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the reduction of run-ofT by introducing chemical and agro-technical measures that 
increase infiltration rates and surface detention. 

4.2 Subsurface drainage 

Subsurface drainage has been developed on two depth-levels for two different pur
poses. In the 500-700 rnm rainfall areas, perforated plastic corrugated tubing is placed 
at depths of 0.80-1.20 m with the main purpose of lowering seasonal perched water
tables to enable early spring cultivation. Shallow subsurface drainage is also placed 
in waterways with tight clay soils to drain more quickly these sensitive areas and allow 
continuous cultivation. Shallow drainage has mainly been placed in the Jezreel and 
Upper Galilee Valleys. 

In the lower rainfall areas and in localized areas within the higher rainfall areas, 
the main object of subsurface drainage is to control salinity and to prevent the rise 
of artesian watertables. Under these conditions, drainage facilities are installed at 
depths of 1.80-2.80 m. This type of drainage has been extensively used in the Jordan 
and Beisan Valleys (200-300 mm of annual rainfall) and in the Arava between the 
Dead Sea and Eilat (25-50 mm of ann mil rainfall). 

5 Future drainage development_ 

Due to the limitation of the overall water supply, development of new agricultural 
lands will be very much constrained in the future. The main drainage thrust will be 
in providing soil and water conditions that will enable maximum production given 
the present water supply in the actual irrigated areas. 

Major stream bed and channel regulation will be continued in order to complete 
the unfinished sections and to handle the larger discharges resulting from increased 
rural and urban infra-structural development. · 

Continuous irrigation will cause a rise in watertables and in groundwater salinity. 
This rise in salinity levels will be accelerated due to increased use for field crops of 
treated sewage effluent, which has 100 ppm more salinity than the original domestic 
supply level. Under those conditions the installation of deep drainage facilities will 
be essential to maintain agricultural production. 

On sloping areas within the 200-500 mm rainfall isohyets, the emphasis will be put 
on efforts to reduce run-ofTby increasing infiltration rates and surface detention. Local 
research has shown that infiltration can be substantially increased by adding electro
lytes derived from industrial phospho-gypsum by-products which improve soil struc
ture and prevent crust formation from rain splash. Further efforts will be made to 
increase the detention and retention of surface run-ofT by introducing cultivation 
methods which wpt pond water in cultivated furrows and beds by pitting and listering. 
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6 Drainage design criteria and methods 

Due to perennial budget constraints and lack of valid economic evaluation data, drain
age has been and for the coming years will remain, an art rather than a pure science. 
Technical decisions relating to drainage design criteria and methods will continue to 
be based mainly on individual experience and weighted evaluations of expected costs 
and benefits. Hereunder a re criteria developed in Israel from local experience and 
budget constraints in the past. 

6.1 Channel discharge capacity 

The design discharge capacity of channels in rural areas can be determined on the 
basis of discharge probability based on run-off records, if available, ·or can be deter
mined from computations by extrapolating available rainfall, soil and land use data. 
Discharge·probabilities of 10-15% are used for cultivated areas, and 4-10% are used 
for built-up rural areas. To the basic physical data, a judgement factor has been intro
duced. The judgement factor is evaluated on the following facto rs: 
a. he value of the crop or area protected by the channel; 
b. The damage and period of flooding if channel overtopping occurs; 
c. The degree of irreversibility of the damage. 
For structures which are likely to be destroyed or severely damaged by 'above-design' 
discharges, other criteria are used than for earth-work. Frequently earth channels are 
designed with a reduced velocity criterion related to 50% probability flow but due 
to natural topographic conditions they can carry discharges to 5% probability flow. 
Structures are initially designed and constructed to be stable at 4% probability. 

Until 7 years ago, discharges from watersheds smaller than 4000 ha·were not mea
sured in Israel. A programme was initiated by the SCDD to measure peak flows from 
watersheds from 1-2000 ha. During this short period a rain storm of 10% probability 
(determined from long term rainfall records) occurred. The maximum discharge from 
this rainfall was used as a base for .the determination of the discharge design for almost 
all small watersheds in the country. Extrapolation was done on the basis of the Ratio
nal Run-off Theory (Q =CIA) where the constant 'C' was determined according to 
soil pedological classifications. A pedological classification incorporates a measure 
of land use, slope and infiltration capacity. 

6.2 Channel stabilization 

The design of stable channels (not rivers) is usually based on maintaining average 
flow velocity within fixed limits. The use of the transient forces theory is frequently 
mentioned in the literature but not generally used in practice. The design velocities 
are determined on the basis of the Manning formula. 

For given conditions of discharge and slope, velocity control can be obtained by 
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decreasing the slope by using drop structures, increasing the Manning coefficient of 
roughness or by decreasing the hydraulic radius for a given channel section by increas
ing the wetted perimeter. 

