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DRAINAGE AND IRRIGATION RECOMMENDATIONS
 

FOR EMCIP PROJECT AREAS
 

This report includes an evaluation and recommendations 
for drainage
 

the four EMCIP project areas, and
 improvements and irrigation metlhds at 


on discussions with project personnel, information 
in previously


is based 


Sakha, Gemmeiza and Sids during the period

published reports, visits to 


to the areas during the 
- 12 July, 1981, and on previous visits16 June 

seven years. As often reported, a major factor limiting crop
preceding 


have beendrainage, Many major drains 
production in Egypt is inadequate 

Results for
 
constructed but often field tile drainage is also neveded. 


test sites at Sakha and Sids indicate yield increases
 several years at 

a gypsum


to 100% with good drainage combined with 	deep tillage 
and 


up 


treatment (1).
 

Several elements are necessary for satisfactory tile 
drain performance.
 

Design

These are design, materials, installation, outlet 

and maintenance. 


factors are primarily concerned with depth, spacing, 
envelope requirements,
 

tile grade, tile size, layout in the field, type of tile junctions, and
 

outlet structures. The materials
need for structures such as manholes and 

pipe and envelope material must be 
used including concrete pi)e or plastic 

drain system is of great
of good quality. Proper Instal lation of the 

It is wa f t lhave welI I-dc-.ihI ;ed tilea o-tC' ;(,lice to aimportance, 

is barely functional
 

system with good materials so poorly installed that it 


Continuous
Yet this is sometimes the case.
shortly after installation. 

to stop operatioi
on-site inspection by a well-trained person who has authority 


proceeding when faulty installation occurs is
 
and make correct Lons before 


a whose
installation. Like doctor patient
necessary to ensure quaLity dies
 

contractor

because of- poor t reatment and is quickly 	 huried, so can the quickly 

is always on the job to prevent it,
bury htI. fantity work unless an inspector 

properly

must have the equipment, experience and desire to 

The contractor 

install the tile drains. 
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The best designed and installed tile drain system will perform poorly
 

or not at all when there is no suitable outlet. Great progress has been
 

made in Egypt in providing large open drains, often with pump systems,
 

However, at times because of poor maintenance, pump breakdown or above
 

normal drain flow, there will be no free gravity flow to the drain This
 

is true at the Sakha, Gemmeiza and Sids sites. During these times a pump
 

outlet is required to maintain a satisfactory outlet for a tile drain system.
 

Almost every drain system requires periodic maintenance to insure
 

continued long time good performance of the system. Sediments and roots
 

can enter the tile drains of the best designed ard installed systems.
 

Flushing with gravity flow is useful to determine if a drain is open and
 

functioning. However, a high pressure jetting procedure or mechanical
 
"rodding" is necessary to remove firmly held sediments and roots. 
 Also,
 

sediment in the bottom of manholes needs to be periodically removed and
 

any damage to the manholes repaired.
 

Sakha
 

A major soil constraint at the Sakha site is poordrainage (2). There 

were no tile drains in the project area and surface drains were inadeqaute (3). 

This project area is located on the same farm and has similar soils as the 

test sites for two PL-480 drainage experiments (1). Based on results for severa 

years from these experiments, data from other drain experiments and soil 

tests in the project area, a tile drain design was prepared by Dr, N, M. 

El Mowelhi. I agree with this design. This tile drainage system, when 

properly installed and maintained, will provide adequate drainage so that
 

poor drainage will no longer be a soil constraint for high crop yields in
 

the project area,
 

Specifications for construction were prepared by Dr. El Mowelhi, and a
 

contract for construction by a contractor was signed by the Ministry of Irrl

?ation. )rain construction had been completed on about one-third of the pro

ject area of 400 feddans on 5 July 1981 when I made an inspection of the ins

tallation process. The drain pipe was being wel] installed in one operation 

with trenching by a Hoes trencher. The gravel envelope was also being well 

installed by a hand-carry operation. The grave] envelope installation rate 

appeared less than 25% of the machine capability rate for trenching and lay in, 
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pipe. As drain installation with a gravel envelope becomes more common in 

Egypt, it is recommeided that a box for gravel and a pipe delivery system for 

the gravel to the tile drain be installed on the trenching machine. The 

gravel box can be filled with a "skip" loader. With this arrangement the 

trench is excavated, the pipe is laid and the gravel envelope installed all. 

in one process. 

Inspection of drain installation at the Sakha site was under the super

vision of Dr. Anwar Abasiri and I was assi'red that inspection was contiruous
 

during periods of installation. Again, it is emphasized that proper installation
 

is essential for good drain tile performance and a good continuous inspection
 

program is necessary to ensure good installation.
 

