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Runoff studies at the Blacklands experimental watershed near
Wico, lex., were started in 1937 us a cooperative project of the Soil
Conservation Service and the Texas Agricultural Experiment Station.
By 1939, records were being collectud from enough areas of different
sizes to indicate the probulality of a reazonable relationship between
peak vate of runoff and size of aven.  Ihe collection of vecords from
most of the areas was intervupted by World War I1, and measurve-
ments trom all but three of the areas were discontinued in 1943,
Work was resumed on aoreduced seale in 1944,

At the time this work was staorted, little informnation was availuble
on the runoff from small agriculéural watersheds. Some was avail-
able for small plots at varions crosion experiment. stations and State
experiment stationg and for extensive areas where streun discharge
was incasured by the United States Geological Survey, hut none for

! Slll'uniii:m] for pubtieaiion Muy 19, 1050,

The authors gratefully neknowledge the assistanee of the U 8 Geologieal
Rurvey awd the U 8 Wenther Burean in making availuble their unpublished
records,
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arens of 5 to 5,000 ncres. The Blacklands experimental watershed
anel similar expevimentanl watershed projects loeated near Coshocton,
Ohio, and Hastings, Nebr.,, were establizhed to provide information for
arens within this size range.

The results obtained at, the Waco watershed nre generally nppli-
cable to the Biacklnnds of Texas, Arkansas, and ()kl.thomu, the
boundaries of which are shown in figure 1,
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RATES AND AMOUNTS 0" RUNOFIF FOR THE BLACKLANDS OF TEXAS

THE BLACKLANDS AREA
CLIMATE

The climate of the area is characterized by ong, hot summers and
short, relatively mild winiers. Most of the Blackland prairie has an
average amnal dufall from 35 to 40 inches,  Short storms of Tigh
miengities are more common than storms of Jong doration with large
fotit] amonntg of ronfalll Uonited States Wenither Burean vecords
Tor Waco wive The normiad minfall iy months as follows: Januurey,
21 anches: February, 257 inches: Maveh, 308 inches: April, 4.24
inches s Mayc kot inches s me, 3006 inchesTalve 208 inehes ; A agnst,
255 nches; Seplember, 294 inches: October. 2.53% inches; November,
24t inches: Deceinber, 281 inches s annual, 3004 inches,  The actoal
rainfull inany specific month or yeme sy differ widely from these
imounts,

AcricrLrug

The deminant native vegelation of the Blacklands in early days was
praivie geasses and seattered patehes of mesquite trees, Aoat 1880,
the movewent began 1o divide aml sell the Taree holdings of grass
Londs in smaller blocvks and to breake the sod for cultivated erops.
Culiivation renehod o peake during World War T oand has continued
al falrly high fevels in subsequent years. Since ahout 1957, there Lias
been o tendeney 1o reduce row-crop farming slighily, with the resalt
that same Lind formerly morow crops iz now in grass, smadd grains, or
clovers.  Al=aoa considerabte acreage of hadly croded Land has ceased
to be proficalile Tor enliivation. Most of this land has grown up o
Juhineon grass, other grasses, and weeds. Mihough fhe acwage of
i erops is inereasing, coiton is still the prinry cash crop.

