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This study has investigated whether a simple mathematical model

could be used t,o produce useful results in flood event simulaÈion' A

sirnplified computer model of the Wilson Creek l'latershed that simulates

hourly streamflow due Ëo raínfall has been developed. The sequential

development of the model is discussed, along wifh the effect of the

various model Parameters.

Physically, the model can be thought of as two stacked linear

reservoirs with outflows corresponding to the hydrograph comPonents

direct runoff and spring flow. lnput to Lhe model consists of initial

soil moisture contenÈ and hourly rainfall data. The model ígnores the

effects of evaporaËion, evaPotransPiration and interception, assuming

them Èo be negligible in the overall water balance during a rainstorm'

The parameters that define the storage and outflow characteristics of

each reservoir rrrere determined by minimizing the least squares deviation

of the percentage error between the recorded and simulated flood peaks

and volumes. Five sËorrns with peak discharges varying from 300 cfs to

1350 were selected for calíbration of the model. To verify the model

five addit.ional storms were simulated'

The model was found to be capable of a reasonable reproduction of

observed streamflow hydrographs. However' an anomâ1y was encountered ín

the reproduction of two of the storms. This anomaly requires further

study.
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1.1 SCOPE OT STITDY

The purpose of this study has been Èo determine whether a simple

mathematical model could be used to produce useful results in flood

evenË simulation. Many hydrologic models, for instance the Sanford

Model, have been developei to provide a complete tioe hístory of runoff

for engineering PurPoses. A considerable knowledge of the basin hydro-

logy is needed to use Èhese uodels and several Ëria1 runs are necessary

to obtain a reasonable reproduction of recorded streamflow' A complete

reproduction of runoff is not always needed. The design of engineering

structures and flood forecasting is served sufficiently by reproductíon

of rhe flood hydrographs resulting from individual rainfall events'This

allows a considerable sirnplífication of the model' Experinental data

frou the Wilson Creek Experimental l^latershed have been used to develop

such a model.

CIIAPTER I

INTRODUCT]ON

T.2 DESCRIPTION OF WATERSHED

The l,lilson creek Experimental l^latershed is a basin of 8.5 square

miles. It ís shor,¡n on Figure 1. The Wilson Creek l^latershed is located

on the eastern slopes of the Riding Mountain National Park in Tovrnship

20, Range 16 i^I.P.M. sone 150 miles northlrest of l^trinnipeg. The topography

of the watershed is typical of watersheds of Èhe Manitoba Escarpment'

which forms a semi-cont.inuous break in topography along a lÍne across

the southr¿estern corner of Èhe Province. The upper porÈion of the Water-



shed is located on a relatively flat plateau at an elevation of 2,400

feet. From thís plaÈeau the land drops rapidly to an elevation of 1,100

feet in a distance of about four mi1es. The latter portion of the Water-

shed Ís deeply íncised by gullies and ravines. The main streams are cut

into bedrock shale in valleys that are four to five hundred feet deep.

A surface of unconsolidated glacial drift deposÍÈs overlies the

shale bedrock formations throughouÈ most of the ltlatershed. The upper

portion of the Watershed is covered with open decadent forest of hard-

woods and spruces interspersed with areas of browsed shrub cover. The

lower portion of the l^iatershed is dominated by stands of white birch

and aspen.

The climate in this area is sub-humid. The average annuaL preci-

pitation is about 18 inches of whích approximately 14 ínches fa1ls as

rain during the months of April to October. Throughout the Manitoba

Escarpment intense thunderstorrus are frequent in t.he sunmer. These

storms are usually centered over the uplands and ofËen quiËe 1ocal. Rain-

fal1 intensities up to four inches per hour have been recorded for short

periods of time over the small drainage area of the WaÈershed. These

intensive rainfallsrrather than snov¡melt., produce the major flood events

on the l^latershed (l).

a

1.3 PREVIOUS STUDIES

A mathematical model of the Wilson Creek Watershed that sínulated

hourly streamflow from rainfall and evaporation data was developed in

1970 by M. Sydor (2). This model included the símulation of intercep-

tion, evaporation and evapotranspÍratíon. Basíca1ly, the model consisted

of three linear reservoírs in series, the outflows represenEed the hydro-



graph components: direct runoff, spring flow or interflov¡ and base flow.

The synÈhesized runoff hydrograph was transferred to the downstream end

of the hrilson Creek Experimental Watershed by the Muskingum Flood Routing

Method taking ínÈo account the observed tírne of travel.

In the developuent of Èhis model three typical rainstorms vrere

selected for reproduction. The storage capacítíes and initial anounts

in storage prior to the storns r¡ere based upon physical observations of

the Watershed. The base flow recession coefficíents of the ground¡¡ater

reservoir were determined by conventional hydrograph separation. The

parameters that defíned the outflor¡ and storage coefficients of the

direct runoff and spring flow were optimized to produce a minimum least

squares deviation from the observed hydrographs.

The study concluded that the optinized reservoir coefficienÈs

produced an adequate simulation of sËreamflo!¡. In two ouÈ of Èhe three

storms studied Ëhe agreement. between acÈual and synthesized flows was

good. However, a third storm revealed an inadequacy of the ioodel ín that

t,he direct runoff as modelled did not properly reproduce the storage ín

ponds, Teservoirs, and sloughs from a previous storm. It was recommended

that the observed anomaly be gÍven furÈher study.

-3-



2.L INTRODUCTlON

MATIIEMATICAI, REPRESENTATION OF TIiE HYDROLOGIC PROCESS

The development of a m:thematical model thaÈ simulat.es streamflow

is made much simpler if components of the rnodel can be identified with

corresponding natural hydrologic features of the l¡atershed. This also

enables the transfer of the nodel to ot.her watersheds where sirnilar

features and conditions exist. Therefore, the study has endeavoured to

develop a sinple mathematícal model in which the components parallel the

rnain natural processes. ThÍs chapÈer describes the hydrologic processes

and their conceptual representation. In accordance with the purpose of

the study, namely to develop Èhe sinplest model that would actually re-

produce hourly srreamflow, these hydrological processes sTere drasÈÍca11y

s irnpl if ied .

CXTAPTER IÏ
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2.2 HYDROLOGIC PROCESSES

During the initial part of a sÈorm much of the precipitation is

intercepted by Èhe vegetaËive cover, stored and subsequently evaporated'

This volume of water is referred to as the interception storage. Once

the íntercepËion storage capacity ís met, the amount of water reachíng

the soil surface is equal to Ëhe rainfall less any evaporatíon from the

vegetative cover. The inÈerception storage capacíty of a well-developed

forest canopy is esÈimated to range from 0.03 to 0.06 inches (3) ' I^lhile

the interception may be a sÍgnificant factor in an annual \'IaÈer balance,

in major storn events it is of little imPortance and it may be neglected



for the present purpose.

Part of the water i^¡hich reaches Èhe ground infiltrates inËo the

soi1. Infiltration is Èhe movement of water through the soil surface

ínto the soi1. It Ís dístinguished from percolation, which ís the lnove-

ment of vater through the soil. The vüater enlers the soil surface due

to the combined influence of gravity and capillary forces. Both forces

also cause percolatíon. The capillary forces divert the downward-moving

gravity \,¡ater into capillary Pores. As the capillary Pores at the surface

are filled their intake capacity is reduced, and as a result, the infil-

tration capacíty decreases. The ínfí1Èration capacity is the maximum

raÈe at which !üater can enter the soÍI. Normally, the infiltration

capacity decreases gradually with tíure. The vrater at the surface cannot

infíltrate at a greater rat.e than it ís transmitted dov¡nward. Normally,

soils are stratified and the subsoil layers are usually less permeable

Èhan Ëhe surface soi1. Thus the infiltration rate is eventually limiÈed

Eo the rate of percolation through the least pervious subsoíl sËratum

-5-

reached by the expanding zone of, saturatíon.

I^Ihen the rainfall intensíEy exceeds the infiltration capacity, Ëhe

rainfall excess begins to fill surface depressíons. The rainwater re-

tained in puddles and ponds is termed depression sÈorage. I^lhen a depres-

sion is fil1ed furt,her inflow is balanced by out,flow, plus infiltration

and evaporat.íon. Once Ëhe depressions are filled overland flow begins.

The water held in depressions at the end of the rain is either evaporated

or absorbed by the soil through infíltratíon. Depression storage is

usually lunped with interception and is Ereated as an ínitial loss with

ïespect to storm runoff. Experience suggests Èhat for most basins, Èhe

depression sEorage capacíËy will be between 0.5 and 2.0 ínches (4).



The entíre part of storm precipítation l¡hich does noË appear

eit.her as infiltration or as overland flow during or inrmediately follow-

íng the storn, is called surface retent.ion. Surface reEention includes

interception, depression Storage, and evaporation, but does not include

waÈer temporarily stored en route to the stream.

Evaporation and Èranspiration (water exuded ín the form of vapor

by plants) is also taking place during the rainfall period, but at a

very lirnited rate, since the lower aÈmosphere ís saturated or nearly

saturated. In this study this comPonent is neglected'

2.3 COMPONENTS OF STREAMFLO\^]

The v¡ater whích constitutes streamflow may travel to the stream

channel by several paths from the point r¡here it first reached the earth

surface. The water that does not infiltrate into the soil flot¿s over

the soíl surface and reaches the stream soon after its occurrence as

rainfal1. The balance of the water infiltrates through the soil surface

and flows beneat.h the surface to the sEream channel . This \'iater rnoves

more slovrly than the surface hTater and contributes to the sustained flor¡

of the stream after the raínfaIl has ceased.

The waLer which travels over Èhe soil surface is referred to as

overland flow. Overland flow is Èhe excess precipitation produced by a

high-intensity of rainfall which exceeðs the infilÈration capacity once

the detentíon and interception requirements are met. When surface depres-

sions are filled, surface vrater begins to move down the slopes following

micro-channels which coalesce with others growing larger and larger until

Èhe water reaches the main channels. In major runoff events, of interesE

in design and flood forecasting, overland flow is the most ímporËant

-6-



elenent fn the formation of the flood hydrograph. For many small and

moderate storms overland flow may be quite smal1, sirice overland flow

over a permeable soil can only occur when the rainfall rate exceeds the

fnfflÈratlon capacity. For such storms, overland flow may occur only

from relatively lmperneable surfaces urithin the watershed. Usually, the

Èotal Ímpervlous area l-s a small percentage of the basin area. Hence,

signfficant anounts of overland flow occur only as a result of high-

intensity rainfalls.

Runoff is called interflow if it, afËer fnflltrating into the

soi1, moves laterally through the upper soil layers until it is inter-

cepÈed by a stream channel. This water does not Percolate dovm to the

groundwater Ëable and become part of the Ëypíca1 groundwater flow system.

The proportion of toÈal runoff which occurs as interflow depends on the

geology of the basin. A porous surface soil cover underlain by a

relatively impervious strata a short distance belov¡ the soil surface

favours subsÈantial quantities of inËerflow, whereas a uniform permeable

soil encourages dor^¡nr¿ard percolation to Ëhe groundwater table' Interflow

is probably more signifÍcant in storms of moderat.e íntensity, while over-

land fl-ows is more associated with high-intensity storms.

In the l^lilson Creek Watershed, Èhe unconsolidated glacial deposits

in which interflow occurs is underlain by shale bedrock formations. The

movement of wat.er through the shale fracÈures that occurs during a storm

is referred to as spring flow. In many locations along Èhe shale slopes

and stream channels numerous springs occur' which flow freely when heawy

rainfall occurs in the lrat,ershed. It Ís assumed that fractures ín Èhe

shale forn int.erceptors to Ëhe vertical and laÈeral movement within the

underlyíng rock and thus feed the springs. spring flow is distinguished

-7-



frorn groundwater flow proper ín that

groundwater table.

The precipitatíon that inffltrates the soil surface and percolates

dor^¡nward until it reaches the grotndwater table may event.ually discharge

into the strean as base flow, if the water table íntersects the stream

channel of the basin. The groundwater conÈrÍbution to t.he streamflo!¡ can

increase over several orders of magnitude Ín a shorË Ëine. Nevertheless,

Èhe maximum contríbuÈi.on to the flow Ís minor r¡hen we deal wíth major

runoff events.

The final component of streamflow is the precipitation fhat fal1s

directly on the !¡ater surface of lakes and streams. Thís conponent of

st,reamflow is known as channel precipitation.

it moves independently of the

2.4 REPRESENTATION OF HYDROLOGIC PROCESSES BY A SERIES OF

STORAGE RESERVOIRS

Lrhen precipítatíon falls on a h7aËershed, the \^7ater on its \,¡ay to

the stream ís temporarily stored either above or belor¡ ground and then

released. Each area or material the water passes through thus acts as a

storage reservoir which ret.ains some of the water for awhile and then

releases ít partly or entirely Èo a lor.rer reservoir. The entire vrater-

shed can thus be thought of as a series of reservoirs stacked one above

the other as shown on Figure 2.

The first reservoÍr is formed by the veget.ative cover. The vege-

tative cover provides interception storage. Once the ínterception

storage capacity has been reached, the water, minus any evaporation, is

passed on to the soil surface.

The soíl surface acts as the second reservoír; it will be called

-8-



the surface reservoír. Thís reservoír is fÍlled by the h7aÈer released

fron the fnterception storage. The surface reservoir allows part of its

storage to be released as overland flow and part to infíltrate into the

soil zone below. For overland flow to occur, the flow frorn the intercep-

tion storage must exceed the l-nflltratlon rate of the soil surface and

the depression storage capacity of the soil surface must be satisfied.

Ir¡rnediately below the surface reservoir is the field reservoir.

The fíeld reservoir represenÈs the soil moisture held in the surface

deposiÈs. Infiltration frorn Èhe soil surface acts as input Èo the ffeld

reservoír. The anount of infiltrated water stored in the fÍeld reservoir

depends on the soil moisture defícit. This is by definitÍon the field

capacity (the noisture thaÊ cannot drain by gravity from an initially

saturated soil) minus the soil moísture cont.ent. Once the field capacity

of the soil is reaehed the field reservoir allows part of its storage to

be depleted by lnterflow and part to percolate lnto the soil layer below.

Storage in the field reservoir is also depleted by evapotranspiration.

The fractured shale format.ions in the i,lilson Creek l^latershed are

-9-

represented by a fourth reservoir;

The spring reservoir allows part of

flow and part to deep percolation.

The groundwater reservoir is

system. This reservoir reeeives deep

reservoir. Water stored 1n the groundwat,er reservoir is

base flow to the stream channel and deep percolation Ëo

as a system loss. The losses take Ínto account the gror,ndwater flow

both vertically downward and flors below the l,lilson Creek l{eir. The

groundwater reservoir represenËs the long term groundwater storage of

the cornplet,e waÈershed and is released very slowly.

ít will be called the spring reservoir.

its storage to be released as spring

the lowest reservoír

percolation water

in the stacked

fron the spring

released as

the lower zone



2.5 LINEAR RESERVOIRS

The rate of outflow from each of the reservoirs discussed j.n

section 2.4 towards the strean channel and the lower lying reservoir is

dependent on the amounÈ of water stored in the reservoir. The acÈual

relationship is very complex however, in this study it was assumed that

the storage-outflow relatíonship is linear, so that the sÈorage is

directly proportional to the outflor¿:

S(t) = r0(Ë)

The constant K has the dimension of tiure. It. is a measure of the de-

lay inposed by the reservoir on the hydrograph. If the above relation-

ship is combÍned with the storage equaËion

r(È)-o(t) =#t,.,
one geÈs:

r(t)-o(t) =Hoa.,

-10-

whích can be writt.en in operatíonal form as

(1+KD) 0(t) = r(t)

where ls the differential oPerator.

For any given inflor¿ this equatíon can be solved

numerically. The case where the inflow into the

equation (1) can be solved by sirnple integration.

I=o and 0=S/K at t=o equaÈion (1) becomes

o = s '-t/K['

o(t) etlK = I / tc.l"

This equation has the solution

t/K dt * constant

eíËher analytÍcallY or

reservoir has eeased

Assuming the Iirnits

(1)

(2)



Thus the response of a linear reservoir to Èhe terminaËion of inflo¡¡ is

an exponential decay function. A similar equation may be deríved for

tv¿o linear reservoirs placed in series.

For trÀro unequal linear reservoirs, the outflow from the first

reservoir is expressed by equation (2). In routing Èhe f1ow, thís ouÈ-

flor¡ Ís consídered as Èhe lnflow to the second reservoir. Using equaÈion

(2) as the input function and with t being the variable, the íntegral of

gives the outflow from the second reservoir as

o(t) =f'

-11-

Thus the outflow from the second reservoir is a combination exponentlal

decay function.

o =/þ;"*'
o

u(r-t) r(r)dt

2.6 ASSUMPTIONS

To simplify the conceptional nodel as much as possíble in conpli-

ance with the ain of the study, Èhe following assurnpÈÍons \,sere made:

a) As the moisture content of the atmosphere is at' or near'

saturation during the raínfall perÍod, evaporatÍon and evapotranspiration

takes place at a very linited raÈe and was therefore neglected.

b) As the interception storage capacity of the vegetatÍve cover,

estimated to be less than 0.1-0 inches, is considered t,o be negligible in

Èhe overall water balance of high-intensity rainfalls, interception

losses were neglected.

' -t/KI
= q le" \K2-K1

^ -(t-r) /x2

ädr

-r /K2 \r-e I' Kr-K2/



the basÍn directly connected to, or adjacent to the channel system, r^rere

neglected. It is estimated that less than Èwo percent of the rainfall

occurs directly on the channel or ís translated directly to the channel.

This cornponent of runoff norrnally occurs prior to the peak discharge and

does not contribute signifícantly to the volume of runoff.

c) Direct runoff produced by rainfall on impervious portions of

d) The component of base flor¿ was assumed Èo remaÍn consÈant

through Ëhe storm event. Base flow represents the long term storage of

the complete \^Tatershed and does not fluctuate rapidly.

e) Direct runoff was taken as the sum of overland flow and inter-

flow. The distinction between overland flor¡ and interflow is to some

extent arbitrary in any case.

filÈrate into t.he soíl surface and then complete its trip to the stream as

overland flow. Therefore, the total flow ín i^lilson Creek ¡¡as assumed

to be comprised of three components: 1) direct runoff from the surface

deposits of glacial till; 2) spring flovr from the subsurface shale bed-

rock fractures; and 3) base flow frorn the groundwater system.

-12-

Water may start out as overland f1ow, in-



3.1

Precipitation and streamflor¡ records, as well as

numerous other hydromeËeorological data, have been kept

HYDROMETEOROI,OGI CAL DATA

Creek Experimental Watershed since 1959. A large

thus available for analysis. For this study five

produced relatively large volumes of runoff were

CITAPTER lII

HYDROGRAPHS STIIDIED

ment of the Model.

3.1.1 PreciPitation

The areal average of the hourly precÍpitation was calculated for

each sÈorm by means of Ëhe Thiessen polygon rqeËhod using the data of

eight reeording rain gauges. In this method rainfall at each poínt of

Èhe basln is taken as the rainfall in the nearest rain gauge. Areas

nearest Eo a particular gauge form polygons that are fixed by the

geometry of the rain gauge neÈwork and the drainage basin. To determine

the mean rainfall, each rain gauge observaËion is niultiplied by a coef-

ficient determined as the area of the parÈicular polygon divided by the

total aTea. This procedure hlas convenient for Èhe storms used in this

study since the network is fixed. The calculated mean hourly precipi-

tation nultiplied by the drainage area of Èhe watershed represents Ëhe

volume of Èhe inflow to the Model.

- 13-

records of

for Ëhe l^lilson

of data ísauount

rainfall event.s that

selected for develoP-

3.T.2 Soil Moísture

The antecedent soí1 moisËure content prior to each sÈorm lTas

estimated from the soíl rnoisture surveys taken weekly in the surÎmer at



seven poinÈs in the l{atershed. A one-inch tube sampler is used to take

a soil sample at increments of six inches to a depth of three feet. An

experienced operator estÍm¡tes the mofsture conEent of each sanple by

touch, which is then recorded. The difference in water cont.ent of the

soil between the field capacity and the permanent wilÈlng point is about

three inches per foot of soil (5). The permanent l4rilting point is that

soil water content at r¡hich the soil cannot supply vrater aÈ a sufflcienÈ

rate to maintain turgor, and the plant permanently wilÈs.

The soil moisÈure estimates have been useful in deÈerminÍng Èhe

depth of sÈorm rainfall necessary Èo produce a significant runoff. A1-

though the meËhod does not provide accurate values of soil moisture

content, it has given reliable estimates and helped to explain why some

heavy rainstorms have produced relatively 1Íttle runoff. For example,

the 4O-hour storm of August 5 to 7, L966, produced 4.6 Ínches of rain-

fal1, a maximum hourly intensity of 1.4 inches, and a peak flow of 120

cubic feet per second at the l.lilson Creek l,Ieir. By contrast, the 48-hour

storu of June 25 to 27,1969, whieh produced 4.9 inches of rainfall, a

maximum hourly intensíty of 0.7 inches, gave a peak flow of 700 cubic

feet per second. Although Èhe preeipitation of Èhe two sEorms \.¡as

similar, there qras a great dífference in the runoff, presunably because

of the moisture content of the soil before the storms. Soil moisture

tests before the storms indicated Èhat the soil could absorb more than

two inches ln the 1966 storrn and only 0.75 of an inch in the 1969 st.orm

(5).

3.1.3 Streamflow

Streamflor¡ from the 5400.7 acre lJiLson Creek Experimental l,Iater-

shed is measured at the LÌilson Creek l,{eir. In 1960 Bald Hill and Ridge
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Dams were consÈrucËed on the headwaters of l{ilson Creek. As a result,

outflow frorn 716.2 acres of Èhe i{atershed is controlled by the dans.

The model developed in this study simulates runoff from the Portion of

the Watershed whÍch excludes the drainage area of the dams. The recorded

outflori from the dams was, however, added to Èhe simulaÈed streamflovr

hydrographs before being compared with the recorded discharge at the

l,lilson Creek Weir.

3.2 STORM EVENTS

Five rainfall events with peak discharges ranging froro 300 cfs to

1580 cfs were selected for the developuent of the Model. The five events

were selecÈed because of their stgnificant volumes of runoff and avail-

ability of soil moisture data, which allowed an estimate of soil moisture

conditions príor Èo the st.orms. The stortns r¡hich rePresenË five ouË of

the six largest discharges recorded in the l'Jilson Creek Experimental Water-

shed since its ínception in 1959, reflect a range of antecedent soil

moisture condÍtíons and raínfall intensitles and duraÈions. A descrip-

tÍon of the five storros is as follows:

Event 69-6-Iz

-15-

I'rom June 25th to 27Eh, 1969, during a 48-hour period' an average of 4.93

inches of raÍn fell on the llilson Creek l^Iatershed. The average uaxLuum

hourly rainfall fntenslty of the storm over the llatershed was 0.41 l-nches.

prlor to Èhe storm, the soil moisture deffciË of the l,latershed was

estimated Èo be 0.76 inches. At the Wilson Creek I'Ieir a maximum instant-

afreous dfscharge of 700 cfs was recorded. A day later aÈ 2100 cst on

June 28th an additfonal 1.51 lnches of rain fell during the ensuring 25.5

hours. A secondary peak díscharge of 311 cfs was recorded at the l^lílson



Creek I^Ieir. The average maxlmun hourly rainfall lntensity of the

second sÈorm was 0.16 inches. In this study boËh storm events have been

comblned to determíne the Modelts response to a sequence of raÍnfall

events.

Event 74-5-Iz

On May llth, 1974, an instantaneous peak dlscharge of 298 cfs was re-

corded at the Wllson Creek l^le1r. Thís was the resulÈ of a 22.25 hour

rainstorm tn which an average of 2.42 inches of rain fel1 on Ëhe Water-

shed. The soil molsture conditíons of the Watershed vlere at field

capacity prior to Èhe storm. The average maximum hourly raÍnfall Ínten-

sity of the storm was 0.16 inches.

Event 75-8-2:

From August 23rd to 25th, 1975, during a 53-hour perfod' an average of

3.06 inches of rain fel1 on t.he l^iatershed. The average maximum hourly

raínfall intenslty of the storm was 0.57 inches. At Èhe i^illson Creek

Weir a maximum instantaneous discharge of 330 cfs was recorded. The

so1l moisture deficlt príor to the storm was estimated to be 0.76 inches.

EvenÈ 75-9-I:

-16-

The largest storm ever recorded in Manitoba began over the I^Iilson Creek

I^Iatershed on September l9th, L975 at 3:30 p.ro. During the next 59.5

hours, an average of 9.86 inches of rain fel1 on the l^fatershed. The

average maxímum hourly rainfall intensity of the storm was 0.74 inches.

At the l^iilson Creek l,treir, a maxlnum instantaneous dlscharge of 1580 cfs

vas recorded. This is the largest discharge ever recorded on Wllson

Creek. The soil moj-sture deficit prior to the storm was estimated to be

0. 35 inches.



Event 77-7-Iz

Durfng a 2L.5 hour period frorn July 10th to 1lth, L977, an average of

5.39 inches of rain fell- on the l^Iatershed. The maximum hourly rainfa]l

fntensity of the storo was 0.96 fnches. A maximum discharge of 540 cfs

h¡as recorded at the !trilson Creek hleir. The soil moisture deficit prior

to Èhe sÈorm was estiuated to be 1.10 inches.

The five storms have been surnmarized ln Table 1 for comparison

purposes.

