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STUDIES OF SITES FOR NUCLEAR ENERGY FACILITIES

GEOLOGY AND HYDROLOGY OF THE PIQUA AREA, OHIO

By StanrLey E. Norris and ANDREW M. SPIEKER

ABSTRACT

This report on the geology and hydrology of the Piqua area, Ohio, was pre-
pared as an aid in determining the feasibility of operating a nuclear-power reactor
at a site on the west bank of the Miami River in the southern part of Piqua.

Piqua is in Miami County in west-central Ohio, which is in the Till Plains sec~
tion of the Central Lowlands physiograpbic province. The city is in the valley
of the Miami River at an altitude of about 870 feet, about 100 feet below the
surrounding till plain. The Dayton and Brassfield limestones of Silurian age
and the Richmond group of Ordovician age, which compose the bedrock, are
overlain by 20 to 40 feet of glacial till west of the Miami River and by a thick
section, as much as 200 feet of till, east of the river. The Silurian limestones
and the Pleistocene till and outwash deposits yield supplies adequate for domestic,
rural, or limited industrial use. Several buried lenses of sand and gravel in the
thick till east of Piqua are especially productive aquifers. The ground water is
characteristically hard and has a high iron content.

The rate of movement of ground water in the Piqua area is probably on the
order of 10 feet per day in the sand and gravel and a few inches per day in the
till. Owing to the highly variable permeability of the llmestones, the rate of
ground-water movement in them has not been estimated.

The only significant use of surface water at Piqua is at locatiors upstream from
the proposed reactor site. Downstream from Piqua, however, the Miami River
is important as a source of municipal and industrial water supply, either directly
or by induced infiltration to wells. About 200 mgd (million gallons per day) of
ground water is pumped from wells in the outwash sand and gravel deposits in
the Miami River valley downstream from Piqua, most of it at Dayton, Middle-
town, and Hamilton. Probably 75 to 90 percent of the ground water has the
Miami River as its source.

The site for the nuclear-power reactor is on the flood plain of the Miami River,
and it requires protection against occasional floods.

Owing to the proximity of the site of the proposed nuclear reactor to the Miami
River and to the hydraulic gradient of the aquifer, which slopes from the site
toward the river, the greatest danger in the event of a leak in the reactor cell
would be that the effluent could enter the river, either overland or through the
ground water. Dilution and time of travel of a contaminant, once it entered
the river, would depend on river conditions at the time. Detailed time-of-travel
and dilution computations to individual water supplies located downstream
cannot be made on the basis of presently available information.

INTRODUCTION
PURPOSE AND SCOPE
The purpose of this report is to present the geology and hydrology
of the Piqua area, Ohio, with special reference to the effects of acci-
A-1
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dental loss of radioactive fluid to the ground. The report was pre-
pared on behalf of the U.S. Atomic Energy Commission as an aid in
determining the feasibility of operating a nuclear-power reactor at a
site on the west bank of the Miami River in the southern part of
Piqua (fig. 1).

Well data on which this report is based were obtained from the
files of the Ohio Division of Water, and were supplemented by a field
investigation made by the authors on July 15-17, 1958.

LOCATION OF AREA

Piqua is in west-central Ohio, about 80 miles west of Columbus
and 30 miles north of Dayton, in the valley of the Miami River at
an altitude of about 870 feet. (See fig. 2.)

TOPOGRAPHY AND DRAINAGE

Piqua is the Till Plains section of the Central Lowland physio-
graphic province, a region characterized by generally flat topography
except for minor relief along the streams and in areas of glacial
moraines. The terrain west of Piqua, underlain by only a thin mantle
of till over limestone, is nearly flat, whereas the terrain east of town,
underlain by as much as 200 feet of glacial drift over shale, has a
much more pronounced relief. The town of Piqua is in the valley
of the Miami River, about 100 feet lower than the adjacent till plain.
North and east of Piqua is a belt of higher, hummocky land, a few
miles wide, whose southern boundary forms a broad arc that extends
through Lockington and Kirkwood (fig. 3). This belt of higher land
is a recessional moraine formed during a temporary halt in the re-
treat of the final stage of the Wisconsin glacier.

