‘reamflow from Rainfall

2)% Unit-Graph Method

Observed runoff followéng isolated one-day rain-
fall forms basis of computation—Method ap-
plicable to rainfalls of any intensity or duration

By L. K. Sherman

Consulting Engineer, Randolph-Perkins Co.,
Chicago, IU.

7y Y MAKING USE of a single ob-
8 served hydrograph, one due to a
& storm lasting one day, it is possible
o compute for the same watershed the
~unoff history corresponding to a rain-
fall of any duration or degree of in-
tensity.  From the known hydrograph
the “unit” graph must be determined,
representing 1 in. of runoff from a 24-
hour rainfall. The daily ordinates of
the unit graph can then be combined in
accordance with the variation in daily
precipitation figures so as to show the
runoff from a storm of any length.
Following a storm, the hydrograph
representing the flow in the main-
stream channel shows the runoff in-
creasing to a maximum point and then
cubsiding to the value it had before
the storm. For a single storm the
graph is generally of a triangular shape,
with the falling stage taking never less
and usually two or more times as long
4s the rising stage. For the same drain-
age area, however, there is a definite
total flood period corresponding to a
given rainfall;’and all one-day rainfalls,
regardless of intensity, will give the
- same length of base of the hydrograph.
If a given one-day rainfall produces
" a 1-in. depth of runoff over the given
- drainage area, the hvdrograph showing
i the rates at which the runoff occurred
can be considered a unit graph for that
watershed. As the area under a hydro-
© graph for any time period represents
the total volume of runoff in that time,
it follows that the area under the unit
graph, if expressed in inches of depth
over one square mile, or inch-miles, is
numerically equal to the area of the
watershed.

Detefmining the unit graph

Based on these laws it follows that

for any observed rainfallyduring a unit
'Of time, the ordinates of runoff vary
(hre;ctly with the depth of runoff on the
drainage area. For example, let there
be an observed hydrograph of runoff

- due to rainfall of 3 in. during a unit
= Of time of one day, over a drainage area
- of 1,000 square miles. Measurement of
- the area of this hvdrograph shows 2,000
inch-miles of runoff. The volume of

. rainfall, however, is 3.000 inch-miles.
Therefore, the runoff is 663 per cent,

or 2 in., and the observed graph repre-
sents a 2-in. runcff applied in 24 hours.
The unit graph for this area, then, is
one having the same base but ordinates
one-half as great-as those on the ob-
served graph.  This is the procedure for
determining_a unit graph for any drain-
age area. The'graph is a constant for
any particular drainage area, but drain-
age areas of different physical charac-
teristics give radically different forms.
A topography with steep slopes and
few pondage pockets gives a graph with
a high sharp peak and a short time
period. A flat country with large pond-
age pockets gives a graph with a flat
rounded peak and a long time period.

Application of unit graph

After a unit graph has been con-
structed for a particular area it may
be used to compute a hydrograph of
runoff for this area for any individual
storm or sequence of storms of any
duration or intensity over any period
of time. The principle to use in apply-
ing the unit graph is to follow the sum-
mation process of nature. For example,
consider a case where the unit graph
is known and data are at hand for the
rainfall for two consecutive days. Esti-
mate the percentages of runoff for each
of these days. This will give a hydro-
graph for each of these days of rain.
Call them graphs A and B. The runoff
on the first day equals the runoff of the
first dav of graph A. The runoff on
the second dav equals the runoff on the
second day of graph A4 plus the runoff
of the first day of graph B. The runoff
on the third day equals the runoff on
the third dav of graph .4 plus the runoff
of the second day of graph B. If the
unit graph has a total period of T days,
the total flood period for this two-day
storm will be To -4 1 days. For a six-
dav storm it will be T, - 5, etc.