TA3LE 1

SI]MMARY OF STORM E\TEMS

Duration of
St,orm Rainfall in
Event Hours

69-6-L(a)

6e-6-r (b)

7 4-5-L

75-B-2

75-9-r

77 -7 -r

-r7-

lfaximum
Average Hourly
Rainfall Rainfall
In Inches Inches/Hour

4B

25.5

22.25

53

59 .5

27.5

4.93

1. 51

2.42

3.06

9.86

5. 39

Initial Soil Maximum
MoisËure Instantaneous
Defj-cit in Díscharge ln
Inches cfs

0. 41

0. 16

0.16

0 .57

0.7 4

0.96

0.76

0.00

0.00

0.76

0. 3s

1. t0

700

311

298

330

l5B0

540



4.I CRITERIA OF GOODNESS-OF-FIT

Tn the sequenÈial development of the maÈhematical mode1, the

agreement beÈlveen simulaËed and observed streamflow hydrographs was

checked by means of an objective function. This function, which is to be

minímized, measures the goodness-of-fit. Many such objective functions

are possible. For the purpose of this study, the trlro most imPorÈant

components of the streamflow hydrograph are the peak díscharge and the

runoff volume. An objecEive function was developed thaÈ measures the

deviation between the sínulated and recorded peak discharge and volume

using the Principle of Least Squares. This Princíple can be sËaÈed as

fol-lo¡"¡s: The most probable value of a quantity is obtained from a set

of measurernents by choosing the value ¡¿hich minimizes the sum of squares

of the deviation of these measurements. The resultant objective function

which is míninized is as follows:

CIIAPTER IV

MODEL DEVELOPMENT
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I{here:

F(x)
N
1_L

i=1
/{psi-pni) -\pni^

PRi - is the recorded m¡ximum hourly discharge in cfs;

PSi - is the simulated uaximum hourly discharge in cfs;

VRi - is the volume of the recorded streamflow hydrograph

12 N

lOOì + T

J i=L

in cfs-hours;

VSi - is Èhe volume of the simulated streamflow hydrograph

/(vsi-vni)
\ vRr

x loo)'z



4.2 OPTIMIZATION PROCEDURE

A systematic search for the optinal value of the stoÏage con-

stants of the linear reservoirs \¡¡as incorporated in the model' The

Dírect Pattern search was employed to oPtinize the rnodel reservoir con-

stants so as t,o minimize the objective ftrnction. The Pattern Search

does not rely on the evaluation of partial derivates but adjusts the

parameteïs step\,Jise to successively ímprove trial solutions' The Pattern

search method was introduced by R. Hooke and T.A. Jeeves in 1961' A

detaíled descripÈion of the method is contained in Appendix A.

in cfs-hours; and

N - is the total number of storms anat.yzeð'

4.3 MODEL DEVELOPMENT

This section discusses the sequential developmenÈ of the hourly

sÈreamflow simulatÍon model. A rnodel incorporat,ing only a single linear

reservoir represent.ing the hydrograph component direct runoff \das ex-

amined first, as the studyrs objective was to develop bhe simplest model

possíb1e. However, Èhe resulÈs discussed below indicated that at least

two linear reservoirs stacked one above Èhe other and representing the

hydrograph components direct runoff and spring flow would be needed'

4.3.I The Single Reservoir Model

In the single linear reservoir roodel only direct runoff from the

surface deposits of glacial till represented by the field reservoir ís

simulated. The simplest model is one in ¡¡hich direct runoff begins once

the field capacity of the field reservoir is reached. The initíal soil
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moisÈure conÈent of the field reservoir prior to each storm r.¡as estima-

ted by the soil moisture deficít readings (field capacíty minus the soil

moísture deficiÈ). The soil moísture deficit readíngs allows for an

approximatíon of conditions in t.he l,iat.ershed prior to the storm. This

simplistic model referred Èo as Model A may be represented mathemaËícally

Where:

s - is the storage volume of Èhe field reservoir in inches at
t

time Period t;

Da - is the direct runoff in cfs at tíme period t;

IC - is the fÍeld capacity of the field reservoir in inches;

KD - is the storage consÈant of the field reservoir in hours which

relates the volume of stora8e to the direct runoff; and

AREA - is the drainage area in acres of the hlilson Creek Experimen-

tal l^latershed, excludíng Baldhill and Ridge Dams '

These equations ¡,¿ere combined with the storage equation, shown on

page 10, to mathenatically represent the movement of water Èhrough the

entire I^latershed. For the five storns described in section 3.2, the

optimal storage constant KD, for Model A, based on minímizat|on of the

objectíve function was determined to be 69.94 hours. The minimum value

of the objective function was 21 ,849. The hourly streamflow hydrographs

simulated by Modet A are shor^m on Figures B-1 to B-5' Appendix B'

The peak discharge simulated by Model A was significantly under-

estimated ín all five sÈorms and the rising and recession lin'rbs of the

l^Ihen Sa

Lrhen S,

1 FC

FC
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símulated hydrographs were too flat. Also the initial increase in

streamflow, simulaÊed by Model A, occurred before an increase in the

recorded streamflow hydrographs. It was felt that if an additional

parameter represenÈing the depression storage capacity of the Ítlatershed

vras incorporated into the field reservoir, a large amount of the ínÍtia1

precipitaËÍon would be absorbed. This r¡ould delay the st.art of runoff

and steepen the slope of the rising and recession limb of the hydrograph.

A second linear reservoir model, referred to as Model B, was developed

on this premise.

Model B nay be represented mathernatically as:

I^Ihere DS is the estimaËed average depressÍon storage capacity of the

I^latershed in inches. The depression storage capacity is defined as the

moisture leve1 above field capacity which direct runoff begins.

Using the 'five storms, the opËimal value of KD and DS for Model

B,,rere determined to be 11 .00 hours and 1.53 inches respectively. The

minimum value of the objective function F(x) r.ras reduced from 2I,849 to

5,25g. The hourly streamflow hydrographs simulated by }Ícdel B are shown

on Figures B-1 to B-5, Appendix B. The effect of includÍng the depression

stoïage capacity v;as that the start of direct runoff was delayed to

coincide r^rith that of the observed streamflow hydrographs. Peak dis-

charges were also sígnificantly increased resulting in the símulated

hydrographs taking on Èhe general shape of the recorded streamflow hydro-

graphs. Ilowever, the recessÍon limb of the simulated hydrographs was

still too flat. This resulted in too great a volume. To overcome this

When

I^Ihen

f-

t

-2r-
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FC+DS

D t
D t

0
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probleÐ tlro reservoirs sÈacked one above

next.

4.3.2 The Two Reservoir Model

In the thTo reservoir model, the outflow from the field reservoir

corïesponds to direct runoff and t.hat of the spring reservoir to spring

flow. Assuming that the rate at which water is lost from the field

reservoir could be increased by a second outflo\'r component, percolation

was added to the field reservoir. The addition of percolation would hope-

fully lead to an increase in the sËeepness of fhe hydrograph recession

linb rectifying the problem experienced in Model B. The percolation

would act as inflow to the spring reservoir.

In ì4odel C, percolation from the field reservoir was assumed to

begin once the field capacity is reached. The field reservoir fílls until

the depression storage capacíty is reached at which time direct runoff

begins. The fíe1d reservoir of Model c nay be represented m¡thematically

4Þ.

the oËher vil1 be investigated

-22-

When S < FCt
I{hen FC < S < FC+DSt-

Lrhen S >FC+DSt-

Where:

P-t
KP-

is the percolation rate in cfs at time period t; and

ís the storage constant of the field reservoir, in hours,

which relates the volume of storage Lo the percolation rate.

0 and

0 and

P =0t

D=t
D=
t

(S't
(st

(st

_FC) AREA/KP

-(FC+DS) )AREA/KD and

-FC) AREA/KP



The dov¡nward percolation from the field reservoir acts as Ínput

to Èhe spring reservoir. The spring reservoir represents the fissured

shale bedrock formaÈions in the Watershed' The spring reservoir of l'lodel

c has incorporated storage losses to the groundwater system by deep

percolation. For simplicity Èhe rate of deep percolation \'Ias assumed

constant. \rrhen the downward percolation exceeds Èhe maximum deep per-

colation rate Èhe excess acts as inpuÈ to the spring reservoir which is

mathernaÈica1lY represented bY :

SF = SS XAREA/KSÈt

Lïhere:
SFa - is Ëhe spring flow in cfs at time period t;

SS._istheStoragevolumeofthespringreservoiríninches

at time Period t; and

KS-isthestorageconstantofthespringreservoirinhours,

whichrelatesthevolumeofstorageÈoÈhespringflow.

A schematic of Model C is shor¿n on Figure 3' In the Model, the

depressíon sÈorage capacity and the maxlmum deep percolation rate are

fixed for each comPuter run. The optímization program Ëhen adjusts the

sÈorage constants KD, KP and KS unEÍl a "best fit" of the hydrographs is

attained.

Model c resulted in a sígnificant improvement in the simulated

hydrographs. This improvement was almost totally atÈribuÈable to the

nodifÍed field reservoir which takes into account depression storage and

percolation. To demonstrate this, the maximum deep percolation rate \'/as

set at 0.5 inches per hour, which resulted in zero spring flow' For the

case of zero spring flow Èhe best fit, F(x) of 2,462, was obtained for a
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depression storage capacity of 1.2 inches. The resulÈant optimal values

of KD and KP were 11.51 hours and 107.35 hours respectively. The simu-

lated direct runoff hydrographs of Model C are shown on Figures 8-6 and

B-10, Appendix B. Generally the hydrographs simulated by ìfodel C show

good agreement vriÈh the rísing and recession lirnbs and peak discharge of

Èhe recorded hydrographs. As the fíeld reservoir of Model C adequately

simulaËes the direct runoff comPonent of the hydrograph and meets the

sÈudyts criteria of developing a sirnple model, the fíeld reservoir of

Model c has been used in all subsequent Models developed.

The effect of the spring reservoir of I'tode1 C was then assessed

by fixing the depression storage capacity at 1.2 inches and adjusting

the maximum deep percolation rate for succeeding runs. I'or all values of

Ëhe maxímum deep percolation rate selected, the optimized value of KS

!ùas greater than 1,000 hours. This resulted in negligible spring flow

from the spring reservoiï and results similar to the case of zero spring

f1ow. These results \^rere considered to be unacceptable. The remainder

of the Model's development was devoted Èo nodificaËj-ons of the spring

reservoir.

Two additional spring reservoirs \.rere subsequently developed. In

both cases, the field reservoir of Model C was used to simulate percola-

tion, which acËs as inflow to the spring reservoir. In the spring

reservoir component of Model D, the deep percolation rate $7as assumed to

be propor¡ional Eo the storage of the spring reservoir. This differs from

I'fodel C where the deep percolation rate \^las assumed to be a constant loss'

Finally in ìlodel E, an attemPt was made to incorporaËe into the spring

reservoir of l"lodel D a parameter rePresenting an íniEial volume of waËer
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absorbed by Èhe soil parÈicles of the shale fractures before spring

flov¡ and deep percolaÈion can begin.

In the spring reservoir of Model D deep percolation was assumed

t.o be proportionate to the storage of the spring reservoir. Deep

percolation begins irr¡mediately upon the spring reservoir fíl1ing and

increases until the m¡ximum deep percolaÈion rate is reached at which

time spring flow begíns. The spring reservoír of Model E may be repre-

sented naEhenatically as :

I{hen SS < SDPt-

Ifhen SS > SDP

I{here: SDP - is the storage volume of the spríng reservoir ín ínches

at which the naximum deep percolation rate ís reached;

DP- - is the deep percolaÈion rate in cfs at Èime period t;
t.

KDP - is the storage constant of the spring reservoir in hours

which relates the volume of sËorage to the deeP percola-

tion rate.

A schematic of Model D is shown on Figure 4. Like Model C' the

depression storage capacity and the maximum deep percolation rate are

fixed for each run and the optímizaÈion program then adjusts the storage

constants KD, KP, KDR and KS unt.il a "best fit" of the hydrographs is

attained.

The revised spring reservoir of Model D, decreased the minimum

objectlve functj-on to 2,357. For the optÍmal maximum deep percolation

raÈe of 0.01 inches per hour, the oPtinized values of KD, KP, KDP and KS

significantly inproved the hydrograph's shape. This significant improve-

-25-

DP,

SÏ t

=$

=Q

S, x AREA/KDP and

DP=t
SF=t

SDP x AREA/KDP and

(ssr-sDP) AREA/KS



menÈ \.ras not indicated by the objective function.

of 78.0 resulted in an increase in the porÈion of

storage released to spring flow, thus iroproving the agreement between the

simulated and recorded hydrographs for flows less than 60 cfs. The op-

Ëina1 values of KD and KP of 10.10 hours and 48.39 hours respectively'

which were less than the values obÈained for Model C, increased Èhe slope

of the recession 1ín,b of the direct runoff component of the hydrograph.

As shovm by a visual inspecti-on of the simulated hydrographs of Model D

on Figures 8-6 Èo B-10, Appendix B, a major improvement in Èhe fit of

the recession lirrb of the simulated hydrographs wíth the recorded hydro-

graphs has occurred, even though the objective function did not indicate

a significant improvement. Although this Ímprovement in hydrograph shape

was not recognized by the objectíve function, it was felt that changing

the objective function would not significantly improve the study results.

The final spríng reservoir developed considers an initial volume

of percolatÍon fron Ëhe fíeld reservoir absorbed by the soil particles of

Íhe

the

optimum value of KS

spring reservoirts
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the shale fractures, before spring flow, and deep percolaÈion begins. It

was felt this ínítial volume of vJater nust be absorbed before outflow

from the shale fractures can begin. In this nodel both spring flow and

deep percolation were

deficit of the spring

spring capacity. The

nathemat.ically as:

Ifhen SSa

Lrhen SSa

assumed to begin once the initial soil moisture

reservoir \,ras satisfied. This deficit is called the

spring reservoir of Model F rnay be represented

hlhere SC Ís the spring capacity

SC

SC

DP =0andSFf
DP = (SSEt
SF. = (SS,

of the spring reservoír in inches.

-SC)AREA/KDP and

-SC) AREA/KS

=Q



depression storage capacity, maximum deep percolation rate' and spring

capacity are fixed for each run, whereas the optimization program

adjusËs the sËorage constants KD, KP, KDP and KS until a "best fit" of

A schematic of I'fodel E is shown on Figure 5. In Model E' the

the hydrographs is attained.

In Model E it was observed that íncreasÍng the value of the

spring capacity resulted ín a decreased value of the objective function.

A spríng capacity of 0.60 inches reduced the minimum objectíve function

F(x) Èo 1,145. The hydrographs simulated by Model E for a spring

capacíty of 0.60 inches are shown on Figures B-11 to B-15. The reduction

in the objecÈive funcLj-on was Èotally accounted for by the improvement

in storm 74-51. This improvement !,Ias based on the assumption Ëhat

stoïm 74-5-I was initially aË spring capacity. This assumption was

based on the fact that as the initíal soil moisture contenË of storm

74-54 lrâs at field capacity the spring reservoir could have similarly

been at spring capacity. In storm 75-8-1 íE was also observed that the

spring capacity had the effect of delaying the sËart of spring flow,

which caused a distinct secondary peak. The larger the value of the

spríng capacíty t,he aore pronounced the secondary peak became. Because

of the abnormality of the secondary peak of storm 75-B-I, and the im-

provement in only sÈorm 74-51, which was based on an unsubstanEiated

assumption, the idea of an initial soil moisture deficit developed in

the spring reservoir of }fodel E was given no further consideratÍon.

In sununary, of the five models previously discussed, Model D is

consid.ered to sinulate best the five storms studied, A schematic diagram

of Èhe field reservoir and spring reservoir of Model D wiÈh the corres-

ponding linear funcËions is shown on Figure 4.
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5.1 CÐODNESS-OF-FIT OF I'IODEL

The hydrographs that have been studied indicate good agreenenÈ

in four out of the five sÈorns reproduced by ì,lodel D. The fifth storm'

Event 74-5-L, reveals an inadequacy of Model D and the variabilíty that

occurs in the physical htaËershed resPonse.

Storm EvenÈ 69-6-L shows good agreement between the recorded and

simulated f1ows. As shown on Fígure 6, Ehe characËeristic hydrograph

shape of the È\,Jo sequential rainfall events is reasonably reproduced.

The largest discrepancy occurs in the peak discharge of the second rain-

fal1 event, which is underestimated by approximately 70 cfs or 23 per-

cent.

storm Event l4-5-L shows the largest discrePancy of the five

storms studied. The peak discharge and volume are r:nderestimateð by 2I.6

percent anð,29.2 percent respectively, as shown on Figure 7.SÈorm 74-5-I

is the only event studied ín which the rising lirnb of the sirnulated

hydrograph does noÈ precede that of the recorded f1ow. It would apPear

that the díscrepancy lies in the initÍa1 soil rooisture condiÈions. ThÍs

discrepancy can perhaps be explained as follows: Spring runoff had occur-

red approxirnately two weeks earlier. The depression storage capacity of

the llatershed is probably stil1 Partially full" Event 74-5-I being of a

rnoderate rainfall intensity, the partíally full depressíon storage caPa-

cíty would significantly effect the sLart of runoff and thus Èhe runoff

volume and peak. As Model D does not attemPt Èo recognize initial de-

CIIAPTER V
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ptession storage in the Watershed because of the lack of actual physical

observat.ions, Ëhe runoff hydrograph would have been undereslimated.

sËorm Events 75-8-2 and 75-9-1 indícate the best agreement

beËween the recorded and simulated flow. In Event 75-8-2 the peak dis-

charge and runoff volume were reproduced within 8 percenÈ and 1 percent

respectively, as shornm on Figure 8. Sinilarly, in EvenL 75-g-l the peak

discharge and runoff volume !üere reproduced \^ríthin 1 percenË and 10 per-

cent respectively, as shown on Figure 9. For both hígh-intensity rain-

fa1l evenÈs initial soil uoisture conditions \¡Iere below field capacity.

SÈorm Event 77-7-l indicates good agreement between the recorded

and símulated flows, as shown by FÍgure 10. The peak discharge and run-

off volume lJere overestimeted by 16 percent and 21 percent respectively.

Like Event 69-6-1 the volume of runoff r:nder the rising limb has been

overes timâ ted.

In the Modelrs development, it ¡¿as reaLized that Èhere \^7as some-

thing unique abouÈ storn 74-5-I. A review of the hydrometeorologic data

found no conclusive reason to discard thís storm. IË was felt that

including srorm 74-5-I ín calibration of the Model did not have a signi-

ficant effect on the parameters because of the goodness-of-fit aËtained

for the four other sÈorlns. Because storm 74-5-7 was used in the develop-

ment of the Model, five additional storms, discussed in the following

section, have been used for verificaÈion of the Model D.

-29-

5.2

Five addítional hYdrograPhs

In Model D, Ëhe field reservoir is

VERIFICATION OF MODEL

\4rere synthesized to verify Model D.

represented by the equations:
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I{hen

s.5
FC<

FCD t
S < FC+DS D.
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by the equations:

DP=t
SF=

È

DP=t
SF=t

The pararneters used in the verification of Model D are Ëhose calibrated

from the five storms previously discussed in secËíon 5.1' The optína1

storage constants KD, KP, KDP and KS determined from these five storms

are 10.10 hours,48.39 hours, 6.00 hours and 78.0 hours respectively'

The corresponding depressíon storage capacity and naxímum deep percola-

tion rate are 10.2 inches and 0.01 inches per hour respectively.

In two of the five sEorms used for verification of Model D the

simulated hydrographs r¿ere overestimated ín excess of 100 percent' A

descriptÍon of the fíve storms used for verificaËion and the hydrographs

s1mËhesized by Model D are discussed as follo¡¿s:

Event 63-6-2

During a 26,5 hour period from June 9th to loth, L963, an average of 2'55

inches of rain fel1 on che l^lilson Creek Watershed. The average maximum

hourly rainfall intensity of the storm was 0.34 inches. The soíl moisture

deficit prior to Èhe storm was estimated to be 0.23 inches. At the l^Iil-

son Creek I,rteir a maximum instantaneous discharge of 218 cfs was recorded'

andP =Qt
and

(sr

(st

(st

-FC)AREA/KP

-(FC+DS))AREA/KD and

-FC) AREA/KP
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SS. x AREA/KDP and

0
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As shown by Figure 11, there

simulated and recorded hydrographs.

by approxirnately 12 percent and the

33 percent.

Event 65-9-I

From Septenber 3rd to 5th, 1965, during a 32-hour period' an average of

4.41 inches of raín fell on the WaEershed. The average maximum hourly

rainfall intensity of the storm was 0.41 inches. The soil moisËure

deficit prior to the storm was 0.70 inches. The peak discharge recorded

at the l,lilson Creek l^leir was 111 cf s.

As shown by Figure 12, Ìfodel D significantly overesÈÍnated the

runoff. The peak discharge and runoff volume wele overestimated by

approxinately 320 and 215 percent respectively. However, Èhe start of

Èhe simulated direct runoff coincided with the increase in Èhe recorded

s treamflow.

It is felt that as the start of the simulated and recorded runoff

of storm 65-9-l coincided, Èhe field reservoir of Þlodel D adequately re-

presents the depression storage capacity of the Watershed. From examining

the storros used in this study, the recorded rainfall for storm 65-9-I

should have produced a significantly greater runoff. For instance' storm

69-6-I with a similar rainfall and antecedent soil moisture conditions

produced Èhree Èimes Èhe runoff. IË was postulated that the problem wíth

storm 65-9-1 could be in the hydrometeorological data. As a result, the

hydroneteorological of storn 65-9-l r.Ias revÍe\¡led in detail . The resulÈs

of this review are discussed in section 5' 3'

is reasonable agreemenÈ between the

Ihe peak discharge was overestimated

runoff volume was underestÍmated by
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Event 65-9-2

During a 60-hour period frorn September 15th to 18Èh' L965, an average

of 3.29 Ínches of rain fell on the Llatershed. The average rnaximum hourly

rainfall Íntensity of the stormwas 0.16 inches. A peak discharge of 150

cfs was recorded at the l^lilson Creek Weir. InitÍal soil moisture read-

ings were not available for Event 65-9-2. Therefore, annual soil

moisture readings for September were examined to estim¡te the initíal

condiÈions. Between Events 65-9-L and 65-9-2 there were eleven consecu-

Èive days without precipitation. Soil uoisture deficit readings for

September indicate that the soil moisture content r¡ou1d decline on the

average by 0.60 Ínches during such a period. Therefore, a soil moisture

deficit of 0.60 was assuraed to estimate the conditions prior to Event

6s-9-2.

As shor^¡n on Figure 13, there is good agreement beËween the sÍmu-

lated and recorded hydrographs. The peak discharge and runoff volume

were reproduced within 1 percent and 12 PercenË respecÈively.

Event 66-8-1

-32-

From June  th to 6th, 1966, during a Sl-hour period' an average of 6.06

inches of rain fel1 on the l^iatershed. The average unximum hourly rainfall

inÈensíty of the stor'rn vras 0.84 inches. The soil moisture deficit prior

to t.he storm was estim¡ted to be 2.20 inches. A peak discharge of 114

cfs was recorded at the Wilson Creek l{eir.

As shor¡n by Figure 14, the runoff produced by Ëhe rainfall from

Event 66-8-f was significantly overesËimãEed by Model D. The peak dis-

charge and volume of runoff were overestinnted by 226 and 83 percent

respectively.



As in Event 65-g-L Èhe start of direct runoff simul-ated by Model

D coincided wiËh Èhe increase in recorded flow' Also from examining the

storms used in this sÈudy, Ëhe recorded raj¡fall of storm 66-8-1, like

storm 65-9-I, should have produced a signíficantly greater runoff' A

detailed review of Èhe hydrometeorologic data of sÈol:trrs 66-8-1 and

65-9-1 was conducted. This review ís discussed in section 5'3'

Event 7l-6-1

During a 5l-hour perÍod froro June 4th to 6th, l-97L, an average of 6'06

inches of rain fel1 on the Wilson Creek l^Iatershed' The average maximum

hourly rainfall intensity of Èhe storm was 0.51 inches' A maximurn in-

stantaneous díscharge of 850 cf s !¡as recorded at the Llilson Creek l'leir '

For 197l there is no soil moisture data' as an experimental NEA neutron

probe used to estímate moisture content was improperly calibrated' There-

fore, the initial soil- moisture deficit of 1.10 inches I'Ias estimâted from

extrapolation of conditions in 1976. In 1976 precipítation and evaPoration

for Ëhe month of May sras apProximately equivalent Èo that of 1971' The

estimaÈed soil noisture deficit of 1.10 inches is considered a reasonable

estimate, as the start of runoff and the magniÈude and timing of the first

peak discharge agree wiËh the recorded runoff'

As shown by Figure 15, there is good agreement between Ëhe simu-

lated and recorded hydrographs of Event 7L'6-L. The hourly peak dis-

charge and volume of runoff were reproduced i{ithin 9 percent.

5.3 COMPARISON OF HYDROMETEOROLOGIC DATA

A detail analysis of storm Events 65-9-L and 66-8-1 has been

undertaken to explain the large dÍscrepancies beÈween the recorded and

simulated hydrographs. Frou examÍnaÈion of all ten storms, the recorded
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runoff hydrographs of Events 65-9-1 and 66-8-1 do not appear to agree

with the recorded hourly rainfall intensities. Therefore, the basic

hydrometeorological data used in the l'lcdel has been anaLyzed.

Fírst, the recorded streanflow data was checked. Although there

could be some uncertainty in the observed runoff hydrographs, due to

errors in the discharge ratíng curve, thís error is not estimated t,o be

Ín the order of 100 percent as indicated by Èhe sinulated hydrographs.

The accuracy of a discharge measurement Ís normally withín 5 to l0 per-

cent of the true flow (6). Also, as a check on the recorded streamflow

measureaenÈs, the recorded streamflow for I^Iilson Creek and Packhorse

Creek r{ere compared. Comparison of Events 65-9-1, 65-9-2 and 66-8-1

indicated agreement in the proportionate runoff volume of the two

creeks for the period of the simulated hydrographs. However, Èhe com-

parison of Èhe peak discharges of the turo creeks indicated that the peak

díscharge on Wilson Creek lvas proportionally less in Events 65-9-1 and

-34-

66-8-1 than Èhe other events studied, as shown

reason could be found to explain this variance

the two creeks for events 65-9-1 and 66-8-1.

in Table 2. No apparent

in the peak discharges of



CO}æARISON OF I,IILSON CRNEK AND PACKHORSE CREEK

RECORD PEAK DISCHARGE

EVENT

63-6-2

65-9-L

6s-9-2

66-8-1

69-6-t

7L-6-l

7 4-s-t

75-8-2

15-9-t

77-7-r

TABLE 2

PEAK DISCI{ARGE IN CFS

I,TILSON CREEK PACKHORSE CRNEK

2LB

111

r50

114

694

733

298

260

r580

540

- 35-

103

67

IJ

76

I82

223

87

N/A

480 Est.

N/A

Est - Estinated (7)

Thesecondsourceoferrorbetweentherecordedandsimulated

hydrographs was Èhought to be in the precipitation data' The wide

spatial relationshíps in precipitation which occur throughout the Water-

shed during a storm have been approxinated by the average hourly preci-

pitatíon, as est.imated by the Theissen polygon method. However, the

rainfall isoyhets of Event 65-9-1 and 66-8-1 do noÈ exhibit any charac-

teristic differences from the other eight storms studied' Also, Èhe

rainfall network is considered to be adequate to measure variaÈions in

precipitation throughout the watershed. Therefore, Èhe precipitation

RATIO OF

PEAK DISCHARGE

0 .472

0.599

0. 486

0.66s

0.260

0. 304

0.296

0. 308



data used in the ìdode1 \.ras not considered to be Ëhe problem.