TAE BLACKLANDS EXPERIMENTAL WATERSHED
Wrersinen CHARACTERISTICS

Thiese ~tudies were made on o trei af the headwalers of Broshy
Creck, o small stremn i the Brazos River basin 2outheast of Waco.
This wrea. whicl iz typieal of the Blackbnds of ‘Texis, lies belween
Buttodes ST 25 and B0 327 Nooand bebween longitudes 96751 and
SR W Klevations renge Trom J64 to 395 feet nbove mean sea
level, The total area of the warershed 12 3860 acres,  Several sialler
experimental watersheds ranging in exient from stightly less than 3
aeres tg more Cla JU0T aeres, were established wichan the main aren,
The size. physiographic chareaceter, and 1ype of Tned nse in expertmen-
tal nreas of the Blackbinds experimental watershed are shown in
talle 1.
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Tanwe 1. —Watershed characteristics
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Gentle slopes. deep soils, and poorly defined stream channels are
characteristic of the experimental watershed and general aren, The
soils ure predoninantly of the Flonston series and have the typieal
shyinkagre crucks when dry. The geologic materials From which ihe
mitin Blacklad praivies dvvphqnwrluﬂnng primartly o three groups
in the Gulf serics of the Cretacecus system,  These, i ascending order
of the geologic profile, are Aosting Taxlor, and Navarro, Smali areas
have soils from the Eagle Ford and ofher fortoations.  AY of the
experunental watershed lies on formations of the Taylor gronp.  In
this locality these strata dip approximately 830 feet per wile in a
general 5. 75% W direetion. Theee stratu of the Taylor group—
sundy merd, ehalle, and highly ealcaroous warl—occur on the water-
mmd.;\HofﬂmmnnwwﬂmwmnthucMcmuvmuhomwecmﬂmnlmng~
ing from 5 to 25 pervent in sandy marl aonl from 70 to 80 percent
the chalk, The caleareons mael has abont 50 perceni of caleium
carbonute,  The soils strongly veflect the character of the geologie
materid frow which they are formed. Those developed from the
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sandy marl ave largely of the Crockett and Wilson series; those from
the chalk, of the Austin series; and those from the caleaveous marl,
of the Houston series. Soils of the Houston series occupy a major
portion of the 5,860-acre watershed. The soils of the Crockett and
Wilson. series occur primarily in the northern part® The various
soil types and the average depths of the soils on the individual water-
sheds of the experimentad wren ave listed in tables 2 and 3.

Tannr 2.—8oil fypes and averaye do pth ' of sorl inwatersheds Q1 and
. l" - ¥ ¥
Watershed 1 Watershed 1 P Wntershed

‘A Ve
dopath

Avirage

Average
LT

depth

A Al

,
i
i,

Boll grovp pod 13w l
i

LoAren

I. Prairie soils, wranular struclure, ; . ; !
abkaline throughont; ) : . .
a. Normal profile: terocut | Inches Prrcemt . fnches  Percent | Inches
1. Houston black vlay . 0.8 a1 24 54 48 54
2. Honston  black  elay, : :
pravelly phase ot A8t 48
3. Houston-Fluni elay. AL B AL Al i
4. Houston  black  elay,
suline phase. o o . 0

Toiul . a8 ETO o

b, Shulow to parenl material;

5. Mouston black  elay,
shallow phase.

6. Houston  black  clax,
over chajk, .

7. Austin elay,  shallow
prhase

8. Chulk auierop

Pevinl

2. Prairic zoils,  woderately eal-
careals substrata;
a. Dense;
g0 Wilsin cluy
1. Wilzun clay lonm
11, Wilson fine gundy lasn

Total

B, Mulerntely Trinble:
12, Crockeli clay lonm
13, Crockett line sandy
loseee .

Toial . 26,4

Vlregith tor parent mateeial T soll geoup 1 amd 1o B befzon e goil groog 2,0 Dy he ehesiflentions nat
made for eollavind wnd sthev ol soils,
T L than G0 pereent,

TROIL COXSERCAVTINN BERVICE, 1T, 8 THPARTMENT OF AGRICULFURE,  THE AGRICUL-
TURE, SHLS, GEOLUGY, AND TOMOGIRATIIEY OF TIE BLAUVKLANDS EXPEELMENTAL WATF-
RnEr, LR Pepr. Apr, Hydeol, Bub 7, 388 prcillus, I,
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Tasse 2.—Soil lypes and average depth' of soil in watersheds C, D,
and J—C‘unnnumi

Watershol (7] Watershyed i % Wotrrshimt 3
8oi! preup and 1ype IR I o -
LA w'ugl., A verige, A verage
T depth © Sodepth | S ddepth

I H )

B T L) rp— ‘...r-_ B T NP U P,

3. Colluvial sails: ! . ! : i ;
14, Homston-Fhung elay, eol- . Jcrm:f Tuches ' Pereent | Furher
tuvind phinse . . 0 P R | B
ih, Wilsan  clny, (ullu\ml '
phase, . 7.8
. Wilton alay l(mm a-(;l- . ; :
lvinl phase A SR TR I I o,
Wilson fine snnsdy Imma : : !
vollyviat phase,
. Cvockelt clay lmim col-
Izvind phase .
. Crogketd, fine sandy |
toany, eolluvial phase

Ares Areg Aren

T'otal .

