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1 - Cumplextiten of the Mydrelocte Fhanemess
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S0t of Lochyetel Lnes may held saly for the parbiesiar instent
14 Tefare 1o, aog Shere vay be & 1fferent set for ansther Lasteste
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Jlot auch an equatien of surface in

e witbar, by asiimiog & value o x, oxlela
rlses of T for o

erud values of § in the yarticular x = plases

£ the wure fox otner vets of ¢ by Lasliminsalues of X1 oF

e

tesiste

« of F where x varie sa differvat b = plar

o
i very conoaption of'two veye of plotiiay sn suuation of surfase
eadn 1o the twe mas

o of Tatofall and uneff corvelattens In
e fomer, by tracing dtetanon o

b atserant z-plon




B

104 vhe yarogragh for say o

X8 m, (x4 s deftotie value)
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5. The Theory of instuatensous dyaregruph
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Ares, with the onditions @at the Fatefall ts unifers aod that

ihe rate of water losses 1s nile A differval istensity of rio-
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Maee Suzplics with ssms plotures of ohannel

wres
e o rough ettt
tupplementes by the reessded Bighest marks of Tisod £l

7 Lol pecples

2. make & tble showing sevemsl srrespending velaeo of time

124 the saxtaum wres as covered ¥y tus time contoursshl thie faser-
nlef tise. Flet 18 on eress

sapers e ourve win
miurelly stee frem t 8

@ate shoving maxiwm tateneities of retafall

Vo biined
cenmary 1254 Trm
t1on jupers

Tlot 1t en the auze oross

The ourve s111 ve waymptottc to the axes

o WuCiply the sratmates of the tws curves o sace times
for several polata. ¥1o% the prosucts on the suca paper, peying dve
SHention to the cattes The saxtmum procust \e the Meculred peak
e
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ue 1t 10 evidease

The underlylog theory w1l a0t be treo

Te bt betng

e Lden Lo 5 Fing the maximm value of Ly vhere
tog wtth b

rensing with §,vhile A tosres

18, ‘o the Uait draph uetnod

Laoently the ntt grash cathed hes baco Wil ckniuledied
of ruinull ans

u » device for resolving the oomplex rel
Fmeoffs unlt nydrogrsha aad dlstrivation grashe bere

r of rivers lo the untted tate

iderarie
x cupply Peper 772, “Ghudie

red for u o

of lations

wvitaned tn the

of rintell wod iwn-off in the Usied States, by e He oyt wad

haras
Defintag the theory of the waLt grash Laxey Xu cherman, the
Mhat, "For the sims druinage aress

sroponer of the thecry, stal
Abre Lo » defiatte tovel floed period ssrrespending to & given
Feiafall, aoé ali ooe-tay Teiafalls, regardless of lotecelty Wil

cive the ssas Length of vase of he kyérogmshet AT & glwn ones
fay rainfall procuces & ne ineh fepih of Fumoff over the given

dratnage sren, the Rysrogrash shoving the !
b mregh for tat vatersnede” e

st wnteh the runeft

pal 1o the net deptha of muinull in

Mae are strectly pre
the beae of the fr e

that sume it tlaes
et

10
Marrill ae Sererd,  1n 1934, devele

oertatn features of

11 by nte Traph secnots
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of tne atotrinution
b und pluviagraph, aod eugqested sertain relutions between
MaTall and runeff within the stors pertode

e

reshe are w11 deteraioed snd woplled resrdless of
e doration or watuul fatenstiy of ralafalls

A1though thelr sethods have net the test of reprosueing the
sresn hydrogrash

roxtmately, Voih chaman wnd Jermard hav
st Bewaver, proved 1o thetr i

o the a0 fun

el prin

Sles that bave been Latd aa the foundation of tne nit grasn
theory. ta

« astintse

0%l 1008 peries and & derintte dle-
AFLbULLom of runeff, Lrrespestive of the intemsity of ranfalls
Daretore, these priseiyles san only be token
iytag he Shersan's theorye

eunpttens under-

It Le avidens that Both Shese assvaptions are not trus frem
e theory of tnatantans

Ryaragrush, Wt ace

1y spproxtaates
Tirt of A11, w1¥h o glven sacunt of ratnfall, say, sas
wrted 10 one day, the

n v
o

tal loo¢ period (und anos the I

pend ugon the duration of rainfall, tht L, whether the

tow tes D,

4 G1ven ot the Seglantns of thte path, shere the veiter has oene

Hoaed that the lastasteneous Tleod perisd, o

\soe upon the tatenatty for a given wmouat of reinfalle

|
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yext, e ordtoste

914 not

e aaintte,

of tia untt-grepn o
Wt anould very woesrding b0 e duretion of relefells -tuéytog
arefully aquats:
of the ourves O Aand D ¥ on the

(2) to (6], we w111 Gotion thut the orsinies

1o aode of te hydrogrus do-

peminad by 104 gt
.J % fa0) as_ (6) for v o te 10
hile those of ‘The svmatutng portions of toe tyarsarash ae

(314 (6) cng (5) £or &8 D te tao are nos,

w e [C a0 @ (@), for ¢ equnt to v

orv dertatse,

Mt are fanottons of the duration Do Secsvse he hydrogrech cva-

e snms exemple for the 3ig msddy River at Tiuar

itoets
454 %0 the atorm of Cotober 4e8, 1910, has Veen worked sut by e

sheTeever 1t actuclly shoul? be 10F days. slace there wne no min

B0F FUBSEE fo the Clret Wil duy then the @

ndurd unlt greph vas
Gtersioeds (D8 32 hres) Consequently, the tolel fleed perisd
o catert

by the untt gresh method may sotuslly have s saximum

eibie arror of one day's time tos long, 1T G methid vaes one
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o asoouat of thelr squel Vase, the ordlustes of e tre

anxtme

Rot 41fcer rm cach other vary muoh, b

Wirsgreshe
Unergenos
Bestdes ke wrove

ety 285
fallaoles of the valt graph

rlous ereore tn the re-

1. Tate e the sesson why whe
Wpteds “an 10 many

imelto sotence, reitasse fa placed to the fullest
tlarie st

Wase of general relations

pertaente

merinental stage, s0d thesretteaily ané praciicelly shers appear

o il de-

"
risee.”