The third possible error considered was due to the initial soil

moisture estimates. The I'fodel has been applíed to a r¡ide range of

Ínitial soil moíst.ure conditions in the storms studied. As the start

of the siurulated ruroff in Events 65-9-I and 66-8-1 coincides closely

with the increase in recorded streamflow, the initial soil moisture

estimates were not considered to be the major source of the error. The

effect of the ínitial soil moisture conditions on the runoff are dis-

cussed in detail ín the followíng secÈion.

Finally, seasonal variatíons in any of the hydrometeorological

data discussed previously are not considered to be the source of the

error as the Model has been applied successfully in other storms during

the period fron lday to September.

In summary, thís review of the hydrorneteorological data aPPears

to find no apparenE reason for the discrepancy in Èhe two storms

modeled.

- 36-

5.4 ET'FECT OF INITIAL SOIL MOISTURE

Soil moisture surveys are taken weekly in the summer. Changes in

the soil moisture deficit of up to 0.70 inches can occur in periods with-

out precípitation as indicaËed in L973. To assess the effect of the

variability in ínitial soil rnoisture conditions on Model D, a sensitivíty

analysis was conducÈed by varying the initial soil moisture condition of

each sËorm studied by 0.20 inches. The results indicated that for the

larger storms, such as 75-9-I and 71-6-1, varying the ínitial soil mois-

ture had an almost negligible effect on the peak discharge. For the

moderate storns, EvenÈs 77-I-I and 65-9-1, the change in inÍtial soil



moj-sture conditions of 0.20 inches changed the peak discharge by approx-

imately 9 percent. In the balance of Èhe sÈorms studied the change in

initial soil noisture conditions had the most severe effect by changing

the peak discharge by 15 to 20 percent.

In two of the storms studied, Events 65-9-2 and 77-7-I, it was

necessary to estimaÈe the iníÈial soil moisture conditions. As índicated

by the preceding sensitivity analysis, Èhe greatest uncertainty in the

simulated hydrographs would appear to be ín Event 65-9-2.
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A relatively sínp1e comPuter

reservoj-rs could be used with good

hydrographs due to rainfall for Èhe

Ltas kept very simple. The effects

and interception were ignored.

Ior the five sËorms used for verification of the Model Èhere was

good agreement to Ehe actual streamflow in three cases. In the other tvto

instances, the Model overestimated the runoff. No simple reason for this

could be found. The recorded runoff hydrographs of the two storms'

Events 65-9-1 and 66-8-1 do not appear to agree with the recorded hourly

rainfall Íntensities. A examination of the hydrometeorological data

could not explain this discrepancy. Additional studies are required to

resolve the dífference between recorded and simulated runoff of the two

events.

The criteria of the goodness-of-fíË developed ín this study has

been successfully applied in optimizing the storage constants of the

linear reseïvoirs and in the cornparison of t,he individual simulatj-on

runs. At tímes, however, it has been necessary to visually examine the

simulated hydrographs for improvemenÈs in the shape of the hydrographs'

which the objecÈive function could not account for. FurËher studies

eould coapare various objective functj-ons to best define the criteria of

the goodness-of-fit for hydrologic nodeling.

Iurther studies could invest.igate the applicatíon of the l"lodel- to

other watersheds. An atËempÈ has been rnede to ídentífy the l"lodel conpon-

ents with Èhe corresponding hydrologic processes in order that the }lodel

CONCLUS IONS

model using two stacked linear

success to simulat.e hourly streamflow

Wilson Creek l,latershed. The Model

of evaporat.ion, evaPotranspiration
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could be applied to other watersheds where similar feaËures and eondi-

tions exists. Tf. Èhe Model is to be applied to other watersheds, a

ninimum of three rainfall events should be used in calibratlon of the

I'lodel . In further studies, an oplimization technique, other than the

Direct Pattern Search, should be consÍdered. In this study it was nec-

essary to calibrate six parameters simultaneously. With six parameters'

the Dírect Pattern Search was found to be very inefficient and expensive

to use. Therefore, the depressÍon storage capacity and the maximurn deep

percolation rate were fixed for each run, and the Dírect Pattern Search

was then used to calibrate the storage conslants. This has also resufted

Ín an inefficient aPproach to opËÍmization as the depression storage

capacity and the ^ximum deep percolatÍon raËe had to be manually ad-

justed beÈween successive runs.

The Model developed in this study has shov¡n Èhat initial soil

moisture conditions can significantly effect the runoff hydrograph pro-

duced from rainfall evenÈs. In the lüilson Creek Wat.ershed soil moisture

surveys are Èaken at veekly intervals. However, in most watersheds soil

noisture data is not available. If the Model is to be applied to other

watersheds along the Manítoba Escarpment, studies should be undertaken

to determine whether the soil uoisture condÍtions could be estimated from

- 39-

available meEeorological data. The data gathered from the i^lilson Creek

I'Iatershed could be used for such a study.
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UODEL REPRESENTATIOÌ{ OF HYDROLOGIC PROCESS
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SC}IEHATIC OF LINEAR RESERVOIR MODEL.E.
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APPENDIX

PATTERN SEARCI{ METHOD



INTRODUCTTON

The Direct PaÈtern Search l'lethod has been ernployed in

to optimize ilne model reservoir constants so as to minímize

tive function. The Pattern Search l"fethod is part of a group

which are Litled "Direct Search Methods". The direct search

PATTERN SEARCH METHOD

rely on the evaluation of partial derivatives, but. on the sequential

examination of trial solutions. Each solution is compared with the best

one obtained up to that time.

The Pattern Search Method was introduced in 1961 by Hooke and

Jeeves (1). The Pattern Search is an easily programmed accelerating

clinbing technique \,rith ridge-following Properties.

The program used in this study has been obtained froro the 1970

Graudate Thesis entitled "CompuÈer Sinulation ì4odel of Wilson Creek

I^latershedt' (2). The oríginal program for the pattern search strategy

was wrítten by P.A. McDonald of Èhe Depart.ment. of Electrical Engineering

of the University of Manitoba, in the Fortran IV language (the Proglam

in ALGOL can be found in references 4 and 5). This program was changed

somewhat in 1970 by D. Alterman to accomodate the specific síÈuation

that occurs in the Wilson Creek hiatershed. The following is a descrip-

tion of the Pattern Search Method Program as obtained from Appendix D of

the 1970 uhesis.

The general idea of the Pattern Search Method can be sunrmarized

in the following way. There is no sophisticated urathemâÈica1 theory be-

hind this method; it will be advisable to refer to the various references

in order to gain a more detailed understanding of the method.
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this sÈudy

the obj ec-

of techniques

does not



The program minimizes an objective function "F" subject to a set

of variables, i.e. to find the minimr¡m of F(Xr,X2' .... *r,). This task

Ís achieved by changing the argument by trial and error unEil the

minimum of the function "F" is obtained. To set the minimum in the most

efficienË way, it is necessary to establish a BASE POINT. The Base Point

should be the closest point Eo the optimum knor¡n to the user. The Base

Point is deEermined by assuming a set of values for the argument. The

program will be explained with the aid of the following example and

Figure A-1.

Assume a two-dimensional function where the Base Poínt is at X, = B,

X- = 5 and F(X) = 138. The problem now is what dírection is to be taken
2

from this point. We refer to a routíne whose airn is Lo "Explore" the

best direction for the movemenÈ. i^le call it E-routine. The argument

v¡i11 be re-def ined and Èhis function is F (t). I^le increase or decrease

the co-ordinates by the value of a pre-given step length and evaluate

the function each time. The change of co-ordinates is done with one

-5 8-

variable at a time.

The move in the co-ordinate system is considered

it. decreases the value of F (t), or "Failure" if it does

the value of F (t). Assume the steP length is equal to

A-1). Therefore:

Step

S tep

Step

This ttsett' of movement has

PATTERN MOVE has been determíned.

1.

)

(tr

(tr

(tr3.

B+ 2,

8-2,

6, tz

t, =5)

=5)

5+2)

Ez

a ttsuccesstt if

noE decrease

2. (See Diagrau

154 Failure

137 Success

126 Success

determined the ttPatterntt. Now, the

Every coefficient will change bY a



given amount:

t.=2t.-X.
ll-1

(Rernerober that Xi is the Base Point co-ordinates and t. is the explora-

tion movement co-ordinates) .

This Pattern Move set a t.emporary Base Point, while the permanent base

point has been moved to the "Best" point found in the exploration routine.

The Pattern Move:

The new Permanent Base Point:

t
I

t t

= 2x6-8 = 4

= 2x7 - 5 = 9

¡ (Xr = 6, X, = 7) = L26

The Temporary Base Point:

r (t = 4. t'1 ' 2

It. does not mâtter, in

Temporary Base Poínt.

where the next movement

CASE A:

-59-

Assume that Èhe functional value at the Temporary Base Point is

given as the following:

F (t = 4, t = 9) = 130 i.e. No improvement over the Perma--l ' 2

nent Base Point.

The Exploratíon l"loveuent, :

o\ - ?

this stage, what ís t.he functional value aË the

I^ie refer to the Exploration routine to find out

should be.

(I,le do

proved

SteP l. F (t, = 4-2, tz = 9) = 193 Failure

start with t - 4 - 2 because the reduction of this co-ordinate
I

to be a success in the prevíous Exploration routine).



Step 2. ¡ (tr

Step 3. P (tr

Thís last step is

than the Permanent Base

ent Base Poínt. The new

CASE B:

= 4+2,

= 6, t,

point 6

Point.

tr=9)=L29.5

= 9+ 2) = 120.0

in diagraur A-1.

We therefore set

St.ep

Step

Step

F

1. F

2. F

3. F

Temporary Base Point is

Point 6 is higher than the Permanent Base Point. The Temporary

Base Point is not an improvement over the Permânent one. Therefore,

this movement is abandoned. We have to return to the Permanent Base

Point and start the exploration again from there. If nor¿, during this

exploration routine we find a better point which determines a pattern

move, vre can then continue. But, if we again faíl to find a better

point we should decrease the step length (A) bV a pre-given factor p.

That is,

(tr

(tr

(r'1
(t'1

Failure

Success

Point 6 is ttlowertt

it as the new Perman-

determined as before.

4, t,

4-2,

4+2,

6, t,

= 9) = 130 Failure

t, = 9) = 193 Failure

t, = 9) = L29.5 Failure

= 9+2) = l'28 Failure

-60-

and r¿e continue with the optimization, but with a smaller step length.

This way the search is done in a more concentrated area.

It rvas found thaL working wíth six variables, the exploration

routine would change one variable only. this change r.rj-ll sometimes pro-

duce only a slight improvement in Èhe function. This result ís not

considered a satisfact,ory improvement. It must be considered as if no

improvement has occurred. To avoid this type of development' two more

¡=pxA (where p < 1)



constraints have been introduced.

a) J, which is an indicatíon of the number of successful movement.s in

the E - process

b) DELTAFN - (delta functíon) - which is the value of a satísfactory

improvement to the objecÈj-ve function. As the sÈeP length decreases

DELTAIN should decrease by the same factor. So, if for example in

the E - routine, only one variable has changed, J will be equal to

one. If, for example, this change produced a value of F (t) = l-22

and the previous Base Point s¡as F (X) = L20, this r¿il1 constitute a

saLisfactory improvemenL only if DELTAtr'N > 2. However' if DELTAFN

< 2 we regard thÍs case as if rio ímProvement has occurred'

The optimization will be Ëerminated by one of these cases:

1. N, the number of function evaluations exceeds a pre-deternined

value. In this case, the output will fall under the title "CONVER-

-6L-

GENCE = FALSE".

The step length size is less than

In thís case the output will fa11

TRUE''.

.)

The Computer Prograu:

1. SubrouÈine HJIIN

2. Subroutine E

The latter Ís the Exploration routine.

Varíable Names:

The Pattern Search Program consists of two subroutines:

K orNV

RHO

Ëhe predeterrnined value l,AtßDA.

under the tirle "CONVERGENCE =

Nunber of

Reduction

co-ordinate Variab 1es .

factor for step st-ze.



LAMBDA

SL

DELTA

H

SPHI

SPS I

PHr (i)

?sr (i)

THETA

CONV.

t'l"fínimumt' step length.

Initial step length.

Current step size.

The functional value before a move is being taken.

F (t), the functional value for a move.

F (X), the functional value at the Permanent. Base Point.

t, the point resulting frorn t.he current. move.

X, the correct Permanent Base Point.

The prevíous Permanent Base Point.

The logical variable which is true if successful conver-

gence is obtained and false othen¡ise.

Maximum number of function evaluations to be permitted.

N¡me of a user supplied function sub-program which evalu-

ates the objective function

LIMIT

VALUE

Program Use Procedure:

-62-

In the MAIN Program there should be the following declaratíon

statements:

LOGICAI CONV

REAL LA]"fBDA

DIMENSION X(k) (k is Èhe nurober of variables)

EXTERNAL F

DATA X/0.1,0.1, ..../,SL,RHO,LAMBDA/.1,.5,L.8-2/

To optirnize the function HJMIN, it should be called in the following

mânner:

CALL HJMIN(X,NV,Z,SL, RI{o,LAMBDA,15o, CONV.,TRUE.,F)

The function to be optinized is to be given in a Function Sub-

routine.



A

tion of

on Pages

listing of the main program

the objecËive function F (X)

66 to 71 inclusive.

and sub-routines, for minimiza-

= 1oo (xr-xr)2 + (l-xr)2 is shov¡n

-63-
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LEVEL 2.3.0 (JUNE

REOUESTED OPTIONS:

OPTIONS TN EFFECT 3

cISN 0002
ISN OOO3
I SN OOO4
ISN 0005IsN 000ó
ISN 0007
ISN 0008

ISN OOO9
IsN 0010

ISN 00tt
ISN OOI2
IsN 00t3IsN 0014
ISN OOI5
ISN OO}6
¡sN 0017

781

X REF

!lMElIAIu OPTIMIZE(2) LINECOUNT(q0) SIZE(È,tAX) AUTODEL(NONL)s0uRcE E8c0rc NoLIST NODECK oEJEcT n¡Þ-ñô¡oAuÃr"Goõiüi'xñËF'¡r_c NoaNsF
S4lPLT! MAIN PRoGRAH TO ILLUSTRATE \JSE oF SUBPRoGRAI, HJMINLOGICAL CONV
REAL LAHSDA
DIMENSION X (4)
K=?
D4I4_ x/l 9. r I 0. r I 0. r I 0. 1 1 SL r RttO r LAl.ttsUA,/5. r . I r L.E-4 /trRIlE (ór l0) SLTRH0TLAMBDAl0-fORI{AT(._INITIAL SJEP-LEUGTH = I,FlO.3/. l{EDUCTION FaCTOR = r,teìQ:l/! HINIT4UH STEp LEñ6TH = r,FLo.itTt ) --
t/R I IE ( 6, 151

l5- FORMAf ( | 8ASE. rSXr.XI I rSXr I X2. t6Xt rF (.X) | róXr rSTEp LENGTH | ç / ç. pol
GNTf ,35Xr rXl r rgXr.X?r tr,tCÂLL HJMIN (XrK¡ZrSLrRHOrLAMBDAr250rCONVl

wRITE (ó,20)
20 FORf'tAl { | x= r 6F I0.3 )

TRITE (ó.30t z.coNV
30 lq8!AT lr F(¡)= rFt3.ór5XrrCONV€RGENCE= .LZl

STOP
END

OS./360 FORTRAN H EXTENDED OAIE 7e.2Sl,/l3.ll.l3

TERU ¡gY FLAG ( I )

PAGE

I
Oì
Or
I



LEVEL 2.3.0 (JUNE

REOUESTED OPT I ON5:

OPTIONS IN EFFECT:

L
ISN OOO2
ISN OOO3ISN OOO4
IsN 0005
ISN OOO6

78)

XREF

ëôüF¿Ë^¿Ë¿'Î3'Aällg{''l.béÈF'8H}¿¿f'Àoå'16éüâiÀro3¿3?[ï']8ÈF'or. N'aNsF TERM rBM FLAc(r)
SÂMPLE FUNcTION SUEPR0GRAI,I
FUNCTION F(X'
Rf,AL X(4'
[;]38i (x (2t -x ( I ) ]crza (l-x ( I ] ) rÕ¿
ENO

OS,/3ôO FOITTRAN H FXTENOED D^11 79.291/13.1t.15 PÂGE

I
o\
!
I



LEVEL 2.3.0 (JUNE

REOUESTED OPTIONS:

OPT¡ONS IN EFFECIs

ISN 0002

78,

XRE F

ryATE !!AI!¡ L. OPT JI.,I J ZE ( 2) .LIryECOUNT ( 6O ) S I ZE ( MAX ) AUTODI]L ( NONË }souRcE E8c0rc NoLrsT N00EcK 08JEcT ú¡Þ'ñoronuÀr^õoõîili'iñËF'¡r_c

L
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

SUBR0UIINE HJHIN(PSJr Xr SpSL SLT HHO. LA¡TBDA¡ LIFtIT, CONV)

iËiipÄtrêi"331È"ÄñôtJÊÈrFRoGRaH dastD oN THE PaTTEHN sEaRcH

È[ÞtaidçHJhii¡f,i:"F;i;ff iFn*r!r¡iflxit;iåiil.:: 
opTrHrzATroN.

yltIl!!::
ÑAHË

KORV
RHO
L AMBDA
SL
DEL TA
H
SPH I
SPS IPHIII¡
PSI(I'
THE TA
coNv.
LIHIT
VALUE

IsN 0003
TSN OOO4
ISN 0005
ISN 0006
¡sN 0007
ISN OOOS
ISN OOO9
ISN 0010
IsN 00tl

ISN OOI2
ISN 00t3
IsN 00t4
ISN OOI5
ISN OOI6

05/360 FOIITRAN I.I EXTENIJED

DESCRIPTION

N!!4BqR OF VAHIAIìLLS BLING OPTIHIZEOREDUcrroN FacloR FùR Sicp irñô1¡--"HINIHUI,I STEP LEN6THINIIIAL SIEP 
'ENGTHCURRENT STEP LENGTH

iUIEiiSilîI VâIUE På['Ï'"ôUËOU'IS EEING TAKEN

iHTÑilÊÈÊ[TlhH'¡âJ"'iF.uË0ilÊËFi',30sE Po I NT

FHËçiöü"FEHûìñËIr"âiå,Þ8åTI;- 
-'-

êohvEÄ3êh'v^1Ä^8bç^ iraE"gütriãi¡¡ii¿iiiËEF¡iiit,...
iôðÄåHä'iH'i51.3'.ITi

R¿i[-¡lgüoîtr (4) I pHr (4r r S(4r r x (4]
LOGICAL CONV

63ilPil í b33âht' Hr Nr Hr PHIr Sr J
I'l=K
DFLTA = SL00 l0 I = lr KSII) = OELTA
EVALUATE FUNCTION AT INIIIAL EASE POINT
SPS¡ = F(PSIIN=l
H = SPSI
D0 30 I = lr KPHI(I) = PSI(I)
I'IAKE EXPLORATORY HOVES

CALL E¡sN 0017
ISN OOIs

I.sN 0020

IO

c

20

30c----
c

c

.---- ÄFrÁÈ"ic¡üNb+iåIÀLu9ol3.n8..o* THAT AT BASE porNï?

)(ïã ,n.GE. spsI.oR. J.EO. I .AND. (Spsr _ H) .LT.0LTAFN) 60 To

oafE 79.?eI/l3.lt.ls

NoANSF TERM ¡g¡ FLAG(I)

0030
0040
0050
0060
0070
0080

PA GE

0090
0t00
0l l0
0120

0t60
0170
0180
0190
0200
0?10

0?30
0?40
0?50
0?ó0
0?f 0
0280

0300
0310
0320
0330
0340
0350

I

o\
Co
I



LEVEL 2.3.0
I SN 0022
ISN OO23

IsN 0025
¡sN 0026
ISN 0027
I5N 0028
I5N 0030IsN 003rISN OO32
ISN 0033
¡sN 0035

(JUNE 78) HJMJN 05/360 FOHTiAN H EXTENOED DATE 7
40 DO 50 I = t. K

*liról"aÍiì :31: ã:1,Äì,io!D::Í+l ..T.0..0R. pHr(r, .LE. psr(r)
ç---- sET NEr BasE po¡¡¡t eñó-ú¡xe pÃiiÉn¡¡ ¡rovr
U

ISN OO36

IsN 0037

c- ---
50

THETA = PSI(I}
PSI(I} = PHI(I}
P!.{lI)_= ?. ? pHI(r) - THETa
,lljÈ"iìrî !3Èltîiltl;r,1i^!uFrllllRoING To YouR NEEos.
SPSI = H
SPHI = F(PHI)N=N.l
IF (ry.G1. LI¡ttTr GO TO 90H = SPHI
I.IAI(E EXPLORATORY MOVES

CALL E

ISN

ISN
ISN
ISN
¡sN

ISN

0039

0041
0043
0 044
0 04ó

0047

0049
0050
0051
0052
0 053
0054
0 055
0057
0058
0059
0 0ó0
0061
0 0ó2
00ó3

00ó4
00ó5
00óó

0067

0 0ó8

c ----
c

c

c ----
c

ó0c----
c

70

c

80

90

100lt0
120

c

¡SN
I5N
ISN
ISñ
ISN
ISN
TSN
ISN
ISN
ISN
ISN
¡SN
ISN
¡sN
ISN
lsN
I5N

ISN

ISN

I[ ÉHrsPIi þüilðlÌofiÎtt9ol3. ,r.o* ïHAT oF BASE po¡NT?

,lruérrôrgô I .aND. (spsr _ Hr .LT. DLTaFN.aN0. (spsr _ H' .Gr.0.
IF tH !68. SPSI) CO T0 ?0DO 60 I = l. K

¿5"f1ft¡Ér"t(rr - psr(r)) .GT. 0.s ð DELTa) Go To 40
IS SIEP SIZE SMALL ENOUGH?

aE.Á8M^riþT. sLA¡,r8oa 
) Go To r 30

DELTA=RHOODELTA
DO 80 I = t. K

EIïfgnr!"R"ä l'Äl'or"
CONV = .FALSE-
ð5rlt=.9E. sPSIr 60 ro tlo
DO 100 L = t. KPSI (L} - PHI IL)
CONT I NUE

iË{üã¡ 
t?åì13år*"o 

coNcLUsroN aFTERir4r2rH FuNcTroN EvaLuATroNs)

lllriflill;'iiii!i"".r,,'ER6ENcE oBTATNED rNr r4 rz3H FuNcT r'NAL EvALuaTro

C 
RETURN

ENO

9.29Lll3.ll.ld pÁGE ¿

0360
0370
0380
0390
0400
04t0
0420
0430
0440
0450
0460

0480
0490
0500
05t0
0520

0540
0550
05ó0
0570
0580
0 590
0600
0610
0ó20
0ó3 0
0640
0650
0óó 0
0ó70
0680
0 ó90
0700
07t0
0720
0730
01 40
0750
07ó0
0770
0 780

0830
0840
085 0

0900
0910
0920

I
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LEVEL 2.3.0 (JUNE 78) 0s./360 F0dTRAN H EXIENDED DATE
REOUESTED OPTIONSs XREF

OPTIONS IN EFFECT: NA¡tE(TAINI-OPTIHIZE(2).L!NECOUNT(ÞO) SIZE(ÈtAX} AUTODHL(NONL)souRcE EtscDIc N0LIST N00EcK oBJËii -úrÞ'ñõÈiinxÂT^õó5ii¡î'ïñËF' ¡rc NoaNsF
c

ISN OOO2
c ----
cISN OOO3

IsN 0004 c----
c

ISN OOO5lsN 000ó
IsN 0007

c ----ISN 0008
IsN 0010
TSN OOII

SUEROUT INE E
HAKE EXPLORATORY MOVES

REAL PHI(4)'S(4)
ç0r4!qN ,/ L0CAL / Kr Nr
INCREASE COORDINATE

J=0
Do 60 I = tr K
8H¡,(Il-= pHI(I) + S(I)
IHIS IS A CONSTRAIÑÌ.
IF (PHIU) .LE. 0.) 60SPdI = F(PHI)
N=N+l
SUCCESSFUL HOVE?

IF JSPHI .LT. H) 60 T0
DECREASE COORDINAIE

S(I) = - S(I)PHI(Il = PHI(It + p- i
THIS TS A CONSTRÂINT.
IF IPHI(I) .LE. O;} 60SPHI = F(PHI'
N=N+I
SUCCESSFUL HOVE?

IF (SPHI .LT. H} GO TO
RESET COORDINATE

ISN OOI2

IsN 00t4
ISN OOI5

lsN 001ó
ISN 00t8
ISN 00t9

c ----
c

c----
c

?0

c----

c ----
IsN 0020 c

c ----
ISN oo2z t 

,oISN 0023

ISN 0024
ISN OO25
IsN 002ó
I SN 0027
ISN OO28
ISN OO29
ISN 0030
ISN 0031

ABOUT A GTVEN POINT

Ht PHIr Sr J

qïÂNGE ACCoRUING T0 YouR NEEOS.TO 20

40

c

ffIll) = PnI(Il - s(I)60 TO ó0
RETAIIT NEI COOROINATE AND FUNCTIONAL VALUF

4O CONTINUE
H = SPHI
J=J+ I

óO CONTINUE
z¡ !8!lEIó,81) Nr (pHI (I) rI=lrK) rHr (S(I) rI=IrKl8l FoRMAT ( IXr I5'8FlO.4t '

RE TURN
END

S(I}
efaryGE AccoRDING T0 YoUR NEEDS.TO 30

40

7e.¿91/t3.1t.2¿

TERI.I IB¡,I FLAG ( I }

0020
0030

0050
00ó0
00700ll0
0l ?0
0130

0l ó0
0170
0ì80
0190
0200
0?10
0220
0230
0240

0?7 0
0?80
0?90
0300
0310
0 320
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0340
0350
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0400
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0450
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x2

5.000
0.I00

0.0001

X? F(X¡
xl

INITIAL STEP LENGTH =REDUCTI0N FaCloR =HINI¡IUH STEP LENGTH =

xl

5 10.0000
9 10.0000

l3 9.9500
ló 9.8500
t9 9.7000
22 9.5000
?5 9.250 0?8 8.949931 8.5999
34 8. t99937 7.7499
40 7.249843 6.6998
t6 6.0998
49 5.4498
5? 4.749755 3.9997ó0 3.?49f
ó5 2.499f
10 t.7496+A l:iÍ?88? t.7346
85 1.719688 I .6996
9 I I .67¿694 1.644ó97 1.6096100 l.569fi

103 1.524ó
I 0ó t.4746109 t.4t96
I 12 1.3596
t I 5 t.2946, lãg i:îÊ?ålJ0 1.0996135 1.0346l{0 1.034ól{4 1.0341
¡17 l.o33l150 1.0316
I 53 I .029ót5ó t.027tló¡ 1.024ót6ó t.022t
¡ 1r I .0195l!6 1.0t70lul 1.0t45l8ó 1.0120l9l l. oo95å3î ì:881820ó 1.00ì92lt t.ooi.)215 t.00re

CON VE RGE r,¡C

BASE
POINT

C0NVERGE NCE=0.000004F(Xl=
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INTRODUgTION

A listing of the comPuter símulation model referred to as Model

D is provided on Pages 94 to 111. The program has been broken-up into

various subroutines. These subprograms are called up by the rnain pro-

gramwhenrequiredtoperformcertainoperations.Thesubroutínesare

as follows:

MODEL PROGRAM

FIELD:

todeterninepercolat'ionflowanddirectrunoff;

INTERF: routes the percolatÍon flow from the field reservoir

throughthespringreservoirtodeterminethedeeppercola-

tion and sPring flow;

E and HJMIN: optimization subprograms of Lhe DirecË Pattern search,

routeStheprecipitationinflowt'hroughthefieldreservoír

-89-

F(X)

VOLUME

vlfAxl

discussed in APPendix A;

function subroutine containing the criteria of Goodness-of-

Fir;

determines the

determines the

CapacitY

1. The maximum allowable number of

four.

