900 feet;
within the limits of Harrodsburg, one square west of the
point where the Pleasant Hill road branches off from
the pike to Burgin, at about 850 feet. This is a distinct
westerly dip of 100 feet in 3 miles.

Two and a half miles northwest of the center of Har-
rodsburg, just before reaching the railroad, the top of
the Perryville bed is exposed at about 840 feet above
sea level. West of Salt river, on the road to Bohon,
the base of the fine grained Perryville limestone is seen
at 820 feet, and the top should be about 7 feet higher.
At Cornishville, 9 miles north of west from Harrodsburg,
the top of the Perryville bed is somewhere near 740 feet,
a dip of 110 feet in 9 miles. The westerly dip here evi-
dently is much less than along the three miles directly
east of Harrodsburg.

Northwesterly Dips in Western Boyle and Mercer Counties.

A mile and a half southwest of Harrodsburg, on the
road to Perryville, west of Salt river, the top of the Per-
ryville bed is exposed at 848 feet above sea level. About
a mile southwest of Nevada, at 844 feet. A quarter of
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a. mile southeast of Perryville, at about 870 feet. A
little over a mile southeast of Perryville about 870 feet.
Two and a half miles southeast of Perryville, at its most
southern exposure, about 950 feet. Almost directly north
of the last locality, at a point two and a half miles east.
of Perryville, the top of this bed occurs at 880 feet above
sea level. Four miles east of Perryville, east of Quick
Run, the top is found at about 923 feet. One mile north
of Bac, at the mouth of Carmichael branch, the top of
the Perryville bed must lie below the 740 foot level.
From these data it is evident that there is a general north-
westerly dip shown by the Perryville bed in the western
parts of Boyle and Mercer counties, toward Perryville
and the mouth of Carmichael branch. From the lat-
ter locality toward Bestonia, the dip of the strata is very
slight. From Bestonia to Cornishville there is a slight
rise of strata, resulting in a reappearrance of the typical
Perryville bed.

Westerly Dips Southeast of Harrodsburg.

Southeast of Harrodsburg, the Perryville bed rises
along the railroad, attaining an elevation of about 930
feet four miles southeast of town. The highest land
along the railroad midway between Burgin and Faul-
coner, located midway between these stations, attains
an elevation of 950 feet without reaching the typical
very fine grained limestone horizon belonging to the
Perryville bed, although the underlying beds are exposed.
Two miles south of Faulconer, at an elevation of 950
feet, the exposures probably lie at least 30 feet below
the typical Perryville horizon, and this is true also of
the exposures a mile and a quarter north of the center
of Danville, where the elevation likewise is 950 feet. At
the same elevation, a mile north of the railroad station,
the richly fossiliferous zone immediately below the typi-
cal Perryville bed is exposed, and the same richly fossil-
iferous zone isseen at an elevation of about 990 feet a mile
and a half south of the railroad station at Danville. From
this point southward the rock dips rapidly toward the
south.
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Summary Regarding Dips in the Northern Part of the
Dix River Drainage Area.

The preceding data may be summarized in the form
of the following conclusions. The elevations of the top
of the High Bridge limestone at various localities indi-
cate that the strata occupy comparatively horizontal
positions from a line almost as far east as the Camp Nel-
son fault westward almost as far as the railroad between
Burgin and Danville. Westward of this line of road
the elevations of the top of the Perryville bed indicate
a westerly dip which is especially strong in the area be-
tween a mile and a half and four miles west of the line
Letween Burgin and Faulconer. This westerly dip, if
it had any effect whatever on the underground drainage,
would tend to throw this drainage away from the Dix
river rather than towards it. However, only a small
part of the natural surface drainage area of the Dix river
is affected by this westerly dip since the watershed be-
tween the Dix and the Champlain river passes from Bur-
gin to a point 3 miles west of Faulconer, and thence con-
tinues almost directly southward to the angle at which
Boyle, Casey, and Lincoln counties meet. Moreover,
the influence of the direction of this dip on the under-
ground drainage probably is negligible.

Southerly Dips Along the Louisville and Nashville Railroad
West of Junction City.

In the immediate vicinity of the Louisville and Nash-
ville railroad between Mitchellsburg and Junction City
there is a strong southerly dip, causing the Ohio black
shale to be exposed immediately south of the railroad
along this entire distance, and also north of the railroad
in the area east of Alum Springs. North of Mitchells-
burg and Parksville, this southerly dip begins about- a
mile north of the railroad. It is estimated that the be-
ginning of the southerly dip north of Alum Springs lies
somewhere between a mile and a mile and a half from
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the railroad. Along the railroad from Danville to Junc-
tion City, the southerly dip begins about a mile and a
half south of the railroad station at Danville.

Southerly Dips Between Danville, Hedgeville, Stanford,
and Junction City.

In general, there is also a southward dip from the
pike between Danville and Hedgeville toward the Louis-
ville and Nashville railroad between Junction City and
Stanford. This southward dip is well shown along the
pike between Danville and Shelby. It is seen also along
the pike between Danville and Stanford. The Catheys
formation is exposed 3 miles southeast of Danville
at about 920 feet above sea level, while the Lexington
limestone is exposed at higher levels north of the Dan-
ville-Hedgeville pike. Since the Paint Lick or Lower
Garrard sandy limestone is about 940 feet above sea
level a mile and a half farther south, there evidently is
a strong dip in this direction. A mile and a quarter
farther south, along a pike leading to Shelby, the De-
vonian chert rests upon the upper part of the Corryville
bed at about 1000 feet above sea level.

Southerly Dips East of Danville-Stanford Pike.

