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LABORATQRY TESTS OF CORRUGATED PLASTIC DRAINAGE TUBING
WITH SMALL HOLES IN DIFFERENT SOILS

Investigation of the drainage and ;gdimentati'on performance of
éorrugat‘ed polyethylene tubings with pinholes and small slots was made
in ocomparison with a normal slotted tube with a knitted polyester

envelope in five types of soil ranging from medium sand to silt loam.

The results indicated that all drain.tubes provided gpod.drainage

in the medium and fine sandy soils. The ‘tubes with small slots and

envelope in the fine and very fine sandy loam soils. All tubes, however,

! ~ L
drained equally in the silt. loam soild. Sediment entry was not a problem

™oL -r

ir‘if‘tﬁ‘gime'd“ium sand, fine sand and silt 1loam soils.. The siltation

i

tendency could be considered to'be excessive for the tubes with small

-

slots and piqboles placed in the fine and very fine sandy loam soils,
being somewhat“rl:\ighef. for the latter soil. s
In addition, it was found that sediment weight varies expoﬁentially

4 J{

with the product of the drain opening hydraﬂlic radius and a power

function of the soil Dgg size. Furthermore, drainage rate was found to‘

vary, in most cases, as the logarithm of the drain opening area pe¥ unit
length.( Studies of the hydraulic head distribution around the drain
indicate that the assumption of radial flow with a uniform soil
hydraulic conductivity around the drain at any radius, \does not al;vayé
hold true. Computed hydraunlic gradients at the opening were, in general,
very high‘and failed to explain the low sedimentation in the drains for

few of tie cases. -\

pinholes drained significantly slower than the tube with the fabric
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: o RESUME

M.Sc. E ‘Karim Chirara ] Génie Rural
. L & S
ESSAIS AU LABORATOIRE DE TUYAUX ANNELES EN MATIERE PLAST IQUE

AVECQVDE}PETITES PERF ORATIONS bANS DIFFERENTS TYPES DE SOLS

Une évaluation des performances en drainage et en ensablement de
&

tuyaux annelés en poiyétblyléne, munis de petits per'tuis et de trous
~ ' , .
d'épingles, a été faite en comparaison-~avec celles d'un tuyau &

ouvertures normales et recouvert d'une enveloppe en polyester tissé. Les.

ess)ais ont été effectués sur cinq types de sol s'étalant du sable moyen_
LY

. . - ¢
a un loam limoneux. : “

Les résultats obtenus démontrent que tous les tuyaux concernéds sont

.-

capables de drainer adéquatement les sols sableux moyen et fin. Les

» rd

/ »
tuyaux & petits pertuis et & trous d'épingles ont une capacité de

'

drafinage moindre que le tuyau muni de l'enveloppe de'tis,su, lai‘squ'
installés dz;ns un loam sableux fin ou £rés fin. Tous les tuyaux. ont,
cep?ndant, dx"ain{é d'une manigre égale le loam limoneux. L'ensablement
des dI;ains ne représente guére de ppobléme dans le.sol sableux moy‘en, le

sable fin et le loam limoneux. Par contre, cet ensablement peut &tre

e

caractérisé comme étant excessif pour les tuyaux & petites ouvertures

*
installés dans les loam sableux«fin et trés fin, étant cependant,

moindre pour le’ loam sableux fin.~ °

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

exponentiellement avec le produit du rayon hydraulique des perforations

El

et d'une puissance du Dgp du sol. D'autre part, le taux de drainage

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

‘ouvertures par unité de longueur du drain. Des études de la répartition

‘ de la charge hydraulique autour du drain ont montré que l'hypoth&se d'un

\



écoulepent redlal avec une conduct;_jté hydraulique du sol, uniforme
/"
AN

autour du drain, n'est pas toumurs Jjusft ifiable. EWfin,- lgs gradlents

\‘!

+

hydrauliques calculés, étalen{: en général, tres élévés et "Hront pu

toujours expliqué le peu d'ensablement d

et

s drains dans certains cab.’
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< . o I. INTROBUCTION

1.1 Background

”
P

To iﬁ;que soil conditions of poorly drained agricultural lands,
artificial means such as surface drainage through ditches and subsurface
drainage with clay tiles were first introducded many.centuries ago.
Weaver (1964), in his historical account of tile drainage in North
America, states that ditches were already made by the ancient Egyptians
and Babylonians. Subsurface drainagg)Was gtarted in the first ceolury of
fhé Christian era when farmers half F%lled the ditches with materials
such as stone slabs, gravel and stone,‘or alrope oé.sprays tied together
and covered the top half with earth that had been dug out. Closer to usy

clly tiles for suéggrface drainage purposes were installed as early as

1400 A.D. in Sussex (United Kingdom). A o~

P »

The shape o% these cylindrical tiles took ;everal forms such as a
éguére, rectangle, triangle, "horse shoe" shapeac_i~ of circular among
oghers. For the last hidndred years however, in North America, they were
made circular for agricultural purposes and 10 to 12 in. long. Water was
removed from the soil fhrough the gap between two adjacent tiles. The
width of the opening controlled the drainage rate while reducing As much
as‘possible the accumulatioh&pf sediment inside the drains.

The tiles were successfull as reflected by the length of time they
were used. However, with the ever growing population and increaging

mechanisation, the handling of millions of these tiles became more

%

(4';5




e

difficult and.costly. Thus, in 1960, drainage manufacturers in Europe
came up with a’new farm product in the form of corrtﬁg'ated poTyvinyl
cHlorng (PVC) drainage tubing (Eggélsmann, 1582). And in the late
sixtieaf-the production of corrugated polyethylene (PE) drainage tubirg

was started as reported by Schwieterman (1982).

4 [N °
[
4 2
- ‘\

PE tubings were first installed commercially in the United States
in 1967. Due to' thein numerous advantages, PVC and PE corrugated

drainage pipes became very rapidly the  leading material in subsurface

# drainage installations in both Europe and North America, repectively.

'
B

5,

Corrugated plastic tulfing (CP}) is in general, produced in large
.

. coils up to 1200 m long by 100 mm inside diameter and perforated in the

valleys and/or ridges of the oorrugaéions. Certmin criteria, .developed
over the years, have to be met when manufacturing CPTs. These criteria

are based on the strength (deflection and elongation) and the total

v s
opening area of the perFogations per unit length of drain.

\

o )
No standard has been established yet for the” number, location and

size of the perforations. However, it is common practice to use what is,

known as a "standard" or "normal" tube in North America: 100 mm inside
diameter (most commonly used for laterals) with 4 to 6 slots every
valley or every second‘valley of corrugation. These slots would be 20 to

30 mm long by 1.5 to 2 mm wide.

L2

In general, {he standard drain performs well in clay loam soils. An

envelope may be necessary around the pipe to prevent any sedimentation

a

=
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inside it, when installed in fine sandy or silty soils. This envelope

.

could be either organic.<straw fibers, coconut fibres, fibrous peat,
‘:lc".), inorganic (uniform layeF of coarse sand or graded layers
ranging from gravel to coarse sand) or synthet;c. Over the years, more
?f thersynthﬁkic Fibergmweré used as envelopes and exténsive researches
have been carried out throughout the world to try to develop'the ideal

[

fabric.
~

B

} Someﬂof the pfoblems associated with the use of syntheE;c fabrics
are the physical damage that can be induced (cuts, Btretchin;) and the
increase in cost}(up to 20% when compared to the "naked" drain). Hence,
in a continuing effort to produce beﬁéficiai new drainage products,
manufacturers,ha;e devised ways to produce corrugated plastic tubing
with pinholes and small slots ﬁuch narrower than "mormal slots". It has
been hoped that drain tubing with pinholes or very small slots would not
require a fabric envelope as has been required for normal slotted tubing
in the "problem" soils. -

’ To test some -of these new products and to make observations on the
mechanics of the flow and soil movement near and into the drain, thé
Corrugated Plastic Tubing Association of North America (CPTA) and the
Canadian Natural Sciénces and Engineering ;esearch Council (NSERC)
gponsored the research reported herein. The laboratory work presented
in this thesis evaluates the performance of corrugsted plastic tubing
with pinholes and small slots as compared to a normal slotted tubing

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

A

May 1985.




¢ 1.2 Objectives

1.

a.

I\

N 5.

4D
£

fThe primary objectives of this-research were:

Cj measure the raté at which water drains from soil through tubing

a) with normal ‘slots and a knitted polyester stocking

v

152 g‘/m2 (4%4 oz/ydz);‘unit weight
y\with pinholes and no fabric envelope, and

c) with narrow slots and no fabric envelope.

o

To repeat tge measurements indicated in Objective 1 for-a range of

s0il particle size distributions. The five soils which were to be’

3

given priority for these tests were taken from fields where normal
o
\8lotted tubing MOut envelopes had become filled with soil. The

soils were selected to cover a range from medium sand to silt loam.

-~

To measure the améunt of soil passing out of the drain tubes with
. o °

the drainage watgr. - -

i

To measure the amount of soil settled in the tubing corrugation

»

valleys after a few weeks of water drainage.

] B
To study the pressure distribution of the water in the soil around

4 ~ \: tubinag.

1.3 Scope of the study

-0

Care should be exercised in applying the results of this study to

sails beyo}vd the range reported herein, namely, a éte. Barbe medium

| e sand, a Ste. Sophie fine sand, a Soulanges fine sandy loam, a Bainsville

-
v
| (
.

v

veryefine sandy logm and an Ormstown silt loam. The drainage rates

<«

s ' K\
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obsarved and sediments col lected do not necesgarily' reflect field
valu‘es. Nevertheless, tubings that per‘fonm_éd satisfactorily in the
laboratory can be tested on one or two of the soi’ls listed abpve. The
TBdings can then be used in association with the observations made in
the labor);tory to predict th‘e performance of the different tubings in

the other types of soil.

’

R The efféct of bacteria development and ochre formation in and

arouynd the drain were not considered as'part of this research and, "o

consequently, wege not investigated. Actually, the soils used fﬁ' this
¢
research*have not been reported to cause-ochre problems in existing

subsurface draLj;ns. Also, the effect of soil structure on sediment
0 P .

? .
deposition will only be assessed qualitatively. et

S



II. REVIEW OF LITERATURE
\

2.1 Terminology

\

%

Dieleman and Trafford (1976), define an envelope as a "generic term
to mean any material other than the natural earth, except perhaps the

topsoil, placed on or ground drains. The material may or may not

completely surround the drain". They prefer the use of a more sp
term such asf "filter" or "surround" which implies the purpose for whi

the envelopé I used. Thus, they define a filter as, quote: "an envelope
N ‘

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

barticles of soll from entering the drain". They further define a

surround as: '"an envelope placed on or perhaps around the drain to

improve water entrance characteristics". .

~The term filter implies, then, the removal of all solid particles
in suspension in water as emphasized by the Concise Oxford Dictionary
(1985). It is not necessarily desirable to prevent all the fiﬁe

-~

particles from entering the drain. Indeed, if the envelope is too
effective as a F‘ilter, cfay particles may collect on the outside of the
envelope and .cauae_ih;to,becorﬁe impermeable. A filter may‘function well
arouhd a drain without getting clogged if the drain enr:?bed with a
filter is installed with soil placed ag;ainst the filter such that"water

passes through the soil without entrai}ling any particles. Then the water

can pass on through the filter into the drain tube without bringing any

8ilt or clay particles onto the filter and block it. One might ask what

the purpose of a filter is"in soils engineering. To gﬁvoid any confusion

on the terminology used, an engineering concept has been developed and

.

#
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2.2 Envelope Materials

accepted by most authors.

$
As used with drain tubes, a "filter" or "envelope" has three

functions: 1) to stabilize the soil surrounding the drain by affording a
supportive base, thus reducing internal erosion; 2) to increase the

water entry area as to’ approach the "ideal drain" and, 3) to enhance
\

drainage by allowing some of the fine pa_rticlea to pass through the

drain peff‘orations and be washed away by the water flow inside the drain
(Stuyt ,1982; Reeve, 1982; and Miller and Wil lardson, 1983). The "ideal

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

i

. When thus defined, the terms filter and envelope can be ‘used
interchangeably. The latter term will be mostly used in this thesis as

it is becoming more established in recent papers as reported by Bonnell

FSR
» -

(1984). v

,

- =

Extensive research has 'been carried out over the decades on

" developing the ideal envelope that would have the three functions listed

v

above. Such envelopes are, in general, required in fine sandy or silty
soils. Different types of envelopes have been used on farmg since the
advent of suEsiJrfa'ce -drainage systems, mainly, or;ganic, inorganic
Il

(mineral) or.man-made (synthetic).

0 . $ -
2.2.1 Organic envelopes

B op N~

4

Long before technology permitted the use of synthetic fibres,

7
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farmers were using organic méterial to enh;nce drainage of their’
subsurface pipes while reducing the silting process. Willardson (1974)
repgrte of many studies using straw, coconut fibres, sawdust, corncobs
and peat litter as envelopes. ng thickness of these enyelopes varied
from one experiment to the other but was in general in the vicinity of
10 to 15 cm ga to 6 in.). Except for the corncobs, most of the organic
materials l}sted above performed adequately. Timewise, straw gnd wood
chips proved to be most effective by §E3¥ing only moderate‘deéay after

11 years and 9 years in the so0il, respectively, as reported by

Brownscombe (1962).

-

s 3

EJen‘?hough ‘organic envelopes work in the short run, few‘
researchers would recommend using théem on a long-term basis. A%so,
oréanic matter‘may affect chemical and bioloéical reactions in the so0il,
causing clogging problems. This is especially true for soils rich in
iron oxide. and ochre (Asselin,%l976)..Furthermore, being compreéssible,
organic materials do not provide sufficient® lateral support for
corrugatedepolyethyighe tubing. This may deflect the pipe too much,
resuitipg in drain failure. Synthetic gabrics Jén/be conveniently
installed on corrugated plastic drain tubes at the factbry and save time
and labour in field installations. For these fFasons among others,

organic materials are seldom used nowadays, particularly in North

America.

‘ -

2.2.2 Inorganic envelopes
ﬂ"'
-

S

In poorly drained soils, topsoils tend to develop a stable and

permeable structure. This characteristic soon made it common practice in

»
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subsurface drainage Jdg;allaiions, to blind the drain with a layer of
topsoil before backfilling. This method provides an Lnexp;nsiVe

inorganic permeable envelope material, and was discussed by many authors

" (Davis et al., 1971; Willardson et al., 1973; Hwang et al., 1974;

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

wet conditions, blinding and backfilling should be éone carefully aa’

, A
soil structure can be damaged, resulting in primary silting of the

draih. Primary silting is defined as the accumulation of sediment inside

the drain during installation while secondary silting occurs over a
period of months after installation. .

The mast common and widely used inorganic materials are naturally
graded sands and fine gravels, which are structureless and as permanent

as the soil itself. Gravel velopes are most popular in semi-arid and

arid irrigated areas where this material<fﬁfabundant. These envelopes .

have proven to be very successful and can”be designed to overcome most

if not all drainage situations in problem soils (Lagacé, 1976).

Based on numerous studies reported in the literature, several

criteria were developed for the design granular envelopes by

organisations such as the Cdnseil des Productions Végétales du Québecg .

(cpPvg, 1984), the U.S5. Bureau of Reclgmation (1960), the A.S.A.E.
(1982), the U.5. Corps of Engineers (Willardson, 1974). Other
reééarchers 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 g subsequent section.

<
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2.2.3 Synthetic envelopes

The unavailability of the sand and gravei in some 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 viicieJ/y ‘marketted. In the beginning, fiberglass
had received the most attention. It was however, gradually supplanted i)y

nylon, polyester and polypropylene bonded fabrics, as the latter ones

v f

proved more efficient in general. In ‘Western Eurcpe and particularly~ in
the N.etherlanda, prefefente is g\iven to the more voluminous types of
synthetic fabrics with thicknesses varying from 3 to 10 mm'(Knops et
al., 1979).-This difference in preference is related to the fact that
approximately 85% of the lateral drains installed in Europe are between

50 .and 65 mm in. outside diameter as compared to 115 mm outside diameter

in North America. . ‘ ) )

2.2.3.1 Fiblglass envelopes

Brouillette and Delisle (1982) mention the use of fibergl/ass mostly
between 1957 and 1967. Overholt (1959) reported on laboratory
experiments using fiberglass envelopes in a sandy soil that had given
sedimentation problems in/jthe field. Compared to unprotected pipes,
drains with a complete wrap of a thin sheet produced highest flow rates

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

second.
-~

%

10



o } e S G T DS Ao R S AT S S o ol A
-, 4 - -

Nelson (1960) showed that randomly reinforced fiberglass sheets
perf‘;)rmed better thawlongitudinal reinforcements. He recommended ' good
backfilling practice’s to avoid damaging the envelope, by placing a 5 cm
layer of soil before backfilling. qu’e and Tiwari (1962) using a Granby
sar;dy loam, tested the following treatments: blinding with topsocil, and.

. combinations of two fiberglass sheets, mainly Tile ms;rd above and below
the drain, Duramat above the drain, and Tile Guard on top - Duramat
under the drain. Their results showed® sand from the backfill depoaiting

'__’in the.drain while the Tile §uard on top and below the drain gave

[EFANAN
v

highest water flows.
- Similarly, Rapp and Riaz (1975) tested a gravel filter and
cembinations of glass fibre materials on CPT. They found that, while the
grayel filter was most perm.eable, tubings completely wrapped with a
fabric provided best protection against siltation.
LY

91

L) Two major problems were associated with the use of fiberglass
envelopes. The first, as reported by W1llardson (1979), was that the
> types of fibres first manufactured dissolved rapidly in the soil due to
chemical weathering. This, problem was soon solved by using borosilicate

n »
glass fibres. The second disadvantage was the small size of the®fabric

openings which limited the area available for water flow. This sometimes
caused the envelope to clog with soil migration into the envelope
openi}mgs. Irwin and Hore (1979) measured the pore size distribution of

five synthetic fabrics and found a porosity of only 17% for the

° f ibérglass—made Tile Guard PG-90.

11
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2.2.342 Bonded fabric envelopes

‘As @ result, bonded fabric materials made of nylon, polyester or
polypropylene were introduced. These fabrics can be made wii:h controlled

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

function.as an envelope rather than a "filter".

v

Prior to marketing those bonded materials, Fibe;‘g"lass sheets and
mats were wrapped around the drain in ‘situ. Drainage plows and trenching
'm:chin‘es“were equipped with a dgvi@j’that would wrap the filter to cover
the top three quarters of the drain while installing it underground.
Even though flow characteristics were enhanced, this method permitted
.sediments to enter from below the drain. Other devices installed-two
strips of f'abricéon top and below the drain. These methods were soon
abopdoned by contractors as it was very difficult to check the wrapping

- @
of the filter which took place inside the machine. (Jutras, 1976).

Consequently, in the early seventies, bonded syntﬁetic fabrics were
) wrapped around the drain in the manufacturing process. This method
quickly became common practice. Primary silting was reduced .and the

fabric envelopes were more reliably installed.. \

" Mckyes and Broughton (1974) tested four different filtering
materidls in a Bainsville soil with 80% of the particles between 0.07
~and O&qm. They found that, compared with unfiltered tubes, the

c§ . polyester stocking-and f‘iberg}ass sheeting offered a good protection

against sdil entry while keeping a high water flow for up to two months.

* .

12



The other two fabrics, jute and hemp twine wrapped in the grooves of the
corrugations clogged up and significantly reduced water entry after only

10 days.

Another' laboratory study by Broughton et al. (1977), investigated
the performance of several envelopes six of which were thin, one of
t;oconut fibre and the last of concrete sand, in the same Bainavi.}le
san;i. The thin envelopes - mainly a Remay spun polyester, a Cerex Nylon,
a Superfliter 86% polyester and 20;6. rayon, a knitted nylon and two‘Typar
spun polypropylene - as well as the concrete sand, did a god j;ab in
preventing sedimentation. On the other hand, concre%e sand gave best
results for water f‘liow rates. The results showed‘ decreases in drainage
rates with time which were attributed to the development a filter cake
just outs*ide.the envelopes. The release of air from the .labo.ratory \,N‘ater
giving air bubbles blocking some of the pores, gnd mic~robial growth were
é:onsidered.negli‘gible. Interestingly, the drainage rates recoveried
temporarily after periods of no flow, a condition f'requentlyl observed in
" the field. Those increases in the flow rates after a dry spell would
pérmit long~-term use of synthetic envelopes as the filter cake\ forming:
around the drain would develbp cracks during fdry spel ls. However, it

could be feared that the destruction of the filter cake might induce

secondary silting as the cake reestablishes itself.

The filters tested by Benz et al. (1977) were the Follo‘ving: a

Typar, Mirafi, Cerex, knitted nyl\on and polyester stockings, SCS and
. 3

USBR-designed gravel envelopes. Short-term Flow tests sh%ed that

natural and synthetic envelopes were effective, but gravel usually had a

/




.

C" slightly higher flow rate end eoccasionaly would not retain the équif'er.

°

They also observed a reduction in flow rates with time for all envelopes
in l?ong-term tests. Ohrun and Luthin (1979) tested a Draingu;rd spun-
bonded nylon fabric using a sand tank. Their experiment was inconclgsi’ve
and tﬁey recoinmended field tests to determine the suitability of thé

material.

9

Broughton and Gibson (1977) and Gibson (1978) furthered the :a.tudy
presented by Broughton et al. (J§977.). ﬂThey evaluated the performance of
‘ f‘i;/e envelopes and two unwrapp\ed drains with different opéni’ngs\!in a
farm at Notre~-Dame~du-Bon-Conseil, Québec. The soil was a Si;e. Sophie
sand. The envelope materials were a Cerex lSpunbonded nylon, a Reemay
spunbonded podyester, a knitted nylon, a Typar(spunbonded polypropylene

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

v

openings 1.6 mm wide by 30 mm long, while the second.tube had smaller
openings 0.75 x 8 mm. With the dreins spaced 16.8 m and 134 m long, all
treatments gave ‘dra‘inage rates 15 m:/day and over. However, the two
? envelope-free tubings showed lowest drainage raties and presented the =
largest amount of sediment deposition and the highest head losses near
the drain. o L
A field ‘evalqgtion of synthetic envelopes was carried oyt by
Johnston et al. (1982) in the San Joaquin Valley (Calif‘ornia)f Theﬁ

" authors used a three-inch gravel envelope, a knitted polyester sock

s ~

en a spun-bonded nylon as well;, as a soviet-made non-woven

(3}‘ . synthetic envelope. The 200 mlong drains were spaced 56.6 meters and

placed 2.1 m deep. The authors concluded that synthetic drain envelope

14
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materials were less effective than gravel envelopes, in terms of water
and salt removal as well as ﬁeak flows. In his discussion of the paper
presented by the above authors, Broughgon (1982) Qhowa that there was no
statistical significant difference at the 0.10 level of probability Fsr
th? d;ta presented py Johnston et al. (19Q2), on ppak flows, water ahd
sélt removal. Broughton explains that the high CDeFFicieﬁt of va;iation
of the dat& comes from the fact %hat only three replicates were used. In
a large area of land, muchysoil variation can be expected. Thqrafgre,‘

five or six rgplicates should be installed to get™significant results.