The rnaximun

The m¡ximum

seven.

2.

3.

volune of a streamflow hYdrograPh;

maximum hourly peak discharge of a storm'

duration of a storm everiÈ

number of storms which can

variables whích may be opÈimized is

is fifteen daYs.

be optímized aE once ís



Input

A sample input is shov¡n on Pages 112 to 114. This data is described

as fo110ws with Èhe restriction that all values -¡rked INTEGER nust

appear right justified with no decimal point and that oÈher values may

appearrightjustifíedwithnodecimalpointorwithinthefieldand

r¡ith a decimal Point.

1. Initial CondÍtion Card

Columns DescriPtion

l-5 Integer, nurnber of storms

6-15 Drainage area of l^laËershed in acres

i-:6-20 Integer, number of variables to be optimized

InitialestimaEeoflinearreservoirconstants:

2L-3oKD,storageconstantoffieldreservoirinhourswhich

relates the volume of storage to direct runoff

3l-40 KP, storage constant of field reservoír in hours which

relates the volume of storage to the rate of percolation

41-50Ks,storageconstantofspringreservoirinhourswhich

relates Èhe volume of storage to spring flow

51-60KDP,storageconstant'ofspringreservoirinhourswhích

relates the volume of st.orage to the rate of deep percola-

tion.

-90-

,) Constant Value Card

Colurms

1-10

11-20

Description

Field capacity of Llatershed in inches

Total storage capacity of l^Iatershed in

the field capaciÈy and the depression

inches, includes

storage caPacitY



2L-30 Maximum percolation rate in inches per hour

3l-40 Maximum deep percolation rate in inches per hour

41-50 Soil rnoisture capaciÈy of spring reservoir in inches

3. Output OPtion Card

Colurnns Des criPt ion

l-5 Integer, punch code for simulated streamflow hydrograph

if 0, no Punched outPut

if 1, Punched outPut

4. Job Description Card

Colunns DescriPtion

1-80 Alpha-numeríc description of the simulation Ïun.

Data Decks

For each storm a data deck is required consísting of the follow-

ing cards.

-9 1-

5. Storm ldentífication Card

Colurms DescriPtion

1-80 Alpha-nurneric description of the storm

6. Storm Leneth SPecification Card

Columns

l-5

6-10

11-15

Des cription

Integer, duration of storm in daYs

Integer, initial hour storm started

Integer, final hour of storm

7. Precipítation DescriPtíon Card

Columrs DescriPtion

l-80 Alpha-numeric description of the storm precipitation



B. Precipitation Data Deck

The length of thís deck is twice the duration of the storm as

specified on Storm Length Specification Card, the AM data is placed

on the first card followed by the PM data.

Coluuns

r-4

5-6

7-8

9

Descríption

Int.eger, year

Integer, month

Integer, day

Alpha-numeric, A or P, designat,ing \,lhether data is A-I'I or

Pl"1

Hourly precipitation in inches for hours

2I-25 I or 13

26-30 2 or L4

76-80 12 or 24

Recorded Streamflow Description Card9.

-92-

Columns

1-80

10. Recorded St.reamflow Data Deck

DescripÈion

Alpha-numeríc description of recorded hourly streamflow

hydrograph

The recorded hourly st,reamflow

format as previously described

11. Initial SÈorm Condition Card

Columts

1-10

LL-20

Description

Initial soil

Init.ial soil

inches

hydrograph is input in the same

for the Precipitation Data Deck

moisture defícit of field reservoir in inches

moisËure capacity of spring reservoir in



Output

A sample printed output of the

reservoir st.orage consÈants of Model

inclus ive .

simulation run to optiaíze the

D ís shown on pages 115 to 131
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79/04/30. 10.58.45FTN 4.7.485

UNIT

ACRES
IN

I N/HR
IN
IN

IN

IN

IN

IN/HR
IN/HR
CFS
CFS

PROGRAT.I ttAS I N ( INPUT r TAPE5= I NPUT T0UTPUT r TAPEó=OUTPUT r IAPET I
VARIABLES

REFFRENCE NUI.IBER OF SfORI,I EVENT
DRAINAGE AREA OF IdAIERSHET)
INITIAL SOIL t'.OISfURE DEFICIl I'ELOU FIELD
CAPAC I TY
AVG ÂREAL HOURLY PRECIPIfAIION
ACCUHULATIVE HOURLY PRECIPITATION
FIELD CAPACITYTSÂTURaTI0N P0INÏ 0F S0ILr
POINI ÀI IIHICH PERCOLATION 8E6INS
TOTÂL STORAGE CAPACITY OF SOILT TNCLUDES
SOIL ÈIOISTURE DEFICTI 6, SUPERFICAL STORAGF
SOiL HOISTURE CAPACITY OF SPRING RESEVOIR
rP0It'¡T Al IHICH DEEP PERC0LATI0N AND SPRING
FLOH BEGIN
INIIIAL SOTL HOISIURE CAPACITY OF SPRIN6
RESERVOIR
INFILTRATION RATE
EXCESS PREC IP ITAI ION
REEORDÊD OISCHARGE HILSON CREEK
RECORDET) HOURLY OUTFLOI FROH BALDHILL
RESERVOIR
tsASEFLO¡/
INFI OÚ TO LINEAR RESERVOIR
COHBINEI-I SURFACE 6 ROOT ZONE FLOY
PERCOLAI ION RAIE
DEEP PERCOLATION RATE
MÀXIHUN PERCOLAT ION RÂTE
I{AXiHUN DEEP PERCOLATION RATE
SPRING FLOTJ
SIHÚLATED OUTFLOY FROÀ{ LINEAR RESERVOIR
SY SfE H
RECORDED PEAK OISCHARGE
PEAK OUIFLOI¡ FROM LINEAR RESERVOIR SYSTEM
VOLU¡1E OF RECORDED STORI.I HYOROGRAPH
VOLUHE OF SI¡IULATED STORM HYDHO6RAPH

I\o
N

I

CFS
cFs
cFs
CFS
CFS
I N/HR
I N/HR
CFS
cFs

DFSCRIPTION

l3/17¿ 0Pf=l

CFS
cFs

NA¡{E

SIOR¡{
AREA
SOIL

PREC I P
AC CUM
FCAP

DIRECT FLOI' STORAGE CONSTANT
PERCOLATION SÏORÁGE COITSTANT
SPRING FLOT' STORÂGE CONSTANT
DEEP PERCOLATION STORAGE CONSTANT

HOURS I-24
DAY I.3I
r'loNTH l-l?
YEAR OF SIORI'I

NUMEER OF VARIAtsLES TO BE OPfIt..IIZED
NUÈIRER OF STORI.IS
START ING HONTH OF STORI.I
START ING DAY OF STOR¡,I
F I RSI HOUR OF STORI,I
DURÂIION OF STOR¡T HYDROGRAPH IN DAYS
MAXIHUM OF 15 DAYS

c
c
c
c
c
c
c
c
c
c
c
c
c
c

SCAP

SPRC Â P

SSOIL

INFILT
EXCE55
D I SCHG
BAL DHL

IIASE
I NFLOI
D I RECT
PERCOL
DPERC
MAXPER
MA XDP R
SPR I NG
OUTF L U

QPDIS
OPOU T
v0L0 I 5
V OLOU T

KD
KP
KS
KDP

HOUR
DAY
I.IONT H
YE AR

NV
N S TORt'{
f',rs1ÀRï
NDSR T
NHSR T
NOAY



79/O4/30.10.58.45FTN 4.7+485

REÂL PRECIP ( 7 r I 5 r24 l I INFLOt{ ( 7 r 15r24) TOUTFLI (7 r 15r24 } TPNAME l7r 20 ) r
eiiñÂùE r zlãô l ,oiScúe i 7 ' l5' 2¡) ! xI4 l r SToB! (7 

'¿) rBALDELl7l l5r 241 r
EËÏeÈ5S ¡ i; iå ; Z¿ i ;8ÃsE i 7 i ; INE I l= T' AdE4 r s9! L ( 7 !. r 8NAHE.( 7 r ?0I. . - -Ëõ1ñËõi i i i i5i ãa i iÞËrtcou ( 7; ls' 24 ! r SPRING ( 7o l5r?4) !qPERc (7 r 15.24 )-nÊ¡t- -opoúi 

t i I . opois ( 7 ) r sroRr'tX ( 2 Ì r V0Lour ( 7 ) r V0LDIS I 7 )
RÈÁù PRcÞ(3óot ro(3601 rQo(3þo).
REAt KD r KP t KS TKDPTFCAP ¡ SCAP r IIIAXPERrHAXDP
REÂL SPRCaPTSS0IL(7)
REAL DESCRP ( 2O }

lÑreaen Ñolvtzl TNHSRT(7)'NHLSTlTlrtlHSRTI (7) rNST0Rll
iNÌEcER yEAR (71 THoNTH(7rl2) rDaY (7r3l I
iNTEGER PNHSRTTPNOSRT ¡PHSRT IPYEAR
INTEGEP COOEI
REAL LAI.IBDA
LOGICAL CONV
ioxtto¡r /f tttF / NHSRTIrNHLsrrNDaYrNST0Rl4
õ0¡.rMgN /CÕEiF / K0rKPrKSrX0Pr INFILT
õór,rHoñ t áÁiu t ARÉÀ' so I L' PREc-I P I ExÇE!S llcf Pr gcaP¡ !A I?Enr IAIQP
õór¡vóñ /Flöv / iNFLoi¡ ' 

oúTFLt r D I scHG ' BAsE r EALDHL r D I REcT 
' 

DPERC '6PE RC0L r SPR I NG"bõ¡rùõñ' 
7 Bti Ã, sroRt'rx . NH r 0 r Qor PRCP r PNHsR T-r PNDSRT r PMSRT r PYE AR

õouxo¡¡ /aRlrER/ epoISroPourrVoLDISrVoLour
COM¡{ON /SH^LE/ SPRCAPTSS0IL
DATA SL;ñH0;aa¡lBDA,/2. 00r 0.5 ç 0.2o / çx/0. r 0. r 0. ¡ 0./

DURATION OF STORM HYOROGRÂPH IN HOURS
HÁ X I MU¡,I OF 360 HOURS
LAST HOUR OF STORM

OUTPUT SIMULATEO HYDROGRAPH NOT PUNCHEO
OUTPUI SIHULATED HYDROGRAPH PUNCHED

I\o
Ltt

I

73/17? 0Pf=l

NH

NHSL I
C00El = 0ål

REÀD (5 r 2 I ) NST0RI''l' AREA r NV rXDr KP r (Sr(QE I INF ILT
RÉÁD a 5 ; ãi t FcÂP r scAP' l|axPER r HaXDP r SPRCAP
READ(5r22) CODEI

READ (5r I05) DESCRP
D0 5 K=lrNSTORll

ZERO ARRAYS

c
c
c
c
c
c
c

READ (5'?4) (STORH(KrI ) r I=l r2l
REaD (5'22t NDAY (K) TNHSRT (K) TNHLST (K)
NHSRTI (K)=NHSRT(Kl

0O I I=lrl5
DO I J=ìr24
EXCESS(KrIrJl=0.0
PRECIP(KrIrJ)=0.0
INFL0w(K'IrJl=0.0
DIRECT(KIITJ}=O.O
PERC0L(K'I'Jl=0.0
OPERC(K'IrJ)=0.0
SPRING(KrIrJ)=0.0
BALDHL(KrIrJ)=0.0
OUTFLT(K.IrJ)=0.0

I DISCHG(KrIrJ,=0.0

c

c
c
c



ll5

I20

t25

130

135

l¡0

145

ls0

t55

tó0

ló5

t70

PROGRA¡I EASTN

c
c
c

REaO lN RECOR0ED H0URLY PREçIPllaTI0N TDISCHAIIGE FOR l/IL50N CRr
AÑD OÚTFLOH FROI'i EALDHILL RESERVOIR

REAO (5r24) lPNAllE (Kr I I' I=1 t20)
I.IDAY=NDAY (K }
D0 l0 I=l¡HQAY
nÈaois.zo i VEAR (K) THoNTH (Kr I ) rDAY (xr I ) r (PRECIP (Kr I rJ) rJ=l'24)
READ (5r24) (ONAi{E (Kr I ) r I=l r20l
Do l5 I=l r¡.lDaY
REaó(5;?0Í ve¡n(Kl THoNTH(Krll rDAY(K.I! r (DISCHG(KrIrJl rJ=1r24)
READ (5r241 (BNAI'lE (Xr I l r I=l r20)
D0 l6 I=l'¡IDAY
ñEA0¡5;20 i vErn (K) rttoNTH (xr I l rDAy (Kr I ) r (BALDHL (Kr I rJ) rJ=l r24)

OPDI S (X ) r1,/r,lAX I ( DI SCHG r K I
VOLDI S (K l =VOLUME (DlSCHGrKl

73/17? oPT=l

l0

l5

lfì

c
c

c

c
c
c

READ(5r23) S0IL(K)'8ÀSE (K) r550IL(K)
5 CONTINUE

HRITE OUT HEADIN6

r¡RITE(6'I04)
fRIfE(6rIO6) DESCRP
IRIfE(órIt?] FCAP'SCAP
rRITE(órIl3t HAxDP
ITRITE(6rll5) SPRCAP
HRITE(6rI09)
rRIIE(6rll0)
X(l)=KD
x(?)=KP
x(31=Ks
x (41 

'KDPCALL HJI'IJN(XrNVr Zr SLr RHO¡ LAHBDAT

rRITE (6r t ll l (0PDIS (K,'K=l rNST0Rt'l)

D0 30 K=lrNSTOR|{

I,RITE(órl07t (STORl'l(KrIl rI=lrZl
IRITE (ór t08l S0IL (X) itIAXPERtBASE (K)
HRITE(6rll6l SS0IL(K)
NI=NH5RT(XI
N2=?4
NH=0
TRITE(órl0lt
wRITE(6,1021
¡,IOAY=NDAY ( K }

D0 100 I=l rilDAY
IF(I.GT.l) N1=1
IF (I.EO.N0AY(X) ) N2=NHLST(K)

FTN 4.7.44s

c

c

c
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Do t00 J=Nl.Ne
NH=NH. I
0(NH)=OUTFLli(KrIrJ)

r?r O0(NH)=DISCHG(KrI¡J)
P¡lcP (NHl =PRECIP (Kr I rJl

"'.iiiiÈiîiitii;?þÈÁäåii*li:it:ÄrilËlrjÌ:5iîEFilr¿lrjì:JiihÎlÁ[i1*iì:c¡r iãÃiÈ iÈ i i õÛirt-r¡ t xi i r Ji r D I scttG (K ' I ' J )

180 t *^rta(6rll4) voLoIs(K)rVOL'uÌ(Kl

PROGRAI'I BASIN

185

190

195

200

205

210

2ls

??0

??5

230

235

240

f3/t7Z 0PT=l

I t*tttoLIzE vARIABLE' FoR su'RourINE GRAPHH

c ,r"arr=NHsRT (K)
PNOSRT=DAY(Krl)
PHSRT=HONTH (Kr I )
PYEAR=YEAR (K)
DO l7 I=lr2

lZ SfOnqxi It=STOR¡{(Kr I)
c

. tôhb"88oãüT ttrr.^rED HYR'GRAPH
t ,, (cooEr.Eo.ot Go To 30

iiìiTË (t;ã¡tiiront't tx r I t r I=I ¡21

38rlP,Tîlíioîloo,*,'t',oNrH (K r ! ) rQAY (K r I ) r (ourFLW (x I I r J) "1=I' I?)
¡'ñïiËìi;ãá; iÈîaì;ìí;;,iõÑiiiiüiiiior.rikiii,tourrur{(KrIrJ},J=r3r24}

I8 CONTINUE
ct ,o ao"rr*r,
c ,n ,no"o, tl4tzl?çl?xtl?F5.0/?0xr 12F5.0)

ãi ¡onu¡Í ( ¡s;Fto.2' I5róFlo.?)
22 F0Rt'laT (5I5)
23 FoRHAT (8F10.0)
2Á FORHÀT ( 2044 )

'ã?*i;iiåËiåiiiiiåiiiåüåitåtii*i'¡uîiÉrlin¡iäitiiiÉiÊË¡ii:i'îäiËËiä¡iî
,,,.[ÊÈfiiii¡ilÊÈ:î; 

: Iil;Èilr : itiiiil jlm¡!:f " 
7X r 3HcFSr 7X, 3HCFS r 7x r 3

lo¡-rõnù¡rtei'i¡i¿x'tE:35À8ii¿ÀfltÄPgËÀuor* s¡¡{uLATroN ¡{oDEL/r46xr?zHHr
t o'.[33il01ÁèËl' Ilîå*'"to^
r0q FoRHAf (2044)
f nÃ FoPr.{ÂT (?o\.2o,4///l

iei.r94¡¡ii1iå03äÉi!¿iTiìl¡ðiilÉål'lHEf,?E','1AL;,Ii?i6rlî,åËîEEFí¡l'I
ß rF5.2r4H CF5l)

ros"róhúÃiiaBxi¡Ëí¡Þ¡rrenN sEARcH .To oPrIr'rIzE FUNcTI0N/l
iii_Êäãrî+ ì;t;såriiãå;sîil:¡lieuiianlelliiiirirTiË¡ãi¡zli;jä3!iii?i!:

f,BH óe-ó-l.a¡ 'rii-Ëii iéË" t5:é:iipÉ 7È-Õ-l 'ax 7t-7'r r6xrSHYALUEr

*r'iäåiiiìriiiîiiÊiËËåÊä:ÊiåiiÍ!¡iÉià.r;i, TNCHES/,,0xrzaHToraL s,oRAG

; ;;-F.tiiîîl il,;;'"1¡Í;IUy]ili!F]it¡çerArroN RATE = rF5. 3!BH IN./HR. ) . -

i i :.!:äîiil¡ffi : ¡fl li?åulltl¡i=i¡il:i?ii;t;¡r'u';r¡ilil;il, i'::::: : : i:I rs"ÊoÞ¡rIiiiõxìc+¡tsoit- r'T0ISTURE caPAcIr
T, INCHES//)

rìÁ FORI.IÂT(IOXI5IHINITIAL SOIL HOISfURE CONTENT OF SPRING RESERVOIR =T
- -- Í.F5.2.7H INCHFS//)

¡1¡ 4.7+485 79/04/30.10.58.45
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FUNCTION F

c
c
c
c
c
c
c

:y!9Il9r-:!!t9vIlI!
PURPOSE 3

CALCULAIES EXCESS PRECIPIfATIgN AND ROUTES INFLOII
THROUGH A LINEAR RESERVOIR SYSTEI'I

73/ll? 0Pf=l

FUNCÍION F(X)
hË¡'ù ÞñËcipli tt5 ¡?4t,ExcEss (1 r I 5r24 ) r!Q!L {7}'DPERc ( 7 i l5q?11.
äËÃi ì ñFr-ôr i i i i s i ã¿' i iouiFt-ú I z' i s' ztl rQ IscxG ( 7 r I 5 r 2r ) r BAsElT l 1

rôÞõisiii ìöËòÜi iit :óiREõrìt ; is' 2¿ i ;PERc0L ( 7 r l5r 24) TSPRING (7 r 15r24 ) r
6V0LDIS(7) rvOL0UT (7)-ñÈÀi:'Xò;KÉ;ii'xopii (4) TBALDHL I 7 1 I5r?4) r INFILTT AREA

RÊÁL FcÁP,scaPr sToR'MAXPERTH4xDP
iñ1ËeEñ' xÉsnrt (7' aNÉLsr (7) rNDaY (7) rNSToRtl
aoH¡roN /f tHF / NHSRT I r NHLsI ¡ NDaY r NST0RT'|
õoxxo¡r /coEFF / KDTKPTKSTKDPT INFILT

eBtIgil lttlv înFið¡?åbrFiEîói sEiltiål EEîåii;fi ii¡iåëËÇi¡ËÊð8?
[,PE RC 0L r SPR I NG-tõHùÕñ' 7 clir €.R / oPD I s r 0P0uT r voLD I s r voLour

KDcx(ll
KP=X(2t
XSEX(31
KDPÊx (4)
SUti'0.
DO t0 KÈl rNSf oRl't
5TOR.FcAP-50IL {K)
ACCUM=S T 0R
Nl=NHSRfl (K,
N2.24
HDAYiNDAY (KI

¡'1¡ 4./+485

DO ?0 I¡lrHOAY
IF(l.GT.l) Nl=l
IF (I.Eo.ÑDAY¡X) ) N2=NHLST(K,
DO 20 J=NliNz
ÀccuH=^ccú¡{.ÞREcIP (K¡ I rJl
IF(ACCUI{.LT.FCAP} GO TO 3O
ir tlccux:ÞnECIP (K r I rJ) .LE.FCAP) Gq r0 40
EXCESS iX. I.Ji IPRECIP (Xr I rJI -INFILT
GO TO 50
EXCESS (Kr I rJl r0.
GO T0 50
ÈiCe5s rx. LJ) = (aCCUit-FcAp) -¡NFILT
lÈìeiõ¡ssixii'Jt :Lr.0.l ExcESS(KrIrJl=0.
iNFL0t (Kr I rJl =EXCESS (Kr I rJ) tARFA

ROUTE INFLOY THROUGH LINEAR FIELD RESERVOIR

CALL FIELO (X r AREATFCÂPTSCAPT STORTIIAXPER)

ROUTE PERCOLATION FLOII FROI.'I FIELD RESERVOIR THROUGH
INTERFLOTi RESERVOIR

CALL INIERF (KrllAXOPrAR€Al

QPOUÍ (X t =!HÀX I (OUIFLl{rK )
VoLoUT I X t rvOLUllE (oUTFLll r K )

30

40
50
20

c
c
c

c
c
c
c
c

r9/04/30.10.53.3e

c

c

c

sur{=sul,l+ ( ( (0PDIs (Kr -oPOUT (Kl ) /OPDIS (K) t '100. )r12.0+ ( ( (voLDIS (K', -VO
IL0uT ¡K] ) /voLDIS (K] ] Õ100. ]¡]2.0

IO CONTINUE
F = SU¡{

RE T URN
ENO

P AGË

I

æ
I



SUBROUÎINE FIELO

c

c
c
c
c

SUBROUTINE F I ELO ( K I AREA I FCAP I SCAP rSTOR I l'IAXP€R)

PURPOSE I
ROUTES INFLOH THROUGH A LINEAR FIELD RESERVOIR

REAL INFLOH ( 7 ¡ l5 ¡241 TOUTFLIJ ( I r I 5r 24lrQ!SCHG (7 r l5r 24) lEf !E-(71 r
rriÞõisÎiiìõÞouÍi7íìoinËõÍ (7;15.24) ;PFRc0L (7r l5r2ó) TSPRING (7r 15r24) r
f,VOLDIS (7I IVOLOUT (7)-RE¡i:-KD;KP;iõixOÈ.x (a) TBALDHL (?r I5r24l r INFILTTaREATDP€RC tT ¡15ç?4t

REAL saAP'sf0RrHAXPERrVALUErfHAxlso,sl rs2
iñrËeen NÉÈRit (7r TNHLST (7t .NoaY (7) TNSToRH
co¡il,toÑ /T ltttl/ NHSRTI TNHLSTTNDAYTNSToRL
coxuoN /coEFF / KDTKPTKSTKDPT!NFILI
ðõ¡i¡iõñ 7tl6t'i I ñÉúöir ; oúiÊtr r o tsõÉo' arsE r EALDHL r D I RECT r DPERC r

ÈPE RC0L r SPR I NG-COHHOÑ /CRIIER/ OPDISTOPOUTTVOLO¡S'VOLOUT

Sl=0.0
S2'0.0
S0=(SCAP-FCAP)TAREA
PHA X ¡ARE ArHA XPER
Nl=NHSRTl (Kl
N?=?4
I¡'l
Jl=NHSRTI (K) -l
I.IDAYINDAY ( K I

D0 l0 I,lrHDAY

l3/17? 0P1!¡

l2alIF(l.GT.r) Nlrl
iF ( t.Eo.ñDAY (Kl I N2'NHLsr (K)
OO l0 JcNloN2
J2.J
I x.l
iF (Jl.Eo.o, INFLoT(KrIlrJl)¡o.o
IF (St.GT.S0t G0 T0 20

90 iF(PERC0L(KrIlrJll.6E.Pf.{AXl..o0 IQ 9q'- 32;ìialñFùôtiÎK;ii'JtI;l¡¡ÊLor(xrI2rJ?)l/2.1+slrtL.'t./(2.IKPttt/tr.f,.1./(2.rXPll
IxæIX.l
S?A= 52
60 T0 40

c' 30 SZ=(((¡NFLOU(KrIlrJlt.INFLOU(KrI2rJZ))/2.).Sl'PHAx/?.r/(1..1./(¿.r
f,KP) }Ix=Ix¡l

SZA= Sz40 IFisã:GT.s0.ANo.Ix.LE.3l 60 Ì0 20
IF(Ix.GE.4) G0 fO ¡00
PERCOL (Kr I rJ),5?/RP
DIRECT(KrI.J).0.0
lF (pERc0L (Kr I rJ) .LE.Pllaxl Go r0 50
PERCoL(KrLJ)=PHAX. IF(ÞERc0LlK;IlrJt).6E.Prlax) 60 r0 60. sä; iaiñF¿ôúì'i;iilJil;iÑË[owai'i¿'J¿] t/?.t'srt (1.-1./(2.rKP) ]-Pr{Ax