The Miami River, the principal stream in western Ohio, has a
drainage area above Piqua of 842 square miles. South of Pigua it
flows through Troy, Dayton, Middletown, Hamilton, and several other
cities, to a junction with the Ohio River near Cincinnati. Down-
stream from Piqua the Miami River is an important source of muni-
cipal and industrial water supply, either directly or by induced in-
filtration to wells.

An important tributary of the Miami River is Loramie Creek,
which joins the Miami about 3 miles north of Piqua. Loramie Creek
is regulated by a dam at Lockington, which is one of five detention
dams built by the Miami Conservancy District to protect Dayton
and other downstream cities from floods. The dams have automatic
outlets and the reservoirs are kept empty except during flood periods.

CULTURE

Piqua, which has a population of about 20,000 (1957 estimate), is
primarily an industrial community; 50 manufacturing establishments
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RATE OF GROUND-WATER FLOW

The rate of ground-water movement in the Piqua area varies greatly
from place to place, owing to the complexities of the geology and local
hydrologic conditions, and it is difficult to estimate with confidence
the rate of movement in most areas. Water movement in the lime-
stone is along joints and cracks, commonly along the contact with
shale of the underlying Richmond group. Where the limestone is
thinly covered and lies close to the point of ground-water discharge,
as it does in the area of the proposed reactor site, water probably
moves at a comparatively high rate, probably measurable in feet or
tens of feet per day.

Of importance with respect to hazards of contamination to down-
stream wells is the rate of ground-water movement through the
outwash deposits in the Miami valley. Under natural hydraulic
gradients in the Mad River valley near Dayton, where geologic con-
ditions are similar to those in the Miami valley, W. C. Walton, of the
U.S. Geological Survey (written communication, 1954), calculated the
rate of ground-water flow through the outwash deposits as about 7
feet per day. In the Miami valley at a site near Hamilton, where
pumpage from two ground-water collectors is in the magnitude of 15
mgd, G. D. Dove, of the U.S. Geological Survey (written communica-
tion, 1958), calculated the rate of movement of water through the
outwash deposits from the river to the collectors as being as much as
13 feet per day. Hydraulic gradients at the site near Hamilton are
not very steep, however, compared to the gradients at certain sites
near Dayton—notably at the National Cash Register Co. plant,
whose wells are very close to the stream—and it may be assumed
that water moves through the outwash deposits in some areas at rates
considerably greater than 13 feet per day.

The rate of travel of ground water into and through the sand and
gravel aquifers interbedded with till on the uplands east and north
of Piqua is conjectural. Water moves relatively slowly in the till,
perhaps a few inches per day at most. The rate of movement would
be many times greater once the water entered a buried sand and
gravel lens, particularly in the vicinity of a pumped well.

The Richmond group, especially the clayey Elkhorn formation,
transmits water very slowly. Tolman (1937, p. 219) reports that the
effective velocity of water moving through clay under a hydraulic
gradient of 1 percent is less than 0.004 foot per day. This figure is
probably in the correct order of magnitude for the rate of movement
of water through the Elkhorn formation.

The direction of movement of subsurface water at the reactor site
is a matter of some uncertainty. The land-surface altitude is about
858 feet. The static level of ground water on September 3, 1958, in
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borings drilled for foundation exploration at the reactor site, was
about 846 feet. The river is about 200 feet to the east, and its level
was about 837 feet. There is a dam in the river about 300 feet
upstream from the reactor site, and the river level above the dam was
about 845 feet. These measurements suggest that ground water is
flowing from the site toward the river. An element of uncertainty
results from two unknowns, however:

1. The effect of the buried Miami-Erie Canal: the reactor site is
on the old Miami-Erie Canal. There is evidence indicating that the
old canal bottom may still be relatively watertight and may perch
water above the water table. If so, the levels measured in the founda-
tion borings may have been indicative of a perched body of water
along the old canal.

2. The effect of pumping from wells to the northwest and south-
west within about a thousand feet from the site: One commercial well
has a reported capacity of 12 gpm (Piqua Granite Co.) and an
undetermined but small number of domestic wells pump water from
the same limestone formation that underlies the reactor site. Drillers’
records for two wells of measurements made at the time the wells
were drilled show both static and pumping levels to be above river
level, but present levels are not known.

