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FOREWORD

The investigation presented in these notes has
resulted more satisfactorily than was anticipated
when the work was first undertaken.
We feel perfectly satisfied with the results
herewith submitted as far as they go, but regret
that the period of investigation was not of sufficient
duration to give more nearly average results, particu-
larly in regard to the conditions during the summer
months,
In the preparation of this paper, we are especially
indebted to Professor T, J. Rodhouse, in charge of -
the Hydraulic Engineering, University of Missouri,
under whose supervision the work was carried out and
whose counsel has guided us throughout the work, Our
apvreciation and thanks are justly due Mr, George
Reeder, Director Missouri Section, U.S.Weather-Bureau,
who furnished the rainfall data, with other valuable
;1nformation; go the members of the Engineering faculty
in general, for their suggestions and assistance; and
to the members of the senior Engineering class who

have assisted in some of the field work.
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OBJECT OF THE INVESTIGATION

During the past few years there has existed a
growing tendency among the members of the senior
classes in the School of Enginesring of the University
of Missouri toward the design and estimates on water
supply and water power projects on the creeks and
minor streams in the vicinity of Columbia, This
tendency has had little encouragement because of the
fact that accurate data concerning the relation of run
off to rainfall for this locality has not been hereto-
fore accurately determined., The U, S. Geological Sur-
vey has compiled accurate and abundant data for some
regions of the country where the need of such data 1s
more necessary to developmental interests than it is in
Missouri, as a result there is a marked scarcity of
these data recorded for that state. From the aforesaid
data, however, it is true that certain general rules can
be laid down in order to roughly determine the amount of
run off from the rain-fall, These rules do not give
the desired information for accurate and reliable design
Of hydraulic works as satisfactorily as a special deter-
mination of the conditions in the locality in which the
Projected work is to be done, In order to compille

these needed data and furnish accurate information in



regard to rainfall and run off conditions at this
place, this investigation was begun,

The purpose of this report is to place such data
as are available for use at the time of publication of
these notes within reach of those who may be interested
in hydraulic problems in the vieinity of Columbia, In
using the final conclusions drawn regarding the rain-
fall and run-off conditions, due allowance must be made
for the fact that the run off observations have extend-
ed over a comparatively short period, hence the con-
clusions and relations probably represent only an ap-
proximate average for this place and will need to be

revised as further information is obtained in the

future,

CLIMATOLOGY OF COLUMBIA, MO,

The following notes are quoted from the report of
Mr, Geo, Reeder, Director of Missouri Section of U, S,
Weather Bureau:-

"Columbia, the county seat of Boone Ccunty, is
situated near the geographical center of the county,
in latitude 38°56', longitude 92* 19', and is 761 feet
above mean sea level, The city is reached by the

M.K, & T, and Wabash railroads. It is 114 miles west
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of St,Louis, 128 miles east of Kansas City, and 9 miles
north of the Missouri River, The surrounding country
is rolling, well watered and fairly well timbered, and
is rich in the important agricultural products.
Columbia is unprotected by mountain ranges and
lies far from any large body of water, Its climate,
therefore, is one of extremes in heat and cold, mois-
ture and drought, A station of the U.S.Weather Bureau
was established at Columbia in August, 1899, and contin-
uous records of temperature, precipitation, wind, cloud-
iness, ete., have been maintained since that date.
These records show that the average annual temperature,
covering a period of sixteen years, is 54.4°. The
warmest months are July and August, with an average
temperature of 76,6° and 75,8°, respectively, and the
coldest months are January and February, with an aver-
age temperature of 30,2° and 29,5°, respectively. The
highest temperature recorded is 111°, on July 12, 1901,
and the lowest, 26° below zero, on February 12, 1899,
making an absolute range of 137°. The average daily
range of temperature (difference between the highest
and lowest temperatures of each day) is 23°, and the
greatest daily range recorded is 54°, occurring on

November 21, 1898, when the temperature fell from 66°
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in the morning to 12° at midnight. The average number
of days during the year with maximum temperature above
90° is 44, and the average number with minimum tempera-
ture below 32° (freezing) is 111, The longest period
with temperature continuously below freezing was 21

days, from January 28 to February 18, inclusive, 1905,"

LCCATION OF THE STREAMS OBSERVED,

Hinkson Creek, the larger and longer of the streams
observed, rises about 12 miles north and 8 miles east
of Columbia and flows in a generally southwesterly di-
rection following a somewhat winding channel about 18
miles in length, It flows around the eastern and
southern aidea of Columbia and at a distance from the
town of about one mile,

Grindstone Creek is much smaller and shorter than
the Hinkson, It rises -ibout five milée due east of
Columbia and follows a rather regular course of about

5 miles to the wouthwest emptying into the Hinkson Jjust
south of Columbia,

DESCRIPTION AND GEOLOGY OF WATERSHEDS.

The watersheds cover an area which is underlaid

With the crystalline limestone as a base.. Overlying
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the crystalline limestone are fire clays, lime stone,
coal and shale varying in dap}h and number over the
drainage area, The surface is uniformity covered with
an impervious glacial clay. The number of springs in
these watersheds is very small, showing the percola-
tion in this vieinity is probably small,

The watersheds of these streams are fairly well
wooded, the woods being confined to small separated
areas, The soil is generally unbroken, the land being
used largely for grazing though possibly a third of the
Hinkson area is tilled land,

The course of Hinkson Creek lies in rolling coun—
try, the banks in general being very steep and rugged
on one side while gradually receding on the other, It
1s to be noted, however, that the high bank does not
always exist on the same side of the stream but appears
alternately on the east and west sides as if the stream
wound back and forth across the valley.

The area of the Hinkson water-shed is approximately
51.28 sq.mi, '

- Grindstone Creek flows through country of much the
same character as does the Hinkson although the slopes
are generally slightly steeper than those of the latter,
The banks of the Grindstone are fairly regular and
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slightly wooded,
The area of the Grindstone watershed is approxi-

mately 14,87 sg.mi.

PERIOD OF INVESTIGATION,

The period of investigation for this work extended

from October 10, 1908, to May 1, 1909,

METHOD OF INVESTIGATION,

As a preparatory step to this investigation,
gages for reading stream heights were designed, made
and set on the Hinkson and Grindstone Creeks. These
gages were read regularly during the period of observa-
tion,

At various stages of the streams discharge meas-
urements were made by means of a Welr and current meters,
From the computed discharge at various gage heights a
discharge curve was rlotted, thus giving the discharge
for different gage heights, For gage heights higher
than could be taken from the discharge curves, the mean
velocity curve at the standard section was plotted,
also the area for various gage heights, By taking the
Products of the probable mean velocity for a gage height
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and the corresponding sectional area, the discharge 1s
found for the desired gage height.

Rainfall data were obtained from the Columbia Sta-
tion and tabulated for all years since 1897,

The relation of runoff to rainfall was obtained
from the computed runoff as found from the discharge
curve for the period and the rainfall over the resbec-
tive drainage areas for the corresponding period.

(a) GAGES

The gages used in this work were of the or-
dinary vertical type and were not self reading. Each
consisted of a well seasoned 2" x 6" cypress timber,
14 feet long graduated to feet and tenths of a foot.by
the use of brass-headed tacks and heavily coated with
white paint,

The gages were brepared in the following manner,
Two clear cypress boards were chosen and planed to a
straight, smooth surface, These werelthen given four
coats of good quality white paint, After the paint
dried perfectly hard the boards were graduated to feet
and tenths of a foot and marked in the following manner:
At each foot-mark five brass headed tacks were placed
tangent to each other in a horizontal line; at each
half foot mark, three tacks were placed similarly,; at
each tenth of a foot not already marked one tack was
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Placed, The number of feet from the zero was marked
at each foot by the proper numeral formed by driving
the tacks tangent, The outside of the graduation
marks is one inch from the edge of the board, After
the boards were finished they were taken to the creeks
and erected,

The gage on the Hinkson is located about 150 feet
above the Ashiand Gravel Road bridge. It is securely
attached to a large sycamore tree by means of spikes
and a wooden cross brace, This location gives easy
access for the reader and also protected the gage in
high water and floods,

To check the elevation of the gage on Hinkson
creek, a bench mark consisting of a nail in the root
Of the sycamore tree that supports the gage, is 4,77
feet above the zero of the gage, The top of the
lower chord of the bridge on the upstream side is
16,16 feet above the zero of the gage,

The gage on Grindstone Creek is attached by means
of spikes and cross bracing to a sycamore tree Jjust
below the Ashland Gravel Road bridge over the creek,
This location is also easily accessible for the reader
and is well protected, The zero of the gage is 3,50
below a bench mark on the North pier of the bridge.
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The top of the lower chord of the bridge on the up-
stream side is 13,25 feet above the zero of this gage.