È/2.
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SUEROUlINE FIELD

60

70
c

20

SZa = SZ
G0 T0 70
S2= (INFL0Y(KrIlrJlt.INFL
SZ A ¡Sz
IF (52.LE.S0r G0 T0 50

IF (PERC0L (Kr I I rJl I .0E.P¡lA
52= ( ( ( INFLOT (Kr I I rJl I.INF

&.oKP) l.S0/KD) / ( l..l ./ l?.I
S 28 =S2lx=lx+l
IF (52.Ll.S0.AN0. Ix.LE.3)IF(Ix.GE.4t GO T0 100
PERCOLIKTITJ)ûS2lXP
DIRECf (Kr I ¡J) ¡ (52-S0 ) /KD
IF (PERC0L (Xr I rJ) .LE.PMAXÌ
PERCOL(KrItJlEPt'lAX
S?= ( ( ( INFLO|I (Kr I I rJl I +INF

f, .cxPt I -PMAx/2..S0 /KOl / I l.
S2B= Sz
IF (S?.LT.S0.ANO. IX.LE.3)
IF(Ix.6E.4) G0 ï0 I00
DIRECT (X r I rJ) ! ( 52-S0 I /l(D
GO 10 50

52= ( ( ( INFL0¡, (Xr I I rJl ) oINF
ßD-PHAX/2. I / ll..l./ l?.rROl

528=sa
IF (S?.LT.S0.AN0. Ix.LE.3)IF(Ix.68.4) G0 ïO 100
PERCOL(KrIrJ)=52/XP
DIRECT (Kr I rJ) t (S2-S0) /KD
IF (PERC0L (K r I rJl .LE.PHAx)
PERC0L(KrIrJttPl{AX
52- ( ( I ¡NFLoU (K. I I rJl ) . INF

&D-PHAX ) / ( t.. I . / ( 2. ¡KDl )
SZB= Sz
IF (S?.LT.S0.AND. lX.LE.3)IF(Ix.GE.ót G0 l0 100
DIRECT (Xr I rJ) ! (52-S0l /KD
GO TO 50

73/17? 0PT=l

OH (K r l ?t J2l' /2.-P¡'lAX'S¡

xt G0 To 80
L0l{ (Kr I2rJZ) } /2. ) +Str lL.'1./ (2.rKD) '1./ l?
KDl.¡./(2.aKP'l

60 To 90

G0 fo 50

105

FTN 4.7+485

LOI (Kr I2r J2l ) /?.1 .Slâ I L.'1. / (2.rKD)'1. / (2
+lol(2.IKD)l

I OO CONTINUE
52= (S2A.SZBl /2.0
PERC0L (Kr I rJ) -S?/KP
0IRECT (Kr I oJ) ! (52-S0) /KD
IF(PERCOL(KrJrJl.LE.PrlÂX' GO T0 105
¡F(PERCOL(KrIlrJll.GE.P¡iAX) G0 T0 ll0
izr=l r iñFio¡Ìx' i i 'Ji i.I¡¡rtoH (Kr I2rJ2t I /2.t +str ( l.-1./ (2.rKPt ) -PHAx

e,/2.
528= ( ( ( INFLoH (Kr Il rJl I +INFLou (xr I2rJ2) ! /2. l +sIr (1.'1./ l?.r(ol'1./ (

È2.rKPt )-PHAX/2..S0 /KOl / ll.+1./ (2.rKDl !
s2! (52A.S?81 /2.0
GO t0 t20

I I 0 S?A= ( INFLOIi ( K r I I r Jl ) o I NFL0!¡ ! X' I2' J2 ) ),/2. -Pl'tAX'S I--- szB=(((IÑFLof(K;il;Jl).INFLol(xrl2rJ2t)/2.¡.Slr(I.-1./(2.rxDlt.s0/
f,KO-PHAX) / ( 1..1./ (2.rKD) l

SZE (SZa.S28) /2.0
120 PERC0L (X¡ I ¡J) cP¡'lAX

0IRECI (Kr I rJ) = (S2-S0) /KD
IO5 CONfINUE

IF (DIRECT (Xr I.J).LT.0.1 DIRECT (Kr IrJ)=0.0
50 CONTINUE

II=I2
Jl =J?Sl=Sz

IO CONTINUE

R E TURN
END

G0 f0 90

LOI (K r I2rJ2 ) ) /2.r.Slþ lI.'1./ (2.rKD) ) .S0/K
.1./(?.ÕKP) l

GO f0 90

Go TO 50

Lor (K r l?¡J2l I /?.1 +Slþ ll.-1. / ( 2. rKD) l .S0/K

c0 T0 90

¡20

f9/04/30.10.53.39 PAGE
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t9/04/30.10.53.39

t 
rur*ou'INEINTERF(KTHAXDPTAREaI

C PURPOSE:ð '- " '-*nourrs pERcoLAIIoN E!q!-Flg! THE FIELD RESqBygIS THRoUGH
ð i-IiÑËeh-iÑÍËri¡ior nrsenvolR r0 DEIERT''I IN€ SPRING FLo¡r
c *enu INFLou(Trl5¡24)rQUÌF!r-(lr!5r2!)r0ISCH6{7rl5r?!llQAsE(71 r

¡,ôÞôisiiiìõpòùi¡lí;óiRÈõit7'tsiã¡iiPERc0L(7r15r24)rsPRIN6(7rl5r?4rr
*X8!Pt iÁll¡YRb9H;óll ( { r TBaLDHL ( 7 r l5 r 24 } r rNF rLr r aREA, DpERC ( 7, r 5 r 24 r

CTHAXDPTDPt'lAx-nEÂL- sÞnc¡È ;ssoIL ( 7 )'qxPERc.(.J r I Þ!?4.Ì
iñ1ËaËh ñtisnÍi ¡tt;NHLSr (zlrNpaY t7lsNSToRM
ôoHHõÑ /lir.E/-NHSRrl;NHLSJ!NqaY¡N!ToRH
88üü8N 1F86il"[Piãi:ð¡iÞli:ði[ðhå.tot.,to.DHLrDIRECTroPERC,

ßPE RCOL T SPR I NG-i:õ¡ìúõñ'7cäiiÈRz qpoIsroPourrvoLDIsrvoLour
õOXXOH /SH LE/ SPRCAP.SSOIL

c
D0 I I-lrl5
DO I J-l r24

I ExPERC(X'I'J)t0.0
c- ACCIIH¡SSOIL(KITAREA

sPR=SPRC APr ARE A
c

SSlr0.0
SS2-0.0
DPI.IA X =A RE ATHA XDP
S5 O 

gDPHA X}KDP
Nl¡NHSRTI (K l
N?¡ 24
Il=l
Jl-NHSRTI (Kl -l
I.IDAY=NOAY (K }

c
DO l0 I=loHDAY
l?=l
IF(I.GT.l¡ Nl¡l
i¡ tl.eo.ñorv¡Kl ) N?¡NHLsr (x)
D0 l0 J=NlrN2
ÁeCÙtl'ÃcCúH.PERC0L (Kr I rJ)
IF(ACCUH.LT.SPR' 60 TO I3O --ir rÁccux:ÞrnaoL (K' I rJ).LE.sPRl Go r0 140
EXPERC (Xr I rJ} ¡PERCOL (Kr I ¡J)
G0 T0 t50

130 ExPERC(KrIrJ)-0.
GO T0 150

l4O EXPERC (Kr I rJ) !ACCU¡|-SPR
i5o lF(ExÞERc¡K;I'Ji:LT.0.) ExPERc(KrIrJ)o0.0

J?=JIx=l
iF (Jl.Eo.o) ExPERcf KrIl rJl )¡0.0
iF (SSl.GT.SS0) 60 T0 20

90 iFiDÞËRc(K'Ii'Jt).GE.DPt4Axt 0o To 30

FTN 4.7.485
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SUBROUT I NE

60

65

70

75

80

85

90

95

100

105

ll0

ll5

120

INTERF l3/172 0PT=l

SS?= ( ( (EXPERC (Kr Il rJl, +EXPERC (Xr I2rJZl t /2. ).SSlù ll.-1./ (?.'KOPI l, /l(1..1./(Z.rKoPl t
Ix=Ix.l
5524 =Ssa
G0 l0 40

30 ss?=(((ÞERC0L(KrJlrJl).PERC0L(KrI2rJ2))/2.).SSl-DPA!.X/?.1/(1..1./2
PCKDP I
Ix=IX.l
S SA A 8552

40 iFiSS2.GT.SSO.aND.IX.LE.3) G0 T0 20
IF(IX.GE.4t GO T0 t00
DPERC (K r I oJl =SSZ/KDPSPRING(KrIrJ)r0.0
G0 TO 50

20 lF(DPEFC(KrIlrJl).GE.DPMAx) G0 T0 80-- ss2=(a(ExPERc(XrIl,Jl).EXPERC(KrI2rJ2))/2.'.SSlrll.-1./(2.¡KS)-1./
o (2rXDP, l -DPMAX/2. +SS0/KS, / ( I. + I ./ ( ?. ÓXS) )

SS28Ê5Sz
IF (5S?.LT.SS0.AND. IX.LE.3) 60 T0 90
tFilx.GE.4l 60 T0 100
SPRING (Kr I r J) = (SS2-SS0 l /KS
DPERC (Kr I rJl =DPHAXGO T0 50

80 SS2r(((EXPERC(KrIlrJl)+EXPERC(KiI2iJ2l)/2.).SSlrll.-1./(2.rKSll.55
90/KS-DPHaXt,/ ( 1..1./ (2.rKSl l

SS28= 5satFlss?:Ir.ss0.aND.tx.LE.3t 60 T0 90
IF(IX.GE.4l GO T0 100
SPRING (KT I I J} ¡ ( SS?.SSO I /KS
DPERC (K¡ I rJ) ¡DPr'lAX
G0 TO 50

IOO CONfINUE
SS2= (SSZA.SS?øl /2.0
OPERC(KrIrJ)=5SZ/KDP
SPRING (K' I'Jl r ( SS2-SS0 ) /XS
¡F(DPERC(KTITJI.LE.DPHAX) GO TO IO5

IF(OPERC(XrIlrJll.GE.DPt'lAxt OO T0 ll0
ss?a= ( TExPERC (K, ii,Jt ) TExPERC (Kr t2rJ2l t /2. l.SSlI ( l.-I./ (2.öKDP' l -

|DPl¿t^X./?.
5s26;i ( ¡ExpERc (Kr I I 'Jl ).ExPERc (Kr I2¡J2) I /2. ).sslr (1.-1./ (2.rKs) -1.

r / l?, çKDP I ) -DPHAX,/2. +SS0 /l<Sl / ( ¡. + l. / (2. rKS I )
S5?= (SSaA.SS?81 /2.oc0 T0 l?0

I I 0 SSzAa (ÈlÞERc (K r I I r Jl ).ExPERc (x r I2r J2) I /2.-DPtaAx.ssl
ss?B= ( ( (EiPERC (Kr t I iJt ).EXPERC (Kr I2¡J2) ) /?. ).SSlr ( l.-I./ (2.rKS) ).S

r50/KS-0PMAx t / ( 1.. I . / ( 2. rKS I )
SS2= (SS2ATSS?gl /?.0

120 OPERC (KrI rJ)=0PHAX
SPRING (Kr I r J) t (SS2-S50 t /KS

105 IF (SPRING (Xr I r Jl.LT.0) SPRING(K' I'J) =0.050 CONTINUE- - ÕuTFIr (K r I r J) ¡0IRECT (Kr I r J) TSPRING (Kr I r J) +BAsE (K ) +BALDHL (K r I r J)
Il=I2
Jl=J2
5S I =SSzIO CONTTNUE

RE T URN
END

FTN 4.7+485 79/O4/30. t0.53.39 PAGE
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SUBROUIINE E 73/17? OPTrl

c
SUBROUTINE Ec---- úãXË-ÈiÊ[õnÃronv HovES Anour a GIvEN PoINT

c *ro.- INFLotl(7rt5r24)r0urFLtdt!rt5r2!!rDISCHGlTrl5r2!llQasE(7)r
côÞôisî 1) ióÞòui r í i ìóinrði r?, is,2ÀltfçHcoL r 71ìþr !a) TSPRING ( 7 r 15r24) r

ið¡IóñL i i ; i'5. ã¿ t' óÉenc t i' I 5 r 24 i I voLD I s ( 7 l i v0L0ur ( 7 I
REAL PHI(4)r5(4)
iñÏÈcrn -ñxsnr i t r I .¡tttlsr ( 7 ) .NqaY ( 7 l'.NSToRt'l
COt¡¡tO¡¡ / LOCAL / Kr Nr Hr-PlI r Sr.-¡f -ðo¡tuoÑ Trlr'tÈ7-¡¡nsnr I r NrLs'f r NQf ! ¡ NSIoR|'l
ðö¡iüõñ t È ioiT iiiËloÊ ; oiiiFti,Ólsc¡rc, e¡sE r BALDHL r D I REcT' DPERC'

ÈPERCOL,SPRIN6-bõHiõñ' Tcnittnt oPDISr0P0uTrVoLDISrVoLour
C.--. INCREASE COORDINATE
c J=0

l5

c----

c

c----
c

20

c----

c

c----
c

30

c----
c

40

ó0
7l
8l

00 ó0 I = lr K

lill{tlt=otEå'[Aì^iti{ll co^,uçt accoRDINo ro YouR NEEDs.
ir- rpxi ( I ) -.LE. o. ) Go ro 2o
SPHI = F(PHI)
N=N.l
succEssFuL r,tovE?

IF (SPHI .L1. H) GO TO 4O
DECREASE COOROINATE

s(I) r - s(I)
ÞHt(Il a PHI(It . 2. r 5(I)i'riiÈ'is a'öôñsÍnrlñi. cxÃ¡¡oe ÁccoRDlNo r0 YouR NEEDS.
ir tpxi ( I) .LE. o. ) co Ìo 30
SPHI Ê F(PHll
N=N.l
succEssFUL r.tov€?

IF (SPHI .LT. H) GO TO 4O
RESET COORDINATE

PhI(Il c PHI(I) - S(I)
G0 T0 60
ñerÁi¡-ñEr cooRDINAIE AND FUNcTJoNAL vaLUL

CONT I NUE
H = SPHI
J=J.l
CONT I NUE
ùñïiË iãigr ) N' {PHI ( I ) r I=t rK) r (QPour ( I ) r I-l rNsToRH) rHr (s ( I )' I=l'x}
FORMÁÌ 1iS,+rl .z,sr 8.2 r F I I .5 r 4F8.3 )

RE T URN
END

FTN 4.7+485 l9/04/30.10.53.39

0020
0030

0050
00ó0
0070
0110
0120
0130

0160
0170
0t80
0190
0?00
021 0
0??0
0230
0?40

027 0
0280
0?90
0300
03t 0
0320
0330
0340
0 350
0360

0 390
0400
0410

045 0
0460

I
H
O
(!

I



SUEROUT I NE HJI.{ I N

c
SUBR0UTINE HJMIN(PSIr Kr SPSIr SLr RH0r LAi'l8OAr LII'lITr C0NVt

THIS IS ÂN OPTIHIZATION PROGRAM tsASED ON THE PATTERN SEARCH
¡,lEIHOD OF HOOKE AND JFEVES.
SEE D.J.IILOE AND C.S.BEIGHTLERT FOUNDATIONS OF OPTIHIZATION'
ENGLEhOOD CLIFFS. N.J. S PRENTIC€-HALLTI9ó7
iHIS 'DIMEÑSiONI.DECLARAfION IS FOR 4 VARIAELES.

73/ll? oPT-l

VARIAELES

NAÈIF

KORV
RHO
L AI,{8DA
SL
DELTA
H
SPH I
SPS I
PHI II)
PSIII)
IHETA
coNv.
LIHII
VALUE

?s

DESCRJPTION

NU¡IBER OF VARIABLES EEING OPIIHIZEO
REDUCTION FACIOR FOR STEP LENGIH
I,{ I N I MUI,I STEP LENGf H
INITIAL SlEP LENGTH
CURRENT STEP LENGTH
FUNCIIONAL VALUE BEFORE A I.IOVE TS BEING TAKEN
FUNCTIONAL VALUE FOR A I{OVE
FUNCTIONAL VALUE AT THE PERI,IANENT BASE POINT
POINT RESULÍING FROH THE CURRENT I.IOV€
CURRENI PERI.IANENT EASE POINT
PREVIOUS PERI.IANENT BASE POINT
A LOGICAL VARIABLE IIHICH IS TRUE IF SUCCESSFUL
COÑVERGENCE T5 OEIAINED ANO FALSE OTHERIJISE
I.,IAXIHU¡I NUI.IEER OF FUNCTION EVALUATIONS PERIlIIIEO
SUBÞROGRAH HHICH EVALUATES THE OBJECTIVE FUNCIION

DIHENSION PSI l4l r PHI (4t r S (41 r X (41
REAL LAHBDA
LOGICAL CONV
COtttlON / LOCAL / I,tr Nr Hr PHIr Sr J
DLTAFN T O.IO
H-K
DELTA Ê SL
O0 l0 I = lr K
S(I) = DELTA
EVALUAIE FUNCTION AT IN¡TIAL BASE POINT

SPSI = F(PSI!
N=l
H = SPSI
00 30 I = lr K
PHI(I) = PSI(I)
HAKE EXPLORATORY ¡{OVES

CALL E

l0c----
c

20

30c----
c

c

c----
c

ó0

FIN 4.7+485

IF (N .GT. LIHIT} 60 TO 90
PRESENT FUNCIIONAL VALUE EELOI THAT AT sASE POINT?

IF (H.68. SPSI .OR. J.EO. I .AND. (SPSI - H) .Lf. DLTAFN' 60 TO
x70
DO50I=lrK
IF (PHI(I).GT. PSI(I).AND. S(I).LT. O..OR. PHI(I).LE. P5J(I)

X.AND. S(I) .GE.0.t S(I) = - S(I)

79/04/30.10.53.39

0030
0040
0050
0060
0070
0080

0090
01000lt0
0l ?0

0ló0
0170
0180
0t90
0e00
02t0
0230
0240
02s0
02ó0
0?7 0
0?80

0300
03t0
0320
0330
0340
0350
0360
0370
03a0

I
P
O
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SUEROU I I NE

ó0

ó5

f0

75

80

85

90

95

100

105

HJ¡{ I N

c_-__ sET NEt EaSE PoINT AND MAKE PAïTERN HoVE
c

c----
50

c----
c

c

c----
c

ó0
c ----
c

70c----
c

80

90

7 3/ ll2 0Pl= I

THETA = PSI(I)
PsI(I) = PHI(I)
PHI(Il = 2. ó PHI(I) - THEÍA

THIS I5 A CONSTRAINT. CHANGE ACCORDING TO YOUR NEEDS.
IF (PHI (I) .LE. 1.¡ PHI (I} = PSI (I)
SPSI - H
SPHI = F(PHI)
N=N.l
tF (N.GI. Llr.rIf) G0 To 90
H = SPHI
HAKE EXPLORATORY I'IOVES

CALL E

IF (N .GT. LIHIT) GO TO 90
I5 PRESENT FUNCTIONAL VALUE BELO| IHAI OF

IF (J .EO. I .ANO. (SPSI . H} .LT. DLIAFN
x, 60 TO 70

IF (H .GE. SPSI) GO TO 2O
D0 ó0 I = lr K
IF (ABS(PH¡(I} . PSI(I)I .GT. O.5 O OELTA}
CONT I NUE
I S STEP SI ZE SI.IALL ENOU6H?

IF (OELTA .LI. LAHBDA} 6O TO I3O
OECREASE STEP SIZE

DELÍA=RHOTDELTA
D0 80 I = lr X
S(l) = RHO È S(I)
OLTAFNERHoTDLIAFN
GO lO 20
CONV -.FALSE.
IF (H .GE. SPSI) GO TO ITO
SPSI ¡ H
DOl00L.lrK
PSI (L) = PHI (L)
CONTTNUE
YRITE (6r120) N
FORHAT (óXr20H NO CONCLUSI0N

FTN 4.7.485

100ll0
t20

RE TURN

130 CoNv = .1RUE.
HRITE (6r140) N

I4O FOñMÀT i6X'2+x cONVERGENcE OBTAINED INrI4r23H FUNClIONAL EVALUATIO
T,NS }

RE T URN

END

0390
0400
0410
0420
0430
0440
0450
0460

0480
0490
0500
0510
0520

0540
055 0
0560
0570Hl.GT.0. 0580
059 0
0ó00
0610
0ó20
0ó30
0640
0ó5 0
066 0
0ó70
0ó80
0690
0700
0710
0720
0730
0740
0750
07ó0
0770
0780

t9/o4/30.10.53.39

BASE POINT?

.AND. (SPSI -

G0 l0 40

AFTERT 14 t?lH FUNCTION EVALUATIONS)

PA GE

0830
0840
0850

0e00
09t0
0920

I
F
L¡

I



l0

f3/17? 0P1=l

GRAPHING SUBROUlJNE

l5

PURPOSE 3

PLOIÍING ON THE LINE PRINTER HOURLY
FLOI'S & PRECIPITATION

SUEROUTINES CALLEO
NONE

VARTABLES
STORI.' . REFERNCE NUMBER OF SfoRt.t EVENT
NH - I OF HOURS OF PLOTTING
NHSRÍ . SÍARIING HOUR
NOSRT - STARIING DAY
I'ISTART . SIARI ING I.IONTH
NYEAR - YEAR OF PLOÏ
PI . ARRAY CONTAINING OUTFLOIdS FROM LINEAR RESFRVOTR
P? . ARRAY CONÍAINING OBSERVED FLOÍS
P3 - ARRAY CONTAINING PRECIPATION

COI'II'ION DECLARÂT I ON
ALL VÂLUEs ARE PASSEO IN
T.E. INSERT THE FOLLOWING

ROUT I NE

DIHENSION Pl (360! rP2(360) rP3(360) ¡SfORll(6)
COMHON /gEI 

^ 
/ STORHtNHtPI rP2 ¡P3r NHSRT r NDSRT TIISTART r NYEAR

SYHBOLS PRINTED AS PLOT POSITION

O . OUTFLOIr - OBSERVED FLOY
P - PRECIPIIATTON

T I TLES

I . OUTFLOI{(O} T OASERVED FLOH(T)
? . PRECIP(PI IN INCHES

SUEROUTINE GRAPHH

FIN 4.7+485

DITaENSION AX(3) TISPAN(3) TISTEP(3) TISTRTI3) rPLOT(l2l) r
ISAVE ( l2l )'SCALE ( l3l'STP ( 3)'5TRT (3) r ISCAL (31 rNDAY ( l2l THONTH ( l2) r
?Pl (3ft0) rP2(3ó0) rÞ3(3ó0) TSTORH(?l

COt'lHON /BET 
^/ 

SIORH r NH r P I r P2 r P3 r NHSRÍ r NOSRT r HSIART ¡ NYEAR
0ATA NDAY/3lr29r3lr30r3lr30r3lr3lr30r3lç30ç31/ 00109
DAIA tlONTH/3HJANr3HFEBr3Hl'IART3HAPR¡3HMAYT3HJUN¡3HJULT3HAUG.3HSEPT3

&HOCIT3HNOVT3HDEC/
DATA ELANK tPER r ASIRKTALTFPTALf ROl lH r lH. r lHÞ¡ lHPr IHO/
NV=3

0003t
0003e
00033

LABELLED COI.II{ON BETA OOO34
DECLARATION ¡N YOUR C^LLJNG OOO35

0003ó
00037

79/04/30.10.53.39

00002

0000¿r
00005
00007

0001t
00012
00013
000t8
00019

00023
00024
0002s

00040
000ó7
000ó9
00070
00072
00073
00074
00077
00079
00080

00086
00091

00104
00I05

I
F
O
o\
I



su8RoulIt{E GRAPHH 73/172 0PT=l

NV I =Nv
c
c

PRINT 9'STORI'I
PRtNt 30t

c
00 l0 Itl¡l2I
PLOT(I)=BLANK

l0 SAVE(I)=BLANK
c
c
c
c

NS= 0
ISCAL(1,-l
ISCAL(e!¡2
ISTRT(l)=0
ISÏRT(2I=O
IsfRT(3t=120
ISPaN(ll=0
ISPAN(21!l?0
I SPAN ( 3, æ-+0
AX ( L =ALTRO
AX (2¡ =ASTRKAX(3'=ALTRP

38 JPJ'o
D0 200 J¡l.NV
IF(JPJ.6T.O¡GO TO
Âl'l I N= 99999999 .
Al'ta x'-99999999.

C USE SAHE

85

INTTIAlE STANDARD PLOT VARTABLES

40 JPJ=o
IF ( ISPAN(JI.EO.O) GO TO 45
NS=NS + I
IF(ISCAL(NS}.EO.2) PRINT 303
IF(I5TRT(J).GE.O' GO TO 45

NEGATIVE ISTRT SETS ZERO SCALE LI¡4TI
AHIN=0.
ISTRT (Jt r-ISTRT (J,

CENTER AND PRINl SCALE TJTLE
FIND EXTREI{€ VALUES

45 DO 100 X=l¡NH
GO tO (50.60r70t,J

50 TEHP=Pl (Kl
G0 T0 90

60 TEHP-Pz(Kl
GO TO 90

70 TEHP-P3 (K)
90 lF (TET.iP.GT.AHAX) AMAx=TEr.lP

IF ( TE¡{P.LT.A¡1IN) A},IIN=fE¡,IP
IOO CONTINUE

tF ( ISPÁN(J).NE.0) O0 ÌO t05
JPJÈ I
G0 T0 200

OETERHINE INCR€T{ENT FOR TO SPACES
IO5 TI,IP=ISPAN(JIlÌO

IF ( 1t'lP.L1. 0 ) Tl'lP--T11P

FTN 4.7+485

40

SCALE AS FOLLOÍING VARIAELE

f9/04/30.10.53.39

00tt5
00t l6
00118
001t9
00t20
00t21
0012?
001?3
00t24
00t25
00t?6
0 0127
001?8
0 0129
00t31
00132

00t3s
00t36

IF JSPAN

P AGE

IS ZERO

001a0

00184
00t85
00186
00187
00t88
00t89
00190
00r91
00t92
00196
00t97
00t98
00199
00200
00201

00204
00205
00206
00207
00208
0021 I
00?l?
00213
00214
002t5
00216
00217
00218
002I9

I

Ho
!
I
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00?20
00221
0 0???
002e3
00?24
00?25
00?26
0 0??7
00228
0 0?29
00230
00231
0 0?32
00?33
00234
00235
00?36
00?37
0 0?38
00?39
00?40
00?41
0 0?42
00243
00?44
00?_45
00246
00247

00?49
00?50
00?51
00?5?
00?53
00254
00?5s
00256
00?57
00?58
00?59
00?ó0
002ól
0 0?62

FTN 4.7+485

0.0

lF (AHAX.EO.0. 0.AN0.Af{IN.EO. 0. 0 t At{Ax=0. IIF (AxAx.LE. A¡,lINt AHAX=1. Ot rAl'tIN
If_!aMAx .Ll. 0.0 .AND. ÃHIN.Lt. 0.0) ar,tAX =RAT J O= ( AMAX-A¡{ IN,,/THP
STEP= I .
IFMT=l

t l0 !t (8ÀIlq.LE..sr G0 To 120
IF (RATIO.GT.5. } GO TO I3O
It (8aII0.LE.2..AND.RA!I0.cT. l. ) stEp=2.çsTEp
¡E (8aIIa.LE.4..AN0.RAI ro:CJ!?: ) 5rrp=1.*siÈpIF(RAÌIO.Gl.4.) STEP=5.oSrfp -' - -
60 T0 t40

120 STEP=SIEP+. I
RAII0=RAfIOÞ10.
IF¡{T=IFllT+l
G0 TO tlo

130 SfEP=STEPrl0.
RATIO=RATIOO. I60 ï0 tlo

. I=qçAIE AND ASSIGN SCALE VALUES¡ PRINTl+0 IIP=Al'tJN,/STEP
lHP'I TP
Tl'lP- ( IMP-. 0l t rSf Ep
¡¡.llr'tIf!.Ll' l¡lPl ITP-ITP-I
I THP=¡¡'l¡¡7575P
THP- J T¡IP
Tl.{Pt ( TÈ{P. .01 ).STEP
¡l!flAI.6T.THP! ITMP=JTMP+l
IF ( IF¡ll.GT.?) IFHTeZ
I TEHP= I
Iq I !s?Ar\¡(Jt.LT.0t IIEMP=-IlEHp
DO lô5 L=lrl3

145 SCALE(L)=0.
LX=ISTRT(Jtl10.1
TEHP¡ I ÎP
TEHP¡ TEHPTS TEP
I ltlP! I Tl'rP- J lP + ID0 150 L=lrITl,tP
lElLx.GT.r3) G0 t0 160
I[(L{.Lt.r} co To ¡ó0
SCALE (LX I =lE¡,tPLX=LX. I TEMP

¡50 IE¡{P=TEHP.SIEP
160 Go To ( l70r t75t r IFHTt70 q8lryI ór (scaLEtLXl rLX=l rt3lG0 TO l9s
175 PRINI ð' (SCALE (LXt ,Lx=ì r l3r

STORE SCALE JNCREI,IENTS AND LOCAT¡ONS195 STP (J, =STEPI. IlllP= ¡ TP
STRT (J} =TMPçSTEP
ISTEP (J, =lIf (ISPAN(Jl.LT.0t ISTEP(Jt=-t
DO 197 K=l ¡J
IEJISP^N(Kr.NE.0l G0 To 197STP(Kl=STP(Jt
SIRT (Kl -SrRf (J,

I
ts
O
æ
I

SCALE

73/172 0Pfrl

0 0?64
00?ó5

00?ó9
00?70
0027t
00?f2
00?73
00?f 4
00275
0027ó
00?77
00?78

SUEROUTINE GRAPHH

ll5

l3s



79/04/30. I 0.53.39

00279
00280
00281
0 0282
00283
00?84
00285
00286
00?87
00288
00289
00290

FTN 4.7+485

00291
0029?

