THESIS

-i-i

A STUDY OF THE RAINFALL AND FLOODS
AT EAST LANSING, WICHIGAN

GEORGE R HAYES RAYMOND J. DEMOND

=
i

1218

-




IIII AR

e 1293 01706 53:9; N

SUPPLEMENTAR"
MATER:AL

iN BACK OF BOOK









A Study of the
Rainfall snd Floods

at
East Lansing, Miochigmn.
A Thesis Submitted to

The Faculty of
The Michigan igriecultural GCollege

o o ‘&J"“
George R. Hayes Raymond J. DeMond

Oandidates for the degree of
Bashelor of Solence

ey, 1918.



THES‘S



INTRODUORION

The purpose 0f this thesis is twofold;:~
l. T0 develop a formmla whioh oan be used dy precotiocing
engineers in the design of sterm water earriers.

2. To enable forcasts to be made of the rise in the Red
Cedar River at Bast Lansing and the Grand River a$
Lansing for various rainfalls likely to produce floods.

In view of the anmmal destruotive floods in this
vioinity this latter information is of partioulsr value ia
warning riparian owners 0f the likelihood 0f £1004 80 that
they may take necessary means t0 insure themselves and pro-

perty against loss.
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IRTENSITY OF PRECIPITATION.

Jor the design 0f sswers or storm water earriers, the
intensity of preeipitation is very important. The anmal,
aonthly, d4aily and hourly rates are useful chiefly in prodlems
o2 water supply, dut useless in sewer design. The shors,
sharp shower taxes the capacity of the sewer axd forms a
*£1004 wave" parsllel to0 the fluotuatiom in intensity of the
storn at & time suffiociently subsequent thereto %0 allow the
water t0 yenoh the sewer from pavemsnts, yards and roofs,

Until recent years no oonsiderable amount of trust-
worthy information on intensity of preaipitation was availadle,
since all rainfall records inocluded little more than the total
precipitation in each storm. Moreover not until the establiskh-
ment of self-recording rain-gages became acmewhat general and
0% until these had been maintained for a sufficient period
vas there sufficient informetion on which $0 predisate definite
statements as to the relation of intensity of rainfall to $he
length of time &uring which the rein might fall continmously
at any given rate.

Kitoliing in 1889 investigating the rainfall ia
Roechester, . Y., studied smuch records as were availadle and
expressed formulae, fron the date, for storms of periods less
than one hour and for storms grester than ome hour,

Prof. Taldbot in 189)1 analysed in detail the rainfall
Te00rds reported by the U. 5. Veather Bureau. 7The greater
pPart 0f tham were records of ordinary rain gages, dut in a few
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cases were those of self-recording gages. Thus he devised
formalae for intensity of storms in eertsin pearts of the U. 8.
But these formulae are genersl and do not f£it any partiocular
oity. Recently with ths increasing use of automatie rain
gnges and with the greater use of the rational method of de-
sign anong sewer engineers, the reeoxds of automatsic rain
gsges in the mores important cities have been separatsly
analyzed in detall, and ourves have deemn prepared which have
been used as & basis of design in those ocities.

This is whaet the writers have done in Curve III. Ve
Plotted the points, time in minutes as adscissae and the rate
©of rainfall per hour as oxrdinste. Then we drew in a smooth
ocurve which would take in most 0f these points but not all of
the sovere storms which is never done in any case. It is eon-
sidered a waste in money to put in big sewers to carry off the
water for those storms which happen once in ten years, or onse
in fifteen. Hence for Hast Lansing we have a curve which could
be used for sewer design. JFor any short period of time, say
ten ninutes, follow up until the eurve is struck and we read
8.8 inches of rainfall. That is, for ten minutes the maximnm
rate 0f rainfall whieh is likely to ocour here will de at the
rate 0L 3.5 inches per hour, exscept those nnusual storms which
ooqur onee in ten or fifteen years.

It is customary in designing oity sewers to express the
Zelationship between time and inteansity of rainfall in the form
of an equation. V¥We derived the equatien of the time and in-
tensity enrve for this logality by plotting the curve inked in



black as shown in Curve III. We took values from this curve
and plotted them on log-arithmetic paper. The points were
found to lie nearly on a straight line whieh indiocates thas
the ourve was of the form Y = a x® ., Determining the oon-
stants from the empirical data we have Y = 12.5%X ~ °588
Prof., Eoad, of Michigan, m working on the design of
sewers for Ylint, devised s modification of the Talbot formmla
which is more easily adapted t0 l1local eonditions I = R 3 :0”
where "R" o maximum rate for ome hour, "t" is the duration im
mnutes and “I" is the intensity in ineches. By subdbstitution
in the eguation 0of the time and intensity curve, we find that

x-n-t-%'-o- which 18 adapted %o 3his locelity.




FUTURE RSTIMATES.

Where rainfall records of only a few years must be made
the dasis of engineering computations, it decomes important to
inquire how relisble such records may be.

