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' ABSTRACT 
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Engine'ering 

LABORATORY'TESTS Of CORRUGATED PLASTIC DRAINAGÉ TUBING 
~~WITH SMALL HOLES IN DIffERENT SOILS 

~ 

, .. 
Investigc-,..a-tion of the drainage and s8_dimentation performance of 

~ 

corrugated polyethylene tubings with pinholes and smàll slats was made 

in comparison with a normal slatted tube with a knitted polyester 

e~velope in five types of soil ranging from medium sand to silt laam. 
- p 

The results indicated that aIl drein __ tubes pravided gpod drainage 
'-' 4 1 1 

in the medium and fine sandy soils. The tubes wi th small slats and . . , 
pinhales drained signiJicantly slower than the tube with the fabric 

envelope in the fine and very fine sandy loam soils. AlI tubes, hawever; 
; , ~ 

drained equally in the sil,t. laam soi 1. Sedime;.nt entry was not a problem * 
~ \ 

,.., 1 ~~f 

inrth'è me'd"ium sand, fine sand and sUt ioam soils.' The siltatiçm 
\' 

/ 

tendency could be considered to' be ~xcessive for the tubes with small 

slats and piC)~oles placed in the fine, and very fine sandy Ioam sails, 

being somewhatlh41her for the latter soil. 

In addition, it was found that sediment w~ight varies exponentially 
./ 

with the product of the drain opening hydra~lic radius and a power 

function of the sail 060 size. Furthermore, drainage rate was found to 

vary, in most cases, as the Iogarithm of the drain opening area peP' unit 

length. Studies of the hydraulic head distribution auound the drain 

indicate that the assumption of radial f law wi th a uniform soil 

hydréulic conductivity a.round the drain at any radius, does not always 

hold true. Computed hydrau"lic gradients et the opening were, in general, 
. , 

very high and failed to explain the low sedimentation in the drains for 

few af tlÎ'e cases. 
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RESlK 

M. Sc. Karim Chirara Génie Rural 
~ . 

ESSAIS AU LABORATOIRE DE TUYAUX ANNELES EN1MATIERE PLASTIQUE 
AVEC vDE!PETITE~ PERFORATIONS bANS DÏFfERENTS TYPES DE SOlS ... . , 

Une évaluation des performances en-drainage et en ensablement de '1 

tuyaux anoelés en Po:lyét~Ylène, munia de petit!:! par'tuis et de '\ro~a 
, . ',. 

0, d'épingles, a été faite en comparaison "avec cell es d'un tuyau à 

ouvercure~ normâles et recouvert d'une enveloppe en polyester tisaé. Lea, 

essais ont été effectués sur cinq tYP,es de sol s'étalant du sable ,moyen. 
) 

à un loam limoneux. . 

Les résultats obtenus dém!:lntrent que tous les tuyaux conce'rnés aont , 

capables de drainer adéquatement lea so}s sableux moyen et fin. Les 
1 & • ~ 

tuyaux à pe.ti ts pertuis' et à trous d'éping 1 e,s ont une capacité de 

drainage moindre que le tuyau muni de l'enveloppe de tissu, lorsqu' -, , 

installés dans un Ioam sableux fin ou très fin. Tous les tuyaux ont, v 

cependant, drainé d'une manière égale l'e loam limoneux. L'ensablement 
, \ 

des drains ne représente guère de p~obl~me dans le sol sableux moy'en, le, 
~ 

sabl,e fin et le loam limoneux. Par contre, cet ensablement peut ~tre 

èaractérigé comme étant excessif pour les tuyaux à petites ouver'turea 
~ 

installés dans les loam sableux~fin et très fin, étant cependant, 

moindre pour le' loam sableux fin.' o 

De plus, il a été "montré que le poids des <sédiments varie 

exponentiellement avec le produit du rayon hydraulique des perforations 

et d'une puissance du D60 du sol. D'autre part, le taux de drain,age 

s'est avéré croître avec le logarithme de la surface totale des 
, 

'ouvertur:es par unité de longueur du drain. Des études de la répartition } 

. de la charge hydraulique autour du drain ont montré que l'hypothèse d'un 

ii 

, 

-' 

) 



, / 

/ 

o 

. - _. _ ... ï:' ~ .. 

" 

écouleroent radial a vec une conducti il té hydra~lique du sol, uniforme 
\ . " /" -

autour du drain, n'e~_~ pas to~j~urs juslif~a.ble. ("fin,- l§.s ?radients 

hyd'rauliques calcùlés, étaient. en général, très élévés et >~I'ont pu 
• j 

toujours expliqué le peu d'ensablement 
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1. INTRoWCT ION 

1.1 Background 
,. 

,,' Ta i~~ve soil conditioQ!3 of. poorly drained agricultural landa, 
J 

artificial·me~ns su ch as surface drainage through ditches and subsurface 

~ drainage with clay tiles were first introduèed many.centuries ago. 

Weaver (1964), in his,hJstorical acbount of tile drainage in North 

America, states that ditches were already made by the ancient Egyptiens 

and Babylonians. Subsurface draina~as started in the first ceotury of 
-... 

the Christ~an era when farmers half f~lled the ditches with materials 
" 

such as stone slabs, gravel and stone, or a rope of sprays tied together 

and covered the top half with earth that had been dug out. Closer to us. 

cl~y tiles Fo~ su~urface drainage' pur~oses were !nstalled as early as 
1 

14QO ,/\.0. in Sussex (Uni ted Kingdom). 

.. 

'" Th~ shape of these cylindrical tiles took several forma auch aa a 

squàre, rectangle, triangle, "horse shoe" shaped or circular among 
1 -_ 

others. For the last hundred years however, in North America, they were 

made circular for agricultural purposes and la to 12 in. long. Water was 
. 

removed From the soi 1 through tl1'e gap between two adjacent ti les. Th~ 

width _J)~ the opening controlled the drainage rate while reduc1ng as much 0 

, 
as possible the accumulation k"f S~iment i~.idethe drains. 

The tilea were successfull as ~flected by the length of time they 
. 

were used. However, with the ever growing popu lation and increasing . . 
mechanisation, the handling of millions of these tiles became more ~ 

1 
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di fficu l t and·cos t 1 y. Thus, in 1960, drainage manufacturers in Europe 

came up wi th a new farm product in the form of corr'~g~ted poty v iny l 

chlorid,~ (PVC) drainage tubing (Eggelsmann, 1982). And in, the late 

sixtiee,' the production of carrugated polyethy_le[le (PE) drainage tubirig 

was started as reported by Schwieterman (1982). 

. \ 
PE tubings were first installed commerqially in the United Stat~s 

in 1967. Due to' theil). numerous advantages, PVC and PÉ corrugated 

drainage pipes became very rapidly the. leadi!19 material in subsurface 

.,' ~rainage insta llations in bath Europe, ,and North America, repecti velYe 

Corrugated plasqc tu~ing (CPT) is in general, produced in large 
\. 

coils up ta 1200 m long by 100 mm inside diameter and perforated in the 
, 

ys.lleys and/or ridges of the corrugations. Cerbain criteria, ,developed 

over the years, ha ve to be met when 'ma'nuf:acturing CPTs. These cri te!'ia 
-. , 

are based on the strength (d,ef lection ànd elongation) and the total 

\J • ( • 
openlng area of the perforations peI' unit length of drain. 

No' standard'has been established ~et for th.)number, location and 

size of the perforations. However, it is common practice ta" use whet is. 

known as a "standard" or "normal" tube in North America: 100 mm inside 

diameter (most commonly used for laterals) with 4 ta 6 slots every 
~ , 

1 
valley or every second \talley of corrugation. These slots would be 20 ta 

• 
JO mm long by 1.5 to 2 mm wide. 

.. 
In genersl, ~he standard drain performs weIl in clay loem soils. An 

envelape may be necessary around the pipe ta prevent any sedimentation 
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inside ~t, when installed in fine s~ndy or silty soils. This envelope 

CQuld be either organie (shaw fibers, coconut fibres, fibrous peat, 
~ 

. ' 

etc ••• ), inorganic (uniform layer of coarse sand or graded layera 

ranging from gravel to coarae sand) or synthetic. Over the years, more 

'r 1 

of the synth~tic fiber~,were used as envelopes and exténsive reaearches 

have been carried out throughout the world to try to develop"the ideal 

fabric. 

" '1 

o 

,.) " 

50me of the problems associated with the use of sy-nthet}c fabrice 
G 

are the physical damage that can be induced (cuts, stretching) and the 

increase in costi(up to 20% when compared to the "naked" drain). Hence, 

in a continuing effort to produce be~eficial new drainage products, 

manufacturera, have devised ways to produce corrugated plastic tubing 

with pinholes and small slots much narrower than "normal sloteÏ". It has 

been hop~d that drain tubing with pinholes or very smaii slots would not 

require a fabrie envelope as has been requi,red for normal sloHed tubing 

in the "problem" so~ls. 

Ta test some'of these new produetS-and to make observ~tion8 on the 
\ 

lJlechanics of the f low and soil movement near and into the drain, the 

Corrugated Plastic Tubing Association of North America (CPTA) and the 

Canadian Natural Sciences and Engineering Researeh Council (NSERC) 

(/ sponsored the researGh ~eported herein. The laboratory work presented 

in this thesis ev al uates the performa,nce of corrugated p ~astic tubing 

with pinholes and small slots as compared ta a normal slotted tubing 

with a,knitted polyester stocking envelope. This research was started in 
" 

May 1985. 

J 
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1.2 Objectives 

The primary objectives 

" 

~ 

of th is- -l'.ea".s l'ch 

". 

were: 

.. 

<0 .. 

1. \ CO meaBure the raté at which water drains from sail througH tubing 

a) wi t-h normal slots and a knitted p«,?lyester stocking 

152 gim2 '(4~4 oz/yd2 t'unit weight 

~With pinholes and no~fabric enve1ope, and 

c) with narrow slots and ~o fabrie enve1ope. 
~ 

, 

,2. Ta repeat the measurements indieated in Objectiv.e l for- a range of 
o 

soil partiele size distributions. The five soils which were ta be" --
given prior~ for these tests were taken ,from fields where normal 

~lotted tubin~'~out envelopes had become filled with sail. The 

soils were selected ~o caver a ~ange from medium sand ta, silt loam. 

valleys after a few we~ks of water drainage. 

J "'. 

5. Ta study the pressur~ distribution of the water in fhe soi l around 

>~ tubing, 

1.3 Scopè of the study 

Care should be exercised in applying the results of this study ta 
, , 

soils beyond the range reported herein, namely,.8 Ste. Barbe ~edium 

sand, a Ste. Sophie fine sand, 8 Soula~Qes fine sandy loam; a Bainsv ille 

very" fine' safldy lo~nd :n Ormstown llin .loam. The drainage' ... ates 
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obse.rved and sediments collected do not neces~arily refl~ct field 

values. Nevertheless, tubings that perfor.med satiscfact'orily in the , ' . 

laboratory can be tested on one or two of the sofls listed above. The 

~dings c~n then be used in association with the observations made in 
P..J -

the laboratory to predict the performance of the di fferent tubings ln, 

the other types of soi 1. 

The effèct of bacteria development and o?hx.:e formation in anc! 
, 

around the drain were not considered as' par~ of this research and, 

consequently, wete not investigated. Actuall y, the soirs used f4i- this 
1 

research",,",ave not been reported ta èause 'ochre problems in exiating 

subsurfao~ dr4ns. Also, the affect of sail 
o 

./ . ~ 
deposition will only be assessed qual1 tatively. 

Cl 

, . 
o 

o 

5 
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2.1 Teninology 

II. REYIEW OF LITERATURE 
\ 

Dieleman and Trafford (1976), define an envelop~ as a -Ilgeneric term 

~o mean any materia 1 otheJ: than the natura 1 earth, except perhaps the 

topeoi l, placed on or ./round drains. The material may or may not 

completely surroufld the drain". They prefer the use of a more ~ 

ter. suc!, as) "f:lter" or "s~rround" which implies the purpose' for wh~ ) 
the envelope\.s, used. Thus, they define a filter as, quote: ",an envelo~e 

-<\ 

placed around the drain with the express purpose of preventing the fine 

particles of sail fràm ente~ing the drain". They furtt)er define a 

8urround as: "an en v e lape p laced on or perhaps around the drain to 

improve water entrance characteristics". 

The term filter implies, then, the removal' of aIl so lid particles 

in euspension ln water ~s emphasized by the Concise Oxfprd Dictionary 

(198:;). -It 1s not necessarily desirable to prevent aIl the fine 

particles from entering thè drain. Indeed, if the envelôpe is too 
tJ 

effecti ve as a. f'il ter, clay particles may collect on the outside of the 

envelope and ,cause' it- to...become impe~:lble. A filter may' function weIl 

arou'tld a drain without get ting c logg~d if the drain enrobed with a 

fUter is installed with soil placed against the filter such that water 

passes through the soi l without entrai)ning any part icI es. Then the' wat~r 

can pass on through the fil ter into the drain tube without bringing any 
-

sUt ~r clay particles ont.:,;the fil ter and b~OCk i t. One might ask what 

the purpose of a fil ter ia in soils engineering. To ~void aAy confusion . . 
on the terminology used, an engineering concept has been developed and 
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accepted by most authors. 
, . 

~ 

As used with drain tubes, à "filter" or "envelope'\, has three 

functions: 1) ta stebilize the soil surrounding the drain by affording 8 

supporti ve base, thus reducing internaI eros10n; 2) to increase the 

water entry area as ta' approach the "ideal drain" and, J) ta en'hance 
\ 

drainage by ailowing some of the fine pa:ticles ta pess through the 
- ~ 

drain perforations and be washed away by the water Flow inside the drain 

(Stuyt ,lm; Re'sv e-, 1982;' and Miller and Wil1ardeon, 1983). The "ideal 

drain" is represented by a drain with eompletely permeable walls. 

_ When thus defined, the terme filter and envelope can be'used 

interchangeably. The latter term will be mostly used in this thesis 8e 

it is becoming more established in reeent pepere BS reported by BonneIl 

(1984) • 

2.2 Envelope Materiels 

4 

Extensi ve reseàrch hes" baen earried out over the decades on 
" . 

. developing the ideai envelope that wou'id ha,ve the three funetions l,isted 

above. Sueh enve lapes are, in general, required in" fine sandy or si 1 ty 

aoils. Different types of envelopes have been uaed on farm~ sinee the 

advent o'f su~sùrfa'çe -drainage systems, mainly, organ1e, 1norgan10 
1 

(mineraI) ar,man-made (synthetic). 

2.2.1 Organic envelopes 
.J 

Long before technalogy permitted the use of synthe tic fibres, 
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fermer.s were using orgenie materi.al to enhance drainage of their' 

subsurfaee pipes while reducing the silting process. Willardson (1974) 

reports of many studies using straw, coconut fibres, sawdust, corncobs· 
'-""t 

and pest litter as envelopes. The thickness of these envelopes varied 

From one experiment to the other but was in general in the vicinUy of 

10 to 15 om (4 to 6 in.). Except for the corncobs, most of the orga_nic 

• 
materials listed above performed adequately. T~mewise, straw and wood 

chips proved ta be most effective by showlng only moderate dècay aftér 
.' '-.-/'l. • 

11 years and 9 years in the soi l, respecti vel y, as reported by 

Brownscombe (1962). 

~ \, 
EVen though ~rganic enve10pes work in the short run, few 

researchers wou1d recommehd using' thém on a long-term basis. Also, 
. ~" 

organic matter may sffect chemical and biologicsl reactions in' the soil, 

caus1ng 010gg1ng problems. This is especial1y true for soi1s rich in 
~ 

iron oxide, and ochre (Asse lin, 1976) •. Furthermore, being compressible, 

arganic materials do not pt'ovide sufficient\ lateral support fo.r 
, 

corrugated"po1yethylene tUbing. This may deflect the pipe too much, 

resu"l ti,ng i!1 drain fai l ure. Synthetic fabr~cs c~ be convenient 1 y 

installed on corrugated plastic drain tubes et the factory and save time 

an~ labour in field installations. For these rrasons among others, 

organic materials are seldom used nowadays, particularly in North 

America. 

2.2.2 lno~nic en~lope8 
#1 

ln poorly drained soils, topsoils ten. to develop a st~~e a~d 
permeable structure. This characteristic saon made it common prac~ce 1n 

8 r 
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subsurface drainage' ~tallafions, 'ta blind the drain with a layer of 

topsail before back fi Il Ingo This method pro_v ideà an inexpensi've 

inorganic> permeable envelope material, and was discussed by many authors 

(Davis et aL, 1971; Willardson et aL, 1973; Hwal19 et aL, 1974; 

feichtirlger and Leder, 1979). However, one must keep in mind that under 

" wet conditions, blinding and backfilling should be done carefu lly as 

, ' 
soil structure can be damaged, resulting in primary si1ting of the \ .. 
drath. Primary silting iR defined as the accumulation of sediment inside 

the ,drain dur ing install ation whi l e secondary si 1 ting oceurs over a 

period of months sfter installétion. 

The mQst common and wide1y used inorganic mat~rials are natura1ly 

graded sands and' fine gravels, which are structureless , 
as the soil itself. Gravel ~el,?pes are most popu1sr 

arid irrigated area. whore thi. material 6 abundant. 

have proven to be very successful and can be designed 

and as permanent 

in semi-arid and 

These envelopes 

to overcome moet 

if not aIl drainage situations in p'roblem soils (Lagacé, 1976). 

Based on numerous studies reported in the 1iterature, several 

cri teria w.ere dev e 1 oped for the design -R granu 1ar env e 1 opee by 

brganisations such as the Cbnseil des Productions Végétales du Québev. 

(CPVQ, 1984), the U.S. Bureau of R~clamation (1960), the A.S.A.E. 

(1982), the U.S. Corps of Engineers (Willardson, 1974). Other 
1 

researchers came up with criteria based on their own research (Nelson, 

1960; Broadhead, 1981; Thériault et. al., 1982). These criteria will be 

looked upon in detail in~ subsequent section. 
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2.2.3 Synthetic envelopes 

The unavailability of the sand and gravel in sorne areas combined' ,. 
with the high production and installation costs have led to the 

development of synthetic fabrics for use as a substitute to the 

inorganic material. 
~; ! 

~ In the United States and Canada, woven and non-woven thin fabrics, 

0.2 to 2 mm thick, are ~ide}y 'marketted. In the beginning, fiberglass 

had received the most àttention. It was however, gradually supplanted by 

nylon, polyester and polypropy l~ne bonded fabrics, as the latter ones 

proved more efficient in general. In 'Western Europe and particularly in 

the Netherlands, prefefente is given ta the more voluminous types of 
. 

synthe tic fabr ics wi th thicknesses varying from 3 ta la mm (Knops et 

aL, 1979). ?hiS difference in preference is related ta the fact that 

approximately 85% of the lateral drains installed in Europe are between 

50 -and 65 mm in. outside diameter as compared ta 115 mm outside diameter 

in North America. 

2.2.3.1 F~1888 .nvelOP~ 
Brouillette and Delisle (1982) mention the use of fiberglass mostly 

between 1957 and 1967. Overholt (1959) reported on laboratory 

exper'iments using fiberglass envelopes in a sandy sail that had given 

sedimentation problems in, the field. Compared ta unpratected pipes, 

drains with a complete wrap of a th in sheet produced highest flow rates 

and silt-free water. Drains covered on the top tKree quarters ranked 

aecond. 

10 



) 

o 

• 

o 

'. 

, 
" 

Ne Ison (1960) showed that randoml y l'ein forced fiberg la8s sheeta 
, ' 

performed better thart:'k.longitudinal reinforcemenh. He recommended' good 
-j9' l • 

backfilling practices to avoid damaging the envelope, by placing a 5 cm 

layer of sail before backfilling. H9re and Tiwari (1962) using a Granby 

sandy Ioam, tested the following treatments': blinding with topsoil, and, 

cambinations of two fibeFgIass sheets, ~ainly TUe ,rd above and below 

the drain, Duramat abo ve the drain, and Ti 1 e Guaréj on top - Duramat 

, under the drain. Their results showed' sand from the backfi Il depositing 

. ~ïn the. drain- whi-1e. tfte Tile- ijuard on top and be10w the drain gave 
, ,'" 

highest water f 10ws. \ \ 

Simi1arly, Rapp and Riaz (1975) tested a gravel fllter and 

c~binations of glass fibre materials on ,CPT. They found that, whi1e the 

graye! filter was most permeable, tubinge campletely wrapped with a 

fabric provided best protection against siltation. . ~ 

-ù Two major problems were associated with the use of fiberglase 
. . , 

envelopes. The firet, as reported by Willardson (1979), was that th,e 

, types of fibres firet manufactured di~so l ved rapidly in the soil due ta 

chemical weathering. This. problem waS soon sol ved by using borosilioate 
1 ~ 

glass fibres. The second disadvantage wss the smaii size of the"fabric 

openings which limited the ares availsbie for wster flow. This eometimee 

oaused the envelope ta olog with sail migration into the envelope 

openi'ngs. Irwin and Hore (1979) measured the pore size distribution of 

fi ve synthetio fabrics and found a porosi ty of only 17% for the 

fibJrglass-made Tile Guard PG-90. 

Il 
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2.2.J42'ponded fabric envelopes 

• 
'As a resu l t, bonded fsbric materials made of ny Ion, po 1 l'ester or' 

polypropy lene were inhoduced. Theae fabrics can be made with controlled 
. 

opening sizes which can in turn be adjusted so that the fabric will 
, : 

"-
function ,as an envelope rather than a "fil ter". 

Prior to marketing those bonded materials, fiber~lass sheets and 

'\ mata were wrapped around the drain in'àitu. Drainage plows and trenching 
Q 

'machinês~were equipped with ,a d~v~that would wrap the filter to co~er 

the top three quarters of the drain whi le insta lling i t underground. 

Even though Flow characteristics were enhanc~d, this method permitt~d 

. sediments to enter From be 1 ow the dr~in. Oth,er dev ices insta lIed' two 

-atrips of Fabrice on top ,and below the drain. These methods were soon 

abo!;\doned bl' contractora as it was very difficul t to check the wrapping 
, <6 1 

of the fil ter which took place inside the machine. (Jutras, 1976). 

Con~equently, in the early seventies, bonded synthetic fabriès were 

wrapped around the drain in the manufacturing process. This method 

quick~y became common practice. Primary silting,was reduced ,and the 

fabric enve10pes were more reliably installed.o ~ 

M ckyes and Broughton (1974) tested four different fil tering 

mater~lS in a Bainsville soil with 80% of the ,partiCles between 0.07 

~and O.l~~m. They found that, compared with unfiltered tubes, the 

polyester stockin<}'snd fiberglsss sheeting offered a good protection 

against sdi1 entry while keeping 8 high water flow for up to two months. 
, 
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,The other two fabrics, jute and hemp twine wrapped in the gl'ooves of the 
<> 

corrugations clogged up ~d significantly reduced water entry artel' onl,y 

10 days. 

Anot~er' laboratory study by Broughton et al. (1977), inves~igated 

the, performance of ,severai envelopes six of which were thin, one of 

coconut fibre and the last of concrete sand, in the same Bainsville 

sand. The thin envelopes - mainly a Remay spun polyester, a Cerex Nylon, 

a Superf li ter 8G% polyester 'and 20%. rayon, a knitted ny Ion and two TypaI' 

spun polypropy lane - as weIl as the concrete sand, did a god job in 

preventing sedimentat'ion. On the other hand, c~ncre\e sand gave best 

resul ts for water f low rat~s. The resul ts showed decreases in drainage 

rates with time which were attributed to the development a rilter cake 
, . 

Just outside the envelopes. The release of air from the laboratory water 
• • 

giving air bubbles blocldng some of the pores, ~nd microbial growth were .. 
fonsidered negl~gible. Interestingly, the drainage rates recovered 

, 
temporarily after periods of no flow, a condition freque~tly, observed in 

. the field. Those increases in the f low rates after a dry spe Il wou Id 

permit long-term use of synthetic envelopes 8S the rilter cake forming' 

around the drain would develop cracks during dry apells. However, it 

could be feared that the destruction of the fil ter cake might indu ce , . 

secondary silting as the cake reestablishés itsel f. 
r 

1 

The fil ters tested by Benz et al .. (1977) were the fo Il owing: a 

Typar, Mirafi, Cerex, knitted ny Ion and polyester stockings, ses and 
!'l 

USBR-designed gravel envelopes. Short-term tlow tests sh~ed that 

naturel and synthetic envelopes were effective, but gravel ususlly hàd a 
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alightly higher flow 'rate and occasi,onaly would not retafn the aquifer. 

They a1a~ obaerved a reducUon in flow rates with Ume for aIl envelopes 
o , 

in l'ong-term tests. Ohrun and luth!n (1979) tested a Drainguard spun-

bonded nylon fabric uaing a sand tank. Their experiment was inconc1usive . . , 
a!1d they recommended field tests to de termine the sui tabi lit y of the .. 
materia!. 

Broughton a'1,d Gibson (1977) and Gibson'(1978) furth.ered the study 

presented by Broughton et al. (1977). They eva1uated the performance of 
\ 
\ 

five envelopes and two unwrapped drains with _different- opêni'ngsfin a 

farm et Notre-Dame-du-Bon-Consei l, Québec. The soi 1 was a Ste. Sophie 

sand. The envelope materials were a Cerex spunbonded n~lon,\a Reemay 

apunbonded polyester, a knitted nylon, 8 Typar(spunbonded polypropylene 

and a gravel and sand envelope. The first envelope-free tubes had 

'openiJ1gs 1.6 mm wide by 30 mm long, while the secon9.tube had smalle-r 

openings 0.75 x 8 mm. Wi th the drains spaced 16.8 m and 134 m long, aIl 
, ~ 

treatments gave drainage rates 15 mm/day and over. However, the two 
, ,~ 

envelope-free tubings showed lowest drainage rates and presented the 

1argest amount of sediment deposition and the highest head losses near 

the drain. 

