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Charmel slope iz related 40 unit discharge in eastern Colorado gnd
woeatern Nebreska. Chommel slope can Ye estimated fyom parameters of aree,
érainage Qeaslity, ini‘iltm.tibn, location end pyecipitation. Heagsursmeanis
of these watershed charncieristics caa bte used to estimete the glinmilerity
of physlcal and runoff characteristics teiween walorsheds,



DTRODUCTIOS

' Browledge of tbhe degres of elixilarisy or differccce fo rwmall
enarsoteristics Getween welersheds is of valus 40 the design engiaser

faced with the problem of estimsiing magaliuls and fraguency of potk Talol

of runsif froa wigagsd watersheds for the design of draivage BirUeiiurese
A5 peri of & study of pook rates of ruceff in gemi-srid arens, 2 study wan
gl of chanae) slope o5 2 index of whiershad ghoraoteriailics,



VAYERSHED SLOPE

¥ork by Beason [1959] indicated thet channel slope showed considerable
proaise as e factur fov explaining verimtlon 1a pesk retes of runolf from
Sew Englond wabtersheds., Verious nelhods of meesuring slope of watershed
were studied ia order to find & slope parazster which was simple to deter-
mine &nd also highly correlated with unit discherge (Qm/i\, pesk rates of
rwofl in efs per square mile havisg o tea-yeor yecurreace intervall.
After consideration of a nndber of different methods of determiaing slope,
three were considered to be sufficleatly siaple to compute Lo warrant
&atalled correlation studles with unit dlscherge. They were:

1., Medn chsnsel slope 8
2. GOverlend slope N

3. Obligqua overlsad slope ’30&

Definition shetchoes for cach of these matholes of slope messurenent
exe glvean ia Fig. 1,

The methoda for dstermdning each of these values of slope are 8o
followa:
Medn channcl plone, € ,

Find the slopes in feet per mile belween the geging station and th
respective polints G.1; C.2, 0.340.4.1.0 L3es the length fyom the consiruc-
tion site (the sosumed locution of the drainege structure to ba coanstrusied)

to the hesdwaiers.

Overlend clope, S 2

1. Along the streaa, £ind ihe 0.25L, 0.50L, and O.75L points
from the constructlon site.

2. Drow en elevation contour through esch point to the
Youndary linits of the watershed.

5. Find poindis on these conlours nidvey betweea the maln
chaanel and the watersind oundary.



k. Mensure the slopes in foob per mile beiween these
midpoinls end the next point downsiresa found from atep 1,
that iz, pessure along the doshed lines as showm In
Fige 10

Colique overisnd slope, E&G "

1. Follow sings 1.3 @5 for determination af oweriand slopa.
2+ Fossure the slopes In foel per nile betweon the midpolnts oa
he coniour of C.25L, 0.50L, 0.75L, and the eonstruciion
site, thal is, meacure slong tho doshed lipes showm in
Fige 1oa ;
'fhéz;e' elopes wers moorured 23 the differercs in elevation in et
Sivided by the longih in miles belusen the 1n8iceted poimis.
: The slopes a2z couputed by these three melhods, acd voluss of walt

Qizcharge, ars given i Tadla 1.
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TABLE I.

SLOPES OF SIXTEEN WATERSHEDS, BASED ON THREE TECHNIQUES, AND VALUES
OF UNIT DISCHARGE (VALUES OF SLOPE ARF, IN FFET PER MILE).

