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!'he general aim of the eydrologic inTestigation.e herein z:eponed 

was to determine the rates and amount• of runoff from small agricul

tural areaa. ln this initial year of 1nTestigat1on the pri11a17 achine

ment was to select nitable vateraheds tor nmo:U measurements and to 

establish rainfall and ran.oft '8,Cing installation.a. 'farious p~sical 

cha.ra.cteristica of the wateraheda were C!Pl&luated and storm record.a 

obtained. Published au.lytical procedures were applied to the collec

t.ed data for the determination of vaterahed runoff co~ficients and 

infilt,ration capacitiea. 

One of the principal reasons for initiating this study was to 

obtain design data applicable to Borth Central Oklahoma. Aftilable data 

for design purposes are mee.geJ" tor this locality. !heae data are needed 

for the economical design of all aechanical structuree for conTe7a& 

and impounding runoff. 

!o acquire data with the 'least expenditure of :ta:o.da, exista& 

hi~ culT,erta were used as now measuring deTicea. tth.e rela tinl:, 

rough measurements obta1ne4 were thoupt to turn.ish more accarate de•ign 

data for thia locality than those data obta ined through transposition 

from o.ther experimental watershed.a of disaimilar characteristics. 



!'he determination of rates ailli amounts ot ru.no.f:f' and their 

frequency of occurrence has been a jor pr oblem eon1'.ronting engi-

neers and hydrologists for centuries. lan7 early false teachings 

and bJ'pothesea pre't'ailed until the latter part of the 11th centur"7 

vhen Marriotte. Perrault and Bally abandoned the theories of the 

past and began actin experimental wo.rk. 

Marriotte, who discovered Mattiott•' • laV of gases, also 
known as Bo7le's law, probably desenes more than~ other 
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man the distinction of being regal'ded as the founder of gPoimd
water ~oloa. perhaps I should sq the entire science of 
:to-d.rology. l n his publications. whieh appeared aner his death 
in 1684,. he defended Tigorousl7 the infiltration theo'Z'J' and 
created m.ch of the modern thought on t.h1' 1n1bje:ct.ll 

lmmmeJ"able experiments and studies of runoff ha~e been made 

aince '1lese aen firs\ obse~ a?ld studied l\Ydrologic phenomena. 

!"heories and :tvpotheaes have been adTaUeed and cast aside. At pre-

sent h7drologist• continue to formula.ta :tvJ>otheaea baaed on pure 

rationalizat-ious. Bawner, eTtHl ~ugh the definite laws ~Terning 

hTdrologic phenomena a:"e tmknown. IBllT ot the important basic tac-

fac\ors are being applied in \he dnelopment of methods to estimate 

runoff. 

ln an attempt to deYelop methods and formulas for estimating 

nmoff, a l arge number of empirical runoff tonmlas e.nd CUrTee ha.Te 

been dneloped b7 engineers in the Uni\ed State• e.nd elsewhere. 

Munson.12 listed a portion of these formulas. including Kuichling1a 

Q, = CU, which &N applicable to the design of drainage structures. 



ln genenl , th our. a. were dnel-

op to ofter ean to dete n nm.off rat • an4 amounta 

for deign. rpe> e . • lnve ti~tore 4id n~t att t to fnsolate 

va~lou-s 1nfal.l · 4 runoff re1 tionship ,. Oft only one ~ ri ble, 

the dnlinage siz • eon' 1ned. in th to • 

to and others inelude int 11 int•nsl t7 as a riabl , in 

eddi t·1on to 4raina ar si ie. 

Undoubt ly th so-called t.ioDal to • . " • CI.A, s bee 

the most univer 111 appli .. in.cal formula in th design of eros-

ion control t1"UctuNa. severs • .highv 7 culvert. and. other 1:\Yd:raul.1c 

structures on eomparativ 17 • l drainage r s . Ja.rrta6 \he 

following atat ent in his d.i cu eion of th tioml ethod: 

he formul used in conneeUon vi th th1 method 1a one of 
th most c<mTen1ent yet dni ed for sho itlg tbe relatio of 
rainfall to maxi xpect J'Unt)!f fro res within the e 
of it proper use. s follows: 

Q. : Cl! 
where • imwn runo!:t, in cts. 

C • the percentage of verage infall appea.ring as run
off t \he end or th preseri'bed perlod at the point 0£ ebaer
va.tlon. 

1 • a era inf\ ll 1ntene1t7 pre'V'&.111~ dur1 the 
p ri,a in inches per hour. 

A . d area 1n 

llameerl.3 deser1b4d t :ra.tioaal ethod s follows : 

In \he rational method of co t1 flmoff, the 'V'arioue 
factors influencing runoff' are provided for in the formula 
Q a CU.. C, the co tf1e1ent of runoff', is th& composite eff t 
of all ~actors influencing ranott which ba<v ban mentioned.. 
1 . the rate of ralafall to 'be provided for , depends upon the 
intend t1 tor differeilt durations of in.tall for the pa.rtitmlar 
local.1 t1, and t d tion to be used tor &JJ7 particular ter
sbed is 8(lual to the Ua of cone ntratioa ot that waterah • 
Tl:m.s t t 1m6 ,of concent1'ation takes care of ch 1nfluencing 
factor• as the shape lopea of the vat rebed and the arrange-

nt and character of the drainage ehannela. ~o a ce:rt in 
utent , aleo, it ~ea acco,mt of the• getaUon on the water-
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shed, dnce the distance traveled and the Teloci qr of the water 
depend partl.J' upon these tactora. 

!he meallUJ'ements of ruJJ.off f'rom small agricultural areas ma.de by 

lwnser in 1917 and 1918 and the discusdon of the factors atfeetillg 

rnl3!)ff as a result of his obsenations, ar-e un.doubtedl7 the most 

Yaluable data resulting from ee.rl7 experimenta~ion. 

At tha~ time Bamser stated, "!here are~ interdependent tac-

tors entering into the relation between rainfall and runoff and it 

ie practicall7 impossible to eTalus.te all of them aceura.tel7. ti 

Xrimgold.9 llore reeetLtl7 points out that the runoff studies which 

followed sened to dispel the idea the.t ra\es of ranoff could be 

arr1Ted at b7 ob~ining a few 'f'alues of C and of times of concen-

t.rat1on. !he results of these studies showed that rates of rtmoff 

hom small natural drainage be.sins are not a simple f'anetion of the 

rate of rainfall, and that the expectancy of J"tm.Off is not the same 

as the expeetanc7 of rain:fall intensities. ln addiUon, great ff.1"1-

ations in peak rates of runoff ca.used by constant-l.7 cban&ing Teget&l 

cover, structure of eurfaee soil, and soil moisture condition over-

sbadov the relation of runoff to the intensity of rainfall. 

B;ydrologista now recogni~e the irrationality 1nT~lved in estim-

a.ting l"UDOft rate as a percentage of rainfall. Bnnoff le eaaentialq 

a residual and can onl.7 be rationally en.lue.tecl as rainfall minu• 

loss, of vbich infiltration is a major par\. lt 11 now possible to 

eat1me.te surface runoff as the approximate equi"f'al.ent of excess rain

fall. In 1940, Bon.er4 sated that &a rapldl7 e.s specific n.lues of 

infiltration capacity ean be made a'Yailable to the engineer the practice 

of appl.71ng a coefficient of r,m.off to precipitation,,..,. be expected 



to be abandoned. 

-IJ:11.e design cw.ta tc.s published by ._inser in 1921 contirm.es to be 

'the b~id.s u:po:ii t0hich the mJod ty 0£ the soil t..:n.d v.,~ter oonnenatioa 

structures are designed. HoweVQl", great adimncement ha:s been sttained 

trat:l.on th.aor.y. 

Uherman.18 set forth the prineiple,a of the ffimit }wdrograph.H in 

1932. !his methcd is based ttpon ·the eypothesis thz;it in .a:n:y dreimge 

time Yill produce ~r.lrogra:phs !n i.!hich the rozes are appro~i:m-~tely 

equal aI&!1 the ord.in.&,ta~ vary with the int-ensity of net rtd.nfall. 

!J:he unit bydrogrnph method ap1')e~rs to be q_uito satisfactory uh.en 

run.off hrdrogra:ph. 

The papffs r,ublisb.ed by !Grto1a.5,6 in 193'.3 .ud 19'.35 eontaiued the 

guiding principles cd method o! ~tt~ek to s)'D.thesise the eydrogra.ph. 

!i'hls sY?l,thesi.s was ba.sed up~!j. the illf1ltra.tion concept. A bwdrograph 

of runoff f'or a. :pa.rtialar drainage bQsia 1.rms ecst:1mated for an :assumed 

storm by fust knowing the sta.nda.l"d il'lfilt:ratioa capa.cit7 eu:rve tor 

th:a watershed. li!tlq' invest1gat,:nrs are now studyb.g &!.nd dEWeloping 

methods of\ deriving ififiltntion ea~eity ·curv!Ml. 

In developing inf'il tra,t.ion c:11?'VEHh ,mtel:), of infil tftl.tion »ntSt be 

derived. indirectly from thtJt rainfall and .Jl'Wl.Off measurements obt:aiued 

from plot &ad watersh.eci. a',ud.ie$. Wiltromateta mve been used ~en

siTely to provide a controlled, a.rtifieial %'$Wall on fl'/al..l plot.a. 
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Con.trolled application of a ter is desirable since arr; derived tea 

of infiltration are necesaarily approxi mate unless the rate of runoff 

1 s constant and the volume of surlace water in 1torage doe• not change. 

Infilt tion capacity CUrTes 'l'!IB;r be derived b7 ..arioue methods. 

In infiltrometer plot studies a first approximation to the in:tiltration. 

rate &t any instant can be obtained by the dliference between rain.fall 

and run.off rates.? When surface and channel storage cannot be neg

lected •. as in small watershed. studies, the procedurea used in deriv

ing any infiltration CtttTe ia more complex. Sneral t,echniques for 

deriving irdiltration ourvee he.Te been deTeloped. Generally the anal-

7sie mu.at be CP.rried out through series of sueoesaive approxima.tio:ne 

and for this reason is quite different from the techaique that 1• 

applied to aprln.kling plot stuey. 

Bornei-4 and <>ther iBTestigators have preeented mathematic:al approa

chea tor the detezm1nation of watershed in.filtration capacity curYea 

and Schiffl5 baa reeently presented a gNa.phical deriTation ot 1nf11-

traUon capaeH7 eunes. Thia method e.e baaed upon the tlDe cond.en

t1ation principle published by Bolts.n.J 

' .ilen the ildiltraUon capacity cunea for the different soil-co"f'O'

condition ~omplexes i..-e been deriTed. the CUl"Tes are then applied to 

a giTen l'&iDlal.1 to estillate the runoff tor each complex. !'he nm.off 

voluaes are then summed to obtain the design runoff tor the watertlhed. 

ll:I.Tes-U.gatora of lqdrologic phenomena predict that the infiltn.

ticm theory of aurface nmoff will proTide the dedred saUsfacto17 

deaign data needed b7 engineers to economical q design all aechanical 

structures for conT97iJ1g a!ld impoun41ng runof't from 9mall waterllbeds. 