The foregoing process of development
of a graph for a continuous rainfall at
a uniform rate is illustrated in Fig. 1.
The triangle OPQ with base To = 6
is the graph of runoff due to a rain
during a unit of time—say one day.
That rain produces runoff for six days.
The average rate of runoff for each
day is represented by the ordinates a. b.
¢, d, ¢ and f in the triangle OPQ. The
same amount of runoff due to a rain on
the second dav produces the graph in-
dicated by the first dotted line above

OPQ. A continued rain with the same
daily depth of runoff produces succes-
sively the additional dotted graphs. At
the end of the fifth day of such continu-
ous rain, with uniform depths of runoff
for each day, the runoff graph ORS
will be formed. The peak at R will be
the maximum rate of runoff. Further

R HMaximim runoff rate
N \ for continvous
syniform rainfall

Fig. 1—Simple hydrograph of runoff from
a continuous uniform rain, when the unit
graph is triangular.
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Fig. 2—At Plumfield, Ill., on the Big

Muddy River, there was a fairly well-
isolated rain of 1.42 in. on April 9, 1924,
yielding a hydrograph with ordinates
proportional to those of the unit graph.

similar rainfall will result in a continua-
tion of this maximum runoff rate up to
the duration of this storm.

Let To=Base of a runoff graph
for a rain of duration
tyo. This can be de-
rived from an observed
hvdrograph.

tpo = Unit time of precipita-
tion (one day or one
hour).

t, == Duration of any rainfall.

K = Concentration period.

K= To— tpo.

Let T = Total flood period or
base of the graph for
any rainfall of dura-
tion tp.

Then 7T = K -+ tp.

When t,=K, then T = 2 K. pro-
vided the accumulated
depth of runoff (depth
of rain — losses) is
a constant during each
hour of .

When the duration of rainfall. 7,. is
less than the concentration period K.
then T is alwavs longer than the cal-
culated time of transit from the most
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TABLE I — COMPUTATION OF UNIT GRAPH

FOR BIG MUDDY RIVER, PLUMFIELD, ILL.
Deduc-
tion

IMate, Observed  Base Net Unit

April, Runoff, Flow, Runoff, Graph,

1924 Sec.-Ft. Sec.-Ft. Sec.-Ft. Sec.-Ft. Day
9 1,440 150 1,290 1,950 1
10 1,850 140 1,710 2,590 2
11 2,360 130 2,230 3,370 3
12 2,680 120 2,560 3,870 4
13 2.440 100 2,340 3,540 5
14 1,720 90 1,630 2.470 6
15 940 80 860 1,310 7
16 478 80 398 610 8
17 309 80 229 350 9
18 193 90 103 160 10
19 140 90 50 80 1
20 106 106 0o ... ..

Total, sec.-ft.-days...... 13,400 20,300

Total, inch-miles. .. ..... 500 753

remote point of the drainage area, gen-
erally by 50 to 100 per cent. This fact
is due to pondage by the innumerable
little detention reservoirs that cover the
surface as well as to the effect of chan-
nel constrictions in the main stream.
In some flat drainage areas with a great
deal of pondage the concentration period
may be much longer than the possible
duration of storms of high intensity.
Pondage holds back part of the rainfall
until the accumlated depth balances the
net rainfall rate and releases it after the
rain stops. The inflow and outflow
from these detention reservoirs at the
end of the concentration period are
equal, and there is no further pondage
available. Surface pondage must not be
confused with surface pocket storage
due to sink holes. The latter collect
rainfall at the beginning of the storm
but do not release it as surface runoff.

Hydrograph for varying rates of
rainfall

The ordinates of all graphs of runoff
for unit time, fp, are directly propor-
tional to the net depths s of rainall in
that same unit time.

This follows because the bases of the
graphs 7T, are equal. The area of a

graph, equals Z ordinates, X fp, and
the area of a graph, equals = ordinates,

X tpo. Also, the area of graph, as
it is a measure of the entire volume of
runoff, equals the drainage area X s,
and the area of graph, equals the drain-
age area X S,
Then Z ordinates, X {0
= ordinates, X tyo
ordinates,

D.A. X s,

s
ordinates, s

If the ordinates considered are those
for a unit graph, 5, = 1 in.,, and we
have the following rule:

The ordinates for any graph of run-
off for a unit time fp are equal to the
corresponding ordinates of the unit
graph multiplied by the given net depth
of rainfall. Conversely, the ordinates
of a unit graph are each equal to the
corresponding ordinates of a given
graph (for unit time) divided by the
given net depth of rainfall.