A field eval~ation of synthetic envelopes was carried 04t by 
~ 

Johnston et al. (1982) in the San Joaquin Valley (Ca li fornia). The (7 
authors used a three-inch gravei envelope, a knitte~polyester sock 

~~~~a~spun-bonded nylon as wel~ as a soviet-made non-woven 

synthetic enve ope. The 20à mt') long drains ~ere spaced 56.6 meters and 

p 1acad 2.1 m deep. The authars concluded that synthetic drain envelope 
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materials were less effective than gravel envelopes, in terms of water 
-

and saI t removal as weIl as peak f lows. In his discussion of the paper ! ,. . 
presented by the 'above authors, Broughton (1982) shows that there was no 

statistical significant differe,:,ce at 'the 0.10 level of probability for 
1 

the data presented ?y Johnsto'n et al. (19~2), on peak f Iowa, water ahd 
( 

salt removal. Brougbton explains that the high doefficient of variation 

of the datl. comes from the fact \hat onry three replicates w!3re uaed. In 

" a large are a of land, muc~soi 1 variation can be expected. Therefore, -
• 0 

fi ve or six r~plicates should be installecd to get~icant reéulte. 

He concludes that laborator)' experiments ,shoulod be made to give 

pre1iminary results on enve"lope materials before field tests are earried - , 

out using the more prom.fsing materials. ~ 

The efficiency of thin envelopes is still argued by sorne, 
• () J 

reaesrehers •. Zaslavsky (1979) favours coarse voluminoua envelopes. He 

explains that particles sm~ller thsn the envelope 'a pore migrste in~ 

ott while the larger ones remain behir'ld. This proeess would 'continu~ 
until the soil stabilizes. At the same time, an inverted natural soi l .. 

• filter would gradually form outside the.envelope, changing from coarae 

to fine. If this envelope is thin with large pores, .the erosive proceas 
J 

v 
ma)' con~nue befo~the sail stabilizes, causing sedimentation. On the 

other hand, wi th small pores, aIl sma Il particles wi Il b~ s topped, 
1 • 6 

clogging the envelope. Wi th a thick coarse enve l ope, fine partie les 

leaving the soil will be stopped st random~lac~s In the ~nvelope and at 

diffe~ent depths. This process would reduce the proba~litY of CI099i~9 
the envelope. 

• 
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In contrast, Sweetland (i977), as cited by stuyt (1982), argues in 
f 

favour of thj.n fabrics. The latter believes that the size of the fabric . , ' 

openings controls the ~ize of the particles'migrating. If the fabric 
t 0 , ... 

conaisted of severai layers, continuoua P9res wouxd become tortuous and • reduce the "laximum size ;>f the mi?rating partieles. Therefore~ the .., G 

, 
thicker the fabric, thedlower the probab~lity of having continuous pores , , 

J
I? migrafing aoi'l particles. ~sweetland (1977) sugge1 ts that the 

" 'p, bbability of cloggi~g the flv~lop~ increases with increasing envè~ope 

- thick"nesa. \ - , 

\ f .. 
D 

; \ 
~[ ., , 

"1. 
2.2 •• Sail condi~ionera 

L (} 

. , 
When· the topsoil ',i.a not cohesive enough for~ use as drain blinding 

~ ~ ,l' 
t ~"o "'," 

material or the subsoil is urltable, the structure'can be improved-by . 
using soil conditioners. According to Zas (1979), the purpose of a 

/ 'soii condi.tion~r is to produce a hi' ~ggregated thin layer of soil.l 
, f ~ ~JJ ., ...,' 

around the pipe ~ would aet as n envelo.pe. T~s could be cone by 

uaing cement, lime, p~l~mer solu~ion or'polyme~ emulsions • 
• _ 0 \ 

Polymer solutions'consiat' of a complex nklterial having a treadlike 

structure which wou Id ho l d the soil partie l:es together ,and thus form. 
1 , 

s~all.acjgregates. On the other hsnd, eiectrically eharged micelles From . .. 
~ pol ymer emu ls10ns, wou 1 d 9 lide over thin w-a ter films (su rrounding 

" 

• mineraI y.ta~tiCles) into the menisci st, the~oint of contact between 

parti~es when the soil is dr~ing out (Dier~ckx and Goossens, 1979). 

Soil particles would thus stick together due to the circular micelles in 

the dried-out menisci. 
, 
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Sail conditioners could be used on fine textured soils to increase 

their pe;meability eS~CiallY in the backfill trench, while they would 

stabiliize the highly permeable coarse-textured so!ls. 

Oierickx and Goossens (l979) tested three types' of' polymer 
, 

o -

svlutions and thr.e7 others of the emulsive type. Uaing permeameters, 
, 

they found thst for sandy loam and clay soila, the ,polymer solutions 

gave best results whèn compared to the emulsive types, as no drying 
• 1 

pe;iod W8B" requtred' ta ob tain op tima 1 a tab i l izing ae t ion. The 
1 • P . 

permeability of the stabilized samples increased by a factor of 10 to ., ... . . 
'Q , 

~ 100. Safidy soils treated with, either conditioner, needed a drying Ume 
, , 

of several da.ys before the formed aggregatea were
o 
able to resist 

~"'" breakdown whe'n pUt in contact with water. 

• 

JI • 

So~l condit~oners present g,ood prospects for the future~ much . 

research ia still needed to answer some" of the question~. Their 

durability, the load carrying capacity of the formed aggregates, the 
4 

effect of sail ehemicals and soil microbiologieal acUv ities need ta be 
.. , ~ 

investigated in more details. Also, a suit~le and economical inethod 
" . . - " 

o ahould be developed for use of soil conditioners in subaurface dr~inage 

applications. 

p 

2.3 Envelope Design Criteria 
l' 

o ' 

In 1922, 
'Ü 

T rzaghi" developed fil ter criteria for hydraulic 

structur. w ch have been tested for and found applicable for en~eé 

around the d;~ins lWtllardso,n, ~974). He recommended the fil ter m~teri~l 

17 

) 

~ ,~:~r 

.. 

• 



'0 

. r 

/, _,0 ~ 
be made many times mor~/perme~e than the bulk soil material but not sa 

, 

coarse as ta ~llow soil partic~e movemenf into the filter. The criteria 

"\ he proposed and ad~tJ~d by the U.S. Corps of Engineers in 1941, a~e: 

• 7 

~ 1) 015 (filter) / 015 (base) ~ 4 
"\ 

(this implieat'hat K(filter» l6K(base) since 
t~e permeability varies as-the square of the 
~rticle diameter) 0 

~ 

2) 015 (filter) / 085 (base) ~ 4 
, 
v 

wh"'e~e the' 0 15 is defïned a~ the effecti ve particle diameter f9t which 

15~o of the soil sample by weight is smaller. Eiimilarly, the 085 ia the 

diaQleter f.or which 85% of the soil sample is amaller. K is the hydraulic ..t-: 
·co[lductivity. 47\ 

• < • 

Other criteria are developed in detail in Willardson's review of 

envelope' mateÏ'ials (1974). Terzaghi's criteria havè' been tested and 

modi fied but have been ge.nerally accepted. The mosi: widely used criteria . 
'K 

in North, America, ara the ones adopted by governmental agencies or 
". . 

associations. In Québec, 0 the legal specifications 'for a granular 

envelope follow the on~s established by ~he Sail Conservation Service 

(ses) Dr ,the U.S. Bureau of Reclamation (USBR) but .ith a min~ 
thickness of 75 mm (3 in.). For synthetic fabrics, it ls required that 

the mean fabric opening be less than or equâl ta the 050 of the sa 1 1 
~ ~ . 

" (C.P.y.q., 1984). :the USBR (1978) present granular fil ter criteria as 

under: 

.1) 015 (filte~? /-015 (b;1s) 2. 5 

2) Dis (~ilter) ( 085 (base~ ~ 5 

) 1).85 0 (fil ter) i Max. size of drain opening,~ 2 

l' 

, , 
l' 
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They have also established a gradation relationship between base 

material and dlameters of gradéd envelope material which goes àlong with 
, , 

the above criteria. The criteria ùsed by the ses (1973) are as followa: 

i 

"1) 050 (filter) = 12 ta 58 times 0SO (base) 

2) 0lS/)(filter) = 12 ta 40 times 015 (base) 

3) AlI of the filter material shall pass the 1.5 inch 

sieve; 90% sh~ll pass the, 0.7:15 inc~ sieve aQd no 

more than 10% shall pass the No. 60 sieve. 

4) For more or less uniformly graded envelope mdter ial 

-P15 (filter) / 085 (base) ~ .5 

5)" For placement ara und a perforated tubing, 

085 (filter) / Average drain opening size ~ 0.5" 

8roadhead (1981) reported on a group of laboratory experiments 

where he tried ta retain soils of various particle aize distributions on 
'-.. 

a series of ny 1,on ("Nytex") square mesh ranging in opening size From 250 
. 

ta .J.OOO microns (0.25 ta 1.0 mm). He found that the ratips of the ' . 

critical opening sizes ta prevent excess sedimentation to the 060 eize . . ,) 
of the sail sample ranged From 2.40 ta 4.05. For the samples with a 060 

of 100 miêrons, the average ratio was 3.26 and for samples with a 060 of 

200 microns, the average ratio was 2.49. He suggests the use of the 

conservative guideline that the opening-g in drain tubes or envelope 

Fabrice not be greater than 2.40 Umes the 060 size, if sedimentation la 

to be prevented. 

When the soil is less uriiform such that, the 0S5 Bize le mu ch larger 
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than the 060' the criterian is, genera_lly,' based on the 085 size. The 

criteria for the size of envelope-free drain openings are more or less 

the same as for envelope materials. Thériault et al. (1982) reported on 

field investigations of 24 drainage systems where drains were dug up at 

72 locations. The drain tubes which had more than 2 cm of sediment, aIl 

had, alots wider than, 2 time~ the 085 of the soil around the tube. lhey 

recommend ~at the openings in the ,drain tu~es meet the CPVQ standards, 

that is, that the perforations be no larger than twice the 085 of the 

base soil to be restrained. 

" 

Willardson (1979) hypothesiz~s' that ~ridging-across the tube holes 

occurs if the soil particles are one third the size of the circular 

opening or larger. There is sorne controversy about the comparison of tHe 

~eter of circular drain hole with the-wldth of a" sI three 
, 

dimensional dome would develop over a eircular hole wher ~ two 
q , 

dimensional é'rch of a smaller span dêvelops over a slot with the same 

mater ial acting. The above author exp lains that "a s lot has the, same 
. 

effective size as a circular hale with,a diameter three times the narrow 
" ../ r ' 

dimenaions of the Blot". 

ln c(;mtrast, Broac:lhead (1981) indicates that B circular hole could ... 
, 

have a diameter larger th~~the_side of a square mesh and give the seme 

affect. He 'implies that the equivalent cirele diameter àhould- probably 
() 

be Iess than the dia~nal of the- square, that is, less than l.t times 
\ . 

\. 
, the alot ~th. The US Corps of Engineers, as r:.eported by Kovacs (1981), 

,~-- -". ~econimends ~ more cons'ervative cri:~rion for drain pipes in dams, where 

B gravel e~velope is used araund the drain pipes. Kavacs states that the 
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085 of the gravel enve1ape should be greater then 1.2 Umes the .width of 

the slot, or greater then the dtameter of a circuler hale. 

") 
flom this controversy! the necessity ~s seen-ta carry o'u.t m~re 

research in order to investigate the effect of drein apen!ng shape on 

• - -, l' 
sedimentation inside the drains. The pr'esent rssearch may he1p to ver! fy 

or reject some of the above thedries. 

) 
, -

Giroud (1982), as an attempt at complementing expel!mental 

findings, presented a theoritical' analysis cÎf the filtration mechanism 

re1ated to geotextiles (sy~th~tic fabries). He round thet although the 

""" --involved meehanism is similar to the filtration mechenism of a granular 
. 

envelope, __ the deri ved crite,}'ia for permeability and opening size of 

geotextiles are different. His fi~dings are aumarizad in Table 2.1, and 

p10tted in Figure 2.1. 
.. 

2.4 Envelope Requireaent VerflUS Siltation Tendency 

, " 

Before installing an envelope, 'the queetion that arise is "what 

sail conditions require an envelope in subsurface drainage systems. 'This 

question has no specifie answer, 'but attempts have been made by man y 
). . 

researchers to establish definite criterie. These citerie were usually 
~ . / 

eo. bas~ on the 80~~ texture, whi1e the effect of soi1 structure wes pnly 

quelitati vely assessed. 

2.4.1 SoiU 'texture and soil 8~ruCture 

A) Soil texture 

21 
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Table 2.1., Retention criterion for geotexti1e.' The" criterion is 
repreaented graphical1y in Figure 2.1. (After Giraud! 1982). 

~ ------------------------------------------------------------------------------------------------------------------------------------------------
Oensity index Linear coefficient of 
of the 80i1 uniformity of the soi1 

(Relative index) 1 < Cu < 3 Cu > 3 
_.---~.---------------------~----~-------------------------~------~-~-­" 

Loose sail Id < 3S~ 095 < 050 Clol 095 < 9 0SO/Çu 

Medium ta 
dense sol l 35% < Id < 6S% 095 < 1.5 050 Cu 095< 13.5 OSO/Cu 

Dense sail Id > 65~ 095 < 2 050 Cu 095 < 18 0SO Cu 

---------------------------~:-~--=---------------------------------~ ---------~----------------- -- ----- -------------------------~--------

6 

5 

e = void ratio , Cu = °60/°10 

095 _ Apparent openlng size of geotextlle. 
0SO - Average partlele slze of safI 

2 6 10 

soi 1 

Medium dense soT1 
) ~~i.;~ 
1 U~ ~ 

loose"~ 1 

12 

LINEAR COEFFICIENT OF UNIFORMI!r OF SOll 

, t '1 

c u 

\ 

'\ 

.. 

Figure 2.1. Retention criterion for geotext e fl1ter (see~\Taele 2.1). 
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Willardson and Walker (1979)' have shown how ~he particle s~e 
, 

distribution greatly affects the soil sensitivity ta internaI erosion. 

water approaches a 6ubsurface drain, the flow velocity incrsases as a 

convergence towards the drain openings. This increase in 

accQmpanied by an~ i.ncrease in hydrau lie gradient" tends to 

move the sail particles towards the drain if they are not held together. 

The velooity at which particles are carried away depends upon their 

di'mension and cohesion forces (Trafford et aL, 1974). 

High velocities are needed ta drag the coarser partieles (coaree 

sand, gravel) and the' f1ner these particles are, the lower the velocity 

reqt:olired. Howeyer, 'there cames a point wher+tparticles are sa fine (clay) 

that the phenomenon_js reversed (high velocity needed), as the clay 

artidles are held 'togeth~r by strong coheEli ve forces., Consequent l y, 

soils with,a high proportion of coarse sand or clay are the moat 
" 

resistant/to tractive forc~, as depicted by Table 2.2. 

" 
Generally, characteristics like the 010' 015, D50' 060 and 085 as 

" 

weIl' as the coefficients of uniformity (Cu) and curvàture (Cc) are used 

-to determine the problem soils. Traffo'rd et al. (1974) cites the 

following ones as being widely used: 

1) 

, 

Cu > 15, 

5 < Cu < 15 

Cu < 5 

. ". -~ 

Si1tation tendency . 

none 

moderate 



~ ____ -'''_,!I'!;"'''' ___________ ~r-::"",:".,r-,~~;,' '··'··C· 
j' .. (... ..'-. .., ........ '* '-",1" _ ........ ' 

Table 2.2. Soi1 type and siltation tendency.' {After Kuntze, 1974). 

------~--------------------------------------------------------------.---------------------------------------------------------------- • 1 

Coarse sand 0 0 
Medium sand 1 1 
f'inè sand 2 2 
Silty !;land ',3 3 
Loamy sand 1 1 
Silt 3 

J 
3 

S,andy silt 3 3 
Loamy silt 

1 
2 2 

SandY~laam 1 0 
Loam 1 0 
Sandy clay 0 0 
Clay 0 0 

-----------------------------------~----------------------------------------------------------------- -------------------------------, , 

a : np tendency ta sedimentation = anvelope not required 

1 : slight tendency to sedim~ntation = envelope required 

2 moderate tendency to sedimentation = envelope required 

3 strong tendency to sedimentation = envelope strongly recommended 
" 

,"' 

'. 24 



" o 

o 

, 2) If Cs < 0.50, there is a danger of, internaI ... 
erosion, 

where Cu = ~60/DIO and 

Cs = ~clay / (~clay + ~silt) 

In the Uni ted states, the A.S.A.E. (1982) recommends the use of an 

enve10pe for: 

" 1) Soi1s that easily fill a drain wi th sediment,s~ch as 
. 

fine ~nd medium sand in the range of O.OSto l.Omm • < . . 
2) 50i1s that do not pray ide a stable foundati.on such 

as saturated sands in quick condition, and 

3) Soils that tend to seal or 'clog d'rain opening and 

limit water entry into drain." 

Broughton et al. (1917) have shawn that soils having a large 
, 

amount (80%) of particles ranging From 0.05 mm ta 0.15 mm present 

siltation' problems. In general, non-saline salIs having 20% clay do not 
\ 

"t 
exhibit that tendency. Thus, in Québec, enve10pes are required for 

, 

(C.P.V.Q., 1984): 1) f!0ils for which the 085 of the sail is 1ess than 

ha1 f the width of the drain slots, '. and 2) soils with 1ess than 20% c~ay 

that do not have a stable structure. Figure 2.2 shows a ~nge o~ 

particle size distribution for soils that have been known ta cause 

sedimentation inside drains. 

B) Sail structure 

Although the particle size distribution ls important for 

identifying a sail type, it is 'not su~ficient ta classify 8 sail type 8S 

. . 
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in Ontario and Québec. (After Irwin and Hore, 1979). 
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a problem sail. Sail structure plays an important raIe, 8S sail 

sensitivity ta si1tation is also depandent upon cohesive forces between 
(,l, 

so!l particles (Dierickx, 1982b; Stuyt, 1982; Samani and Willardson, 

1981). Hdwever, even though many authors agree that the structure of a 

soJl has a defi'1ite impact on the phenomenon of sedimentation, moet' 

stud\es were limited to the texturaI aspects. 

. 
Consequently, further research was necessary ta evaluate the effect 

of sail str~cture on sedimentation, and heneeforward, estab1ish a 

criteria based on both quantitat! ve measures of the indi vigual effee.te 

of aggregate and particle sizes. 

With this consideration in mind, Lagacé and Skaggs (1982) tried to 

prediet drain silting using bath particle sizefand aggregate size 

distribution. They fitted a linear regession betwee~ the depth of 

sediment inside drains and partie le s ize anal ys le parameters and/or 

aggregate size pa~ameters. They found a better correlation with 

particle size analysis parameters (R 2=O.85) than with aggregete aize . 
analysis parameters (R 2 =O.55). However, the regreeeio~ of bath 

parameters gave th. best relationship (R2:O.94). furthermore, using bath 

partiele and aggregate size analyses, and a stepwise discriminant 

analysis method, they were able ta determine good criteria for 

predieting when a fil ter mate:: ial wae ne~dedl Based o~ual 

observstions of the depth\ of sedim~nt depos~ted inside the drain, ~e 
authors elassified the sil taUon as· low, medium and high. Consider!ng 

1 

only partiele aize dIstribution parameters and usi~ the di~ëriminant: 

analysis, 87% of the observatiomrwere correctly classified, with the 
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misclassffied by one class. A misclassification by one claas inpicates 

that if the sediment depth was actually"'r the dis~:imi.nant analysis 

would classify it és b~inf~dium: If the procedure predicted that it 

would be high, it was mia~:sjified by two classes. When considering 

aggregate size parameters, 2J~Were miscla~sified by l-class and 4% were 

misclaêsified by 2-classes:(However considering both particle and 

a~gregate.8ize distributions, ~nlY 6~ of the data were misclassified by 
~ . ~ . ~ . "'----~ 

l-class and none b~" 2-classes. 

...-
The discriminant method seems to work but it is time-consuming and 

l"equi"es ~omputer faci 1fties. Consequent ly further research might be 

necessary to determine simpler criteria that would include 
1 \ \ ~ 

quanti taU v e measures of both soi 1 structt.!re and soil- texture. To the 
~ 

autho~s knowlèdge no simple methods have yet been reported. 
" 

In this research, the effect of soil texture on sedimentation will 

only be investigated qJtlitativ~ly, as it ls otherwise considered beyond 

the scape of this study. 

. 2.4.2 IMportance of installation conditions 

Installation conditions play an important raIe in determining the 

rate of silting up. Under unfavourable conditions, soil aggregatea may 

,be destroyed leading ta a reductioh of permeability of the trench. 

furthermore, under high water-table, muddy water moving through the 

backfill material directly onto the envelope (under high hydraulic 

heads), may clog the envelope openings (Willardson, 1974). It may also 

28 ., 
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'" induce primary 'sil ting in the drain. This B especially true for santl, 

silt, Ioamy sand, sandy loam and ~l ty clay lo~m as reported by Knopa 

et. al 0,979). The implication is that whether or not an enve10pe la 

in~ta~led, careless backfilling (i9ht be harmful to the performance of 

sub~ce drainage systems. 

2,.5 filtering Drains 

Despite being effecU ve, f,armers would rather avaid instal1ing 

envelopes because of the high casts involved. Theref.ore, many 

manufacturers 'have' produced drains with much amaller halea than 

conventional drains, mostly ta be installed in ~he problem areas. Of 

course, nothing prevents installing those dralns in stable soils. More, 

the Grains with small perforations have to act as envelopea at th~ B8me 

time. That is, besides providing a suitable support for the surrounding 

soil, they would have ta preven~ a critical acqumulation of sedimenta 

while unrestricting drainage. for this reasoo; they have been qualified 
D 

as "fil tering fil terlese drains" or siroply "fU tering drains ". 

"" 
Brouillette and Delisle (1982) report of fi1tering drains being 

insta11ed as ea~ 1 y as 1976 in Québec. Their findings ha ve a 1,$0 besn 
, , 

published under Thériaul t ~t al. 0.982). The authors investigated the 
... 

performance' of 24 subsurface drainage systems with filte~ing drains that 
, .. 

were installed on unstable sandy and silty soils in Southern Québec. for 

each farm, they measured the depth of sediment inside'drains, slops and 

drain spacing as weIl as drain characteristics àmong others. Drain 
'''\ " 

openings varied between 0.51 and 1.14 mm wi th 62% of the openings being 

1ess than 0.80 mm. Standard deviations were quite high though, in the .. ' 
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r an 9 e 0 f 0 • Q 3 t 0 0 .20 mm. The au t h 0 r s su g'g est e d th a t a b e t ter 

perform,:r:ce cou Id bEl achieved if the opening~s were ~ad, more uni forme " 

Further, they found that for solls presentin ochre problems y the 

filtering drains en~ed up being èlogged: up to 63~ the openings were -

clogged by the formation of bridges of ochre and soil particles. In 

sandy aoils (80~ 8ltnd and over), the drains performed. very weIl provided , . 

the CPVQ standards were met. In silty soils (30~ silt and·over) however; 

high leve.le of sedimentation we~:;countered, 

Recal! the unwrapped drain with small slots (0.75 x 8 mm) t~sted by 

: Broughton and Gib~on 0+7) :n~ Gil>son (1978), Th.ie drain did ~?t 
perform weIl in the Ste." Sophie sand. The authors predicted th,at, .the 

drain would have probâbly cl?gged sfter a series of 1wet periods spread 

over 4 to 6 years. 
( 

Fausey (1982) rdports on s~t:i.ll diameter tubing for sha1low drainage 

application'. In May 1977, 50 mm drains were installed in a Clermont siH 

loem with 70% silt. The drains had a~ ~ing area of 3.4 cm2/m with 

. indi v idual openings 9.5 mm long by 0.13 mm wide. It was found that these 

drains perlo~med satisfactorily in the unstable soil, in terms of 

sedimentation and water removal-' Reeve (1982) presents resul ts for # 

slotted corrugated tubing with different opening areas. He does not give 
• 

any indication on slot characteristics. However, one of the drains seems 
~ . 

ta have had sma Il perforations as the tota 1 opening area was 29 'cm 2 /m 

for 302 s lots/m. 48-hr midpoint drawdown between two drains was 

calculated for drains installed in a 2 m soil profile with a hydraulic 
(\ .. 

confluctivity of 50 mm/hI' and st a depth of l m and a drain spacing of 30 

30 
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m. The tube of inte;est lowered the water tab~a by 14.2, cm. Drawdown 

values ranged from l~to 18:l cm for inlet araes varying From 12 ta . 

3600 cm2/m for the ideal _drain. The euthar cancluded that'11 smali amount 

of inlet a,rea is enough to produce èonsiderabie lowering of the water 

table. 

- lagacé (19~3) investigated the effect of installation conditions 

~ (dry ,and 'saturated) on the performance of four drain types: small 

slotted, medium slptted and, two large 'slotj:ed p.E. CPT. Under dry 
= 

installation conc:titions, the small slotted drain (0.69. x 5.0 mm) gavè Q ,1 

ta 2 mm of sediments as compared ta the madir.m type '(~.2 x 6.8 mm) 'and 

the la,rger ones (2.0 x 27.0 'mm; 2.0 x 8 mm) which gave up to 75 mm of 

sediments. Un'der saturated conditions, aIl tubinga performed'equally 
. d 

with 1-2 mm of ~ediments entering the tubes. In terma of flow rates, the 
. , 

~mall slotted dra,in. competed very weIl w~the other three draina., The 
d • 

°so11 used, a st., Damaae sandy loam with 70% of the particlea in the Q 

ral)ge 0.02-0.10 mm, had produced heavy sil ting in several fields. 

li terature on the performance of carr~g8ted p las tic tubin,g wi th -
, '""t . 

small perfo~a tions and pÛlholes. is scarce. Much informÎltion ls st! 11· 

needed to improvè on the manufacturifl9 of t"hese tubings. He~,. in an 
1 

effort to help manufacturers find out about the~suitability of their new 

produc~ the CPTA sponsored a preliminary laborat~ory study on the 
'" 

performance of corru9~ted t~bing with pinholes a~d small slots that was 

,to be carried out by BOlduc, Dvorsky ~nd Brou,9hton (1984») 

Three tubes were test~l) a normal slotted tubing e'lrobed with a 
~ 

Q.,. 
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knitted polyester stocking, 2) a 50 mm .nominal i side diameter 

corrugated P.E. tubing for use in golf cèlurse~ with v rY'narrow slats 

/ êJ 2 
(i.e. 0.224 x 1.21 mm) andll,an opening area of 7 cm / ", and 3) a 100 mm 

/--- -../ 

nominal insi~diameter pipe with circulaI' perforations 0.39 mm in 

'diameter 'givin~5 cm 2/m of openin~area. The soils used ~ere a Ste. 

( Barbe medium sand and a B,ainsville v~y fine sandy loam; differe from nI! _ 
(/ the 8ainsville sand used by Broughton et al. (1977). It was fou d that, 

as expected, tube 1) above gave higher flawrates due ta 

the envelope. Interestingly, tube 2) gave higher flowrates th~n tu e 3). 
~ 

~ 

One would h~ve expected the opposite because of the smaller diameter of 
o 

tube 2) and the c~nvergence of the streamlines near the tube. lhe 

'" authors explained this behavio,-!r by the possible clogging of pinholes 

(tube 3) by soi l' particles and by the very s Il 9pening area of 5.0 
~ 

cm2/m, only 1/3 of the minimum recommandf~' ons 1isted in Table 2.3. 

The CPTA considered sponsoring a second stuay that 'Would caver a , 

broader range of salIs and tubings, tubings which would meet at least 

one of the requirements gi ven in Table 2.3. The findings- of 'this . 
research are ,reported herein. 

:' 
" 

2.6 Ochre Deposition 
• 

Ochre deposition inside and around dr.ains has bee'n rec.ognized as 
1 

• 1 1 

affecting the performance of subsurface drai~agé systems ovèr a century 

1 
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Table 2.3. Area of drain ?penings"require~ by various standards: 

( 3================-======================-========================== 
Standard cm2Jm in2/ft 

of length of length 
-----------------------------------------------------------------
ASTM f405 
(Anonymous, 1982) 

USDA ,ses 606 
(Anonymous, 1980) 

Canadian General 
Standards Board ' 
CGSB 41-GP-29Ma 
(Anonymous, 1983) 

Bureau de Normalisation 
du Québec BNQ3624-115 
(Anonymous, 1985) 

• 21 1.00 

21 1.00 

16 0~75 

; 32 1.50 

:================================================================ 

• 1/ 

" . . 
, . 

q 
~\ 
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ago CF ord, 1975). ochre or ii'on sludge is a red ta yellow, 

-.J 
. 

gelatinous, filamentoua, amorphous, sticky mass of fer1'ic hydroxide plus 
~ ~ 

an organie- ,,!strix (Ford, 1979a). This iron deposit tends to form in the 
, 

first three yeara after installation of the drains, thus reducing the 

" 
Flow to and sometimes b10ckin.g- the drains (Sojak and Invarson, 1977). 

This is especially true if the soil pH ia higher than 5.5. 

Regame'y and Jaton (1'976) and Jaton (1977) describe the ~henomenon 
Q " ./ 

,tJr"'~'U \' \ 

of ochre formation as occuring in three s'tteps. Initially, iron in the 

soil profile changes from the ferric state to th~ soluble ferrous aTh~e 

under wster-loggE!d, anaerobic conditions. It then migratea through the~ 

soil towards the drain to finally precipitate and deposit in and around 

the 'drain, due to the presence of oxygene 
, ~. 

Ford (1975) found that the ~itatio'n of ferrous hydroxide at 

'dràin level, waa primarily due to the presence of microorganisme and 

not to physico-chemical reactions aa reported by other authors. 'Since 
" 

the"n, man)' bac"teria have been identifïed. The most important ones 

affecting ochre depos(tion in Ontario and Québec are cif the gene~a 
" \ 

--Gailiiionella and Sphaerotilus (Gameda, 1981; Gameda et al; 1983). 
'-'t 

, 
The types of soil in which ihis problem occurs, are primarily sandy 

soUs an~ muck soUs unçler Iain with sa~d containing ferrous iron in the 

grou"dwater (ford, 1975). 

When installed in such soils, synthe tic envelopes with small pÔl'es 
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are likely to be èlogged or loose' much of the inf low area. On the other 

hand, .organie envelopel:J and envelopes made with easily deoompoaable 

organic fibers wi1·1 not suffer ochre _cl099in9" This is because of their 

ability to _produce iron reducing agents, such as phenols. 

Consequent ly, special fabrics were made that incorpora ted a 

substance capable' of i~ibiting-the formation of fe1'rl0 hydroxlde. 

However, the initial desintegration of the organie materia1 releaa~a 

large amounts of phenols such as tannins which are drained into ri vers 

. and lakes. Pollution prob1ems are then gAerate ~s fish ls affected by 

this highly toxic compound. (Ford, 1979b). 

Hap~i1y, other control measur.es have been established (fard, 1975; 

Kuntze, 1978; Sojak ,and Invarson, 1977)., Theae measures can be 

classified as preventive, controll ing and corrective. Preventive 
1 

l , 

measures inc1ude soil ae.ration by subsoiling and/or the use of loose and 
~ 

weIl aerated ravel enve~opes whicn allow aludge to form in the solI and 

~de the drain. Controlling measures consiat of us~ng shorcer 
() 

late~als a~d maximum grades, increasing the minimum drain opsning size 

(i.e. 1.2 mm}, and sub'lnerging the drain so as to prohibit drain 

aeration. D:çain submersion requires deep drains to avoid wster-logging 

the' r~ot zo~~' ~r narrowly spaced dr"dns. finally, chemlcal treatments by 

fI ushing. tk drains wi th sn acid forming gaz or acid so lution, and 
'f) 

mechanical treatments such 8S je~ cle~ning, make up the corrective 

. measures. Theae methods are described in more dataile by Kuntle (1978). 

3S 
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III. ~IES or FLOW TO ~N 
Before proce~cUng' with the experimental procedure, let ,us consider 

a few aspects of theor4.es describing the flow to drains. Many of those 

theories ha ve besn deve loped 0 ver the decades, uslng di fferent 

approaches. Only the re~evant ones will oe discussed in this chapifr. 

Deteil~ of the mathemic'a~development ean ~i", most dr~inage 
textboo~s and original papers (Sehweb et aL, 1981; Luthin, 1973; Van 

Schilfgaerde, 1974; Kirkham, 1949, 1950; etc). furthermore, only radial 

f,low theory in a saturated homogeneous isotropie soil will be covered 8as 

it ia direct1y relevant to the research carried out and presented in_ 

this thst 

3.1 Drains in Ha.ogeneous Sail Seturated to the Surface 

, 
Using Flow theory and Darcy's law, Kirkham (1949) 

flow net solutions for unlined subsurface 

drains placed in a homogeneou soil o~erlying an impervious layer, with 

weter ponded above t oil surfase. for this situation, flaw in ta an 

individuel drain is iven approximately by: 0 

2 7r K (t+h-r) 

q = ~--------------
ln(2h/r) 

(see figure 3.1) (3.1) 

~e, 
q = Flow into a unit length of'drain per unit time, m3/d/m 

K = soil hydraulic conductivity, m3/d 

t = depth of water ponded on,sail surface, m 

h = depth from sail surface ta centre of drain, m 
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'- l 

l' = radius ta oùside of drain,­
r 

figure 3.1~haws the f l,ow 'net for paraIlel draina 180.mm in 

diameter, 12 m ap~ and 1.35 m deep. In the right hand half of the 

,fig~re, equipotentia Is are labe lIed in metera of wa ter. In the 18ft 

hal f, -streamlines are given in fraction of the total 'f low which oeeura 

between the given streamline and the zero atreamIine, midway between the 

drains. This f low net shows that 60~ of the inf l aw a t the soi 1 surface 

enters the dl' sin wi thin 0.60 m on ei ther aide of the drain. Notice haw 

the streamlines are closer together immediately aver the drain than at 

some distance from it. Thi's indicates a rapid increaae in wat'er,tlow 