00294

0029ó
00?97
00298
00?99
00300
00303
00304
00305
00306

00308

AND PLOT

I

Ho
I

00311
003t2
00313
00314

00318
003t9
00320

ACH POINT

x(t)) G0
x(2)) G0

rL=lrl2l)

44

R ¡?A4/l
r 49H

ON(P) IN

T3/lTZ 0Pftl

DRAIi SCALE LINES

ISIEP(X)=lSfEP(Jt
ISTRT(XlrISTRT(Jl
ISPAN(K)=ISPAN(Jt
CONT I NUE
CONT I NUE

COMPUTE LOCATJON OF E
r{rNH SR T
t r r4START
N = NDSRÎ
00 300 K=lrNH
DO 260 J=lrNV
60 TO (210r220r230) rJ
TEHP=PI (K)
GO ïO 250
TE¡IP=P2 ( K )
G0 10 250
TEI'lP=P3 ( K )
I TMP= ( TEI,IP.STRl ( J) } /STP (J} +.5
LX= I STRI ( J' + I I¡1PTI STEP ( J' . I
IF (Lx.GT. l2l ) Lx=l2l
IF(LX.Ll.tr LXsl
TF (J.LT.3) GO TO 850
IF (P3 (X) .EO.0. I G0 TO 7ó2
0O 654 LXX=LXr l2l
IF (J.EO.3 .AND. PLOT (LXX) .EQ.A
IF(J.E0.3 .ÂND. PL0T(LXX).EO.a
PL0f lLxXl = Ax (Jl
CONT INUE
00 To 7ó2
PLoT(Lx, - AX(Jl
CONT T NUE
CONT I NUE
FORHAT ( I X.A3r2I4. t2lAl I
IF(¡t.NE.t2) G0 T0 7821
PRINl lTrtlONTH(It rNrHr (PLOT(L)
GO TO 246
PRINT 5r¡lr (PLOI(Ll rLelrl2l)
CONT I NUE
IF (H.E0.2.1 60 T0 247
L=M. l
G0 ro 2ó5
l,t=l
IF(I.NE.2) GO TO 48
IF ( (NYEAR/ÔI T4.NE.NYEAR) GO TO
NDAYì T?9
GO TO 46
N0AY I -28
G0 T0 46
NDAYI=NDAY ( I )
IF(N.NE.NDAYII 60 TO ó32I
I - Ii I
N=0
CONT I NUE
N=N.l
CONT INUE
DO 270 L=l ' l2l
PLOT (L, =SAVE (L )
CON T I NUE
RE TURN
FORT,TAI (8xr I4r l2l A I I
FORHAT (7XrF6.0r l2Fl0.0)
FORllÂT (7XrFó. I r l2Fl 0. I )
FORMAT t7 \çF6.2ç t2Ft 0.2)
FORHAT ( IHI I5OXI I4H STORM NUHtsE
F0RHAT (?X.4HDATE'?Xr4HlIME r l5X

&ED FLOIi (é) IN CFS)
FORIIÂI ( IOOXT33H PRFCIPIIAII
f-Nl)

0032¡
00322
00323
00 324
00325
0032ó
00327
00328
00329
00330
00331
0033?

00333
00334
00335
00336

T0 ó54to 654

Lx=l
OO 205 L=lrl3
PLOT(LX}=PER
SAVE (LX) =PER205 LX=Lx+ I 0

SUBROUTTNE GRAPHH

197
200

l?5

180

185

190

t95

200

20s

210

21s

2?0

?25

230

235

0014t,

OUTFLOW (O} ANO OBSERV

INCHES )

?t0
2?0

230
250

65ó

850
762

2ó0
¡7

78?r
?46

?4'l

44

48
46

632 I

265

270
300

5
6
7II

30 t
303



FUNCTI0N vOLUHE f3/17? 0PT=l

c

c
c
c
c
c
c
c
c

FUNCf I0N VOLUHE (HYDR0rKl

FUNCTION TO DETERI'IINE THE VOLU¡IE UNÍ]ER AN SÍORH HYDROGRAPH

HYDRO ARRAY OF STORH HYDROGRAPTTS
NDAY OURATION OF STORI,I HYDROGRAPH IN DAYS
NHSRT I F I RST HOUR OF STORI'I
NHLSI- LAST HOUR OF STORi,I

REAL HYDR0 (7r l5r?4)
IÑlECER NOAy i T ),Ñ¡tSRll ( 7)'NHLST ( 7 )'NS10Rr{
COHXON lllttl/ NHSRTI TNHLST TNOAYTNSTORI'I

VOLUxEr0.0
NIsNHSRTI (K)
N2= 24
HDAY=NOAY ( K )

DO l0 I=l rHDAY
lF(¡.Gr.l) tl¡=¡
tF ( I.EO.NDAY iXl I N2=NHLST (K)
D0 l0 J=Nl rNZ

l0 VOLUttE=VoLUlaE+HYDR0 (Kr I rJ)
RE T URN
END

t5
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IHE HAX II.IUN VALUE OF THE KTH ELEI{FNÍ OF ÂN

OF ARRAY
VALUE OF KTH ELEHENÍ OF ARRAY

I
ts
ts
H
I

T3/t72 0PT= I

FUNCTION VtlAXl (XrKl
FUNCTTON TO DEÏERHINE
ARRA Y

X ARRAY
K ELEI.{ENT
VHAX I ÈTAX IHUN

DIMENSION X(7r15r24)
vMAXlrX(Krlrll
D0 102 I=lrI5
DO 102 J=1r24
IF (x (Kr I rJ) .Gl.VI{AXl I
CONT I NUE
RE TURN
END

Vl{AXl¡X(KrIrJl

FUNClION V¡{AXI

c

c
c
c
c
c
c
c

c

102

10

ls
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-2.000
2.000

-?.000
1.000
I .000

-1.000
.500
.500

-.500
.250
.250

-. ?50
.r25

MAR 79

SÍEP LENGTHs2 53

-2.000
2.000

-?.000
1.000

-1.000
r.000
-.500

.500
-.500.250

.250
-.250.ì?5

344.55 ó28.90 ?358.34793 -2.000 -2.000343.23 ó?ó.90 2358.34793 2.000 ?.000344:5s 628:90 2351r.34793 -2.000 -2.00034ó:75 6?B:95 2357.53e92 1.000 1.000
346.75 628.95 2357.53992 ¡.000 -1.000347.40 629.94 2357.53992 -1.000 1.000345.16 ó¿8.36 2357.48793 .500 -.500
345. l6 ó28.3ó 2357.48793 .500 .500345:49 ó?8.8ó e357.487e3 -.500 -.500
346. t4 62A.A9 2357.4t9ó3 .?50 .?50
34ó. r4 ó28.89 2357.4t9ó3 .250 -.¿50346.30 629.1ó 2357.41963 -.?50 .250
346.13 62A.94 2357.4t691 .t25 -.125

LINEÀF RESERVOIR SII.IULATION ¡IODEL
*ILSON CREEK }'AIERSHED

LINEAR RESFRVOIR OPITMI ZATION

st

PATTERN SEARCH TO OPfJMIZE FUNCTION

KS KDP SIHULÂTED PEAK OISCHARGE IN CFS FUNCTION
6e-6-l 74-5-l 75-8-l 75-e-l 77-7-l VALUE

I

ts
H
L¡

I

FIFLD CAPÂCITY = 9.OO INCHES
TOTÂL STORAGE CAPACI TY =IO.ZO INCHES
HÂXIHU¡l OEEP PERCOLATION RATE =.OIO IN./HR.
SOIL À{OTSIURE CAPACITY OF SPRING RESERVOIR = O.OO INCHES

9 t0.02 46.60 74.50 6.00 6??.31 23?.07 30!.7ß
l8 10.02 46.60 74.s0 ó.00 6?0.e4 23l.ll 303.11
¿6 t0:02 46:ó0 74.50 6.00 ó2?.31 ?3?.0f 304.19
34 I 0.0? 4 7:60 75.50 6.0 0 62J.?l e33. I I 304.73
43 t O. Oz 4 7.60 75.50 6.0 0 623,?7 ?33. I 1 301.73
5r io.0z 47.60 75.50 ó.00 ó?3.95 233.58 305.57
59 ió.02 +r.to 75.50 6.00 6??.3? 232.30 304.32
6g i0:0a 47:10 75.50 6.00 6??.32 ?3?.30 304.2
76 to.õa q7. to z5:.s0 6.00 6??.0þ ?3?.14 30¿1.2684 io.oz 47:35 75.50 6.00 6??.97 ?32.83 304.74
93 î0.0ã 47.35 75.s0 6.00 6?-?.97 ?3?.83 304.74rôì Io.Õ2 47.35 75.50 6.00 623.13 ?3?.95 304.96

i09 i0.02 47.3s 75.ó3 6.00 6??..97 ?3?.a4 30!!79
EONVERGEÀICE OBTAINEO IN IO9 FUNCTIONAL EVALUATIONS
RECoRDED pEAr( ó50.00 ?98.00 330.00 1340.00 540.00

EASE XD KP
POINT



BASEFLOf SII.IULÁ1ED OESERVED
FLOII FLOII
CFS CFS CFS

0.00 .?0 4.00 4.20 4.?0
0.00 .20 4.00 1.?0 4.00
ó.oo :20 4;00 4a?9 4.?o
0:00 a?? 4.00 4 .22 4. l0
0. oo .26 4.00 +.?6 4.503:38 :ZA t:38 t:78 l:18
o; oo .26 0. oo 4.?6 Þ. oo
Õ: o0 .26 4. o0 4.?6 5.200.00 .3ó 4.00 4.3é É.00Õ.oo .s8 4.oo f.58 É.Ioo:oo l:ol +.oo 9.ol l.roo:oõ l.ó3 4.oo !.é3 Q.ooo:oo 3.ae 4.oo !.?? e.oo
Õ:óó 3.5e 4.oo U.5? ¡1.?oo:õo ¡.es 4.oo 1.C9 19.30.r5 4.03 4.oo C.?a 2q.5St.o¡ r.i4 +.oo 2'!! 3!'70Þ.+s 4.23 4.00 ¡ g.?? 44.00
3.33 4.30 4.00 ¡¡.q3 44.00
4. lS 4.37 4.00 l?.9? 4ô.00+.s+ 4.43 4.00 13.37 4{.00
5.73 4.41 4.0 o I l. eq 44.00ó:53 4.5? 4. oo 15.05 44.00t.t,2 4.55 4.00 {Þ.82 44.00
e. ¡9 4.59 4.00 75.a? 44.009.10 4.6? 4.00 8!.1? 44.00

ro.eó 4464 r.oo Qq.Io ó4.00
ii.¡' +.dt 4.oo lþ.?þ lÞ.ooià-12 4.70 4.oo 77.30 50.q0iia¿1 4:73 4.oo Q1.93 1?.30i1.2s 4ar5 4.oo lll.ql _qq.oo
i s. ¡¡ 4.7e 4.0 o I 29.97 I 9?. S S
i ó:óã 4:8 I 4: oo ?lg.rt ¡ 29. gq
iA:45 4:85 4:00 414.ó8 ¡46.00
ão: iB 4:8e 4: oo 5?t.?3 ?¡ q. oo
22.1+ 4.eó 4.oo óq?.lq ll?.SS2õ.oo s;04 4.oo Þ??^.21 9?9.SSão.a¡ s.l+ 4:oo Þ??.Cl 9?q.oo2a.s1 s.2+ 4. oo ,þ6.?1 qÞq. oo
ió.as 5.3r 4.oo 5\1.?? ÞIl.oojã.oe s;38 4.oo {q9.3s !9l.oo
3g:3À 3:13 Í:88 36å:3å i69:E8
¡7. 14 5.5? 4.oo 3lÞ.¡l 9r!Þ.ssló:35 5.5ó 4.oo ???.?f lgl.ooãÕ:õ5 5.5s +. äo ?70. sQ ?Q!.oo,,ó.,.5 5.59 4.00 ?1¡.?Þ ??2.00+i.¡s s.óz 4.oo 2ll.1M5.oo+2.io 5.ol 4.oo l9?-.7!. ¡É?.ooó2:BB 5:ós +.oo lÞ7.39 llq.oot1.sÞ 5.¡o 4.oo ì34.e1 l?8.00

SPRING BALOHILL
FLOb,
CFS CFS

INIIIÀL SOJL I'IOJSTURF OEFICIT = .76 INCHES
l'fAXIHUM PERC0LÄTION RÀTE = .?5 IN./HR.
8ÂSEFLOI{ = 4.00 CFS

INITIAL SOIL tIOISTURE CONTENT 0F SPRING RESERVOIF = 0.00 INCHES

DEEP
PERCOL

CFS

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.52
3.?4
9.73

?0.02
32.4ó
44.69
4ó.85
4ó.85
46.85
4ó.85
46. 85
46.85
4ó.85
4ó .85
4ó.85
46.85
46.85
46. 85
46.85
4ó .85
4ó. 85
46 .85
46.85
4ó.85
46.85
4ó.85
4ó.85
46.85
46.85
4f'.85
+e.85
46.85
46.85
46.85
46.85
46 .85
4ó.85
46.85
46.85
46.85
46. 85
46.85

I
H
F
o\
I

INFLOH OIRECT PERCOL
RUNOFF FLOII

CFS CFs CFS

0.00 0.00
0.00 0.000.00 0.000.00 0.00
0.00 0.000.00 0.00
0.00 0.000.00 0.00
0.00 0.00
0.00 0.000.00 ó.850.00 30.210.00 6?.37
0.0 0 93.37
0.00 lll.49
0.00 115.53
0.00 1t6.050.00 ll4.lI
0.00 113.20
0.00 ll3.¿8
0.00 lll.890.00 llt.02
0.00 lll.64
0.00 Iló.ó530.84 125.?558.04 t3I.00óó.70 132.83

ót.ì4 131.66
56.23 I30.ó25ó.28 Ì30.63ó2.93 132.04
88.ó7 I37.48

t46.74 149.77253.30 l7 ?.3?387.38 200.70
495. ló 2?3.50
570.80 239.51
589.33 ?41.43
563.86 238.0r
528.07 230.47
474.32 219.09
4??.?9 208.08
380.60 I 99.2ó337.05 I 90.04
289.65 I 80.0 I25?.06 Ì7?.0r,
??0.96 I 65.48
191.21 159. l8
I 60 .44 15? .67
130.97 l4l'.44r04.86 140.9181.73 136.0¿

?5 l? 0.000 0.000 0.00
25 t3 .010 0.000 0.00
25 14 .070 0.000 0.00
25 15 .070 0.000 0.00
?5 16 .040 0.000 0.00
?5 17 .010 0.000 0.00
25 l8 .010 0.000 0.00
?5 t9 .020 0.000 0.00
?5 20 .080 0.000 0.00
?5 ?l .?40 0.000 0.00
?5 2? .350 .140 é55.0325 ?3 .34 o .340 I 5e¿.73
¿5 ?4 .330 .330 t545.8?
2ø -l .330 .330 1545.89
?6 2 .080 .080 374.7Q
¿6 3 .050 .0s0 234.?3
26 4 .010 .0I0 46.85
26 5 0.000 0.000 0.00
?6 6 .030 .030 140.5!
26 7 .020 .020 93.69
?6 I 0.000 0.000 0.0026 9 .030 .030 140.54
26 I 0 .0 30 .0 30 I 40.54
?6 ll .t?0 .t?0 562.14
?6 l2 .ll0 .ll0 sl5.3g
26 13 .080 .o8o 3f1.7Þ
2o I+ .o4o .o4o 187.39
26 15 .o2o .o2o 93.óe
?6 ló .040 .040 187'3q¿6 17 .o4o .o4o 187.3q26 l8 :o7o .o7o 3?r.9?
?6 t9 .130 .130 ó08.99
?6 20 .230 .230 1077.4426 2t .380 .380 t78o.ll?6 ?2 ;4t0 .410 te20.6Þ
26 23 :330 .330 154s.89
?6 ?4 .320 .3?0 1499.04
?7 I .ll0 .lI0 515.3027 2 .130 .130 608.99
2l 3 .o5o .o5o ?34.?3
27 4 .030 .030 140.542-l 5 .030 .030 140.5421 6 .050 .050 ?34.?3?f 7 0.000 0.000 0.00
?7 8 .010 .010 46.85?7 e .0?0 .0?0 93.ó9
2t l0 .020 .020 93.69
¿7 lt .olo .olo 4ó.85
27 12 0.000 0.000 0.00
?7 13 0.000 0.000 0.00?l t4 0.000 0.000 0.007f t5 0.000 0.000 0.00

EVENT 1969-ó-l

DAY HOUR PRECIP. PRECIP.
EXCESS

IN. IN.
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4ó.85 57.A6 5.91 4.00 67.7T 88.0046.85 57.84 5.91 4.00 6f.75 82.0046.85 57.79 5.91 4.00 6f .70 77.504ó.85 57.71 5.9t 4.00 6f.6? 73.504ó.85 57.60 5.91 4.00 ó7.51 ó9.s046.85 51.47 5.9t 4.00 ó?.38 6ó.004ó.85 s7.3t 5.91 4.00 67.?? ó2.7046.85 57. 13 5.9t 4.00 67.01 59.9046.85 5ó.93 5.91 4.00 6ó.84 51.?046.85 56.7 I 5.91 4.00 6ó.62 54.704ó.85 56.47 5.9t 4.00 66.38 5?.2046.85 56.?0 5.9t 4.00 66.11 50.1046.85 55.92 5.91 4.00 ó5.83 48.004ó.85 55.ó2 5.91 4.00 ó5.53 4ó.004ó.85 55.30 5.91 4.00 65.21 44.0046.85 54.96 5.91 4.00 ó4.87 4?.lo46.85 54.ót 5.9t 4.00 64.5? 40.3046.85 54.24 5.91 4.00 64. lS 38.804ó.85 53.85 5.91 4.00 63.f6 37.3046.85 53.45 5.91 4.00 63.36 35.7046.85 53.04 5.91 4.00 ó2.95 34..046;85 52.ól 5.9t 4.00 62.5? 33.104ó.85 52. t7 5.9¡ 4.00 62.08 32.0046.85 5t.72 5.9t 4.00 61.ó3 3t.004ó.85 51.?6 5.91 4.00 óI.¡7 30.0046:85 50:78 5.91 4.oo ó0.ó9 29.5046.85 50.30 5.91 4.00 ó0.2¡ 29.0046:95 49:00 5:90 4.00 59.70 28.40
46.85 49.?9 5.90 4.0 0 Þ9. I 9 28. q 046.85 4A.tA 5.90 4.00 58.69 27.604ó:85 48.25 5.90 4.00 58.1S ?f.304ó.85 47.1? 5.90 4.00 57.6? 27.004ó.85 47.t8 5.89 4.00 51.01 eó.7046.85 4ó.63 5.89 4.00 56.5? 2ó.404ó.85 4ó.08 5.89 4.oo 55.97 2ó.lo4ó.85 45.52 5.89 4.00 55.41 25.904ó.85 44.95 5.89 4.00 54.84 ?5.f0

l? 0.ooo 0.000 0.00 o.oo ¡ol.È913 o:ooo o.ooo o.oo o.oo lol.7!
¡¿ o:ooo o.ooo o.oo o.go e9.5e
ts 0.000 0.000 0.00 0.00 97.51
ie o.ooo o.ooo o.oo o.oo 95.47
i7 0.000 0.000 0.00 0.00 93.47
IB o:ooo o.ooo o.oo o.oo 91.5e
¡9 o;ooo o.ooo o.oo o.oo 89.61
?o 0.000 0.000 0.00 0.00 8?.73
2i o.ooo o.ooo o.oo o.oo 85.98
2? o.ooo o.ooo o.oo o.oo 84.1!
23 0.000 0.000 0.00 0.00 82.35
?4 o.o0o 0.000 0.00 0.oo 80.63
I o.ooo 0.000 0.00 o.oo ?Q.?1¿ o.ooo o.ooo o.oo o.oo 1r.?9
3 0.000 0.000 0.00 0.00 75.68
4 0.000 0.000 0.00 0.00 74.10
5 0.000 0.000 0.00 0.00 1?.55
ó 0.000 0.000 0.00 0.00 71.03
7 0.000 0.000 0.00 0.00 óe.55
I 0.000 0.000 0.00 0.00 ó8.09
e 0.000 0.000 0.00 0.00 6é.É1

lo o:ooo o.ooo o.oo o.oo ó5.28
ll 0.000 0.000 0.00 0.00 ó3.e1
12 0.000 0.000 0.00 0.00 6?.5q
13 0:000 0.000 0.00 0.00 61.?lló 0.000 0.000 0.00 0.00 59.9e
15 0:000 0.000 0.00 0.00 58.73
ló 0.000 0.000 0.00 0.00 57.5!
17 0.000 0.000 0.00 0.00 56.31
l8 0.000 0.000 0.00 0.00 55.13
19 0.000 0.000 0.00 0.00 53.98
20 0.000 0.000 0.00 0.00 52.852l 0:000 0.000 0.00 0.00 51.742? 0.000 0.000 0.00 0.00 50.66
23 0.000 0.000 0.00 0.00 4e.ó0
?4 0.000 0.000 0.00 0.00 4a.57

I

ts
ts
co
I

VOLUHE 0F RECoRDED SToR{ = ló858.8 CFS.HR.
VOLUME 0F SIHULATEo SIoRM = 17143.7 CFS.HR.
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0.
0.00

SÏ0rlt{ NUMBER 1969-ó-l
OUIFLOH(O) AND OtsSERVEO FLOII(I) IN CF5
300. 400. 500. ó00. 700.

. PPPPPP

. PPPPPPP

. PPPP

. PPP

. PPP

. PPPP

.PP

.PP

.PP

.PP

0.000.000.00

IF
ts\o
I

0.00

.0.oo .o. Or.o.r.0 { .
Þ.

200.
0.00 0.00

l?e
l3r
l4r
¡5r
l6r
l7r
l8r
I 90r
2 00r
2l or
??or
23. r
?4.o

l.ð
?.r
3. Oo
4.0 r
5.0 r
ó.0 t .
7.0 r .
8.0 r .
9.Or.

l0.o r .
là: o io :
13. r 0 .14. å 0 .15. r 0 .16. Õ 0 .
17. * o o

18. !0 .19. Þ.
?0. I
21.
2?.
23.
24.l.
?.
3.
4.
5.
ó.
f.
8.
9.

10.tI.I2.
13.
14.
15.ló.t7. o
18. o .19. 0 r
20. 0 Õ.
21 . 0 ä.
?2. 0 é .23. 0Þ.24. OÞ

.0

.oð
Or.

DATE TIHE
0.