Both gages were set up on October 10, 1908, by
the writers and Professor T, J. Rodhouse.,

After the date of setting, the gages were read
every day for several months, after which readings were
taken only on aiternate days when the creek was station-
ary but taken every day when any appreciable variation:
was likely to occur,

In reading these gages, readings were taken to
the hundredth of a foot by estimating between the
tenths. The readings were taken by the writers except
in a few instances when readings by thoroughly compe-
tent persons were accepted,

For recorded gage heights see tables XVIII and
XIX,for curve of gage variation see plates 25-38
inclusive,

(b) THE WEIR,

For the measurement of small quantities of
water flowing in Grindstone Creek a large part of the
vear, it was deeméd advisable to construct a weir on
this creek, The site chosen for the weir was about
two hundred feet below the gage previously located.

The weir was a six foot sharp-crested Bazin type
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without end contractions, The side walls and weir

were of conerete with a 3-1/2" x 3-1/2" x 3/8" angle
iron for the crest, The angle was placed with the

vertical leg upstream and then solidly bolted to the
masonry weir, The cutting edge was machined down to
1/16“ thickness,

Above the concrete weir and approach, a low diver-
sion dam of large stones was thrown up to direct the
water to the weir channel, This failed to operate
satisfactorily, however, as high water damaged the
diversion wall and caused leakage at the upver entrance
to the weir approach, This leak caused a 1oss of t00
much water to give sufficiently accurate results to be
of any service in this investigation, consequently no

use has been made of the weir up to the present,

(e¢) STREAM MEASUREMENT,

All stream measurement was done with current
meters at sections close to the gages, Standard
methods were employed in locating the meter in the
sections as is shown in the computations of the various
sectionsg,

Observations made during low water were taken by
Wading across the section holding the meter at the
Tequired depth at the point of observation, Low water
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observations were uniformly made with the meter at
six-tenths depth to read directly the mean velocity in
the vertical 1line at the point.

High water observations made when wading was
impossible were taken from the bridges over the creeks,
The sections at these points were obtained during low
water in such a way that the distance from the lower
chords of the bridges to the bottom of the creeks were
known at various points across the bridges. In this
way the depth of water at a point could be obtained by
subtracting the distance from the chord to the water
level from the known distance. It could be obtained
graphically by consulting profiles of the sections for
8 glven gage height, (See tables XVI and plates 21&
284 )

The meters used were of two kinds--Fteley, N0.4723
and Price Acoustie, No,516, These meters were rated
on Brushwood Lake over a course 200 feet in length.
Rating curves were plotted from data in tebles XIV and
XV, as shown in plates 19 and 20,

In computing the discharge of the sections, two
methods were considered, namely, Single Section Method
and Double Section Method, The former method wéa,be—

cause: -
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(1) The mean velocity obtained in this method is
pProbably more nearly the average than in the other
method because of the wide variations in velocities in
short distances across the stream,

(2) The widths of the streams and the nature of
the banks made suitable observations for the double
section method practically impossible,

(3) owing to the impossibility of taking proper
observations, the computation of results by the second
method was extremely laborious and the time could more

profitably be employed on other parts of the work,

RAINFALL DATA,

The rainfall data compiled for this work were
furnished by the U, S, Weather Bureau Station at
Columbia, These data were all taken for Columbia, the
rain-gage being located at the Weather Bureau Station
at that place., The gage was thus located on the extreme
western edge of the dresinage areas,

The following is quoted, with modifications, from
8 Teport of Mr, George Reeder, Director of Missouri
Section of U, s, Weather Bureau:-

The average annual precipitation for Columbia,
covering a period of nineteen years, is 38,21 inches,
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distributed as follows: Spring, 11,59 inches; swmrer,
12.45 inches; autumn, 8,07 inches, and winter, 6,10
inches, May and June are the wettest months, each
with an average of 4,84 inches, and December is the
driest, with an average of 1,75 inches. The greatest
annual precipitation recorded is 54.62 inches, in 1892,
and the least, 21,35 inches, in 1901, The longest
period recorded without a measurable amount of precip-
itation is 36 days, from November 18 to December 23,
1890,

The average seasonal snowfall is 18 inches, and
the heaviest fall during any one storm was 13,9 inches,
on February 27-28th, 1900,

Tables I to XVIII contain the following records:-

(a) Daily Rainfall since 1897.

(b) Monthly Rainfall since 1889,

(¢) Annual Rainfall since 1889,

Plates 2 to 18 inclusive, give the hydrographs of the
above named tables,



RUNOFF DATA,

The runoff data have been collected since October
10, 1908, if consists of daily gage readings, the
stream measurement data and computations, the daily
and monthly runoff computed from the discharge curves,
and the total discharge for the period observed.

The discharge curve was plotted for the gage
heights, This discharge was then referred to the
standard sections at the bridges, where areas of cross-—
section were taken for corresponding gage heights;
from the discharge and cross-sectional area the mean
veloeity curves are p1otted for the same section,

The sectional area curve can be plotted to any desired
gage height accurately, while the velocity curve can
be drawn to a more nearly correct value than the dis-
charge curve for tha same gage height thus giving more
accurate resulta for, the higher gage readings,

Tables XV, xVI, XVII, XVIIa contain the data

Observed in tabular form,

Plates 23-38 inclusive, contain the curves graph-

ically Tepresenting the above data,



COMPUTATIONS.,
A, Hinkson Creek,
Area of Watershed = 51,28 sq.,mi.= 1,429,604,352 8q.ft,
October 1908,

Precipitation = .90 in, = ,0750 ft.
Cu.ft,Rainfall = ,0750 x 1,429,604,352=107,220,326 cu.ft,
Cusft.Runoff = 86400 x 63,5 = 5,486,400 cu.ft,

Percentage = 5486400/107220326 = 5,12 %

November 1908,
Precipitation = 3,80 in, = ,3167 ft.
Cu.ft.Rainfa11=.3167 X 1429,604,352=452,755,798 cu,ft,
Cu,ft,Runoff = 86400 x 475 = 41,040,000,

Percentage = 41040000/452755798 = 9,08 %

December 1908,
Rainfall = 1,23 in,=,1026 ft.
Cu.ft.Rainfall =,1026 x 1429604352 = 146877407 cu.ft.
Cu.ft RUNOFf = 86400 x 284,53 = 24563520,

Percentage = 24563520/146677407 = 16,75 &

January 1909,
Rainfall = 2.48 in, = ,2067 ft.
CUsft.Rainfall =,2067 x 1,429,604,3527295499220 Cu.ft,
CUsTt.RUNOFL = 86400 x 1261.5 = 108993600 Cu.Tt,
Percentage = 108993600/295499220= 36,90 %
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February 1209,
Rainfall = 2,87 in, = ,2390 ft.
Cu.ft,Rainfall = ,2390 x 1429604352 = 341685440 cu.ft.
Cu.ft.Runoff = 86400 x 3515,0 = 303696000 cu,ft.,
Percentage = 303696000/341685440 = 88,95 ¥

March 1909,
Rainfall = 1,67 in, =,,1391 ft,
Cu.ft.Rainfall = ,1391 x 1429604352 = 198857965 cu.ft,
Cu.ft,Runoff = 86400 x 667,0 = 57628800 cu.ft.
Percentage = 57628800,/198857965 = 48,15 ¥

April 1909,
Rainfall = 3,55 in, = ,2795 ft.
Cu.ft.Rainfall = ,2795 x 1429604352 = 399574416 CU.Tt.
Cu.ft.Runoff = 86400 x 1516,0 = 130982400 Cu.ft.
Percentage = 130982400/399574416 = 32,75 7

o
Mean percentage Oct.to March ine, = 33+96 7

Runoff in cu,ft, per sec, pver sq.mi, is as follows:

October 1908-- 1 ,86 - Oé

37
November 1908--— 25%5. = .3/
December 1908-— 5—-55—=-/8
January 1909--24 P 79

February 1909—-§L.;L5_ =230
=

reh 1909 13,08 = 42

April 1909--29,54 4 g
Mean —-- -83+4%8-- 0'7g7
~16- Cort1—€ A
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B, Grindstone Creek,
Area of watershed = 14,67 sq.mi, = 408976128 sq.mi,
October 1508,
Rainfall = ,90 in, = ,0750 ft.
Cu.ft,Rainfall = ,0750 x 408976128 = 30987672 cu.ft,
Discharge = 86400 x 27,9 = 2410560 cu,.ft.
Percentage = 3410560/30967672 = 7,78 %
November 1908,
Rainfall = 3,80 in, = ,3167ft,
Cu,ft.Rainfall = ,3167 x 408976128 = 129522740 cu.ft,
Cu.ft Runoff = 86400 x 156,6 = 13530240 cu,ft.
Percentage = 13530240/129522740 = 10,45 %
December 1908,
Rainfall = 1,23 in, = ,1026 ft,
Cu.ft,Rainfall = ,1026 x 408976128 = 41960950 cu,ft,
Cu.rt.Runoff = 86400 x 55,9 = 48238760 cu,ft.
Percentage = 4829760/41960950 = 11,51 &
January 1909,
Rainfall = 2,48 in, = ,2067 ft.
Cu.ft.,Rainfall = 408976128 x »3067 = B84535167 cu,rt,
Cu,ft,Runoff = 86400 x 412,6 = 35648640 cu,ft,

Percentage = 35648640/84535167 = 42,20 &
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February 1909,
Rainfall = 2,87 in, = ,2390 ft.
Cu,ft,Rainfall = ,2390 x 408976128 = 97745295 cu.ft,
Cu.ft,Runoff = 86400 x 594,2 = 513388808 cu.ft,
Percentage = 513388800/97745295 = 52,7 {
March 1909,
Rainfall = 1,67 in, = ,1391 ft,
Cu.ft,Rainfall = ,1391 x 408976128 = 56388580 cu.lt.
Cusft,Runoff = 86400 x 87,8 = 7585920 cu.ft.
Percentage = 7585920/56883580 = 13,35
April 1908,
Rainfall = 3,35 in, = ,2795 ft,
Cu,ft,Rainfall = ,2795 x 408976128 = 114308828 cu,ft.
Cusft,Runoff = 86400 x 194.4 = 167961600 cu.ft.
Percentage = 167961600/114308828 = 14,56
Mean percentage Oct,toMarch inc, = 21,80 %
Runoff in cu,ft. per sec, per sqg,mi. is as follows
October 1908—-_23.78_5_ 0.02
November 1908--10,.68 = 0.36

Jo
December 1908-- 3,81 — (.12
3/

Il

January 1909——_22-_1‘3,_—_- 0.91

February 1909--3_1_(1,_9_9__ = |.40

29
March 1909-—-'%_9_55___.._. 0.19

April 1909--13,27 .—04.4-
30

Mean -- 35463 = 0.50|

i Corrs Eled
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CONCLUSIONS.

The writers present the following conclusions:
based on the data and computations with general obser-
vations:-

1, The average percentage of runoff, as observed
for a period of seven months, for the Hinkson water-
shed, is 33,96 ; the maximum is 88,95 in February
1909; the minimum is 5,12 for October 1908,

The average percentage of runoff for the Grind-
stone is 21,80 ; the maximum is 52,70 for February
1909; the minimum is 7.78 for October 1908,

2, From the study of the percentages it appears
that for small amount of rainfall, the runoff from
Partly tilled land is less than from uncultivated land;
While for larger rainfall the reverse is the case.,

3, As 1is generall& admitted, the percentage of
Tunoff is muech larger in months when the ground is
frozen,

4.The writers believe that the rain-gage at
Columbia will indicate the average rainfall for the
Whole drainage area if observations are made for a
long period of time, Howevér, they believe that
rain-gagesplaced near the head waters of these streams
Would be of much service in getting the correct aﬁerage
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over the water-shed if used in conjunction with the

rain gage at Columbia,
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16 | 09T 060 303 oY |G)O |.6l oz 660 7 930 (860 | 1.228 |
18 | 0.T2 | 042 | 290 | 232 Eata .51 082  .705 2  .845 (20| LI\ !
20 | 062 036 256 26T Sz23 .52 065 | .6T0 2 .10 340 -BOR |
21§ | ao | | | | 328 1.§  .310 0465 .15|
’ ! | i I | a ; e
_.__.___-__;I_ f= —7%" : ]| _ I ! o ?rﬂﬂLA(ﬁﬂ__ﬂ 1485
i | | . - o : Mean Velocity: 0.51
l ‘: i ? = ! ,‘ ;
: | ] 1y | | | | !
‘-. | f ' i ' i,
e __7__3._ e | _ ! | |
: A S— o | NI P — i —AreadtBridqge Te.0
O N N 0L 1‘ ) ' {_______ Mean Vel =0.\&_
]
| | | S

UNIVERSITY OF MISSOURI,
HYDRAULIC ENGINEERING.

TOTAL..._ . 8.92. 1 CL.FT.SEC.



STATION LOCATED.S5O. FT.BELOW. . ASHLAND. . GRAVEL

METER USED.FTELEY 4723

GAUGE READING.. L25 ..

STAGE..STATIONARY.

[HUNTER

PARTY
'LF'Hl LLIPS

OBSERVATION NO..3

DATE OBSERVED.MARCH.6,192Q9 .

OBSERVATIONS

VELOCITY COMPUTATIONS

AREA COMPUTATIONS

DISCHARGE

DISTANCE REMARKS’
REORL | oeeve | DEET | REVOLYTRNS | TQTAL | mores. (WESRT) VETSY | WIRTM | BEAN, | amma | U FTSEC
POINT
o o | | | ' | 'i |
s —— = : | I [l
\ oo | o042 T6.6 78 154.8  |,585 .64 820 \ | .350 | .3Bo 287 '
2 | o6 o042 | 442 | a3s 880 | .88 097 1305 | | .90 690 | .900
3 | ceoc  ©.36 3.3 -31-322 945 .63 | oS  .860 | .640 | 640 .55)
4 o ! ‘g 315 | .300 | 300 109 ._
T i S z I [
| 1 S ~ : :_ :Mennﬂgln:.ﬁq.gaa
| i | | | |
—ee __4i_.-.— T — — l L S, | T
| | i ‘ | | =
'. ‘ | i |
R -—'i ST ! l
| | i | 5 .
T ' ! -‘ ! i
1 | 1 |
I ! | | I '
= [ I l |
R T l R T
| | | i Areadl Bridge . 32.4-
1 | i
I | P F

UNIVERSITY OF MISSOURI,
HYDRAULIC ENGINEERING.

TOTAL..___.. 1.8B4T cU.FT.SEC.



STATION LOCATED.400FT, BELOW BRIPGE ONASHLAND GRAVE L

METER USED.FTELEY ¥4 723

GAUGE READING.1.96. . . ..

STAGE . RISING

RODHOUSE
PARTY HORTER
LPm LLIPS

OBSERVATION NO. % ..,

DATE OBSERVED.ITARCHS,1I909..........

OBSERVATIONS

VELOCITY COMPUTATIONS

1
AREA COMPUTATIONS I

DISCHARéE
ERRNCT| oemrw | S | BEXOHTENE | TRUAL | men (R VIR | VR | A | anea | curmese ) TETEEE
o o | N ' ; T B ik @
—;; |.o‘ I ©6 6_5—11—- 15 | 239 | \.eo 1,69 845 2 500 | j.oc00 8485 ,
3 12 o7z | 83 | 94 111 | 111 | 186 1,776 4 [ Liee jico | 1880 .
4 | 15 | 090 _l_ s1-27-38 | 116 e 126 1.560 ,  1.350 11350 | z.05 %,éqc;;g'ﬁ;m above Metor
5 15 o9 [izz | w5 =31 23T  e4e 18es | .50 .S°° | 2193 |
—6 W5 .i o090 ' 100 ter | zoT Z.0e71 2,16 z 310 | 1.600 1.600 3.47° i
8 16 | o096 &1 | 8 161 16T  1T6 |1.9¢60 2 | 1.5603.190 | g.o80 |
1 | ue !. °"__‘"_i 73 | 79 | 152 ' 152 | 1.6% ' 1,690 2 1.500 3.000 | 5,010
2 | 10 o060 5 | 12 |37 .31 146 1.540 2 1.200 2400 | 3.695 |
¥ o5 030 | 22 36 | &% 65 o016  I.1l0 2  .150 .500| 1,665
6 | a0 | b = I s . /3%0 2z ...250 .500 190
: f f BT
| | | | Mean Velocity: 1.5
. ' | - | —
il | ‘ | | 1
e L ] | T 1‘ ; s — ___Areaat Bridges49.6
| . ] S— | I TMeanYelocty=0.56
— | _ ,i 3 5
e ! &
UNIVERSITY OF MISSOURI,
HYDRAULIC ENGINEERING. TOTAL ... 27 .863 cuFrsEC,



STATION LOCATED.TSOFT BELOW BRIPAE 9N ASHLAND GRAVE L

METER USED.FTELEY #4723
GAUGE READING.O0.6T. . ..
STAGE .  STATIONARY oo

PARTY

f HUNTER.
OBSERVATION NO..S . . .