Mattattons of applicasion that have not yes
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IID - The vmbe of ater Lo

13 The Paememene of laftltravios

Jmong the several aguncies of wier losses, lnfiltraticn of

of anich vries Bobn ith tie am

1 cosatdenations

X given sotl of definite volome snd weight bas & cefinite

Fore apace wbieh mey be 00cupled by ALF oF by vater, OF siured 0y

What they seeupy o relation Yo the sotl purtioless
The dygresespie and empillary wwter arv Voth fils forms) wat
U0y they surreend 1he sstl partiele, betng held partly by ihe at-

Negine 1o fom. The Mes of demeriation bevsess Nygroscoplc mud

ary sater te o

o forma say be eonsider
i,

of mevemaat, the be
lary fila. S18h change fo any controlling sonsitlon, cuch o

\emparature, bygresaspie mey chimge to ceplilery, oF vioe ve

8 the euptilary water contlnu,

Abteker and hioker, a point ls a1 ast Feached ot which gruvity




overcones the surta 4 wot orope of mter

fors shton tend to
Lo sovement by the attractien of gravitys Free, oF grevi-

Vecones pressnt in she setle f weter

Le 48131 added, the gravitational water contimues 1o Luorense until

atr e tursted oondttton

b antirely dtspluaced ans &
Fesultes Cintlarly, there may e n change of eapillery o frer

with s onange of stresture, Semjeruiore, or

water, or vioe vers
i
precaures

The fresdom with wbioh vater s1ll move tnrough

e

fon of gravity and eupillaridy depends upon the factore af-

feattng these

Xinds of mett

™

piilary msvemsnt may go on fa any direstion in the eotl,
slacs 18 10 largely tndependar

of gravitys you nter satersl fiels

oonéittons the adjuatornt tende

ke place very largely tn &
1 dirvotions hea & sell s exposec

410 are thisses
e

water moves uprard fo saj

xplatoe why such large quaatites of eoll water
v loat

reptdly trem sn exposed sofls King shoue in the

Wlasensta 74h Taport, p 101, the folloving results from his

pertmeors

Uater avaporated tn 1

« datly per squire Toots
Dlatanoe of
From orovnd

e R Tt
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Mexture and strsture of the wotle
hare ralnfell e hesvy eneugh, gravitational Clow tukes
Slace throusn the pare space proper, and wlss throush the erucke,

the wora tracks, the passages 1eft by the deeused rosts wod oter

ntin

srentittons opentngs 1n the sell. Tha peraslation yrec
the aooe 1s renehed where the pore epcor s completaly Filleds This
f0 the water tadles The factors affesting the mevemeat of grvity
ruature of

flow arv Vemperature, pressure hesd wnd Gexture and
e

The surface runeff may range all the wy frem nofbing b8 ale
at-

nt torality, sacording 1o the mature of the soil and the

Hon of 1te orfases Sandy sells, espectally whan ooarse, mey

Avsory tostastly even o very hesvy mifalls Heavy olay sotls

"un dey W11 At fiet ales avesrd quiokly quite s Beavy precipi-

wttons Nowerer,

e ount rumerrs




areut dtstautton

=l elay pesstcles fn
aonetitting the

the naturally poddles cenditlens The purtiel

olay are no longer sgeressted, aod their colleldal “gel® evating

.
atetnianes vy whe

oome extremely seails
inarease of friotion n tha ourrow chemnels, WL In he cuse of

Slay their diaemeions have ecome w0 smell thit srevably the cun

She runge of
ted from Floving ot all, end oaly moves by d1f-

Sependent primartly on the textere of the soll, ite steucture &

—]

luding shriokage oracke and ehasosls Termed by de

antzale, and e affected by the oharecter of e:lts fn
4 the tespertures Furthemsore. this mte

e
o1

2o stnee the eglontng of Tulnfull

aterielse The aplllary ries Lo against grevity shile the dovae

et nare

wart perosiation 1o

Joelerated by gravitye doth an pres
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for sompartasns
‘otinyts axpertasats’ of pereolarion
110 one deep, the water arop-

re made vicn

of werstag smut
a
Folontag conelstons

Slaces 1n tu

sonetantly on top of the seil columns lfs Fesulte guve she

(1) snter o conduoted dovomard more malaly tre larger the

11 partioles (Lees the less cupillary atimiotion extate)s

\2) The noa-oapiilary totersvioss of tae

Aovaward moveoant of the wmters (iu

strustion of the soll parsiclenls

(4) The mepiatty of dreisage fo » grenular sctd is fsepend-
19t of the stae of the graine

usatons, tie £

Ao & recaptivlation of the for

tug o

Lovtag sonciustons on the Fate of faflltrution wre deduot

(1) Segtontog at the fostant the Fais toushes the ground

the rate of fofiltration, 16 genersl, decrenses fros o maxime

L1y te u more or less constunt valus ie b Fesull of U

Lotton of enpillary snd gravitationsl flons (e

; Kaptllare Letty

ere tn Yodene
et trageins ans 67, aod 0, 1684
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e time required berore nulataining & ecnstent rute 46 eods opon

tictog « saorter tiae

by & heary ralofall, hte sone of

oende a1l tie tiae Tolloved by tie rercsluting vaters
Taarefers, there 1o Farely ¢ case of handred per oent rvmefs

axeapt under one o€ the follosing conditi

et ae The wter tenle

16 60 Mgk we alsost up to the ground surfeoes Ve in the cuee

of hervy olay aotls, the bemblng of rain drose compeots the sur-

faoe, the

y foraing o \emporary lapervious plastic ness st the
Fimt tec or thrve tnches Guring tne reining perleds e For
Flays eontatalng colletdnl mati

