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PURFPOSE QF THESIS

The folléwing thesis presents a study of
"the Auglaize Hydro-Electric Development of the
Defiance Gas and Electric Company, Defiance, Ohio.
It is the object of the authors to make: firset
a general survey of the planty including the
various factors affecting its operation; and
second, to determine the probable power that.could
be developed at the site and compsre it with the
installed capacity.

METHOD OF PROCEDURE

The authors spent a considerable portion of
the summer of 1923 in the Auglaize valley, investi-
gating the physical conditions at the power site?

" the equipment, and the development as a whole. For
the study of the hydrology, the topography, and the
other factors affecting the development of power,
the authors also made use of various federal, state
and private reports and publicatipns.

RESULTS AND CONCLUSIONS

' As a result of this study, the authors came %o

the following conclusions:
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a) That the site is overdeveloped

(1) That with the natural unregulated flow
. 4-500 kva. units would be a reasonable
installation.
(2) That with 750 second feet from the Miami
and Erie Canal 3-1000 kva. units would be
a reasonable installation.

b) That on account of the topographical relief of

the basin and the value of farm lands, it would
not be economically feasible to build storage

. works of sufficient size to regulate the flow

and Increase the available power.
That the plant should be hooked in with a larger

gystem in order to utilize more of the secondary
power.
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PHYSICAL CONDITIONS
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HISTORY ,
| ~ In the early part of 1911, the Defiance Press
announced that several Defiance men had interested
Toledo and New York capital in the utilization of
the hydro-electric power avallable on the Auglaize
River south of Defiance, Ohio. The Auglaize Power
Company was soon incorporated for one million dol-
lars and 1mmediately took over the optione om land
and the power rights ﬁhich had been secured by the
,originai promoters.

_ The}Auglaize plant was one of the three pro-
posed piants to be built by the Auglaize Company in
Norﬁhwestern Ohio. This plant was expected to
furnish a constant supply of some 4?500 horsepower;’
1600 of which was to be u%ilized by the City of
Defiance. v _

The neﬁspapera and prominent citizens wel-
.comed. the new project as a means of reducing the
high lighting rates and of attracting new industries
to the clity by offering cheap and abundant electric
power.

The contract for the construction of the dam

and poﬁer house was let to the Ambursen Hydrsulilc
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Construction Company of Boston, Messachusetts. The
actual construction work was started in the late
summer of 1911 and as favorable weather was encounter-
ed,; it progressed rapidly. Coincident with the
construction of the dam and power house, a transmis-
sion line was run dowvn the river, through Defiance)
and on to Toledo to hook up with the lines of the
Toledo Rail and Light Company of Toledo, Ohio. This
company had contracted to take all the excess power
of the new plant) estimated to be some 2000 horse-
poﬁer. Feeders ﬁere constructed off the main line
to various“small toﬁns in the Maumee valley in order
to increase the available market.

The plant was completed in the latter part
of 1912‘an& put into operation.

The storm, which caused the Ohlo Vallsy Flood
of March-April: 1913, caused é flood of lesser magni-
tude, but of equal destructiveness in the Maumee and
Auglaize valleys. The damages resulting from the
flood to the Auglaize Power Company’s equipment and

dam, coupled with damages awarded farmers for ruined
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land due to the breaking of the west wing wall of

the dam placed the company in a precarious finan-
cial position. This was aggravated by the fact
that their oredit was serlously Ilmpaired due to the
fact that the amount of poﬁer developed did not
reach the expectation of the promoters.

The Defiance Gas and Electric Company finally
tookrcvér thé éntire pﬁysical propertles of the
Auglaize Power Company. Original investors in the
Auglaize Power Company lost heavily as the securities
of the Defiance Gas and Eleetric Company, which they
received in return for their gecurities of the Auglalze
Power Company, wereAnot equal in ialue to their ori-
ginel investment. The plant ﬁas then made an integral
part of the electrical division of the Defiance Gas
and Electric Company and has, since then, been operat-

ed in conjunction.with 1ts other generating stations.

LOCATION. | )
The hydro-electric plant under consideration

is located about four miles south of the City of De-

fiance, Ohio, on the Auglaize River which is a tribu-
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tary to the Maumee River which, 4in turn; discharges
into Iake Erie. The Auglaize has itself two lerge
tributaries, ﬁamely: the Blanehard and Ottawa Rivers
which enter 1t from the East. The drainage area .
 (Appendix A) of the Auglaize occﬁpieg part of the.
northwest corner of the state of Ohio and a small
portion of the adjacent state of Indiana.

A) Geology: The geology of a district and
the aecoﬁpanying topographical and statigraphical
conditions greatly modify its hydrological phenomens.
The presence of surface ﬁaterq and the floﬁ of streams
depend not only upon the amount and distribution of
precipitation but also upon the geologlcal structure
and topographical rellef of the drainage area. The
character of the material and the dip of the stréta;
the structure, extent of outerop and slope of the
strata; all these have a marked influence upon the
disposal of rain water. Again? the practicability
and even the feasibility of the successful storage
of waters depend upon the nature of the foundation of
the dam built to impound or retain them, and the
character of the banks and bed of the ponds or reser-
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voirs thus formed. The presence of fmlted fissured,
or otherwise uneven rbck maéses; or pervious and
yielding materials may make such structures lmpracti-
cable.

The Auglaize basin lies west of the Cincinnati
anticline so that formations occur successively and
more or less regularly in long narrow strips. The
drainage area lies In glaclated regions and has the
generally smooth and level plains characteristic of
such areas. It contains large areas covered with a
heavy 11mestoné s0il and glscial drift. The valleys
are usually composed of a fertile alluvial soil. In
gome locelities,where the drift was thin® it has been
removed for stone guarnyzhg.

| The bed of the Auglaize has been developed on
strata 6f limestone of approximately uniform resistance,
and hence has the normal concave profile. At the
dam site; these limestone strate are cracked and fis-
sured to a marked extent, and as a result; the stability
of the dam was once endangered, The evil was reme-
died, only temporarilj it seems, by.cutting off these

cracks and fissures by placing a concrete cutoff ﬁall
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at the heel of the dam. The authors believe that,
if the method of drilling into the foundation rock
and forcing grout under pressure into the fissures
had been followed, the requirement would have been
fulfilled at less expense and much more satisfactor-
ily from the point &f view of the stability of the
structure, as both the upward water pressure and
percolation would have been greatly reduceds The
fact that the limestone foundation is overlaid with
glacial drift at the dam site was overlooksd or not
proper1y guarded against when the dam was originally
built. The fact ts that the west wing of the dam
abutting against this drift was not comnected with
some impervious strata within the bank} nor was the
yielding strata of the bank fully protected against
possible erosion. The result wag,that during the
great flood of 1913, the flood waters rising aover
the abutment readily cut away into the drift; and
the river cut around the end of the dam carrying part
of it downstream. After this had happened, this
part of the dam was reconstructed and a concrete core

wall built well into the bank. The earth £ill
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around the core was then well protected by heavy rubble.

