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ABSTRACT

Although the intense, short duration sunmer rainstorms fal-

J-ing on the wi]son creek watershed. in Manitoba, result in a rapid

storm nrnoff, indicating the possibility of a quick impulse-response

l-inear rel-ationship, the scatter of points on a simp]e correl_ation

of rainfall--nrnoff indicates some large effects of other hydrologic

parameters. This study attenpts to determine the major parameter

affecting this storn rainfal-I - storm runoff relationship.

Three techniques of groundwater separation are considered.

for d.erivation of d.irect storm runoff values. An arbitrary groundwater

separation technique l¡ith the aid. of a conFosite recession curve is

selected. in the final analysis.

The find.ings point out that the anteced.ent basin moisture,

as represented. by a depth to ground.water table paremeter, is the major

par¡meter affecting the storm rainfa-ll - runoff process in the Wil-son

Creek Watershed.

A prelininary attempt to d.erive a unit hydrograph for the

basin ind.icates that both the peak a¡d its ti-ne d-istribution are

variable.
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The operation of Í'lood , erosion, and sech_ment silting

control projects constructed prior to L95T on several streams origi-

nating in the Riding l4oun'bain Escarpmen-b gave ind.ica-bion of future

high maintenance costs and pointed. out the need. for more information

on basic causes. This need of discovering the basic causes to the

aforementioned problens resul-ted. in the establ-ishment of the Committee

on Headwater Fl-ood. and. Erosion contror in L957. The committee was

charge,C. with determi.ning the extent, the causes , anC tÌre steps

required to al-leviate the problems of flood.i,ng, silting, and erosion

eaused. by ac-b,ion in the heaclvaters. The wilson creek w"atershed, fo-

eated. on bhe eastern slopes of the Rid.ing Mountain, (Figr¡re 1), r¡as

selected. by the Cornni¿¡6u for intensified. studies of the above-

men'bioned. problems.

ù,ring to the greater sirnplicity of conditions and. the pos-

sibil-ity of obtaj.riing or measuring components of the hyd.rologic cycle

mcre accurately d.ue to à nore J.ense netvork of mea.suring stations,

stu,fj-es of runoff fron small drainage ba,sins su.ch as lriil_son Creek

are bette:r arLapteC to the deternination of the und.erlying faws and

principies of nrncff phenor:ena than studies of larger d.rainage l¡asins.

CHAPTER I

INTRODUCT]ON



The actuai program of investigations on Wil-son Creek has

been d.iscussed fa,irly extensively in the paper by Mackay and. Stanton

(rs6\).

One of the main aspects of the prograJn is the collection of

rainstorrn and. storm runoff d.ata for the establishment of a storm

rainfalf-runoff relationship. The derivatj-on of a proced-ure for

computing runoff from precipitation provid.es more insight into the

occurrence and conirol of flood.s.

The rapid. response of runoff to the frequent short d.uration

sunmer rainstorms on WÌlson Creek Watershed., with intensities as high

as 6 inches per hour (Nevbury et aI., L969) in¿icates tbe possibility

of a quick impulse-ïesponse linear relationship.

Several eompJ-ex and interd.epend.ent processes, however,

affect the movement of wa-,,er from rainfal]. before it enters strenm-

flor+. One of the naJor p:'oblens in d-etermining a storm rainfall-

runoff rel-a',ionship is the separation of the quick response runoff

from the long tena ground.waier flov.

This thesis attenpts io d.iscover the major paraneter

affecting the storn rainfal-I-nrnoff rel-ationship in the Wilson Creek

Watershed. An initial description of the Wilson Creek storus and.

the t,asic d.ata collection in ihe vatershed., in Chapter fI, is fol-

Io',red. by a gener.ai discussion of the factors affecting the runoff

phenomena in Chaptei: IfI . Several techniques of gror.rnCwater sep-

arat'icn fron the strea¡rflc'¡ hydrograph are presented in Chapter fV.

The nethod of cheuical ba.se flow separatiolr presently being invest-

igate,i on the I'aiersìred is brieflJ* comparecl to other nethod.s of

-2-



base flow separations. The unit hydrograph principl-e vhich indicates

the time distribution of rwtoff is d.iscussed-. The technique to be

used. in the thesis for correfation of storm rainfall--runoff is

presented. along with effects of other par¡rneters.

The d.ata gathered. on llilson Creek i,/atershed. is then añalyzed.

through the aforementioned. techniques and. a preliminary graphical

rel-ati-onship of storm rainfall--runoff is achieved.. A mathematical-

representation of the graphical relationship is then derived and a

comparison between computed. and. actual flov is obtained.. An attempt

is al-so mad.e to d.etermine a unit hydrograph from several- storms.

The concl-usions presented. in the thesis indicate that the

a¡rtecedent basin moisture as represen'bed. by a depth to groundwater 
:

tabl-e in hlell- #, is the major paz'arne'ber affecting the storn rainfal-l-

nrnoff process in the Wilson Creek Watershed.. The findings concluded.

herein al-so ind.icate vhere future research shcu]-d. be directed. or

where irnFovement in the data coll-ecti-on is required..

-3-



CHAPTER II

THE W]LSON CREEK STOR-}IS

2,I General Description of Basin

The Wilson Creek Watershed. is situated al-ong the eastern

boundary of Riding Mountain Nationar Park, on the Manitoba Escarp-

ment, approximately J-)0 miles northwest of llinnipeg in the vicinity

of the tovn of McCreary (figure t). The headwaters of this pear-

shaped, 8.5 square mil-e watershed., begin at about elevation 2l+OO

feet. From a relatively flat plateau in the upper catchment area,

the land. fall-s rapid.ly, dropping about 1300 feet in four niles. A

profile and. a geologic cross-section from the headwaters down to the

weir may be observed in Figure 2. The sl-oping portion of the vater-

shed al-ong the escarpment is deeply incised and cut by a J-arge numbe¡

of d.rains and. coulees tributary to the main water courses.

Cox. (f968) d'lvides the Wilson Creek V/atershed into

four distinct physiographic regions r+ith:

(a) the Western Upland. comprised of an undulating plain

with numerous beaver pond.s, muskeg, æd kettLe holes.

(¡) the Upper Escarpment extending C.or,rn to approxinately

1900 feei el-evation and composed entirely of glacial

depcsi-bs.

(") the Lower Escarpment containing ìrigh rising shale

banks and.
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(¿) the Manitoba Lor'rland.s l-ocateti. at the foot of the

escarpment in the form of an afl-uvial fan.

Ttie drainage density of 2,) for Wilson C"""X i^Iatershed

t¡as determined. using a total stream length of 2l+.'I8 niles (Cox, 1968).

The d¡ainage d.ensities of the BaId. Hill Creek and Pack-

horse Creek sub-basins aïe e,lr5 ana 3.26 respectively l¡hil-e the

drainarge deirsity of' Wilson Creek basin exclud.i-ng +.he Bald Hil-l and.

Packhorse Basins is given at 5"I5 (Cox, 1968). This increase in

value may be caused. by a small area j-n the lower basin ¿qsomFanied. by

a considerable meand.ing of' the creek.

soil survey of the Wil-son Creek Watershed. in f95B

(Mackay and. Stanton, t96l+) d.isclosed. that the upper portion consisting

of fj-ner texturerL soils indicates a large contribution to surface

runoff'vhil-e the nidd.le portion, comprising the steep slopes of the

eBcarpnent and. consí sting of very permeable soil-s may keep surface

runof f at a l-ou l-evel 
"

Detail-ed. studies of i;he vegetative cover of the watershed,

as carried out by J. C. Ritchie in 1958, (Mackay and Stanton, t96)+),

inrlicate that the forest coveÍ cf the va'bershed- is comprised. of both

coniferous and. o.eciduous species, The more open tiecadent fcrest of

hardvood.s ancL spruces i-s nore prominent in upper portion of the

watershed.. The escarpmen'c is coverecL predominantly vith nixed. forest

in the upper slopes and rLeciduoi.rs trees in ihe lor¿er slopes. The

lover portion of the 'nratershed. is covered by a mixture of hardvood.

and coniferorls forest.
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2.2 Wil-son Creek llatershed. åasic Data

2.2.I Rainfall Data Netvork

The extreme variation in elevation across the escarpment

ind.icated the necessity cf establ-ishing a fairly d.ense netvork of

rain gauges before attempting to achieve a rainfall--runoff rel.ation-

ship. By Septenber, L969, Jl+ rain gau€es had. been install-ed

throughout the watershed. (Thornlinson, f97O). The l-ocation of both

the 26 stand.ard. rain gauges anä the I recording rain gauges are

shown in Figure 1.

The total- stcrm rainfall for the basin i s d.etermined. by the

isohyetal method using d.ata from al1 rain gauges. Rainfall analysis

by the isohyetal method. may be observed. in Figure 2\. Sydor (iqfO)

found. the Thiessen polygon method. to prod.uce similar results.

Although the average seasonal rainfaÌI., from May to September'

has averaged. only I\,22 inches fuom 1959 to 1969 (ftronl-inson, l-970)

rainfall on the basin is frequent and. intensities as great as 6 inches

per hour have been record.ed. (wewbury et al-., L969).

To obtain hourly incrernents of rainfall for each storm, data

from the I automatic rain gauges is averaged and. adjusted by comparison

with the storm rainfal-I val-ue obtained. from the isohyetal analysis

using al-l rain gauges.

The hor¡rl-y rainfali and runoff d.ata for each storn is presented

as Appendix A. Hyetographs of storm rainfall ha.re ¿úso been ploited

vith tlie stcrm hyd.rographs and. nay be observed. in AppenCix B.

During each arrnual period. fron lrlay to Septenber the basin has

been a.¡eraging )C rjays of rainfall fori;he pas'i; 11 years vith ihe mcnths
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of June and. August having an average maximurn 1] d.ays and September

averaging only B d.ays of rainfal-l (Thonlinson, 1970).

An average of I storms per season vith l_ inch of rainfall_ or

higher occurred. on the r,¡atershed. with 1961- having e minimum of l-

storm whil-e L965 containecL a maximum of p storms (thonlinson, l-9TO).

The maxi:mur h8-nour rainstorm from L))) to 1969 occurred on

Jrrne 25 to 27,1969, and prod-uced an average rainfa1l of )+.93 inches

over the watershed. (Thomlinson, 1970).

2.2.2 Streamflor¿ Daba Net¡,¡ork

Streamflol¡ records on the Wilson Creek Watershed are col-l-ected

at six gauging stations" These incl-ud.e Packhorse Creek, Bald. Hill

Dam, Ridge Da.m, ancl the tvo veirs on Conway Creek in ad.dition to the

main gauging station at the hlilson Creek Weir vhich provides reccrd.s

of streamfl-ov from the whole basin. The l-ocation of the stage recordets

at the above si.tes may be observed. in Figure 1.

The Wil-son Creek Weir was constructed. to obtain a stabl-e cross-

section necessary for clefining a reliabl-e stage-discharge relationship.

The trapezoidal concrete con'r,rol structure consists of a base

wid.th of 30 feet, side sl-opes of 3:1, a section length of 20 feet and.

a 2-foot wid.e notch to rate low fl-ovs.

A continuous record of s'i;age is obtained. from a St,evens A-3)

water levet recorrl-er sitting on top of a bank ty¡re vell installation

connected to the stree¡ by intake pipes. The lowest well j.ntake pipe

is extended. into the 2-foot lov fiow notch in the concrete r'¡eir'.

Sed.iment d.eposits a,t 'bhe contz'ol- section cause d.ifficuities

in obtaining accu.r'ate l-ov flow record.s especiall-y beÌow 2 or 3 cfs.
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Med.iu¡r and large flows are not significanily affected.. The occasional-

breakdown of the stage recorder, however, ai so add.s to the problem of

obtaining accurate records even at high flovs.

Generally speaking, the st,reamflow at the Wilson Creek respond.s

very quickly to rainfall- on the watershed. The strea¡nffow hyd.rograph

at the outl-et frequently begins to rise onl-y 2 or 3 hours from begin-

ning of rainfal-l.

The storm d.ischarge hyd.rographs exhibit sharp rising J-imbs,

high peaks of very short d.uration anC. a fairly quick recession. It

was hoped. that this quick response of the watershed. to by¡:ass storm

nrnoff from each storm rainfall- may 1ead. to a quick inpulse - quick

response type of rainfal-l-runof f relation at l{il-son Creek.

The quick response has produced several strea¡nflow hydrographs

of over 100 cfs peak values on the watershed. with the storm of June 25

to Jrrne 2T , l.969 reaching a maximr:m instantaneous peak of 700 cfs.

As a conFarison the l-l-year average d.aily discharge during the open

r'¡ater season is approxinatel-y only 6.0 cfs (Îromtinson, l-970).

2.2.3 SoiI Moisture Measurements

Estinates of the noist'¿re content of soil in the basin are

generally mad.e veekly using a one-inch tube 3¡rnFler. The ncisture

content of the soil sampies are estimated. by feei at increnen+.s of

6 inches up to a d.epth of 3 feet. These esf.ima'ues are mad.e at seven

sites vit;hin the basin.

Laboratory tests rurru :-rraicated that the soif moistule hol,ìing

capacity vhen dry is 3-inches per foot. Once the soil noisture es'uimale

is obtained. at each site and the soil capacity is knor¡n, the soil
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moisture deficit may be d.etermined.. Values from the seven sites are

then averaged to obtain a mean basin soil_ moisture d.eficit.

Although the accuracy of this nethod. appears to be questionable,

it has provid.ed. a faì.r1y rel-iabl-e est:'-mate for forecasting the pos-

sibility of high runoff foJ-loving a storm rainfal-I. The estimate of

soil moi.sture deficits prior tc some heavy storms have helped. to explain

the size of the resuJ-ting storm runoff.

2,2.1+ Ground.water Netvork

Instrumentation to measure groundwater in the basin vas not

install-ed un-bil L96r. The present network of çell-s and. piezometer

nests are shown on Figure L

Well-s #L" #2, and. #5 are equipped vith continuous automatic ì

recorder charts vhich require changing only once a month. The pie-

zometers are checked. on a veekly basis.

. fnitial reasons for establishing the groundvater investigations

Here:

(a) the apparent signlficance of the groundvater recharge and,

d.ischarge in the or¡eral-l- water bal-ance of the i+atershecì.,

(¡) to d.etermine the possibi-lity of fairly rapid. subsurface

f1ow, especial-ly i-n the areas of loose shale, and,

(c) tr: d.e'termine the effect of grounCvater fl-ow on the

sediment noveinent adjacent to the streams.

ln 1968, prel.iminary stucJ.ies çere und.ertaken (Newbury, Cherry,

and Cox , .L969) to:

(a) d.eterrrrine the hyd:'ochemical characteristics of the sulface

and. gror:ndva-r,er flow systems,
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(¡) id.entify groundvater discharge d.erived. from in-basin and

out-of basin sources, and.

(c) investigate the use of hyd.rochemical methods of separating

stream hydrograph components.

Analysis of the col-lected. d.ata by Nevbury et aI . (tg6Ð indicates

ttthat the groundwater flow beneath the uplands above the confluence of

Packhorse Creek a¡d. Bald. Hill Creek and beneath the outlet of the

basi-n is characterized by a downward. \ydraulic gradient."

Observation of Figure B, indicates greater fluctuations in

Well-s #f and. #5 than in't^Iel-I #2. Both llelf #l- and. #5 show very quick

responses to rainfatl in their area vith \,Iel-} #5 appearing to be the

most sensitive with the largest fluctuations. i

!trell #1, set in fi]l, and well #5, set in shale ) are focated in

recharge areas vell- above the nearest stream channel. WelI #2 ís

apparently located in a discharge area.

It is interesting to note in Figure B tnat although Wel-t #5

is located. in a recharge area vhile Well- #2 is in a discharge arear

the vater level in i^1e11 #5 rises to within 1.3 feet from the ground.

surface as a resuft of the large rainstorm in June, L969 vhile the

wate:. level in Wetl #2 onJ;y rises to within 6 feet from the ground

surface.

2.2.5 Ad.d.itional lufeteorologic Data

The inportance of measuring meteorologic data in addition to

rainfaLl for use in water budget and. rainfall--runoff studies has not

been overl-ooked. Instrunentation has been installed. on the vatershed
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to measure tempe::ature, relative humidity, barometric pressure, wind,

pan evaporation, and. sol-ar radiaiion,

The importance of thi-q ad.d.itlonal meteorological data. shovs

up vhen observing the average pan evaporation for the months of May

and September for the period. 1961- to L969. Al-though the average

nonthly temperatrrres d.uring that period. rrere higher in September

than in May, thus indicating the possible occurrence of h:'.gher

evaporation in September also, tlie actual average pan evaporation

of 2.!\ inches in Sep-benber is much less than the \.36 incires in

May.
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CHAPTER III

FACTORS OF THE RUNOFF PHENOI'ßNA

Generally speaking this chapter <leals with a d.iscussion of the

runoff phenomena and a qualitative analysis of the factors or para-

meters vhich affect runoff.

There is no intention in this thesis to present a quaniitative

analysis of all these factors and. the formulas for d.eriving their values

are thus not presented.

3.1 The Runoff Phenomena

There are many

hydrologic literature .

Bruce and Clark

tegrated. result of all-

in a drainage area."

Hoyb ,(Chow , LgÈl)odescribe¿ tftu "runoff þhenomena" in terms of

a runoff cycle somFrised of five phases, which are briefly d.escribed. in

this section.

variations in "runofftt d.efinitions for:nd. in

(1g66 ) aerine nrnoff from an area as the "in-

hyCrological and. meteorol-ogical- factors operative

Fhase 1 - Rainless period.s. Gro-.rndrvater level decreases.

Phase 2 - Inj.tial- period of :'ainfall-. Little overland f1oç or

evapotranspiration .

Phase 3 - Continuation of rainfail-. Overland fiow occÌlrs.

Groundwater level rises and increases base fl-ow.

Phase )+ - Continuation of rainfa11. Natural storage satisfied..

Ovella.nd fl-ow and. subsu:rface fi-ow continue.
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Phase 5 - Period past termination of rain. *"norranspiration

is active" Streamflov sustained by water from

channel ancl subsurface storage.

Choi,¡. (fge i+) states that ¡'z'unoff is that part of precipitation

vhich is col-lected. from a drainage basin as it appears at the outlet.rr

An extensive qualitative explanation of the interreÌationship of the

various hyrlrologic phenomeria before, dr:ring, and after a rain in graph-

ical form is presented- by Linsley, Kohler, and Paulhus (ighg).

3"2 Components of the Runoff Phenomena

In most hyrlrology books streamflot'E

runoff , subsurface n:noff and. ground*-ater

S!f{Açç-Run9.Lqe oï overland' f1ow,

r¡hich travels overbhe ground surface and. thror,rgh channels and reaches

the basin outlet fairì-y pronptly.

The subsurface Ru.noff , also kno'ç'm as interflow, is the runoff

due to that part of the precipitation whj-ctr infiltrates the surface

soil and moves Ìaterally ihrough the r,rpper soil- horizons towards the

stre¡m channels. This portion al-so enters the streams fairly promptly.

runoff due to deep percolation of -blLe infiltrated vater vhich has passed

into the grorrnd., has become groundvater, and. has been discharged into

the strea¡. This portion is usual-l-y callecJ. the long term component of

strearnflov.

is usually split into surface

z'unof f .

is tha'b part of the runoff

The Grorrndvater Runof f '

For many practical purposes th-e surface mnoff and the pronpt

subsurface mnoff are usually grouped und.er the term d.irect runoff ,

the porti.on of streamfl-ow used. in rainfall-nrnoff and unit hyd.rograph

or base flow, is that part of the
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a,rialysis. Direct runoff is obtained. by subtracting the groundwater

or base flow from the total- streamflol¡.

3.3 Factors or Parameters Affecting Rr¡noff

The actual runoff process is very conrplÌcated. and. variabl-e since it

is affected. hy numerous factors. These factors lril-l be considered

und.er three groups -- clÌnatÌc, physiographic and. other hydrologic

factors.

3.3.1 Climatic Factors

(") Rainfall

Th-e quantity and. character of streamflor,¡ rel-ies heavily

on the total- ¡mount of rainfall, but the extent to vhich

it d.oes will oepend. upon the interaction of other

eharacteristÌcs of rainfal-l- such as:

(i) Rainfal-1 intensitr¡

Hearn¡ rain fall-ing i.n excess of the infil-tration

capaeity of the soil- surface will-i largely contribute

to surface runoff anC. wil-l-, therefore, tend. to reach

the stream very rapid.ly, vhiJ-e rain falling at lower

intensities wi1l be largeiy absorbed by the scil-.

A-i-though this may eventual-ly reach the groundvater

bod.y', its addition to strea.nfj-ov w-ill- be considerably

delayed (Ward, 1967). This ind.icates that strea¡n-

flow peaks shoul-d vary with the rainfall intensity.

Koh1er (fg6l+) states ihat intensity effects are

of great imporr;ance in semiarid. plains region r¡here

severe thunôelstolTns are prevalent anc r¿he::e a¡ inch
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of runoff may ceuse serious fiood.ing.

Because of short time of concentration, runoff from

small- areas such as Wilson Creek Watershed may be

very sensitive to changes in rainfall intensity.

Rainfal-l Duration(ii )

Rainfall duration is significant when eonsid.ered in

rel-ation to the tirne iahen for a drop of rainfáll

fron the farthest point on the watershed. to reach the

outlet. This d.uration d.etermines whether the runoff is

being contributed. from the whole watershed.

Rainfal-l duration is also ìrnportant since the infiltration

capacity of the soij- tend.s to decrease through a period"

of rainfal-l (Ward. , 196T) . Thus, the longer d.uration of

rainfall vill grad.ually increase slrrface runoff to the

stream.

(iii) Rainfall Distribution

Consideration of areal rainfal-l distribution is inportant

since it d.eter¡nines r,¡hether the nrnoff contribution is

fron the whole watershed..

Since rainfall total or intensity are nerrer u¡iforu over

the vh,¡le vatershed, the d.ifference in location of the

concentrated higirer intensity :'ainfall- beiween the

steeper iread'¡aters anci the low lying downstream section

wil-l- have a. different effect on the tine distri-br:tion and

possibly the peak of runoff.
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(¡) Other cl-j.natic factors such as temperature,

vind., and insol-ation a.re significant due to

effect on total- evaporation, soil moistu¡e

vhich in turn affect runoff.

3,3.2 Physi ographic Factors

Most bextbooks of hyd.rolog:y generally discuss similar

physiographic fa.ctors. Chow (1961+) further subdivid.es these

into the folJ-owing two groups:

(a) Basin Characteristics

(i) Gec¡reiric f'actors .. size, shape, slope, orientation,

elevation.

(ii) Physicallþc-Þors .- land

geologic cond.itions.

humidity,

their

and. vegetation

I,Iard. (f.967) considers watershed. area size the most

imFortant factor since it d-eteruines the total_

arnount of rainfall to fall- on the lratershed-.

(¡) Channel- Characteristics

(i) Carrying capac¡ì-ty -

use and. cover, soil type,

s1ope, length, and

(li) storeeg. capacity

Channel characteristics are related nostly to hydraulic

properties of the channel which govern ihe movement of

streamflovs ancl- d.e'bernr-ine channel- storage capacity

(Cuo'r¡, 1961+).

size and. shape of cross-seetion,

tributaries.

ba.ckr+ater effect.
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Chow. (lge)+) further adds , horrever,

small- watersheds is more doninantly

fl-ov than by channel_ flov.

3. 3. 3 Other Hyd.rol-osic Factors

(a) fnterception

Interception is the process by vhich precipitation is

caught and- stored. on leaves and. stems of the vegetation

cover.

Linsley et aI. (fgUg) state that the rate of interception

at the beginning of rain .'s quite high, especial_ly during

surnmer in d.ensely vegetated areas.

that peak runoff on

affected by overJ-and

Cnow (fl6t+) estimates the annuai interception by forests

to be approximaíely 25% of annual- precipitation.

(t) Evapotranspiration

Evapotranspirati.on deal-s r,rith evaporation from soil_ and

water and. the withdrawal of water from; soil by plants

which also evaporates into the atmosphere from its leaf

surfaces.

Chor¡ (fleU,¡ points out the importance of transpiration

from plants r¡h.en he states that vhil-e surface evaporation

corimonl-y affects only the upper 6 to f 5 inches, plants

can l¡ithd.raw .¿atei' from consid.erabJ-y deeper soif . Riggs

(1963) in his discussion of studies in Brandywine Creek,

U.S.A., i-ndicates that differences in sutnmer recession
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curves on thai basin are the result of differences

in l-osses to the atmosphere.

