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ABSTRACT 

ON a 45-ha area of the Sakha Agricultural Experi
mental Station, selected as representing a large part 

of the clay soils of the Delta area requiring drainage, an 
experiment was installed to evaluate the effectiveness of a 
range of subsurface drain materials and filters. 

Required drain discharge rates (q) were estimated to 
be 2.4 mm/day on the average, while actual field 
measurements yielded rates of 2.5 to 2.9 mm/day for 
100-mm diameter drains and 1.9 mm/day for drains 
75-mm in diameter. 

Computation of hydraulic conductivity (K) from ac
tual field measurements of q and h (height of water table 
above drain axis) resulted in somewhat higher values 
than those obtained with the auger hole method. The 
average from the q-h measurements was K = 0.089 
m/day. Transmissivity (T) for the test site was found to 
be 0.14 < T < 0.27 mVday on the average. 

Drainable porosity (f) was determined for all drainage 
treatments from drain flow measurements. The best 
average value for the field test site is f = 4.1 percent. 

Drainage intensity factor (a) as computed from actual 
field measurements ranged between 0.15 and 0.17/day. 
Consequently the usable period of observations begins 
2.5 days after completion of irrigation or after cessation 
of rain. 

INTRODUCTION 

Field measurements of soil hydrological constants 
such as hydraulic conductivity (K) and the effective 
porosity (f) are normally made using only small volumes 
of soil. A large number of measurements is needed to ob
tain a statistically reliable average that can be used for 
the design of drainage systems, but often a much smaller 
number is taken in practice (Dieleman and Trafford, 
1976). Field scale measurements on actually operating 
systems may offer the only effective way to verify the ini
tial assumptions concerning hydrological properties on 
which the design of a drainage system has to be based 
and to extend the design to adjacent areas. 

The objective of the part of this research reported here 
was to determine, from field measurements, the perti
nent soil hydrological constants, i.e., K, f, and the 
transmissivity, T; and the drainage intensity factor, a. 
Results dealing with the main objective, the evaluation of 
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materials, were reported elsewhere (El-Mowelhi and 
Hermsmeier, 1981). 

EXPERIMENTAL PROCEDURE 

An area of 45 ha at the Sakha Agricul'jral Ex
perimental Station located about 150 km nor n of Cairo 
was selected to conduct a field experiment o test the 
design and construction of tile drain systems. The soil at 
the site consists of a typical alluvial deposit (under the ef
fect of the sea), about 10-m deep, over sandstone bed 
rock. The alluvium consists of relatively uniform clay. A 
complete randomized block design was used with nine 
treatments that included five 100-mm diameter PVC 
drains with various envelopes, two 100-mm diameter 
concrete drains, one with and one without gravel, and 
two 75-mm diameter PVC drains, also with and without 
gravel. Five treatments were installed in May 1976; the 
remainder in April 1978. Control plots (without drains) 
were included in the experiment. Subsurface drains 
100 m long were placed 1.40 to 1.50 m deep and 20 m 
apart. 

A set of observation wells was installed to 1.7 m depth 
in a single line, perpendicular to the drains halfway 
along their length. They were spaced as follows: just out
side the trench, at 1/8 spacing, at 1/4 spacing, and at 
the midpoint between drains. 

Main measurements include drain flow rate and water 
table fluctuation. Cotton followed by wheat was grown 
the first year (March-May) after drain installation; clover 
the second (Nov-May); and rice the third (June-Nov). 

A sketch defining some symbols and giving some 
dimensions is given in Fig. 1. 

RESULTS AND DISCUSSION 

Drainage Rate 
The required drainage rate q was estimated to be 2.4 

mm/day as follows: The water requirement for the Delta 

(^Equivalent Impervious Layer 

Actual Impervious L o y e r - ^ ' 

FIG. 1 Definition sketch with some dimensions. 
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area, as established administratively by the Ministry of 
Irrigation, is 30 mVday/feddan and one-third of this re
quirement has to be drained. One feddan = 4200 m2. 
Consequently, 

q = 30 x 1/3 x 1/4200 = 0.0024 m/day 

= 2.4 mm/day 

Another estimate of the drainage requirement can be 
made as follows: Total amount of water used for irriga
tion is about 54 x 109 m3 at Aswan and total amount of 
drainage water is about 16 x 109 m \ as estimated by the 
Ministry of Irrigation. Consequently, the drainage re
quirement amounts to 30 percent neglecting loss of con
veyance. 

From actual measurement of the drain discharge rate, 
q was calculated as follows: A drainage event was as
sumed to last 10 days after an irrigation. The total 
volume of discharge, Q, over that period t, was deter
mined from measurements. The drain spacing, S, was 
20 m; the drain length, L, was 100 m. The area drained, 
A, was taken as 

A = SL + (TT/2) (S/2)2 [1] 

accounting for some contribution beyond the end of the 
drains. Thus, 

A = 20 x 100 + (TT/2) 102 

= 2157 m2 

and 

q = Q/At m/day. 