B) Topography: The topography wf. the basin
of the Aﬁgiaize is in the main very simple and of
1ittle importance from a climatic standpoint, as
might be inferred from the above sketch of its geology.
The drainage area is located in that physiographic
division of the United States kmown as "The Prairies”.
As before stated it lles in glaclated areas and con~
sists mainly of nearly level plains or gently rolling
elevations on which the rivers are long and sluggish.
This typical sluggishness 1s very evident in the case
of the Auglaize specially in its lower portions, as
it would be expected.

The rich alluvial deposits,which cover the
valley;Ais sultable for the formation of numerous
springs which tend to keep a certain minimum floﬁ in
the streams even during periods of drought.

‘The valleys and plains of this region have
great value from an agricultural standpoint but have
little variation in climatic factors and conditions.
There is little good timber remaining on account of

the extent to which the timber industries were carried
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on,  Corn is the staple crop but genefal farming is-
also carried extensively.

The influence of Lake Erie, although positive
and at times decided, along its shora and for some dis-
tance inland, probably does not extend as far as the
Auglaize basin,

The Auglaize has itself two large tributaries,
Blanchard and Ottawa Rivers, which enter it from the
East. It has a 1éngth of about 74 miles and a total
fall of 325 feet, or approximately a fall of 4.4 feet
per mile.

C) Precipitation: The average annual precipi-

tation for northern Ohio is slightly less than 36
inches, but the distribution varies materially (see
Appendix H). The precipitation is greatest, in the
main, in the more elevated portions of the section and
con#ersely, it is least in the lower regions. Thus it
is found that for topographic or other reasons in the

Maumee valley, and especially in the Auglalze valley,

conditions are favorable to lessened precipitation.

The precipitation data, for thls area was taken

from the Climatological Reports of the United States

Weather Bureau.



 This data was studied with the view of estimating
the probable discharge of the Auglaize.

TEMPERATURE

The average temperature for the Auglaize valley
is, for the year, betﬁeen 49 and 50. The variation
‘in the mean between stations maintained by the United
States Veather Bureau is not large. This variation 18
about 3° F. There is, however, a 1a:ge range between
the highest and lowest temperatare for the year. In
a period of 37 years this range was recorded as 141'
degrees at one of the stations. This range is due to the 4
fact that the Auglaize valley is too far away from Lake
Erie to feel the equalizing influence of the lake.

FROST AND ICE

The average date of the first killing frost is
around the middle of Octobe;. Howéver; due to the
warm days, the ground is not frozen sufficiently to
affect Tun off until the early part of November. The
jce forms on the rivers in the latter part of November
and the early part of December. This ice bresks up
the middle of March or the first of April. Due to the



alternation of cold night and warm days, disastrous
floods are caused by the simultaneous bresking up
of the ice, thaﬁing of the ground, and a heavy pre¥
cipitation. It was such a combination which brought
about the flood in the spring of 1913 which has al-
ready been referred toe.
WIND

. The prevailing winds for the year blow from the
southﬁest. The average veloclity of the wind is about
11 mites per hour, those In the ﬁinter averaging con-
glderably higher than those in the summer. However,
gales of 40 miles per hour or more are rare, even
in the winter.

MARKET FOR POWER

Thé Defiance Gas and Electric Company, con-
trols all the power sold in the Maumee and Augleize
valleys below Defiance, with the exception of that sold
in Napoleon, Ohiocy As Napoleon has a municipally
ovmed plant, the company is barred from operating there.
A main transmission line hooks all (Appendix A) the
stations of the company together and so makes it possible
for the whole system to be carried by one plant when

it is possible for the whole system to be carried by
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one plant ﬁhe@]it is feasible.

The load is very diversified, lighting in
the main in the small townsand a large industrial
load in the two larger towns. Most of the in-
dustries in Defiance and Maumee are electricslly
operated, which makes the industrial load an impor-
tant factor in the output of the system. A recipro-
cal agreement, which was recently discontinued, gave
the company an outlet for all its surplus power to
fhe Toledo Rail and Iight Company. With the building
of the Acme steam generating station of the latter ‘
company, this agreement was terminated.

The industrial load remains fairly constant
and most of the variation in the ioad comeg from a

seasonal variation in the lighting load.
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DEVELOEPMENT
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SITE o
o The river, at the development, has a profile
which 1s typlcal throughout its entire length. The
banks, which are of heavy alluvial soil, are concave
or slope steeply, often rising to considerable height.
Storage; howsver, is ont of the question; due to the
value of the farm lands ﬁhich would of necessity be
overflowed.

The bed is flat or slightly concave, being
composea of a nearly horizontal strata of limestonse.
It 18 cracked and fissdéd through the agencles of
faulting and weathering. This feature, which was not
given proper consideration in the construction of the
dam,afterwards endangered the safety of the entire
structure.

DA |

The dam is of the hollow type; built by the
Ambursen Hydraulic Construction Company of Boston
Massachusetts? under their patents. The Ambursen
is one of the best known types of the hollow, rein-
forced concrete dams. |

The engineers were faced with the problem of
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placing the dam on limestone which was faulted and
weathered. A trench for the foundation was blast-
ed across the river until it was thought that the
depth was sufficient to give them a watertight joint,
subsequent development proved that the blasting
opened seams through which considerable leskage
developed. ‘

’The Auglaize dam is made up of a series of
parallel buttress walls; set transverselyto the axis
of the dam and spaced 16 feet cmnter to center.