”
]

He concludes that laboratory experiments should be made to give
preliminary results og envelope mateq}als before field tests are carried
out using the more prom%sing materials. / |

The efficiency of thin gnvelopgs is st}ll argued by some
researchers.lasla;sky(1979)Favburs coarse voluminous envelopes. He
exﬁlains that paréicles smaller than the envelope 's pore migrate inblp
tt while the larger ones remain behind. This process wogld'continjz
until the soilistabilizes.At the same time, an inverted natural soil
filter would graduslly form outside the.envelope, ch;nging from coarse
to fine. If this envelope is thin with large pores, .the erosive process
may confliinue before @he soil stabilizes, causing aed;mentatioh. On the‘
other hand, with-;ﬁall pores, all small particles will b® stopped,;
clogging the envelope. With a thicL coarse envelope, fine particles
leaving the soil wili be stopped at randomqnlacés in the énvelope and gt

different depths. This process would reduce the proba€;lify of clogging

the envelope,

15 ‘ ) 3
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In contrast, Sweetland (1977), as cited by Stuyt (1982), argues in

‘4
favour of th;n fabrlcs. The latter belleves that the size of the fabric

i
J

openings controls the gsize of the particles-migrating. If the Fabrlg
consisted of several layers, continuous pores would become tortuous and
reduce the pmaximum size of the migrating particles. Theref‘oré: the

thicker the fabric, the_lower the probab:,,llty of‘ having contlnuous pores

for migrating soil particles. Sweetland (1977) suggegts that the

‘probability of clogging the ?nvelopg increeses with increasing envé;ope

. X " s . . g S
thickness. * Lt 4 . \
. o .
i \ ' | N ' - " v
&I‘\v ' ’ " ® a _
2.2.4 Soil conditioners S -

. ’ ’ b -
- When the topsoil 'is not cohesivi enough for use as drain blinding
material or the subsoil is urﬂ‘able, the structure-can be improved-by

using soil conditioners. According to Zas (1979), the purpose of a

N
soia cond&tioneryis to produce a hig
&

- 9

around the pipe that would act as an :envelc;pe. This could be done by

using cement, lime, polymer solution or‘polyme_r emulsions.
¢. -

A -~

Polymer solutions consist of a complex material having a treadlike

’

strthctute which would hold the soil particlies together.and thus f:c:rm°

" small . adgregates. On the other hand, electrically charged micelles from

polymer emulsions, would glide over thin water films (surrounding

mineral particles) into the menisci at the point of contact between

partiicles when the soil is drying out (Dierickx and Goossens, 1979).
]
Soil particles would thus stick together due to the circular micelles in

[ 3
v .

the dried-out menisci. ¢

'

G~ v

-~

ly aggregated thin layer of soil.

o

i
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Soil conditioners could be used on fine textured soils to increase

their permeability especially in the backfill trench, while they would

4’
stabilize the highly permeable coarse-textured soils.

Id

P . \
\\ Dierickx and Goossens (1979) tested three types of polymer
svlutions and three others of the emulsive type. Using pern;eamat;ra,
théy found that for sandy loam and clay soils, the polymer solutions
gave best results when compared to the emulsive typelfa, as no drying
period was' required to obtain optimal stabilizing action. The
pefmgabi'lity ofﬂthe stabilized samples' incragged by a factor of 10 to
M )’IOO. ‘g'dﬁdy so)ils treated with either conditioner, needed a drying time

5 [ v
of several days before the formed dggregates were able to resist

= « breakdown when put in conta'ct,with water.

-
R
' L]
'

? @ research is still needed to answer some of the questions. Their
durability, the load carrying capacity of the formed aggregates, the

effect of soil chen?icals and soil microbiological activities need to be

-

) _ s ‘ .
investigated in more details. Also, a suitq?le and economical method

4

-should be developed for use of soil conditioners in subsurface drainage

\ applications. .

!
-~

7 c

E 2.3 Envelope Design Criteria , . -

¥

v
< a N

.Exn 1922, Terzaghi, developed filter criteria for hydraulic

o ¢ structureg whrich have been tested for and found applicable for en»gg;gpgé
i \\ ) P
around the drains (ijllardsqn, 1974). He recommended the filter materidl

17 ,

Soi}l condit.ion-ers present good prospects for the Fui:ure,\but much -
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be made many times more{_’berﬁe than the bulk soil material but not so

coarse as to allow soil ;particvle movement into the filter. The criteria

he proposed and adopta;ad by the U.S. Corps of Engineers in 1941, are:

<) Dys (filter) / Dys (base) > 4

(this impliesthat K(filter)> 16K(base) since
the permeability varies as the square of the
%rticle diasmeter) o

ey

2) Dis (Filter) / Dgs (base) < 4

where the Dys is defiried as the effective particle diametef Foi which

15% of the soil sample by weight is smaller. €imilarly, the Dgg is the

’ diameter for which 85% of the soil sample is smaller. K is the hydraulic

‘conductivity.

Other criteria are developed in detail in Willardson's review of
envelope materials (1974). Terzaghi's criteria have been tested and
modified but have been generally accepted. The most widely used criteria
in Nor‘th" Amexl'}.ca( are the ones adopted by governmental agencies or
associations. In Qu;bec,\q the iegal specifications ‘for a granulaar
envelope follow the ones establishedh by the Soil Conservation Service
(SCS) or the U.S. Bureau of he‘claMation (USBR) but with a min.ich;Tn

thickness of 75 mm (3 in.). For synthetic fabries, it is required that

the mean fabric opening be less; than or equal to the Dg5g of the soil
. » -~ '

" (C.P.V.Q., 1984). The USBR (1978) present granular filter criteria as

under: . - : L

1) DlS (filter) /’Dls (b;sée) 2 5 -
2) Dy (filter) / Dgg (base) > 5 ,

3) D’BSO(filter) / Max. size of drain openin/g 22

A ' o
.
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They have alsb established a gradation relationship between base

1+

material and dlameters of graded envelope material which goes along with

the above crlterla. The crzteria used by the SCS (1973) are as follows:

"1) Dsg (filter) = 12 to 58 times Dgy (base) ,

\ 2) Dj5°(filter) = 12 to 40 times Dy5 (base)

3) All of the filter material shall pass the 1.5 inch
sieve; 90% shdll pass the 0.75 incl: sieve and no
more than 10% shall pass the No. 60 sieve.

4) For more or less uniformly graded envelope mdterial

0 D15 (filter) / Dgg (base) <5 -

5)' For placement around a perforated tubing,

Dgs (filter) / Average drain opening size > 0.5"

Broadhegd (1981) reported on a group of laboratory experiments
where he tried to retain soili of various particle size distributions on
a series of /ny‘l,on ("Nytex") square mesh ranging in opening size from 250
to 1000 microns (0.25 to :1.0 mm). He found thét the ratios of the
critical opening sizes to prevent exc;.ess sedimentation to the Dgn size
of th.e soil sample ranged from 2.40 to 4.05. For ‘the sam;:les with a Dgq
of 100 mifrons, the average ratio was 3.26 and for samples with a Dgo of
200 microns, the average ratio was 2.49. He suggests the use of the
conservatlve guideline that the openings in drain tubes or envelope
fabrics not be greater than 2.40 times the D60 size, if sedimentation is

to be prevented.

When the soil is less uniform such that the Dgs size is much larger

19
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than the Dgq, the criterion is, generally, based on the Dgg size. The

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

t;he same ;le for envelope materials. Thériault et al. (1982) reported on
field investigations of 24 drainage systems where drains were dug up at
72 locatibns. The drain tubes which had more than 2 cm of sediment, all
hadyslots wider than 2 time‘? the Dgs of the soil around the tube. They
recommend that the openings in the drain tubes meet the CPVQ standards,

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

base soil to be restrajined.

"3

Willardson (1979) hypothesizls‘ that bridging-across the tube holes
occurs if the soil particles are one third the size of the circular

opening or larger. There is some controversy sbout the comparison of the .

iameter of circular drain hole with the-width of a sl
dimensional domeuwould develop over a eircular hole wherdas a two
dimensional drch of a smaller span dévelops over a slot gw'ith the same
material acting. The above author explains that~"a slot has the same

affective\size as a circularjhole with\a(_diameter‘ three times the narrow

_dimensions of the slot".

In contrast, Broadhead (1981) indicates that a circular hole could
have a diameter larger tha’rh the side of a square mesh ‘and give\the same
effect. He 'implies that the equiv;lent circle diam%ter should- probably
be ‘let‘ss than the diagqnal of the square, that is, less than 1.8 time.;s
the slot width. The US Corps of En%ineers, as reported by Kovacs L(19!31),

m}more conservative critiarion for drain pipes in dams, where

a gravel envelope is used around the drain pipes. Kovacs states that the

20
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Dgs of the gravel envelope should be greater than 1.2 times the width of

the slot, or greater than the diameter of a circular hole.
-~

From this controversy, the necessity is seen-to carry out more

research in order to investigate the effect of drain opening ahape on
sedimentation inside the drains. The preSent research may help to verify
“or reject some of the above theories.

J

Giroud (1982), as an attempt at complementing %kpe;imentai

3

findings, presented a theoritical’ analysis of the Filtfation mechanism

related to geotextiles (syﬁthqtic Fabrice}. He found that although the

o~ . .
_ involved mechanism is similar to the filtration mechanism of a gramular

endelope,¢the derived criteria for permeability and opening size of
geotextiles are different. His fi%dinga are sumarized in Table 2.1 and

plotted in Figure 2.1.

2.4 Envelope Requirement Versus Siltation Tendency

{

-

. ?
Before installing an envelope, the question that arise is "what
soil conditions require an envelope in subsurface drainage systems. This

question has no specific answer, but attempts have been made by many
’) 0

. researchers to establish definite criteria. These citeria were usually

~
bas$g on the soil texture, while the effect of soil structure was only

qualitatively assessed. ',

2.4.1 Soiil texture and soil structure

A) Soil texture

21
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G; , Table 2.1.Retention criterion for geotextile.  The criterion is
represented graphically in Figure 2.1. (After Giroud, 1982).

D s D D U U T ) AT - D T S T D P D S WD A ) W e W 00 D e I D U e WS G oy Wl Y o S M g D B i D o D g A D D s By WD i U A S D o S AW i} S8
1ttty rrrrrr e+t rrrerr— ettty

Density index Linear coefficient of
of the soil uniformity of the soil
(Relative index) 1<¢C,<3 C,>3
, ‘
Loose soil I4 < 35% Ogs < Dgg C, Ogs < 9 Dgg/C,,
' Medium to B

dense soil 35% < I4 < 65% Ogs < 1.5 DSb Cy 0g5< 13.5 DBU/Cu

° ‘ 9
HEEEEE R R LA PR L S R B R S e ]

Iq = (epgy

-

- ©)/(epax=8nin)*100 , e = void ratio , C, = Dgy/Djg
; A

5 . Apparent opening size of geotextile.
Den ™ Average particle size of sofl

-

5k Defise soil
4k - Medium dense soill
e ’
Loose sdj 1

1 \\“\
' i 1 1 L 1 1 \ \ 1 ) b o
o 2 4 6 8 10 1

' 2 1 ) 16 18 c,
LINEAR COEFFICIENT OF UNIFORMIT) OF SOIL -

Figure 2.1. Retention criterion for geotextile filter (see\raﬁle 2.1).
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“ a

Willardson and Walker (1979) have shown how the particle sige
'distribution greatly affects the soil sensitivity to internal erosion.
As’/water approaches a subsurface drain, the flow velocity increases as a

ult of convergence towards the drain openings. This increass in
vdlocity, accampanied by an®increase in hydraulic gradient, tends to
move the soil particles towards the drain if they are not held together.
The velocity at which particles are carried away depends upon their
dimension and cohesion forces (Trafford et al., 1974).

\
- . High velocities are needed to drag the coarser particles (coarse
sand, gravel) and the" finer these particles are, the lower txhe velocity
required. Howevyer, there comes a point whentparticles are so fine (clay)
that the phenomenon_is reversed (high velocity needed), as the clay

artidles are held togethér by strong cohesive forces. Consequently,

-+ soils with a high proportién of coarse sand or clay are the most

resistant ,to tractive force, as depi‘cted by Table 2.2.

Generally, characteristics like the Dig, Dys, Dsgs Dgg and Dgs as
well as the coefficients of uniformity (C,) end curvature (C,) are used
“to determine the problem soils. Trafford et al. (1974) cites the

following ones as being widely uéed:

1) Siltation tendency
C,”> 15, none
5<C, <15 moderate
C, <5 ' strong,
. ,,.-Q_,‘;te‘_‘jz'
1 ' ! 4‘./’q ! '
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Mttty r et rrr it

Soil type Silting ‘ te
' Primary Secondpry.
= - X

Coarse sand o 0
Medium sand . 1 1
Fine sand 2 2
Silty sand 3 3

. Loamy sand 1 1
Silt 3 3
Sandy silt 3 3
Loamy silt 2 2
Sandy _loam /1 , 0
Loam & 1 0

, Sandy clay ] 0
Clay 0 0

<

0 1 > G 0 S S D S S T T Y D Y D P S o € D S S OB AR S S A S8 ey o 0 TN A P S A SR e T P S T ) 2 Ty e e A o

----ﬁ-‘---—--------——_--—--—-q—---———‘—--—----——--——---_-—— ---------
2 0

0 : no tendency to sedimentation = envelope not required
1 s slight tendency to sedimentation = envelope required
2 : moderé%e tendency to sedimentation = envelope required

3 : strong tendency to sedimentation = envelope strongly recommended

1
v
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2) If Cg < 0.50, thére.is a danger of internal

erosion,
where CU = DGO/DIO and .
Cg = %clay / (%clay + %silt) ‘

In the United States, the A.S.A.E. (1982) recommends the use of an
envelope for:‘ A ‘
"1) Sails that easily fill adrain with sediment,such as

fine and medium sand in the range of DLDSto 1.0mm Y
2) Soils that do not provide a stable foundation sucH

as saturated sands in quick condition, and
3) Soils tha£ tend to seal or clog drain opening and

limit water entry into drain."

\ &

Broughton et al. (1977) have shown that soils having a large
amount (80%) of particles ranging }rom 0.05 mm to 0.15 mm present
siltation‘prob#ems. In general, non-saline soils having 20% clay do not
exhibit that tendency. Thus, in Quégec, envelopes are required for
(C.P.v.Q., 1984): ‘l) soils for which the Dgg of the soil is less than
half the width of the drain slots,-and 2) soils with less than 20% clay
that do not have a stable structure. Figure 2.2 shows a range of
particle size distribution for soils that have been known to cause

gsedimentation inside drains.

B) Soil structure

Although the ﬁarticle size distribution is important for
identifying a soil type, it is not sufficient to classify a soil type as

o
\
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Figure 2.2. Range of particle size'distribution for problem soils

in Ontario and Québec. (After Irwin and Hore, 1979).
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a problem soil, Soil structure plays an important role, ss soil

sensitivity to siltation is also dependent upon cohesive forces bd%weeng

s0il particles (Dierickx, 1982p; Stuyt, 1982; Samani and Willardson,

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

80il has a definite impact on the phenomenon of sedimentation, most’

stuéges were limited to the textural aspects.

]

v

Consequently, further research waslnecessary to evaluate the effect

of soil structure on sedimentation, and henceforward, eetabkiah a

criteria based on both quantitative measures of the individual effects
- I A}

of aggregate and particle sizes. -~

»

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

predict drain silting using both particle sizeihnd aggregate size
distribution. They fitted a linear regession between the depth of
sediment inside drains and particle#size analysis parameters and/or
aggregate size‘panameters. They found a better éorrelation with
particle size analysis parameters (R2=0.85) than with aggregate size
analysis parameters (R2=0.55). However, the regreasi&g of both
parameters gave the best relationship (R2=0.94). Furthermofe; using Both
pa;ticle and ag;regate size analyses, and ; stepwise discriminant
analysis method, they were able to determine good criteria for
predicting when a filter material was neededt Based on actual
observatians of the depth: of sediment depos;t;d inside the drain,‘ghe
authors classified the siltation as- low, mediumlend high. Considering
only particle size distribution parameters and uainﬂ the discriminant

analysis, 87% of the observations~were correctly classified, with the

797 v




misclassified by one class. A misclassification by one class indicates
that if the sediment depth was actuallyvlgw; the discriminant analysis
) would classify it as being dium. If the procedure predicted that it

aggregate size parameters, 23%?were misclassified by l-class and 4% were
misclassified by 2~classes

\

aggregate size distributions, %nly 6% of the data were misclassified by

ol e Nt -
1-class and none by- 2-classes. J '

< S A .

‘ The discriminant method seems to work but it is time-consuming and
requiqpa gémputer FaciIfties.Consequéntly further research might be
necessary to determine si@pler criteria that would inclyde
quantitative measures of both soil sﬁructure and soil-texture. To the

; : %
author's knowlédge no simple methods have yet been reported.

&

o

\ In this research, the effect of soil texture on sedimentétion will
only be investigated qd%litafivgly, as it is otherwise considered beyond

the scope of this study.

"~ 2.4.2 Importance of installation conditions

Install;tion conditions play an importgnt role in determining the

rate of silting up. Under unfavourable conditions, soil aggregates. may
'be destroyed leading to a reduction of permeability of thentrench.
’Furthermore, under high water-table, muddy water moving through the

‘3{ backfill material directly onto the envelope (under high hydraulic

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

~
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would be high, it was misglasgified by two classes. When considering

.{ However considering both particle and
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J‘?nduce prim\ary silting in the drain. This I3 especially true for sand,
silt, loamy sand, sandy loam and gilty clay loam as reported by Knops
et. al (1_979). The implication is that whetf:ler or not an envelope is
ingz\zj.;d, careless backfilling’ lm,i_qht be harmful to the performance of
subs ce drainage systems.

2.5 Filtering Drains

Despite being effective, farmers would rather avoid installing
envelopes because of the high costs involved. Therefore, many
man‘uf‘act:r"ers ‘have produced drains with much amaller holes than
conventional drains, mostly to be instal led in the problem areas. Of
course, nothing prevents installing those drains in stable soils. More,
the drains with small perforations have to act as envelopes at the' same
time. That is; besides providing a suitable suppor.t for the surrounding
soil, they would hav; to prevent a critical accumulation of sediments
while unrestricting drainage. Fl‘)I‘ this reason, they have been qualified

[

as "filtering filterless dr\ains" or simply "filtering drains".

Ad

Brouillette and Delisle (1982) repo.rt of filtering drains being

installed as early as 1976 in Québec. Their findings have algo been

) publiéhed under Thériault et al. (l§82). The authors investigated the

performance‘ of éa subsurface drainage systems with filteaing drains that
were installed on un.:o.table sand} and silfy soils in Southern Québec. for
each farm, they measured the depth of sediment inside-drains, slope and
drain spacing as well as drain characteristics amongu others. Drain

openings varied between 0.51 and l.14 mm with 62% of the openings being

less than 0.80 mm. Standard deviations were quite high though, in the
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\éyﬂ\v; range of 0.03 to 0.20 mm. The authors suggested that a better

performance could bg achieved if the openings were madg more uniform.
N .

Further, they found that for soils presenting ochre problems, the

filtering drains ended up being clogged: up to 63% the openings were

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

sandy soils (80% 88nd and over), the drains performed_very well provided

the CPVQ standards were met. In silty soils (30% silt and-over) however,

high levels of sedimentation werjncpuntered.

Recall the unwrapped drain with small slots (0.75 x 8 mm) tested by

o

Broughton and Gibson (1%77) and Gibson (1978). This drain did not

l perform well in the Ste.-Sophie sand. The authors predicted that, £he

drain would have probably clgg‘ged after a series of iwet periods spread

over 4 to 6 years. ' a

<

Fausey (1982) réports on su;néll diameter tubing for shallow drainage
application. In May 1977, 50 mm drains were installed in a Clermont silt
loam with 70% silt. The drains had an _wning area of 3.4 cmz/m with
individual openings 9.5 mm long by 0.13 mm wide. It was found that these
drains peryonmed satisfactorily in the unstable soil, in terms of
s:edimentation and water removal. Reeve (1982) presents results f‘c;r
slotted corrugated tubing with different opening areas. He does not give
any indication on slot characEe'ristics. However, one of the drains seems
to have had small perff;rations e'xs the total opening area was 29“cm2/m

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

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

. Q _
conductivity of 50 mm/hr and at a depth of 1 m and a drain spacing of 30
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m. The tube of interest lowered the water table by 14.2 cm. Drawdown

values ranged from l;é}o 18‘..1 cm for inlet areas varying from 12 to .
3600 cmz/m for the ideal drain. The author concluded that 4 small amount

of inlet ared is enough to produce ¢onsiderable lowering of the water

table. ) |

Lagacé (1993) investigated the effect of installation conditions

(dry ,and -saturated) on the perfbrmaﬁcé of four drain types: small

slotted, medium slotted and,'two large ‘slog:ed P.E.’ CPT. Under dry

installation conditions, the small slotted drain (0;69. x 5.0 mm) gave Q ;
to 2 mm of seri‘limen-ts as compared to the medi?l_m type (1.2 x 6.8 mm) and

the larger ones (2.0 x 27.0 me; 2.0 x 8 mm) which gave up to 75 mm of
sediments. Under saturated conditions, all tubings performed equally

:uith 1-2 mm of gediments entering the tubes. In terms of flow rates,d the

gmall slotted drain competed very weLle with/the other three drains. The

°’soil used, a St. Damase sandy loam with 70% of the particles in the -
range 0.02-0.10 mm, had produced heavy silt-ing‘ in several fields. f

L

‘ \vLiterature on the performance of corrygated plastic tubing wit_h -

small perfo'rations and pi?\holes'is scarce. Much information is still:
need;ad to improve on the manufacturing of tvhese tubings. He;‘\’éb,' in an
effort to help manufacturers Find’ out abo;t the’ su;tebility of their new
proddc&, the CPTA sponsored a preliminary laboratory study on the
performance of corrugaated I:ybing with pinholes and small slots that was

to be carried out by Bolduc, Dvorsky and Broughton (1984).

