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Closure by Hugo A. Loaiciga ~~ and Lorne G. Everett n 

The discussers present a useful extension to the work of the writers of 
the original paper. The writers believe, however, that the concept of rep- 
resentative elementary volume (REV) used by the discussers is of tangential 
importance to the original work and, for that matter, to the subject matter 
of their discussion. The REV concept is useful in defining macroscopic 
equations of groundwater processes over a fictitiously continuous porous 
medium. The discussers, somewhat inconsistently, use the REV concept to 
justify a correct premise: that the temporal sampling frequencies and spatial 
monitoring scales in karst aquifers with underground conduits must be quite 
different to those of other consolidated and unconsolidated formations. The 
latter type of geologic formations were the subject of the original work. 

It is clear that underground karstic conduits act as a drainage network 
with travel times and spatial coverage typical of surface-drainage networks. 
Plume detection and other ambient monitoring require adequate temporal 
resolution to avoid the aliasing phenomenon cited by the discussers. Spatial 
coverage in karstic monitoring is critically important, and one must have 
an understanding of the interconnectedness and hydraulic characteristics of 
conduit flow to adequately locate monitoring stations. We argue that the 
principles of karstic groundwater-quality monitoring advocated by the dis- 
cussers are a specialized case of what the writers define as the hydrogeologic 
approach to groundwater-quality monitoring, where groundwater-flow ve- 
locities are extreme. 

1~ Prof., Dept. of Geography and Envir. Studies Prog., Univ. of California, 
Santa Barbara, CA 93106. 

l~Chf. Res. Hydro. and Vice-Pres., Gerathy and Miller, Inc., 200 East Carrillo 
St., Santa Barbara, CA 93101. 
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Karst aquifers are common and particularly susceptible to contamination. 
Because of this, the contribution of the discussers is meritorious. It addresses 
a very special and important type of subsurface monitoring. 

DIMENS IONALLY H O M O G E N E O U S  
M A N N I N G ' S  F O R M U L A  a 

Discussion by B. A. Christensen, 2 Member, ASCE 

The author's note on the classic Manning formula and the roughness 
parameter n customarily associated with that formula is enlightening. It 
presents some of the classic references that may not be readily available, 
but it also revives the old controversy about the dimension and proper 
evaluation of a "fuzz" factor that too long has been shrouded in professional 
mystique. 

By writing Manning's formula in the form of (3) and indicating that 
K, = 1 when units of the systbme international are used, and K, = 1.486 
in the English unit system, it is quietly assumed that n must have the same 
numerical value in both systems. Therfore, it seems obvious that n must be 
dimensionless and that Kn has the dimension length 1/3 time-1. The simple 
conversion of the 1 ml/3s - 1 to English units 

( 1 )  1/3 
1 ml/3s - t  = ~ = 1.486 ftl/3/sec . . . . . . . . . . . . . . . . . . . . . . .  (17) 

confirms this statement. 
In (4), the square root of the acceleration due to gravity g is pulled out 

of Manning's n. This seems logical since n actually is inversely proportional 
to g. However, the price paid is a complication of matters. The new Man- 
ning's coefficient ng introduced in this way is not dimensionless, having 
different numerical values in different unit systems as reflected by the values 
suggested in Table 1. Also the new coefficient is not easier to estimate than 
the old. Manning's n and the author's n~ do not have specific physical 
meanings that would make estimation easy and fairly precise. A highly 
possible estimation error on n (or ng) of say 20% is carried over as a relative 
velocity error of exactly the same magnitude. 

Using Nikuradse's equivalent sand roughness k,, which does have a phys- 
ical meaning, namely that of a roughness height that it probably is easier 
to estimate than n (or ng), may therefore seem to be a better solution than 
using n or n r 

By logarithmic regression analysis, Nikuradse's equation for the friction 
factor f in the turbulent rough flow may be approximated by the power 
expression 

aSeptember, 1992, Vol. 118, No. 9, by Ben Chic Yen (Paper No. 1891). 
2prof. of Cir. Engrg., Univ. of Florida, Gainesville, FL 32611. 
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