ovel' the tile than midway between them. The closenesa of the 

equ ipotentiaIs over the drains shows that near l y ha l f of the tata 1 

potential 'is used up within two diametere of the drain. 

Equation (3.1) is s cloee approximation for cases when the dept~ ta 

the impermeable layer is,at least twice the depth of draIns, and when 

the drain spacing ia at leaat five timea the drain depth • 

.\-

\., 

3.2 Radial Flow fra. a cylindrical source 

The oldest approach for the development of equations simu~ating the 

operation of gravit y wells in unconfined aquifers with horizontal 

rep lenishment, is that of Dupuit (Luthin, 1973j~\ The Dupuit aeeumptione 

are that the atreamlines in a system of gravit y Flow towarde a shallow 

sink, are horizontal and that the velocity a10ng the streamlines le 
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figure 3.1. f low net for seepage to parolI el drains f1'"om ponded water 
over a saturated soil o~erlying an impervious layer. 
(Redrawn from Kirkham, 1949; 'original drawing labelled in 
feet). 
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proportional ta the slope of the free water surface but independent of 

'the depth 'of the saturated f low layer. IgAoring the seepage surface 

around the ,weIl and using the above assumptions, the f low rate into a 

gravit y weIl,. is: 

1 

Q = (3.2) 
In(R/r) 

where Q = rate of Flow, m3 Id 

K = hYdraulic conductivity, m!d 

H =- hydraulic head at radius R or height of the static water 
level above the imperv ious laysr, m 

h = hydraulic head at the weIl or height of the wat~r levei 
inside the weIl, m 

R = radius of in f luenee, m 

r - radius of the well, m 

\ 
The distance from. the weIl to where the statie water table la \ not 

c::::::::r--
lowered by drawdown, la J:<nown as the radius of influence. 

, 
The Flow to a weIl comp1etely penetrating a confined aquifer, esn 

J 

be anaIyzed in a manner similar ta the uneonfined flow, lt ls described 

ss: 
-f 
• 

2 'Ir K d (J'F- h) 
Q , 

------t--------~ (J.) ) 
In(R/r) 

where d = thiekness of the eanfined layer, m 

H= height of the piezometrie surface above the top of the 
canfined layer, m 

h:: height of the wat'er in t-h'e weIl abova the top of the 
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confined layer, m 

, 
for steady Flow, the enUre discharge of a weIl must pass through a 

concentric cylinder at any radius. Thus, it can be shawn that the Flow 

rste for radial f low from a, cy lindrical source to a subsurface drain 

wi th completely open walls is very similar to Eq. (3~3): 
- 1 

Q 
(hs '- ho) 

= 27r LK .-----------
ln(rs/r~} 

where L = length of the drain, m 

ha = hydraulic head of the 9ylindrical source, m 

ho = hydraulic head inside the drain, m 

ra = radius of the so0ram centre of drain, m 

ra = radius of the drain; m 

ù 

J.l Effective Drain Tubè Radius 

Equation (3.4) assumes a completely p~rmeab1e drain which offers no 

resist&nce to the f low. This la not the case in reali ty and many au thora 

" have deve loped .formulae taking into account the effect of drain tube 

'opening dimensions on ~ater f law. Kirkham and Schwab (l~51) present 'a 

oElmplex mathemical solution for the effect of circular perforations on 

Flow into smooth drain tubes. They verified their model with 

experimental electric analogues (Schwab and Kirkham, 1951). Similarly,' 

analytical solutions were derived for the gap width between two adjacent 

clay tiles by~~~h~m (1950), Sneyd and Hosking (1976),' Bravo and Schwab 
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(1977) among others. The latter authors included a formulation for 

discontinuous slots on smooth drains and compared the theory with 

results from electric analogues. 

AlI these.ial ytic.l express ions c>omparad Yery wall w>th the ir 

electric analogue. However, they are quite complex and difficult te use. 

Consequentl~, approximate solutions were derived to de termine the rate 

of flow into re'al drains. The concept of "effective drain radiua" was 

thus introduced. It is defined such that the flow to a completely 

permeable tube with radius r e , is thé same as that of the real'drain 

with radius' ra. Taking into account the effective drain radiu~. 
(3.4) be;pmes: 

Q = 211" LK (3.5) 

1 The effective drain radius is useful in comparing the performance 

of unlike drains. Other, practical applications of the efff1!c.tive radius, 
J 

as reported by Skaggs (1978), are its inclusion in the equations 

presented by Moody to determine th&' equivalent depth to the imper v ious 

layer; the equivalent depth can then be used to estimate the water table 

drawdown from solutions to the Boussinesq equation. 

Mohammad and Skaggs (1982) determined the ~ffective radius of 

several tubes with circular epenings and different number, location and 

total opentng 'area. They,found that the location of the openings on the 

wall had little effect on the effective radius. However, the existence 
~ 

of a gravel envelope around one of the tubes, greatly !ncrèased the 
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effecti ve radius but not 8uf ficien,t ly S8' to equa 1 the' radius of the 

envelope. 

3.4 Entranoe Resistance , 

Another method for characterizing the effect of drain kube QP~ni~g ... , 

ls the concept of entrarce resistance 'which helps to calculate ·the head 
, 

108s a t the drai'n wall. The tota 1 fI ow resistance can be di v ided into 

four components: a vertical, a hor~zontal, a-radial and an entry 
\ 

re8i8b~nce. The firat two components would depend on the porous medium 

(Le the bulk soil) while the last two depend on both the soi'l and the 

type of" drain and/or envelope 'used. The sum of the radi~l and entrance , 
~ 

resistance ls known as the lIapproach flow resbtance" (Cavelaars, 1967). 
", "..' 

The approach f low resistance can be narrowed down to a radius of 0.5 -

0.7 m. around the drain (Erikss'on, 1982). 

r a~l :::~: l:i ::::: O:b::: r:o tto· 7:·:: r ~~:: l,::: t~eO ::.::e c:::::: 
Eq. (3.4) can th ua be applied only wi,thin this radius. Cons\dering the., 

hèad 10ss due to radial Flow resistance, Eq. (3.4) can be rewritten as: 

q 
---.,.- = 

q 

K 
(X­

r 

where âhr = hydraulic head 10S8 for radial fl.o~, m 

Wr = radial resistance, m 

Ot r = radial flow resistance for a soil with a hydraulic 
conductivity of unit y, m 
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The entry resistance ta a drain'wi~h a limited'number of openinga la 1 

~ 
q 

K 

• 

where 'Ahe = hydraulic head 108s due ta entranoe resiatance, .. m, 

~e = entrance r~si8tance, m 

= entrance .resistance for a sail with a hydraulic 
,conductivity.of unit y, m, • 

(3.7) 

Thus, the total head 10ss due to radial Flow into d rea} drain becomea: 

• 

(J.8) 

where O:tis the total Flow resistance'in a 80i1 wi.th:-K--=ioae. ~an be 
, , 

, determl,ne'd 'once' at and' ~r à re known. Rep la01ng the rea 1 drain by a 
, , , 

drain ,with an affecti va radius of r e , Eq. (3.9>- changea tOI 

i 
a t = ln(rs/re) 

2 . 
(J.io) 

theréfore, 

re = ra e (-21J"~t) 

or 

re '::." 1'0 
e ( -211"Q e) 
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Eq. ,0.11) shows that the eff;cti ve ~us of a drain 
, 

decreases 
... ' 

exponentia11y with af.l increasilJg r,esistanee. Attempts have been made to 

'. 'find ana1ytj.cal expressions for the~entrance resistanc~ which depends, on 

the number, 8~ape and location of+the perforations. l t also depends on 

. 

" 
the type of bridging over the perforation, usu8'lly an arch type as 

observed by Zaslavsky and Kassiff (1965) among others. The ares covered 

by a an arch type of bridging is greater then in 8 fIat bridging by a 

factor of 7r/2. This wi Il reduce the convergence of the stream1ifles 
, ~ 0 , 

t,owards the opening, WhiC~, tur~ offers less resistance:=o the. flow of 

water. . ~' ' 

The fo1lowing expressions for the entry resistarfge - Eq. > (3.13~ to 

(J.17) - were taken from Oierickx (1982a) who studied the, effect of 
8 

·corrugaUons on entrance resistance. We have: 
" 

c 2c c 
a e = --2--' ( ln ----- - ----- ) 

21!: ro ' 7r{3 411" 1'0 .s 

(3.fj) 

0 , 1 
c 2c 1-1: . 16 Àc a e - ------ (ln + ----- (ln ----- - F('}'tE ») (3.14) - 2 ",21' 7r (3s ')' f!s 0 

c 
'" 

Eq. (3.13) represents the case for a smooth pipe with continuous 
fi 0 

circumferential sli ts simulating a gap between clay tiles. In this case,' 

c=gap specing (m); ro=outside drain radius (m)j and @s=gap width Cm). 

L 
Eq. (3.14) is the expression for rectangu1ar d~scontinuous slits on 

a smooth drain. 'Y. = Àpl Àc and the other symbols a~e as define1ii' in 
o 

Figure 3.1. Figure 3.2 la' a graphieal representation of the function 
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Figure'3.2. Rectangular perforation pattern of discontinuous transverse 
slits. (Arter D~erickx, 1982à). 

-

Figure 3.3. 

F('Y ,E) 

4.3 

4.2 

4.1 ~ 
4.0 

3.9 

3. a, 
o 

3.7 

3.6 
3.5 

3.4 0' 

.+ . .5 .6 .7~.a.9 1 "Y 
The function F( 'Y, e) with € = a for f low towards a 
partially penetrating weIl in,a confined aquifer. 
(After Dierickx,., 1982a). 

(a) (b) . , 

,.1 
0--

_....a-' Y 
figure 3.4; Corrugated drains with'(a) s' gap width equal ta valley wldfh 

and (b) a gap width smaller than valley width.' (After 
Dierickx; 19628). 
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The pres~nce of corruga t ions on a drain increases the entrance 

resistance QB the streamlines experience additional convergence towards 

the ~pening between two corrugations. Hence, for a corrugated drain with 
1 

a rectangu lar block wave profi le and eontinuous cireumferential openings . . 
with a width equal to the valley width, the entry resistance is: 

\ 1'..1> 

\ c 2è' c 
a e = ----- ( ln ----- - ) 

211"2r 7r f3s 4iro 0 

c ro l ~~\ 
a. 

ln ln 
0 

(3.15 ) + -------
27r (1s ra 

, 211" ro 
, 

• 
j. 

For circumferentia l, openings wi th a width less than the va Il ey 
.." 

wi.dth, the entry resistance approsch ls approximatèd by: 

c 

, C 

+ 4-;2;:,~ ln 

2e 

2 7r Ôr 
2 sinh -----­

/3v . , 

c ----- ,) 
411"ro 

-------------------- -

'. " 

1 

211" 
ln 

r " o 

(3.16 ) 

'1 
For, discontinuous slits with ~ width less than the valley width, 

the expression bec~es: 

(' 
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c 
a e = ------

2 rro 

c 

: ,- <" ~ 

2c 
( ln ----- -

'Ir f3v 

27r Or 
2 sinh ------

c 

4.J.r ro 

l o - (jv 
ln -----------~-------~ + ln (3.17) 

,2 7f' f3s 
Sln ------

2 f3v 

2 'Ir 

/ 

r ' o 

Q The sym~o ls are as \ indicated in Fig 3.4 and N represents the number 

of longitudinal raws of slots. Notice that Eq. (3~7) ia equal to Eq. 

(3.13) plus two other terms. The second term in Eq. O.i7) takes into 

account the convergence of the streamlines inside the valley of the 

corrugations. The last term is a corraction for the radial f law in that 

valley. DieriCk~, 0:982a) te~ted the val idity of theae e~iona .using 

electric analog4~s anq 'found very good agreement between the 
, . 

experimental and theoritical values. 

? ", 
3.5' RPZ Ratio 

Up to this point, it has been assumed that the hydraulic 

conducti v i ty of the soil in the ares of "flow resiatance approach" wâs 

constant aIl around the drain. Lagacé (1983) and L~~ and Skagga 

(1985) have shown ,.that this assumption does not 'J true in the -- , 

vicinity of the drain, for the cases they studied. To do so, the authors 

defined the "RPZ ratio" which stands for "radial piezometrie ratia ll • 
li 

Denoting "a1l the inner piezometer (0.7 to 1.5 cm away from the drain) 

and "b" the zOJlleter (20 CIJI away From the drain in the 8ame . ~ \. 

direction); and assum'ng an average hydraulic conductivity between 
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piezometer a and the drain (K a) di fferent From the one -between 
r 

piezometer b and the drain (Kb), equation (3.8) can be rewritten as:' 
~ r~ - -. 1 

where 

and 

t 

?a = hydraulic head at piezometer a, m 

hb = hydraulic head at piezometer b, m 

ho = hydraulic head at drain opening ~o m 

(~ta = total f10w resistance at pièzometer a 

a tb = total f ~ow resis tance 

l 
ata = 1n(ra/ 1'o) + a e 2 () 

1 
atb = --- 1n(rb/ro) + a e 

2 

at piezometer b 

(3.18 ) 

(3.19} 

(3.20 ) 

(3.21) 

1 

Taking the ratio of the two equations (3.18), and (3.19), we have: 

Aha . Kb a ta = _ .... _- ---- (3.22 ), .. 

The RPZ ratio is defined as; 

Aha/ Ahb (observed) Kb 
RPZ = ... - .... ------ ----------- = (3.23) 

at~/ atb (theoritica1) Ka 
. ' 
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Actuelly, the authors made the hydr~,ulic head at the opening (ho) 
, 

equal to 'zero by mov ing the reference l ine. Thia wou l d reduce the 
. 

nurnerator to ha/hb' The RPZ ratio, aa defined, ia independant of drain 

characteristics and pf the ra~ial distance to the draina. It isl:-owe~ër, 
t~e expression of the ratio of the hydraùlic conductivity bet een each 

piezometer and the drain. Thus, for a uniformly compacted layer of aoil, 

the RPZ ratio shouldo be equal to one. Should it be less then unit y, this 

would indicate that the soil between the drain and the inner piezometer 

is more permeable than the soil outside the first piezometer. The 

authors found aIL RPZ 'values to be lesa than o~ for their experiment 
o 

(above, below and on each side of the drain). However, the valueà were 

closer to unit)' on the top quarter while the' bottom quarter gave loweat 

resul~s. The situation would be that the soil tende ta settle properly 

in the c&rr'ugations on top of the drain whereas the oppos(t:; seeme to 
- ~ ~~ 
take place below the drain. Tha.authors explain .that abova the drain, , 

./ 

tractive forces and gravit y help pushing the soil particles towards the 

opening while under the dra'in, gra v ity is âcting againat the f low of 

weter, thus reducing the effective pressure on the aoil particles. 

3.6 Hydraulic Gradient 

Water f lows from one point to enother becauee of a difference in , ~ 

potential (i.e. hydraulic head). The difference in potentiel divlded by 

the diste'nce ,ara~ing the two pOin1~ ia term~d the hy~rau lie gradi~nt. 
At'drain level the hydraulic head ls maintained at its lowest level by . 
contant removal of water: in the tubing when drainage takes plac.h 

Therefore; the gradient will be higheat at the drain as 8' result of 
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convergence of the âtreamlines. The gradient at the opening for a real 
o 

drain ,is called the exi t gra.cJient. When the force,B exerted by mo v ing 

water exceeds those which hold the Boil particles around the openings, 

particle movement tsl<es place and sedimentation occurs. The gradient at 

which srosion ,oceurs is known as the critiea1 gradient or hydraûlie 
" 

rail ure gradient. 1 t fol10ws that erasion wauld oceur in cahesi ve soils 

at critical gr~dients much higher tharl would be expected ,in 

structurelese sa11s. 

" 
Severa! farmulae are gi ven in the literature for the expression of 

tha eritical g~adient. Of interest ta us, lS the hydraulic fai1ure 

gradient a t a drain opening, which Samani and Wil1ardson (1981) ha ve 

develaped through empirical means. The formula wss derived from studies 

of critical gradients dane aver a wide range of soUs From sandy to clay 

-Ioam soils. It is expressed as: 
j) 

o 

HrG = exp(0.332 - 11400 Ke+ 1.07 In(PI» 

where HFd = hydraulic failure gradient 

K = hydraulic eonductivity of the sail (m/d) &,_ 

Pl = plasticity index of the sail (deeimal) 

(3.24) 

From Darcy's law, the hydraulic gradient at the drain for a 

completely paraus drain is: ~ 0 
Ah Qt qt qt 

1 = --.. -- = ---_ ... ....: -------- = --_ .. --- (3.25 ) 
/:'r K At K A 21l"Kr-
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where At ia the 'total drain opening area and A the dral,n opening arai 
, ~ " 

per unit length. The other symbols are as defined previoualy. For a resl 

drain, r can be replaced by the effective radius, ,re' and the hydraulic 

gradient near the drain be estimated. Comparing the predicted gradient 
. 

as determined by equatian (3.25) with the expected hydraulic failure 

gradient, one can decide whether an envelope ls required on the drain in 
, ~ , 

arder to stabilize the sail or ta reduce the exit gradient. 
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IV. HA TER IAt S AND HETHODS 

4:1 Tubing Uaed 

, . 
The four types of tubings to be ,:tested, were supplied by different 

manufactu~ers. Theae 100 mm <j- ~n.) nominal, diameter tubings, are: 

a) Pinhole tubing A, l 
b) Pinhole tubing B with slightly less open area than pinhole 

tubing A, 
l 

c) Pipe with very small slots, and 

d} Normal slotted tubing with a knitted polyester stocking, 

152 g/m2 (4.4 oz/y,d2 ) of unit weight. 

c// 
The to'tal opening area per unit length of the above drains is given 

in T ob le 4.1. 0 the r draIn charac ter i s ti C:;(ch' as open ings d imansio n s 

and number of holes--per uni t length are l.ndicated in Table 4.2. Also, 
'1 

" hiatograma of drain openings are presented ln figures Al and A2 in 

- i 

Appendix A, for the tubes with small slots and pinholes~ The Op~ning\. 

histogram of the bare norma l slot ted tubing is not shown as i t is the 

fabric:'envelope wrapped around the drain that has a direct effect on the 

drainage rate l'ether than the s~ots themselves. 

~ . 

The openings hi~tograms of figures Al and A2 have been presented in 
, p 

. 
figure 4.1 as the opening size distribution. Also" this' graph depicts 

the pore size distribution of thê--knitted polyester stocking as measured 

qy the ASTM draft procedure (Papineau, _1985). 

• , 
.' 
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Table 4.1. Measured ares of drain openings for the tubes used in 
the laboratory • . ____________________ -4.t ____________________________ ~ _______________ _ 

-------------------~;------~-----------------------2---------2-~--Tubing Holes/m, Holes(ft cm lm in 1ft 

-~---------------------------~--------~~~-~~~~~~--~---------.------
Normal slotted tube 
without envelope 

Normal slotted tube 
with sock envelopea 

244 76 
\ 

51.5 2.4 

1427.5 67.4 

- • ,~v ,-,""':f-;'f/<' 
, l .. ~ ,,-

~ J ~ 
, 'L , 

- , 
, -

" 

Tube with small slots 2528 

6231 

5376 

768 

1905" 

1728 

56.9 2.~ 

Pinhole tube A 29.7 ..l 1.4 

P inhole Tube B 21.0 1.0 
==================================='================================ 
a Determined as shown in APpend~. / 

Table 4.2. Measured dimensions of drains openings in tybes tested. 

-----------------------------~=~----------------------._-------------------------------------~ --~---------------------_._-----Designation' No. of holes Average Minimum Maximum 
per ring mm nm mm 

• 
~-------------------------------------------~---------------------Normal slot 4 (valley) width 1.50 1.30 1.63 
without.: enve. a length 14.08 5.66 18.19 

Small slotb 32 (valley) width 0.65 0.51 '0.71 
, ' length 3.56 3;18 3.79 ... 

Pinhole AC 48 (valley) dia. 0.66 0.00 1.02' 
45 (ridge) aia. 0.B8 0.00 0.99 

mean 0.77 

Pinhole BC 48 (valley) dia. 0.69 0.00 0.99 
__ 48 (ridge) dia. 0.67 0.00 0.91 

-~----~------------~~~~----------------~:~~-----------------------~---- ------------------------------------~--------------~-------a 80 lots measured (20 rings) 
b JZO slots mea8ured~(10 rings) 
cHoIes measured on 10 ridges a~ 10 valleY$ 

- ~ --- - - - -- ---~---
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Figure 4.1. Openlng sfze distribution for fabric envelope and tube with 

~al1 slots (top); and pinhole tubes A and B (bottom). 
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4.2 Solls Used 

1 

The soils were obtained from n!3ar drain depth, 60 ta ItO cm deep 
, , 

from sail areas where fabric envelopes are 'nol'mally'. recommended for use 

on drain tubes. Psrtiéle size distributions for theae soils are gi ven in 
. 

figure 4.2. The percentage~ of sand, si'! t and clay in each of the so11s, 

and their position in the sail classification TexturaI Triangle, la 
, . 

given in Figure 4.3. ,These curyes are the aversge dats of approximatel'y 
, . 

" -
20 sample~ from aboye drain pipe. There was very litt le dlfference 

,. - \ 

between samples in any sâil type 8S will be discussed in the next 

chàpter. 

The Ormstowp sail cames from a ferm where drain tubes with normsl 
,( 

slots 1.8 mm wide x /14 mm long and no enyelope were blodked with 
~,... .;;J. 

sediment. Figure 4.2 shows that the sail used had 10% clay. It waB first~ 

intenfled ta obtain the sail from near a 1ateral where an envelope was 

in,stalled. The sail in that area had only 5% clay. But as the field waB 
• 1 

- a,lready. cultivated and p1anted, sail From near a field boundsry was used , . 

and it is the one represented in figure 4.2. This latter sail was kept 

for the research as i ts cl ay 'content was be 10w the upper 1 imi t of 20% . 
for which no envelope is required (Québec standards - CPVQ, 1984). 

soqs much coerser than the Ste. Barbe medium sand are seldom used 

~r agriculture, or se1dom need drain tubes beceuse their water hol,ding 

capecity is sa low that they usuelly sufJer From droughtiness. Where 

they er,e used for agriculture, it is frequent1y for tree 'crope with 

irrigation. If c;frains are needed, the soil ia usually coerae enough ta F 
0' 

serve es i ts own envelope meterial for drain tubes wi th pinholes or 
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o 4.3 Soil and Water test Tanks 
i1 

Three tanks 120 cm wide by 240 cm long and 76 cm deep (4 x 8 x 2.5 
r' 

ft) were built as indicated by figures 4.4 and 4.5 and figures BI to 84 

in Appendi x B. Permeab 1 e di v ide ra were prov j.ded between each of the f ouro 
, -. 

'sections 'in each tank so that the water aupply to the drain tube placed .. 
in each soi 1· chamber was identical. In this way, no tube had an adverse 

\, 

effect on any other tube. AlI fo~ tubes were testeq at once in one type 

of sail undel' the same head and drainage candi tians. 

A 12.7 mm thick clear pexiglaas window was installed in the front i 

end 'of each cell (sail chamber) •. ThE! windows were bolted onto the tank 

wall and aealed with a thick layef or silicone around their perimeter to 
J • 

avoid any leakage. The windbws permitted observatio~ of the settling of 

the âoil around the drain. 

Start-up water and 'make-up wat'er waa supp li"ed from the College 

chlorinated water supply. The water was distributed through a perforated 

pipe into the crushed stone- at the base of the tank anq between the 

expanded metal shJ3~ts which separate the sail chambers within the tank. 

A mirafi JiIter' fabric was draped over the permeable dividers between 
. 

the sail chambers ta keep the sail separated From the crushed stone. 

Water f lowed easi 1 y through the crushed stone ta gi ve,the same energy 
1 , 

head aIl around each soil chamber within a tank. The head was kept 

constant for any one tèst l'un by allowing a small continuo'us overf low at 
(J 

the head aelected, for the test l'un. A collection pipe, tank, IPump and , 

sa 
---,'- " 
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head tank was incorparated ta recycle the drainage water. This recyoling 

kept the test water et room temperature and a vaided the use of co 1 d 

high-pressure sypply water with air in solution~ 
t---;.-

As can be seen fram the photographs in Appendlx B, the outf Iowa 

fram each drain tube passed through a conical flIter sô that .any sfind 

and ccarse'siH flowing out with the drainage water could be trapped. 

Most of the clay particles flawing out of" the draIn wi Il pass through 
./ 

tge conieal flIter unless à fair amount of sediments deposit at the-

bottom of the fil ter, thus sealing it. 

,. 
The test tank dimensi ons were chas en ta gi v e: , 

, 
1. A reasonable l ength of tubing to gi ve repr,eeenta ti ve Inf Iow 

. 
condi tians wi th a minlJ'lum tif uncertaln boundary effects. 

1 

2. A wldth of soi 1 sufficlent ta g~v e nesr l y radial st reamli nes 
"'1< 

app~?,aching the dr~ins, as could be expected in the field when 
< , 

'1'-.- drainage occurs. The wldth of 57 cm used for eact. cel1 ls nearly fi ve 
, \. 

') 0 , 

Umes the tube diameter. This is about equal to the trench width~ created 

by whe~l trenchers currently being used for installing drain tubes. It 

ls alsa a width sufflcieht to gi ve reasonable space for working ar'eJund 

the drain tubes, placing drains and soi 1. 
\ 

/J./J Procedure 

B~fore placing it into the tank,' the soil was air-dried~ 
moisture content euitable for soil manipulation. The soil was sieved 

through a 4 mm square grid screen mesh ta' control the maximum size of 

aggregates for a more uniform campacti?,," The tanks were filled ta drain -
61 

.. \ - - -



,-

leve 1 wi th soi l ~y repeated 1 y placing a 50 mm layer of soi l intô the 

tank; lightly ~Ping the soil wi th a 15 kg concrete block and 
--

scratching the soiÏ surface with a rske. At 'drain level, a groove was 

made wi th a Il.5 cm outside diameter smooth PVC pipe. This was a lmost 

the sa'me as the corrugaled drain tubes whi~h :were 11.6 çm o.D. The 

tubing was then installed with a 1.0 percent slo.pe .~ow~~ds the outlet 
~ 

and soi1 was packed around it. Care was teken to 'fill- up aIl voids 

between the drain end the surrounding soi 1. An end cap wa~ taped onto 

the extremity of t'hé tubi'ng inside the soi 1 chamber. In this way, onl 

\, ,the perforations ~round the drain would perticipate in bhe drainage 

proceas. 

. . 
The. junclion between the drain and the plexiglass wal i was aealed 

r· 
, ' 

with a layer of silicone app1ied aIl around the drain. The silicone was 

allawed to dry for 24 hours. The drain extended ·10 ta· 15 cm From the 
~ ~ il, 

window. The extension was covered with drainage tape, thus preventing 

water from flowing tbrough th~ perforations (see Figure 4.5). 

The tank wes filled with sail ta within 11.5 cm of Othe' t'Op. Water 
• 

waB slowly introduced via the lower inlet~loWli'd the soil air tb 

eacape upward to the atmosphere as the soi 1 became saturated. During 
. -. ,,' 

test runa, a constant ponding depth of 5 cm was ~ept above the sail 

surf.ace via the overf low. This overflow level was set ta prov ide a 

hydrau1ic gradient condition near the drain which would be close to that 

which occurs in the field after a rainy spell, which brings the water 

table in the sail about )0 cm 'aboya the drain level near the drains. 

1 
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. " , .. '.. . ~ . ""." 
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, 
, The three tanks were used simul taneously and the ste. Barbe, Ste. 

~ Bè'insville soUs were first used. The 'first test l'un waa made 
o 

" 1 ' 

with the drain outlet open so there wes air above the water in the drain 

tubes .. Since the tubes were only racei ving water along a 112 cm length, 
• • 

they would nct be flowing full as field drains 500' m long might be. It 

weè th en decided to, opera te the remaining l'uns with the drain tubes ru Il , 

of water outf lowing at s le ve l just above the top of the tube a t'the 

. out let end. This gave e reproducable condition of full tube Flow, no air 

/'" 
in the' tubes and radial seepage through the sail to tne drain tubes. 

. 
Th is condi tion occurs in the fie l~ et times of maxi~m draiQage 

rate when the drains are surcharged and wat,r ia entering. the tubes aIl 
• 0 • -.1. 1 

.. around their circumference. To ach~eve full Flow, square end oaps made 

of. 6.3 mm thick cleer pexiglas~, 16.5 cm on one side were glued,to the 

outlet with ,sili~one. A concrete b'loc~ held the end caps in place from 

below"until the silicone dried 24 hours later. A 2 cm inside diameter 

PVC elbow tube painting upward From the end cap allowed outFlow, 8S 
tf • 

shawn in flgure 4.5. 

,/ 
... 

Out f low From" the tube ~as measured once or twi ce 8 day for 9 ta 39 , . 
~ , 

days. Two cycles were. rvn For Înost of the experiments. Between cycles 

and at the end of 'eacl-t test, the tank would be drainëd From the bottom 

out,let through the perforated pipe lying at the base of the tank. To 

avoid any loss of fine sediments through the miraf i fabric dreping the 
, ,;,1r 

dividers, the plug at the entrance of the bottom outlet wes kept in 

place but open a little to ellow slow drainage of the tank. At the same 

time, this reduced soi 1 disturbance in the ce 11s. A period oF l'es t of 
~ ; , 
%~ 
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one ta three daye waa allowed between cycleâ. 

After the sail ,had drained at the end of a l'un, it ~ould be all!"wed 
-

ta dry for li few days until adequate for'sampling. A fan would be used 

ta dry the top few inc~es of sail when testing with the finer'Boils. 

Three sail core~ aamples per eell were fhen taken above and belo~ drain 

Jube level to measure the soil dry bul'k density. 50il sampfes were also 

taken from eaeh cell 3 ta 5 cm bel ow th~ sll surface and above the 

drain for ,partie le size analysis. A Il samp les, ineluding the core 

samples were teken equally spaeed along the drain length. The drain 

'tubes We1'8 carefully removed f~om the tanks and allowed to dry at ,room 

~ temperature. Three sampI es of the sail immediately adjacent to the 

outaide walls of the tubing were collected, dried and analyzed for 
) 

partie le size distribution as weIl-as the sail that had eolleeted inside 

the drain. Partiele size analyses eonsisted of the sieving method, the 

" 
hr=tr{)meter method or a combinati,on of bath as deseribed in Lambe (.;t95l). 

, ' 

AlI the Boil wss then removed from the tanks and prepared, as described 

above, for the next test rune 

A new set of tubings was used for êaeh run wh en possible, otherwise 

the same tubing was used again sfter eleaning from the inside and 

outside wi th a B~sh and a jet of water. Care was taken no t to damage 

the perforations. Ta make sure aIl perforations ~ere not clogged, they 

were v iewed through a 1 ight. Any remaining cl ogged openings were then 

cleaned until the tube was eompletely free pf sail. 
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4.5 Pieza.etric Installations 

, 
Ta study the hydraulic head distribution in the sail around the 

tubings, piezolTifJters were installed ~bove, below and on Jtide of the 
~-, 

drain, at radial distances of l, 3, 6 and 10 cm away From the outaide 
~. . 

wall of the drain. In total, 16 piezomete~s were insta led in each cel1. 
,. 

The piezometers consisted of 6.3 mm outside diametJ r by"'3.2 mm inside 

diameter eopper tubings,. 25 mm long. They were dri l r~d inside the 

plexiglass window and instailed flueh with the' inside wall. Epoxy was 

put around the copper tubes ta hold them tight. A small pisQe of riiter . . 

fabrie was"inserted into the copper tubings ta prevent soi 1 paFJ::iele 

migration inta the piezameters. 

1; 

Two ..manomet'er boards were mounted for ,~~eh -pair of draine iii the 

wâll are~ available be,tween the plexiglass witfldows. 6.3 mm 1.0. tygon 
, , 

tubing was used to conn_eet the bottom piezometers to these \boards (see 
1 

Figure 84). Th~ zerq reading was eet at the, bot tom of the dratn. A tygon 

tubing extending from the Piezo~eters on each side and-aboVe\ the drain, 

yae held upright by a clamping device inetalled on top of thi tank. For 

the last three sets of p~ezometere, the hydreulic ~ead wee riad fr~ a 

board installed above the window. The board started reading at\elevetion 
1 

250 mm which coincides wi th a \zero reading a t the bot tom of the dr:in. 

If the water level inside the\ygon tubing wae lower than the ~50 mm 

~ark, the difference was read with a rul~r and subetracted from 250 mm 

to obtain· the hydrau lie head. 

Later on when time permitted, the manometer boarde were redesigned 

by Hashallah (1987) so thst aIl 32 piezometers From two cells were, 
) 
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connected to one boàrd only • 

.' 

To av-eid the formation of air bubbles inside the piezometers, the 

tygon tubes were filled with water from the top ând water w~s allowed to 

Flow in a reverse condition. This was done just after the water level in 

the tank ponded above the sail surface. Checks were often made while the 

\)
tè'~t waà running. Any entrapped ai r wou Id be remo ved by ei ther gent ly 

'\ l , t ta Ing the tygon tubing so as ta mov~ the bub~le upward 0 the 

Stmoaphere or by unplugglng i t from the copper tubing and repeating the 
o 

reversed flow described above. Readings were taken once a day and one 

day after a cycle had begun. 

4.6 Experi.ntal Desi~ 
.~ 

The five soils used in th s research were analysed separately as 

they present di fferent character sti cs and come From di ffere f'· ... 'fie Ids 
, . 

under differentoboundary conditions. Thus, for each sail ty 

experimental design would con ist of a randomi~ed complete 

experiment with four levels of treatment for the four types of drain . 
t~es studied. The number of runs for each sail type wbuld determine the 

number of glocks. The different l'uns were not co~sidered as simple 

rep 1 ica tes. Indeed, reusing the same soi l from orie experiment to the 
. ~ 