A similar southward dip is noticed in the area east
of the Danville-Stanford pike, as far as Hanging Fork.
Along the pike between Danville and Hedgeville, the
Lexington limestone is exposed along the highest hill
crests, 950 feet above sea level. Neither the typical
fine grained Perryville limestone, nor the richly fossili-
ferous cherty limestones immediately underneath are
exposed, indicating that the base of the Catheys lime-
stone, now removed by erosion, in former times must
have been nearly 1000 feet, if not more, above sea level.
Two miles south of the Danville-Hedgeville pike, how-
ever, along an east and west road, the typical Perryville
rock is exposed at several localities along the bottom

-
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of the valley followed by the road, at elevations vary-
ing between 860 and 890 feet. These facts indicate a
strong southward dip. ‘

A mile farther southward, the less fossiliferous sandy
limestone, belonging to the Paint Lick or Upper Eden
beds, are exposed at elevations varying between 860
and 960 feet, again indicating a southward dip. As
a matter of fact, the dip here is southwestward, rather
than southward. The presence of Strophomena mays-
villensis along the Stanford pike, six miles southeast
of Danville, at an elevation of 860 feet, and, again, one
mile farther southeast, at Lytle, near the same level,
indicates the existence at these levels of the lower half
of the IFairmount bed, suggesting a continuation in this
direction of the southward dip. Two miles southwest
of Lytle, along Hanging Fork, and its branches, Stropho-
mena maysvillensis is common at 900 feet. There may
be faulting in this direction. Between one and two miles
north of Stanford, on the pike to Danville, the Corryville
is exposed as high as 1000 feet above sea level. Since
the Arnheim bed is exposed one mile southwest of Stan-
ford at about 945 feet above sea level, it is evident that
the southern dip continues, although possibly with in-
terruptions, as far as Stanford.

Faulting North of Hubble.

Along the pike from Hubble to Stanford, entering
Stanford from the northeast, similar southern dips are
noticed. One mile north of Hubble, the Eden beds are
exposed at about the same level as the contact between
the top of the Tyrone limestone and the base of the
Curdsville, immediately northward. There probably
is a fault between the two exposures. Another fault
crosses the road about a third of a mile north of Hubble.
A large exposure of Eden strata lies north of the fault,
and the Corryville bed, directly overlaid by Devonian
limestone chert, forms the hill summit south of the fault,
about 1000 feet above sea level.
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Southerly Dips From Hubble Toward Stanford.

From Hubble, the strata dip rapidly southward. One
mile south of Hubble, Strophomena maysvillensis, in-
dicating the presence of the Fairmount bed, is exposed
at about 850 feet above sea level. It is seen at about
the same level three quarters of a mile farther south,
overlaid by Orthorhynchula linneyi at a somewhat
lower horizon than that occupied by the same fossil
farther northward. About a mile and three quarters
north of Stanford, along the pike to Hubble, the base
of the Arnheim bed is exposed about 975 feet above sea
level. The strata along the creek immediately south
of the center of the town, at an elevation of about 900
feet above sea level, belong to the lower part of the Way-
nesville bed. :

:The southward dips in the area between Danville,
Hedgeville, Stanford and Junction City are not uniform.
Strong local folds and some faults intervene. However,
the general dip is southward, or in a direction almost

opposite to the general northward surface drainage of
the Dix river.

Southerly Dips Between Lancaster and Stanford.

Similar southward dips may be noticed along the pike
between Lancaster and Stanford. At the western edge
of Lancaster, and also in the south central part of the
town, the base of the Arnheim is exposed near 1000 feet
above sea level. Two and a half miles southwest of Lan-
caster, the base of the Arnheim is exposed at 913 feet.
About five miles southwest of Lancaster, the elevation
of this bed is 900 feet. Half a mile north of the pike
from Stanford to Rowland, on the western side of Logan
creek, the base of the Arnheim bed is about 850 feet above
sea level. The dip over a considerable part of this area,
however, is southeast, in other words almost directly
opposite to the surface drainage of the Dix river in the
area between Lancaster and Stanford.

-
-
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Dips Between Hubble and Lancaster.

Strong eastward dips occur also aleng the pike from
Hedgeville to Lancaster. Upper Eden beds are exposed
about a mile and a quarter east of the bridge across the
Dix river. Eastward, for a distance of half a mile, the
lower Garrard or Paint Lick bed is exposed at about
the same elevation. A mile southeast from the last local-
ity, the Orthorhynchula linneyi horizon from the upper
part of the Fairmount bed is exposed at 970 feet and
within the limits of Lancaster the base of the Arnheim
is seen at 1000jfeet. Southward dips are indicated by
the frequent occurrences of the Orthorhynchula linneyi
horizon along the road from Hubble to Lancaster, from
the Dix river eastward. Here this horizon is seen at
about 820 feet above sea level. At the bridge across
the Dix river, nearly four miles southwest of Lancas-
ter, the Orthorhynchula horizon is about 810 feet above
sea level. -

Dips Southeast of Lancaster.

In the area between Lancaster, Rowland, and Preach-
ersville, the dip of the strata is more irregualar. Along
the pike from Lancaster to Sweeney, the dip is southerly,
the base of the Waynesville bed lying below creek level
at the locality half a mile north of Sweeney. Irom the
crossing of this pike over Gilbert creek toward Row-
land, the dip is southwestward. Near the crossing of
the Sweeney pike over Gilbert creek, the elevation of
the Arnheim bed is 944 feet. About a mile southwest,
it is 920 feet. At several points, a mile and a half south-
west, it is about 890 feet. Half a mile northwest of the
railroad station at Rowland, it is 850 feet.

