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distributed. To be sure, it 1n the hope of the hydrologist that representative
vulues ol these propetties may be obtinned  However, consulenay the spatial
random distribution of conductivines, degrees of saturation and porusity, it
is not surprising that fitted parameters such as f, and k, vary considerably
from plot to plot. This vanation is not suflicient to condemn Horton's equation
and is irrelevant in nrguing for use of the authors’ model

A Tack of correliation was noted by the authars between the Haorton coeflicients
and land slope. We can sec no reason tor suspecting that such a correlaiion
shuuld exist. Infiltration capacity is a function of soil properties and moistyre
conditivns. Slope plays an important role tn runoff, but we sec no physical
reason lor slope to sifect mtiltration capacity. )

The authors’ comment that the carly infiltration history does not appreciably
allect the simulation of runoff from uiban and rural watersheds perhaps reflects
their modeling experience. However, it has been our expericnue that the simulated
runolf is often very sensitive to the character of the infiltcution respunse. [
fact in watersheds of less than about S0 acres, the simulation of infiltratjon
response may be the most critical factor in correctly modehing surface water
runulf. We submit that the ¢xcessive early infiltraton predictions noted by
the authors may indecd present a serious drawback.
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Discussion by Richard H. Hawkins,* M. ASCE

The authors have made still another application of the widely used rainfa))
sunolf relationships found (but not really derived) in the Soil Conservation
Service's National Engineering Handbouk (6), or **NEH-4.7" It 15 widely used
because it is well institutionalized und convenient. For the pragmatic user nog
craving a solid foundation of reasion and the protocol of scientilic documentation,
it has been found **to work." It can retlect land condition, and an infiltratiog
or loss function is impheit. Despite valid criticisms, it is the state-of-the-an,
and its acceptance signals the demand for such a 100l in applied hydrology.

The foundativn eyuations as given by the authors are

P,
Q‘P+S -(9)

* Assoc. Prof., Dept. of Forestry and Outdvor Re-crca;mn ;nd (‘i:. ;;J"E'm
Engrg.. Utah State Univ., Logan. Utsh.
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.c'of the hydrologist t?m .reprcsemazi.ve : a0d CN = 1,000 o o "

wined. However, considering the spatial 10+S ’ s
degrees of saturation and porosity, it ) . o . i .

rs such as f, and k, vary considerably § @ which P, is fffcc(lvc rainfall,” or P - [A; and IA is an initial abstraction.

sufficient to condemn Horton's equatiog The NEH-4 assigns a value of 0.28, but the authors judge 10 be 0.15. Carrying

ac suthors® model. .. & out polynomial division on Eq. 9 yiclds

+ authors between the Horton coefficienty . § - §?

n lor suspecting that such a correlation § 0=P,-{ S~ R (1]
function of soil properties and moisture : + Po+S/

role in runoff, but we see no physica . | Substituting P, = P — A gives

3pacity. .8 &

s infiltration history does aot appreciably § o _ p_ja - (s_ N (7

Lan and rural watersheds perhaps reflecis - P=IA+S

has been our experience that the simulateq .
character of the infiltration response, In .}
500 acres, the simulation of infiltration : g s
:10r in correctly modeling surface water 3§ Losses=P - QalA+8(1 -

The **losses’ to runoff are then

R ¢ 1))

¢ early infiltration predictions noted by § P-1A+ S
us drawback. -9 Much of the discussion to fullow draws on the preceding algebra and logic.
<Y [Iofiltration Rate.— In(iltration rates may be inferred from (12) by differentiation.

»' g Denoting *‘Losses’ as L, and acknowledging both IA and S to be constant

B

! )
ing Time for Variable Rainfali Rates,” Canadign - 1 L=

‘97°.PP-|2(-”-3- ] P—|A+S dP: P>1A....-................(14)
. “*Calibration of Sclected Infiltration Equations . f

tion ARS-S-133, Agricultural Research Service, . dL s 1a4p

1¢, July, 1976. Faud — = —y PoIA . (15)
nical Infiltration Rate Patterns,” Transactions, o dt P-IA+S/ a

acers, Vol. 19, No. 3, 1976, pp. 505-509. 4
. -3 Recognizing that dL/dt is infiltration rate J. and dP/dt is rainfal} intensity