.In 1929 o'bs~tio:ns were start.ed 8t Guthrie., Oltl<!l\ho~ on 1:3 

1;1atersheds ~gins; in ai:i:e fron 2. 5 to 100 ae!"es:~ ?.:1ea.$1ttements 

of l"n.inf~l .and rwao:ff on those vatershed,s have been .J,Bade eontina

ont1ly sinct'!. l:n 1939 ~tudies t1ere started. at Cherokee, Oklahom.9~ 

1 

on 9 wa..tershr,,ds mnging in a!z~ from 1.8 to 8.5 aeres. ln a.dditie,n 

at Cherokee there are ~ .. total of 48 plots ·and terrae.ed:. areas up to 

J} acres in size ou vhieh o'b1!!nrve.tioa.s t'l.l"e made. Fo?· geveral yea;rs 

:f'ollowing 1938 ·moamuel'l'l.e11ts wer.e made of' ra.i~all and rtmot'f from 

4 t'1ate?"s!1eds n~"\r lli.iakogee, Oklaho~. 

ra.ng.11 ng in si se from 14 to 61.,~ ~~es. 

~ He.re small vate:rshedcS 

lt will be :o.ot·ed trot the 

larges.t watershed in theaQ studies fu3.d an area of 100 acres. 

from these ve'r'Jf ~ll :.1:J:>eo.a thare is quite a jump to the size 

of wat&rshe*'.s in.eluded in the next group o.f runof'f' s~udiea. llhese 

st'Q.dies are the ~,ginga ot the ,rg.rious atrea.ma by tha v •. S. ~logi

cal Survey 1n th&t pt0rt og ,Pklal'i...o~ l:r;i.ng in the Arkansas FJ.ver B::1.s:in. 

~enty-three W9:te:r stage reeording gages are included 1n these studies. 

!heee gp.gas are ma.iruy on the l~ger st:reams and riwr.11: whose d:'ainage 

a;rea.a are :measured in sq~e mile.s. 

Jaetw~1 t-he two ext:i1'emes of the smll ~a the large wa.te,rshros 

is a range o.t drtdnaga area sizea on wlu.ch t.here are no data. 



!'his stuity 'W'e.s i"'ltiated by selecting five iimt.ersheds typical. of 

the Red.dish F~iries of Ckl~hom. ~a t.r~tersheds e.re loc;atoo 15 mllea 

north of Stillwi:l·ter, 01~1~,homa in foble County. ihe area is part, of 

the Otoe Indian lleeerv&tion and the :Black ~ear 'Creek Wa.tershed. · 

!f:l.ae general relief is modero,tely rolling to rollin__~, 4 to 10 

percent slopes :pred.om1:ne.ti:ng. ~8 dra.imtge !'S,ttern is well devel

op.13d on all but the f.l'.m.9,llest tra'terslled. 

All d.mine,ge basins t'1re covered Nith a t...-,J.l and ahort native 

grass mixture. Only a s100.ll :portion -0f thg e.rea is not virgin sod, 

and s-.ll ]?Ot'tions onee enl tiw .. tec. r~.ve returned to n.~tive grastJ. 

!he predomi:nttting ttl)land soil eti",ti.M. is Vernon. :Renfrow, lllrk

l~d, whleh were £ormei over Red-Ja:eds shale pal"en.t l'.lll:tterial. Some 

soil ty-pea develo:p(Bd over sand.stone ~ ~.lluvium are &lso present. 

in .gener&.l, the soils are slot1ly- to V'ery slowly :permeable. 

~es to m:easure minfal.l and runoff of thre4' wo.tersheds were 

installed ih June, 19.51. Data 0£ storms oecwrring through October 

a.re tabulr:.ted. Complete detailed l'"eeori.s of only one wate:r9hed ar1:t 

published in. this. report. but a feu r13co!'d:ri :.for other iile.tersh.etl.s are 

included. 
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!igu.re 1, the shape is r oughly rectangular. fhe length ia about 

three times the width. It can be noted Umt :no gullies ha.Te deTel

oped in the drainage pattern. The waterva;r h, in etfect, a broad 

gra997 !Wale. !he distance from t he farth at point on the wa.terahed 

to the gaging station is approximately 1500 t et. Upland soil types, 

Renfrow silt loam and B811trow silty el&.1" loam, are found on a S per

cent preftil1ng land slope. 1fh99e soil tniea are deep, tine tex

tured, and Tfl'r7 alovl7 :permeable. 

ft.e entire watershed is 'Yirgin sod supporting natiTe grasses, 

20 percent tall gn.ssea, 75 percent short graues, and S percent 

annuals. All of the area is pastured. At present, the cover is 

typical of areas in fai..r condiUon for Noble Count7, Oklahoma. 

Wate~aht'ld No. J, (WJ), contains 90 acres and is adjacent to Wl. 

( See fi~e l} • The shape is roughly rec\ang'1].ar vi th the le~ 

slightly less than tw1c8 the width. !he drainage pattern is well 

d.eveloped. !hree waterways tan out to completely dissect the water

shed. Jlrom \he f"ariheat point on the watershed to the pging st&Uo:n 

ia approximately J,00 feet. 

!he preT&iling land slopes of the upland aoil types are 4 pereent 

for Renfrow silt loam and silty clay loam, which comprise 55 percten\ 

of the vater8hed area, and 10 percent elope for Ben.trow silty cl&7 

loam found on t hft s~ep r slopes bordering the waterways { 3.5 percat 

of t he area). !hft r maining 10 percent of the watershed area '1• occu

p ied b7 Miller clay, a bottomle.nd soil type on a l percent slope. 

These aoll types are all d.eep, fine textured, and Tery alovl.7 peraeable. 

Covered with natiTe g:r&Hes, 40 peraent tall grasses , 50 percent 
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Jlig11re l. An aerial photograph of vatershede land J. 
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short ~sses and 10 p~rcent annuals, the 1"&?1.ge condition aTen.gee 

£air. 11 of thi~ virgin grassland is past re. 

Watershed No. 4, ( 4) , oontai s 210 cres. The sha::;>e is like-

wise roughly reotangu.lar sho in :f'ignr 2. !he len~th is s11ghtl7 

gr.es ter than twice the width. A main nhe.nnel extende ne rly to the 

ri f the wat~rshed and many wat~rw ys dis eat the ar~a. !he dis

t&nce !rom the farthest point on th - waterahed to the g11.ging station 

is approximately- '7000 feet. 

Yifty-five percent of the watershed area is in upland soils wi th 

a prevailing elope of 4 percent . fhe upland soil t-,pes Tary as to 

origin and type of :parent material. llentrow ver:, !1ne sandy l0t"tlll, 

silt loam, and silty clay loam, and. Kirkland silt loam are soil 

t1l)es deYelop d over B.:ed.-Bede shale. these de8J>, medium to fine 

textur , very slowly permeable soils occupy 40 :percent of the water

shed area. Lucien •ery fine sandy loam, vh1ch occupie• 10 percent 

of the watershed area~ is deTeloped over sandstone. It ls a shallow , 

medi'WD textured., :permeable soil. J'ive percent o~ the watershed is 

composed of Albion loam, a. shallow, medium textured, :permeable soil 

type dneloped on uplatld allavtwn. JottomlaDd &l.luvi'Wll oceup1es 10 

percent of tM w tershed area. !ha soil type is Gowen silty c~ 

loaia, a deep, fine textured, slowly permeable soil on a 1 percent 

elope. !he l'ema.inder of the watershed , :3.5 percent , ia classified 

aa .roup, br oken land {Vernon soil material) with a slope o:! 10 

percent or over. 

!Tntive gn.saes cover the entire watershed; 90 percent of the 

grassland is used e.s pasture and 10 percent as mead.ow . About 25 
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go.re 2. An aerial photo ph of wateNhed 4. 
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acres of the pa ture l and 1A an abandoned cul that ed. field lfhich 

a pea.rs t o he.Te been a llo ed. to return t o grass approximately fif

teen to t wenty yea.rs ago . I n gen~ral, the watershed is covered w1\h 

50 p rcent tall grasses, 30 pereMit Bhort grasses and 20 percent annu-

ls. Cover conditions s.r ~ quite n,rhd, ranging t'rom po r on t he 

abandone eultivatad l n to excellent on the virgin sod . 

Views of Wl. , lv3, and W4 t aken from the respective runoff gagi:a& 

atations and from points near the uppeP rim o-t the wateraheds are 

abovn in f'igures J through 8. 

W .t-ersheda 2 and 5 v erlf' not pl a ced ill operation. .lurther stud)' 

after the initial selection showed tbflt t he euJiverta were of 1Mde

que.te C!lpacity to confine the neak rates of runoff. 



Jiettre J. Watershed 1 :f'J'om the runoff gaging station • 

.. 

ficu.re 4. Watershed l from near the upper 
end of the watershed. 
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11.gu:re 5. Watershed :3 b'ont the runoff BJJ,ging station. 

ftgure 6. ·atersbed 3 from near the upper 
~nd of the watersh 
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riga.re 7. Watershed 4 from the rwioff gaging ste.Uon. 

J'igure 8. Watershed 4 from near the upper 
end of the watershed. 
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Seleetio• of' the Watersheds 

ln thls s\ud7 the dre of tha watersh~d was to be the varie.ble 

in the experimental sen.se. T'herefore., watersheds were ch.osen as 

nearly similar in cover, soil and topographic fea:tures as existing 

local ter-rain permit'ted. 

W'l, l:5 acres, and WJ; 90 acres, have a common boundary and are 

loca.t.ed in the northeast quarter of Section :,4. W4, 210 acres,. is 

located in Section 27, immedia:tely north of Section 31.i,. ~i.s elose 

grouping of 'Watersheds tends to eliminate the physical variables other 

tb.an size of wa:IH;,rshed. 

A governing :f'acto:r 1:n the selection of a watershed was the suit

ability .of the culvert .at the watershed. tei-minns. ··the culvert had to 

be of adequate size to con:flne pea.k tlows of runoff from all storms • 

. In addition, the head at the entrance to the culvert was to control 
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the diseharge :rate for· all flows. !'ht;s control is possible only for 

short <;ulverls with a free outfall o.r where the slope ot the culvert 

noor is suf'flcientl1 steep to result in supe:rer1tical :flow. Culverts 

where backwater will a.fleet d.ischarge :rate can be used only if the ta.11~ 

water head is measured. 
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Precipitation 

driven flusb with the ground, and centered in a ten foot square, barbed-

wire E'.i1Cl@~i:U:"e., A '.l"t'l'i"!, g:p,g;.o. inst~llation is shewn in figure 9. 