other and inf l·icting a rough treatment on the soi l (Le. shove Il ing, 

drying, sieving, etc ••• ) might have an effect on the various levels of 

responses studied. If such an affect does exist, i t might be sequential 

and thus, the l'uns ware considered as representing the blacks wi th a 

gradient in the direct ion of the number of l'uns. 
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~When samples ère taken at different locations or the experiment 

consists of two cycles, the da ta are analyzed according ta the sp li t­

plot model. AmuI ti variate analysis of variance waB used ta determine .if 
. . " 

dit'ferences existed between the collected aoil samples. The particle size 

/" distribution was divided in fractions used by the USDA -classification 

with the ~xc~Ption t~t the .ilt~raCtian wa. divided into coars.· (0.02 

to 0.05 mm) and fine (0.002 ta 0.02 mm); a combination of bath the USDA 

and International classifications. Each fraction was treated aa a 

variable. Thel\';. variables so g~ner~ted are not independent and thus the 

analysis is reduced ta a multivariate problem., One of the fractions can, 

however, be computed by Bubatracting the sum of aIl 9iPer fractions from 

the total~ Therefore,· the upper fraction of the partie le aize 

distribution which waB not considered to be ao critical, was not' 

included in the multivariate analysis. That is, for the ste. Sophie~e 

sand, the very coarse fraction was not included in the statist)ca~ 
J ' f!nalysis; whereas, for the Ormstown silt loam aoil, the fine sand 

ci • 
fraction was rej~cted.' 

Unless oth~rwise: speei fied, only the runs with the tubea f lawing 

full 'were consid~red far the ·.tati.t~ .nslys! •• s ther. 'wss anly one 

r4!il with the tube out! ets open. 
• 

, 
" d 
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" V. RESULTS AND DISCUSSION 

5.1 .SODe Clarifications 

\ 

The number of rune and treatment applied to the four tubes tested 

are given for each soil t)'pe in Table 5.1. The number of l'uns was not 

the same for aIL five solls for several reasp~s. 

There was onl)' one test run with the Ste. Barbe medium sand (MS) as 

this aoil produced very high flowrates and showed no sedimentation 
. 

problem. Tests with the Ste. Barbe MS aoH were then stopped and the 

tank was used to analyse other soil types. The decision ta change the ." ' 
flow conditions from open' dt-ain tube out lets to submer.ged autlets to 

slmulate full pipe Flow occured during the second run with the Ste • .. 
Sophie'fine sand (FS) and Bainsville ver)' fine sandy loam soils (VFSL). 

Thus,'4>end caps were installed at the extremity ~f each drain tube 

wit.hout stopping the expel'iment. The installation did not prove 

succesafull and the second _ rune had to be ended a few cfâ'YJ later • 
.,.. 

The 'Ste'. Sophie fS soi 1 al so produced very high f lowrates and 
( 

alm~st no sedi~entation. Howeve~, be~cuse this soil gave a lot IIfOre 

prob 1 ems than the medium sand, more tests were carried out to confirm' 
J 

the drain performance. 

, 
A minimum of three runs wi th the tubes f lowing full were (to be 

carried out for the Ste. Sophie FS, Soulanges fine sandy loam (fSL), 

Bainsville VFSL and Ormstown silt loam (SiL) soils, depending on how 

much variations there wes between runs. Six runs were carried out with 
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Table 5.1. Number of runs and treatment ~pp1ied ta the tubes'tested in 
each type of sail. 

======================================================================== 
~oil Type Ste. Barbe Ste. Sophie­

Medium sand fine sand 
Soulanges 
fine sandy 
loam 

Bain~vi1le 
Very fine 
sandy Ioam 

Ormstown 
SUt 108m 

Run No. Flow conditions - Test days - cycles 
• 'II 

--------------------------------------------------------~~----------~---­. 
l o - 19-2 0 - 11-1 f - 39:"2 o - 9-1 f - 36-2 

2 O-f f 8-2 O-f fp": 30-2 

3 Fp- 39-2 F 17-2 f '9-2 fp- 19-2 

4 Fp- 23-2 Fp- 23-2 f - 25-2 fp- 10-2 

5 Fp- 23-2 fp- 27::'2 f' - 24 .. 2 

6 , Fp- 29-2 

-----~---------------------------------=----------------------_._----------~---------------------------------- --~------------~---------------~ o - open outlet, , , 
f 

O-f 
= full flow with submerged outlet. 
= run 2 stopped and r~japted due to 

to full flow. ~-
p ='piezometer readings taken in that 

" 

09 

• ~ .. 1' •. 1 ..... ' •. ' .•. ~ ._'~ ... : ·,t •. ~. .• ' : 

change in treatment from open-

rune 

.. ,,'-. '- ' .... -. ~ , . '. _ .. , .... . . ... \ 
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the Soulangea fSL soil and four with the Ormstown Sil sail to bring up 

ta three the test runs with piezometrie observat~ons. Only two out, of 

the three tanks.,. tha t were bui 1 t, had piezomet ric installat?ions. 

Therefo~ no p~~zometric observations were taken for \.the Bainsvil'le 

VFSl S~i~h~. h 

, , , 
5.2 ~rainage ~ates 

5'.2.1 5011e c~ent8 about the shape of drainage curves wi th tilQe' 

,J 

The meaaured daily discharge rates are given in Figu~es 5.1 to 5.18 

for aIl soils tested. The discharge rates are given in mL/s for the 1.12 ~ 

m of perforated tubing in the tanks and- in mm/d for drains placed 20 m 
, . . 

apart. A spacing 'between drain !aterals of 20 m an,d a drainage rate of 9" 

ta 14 mm/d'would be considered by many persans to be in the right range 

1 !or a fine sandy loam sail used for growing corn or beans in eastern 

-, 

North Americ~. 

A glimpse at -aIl these figures reveals that,. except Jor the Ste. 

Sophie fS sail, the drainage starts, in'general, at a high rate shorttY 

after the fI ow begins and decreases gradua Il y over a few days unti 1 a 

nearly const~nt rate is achieved. In the second cycle, the drainage 

starts off at rate slightly {~~er than at the en, 0\the first cycle 

except for some cases when it would be higher~, \. 
~ 

The deaease in drainage rate may be\due ta e rea~rang .. ment of 

sail particles near the drain tubes as res~ If smaller 

particles were shifting a litt le ta black spa Sbetween 1arger 
/ 

partiales, the flow rate would decrease, and the hyd 

Jl 
/' f • 
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Figure 5.8. Oischarge and drainage rate versus time in (a) run 4 and 
(b) run 5 with the Bainsville very fine sandy loam sail. 
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the drain tube would ·increase tending to pack the SQil pa:I.'ticles even 
1 • 

tighter, and further reduce the f lowrate. An increase in flowrate wou Id 
\ j: , -

indlcet,e that the critical hydraulfc gradient was surpa~~ed andlÏthat 
, 

1 

sorne of fhe pa,rtic les bridging on top of the opening would' have passed 
\ 1 

through the opening or movea aw~ from the opening. 

, 

There wes no evidence of microbial grow,ths near the- dt,ainscauèing 

....; bloèkage and reducing f low rates. AIso, usi,ng the recycled drainage 

water, no air bubbles were found ta deve lop in the sail masse Therefore~ 
J 

it ls ndt thought that the sail perme\bi lit y was being reduced by air 

coming out of the supply. water. 

~ 

It can be seen from Figure 5.1 that the first cycle wi th the Ste. 
'~ ~ ... t,,,· 

co. 

Barbe "MS was endeG;! only eight days after the start of the test even 

though steady-state was not reached yet. Actually, the discharge stopped 
o v 

due ta an interrup\.ion in the laboratory water supply. When Flow was re-
1 

established·the day after, drainage started I?~, a rate higher than th~ 

previous day and gradually decreased and stabilized. Overall, th~ 

drainage rates remained h~gher th an needed for farm drainage. 

Interestingl y, the ste. Sop'hié' FS soi~ behaved di fferently from the ... 
, 

other soils. The drainage rate decreased slightly with time in the firet 
, 1 3run4(FigdU~5 5.2a)f· But, as can be seen in Figures 5.2b and 5.3 for runs 

, ,an ,the low generally decreased in the first five days and 

increased with Ume tUl the end of the f1rst cycle. WHh a limited rate 

of water supply ta the tank, th~' first cycle was ended the number of 
, , 

aâys indicated on the graphs. In the second Flow period thaugh, tne fl,ow 
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• 

decreased or stabi lized Yery rapidly. 

'-- ~ .-
J' 

• l , 

f 

. , 

~ 

~ It eould be that in the first few, pays of the Flow p-eriod, a flo~ 

restrietLng layer of soi l.(f il ter eake) ~J3V e 10pé as exp lai~d a~ove. 
\,' . . 
However, soine of the finer particles would be washed out 0 he soil 

1 r 

. into the drain, disru~ting thé P8'rti~)le-bridges forming on lop of th~, .. '.,. 

.cC 

openings and thus, increasing the permeabi l i ty of the f 11 ter cake. A .,. 
'1' 

small amount. of sediment did enter the tubes but not enough to cause a 

sedimentat~on p'roblem.QWith les8 th an 2% of the soil partiales 'beil1'g 

smaller than O.e74 mm (Figure 4.2), on1y a. few particle~ would find 

their way ~~rout the tortuou's voida taward. the dretn opening •• Hence, 

most of the collapsed bridges would take a long time to re-estab~iBh. 

Nevertheless, even though the resu 1 ts obtained were qu'i te peculiar, 

,1 t is seen from Figures 5.2 and 5.3 that a,11 four tubes tested gave 

adeq~ate drainage rates. Evidently, drain tubes could be plaeed at 

spacings much larger than 20 m in finè and medium sandy Boils similar to 

the St,e. Sophie FS and Ste. Barbe MS 80ils • 

Referring ta Figures 5.4 to 5.10, the discharges are decreasing 

with time as could be expected. The decrease in flowrate might be due to 
~, 

SGme rearrangement of soil particles. In these cases, even if .some 

partic1e-bria13es collapse due to hydraulic gradients greater than the 

critieal gradient, the percenf:age of fine partieles present in these 
~ . 

s,ails is sa high that the emp'ty spa"ces are quick ly refilled. The 

distrib~tion of these partie les ranging / from fine sand to sil t ls Buch • 

that they help in efltab:lishing a den'se and gradually less permeable cake 
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~'f'/ '\" J' r '4" fi h /1 
.\ 

... around the drain. ~heqtubes are draining ét a mue!>;) slower rate than 

with the coarser sands a·s the sops are less permeable .. The dré.~nage 
\ 

rates,;,in aIl tests for th~e Soulanges FSL (Figur~s 5.4~ 5.5 an~ 5.6) and \, 
\ 

Bai'nsville VfSL (Figures 5.7 and 5.8) start out 'et 10 to 25 mm/d but 
\ . \ 

decreé~e', with tim.e till they level off at 3 ta 18 mm/d in the fiJ'st 

~yc1e, for .the tubès wi th pinho le and small sI ots. ',!he tube wi th the 

knitted polyester envelope gave'drainage rates approximately twige those 
(' . 

prov ided by the pinhole' pipes. The enrobed tube di,d not produce 
. 

decreasing f lowrates in the first run wi th the Soulanges FSL (Figure 
• l '\. " 

.-~ 

5.4a) 89il,but stabilized around the 24 mm/d mark. In this case, the 

fabric reta;ined most of the sediments from the s'tart and allowed onlx. a 

small fracti9n ta' paas through. 

\- ~ 

Tl1e fi'rst (un with the Ormstown SiL (Figu~e 5.9a) gave a rai nage 

curve similar ta the one observed with the Ste. Sophie FS sail. A-nearly 

steady etate was not aCh~eved until 15 d~'y~ after drainage h~dl started. 

The batch of sail used for this experiment was collected from t' e field . ~ 

in October 1985 and it was not until January 1986 that the first run was 
\ 

started. At that time, the sail presented some structure wH small 

aggregates and many loose sil t partiele~. The free sil t action 

combined with" the small aggregates, would require sorne time ta e tablish 

a stable cake around the drain. Wh en drainage initially starts, many of 

the -loose sil ts wou1d pass through the drain openings and. incr ase the ., 
permeability of ehe sail laye~ around the drain. flowing wa er will 

) 

bring in. more sediments ta fill up the voids. Howe"'er, with virta11y no 

free sand particles to stabilize the filter cake in a short time, the 

silts will be washed out making the cake even more permeable. Wi hUme, , 
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1 • 
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the trav71ling particles will join small aggregat'~s and b;id~' over the 

apenings. The diseharge would then ~each a plat,eau as shown in figure 

5.9a. 
, , 1 

of 

The normal' slotted tube wlth the sock envelope in" the OrmstowlISIL , w .. . 
did not allow mueh sediments ta pass through and the sail layer around 

1 \ , 

th,e drain had a nearly constant hydraulic conductivit~. The"drairlage 

rates in ~e subsequent l'uns aeçrea'sed ~~th 'timé (Figures 5.9b and 

~10).·' The preparation 0t the sail before each tes't l'un affeeted' thè ) 

so.i.l st~ucture to 9i ve larger te~porary aggegatés 'and Jess 'loose 

partieles, as·was qualitatively assesse~. ~n compa~ting the s~ir in the 
'" (:> 

tank', the" larger aggrega tes were destroy ed, t'o gi ve a msss i ve type%f 

structure. In this way, the permeability of the sail was decreased. This 
~ l' 

process prevented most of the sail particles from being washed out •. 

Indeed, the sediments found in the drains were approximatêl'y 10 times 
t' _ }. "y 

'less than obtained in the first run~ Also,' the di fferenee in f lowra,tBs 

obtained between aIl four tubes in runs 2, 3, and 4 WÎ very amall and 

almost neg ligi,t)le in both cycles. 
'< ' 

Broughton et al. (1974) tested several fil ter envelope materials . 
for eorruga ted plastic drSlin tubes usi ng hor izonts l cy l indr iea l 

~ , 
oontainers. The authors reported, observ içn-g an increJ's\: in flowI'ate for 

up to 20 daxs for 'sorne of their produ~ts, but this inerease was followed 

by a decrease in f low till the end of the l'uns. They also found that the 

fl'owrates in the ear ly days of the second f low period Jére"" always higher 
,? 

,than in the first one. This was npt always the case in the present work. 

This incréase in flowrate in the second-cycle w~ll not always oeeur as 
, 
\ 

.. 
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" the destruction of the fil ter cake around the drain be.tween cycles is. , --.. . '" 
<: f aleator,Y and take~ ,~lace a~ r,andom places ~alOng the length of the ~~8in. 

d 

It would certaihly help to kf1,.oW that such a recovEilry occurs aftero 

every period of no flow. However( the reverse would nat indicate an 

unacceptable product. Indeed, we ar~ dealing in this case, with. 

envelope-free tubings which have,already been used commercially with , 
V> 

aome degree af success. Thus, for a conclusi ':/e statement to be made in . 
~ ~ l~ 

this respect, field tests shayld be, carried out. Furthermore, the sock 
• r • , 

envelope which !lad failed, in most cases, to show such a recov,ery in 

this research, is wiçlely used Jn subsurface, drainage systems with great-
, • 'l.' 

success. When this fabr~c enveiope 'wou let fail in the fi~ld, it is most 

~ of the time due }:o the fabric. bE1ing damaged, or ta ins,taUatoion in saUs 
b 

, finer than 'the fabric was designed for (Papineau, 1985) . 
.1 

n'I \ 

• 5.2.1 Statistical results on, steady-state drainage rates 

The mean 'steady-state drainage rates obtained in aIl tests are 

presented in Table 5.2 for each cycle. A minimum of 3 consecutive 

readings towatds the end of. each cye le were taken from the cur v es of 

Figures 5.1 ta ,y.I0.that flattened out towards the end of the cycle. 

These observation,s were>8veraged tO,give the tabulated steady-state . . 
values. for run~ 3, 4, and 5 of the Ste. Sophie FS sail (Figures 5.2b and 

. "" . ~ 

5.3), aIl ob~ervations within a cyc1!'l were used ta find the average 

drainage'rate sinee it was difficulL,to aehieve steady-state. For runs l 
, .1 - ),.. 

,and 2 with the Ormstown Sil, aIl r:eadings after the 16th day of drainage 

were u~ed ta compute the mean steady-state values. 
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Table 5.2. Weighted means of steady-state drain~ge rates obtaine~ with an assumed field spacing of 20 m between laterals, {mm/d} 
0 0 ' 

===~==:======~===~:=========~=====:====~=========:======:==================================z===========:::=~=~~~=====================~==========~======================== 
. S'lIl TYPE' STE.. STE. SOPHIE c P SOULANGES BAINSVILLE' '\ ORItS'CONN 

B~RBE 
RUN 

~\. 

l ,4 5' 2 3 4 5 6 3 4 5 J 2 3 \4 
~ ,) . JUBIMG ' CYCLE-

,~ 

=:==============================~=======F=================================a=================z=========:===============~=================sz============~=======~========.~ 
.~ t,' 

"-r-...... -. 
SOCX 1 146.8 212.1 218.1 328.0 424.9 23.86 6.40 8.34 8:10 ' 16.40 12.70 26.15 9.50 1.69 7.56 16.01 4.54 3.56 1.59 

2 95.9 il 423.9 270.0 416.4 -12.75 4.46 3.02 • ",8.34 5.1B 6.51 -ft 6.B9 4.37 5.62 7.72 tl.ll 2.B9 . 1. 41 
\ 

flein 121.3 212.1 321.0 306.2 421.3 21.08 5.76 6.06 8.19 11.41 9.95 26.15 8.1~ 6.42 6.75 Il.48 6.66 3.31 1.49 
, ( 

---~-------------------------------------------------1----------------------------------~--------------------------------~-----~----------------------------r_----------:--
l ,0 . . 

SKALL SLQTS 1 103.0 140.5 146.2 263.7 204.0 4.18 5.24 5.99 b.93 11.69 9.04 12.91 6.23 ~.39 4.33 21.61 5.69 .3.81'" '1.80 
2 70.3 ft 214.2223.6283.5-. 4.45 3.46. 2.88 8.03 4.94 5.20, ft 5.57 J.52 4.00~ 12.49 3.11 2.84 -1.10 

"ean 86.7 140.5 210.2 248.7 239.1 
~ , 

4.26 4.65 4.69 7.26 8:69 7.33 12.81 5.90 4.67 4.19 16.8l 4.95 3.49 1.75 
-------------------------------------------------~---------------~----------------------------------------------~-----~--------------------------------------------~----

(", 

PINHOLE A 6'l~ 128.1 119.9 162.8 - 80.9 3.40 6.04 5.19 •• 23 B.68 5.98 B.13 •• 59' 5.32 4:45 28.98 6.59" 2.92 1.38 
2 50.8 ff 187.4 157.7 144.0· 4.08 4.31 2.35 3.85, 3.61 4.78 Il 4.79 3.84 4.00 11.24 1 1.41 1.30 

~ 

"ean . 56.8 1'l8.7 153.6, 160.9 102.0 3.60 5.46 3.71 4.09 6.42 5.38 B.13 4.69 .4.15 4.26, 19.69' 6.59' ~:35 .. 1.34 
- . .. .-.. ; 

----------------------------------~~-~----------'--------------------~~----------------------------------------:--------:-----------_MM. ----~-----------G-~--~---------
:J.,.{ .. " r " 

PINHQlE B l 63.1 lIO.5 101.2 157.8 116.'7 2.61 4.82'-' 5.21 1,,78 1.76 2.75 6.19 3.32 3.86' 4.38 15:53 5.55 4.10 1.44 
2 45.5 ft 116.3 J60.8· 182.9 3.93 3.31. 2.63 1.42 1.60 2.45' ft 3.54 2.86 3.99 9.26 5.24 4.05 1.36 • 

III 

, 

fteiQ 54.3 110.5 107.7 158.9 138.7 3.04 4.33 3.92 1.65 1.6'9 2.63' 6.19 3.43 3.48':'- 4.21 12.25 5.24 4.08 1.39 ,-
• 0 

Z&:&:a::::&:::::::=z:::::::::::::::::::==~:====--===================:J=========::===::==--===--:====::====::::::==================::=:========================:=======:==~: , . 
) 4 

- , ' 1 

Soc. rlPreseats aor.il 510tted pipe ,r'LPped vith polyester stocking. . 
1 lirge~o!d belo. pipe iD second cycle I~r~uced very ~igh flowrites. 

Il ORly Olt' cycll for tbis ru~. , 

l . ~ ~ ~' 
~ 
~ . 

~~ 
~ 

.' " 

,; 

l;t. 
l'" 

'" 

~ 
f, 

, 
~ 
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'--, 
1 

.. 

analysis was~carried out on aIl observations used to • 

of 

AOV) tables ar~ presented in Tables Dl ta 04 for eech -sail 
" 1 

type- ,A sUlmlary of the F - tests shawn il=! j these tab les is indexed in T ab le 
l ,* 

5.3 slang with the resul ts obl:ained for sediment we~. Alsa, resul ts 
1 - , 

of OQ;pcan's n!7w multiple range t~sts ~re given in Table 5.4 for 

variables that showed some differences among blooks or treatments. 

The effect of "rJJn" Ci.e. the reworking of tme sail from one test 

run ta the next) on drainage rate appears not ta be·significant for the 

firàt three soi la, namely, the Ste., Sophiè FS, Soulanges FSL and 

Bainsville VFSL soUs (Tabie 5.3): This wes t,o. be expecte.d for the Ste. 
, 1 

Sophie FS as this s~il has no structure whatsaever. The sa~e ststement 
• 

ca'n be mage for the Ste. Barbe MS even though no analysis wes carried 
... .... ~ 

out~ furthermore, the 8% and 5% clay content found in the Soulanges FSL C li 

'and Beinsville VFSL soUs, respecti'tely, explains in part their 

relatively weak structure (figure 4.3). The struct~re of these soUs wes 

aJtered by drying, sieving and compacting the sail betwe~n runs, 

especia lly between the' qrst and sec,and run: Thi~ al teraUan, however,., 
..,. ;1t .-l,. 

" waa not severe enough ta 'signi fica~.fi) affect the drainage rate at the 

·0.05 le,vel. The Ormstawn SiL on: 'ih~ othe.r hand, with its '12,% clay 

oontent had more structure initiall)'.' The ~ough tr~ent infli~ted ~o , 
l , ' 

t"e soi l', changed i ts structure substantially and signi fiéant 1y 
, 1 

deCreased the permeability of the\so11 between the first and second run 

(Table ).4). 

Table 5.3 also indicat~s thét "tubing" type had a significant 

.. effec,ten th~.first, three soifs ~t the 0.05 and 0.01 levels.Hence,i t 18 
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Table 5.3. Summary of f-tests obtained in the analysis of variance 
of steady-state drainage rates and sediment weig~. 
(see AOV tables in Appendices D ~d E). 

--------------------------~----------~------------------~-~--~~----------------------------------------------------------------~------
Source .. Ste., Sophie 

fine sand 
Soulanges 
fine sandy 
loem-
, c 

Bainsville Orm~town 
Very fine " SUt Ioem ~ 
salldy Ioam 

-------------.--~-----------------~--------------~---~------~-----
J~ . /'---------------------------. . DRAINAGE RATES -------------------------

Mainplots 
Run n.s. 
Tubing ** 

Subplots . 
':P 

Cycle n.s. 
Tubing*Cycle n.s. 

n.s. 
* 

** . n.&. 

.. 
n.s. 
** 

, ** 

"". ** 
n.8. 

n.8. 
n.s. n.8. 

------------~------------- SEDIMENT WEIGHT ---~-------~:----~----~ 

Run' 
Tubing . ,' 

n.s. 
** 

** 
** 

n'.s. 
** 

** 
n.8 • 

================================================================~== 
n.s. 
* . 

not significant at the 0.05 level 
significant et the 0.05 level 
significant at the 0.01 level 
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Table 5.4. Summary of Dunean~s multiple range test~r th: steady­
state drainage rata and sediment weight variables. 

=-:;-------------------------~----------_:_----------------------------,­- ------------------------------------------------------------------9P-
Source Ste. Barbe ste. Sophie Soulanges Bainsville Ormstown 

Medium aand fine sand 'Fine sândy Very fine Silt Ioem 
loam aandy l~am 

------------~----------~-------------------~---------------------------

_ .. - .. -------------.. ..:------ DRAINAGE RA TE (mml d) -------:-----------.. _--------

Run No. 
n.B. ( l n.a. n .a. n.s. a 13.6 

2 b 5.2 
3 .., 

.J~ b 3.0 
4 b 1.4 

TU~ng Typ~ 
ck 121 a 303 e 10.8 ' a 6.5 

Small slot 87 b 202 b 5.3 . b 4.6 n.s. 
Pinhole A 57 c 126 q.. b 4.0 b 4.1 

. Pinhole B 54 o 115 b 2,5 b 3.3 

.. ----~----------------- SEDIMENT WEIGHT (grams) -----------------------

Run No. 

1 a 304.0 a 55.6 
2 b 139.0 1..c b 7.7 
.3 " -,-,-

rl.s. b 96.4 b 6.5 n.a. n.s. 
4 b 76.1 b 3.5 
5 b 60.7 
6 b 59.6 

Tubing Type 
.. 

Small slot 52 • .3 8 217 ~6 a 237,.9 a 1209.3 
Pinhole A 24.2 b 90.9 ab 159.6 b 566.~ n.s. 
Pinhole B 8.5 c 13.0 be 88.4 b 292.1 
Sock 3.1 c 4.5 c 4.5 c 15.2 

, . 
======================================================================== 
Mesns with the same let ter are not significantly different at the 0.05 

level •• 
n.a. not applicable; not analyzed statistieally since only one run . 

carried out 
n.s. not significant et the 0.05 level 
Sock represents tube with norm"-l..slots enrobed wi th polyester envelope . 

. , 
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likely that the" design of the openings and the total opaning area per 

unit length of drain have a signi ficant affect on drainage rate. Tab_le 

" ",S.4 shows sorne difference between~he v~s tubes in t~~ Ste. Sophie 

fS sail. AlI the pipes, however, gave adequete drainage in bath the 

medium and fin~ s,endy soils sinee the lowest me~ drai,nage rete obtained 

was 54 mm/d, whieh is ,more than enough for agriculturel applications • 

• For the fine and"very -fine sandy loam soils, the drainage rates 

were significantly higher with the tubing with knitt~d polyester 
5 

stocking envelope than for the tubes with 'pinholes or small slots (Table 

... 5.4). I~ appears that these _tubes might need ta be placed at spacin~s 

less then 20 m in fine and very fine sandy loam soils in order to 

achieve a design drainage. rate of 9 mm/d as useod in earstern North 

America. .r 
\ 

\ 

,Table 5.4 shows the drainage rate to deerease in the O~mstown Sil 

sail among runs but that only the first run wae significantly different 
\ 

From tt,e others. With flowrates up ta 20 times the ones obtain~ed in -
subsequent runs, any ,diff"'tfrz:r.--"I:!f--between runa 2, 3 and 4 were 

. . 
overshadowed by the first ru • Rejeeting the data from the' first run, 

the drainage rate in run 2 wa obtained in the ,lest· 

twa runs. 

"Tubing" type did not seem ta affect drainage rate in the Ormstown 
o 

\ Sil sail (·Table S.3). It is thought that in these soil types wi th very 

low permeability, it is the hydraulic conductivity of the soil and not 
... 

the drain'opening area or the opening characteristics that controls the 

~, 
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rate at whieh tiles will be drainin9~ Thùs, ,as long as the openings are 

sueh. tha t the y prevent mos,t 0 f the soi l par~tie les to pass through, a 

tube with pinholes or small slots would most likely drain equally to a , 

tùbe with a fabric envelope similar to the one tested. 

Table 5.3 lndisates that "cycling" had an effect on the Soulanges , 

fSL and 6a1n8vi11e VFSL soils and tha\ no interaction was found to exist 
r ~. . 

between "cycle" and "tubing" in a,ny of the sa ils. The lower drainage 

rateS' obtained in the second f 10w period were partly due to the set tling 

• of the soil in the chambers dur:~ng the first flow period and when 

draining the tank between oyel es. 

5.3 50il Hovement ~nto the Drai~ubes 

The majority of the sail whieh entered the tubes stayed in the 

tubes as sediments until it was removed at the end of each test. The 

amount of sed~ment moving out with the drainagé water, wes negligible 

for aIl cases except run l with the 6ainsville VFSL. There was 

qualitative evidence that most of the sediment enters the drains within 

the first few days of drainage each time drainage atarts, but especia11y 

in the first cycle. 

~e dry weights 0; sediment round in the dr~n tubes are given in 

Tabre 5.5. These data have been presented in bar charts in Figures 5.11 

to 5.13. The analyses of var'iance of sediment weight are tabulated in 

Appendlx E for a Il soi Is but the ste. Barbe MS soi 1. A Iso, Tables 5.3 

and 5.,4 summarize the resul..t§ shawn in Appendix E for the F-tests and 

. Ouncan's mùltip~_range tests obtained for sediment weight, repecti velYe 

) 
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Table 5.5. Dry w,eights of sediments deposited in-side drain 
tubes ( grams) • 

t 

==============;================================================ 

Soil Type Run Socka 
Tubing type 

Small Pinhole 
• 

pinhole, Tes't 
slots A B deys 

---------------------------------------------------------------
STE. BARBE 
Medium sand 

1 

STE. ' SOPHH: 1 
Fine sand '3 

4 
5 

3.1 

3.6 
2'.7 
7.8 
3.0 

SOULANGES 1 14.2 

52.3 

129.2 
228.5 
245.0 
179.3 

538.2 

24.2 

61.0 
110.0 
85.3 
77.3 

8.5 

- '22.1, 
11.7-
13.1 
14.0 

19 

11' 
39 
23 
23 

39 
v Fine sandy 

loam 
2 517 
3 1.5 

99.4 
124.2 
180.4 
320.6 
164.8 

424.4 
78.8 
72.1 
74.5 

239.1 
58.8 
40.5 
46.2 
80.2 
65.7 

8 
17 
23 
27 
29 

1 BAIN5-VILLE 
Very fine 
sandy loam 

ORMSTWON 
Sil t loam 1 

'. 

4 3.4 
5 1.2 
6 1.1 

1 
3 
4 
5 

36.9 
17.3 
~. 7 

21.5 

13.2 
0.5 
0.2 • 
0.4 

211.5 
1672.4 , 
985.9 
969.6 

84.5 
·6.4 
UhO 
9.0 

153.9 
153.9 

196.6 ,. 
647.1' 
597.8 
453.4 

72.9
b 173.7 

9.3 
8.8 

141.5 
329.5 
308.1 
240.2 

51.3 
3.7 

9 
( 39 

25 
24 

11.3 " 
8.1 ) 

36 
30 
19 
10 

----------------------------------~---------------------------------------------------------------------~---------------------

/ 

a Sock represents tube with normal slots enrobed with polyester envelope ~ 
b Large void below drain in second cyle produced high sedimentation. 

Not considered for statistical analysis. 
• 

-
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STE. BARBE SOIL 
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(JI 

1 "'0 
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.EI 
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~ 

~ ao 

~ 
10 

-

li 
1 2 '3 .fr 

TEST RUN NUMBER . ' 
STE. SOPHIÈ SOIL 

300 

~o 
(JI 

1100 

~ 
El 

N 

:l1 
d" 
~ 
~ 

ISO 

1 2 3 .fr 

TEST RUN NUMBBR 
figure S.ll. Sed).mentation" with the ste. 

. Ste. Sophie fine sand so~ls 
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Barbe medium 
(bottom) • 

~ SOCK 

_ ~MALL SLOT 

rz:J A..PINHOLE 

~ B.PINHOLE 

~SOCK 
_ SMALL SLOT 

rz:J A..PINHOLE 

~ B.PINHOLE 

and (top) and 



o 

SOULANGES SOIL 

1 2 3 8 
TEST HUN 

BAINSVILLE SOIL 

~ SOCK 

.·SKALL BLOT 

rz.J A.PINHOLIII 

~ B.PINHOLIII 

aooor---------------~----------~----------------~ 

_.~ 
SOCK 

fi .. SMAI.L SLOT 
1100 

c.:J 
èS ·fZJ A.PINHOL.B 

~ ~ B.PINHOLJIl 
Do. 
Q 
S 1200 

N -....; 
d- è 
Q 
en eoo ~ 
Doo 
Q 

en 

~ 
c.:J 

400 

1 2 3 ~ 5 8 
TEST HUN NUMBER 

figure 5.12. Sedimentation with the Sou1angeà fine sandy loam (top) and 
Bainsville very fine sandy 10am 60i1s (bottom). 
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ORMSTOWN SOIL 

SOCK 

SJ.IALL BLOT 1 

A.PINHOLB 
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1 2 3 
TEST SUN NUMBBR 

Run 2-A.Pinhole: b1a void. beloW' draln. 

• figure 5.13. Sedimentation with the Ormstown silt Ioam sail. 

95 



o 

o 

v 

't 

.It."j!ppe,ars from Table 5.3 that IIrun" had an effect on sediment 

entry into the draJn tubes for the Soulanges fSL ana Ormstown SiL. Table 

5.4 in d i ca tes th a t th i s e f f e ct i s mai n l y d lfe ta the f 1 r st ru n • A t the 

time the first t'uns were started, the so11s were coming fresh from the 
y 

field. The soil structure prior ta the fir,t test was largely compdsed 

of very small aggregates with many of the fine sediments being loose. By . 

the ti'!,le tbe soil was prepared for the second run, the structur,e was 

altered to give laDger aggregates and less of the loose particles. 

The:J;'efore, less sediments entered the drains. This al teration of the 

sail structure was not sev~re enough to significantly ~d~ce th~ 

drainage rate for the Sou 1 anges fSL soi 1. 'It did howev er, reduce the 
( 

drainage rate for the Ormstown Sil soil as more of the sail parÙcles 

aggregated temporarrl y due ta a higher clay content and gave a-mor~ 

massive .structure upon compacting the soil. 

The same kind of alteration occured with the Bainsville VfSL sail. 

The statistics do not show an effect of run on sediment weight because 

run l was not included in the analsysis. In addition to the dry weights 

shown in Table 5.5 for run l, .. the amount of sediments washed out from 

the drain tubes wi th the drainage water tot,a lIed around 500 9 for the 

tube with smalL··slots and 100 9 for the pinhole tubes. It is likely that 
(, 

more sediments wou1d have deposited in the drains provided they were 

f )owing fu Il and the outlets were submerged. 

It is seen From Tables 5.3, 5.4 and 5.5 that the type of tubing 

will definitely have an effect on the amount of sediment entering the 

drains' in aIl soils but the silt loam. Sediment entry was alwaya higher 
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3 

f.or the tube with small slots and lowest for the enrobed tube. s 
... J ~ 

expected, the tubing with the fabric envelope is performing we"l!. T e 

Bainsvill~ VrSL gsve the highest smount of sedime~ 

Table 5.5 shows that sediment entry was low for Jthe Orms\own Si • 

It is ~ikely that the aggregates blocking the openings or forming a 

stable arch over the openings withstood the erosive process taking'pla e 

in the form-ation of the fil ter cake around the drain. However, T'~b e 
\ 

5~5 and r.igu:e 5.13 indicate a high sediment deposition inside Pin~o e 

tube A in the second rune When draining the tank prior ta starti~g the 

second cycle, a large void about 10 cm wide by 10 cm deep was' created 

below the drain on the side of the plexiglass window. When drainage was 

initiated onCr-mo'E~, the flowrates were la times higher than in the. 
e. \, 

f.irst cycle aryd sediments were entering the drain at this particular 
,\ 

ldcation~t a fast rate. Before ending the first Flow period, 

sedime~~tion inside the drain tube was very low. As seen with this 
, 

case, the importance of placing sail around drain pipes installed,in the 

field so as to reduce the presence of voids, is demonstrated. 

'. In arder ta give some magnitudes f(ompariaon of the a~ount of 
, ~; 

sediment in the drain tubes, the sediment weight f~~ T~blè 5.5 has been 

presented in Table 5.6 as the approximate number of years of drainage,"'l 

Ys, until the tubes could be half full of sediment. 

; 
The Ya data in this table are derived by taking t~e equivalent 

r 

number of years of field drainage, Y, represented by each run, 
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Table,,!)o6. Estimated,number of years for the drain tubes ta become 
hal f full of sediments, Ys. • r 