Alex. A. Binnie, member of the Institute of O. K. draws
some conslusions in the Soolety frooeedings, Vol. 109, P. 89 -
172. He says "Dependence can be placed on any good reseord of
twenty five years duration to give s mean rainfall correstly
within two per cent of the truth”. ir. Rafter reviewing the
Paper says, "For recoxrds from twenty to thirty five years ia
length the error may de expected to wary from 5.25 4owa %0 fwo
per oent and that for shorter periods the variatiomn of the error
is slightly higher”.

Mr. Henry has drawn the following oonaolusion. Jor a tea
Jear period the following wvariations from the normal have

eooured;
Jew Bedfoxd + 16 per oomt -~ 11 per oent
Ofneinnati + 20 per cent -~ 17 per cent
8t. Lohis + 17 per gent -~ 18 per cent

FS. Leavenworth + 16 per oent - 16 per eemt
San Francisoo e 9 per cent - 10 per ot

ir. Henry found for a total 40 year period that the
average variation was ¢+ or - § per cent. But it 1is a fast that
the rainfall for a partiocular locality may average aonsidersdly
bolow the mean for many years after which may follow, perhaps,
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an equally long period of surplus. A study of Curve I and
table I verifies this statement, and also agrees with Mr.
Henry's conolusions. ZFrom 1876 to 16858 the surplus over the
aversge was 15.3% and under the average by 15.8%. The mean is
51.84 inches which is the average for a 50 year period. 8¢ we
may expect this mean to be about 2,58 + or - .

In designing water works in England it has been the
ocustom to assume as the mean rainfall for the three driess
yoars 80% of the mean. In this ocountry the lowes$ peroentages
for the one, two, and three driest years with the exception of
a fow oxtrenme cases are adout the same over a large portion eof
the U. 8. and may reasonadbly be plaeed a$ 60, 70O - 78 per sent
for the Rast and South with a reduction to 50, 60 and Y0
respectively for the Northwes$ and plains region. Looking at
Tadble I we see for the region that the uﬁmtm for the firss
three direct years are 61.8, 67.4 and 78.8 which is very
close to0 the standard of 60, YO and Y6, Detroit gives 68, 78
and 79 with a mean rainfall of 32,8 for a period of 46 years.
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THE WATER YRAR.

OCurve Il. Max. Min. and Mean Memthly Rainfall Ourves.

The Maximum Minizum snd Mesn Monthly rainfsll curves
show the monthly distribution in the mean ysar as edmpared
with the minimum and maximum rsinfalls for the various momths.

Yoxr sewer design these surves have no signifieance,
while for prodblems of water supply they are adsolusely nesessery.
Especislly valuable is that position of the diagram which
divides the mean anmuel rainfall into the three periods whiech
constitute the "water year”". It is oustomary, in engineering
problem relating t0 water supply, to study the run-off in
three distinot periods of the year instead of the calender
Jear as a2 whole. These three periods together is called the
"water year". The first period which is from December to May
inoclusive is ocelled the storsge period, the second period,
from June to August inoclusive is called the growing peried,
nn;l the last from Septemder to November inclusive ies called
‘he replenishing period.

Such a Alvision 0f rainfall into the periods oonmstituting
the water year should bde followed by a similar 4kvision of the
run-0ff of the Red Cedar River at East Lansing, t0 enadle &
thorough study to de made 0f the relation of rainfall to rum-
off. It was the original purpose of the writers of this thesis
%0 investigate this relation in detail. Yaock of time, however,
makes it impossidle $0 prepare the runpoff data at this station
with anything near the precision of the rainfall dsta,
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and any comparison between rainfsll and run-off distribution
not based on data of equal relisdbility would de futile and
worthless. Hense it is with regre$ that this interesting
relationship sannot de incorporsted in $Shis thesis.

Bome extremely interesting and useful informmtion,
however, has deen esompiled %0 show how the river at Zast
Lansing and at Lansing responds to reinfalls of varying de-
grees of intensity.

7.
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RIBE IX RIVER AND ITS8 CAUSES OR CONDITIONS WHICH WRRE RXIS®-
ING AT THE TIME.