A large open drain (Drain No. 8) serves as an outlet for drainage of the
 

project area. Most of the time the water level in this drain is below the 

outlets of the collectors and free gravity flow is available. However, 

experience over several years at the PL-480 drainage test sites, which are 

served by the same main drain, indicate that there will be po iods during 

almost every year when water le"els in the main drain will rise well above 

the level of the collector outlets and there will be a reverse flow fron 

the drain into the collectors and laterals. Obviously, the drainage system 

will not perform properly under these conditions and damage may be done to 

the system by causing sediment deposits in the drains. My recommendation 

Is to install a valve (a simple metal. plate slide valve should !,,_rve well) at 

the lower manhole of each collector line to prevent flow of water from the 

drain into the tile drain system during periods of high water levels in the 

main drain, Then a pump should be installed at this manhole to maintain a 

water level below the collector line level so that there is free gravity flow 

into the manhole which acts as a sump. This is a temporary solution of this 

problem of high water levels in the main drains and resulting submergence of 

tile tile drain outlets, A more permanent solution would be the installation of 

an electric motor driven pump with automatic controls in a larger sized manhole. 

Time larger sized manhole is desirable to prevent to frequent cycling of the 

pump from on to off operation, The sump andpump commonly used in the USA can 

be adapted to Egypt conditions. Consideration should be given to the 

possibility of collecting drain flow from all collector lines to the lower 

collector line by the installation of additional drain lines and then using 
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only one pump outlet instead of several pump outlets. My experience indicates
 

a pump outlet is neceisary part of every year in order to provide a good
 

outlet for this drain system. A well-designed and installed automatic
 

controlled sump pump tile drain outlet would be very useful on this EMCIP
 

project, both to provide a continuous good outlet for the project area and
 

also to serve as a model to evaluate this practice, which I believe will
 

prove the most economical method of providing an adequate outlet for tile
 

drainage in many areas of Egypt.
 

Gemmeiza
 

Poor drainage is also a major soil restraint in the Gemmeiza EMCIP project
 

area. As reported in (2,3),a tile drainage system was recently installed
 

in the project area. Further details of the current conditions of this tile
 

drainage system are reported by Abdullah Nasr and Dale Henry in (4), Based
 

on a field inspection of the area I made on 7 July 1981, information in
 

reports, and discussions with project personnel, the following recommendations
 

are made concerning the present drain system; The present collector system
 

should be repaired and cleaned and,if functioning properly, retained as
 

part of the drainage system. Repairing will include repair of manholes
 

mainly. Cleaning will include removing concrete pieces or other solid
 

material from manholes and removing sediment from the system. Loose sediment 

may be removed by gravity flow flushing of the collectors and then pumping
 

from manhole sumps. Well settled sediment can only be removed from collectors
 

by mechanical disturbing with a rodding procedure and then gravity flushing 

or by high pressure jet cleaning. The latter method has been founc to be 

more practical in the USA and is recommended for cleaning these drains. Jet 

cleaning equipment is available at the Ministry of Irrigation. Experience 

elsewhere has shown that many tile drain systems, even when well designed and 

installed, require cleaning periodically to maintain design performance. 

Therefore, with the large tile drainage systems in the EMCIP project areas 

and also the large amount of tile drainage already Installed or planned for 

Egypt, drain cleaning equlpm-nt for drain maintenance is iiipor tant. I 

recommend that high pressure jet cleaning equipment be obtained for the EMCI 1' 

project areas. However, in order to expedite operations, cleaning and checkinig 

the collectors with presently available equipment will be satisfactory. 
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The lateral lines are concrete tile spaced at 40 m intervals and
 

covered directly with soil with no gravel envelope. It is difficult to
 

areas
 
determine their effectiveness but poor drainage symptoms were 

noted in 


they prove to be ineffective.
laterals replaced 

in the field. In a normal farming operation it would be recommended that 

these lines be retained, additional laterals installed and the present 

later if However, in the EMCIP 

project areas it 	 is important that poor drainage be eliminated as a soil 

constraint to high crop production and that poor drainage not be a factor that 

may confound the resul.ts of water management, fertility, crop breeding, tillage, 

is recommended that the present tile
and other treatmer.ts. Therefore, it 

abandonCd and new laterals installed. Based on PL-480 tile
laterals be 

at this site, a tile drain designtestsdrainage tests at Sakha and soil 

to spacing
has been prepared by N. 1. Mowelhi which happens have the same 

as at the Sakha site. I agree with this design. [ recommend these laterals 

use the present collectors

be installed as designed and that the decision to 


replace them be dependent on an evaluation of their condition 
after
 

or to 


repair and cleaning.
 