In Fig. 1, s was constant day after
day. If s varied from day to day, we

DA X s,
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would have on successive days s,, s,. S,,
etc., and the ordinates on successive
days would be ai, by, ¢i; a., b, o) as, ba,
c,; etc.

A resultant graph would be formed
in the same way as the one in Fig. 1,
but it would not be a smooth curve. It
would reflect all the variations of rain-
fall.

Instead of the graphical construction,
as in Fig. 1, a tabulation of successive
ordinate figures can be used to give the
values for the resulting hydrograph.
This method of computing a hydrograph
for any period or sequence of rainfalls
from a single unit graph will be illus-

trated later by examples of specific
cases.
Base flow
Base flow, on a hydrograph covering

an extended period of time, is indicated
hy the flow line that continues during a

dry period long after the total flood -

period of the preceding rain has ceased.
The point where the total flood period
due to surface runoff ceases and only
groundwater or base flow continues is
not capable of exact determination.
However, it can be closely approximated
by inspection of surface-runoff hydro-
graphs terminating a dry period. The
base flow exists and is a part of almost
any observed hvdrocrraph of runoff. In
evolvi ing a unit graph by the procedure
heretofore mentioned it 1is mnecessary
first to subtract the base flow from the
observed hydrograph in order to arrive
at the net hydrograph due solely to the
rainfall. The base flow can be estimated
by consulting the available flow records
made during dry periods and selecting a
base-flow lme that followed a rainfall
period similar to the period preceding
the graph in question. It is preferable
that the unit graph should be derived
from a graph due to a rain of high in-
tensity. The base flow then is a small
percentage of the surface runoff, and
any error due to estimated base flow is
slight.

Unit graph constructed for the
Big Muddy River

The drainage area of the Big Muddy
River at Plumfield, Ill., is 753 square
miles. Daily rainfall records of the
U. S. Weather Bureau are available at
Mount Vernon, in the center of the
upper portion, and at Benton, near the
center of the lower portion of the drain-
age area. The records of the Mount
Vernon station apply to 43 per cent of
the area, and the Benton records apply
to 57 per cent. The average daily flow
of the Big Muddy at Plumfield is con-
tained in the water-supply papers of
the U. S. Geological Survey.

The derivation of a unit graph is
obtained preferably from an observed
hydrograph due to a single isolated 24-
hour rainfall of high intensity, without
any material rainfall either during the
runoff period or just preceding it.

A search of the records shows a fair

example of such a rainfall on April 9,
1924. The record of daily precqntatxon
at this time was as follows:

Date —

April, 1924 4 8 9 14 16 17 22
Mt. Vernon,

in........ ~0.16 .... 0.94 008 .... 0.04 0.05";
Benton,in... 0.09 0.05 1.80 .... 0.0l 0.02 0.08 :
Weighted av-

erage, in... 0.12 0.03 1.42 6.C3 .... 0.03 0.0¢

Fig. 2 shows the runoff during this
period and the average daily rainfalls.
In Table I, column 3 lists the runoff
due to rains prior and subsequent to
the rain of April 9, which must be de-
ducted from the daily runoff figures to
give the desired net runoff due solely
to the rain of April 9.