Watershed Qlo*' Channel Slope, S Overland Slope, SLS Oblique Overland Slope, S(
‘ A 0.1L [0.2L [ 0.3L | O.4L [O.5L | 0.6L | 0.7L[0.BL | 0.9L | 1.0L | 0.251] 0.50L] 0.75L] 1.0L | Total 0.25L | 0.50L | 0.75L
Fountain Creek at 17.6 29.4 |27.2 | 26.0 |25.7 |26.5 | 27.5 | 29.0{31.3 | 32.7 | 39.7 | 35.2 | 45.4 [ 70.8 |102.7 63.5 35.2 34h.9 39,7
Pueblo, Colo. :
‘Apishapa’River near |13.3 15.3 {17.8 | 22.1 | 22.4 {25.9 | 2k.2 | 26.0|30.2 | 37.3 | 92.5 | 28.4 | 55.2 {4k.0 |137.0 66.1 28.4 35.5 T1.5
Fowler, Colo. g
Timpas C;eek near 21.0 2.2 |19.6 | 23.2 | 22.8 [22.8 | 26.5 | 26.1{28.0 | 29.2 | 32.8 [ 28.0 | 31.0 | k6.7 | 49.7 38.9 28.0 28.2 34,2
Rocky Ford, Colo.
Blue Creek near 2.2 10.2 [ 10.7 | 10.9 | 11.1 |13.4 | 13.6 | 12.9(12.8 | 12.3 | 14.0 | 28.k 113.2 |54.6 | 28.7 56.3 28.4 26.2 25.2
Lewellen, Nebr. -
Birdwood Creek near 3.9 6.7 |10.0 | 10.0 | 10.0 | 9.4 | 9.5| 9.1{10.0 | 10.4 | 13.3 | 23.5 | 75.5 |16.9 | 3k.2 37.5 23.5 21.7 26.2
Hershey, Nebr. 2
Cherry Creek near j/’ 37.2 |115.3 | 86.5 | 70.5 | 62.5 |56.9 | 53.8 | 51.6[51.9 | 51.3 | 53.9 A43.0 | 62.4 [49.6 | 63.1 79.5 143.0 80.9 65.2
Franktown, Colo.
Cherry Creek near .~ |31.hk 30.7 |31.9 | 31.14 | 32.5 | 44,8 | 44,0 | 43.8]44.8 |45.0 | 7.2 | 56.3 | B1.7 [53.3 | 5u4.1 61.4 56.3 52.7 48.6
Melvin, Colo.
Lodgepolé Creek at 5ol 35.1 [31.4 | 25.9 [24.7 |23.6 |24.1 | 24.8|25.5 |30.3 | 41.8 | 32.2 | 28.0 [k0.6 | 56.2 39.3 32.2 30.8 32.0
Bushnell, Nebr.
North Fork Republican|10.8 23,8 |21.8 |19.8 [18.9 [18.3 |17.2 | 18.7|19.9 |19.9 | 22.2 | 37.9 p29.hk |67.5 | b3.6 69.5 37.9 33.1 1.6
River
Buffalo Creek near 5.3 4.8 |1k.k | 16.0 | 26.8 |18.3 |21.7 | 25.4[26.5 |27.8 | 29.8 | 34.8 112.7 |90.0 | 45.9 T70.7 34.8 54.8 39.0
Haigler, Nebr.
Rock Creeﬁ at h.9 10.0 |12.5 | 13.3 | 12.5 |13.0 [ 12.5 | 12.9|12.5 | 16.7 | 20.0 | 28.0 160.0 [35.7 9.6 58.3 28.0 27.1 27.8
Parks, Nebr. b
Frenchm;n Creek at ' |29.2 9.2 | 9.2 8.0/10.6 [11.3 |11.9 |12.3]12.3 |12.5 | 12.5 | 20.9 | 16.8 |17.3 | 1h4.5 17.4 20.9 14.6 1k.9
|_ Culbertson, Nebr.
|White River at 4.3 17.9 |21.4 | 25.0 | 28.6 |32.8 [37.5 | 37.2|36.6 |37.7 | 43.6 | 45.1| 91.3 |43.0 | 60.8 60.0 45,1 76.7 96.9
Crawford, Nebr. :
Niobrara R{ver above | 1.1 10.9 |10.4 | 10.5 | 10.6 |10.7 |10.4 |10.7/10.7 |11.3 | 12.5 | 2k.9 | 85.8 |19.7 | 24.9 38.8 24,9 2h.2 16.2
Box Butte, Res.
Pumpkin Creek near 0.7 9.4 |13.1 | 12.5 | 12.7 |13.5 |13.5 | 13.4/13.9 | 1k.4 | 16,0 | 25.9 | 39.9 [bh.0 | 37.2 36.7T 25.9 26.6 27.4
Bridgeport, Nebr.
Landsman Creek near |[11.2 20.4 [18.4 | 19.8 | 18.9 [19.0 |19.8 | 20.1|20.4 |19.7 | 17.8 | 39.8 [ 24.2 (k0.1 | 26.4 32.6 39.8 20.8 23.9
Hale, Colo.