‘{
L"“"—‘-‘Ps DATE OBSERVED.MARCH 20,1909....

OBSERVATIONS

VELOCITY COMPUTATIONS

l AREA COMPUTATIONS |

DISCHARGE
O RomM. DEBRTH REVOLUTIONS TOTAL 1 VELOC MEAN | wiDTH MEAN CuU. FT. SEC. REMARKS
INITIAL | DEPTH oF PER. 60 SECS. REVS R.P.S. |(FT.sEC.)| VELOC. L peEPTH | AREA U
POINT METER ]
et ) i — —— I N — — e
o Jee |} 1 ¢+ 1 P
Z o1 | oAz s 1z =25 | 25 o3l 185 2 | .3§50 100 129
4 ' 088 o5z l s 15 3 3) 045 | 4190 y TR0 .68 .648
. S . oes% L 2 = = i a :
. | 100 060 | IT 8 35 35 0K¥% 465 =z 240 1880 818 !
8 | 120 | 0T°© 22 =l 43 .43 o5§ .55 2 11009 2300 1134 |
1o | Lio | 066 | 23 | 2l 44 44  os56 .555 z 1159 2300 | 12T6
= i 1 T | T T T T 1 T
1z | 1.oo | 060 29 | 28 5T .87  oe8 620 2 1.080 Z.\eo .30z 'i
“r . 090 | 0.54 25 258 | 8o .50 0.6\ +' 645 2 | , 950 1900 1225 !
=SS eSS, SRR SR i RO SRS ot — !
1I& ' 100 060 2T | ZB | 55 55 0.67 | .G4o z 950 |.200 L2171
18 | ol o4z (28 21 | &5 .85 061 .10 2 8so iteo| 1139
20 | o055 033 23 zl | 44 44 0855 .6lo 2 625 3350 823
A o.0 | i_ ! Y & £ J 275 o0.550 181
. S r = S | o SRR ol M paneee L
| | ! i ! :
N | F— L -r ! : ! S “SREPIET| _ I o Yotal Area~ \&.\6
| ! ; | }
S| I S . : RN - Lot = [T Mean Valaciiy: ©.5)
— : X - | LI I S i ; S
i 1 | + '
s L et s SIS . ; e b AreadtBridae - T1.0
.' |
—_ | i i 4 [ SN SIS SN YSIRET (S o _.ﬂeqn_\[ei._:otla...
I - ) R . 5 | ‘
I | T ! AT }‘ s j T T-.‘ 1
| - ! N S S e
| | | | | | |

UNIVERSITY OF MISSOURI,
HYDRAULIC ENGINEERING.

TOTAL. ... . 9.919 CUOFT.SEC,



STATION LOCATED.4C0OFT. . ABOVE. . ASHLAND. GRAVEL BRIDGE.

METER USED.. FTELEY. 4723
GAUGE READING.. L.27 ... .
STAGE STATIONARY. ... . .

fHUNTER
)
PARTYY priLLips

OBSERVATION NO. & .. ... ...
DATE OBSERVED MARCH. 20,1909.

OSBSERVATIONS

VELOCITY COMPUTATIONS

AREA COMPUTATIONS |

- | | DISCHARGE
DISTANCE | | | REMARKS
AR | oeeTe | DTET | REROESTRNS | TRUAY | moms [WESRE) VETRR | MUY | SEAN | amea | €O-TTSEC
o ‘o | I . I I N O I e e
| | 045 045 | 371 36 113 N> 085 | 425 |\ 225 .225| .096
2 |os50 050 55 56 1) L\ L20 (1925 | .47§ 415 .488
3 _E__O.50 , o0 3T | 3T | 14 M4 | 085 1025 | 500 .s00 83
3 | o . L O AS B i L Lol A e B
4 050 o050 22 22 44 44 ©956 JO5 1 500 .500 352
5 045 045 O | o © o © .280 | 415 415 136
T o | N 280 2 225 4SO 126 o aeiizea
i S T . N T — . S {07 2 | Mean Velocity20.65.
. 5 - - s W SER SRR 1S
. LR ’, _ ~ ) S N
— N S — . Afca_cﬁ_?:ﬂdq:rv-'ﬁ&z
= = e RIS SR a— Mean Yeloc.= 0.0
- | a | S - | | ?
: i
- * B |
p— e y B e — —— _ — e C— i — T I_ s i
i i | -
— e ST SRS TR S e ST . — ;S — }_ — ]
- (I N o | !
1 - I R — e — — S I EEE—— — - —
| ‘ 1 T |

UNIVERSITY OF MISSOURI,
HYDRAULIC ENGINEERING.

TOTAL. .. 1.7)) _cu.FT.SEC.



STATION LOCATED.200 FT..BELOW.. ASHLAND. . GRAVEL BRIDGE

>,
METER USED.ERICELLANG.. S % [H_UNTER OBSERVATION NO.TA=TB. . ...
__ ]
GAUGE READING. .30 ... ! PHILLIPS DATE OBSERVED.APRIL.5,1909.
STAGE . STATIONARY .
OESERVATIO.NS VELOCITY COMPUTATIONS AREA COMPUTATIONS
DISCHARGE
REMARKS
CRRSECT| oeerw | DTN | msvorymons | TOUAL | moeos (MRS VERRL | WITTM | SEAN, | anma | CU-FT-sEC
POINT | METER [
© | o | 1 1 L s I | Area of Beidac=34.2
\ coas (021 | 4 | 4 | 8 | 68 | o20 | 400 | | .225 225 | .023 Meaw Velacity= 0.06
2 loss |03 |10 | 9 19 | 49 |e43| 315 1 | .5oo 590 | 158
3 |ot o4z | 8 B | 16 6 039 | 40 | 625 .25 256 |
4 065,03 15 |14 29 .29 6% 545 | 6715 675 368  ryavea- 345
5 065 029 19 19 38 .38 | o091 805 50 .650 | .524 ha 6. §
— | T — e N i e e - | : =an Ve locify "I
6 o045 | 921 \5 14 29 .29 oo B®BOs | | .550 50 | .443 _
O - T IS0 | »so | .22S 225 o1
' ' . Total 37§ 1. 851 Ll
{ " | | | I;
il ‘: W L . - S | |
o | o | | ] [ ] | '| E
! = | | — = I e 1 it | ! "
| ] 0.45 | o7 © (< L A2 | 0..30 ‘ ‘i50 | \ AR5 225 | 034 4.2
_\_ | ©45 o027 | | T | Area ot Bridge:34.
2 055 033 © | 85 1.5 .18 042 .360 | | .500 | .59 | 180  moiveloot. 0055
3 | oT® o042 65 | 15 | \4 | \4 036 | .399_;‘ | | 628 625 | .244
4 065 039 T | 65 335 34 083 .595 | | .65 675 | 401 ‘ _
5 |o6S 39 a1 |z |42 | 42| 10 | 92"____1__ | es0 | 25_0___ 599 Total Avea - 3 45
© |045 |o27 13 13 |26 | .26 062- .81§| | ‘550 s50 | .48 M eanVelacity=0.545
T | o T e - | 3\, \ | -225|.225 070 | |
| | | | | | Tetal | 1976 |

UNIVERSITY OF MISSOURI,

HYDRAULIC ENGINEERING. TOTAL . 1.976 %% 1.85\| cu.FT.SEC.