During a storm rainfall period., evapotranspiration

occurs at an al-most negligible rate since the l_ower

atmosphere is either saturated. or nearly so.

During rainl-ess periods evapotranspiration may contribute

to the gradual lovering of the groundwater table.

( c ) rnri.rtration

fnfiltration is the flo¡¿ or movement of water from the

surface of the ground. through the pores and. openings

of the soil- mass, as a resul_t of rainfall on the

watershed.

Once the vater has infiltrated. into the soil_ mass, its

movement through the soil to the groundwater tabl_e is

knom as percolatj-on.

The rate of infil-tration is at a maximum vhen a soil

is fairly d.ry. I¡Ihen vater is ad.ded. from rainfall,

the pore spaces in the soil- become fu-l-l_ and the rate of

entry of add.itional- vater d.eclines to a J_ov stead.y rate

shortly after beginning of rainfal_l_.

When rainfall- rate falling on the ground. surface exceed.s

the infiltration capacity, the rate at vhich water will-

be absorbed. by a soil surface runoff vill occur.
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The water which infiltrated. into the soil wilJ- stay

as soil moisture in the ground., move as subsurface

fl-ow or percolate to the water table, increasing

groundwater flor,¡.

Infil-tration indices have been

rate at r,¡hich rainfal-l- is lost

specific storns.

Chow (1961+) ,ho*".r"r, suggests

since unequal d.istribution of

in vegetation cover may affect

application of these ind.ices.

(a) soil Moisture

Soil noisture refers to the water in the zone above

the vater table. The soil moisture content at any

time can be expressed as soil- moisture d.eficit in

percentage of the field. capacity. Field capacity is

the amoirnt of vater hel-d. in the soil after excess

gravitational vater has drained away and the rate of

d.omward movement has materially decreased.

Since the greater Þart of scil moisture deficiency is

satisfied. before significant surface runoff takes

. place (Linsley et at, 19)+9) tne soil moisture content

prior to a rainstorm has a large effect on the a¡aor:nt of

the resulting storm runoff.

used. to estimate an average

to runoff d.uring

caution in their use

rainfall and. differences

the d.erivation and'
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Since soil- moisture conien-b is difficul-t to measure

accurately, several inC.ices have been proposed (Chow,

1961+ )

(l) grounCvater fl-ov pri-or to rainfal-l-

(ii) anteced-ent precipitation
/... \(iii) basin e.¡aporaticn

(iv) groundwater table levels

(.) Depression and. Groundwater Storage

Depression storage is r¿ater retained

d.itches and other d.epressions in the

during rainf al-l.

Since -.rater coll-ects in depression storage as soon as

the ground. rainfal-l- rate exceed.s infil-tration, the

a:rount and. cluration of surface runoff is effectively

Èeduced (Linsley et a1, 19b9).

Linsley et al.(fçl+q) further state that, "the combined.

elem.ents of surface retention may be of sizeabfe

magnitude" ranging frorir 0.5 to 1.5 inches, for cu-l-tivated.

fiel-ds , grassland-s , and- forests " "

Gror:¡dwater storage and. groundwater mo-ver[ent are affected.

by a wide r-ariety of topographic geologic and soil

conùitions, Since these conditions remain fairly

constant for each basin, the groundvater occurrence'

storage and novenent w-ii1 vaf,T¡ r¡rith meteorologic

conditions.

in ponds, pud.dJ-es ,

soil surface
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Chov (f q6l+ ) siates tha'b d.iff erences in rainfall intensity,

d.uration, and areal- d.istribution produee different

emounts of recharge from simil-ar nmounts of rainfall,

thus resulting in close correlations between rainfal-l

variations and groundwater l-eveIs.
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STORM RUNOFF AN,qIYSIS AND CORRELATION TECHNIQUES

l+. f åtre-e*!19g-IJëIqg"aph A""lysis

A stream hydrograph, as d.efined. by Bruce and. Cl-ark (tg66) ,
ttis a ehronological representation of a discharge of a river. Each

storm on the basin, or part of the basin, creates a fl_ood wave of a

magnitude vhich varies lrith the intensity of the storm, its l-ocation

on the basin and the dryness of the soil prior to the storm.tt The

effects of these and. other factors on the stream hydrograph shape is'

d,iscussed. in the folloving sub-section.

\.f.f Factors Affecting Hydrograph Shape

During analysis, a stream hydrograph is generally d.ivided

into 3 parts or segments.

(") the rising J-inb

(U) the peak sement, and.

(c) the recession l-inib or segment

Linsley et af.(fç:g) consider the characteristics of the rain-

storm causing the rise to be the main j-nfluence on the shape of the

rising linb.

The peak of a hydrograph, howeverr üâV be infl-uenced. not only

by the storm characteristics but also by seasonal vegetation changes

and anteced.ent basin moisture corrditions. Linsley et a1.(fgllq) mention

CHAPTER IV
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that occurrence of high intensity rainfall- early in the storm prod.uces

a peak before the end of the rain.

storm duration¡

Regarding the stream hyd.rograph recession, Bruce and. Clark (tg66),

and. Linsl-ey et al. (f9)+9) consid.er the shape of the recession linb to

be generally independ.ent of the characteristics of the rainstorm although

variations in areal- rainfall distribution nay slightly affect the reces-

sion shape.

Riggs (tO6S) and Bruce and Cl-ark (t066) indicate that the hydro-

graph recession is affected by season¡l variations in climate and basin

This l¡il-l- depend, hovever, on the

vegetation cover and. that recession is greater in summer than in winter

due to higher evapotranspiration.. Riggs (tl6ïf al-so infers that some

lack of consistency of the hydrograph recession segments may be an in-

dication of the existence of two or more groundvater aquifers having

different d.ischarge characteristics. Singh (fg68), in his studies

afso noted. variations in hyd,rograph recessions as a result of d.ifferences

in groundwater aquifers d.ischarge characteristics.

Thus, both Riggs (fg6:) and Singh (fg68) conclude thac the

theoretical straight line semilog recession curve is not applicable

to all- streams.

)+.1.2 Streamfl-ow Hyd.rograph Separation

The strenrnflou hydrograph is generally considered. to consist

of three runoff conponerrts -- surface runoff, subsurface runoff, ancl

groundvater or baseflow. These components are d.efined- in Section 3,2.

fn stud.ies of floods, the prompt surface and. subsurface flov is co¡obined
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and. termed. d.irect nrnoff, which is the major ccntributicn to flood.

volume and peaks. To d.etermine the a,mount of d.irect runoff , the

base fl-ov ssmponent is separated. from the streamflow hydrograph.

Several procedures for sepa.rating the hydrograph into base flor¿ and

direct runoff have been developed.. FairJ-y extensive revievs cf

base flov separations have been presented by Chernaya (f96)+) and. Hall

(1968).

cepts or approaches to base flov separation.

Riggs (fg6S) states that conventional proced.ures for separating

base fl-ov from d.irect flov during fl-ood. period.s usually are based on

It is of interest to note some of the d.ifferences in the con-

the assumption that groundwater infl-ov to the stream continues or eveÍl

increasss during the fl-ood. rise. However, it has been recognized. by

iinstey et al. (rql+q) tnat some streams become inffuent at flood

stages.

A study by Kuland.ai-swamy and Seetharâman (t169) ind.icates thab

some of the nethods of base ffow separation d.o not clearly indicate

their consideration of interftov. The only two'nethods mentioned by the

authors which provid.e a cl-ear division of interflov are Barnes nethod

and the recent chemical methods of separation. These are discussed

in the foJ-loving sections.

In all- these procedures there is d.ifficult;r in determining the

time base of d.irect mnoff, that is the terrninai point of direct z'un-

off, the size and. the ti¡re of cccurrence of the base flow peak. Linsley

et al_. (iSlA) suggest the possible use of a eonsrant ti¡re ba.se fron

storm to storm l¡hich uay be approximated. by using the equaiion:
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ì1 - ^0.2Lt-¡r

vhere N is in days

and A ís the drainage a,rea in square nil-es

Bruce and Clark (L966) qualify this statement by stating thai

ttthe time base of d,irect ru¡off remains relativel-y constant for storms

of the s¡me dura'cion," Bruce a¡rd. Cl-ark (tg66) and Linsley et a],

(fg:B) in¿icate that the time base may be deternined. better by inspectir:n

of a m:mber of hydrographs.

Regarding the time of base flov peak, Brater ( fl+O) states that

this point probably occurs near the end. of surface nrnoff or about

halfway bet.',¡een the peak of the hydrograph and the end of surface

rrrnoff . Chow'(WeU¡ and Linsley et a:-.(t958) indicate the l-ocation of

peak groundwater coul-d also be located. unoer the infl-ection point of

the fal-ling limit of a hydrograph.

Once a method has been chosen and the basefloç ha.s been separated.'

the volune of direct rrrnoff can then be obtaine,l by planimetering the

area underbhe graph. This vol-ume which is expressed in cfs - <iays or

cfs - hours is then converted 'r,o inches of nrnoff sprearl over the

whole basin.

In this thesis three method.s cf base flow separation are con-

sid.ered. and. they are ilescribed. in the fol-loving subsectiorts.

(") Arbit,rary Base llo-.¡ Separation With Aid. of a Conposite
Groundvater De¡ieri,¡n Cur-¿e

Arbitrary separations of base fl-oi¡

d.raving of straight lines from the beginning of

of d.irecb nrnof'f . Assumprions have io be mad.e

are usually nade by

direct runoff to end

on the inct'ease or
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ilecrease of groundvater fl-ow, the time of groundwater flow rise and

the peak of groundwater flow. The point of intersection of an

arbitrary base flov separation l-ine and the hycrograph recession,

which ind.icates the end of d.irect runoff, üây be deternined. with

the aid. of a comFosite groundvater recession curve and by observa-

tion of the hydrograph recession.

A composite groundvater recession curve is commonly d,erived

from segments of several storm hyd.rograph recessions. Data for a

ssnposite recession curve should be selected. d.uring period.s vhen it

is reasonably certain that no direct runoff is inc-]-uded.. Discussions

on this method- are presented in many hyd;'ologic publ-ications ( Bruce and.

Cl-ark, L966; Trinsley et al., 191+9; Riggs , Lg63; and others).
:

(¡) Barnes Method. of Baseflov Separat,ion

This nethod of base flow separation was presented by

Barnes in 1939 and. referred to later in a discussion of Linsley and.

Ackermanrs investigations (fg)+e). Since then, this method. has been

incl-uded. in stand.ard. hyd.rological publications (LinsJ-ey et al , L9\9\

Chov, l.]614', and. others). In this method. of separation the total streem-

flow hyd.rograph recession is plotted. on semi-logarithmic paper. Barnes

suggests than that surface runoff, in+.erflow and- groundwater flow can

then be approxinated by three straight l-ines. As a straight line, the

ground."*ater recession may then be extended. back under the hydrograph.

Variations from this straight line concept have been noted. by Riggs

( fq6S.) and Singh (fg68). The time of groundwater peaJi and the rising

linb is estj.mated (Linsr ey ei at , t9\9). r,iard. (W6f ) suggests locating

of the grcundvater peak to an approx-ima.te point 'uinder the peak of the

hydrograph.
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r,insley and Ackerman (r9)+e) :.n tireir study of strea¡o hytlrographs in

Tennessee vailey by the proced.ure suggested. by Barnes, üd not find

the results su'fficientì-y consistent. Kul-and.aisru.y rrrd. seethareman

(tl6l) in their apprication of the Barnes method to six storm hydro-

graphs, conc-lud-e that Barnes method. of separation "is likety to yield.

ri.irect values of runoff that nay be considerabry l_ol¡er than those

obtained by using other methods. " They also point out the extreme

irnFortance of the location of the groundwater peak in this nethod

since the magnitude of the groundwater flow before the peak d.epend.s on

the position of thai peak.

(") Chemical- Method-s of Base Flor,¡ Separation

N 'merous investigators such as Kunkle (tS6>) ,

Durum (tç65), Hendrickson and Krieger (1960), and_ Toler (lg6r), have

shorrn the existence of an inverse relaiion betveen r,rater d.ischarge

a¡d. the concentration of d-issolved. solids in streams. During lov flovs

when the vater in the stream is provid.ed. by groun,J.vater d.ischarge the

concentration of d.issolved. sorids is relatively high. During storm

runoff , the d.irect rr-:noff dil-utes the storm water and the concentration

of dissol-ved. solids decreases. Pinder and Jones (tg6g) deterrnined.

the grorrnd.water component of three Nova scotj-a streams d.uring high

floçs from the chemical characteristics of stre¡m vater. A simitar

inverse relation has been notecl bet.ween specific cond.uctance, which is

a meastLre of the resistivity of the ionized. mar.eria]- in the water,

(Herr, L959), and. the streamftor¡ d.ischarge. Kunkr-e (tg6r) used. specir'ic

cond.uctance to compìlte groundvater d.ischarge to small- strea¡ls in fowa.

In stud.ies of the groundvater' - streamflow systems of Wilson

Creek !tratershed, New-bury et al- ^(lg6g) observed sinil-ar rel-ations of
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chemical- d.il-ution d.uring storm runoff . A relationship betveen storm

runoff and the d.il-ution of SO4= concentration vas determined to enabl-e

the derivation of groundvater flov during sunmer storms. Examples of

the chemical base flow separations on I'lil-son Creek are presented in

Figure l. This prelininary anal-ysis indicated. that the d.ilution

techniques for separating base flow nay help to achieve a reasonabl-e

rainfal-l - runoff correl-ation on the basin.

)+.2 Unit Hydrograph

The unit hyd.rograph developed. by Leroy Sherman in 1932 is d.e-

fined. by Chow (W>e) as I'the hyd.rograph of d.irect surface runoff

resuJ-ting from l- inch of precipitation excess generated unifornly

over the water'shed. area at a uniforrm rate d-uring a specifÍed. period. of

tine.tt Unit hydrographs provide a method. for a quick cal-cul-ation of

peak flo'od. d.ischarges and the'd-istribution of runoff u-ith- tine and.

thus may be used to great advantage in studying and forecasting flood

f1ows.

l+:Z,t Basic Assumpti-ons

The unit hyd.rograph is based on

(") The ordinates of a. unit hydrograph

vo]ume of direct runoff ftom rainfall of

d.uration, irrespective of the amount of

(¡) The base of tine d.uration of the hydrograph of direct runoff, due

to an excess rainfal-l- for a given d.uration, is practically constani

regard.less of the vol-'.me of n:ncff ;

(c) The ratio of volume of runoff'during a particular interval of

time to the 'botal- runoff is the same for all unit hyd.rographs of direct

three basic assr:mptions.

are proportional to the total

u¡iform intensity and of equal

the rain;
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runoff derived. from the same basin. Based on these assumptions it can

be stated that identical- storms vith the same antecedent conditions

prod.uce identical hyd.rographs .

Bruce & Cl-ark Qgee) stipulate that none of these assumptions,

however, are precisely ful-fill-ed. in nature. Regarding assumption "(b)tt

on the time base of flood.s, Linsley et al-. (fgl+g) state "that the tine

required for fl-ows to reced.e -bo some fixed. value increased with the

initial- fl-ov." Stud.ies in Dry Creek, California (Konter, 196)+) indicate

that d.ifference in seasons and rainfal-I intensity affect both the peaks

and time basis of unit hydrographs. i,Iard. þl6f) suggests that for areas

smal-l-er than 3000 square miles, variation rainfa.1l patterns may not be

significant.

\"2.2 Derivation of the Unit Hyd.rograph

Proced.ures for deriving unit hydrographs are presented. in most

hydrologic textbooks. The proced.ure used in this study of I^lil-son Creek

stonms, is that presented. by Linsley et a1. (:!\9) which is included

belol¡.

tta. Separate the groundr,¡ater flolr, and. measure the vol-ume of
direct runoff from the storm.

b. Divid.e the ord.inates of direct n¡¡off by the runoff vo}ume
(er¡rressed. in inches over the drainage area). The resulti.hg
hydrograph is a unit graph for the basin

c. Determine the effective d.uration of runoff- prod.ucing rait
for which the unit graph is applicahle by a study of the
rainfall records. "

Linsley et a-1. (fgt+g) al-so state that a mean unít hydrograph may be

d.etermined by averaging several unit hydrogra.phs from similar storms.

The average peak size anC ti.me l-ocation are d.etermined. and a mean

graph having an area equal to one inch of runoff resembl-j-ng the
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individ.ual graphs is sketched in by trial and error. The authors al-so

note that large variations in areal storm distribution or nonu¡iform

intensities may requi-re the development of several- u¡it hyd-rographs.

Bruce & Cl-ark þlee) and Linsl-ey et a.r.(rlt+l) indicate that

use of storms in excess of I inch of runcff tends tc dirninish the

errors in the unit hyd.rograph because of the red.uction to I inch. Con-

versely, the use of stor-ms with very l-or+ storu runoff tend.s io increase

the errors in the unit hyd.rograph.

I+.2,3 Deviations from Basic Assu.mptions

Stud-ies by various investigators (Linsley et al, I9\9; Scu11y

and. Bend-er, I)6); Brater, 191+0; and. Bruce and Cl-ark, L966) ind-icate

that some d.eviätions from basic assumptions may occur and. that variabl-e

storq rainfall- characteristics such as intensity', duration and. areal

d.istribution along with the amount of runoff cause .¡ariations in the

shaBe of the resulting unit hydrographs.

. Sherman (rlt*o) in a discussion of Braterts investigations,

(fg\O), ind.icates that areal d.istribution and thus location of storm

center is significant only on larger areas.

Linsley et af. (Ul8) nention that rainfall variations caus.ed

by topographic control-s are rel-atively fixed. chalacteristics of the

basin and. suggest that it is departures from -r,he normal- pattern which

caused varj.ations. Ttrey also note that effects of rainfal-] intensities

are dependent on basin area size. Begarding effects of :'ainfall

d.uration, Linsley et al , state that an increase in rainfatt d.uraticn

viI1 lengthen the tine base and lower the uni'i hydrograph peak-. Bruce

& Cl-ark (ig66) indicate that u¡it hydrograph peaks are generally
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somewhat higher for extreme floods than for moderate flood.s. Despite

its l-initations, however, the unit hyd.rograph has been frequently

used, and. many investigations have been attenpted to improve its

accuracy and. applicabilitY.

)+.3 Rainfall- - Runoff Correlation Techniques

Correlation analysis is a method of showing the relationship

between tvo or more variables. In a simpte correlation analysis of

rainfall-runoff, two variables ind.icate a cause and effect relationship

to one another.

A graphical plot of runoff against coT'responding values of

rainfafl results in a scatter diagram, the shape of çhich indicates the

nature of the ïelationshiP.

Linsley et al_. (fgf$) shov. that a graphical correl-ation

relation for rainfaAl-runoff is typically curved-, indicating an increasing

percentage of runoff vith increasing rainfall. The sinple method of

correlation of only rainfall-runoff is found. to be unsatisfactory d-ue

to the large scatter of points caused by the effects of other factors on

this relationship.

Recent methods as d.escribed by Linsley et al.(fl\l)rMiller and.

paufhus (rg>l), Wiiherspcon (1962), Bruce & Clark (Wee), and other invest-

igators generally suggest the use of coaxial--correlation rel-ations vith

the aid. of climatic and physiographic parameters ' The most frequently

quoted para;reters are antecedent precipitation index, storm durationr

storm intensity, veei<. or month of the year' soil nois'r.ure defieit' days

to fast significant rainfall , basefÌo'* pri.or to stor¡r, and others'



l

Witherspoon (f963) in a study of storm runoff from smal-l

agricultural vatersheds in Ontario used effective rainfal-l- d.uration

and. effective rainfalJ- d.epth as parameters in a graphical rainfall-

nrnoff rel-ation. He d.efines effective storm d.uration as the d.urati-on

in minutes of effective rainfall which is the depth of rainfal-} causing

nrnoff. 0n1y rainfall intensities in excess of 0.5 inches per hour

were consid.ered..

In studies of rainfal-l-runoff pred.iction, Linsley and Ackerman

(fçl+a) omitted. insignificant arnounts of rainfal-l- before or after the

main storm to arri-ve at rainfal-l d.uration values. Linsl-ey et aI .

(fg\g) suggest that insignificant a¡nounts of rainfall prior to storm

coul-d. be incl-ud-ed. with an antecedent precipitation ind.ex if such an

ind.ex is used. Osborn and Lane (l-g6g) , using simple linear regression

models for predicting total volume of runoff, have indicated, however,

that runoff vol-i:me was most strongly correlated. to total precipitation.

Al-though numerous studies invol-ving rainfall- and. runoff are

being d.one tod.ay by computers (Betson et aÌ., 1969; Knisel et al.,

1969; Osborn and Lane , 1969; and others), Kohl-er (fgeL) states that

"graphical- correl-ation permits greater flexibility :-n the sel-ection of

the functionai form employed and in fact can be employed u.ithout

consideration of the equation involved.."

The proced,ure used. to d.eter-cine a graphical coaxial- correl-at,ion

relation for rainfall ru.noff is well d,escribed. by Linsley et aì-. (f958),

Ezekiel- (fgl+f ), Richards (fge)+), and Beard (tg6Z). If the scope of the

problen does not "iustify a complex correlation, Linsley et al. (1949)

suggest the use of a three rray refationship betlreen rainfaìl, runoff and.

either a ground.lrater fiov index param.eter or a soil- vetness conCition

paremeter'.
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\.)+ Effects gf Selected Basin Moisture Paremeters on the Rainfall-
Runoff Correl-a'bion

The vofume of storm runoff resulting from storm rainfafl is

highly dependent on the soif moisture eonoitions over the basin prior

to each storm.

Leroy Sherman (tlhz) states in his d.iscussion on rainfall--

runoff factors that the quantity of moisture in the soil- naterially

governs the intake of rainfall and consequently affects the quantity

of surface runoff.

Minshal-l (Ueo) also found that runoff vas positively cor-

rel-ated. to antecedent soil- moisture on smal-l- experimentaf watershed.s in

fll-inois, U.S.A. He concl-ud.ed. that these rel-ationships may al-so apply

to several other midwestern states. ì

The direct d.eternination of soil- moisture conditions throughout

the basin at the beginning of the storm is fairly d.ifficult, however,

since d.irect soil- moisture measurements d.o not always provide a repre-

sentative value d.ue to limited. areal coverage, length of record and.

time of observation prior to a storn.

Linsley et al, (fg)+g) suggest that use of an indirect ind.ex may

provid.e consi-derable improvement in rainfall--runoff correlations.

The most cornmon ind.ex used for estimating soil moisture is the

anteced.ent precipitation index ttAPI. " It is semputed. from the equation

Pt = Pokt

çhere Po = initial antecedent precipitation index

Pa = red.ucecl value of the antecedent precipitation index "ttt- days later, and. "k" is a depletion factor.

Linsley et al. (rfa) suggest a normal usage range for "k"
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betveen 0.85 an¿ 0.98. Any rainfaLr fal-l-ing on the basin is ad.d.ed to

each daily value of APf . Bruce & Cl-ark Qlee) used a mod.ification of

the API by conbining it with the veek number of the year and. terming

the resul-ting values as a seasonal precipitation ind.ex, SPI. Linsley

and. Ackernan (l9\2) mention that pan evaporation may sometimes be used

in the computation of a moisture ind.ex" For their stud.ies they concl-ud.ed.

that the field. moisture d.eficiency at any time vas equal to 0:.9 times

the totaf pan evaporation since the ground. 'was l-ast saturated, less any

ad.d.itions mad.e to the field. moj-s'cr:re by intervening rains. The maxj.mum

possible value vas found. to be 0.8 inches. Other indices that have

been used to represent moisture conditions on the basin are groundwater

flov or base fJov and the ó - index orttFavttindex. 
.

Jones Ogq) in tris investigations of groundvater-streanflow

interactions mentions the use of groundlrater fl-ov rated, to mean ground-

vater by Rasmussen and- tuid-reasen (tg>g) , and. Schicht and l^Ia]-ton (fl6f ),

as ind.icator of the base flov contiibution of a stream.

Regarding the use of the $-index, Li-nsley et al -(l!\l) state

thet "this index is based on the assumption that for a specified storm

with given initial conditions, the rate of basin recharge remains constant

throughout the storm periorl. Thus if a time intensity graph of rainfal-I

i.s constructed., the {-ind.ex is the average rainfaff intensity above

which the voh:me of rainfal-l equals the volume of obser.¡ed runoff."

