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THE TREND OF SUSPE.NDW-SELII.!olENT m SCHARGB 

OF THE l:SPANDMNt CI&":EK AT WIIMING'roN, DEL., 19h7·19SS 

by H. P. Guy 

ABSTRACT 

Thia report preeenta an analflie and evaluation of tbe t.rud ot 

the eediment Jield for the Bran~e Creek at Wil.lll.ngton, Del. 1 tor 

tbe period trom December 1946 to ~ptellber 195S. Tbe intereat 1D aucb 

an analysis and evaluation stema !roll the efforts ot the BracQvine 

Valle7 Aasociati.on and others to reduce eroeion and~ land ue 

in the watershed. 

The data used for the analysis were taken froa tbe cont111.1oua 

suapended-aediment and water-discharge recorda of tbe stnaa at wu­

Jdn&ton and the precipitation recorda at 8 standard and 1 recorc:llDa 

rain gqea. 'lbe analysis vas made on the basis ot 123 atora ewnt. 

tor thie period ot r~cord using onl)· the water and ae~nt diecbarae . 
attributed to direct runoff. Theee data represent 89 percent ot the 

; 
total aediaent d1echarg~ and 19 percent ot tbe total water diachars•· 

The eediMnt load tor each of tbe atora ruaott nente vu corre-

lated with storm runott, raintall intenllity, and eea80n to r.-o.e tile 

ettect, 1t an7, ot the Yariatian caueed by tbe• factora. b walu• 

at1oo ot the relat.1w trend ot eediaent Jield vaa •de b7 two •tbo_.J 

tirat, the accun•l•ti.e araph or double -• cune u a arapbical 

Mthod, and eeoood, tbe rank correlat.t.oo •tbod which reaulted 1D a 
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mmerical coefficient and ita aigniticance. 'lbe &raphical •thod of 

tbia evaluation shows an approxi•te 38 percent decreue 1D ••dl•nt. 

7J.eld. tor tbe period 1952 to 1955 !roa tbat tor the period 191.7 t.o 

1951. ~ rsnk correlation coefficient vaa 0.152 tor the .... anal• 

7111 ahowing a very high level (alllloat 99 percent) of coDtidence in 

tbe ligDificance or • decreaainc trend. 

A parallel analysis to that above using "peakedneaa" iDatead of 

raintall intenait7 aa a ••sure o£ atora intenlity vaa •de becauee 

"peakedaeaa" ia easier to evaluate than rainfall intenait7. 'lbe re~ 

1\llta ot this analJaia again indicates the probable decnulna trend 

ot aed'•ent yield aa ahovn b7 the chanp 1n elope ot the aocaulatiw 

p-aph troa o. 77 tor the 1947 to 1951 period to 1.05 tor tbe 1952 to 

19SS period or 28 percent, and by the rank correlation coett1c1ent ot 

0.114 vith a 94 percent level of confidence of a decreaalnc trend. 

Appendlx A of this report shove a ailli.lar analJBil b7 ue ot 

1Mmtbl7 aed1•nt discharge and "direct• runott aa detend.aed tor a 

anal.JBea of nmott patterns. The reaulta indicate onl7 a a....U de• 

creuing trend, it any, in sediment yield. This 1a probabl7 em. to 

the tact tbat the c' rNl&Uona vith rainfall and aeuon tor adjuatiDI 

tbeae data were rather poor - indicating bias ·by unlcDovn par-tera 

that cannot be evaluated. 

Appendix B preaenta the Mtbodoloa o! uainc rank correlation to 

evaluate the trend ot Yariate-val•a with reapect to tiM td.th apecial 

reference to the trend ot .. ~nt Jield troa a watershed. 
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PERSP~£nVE 

'nle brandywine Valley Association, since ita inception ill 191.6, 

has been active in bringing about reductions and removal ot source• 

ot pollution and in promoting better land uee practice• and eoil con• 

oemng measures in the watershed. '1he aeeociation wu tonaed, uona 
other tbin&s 1 to coordinate and intensity the ef!orta of local eoil 

coneerYation districts which were attacld.ng, tbroUih tbe technical 

help o£ the Soil Conaervation Sei"Yice, the ~~~~~.ey water-ueociated prob­

lema o1' the waterr.hed ranging 1'ro11 eheet erosion, to channel pollution, 

to eediment clogging ot the port at Wil.JIIl.ngton. In 19S2 tbe SoU Con• 

eervation Senice, working with the local people, developed r.co-.n­

datione tor a comprehenain: watershed treatmnt procraa U.d at con­

trolling erosion, allertating 1'looda, i111prorlng oYer-all production ot 

agricultural products, and increasing the recreatioD&l. opportUDitiee 

vitbin the watershed. 

'lbe Geological SurYey, in cooperation vi th the State ot Delavare 

and tbe Brandlwine Valley Aaaociation,haa •aeured raintall, nmatt, 

and ee~nt within and tro11 the waterahed. 'lbe object1Ye ot thie in• 

Yeetication waa to study the auapended-aediment diecharce record at 

W11111ncton tor the period December 1946 to Septeaber 19SS to ascertain 

tbe trend ot ae~nt yield 1'roa the watershed during this period. In 

thie connaction the variations in eedi~~~ent yield are correlated 1d. th 

eo• ot the par.-tera likel7 to attect aedi•nt yialci tor which data 

are r.adUJ available. 1heae include precipitation, nnott, and eeuOD. 

Se~nt Jield !rca a vaterebed ia related to the JUD7 factor• at• 

tectinc eroaion troa tot. upland areu and to the ab1lit7 ot the cbaDnele 
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to tranaport the material. 'h auapended•aedilaent concentraticm ~ 

then depend to a great extent on the aeaaon ot the year, the aource ot 

runott 1D tbe watersl'ed, and the intenai ty and magnitude ot the atora. 

ll.e..nt1 related to these factors mq include Yegetal ccwer, soU ccm­

dltiou, antecedent moisture, temperature, raindrop siu and intensity, 

v1Dd Yelocity during the storm, and the h7draul1c characteriatice ot 

tbe atreu channels. T}:lese parameters, although related to each other 

ill Yaeyinc degrees, exhibit a wide range of variation in a watershed 

ot tb11 size, and therefore, cannot all be ewaluated in the abaeace ot 

volUid.Doua and detailed data. It ia therefore apparent that tbe defini­

tion ot tbe trend of aedi.ment yield cannot be precise. 
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THE WATl:RSHW 

The arandywine l,;reek basin above wil.Jiington, Del. 1 (Henr7 Cla7 

Bridge) has a drainage area or 3lu square ndles and ia located 110atJ.7 

in aoutheaete1n Pennsylvania. The ran-shaped basin baa an ower-all 

len&th o! about uS miles and has more than 570 llilea or channels vhicb 

gives the basin a relatively high drainage density. Moat o! the aajor 

tributaries throughout the basin can be traced to their IOUI'CII in 

pereDnially ted atreama 1n shallow valleys or tM upper reacbea o! the 

watershed. 

The geology of the buin baa been previoualy deacribed (WolaaD, 

19SS, p. 3) aa !ollowsa 

"Alter traversing a rolling upland ot •tuorpho1ed aedi•nta and 
intrusive rocka, the stream succeaaively croAea the Nortb Valle7 
Hilla, the Cheater Valley, and the South Valley Hilla. '1be tirat 
ot tbeae is a northeut-atriking anticline v1 th a re1iataDt 
quartzite core} the valley itself is co111poHd ot Ordovician 11M• 
stone and doloJIL tea. On the soutbern !lank ot the valley tbere 
is a belt or phyllite. The Bran~"Vine then traver••• an area 
underlain by sch11t. Above Chadda Ford the courae ot the 1treu 
through tbe schist i1 interrupted by a belt ot pei11, md about 
b llli.lea above tbe city or Wilndngton the atreaa encounter• the 
Fall Zone in an area underlain by gabbro. The Coastal PlaiD 1ed• 
i.Mnta are not reached until .the river neara ita raouth." 

The clillate or the · vater&hed is characterized by relativeq lli.ld 

viDtera and vara, frequently hWIIi.d,sunmera. IAtse than 100 daya iD a 

DOl'IUl. winter have temperaturee below treezine and an aYerage ot about 

l5 days are above 900f. durillf the sun~~~er. The averqe &roviDI Haaoo 

i1 troa April 15 to October 20, the reapecti.Ye average date• ot tbe_ 

woli&ii, K. Gordon, 1955, 'lbe natural channel ot ·arancQ"ViDe Creek 
Penneylvaniaa u. s. Geol. Survey Proteasional Paper 2n, p. ). 



lut md first ld..ll.ing frost or the gravina aeaaon. 'Die averqe total 

precipitation (45 inches}, of which approxiately )incbea 1a tbe •lted 

equivalent of snow, is distributed rather eveD17 tlrougbout the Je&r• 

llormal. W&l"'l season (April to September) precipitation ia approxiate~ 

24 inches. 'lbe total annual runoff fro. the watershed at Cbadda Ford. 

Pa., averages about 18 inches ranaing in 39 ;yeara of record troa about. 

10 to )0 inchea. The average annual runoff for the period of tb18 

record is 20 inches as recorded at the gagiq statJ.on at W11•1qtoD, 

Del. 

'1M watershed ia largely rural in character altbouah relidential 

develop•nt is expanding at a rapid rate eapec:iall7 1D tbe eoutbeuterD 

uction of the watershed. '!be aoUs of the waterabed are atre•l7 

variable ranainl from the poor stoney aoila in the IIOUDtai.Da to ricb 

all\IYiua aloDg the streams. hoat of the area, however, ia .utlad b7 

aoUa that are deep and medium textured, of good fertility, and traDaiiLt, 

air md water eaeily. About JS percent or the area ia crop land uaed 

priarily for growing corn, wheat, barle;y, and hay. About 18 percmt ia 

perunent pasture uaed IIIO&tly by dalry cattle. More than bS,OOO acrea. 

or 22 percent or the terrain, are forested with tulip poplar, wbite oak, 

and red oak u the dolll.nant species. About 15 perceDt of the area il 

idle land, and h~steada, roada, etc., occupy tM reuiDinl 10 percmt. 

The auspeDdad-aed1•nt saapling atation ia located at HeD17 Clq 

Bride• 1D Wil.Jd.DgtoD, Hev Castle Counv, 0.2 lll.lea upatreaa frc. tbe 

pgiD& atation at Willll.ngton, and 11.4 IILlaa upatreaa troa tbe .uth. 

h cbumel in the vicini Q' of the a.apl1Dg atat.ion, ud tor a diatuee 
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upetnaa about 2.S lli.l.ea to Rockland, bali a slope ot 2S to )0 teet per 

1111e. l'r011 Rockland upatream about 13 lld.lea to near the coDfluence 

vitb the Eaat and Weat ~anchea, the elope avera&•• about ).8 tMt per 

au... Froa thie point toward tbe beadvatera, the slope ot the atnaa 

1Dcreaees &radually in a &eneral lUIUler. Until t.M laat tw dlcadea, 

DUMroue small dame ill the channels vere ueed to take acWantase ot the 

bip baae flow ot the stream to develop power tor the operation ot 

&riat lllilla, etc. MU1' or tt.se daaa bave been vuhed out and the rw 

re811ning cannot be conaidered u secU..nt trapa. 

THE AVAIWIE DATA 

Quantitatift precipitation data vere collected at 8 standard raiA 

gape b7 the Geological SurYe1 in addition to the Weather aaz.eau 11 rec• 

·u1ar raintall atation at Coateeville, Pa., troa December 1946 to Septa• 

ber 19.5.5. Hourq precipitation data are also available at tbe Coates• 

ri.lle atation tor this aa. period. Fi&ure 1 above the .._ aDCl locatiOD 

ot tbeae &ages with respect to the drainase pattern of tbe watershed. 

I. continuou record or the· 1•18 height and now of the atnaa at 

Wlllli.qtan are aftilable tor thie period or record. Altbou&h the 1111• 

hei&bt recorda are DOt published, the data vere uaed to ca.pute tbe 

water diacbarae and also to uaiat in co.ting the auapended•aedia.lt 

diacharae. 

Depth inte&nted 8Uipeoded-Md1ant auaplea vere ued to dltS.. a 

continuous IJ'IPh ot the atnu concentratioa at Willd.qtoD (data at 

othlr locatiODI in tbe waterabed vere DOt obta1Dad). Mean da1l7 coD• 

cent.ratlou troa thia craph together with the •an dail7 vater dl.achara• 
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ade it possible to collpUte continuous or daily auspended-aediJient dla­

charges. 'lbe record is baaed on daily sampling at relati•el7 etead;y 

tlow, and usually, several aamplea per day vhen the stage and concen-

tratioo are rapidly changin&• 'lbe daily aedi.-nt concentration in parte 

per 111Uion and aecJJ..nt load in tona, are publiahed to1etber vitb the 

•an dail7 water d1achar1e in the annual 1erie1 ot Geological Surw7 

publicationa entitled Quality of Surface Waters ot the UDitecl State .. 

Water-supp17 Paper 1132· contain. the WUid.ngtoo data tor the period 

October 1946 to September 1948 (1947 and 19h8 water Je&ra). b data 

tor water 1't&ra 1949, 1950, 19Sl, 1952, and 19Sl are in w.s.P. '• U62, 

1186, 1197, 12SO, and 1290, respectivel7, and the 19S4 and 19SS data 

are in the proces1 of publication. 

Fi1ure 2 ahov1 duration curves su-..rizing t.Mee recorda b7 illua• 

tratial the percent ot ti• that a given suspended 1e~nt concentra­

tion ar load equala or exc•d• a given uount. 

ME'rliODS FOR ANALYSIS AND EVAWA'liOH 

. 
b ..ntioaed previoual7, the trend of aedi.nt yield cannot be de• 

tiDed preciMlJin coneideratior." at the IIW'q variables atfectinc eedi­

•nt Jield tor vbich data are not availt.ble. '!he U.-treDd naluatiOD 

cazmot be detend.Ded b)' simple average• of aedi:aent Jield data becauae, 

tirat, tbe aYeraae ditf'erence tro• year to year 11 ..U., ad 1econd, the 

·. AppU'IDt difference aay be due to the ettecta ot precip1 tation, water 

;::-:-~:.:.. dlacbarp, 1euoo ot tbe Ja&r, or other tactorl in effect durinc the oc-, ~ 

J.- .. • .. u .... 

::~,: · o-.anwace ot tbe 1tora. 'lhe approach uaed 1D thia ·e•aluatioo coDiiate ~ . . 

' r. 

·., 

, ' 
; . ...-. 
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peoaate tor variationa due to precipitation, water diacharae and aeaaoo, 

and defining the t1ae trend, it an;y, by use of accu.alative p-apb and 

rank correlation techniques. 

Inspection of the sedi.Mnt and water diacharae data ~~entioDed aboft 

in the Water-Supply Papers indicates tbat the baae nov, althoqh usual• 

l7 quite hiah, baa a ver'¥ low aec:tilaent concentration. 'lbe aed1•nt Jield 

CID the da;ya ot this base flow •1 var'¥ troa 2 to about 20 toDa per da7 

wbereu on days ot moderate stora runoff sed1•nt loads of seftral thou­

ADd tons per da;y occur. It therefore se.u locical that onl¥ stora run• 

oft be used in the anaJ.7eis as it would be aeaociated most dl.rectl7 vit.b 

tbl watershed parameters affecting the Ji,eld ot ae~nt. Since eacb 

atora event is an ind1.v1dual1stic occurrence, each hn1Da different •te­
orolopc, h;ydrolopc, and watershed cOYer patterns, it is alao log1cal 

that the data can be assembled on a stor• event basia. (See note A) 

CCIU'IIING 1HE DATA 

Direct etora runoff. --The lftllthod .used to deterllll.ne the quantity ot 

direct atora runott tor each stora consists ot aubtractina the base now 
oocurrina at the beginning of the storna fro• the storm runoff tor each 

- durins tbe 1 tor• period. 'lhie base flow vas general.l7 increased in 

aolll.aal UOWlte each dq durina the a tor:a runoff period in order to aatch 

tbe bi&ber base flow occurrinc at the end ot the etora runott period. 

iote Aa Bw&iuatloo ot eedillant Jield trend waa atteapted b7 uae ot 
mn~ "direct ruDOtt" aa det,nd.aed tor an ln&l7aes ot nnott 
patteme and the related aedi.Mnt data. This analpia ia incon­
cluaive and probabq invaU.d due to the incluaion ot 110M base 
flow in the runoff and due to the tact that .,ntbl7 data usuall7 
includes 110re thaD one etora. n. report of theae co~aputationa 
1e ~bown u appendl.x A in this report. 

u 



'1'be MdiMDt. Jield tor each atol'tl vaa · deterained u the total load tor 

eacb dq of di.rect runott tor the atora went. 'lbat 1a, tbe 1Da1p1ti• 

cut quantitJ reaultia& troa the bue flow vu not aubtracted •• tar u 

tbe HdiMDt. 11 concerned. 1he tabulation below illuatrate1 two a-

aaplea ot tbe data and the coaputatioo• neceaaaJ7 tor eYaluat.ias ruDOtt 

and Mdi..nt Jield tor eacb 1tora. 