SURFACE WATER

The only appreciable use of surface water in the Piqua area takes
place upstream from the proposed reactor site. The municipal supply
of Piqua comes from the Miami River and two impounding reservoirs
(Swift Run Lake and Echo Lake), and the main pumping station is
2 miles north of town. Municipal water use averages about 3 mgd.
The Piqua municipal powerplant circulates for cooling purposes as
much as 44 mgd from the Miami River. The plant intake and dis-
charge are immediately upstream from the proposed reactor site.

A 3-year record (1915-17) of streamflow at Piqua is listed in table
3A. This record is too short to be very meaningful, however, and is
included only as supplemental data. The most significant streamflow
data collected in the Piqua area come from gaging stations on Loramie
Creek at Lockington (tables 2A, 3B, and 4A) and on Miami River
at Sidney, about 10 miles upstream from Piqua (tables 2B, 3C, and
4B). The drainage area of I,oramie Creek above Lockington is 261
square miles, and the drainage area of the Miami River above Sidney
is 545 square miles; the area gaged, therefore, is 806 square miles,
only 36 square miles less than the total drainage area above Piqua.
The records from Lockington and Sidney taken together, therefore,
give a close approximation of flow at Piqua.
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The lowest daily flow recorded at Sidney, since the beginning
of record, in February 1914, was 8.0 cfs (cubic feet per second) on
September 23, 1935. The minimum d»ily flow recorded at Locking-
ton since October 1915 was 2.4 cfs, on August 18, 1931, and Sep-
tember 19-21, 1936. Thus, the daily flow at Piqua, under extreme
drought conditions, might be expected to be in the magnitude of 10
to 15 cfs, or between 6 and 10 mgd. The flow equaled or exceeded
at Piqua 90 percent of the time, based on the records from Lockington
and Sidney, is in the magnitude of 53 cfs, or about 35 mgd.

Two lakes in the Miami drainage basin upstream from Piqua have
a decided effect on streamflow. Lake Loramie (capacity 13,000
acre-feet, area 70 square miles), on Loramie Creeck in the western
part of Shelby County, and Indian Lake (capacity 45,900 acre-feet,
area 110 square miles), on the Miami River in the northwest corner
of Logan County (fig. 2), act as reservoirs and tend to stabilize the
dry-weather flow of the two streams. Gate openings are seldom
changed on either reservoir.

Inasmuch as the proposed reactor site is on the flood plain of the
Miami River, the frequency and magnitude of floods merit considera-
tion. Figure 9 shows the probable recurrence interval of floods on
the Miami River based on the records of the U.S. Weather Bureau
gaging station at Ash Street, Piqua, about 1% miles upstream from
the reactor site, from 1930 to 1959. The approximate altitude of the
site is 858 feet. Because the site is 1% miles downstream from the
gaging station, the altitude of flood crests at the site is several feet
lower.

The 1913 flood, the most serious on record, reached an altitude
of 873 feet at Main Street, three-quarters of a mile upstream from
the Ash Street gaging station and 2% miles upstream from the reactor
site. Lockington Dam, completed in 1922 on Loramie Creek, would
reduce by several feet the height of a flood comparable to that of 1913
flood in Piqua. Even considering the reduction, a flood of the 1913
magnitude would be on the order of twice the 1959 flood discharge.
The site requires protection, perhaps a levee, against rare floods.

CHEMICAL QUALITY OF WATER

No analyses of ground-water samples in the Piqua area are available.
Table 54 shows several analyses from wells drilled in Montgomery
County into aquifers similar to those in the Piqua area. These
analyses are believed to be characteristic of water that would be
found in the various aquifers at and near Piqua. Such water is
generally hard and high in iron content. As a general rule the iron
content increases with depth, other things being comparable. (See
wells 184 and 197, table 54.)
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FIGURE 9.—Flood-frequency diagram, Miami River at Piqua, Ohio, 1930-59.

Table 5B shows analyses of three samples from streams in the
vicinity of Piqua. The samples from Miami River at Sidney and
Loramie Creek at Lockington were taken upstream from the proposed
reactor site, and the sample from Miami River near Troy was taken
downstream from the reactor site.