It appears that the use of any of these basin moisture parameters

may be governed. by local conditions and attempts shouJ-d be made to

consider tvo or iliree of these prior to d.eciding vhich parameter :nay be

most useful- in any analysis.
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5.I Rainstorm Anal-ysis

Al-l- rainstorm data used in this thesis vere computed by the

staff of the Wílson Creek Experimental- llatershed. The average total

rainfall- for each rainstorm on the vhole basi-n has been computed.

RA]NFAIL-RUNOFF AI{ALYS]S OF }ITLSON CREEK STORMS

CHAPTER V

using the isohyetal metirod.. The method is described. in many hydrolory

books includ.ing those by Bruce and Clark Qgee), md Linstey et al-.

(fg\g). Ti+o examples of :'ainstorms vith isohyetal l-ines dravn over

the I'lil-son Creek Basin are shovn in Figure 2\. Hourly values of

rainfal-l- d.uring each rainstorm are obtained. by ad.justing the average

value of the recording rain gauges to the average rainfal-l over the

whol-e basin vhich is computed from al-l rain gauges over the vatershed.

fhis hourly rainfal-1 data is presented. in Appendix A anC is al-so

plotted. with the storm rwroff hyclrogra,phs in Append.ices B and C. The

rainfalÌ over the watershed occurs as sharp, i-ntense thi¡nderstorms.

The quick Tesponse of this watershed. tc high intensity runcff proCucing

rainfall is clearly visible in the above-mentioned Appendices B and C,

although this response also d.epends on the r.¡etness of the soil in the

basin. As seen in Figure 2\, the amount of rainfal-l variès over the

watershed.. Generally speaki-ng, more rain fal-Is Ín +-he headl¡aters of



the watershed than at the outl-et although there

the storm center occtrrs in the l-ower portion of

5.2

Data on hourly storm runoff val-ues are presen'i;ed in Append-ix {.

Hyd.rographs of streemfl-ol¡ fol-l-oving storm rainfalf over the watershed.

are shown in Appendices ts and C " The hourJ-y val-ues of streamflow vere

provided by the Watershed. Committee and. were computed. by using hourly

values of stage at the concrete control- structure at basin outl-et and

d.erived. annual stage-discharge curves. fn the d.etermination of the

hourly values of strea.nflor,r, hovever, there is possibllity of several

errors

a. Streamflolr measurement errors

b. Drawing of stage-discharge relation curves

c. Extension of rating curves to conpute high d.is'oharges

d. Faulty recording of stage

e. Change in stage-discharge rel-ationship caused. by sed.iment

d.eposits on the control structure

On large rivers the errors caused. by the above pcssibilities

may not affect the final- computation of streamfl-ov to any great extent.

In a small-::esearch watershed stage errors of .01 or 102 foot in the

l-over portion of the stage-d.ischarge rel-ation nay be appreciably large'

percentage wise. Thus, al+.hough the smo'¿nt of fiel-d. d.ata from a

research r+atershed, ilây be aclequate, there is siill- some possibility

of error in this data and this should. be considered. lihen applying the

data in a nrmerical or graphical a:ialysis.

Analvsis of Storm Runoff Computations

are

the

instances vhen

watershed..



5.3 Basin Soil Mor¡turg fnd.icators Prior to Rainstcrms

Three ¡rethods of d.etermining the soil moistu:re in the basin

prior to eaeh rainstcrm vere investigated

These incl-uded the ¡nethod of obtaining actual field. moisture

estimates and, trro methods for computing an index of the basin soil

moisture. F*eld. estimates of the soil- moisture conterrt have been

mad.e weekly d.urirrg the summer months on the Wilson Creek Watershed

since f963 (rrroml-insor. , 1970 ) .

Seven-point measurements are obtained. ihroughout the water-

shed to determine an average estimate of the soil- moisture content.

A description of the test proced.ure and value of the data as

presented in the 1969 Annaal Report, (Thomlinson, L969), is given

below.

"In the test proced.ure a one-inch tube sampler is used to

take soil samples at increments of six inches d.own to a depth of tiri'ee

feet. The moisture content of each sample is estÍnated by fee'l and.

recorded.. These tests are mad.e at seven focations in the vatershed.

Laboratory tests have indicated" that the water content of the soi.l-

betveen fiel-d. capacity and. wilting point is about three inches per

foot of soil-.

Trhe weekly estimates of the soil moisture are used. t"o fore-

cast the possibility of high ¡wroff fol-lowi-ng a storm. Al'uhough the

method d.oes not provide accurate values, it has helped. to explain

why some.heavy rainstorms have produced relatively 1ittle rwroff.

During the d.ry su6xo.er of 196-(, the tests shoved. ihe extrene dryness
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of the soil, r¡hil-e in f968 they shoved that the soil_

urated. until- the nid.dl-e of September. This indicates

precipitation in l-968 was largeJ-y stored. in the soil-

emerging as surface runoff at the Wil-son Creek Weir."

During preliminary analysis of the effect of soil_ moisture

conbe:rton the storm rainfall--nrnoff relationship of the Watershed., Ít

vas realized. that al-though the veekl-y moisture d.ata gives a general

ind.ication of the possibÌe quantity of runoff it is not precise enough

for any numeri-cal- analysis. These estimates of the moisture content

may have been obtained- severa3- d.ays or even a veek before the rainstorm.

Thus, val-ues of soil rnoisture content inmed.iately prior to the stcrm

had to be computed by estimating soil moisture d-epl.etion between rain-

storms (Fisure 1J-).

As a result of possible large percentage errors in the estinated

soil- moisture content using two other techniques for sonFarison purposes

in the rainfal-l-runoff analysis. The tvo indices chosen i,¡ere the

Anteced.ent Precipitation fnd.ex and. the Depth to Ground.water Table fnd.ex.

The procedure for computing the Anteced.ent Precipitation Ind.ex

(aff ¡ is d.escribed. in nost hydrolog-y books 1-ncluding Linsley, Kohler

and. Paul-hus, t9l+9, and. the formula used. for the computation was

pat = paoKt

To obtain day-by-day value of the index "tt'equais unity and;

lf,-LDral - ¡\¡ao

was nearly sat-

that the heavy

rather than

Tlre antecerLent precipltation ind.ex Pa, for any day is then

equal tc the constant "K" times the index of the day before. As
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mentioned. in section }+.)+, Linsley et al (rgr8) state that a val-ue for

"k" from O.B5 to 0.98 is applicabre over most of the central portions

of the United- States

Ïnthecomputationscarriedoutinthisthesis,avalueof''k''

ofO.pO-*asused.¡ngx¡mlleofdai].yvaluesoftheantecedentpre-

cipitationind.extotlg6gispresentedinFigureÌ1.1¡ggomputed.

values of the anteced.ent precipita,tion moisture prior to each rainstorm

used. in the analysis are given in Table 2'

P:'ior to decid'ing on the third technique ' two possibilities

wereconsid.ered..Onewould.betoconsiderthef}ovinthestreamprior

tostormrunoffa¡id.theothertousethed.epthtogroundllatertable.

since streamrtows have to be computed. from stage-d'ischarge curves

vhich contain a large scatter of points at l-ow flows, it was decid'ed' to

use the para,meter of Depth to the Groundwater table '

Threerecordinggroundvatertablegaugesinvells#I,flzand.#5

wereanalyzed.Anattemptvasnad'etouseanaveragechangeindepth

ofthewatertableusingwei-ghted.areasforthethreerecordinggau€ies

(ratre3).Holrever,aquickanalysisd.idnotindicategood'results.

h'hen graphs of the d'epth to vater table in vells #L' #2' and'

flrsinilartoFigureBverepiotted''itwasr¡oiicedthattheLe'¡els

in ve}l #5 vere much quicker in responding tc rainfalf ' exhibiting

sharprisesandshowingsmoothgradualrecessionsfol].o'*ingrainfall.

Ai+-houglrdatafroma]'lthreeve]-lswasstudied,itbeca.r,eepparent

that wel-l- #5 was the nost sensj'tive to precipitation in the besin'

Thereisatargecontrp^stbetçeenchangesin.¡e.!ertab]einvellsd5

and #2.

ñ
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HeIL #2, located. in a vall-ey botton near the strenm, is affec'ued by

l-ateral- fl-ow and. d.oes not exhibit large fl-uctuations in the water

tabl-e l-evels. In the thesis by Cox (1968), the hrifson Creek uas divided

into forr distinct physiographic uniis:

a, Western Upland.s e. Lower Escarpment

b. Upper Escarpment d" Manitoba Lovl-a¡rds

1,Ie11 #2 is located, in the Manitoba lowlantls described as an

ttarea of d.eposition, in the forrn of an al-luvial fan. The ground.

snrface elevation at çell- #2 is 1256.8) feet, G.S. of C. Well #5,

however, is located Ín the Upper Escarpment.'r The ground surface

efevation at wel-1 #, is L9L2.8l feet, G.S. of C. A shallow excavation

verxr near velJ- #5 indicates that the wel-l- is pJ-aced. in a wea-bhered.,

highly fractured. cretaceous shale.

The continuous plot of soil- moisture d.eficit (Figure 11) vas

based. on variations in rainfal-l , Depth to Groundwater tabl-e ic 
"rel-l-

#5 Brrd the antecedent precipitation index. It is ncted. that soil-

moisture d.eficit appears to be a more sensitive indicator of the soil-

wetness in the vatershed. than the d.epth +-o groundvater table since

the groundvater table is not too sensi'bive to smal-I a:nounts of rainfal-l

vhich may get stored in the upper layers of soi1. The ,lep+-¡ to ground.-

vater tabl-e is a continuous recorded. val-ue, hovever, vhile the soil-

nois'bure cLeficit is an estimate vith individual d.aiJ-y vn]ues vhí-ch

may have large errors.

5"1+ Strean Hyd.rograph Sepa.r'ations

To enable the use of storm rainfal-l-stoüt ¡unoff correìation,
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the plotted streamfloir hyd.rographs were subdivided. into base fl-ol¡

and. direct runoff. Three method.s of base flov separations were in-

vestigated.

5.\.1 Arbitrary Separation

The base fJ-ow separation r¿as started. at beginning of hyd.ro-

graph rise and. a straight line was extenoed. to a point on the recession

l-ine vhich was estimated to be the end of ri.irect runoff (Appendices B

and. C ) . The selection of this end. point of direct runoff was based.

partial-ly on observati-on of the streamfl-ov hyd.rograph and. partialty

on a composite recession curve (¡'igure 3). Although consid.eration

was al-so given to use a constant number of days or hours from peak to

end of direct runoff, some of the small-er hydrographs d.id not seem to

permit such a constant use of time period. obtained. by multiplying the

d.rainage area to the 0.2 power as suggested. by Linsley, Kohler,

anrL Paulhus (fq¡B).

,.\,2 Barnes Method.

This method of base fJ-ow separation is discussed. in Section

\.f .e. Although Barnes (fq\Z) states in his rnethod t-hat streem hydru'graph

recessi-ons , when plotted. cn semi-log paper, give the sa¡e recess j-cn

constant, it vas not the case j-n this stu{y. Three s)(.qmp1es of base

fJ-ow separation us,ing Barnes Method are shown in Figure l+. A eonpJ-ete

listing of recession constants obtained from analysis cf the availabl-e

hyd.rographs is presented in Tabl-e \. There is a fairJ-y large range

in this recession ccnstant. Further analysis of the recessicn constant,



(taUtes 5 and 6), inAicates a relationship between the size of the

hydrograph peak and. the recession constant but no apparent relation-

ship betveen seasonal change and the recession constant as suggested

by Riggs (rg6¡), and Bruce and clark (1966).

5.)+.3 Chemical Method.

In this method, the base fl-ow component of the strea¡n d.ischarge

is computed using the d.ilution of SO4= concentration d.uring the storm

period. (Newbr:ry, Cherry, and. Cox, l-969). Ilne method. of obtaining

the chenical- d-ata is well d.escribed. by the authors. The relationship

used to compute the base flow component is presented belov.

. Qs,t = .= .å*Tr*" .t

where

Qgrt = discharge from long terrn groundvater storage

Cs rt = the concentration of the characteristic Íon in the
streamfl-ov (in this case SO4=)

Qs rt = the total stream d.ischarge

Cg rt = the concentration of the characteristic ion in the
groundwater derived. from the concentration before
and. after the storm runoff period

þ;arnples of the chemical nethod of hydrograph separation on

Wilson Creek Watershed in f96B may be observed. in Figure 5. 0n1y a

linited amount of data from chemical base flov separation (fa¡te f)

was available hovever for this stud.y' to use in a rainfall-runoff

relationship. A comparison between d.irect ruloff obtained' by the

chemical- base flor,¡ separacions and that obtained by the arbitrary base

flov separation proeedrrre is mad.e in Figure 6. This me+-hod. appears to

cut off too much direet rurroff d.ue to fai¡ly hi"gh base fJ-ov peaks.
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Upon observationrthe maximum ground.vater peak of 2OO cfs (prelininary

d.ata by Dr. J. Cherry, l..97O) for the l-969 June Streamflow hydrographt

appears to be rather high for a total streamflov peak of 700 cfs. To

ctreck on the possibiJ-i+-y of obtaining such a large groundwater fJ-ow,

a rel-ationship rras d.eteruined betveen grou¡.dvater l-evef at vefl- #5 anð.

strea¡flov during periods of zero rainfal-l. Since the rel-ationship

vas curvilinear (nigure 9) and vas based on l-ow flovs, it was diffÍcul-t

to make an estimate of maximum groundwater fl-ov. A plot of depth to

water table in vel-f #5 against base flow on 1og-1og paper appears to

provid.e a straight line rel-ationship (Fieure I0 ) and d.oes substantiate

the possibility of high groundvater flows.

If this relationship in Figure f0 was used to estimate b.." . 
_

flov, one other concept appears to be worth mentioning. The time of

the occurrence of the groundwater peak und.er the strearnflow hyd.ro-

graph coul-d. possibly be obtained. from the groundvater record.er chart

in well- #5. It woul-d- at least provid,e a better basis for sel-ection of

that tine, than just using an arbitrary point, such as the time of the

stream flow peak, the inflection point, or the change in recession. For

example, using storm hydrograph 6r-9-L and the d.epth to groundwater

relationship versus streamfl-ow in Figure J-0, the base flow peak of

1\.5 cfs occurs a'" \:OO 4.I4. Septenber 6, which appears to be a

reasonable iocation und.er the hyd.rograph (AppenC-ix C). Using Barnes

method, the discharge at that point in tine is l-3.1 cfs. For storm

6>-g-2, the base flow peak of 22.2 cfs would' cccur at \:00 A.M. on

Septenber' l-B (Append,ix C). Using Ba¡nes nethod, the base flov at

that +-i¡ae wouid be 19.2 cfs. As may be noteC, this method should. be



further investigated since it nay provid.e the complete baseflov dis-

eharge hydrograph or a comparÍson for the chemical- method. of base

flov separation.

i

5.1+.1+ Direct Runoff

As may be seen in Tabre 1, the nmount of direct nrnoff from

a storm d.epends on the technique. of base flow separation. Observation

of any one technleue shows variations in the a¡nount of direct-runoff

for sinilar amounts of rainfal-l-. The fol-Iowing section on correlations

will point out that the roajor factor causing this variation is the

antecedent basin moisture prior to each storm.

5.'
Due to the quick response of the basin

rainfall of smal-l- d.uration, as may be observed

it appeared. that a good storm rainfafl- - storn

be achieved at l.iilson Creek I,iatershed

Storm Rainfal-l--Storm Runoff Correlation Analysis

l{hen actual- storm rainfatl- - storu. runoff d.ata vas graphically

pì-otted, as shovn in Figure J, a fairly large scatter of points vas

observed. The best fit l-ine was obtained. from a least squares ' fog-

1og correl-ation analysis .

The large scatter of points ind.icates the effect that other

hyd.rologic factors have on this rel-ationship. The intent of this

study rras to pinpoint one of the major hyd.rologic factors or parameters

affecting this rel-ationship. To d.eterro-ine which base fl-or¿ separation

provides the best d.irect runoff data for use in storm rainfall- - storm

runoff relations, cci'relaiion coefficients for the relation r+ere

to sharp intense storm

in Appendices B and C,

nrnoff relationship nay
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d.etermined for Arbitrary Base Flov Separation Method. #1, Barnes Method.,

and. Arbitrary Base FJ-ow Separation Method. #2 (fa¡fe l). Lack of d.ata

prevented. use of the Chemical- Method. of Base Flov Separation to obtain

a correlation coefficient. Data from the Chemical Method. vas plotted.

with d.ata from the Arbitrary Separation #l- for comparison purposes

(¡'igure 6,). As may be observed., there is no trend of higher or lower

val-ues

In Arbitrary Metho d. #2, smal-l- val-ues of raínfaÌl at the

beginning of each rainstorm, and. vhich probably d.id. not contribute

to d.irect nrnoff , Ìrere el-iminated. Furthermore, two fairly distinct

successj-ve hydrographs resulting from closely spaced rainfal-l- were

separated as shovn in Appendix C, storms 6g-6-t ana 69-6-2. 
,

The best correlation coefficient o10.TA22 was obtained from

the storm runoff d.ata obtained. by Arbitrary Separation #I. A1l cor-

relation coefficients are shown at the bottom of Table l-. It is in-

teresting to note that the correlation coefficient was the l-ovest for

d.ata from Arbitrary Separation #2 whi-eh exclud.ed. some of the non r'¿noff

producing rainfall- and. split up complex hydrographs.

The correlation coefficient by Barnes Method. vas fairly close

to the Arbitrary Separation #1 correl-ation coefficient. The separation

by Barnes method. appears +'o cut off too much direct runoff. This nay

be due to placing the peak of the base flow under the peaÌ of the hyd.ro-

graph. It sho'¿ld probably be placed. a certain tine period past the

peak of the hydrograph.

Since the best correl-ation was obtained- from data by the

Arbitrary Separation #l, it vas decided. to use this d.ata in fu:'ther"

-l+5_



analysis. Several parameters vere considered in the investigation.

These vere season of the year, intensity and duration of rainfall,

aleal- d.istribution of rainf al-l , ancl the basin moisture prior to each

rainstorm.

The effect of change in season, vhich takes into account

vegetation and -"emperature changes, cn the rainfall-runoff relation vas

stud.ied. It vas noted. that the runoff in May and June is generally

larger than for Jufy, August, and September. Hovever, some inconsistencies

ìnply that other factors must affect the rainfall-runoff relationship.

Intensity, d.uration and. area.l extent of rainfall- vere observed.

separately on the rainfall-nmoff relationship but d.id. not show any

consistent trend. It is quite possible that if these pararneters were

considered. j-n connection vith other parâmeters in rnultiple or coaxiaL

comelation, they woul-d. be an aid. in obtaining a better estimate of

runoff.

The next paremeter considered. was the basin moisture prior to

each rainstorm. After d.ue consid.eration, it vas d.ecid.ed. to three

separaie ind.ices for the basin moisture. These three indices consisted

of an average basin soil moisture deficit, a groundwater index and an

anteced.ent precipitation index.

The soil- moistr¡re content estimates have been mad.e on Wilson

Creek Watershed. since 1963, fn the July, 1970 Report on Activities

in the Wil-son Creek Watei'shed., Thomlinscn states, "Al-though the uetlrod

does not prcvide a.ccurate values of the soif moisture content, it has

given reliable estimates in the last six seasons and has helped to
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expl-ain vhy some heavy rainstorms have prod.uced very littl-e runoff .rt

An example is al-so provided to indicate the effect of d.ifferent soif

moisture content on basin ru¡off ,ttthe )+O-iiour storn of August

5 to T,i]66 prod.uced )+.6 inches of rainfall, a maximr:m hourJ-y intensity

of 1, )+ inches and. a peak flow of 120 cubic feet per second. at the

Wilson Creek weir. The l+8-hour storm of June ?-5 to 27r 1969 prod.uced.

\.9 incnes of rainfal-l, a maximr:m hourl-y intensity of 0.7 inches and

a peak flov of 700 cubic feet per second. Although the tuo rainstorms

were similar there lras a great d.ifference in the runoff becapse of

the moisture content of the soil- before ihe storms. Soif noisture

tests before the storms ind.icated that the soil cou-ld. absorb more than

tr¡o inches in the 7966 st,orm and. only O.'(5 of an inch in the 1969 storm.t'

Using veekly estimates however d.oes not provid.e an accurate

value of soil moisture content just prior to the storm. In this thesis

it was d.ecid.ed. to estimate a continuous soil. moisture deficit, that is

what the soil- coul-d. absorb, using veekly soil- moisture content estimate

and a continuous rainfall hyd.rograph of rain gauge no. 10. Using this

nethod., the soil- moisture deficit prior to the August 1966 was 2.OO

and prior to June, a969 storm vas 0.73. The computed storm nrnoffs

using Arbitrary Base flov Separation #f vere .55)+ inches and. L.69O

inches respectively.

Possibly a better estimate of the continuous soii mois+-ure

d.eficit prior to each storm may have been obtained 1f the rainfall- at

gauge no. l-0 lras adjusted to the basin average.

llhen storm runoff vas piotted. against storn rainfall and the

est j-mated val-ues of soil- moisture d.eficit l¡ere markerl bc.side eaeh point,

(pigure 13), ttre effect of this pa:'a.nieter on the rainfal-l-ru¡off
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rel-ationship vas readily noticed,

Since these val-ues of soil moisture d.eficit were only estimates

it vas clecided to try other indices of soil- moisture in t¡u basin.

A plot of the rainfall-mnoff rel_ationship along with the

computed. anteced.ent precipitation vafùes is shovn in Figure 12.

The raÍnfall--runoff relationship vith the appropriate value

of depth to grormdvaber table index is showri in Figr:re 1)+.

Both the soil- moj_sture and. the d.epth to groundvater table

par¡meters appeared to indicate a possibility of establishing a farniJ-y

of curves on the rainfall-nrnoff relationship. Hr¡vever, since the

soil moj-sture d.eficit values vere estimated. with a possibility of

large eïrors in any one ind.ivid.ua-!- val-ue while the values of depth to

groundvater t¿ble vere actual preci.se observations obtained. from a

continuous groundvater recorder trace, it.was decid.ed to use the ground.-

water tabl-e parâmeter for further investigations.

After numeïous trial- and. error graphical plots on arithmetìc,

semi-log a^nd. log-1og paper, the best possible graphical plot by eye

jud.gment of rainfall--runoff vith the d.epth to groundvater tabre païa-

meter family of curves is shown in Figure 11.

As may be observed from this graph, the family of curves are

straight l-ines on 1og-log paper which means they may be interpreted. by

mathenatical means. Each straigh'b line nay be interpreted. by the Ðower

formrrla;

--by=¿LÃ

where "y" i" the d.epenrlent vaz'iable storm runoff , "*" is the independent

variabl-e storn rainfall- and tta.tt and ttbtt are ccnsiants.
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Proced"ure for d.eriving the mathe¡ratical formulas to represent

the famil-y of curves are described. in most mathenatical_ texts in-

clud.ing Brink (fg:l+). The najor steps along vith the val-ues of constants

ttatt and ttbtt for each foot of the d.epth to groundwater tabl-e parameter

are shom in Table 7.

To enable the use of this pover formu-l-a vith any val_ue of

d.epth to groirndr.rater table, it vas decid.ed. to relate the consta¡.ts "at'

and. ttbtt to this par¡meter. The relationship curves are d.ravn on arith-

metic and. log-tog plots shovn:'-n Figure Ì6. ft was hoped. that a

straight l-ine relationship may result on log-1og plot thus enabling a

mathenatical- rel-ationship. This relatj.onship turned out to be curvi-

l-inear and. thus either the graphical plot on log-ì-og or the one on

arithmetic paper may be used.

Using this graphical plot and the power formuJ-a computations

were performed. to estabfish a final family of curves rel-ationship showing

a ctlrve for each foot of depth of groundwater tab1e. The computed Cata

j-s shovn in Tabl-e I while the graphical representation may be cbserved.

on log-1og paper in Figure 1f and on arithmetic paper in Figure 18,

Computed data of storm runoff for each inùividual storm using

the d.erived. polrer foruula relationship are presented. in Tabl-e p and i:hus

may be compared to the observed storm mnoff on the seme table. Fig'.rre 19

shows the rel-ationship between computed. and observed. val-ues of storm

runoff. Although there is scatter in this refationship, and this is a

result cf not only possible errors in the observed runoff but also the

effect of o+,her hydrologic parameters, it does ind.icate a reasonable

correlation and. points or:t the tremendous effect that the depth to
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groundvater table parameter, as pn ind.ex of basin moisture, has on

the rainfall-nrnoff rel-ationship of the I'Iil_son Creek Watershed.