Deck slabs of reinforced concrete are cast on these
buttresses as supports. The angle,which the upstream
face makes with the vertical,is adopted so as to
make the dmnger of sliding & minimum. It is the
angle at which the friction, due to the weight of
the structure plus the weight df the water on the
upstream face, equals approximately the tendency

of the water to push the dam downstream. In the
Auglaize dam this angle is 45 degrees. (Apﬁendix B).
| The Auglaize dam may be divided into four sec-
tioms: (1) the power house; (2) the tainter gate
gection; (3) the main dam; (4) the wing wall on
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the west bank of the river.

The power house and wing wall sections are
not made to carry overflows but the tainter gate
section and the main dam are. The three talnter
gates of 30 feet each abut against the power houses.
These gates are operated by electricity amd are
designed to pass water so as to protect the flash-
boards on the main section of the dam from going
oute. A

The tainter gate section is formed by extend-
ing the buttresses downstream and then decking
them over with reinforced concrete slabs.

The main dam has a height of 26 feet, base of
30 feet, top width of 4 feet, and 18 inch flash-
boards. Its length from the tainter gate section
to the west abutment is 346 feet. It has a combin-
ed concrete gpron and cutoff wall af its downstream
slde which effectively prevents erosion of the lime-
stone at the heel of the dam as well as leakage of
water which succeeds in getting by the upstream
cuto£f wall.

The wing wall] which runs from the west abut-
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ment; has a concrete core with an earth fill around
1t well protected with heavy rubble on the upstream
face. This wall is so designed that there can be
an 8-foot crest on the dam before it is overtopped
STORAGE AND PONDAGE

Due to the fact that there is no reservoir

except the natural bed of the river) the planf had
practically no pondage available to run it %3?;3”"
portion of a day if the wheels were run at their
rated capacity. Even the small pondage secured has
been expensive due to the rich bottom lands which
the company was forced to purchase and the roads and
bridges which it had to re-locate and raise

This is typical of all low head developments
which are located in flat country. This is doubly
unfortunate in the case of this development as this
lack of storage is not compensated for by a large and
constant flow of water.
HEAD
' 'The Allis-Chalmers wheels installed are rated
at tbeir full power and normal R.P.M. under a 22-foot

head. The authors went over ten years of the sta-
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tion log and found but a few times that this value was
reached. The most likely value for the average head
seems to be between 19 and 20 feet. As the wheels
are forced to run, most of the time, at other than
thelr best speed, it can be seen that they are not
designed fogriead available at the»site.'

POWER HOUSE |

The power house abuts the tainter gate section
on the east and may be considered a portion of the
dam in that 1t alds in the impounding of the water,
The substructure, which is of reinforced concrete)
rests on the same strata of limestone as the dam. The
power house 1s constructed of a steel frame, with
brick uurtain.ﬁallsf and concrete slgb roof. The
steel columms,which carry the roof, are used to carry
a 45-ton crane, built by the Northern Crane Company.

The'superstructure may be divided into three
main pafts. (Appendix C). The main section, which
| is of one stbry; contains the five generators and
their auxiliaries on the main floor; the wheels being
directly below the generators. The mezzanine floor

of this section holds the instrument board and the
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control apparatuse.
| The second section houses the transformers,

lightning arresters, and oil switches. This sec-
tion is of two storles and abuts the main sectlon on
the east. The oil switches are set on the second
floor while the transformers and lightning arresters
are set on the main floor.

| The third section contains the boiler plant
and storage for coal. This is on the downstream
side of the second section. The boiler is used to
heat the. building and to keep fhe 0il at the proper

temperature for operation.

WHEEL_SETTING |

i The wheel setting is of that type kmown as
the opeh pit. Each wheel is set in a separate con-
crete pit 25 feet deep and 23 feet, é inches center
to center. These pits are protected by'means of
iron_racks and the water may be drawn out of them
by closing gates; electrically operatedy when it is
necessary to work on the runners. Each pit contains
a 72-inch, 1nward flow, vertical turbine, bullt by
the Allis-Chalmers Co. The draft tubes‘are 28 feet
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long and extend well under water. (See Appendix B).
TAIL RACE

" The tall race chammel from the wheels is cut out
of the limestone which formed the original bed of the
stream. The channel has suff;cient capacity below
the wheels but debris in the bed of the river direct-
1y beiow the dam causes the thread of the tail race
to turn through a right angle and flow to the west
bank of the river before continuing down the river.
When one wheel is running, which might be said to be
the normal operating condition at the plant, 1t is
evident that the tail race is raised an appreciable
amount by this debris. As water is at a premium.
the greater part of the year, the authors‘believe it
advisable to remove this debris thus adding an ap-
preciable amount to the head on the wheels. This
has been estimated to be &dbout 2 feet’(ﬂppendix.n.)
EQUIPMENT | |

 The turbine installation consists of five

72-inch, Allis-Chalmers, inward flow, vertical run-
ners, rated at 1450 horsepoWer_per‘unitf at 94 R.P.M.

under a normal head of 22 feet. The generators are
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mounted on the same shafts above the runners and con-
eist of the following:
(1) Three - 3 Phase.
2300 volt,
250 amperea
25 cycles
and (2) Two - 3 phase
2300 voit,
277 amperes
' 60 cycles.
all manufactured by the Genersal Electric Company. There
are three.exciters. The water-driven one is only used
when the transmission 1line is dead and it is impossible
to secure current in order to drive the motor~-driven
gxciters. The water-driven exciter 1is driven by a
small vertiéal? high speed runner made by the Allis-
Chalmers Co. and delivers 1000 amperes at 125 volts.
The two mofor-driven exciters are driven by 2300 volt
induction motors and'deiiver 600 and 1000 amperes,
respectively,at 125 voltse.
On the 6,600 volt line to Defiance there are
3 1 phase, 400 kva. transformers. On the 66,000 volt
line to Toledo; there i8 1 - 3 phase, 1000 kva. trans-
formers with one held in reserves. On the 13,200 volt
line to Paulding, there are 3- 1 phase, 200 kva. trans-
formers.