STATION LOCATED.180 ET. BELOW.  ASHLAND GRAVEL BRIDGE

ER USED. PRICE?5l6 ..
o a pARTY[ PHILLIPS OBSERVATION NO, . 8. oo
GAUGE READING. O.TO. ... 3
+ L HUNTER DATE OBSERVED.APRIL .5,.19209..
STAGE .  STATIONARY. .
OBSERVATIONS VELOCITY COMPUTATIONS AREA COMPUTATIONS
DISCHARGE
STANCE REMARKS
PERANCT| oeerw | S | mEVOLYTENS | TRTAL | moes. [FNRR| VEIAL | WA | SEAY, | anea | cu-rTsee
POINT
= T ], r | i T
@ oS ) S I ESSrOINNS (S RSO P
2 o075 | 045 | 625 | & | y&rs N} X 0.30 . 150 2 315 | 150 ¥
< | a90 | 0.54-_1 T . 118 1475 1S | o3f 325 2 | 825 1650 | 537 :
6 |108 065 |5 | ©® | 18 | .18 o4z | .285 z | 990 |98q | 162 |
8 |(1z] ot 9 | ® | 18 | .18 o4z 420 =z 1175 z350 .988 |
s | 125 | 06§ 1o | 95  19.5 .26 049 .455 = 260 2520 | (.148 ‘
Z | (o0 | Qe | .5 | {5 | 2Bo .23 058 | .53§ = (125 2280 | |.205
4 ' LIo | 006G | 11.25-[0-f0 ! 3128 .&Z1  o&l | .§45 o ' 1.050 2,100 | [.145
— . 1 | J - — —-——— - -_.—-—-.~- | _____ ——— - — —
& | 1.o00 o6c | 13 125 | 25§ .26 o.62 | - S65 2 1050 2z, |00 1.188 |
'8 | 085 043 14 14 | 28 .28 069 .55 =2 225 1.850 .21z |
2.0 E Q.62 | 03\ 15 ' 4.5 : Z29.5 .30 | 0.1 | Tos Z 1385 1410 | 1.038 l
€. . o i '_ | 360 I 3o [agzie | vz |
Wt | | L RS o R ]
— Lk SN VI X1k Total Avea= 19,53
{ : | i g I i 'Mm—‘lﬂlﬂﬁw— 2
Teo ol b e | ) | e
. i i ! ! ' !
S e o ll - ll | . I ; ~ B = Areaat Bridge 9.0
e e — e == T f'liaon){eloc.ﬂzj-- 0. 1%
RN i ' | ‘ o b | f
e S IR N - vy S -

UNIVERSITY OF MISSOURI,
HYDRAULIC ENGINEERING.

TOTR bbbt it 924471 CO,FT.SEC



METER USED_PRICE 516

STATION LOCATED . 7TS5O . FT. . .BELOW.. ASHLAND

GAUGE READING.1.O9. . ...

STAGE. RISING ... .

fHUNTER

J
PAREY ‘[ PHILLIRS

...... GRAVEL

OBSERVATION NO..9

BRIDGE

DATE OBSERVED APRIL 12,1909.....

OSSERVATIONS VELOCITY COMPUTATIONS I AREA COMPUTATIONS
DISCHARGE
CEREN®| cemrw | 2 | mevopymenn | TRUAL | momn [RSRE) VESAN. | VT | MR, | amea |curmosse | TETEEES
o [ e | I T | I |
2 | o045 o021 | vt | 1T 34 34 082 | 410 2 1225 450 | .85
4~ |ot5 o45 | 12 | 12 | 24 24 059 | f0s 2 | @00 200 | .84
6 | o081 |os5z2 W5 | Ml | 225 23 056 .S575 .8\0 620 | .932
& 065 o039 85 7T \SS e o3 .465 2 | 160 1520 o1
o TS - on ':l 85 | T 365 35 085 | 610 2 N5 1.830 | Llle
12 125 o065 5 | 25 SO0 58 120 1025 2 | .21S 2.430 2.490
@ 140 |o®4 25 25 SO SO 120 1200 2  1.325 2,650 | 3.80
e \'50 | 090 33 | 31 | 64 .64 .54 \.37T0 2  1.450 2900 | 3.970 .
18 v o2 36 35 | ) 71 12 1630z  1.600 3200 5220
20 | 165 099 32 31 | €3 .63 52 11620 2 1615 3350 5.420 Emmw
22 140 o84 35 34 69 €9 165 1.585 2  1-525 3050 4.840 Mean Velocity 0.46
24 | 160 096 36 36 12 T2 114 1.e95 2  1.500|3.000 5080 |
26 1S5S0 090 38 31 | 15 15 (80 (11O 2  1.550 3.100 | 5.480
28 ‘20 {o%2 | 3T~ 35-36 108 T2 14 -;h_l'l"(o 2 | 1.350 2.700| 4.180
3¢ | oso i: 048 | 34 \ 34 .68 | .68 163 | |.685 2 1.990 2 000 3.370 !
LB | e, _~|__| | ®5 1\  .400 .400, 326
=l " | i I | | Total Aveq:33 .40 _
| |% e { | % S ‘ i _ - _Iﬂeqn_\lelec.\iq.:lﬁs_
I |
UNIVERSITY OF MISSOURI,

HYDRAULIC ENGINEERING.

TOTAL.. . 4T.942 CU.FT.SEC.



STATION LOCATED. 400 .FET. BELOW. .. ASHALAND. GRAVEL BRIDGE

METER USED..PRICE  _SI6 .
GAUGE READING..1.93

STAGE... .. RISING

f PHILLIPS
PARTY) HUNTER

OBSERVATION NO.. . V\Q ...

DATE OBSERVED. . APRIL..12,1909

O=SERVATIONS VELOCITY COMPUTATIONS AREA COMPUTATIONS
DISCHARGE
o R EPTH REVOLUTIONS TOTAL I VELOC MEAN WIDTH MEAN CcU. FT. SEC REMARKS
INITIAL DEPTH e PER. B0 SECS REVS, R.P.S. (7, sEC.) VELOC. L DEPTH AREA R ;
o _|lwe |oe {o® | | 1 1 | 1 | . |
2 115 \ Q.69 J__g_g: 23 4S5 AS .08 540 2 1.OTS 2.S0 .\ea ?
< . \.55 | 093 ..,l AT 4T 94 | .94 225 | 165 2 |1.3S0 2709 | 4.500 |
o | 155 | ©.93 | 28-28-29 | 85 .56 | .34 1.795 2 |.550 3100 | S.57% |
8 IO 066 | 39 35 14 N4 | 19 1565 z  1.325 2650 4.\45
\o 130 |o%8 | 32 33  ©S .65 .55 1.6T0 2  1.200 2400 4.010 |
2 100 (060 18 | 18 36 36 o086 12086 2 | 1.150 2300 275 |
4 | oso io.aq__’;__ 55 | 5.5__5__ W vl o029 | .85 2 M50 1.500 se2
e | o | et 145 2 .250 .00 .Ot3 |
s ': [ ont |- uidnan- §.ro 1 b i j :
i ’. — Tota) Area= 1730
1i : | I R ' Inenn_\lﬁlmi’_w(__hab_' L
; . N A SRR R | !
| il i |
i [ i = = ————
] | | - — | Area Bridge: 4.1
M- ; S (SNSRI | ) | o Mean Yelocity - ©,48
ERTR TS B N [ I L
=1 s ol i 5 . | !
& | i || | ‘ i
UNIVERSITY OF MISSOURI,

HYDRAULIC ENGINEERING.

TOTAL.. . 23.097T CU.FT. SEC



METER USED. PRICE *5i6s..

STATION LOCATED. 750 .F7T. . BELOW.. ASHLAND. . GRAVEL BRIDGE

( PHILLIPS

OBSERVATION NO.. .