Date 

April, 19Sl 
12 
13 
1L 
15 
16 

Mq, 1950 
17 
18 
19 
20 
21 

Mea 
dlaebarp 

(eta) 

660 
2,200 

960 
7Ja0 
690 

386 
b86 

1,730 
89b 
S7b 

EatS... ted 
baM nov 

(eta) 

)86 
456 
530 
59b 
574 

Lt 
ruott 
(eta) 

0 i,S20} 
260 

bO 
0 

1,820 

11 

2~l 1,~ 1,347 

Stor. v1tb a IDIUured aedi.JIIent Jield ot 1••• thaD 100 tone wre DOt 

• couideredin tb11 tabulation. Seftral atoru durina the vinter aootba 

wen not uaed ai.nce tbeir runott vu deriYed 110atq troa tDC'U8elt. Sucb 

ruDOlf eYent8 were tboqbt to probab]¥ )'i.eld bi ... d aecUaent. 1oada vitb 

n8pect to prec1p1tat1oa data. Co1uu 1 and 2 ot table 1 •bow the data 

1n cbronolollcal order with the date ot the runott at W1l.a1Daton. 1he 

tabulat1011- checked and rni.eved vitb a Yin toward thl eJ.1wlnai1on 

ot poaaible biu, e8p8cial1J with respect to the deterlllDaticm of the 

'bue flow. 1be ae~nt recorda were carefull7 reri.-d to dlten!De 

12 



it the methods of co111~utation for days or poor concentration -~tini tiaD 

were consistent during the 1947 to 1955 period of record. 

Seasonal, annual, and period ~r record totals tor thl storu are 

shown in table 2 together with the total flow tor these incrementa. 1be 

percentage or storm runoff to total flow has also been tabulat.d. Dur1Da 

the period of record, the weighted annual mean sed1111tnt concentration of 

the storm runoff ranges from 227 to 690 ppm. 'lbe J ul)' to Septaaber 

season resulted in a maxi.IIIWI average storm runoff of 675 ppa v~reaa a an• 

1lJlUII1 ot 446 ppm occurred tor the J anuar;y to March season. For the total 

tlow, the July to September season resulted in a "•x\WJW veipted awraae 

secl1.mltnt concentration or 170 ppm whereas the ll1niJNI vas April to June 

with 81 ppn. 'lbe percentage ot stora l'\lDOtf to total flow tor tt. ·-

1DCrementa has been tabulated and shows that 89 percent ot the total eed• 

aent tor the period of record is repreaen ted by the 12) stora rwaott 

evente whereas only 19 percent of the water diacharge is repreMnted. 

Durin& the October to December season, a maxiau.'ll ot 96 percent ot tbe 

total aediJMnt and 25 percent of the total water discharge is repn• 
• 

am ted by the storm runoff. 

Figun ) is an interesting plot of the accwmlated water va. aed1• 

•nt discharge by )-month increments troll table 2 tor both the atora rwa­

ott and the total runott. 'lbe 3-.ontb 1ncr ... nte result in a ao-bat. 

•~tbtr plot than would be expected tor the etora l"\\Dott oo an event. 

buie or tor the total runott on a 111011thl7 buie. 'lba unite tar thie 

araph are such that the slope is the MaD coDC•tratioo. M indl.cated 

bJ eo• of the anal7sea above, the etora runott reeulte 1n a aucb ee 

er plottinc than the total runoff. 'lbe araph ot etora runott can be 

13 
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dldded into taro intervals shoving a •an concentration ot S98 ppa t~ 

1947 to 19Sl and 441a ppa troa 19S2 to 19SS. On the other hand, the •• 

coocentration tor the total runot£ chana•• ao drut1cal17 tbat a aipiti• 

cant chanae in trend during this period ot record cazmot be detemned. 

The uan concentra t.i.on tor continuous periods in exceaa ot 9 IIOilt.ha ap-

pear• to range troa 35 ppa to 180 ppa. 

Precipitation. --Taple 3 shows the total rainfall tar each ot tbe 8 

gages (colwms 1 to 8) located within the watershed tor each ot the ae• 

l.acted stonu (December 1946 to Septeaber 19SS). 1be •an rainfall tor 

each ot these storu vas then coqNted b7 the Theiasen •thod uaina a 

weighting !actor ol 0.082 tor the rain gage at HoneJbrook, o.OSO tor 

Loaa•a Corner, 0.126 for Brand3wine Manor, 0.126 for I!:agle, 0.104 tor 

Parlalaburg, 0.100 tor Springdall, 0.343 tor Ebernille, and 0.069 tor 

Jralier. An eYaluation of rainfall intenait7 for each atora vu •dl 

on tbe basis ot the hourl7 precipitation data available tor the raiD 

aaae at Coateaville operated b)' the Weather Bureau. Colu. 10 ot tb18 

table above tbe total rainfall at Coaternlle md ~be compared vitb 

the veigbted •an raintall of the 8 standard rain pgea in tbe water­

abed. Coluaa 11 and 12 show hours and quant1t7, reapect1Yel71 ot raiD• 

tall ot o.OS 1Dch per hour or mre tor each atora. A weighted atona 

1Dtenait7 •uure (colUIIl 13) is then deterai.Ded b7 diYicliD& tbt veipted 

•ID raintall tor tbe watershed by tbe total rainfall at CoatemU. ud 

.W.U.pl71Dg b7 tbl ratio ot the incbea poeater tban o.OS inch to * 
nueber ot hours ot the atora hanna 110re thaD o.os 1Dcb at Coaterd.Ue. 

'lbia intenait7 •uure is ac:blllttedl.7 poor tor ao• ator. because tM 
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rainfall intensity at Coatesville may not be repreaentative of the 

intena tJ for the whole watershed. 

ANALYSES BY S'roll1 IIJNOFF EVENTS ADJUSTING FOR PRF£IPITATIOI 
AND SEASONAL EFFS::TS 

Figure 4 shove a plot of' the direct storm runott and •uured aedi• 

•nt u tabulated in ta~le 1 vi th the runott in cfa•da78 as the indepen• 

dent variable and tons ot sediment dl.scharae per stora u the dependant 

ftriabl.e. A mean se~nt transport curYe (Y • 0.0338 X l.46) vas drawn 

on the basit~ ot the averqe tona for several incraunte ot water die• 

charge. In table 1, the measured sedimant (colwm 2) dl~ded b7 tbe load 

abovn on th1• tranaport curve (colwm )) is tabulated (col\IID 4) to lndi• 

cate the departure ot the plotted points froa the ratinc• 'lbeee departure 

ratios define the variation in aedi.raent ;yield and will tbaretore be used 

1D correlation w1 th the measured parameters that may be ta. caUIIe ot the 

nriation. 

'lbe •an concentration ot each runoff event tU7 be conaidered u a 
• 

•uu.re ot Tariation for the sediment transport plotting. A tallac7 ot 

the use ot this concept ia indlcat~d by the tact that concentration ia a ' 

tunction ot atora size, see figure 4, md that etora aize 11 DDt dia­

tributed unitoral.y with time. '!be following tabulation ot water and aed­

t.ent diecharse data tor the first 10 ator• UHd (see table 1) vitb cor-

~ . naponc:l:l.n& decreasing departure ratios illustrate a the aOMVhat ~dGII 

ettect ot coaceotrationea 
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Stol'll Keaeuioea Computed 
nmoff sediment sediment . Departure ConcentratioD 
(cte) __ (tone)_ (tone) ratio (ppa) 

2•040 $,490 2,270 2.42 998 
1,170 2,160 1,000 2.16 683 
1,460 2,$70 1,380 1.86 6S2 

JhO 290 170 1.n 316 
$10 $10 300 1.70 370 
410 31S 220 1.43 286 

2,240 3,Soo 2,$90 1.JS S78 
1,590 1,890 l,SbO 1.21 440 

990 3SO 790 .44 131 
1,5)0 640 1,480 .43 lSS 

C1oae inspection of figure 4 ind1catea that more than one-halt ol 

tbe points tor the firet 4 yeare of record are to tbe left ot tM curve 

wile tor the last tour ;yeare more than on~-halt ot the point. are to 

tbe rigbt. thia suggests a poeaib1e decreaee in sediment discharge tor 

a gi.Ten water disc· .1rge with ti•• 'l'he trend accounts tor eo• ot the 

Yariation in the departure ratios and indicates tbat correction tor tbU 

factor 1a neceseaey 1:n order to i~rove the correlaticma vitb otber 

· · par&Mters cauaiq the total variation. Ficun S shows the plot ot tM 

departure ratioe vith ti• and the awroximate adjuatllent to be applied 

to theae ratios tor ti1111 trend. '!be tille adjusted ratioa are shown in 

colum S ot table 1. 

Effect ol raintall guantity.--Becaue ot the relat1Te eue ot nal• 

utloD, rainfall quantity for each atora 1a a lopcal cboice tor at• 

'-Ptina to explain the acatter ot the data for the vater·•d1Jnent ~t· 

~· Pipre 6 ebowa the plot relatiag thl ti• adjuated departure · ratioe 

·• tM areal •• riintall tor each stora (col. 9, table )). 'lbe scatter 

ot t.b1a plot indicates auch poor correlation that no attapt vu ucla to 

OOIIplte a regreaaion, and anal.7Bie b7 uae of thia pu--ter vu d1acol\tin• 

18 
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eftDt bula), BnDd,v1De CI"Mk at llll.lllDctoD1 Dll. 
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Ettect ot raintall.J!_t!,!!!!ty and ot seuon.--1be time ad..1uated 

ratios were tbeo correlated with the rainfall intensity tacton (col. 13, 

table · 3) as abown b7 figure 7. J... linear resresaiOD ot the plot vu coa­

puted and tita tbe equation, Yr • 2.S9 lr + o.ss. n. correlat.iOD coet­

ftcient ot tbeee data is 0.46 with lind.ta betv•n 0.34 and o.62 at tbe 

9S percmt confidence level. Adjuated der,arture ratloa tor tt.e and 

raintall intmait;y are 'hown in col~ 6 ot table 1. · 

After correcting tor rainfall intenait;y, theae ratloa were then 

plotted qaiDat tirle ot tbe year U ahOIID b;y tipre 8. 'b •an of tbe 

.JUM and .July ratios ia 1.26 with limta troa 1.~ to 1.117 at the 9S per-

cent cootidence level. '!he •an tor the Deceaber aDd .J&DUA17 ratioa 1a 

o. 19 vitb l.1111ta troll 0.64 to 0.93 at the 9S percent cont1deoce lnel. 

The ••• of the ratios tor the Februar)' to Mq period and tbe AuiUit to 

BOftlllber period were toUDd to be 0.98 and 1.02, reapectiYe~, aDd prori.de 

tbe bula tor an approxia te aJDQoth adjuat.ment c~ tor aeuoo ot tbe 

,.... '!be adjuated departure ratios tor ti•, raintall 1otenait7, and 

Ma80n are ahovD in colan 7 ot table .1. 

SiDce no add1 t.i.onal paruetera · are •ailable to explain the acatt_. 

ot tbe data tor tbe wat.er-ae~nt rat.tna, it ia cleairable to co11pute acl-

3uated •aaured ae~ot loada on tbe buia ot the adjuated ratios. Ra~r­

••er, baton tb1a atep, the 1D1 tial adjuat.ent tor ti• tread (til• k) 

,~: na NIIOftd in orc:t.r that the tiM trend •te.ot can be atudied in tbe 

!d.1uted vater-•daalat trauport curYe. Co..,.rieoo ot tbe ratioa .t.n 

oolu.aa 7 and 8 vitb tboM in colwm8 k and S ot table 1 lbolra tbe et• 

teet ot nturnlDa ta. ti• trend adjuataent. 1be acl1uattf •aaURd Md-
. . . 

~t dlaCbarle (col. 9) 1a plotted agaiaat water dlacbarle (til• 9) and 
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and used to define the adjusted sediment transport curve in which 

Y • 0.0354 X 1.44. This equation is nearly the same as that for the 

Wladjuated equation (Y • 0.0338 X 1.46) of figure 3 showing that the 

effect of the adjustment for raintall intensity and season has only, 

in the main, the effect of reducing the scatter of the points. 

Evaluation of ae~n~ yield trend.--In an effort to evaluate the 

decreasing trend of secf+ment yield from the watershed, it is inportant 

that recognition be given the fact that decreasing sediment yield in a 

watershed o! this size and complexity should be a gradual thing. Also, 

as indicated above only a few of the parameters affecting variation in 

eedi.raent yield have been evaluated and, therefore, JIIUCh variation 1D 

the water-sediment data remains in addition to the indicated variation 

caused by tima. Logically then, only a relative trend ot sediment yield 

with time may be indicated from the data. Moat statistical anal)"Sie ot 

thia volume of data are cu."i'lbersome and time consuming, however, two 

methods will be used to evaluate the trend. They are, first, the double 

•sa or !Ccumulative graph method where a change in slope ot the plotted 
• 

accWIIllative measured versus computed sediment indicates a change iD sed-

i.JIIent yield w1 th respect to the progression of storm eventct ud second, 

tbe rank correlation method which results in a numerical coefficient and 

ite significance. 

Figure 10 shows the plot of the aecumulat.ud adjusted measured eed1.­

: . .ant againet acCWIIllated adjusted computed sedi:ment ae determined ~rom 

table 1, colwme 9 and 10, and tigure 9. 'lbe relativel7 tlat slopins 

portion ot this plot or high ratio ot ~~easured to computed load indicates 
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Figure 10.--Accumulat.i.Te measured vs. computed sediment 
discharge adjua ted tor rainfall intenai t7 
and season, tirand1v1ne Creek at Wilmington, 
Del. 
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that the data acctUnulated for this portion are from the hit!:her sediment 

loads for a given water discharge on figura 9, that is, to the left of 

the com!)uted rating. As points to the right of thP. rating are encoun-

tered or lower sedi~nt loads for a given water discharge, then the 

slope of the accumulation graph is increased. For figure 101 the aver­

age slope of the accumulation for the period 1947 to l9Sl i s about 0.75 

whereas the average slope for the oeriod 1952 to 1955 is about 1.13. 

The somewhat poor fit of these slopes to the accumulative graph is caused 

by, first, the fact that data are not available to make adjustments for 

all factors that cause sediment yield variation from this watershed; and 

second, the trend of changing sediment yield should logically be a grad­

ual thing and therefore perhaps a curve instead of straight lines would 

fit the accumulation more closely. 'lhc approximately 36 percent reduc-

tion in sediment yield indicated by the difference in slope ot the ac-

cumulation is difficult to evaluate statistically for these same reasons. 

The statist ical evaluation should define the range of percentage reduc-

tion for a given confi~ence level. 

Appendix b illustrates and describes t~ method of using· rank corre­
) 

lation on a statistical problem f thifS type. 'nle analysis requires the 

use of the proper sediment · ta from the storm events to give a true pic• 

ture of the evaluation of the trend. The departure ratios tabulated in 

column 11 of table 1 ~ving the relative position of the aqjusted measured 

data with respect to the adjusted sediment transport curve is a good 

parUieter. A perfect ranking of these ratios in decreasing order would 

indicate that each successive storm resulted in a lower sediment discharge 

tor a given water discharge than the previous storm. 
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Computations for rank correlation coetficient using tbe unadjusted 

departure ratios (col. 4, table 1) and the adjusted departure ratios 

(colW11l ll, table 1) show that ~ • 0.152 and 0.136, respectiYel71 tor 

the 123 storms used tor this period ot record. Both of these coeffi• 

cients show a very high level, about 96 percent, of confidence in the 

lignificance of a decreasing trend ot sediment yield. Ae ~ 'be ex­

pected~ the similarity or the two coefficients indicate that the adjuat• 

mente made for raintall intensity and season did not appreciabq alte1• 

the ranking or sediment yield with til'IIB. 1he results of the rank corre-

lation study of these data supplement the findings noted in the para• 

graph above which indicated a 36 percent reduction in sediment yield 

from the first to the last half of the record. 

ANALYSIS BY STOlt1 RUNOFF EVENTS ADJUSTING FOR PEAIEDNESS 
AND SEASONAL :EFFmTS 

Another parameter for consideration in attempting to explain the 

scatter or the plot or water versus sediment discharge is that of the 

peakedness of the runoff hydrograph at• Wilmington. In theory a high 

peakedness factor should renect the rainfall, the overland runof'f 1 and 

the hydraulic characteristics that relate to high sediment yield from 

the watershed. Table 4 contains the runoff and sediment discharge as 

uaed for tbe raintall intensity stud;y outlined aboYe and tabulated b7 

table 1. A peakedness factor for most stonu wu computed (col. 4, 
• 

table 4) as the ratio of peak runoff (col. 3) to the total I'UDoff . 

(col. 1) at Willl1ngton for each stora event. Factors for 6 runoff 

nente c&MOt be computed either because hydrographe were not available 
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or becauae soma hydrographe contained 2 or more dietiDct peaka nearl.7 

equal in magnitude. 