Table 5C shows analyses of water from three public supplies near
Piqua. The Piqua supply is taken from the Miami River above the
proposed site. The Troy and Vandalia supplies come from wells
which are recharged by infiltration from the Miami River below the
proposed reactor site.

The analyses shown in tables 54 and 5B were made by the U.S.
Geological Survey. Those shown in table 5C were made by the
Ohio Department of Health.
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It may be of interest that Miami River at Venice, 70 miles down-
stream from Piqua, was found in June 1958 to contain 0.7 ppm
strontium, a relatively high concentration for a stream water. No
other analyses for strontium have been made in or near the area
unrder investigation.

Besides the data presented herein, the Geological Survey has a
daily sediment record at Dayton for the period October 1951 to
September 1953, and a record of periodic and daily determinations
of chemical quality of Miami River at Dayton for the period July
1946 to September 1948.

EARTHQUAKE ACTIVITY

At least 11 earthquakes have been recorded whose epicenters were
in the State of Ohio. According to Heck (1947), 6 of these shocks
had an intensity of 6 or greater on the Rossi-Forel scale (see table
below), and 5 of these had epicenters in the vicinity of latitude 40°
to 41° N., longitude 84° W., not far from Piqua.

Earthquakes in Ohio
[After Heck, 1947]

Locality Intensity

Date Hour Area felt (Rossi-

(square miles) Forel

Lat. N. | Long. W, scale)
June 18, 1875 . _.___.. 0743 40. 2 84.0 40, 000 6-7
Sept. 19, 1884 _____ . ________. 1414 40. 7 84.1 125, 000 6
May 17,1901 ____ . ________ 0100 39.3 82. 5 y 6
Sept. 20,1931 __.____________ 1705 40. 2 84.3 40, 000 8
Mar. 2,1937____ ... 0948 40. 7 84.0 90, 000 8
Mar. 9,1937______ .. 0045 40. 6 84.0 150, 000 8

The earthquakes of March 2 and 9, 1937 (Rouse and Priddy,
p. 25-27), both had their epicenters near the village of Anna, 17 miles
north of Piqua. These tremors were felt in most of Ohio, but damage
was apparently restricted to a radius of about 4 miles from the epi-
centers. Chimneys toppled, windows shattered, and cracks appeared
in the walls of houses at Anna. A school and two churches were
severely damaged. The walls of the school were so severely cracked
that the building had to be condemned.

No damage from these quakes was reported in Piqua or anywhere
else in the Miami valley, according to the Dayton Journal and the
Sidney Daily News. Many Miami valley residents were awakened
by the quake of March 9, which occurred at 12:45 a.m. Ominous
rumbling was reported by some residents of Dayton.

The cause of these earthquakes has never been established. Plaus-
ible hypotheses are that the quakes were due to collapse of limestone
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caverns about 25 miles northeast of Piqua or that they were the
result of movement along the Bowling Green fault.

The Bowling Green fault can be traced from the Michigan line near
Toledo southward to Kenton in Hardin County, where it is lost under
a thick cover of glacial drift. A continuation of the trace of this
fault passes through the east edge of Logan and Champaign Counties,
about 30 miles east of Anna and Piqua. The relation of this fault to
earthquake activity has not been established.

SUMMARY AND CONCLUSIONS

The proposed reactor site is on the west bank of the Miami River
at Piqua, Ohio, about 30 miles upstream (north) from Dayton, Ohio.
The estimated daily flow of the river at Piqua under drought condi-
tions would be 10 to 15 cfs; the flow expected to be equaled or exceeded
90 percent of the time is about 53 cfs.

The site is underlain by horizontally bedded, highly fractured lime-
stone about 25 feet thick which is underlain by shale interbedded with
limestone of undetermined thickness. The site is, in part, on the
now-abandoned and buried Miami-Erie Canal, which here paralleled
the river. Hence, the surficial material, as much as 9 feet thick,
consists of dumped rock used to fill in the canal. In the vicinity of
the site, and for a mile or two downstream along the river, the natural
unconsolidated overburden (glacial drift) is thin or absent, and the
limestone is at or near the Jand surface. However, thick and extensive
deposits of glacial till overlie the limestone to both the east and the
west of the site. At the site and for about 2 miles downstream, the
flood plain of the Miami River is relatively narrow; beginning about
2 miles downstream and continuing to Dayton and beyond, the flood
plain of the river is considerably wider and is underlain by permeable
sand and gravel deposits.