Dips Between Preachersville and Stanford.

At Preachersville, the elevation of the Arnheim bed
is about 950 feet, agreeing fairly well with the elevation
a mile northwest of Sweeney. However, west of Preach-
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ersville, along the road to Needmore, the rock occurs
at lower levels, being 890 feet above sea level three miles
west of Preachersville. At Rowland, its elevation is below
850 feet. Northeast of Preachersville, the Arnheim probab-
ly drops slightly in elevation for about two miles. South
of Preachersville, a fault crosses the road in a direction
a little south of west. The rock on the southern side
of the fault has dropped.

Eastward Dips Toward Crab Orchard and Broadhead.

From the area a mile westward of Cedar creek, the
rock dips eastward toward Crab Orchard. These east-
ward, or, rather, southeastward dips continue beyond
the headwaters of the Dix river, east of Broadhead. They
characterize also the rocks east and northeast of Crab
Orchard, as far as the drainage of the eastern branches
of the Dix river extends.

Dips Southwest of Stanford.

In the area between Maywood station and Neal creek,
southeast of Stanford, the dips are locally toward the
west. Between Stanford, McKinney, Moreland, and Junc-
tion City, the strata are tilted in various directions, and
distinct faulting is noticed at a number of localities.
Three miles northwest of Stanford, immediately south
of the railroad, the Tate layer dips strongly eastward,
and the top of the Devonian limestone is seen on the
south side of an approximately east and west fault. A
similar strong eastward dip appears to exist about a mile
and a quarter southward, along the road from Stan-
ford to Milledgeville. Possibly a fault intervenes about
2 miles west of Stanford, where the Ohio Black shale
is exposed. There is unquestioned faulting at the old
" Buffalo Spring, half a mile west of Stanford.

Three miles southwest of Stanford, and nearly two
miles east of Turnersville, the strata dip northward or
toward the northwest. From this locality two miles
east of Turnersville, and from McKinney, the dip appears
to be northwestward at least as far as Hanging Fork,

-
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and possibly as far as Moreland, Milledgeville, and the
Harris creek valley. For some distance south of Junec-
tion City, the dips are southerly.

Influence of Dip on Direction of Underground Drainage
Probably Small.

The preceding notes are sufficient to indicate that
the dip of the strata south of a line drawn from Danville
eastward frequently is in the opposite direction to that
of the surface drainage of the Dix river and its more eas-
tern tributaries. Along the headwaters of Hanging Fork,
south of the Louisville and Nashville railroad, there is
less disagreement.

There is no evidence that the disagreement between
the dip of the strata and the dire:ztion of the surface drain-
age has had any considerable influence upon the direc-
tion of flow of the underground drainage. The direc-
tion of flow of the underground drainage is determined
probably chiefly by the difference in hydrostatic pres-
sure in neighboring areas, due to inequalities in the ele-
vations attained by the ground waters.

Possible Gradient of Ground Waters from Dix River
Toward Kentucky River.

The level of the waters in the Kentucky river at High
Bridge are given by J. B. Hoeing as 492 feet; at Hickman
Bridge or Camp Nelson as 503 feet; and at Clays Ferry,
in Fayette county, at 553 feet.

Contrasted with these elevations are those of the Dix
river: 550 feet at Kennedy’s mill; 600 feet along that
part of the river directly east of Faulconer, 650 feet at
Davistown; 700 feet along that part of the river directly
east of Danville; and 750 feet a mile north of the pike
from Danville to Lancaster by way of Hedgeville.

These measurements indicate differences of about 50
feet between the elevation of the Dix river at Kennedy’s
mill and the nearest part of the Kentucky river, the lat-
ter being only three miles away, across the hills north-
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eastward. At the locality directly east of Faulconer,
the Dix river is almost 100 feet above the level of the
Kentucky river either at Handy’s Bend north of Buena
Vista or at the Bend northeast of Toddville, about 7 miles
away. At Davistown, the Dix river is about 150 feet
above the level of the Kentucky river five and a half
miles northeastward. A mile and a quarter southeast
of the Danville Water Works, the Dix river is about 200
feet above the level of the Kentucky river about 7 miles
northeastward. A mile north of the Hedgeville-Lancas-
ter pike, the Dix river is about 250 feet above the level
of the Kentucky river, also 7 miles away, northeastward.
From the preceding data it will be seen that the grad-
ient from the level of the Dix river toward the nearest
part of the Kentucky river is 17 feet per mile at Kennedy’s
mill, 14 feet per mile along the river east of Faulconer,
23 feet per mile at Davistown, 28 feet per mile about a
mile and a quarter southeast of the Danville Water Works,
and 36 feet per mile about a mile north of the pike from
Danville to Lancaster.

Possible Effect on Water Supply During Summer Months.

Such gradients might readily give rise to a seepage
of underground waters from the Dix river toward the
Kentucky river, especially in view of the fact that the
intervening rock consists of great thickness of limestone-
several hundred feet thick, without any important inter-
bedded layers of clay. The effects of such an under-
ground drainage, if any exist in that direction, should
be most effective in lowering the water supply in the Dix
river during the drier months of late summer and early
autumn. The presence of such a drainage should be sought
by means of the fluorescin test, the chemical being in-
serted in the river somewhere near the Danville Water
Works.

Gradients Between Dix River and Salt and Green Rivers.