The values to be deducted are derived
in the following manner: In Fig. 2,
starting at the low stage of April 7,
draw the line 4" B” with daily ordinates
of flow equal to those on the line 4 B.
A" B’ then represents the runoff and
base flow as it tapers off from stage A’
or A, provided no subsequent rain
occurs. There were, however, three
small rains of (.03 in. each, on April §,
14 and 17. The runoff from these small
rains was appreciable in this month, as
shown by the runoff record of 193 sec.-it.
on April 7 and 226 sec.-ft. on April 8.
This increase of 33 sec.-ft. was due to
the 0.03-in. rain on April 8. By refer-
ence to the main graph (Fig. 2) it is
found that for this drainage area the
peak comes on the fourth day, and run-
off ceases about the tenth day after the
end of the rain. The net peak flow in
Fig. 2 is about 2,500 sec.-ft. for a rain
of 1.42 in. By proportion the peak flow
for a rain of 0.03 in. would be 53 sec.-ft.
The smaller rain, however, has a smaller
runoff. Call it a peak of 40 sec.-ft. The
runoff of the 0.03-in. rain then may be
represented by a triangular graph with
base of ten days and height of 40 sec.-ft.
on the fourth day. Now add succes-
sively, in Fig. 2, three such small graphs
to the ordinates of the line 4’ B’ with
their peaks as shown at C’, C” and C”.
The ordinates to the line 4" C” C” C"”
now represent the deductions, and num-
erically they form column 3 of Table I
Column 2 minus column 3 gives the net
runoff due solely to the rain of April 9.

The next step is to determine the
ficures for a unit graph for this drain-
age area. It will have the same time
base as the graph represented by column
4. The ordinates, however, will be in
proportion to the ordinates of column 4
as 1 in. is to the runoff depth due to
the rain of 1.42 in. This runoff depth !
is found as follows: The sum of the :
average daily runoffs in column 4 is
13,400 sec.-ft.-days. This total volume
of runoff equals 500 inch-miles. The
total volume of rainfall was 1.42 in. X
753 square miles of drainage area, or
1.070 inch-miles. Hence:

500 )
1070 — 46.8 ;

Percentage of runoff =

per cent.



Depth of runoff = 1.4Z in. X 46.8
"gper cent = 0.66 in.
=" Column 5 of Table I, which is ob-
“tained by dividing the values in column
t4 by 0.66, gives the figure for the unit
/graph. Note that the total, expressed in
“ inch-miles, equals the drainage area at
< Plumfield. This affords a partial check
on the computations,

g;

Computing the hydrograph
¢ We can now apply this unit graph,
“which was derived from data for April
.9, 1924, to the determination of runoff
+from rainfall in the months of April
“and May, 1927. In Table II, columns
-1 and 2 give the dates and the weighted-
average depth of rainfall over the
. drainage area. Column 3 is the esti-
“mated percentage of this rainfall, which
“appears as runoff, determined according
“to the rule to be stated in a subsequent
“paragraph. Column 4 is the product of
;- columns 2 and 3, giving the depths of
runoff. Column 5 is the unit graph for
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Fig. 3—Computed hydrograph for the Big

Muddy River at Plumfield, Ill., for April

and May, 1927, agrees closely with the
observed rates of runoff.

column 6 are listed the figures for
graphs of runoff due to each day of
rainfall, obtained by multiplying the
figures in column 5 by a figure in
column 4. The beginning and end of

tive dates for each rainfall. Column 7
is the summation of runoffs on any day
due to any and all rainfalls that had any
effect on that day.

The dotted line of Fig. 3 is the com-
puted hydrograph of runoff plotted from
column 7 of Table II. The heavy line
is the observed graph plotted from the
U.S.G.S. record of flow for comparison,

In

# Plumfield as heretolore computed.

runoff are entered opposite their respec- Base flow was ignored in this example.

TABLE II — COMPUTED RUNOFF FOR BIG MUDDY RIVER AT PLUMFIELD, ILL., APRIL AND MAY, 1927

~ = = = £s ~

—t o~ b - = - § o~

wd 2 = S T Byrs ; ; Noted [ £

S E ng % o Sk»‘ Runoff Due to Rain on Day Noted _}; -

| & - = =53 e ]

0 2z 3 58 & =2 s =

7 AT A A A~ ~ =] 1 =° A

S (1 1 0.45 15 0.068  1.950 132 (!