= :
Unit discharge, cfs/sq. mi., based on 10-year peak

flow and contributing area.
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Corr=laiion Bziwesn Lluve snd Unii Dizchares

Correlation conificlonis were computed Delween various meduured
of slope and wnit discharge for the waltcrshsds shoun fn Tadle 1. The
resulis gre given in Jable 2.

TABLE 2o CORRELATICR CORPFISIURTS RUDVESR HEALURES OF

ELOFZ AED UNIT DILCHARGE (;5/A)

Fooition Chonnsl Slope | Overioms clope | Coliges Overitad olope

. - Sie o0 s

0.2L ST ' .
O.4L et ER

0.5% S1lmue -ei30 R
0.5%L SOIGRER

G\ 7L S ‘

O. ?52: ,&5&% .5:53;

NoA SGO0REE
.95 LR
1.0L HITE
® Ligalficnat &6 09 invel -
4 Dizaificont &L 01 lowml
#3Liznificant b JOO 2ave
|

From this siudy, It wes conoluwdad
e hest corrslaled to usit dischergs, aod thai the channel plope measured
betwaen the construntion site and any position bolwoen Q.45 znd 0.56 gove

syprodisately the sane degres of corralation wilh wll dlocharge.

B & g M d & e ¥ oy o jSC T 4 4 g T
Saterohod Charentexistios &5 o Sinilsrity Tont

A methol waz sowiht 20 dxtersine whether & poriictlor wlovsied Wader
considsration could be considered sicilar to other wslershieds in the siudy
yegione The 1denl procedure 0 follow would Be Lo relale varicuws zhysiecnl
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glmractorintiics of wslersheds 1o dlscharges Eowsver, bocaiso only lialied
&ischarge dsla vers avallsble, it wos necotsary o yelate the waloraded
characlerintics to a mzascier (relsted fo dischnrge) which eold be
obtainel from 2 large aweher of wiersheds in thy rogion siulieds From the
watershed slope stuly, 8 SL (the slope reanured betweon the consirucliion
s8ite nad & point 9710 of ihe leagth from the consirwtion slite to the head.
wolars) vos such & pmreseier. Nence, the yrocedurs follownd voo 1o scelest
& large s of ungeged watsrshode ond pearch for tyzical relatlonshizs
of r&xy.si-ea& charaoteristies thad eodd be related to :30‘% s Wwhich in
tura oould b2 expecied to bo fliztad to dischorpe. This procedurs pers
pitted exanxingilon and analysis of & much lavper m:le of dzia than wald
kave been possible froo sonlysis of goond wnbersiusGs only

.

An attempt wou made L0 relate the olope parsceicr o the
folloving indsmandsat variablos:

Contriduding sros ‘.A).-N.h. conbtribvusing arses, sa sguers niles,

&,
G5

Tor the wnierashoeds studled, were {oloruingd Ty topourarhic szc.e
Hon-coutribuiing aress wore delinad oo those fIn which the water
coutribuled o lakoa, poads, or reierviirde

Sotel chzmiel Jenalh wL} -S0tel chrnnal lengih, in miles,

wis used BS & motsurs of dvplncge donnltys The values of L wer
otainad by measurisg the tolal Jongth of the dlus lines

Gushed} in the woaerohad oo (he 13250,000 seals meus of the soon
yrepered by the Uwle Goologieal SWoveys

Soll infiliratioy index iﬁw»’i’ﬁ& gobl dnfiltration indices

wore calemlated from the medified soil msp as zhowa in Pig. 2. The
indions range from wdly for 2 olsy coll o 15 for & aandy soils
The dafigitles and comzntailon procedwrs for deteralnming "IN 45

presented in the Agpeadiz.