Three miles south of Harrodsburg, Dry Run has an
elevation of 250 feet above Dix river east of IFaulconer,

-
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six and a half miles distant, but it contains little water,
Salt river, a little over a mile west of Harrodsburg, has
an elevation of 270 feet above the Dix river at Kennedy’s
mill, nine and a half miles distant. These are large east-
ward gradients, but it should be remembered that the
gradients from the Salt river area are still greater north-
eastward, toward the Kentucky river, and, therefore,
probably are of only moderate assistance in carrying
underground waters toward the Dix river.

The differences between the levels of the headwaters
of the Hanging Fork of Dix river and the nearest branches
of Green River are too inconsiderable to be discussed
in this connection.

Most Underground Drainage Probably Approximately
Parallel to Surface Drainage.

By far the greater part of the underground drainage
probably passes through that part of the soil, sand, and
rock which is comparatively near the surface. The un-
derground drainage, therefore, must be determined chief-
ly by topography, and have little relation to the dip of
strata or to differences in level of streams several miles
apart. Nevertheless, in attempting to explain the com-
paratively small run-off in the Dix river area, compared
with the annual rainfall, the possibility of the consider-
able underground drainage from the Dix river north-
eastward toward the Kentucky should not be excluded.
And in this connection it should be noted that the great-
est gradient between these rivers lies in the area above
Davistown and the Danville Water Works, where the
inadequacy of the water supply has been most felt.

Why Does Water Flow at Kennedy’s Mill When Water no
Longer Flows Over the Dam at the Danville Reservoir?

The question has been asked: Why is it that consid-
erable water is still flowing at Kennedy’s mill when the
river is perfectly dry above the Danville Water Works?
Before answering this question it would be desirable
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to have an adequate series of data on hand giving the
relative water supply at the two stations for a period
of several years.

It is known very well why the supply of water at the
Danville Water Works is inadequate. There is consid-
erable leakage at the dam. But entirely aside from the
leakage at the dam, there is little water during the dry
months to hold. This is shown by the fact that recent-
ly ditches were blasted from water hole to water hole
up the river above the Danville reservoir in order to se-
cure water from the shallow water holes, many of them
on.ly about two feet deep. It is evident from this that
the natural flow of water down stream must have come
practically to a stand-still at this time in the upper part
of the river.

During the dry months, the demand of the water sup-
ply stored up by the Danville water works is greatest.
Under these circumstances it is very easy to account
for an inadequate water supply at the Danville reservoir.

Of course, there is an underground drainage of wa-
ters towards the Dix river all along its course. This is
the way in which all of the rivers of the world secure
their water supply when it is not ra‘ning. There 1s not
only ‘a leakage from the Danville reservoir down stream,
but additional waters enter the drainage channel all along
the lower parts of the Dix river. This water is held back
by the dam at Kennedy’s mill. The question is: How
much is held back by the Kennedy mill, and how does
this amount compare with the amount held back at the
Danville reservoir? The quantity of water used up dur-
ing the dry season by the Kennedy mill must be known
before such a question can be answered. It should be
remembered that the Kennedy mill is a comparatively
small mill. Moreover, the leakage at the Kennedy mill
dam is unknown. Answers to questions of the nature
here proposed should be based upon facts, and no one
has taken the trouble to ascertain the facts so far. When
accurate data regarding the total quantity of water pass-
ing down the river channel at the Danville reservoir and
at the Kennedy mill are known it may turn out that

-
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the difference is not considerable, when the quantity
abstracted by the Danville Water Works is considered,
and when account is taken of a possible underground
drainage northeastward toward the Kentucky river.

Effect of Porosity of Soil on the Stream Flow During
the Drier Months.

All persons know that during the drier months the
quantity of water passing down the stream channels
becomes much less. This is due not only to the smaller
rainfall, but also to the fact that there is a smaller run
off when it does rain, and the percentage of rain which
evaporates from the soil without entering the stream
channels is greatly increased.

Most of the water which falls upon the ground dur-
ing the summer months is readily absorbed by the soil
and only a small percentage is added to the run off. The
more porous the soil, the greater will be the percentage
of water absorbed by it. In a crude way, the relative
amount of water taken up by a soil during a rain may
be determined by the depth to which the top of the soil
is found moistened immediately after a rain. Heavy
clays are often moistened only near the surface while
porous loams may show the effects of the rain for a depth
of several inches. The more porous the soil, the less will
be the immediate run-off.

Richmond Soils.

In this connection attention should be called to the
considerable porosity of the sandy Richmond soils south-
east of a line connecting Lancaster and Stanford. These
soils include the so-called Cumberland sandstone soils
of W. M. Linney, and the Bald Hill soils. They are well
exposed along the higher lands south of Lancaster, and
in the areas surrounding the Silurian outlier northwest
of Sweeney. They are abundantly exposed along the
higher areas between Sweeney and Rowland, extending
eastward beyond Needmore, Maywood, and Preachers-
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ville, to within several miles of Crab Orchard. They
are well exposed south of Stanford. The sandy nature
of these Richmond soils probably has been exaggerated,
but there is no doubt of their porosity, and of their wide
distribution over the southeastern part of the Dix river
drainage basin.

Lower Corryville and Tate Soils.

Similar soils are formed by the disintegration of the
lower part of the Corryville section. The Tate layer,
recognized as far north as Maysville, in Kentucky, in-
creases in importance southward. The Bellevue bed can
not be recognized very far south of the Ohio river, and
the thickness of the comparatively unfossiliferous argil-
laceous section increases toward central Kentucky, until
in Lincoln and Garrard counties the lower half of the
Corryville bed is involved. This forms soils compar-
able with the sandy Richmond soils. Soils belonging
to this lower horizon are well exposed in the area between
Lancaster and Stanford, and Hawkins branch, and thence
westward toward Shelby. They are abundant in the
higher lands south of the Louisville and Nashville rail-
road as far south as Turnersville, McKinney, Moreland,
and for two or three miles beyond Hustonville, includ-
ing a large part of the Hanging Fork drainage area.

