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INTRODUCTION

In much of southern Arizona, almost all runoff from semiarid rangcland

watersheds results from intense highly variable thunderstorm rainfall

[Osborn and Reynolds (1963)]. Compounding the problems of predicting

runoff resulting from such rainfall is the presence of broad alluviuo-filled

channels that abstract large quantities of runoff [Babcock and Cushing

(1942), Keppel (1960), Keppel and Renard (1962), Allis, Dragoun, and Sharp

(1964), Renard and Keppel (1966), Qashu and Buol (1967), Wallace and

Renard (1967), Burkhan, (1970a, 1970b), and Lane, Diskin, and Senard (1971)].

These abstractions or transmission losses play an important role in

diminishing streamflow, in supporting riparian vegetation, and in providing

natural water recharge to local aquifers and the regional groundwater

[Renard (1970)].

Ephemeral streams in arid or semiarid zones introduce an added

difficulty in flood routing because of the large transmission losses

[Keppel and Renard (1962)]. An example of the influence of transmission
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losses on hydrographs in ephemeral streams Is shown in Figure 1. These

hydrographs represent the inflow and outflow on a 4.1-mile reach of channel

on the Walnut Gulch Experimental Watershed. Notice that the maximum discharge

rate is reduced some 505! while the volume of flow is reduced about 35Z in

traveling the 4.1 miles In the absence of tributary inflow. While this is

intended as a typical example, the reduction in volume is not always less

than the reduction in peak discharge. In this study, flood movement and

transmission losses are represented by a system using storage in the channel

reach as a state variable which determines loss rates.

FLOOD ROUTING PROCEDURES

The tern flo.-d routing refers to the determination of a flood wave at

a downstream location when the flood wave at some upstream location is

known. While there is an extensive body of literature on flood routing,

a few primary sources are Gilcrest (1950); Linsley, Kohler, and Paulhus

(1949, 1958); SCS Engineering Handbook (1957); and Chow (1959, 1964). In

very irregular and rough natural channels, the changes in the flood wave

or hydrograph can be significant. Chow (1959) differentiates between

hydraulic and hydrologic flood routing as follows: "The hydraulic method

of flood routing is distinguished from the hydrolofiic method by the fact

that the hydraulic method is based on the solution of the basic differential

equations for unsteady flow in open channels whereas the hydrologic method

makes no direct use of these equations but approximates in some sense to

their solutions." Throughout the remainder of this paper, the term flood

routing will be restricted to the simplified hydrologic method of flood

routing.
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In natural channels with little or no tributary inflow or outflow and

no lassos or abstractions, the inflow, outflow, And storage arc related by

the continuity equation

S + Q - P (1)

where:

S Is the tiac derivative of storage,

q is tha outflow fron the reach, and

V Is tha inflow to the channel reach •

In addition, F, Q, and S arc related to the depth of flow, Chow (1959).

1( X is defined as a weighting factor, then the storage within a reach Is

giver, by

S - XS£ + (l-X)So (2)

where S. and S arc storages dcteraincd by the depths at the upstrcno and

downstreaa points of the reach. Since S, and S are determined frea the
1 o

inflow and outflow, respectively,

S - K|XPn + U-X)QnJ {3)

where the varlabilcs are as defined above, and K and n are constants. In

rectangular channels n • 0.6, and In natural channels n Is assuaed equal to

unity (Chow (1959)1. Tile popular Huskingun nethod is a fora of Equation 3

where n - 1.0 (McCarthy (1938)).

Kulandalswaay, Krishnaswoal, and Raoulingan (1967) list three storage

equations cocsaonly used in flood routing:

S - MJ («)

S - K 1X1- + (1 - X)<)J (5)

S - K<J" (6,



Equation 4 Is the so-called linear reservoir =odcl, Equation S is the

Husktngua eethod, and Equation 6, unlike the other two, can be nonlinear

If n 1., not ev.a| to 1.0. The above authors then proposed a core general

storacc equation derived by Kulandalswosy (1964) relating the derivative,,

of the Inflow and outflow to storage. In a brief but elegant paper.

Diskin (1967) derived the general solution of the Nusklngua flood routing

equation using upi«c ltanSfor=s. Other than specifying the parameter,

for applying. ,ho Huakingua method, which can be found in several handbooks,

the theoretical development of the aethod was conplcted by Diskin (1967).

GENERAL FORM OF THE HOOEL

The proposed codel is aiso a simplification of the knovn process and

is a storage oodel. In this study we added transmission losocs so that the

continuity equation bcceaes

S + L + Q - P (?)

vhcre:

S is the tide derivative of the storage,

L Is the transmission loss rate,

Q Is outflow fron the reach, and

I' is tlic Inflow to [he rc.icti.

All variables arc iunctions of tints.

If Kquatiun 7 Is rewritten with L and (J as fin.,.lions of the sturdge,

we have

S + F(S) + C(S) • t (8)
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vith

and

" " 6<» do,
"her. the variables «„ as defined previously. Equation 8 Is a ecneral

representation of a atorase routing oodel, and can be llncar or noi)llncar

depending on the foraj of F and C.

Flood Routine In an Epheneral Ch.-im«.i

In the usual situation where only the tnflow ls known and the lO8SC0>

F(S), and outflow froa the channel reach, C(S) arc to be detcralncd. the

continuity equation ls

S + F(S) + C(S) - P {g)

In this analysis It vas assuacd that

L(t, ■ F(S, - c/l {n)
and

gco - c(s) - c2S"2 (11)

nien the continuity equation bacoscs

l». b,

S + C1S + V " ' (13,

Hi. above equatlon is proposed us a general st=rage equation for flood

routing In tpht=cr.il clunnc-ls.