outlet for this tile drainage system
The main drain that serves as an 


the main drain at Sakha. Observations of water
has similar conditions to 


marks in the manholes and discussions with Abdullah Nasr indicate that the 

waterdrain outlets are sometimes submerged for lengthy periods and sometimes 

system. Again the solution is the
flows from the drain Into the tile drain 

severe. same as at Sak.ia although here the main drain problem appears more 

Pump outlets will be required to maintain good tile drain performance in 

canthis project area. Again, temporary diesel motor driven pumps be used h'mt 

automatic float controlled electric motorI recommend that 	a well designed 

and sump be installed on at least one collector line as a
driven sump pump 

to enter tile drain systems is
demonstration. Allowing surface drain water 


seldom desirable or practical and it is recommended that these tile drainage 

systems be repaired to prevent the entry of surface water into the tile 

urain water is not designed to enter tile drainsdrainage system. Surface 

In most systems I have observed, but occasionally holes in manholes or other 

waterchanges are made after installation by farm operators to permit surface 

to enter the drain system. This practice should be stopped. 

http:treatmer.ts
http:resul.ts
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Sids
 

Poor drainage is also a major soil 
 restraint to high crop production 
in the Sids project area (2,3). 
 A tile drainage system was installed in the
 

project area in 1972. Details of the present condition of the drainage
 
system have been prepared by Mahmoud Wahba and )ale Henry (4). Some of the
 
manholes 
 are broken above ground and many of the collectors are partially or 
completely filled with sediment, During a field inspection on 5 July 1981 

noted that all but one outlet was submerged and that one was partially
 
submerged. The submerged outlets are a major factor causing 
 the sediment
 
accumulation in the drain 
 lines, Following are recommendations for drainage 
of this area. The present tile system appears in reasonably good condition
 
except for considerable siltation and some 
 damage to the manholes. The
 

present system should be repaired, cleaned 
 and tested and if satisfactory,
 
retained as part of the 
 tile drainage system. Repairing will consist of
 
repairing breaks in manholes, providing covers for manholes 
 and renoving
 
solid debris from manholes, Cleaning will consist of 
 flushing out of all
 
collectors and laterals. Collectors can 
 be flushed from manhole to manhole
 

beginning near the outlet. 
 Flushing of laterals will require excavation of
 
an entry to the 
upper end of each lateral and putting flushing water into
 
the latera.l by means of a temporary pipe from the 
 lateral to the soil surface.
 
Flushing each lateral will require considerable labor but will be found to
 
be much less expensive than replacing a lateral. In cases where the lateral
 
or collector cannot be successfully flushed, they must be replaced,. Tihe
 
flushing will need 
 to be done with high pressure jetting equipment to remove
 
the sediment from 
 the lines. Based on results from a PL-480 drain spacing
 
and depth study at the Sids station in a nearby area with similar soils and
 
on soil and water table measuremen ts in this project area, a drain design 

spacing of 30 m with 8 cm outside diameter corrugated plastic tubing with 
gravel envelope has been made by )r. El Mowelhi and associates and a plan 

layout prepared. The present Iateral spacing is 60 m ,-so Lhe 3OM des I9n 
spacing wili require instal ling one new latera l between each pair of the 
present laterals. The collectors have s"Mffciunt capacity to carry off 

the water flow from the additional laterals. 

The fomur tile collector outlets for the project area are frequently 
> tmhmerged and thus unsatis factory in their present condition. Again, a 
similar pump system to that recommended at Sakha and Gemweiza is also recommended 
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at this location. The poor outlets have been a major cause of the heavy
 

silting and poor performance of this tile drain system. Temporary pumps can
 

be used during the cleaning and testing operation but an automatic controlled
 

electric driven pump with suitably sized sump is recommended for long-time
 

operation.
 

Shandaweel
 

Natural drainage is normally very good in this project area. There are
 

a few shallow surface drains and no tile drains at this location. At
 

present there is insufficient information to determine if additional
 

drainage is required, It is recommended that the water table levels be
 

measured to determine if they rise to heights that affect crop production.
 

If so, then additional tests can be made of soil properties including infiltration
 

rates, hydraulic conductivity rates and water holding capacity. This information
 

can then be used as the basis for design of a tile drainage and/or surface
 

drainage system.
 

General Comments on Drainage
 

Almost every tile drain system requires periodic maintenance for
 

continued satisfactory performance. This maintenance consists primarily of
 

making necessary Lepalrs to tile outlets and cleaning the lines. Flushing 

with gravity flow water determines if a tile line has a free opening for its 

entire length. However, the tile drain line may be one-half or more full of 

silt and yet water freely flows through it. 'Jo thoroughly clean the drain 

lines either high pressure jetting or mechanical disturbance of the sediment 

by rodding and then flushing is necessary. High pressure jetting has proven 

to be by far the most convenient, economical and effective means of cleaning 

drain tile. The procedure for jet cleaning of drains is presented in (5). 