Three tubes were testé(l) a no‘fmal slotted tubing enrobed with a
Q.
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knitted polyester stocking, 2) a 50 mm .nominal i sid‘:z diameter
corrugated P.E. tubing for use in golf courses with very-narrow slots
(i.e. 0.224 x 1.21 mm) and‘gn opening area of 7/9'“?,( ,  and 3) a 100 mm
nominal insi diameter pipe with circular/perf‘orations 0.39 mm in
'diameter’givid:l\S cmz/m olf' openingX area. The soils used were a Ste.
} Barbe medium sand and a !?ainsville very fine sandy loam; different from
the Bainsville sand used by Broughton et al. (1977). It was fourld that,
as expected, tube 1) above gave higher flowrates due to the presenyge of
the envelope. Interestingly, tube 2) gave higher flowrates than tu?e 3).
One Dwould have expected the opp(:site because of the smallel\* diameter of
tube 2) and th; convergence of the streamlines near the tube. The
authors explained this behaviour by the possible clogging of pinholes
(tube 3) by soil” partic~les and be the very small gpening area of 5.0
cmz/m, only 1/3 of the minimum recommandetions listed in Table 2.3.
‘ However, all tubes gave satisﬁgctory resultg For flowrates and sediment

entry in the mediun; sand. §:was not the case for the pinhole pipe and
< f '

. the small slotted one in the Bainsville very fine sandy loam soil.

The CPTA considered sponsqring a second study that would cover a
broader range of soils and tubings, tubings which would meet at least
one of the requirements given in Table 2.3. The ‘Findings‘ of this
regearch are reported herein.

2.6 Ochre Deposition

“
LS
l

. Ochre deposition inside and around drains has been recognized as
. | N

) ’ : l l RS
affecting the performance of subsurface draigagé systems over a century

@
N
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Standard enl/m in/ft
of length of length

ASTM F405 ) _ -~ 21 1.00

(Anonymous, 1982) ‘

USDA SCS 606 21 1.00

(Anonymous, 1980) .

Canadian General

Standards Board ,

CGSB 41-GP-29Ma 16 075

(Anonymous, 1983)

Bureau de Normalisation

du Québec BNQ3624-115 , 32 1.50

(Anonymous, 1985)
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ago (Ford, 1975). Yron ochre or iron sludge is a redqto yellow,

Q

gelatinpua, filamentous, amorphous, stick‘y mass of ferric hydroxide plué
an organic—\métrix (Ford, 1979a). This ironadeposit tends to form in the
first three years after installa%ioﬁ of the drains, thus reducing the
flow to and sometimes blocking the drains (Sojak and Invarson, 1977).
This is especially true if the .soil pH is higher than 5.5.

Regamey and Jaton (1976) and Jaton’(l977) describe the phenomenon
of ochre formation as occuring in thrl\e‘;éumsf“;tepé. Initially, iron in the
soil profile changes from the ferric state to thg soluble ferrous s"t‘af:e
under water-logged, anaerobic conditions. It then migrates through the«

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

the drain, due to the presence of oxygen.

Ford (1975) found that the precipitation of ferrous hydroxide at
‘drain level, was primarily due to the presence of microo‘rgapisms énd
not to physico-chemical reactions as r:eported i:y other authors. Since
then, many Bacteria have been identified. The most important anes

affecting ochre deposition in Ontario and Québec are of the geneia

__Gallilionella end Sphaerotilus (Gameda, 1981; Gameda et alj 1983).
Sy

.

The types of soil in which phis problem occurs, are primarily sandy
soils and muck soils underlain with sand containing ferrous iron in the

o grouvhdwater (F;ord, 1975).
s

L]
)

When installed in such soils, synthetic e;'welopes with small po’afes

hd 34
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are likely to be clogged or loose much of the inflow area. On the other
hand, organic envelopes and envelopes made with easily decomposable
organic fibers will not suffer ochre clogging.-This is because of their

ability to produce iron reducing agents, such as phenols.

Consequently, s‘pecial fabrics were made that incorporated a
substance c;pable' of inhibiting'the formation o‘f' ferric hydroxide.
However, the initial desintegration of the organic material releases
large amounts of phenols such as tannins which are drained into rivera
,and lakes. Pollution problems are then ggnerate ;s fish is affected by

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

Happily, other control measures have been established (Ford, 1975;
Kuntze, 1978; Sojak and Invarson, 1977). These measures can‘ be
cl?asif‘ied as preventive, controlling and corrective. Preventive
measures include soil ae,rtlation by subsoiling and/or the use of loose and

R .
well aerated gravel envelopes which allow sludge to form in the soil and

1de the drain. Controlling measures consist of using shorter

laterals and maximum grades, increasing the minimum drain opening size
(i.e. \1.2 mm)," and submerging the drain so as to prohibit drain
aeration. “Dpain submersion requires deep drains to avoid water-logging
the'r;ot zo e‘ ;)r narrowly spaced drains. Finally, chemical treatments by
flushing. the drains with an acid forming gaz or acid solution, and

f - L ¥
mechanical treatments such 'é*s jet cleaning, make up the corrective

méasures. These methods are described in more details by Kuntze (1978).
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. | oqr. -Tﬂsdzxss OF FLOW TO DRAIN

r

v Before proceédjng‘ with the experimental procedui‘é, let us consider
: a few aspects of theories describing the flow to drains. Many of those
theories have been developed over the decades, using different
approaches. Only the relevant ones will be discussed in this chapt/ér.
Detailsd of the mathemicAal(development can Win« most drainage
textbookls and original papers (Schwab et al., 1981; Luthin, 1973; Van
Schilfgaarde, 1974; Kirkham, 1949, 1950; etc). Furthern;ore, only radial

flow theory in a saturated homogeneous isotropic soil will be covered‘aas

it is directly relevant to the research carried out and presented in_

] this theslis.

3.1 Drains in Homageneous Soil Saturated to the Surface

Using the potentjal flow theory and Darcy's law, Kir-kha(n (1949)

\ developed analytical an flow net solutions for unlined subsurface

drains placed in a homogeneous soil overlying an impervious layer, with

water ponded above t 0il surface. For this situation, flow into an

individual drain is given approximately by:’

27T K (t+h-r)
Q= mmmm———————— (see Figure 3.1) (3.1)
1n(2h/r) . '

g = flow into a unit length of drain per unit time, m3/d/m
K = soil hydraulic conductivity, mJ/dq N

c t = depth of water ponded on.soil surface, m

o h = depth from soil surface to centre of drain, m
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r = radius to ouside of drain,
T

Figure 3.1\shows thé flow net for parallel drains 180 .mm in
diameter, 12 m apart and 1.35 m deep. In the right hand half of the

-figure, equipotentidls are labelled in meters of water. In the left

half,~streamline§ are given in fraction of the total «flow which occurs
Between the given streamline and the zero Qtreamline, midway between the
drains. This flow net shows that 60% of the in%low at the soil surface
enters the drain within 0.60 m on either side of the drain. Notice how
the streamlines are closer together immediately over the drain than at
some distance from it. This indicates a rapid increase in water-Flow
over the tile than midway between them. The closeness of the
e;uipotentials over the drains shows that'nearly half of the total
potential is used up within two diameters of the drain. .
Equation (3.1) is a close approximation for cases when the depth to
thé'impermeable layer is.at least twice the depth of dralns,‘and when

the drain spacing is at least five times the drain depth.
L Y

. . \,
3.2 Radial flow from a cylindrical source

The oldest approach for the deQelopment of equations simulating the
operation of gravity wells in unconfined aquifers with horizontal
replenishment, is that of Dupuit (Luthin, 1973). The Dupuit sssumptions
are that the streamlines in a system of gravity flow towards a shallow

sink, are horizontal and that the velocity along the streamlines is
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Fiéure 3.1. Flow net for seepage to parallel drains from ponded water
over a saturated soil overlying an impervious layer.
(Redrawn from Kirkham, 1949; original drawing labelled in
feet).




proportional to the slope of the free water surface but independent of

the depth of the saturated flow layer. Ig'r'\oring the seepage surface |

around the well and using the above assumptions, the flow rate into a ’

gravity well, is:
. K (H - 2 \
Q = —— - ! (3.2)
In(R/T) '

rate of flow, m°/d

where Q§ =
K = hydraulic conductivity, m/d ’
H = hydraulic head at radius R or height of the static water
level above the impervious layer, m
u
h = hydraulic head at the well or height of the water level
ingide the well, m L
R = radius of influence, m ®
r = radius of the well, m

The distance from the well to where the static water table is\‘ not

lowered by drawdown, is known as the radius of influence.

.

The flow to a well completely penetrating a confined aquifer, cen
be analyzed in a manner similar to the unconfined flow, It is described

ass iy

1{

2 wKd (H'= h)
2 emmm——————————— . (3.3)

In(R/r)

where d = thickness of the confined layer, m

H= height of“the piezometric surface above the top of the
confined layer, m

h= height of the water in the well above the top of the
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confined layer, m

I

For steady flow, the entire discharge of a well \must pass through a
concentric cylinder at any radius. Thus, it can be shown that the flow
rate for radial flow from a.cylindrical source to a subsurface drain

with completely open ’walls is very similar to Eqg. (3.3):

Ehn

Q = 2T LK ,mmmmm e (3.4)
In(rg/ry)

where L = length of the drain, m

P2
"

hydraulic head of the cylindrical source, m

>
n

hydraulic head inside the drain, m

radius of the so@rom centre of drain, m

3
1]

radius of the drain; m

3
1]

Q

3.3 Effective Drain Tube Radius

‘s
}

-~ h

o

Equation (3.4) assumes a completely pe,rmgabie drain which offers no
resistance to the flow. This is not the case ir; reality and many authors
have deve loped',f‘ormulae taking into account the effect of drain tube
‘opening dimensions on water flow. Kirkham and Schwab (lQSl) presenta
comp lex mathemicai solution for the effect of circular perforations on
flow into smooth drain tubes. They verified their model wi'th
experimental electric analogues (Schwab and Kirkham, 1951). Similarly,

analytical solutions were derived for the gap width between two adjacent

clay tiles by-kirkham (1950), Sneyd and Hosking (1976), Bravo and Schwab
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(1977) among others. fhe latter authors included a formulation for
discontinuous slots on smooth drains ;nd compared the theory with
results from electric analogues.

All theseé;g;lytical expressions compared very well with their
electric analogue. However, they are quite compleg and difficult to use.
Consequently, approximate solutions were derived to determine the rate
of flow into real drains. The concept of "effective drain radius" was
thus introduced. It is defined such that the flow to a complétely
permeable tube with radius rg, is the same as that of the real‘drain

with radius r,. Taking into account the effective drain radius, Eg.

(3.4) bespmes:

Q = 2TLK memoemom- . (3.5)
In(rg/ry)
The effective drain radius is useful in comparing the berformance

of unlike drains. Other practical appliéations of the effective radius,

~

;—aereported by Skaggs (1978), are its inclusion in the equations

presented by Moody to determine the equivalent depth to the impervious
layer; the equivalent depth can then be used to estimate the water table

drawdown from solutions to the Boussinesq equation..

T

~

/ Mohammad and Skaggs (1982) determined the effective radius of
several tubes with circular openings and different number, location and
total_obening‘area. They found that the location of the openings on the
wall had little effect on the effective radius. However, the existqpce

of a gravel envelope around one of the tubes, greatly increased the

(O,
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effective radius but not suf‘ficien‘tly as to equal the'radius of the

envelope.

3.4 Entrance Resistance
P %
Another method for charactenzlng the effect of drain ftube openJ.ng
is the concept of entrance resistance which helps to calculate the head
loss at the drain wall. The total flow resistance can be divided‘ into
four components: a vertica\l, a horizontal, a“rac}‘ial a_nd an entry
resistance. The first two components would depend on the porous medium
(i.e the bulk soil) while the last two depend on both the soil and the
type of”’ dra.{n anii/or envelope ‘used. The sum of the radial and entrance
resistance is known as the "approach flow resigtance" (Cavelaars, l96;)
The approach f'low resistance can be narv;owed dow;'l to a radius of 0.5 -

0.7 m around the drain (Eriksson, 1982).

1

In a field situation where the water table is above the drain,
radial filow would start about 50 to 70 cm away from the drain centre.
Eq. (3.4) 'can thus be applied only within this radius. Cons.j&dering the

head loss due to radial flow resistance, Eq. (3.4) can be rewritten as:

an D Inrg/ny) ' IR (3.6)
2 ===== In(rg/r,) = q 2 we= Ol - (3.6)
T 27K r K T ,

where Ah, = hydraulic head loss for radial flow, m

radial resistance, m

L ]
1]

= radial flow resistance for a soil with a hydraullc
conductiv1ty of unity, m

R
"
[

-
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- Ahe= q,we S -—= Qg - , (3.7)

where *Ah, = hy.draulic head loss due to entrance resistance, -m-
W, = entrance resistance, m '
- ™~
Qg = entrance .resistance for a soil with a hydraulic |
.conductivity.of unity, m
o Thus, the total head loss due to radial flow into & real drain becomes:

A t = Ahp + Ahg

q q '
= —‘-(-- (ar +ae) = "';('— at - (3.8)
and , )
1 . ‘ , . .
@, = ;—- In(rg/ry) + oy = : 8 (3.9) °

) © . ( ‘
where iis the total flow resistance'in a soil with-K=i+ o, can be
'determ‘i‘nec’l ‘once’ o, and'q, are known. Replacing the real drain by a

P

drain with an effective radius of rg, £q. (3.9). changes to:

-

a, = ;- In(xy/z,) . ; '\ (3.10)
o therefore, |
‘ o= 1y e("2TG) ) (3.1i)
o ., or | ( . | ‘ ‘- ‘ ’
C Te = T, o(-2TCe) - \ 53.12)
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Eq. .(3.11) shows that the ef‘f‘éctive %ﬁus of a drain decreases
exponentially with an increasing resistance. A’ttemp‘ts have been made to
*find aenalytical expressions for the.entrance resistancg which depends on
the number, shape and location of “the perforations. It ‘also depends on
the t;fpe of bridging over the perforation, usuelly an :arch type as
observad by Zaslavsky and Kassiff (1965) among others. The area covered
by a an arch type of bridging is greater than in a flat bridging by a

factor of %/2. This will reduce the convergence of the streamlines

towards the opening which in, turn offers less resistance“to theAf‘low of

water.

The following expressmns for the entry remstarfce - £Eq.” (3.13) to

(3 17) - were taken from Dierickx (1982a) who stugled the effect of

?

corrugations on entrance resistance. We have:

c ( 2c c : N
o, = ———o-- ( 1n - ) . o (3.13)
° /27[21'0 . TRy smr ' ‘ ‘
c 2¢ 1-Y . 16 Ag :
Qe = ==e=s= (In ==--- + m———— (ln ===mn - F(7v.e N (3.14)
zT To T Bs - Y BS -

Y
"

£q. (3;13) represents the case for a smooth pipe with continuous

circumferential slits simulating a gap between clay tiles. In this case,’

c=gap’ spacing (m); r,=outside drain radius (m);  and _Bszgap width (m).
: -

Eq. (3.14) is the expression for rectangular dtscontinuous slits on

a smooth drain. Y= )\p/ )\Q and the ather symbols are as defined in

Figﬂure 3.l. Figure 3.2 is a graphical representation of the function
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Figure'3.2. Rectangular perforation pattern of discontinuous tranaverse :
slits. (After Djerickx, 19823)

, s © 3'5 -t
. 4

T2 3§ 5 857.83 1% &
_ Figure 3.3. The function F(<,€") with €= 0 for flow towards a
: partially penetrating well in a confined aquifer.
(After Dierickx, 1982a).
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o Flgure 3.4. Corrugated drains with'(a) a8 gap width equal to valley width
and (b) a gap width smaller than valley width. (After
Dierickx, 1962a). .
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The presence of corrugations on a drain increases the entrance

resistance @8 the streamlines experience additional convergence towards

the opening between two corrugations. Hence, for a corrugated drain with

&

a rectangular block wave profile and continuous circumferential openings

with a width equal to the valley width, the entry resistance is:

E ) \
c 2¢° ¢ \
o
U = 7 ==z= ( In - ) \
c r 1 r
P In =2 - = 1p =2 ) (3.15)
27 _[33 ry' 27 '
[
For circumferential openings with a width less than the valley
width, the entry resistance approach is approximatéd by:
‘ c - 2c c - . 5 ’
Qg = ===3-= (1In mmmmm o e ) . ’
27T, TR, 4Tr,
' 27T 51,
2 sinh —=-e—x
v ¥ c 1 r - f
) D D [ Ju—— M S Tag ‘ (3.16)
) Q‘lf‘ ry' 9 T ﬂs 2r ry'
8in¢ ee-ama
28, -°
X
For, discontinuous slits with a width less éhan the valiey width,
’ c the expression becomes: ’ ‘
) . .
v oo T 46 ‘ 4
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’ &
c 2c c
Qg = ===z-- ( 1n - )
2 1, TR, 4ar,
|
27 51, »
| 2 8inh ——=——m )
c . 1 r ,
+ 1n =Y - ==t 1pn =2 (3.17)
; ' -
2 NAg .2 TP / 2T To
8in° w—memu- ‘ .

. The symbols are as indicated in Fig 3.4 and N represents the number
of longitudinal rows of slots. Notice that Eq. (37Y7) is equal to Eg.
(3.13) plus two other terms. The second term in £q. (3.I7) takes into
accousnt the convergence of the streamlines inside the valley of the
corrugations. The last term i-s a correction for the radial flow in that

)

valley. Dlerlckx (1982a) tested the validity of these equations using
electric analogues and t:ound very good agreement between the
experimental and theoritlcal values.

. ﬁ )
3.5 RPZ Ratio . . ,

A

Up to this point, it has been assumed that the hydraulic
conductivity of the soil in the area of "flow resistance approach" wds
constant all around the drain. Lagacé (1983) and L 8 é and Skaggs
(1985) have shown ,‘t‘hat} this assumption does not Z;j//;

(vicinity of the drain. for the cases they studied. To deo so, the authors
defined the "RPZ ratio"' which stands for "radiaal piezometric ratio".
Denoting "a" the inner piezometer (0.7 to 1.5 cm away from the drain)
and "b" the outer plezometer (20 cm away from the dxj\ain in the same

direction); and assuming an average hydraulic conductivity between

-~
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piezometer a and the drain (K,) dif‘f‘ereﬁt from the one -between

o

4n

a

and

n

 piezometer b and

-

hg = hg = === Ot
Ko™ - v
hb - hO = - atb
. Kp i

hydraulic head at piezometer a, m
hydraulic head at piezometer b, m
hydraulic Ihead at drain opening‘f;n ‘
total flow resistance at piezometer a

i:otel flow resistance at piezometer b

_—— 1n(ra/r0) + O
) 5

1

-—- In(ry/r,) + g

2 .

the drain (Kb), equation (3.8) can be rewritten ass

7~

(3.18)

(3.19)

(3.20)

'(3.21)

4

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

-

Ahg . Kp Qg

-

Ahy

Ke

Cip

The RPZ ratio is defined as:

RPZ =

Ahy/ Ahy,

(observed)

O‘t;/ Qg

4

)

(theoritical)

-
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Actually, the authors made the hydraulic head at the opening (h,)
equal to ‘zerp by moving the reference line. This would r;aduce the
numerator to ha/hb' The RPZ ratio, as defined, is independent of drain
characteristics and of the radial distance to the drains. It is ‘owe‘vér,
tge expression of the ratio c;f‘ the hydraulic conductivity bet ;en each
piezometer and the drain. Thus, for a uniformly compacted layer of soil,
the RPZ ratio should be equal to one. Should it be less than unity, this
would indicate that the soil between Ithe drain and the inner. piezometer
is more permea{:le than the soil outside the firat piezometer. The
authors found all RPZ-values to be less than ona for their experiment
(above, below and on each side of the drain). However, tHe values were

closer to unity on the top_ quarter while the bottom quarter gave lowest

rgsulés. The situation would be that the soil tends to settle properly

in the cBrrugations on top of the drain whereas the oppos te seems to

D’\
take place below the drain. The-authors explain that above the drain,

tractive forces and gravity help pushing the soil particles towards the
opening while under the drain, gravity is acting against the f low of

water, thus reducing the effective preseL‘lfe on the soil particles.

3.6 Hydraulic Gradient ’ -

Water flows f‘::om one point to another because of a difference in
potential (i.e. hydraulic hea;':l). The difference in potential divtded_by
the distance %arating the two poinatg is terméd the hy\draulic gradient.
At drain level the ;ydraulic head is'maintained at its lowgst le\;el by

contant removal of water in the tubing when drainage takes place&

Therefore, the gradient will be highest at the drain as a result of

-~
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convergence of the streamlines. The gradient at the opening for a real‘
drain is called tohe exit gradient. When the forcas“ exerted by moving
water exceeds those which hold the soil particles around the openings,
particle movement takes place and sedimentation 6ccurs. The gradient at
which erosion occurs %s known as the critical gradient or hydraulic
failure gradient. It follows that erosion would occur in cohesive soils
at critical gradients ‘much higher than would be expected .in
structureless soils.

Q

Several formulae are given in the literature for the expression of

" the critical gradient. Of interest to us, is the hydraulic failure

gradient at a drain opening, which Samani and Willardson (1981) have
develaoped through empirical means. The formula was derived from studies

of critical gradients done over a wide 'range of soils from sandy to clay

“loam soils. It is expressed as:

HFG = exp(0.332 - 11400 K'+ 1.07 1n(PI)) (3.24)
where HFG = hydraulic failure gradient
K = hydraulic conductivity of the soil (m/d) .
o . PI = plasticity index of the soil (decimal)

‘ 3 +
.

From Darcy's 13;4, the hydraulic gradient at the drain for a

completely porous drain is: .. /\

4h Q¢ q q ‘ o
Ia . P . . (3.25)

Or KA KA 2WK?T
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3
where A, is the total drain opening area and A t-{e drain opening areas

per unit length. The other symbols are :as defined previously. For a real
drain, r can be replaced by the effective fadius, rgy and the hydraulic
gradient near the drain be estimated. Comparing the predicted‘ gradient
as determined by equation (3.25) with the expect;(i hydraulic failure
gradient, one can degide whether an envglope is required on the drain in
order to stabiliie t;e 80il or to reduce the exit gradient.