Especial attention is called to the wide distribution
of these porous Richmond and Tate or Corryville soils
over the upper Dix river and Hanging Fork drainage
areas, since their porosity readily accounts for the rela-
tively small run-off resulting from rains during summer
months. These soils are abundant there where the streams
have their smallest gradients. It is probable that of the
rain that falls on these soils during the drier months by
far the greater part is returned to the atmosphere by evap-
oration, and never is added to the water actually reach-
ing the stream courses.
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Upper Waverly Soils.

Similar porous soils are formed by the upper past
of the Waverly section, that part which overlies the New
Providence clays. But these Waverly soils either oc-
cupy the steeper gradients along the knobs or occupy
only relatively small areas in the valleys between Broad-
head and Maretburg, and other similar areas.

Garrard or Paint Lick Soils.

Sandy soils are formed also by the decay of the so-
called Garrard sandstones. These are argillaceous lime-
stones, the lower part of which, the Paint Lick beds,
weather to distinctly porous soils. While the Paint
Lick horizon is of considerable thickness in Lincoln and
Garrard counties, usually it is not well exposed over con-
siderable areas. It is found along the crest of some of
the ridges west of Hubble, and along the higher hills
between Danville and Shelby. It is seen also northwest
of Lancaster, before reaching the Dix river. Ilsewhere
it forms the steeper gradients of hill sides. The total
area covered by these soils is too inconsiderable to have
any distinct influence upon the Dix river drainage.

Limestone Soils.

In contrast with the considerable distribution of the
more porous sandy soils formed by the decay of the Gar-
rard or upper Eden, Tate and lower Corryville, Rich-
mond, and upper Waverly soils is the relatively small
amount, of heavy or water shedding soils formed by the
decay of intervening limestones or by the presence of
heavy beds of clay belonging to the original rock section.

Fairmount Limestone Soils.
Between the Paint Lick and the Tate and lower Corry-

ville sections there is a considerable thickness of Fair-
mount limestone, producing the most fertile soil out-
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side of the Blue Grass areas. This weathers to a less
porous soil than the sandy soil already named and to
that extent should throw more water into the stream
courses. The limestone layers themselves, however, are
thin, are separated by horizontal crevices, and are crossed
by numerous vertical cracks, making of the Fairmount
horizon one of the best water carrying horizons south
of the line connecting Danville and Lancaster.

The Fairmount horizon, therefore, should be a feeder
of the underground drainage entering the stream courses
during dry weather.

Upper Corryville and Arnheim Limestone Soils.

Between the lower Corryville and by far the greater
part of the Richmond section is a limestone horizon con-
sisting of the comparatively even bedded, dense, upper
Corryville limestones, .and the coarser gramed much
broken up, rubbly Arnheim limestones. The clays form-
ed by the decay of the upper Corryville limestone fre-
quently are very sticky, and add considerably to the
immediate run-off in case of heavy rains. These sticky
red clays are well exposed south of Moreland, and at
numerous other localities along the head waters of the
streams entering the Hanging Fork.

Silurian Limestones and Clays.

The red clays formed by the decay of the Silurian
limestones, and the clays interbedded with the upper
parts of these limestones are exposed only along the foot
of the knob area southeast of Stanford, as far as Crab
Orchard, and around the small outliers near Needmore
Hill, northeast of Sweeny, southeast of Preachersville,
and along Drake, Harmon, and I‘all Lick creeks. To
these must be added the very considerable Crab Orchard
clay areas forming the upper part of the Silurian sec-
tion east of Cedar creek. These Crab Orchard clays
shed water readily, and usually hold up most of the water

-
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traversing the Devonian limestones and the immediate-
ly overlying Ohio black shale, thus giving rise to nu-
merous springs.

New Providence clays.

The New Providence clays form another great water
shedding horizon, and give rise to springs by holding back
the waters traversing the much more porous upper Wav-
erly argillaceous strata.

Eden Soils.

Immediately below the Paint Lick or upper Eden
sandy rock, the middle Eden strata consist of a consider-
able proportion of limestone, but the lower part of the
middle Eden includes a larger percentage of interbedded
clay so that the middle and lower Eden in general may
be regarded as a clay horizon, holding back the waters in
the Paint Lick beds, and giving rise to springs.

Catheys, Lexington, and Highbridge Limestones and
Soils.

The entire Catheys, Lexington, and High Bridge
section is so nearly composed of limestone to the almost
entire exclusion of interbedded clays, that it forms one
of the most stupenduous masses of continuous limestones
in the country. Of this mass, the Lexington limestone,
and a part of the Catheys limestone is composed chiefly
of granular limestones. Over wide areas, this limestone
has weathered to a porous rock, and is frequently trav-
ersed by limesinks and the connecting underground drain-
age. The rock usually weathers into a rather porous
soil, although not sandy. The upper layers of the Lex-
ington limestone are decidedly phosphatic locally, and the
soils formed from this part of the limestone are the best
part of the famous Blue Grass soils of Kentucky.
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The underlying Tyrone and High Bridge limestone is
very fine grained, and the underground drainage passing
through it must occupy chiefly the crevices.