It is recommended that a single jet cleaning unit be obtained for cleaning 

drains on the three and possibly four EMCIP project areas. The equipment 

is mounted on trucks and Is easily transportable. Currently a maintenance 

program for tile dra:inage in Egypt is riot generally effective. A good maintenance 

program will be necessary to ensure continued satisfactory performance over 

many years of the large amount of drain tile now being installed. 



The use of a relatively large number of manholes 
with tile drainage
 

In most of the U.S., 
far fewer manholes are
 in Egypt should be evaluated. 


In the Imperial Valley of California manholes 
are seldom used with
 

used. 


field will be tile drained with
160 acre
tile drainage. An entire 80 or 


They permit easy inspection
Manholes do have advantages.
no manholes. 


of drain flow and operation. They readily indicate the location of the
 

They provide a sump for collection of
 
collectors and some laterals. 


sediment. They provide a convenient means of connecting laterals to collectors,
 

easy access for cleaning of drains, Manholes
 
and finally they provide an 


an objectionable
Of major importance, they are 

also have disadvantages. 


often damaged or cause
 
obstacle in the field to machine operation and are 


They add considerable cost to the installation.
 
damage to farm machinery. 


into the
 
They provide an access for silt, stones, debris and surface water 


of which are undesirable, My recommendation is that a
 
tile drains, all 


determine if most manholes can be eliminated for tile drain
 study be made to 


tile drains for cleaning and repair is better
 design in Egypt. Access to the 


and thenthe drain with a back how
obtained by temporarily excavlt ing a hole to 

the operation is completed,
repairing the drain and filling the hole when 

tile drainage systems are very important and more so
 
Lay-out maps of 

tile drainage systems currently
when there are few or no manholes. Maps of the 

are entirely satisfactory. After installation 
installed at Gemmeiza and Sids 


any changes made during installation
the design map should be amended to note 


made. The "as built" map indicates drain lines
 
so that an "as built" map is 


the design plan

actually installed which frequently is not the same as as 

Irrigation Management Procedures on EMCIP Project Areas
 

increase water use efficiency and also
 Improved irrigation methods can 


maintaining or increasing
reduce labor 	 requirements while aL the same time 


lncreased water use efficiency is of great importance in Egypt
crop yields. 


supply and the need for increased crop production.
because of limited water 


for irrigation is also important. Most

Reduction of the labor requirement 


are comprised of relatively small fields of
 
of the cultivated lands of Egypt 


Capital
small individual land holdings.often irregular shapes and with 

ar-as is modest. Any improved irrigai ioi 
resources for land improvement in these 


to these conditions for at least thu
 
management procedure should be adaptable 
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foreseeable future. These improved management practices should be evaluated
 

on a performance and an economical basis. On the basis of these evaluations,
 

decisions on which alternate solutions are most practical under various
 

situations and at different points in time can be made.
 

As the title suggests, the major objective of the EMCIP is to increase
 

major cereal production on the farm lands of Egypt. Along with improved 

varieties, proper fertilization, better utLvation and tillage operations, 

addition of soil amendments and Improved drainage, improved water management
 

can have a major effect on improving crop production by making more water
 

available because of higher water use efficiency.
 

Improved water management practices should be a major part of EMCIP.
 

The plan proposed by Dale Henry (3) includes a single water management 

practice for all four EMCIP project areas. This method consists of an
 

underground low pressure pipe delivery system. Outlets of the pipes are 

to be located in the center of four fields. 
 The land surface in each field
 

is to be made dead level and each field irrigated by surface flooding from
 

one 
corner of the field. Size of fields would depend primarily on soil
 

inL ltration rates. For research plots to be grown in the fields, a gated
 

pipe system would be used, in addition, for water distribution.
 

Dead level irrigation with an underground delivery system has a number
 

of advantages. Canals with their weed and other problems and seepage losses
 

are eliminated. Labor reqirements are considerably reduced, Water delivery
 

rates and amounts are easily do turmined. However, this sytem also has 

disadvantages,. First Is the high cost of materials. The pipe lines must be
 

pressurized which requires pumps and fuel or electricity for power. The power
 

requirements for the EHCIP project areas will be relatively small but If" this 

practice were to have wide-spruad application, there would be an apparent large 

increase in power requirements in Egypt. However, this would not be likely to 

be greater than what is p resently practiced by farmers lifting water from 

canals lower than fields being irrigated. This sophisticated irrigatiart method 

can provide good economical irrigation but to date is used on a relatively 

smal part of the irrigated lands in the USA. Dead level irrigation can also 

have some problems. In my very limited research experience on dead level. 

irrigation on heavy soils with similar infiltration rates in an 8 acre field 

and a 40 acre field, I have fund considerable problems. The water de.ivery 

amnt -ust be precisely measured. Too much water will result in excessive
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surface flooding time with plant damage or even killing of parts of the stand. 