-~
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All transformers sre of the core type; ail
insulated, and water cooled. The water 1ls circulated
through the transformers by means of a pump which |
is commected through‘the station bus bar to the
transmissionnline so as to insure constant operation.

The governors on the wheels are of the Allis-
Chalmers oil pressure type. An auxiliiary pump is
used to maintain the pressure for operating these
governors. |

The elect;ical equipment 1s protected by horn
gap arresters; mounted on the outside of the station
as well as electrolytic arresters inside the station.

The gates,which close the pit off from the
forebays, are operated through & rack and pinionf
which 1s‘driven by a 23,000 volt motor.

TRANSMISSION LINES
 The tiénSmission gsystem may be divided into

three sections: (1) 6,600 volt line to Defiance}
(2) 66,000 volt line to Toledo; (3) 137200 volt
line to Paulding; Ohio. (Appendix A).
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7 The Defiance and Toledo lines are carried on
the samé line of towers to an automatic sub-station
on the outskirts of Defiance. These towers are

of steel set In Eoncrete. A rigid tower is placed
between every f£ive or seven of the flexible towers.
This is done to minimize the possibility of a large
ﬁortion of the line going down due to the failure of
one of the flexible towers.

The 66,000 volt line to Toledo is then run along
the river: with feedars to the small communities which
are supplied through automatic sub~-stations which
transform the high voltage down to 110 volts.

Through the sub~station on the outskirts of
Defiancé the entire system of four plants are tied to-
gether. This allows any of the four stations to feed
into the 66;000 volt line and then to the consumers
through transformers.

The third line,which carries current to Paulding,
is relatively unimportant. It is ocarried on A-type
ef wooden poles. Farmers are supplied in groups of

~

four or five through one transformer.
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HYDROGRAPHIC SURVEY
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WATER POWER |

The power that can be derived from a stream
depends upon two factors, namely; the quantity of
ﬁater which flows past any section per unit of time,
and the distance through which 1t can be made to fall.
Generally speaking, the former is beyond the control of
*man;'but within economical limits) the latter can be
regulated by the engineer.

In the development ,which this thesis has to do
ﬁith; béth the head and the quantity available per unit
of time are relatively small. As the head is fixed
hy the economic factors of the cost of overflowed land,
it can easily be determined by an accurate line of
levels run from the site up the river and the height
of impounded water st any point figured by the back-
water formula.

The determination of the stream £low available
is an exceedingly difficult task and there is no
accurate mathematical method so far devised. This
18 the factor which the following pages will discuss
at greater length.

(28)



STREAM FLOW |
Stream flow or runoff is that portion of the

rainfall that is not evaporated, lost by seepage in-

to deep strata, or used by vegetation, and which finds
its way into stream channels as surface ﬁater. The
runoff is, therefore, a residusl quantity and should be
considered as such. Thus the runoff does not vary
directly with the rainfall but rather tends to equal
the rainfall less the losses given above.

For water power purposes, the average, maximum,
and minimum values of the stream flow should be de-
termined as well as possible from data at hand before
the capacity of the plant is déci&ed upon. The authoré
intend to do this for the site on the Auglalze and
determine the available power at the site.

AVERAGE FLOW

There is no mathematical law governing the re~-
lation between the flow of any given stream and its
causes, and so it is impossible to predict with ac-
curacy the flow afany siven time in the future. How-

ever, assuming that the discharge in the future will
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not deviate far from what it has been in the past] 1t
is possible by means of stream flow records extending
over a considerable number of yearsf tb predict the
average flow for any future year with a considerable
degree of accuracy. Gare'should be taken that there
is no material change in the surface conditions or any
artificial storage has been.created since the Btream
flow data on which the calculations has been based.
were made. '

For this particular river dally records were
kept for seven water years, starting with October;
1915. Using these récords the average flow was}
found to be 1770 second feet. While th}s figure 1is
valuable to check up stream flow data secured from
other sources, it is almost valueless in itself.

For a successful ﬁater power development a
continuous and adequate supply of water must be
available or else auxiliary power must be had to
supply any deficiency. Due to the economic factors
which dictate the size of the development, it is not
wise to develop too much of this so-called secondary

POWer.
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We must, therefore, consider the duration of
the floﬁ and also the minimum flow or that flow which

ﬁill determine the primary poﬁer.

DURATION OF FLOW

' The duration of the flow may be determined by |
plotting the stream flow data in the form known as &
fldﬁ duration-éurve. A flow duration curve is plotted
in one of two ways: first; by plotting the monthly
discharge for a given period in order of their magnitude,
against time; or, second;‘by plottiné the average for
a number of years, the values for each year being taken
in order of their magnitude, against time. The second
method is recommended by the Committee on Runoff of
The Boston Society of Civil Engineers. The authors
have; therefoie; used the latter method.

The values of runoff for the various months are
arranged in order of théiw magnitude for the various
years (Appendix €). These values are then plotted,
(Plot No. 1, Appendix D).

This duration curve is based on the seven years
record of stream flow. The authors attempted fo,ex-

tend this record by securing a relation between: first,
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the precipitation per month and the runoff; second” the
precipifation per season and the flow. The results
obtained did not warrant the extension of the actual
record and,therefore,the curve as plotted has been ob-
tained from actual stream guagiﬁgs.

The subject of runoff is by no means & simple
one and is beyond mathematical analysis. Even approxis
mate results call for a careful conslideration of the
factors affecting stream flow. These factors are many
and are closely related, which makes it difficult to
differentiate what influence each has upon the flow.
These factors are as follows:

(1) Precipitation

(2) Meteorological conditions

(3) Geographical relations of the drainage area
(4) Topography and geology

5) Surface and storage conditions

(6) Artificial use and control

(1) Precipitation. It 1is evident that without

precipitation there can be'no stream flow. Precipita-
tion might then be called the controlling factor of
runoff. However; it must be realized that the other
factors may affect runoff to such a degree that almost

any portion of the precipitation may be lost to runoff.
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As an extreme case we might take a desert where the
meteorological conditions are such that practically
.100% of the rainfall is lost to runoff.

For water power purposes the variation In
yearly fainfall end the distribution within the yea:é‘
are of primary importance. !