Vhen an attempt is made t0 study the cenditions which
cause a repid rise in the river, diffioulties are emeountered.
It is important t0 now at what time 0f the year tl;o rise was
neted, also, was the run-off melted snow and Lee or just the
rain which fell during a storm? BSimilarily ether csuses should
bo sought vhich =migh$ influense the rise. JNO attempt is msde
here $0 get tho exaot m—ott hut to stuldy the oconditions whieh
causs a rapid rvise in the river or in other words %0 study the
flood oonditions. MNetoalf and BRady, Vol. I, discussing floods
8ay, "It may hapren in some cases that the meximua flew of
streams will oeoux when a warm rainfall wpon anow alresdy oa
the ground or vhen the ground may bde ocated with 100 in such &
manner as %0 present a praatically w‘rvq'pu surface, ss well
88 sllowing & portion of it t0 melt and run ¢£f with the rain.
In those ocsses the total run-off may eamount te 1008 of $he
preocipitation or even more. In the case of streams of oon~
sideradle magnitude, where the time necessary for consentratioa
i3 several hours or possibly even 4ay3 and where the max. rate
of precipitation, which probably prevailed over dut a limited
ares, is s comparatively small faotor in determining the max.
rate 0f run-off, mex. fl1004 conditioens are . pertioularly
1likely to oeour from rain falling upon snow or io®. In sueh
eases it is desiradble to estimate the approximate equivalent
of the snow or iee upon the ground, in terms of depth of
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water. The U. 8. Weather Buresu "Instruotions to Go-Operative
Observers” states that whan it is Lxgpossidle W measure the
wvater equivslent of snow by melting, one~texth of the
measured depth of snow on a level open plass is 10 de taken
as the water equivalent, although it is reocognisned that tais
relation varies widely in different cases, depsnding on the
wotness of the snow. The water equivalent of smow mey be as
grest as one-aeventh 0 as small as oue-thirty-feurth of the
depth of tho snow. These figures apply %0 recantly fallem
mow,; the water equivalent of snow which has been on the
ground for some time amd which is therefore oompasted to some
extent, would be greater. R. E. Eoxton statea in the "Nom$hly
Teather Review", May, 1905.—

“A11 records indicste thet for the heavy and persistent
Snow agewamnlations oocurring in New York and New England, a
progressive growth in the water equivalent per insh of snow
on ground will usually take place as the season advanees, due
%0 compaoting by wind, rain and pertial melting, snd to the
weight of the superincumbent mass on the lower layers. fThe
water oquivalent of compaoted snow acoumulation is eommdnly
detween one-third and one-fifth, or at least doudle that fer
freshly fallen snow.

“Phe relation between the thickness of an ice layer sald
the corresponding depth of water is moye wniform, emd for
praatical purposes one ineh of iee may de aonsidered as equiva-
leut %o 0.9 inoh of ratm.” o

In the case of sewer distrists, max. run-off is mued
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Xess likely to ccour fxem rain falling wpon snov or iee.

Rains 0of great intensity are 0f comparstively rare OeCurrense
Quring the seasen when smow or ice are found. MWereover, the
effect Of snow wpen the grownd wuld ususlly be 0 retard the
flew of water, to-ﬁwutmauwmu;mn-u
heaviest precipitation, and esauuing the Fun-~0ff %0 be at & mexe
gradual Tate than the rainfall during Shis porticn of the sterm.
It 1s, however, possible wmnder extrems oonditions, that max.
ran-ofL night be caused by s warm rain 0f heavy intensity
following after a period of eomparstively light preeipitation
by which the snow has been saturated and nearly melted, se that
ths max. rate 0f run-eff might even be in excess ¢f the greatest
rate of precipitation, and the possidility of this eondision
must always be borm ia Mind."

A study of the graphs in figure IV will st enee mhew
that the greatest rises in the river have eosurred in the menths
when snow and ice have bdeen on the ground. This condition
followed by rapid rise in Semperature with al ight precipitatiea
have produced ocur greatest floods here. For example, oa
January Slet, of this yurl.a'&oro were 18 inches of suow on the
ground in oompact form. Varm weather with slight preeipistation
followed and dy February 18tk there was oxe inch of snew. IS is
safe %0 say that all of this melted snow ran off in the river,
for after Fedruary l4th the river was never less than 7.3 ft.
deop. !ho height oulminated March 15t%h when after 1.70" rain
foll in 24 hours upon snow snd ise the river rose %0 12 1%,
deep st Nast Zansing and 16.8 £3. at Lansing. B0 we ses $hat
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our greatest f100ds have oosurred vhen s warm rain fell oa

16¢ and snow, and heneo we sar expest t0 1ook for fleeds in
these months, namly, Jsnuary, Pedbruaxy, Mareh and posajidly
April. 70 show how the river is affested more by melted susw
and iee Mun-of?f than by heavy raias 100k at the graph represeat-
ing September for 1917, 8.14 inches of rain fell in 824 hours
‘he heaviest precipitation reoerded here and yet the river rose
only l.d'e 7The 4ryness of the ground, of eourse, kept the
river from rising very mudh.




.
TN

SRR et |



1e,

Graph V is a ocurve oconstructed to show the months in
whioch fl00ds are most likely to ocour. The curve for Rast
Langing was constructed through points which represented the
number of times the river has risen over 5 f£t. for esch month,
the curve for Lansing for those times which it rose over 86 f£3.
These resords were takem from the period of 1911 - 1918 in-
clusive. The curve shows the greatest prodability of floods
%0 oocour in March, which agrees with the records which show that
the three greatest floods that have ocourred here sinoe 1904
have eome in March.
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