Slight imperfection in leveling will cause the same effects. Rlank crop 

growth can interfere with water movement across the land. Accurate soil 

moisture measurements are required to accurately determine the amount of 

water to be added at each irrigation - these are proposed. Some increase in 

technical skill is required to operate this irrigation method over many 

other simpler methods. However, the underground pipe delivery system combined 

with dead level irrigation does have merit and is worthy of consideration 

for evaluation in comparison with other irrigation methods in Egypt. My 

recommendation is to include the underground pipe delivery system on 1/3 

to 1/2 of each ENCIP area. Dead level Irrigation should be included as 

one of several irrigation treatments on each project area for evaluation for 

effectiveness, economic value and practicality. 

Improvements in irrigation methods are almost always slow to occur. 

This is true in the USA and will be more so in Egypt for a variety of reasons. 

Most improvements will be made on a step basis and not in a giant leap forward. 

Emphasis should be placed on rather simple imlprovements that can be adapted 

rather easily by the farmer. Practices that include furrow length change, 

changes in field canal arrangement, and regulating irrigation water application 

amounts and frequency can provide considerable increase in water use efficiency. 

An .yortant improvement would be a simple inexpcnsive device for measuring 

water delivery to a field where fields are well level led. Better irrigation
 

methods that reduce labor requirements or increase yield wil he of direct 

benefit to the farmer and will be readily adopted If feasible and economical ly 

sound. However, increasing water use efficiency by reducing the amount of 

water for irrigation or the number of irrigations may have 1Ott] effect on 

yield and be of little benefit to the individual farmer in particular, but 

may be of great benefit tihe Egyptian societ y as a whole because oIf the water 

saved. In this case, when water is a free commodity to the farmer, the force 

of law through regulation or a subsidy program will be necessary for the practiL. 

to he adopted. 

The statement has )een miade that. tihe EMCIP project areas should have a on ilo

water application method so that soil moisture conditions do not interfere 

with test results of plant breeding, fertility, tillage and other treatments. 

This statement may be true for a relatively smali area of 4(0 to 60 Feddans 

required for these tests. iHowever, the EIHC1P project areas are 180 to 400 
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feddans in size and should include several, water management treaItment s . AMJi 

the underground pipe delivery system with dead level irrigation method 

will generallly provide 85 to 90% water distribut ion efficieicy except: In 

very small fi cids where it should approach 1002. 

The statement may also he made thot the EMlCIP project areas should be 

treated the same in regard to drainage and several, drainage treatments 

InstalIed instead of a single treatment or des:ign on each project area. 

However, here the situation is different. Measurements of water table levels 

and soil and crop conditions at all sites except Shandaweel clearly indicate 

the need for drainage in these areas based on considerable experience in this 

f[ied. At the Sakha and Sids loncations at nearby fields on t.lie saae farms, 

i'ge .scale P,--48N tests of different tile depths and spacilng and concrete 

and plastic drains with and without envelopes have produced results that call 

rMI Lably be used when combined with soil tests in the project area for tie 

design of good tile drainage systems in the project areas. 

A,.ditloial Conmient 

The EMCII project areas are located on Government Farms. The fari, 

directors have respnsibillties to produce designated areas of given crops 

each year. Crop production on the ENCI project areas affects the tral 

larm production. Successful operation At tile EMCIP requires that ECI[ 

pe[soni lI control nr agree on tile 'ssigiielt of crops to be groWii duing Lhe 

term of tile proect. A smnal area up go 40 to 6) lcddas fot slmall pi lot, 
tests may be euxempted blt the lar.e area; will liave a s;igii if cI ecItct onlauL. 

farm prod uction. Agreemeut or indest5I andilng shouL d be iiade soon between 

tihe Farm Director or other re nO ble officials and a responsible person 

with . on[MCIP LY ese arrangements and also for interrelated use of irrigation 

W'itL(, !artm labor and machinery

'lie opinion s, discuiss ion and recommendations in this report are my own 

ndLased on reading LEMC I' Project and other reports, visits to Saklu, 

kum:'l and Sids site , d iscussions with itnt.:rested part iWs and my [(rev Ots 

'icle u in T'here wi ll likely be some dil tenie "F1"pinion ,ir Egypt, 

pArts of this report. However, It is essential tlhat tihe responsis lle "llf'ic.li!, 