The striking feature of the geological section in Lin-
coln and Garrard counties is the enormous thickness of
almost continuous limestones forming the lower part
of the Ordovician section, and the great quantity of rela-
tively porous, argillaceous, or so-called sandy strata in
the overlying, upper part of this section. The former
characterize the area traversed by the lower part of the
Dix river drainage. The latter cover a large part of
the area south of the line connecting Danville and Lan-
caster. The tendency of these upper, porous strata,
and of the soils produced from them, is to decrease the
run-off into the Dix river during the drier summer months.

Importance of Accurate Statistics on Stream Flow.

In the determination of the usefulness of a river as
a source of water power it'is much more important to
know the amount of water which the river can be de-
pended upon to supply than to know why it does not
supply more. Moreover it is much more important to
know how much water passes down the river, month
by month, for a long series of years, than to know what
the amount of precipitation within its drainage area
may be. The total precipitation within any drainage
area is useful only in setting a limit to the maximum
quantity of water to be expected from this area. It can
give but a very uncertain idea of the amount actually to
be expected from the stream from month to month, since
there are many factors besides total rainfall determining
the latter. The important requisite in determining the
reliability of a water supply is to know what is the min-
imum supply to be expected, during what season of the
year, and for how long a time. TFor this purpose, records
of rainfall are of little use. Only actual records of the
water passing the proposed site of the dam, day by day for
a series of yvears can give reliable information. Neverthe-
less, a record of the rainfall for a series of years is of in-
t-erest, and a numker of such records can be given.
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Months with Abundant Precipitation.

The preceding data are sufficient to indicate that, with-
in the Dix river drainage area, March is the month during
which precipitation is greatest. No attempt is made here
to distinguish rainfall from snow fall. It should be re-
membered that a large percentage of a snowfall may evap-
orate into the air without first being added to the waters
in the stream channels, and in fact, without becoming
ground water. The same statement should be made re-
garding the precipitation during the months January and
February.

June and July are the next most important months as
regards precipitation. December also is a month of consid-
erable precipitation.

Dry Months.

September and October are dry months, with October
as the driest month of the year. The latter part of August
and the early part of November often must be included in
this dry season, making a period of two and a half or three
months during which precipitation is small.

Necessity of Water Supply During Dry Months.

The great problem in connection with a high pressure
water power system at Kennedy’s mill is how to provide
for an adequate supply of water during the dry season,
especially during September and October. During the win-
ter months, a great part of the precipitation may be tied
up in the form of snow and ice, but there is never a water
famine.then. During the early spring months, the ground
is so much saturated with water that a large percentage
of the precipitation appears as run-off. During later
spring and most of the summer, a much larger percentage
enters the soil, and the percentage of run-off is decreased.
During September and October, however the run-off be-
comes small and the streams dwindle in size. This is the
serious season of the year as regards an adequate water

supply.
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Two Projects for Impounding Water Supply at and Above
Kennedy’s Mill.

In the case of the proposed high pressure water supply
plant at Kennedy’s mill it is proposed to hold back a suffi-
cient part of the waters entering the gorge during the
rainy months to meet the demands of the dry months.
Several plans have been suggested. The most ambitious
of these involves the building of a dam 150 feet high. The
quantity of water which would be held back by such a
dam would be enormous. Should the dam ever give way,
it would be a national calamity. Nevertheless, dams of
this height already are in existence, and the problem be-
comes one of proper construction under the guidance of
competent engineers.

Another proposition involves the erection of three dams,
each having a height of 50 feet. In this case the third
dam would solve the troubles of the -Danville Water Works.
since it would hold the water back at least as far as their
reservoir, and possibly for some distance beyond. No ex-
act record of the difference in elevation is at hand.

The second proposition involving the construction of
three dams would be much less expensive, but it also would
result in holding back a vastly smaller quantity of water.

Importance of Accurate Data on Stream Flow During the
Dry Months.

If the second proposition be considered, it becomes
highly important to figure closely on the quantity of water
which would be held back by such a system of dams, during
the rainy season, and upon the amount which would be added
during the dry season. Hence the importance of records
of the amount of water passing down the gorge past Ken-
nedy’s mill, especially during the dry months. For en-
gineering purposes, it is highly important to have an exact
record of the water flow during the driest months of the

driest years ever known.
All hydraulic engineers recognize the importance of com-

-
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Daily Gage Height in Feet and Discharge in Second—Feet of
Dix River, at Kennedy’s Mill, near Burgin, for 1910.

C. P. KENNEDY, Observer.
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Daily Gage Height in Feet and Discharge in Second—Feet of
Dix River at Kennedy’s Mill, for 1911.

C. P. KENNEDY, Observer.
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Rating Table for Dix River, at Kennedy’s Mill.
July 18, 1910, to September 20, 1910.
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The above table is not applicable for ice or obstructed channel conditions. It is
based on 9 discharge measurements made during 1910 by Foerste, Bogard and Herrington,
and is fairly well defined between gage heights 3 feet and 13 feet. Above gage height 13
feet the rating curve is an approximation.
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In the diagram, the vertical lines indicate by their
length the number of cubic feet of water passing the bridge
per second, and the scale used in the diagram is indicated
on the left side.

The diagrams also illustrate the daily rainfalls at Shelby
City, High Bridge, and Berea, in inches. The rain is
caught in a vertical cylinder of appropriate width, and
the depth of the water which has fallen during each period
of 24 hours is actually measured. The length of line in
the diagrams, indicates the amount of the rainfall, the
scale used being placed on the left.

In all of these diagrams, the oblique lines connect-
ing the tops of the vertical lines have no special signi-
ficance. They merely are intended to guide the eye
swiftly from the top of one line to the top of the next,
and to that extent may prove convenient in the rapid
interpretation of these diagrams.