:llheoretically, when one rain e11ge is used !or a lt!atershed it should. 

be placed at the center of gravity of the area. However, practica.l oon

sidera.tion of' aeer;i;I<; tnf1:nenc-sd th~ looe:tion of the g,3,ges. 'l.1he min 

gc..,ge for th~ a.dja.cent wat~rsheds, Wl and. ttJ, (BJ), was located near 

the road a.nd a:pproxi:mately on the watershed divi<le. fhe rain gage for 

W4, (lt4.), was loc;;.ted. ~tr,t1.t o. '? of a mile from the main. highway aiilja.e,.. 

ent to .~ trail along tl1e rim of ·the watershed. One g.a.ge for a 210 ~ere 

water.shed rtk-iy be insnf'fieient for studies of the rainfall-runoff relat ... 

ionshi:p, but it shoUld be sufficient to test the :ra.infe.11 ezpel"ie~ce 

for 11nom~.J.eyn. 

P€?rir1:!!!dtm wp;,~ i:,'.bta'lned from the va.l'.'ious property owners for access 

to the watersheds .ana. for the installaticn. of eq-uipment. 

fhe J:riez rain gage bas a 9 inch ea.:pa.eity and is operated on ehart 

scales o.f one inch equals. two-thirds inch of rainfall; and of one ineh 

equals app:roximatsly 2 hours when geared to make one l'$VOlut1on each 24 

hours. f.fhh permitted time to be read aecura.tely to the nearest 5 min ... 

utes, ~.nd t-.\"J.in.£~,lJ itert,h to he read to 'I.he nearest c.01 of an inch. 

Standard min ~ges were not used, but total amount of rainfall 
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•1gure 9. A recording rain gage installa\ion. 



we.s cheeked by using a 1000 milliliter graduated cylinder to obtain a 

volumetric .measurement. !his mea.m1.rem.ent was then converted to inches 

of ra.in:fi:'.J.l. 

the ~ges were servicP.d once each week and after ec.ch day of rain. 

Methods of Oomputat.ion 

kn eJre.m:1le o:f the tabulation and computation of rainfall data for 

the storm of July 14, 1951, is to be :f'ound in the Api,enctix, table 1. 

'.i?he aecumul~ted depth 1.1as tabulated for ea.eh significant ch2,nge in 

rate of rainfall, 1!:k'll.d the rainfgi,11 depth for the intervening interval 

computed. ~infall intensity for these interva.ls was then evaluated. 

MsxirmL"ll depth and intensity tor selected time intervals of 5 minutes, 

15 minutes. 30 minutes and one hour were comi'.luted for ea.eh storm per ... 

iod.. A storm perioci wa.s l!l.rbl ta-a.rily def'in.ed as the lengt.h of time :from 

the beginning of rain£all to the end of rainf!!i,ll with no intervening 

period without preeip:ttation of greater length than one hour. Any pre

cipitation of less th..~ o. 05 inch was considered as a trace and was 

not recorded. 

Aecuraey of Records 

Owing to the relatively level reliet' in the vicinity of the iusta.l ... 

le.tions and the absence of trees and buildings, the exposure of each 

gage w,1M~ good. The installation noor the highway was aet awa:y from 

the road e'bout 1.50 teet to eliminate the possibility of faulty catch 

due to e~ir turbulence croo.ted by highway traffic. 

Du.ring high winds the amount of rainfall caught in the ga.ges .'l'Ja'¥ 
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be in error. A deficit of catch was indicD,ted by ·l,he storm of July 1.5 

when high winds occurred. For this storm the iu:mumuh1,ted runoff exceeded 

the measured accumulated ~~inf all for \13. However, this defiei t of catch 

may have btHm the :result of non-uniform distribution of rainfa.11., 

2:he records of .113 r:ay be in sligl::rt er•:r-01· heaau.a:e ti. 1116 corrtH}tion, 

determined by calibration. was necessa:!:"Jf :f.'or th,J 2·eeor,tted ttmount of 

rainfall to comp~ire ~rith the measured e~1tch. 

lt'Ul'loff 

Measuring Dev.ices 

&s 1~.te measuring devices. {h1lvert C4, the out;let of W4, is e, twin

barrel0c'l .• mon.clittiic eonc:rete strt1cture. ;,'lhe c.Li.merisions of CLr, .:.re 4, 

feet ii.esp by 8 £eet wid.e.. OuJ;irert C3 is 4 feet d.eei;., 'by f\ feet ~ide. 

Cl is 3 :t'f:et. by .'.3 :teet. l!:i.J.e latte1• are .sing;le-liei1-:rel"'ll, 1\0:ito1ithie 

concrete c·ul-ve:rt.s. ,11e ti.pstlream wing11K,lls for all cu.lvei'ts "'.re lo,~,ted 

~it an angl.e oi' e.pproximi?.tely JO degr'eeS witit the centerline of the 

eulv,ert. 

A 1:12 scale model oi CJ w.a.s calibrated et the Stillwe#ter O'atdoor 

~draulic !;;aboratoey to de·cermine the rele,tionship between water deplh 

mid ~ate of flow.2 rfodeling apparatus ls shown 11'1 fig11.1."e 10. '.the er~· 

nel t1.p}!.l:'oach a.n.d. stilling-well w,n~e likewise modeled as shown in fi~e 

ll. In the model study surface elevatio:na were ta.ken at two location:ih 

one foot t.1;pst:r~:ru from hhe irrulvert entrance a.long the cente:r1in~ of the 

Clllve;t-:i. and one iooi; ii:·om: iihe eulve:rt entra.nce along the line of the 

win©'1all. W.ne last mentioned location is that of' the $tilling-well. 



22 

11gnre 10. A ·dew 0£ \he 
eu1- rt model calibration 
apparatus. 

lig'IU'e ll. A view of the d&l culvert. nt'l'ec& .. 
channel approach and etllling- we1l. 



Identical sitrlaee elevation l'BD.,~,h1gs vcer,i'l t~iken ;:,tt both locations .. 

uon3ill.ering the to1Jogre..7;,:-i;i, existing at th/ii culv,•;c:d, entra.nees. a.nd 

the p1~oblem of ,tecess, tl1e mofft p:r.eictlcfl.1 l,:ice:tion for the stiilling-

thB line o:f the wir,gwi?,.,11. 

Gc,1~,1_~,3,ted :pi1.1e 1ms u·;;1ed for Btillb::i.g-wells. Ver-tioo.1 slot open .... 

ings were cut for a dista,1ce of four feet from the bottom. The o_pen

in.gs overlap in adja.c~nt 1~ows which e.re ~:.bout 6 inches ~part. !hree 

creosoted fence posts were bolted. t:;.ngen.t to the well and 120 degrees 

a.part. ief'ore the post holE,s wei~e d:ctg a.nd the t1ell set i:nt,o place, 

a trac.tor r,ud fresno were used to exea.vate th~ cl'.lE,n.."lel approach slightly 

below the culvert a:pron. 1!hh eJ;;ca~.tion 6llt").blei th<~ :f:"lo~.t oper.;,.ting 

th1:, F,11 r.e,:cord.er to fall below tl:e datu.in :pl.;tn.e. !he 1!¥1 :recorders w~re 

housed on. top of the stilling-wells. 

ltimoff me~suring rit:t>,tious CJ, ~~nd 04 c'!,re shown in :fie;.ires 12 and 

13. Although it is not evicte:nt from the !1.giires. · the :recorder~ '\!Jere 

suf'fic:lently eleva.ted to record .the water stage as lon.g a.s :l"",ll'loff from 

th.a wate:rsh~ds w1,:.s eonfi:n.,9d to the culverts., 

'l!he water-st,B.ge recorders$ gea.red to make one revolution evflry 

12 houx's, opernted en. ehart scales of one inch equals 25 minutes and 

one in.eh equals 0.2.5 foot of stage. 

Methods ot Computation 

Records of water stage were first corrected £or improper time ·and 

s\age height recordings. ~ime corrections were often necessary due to 



lignre 12. Culvert CJ and water etage recorder. 

J'igure 13. Cttlyert 04 and water stage recorder. 



fast oi• slou eloek m.eebanisms or sometimes due to .improper time se-i-

tings. In9trument irregu.ls..r.1ties, noat suspension ca-u.sed by silting. 

established in t:, rating "t:,1.ble for each fflllvart,. ~his rating table eon-

ot ciiange in stage to pond.age corrections. 

!he hee.d-cliae.barge calibn .. tion eu-1,•va for r.3, a result of the model 

stuo.y,. is given in figt1re 14. Siri.ee the dimensions, for a single b.:.l"l"$l 

from the lawa governillg eritiool depth &n6. 01°i:f'ice now phenomena. :rhe 

does not e:t:ceed 2. 25 feet. lilxceed.i:a.g 2. 25 feet but lesr. tl.en the d.opth 

required :b.,:t> $Ubl!l01.•gence of the culvert opening, 4.5 feet, the stage 

head to the 'J/2 power governs discba.rge. When t.ha culvert open:tn:g 

becomes. S"u.bmerged, the discharge is pro:po.rtional to head t-0 the 1/2 

center of the culvert, opening. 

:for a given ra.te of change in sta,ge 1 a t,opographic sm"Vey o:t the ponded 

area (see f'i&'lU'es 16, 1? and 18 in the Appendix) was required. fhe 
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pond.age correction calcnlaUons for W4 are given in table 2 in the 

Appendix. 
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The rate of poJM11ng was algebraically added to the ra\e of culTert 

discharge to establish the true runoff rate from the watershed at &n7 

indant. The discharge for each tabulated time was then aTeraged with 

that for the prececlin& Ume, and this &Terage discharge tor the time 

intenal was conTerted to runoff amount 1n inches. 1lhe runoff amounts 

for each lime interval were then accwmlated to establish the ma.es run

off cune. 

An example of the tabulation and computation of runoff data :troa 

W4 for the storm of July 14, 1951, 1s found in the .lppend.ix, table 3. 

The data of a:a:y storm which failed to exceed a ma.xillWD stage of 

O.l foot vere not tabulated. !he amount and rate of runoff would be 

insignificant• and would lack accuracy in analyd s since factors other 

than head greatly 1!1fluence the :rate of nmoff at such low nows • 

.Acnr&C7 of Record• 

"°r most storms, the records are reasonably accurate. HoweTe:r, 

silting at C4 caused the receding flows to be slightly 1n error for 

a few earl7 storms. This silting 81' have been caused partially bJ' 

the local disturbance of the highva,. embaDlcment and eul:ven approacl:l 

as a result of the ucaTation and installation of the stilling,-vell. 