GAUGE READING.. LIS . . . PARTYY LUNTER e -
STAGE: BASING. oo s ERESSER RN R
OSBSERVATIONS VELOCITY COMPUTATIONS | AREA COMPUTATIONS l
— | DISCHARGE
O oM - T o Pl REVOLUTIONS TOTAL | 5. p.s. | MELOC MEAN | wiDTH MEAN — | cu. FT. sEC. SSRGS
IE‘O‘II-II\IATL | METER PER. 50 SECS. REWVS (FT.SEC.) VELOC L DEPTH !
o e i_ L R | | |
2 |ozo |om | 1-®-6 | z2 | .15 [ 035 |15 2 | uc0 200 | 0.035
< | os .lL_°;'-"_° L Le I_ 55 3.8 I_ 3?___:. T | 560 | % :350 | Tos | ©.392
€ | o6 | o3e | ™ | = 42 4z oo .85 =2 .55 (100 | 0.974
8 oB8eo il 048 | _-z.i__'__;_l 4 41 099 __-?35_ 2 00 400  |.B395 [
10 oe8 o053 826 &1§ 11O - 1T o4 | 695 2 840 1.680 | 1.168
12 088 | 053 & 1o Rz -2z obl l 455 =z .880 |60 !; 0.800
“ | RE j; 15 | 2§ 8 | g8 o 1o . 855 ?‘_ (1.065 2,130 |
e 1B ea® | 29 2 | 58 .58 .40 [1.3so 2z | 1.280 -i_'_s_é;;.ﬁ ' 3.330 |
18 | 145 o087 3653335 | ma 5 G'a_:_g_t_a_g ;_1-5“:‘5— _'z. T3—8T7.-1 Go _4._7_:50" ‘
20 152 o9\ | 36 36 E_______-_'_rz. 172 i; 100 2 1.488 i—;_;to | 5050 |
Sy 2 165 o099 | 32 33 65 _.é.jé_m__t_.s'r ' 1_6_45_;*'__;___ 1_53-5‘ 3170 5210 AreaciBridac=109.5
24 412 w3 | 38 | 38 | Te 76 18z 13§ 2 1685 3310 5710  megvelocity- 0.53
26 161 1.00 36 36 |z | T2 s 1185 2 1.695 3.'390| 6.050 | '
%8 162 02T 39 40 19 T2 ) m0 1825 7z 1.645 3290 g.cos |
3 | 145 o1 3 s T1_ .71 i85 1815 2 1595 3070 5150
3T 125 015 4l 40 8 .8 135 1900 3  1D6° 3700 5130 e
L ii o:s‘ || _O_:S_T__:L 39___%_3_3__#__1_8 . T8 190 -. 1925, 1100 z200 - 4.2_;5" M_354°
334 | '| — _li_' | i | ‘t 250| |4 "‘:’""4"15‘!09 ____J;_ 0.904 { G T
UNIVERSITY OF MISSOURI, | |
HYDRAULIC ENGINEERING. TOTAL....... 5_5,'2.0_3. CU.FT.SEC.



STATION LOCATED...500 FT..BELOW. . .ASHLANDP GRAVEL BRIPGE

ETER USED. PRICE.. . ”5i6.
i PARTY ,{ PHILLIPS OBSERVATION NO.. . .. I
GAUGE READING.. J.6 ). ... 1
L HUNTER DATE OBSERVE D.,....,_AE.B,\L,___l_E:J___l_S_Qs
STAGE FALLING
OBSERVATIONS VELOCITY COMPUTATIONS AREA COMPUTATIONS l -
DISCHARGE
REMARKS
CIRANT | meerw | OTTY | mvolynions | TSTAY | moms. (MRS JUEAY | W™ | BEAY, | amea | . PT sEe
POINT
| R IR S T, . |
° o | LA | | |
\ 095 | 057 | T 4 | 14 | w4 | 28 |18 | 1 | a8 ]| .a18]| 083 |
2 2 (06T | 26 | =21 | 41 | 4 | 21 | .eea ) 1.035 1:035 | .g33
| 1 T T
3 e o 2 | Re | &4 | 4l o7 970 { 1,160 | 1.160 | L12S |
= ' - . ' | |
- 113 | 068 | t6 | 18 | 34 | 34 .80 | ,88S | 11685 1.165 | Lo3¥3% ;__
5 |06  0&o | 23 | 23 56 | 56 | 13§ 101§ | |1.0e5 | 1.065| .14 |
T | | : 1 T t
& 095| 05T 28 | 26 | 6% | .54 133 | .340 | | .915 -O7§| 1368 |
1 | 100 | 060 | 3%-3&-31 | 10T .M 1To | LS5\ .215. @15 (4T
& | 08 o048  3ve | 3 18 | .13 | (®8 | 1190 | 200 900 | (Gl0
| | T_-__ I | |
© | oso | o3& | Is | 1 33 | .33 0% | 1340 ( | 790  .To0 | .93y
W0 | o4 (626 | 4 | 14 | 28 | z83|es1 | .73 | | .520] .520¢ .333
W | a3 (o018 | w. | | =3 | 23| 05§ | .60’ ; | 37rq|.370 | .z26 |
i ] i ! T T s i — 1 -
e | Taer | '| ; ]- 218 | 450 | 50 7 .04 ;
—— . 1 | T . e S . : : \
| | | | ; ; I_l_
| E ! 1 — - = : ; atal Aveas slﬂs
— ; | " ; | Mean Velocityz1.06
jiE | L i T
| | | | }
| = = e — - —— Area dt Bridge-42..O
F i | i —  MeanYeloa.ty=0. 24
| | : !
[ | i
. | l i |
UNIVERSITY OF MISSOURI,

HYDRAULIC ENGINEERING. TOTAL..coo. 10,0853 CU.FT.SEC



STATION LOCATED.OMN.ASHLANP. GRAVEL BRIPGE.

METER USED. PRICETS516........
GAUGE READING. [. 78 ..
STAGE. FALLING .o

HUNTER
PARTYY pHILLIPS

(

OBSERVATION NO.13. .. ...

DATE OBSERVED AFPRIL.12,1209...

OBSERVATIONS

VELOCITY COMPUTATIONS

AREA COMPUTATIONS

Total Avea=| 54 .4

DISCHARGE
o oM DEPTH REVOLUTIONS TOTAL VELOC. | MEAN | WIDTH MEAN Cu. FT. SEC. RO
INLTIAL DEPTH | METER PER. 50 SECS. revs, | R-P.S. (g%‘?‘e(—t:)) VELOC, L pePTH | AREA
° I N I A B |
s | 122 | o 9 | 19 =g | 28 | oo 036 3 | 06l (.83 566 |
3 2.8 | 23 | 28 g_f:_"' 56 136 | 6.9)\ 5 .o 8.50 T1.74
13 230 || 30 | 2y | 6\ ' 6l l.*_fl-?_»_-i”_\_.\?: 5 | 224 |[).%~ O |12.65 |
13 | ze2 | mR 33 c6 | 66 1.59 __5_1.-2._6 5§ | 246 |z.3o | |5.5° |
X '1 zoo0 | | sz . 33 5 __5.__6_::’3 L8 | 126 5 !Z.‘l% 1.8 0 1 7-28 |
»» | zee | L | vz >3 | &5 &5 | 1S5 [124 5 (%32 440 1T.85 |
23 | 284 & | 3% |36 | ez | .62 150 | 2z 5 285 425 T3
38 | 27° e *JTE?_ 29 58 | .58 40 | 16 5 lza31 )3.85 | 16.05 |
43| zs |y |21 |z |64 .54 132 109 5 zel 1305 I4%3 |
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UNIVERSITY OF MISSOURI,
HYDRAULIC ENGINEERING.
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STATION LOCATED... 400 FT. BELOW ASHALANP GRAYEL ROAD BRIDGE

METER USED.... PRICE 516 LUIPS
[ PraiEdE OBSERVATION NO... |4
GAUGE READING.. | AR ... PARTY) LHONTER
L DATE OESERVED.......AER!\.L....\.Q',.LS.QQ.
STAGE.. . RISING
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DISCHARGE
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UNIVERSITY OF MISSOURI,
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....... BRIDGE
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A BTV ;f ERLLIrS OBSERVATION NO.... .. \S ... ...
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UNIVERSITY OF MISSOURI,
HYDRAULIC ENGINEERING. TOTAL.. ..

A% DI . FT . SEL.



STATION LOCATED.. . ON.ASHLAND. GRAVEL ROAD BRIDGE

METER USED...PRICE 751G [r PHILLIPS OBSERVATION NO... \& . .
lred s e L= PARTY]L HUNTER DATE OBSERVED.. APRIL 21,1909
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CEERRC| e | DERL | REMCWNENS | WA | mes (MU VIEAR | T HEAN | anen | U rTose P
1 ° e L ____\-___ | L |
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UNIVERSITY OF MISSOURI,

HYDRAULIC ENGINEERING.

TOTAL . 64T7.38 CU.FT. SEC.



STATION LOCATED. on ASHLAND. GRAVEL. .ROAD BRIPGE
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UNIVERSITY OF MISSOURI,
HYDRAULIC ENGINEERING.
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METER USED...

PRICE.”516...
GAUGE READING.. 2.55. .. ..

STAGE. ..

STATION LOCATED

[ BrROWN

PARTY{ HUNTER

|
L

........ ON. _ASHLAND. GRAVEL ROAD BRIDGE
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o -, -

DATE OBSERVED. APRIL 21,1909
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I AREA COMPUTATIONS

|
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UNIVERSITY OF MISSOURI,
HYDRAULIC ENGINEERING.

TOTAL...268.00 Cu.FT SEC.