4. Alluvial soils:
20, "Teinity vlay
21, Carndpa elny
22, Kanfman clay .
23, Kaufrnn  fine  sanedy
logm. - .

Tolal .. . . ° Conn oA

UTeprls by purend oberind o soil growps | oied Lo ilurlmu i ol growp ® Depth olassilioisns nod
mude for eollactnt o adlevind soils,

Tasir 3.— 8oil fypes and arerage depth of sotl in watersheds Y and W
and thetr subdivisions
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Laxp (s

In 1939, 18.7 percent of the 5.860 neres in the watershed as a whole
{nrven J) wax pustorve or hay land, 5.7 percent was in farnstends and
rosuds andd the remsinder or 306 percent was coltivated,  QfF the cul-
tivaied land, 380 percent was cropped to colton, 0.0 percent to corn,
5.2 perceni fo other row craps, mud GhO pereent 1o broadeast or drilled
erops. Netrop was grown on 5.8 pereent of the e 1:'|{i\'-|it~tl Ilmi This
general crop distribution has varied only shghtly Trom year to year,
This s aorype of Land use which, withon 'uh-qum- soil wmm\ruimn
messures. I8 condueive to Lirge amounts and bigh vates of Funodf and
severe erosion i e,

Thie smabl experiiental areas of abonl S acves cacl were cropped to
several different crope—cotion. cornand onts—during the perviod of
Il‘([)ll] bre only one kil of crop was grown on each ares in any one
yoaes Aren 1205 sl rea of native s which had never been
|1Itm‘m'l and Frony which one cutting of Bay wis obtained vacli yuar.
The 20-aere traces consistied entively of eultivated laud except for
st ] areas where coltivation was impractical doe 1o excessive road
dradnage. Craps on thiese trets ineluded cotton, corm. and oats each
e The leger peeos linve all the T mzes mentioned and in pro-
[PIPLIGNN cOnIpr bl 1o those o the area asa whole {waiershed J).

Raisksni, v Buaoer Recokns

{ht ihe v.\];i'i'mu'nl.ll witkerstisd, o nomber of radbn gage= of the ve-
cording (ype furnished data on Loth painfall amoiiiis and intensities.
Revords Trom 10 ol the gages were used in peeprarcing (his repoet. The
records were selected <ottt o reasonable areal disteibintion was ol-
tainedd for ench of the waicrshods from which runctl mensueenients
were iteedd,

T'he waiersheds fran which runofl measuremonts were obdained, to-
eether with some ol the watvrshed cliamcioristies, are viven in table 1
Stagres were obtained with aniomutic warer-staze reeorders anlppt-tl
with chios havi g an open Hme seale o thit rises condd be aceneately
nwastred,  Caltheaed thones wers used winh the water-stage record
to deiermine the rinod] fron the arens of dess than S00 acres. For the
Furgeer e, artifiein] conrals were constrneted in the stream chan-
nel<. and the diselareees wore obianinoed by wenns of carrent-meger
mieasurenents sl Teom mting coeves developed From the mensure-
RICH =,

AREA OF AVPLICATION

Al ihe stadies an the etfeet of conservaiion practices were made on
decp. fine-textiead. <lowly permeable saoils of the Blacklands,  ‘The
=ort ol i minjor par of tiu- areis studicd s Honston black elay. The
Tnds along Bruzhy Crocls inelude conziderable arens of doop, fine-tex-
tured, very slowly perrieable soils of ithe Bhwcklinds moaly Crockett,
clay loam and Wilson elay and elay loams. There are alzo smaller
areas of deep, mediam-iextnred. very slowly pernicable soils, nostly
Crockert and Wilson fine sandy lons. “Ihe results obtained on the
effeers of conservation |)I'H'[!(‘l‘ {3 }w-lk et of runoft are 1)11’H(’1&~
tarly applicable to the decp fine-ioxtuyred. slowly permeable soils that,
comyrise fhe magor poritor of that paet of the Blacklhimds avea shown
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in figure 1 as the Honston-Wilson nrea.  "lie resulls are somewhat
less applienble o the deep. fine- and medinm-textured, very slowly
permenble soils of the Wilson-Crockett arca and to the shallow, fine-
textured, permeable sotls fornd primarily on the Avstin formations.

For the arens lnrger than the d560-ncre tract where recosls wore
obtained by the Taited Siates Geologrieal Suevey. the major soil types
are ineloded in about the mtios that condd be expeeted thronghout the
Blacilands,

The differences in raintadl in different parts of ihe Blaekoidds result,
i different peal mates of ranefl, "o compensade for thiese eainfall
differences i is noeessaey fo madie appropriante adjnsiments by ranoff
valnes. The degree of adjushinent is shown in Hgure 1 oas rainfall
coeflicients, which ave pereentages of (he rinfall valoes ol Wuco.