In addition tu tb« differcnaal equation, it is sooettaea desirable

to describe a conceptual aodcl of the 3ysteO. A general reservoir with

abstractions or losses and a siphon outflow is proposed as the basic

eocponent of the «del. Ihe genera! Bodel would then be a cascade of such



exponents siatiar to the Hash cwltde ot linear mmMn conccptoJll ^

of a watershed (Hash (1957),. If m do£ln0 % „ . ^^ value >f ^

(or storage) In the reaervoir. then there are two separate cases or eode6

of operation: 1) s < II,, so that there are losses but „„ outflow, and 2)

S >, ll0 so that there are both losses and outflow.

Numerical solutions to Elation 13 have bean obtained uslne tho Runge-

Kutta =ethod. Initial analyses are concentrating on deterging the

relative sensitivity of the sol«tOn to values of the four paraaeters.

Solutions have been obtained for the caac wUh arbitrary lnput. However.

the ne« step 1S to deternlno the analytic solutlons so that the Coaponcnts

can be cascaded and the general solution obtained.

A Specific Cjisi»

tn this case it is assuaed that the i*flow and outflow are taown and

further that the transoisslon losses are a Linear function of the storage

in the channel reach; that is

With the5e asaun.ptlons, the problea becooes one ot detarninlng c^ the

coefficient rel.«iOS storaBc and transalssien losses. Rewriting^uation U
and rBarr,nSinB [cras, boch sXdcs of ,„, ^^ ^ ^ .^^ ^ ^

-/(?(t)dt - C; /s(t)dt * S(t) - S(0) (1S)

where the variaMes are aS defined previously and S(0) „ the .torage „

"« «ro. m discrete fom. assuaing ,(0) . 0. the Integration, D«o=e
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at Ions and dt bcccaes Ac so that,

:; M-l C.4C

(16)

which is an equation in seras of S^, the storage at ttoe t ■ HAi. SUMP,

SUMQ. SBB. and SUML arc defined as the total voluoes of inflow, outflow,

storage (Integral of storage), and losses respectively. An initial

approxlaation to the solution is:

JS/it - K(l) - Q(c) -

.N

S 1-1

H
- J S4t(SWIP-SUMQ)/T0T

C • (SITO - SIH«{)/Sims
(19)

where lot is the total duration of flow at the point of interest. With '

this initial aolution for S{t) and thus L(t). Equations 16, 18, 19, and

20 are solved by an iterative technique until the successive values of C

are arbitrarily close.

fin: analysts in this cxasplc is based on data derived fron a 4.1-allo

ephe=eral channel reach on the Walnut etch Experimental Watershed in

southeastern Arizona. The channel reach is sleep with low banks and an

alluviua bed froa lero to 11 feet thick. The cUan depth to consloaorate is

about 6 feet. The hydrograph. shown in FiBure I are nensured inflow and

outflow to this reach reflecting the losses to the alluvlua.

The Iterative solution to Equation 16 as described above was obtained

for 12 inflow-outflow hydrographs on the reach where there was little or no

tributary Inflow between acasuring stations. Figure 2 is .1 plot of

■IJft
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P. Q, L, and S for the hydrographs shewn in Figure 1. Notice that L Is for

the entitc channel reach. For this event, as In all events, a final value

of Cj was obtained in 20 Iterations or leas. Table 1 shows hydrograph

characteristics and the derived C values lor the 12 runoff events used in

this scudy. The relation between C and Che peak discharge of the Inflow

hydrograph is slmwu In Figure 3. Although the relationship Is nut ucrong,

Cj snucs to decreased with Increasing inflow to the channel reach. The

scatter about Che regression line in Figure 3 is uu doubt due to a variety

of sources Including the effects of antecedent aoisture and acasurcscnc

errors. If a prediction equation were desired. Including these variables

would undoubtedly improve the coefficient of determination. However, the

decrease in C, with increasing inflow can be taken as a measure of the

nonllncarity of the systea for ephemeral channels.

SUMMARY

A Bodcl fur flood routing In abstracting cphcmer.il channels Is proposed

as a cascade of the general cosponents. Initial analyses have yielded

nuaerlc.il solutions to the equations for the individual components. A linear

fura of a storage equation with the outflow known has been calibrated to 12

Individual runoff events on a 6.1-nllc reach of ephemeral channel. Hide

variation in the parameters of this linear model with increasing inflow.

Indicates that the assumption of a linear relation between transmission

losses and storage is probably Incorrect for cphvocral channels. Additional

work is In progress to determine the analytical fora of the solution for die

individual coaponents and for the cascade of conponcnts.
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Table 1. Hydrograph characteristics and derived C. values

/or 12 runoff events on channel reach 11-8.

Date of

event

02036}

310764

020864

050864

110964

180865

O2O96S

300766

130067

25096?

020868

050868

Pc.ik Discharge

Inflow Outflow

(cf»)

210.

97.

720.

360.

2000.

26.

97.

1100.

260.

70.

330.

1100.

(Cfli)

14.

2.

460.

140.

1900.

7.

76.

540.

97.

18.

64.

430.

Final Value

of C,

(sce-1)

0.0125

.0122

.0095

.0041

.0041

.0162

.0096

.0054

.0183

.0278

.0153

.0075
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