STATION LOCATED..S8CC FT..BELOW. . ASHLAND GRAVEL ROAD BRIDGE

’ [
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GAUGE READI [ RUNTER DATE OBSERVED. APRIL. 21,1909
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UNIVERSITY OF MISSOURI,
HYDRAULIC ENGINEERING.

ToTAL... 3Z.1 QCU,FT.SEC.



STATION LOCATED.. ON. ASHLAND. .. GRAVEL. ROAD BRIDGE

METER USED.. PRICE."516. ..
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UNIVERSITY OF MISSOURI,
HYDRAULIC ENGINEERING.

TOTAL.. .24 8,33 CU.FT.SEC,.



METER USED. PRICE "6

GAUGE READING.. .37 ...
STAGE ... FALLING
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UNIVERSITY OF MISSOURI,
HYDRAULIC ENGINEERING.

ToTAL. . 1T.46 CU FT.SEC,



METER USED.. PRIGE "516

STATION LOCATED. . .S50OQ FT. BELOW.. ASHLAND GRAVEL ROAD BRIDGE

[ PHILLIPS

OBSERVATION NO...... 22
GAUGE READING..L.T3 .o PARTYY  LHUNTER
| DATE OBSERVED APRIL 22,1909
STAGE .. . . FALLING. ...
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' DISCHARGE
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UNIVERSITY OF MISSOURI,

HYDRAULIC ENGINEERING.

ToTAL...... 1 L4 CU.FT. SEC.



STATION LOCATED. QNASHLAMND. GRAVEL. ROAD. BRIDGE
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UNIVERSITY OF MISSOURI,

HYDRAULIC ENGINEERING.

TOTAL . 93 63 CU.FT. SEC.
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1 5 | )‘\!0 S




TABLEXIV
CURRENT METER RATING DATA

Price Meter *516 ‘
Observations made March 27 and April 31909
on Brushwoad Lake. Length of course-200 {1.

Time (sec) |Revolutions| Velocity 7 | Rev. per Sec.
o7 86.5 2.06 0.89
113 8 2. 1 TT 0.13
208 88 0.96 0.42
184 8s 1.09 0.46
51 81\ 392 1.9
39 82 513 2.10
65 "85 3.08 1.3
&8 84 294 .24
40 &5 500 2\2
34 32 5.88 2 4
35 79 512 2.26
78 83 2.56° .06
68 87T 294 .28
T a4 2.60. 1.09
120 86 1.7 o2
83 85 2.4| .02
7 86 2.60 112
63 84 3.8 .33
(Ye) 8a 3.94 .40
65 84 3.08 .29
19 82 . 253 1.04
109 83 1.99 .76
25 82 210 0.87
131 84 1-53 0.64
148 83 1.34 0.56
50 63 4.00 1.66
41 & 487 .B8
a3 8| 4.65 .89

See Plate |9



TABLE XV
CURRENT METER RATING DATA

Fteley Meter 4723
Observations wvade March 2T and April 3,1909
on Bruahwoqd l_qke. Length of course: 20041t

Time (sec) [RevolutionsgVelocity 7, [Rev.per Sec.
T 194 214 2.66
64 208 3.12 3.20
56 188 3.57 3.36
61 199 328% 3.26
T6é 2O| 2.6d 2.64

- 56 193 357 345
(“Y¢ 197 - 298 294
T2 192 2.18 2.67
8\ 202 2.AT 2.49
88 200 227 2.27
T2 ) T7 2.T8 2.46

1t 203 .80 1.83
23 197 245 2,12

1 37 193 (R 72 1.4
152 193 .31 .27
198 | 17 ].O1 0.90
| 46 | 84 .37 - .26

219 190 - 091 0.87
)y 50 LU A .33 .14
35 1 95 52 5.57
37 203 5.40 549
A4 20T - 4.55 A0
4.6 195 435 424
88 |92 .27 2.18
23 196 2.15 201
94 | 21 2.3 2.03
o2 193, 2.\7 210

144 186 1.39 .29

162 |92 .24 1.18

207 | 85 0.97 090
219 186 091 oBs -
80 193 2.50 241
59 186 3-39 3.\5
4.8 1862 4.6 3.80
4-| 182 4.87 4 AS
4| 185 4.87 4.5\
60 189 3.3 3\s
o5 193 3.08 2.97

See Plate 20



TABLEXV1
DEPTHS oF STANDARD SECTIONS

HINKSON CREEX

Section. located on qu+renm side of brldcy: undey lawer chord
Peptit to bottom of ereek §rom top of lower chord of Yhe bridge

Poremssie™| pestn  [Ammesfom] peprn |
o _'_llo } 1To
z 6.6 35 17.1
4 15 40 (e
6 8.9 45 17
2 13.8 50 169
K.} 143 ° 5S 6.6
1z 15.3 60 e |
14 V5.7 65 6%
16 16 70 16.0
18 e 15 15.5 11
Z0 169 2o 149
22 16.6 as 4.8
25 6.6 90 122 . ||

See Plate 21\

GRINDSTONE CREEK

Section locoted an u‘osﬁeum S\de of brdge under lower chovd
Pepth. to bottom of creei from Top of lewer chord of the bridge

Poersdem | pepm [ ostme yrom]  peprn
o o . 24 ] 14
2 14.3 26 () P A
2 144 28 10.7
L3 144 30 o4
3 %5 3z . 0.2
"7 18 (40 . 34 1ol
( 12 13.6 3G 18.0
4+ 13.2 38 Y
16 126 40 9.7
18 123 %2 9.6
20 (2.0 i A% 9.6
22 11.6 46.5 9.7

See Plote 24



DISCHARGE FOR GAGE HEIGHTS

TABLE XVII

HINKSON CREEK

Cu.FT /sEC™

Gage Q Gage D @age Q  [|Sage Q@ 'Gdge Q
(o) Q 1.0 37 2.0 213 30 S34 4.0 JoL
Q.| (o} 1.} 49 2.1 240 3.1 580 -1 liaz
Q.2 Q L?. o\ 2-Z 2-(:_.13 3.2 206 -“.2 1213
0.3 Q -3 6 Z2.3 2 90 3.3 680 4.3 |[\zas
0.4 o] V-4 = 1) Z.4 319 3.4. 137 4 A 1356
o.S .3 S 108 2.5 352 35 | 8oo 4.5 |[\a3s
ve | -6 ) 125 || 26 | 382 3@ | 832 | 46 |1s20
0.7 1.0 -7 145 . 2t 420 3.7 887 43 [1s98
o.¢ 18 )-8 165 2.7 455 3.¢ 947 4.3 16.T¢
0.9 28 1.9 190 2.9 492 3.9 1o0¥% 49 1T o
*Values Taken or compuled from Discharge Cuvves,Pl. 23
TABLE XVIIa
DISCHARGE FOR GAGE HEIGHTS
GRINDSTONE CREEK
CU.FT /sec.™
Gage R Gaqe Q Gage €] Gage Q || Gage R

o o Lo 0.8 20 | 250 || 20 |144at | a0 |3z .0
.| o 1.1 1.0 2.\ 34.0 3. 1\ || a4 342.6
o.2 o 1.2 1q 2z a4 3.2 (i8S a.z2. (32.5
©-3 o 1-3 2.6 2.3 S0.2 3.3 1920 || 4.3 3382.%
0.4 o 1.4 .\ 2.4 G\.2 3.4 2090 | 4494 |A0s.S
oS5 | o .S 6.1 2.5 | 1.e | 3.5 |220.8]| 4.5 |azso
o.6 o.z 1. 8.s 2.e 84.3 3.6 2450 46 [4530
oX o.Z 1.7 10.9 2.7 98 .o 3. | 262\ 4.7 |4tle.0
©.-¥ 0.3 1-2 4.0 Z.9 \11.0 3.9 |2820| a9 |[|Sova
09 | 0.1 1.9 19.2 29 [v3ox| 39 [3025| 49 |[sS23.0