Values for q ranged between 2.5 and 2.9 mm/day for 
drains 100 mm in diameter (second year of observation 
under wheat) and averaged 1.9 mm/day for 75 mm 
diameter drains (first year observations under clover). 
Such results are surprisingly close to the estimated re
quirements. Data in Table 1 represent actual drain 
discharge rates (q) but, as explained later, these repre
sent averages after the first peak following an irrigation 
has passed. Thus the q-values in Table 1 are lower than 
those given above. 

TABLE 1. COMPUTATION OF HYDRAULIC CONDUCTIVITY (K) 
AND TRANSMISSIVITY (T) FROM ACTUAL 

FIELD MEASUREMENTS 

Q* Kd K T m a x T m i n 
, / / I Q V m / r l o i r m / / l o i r TYI lr\ a i r mr\ / r l o i Treatments 

100 mm drains 

A 
B 
C 
D 
E 

ME 
F 

75 mm drains 

m/day 

0.0014 
0.0013 
0.0013 
0.0013 
0.0013 
0.0024 
0.0022 

m2 /day 

0.236 
0.180 
0.180 
0.199 
0.180 
0.261 
0.222 

m/day 

0.119 
0.086 
0.086 
0.100 
0.086 
0.119 
0.101 

m2 /day 

0.357 
0.258 
0.258 
0.300 
0.258 
0.356 
0.303 

m2 /day 

0.190 
0.137 
0.137 
0.159 
0.137 
0.190 
0.162 

G 0.0016 0.141 0.061 0.184 0.098 
H 0.0013 0.111 0.048 0.144 0.077 

*q values are the average of days 3 to 10 of 5 drainage events of 10 
days each. 
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Calculation of hydraulic conductivity (K) 
and transmissivity (T) 

Hydraulic conductivity was determined using the 
auger hole method. Using this method, K = 0.075 m/day 
just before tile installation and increased 2 yr after in
stallation to K = 0.085 m/day (average of 100 
measurements at the test site). 

K and T were also computed from field measurements 
of q and h, the height of the water table above the drain 
axis, through the equation 

Kd = S2 q/27rh [2] 

A derivation of this equation can be found in Kraijenhoff 
van de Leur (1958), whose equation [18] is identical to 
equation [2]. It is obtained as the ratio between the in
stantaneous discharge rate and corresponding water 
table height for a falling water table. 

For the computations of hydraulic conductivity and 
transmissivity, it was assumed that the effective 
permeable layer extended 3 m below the surface. Since 
the depth to the drains was 1.4 m, this assumption im
plies an "equivalent depth" (de, Hooghoudt) of 1.6 m, in 
accordance with expectations (van Schilfgaarde, 1974, 
p. 151). In equation [2], d was taken as d = de+h. The 
transmissivity is defined as the product of K and the 
depth of the water bearing stratum, or T = K (de+h). Im
mediately after irrigation, h = 1.4 m (the depth of 
drains). A long time after irrigation, h approaches zero. 
Consequently, the transmissivity varies between two 
limits, Kde < T < K (de+hmax). In Table 1 both Tmin and 
Tmax are tabulated. The average value for Tmin was 0.14 
mVday and for Tmaxy it was 0.27 mVday. 
Data in Table 1 indicate that K-values computed from q 
and h were somewhat larger than those obtained from 
the auger hole method. This may in part reflect the 
observed improvement with time in the hydraulic proper
ties of the upper soil layer. There also was a substantial 
effect of drain diameter on the calculated K-value. This 
effect was larger than expected based strictly on diam
eter. Using Kirkham's 1958 steady state solution (van 
Schilfgaarde, 1974, pp 204 and 257), one calculates that 
the change from 100-m to 75-mm drain diameter is ex
pected to reduce the effective conductivity less than 5 
percent. A more detailed analysis would take account of 
the perforations in the tubes, using an approach such as 
that of Skaggs (1978), and of the different envelopes (El-
Mowelhi and Hermsmeier, 1981). The two effects work 
in opposite directions, but are not likely to explain the 
differences observed in the field. 

Yet it is felt that K-values obtained from drain flow 
rates are more reliable indicators than those based on the 
auger hole method. They are recommended particularly 
to follow up K development with time due to drainage 
treatments. However, the auger hole method may offer 
the only option for design purposes prior to installation 
of a drainage system. 