The average precipitation for the drainage ares
of the Auglaize River at the stations of the U. S.
Weather Buréau is fairly constant. It ranges from
33.12 inches at Paulding to 36.80 1ncﬁes at Lima. These
_averages were obtained from rainfall data taken for
37 years and may be considered to represent the ex-
tremes in averages for stations in the area.

The greatest smnual rainfall in this period at
Paulding 1is 42.7g inches, Lima 45.09 inches. The
minimum rainfall at Paulding was 26.73 inches, Lima
30.30 inches. In spite of the uniformity of the rain-
fall the armual runoff varies considerably due to
other factors which will now be discussed.

(2) Meteorological Conditions. The most im-

portantvfactors of meteorology that affect runoff are

temperature and atmospheric movements. The temperature
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affectas the runoff by causing the temporary storage of
water in the form of ice and snow, This storage is
only released upon a rise in temperature and may cause
large flows without accompanying precipitation. In
the Auglalze drainage area there are three months in
ﬁhich the'average temperature is umder 32 degrees. Two
other months are very close to this figure and can be
counted upon to store a considerable proportion:. of
their precipitation as frost and ice. The abrupt rise
in the temperature and the spring rainsvwhich are
prevalent in this area result in the streams being
overflowed by disastrous floods. This may be seen by
the fact that the rainfall for March is from 8 to 10%
of the yearly while the runoff is from 41 to 53% of
the yearly.

The atmospheric movements play an important
part in the evaporation of the water in the summer
when the stream flow is naturally small. The average
velogity of the wind is low averaging but 1l miles
per hour. Gales of any magnitude are rarely met with

in this region.
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(3) Geographical Relations. The important factors

include the size; shape, and location of the drainage
area. The size, 1480 sq. mi., of the Auglaize basin
is such as to obviate the possibility of floods due

to high concentration of rainfall. On the other hand,
the fan-like shape of the area is condueive to floods
as the discharge from the tributaries reach the main
stream at about the same time. However, this factor |
18 outweighed by the size of the area and floods of
any consequence are known only in the spring as has
been explained under Meteorological conditions. The
drainage area lies parallel to the path of intense
storms. This tends . to Increase the liasbility for
severe floods. The great flood in 1913 was due to

a combination of favorable meteorological conditions
and a storm whose direction was down the Auglaize.

This caused one of the most disastrous floods record-
ed on the river.

(4) Topography end Geology. This important

feature of the drainage area has been fully discus-
sed under the Physical Conditions and will not be gone

into further here.

(35)



(5) Surface and Storage Conditions. The main sur-

face conditions affecting runoff are the arainage and
the so0il coveringe The tributary area 1s well drained
ag there are no sWamps and most of the farm lands are
tilled. This means that both the surface and the
ground stofage are small and tends to decrease the lapse
between the‘time when the precipitation falls and the
time that it appears in the streams as surface water.

The area 1s practically all cultivated, thus
tending to increase seepage and to decrease evaporation
of ground water.

(6) Artificial Use and Control. There is no srti-

ficlal use or control on the Auglaize River above the
present power development so that this‘factor does not
enter into our problem.

From the above considerations it is seen that con-
ditions are such as to cause small stream regulation,
tending to high floods in the spring time, and small
flows in the summer time. It appears that the con-
trolling factors in this parficular case are the meteo-
rological conditions which tend to high seasonsl con-

centration of flow thus making the river unsatisfactory
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for power development without attendant storage.

MINIMUM FIOW

'~ fThe primary flow is defined as that minimum flow
which 1s available throughout the year. To determine
this would require daily F¢-gaugings over a sufflcient
length of time to include a day with an absolute'mini-
mum. The:. lowest flow of which there is any record}
ocecurred In the dry year of 1894. | Mr. Martin Stein-
berger of Defiance, who was one of the original promo-
ters of the Auglalze Power Company, made actual weir
measurements in August, 1894, and obtained a flow of
13 second feet. For all practical purposes this may
be considered the absolute minimum Flow. It will be
seen from the flow duration curve (Appendix.D) that the

monthly minimum for the 7-year record is 100 second-feet.

AVAITABLE POVER |

‘ Redueing the.above data to theoretical power
for a 20-foot head, we find that the average power
available at the power site to be: .4,050 horsepower or
3,000 kilowatts, which amount is available 35% of the

time or 4.2 months of each year.

(37)



‘The average power for the lowest month on the
flow duration curve gives 228 horsepower or 170 kilo-
watts, while this value reached the minimum of /48
horsepower or /l0 kilowatts in the 7-year stream flow
data available.

The minimum power that is to be expected for
any day is 30 horsepower or 22 kilowatts, this being
based upon Mr. Martin Steinberger's weir measurement of

minimum uncontrolled flow.

MIAMI AND ERIE CANAL PROJECT

" ' Vhen ﬁhe plant was first projected, it was in-
tended to increase the primary power by diverting some
water from the abandoned Miasmi and Erie Canal through
Six~Mile Creek, which is a tributary of the Auglaize.
The aqueduct, which carried the canal over the creek,
was broken through and a small quantity of water was
allowed to feed into the Auglaize. Due t6 an over-
estimation of the quantity of water that could be ob-
tained, a contract with the state for water was allowed
to lapse after the Auglaize Power Company had spent
some $84,000 in dredging the canal. Maps and data
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on the canal are not available except at the office
of the Department of Public Works, Columbus, Ohio}
so that the authors were not able to obtain complete
information. However, two days spent on surveying
the canal convinced the authors that it is feasible
to secure a flow up to about 750 second feet by re-
moving the canal locks and by dredging the canal and
creek in tpeir shallow places. The oreek is very
crooked and a considerable portion of the channel
would require straightening. The authors did not
feel qualified to meke any cost estimates from the
data at hand but feel that the project would be worth

investigating.in more detail.