Etfect ot peakedness and season. •·'lhe px--:·cec:Ure used tor the rain­

tall intensity analysis is also used for the peakedness anal.7eis 1D 

order that a comparison ot the two parameters can be made. 'lheretore. 

reference ia made to figures 2 and 3 and colUDils 31 4, and S ot tabla l 

tor obtaining the time-adjusted ratios of the meaew'ed to co~uted sacl1-

ment discharge. Figures 11 and 12 show the correlation• ot the pealr8d• 

ness and seasonal factors with the respective adjusted departure ratioe. 

Atter removing the adjustment for time trend, tbe pealr8dneaa and aeuon 

adjusted ratios are listed in col\I'IUl 7 of table 4. 'lhe adjuated •u­
ured sediment was then computed trom theae ratios, plotted on t11\U'8 13 

and used tor defining a new aedinent tranaport curve (adjuated) by the 

equation Y • 0.0156 I l.SS. Although the mass ot tbe data tor the ad• 

justed measured sediment has not been shifted appreciably trom tt..t ot 

figure 41 the elope ot 1.55 in co~arison vith 1.46 indicates that the 

peakedness factor may be somewhat biaoed with respect to stora size or 

runott quantity. 

Evaluation of sedinent yield trend.-·An evaluation ot secil.mant yield 

trend for tne data atter peakemess and seasonal adjl&stment is conducted 

in the same manner as that tor the data atter rainfall intensity and 

eeuonal adjustment using the accumulative graph and rank correlation 

uthods. Figure 14 shows the plot of the &cCUIIulated adjuate .::: maasured 

aecdment against accumulated computed sediment shown by the data in 

colwnns 8 and 9 of table 4. Again tbe probable decreasing trend at 
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eed:Smnt Jield ot the watershed is indicated by the general change in 

elope ot the accumulation from 0.77 for the 1947 to 19$1 period to l.OS 

tor t~ 1952 to 195$ period. 

Coaputation of a rank correlation coetticient for these data abow 

T • 0.114, which hae about a 94 percent level or confidence tbat a 

decreaeing trend ot sediJII!tnt yield haa occurred for thie period ot 

record. 'lhis coeff icient suppleMnte the finding indicated by the ac­

cWIUlative graph by giving the decreasing trend a level ot eigniAcance. 

'lhe evaluation of the trend as detendned after the peakednese and 

seasonal adjustment can be contrasted to the evaluation atter raintall 

intenait7 and seasonal adjustment in three wayea 1. 'lhe difference be• 

tween the apparent 28 percent reduction tor peakedneee and )8 percent 

tor rainfall intensitY'. 2. '1he plotting o£ the accumulative graph tar 

the peakednees adjustment shove somewhat more deviation £rom the ideal 

smooth graph than tor the accuraula t1 ve graph of rainfall intenai ty ad• 

juatment. 3. the rank correlation coefficient for decreasing trend 

has a coneiderabl7 lover level of significance tor the peakedness than 
. 

tor the rainfall intensity adjustment. 'lbe deficiency ot the peaked-

Dele adjuet.Danta, in part, may be due to the lack ·ot data for 6 ot the 

123 stora events and in part to the possible bias of the peakedness lac­

tor with respect to stora size or runoff quantity. 

CONCWSIONS 

1. The trend ot sedi•nt Jie1d can best be •asured b7 anal.Jsia 

ot 1tora runott occurrinl during the relatin~ abort periods ot high 

led1D8nt concentration during each runot£ event. 



2. Stora runoff used in this study includes 89 percent of the 

total sediment dl.scharge for the 1947 to 1955 period which vas associ-

ated with 19 percent ot the water discharge. 

). 'lba departure ratio !roll a sedimnt rating curve ot tbl sedl­

•nt )'ield to storm runoff is a better aeaaure of variation tor stud7• 

ing tbe parameters causing differences in sediment yield than is the 

mean concentration of the individual stora runoff events. . . 

4. Correction or the departure ratios for time trend before corre• 

latin& with ott.r parameters causinr the variation ot sediment yield de-

creased the scatter of these plots. 

5. 'lhe correlation or rainfall quantit7 vi th these departure ratioa 

is inconclusive indicating that at the Brand_yvine station rainfall quan-

t1t7 ia not related to sediment yield for a given quantit7 of runoff. 

6. A rainfall intensity factor can be related to the departure 

ratios and has a correlation coefficient or 0.48. 

7. Variation in the departure ratios after adjusting tor rainfall 

intensity correlates with season and shows averages o! 1.26 tor the JWl8 . 
and Jul7 months and o. 79 for the December and J anuaey months. 

8. Evaluation of the sediment yield trend with respect to time tor 

the storm runoff after the adjustment or the data for rainfall intensity 

and aeaaon shows, on the basis of the accumulative graph, a reduction in 

aediaent yield of about )8 percent when contrasting ~he 1947 to 1951 

period vitb tbe 1952 to 1955 period. 

9. 'lhe rank correlation coefficient ot these adjusted departure 

ratios with time ia -t0.138 with nearl)' a 99 percent level ot significance 



that the departure ratios and conattquentl;y the sediment load decreaaed 

vitb. t.i• during thia period (1947 to 1955) ot record. 

10. Adjustment ot the departure ratios b7 correlatiOD v1 th a peak­

edness factor and season instead ot rainfall intena1t7 and HUOD vaa 

uaed bec#lUSe the peakedness factor is DNCh euier to evaluate than raiD­

fall intensit.J. In the CUI ot the Brand1viM1 the "peakedness• approacb 

does not !lake evaluation ot the sediment yield trend u deciaive as does 

"intensity". 

11. Evaluation atter the peakedness and aeuonal adjuat.nts b7 tbe 

accmanlative graph show a 28 percent reduction in eecH..nt yield vheD con­

trasting the 1947 to 19$1 period with tbe 19$2 to 19S3 period. ColllpO.N 

with 38 percent in conclusion number e. 
12. 'Dle rank correlation coefficient of the "peakedness" adjusted 

departure ratios is +o.ll4 with a 94 percent contideDce level ot signd• 

icance that the sediment load decreased with time. CoJII)are vitb. +<>.138 

and 98 percent in conclusion number 9. 



Table 1.-stora runoff and aediJEnt data with adjuatments for rainfall intensity and season to reduce scatter 
in the water sediment relationship for Brandywine Creek at Wilmington, Del., 1947 to 1955 

Stora •feu- Computed Ratio Tille Tine and Time,rain- Rain!all Adjuated Adjusted Ratio 
runott ured sedi~~~tnt measured adjusted rainfall fall inten- intensi- measured computed Pleasured 

Date ot sedi- from to ratio intensity aity, and ty and sediaent sediment to 
runott at •nt rating computed adjusted season ad- season fro• CO!IIpUted 

Willlineton aedi.!lent ratio jus~d adjusted rating sediment 
~ct•-dal!l ~tons~ ~tonal ratio ratio ~tonal ~ tona ~ ~ldJuatedl 

i 2 3 (i 5 l) 7 5 9 10 11 
l!t(il) 

c 21-23 1,530 ilbO 1,480 0.43 o.)6 0.43 o.54 o.6S 960 1,)80 0.70 

!21!1. 
Jan. lh-16 uo 315 220 1.43 1.20 1.63 2.09 2.~0 sso 196 2.78 
Jan. 20-22 990 350 790 .44 .)7 .46 .58 .70 553 720 .77 
liar. 1.3-16 1,590 1.,890 1,560 1.21 1.01 1.36 1.49 1.78 2,780 1,420 1.96 
Apr. 30-2 2,040 5,490 2,270 2.42 2.0b 1.89 1.73 2.06 4,680 2,080 2.25 
May 19-23 2,240 3#500 21590 1.35 1.}4 1.03 .88 1.06 2,750 2,)80 1.15 

""' June lh-16 1,170 2,160 1,000 ~.16 1.82 2.16 1.76 2.06 2,080 910 2.28 _., 
Jul7 8-10 1,460 2,570 1,)80. 1.86 1.57 1.33 1.06 1.24 1,710 1,280 1.)b 
July 20 340 290 170 1.71 1.45 1.47 1.19 1.40 238 150 1.59 
&ug. 17-19 510 510 )00 1.70 1.45 .84 .73 .85 255 272 .94 

Nov. 4-6 ",)00 12,700 4,600 2.76 0 2.37 2.42 2.70 ).13 11~,400 4,220 ).hl 
NoT. 6-10 2,050 2,420 2,290 1.06 .91 .77 .86 1.00 2,290 2,090 1.10 
Nm·. 11-13 1,410 1,420 1,)10 1.06 .93 .96 1.13 1.32 1,730 1,200 1.44 
Dac. lS-17 790 290 565 .52 .45 .48 .60 .f;c) 390 510 .76 

1948 
Jan. 1-4 3.,460 4,600 4,~ .9L 

0 

.61 .86 1.ll 1.26 6,270 4,520 1.39 
Mar. 27-29 470 200 270 .74 .65 .71 .73 .84 227 240 .95 
Apr. 12-16 1,090 560 900 .62 .54 .71 .70 .81 729 820 .69 
May S-9 4,250 9,440 6,650 1.42 1.24 .91, .64 .96 6,390 6,200 1.03 
May 13-15 1,480 1,250 1,400 -~9 .78 .as .73 .84 1,180 1,290 .92 



fable 1.-stora runotl and eediiiEI'lt data td.th adjuetu.lts !or rainfall intensity and aeason to reduce scatter 
in tbe water eeciiJDent relationship !or Brandywine CrNk at Wil.JIIlngton, Del., 191j7 to 19.5.5 

St.ora Meu- Computed Ratio Time Time and Time, rain- F..aintall Adjuated ..4.djusted Ratio 
runoff ured sediment measured adjusted ra1r,£all ta1l inten- intenai- meaeured coq>Uted 111eie'UNd 

Dat.e of aedi- from to ratio intenaity sity, and ty and sediment sediment to 
runoff at ment rating COIIIpUteci adjusted season ad- season from co;qputed 

Wil.mi.ngton sedi.JIIent ratio jus ted adjusted rati:;, sedbent 
~cts-c:Aa;ns~ ~tons~ (tons~ ratio ratio (tone2 ( toD!_ ~adJusted2 

I ~ 3 li 5 l; 7 8 9 Io II 
19L6 
R&Y17-18 780 600 56o 1.07 .94 1.00 .as .97 543 500 1.09 
June 13-lll 650 410 430 .95 .8b .e6 .10 .80 3WJ 390 .88 
June 19-21 1,86o 5,750 1,960 2.93 2.53 2.21 1.75 1.98 3,860 1,800 2.15 
June 28-2 1,990 b,82o 2,150 2.24 1.98 1.22 .97 1.10 2,)60 1,990 1.19 
Jul714-16 2,120 b,920 2,1too 2.05 1.60 1.35 1.06 1.23 2,950 2,220 1.33 

Jul7 24•25 6oO soo .)80 1.)2 1.17 .67 .54 .61 232 316 .6.5 
Sept. 9-12 4,860 14,600 8,100 1.80 1.(() .99 .91 1.02 8,27ll 7,500 1.10 
Nov. 27-30 1,)90 960 1,200 .75 .67 .87 • 1.05 1.16 1,510 1,160 1.28 
Dec. 29-2 6,190 7,500 8,800 .as .76 .es 1.13 1.26 11,100 10,600 1.05 

~ 
12!!2 

2,)80 4,570 .52 .47 .58 .7L .82 3,71,0 L,220 .89 Jan. 5-8 3,.)00 
Jan. 21•25 2,060 905 2,)00 .)9 • .35 .w. .55 .61 1,hoo 2,100 .67 
Jan. 26-29 3,560 2,860 5,100 .56 .so .63 .70 .?e 3.980 3,720 1.07 
Feb. 22·2L 6)0 .510 h05 1.26 1.13 1.32 1.55 1.71 690 370 1.86 
Mar. 22•2b 1,1WO 1,870 1,)50 1.38 1.25 .89 .93 1.03 1,.390 1,2$0 l.U 

Apr. 6-7 6bO 190 420 .LS .u .53 .53 .58 2hb 380 .6b 
Y•7 23·25 1,200 5.50 1,040 .5) .h8 .46 .39 .43 L47 950 .47 
J~ 13-l.S 1,160 1,400 1,370 1.02 .93 .8) .66 .72 990 1,2«> .19 
Dec. 27•29 1,)20 9$0 1,200 .79 .74 .6,5 .62 .68 1,060 1,100 .96 

~ 2,)70 1,~70 2,600 .52 .b9 .61 .73 .78 2,160 2,590 .84 •• 14-16 
Y.ar. 21-25 5,110 11,200 8,750 1.28 1.20 1.)8 1.16 

.. 
1.5b 13,500 8,080 1.67 

Ma;y 18-20 1,530 1,)11!6'11 1,490 .91 .86 .71 .6o .6b 950 1,370 .69 
May 24-25 L20 16o 230 .7C .66 .6.5 .55 .56 133 203 .66 
June 4--6 )10 19L 140 1.38 1.)0 1.50 1.23 1.29 181 130 1.39 
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Table 1.-stcrra runoff and Bt'diment data vi th adjustments !or rainfall intensity and season to reduce ecatter 
in the water eedintent relationship !or Brandywine Greek at Wilmington, DEll., 1947 to 195S 

Stor111 Mea a- Coraputed Ratio Time Time md Time,rain- Rai.nf'all Adjust@d Adjusted Ratio 
runot! ured sediment measured adjusted rainfall tall inten- intensi- measured .computed measured 

Date or eedi- !rom to ratio intensity si ty, and t;y and sediment sediment to 
runoff at •nt rating computed adjusted season ad- from computed 

WUPd..ngton eedi.JIIent ratio juated rati sediment 
ratio tone a us ted 

1 0 
7 1o-12 1,190 l,OSo 1,020 1.03 0.98 0.96 0.76 o.eo 820 940 0.87 

Aq. 3-5 2,770 7,410 3,500 2.ll 2.02 1.oL .84 .88 3,080 3,280 .94 
AUI• )0-)1 )90 197 200 .99 .9S .61 .ss .sa 116 181 .6b 
Sept. 10-12 1,630 9SO 1,620 .59 .51 .54 .so .!)2 8JO 1,h90 .56 
Sept. 15-17 460 370 260 1.42 1.)6 1.)8 1.)0 1.)6 354 2)2 1.52 

Oct. 23-24 1,100 810 920 .e8 .as .80 .84 .67 Boo ShO .9$ 
)loy. 4-6 330 )20 160 2.00 1.92 )20 143 2.2b 
Nov. 25-27 9,510 22,500 21,600 1.04 1.00 .82 .97 1.01 21,eoo 20,000 1.09 

~ Dec. 4-6 1,600 1,100 1,590 .f:l} .67 .70 .86 .89 1,420 1,440 .99 
Dec. 8-10 2,120 2,o60 2,400 .86 .83 .74 .92 .95 2,280 2,200 1.04 

• 

!2a 
S,4oo 4,!)10 1.b3 1.82 8,4)0 Jan. 14·17 3,290 1.20 1.17 1.87 L,2oo 2.00 

Jan. 24-26 1,290 635 1,150 .ss .!)) .67 .as .88 1,010 1,050 .96 
Feb. 1-3 1,290 6)0 1,150 .55 .54 .73 .90 .93 1,070 1,050 1.02 
Feb. 7-9 3,920 14,400 5,930 2.b3 2.)8 2.52 3.01 3.10 16,LOO 5,440 3.39 
Feb. 21-23 2,160 4,51&0 2,450 1.85 1.8o 2.)0 2.70 2.77 6,790 2,260 3.00 

Mar. 19-22 2,040 1,920 2,280 .84 .82 .91 .96 .98 2,2)0 2,090 1.07 
Mar. 30-31 690 450 465 .97 .9$ 1.21 1.24 1.27 590 421 1.Lo 
Apr. 13-15 1,820 4,820 1,910 2.!)2 2.49 1.93 1.68 1.92 ),670 1,170 2.07 
June 14-15 680 )SO 45S .77 .76 .es .68 .69 314 413 .76 
June 29•1 6bO 730 415 1.76 1.73 .97 .78 .79 328 )80 .86 

Aug. 20-21 780 a so 560 1.52 1.51 .83 .72 .72 403 soo .81 
NOY. 1-b 1,910 2,280 2,050 1.11 1.ll 1.07 1.16 1.18 2,L20 1,900 1.27 
Nov. 7-9 s,oso 14,200 8,600 1.(6 1.6!) .96 1.07 1.07 9,210 8,000 1.1s 
Dec. 5-7 1,260 sso 1,UO .so .so .51 .62 .62 690 1,010 .68 
Dec. 19-23 6,880 6,240 13,400 .L? .47 .49 .62 .62 8,310 12,400 .67 



Table 1. --stora rurtott aod aediMDt .data with adjustments far rainfall intenaity aJKl aeaeon to reduce scatter 
in tbe water sediment relationehip for l:Jrand1wine Creek at Wilalington, Del., 191.7 to 19SS 

Storm Meae- Computed Ratio Ti• Time and Time,rain• Rainfall Adjusted Adjusted Ratio 
runoff ured sediment 111easured adjusted rainfall .tall inten- intenai- ~~~eaeured co,..,uted •uured 