1t svaomba water woé mmedle,

s the runge of

Lecular forous, thereby stopplag the percolan
Hone

(3) The eate of peresiat

t6 w0 slow (ser Flge ) vhat

the vater tadle fe quite near the ground surfae, (4 feet
15 Lens] for most of the time the rercoleting water will not resch
10 vater table Vefsre & contineoue Tatn o

otse Therefors, the
laltial elevation of ater tadle s 0t tmportant in the role of
Wtieeations

ater L

It 1 evi@ent St the surface Femoff fron o dralnage busln

Bave v

T™he ondinary expression of Tuneff in peroeniwses of
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Falnfall, nowever, bas ao siguificance at alle i differeat wmcunt
of Tainfall w11l mot prepertiosally chente the smunt of Funoffs

The asownt o7 vater laases varies with the

In case the fotensidies of Teinfall arv bigh eacugh to supRly
ibe reculred Tate of weter loases at all times aod o all ylaces

hen the smovat o water lesser will evidencly be

e samt for say misfall of & same duratione The Taie of Funedr

the storm period wild be the dif-

suon & neg.tive Rydragrain atlL ve
Aefinite for any minfell nder the prescrided conditions. ihe

Aotal amount f water losses co found froc toa diffesen
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1 prectpliation snd total surfaoe rumerf for o
say werve us ¢ teod of Wits ®

7

Les 4 ant 8 give the saloulaster

1 karen 8, 19261 that fo T

it
sareh 18, 16300 and Wt n Tuble 3 18 april 6, 1628, The Timt

atorms

re mdy 12 daye apert in the oalender yese, 60 Uhat

¢ %021 axpeot that the teape.atures asd ground conditisne 40 not
U4efer from each other very suene

e Last stom, o 37l 6, wne

L 1, Lees, saren

#lo, although that of sareh 18, 1028 was nod so fdeal
44 the other tros LK should Ve moted, Bowever, that the azsont

e 1o

4 deped o sny my, spon the uslforatty
o storm elasrivat,

L w0 long s the ralnfall at oy tize sad
A any plaoe in the asta L euffiotent to supsly the requized
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he sassite from

e
« tavles ehow thst fro,

Ctusylng Ve 8Ltivution of flove (Solwma ¥)
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360 & Aethed of Detemmiatng the cmsuat of Sater Lasses

The theories and mathode as given (o Fart 111 Drainage Are

aaractaristion, are vas
PR

o three sesumptior

() 4 wntrom

vers Ahe antire ¢raioage ool
Loat tnrcashest 1t trip to the outlet

(2) There 0 no water

o that o211 ratmmster fs
ratned from the surface of the

rahed, and therefors, the rate
o retarald exos

u

qenl o the tote

Ay of ratpraale (3)
The ground conditiens are lvariable «ith the riring of river

tages so Wat thare e only urtag
any stors perfods 11 of these Whree omdiy n
Bardly ve obeerred in natures iarefore, sethods heve to Ve de-
viesd to take eash of them nto acoouats The pre 1
deveted v the eorreetton of the a e rest

L e trested
P

\ake tve snifors raiafalls, firet sseuming eo equal
oration. Thase tvo rainfalls are selested under those ooméiils

as presorived o the above sssiion, fowes that they oocurred fo

about the sume time of two years ss that the grnd

were about the aemes The tntenstt

e rate of witer 1

orever, vartes Lrregslarly with e three

ee %, 7 sad to

. rved ydrograshie ve Tepmvaeste
ws.To v figures Evidently, Myerogrash 1 ta due to the varyiog
Fatofell exsens 1, and fydrogrash 2 doe to rtafall excess 2. dut

o

hts scuroe of tne surface Fnerf supply (1eass the
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Fataall exouss) Ls ast mtfom

t 411 wAOh respast Vo X 7 o

say analyels agplied 1o the obaerved hysrogmash, eueh se that
hyrogrash nathod whioh axv a1l

Lo Tars 10 or the unt

wniform retafall with

suppont we pleh the Gfference Of the to hydrogrhe se show fo
g 70 This Dffarvatisl Fyrogrash ez fa due Gs S differency

o toe v satafall exeesses, oF Fe ¥Ee b o fo Exeds b e

Iatter, as sen fram the wpper dlegras, fs ecuel 1o e Exa) of

Iye fge Theredy, the irregulsr rute of water lo
tmrdly ve agslysed by the elavoration f humen ef€orts 1e sutemie

tlonlly sltntsated 1o this sisple processs

a thia differentisl dyérograch 12 s due to

ferentisl raiafall exesss Iy = Tgo v oen then Sreat 13y the

thaoryes of instentantous Rydrosrashe A tus
s wo darived 1a good for a1l caues of applicetion
for the date of the year on whLoh 11 ¥as deriveds