I.{;‘., ahion paras (‘ }‘w‘.tl.}ﬁ warraeter was defised &2 the
Giffezonay in Qopvses 3 Twoon thi Laszitelde and the Jeiitude ab%
the cenirsid of the watershed. Uatarshads ware grovped In the

clase Subtervals 59 o 60 Comrees.



8

Procipitation parasater {Fm).”’ﬁ;@ Shehour ampunt of

preciyitacion naving & Lea-yoor recurrenee interval (Pm} nanrest
the controid of satersimd. The isobyelal map of ?10 veluzs is
shown iIn Fige 3. _

Zona of enviromment.--Sastern Coloxnds was divided Into throe
zones of caviromemt oa the basis of principel drainage basing.

These zones are:
1, Upper Republican River Rapin
2. Arkenses River Dosin
3. South Flatte River Zasis
After the correlation emalyeic, 1t was found that walersheds of
South Flatic River Dasin nesr the Front Rangs having & slope greoter then
22 fect per mile noolded to be sdjustad to be compureble to the other ZXead,s
E5.01 " 28.8.
Fifty-two (52) wigsged wutersheds in eastern Coloralo were uced 83

The adjuwsivent equallion i3 sa %? = 2.3

the Gopendsnt saople to darive the reladien for eetimaling :‘ig oL fron
0
A,; IL , 1, and ?16 by comelal graphical correlation es shows In
Fig. B. #n indeponleat sample of 18 ungaged watersheds ves wad es o chock.
Figure § shows the cwalative relotive freguancy of exrox of asilapie,
oo -3 .
, ; sltisales fagit bt -
which is dafised by Fercent eryir = £ 5 L Rtuk x 160 , for Fig. b.
estivated
syve errors less than 23 per gent for

Approxizately 67 per cest of the casos ga
the dopendent zesple, and &7 por eent of the cazes ia the Independent exaipls

o

gave errors less ihsa 10 por eant.

Shooe reswlis indicaie thoat the poramsler sg.% can be estivnied
with accaptadle mecurney (Tuccsptadle pacwraey” oy field desiga purpose
15 defined s at lesst 67 per eent of ize swyle bevisg e depuriwe of

L

less then 05 per coad fron the f1iled rygvession) Irom the glven vatere
ghed charpcteristics. Furtherrors, success in esiimating 24::--91. Iran
the wotershed cheractoristies cugzest thet tho relation chown in Fig. L
cen Berve £3 & test for dotermining. vhelher or uot ihe unofil eharad-
toristies of & marticular watershed are similar o oihor watersheds

$n the yoglon for which move complete data may be ovallable. This
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sssuption 1z supported Yy the fact thot the factors used to eatinate :‘30 oL

Troa ?ig;. % {arsiaege eren, dralnoge density, soil infiltration characier-
istics, locatlon, ead precipitation) sre sll factors vhich reasonsily cowld
e expected to inflnence peak rates of rusoff. FHence, 1f two ungoged
watersheds under soncideration sre found %o Lo similar oo the bosis of the
eforesentioned characteristics, it 1s remsonsdle to expect thot rumoff
characteristics would £lso te slinllar,

This leals to the criterion for deteraining the degree of similarity
of watersheds. If the estinmated 50.9t, fron Fiz. & does not depart from
the mesaured value of 50.91‘ by more than £5 per cent of the ectimated
valne, the watershed under cousideretion moy be regarded os siallmyr 1o
trose used to derive Flg. 4.

Procedure for Pestersination of Desrce of Simdlarity

The procedure for detemining whether or wot a particular walershed
42 piniler to those used to derive Fig. & io ss fullows: v
1. Deteraine from toposrephle maps {scale 11250,000) prepared
] Ty the U.0. Ceologleel Swrvay, the following:
: A Conitrilating sves in sguove alles

¥L  Totallengih of channel ia miles, Including
tritutsries in the walershed, vopresenicd y
the blue lises oa the U.8. Geologlcal Survey
wmos of scals 112850,000.

L Location, longitude minus latitude of the
ecentrold of the welershed.