N
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- IV. MATERIALS AND METHODS

4.1 Tubing Used
o
The four types of tubings to be;tested, were supplied by different

~

manufacturers. These 100 mm i%\ind nominal diameter tubings, are:

1

a) Pinhole tubing A,
| b) Pinhole tubing B with slightly less open area thap pinhale

1tubing A,

’

c¢) Pipe with very small slots, and

d) Normal slotted tubing with a knitted polyester stocking,

152 g/m2(4.4 oz/ydz)of unit weight.

-

P

The total opening area per unit length of the above drains is given

in Table 4.1. Other drain characteristics sych as openings dimensions
and number of holes-per unit length are indicated in Table 4.2. Also,

A
histograms of drain openings are presented in Figures Al and A2 in

- Appendix A, for the tubes with small slots and pinholes. The op¢ning§\

histogram of the bare normal slotted tubing is not shown as it is the
fabric-envelope wrapped around the drain that has a direct effect on the

drainage rate rather than the slots themselves.

stograms of Figures Al and A2 have been presented in

/)

Figure 4.1 as the opening size distribution. Also, this' graph depicts

The openings hi

the poré size distribution of the—knitted polyester stocking as measured

by the ASTM draft procedure (Papineau, 1985).
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° Table 4.1. Measured area of drain openings for the tubes used in
the laboratory.
5 Tubing Holes/m  Holes/ft  om2/m  in/ft
Normal slotted tube . ’ !
“‘2 without envelope 244 76 51.5 2.4
Normal slotted tube
with sock envelope® 1427.5 67.4
Tube with small slots 2528 768 56,9 2.1\"——)
. Pinhole tube A 6231 1905 29.7 2 1.4
" Pinhole Tube B * 5376 1728 21.0 1.0
P P TP P F PP R A S F P P P P PP PP P LA R FF S PR A -
. . 8 Determined as shown in Appendj.
% / ‘ .

Table 4.2. Measured dimensions of drains openings in tubes tested.

Design;;:ior-r No. of hol;;—/ Average Minimum  Maximum
per ring mm mm mm
. Normal slot 4 (valley) width 1.50  1.30 1.63
without; enve.® length 14.08 5.66 18.19
Small slot? 32 (valley) width  0.65 - 0.51 0.7l .
) length 3.56 3.18 3.79 ) -
Pinhole AC 48 (valley) dia. 0.66  0.00  1.02
45 (ridge) dia. 0.88 . 0.00 0.99
mean 0.77
Pinhole B® 48 (valley) dia. 0.6  0.00  0.99
] 48 (ridge)  dia. 0.67  0.00  0.91
mean 0.68

e s i G v o s Y T e . . T S Gt A A ) S A WA W S S AN S S D G A S SN WP VD P S T Y D S D S - T D b
e e @0 v i el S o v e s G A P AP T A S e S P SV SO D P MU D WP S Wt ) Y D S D B D O P it VD O S T D D ) T e G O .

g 80 3lots measured (20 rings)
’ 320 slots measured, (10 rings)
o € Holes measured on 10 ridges afti 10 valleys
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4.2 Soils Used \\\ o
The soils were obtained from near drain depth, 60 to 120 cm deep
from soil areas wheré ‘fabric envelopes are ‘normally‘. recbmmended for use
on drain tubes. Particdle size distributions for these soils are given in
Figure 4.2. The ;;ercer;tageg of sand, silt and clay in each of the soils,
and théir ‘position in the soil classification Textural Tr.iangl;, is

o

given in Figure 4.3. .These curves are thé average data of approximately
. N

20 sa‘mples from above drain pipe. There was very little difference

between samples in dny soil type as will be discussed ‘ir\v the next

chapter. \ B

The Ormstowp soil comes from a farm where drain tubes with normal
slots 1.8 mm wigie X Z{A mm long and no envelope were blqdked with
sediment. Figure 4.2 shows E\ﬁat the soil used had 10% clay. It was first
interfied to obtain the soil from near a lateral where an env elope was

ingstalled. The soil in that area had only 5% clay. But as the field was

Y a\lreédy_c‘:‘\;xltivated and planted, soil from near a field boundary wes used

and it is the one represented in Figure 4.2. This latter soil wes kept
for the research as its clay'cBntent was below the upper limit of 20%
for which no envelope is required (Québec standards - CPVQ, 1984).
_Soils much coarser than the Ste. Barbe medium sand are seldom used
ngr éériculture, or seldom need drain tubes because their water holding
cépacity is so low that they usually suffer from droughtiness, Where
they are used for agricn.lulture, it is frequently for tree crops with
irrigation.\ If drains are needed, the soil is L;sually coarse enough to

gserve as its own envelope material for drain tubes with pinholes or
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100 HC Heavy clay -
C. Clay
90 SiC Silty clay
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80 SiCL Silty clay loam
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small slots.

- 4.3 Soil and Water Test Tanks

e
Three tanks 120 cm wide by 240 cm long and 76 cm deep {4 x 8 x 2.5
: v
ft) were built as indicated by Figures 4.4 and 4.5 and Figures Bl to B4

in Appendix B. Permeable dividers were provided between each of the four:

‘sections in each tank so 'that the water supply to the drain tube placed

in egch soil- chamber was identical. In this way, no tube had an adverse
effect on any other tube. All fbu./({‘ tubes were tested at once in one type

of soil under ‘the same head and drainage conditions.

!

A'12.7 mm thick clear pexiglass window was installed in the front

. end 'of each cell (soil chamber).. The windows were bolted onto the tank

wall and sealed with a thick layer of silicone around their perimeter to
avoid any leakage. The windows permittJed observation’ of the- settling of

the soil around the drain. '

Start-up water and make-up water was supplied from the College
chlorinated water supply. The water was distributed throu'gh a r;erf‘orated
pipe into the crushed stone at the base of the tank and between the
expanded metal sheets which separate the soil chambers within the tank.
A mirafi filter' fabric was draped over the permeable dividers between
the soil chambers‘to keep the soil separated from the crushed stone.

Water flowed easily through the crushed stone to give.the same energy

]

‘head all around each soil chamber within ;a tank. The head was kept

constant for any one tést run by allowing a small continuous overflow at

the head selected\f;or the test run. A collection pipe,btank, pump and
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. 4.4 Procedure

head tank was incorporated to recycle the drainage water. This recycling

. kept the test water at room temperature and avoided the use of cold

high-pressure supply water with air in solutioq,,_

-~
¢
d

As can be seen from the photographs in Appendix B, the outflows
from each drain tube passed through a conical filter 8d that any sand
and coarse silt flowing out with the drainage water could be trapped.

Most of the clay particles flowing out of the drain will pass through

~
the conical filter unless a fair amount of sediments deposit at the-

bottom of the filter, thus sealing it. : -

’
o

The test tank dimensions were chosen to give:

l. A reasonable léngth of tubing to give representative inf Low

conditions with a minimpum ®f uncertain boundary effects.

2. A width of soil sufficient to ghve nearly radial streamlines
a#pf\nt;aching the drains, as could be expected in the field when
draine;ge occurs. The width of 57 cm used for each cell is nearly five
times the tube diameter. This is about equal to the trem;h owidth’ created

by whegl trenchers currently being used for installing drain tubes. It

is also a width sufficient to give reasonable space' for working ar@und )

3
the drain tubes, placing drains and soil.

Before placing it into the tank, - the soil was air-dried@e

\ .
moisture content suitable for soil manipulation. The soil was sieved

P

through a 4 mm square grid screen mesh to control the maximum size of

aggregates for a more uniform compaction. The tanks were filled to drain

s——
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"level with soil by repeatedly placing a 50 mm layer of s0il into the

tank, lightly t\arnpiné'; the soil with a 15 kg concrete block and
scratching the soil surface with a raeke. At-'drain level, a groove was
made with a 11.5 cm outside diameter smooth PVC pipe. This was almost
the aa.me as the corrugat}ed drain tubes whigh ‘were 11.6 ¢cm 0.b. The
tubir:g was then installed with a 1.0 percent slope j:owacr‘ds the outlet
and soil was packed around it. Care was taken to fill up all voids
between the drain and the surrounding spil. An end cap wag taped onto

the extremity of thé tubing inside the 3011 chamber. In this way, onl

the perforations qround the drain would participate in the drainage

process.

%

’

The. junction betwgen the drain and the plexiglass wall was sealed
w:l:th a layer of silicone applied all around the drain. The silicone was
allowed to dry for 24 hours. The drain extended -10 to’15 cm from the
window. The extension was covered with drainage tape, thus preventlng

&

water from flowing through the perforations (see Figure 4.5).

The tank was filled with soil to within 11.5 cm of “the top. Water

was slowly introduced via the lower inlet./Th‘i’sTTa‘l'lowe;d the soil air to

escape upward to the atmosphere as the soil became saturateg;During ‘

test runs, a constant ponding depth of 5 cm was kept above the soil
surface via the overflow. This overflow level was set to provide a
hydraulic 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 soil about 30 cm ‘above the drain level near the drains.

62" - /
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. The three tanks were used simultaneously and the Ste. Barbe, Ste.

/——;o'p%ﬂ Bdinsville soils were first uged. The firat test run was made

t

& , ) v
with the drain outlet open so there was air above the water in the drain

tubes.. Since the tubes were only receiving water along a 112 cm length,
) \ /
they would not be flowing full as field drains 500 m long might be. It

. wag then deci’ded to operate the remaining runs with the drain tubes full

L

of water outflowing at a level just above the top of the tube at'the -

-outlet end. This gave a reproducable condition of full tube flow, no air
in the tubes and radial seepage through the soil to th{Hrain tubes.

This condition occurs in the field et times of maxi"m&:m drainage

rate when the drains are surcharged and wat?r is entering-the tubee all

L\ arour;d their circunference. T: achieve full flow, square end caps made

of. 6.3 mm thick clear pexiglass, 16.5 cm on one side were giued»to the

outlet with silicone. A concrete block held the end caps in place from

below-until the silicone dried 24 hours later. A 2 cm inside diamater

PVC elbow tube pointing upward from the end cep allowed outflow, as
it

°
v ,
i

Outflow from the tube was measured once or twice a day for 9 to 39

shown in Figure 4.5.

\

days. Two cycles wlere_r.:un for most of the experiments. Between cycles
and at the end of each test, the tank would be drainéd from the bottom
6ut1et through the perforated pipe lying at the base of the tank. To
avoid any loss of fine sediments through the mi\rafi Fabriclgraping the
dividers, the plug at the entrance of the bottom outlet‘;’was kept in

place but open a little to allow slow drainage of the tank. At the same

time, this reduced soil disturbance in the cells. A period of rest of

. N
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one to three days was al lowed between cyclesd.

s

Aftér the soil had drained at the end of a run, it #ould be allgwed

to dry for & few days until adequate for‘éampling. A fan would be used

. to dry the top few inches of soil when testing with the finer soils.

Three soil core samples per cell were fhen taken above and below drain

$ube level to measure the soil dry bulk density. Soil samples were also

taken from each cell 3 to 5 cm below the sil surface and above the

drain for particle size analysis. All samples, including the core ’

samples were taken equally spaced along the drain lemjth. The drain

"tubes were carefully removed from the tanks and allowed to dry at .room

temperature. Three samples of the soil immediately adjacent to the
oytside walls of the tubing were collected, dried and analyzed for
particle size distribution as well-as the soil that had collected inside_
the drain. Particle sizle analyses consisted of the sieving method, the
hydrometer methoa or a combination\ of both as desc;'ibed in Lambeﬂ (01951).
All the soil was tﬁen removed from the tanks and p.reparéd, as described
above! for the next test run.
’ - N )
A new set of tubings was used for €ach run when possible, otherwise
the same tubing was used again after clean.ing from the inside and
outside with a brush and a jet of water. Care was taker; not to damage
the (;erforations. To make sure all perforations were not clogged, they

were viewed through a light. Any remaining clogged openings were then

cleaned until the tube was completely free of soil.
A

Y
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4.5 Piezometric Installations

To s{:udy the hydraulic head distribution in the soil around the

tubings, piezcmeters were installed ébove, below and on

alde of the
N

drain, at radial distances of 1, 3, 6 and 10 cm away /from the outside

wallﬁ:‘ the drain. In total, 16 piezometers were installed in each cell. .

The piezometers consisted of 6.3 mm outside diameter by{;’B.Z mmn inside
diameter copper tubings, 25 mm long. They were drili‘é]d inaside the

plexiglass window and installed flush with the inside wall. Epoxy was

put around the copper tubes to hold them tight. A small pi;sce of filter

fabric was inserted into the copper tubings to prevent soil particle
2

migration into the pit;zometers.
. ) ‘r

Two manometer boards were mounted for each.pair of drains in the
wall area available between the;.plexiglass windows. 6.3 mm I.D. tygon
tubing was used to connect tﬁe ‘bottom piezometers to these boards (see
Figure B4). The zerog readimg was set at the bottom of the drai‘ln. A tygon
tubing extending from the piezometers on each side and above| the drain,
yas held upright by a clamping device installed on top of the tank. For
the last three sets of piezometers, the hydraulic r?ead was read frdm a
board instal led above the window. The board start‘ed reading at\elevat“ion

250 mm which coincides with a(ero reading at the bottom of ﬁhe draine.

If the water level‘inside the tygon tubing was lower than the 250\ mm

mark, the difference was read with a ruler and substracted from 250 mm

8

to obtain .the hydraulic head.

Later on when time permitted, the manometer boards were redesigned

by Mashallah (1987) so that all 32 piezometers from two cells were.

/
65

k4




connected to one board 'only.

4
J

To aveid the formation of air bubbles inside the piezometers, the
tygon tubes were filled with water from the t;ap and water was allowed to
flow in a reverse condition. This was done just after the water level i;':
the tank ponded apove the soil surface. Checks were often made while the

~ té"t was running. Any entrapped air would be removed by either gently
ga i‘ng the tygon tubing sc as to move the bubple upward to the
\EEmoaphere or by unplugging it from the ‘copber tubing and repeating tt‘1e

‘reversed flow described above. Readings were taken once a day and one

day after a cycle had begun.
4.6 Experimental Design
q‘h ~ ©

The five soils used in thfis research were analysed separately as

t™fields

they present different characteristics and come from differe

under different. boundary condijtions. Thus, for each soil type, the

v e ‘
experimental design would conpist of a randomized complete blogck

experiment with. four levels of treatment for the four types of drain
tqﬁes studied. The number of runs for each soil ;:ype wbuld determine the
number of blocks. The different runs were not considered as simple
‘ replicates., Indeed, reusing the same soil from one experiment to the
other and inflicting a rough treatment on the soil (i.e. shovelling,
drying, sieving, etc...) might have an effect on the various levels of
responses studied. If such an effect does exist, it might be sequential

G& and thus, the runs were considered as representing the blocks with a

gradient in the direction of the number of runs.
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*When samples are taken at different locations or the experiment

consists of two cycles, the data afe anel;Zed according to the split-
plot model. A multivariate analysis of variance was used to determine if‘
differences existed between the collected soil samples. The particle aize
distribution was divided in fractions used by the USDA classification
with the ixception th}t the silt%raction was divided into coarse (0.02
to 0.05 mm) Qnd fine (0.002 to 0.02 mm); a combination of both the USDA
and Intefnational claséificati;ns. Each fraction was treated as a
variable. Theqvariables so generated are not independent and thus the
analysis is reduced to a multivariate problem.. One of the fractions can,
however, be cdmputed by substracting the sum of all o‘her fractions from
the total. Therefore,- the upper fraction of the particle size
distribution which was not considered to be so critical, was not
included in the multivariate analysis. That is, for the Ste. Sophie fige
sand, the very coarse fraction was not includeci in the statiag}
analysis; whereas, for the OrmstoWwn silt loam soil‘, the fine sand
fraction was rejected. .

Unless othgrwise 'specified, only the runs with the tubes flowing
full ‘were considered for the \atatist/i/a/l/ analysis as there ‘was qnly one

rqé with the tube outlets open.

.
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V. RESULTS AND DISCUSSION

5.1 ,Some Clarifications

The number of runs and treatment appiied to the four tubes tested

are given for each soil type in Table 5.1. The number of runs was not

the same for all five soils for several reaspns.

"There w;as only one test run with the‘Ste. Barbe medium sand (MS) as
this soil produced very high flowrates and showed no sedimentation
problem.'Tes‘;ts wi'th the Ste. Barbe MS soil were then stopped and the
tank was used to analyse other soil types. The decision to chén’ge the
flow conditions from open’ drain tube outlets to submerged outlets to\
simula‘te full pi|‘33 flow occured dufing the second run with the Ste.
Sophie fine sand (FS) and Bainsville very fine sandy loam soils (VFSL).
Thus,” end caps were installed at the extremity of each drain tube
without stopping the experimenj:. The inatallation’ did not prove

successfull and the sscond runs had to be ended a few @ later.

The Ste. Sophie FS s0il also produced very high flowrates and

{
almost no sedimentation. However, beacuse this soil gave a lot more

problems than the medium sand, more tests were carried out to confirm

"« the drain performance.

/

A minimum of three runs with the tubes flowing full were(tc 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 was between runs. Six runs were carried out with

)
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ﬁ/ Table 5.1. Number of runs and treatment applied to the tubesitested in
each type of soil. ' )

.
v
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Soil Type Ste. Barbe Ste. Sophie Soulanges Bainsville Ormatown
Medium sand Fine sand Fine sandy Very fine  Silt loam
8 loam sandy loam
, Run No. Flow conditions - Test days - cycles °

»

1 0-19-2 0 - 11-1 F - 39-2 0- 9-1 F - 36=2
2 | 0-F - F- 82 0-F- =~  Fp=30-2
3  Fpe39-2 © F 172  F -39-2  Fpe 19-2
4  Fp- 23-2  Fp- 23-2 - F - 25-2  Fp- 102
5 Fp- 23-2 Fp- 272 F - 24-2
L 6 | Fp- 29-2
a ; """'"'":::::::::::======:::====:==:====::==;-.'-‘.:':==========i================

0~§ open outlet.
= full flow with submerged outlet.

0-F = run 2 stopped and rgi:gted due to change in treatment from open-
to full flow. ’
p = piezometer readings taken in that run.
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the Soulanges FSL soil and four with the Ormstown SiL soil to bring up
to three the test runs with piezometric observations. Only two out of
the three tanks _that were built, had piezometric installatdions.

Theref‘om%,‘ no piezometric observations were taken For\-the Bainsville

VFSL sol lt\

5.2 Dr;ainagé Rates

}

5.2.1 Some comments about the shape of drainage curves with time’
o " :
The measured daily discharge rates are given in Figures 5.1 to 5.10

for all 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 apa}:ing ‘between drain ]_.ateral's of 20 m and a drainage rate of &
to 14 mm/d would be considered by many persons to be in the right range

for a fine sandy loam soil used for growing corn or beans in eastern

North America. . .

»

A glimpse at all these figures reveals that, except for the Stg.

Sophie FS soil, the drainage starts, in :general, at a high rate shortly

" after the flow begins and decreases gradually over a few days until a

nearly constant rate is achieved. In the second cycle, the drainage

starts off at rate slightly {ower than at the end.of the first cycle

except for some cases when it would be hi’.gher.\
<

The decrease in drainage rate may be{due to sofne rearirangement of

soil particles near the drain tubes as drainage prqyresses] If smaller

particles were shifting a little to block spadgs between Ilarger
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the drain tube would :increase tending to pack the sagil particles even |

o

tighter, and further reduce the flowrate. An increase in flowrate would
*

indicate that the critical hydraulic gradient was surpassed andrthat

L : ‘ |
some of the particles bridging on tdp of the opening would have passed
. A i .

through the opening or moved away from the opening. ' .

\ , -
There was no evidence of microbial growths near the- d%ainscau&ng

. |
blockage and reducing flow rates. Also, using the recycled drainage
water, no air bubbles were found to develop in the soil mass. Therefore,

F
it is ndt thought that the soil perme%bi lity was being reduced by air

coming out of the supply water.

' It canabe seen from Figure 5.1 that the first cycle with the Ste.

AL >
X w3

Barbe WS was ended only ei;ht days after the start of the test even
though s;:eady-state was not reached yet. Actually, th? discharge stopped
due to an in&errupt’ion in the laboratory water supply. When flow was re-
egtablished-the day after, drainage started at a rate higher than th“k
(;revious day“and graduaily decreased and stabilized. Overall, the

drainage rates remained higher than needed for farm drainage.

° ~
P

Interestingly, the Ste. Sophié FS soil behaved differently from the

other soils. The drainage rate decreased slightly with time in the first

5

run (Figure 5.2a). But, as can be seen in Figures 5.2b and 5.3 for runs
3, 4 and 5, the flow generally decreased in the first five days and
increased wittn1 tim‘e till the end of the first cycle. With a limited rate
of water supply to the tank, the first cycle was ended the number of

days indicated on the graphs. In the second flow period though, the flow

r
1

. , 81
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decreased or stabiljzed very rapidly.

M r - g S ~
. - . ‘ '

» It could be téhat in the first few &ays of the flow pei-iod, a Flow )
restricti..‘ng layer of soil_(filter cake) ";ievelopé as explai ec} above,
How:ever," sofne’of the finer particles wouid be washed out of™“he .soil ,
‘into the drain: qisrubting the pertié’lle-bridges forming on/op of thga
.openings and thu;, increasing the permeabi'lity of liéhe filter cake. A *
small amounk.of sediment did enter the tubes but not enough to cause a
sedimentation problem.°With less than 2% of the soil particlesheing
smaller thgn 0.&074 mm (Figure 4.2), only a few particles would find
their way tt;rou the tortuou.s ‘voids towards the drain openings. Hence,

most of the collapsed bridges would take a lofg time to re-establish.

Nevertheless, even though the results obtained were quite peculiar,
it is seen from Figures 5.2 and 5.3 that all four tubes tested gave
adequate drainage rates. Evidently, drain tubes could be placed at

spacings much larger than 20 m in fine and medium sandy soils similar to

the Ste. Sophie FS and Ste. Barbe MS soils.