ordtomtes of the differentisl hysrogrish 1e2 e

xt,
mtipt

Ny s facter, I, the resulting hydrogrash Veing one

4wt o & ratarald Iy otk 5 water ossess Thts s snom dotte

In 7igh 8o Statlarly, If the ordinates of tha differvticl hydre-

(rash ase mulbipited by the fuotor the resuiting bydrs mh

Latter hydrographe sfies subtractac by thelr Fe

Adrographe shesld give o comen "asgutive vater 1o

e the one gives tn Pige 8



The Negertive Weder fors fychograbh
T j’,‘ wot—or-the-lamg e t-Hmet cantrr-

Fig 8 Water Losses Diogram




Ihe Flove a4 the sutles Bt

rves o1 18 eua ates ve

lyaed tnt: tnstantaneous hydregrephes The latter, of courses

W13 have the sme set or aete of Viee contours derived rom e

Aeferentia nysrograrhas
Mparagraphs of vater L
furestiad tyarograghe 1f thn lower dlegram 1n Tige 8 1a cmpersd
M8h Bge 1y Fart L1, 1% w111 be found Dt the sumver of lse

ue hydrographe 1o the fomer (s mush greater thun Wat

4f the latters o the latter, (Fige 1) the nember o Mafted vid-
o

duration of reinfall, sessuse there s e min felling
(Pige 8) nowever,
of duratton, Vesssee
Ithongh vae

After the end of dsration In the forme

Ayerographa after the

of water lesses ere s1111 &

* Losses 1o vaiforn (o the ares, the tae

ettnte e etom peried
1y, statlar o thome frod dtfcervoriel hdrograshe

e
proportiomal st Fespeotive tinsa. After vhat ench




i of the hydrogrshs 3y snalogys 1t n e generaltied 1o n
e vt for soy

antuneovs hydregns

»ith i tateial point
e ants

& tiee ¢ from the

nd of Buration Gy Lt muet be
15408 2o 41w polnt WIE bime § frem the end of hydrsgr,

Daredy, the teratasticn ourve can be fully determin

1t foltow
then, At these Le no mere new lustar

ue hydrograph to sters
"1th Vegtontng froo & pelnt § tes after the o

of ratnfall fures
Mons
1 ahout a1

ith times (seotton 1) Tige

0t Mse oontoer. in case the
aeral relation vetween the rate of

or 10

and o o
laomm, then the aquetiem of eaoh inatantaneovs hydrogrash on be
fimmalated. by sathesationl
1

:

onable short

nrtod (5

PLse @) eopestully for nesvy ratnfulle on sarvisss

Milee The end of thie shors ertas mes even secur vefory sctive

et s vegis

herefore. 1€ we st the origin of ez s a

hen setive runeff begine, (striotly, Whis abould wivays




s, for b

an

e g an

\s the sverage rate of misr loeses along the

e[ awa

[eqt) = exm)] @, )

0 4.

[
“robrmol, BN
.
- s bl
ot Lo & X
Setereotiattog Teoation (20), = bave
5o £al) - eyl = 10 (@)

1f the e retafulls vaed o LT erentinl hyirigragh wre

* a8 carent dumitons thens
R [tanteemy) = n-.(u»!))v(n)

The mathod of deterntntog and eMminating water lossas suggested




4l 4001 Lo aclving nydrolegie sroviess it can

Qunlly applied even 1F the unitegrash method Lo resorte

ton

interiytog thesry ta pesfectly sov

snder tne nattions

o

tng dn

111 71016 resuits of 1005 acourasy aless Hemevar, there Ls sne

Potat of defiatency that vauid We sertously oritictaeds e rine

Ary ssmption of the method La that the minfalle ure haary enoush

U0 supply the required rate JT waser losses at 1l ploces 1d at
411 Mmes. This eomdition can hardly be renlised o an mctusd ex-
ple et tne
«

toatng of reinfall.

Eround Le co Bign that 1 fax,

Tn, ahe suouat of water Loy

ihe sume, the heavier ratafell alvye lesing mere then the limters

verthele

1hte deftoteney sun be elininates If She origin of e
Arogrash 1a Vegue at tha tme shen soting rumefs begin

Por nos-unifem ratafelle, the

o4 at1LL nolds bt 4111 be

WIF1ed by e analyste given n Fart &¥e

117 & grester purt of the amount of weter lost ln & stem
(sqund €5 tne &

a1 prestpiiation atnve total umsfs) ic uttrivuted
" the {nfiltration ang deteation efore wettve Funoff begine, ao
ovrate determination of which 1

theretore, more tapertunt than

hydrosm he Thie taittel loso e 3

pends matnly wpon tie tnitied = totere
tioteney of the sotl an fmredtitely pre

nE minil) evidentl,

& Lower tatstad mota

floteneys Mare Ly o entirely

uttatte tatttal motature dors

sy 2 begin the wotive rinsff for
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 siven tatenalty of ralafall, vhieh osa ba determi

in e v

vy e
hown tn Sestion 27

b te the asuel tattiel metes
tore defioteney at the Veglaning of o relaally with the pres
minfille gives, 1% oun

1y be found by working m meny exssplen

1n ssajyets rem the definite fatttel mets!

Fioteney oo

tes by the Emovn Laitial wier 1o
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. IV - an Samet soalyete

17, he Tallacy of tie Constent 7lood ieriod fypothests

stion 8, fars L, that the

1t has Vars ahown a3

tant for & given

ot on » strews from

of the theery of tustsntenecus hydrogruphe Thts le

Vet teot B @
v Tlo0a pertos

1o which the writer olaised that S lostaatane:

the tine of ceomoentratten i & cosstant, irrespecitve of

ftye 1t WALl cow e ahovn that aven the Lt

te net comstant for different sterme
hypothaste wes Tirst estaviishes

he constent Flsed pert

by the late Bat1 Ketehltag who found by pie
o bastn that the hypoths
Zestery of Olvil ¥aginaers fn the

grephe of Hhe.