1"ciclCI lgleliliL'toln 1ome oif the items discussed for the success of[ EMlCIp. 

http:llf'ic.li
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t n 
rainage water flow ntering the cleand 


able itto keeit 


linewathe 

lied he aiu onumps curren-
drai ,a m ul-hog pumps curel 

ly/ ulsed] a Suction 1hose; ahave 2-ini. and 

.3-in. discharge hose. The pump delivers 
per min and has a lift250 to 300 gal 

capacity Of approx i ately i2 t. 

A ' ,000-gal water s pply oil the 
ptirnptr truck (Fig. '1) 1 rwie, s att ade-
pupert c (sVt ictitinuofis operation 

while a sclf-loadiig, sel-ntloading tank-


t truck (Fig. 4) goes to tehlad with 

water. The pumper truck should be 

eatipped with filte eLoRA''I(s to 


silt, aod tash whitih can quickly damage 

the pumps and othel eqtiipnlent. 

The gasoline or diesel cngie pump 
(hig. ') thcliverssupplying jetting water 

ahov't 00 gal per min through a ]-in. 

its;de diameter hose rated at 3000 psi 

loir:,tiig pIessure. With a cleatting nozzle 

ai 1250-psi puip picssute and 700-psi 
tsua pressute al c itiiutlly uced and 

with a, lletrator nozzle plessures art' 

usually 1(t00 psi at the ptump and 500 

psi at lie nuzzle. Op, iuutn leitgth of 
hot; is !;torcdhot is about 710 ft.The 

Oll., powrl-dpcratcd reel whi(hh coto i ls 

:hc n zle advance in the drain and 

the jets .ocwitIll,aw', (lie hist', while 

w 

0- A ll is 

e li 
4 to jet nozzle si on power opetated reel at rear of truck. A 

4 Pumper truck (foregrouid) srunp water under high pressure 
ti ough hose 

supply truck (backould) pumps water through filter system 
o fufer truck to refill its 1000 gal storage tank. 

c ert 4Uo 


~After 

FIG. 3 Waiter and solid n,.ojals dislodged by hie jet nozzle are 
pumpewd homt (the access hole by Adewatering pump located directly 
Iteitath (lie hicsc reel. 

mocvemle nthole operating to pro vide water 
mia terial is temIovcdt fromn the access roler (Fi.,) at one 

turbuience. Co"tinuous operation is guiding 
of thedrain with a dewateiig ("nud- and into the open tile section to 

since without turbulence and 
3). The pump necessary,

hog" type) pump (Fig. 
water movement sediments could settle 

capaciity should be three or four times 
make it impossible

the main pressure pump to ell- around the hose and 
that of 


to withdraw it. Thus, the hose would be 
of the drain wouldls~t and that part

have to be replaced. 

Jet cleaning eqtipment can be made
ll~iCb onigi i rc r 

mobile by ttiig iton a truck or 
eq iptrailer. Comtmercially available 

o ina 2-1/2 to n 
me t is usually mounted 

aretruck. (Cust tm-built u its usually 
ut 3/4 ton pickupmou,ted to 1/2 

trucks. Sonic opetats of-custom built 

cquipment use the dewateiing puip as 

a spite unit 

)NAL 'RO(EDUIRE 


vnts thewater blast froi tecaping tie 

deathpipe at anopening and washingthn 

passessoil into the drai as tile no ih 

tile drain line has been ex

posed, a section 

scored and cut so 
1/2 of the drain 
provide atn access 

of drain is cartefully 

that the top 1/3 to 
can be lifted out to 
open ing to thle drain 

wi th apipe. An ad(jitstableicmeal lia nie 
end is 

clamped 
ecessary alld cx ,.cssiVc hoC 

wea, .iginst sharp or jagged edges of the 
il thE: 

pi:tvent U1111 

drain. Ati tiltablc plug, platCd
l f tiePipL immediately tl wuistcai . 

tess openig keeps dMris tom n t 

the cleaned downstream sec 6ti1l.
The firststage o~f tiletclauing opera 

t the lwCr ends of ach 
- tol begins 

and co rtiueCS ipstea i iinSULlatv al 

Ccssvc tag Ss
until the e tirc sysic i ha! 

been cleaetd. The biselite sl,1lIL! Ill 

cleed last to ecioVc ally mateit.la 
washed into itwhile ,:lcanil, the lateral 

are inserted intThe no.zle and hose 
drain line and the water pm


thRoprtiidrail Fnga5)The ,iplp 
iig operation begins (Fig. 5). 'le no, 

A cleaning opcratiot begins by cx-. 