6.3 Grassed waterways 

Since drop structures were found to be an expensive solution and decreasing the hyd
raulic radius has physical limitations, in the last 15 years efforts for channel stabiliza
tion have been directed to develop cultivated grassed waterways and natural channel 
vegetation. Vegetation serves two purposes in channel stabilization: 
a. It increases the Manning roughness coefficient and consequently it decreases the 

velocity; 
b. It increases the allowable design velocity. 
The a llowable channel velocities for I m depth flows used in Israel are shown in Table 
I . For flows up to 2 m depths the allowable velocities can be increased up to 20% 
and should be decreased by 20% for flow depths between 0.30-1.00 m. 

Table I Allowable design velocities for I m depth flows in Israel 

Light textured soils 
Medium textured soils 
Heavy textured soils 

Design velocities (m/s) 

Natural vegetation 
Annual rainfall 
< SOOmm > SOOmm 

0.60-0.90 
1.00-1.20 
1.10-1.30 

0.80-1.20 
1.20-1.50 
1.40-1.80 

Grassed waterways 

0.90-1.30 
1.50-1.80 
1.80-2.20 

Vegetation in grassed waterways under local conditions should have qualities of being 
erosion resistant, produce minimum seed quantities in order not to spread to cultivated 
areas, require a minimum quantity of water especially during the summer, and be 
established by standard cultivation practices. It proves difficult to find a grass variety 
meeting all these requirements, especially the last one. 
The main varieties of vegetation used to stabilize waterways are: 
a. Annuals seeded in September-October: wheat, barley, rye, vetch; 
b. Perennials seeded in April-September and irrigated: Love grass ( eragrostis curvula); 

Rhodes grass (chloris gana); Bermuda grass NK 37· (cynodon dactylon var. NK 
37); 

c. Perennials transplanted in May-September: Paspalum (paspalum distechum); 
coastal Bermuda (cynodon dactylon var. coastal Bermuda); Panicum (panicum col
ora tum); pangola (digitaria decumbens). 

The applicable Manning coefficient of roughness 'n' for these grasses in Israel in 

210 



Country Papers II 

relation to the degree of vegetal retardation (Rhee, 1954) is classified 'D'. 

6.4 Bed sills 

An important measure introduced during the last 15 years to stabilize channel beds 
are bed sills. Bed sills are simply cut-offs which may be constructed from rock-concrete, 
gabions, large loose rock, timber or plating which crest is equal with stream bed !~vel 
with depths that can vary from 0.6-2.5 m. The basic idea of a sill is, similar to that 
of a terrace, to shorten the length of flow that gullying can develop. 

In channels, sills are not generally used as a singular stabilizing element but are 
associated with the development of a natural or cultivated vegetation. Hereunder ~re 
the empirically determined allowable velocities and bed sill spacing formulae. 

Maximum allowable stream velocities in channels with bed sills are as follows: 
- For cohesive soils with stabilized vegetation 3.5 m/sec; 
- For cohesive soils without vegetation 2.5 mfsec; 
- For non-cohesive soils 1.8 mfsec. 
The spacing formulae commonly applied in Israel are the following: 

M 
. . 100 D 

axtmum spacmg = -V-

S 
. ~ h . .1 0.5 D 

pacmg 10r co estve sot s = S-S
1 

S 
. r h . .1 0.3 D 

pacmg 10r non-co estve sot s = S 

in which 
D = sill depth (m) 
V = computed velocity (m/s) 
S = slope (m/m) 

(V n)2 

S1 = slope for allowable velocity (m/m) = R
1

1 
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V1 = allowable velocity (m/s) 
R 1 = hydraulic radius of channel section with allowable velocity V 1 (m) 
n = roughness coefficient 

These suggested formulae are valid for computed spacings between 10-60 m . Bed sills 
have generally been used to stabilize defined channel beds draining watersheds of up 
to 4000 ha. In one instance a braided stream bed emptying into the Dead Sea with 
a discharge of 100 m3 fsec, having a longitudinal slope of2% and transporting a stoney 
bed load, was successfully stabilized by 2.5 m deep bed sills. 
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6.5 Subsurface drainage 

Design criteria for subsurface drainage have been empirically developed by evaluating 
costs, hydraulic, hydrologic, agronomic and soil data. 

Drainage coefficients have not yet been scientifically developed. At present subsur
face drainage systems have been designed to remove 4 mm/day and no system has 
thus far suffered from under-design. 
The present design parameters are: 

a. Drainage for semi-humid conditions and seasonal 
high watertables 

b. Drainage for salinity and permanent watertable 
control 

c. Special drainage for greenhouses 

Spacing 

20- 35m 

70-100 m 
0.50m 

Depth 

0.80-1.20m 

1.80-2.40m 
3-6 ·m 

The use of envelope materials in subsurface drainage remains an enigma. The main 
envelope material is fine gravel. In heavy soils, envelopes are designed with depths 
of 15-20 em above the pipe. Frequently in gromosolic soils, where the A layer is much 
more permeable than the B layer and due to topographic and agronomic considera
tions the pipe is placed in the B layer, and the envelope thickness is increased in order 
to serve as a transient between the A and B soil layers. Studies have shown that in 
heavy soils the functioning of the pipes with and without envelopes was identical in 
the first years of operation. With time, the excavated material over the pipe compacted 
and the systems with envelopes operated more efficiently. 