2 2,590 176 2

3 3370 229 3

4 3,870 263 2 H

2 5 0.25 15 0.037 3,540 240 72 5

6 . 2,470 168 96 3 6

$ 7 0.16 -17 0.027 1,310 89 125 53 4 7

J 8 0.38 27 0.102 610 41 143 70 199 5 8

5 9 90.25 32 0.080 350 24 131 91 264 156 6 9

6 10 0.85 52 0.440 160 1 91 104 344 207 858 7 10

7 11 0.15 55 0.083 80 5 48 96 395 270 1,140 162 8 2,116 11

8 12 1,22 72 0.880 23 67 361 309 1,481 245 1715 9 4,201 12

9 13 0.87 79 0.690 13 35 252 383 1,700 280 2,280 1,345 10 6.188 13

10 14 3.01 81 0.820 6 16 134 198 1,556 321 -2964 1,785 1,600 11 8.580 L 14

1115 0.51 83 0.423 3 9 62 105 1,086 294 3,403 2,322 2,120 825 12 10,229 T 15

1216 0.58 86 0.500 . 4 36 49 577 205 3,114 2,666 2.760 1,095 975 11,481 & 16

17 13 2 16 28 268 109 2,172 2,440 3,170 1,424 1,295 10,924 < 7

1318 0.05 80 0.040 78 1} 8 13 154 51 1,152 1,702 2,900 1.635 1,682 9,375 18

13 19 0.16 81 0.130 103 254 15 6 70 29 537 905 2,022 1,497 1,932 7.355 19

1520 0.04 81 0.033 135 337 64 16 35 13 308 420 1,073 1,044 1.767 5,196 20

1621 0.09 82 0.074 155 438 86 14 17 7 141 242 500 554 1,233 3,500 21

I¥ 22 0.03 82 0.025 142 503 111 192 49 70 110 287 258 655 2,377 22

23 99 460 128 249 65 55 131 148 305 1,640 23

24 52 321 117 286 24 66 68 175 1,169 24

25 24 170 82 262 98 34 80 750 25

26 14 79 43 183 89 40 448 26

27 6 45 20 97 62 230 27

28 3 21 12 45 33 18 114 28

1829 1.13 58 0.655 10 5 26 15 1,277 19 1,333 29

19 30 0.44 65 0.286 3 12 9 1,694 558 2,276 30

! 6 4 2,204 704 2.954 i

2 2 2535 963 20 3,500 2

203 0.0l 38 0.004 2318 1,106 8 21 3,432 3

21 4 0.06 40 0.024 1618 1.011 10 47 22 2,686 4

225 0,22 45 0.099 858 706 14 62 193 27 1,833 s

226 0.38 53 0.200 399 374 16 81 246 390 2} 1.506 6

12y 7 0.22 54 0.119 25 229 174 4 93 334 518 232 1,594 7

25 8 0.72 65 0.468 913 26 105 100 10 85 383 674 308 2,578 8

2 9 051 70 0.357 1,210 697 27 52 46 5 59 350 774 401 3,594 9

2710 0.82 72 0.590 1,575 925 1,150 23 2 3] 245 708 460 5119 10

1 1,810 1,202 1,526 1 15 130 494 421 5.599 i1

12 1,654 1381 1,986 1 8 60 262 294 5,646 12

13 1,154 1,262 2,281 28 0 4 35 122 156 5,014 13

14 0.09 55 0.050 613 882 2,087 98 29 2 16 70 72 3,840 14

15 0.04 56 0.022 285 468 1,456 130 43 8 32 42 2,464 o, 15

16 164 218 773 168 57 16 19 1415 & 16

17 75 125 360 193 74 10 837 = 17

s 18 37 57 206 177 85 30 562 18

0 19 0.23 50 0.115 29 94 123 78 224 548 19

20 47 66 54 298 465 20

21 31 29 388 31 448 21

22 0.8 30 0.240 18 13 445 468 944 22

- 23 8 8 407 622 32 1,045 23

334 103 35 0.36] 4 4 274 809 705 33 1,796 24

%25 0 0.65 40 0.260 ’ 2 151 929 935 507 2,524 25

26 : 70 850 1,216 673 2,809 26

35 2 24 40 593 1.397 876 2,906 27

st 28 075 45 0.338 660 35 18 314 1,278 1,005 3,275 28

929 0.14 45  0.063 975 123 9 146 892 920 2,965 29

30 1,139 163 84 473 643 2,502 30

3 1,308 214 38 220 340 2,120 3

“;E}‘efvertlca_] columns headed by numbers in italics are made up by multiplying the runoff for the day corresponding to that number by the successive daily