FLOOD PEAKS POR USE IN DESIGN OF CONSERVATION
STELETE RES

Avinyriew, Proceo wes

It g wof the purpose of this bubletin to deservibe in deiab the analyti-
enl procedures used to diteemine the fload peaks thal might e expecied
for various reenrrence intervals. These procedires have beon Tully
sef forth i anether publication.' A brief oatdine of ihe procedures
at this point. however, will as<i=t i an uderstanding of the estent 1o
which the esthmated peal raies ure snpported by the experimental
data,

Profubility stadies were aswde of the siaximom annua) Slond peaks
for the experimentil watersheds lisied in iable 10 Shoilae siadies
were alzo sade of United States Geologieal Survey data for six lerge
watersheds Jornred elsewhere within the Texax Blaekiinds.

The flosd peaks, ax determived by the probability stiddies, were then
corrected to what they would have boen o8 the vainfadl o eael waser-
shed during the period of runofl recor! had been @ ool sumple of a
leng-tersy rainfull record f Waca, 'Fo determine these carreeiions,
probability siudics based oo long-toern Waen vainfall were nunde of
saexinmm annual asneunts of reinCadl Tor 10-, 36, 60-, and I80-minude
periads and of the product of minsad eaiafall i ihe number of
exepssive storne®  Shiniloe probability stndies were made of ihose
stinfall eloncteristios for enel watershed I the experimental wren
for the period of ronofl’ record.

A comparisan of the probability corves of voofall inlensities at any
watershed with those computed for Jong-terin Waco rainfudl formed
the basis for carrcefing the nmgnitude of the fHood peaks Likowize,
w comparison of the probalilify curves of the prodoet of aanoal min-
full and munber of exeessive storis formed the basiz for correeting
the frapencey of the lood peaks!

The correcied values of Hood peaks {for o recorrence itterval of 10
yveurs were then ploited neninst the vorresponding walershed size, and
vast-sgquare curves were compued fo express the velatiouship, Fihrore
2 shows these computed curves together with the plotted poinis of

PRovER, W, OTL O EPFECT D ORAINEALL OF MAGNITUDE AND FREGU ENCY U8 PEAK
RAYER 8 SUREACE 0 e, e Geophivs, Undon om0 7005 708 1490,

: Prorees, W, in MAHIAALL Y PENTS G0 PROCICETACHIN AN PREQITENCY SUnlls aF
BUNGFF 0N saadd, wavensnuens, B0 N0 Dept, Axes Tecll, Bal, U85, 2 .,
Muax. 1546,
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both corrected and uncorrected values of the flood peaks. A com-
parison of the stundard ervor compnted from uncerrected flood penks
with that computed from the correcied values indicated that the cor-
rection for rainfull differences had veduced the seatier of the plotged
poinis by wore than 50 pereent. In other words, the relinbiliiy of
the computed fAood peak versus aren relationship had beeu inerensed
by 50 perceni by correeting Tor rainfall ditfferences.

ReEpccen PEVKs ror SMALL AHESS

Tt will be noted in figare 2 1hat the aren versus peak-rate relationship
is not. constant for all arcas hut i expressed by 1wo corves; one for
areas less than 100 heves and one for arens greater Than 200 acres with
a Lransiiion zone for areas between these limit= U the relationship
had been constant and conld have been expressed by the curve for
areas greader thun 200 acres exiended fo include the saller areas, (hen
the peak raies for these areas would have been higher than those ineli-
eated by the experimental daty and defined by (e conipuded carve for
areus less Lhan IH(} acres. ‘Ihis difference would have heen groatost,
for an nreea of 1 acre antd would iave decrensed iniformly fo zero
difference Tor an aren of 130 acres,

Two explanations e advaneed for ihe velativily low flond peaks
frous the wreans Jess Han 100 acea One explanaiion asceribes the low
peaks o the faet thiad the =mnd] waiersheds do war have well-delined
drainnge channels and that a considorible proportion of {he watershed
15 made up of relatively flat slopes. The ranoff from these fat slopes
does nob reach the maging station oot il =ome (e after the ood peak
has paszed. and this does nof comribige fo s vmgnitude. The fwrger
the watershed. the greater i= the proportion of total aren dr tned Ly
well-defined channels .md 1o snwlier s the proporiion of i noncon-
teibniting areas.  Thus ithe effect of the nanconir I|>ll[1l15_f arens on the
m.n;_rm!udo of the flood peak decreases with the size of rhe watershed
and is negligrible for o walershed of 130 acres,