The Piqua municipal water supply is pumped from the Miami
River upstream from the reactor site. Downstream from the site
virtually all water used for municipal and industrial purposes is
pumped from wells that tap the sand and gravel underlying the
river flood plain. Total daily pumpage from such wells is estimated
to average 100 million gallons, most of it pumped in or near Dayton.
Of particular importance is the estimate that 75 percent or more of
the water pumped from wells is derived from the river by induced
infiltration to the various well fields. The nearest downstream well
field open to recharge from the river is that of the municipal supply
of Troy, about 8 miles downstream. Pumpage at Troy is on the
order of 1 or 2 mgd.
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Owing to possible effects of nearby ground-water pumping and
to the presence of the buried Miami-Erie Canal, the direction of
ground-water movementin the vicinity of the site is unknown.

What, then, might happen to a liquid spilled on the land surface
at the reactor site? According to the soil condition at the time of
the spill, the volume of liquid spilled, the rate of spill, and other
factors:

1. The liquid might be absorbed by the soil in whole or in part.
However, the soil and unconsolidated overburden are quite thin
and cannot be dependend on for significant hold-up of a spilled
contaminant.

2. The liquid might flow overland to the river some 200 feet away.

3. The liquid might percolate down to the water table and thence
move with ground water to the river. Because the aquifer is a
fractured limestone, it would not be prudent (without evidence to
the contrary) to depend on a time of travel of more than several
hours before the liquid reached the river. However, the relatively
impermeable fill in the old canal bed might act to delay movement
of the contaminant to the river.

4. The liquid might percolate down to the water table and thence
move with ground water westward toward one or more pumped
wells. The evidence available to the authors, however, favors the
previous assumption—that is, that ground water at the site moves
to the river and away from the wells. But even if this is true for
existing conditions, there is no guarantee that future development
of ground-water supplies in the immediate vicinity could not reverse
the natural gradient at the reactor site.

In short, the on-site retention by the natural environment of a
spilled liquid contaminant cannot be depended on to be more than
a matter of a few hours, or at most a few tens of hours. The most
probable assumption is that the liquid would enter the river either
by overland flow or by subsurface flow, or by both. Once in the
river it would, of course, move downstream with the river water.
Dilution and time of travel would depend on river conditions at the
time. Travel time to Dayton, which would vary greatly with dis-
charge, might range from a few hours to several days. Where river
water recharges a subjacent aquifer the rate of flow through the
aquifer is estimated to range from a few feet to several tens of feet
per day. Detailed time of travel and dilution computations for
a “slug’” of contamination to individual well fields cannot be made
on the basis of presently available information.
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TABLE 4.— Momentary maximum, minimum daily, and annuel mean discharge, in
cubic feet per second