Date ot •di- fro• to ratio intenai ty si ty, and ty and Hdi.Nnt aediment to 
runotr at •nt rating computed adjusted aeaaon ad- season .trona COIIlplted 

Wi1mngton sedi.Mnt ratio juated adjusted rati~ aecU.•nt 
~cfs-dal!~ ~tone~ ~tons~ ratio ratio (tona2 ~tona_ ~ad~ted~ 

1 ~ 3 li ~ l) 1 B 9 10 11 

~ • 22-25 a~ao 500 620 o.al o.a1 o.a2 l.Oh 1.03 li.O Sto 1.11. 
an. 26-~ 3,900 3,020 5,900 .. S1 .51 .61 .77 .76 1.,1.80 S,l.oo .a3 

Feb. 1.-6 3,270 5,900 l.,L90 1.)1 1.32 1.31 1.62 1.60 7,190 1.,150 1.73 
Mar. 5-6 680 250 455 .ss .56 .62 .69 .68 309 4lh .?S 
Mar. 11•lh 4,LSO 7,750 7,100 1.09 1.10 1.20 1.29 1.27 9,020 6,570 1.37 

l'.ar. 19-21 1,700 1,1€0 1,720 .67 .68 .75 .?a .77 1,)20 1,600 .62 
~ l:.pr. 5-8 1,7)0 1,190 1,780 .67 .68 .74 .74 .73 1,)00 1,630 .eo 
0 Apr. lh•17 1,580 730 l,SSo .L7 .46 .sa .56 .55 aso 1,400 .61 

Apr. 25•2 8,580 7,680 16,500 .42 .1.3 .54 .1.9 .~a a a,aeo 17,100 .52 
May ll-13 1,150 1,2)0 980 1.25 1.2a 1.25 1.09 1.07 1,050 890 1.la 

May 2o-21 41.0 250 245 1.02 1.0Q 1.27 1.08 1.06 260 220 1.18 
May 25-28 5,1.50 s,a80 9,600 .61 .!46 .61& .53 .52 4,990 8,900 .56 
May 30-3 3,000 2,250 3,980 .57 .sa .67 .55 .54 2,150 3,66o .59 
Jul7 8-U 5,290 17,600 9,100 1.93 1.98 1.1:6 1.15 1.12 10,200 a,lt20 1.21 
AUi• a-10 190 1,010 565 1.79 1.83 2.01 1.68 1.63 920 520 1.77 

Sept. 1-4 2,hl.O 1,7lt0 2,900 .60 .62 .42 .38 .37 1,070 2,680 .40 
Sept. 19-20 ~.~ 370 230 1.61. 1.66 1.07 1.02 .96 225 210 1.07 
H'"• 20-23 5,65'0 11,000 10,100 1.09 1.13 1.20 1.Lo 1.35 13,fUJ 9,400 1.Ls 
Dec. S-7 1,120 625 940 .66 .1;9 .65 l.OS 1.01 950 a60 1.10 
Dec. 11-12 4,000 4,760 6,050 .19 .82 .80 .99 .95 5,740 5,620 1.02 



Table l.--5to1'11 runoff and eediJnent data nth adjustments for rainfall intensity and season to reduce scatter 
in tbe water sediment relationship for Brand)'ldr..e Creek at ~;ihd.ngton, Del., 1947 to 19SS 

Stor!ll Mea&- llo:aputed Ratio Tirae Tine and Ti'fle1 rain- Rainfall Adjusted Adjusted Ratio 
r.mott ured eedil'll8nt measured adjusted rainfall tall inten- intensi- measured computed measured 

nate or sedi- frolll to ratio intensity dity, and ty arid sediment aedi~nt to 
rWIOft at •nt rating computed adjusted season ad- season troa cornputed 

Willlington sedi:'Q8nt ratio jus ted adjusted r~ti~ sediment 
~crs-dal!~ ~tons} (tons~ ratio ratio ~tons) ~tons (adJusted) 

1 ~ 3 li 5 l) ., B 9 10 I1 

1953 
Jan. 9·12 6,050 4,860 11,200 o.a3 o.4S o.ss 0.70 0.67 7,510 101 )GO 0.73 
Jan. 24-26 '",)1.0 ),7&J 6,620 .57 .60 S3 .67 .~ 4,2)0 6,)00 .67 
Feb. 15-16 1,1)0 sos 950 .56 .59 .70 .84 .eo 7«J 870 .87 
Feb. 21-22 900 sso 680 .81 .85 1.0) 1.20 1.llt 770 620 1.2lr 
Mar. h-5 1,660 1,260 1,700 .74 .78 .95 1.05 1.00 1,700 1,56o 1.09 

:-tar. 13-17 3,420 h,OOO h,820 .8) .87 .87 .82 .78 ),76o 4,500 .84 
Mar. 21,-28 3,)00 2,420 4,570 .53 .56 .55 .57 .54 2 ''"10 h,220 .S9 
Apr. 7-8 1,380 Boo 1,280 ·.62 .65 .so .80 .76 910 1,270 .76 

~Apr. 13-15 1,))0 670 1,23:0 .ss .SB .66 .6) .6o 730 1,110 .66 
Apr. 16-19 9)0 too 720 .8) .88 .S7 .82 .,78 S6o 650 .66 

May1S 600 220 )80 .58 .60 .)9 .)) .)1 118 345 .34 
May 26-28 2,580 3,990 3,200 1.25 1.32 -.. ),200 2,7)0 1.09 
~.ay 30-3 2,260 2,260 2,610 .87 .92 1.01 .8) .78 2,040 2,400 .as 
June 13-lh 770 860 550 1.56 1.65 1.1) .91 .86 473 soo .95 
Jlme 23-24 600 .)2b 380 .86 .91 )80 3LS 1.10 

.::Uy 9-11 270 210 120 1.75 1.85 1.1"5 1.16 1.08 1)0 107 1.21 
Jaly 2)-21, 560 170 345 .49 .52 .hl .)J .31 107 312 .34 
Sept . S-7 200 131 8o 1.~ 1.75 1.)7 1.25 1.17 94 78 1.20 
Oct. 29-31 990 1,400 1eo 1.79 1.91 2.00 2.15 2.00 l,S6o 720 2.17 
Dec. 7-9 1,000 86o eoo 1.07 1.17 1.2) 1.52 1.41 1,1)0 730 1.55 

Dec. 1o-12 86o 600 ~0 .94 1.02 1.20 1.5o 1.38 .880 590 1.49 
Dec. 13-17 ),220 h1 110 4,420 .93 1.01 1.15 1.44 1.33 5,880 4,100 l.h) 



Table 1.-stora runotf and sediment data vitn adjustments for rainfall intensity and season to reduce scatter 
in tne water sediment relationsnip for Brandywine Creek at Wilnd.ngton, Del., 19b7 to 19SS 

Storll Me as- Computed Ratio Time Time and Time,rain- Rainfall Adjusted Adjusted Ratio 
.ruo.orr ured sediment measured adjusted rainfall fall inten- intens:l.- meaeured co.aputed measured 

Date ot sedi- from to ratio intensity si ty, and ty and sedilllent sediment to 
runott at nent rating computed adjusted season ad- season from co:uput.ed 

ldl.llington se d:i.Ialen t ratio jus ted adjusted rat~ sediment 
(tone) ratio ratio {tons) 1 tons {ad us ted 

~ 9 1 

1954 
Mar: 1-5 2,360 1,8)0 2,eoo 0.65 o.n 0.76 o.85 0.78 2,180 2,570 o.85 
Mar. 14-16 500 176 290 .61 .67 .77 .82 .75 217 263 .83 
Mar. 2o-22 700 154 480 .)2 .~ .42 .44 .40 192 432 .45 
Apr. 27-30 960 257 750 .)4 .37 .34 .31 .28 210 690 .)0 • 
May J,-6 1,7LO 4,900 1,800 2.72 3.00 2.33 2.09 1.90 3,420 1,640 2.06 

~ ~ov. 21-23 8So 325 6)0 .52 .58 .62 .7) .6$ 409 5b0 .70 
Dec. )0-)l. 640 430 420 1.02 1.15 1.20 1.52 1.)4 562 )80 l.J-'8 

1955 
reb.' 6-9 ),78o 6,520 5,600 1.16 1.)2 1.65 2.02 1.79 10,000 5,180 1.9) 
Mar. 4-8 2,260 1,0$0 2,610 .40 .45 .L9 .54 .47 1,230 2,LOO .51 
Mar. 22-24 2,670 ),780 ),))0 1.13 1.29 1.56 1.61 1.~ 4,7)0 ),080 1.54 
June 8-ll 1,0$0 1,070 860 1.24 1.42 1.43 1.16 1.01 870 190 1.10 
June 12-1) 2,560 4,020 ),,180 1.26 1.1..5 1.37 1.10 .95 2,940 2,900 1.01 

Aug. 11-16 18,)60 )6,6)0 57,000 .68 .?9 .68 .57 .49 27,900 52,000 .53 
l.ug. 17-2) 1),170 14,180 35,000 .40 .46 .u .)6 .)1 10,900 )2,500 .)3 

-



td atora aDd total rw»ft bT MUoaa aDd J'8U'8 tor Br~ Cl"Mk at Wi.l.II1DctoD, Dl1. 

JaD. - lllr. §!:• -June JulY- Se2t• Oct. • Die. Total tor Z!U' Ill an 
Year Water Sacta.nt Water Sed1•nt Water ~Dt water S.CU.nt Water Sa dUet ooac. 

(otl-dQI) (t-ona) (ct•-~) (t.ona) (ctl-ciq8) (tone) (ctl-ciql) (tooa) (ct•-da18) (ton.) (ppa) 

Totela ot atora runott uaed 1n ana'-"ia 

19L7 2,990 2,SSO 6,bl0 12,920 2,310 ),,)70 7,160 16,8~ 19,16o 35,670 690 
19L8 ),9~ L,800 12,100 22,8~ 7,8SO 20,280 1,900 8,56o 31,780 56,L7o 6S8 
191&9 10,990 8,520 2,610 1,)80 1,bSO 1,1&00 1,)20 9SO 1.6,)70 12,26o 227 
l9SO 7,L6o 12,670 2,26o 1,710 6,LLo 9,980 1L,66o 26,790 ~.&.o 51,1SO 61L 
19S1 1L,68o 27,970 ),!LO 6,0SO 780 8SO 15,100 2),270 )),700 58,1LO 6)9 
1952 u..~ 18,580 21,9~ 19,210 8,920 20,720 10,710 1.6,)80 56,L6o 7L,890 li91 
1953 20,800 17,3SO 10,LSO 9,780 1,0~ 510 6,070 6,980 )8,3SO 31&,620 llla 
1954 3,56o 2,16o 2,700 5,16o 0 0 1,L90 76o 7,750 8,080 )86 
19S5 8,710 11,~ ),610 5,090 31,5~ 52,800 L3,8SO 69,190 564 
Total 87,98o l.OS,9SO 6S,210 64,140 6o,)l0 109,910 6b,76o 100,520 278,26o 1&00,480 Sll 

lllan ocac. 4L6 478 . 675 575 533 

Total fiCJW !or record 
e; 

1947 )6,8~ l,llbo 4L,190 17,080 21,850 L,no 28,500 18,500 131,370 Ll,l~ 122 
191&6 5e,soo 1.3,200 67,600 25,610 4L,)80 2),820 Lo,oso 6,91.0 210,530 71,570 125 
19L9 8S,L60 9,170 1,2,o&> 2,)10 19,890 2,190 17,270 1,)00 16b,700 15,570 lS 
l9SO hl.,290 1.3,800 hl.,240 );110 29,01,0 10,760 47,L80 27,)60 159,050 55,030 128 
19S1 66,580 ~.w.o 1&4,620 7,180 17,8~ 2,))0 1,2,6~ 2),990 171,66o 6),91&0 1)8 
1952 8o,Cb0 19,66o 8S,220 20,5~ )9,880 21,6SO L0,9LO 1.6,860 21&6,080 78,700 118 
1953 90,110 18,62o 72,1&90 11,700 19,710 1,3~ 2L,090 7,170 206,boo )8,820 70 
195L 28,600 2,6SO 28,580 6,020 10,670 )20 16,01,0 1,070 8),890 10,060 w. 
1955 )),:.> 11,710 25,560 · 5,610 59,200 54,160 118,090 n,J.ao 224 

Total 520, 7LO 123,L90 451,580 99,150 262,450 120,670 257,000 105,190 1,1&91,770 w.e,soo 111 

lllan coac. 87 81 170 152 lll 

P.rcent ot atora runott to total t1011 

19L7 8.1 70 15 76 11 62 26 91 15 82 
1948 6.7 )6 16 69 18 es 20 96 l5 79 
19L9 1) 87 6.2 60 7.) 6l, 7.7 73 9.9 19 
l9SO 18 92 5.5 55 22 93 31 96 19 93 
1951 22 92 7.0 84 "·" )6 35 91 20 91 · 
19S2 18 9L 26 9L 22 96 26 97 23 9S 
1953 2) 9) lL 84 5.2 )8 25 97 19 89 
1954 12 82 9.1. 86 0 0 9.3 71 9.2 eo 
1955 26 97 u. 91 53 98 37 97 

Mean 17 86 u. 8S 2) 9 25 96 19 89 



r Table 3.--Brand,wine Creek buiD precipl tation ( ncbea) 
December 1946 to September 19SS 

Date ot run• Hone;,- IDag • a Brandy- Eagle Parkes- Spring• Ebera- Frazer Weigh ted Coatesville 
ott at Brook Comer wine burg dell vi e mean Total Hours Quan- We1£bted 

Wilmington Manor >o.os tity intenait~ 
~.OS 

1 ~ 3 li 5 ~ 7 8 9 iO ll r2 
(1Di)!· 

~ • 21.•23 1.6S l.bO 1.77 1.18 1.72 1.74 1.82 1.74 1.67 1.71 l.SS 0.108 

~ • 14-16 .&; .47 .79 .19 .S7 .69 .84 .so .7$ .62 6 • .36 .073 
Jan. 2o-22 .lt3 .90 .9$ .86 .80 .91 .93 1.02 .87 .87 7 .72 .103 
Mar. 13-16 .55 .65 .71 .84 .69 .82 1.01 .77 .83 1.o6 9 .87 .076 
Apr. J0-2 1.28 1.13 1.06 .87 1.00 1.39 1.59 1.17 1.27 1.10 6 1.05 .202 
lay- 19-2.3 1.23 2.01 2.03 2.17 2.50 3.)7 3.15 2.82 2.60 2.25 11 2.06 .216 

June 14-16 1.98 1.1&5 1.62 1.93. 1.59 1.25 .97 .82 1 • .)6 1.81 12 1.67 .lOS 
g: July 8-10 3.0S 2.63 2.89 1.43 3.86 3.05 2.27 .78 2.46 3.27 10 3.20 .241 

July 20 . 1.00 .87 1.00 .96 1.20 .99 .87 1.09 .97 ,84 s .73 .169 
Aug. 17-19 .23 .1&2 .96 .52 .65 .64 1.57 .61 .94 1.19 2 1.1s .1&55 

Nov. 4-6 2.20 2.16 3.19 3.88 1.74 1.25 1.92 3.19 2.38 1.97 13 1.78 .165 
Nov. 8-10 1.Jlt 1.Sb 1 • .58 1.93 1.1:L 1.89 1.9.5 1.69 1.75 1.59• A 1.53 .241 
NoT. 11•1) .68 1.02 .97 1.0.5 .88 1.18 1.06 1.07 .01 1.09 .99 .153 
Dec. 15-17 .73 .83 .87 1.13 .96 1.01 1.05 .98 .96 1.03 . 6 .94 .11&8 

1946 
Jan. 1-4 1.95 1.80 1.76 1.83 1.91 2.1.5 2.37 2.25 2.09 1.89a 13 1.76 .150 
Mar. 27•29 .66 ~85 .97 .74 .38 .78 .66 .6J. .70 .54 3 .33 .11&2 
Apr. 12•16 2.05 J..67 1 • .58 1 • .56 1.2lt 1.30 1.27 1.2.5 1~43 1S2 ll .97 .083 
May S-9 3.65 3.59 3.67 3.46 3.48 3.36 3 • .51 3.Ls 3.52 2.5'1 11 2.33 ~297 
!'lay 1.3-15 1.71 2.07 .30 1.h2 1.00 1 • .51 1.6!, 1.37 1.37 1.16 9 1.09 .l.lal 

•Hourly precipitation at Coatesville unavailable and because of generaJ. nature or storm the duration and quan-
tity is based on the hourly precipitation at Lancaster and Philadelphia (&II Airport). · 



Table ).--Brandywine Creek basin precipitation (inches) 
December 1946 to Septallber 19.5.5 

Date of run- Honey- IDag 's Brandy- Eagle Parke a• Spring- D>era- Frazer Weighted Coatesville 
ott at Brook Corner wine burg dell 'ril.l.e mean Total Hours Quan- Weigh ted 