JUN ?5

JUN 26

JUN 27
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?.
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ó.
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I0.
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SIMULAfED OESERVED
F LOTcFs cFs

3.4? 18.40 18.403.42 18.40 18.403.42 18.40 t8.{03.4? 18.40 ¡8.ó03.42 18.40 t8.403.óZ 18.40 19.103.42 18.40 19.803.42 I 8. +0 I 9.80
3.42 18.41 22.003.4? 18.4t 23.503.r? 18.4t 23.503.4? 18.4¡ ?4.?03.42 18.41 25.703.42 18.41 29.t03.42 18.43 35.303.4e 18.49 ô0.003.42 18.50 4ó.003.42 18.50 51.203.42 18.5t 55.503.42 t8.7t ó3.703.42 le. 12 68.ó03.42 I9.ó4 7e.303.42 ?O.?9 t17.003..2 21.0ó 152.00
3.42 32.14 159.003.4? ó9.30 2tó.003.42 l0ó.8ó 287.003.42 t53.5ó 298.003.4e Ie6.35 292.003.42 20ó.78 28ó.003.42 ??2.95 274.003,4? 23?.84 225.00
3.42 230.84 t95.003.4? ??0.3ó 150.003.42 ?00.13 140.003.42 175.ó5 185.003.42 ¡51.81 175.003.4? 128.53 tó5.003.4¿ I07.94 t75.003.42 q9.73 tó5.003.4? ?3.O¡ I 56.003.4? 59;42 I 46;003.42 4ó.85 137.003.42 4?.47 128.003.42 43.07 120.003.4? 43.ó4 112.003.4? 44.1ó 104.003.42 44.66 9ó.00
3.42 45.t0 89.003.4? 45.53 82.003.4? 45.90 75.901.4? 46.?6 75-9n

BA SEFL Of
FLOf

cFs

EALDH I LL

cFs
¡) .98
4.98
4 .984.98
4.98
4.98
4 .98
4.98
4 .99
4 .99
4 .99
4 .99
4.99
4.99
5.01
5.07
5.08
5.08
5.09s.l t5.t?
5.145.tó5.I8
5.2I
5.23
5.25
5.?95.3I
5.33
5 .3{
5. 35
5.37
5 .39
5.40
5.41
5.4?
5.43
5.44
5. 45
5. 46
5.4 75.4I
5.49
5.4 9
5.50
5 .50
5.5 t
5.51
5.52
5.5?
5.5.1

INTT¡AL SOIL I'{OISTURE DEFICII = O.OO INCHES
HAXII(UI'I P€RCOLATION RAIE = .25 IN./HR.
BASEFLOH = 13.42 CFS

INITIAL S0IL HOISTURE CONTENT 0F SPRING RESERVOIR = 0.00 INCHES

SPR I NG
FLOY

CFS

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.18

.58
1.08r.7¡
?.46
3. 33
4.31
5.38
ó .55
7.80
9. 1?

10.4ó
11.82
l3.tó
14.47
15.7 r
ló.88
17.95
t 8.95
19.87
20.7 t
et.50
??.?4
??.9?
23.5ó
?4.t6
24.T?
?5.?4
25.73
26 .17
?6.59
?6.96
27 .31

IP
N)
ts
I

OIRECÍ PERCOL DEEPRUNOFF FLOI PERCOL
CFS CF S CFS

0.00 0.000.00 0.00.98 .0f4.39 .479.68 t.4ót?.e0 2.9415.08 4.ólt7.?t 6.35
18.6t 8.ll??.33 9.99?8.?3 12.3034.98 I 5. ?l41.10 t8.ó64(t.l? ?2.43
52.0 I 26.4559.73 30.89ó3.87 35.55
67 .43 40. I 07t.a9 44.56
74.3 I 46.8580.59 46.859t. l4 4ó.85
00.98 4ó.85
10.13 46.85
20.87 46.8528.53 46.8536.24 4ó.8545.87 46.8552.54 46.8556.58 46.8559.69 46.85ó1.52 46.85
60.81 46.8558.31 46.855-3.7ó 46.8548.34 4ó.8543.0ó 46.8537.9? 46.8533.37 46.85
¿9.33 46.85?5.16 4ó.852?.59 46.85
t9.79 46.85
17.28 46.85
14.93 46.85
12.43 46.85
10.08 4ó.85
07.74 4ó.85
05.53 46.8503.32 4ó.85
0l.ló 46.8599.05 4ó.85

l0 l0 0.000 0.000 0.00 0.00l0 ll 0.000 0.000 0.00 0.00l0 l? .020 .020 93.69 0.00l0 ¡3 .050 .050 234.23 0.00l0 14 .060 .0ó0 281.07 0.00l0 15 .010 .010 4ó.85 0.00l0 ló .040 .0ó0 187.38 0.00l0 t7 .010 .010 4ó.85 0.00l0 l8 .030 .030 140.54 0.00
I 0 I 9 .050 .050 234.23 0.00l0 20 .080 .080 374.76 0.00l0 ?l .070 .070 327.92 0.00l0 2? .070 .070 3?1.92 0.00l0 23 .050 .050 ?34.23 0.00l0 24 .090 .090 42I.61 0.00
I I I .090 .090 42¡.61 0.00ll ? .0?o .020 93.ó9 0.00tl 3 .080 .080 374.7ó 0.00ll { .040 .040 t87.38 0.00tl 5 .0{0 .040 187.38 0.00tl 6 .120 .120 5ó2.14 o.0otl 7 .130 .130 ó08.99 0.00tl I .ll0 .lto 5t5.30 0.00ll 9 .120 .120 5ó2.14 0.00tl l0 .t40 .140 ó55.83 10.18tl ll .080 .080 374.7ó ¿ó.34ll 12 .ló0 .160 749.52 82.79ll 13 .t40 .140 ó55.83 ¡28.30
t I 14 . t?0 .120 562. 14 t59.8tt¡ ¡5 .100 .t00 4ó8.ó5 t78.9tll ló .Iì0 .lr0 515.30 193.ó:r
I I 17 .080 .080 374.7ó 29?.26ll t8 .060 .0ó0 2ðr.07 198.88
I I 19 .040 .040 187.38 187.08tt ?0 .010 .010 4ó.85 ló5.59ll 2l .010 .0t0 4ó.85 139.95!¡ ?? 0.000 0.000 0.00 rls.oell ?3 0.000 0.000 0.00 90.73
I I ?4 0.000 0.000 0.00 69.e1l? I 0.000 0.000 0:00 50.15
l? e 0.000 0.000 0.00 33.26l? 3 0.000 0.000 0:00 t8:2e12 4 0.000 0.000 0.00 -5.03
L? 5 0.000 0.000 0.00 0.00
l? É 0.000 0.000 0.00 0.00l? ? o.ooo 0.000 0.00 0.00¡? Q o.ooo o.ooo o.oo o.oól? 9 0.000 0.000 0.00 0.oOl? ¡0 0.000 0.000 0.00 0.00l? rl 0.000 0.000 0.00 0.00l? -l? 0.000 0.000 0.00 0.0012 13 0.000 0.000 0:00 0.00

I NFLO I{

cFs

EVENÎ 1974-5-l

DAY HOUR PRECIP. PRECIP.
E XCE SSIN. IN.



.53 I 3.42 46.57 75.90.54 13.42 4ó.87 75.90.55 13.42 47.t3 75.90.56 13.42 47.3ó 75.90

.5r 13.42 47.57 75.90.57 i3.42 47.f3 75.10

.58 13.4? 47.89 74.40

.56 I3.4? 48.00 73.ó0

.59 I 3.42 48. I0 7?.?O

.59 ¡3.4? 48.t2 70.50

.59 13.42 48"21 68.60.59 13.42 48.24 65.00

.60 13.42 48.25 62.30

.60 I 3.42 14.?? ó0.00.ó0 I3.4e 48. l8 57.80.61 13.42 óð.13 56.00

.61 13.42 {8.05 54.40.61 13.4? 47.9ó 5?.80.61 t3.42 47.A4 5I.30

.ól t3.42 47.f| +9.90.6t t3.4? 47.56 .8.70

.61 13.42 4f.40 47.40.ót 13.42 1f.?? 4ó.00

.6? I 3.42 4 7.03 45.00

.6? 13.42 46.83 4ó.30

.6? 13.42 46.ót 43.40.ó3 I 3.42 46.38 4?.70

.ó3 13.4? 46.14 t1.80.ó3 t3.42 +5.88 41.00.ó3 t3.42 45.ót 40.20

.63 13.42 45.33 39.60:ó3 13.42 45.03 38.80.ó3 13.42 44.73 38.00:63 t3.4? 44.42 37.10.63 13.4? 44.10 36.20

.ó3 ¡ 3.42 43.77 35.00

.63 13.42 43.43 34.00.63 t3.42 43.09 32.80.ó3 13.42 42.73 31.70.ó3 13.4? 4?.37 30.80

.ó3 13.42 4?.00 30.00.63 13.42 41.63 29.ó0

. ó3 I 3.42 4l .?5 ?9.0 0.63 13.42 40.86 28.50

.63 t3.42 40.4ó 28.10.ó4 13.42 40.08 2f.70.64 13.4? 39.ó7 ?7.40

.000 0.00 0.00 96.98 46.85 ?f.6?

.000 0.00 0.00 94.95 46.85 ?f.91

.000 0.00 0.00 92.e7 4ó.85 28. 16

.0oo 0.00 0.00 91.03 4ó.85 e8.38

.000 0.00 0.00 89.1? 46.05 28.58

.000 0.00 0.00 87.26 46.85 ?A.74

.000 0.00 0.00 85.44 4r'.q5 ?9.89.000 0.00 o.oo 83.ó5 4ó.85 29.00

.oo0 0.00 0.00 81.90 4ó.05 29.09
;000 o:oo o.o0 80.19 46.q5 ?9.1ó
: ooo o. oo o. oo fa.5? 46.q5 ??.?o.000 0.00 0.00 7t5.87 46.85 ?9.?3
.000 0.00 0.oo 75.2f 4ó.q5 ??.?3:ooo o.oo o.oo 73.70 ó6.05 ?9.?o.000 0.00 0.00 72.16 46.q5 ??.16.000 0.00 0.00 70.ó5 46.85 29.10
.000 0.00 0.00 ó9. 17 46.q5 ?9.q?.000 0.00 0.00 67.73 4ó.85 28.93
.000 0.00 0.oo 6ó.31 46.85 28.81
.000 0.00 0.00 64.e? 46.85 28.ó8
.000 0.00 0.00 63.57 46.85 28.53
.000 0.00 0.00 62.?4 46.q5 ?8.3!
.000 0.00 0.00 ó0.e4 46.q5 eq.Ig:ooo o.0o o.oo 59.óó 46.85 ?1.99
.000 0.00 0.00 58.4? 4ó.85 ?1.79
.000 0.00 0.00 57.20 46.85 ?7.57
.000 0.00 0.00 56.00 ó6.85 ?7.33
.000 0.00 0.00 54.63 46.85 ?7.09
.000 0.00 0.00 53.69 4ó.85 2ó.83
.000 0.00 0.00 5?.56 4ó.85 2ó.56
.000 0.00 0.00 51.46 46.q5 ?6.?q
.000 0:00 0.00 50.39 4ó.85 ?5.94
.000 0.00 0.00 49.34 4ó.05 25.ó8
:000 0:00 o.oo 48.31 46.85 ?5.31
:ooo o.oo o.oo 47.30 4ó.85 25.05
;ooo o:oo o.oo 4ó.31 4ó.85 ?4.7?
.000 0.00 0.00 45.34 46.85 24.38
.000 0.00 0.00 44.39 46.85 ?4.04
.000 o.0o 0.oo 43.46 46.95 23.68.000 0.00 0.00 4?.56 46.85 ?3.32
.000 0.00 0.00 41.6'1 46.85 ?2.95.000 0.00 0.00 40.80 46.85 ??.58.000 0.00 0.00 39.94 46.95 22.?o.000 0.00 0.00 39.11 46.85 ?1.81
.000 0.00 0.00 38.e9 46.85 21.41
.000 0.00 0.00 37.49 46.85 ?1.0?
.000 0.00 0.00 3ó.?l 46.85 20.61
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0
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0
0
0
0
0
0
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00
00
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00
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00
00
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00
00
00
00

14 0.15 0.ló 0.17 0.
Ì8 0.t9 0.?0 0.21 0.?2 0.?3 0.?4 0.I 0.
2 0.3 0.4 0.5 0.6 0.7 0.I 0.9 0.l0 0.ll 0.12 0.t3 0.

lô 0.15 0.ló 0.17 0.l8 0.
19 0.20 0.2t 0.?¿ 0.23 0.24 0.I 0.
? 0.3 0.4 0.5 0.ó 0.7 0.I 0.9 0.

l0 0.ll 0.12 0.

VOLU|'|E 0F RECoRDED SIoRM = 8025.1 CFS.HR.
VOLUI.IE 0F SI¡aULAIED ST0Ril = 5ó93.1 CF5.HR.
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sïoRt{ NUr.tÊER t974-5-t
OUfFLOIJ(OI AND OBSERVED FLOH(T) IN CFS
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SI¡IULAfED OESERVED
FLOICFS CFS

.70 2.70

.70 2.f 0

.70 ?.f 0.70 2.f0

.70 3.00

.70 3.00.70 3.00.70 3.00

.f0 3.00.70 3.00

.70 3.00.70 2.70

.70 ?.70.70 2.70.70 2.70

.70 4.30

.70 ó.00.48 5.30.3ó I 1.50.51 20.s0.61 18.00.73 25.60

.6 I 40.50

.64 90.00.59 280.00.79 320.00.59 330.00.07 280.00.55 240.00.54 ¡90.00.47 I 50.00

.41 110.00

.83 l0?.00.67 95.0 0.08 87.0 0

.97 80.00.62 71.00.63 ó7.00

.?f ó3.30.30 ó0.30

.93 57.50.53 54.50.09 51.40.ó0 49.30

.09 47.50.53 46.t0

.94 ó4.40

.3I 42.90

.óó 41.ó0.98 40.?0.?f 39. I 0.5? 38.00

BASEFLOI
FLOI

CFS

.70

.70

.70

.70

.70

.70

.70.f0

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.?0

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

.70

8AL OH I LL

CFS

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
I .78
2. óó
?.8 ¡2.9I
3.03
3.?8
3.48
3.ó9
3.90
4.00
4.08
4.16
4.?O
4.23
4.?5
4.?6
4.2A
4.30
4.31
4.3t
4.31
4.3 t4.3I
4.30
4.30
4.30
4.29
4.?9
4.?A
4.?B
4.77
4.?74.?f
4.27
4.27

DEEP SPRINGPERCOL FLOTICFS CFS

0.00 0.00
0.00 0.000.00 0.000.00 0.00
0.00 0.000.00 0.000.00 0.000.00 0.00
0.00 0.000.00 0.00
0.00 0.000.00 0.00
0.00 0.000.00 0.000.00 0.00.44 0.002.62 0.006.79 0.00lt.3{ 0.00r5.ó8 0.00?2.?6 0.0033.47 0.0046.85 . t246.85 I.5446.85 3. 154ó.85 4.8446.85 ó.5t46.85 8.0946.85 9.5646.85 I 0.9246.85 t?. t846.85 13.3646.85 14.4546.85 15.4746.85 ló.414ó.85 t7.?946.85 t8. I I46.85 t8.8946.85 I 9.6 I4ó.85 ?0.?946.85 20.9346.85 ?1.534ó.85 ?2.0946.85 ??,6146.85 ?3. l04(r.85 ?3.5546.85 23.9646.85 ?4.34

46.85 ?4.694ó.85 25.0 I46.85 25.3046.45 ?5.55

SPRJNG RESERVOIR = 0.00 INCHES

127
??7
283
304
?90
256
??5
¡98
t72
149
I?6
104
85
ó9
56
4?
la¿t
27
?a
?9
z9
30
30
30
3l
3t
3l
3¿
32

I

ts
¡.J
5.

I

.76 INCHES
JN./HR.

PE RCOL
FLOtI

cFs
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
5.87

23.8ó
36.58
37.28
4?.A7
75.75

117.24
144.43
165.?6
l7ó.71
180.80
177.4?
I69.7ó
ló?.98
I 5ó. 96lst.I7
I 46.04
141.03
l3ó. I ?I3l . 77
I ?8.38
I 25.38
l??.?6
1I9.49
117.00
I 14. s5It2.ló
109.81
107.s2
I 05.27t03.07
100.e?
98.8t
96.1 4
94.7?
9?.74
90.80

INITIAL SOIL I.IOISTURE DEFICIT =
l,lÄXIHUl.l PERCOLaTION RATE = .25
BASEFL0IJ = ?.70 CFS

INITIAL SOIL HOISTURE CONfENT OF

OIRECT
RUNOFF

CFS

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00r2r.5l

2I9.92
?7 4.05
?9 3. 35
?7't .38
241 . l9
20e. I 3
t80.72
I 53.35
t 29. l0
I 05.41
82.2?
ó1.67
45.6f
3l .49
16.73
3.ó5
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

I NFLOU

CFS

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

562. I 4ll7l.I3
93.ó9
4ó. 85

5ó?. I 4
2ó70.17
I452.20
1499.04
I t 24.28
796.37
5t5.30

93.ó9
46.85
93. 69
46. 85
4ó. 85
4ó. 85

0.00
0.00
0.00

46.85
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

EVENï t975'8-2

PRECIP.
EXCESS

IN.
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

. 120

.250

.020.0I0.t20

.570.3I0

.320

.?40

.170.ll0

.020

.010

.020

.01 0

.010

.010
0.000
0.000
0.000

.010
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

DAY HOUR PRECIP.

IN.
?3 21 0.000?1 I .040?1 2 .0ó021 3 .02024 4 .04021 5 .030?a ó .020?1 7 .04021 I 0.000?1 9 0.00021 l0 0.000?1 ll 0.00021 t? 0.000?. 13 0.00024 l+ .1402a ¡5 .ó9021 tó .2502+ t 7 .0?0?. ¡8 .0¡0?1 19 . t202+ 20 .57021 2t .3t 0?1 ?2 .320?+ 23 .24021 ?4 .170?5 I .lI0?5 2 .02075 3 .010?5 4 .0?025 5 .010?5 ó .0t0?5 7 .010?5 I 0.000?5 9 0.000?5 l0 0.00025 I I .010?5 t2 0.00025 13 0.00025 lô 0.000?5 15 0.000?5 16 0.00025 l7 0.000?5 l8 0.000?5 19 0.000
25 20 0.00025 2l 0.000?5 2? 0.000?5 ?3 0.000
25 ?4 0.00026 I 0.000?6 2 0.000?6 3 0.000



.70 3?.f5 36.90.70 32.96 35.80.70 33. 13 34.50.70 33. ?8 33.30

.70 33.40 32.20.70 33.50 31.00.70 33.58 29.80.70 33.63 28.50

.70 33.óó 27.30.10 33.óó ?6,?0.70 33.65 ?5.30

.70 33.62 ?4.?0

.70 33.5ó 23.30

.70 33.49 2?.20.70 33.{l 21.10.70 33.30 ?0.00

.70 31. l8 19.00.70 33.04 18.00.70 32.88 ¡7.00.70 32.71 ló.00.70 32.53 15.00

?5.78 4.?7?5.99 4.?T
26. t6 4.?7
26. 31 4 .?'l?6.43 4.?7
2ó.53 4.?7
26.ó1 4.?726.66 4.27
?6.69 4.?T
?6.70 4.?6
26.69 tt.?6
2ó. óó 4.?6
26.ó1 4.?5
?6.54 4.75
?6.46 4.?5
26.3ó 4.?4
?6.24 4.?4
2ó. I 0 4.24
25.95 4.?3
?s.fa 4.?3
25.60 4.?3

0.000 0.00 0.00 88.e! 46.q1
o:oóo o:Óo õ.oo 81.qÞ 4ó.qÞ
õ:öoõ õ:oo o.oo QÞ.21 4ó.q5
o:õoo o.õo o.oo 83.15 4ó.q!
Õ.ooo o.oo o.oo c¡.ls 16.q5o.óoÕ o.õo o.oo Aa.qq 16.q5o.oõo ó.oo o.oo Uq.3? 1q.Q:Ó:oo0 o:00 0.00 76.69 4ó.ö5
ó:óóo o.õo o.oo ZÞ.sq f6.qÞ0:0õó o. óo 0.00 13.5? 46. Q!o:õoõ ö:oo o.oo Zl.eq 1ó.q1õ:óoo õ:oo o.oo 70.47 4ó.Q!
o:oõó o.oo o.oo ó9.q0 1f'.qÞo.oõo õ:Õo o.oo 67.5Ê 4é.ql
o:oõo o.õo o.oo 6r,.IÞ 1ó.qÞo:óoo o.oo o.oo 64.71 46.qÞ
ó.ooo o.oo o.oo 6.4¡ 1ó.q:o:õoo o.oo o.oo é2.q9 16.Q9o:óõo o:oo o.oo és.19 16.95
o: õ oo o. õo o. oo 5e.52 4ó. qÞ
o:oóo o.oo o.oo 5a.?7 46.8s

I
F
NJ
Lrt

I

3878.8 CFS.HR.
39t7.6 CFS.HR.

?6 4 0.000
?6 5 0.00026 ó 0.000
?6 7 0.000
?6 I 0.000
?6 9 0.000
?6 l0 0.000
?6 ll 0.000
26 t2 0.000
26 13 0.000?6 l4 0.000
26 l5 0.000
?6 16 0.000?6 17 0.000
?6 l8 0.00026 19 0.000
26 20 0.000
26 21 0.000
26 ?¿ 0.000
?6 23 0.00 0
26 ?4 0.000

VOLUI,IE OF RECOROED STORM =
VOLUHE 0F SIHULAIEO STORt'l =



SIORM NUMRER I975.8'2

DATE ttt[. 40. 80. oYIã:o'(ot AND.o8sEtuSSnlto''''rål.ttt ?80. 3?0. 3ó0. -. 0' s'-. 0'- -_ PRECIPIfATION(P' IN INCHES
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SPRING EALDHILL BASEFLOU SIT{ULAIEO OESERVED- rloi FLo! FLq!
õFS cFS cFS cFs cFs

?.7 0
?.7 0
2.1 0
?.70
?.7 0
?.70
?.7 0
2.7 0
2.70
2.7 0
¿.7 0?.f0
?.7 o
2.f O
?.7 0
?.7 0
3.2s
3. 75
s. óó

10.00
18.00
37.90
ó9.30

?29.00
1547.00
130.00
340.00
280.00
270.00
270.00
230.00
200.00
t50.00
0ó0.00
9ó5.00
93ó.00
90 7.00
810.00
723.00
708.00
703.00
6?9.00
ó74.00
óó9. 0 0
645.00
59ó. 0 0
547.00
5t8.00
493.00
4ó9.00
444.00
395.00

o.oo 1.34 ¡.3ó ?.!Ao:õö l.¡e 1.3ó ?.Isö.õo t.¡¿ t.36 ?.ISõ:oo l.¡e t.3ó ?.ro

fl'åH i'åi i'3å l'iio:oó t.¡+ l'3ó ?.19ó:oó i.rr 1.3ó ?.!98:88 ì:lî l:38 â:íió:oo l:4? 1.3ó ?.C3õ:oo Z.sz I.36 l.CC8:83 ã:et I:38 3:i?ó:oo ?.63 1.36 r.e?
8:3B ã:33 i:38 i:î!8:33 3:3å ì:33 i:i2:ss 3.?0 ¡.3q 199.9{t.ee 4:oo t.3q 29!.ql
å:39 î,:27 i:33 å9Ê:iB

'3:å? å:33 l:33 rölé:iB
ås:ss ã:tå l:3å ìiåå:gE

',a:gt e::¿ i:33 i533:à633:3õ 5.ze 1.3ó 13f9. tl31:44 s.e¡ 1.36 l¡lq.qqri.¡ã s.ss 1.3ó ¡?9q.¡l¡iIõã s;e4 r.3ó r !Þ1.Þ¡48:3¡ 5.98 1.3ó I l<ô.04si.si o.o¡ 1.36 ¡oQg.qqsõ.se ó.03 t.36 t9?1.9Þ
5t.õi 6:ó¿ r.3ó ?q9.lcå3:8i 8:î3 ì:38 i'"ä:i5

åÍ'ii å'!Ê i 'iå iså:ir7ó:Õr e.+ç 1.3ó T\2.?6I"ii] s:s8 ì:33 8iË:Biiï:?t 9:33 ì:33 3äå:?Ë
ii.tÉ r.¡c t.36 46!.?1
ia.zó 7:5s 1.36 4t?.!r
Ãi:T8 i:43, ì:13 i6É'^¿å

SPRTNG RESERVOIR = O.OO JNCHES

I
H
l..J
!

¡

DEEP
PE RCOL

CFS

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.30
2.50
7.35

t 2.84
t7.6?
?t.87
2ó. l9
31.91
40.óó
46.85
46. 85
46.85
4ó. 85
46.85
46 .85
46 .85
46.85
+ó .85
4ó.85
4ó.85
4ó. 85
4ó. 85
46 .85
46.85
+0.85
46.85
óó .85
46 .85
46 .85
4ó .85
46 .85
46.85
46.85
4ó .85
+ó.85
46.85
46.85
46.85
4ó.85
46 .85/.fì.85

.35 INCHES
lN./HR.

PE R COL
FLOII

CFS

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.000.00 0.000.00 0.00
0.00 0.00
0.00 0.00
0.00 0.000.00 0.00
0.00 3.920.00 25.8ó0.00 43.43
0.00 43.99
0.00 45.03
0.00 4ó.5¿t
0.00 54.38o.0o 73.80
0.00 ¡0ó.03

10t.03 140.10
261.29 I 74.0 I453.98 214.79
ó7e.8t ?62.58
90 I .93 309.58
059. 04 342.83
162.91 3ó4.82
Z3S.?t 300. I t
2ó6. l5 386.66
284.74 390.59
305. ó2 395.0 I
273.43 398.20
r89.79 370.50
ÄlÀ:33 3?3:93
o?9.74 33ó.63
e65.08 322.95
903.38 309.8985s.33 ?99.1¿812.75 290.7176A.42 u81.33726.94 27?.55ó85.78 ?63,84
640.50 ?54.26
587. I 5 ?4?.97
5?4.46 2?9.f0
46ó.7t 2t7.48
4 I 9.95 ?07 .59
380.73 I 99.e9
354.80 193.80
334.04 189.41309"0? l84.ll

EVENT 1975-9-l
INITIAL SOIL I.IOJSTURE DEFTCIT 

=r,tÂiIMurl PERcoLAIIoN RATE = .25
BASEFLo| = 1.36 CFs

INTTIÂL SOIL I.lOJSTURE CONIENT OF

INFL0t{ 0IRECT
RUNOFFcFs cFs

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

374.76
I 733.27

0.00
l4 0 .54
4ó.85

187.38
655. 83

l3l l.óó
I 920. ó5
1592.73
2295.41
zó70. I 7
34óó.5 3
3t38.ó2
?623.3?
?389. I 0?20t.f?
I ó8ó.42
20 I 4.34
t780.ll
936.90
608.99
843.2 I

1217.9?'t 49.5?
ó08.99
655.83
f 49.5?
ó55.83
ó0 I .99
ó08.99
515. 3 042t.ól
?34.?3

93. 69
I 87.38
t87.38
¿34.23j7 4.f6
281.07
734.?3

PRECIP.
E XCE SS

IN.
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

.080

.370
0.000

.030

.010

.040

. I40

.280

.410

.340

.4 90

.570.f 10

. ó70

.5ó0.5t0

.470

.3ó0

.430

.380

.200

.130

.180

.2ó0

. IóO

.130

.140

. 160

. 140

.130

. 130.ll0

.090

.050

.020

.040

.040

.050

.080

.0ó0

.050

DAY HOUR PRECIP.