The other explanarion aseribies ihe low peaks from 1he small water-
sheds (o the amonnit of exeesz enintall that enters suefaee cracks in the
soil.  These cracks (figs 5 and b} appear at the surface when the soil
s dey, They are very numerons and may exiond many feet into the
subzoil,  When the soil becomes wot, the =otl pariicles swell and the
vrncks close. This wetting wud closing i~ many oes Tinifed o the
surfuce soil {fiz. 43, chus sepding the erpels ni the surface i otherwise
leaving it wnaffected.  When storms ocenr ai o time when eracks ure
open af the surface, a lege ot of ewinfall exeess may be Inter-
cepied for short periods of thne bifore the soil particles beeome wet
unrdl gurtuce seahing takes placr. The vainTudl exeess thus lost to cracks
may amounnt ioa kirge proportion of the total exees rainfall for these
short-time intervals.  As the time Interval i= increased. the rtio of
rainfull excess losi 1o cravks io the Gotal rainfall excess for the (hne
inferval beconnes less. Thus, for siiall watersheds having an averngee
ine of conceniration of front 3 (o 15 mimaes. the rainful]l excess lost
{0 cracks has an appreciable effeet on the maenitnde of Mool peaks.
This effeci becomes loss and Tess ag the sive of the watershed and the
avernge fone of concentration i< ncerensod and Is negligible when the
wren of the watershed exeeeds 150 neres.
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ADJUSTMENT OF FLOOD-PEAK VALUES FOR DIFFERENCES IN CULTURAL AND
PHYSIOCRATHIC FACTORS

For areus of 20 acres or less the values given in table 4 and fignre
5 were obtained from 100-pereent-cultivaled arens where approxi-
mately 50 percent. of the avea wus in colton, 25 percent in corn, and
25 percent in onts. No park of the avens wag i permunent grass.
For avens greater than 20 acres the values were obtained from mixed-

- ‘_-a-l;'wgv_‘i.um“;,_r:“-"\i“z}?;:, .
R A ‘:"é‘-‘ﬁﬁ%g-;,.:} ke
" I‘.. .Y < L1

ok en®e

AL . - den - S

2 R R IR ST
A R B .

A .

s
w

5 S

Ficeng b~ Craels o the Gree o 0 gully i Touston blaek elay 80l after approxi-
s lely 3 ineles of vain b wel The surtace soil siod elosed the creks ie i
surface.  The ceacks in the subsurinee ventinsd opet,

cover watersheds where approximutely 80 pereent of the Tand was
cudtivated, the principal erops being cofton and corn with some small
graims.  The rensinig 200 pereent of such aveas included Land in
pernuent s, pasture or bey band, brozh, faemstead, and roads.

The gualifying physiographic features upon which the flood-peak
detertsinv®ions nre based are given in the deseription of the Experi-
uenta] Walershed and in tables L, 2, and 3.
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Within the general aren of appiication small local prons may be
found where physiographic and cultural conditions differ materinll
from those prevailing on the experimentnl wulersheds. For such
arees the field technician must use his judgment in deciding whether
the noted differences wonkl vesult in larger or smaller flood peaks
than those specified in table ¢ or figre 5.

ALJUSTMENT POR RMNFALL DIFIFERENCES

Figure | shows the coefiicients {hat shoukd be applied to the valies
given in fuble 4 or Hgure 5 1o compensale for rainfall ditferences
thronghont. the avea of application,

I
&
3
-
k-3
a
=
5
=
a
3
-
o
-
b-d
o
a

Y 1000
Droinoge oreo {ocres)
Preeee o, Helatlon of peak mdes of ennodl to gize of deainigee orea $00 poesrropee
inlveval of () vearvs, This covve bs appliciable ouly for phystoginphic and eut.
turnl fegiuves similne fo those indicaged an page 12 asd S dndedes 1,2, andd 3,

EXAMI'LE

‘The following exisple lusteates the nse of the varvious fignves and
tabutations in (r*ternlini'ng flood peaks: ’

Gireny A 500-neve mixed-cover watershed in the vicinity of Dallas,
Tox.

Kequived: Flosl peaks thal may be expected for vecurrence inter-
vals of 10,25, iad 50 years.