Wilmington Manor >o.OS tity intensiti 
>O.OS 

1 2 3 4 ~ ~ . 7 B 9 ro u i~ 
(1ni4:• 

1948 
Aa717-18 .67 .60 .77 .77 .93 1.27 1.$1 1 • .34 1.ll 1.00 6 .B2 0.1.52 
June 13-14 1.15 1.3$ 1.34 1.31 .9.5 .87 .39 1.67 .93 1.00 .5 .87 0.162 
June 19-21 1.20 1.37 1.16 .9.5 1.90 1.78 1.59 1.09 1.L.3 1.$6 6 1.}f8 0.226 
June 28-2 1.1,6 2.39 1.27 2.33 1.64 2.39 3.19 2.L.5 2.37 1.60 s 1.bo 0.415 
July 11,-16 1.~3 2.00 1.511 2.87 2.21 1.B3 1.60 1.so 1.8.5 2.02 6 1.97 0.)01 

July 24-2.5 1.29 1.98 1.37 1.3.5 .• ss .45 .79 2.20 1.07 .67 2 • .56 o.W.7 
Sept. 9-12 4.82 3 • .57 6.1.5 .5.81 3.04 2.66 2.$7 s.o3 ).89 2.BS 9 2.71 0.412 
Nov. 27-30 1.74 1.1,7 l.b9 1 • .50 1.b8 1.5.5 1.79 1.79 1.64 1 • .5.5 1.5 1.22 o.086 

::- Dec. 29•2 2.?1 
V\ 

2.31 2.33 2.0.5· 2.)2 2.46 2.66 2.74 2.1,8 2 • .52 lS 1.B7 0.123 

1949 
Jiii: S-8 2.25 1.86 1.$0 .so 1.63 1.$6 1.54 1 • .59 1.1.:.9 1.69 12 1.37 0.10! 
Jan. 21•25 1.1,9 1.L.4 1 • .52 1.60 1.76 1.8.5 2.02 1.93 1.78 1.76 u 1.32 0.096 
Jan. 26-29 1.77 1 • .52 1.69 1.70 1.64 1.80 2.03 1.90 1.83 1.80 1.5 1.b3 0.097 
F'eb. 22·24 .63 .6..5 .72 .71 .53 .68 .68 .~ .66 .72 3 .39 O.ll9 
Mar. 22-24 .9.5 .70 1.0.5 1.19 1.10 1.22 1.29 1.1.5 1.1.5 1.06 3 .91 0.329 

Apr. 6-7 .88 .63 .8.5 .73 .eo .71 .74 .76 .76 .8o 8 .72 o.oss 
tlay 23-2.5 1.17 .96 2.63 1.85 1.76 1.7.5 1.86 2.20 1.86 2.65 9 2.36 0.1fh 
July 13-15 3 • .51 2.97 ).12 2.45 2 • .58 2 .• 4.5 2.~0 2.07 2 • .5.5 2.7.5 11 2 • .53 0.213 
Iec. 27-29 2.07 1.so 1.£-4 1.b6 1 • .52 1.20 1.06 1.33 1.)8 1.1:.5 s 1.19 0.226 

1950 
TeD. lh-16 1.30 1.60 2.08 1 • .59 1.13 1.00 1.3b 1.78 1.1!.5 1.l:h 6 .sa 0.097 
Kar. 21-2.5 2.-29 2.86 3.21 2.01: 2 • .5.5 2.60 2.82 2.bS 2.6.5 2.16 19 2.20 o.12s 
May 18-20 1.38 1.62 1.90 1.99 1.79 1 • .51 1.9.5 :A-.8.5 2.3.5 2.20 9 2.11 0.2.51 
May 24-2.5 • .51 .88 1.09 1.06 .7.5 .77 .68 .)1 .77 1.09 h 1.00 0.177 
June 4-6 .so • .;8 .54 .l.dl .h9 .53 .I,S .66 .49 .71 3 • .53 0.122 



Table 3.-BrandJWi,De Craek basin precipitation (inches) 
Decemer 1946 to Septemer 19SS 

late ot run• Hone7• !Qag 1s Brandy- Eagle Parkes~ Spring- Ebers• Frazer \Mighted Coatesville 
ott at Brook Corner wine burg dell ville M&D Total Hours QuaD- Weighted 

Wibd.Dgton Manor >o.os tit7 iDtensiti 
>O.OS {in.LB£. 

i 2. ~ 4 5 6 1 8 9 io ll l2 1~ 

~ y1o-l2 1.77 2.98 3.26 2.23 2.b6 2.00 1.99 1.24 2.21 2.27 12 2.23 o.1e·1 
Aug • .)-5 .!6 .8o 2.63 2.72 3.24 3.71 4.38 4.66 3.28 3.22 6 3.19 o.5L2 
Aug. 30-31 .99 .09 .75 .77 1.6S .27 1.77 2.SS 1.26 1.99 3 1.83 0~ 386 
Sept. 10-12 3.99 2.63 1.87 1.94 3.98 1.92 2.87 2.57 2.71 1.7L ll 1.37 0.194 
Sept. 15-17 .74 2.61 .64 .75 1 • .)0 .b3 1.00 .91 .9S i.~ 5 1.1:9 0.1ta 

Oct.. 23-24 1.32 1.34 1.64 1.82 1.63 1.63 1.91 1.72 1.72 1.66 8 1.54 0.199 
Nov. 4-6 .13 .21 .23 .42 .23 .25 .38 1.27 .34 .12 1 .08 
Nov. 2$-27 3.62 4.02 4.10 3.90 3.79 3.01 3.82 6.18 3.94 3.7L lS 3.~ 0.256 

~ 
nee. 4-6 1.42 1.15 1.31 1.52 .89 .86 1.18 1.~ 1.22 1.10 7 1.01 0.160 

~ Dec. 8·10 1.lh 1.16 1.15 1.10 1.02 1.0$ 1.)'l .98 1.16 1.24 5 1.15 0.215 

!m 
Jan. 1.4•17 1.34 1.40 1.20 1.07 1.33 1.23 1.2~ 1.12 1.22 1.13 9 .86 0.103 
Jan. 24-26 1.08 1.07 1.07 1.01 1.2$ .97 1.10 1.o6 1.08 1.1$ 10 1.00 0.096 
Feb. 1-3 1.45 1.39 1.26 1.26 1.04 1.00 1.16 1.15 1.19 1.27 12 .92 0.072 
Feb~ 7-9 1.56 1.34 1.33 1.22 1.20 1.53 1.72 1.27 1.47 1.38 8 1.15 0.153 
Feb. 21-2.3 .83 .91 1.19 .81 .81 1.00 .84 .87 .90 1.0h 9 .93 0.089 

Mar. 19-22 .96 1.20 1.45 1.27 1.11 1.21 1.36 1.16 1.27 1.38 9 1.32 0.135 
Mar. J0-31 1.18 1.01 1~16 .92 .88 .89 .77 1.14 .93 1.04 5 .51 0.091 
Apr. 13-15 1.~ 1.65 1.44 1.bo 1.LS 1.30 .78 .68 1.15 1.50 4 1.L7 0.282 
June .lh-15 .81 .99 1.28 1.31 1.39 .70 1 • .32 1~63 1.22 1.58 7 1.23 0.1)6 
JWle 29-1 .96 1.59 1.17 1.32 .13 .78 1.15 .74 1.07 1.29 2 1.15 0.477 

Aug. 20-21 1.36 .90 1.61 .97 J.L7 2.50 2.(:Q .68 2.0b 2.29 4 2.20 o.L90 
Nov. 1•4 3.08 3.19 3.62 3.11 2.94 3.02 3.41 2.90 3.24 3.0h 14 2.4S 0.187 
Nov. 7-9 2.65 2.81 2.89 2.19 2.LS 1.78 2.24 1.80 2 • .32 2.32 s 2.2s 0.450' 
Dec. S-7 .Sl 1.15 1.$3 1.21 .02 1.17 1.37 .87 1.09 1.42 6 1e29 0.16$ 
Dec. 19-23 2.16 2.3.) 2.8$ 2.69 2.34 2.66 3.05 2.71 2.76 2.74 16 2.$2 0.158 



Table ).--Brandywine Creek basin precipitation (inches) 
December 1946 to September 1955 

Date of rtm- Honey- Loag's Brandy- Eagle Parkes- Spring- Ebers- Frazer Weighted Coatesville 
off at Brook Corner wine burg dell ville mean Total Hours ~uan- ~~eighted 

Wilmington P..anor >0.05 tity intensity 
>0.0.5 (in./hr.) 

1 2 3 Ii ~ l) 7 B 9 10 11 12 13 

1952 
Jan. 22-25 .66 .63 1.10 .79 .91 .72 .8.5 .71 .83 .78 3· .48 0.170 
Jan. 26-30 2.09 2.00 2.53 2.11 2.28 2.02 2.08 2.06 2.15 2 • .30 14 1.71 0.114 
F·eb. 4-6 1.14 1.27 1.83 1.3h 1.19 1.21 1.7 3 1 • .51 1 • .50 l.L.S 8 1.36 0.176 
!'Jar. 5-6 .48 • .56 o79 .62 .47 .48 .71 .61 .63 .w 3 .42 0.136 
¥.~ar. 11-14 1.83 ~.05 2c24 1.60 1.68 1.77 2.17 2.19 1.98 2.08 13 1.93 o.11,1 

- • -..... IV..ar. 19-21 .99 l.l.L 1.20 1.1L 1.00 1.06 1.41 1.01 1.20 1.19 8 1.08 0.136 
Apr. 5-8 1.49 .42 1.22 .96 1.24 .88 1.28 1.48 1.18 1.14 8 1.08 0.140 
Apr. 14-17 2.1e 1.13 2.05 1.93 1 • .58 lo$7 1.34 1.41. 1.6.5 1.93 10 1.26 0.108 
Apr. 25-2 4.29 4.87 4.73 4.11 3.44 3.77 3 • .54 4.2.3 ).9.5 ).84 27 2.~c 0.095 
l'J&y ll-13 1.18 1.33 1.79 1.25 1.12 1.59 1.53 1.0.5 1.L8 1.80 1 1.~6 0.186 

May 20-21 1.03 1.06 lc)3 1.37 .86 .78 .9.5 .98 1.04 .eo 7 .57 0.106 
~.ay 25-28 2.1e. 2.29 ).34 2.79 3.00 2.77 2.92 2.01 2.79 ).1.5 17 2.64 0.138 
Nay 30-3 1.16 1.57 2.67 2.15 1.79 1.8) 2 • .54 .14 2.0) 2.27 13 1.7.5 0.120 
July 8-11 2.58 4.66 6.18 J.Lo ).10 5.o6 3.72 4.48 4.07 4.70 12 4.:.0 0.310 
1\Ufo 8-10 1.14 1.04 1.27 1.05 .70 .tl; .86 1.96 1.01 1.66a 7 1.48 0.129 

Sept. 1-4 3.5.5 3.46 3.92 2.82 3.3.5 2.81 2.80 3 • .50 3.14 0 
).20 8 2.92 0 • .358 

Sept. 19-20 .20 .02 1.49 .eo 1.06 1.39 .88 .BJ .91 1.17 2 1.00 0.389 
Nov. 20-23 4.25 4.51 5.38 4.L8 4.47 3.77 4.38 4.27 4.46 4.69 26 4.13 0.151 
Dec • .5-7 .99 1.01 1.18 .70 .97 .75 .87 .73 .89 1.00 5 .57 0.101 
Dec. 11-12 1.71 1.66 2.42 1.89 1.58 1.95 2.22 2.56 2.06 2.00 9 1.58 0.181 



Table 3.-arandyvi.ne Creek basin precipitation (inches) 
December 1946 to September 19SS 

Date of run- Hooey- Loag's Brandy- Eagle Parkes- Spring- Ebers- Frazer Weighted Coatesville 
oU at Brook Comer wine burg aeu ville mean Total Hours ~- Weighted 

Wilmington Manor >o.os tity tnteneit~ 
>0.05 ~in.,lhr._ 

1 2 3 li s 0 7 8 9 10 II r2 Il 

1953 
Jan. 9-12 2.54 2.51 3.25 2.64 2.0~ 2.05 2.63 2.64 2.S9 2.47 18 1.80 0.105 
Jan. 24·26 1.41 1.80 2.05 1.76 1.76 1.71 1.81 1.57 1.77 1.72 7 1.54 0.227 
Feb. 15•16 .80 .88 1.29 .92 .81 .95 1.08 1.06 1.01 .90 6 .82 o.us 
Feb. 21•22 .70 .65 1.06 .73 .65 .76 .79 .eo 1.02 .77 6 .49 0.108 
Mar. 4-5 1.01 1.13 1.56 1.32 1.21 1.32 1.36 1.so 1.33 1.41 10 1.24 0.107 

l~ar. 13-17 1.60 2.08 2.31 2.1"7 1.91 2.42 2.35 2.73 2.29 2.06 9 1.41 0.17b 
Mar. 24-28 1.83 2.03 2.16 2.00 1 • .30 1.53 1.65 2.02 1.77 1.S4 9 1.1~2 0.181 
Apr. 7-8 .87 1.10 1.35 1.15. .78 .78 .98 1.62 1.05 .93 8 .71 0.100 

1:" Apr. 13·15 1.09 .97 1.15 .95 1.02 1.17 1.0) .99 1.05 1.09 6 .78 o.l2S 
OD Apr. 16-19 .52 .72 .90 .93 .77 1.08 1.19 1.15 .98 1.01 s .91 0.177 

May 16 1.02 .88 1.36 .90 .35 .35 .39 1.63 .76 .49 2 .49 0.390 
Ma7 26-28 1.50 1.69 1.77 1.76 .94 1.07 1.77 1.75 1.58 -
May 30-3 1.98 1.88 2 • .)0 1.86 2.16 2.04 1.94 2.01 2.01 2.27 l2 1.88 0.139 
June 13-lh .87 .52 .91 .78 .89 1.34 1.l5 ~.S3 1.0L 1.29 3 1.29 · o.346 
June 23-24 1.33 1.42 2.bl .ss .82 .15 .o3 .08 .67 .12 1 .o6 

July 9•11 .16 .u .42 .26 .62 .16 .86 .16 .S6 .S7 2 .57 0.280 
July 23-24 .90 .99 1.16 1.21 1.08 1.79 1.66 1.48 1.38 1.61 s 1.S7 0.269 
Sept. 5-7 2.48 1.16 .& .74 2.34 1.60 .89 1.17 1.57 .87 s .77 0.278 
Oct. 29-ll 2.96 3.17 3.04 3.30 2.73 3. 28 3.09 4.09 3.15 3.49 18 ·3.08 o.l.SS 
Dec. 7-9 1.)0 1.19 1.05 1.28 1.54 1.35 1.40 1.33 1.so 10 1.37 o.l51a 

Dec. 1o-12 1.15 1.00 .54 1.06 1.04 ~74 .61. .19 1~0b 6 .93 0~118 
Dec. 1?-17 ~.s5 1.62 2.1h 1.90 1.77 1.79 1.91 1.86 2.00 13 1.77 0.126 



Table ).-Brandywine Creek basin precipitation (iDr.bea) 
December 1946 to September 19SS 

Date of run- Honey- Loag • s Brandy- Eagle Parkes- Spring- Ebers• Frazer Weighted Coatenille 
orr at Brook Corner wine burg dell ville mean Total Hours Qliiln- weighted 

·'-iilmington Manor >O.OS tity inteneit~ 
>O.OS (ini~·-

1 2 ~ li ~ l) 7 B 9 10 11 i2 

e.l-s 1.61 1.76 .74 1.SS 2.34 2.0) 1.83 l.BS 1.71 2.01 11 1.90 o.lh7 
Mar. 14-16 .eo .71 .35 .91 .86 .13 1.00 89 .63 .90 s .67 0.123 
Mar. 2o-22 .66 .63 .40 .9S .89 .90 1.02 .70 .as .n• 6 .29 O.lll 
Apr. 27-30 1.10 .97 1.20 .97 1.30 1.47 1.16 1.S9 1.30 1.32 6 1.21 0.199 
May 4-6 r96 3.71 2.26 1.61 1.18 1.81 1.2s 1.17 1.S7 1.7S s l.S8 0.28b 

Nov. 21-23 1.83 2.10 1.97 1.63 1.77 1.98 2.26 1.86 1.99 1.61 12 1.16 o.lb9 
::- Dac. 30-31 1.4S 1.70 1.43 1.17 ·1.21 1.22 1.13 ·1.22 1.2s 1.01 6 .76 0.157 '() 

~ eb. 6-9 .96 1.15 1.27 1.30 1.39 1.22 1.lh 1.32 1.21 1.30 11 1.15 0.097 
Mar. 4-8 1.75 1.S9 1.96 1.77 1.22 1.72 2.ll 2.12 l.A6 2.02 12 1.81 0.139 
Mar. 22-24 1.S8 1.78 2.12 1.8o 1.87 1.67 1.96 1.90 1.88 1.88 lh 1.S1 0.108 
June 8-11 2.22 2.39 2.66 2.4b 2.51 2.46 2.63 2.S6 2.53 2.8o lh 2.62 0.169 
June 12-13 1.26 1.25 2.15 2.88 2.20 1.49 1.02 1.1) 1.61 2.11 8 2.02 0.193 