After the loosened. earth had once again become stabilized, the silting 

problem vas not seTere. In addition, sedi.ment was 11111Ch more preftlent 

in the channel of W4 than in W3, 10 more sil tine was \o be expected. 

Debrie clinging to the tape caused the tape to raise o!.f the nibs 
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of the recorder wheel in one instance. Since this occurred on but one 

occaaion, no proTision vas made to correct this difficult7. l'ignres 

19 and 20 illustrate the a.mount of debris carried b7 the high 11&ter of 

the storm of Jul7 1.5. The peak rate of runoff recorded during this 

period of study resulted from this storm. 

Conduct of the .i&AP SurTe, 

A range survey waa made the latter part of August, 19.51, to deter

mine and classify the existing Tegetal eoTer of the watersheds. !'h11 

SUrTey vas conducted with the aesistance of experienced range conserv

ationists from the Soil Conservation Service. 

Al though marq, :methods ha.Te been suggested and used for claes1f7ing 

grass coTer as to its effect upon infiltration, no one method has been 

universally- adopted. Generally coTer bas been claasified as t o dens1t7. 

Obsenations of grass density by &JlY giTen method 1JJA7 T&r7 conaiderabl.7 

for a given plot if measured by different indiTid'll&ls. In attempting 

to elimbate this indi'rid:ual. ~riation of measurement and to minimize 

the time required for claeaification, an accepted pract.ice of range 

condition claaaifieation used b7 the Soil Conaerration Service waa 

adopted. 

Within a watershed, plots representatiTe of an area of the water

shed were chosen. A plot consisted of an area of 10 sq'll&re feet, 3.16 

feet on a side. Stakes were set at the corners of the aq,mre and a 

string lf&s drawn taut around the stake a. The forage ot a grass clump 

immediatel7 below the etring was proportionally divi.ded according to 



Yigure 19. Approach \o CulTert 4 
•hoving debris collec\ed b7 fence. 

Figure 20. Channel approach and wator
~tage recorder at Ou.lvert 4. 
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i te 'bisection by the string line. An exar,.rple of f,. st,aked. pl.ot is shown 

in figure 21_ • 

.A.11 litter within the ·:plot was t,'ithered. and sacked before species 

counts were mde. fte plants ot western rs.git1eed .• an indicator of plants 

tlk'l.t inva.tle pe.stm:. .. es t"!i\h ovel;'g~a.dng. vre.re clipped, c.ounted. s.nd SBeked. 

!he oceurrence ·e.nd number of plants of. .all -speete-s were noted and a per

cent based u.po11. the portion of the plot 8'?'e8 covered wa.s assigned to •ch 

maj<>r speeies ocffl11'1-ing within the plot. ~he for.age was then clipped 

e.s closely to the ground as possible and sacked. A clipped plot is 

shown in figure 22. 

Asimths to va,rious point.a cf reference were recorded for each plot 

so \ha.t plots of future surve;s could eauil.7 be established within the 

'Vicinity. 

As det;ermined by the g11ide shotro in table 4, a range o-ondition elas

sificatio~ was aasigned to &a1ch plot. - weighting th-e plot cle.ssifie

ations with.ill a segment of a watershed a raage eond.U,ion class was estab

lished for that segment. 

In. this survt\V maximum and «verage height o.t forage was detemilled 

in the laboratory after clipping, but in tu.ture- e,"tln'ey:s it would be pre

f"ett..ble to determi:n,e the&e -values in the field previous to dipping. 

Weight of -fora.ae, litter and r~.gweed we;re obtained in the laboratory 

t!l.fter all el1ppin.i e.nd litter were of equal moisture e'!lntent. 
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ligure. 21. A staked range suney plot. 

J'igure -22. A clipped range surrey plot. 



•ble 4. Gu.ide for determining range condition elasaes 
and range sites. Noble County, Oklahoma. 

llig bluestem 
Indian grass 
,Switcbgrass 
Little blueatem 
kll dropseed 

. l -

Perennial legwaes (native} 
Pala.table per. :forbes 
Sideoats grams. 
Purple top 
Hairy gram 
Blue gnma 
h.ff'al~ grass 
Seribner•s panicmm 
Mead.ow tall dropse-ed 
ir/ood7 plants 

Allowable percent 
by .sites 

... 

... - ... 
... 

... -... 
5% si 1.s,ti 

1 1~ 0 
5 5% ,i 
S'fo 5% 5% 
0 0 10 
5% 
si 

s~ 
S1'i 

5&. J'I 
5% 

0 X X 

.; ' 

Other plants tmt 
biva.de with 

; Q?erg1zi;y . 

All ammals 
Silver blueste.m 
liroomsedge blu.e:atem 
Spli.tbeard bluestem 

. Windmill ga.ss 
bble grass 
Fall ~ti tehgre;ss 
~histles 
Ironweed 
Western ragweed. 
Persimmon 
$umtna" 

Percent ,cllma:x: planta 

. 
lbtcellenl 
Good 
li'al~ 
Poor 

• Site descrip:tlo1u 

Site l - Prairie upland 
Site 2 .... Umbered site 
Site J ... Very shallow 

o - None, or only- a trac$ in sitl~ 
- - Decreatel'."; un.limited in site· 
.x - Per·centage allowable based on original cover 

75 ... 100 
so - 15 
25 - so 
O - 25 



t-s.bles .5 a.na. 6. 

Ooeff'i.cient of' lhm.off Determination 

~e fi:l"st analysis of the rainfall and runoff' data undertlf'.ken was 

to determine the coefficient C in the formula Q, • cu..13 Q., the ma.xi-

mum mte of nm.off in cubic feet per second. £or a. given storm, and A, 

the a.res. oi the watershed in acres had been established. llefore C, 

the ,ro.noff coettieient, collJ..d be computed, l ttas evaluated. l is the 

average rainfall intensity fo1: the time of concentration in cub.le feet 

per second per a.ere, or appro:xi1I12>tely 1n inches per hour. ffime of eon

centra:tio11 is t.he time required for the water to now from t:he farthest 

point on the watershed \o the gaging station. ~!me of eoncentmtion 

was determined for each s-torm by noting the time which elapsed from 

the beginning -0f t.he first significant rise, di.scounting any rise caused 

by raill. falling .into the elw.nnel, to the m:dmwn rise as recorded b7 the 

usually oe,eurs when e'Ver,. part of the watershed ls eontribuM.ng to the 

runoff being measured at the paging st.at.ion. 

As pointed o'at 'by Schi.ff,16 "the mximwn excess rainfall, that 
is. dif'.farences 'between rainfall intensities antl correapondin;g 
infiltra.t.ion ltates, lasting for a ti.me equal to the t:lme of con
centration usu.all,. will produce thi:s maximum :rate of surface nm
o.ff'. Where are cases when the intensity of rainfall is so great 
tor a period of time less than the time of cozaeentra.:tion as ·to 
produce the lfma,ximum rate of surface J'W10ff t'or s speei£ic wa.terttlled. • 



!able 5. Sullma.ry of rainfall data for watershed 4. 

Time Dttration Total lntensity Ih:lration 
Date began of amount Maximum for period of average 

precipitation 5 min. 15 min. . 30 min. 1 hr • 

1951 hr. min. in. in./br. 1n./hr. in./llr. in. /hr. 1n./hr. 

June 15 J::36 AM 0 56 o.:,e 1.20 0.92 o.so 0.25 o.41 
21 1:16 AM 0 25 0.14 1.20 o.48 0.28 0.14 0 • .34 
21 .S :16 AM 0 2.5 o.:,s 1.ao 1.16 0.76 0.38 0.91 
28 8:36 PM 0 14 0.24 2.28 0.96 o.48 o.24 1.03 
30 12:24 AM 3 20 2.54 S.04 2.56 1.66 1.04 0.76 

Jul.7 3 9:45 PM l 27 0.3s 2.16 0.92 o.48 o.:,a 0.24 
14 4:.55 AM 6 25 2.7.5 3.60 2.04 1.12 0.8.5 o.4:, 
lS 2:48 AM l 47 :,.06 8.40 4.88 3.50 2.45 1.72 
31 7:44 .AM 0 45 0.17 0.72 o.46 o.46 0.37 o.49 
Jl 9:31 .AM 0 14 0.09 0.60 0.20 0.10 0.01 0.:,9 
31 11:59 AM 0 42 0.24 0.96 0.52 0.:32 0.22 0.34 

Aug. 10 2:18 PM l 27 1.:,0 4.80 J.48 2.00 1.25 0.90 
26 2: 23 PM 0 20 0.55 :,.oo 2.12 1.10 0.55 l.65 

Sept. 5 8:25 AM 0 55 o.45 1.54 1.00 o.66 o.45 0.49 
6 12:06 AM 0 10 o.os o.:,o 0.20 0.10 0.05 0.:30 
6 1:24 AM 0 58 0.08 0.28 0.28 0.16 o.os o.os 
6 5:22 AM 4 0 1.:,9 2.04 0.88 0.54 o.48 0.3.s 
7 l: 23 .AM 0 30 o.47 1.68 1.28 0.94 o.47 0.94 
7 10:23 AM 2 20 0.:,1 0.72 0.28 0.16 0.10 0.1:, 
e 12:39 AM l 45 0.27 0.36 0.24 0.14 0.11 0.1.5 
8 5:54 AM 1 40 0.1:, 0.24 0.24 0.12 o.oa o.oe 
9 9:05 AM 0 50 0 • .57 2.16 1.04 0.98 0 • .54 o.68 
9 '.3:0'.3 PM 0 40 1.14 4.44 ,.o4 2.08 1.14 1.71 

14 9:44 AM l 10 0.75 4.20 2.00 1.10 o.6:, o.64 
\...) 
\I\ 



Table S. (eont . ) 

!ime J>uaUon '!ot-1 lntens1,, Du.ration 
Date began o'f amount Maximum tor period of ayerage 

precipi tat.i on S min. 15 min. JO min. l hr. 

1951 hr . min. ih • . 1n. /hr. in. /b:r . in./hr . in./hr. in./hr. 

Oct . 5 9:50 PM 0 '+5 0. 11 0. 24 0. 20 0.12 O. ll 0. 15 
6 1 : 00 AM l 0 o.40 1 . 20 0. 60 o.,,o 0.1s o.40 

14 9:17 AM l ) O 0 • .59 1. 20 o.ao o.so 0. 35 0. 39 
1.5 .5 :47 AM 0 3 0. 08 0. 96 0. 32 0.16 0.08 1. 60 
26 10:12 PM 0 4.5 o.44 1. 44 o.ao o.S6 o.4o o.S9 
27 12:4? AM 0 10 0. 01 o. 42 0. 28 0.14 0. 07 o. 42 
29 2: 23 AM l 20 o.4.S o.48 o.40 0 • .36 0. 30 0. 34 
Jl 4:50 AM s $0 o.s, 0. 24 0. 20 0.1, 0. 12 0.09 

~ 



Table 6. Summary of runoff data for watershed. 4. 