,"6 Unit Hydrosraph Analysis

Having a relationship betveen storn runoff and. storn rainfall-

onJ-y provid.es a value of the vok:me of storm runoff. To enabl_e the

forecast of the peak and time d.istribution of this storm n:noff an

attenpt vas,made to derive a unit hydrograph for Wil-son Creek Watershed.

In the sel-ection of storns to be used. in the unit hydrograph

stu-dy, the rainfal-l hyd.rographs were analyzed. for ease i-n sel-ecting the

hourly tine r:¡it correspond.ing to excess rainfall-, vhich is the runoff

producing rainfall-.

A1l- individ.ual computed. uriit hydrographs were transformed. to

a coruoon time uni'L of l+ Ïrours for the derivation of a standard. unit

hyd.rograph for the whole basin. The data for all- l+-hour r:nit hydro-

graphs is presented- in Append.ix E.

Due to the large variabil-ity in these l+-trour unit hydrographs

and. especially the nrmber of l-ines crossing each other in the rising

and. fal-ling linbs, only the peaks are presented. in Figure 20. This

graph shows a large variability in tine to peaks and. also in the size

of the peaks. A sunmary of the ind.ividuat storm l+*hour unit hyd.rograph

characteristics is presented in Table l-0.

The highest peaks,appeer to come fron unit hydrographs vith

very l-cw stomr runoff. rYost hydrolory texts suggest the computation

of

is

unit hyd.rog:raphs for l. inch cf storm mnoff or higher. If an error

present in the d.etermination of storm n¡noff, this error is highl-y
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nagnified. vhen a unit hydrograph is computed.. This appears to be

the case in or:r stuoy. The graph does show a tendency for a unit

hyd.rograph from lo',¡ stotn runoff to exhibit high pe.aks, as the top 5

peaks are from unit hyCrographs of l-ow runoff. Storm intensity and.

storn duration were observed but coul-d not pro'ride any better explana-

tion when considering al-l these unit hydrographs.

Since there are not too many storms on Wil-son Creek Watershed

vith 1 inch of ru¡off or higher it was d.ecided. to use the unit hydro-

graphs vith at least O.1O inches of runoff

Only 6 unit hydrographs comply to this l-initation. A graph of

these unit hyd.rograph i-s presented. in Figure 21, vhil-e the data per-

taining to these hyd.rographs is presented j-n Table l-l-. :

In attempting to achieve a unit hydrcgraph from these 6 storms,

several points were noticed. Although the peaks of the ind.ivid.ual

hyd.lographs ranged. betveen f85 anA 230 cfs ' the largest difference

appears to be in the time from start of d.irect storm nrnoff to the peak.

The tines ranged- from l-O hours for storm 6Z-5-t to 26 hours.tor 68-6-2.

By observation of such par¡meters as rainfall intensity, soil moisture

d.eficit prior to storu, d.epth to groundwater table and location of storm

centre it is apparent that no single par¡meter explains the differences

in times to peak. There appears to be a split into 2 groups - storms

6Z-1.-;-, 6Z-j-Z and 66-8-r in group 1 and storus 65-g-L, 68-6-Z ana 68-9-1 in

group 2.The tço four-hor:r unit hyd-.1.ographs based on the two groups

are shown in Figure 22. The apparent d.ifference nay be due to change

in season and to ma,xirnr.:m rainfall- intensity.

Storm hydrogra.ptrs 6Z-5-t ana 62-5-2 rise very fast to their
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peaks. This may be due to partially frozen ground. at that time causing

a quick ru¡off. The reverse is true to storms 6>-g-t, 68-6-2 ana

68-9-1" The ground. may be d.rier, there is a l-of, more vegetation to

slov dovn the runoff thus increasing the times to peak. For storm

66-8-f the high maximum intensity of O.B)+ inches/nour breaks dom the

seasonal slov d.own of vegetation and causes a fast rising limb of its

stom hydrograph.

Another observation can be made vhen comparing time to peak

a¡ct the pealts of U.H.?s. With the exception of 65-9-t, all other l+-

hour u¡rit hyd-rographs exhibited a higher peak discharge when the tine

to peak vas grea'ber.

A relationship was drawn between maxj-m:m rainfal-l intensiti ,

and the time to the \-hor¡r unit hyd,rograph peak and- may be observed in

Figure 23. A trend. is shovn but there appears to be some large scatter.

. Average intensities were also observed. for each storm and. the

ratio of maximum intensity üO average intensity.but these parameters

coul-d. not explain the cì.ifferences in the unit hyd.rographs '

Further stud.y is required. into the unit hydrograph of the

Wi]son Creek Watershed. to d.eteruine the factors vhich aff ect it.

5.T ÞU roarJ !{ lç¡ull_ç

Observation of storm rainfall data on Wil-son Creek l^Iatershed

indicates that rainfal-l- values are not uniform over the vatershed., vith

the higher rates and amo':nts generally occurring at the higher efevations

in the head,¿aters. These variations may affect both the storm runoff

volume and its time d.istribution.
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In the analysis of nrnoff, some inconsistencies vere observed

in the streamflow hyd.rograph recessions at lov fl-ovs. These may be

caused. by changes in control, as a result of sed.iment deposits upstrean

or on top of the veir, and. inaccuracies in recording of stage.

Three method.s of base flow separation vere testeù for deriving

d.irect storm runoff. The choice of method. does not seem to be of prine

importance as there is no consistent ind.ication of higher or lower .,àl-ues

by any one method.. The plot of direct runoff from arbitrary base fl-ol¡

separation and. total rainfall provid.ed. the best correlation coefficient

in the simple rainfall--runoff relationship. It is of Ínterest to note

that although the sharp, intense rainfal-l- resul-ts in a quick response

of runoff, there is still- a very large scatter of points on the simple

graphical correlati-on plot of rainfall-ru¡off (Figu-re T).. Using direct

storn-runoff from Barnes technique of base flor+ separatj-on, the rainfal-l--

runoff correlation coefficient was Just slightJ-y lower than that using

the arbitrary base fl-ow relationship. The worst correlation coefficient

was obtained from d.ata where small- nmounts of rainfall- was deleted.

before and. after each storu and. where several compÌex stree¡ hyd.rographs

were subd.ivided.

The large scatter of points on the simple rainfal-l-runoff relationshi-p

(figrire 7) in¿icated. the interrel-ationship of other parameters in this

process.

rel-ationship vas in-¡estigated. These paremeters vere seasonal changes

throughout ùhe year, intensiiy, duration, and. areal d.istribution of

The effect of several paraneters on this storm rainfall-runoff
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rainfal-l- and. basin moisture prior to each storm. lJith the exception

of the basin moisture parameter, d1 other parameters shor,¡ed- some

inconsistencies when plotted. ind.ividually on the rainfall-runoff

reJ-ationship.

Three indicators of basin moisture prior to rainstor:ms r¡rere

investigated -- an average basin moisture deficit, an anteced.ent

preeipitation index and a d.epth to groundvater tabl-e ind.ex. The

groundwater tabÌe in llel-l #5' was found to be the best indicator of

basín moisture. The soif moisture deficit obtained- from actual- moisture

measurements night have been a better parameter if it vas record.ed. on

a continuous basís sinee it appears to be more sensitive to rainfall.

An interesting aspect of the investigation of the basin moisture

using the depth to groundwater table in Well lí5 paraneter was the

achievement of a rel-ationship betveen this parameter and d.rXr weather

fJ-ow (Figure l-O). As a result of this rel-ationship, it appears that a

complete base ffov hydrograph may be derived. und.er the total streamflor¿

hyd.rograph since the groundvater vel-l is equipped. vith a contiuous

record.er chart. The d.iscussion in the latter part of Section 5.1+.3

indicates that this relationship uill provide a +.ime location for the

base flow peak that can be based on actual field data instead. of Just

using an arbitrary choice.

Having computed the values of d.epth to ground.r¿ater tabl-e in

WeaI #5, these values vere plotted. on the rainfafl--runoff rel-ationship

and a family of curves was derived. and is shom in Figure l-B on p&ge 56

of thÍs chapter. The graph in Figure 1p, showing the comparison of

observed runoff versus runoff computed frcrn the relationship in
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Figure l-8, indicates the trerrendously large effect of anteced.ent basin

moisture on the storn rainfal-l--runoff of l,iilson Creêk Watershed.

In order..to achieve a time distribution of storm runofi and pred.iction

of peak fl-ows an attempt l¡as made to derive a unit hydrograph for the

basin. The analysis of the derived. l+-hour unit hyd.rographs (Fisure 22)

ind.icates a variation in both the tine distribution of runoff and the

size of unit hyd.rograph peaks. Lack of d.ata from storns with values

of 1 inch of runoff or higher makes the resul-ts inconcl-usive and

further investigation is required into this aspect. The preliminary

results indicate a trend., however, in the relationship between maximr:m

rainfal-l- intensity and. the ti¡ne to the derived. )+-hour unit hydrograph

peaks. Other parameters vhich should. be l_ooked. into are change in

season ' soil moisture d.eficit prior to each storn, and areal- d.istribu-

tion of rainfal-l-.
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6.t Concl-usions

6.r.r rhe anteced.ent basin moisture condition just prior to storm

rainfal-l- appears to be the major paraneter affecting the rainfall

runoff process on the WiÌson Creek Watershed.

CONCLUSfONS AND RECOMIvE}IDATrONS

CHAPTER VI

6,1.2 The depth to the groundvater tabl-e in well #5 vas found to be

a more accurate ind-icator of the basin moistr.ire just prior to storm :

rainfall than the average soil moisture deficit as computed. fron fiel-d

moisture estimates.

6.1.3 The choice of tech¡ique of base flow separation d.oes not seem

to be significant for computing storm runoff vol-r¡mes. The storm run-

off d.ata from the arbitrary base flow separation technique was usetL

in the final- rainfal-l-runoff relationship.

6.f.\ An improvement in the base flolr separation technique may be

mad.e by using a d.erived. rel-ationship betr+een the continuous recording

charts of groundwater levels in vel-l- #5 and. dry veather fl-ow as it

provid.es the base flo'¿ peak dischar"ge and. its time location under the

stre¡mflov hydrograph.
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6J,5 The preliminary atteropt to derive a

basin ind.icates that the peak discharge and.

variable. Further investigations into this

the reconmendations.

6.2 Recommendations

6.2.1 To check on applicability of the rainfal-l--runoff relation to
other watershed.s on the Manitoba Escarpment, it is reconmended. that

groundwater wel-l-s be l-ocated- in the headwaters of 2 or 3 other watersheds,

to be used as indices of the basin moisture prior to each storm rain-
fa1l.

:

6.2.2 Since groundwater level-s at l{ell- #) appear to correlate fairly
reasonabl-e with base fl-ov, analysis shoul-d. be carried. out to determine

vhether the peak of the base flov vould. plot under a storm hydrograph.

This nay provide a quantitative nethod of locating the peak of base

flow on a consistent basis in each hyd.rograph analysis instead. of an

arbitrary choice.

6,2.3 The continuous recordi-ng chart of groirnd.water l-evel in r¡Iel-l #5

and. the rel-ationship curve between d.epth to groundwater l-evel versus

base flov should be investigated further to determine if ii could,

provide a continuous base flow hydrograph

unit hydrograph for the

its tine d.istribution is

pïocess is included. in

6.2.1+ Compar^e base flow peak location d.erived. from the relationship of
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base flow vith groundvater l-evel in r¡Iel-I #5 vith those d.etermined.

by chemical methods, Barnes method and. arbitrary methods.

6,2.> Method.s of measuring and computing soil- moisture on a continuous

basis shou-l-d. be improved. since soil- moisture is more sensitive to

rainfall than the groundwater tabl-e and if accurately d.etermined., could.

provid.e better d.ata for rainfa^l-1-runoff relations.

6.2.6 Consid.eration shoul-d. be given to using Thiessen polygon method

to basin soil moisttre computations since it gives weight to the areas

covereä by each point moisture observation than usí.ng an arithmetie avera,ge.

6.2.1 Stud.ies shoul-d be mad.e

areal distribution of rainfall

6.2.8 Effects of maximirm !,

on the rainfall- rwroff and. the

to d.etermine effects on runoff

6.2.g Brief analysis of rainfal-l-runoff shoul-d. possibly be made using

Wil-son Creek tributaries and their applicable areas to reduce the effect

of rainfall variability.

6.Z.tO Further stuoies are requi-red to determine factors affecting the

unit hyd.rograph peak flov and its time d.istribution.

6.Z.tt Strong efforts shourd. be made to measure flow on I,Jilson Creek

d.uring storms of high runoff vol-umes. This is extremely important for

the d.erivation of an accurate unit hydrograph for the basin.

to analyze effects of extremely uneven

the storn-runoff hydrograph.on

l0, 15, and 30 minute rainfall- intensities

unit hydrograph should be investigated-

vo,l-umes and peaks.
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6"Z.tp Interfiow separations were not incl-rrd.ed in this thesis. It

may be interesting in future stud.ies to compa,re interfl-ow from Barnes

separation and. by the Chemical Method. presentJ-y used. on Wil-son Creek.

6.2.73 -liew d.ata from reseai:ch watershed.s shoui-d be analyzed.

after 2 or 3 years of operation to check on ad.equacy of data and d.eter-

mine where improvements in d.ata coll-ection could. be made.

6.¿"t\ The performance of the Wil-son Creek neir, especially at low

flows, should. be analyzed. The stage-discharge rel-ationship and the

setting of the recorder chart by summer students shoufd also be

checked.. Possibly a recommendation shoul-d. be made that Water Survey

of Canada carry out these inves'bigations and that their personnel

visit this site on a monthly basis
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STORM STORI,I
RIJNOFF BY RUÀ¡OFF BY
ÀRBITRÀRY 8ÀRNES

SIORIq BÀSE !-I,OW MET¡IOD OF
STORM RAIN- SEPARA BÀSE TLOI.¡
EVENT FÀLL TION #]. SEPARATION

59-6-lA 1.46 .098 .090
59-6-18
59-9-L 2.70 .067 .064
59-9-2 2.25 .153 .I54

60-8-2 I.76 .004 .o02

6L-7-2 I.48 .006 .006

62-5-1 1. 08 .140 .123
62-5-2 ..3.45 .83s .937
62-8-L 1.49 .0s2 .0s1

63-6-1 0.97 .ltt .o92
63-6-2 2.55 .840 . s48
63-7-t 0.8s .0l-3 .oI2
63-8-1 0.86 .021 . oI7
63-9-1 0.89 .007 .004
63-9-2 I.29 .049 .032

64-6-1 1.05 .019 .017
64-6-2A r.7I .097
64-6-28
64-9-1 1.07 .004 .004
64-9-2 0.94 . 001 . ool

65-5-1 1. 7 3 - 425 .5 99
65-6-1 0.87 .008
65-7-2e3 I.77 .051 .038
65-7-2
6 s-7- 3
65-7-1 0. â7 .007 . u04
65-8-1 0 - 98 .01-4 .006
65-9-1 4.4L -469 .440
65-9-2 3.29 .799 .691

66-5-1A 1.61 .332 .236
66-5-tB
66-6-1 0.91 .040 .033
66-8-1 4.60 .5s4 .519

67-6-t 0. 99 .046 .o2o

68-6-1 1.69 .139
68-6-2 2.45 .327 .2g368-7-1 1.08 .033 .02768-7-2A 2.77 .245 .243
68-7-28
68-9-1 1.33 .I22 .082

69-5-1 1.59 .207
69-6-1À 4 .87 1. 6 90 1. 4 87
6 9-6- lts
69-6-2 I.47 1. 020 .91469-7-I I.44 .428 .42869-8-1 1.2I .020 . ol369-9-t 2. 1e . 066 . 03¡
On arithmetic plot

r= .7122 r=.?lO9
On log plot r = .68L0

STORI'I RAINFALL-STORM RUNOFF DATA,

TABLE

WILSON CREEK STORHS

STORM RUN- STORM
OFF BY TTIE RT'NOFF BY
CHEMICÀL ARBTTRÀRY
À{ETHOD OF FILTERED BÀSE FLOW
BASE FLOW STORM SEPAR¡,-
SEPARATION RÀTNFALL lTOÀI *2

0.70 .009
0.16 .089
I.63 .067
1.98 .r53

L.76 .004

1.48 .006

1.08 .140
3.2I .835
L.49 .052

0.91 .111
2.55 .840
0.76 .013
0. 86 .02I
0. 89 .007
L.22 .049

0.97 .019
0.8r .009
0.90 .088
0. 96 .004
0.94 .00I

1.01 .024
0.76 .027
0.87 .007
0.98 .014
4.47 .45 9
2.84 .799

1.17 .224
o.44 .r08
0.91 .040
4.27' .554

0.99 . 046

.162

.305 2.45 .327.040 L.08 .033.I77 L.7I . 06I
0.98 .184.095 1.00 . Lo3

1.59 .20.7I.479 L.72 .1s8
2.86 t.5321.162 L.47 l..o2o
1.44 .428
1.21 .020
1.91 .066

r = .6507

1.73
0. 87

.425

.008

_87



TABLE 2

SUMMARY DATA OF

COMPUTED BASIN MOISTURE INDICATORS

PRIOR TO EACH STORM ON l¡lILSON CREEK WATERSHED

STORM
EVENT

6s-5-r L.73
65-6-1 0.87
65-7-2&3 L.77
65-7-4 0. 87
65-8-1 0. 98
65-9-t 4.4r
65-9-2 3.29

66-5-1A 1.61
66-6-1 0.91
66-B-1 4.60

67-6-L 0.99

68-6-1 1.69
68-6-2 2.45
68-7-1 1.08
68-7-2A 2.77
68-9-1 1.33

69-s-1 1.59
69-6-1A 4.87
69-6-2 I.47
69-7-r r.44
6 9-8-1 r.2I
69-9-L 2.49

STORM
RAÏN-
FALL

196 s
STORM
RUNOFF BY
ARBITRARY
BASE FLOhT
SEPARATION

L969

ANTECEDENT BASIN
PRECIPTTA_ SOIL
TION I,IPISTURE

#1 INDEX DEFTCIT

.425

.008

.051

.007

.014

.469

.799

.332

.040

. s54

.046

.139

.327

.033

.245

.L22

.207
1.690
1.020

.428

.020

.066

1.85 0.40
0.20 0. 80
0.72 0.65
0.90 0.48
1.60 0
0.77 L.20
1.58 0.75

0.60 0.20
0.65 0.42
0.3s 2.00

0.2s 0. 40

0.30 0.34
0.43 0.10
1.11 0.20
0.65 1. 0s
0. 87 0. 35

0 "62 0.2s
0.13 0.73
3.10 0
2.65 0.15
0.28 L.27
0.25 2.40

DEPTH TO
GROUND
WATER TABLE
WELL #S

6.70
13.20
5.00

2.90
6.10

L2.65

5.50

5"60
6.70
5.45
7 .25
5.65

4.75
6. 10
2.00
2.50
7 .60

11. 70

-88-



CHANGES IN DEPTH

RESULTI NG

DEPTH TO WATER TABLE
BEFORE STORM

TO WATER TABLE IN THREE WELLS

FROM EACH RAIN STORM

MTNTMUM DEPTH TO VüATER
TABLE REACHED DUE TO STORM

I

@\o
I

EVENT

6 s-8-1
6 s-9-1
65-9-2

6 6 -5-1
66-6-L
6 6-B-1

67 ^6-L

6B-6-1
6B-6-2
6e-7 -r
6B-7 "2
6 B-9-1

6 9-5-1
69-6-r
69-6-2
69-7 -r
69-B-l
6 9-9-1

WELL
#1

3.4s
9.38
6.30

s.60
7 .45
9.30

7.55

6 .30
7 .60
7. 00
7. 15
5. 85

I .75
7.90
7.20
6.50
9. 05

10.60

WELL
l+2

5.60
6. 00
5.40

4.95
5.50
6.3s

6.20

6.05
6 .40
6.30
6.50
7 .r0

6.40
6.3s
3.65
3.65
4 .40
4.6s

ÌTELL
#s

6.70
13.20
5.00

2.95
6. 10

L2.65

5.50

5.60
6. B0
5. 45
'1 .25
5.65

4.75
6 .10
2.00
2.95
7.60

11.60

WELL
#1

0.55
6. 30
4.66

5.15
7 .43
8.20

7. s0

6. 00
6. B0
5. B0
6.30
5.55

7 .30
7 .20
6.50
6.00
9. 0s
9.35

WELL
+t

5.50
5.05
4.60

4.80
5.50
5 .70

6.20

5. 85
6. 15
6.30
6.35
6.90

6.30
3.55
3.52
3.55
4 .40
4 .45

V.]ELL
#s

6.25
2.50
1.35

1.95
6.05
2.7 0

5.40

4. 10
3.30
5.20
4 .10
4.30

3.25
1. B0
L.25
L.25
7 .40
4.35

RISE
#1

2.90
3.08
t.64

0 .45
0 .02
1. 10

0.05

0 .30
0.80
r.20
0. 85
0.30

1. 45
0.70
0.70
0.50
0. 00
L.25

RTSE
#2

0.10
0.95
0. B0

0.15
0.00
0.65

0.00

0.20
0.25
0.00
0.15
0.20

0.10
3.00
0. 13
0.10
0.00
0.20

RISE
#s

0.45
10.70
3.6s

1.00
0.05
9.95

0.10

1.50
3. s0
0.25
3.15
1. 35

1.50
4.30
0.75
1. 70
0.20
7.25



GROUNDWATER RECESSiON CONSTANTS FROM

BARNES METHOD OF BASEFLOI.'I SEPARATiON

GROUNDWATER
STORIVI E\rENT R-ECESSTO}T CONSTANT

TABLE 4

59-6-1
5 9-9-l
59-9-2

6 0-8-1
6 0-8-2

62-5-1
62-5^2

6 3-6-1
63-6-2
63-7-1
63-9-1
63-9-2

6 4-6-1

65-s-1
65-7-2&
65-7-4
6 5-8-1
6s-9-I
65-9^2

66-s-1
66-6-1
66-8-1

67-6-L

68-6-2
68-7-1
68-7-2
68-9-1

69-6-1

77
80
90

96
95

96
85

89
84
94
89
91

87

87
86
97
88
86
86

91
89
88

89

TOTAL

AVG. Kg

78
90
89
90

.88

25 .68

.89

-90-



TABLE 5

EFFECT OF SIZE OF STREAMFLO1¡I HYDROGRAPH PEAKS

ON THE GROUNDWATER RECESSION CONSTAIITS FROM

BARNES METHOD CF BASEFLOI^I SEPARATION

GROUNDWATER
RECESSION
CONSTANTS
(Ks )

RÄNGE

0-5

.96

.95

.89

.88

STZE OF PEAK IN

5-10 10-20

TOTALS 3.68

.94

.89

.91

.86

.97

Kg AVERAGE

CUBIC FEET

20-50

.80

.90

.96

.89

.91

.89

.90

.88

.77

.91

.89

.89

.90

without .77

PER SECOND

Above 100

.85

.84

.87

.86

.86

.88

.92

4.57

event Kg Avg. = .89

.91

4 .36

.87 *

7.13

.89

5 .16

.86
:

-01



, EFFECT OF CHANGE IN SEASONS

ON GROUNDTVATER RECESS iON COIISTANTS

FROM BARNES METHOD OF BASEFLOl^l SEPARATION

Groundwater
Recession
Constants
Kg

TABLE 6

TOTAIS

Kg AVERAGE

MONTHS
MAY

.96

.91

.85

.87

JUNE

.91

.89

.89

.89

.84

.78

.88

OF
JULY

Without .77

3.s9

THE

94
86
97
77
90
89
88

AUG.

.96

.95

.88

.89

.88

.90

6.08

YEAR

event Kg Average = .91.

SEPT.