---------------------------------------------~------------------------------------------------------------------------------------------------
,Soil Type 

STE. BARBE " 1 
Medium sand 

STE. SOPHIE 
fine sand 

{~ i 

SOULANGES 
fine sandy 
1081]' 

, 

BAINSVIL~E 
Very fine 
sandy 108m 

ORMSTWON 
SUt laem 

1 
3 
4 
5 

Mean l 
Mean 2 

1 
2 
3 
4 
5 
6 

Mean 

l 
3 
4 
5 

Mean l 
Mean 2 

l 
2 
3 
4 

Mean 

Sock 

16450 

10806 
82500 
13558 
46967" 

38458 
47675 

937 

1!~ 102 . 
57 
6000 

2587 

108 
503 
597 
198 

351 
432 

614 
5500 
8-750 
1000 

3966 

Tubing Type ' 

Small slots 

680 

199 
616 
367 
450 

408 
478 
~ 
8 
7 

16 
17 
19 
30, 

16 

9 
4 
3 
3 

5 
3 

I1J 
352 
170 

50 

172 

Pinhole A 

960 

387' 
976 
681 
493 

634 
716 

10 
10 
22 
27 
30 
27 

21 

6 
8 
5 
6 

6 
7 

160 
33 

145 
40 

94 

'" 

" 

~ " 

Pinhole B 

2600 

919 
. 6517 

4397 
3225 

3765· , 
4714 

14 
10 
43 
22 
2_ 
41 

26 

7 
~·ll 

i 
9 

9 
9 

142 
622 vll. 
164 

43 

24~ 

===============.================:,=p==================================== 
Notes: - Mean 1 : mean of aIl runs . 
. - Mean 2 : mean af runs ~ith pipes flawing full (~uns 3, 4, 5) 

- Sock represents tube with normal slats enrobed with polyester 
enve1ope. ~ 
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-~-'-ô"muÙiplying that by 5000 9 (the app'roximate weight of dry soil required 

~o h~lf fil~ a 100 mm nomi;al diameter drain tube 1.12 m long) and 
1-

dividing the number obtained by the total 9ry weight Qf sedi~ent removed 

from the draïn t,!Jbes after each fun. . ) 
averaged over the number of runs. 

) 

.' 

The vaiues of Ys thus obtain~d, are 

Based on an a.ssumed average annuaL subsurface drainage Qin eastern 
, '1 

North America, of 300 mm of WB ter depth From the' fie Id area drained, 
~. r . and 

an assumed spacing of 20 
C' 6 j 

m between draif"l laterals, Y is equa l ta: 

Y = ( Eidail Y ,drainage/rate (mm/d) x No. of test days ) / (300 mm/year) 

: 1 ~ E5.11 

li 
The functional li fe of a subsurface drain tube could be cons:i;.dered 

to' be over when the sediment depth averages hal f a diameter oÇer the, 
~ " \,' .. 

. tube length. Whefl' this is the case, the tube 'will probabl y be full at a 
. . 

location where it dips~hal f a diameter bel'ow" the grade lin~: Sorne 

specifications allow depres;>ions up ta one half inside diameter as an 
o ~ 

installation tolerance (Da~byshire, 1985) ... 

~onsiderin9 the medium and fine sandy soUs, it would take many 

years of drainage ta hal f fi Il any of the tubes tested, as shQwn in 
<;J 

Table 5.6. It can be stated that aIl of thesè -drain tubes are a 

considerable improvement over bare '-drain 'tubes with normalL·l.a mm wide 
, 1 

< slots which have been found filled with each of the se types of soils in 

field situations, within one year of installation. 

~ 

J 

k''>\. A minimum WO! lng life expectancy of 30 years for a drain tube 
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" would ~onSidered satisfactory. Thus, it appears From Table 5.6 that . , 
there is def ini te l y a probl em of tao much"sediment entering the tubes . '. 
Wi~ut an envelope wh en èh!=y are }used in fine and very fine sa\dy 

loams. The tubes can be expected ta become b·locked in 3 ta 9 years tn 

the 8ainsville VFSL and in l6
J 

ta 26 years in the Soulanges FSL. They . 

woul:d th en need 'ta be flush~d out or ~eplaced. 
\ . 

5.~ Sediment'Inside Tubes versuS~Background Soil 
...J 

!he multivariate analyses of the partiele.size distributions pf the 
('..:; 

, 
sail samples collected, above, on and' inside the. drain tubes are 

~ 

p'resented in Tables FI ta F4. The results from these tables have been 

summarized in Table 5.7 and the average distribution curves from aIl 
fi 

sample's within a group, illustrated in Figures 5.14, 5.15 and 5.16. 

It appears from Table 5.7 that in aIl soils, neither "l'un" nor 
" 

"tubing" type had an effect on the different fractions analyzed. That­

--.) is, the reworking of the sail and the shape and dimensions of the tube , 
openings did n,ot ~eem ta significantly change the distribution of the 

sail particles. "Loc.ation tl
, h~wever, influeneed the particle aize 

! 

distribution of the semples. Statistical tests,on the means showed the 
, > 

sediments inside the drains ta have soi l fractions signi ficant l y' 
, • Ii' 

different from the sail on (in v icini ty) and away from the drains. The 

spmples"from the last two locations showed no difference at the 0.05 
, _ _ '-y.r . ' 

/",.,' lev el of sign)ficance. No interaction ,was found ta exiat between 

"tubing ll tYPE(and "location". Furthermore, samples collected in l'un l 

with the 'Ste. Sophie FS and 8ainsville VfSL soils, for which the pipes 

were not flowing full, , produced almost identicf curves as in 
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Table 5.7. Summary of results obtainéd in the multivariate analy­
s'Le of variance of particle size fractions of samp 1 es 
oo11ected above, <Jn and inside drain tubes. (s'ee AOV 
tables in Appendix f). 

. -================================================================== 
Source ,Ste. Sophie Soulanges BainsvUle Ormstown 

" ' fine sand fine sandy Very fine S!lt loar 

:_--------_:_-------------~: __ :~~j~------~~~:~=-~---~------~--
fractions used 2 to 5 :JlB 4 ta 8 - 5, to 8 

Mainplots 
Run ' 
Tubing 

n.s. n.s. n.s. 
n.s; . n.s. n.s • n.s. 

Subplots 
Location ** ** ** ** 
Tubing*Locati~n ~n.s. , \ 

n.s • n.s. n.s. 

-------------.-------------------------------------------------------j-------------------------------------------------------------~ , 
n.a.: not significant at the 0.05 level 
** 1 Bignificant at the 0.01 level 

'1' • ~ l 

Fractions used: ~ 

l = v. coarae sand 
2 =" cQerse ' .. i\nd 
J = medium sand 

(2 ta 1 mm) 
(1 to 0.5 mm) 

(0.5 to 0\.25 mm; 
(0.25 ta' 0.1 mm) 

~ , 

5 = >r~e sand 1 CO.l ta 0.))5 Ynm) 
6 = co ars; si1t iO.05 ta 0.02 mm) 
7 = fine sUt ' (0.02 to.0.002 mm) 

4 = fine sand 

" 

oL CI' 

... 

) 

" . 

, 
. 

. \ 

; , B ~ clay -(1e81% then 0.002 mm) 

101 

" 

.... 

" , 



0 0 
CI ... 
0 
en 

0 
IX) 

0 
r-a:: 

1.r.I 
ZO 
_CD 
li.. 

... 0 z\l) 
t:&,J 
Wo a::. 
LLI 
0..

0 
~ 

c 
'" 
CI ... 
0 

o 

.. \ r-,. ~_... J" ., ~ ~--, 

1 

- SRND 
'CLRT SILT 

.- V. F. FINE "ED. C • V. c. 
LEOEHO 

. 
~ ;?" , . 1 . 

.... IARII.M 

""'-:- - ISRRIS. 0 .. 

. f;; l' , 
........ eRAIS. IN 

fi -

• 0 . 
> 

1 , 

~ ~ 
r ( 1 h~ -

Il . , 

- ~ V -
.-:::. 1 

lff 2 3 " 56789101 :2 • 9 " 6789dt 2 s ~ 6789,0', 
1 
1 

,- l 

figure 5.14. 

1 

. 
1 

~ARTICL~ OI~METER (Mm) 

0 , V . 
i 

Cl 

Mean particle siz~ distribution curves of semples coll~cted 
above (AB), ON ,and inside (IN)· the draina wi th the ste. 
Barbe medium sandosoil. 

o 

, " 

. <.,._ of ~ ~~. " 

\ 

\. -.' 
,~ 

" , 
'r 
1 . • 

't . 
'J 

A 
,$1 



c 
c -
c 
en 

~ 
c 
CD 

c r-a: 
UJ 
zC 
_CD 
u.. 

'I- c 

\ 
zll1 

UJ 
Wc 
a:" 
UJ 
o..c 

Cf1 

C 
N 

C -
C 

o 

SAND 
CLAr SlLT 

V. F. fINE HED. C. V. c. 

1 /J 
1 I! 
1· . '" 

/1 \ 

. Il 
'" 

, 

. 
) 

'" A 
\ 

~ rf 
4ri 2 3 4 5 678910' 2 3 4 6769 ri 2 3 4 56789 ri 

PARTICLE OIAMETER (Mm) 
/' 

SAND , 
CLAY SlLT 

V.F. fINE HED. C. V. C. 

~ 
~ 

" ~ 
- f/ li 

F 

J 
. V , ( . 

fi 
" il ,; 

~ 
,.,..- --.. 

'tri fi 4 5618910' 2 3456789 lrr 2 3 4 56789 1. 0' 
PART ICLE 0 lAMET.EB (.Mm) 

2 

~ , 

2 

LEGEI'fO 

............. SOPH.R8 

---- SClPH. ON 

---, SOPH. 1 N 

---. LEGENO 

~ SaUL. R8 

-... SOUl. ON -- SOUL.IN 

~ 

") 

" 

Figure 5.15. Mean partiele size distribution curves .of samples collecte-d 
above (AB), ON and inside (IN) the drains with the 
Ste.Sophie fine sand -(top) and Soulanges fine sandy loam 
soUs (bottom). '-
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subsequent ruri~ 

" ~ 
~ Care wes exeroised in not losing mueh of the soil while preparing 

~t between test runs. Also, the psr~ioles washed out into drains are 

negligible eompared to the total volume of soil·used in a tank (1.33 

m3), Thus, if sn effee t ia expected due to~ the prepara tion of the soi l, 

it shall be on sail structure rather than the distribution of the 

partieles. 

Before drainage started, the sail in v ioini ty of the drain O:.e. on 
~ 1 \0 w 

the drain} wes initlelly the same as the bulk soil. While dJ;'ainagltf took 
\ 

place, th!3 filter cake established Hself by washing out rome of the 

particles which wou-Id 'fe r.eplaced later by other particles travelling 

alonÇJ the streemlines. This' process would tend to keep the same 

diatr,ibution for particles around and away from the drain, 
\... 

independently of the type of open\çl9s on the tubes tested. 

/" .../ 
~ , 

The maxi~um size of parti~les depositing inside ~e'drains is 

restricted by the smaller of the size of openJngs or the sail itself. It 

~ppears from Table 4.2 that soil particles larger than 1 mm would not 

enter the pinhole tubes while particles larger than 0.71 mm would be 

.retained by the, tube with small slats. Despite bhis differe~~ in 
. 

maximum opening size, the partiele size distribution was almost 

identieal for the sediments colleeted inside the bare tubes. lndeed, 

partieles 18rge1' then 0.71 mm accounted for anly ~% of the Ste. Barbe 

sediments (Figure 5.14), 0.4% of the ste. Sophie sediments 'and '0.2% of 
#' 

the Soulanges sediments (Figure 5.15). The type of opening 

\ 
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affect the distribution of sediments in the Bainsville and Ormstown 

soils since the openings were not the restricting factor (figure 5.16). 

'" 

The normal slotted tube with the fabric envelope could produce 
\ 

sediments significantly di fferent From the ones co llected inside the 

bare tubes~ since the maximum fabric opening size was 0.45 mm '(f igure 

4.1). Time and budget limitations did not allow the use ~f the pipette 

method to ana 1 yze the distribution of the sediments on the few cases 
\ . 

when en8ugh sedime~ts collected inside the tube. However, in aIl cases, 

aIl sediments passed the No. 35 sieve '(0.5 mm opening size). 

The effective particle diameters', coeff icien te of uni formi ty and , . 
curvatu~e for the soils used are given in Table 5~8 for aIl three 

locations: above, on and inside the drain. 

5.5 Opening Dimensions versus 50i1 Particle Considerations 

~ Table 5.9 presents~the maximum elot widths and hole dismeters of 

drain openings ta surt soils in accordance with some suggested criteria. 

This table has been prepared from the soils dat!:) of Table 5.8 and based 

on the Br.oadhead (1981), Thériault et al. (1982~S Corps of Engineera 

(Kovacs, 1981) and Willardson (1979) criteria for acceptable slot 

" widths. These specifications are summarized in the table footnote. 

Referring ta Table 4.2, we see th9t the tubes with amall slots and 

pinholes were: satisfactory for' the Ste. Barbe MS, on the border line 

for the ste. Sophie fS and tao large for the finer solls. This border 

line shifts down'to the Soulanges fine ... sandy loam for Y/illardson 
-"7.î1lJ .., 
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. , Table 5.8., Effective di~meters and coefficients of uniformity and 
curvature Tor the samples collected above (AB) , ON and 
inside (IN) the drain (deri ved from the mean curves in " 

figures 5.14 ta' 5.16). 
,. 

----------------------------------------------------------------------" ----------------------------------------------------------------------
Soil Type Loca- Effective partiele diameters6 (microgS)a 

'> tion ,010 015 030 050 060 OB5 Cc Cuc 

, r ----------------------------------------------------------------~-----
~, 

STE. BARBE AB 161 186 270 320 330 ' 500 1.37 2.05 
JM~dium sand ON 161 186 266 316 324 422 1.37 2.01 

IN 145 168 230 299 312 350 1.17 2.15 
, 

STE. SOPHIE AB 145 159 184 207 227 335' 1.03 1.57 
fine sand ON 137 153 175 192 206 316 1.09 1.50 

IN 122 140 164 168 171 241 1.29 1.40 
• 

SOULANGES AB 4;5 17 38 60 67 135 4.79 14.89 
fine s.@dy ON 8 22 40 60 66 122 3.03 8.25 
loem IN 17 29 44 60 66 122 1.69 3.79 

BAINSVILLE AB 16.6" 26 38 54 61 78 1.43 3.67 
Very fine ON 17 26 40 54 61 74 1.54 ,3.59 
sandy loem IN 25 JI 42 54 61 74 1.16 2.44 

ORMSTOWN AB 1.2 3.2 14.5 24 28 54 6.04 24.17 
SUt Ioem ON 1.0 2.7 14.5 24 29 54- 7.51 28.00 

IN 1.2 It.5 23 30 34 63 12.97 28.33 

====================================================================== 

e 1 mm = 1000 microns 
b Coefficient of uniformity, Cu = 060/~10 
c coefficient) eurvature, Cc = (030) /(060) (010) ) 
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Maximum slot widths or hole diameters to suit salIs in eccardance 
wi th sorne suggested cri terie (mm). 

========================~================================================= 
Soil Typ~\ Laca- Particle-)size Broedheadb l T~ériaultc 

tiana D60 D85 Slot Hole Slot Hole 
width dia. width dia. 

W 1.3 W 3.0 W W 1.3 W 3.0 W 
-*--------------------------------------------------------------------------_. 
STE. BARBE AB .300 .500 .72 .94 2.16 1.00 1.30 3.00 
Medium sand ON .300 .450 .70 .96 ,"'2.10 .90 1.10 2.70 

STE. SOPHIE AB .227 .335 .54 .70 1.62 .67 .87 2.01 
Fine sand ON .206 .316 .49 .64 1.48 .63 .82 1.90 

SOULANGES AB .067 .135 .16 .21 .48 ,,27 .35 .81 
Fine sandy ON .066 .1~ .16 .21 .47, .24 .32 .73 
loam 

, 

BAINSVILLE AB" .061 .078 .15 .19 .44 .16 .20 .47 
Very fine ON .061 .014 .15 .19 ' .44 .15 .19 .44 
sandy loem 

ORHSTOWN AB .028 '.054 .07 .09 .20 .U .14 .32 
Silt Ioam ON .028 .057 .07 .09 ~20 .11 .15 .34 

"-

=================================================== --------------------------------------.---------
aSample location: AB = above drain; ON = on drain 
bBy Broadhead's criteria, slot width W i 2.4 060 and hole dia. ~ 1.4 W 
CBy Thériault's criterian, slot width W i 2 085 

The, d~~meter of an acceptable circular hole has been taken as 1.3 times 
the~th of an acceptable slot for the purposes of~the calculationa for 
this table. 1.3 is halfway between the 1.4 obtained From the rJ;!iagonal of 
a square bu t more than the 1. 2 ra ti a used by the U. • Co rpa of 'Engineers. 
It was also determined as 3.0 times the slat width aa suggeated by Willardaon 
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triterion when used in conjunction with Thériault's recommendations~ .. 

'. 
Aooo~din9 to aIl thèse criteria, the dimensions of the openings in 

the tubes with smalt slots end pinholes, es se en in Table 4.2, meet the 

requirements shown in Table 5.?, for installation in the St'a. Barbe MS. 

Therefore, no sedimentation problem should be expected in that soil. \ 

This wes con'firmed by the laboratory tests carrie'd out. The Broadhead 

criteria indicates that there should be a sedimenfetion problem in the 

ste. Sophie FS, with the tube with smaii slots, since the slot width, 
(, 

avereged 0.65 mm with a maximum of 0.71 mm (TabIe.4.2). This is f\ 

dimension' gre~ter than the maximum 081 mm a Ilowed (Table 5.9). On the 
\ 

pther hend, the Broadhead criteria used in conjunction with the Modified 

. US Corps of Engineera (USeE) specifications for circuler perforations, 

shows that both pinhole tubes were unset.isfactory for the Ste. Sophie 
" ,...i; , 

fS. However, the data in both Tables 5~6 and 5.7 show that 'aIl tubes 

perfo'rmed weIl in the fine sand. The combined cri teri~ Broadhead -
, 

Willardson shôws the pinhole tubes to be satisfactory for the Ste. 

Sophie fS, since the maximum measured opening diameter of 1.02 mm (Table 

4.3) is smaller then the maximum allo,wed diameter of 1.48 mm (Table 

5.9) • 

Thérieult's criteria for rectengular siofs shows the tube with 

small slots to be et the limit of being acceptable for installatioh in 
, 

the Ste, Sophie FS, sinee 95% of the' slats were smaller than 0.65 mm 

(f·igure 4.1). This is haIfway between the maximum allowable of 0.63 mm 

and" 0.67 mm deri ved for semples Ioeated on and above t drain, 

~e~pectively. furthermore, both pinhole tubes met the specifications for 
, . 
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this soil under bath the combined criteria of Thériau1t ... Modified USeE 

and Thériau 1 t- Wi llardson. lndeed, even though the measured maximum 

diameters were cl~se to 1.0 mm (Table 4.2), the 095 of both pinhole 
\ ' 

• tubes A and B were less then the maximum allowed of 0.82 mm, for the 

combined Thériault - Modified USeE criteri~ and less than the maximum 

p~rmissib,le' dia,\eter of 1.90 Il)m unde.r the Thériau 1 t ... W illa rdaon 

cri teria (Table 5.9). This was true for openings on both\ valleys' and 

ridges, except for the openings on the vall~ys of corrugations of 

pinhole tubeA, for which 95% of' the h.oles were sma 11er then 0.98 mm 

(F igure 4.1). 

, 

On the other hand, these criteria auggest that problema eould be 

'expee~ed to oceur in aIl of the ·three finer loamy soi1s as. the maximum 

allowable dimensions are 2 t9 12 times amaller then ectual~y meeaured 

for the drain tubes. Table 7 confirms this expectatlon wi.th the 
. 

Soulanges fine and Bainsv ille very fine sandy loa~. The Ormstown sil t 

loam~oil, however, presented no problem of sediment blockage. 

, , 

Also, Figure 1 shows that the apparent opening size\of the knitted 

\ polyester stocking is 360 microns (0.36 mm). This is large enough that 

considerable quantities of the fine and very fine sandy loem, and 'silt 

loàm should have gone through, but they did note 

AlI this suggests that more than e single characteristic, such as 

the 060 or D85 of a soi 1, is required ta def ine a potentia 1 sediment 
) 

problem. In conjunction with the 060 or 085 citeria, use should be,\msde 
If ~~ ~ . 
of Cu and/or the eggregetes present in the sail and whether t sas 
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aggregates are stable or not. The discriminant method JJsed on bath 
1 

partie le and aggregate size distributions ta predict drain si l Üng and . . 
\) 

developed by Lagacé and Skaggs (1982) 15 promising but might need some 

further refinement. 

J< 

5.6 Dry Bulk Density 

4 • 

The meana of density measurements for each location and within each 
" 

cell are given in Table 5.10 for aIL experiments. The ânalyses of 

var.iance tables are indexed in Appendix Gand summarized in Table 5.ll. 
l 

The reaults show that sail density did not vary significantly from 

one run to the next for the Ste. Sophie FS and Bains v Ule VF$L soi Is • 
.. 

This Is an indication that the compaction proc~dure and the initial 

·moisture content of the soi 1 prior ta testing were repeatedly 

consistent. The significa~t difference seen for the Soc/langes FSl and 

Ormstown Sil soils ls mainly due ta th~ first run as seen from Table --~ 

'5.10 and confirmed by Duncan's test. The higher densities obtained ~ 

....1 

the first run with the fine sandy loam partially explains the slightly "p 
} 1 

lower drainage rates recorded for the bare tutles while lower densities , ' 

sccount for the high flow rates observed for aIL pipes in tAe first run ~ 

with the si lt loam sail. 

J 

Similarly, the compaction was uniformly applied ta aIL cells (sail 
". 

tank and no significant difference in density was 

found among ........,~..c>1I (Table 5.11). However, sdmples located below drains, 

in general, exhibi ed higher bulk tdensities than semples collected above 
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===::::========:z=====================================:=:===:=:::=====:=:==:==:=:===::=:::=~:::=:::::==::=:;===================:z:::::======:========::::=========:c:::::::: 

SOIL TYPE STE. STE. SOPHIE_ SOUlAN6ES BAINSVllLE • ORtlSTOIlH 
, BARBE 

RUN 1 ~~: 4 5 . 2 3 4 5 6 :5 4 5 2 3 4 

tELL LOCATION 
(, 

",.:e 

===x=============:=======================================================================================================================~====:======================:====~ 
~ 

, li' 

l 
1 
1 

! 

'" 

Above 
Belol1 

1.510 
1.583 

1.411 
1.576 

1.460 
1.463 

1.439 
1.465 

1.430 
1.483 

1.507 
1.530 

1.463 1.460 1.421 
1.567 

1.423 
1.419 

1.441 
-1:441 

1.483 1.472 
1.504 

1.389 
1.471 

1.424 
1.438 

1.374 
1.416 

1.421 1.427 
1 

1.429--'" 
f f t 

~ 
-.P' 

ftean 1.541 1.493 1.462 1.452 1.451 1.519 1.463 1.460 1.494 1.451 1.441 1.483 1.488 1.430 1.431 1.395 
t .7 

1.45\ 1.456 

1.435 1.441 

1.448 

1.439 
-------------------------------------------------------------------------------------;-----------------------------------------------------------~-------------------------

, 0 ~ 

2 Above I.H7 1.402 1.452 1.483 1.422 1.506 1.456 - 1.419 1.441 1.466 1.443 1.496 1.443 1.403 1.443 1.3 1.439 1.441 1.433 
8elo. 1.607 1.602 1.451 1.502 1.499 1.534 f t 1.494 1.483 1.488 1 1.479 1.528 '1.463 1.45 1.455 1.451 1.445 

,~ 
G 

Kean 1.527 1.502 1.452 1.493 1.461 1.520 1.456 1.419 1.467 1.475 1.4~ 1.496 1.461 1.465 1.453 1.418 1.447 1.446 1.439 

-~-----------------------------~-----------------------------------------------------------------------------------------------------------------------------~------------

3 

.. 

Above 
Bel 011 

1.467 
1.620, 

1.432 1.442 
1.610 1.483 

1.472 d-.426 
1.494 1.493 

1.442 
1.507 

1.449 
f 

1.530 
\:l 

t 

1.400 
1.475 

1.444 
1.472 

1.444 
1.468 

1.442 1.453 
f 1.473 

J. 421 
1.57J 

1.483 
1.453 

1.342 
1.483 

1.466 1.438 1.437 
1.450 1.474 1.453 . 

"e.n 1.543 1.521 1.463 1.493 1.460 1.474 1.449 1.530 1.437 ~1.458 1.456 1.442 1.463 1.496 1.468 1.412 1.458 1.456 1.445 
,... 

~ 

AbOV! 1.503 
Beloll ~1.620 

1.462 1.451 1.'21 
1.586 1.415 ~ 1.467 

1.426 
1.~91 

1.522 
1.511 

1.420 
f 

1.482 
t 

1.454 
1.~15 

1.448 I.HI 
1.470 1.471 

-1.416 1.406 1.417 1.412 
f 1.456 1.518 1.t45 

- " 

1.401 
1.451 

1.449 
1'.433 

1.415 ~ 
1.467 f::~;; 

nein 1'.562 1.524 1.463 1.447 1.459 l.519 1 420 1.482 1.495 "1.459 1.456 1.416 1.431 1.467 1.429 1.429 1.441 1.441 1.441 
:::::::::::::==::::::=::::::::::::===:======::===========--::===~~=================----================================= 

f Soli not idequitl' fOl" supliaq \ ,/ . 
Deasitr vilues shOMn,ire iveriges frOi t'ree aeisureaents - coefficieut of variibility never Ilceede. 11. 
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Table 5.11. Summary of ~-Tests results in the analysis of variance of 
dry bulk density. (see AOV tables in Appendix G). 

================================================================'=========1 
Source 

Ml!iinplots 
Run 
tell " 

5ubplo~s 
Location 
Cel1*Location 

5.te. Sophie 
, Fine sand 

n.s. 
n.a. 

** 
, n.s. 

Soularyges 
Fine sandy 
10;8m 

*. ' . 
n.s. 

" 
** 

• n.s. 

Bainsville 
Very fine-' 
sandy loam 

n.s. 
n.s. 

* 
n.s. 

Ormstown 
sUt loam 

** 
n.s. 

~ ** 
n.s. 

. ,1 . , , ________ J ____________ J ___ " _____________________________________________ _ 

--------------------------~------------------T--------------------------, . ' 

n.s. 'Npt significant et the!O .0,5 
* Signifi,cant et the 0.05 ~el 

** Significant et the 0.01 1e\.e1 

,! \' 

level 
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them. The deaJc;:weight of the soil on top of the drains added to the 
~ 

settling of t~e soil durirg drainage might have contributed ta pack the 

sail l;lelow the drpin ev~ more. A look at Table 5.10 reveals that 
(. 

similar conélusions can be made for the ste. Barbe MS soil and run l of 

r the Ste. Sophie FS soil, 50 far as sample location is concerl)ed. The , ' 

sail had ta betlshovelled out and the drain remoyed in order ta colleqt 

the cqre samples below the drain. This could have compacted the sail 

slightly more, even though ca're was taken to reduce that -effect. 

Sorne measurements of settling of the trench surfaces were made. Sail ...., 
p 

set t l ing~or conso l idation, -occured very rap id l Y as the wet t ing front 
~ f 

, -.cr 

rose during saturation and s10wed down withih 24 hours of drainage. It 

varied From almost 'on~ centime ter for the medium and fine sand ta six 

~œntimeters for the ~ilt Ioam. Out of a total depth of soil or 57 cm, 

" this would represent a' s,ettling of about 2 to 10%, respectively. 

Visualizat~on of the process was made possible by the plexiglas8 
... 

windows. 

Draining the tanks between cyc les and starting the second f low 
~ ~ 

period did not add signi ficahtly to the settling of the saiL Also, thia , 

phenomenon did not just occur in the top few centimetérs of soi l,. l t w,as 
" 

integrated ovér the depth of the soi l chamber as~ observed thJ!'ough the 
\ 

transparent end caps where the drains curved down a 1ft tie whi le 

settling took place~ This 

jthe lower~drainage ~tes 

most exper1m~ 

important consolidation proces8 cou Id exp Iain 

recorded, in genernl, in the second cycle of 

) 

l 
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Whi le the densi ties measur~d did f'!ot ref1ect ,the inifial compaction . c] the .~ai l, ~ecause of ,the se-tt ling Phei'\om~non, i t was observed' tha t 

, : thls set tling occured uniformly acroas a1.1 sail chambers in the tank and 
~ ô w ... Il 

J 

1 0 

from one l'un tQ the next. Therefore, any discrepancy between cel1s' or , 

l'uns wauld be m~in~y due to dif,ferences in the initial compactian of,the 

soil. With this in mind, the conclusions made' above are still valide 
D 

\ 

5.7 Sediment Weight versus Drain Openlng Hydraulic Radius 

A.f~rst attempt was mëde to correlate the accumulat~an of sediments 

~ith the slot width (or opefling diaineter) and the hydra.,illic radius of 
, 

o the perforations by using 'the models developed by Lagacé (1983)": 

SEDW = 

SEDW 
( t3i HR) 

= /30 e 

where, SEDW = sediment ~~ight, 9 

, (5.2) 

(5.3) , 

WlDTH = slot width or hole diarneter, C rnm"-
• 

HR = hydraullc radius of drain apening..J mm 

It was,faund that, as determined b?' Lagacé~(1983), the hydraulic 

radius gave a slightly better regression than the siot width when .,. 
co'rrelated wi th SEDW. Alsa, higher R2 
': 0. 0 , 

val ues than the maxirnu'm 0.66 

I\.eported by Lagacé (1283), were obtained for aIl soils but the Orrnstown ... 
Sil,soil, as indicated in Table 5.12. The Student' t-test showed however, 

-t. 
thèt the pararneter (30 was nat signl ficant at the 0.50 level. Therefore 

A, aauld be neglected, being close to unit~. ",This ."as(tru~ for aIl cases 

" , 
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Table 5.12. C0'!lparison Glf modela for predicting -sediment weight, SEDW.' 
\.. 

======================================================================= 
Soil !lpe Model l 

'- ({31 HR) 
SEDW = (30 e 

R2 

Model Il ~ 
, «(31 HR) . 

SEDW = e - l 

l S.E. C. V. O~) 

Runa 
considered 

-------------------------~---------------------------------------------
-, - \ 
Ste. Barbe 
Medium sand 

Ste. Sophie 
. Fine sand 

Soulanges 
Fine sandy 
loam 

Bainsvible 
Very, fine 
Sandy loam 

Ormstown 
Silt loam .. 

0.872 

0.872 
0.922 

0.70j 

0.853 ~ 
0.949 

0.336 

0.984 15.22 0.96 13.3 

0.978 20.19 0.87 14.0 
0.989 19.23 1.04, 20.0 

0.958 22.32 0.96" 22.0 

0.973 29.85 1.45 17.3 
0.894 24.75 4.21 22.0 

0.812 "12.49 1.53- 49.9 

l 

all 

3,4',5 . 
l 

aIl 

=====================~================================================= 
o 

Notes: - In al! cases", the datl:l fitted the model at the 0.01 level of 
significance 

- S.E'. = standard error of {31 ,,-
C.V. = .coefficient of variability 

r . f' 

• 
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exce~t with the Bainsville 'VfSL soil for which 130 was sigrüfi c.ant 'at the 

0.05 level. 
" 

, ),-- - '--\ 
Equation (5.3) was then improved by removing the param~ter ~o and 

substr8ct~ng a value of unit y From the exponentional term to account for 
l , 

a nil hydraulic radius or non-perforated drain in which no sedimentation 

Is possible. The mQdel becomes: 

( 131 HR) 
SEDW.= e, - 1 

D 
(5.4) 

., 
With equation (5.4), the R2 value* for the Ormstown SiL soil 

o 

~mproved from 0.34 to 0.81 eventhough the variabi l i ty was sti Il very 

high (model II in Table 5.12). The high coefficient of variability is 

mainly due to the first- run which produced mu ch higher sediments than 

subsequent runs. Considering each run separately, the variability was 
1 

lesa than 30% while the R2 value ranged From 0.91 to 0.97. It was als,o 

found that both models l and II apply independently of drain flow. Using 

the data From 'i..agacé (1983), R2,..;'increased fr'lm 0.57 t~ 0!90. 

t' Pol,)'nomial equations of the second and fourth arder in HR were 

tried for t,he expression of the exp.onent. There was not much improvement 

and in most cases the second, third and fourth arder regression 

coef~icients were not even si,gnifican~ at the 0.50 levg~Furthermore, . 

it would be more diffictllt ta characterize the variation in the 

re9re68ion CO~fiCients when more tpen one perameter is considered. 

M,AlI RZ values reported in this thesis have been adjusted for the 
degrees of freedom. \ 
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Figure 5.17 illustrates t~e r~~ionship betwèen s'ediment weight and 

hydraulic radius for the drains instafled in the Soulanges fSL soil. 

~ 

A cl~e look at Table 5.12 indicates th:t (31 increased in magni tude 

with the first four soils and dropped with the Ormstown'sail. This 

paramete:r, which is parl of the lagarithmic expression of the 

sedimentation process, can be corre1ated with sail characteristics such 

as the 060 'of the soi l, coefficients of u.Jiformity (Cu) and curvature 
; , 

(Cc), and/oro the aggregate size distribution. This feature has been 

i11ustrated in Figure 5.18 wi th di fferent . approximation CUl" v es. 

'Starting with high1y clayey soils, and for a~ given drain opening type, 
, ' 

the accumulation of ~ediment wou1d increase witli decreasing clay content 

and ag,gregate stability, and increasing 060 size un~l it l'eaches a 

maximum. l t wou l d then decrease .... as the soi 1 becomes coarBer and loses .. 
Hs structure. The range of problem soils for the particuler drain under . /, , . 
consideratid-n would be .determined by a lower li1nH ( f'lcti t) for whlch 

• sedimentation is not cr.l tical. Under saline conditions, siltation Is a 
/ , 

problem in clay soils, and therefore, the rising 11mb ~f the cur,ve w~u Id 
• J 

be more graduaI, thus widening the range of problem soils. 

With the soils used in this study, it was difficult to correlate {3l 
.>", •• 

with more than one sail characteristic. Therefore, only the 060 size ~as 
~ 

conside;ed .. , Several models were tried and produced ln Table 5.13 elong 

with the corresponding R2 va,lues for the first four coeraer aol1a. At 
(' 

.. this stage, only a strElight line was regressed av'er the Ü'rmetown Sil and 

Beif\svill~ \XfSl soils sin'ce almost any model can be fitted to two 

points. Also, the estimate of.{3l for the Ormstown SiL sail 18 not very. 
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f'igure 5.17. Sediment weight' versus drain opening hydrau lie radius with 
the Soulanges fine sandy loam soil. 
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Table- 5.13. Regression modela of'parameter 1 in equation (5.4) over 
the soil 060 size for the ste. Barbe medium sand, Ste. 
Sophie fine sand, Soulanges fine sandy Ioem and Bainav i1le 
very fine sandy Ioam soHs. 0 

=-----------------------------------------~-----------------------------------·M~d;i-----~-----------------R2---------------C~V~-(%)-----------

-~-----------------------------~----------------------------------------

1. Ba + al/060 0.44 14.a 

2. ao + sI (°60 ,.-1/2 0.43 14.8 

3. Ba + SI 1n(060) 0.42 15.0 

4. Ba (060)Bl (0.47 4.6' 

S. Ba ~xp(~/ln(060» 0.47 4.5 
, 

6. exp(sl/ln(060) ) 0.99 9.5 r 

=====================:===========================================~====== 
In Bll cases' the data fitted the model st the 0.01 level of 
significance . 

• 
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good due to the high variability observed. The regression and the curve 

rrepreaented by mode 1 6 have been p lotted ln figure 5.19. 

Despite the R2 of 0.99 and c.v. of 9.5~ obtalned with model 6, it . 

la seen that t~e predicted value of {3l for both the ste. Barbe, MS' and 

Ste. Sophie fS soils la weIl below the experimen~al 'value. With modela 4 

and 5, R2=0.47 and 'C.V.=4.5%. Even if only one run was carried out with 

the Ste. Barbe MS aoil, it is very likely.that under either full or open 

pipe flow, sediments, aqqumulated in subsequent runs would not dtffer by ( 

much from the first run as this soil was already coarse enough for the 
, 
size of the openings in the drain, types used. It ls ra ther, the 

-closeness of the 060 size of the Soulanges FSl sail ta the Bainsville 

VfSl that influenced the type of regression modela Rejecting the 

Soulanges data set, model 4 gave the best predicti~n with R2=O.88 and a 

coefficient of variabilHy of only 2.5%. The predicted vaiue of 1'1 for 

the Soulanges FSl was close to the one obtained in run 1 but over 

estimated the other runs (figure 5.19). Neverth'eless, it is safer for 
& 

design purposes ta overestimate the accumulation of sediment to account 

for unknown factors. 

this suggests thst more soils fal1ing between the Beinsvil1e VPSl 

and Ste. Sophie FS should be tested to com~le~nt the present analysie. 

This also applies for soils finer than 0fe B'1insvil1e VFSL. It lB 

probable that the maximum value of ~l would increase if soils finer than 