Tiae Bainfall 
Date rifle fotal Maxumm rate Period of minua 

1951 bepn amouat rise runoff 

iJJ.. c:ts. in/hr. time 
--

hr. min. 

June lS . '.3:37 AM 0.057 3.7 0.017 4:43 AM l 6 0.323 
21 5:16 AM* --- 2.7 0.013 6:2S A.IP l 9 ---
JO 12(32 AM 0.980• S4.4 0.257 4 :11 AX 3 .39 1.560 

Jul.7 3 9:47 PM 0.196• 22.8 0.108 11:06 PM l 19 0.154• 
14 7:08 AK o.aoa• 100.2 o.47:3 10:11 .AM 3 3 l.942* 
15 2:50 AM• 1.729• 344.2 1.626 4:26 AM 1 36* 1.331• 

Aug. 10 2:46 PM 0.009 2.s 0.012 3:40 PM 0 54 1.291 
Sept. 6 9:50 .AM 0.007 1.2 0.006 11:26 AM l 36 1.383 

7 1:40 AM 0.020 4.2 0.020 2140 AM 1 0 o.450 
9 9:50 AM 0.064 14.5 o.o68 10:34 AM 0 44 0 • .506 
9 ;:0.5 PM o.seo 170.0 0.803 J:.51 PM 0 46 0 • .560 

14 6:28 .AM 0.101 6.8 0.032 10:38 AM 4 10 o.649 
Oct. 29 4:0J AM 0.019 2.0 0.009 5:06 AM 1 3 o.431 

31 6:30 AM 0.064 4.2 0.020 lOt.51 AM 4 21 o.486 

• llatimated 
l Se41ment hol41ng float 
2 No record of ending time 

B.emark• 

1.2 

l 
1 
1 

\.,J 
~ 



fherefore it 1~ po~d"ble f.or the tiwe of co:n:eentr~\ion computed 

foy: individual storms to vary as they .did in this analysis. As deter

mined bg ave:r;;t!S'l~ this value :£01· EA,11 storme., the tillle of ooneent~t1ou 

for W4 wa.s about one hour,. 

As pre-rtously giveZl., the ctt~tl'ii,,nce £rom th(!) farthest point en th& 

11at.ereheti:. ·to the ~1:ng station i·t about 7000 £-eet. 'O'smg one hour as 

the time of ec,neent~tio:o the a'\l'erag-e, v•loei\y of' now would be ab.cu~ 

2 feet :per second. "1his oppee,r!l' t,c 'be e. SH-tisfactory value tor the 

waters:hed because it ~grees witb published values. 

Of the 14 storms whieh resulted in nm.off, only five appeared to 

be applicable for use in estftblish:b)g c. Afti®r making the first e.:pproxi

mation of the time of co.nc"'utra.tion; tt W6.s found tl't.i;t several storms 

were of tns.uf£.ieient du.ration to lend themselves ~o ml2.lyds. fbe 

remai'.ncier of the st<lrms not e,pplica"ble were of' low rs.infi:i.11 intensity, 

or were p:eeced.ed by r,ertoo.~ of littl-8 or no rainfall_ s1.1-ch t'.hat the per

cent of soil moi.sture va.s low. Jn both instances, th.a infiltra.Uon. 

ra.te would be sufficient to take ca.re of the greatei" pol"tion of the 

rainf'ell. liUtle exeetlfl l"e,in.ff .. 11 would. be e.~ilable to eon.tribute to 

l"t'!llcff. 

Ocmpar~rile wit,h ~!t1Ber1 Fi study, the most -satist~ctoey -valu.ea c:f 

C w.s~e obtained t'ron th,": ntO?'e int~:nee stomg in which soil saturation 

vas i:r..ppl'"Oached. Sinee thil'lae were the storms which prodooed peak rates 

of runoff', it seems reasonable to assume that the v.a.lu.eg obtained would 

be sa.tisi't:1.ct-017 for t'Wtil i.ri est:turU11g peak flows. 

the reg1:tlts. of the field niee.suremenie mid com.puts.tioaa a,!"e givo 

in tablu 7. 



fable 7. Ooef:f'.icients ot runoff for watershed 4. 

Area, 210 acre•; Average time ot concentration - l hour. 

,~------------·-~~-

'lime ~Ume of fime of Ba1nfall MazillWll lhmof:t Bain!all 
l)ate a1,:n1:t1cant ma:.d.mum rate concentration intenait7 rate of coefficient prior to 

rise began of runoff (!.O.) for !1'.C. runoff ( Q,) (0) !.C.period 

19S1 min. in./hz. cts. in. 

June jO 1:09 AM 1:52 AM 43 1.04 ;2.1 0.24 o.ao 
lul.7 3 9:54 PM 11:06 PM 72 0 .• 38 22.8 0.29 o.oo 

14 7:.50 AM 814J AM ..53 o.as 2:,.8 0.13 1.00 
15 3:10 AM 4:26 AM 76 2.4S 344.2 0.67 0.35 

Sept. 9 3:05 PM J:51 PM 46 1.14 170.0 0.71 0.20 

~ 



i-rcm !!1, stu,tly of the five ~torro.~ tab,ilated. it seems that initial 

soil moist'll.l'e contents g:reatly affected the vali.tes of Cl for all of the 

storms. !'he C values for th,s, latter two storms listed were e:x:ce:ptiomi.lly 

high. '.l3:rtutre!"t thi$ probt;!.b1y was d.ue to t;!,lmor:t satu.!'ated so:tl ccl.l.ditions 

E's·t the begi!'.ning of rr;d.nfall an.a. to the higher intensity of rainfall. 

P~e other three storm~ were of lesser intensity and occurred when the 

soil moisture content Wfl,s undoubtedly lcn:rer. 

Since no soil mo:i.st,xre content d.atermin...-:it:i.ons were macle, th(') per

cent of soil moisture prsviouS1 to a.,."1.cl during the arw.lyzed sto:rms Mn 

only be estima:ted.. 

;In establishing n coefficient of nm.of'£ ltesi.gn value for a, :partic

ru.~r wnt@rshed f...U(l for similar wa.tersheo.s. Itamser g/3,Ve the greatest 

wetght to the :results o:f' the most intense rains~ '?he results of this 

e.w.l;vsis ind1.cate that a sa.tis:f'ecto:ey va.l'tle of C for W4- and similar 
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Derivation of lnf'iltration Cttrv&e 

.In this anal7sis lnf'iltra.tion curves were derived from the storm 

data of July 14 for W3 and W4-. Jundamentall7, these curves should be 

derived onl.7 .for a given soi.l-c.over-cond1 ti.cit complex, bu:t to gain some 

knowledge of tlle infiltration :ehamcteristios ot the watershed -as a 

whole the ~es shown in figures. 2'.3 and 24 were del"ived. !hese infil

tration curves wer,e derived b7 a graphical method pres:entea. by Schitf. lS 

Before the method of procedure used is described, the .following 

terms, acceptable to most b1'drologist.s, and the BJlll-bola ~sed by Schiftl6 

are def'ined: 

liote - m rates are in inches per- hov. 
All mass or accumulated quantities are in inehes. 

l. Interception storage (Si) - lleten-tion of precipitation by and 

on the vegetation, commonly referred to as intereeption. 

2. Ground .rainfall (Pg) - All precipitation not retained by the 

vegetation which :reach.es the goad. 

:,. Bate ot llainf'a.ll {i} - Intensi.ty of :precipitation. 

4. lnfiltra:Uon - !he passage of vater \hrou.&h t.he surface of 

the soil into the soil mass. 

5. Mass infiltration (F) .. aceunmlat:ed 1:nfil\ration. 

6. lnfiltration eapa.ci t,7 (fe) - !he rate a\ which 1.nfiltra:t.ion 

would take pla.ee at a.D.31' instant were the supply to equal or exee.ed this 

capacity. 

? • .ln:f'iltrat.ion potential (fp) - !he rat,e at which infiltration 

would take place at a given soil-moisture content, at aw- instant. var& 

the supply to equal or exceed this potentia.1 rate. Infiltration, pote!lla 







tial, fp, ia used only when rates of rainfall are less than infiltra

tion capacity, fc. 

B. Excess rainfall (JI) - The amount of rain in excess of infil

tration. This is the computed suppl:y going 'to detention storage and 

surface runott. 

9. Detention storage (De) - !he aYerage depth of water- on the 

vaterah.ed at &ff¥ specific time • .After cessation of precipitation, part 

of this detention storage~ infiltrate into the soil, while the renain

der of the storage will eTentuall.7 becoae channel tlov. 

10. Depreaeion storage ('Yd.) - Water trapped on the surface in nat

ural and artificial depressions. Water retained as depression storage 

does not contribute to channel tlow throU&}l surface l'tln.Off. 

11. lletention (I.) - !he SWll of interception (Si) depression stor

age (Td), and -•• infiltration (F). All rainfall that does not appear 

aa channel now thro'Q&h surface :rrcmcff. 

!he graphical aethod of deriTing infiltration capa.cit7 CUI"Yea 1• 

a1 :f'ollowa: 

1. !he histogram of rainfall 1ntensit7 and the cune• of aecunm

lated rainfall and rmi.of:f' were plotted from the computed rainfall ancl 

runoff da"ta. 

2. .l straight line Mprecipitation" reference line was drawn approxi

matel7 parallel to the high 1ntensi t;y portion of the accwmlated groUDd 

rainfall cu.ne, Pg. 

!his straight line, maH cm"'fe of :rainfall W&a suggested by Boltan.3 

f or the purpose of eH.miuting the periods during which rainfall rate 

was leas tllan 1D!1ltrat1on capaeit7 rate. 



3. 4 constant value of interception storage (O.l inch) waa 

subtracted from the aecmmlated rain! 11 CUM'e (P} to obkin the 

accwnulated ground rainfall curTe (Pg). 
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Publi:1hed records indicate that lntercepUon storage relllll!Lins nea.rl.7 

constant d1ll"ing ra1nt&ll although subjec\ to precipitation 1D.tensit7 and 

to wind effect. Intereep\ion will genenll.7 range from 0.05 inch to 

0.20 inch when the precipi\a·Uo:n 1n a storm period exceeds 0.5 inch. 