posing the drain lines by excavation at 

approxitiately 650-ft ittelals lilong ti c 

line. ExcavatiOns should be started at 

the eowc(,tthe laterals, or at tileond 

point of interscction with the baseline 

or ollct or line. 'lhis allows inspecting 

ani cleaning a section of the lateral and I
the baseline fr n oune lotion. Cnleanig . 

it,
prOcccds tip!,tliciti. Sik ,'ssiVi' excaiva-

turns, at 65(1-it intcrV.ls almon; tle later 
beloic the jeitingals, may he made c,1c 

FIG. 5 A highlirssate civaoing 11--1, 
a tives at each location; how-

etquipelnet actcss tiptli g. A mt't-il i.tillthe di in 

evei, openings should not be iade it rquippc:d with a giding rollci suiUdis ti 
tough edges ot the draii o1w mli"1'. pt%,-I

the dain pipe uUttil tie clcaliiig 0pera-

at point at tu;lly begins. This pr' o scd.tiagi'.tio i al 

1'2
 

http:intcrV.ls
http:mateit.la


%mill plo,eCi upsticam ,,t rates up to 45 excavation.
 
lnii d-liendiiig upon th Ilar uni of.10 ,,.f,
 

dIog.ing iitei.rl in file pipe. Wlrn the Post-CloanitU Operations - Hiai, -

entire tCigth oft hos has becn di- After the (hain has been cleaned, i, N

pensed, the OpertIor tiliti witliiaws the cesS sCLtiiiiS ielred tif1 l the( drain ,
 

hose imnediately while continuing the should bC fi liily II )ldLCd and a struc- /
 

W.iter punIping anti jetting action. Addi. turally sound pach completed with ,
 
tinmal cleaning is provided by scouring plastic portland cement. Tile envelope ---- + - A.- ...-

and turbulence as the nozzle is with- material shiuld be replaced around thIC rsw C ,,J,,aIHRIOA,
 

diawn. Th,: vacrurm created in the drain entire length of exposed drain line and FIG. 6 Averiae discharge rate from jettia and 

by tile aspirating effect of the water jets sufficient soil should be placed over the nlJe ted draiis. 

draw into th drain any watet standing envelope material by hand to insure that proxirately 14 iitls after installa
over the drain and this causes additional the envelope material and patch will not tion. The 12 drains were installed pur
cleaning. The operator continues to le- be displaced dining backfilling. The pllSeIly Witl) futy envelopes, which 
peat the jet cleaning operation on the backfill matelial should be resettl,:d sited ill joint phiging with particuLite 
drain until the water returning to tile carefully to avoid a resuniption of parti- matter. )ata were oil tained on drain 

access opening becomes clear. often, ch rovemeiit into tile drain. perfornra nc with and without jctting. 

five or six complete jetting passes are The fa:ier should obsicy lite dis- Fig. o shows tie average discharge rates 
needed to clear a seriously clogged line charge at the dain outh t ftequciitly, during 21 days of coin inuous-watei .I) 
of all fureign material, especially during teit fist iiigatiOi, as I plication. At 21 days, the jetted dralirs 

Jet cleaning drains also permits dis- gauge of future perforinance. lie should discharged at .I rite -15 p'rcent laigher 
covery of inisadignients or bre.ks in also nuiasure the discli.irge titc while than tire noijetted drainrs. Fig. 7 .lotes 
linres whiere soil and envelope material tile drain sy stein is functionting best and tIle water triatL bhavior directl)v,:r 
may enter tie drain. The first indication the late of discharge i3 highest. The dis- three draiis before and after jettin,. 
tlh, t a line is broken is the appearance of chargec rates wili usually reach a peak Ater jettini., the tiaxilum w:.zcr tabl,: 
envellope sand at tlie i.ccess opCniing of flov abiitt 24 lirs after irrig:,tion begins. over tie drains was ealy 3 it lower a:; 

ihie drain line. This canl be confirmed by d'.epe:nding upon the type Of soil and irri- a result of increased drain di!;chAir ge 
ailhwinrg tirenozzle to proceed slowly gaitioli method used. his pak discharge rates. Thi, illustrates the effectiveias of 
up the dri.in after the return water has rate can be rised to evaluate (mtriniil .ett iri ii removing partiarthate ii.attei 

bcoile fairly clear. Sudden appclirance dra in pei h lriance. Minertl deposits flio iriIde rtraiiis arrd in tire joiits b-
Il itiidy water indicates that the noy mAy retsor it \vatei ihrlraigcinreuit Coll- twretl tilt, aC,:iorrs. 