Solution: From (able 4, the Bood peaks from 500 acves for 10-, 25-,
and HU-yeurr vecurvence intervals are found to be 1,080 cubic feet per
second, 1,370 cubic feet per second, and 1,390 cubic feet per second,
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TaBLE 4.—Peak rates of runoff for desiyn of conservation struclures®

Raenrrencs iterval

Area (ueres}
2 yeury A yenry I yenrs D yuunry ) yeirs

Co ft, g aee, | Cu ftoper sco | O i per zee. | Qv floner s | On fL per aze,
i3 LB 201 24,

iR
24, 37.0 12,
40, 5l 4 B0, §
5i. 65. 0 75. 3
i, 78. 40,
108, 157. 0 154,
£50, 116, 0 224),
0. 241, 0 274,
2928, 20, 8 335
264, 445, 0 388,
2., 380, 0 440.
334, 424. 0 .
307, 466, 9 530. 0
400, 508, 0 588, 0
650, 826 0 450,
813 I, 32 1, 200,
G453, 1, 210, 1, 90,
1, 086, 1, 370. 1, 500,
Y . a1, I, 750,
t, 300, 1, 656, I 0io.
i, 400, i, 780, 2, (60,
1, 440, 1, 809, 2, [,

. A80. 2, D00 2. 1320,
2, 320, 2, 1150, 3, HQ.
b2, 400, 3, 580, 4, 2060, ¢
b o, A4, 320, A, Q00.
I3, 860, 4. S0, 5, 660,
J, 968, 5,410 6, 260,

4, 640, 5, KU, G, 824,
@, 319, 7. 348,
G, TS0 7, 850

4, D90,
5, 340,

7, 180, 8 314,
i

13,7 22,
9. 31
L 40,
3. 8 A8,
.8 84,

. 5 118,

3 1t

Y7, ) 17
i A7
X 245,
7.0 262,
0 288,
g, 1) a4,
L O B0,
X BT
X 748,
X 848,

5. O 43,
L0 1620

A%, 0 [ 1, 100,
00, 0 | 4 176,
30| i 246

g0, 0 | 1 820
w0 | 2280
06| 2 G670
0| 3020
Lo | a0

e 180,00 [ 3 640,

8000 . ... TR0 0] 3920,

0000 ... ... 2 al o, 10,

10,000_ 2220 000 2,660.0 | 4,430

SO OCDoCoRIOOCoRRORC I G
o

DILDODDODSROR

o o o)

[ YWl R e e Ren R R fear R R R Y iae frn R B e el o iR o sl VR AR SR

-
)

5, 630

¢ Vahaes in thig 1able are applicable only for phesiographie snd caltura! Tfeatures
approsisnel ing Lhese diceted on page 12 aad in tables 1, 2, and 3.

respecfively, for areas in the vicinity of Waco, Tex. From figure 1,
the raintall cocflicient for Dallas i« found, by interpolation, fo le G.56.
The expected lood peaks in enbie feet per second are, therefore:

1,080 86G= D20 for recurrvnce jnlorval of 2 years:

1,ATO X 0.80=1,180 for recurrenee infeeval of 25 years:

1,300 % 086=1470 {fov recuivence interval of B years.

As an alternative method, the food peak from 500 aeres in the
vicinity of Wace, Tex., is fouud from figwre § to be LIS cnbic Teet
per second Tor a recurrence inferval of 10 yeaes. The adjusiment
fuctors for recurvence ntervals of 25 and 50 years are 127 wnd 147,
respectively. The rainfall cocflicient Tor Dallag is 6.86 (fig. 1.

The expected fload penks in enbic feel per second are, therefore:

1,080 0180 = U} for revievence berval of T years;

1086X T 27 086=1,180 for recurrence inferval of 20 years;

1,080 31,47 XO0.86=1470 for recurvenee juterval of B yors,
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EFFECT OF CONSERVATION PRACTICES ON PEAK RATES OF
) RUNOFF

Ruinkall and runoff records have been obtained from two similar
areas of about 300 acres vach and from 14 smaller areas within these
S00-aere nreas since 1954, Throngh (642, hoth of the 300-acre waier-
sheds were cropped and cnltivated as nearly alike as possible in
stewight vows and with ordinuey faen prctices, I the (el of 1942
and spring of TS conservaiion practices were establishied on one
swreas on the ofher, the tarming practiees fornerly used were con-
Houed.  ‘T'he conservation praciives included tlie conversion of part
of the cultivated aereage (o geass land, imiproved rotaiions, and the
phinting of Jeoumes and installation of ferraces on the veduced area
of cuitivaied crop lund. Table & gives the land use distribution for
mdividusl watersheds within the (wo S00-nere areas for 1942 betore
conservation practices were established and For 1948 after the con-
servation svstent was fulrely stable and well extablished. The lay-out
of ihe terrace and drminge systenis and Che extent of grass land Hetore
and afier conservation Dreatment ave shown in figure 6,