2. Deleraine the soil infiliretion index, X, from ¥Fig. 2.

X, teraine the precipitaiion porsmeter, Pm y from ¥izg. 3.

k. ¥iih these poraseiors, enter Fig. b ond obtain an esifmnle
of s&.% « If the watershed is in the South Platte Iasin
228 the estinate of -“g‘?ﬁ
deterning on edjusted value of the estinale, ;*33’93‘*, ty
the epiricel reletion,

% ou B35 a8, : .
5{3.% " 5"0.91. 28.8

exceeds 22 fest per mile,
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Yonmspes tha fotyad %.91 Irom tovographde s o fros
& olis smrvey.
Corite the por ceut of errar.

g - B
Qe “0.9L,
For cont craor @ “Z“ ectind =
0Fhas.

Avcarpt the vabershed es bring sisilar to those wed to

darive Figs & 1T the per cent of errer of estinsite dous not
= ¥

eacead 25 por cont.



1. The channel slopes oeasured belwsen the conatructicn 2lie seod uny

2s

position betvoesn Ou% and 0.9 of xain chennel length is significunily
correlatod with unlt dlsoherge (Qw/;i) oy watorshods in ssotern
CoYorndo gnd wezlern Jobroshne

In eastern Solorads and wostern Babrusing the channel slope, f‘:a.% »
can Yo ssdivatsd from contributing aaien, crainags densily, ooll 1afi)iya-
tion characierisiics, locatlon, acd precipiistion. A comparizon of oo

setunl olope vith the slore corpuled frow these jereselers can be wsed to

estismie o meosure of the sinilsrity of physicsl and yunoffl characteristics
Yetuosn wulorshiols.
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APFERDIX

Mnition snd Cospadation of Eoil Inriltratios Index "I

Tha Infilivation index fOllous ths soll classificabicn pyoten of the
ol Conservation Dervice &8 £ollows: '

Group A - {Tovest runofff potentlel) Inclwles deen sands wilh
very Mitile 8ilt endciay, 2lso degp, mupidly persestle
Ioesse _

Group B - Hostly 2ondy 2olls loos deep than A and losos less
deop o leas ogpregsted than A , Bl the moup e &
¥hole hos shove-zversge $afiltretion after thorouwsh
%tﬁ?g; )

Croup £ = Conprises shallow 20ils mnd solls containing consideranle
clay and eollold; though Jess than those of Growp 2.
The growy hes holov swersge $nlilization aftor pro-
52T slion.

Group D« {(Blghost runadf potentlel) Iscluds mostly oloys of
high sunlling per cont, bui the group glao Includes
some shallow solls with noarly {spermesdlie subborinons
pear the surlucs.

Ihese 801l grours were sesigeed Index awmbers relsted to Infilizaticn
ez follovs: ,

Crous h ~ Index Rwbar 15 {(highest fnfiltrotion rate)

Croup B ~ Tndex Hunbor 8

group © = Indsx Mader b

Group D - Index Hwber 3 {lovest infiltvetion xate)

Toe procsdre folloved In deterslning s 291} Indoz for o poxdicwlar
£4) type (2, 3, % wnd 5) 4o 1llustrated in the Pollowing exwmule:
Soll tyos - Ansolno « Xolth - Bush
fram the hydrologle proupings of soll sovies, Amgelnn s in Growp A which
glves an fodes ndeor of 155 Xelth fe fa Growp By which glves an Index
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nwdber of 8; end Busk is 4n Oroup B vhich aluo gives en index mslier of O.
9 ssoigned soll indss "I7 of this growp io

z B
In(:‘ﬁ*?*") w 10457
% i
This rrocodine vos follownd 1o ohialn soil Infiltrellica Indlices Jov

the sludy npece The reunlle ave shown in Flg. 3.

To detarniae the goil iodey, “1° , for o porticuler walershed,
the wetershed 15 plotded o the modifisf polls ooy show In Fige 2« The
yarcentage of the tolel avea of the welearshed wiih sach 201l Index value is
" then dotaredned. Tho soll dnfox for tho entlre wiorshed iz then the sime
zatim © t}fs?, roducts of the percaontagss and e inlex for ench oy

dnclvded in the wilorshels.
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