i 1
Ie Ic1,, .if Iivcd at a bi(-,k is wadlrinId,a rcs'+ a t(l %vaIItfh giij' ('0r i Iiiie,. R 00ts 

soil itltt tir: line. Inay als.m: itllr th (, 6a in iliitially, SUJ iIstllzA Y 

a hir.l,.r , thli hose, is r,,iked I I lIith-plc ril1,I la,, tc ' lhowcver, silt sdina illd t plrsacnl any tl jelling, e li1:,iiit 
r, h1,,C n ri' Itri rhfi rab;I tllhl: ,S tirt' ystCI) is lizk i i actioni tf i1I wh th," ly l ,>sdh' tire ll a 

t Ir .irial'.is alnd tiacr, t ihd,,,wll. iThe di,tuil'aaa valor it, v.',ala'r 'I d,ltVj1'aiioIs VilCI 

l 1 awx. .cildc d nu tlt, fian kcd Ilryrh, tin hlbuhanil I cica Iaatl,, silt, and 

, h. i, im., i ald tie,: hille i' Cost of HlihPressure Jet Cin. unii cIaii Ah.il tdlc plaitr lmii iaubst i tr, 

rad, ta, irlllr hlldiatrc Itp.ti: A\tta clir',s1t " l l rat I1i11h ir ltu.lilil (a ainl . W rIcl 'r it irarir thilt cIrth cl , 

IC aIrs l.va lIll a t illdh illy at, ah.n N t'Am .iv f i-:, N,aaliewhiat hat'. P"r r+ , till all iand l l III 

I, l'llll t w',k ills l . l IiIti i I :, thll,. alrrmi. V.,lh yv, ,hntll.,I tCiltal:,t ,11 %t, ir aaplri. Ii 
al,1]taiN I ii t arl r"It, at , c IAr i- l I fll sr.,1ti.rtri Irc a' 1'' l li pI,i a, ,t t11 a.l " A' ...... 

it' al 1 , i , " 1,c, .aaaiatir > allc, >Irl) Il. l 111i , hl.r V .ilhJy : . i n,a ..IlIIJ ! 1.1l t itt'l 'ai lil tILa ll t trlt aath r,,cc firf ,i .t', ' i 
:cl,.,tl ,... ,l], d cl,,.n d i'l , / l II cI , ii ,

L
I ' ,L . ll 111.lln l, 11.1111c' tlwtdt ;lolllt I le lill 

tla" kiilikir i l t. 'a a c , anll. a llral d . ,ar an re .,lllN ,al "It,aill 1 anrd iO 

I I1 i uS i";ety In t aOnS i':,ult,i ll il V, .a
1
W a I. al'.tS ait 12 ti [rip art 2iI .l ,ru .lcarrlr'./. 

I' rtltS, aa' Ir l. ' /in all ilha, ( 

.lll illh fllt, iillirlil it11 l 011.aill.,/la: wral Im , 
a 11clt cll gagrtl Ill tir' tille cl . iliig pial " ait [5. ad .t 

all with [:It+fatlivell+ss Ilia m illaa' 1ill., I arIa ,d alI iyp.s t iira .hoflt1uiiij Ii,,t li ga, ia[i lligacl, a .a , 

hin l ,,h rc ,'a lli ar.ai1 '91l iarlIlart irat iarr p sflrl ia Ira:br i h t I,-irasi (1)L .,iIt' ii,ll,lI S'a 

I.)[. Il ' I //, ihIl ill', the i.til11 tlIall a 1'1n, t'a i Stirh' ai Ihr ri.,ii ll id 
OI~ ll 1111) Till' , l,o t I,>,.,t it. ' , I,," It .,I,,, l], m.l+ I Ir, i i lIII a n d flh t ]]Iltl i L1.11 , IlI J l''ll i ', lr, lil'11 Ira i ar a 1., 1l ' I l ul il Tn, ,iu 'l .+'' 

I Ir arr a 1i i cli i I lh ,' ( .,ia l 1 i ,ll aI rI a l. it" iar j.l ii . ',,r alit1111 1i ,I, 1 
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S1111illtitions ol silt requiring P"IJtKp 
pte~sswe of I O psi ;,id a i(z.e I~lu-cs 

i 
bUoC of 500 psi. A dewatering ptllp is 

usCd to iiiove the dislodged material 

arrivitig at the tile ope,)ing. The jut 
cleaning operation alsoc IO iLC 

bieaks in subsurface drain lines so tlatthey canl be repaired. 

'calining of Subsilll'ace DIllills 
(C,,t. iti,,'] from "9' ',' 
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