the Bainsville VFSL soil but with less then ~O~ clay content were , , 

tested. An Ormstown SiL wi th less than 5% clay or a si 1 t from the lac 

St-Jean area in Northern Québ~c would most ~ikely give a higher 
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rigure 5.19. Experimental regressions of parameter ~l in equation (5.4) 
over the soil D60_size for aIl soils tested. 
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sedimentation than occured with the Bainsvi11e soi 1. Papineau (1985) 
"\ 

reported the Lac St-Jean silt to fill up drains complete1y aftar only 24 

hours of operation. 

Nevertheless, only two parameters such- ae the hydraulic radius ôf 

the drain openings and the 060 oF the soil served to explain moet of the 

sJ~:~nt weight inside dr~ins. Pooling the data From aIL runs with the g 

Ste. Barbe MS, Ste. Sophie fS, Soulanges fSL and Bainsville VfSL soils, , , 

an R2=0.9~ is obtained with a regression coeFFicient close to unit y 

(0.92) which is a'n indication of the accuracy of the expression of ~l. 

With the present data, the fi,nal expression of SEDW bec~esl 
(" 

SEDW (5.5) 

Sediment depth~as not meaaured in this study, butfit' can easily be 

çorrelated ta sediment weight and sn equation determined for predicting 

sediment depth, for a given type of drain opening. Uaually sediments 

,would form hillocks spread over the tube length or would pile up at the 

downstream end of the lateral or collector. An average sediment bulk 

denai ty of 1.0 g/cm3 ~ver the ent.ire length of the drain is not 

unreasqnable as was determined from Lagacé's (l983).data. Such a density 

was used to estimate the number of years ta hal f fi Il a drain (Table 

5.6). ~ \ 

... "... .~ , 
, ' 

Assuming a maximum allowable sediment depth or one quarter tube ;-

diameter, the sediments would total approximately 1750, g. Substituting 

this value of, SEDWin equation (5.4) results in {31=27.3 for a tube with 
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small slots. It is se en from figure 5.19 that the range of problemsoils 

for such a drain type, includes both the Soulanges fSL and Bainsville 

Vf5L soils. Conside;1--ng pinhole tube A, re;ul ts in (31 =39.0, a value of 

Pl ,for which none of the soils tested becomes--c,7'iticaL However, Table' 

5.6, indicate. th.t th!. tube could be half Lll 'r sediment after only 

six years of drainage in the Bains v i Il e V F~ s~i 1. The need exists to 
\ 

include other factors. A correlation between sJtimentation rate aQd the 

rate of decrease in d~.~inage rate and/or the ef(ect of several wetting 

and drying cycles could\be determined and combin~ with the' above modei 

ta estimate sediment weight or sediment depth. The present study does 

not allow a good modelling of the process described above. 

\, 

Predicting dràin sil ting under almost any field and drain 
1 

candi tions is not an easy task nor wi Il i t be e .. as y ~ design an 

experiment ta fulfi'!l that objective. However ~hat n~ed exists if fabric 

~envelopes are to be avoided ta reduce installation ~o~ts. The challenge , 
would be to develop a wa~ to produc'e. porous pipes rather th an ta c~ 
ho-les in the pipe after i t is produced. 

5.8 Drainage Rate versus Drain Opening Ares 

It was seen in Figures 5.1 to 5.10 that, in general, the larger the 

opening aree, the higher the discharge or drainage rate. Severel models 

were regressed from which two were retained. These are of the form: 

q = 1'1 In(A+l) (5.6 ) 

and 
q:: "(2 A/(A+l) (5.7) 
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m3/d/m where, q : discharge rate, length or mmlt:i-

A\ :=total drain opening area per unit l~ngth, cm2/m 
l ' 

1i'~2.= regression parameters 

~ 
The coarser the b the grescer the influence of the drain 

opening area on discharge rate. Therefore, equation (5,.6) applied' to the' \ 

sandy and sandy loam soils. The drainage rate in the'Ormstown SiL Boil, . ~. 
however, was not greatly affecte\ by the opening area. Therefore, 

equation (5.7) prov ed' to be the best regression as q slow ly increaaes 

with large increases in A. Table 5.14 present~ R2 values and 

coefficients of variabili ty of the aboya models for SOrrlS of the cases 

considered in each type of soi 1. The R2 ranged from 0.94 to 0.99 wi th 9 

to 30% vafiabilty. In géneral, the data fitted the models whether it be 

'-
on a dàily basis from the beginning to the end of each cycle or by 

taking the average of the steady-state values. The table shows a lower 

'R 2 and very high variability far the end of the' first cycle in ru!') l 

with thè·SoulangesDrSL Cil. While drain'age de~reased with the tubes 

----with small slots\' and pinholes; i t stayed fairl~ constant with the normal 

tube with the fabric en:elope. { 

Mohammad and Skaggs (1982) wsed mortar sand ta meaeure the affect 

of drain tube epenings on transient drainage. Using equation (5.6), it 

.. ,was found that perforation area (cm2/m) was èorrelated at 99% with the 

24-hr drainage volume (cm). Reeve (1982) illustrated relatlve Flow as a 

function of inlet area for bare drains and drains covered with different 
.~ 

fabric envelopes, over the range From 12 to 3600 cm2/m for a completely 

o 
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Table ~5.14. Regression arralysis of discharge rate\ q, versus drain' 
- opening ar~a per unit Iength, A. " ... 

." . ------------------------------------------------------------------------------------------------------------------------------------------

Ste. Sophie l ~ .98/.98 I2Y13 
fine sand 

1 3 1 .97/.99 17/11 
2 .99/.98 9/16 

Soulanges 1 1 .93/ .69 )5/85 
Fine sandy .2 .97/.91· 0/30 ~-

Ioam . . . ,. 
...... 

3 1 'rl
.

95 26/22 
2 • /.92 20/22 ' , 

Bainsville l 1 .97/.94 18/30 
Very fine 

.. ., .. . sandy loem 3 l .95/.99 22/12 
~ 2 .95/.97 23/18 

~mstown ' .1 l 
.& 

.97/ .93 16/23 1 r' 

. Silt Ioam 2 .97/ ,,'94, 18/22 

2' l 
1 

.996~.99 6/ 8 

~ 
l .997/.97 5/16 
2 'il .95/.96 22/20 

4 l .996/ .99 6/11 
2 .99/.998 9/ 4 

===================================================================== 
v 

Beginning/End of cycle 
C.V. = coefficient of variability 
In aIl cases the data fitted the models at the 0.01 level of <ft significance 

" 
/, .J 

& . . . 
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porous drain. Relative Flow is defined in this case as the ratio of the 

actua 1 discharge to the f low obtained with a camp 1 ete) y porous pipe. 

This relationship followed the one expressed b'y equation (5.6) with e 

correlation of 99.8% wi th 5.3% variabi 1 i ty. 

The radial Flow theory expressed by equations (3.1) or (3.4) 'showa 

that the flowrate is proportional to the inverse of the naturel log of 

the drain radius. Since it is anal yticall y impossible' to re tate drain 
,Jo. 

radius to dràin opening area when considering a real drain, j.he 

influence of to\al opening area has'been broken dowr.8into the individual 

perforations with the corresponding circumferential and longitudinal 

spacings, as derived b'y Kirkham (1949, 1950) and/oth~Hs. The complex 
~ 

analyticalosolutions developed by the latter authors led to the concept 
, , 

of "~qui valent drain sizp" or "effective radius". EffecU ve drain radius 
. j;) , 

is corre lated to drain opening area and follows Kirkham's equations, as 

found by Mohammad and' Skaggs (1982). Equation~) is of interest einee 

i t e~pr~sses drainage rate as a func~on of t(e drain opening area. An 

J 
added feature to equation (5.6) besides simplicity, is the direct 

application to field situations wh en expressed in a, "dimension Ieee" 

forme Notè that both models are not dimensionally consistent in terme of 

the opening area. We have: 

where, ô~~ relative flow, dimensionless 

~ = A/Ao = relative openlng area, dimeneionlese 

q, qo = discharge or drainage rate cOFrespond~ng to a 

area of A or Ao, t' 1 ~ lve yo, 

~ 

CL 
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The paramèter Ao was taken a~ 1427.5 cm2/m for the normal tuJ wuh 

the polyester envelope. Thevre~ression param~ter, Pl' can be considere 
, -- ~ , '-

equal t_o unity. Due parUy to eXR!)rimental error, it varied From M7 to 

1.14 for the sandy soils and fr0l!! V.as ta 1.25 for the sandy l?am soi ls. 
, 

A value of Pl equal to one, intrisically assumes that the hydÎ'aulic 
n i 

condUCe/i.xYo-f" the fi l ter cake is independent of the type of drain 

ueed. 

When designing a new type -of dra.i,n or rep laci~ 
drainage syste~, the relative flow can be predicted using equation 

.(5.8), provided aIl other factors are kept consf,ant. This Flow is used 

to d~termine ~f a given total opening area wouid be'adequate in 
_,.) 1 

cOII!parison with a drain opening area "flJr which the discha~ge or drainage 
/" 

rate ls known. If the new drain opening area ia satisfactory,/t can be 

broken down into t~e &hape and dimen~on of the perforati~,and their 

respective spacings in bath circumfere~ 8.':ld longitudinal axes. The 

entry resistance factor can then b~ calculated ta predict head loss by 

using, for example, the formulae developed by Dierickx (1982a). Als'o" 

using- equation (5.5), t' hydraulic' radius can be computed a~d sediment 

weight or depth predicted for the given situation.However, one must ,keep 

in mind the limitations of equations (5.5) and (5.6). The latter being 

derived for drains of equal nominal diameters. 

The discharge is proportional ta the square of the drain diameter 

and the veloeUy of flow. Therefore, for drains of different diameters, 
1 

equation (5.8) becomes: 
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whe~e'v is the velo~itY and d the drain dtameter, the subscripts 

co:rres~onding ,ta the early definition. 

Similarly, squation (5.7) can be rewritten as: 

,/It 
(; .10) 

or 

(5.11) t 

Figure 5.20 depicts the re la tionship betwee'n discharge ra te and 
, 

drain opening area at the end of the first cycle for run 3 with the Ste. 

Sophie rs and Bainsville VFSl soils. 

The variations of f lcwrate wi th time .in~ Figures 5.1 to 5.10 oan 

also be modell~d.' The models do net have 'any practical applications at 

this point but help to desoribe the trends of Flow. ReJeotin~ the , 
. 

unstable curves, each drainage curve represented for every tube followed 

the simple linear regression or the exponentional decay. The data of a Il 

four drain tubes w.i thin a test ruN can be pooled together to include 

either o.f equations (5.6) énd ~5.7) in the models. 

. 
Table 5.15 presents a summary of t.he best regression models for 

almost every case studied. Ihns 3., 4 and 5 wi th the Ste. Sophie fS 

soil (figures 5.2b and 5.3), th~~ischarge incressed linearly with Ume 

while i t decreased in the same manner in the run 'as well as in aIL 

1,30 
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o Table 5.15. Regression analysis of discharge rate, q, 
and draiA- opening are~ pel' unit leng,th, A. 

versus Ume, t, 

-----------------------------------------------------------------~--------------------------------------------------------2-----------------~---
SoiI type , Run· t-1ode1 R range C. V. (%) 

---~------------------------------------~--------------~----~~--------~-, 
( 

Ste. Barbe l a(l_e-l / t ) In (AlJol)- 0.90 20 
Medium sand 

Ste. Sophie l (a-bt) 1n(A+l) 0.99 12 
Fine sand 3,4,5 ' (a+bt) In(A+l) 0.93-0.97 19-25 

Soulangesl aIl (a-bt) ln (A-t-l) 0.90-0.96 20-JO 
fine sandy ,"> 
Ioem 

Baineville aIl (a-bt) 1n-'''+1} 0.95-0.98 16-27 
Very fine 
sandy Ioem 

a (1_0-1/ t) AI (.~"l ) (:j-o. 97 Ormstown2 3,4 19-22 
Silt 10em 

. 
) 

======================================================================== 
t, Ume 'in deys 

a,b regression parameters with different numerica1 values fo~ each 
- - --, - model-

l Tube with febric envelope not considered in firet l'un. 
2 Runa land 2 not considered.. ' 

o 

"cl! 

f o 
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rune with the Soulanges FSl (Figure SAa) and the Bainsvi11e VFSL soi1s 

(Figures,5.7 and 5.8). The only exponentiona1 decays with time were 

observed wi th the Ste. Barbe MS and Ormstown SiL 80i1s. Looking at 

Figu-rea 5.4 to 5.8, it éan be argued that the flowr,ate decreases 

linearly as drainage.progres~es.~Actya11y, the ~est l'egression is a 

, combination of the models descr~bed above. A complete drainage curve can 

be exp lained by an ... exponentiona 1 decay in the firs t few days of 

drainag;, followed by'a linea{ (Mcrease and a constant 

fiiter cake had been weIL established. 

5.9 Equipo~ential Linas 

1 

f 1 0\1" a fter the 

One of the objectives of this research was to ~tudy the influence 

of the type oGràin on the pressure distribution a~d i ts consequences 

on drain performance. The piezometer readings coll~cted on the tanks 

furnished information From which equipotential 1in~s cou1d be p 10tted. 

Figures 5.21 to 5 . .z4. illustrate the average equipoten.tial pattern for 

aIL four tubes testred in the Ste. Sophie FS sail. The sets of 

piezometers on each ~ide of the drain have,been identified by a ,b, c, 

and d , 90in9 away ,!am the drain as sh.own in Figure 5.21. The, average 

piezometer readings were used because sorne of the piezometers had a , 

slow reaponse and were prone ta erraI'. Furthermore, since measurements 

were taken at one point a10ng the drain axis, the changes observed might 

not necessarily oceur in the sail chambe~ and thus, only conclusions on" 

general trends can be made. Figures Hl ta Ha represent the equipotential 

lines of al1 drains in the Soulanges FSL and Ormstown Sil soils. Because 

the piezometers did nat function proper:ly in run 4 with the Soulanges 

rSL sOil, the data were averaged avel' the 1ast two runs anly. 
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figure 5.21. Average equipotential lines observed around the normal 
slotted tube with the fabric envelope in the Ste. 
Sophie fine sandy soil. 
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Figure 5.~2. Average equipotential lines observed around the tube 
with amall alots in the ste. Sophie fine sandy sail. 
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Figure 5.23. Average equipotential 11nes observed around pinhole 
tube A in the Ste. Sophie fine sandy 80il. 
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Figure 5.24. Average equipotential 1ines observed around pinhole 
tube B in the Ste. Sophie fine sandy soil. 

13'7 . 
.. ~'ri! 

.. " ,./:';:JiiJ 



o 

o 

," 1 

It Is seen in figures 5.21 to 5.24 tha.t, in general, the 

equipotential lines are circular in the vioinity of the draih but have a 

slightly elliptical shape away from the drain be~ween the inner and moet 

outer piezometer. A circu lar equipotentia l wou Id indicate a uni for~ 
ù 

hydrau l ie conducti v i ty of the soi l in tha t reglon. lt BeemB tha t the 

hydraulic conduetivity~ of the bulk soil was not exactIy uniform on each 

side of thé drain. However, that discrepancy ls not e~agerated, which la 

,- ~ an indication of the close-to-uniform compaction procedure. 
,; 

The graphs also show a higher concentration of equipotentials ~ 

~th~ first pi.zomet~r with the pinho 10 tub •.•• Thi. rof l.ot. on t~ 
concent~atio, of the streamlines in that region and therefore, 00 the , 

high veloeities and hydraulic gradients. Even though there were 48 hales 

per ring on those tubes, their smaii size contributed ta offering a high 

resistance to the Flow of water. The tube with small slots had opening 

width8 approximately the same size as the pinholes but offered les6 
-

resistanee. TI~is is mostly due ta the higher hydraulic radius snd 
, 

opening area. The numerOU8 smail openings in the fabric envelope he-Iped 

to spread the streamlines aIl around the qrain and, reduce the impeds~ce. 

'These observations explain the fact that, due to an increase in head 

108s near the drain, the discharge 18 reduced when the openingO area la 

decreased. 

o 
Simi1a~ remarks can be made for the tubes in the.Soulanges fSL 

"(r'igure8 Hl to H4). In this case, however, the equipotential lines are 

closer ta the drain and are more concentrated on top of the drain than 

beJ.ow. The ~roximi ty of the equipotentia 1 lines to - the drain ls a 
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reflectian aF the h~g~r r.aiatance the aoil i. offering becau.. af its 

finer stru'cture and lower permeabilty. Soil aett'ling in the soil chamber 

and resulting in a high~r density aboya the drain, is probably ~he 
, , 

explanation to the higher concentration of streamlines above and close 

~ to th,e drain. , 
Table 5.11 ahowed the bulk density of the soil to be higher below 

the drain than above. It could be that the-effect of shovelling out the 

soil·to collect the samples tamped the soil below.~he drain to a density 
, 

hi9her than it actually was while the t~t was running. Therefore, the 

situation_wou1d be of a higher density above the drain than below it 
-

'during drainage. This means that the density values below the drain in 

Table 5.10 are not necessarily indicative of the situation prevailing 

during the test -run. This, however, does ncf-- affect bhe conclusion made 
'" 

tférlier for the effect of run and cell compaction on density. 

The Ormstwon SiL (Figures H5 to Ha) behaved in the same manner as 

the Soulanges soil but with a more accentuated proximity of 

equ'ipotentials and contraction on top of tne drain. This is due 

respectively, to a, lower permeability of the sail and a greater settling 

of the soil in the trench. Note that the diffe~ence in the Flow pattern 

among aIl four tubes is not as pronounced as in the two other soils. 
h 

This emphasizes the fact that in fine 80ils with 10w permeability, the 

~trolling drainage factor is the soil permeabi1 ity rather than the 
(1 J - ~. , 

dral:n ,opening area. ' . 
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5.10 Radial f10w 

Radia l f 10w theory indicates tha t t~e hydrau l ic head shou Id be 
"­

proportional to the 10'g of the -distance from the drain center. When this .... .. .......... 

is true, a plot of h, the hydraulic head, versus In(r), l'radial 

distance, should form a straight line wib\! a slope~s=Q/(27rLK). For aIl 

three s~ils considered, the regression of h versus In(r) for piezometer 

readings taken for each drain quarter, gave R2 values ranging From 0.95 

to 0.999 with a very low coefflicient of variability, whether it be on a 

dai1y basis or'by taking the average of· aIl readings. lhis ~as done for 

aIl foùr 1:i zometer readings on each side of the,drain. Thus, the Flow 

was radia outside the first piezometer, when conaidering each drain 

, quarter s para~ely. """ 

Th~ concentration of streamlines ~occured moatly between the drain 

and the first piezometer, as seen in Figures 5.21 to 5.24 and f:U to Ha. 

Acc?rding to Zaslavsky (1979), the stresmlines would conglomerate over a 

distance approximately ~qual to the d,istence between perforations. The 

circumferentia~ spacing was in the arder of the millimeter for the tube 

with the fabric envel,ope, 8 mm for the tube with small slotll', and 7 mm 

for pinhole tubes A and B. The axial spacin'g remained basicelly the f?ome 

for ,the fabric envelope, was 12 mm for the second tube, 8 mm for pinhole 

tube A an.d 9 mm for pinhole tube B. Actuelly, the pitch was twice as 

much for the pinho le tubes, but because bath va Il eys and r idgea were 

perforated, the inf luenced distance of the streamline contraction was 

reduced to the distance between valleys and ridges. Therefore, it can be 

assumed tha t the -piezometer readings were re 1 at i ve 1 y free of the 

convergence effect of streamlines. 
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figure 5.25 9i v es ~ plot of h versus ~) for each quarter of 

pinhole tube A in the first cycle of run 5 with the Soulanges FSL soil. ... 

S.11 Hydraulic Conductivity \. 
.; 

~ 

Having shown that the flow was radial outside the first piezomèter 

when considering each drain quarter separately, the hydraulic 

conductivity can be computed by the slope of the line represented by 

figure 5.25. The four slopes for each quarter can tie averaged and the 

mesn hydraulic conductivity f the sail be determined. This would, 

however, require' a lot of corn uter work. A faster approach which.­

produces the same results is to rew-rite equation (3.4) as follows: 

where, qt = total discharge per unit length, m3/d/m 

Qt =, total discharge over drain length, m3/d 

ha = hydraulic head at the inner piezorneter a, U 
hd = hydraulic head / at the outer most piezomet d m 
~ 
ra' rd = radial distance to the correspônding piezometer, m 

Considering each quarter of the drain, ~ 

t 
i=1 

where, qi is the contribution of flow fr~ one quarter of the drain and 

ia equ)" to: b 
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figure 5.25. P lot of hydraulic head, .h, versus the radial distance:' 1', 

from the drain center for each set of piezometers around 
the drain in the first cycle .of l'un 5 with·the Sou langes 
fine sandy loam soil. . 

142 

-
< 



• 

hl'! '_1 . ; , 

( 

. . 

" . (5.14) 

(5.15 ) 

, 
Considering the average hydraulic conductivity, K, of the soil around 

qt-:: K LNH t (5.16) 

'with LNHt = 1: LNHi /4 
hl 

(5.17) 

(5.18) 

The average "hydraulic conducti vay can be compyted using equation 

('5.18) but the bast estimate is given by equation (5.16) wher e. qt is 

regressed o~er LNH t • The regression method provides the least square 

estimatè. To see if any difference exista between ~he hydrau1ic 
t 

conductivity in each quarter of the eoi1 chamber, equation (5.14) can be 

~ubsti tued in equation (5.13) and an estimate of each Ki be regressed 
.... 

over LNHi • Estimates of the hydraulic conductivity on each quadrant,were 
, , 

thus obtained. However, with four parameters t~ estimate,. the regression . , 

" gave some negative number.s. The negative hydraulic cpnpuctivities eannot. 

be used but might give an indication of the drainage contribution 'of . 

each quarter.' Yet, it was not poss~b1e to isolate this effect because of 

,the 'variabilty and the inconsistency of the,estimatea conductivities. A 

~ second ;egression was th~n tried where the bottom of, the drain was 

compered t? the. three other locations. Here agai:n, this method was not 

succ~ssful. The best estimate proved to be th~ averpge hyaraulic 
. ' 1' 

conductivity as ~etermine9 by the regression equation (5.16). The 
~ 

results are presented in Table 5.16, whi'le a summary of the analysis of 

variance appears in Table 501(. 'nie dei:ailed AOV tables are 
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Table 5.16. Weig~ted averagés for the computed hydraulic conducti­
vi ty, oK (m/d). 

==================~================================================ 
SOIl 
TYPE 

RUN CYCLE N SMALL 
SLOTS 

PINHOLE PINHOLE 
A B 

--------------~-----------------------------------------------_.--~ . . 
STE. 3 1 
SOPHIE 2 
Fine sand Mean 

28 0 8.34 
48 8.56' 
76 8.48 

6.35 
7.15 
6.85 

6.06 
7.07 
6.70 

o 

----------~---------------------------------------------4 l 28 6.68 7.07 4.86 7.36 
1 

2 12 6.00 6.24 4.95 8.52 
Mean 40 6.46 6.79 4.89 ,7.74 

---------------------------~---~-----------------------~-5 1 36 \ 6.53 4.99 6.38 3.94 
2 8 9.10 9.01 9.82 7.82 

Mean 44 7.00 5.72 7.QO -4.65 
---------------------------------~-----------------.----~----------

. SOULANGES- 5 1 24 .250 .304 .209 .146 
Fine sa~dy 2 8 .. 082 .110 .096 .061 
loam Mean 32 .208- .256 .181 .125 

---------------------~-----------~-----------------------
6 1 40 .268 .284 .. 127', .120 

2 20 .098 .110 
. .085 .079 

Mean 60 .212 .226 .113 .106 

------------------------------------------------~--------~------~--

'ORMSTOWN 2 1 _ 40 
6ilt Ioem 2 16 

Mean 56 

.123 

.068 

.107 . 

.137 
* 

;137 

.111 

.084 

.105 
--------------------- -------------------------~---------
3 1 20 .051 .043 .056 

t> 2 16 .048 .039 .053 
Mean 36 ~049 .041 .055 

--------------------------------------------------------~ 
4b L 20 .053 .046 .038 .. .072 

=================================================================== 1 

1 

a Sock represents tube with normal slots' enrobed w1th fabric enve1ope. 
b No readings taken in second cycle.. -
N Number of observations. ' 
* Large void be10w pipe ~~oduced very high f1owrates. 

o 
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Table 5.17. Sùmmary of the f-test results in tHe analysis of variance 
of the hydreulic conductivity computed by regression. (see 
the AOV tables in Appendix 1). 

=~============~======================================================== 
Spurce " Ste. Sophi~ Soulanges " Ormstown 

fine sand fine sandy Silt loem 
loam 

-~-------~---~~--~-------------~-~-t--------------------~----~--------

,Mainplots 
Run n.s. n.s. ** 
Cel! n.s. n.s. n.s. 

t y 

Subplota 
Cycle n.a. ** n.s. 
Cel!*Cycle n.a. n.s. n.s. 

1 

.====================================~==================================== 
n.8. not.,aignificént et the 0.05 level 
** significant et the 0.01 level 

.. c 

(J' 
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Appendix 1. 1 

It ~rB from Table 5.17 that ,the hydraulic conductivity of the' 

sail in the area covered between the first and fourth piezometera did 

not vary significantly among test l'uns for the Ste. Sophie rs and 

Soulanges FSL soils. This points out, once again, on the repeJitability 

of the c.ompaction procedure. Run 2- wi th the Or~stown SiL sail ga ve 

higher permeabilities than the last two l'uns (Table 5.16). These remarks 
\ 

agree with the rsaulta reported in Table 5.3 which indicated no effect 

of "l'un" on drainage rate with the fine sand and fine sandy loam. They 

also agree for the sil t loam for whlch the second l'un gave higher 

drainage rates than the last two, when the overshadowiXg effect. of l'un l 
o 

was removed. 

Table 5.17 also indicates a unifo.rm hydraulic conductivi~among 

cells in alll1> three soils~ i"rom this .0bserV~tion~'can be sta·~ 
any difference in flowrates, among drain tubings, would result from 

di fferences in the tota 1 openin9 area of the dra~n~ and the hydrau 1 ic 

conducti vi ty in the vicin'ity of the drain b~fore the first piezometer. 
. , 

Once more, the Inferences made on the effect of cycle and interaction 

between' tubing and cycle corroborete the resu l ta of Table 5.3. The 

wetting and drying cycle did not disturb much of th~ sail in the 

chambers with the fine sand and eilt loem. In the former sail, the 

eettling being negligible while in the latter one, most of the settling 

took place in the first cycle. 'It seemÏÎs ~hat the fine a~d very fine 

sandy loam soils were most sensitive to a wetting and drying cycle. 

146 



\ 

;,,0. 1, 

, ' )
- , -- -, 

5.12 RPZ R8ti~ 

figures 5.21' to 5.24 and Hl ta Ha showed al. most circu lar 

equipotential 1ines in the vicin~ty of the drain, illustrating a 

possible uniform hydraulio conductivity around the drain in that region. 

lt was not possible to point this out by the regression method. However, 

using the RPZ ratio concept by Lagacé (1983), it is theoritically 

pos~e to isolate the effec,t of each drain quarter. Using equation 

(3.19), the RPZ ratios were calculated _and the averages presen,ted, in 

Table 5.18. The entry resistance, œt was calculated as shown in 

Appendix L. The analysis of varia~ce tab les appear in Appendix J with a 

summary of the, resul ta in Tabl e 5.19. In aIl three soi ls,' the 

accumulation of sediment. never exceeded 20 mm. Therefore, it cen be 

assumed that the RPZ ratios are free of the resistance throùgh the 

sediment. . , 

. 
} Looking at the "overall mean" in Tabpe 5.18" for each tubing and 

~ong aIl runs, we see that the tube with small slots in the ste. ,Sophie 
~ . 

FS soil gave RPZ ratios lower thàn wi th the other tubes. Table 5.19 

shows, however, that this discrepancy was not significant at the 0.05 

leve!. The RPZ values greater than one indicate that t~e hydraulic 

cOQ,ductivity of the soil in vicinity of the drain was smaller that in 

the outer region (awai!rom the first piezometer). The tendency, would be 

that the filter cak~;ls denser than the bulk soil. However, it appeared 
( 

that very fine sedim.ent p~rticles we~e being waShedf9.lJ,\Of this soi l, 

resulting in increasing flowrates with time (sjection 5.2). The 
, 1 

explanation given wes thet the hydraulic conductivity of the filter cake 

was a1so increasing with time due to the washing out of the soil 
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Table 5.18. Weighted averages for the computed RPZ ratio. 

:zz ...... ~zacs .. a:~ ............. a .. aonJa ............................................................................... . 

SOIL RUII CYClE N SOCK- SIIALL SLDTS' PllfIllLE A PIrœLE 8 
TYPE B~t L,ft Rlght Top Bot Lift Right Top Bot L.ft Riql\t Top Bot L"t R19~t Top 
---.. -------------------------------~-----.----------_.--------.. -... ------------------------~-----------.......... .---_ .. _-.. 
STE. 3 1 7 0.88 1.07 1.34, O.~ O." 0.87 0.7B 0.83 1.la 1.14 r.12 1.03 1.30 1.0\ 1.\4 0.93 
SOPHIE •• 2 12 0.78 0.96 0.96, 0.79 ft 0.97 0.97 0.76 l.l1 1.17 1.18 0,89 I.l4 1.0\ 1.19 0.77 

lIm- 19 0.82 1.00 1.10 0.90 0.75 0.90 0.84 0.79 1.24 1.16 1.16 0.96 1.33 1.01 1.18 0.83 
------------------_.----... _---------------.------------------------.-... ----... --------_ ..... _-

4 1 7 1.66 1.70 0.99 1.23 1.05 0.93 0.74 0.9B 1.24 1.11 0.93 0.91 l.lB 1.11 1.,26 1.10 
2 l 1.68 1.44 ~.~ O." 1.08 0.78 0.70 O.as 1.16 1.92 O. as 0.82 1.36 0.97 1.18 0.97 

I\,an 10 1.67 1.61 - .98 1. "OB 1.06 0.88 0.73 0.94 1.22 1.08 0.90 0.88 1.38 1.07 1.24 1.06 
---.... ------------------------------------------------------------------------------------.... _--_._ ....... --._.----_. 
5 1 9 1.42 1.34 1.44 1. 94 0.67 G.90 0.78 0.96 1.32 1.46 I.~I 1.53 1.39 1.22 0.89 1.02 

2 2 0.69 1.40 1.51 1.74 0.66 1.03 0.93 0.99 1.40 1.4~ 1.~6 1.61 1.41 1.71 0.90 1.21 
/tlin Il 1.29 1.35 1.45 1.90 0.66 0.92 0.81 0.97 1.33 1.46 1.52 1.54 1.40 1.21 0.89 1.06 

Qy.rall /tIan 40 1.16 1.24 1.,17 1.30 0.B3 0.90 O.BO 0.87 1.27 1.23 1.20 1.13 1.l6 1.08 1.12 0.9~ 
~ 

~ ________________________________________________________ ~ _____ ._. ____________________ . ____________ . __ . ___________ ._.a ••. ___ . __ 

SOUlANSES 5 1 6 0.l9 0.65 0.97 0.27 0.99 0.66 0.73 0.40 ft 0.43 0.70 0.11 1.21 1.24 1.IS 1.25 
2 2 0.29 0.51 2.16 0.22 0.83 o.~o 0.79 0.43 1.03 0.91 1.00 0.67 1.11 1.22 1.01 1.09 

"UR 8 0.36 0.62 1.19 0.26 0.95 0.62 0.74 0.41 1.03 0.4,9 o.n 0.70 1.18 1.:13 1.11 1.21 
----------------------------------------------------------"'-----_ .. _---------------._ .. _-_ ......... -~-
6 10 0.84 2.13 1.55 1.42 0.92 1.32 0.30 1.33 0.38 0.37 0.72 MS . 1.10 1.17 Ô.91 1.15 

, 2 5 0.70 0.48 0.87 0.92 0.75 0.77 0.~6 0.80 0.15 0.28 0.36 0.52 0.86 l. 08 ~.lS 1. 03 
ltean 15 ~1.S4 1.33 1.25 0.86 1.14 0.39 1.IS O.lO 0.l4 O.~9 0.14 1. 02 1.14 ~. 96 1. Il 

OverdJ ae~n 23 0.64 1.21 1.29 0.91 0.B9 0.96 0.51 0.89 0.39 0.39 0.66 0.73 t. OB 1,17 1.02 l. IS 

--------------------------------------------------------------------------' ---------------.------------------._~ .... ----q--_ .. _--

DRltSTOIiN 2 1 10 2.19 1.62 1. 48 1.90 0.89 0.79 0.52 0.87 0.13 0.71 0.99 0.66 0.83 0.77 0.49 0.62 
2 ·4 0.51 1.14 0.18 0.51 0.59 0.43 0.35 0.73 f f f f O.Ol 0.63 0.4\ 0.52 

".an 14 1.71 1.63 1.11 I.~O 0.91 0.68 0.47 0.83 0.73 0.71 0.99 0.66 O. 6~ 0.14 Q.47 0.~9 
-------------------------------------------------------_._--_ .... _--------------:----------" .... _----
3 1 5 0.15 0.86 0.20 2.23 0.06 0.27 0.10 0.67 0.32 0.40 0.72 0.36 .' O. O~ 0.09 0.62 0,67 

2 4 0.07 0.38 0.14 1.76 0.06 0.<.5 0.52 0.79 0.18 0.21 0.60 0.21 0.11 0.10 0.40 0.6B 
"ein 9 0.12 0 •• 65 0.17 '2.02 O.O~ 0.35 0.29 0.72 0.26 0.31 0.66 0.29 0.08 0.10 O.~2 0,67 . 

-----~--------------------------------------------------------------------------------------------------------.-----
4- 1 5 1.65 2.72 2.53 2.~4 0.66 0.B6 0.99 0.97 0.23 0.97 1.04 1.39 J. 29 1.33 1.02 ((1.25 

.. 
Overal1 Ilan 28 1.19 1. ~1 1.06 1.86 O.~9 0.61 o.sO 0.82 0.4~ 0.61 0.8B 0.67 0.60 0.66 0.~9 

a Sock represen~s tube with normal slots enrobed with fabric envelope. 
b No readings taken in second cycle. 
N Number of observations. 
* Large void below pipe produced very high flowratee. 

** Piezometer did not function properly 
; 
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Table 5.19. Summery of F-test results in the analysis of variance of the 
computed RPZ ratios (see, ~OV tables in Appendix J). 

======================================================================== 
Source ste. Sophie Soulanges Ormstown 

Fine sand Fïne sandy Sil t Ioam 
Ioem 

~~------------------~-----------------------------------~---------------

Mainplote 
~ 

Run n.s.( n.s. H 

Tubing n.a. n.s. n.s. 

Subplots 
Cycle n.s. ** n.s. 
Loc(ation) n.a. n.s. * 
Cycle*Loo n.s. n.s. * 
Tubing*Cycle n.s. n.s. n.s. 
Tubing*Loc n.s. n.s. n.s~ 

Tubing*Cyole*Loc n.a. n.s. n.sl 

======================================================================== 
n.s. 
* 
** 

not signi f icent et the 0.05 level,' 
significant et the 0.05 lével, 
significant et the 0.01 lev el 
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p~!ticles. This cauld ~ery weIl be the case and still have a 