CONCLUSIONS AND RECOMMENDATIONS

_dme authors believe that, although their study
is based upon a comparatively short stream flow recofd
of seven years, they are Justified in concluding that
the site is overdeveloped. It is their belief that
for the natural flow of the stream an installation cbm-
prising 4-500 kva. units, designed to operate at their
best efficiency under a; 20-foot head, is all that is
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warranted. Assuming a wheel efficiency of 80% and a
generator efficiency of 94%, this would require 155
second feet which would be available about 42% of the
time. |

Since stream regulation by means of storage
is out of the question due to the topography of the
basin, the only way to increase the flow and thus
justify a larger plant capacity would seem to be to
secure water from the Miasmi and Erie Canal as pre-
viously outlined. Assuming thé flow obtained to be
750 second feet, the authors helieve that the instal-
lation of 3-1000 kva. units to be operated under a
normal head of 20 feet would be warranted. Under
the efficlencles assumed above this would require
2330 second feet which would be available 42%.of the
time.

With the present Installation the authors
recommend that the possibility of securing water
through the Miaml and Erie Cgnal could be further in-
vestigated. Assuming this flow ag 750 gecond feet as
above this would permit the operation of the five

units 23% of the time. As the normal electrical out-
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put of the Defiance Gas & Electric Company is under
5,000 kilowatts, 1500 of which are supplied by the

. Maumee Hydro-elécﬁric Plant of the company, which
operates with a fairly constant supply of water and
under excellent conditions, it would be necessary for
the Auglalze Plant to be hooked in with some larger
system in order to dispose of the secondary power which

would be available.
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APPENDIX D

HYDROGRAPH AND FLOW DURATION CURVE
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GRAPHS OF DAILY OPERATION

AND .
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FLOW DURATION TABLE FOR AUGLAIZE RIVER AT POWER SITE

Year Monthly Values e
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DAILY DISCHARGE IN SEC. FT. OF AUGIAIZE RIVER NEAR DEFIANCE;
' OHIO, FOR THE YEAR ENDING SEPT. 30, 1916
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1 2340 420 889 3550 26900 899 7380 3890 957 557 342 29
2 2680 360 792 14700 24400 807 4240 1660 815 115 387 29
3 3160 385 1010 29600 13300 759 3430 3350 876 521 272 88
4 2660 387 775 32200 5560 726 1940 6490 877 44 174 30
5§ 1840 374 33 25200 3290 37 752 3600 1110 690 136 30
6 1160 312 336 16500 1940 851 558 3520 1440 600 27 31
7 1020 336 327 10200 1780 775 1020 5080 4140 584 157 108
8 956 359 315 5040 1170 1880 853 7650 6520 390 154 31
9 949 326 331 4000 759 2850 843 6170 6900 37 153 31
10 882 237 338 3160 629 2230 1040 3240 4930 219 152 105
1l 816 380 312 2650 942 1490 1480 1440 3770 191 1556 32
l2 948 230 34 3350 9894 1150 2840 1170 2220 157 148 85
13 867 235 341 8970 168 1300 1280 884 1910 201 28 76
14 734 223 334 13000 592 1120 1330 675 2260 168 160 57
15 958 &11 435 11300 813 1130 1340 1180 1950 300 160 100
16 4330 167 345 7660 8256 929 1010 1320 1180 51 143 32
17 3980 195 353 3490 865 840 1130 1020 1060 314 1563 58
18 3910 318 630 2340 449 804 870 900 933 163 158 32
19 3670 696 1860 1420 672 534 804 853 1070 200 158 33
80 4420 3480 2450 1220 676 771 688 543 1100 159 30 33
21 2800 6640 1420 1860 680 780 735 344 3850 339 160 33
22 2210 4020 1170 6850 615 1970 1150 706 6260 461 162 33
23 1220 1500 1050 11800 1530 ILOOO 1700 711 6990 287 149 33
24 693 1660 1080 8460 250014700 1440 770 3900 453 16l 172
25 1020 910 456 4820 33201400 996 870 2760 625 160 98
26 988 1140 1200 3790 2550 6760 1770 970 892 418 143 83
27 826 863 3330 7700 159016000 7140 1290 958 550 29 106
28 902 356 2180 5950 12802800 11400 4290 832 538 164 102
29 852 963 2110 6480 106018900 10500 3500 769 329 147 116
30 801 911 1700 9070 - 36000 3840 655 769 88 90 143
31 610 1400 17600 13100 1320 375 29

Max, 4420 6640 3330 32200 25900 2800 11400 7650 6990 690 387 172
Min., 610 167 33 1220 168 37 558 344 769 37 27 29
Mean 1780 953 946 9160 3470 5010 2520 2260 2470 387 1650 65



DAILY DISCHARGE IN SEC. FT. OF AUGIAIZE RIVER NEAR DEFIANCE;
' OHIO, FOR THE YEAR ENDING SEPT. 30; 1917.
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1 369 34 160 810 3920 2140 8300 705 1780 2400 171 129
2 163 56 27 801 2630 1600 13100 485 1900 1220 516 45
3 44 115 135 598 1940 1100 17400 426 1430 1000 1l64 33
4 47 221 28 673 1180 641 16400 330 1190 474 189 214
5 31 156 29 1230 1080 1320 11800 1380 644 546 32 291
6 32 31 77 4620 950 1230 11200 7660 865 469 186 241
7 108 24 29 7660 853 1150 12200 6640 1870 505 176 277
8 192 24 31 7660 910 1090 10200 3350 3380 433 169 31
9 32 302 319 5170 960 919 5180 1700 1470 801 167 117
10 103 79 123 3790 966 810 2960 1600 1310 816 165 32
11 468 24 67 2080 - 380 4760 2090 1370 1320 927 163 61
12 130 128 32 1500 476 8900 1510 1030 1110 391 104 33
13 66 40 106 1280 391 R200 1270 615 892 434 2456 33
14 43 26 394 621 38910900 1010 866 1230 429 27 34
15 54 103 283 1130 301200 602 707 1610 393 28 35
16 29 119 30 831 286 8560 1030 643 1130 423 338 356
17 .29 86 73 995 129 5020 1220 649 636 401 29 74
18 66 43 31 937 11 3340 1080 431 756 402 30 62
19 229 128 31 603 232 2060 831 447 474 1150 80 86
20 399 49 31 469 277 1620 998 785 562 1020 b8 36
21 654 81 32 41 287 1470 710 1450 661 787 84 36
22 77 113 32 222 456 1410 274 2610 666 392 108 93
23 © 20 117 32 237 579 1460 844 5280 473 646 124 169
24 ~ 59 606 33 296 795 4410 692 4980 455 642 31 182
26 157 24 92 752 3680 5310 603 3020 1760 522 45 328
26 48 98 40 1010 2590 2730 602 1720 1180 648 81 57
27 22 25 256 1100 2900 3110 598 1000 1080 731 74 84
28 34 38 248 759 2260 3450 475 1390 888 683 60 34
29 78 26 706 1060 1930 345 2800 1210 344 54 35
30 24 27 1320 2220 1640 619 3900 4100 236 307 208
31 24 1020 4380 1320 1900 306 287