On the conservation area gostd agronomic practices have been con-
tinued. and the ferewees, waterwiys,and strociures have been eavefully
maintained. The terraces have been plowed af least 2 yeurs of every
Sowithoa fwe-way plow. turring the firvows foward the fereace ridge
and Jeaving the dead furrow in the ferruee channel, Pastores have
been mowed for weed control al least onee each year, A large part
of the pasture wreas have o good stand of bue clover which has reseeded
sy and s spreeading, - On some pasture areas of her legnines have
heen seeded. Commereial Terfilizer has heen applied on a few small
NG,

Noattempt was made in these studies to isolate and evaluate sep-
avalely the effect of different conservation praciices.  Instead. the
atm was to derermine the combined effeel of all the measures inelnded
in the conservation pian, Thix was done by comparing the relation-
ghip of the rainfallaninns-runefl values Tor o pairv of areas (W oand
YU ftests when bt aveas had the siune tveatiment, and then for the
period when onereas (V) had conservation practices applied.  Suflici-
ent measurements were aviilable Tor the period Jaky 1955 to May 1946
From Gwo of these areas—Y-2 (152 acves) and W=1 (176 acres)—to
serve us fhe basts Tur ihiese compavizons, The sindies on these aveas
showed that conservation practices apprecinbly reduce the peals rates
of runofl. Furthermore. ihe reduction in peak rate is relatively con-
stant regnrdless of Dood nmgnitude. For arves Y2 the mniount. of the
ricuction s aboui DS ineh per hour, Thus if the expected flood
Tor o L0-yeat recurrenee mierval {rom an area of thig size without
conservalion pactices iz 3.80 inches per howroa peak runof! rate of only
452 inches per hour could be expected after conservation practices
have been applied. This represents a reduction in peak rate of riaoff
of (48 inch per hoar. or approximately (2.6 percent (fig. 7). Fur-

PRartnn, Hanen W, 00 BRELCT OF CONBERVATION PRAUTICRS OX PEAK RATES OF
gUxoFr, Boex. Hngin, WS o 8=150, 19446,
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thermore, a smaller flood would be reduced the sume amount; i. e, a
flood with o peak rate of 1.00 inch per hour withont conservarion
practices would be reduced through the application of conservation
practices fo 0.2 inch per hour,

== RQADS
TERRACES
STOCKPOND
WATERSHED BOUNDARIES
DRAINAGE CHANRELS

RUNGFF MEASURING
STaTION

GRASS
1942

4DDITIONAL
” GRASS 1548

S5CatC-FEET
00 L0

-

Fuivkn, fi~ Mot of nren ¥ shoewing drainage svstom, Jay-unt of ierrmas, and
exPeat of eess s belore ol afier comserention frenisent.

Mueh less data ave avidilable Tor the larger aren Y (309 acres) and
a smatler area Y=6 (204 acees),  Compaering these 2 aveas with areas
Wl (176 aeres) and WoH (105 acres) respectively. relationships
similar to those at Y- 2 ave obfained. The Targer area shows n redue-
tion in peak rate of ranoff of 044 inch per hiour and the sialler area
a rednetion of 0.61 inch per howr compared 10 1he 045 inch per hour
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reduction at Y-2. These veductions. aguin. are nearly the sume re-
gardless of the size of the flood. Ao, when these reductions are
compared to the corresponding unecorsected probabifiiy peaks it s
clear ihat the pereentage reductions for the arens are practically the
same vegardless of the size of (he aren. Fuble 6 gives the amount of
the reduction in peak runoff vate in inches per hove, the micorrected
probabie peak rate of runoff for the three areas (Y6, Yo ard Y)
for different recurrence intesvals, and the percentage reduction in
peak rate of runofl.  For any reeurvence interval the menn reduction
eun be used for nn arca of mny size wp 1o S0 aeves, Sinee the area
from which thiz type of information iz availabie tairea Y i vol
Barger than 309 neres. divect application of chese dali 1o areas greater
than 500 aeres i= not reconnmended.