{

Referring to Figures 5.4 to 5.10, the discharges are decreaz(aitng )
with time as could be expected. The decrease in flowrate might be duej to
seme rearrangement of soil particles. In thee;e cases, even if.s—ome
particle-bridges collapse due to hydraulic gradients greater than the
critical‘gradient, the percentage ‘of' fine particles present in thess
soils is so high that1 the empty spa’ces are quickly refilled. The

distribution of these particles ranging, from fine sand to silt is such :

that they help in egtablishing a dense and gradually less permeable cake

x
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) decreés\fé‘iwith time till they level off at 3 to 10 mm/d in the fixst

t ~ 4 //‘
_—— e F .

<around the d?afn. theqtubes are draining 5& a m;ch §IGWer ratg than s
with the coarser sands as the soils are less permeable. The dré%na@e
rates;in all tests for the Soulanges FSI. (Figuli‘e;s 5.4, 5.5 and 5.6) and .
Bainsville VFSL (Figures 5.7 and 5.8) start out\gt 10 to 25 mm/d but
cycle, for the tubes with pinhole and small slots.\Th; tube with tBe
knitted polyester envelope gave drainage rates approximately twice those
providéd by the pinhole’ pipes. The enrobed tube did ;ot produce
decreasing flowrates in éhe first run with the Soulaﬁgeg FSL (Figure

5.4a) spil but stabilized around the 24 mm/d mark. In this case, the

fabric retéined most of the sediments from the slart and allowed only a

. L

ER )

small fraction to pass through. -

. o |
N &

THe fi‘rsg/{:n with the Ormstown SilL (Figure 5.9a) gave a
4

curve similar to the one observed with the Ste. Sophie FS soil. |A-nearly

steady state was not achieved until 15 dgys after drainage had}started.

The batch of goil used for this experiment was collected from tpe field

in QOctober 1985 and it was not until January 1986 that the first run was
A} %

started. At that time, the soil presented some structure with small

atjgregates and many loose silt particleé. The free silt F\ection
combined with° the small aggregates, would rquire some time to egtablish
a stable cake around the drain. When drainage initially starts, many of
tHe -loose silts would pass through the "drairl openings and.increase the
permeability of Bhe soil layer around the drain. Flowing water will
bring in_more sediments t)o fill up the voids. However, with virtyally 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. With time,
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the travelling particles will join small aggregatés and bridé!over the
apenings. The discharge would then reach a plateau as shown in Figure

5.9a.

v N n r ¢
*

The normal” slotted tubglw’lth the sock envelope in_the QrmsfowwSlL

. -
did not allow much sedimths to pass through and the soil layer around

the drain had a nearly constant hydraulic conductivity. The“drainage
rates in &‘e subsequent runs decreased with ‘time (Figures 5.9b and
é?lﬂ). The preparation of the soil before each test run affected the

soil structure to give larger temporary aggegatés ‘and less 'loose

particles, as-was qual;tativelyoassessed. In compacting the soil in the

tank, the’larger aggregates were destroyed‘t'o give a massive type%f

o

structure. In this way, the permeability of the soil was decreased. This
LS . 4 v

)

a

process prevented most of the soil particles from being washed out. -

Indeed, the sediments found in the drains were approximatél’y 10 times

“less than obtained in the first run: Also, " the difference in f lowrates

obtained between all four tubes in runs 2, 3, and 4 w? very small and -

&almqst negligipble in both cycles.

.
% ‘
;
N ?
B3

Broughton et al. (1974) tested several filter envelope materials

- .

for corrugated plastic dréin tubes using horizontal cylindrical

v

containers. The authors reported obéervifn"g an incregsT in flowrate for
up to 20 days for 'some of their products, but this increase was followed
by a decrease in flow till the end of the runs. fhey also ;'ound that the
flowrates in the early days of the second flow period hfgr’gtalways higher
.than in the first one. This was npt a,lwgys the case in the present work.

This increase in flowrate in the second cycle will not always occur as

' )(34 .




; ¥
( the dedtruction of the filter cake around the drain between cycles is.

1 4

aleatory and takes place at random places alon(j; the length of the drain.

¢ - _ .

It would certaihly help to knpow that such a recovery occurs after,

N

every period of no flow. However, the reverse would not indicate an

. unacceptable product. Indeed, we are dealing in this case, with,
envelope-free fubings which have already been used commercially with
some degre; of success. Thus, for a conclusive statement to be made in

> ~ N '
this respect, field tests should be carried out. Furthermore, the sock

¢

r P 3 . .
envelope which had failed, in most cases, to show such a recovery in

this research, is widely used %n subsurface, drainage systems with great

. ("X .
success. When this fabric envelope’would fail in the r‘iéld, it is most

# of the time due to the fabric.being damaged, or to insﬁallat}on in soils

N

finer than the fabric was designed for (Papineau, 1985).
4 : .

o A
*5.2.2 Statistical results on. steady-state drainage rates

- -

14

‘The mean ‘steady-state drainage rates obtained in all tests are

) presented in Table 5.2 for each cycle. A Mminimim of 3 conmsecutive
readings towards the end of. each cycle were teken from the curves o?‘

Figures 5.1 to 5<10.that flattened out towards the end of the c;cle.

/e These observationg were averaged‘to,g%ve the tabulated steady-state
values. For rung 3, Q,a‘r_wd 5 of the Ste. Sophie fS soil (Figures 5.2b and
5.3)., all obgservations within a cycle were used to find the average

S -

drainage rate since it was difficult. to achieve steady-state. For runs 1

.

k . s o .
' and 2 with the Ormstown Sil, all péadings after the léth day of drainage
i {
C were used to compute the mean steady-state values.

+
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Table 5.2. Weighted means of steady-state drainége rates obtainea with an assumed field spaciﬁg of 20 m between laterals, (mm/d)

B

4

“S0IL TYPE  STE. STE. SOPHIE . ? SOULANGES . BAINSVILLE " ORNSTONN
BARBE - ' . : §
RUN t 13 A 5 1 2 3 4 5 & T 1 3 4 5 . 1 2 3 ! 4
. Pl A < .
JUBING - CYCLE . , ’ ) ) °
o o~ ’ x . ~
s0cK { 144.8 212.1 2181 328.0 424.9 23.84 6.40 8.34 ,B“JO - 16.40 12,70 26.13 9.50‘ 1.4% 1.56 16,01 .54 3.58 1.59
5.9 i 23,9 270.0  AL6E (12,75 A6 302 T B34 5.1 651 - # 6,89 43 5.2 .77 L3 289 1.4l
Mean  121.3 2121 3200 306.2 421.3  20.08 5.6  6.06 809 141 9.95 2615 B.19 6.42  A.75 , 13.48 5.66 331 1.49
. ———d
; ] | e
SNALL SLOTS t 103.0  140.5 1456.2 283.7 204.0 18 5.4 5.9 .83 11.69  9.04 12.81  6.25  5.39  A.33 2061 5.69 _3.87% “1.80
2 70.3 11 24,2 223.6 283.5 4.43 J.4. 2.88 8.03 4.94 5.20 11 5.§7 3.92 5.00% 12.49 .11 .84 -1.70
Nean 85.7  140.5 210.2 248.7 238.1 26 4765 469 7.6 B:69  7.33 12.81  5.90  A.67  A.19  16.83 495 3.9 LTS
o .
PINKDBLE R | 821 128.7  119.9  t62.B . 60.9 JJ0 604 5.9 423 8.48 5.98 .13 459 532 5315 28.98 6.59- 2.2 1.3
: 2 50.8 " 187.4 1577 144.0 - 4.08 431 2,35 3.85 . 3.61 4,78 ' 479 3.84  £.00 11,24 ¥ 1.4 1.3
S , . . . . .
Hean ~ 54.8 128.7 153.46. 140.% 102.0 3.0 S8 W7 £.09 b6.42 5.38 813 L& LT3 A4, 1969 6.59 2:35. .34
. . S -
PINHOLE B | 83.1 110,59 101.2 137.8 115.7 2.47 4.82 ° S.2 .78 2.73 &.19 3.32 3.86 © 4.38 15.53 3.35 4.10 1.4
2 45.3 t 16,3 160.8 - 182.9 KT X S ¥ Y BN X S W ¥ 245 & .3 2.8 399 9.2 S 403 1.3
Neao S4.3  110.5 107.7 158.9 138.7 .00 433 3.9 165 L.69 263 A.19 343 348421 1225 5.4 408 139
o p! ! /
Sock represeats sormal slotted pipe wrapped with polyester stocking. . -
¢ Large void helow pipe in second cycle produced very high flowrates.
t¥ Only oae cycle for this run. )
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A stgtistical analysis was®carried out on all observatio;s used to |
ime the weighted means shown in Table 5+2, The aanalysis of
ce {AOV) tables are presented in Tables D1 to D4 for each so0il
type. ‘A summary of the F-tests shown in "these tables is indexed in Table
5.3 along with the reeults obtained for sediment we\“qﬁ( Also, results
of Dupcan's new multiple range tests ,g\re given in Table 5.4 f‘orﬂ

variables that showed some diffferences among blocks or treatments.

The effect of "run" (i.e. the reworking of the soil from one test
run to the next) on drainage rate appears not to beﬂs‘ignif’icant for the
first three soils, namely, the Ste.. S;)phié FS, Soulanges FSL and
Bainsville VFSL soils (Table 5.3). This was to.be expected for the Ste.
Sophie FS as this épil has no structure whatsoever. The géme statement
can be made for the gte. Barbe M5 even though no analy:?.is was'c’arried
out. Furthefmore, the 8% and 5% clay content f'm.;nd in the Soulanges FSL
‘and Bainsville VFSL soils,‘ respectively, explains in par"c their
relatively weak structure (Figuré 4.3). The structure of theuse soils was -

altered by drying, sieving and compacting the soil between runs,

especially between the first and second run. This alteration, however,)

-, was not severe enough to “signif‘icang’ify'éff‘ect the drainage rate at the

°6.05 level. The Ormstown SiL on ‘the other hand, with its'lzl% clay

A ‘ , i
content had more structure initially. The rough trg;éent inflicted to .

the soil), changed its structure substantially and mgniflcantly
decreased the permeability of the 5011 between the Flrst and second TUN

i g -
L) f 4

(Table 5.4). L

Table 5.3 also indicates that "tubing" type had a significant

- 8ffecton thg.firs\t»three soils at the 0.05 and 0.01 levels.ﬁence,it is
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Table 5.3. Summary of f-tests obtained in the analysis of variance
. of steady-state dralnage rates and sediment weight.
(see AQV tables in Appendlces D and E).

. ’
Fy
Source . Ste. Sophie Soulanges  Bainsville  Ormstown ‘
Fine sand Fine sandy Very fine - Silt loam =«
loam- . sandy loam T
! o ) l —’J\‘.‘ -
.-~ DRAINAGE RATES -
Mainplots , .
Run ° -+ 'nes. N.S. n.s. T -
Tubing *ik . * * Ne8os
Subplots .y
Cycle n.s. e T WK NeBa
Tubing*Cycle N.8. * NeSe N.s. NeS. ‘
¢ \
~ SEDIMENT WEIGHT - -y - B
Run’ R _ Nn.s. o Nes. " . E
Tubing o ** ** n.s. ‘ . P
it i r Pttt 1ttt 1ttt ittt

n.s. not significant at the 0.05 level
% ¢ gignificant at the 0.05 level |
‘#*  gignificant at the 0.01 level
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Table 5.4, Summary of Duncan's multiple range testsﬁ(gr the steady-
state drainage rate. and sediment weight variables.

v
-

A 8 s A S T g e S e S A e S S e omk T A i S S o S0 S Sy S S e Sy S St T e e o S S S S S 0 8 e e o S R e
R R N R S T N S SN SN S S e R ST N S T S S SN R S S SRS NS Zsms s mms o S==Ess

Source Ste. Barbe Ste. Sophie Soulanges Bainsville Ormstown
Medium sand Fine sand Fine sandy Very fine Silt loam
loam sandy loam

12 e

DRAINAGE RATE (mm/d) . -

Run No. ' ' L
1 N.a. Ne8. N.S. NeS. a 13.6
2 B b 5.2
3 0. : . b 3.0
4 . - . '\j b l.4
Tubjng Type :
ck 121 . a 303 a 10.8 -a 6.5
Small slot 87 b 202 b 5.3 ‘b 4.6 n.s.
Pinhole A .27 c 126 . b 4.0 b 4.1
- Pinhole B 54 c 115 b 2,5 b 3.3
- ~—~ SEDIMENT WEIGHT {(grams) ——=—mmmem—ee—meccmaea—-
Run No. . )
1 a 304.0 ‘ a 55.6
2 ~ b 139.0 e b 7.7
3“ ni\ac“ ﬁ'SO b 9604 n-S- b 6.5
4 N b 76.1 b 3.5
5 b 60.7 \ i
6 . b 59.6 : ’
Tubing Type ’ ’ ‘
Small slot 52.3 a 217: a 237.9 a 1209.3
Pinhole A 24,2 b 90.9 ab 159.6 b 566.1 N.s.
Pinhole B 8.5 c 13.0 bc 88.4 b 292.1
Sock 3.1 c 4.5 c 45 ¢ 15.2

T R W R S s T R T VR R S R R W e e o e S e e S = et v " " ey =S S D T e e T T S T " % e S o s o o o Y % A b s b . —

Means with the same letter are not significantly different at the 0.05

level. * '
n.a. not applicable; not analyzed statistically since only one run
carried out ' 8

n.8. not significant at the 0.05 level
Sock represents tube with normqk\glots enrobed with polyester envelope -
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likely thatcthq;design of the openings and the total opening area per
nunit length of drain have a significant effect on drainage rate. Table
5.4 shows some difference between&he vapious tubes in tt19 Ste. Sophie
FS soil. Al1l the pipes, however, gave adequate drainage in both the
medium and fine sandy soils since the lowest megn draipage rate obtained
was 54 mm/d, which is .more than enough for agricultural applications.
For the fine and very .fine sandy_lggm soils, the drginage rates
were significantly higher with the tubing wi%h knitted polyester
stocking envelope than for the tubes with‘pinholes‘or small slots (Table
5.4). It appears that these tubes might need to be placed at spacinga
less than 20 m in fine and very fine sandy loam soils in order to
achieve a design dreinageﬂrateJof 9 mﬁ/d as used in earsgern North
America. -
LS -
.Table 5.4 shows the drainage rate to decrease in the Ormstown Sil
soii among runs but that only the first run was signif@cantly different
from the others. With flowrates up'to 20 times the ones obtained in

subsequent runs, any diff ~between runs 2, 3 and 4 were

overshadowed by the first ruf, Rejecting the data from the first run,
the drainage rate in run 2 wag different from that obtained in the last

two runs.

o

"Tubing" type did not seem to Affect dgainage rate in the Ormstown

% Sil soil (Table 5L3).it is thought that in these soil types with very
low permeability, it is the hydraulic conductivity of the soil and not
.the drain‘opening area or the opening characteristics that controls the

%

~

N
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rate at which tiles will be draining. Thus, as lon'(j’ as the o;ﬁenings are
such that they prevent mos{ of the soil particles to pass through, a
tube with pinholes or small slots would most likely drain equally to a

®

tube with a fabric envelope similar to the one tested. ,

Teble 5.3 indieates that "cycling” had an effect on the Soulanges

FSL and Bainsville VFSL sxoilsdand that no interaction was found to exist

~ between "cycle" and "tubing" in any of the soils. The lower drainage

rates obtained in the second flow period were partly due to the settling
of the soil in the chambers during the first flow period and when

s

draining the tank between cycles.
: N
5.3 Soil Movement into the Drain Tubes

The maj'ori.t;/ of the soil which entered the tubes stayed in the
tubes as sediments uptil it was removed at the end of ‘each test. The
amount of sediment moving out with the drainage water, was negligible
for all cases except run 1 with the Bainsville VFSL. There was
qualitative evidence that most of the sediment enters the drains within
the first few days of drainage each time drainage starts, but especially

~

in the first cycle.
H
= <
The dry weights of sediment found in the drain tubes are given in
Table 5.5. These data have been presented in bar charts in Figures 5.11
to 5.13. The analyses of variance of sediment weight are tabulated in
Appendix E for all soils but the Ste. Barbe MS soil. Also, Tables 5.3

and 5.4 summarize the results shown in Appendix E for the F-tests and

. Duncen's multiple range tests obtained for sediment weight, repectively.
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Table 5.5. Dry weights of sediments deposited inside drain . 4
: tubes (grams). -7
[}
) , Tubing type ) ) T '
Soil Type  Run Sock® Small Pinhole Pinhole Test &
slots A B days
STE. BARBE 1 3.1 92.3 24,2 8.5 19 .
Medium sand ]
STE. SOPHIE 1 2.6 129.2 61.0 "22.1 11-
Fine sand 3 2.7 228.5 110.0 11.7° 39
" 4 7.8 245.0 85.3 13.1 23
5 3.0 179.3 77.3 14.0 23
SOULANGES 1 14.2 538.2 424.4 239.1 39 ’
"Fine sandy 2 547 99.4 78.8 58.8 8
A loam 3 1.5 124.2 72.1 40.5 17 .
- 4 3.4 180.4 74.5 46.2 23
5 1.2 320.6 153.9 80.2 27 ¢
6 1.1 164.8 153.9 65.7 29 o
' 'BAINSVILLE 1 36.9 211.5 196.6 ., 141.5 9
- Very fine 3 17.3  1672.4, 647.1 329.5 ¢ 39 5
| sandy loam 4 €.7 985.9 597.8 308.1 25 —_—
| — ° 5 21.5 969.6 453.4 240.2 24
ORMSTWON 1 13.2 84.5 72.9b 51.3 36 ’
5 Silt loam © 2 0.5 6.4 173.7 3.7 30 ,
S .3 0.2 1620 9.3 11.3 19
4 0.4 9.0 8.8 8.1 ) 10 @

- D G e e 8 G S S A S T S M A e A . S T . S e S G0 0 I D T D PP TS A S S G M S W S G W S W W

g Sock represents tube with normal slots enrobed with polyester envelope
Large void below drain in second cyle produced high sedimentation.

Not considered for statistical analysis.
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)
¢ STE.“ éARBE SOIL
C ‘ 60
" ' .- ’ | ) % SOCK
‘50t “ ' - SMALL SLOT
2 ' 2 . A.PINHOLE
E 401 . B.PINHOLE
g * N o
i .
(']
an«
s |
5 o ’ | l
” - ~ :
. ! |
N 104 I
0 . — | |
1 2 ‘3 4 ' |
\ . ) TEST RUN NUMBER ‘
o . . 1
' STE. SOPHIE SOIL . , o
300 - ‘ ,
N ; T .| EA4 socx
/\'9"" - SMALL SLOT
2 4 A.PINHOLE

& 'B.PINHOLE

el
a
(=]

+

100+

CRANS OF SOIL/1.12 m OF TUBIN

X

o .
2
v TEST RUN NUMBER
@@: ' Figure 5.11. Sedimentation®with the Ste. Barbe medium and (top) and
- Ste. Sophie fine sand soils (bottom).
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SOULANGES SOIL

. @ ' 800 )
\ j, ' 4 socx
800+ ’ -‘BMALL sLoT
g i [Z A.PINHOLE
E 4004 % B.PINHOLE
S v
5 !
L - inoo- g -
= !
Dy é '
x © 2004 . é ;
_ g N
100+ % p .
;

. 2000 ,
" B2 sock ‘
- SMALL SLOT
w 1600+ —
= [ 4 A.PINHOLE
B S
°¢5‘ 12001
g
o
'
=2
& 800
[«
[~]
-
u A%
4001

TEST RUN NUMBER

Figure 5.12.Sedimentation with the Soulanges fine sandy loam (top) and
) Bainsville very fine sandy loam soils (bottom) .
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N 200
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‘ o | 22 socx
' ‘ ) - SMALL SLOT '
180 4 gy
4 (41 apiNBOLE ’

. -\\‘ B.PINHOLE

.

N DO
WY

TEST RUN NUMBER -
Run 2-A.Pinhole: big void below drain

[§

. Figure 5.13. Sedimentation with the Ormstown silt loam soil.
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\1‘
Jt_pppears from Table 5.3 that "run" had an effect on sediment
entry into the drajn tubes for the Soulanges FSL and Ormstown SilL. Table
5.4 indicates that this effect is mainly due to the first run. At the

time the first runs were started, the soils were coming fresh from the

)

field. The soil structure prior to thevfirgt test was largely compdsed

of very small aggregates with many of the fine sediments being loose. By .

a

the ti@e the soil was prepared for the second fun, the structure was

-

altered to give larger aggregates and less of the loose partfclee.

4

Therefore, less sediments entered the drains. This alteration of the

soil structure was not severe enough to significantly reduce th;?

"drainage rate for the Soulanges FSL soil.’It did however, reduce the

¢
drainage rate for the Ormstown Sil soil as more of the soil particles

, N '. -
aggregated temporarily due to a higher clay content and gave a more

massive .structure upon compacting the soil.

The same kind of alteration occured with the Baineville)VFSL soil.

~ The statistics do not show an effect of run on sediment weight because

run 1 was not included in tHe analsysis. In addition to the dry weights
shown in Table 5.5 for run 1, ~the amount of sediments washed out from
the drain tubes with Lhe drainage water totalled around 500 g for the
tube with small.-slots and 100 g for the pinhole tubes. It is likely that
more sediments would have deposited in thé drains provi&;d they wers

flowing full 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 all soils but the silt loam. Sediment entry was always higher
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for the tube with small slots and lowest for the enrobed tube. As
: ]
expected, the tubing with the fabric envelope is performing well. The

>

Bainsville VFSL gave the highest amount of aedime(f?
iy
Table 5.5 shows that sedim\ent entry was low for-the Orms\ttown SiL.
It is likely that the aggregai;es blocking tr;e openings or forming|a
stable arch over the'openings withstood the erosive procedss taking place
in the formation of the filter cake around the drain. However, Table

\
5.5 and Figure 5.13 indicate a high sediment deposition inside pinrole

tube A in' the second run. When draining the tank prior to startirjg’ the
aécon'd 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 ¢
ir;itiated onc;e"m‘dsg, the flowrates were 10 times higher than in the. ‘
first cycle ar?d sediments were entering the drain at this particular
location/ati é fast rate. Before ending the first flow period,
sedimen}!/ation inside the drain tube was very low. As seen with this
case, the importance of placing soil around drain pipes installed.in the

field so as to reduce the presence of voids, is demonstrated.