IN.
17 16 0.000l7 17 0.000t7 18 0.000t7 t9 0.000
t 7 ?0 .06017 2l .030l7 2? 0.00017 23 0.000
17 24 .010l8 I .030l8 2 .050t8 3 .250
r8 a .370l8 5 0.000
t8 6 .030l8 7 .010
l8 I .0ó0r8 9 .140
l8 t0 .280l8 tl .ó10t8 t2 .34018 I 3 .490i8 14 .570
i I 15 .710
l8 ló .ó70r8 17 .560r8 l8 .5¡0l8 19 .+70
r8 ?0 .3ó0lB Zt .r30
t 8 ¿? .380l8 ?3 .200
t8 24 .13019 I .18019 2 .?60
19 3 .160
t9 4 .130ì9 5 .140l9 6 .160
l9 7 .t40
19 I .13019 9 .I3019 l0 .ll019 I I .090
19 t? .05019 13 .02019 ¡ó .04019 15 .040
I 9 tó .050
19 l7 .08019 I I .06019 t9 .050
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200. 400. ó00. 800. 1000. 1200. 1400. 0. 0. 0. 0. 0.PRECIPIIATION(PI IN INCHES0.00 0.00 0.00 0.00 0.00 0.00 0.00 .80 .60 .40 .20 0.00
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DIRECT PERCOL DEEP SPRIN6 BÂLDHILL EASEFLOT SII.IULAÍED OESERVED
RUNOFF FLO¡I PERCOL FLOY FLO| FLOI

cFs CFS CFS CFS CFS CFS CFs CFS

0.00 0.00 ¡.03 .97 ?.00 2.00
0.00 0.00 1.03 .97 ?.00 2.00
o.0o 0.00 t.oó .97 ?.0¡ 2.80
0.00 0.00 1.0ó .9f e.03 4.20
0.00 0.00 1.0ó .97 e.03 ó.80o.oo o.oo r.lo .91 ?.of 7.oo.85 0.00 l.t3 .97 2.10 t0.306.80 0.00 1.90 .91 z.Af 9.?0

22.36 0.00 2.70 .97 t53.ó0 30.0045.50 0.00 3.t3 .97 392.ó8 6?.!046.85 2. t3 ¡.5¡' .97 s44.5ó 7?.70
46.85 4.ó3 3.89 .97 ó¡ I.5? 149.0046.85 t.?0 4.tó .97 61q.3ó 4¡0.00
46.85 9.74 4.3I .97 628.94 4ó0.00415.85 l?.?4 t.+l .97 ó14.34 5a0.0046.85 I4.6t 4.58 .97 56¡.86 540.00
4ó.85 ró.80 4.ó5 .97 517.ó3 540.00
4ó.85 tB.Bð 4.7t .97 507.?4 5l5.oo
46.8s 20.e5 4.74 .97 533.5¡ 5o0. oo4ó.85 23.0ó +.78 .97 55?.28 515.0046.85 25. 15 4.82 .97 538.23 515.00
46.85 ?7.O9 4.8ó .97 484.43 515.004ó:85 28:8ó 4:90 .97 43?.10 ó35.00
4ó.85 30.,ró 4.93 .97 384.13 ó00.00
4ó.85 3I.90 4.94 .91 334.7Þ 3+0.0046:85 33: rÕ 4.95 .97 291.0? 294.004ó:85 34:34 4:96 .97 ?52.?8 ?43.00
46'85 35'38 4'98 '97 217'99 193'oo
46.85 36.31 +.98 .s7 t87.6q 140.004f5:85 37:r¿ 4.98 .97 ¡60.ó9 108.0046.85 37.ð9 4.98 .97 13ó.85 93.80
46.85 38.56 4.98 .97 115.75 88.00
46.85 39.17 4.97 .97 97.05 83.004ó:85 19.12 4.97 .97 80.51 78.00
4ó.85 40.?2 4.97 .97 65.8ó 7?.50
46.85 +0.o7 4.96 .91 s?.88 6f.!o
46.es 4i.o8 4.e5 .97 4z.oo þ?.lo46.85 4l .¿5 4.e4 .97 42.3Þ 59.?o415:85 4i:79 4.e? .91 41.68 56.?046.85 ¡ã.OS 4.89 .97 47.95 54.20
46.85 4?.16 4.86 .97 48. I 9 52.0 o
46.85 4?.59 4.84 .97 48.!0 5q.gg46.85 4?.19 4.A? .97 48.58 48.00
4(r.85 4?.96 4.80 .97 46.73 4ó.20
46.8s 43. lo 4.78 .91 4Q.qÞ 41.qq
46:85 43.20 4.75 .97 4A.e? 43.q0
46:85 43.29 4.7j .c7 4!.e9 4l.qq
46:85 43:34 4.7¡ .97 49.02 40.20
46.85 43.3ó 4.69 .97 42.02 39.0q46:85 43:37 4.74 .c7 4?.08 36.9046.85 43:34 4.65 .97 48.96 33.1046.85 43.29 4.64 .97 48.90 33.J0
46.85 43.?? 4.6? .e7 4Þ.Ql 39.1q46:e5 ¡.¡.t¡ 4.60 .97 48.70 33.30

¡NITIAL S0IL T.0JSTURE DEFICIT = l.l0 INCHES
HAXIHUT,I PERCOLÂTI0N RATE = .25 lN./HR.
EASEFLoH = .97 CFS

INIr¡aL S0IL r{oISTURE CoNIENT oF SPRING RESERvoIR = 0.00 INCHES

I

H
LÐ
O
I

24 0.000 0.000 0.00 0.00 0.00
I .400 0.000 0.00 0.00 0.002 .030 0.000 0.00 0.00 0.003 .070 0.000 0.00 0.00 0.00
{ .030 0.000 0.00 0.00 0.005 .130 0.000 0.00 0.00 0.006 .ó70 .230 1077.43 0.00 It.2ó7 .960 .960 4497.12 0.00 69.?f
I .710 .710 33?6.00 149.93 150.45
9 .500 .500 23{2.25 388.38 ?00.91

l0 .630 .430 2014.34 537.92 e3?.s5ll .t90 .tgo 890.05 602.08 24ó.13
t2 .190 .190 890.05 ó0ó.0? ?46.e6
13 .2r0 .?t0 983.75 6¡3.91 244.63
I{ .oðo .o8o 31¡ .76 s96.óó 244.98
15 .Õ30 .o3o 140.54 5rl.7o 233.35
ló .o9o .090 4?1.61 495.21 ??3.5217 .t60 .tó0 749.5? 482.64 ?20.86l8 .2so .?50 tl7l.l3 50ó.8s ?25.e9i9 .t70 .t70 796.37 530.46 230.97
20 :0so .oso 234.23 so7.3o ??6.0r?l :0lo .010 4ó.8s 451.51 ?14.?l22 :o3o :o3o l{o:54 391.67 ?0?.87?3 0:000 0.000 o.oo 347.f6 192.31
?4 o:ooo o.ooo o.oo 29ó.94 ¡8t.5óI 0:000 0.000 0.00 251.90 172.03
2 0:000 0.000 0.00 el?.01 163.58
3 0.000 0.000 0.00 176.óó l5ó.to
4 0.000 0.000 0.00 145.34 149.48
5 0.000 0.000 0.00 117.60 143.ó1ó 0.000 0.000 0.00 93.02 138.407 0.000 0.000 0.00 71.?4 133.80
I 0.000 0.000 0.00 51.94 129.719 0.000 0.000 0.00 34.85 l?6.09

l0 0.000 0.000 0.00 19.70 I??.89
ll 0.000 0.000 0.00 6.28 120.05
t2 0.000 0.000 0.00 0.00 117.54
13 0.000 0.000 0.00 0.00 ¡15.08l4 0.000 0.000 0.00 0.00 112.68
15 0.000 0.000 0.00 0.00 1t0.32
16 0.000 0.000 0.00 0.00 108.02
17 o.ooo o.ooo o.oo o.oo los.76l8 0.000 0.000 0.00 0.00 103.55
19 0.000 0.000 0.00 0.00 10t.39
?o 0.000 0.000 0.00 0.00 99.?f
?l o.o0o 0.000 o.0o o.o0 97.iç
2? 0.000 0.000 0.00 0.00 95.1ó
?1 0.000 0.000 0.00 0.00 93.17
24 0.000 0.000 0.00 0.00 91.¿3
I 0.000 0.000 0.00 0.00 8c.32
2 0.000 0.000 0.00 0.00 87.453 0.000 0.000 0.00 0.rì0 u5.634 0.000 0.000 0.00 0.00 83.845 0.000 0.000 0.00 0.00 8?.08

I NFLOII

cFs

EVENT 1977-7-t

OAY HOUR PRECIP. PRECIP.
E XCE SS

IN. IN.
l0
ll
llrl
llllIIlt
¡lll¡lll

VOLUVE OF RECoRDEO STORM = 8861.3 CFS.HR.
V0LUr.lE 0F SItlt,LalED ST0RM = 10966.0 CFS.HR.
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APPENDIX

PLOT PROGRAM



INTRODUCTION

This program plots, on the Calcomp PloÈter, the recorded hourly

rainfall, recorded hourly streamflow and Èhe synthesized streamflow

hydrographs. The "Main" program plots Èhe streamflow hydrographs and

subroutine Rain is used to plot the hourly rainfall data. A listing of

the program ís provided on Pages 136 to 139 ínclusive.

Capacity

This program plots a maximum of six days data.

PLOT PROGRAM

Input

A sarnple input is shornm on Page 140. This data is described as

follows with the restrÍct.ion that a11 values mârked INTEGER must apPear

right justified with no decimal poinÈ and that other values nay appeal

right justÍfied with no decinal point or ¡¿íthÍn the field and with a

decimal point.

-133-

1. EvenÈ Number Card

Columns DescripEion

L-Iz Storm Event Nurnber

Plate Nurnber Card7

Colurnns

L-L2

3.

Description

Figure nunber which is to apPear on the bottom right hand

corner of graph

Plot Length Specification Card

Colursns Description



1-5 Integer, duration of storm in days

6-10 InÈeger, initial hour storm sEarted

1-15 Integer, final hour of storm on the last

4. PrecipitaÈion Descriptíon Card

Coluruns DescripÈion

1-80 Alpha-nuneric description of the storm precipitation

Precipitation Data Deck

The length of this deck ís twice the duration of the storm, as

specified on the Plot Length Specification Card. The AM data is

placed on a first card followed by the PM data.

Columns Description

I-4 Integer, year

5-6 InÈeger, month

7-B Integer, day

9 A or P, designating whether data ís Al'1 or PM

Hourly precÍpitatíon in inches for hours

5.

-r34-

day of the dara.

2r-25

26-30

76-80

6.

1or13

2or14

L2 or 24

Recorded Streamflow DescrÍPtíon Card

Columns

1-80

7.

Des cript ion

Alpha-numeric descriptíon of

hydrograph

Recorded Streamflor¡ Data Deck

The recorded hourly streamflow hydrograph

mat as previously described for the Daily

recorded hourly streamflow

is input in the same for-

PrecipitaËion DaÈa Deck.



8. Synthesized Strearnflow Description Card

Columns Description

1-80 Alpha-numeríc description of synthesized hourly stream-

flow hydrograph.

9. Synthesized Streamflow Deck

S1'nthesized hourly streamflow hydrograph is inpuË ín the same for-

mât as previously described for the Daily Precipitation Dat.a Deck.

Output

A sample of the plotted output of the plot program is shov¡n on

Page 141.
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LEVEL 2.3.0 ( JIJNE

REOUESTED OPTIONS:

OPTIONS IN EFFECf:

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

IsN 0002
IsN 0003
I5N 0004
I5N 0005
ISN 0006

c
ISN OOOT

lsN 0008
c

I5N 0009
isN 0010

c
c
c

ISN 00ll
ISN ool2

c
ISN 00t3

c
ISN OOI4
tsN 0015
ISN 001ó
ISN 0017
lsN 0018
I5N OOI9
¡sN 00?0
ISN OO?I
ISN 002?

L
ISN 0023
ISN 0024
I SN OO25
I SN OO2ó

78t
X REF

UôüEéË^lüèrîE'AällE{'lob¿U['3Hiléî']oF'l5JüåIÀ'oHð893i'I8ÈF'0.. NoaNsF rERM rBM FLAG ( I )

NÂI.IE

N' q.H ÂCTUAI RECORDED HYDROGRAPHãiPF,' ¡xùlrç'ÄÉF8,FI?i?Îöfr""þriÈñr EVENT NUHBER
Fiõùne FTGURE NUI¡BER

NI{SRT STARIIN6 I4ONTH OF-5TORM
ñ;r(;ii ii¡nri¡¡o HouR oF.9TqRll

ilflãil iäÊitläi.:Ë::+lnnlT:":m,

OS/360 FORTRÁÀI H EXTENDED

f,ESCRIPTION

RFAL OISCH (6r24) THYDRO t6r?4) rfl!Ç {6'?a)
biri niicxr rr¿¡r.xiõRór ¡¡a5i'PREcl ¡¡45¡.TlHE(146)
äi¡r- ÞÑÃxÈiâôi;óÑaME (20).HNAt'lE (20)

iñ+F.EXtill¡ ì ¿i l88RÇú?à,, DAY ( 6 ) r t'roNS ( I 2 ) rDATE ( I 2 )

NÂTÀ MONS,/4HJAN. r4HFE8. T4HMAR' T4ItAPR' T4HMAY T4HJUNET4FIJULYT4HÂIJG' ¡

'Alti'ðirÉl3îl:aiii?i¡ : 5i?53 : á, r 3 I r 30, 3r r 30 r 3 I /
CÄLL PL0TS(0r0r8)
crut PLoÍ(l.5rl.3r-31
READ IN RECORDED HOURLY lRECIPITATION ANDIACTUAL RECORDED

Àño- svnrxesrzED HYDRoGRAPHS

5 READ (5, .LEND=991 EVENT
RFAD(5rll FIGURE

RFAO (5r lO) NDAYTNHSRTTNHLSf

READ(5rZl ) (PNAME ( I) rI=l r20)

'. RP^ß1tl ãåi*?êX^ ( I ),¡roNrH! I ) rDAY ( I ) r (PREC ( I r J) rJ=t r ?4)-- nËÂóisiãlr toñaur(Il rI=l'20)
DO 30 I=l rNDAY

ao ËËaóîclzåi 'VÊÄn(I) rMoNlH(I) rDAY(I) r (0lscH(IrJ) rJ=1r24)'- RþÀó is.2t l t¡tt¡a¡rr ( I ) r I=l r?0)
DO 4O I=I INDAY

¿O HË¡ðTS"ãäi 'VÊÅH(I) TMONTH(I) IDAY(I) I (HYf'IRO(IrJ) rJ=IT?4}

N I =NHSRT
N7=?4
NH=O
DO 50 I=IrNDAy

DATE 79.120l11.14.08 P ÂGE

I
H
U)
o\
I



LEVEL 2.3.0 ( JUN€ 78 l

ISN 0027
ISN OO¿9
ISN 003tlsN 0032
ISN 0033
¡sN 0034
ISN 0035
ISN 003ó

c
IsN 0037IsN 0038
ISN 0039
ISN 00r0
ISN 0041
ISN 00r?

IF(l.GT.l) Nl=l
IF ( I.EO.N0AY, N2=NHLS1
DO 50 J=NlrN2
NH=NH. I
T lr'lE ( NH, =NH.NHSRT-lPRECI (NH) =PREC ( I rJ}
DISCHI INH) =DISCH ( I rJl

5O HYOROI (NH' =HYDRO ( I rJ)

sN 0043
sN 0045
sN 00t6
sN 0047
sN 0048
sN 0049
sN 0050
sN 0051
sN 0053
sN 0054
sN 0055
sN 0056
sN 0057

MAIN

DISCHI (NH+1 I =0.0DISCHI (NH.?t =?00.0HYDR0I (NH.l)=0.0
HYDROI (NH.2l=200.0
ÏIt'lE (NH.l ) =0.0TIHE(NH.?)=24.0

ISN 0058

¡sN 0059
ISN 0060
ISN O06I
ISN 00ó2

ISN 00ó3
ISr{ 00ó4
ISN OO65
ISN 0066

IF(NDAY.EO.6) GO TO óO
NX =ó.ND A Y
D0 70 I-l rNX
I I =NDÁY. IIX=Il-l
DAY(Ilì=DAY(IX).1
ID=MONTH(IX)
IF(OAY(III.LE.DATE(ID}) GO TO 80
DAY(ll,=I
I'IONlH ( I I ) =ID.lGO T0 70
MONTH(IIl=tl0NÎH(Ix)
YEAR(Il)=YEAR(IX)
CONT ¡ NUE

ELEv=0.0
YAXIS=-0.5
xax=0.0
YÄX=0.0

OS/3óO FORTRAÑ H FXTENOED

80
70

c
60

c

ISN 0067
ISN OOó8

ISN 0069
ISN 0070
ISN 0071
ISN 0072
ISN 0073 105
ISN 0074

c
IsN 0075
ISN 0076
ISN 0077

D0 100 I=lrl5
YAXIS=Y4XI5.0.5
CALL NUr48ER (-0.4rYAXISr.07rELEVr0. r-l I
ELEV=ELEV.IOO.O

CALL PLOT (-0. I rYÂXISI3)
CALL PLOT (O.OrYAXISr2}

D0 t05 I=lrl4
YÂXIS-YAXJS-0.5
CÂLL PLOT (O.O¡YAXISI2}
cÄLL PL0ï (-0. I rYAXlSr3)
CALL PLOI (O.OTYAXISI2)
cALL SYMB0Lt-0.5¡3.0r.07rl9HDISCHARGE (C.F.S.Ì r90.rt9)
xAXIS=0.0
CALL PLOT (XAXIS.-O.I r3)
cÂLL PL0T (XAXIS.0.0r2)
DO ll0 l=lrfr
XÂXIS=XAXIS.l.0

100

ISN 0078
ISN 0079

DaTE 79.120/t 1.14.08 PAGÉ

I

H
(¡)
!
I



LE VEL

ISN
ISN
ISN
ISN

ISN
ISN
ISN
¡SN
I St¡
ISN
ISN
ISN
ISN
ISN
ISN
ISN

?.3.0 (JUNE 78'
0080
0081
00820083 lI0

c
0084
0 085
008ó
0087
0 088
0 089
0090
0 091
0092
0093
00940095 120

c

¡IAIN 05/360 FORfRÂN H EXTENDEI')

CÂLL PL0Ï (XAXlSr0.0r?)
CÂLL PLOT (XAXIST.O. I I3)
CALL PL0T (XAXISr0.0r2)
CONT I NUE

DO l?0 I=lró
¡{=r.loNTH ( I I
I l=I-l
xS=Il+0.15
CALL SYHBOL (XSr-0.?r.07ri.{0NS (Ml r0. r4}
xS=XS.0.4
FPN=DAY ( I )
CÂLL NU¡{8ER (XSr999. r.07rFPNr0. r-l )

XS=XS.0.25
FPN=YEAR ( I )
CALL NUl,lEER (XSr999...07rFPNr0. r-I )
CONT I NUE

CÂLL SYMEOL ( 3.ó r7. 3r 0. l5' I UHI{IL50N çRqEK' 0.'l ? ),
ca[L syr.lBot ( 3. 0 r7. 05r 0. l5r20HsTREÂqFLOu SYNTHESIS. 0. r 20 )

CÂLL SYMBOL (3.ór6.8t0. l5rEVENTr0. r I2)
CÀLL PL0T (3.5¡ó.25r3)
CALL PL01 (t+ .2 t6.?5 ¡?l
calL sYÈr801 i ¿. 3, ó. 25, 0. 09 r SHRECORDED' 0. r I )
cÀLL PL0T t3.5r6.05r3)
cÂLL PLOT(3.8ró.05r?)
CALL PL0T (3.9'6.05r31
CALL PLOT 14.2¡6.05ç?l
cÀLL sY¡rBoL 44. 3 ; 6. 05, 0. 09'9H5Ili{ULÂlED r 0. r 9 )

CALL LINE (f IHETDISCHI rNHrl r0r0)
CALL ODASH (TIHE THYDROI ¡NHr0.3r 0.3r 0. I )

cALL SYMBoL (5.0r-0.9¡0. I 0'FIGURE r0. r l2l
CALL RA IN (NHSRT TNH T PREC I T}10¡¡TH T DIY I YEART HONS }

CALL PL0T (8.5r-8.5r-3)
GOTO5
CÂLL PL0T ( I l. r-8. r9991

F0R)'raf ( 3A4 )
FORHAT (8I5}
FORHAT ( 2OA4 )
FORMAT ( ?x r 3 I 2r l?xç l?F5.0/? 0x r I 2F5.0 t

ST OP
ENO

ISN 0096
ISN 0097
ISN 0098
ISN 0099
tsN 0100
IsN 0r0l
ISN 0102
ISN 0103
ISN OIO4
ISN 0105
ISN 0t06
ISN OIOT
IsN 0108

ISN OIO9

I5N 0l l0
lsN 0l¡l
ISN 0ll2
ISN OII3
ISN 0tl4
ISN 0l l5
ISN 0tl6
ISN 0ll?

c

c

c

c
99

c
I

¡0
2t
22

c
c

ISN OIIS
ISN OII9

DATF 79.120/l 1.14.08 PA GE

I
F
oo
I



LEVEL 2.3.0 {JUNE

REOUESTED OPTIONS3

OPIIONS IN EFFECTI

c
c
c

ISN 0002
ISN OOO3
ISN 0004

ISN 0005
ISN 000ó

ISN 0007tsN 0008

lsN 0009
ISN OOIO
ISN 00ll
ISN OOI2
ISN 0013

ISN 00tr
ISN OOI5

¡sN 0016IsN 0017
ISN 0018
ISN 00t9
ISN 00U0

I5N 0021
ISN 0022
ISN OO23
ISN 0024

ISN 0025
ISN 002ó
IsN 0027
ISN 0028
ISN 0029

ISN 0030

78r

XREF

NAIrE (MA INI OPf ItlIZE (e) L INECOUNT (É0 ) SI ZE-(|',rax ) auT0QBL (Ngryq )

SõùÞcÈ.'Ëtióoic ño[I5r-¡¡ooEo( 08JEcr MaP NoF0RHÂT Gosït'rl xR€F ÄLc

SUBROUT I NE RA I N (NHSRT r NH r PREC I r t'loNf ll I DAY r YEAR r I4ONS )
DIHENSION PRECI ( I46}
IÑTEGER YEAR (6I'I.IONIH (6) rDAY (ó) IHONS ( I ? }

CALL PL0T (0. r7.5r3l
CALL PLOI (0. r8.5r-2)
ELEv=0.0
YAxIS-0.5
DO l0 I=lr3
YÂXlS=YAXIS-0.5
cÁLI Nutl8€R {-0.4'YAxIst.07rELEVr0. r2)
ELEV=ELEV.O.5
CONT I NUE

CÂLL PL0f (-0. I rYAxIS.3l
CALL PLOT (O.O IYAXIST2I
DO 105 I=lr2
YAxIsrYAxl5.0.5
CALL PLOT (O.OrYAXISr2}
CALL PL0l (-0. I TYAXIST3)
CALL PLOT l0.0rYAxISr2l

OS/360 FORTRAN H EXTENDET)

l0

105

CaLL SYt'l8OL (-0.5r-0.90 r. 07 I I 3HPRECIP. ( IN. ) r90. r l3)
XAxIS=0.0
CALL PLOT (XAXISTO. I ¡3I
CALL PLOT (XAXISr0.0 r2l
DO ll0 l=lr6
xAXIS¡XAXI5.l.0
CALL PL0T (XAXISr0.0r2l
CALL PL0T (XAXISr0. I r3)
CÂLL PL0T (XAXISr0.0rZ)

I IO CONlINUE

DO 120 I-l r6
l.l=¡{0NTH ( I )
It=I-l
xS=Il+0.15
CALL SYÈ{8OL (XSr0. I r.07ri{ONS (H} r0. r4}
x5=xs.0.4
FPN=DAY ( I }
CÂLL NUHBER (XSr999. r. 0TrFPNr 0. r-l )
xS=XS.0.25
FPN=YEAR ( I )
CALL NU¡rBER (XSr999. r.07rFPNr0. r-l )

I2O CONTINUE

XHOUR=FLOAT ( NHSRf ) /24.
00 20 I=lrNH
IF( I.E0. l) CÂLL PL0T(xHOr.jRr0..3)
cÂLL PLOT(XHOUR,-PRECI ( l).?t
xH0URl=(NHSRI.I)/?a.
cÂLL PL0Ï (XHOI.'Rlr-PRtcl (l).?)
IF (J.EO.NH) CALL PLOT (XHOURI r0.0.2)
¡1.1QgR= XH0UR I

2O CONT INUE

Hf T UR^¡
f rln

ISN 0031
ISN 0032
ISN 0033
ISN OO34
ISN 0035
ISN 003|t
IsN 0037
ISN OO38
lsN 0039
ISN 0040
ISN 0041
I sN 0042

ISN 0043

ISN O044
ISN 0045
ISN 0047
I SN 0048
ISN OOT9
ISN 0050
ISN 0052
I SN 0053

I5N 0054
I SÀr 0055

c

c

DafE 79.1?0/lt.If.20

NOANSF IERI{ IB¡{ FLAG ( I )

c
c

c

P AGE

I

ts
\o

I
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EVINT 75_B_2

0c

00

_T4I_

00

500

u00

300

200

100

0

RECOR OED

MÚDEL E SIMULFTION

RUG. ?3 75 flUG. 2U 75 ÊUG. 75 RUC. e6 ?5 flUG. ?7 ÊuG. ?8 75

FIGURE B-I3