* Values faken or computed from Discharge Curves, P\. 24




DAILY GAGE READINGS FOR HINKSON CREEK
See plcTes‘?.S—fbl'for

TABLE XVIIl

curves- of

9gage heighis

1908 1909

DAY  |OCTOBERNOVENBERDECENBERMAIUARY [FEBRUARY MARCH | APRIL | MAY
| 0.49 1.10 \.00 o8 0.3
z 0.69 o.Tz .94 oln 0.63
3 o6z 0.65 | o110
o 06l 0.7 0.0 .50
5 060 | oo | 010 [ 2239 0.57

e 0.60 0.69 |.20 0.@d oo
7 058 | 0.69 | 0.6€0 1120 | 6.69
3 060 | 0.65 | 0.57 ol 0.62 | 0.63
9 06l |04 | as8 1,60 | 186 | 066
1o 04T 0.58 | o.62 | o.59 .30 | 0.0
i1 0.4 o.57 0.65 o.89 1.04
1z 048 | 0.55 | 0.4 0.89 1.09
13 045 a.55 0.62 1. 07 0..( 115
14 44 0.56 | 0.63 3.82 [ o019 l.oo
15 oAz 0.55 | o0.60 1.29 | o.76 o.20
\6 04z 0.56 | o.60 .30 0.0
17T .40 0.55 0.59 o0.54
18 '| e40 0.55 | o.57 1.2y | o0 0.65
19 o4l 0.54 | 0.56 0.5\ 28 1.80
20 | osal 0.54 | 0.55 .50 | 0.67 1.60
21 o4\ 0.54 | o.55 o. 81 1.60- | 0.66 3.20
22 040 0.55 0.53 o0.80 1.39 0.66 .38
z3 040 0.85 0.82 2.5 | 0.67 1.02
24 | o5 110 0.19 1.54 | o710 lL.oo
25 0.55 .22 HIE o.82
26 0.57 1R 0.68 0.97 .15
21 o.852 0.80 090 0.%80
28 | os 0.70 338 | 083 | oo
29 | o.8 .02 .50 | .65
Jo 137 1.30 0.65 | 072
3\ 0.50 110 [LOS

SSS

ah




TABLE XIX
DAILY GAGE READINGS FOR GRINDSTONE CREEK

See plates3) - 38 for curves of gage heights

1908 - 1909 =
DAY  [0CTOBERNOVENBERIDECENBERANUARY [FEBRUARY] MARCH | APRIL | MAY
] 0.99 e 1.5 1.>8 1.24
z 1.28 .29 .60 .37 1.2.5
3 12 4 .28
s e 1.30 -3 190
5 s | .38 | 2 Z.20 1S
6 (1§ . | .38 1.52 | 1.28 1.30
T 145 (.30 118 1.60 .28
8 5 | 124 | e | 148 | 28 | jzo
S 16 1.22 || 1.20 113 196 |.20
o a4 | w1z | 123 | (.20 1.65 | 120
I o.fo 148 [ 3.} 1.4 (44
12 0.68 114 .23 .13 193
13 0.68 1.13 [.%\ .85 1.39 1.6
4 0.62 113 |.2.0 3.4¢ 1.3 I a
IS 0.57 Iz 1.20 .89 .30 140
16 0.53 .13 .| .20 . 1Z 1.24
17 049 1.10 119
18 043y | 112 T | 18 | 220 | .20 | 12s
19 049 112 (1T .06 2. \Z 142 o
z0 0.53 [ l.le 1.9 12T .60
rd| 0.55 111 .18 1.50 1.8 2 1.26 Z52
2z | o5z | 1% 144 | ez | 12e | 133
23 .52 | 117 : | 46 (.91 .25 | 1.54
24 1.18 .78 1.39 1.81 1.24 45
25 1.69 | .24 1.50 .40
26 J.e0 .50 .30 141 .35
27 1.0§ .37 | <40 125
28 [.OJ (.30 3.3 L.40 .30
29 1.03 231\ 240 LaT
30 173 2.0°0 .25 .25
;5'| .00 .65 1.5




TABLE XX

CU.FT. PER SEC,
See Ploteszs aifor DlSC"\QP%E- curve

DALY DISCHARGE FOR HINKSON CREEI

I 1908 1909 “
1' DAY  |OCTOBER [NOVEMBER|PECEMBER|JANVARY [FEBRUARY| MARCH | APRIL | MaY
| ‘2.0 50.0 J0.0 36.0 6.0 9.0
2 1o .6 0.0 3%2.0 \4.0 S.0
-3 1.0 8.5 1z.0 ©6.0 14.0 TJ.o -
4 6.0 |6.0 1Z.0 looo | V3.0 5.0
S 6.0 9.3 120 3160 | 130 “.0
s 55 | o3 Q.0 Goo | \zo 16.0
g 5.5 8.7 19 oo | 120 | 3.0
8 6.0 8.1 4.0 500 (Z.0 10.©
S 6.0 b 4.0 I25.0 18%.0 80
10 3.0 5.0 1.0 “4.0 ©3.0 | Tz 6.0
" 3.0 4.0 8.0 4.0 Z28.0 44 .0 5.0
12 2.5 40 e.5 ‘4,0 29.0 310 50.0
13 | 2o 4.0 1.0 4.0 4T.0 | 220 2.0
4. 2.0 4.0 8.0 3.0 10180 | 18.0 28.0
15 2.0 4.0 6.0 3.0 T40 | leo Zzo.0
e .5 4.9 6.0 3.0 Te.o \5.0 12.0
7 1.5 40 | go 3.0 Too | 130 (6.0 .
1& | 20 | 40 |45 | 25 G40 | 120 | B0 '
19 2.0 4.0 4.5 2.0 Zz16o0o | 100 | %
20 =] 4.0 4.0 8.0 l108.0 Q.0 I 240
2l %.0 40 | 40 |200 |40 80 |G8co
22 %o | 40 4.0 20.0 g1.0 8.0 84.0
z3 1.5 7240 | 4.0 22.0 369.0 9.0 472.0
Z4 4.0 560 | 4.0 200 lHz.o 9.0 3T.0 |l
25 S.0 T40 4.0 15.0 5%0 [13.0 R0.0
26 5.6 820 | 40 jo.o 240 |]6.0 15.0
21 4.0 2D.oc | 40 9.0 29.0 | 200 140
28 4.0 1Zo | 4.0 1200 | 240 2.5 l0.0
29 4.0 4z.0| 4.0 | 1080 8.5 8.0
30 | 40 | 920 4.0 | T80 30 | \6o
L 2 4.0 S50.0 | 44.0 &8 |
SUMS | 63.5 |4TSo (284312615 551.5.6[ ©61.0 15160 ] J




TABLE XXI _
PAILY DISCHARGE FOR GRINDSTONE CREEI

CUL.FT. PER SEC.
See Platessz- ¢ for Discharge curve

1208 1909

DAY |oCTOBER/NOVEMBEADECEMBERJJANUARY [FEBRUARY| MARCH | APRIL | MAY
\ o.l 4, A 4.4 &.Q 2.6 2.4
2z Zz.0 2.6 3.6 8.0 3.6 z.2
3 1.2 1.9 3.2 |12 3.0 22
4 (B R.6 2.5 18.8 2.6 z.0
5 (I 3.2 z.5 41,0 2.2 1.6
6 1.0 z9 1.8 64 1.8 2.6
7 o.8 R 1P 8.0 2.0 2.4
8 0.8 .8 .5 3. % 2.0 Z-Z
9 ' 09 1.8 1.6 12.8 3T 22
\a 1.o 0.9 {8 1.5 6.6 9.5 1.9
1 1.0 05 1.8 I.5 4.0 4.8 3.2
12 o.8 0.3 1.8 14 1z.8 4.\ zl1-6
13 °.7 0.8 |1 1.3 T = 2.5 lo.<4
4 0.8 0.8 1.4 1R | 2%40 | 2.8 571
(5 03 0.8 .4 1.2 9.4 2.1 4.6
S o.{ (R} (4 1.2 2.2 0 3.2
17 0.0 ol 1.4 (A 19.\ R.0 2.0
18 0.1 0.8 .3 1.0 50.8 zZ.o z.5
) 0.2 0.8 1.1 0.8 z9.8 1.9 A4
2o 0.2 0.8 1.1 0% ?o.2 | 1.8 2.8
A 0.5 0.8 1.0 6.0 16.2 1.8 6G.o
22 0.3 0.8 o) 4.8 2.9 )8 12.8
23 0.3 L2 0.9 Sz 19.6 lL.6 G.6
2a | 12 |l14.¢c | 09 | 24 6.0 | 2.8 | 4.8
26 8.8 46,0 | 09 z.8 51 Z.8 4.0
26 Q.0 66 0.8 ZA a4 R9 3.6
2T ©.8 2 o2 | 4lec | 27 3.0 2.4
28 o.T R4 0.2 222.0 2.7 2.2 -8
29 | 05 |504 | o3 52.0 2o | 2z
30 0.5 |24 0.8 | 24.0 20 z.0
31 | o3 T2 | r»=a 1.9

SUMs|[ 219 [166.6 [559 4/26 |594.2 | 81.8 [ 1944
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