: (‘)) the unit-graph ordinates. They represent the daily values of runoff due to the rain on the day in question. The total value of runoff for each day is ob-
Y adding these partial values horizontally.
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Fig. 4 shows the computed hydro-
graph of flow of the Delaware River
at Port Jervis, N. Y., for August, 1928.
This is an example of 1unoff from to-
pography with relatively steep slopes.
The drainage area is 3,070 square miles.
The unit graph for Port Jervis (Fig. 6)
was derived in a manner similar to that
presented in detail for the Big Muddy
River, based on a 2.58-in. rainfall on
Nov. 16, 1926.

The observed runoff, according to the
U.S.G.S. record, was 85 per cent of the
rainfall during that storm. As a check
on the unit graph thus derived, another
graph was computed from the average
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Fig. 4—Computed and observed flows of

the Delaware River at Port Jervis, N. Y.,

reflect the quick runoff due to the steep
slopes of the watershed.

rainfall of 1.79 in. on Oct. 6,
the recorded runoff was only
cent of the rainfall. This unit graph
gave a 24-hour peak rate of 23,900
sec.-ft., compared with 24,900 sec.-ft. of
the former unit graph. Similar com-
parisons on other drainage basins in-
dicate that this degree of accuracy may
be obtained by the method, regardless
of the amount of rain in a unit of time
or the percentage of runoff.

Fig. 5 is a hydrograph of the observed
flow on the Sangamon River at Oak-
ford, Ill., during March, April and
May, 1927, together with the hydro-
graph computed from an observed unit
graph due to rain on March 14, 1922.

In Fig. 6 unit graphs for a number
of drainage basins are shown. They re-
flect the effects of shape, size, topog-
raphy and pondage of different basins,
each with a 24-hour rainfall producing
a 1-in. depth of runoff. When no
streamflow records from a particular
area are available, it is possible to de-
rive a unit graph by analogy from unit
graphs from similar. basins with like
topographical characteristics.

The ordinates and time intervals of
the unit graphs for two similar water-
sheds of different sizes are proportional
to the square root of the watershed
areas, provided the difference in size is

1926 when
23.8 per
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Fig. 5—Close agreement between the com-
puted and observed hydrographs for the
Sangamon River at Oakford, Ill., for a
three-month period in 1927. Computed
flow was based on data recorded in 1922.

not great. When the difference in areas
is large, a correction factor must be
applied. Referring to Fig. 6, all of these
unit graphs can be reduced by analog
to unit graphs for any similar basins—
say for a similar area of 1,500 square
miles in each case. The peak rates of
flow for two of these cases would then
be as follows:

For Similar

Peak Area of
Area, Runoff, 1,500 Sq.Miles,
Sq.Miles Sec.-Ft. Sec.-Ft.
Port Jervis... 3,070 25,100 17,100
Taylorville. . . 510 4,900 6,500

This suggests the possibility of de-
veloping a series of unit graphs cover-
ing an extreme range of drainage-basin
characteristics and sizes. Such a series
of unit graphs would in effect constitute
a range of runoff-rate coefficients to be
used in connection with given rainfalls
and the seasonal percentage of rainfall
runoff.

Percentage of runoff

Runoff is not primarily a percentage
of rainfall. As Robert E. Horton has
pointed out, it is the residual amount
after deducting losses—interception,
pocket storage, evaporation and infiltra-
tion—from rainfall. The writer has,
however, followed the customary
method, used in discussions of runoff
from sewered areas, of expressing run-
off as a percentage of the rainfall. Con-
fining ourselves to surface runoff as
compared with groundwater outflow
seepage, or base flow, we find that the
percentage of runoff increases with the
rate and duration of precipitation. The
percentage is also increased hy the
occurrence of previous
It varies with the season according to
the temperature and amount of vegeta-
tion, the topography, soil and condi-
tions causing pocket storage and pond-
age.