in sapteaber, 1650, the 3
Deport of the Cammittes oo 7iosda emplayed this Bypetasels to

rive floos formulas from hydrographes 1o this Tvpert, the cor-
on ¢t souaned, matoly dire

css of the hypethesis bas
4 the effact of dumtion sx given (o Fovation (1)e

(4 te stated on page 383 of the report that
(e total £lood perlod in & stren stresa, fn eo Tar as posstules
« stom sppronching its sencentraticm periods
from whioh 14 seems fwk e Somten @giopeng Jud et reslis

\bat there can hardly be & Tefn‘all lasting & des

. the Typsthests ales forma ome of the

houle be vases b

wavraston port
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tag xperinsny Sratis € have single peska or-pesks

4 tes close 0 each sthere

Dydrograghs, cx.vine
18 Tavle 5 of the Wlletin, for waiformity and Leslatien of the

ther uress Stations OF

rresponding raiafalls to the seard;

stove ettects

a1l fatne falling aftersards o not ha

fled ratafalla. It te required to

et two saoh minfalls, see
@rTiog 10 the suse meath, F1th oonstdersdle difference in ine

et

Two of the minfulls conforalng the above Tequirements hre
tiven verons

hireh 13, 1926 Thmasvers NG Yeraon  Ubasa  Stiley
e 3% 1 s

240" Lor P 2,600
ouor ous o.6r o.220
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(ror the firet 12 hours, ik

atty 1o taken as 0.167°/ar) for
the last € hours, intensity te 0:020%/hr.)

100 104 PRSI

-otra. o ou0n" ERCON T

(ror the firet 12 houra, Intaneity % 0,092%/hre, for the

Luet 3¢ hours, tnteostty # 002

/e
The correapending hydrograshe und minfelle ere Soth s
18 Flgs 16, The minieon teaperatures Befery Faron 10th tas b

26. Stusy of the Tata

he ratoranl

o of the it Tork arem as T

Eogineering Sxpertment Statisn, Uaiversity of Iltnots, has one

the ordimry reln sages, e Guraiions wd ntensities cun be dee
temtnes vy the

thot deserived fn eetion 7, Fart 11, ant

1y o methed to ve desartves later. Consequently, the srecent e
saple o applicavle adas 4o the ordioary avetlavle Gutes
0t minfalle selests

poned of tes 4ifferent ine

tenetate, vy one £ollo

by s gt ooes The 2zt ones
11 e neglested o the folloving cemputetionss Thin i

suces

ta error whioh, however, will net Ve considerable on socount of
Mhatr small amsunte.  Therefs

o the sl tntensities are




l0se

wre voth 12 houres

04367 o 0,032 toek per hour, sad the durail:
Tige 16 ehoes that the Rydrogrash dus to ereh 18t ratafall
10n hyarogrash tue to the saxen L3th

Jefore dstng this, novever,
Yo their souroes of arrores If there are

o fantures of
the hydrograsha, another hydrogrish due o the minfull of xareh
28, 192 ts given 1n Pige 17 for cowpariacas Thres Lrreguler
Zentures are shovar (A) bamp, (3) platfors, sod (c) a mtereceres

Jenerslly, the fmmttons of & hump o7 pletfom may be dus o ooe
oF the saveral possidle remscnss

(1) The lowering of Veaperature Velew 32°74 withia tro oF
vaes the thin layer

Shres duye after the end of the minfall

areh 30th to ApFil 351924, Just the tlae Lmsedtately after the
8 of miofull at dareh 29the Therefore, part of the overlasd
tie grouns Just 1ixe Semperery

pontuge, theredy cavsing @ geseral reduetion of dlachirgs
durig these dayme desr the et

the loe thaxs ruther culckly, ewsing an Vst

«ne henoe resulting in o hempe If this



-

oy | |
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100

Fresstog durios the night and thaving durieg the day say

A snall hump on the hydrsgrash, the range of xhi
dently, be wtentn 2¢ Nourse

i,

(2) The Leregelertey of u Tiver sestisn ales mukee tie ir
FOzularity of the appearance of u hydrosraphe i suc

o xiduntng
Of he chunnel ab n tage affords 4 susder inerense in the avall

age durin: ristag stazess o resss-
o thts siage, evidentiy,

i ataze ot thts g

ot vhen
toze onsecusntiy, &
encve tn Fie 27 a8 (3)e

Facson shouid, of surse, preveil
snosg a11 hydrograshe at the sume siages Thue, the plusform fn

o0rs at & dlecharge eqund o 123 ouf.

+ et tn 7 18
repency ts prowdly due ts the effest
o vaerves dtscharges.

Comaecuently, these plattorns axv of g
a6 henos should by no

ral consensenon

os be corre

a0 1o the cone of & te-
recerded potnte

(3) 4n wbrupt chunge of Ene mte of infiltmtlen along those
S50 contours with Tespect o their nelsnboring ones from shere
the wuter contridutes to the Jstlet ne Inclcuted by Bist jirt of

the observes hyerogrash ts woother sossible Tevess £05 un Arceguler

WPout equel to Bhe tntensitys han those waters with &




o e
110

Greates mte of flon, arrive at the sutlet at e times a0 deaizoa-

W48 by the tise contours, the hydregrash will evidently ehow an

tnerases of dlachorge, or ay Ve & humps Limtlrly. w pevvieus

pex a1o;

frovnd in u aertaln sone of time oontours causes & ek

4f the nydrograph st those time

. Lt cun be conoluded it Af

Feom the avove dlsousats
tole souroes of irregularitics, there

srefully searoh o1l the 5
f0 mo fenture of u hyarograih that cannot be axilatneds fhe dn-

ertooked.

of auch » atudy should never

porsan

he hydrograsha 1o T
sarisons ¥ith other hycrogmphe
v all features that ar comsen to w1l hydrographe sad 1o
o are nots The dotted laes in 7ig. 16 are o