Figure 1 shows the coeflicient= that must be apphied 1o peak rafer of
vuncfl to compensate for winfall ditferenees, Sinee the pereentaee
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reduction that may he exprecied due (o conservition practices is de-
pendent upen the nagnitude of the flood pewk. corresponding corree-
tions will be necessary when upplyving the percentages given in fable 6.
Figure 8 shows the perceniage reductions in peak rates of runoff for
flovds of different recurrence intervals corvesponding to the rainfall
coefficients in figuee 1

Exawmreg

The followitg example ilfustrates the use of figure § in determining
the reduction in peak rate of ewooff Trom wreas with conservation
practices.
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Given: A mixed-ecover wakorshed of 400 aeres without conservation
practices, nenr Ik s, Tex,

Reguived : The peak vaie of runofl from this avex after conserva-
tion pl'sidu o8 II!L vbi.t!)lih]wd. for recurrenee ufervids of 10 years
amd 25 yenrs,

Nolwtion : Table & shows that the peak rates of rusnofl (6 be expeeted
near Waco for 10- and 23- venr reeurrence bervals wonld be 953 enbic
feet per seeand wnd 1210 cubis hwi per seeond. sespectively, Bwe
ihe rninfall coollicient for areas nenr Dallas = 086 (e 1), the cor-
rected values for uniresiod areas in enbie feet per second would be:

R N 820 for o Hkyest meurrenese injervil
OR8¢ 1,200 G SO o 25-vear covurrence inlesval,

From figure 83t is Fownd that for o rainfall cocfiicient of (.86 the
percentage reduciion in peak rade of runoff due to conservation prac-
Lices for (0-vemr and 25-veur recarrence ntervals would be 140 per-
cent and 103 perecnl, vespectively.  Therefoare, the peak rates of
eranedl in culsie Feer por second o be expecied from ihis area afrer
congervation practices are oxstalibishmd wonkd be:

R B0 eereent gl SO0 -CTO Toron T0Yeny reearteney infervid |
TAHO - E pireenil of L 2022 for o 250000 reenerenee interyal,

EFFECT OF QONSFRVATIN PEACTICES ON AMOUNT OF RUNOFF

Studdies have not progressed to the paint where de finite conclusions
ennt b drawn vogarding the extent of reduction in amonnt of runoff
due ta the extablishment of eonservation prractives. There 18 some
evidenee to tidieate that phaning of legiones wnd poxsibty other ae-
eepted conservaiion practices will i fine have s beneficial influenee,
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Ocensionally there have been veductions in the tofal winoant of run-
off on the aren with conservation practices for storms ovcurring when
the soil-moisture content was low. . While this effect inay be importunt
in the production of eraps, an apprecable reduciion i the siount
of runofl for the major (tood-producing storus has not been experi-
enced.  Small areas of nafive geass cut for hay have nsiadly hnd
small amounis of funefl,. However, for the eains of Novemlwr 24,
TG0 Januaey D5 Kebraary oand Mavel 6, BH 5 and June L and
June i T2 The ks area SWo T2 hos had snwounes of tota] runoif
spproximniely vipial fo those Trom enbtivnted areas, bue ihe edes
hivve been lower,

For muny runoff periods the valime of water from (he areas with
conzervition praciices was about the sone as Dronn the anirented nreas,
Murked changres in runof! volume, however, nie poc indee place inine-
dintely. Duerng the fivst 5 venrs whfier the eaablishnent of conserva-
iion practices on aren YO for exaples Hinde offeei Fronn the improved
agronmiic pracfices was expectid, shice in the Sevear votpiion pre-
=eribod Tor this arew legrine erops lad been radsed only one vear and
i was 100G hefore Jegmies bad been grawn o all arens. 11 15 sige-
nificant ta note that doring FHT S wend 1D the amonnt of runefl
th cortain ranolt period= was appreeeinhiy Tess from the aeea with
conservalion prictices. Onmost solls the growing of suitable leaumes,
cwing (o thelr more extensive rool sysfois, witl undoibtedly vesule
inin inerense in the watersabsorbing capacicy of ihe <oil.

The record of ranodf for prineiped =torms on the experimental
witlersheds will be usefalb in the hydpologie desimn of farme ponds,
terraees atd other comservation struetires. The daily runoffs greatcer
Cha (120 el frome the various watersheds in this siea are presented
therefore, without deiaihed anudysis fo tahle 7

fnoinedes groader than 110257
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inches greater than 0.25'"—Continucd
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