High Bridge is 5 miles north of Kennedy’s mill, and
Shelby City is 13 miles southwest of the mill. Formerly
observations were kept at the Danville Water Works, 7
miles south of the mill. As far south as the line con-
necting Shelby City with Lancaster, the gradients toward
the Dix river, and especially those down the Dix river,
toward Kennedv s mill, are very steep, so that the effects
of any heavy rainfall 'within fhis area are perceived at
the mill within only a few hours. For the purpose of
estimating this rainfall, the stations at High Bridge and
Shelby City are fairly well placed. The one at High
Bridge, unfortunately, lies at the narrowest end of the
Dix river valley, and is situated below, instead of above
the mill, so that local showers in that vicinity usually
would not seriously effect the water supply at Kennedy’s
mill. The station at Shelby City is about 7 miles away
from the Dix river, but serves excellently for an estima-
tion of the rainfall in the Hanging Fork valley, one of
the chief tributaries of the Dix river, occupying the wes-
tern part of Lincoln county. If the station at the Dan-
ville water works could be revived, it would serve excel-
lently in estimating the rainfall for that part of the Dix
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river which lies north of the line connecting Shelby City
and Lancaster.

There are no observation stations at present in the
upper part of the Dix river area, in Lincoln, Garrard,
and Rockcastle counties. For this reason, the observa-
tions taken at Berea are here utilized as at least better
than nothing. It is highly desirable, for the project
under discussion, that at least one weather observation
station should be located in this upper area, preferably
at Crab Orchard. Another station might be placed at
Stanford. An ideal combination, if the number of sta-
tions were for reasons of economy limited to three, would
be Shelby City, Lancaster and Crab Orchard.

It is highly desirable, that whenever possible, in the
selection of stations for weather observations, those sites
should be chosen which would give the most valuable
data in connection with stream flow problems. As cities
grow in size, the questions of water supply increases in
mmportance, not only in connection with engineering
problems, but also in connection with the questions of
water supply for drinking purposes, for the extinection
of fires, and for other purposes served by the local water
works. The damage done by streams often is consid-
erable, especially when in the immediate vicinity of large
towns, and it is desirable to know with some degree of
accuracy what quantities of water are discharged down
a valley after a heavy rain if future engineers are to de-
vise means for lessening dangers from such a source.

Within the limitations already discussed, the accom-
panying diagrams illustrate fairly well the connection
between rainfall and the rate of discharge of the Dix
river. As might be expected, the rise of the waters in
the river follow the rainfall. TUsually the maximum rise
of the waters in the Dix river at Kennedy’s mill occurs
on the day following the maximum rainfall. This is due
to the small size of the river basin and to its rapid grad-
ient, especially toward the lower part of its course. It
is evident that the higher tides at KKennedy’s mill are due
to the waters which have fallen along the lower part of
the river area. Hence these tides rise rapidly and fall

£
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rapidly. The waters falling in the upper parts of the
Dix river area, near Shelby City, Stanford, Crab Orchard,
and Broadhead, merely delay the fall of the river to its
normal rather low rate of discharge, but rarely causes
the so-called high tides.

It is evident that in the use of the waters of the Dix
river for securing high pressure hydraulic power, the
conservation and proper control of the large quantities
of water pouring down the gorge during the so-called
tides will prove an important problem. It is the conser-
vation of these waters which will make possible the con-
tinuation of a sufficient head of water during the consid-
erable periods in late summer and early fall when the
streams are at their lowest levels, and entirely inadequate
for the purposes of water power. The rapid rate at
which the streams drop back to their former levels is a
point to be specially emphasized.

In interpreting the diagrams, it should be remembered
that the rainfall records for High Bridge terminate each
day at 7 a. m. while those at Shelby City terminate at
4:30 p. m. The fact that the highest record for rain-
fall at High Bridge frequently is recorded one day later
than at Shelby City is due to the fact that so many rains
in summer and autumn occur during the day time, the
sky clearing again toward night, thus causing the rain-
fall. to be recorded one day later at High Bridge, if this
rainfall takes place between 7 a. m. and 4:30 p. m. of
any one day. Hence it frequently must be assumed
that the maximum rainfall at High Bridge recorded for
any one day as a matter of fact really fell on the preced-
ing day; in other words at about the same time as the
maximum rainfall recorded at Shelby City.

In general, it will be seen, that the maximum height
of the so-called tides in the Dix river at Kennedy’s mill
shows a fairly definite relation to the maximum rain-
fall in the lower part of the Dix river area, as indicated
by the rainfall records of Shelby City.

For instance, the maximum rainfall on August 21 was
followed by a tide at Kennedy’s mill on August 22. The
maximum rainfall on September 1st was followed by a
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tide on September 5th. With a smaller rainfall at Shelby
City, the tide on September 5th reached a higher level
than on September 2nd. Two reasons may be assigned
for this. The second tide came only three days after
the first tide, before the waters had a chance to fall to
less than half the height of the first tide. Moreover,
it probably rained heavily in the upper part of the Dix
river area on August 31st, five days preceding the second
tide, and in the meantime these waters from the upper
branches of the river were approaching the gorge of the
Dix river and were assisting in keeping the river up above
its normal level.

The maximum rainfall on September 19th was fol-
lowed by a tide which at midnight, between September
19th and 20th, reached a height of 16.1 feet at the gauge
beneath the bridge. The maximum rainfall on Septem-
ber 25th was followed by a tide on September 26th.