In order to give some magnitudes f@parisonﬂf the amount of |

sediment in the drain tubes, the sediment weight from Tablé 5.5 has been

" presented in Table 5.6 as the approximate number of year$ of drainage,,
_ Ys, until the tubes could be half full of sediment. ‘
’ p; ‘
The Ys data in this table are derived by taking the equivalent
f

)

number of years of field drainage, Y, represented by each run,

W
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4{' _ - _ - o ! -
' Table 5.6. Estimated. number of years for the drain tubes to become

< half full of sediments, Ys. .

s e s T S T o S T T T Gl S WL Ww S WD Y A A A RO At T G A S W G S A G M S S TS g el W ot b P S e T W T A A W S W e b S e S R Gy W e W D
e . S T e e e SR W T e MR T S e - S Ve S S W WS S W b W0 G E L WS W WSt e M G A e 4 G WS WS S L S TS A A U Sy A GO A B e W

Soil Type _ Tubing Type - 2
Run Sock Small slots Pinhole A Pinhole B
T R T T T T T
STE. BARBE .~ 1 16450 680 0 960 2600
t ] . B
' Medium sand
STE. SOPHIE 1 10806 199 387 . 919 .
Fine sand 3 82500 616 976 " 6517
- 4 13558 367 ‘ 681 4397 i
5 46967 450 493 3225
Mean 1 38458 408 634 3765 - .
, Mean 2 47675 478 - 716 4714 ,“
- _' \ .
SOULANGES 1 937 8 10 ‘ 14
Fine sandy 2 1 - 7 .10 10
loam 3 16 . 16 22 43
4 102 17 27 22
5 57 19 . 30 26
6 6000 30, . 27 41
1 ] . -
YL Mean 2587 16 1 26
- . & \ -
BAINSVILRE 1 108 9 . 6 7
Very fine 3 503 4 .8 o*1ll
sandy loam 4 . 597 3 5, 7
5 198 30 6 9
P C Mean 1 351 5 3 9
’ Mean 2 432 3 7 9
a ORMSTWON 1l 614 113 160 142
Silt loam 2 5500 352 33 i} 622 A,
L. - 3 8750 170 145 164
4 1000 50 40 43
; K Mean 3966 172 94 243 o

_______________ SZIEITssIEESETISETSgTISIsISoSSIIsSzsISSIssssssizszzsssss
Notes: - Mean 1 : mean of all rung. .
- Mean 2 : mean of runs with pipes flowing full (funs 3, 4, 5) ‘
- Sock represents tube with normal slots enrobed with polyester
. envelope. 5
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ten

s ,
c '_::"7 ltlplymg that by 5000 g (the approxmate welght of dry soil required

. ‘o h(alf' fill a 100 mm nominal dlameter drain tube 1.12 m long)‘rand
« dividing the number obtained by the total dry weight af sediment removed

from the drain tubes after each run. The values of Ys thus obtained, are
" ") ~
averaged over the number of runs. R

3 — .(’.)

s . ° .
) - )‘

Based on an assumed average annual subsu;;face drainage in eastern
North America, of 300 mm of water éepth from the 'field area drajned, and

an assumed spe[z,cing of 20 m between drain iaterals, Y is equal to:

°
r

= () _daily drainage,rate (mm/d) x No. of test days ) / (300 mm/year)

. . . o Y . ¢5.1),
\ - 4 ’ |
- : The functional life of a subsurface drain tube could be considered
3 - . N
" : to be over when the sediment depth averages half a diameter over the-

v

B > YoN ? .
_tube length. Whed' this is the case, the tube will probably be full at a
- 'V location where it dips?half a diameter bel‘owtﬁe grade line. Some
specifications allow Hepres;ions up to one half inside diameter as an
0 b
. installation tolerance (Darbyshire, 1985)..
' , -, ! ‘
- 4
Considering the medium and fine sandy soils, it would take many

. years of drainage to half f‘il‘l any of the tubes tested, as shown in
Table 5.6. It can be stated that all of these “drain tubes are a
' considerable improvement over bare drain ‘tubes with nort;ial*» 1.8 mm wide
- slots which have been found filled with ®ach of these types of soils in

-

field situations, within one year of installation.

c |

o RN . : .
A minimum working life expectdncy of 30 years for a drain tube




)
would be Yeonsidered satisfaqfory.‘Thus, it appears from Table 5.6 t‘hat

there is definitely a problem of too much’sediment eni:ering the tubes

g .

withput an envelope when they are used in fine and very fine sar\dy

loams. The tubes can be expected to become blocked in 3 to 9 years In

the Bainsville VFSL and in 16.Jto 26 years in the Soulanges FSL. They

would then need ‘to be flushzd out or replaced. -

Vo ‘

5.4 Sedimer,tjt'.“Inside Tubes versud Background Soil

N

The multivariate analyses of the particle .size distributions 9f the

- wt

so0il samples collecteq above, on and inside 'tghe,drein tubes are
presented in Tables F1l to F4. The results from these tables have been

summarized in Table 5.7 and the average distribution curves fromall

samples within a groub, illustrated in Figures 5.14, 5.15 and 5.16.

It appears from Table 5.7 that in all goils, neither "run" nor

"tubing" type had an effect on the different fractions analyzed. That -

“Jis, the reworking of the soil and the shape and dimensions of the tube

>

openings did not seem to significantly change the distribution of the

soil particles. "Location", however, influenced the particle size
t

distribution of the samples. Statistical tests.on the means showed the

sediments inside the drains to have soil fractions signif'icantly'

.. -4
different from the soil on (in vicinity) and away from the drains. The

sgmples from the last two locations showed no difference at the 0.05
Ievel of sign}f‘icance. No interaction was found to e;xist between
"‘;ul;ing" typerrand "location". Furthermo're, samples collected in run l
with the Ste. Sophie FS and Bains.wille VFSL soils, for which the pipes

were not flowing full, produced almost identice<L curves as in

100
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Table 5.7. Summary of results obtajnéd in the multivariate analy~
sis of variance of particle size fractions of samples
collected above, on and inside drain tubes. (see AGV
tables in Appendix F). «

4333+t 4 1 - it e A i S 3 R
Source ,Ste. Sophie Soulanges Bainsville Ormstown
) Fine sand Fine sandy Very fine 5ilt loa
. {/ﬁ‘ loam sandy ‘ loam
] —_— L
Fractions used . 2 to 5 i)\;)a 4 to 8 *5 to 8
Mainplots
Run : T NeSe N NeS. %J\»n$s_l NeSe.
Tubing . N8 . N8, N.s. n.s.
Subplots
Location > ** ** *%
Tub;ng*LocatiQn “n.s. n.s. n.s. n.s.
\

n.a.: not significant at the 0.05 leVel
** 3 gignificant at the 0.01 level .

s

Fractions used : -~

v. coarse sand (2 to 1 mm)
. cqarse ggnd (1 to 0.5 mm)
medilm sand (0.5 to 0,25 mm)
fine sand (0.25 to 0.1 mm)

\\\? e sand , (0.1 to 0.D5 mm)
coarig silt  0.05 to 0.02 mm)
fine silt - (0.02 to.0.002 mm)
clay "(less than 0.002 mm)
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subsequent ruﬁD . )

& Care was exercised in not losing much of the soil while preparing

-

it between test runs. Also, the pax;;;icles washed out into drains ar‘e
negligible compared to the total volume of soil-used in a tank (1.33
m3). Thus, if an effect is expected due to:‘the preparation of the soil,

it shall be on soil structure rather than the distribution of the

particles.

~

€ t

Before drainage started, the soil in vicinity of the drain (i.e. -on
the drain) was initially the same as the bulk soil. While a;;ainagd took
place, the filter cake established\itself by washing out gome of the
particleé which would \be replace‘d later by other partiéles travelling
along the streamlines. Thie;' process would tend to keep the same
distribution for particles around and away from the drain,
inde%endently of the type of openipgs on the tubes tested.

.. d 4 + ' ‘

The maxipum size of particles depositing inside t§e 'drains is
restricted by the smaller of the size of openjings or the soil itself. It
appears 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 slots. Despite this differeaﬁdé in
maximum opening s.ize, the particle size‘distribution was almost
identical for the sediments collected inside the t;are tubes. Indeed,
particles larger than 0.71 mm accounted for only 2% of the Ste. Barbe

sediments (Figure 5.14), 0.4% of the Ste. Sophie sediments‘snd 0.2% of
- d

the Soulanges sediments (Figure 5.15). The type of opening did not

<
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_affect t’he distributic;n of sediments in the Bainsville and Ormstown
soils since the openinés were not the restricting factor (Figure 5.16).
S

The normal slotted tube with tl\we fabric envelope could produce
sediments éignif‘icantly different from the ones collected inside the
bare tubes'since the maximum fabric opening size was 0.45 mm (Figure
4.1). Time and budget limitations did not allow the use gf the pipette
method to analyze the distribution of the sediments on the few cases
when eneugh sediments collected inside th‘e tube. However, in all casés,

all sediments passed the No. 35 sieve (0.5 mm opening size).

The effective particle diameters, coefficients of unif‘ormi;ty and

curva_tui‘e for the soils used are given in Table 5.8 for all three

.

locations: above, on and inside the drain.
A

5.5 Opening Dimensions versus Soil Particle Considerations

, Table 5.9 presents.the maximum slot widths and hole diameters of
drain openings to suit soils in accordance with some suggested criteria.
This table has been prepared from the soils data of Table 5.8 and based
on the Broadhead (1981), Thériault et al. (1982@5 Corps of Engineers
(Kovacs, 19813 and Willardson (1979) criteria for acceptable slot

\
widths. These specifications are summarized in the table footnote.

\

Referring to Table 4.2, we see thgt the tubes with small slots and

pinholes were: satisfactory for the Ste. Barbe MS, on the border line

for the Ste. Sophie FS and too large for the finer soils. This border

line shifts down to the Soulanges fineﬁ?an?dy loam for Willardson
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>, Table 5.8.. Effective diameters and coefficients of wuniformity and
curvature for the samples collected above (AB), ON and
inside (IN) the drain (derived from the mean curves in
Figures 5.14 to 5.16).
Soil Type Loca- Effective particle diametersa(microgs)a
stion .DI0 D15 D30 D50 D60 D85  Cc® Cu°
STE. BARBE AB l6l 186 270 320 330- 500 1.37 2.05
Medium 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 435 17 38 60 67 135 4.79 14.89
Fine sandy ON 8 22 40 60 66 122 3.03 8.25
loam 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 loam IN 25 31 42 54 61 74 1l.16 2.44
ORMSTOWN AB 1.2 3.2 14.5 24 28 54 6.04 24.17
Silt loam ON 1.0 2.7 1.4.5 24 29 54- 7.51 28.00
IN 1.2 13,5 23 30 34 63 12.97 28.33
g 1 mm = 1000 microns
Coefficient of uniformity, Cu = D60/R10O
C Coefficient e£>curvature, Cc = (D30)</(D60) (D10)
\
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Tab%e 5.9. Maximum slot widths orf hole diameters to suit soils in accordance

with some suggested criteria (mm).

. . o i S VD i D AR G VS RS ggh (Gt O S S S S ) S TE WE R S T T A R SR TG R S SR S G T S S T S S G M W G R WS UW S T YW WSS G W T B G mm e W SR W G

T S o S S S D WA S S D WS s e WD A S W e W - vn m S . T Y D SR LD G WA S e G e O A G R e T T GO T VR W WG G e S e e v we e b

. <l . a"’m“-j; .
Soil Typé' Loca- Particle'size

tion® D60

STE. BARBE AB .300
Medium sand ON .300

STE. SOPHIE AB .227
Fine sand ON .206

SOULANGES AB .067
Fine sandy ON .066
loam 7,

BAINSVILLE AB? .061
Very fine ON .061
sandy loam

ORMSTOWN AB .028
Silt kgam ON .028

- 4 o s - A Wi o W o T s A S b S R W M SO Y TS S ek A el S S G WS M N S WP S G G g e e S e SO SN G W G S Sl ) AP S e S WD SR W S S Sk A S e S i
- o - - A . D - . S OHP S W W G L S S g b D S a8 G B W G NS ek e e A A UE L MR GV S G P IR ST D A S S W Y R ST A T W - S

8Sample location: AB

Broadhead®
D85  Slot Hole
width dia.
W 1.3 W 3.0W
500 .72 .94 2.16
.450 .70 .96 °2.10
335 .54 .70 1.62
316 49 .64 1.48
".135 16 .21 .48
122 A6 W21 .47
078 .15 .19 .46
074 .15 .19 .44
.054 .07 .09 .20
.057 .07 .09 .20

above drain; ON = on drain
bBy Broadhead's criteria, slot width W £ 2.4 D60 and hole dia. < 14 W
®By Thériault's criterion, slot width W < 2 D85

Thériault®
Slot Hole
width dia.
W 1.3 W 3.0W
1.00 1.30 3.00
.90 ) 1.10 2.70
67 .87 2.01
.63 .82 l.90
227 35 .81
.24 « 32 73
.16 20 .47
.15 .19 44
11 .14 .32
.11 .15 .34

The diameter of an acceptable circular hole has been taken as 1.3 times
the \width of an acceptable slot for the purposes of|the calculations for
this table. 1.3 is halfway between the 1.4 obtained)\from the diagonal of

a square but more than the 1.2 ratio used by the U.S. Corps of Engineers.
It was also determined as 3.0 times the slot width as suggested by Willardson
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criterion when used in conjunction with Thériault's recommendations.“'

P ‘; |
" '

. According to all these criteria, the dimensions of the openings in
the tubes with small slots; and pinholes, as seen in Table 4.2, meet the
requirements shown in Table 5.9, for installation in the Ste. Barbe MS.
Therefore, no sedimentation problem shouldibe expected in that soil.
This was confitmed by the laboratory tests carried out. The Broadhead
griteria indicates that there should be a :aedimenﬁation problem in the
Ste. Sophie FS, with the tube with small slots, since thepslot vgidth
averaged 0.65 mm with a maximum of 0.71 mm (Table.4.2). This is a
dimensior; grea;ter than the maximum Oéiymm allowed (Table 5.9). On the
other hand, the Broadhead crlterla used in COI’IJUHCthﬂ with the Modified
US Corps of Englneers (USCE) specifications for circular perf‘oratlons,
shows that both plnr:éole tubes were ungatisfactory for the Ste. Sophie
FS. ;'lowever, the data in both Tables 5.6 and 5.7 show that'all tubes
performed well in the fine sand. The combined crlterla Broadhead -
Wlllardson shows 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 than the maximum allowed diameter of 1.48 mm (Table

5.9).

Thériault's criteria for rectangular slots shows the tube with
small slots to be at the limit of being acceptable for installatioﬁo in
the Ste, Sophie FS, since 95% of the slots were smaller than 0.65 mn
(Figure 4.1). This is halfway between the maximum allowable of 0.63 mm
and 0.67 mm derived for samples located on and° above the drain,

geépectively. Furthermore, both pinhole tubes met the specifications for

‘e e
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this soil unqeg both the combined criteria of Thériault - Modified USCE
and Thériault- Willardson. Indeed, even though tHe measured maximum
diameters were close to 1.0 mm (Table 4.2), the Ogg of both pinhole

-tubes A and B'Qere less than the maximum al lowed of 0.82 mm.for the

combined Thériault - Modified USCE criteria and less than the maximum

permissible diameter of 1.90 mm under the Thériault - Willardson
cr‘iteria (Table 5.9). This was true for openings on bothivalleys and
ridges, except for the openings on the valleys of corrugations of
pinhole tubeA, for which 953 of the holes were smaller than 0.98 mm

(Figure 4.1).

On the other hand, these criteria suggest that problems could be

‘expected to occur in all of the ‘three finer loamy soils as the maximum
allowable dimensions are 2 to 12 times smeller than actually measured
for the drain tubes. Table 7 confirms this expectation whth the

Soulanges fine and Bainsville very fine sandy loam#. The Ormstbwn silt

loam %s0il, 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 loam, and ‘silt

v

loam should have gone through, but they did not.

All this suggests that more than a single characteristic, such as
the D60 or D85 of a soil, is required to define a potential sediment
>

problem. In conjunction with the D60 or D85 citeria, use should be made

~ N,
of Cu and/or the aggregates present in the soil and whether t%ese
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aggregates are stable or not. The discriminant method‘zgsed on both

/ u "
particle and aggregate size distributions to predict drain silting and

develop%d by Lagacé and Skaggs (1982) is promising but might need some

further refinement.
s a

‘ ‘ #
5.6 Dry Bulk Density
The means of density measurements for each locatien and within each
cel’l are given in Table 5.10 for all experiments. The dgnalyses of

variance tables are indexed in Appendix G and summarized in Table 5.11.
s

~

\

The results show that soil density did not vary significantly from
one run to the neft for the Ste. Sophie FS and Bainsville VFSL soils.
This is an indiéaﬁion that the compactign procedure and the initial
‘moisture content of }he soil prior to testing were repeatedly
co;aiatent.The significant difference seen for the Soulanges FSL and
Ormstown Sil soils is mainly due to thg first run as seen from Table
'5.10 and confirmed by Duncan's test. The higher densities obtained LQ
the first run with the fine sendy loam partially explains the slightly
lower drainage rates recorded for the bare tules while lower densities

/
account for the high flow rates observed for all pipes in the first run

3

with the silt loam soil.
- ‘q )
Similarly, the compaction was uniformly applied to all cells (soil
[
mbers) within a tank and no significant difference in density was
found among " (Table 5.11). However, sdmples located below drains,

in general, exhibiled highef bulk densities than samples col lected above

111
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Table 5.10, Means of dry bulk density measurements from core saaples coFlected above and hg19¥ drains, (ky/ a3}, ~
4
SBIL TYPE  STE. STE. SBPHIE _ SOULANGES BAINSVILLE ORNSTONN .
" BARBE -
RUN t 1 §<5d¢ 4 5 1 -2 3 4 S b 1 3 4 3 1 2 3 A

CELL LOCATION o ~ ’ S

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

L

l Abave L300 LA L4s0  LA3Y LA30 1.507 LAY L.460 L4201 L1423 LAAL L83 L2 L3BY LA LI LA2
1.45

\
LA LAY
Below 1.583  1.576 1.463 1.445 1.483 1,530 ¢ t 1567 1479 J.44 LS04 1471 1438 LAl 1.456

1.448

fean L7 L4993 L462  1.452 1457 l.Sl? LAGS  1.460 1494  L.4S1 LA4D 1483 1488 L4300 L3139 LA35 LA 1438

oy [ow!

2 fAbove {.447 1.402 1.432 1.483 1.422 1,306 1,458 L.419  L.A41 1468 1443 1.496  [.443 1,403 1,443 1.3 439 LAl 1.433
Below 1.607 1,602 1.451 1.302 1.499 1,504 t 4 1.49F  1.483  1.488 ] LATY 1,528 C1.463 1.4551.455  1.451  1.443
T, - =

Rean 1.527 1.502  1.452 1.493  1.441 1.520  L.456 L. 419 1467 1.475 l.Ak6 1.896  1.481 1.445 1.453 1.418  1.447 \l;ﬂé 1.439

3‘ fbave 1.447 1,432 L#UZ2  1.472 (J.42% 1.442 L4893 1,
Below 1.620,  1.610 1.483  f1.49% 493 1.507 *

>

Hean L83 1521 LAG3 143 1460 LATE LA49 1530 LA? MLASB LSS LAA2 LAS 1495 1488 L.412 1458 1.A% 1485

-

30 [.400 1.444  |.444 42 1653 1421 1483 1.342  1.466 1.438 1.437
1478 L.472 L.%68 | & 1,473 L5S71  1.453 1.483  1.450 1.474 1.453

] Mbove L1503 1482 151 1427 L1426 1.522 1420 1482 1454 L.M48 LA LAl 1.466 LAT 1,412 1,407 1.4 L.015 (149
Belaw do1.820 1586 1.475 TL.47  1.491 157 ] ' 1335 1470 14T * 1,456 1.518 145 (.451  £433 L.467 1L4W

114
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Nean 1,382 1.524  1.463 1.487 1.459 1919 L,420 1.482 1.495 1459 l.‘—S& 1416 1.431 1.4'67 1.429 1.429 M1 1,488 1.443
\ /,/7?£’?

t So1l not adequate for saspling /
Deasity values shown.are averages froa three aeasureseats - coefficient of variability never exceeded 71. -

-

~ . 1%




Table 5.11. Summary of ¥-Tests results in the analysis of variance of
dry bulk density. (see AQV tables in Appendix G). |

P L P P e P P R P R 3
Source ." Ste. Sophie Soulanges Bainsville Ormstown
.Fime sand Fine sandy Very fine- Silt loam
: loam sandy loam —

Mainplots
Run ¥ NeSe *. " N.s. *x
tel # n.s. n.s. n.s. n.s.
Subplots '
. Location ** - e * p ¥
Cell*Location . N.8. / " n.8. Nn.s. N.s.
_-:=== .... o e e o ot o e e '.....-J—--:. ______________ s e e o o
""-'"‘""--"""'"_--"——"":"I"'-"—-"-"-"-"--""'.'-f --------------------------
n.s. Not significant at the,0.05 level - PO '
* Significant at the 0.05 {evel ’
#* Significant at the 0.01 leVel o ’
* + 0 -
/ .
’ ) { o .
¢ (
;o )
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them. The deadSweight of the soil on top of the drains added to the

r

settling of the soil duric; drainage might have contributed to pack the

" s0il pelow the drain ev more. A look at Table 5.10 reveals that

. similar conélusions can be made for the Ste. Barbe MS soil and run 1 of
7~ the Ste. Sophie FS soil, so far as sample location is cpncernéd. The

80il had to be®shovelled out and the drain removed in order to collect

the cqre samples below the drain. This could have compacted the soil

slightly more, even though care was taken to reduce that-effect.

. Some measufements of settling of the trench surfaces were made. Soil
s ’ ; . »
settling.or consolidation,-occured very rapidly as the wetting front
o ¢
rose during saturation and slowed down within 24 hours of drainage. It
[ ]

varied from almost:one centimeter for the medium and fine sand to six

mcentimeters for the silt loam. Out of a total depfh of soil of 57 cm,
this would represent a~scet€ling of about 2 to 10%, réspectivelly.'
Visualization of the process was made possible by the plexiglass
4::1:;_3 “ r -

r . @ windows.
LY

Draining the tanks between cycles and starting }the second flow

period did not add significantly to the settling of the soil. Also, this

., . phenomenon did not just occur in the top qu centimetérs of soiL:‘ It was
integrated over the depth of the soil chamber as observed through the

" transparent end caps where t\hc-; drains curved down a little while
'settling took place. This important consolidaéion process could explain

c gthe lower drainage rates recorded, in general, in the second cyéle of
k .

. 9
most experiments.

