








watertable as the watertable drops. Their procedure , as expected, results 

in a substantially faster rate of watertable drop than does of the 

Glover equation. Even if the Glover equation is corrected by the 

thickness of the aquifer by the estimated thickness of the capillary fringe, 

it still results in a somewhat slower rate of drop than determined from more 

rigorous procedures . This and similar studies are significant in that they 

provide an estimate of the magnitude of error introduced by the simpler ana

tools that ignore the flow above the watertable. They have a serious 

limitation, however, in that in principle they do not lend themselves to 

superposition. A further , and possibly more severe, limitation is that the 

soil parameter s required are expensive to determine and may vary widely over 

short dis t ances. On the other hand, since probabilistic - or dynamic equi

librium - evaluations generally will call for computer computation in any 

case , it is certainly possible to develop families of tabulated or plotted 

solutions for classes of situations that take into account all pertinent 

soil hydrologic variables . 

Drainage criteria 

From the foregoing brief discussion , I conclude that we have adequate 

·analytical tools to describe the behavior of the watertable , or even the 

time course of the water content in the rootzone. Lacking is a sufficient 

data base to interpret such calculations in terms of the economic return 

from a drainage system. Wiser et al . (1974), for example, calculated the 

frequency of flooding for prescribed periods and related these results to 

published yield responses of alfalfa to make an economic analysis . As they 

pointed out , they had no basis for assess i ng damage due to watertable rises 

that did not reach t he surface. Young and Ligon (1972} calculat ed how long 

watertables were expected to be above certain l evels for given recurrence 

intervals, drain spacings and hydraulic conductivities at a location in South 

Carolina. They also related watertable height directly to soil water content. 

They left to the reader, however, the interpretation of these data in terms 

of crop response. 

Possibly we tend to forget that the. watertable, a convenient criterion 

for purposes of measurement and calculation, has no particular significance 
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when it comes to plant growth. Duke (1973), among others, explicitly proposed 

that drainage design be based on adequate aeration. He used the relationships 

between relative saturation, matric potential and hydraulic conductivity pro

posed by Brooks and Corey (1964), and assumed that the equivalent depth of a 

capillary fringe, w, as calculated (Myers and van Bavel, 1963) fro~ 

w = (1/K) f K(z)dz (5) 

integrated from the watertab~e to the soil surface, could be used to estimate 

the zone in which gaseous diffusion was insufficient to maintain plant roots. 

The main point is si~ply that attempts have been made repeatedly to provide 

· better indices for the effectiveness of a drainage system, but to my knowl

edge , these concepts have not yet been packaged to be of direct use to prac

tising designers. 

Under irrigated conditions, an i mportant criterion for drainage design 

is the predicted salinity in the soil solution. It has been customary to ex

press this criterion in terms .of a leaching requirement (LR) which is deri

ved by imposing on the leaching fraction (LF) the restriction that the soil 

solution leaving the rootzone cannot exceed a prescribed value. The LF 

simply states that, at steady-state , the mass of salts removed from the 

rootzone through drainage equals that brought in with the irrigation water 

(USSL Staff, 1954): 

LF (6) 

Here V and C stand for volume and concentration, and the subscripts i and d 

for irrigation and drainage water. The LR, then, becomes 

(7) 

' where the asterisks distinguish the desired, or required, conditions from 

those actually encountered. To determine numerical values for V~, the USSL 

used to advocate somewhat ~rbitrarily that Cd could be taken equal to the 

concentration of the saturated soil extract at which a 50 per cent reduction 
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1n crop yield was obtained in field experiments with artificially salinized 

waters that utilized high leaching fractions . Such experiments tend to result 

in uniform salinity throughout the rootzone. 

More recently van Schilfgaarde et · al. (1974) proposed that, although 

these recommendations were safe, they led to unnecessarily high LR's. Brief

ly, the reasoning is as follows:. Under quasi-steady-state conditions, sali

nity profiles are not uniform; they tend to take on an S-shape, with the sa

linity near the surface about equal to that of the irrigation water, but in

creasing asymptotically to a maximum at the bottom of the rootzone. The plant 

root system is able to extract water from the soil solution with minimal ill 

effects until its concentration reaches a maximum peculiar to the crop. This 

maximum can be approximated from existing data on crop tolerance to salinity 

by extrapolation to 100 per cent yield reduction. Maas and Hoffman (1977) 

recently summarized many of the existing data in a table of coefficients A 

and B for the equation 

Y = 100 - B(S - A) 
e 

(8) 

where Y represents relative crop yields and S the electrical conductivity 
e 

of the saturation extract in mmho/cm (I mmho/cm = 0.1 S/m). Thus for Y = 0, 

A + 100/B (9) 

and, with appropriate units, the value in Eq.(7) for C~ (with concentrations 

expressed in electrical conductivity) would be s• adjusted .from saturation 
e 

extract to field water content (s•). In the absence of specific data, this 
w 

correction may be taken as 

~10) 

Application of this concept will result in a reduction in LR from ear

lier recommendations by a factor of 3 to 4 . It should be stressed that this 

concept is based on reasoning supported by limited data and requires further 

verification before it can be advocated with confidence. There ' is no question, 

however, that LR's can be reduced below those generally advocated . 
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A change in LR should translate directly into a change in drainage re

quirements. However, a number of other variables enter in before a drainage 

criterion can be established for design purposes. Among them is the need to 

distinguish between natural drainage rate and the additional drainage requir

ed through a man-made drainage facility - frequently a difficult task, es

pecially in new lands to be developed for irrigation. Also important is the 

effect, mentioned before , ~f a change in cropping pattern. Here we call spe

cial attention, however, to the close interrelation between irrigation mana

gement and drainage need. Even if the above postulate on LR is proven fully 

justified, one must take account of both special and temporal variability, 

not to mention the farm operator. With infrequent irrigation, both the matric 

and osmotic components of water potential will fluctuate significantly during 

an irrigation cycle and the steady-state concepts outlined must be adjusted 

accordingly. With most irrigation systems, the areal uniformity of water 1n-

take deviates substantially from the ideal, and a leaching fraction that is 

barely adequate on the average will be inadequate on some part of the field. 