.87

6.2r

89
91
80
90
90
86
86

J.
. gg ^

4.56

.91

6.12

.88

-02-



coMpurATIoN 0F C0NSTANTS "A" AND 
t'Btt

FoR sroRu RuNoFF EouATIoN Y =AXB
(rrurrrAL DATA TAKEN FRoM FIGURE ls )

STEP 1

1. 10
2.50

STEP 2

Obtaining 2
on log-1og

v2 y3

.57 4 .2L5
1.665 . Bg5

Taking logs

pts. from e.ach
plot.

y4 v5

.L24 .070s

.618 .430

succeeding foot

v6 y7

.0445 .0289

.320 .239

line of depth to

vB v9

.0190 .0137

.178 .140

water table parameter

y10 yl1 yI2 v13

.0092 .0066 .0048 .0034

.1065 .084 .066 .0525

I

\o
UJ

I

.041 r. ZS9 T.332

.398 .22r T.g¡tl

STEP 3 To determine constant

of each of the above 2 points

ï.oq: 7.aql 2.64s 7.qøt
T.tgt T.øtq T. sos T. ¡ze

T.ztg
f.zso

7.tzt
ï. r¿ø

3.964
1. ozt

3.820
T.gza

Y2 (2)

3.681
7.ezo

Y2 (1)

3.532
2 -tzo

bI3b9b8b4b3b2

rrbrr from slope of line

bs b6 b7

on log-1og plot rlbrr =

bl0
X2.XI

btl bl'z

L.296 1.723 1.960

To determine rrA' in
A2 A3 A4

2.400 2. s70

Y=bx+A
A6 A7

2.200

equation
A5

2.720

where Y =
AB

2.830

log y;
A9

2.980

X-fog
A10

2.r0 0 3. 195 3. 335

STEP 4

STEP 5

xi A.- log a

All At2 A13

f. zo¿

To

a2

ï. zor

determine
a3

7.eaz

al0

=.agzr.orr 2.7s9 2.550 2.355 2.168 2.02r 3. s49 3. 393

all aL2 al3a9aB

ll^llct

a4

take antilogs of
a5 a6 a7

.5058 .7.824 .L026 .057 4 .0355 .0227 .0r47 .0105 .00695 .0049 .0035 .0025



I

\c

f

TABLE B

COMPUTATIONS PERFORMED TO SET UP FINAL FAMILY OF CURVES OF

DEPTH TO WATER TABLE PARAMETER

STEP 1 Obtain corrected rrbrr from rrblr versus depth to water table parameter relation.
b2 b3 b4 b5 b6 b7 bB b9 b10 blI b\2 bt3

L.296 I.720 1.970 2.200 2.400 2.570 2.720 2.850 2.980 3.100 3.2r5 3.32s

STEP 2 Obtain corrected rra, from I'arr versus depth to water table parameter relation.
a2 a3 a4 a5 a6 a7 aB a9 a10 all aI2 a13

.5000 .1850 .L026 .0570 .0350 . 0227 .0147 .0105 .00695 .0049 .0035 .0025

STEP 3 lluItiply each x by appropriate power b.
_,b2 b3 b4 bs b6 b7 b8 b9 b10 -b11 bl-z b13x x x x x x x x-- x--- x- - x- x- x

1.10 1.r32 I.L7I 1.206 1.233 r.257 L.278 I.296 1.312 r.328 1.344 1.359 1.373
2.50 3.280 4.840 6.090 7.510 9.000 10.530 12.100 13.600 15.350 17.150 19.000 21.000

STEP 4 l4ultipty xb Uy appropriate constant rra'to obtain I'yrl for final graphical plot.
x y2 y3 y4 y5 y6 y7 yB y9 y10 yII yI2 y13

1.10 .567 .2r8 .L24 .0704 .0440 . 0290 .0191 .0138 .0092 .0066 .0048 .0034
2.50 L.640 .897 .624 .428 .3160 .239 .L78 .143 .1070 ,0839 .066s .0525



TABLE 9

COMPUTED STORM RUNOFF FROM DEPTH TO WATER TABLE

IN WELL #5 PARAMETER AND THE EOUATION Y = AXb

EVENT

6s-8-1
65-9-1
65-9-2

66-5-1A
66-6-I
66-B-1

67-6-L

6 B*6-1
6B-6-2
6 B-7 -1
6B-7 -2A
6 8-9-1

6 9-5-1
69-6-1A
69-.6-2
69-7-r
6 9-B-r
69-9-L

DEPTH TO
VTATER
TABLE
WELL #5

6.70
13.20
5. 00

2.90
6.10

L2 .65

5.50

5.60
6.70
s. 45
7 .2s
5.65

4.75
6. 10
2. 00
2.50
7.60

11.70

2.52
3 " 34
2.20

I.67 5
2.42
3.28

2.3L

2.32
2.52
2.29
2.60
2.33

2.15
2.42
1.30
1. 55
2.66
3. 18

0.950
13B. O

L3.7

2.24
0.797

ls0.0

0 .977

3.38
9.55
1.193

14 .16
r.9 4

2.7L
46.0
1.651
I.7 60
1.660

18.20

CONSTANT
[-il

cL

.027

.0025

.057

.198

.034

.0028

.04s0

.0420

.027

.047 0

.0215

.0415

.069

.034

.500

.262

.0185

.0040

RATN
CONSTANT STOR}{

,'bil x )<þ

COMPUTED
STORM OBSERVED
RUNOFF RUNOFF
Y= axb

.026

.346

.7Bt

.444

.027

.420

.044

.L42

.258

.056

.305

.081

.187
r.562

.826

.460

.033

.07 3

r = .9882

I

\o\¡
I

0.98
4.4r
3.29

1. 61
0.91
4.60

0.99

L.69
2.45
1. 08
2.77
1. 33

1. 59
4 .87
L.47
L. 44
L.2T
2.49

. 014

.469

.7 99

.332

.040

.554

.046

. 139

.327

.033

.245

.L22

.207
1.690
1.020

.42"8

.020

.066



vt

-1

-1

-2

-1

-2

-2

-I

-1

-1

-1

-1

-¿

-1

SUMMARY OF

INDIVIDUAL 4 HR. U,H, CHARACTERISTICS

STORM
RUNOFF

(in. ¡

.0670

.1398

.8350

.0206

.0488

.024I

.0145

.4685

.0404

.5536

.0462

.3265

.L223

TABLE 10

TIME
BASE

(hrs. )

45

7L

L25

60

67

56

79

96

61

94

92

82

91

TTME TO
PEAK

(hrs. )

7

t0

11

I
10

L4

18

19

I
L2

L2

26

to

4 HOUR
U. H.
PEAK

(cfs)

372

185

189

335

235

274

209

230

346

202

t73

225

203

tlAX.
R.F.
rNT.

(inlhr )

.67

.44

.38

.74

.69

.70

.50

.41

.BB

.84

.?1

.36

.r3

-96-



q HOUR UNIÏ HYDROGRAPH CHARACTERISTICS FROM

STORMS HAVING DIRECT RUNOFF OVER O,10 INCHES

STORM

4 HR.
U. H.
PEAK

MAX.
R.F.
INT.
(ín/

hr)

.44

.38

.4I

.84

.36

.13

(in. ) (hrs. ¡ (hrs. ) (cfs)

STORM
RUNOFF

.1398

.8350

.4685

.s536

.3265

.L223

Avg. peak

Avg. base

Avg. tjme

TÏME
TIME TO
BASE PEAK

202 oF
PEAK ON
RTSTNG
LÏMB

(cfs)

37

38

46

40

45

4T

TIME
)

PEAK Q
TO PEAK

TÏME FROM
PEAK TO
.2 PEAK Q
ON FALLTNG
LÏMB

(hrs. )

6

I

I

5

18

9

q¿
Avq.2 2

= t hrs.

(hrs. )

50

36

35

43

26

36

_ 226/{Vg.= _T

= 38 hours

I

\o.-l
I

62-5-L

62-5-2

6 s -9-1

66-B-1

68-6-2

6I-9-1

7L

I25

96

94

82

91

10

11

19

T2

26

20

18s

189

230

202

225

203

= 206 cfsL234
6

559

to peak =

93 hours

L6 hours

6

9B
=6
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HOURLY STOR}I RA]NFALL AND STREAMFLOI\'
I1IILSOI.I CREEK I{ATERSHED

EVENT DATE

59-6-l June 26 2+

June 27 1

2

3''
4

5

6

7
B

9

10
11

JE

13

I+
t5
16

u
1B

1g

20

2L

22

23

2+

Jr¡¡e 28 L
2

3

4

5

6

7

B

I

L959-L969
TIDIE
(Htts. )

DATA

R.F"
(in. )

a
(cfs. )

.41

.41

.41

.+9

.83
1. lo
L.2T
1.39
r.59
1. BO

6.7
1.5
6.7
6.4
1. BO

1.73
1.66
r.59
1.53
r" 46

1.39
1.33
1.33
1.33
r.33
1.33
L.2T
r.27
1,27
1.46
1.73
1. B0

6.+
7.'

.01

.05

.36

.23

.o3

.02

.00

.00

.01

.03

.o0

.00

.01

.06

.19

.07
,08
.02
.03

-Ã2-



EVENT DATE

59-6-I J'¿ne 28
(cont'd )

TIME
(¡ru. )

10
11
t2
13

L4

L5

16

L7
18

1g
20

2t
22

23

24

6

L2

1B

2+

12

24
L2

2+

T2

R. F.
(in. )

.02

.01

.01

.04

.04

.03

.03

.02

.03

.03
l-.46

a
(cf s. )

8.7
9,5

LO. 5

11.5
13. O

13"o
15.O

u.0
17.0
Lg.2
Lg.2
rg.2
19. 2

u,o
r7.0
13.O
10.5
8.5
6.1
1.39
L.22
1.04

.93

.83

.06

.08

.08

.13

.13

.11

.o8

.07

.o7

.07

.07

Jrrne 29

June 30

July 1

July 2

Sept. 1.59-9-L 9.

10

11
12

13

14
15

r-6

t7
18

19

.03

.10

.05

.28

.17

.04
too
.a2
.00
.0I
.00

_43_



EVENT DATE

5g-9-l SePt.]-
(cont I d )

TIIIE
(trrs. )

20

2T

22

23

2+

1
2

3

+

5

6

7
B

9

10

I1
12

13
L+

t5
t6
u
1B

1g

20

2L
22

23
24

1
2

3

4

5

6

-¡.\-

Sept.2

R. F.
(tn. )

a
(efs. )
.20
.20
.18
.15
.11

.o0

.o8

.10

.11

.06

.02

.oo

ll

ü

ll

.1I

.13

.L5

.24

.26

.3?

.37

.33

.26

.20

.18

.L5

.63
1.46
B:7

IB.5
2r;5
25.5
25.'
25.5
t3. :

.00

.03

.67

.03

.L-l

.23

.07

.03

.o9

.a7

.03

"04
.02
.04
.04

Sept. l

15,8



EYENT

59-9-r
(cont'd )

DATE

Sept 
" J

TTTVTE
(trr". )

7
I
9

10

12

1B

2+

12

24

12

24

12

t7
1B

19
20
2t
22

23

2+

1
2

3

+

5

6

7
I
9

10

11
t2
13
14

-a,i-

R. F.
(in. )

.02

.02

.02

. oo--

2.70

Sept.4

Sept. 5

Sept.6

59-9-2 Sept.2l

a
(cfs. )

11. O

6"6
3.1
l.z2
1.04

.93

.83

.69

.06

.06

.08

.08

.oB

.83
1.33
7.5

22.I
29.L
29.r
27 .3
27 ,3
27.3
29.r
27.3
27 .3
27.3
25.5
25.5

25.5
2t.5

Sept.26

.05

.2r

.27

.lB

.L2

.16

.10

.08

.07

.12

.15

.04

.02

.04

.01_

.05

.03

.o4

.06

.04

.07

.06



EljrnNT

59-9-2
(cont'd )

DATE

Sept.26

TIIVIE
(Lr". )

L5

L6

t7
1B

1g
20

2T

22

23

2+

3

+

5

6

7
B

L2
t5
16

T7

1B

1g
20

22

23

2+

+

5

6

7
t2
13
L4

T5

16

t7
1B
-a6-

R..L¡.
(ln. )

.0L

.oo

.00

. ol_

.00

.oo

.02

.oo

.oo

.03

.oo

.o0

.01

.oo

.01

.00

.00

.01

.00

.o0

.04

.01-

.00

.00

.00

.o3

.02

.01

.01

.03

Sept. 2J

a
(cfs. )

27.3
lr

t:

ll

27.3
25.5
23. B

22.L
20. 3

Sept.2B

10.5

1. B0

r.66



Event

59-9-2
( Cont 'd )

Di\TE

Sept.28

TNVIN
(trru. )

1g
20

2I

60-7-1

Sept.2t

Sept.30

Ju].y l-4

R. F.
(in. )

.02

.01

" o_q

2.25
2+

t2
2+

a2

v
(cfs. )

JuJ"y 1l

2t
22

23

24

I
2

3

+

5

6

7

1" 73
1.66
l. +6

1.33

2.7
¡t

il

n

il

n

2.7
2.8
2.9
2.9
3.0

3.O
il

.00

.23

.38

.00

.00

.oo

.o0

. l-1

.01

.01

.04

.78
I
9

12

1B

2+

T2

2+

12

24

12
2L

24

6

2+

Ju1y 16

JuJ.y 17

JuJ-y 18

July 19

3.0
2.9
2.9
2.9
2.9
2.8
2.8
2.8
2.9
2.9

-AT-



EVEi{T

60-B-1

DATE

Aug.7

TIME
(rrrs. )

B

9

10
11
L2

13

14

T5

16

L7
1B

19
20
2t
22

R. F.
(in. )

.07

.20

.08

.06

.13

.!2

.10

.10

.11

.14

.19

.3I

.14

.03

1.?B

r^ì

(cfs" )

2"6
2.7
2.9
3.2
3.3
3.+
3"5
3.'
3.'
3.5
3.6
3.7
3.8
3.8
3.9

Aug" B

24

I
7
I
9

10

11
T2

13

L4

t5
2L

22

2+

12

2+

12

24

12
24

-A8

3.9
3.9
3.9
3.8
3.8
3.7
3.7
3.7
3.7
J.þ
3.5
3.5
3.4
3.4
3.3
3.1
3.o
3.o
2.9
2.8

Aug.9

Aug. l0

Aug. 11



EVENT

60-B-2

DATE

Aug.16

lltliE
(ht".
10
11

12

13

t+
t5

R. F.
(in. )

"15
.59
.76
.18
.oB
.00

r.76

a
(cfs. )

2T

22

23

24

1

2

3

4

5

11
12

13

14

t5
t6
17
1B

2+

12

2+

12
2+

12

13

14

T5

16

T7

-49-

Aug. 17

2.8
2.8
2.9
2.9
3.1
3.2
3.4
3.7
3"8
3.8
3.7
3.7
3.7
3.7
3.6
3.6
3.6
3.5

3.4
3.2
3.2
3.1
3.0

2.7
2.7
2.7
2.'l
2.7

Aug.18

Aug.19

Aug.20

Lug"256o-B-3 .08
.16
.L7
.19
.22



ETENT

60-8-3
( cont' d)

DÄTE

L:ag,2J

TIME
(rrrs. )

]8
tg
20

2t

A'ug.26

Lug.2J

Aug.28

A.ug.2)

R. F.
(in. )

.10

.07

.02

-oo
1.01

2+

24

6

1B

L2

2+

12

24

T2

lt

(cf s. )

2.9
2.9
2.9
3.0

6t-7-2

Aug.30

JuIy 17

3.O
3.O
2.9
2.9
2.9
2.8
2.7
2.L
1.9

o].

1.1
.3
.2

.2
6.3
6.3
5.5
4.0
3.0
2.3
2.O
I.4
1.1
1.O

.B

.7

.5

.3

19
20

2T

22

July 1B

.77

.53

.17

.01
1.48

23

24

1

2

3

+

5

6

7
I
9

10

l-1
t2
13

-A]-C-



EVENT DATE

6l-7-2 Ju]-y 18
,( cont 'd.)

JUIY 19

62-r-t May 17

TIMN
(trru. )

1+

t5
T6

t7
24

24

R. F.
(in. )

a
( cfs.
n2

.2

'2
.L
.1
.1

I.2
L.2
2.5
4.0
6.3
7.'

L6 .5
22.o
27 .O

27 .5
27.5
26.O
26.O
25.O
23 ç5
23"ü
22.A
20.0
19.o
18.O
17. O

17.O
l.6.5
].5.5
L+.5
14. O

14.0
13.O

B

9

10

11

12

13

t+
15

16

.03

.05

.40

.4+

.05

.oB

.02

.o1

.00
1.OB

L7
2T

22

23

2+

1
2

3

4

5

6

7

I
9

10

1I
T2

1B

:n

May 18

At_l -



EVENT DATE

62-5^I May IB
(cont I d)

TI'riE
(tt"=. )

20

2I
22

23

2+

6

T2

1B

2+

6

12

1B

6

12

May 19

R. F.
(i''. )

May 20

Mgy 21

a
( cfs. )

13"O
13.0
13.0
L2.9
l-2.g
12.7
11.8
9.8
8.5
+.5
4.5
+.3
+.3
6.2

62-5-2 May 28

May 22

t2
16

T7

1B

1g
22
23

24

1

9

10

11

12

13

14

t5
16

L7

1B

1g

20

May 29

.00

.05

.03

.00

.O4

.01

.01

.04

.02

.o7

.02

.o1

.03

.02

.18

.16

.25

.13

.37

.3'l

.B

.8
il

ll

ll

ll

t¡

il

il

il

n

ll

ll

ll

ll

ll

.B

.9

.g
l-.0
2"2

- Ãr2



EVENT DATE

62-5-2 Hay 2!
(cont'd )

ru,ún
(irrs, )

2L

22

23

2+

t_

2

3

+

5

6

7
B

9

10

11

12

l-3

I4
t5
16

t7
1B

1g
20

2t
22

23

2+

6

9

10

11

12

14

t7

1B
-413-

May 30

R.F
(in. )

.38

.27

.25

.16

.05

.o8

.06

.05

.03

.06

.03

.04

.02

.03

.01

.02

.02

.00

a
(cfs. )

6.o
27.8
40.6
63.'
Bg. o

L09.o
f35.3
r+7 .2
r55.O
]-5g. B

r57.6
155.O
l+7 .2
r42.5
]-37.6
130.7
126.o
I2l-.5
IL5.2
109.O
103.2

97.3
90.5
85.6
80. T

76.5
70.3
67. B

57.3May 31

.02

.o1

.o]-

.01

.o1

.01

.01_
3.45

+3.9

35.7



EVENT

62-5-2
(conl d)

DATE

M*y 3t
June 1

Tn[n
(rrrs. )

2+

6

12

18
2+

12

2+

T2

2+

12
24

12

24

L2
'2+

T2

24

12

2+

2+

24
24

Ju¡e 2

Jr-ure 3

Ju¡re +

Ju¡e 5

June 6

Ju¡re 7

Ju¡,e B

R. F.
(in. )

a(cfs. )

32.1
29"4
27 .O

23.0
Lg.4
L'l "+
].4.6
12.2
10.7
8.2
6.8
5.2
3.8
3.O
2.7
2.2
1.8
1.6
!.2
1.0
o.9
o.9

62-B-L

Ju¡e
Ju¡.e
June

9

10

11

.Lug.22

Aug.2J

23

2+

1
2

3

+

5

6

7

B

9

10

.28

.l+

.01

.01

.09

.30

.2L

.13

.07

.06

.o1

.o5

1.2
T,2
ll

It

L.2
2.r
4.3
6.3
6.3

]1. B

f,2.7
l.3.5

- Al-)+ -



EVENT

62-B-r
(conttd )

l)À'In

Aug.2l

TIME
(hru.
11

12

R. trr.
(it. )

.o9

.04
r. +g

r.3

14

19
20

22

23

2+

6

12

1B

24

12

2+

12

Lug.2Q

a
( cfs.
13.5
13.5

l,2.7
12.2
12.2
1L. B
11. B

g.B

9.8
5.5
3.6
2.+
2.4
1.6
)-.2
r.2

7.6
il

ll

:,

¡t

7.6
10.0

il

10.0
l'2.6
l.2.6
15.6

18. g

22.5
26,+
26 .4

63-6-1

L'u"g.2J

Ãug.26

Juae 3 10

12

13

2I
22
23
2L

1
2

3

4

5

6

Ju¡e +

. 01-

.01

.o+

.07

.06

.01

.01
,10
.16
.19
.07
.13
.09

I
12

13

t4

.97

415 -



EVENT

63-6-1
(cont'd )

DATE

June 4

.IIL''E
(n"". )

t5
16

1B

24

6

12

1B

2+
2+

6

12

1B

2+

12

w
T6

t7
1B

1g
20

2t
22

23

2+

I
2

3

+

5

6

7

I
9

10

11

- ¡,16 -

June 5

R.F.
(in. )

June
June

June B

63-6-2 June 9

6

7

a
( cfs.
30.7
26.+

.26.4
22.5
18. g

l-5.6
L5.6
l'2.6
l'2.6
12.6
10. o.

10. o

l'O
7.6

5.7
5.'l
-1.6

7.6
10. o
l..2.6
18. g

26.+
40. o

55.5
7 +.5
96. B

w.+
r+7 .5
187.0
2]B.O

ll

il

n

tt

218.0

.00

.ol

.3+

.33

.28

.14

.!2

.09

.14

.08

.20

.28

.17

.11

.07

.05

.04

"02
.02
.02
.02

June 10



EVENT DATE

63-6-2 June 10
(cont'd)

TIT{E
(nru. )

L2

13

t4
L5

t6
L7

1B

R.. F.
( i.r. )

.01

June 11

a
(cfs. )
2O2. +
2O2.+

187.O
173,0
173.0
158. O

L48.2

2t
2+

3

6

7

12

2+

L2

13

63-?-]- JulY 6

Jr-r-:ee 12

139. o
]..2l-.4

Bg. o

6L.5
50.o
50.0
++.9
40.0
40.0

4.3
5.7
t¡

10
11

12

18

1g
20

2I
22

23

2+

I
2

.03

.o3

.03

.02

.01

.03

.02

.L7

.24

.1/-

.03

.02

.85

July 7

n

n

3

4

5

6

7

L2:,

::

lt

5.7
'1 .6
7.6

'1 .6
10.0
lo. o
10.0
10. o

'7.6- A1?



EVENT

63-B-1

DÀTE

Aug. B

TIlltr
(nrs. )

0

1
2

3

4

5

6

7
I
9

R. F.
(itr. )

.7O

.04

.03

.o3

a
(cfs. )

.7

.g
1.3
3.0
5.7
7.6
'l .6
7.6
7.6
'1 .6

5.7
4.3
4.3
3.0
3.0
1.5
1.3
1.1
1.1

a'l
o

o

o

1.1
J.1
1.3
I.,
2.3
2.3
3.O

3.0
2.3

1.5

.02

.02

.02

12

T5

1B

2I
24

12
2+

L2
2+

Aug.9

Aug.10

63-9-1

.86

Sept.11 3

4

5

6

7

B

9

10

1r
L2

13

.03

.06

.06

.04

.05

.20

.1,

.13

.12

.04

. 01_

.89
t7
1B

24

- ¿,rB



E!-ENT DATE

63-9-l Sept.12
(cont'd)

TI},M
(Ïrrs.

6
L2

1B

2+

12

24

63-9-2 Sept.16

Sept. l.J

R. F.
(in. )

a
(cfs. )
1.3
1.1
1.1
1.1

o

o

.g
o

o

.9
o

1.3
2.3
4.3
7.6

10.0
l..2.6

l.2.6

r2.6
l_0.0
10. o

7.6
5.7
4.3
4.3
3.O
3.O
3.O

16

L7

1B

19
20
2I
22

23

2+

1
2

3

.05

.00

.01

.00

.01

.69
,28
..00
.!2
.fI
.02
.o0

r.29

Sept,17

6

9

T2

1B

2+

12

2+

12

24

T2

Sept. lB

Sept.19

Sept.20

-419-



a(cfs.
].LO

ll

ll

ll

il

lt

il

ll

ll

ll

ll

ll

ll

n

il

lt

ll

il

lt

It

n

ll
ll

tl

|l

ll

ll

r
ll

n

ll

il

11.
L5.

ll

ll

il

L

R. F.
(in. )

.oo
il

ll

tl

il

.01
n

.oo

.01

.00
il

It

ll

tl

ll

il

il

il

lt

.lt

.01

:89
.02
.00
"lf'

It

fl'

,ll'

rf

tl

ll

il.