4. Ila•• retention waa :plo\ted to the same condensed tiae scale 

aa the precipitation reference line bJ plotting 'Wd'ious values of mass 

runoff to the condensed scale inediatel7 below the related MB8 rain

fall. Points on the aas runoff cune, Qn, were selected where de~ 

ention storage T&lttea were close to zero. Detention storage is close 

to zero when depression storage has been aatietied and surf'ace runoff 

is about to start and vhen runo:tf ia nearl.7 to the eDd. When the quan

tity o:t recession :tlow associated with a partica.lar rate of :tlow can be 

estimated, as was the case for W4 at the troup point on the b.Jdrograph, 

another point on the 1l plotted reference line can be eab.blished. A 

smooth wr.e was drawn through these plotted pointa. !his curTe rep

resents retention with detention storage eliminated. 

S. !he inaH retention curve (11) vaa plotted below the Pg curTe 

b7 plotti:ng various -raluea of mau retention. from: the ll :plotted to ref

erence line 1nuned1ately below the Pc cune for related point on the pre

cipi tation reference line. Sufficient pointa were tl:m.s loc.ated to estab

lish the R curTe. 

6. Points of P~ for a:tJ.7 instant were plotted to establish 

Pg-Qa curre. At &1J.7 instant the preci pi ta.Uon reaching the ground 
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md contribute to runoff and/or detenUon etore.ge, depression storage, 

infiltration. !he latter two items are inclu.ded in B and Q.s has alr~ 

been subtracted. ~erefore, the distance between the Rand Pg - Q.s 

curves represen,a depth of de\ention storage, Ds. 

?. ~e estimated mass infiltration curve (:r) constructed was baaed 

on the following facts and asatunptions : 

a. ·ri. 1n1Ual rate ot infiltration for arq· soil of relaUvel.7 

low moisture coato.t 1& the greatest at the 'beginning of precipi

tation. 

b. fhe first thJ'ee hours o:f precipi tion of low 1ntena1t7 

saUsfiGd 1ntereept1on and. depreBBion storage. 

c. Infiltration at capacity rate began soon after the high 

intensit7 precipitation began and when runotf rate signllieantl7 

increased. 

d. Depression storage (.&-J') had a -.:dmum yalue of 0.2 inch 

when rtUIOff bepn, when detention storage was a maximu.m fflue, 

and when the peak rate of runoff oeeurred. Pnbllehed. data indi

cate thnt Ds ma7 be as high ae o. 2 inch for good pasture. 

• ~e lnfi.ltration rate tor veey slowl.7 permeable soils 

a roaches 0.10 inch pe~ hour atter three hours when the ave~e 

initial soil moisture content of the soil is estimated to be 0.30. 

~. Depression storage waa in conUnuoua existence during infil

tration.. 

8. ·!he in!il tra\io:n. rate C'tll"'Ye was plotted 1'1"0111 slope of the assumed 

"I curTe. 

9. 'fhe · .ecmmlated oxettss r infal.1 1 th summati on of U8-~P) ( t,t1) • 



is \he \heor.etk..al surface supply t o runoff'. lt was effl.lua.ted and 

checked against th$ netu.a.l me sured runof·t . (SllccessiTe a.pp:ro:rlma'

i ons of 1 wera made u.ntn tha s. OTA ch~k wae reaeonably close •• 

a•certained. from pul,lish~ i;t,,dles.) 

10. !he computad acm.mulated supply to S\U"tri.ee rnnaf.f' , a then 

plotted. (Q.,,c ~ accmmt:llated excess rainfall - detention storage.) 

A& ca.n be noted from the fignru, the co-mputed Q.sc differs from 

the "8-m. Sehi!t stated the.t "the ~ha~ and od tfon of the Qn C'Ol'T8 

represents the effect of peysiograp~ of the we.ternhed u:pon the Qae 

cu:ne.• Perhaps thee.mount b7 which Q.sc precedes the ~sm is a meai,.,,

ure of the time of coneentn.Uon. Anothe-r pos ible indiea.tion of the 

time of eoneentration is the time lag between the occu.rrence o! the 

Jlllllimnm depth of detenti on atonge and the maxima:m rate of runoff. 

'the infilt:m.tion cune deriTed by this graphical method was lab

eled tp as Schlftl.5 did. BQweTsr, the cune may be neither an infil

tration potential curve nor an 1nflltration ca.pacity eo.rT&. Periods 

.xi.steel when the rainfall ra\e greatly eueeded the infiltra\1on rate, 

during which tiae infiltration capacity rate• were posdble. !here 

wer-e other periods when this possibility did not exist. During per

iod• of rainte.J.1, tho soil alcwl7 repine its capacity to abeorb 

water, which line should then be called an infil.tration potential 

curTe. Because of \he '1• cond~nsation, the intilt"-\ion c:;une 

derived is. neither a capeei\7 cttr:Ye nor a. potential C111'Te• 
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A tl'llllmr;y of the range surTtq data tor Wl , WJ, and W4 is tabul ted 

int ble a. 

eaulte of \he Range Su1'ft7 

Big blue.ta 

Little bluest.• 

lndiangrass 

itchgrass 

'.tall dropseecl 

Sideoats graa 

Hairy (,S"lll.ma 

:Blu grama 

Euffalog:raaa 

Seri bner • s pa.n1 

Meadow tall dropseed 

Si1Ter bluest-& 
. 

1.ndm1llgraas 

J ll w1tcbgraaa 

Plains lovegrass, 

MaJor Grasa Specie• ote4 

Sorgbastrum nutans 

Paniewa nrgatum 

Sporobolua asper 

Bouteloua curtipelldula 

l3outeloua hir911ta 

l3outeloua gr,acili• 

cbloe dao't)'loidea 

Panictlll scrlbneri 

Sporobolue heterolepia 

AD.dropogon aaccharoidee 

Chloris Tertie1llata 

agrost1e 1ntenedia 

Aristida o11&antha 

Tr1oa. n.,., 

Paapalum cilialifolium 



1'abl19 8. Summary of range sUM'ey, conducted August JO and '.31. 19.51. 

Watersh~ Condition Weicht, air dry baaia Height of :torage Perennial graesea .Annual 
and plot class 

num'bel" J'orage Litter iagweed ,M.aximun Average Tall Short grasses 

grams grams grame inches lachee percent percent percent 

1-1 h.ir 460 28.5 17 40 32 ~-------no record--------
l-2 Poor 142 166 72 20 1.5 15 7S 10 
l-J Poor 229 60 46 24 15 50 so 0 
1-4 Poor 220 .51 18 18 12 5 9.5 0 

3-1 lair 292 53 3 24 18 45 55 5 ,-2 Good 309 ?4 10 :,6 20 70 JO 0 
3-3 Poor 234 104 31 24 18 20 65 15 
'.3-4 Poor 35• 0 0 4 3 ,o .5.5 15 
3-5 Poor 203 15 s 24 12 30 55 lS 
)-6 J'air 259 96 20 15 12 60 25 15 

4-1 Poor 145 0 13 12 9 0 2.5 15 
4-2 lair 161 10• 9 12 6 20 60 20 
4-'.3 Poor 126 l.57 95 lS 12 0 0 100 
4-4 Excell-mt 273 128 0 15 9 60 40 0 
4-5 Bxcellent -------------Clipped meadow-----------~-- 90 5 s 
4-6 lb:cellent 693 319 0 42 JO 90 10 0 
4-7 J'air 160 10• 8 12 9 30 55 15 
4-8 lair 2j8 41 0 18 12 60 35 s 
4-9 Excellent 35? 190 1.5 20 12 85 15 0 
4-10 fair 204 16 22 12 9 25 75 0 
4-11 Excellent 544 146 8 36 24 90 10 0 

• :Sstimated $ 
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Adeq,:iacy of the CoTer Classification S7s\ea 

In this IIU.rT81 graaa coTer was diTided into :tour claHes of range 

coTer condition; excellent, good, fair and po~r. This classification, 

based upon the occurrence of key climax pl.ants, vas origin.all)' eeu.b-

lished as. a Soil Conaenation. Serd.ce work unit guid.e for determ1n1n& 

safe stocking rates. Bow well it serTes to clasaif'7 grass cover will 

be indicated in this diseuaaioa. 

!he following discussion and clauificaUon of graas coTer appears 

1n the B,drology Bandbookil 

Grassea increase infiltration capacity b7 affording protec
tion against raindrop impact, b,- proTiding a lqer of hua'D.s and 
litter, and b7 clvmgin& the character ot \he soil itself. !he 
infiltration under a grass coTer then depends not only on the 
density and the kind of plants, but also on the length of time 
the area has been in gass and on the -.nagement of the lam\. 
!'he claaaifications of g:raas coTer follow: 

Good - dense Tegetal coTer of high qualit7 graas haTiDC 
utenei•e root qstems; &l"e& prnioualy in graH tor 
aneral years; if pasture, properl7 anaged ( not 
oTergnu::ed.) 

Medium - Tegetal densit7 froa 80 percent~ JO percent of 
that on •.,od• areas with good qualit7 grasses bavinc 
utensiTe root qsteae; area in grass at least 2 7eara; 
if paature, area well managed (no\ overgrazed). 

Poor - density of vegetation leas than JO percent of tbt.\ 
on Mgood" areas; aparse growth of low qualit7 graH; 
poor management (oTergrased or otherwiae abused). 

!'he above claasi:tication points out that denaity 11 the vege\al 

coyer cb&racteristic which has the moat effect upon infiltration. 1n 

the classification based on key climax plants it so happens tbat the 

preferable nati...-e graasea £or grazing generally do produce the more 

dense cover. !he broader leafed, more luxurian.tl7 growing gra.eaes are 

more dense and are of greater forage quality for stock. Likewise, the 



more lm:uriantl1 growing ke7 climax graaees generally produce larger 

amounts of litter oTer a period of 7ears, dependent upon pasture man

agement. !ho gNatest exce:pti n to this ae dete-rmined in the .suney 

wa• W4, plot :,. A conrparative]Jr large a110Ullt of litter was developed 

under a coTer that vas preclominantl7 annual threea1"1. t'he plot was 

located within an abandoned eultiTaled tleld which waa now inol'Udecl. 

vi th ,mbroken prairie supporting superior grasses. Dae to selection. 

b7 livestock the threea.wn eTidentl7 was neTer grased and all forage 

produced contribttted to the litter accwmlat1011.. 

figure 2.5 eoving the H. tter prodll.Ced. under threeawn coTer for 

this plot ahould be compared with figure 26 \elov it. 'l'he l ack of 

litter in the latter picture ls more representative of conditions 

existing '\mder coTer composed of annual gn.ases such•• \.hreeavn and 

windmill. "!he range condition of both plots was cla1&ified aa poor. 

S1deoats gra• la llmi ted 1n allowable percent b7 s1 te and tlme 

bas minor influence on the range condition clasa, but it did appear 

to produce a l arge quantit7 of litter. Plot 2 of Wl and plot 3 of 

w:, were both classified as poor range cond1t1011. BoveTer, th~ did 

produce comparatiTel.7 l a:rcge quantUiea of litter, aa shown in figures 

27 and 28. Sideoats grama we.a the predominate graas 1n both plota. 