16 ase thus duly corrested aTter com-

The general prinetsle 1 to

o0 auroh 12th, correspeséing fo & gage of 0,60
oe base Fiow ta there

ApFAL 6ty or 0468 foot guay
£alf111 the comditions of Care Ly See-

Zaxt ¥ for locasing the separation line of the two hyero-

to o

Clov ta horisontal, the separation s
of tines

grapha. ks the b
{atned by simply shifting horisentelly & constant phuse

4 phase of 4ads fuys 1o ueeds
27+ Adgustment of the Tuinfull fecords

nting « avorm over

The sosuracy of minfull records in repre

the whole drainege arec has azparently 2ot heretofore been cure




EitH

In the present exuaple, tnere arv four Tain guses

£a11 over eaeh Bilte square e
fost reseiving ures of the TMiD agee e degrer of acoivor of

corter ax;lanastons

harge recsrdae It 1e the fomer that ve shouls

1n oxder 1o ve eroste o tar

Aacuracy of the resorde 1 Chte fe, shvizuslys o pere
Hoant queation i the o

Hovever, tn the present st tuatt

oiher worda, the lutter should be a5 adjuated n to be oumotetent
it che formers
« suppoae to fodlos tne

An the two nyerograshe melecied

requbremente of Caotien @, Fare ML, it wouls

expectes thet the

fostented by the totel amouns of

1. hoals Ve the sme
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Ah of ruinfall sult(plied by the Iraisase areas

28,000 94800

hat the smount of

Falafell exoess (38,200) s the axva of the Gifferentiel Nyéree

sresh (26,600). 4t firet glunes, this dlsarepeny would spyear

ry grect, bt o elose exem

Son of the folloving sourors of
errore w11l ahow ¥hat 18 ta note

(1) ¢ 1ttle error in the Teeorded depth of ratnfull has

6erable effect on the totel ameumt of Rlnfull on the hreis
Inagton Just an error of 0.1 ta

oth casne 3,920 cafuse x e

4 of prectpiaation. The 9,600 eufuse ¥

tach, whion, (£ equelly divides

“mong the %0 rutnfell recorda, is only 04122 taoh err

for ek




fare 135, ihe svsompeive
o ratafeld s ee Bian that

haretore, the wmount of water
e the anes the
e

trer, the orlgine of tne wyarograrhs

o ae 1a the presest

“uen soting runerf vagl

two or Whree hours, the minfells o

EAking o A1fferentisl rainfall of 0.675 lnche Originelly, thi

0090 1ach, shostng & redustion 5f 0,275 tneh, snio

16 more thua
04245 inch, the smount Fequtred for balanslng the vater losses

Vo0 lenz ror

Are bulenceds After 1l 13 ot

tage of the averaze dtssharges, compu

PRI

uring dlachurges wnd resording gagess If such un adjostnent
1o made, the resslts *13 be se follemss



fron the 41fference of ratnfill

o sMgnt error 1n erther of

ords wre more

from dischurge recdings, the follosing adjuste
ratnly according to the reasoninge o

w11, Inches Amt, of Pple smbe of surface Amte of
rfeotive ‘oufes x Rr. flove, oilems B Ca
+ rvaect nes onsee
ofaam
[ p 3,200 0,700 1,80
2009 01 ava00 20000 pry
.6 23,700 23,800 100

fere, the unount of prectpitition for the sriuary Fainfall

Gurteg tia t1ma tus Bawe, 0133 ten, 10 esmridenedlaTt Jost by

“§ e STt unt the reloe

e nave
t1on tn the Tiret nowr te

ore wctive ronofs begane ifter



-us

teents the remlte shiow et the amsunte of mter
oasen are praztiouddy valuo
e recorded durations of refnfclls sre Lot abbs 13 heure

a given la Sectien 2. lowever, they wre 0ot doubtfule The

some errore. after

1gnt mlnfalls tamedie tely follostng ne
Chls L3Juotonnt s made, tha effective duriions should be 10 n

e totensities ave

houra to etmplicy the Luter camputstions
theny
1% 04167 tnon per hor
mpmoan ¢ s -

28, Determtnation of the Differential Aytrogrzh

Tved ygrogmash at the

fa nitnerte stat

0 "ar 12, un o

ted from minfill ex ™

ngtog station 1
WAGh tines and losutloas of the bustne in order €2 amalyse 18 by
o hysrosruny & diCfesential hyérograh

"

the cathet of tnstentan

©0 s untfore rataridl excenss This aan be

munt be founs 4 =

=y supertmpoaing two osserves hyaroruihe of eAfferant lotensitles

upon one cnother 3n & cumon tine wxliy o0 Uit e Fates of witer

TR p——

omn be wutemtioully elttmteds heverticless, tvo sioh hydrogruphs

of @1Fferent Intensitien ulvusn tave ceto of tlse contours dicferent

Trem ench others The velooiites of flov n the oume of the grevter

Byérogresh are wlweys fuster then those of tie mwller omes




BTN

eotssazs Lo corract sou of the tre wen the

Y

oonsary bydrugrein e fine
Bext e prisary hycrogrash s plostes tn sich
5 the secondary, that Shets comsen reoens

eomdary minfalle. (seley)

Dave @ifferent starting potats, the seoendiry lesetns
hiad the primary by b

ot 19 days, that O the Fomer svout 18} dure,

13 Nours. e totel fhoad perios of

Nelog very smalle Toe hydrosrayh, Sufleg, serress
Pondiag te the mosmdarys Seflely Vut follovins the time contours
o the srimary,

found as follova Let by and by Ve the sorres-

Las atochargen of woy

Point en Bukey and tufey 7o

sttvely. Then b b ouns by auiite
Slrtas by vy 19/18k, wd <a frem medtiotyng Gy by 10H/A0 e