® .
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While the densities measured did not reflect the initial compaction

f thegaoil because of the se~ttlring phenomenon, it was observed: that

1 ° . -
* this settling occured uniformly across al.l soil chambers in the tank and

S oa

fr.om one run tq the next. Therefore, any discfepan;:y petween cells or
runs would be mainly due to differences in the initial compaction of the

soil. With this in mind, the conclusions madg above are still valid.

~
~

5 ‘ > . . \ .
5.7 Sediment Weight versus Drain Opening Hydraulic Radius (

o

1

A.first attempt was made to correlate the accumulatjon of sediments

with the slot width (or opening diameter) and the hydradlic radius of

° the perforations by using the models developed by Lagacé (1983):

( €, WIDTH). ' : ‘
eo e N '(5.2)

( By HR)
e . (5.3)

SEDW

SEDW

0

where, SEDW sediment weight, g

WIDTH = slot width or hole diameter, mm’

HR

hydraulic radius of drain opening, mm

eq’el’ﬁo’ﬁl = regressi‘c:fn paremet‘rers-

It was found that, as determlned by Lagacé (1983), the hydraulic
radius gave a slightly better regression than the s‘lot wldth when
‘corl‘elat'ed with SEDW. Also, higher R? values than the maximum 0.66
Reported by Lagacé (1983), were obtained for all goils but the Ormstown

SiL soil, as indicated in Table 5.12. The Student: t-test showed however,’

.
- ° ~£
.

that the parameter 30 wag not significant at the 0.50 level. Therefore

-

Bo could be negleéted, being close to unity. .This was true for all cases

° .w ' ' o y ‘i‘ > ‘ . .
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o o Table 5.12. Comparison of models for predicting "sediment weigﬁt, SEDW,
=====================::::::::::::=:;'=;-===================================
Soil Type Model I Model II Runs
" ~ (By HR) (B HRY considered
i SEDW = (3, e SEDW = e -1
R2 R? | SeE. CuV. (%)
°  Ste. Barbba 0.872 ) 0.984 15.22 0.96 13.3 1
Medium sand ; ‘ .
Ste. Sophie  0.872 0.978 20.19 0.87 14.0 3,4,5
- Fine sand ©0.922 0.989 19.23 1.04 -20.0 1,
0 Soulanges 0.703 . 0.958 22.32 0.96 22.0 * all
< Fine sandy
1 .
_ o oam . ) 3 a
Bainsvi}le 0.853 . 0.973 29.85 1.45 17.3 3,4,5
o Very fine 0.949 0.89% 24.75 4.21 22.0 - 1
Sandy loam . '

) Ormstown 0.336 0.812 “12.49 1.53- 49.9 all
Silt loam 3 ‘ :
==::=================;:======:=========================================

, ¥ .
Notes: - In all cases, the data fitted the model at the 0.01 level of
@ significance .
- S.E. = standard error of B —
- C.V. = coefficient of variability
h . ‘
’ ¥
¥ ’ 'I B‘ '
N .
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except with the Bainsville VFSL soil for which (3, was significant at the

0.05 level. . : )

v ‘
I8 L]

N

N . ~
Equation (5.3) was then improved by removing the parameter _Bo and
substracting a value of unity from the exponentional term to account for

a nil hydraulic radius or non-perforated drein in which no sedimentation

™
S

is possible. The model becomes:

( HR) .
SEDW .= . By -1 - ) ’ (5.4)

e

T . ? .
With equation (5.4), the R% value" for the Ormstown SilL soil

improved from 0.34 to 0.81 eventhough the variabiiity was still very
high (model II in Table 5.12). The high coefficient of variability is
mainly due to the first run which produced much higher sediments than

subaequ‘ant rung. Considering each run separately, the variability was

" less than 30% while the R? value ranged from Q. 91 to 0.97. It was also

f'ound that both models I and II apply 1ndependently of drain flow. Using

the data From \.agacé (1983), RZ“increased frém 0.57 to 0,90.

v ‘Pol,ynomial equations of the second and fourth order in HR were

o

tried for the expression of the exponent. There was not much improvement

and in most cases the second, third and fourth order regression

coefficients were not even significant at the 0.50 lev&N. Furthermore, '

it would be more dif‘f‘ict?lt to characterize the variation in the

regression co}Yicients when more than one parameter is considered.

* All R% values reported in this thesis have been adjusted for the
degrees of freedom.

&
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@ Figure 5.17 illustrates the r\evl\gtionship between sediment weight and
hydraulic radius for the drains installed in the Soulanges FSL soil.
j -~

~. - ‘ A clgée look at Tableg 5.12 indicates th;c Bl increased in magnitude
with the first four soils!and dropped with the Ormstown soil. This
parameter, which is part of the logarithmic expression of the
sedimentation process, can be correlated with soil characteristics such
as the D¢y of the soil, coefficients of uDif'ormity (CU) and curvature
(C;), and/or the ;ggregéte size distribution. This feature has been
illustrated in Figure 5.18 with different‘approximation curves.

‘Starting with highly clayey soils, and for a_given drain opening type,

VY

the accumulation of gediment v;ould increase with decreasing clay content
and aggregate stability, and increasing Dgg size un{'il it reaches a’
o maximum. It would then decrease as the soil becomes coarser and loses
its structure. The range of problem soils for the partlcular drain under
con31dera’c10n would be determmed by a lower limit ( ﬁlcxit) for which
- sedimentation is not cr.itical. Under saline c;nditions, siltation is a
problem in clay soils, and there?ore, the rising limb of the curve wou 1d

. . @
be more gradual, thus widening the range of problem soils.

»

With the soils used in this study, it was difficult to correlate ﬁl

A with more than one soil characteristic. Therefore, only the 06: aize“was
cons:.deged.‘ Several models were tried and produced in Table 5.13 along

with the corresponding R2 values for the first four cosrser sofls. At

» this stage, only a straight line was regregsed over the Ormstown SiL and

Bainsville WFSL soils since almost any model can be fitted to two

points. Also, the estimate of‘.Bl for the Ormstown Sil soil is not very,
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Figure S.17. Sediment weight versus drain opening hydraulic radiu; with

the Soulanges fine sandy loam soil.
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Soil too . Range of problem soils Soll too
cohesive ° . . coarse

EGRESSION PARAMETER 3, IN MODEL sepw =e AHR _ 4,

INCREASING D, SIZE
) 60 —

INCREASING AGGREGATE STABILITY

DECREASING CLAY CONTENT
ool

Figure 5.18. Theoretical variation of parameter Bl nin equation. (5.4)
‘with the soil D60 size. & ,
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Table 5.13. Regression models of parameter in equation (5.4) over
the soil Dgg size for the Ste. barbe medium sand, Ste.
Sophie fine sand, Soulanges fine sandy loam and Bainsville
very fine sandy loam soils. -

2 0 okt oy 0 e 4 0T D U e o 8 e S k7 A7 o 0 e 0 e D I P 0 0 D i o S 0 e A 0 o 0 b e S o o ww
ittty ety Iy rrr——r r ittty

Model ~ R? C.V. (%)
1. 8y + 8)/0gg : 048 14.8
2. 8, + 8 (Dgg)™ 112 AR ' 2 UN
3. &, + a3 In(Dgq) 0.42 5.0
4. 8 (Dgp)®! 0:47 ‘ 4.6
5. 8, 9xp(d%/ln(060)) 0.47 4.5
6. ex7p(al/1n(060)) 0.99 9.5 .

o T e e e R e e e S R R e R RN, e e L R R e R RS SRR

In all cases the data fitted the model at the 0.01 level of
significance
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good due to the high variability observed. The regreasion and the curve

represented by model 6 have been plotted in Figure 5.19.

Despite the RZ of 0.99 and C.V. of 9.5% obtained with model '6, it
is seen that the predicted value of Bl for both thé Ste. Barb‘a\ MS and
Ste. Sophie FS soils is well below the experimental value. With models 4
and 5, R220.47 end C.V.z4.5%. Even if only one run was carried out with
the Ste. Barbe MS soil, it is very likely.that under either full or open
pipe flow, sediments agcumulated in subsequent runs wm.;ld not d%.f‘\f’er 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 is rather, the
closeness of the Dgq size of the Soulanges FSL soil to the Bainsville
VFSL that influenced the type of regression model. Rejecting the
Soulanges data set, model 4 gave the best predictié’sn with R2z0.88 and a
coefficient of variability of :Jnly 2.5%: The predicteq value of 61 f"or
the Soulanges FSL was close to the one obtained in run 1 but over
estimated the other runs (Figure 5.19). Nevertheless, it is safer for
design purposes to overestimate the accumulvation of sediment to account

for unknown factors.

This suggests that more soils falling between the Bainsville VFSL
and Ste. Sophie FS should be tested to complement the present analysis.
This also applies for soils finer than Minsville VFSL. It is
probable that the maximum value of Bl would increase if soils finer than
th‘e Bainsville VFSL soil but with less than 10% clay content were

4

tested. An Ormstown Sil with less than 5% clay or a 8ilt from the Lac

St-Jean area in Northern Québec would most likely give a higher
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Figure 5.19. Experimental regressions of parameter Bl in equation (5.4)

over the soil 060- size for all soils tested.
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sedimentasion than occure'd with the Bainsville soil. Papineau (1985)
report;ed the Lac St-Jean silt to' fill up drains completely after only 24
hours of operation. \
(

Nevertheless, only two parameters such as the hydraulic radius of
the drain openings and the Dgg of the soil served to explain moat of the |
e/dlment weight inside drains. Pooling the data from all runs with the
Ste. Barbe MS, Ste. Sophie FSG, Soulanges FSL and Bainsville VFSL soils,
an R2=0.95‘ i‘s obtained with & regression coefficient close to unity

(0.92) which is an indication of the accuracy of the expression ofél.

With the present data, the final expression of SEDW beco‘yesx

/

(04
( oty (Dgg) T HR) .
SEDW = e -1 E H (5.5)

Sediment depth/was not measured in this study, but it can easily be
correlated to sediment weight and an equation determined for predicting

sediment depth, for a given type of drain opening. Usually sediments

would form hillocks spread over the tube length or would pile up at the

downstream end of the lateral or col lector. An average sediment bulk
dénsity of 1.0 g/cm3 Bver the entire length of the drain is not
unreasonable as was determined from Lagacé's (1983) data. Such a density
was used to(estimate the number of years to half fill a drain (Table

° )

5-6)- N " . s

Assuming a maximum allowable sediment depth of one quarter tube
diameter, the sediments would total approximately 1750, g. Substituting

this value of SEDWin equation (5.4) results in ﬂl=27.3 for a tube with
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small a&ots. It is seen from Figure 5.19 that the range of problem soils
for such a d;ain type, includes both the Soulanges FSL and Bainsville
VFS5L soils. Conside;i"ng pinhole tube A, res':ults in 6l=39.0, a value of
ﬁl'for which none of the soils tested becomesﬁcr1t1cal However, Table
5.6, indicates that this tube could be half ful F sediment after only
six years of drainage in the Bainsville VF 11 The need exists to
include other factors. A correlation between sJ imentation rate and the
rate of decrease in drainage rate and/or the effect of several wetting
and drying,cycles coul&\pe determined and combiJegm!}th the' above model
to estimate sediment weight or sediment depth. The present study does
not allow a good modelling of the process\described above.
h?

Predicting drain silting under almost any field and drain _
conditions is noF an easy task nor will it be qesy\E? design én
experiment to Fulfill that objective. However that need exists if fabric

,~envelopes are to be avoided to reduce installation costs. The challengei
would be to develop a way to proddcé;porous pipeé ;ather than to cq‘r\
holes in the pipe after it'is produced. -

a &

5.8 Drainage Rate versus Drain Opening Area

It was seen in Figures 5.1 to 5.10 that, in general, the larger the
JOpening area, the higher the discharge or drainage rate. Several models

were regressed from which two were retained. These are of the form:

Q= Y} In(A+l) ‘ (5.6)

and
q = Yy A/(A+1) (5.7)
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\
where, q = discharge rate, m°/d/m length or mm/d
A\ ="total drain opening area per unit l\ength, cm?/m

N
¥1»Yo = regression parameters

§

. \
The coarser the @, the greater the influence of the drain

opening area on discharge rate. Therafore, equation (5.6) applied‘ to the’

géndy and sandy loam soils. The drainage rate in the  Ormstown SilL soil,
hov;ever, was not greatly affecteq' by the opening area. Therefore,
equation (5.7) proved to be the best regression as q slowly increases
with large increases in A. Table 5.14 presenté RZ values and
coefficients of variability of the above models for some of the cases
considered in each type of soil. The R2 ranged from 0.94 to 0.99 with 9
to 30% variabilty. In general, the data fitted the models whether it be
on a daily basis from the beginning to the end of each cycle or by

teking the average of the steady-state values. The table shows a lower

‘R2 and very high vaeriability for the end of the first cycle in run 1

" with the.-Soulanges’FSL Soil. While drainage decreased with the tubes

e il

with small slots(and pinholes, it stayed fairly cons®ant with the normal

l

)
tube with the fabric envelope.

)

A

Mohammad and Skaggs (1982) wsed mortar sand to measure the effect

of drain tube epenings on transient drainage. Using equation (5.6), it

was found that perforation area (cm?/m) was Correlated at 99% with the

24-hr drainage volume (cm). Reeve (1982) illustrated relative 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
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Table 5.14. Regression amalysis of discharge rate\ g, versus drain’
opening area per unit length, A.

L P O 0 iy S e S S P e s > S et B T P S i . i i o i ot G U s Vo iy e M D D U s e P et it D G Sy P i ot Sy e i o o s

Soil type Run Cycle vq =Yg 1n(A+1) a= Ve /-\/('A-l-l)
R2 V. (%) \\\Q? eV (%)

Ste. Barbe 1 1 .99/.98 12/14
Medium sand 2 .96/.99 22/ 9
Ste. Sophie 1 .98/.98 12713 .
Fine sand . e
! 3001 .97/.99  17/11 )
2 .99/.98  9/16
Saulanges 1 1 .93/.69 5/85 ' -
Fine sandy -— .2 .97/.91 - 20/30 e |
loam . : _— y |
| 301 .93/.95 26/22 .
2 /.92 20/22 ..
Bainsville 11 .97/.94  18/30 . " A
Very fine ?
sandy loam 3 1 .95/.99 22/12
Vs 2 .95/.97 23/18 ] .
. Ormstown 20 S - .97/.93 16/23
J//\\\\\;gilt Loam 2 .97/.94. 18/22
| 21t : " .996/.99 6/ 8
) 1 .997/.97 5/16
2 ¢ , .95/.96 22/20
AR S | ] .996/.99 6/11 '
: 2 .99/.998 9/ &4

Eé’ié’f.‘,‘ sot e L

S N N ) e VL Tt S Rt St e 0 90 e S S 0 v e S A O S e T - - - o o -
e et e e e g

Beg;nning/End of cycle
C.V. = coefficient of variability
In all cases the data fitted the models at the O. Dl level of

significance
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por;bus drain. Relative flow is defined in this case as the ratio of the
. actual discharge to the flow obtained with a completely porous pipe.

This relationship followed the one expressed by equation (5.6) with a

-

correlation of 99.8% with 5.3% variability.

The radial flow theory expressed by equations (3.1) or (3.4) shows
%

that the flowrate is proportional to the inverse of the natural log of

the drain radius. Since it is analytically impossible to relate drain
3
radius to drain opening area when considering a real drain, jhe
4 L}

influence of toaal opening area has been broken downzinto the individual

.

perforations with the corresponding circumferential and l\ongitudinal
spacings, as derived by Kirkham (1949, 1950) and/others. The complex
analytical -solutions developed by the latter authors led to the c?;ncept
of "equivalent drain size" or "effective radius". Effective drain radius
is: %orfelated to drdin opening area and follows Kirkham's equations, as
found by Mohammad and-Skaggs (1982). Equation_(5(6) is of interest since
it e;présses drainage rate as a f'unct;ion of tm{drain opening area. An
added feature to equation (5.6) besides simplicity, is the direct

&

application to field situations when expressed in a "dimensionless"

i’

form. Note that both models are not dimensionally consistent in terms of

e &
the opening area. We have: .
6=4q/q, = ¥ In(Aj & +1)/(1r(A +1) , (5.8)
where, 0% relative flow, dimensionless )

IS

®= A/A, = relative opening area, dimensionless

w

q, g, = discharge or drainage rate corresponding to a draip opening

0, ijeetively./

"
o
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- using' equation (5.5), th(e hydraulic radius can be comr;uted and sediment

.’ - . © \'}
The parameter Ao‘ was taken as 1427.5 cm?/m for the normal tum,Z with
the polyester envelope. The"rsgression parameter, »,, can be considere
: - ‘

equal to unity. Due partly to exﬁ;imental error, it varied f‘rom*ﬁgfto

1.14 for the sandy soils and from {.85 to 1.25 for the sandy loam soils.

A value of V) equal to aone, intrisically assumes that the hydraulic
) o
conducefvlimf’ the filter cake is independent of the type of drain

used. ' »

When designing & new type-of drain or replacir@ an old su‘bsurfaé{\/
drainag°e syste}n, the relative flow can be predicted using equation R
.(5.8), provided all other factors are kept consgant. This flow is used
to determine if a given total opening area woulid be adequate in
comparison with a drain opening area’for which the dlschapge or drainage

N
rate is known. If the new drain opening area is satisfactory, At can be

broken down into the shape and dimenie%on of the perforati .and their

respective spacingsn in both circumfere " and longitudinal axes. The

entry resistance factor can then be calculated to predict head loss by

using, for example, the formulae developed by Dierickx (1982a). Alsgo,»

-~

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. .

-

a

The dischaerge is proportional to the square of the drain diameter

and the velocity of flow. Therefore, for drains of different}diameters,

equation (5.8) becomes:

P
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8= ¥ (Vg (d/d)? In(A, O +1)/1n(A +1) | (5.9).

whe(‘e V is the velocity and d the drain diameter, the sdbscripts .
corresponding to the early definition.

&

Similarly, equation (5.7) can be rewritten as:

. -t .
= Yy X(A+L)/(A X +1) g _ (5.10)

or
8= vy (W) (d/d))% o (A+1)/(A 0 +1) - (5.11) ¢

bl

Figure 5.20 depicts the relationship betweeh discharge rate and
drain opening area at the end of the f‘irét cycle for run 3 with the Ste.
Sophie FS and Bainsville VFSL soils. /

The variations of flowrate with time in;Figures 5.1 to 5.10 can
also be médellpd.‘The models do not have "any practical applications at
this point but help to describe th? tre_nds of flowe. Re,jecting the
unstable curves, each drainage curve represented for every tube followed
the simplg linear.regression or the exponentionai decay. The data of all
four drain tubes within a test rur/ can be pooled together to include
either of equations (5.6) and €5.7) in the models.
(

Table 5.15 presents a‘summary of tﬂhe best regressio;m models for
almost every case studied. In-runs 3, 4 and 5 with the Ste. Sophie FS
ac;il (F;gurea 5.2b and 5.3), th@ischérge increased linearly with time

while it decreased in the same manner in the f‘érst run as well as in all
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DRAIN OPENING AREA - A (cm?-\/m)

|

1 500
STE. SOPHIE - Run 3 . g )
. ~
= 1.28 In(A*l
1 n (A1) _ - 400
’ R23 0.99 o
C.V. =127 -
7--
6 ~ 300
5 B
3 . g
s t. ~ 200
o 4 0o 2
] o SOCK : 5.
o« H % SMALL 'SLOT <
C + PINHOLE % @
B
§ 2 o PINHOLE B | 100
' N
g l : ) :
H /7 BAINSVILLE - Run 3 < g “
X - 10
0.2 q = 0.024 1n(A +1) o R B
2 T (O]
4 R = 0.99 é
CuVo =lzz . 3 .
0.1 = -5 A
0.0 T T T T TTT] T T T TTTT] 0
2- 3 100 2 5 1000 2

Fi"gure 5.20. Discharge rate versus drain opening area per unit length at

fsar T
P N N

the end of the firstscycle for run 3 with the

firle sand and Bainsville very fine sandy loam soils.

Ste. Sophie
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o ) cTable 5.15. Regression analysis of discharge rate, q, versus time, t,
- and drain opening area per unit length, A.

- T W S SR G TN TR G VI WD G D SER G SN SR WD WA S GHS UL T Wt S S SR R W G TR G WD GGk VRS SN0 N D Gell GRS Wi TED SN SR G S Gh Gmb G GRS A W) ME SH AN W G G W NS M W W S WS - WS .

§oi-]-.‘-t;'p; - “Run . Model RE range- -C.Q.(%)
- R ‘ nl - -
Ste. Barbe 1 a(l-e=1/t) In(asl)  0.90 20
s, Medium sand .
Ste. Sophie 1 _ (a=bt) 1n(A+l) 0.99 - 12
Fine sand 3,4,5 (a+bt) 1n(A+l1) 0.93-0.97 19-25
Soulanges! all (a=bt) 1n(A+l) 0.90-0.96 20-30
Fine sandy 2 ‘ .
loam
) . ) | )
' Bainsville all (a-bt) 1n(A+l1) 0.95-0.98 16~-27
. Very fine -
sandy loam
Ormstawn? 3,4 a(l-e"‘jl/t) A/ (A+l) 0.95-0.97 19-22
Silt loam’ , )
- pl
R SN R IR s NN s RN N S RS TR S SRS R ns kRS =

t, time in days
a,b regressmn parameters with different numerical values for each
—- ©-- = — .-~ - _ model -
( % Tube with fabric envelope not considered in first run.
Runs 1 and 2 not considered.

f
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runs with the Soulanges FSL (Figure 5.4a) and the Bfainsvill'e VFSL soils
(Figures 5.7 and 5.8). The oﬁly exponentional decays with time were
observed with the Ste. Barbe MS and Ormstown Sil soils. Looking at
Figures 5.4 to 5.8, it dan be argued that the flowrate decreases
linearly as drainage,progresses. Actually, the best regression is a
- combination of the models described above. A complete drainage curve can
be ‘explained by ane exponentional decay‘in the first few days of
drainage, fol lowed by‘a linea€ décrease and a constant f'lo’vy—after the

filter cake had been well established.