Water year ending Sept. 30

Water- Mean for
Year supply Momentary maximum calendar
paper Mlélaiﬁum Mean year
y
Amount Date
A. Loramie Creek at Lockington, Ohio
523,923 0,400 | May 7,1916.____._____ 5 367 340
523 16,110 | Mar. 13, 1017__ 12 264 264
523 17,000 | Feb. 12, 1918 11 161 190
523 17,230 { Mar. 16, 1919 181 206
523 18,190 ﬁn‘. 20,1920 cooeeoo 24 246 239
523 32 237 248
543 12 310 253
563 - 8 146 175
583 5,970 | Mar. 29, June 8, 1924__ 5 296 270
603 2,190 | Mar. 14, 1926 -- 3 79.4 126
623 5,280 | Sept. 5, 1926... 9.5 276 268
643 5,870 | Mar. 21, 1927.. 8.8 307 296
663 4,170 | Dec. 14, 1927__ 8 204 171
683 5,420 | Feb. 26, 1929 _ 8 211 257
698 4,710 | Jan. 14, 1930... 7.2 248 198
713 1,660 | Apr.3,1931___ 2.4 53.0 89.3
728 3,190 | Jan. 15, 1932___ 4.1 149 181
743 5,810 | May 183, 1933.. 5.8 314 269
758 2,430 | Mar. 27, 1934__ 3.4 84.2 60. 1
783 4,130 | May 3, 1935_._ 3.8 88.2 92.8
803 4,130 | Feb. 27, 1936.. 2.4 120 127
823 5,290 | Jan. 15, 1937_.. 7.1 323 340
853 4,120 | Apr.7,1938___ 8.0 247 221
873 3,550 | June 19, 1939__ 5.2 176 174
893 3,340 | Apr. 20, 1940__ 3.8 140 142
923 1,800 | June 15, 1941__ 2.6 60. 4 73.3
953 3,550 i&dpr. 10, 1942__ 2.8 167 156
973 4,960 ar. 20, 1943__ 5.4 240 225
1003 4,840 | Apr. 11,1944 __ 3.7 146 145
1033 4,840 | June 18, 1045. _ 4.4 243 297
1053 2,680 | Feb. 27, 1946 4.4 167 121
1083 4,160 | June 2, 1947___ 4.3 245 240
1113 4,260 ar. 24, 1948__ 5.8 229 289
1143 4,580 | Jan. 5, 1949____ 6.1 291 231
1173 5,300 | Feb. 15, 1950_- 7.4 316 410
1205 4,820 | Feb. 21, 1951. 4.5 304 254
1235 4,940 | Jan. 27, 1952.__ 4.7 287 256
1275 3,200 | May 17, 1953._ 4.0 156 142
1335 2,420 | Mar. 30, 1954._ 3.8 69.4 01.8
1385 3,180 | Feb. 21, 1955. . 3.5 158 182
1435 4,700 | Nov. 16, 1956._ 3.8 201 157
1505 4,940 | June 29, 1947__ 3.0 b= 1 S I

See footnotes at end of table.
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TABLE 4.—Momentary maximum, minimum daily, and annual mean discharge, in

cubic feet per second—Continued

‘Water year ending Sept. 30

Water- Mean for
Year supply Momentary maximum calendar
paper Mi&n;:imm Mean year
aly
Amount Date
B, Miami River at Sidney, Ohio

403 25,530 | Apr. 8, 1904 ________ | e infoe ool
403 14,770 | Feb. 6, 1915 423 502
433 A 762 678
523 14,940 338 358
523 15,100 300 335
523 16,730 350 384
523 15, 500 553 591
523 19,300 685 666
543 29,300 639 529
563 5,080 370 440
583 14, 900 669 603
603 2,430 195 280
623 10, 800 606 710
643 20, 700 963 926
663 9,780 £68 424
683 18, 000 627 747
698 13,800 711 570
713 2,280 141 200
728 3,870 376 423
743 17,700 648 572
758 2,360 159 122
783 5,200 223 258
803 7,110 . 27, 346 333
832 12,400 | Jan. 15, 1937 34 636 682
853 7,040 | Apr. 8,1938. 34 564 516
873 5, 660 ar, 12, 193 33 502 497
893 6,740 | Apr. 20, 1940 14 363 365
923 2,300 | June 15, 1941 12 169 173
953 5,450 | Apr. 10, 1042 22 287 293
973 11, 600 ar. 19, 1943 18 506 487
1003 8,400 | Apr. 11,1044 25 314 309
1033 9,020 | June 18, 1945 30 599 701
1053 3,550 | Feb. 14, 1946 28 384 301
1083 8,490 30 593 620
1113 8,840 34 633 697
1143 6, 510 42 641 544
1173 11,600 48 734 930
1205 8,470 36 692 550
1235 10, 800 36 609 548
1275 3,460 | May 24, 1953____ 30 297 290
13356 6,510 | June 16, Aug. 5, 26 179 215
1385 4,470 | Feb. 21,1955__ 26 359 387
1435 6,650 | Feb. 25, 1956__ 36 471 423

1505 9,210 | June 29, 1957___..._. 36 [ T

1 Not previously published.
2 Revised.

3 Corrected.
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