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Closure by John E. Gilley, 6 Eugene R. Kottwitz, 7 and Gary A. Wieman s 

The writers appreciate the interest expressed by the discussers in this 
manuscript, and are pleased to have the opportunity to further discuss this 
material. The discussion states that the writers have generally examined a 
condition already investigated in other previous studies. Reynolds number 
values and roughness element size for the articles referenced by the dis- 
cussers are shown in Table 5. Since flow rate and Reynolds number values 
were not given by Ferro and Giordano (1991), data from this study are not 
included in Table 5. 

It can be seen from Table 5 that the.roughness element sizes examined 
by Bathurst (1978) were much larger than those used by the writers. Each 
of the other studies was conducted to obtain information for use on river 
systems. The focus of this paper, in contrast, was upland areas. Thus, Rey- 
nolds number values employed by the other authors were substantially larger 
than those used in this investigation. 

The discussers reference material presented by Colosimo et al. (1988) to 
characterize flow conditions occurring in this study. It can be seen from 
Table 5 that the smallest Reynolds number value used by Colosimo et al. 
(1988) was 25 times greater than the largest Reynolds number value em- 
ployed in this investigation. Certainly for river systems, with flow depths 
much greater than roughness element heights, Reynolds number may have 
a minimal effect on friction factor. However, for upland areas with much 
smaller water depths, friction factors may be substantially affected by Rey- 
nolds numbers. This influence is clearly shown in Figs. 2, 3, and 4. 

The discussers propose (10) for estimating Darcy-Weisbach roughness 
coefficients. To use (10) water depth must be known. On upland areas it 
may not be possible to know a priori the water depth corresponding with 
a given rainfall or runoff condition. An equation of the form shown in Table 
3 would be much easier to use in actual practice. 

Widely accepted procedures are available for estimating infiltration on 
upland areas. If rainfall rate and duration are known, rainfall excess can be 
predicted. From information on rainfall excess and the downslope distance 
from a watershed boundary, flow discharge per unit width, q, can be cal- 
culated. For upland flow conditions where flow width is much greater than 
flow depth, Reynolds number can be approximated from the equation: 

R = -q . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (11)  
P 

where v = kinematic viscosity. Kinematic viscosity can be obtained directly 
from a handbook, if water temperature is known. Thus, a direct, closed- 
form prediction procedure for estimating roughness coefficients is provided 
by the equations shown in Table 3. 

The discussers state that when using (10) it is not necessary to take into 
account the effect of particle concentration on roughness coefficients. This 
is because the value of dgo implicitly takes into account the effect of particle 
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TABLE 5. Reynolds Number and Roughness Size Used in Selected Experimental 
Studies 

Hydraulic 
parameter 

(1) 
Reynolds number 
Roughness size 

Bathurst Bathurst et al. Colosimo et aL 
(1978) (1981 ) (1988) 

(2) (3) (4) 
41,000-320,000 17,000-550,000 400,000-6,000,000 
280-485 mm (d~4) 12.7-63.5 mm (ds4), 41-120 mm (d84) 

Gilley et al. 
(1992) 

(5) 
500-16,000 
2.5-254 m m  

15.0 

g 
(.3 

lo.o 

._m 

~ 5.0 

121 

r~2 
Te~S 

Line of Perfect 
Agreement 

D 

[] 

[3 O 0  
[] 

A o  
o 

[] 

~ o  e ~  

1.0 2.0 3.0 4.0 
Measured Darcy-Weisbach Roughness Coefficient 

0.0 i 
o.o 5.o 

FIG. 5. Predicted versus Measured Darcy-Weisbach Roughness Coefficients for 
Eq. (10) 

concentration. These conclusions were obtained from experimental mea- 
surements reported by Ferro and Giordano (1991). 

The grain size distribution of each test series can be roughly determined 
from data presented in Table 1 and the equations given in Table 4. The 
value of rig0 is certainly greater than 12.7 cm. Inspection of (10) shows that, 
for a given value of h, as d90 increases f also increases. Thus, assuming d9o 
= 12.7 cm should underpredict the Darcy-Weisbach roughness coefficient. 
Fig. 5 shows results obtained from (t0) for the data collected by the writers 
and dgo = 12.7 cm. Eq. (10) generally overpredicted f even though un- 
derprediction was expected. Several predicted values were more than three 
times the corresponding measured values. The results clearly show that (10) 
is not acceptable for the conditions studied. 

Ferro and Giordano (1991) conducted their experiments using a roughness 
element size ranging from 19 to 25.4 ram. The writers used surface cover 
values varying from 7 to 90% for roughness element sizes ranging from 12.7 
to 25.4 ram. If the roughness elements employed by Ferro and Giordano 
(1991) are assumed to be circular with a diameter of 22.2 ram, an estimate 
can be made of the percentage cover for each Of the particle concentrations. 
The number of roughness elements, n, arranged in a 0.3 x 0.3 m 2 reference 
area is shown in Table 1 of Ferro and Giordano (1991). For bed grain 
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distributions II, III ,  IV, V, and VI, surface cover estimates of 2.1%, 4.3%, 
8.6%, 13%, and 26% were obtained. Thus, (10) was derived for essentially 
one roughness element size, over a very limited particle concentration range. 
Information on experimental discharge rates is not available. Certainly fur- 
ther tests using other roughness element sizes, a much broader range of 
particle concentrations and a wide flow range are required before the use 
of (10) can be justified. 

O P E N - C H A N N E L  F L O W  A L G O R I T H M  IN 

N E W T O N - R A P H S O N  F O R M  a 

Discussion by Bernard L. Golding, 2 Life Member, ASCE 

Several years ago the writer developed a program similar to the author's 
for computing water-surface program by the standard step method. The 
program, written in BASIC, used a m o r e  simplified version of Newton's 
method for solving the energy equation. 

The writer is curious as to why (how) critical depth occurred at exactly 
Station 0 + 75 as shown on Fig. 4. Was this an actual computed value or 
was this value forced to occur when critical depth was almost achieved. In 
the writer's program, critical depth in supercriticaI flow (for an $2 curve) 
is forced to occur when a depth of flow equal to 0.9 times the critical depth 
is reached because of inherent unstable flow in the vicinity of critical depth. 

The writer is of the opinion that the source code of any computer program 
should be made available and checked carefully prior to that program being 
used. The source code on Fig. 3 and the accompanying explanation are 
admirable in this respect. Certainly such action reduces liability. I hope the 
author sees fit to make the complete source code of his program available 
to all users. 

However, the author of this paper is to be congratulated for demonstrating 
the versatility of the Newton-Raphson procedure for equation solution. Too 
little attention has been paid by engineers to this unique method. A majority 
of the young engineers I work with on a daily basis have never heard of it 
or only vaguely recall it as having been demonstrated once in college. 

The writer would like to call the attention of the reader to the article on 
Newton's method by William Wheeler titled, "Fast Programming on Small 
Calculators," which appeared in the April 1977 issue of Civil Engineering. 
The equations in this article have been used by the writer for many years 
and are the basis of his program mentioned above. 

APPENDIX. REFERENCE 

Wheeler, W. (1977). "Fast programming on small calculators." Civ. Engrg., ASCE, 
47(4), 53, 59-60. 

aMarch/April, 1992, Vol. 118, No. 2, by John N. Paine (Paper 1807). 
2Consulting Water Resour. Engr., 8982 Islesworth Ct., Orlando, FL 32819. 
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