¡l

'ü

lt

.)
rutn
brs
T3

T4

L5

T6

t7
1B

1g
20

2I
22

23

24

1
2

3

4

5

6

7
B

9

+9
12

13

14
15

r-6

T7

1B

1g
20
2L
22

23

24

I
2

T
(

DATE

May I

EVENl

64-5-L

May 2

o

5

A20 -

May 3



EVENT

64-5-/
(c onl'd)

DAlE

tloy 3

TTME
(nrs. )

3

4

5

6

7

I
9

10

11
12

13
14

15

t6
LT

1B

Lg
20

2L
22

23

2+

2

+

6

L2

18
24

6

12

1B

2+

6

L2

1B
2+

- À21

R. F.
(in. )

.00

.01

.07

.o+

.00

"01
.12
.19
.09
.04
.04
.o0
,o0
.oo
.00
.00
.05
.18
.16
.12
.oo

1.20

a
(cfs )

l5.5
ll

n

20.0
t¡

il

1t

il

¡t

n

26.O
n

n

fl

r

32. O

ll

n

n

n

39.5

47 .O

6+.O
64.O

73.0
64.O
55.Q

il

ll

n

il

il

64.0
64.0
64.0
64.o

May 4

May 5

May 6



EVENT

64-6-L

DAlE

June
June

l-I
L2

TIME
(¡rs" )

2+

I
¿

3

4

5

6

7
I
9

10
11

T2

R. F.
(in. )

.0L

.02

.11-

.19

.26

.L+

.L5

.08

.01

.00

.00

.o0

.oB

a
(cfs. )

0.6
o.6
0.6
0"6
r.2
r.2
2.O

3.O
3.0
6.o
6.0
6.o
6.o

4.4
3.O
3.0
2.O
2.O
7-.2

r.2
o.6
o.6
0.6

June 13

Jr¡¡e 14

Ju¡e I5
June 16

a5
1B

2I
2+

L2

24

12

2+

12

T7

LB

19

20

2I
22

23

2+

1
2

3

4

5

6

6+-6-2

l.05

Jr¡¡.e 17

.00

.00

.01

.02

.00

.01

.00

.00

.00

.o8

.09

.01

- A22

0.6

.07

.07
0.6
L.2



XVENT

64- é- 2
(c o nf 'd)

DATE

June /7

T]ME
(hr". )

7

B

9

10
11

L2

13

14

t5
16

t7
1B

19

20

2L

22

23

2+

1
2

3

4

5

6

7
B

9

10

11

t2
13

14
t5
16

t7
rB
rg
20 - A23

R. F.
(io. )

.02

.08

.06

.02

.o].

.o0

.00

.01_

.0L

.00

.00

.o0

. ol_

.o0

.02

.03

.o3

.00

.00

.00

.01

.05

.02

.04

.03

.00
'tt

::

ll

lt

::

lf

.o0

.oL

.03

"06

O
(crs. )
1.2
n

¡l

rt

.lt'

2.O
ll

n

ll

il

ll

ll

n

ll

lt

il

il

2.Q
il

ll

il

ll

il

il

lt

il

il

ll

n

2.O
il

il

ll

il

tl

2.O
n

ll

June 18



EVENT DATE

64-6-2 iune /B
(c on/'d)

rnm
(Yrr=. )
2T

22

23

2+

1
2

3

+

5

6

7

Ju:re 19

R. F.
(io. )

.01

.05

.02

.03

.1r

.L2

"r7
.17
.oB
.03
,01

l"j1T

a
(cfs. )

:"o
tl

il

tl

3. O.

4"+
u

6.O
8.4

11.4
11. 4
11.4
8.4
8.4
6,O
6.O

4.+
+.+
3.O

.15

Ju¡¡e 20

1t
L+

2+

6

12
18
24

L2

2+

T2

June 2L

June 22

Sept.16+-9-T 2

3

4

5

6

7
B

9

IO
1t
L2

13

14
1.5

.00
*o0
.00
.oo
.01
.oo
.00
.01
.02

;oo
ll

- tz)+

tl

.fl

.15



EVENT

64-e-/
(c rn/'d)

DATE

Sepl /

TIME
(nr". )

16

T7

1B

r9
20

2T

22

23

24

1
2

3

+

5

6

7
B

9

10
11

12

13

14

t,
16

t7
1B

1g
20

2I
22

23

24

T2

2+
- 425

R.F"
(in. )

.00

.00

.00

.o0

"02
.01
.00
.01
.00
.00
.o0
.00
.00
,01
.02
.00
.00
.00
.OO

.00

.00

.88

.08
1. O?

Sept.2

0
(cfs" )

.L5

.15

.15

Sept.3

.15

.50
1.60
9.75
1.6o
r.2i
1.00

.70
.50
.30
.30
.L5



ElTENT

64-9-2

DATE

Sept.22

lIME
(rrr". )

16

t7
1B
10

20

2T

22

23

24

1

R. F.
(i-t. )

.00

.L+

.12

.19

.22

.16

.08

.03

.00

.g+
Sept.2l

a
( cfs. )

.15

.15

65-5-L lllay 5

6

T2

24

16

T7

1B

1g
20
2I
22

23

24

I
2

3

4

5

6

7
I
9

10
1f
a2

13
T4
t5

.15

.O'l

.08

.L5

.l'l

.O'l

.02

.01

.03

.04

.06

.20

.14

.07

.06

.12

.04

.05

.01

.00

.01

.00

.10
^ ^, .06AZO -

.30

.15

.15
+t.45
38.40
33. 90

32. +5

32.45
36. BO

39 .95
+6.2O
+6.2O
+7.75
54.25

57.50
62'7a
7L.75
92.go

lo5.T5
1f3.00
116, 85

l.22.80
126.5O
116. 85

111.10
lo5.75

98.35

May 6



EVENT

65- 5-/
(c onl'¿)

DATE

,ulay 6

TiME
(rrrs. )

16

L7

1B

1g

20

2T

22

23
24

I
2

3

+

5

6

7
B

9

lo
11
12

13

t+
t5

R. F.
( itr. )

.04

.07

.02

.01

.00

.00

.01

.00

.00

.o0

.02

.00

líLay 7

a
(cfs, )

98.35
LO5 "7 5

107.50
Ìo7. 50

to4 " 00
gB. 35

96.60
92,go
87 .45
80. 50

78. 50

7t.7 5

67 .95

66.20

55. B0

52.50

May B

IWay 9

May 10

May 11

May 12

2+

L2

24

24

2+

2+

2+

.o0
l@ût@

1.73
39.95
32. +5

26.95
2+.30
20.4A
L8. oo

14.50

- A2T



EVENT

65_6_r

DATE

Jr.¡¡e 26 16

L7

1B

1g
2A

2I
22

23

2+

Jr.¡ne 27 1
2

3

4
Ê
.,'

6

7

B

9

,IO
11
L2

r3
L+

t5
16

L7

1B

1g
20

2L
22

23

2+

Jr¡r¡.e 28 t
ô
é.

TIME
(rtr=. )

R. F.(u.)
.02
.03
.03
.00
.02
.o0
.00

"06
.02
.0r
.02
.00
.00
.00
.0I
.00

a
(cfs. )

l" 05

1.10
1. 10
1.20
1.20
1,30
r.30
1.30
1.35
1.35
1.35
1.35
1.40
1.40
1.40
r.40
1.40
1.50
1.50
1.50
1.50
1.50
1.40
1.35
1- 35
r.35
L.35
1.35
ll

il

¡l

ll

il

1.35
1. 50

r.60
1.60
1.60

.00

.01

.00
-02
.00
.08
.2+

.05
,o0

428 - .o1

3

+

5



EVENT DATE

65- 6-/ Jurte ZB
(c o n/'dr)

Ï:iruE
(r,rs.

6

7

I
9

t-0

l-1

T2

13

t4
T5

16

1B

2+

6

12

2+

12

5

R. F.
(i.n. )
.02
.01-

.02

.02

.03

.02

.03

.04

.06

.oo

.oo
.#-

.87

a
( cfs. )

1.60
1.60
1.60
1.60
1.70
1.70
r.75
L..15

1.7 5

r.75
4.75

1.80
1.80
r.'15
].35
1.35
1.00
1.05

1.10
1.20
1.30
1.40
I.60
r.75
1. B0

2.00
2,10
2.20
2.30
2.30
2 -5o
2 ,5O
2.70
2.7o
2.70

2,7O

June 29

6 5-7- t

June 30

Juty f

6

7

B

9

10

11
t2
13

L4

L5

16

17

l-B

1g
20

2L

22

.L2

.09

.25

.L6

.20

.07

.01

.o3

.04

.06

.03

.00

.00
,00
.01
.07

--*¿93.**L.I5
A29 -23



EVE}TT

65-7-L
(conlU)

DATE

July
JuJ-y

JuJ-y

July

65-7-2 July l-9

I
¿

TIME
(rrr". )

24

6

B

B

B

3

4

R. F.
(in.)

6

7

B

9

10

11
12

13

14

t5
16

T7

18
2T

24

6

12

1B

a
( cfs, )

2,7O
2,7O
2.50
2.20
r.75

1.60
1.60
f .70
2.30

3"00
3.70
4"40
5 .40
6.60
7.+O
7,40
8.20
B.20
8.20
7.+O
5.+O

3.70
2.2

2.J_

2.1
1.é

2,3
2.5
2.7
3.3
3.7
+.4

+.9
6.o

.2L

..lo

.10TõT

65-7-3

July 20

1g
20

2t
22

23

24

I
2

5

6

T2
-430-

July 21

.30

.08

.13

.00

.00

.16

.08

.0I
-71.-



EVENT

65-7-3
(cont'd)

n \ ml¿1!-1r!

July 21

JuIy 22

July 23

JaLy 24

iul.y 2$65-7-+

TI}iE
(hru.
L4

2+

I
B

B

R. !'.
(in. )

July 3-0

22

23

24

I
2

3

+

5

o

7
I
9

10
l_1

12

24

t)
(cfs. )

6.0
4.9
+.15
2.35
l.g2

.01

.02

.12

. l_0

.03

.27

.19

.01

.06

.04

.00

.00

.00

.02

.87

65-B-1 Aug,1

2. O0

2.30
2.70
3.00
3.00
3.30
3.30

1B

19
20

2T

22

23

2+

1
2

3

4.

,

- 431

Lug.2

.34

.50

.14

.98

L,7
r.7
r.7
l.B
1.9
2.O
2.1
2.3
2.+
2.6
2.8

3.O



EVENT

65_B-1
(cont'd)

DATE

Aug. 2

TII\[E
(rtrs. )

6

7
B

9

lo
1l-

T2

13

t+
T5

16

L7
18

1g
20

2T

22

23

24

3

6

9

12

2+

L2
2+
2Á,

2+

24

2T

22

23

24

1

2
- ^"2 -

Dfì
IL. ¿ .

(in. )
a
(cf s. )
3.3
3.7
4.0
4.2
+.+
+.7
4.9
+.9
4.8
4.6
4"+
+.2
4.0
3.9
3.9
3.8
3.8
3.'l
3.7
3.'
3.3
3.1
3.O
2.6
2.+
2.3.'"'
1.50
1.30

.60

Aug. 3

Aug.4

I'U$.5
Aug.6
Aug. T

65-9-l Sept.l

Sept. 4

.06

.42

.09

.11

.13

.45

.+5
,45
.60

.95
1.10



E\TENT

65-9-t
(con/'á)

DAlE

Sept. {

T]I[E
(nrs. )

3

4

5

6

7

B

9

10

11
T2

13

T+

L5

16

L7

18

19
20

2J_

22
23

2+

1
2

3

+

5

R. F.
(tn. )

.13

.23

.26

.31

.20

.20

.23

.32

.30

.4L

.24

.19
,13
.11
.12
.12
.11
.07
.07
.10
.O4

.06

.04

.01

.00

.00

"004E

a
(cfs. )

1.50
1. B0

2 .30
3.70
6. o0

9.10
13.40
19.20
26 ,95
36..80
+6,20
57.50
69. 85

82.00
92.90

ro5 .7 5
1l_1.10
1l_I.10
100.10
89.40
84.oo
78.50
66.20
69.85
69.85

Sept. þ

Sept.6
Sept. 7

Sept. B

6

12

18
2+

24

24

24

57

45

3B

33
2L.5

15

10.7

- 433



EVENT

65-9-2

DÀ18

Sept. L5

lIME
(nrs. )

1B

19
20

2T

22

23

2+

1
2

3

+

5

6

7
B

9

10

11
12

13

L+

T5

t6
t7
18

1g
20

2I
22

23

24

1
2

3

4

,
-434-

R. F.
(tn. )

.02

.10

.10

.04

.10

.04

.04

.01

.02

.02

"02
.01
.07
.02
.04
.o4
.06
.05
.09
.06
.07
.oB
.13
.09
.09
.!2
.14
.L2
.16
.13
.14
.08
.07

.06

.10

Sept.16

a
(cfs. )

3.0
3.O
3.O
3.3
3.7
4.O
4.+
5.4
6.O
6.O
6.0
+.+
4.0
4.0
4.O
4.0
4.4
4.9
5.+
6.0
7.+
8.2

10. 1
1r.2
12.3
14.5
l-8. o

rg.2
23;o
26.95
28.3
35. +

4r.45
+9.35

57.5
66.2

Sept.1?



EYENT DATE

65-9-2 Sept. 17
(co nf 'd )

TIMX
(hrs.

6

7

B

9

10

1l
12

13

t+
15

T6

17

1B

1g
20

2t
22

23

2+

1
2

3

4
5

6

7

12

R. F.
(tn. )

.09

.08

.o5

.O'l

.02

.02

.o+

.02
,04
.00
.06
.01
.03
.02
.01
.00
.01
.00
.03
.00
.02
.o0
.04
.07
.03
.o0w

a
(cfs. )

'75.O

84.0
91, 15

100.1
113, O

l.26 "5
l+o.2
150. O

150.O
148.0
T+6.I
r++.1
L40.2
136.2
13Û,.3

J26.5 '

12+.6
ïl!8.8
114.9
ro7 .5
104.O

98.35
92.g
87 .45.
82.o
76.75

57.5

Lr.2
11.2
11.2
12.o
12.g
13. B

15. B

18.0

Sept. 1-B

66-5-l. May 15 5

6

7
I
9

10

.00

.10

.20

.08

.o9

.10

.12
11
L2
_ L35



EVNNT DATE

66-5-L MaY 15

(conl'c/)

TIME
(trr"" )
13

14

t5
16

L7

1B

1g
20

2t
22

23

2+

1
2

lf.. F.
(i-tr. )

.JI

.O,

.o+

.05

.0I

.02

.02

.00

.01

.oo

.00

.01

.00

a
(cfs. )

2+"3
30.o
30.0
30.o
3I.4
33. O

3+.5
37.5
42. +

+2.+
39. O

39.0
39.0
39. O

39.0
37 "5
36. O

36. O

36 .0
36, O

3+.5
33.O
33.0
31,4
31.4
31.4
31.4
31.4
31" 4

31.4
31.4
30.0
30.o
30.0

30.0
28.5

May 16

3

+

5

6

7
I
9

10

11

L2

13

14

t5
16

L7

18
1g
20

2t
22

23

2+

-AJO-

.oo

.03

.00



X\TENT Ð¡.TE

66-5-L May 17

(c o nl'd)

1II\{X
(trs. )

I
2

3

+

5

6

7
B

9

10

11

12

13

t+
L5

16

T7

1B

19
20

2L
22
23

2+

1
2

3

+

5

6

7
B

9

1Q

R. F.
(io. )
.o0
.01
.00
.0].
.o0

a
(cfs. )
27.O
27.O
2'l .o
27 .O

25.7
25.7
25.7
2+ .3
2+.3
2+.3
2+.3
2+.3
24.3
2+ .3
24,3
2+.3
2+ .3
2+.3
2+.3
24.3
2+ .3
2+.3
22.9
2L.6
2lr6
20.3
20.3
20.3
19.0
19.0
18.0
18.0
16. B
16. B

.oo

.01
,02
.o0
.01
.oo
.01
.01
.00

May 18 .00
.01
.oo
.o0
.01

"01
.00
.00
.01
,00

-A3T-



ETENT

66-5-L
(conl U)

DÁ.ÎE

May tB

TIl!18
(hr'" " )
11
t2
13

L4

T5

T6

T7

18

1g
20

2T

22

23

2+

1
2

3

+

5

6

7
B

9

10

R. F.
(ltr. )

.01

.00

a
(efs. )

16, B
16. B
16. B

16. B
16"8
f6"B
16. B

16. B
16. B
16. B

16. B

18.O
l"E"o
19. o
19. O

19.0
20 .3
22.9
24.3
25.7
25.7
2'.1 .o
28.5
30.0
31.4
31.4
31.4
31.4
31.4
31.4
27 .O

22.9
19. o

14.9

.o0
,01
.02
.03
.00
.07
,04
.02
.06
.06
.05
.00
.02
.03
.00
.02
.01

"o0T;6[

May 19

1l-

t2
t+
t6
1B

2+

6

2+

24

May 2O

May 21

- as8



EVENT

66-5-t
(c o nt'd )

DATE

May

I[ay
May

66-6-L

22

23

2+

TIME
(rr"" " )

2+

24

2+

June 30

R. F.
(io. )

2

3

+

5

6

7

a
(cfs. )

13. B
12.9
l-r"2

2.30
4.0
+.7
+.7
+.7

18.O

18.O
t5. g
].2.9
11.2.-
]0.4
10. 4
6.5

4.O
3.2
2.6
2.2
2.2

.00

.BB

.o0

.02

.01

.91
B

9

fo
11

T2

13
2+

24

12

2+

9

9

JuIy
JuJ-y

Jul-y
July

1
2

3

4

_ 439



EVENT

66-B-1

.DATE

Aug.5

TIME
(nr"" )

13

14

T5

16

L7

1B

1g

20

2I
22

23

1
2

3

+

5

6

7

B

9

IO
11

12

13

14

T5

16

t7
1B

1g
20
2t
22

23

24

-allo-

R. F.
( itr" )

.03

.oB

.00

n
(cf s. )
1" 35
1.35
1.30
n

ll

Aug.6

ll

ll

¡t

1l

1.30
1.20

"
il

il

fl

lt

1.20
1.30
1.35
1.60
1. BO

1. 85

r.96
L.95
2.20
2. 30
2.45
2.80
3.o
3,7

15.8
37.5
70. 3

?O.3

.oo

.02

.o3

.05

.03

.04

.o5

.02

.01

.00

.03

.L2

.11

.16

.35

.72

.84

.60

.r7

.34

.29



ElENT

66-8-1
(c onl 'J)

DATE

Aug.7

TIl,,rln
(rrr". )

]-

2

3

+

5

R. F.(i''. )

.12

.01

.01_

.0L

.o0
4.60

a
(cfs. )

10o.4
114.1
l:06.+
LOz.+
104.4 .

92.4
80. B

56.4
54.+
36.0
31.4
33.O
33.O
25.7
19. o

9.7
5.5
7,O
6.5
5.5
3¡,2

10
L2

14

L7
2+

10

11
t5
24

2+

24

24

2+

2+

24

24

Aug. B

Aug.9
Aug.10
Aug.11
Aug.12
Aug.13
.Aug.14

Aug.15

June 1967-6-r 6

7
I
9

IO
11

t2
13

.06

.2L

.15

.20

.20

.03

.14
o. gg

2.3
2.3
2.6
3.2
4.3

' 5.O5
6.O
6 "50

8.25
9.7

10.45
10.45

14

T5

16

L7
- ahr



EVENl

67 _6-r
(cont ¡ d)

DATE

June 19

June 20

Ju:re 2L

Jr¡¡re 2L

Juqe 22

June 23

Jr¡¡e 2+

June 7

Tliltit
(nr=. )

1B

2+

L2

24

12

2+

2+

24

2+

68-6-r

R.!r.
(in. )

a
(cfs. )

L0. 45

9.7
.1 .O

5.5
+.7
4.3
3.7
3.2
2. +5

3.7

:

t,
16

t7
1B

1g
20

2I
22

23

2+

I
2

3

+

5

6

7
I
9

10
11
12
13

14

15

I6
L7

.o0

.00

.o0

.02

.01

.02

.00

June I

n

tl

il

il

3.7
3.9
3.9
3.9
+.L

::

r

4.1
4.3
+.6
5.3
6.1
6.9
8.6
8.6
7.9
7.+
ll

.00

.01

.03

.07

.10

.08

.01

.L+

.16

.01

.02

.00

.04

.00

.00

- Al+2 -



EVEI{T DATE

68-6-l June
(cont'd)

TI]VIE
(brs 

"

1B

19
20

2L

22

23

2+

I
2

3

+

5

6

7
I
9

t0
11
T2

l-3

t+
T5

16

T7

1B

1g
20

2T

22

23

2+

ROF'(in.)
.00
.0r
.02
.02
.02

"02
,OZ

.o4

.02

.02

.03

.03

.01

.05

.03

"01
.01
.o0
.01
.00
.01
.00
.00
.00
.01
.03
.01
.01
.o3
.03
.03

June 9

a
(cfs. )

7"+
il

ll

il

It

7.4
ll

il

il

ll

tt

.il

7.4
7.9
lt

il

It

7.9
8.6
8.6
8.6

LO.2
LO.2
8.6
il

n

il

ll

ll

8.6
9.+

- a}+¡



EVENT DATE

68-6-I June 10

(.onl'd)

{AsE. I
I
2

3

+

5

6

7

B

9

10

11
T2

13
14

L5

16

t7
}B
1g
20

2t
22

23

2+

T

2

3

+

5

6

7

I
9

10

{rfl: )

.01

.02

.02

.01

.02

.o0

.02

.00

Qcrs. )

10"2
11. L

12.0
12 "O
13. O

13.0
14. r

.o0

.o0

.oo

.01

.00

L6.5
1?. B

June 11

.o0

.01

.00

.06

.01

.o2

.02
,00
.o0
.00
.01
.05
.o1
.04
.00

14.1
13.0

13. o

13.O
13.O
14.1
]..5.2

l5.2
L6.5
17. B
17. B
17. B

17,8
rg.l
19.1

- nl+)+ -



EVEiill

6B-6-1
(cont¡d.)

T\,1 rnll-lJrlI!

June lf
TI}iE
(rrrs. )
1]-

L2

1B

].g

23

24

1

10

13
1&

1g
20

2L

June L2

RÌ1

(in. )

68-6-L

0
(cfs. )
19" I

9"4
9"+
8.6.
8.6
7 "9.
7.+
7.4

10"2
8.6
8.6
8,6
8.6

June
June
June

L2

13

I+

.0.0

.0r

.r0

. ol-

L"69
2+

2+

9.

12

2+

12

2+

2+

2+

Ju::e L5

June
June

L6

L7

7.+
6.L
6,L
5.3
4.8
4.8
5.L
5.L
4.8

- nL.q



EVEI{T

6B-6-2

DATts

Jr¡ne 30

TIME
(trrs. )

11
12

13

14

T5

L6

17

1B

19
20

2L

22

23

24

I
2

3

4

5

6

7
B

9

R. F.
(in. )

.01

.05

.02

.10

.36

.19

.24

.21

.23

.12

.04

.05

.13

.O'l

.09

.L2

.o6

.13

.11

.10

.L2

.00
2. +5

tì

(cf s. )

2.+
.il

ll

lt

2.+
3.1
3.4
3.7
4.1

12. O

L6.5
]9.1
20 "6.
25 .8
2T .7
29 .6
35 .4
39.3
43.O
46"8
50.6
52.5

65.9
80.1
69.7
44.9
37.+
22.2
27 .7
29 .6
27 .7
20.6

16.5

JuJ-y 1

12

18

1g
20

2+

July 2 lJ
12

13

14
1B

2+

- atr6



EVENT DÀTE

68-6-2 July
(eonf 'd)

JulY

'IIN1E
(n"* " )

12

2+

12

2+

B

12

2+

July 5

R.F"
(fur. )

a
(ef s. )
9"4
8.6
.6.].