Aug. 11-16 10.76 12.40 ll.91 10.47 8.82 7.70 9.47 8.59 9.85 9.S8 1,0 9.31, 0.21,0 
Aug. 17-2.3 3.77 s.o6 S.75 4.61 4.84 4.38 3.72 4.4h 4.39 S.S7 19 s.21 0.216 



r 
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Table Ja.-stora runoft' and sediment data with adjuatmenta ~or peakedneae and eeaBOD to Nduce the ecatter 
ill tbe vater-aediment relationship for Brand1wioe Creek at Wibll.Dgton, Del., 191a7 to 19SS 

stora Meu- Peak Peaked- Ti-. and Time,peak• Peaked- AdJ•ted Adjueted 
run ott ured runott neaa peaked- edDeaa,and neaa and •uured COIIpUted 

Date ot aedi- ~actor neaa ad• season ad• aeuon ad- aediMDt McU..nt 
runoff at Jl8nt jueted jus ted jus ted ~ro• 

· Wilmi.Dgton ratio ratio ratio rati 
tons 

7 

1.,S30 640 -- 61&0 . 1.,370 O.la7 

}947 
• 14-16 bl.O 315 ll5 180 1e7S 

Jan. 2o-22 990 .350 JSO 700 .so 
Mar. 13•16 1,S90 1,690 1,890 1,1aso 1.)0 
Apr. 30-2 2,040 S,490 4,650 2.26 1.45 1.)0 1.5S J,S20 2,190 1.61 
Ma;y19-2J 2,240 J,5oo J,Soo 2,soo 1.1ao 

\1\ 
0 JWle ~-16 1,170 2,160 1.,500 1.26 1.74 1.40 1.66 1,66o 910 1.62 

July 6-10 1,460 2,570 2,100 1.44 1.40 1.10 1.30 1,790 1,260 lebO 
J uly 20 340 290 780 2.29 1.03 .62 .96 163 . 13S 1.21 
Aug. 17•19 S10 510 680 1.72 l.l.B .95 1.12 JJ6 2S3 1.33 

Nov. 4•6 ),300 12.,700 4,500 1.36 2.19 2.20 2.S5 11,700 Ja,.$40 2.66 
Nov. 8-10 2,050 2,h20 3,590 1.75 .74 .77 .89 2.,0ho 2.,200 .hJ 
Nov. 11-13 1.,410 1,420 1,980 1.ho .as .89 1.07 1,400 1,210 1.16 
Dec. 15-17 790 290 1,590 2.02 .34 .h3 .so 262 500 .S6 

~ • 1-h 3,h6o 4,600 3,600 1.10 .as l.lJa 1.)2 6,h70 4,900 1~32 
Mar. 27-29 470 200 630 1.34 .61 .6S .75 202 222 .91 
Apr. 12•16 1,090 56o 1,970 1.61 .43 . • h2 .laB h32 820 .S3 
l'•;y S-9 h,2SO 9,440 3,900 .92 1.1as 1.28 leh7 9,780 6,700 l.la6 
Ma7lJ- 5 l.,JaBO i,2SO 1,900 1.28 .7S .6S .74 1,aao 1,)00 .80 

• 



-
Table h.-st.om nmott and sediment data with adjustments for peakedness and aeaaon to reduce tbe acatter 

in the vater•ndi.ment relationship !or Brand1'fine Creek at Wilmngton, Del., 1947 to l9SS 

Stora Me as• Peak Peaked• Time and Time,peak- Peaked• Adjusted Adjusted 
rur»tt ured runoff ness peaked- edness,and ness and •asured computed 

Date of aedi- .factor neae ad- season ad• season ad- ae~nt ae~nt 
ruDOtt at •nt jus ted jus ted juated froa 

W1 1 w1 tJ«ton ratio ratio ratio rat.in 
cfs) (tons 
3 9 

...L 
Ma;y 17·16 760 600 1,oso l.3S o.67 0.74 o.es 476 48S o.98 
JUDe 13-lla 6$0 410 1,2.50 1.92 .6.5 .$2 .59 2S4 36S .70 
June 19-21 1,660 .5,7.50 2,9.50 l.$6 2.1$ 1.71 1.94 3,800 1,660 2.0b 
June 26-2 1,990 4,820 4 peaka 4,620 2,0)0 2.37 
Jul7 lla-16 2,120 4,920 3,120 1.47 1 • .5.5 1.22 1.)8 3,310 2,)00 1ol!la 

Jul;y 24-2.5 600 . soo 1,510 2.$2 .eo .64 .72 27h 32h .es 
Sept. 9-12 4,660 lb,600 .5,3.50 1.10 1.68 1.40 1 • .57 12,700 8,230 1.Sh 
Nov. 27-30 1,390 96o 1,350 • .97 .7$ .87 .97 1,240 1,190 1.01, 

\n Dec. 29-2 6,190 1,soo .5,06o .82 .9S 1.27 1.41 12,400 11,900 1.0L .... 
1949 

2,)60 .47 .63 4,.500 0.71 Jan. S-8 3,300 .3,990 1.21 .70 3,200 
Jan. 21-25 2,060 90S 1,390 .67 .49 .66 .73 1,660 2,200 .76 
Jan. 26-29 3.,560 2,86o 3,100 .87 .6o .80 .89 4,S40 s,o60 .90 
Feb. 22-2h 630 S10 980 1.SS .98 1.21 1.3k .540 3SO 1.54 
Mar. 22-24 1,41ao 1,870 2,620 1.82 .99 1.07 1.18 1,.590 1,250 1.27 

Apr. 6-7 ilbO 190 990 1 • .55 .35 .)6 .40 168 3SS .47 
May 23-25 1,200 5SO 1,020 .ttS .59 .49 .Sh S60 950 .59 
July 1.3-15 1,160 1,400 2,240 1.55 .eo .63 .{H 9SO 1,260 .1S 
Dec. 27-29 1,320 9SO 1,660 1.26 .72 .93 1.00 1,200 1,100 1.09 
1950 
Feb: 14-16 2,.370 l.,h70 1,160 .61 .7.3 .9.3 .99 2,770 2,700 1.03 
Mar. 21-25 s,no 11,200 4,JaSO .87 1.45 1.58 1.68 14,700 6.,900 1.~ 
.May 18•20 1)530 1,)60 2,200 1.4la .77 .74 .78 1,160 1,360 .84 
May- 24•2S 420 l6o S20 1.24 .64 .53 .S6 129 166 .$ 
June 4•6 310 194 hOO • 1.29 1.24 1.01 1.06 lla9 117 1e27 



Table 4.--storm l"UDOEf and sediment data \11. th adjustments for peakedness and season to reduce the scatter 
in the water-sediment relationship for Bran~e Creek at Wilmington, Del., 1947 to 19SS 

Storm Me as· Peak Peaked-Time and Time,peak- Peaked• Adjusted AdjUIIted Ratio 
runoff ured runoff ness peaked- edness,and ness and measured computed measured 

Date of sedi- factor ness ad- season ad- season ad- sediment sediment to 
runoff at ment juGted jus ted jus ted from computed 

wilmington ratio ratio ratio rating sediment 
~ c!s-da;i! ~ ~tons~ ~cfs~ 

Ii 5 ~ 
(tons2 ( tons~ (adJustedL 

1 2 3 7 B 9 10 
l9SO 
July 10-12 1,190 1,050 2,380 2.00 0.74 o.s8 o.61 620 930 0.67 
Aug. 3-5 2,770 7,Uo 4,7W 1.72 1.65 1.32 1.38 4,830 3,420 1.b1 
Aug. 30-31 390 197 3W .92 1.ll .91 .9$ 190 167 1.14 
Sept. 1Q-1~ 1,630 9.50 1,780 1.09 .w .so .52 840 1,$20 .ss 
Sept. 15-17 400 370 620 1.35 1.n 1.07 1.12 291 2lL 1.36 

Oct. 23-24 1,100 810 1,750 1.59 .72 .68 .71 650 830 .78 
~ov. 4-6 3)) 32G 6(X) 1o82 1.~2 1.53 1.59 254 130 1.9S 
Nov. 25-27 9,510 22,500 ll,200 1.18 1.01 1.14 1.18 25,500 2),100 1.10 

1\ Dec. 4-6 1,600 1,1CO 2,370 • 1.48 .59 .71 .7h 1,1f..O 1,480 .80 
\) Dec. 8-10 2,120 2,ow 3,220 1.$2 .72 .e8 .91 2,160 2,300 .92 

1951 
Jan. 14-17 3,290 5, 400 4, l!JO 1.26 1.13 1.~2 1.16 5,230 4,490 1.16 
Jan. 24-26 1,290 635 1,540 1.19 .53 .71 . 73 840 1,050 .8o 
Feb. 1-3 1,290 630 1,770 1 • .37 .so .66 .68 780 1,050 .74 
Feb. 7-9 3,920 14,400 4,950 1.26 2 • .30 2.98 3.04 16,000 5,950 3.02 
Feb. 21·23 2,160 4,540 2,650 1.23 .77 2.20 2.~5 5,520 2,350 2.~5 

Mar. 19-22 2,040 1,920 2, 250 1.10 .85 .93 S 5 2,1'/0 2,190 .99 
I-!ar. 30-31 690 450 640 1.22 .93 .98 1.00 465 400 1.16 
Apr. 13-15 1,820 4,820 2,200 1.21 2.us 2.36 2.40 4,580 1,810 2.53 
June 14-15 680 350 1,300 1.91 .59 .47 .48 21f 390 .56 
June 29-1 640 730 1,370 2.14 1.27 1.00 1.01 419 355 1.18 
Aug. 20-21 780 850 1,580 2.03 1.14 .93 .93 .512 485 1.05 
Nov. 1-4 1,910 2,260 1,700 .89 1.31 1.29 1.29 2,640 1,950 1.35 
Nov. 7-9 s,oso 14,200 4,850 .96 1.87 1.89 1.89 16,200 8,800 1.84 
Dec. 5-7 1,2&J sso 1,350 1.07 .53 .64 .64 710 1,010 .70 
Dec. 19•23 6,860 6,240 6,000 . .87 .57 .73 .72 9,6SO 14,000 ~69 



Table 4.--Stom runoff and sediment data with adjustments for peakedness and season to reduce tbe scatter 
in the vater-aediment relationship for Branc:b'wine Creek at Wil.Dd.ngtOn, Del., 19b7 to 19SS 

Storll Me as- Peak Peaked- Time and Time,peak- Peaked• Adjusted .Adjusted Ratio 
nmoi'f ured runoff ness peaked- edness,and ness and measured computed JDea&ured 

Date or aedi- factor ness ad- season ad- season ad- se~t aedi.Dnt to 
runoff at •nt jus ted jus ted jus ted f~m compute4 

Wilmington ratio ratio ratio rating sediment. 
~cta-f!ls~ ~tonsl ~ctsl (tons) (tonal ~adJusted, 

~ 3 4 ~ l) 7 B 9 10 : 

1952 
Jail:' 22-2.5 840 soo 1,250 loL9 0.71 0.95 0.94 sao 550 1.05 
Jan. 26-30 3,900 3,020 2,000 .51 .e.s 1.13 1.12 6,610 5,900 1.12 
Feb. 4-6 .),270 5,900 4,020 1.23 1.28 1.69 1.67 . 7,500 4,LJO 1.69 
1-~ar. 5·6 680 250 820 1.21 .55 .65 .64 291 390 .75 
Mar. ll-lL 4,450 7,750 4,880 1.10 1.15 1.31 1.)0 9,2)0 7.~50 1.29 

Mar. 19-21 1,700 1,160 2,500 • l.L7 .60 .66 .65 1,120 1,610 .70 
n Apr. 5-8 1,730 1,190 1,560 .91 .eo .81 .80 1,420 1,660 .86 
I>) Apr. lL-17 1,5ao 730 1,080 .68 .67 .64 .63 980 1,W.o .68 

Apr. 25-2 a,seo 7,660 4,700 .55 .68 .62 .61 11,300 19,700 .S7 
•1ay ll-13 1,150 1,2.30 1,650 l.h3 1.1.5 .99 .91" 970 890 1.09 

!'•y 20-21 440 250 650 1.48 .92 .78 .76 la6 200 .93 
May 25-2a 5,450 5,880 4,600 .84 .72 .&J .59 5,6t:O 9,a2o .sa 
May 30-3 3,000 2,250 3,400 1.13 . (.() .49 .48 1,910 3,900 .49 
Jul.7 a-u 5,290 17,600 6,500 lo23 1.95 1.53 l.L9 13,500 9.,350 1.LS 
Aug. 8.-10 790 1,010 1,850 2.JJ. 1.29 1.03 1.00 560 496 1.13 

Sept. 1-4 2,410 1,7h0 2,750 1.14 .64 .53 .51 1,460 2,800 .53 
Sept. 19-20 430 370 1,090 2.53 1.13 .96 .93 21J, 192 1.11 
Nov. 20-23 5,650 ll,OOO 5,150 .91 1.33 l.L9 1.L3 14,400 10,300 l.Lo 
Dec. 5-7 1,120 625 1,650 1.47 .61 .74 .71 670 860 .7a 
Dec. ll-12 4,000 4,760 5,000 1.25 .80 .99 .9S 5,750 6,100 .94 



.. 

Table 4.--starm runoff and sediment data with adjustments for peakedness and season to reduce the scatter 
1n the water-sediment relationship for Brandywine Creek at Wilmington, Del., 1947 to 19SS 

Storm Meas- Peak Peakad- Time and Time,peak- Peaked- Adjusted Adjusted Ratio 
runoff ured runoff ness peaked- edneas,and ness and measured computed measured 

Date ot sedi• factor ness ad• season ad• season ad- sedillent sedi.Jiant to 
ruDDff at 11ent jus ted jus ted jus ted fro a computed 

Wi.bdDgton ratio ratio ratio rating sediment 
~ct&-da;!!l ~tonsl ~cfsl 

4 5 ~ 
(tons2 (tons2 ~adJusted2 

1 2 l 7 8 9 10 

~ an. 9·12 6,050 4,860 3,600 o.60 o.68 0.92 o.88 9,850 11,500 0.86 
Jan. 21.-26 h,310 3,760 s,ooo 1.16 .61. .82 .78 .5,160 6,900 .7.5 
Feb. 15-16 1,1)0 sos 1,900 1.68 .h9 .63 .60 .570 860 .66 
Feb. 21•22 900 sso 1,200 1.33 .8o 1.00 .95 650 600 1.08 
Mar. 4-s 1,680 1,260 1,800 1.07 .8) .87 .82 1,390 1,590 .87 

Mar. 13-17 3,420 4,000 2,280 . .67 1.22 1.36 1.29 6,210 4,800 1.29 
Mar. 2h-28 3,300 2,420 1,720 .52 .92 . 99 .9h 4,290 4,500 .9.5 
Apr. 7-8 1,380 800 1,500 . 1.09 .68 .f:/J .65 8)0 1,170 .71 

~ Apr .. 13-15 1,330 670 1,300 1.02 .6) .61 .56 700 1,120 .62 
Apr. 16-19 930 600 1,100 1.18 .ea .8) .78 560 640 .88 

May 16 600 220 1,240 2.07 .h$ .)8 .36 137 .323 .42 
;4ay 26-28 2,580 3,990 3,100 1.20 1.31 1.09 1.0.3 ), 300 .3,100 1.06 
}of~ 30-3 2,260 2,260 1,800 .eo 1.17 . 96 .90 2,350 2,.520 .93 
June 13-l.L 770 660 670 .87 .99 1.58 1.h9 620 478 1.71 
June 23-24 600 )26 1,)10 2.16 .66 • .53 .so 190 )22 .S9 

July 9-11 270 210 250 .9.3 2.lh 1.68 1.58 190 94 2.02 
July 2.3-2h .560 170 1,250 2.2.3 .)7 .29 .27 93 292 • .)2 
Sept. 5-7 200 131 725 ).62 1.10 1.00 .9) 74 .58 1.27 
Oct. 29-)1. 990 1,400 1,2h0 1.25 1.90 1.6.5 1.72 l,Jho 700 1.91 
Dec. 7-9 1,000 860 1,h50 1.!6 1.04 1.27 1.17 9h0 710 1.27 

Iec. 10~12 860 600 1,h20 1.65 .84 1.04 .96 610 .570 1.07 
Dec. 1.3•17 ),220 h,llO 1,600 .so 1.69 2.11 1.9.5 8,610 4,3SO 1.98 

• 



Table 4.-storm runoff and sedinent data with adjustments for peakedness and season to reduce the scatter 
in the water-sediment relationship for Brandywine Creek at Wilmington, Del., 1947 to 1955 

StoJ'Jil !bas- Peak Peaked- Time and Time,peak- Peaked- Adjusted Adjuste~ Ratio 
runott ured ru:notf ness peaked- edness,and ness and measured computed measured 