co':'dùctivity lowe~ ùla/,he bulk sai~, since the St~., Sophie rs solI la 

quite permeable. Therefore, the RPZ values obtained do not neceaaarily 

contradict the comments made earlier. 

1.n ,the Ormstown SiL soil, the "overall mean" RPZ rat~os (Table 

5.18) were higher th~n one for th~ ~ube with' the fabric envelope and 

less th an one with. the other tubes. An RPZ value smaller than one means 

that the soil in vicini~y of the corrugations is more permeable than the 

bulk sail in the envelope-free tubes. Although the sail was compacted
4 

'" and settled by about 6 cm in the trench as drainage pro?reased, the soil 

inside the carrugations was not compacted 18 much and was more 

conductive ta the Flow. However, the tube w~ the fabric envelope, 

presenting no corrugations, the compaction procedure and settling helped 

to pack the sail even tighter. This ia prabebly why there was an effect 

due ta tubing type in that sail (Table 5.19). Duncan's test 8howed the 
./ 

enrobed tube to be the reason of this effect. 

It appears from Table 5.19 that "run" had an influence on the RPZ 
i _ 

ratio with the Ormstown SiL sail. With flowratea decreaaing from ,run 2 

ta run 4, the arder of inf luence shou Id be l'-Sversed for. the RPZ 

analysis. Duncan's test showed the arder ta be 4-2-3. It could be, for 

run 3; that the soil close ta the plexiglass window was not as compacted .. 
as the- soi 1 in the trench, therefore gi v ing low ra tios. One nseds ta 

remember that readin~:ere taken et only one point- and that 

observations might notialWayS represent the situation in the tranch. 

e1i' 
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Nevertheless, the general tendency for the RPZ ratios was to be 

higher on top of the drain than below the drain with fluctuating values 

on each side of' i t. The di fference became, however, on ly signi ficant 

with the Ormstown Sil soil. This means that the hydrau1ic conductivity 

was, statistically speaking, almoat uniform aIl around the drain in t~e 
" 

inner region, so far as th1 Ste. Sophie fS and Sou langes rSL soi Is are 

. concerned. 

5.13 Hydraulic Gradient 

The hydraulic gradient at the drain opening can be used to explain 

drain- fai lure by si 1 ting. Substi tuting equation (3.18) into equation 

~ (3.21), the hydraulic gradient at the opening, l, becomes: 

(5.19) 

As given in equation (5.19), the gradient is ônly dependent on the 
, . 

head loas, the total flow resistance-and the drain opening area, 

provided the ~ydraulic conductivity of the sail between the drain and 

the firet piezometer is uniform aIl around the drain. This was the case 
'\ 

for the ste. Sophie fS and Soulanges fSL soils but not the Ormstown Sil 

soi1. Still, the analysis was done for aIl three soHs because the RPZ 

mesns did not -~y by large amounts in the silt loam. Table 5.20 gives 

the average computed gradient per'cycle, tubing and run while Table 5.21 

eummariles the statistical analysis shawn in Appendix K. for the total .. 

drain opening area, a multiplicati,ve factor of 7r /2 wes used to account 

for arch bounderies on top of the openings. 
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Table 5.20. Weighted averages for the computed hydraulic &~adient, I. 

SOIl 
TYPE 

RUN CYCLE N SOCKa 
Bot left Right Top 

SI'IAlL SLOTS 
Bot left Right Top 

PINHOLE A Pt~HOLE B 
Bot Left Rig~t Tep Bot Lift RiQht Top 

--------------------------------------------------------------_.-------------------... _----------------_ ..... ---_._-­, 

STE. 
SOPHIE 

3 1 7 
2 12 

l'lean 19 

3 5 
3 4 
3, 4 

6 5 
5 4 
5 4 

49 !l6 50 58 
If 65 55 53 
49 59 53 55 

172 170 165 155 
192 172 175 134 
lB5 172 l71 144 

250 201 231 IBO 
255 199 241 150 
253 200 238 161 . 

----------------------------------------------------------------------------~----------------.-----------.-
4 1 7 

2 3 
l'lean 10 

7 8 
7 6 
7 7 

5 6 
4 4 
5 5 

76 49 56 71 
• 76 53 SO 59 

76 64 S4 67 

186 165 140 III 
169 142 123 Ù2 
lao 151 134 125 

279 216 253 205 
265 178 225 173 
275 204 245 195 

--------------~----------------------~--------------.----------------------------._-----------------------
1 
2 

l'lean 

9 -
2 

11 

Overall l'Iaan 40 

7 
3 
6 

7 
6 
6 

7 10 
6 a 
7 10 

5 5 6 7 

45 .... 62 53 56 
38 60 ~1 51 
44 62 52 55 

57 62 53 5B 

209 240 238 233 
216 243 22~B 246 
210 241 ~ 235 

191 lBS lB2 168 

27~ 23~ 170 'l81 
265 216 165 19B 
274 231 169 185 

264 210 .... 221 m 
--.----------~------------------------------------------------~-------------~-----_._-----------------_._.----------

SOULANGES 5 1 6 2 3 4 2 
2 2 1 ~ 11 1 

Itean B 2 3 6 2 

70 45 4B 30 
53 32 47 30 
66 41 48 30 

Il 60 99 111 
126 108 1~3 95 
126 72 108 107 

242 249 229 260 
206 232 :ao 218 
232' 245 219 249 

---------------------------------------------------------------------------_.-----------------_ ..... -------
6 1 10 4 12 9 B 

2 5 3 3 4 S 
/tun . 15 4 9 17 7 

Overall .,an 23 3 7 7 S 

67 98 22 103 51 56 114 134 
47 ~5 3B 62 lB 41 46 77 
61 84 2S 89 40 51 89 115 

62 69 35 ôII- SO ~8 96 112 

211 236 191 231 
156 215 179 206 
193 229 IB7 223 

206 234 198 232 
-------------------_.-.~--------------------------------------------------------------.-------------------------.--­. 
ORIISTowk 2 1 10 U 12 9 12 62 6-4 3B 73 11~ 109 148 113 150 145 98 129 

~ 
2 4 0 2 6 1. 4 25 27 22 5B " t f 44 104 71 lOB 

Mean 14 11 10 7 10 SI 53 34 69 114 109 148 113 116 136 92 m 
---------------------------------------~----_:--------_._---------------------------.--------------------. 
3 1 5 1 6 1 16 5 22 9 62 SI 62 1,.13 66 10 20 141 162 

2 4 1 2 ~ 1 13 4 34 41 72 23 2B 81 38 16 19' BI 165 
!te an 9 1 4 1 15 4 28 23 66, lB ~7. 99 ~l 13 20 114 16j 

4' L 5' 10 16 14 1~ 56 64 74 as II 151 168 241 265 279 214 2B4 .., 
Overa11 .ean 28 7 6 12 40 47 39 71 69 9~ 133 117 113 128 122 169 

a Sock represents tube with normal slots enrobed with fabric envelope. 
b No readings taken in second cycle. ~ 
N Number of observations. 
* Large void below pipe produced very high flowrates. 

** Piezometer did not function properly 
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Table 5.21. Summary of F-test results in the analysis of variance of the 

computed hydraulic gradient.(see AOV tables i~/Appendix K). 
\ 

------------------------------------------------------------------------------------------------------------------------------------------------
Source Ste. ~ophie 

Fine sand 
Soulanges 

, fine sandy 
loam , 

Ormstown 
Silt Ioem 

.... 
-----~-----------~--~-------~----------------------~-------------------

Mainplots 
Run 
Tubing 

Subpiots 
Cycle 
Loc(ation) 
CycIe*Loc 
Tubing*Cycle 
Tubing*Loc 
Tubing*Cycle*Loc 

n.s. 
** 

n.s. 
** 

n.s. 
n.s. 
** 

n.s. 

n.,s. 
** 

** 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 

n.s. 
** 

n.s. 
** 

n.s. 
n.s. 
n.s. 
n.s. 

================================================;======================= 
n.s. 
** 

not si.,gnifioant at the 0.05 level 
signitlcant at the 0.01 level 
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Table 5.21 shows that the type 'of drain oRening has a defin! te 
iJ 

effect on the hydraulic gradient. It also depicts a significant 
'\ " 

difference among locations in both the ste. Sophie fS and Ormstown SiL 

soils. The gradients were lowest for the 'normal t'ube with the fil ter 

stocking and highest for pinhole tube B, increasing as the' openi~g area ..,. 

decreased. Also, the gradieAt~ , which, ranged from 1 to 284, were in 

genera~, higher on top of the drain than below with intermediate values 

for the sides" 

With the values obtainep with the amaii slotted tube and pinhole 

tubes, .. one must expoct f~lure to occur ànd high sedimsntation to taks 

place. This is what actually happened as sediments wera ëollected in 

these drains. However, the sediments represented only a smaii amount in 

the Ste. Sophie fine sand and Ormstown silt Ioam. Using the model 

developed by Samani and Willardson '(1981) - equation 3.20 - and assuming 

a plasticity index of 2, 5 and 15 for the fine sand, fine sandy loam and 

silt loam soils, the hydraulic failure gradient for these soils, reached 

3,7,and 25' respectively. Eve'n when assuming a high plasticity index of 

25 for aIl SalIs (range for highly clay'ey so.ils), the failure gradient 

would only be 15, 27 and 34. This ia. still much lower than the 

experimental values. 

Such high gradients were also reported by Lagacé (1983) and in hie 

case too, the model by Saman! and Wi11ardeon undereetimated the 

hydrau1ic failure gradient. With these high gradients one would expect s 

very high sedimentation rate. This was not the case. It therefore, seems 

that oth~r factors than just the plasticity index and the hydraulic 
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conductivity, used in the model by Samani and,Willardson (1981), play an 

important rol\ in preventing siltation. further investigation would be 

needed to determine the nature of these factors.' 
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VI. SUMMARY AND CONCLUSIONS 

" 
6.1 Summary , 

The main objectives of 
~' 

this researcl;l were to meaaure the drainage 

and sedimentation performance of two pinhole tubes A and, B and,a tube 
f ,1 , 

with small slots in comparison with a normal slotted tube enrobed with a 

knitted polyester '~nvelope 152 91m2 of unit weight. 'It waB hoped that 

" 
tubing with pinholes a~d small slots would not, r'equire ~ fabric envelope 

as has been required for normal slotted tubin~ in soils known to cauae 
<1>. 

sedimentation problems in subsurface drainage systema. 

The per'forations in pinhole tubes A and B averaged a diam!3ter of 

0.77 mm and 0.68 mm for both valleys and ridges ~nd for a total op,ening 

area of 29.7 and 21.0 cm2/m, repectively. The tube with amall slots' had 
j 

1> 

perfora'tio~s in the valleys of corrugations averaging 0.65 mm in width 
:JI/" ' ~ 

and 3.56 mm in Iength for a total opening area of 56.9 cm2/m. The normal 

slotted ~ube with the fabric envelope had an ~pening area of lA27.5 

cm2/m with 95% of the fabric opellinfils being 1e88 than 0.36 mm. The tubes,e) 

were tested in five different soils taOk~n from 'l;elds where a normai, 

sl;tted tube without an envelope had become fillt?' wit~ sail. The .:118 C' 

used wele a ste. Barbe medium sana, a Ste. Sophie fine s,and, a Soulanges 
v ~ 

fine ~andy Ioam, a Bainsviiie ~ery fine sandy Ioam and an Ormstown silt 

1 1oam. ~ 

o 

Three tanks 120 cm wide by 240 cm IDl1g' and 76 cm deep we!e buil t 

for that purpose. Each tank waa divided in four equal compartments wit~ ,1 
11 

perme ab le di v i9èrS between each of the four, ce Il s ao that the water-
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Supp 1 y ta the drai~ tubes placed in each soil chamber was identical. 

Piezometers were installed on top, below and each side of- the drain at-

the outlet end to study the press~re distribution around each drain. 

Pressure distribution \'Iaa studied on the Ste. Sophie fine sand, 

Soulanges fine sandy loam and Ormstown silt loam soils. AlI r drains 

were tested at once under ,the same hea,d and drainage condition. :ondel 

case was simulated and, except for the first run with the te. Barbe, . " 

~~Phie and Bainsv i Ile soi ls in which thedfrains were not- f lowing , 
full, full pipe Flow was simulated by means of an end cap installed at 

the out lets. The five soils were analysed separately as they present 

different characteristics. Thus for each Boil, the experimental design 

consited of a randomiz.ed comp~ete block design with four l'evels of 

trea tment for the four t>:,pes of drain tubes te.sted. The number of runs 

èfor each soil type determined the number of blocks. 

D~ainage rate and piezometer readings were measured on a dai Ir 
. 

basis, and at the end of each test" run, drains were removed and 

sediments coilected. Other,measurements include~ core samples for dry 
• , ~ 

bulk density, particle size analysis of samples èol1ected away From the 
/ '"' y 

'drain, on the drai n and of the sediments inside the drain. Each. test 

run consisted of two distinct flow periods (cycll(s) .to simulate a 

wetting and drying cycle. [acb test run lasted IFrom 9 to 39 days. When 
" • f\ 

samples .are taken at different locations or the experiment consists of 

two cycles, the da ta tire ana lyzed according ta a sp li t-p 1 ot model. A 

1 * ' mul variate analysis was used ta determine if differences existed 

bat een the collected soi l samples. 
. . 
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for comparison, a field spacir:\g between drain lateI'-als of 20 m was 
. . , 

usel;! to determine the drainage rate. If the rate obtained wu in' 

vi'cinity of the de~ign drainage rate of 9 mm/d; currently uaed in 

Eastern North America, the drain was considered satisffl,Ctory. The n.umber 
Ç,' 

d 

of years ta ha! f fill the drain of sediments was calcu!ated based on the 

Ume it took to collect the measured sediments. 

Although not direct!y part pf the objectives, two modele were 

developed. The first m~del re!âted sediment weight./to the drain:opening 

hydraulic radius and the soil D60 size • .The model proposed ia an 

ir:nprovement of the origina 1 mode 1 by Lagacé (l983). T he second mode l 

reh.ted discharge rate to the total dr.ain opening éirea pel' unit length. 

Th~ val idity of the second model was checked by using da ta From other 

( , 

researchers. Also, the assumption of a uniform ~ydraulic conductivity i 

p ~ 

around the ~rain was checked using the 'radial Flow theory am! the entry 

resistanc.r factor (RPZ ratio developed by Lagacé, 1983). The hydraulic 
~ 

t'" 
gradient was 81so determi'ned ta explain drain failure by' sedimentation. 

\ J 

./ 
/ . 

6.2 Conclusions 

Based on the resul~ 'of -thiEll study, the following praptical 

conclusions can be drawrl: 

1 
1. AlI of the drain tubes tested prov ided p lent! fu l drainage and 

~ , 
adequate soi! retention with the Ste. Bar!Jè medium sand and Ste. sopre 

fine sand. Therefore, any. ,Of the tubes wi th pinholes and ,small frots 

can be used without restriction" in a soil with a partiel.! size 

distribution very similar t~ the distribution of the above ~O'il8. 
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2. The normal alotted tube wr~pped with a knitt~d polyester envelope 

had significantly higher drainage rates than the tubes with pinholes or 

. emaU e lots when used in the Sou langes ,fine and Bainsv i Il e, very fine 

sandy loam soile. lt is likely that the greater entry area provided by 

the fabric en ve lape ia, responsibl e fo.~ the ~igher fi owrates. than 

obtained with the tubes with pinholes or small slo'ts. 

3. lot appears that in filai ls wi th very low permeabH i ty, it Is tbe 
( , ~ .1 . . ' 

,hydraulic conductivityo of thé. sail rathér than the drain opening aree 
, . 

that 'c~rolso ~he dr~inage rate, ~rovided the drain tubes retai~ th~ 

soil adequately. H~nce, a normal slotted tub~ with a knitted polyester 

envelope could be replaced by any of th~ tubes with pi1flholes and smal!" 

This wae the case with 
1 

slo.ts and still drain e«;tuell y. the 0;ltown sU t 

loam soi 1. 

~ 

t, 

4. AlI drain tubes tested might need to be placed at spacings less 

than 20 m in the Soulanges fine sandy loam, Bainsv i Ile very fine ~andy 

loam and Ormstown si1t loem soi1s, in order to achieve a drainage ~~te 

of 9 to 14 mm/do However, this would stiil need ,to be ver1fied· in the 

field as the rates obtained in the laboratory might ~ot necessarily 

represent field values. This does not apply to the medium ar~and 

for which the minimum drainage rate was 54 mm/do 

5. The quanti ty of sediments entering the drain might be considered 

excessive for tubes with pinholes and small slots placed in the 

Bainsville very-fine sandy loam and the Soulanges fine sandy loam soUs. 
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In the former so il, the number of years to ha 1 f fi Il the drain wi th 
, 

sediments ranged frqm 3 to 9 years. whi le it varied From 1)6 to .26 ye~rs .. 
in. the ht ter soi 1. Sediment e~try was not a pràblem in the medium and 

o 

fine sand, and si l t loam soUs. 

6. The majo~i ty of the soil which ent.er~d the tubes set t l ad in aa 

sediments. Thlil amount or sediments mov ing out with the drainage water 
( 

was~negligible in aIl cases except in the first run with the Bainaville 

very,fine sandy Ioam. In the latter case, the pipes were not flowing 

full and the depth of f,low was only approx·imately 1.5 times tlie depth of ,/ 
.. 

sediments. ' The s~edimenta washed out represented approximately half the 

,wlHght of particles settled in the pinhale tübeil, and 2.5 timea the 

sediments settled in the tube wi th small slats. Th~s indicat'~a th:t when. 

sediments ~re not .,flushed out from a subsur'face drainage' system, 
• ~ 0 

7 

drainage could be seriously reduced by sedimehts, maving with the 
, ' 

drainage water and accumulating at a downatream location along the . 
leng,th of the lateral: 

7. 
~ 

The Soulanges fine sandy Joam and Baineville. very fine sandy Ioam 
. 

soils were most s.ensitive ta the effect of a wetting ane! drying cycle. 
. ... 

The lower drainage rates obtained ,in the second Flow period were not 
, 

solely due the cycling effect. Soil ·settling in the trench (or chamber) 

also had sorne inf luence. However, when this situation happens in the 

field, sorne sedimentation might be induced at the start of a new f 10w 

per lod after a dry spe 11. herefore, the 1 ife expectancy of a Il 

envelope-free tubes d be ahortened. 
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8. The sediments collected inside the drains present~d a particle size 

distribution significantly different (finer) than- the bulk soi~ and the 

sail in vicinity of the drain. The sail From the last two locations was 

baeically the same. The type of drain opening (i.e. tubing ijtype) did not 

seern ta affect the distribution 0' the sediment particles inside the 
• 

drain. 

9. From the comparison IIl8de of opening dîme'nsions and soi 1 partie l e 

considerations with sorne suggested criteria, it appear~ that additional 

ras e à rch i s nee ded to estab 1 i sh a dependab le re l at'ionship for 

deter!Jlini~g the msximum hole size in tubes and erlVe);opes to ~ used for 

soils having most particles between 0.02 and ,0.30 mm. 

1 

..... \ 

10. Two' parameters, namely, .the drain open,ing hydraulic radius and the 

aoil 060 size, sefved"to explain most of the sediment weight inside the 

tubes~ It was fou~d that sediment weight v~ries as an exponentiQnal 

function of the product of the dràin opening'hydraulic radius and a . 
P9wer function of the 90il D60' Using that model, one is able to 

datermine the range of problem soils for a given drain opening type. It 

wès found however, that other factors would need to be in~luded to 
,"" > 

improve on the model. 
\ 

Il. Drainage rate was found to vary as the logarithm of the total drain 
"'--,,-

Jopeni'ng area per unit length, in a Il soi 15 except the Ormstown si 1 t 

,loam. This was true whether the tubes were flowing full<~or not. ln the 

latter soil where the controlling drainage factor appeared to be the 

soi l hydrau lie conducti v i ty, the drainage rate slowly increased with 
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large inereases in the opening area. T~erefore; the drainage rate was 

found to be proportional to the ratio of the opening area to the opening, 

area plus one. A dimensionless form of the models eould be used to 

pre'ëfiet the ètrainage performance of a "new type of drain with a given 
r-

opening area, i~comparison with an actual drainage syatem for which the 
, 

drainage rate i8 k~ow~ 

12. The study of the ~ntry rèsiatance faotor showed the 

-vicini ty ~ th~ dr~in to have 'a different hydraulic conducti vi ty 

the bulk soil. Therefore, ~e assumption of a uniform hydra~lio 
", 

conductivity around the drain at any radius doea not alwaya apply. TQis 

" ~grees with the findings 9f Lagac~ (1983). 

13. There was a genersl ten~ency fot th~ e~try reaiatanoe factor te be 

high.er o,n top of the drain than below the drain,obut this difference 

became only significant with the Ormato~n sail. This indicatee that 
.. 

higner flowr~tea can be expected ta ooeur below the drain. 
, ' 

14. The type of drain used has a definite ~ffeet on the hydraulic 

gradient et the opening. The gradient wes lower for the tube wi th the 

fabric envelo~e and' hlgheat for pinhole tube B, increasing -w'ith" 

"" de€reasing drain opening area. 

" 
lS. Exiating modela (Samani and Willardson, 1981) c,Puld not explain 

drain failure by siltation in aIl ca~es. The~gradients obt~ined in the~ , 

Ste. Sophie fine sand and Ormstown si 1 t loam were considerab 1 y higher 

, than ~he predieted hydraulie failure gradient and yet, the accumulation 

(jJ 
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of sediments' was negligible. There seern to be factors other than just 

the plasticity index ~od the hydraulic donductlvity that play an 

important raIe in the sedimentation process, and the soi 1 s~abi 1 ity 

around drain openinga. 
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VII. REcotIWI)A TI ONS fOR FURllQ RnA TED WORK 

As a resul t of this study, and,in addition to the 'recommandations 

made'in the previous chapter, the following topies are,deemed important 
, , 

for further investigation: 
1 

1. ln th!. re.:arL. the r.wor~lng pf the sail from one test run ta 

the next had an effe~t on drainage ~e in the Ormatown ai~ t loam and on 

the sedjfnentatron proeess in the, Sou langes fine sandy loam, the . . 
Bainsville very fine sandy Ioam and"'the Ormstown sail. If the same batch . ' 

of soil is used 1hore than once in laboratory tests of drain performance, 

it is likely that this repetitive use will hàve an sffect on the 

variables analyz!d unless this soil Is structureless. ~ le recommended 

that this effect be taken into consideration in studieà involving 

replications in ti'me with the same batch of eoil, or that it be avoided 

by making repIicates with separate homogeneous b~tches of soil take" 

fresh from the same field. 

cf. i 
2. Drain performance ia significantly affected by~the structure of the 

- soil. Thfs effect was only quali tatively asseased ln ~he present study. 

'It is suggesèrCf that the inclusion of the effect of that variable, by 

means of aggregate .size analyses, be a ruie in futlu..e warka invol ving 

the ~tudy of drain performance. 

\ 
J. The tanks buil t for this research cou Id be used for many other 

investigations. At the present time, the tanks are proyided with an 

external risihg pipe on which holes were drilled st Increment heighta of 

1 
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S cm. This was done. in previsioniof studies involving the control of the­

water table depth on the performance of the various, drains vto be tested. 

The tanks can be enhanced by adding ple?<iglass windows at the up~tre,~ 

tank wall for a better visualisation of the sedimentation process. 

4. The exit hea,d 10sa at drain openings is Iesa in drainage th8.f1 in 

subirrigation (Plekutowaky, 1986). With this in mind and using the sarne 

tanks, it would be interesting ta test the pe:rformance of ~ubes with 

pinholee and emaU slots under subirriQst.:i,ory at various levels of head 

control. 

5. The tubes with pinholes and small slohs were found to perform well 

in the Ormstown ail t loam so far as sedimentatiol} is' concerned. 

,1 

Therefore, there ahould be no problem in clay soils. However, under .. 

saline condi tians, disperaio'n of soil particles in si 1 ty and c layey 

soUs are of a major concerne It would be of interest to investigate the 

performance of these tubes or similar tubes in saline soils. 
"--.... 

1 

6. The model developed far predicting sediment weight for a given tube 

opening hydraulic radius and a given soi1 should be further~ 

investigated. Using the present tanks or similar ones, a broader range 

of aails could be tested. The model can eaaily be transformed ta predict 

sediment depth rather than sediment weight. It is suggest~d that it be 

improved by monitoring sedimentation ~rate (depth) and to see how it is 
r.~ r' 

carrel ated ta a rate of decrease or increase in drainage rate and the 
, 

Ume ft took to reach that discharge. AIs~~ other soil characteristics 

th an Just the 060 size, auch as aggregàte stability, coefficients of 
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uniforminity and curvature cou'ld be included in the [lIodel. The 

sedimentation process might vary as the he ad varies. This feature oan 
, 

also be studied using the externe! pipes provided with the tanks. 

7. Brouillette and Delisie (1982) reported of drains with very smaU 

slots (average width of 0.80 mm) ta be clogged.at 63~ under soils 

presenting ochre pr,blems. Kuntze (l~7.9) recommends the opening to be 

1 arger than 1.2 mm' in order to a void the forma tion of, bridges of oohre 

and soil particles. This' wouid indicate that the sma Il slotted tube ançJ 

pinhole tubes tested in this résearch are not suitable for so11s with a 

potential ochre problem. However, not much research has been done in 

tl;lat field with respect ta drains .~ith small slots and pinholes. 

further bonsideration should be given in testing the performance of such 

drains in those types of sail. 

8. Further research (hould be carried out to improve on the model by 
1> 

Samani and Willardson (1981) in predicting sail hydraulic failure 
~~ , 

gradient. Mu lt ip licati ve correction factors cou l d be de termined for 

soils from areas other than the ones used by the authors but f8l1ing in 
, 

the same range. 

9. Since the drainage rates determined in the labora tor,Y do net 

necessarily represent field values, field teets shouid be carried out. 

However, because the soils tested were taken from fields where 

subsurface drainage systems are installed, the drains tested in the 

laboratcry do not need to be insta1led in the field. The drainage rate 

of the existing laterals can be moni~he opening,t,of 
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drains be determined. Theae values would be replaced in the 

dimensionless form of the model predicting drain discharge versus drain 
, 
opening area. The new drainage rates for the tubes tested in this 

reeearch could then be determined for the same spacing used in the 
\. 

~ field. Thie would avoid having to spend tremendous amounts of money for 

a field experiment. 

10. However, field experiments might still be needed to confirm the 
/ 

eatimated number of years to half fill the drains of sediments. Field-

etudies would not be compulsory for the Ste. Barbe medium sand and Ste. 

Sophie fine sand. Nor would they be necessary for the 8ainsville very 
::: t:., 

fine sandy loam since performance in the laboratory indicates that 

failure would likely occur in the field. For the Soulanges fine sandy 

loam, the working life expectancy of the tubes with pinhaies and small 

alots was, generally, ~ùnacceptable. However, with sorne of the cases 

presenting acceptable levels of si 1 tatior), a small field scale 

experiment might be necessary in this soil ta cbnfirm the re~ults~e 

, --------Ormstown si~ t Ioam tested had 12% c,Iay content and presented no problem. 

In the field, however, the clay content variès and can go down to 5%, a 

critical level for the percentage of sil t contained in the sail. 

Therefore, special care should be exercised when installing the tube 

with amall slats 'or pinholes. A quick test can be carried out with the 

same tanks on a batch of soil with 5% clay,,-to confirm the above 
/ 

suspiscion. 
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APPEM>IX A " 
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Figures _showing hisfogram of measured drain openings for the ama 11 
slotted tube and pinhole tubes A and B. ' • 
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Figure ~B1. An over-view of test tank nùmber 2 with four drain tubee 
functioning in the ste. Sophie fine sand. Note the funnels 

, . used to collect water and sediment draining from the tube.e • 

( 

figure 82. A close-up view· of the overflow device used to m8i~tain 8 
constant head of water above the 80i1 surface. Note the 
aggregetes v isible on the soil surface (Bainsv 111e very.fine 
sandy loem). 
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figure 83. A Boil and water test tank with four drain tubes in,stalled. 
The'drainagè water is collected via 'the funnels and pumped 
up to the reservoir tank then gra~ity ~ back into the 
bottom of the test tank • 

• 

" 

figure B4."A close-up view of one drain tube installed with a plexiglass 
end cap. Note the head control via the ov~rflow device (upper 
right-hand corner), the piezometers through the plexiglass 
window and the manometer boards. 
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APPENDIX C 

1 ~ 

Càlcu.lation of Opçning Ares; A,' for the Knitted PQlyèster EnvQiope 

A) Envelape Porosity 

, p • 

,_"'\The porosity àf the stocking envelope W4ilS estimated using ·the 
'd.). 

fot1owing equation taken from~fayoux (1981):' 
• 

" 

" (Cl) 
, 

\ 

wnere 11 '= porosi ty 

~ = un!t ~eigh~ = 0.152, ~g/m2 
...... 

. , 

p = densit~ :' 1.'38" kg/m 3 (standard specifie gray i ty for 

po1~ester fibres, as ta~~ from 'drainage 

Te = thickness of fabr ic = 0 lO~~9 m 

company ca tal ~gues) 

• 
,With the abov~ ,numbers, the poroaity ia equal ta 87':6%. 

" -

B} 11;1e pipe:'3 were perforated' in th.e vs11eys of" the Qorrugat'L,ana. : T~e 
, ..,. 

w.rdth of the val~eys available for water entry was estimated st 0.712 

cm. W~h dl val1eys/m lengtn, this gi ves a .. total entry len~fh of 43.44 

cm. ~ 

, ~ 
c) With a tube outside diameter of 11.94 cm,the total·opening ares le 

• 
CIO 

1 

!;I 

A = \1(" d. L !l ' 

= 7r (11.94) (43.44) 0.876 

= 1427. 5 crl~ lm 

~ , 
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APPEMnX D 

• 

\ . Analysie of variance tables for the steady-state dr~nage rate 
\ , 

\ 
\ 

, 

Not'e: Both the actual data and the log transformatioQ of the data were 
used f.Dr the analysis of variance. The log t-Bansformation helps 
to no.rmalize the error assoc,iated with the observation, when the 

, 1 

. error is proportional to the magnitude of the observation. Both 
types of analyses gave identical conclusions. However, the 
actual data were kept and the corresponding AOV tables shown in' 
thi§J appendix. This was done because the, log transformation, 
while giving the same con'clu~ions, did not improve the 
coefficient of variability (C.V.) for the Soulânges, Bainsville 
an~ Ormstown soi 1 s. In these soi l s, the C. V. passed f rom no-8% 
(actual) to 16%-86% (log). This is so because the cerror 
associated with the flowrate messuremen,ts was small since the 
flowrates were quite low. It took sometimes more than 30 min to 
collect 500 m~ of water and the Ionge~ the collection Ume, the 
more 'accurate the measurement. \-J!th the Ste. Sophie soil, the 

i. error would 'ë~ higher as the f lowrates are much more important. 
Bu! even in this case, the C. V. was only improved from 5% to 
1.3%. > 

The data used had units of mm/do 

J 

1 CJ 

) ) 
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Table D1.~Ana1ysis of variance of drainage rate for the ste. Sophie 
fine sandy sail. 

------------------------------------------------------._---------------- , 
S~~;~;----------------aF----S~;-~f-S~:---M;;~-S~:---F-V;ï~;---P;~b-;-F-

" lJ • ______________________________________________________________________ _ 

') a 

. 

t1ainp1ots 
Run . ~. 2 18653.80 9326.90 0.89 0.4580*~', 
Tubing 3 618350.39 206116.60 19.71 0.0016 ~ 
~tI'ror a v 

- ~Run*Tubing) 6 62740.36 10456.73 
t<. , 

Subpl,Ots 
,,!. 

- , -Çyéle 1 40102.14 40102.14 2.53 0.1505 
, Tubing*Cycle 3 2170.44 723.48 0.05 0.9861 
Error b . 

(Run*Cycle(Tubing)) 8 126931.25 15866.41 

W i thin Cycle 104 . 172515.06 

'" Corrected Total 127 1041463.45 ' 
=i==========================================================~========== 
* ~ignificant at the 0.01 level 

<' • 

TapIe D2. Analysis of variance of drainage rate for the Soulangea 
fine sandy loam so~l. c. ' c 

==================================================================z==== 
Source DF Sum of Sq., Mf:!an Sq. F Value Prob > f 

o Mainplots 
Run 5 235.1970 47.0394 ~ 0.66 0.6624* 
Tubing 3 1148.1272 382.7091 5.33 0.0106 
ErraI' a 

(Run*Tubing) 15 1076.7329 71.7826 
r.>, 

,. 
Subplots 

16 .~.6 0.0006** Cycle l 332.9983 332.9963 
Tubing*Cycle 3 181.8190 60.6063 3. 0 0.0551 ' 
Error b 

(Run*Cycle(Tubing)) 20 404.6500 20.2325 

Wi thin Cycle 226 2524.0558 

Corrècted Total 273 5903.5801 . ------------------------------------------------------------------------*-------------~-----------------~--------------------------------~----
** Significant at the 0.05 level 

Significant at the 0.01 level 

, '\ '. , 

/ 
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Table 03. Analysie of variance of drainage rate for the Bainsville 

very ,fine sandy loam soil. 