~1gure 29 illustrate• a poor range condition plot which had a 

small amount of litter and repreaentat1Te amount of forage; silTer 

blueatem, :,o percent, haiey grama, 20 percent, and sideoats gra•, 

l.S percent, were, the mjor grass species • 

.BT comparison, f1gu.re JO shova a repreaentat1Te amol1llt of forace 
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PLOT NO I 

et l coTar ot plot 1, 
ge co ition or. 
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4. 

4. 



11.g,u-e Z?. Veg-etal CO"f'el' o:f' plot 2, llatersh.ed l. 
Bange condition poo;r. 

ligure 28. Vegetal coTer of plot 3, watershed:," 
Be.~g~ condition poor. 
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UTTER 

Pt.OT NO. 5 

l'ignre 29. Tegetal coTer o! plot 5, watershed 3. 
iange condition poor. 

1ignre 30. Veg&tal cover of plot 2, watershed J. 
l'll!l.nge condition goo . 



and litter for a plot in good range condition. !he plot consisted of 

JO percent little blueatem, 25 percent big blueatem. 20 percent bu.f

falograae, 15 percent silver bluestem alld 10 percent sideoats grama. 

55 

fhe forage and litter yieldu of a plot in excellent range condit

ion a.re ehown in figure 31. The species occurring w~tllin the :plot were 

little bluestem, 70 percent, big blueatem and Indiangraes, 10 percent, 

gurrulJ' loTegr&es and Scribner's panicum, 5 percent, &Dd a trace of 

switchgras and sideoats grama. The plot forage yield on an acre 

basis would amount to almost J.5 tons of cured ~. end the litter 

yield was almost one-half' of the forage 7ield. 

~ese figur-ea presented do show thai range eondUion claaa is an 

indicator o:£ the donsit1 of Tegekl coTer, forage and litter, but \hat 

it is not infallible. 

~is a7stem of classification is likewise an indication of the 

extenaiTeneaa of the root B7stem, years in graae, and proper management 

of the pasture, which are factors other than density included in the 

cited claaaification of' graH cover. Jn general, tho key clime.x 

graa ea and other perennial'& will haTe a more extensive root s7dem 

than the iJrn.der annual and perennial gas.es and weeds. lf a p1.ature 

has once been cultivated and then abandoned, the period of ,-ears since 

abandonaent can be approximated b7 studying the species of graBSes 

present, and vill be proportio?Jal to the munber o:t lce7 cli.x plants 

in nidence. !hie mmber of climax plants present is the accepted. 

method of determining proper manageaent and sa:te stocking rate. 

After further atl.147 minor changes can be made in the allowable 



J'igura Jl. Vegetal cover of plot 6, watershed 4. 
Bange con41\1on exeelleni. 



percent by site of grasses. such a1 aideoats grama, to rei'leet the 

capacity to produce forage aml litter. '!his 17stem of clatdficatioJL. 

when combined vi th utilization estima.tes, ahould be quite a.ecepta'ble 

ae a 1uethod. to &Yalu.ate the b;y,drologic characteristics of grass ·eonr. 

Watershed iange ·Condition C1a1••• 

1!he riange co:a41tion class botmd&riea v1thin a watershed were 

located after the plot aiudiea were completed. Si\e bouadaries am!. 

fence lines greatly 1nf'luence tlle establishment of ranee condition 

class bo'IJJldaries siace both influence the grazing of 11ve1tock. 

71gure 4 illustrates a change in grass cover which often occurs at 

a fence 11ne. The near pasture has been overgrased and was 1.n poor 

condition while the far pasture supports a much superior grass cover 

and was in good corull lion. 
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lfhe range coudition clasaee for W4 are shown in figure J2. !'he 

watershed as a unit aTeraged a high good. In comparison, W1 aml W3 

averaged a low lair as shown in figure :,3. 

Cultural Pract.1ces ~ted 

ibe field of aeadov in W4 was :mow8d about Av.gnat 20 Just prmous 

to the ran&e surTe7. 

~ 4o-acre pasture vhieh 1nolud.es the -.Jor portion ot n and 

part of \13 was not grazed until September. The paeture which includes 

the southeast portion of W'J vas Tery lightly grueo. during the season 

but the western portion of W3 was overgrazed. !he major por,1on of W4 

was properly stocked and grazed during the entire sea1oa. 
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FIG. 32 -RANGE CONDITION CLASSES FOR WATERSHED 4; AUGUST, 1951 
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SITE DESCRIPTION: 
1 - Prairie Upland 
2 - Timbered Site 
3 - Very Shallow 
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RANGE CONDITION CLASSES: 
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G - Good 
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SCALE: 1 inch= 660 feet 

FIG. 3)-RANGE CONDITION CLASSES FOR WATERSHEDS 1 AND 3; AUGUST, 1951 
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Jlttec\ of Qn.ee CoTe-r on Surface Bamoft 

I\ ia well known that \he densit7 of graea 0-0Yer affects the depth 

of detention of aurf'aee nm.off. Bor\oa6 baa eh.own that ,he rate o'.f :run

off i .s a 1'1mcUon of th& aTerage depth of aurface detention. and u:pr••••• 

\he relation. bewnn the two aa follova: 

q=D,Jl 

where q l e \he direct sllrface runott rate, ». 1.s the average depth ot 

av.r1'ace detention, K is a coefficient depending on the slope and char

acten.atica of the surlace, and M la an expoun\ d.epencll~ on the degre• 

ot turbulence o'f the tlov. lf the onrl.am. now :ta wr-bu1ent the rate 

ot eurfe.ce runGff should be proporUonal to the 5/3 power of the depth. 

As prmoualy pointed out in the procedure of deriTiDg 1.Dfilbatioa 

fflllTes, the ma:d.1111m depth of detention storage occurred a, a ti .. pre

Tious to the peak rate of rimoff. Using this 1nd.1ca.ted time intenal 

between thaae tvo pea.ks, other points of detention storsge and rate 

of l"tlDOtf were selected and plotted. J,. straight line was d.re.vn throuch 

the plo\ted. points of W4. -!he slope of this line ls approxi:matel7 5/3, 

which 1.Ddicates that the flow vae turbulent. A line of thooreUcal slope 

for turbulent tlov is ahown in comparison. (See figure )4.) 

!he line drawn tbrough the plot-ted points of \(3 parallel to that 

of WJ:i. ia not a good determination, but all of the points plo ted tor 

WJ were to the left of those plotted for W4. !he lower Taluea of det

ention storage for WJ for a given discharge indicate a less dense grass 

cover as was obserYed 1n the range SUJ'ftlJ. 
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Jn this compilation a:rld a.nal7sis of ra.infs.ll and. l"UllOff data 

gathered ov-er a period of less tba.ll five mpntht1J,, a limi,ted number 0£ 

i'acte he.ve been revealed which can be applied in t:he design .ef atrne

turett to eonve1 an4 impound :unoff water. Other' pertinent intormt.tioa 

was disclosed, but further study i:e uecessar7 to ver.if'7 the reSlllts •. 

~. peak rat& ·of nno.:tf 3i'ecorded during this period of study was 

prod:o.eed bN'· the storm of July 15, 1951. A mOlllentary rmioff raie of 

5.2 hches per hour was det&niaed as the peak now f~om watershed. :;. 

!hat pollda.ge conee'tlona are ee:sential to edab1ish aecurate rates 

of' ru.ott wail likewise indicated 'by this stora. !he storm resulted in 

a flow et 311 eu.bi,c fee\ per s·eeond thnugla the culvert o:,. 1'11.len the 

ponda.ge correction was appl:ied, the det.Etrmined ftow l~om the watershed 

wa11 4?2 cubic .fe.et per second. Correct1ons of S6 percent were not 

uncommon 1n the coJ!l)Uiations of rwio.ff' data.. 

Likewise, W.s pond.age coneetion when applied. to the culvert 

discharge ai'fec\a 1he indieatecl time ot O'CRrrenee of tlle peak flow. 

For the previously mentioned storm. the aotue.l, corrected time of peak 

flow oeour.~ed 15 minutes before t.he t.ime of peak flow a-a 1:adtest:ed. by 

the nter stage recorder. 

When pond.age eorrectiona . ar:e taken into sonsideration, the use ct 

exlsting .bighws.1 cul verls. as flow measuring deriees is practical and 

offers a means of getting rt:Jl)Off data rd a reaflonable cost. 

Diftlculty l':Jas enco,mterei 111 tile· eoe:tfici:ent of .l"llllOff' defierm-1n

ations. .As J>l'&:vious investigatore have noted, the time of eonee:n.trat-



ion for a giTen watershed and the determined values of e Ta%7 from on.e 

storm to another. An aTerage time of concentration of one hour wae 

deteJ'mined for W4. A auitable design value of G for V4 was estimated 

to be o. 7. Bowner, this nlue is extremelJ' high and. abould be yeri

fied b7 further stud7. 

fhe reaul.ta of the infiltration CUl"Ve deri"mtiou iD.dicated that 

W4 has- creater Wt1al intiltratio-n capacity than w:,. fhis indicat

ion is r easonable sinee the aoils of W4, in gen-eral, are slightl7 more 

permeable than those of w:3. 

!he et"feet of grass coTer on aurf'ace r,moft was re't'ealed in the 

plotting of detention storage f or various rates ot rnnott from WJ and 

W4. Detention storage was higher for a giTen rate of runoff' on W 4 

than on WJ. ~19 higber detention -value was probabl.7 due to the more 

dense grass cOTer on W4. 

!h~ derived infiltration ettrYea are not applicable as design data 

f or watersheds other than for those for which the7 were deriTed. Whea 

used with the ronoff-detent1on relationship and the t1me of concentra

tion deteniiaed ill this •tu4, the in:tiltraUon cune can be used f or 

the synthesis o~ a ~OF"&Ph of r,mofj' from that vatershecl. _ 



engineers for the ,eeonomiea.l design of struet:ares to convey and 1mpoua4 

runoff'. To obt&.in design .data, \-hree uperimenial watersheds were sel!"9 

ected a.pyro:dme.tel.T lS milea nort.h ~£ Stillwater, Oklahoma. ··fhe water,... 

sheds a.re 15, 9.0, and 210 aore-s. in eree.. 