The accumulative effect of several days of moderate
rain usually produces the maximum tide two or three
days after the rain. For instance, the several days rain
in the first part of July did not result in a maximum tide
until July 8th. The moderate rains between July 13th
and 16th produced a maximum tide on July 17th of such
height as to suggest that much heavier rains must have
fallen at an earlier date in the upper parts of the Dix
river drainage area. According to the rainfall data
secured at Berea, these heavier rains probably took place
on July 13th and 14th, the run-off reaching the Dix river
gorge by July 17th.

The several days of rain between July 26th and 30th
produced the highest tide on July 31st. The rains on
October 6th and 7th produced the maximum tide on
October 8th. The small rains on October 21st and 22d
produced a little rise in the river at Kennedy’s mill on
October 24th.

An examination of the data here presented fails to
suggest that a proper proportion of the rainfall in the
Dix river area does not reach the gorge at Kennedy’s
mill, as was suggested to the writer when he began his
investigation in the field. The fact of the matter is that

‘>
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it has been attempted heretofore to form conclusions from
insufficient data, and the present investigation has not
covered enough time to give much better results althcugh
they indicate the direction in which such investigations
should proceed. For instance, heretofore it has been
customary to multiply the area covered by the Dix river
drainage by the total rainfall at the Danville Water works
or some similar set of figures, and assume that this rep-
resents the total rainfall within the area in question.
This entirely ignores the local nature of many of these
rains, and the great differences in rainfall even within
the narrow limits of the territory here under investiga-
tion. Then it was assumed that a certain percentage
of this total rainfall should appear in the gorge. Noth-
ing can be more misleading. Nature pays little atten-
tion to percentages gotten up in offices where thorough
investigation is not the ordinary method of procedure.
Such percentages are gotten up for children, to give them
some tangible elementary ideas regarding the relation-
ship between rainfall and run-off, and never were intend-
ed for the practical engineer. It is good advice to dis-
count the value of the opinions of an engineer who is will-
ing to recommend the inauguration of expensive engineer-
ing undertakings on the basis of such insufficient data.
He is either ignorant or untrustworthy.

Eventually, it may be ‘possible to determine some
approximate mathematical relationship between the
amount of rainfall and the rate of discharge of the Dix
river. At present the data are not sufficient. It is evi-
dent, of course, that the relative amount of run-off, com-
pared with the rainfall, must be greater during the win-
ter and early spring months, when the percentage of
ground water is greatest, and the absorption of rain-
water is less.

In general it may be stated, within rather large limits
of error, that for each inch of total rainfall per month
a daily rate of discharge of approximately 140 second-
feet may be expected. According to these figures, the
rate of discharge for July should average about 990 second-
feet; for August, 525 second-feet; for September, 1150
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Resume of Observations on the Dix River Drainage
Area.

A study of the drainage area of the Dix river has led
to the following conclusions.

1. The erection of a high dam at IKennedy’s mill is
an engineering possibility.

2. Conditions appear to be favorable for such a dam
holding water. At least nothing was discovered suggest-
ing the impossibility of such a project.

2. Nothing was discovered suggesting that an under-
ground drainage exists at present between the Dix river
and the Kentucky of sufficient magnitude to imperil
the project of a dam, provided that sufficient water is
supplied by the river during the dry season of the year,
or sufficient could be held back during the rainy season.

4. The preceding remarks apply to the gorge within
which the water would be held back by the dam.

5. The most important problem is not the engineering
rossibility of the dam, or its power and that of the walls
of the gorge to hold water, but whether there is any water
to hold back, especially during the dry months of the year.

6. It is' highly important that stream flow observa-
tions should cover a period of several years. The people
interested in the erection of a power plant at Cumber-
land Falls, for instance, are quietly going on with their
stream flow b&ervatlons and there is no danger of their
beginning actual operatlons until adequate records are
at hand.

7. It is an error to secure options on land for such
a short period of time that adequate observations can
not be made, in the interval.

8. Any expression of opinions, unless based upon
adequate records of observations on stream flow, can
have no permanent value, and might be misleading.

9. There is no doubt about the enormous quantities
of water which pass down the gorge during the winter
months, or after a heavy rain in summer.

10. The quantity of water necessary for running a
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high pressure water power plant is well known by hy-
draulic engineers.

11. The quantity of water held back by one large dam,
or by several dams, can be readily determined by a civil
engineer.

12. Whether a sufficient amount can be held back
all year can be determined only when more is known
of the stream flow, week after week, year after vear.

13. The determination of the reason why such a small
percentage of the rainfall appears as stream flow as low
as Kennedy’s mill, is chiefly of academic interest and does
not have any very direct bearing upon the water power
proposition as a practical business venture.

14. As a matter of fact, the rocks, in a large part of
the Dix river drainage area, especially south of a line
passing from Danville to Hedgeville, and thence toward
Burdett knob, dip in an opposite direction to the chief
surface dramage

15. The dip of the rocks is not believed to have any
important bearing upon the direction of flow of the ground
waters in the special area here under discussion.

16. The direction of flow of underground waters is
determined chiefly by differences of hydrostatic pressure.

17. There is a possibility that there is a sufficient
difference of hydrostatic pressure between the Dix river
and the Kentucky river northeastward, to give rise to
a flow of the ground waters in that direction.

18. Such a flow might account for the small quantity
of water passing down the stream, especially during the
drier months of the year.

19. The porous nature of a considerable part of the
soils, especially south of a line connecting Danville and
Lancaster apparently gives a more adequate reason
for the much diminished stream flow.

20. The walls of the gorge below the Danville reser-
voir probably will hold as large a part of the water sup-
ply delivered by the head waters of the Dix river, as other
dams in similar positions.

21. No dam holds all of the waters delivered to a
reservoir. A part of the waters are absorbed by the walls
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