5"3
4.8
+.I
3.2

- al+t -



EVEI{T

68-7 -r

DATE

July 12

TTME
(rrr"" )

20

2L

22

23

24

1

2

3

JuIy 13

R. F.
(in. )

.07

.26

.26

.31

.10

.05

_ .03
1. OB

a
( cfs, )
2.7
2.7
à.7
2.7
2"7
3.4
+.6
Ã)J.J

7.+
11.1
11. ].
11. 1
11.1
7"9
6.1
+.1
3.6
3.4
3.1
2.9

+

5

o

12

t5
1B

2+

L2

1B

24

12

2+

Ju]-y 14

July 15

- al+B



EVEI\TT

68-7-2

DÀTE

J:ul-y 2J

TIMS
(¡r". )

2

3

+

5

6

7

B

9

10

1I
12

L3

T+

T5

1b

t7
1B

19
20

2t
22

23

2+

1
2

3

+

5

6

7
I
9

10

11

T2

13

-AL9-

R. F.
(itt. )

.01

.04

.o3
,00

a
(cfs. )

.B
a

"a
o

]..o

1.0

.00

.05

.L2

.05

.09

.39

.69

.I,

.16

.01

.00

.00

1.3
1.3
1.3
1.3
1.4
L.7
2.O
2.2
2.+
3.9
5.L
7.9

25.8
20.6
u.B

JuIy 30

19.1

.00
20.6
2A.6



EVENT DATE

68-7-2 Ju]-y

(c onf 'd)
30

TIME
(ut". )

t4
15

r-6

L7
Iö
1g
20

2t
2+

6

7

L2

1B

24

t2
24

12

13

t+
t5
16
2+

12

2+

2+

R. F.
(i,'. )

.o4

.23

.2+

.30

.lo

.06

.01
2 "77

July 31

a
( cfs. )

l.5.2
l-5.2

.16"5

17. B

19.1
19.1
2A.6

Aug. J.

Aug.2

22.2
29.6
46. B

37.4
33. 5
23. B

13.0
12. O
11.1
11.1
11.1
11. I
6.9
6.1
5"3
4.3
4.3
4.3

Aug.3

Aug.4

'450-



E;]rENT

6B-9-1

DAT.E

Sept.2

TIME
(hrs 

" )

3

+

5

6

7

I
9

10
11
T2

13

t4
15

16

L7

18

t9
20

2t
22

23

24

1
2

3

4

5

6

7
I
9

10
11

12

13
L+
24

-A5l-

PÍI

(in. )

.o0

.02

.01

"04
.02
.02
.o0
.o0
.00
.00
.00
.10
.10
.11

"10
.04
.04
.04
.03
.06
.01

"O'l
.07
.05
.05
.04
.05
.01
.05
.03
.00
.00
.01

a
(cfs. )

3.6
n

il

ll

il

ll

il

n

3.6
3,6
3.6
3.7
3.7
3.'l
3.9
3.9
4.1
+.2
+.6
5.L
5.3
5.7
6.+
'l .+
9.4

11.1
13. O

15.2
L6.5
19, r
20,;6

22 
"2

23. B

26.7
29.6
f5.2

Sept. J



E\TENT

6B-9-1
(c on / 'd)

Ð.q.TE

Sept " {

TI¡{Î
(nr*. )

1].

12

13
14
15

16

T7

1B

1g
2O

2I
22

23

2+

I
2

3

4.

5

6

7
I
9

10
1t-

12

13

L+

15

r-6

17

18
20

24

12

24

24
-Ajz-

R. F.
(in. )

.03

.01

.00

a
(cfs. )

11.1
11" 1
11. ].

Sept. 5

8.6
8.I
8.3
8.2
8.1

Sept. 6

Sept. J

.o0

.13

.05
,04

1.33

6.9

6.9
6.9
6.9

7.+
7.4
6.+



EVENT

69-5-r

DATE

May 30

TI1IE
(n"=. )

16

17

1B

1g
20

2L
22

23
24

1
2

3

+

5

6

7
B

9

10

L1
12

t3
t4
t5
16

t7
18

1g
20

2T

22

23

2+

R. rir.
(in. )

.00

.05

.03

.03

.01

.o]-

.03

.o1

.00

.01

.03

.oJ

.00

.05

.01

.01

.02

.01

.03

.o3

.07

.06

.04

.15

.3-O

.09

.07

.03

.oB

.06

.07

.08

May 31

a
(cf s. )
5.O
5.O

5.O
5.0
5.O
5.2
5.7
5.7
5.7
5.7
6.0
6.o
6.o
6.o
6.2
6.2
6.5
6.5
6.7
6..1

7.O
7.o
7.7
B.o
8.0
8.5
9 "'l

IL..8
14.2
16.0
2r.'l
25 "7-
28.5

_ aq? _



EUNT{T

69-5-r
(c onl d)

DATE

June 1

Trl,{n
(nr". )

1
2

3

4

R. F.
( irr. )

"04
"07
.06
r05

l.59
6

10

t2
t5
1B

2+

12

24

12

2+

a
( cfs.
30.o
33. 3
35.0
37.O

37.O
28.5
28 "5
28.5
39.O
37.O
30. o
20.5
17.0
16.O

June 2

June 3

- A5\



EYXNT

69-7-1

DATE

July 6

TIj{E
(trru. )

I+
L5

16

17

1B

1g
20

2T

22

R. F.
(in. )

.00

.01

.09

.13

.16

"L2
.02
.01
.o0

July 7

a(cf
8,5
ö.)
8.5
8.5
8,5
g"o

9.7
9.7

10.3

s. )

1

+

7
1L

t2
13

14

T5

16

T7

l-8

19
20

2L
22

23

24

6

t2

1l-.8
l+.2
LB. 2

24.3
25.7
27 .O

27 .A
27 .o
28.5
30. o

33.3
37;o
40.7
+4

53. O
60. 3
65. O

97 .O

97 .A

76.O
7.3
L.2

.5

.oo

.04

.02

.02

.04

.06

.05

.09

.oB

.08

.12

.23

.07
July B

1B

24

Ju1y 9 12
24.

1.-44

_ Ar5



E\T¡NT

69-7-2

IATE

JuLy 26

III'IE
(trr=. )

I
2

3

+

5

6

7
I
9

10

1].
L2

13

I4
L5

t6
L7

1B

1g
20

2L

22

23

24

T2

2+

L2

24

R. F.
(tn. )

.01_

.08

.03

.04

.02

.04

.00

.oo

.o3

.00

.00

.o3

.o+

.08

.14

.13

.15

.18

.o4

.06

.05

.04

.01
l.29

a
(cfs. )

17. o
17.0
18. 2
18. 2
18.2
LB.2
TB.2
r8.2
18.2
LO. ¿

18.2
IB.2
18. 2
18.2
L8.2
18. 2
18. 2
19.3
2l .7
23.O
23. O

23.0
23.O
23. O

19. 3
u.o
9.7
7.7

Ju].:y 27

July 28

- t¡6



E\TENT

69-B-1

DÀTE

L'ug.2J

TIME
(n"u. )

6

7

B

9

10

11

12

t5
18
24

t2
24

12

R. F.
(in. )

.74

.20

.09

"12
.06

L"2l

a
(cfs. )

o.B
2.O

4.3
7.3

10.3
u.o
16.0
4.2
3.3
3.1
3.3
3.0
2.+

Aug.28

Aug.2t

- Ã57



EVEiVT

69-9-t

NAfE

Sept,20

TI}TE
(ttrs. )
19

20

2L

22

¿5

24

1

2

3

4

5

6

7

B

9

10

11

12

13

14

15

16

T7

1B

L9
20

2L

22

23

2+

Sept.21

p lì1

(in" )

.00

.03

.07

.o1
,o0
.0J
.02
.01
.03
.16
.+L
.16
.01
.o0
.oo
.03
.03
.00
.12
.11
.48
.08
.03
.02
.02
.00
.01
.oL
.01

a
(cf s. )

0.4
0"4
0.4
o.4
o.+
0.4
0.4
o,5

l-.6
3.O
3.9
5.7
6.5
8.0

9.0
10.3
11. O

11. B
l'2.5
l4.2
15.0
16.0
l-'l .o
ï;o'
17"0
16. O

16. O

. A'B



EUENT

69-9-1
(c onl'd)

DATE

Sept.22

TITíE
(nru. )

1
2

3

+

5

6

7

B

9

10

11

L2

13

14
T5

16

L7

1B

1g
20

2t
22

23

2+

12

T2

T2

R"F.
(in. )

.o3

.00

.o3

.00

.o0

.02

.o1

.03

.04

.07

.o5
,02
.03
.06
.o5
.oB
.03
,02
.01
.02
.or
.00

.oo
2. +g

a
(cfs. )

16. O

15. O

15.0
r+.2

to.3

Sept.2l
Sept.2{
Sept. 2 5

8.5
7.7
7.3

- 459
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DEPTH TO GROUNÐIVATER TABLE IN WELL

(DATA OBTAINED I-RO¡I
CONTINUOUS GROUNDWATER CHART.

GROUND SURFACE ELEVATTON 1912. B5)

YEAR

1965

DATE

July L2
13
15
19

TIME

16
16
16

0
I

16
24
20

4
20
I2
T2

with peak at

13
0

24
I2
16

I
L2
24

9
T2
24
16

B

24
24
l_5
24

16
10
15
10
10
10

20
22
23
30
31

Break in chart

Aug. 6
L2
L7
20
28

Sept. 2
4
5

10
16

L7
18
20
22
24
25

Oct. I
2
4
I

15
22

#5

G.W.L.

1906.30
1906.08
1906. 00
1905.65
1905. s B
1905. 6s
1905. B5
L906.20
L907.45
1906.95
1906.13
L906.25
1906.60

1906.30
L905.22
1903. 05
1902.15
1900. 3s

DEPTH TO
WATER TABLE

6. s5
6 .77
6.85
7 .20
7.27
7.20
7. 00
6.65
5 .40
s.90
6.72
6.60
6.25

6.55
7.63
9.80

10.70
12.50

12.85
13. 15
2.50
3.80
5.02
4.40
1. s0
1.40
2.28
2.77
2.95
3.25

4"00
4.30
4. s5
s. 05
5 .75
6.30

1900.00
1899.70
1910.3s
1909.05
r907. B3
1908.45
1911. 3s
1911. 45
19r0. s7
1910. 0B
r909.90
1909.60

1908.8s
1908.55
1908. 30
1907. B0
1907. l5
r906.ss

-D2



DEPTH TO GROUNDWATER TABLE tt'¡ Wrll #5

YEAR

1966

(DATA OBTAINED FROM
CONTINUOUS GROUhTDI^IATER CFIART.

GROUND SURFACE ELEVATTON 1912.85)

DATE

May 2
3
4
6

11
15

16
18
L9
27
31

June 3
10
t7
24
30

July 5
I

15
22
30

Aug. 3
6
7
8

I2
16
19
27

Sept. 2
13
19
23

Oct. 3
11
14
I}

TIiU.E

15
L2
12
10
I
I

24
L2
20
L2
10
l0

10
10
10
10
10

L2
10
10
10
10

8
24
24
L2
10
I

10
24

IO
16

0
11

11
10
24
16

G.I{. L.

1908. B0
L908.77
19 11. 10
1910.85
1910.ls
1909.9s
1910.75
1910.75
I9r0.47
1911. 0 0
1909.75
r909.20

1908.80
1908.20
1907. B5
1907. ls
1906.7s

1906.6s
1906. 40
1904. B5
1904.15
1902.30

1901. 00
1900.2s
1910.00
1910. 17
1909.05
1908.00
1907.35
1906.40

1906 .3s
L904.77
l-904.37
1903.60

1900.55
1898" 95
1898. 35
L899.20

DEPTH TO
WATER TABLE

4.05
4.08
1.75
2.00
2.70
2.90
2 .10
2.10
2.38
1. 85
3. 10
3.65

4.05
4 .65
5.00
5.70
6.10

6.20
6.45
8.00
8.70

10.55

11. B5
12.60
2.85
2.68
3. B0
4.85
5.50
6.45

6.50
8.û8
B.4B
9 .2i

12.30
13.90
14.50
13.65_D3



DEPTH TO GROUNDWATER TABLE IN WELL #5

(DATA OBTAINED FROM
CONTINUOUS GROUND!{ATER CHART.

cRouND SURFACE ELEVATTON 1912.85)

YEAR

1967

DATE _
Apr. 28

30

l{ay 1

4
7

10
11
I7
19
22
23

June I
3
4
5
9

11
18
20
30

July 9
t5
18
28

Aug. 4
6

t1
18
19
25

Sept.. I
I

15
22

Oct. 1
6
7

T4

TIME

L4
8

4
24
L2
I

24
!2
24
10
I
I

T2
l2
12
12
10
I

24
L2
t0

16
24
L2
10

10
L2
10
t0
16
10

10
10
10
10

9
9

24

L2
-D4

G. W. L.

19 10
19 10

1910.28
19I0.00
1909.55
1910.90
1910. 7 B
1910.50
1910. s0
1910. 35
1910.18
1909. 82

1909.10
1909. 00
1908. 37
1908.52
1908.10
1908.08
1907 .40
l-907 .48
1906. 70

1906.10
190s.0s
r904.82
1904.45

1904.30
1904. 30
1904.40
L904.20
1904.20
1903.65

25
10

DEPTH TO
WATER TABLE

2.60
2.75

2.s7
2 .85
3. 30
1.9s
2 .07
2 .35
2. 35
2.50
2.67
3. 03

3.75
3. B5
4 .48
4.33
4.75
4.77
5.45
5. 37
6 .15

6.75
7.80
8.03
8.40

8.5s
8.55
8.15
8.65
8.65
9.20

10. 10
11.25
1{.25
15.65

i7.05
17.70
17. B5

6.07

1902.45
1901.60
1898.60
IB97 .2A

1895. B0
1895.15
1895.00
1906.78



YEAR

196 B

DEPTH TO GROUNDWATER TABLE IN WELL #5

(DATA OBTAINED FROM
CONTTNUOUS GROUNDWATER CHART.

cRouND SURFACE ELEVATTON 1912.95)

DATE TTME G.W. L .

Apr. 5
11
L9

2T

May 3
6

Time uncertain g

L7
19
20
24

31
Missing records here

June 7
L2
2L

10
I2
l2
24
I

10
T2
L2
I2
l2
24
10
20
10

10
Chart risen to

L2
24

1905.50
1908.20
1907.90
1907. Bs
1909.28

1908.15
1908.00
1910.2s
1909.1s
1908.90
1909. s5
1908.90
1909.10
1908. 07

L907.2s
1908. 7s
L907.20
i906.90

Chart rise elevation not too certain

DEPTH TO
WATER TABLE

28
30

July 2
3
5

11
L2

19
26
29
31

7
4
4
5
3

35
65
95
00
57

NOTE: Elevation on July 31 at B:00 a.m. uncertain.
It could have heen higher.

4

4
2
3
3
3
3
4
4

5
4
5
5

6
6

7A
B5
60
70
95
30
95
75
78

L2
L2

12 1909. ss
10 1909.30
10 1908. B0
10 1907 .40
8 1907. 35

16 1907.65
11 1906.55
L2 1906.00
16 190s.6s
8 1908.77

1906.60
1906.15

60
10
65
95

25
70

3. 30
3. s5
4.05
5.45
5. 50
5.20
6. 30
6. Bs
1.20
4. 0B

-D5-



YEAR

196 I

DEPTH TO GROUNDI/\IATER TABLE IN WELL #5

(DATA OBTATNED FROM
CONTINUOUS GROUNDtr{ATER CHART.

GROUND SURFACE ELEVATION 1912.85)

DATE -
Aug. 2

3
9

16
L7
19
20
27
30

Sept. 2
3
6

13
20
27

Oct. 1
18

TI¡48 G.I^I. L.

I2
10
L2
20
16
16
16
10
T2

16
24
11
10
10
10

L969

1908.60
190 8. 2s
1907. 00
1906.40
1908. s0
1908. 33
1909.5s
1908. B0
1907.60

L907 .25
1908. ss
1908.15
1907.00
1906. 05
L904.95

DEPTH TO
WATER TABLE

Apr. 11
18
25
30

May 2
9

23
27
31

4.25
4 .60
5. 85
6 .45
4.35
4.52
3.30
4.05
5.25

5.60
4.30
4.70
s. 85
6. B0
7.90

8.3s
12.45

9
9

T2
10
l0
16

24
10
10
10
16

L904
1900

.50
40

1896
1910
190 9
1909

00
15
6s
35

1909
L909
1908
190 B

1908

90
05
69
30
07

r8.85
2.7 0
3.20
3.50

2.9s
3. B0
4.16
4. s5
4.78

-D6



YEAR

1969

DEPTH TO GROUNDI^IATER TABLE iN

(DATA OBTAINED FROM
. CONTINUOUS GROUNDI^IATER

GROUND SURFACE ELEVATION

DATE

June 2
13
20
25
26
27
29
30

July 4
6
I

11
2L
25

Aug. 5
I

15
22
27
29

Sept..5
10
19

rise takes
Sept. 2 6

TIME

4
10
10
20
24
20

4
10

10
16
I

11
16

9
10
L4
10
12
L4

10
I
9

place up to Sept.
L2

WELL #5

CHART.'
1912. B5 )

G.W.L.

1909.60
1908.00
1907.25
1906.7s
L907.25
1911.03
1910.75
191r.55

1910. s0

DEPTH TO
WATER TABLE

Large

3.25
4. 85
5.60
6. 10
5.60
L.82
2.10
1. 30

2.35
2.50
1.30
2 .30
3. B0
4.4s

5.60
5. 95
6.55
7.20
7 .60
7 .45

7.80
8.10

11.55

4.35

4.40
7. 10

19 10
1911
1910
1909
1908

]-907
19 06
1906
19 05
19 05
19 05

1905
19 04
19 01

26.

NOTE: Records may not be dependable after Sept. 19

35
55
55
05
40

25
90
30
65
25
40

05
75
30

Oct. 3
6

9 1908
L4 1905

r908. s0

45
75

-DT-



Þ
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INDIVIDUAL STORM 4 HOUR UNIT HYDROGRAPHS

EVENT DATT:

59-9-1 Sept. 2

Sept. 3

TfrYE

18
19
20
2I
22
23
24

I
2
3
4
5
6
7
ô
Õ

9
10
iI,tr
L2

-13
T4
15
16
T1
18
19
20
*1
22
-23
24

STREAM-
FLOW

O

.63
I.46
8.7

18.5
22 .5
25.5
25.5
25.5
23. B

BASE-
FLOW

.63

.64

.66

.67

.69

.70

.72

.73

.76

.84

.92

1. 00

D. R. O.

0
.8

8.0
17. B

24.8
24.8
24. B

24 .8
23.0

18.1

15 .0

13.3

11. s

10.1

SUM.

0
T2

I32
399
77L

1131
1 1ô IIJÔ J

14BB
14 51
13 82
12 81
1ls 7
7047

4 HR.
U. H.

0
3

33
100
193
283
346

372
363
346
320
289
262

2L2

186

162

1 HR.
U. H.

I

b{
f\)

I

0
L2

]-20
267
372
372
372

372
335
303
27L
248
225

200

L72

L52

0
L2

L20
267
372
372

372
372
335
303
27L
248
225

0
I2

L20
267
372

372
372
372
335
303
27r

225

200

]-72

0
I2

L20
267

372
372
372
372
33s
303
277

225

Is.8

11. 0

6.6 5.6

4.4

8.4

6.6 8.4

4.0

7.5

3.53.1 t.07 2.0 3.0



I ND IVIDUAL sroRm 4 Houn uNIT HYDRoGRApHS

1 HR.
D.R.O. U.H.

0.9 1.5

EVENT

s9-9-1
(cont'd.)

DATE TIME

+
4

-6-*&-
--*0*-

T2
13
T4
15

7
I
9

10
11
L2
13
T4
15
16
L7
18
19
20
2T
22
23
24

STREAM-
FLOVü Q

BASE-
FLOi^7 SUM.

Sept. 4

62-5-L May L7

2.3 1.9

L.22 L.22
()

-*0 /)
0

I

Þl
(¡)

I

L.2
I.2
r.2
2.5
4.0
6.3
7.5

16. s
22 .0
27 .0
27 .5
27.s
27.5
27.5
27 .5
26 .0
26.0
25.O

L.2
1.2
L.2
1.3
1.3
L.4
L.4
1.5
1.5
I.6
1.6
L.7
L.7
1.8
1.8
1.9
2.0
2.0

0
I.2
2.7
4.9
6.1

15.0
20.5
25.4
25.9
2s.B
25.8
25.7
25.7
24.r
24.0
23.0

2 HR.

0
9

19
35
44

L07
]-47
L82
185
185
185
184
184
l.73
L72
165

0
9

19
35
44

107
]-47
IB2
18s
185
185
184
184
l-73
172

0
9

2B
54
79

151
254
329
367
370
370
369
368
357
345
337

0
5

L4
27
40
75

l-27
165
184
185
185
185
184
178
172
168



INDIVIDUAL STORM 4 HOUR UNIT HYDROGRAPHS

EVENT DATE

62-5-I May 18
(cont'd )

I4ay 19

TÏME

I
2
3
4
5
6
7
B

9
t0
11
I2
13
T4
15
16
17
18
T9
20
27
22
23
24

STREAM-
FLOW Q

23.5
23.0
22 .0
20 .0
19. 0
18. 0
L7 .0
17. 0
16.5
ls. 5
14.5
14. 0
14.0
14. 0
14. 0
14. 0
14.0
14. 0
13. 0
13. 0
13. 0
13. 0
12 .9
12.9

L2.7

11. I

9.8
8.5
4.5

BASE
FLOhT

2.L
2.I
2.2
2.2
2.3
2.3
2.4
2.4
2.5
2.5
2.6
2.6
2.7
2.7
2.8
2.8
2.9
2.9
2.9
3.0
3.0
3.1
3.1
3.2
3.3
3.5
3.6
3.8
3.9
4.L
4.3
4.s

2r.4
20 .9
19.8
17.8
16.7
15.7
l-4.6
14 .6
14. 0
13. 0
11. 9
11. 4
11. 3
11. 3
IL.2
IL.2
11. 1
11. 1
10.1
10.0
10.0
10.0
9.8
9.7

9.2

8.0

5.7
4.2
0

SUM.

318
303
292
270
248
¿J¿

217
2l-0
205
193
17B
166
162
L62
161
160
19
lsB
151
I43
l-42
I42
141
139

133

117

86
63

10
0

4 HR.
U. H.

159
L52
L46
135
L24
116
109
105
L02

96
B9
83
81
8l
81
BO

80
79
76
72
7I
7I
70
70

67

5B

43
31

2 HR.
D.R.O. U.H.

I

ht
+
I

153
150
L42
12B
120
TI2
10s
105
100

93
B5
B1
B1
B1
80
80
79
79
72
7I
7L
7L
70
69

66

57

4L
30

0

165
ls3
150
r42
T2B
l-20
LT2
105
105
I00

93
B5
81
B1
B1
BO

BO
79
79
72
7L
7T
7L
70

69
67
66
60

45
33

10
0

2
6
B

T2
L4
18
24

6

B
5
0

May 20



INDIVIDUAL STORM 4 HOUR UNIT HYDROGRAPHS

STREAM- BASE
EVENT DATE

62-5-2 May 29

May 30

TTME

19
20
2L
22
23
24

16
I7
18
19
20
24

FLOW Q

1.0
2.2
6.0

27 .8
40 .6
63.5
89 " 0

109.0
135.3
L47 .2
155. 0
159. B

L57.6
155. 0
I47.2
L42.5
I37.6
r30. 7
l-26 .0
I2I.5
TT5.2
109.0
103.2

97 .3
90.5
85. 6
67 .8

FLOW

1.0
1.0
1.1
1.1
r.2
1.3
r.4
r.4
1.5
1.6
L.7
1.8
1.9
2.0
2.0
2.L
2.2)')
2.3
2.4
2.5
2.6
2.7
2.8
2.8
2.9
3.2

D. R. O.

0
L.2
4.9

26.7
39 .4
62.2
87 .6

L07.6
133. B

L45.6
153.3
158.0
155.7
153.0
L45.2
L40.4
135. 4
128.5
L23.7
119. I
LLz.7
L06 .4
100.5

94.5
87 .7
82.7
64.6

4 HR.
U. H.

I
2
3
4
5
6
7
B

9
10
11
I2
13
I4
15

I

bc
\Jl

I

0
L.4
5.9

32
47
74

10s
l-29
160
L74
184
189
I87
183
174
168
162
154
148
I43
135
12B
L20
113
105

99
77



INDIVIDUAL STORM 4 HOUR UNIT HYDRoGRAPHS

I

t4
o\
I

EVENT DATE

62-5-2
(cont'd ) May 31

6 3-B-1

June I

June 2

June. 3

Aug. I

TÏME

6
L2
1B
24

L2
24

L2
24

STREAM-
FLOI¡I Q

57 .3
43 .9
35.7
32.L
27 .0
L9 .4
17 .4
t4 .6
L2.2
10.7

0.7
0.9
1.3
3.0
5.7
7.6
7.6
7.6
7.6
7.6

BASE
FLOW D. R. O.