Max. 654 606 1320 7660 392012200 17400 7660 4100 2400 516 328
Min. 20 24 27 41 11 641 274 330 4556 236 27 21
Mean 123 98,1 189 1790 1140 3480 4200 1990 1260 664 138 ‘104
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mxm DISCHARGE IN SEC.FT. OF AUGIAIZE RIVER NEAR DEFIANCE}
 OHIO, FOR THE YEAR ENDING SEPT. 30; 1918
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l- 42 8550 668 471 157 1480 327 1060 6573 14 28 134
2 228 5410 129 786 329 4910 389 1380 337 18 303 28
3 267 3090 31 719 18 6130 386 854 759 23 103 29
4 88 1260 48 695 265 3840 386 574 667 28 28 355
8 356 1350 49 643 282 1830 411 194 614 30 376 1040
6 49 1000, 50 177 17 4610 658 597 607 31 357 1010
7 243. 867 90 48 19 4430 144 556 748 253 264 948
8 70 663 326 49 157 3020 403 409 878 212 403 862
9 199 638 417 49 363 2210 404 419 1030 31 345 1140
10 219 572 3028 51 236 3830 395 478 1430 31 96 465
11 83 122 186 302 610 6830 401 248 942 100 14 6356
12 419 637 147 496 5500 5540 399 337 831 213 150 924
13 271 652 134 226 9900 4200 343 418 846 116 26 897
14 214 480 137 444 23200 7900 320 644 839 234 63 676
15 217 658 111 440 20000 10400 388 870 768 362 15 108
16 230 631 174 432 19800 8600 376 897 317 4567 16 7563
17 214 544 42 414 11600 4980 447 893 385 303 17 803
18 313 206 43 103 6450 3140 382 685 206 306 17 832
19 308 377 69 107 4460 1890 386 328 218 282 18 924
20 355 346 45 24 8420 1080 276 870 224 93 108 850
21 182 310 319 179 10100 1720 122 8%73 206 18 18 722
28 414 315 811 196 7250 1320 402 878 17 60 18 145
23 519 69 570 275 4360 1320 401 852 18 32 19 836
24 440 31 1450 287 3260 456 399 812 286 20 21 448
26 459 150 2130 312 3020 1240 396 643 418 21 23 816
26 546 55 1460 303 2230 1070 379 176 171 22 24 234
27 547 83 1360 93 2400 615 504 382 232 56 25 204
28 176 81 1210 218 1890 443 342 384 480 24 41 189

29 1900 161 1080 287 - 391 903 472 8 26 428 169
30 7730 58 416 280 368 903 1l1 7 26 26 248
31 9140 959 276 26 798 28 28

Max.9140 8550 2130 786 23200 10400 903 1380 1430 467 403 1140
Min, 35 31 31 24 17 26 122 111 7T 14 14 28
Mean 842 979 483 303 5220 3200 418 615 502 112 97.8 564
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DAIIY DISCHARGE IN SEC.FT. OF AUGLAIZE RIVER NEAR DEFIANCE,
| OHIO, FOR THE YEAR ENDING SEPT. 50 1919.
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Day Oct. Nov. Dec.Jan. Feb. Mar, Apr. Mgy June July Aug.Sept.
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25 116 415 1130 632 780 835 2670 430 100 931 188

26 447 401 1000 391 1120 - 8056 1930 372 97 891 173
10 &7 110 417 973 494 6850 808 1630 379 104 499 3l
11 28 343 377 1020 532 9100 819 1640 570 317 627 31
12 29 490 596 755 488 6820 802 1920 387 227 377 32
13 57 485 896 368 506 5180 553 1650 497 317 344 32
14 ~ 57 473 6900 457 520 2460 842 1420 640 65 200 154
15 31 474 10800 638 655 6680 802 1150 441 263 2837 32
16 32 576 11600 378 512 16900 5540 1210 416 115 113 100
17 32 527 7000 392 452 31900 7950 2830 57 36 374 49
18 33 934 4300 548 491 36100 10600 2550 167 36 233 33
19 50 981 1900 408 484 30000 8170 2230 230 37 282 33
80 289 894 1490 512 461 15700 5990 1440 403 332 276 33
2l 48 1420 3520 567 479 8360 2520 2030 111 36 150 307
22 289 1520 7990 524 490 3770 1080 1960 478 36 151 164
23 369 1130 9600 309 563 1600 1720 2270 88 37 37 226
24 356 641 9200 664 839 1290 1820 1990 212 94 81 190
26 32 899 8000 744 868 970 1810 1470 381 38 393 273
26 403 901 4780 1190 873 909 1620 1890 268 38 343 288
27 1070 871 3830 1610 1000 .1140 1310 1680 86 373 268 91
28 58 439 2440 1350 946 1730 1220 1210 718 87 204 372

29 51 865 1580 1200 1740 902 937 854 93 29 127
30 56 764 1330 975 1280 797 509 1220 64 39 171
31 348 1140 845 1020 476 291 180

Max.1070 1520 11600 4180 1000 36100 10600 5300 1220 872 996 373
Min., 22 36 377 309 391 766 474 476 57 36 29 29
Mean 157 599 3420 1080 599 6420 2150 1830 469 217 345 122