Thus drainage design must be seen as an integral part of the development 

of a total water management plan. 

It does not follow that one should ignore the possibility of more effi

cient irrigation practices and consequent reduced drainage requirements. On 

the contrary, there are often good reasons, including the conservation of 

water and energy resources and the savings in costs, to design and operate 

systems to take full advantage of the potential. 

Environmental considerations 

Agricultural water management, while primarily concerned with on-farm 

conditions and crop production, clearly impacts the environment off-site. It 

must be viewed as an important component of total natural resource manage

ment. Only a few observations will be made here that relate directly· to the 

subject matter of this conference. 

The implications of the ~hove discussion of LR and irrigation practices 

are often more significant in terms of ~ownstream effects than for the farm 

operator: Extensive studies in the Colorado River Basin, for example, have 
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shown that the most cost effective approach to maintaining or improving 

water quality in terms of salinity downstream starts with the improvement 

of on-farm water management . Two processes are especially important. When 

the leaching fraction is reduced, inde~endent of irrigation water quality , 

there is a shift from soil mineral dissolution to salt precipitation. Thus 

changes in drainage rates (i.e. , irrigation practices) will affect the total 

amount of. salt in solution that must be managed . Secondly, in some instances 

drainage waters displace saline groundwaters, thus adding disproportionally 

to the river's salt burden. Alternative choices for amelioration, such as 

desalting or disposal of drainage waters , carry heavy costs. Another type 

of situation is illustrated by the Central Valley. in California. Since drain

age water disposal out of this mountain- ringed basin would involve a tremen

dous capital investment even if it were social ly acceptable, any method that 

reduces drainage volumes substantially without endangering crop production 

would pay high dividends; in this instance, evapotranspiration by plants is 

a viable alternative to ~xporting for disposing of a substantial part of the 

waste water. 

Two brief illustrations put these considerations in perspective. The 

Wellton-Mohawk Irrigation and Drainage District in Arizona historically re

ceives about 640 x 10 6 ~3 /yr of irrigation water, delivered in open canals 

through a 'pump lift of about 55 m. This water is used to irrigate about 

26,000 ha and results in some 270 x 106 m3 /yr of drainage water pumped from 

nearly 100 wells at an average salt concentration of above 3,000 mg/1 . To 

meet an agreement with Mexico relative to the quality of water delivered, 

there were two extreme options:a desalting plant requiring 370 x 106 kwhr/yr 

that would spill about SOx 106 m3 /yr of brine to the ocean, blending the 

remaining waters to the agreed concentration; or increased irrigation effi

ciency to technically feasible but extremely difficult to obtain levels, 

also spilling about 50 x 10 6 m3 /yr (one-fifth the current drainage volume) 

• to the ocean. The implications are clear. The final solution is expected to 

be a combination of the two extremes. 

In the Central Valley, we have proposed that drainage return flows be 

· separated from irrigation water supplies and, jn a concentration range of 

0.5-0.9 S/m, be reused to irrigated tolerant crops . We speculate that after 
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this use, the new drainage waters might well still be used to produce bio

~ass from halophytes that can be used to produce methane or other industrial 

products. The first step alone would substantially reduce the disposal pro

blem. Alternatives include reductions in irrigated areas, selling the. drain

age water for industrial use such as cooling towers; or constructing a mas

sive central drain outlet. This proposal .should open up a wider range of 

options , and probably more acceptable ones, than the more direct implementa

tion of greatly imp~oved irrigation efficiencies . 

Finally, there is an area of concern where drainage engineers and soil 

physicists can provide a useful service. As regulatory control over water 

resources increases, it becomes more important to show definitive relations 

between land and w~ter management practices and drainage water quality. Fail

ure to establish such. relationships may well result in unwarranted restric

tions. This challenge requires, as a starting point, that attention be given 

to flow paths and travel times, and not just potential distributions and · 

gross discharge rates. Existing potential flow theory, in principle, can . 

provide the needed answers. However, the otherwise useful approximations, 

such as the Dupuit-Forchheimer approach, cannot be used . Jury (1975) made a 

start in this direction and Raats (1977) expanded on this problem analysis. 

Epilogue 

Not much will be gained from further refinement of existing drainage 

theory or from development of new solutions to abstractly posed . problems •. 

The challenge ahead is to imaginatively apply the existing catalogue of 

tricks to the development of design procedures that are convenient and readi

ly adapted by practising engineers . This calls for better definition of 

drainage design criteria and , no doubt, expansion of the data base for crop 

response as well as trafficability. It will require expression of such crite

ria in terms of recurrence intervals. This, in turn, will be facilitated by 

the increasingly greater availability and capacity of computers . Thus the 

advantages van Schilfgaarde and others claimed in the past for closed analy

tical solutions have been (partly) dissipated. · 

Closely related is the need to consider drainage problems as part of a 

total water management scheme. The recent drought has emphasized that need 
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in The Netherland's; water quality: concet'ns have dr.iven it home in . the Western 

USA. Challenging opportunities await· us in devising means to better use our 

dwinoling .natural resources worldwide. Drainage specialists will play an im

pqrtant rol:e in· meeting these challenges, but only if theY. can put drainage 

in the proper perspective. 
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