Percentages of runoff, considered only
in relation to a single one of the fore-
going factors, appear very erratic. If,
however, the obseivations are confined
to a single area or to closely similar
areas and if they are segregated ac-
cording to the seasons, the data will be
quite consistent. If, in addition, cog-
nizance is taken of the effect of prior
precipitation, then the percentages of
runoff will be in harmonious accord.

The figures for percentage of runoff

precipitations. ,
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Fig. 6—Unit graphs for different water-
sheds reflect the variations in shape, size,
topography and pondage.

used here in computing the unit grap
were obtained for a given drainage ar
and a rainfall of known amount. Wi
several such figures applying to th
same calendar month, a curve w
drawn showing runoff per cent plotted.
against rainfall intensity. Fig. 7 show
a series of such curves for various
watersheds. Each curve is applicabl
to a certain month only. In preparin
the diagram the effect of previous rain-
fall was taken into account by adding a
certain proportion of it to that of the
day in question, according to the factors
eiven in Table ITL.

TABLE III — PROPORTION OF PREVIOUS
RAINFALL TO BE ADDED INJDETERMINING
PER CENT RUNOFF

Proportion of

Number of Previous Rainfall

Intervening to Be Added to
Dry Days Given Day
0 1.00
1 0.8
2 0.6
2 0.5
4 0.4
5 0.3
6 0.2
) 0.2
8 0.1
9 0.1
1
10 —
1
I
« —
12

For example: Given a record of aver-i3&
ge daily rainfalls in April on the Big: s
Muddy drainage basin as follows: Apri

Q. 2in.; 26, 1 in.; 24, 0.5 in.;

1 in. Required the runoff on April 28::
by rule in Table ITT we have 2 in.



1in. X 0.8 4+ 0.5 in. X 0.6 + 1 in.
X 15 = 3.16 in. Referring to diagram
- Fig. 7, we find that the ordinate for 3.16
.. on the Big Muddy in April is 70 per
cent. The runoff from the rain of April
‘28 is therefore 2 in. X 70 per cent =
14 in. It will be noted that the effect
of rains two or three weeks prior to
the rain in question have slight effect
‘on the percentage of runoff.
The principle of the foregoing is ra-
 tional, but the rule is empirical and only
% roughly approximate. In Table II use
“has been made of the foregoing in de-
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Fig. 7—For any calendar month the per-

centage of rainfall appearing as runoff

varies consistently with the quantity of
precipitation.

riving the column headed “Per Cent of
Runoff,” in the absence of more exact
© data. It agrees fairly well with the facts
in most cases. To use Fig. 7, first find
the summation of rainfall by the above
rule. The ordinate in Fig. 7 correspond-
ing to this summation of rainfalls gives
the per cent runoff, and this should be
applied to the rainfall of the given day.

Accuracy of the method

'The accuracy of computed runoff is
limited by the accuracy of the estimated
percentage of runoff, as heretofore ex-
plained. The observed hydrograph re-
ﬂects all the numerous factors influenc-
ing runoff from rainfall on a given
area. The unit graph should be based
upon a uniform depth of rainfall over
th_e entire area. The unit graph for the
Big Muddy River was based on a rain
of 1.80 in. at the lower end and 0.94 in.
at the upper end. This unit graph
therefore has excessive rates of runoff
for the rising stage and insufficient rates
for the falling stage. This is reflected
n the computed curve in Fig. 3. After
a trial application like this it is possible
to adjust the unit graph, and with the
Tectified graph to compute the runoff as
m Table II, obtaining somewhat closer
agreement with the observed runoffs.
The published records of rainfall by
the U. S. Weather Bureau are for total
Precipitation in a calendar day of 24
hours, The published data of runoff
vb.V the U.S.G.S. are likewise average-
ﬁO\jv records for this 24-hour period.
- Th_ls leads to the use of a 24-hour time
unit as the basis for the unit graph.
n general this suffices. There are,
<owever, relatively small drainage areas
With steep slopes and high velocity of
:ow where the 24-hour unit will not

suffice and a shorter time unit is neces-
sary. The writer has found this to be
true in the case of upper tributaries of
the Delaware River like the West
Branch at Hales Eddy and the East
Branch at Fish Eddy, N. Y. The effect
of storage by water-power dams will
modify the observed flow as contrasted
with the computed flow. This effect is
very apparent at Hales Eddy, and to a
lesser degree affects the comparison of
observed and computed flow at Port
Jervis, N. Y., as shown in Fig. 4.