DAILY DISCHARGE IN SEC. FT. OF AUGLAIZE RIVER NEAR DEEIANCE'
' 0HIO, FOR THE YEAR ENDING SEPT. 30, 1920
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1 663 11000 8440 300 303 442 1080 1230 305 335 101 35
2 941 11100 4120 330 265 435 1030 1470 253 670 354 356
3 483 10300 2730 306 131 928 932 1610 170 853 347 36
4 495 7600 1170 313 73 4800 583 1200 145 648 364 261
5 363 3170 12560 313 144 7230 901 989 99 1050 357 106
6 546 2100 1110 309 116 8220 985 999 135 1230 373 117
7 647 2020 876 301 96 8190 1090 928 32 2540 320 447
8 637 1540 1110 245 124 4880 1060 855 67 5620 107 486
9 321 1260 1140 184 303 3450 789 724 192 3890 819 599
10 116 1460 1120 108 369 2400 315 972 195 2570 209 579
11 655 1060 1050 118 420 3180 503 1010 193 2160 10 399
12 524 1670 1070 216 494 7910 240 992 98 1360 11 40
13 1620 2210 664 214 9161R200 217 994 176 816 18 462
14 2320 1850 457 217 988 9550 365 1010 363 712 13 451
15 1760 1400 338 221 983 4850 914 947 191 1390 14 270
16 1120 918 421 217 1480 4380 1090 1010 =201 1980 395 428
17 913 1090 579 54 1120 9140 8000 1260 120 1730 1460 422
18 780 876 526 102 1040 8640 14800 1070 168 1300 1460 355
19 499 962 420 227 1040 4040 11200 949 563 3710 1250 87
20 969 929 413 244 1020 4520 13300 9287 376 6380 717 125
21 766 1020 435 73 919 2120 17800 924 838 4170 502 166
22 382 515 440 79 392 2750 17600 819 840 2160 637 166
23 224 156 430 104 327 2110 19800 742 488 1510 652 97
24 204 265 462 416 530 1740 14100 895 484 917 574 32
25 335 465 366 281 645 1360 8980 949 477 644 27 33
26 474 586 329 238 994 1160 3940 973 412 907 67 131
27 668 690 315 238 1020 1030 2050 964 877 869 30 33
28 1090 989 360 247 796 795 1650 959 157 403 31 48
29 8290 3100 335 220 469 1550 1450 559 163 411 32 34
30 11600 4380 337 258 2080 1180 383 351 523 33 35
3l 11000 314 98 1420 328 533 34

Max.11600 11100 8440 416 148012200 19800 1610 840 6380 1460 599
Min. 116 156 314 b4 73 435 217 328 32 336 10 32
Mean 1650 2560 1070 219 604 4110 4930 956 284 1740 365 217
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DAILY'DISCHARGE IN SEC. FT. OF AUGIAIZE RIVER NEAR

~ OHIO,

FOR THE YEAR ENDING 'SEPT. 50 1921,

DEEIANCE:
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1 13

2 35

3 106

4 36

& 149

6 301

7 89

8 34

9 35
10 363
11 35
12 33
13 33
14 33
156 36
16 34
17 233
18 33
19 34
20 34
21 35
22 70
23 35
24 35
25 36
26 84
27 762
28 1180
29 1060
30 803
31 386
Max.1180
Min. 13

Mean 200

383
588
331
325
327
273
1120
3820
8030

- 12000

9010
5770
3460
1830
1610
1160

12000
273
1960

11500
542
3580

9220
10600
7050
3790
1640
1130
995

586

493
404
586
. 436
&73
815
529
598
503
336
268
368
521
238
329
840
10400
15300
9280
4770
4710
2090
1660

.15300

238
2940

1130
1150
939
1060
766
1190
1330
1240
743
249
92
19
250
53
49
267

24

252
25
™
31

1568
52
41

628

404

429

532

331

329

1330
19
458

338
268
262
549
562
263
176
163
354
29
231
254
160
27
28
28
28
"
26
29
29

31 33
385 33
419 33
28 75
29 151
30 84
31 33
31 17
32 32
60 354
34 300
35 29
313 31
121 . 31
34 32
34 32
79 181
155 279
248 31
99 38
32 33
32 99
33 34
33 34
33 303
122 34
33 35
60 36
33 36
87 36
33

419 354
28 29
89.3 89.8
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DAILY DISCHARGE IN SEC. FT. OF AUGIAIZE RIVER NEAR DEFIANCEY
' DEI6, FOR THE YEAR ENDING SEPT. 307 1922.

[

May June July Aug.Sept.
685 1400
696 1000

Day Oct. Nov. Dec. Jan. Feb. Mar.

21 35 12300 4360 1200 1870 2390
22 136 7720 2740 1160 2510 2610
23 431 4090 1910 1060 4960 2670
24 104 2670 1730 839 6780 4290
25 157 2710 1930 648 7120 6150
26 63 2720 2370 646 1960 6130
. 27 131 2470 1850 634 1260 8180
28 111 2310 1410 613 1250 11600

29 94 2510 1010 446 133200
30 308 2380 840 627 15500
31 123 707 643 16700

Max., 653 12400 9990 5900 7120 16700
Min. 34 364 587 444 440 771
Mean 143 2860 2270 1250 1930 5300

11100
4340
2340
1920
1670
1240
1130

768
729
433

22200
433
8640

566
1020
2030
1600
1130
1120
1010
5830
7340
7280
6490
5760
3040
2290
1570
1300
6690
12300
17200
17300
11600
7140
5150
8920
11400
10300
7530
3760
2010

17300
566
5540

886
608
709
609
534
776
934
983
1870
2490
1520
1050
837
670
756
470
460
383
378
424
372
396
301
376
429
464
480
479

2490
301
768

70
255
307

1340
3080
1800
912
700
510
257
906
3080
2800
1880
1020
5562
283
478
582
567
502
333
320

79
431
571
487
465
547

25



APPENDIX H

RAINFALL DATA




RAINFALL PATA For STATIONS in
NORTHWESTERN OHIO

YEARLY

STATION MEAN
Zoches
Berton 7, 1aq€ 35.82
Bowling 6{’86/7 3717
Petiance 3383
r /'na’/a/v 36.59
Fostoria 3324
\Lima 36.50
Napoleors 33.56
Ollawa 34.87
Faulding 332
L aledo 3).73
\Wan Wer? 3395
Wapakorela 33.83
Wautseon 36.81
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