~~~;~:================~~===:~~=~i=~~:===~::~=~:===~=~:i~:==~~;~~=;=~= 

-~~~---------~-------~-~----------------------~---------------------~--
Mainplots 2('. 

Run .J 26.2003 14.100.l 2.31. " 0.'1803** 
T ubing 3 . ,~2 •. 8~15 64 • 2805 "11.34 0.0070 
Error a,ô -.....;./ 

(Run*Tubing) ~ 3~.9257 5.6709 

Subplots 
"1 0.0007** Cyole 42.4774 42.4774 27.86 

Tubing*Cycle 3 16.0124 5.33'75 3.50 0.0748 
... Error b 

(Run*Cyc1e(Tubing» 8 . 12.1978 1.5247 • 
W i thin Cycle 156 87.6343 

Corrected Toh1 179 411.3894 
• ----------------------------------------------------------------------­Ii----~---------------------------------------------------------------Significant at the 0.01 leve1 -- , . . , . 

/' 

.-/" . " , 

--s 
-~ 

Table 04. An~lysis of variance of drainage rate for the Ormstown silt 
loam sail. . 

====~=====================~==.========================================= 
Source Mean Sq • F Value OP Prob > f .. 
---~---------------~--------~------------------------------------------
Mainplots ) 

0.0001 ** Run -3 5822.2017 1940. ~339 23.86 
Tubing 3 32.3877 10.7959 0.13 0.9399 
Error a 

(Run*Tubing) 9 747.6696 . 83.0744 " 

Subplats 281~ Cycle 1 281.7076 2 .. 54 0.1395 
Tubing*Cycle 3 134.0363 44.6788 0.40 0.7542 
Error b 

,( Run*Cyc1e{Tubingî) 11 1221.6578 111.0598 
• 

Wi thin Cycle 197 88:5.1723 

Corrected Total 227 9124.8830 
-----~--------~--------=---------------------------~-----------------­II--------~------------- ---------------------------~-----------.-----Signif~6.nt st. the 0.01 level' p ,--
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APPENOIX E 

Analysis·of variaôce tables for sediment 'weight (grama) ...-
inaide draina 
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Table El. Analysis of variance of sediment weight inside drains for 
the ste. Sophie fine sandy sail. 

====~============================================================== 
Source OF Sum of Sq. ~1ean Sq. F Value Pr > f 
~-~-----~--------------r-------------------------------------~~----17750.15 

:318.46 
.55.74 0.0001 Model, 

Error 
Corr. Tot. 

5 
6 

11 

88750.76 
1910.77 

90661.53 Mean = 81.48 
Std. Dev. = 17.85 

--------------------------------------~----------------Source . OF Sum of Sq. f Va,lue Pr >, f 
-~-----~---------T----------------~----------~-------, ~ --
Run 1026.00' 1.61 '0.2750 
Tubing V 3 87724.66 91.82 0.0001** 

\ =================================================================== 
** Significant at the 0.01 level 

4 

" 

/ 

,Table E2. Analysis of variance of sediment weight inside drains for 
the Soulanges fine sandy 10am soil • . 

=============================.==========~=c========================= 
Source Dr ·Sum:of Sq. Mean Sq. F Value Pr > F 
----------~----------------------~---------------------------------Model 
Error 
Corr. Tot. 

8 
5 

23 

353980.73 
. 82489.29 
436470.'02 . , 

44247.59 
5499.29 

8.05 0.0003 

= 122.62 
74.16 

M~an 
Std. D~v. = 

~----------------------------------------~-------------Source OF Sum of Sq. f Value Pr > F 
'-------------------------------------------------------
Run~ 
Tubing 

5 
3 

l~5286.90 
178693 • .83 

6.37 
10.83 

0.0023** 
0.0005*ii-

=================================================================== 
** Signific~t at the 0.01 level 

'-

f 
, . 
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"4 

" Mean:: 520.79, 
Std. Dev. = 188.56 

-~-----~---------------------------------~----------~--Source Of Sum of Sq. , f Value Pr > f 
---------_._--------~--~-------------------------------
Run 2 13',~30.49 1.87 0.2330 
Tubing 3 2351473.94 22.05 0.0012** 

t, =================================================================== 
** Significant<at the 0.01 level 

.. 

1 \ 

Table E4. Analysis of variance of s~iment weight inside draina for 
the Ormstown sil t losm aoil. 

==================================== ~=~=~------~======================== , 0 > 

Source Of Sum of Sq. f Value Pr > f 
--------~---------------------Model 

Error 
Corr. Tot. 

6 
8 

14 

8542.82 
"1722.80 

-10265.62 

423.80 
215.35 

6.61 0.0089 

Mean:: 19.28 
:: 14.67 

------------------------------------------~----:::~~::. - Source 'Of. Sum o'f Sq.. F Value Pr > r 

Run ' 3 7169.92 11.10 0.D0032** 
Tubing . 3 1372.90 2.13 0.1753 
-------~------------------------------------------------~----~------------------------.-----------------------------------------------
** Significant at the 0.01 level 

r- I • 
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· APPEM>IX f 

Multivariate analysis of vsriance tsbles for partiele siz~ti~ns 
derivsd from the partiele "Size distribution eurves 

F' rections:J 

V. coarse Band, (2 te l mm) 

. Coarses. sand (1 to 0.5 mm) 
.;;.-

Medium sand (0.5 to 0.25 mm) 

fine sand (0:25 to 0.1 mm) 

\ 

'. 

, . 

) \ 

.... 1 1 ~ ••• 

, , 

V. fine ssnd (0.1 to 0 .. 05 mm) 

coarse silt (O.O~ te 0.02,mm) 

fine silt (0.02 ta 0.002 mm) 
'. 

el? ' Oess than 0.002 mm) 

, , 

\ 

lS8 

- \ 

'" .. 

.!. '." 
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Tabl~ FI. Multivariate analysis of the partiele size fractions for th~ 
Ste. Sophie fi~e sandy sail. 

====================================================================== 
Source DF Wilk 1 S 

lambde 
RAD's 
F-Test 

P.rob p F 

-------------------------------------~--------------------------------Mainplots 
,Run 2 0.04315 . F(8,6) = 2.86 0.1051 
Tubing r' 3 0.16797 F(l2,8)\ = 0.66 0.7515 
Error a 

(Run*Tubing) , 6 ~ 

... 
Subplots 

Loc(ation) 2 0.02779 F(8,22) . =1375 0.0001** 
Tub~ng*loc 5 0.44858 - F (20,37) ,= 0.51 0.9438 
Error b \ 

'(Run*loe(Tubi~g) ) 14 
/ 

Within location 33 
" 

c 

Total 66 . 
=========================================~============================d 

' ~ 

*~ Significant et the 0.01 levei 
Fractions used: Coarse sand; Hedium sand/ Fine sa'nd; Very fine Band 0 ... 

" 

!' 
.) 

Table f2. Multivariate analysis of the particle size fr~ctions for the 
, Soul~nges fine sandy loam sail. 1 c - 0 

-----------------------------------------------~----------~---------------------------------------------------------------------j----------
Source OF Wi1k's RAD's Prob > F 

Lambda f-Test - ' 

---------------------------------------~------------------------------
Mainplots 

Run 5 
Tubing 3 
Errol' a 

(Run*Tubing) 15 

Subplots 

0.05184 
0.3.1:221 

f(30,42) = 1.53 
f(18,29) = 0.81 

0.1000 
0.6709 

Loc(ation) 2 
Tubing*Loc 5 

. 0.11205 
.0.12511 

f(12,40) = 6.62 
F(36,91) = 1.52 

0.0001** 
0.0644 

Error b 
(Run*Loc(Tubing» 25 

Wi thin Location 12 

Total 68 
========================================================~============= 
** Significant at the Of 01 level ~ 

~ Fractions used~ Medium sand; Fine sand; Very fine sand; Coaree silt; 
fine SUt; Clay 
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\ ' Table F3. Multivariate analysis of the particle size fractions for the 
Bainsville very fine sandy loam soil .. 

--------------------------------------------------------------------------------------------------------------------------------------------
Source OF Wilk 1 S 

lambda 
RADIs 

~ F-Test 
Prob > F 

----------------------------------------------------------------------. . 
~ Mainplpts 

Run 2 0.01467 f(10,4) = 2.90 0.1580 
Tubing 3 0.04404 F(15,6) = 0.a3 . 0.6445 

, Error â 
(Run*Tubing) ;; "J~1 

" j' 

Subplots 
Loc (ation) 2 0.10365 FOO ,20) = 4.21 0.0030** 
Tubing*Loc 5 0.29808 F(25,39) = 0.60 0.9128 
Error b 
(Run*loc(Tubing~) 14 

Within location Il 

Total 43 
---------------------------------------------------------------------­~ ------------------------~--------------~------------------------------** Significant at the' 0.01 level 
Fractions used:_Fine sand; Very fine sand; Coarse silt; fine Si1t; 

Clay 

Table F~M~ltivariate analysis of the particle size fractions for the 
/ 'armstown silt loam soil. 

~~~;~=========~=~=.==~~======~!!~~:===========~;~~::======~==~;~~=~:~ 

Mainp1ots, 
Run 
Tubing 
Error a 

(Run*Tubing) 

Subplots 
Loc(ation) 
Tubing*Loc 
Error b 

(Run*loc(Tubing)) 

Within location " 
Total 

3 
3 

9 

1 
3 

12 

16 

47 

0.14010 
0.64328 

0.54209 
0.45607 

F(9,17) = 2.37 
F(9,17) = 0.38 

F(3,10) = 
f(9,24) = 

2.82 
1.04 

0.0592 
0.9293 

q.093p 
.../~.4408 

======~=============================================================== 
Fractions used: Very fine sand;'Coarse silt; Fine Si1t; Clay 
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APPEN>IX G· 

\ .. 

Analysis of variance tablès for the mesBured d~y bulk d~nei ty, (kg/m') 
,IV , ' 

• 
t 

- \ ' 

,. . 

t 
• 

191 
1 

• 

, 
" 



, 

.. 

1 Table Gl. Analysia of variance of density measurements for,the Ste. 
~ - Sbphie fine sandy soi1. 

'========~===~========================================================== 
Source Of Sum of Sq. Mean Sq. f Value Prob >. f 
--------T--------------------------------------------------------------
Mainplots 

Run 2 0.0011 0.0006 0.28 Ù.7673 
Cel! 3 0.0125 0.0042 2,10 0.2021 .• 
Error a 

(Run*Cell) 6 °0.0119 0.0020 

Subplots 
Location 1 0.0284 0.0284 ,19.65 0..0022** 
Ce-11 *Location 3 0.0023 
Error b 

, 0.0008 0.53. 1 . 0.6769 . t·t 
Llo 

(Run*Location(Ce11) 8 0.0116 0.0014 
... ~ 
Within LocatiqpJ 48 0.041.9 /. 
Corrected Total 71 0.1097 ) 
----------------------------------------------~-----------------------­I~-~----------------------------------------------------------------~--Significant st the 0.01 level ' '. 

T~ble G2. Analysis of variance of density measurements for the Soulanges 
fine sandy Ioam sail. '\. . 

======================================================================= 
Source OF Sum 0.' Sq. Mean Sq. f Value. Prob > F , 

, --~--------------------------------------------------~-----------------

< 

Mainplots 
0.0393* Run 5 0.0556 0.0111 3.13 

Cell 3 p.0011 0.0004 0.10 0.9587 
Error a 

(Run*Cell) 15 0.0533 0.Od36 

Subplots 
0.0008** Location l 0.0554 0.0554 20.06 

CeÙ*tocatton 3 0.0014
1 

0.0005 0.17 0.9165 
Error b r 
, (Run*Location(Ce11) 12 0.0331 0.0028 

< 
Wi thin Location 80 0.0609 

Corrected Total 119 0.2608 
=i===================================================================== 
** Significant et the 0.05 level 

"Significant at the 0.01 levei 
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Table G3. Analysis of variance of density measurements for the 
Bainsvil1e ver~ fine sandy loam soil~ 

==================================================~==================== 
: OF Sum of Sq. Mean Sq. F Value Prob > f ' 

------------------------------------------------------------.----------
Mainplots v 

'Run 2 0.0026 0.0013 (r ~ 0.41 0.6781 
CeU 3 0.0083 0.0028 0.90 ' 0.4923 
Error a 

(Run*C,èll ) 6 0.0185 0.0031 

Subplots 't> 

Location 1 1 0.0507 0.0507 8.58 0.0221* 
CeU *Location 3 0.0023 0.0008 0.13 . 0.9'82 
Error b 

,\ 
,,1 

(Run*Location(Cell) 7 0.0413 0.0059 
", 

Within Location 46 0.0607 

Corrected Total 1;' 68 0.1844 
---------------------------------------:---~-._~---------------------~--i------------------------------------- -----.-------.-------~---------Significant at the 0.05 ~evel . 

Table G4. Analysis of variance of density measurements for the Ormstown 
sil t, 10am soil. 

~ -----------------------------------------------------.--------------------------------------------------------------.-------------------------
Source OF Sum of Sq. Mean Sq. F Value Prob > f 
------------------------------------~-----------------------~----------Mainplots 

0.0008** Run' 3 0.0172 0.0057 14.98 
CeU 3 0.0030 0.0010 2.62 0.1153 
Error a 

(Run*Cell) 9 0.0034 0.0004 . 
Subplots 

0.0076** Location l 0.0249 , 0.0249 10.24 
CeU *Loca tion 3 0.0012 0.0004 0.16 0.9218 
Error b 

. (Run*Location(Cell) 12 0.0292 0.0024 

Within Location 64 0.0731 
, 

Corrected Total 95 0.1520 
-----------.----------------------------------------.. -----------------
ii-si~~ifi~;~t-;t-th;-o:o5-ï;~;ï-------------~-------------------------
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APPENOIX H 

~9ures show~ng equipotential lines around the drain for the Soulanges 
very fine sandy Ioam and the Ormstown silt loam~ Equipotentiel lines are 
the averagés of aIl data among runs and cycles • 
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o Figure HJ. 
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rigure H2. Average equlpotential lines observed arRund the tube with 
• small slots in tl\e Soulanges fine sandy: loam soil. 
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figure H3. Average equipotentia! lines observed sround pi~ho le tube' A in 

the Sou langes fine sandy loam sail. , ." 
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APPENDIX 1 

Analysis of variance tables for the computed hydraulic conductivity, K. 

Note: 

, . 
( 

, " 

t. , 

~ecause K is proportional to the drainage rate, Q and that 
~he error associated with Q ia proportional to the magnitude 
of·the observation, the log transformation of the data was 
used. This was done to·normalize the error. Using the actual 
data in thJ analysis of variance produced the same 
conclusions. 

~owever, to be consistent with the AOV tables for drainage 
r.ate, the tables shown in this appendix, are the reeulta From 1 

usin.g the actual data. 
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Table Il. Analysis of variance of the computed hydraulic conductivity 

for the Ste. Sophie fine sandy soil. 
l' ----------------------------------------------------------------------------------------------------------------------------------------------

Source OF Sum of Sq. Mean Sq. 
Il 

F Value Prob > F o _~ ____________________________________________________ -----------------

? 

" 

Mainplots 
Run ,. 2 8.9333 4.4667 0.24 0.7949 
Tubing 3 27.3663 9.1221, 
Error a n 

0.49 0.7037 

(Run*Tubing) 6 112.3609 18.7268 
J 

Subp~ots 
Cycle 1 41.5452 41.5452 4.78 0.0703 
Tubing*Cycle 3 2.7000 0.9000 Oil0 0.9557 
Error b 

(Run*Cycle(Tubing)) 8 65.5$18 8.1940 

Within Cycle, 132 267.4607 

Corrected Total 155 5't5.91'tJ2 
==============~=================;====================================== 

of 

{ 

, -
Table 12. Analysis of variance of the computed hydraulic conductivity 

for tMe Soulanges fine sandy loam soil. 
----------------------------------------------------------------------------------------------------------------------------------------------
Source OF Sum~of Sq. Mean Sq. F Value Prob > F 
----------------~-------------------------------~----------------------
Mainplots <' 

Run 1 0.0019 0.0019 0.66 0.4752 
Tubing 3 0.0652 00.0217 7.49 0.0730 
trror a 

(Run*Tubing) 3 0.0087 0.0029 

Subplots 
0.0003** Cycle 1 0.2520 0.2520 134.40 

Tubing*Cycle 3 0.0252 0.0019 4.42~ 0.0952 
Error b 

4( (Run*Cycle(Tubing)) 0.0075 0.0019 

Within Cycle 76 0.2863 

Corrected Total 91 0.6468 
ii===================================================================== 

Significant at the 0.01 level 
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Table 13. Analysis of variance of the computed hyqraulic cond~ctivity , 
for the Ormstown silt loam soil. 

------------------------------------------------------------------------
S~~;~;----;~----------Df----S~;-~f-S~:---M;;~-s~:---r-~~ï~;---P;~b-;-r-

r __________ S~ ______ ~--------~--------------------------_______________ _ 
Mainplots E 

Run 
Tubing 
Error a 

(Run*Tubing) 

Subp10ts 
Cycle 
Tubing*Cycle 
irror b 

(Run*Cycle(Tubing» 

Within Cycle 

Corrected Total 

2 
3 

6 

l 
3 

3 

87, 

105 

0.1039 
0.0030 

0.0174 

0.0003 
0.0077 

0.0252 
.... 

0.0243 

0.1818 

0.0029 

0.0003 
0.0026 

0.0036- .J 

17.88 
0.35 

(l.07 
0.72 

0.0030* 
0.7941 

0.7988 
0.5728 

----------------------------------.--------------------------:-----=-== 
*-si~~ifi~;~t-;t-th;-O:o;-ï;~;i--~--------------------------- ----- -

. '. 

, . 
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APPENDIX J 

" 

Analyaia of variance tables for the'computed RPZ ratio • 
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O:>1e JI. Ana1ysis of variance of the computed RPZ ratio for 
the Ste. Sophie fine sandy sail. 

--------------------------------------------------------------------------------------~---------------------------------------Source DF Sum of Sq. Mean Sq. F Value 

Mainplots 
Run '2 '3.8033 1.9017 2.46 
Tubing 3 8.6108 2.8703 3.71 
Error a 

(Run*Tubing) 6 4.6,370 0.7728 

Subplots 
Cycle 1 0.2780 0.2780 1.44 
Loc(ation) 3 0.7070 0.2357 1.22 
Cycle*Loc 3 0.1162 0.0387 0.20 ' 
Tub.i:ng*Cycle 3 0.6063 0.2354 1.22 
Tubing*Loc 9 1.9680 0.2187 1;14 
Tûbing*Cycle*Loc 9 ' 0.1759 0.0195 0.10 
Error b 
(Run*(C L)(Tubing)) 55 10.5836 0.1924 

Within Cycle 506 9.1839 

Corrected Total 600 40.7700 , 

=============================================================== 

, 
Table J2. Ana1ysis'of v~riance of the computed RPZ ratio for 

. the Soulanges fine sandy loem sail. • 
==========================~==================================== 
Source OF Sum of Sq. Mean Sq. F Value 

Mainplots 
Run l 0.1553 0.1553 0.09 
Tubing 3 8.0355 2.7850 1.63 
Error a 

(Run*Tubing) 3 4.9289 1.6430 

Subplots ~ 
Cyde l 1.0037 1.0037 1.85 
Locttion) 3 0.8410 0.2803 0.52 
Cyc , *Loc 3 1.2408 0.4136 0.76 
Tubing*Cycle 3 0.3979 0.1326 0.24 
Tubing*Loc 9 6.6553 0.73?z 1.36 
Tubing*Cyc1~*Loc 9 2.5395 0.28 2 0.52 
Error b ) 

(Run*(C L)(Tubing)) 27 14.6404 0.5422 

l'hin Cycle 297 7.9114 

rrected Total 359 47.7497 
=============================================================== 
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APPENDIX K 

.. 

Analys!s of variance#tables for the computed hydraulic gradient, I. 
1 \ 
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Table KI. Analysis of variance of the computed hydraulic 
gradient for the ste. Sophie fine s~ndy soil. 

================~==========================================c=== 
Source OF Sum of Sq. Mean Sq. F Value 
----~------------------------------------~---------------------
Mainplots 

Run 2 21481.52 10740.76 0.63** 
Tubtng ~ 3 3291779.83 1067259.94 62.45 

0 

Error a 
(Run*Tubing) 6 lü2541.98 17090.33 

~- 'J \ Subp10ts 
2564.6('" Cycle 1 2654.(;8 2.15** 

Loc( aHon) 3 33221.8:8 11073.96 8.96 
Cycle*Loc 3 873.20 291.07 0.24 
Tubing*Cycle 1,- 1883.03 627.68 . 0.51*,* 
Tubing*Loc 9 68964.21 7662.69 6.20 
Tubing*Cycle*Loc 9 645.18 71.69 0.06 . 
Error b 

67956.98 (Run*(C L)(Tubing» 55 1235.58 

Within Cycl~ 
~ 

506 76993.37 

Corrected Tottr1' 600 3578995;86 4L -------------------------------------------------------------------------------------------------------------------,-------~--
** siginificant at the"O.Ol level. ~ 

Table {Ki. Analysis of variance of the computed hydrau1ic 
gradient for the Soulanges fine sandy loam soil. 

-------------------------------.------------------------------------------------------------------.---------------------------
Source OF Sum of Sq. Mean Sq. F Value 

Mainplots 
'" Run 1 5937.83 5937.83 0.66** .. 

Tubing 3 1614276.59 538092.20 59.49 
Error a 

(Run*Tubing) 3 27135.35 9045.12 ' 
v 

Subplots , 
8.72** Cyclê l 13920.45 13920.45 

Loc(ation) 3. 8556.56 2852.19 1. 79 
Cycle*Loc 3 2231.43 743.81 0.47 
Tubing*Cycle 3 ,7588.22 2529.41 1.58 
Tubing*Loc 9 Y0562.55 3395.84 2.13 
Tubing*Cycle*Loc 9 8721.85 969.09" 0.61 
Error b 
~Run*(C L)(Tubing») 27 43102.69 1596.40 

Within Cycle 298 66179.02 
..... 

Corrected Total 360 1828212.54 
-----------------------------------------------_._----------------------------------------------------------------------------** siginificant at the 0.01 ~vel. 
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Table K3. Analysts of variance of the computed hydraulic 
gradient for t~e OrmstÇlwn sil t .loam sail. 

=============================================================== 
Source Of Sum of Sq. M~an Sq. -F Value 

~ , 
--~------------------------------------------------------------
Mainplots 

Run 
Tubing 
ErroL-. a 

(Run*Tubing) , 

Subplots 
Cycle , 
Loc( etion) 
Cycle*Loc 
Tubing*Cyc1e 
Tubing*Loe 
Tubing*Cycte*Loc 
Error b 

2 
t 3 

6 

1 
3 

9J 
3 
9 
9 

(Run*(C L)(Tubing» 36 

'" Within Cycle 348 

217862.29 
711246.46 

192645.28 

22085.1Q 
,86~42. 2r,,, 
3526.02' 

,1~63i. 75 
57149.97 
75t~98 

\ 

208351.20 

64046.75 

Corrected lotal 423 1599768.00 

108931.15 
231082.15 

33274.,21 

.22085.10 
• 28880.73 

1175.34 
4210 .. rf2 
6350.00 
842.22 
, 

5781.53 
\. ù 

3.27 • 
7.13* 

3.82 
4.99** 
0.20 
0.73 
1.10 .... 
0.(5 

- - -~--------------_!_-------------~-------------~------~----.;I,-=------------------------------------,r-------r------------- ' . 
• **_ siginif:Lcant at the 0.05 level. 'f' ' 

siginificant at the 0.01 leveI. 
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APPEtl>IX L 

• 
Determination of t~e entry resietan~ factor at the bpening, a e .and thé 
total entry resistànce- facto):'. at-

} 
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o Âl\ NQ~l 51~tted Tube with Tabri~ fAlvèlope 

~quation p.l~) wâs used to determine the entry resista'nce et the 

opening, a e• It'.was essumed that the epve10pe hsd a block profile. with 
, , 

• '- valleya 2 mm deep and e circumferential opening 20% smaller then the _ 
1* O. 

• 

, ' 

\, 

valley width. It is reasoned that the weight of the sail around the . ' 
o 

drain ~ould push ageinst the fabric and def1ect it by a small distance 
" 

in the valleys of the corrugations, thus creating e sinusoidal profile • 
---' . .. ' 

~his was; however, simplified by essuming a black profile. ,Hence'5ward, 

a probeblY'. overestimated 2 mm deflection was used. Rather than 

estimating the spacing betwèen individual fabric openings, a continuQus 

circumferential gap with 20% width less then the valley width was, 

considered as being adequate. This reduction in widbh ac~ounted for the 
7 

resistanée ta the f low created by the fibres. Wi th ·these assumptions, 

a e = 0.0141. . J 
'K 

~ 
Asumil')g a circumfere-nt la l opening width equ_al Jo the valley ~ w~dth, 

, , 

yields an entry resistance'of 0.0134. The ~wo numbers, diffe~ing by only 
, 

5~, the first one was used as it is more representative of the reality. 

~ first attempt'was ta consider each fabric opening separately and 
,~ __ .... • f\ .... 

, ~ 

esJ:imste' the spadng betw,een indi v idual perforations. Equatio~ (J.i4), 
. " , 

wes t~en used, This approac,",o, however" did nat prove reasonabl e as i t 
\ 

gave' an ent,ry resistance. of only 0.000161 • 
... 

. , 
, ~ 

'--' Table Ll-gives the entry resistance of each d~ain 'a long with the 
• Q 

~ 
~rain characteristics used to c?mpute that number. 
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D) Tube with Siiiall Slots 

" In this cas~, because the slots were of a much lerger aize ~nd in 

the valleys of the corrugationa, equat~:on (3.17) was used. 

\ 

C) Pinhole tubes A and B 

The 

Both ;nhole tubes had perforations in valleya aa weIl as rldgea. 

str",nines woulcJ most probably converge directly to the openings 

and no additionsl convergence ~lOuld be experienced by the streamllnes 
ft 

towards ~he corrugations, as shown in the figure below. 

Ridge Valley RI dQe 

/;> , -

• Therefore, i.t; can' be assumed that we have two smooth pipes with 

discontinuous perforations and radii 1'0 ~nd 1'0'. The entry reaistance 
. \ t~ 

for the drain would be the average resistance cr:eated by the two pipeoJ 
~ , 

of different radii~ Becauae no equations we're developed for circu laI' 

perforations, and that i t is beyond the scope of this atudy to do sa, 

the perforations were assumed to be square and equalion (3.14) WI:J8 used. 
~ 

Actually, th~ perforations, while being circulaI' on the o,utside, were 

approximately either rectangular, square,1elliPtical or trépizoidsl on 

, the inside. 
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Table LI. Drain characteristics and entry resistance at openings as 
determined by using the eq~ations in Chapte~ III. 

======================================================================= 
Characteristic 50ck 5mal1 

slots 
Equation (3.16) (3 .17) 

, Pinho1e A' 
Valleys Ridges 

(3.14) 

Pinho1e. B 
Va11eys Ridges 

(3.14) . 
----.~--------------------~------------------------------------~-----

X: O 
(mm) 

r ' 
° 

(mm) 

Br (mm) 

N 

c 

(3s (mm) 

f3v (mm) 

- .. _. X 
p (mm) 

Àc (mm) 

"'( 

f("'(,e) '1 

,ae . 
, a e average 

ra 

rd 

'~ta 
ata âverage 

. atd 
atd average 

~?54 58.103 

57.754',51.608 . 

2.000 6.495 

32 0 

17 .018 12.700 

5.696 0.650 

7.120 6.858 

3.470 

0.0141 0.1560 

"-
69.754 68.103 

159.754 158.103 

o • 0441 0 .2001. 

0.1760 0.3341 

58.496 

50.800 

14.9tt1 16.510 

0.880 0.660 

0.880 0.660' 

7 .093 7.657 

0.i24 00.086 

4.15 4.37 

0'.1104 0.1690 
.; 0.1397 ( 

• 

58.966 

51.245 

18.796 18.796 

0.610 0.690 

J,. • 

~"''' . " ,1, 

0.610 0.690 

6.708 7.719 

60.800 ~8.496 61.245 68.966 

150.800 158.496 151.245 158.966 

0.1873 0.1648 0.2343 . 0~2119 
0.1760 0.2231 

0.3208 0.2983 
( 0.3096 

0.3670 0.3448 
.;> • 0.3559 . 

~ . 
================================~============================~======== '<1' • 

- ata' and~td computed using equation (3.9) . .) 
Subscript "d" wo~ld corresp,0nd to subscript lib" in equation'-(3.9) 

. . 
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