The unit-graph method in runoff
problems offers a number of improve-
ments over existing procedures. Pres-
ent applications of the rational method
are confined to small areas and to as-
sumed rainfalls during the entire period
of concentration. In the unit-graph

method the runoff from any sequence
of rainfalls may be analyzed. The rel-
ative effects of long-continued rains
of low intensity and short storms of
high intensity may be compared. The
important effect of surface and channel
pondage for storms of less than the
concentration period is automatically in-
cluded by the application of a unit graph
derived from an observed hydrograph.
Runoff rates from hypothetical storms
can be computed in exactly the same
manner as was illustrated for actual
rainfalls in Table II.

The unit-graph method enables a run-
off record to be computed when only
limited streamflow data are available.
This application is of special service in
investigations of drainage, flood control,
water power and water supply.

Systematic Maintenance Essential
for Fire Hydrants and Valves

ECAUSE of the relative infre-
Bquency with which they are oper-

ated, regular inspection of the
valves and hydrants of a waterworks
system is essential if they are to be
maintained in good working order at
all times. Well-formulated rules for
the guidance of the maintenance staff
were laid down by W. H. Durbin,
superintendent of the Terre Haute
Water Works Corp., at the meeting of
the Indiana Section of the American
Water Works Association at Lafayette
on March 9, 1932.

All valves should open in the same
direction, and if necessary, new stems
and nuts should be installed so as to
bring about a condition of uniformity.
The usual result of having the two
types of valve in the system is unsatis-

factory service, twisted stems and
higher maintenance costs. The neces-
sity of uniformity cannot be too

strongly emphasized, said Mr. Durbin.
Maintaining valves in Terre Haute

Tt is the practice in Terre Haute to
inspect each valve once a year. A
permanent record card has entered
upon it the date of inspection, the con-
dition of the valve and valve box, the
name of the inspector and other in-
formation of a pertinent nature. The
usual inspection consists of placing the
valve key upon the nut and turning it
several times to determine if it operates
freely, also to make certain that the
valve is fully open. If the valve does not
work freely and forcing appears inad-
visable to the inspector, that fact is
noted on the card so that the valve can
be given proper attention later. The
operation of a valve is often made more
difficult by the drying out of the
packing. Where this is the case con-
siderable relief can be obtained by

removing the stuffing-box gland, loosen-
ing up the packing and lubricating it.
All valve boxes that are found to be
covered are adjusted to the grade of
the street.

At one time it was the practice at
Terre Haute to build brick wells or
vaults for every valve located in a
paved street irrespective of its size.
Experience has demonstrated that the
cost of maintaining the wells and espe-
cially the iron cover is far in excess
of any expense incurred in the valves
themselves. It is very seldom neces-
sary to repack a valve, and where this
is needed it is usually more economical
to dig up the street than to maintain
the well. Should  the stem become
broken or bent, even with the ordinary
well, it has often been impossible to
make the needed repairs without re-
moving the cover and possibly some of
the brickwork. Under heavy auto-
mobile traffic it is almost necessary to
use a malleable lid to prevent breakage,
and this adds o the cost still further.
For a gear-operated valve the vault is
thought to be advisable, but not for a
straight operating valve 16 in. or less
in diameter.

Inspecting and lubricating hydrants

Fire hydrants serve a highly im-
portant purpose in the distribution sys-
tem, and it is absolutely necessary that
they be always in first-class working

order. At Terre Haute two general
hydrant inspections are made each
year. At these times the hydrant

is opened and closed, packed if nec-
essary, the revolving nut is lubri-
cated, nozzles are properly leaded and
drains are opened. In addition to these
two general inspections, frequent visits
are made during the winter months.
Where the groundwater plane is above