Date of sedi- factor ness ad• season ad- season ad- sec:t1JIImt sedilllent to 
. rtmoff at ment jus ted jUBted jus ted from computed 
Wi lmi.ngton re.tio ratio ratio ratin~ sediment 

(c!s-cla~~ ~tons2 ~cfs) (tons~ (tons ~•d.l!!sted) 
1 2 J ~ ~ l) 7 8 9 10 

1954 
Ma.'r." l-5 2,)60 1,8)0 2,700 1.l.L 0.73 0.87 o.Bo 2,2LO 2,700 o.83 
Mar. 14-16 500 176 460 .92 .78 .88 .Bo 232 21,4 .9S 
Mar. 2o-22 700 lSL 950 1.)6 .32 .35 .)2 154 hl.O • .38 
Apr. 27-)0 960 257 640 .67 .52 .47 .43 322 670 .48 
l'~y 4-6 1,740 4,900 3,230 1.85 2.36 2.07 1.87 3,360 1,700 1.97 

V\ Nov. 21•23 850 325 720 .as . 70 .78 .69 435 560 .78 
V\ IA!c. 30-.31 640 430 1,020 1.59 .98 1.29 1.14 479 3S6 1e3S 

1955 
Feb. 6-9 3,780 6,520 4,800 1.27 1.26 1.6h 1.4S 8,120 5,600 1.h5 
l':ar. 4-8 2,260 1,0$0 1,0.$0 2,510 .42 
Mar. 22-24 2,670 3,780 2,9LO 1.10 1.~s 1.h7 1.29 4,260 3,270 l.JO 
June 8-ll 1,0$0 1,070 1,400 1.33 1.33 1.08 .95 820 780 1.o5 
June 12-13 2,560 4,020 3,.300 1.29 1.38 l.ll .96 3,120 3,070 1.02 

Aug. ll-16 1.8,360 )8,630 12,100 .66 1.12 .90 .78 44,500 tih,OOO .70 
Aug. 17-23 1),170 l.h,180 17 ,oso 1.29 .44 • .)6 .)1. 10,900 )8,500 .28 



Appendix A 

The Trend of Suspended-5edi.mt Diacharp b7 UH ot HOD~ fal\.~1 ot 
Direct Bwlott ot the BranC\YVloe Creek at Wil.ld.ngton, Del., 1947•19S3 

Water discharge and aec:li.D8nt data are shown 1D table 1a on a 11011~ 

baais. The direct runoff vas detel"II1Ded b7 tbe Surface Water Braach aad 

indicates o~ approxilllate JIOD~ periods in order that a siTed etora 

vill not be represented b)' data for tvo .,ntha. 1'bie direct runott _, 

coneist ot •veral atoru tor a given 110nth and alao repreaenta a ao•• 

what larger uaount of tlov tban vas previouel,y detend.Ded tor the atora 

runott. Figure la illuatratea tbe basic plot ot the• data and above the 

sediment t.ranaport CUJ"'f'e (I • 0.0307 I 1.61) troa vbicb the departure · 

ratios (col. 4, table la) vere computed. Aa in tbl bod;r ot the report, 

these departure ratios vera plotted with ti• (fig. 2a) to deterndoe tbe 

ratios tor a Jllnilllll'll of acatter on plots correlating other para~Mten. 

1ha time plottin& is inconclusive as a result ot the am•lJ t.rend, it U71 

and the large standard error of the data durina 8D7 lingle )'ear. 
• 

Ettect ot rainfall intensity and aeason.-·For these aonthl7 lata, a 

•uure ot rainfall intenait7 ·is given in colWIID 1 'l of table la and vu 

collp\lted b;y i(~a. where I is the dai~ rainfall at Coatesville. Fi1• 

ure )a shove the plot, relatiDg the departure ratio (col. 4, table .la) to 

tbia precip1 tation index. An approxi•te cune vaa sketched to the ae 

data on the baaia ot aTerap departure raUoa tor aeYeral ranaee ot the 

precipitation index and used tor adjuating the ratioa (col. S, tabla la) 

in coDiideration ot this factor. 

la 

• 
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'lbe raintall intenai ty adjuated rat1oa vere then plotted againat 

t~ ot 18ar aa ahovn b)' tigu.re 4a. An average curve fitting these pointe 

ranees trom about o.S7 in late December and ear~ Janua17 to about l.S7 

1D Dl1d~ul7. 0n the basis of this, the adjuated departure ratios tor 

raintall intensit7 index and season are ahown in colll'lln 6 ot table la. 

Evaluation of sedi.'118nt yield trend.••Raintall intensity and seaaon 

are the onl.7 promLsing parameters tor reducing the scatter ot the sedi­

ment transport curve, and therefore, an evaluation ot tbe sedinant yield 

vith tile is in order. As in tbe report, the accWIIUlat1ve graph and rank 

correlation methods are used. 'lhe adjusted measured sediment (col. 7, 

table la) was computed from the rai~all 1Dtenai t7 and season adjusted 

ratios and used tor . lotting the adjusted sedinant transport curve ot 

figure Sa. This curve (Y • o.oo2S X 1.62) has nearl7 the same slope aa 

that ot the unadjuated data but has shitted slightly to the right indi-

eating a smaller sediment load tor a given water discharge. 'lbe reason 

tor this shitt is not ascertained. The adjuated computed sediment as 

shown b7 this rati ." is tabulated {col .. 8, table la) and is used to com• 

pute adjusted departure ratios. 

The accWIILllative graph ot figure 6a is a plot of tbe accumulated ad• -
juated co!IIJ)uted sediment (col. 8) againet the acc~ted adjusted meaa-

ured sediment (col. 7). The plot is probably too irngular for an accur--
te evaluation ot aedin.ent yield trend. It 0~7 the first 1-l/2 yeara aid 

the laat 2-1/2 years ot this record are considered, ve Jldgbt conclude that 

a couiderable reduction in sedi•nt Jield ia indicated b7 the 48 percent 

chanp in slope of the graph for theae tMo periods. However, considering 

the graph as a whole, the large ditterencea in trenda tor different perioda 

Sa 
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ot tiM would tend to impq that theM data are bi ... d b7- par-~r 

that c&DDOt be evaluated. 

· ... omputationa tor rank correlatiOG coefficient (•• appendS.x B) vmnc 

the adjusted departure ratio• ot colu. 9, table 10, re1\llt 1D coetti• 

cient 7 • -tO.OlS vbich 11 ao cloee to 0 tbat tt.re 11 no aipiticant de• 

creaain& trend ot departure ratioa or aec:t:t..nt Jield vitb tiM. 1b11 

· computation supports the conclUiiona deteraiDed troa the eTaluatioa bJ 

the accUDNl.a t1 ve graph metbod. 

9• 



Table la.--Direct runoff and sed~nent data on a monthly basis for Brandywine Creek at ~ilmington, Del., 
19L7 to 1953 

~.ontb Direct Heasured ~mputed Ratio Rainfall in- Rainfall in- Adjustt!d Adj~ted Ratio Precipitation 
runoff sediment sediment measured tensity ad- tensity and measured computed measured intensity 

from to jus ted seaaon sediment sediment to index 
rating computed ratio adjusted from computed (inches 

ratio rati~ sediment per day) 
~cfs-days) (tons~ (tons~ (tons) (tons) ~adjusted2 

1 2 .} li ~ b 7 B 2 10 

1947 Jan. 3,190 803 1,810 0.44 o.so 0.86 1,560 1,500 1.04 0.427 
Feb. 1,910 729 60o 1.21 1.12 1.73 1,040 480 2.17 .7fl 
}1ar. 6,020 2,120 3,900 .54 .59 .77 3,000 3,150 .95 .49l 
Apr. 3,2)0 250 1,400 .18 .21 .22 .)08 1,150 .27 .400 
rtay 8,3h0 12,LOO 6,&xJ 1.88 1.79 1.1,6 9,640 5,450 1.71 .666 
June 4,770 4,1.10 2,620 1.68 1.52 1.01, 2,720 2,200 1.24 .741 

July 3,070 3,260 1,290 2.~4 .73 .46 59<J 1,Q40 .51 2.17 
~ Aug. 1,180 646 272 2 • .)8 2.15 1.42 390 218 1.79 .739 .. Sept • 1,200 lJ.~6 279 .52 .45 .34 95 220 .•.-3 .Boo 

Oct. 546 31 19 .)9 .49 .49 39 80 .49 .329 
Nov. 8,920 18,000 7,hoo 2.43 1.58 2.20 16,300 6,050 2.70 1.13 
Lee. 3,020 432 1,270 .34 .38 .64 770 1,030 .75 .471 

1948 Jan. 6,540 4,830 4,420 1.09 .67 1.15 5,080 3,700 1.37 1.21 
Feb. 9,810 5,500 8,500 .65 .15 1.17 9,950 7,200 1.38 .429 
Mar. 11,600 4,650 11,200 .42 .45 .59 6,610 9,500 .70 .523 
Apr. 2,560 742 960 .77 .92 .96 920 790 1.16 .)83 
l-iay 9,2)0 ll,700 7,800 1.50 1.28 1.05 8,190 6,500 1.26 .797 
JWle 6,580 7,460 4,400 1.70 1.22 .84 3,700 4,600 .so 1.01 

July 6,740 U,600 4,650 2.49 1.74 1.10 5,120 3,850 1.)3 1.05 
Aug. 4,040 1,260 2,000 .63 .70 .46 920 1,710 .54 .485 
Sept. 5,890 1.4,800 3,100 4.00 3.03 2.29 8,480 3,100 2.74 .949 
Oct. 977 259 200 1.29 1.)7 1.37 224 160 1.40 .5)2 
Nov. 1,090 126 240 .5) .56 .78 98 190 .61 .539 
Dec. 4,18o 1,040 2,230 .47 .44 .74 1,650 1,740 .95 .691 

.. 



Table 1&. --D1rect runoff and sediment data on a mnthly basis for Brand~ine Creek at ~il.llli.ngton, Del., 
1947 to 195.3 

Konth Direct Measured Computed Ratio Rainfall in- Rainfall in- ~=jw.ttsd Adjuated Ratio Precipi tati.oo 
runoff sedi~~ent sediment measured tensity ad- tensity and ~~eaaured coaputed 118a&ured intensity 

from to jus ted season sediment sedi•nt to index 
rating computed ratio adjusted fro a coraputed (inches 

ratio rati.~ sediment per da;y) 
~cf&-da;£!) ~tons~ ~tons~ 

li ~ ~ 
~tons~ ~toll!.. ~ a2Juated~ 

10 1 2 ~ 7 B 9 

!22! Jan. 8,800 6,790 7,200 0.94 0.74 1.27 9,150 6,000 1.52 0.861 
Feb. 10,500 20,700 9,700 2.1) 1.67 2.58 25,000 8,100 3.09 .896 
Mar. 4,000 2,)60 2,980 .79 .65 .85 2,530 1,640 1.54 .847 
Apr. 6,090 5,850 4,000 1.46 1.25 1.ll. 5,240 ),)00 1.59 .801 
May 2,500 520 920 .57 .)6 .29 267 730 .)7 1.18 
June Ju9JO 1,710 soo 3.42 2.75 1.88 940 2,320 .40 .871 

July 1,)60 455 )40 1 • .34 1.31 .83 282 280 1.00 .627 
Aug. 1,840 1,240 56o 2.22 1.16 .76 425 460 .92 1.41 

~ Sept. 823 241 152 1.59 1.66 1.24 188 121 · 1.55 .554 .. Oct. 1,o80 165 2.)6 .70 .63 .63 149 190 .78 .746 
Nov. 10,100 16,600 10,400 1.60 .92 1.28 13,)00 7,700 1.73 1.29 
iJec. 10,800 6,960 4,820 1.45 .86 1.46 7,0)0 8,400 .84 1.25 

Wl Jan. 8,870 4,030 7,)00 .55 .55 .94 6,860 6,050 1.1.3 .596 
Feb. 5,760 6,180 3,550 1.74 1.12 1.73 6,140 ),000 2.05 1.14 
Mar. 9,960 9,460 8,700 1.09 .96 1.25 10,900 7,400 1.47 .764 
Apr. )4,800 10,100 16,800 .60 .so .52 8,740 14,000 .62 .8)9 
Hay 13,700 10,200 lh,5oo .70 .49 .40 4,080 12,400 .33 1.05 
June 68.3 223 lll 2.01 2.46 1.69 .377 89 4.23 .368 

July 7,LSO 18,000 5,450 3.30 1.08 .69 3,760 4,600 .82 2.00 
Aug. 3,390 1,.370 1,.500 .91 .89 .58 870 1,2.30 .71 .635 
Sept. 3,9~ 2,230 2,930 .76 .58 .43 1,260 1,600 .19 .927 
Oct. 664 109 107 1.02 1.26 1.26 135 65 1.59 .337 
Nov. 7,820 11,100 5,980 1.86 .86 1.20 7,180 5,000 1.43 1.59 
lJec. 6,580 5,)40 6,900 .77 .48 .81 5,590 5,700 .98 1.18 



Table la.--Direct runoff and sediment data on a monthly basis for brandywine Creek at Wilmington, Del., 
1947 to 19$3 

Month Direct Measured Computed Ratio Rainfall in- Rainfall in- Adjusted Adjusted Ratio Precipitation 
rwlOff sediment sedilll!nt measured tensity ad- tensity and measured computed measured intensity 

from to jus ted season sediment sediment to index 
rating co:aputed ratio adjusted from cornputed (inches 

ratio rating sediment per day) 
(cts-dal!l ~tonal ~tonal 

~ ~ l) 
(tons) (adJusted) 

1 2 3 7 B 9 10 

~Jan. 1$,000 9,0$0 17,000 o.SJ 0.4$ 0.77 13,100 14,100 0.93 0.800 
Feb. 4,710 1,300 2,600 .so .56 .87 2,260 2,160 1.os .466 
l-Iar. 14,200 8,070 15,300 .SJ .43 .$6 8,$70 13,000 .66 .872 
Apr. ~,480 2,490 4,380 .$7 .61 .64 2,800 3,700 .76 .$16 
Hay 9,950 6,730 8,700 .77 .70 .$7 4,960 7,400 .67 .718 
June 3,460 3,380 1,$70 2.1$ 1.6) 1.12 1,760 1,)00 1.3$ .9JS 

July 2,0$0 991 660 1.46 .84 .53 361 ShO .67 1.29 
~ J.lJ€. 631 184 98 1.68 2.se 1.76 173 11 2.2$ .221 
~ ~pt. 749 310 130 2.)8 2.69 1.2$ 162 101 1.60 .1.62 



Appendix B 

Bank Correlation Methode }/ 

When data are arranged 1n an order accordl.na to so• qualit7 vhicb 

the7 all poaaeaa to a T&rying degree, the7 are aaid to be ranked. U 

each member of an arrangement haa a rank, then the vbola 11 called a -
ran!4nl. Variate-.aluee (quantitie1 vhicb V&r"'f troa ODI member of a 

population to another) can alvq1 be replaced b7 a ranking accordiq 

to their po1ition on a acale. The ranking may be reaarded a1 le1a ac• 

curate than the ordered relation ot tbe meaaber1 because it doea not 

indicate how cloae the various members sre on the acala. It ma7 be 

laid, however 1 that what the ranld.na lo1e1 in accurac;y it gaina in 

generallt7 becauae it ia invariant under atretchinl ot the variate 

acale. Rink correlation methode are particul.arl7 ueetul when variate-

TalUIIa cannot be •a1ured but have some aort ot reut1Te •aaura with 

respect to aacb other. An example ia the bardDeaa ot a aet ot a:i.Deral 

apaciMu vlwn the relative hardness i1 detendned b7 the abilitJ ot 

ODe apeciMD to 1cratch another. 

Computation ot i • --Some exaraplea will be uaed to illustrate hov 

to collpUte the coefficient and to indicate characteri1tice ot the rank• 

ina •thod. 'lha toUowina i1 a ranlc1nc ot tbl mean amual coacantratt.on 

ot atora runott tor the Bra.nd;Jvine Creak at WilJILncton, Del., tor tbl 

}/ landaU, M. a., 1948. Rank· correlation •thodaa LondCD, Charlea 
Grittin and CompaQJ, Ltd. 

lb 



. 
Je&rS 194 7 to 1954. We are interested in whether there is any relationship 

Mean storm Cbronolog• Magnitude Magnitude No.remaining No.remainina 
concentra• ical rank order rank > given <given 
tion (ppm) rank (P) rank (Q) 

Year (1) (2) (3) (4) (5) (6) 

1947 690 1 690 1 7 0 
1948 6$8 2 6.$8 2 6 0 
1949 227 3 639 5 3 2 
19.$0 6lh 4 614 4 3 1 
19.$1 639 5 491 6 2 1 
19.$2 491 6 )86 8 0 2 
19.$3 334 7 334 7 0 1 
1954 386 8 227 3 0 0 - -21 7 

ot changing concentration with time. A glance at the data (colWIUl 1) indi• 

cates some possible trend at decreasing concentration. Column 3 i1 a rear• 

rangement of the data in decreasing order and is used to make the determina­

tion ot the magnitude rank (colwnn 4) easier. For example, the third 

magnitude order at 639 has the 5th rank chronologically. We can see that 

1t columna 2 and 4 were in identical order, then the correlation would be 

pertect. let such a coefficient • +1. It column 4 were in perfect reverse . 
order ot column 2, then the correlation coefficient should • -1. 