In light soils, it was found necessary to use geotextile covering of the pipe together 
with gravel to prevent sedimentation. Iftubingwith geotextilecovering is not available, 
the cost becomes extremely high. 

In draining certajn swampy areas with high iron oxide concentrations, severe prob
lems of ochre were encountered. The problem was studied by micro-biologists who 
isolated the Leptothrix Desrophorus bacteria which caused the ochre. At their sugges
tion the system was designed in such a way that anaerobic conditions were obtained 
by placing an elbow at the outlet to create submergence. These systems have operated 
effectively for several years. 

7 Costs 

Costs, being a function of basic physical conditions~ design standard equipment avail
able, size of individual projects and scale of country-wide projects are difficult to com
pare. Hereunder are local costs of drainage converted to US$. 
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7.1 Subsurface drainage 

ln Israel there is only one drainage contractor with a trencher and only one company 
that produces perforated corrugated plastic tubing. This equipment places 70-100 km 
per year. Drains deeper than 2.5 mare dug by excavators and concrete pipes are laid 
by hand. 

A subsurface drainage system for semi-humid conditions, with 30 m spacing and 
0.80-1.20 m depth, will cost US$ 2000-2500 per ha including the outlet facility. 

Deep drainage with 90 m spacing for watertable and salinity control in sandy soils 
will also cost US$ 2000-2500 per ha. The geotextile envelope which has to be hand
wrapped is a major factor in the cost. 

7.2 Surface drainage 

In Israel the basic cost of moving I m3 of earth by a self-loading rubber-tired motor 
scraper over distances up to 100 m is US$ 0.60-0.80. At these rates levelling costs 
US$ 600-800 per ha and land forming US$ 200-300 per ha. 

Waterways draining areas of 20-70 ha will cost US$ 0.50-0.75 perm length and 
are frequently dug by motor-graders. 

The establishment of grassed waterways including growing and collecting the parent 
material, cultivation, fertilization, hand planting, irrigation pipes, water and labour 
costs US$ 0.40-0.60 per m2

• 

Costs of lining a channel with loose rock are US$ 3.00-5.00 per m2• 

8 Maintenance 

Maintenance of drainage projects is a universal problem since for psychological and 
local political reasons, budgets are usually more readily granted for implementation 
of new projects rather than for maintenance and improving maintenance technology 
in existing projects. In an attempt to deal with this problem a special maintenance 
advisory team, funded equally from the government budget and the Drainage Dis
tricts, was created under the guidance of the Research Unit of the SCOD. The function 
of this team is to develop appropriate technology and to advise the Drainage Districts 
on maintenance problems. · 

The main problem in channel maintenance is the control of the vegetation within 
the stream bed. Control of vegetation is necessary to retain the designed discharge 
capacity of the channel, to enable efficient anti-malaria control and to prevent the 
spreading of potential weed seeds. It should be emphasized that the goal is to control 
and not to eliminate the vegetation and that the vegetation continues to stabilize the 
stream bed from erosion. 
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The main types of equipment developed and adapted for vegetation control are: 
a. Orchard mowers (flail and blade type) 

Orchard mowers are operated by 40 h.p. farm tractors travelling on minimum chan
nel side slopes of I :3.5 (vertical to horizontal). Costs: US$ 50-60 per ha; 

b. Hydraulic mowers 
Hydraulic mowers are operated by 70-90 h.p. rubber-wheeled tractors travelling 
along the channel maintenance road, and operating side mowers that can be fixed 
at any angle. The length of the mower is 3-5m; used mainly for grass-type vegetation 
with steep channel side slopes. Costs: US$ 150-250 per ha; 

c. Lugged-chain clodbuster (Figure I, top) 
The lugged-chain clodbuster is constructed by welding lugs on a chain, varying 
in length, weighing about 25 kg per m and with a 350 kg weight at the end. It 
is operated by rubber-tired shovel dozers travelling along the channel maintenance 
road and extending the lugged-chain along the channel slope. The lugged-chain 
breaks down rough vegetation for future burning or collection. The operation re
quires 3-6 passes and costs US$ 70-100 per ha; 

d . Padded roller and lugged-chain clodbuster (Figure l , bottom) 
The lugged-chain is used together with a padded roller type device to clear channels 
having mixed grass, shrub, and woody vegetation and up to l m water on the chan
nel bottom. The equipment is operated by a shovel dozer travelling along the chan
nel maintenance road. Costs: US$ 80-120 per ha. 

Different types of herbicides are used where mechanical equipment cannot operate 
or is inefficient. 80-90% of the total maintenance costs is used for chemical sprays. 
Costs: US$ 0.60-1.00 per m2• 
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