Hermsmeier (1968) concluded that hydraulic conduc
tivity estimates based on tile outflow rates and rate of 
water table lowering using the van Schilfgaarde equation 
corresponded very well with those obtained by the pi
ezometer tube method. Hydraulic conductivity rates 
based on core samples were about one-third as large as 
those obtained by the piezometer method for depths 
below 0.6 m. For depths less than 0.6 m, hydraulic con-
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ductivity values based on core samples were three to four 
times those obtained with the piezometer method. 

Determination of drainable porosity (f) 
The drainable porosity (f) was computed from field 

measurments by: 

f = Q / A ( h 0 - h t ) [ 3 ] 

Here Q is the total drain outflow volume during the 
drainage event that lasted 10 days after irrigation during 
which the water table dropped from h0 to h,; A is the unit 
area (2157 m2); h0 is the original water table above the 
drain axis (m) and h, is the water table height above the 
drain at time t. 

In the calculation of f, it was assumed that the water 
table dropped uniformly across the whole area from h0 to 
hr during the drainage event. The drainable porosity (f) 
was computed for all drainage treatments using outflow 
amounts as shown in Table 2. The average value for the 
test site is 4.1 percent. The apparent difference in f be
tween the 75- and 100-mm drain plots may well be due to 
the higher water tables over the smaller diameter drains. 
As demonstrated by Skaggs et al. (1978), f tends to in
crease as the water table drops. 

These measured values of f are close to the general 
estimates given by Dieleman and Trafford (1976), i.e., 3 
to 5 percent for heavy clays, 6 to 9 percent for medium 
textured soils, and 10 to 15 percent for sandy soils. 

Calculation of the drainage intensity factor (a) 
A drainage intensity factor, a, with units (time*1), has 

been defined as the slope of the drain discharge time 
curve or the water table height time curve as either is 
plotted on semi-logarithmic paper (Dieleman and Traf
ford, 1976). This concept was first introduced by Krai-
jenhoff van de Leur (1958), who defined the reservoir co
efficient, j ; the two are related as j = 1/a. The factor a is 
calculated from 

a = 7r2 K d/ fS 2 [ 4 ] 

which with equation [2] can be written as 

q/h = 2 a f/7T [ 5 ] 

TABLE 2. DETERMINATION OF DRAINABLE POROSITY (f) 
FROM ACTUAL FIELD MEASUREMENTS. 

Q* h 0 h t f 
Trea tments 

100 m m drains 

A 
B 
C 
D 
E 

ME 
F 

75 m m drains 

m 3 

63.4 
54.6 
55.0 
56.8 
54 .0 
68 .5 
59.9 

m 

0.82 
0.91 
0 .90 
0.87 
0 .92 
1.00 
1.02 

m 

0.22 
0.27 
0.27 
0 .23 
0.27 
0.40 
0 .43 

--

0.049 
0 .040 
0 .040 
0 .041 
0 .039 
0.053 
0.047 

G 43.6 1.08 0 .50 0 .035 
H 38.4 1.12 0 .54 0.031 

*Q Values are the average of five drainage events of 10 days each. 

As indicated in Table 3, a ranged from 0.15 to 
0.17/day. Following Dieleman and Trafford (1976), one 
can estimate the point in time beyond which the q-t (or 
h-t) plots should yield straight lines from tA = 0.4/a. One 
obtains 2.4 < tA < 2.7 days. Thus the usable period of ob
servations in the test site begins 2 A to 2.1 days after com
pletion of an irrigation or after cessation of the rain. This 
result was used in selecting the time periods for the 
calculations of K (Table 1). 

SUMMARY AND CONCLUSIONS 

Using water table height and drain discharge measure
ments obtained from an extensive field experiment, 
representative values were calculated of the hydraulic 
conductivity (K), the drainable porosity (f), and the 
transmissivity (T). K was also measured with the auger 
hole method. The two methods gave similar results. A 
drainage intensity factor (a) was also calculated that 
combines geometric and hydrologic parameters of the 
drainage system into one constant. 

The results verified that results consistent with theory 
can be derived from field observations of operating 
drainage systems for use in assessing the adequacy of 
their design or for designing new systems in similar cir
cumstances. They illustrated the advantage, in terms of 
sample size, of estimating pertinent parameter values 
from field systems. 

Estimates of basin-wide drainage rates were close to 
the average drainage rates measured on the experimental 
field. 
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TABLE 3. DRAINAGE INTENSITY FACTOR (a) 
DETERMINED FROM FIELD MEASUREMENTS. 

Drainage intensi ty factor (a)* 
Trea tments ( d a y - 1 ) 

100 m m drains 

A 0 .157 
B 0 .167 
C 0 .163 
D 0 .168 
E 0 .167 

ME 0.157 
F 0 .155 

75 m m drains 

G 0 .152 
H 0 .152 

*a was de te rmined from the average of 5 drainage events of 10 days 
each. 
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