The intenai ty of rank correlation is 7' (~ .. )= ·. P ( G ~ 1 where n is 
}ihn-1 

the number ot pairs of comparisons, P is the number of positive scores, and 

Q is the number or negative scores. From two ranld.ngs or ,!. it 11 logical 

tbat l/2n(n•1) is the maximunl nwnber of pairs ot comparisona which can be 

made and equala the number or ways of choosing two things troll n. A perfect -
ranld.ng where T • +1, then results in l/2n(n-1) • P when Q • OJ &lid, an 

inYerae pertect ranking where 't • •1, resulta in l/2n(n-1) • Q when P • o. 

In thia example, l/2n(n-1) • 28, P • 21 (scored by the number ot entries 

2b 

• 



reutm ng in colUIIIl 4 greater thaD the gl. ven nwaber of colwm 4), and 

Q • 7 (nUIIIber remaining lees than given number), then the correlation 

coefficient, 7" • 21 - 7 
28 

• o.so. Since P + Q • l/2n(n-l), and there• 

tore Q • l/2n(n·l) - P, Q uy be computed directl71 •king col~ 6 in 

the above table unnecessary. Proof of tbe above relationships are demon• 

atrated by Kendall, M. G., p. 17·24 ot the above reference. 

COIIIJ?Utation ot e ~--Many statisticians prefer another coefficient 

ot rank correlation unoted by e (rJt.) and named after C. Spe&riUD. Data 

b-oa the above table through the first tour colW1118 ma7 be uaed to deaon• 

atrate the •thod ot computation. '!be difference• d between the tvo ranka -
(colWIIDa 4 and 2) are determined aa o, o, -2, o, -1, •2, o, and +S and 

ebould equal o. 'lbese differences are then squared and sumned, £ (J'), 

o, o, 4, o, 1, 4, o, and 25 • 34. Spearaan 1 a ~ is then defined by the 

equation e = I - '£(JI) ,, -" 

e I- ' (J4~ - 1- 2Dtl = o.s9'. - 8 1 -8 - S04 In this example, 

When the two ranking& are identical all differences d are zero and it -
tollova tbat e • +1. 'lbe proof that when one ranking ia the reverae of 

the other, e • -1, ia more complicated and vill not be shown here. 

The reader Est not expect to find that the numerical values of t'" 

and e to be the ... tor a~ given pair of raokinga, except when there" 

ia con~pl.ete acree•nt or disagreement. In addition to the aboYe exupl.e 

when '. o.so and e • 0.60, the following illuatrate the sort of dl.t-

tereacea between rend e which ariae in practice a 
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Example A B c D E 

't' +0.11 +o.$6 -0.24 +0.02 +0.67 

e +0.14 +0.64 -0.31 +O.OJ +0.83 

'lbe coefficients have, in fact, scales as different as scales ot Centi• 

grade and Fahrenheit thermometers. 

Tests of significance. --'lbe important value of any correlation 

analysis is not to dete~ne a numerical measure of the agreement be• 

tween the rankings, but should determine to what degree can we conclude 

that there exists correlation in the population !rom which the sample 

vas chosen. A relatively small correlation coefficient from a large nua-

ber of samples is likely to be more significant than a large coefficient 

from a small number of samples. 

Suppose that in a given population there is no relationship between -
the two quantities under consideration, then for a sample chosen at randoa, 

any order tor the quality ! is just as likely to appear with a given order 

for! as any other !-order. If we choose some arbitrary order for ! (euch 

as chronological ranking), then all. the ill possible rankings of the nUIIlber1 

1 to n tor A are equally probablE:. Each accordingly has the probability 
.., -

1/nl • To each of the possible arrangements of the !-ranking there will 

correspond a value of 1'". The !!J number of these values may be classified 

according to the actual value of ?" in a frequency-distribution that tends 

toward the normal curve, r(x) = I e-~ 
q- J 2.7r 

'1be parameter fr of the curve, which is equal to its etandard deviation, 

is given by ,.J. = i; n {" -1){2n ~ S) • 

With the simplicity of corrq>utt ng r and with the distribution for the normal 

curve given in tables, it is relatively eas)• to test the s1enificance ot 
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either 1" or the quantity P-Q, one being a multiple ot the other. 

Ii' there is no qualitative connection between aamplin&a1 a pair ot 

rankings chosen at randoa will give eo• value of !::9 111D1 between the 

l1m1 ta i l/2n(n•l). As indicated by the normal curve, moat such val•• 

will cluster around the value zero. It the observed value of P-Q lie• . . 

in the "ta1ls11 oi' the distribution of P-Q awq tro11 the mean value ve 

shall reject the hypothesis that tne two qualities in tbe rankinga are 

independent. In the example given herein wlwre ? • o.so, P-Q • lb, n • 8, 

and r is computed to be 8.08, then the area under tbe norul curve cor-

responding to the deviate & • 1. 73 is 0.08)6 (total area under tbe 

curve is unity). This area 0.08+ is considered to be too great (O.OS 1• 

generally the upper limit) to say that the two ranlcinss vere independent 

ot each other; i.e., the correlation as detemined troll the sample is in• 

significant. Theoretically, f:S in the above coq>utation should be 

con-ected by ·1; then the area included would be 0.1074 and inaignilicance 

oi' "t" ia even greater. 

To avoid the need tor continual reference to a table ot the nor•l 

distribution and to simplify the deternD.nation ot the level ot signifi• 

cance tor rank correlation coefficients oi' :iT , figure lb waa constructed 

to show the lower liud. t of -z- tor a g1 ven nuni:)er ot samples or ranks and 

level ot significance. In reference to the example used herein with 8 

samples or ranks, 't" would have to be at least 0.60 to be aigniticant at 

tbe o.os level. Table lb contains tba values tor the lover lillit ot .:l -r 
at several values of n at the 0.01, 0.02, o.os, and 0.10 levels ot aia• -
nificance troa which figure lb vas drawn. 
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The standard deviation or the d1stribut1cn of e is given b7 tbe 

simple tom rJ. = ' 
"-1 

• 

'!be dietribution ot 2. ( J') as a ~requenc7 po~gon tita cloeeq the 

cune 

f (t) = {I lr t• )li(•·l) 
I + ;:r::t 

which may be rewritten in approximate form aa 

t = ej n-2 
'- e" 

and may be used to test the 

t 
or e = j t J 1- n- .t 

significance ot e • Again tables are needed 

to show the areas under the curve for various values of t,~. To a"f01d the 

need for euch a table and the need tat' computation, tigure 2b vaa con­

structed to show the lower limit or .J e tor a given rnaber ot aamplee or 

ranks and level ot significance. 'lbe graph shows that e ehould be o. n 
for significance at the 0.0$ l.ft "e:i tor the 8-rank eDmple uaed herein. 

With t • 2.447 tor 6 degrees or freedom (n-2) at the o.os level ot ai&• 

niticance, substitution in the above formula yielda 

(' = ~.447 - 2.447 = (). 708 
j 2 .447 1 

,. ' J 1/. 99 
which agrees vi th figure 2b and shows that e • o.~ il probab}1' inaig-

n1t1cent, i.e., there is considerable chance that the two ranldngs are 

• 

not independent or each other. 'Iable 2b contains the value a tor tbe lover 

llml. t ot e at several values or !! at the o.ol, 0.02, o.os, and 0.10 level8 

ot signi.ficance rroa which figure 2b vaa drawn. 

Additional example.--To further de110natrate the ccaputatj,iln&l proced• 

uree ot rank correlation, a con~putation involving eo. BrancQv1De Creek 

baein data (table 1 and page 37) will be uaed. Table 3b contaiu depa1·ture 

ratios (colwan 1) tor 109 storu in chronological order (colwm 2). Col­

umn 3 contain• the magnitude order ranging troa 3.11 to O.l&h. 'lbe magni tuct. 
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rank of each ratio ~ then be determined by inspection as in columo 4. 

'!he !irat magnitude rank, for eXUlple, is 108 becauae the magnitude order 

or ).11 is ranked 108 in the list of ratios shown by column 1. '1be de­

termination of p~sitive scores (P) of column $, or the number remaining 

in column 4 > the given rank, is relatively simpl e, yet considerable 

time is involved with this large nwrber of items. 'lhen, the total of 

column 5 is P • ).375, l/2~(n-l) • ~(108) • 5,886, Q • $,886•)1 )7$ • 

2,$ll, and ,.. • ),)J:a~t'11 • 0.147. Entering figure lb at n • 109, it 

is noted that 0.147 is close to the 0.02 level of significance and indi• 

cates that there is only a small chance that the ranking of these ratioa 

are independent of ea~h other. In other words, the coefficient ot 0.147 

is great enough for a ranking of this number to indicate with very little 

reservation that the ratios occur naturally in decreasing magnitude with 

time. This cannot be said of the example used as the initial demonstra­

tion in this appendix whe1·e n • 8 and T • o.So. 

Extra columns in table )b are not sho\m for the computation ot e • 
The mthod involves the de~rmination of the ditference d between each -
rank of colum 2 and 4 and squaring. 'Ihe sum of these squares, ~(J' • 

6 £ (a'J 6 r t'a 9.Jo) 
1€8,9)0 and f = I - J -= I - .J ' 9 = I -0.]84 = ().2./' 

" - n 109 - 10 • 

On figure 2b, the coefficient e • Oo216 is close to the 0.02 level of 

signiticance for this ranking of 109 members. Then, as logically ~ be 

expected, e • 0.216 has the same significance as determined tor " • 

0.147. 
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Table lb.--Lower lillit of ?-(tau) tor giYen nuaber ot auaplea 
and level of aigniticance. 

T = _P- Q 
J;_n(~t-1) 

D Level ot ei~icance 
o.o1 0.10 o.o2 o.O$ 

s -- 0.900 Oe770 
6 .96o .893 .76o .6$4 
7 .862 .786 .667 .571 
8 .779 .707 .6oo .su 
9 .711 .647 .sso .467 

10 .660 .6o0 .$09 .432 
u .618 .562 .476 .404 
12 • .$83 .530 .L48 .379 
13 .SS3 • .$03 .424 .3S9 
15 .$04 .4.57 .)87 .327 

17 .466 .423 .357 .3()1 
20 .422 .383 .323 .273 
25 .370 ·337 .283 .239 
30 .333 .3()1 .2$$ .21S 
3S .306 .277 .234 .197 

40 .284 .258 .217 .183 
so .2$2 .226 .192 .162 • 6o .228 • • 207 .174 .147 
70 .210 .191 .16o .13S 
60 .196 .178 .150 .126 

100 .17$ .1.$8 .133 .112 
12S .15S .lU .119 .098 
1$0 .141 .128 .loB .092 
200 .122 .111 .093 .078 
300 .099 .090 .076 .064 
soo .077 .070 .059 .049 
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Table 2b.·-~ver liML t of e (rho) tor given degreee ot 
freedom and level or signiticance. 

e:'- 6 ~ (J&) . J.(. ~ lt-1. ~~~ - It I 

d.t. Level ot eianiticance 
o.or o.o2 o.Q$ o.to 

2 0.990 0.979 o.9So 0.900 
3 . • 9$8 .93S .879 .80S 
4 .918 .882 .au .729 
s .87h .833 .7$4 .669 
6 .834 .789 .707 .622 

7 .797 .749 .666 .$82 
8 .76S .7J.S .632 .Sb9 
9 • 7.34 .68S .602 .$27 

10 .708 .6$8 .S7S .497 
11 .683 .633 .SS3 .476 

12 .661 .612 .S33 .4S8 
13 .641 .,592 .Sl3 .4hJ. 
lS .60S .SS1 .483 .412 
17 .S7S .$28 .4SS .)69 
20 .S37 .b92 .423 .360 

2$ .487 .b4S .)81 .324 
30 .448 .409 .)49 .296 
3S .418 .)80 .324 .274 
40 .393 ".JS8 .)Ob .2S6 • 
so .3S4 .322 .273 .2)0 

60 .32$ .29S .2$0 .212 
70 .)02 .274 .232 .196 
80 .283 .2$7 .217 .183 

100 .2Sb .2)1 .19S .164 
12S .228 .207 .17b .147 

lSO .208 .189 .159 .1)4 
200 .181 .16b .139 .117 
300 .}L8 .13$ .113 .o9S 
soo .us .lOb .088 .074 
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Tcle Jb.-T .. t b7 tbe rank correlat.ioD •t.hod tor chanc• 1D rate ot .. ~nt ,Uld with ti:lle, 

Ratio Chrono- Hap.i· Hap.i- No. re~ Ratio Chroao• Mapi• Mapi• No. rellainiDa 
lotrical tude tude .)o.liYIID losical tude tude > &iftft 
rank order rank rank ~Pl order order rmk rank ~Pl 

I 2 ~ li ~ I 2 l ~ 
0,6'Z l 3.11 108 l 1.25 56 .96 86 lS 
1.72 2 2,1&1 ~ 44 loll 57 .94 89 13 

.61 3 2.1&1 61 46 .78 58 .93 62 25 
l.l) 4 2.)1 60 46 .77 59 .92 51 28 
1.98 5 2.01 12 93 2.31 60 .92 109 0 

1.11 6 1.96 5 99 2.41 6l .91 90 ll 
1.1&4 7 1.78 53 52 .93 62 .87 93 9 
1.)1 8 1.72 2 100 1.21 63 .67 17 43 
1,01 9 1.61 66 42 2.41 6h .67 99 4 
1.02 lO 1.59 3S 68 .68 6S .e6 96 5 

1.03 ll 1.54 68 40 1.61 66 .6S 22 )8 
2.01 12 l • .$0 2) 78 1.00 67 .65 102 2 
1.49 13 1.49 13 67 1.54 66 .84 34 )l 
1.4) 14 1.117 )8 6h l.)J 69 .84 52 21 

.67 lS 1.47 16 8) .69 70 .63 9S 4 

1.47 16 1.44 7 89 .47 71 .63 26 33 
.67 17 1.114 lOS 3 l.o8 72 .81 18 34 
.81 16 1.113 14 8) .79 73 .81 94 4 

1.23 l9 1.)8 )6 6h 1.20 74 .79 73 13 
.70 20 l.l) 4 87 .11 75 .78 .32 28 

1.14 21 1.34 24 74 1.04 76 .78 SB 17 
.8.$ 22 1.34 27 71 .72 77 .77 59 16 

l • .$0 23 l.)l 6 83 .61~ 78 .76 100 2 
1.)4 24 l • .x> 69 )8 .67 79 .74 92 3 
1.19 2.$ 1.26 91 16 .so Bo .72 17 9 

.83 26 1.27 43 S6 .96 61 .11 44 17 
1.34 27 1.2.$ 56 44 .99 82 .11 7S 9 
1.06 28 1.2) 19 72 .46 83 .11 42 16 
• .$9 29 1.21 63 ~ .44 84 .70 20 22 

1.01 JJ 1.20 74 32 1.04 8S .69 70 10 

.67 )l 1.19 25 66 .96 86 .66 65 10 

.78 .32 1.14 21 67 .49 87 .67 lS 20 

.54 33 1.12 107 1 1.01 88 .67 31 18 

.e4 34 1.12 46 49 .91, 89 .67 79 7 
1.59 3S 1.11 6 72 .91 90 .65 45 l2 

1.)8 )6 1.11 57 40 1.28 91 .()h 78 7 
.57 37 1.oe 72 .32 .74 92 .63 104 l 

1.h7 )8 1.06 28 60 .87 93 .62 l 16 
.~9 ~ l.C$ 41 so .Bl 911 .61 3 lS 
.57 40 1.0.$ 97 9 .83 9S .60 106 0 

1.05 41 1.05 101 s .86 96 .59 29 1) 
.11 42 l.Ch 76 27 1.0S 97 .59 39 10 

1.27 43 1.04 85 18 .59 98 .59 98 0 
·11 44 1.03 ll 61 .87 99 .57 31 9 
.65 45 1.02 lO 6l .76 100 .57 40 6 

1.12 46 1.01 9 6l 1.0.$ 101 .57 49 6 
.54 47 1.01 JJ 53 .s; 102 .;1, 33 7 

1.01 46 1.01 48 u .99 103 .54 47 6 
.57 49 1.01 54 )6 .63 104 .5o 80 3 
.so so 1,01 68 lS 1.44 lOS .so so 4 

.92 51 1.00 67 29 .60 106 .49 87 0 

.e4 52 •99 82 19 1.12 107 .47 71 2 
1.78 S3 .99 103 3 3.11 l.o8 .46 83 l 
1,01 54 .97 55 31 .92 109 ·"" 84 0 

.97 55 .96 &1 18 P •JJ7S" 
I 

-i"(, .t), ~(1-1) . S'81' 
.&. • 

0 • S:68'- J ,J7S' $ ~,SII 

7'• 1'·1 , ;.ns-- .~.,s-" · £JJ.l i •(,. .,) S'6~' 
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