14em Lo ¥o lesgthen he Seaxte sile lonering the eoréostes fo-
Tersely fn praportien ut every polsts a6 Gt dlssuunies froc the
aren taciuses v

& bme contour end the sutlet e tepresented
¥y Ahe sress under the hydrosrashs from € 0 to by wnd ©

o
iy are

AL for a11 corraspending potnts on the wss hyore s

abriekly spesking, & resession Rydrogmaph, when fully Luio
out, should Ve afiattely long, stnse She time Fequtred to whelly
«

o et Whe weter from o streem approsches fofinitys The helf
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aay ox 13 hour difference Lo nesllatdle for very lon: busess fher

fore, the mULeNIBH/I9 dn rather arditrarye The effect of this

approxization vill be ohserved atere

The primary hydrogmb obrarved sns the secondary hydrogmash

correated n Tigs 1A are repreduced n Fig. 10 From them the

Siffareutinl hydzograzh fe ohtuined, shich Ladue o o uatfors
Satnfadl exccss of 0,066 inch per hour me end 10 Bewr duratione
The ares tncluded
bre (0466 x 39,1000, b0t 1% Le found 107 e
L

Rytrogmaih shavls be 28,000

e

computations. Lt le a

ruoes

x curefully, w11l be found due te the origioal plet
forme 1n tae hysrogroshas

Tue oxdteates of the d1fferential Aydrogrash are then melti

S0 WLy or 243, o Stn e primary hydrogresh xithest

Seducting the ebsarved prisery hydrograph from the

Shattoras
Tor un fmiediite test of We Tesslte w0 fur biaineds & uni-
in aynthastes 13

fom minfali of wbost the swae dumation le v

oacursed tn uesoh 20, 1024, uné hwe e Tollowtiog recordet

hopasvore  ¥t. Vernon  urens  italey
o 3 17 1

10 aeke te € T G, =g [RT

LR e Lasae B3 leor

he aversge intencity durins the Fimt 7 houre ot 0.30° toted ta



e

4047 /Mru, “uring the gext 12 hours ot 1.32% total e Goll/hre

hooeratng to the prieary minfcll uses 1o anuiye

035" 1 Loct b

Therefore, ihe 0.3 ratafell dortar b

7 Bours Lo promuly wii laek for soletent
elafull can be tuien we 9.11/bre for utenats, s 1

[ fose

Boura for urstisn. The sbeerved huarogmih has deen fiven fn

Thge 1. -1h geound water lovs deduoted, 1t do epveduced tn
Mg 200
The sompuLed hyéragrah with 6 woseunt of water lossss is

Fount by multiplytog the ordioates of the Alfferentled hydrs oo
¥ the ri1ec0.21/0M86, or 1af7. ax thie lu sluply for & tests
10 hours s0 4a €9 be (e same an

e 12 hour duntion Le tacen
the durstion of the d1fferential hydrosrshe Sedveting she knowm
e
St La thas seen thet the teo hysrographs, comsutes amd

hydregraih, we obiain the computed hydrsraihe

are qutte close together espeotully sn the reacaston aldes

e ate-

‘ The arslirary sssumption of the 10 hour duration caune
| oremncy tn the riret three daye. e jeuk Cloes of the coaiutes

Byazogmun shew 100 ou becuure tie umtlon Lo teken o heurs
shorter thas 1t eheuld bes domever, tie diseresncy ln the jurt

K ihould be AtEributed to the ypraxizations sude

Vefers e

catusy Wyorsraih to con

1o the enulyste shen correcting the w
form to Ue time contours of the primery. (eorresting Culiay b

“ellag 10 Pige 18). e the secondusy hydrose.ph begine st w muoh
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g

e
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aze

Bisher river stage than the primsry, the veloattes of 1
Bisher in the scoondury during the fimt duye fenee Ui tine ovo-
toura neer the sutlet embre

rester contributing aress for the

secondary theo the yrisarys

ury hydrogrash to aeaform o the time o

hie ratte Lo greate
the tioe contours tn Voth ou

of serresstag o

4 te Suflig ta Pige 18 resulte tn a Gifferentisl
hycrogrash during the Tiret day hich Ls too lows e effect beo
been reflected 1n the cmputed hyirogreph of ‘Lis 0, und of courm.
hall aivaye extot (o 431 repredused hydrograshas

25. vetersisation of the snstantensous Hydrogrh

taneous hydrogresh le datersines

varaing to te

sethot desorthed in ceottons 6 asd 7o

« osmputatior

e stven

1o fable 6 wod the rewolts slovted in Fise

Lo found o e 1900
qual to the Lnteneisy of ratmll tlaes the

The uren of the tnetestensous Bydrog:

or, 0,068 x 39,100 = 2580

ee e error ta

Restly from camputattc

Le wrtues fizer, fron tie errore In

cempoting the Giffarential hydrograshs vo

soed tn o

veston
otag of the lact sestion, and then from tre T,

o utattons of
he tnatestaneoss hydrograghe However, sne sriter will not m-

vioe the ¥hele provlem. These Tesulie re jresenced hery jurposely
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Vo thow tne comuiore the effects of rough oaloulutlon

L atan
errer ot Begtantng oeumes wertme ol

Fesule, matuly becauee the errors are eumelutive Tather tan cor
asactives

sntfors ratafill Le selected to test the Fravite

40 socur-ad ou urol 1, 1927, ‘he recorded data re

Momasvors  kis Verson  urvass
w o

xareh 31, 0
[ S W R e s e

1z
The avecage value fx 10407 cad T famitds
Leat/o T 0uiv/hre e
Lo ceotion 31, wn wmeunt of 033"