!lhe soils of ihese watersheds, fOUl?.d on slopes. of l to 10 percent, are 

slowly tc ,reey slowly permeable. 

ne period. o:f rseord. £or this study ex.tended 'from June: 15 to Oct-

ober :31, 1951. OnJ.7 the ;detailed records of o.ne watershed are ineludei. 

in this report. 

lt.£-e-otding gages were iaatalled. to measurEJ rainfall and nnoff;. 

histing hi~ e:ulverhe wezta used as flow measuring devices. l'ro,n 

the analysis 3f the ra.iu!all and runoff 2eeol'ds. the 1ollowing find-

l. !he peak rt1te of' :nm.ott raoorded during this period .ef st.i.iq 
W&s S. 2 inches :per hoUi". 

2. to establish a.ecnrate re.tes of' .runoff, pond.age eorrection-s 
are· esaential. Corr•etion.11 of ,SO percent were not uncommon. 

J. ~e eoef-!ieient of runoff, based on a iime oi con.centro.tion 
of one hour, was determined to be 0.1 for t.,a;terehed 4. 

4. A ra.te of rtJ:r.o.f'f;...su:rfa.c.a detention depth :relationship wa.s 
determined. as a result of the infiltration cl11"1'e derivations. 
tfhon tWs relationship is combi:D.ed vi.th the de,-ived infiltration 
curve and the determined ti.me 0£ eoneea.tl'-a.tion, a ~ogaph 0£ 
l"'llUOff can b-e srnth:eatzed. 



SUGGES1'IONS J'OR l'URflmR STUDY 

l. Determine annual watershed yields. ?reparations have been 

made to install weir sills, copied aft.er ,111emonte 1s19 design,. in 

the cuh'erls to increase the aocura.cy of 101« tlow measure111ent . 

2 . Determine antecedent moi sture conditions periodicall.7. 

3. Anal7ze the infiltration capacities of soil-cover-condition 

complex segment.a within t he watersheds . !his anal 1sis can best be 

accompli shed through ln:tiltrollleter studies. 

4. .Acquire more de\ailed. inf'o?'JIIB.tion on the pernm.nent cha.racter

i sUcs of the drainage basins. !his includes a ccrmplete topographic. 

surTey and soil aurYe¥• 

5. Conduct aont~ nge utili zation attrit'eys. Ut i lizat ion esti

mates in conJunction wi th range condition cl s estimate• would improve 

the classification of grass cover as to ~ologic cbaract,eristics. 

6S 
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!able l. Bain.tall data for waterehed 4. 

Indicated Depth !rime 
I>ate tiae -·· for Uae intenal lntensU7 

depth intenal 

in. in. min. in./lrr. 
19.51 

AM 
7/14 4:SS 0 

.5. 00 o.:,o 0.30 s :;.60 
5:10 0.3.5 o.os 10 0.30 
S:2.5 0.39 0.04 15 0.16 
S:4.5 0.39 0 20 0 
6:40 0 • .50 0.11 .55 0.12 
7:00 0.10 0.20 20 0.60 
7:25 0.95 0.2s 2.5 0.60 
7:40 0.97 0.02 15 o.oa 
?:.SO 0.99 0.02 10 0.12 
7:S.5 1.02 0.03 5 0.36 
8:0.5 1.45 o.43 10 2.58 
8:10 1.53 o.oa s 0.96 
8:1.5 1.54 0.01 s 0.12 
8:20 1 • .5.5 0.01 5 0.12 
8:.50 1 • .57 0.02 JO o.04 
8:56 1.63 o.o6 6 0.60 
9:02 1.63 0 6 0 
9:07 1.75 0.12 .5 1.44 
9:12 1.78 0.03 s o.:,6 
9:19 1.89 0.11 7 0.94 
9:Zl 1.93 o.04 8 0.:30 
9:40 2.32 0.39 13 1.so 
9:4.5 2.40 o.os 5 0.96 

10:10 2.50 0.10 25 0.24 
10: 27 2.60 0.10 17 0.3.5 
10:47 2.62 0.02 20 o.o6 
11:0.5 2.10 o.os 18 0.Z7 
11:3.5 2.72 0.02 30 o.04 
11:lfe> 2,7.5 0.03 .5 0.36 

Max. intenait7 (in./lrr.) :tor: 

5 min. - 3.60 
1.5 min. - 2.04 
30 min. - 1.12 
60 min. - o.85 

Duration aTerage - o.43 1n./hr. 



Contour 
elevation 

ti. 

94.49 
94.S 
95 .. 0 
95.5 
96.0 
96.5 
97.0 
97.5 
98.o 
98 • .5 
99.0 
99 • .5 

100.0 
100 • .5 

fable 2. P<>ndage Correction Calcula tion, 
for watershed 4. 

Area Toluae for Stap Jlate of pond.iq fo-io 
0.01 ft. of etage G.D.JI. 0.01 tt./min. 

in •'ace 

1<1 .. tt. cu.ft. tt. see.ft. 

0 
2,286 22.9 0.01 0.382 
3,348 JJ.S 0.51 o • .s.ss 
4,599 46.o 1.01 0.167 
6,426 64.:, 1.51 1.072 
9,954 99.5 2.01 1.6.58 

13,.590 lJ.S.9 2.51 2.265 
20,160 201.6 :;.01 .3.360 
3:;,1a:; J:3]..8 J • .51 S • .5JO 
51,471 514.7 4.01 8.578 
68, 202 682.o 4.51 11.367 
86,1.57 861.6 s.01 14.)60 

106,209 1062.1 5.51 17.702 
126,981 1269.8 6.01 21.16:; 



!able 3. Storm runoff data for waterehed 4. 

late of Pond.age Culver, Db charge Jam.off Accwmt-
Date Time Gage change in correction dhClharge correc'\ed. pa lated 

and time in ten-al height s\age ~ Q.c, for pondage interval runoff 

min. t'9 ft./miiu eta. eta. cfa. in. x104 · in. 

Jul.7 14 
.All 

?:08 0 0 0 0 0 0 0 0 
7:18 10 0.054 0.00.5 0.2 0.1 0.3 1.2 0 
7:22 4 0.06 0.001 0 0.1 0.1 o.6 0 
7:30 . a 0.07 0.001 0 0.2 0.2 0.9 0 
7::3.5 5 0.076 0.001 0 0.2 0.2 o.s 0 
7:41 6 0.092 o.oo:, 0.1 0.:3 o.4 1.4 0.001 
7:50 9 0.10 0.001 0 o.4 0.4 2.8 0.001 
8:02 12 0.106 0.001 Q o.s o.s 4.2 

' 
0.001 

8:19 17 0.334 0.01, o.6 6.6 1.2 Sl.5 '"' 0.006 8:23 4 0.34 0.002 0.1 6.8 6.9 22.2 , 0.009 
8:27 4 o.:,a 0.010 o.s 8.8 9.3 2.s.s 0.011 
8: :,:, 6 o.,o 0.020 l.l 14.4 lS.5 .58.6 0.017 
8:39 6 0.62 0.020 1.2 20.6 21.s 88.l 0.026 
8;41 2 o.64 0.010 o.6 21.8 22.4 J4.S 0.029 
8:43 2 o.66 0.010 o.6 22.8 2;.4 36.0 0.0:33 
8:46 J o.67 0 0 2:,.4 23 .. 4 ss.2 0.038 
8:.50 4 0.6.5 o.oos -0.J 22.4 22.l 71.6 0.046 
8:58 8 o.sa 0.009 -0 • .5 18.2 11.1 124.7 o.oS8 
9:17 19 o.48 0.005 -0.3 13.4 13.1 2:,0.3 0.081 
9:22 s 0.474 0 0 13.2 13.2 51.7 0.086 

~ 
l\)' 



Ta.ble .3. (cont.) 

Rate of Pondage Oul.Tert Diacbal"ge lh1notf Aceumu-
Date lime Gage change in correc·Uon die charge correoted. per lated 

&ad Ume interval height stage ~ Q.c tor pond.age 1nilenal runott 

min. tt. tt./1111n. c:ra. cfa. eta. in. x104 in. 

9.'l:J s o.48 0.001 0.1 lJ.4 1:, • .5 52.s 0.091 
9:'.32 ' o • .so 0.004 0.2 14.4 14.6 55 • .3 0.097 
9:42 10 0.70 0.020 1.3 2s.o 26., 160.9 0.113 
9c47 5 o.88 o.oj6 2.6 J6.4 39.0 119.1 0.12s 
9:52 j 1.08 0.040 3.1 so.6 S'.3.7 182.4 0.143 
9:.55 ' 1.18 o.o:n :,.o S8.4 61.4 135.9 0.157 
9:57 2 1.30 0.060 s.1 68.o 73.7 1o6.3 0.167 

10:00 ) 1.40 0.033 3.3 76.o 19.3 180.6 0.186 
10;04 4 1.so 0.025 2.6 85.6 88.2 263.6 0.212 
10:06 2 1.55 0.02s 2.8 90.4 93.2 142.8 0.226 
10:08 2 1.60 0.025 :,.o 95.0 98.0 1.so.5 0.241 
10i09 l 1.62 0.020 2.4 97.0 99.4 11.1 0 .. 249 
10:11 2 1.64 0.010 1.2 99.0 100.2 157.1 o.26S 
10:14 3 1.6.5 0 0 100.0 100.0 236 • .3 0.288 
10:16 2 1.64 -o.oos -o.6 99.0 98.4 1.56.1 o.:,04 
10:18 2 1.62 -0.010 -1.2 97.0 95.8 152.8 0.319 
10:19 1 1.60 -0.001 -o .• s 9S.o 94.2 223.8 0.342 
10:24 5 1 • .50 -0.020 -2.1 BS.6 83.5 J49.6 o.37? 
10:33 9 1.30 -0.022 -2.1 68.o 65.9 529.1 o.429 
10:46 13 1.10 -0.016 -1.3 s2.o .so.7 596.S o.489 
11:02 16 0.90 -0.013 -0.9 31.6 36.7 sso.3 0 • .544 
11:29 26 0.70 -0.008 -o.s 25.0 24.5 626.1 0.607 

--.J 
\,,) 



Date 
and time 

PM 
12:20 
1:47 
J :07 
S:O? 

ftme 
intenal 

fable 3. (cont . ) 

Gage 
heigh\ 

Bate of 
change in 

st age 

Pondace 
correction 
~ 

Cul Tert 
discharge 
~ 

Discharge 
corrected 

for pond9.ge 

Runoff 
per 

intenal 

AcCUl!U
lat.ed 

nuioft 

min. t\ . ft . /mb,. eta. cf• . c:,ts . in • .xi~ b . 

.51 o .• so -0. 004 
87 0. 30 -0 . 002 
80 0. 26 -0 . 001 

120 0. 2, ... -0 . 000 

-0. 2 14.4 
- 0.1 s .1 
-0. 1 ).7 
-o J.O 

14. 2 
.s.o 
3.6 
:,. o 

776.7 
6S7.3 
210 .1 
.311. 7 

o.684 
0.750 
0.777 
o.aos 

...., 
• 
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