. 4 then

o S H

. Hawkins,* M, ASCE JA / P-1A+S

As demonstrated in the model by the authors, and approached in Eq. 7,

L . ] * B this shows that the SCS formula makes infiltration rate a function of rainfall

+ application of the widely used rainfall ~ 3] intensity and cumulative storm rainfall P, and of the watershed parameters

really derived) in the Soxl. Cofxscrv alion " 9 14 and § (at the start of the storm). In dimensionless form, Eq. 16 becomes

ook (6), or *NEH-4.*" It is widely used 3

! convenient. For the pragmatic user not 4/ P-1A

i P>IA.......................(I6)

-2

! the protocol of scientific documentation, : 'T’ s +1 T T A € X )
seflect land condition, and an infiltration

.alid criticisms, it is the state-of-the-art, . § This is shown in Fig. 4 for the case or IA = 0.25, which is the SCS assertion.

for such a tool in applied hydrology. . § Note that as P = o, f — 0, and not a positive residual value analageus to

iy the authors are . 4 Horton’s equation; and also that the function resembles conventional notions

»§ of infiltration behavior. It does presume that the input intensity is constant.

e e (9) | This should offer some added insight 1o the good fits obtained with Neal's

% data: Neal's intensities were constant. Numerdus other investigators have shown
continuous decreasing infiltration rates with time in response to variable storm
] patterns. Clearly, a conflict arises if the SCS equation and its consequent
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derivatives are taken ns a representution uof reably. Attempting o bend Eq.
7 10 such data could lead 1o disastious 1esults

Rainfall-Runof Relatlons. --The graphical presentation «.f the SCS rainfall-rua-
off geometry (Fig. 1) contnins hath a yuestionable assumption and erroneous
algebra. Examination will show a constant lineacr retationship of ranfall with
ume. or an assumed umform intensity. While this matches the necessity lor
a pleasing infiltration relativnship wutlined tn the above paragraphs, it is certainly
unpalatabie from a real world standpout, and u weak foundaton for a credible
hydrology. The extent to which this assunption is tncorporated into the develop-
ment of the SCS technolugy 15 nut knuwn, or at least not stated in the availabie
literature.

Fig. | also states that F + 1A — § as P — = This is not so. From Eg.
13 it can be easily scen that ¥ + A (= losses) approaches S + [A as P
— o, or 1.28 with the SCS assertion; 115 with the authors' belief of JA =

0.1S.
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These points cannot be laid wholly at the feet of the authors. Fig. 1 is a
faithful reproduction from SCS hterature, and dates back to euarly pubiications
on the methodology. Hopelully, future editions of NEH-4 will jusuly or explan
the uniform intensity assuinption, and rectify the soil-water accounting.

Modeling Cholces. —The authors justify the CN method for modeling infiltration
rates by arguing that other infilirstion eyuations require the questionable use
of coefficients from **. . . previous studies whose site conditions are completeiy
unknown.' The SCS equation is almost sdenticaily at fault, itusestwo cocfﬁcicnl;,
1A and S, chosen from an insttutionalized listing with a healthy dollop of
unquestioning faith, and used in 4 model that never underwent critical review
and discussion (as is this paper) by the hydrology community. The rationale

that

., . the hydrologic soil-cover-complex curve number CN is a parameter

whose yuantification is hased on extensive field studies and suil classifica-
tions mapped over most of the United States,™

gives an overoptimistic impression of reliability. As a trial, the authors might
iry to cite technical reviewed or journal references on the reliability of handbook
CNs, field determination from hydrology data, the physical linkage between

-—————
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won of reality. Attempting to bend Eq. soil groupings and CNs, etc. The pickings are indeed slim. Using curve numbers [
tesults. 10 calculate infiltration rates only masks the problem, and transfers the burden
sical presentation of the SCS rainfall-rug. §9f belief to a handbook (eghmque which borders on a black box,

questionable assumption and erroneous This discyssion wu? wn.ucn while un sabbatic leave with USDA, Science
siant linear relationship of rainfall with mc.l Education Administration, Southwest Watershed Research Center, Tucson,
.. While this matches the necessity for ]AMz.
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