® hours, dan

ity

ient Telnfull or many dara.
pe

to tofilimtten
Before aotive rumefs Vegmns Niere let ve teke Htobe 0,29° or

the Timd hour migralle

the effective duratien s only 4

e method of o

Uting the hydreqrash follovs thes &
he resalte ar

i
e tn ¥le 7 and ure plotted tn

#se 220 It Lo seen that the Biher part of e
srarh dosks Lke Lt had

enuted hyare-
AAftes to e PO oF the o

Bydrugraie ube Lo mainly e t3 0

Sf Fatnf.ll ans Lleo the wnseriiln darmtion snd Intensitye fhe

uncertutn tise of degtaning

arrore due to spproximations Lo trateforalng the secsndury hydre-
raih SU11) extat tn e part
s tobe expeoteds

£ the hyarogruch before senk Flow

e sexll rtnrelle courring eftereird
Sause mutaly te @l serepancy Vet

o the tee Bysrogtarkes he



uee

arrors 1o the oetantansoss hydrogre.h when 14 vas ouiculeted have
aton stae,

Ot Ween reweaded here grectly, excest oo Lae T

whloh o, Bovever, st{ll ooertein. 1t may heve been compenested

by the errore in sssuming the reiniall ie unifom witca Lo actuelly

Table 6 - Detemining the Ineteotanssue Gpérosnion
£(i15h)
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The
TMNLe 7 - Gempubing the dyerograph due 1o atafell
of wren 31, 1027
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0. Deteratostlons of toe Stme Senteure

Tue time contoura (7lge 1) ure located by the cethod dese
OFINd 1n Lection 10, fowever, She vork s very raugh. ant te
atep (8) or

+108 10 hue oot deen Followeds The purpose e
Berely to show the rader hox they Jooks In view f Loeuc
retacal) scattons, 1t to

© decimble at a1l t locute them aoe
®uretelys CAth the wsaistanos of the mey in front of him, the



e
wold

ender W understand vetter tie srinetsles as outlined tn fort ila

v

1990/39100).  Stnee tie o

(8) are plotted tn Pigs 210 3 cew
tae conteurs san e resdily ¥e found
ontrivutiog areas memsured Trom the mape

e

o free Mg. 14, hat the tixe contours may eolncids

though never eroms

b sther, suoh se those of Luz, 1o

*ien 205 hurse THe arie

from the pressnee of & alvide i

tveen the e e

teries floring tnte the maln streans
The peaks of o hkrogrepne of this Vasln alxaye srrive at
2103 nours ofter the ¥

otng o ratorelle, decause the pesk uf

0 fustantencova bydTogresh Ln proportional te cie longest time

Seurs (Guscien (13), Tert L1). fwy, the lengihs of tue tioe

0 8u% Brus 1648 Brey 1a2 duye, 148 suye, are all shorter

bre contour. Athoush the <ef Buye, 83 duw
eare loager thon the letter, ot tedr
o (fquation (13))tn cror

make the profut, T(t), smelle e very aivi

tag thes are oo alow ua to

etween the o
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Table 8 = Camputatior

)
[l

12 0,082/ hrs
rem Table 7

HEIHIT N

of the Contributing ares

st 1

..u:,mn_/'

. fhe
v
Ty an
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SFLOUGrien nentloned {n the Abuve Jaragrsh causts toe ZL3 hre

ooutier 1o ve sentrolitae

xeny other drataase sres s lscusned in

AR Liy onn be Tevealed by w arerul stucy of tie sresent exempies

4ot wllew forther atnousstoncs

In coneluding the Freseat dlecuestons, the wrlter aight say

At e examples pres

e thesriec and methods that na)

€8t t0 Teslize the axtom that If  theory or method fo correct,
Leusifie methods of logie, thls tieory or
Bethod must Ve corvect by 1tesife Ao emmple in pplylng it fo

Eerely o test Tather thas & presf. herefores the satler
6 thls paper should not be o

srovea vy

ory

thecrien 4od mesnode a0 far

0013 wivays be G1reoted tovard the thecries snd uethode thene

ivess




aass

Conciustons

eem ua engluearing oot of vies

re met purtioutarly

(atereated o the rbes of evaperatlsn, tramsplistlon, atos, ea-

bt a0irectiy, for ohiatalog the stresm flows. Therefore, ve
rouping them under ene head "the Tate of water
v

.y of datecting all phystoal sharusteristics
pertatntng to a eratage ares

t 1o them dlreotly Fron the
hrdrogragh 1veelfs Kvery Lrreguler fastum of an obaerved hyire-
arash worke in ascordsnce with prineipies that

nalybtont suy
1L revente

in Geveloping his thecries and methods for

iring hyarelorte
proviems, the writer has drew the fellesing emelustonst
(1) The tneary of 1

meatal vartavles, time and space, of & matural pha
t

oomatderatty

Lo the one aca smly theory that fo feastile
for actentifioslly anuiyaiog the hydredegio data for engl:

ring

(2) lueh effors has been made, and the Fewlts are o

ful, 1n applylns the theories and methods to the present sveilavle
ata of the vatted ota

he: Duress ang the Unlted itaty

Jeologtond curvey. Consequently, elthough the methods are Kigily
theoretionl, they ure perfestly prastisals

& proguot of the thesry of
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mEFOm Talntully Which hes never een Mitherte <de

PareLbler Sotermintng the velooittes of svarina flove o actl

eranton provie

1 resting floose tn river s mals

attosting
maxinum jeck floss ¢ amy point in a drelnuge sreas stes

) erteer

BAYe Neen made o the unitegeash method watoh

eXPetng G tmcsaracies and deficlenaien of tar methie

() e netnod of ttar.

L nvamzan to

ovmmented
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