64.6
39.7
31. 0
27 .0
2L.0
L2.5
9.6
5.8
2.5
0

0
0.2

.6
2.3
5.0
6.9
6.9
6.9
6.9
6.8

SUM.

0
10
39

Is1
394
719

L025
1248
' .'. -t' ,)

/., .:. ,

1300
]-235

4 HR.
U. H.

64
4B
37
32

25
T5

11
6.9
3.0
0

0
3

10
37
98

180
256
372
335
334
325
309

3.2
4.2
4.7
s.1
6.0
6.9
7.8
8.8
9.7

10.7

0.7
0.7
0.7
0.7
0.7
0.7
0.7
0.7
0.7
0.8

I2
24

0
I
2
3
4
5
6
7
I
9

10
11

lHR.UE

0
10
29

IT2
243
335
335
335
33s
330
300
270

0
10
29

LL2
243
33s
33s
335
335
330
300

0
10
29

TL2
243
335
335
335
33s
330

0
10
29

LL2
243
335
33s
33s
335



INDIVTDUAL STORM 4 HOUR

STREAM- BASE
TÏME FLOW Q FLOüI

UNTT HYDROGRAPHS

1 HR.
U. H.

238

170

]-70

L07

107

29
15

0

40
15

EVENT DATE

6 3-8-l
(cont'd) Aug.8

Aug. 9

Aug.10

I

t{
-t

I

I2
13
L4
15
16
T7
18
19
20
2L
22
23
24

1
2
3
4

I2
24

L2

5.7

4.3

4.3

3.0

3.0

1.5
1?
I.J

1.1

0.8

0.8

0"8

0.8

0.8

0.9
1.0
1.1

270
238

170

170

r07

107

r07

300

238

L70

t70

107
107

107

330

238

L70

L70

L07

L07

60
20

0

D. R. O.

4.9

3.5

3.5

2.2

2.2

SUM.

113 B

L79
70

0

4 HR.
U. H.

285

204

170

138

L07

45
18

0

0.6
0.3
0

50
20



I ND IV IDUAL STORM 4 HoUR UNIT HYDROGRAPHS

TÏME

20
2I
22
23
24

L2
24

l2
13
L4
15

STREAM-
FLOW Q

0.9
1.3
2.3
4.3
7.6

10. 0
12 .6
12.6

L2.6
10. 0
10.0
7.6
5.7
4.3
4.3
3,0

BASE
FLOI^7

0.9
0.9
0.9
1.0
1.0
I.0
1.1
1.1

L.2
1.3
L.4
L.6
1.8
2.2
2.6
3.0

p. R. o.

0
.4

r.4
3"3
6.6
9.0

11. s
11.5

11.4
8.7
8.6
6.0
3.9
2.L
L.7
0

SUM.

0
I

37
105
240

4]-6
622
789
889
940
940
827

4 HR.
U. H.

104
156
197
222
235
235
206
i77
136

92

38

1 HR.
U.H.EVENT DATE

63-9-2 Sept. 16

Sept. L7

Sept. 18

Sept. 19

0
I

29
6B

135

184
235
235
235
235
234
L7B
I76
]-23

BO

13s
184
235
235
235
235
r97
177

68
135
TB4
235
235
235
2L7
177

29
68

t3s
184
235
235
234
l-78
150
105

0
8

29
68

0
I

0
I

29

0
2
ô)

2L
60

1
2
3
4
5
6
9

L2
1B
24

I

f'l
Co

I

43
35

0



INDIVIDUAL STORM 4 HOUR UNIT HYDROGRAPHS

STREAM. BASE 1HR
TIME FLOW Q FLOW D.R.O. U.H.

4 HR.
SUM. U. H.

7
I
9

10
1t
I2
13
L4
15
L6
I7
I8
2L
24

I

Þl\o
I

EVENT DATE

65-7 -2 July 19

July 20

July 2L

1.6
L.7
2.3
3.0
3.7
4.4
5.4
6.6
1i
7.4
8.2
8.2
8.2
7.4
5.4
3.7
2.2

I.7

1.6
1.6
r.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
1.6
L.7

L.7

0
4

29
58
87

116
158
207
240
240
214

0
4

29
58
87

116
158
207
240
240

29
58
B7

116
158
207
240
274
274

200
L44

50
L7

0
0.1
0.7
L.4
2.I
2.8
3.8
5.0
5.8
5.8
6.6
6.6
6.6
5.8
3.8
3.1
0.5
0.3

0

0
4

29
5B
B7

116
158
207
240
240
274
274
274
240

158
l-29

2L
L2

0

0
4

33
91

T7B
290
419
568
72L
845
961

102 I

0
4

0
I
I

23
44
72

105
L42
180
2TL
240
257
274
257

r79
L37

36
15

6
L2
18
24

6
L2
13
T4
15



INDIVIDUAL STORM 4 HOUR UNIT HYDROGRAPHS

EVENT DATE

65-B-1 Aug. I

Aug. 2

STREAM. BASE
FLOW Q FLOVü

1 HR.
D.R.O. U.H.TIME

18
19
20
2L
22
23
24

I
2
3
4
5
6
7
B

9
10
11
L2
13
L4
15
16
T7
18
T9
20
2T
22
23
24

L.7
r.7
r.7
1.8
1.9
2.0
)1

2.3
2.4
2.6
2.8
3.0
3.3
3.7
4.0
4.2
4.4
4.7
4.9
4.9
4.8
4.6
4.4
4.2
4.0
3.9
3.9
3.8
3.8
3.7
3.7

r.7
L.7
I.7
L.7
L.7
L.7
r.7
r.7
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1.8
1. B

1.8
1.8
1.8
1.8
1.8
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9

0
0
0
0.1
0.2
0.3
0.4
0.6
0.6
0.8
1.0
L.2
1.5
l-. 9
2.2
2.4
2.6
2.9
3.1
3.1
3.0
2.8
2.5
2.3
2.r
2.0
2.0
1.9
1.9
1.8
1.8

0
7

T4
2L
28

4T
4T
55
69
B3

103
l_ 31
Ls2
]-66
180
200
274
2I4
207
L94
]-73
158
l-45
138
138
131
131
l25
125

0
7

I4
2L

28
4I
4L
55
69
B3

103
131
l-52
166
180
200
2I4
2l.4
207
l-94
173
158
r45
138
138
131
131
L25

0
7

L4

2I
2B
4I
4I
55
69
83

103
131
I52
166
180
200
2l.4
2r4
207
L94
173
158
I45
138
138
131
131

0
7

L4
2I
2B
4I
4L
55
69
B3

I03
131
152
166
180
200
2l-4
2I4
207
194
L73
158
145
138
138
131

0
7

2L
42
70

L04
131
165
206
248
310
386
469
5s2
629
698
760
BOB
835
829
788
732
670
614
579
552
538
525
512

0
2
5

10
1B

26
JJ

47
51
62
7B
97

LL7
138
L57
L74
190
202
209
207
L97
183
168
L54
145
138
135
131

12B

SUM.
4 HR.
U. H.

I

tdP
O



TNDIVIDUAL STORM 4 HOUR UNIT HYDROGRAPHS

TTME

I2
24

3

23
24

I
2
3
4
5
6
7
I
9

t0

BASE
FLOW

L.9
2.0
2.0
2.0
2.r
)')
2.3

STREAM-
FLOW Q

3.5
3.3
3.1
3.0
2.6
2.4
2.3

.45

.60

.85
1. 10
I. 50
1. B0
2.30
3.7
6.0
9.1

13. 4
]-9.2

1 HR.
D. R. O. U. H. SUM.

4 HR.
U. H.EVENT DATE

65-8-1
(cont'd) Aug" 3 3

6
9

I2
24

1.6
1.3
1.1
1.0

.5

.2
0

0

.15

.20

.40

.60

.90
2.L
4.3
7.3

11.5
L7.T

110
90
76
59
35

L4
0

125
110

90
76
52

25
7

0

LL7
100

B3
72
43

20
4

0

' 65-9-t

Aug. 4

Aug. 5

Sept. 3

I

Fd
FF

.60

.70

.90
1. 10
L.20
1. 40
1.60
l_.70
1.80
1.90
2,L0

0

a

L
'o

1.3
10

4.5
9.2

15.6
32.0
36 .6



I ND TV IDUAL

STREAM- BASE
FLOW Q FLOW

STORM 4 HOUR UNIT

1 HR"
D.R.O. U.H.

HYDROGRAPHS

SUM.
4 HR.
U. H.EVENT DATE

65-9-1
(cont 'd ) Sept.

Sept. 5

Sept. 6

Sept. 7

26.95
36. B

46.2
57.5
69.85
82 .0
92.9

105. B

111. I
111. 1
100.1

89 .4
84.0
7 8.5
66.2
69.85
69.85

57
45
38
33

2I.5
ls. 0

2.2
2.4
2.6
2.7
2.9
3.1
3.2
3.4
3.6
3.7
3.9
4.0
4.L
4.2
4.4
4.5
4.7

5.1
6.0
6.9
7.8

11. 3
15. 0

24.75
34.4
43.6
55. B

66.95
78.9
89.7

j.02 .4
107.5
107.4

96.2
Bs.4
79 .9
7 4.3
61. I
65.35
65.15

51. 9
39. 0
31.1
2s.2
L0.2

0

TIME

11
12
13
I4
15
16
17
1B
19
20
2T
22
23
24

I

b{
l-r
N)

I

1
2
3
4
5
6

!2
1B
24

24

24

52 .8
73.5
93.0

119
143
168
191
2L9
230
))q
206
LB2
T7L
159

l.32
140
139

111
83.3
66.s
53.7
2L. B

0



INDTVIDUAL STORM 4 HOUR UNIT HYDROGRAPHS

EVENT DATE

66-6-1 June 30

July 1

2

TIME
STRNAM-
FLOW Q

2.3
4.0
4.7
4.7
4.7

18. 0
18. 0
15 .8
L2 .9
LT.2
10. 4
10. 4

6.5
4.0
3.2

BASE
FLOW

2.3
2.3
2.3
2.3
2.3
2.4
2.4
2.4
2.4
2.4
2.4
2.4

2.5
3.0
3.2

D. R. O.

0
I.7
2.4
2.4
2.4

15.6
15.6
l-3.4
10.5

8.8
8.0
8.0

4.0
1.0
0

SU}{.

0
42

r.01
160
2l-9
573
910

118 3
13 B4
L206
10 0B

874
802

4 HR.
U. H.

0
10
25
4A
55

143
227
295
346
301
252
2LB
200

56

)¿

T HR.
U. H.

2
3
4
5
6
7
I
9

10
11
L2
13
T4
15
24

I

¡d
P(,

0
42
59
59
59

396
396
332
260
218
198
198
188

99

25

0

0
42
59
59
59

396
396
332
260
218
198
198

0
42
59
59
59

396
396
JJ¿
260
2LB
198
L9B

35

0
42
59
59
59

396
396
332
260
2IB
198
l-26

4024

I2
I3
t4
t5

30

00



TNDTVTDUAL STORM 4 HOUR UNIT HYDROGRAPHS

TIME

L4
18
19
20
2L
22
23
24

1
2
3
4
5

10
L2
I4
17
24

10
11
15
24

24

I2

STREAM-
FLOW Q

1. 95
2.8
3.0
3.7

15. I
37 .5
70.3

100.4
114.1
106.1
L02.4
I04.4

92.4
80.8
56 .4
54 .4
36.0
31. 4
33.0
33.0
25.7
19. 0

10. 0

BASE
FLOW

1. 95
2.0
2.L
2.2
2.3
2.3
2.4
2.5
2.6
2.7
2.7
2.8
)q
3.2
3.4
3.5
3.8
4.I
5.0
5.1
5.4
6.0
7.9

10. 0

1 HR.
D.R.O. U.H.

0
0.8
0.9
1.5

13.5
35.2
67 .9

97 .8
111.4
103. 7

99.6
101.5

89.2
77 .4
52.9
50.6
31. 9
26 .4
27 .9
27 .6
19.7
11. r

0

SUI"I.
4 HR.
U. H.

I

¡4F
+-

EVENT DATE

6 6 -8-1 Aug. 6

Aug. 7

Aug. I

0
1.6
1.8
¿. t

25
64

104
L43

L7B
202
lBB
1Bl
185
r62
l-4L

96
92
5B

4B
51
50
36

20

0

Aug. 9

Aug. 10



INDIVIDUAL STORM 4 HOUR UNIT HYDROGRAPHS

EVENT DATE

67 -6-t June 19

June 20

STREA}4- BASE
FLOW O FLOW

1 HR.
D.R.O. U.H.TIME

4 HR.
SUM. U. H.

6
7
I
9

10
11
L2
13
L4
15
16
L7
18
19
20
2L
22
23
24

1
)
3
4
5
6
7
ô0

I

td
H\¡

2.3
2.3
2.6
J.¿
4.3
5.1
6.0
6.5
8.3
9.7

10. 4
10.5
10.5
10. 4
10. 4
10.3
10. r
9.9
9.7
9.5
9.3
9.0
B.B
8.6
8.4
8.1
7.9

2.3
2.3
2.3
,a

2.4
2.4
2.4
2.4
2.4
2.4
2.4
2.5
2.5
2.5
2.5
2.5
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.7
2.7
2.7
2.7

.3
o

1.9
2.7
3.6
4.L
5.9
7.3
8.0
8.0
8.0
7.9
7.9
7.8
7.5
7.3
7.L
6.9
6.7
6.4
6.2
tro
5.7
5.4
5.2

0
0
6

I9
4I
5B
7B
B9

L28
158
L73
173
173
L7I
T7L
L69
L62
ls8
154

L49
L45
139
134
L28
L23
LL7
113

0
6

19
4L
58
7B
B9

L2B
158
l-73
t73
l-73
17L
L7L
169
L62
158

154
I49
145
139
L34
T2B
l.23
LI7

0
6

19
4T
5B
78
89

t2B
158
L73
L73
L73
17I
L7L
169
L62

158
154
L49
145
139
134
L28
L23

0
6

19
4L
5B
78
B9

128
158
173
l-73
173
L7I
T7L
169

L62
158
154
L49
r45
139
134
128

0
6

25
66

L24
L96
266
353
453
548
632
677
690
6BB
684
673
660
643

s87

524

0
2
6

16
3l
49
66
ooU9

113
L37
158
169
r73
172
171
168
165
161

L47

131

0
0



INDIVTDUAL STORIq 4 HOUR UNIT HYDROGRAPHS

TIME

16
T7
18
19
20
2T
22
23
24

BASE
FLOW

2.7
2.8
2.8
2.8
2.8
)q
to
3.0
3.2
3.4
3.8

2.4
2.4
2.5
2.6
2.7
2.7
2.8
2.9
2.9

D.R.O.

4.9
4.6
4.4
4.2
3.7
3.2
2.9
2.5
1.5
0.9
0

106
100

95
91
BO

69
63
54

32
19

0

HR U. H.
0
2
3
3
4

28
42
50
54

STREAM-
FLOW Q

7.6
7.4
7.2
7.0
6.5
6.1
5.8
5.5
4.7
4.3
3.8

2.4
3.1
3.4
3.7
4.L

12.0
16.5
19. I
20 .6

1 HR.
U. H.

4 HR.
SUM. U.H.

9
10
11
L2
t5
18
2L
24

I2
24

24

3

I

t{
Po\

EVENT DATE

67-6-L
(cont'd) June. 20

June 2L

June 22

June 23

68-6-2 June 30

113
106
100

95

LT7
113
106
100

123
LL7
t13
106

91
BO
69
63

459

392

11s

9B
B5
t5
66
59

35

0
0.7
0.9
1.1
L.4
9.3

L3.7
L6.2
17 .7

0
I
2
3
4

16
23
39
AO+o

0
2
3
5
7

31
46
7B
96

0
2
3
3
4

28
42



TIME

11
T2
13
L4
1B
24

T2
24

2

STREAM

I'LOW Q

25.9
27.7
29 .6
35.4
39.3
43 .0
46. B

50.6
52 .5

65.9
BO.I
69.7
44.9
37 .4
22.2
27 .7
29 .6
27.7
20 .6
16. 5
9.4
8.6

BASE
FLOW

3.0
3.1
3.1
3.2
3.3
3.4
3.5
3.5
3.6

3.9
4.2
4.3
4.4
4.8
5.6
5.7
5.8
5.9
6.2
6.7
7.6
8.6

22.8
24.6
26.5
32.2
36.0
39.6
Â-) a
TJ.J

47 .I
48 .9

62 .0
7s.9
63 .4
40.5
32.6
16 .6
22 .0
23.8
2L.8
L4.4
9.8
1.8
0

I ND IVIDUAL STORM 4 HOUR UNIT

2 HR.
D.R.O. U.H.

70
75
B1
9B

110
122
L32
]-44
150
170
190
232
]-94
124
100

51
67
73
67
44
30

HYDROGRAPHS

50
54
70
75
81
9B

110
L22
I32
l-44
]-70
218
225
232
I12

51
67
55
35

10

0

4 HR.
SUM. U. H.

1
2
3
4
5
6
7
I
9

10
I2
1B
19
20
24

I

H
H
-.J

EVE}flT DATE

68-6-2 July I
(contrd)

July 2

JuIy 3

July 4

L20
L29
151
L73
191
220
242
266
282
314
360
450
419
3s6
2l-2

124
134

oo
65

16

0

60
65
75
B7
96

110
T2I
133
141
I57
180
225
2I0
178
106

62
67
50
5¿

I
4

0

6
0



INDTYIDUAL STORJU 4 HOUR UN 1T HYDROGRAPHS

1 HR.
EVENT DATE

6 8*9 *Ï Sept" 2

Sept. 3

TIME

L7
18
19
20
2I
22
23
24

STREAM-
FLOW g

3.?
3.9
3.9
4.L
4.2
4.6
5.1
5.3
5.7
6.4
7.4
9.4

11. 1
13. 0
]-5.2
16 .5
19. t
20.6
22.2
23.8
26.7
29 .6
L5.2

BASE
FLOW

3"7
3.7
3.7
3.7
3.8
3.8
3.8
3.8
3.8
3.8
3.8
3.8
3.9
3.9
3.9
3.9
3.9
3.9
3.9
3.9

4.0
4.0

SUI"I.
4 HR.
U.H.

0
0
1
2
3
5

9

D"R.O. U.H.

0
.2
,2
.4
.4
.B

1.3
1.5
1.9
2.6
3.6
5.5
7.2
9.1

11. 3
L2.6
Ls.2
16.7
18.3
19. 9

2s .6
TT.2

0
2
)
4
4
B

0
2
2
4
4
I

L2

0
2
2
4
4
B

T2
14

0
2
2
4
4

I
L2
t4
1B
24
34
52
68
B5

106
118
143
ls7
r72
145

0
2
4
B

L2
20
2B
3B

1
2
3
4
5
6
7
B

9
10
11
L2
13
I4
24

I

f{
H
@

18
24
34
52
68
B5

106
118
143
L57
172
187
2L4
240
105

L4
18
24
34
52
68
B5

106
118
143
L57
r72
IB7
2l-4
118

T2
L4
18
24
34
52
68
B5

106
118
143
I57
L72
IB7
l32

52 13
68 L7
90 22

L2B 32
178 45
239 60
311 78
377 94
452 Ir3
52 4 131
590 148
659 165
730 IB2
813 203
s00 ]-25



INDIVIDUAL STORM 4 HOUR UNIT HYDROGRAPHS

STREAM- BASE 1 ITR.
EVENT DATE TIME FLOW Q FLOW D.R.O. U.H.

' 6 8-g*1
(contrd) Sept. 4 L2 I1.1 4.2 6.9 65

13 11. I 4.2 6. 9 65 65
L4 I1.1 4.2 6.9 65 65 65 70 265 66

Se¡;t. 5 I 8.5 4.2 4.3 40
| 2 9.3 4.3 4.0 38 40
H 3 8.2 4.3 3.9 37 38 40ts 4 8.1 4.3 3.8 35 37 38 40 151 38\o
t 12 6 .g 4,5 2.4 23

13 6.8 4.5 2.3 22 23
14 6.7 4.6 2.L 20 22 23
ls 6.6 4.6 2.0 19 20 22 23 84 2L
18 6.3 4.8 ].s L4 19 L6
24 5"8 4.8 1.0 9 12 L0

Sept.6 6 1 z
I 5.0 5.0 0 0L2,ooo

4 HR.
SUM. U. H.



'Þ
¡g

fÍ
z
tf
H

><



L962

L963

BASIN SOTL MOISTT]RE OBSERVATIONS

Date

Sept l)+
2t

Ju¡e 5
1)+

2I
2L
29

Jufy 5
26

Soil
Moisture Deficit
wi.thout site #6

old
New

Soil
Moisture Deficit

r¡l-lth Slte #i)

Aug

system ends here
val-ues - d.idnrt vork

¿

9
I6
19
1J
30

6
13
20
27

20

5
26

1.03
'7)+

. l_0

.03

for June 2l-
3.93

3. 6l}
3. l+1

l+.16
3.6)+

\. :a
\.\z
2.1+o

3. B0

3.r2
1. 83
2.!+

t.5B

I.2)+
.tB

.73

.8r
I .02
2.03

2. I+\

I.T6
1.93
2.26

L96+

Sept

Soi.l
ldoisture Deficit
at site #5 .onfy*

.8r

. t+6

0
0

'96

2.27
r.62

3.11
3.21-

3.61
3. 53
2.23

3.92
3.19
2.2r
2.06

t.12

.92

.20

.35

.20
?).JL

'76

2.i8
T.T6
1.1+6
1.1+6

May

June

Julv 3

10
r7
2l+

Aug T
1l+

2I
28

e.7

t. i+5

1. 86
1.f9
1. )+O

1.78

Site #5 located
well #5.

in vicinity of rain gauge #10 and groundwater'

-F2-



196,

Date

J une -Lö
2\

JuJ-y l-5
to"
23

Aus 6
l_3
20

Sept 3

Ju1y 15
22
)o¿/

Soil-
Moisture Deficit
r¡ithout site #6

.57
-õ.lu

.58

.13
'3r

'32-/'lo
1.0l+

.TI

n^, ta
r.55
r QEI. U,

Ground. Saturated.
'50
.\g

0.83
1.98

.\:
Snow on Grorrnd

il

Frost in Ground.
il

.\r
'30
.72

1. 70
2.O2
2.60

2.08
'93

t02
¿.)1

2.5r

3. 37
a 

-/5. f o

3.97
3.87

L966

Soil
Moisture Deficit

rç-ith site #6

.83
1. l-1

.79
'30

o?.JJ

1.07
r.r5

Aug 12
19
26

196T Ju¡e
lvlay

Soil
l4oisture Deficit
at site #q only

tq. ¿/
.50

. l-0

.05

.05

.12
,27
.20

.15

.20
r.29
o'5)+

.15

.27

'31+
2.61+

.25

Sept 2
23

¿
q

12
19
26

Ju¡e 9
16
30

JuJ-y 1l+

2T
28

Aug l+

11
1B
AE¿)

Sept 2
I

22
to

.25

.¿I

.25

I.r2
r.29
2.Tg

r.60
.15

2.3\
3.01

3.76
3.76
l+. eo
\.29

_F3



1968

Date

May

Soil
Moisture Deficit
vithout site #6

-/.1b
.01+

. Ì)+
)?

.I'

.33
Saturated

.20
All- Saturated

2)
. Ì+o

,37
.6,

3
10
17
2't+

3f

7
l)+
2I+

28

5
'lq

19
26

June

Jüfy

Soil
Moisture Deficit

Ï¡]-th s]-te #b

Aug ¿

23
30

6
I3
20
27

Sept

L969

Soil-
Moisture Deficit
at site #s onl-v

May

June

.20

.52

.63
Qry.ul

.25

.22

.Jt

.l+Z
Saturated (,lune 2) prior

i/atershed. s aturated-
.2r
'32

.)+B

.79

.69
t-.13

,73

1. l+g

1. 50
2.14I

,2L
.13
.2'

30

6
l_3

20
¿l

)+

11
25

I
I

r5
¿-¿

DO

.05

.05

.15
lq

.05

.20

.15

.15

.15

.15

.20

.15

.15

. r_5

.15

.ho

.32

.Lo

Jul

Aug

Sept -5
12
'to
+)

to storm est @O.Ti")

- Ì''4 -