5.9 Equipotential Lines

«
i

One of the objectives of this research was to study the influence
of the type of drain on the pressure distribution aqd its consequences
on drain performance. The piezometer readings col ll‘ected on ”the tanks
furnished information from which equipotential lines could be plotted.
Figures 5.21 to 5.l24,illustrate the average equipot)en_tial pattern for
‘all four tubesA testted in the Ste. Sophie FS ;oi.l. The sets of
piezometers on each}ide of the drain have.been identified by a b, c,
and d , going away ffom the drain as shown in Figure 5.21. The average
'piezometer readings were used because some of the piezometers had a
slow response and were prone to error. Furthermore, since measurements
were taken at one point along the drain axis, the changes observed might
not necessarily occur in the soil chamber. and thus, only conclusions on’
general trends can be made. Figures Hl to H8 represent the equipotential
lines of all drains in the Soulanges FSL and Ormstown Sil soils. Because
the piezometers did not function properly in run 4 with the Soulanges

FSL soil, the data were averaged over the last two runs only.
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@ Plezometer !d.

Piezometer

v : +
’ ~ '—350—  Equipotential
1ine (mm)
- ° Figure 5.21. Average equipotential lines observed around the normal
o slotted tube with the fabric envelope in the Ste.
Sophie fine sandy soil.
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+ Piezometer

~ —350~— Equipotential
line (mm)

- -

Figure 5.22. Average equipotential lines observed around the tube
with small slots in the Ste. Sophie fine sandy soil.

-

135 .

Yy



*
+ Piezometer
. ; ~350— Equipotential
- line (mm)

Figure 5.23. Averége equipotential lines observed around pinhole
tube A in the Ste. Sophie fine sandy soil.
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+ +
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+
| . . , 4+ - Piezometer
} . . - —350— Equipotential .
) line (mm) ‘ '
“ -
@% Figure 5.24. Average egquipotential lines observed around pinhole .
o ’ k tube B in the Ste. Sophie fine sandy soil. :
&
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It is seen in Figures 5.21 to 5.24 that, in general, the
equipotential lines are circular in the vieinity of the draifn but have a
slightly elliptical shape away ‘from the drain between the inner and most
outer piezometer. A circular equipotential would indicate a uniforf
hydraulic conductivity o;‘ the soil in that region. It seems that the
hydraulic c'onductivity: of the bulkl soil was not exactly uniform on each

-

side of the drain. However, that discrepancy is not exagerated, which is

v . 1

- R an indication of the close-to-uniform compaction procedure.

—

)

The graphs also show a higher concentration of equipotentials z;t

wthe first piezometer with the pinhole tubes. This reflects on th
concentratiop of the streamlines in that region Fnd therefore, on the
high velocities and hydraulic gradients. Even though there were 48 holes
per ring on those tubes, their small size contributed ‘to offering a high
.y resistance to the flow of water. The tube with small slots had opening
widths approximately the same size as the pinholes but offered less
resistance. THis is mostly dpe ~to the higher hydraulic radius and
opening area. The numerous small openings in the fabric envelope helped
to spread the streamlines all around the drain and, reduce the impedance.
'These observations exﬁlain f:\he fact that, due to an increase in head
loss near the drain, the discharge is reduced when the opening area is

decreased.

‘ e
Similar remarks can be made for the tubes in the -Soulanges FSL

(Figures H1 to H4). In this case, however, the equipotential lines are
o closer to the drain and are more concentrated on top of the drain than

below. The groximity of the equi;otential lines to the drain is a
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ck “ . reflection of the hjg(er resistance the soil is offering because of its
finer structure and lower permgabilty. Soil settling in the soil chamber
and resulting in a higher density above the dra;n, is probably the
explanation to the higher concentration of streamlines above and close

\szta th‘e drain. . \ -

’

| Table 5.11 showed 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. the drair; to a density
higher than it actually was while the tégt was running. Therefore, the
situation would be of a higher density above the drain than below it
* ‘during drair;age. 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 m*.. affect the conclusion made

o

earlier for the effect of run and cell compaction on density. '

The Ormstwon Sil (Figures H5 to H8) behaved in the same manner as
the Soulanges soil but with a more accentuated proximitya of
qu.ipotentiala and contraction on top of the drain. This is due
respectively, to a lower permeability c;f“ the soil and a greater settling
of the soil in the trench. Note that the difference in the flow pattern
among all four tubes is not as pronounced as inb the two other soils.
~Th:la emphasizes the fact that in fine soils with low permeability, the
gontrolling drainage factor is the soil permeability rather than the

\ ’_.../ C/ -
dra {1 opening area.
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' quarter séparately. ' ' N

2.10 Radial Flow

]

Radial flow theory indicates that the hydraulic head should be
proportional to the log of the ‘distance from the drain cgnte:.( When this
is true, a plot of h, the hydraulic head, versus ln(r), r radial
distance, should f:orm a straight line with a slope _ssQ/(27LK). For all
three soils considered, the regression of h versus ln(r) for piezometer
\readihgs taken for each drain quarter, gave RZ values ranging from 0.95
to 0.999 with a very low coefficient of variability, whether it be on a
daily basis or by taking the average of all readings. This was done for

all folr piezometer readings on each side of the, drain. Thus, the flow

was radial] outside the first piezometer, when considering each drain

.
N

A

~

The concentration of streamlines -occured mostly between the drain

and the first piezometer, as seen in Figures 5.21 to 5.24 and Hl to H8.

Acciording to Zaslavsky (l97§), the stream.line's would conglomerate over a
distance approximately equal to the distance between perforations. The
circumferential spacing was in the order of the millimeter for the tube
;vith the fabric envél,ope, 8 mm for the tube with small slots, and 7 mm
for pinhole tubes A and B. The axial spacin‘g remained basically the same
for:-the fabric envelope, was 12 mm for the second tube, 8 mm for pinhole
tube A and 9 mm for pinhole tube B. Actually, the pitch was twice as
much for the pinhole tubes, but because both valleys and ridges were
perforated, the influenced distance of the streamline contresction was
reduced to the distance; between valleys and ridges. Therefore, it can be

assumed that the .piezometer readings were relatively free of the

convergence effect of streamlines.
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Figure 5.25 gives a plot of h versus lg(r) for each quarter of
pinhole tube A in the first cycle of run 5 with the Soulanges FSL soil.

2 ‘ . .

5.11 Hydraulic Conductivity

P

Having shown that the flow waes radial outside t?he first piezometer
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 be averaged and the
mean hydraulic conductivity wf the soil be determined. This would,

however, require’ a lot of computel work. A faster approach which .

produces the same results is to rewrite equation (3.4) as follows:

A
°

9 = Q/L = 2T K (hy = hy)/In(r /ry) , 8 (5.12)

7

where, q; = total discharge per unit length, m°/d/m

_total discharge over drain length, m>/d

£
o
u

hydraulic head at the inner piezometer a, m

-

=2
n

hydraulic head“at the outer most piezometag d,/m

=
Q
"

rgy Fy = radial distance to the corresponding piezometer, m

Considering each quarter of the drain, ¢

qg = i N ' ' (5.13)
where, q; is the contribution of flow frGm one quarter of the drain and

is equa% to: I
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Figure 5.25.

RADIAL DISTANCE FROM DRAIN CENTRE - r (mm)

™ -

Plot of hydraulic head, .h, versus the radial distance, r,
from the drain center for each set of piezometers around
the drain in the first cycle.of run 5 with the Soulanges
flne sandy loam soil.
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q; = 1/4 ( Ky LNH) g 77 : : (5.14)

LNH = 2 T (hy - hg);/In(rg/Ty); - | (5.15)

Considering the average hydraulic conductivity, K, of the soil around

©

the dr_aiﬁ, . ' ——
Qg2 K LNH : R (5.16)
with LNH, = fLNHi/a : (5.17)
i=l i
or K = qu/LNH{ = . (5.18)

0
?

The average hydraulic c;onductiVity can be compyted using equation‘

(5.18) but the beat estimate is given by equaf:ion (5.16) where q; is
regreaséd oyer LNH¢. The regression method provides the least square
estimate. To see if any difference exists between the hydraulic
conductivity in each qtt.larter o/f: th;a gsoil chamber, equation (5.14) can be
substitued in equation (5.13) and an estimate of each K; be regressed

» over LNH;. Estimates of the hydraulic conductivity on each quadrant.were
thus obta\ined. _However, with four parameters to eéi:imete,( the regression
gave some negative numbers. The negative hlydraulic conductivities cannot, ’
be used but might give an indication of the drainage contribution ‘of
each quarter.’ Yet, it was not poSsj.ble to isolate this effect because of
,the ‘variabilty and the inconsistenc‘y of the .estimated conductivities. A
\ second I:egressidn w;s th\én tried where the bottom of the drain was
,compared to the three other locations. Here again, this method was not

-

successful. The i)est estimate proved to be the average hydraulic

.

‘ A
conductivity as determined by the regression equation (5.16). The
) - .
results are presented in Table 5.16, while a summary of the analysis of

variance appears in Table 5.1]. The detailed AOV tables are index‘ed in
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Table 5.16. WeigHted averages for the computed hydraulié conducti-

vity, K (m/d).

am,
=‘=============::::‘-‘::::::::::===================================;-=== o
SOIL RUN CYCLE N  SOCK® SMALL  PINHOLE  PINHOLE
TYPE SLOTS A B
STE. 3 1 28,83 635 6.6 5.6
SOPHIE 2 48  8.56 7.15 7.07 4.28
Fine sand Mean 76 8.48 6.85 6.70 4.57
4 1 28 6.68 7.07 4.86 7.36
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 7.00 4.65
-SOULANGES- 5 1 94 250 .304 .209 .146
Fine sandy 2 8 .082 .110 .096 061
loam Mean 32  '.208- .256 .18l .125
6 1 40 268 .284 J27. .120
2 20 .098 110 .085 .079
Mean 60  .212 .226 (113 .106
* ORMSTOWN 2 1 .40 123 .137 111
§ilt loam 2 16 .068 * .084
Mean 56 107 5137 105 b
‘ 3 1 20 .051 .043 05
2 16 .048 .039 .053
Mean 36 .049 041 .055
46 1 20 .046 .038 *-  .072

- D N e B TR B e AR e T T D iy R S A A D D e Y D e D I D S R S D D g S S A G D MR S R S GF S RS T M G o o .-

b

N Number of observations.
* Large void below pipe produced very high flowrates.

8 Sock represents tube with normel slots enrobed with
No readings taken in second cycle.e ’

fabric envelope,
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Table 5.17. Summary of the F-test results in the analysis of variance
of the hydraulic conductivity computed by regresslon. (see
the AOV tables in Appendix I).

-=,=-’==========’.,==_=================:::======= TS RIS oEECSSIRNZoSE==omEInes
Source Ste. Sophlg/*x\\w. Soulanges ., Ormstown
Fine sand . Fine sandy Silt loam
loam
‘ I ¥ -
Mainplots .
Run ' N.S. n.s. bt
Cell N.8. n.s. . : n.s.
. i o
Subplots .
Cycle ‘ Nes. ** n.s.
- Cell*Cycle Ne8. n.s. N.s.
SsEZTssssssIsssESSSRsS s ================::::::::::::::::::::::::: ==a==
n.s. not-significant at the 0.05 level ‘
** gignificant at the 0.01 level "
N .
| i . G
- e
g




Appendix I. !

i

soil in the area covered between the first and fourth piezometers did
" not vary significantly among test runs for the Ste. Sophie FS and

Soulanges FSL soils. Thig points out, once again, on the repeatabilit;r

of the compaction procedure. Run 2 with the Ormstown Sil soil gave '

higher permeabilities than th}a last two runs (Table 5.16). These remgrka
agree with the results r;ported in Table 5.3 which indicated no effect
of "run" on drainage rate with the fine sana and fine sandy loam. They
also agree for the silt loam for which the second run gave higher

drainage rates }han the last' two, when the overshadowit;g effect of run 1

was removed.

&

Table 5.17 also indicates a uniform hydraulic conductivity among
tcg Ahat

cells in all three soils. Firom this ~observ'ationn{‘can be st.a.
any difference in flowrates, among drain tubings, would result from
‘ diff\‘erences in the total opening area of the dre%ng and the hydraulic
conciuctivity in the vicinity of the drain before the first piezometer.
Once more‘, the inferences made on the effect of cycle and interaction
between tubing and cycle corroborate the results of Table 5.3. The
wetting and drying cycle did not disturb muc;: of the soil in the
chambers with the fine sand and silt loam. In the former soil, t:(h'e
settling being negligible while in the latter one, most of the settling
took place in the first cycle. "It seemfys that the fine an\d vefy fine

sandy loam soils were most sensitive to a wetting and drying cycle. -

.
.
¢ ‘
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It g pears from Table 5.17 that the hydraulic conductivity of the



5.12 RPZ Ratio .

Figures 5.21 to 5.24 and H1 to H8 showed almost circular
equipotential lines in the vicinity of the drain, illustrating a
possible uniform hydraulic conductivity around the drain in that region.
It was not possible to point this out by the regression method. However,
using the RPZ ratio concept by Lagacé (1983), it is theoritically
possﬂgge to isolate the effect of each drain quarter. Using equation
(3.19), the RPZ ratios were cailculated and the averages presented in
Tqble 5.18. The entry resistance, @ was calculated as shown in

Appendix L. The analysis of varianlce tables appear in Appendix J with a

lsummary of the results in Table 5.19. In all three soils, the

accumulation of sediment never exceeded 20 mm. Therefore, it can be

assumed that the RPZ ratios are free of the resistance throhgh‘ the

sediment.

- )

4

Looking at the "overali mean" in Tab}pe 5.18, for edach tubing and
e;vong all rt}ns, we see that the t;Llﬁl;e with small slots in the.SteJ: ,50phie
FS soil gave RPZ ratios lower than winth the other tubes. Taple 5.19
shows, however, that this discrepancy was not significant at the 0.05
level. The RPZ values greater than one indicate that the hydraulic
conductivity of the soil in vicinity of the drain was smaller that in ‘
the outer region (away from the first piezometer). The tendency would be -
that the filter cake 1s denser than the bulk soil. However, it appeafed
that very fine sediment particles were being washed aut of this soil,
resulting in increasing f lowrates 'with time (s}gectiwoh 5.2). The

explanation given was that the hydraulic conductivity of the filter cake

was also 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.

maR
SoIL RUN CYCLE N S0CKs SNALL SLOTS : PINHOLE & PINMOLE B
TYPE Bot Left Right Top Bot Left Right Top Bot Left Right Top Bot Ledt Right Top
STE, 3171 7 0.8 1.07 1.4 0.93 075 0.87 0.78 0.83 ) .12 1,03 1,30 . 0.9
SOPHIE. . 2 12 078 0.% 0.%. 0.79 # 0,97 0.97 0.7 . A7 1,18 0,89 LU Lo LY o
e 19 0,82 1,00 1,10 0.90 075 0.90 0.84 0.79 . Jé 1006 0% w33 101 1,18 0,83
' 4 1 7 L6 170 0.9 1.53 . 0.93 0.74 0,98 24 L 0,93 091 1.38 .1t 126 L0
2 I 148 1.4, 0,95 0.74 1,08 0,78 0.70 0.8% Jdé 102 0,88 o082 36 0,97 1.18 097
Mean 10 1.67 1,68 0.9 1,08 1.04 0.88 0.73 0.9 .22 1,08 0.90 0.88 S8OLO0T LW 1.0
] 1 9 L2 LM 1.94 067 0.90 0,78 0.% W32 LA LS L 1.39 1.22 0.8% L.
2 0.69 1.40 1. J4 0 0.66 1,03 0,93 0.9 40 L3 1,38 1, LA L7 0,50 L,
Mean i1 1.29 1,35 1.45 1.90 0.84 0.92 0.B! 0.9 33 L4 1,32 0, 1,40 1,21 ©.89 1.
Overall Mean 40 116 1.24 147 1,30 0.83 0.90 0:80 0.87 1,27 1.28 1.20 {13 1,36 1.08 ).12 0,99
SOULANGES 5 ! & 0,39 0.45 0.87 0.27 0.99 0.8 0.73 6.40 # 0,83 0.70 0N L2 LWL .
2 2 029 0.51 2.16 0.22 0.8 0.5 0.79 0.43 1,03 0.9 (.00 0.67 f.11 (22 .01 |,
Mean g8 0.3 0.62 1.19 0.2 0,95 0,62 0.74 0.81 1,03 0.49 0,77 070 1.18 LT3 1. .
b { 10 o8¢ 2.13 1.53 1.42 0.92 L32 0. 1,33 0,38 0.37 0.72 0,85 1,10 107 0,97 1.
, 2 ¥ 0,70 0,48 0,87 0,92 0.75 0.77 0.% 0,80 0.15 0.20 0.36 0,92 .B6 1,08 0,99 1.0
fean 15 J9 154 1.3 1,25 0.88 .14 0,39 L.13 0.30 0.34 0,59 0,74 1.02 L.IA G, I
Overall mean 23 0,64 1.2 1.29 0.91 (.89 0.9 0.5t 0.89 0,39 0.39 0.66 073 1,08 .17 1,02 1.13
ORMSTOMN 2 { 10 ! 1,48 1,90 0.89 0.79 0.%2 0.87 0.7 0.71 0.99 .66  0.83 0,77 0.49 0,82
2 -4 . . L8 0.51 0.39 0.43 0.35 0.73 4 i # ] 0.03 0.63 0.41 0.52
Hean 14 . . At 1,50 0,81 0,68 0.47 0,83  0.73 0.71 0.99 0.6 0.4% 0.74 0.47 0.5
3 1 5 0.15 0.86 0.20 2.23 0.06 0.27 0.10 0.67 32 0,40 0.72 0.34 T 0,09 0.09 0,62 0,67
2 4 007 038 0.14 1,76 0.06 0,45 0.52 0.79 0,18 0.21 0.40 0,21  0.f1 0.10 0,40 0.68
Hean youn 0.65 0.17°2.02 0.06 0.35 0.29 0.72 .25 0.31 0.66 0,29 R 40 0,52 0,67
ety
) L4 { b 1,65 2,72 2.53 2.5 0.66 0.84 0,98 0.97 0,23 0.97 1,04 4,39 1,29 1,33 1.02 9!.25
Overall sean 28 1,19 1,50 1.06 1.86 0.%8 0.4% 0.51 0.88 0.67 0,80 0.8 0.79 0,74

0.61

v
0.50 0.82

é«b

* Large void below pipe produced very high flowrates.

No readings taken in second cycle.
N Number of observations.

** Piezometer did not function properly

-~

\

-
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-. 8 Sock represents tube with normal slots enrobed with fabric envelope.




Table 5.19. Summary of F-test results in the analysis of variance of the
computed RPZ ratios (see AQV tables in Appendix J).

D D P D G T W D T o S S S A Y T s S50 D ity g A N e A M MY S VY P G gl S b U D S M S S D A N D P S by S e sy S Y A Y S W U S S

Source Ste. Sophie Soulanges " Ormstown
Fine sand Fine sandy Silt loam
loam
Mainplots
Run n.s.(A N.8. >
Tubing n.s. n.s. . N.s.
Subplots
Cycle n.s. *H n.s.
Loc(ation) NeSe n.s. *
Cycle*Loc , Nes. n.s. *
Tubing*Cycle ‘ N.s. n.s. n.s.
Tubing*Loc n.s. n.s. n.s,
Tubing*Cycle*Loc Nes. N.8. Nesi
-1t H A A R A A R R R R S P ]
n.s., not significant at the 0.05 level"
* gignificant at the 0.05 level -
** gignificant at the 0.01 level
~ /
. .
\ [

S
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particles. This could'Very well Be the case and still have a
coﬁdhctivity lower than jhe bulk soil, since the Steﬂ Sophie FS soil is
quite permeable. Therefore, the RPZ values obtained do not neceasarily

contradict the comments made earlier.

In the Ormstown Sil soil, the "overall mean" RPZ ratios (Table
5.18) were higher than one forAthp tuse with the fabric envelope and
less than one with. the otger tubes. An ﬁPZ value smaller than one means
th;t the s0il in vicinity of the corrugationa is more permeable than the
bulk soil in the envelope-free tubes. Although tﬁe soil was compacted,
and settled By about 6 cm in the trench as drainagé progressed, the soil
inside the corrugations was not compacted sas much and was more

//;j the fabric envelope,

conductive to the flow. However, the tube wi

presenting no corrugations, the cbmpaction procedure and settling helped

%o pack the soil even tighter. This is probably why there was an effect

due to tubing type in that soil (Table 5.19). Duncan's test showed the
enrobed tube to be the reason of this effect.

It eppears from Table 5.19 that "run" haa an influeﬁce on the RPZ
ratio with the Ormstown SiL soil. With flowrates decreaaing'frmn,ruh 2
ta run 4, the order of influence should be reversed for. the RPZ
analysis. Duncan's test showed the order to be 4-2-3. It could be, for
run 3, that the soil cigse to the plexiglass window was not as compacted
as the-soil in the trench, therefore giving low ratios. One needs to

o0

remember that readings were taken at only one poinévand that the

_ obgervations might notialways represent the situation in the trench.

&
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Nevertheless, the general tend;ncy for the RPZ ratios was’h)be
higher on top of the drain than below the drain with fluctuating values
on each side of it. The difference became, however, only significant
with the Ormstown Sil soil. This meansﬁthat the hydraulic conductivity
was, statisticaelly speeaking, almost uniform all around the drain in the

15}

inner region, so far as th% Ste. Sophie FS and Soulanges FSL soils are

. concerned. e

5.13 Hydraulic Gradient . H
(‘,\ .
The hydraulic gradient at the drain opening can be used to explain

drain-failure by silting. Substituting equation (3.18) into equation

(3.21), the hydraulic gradient at the opening, I, becomes:

1= (hy = h)/(Aa,) (5.19)

L]

As given in equation (5.19), Ehe gradient is only dependent on the
head loss, the total flow resist;hc;‘and the drain opening area,
provided the hydraulic conductivity of thé soil between the drain and
the first piezometer is uniform all around the drain. This was.the‘case
for the Ste. Sophie FS a:% Soulanges FSL soils but not the Ormstown SilL
soil. Still, ﬁhe analysis was done for all three soils because the RPZ
heans did not vapry by large amounts in the silt loam. Tab}e 5.20 gives
the average computed gradient per’cycle, tubing and run while Table 5.21
summa;izes the statistical analysis shown in Appendix K. For the total.

drain opening area, a multiplicative factor of /2 was used to account

for arch boundaries on top of the openings.
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Table 5.20.

Ll

Weighted averages for the computed hydraulic gradient, I.

82 22 22ITF===se==2 £t 4314 -t 31 t § 9 RRSRNR XA TR
501 RUN CYCLE N S0CKs SMALL SLOTS PINHOLE A ‘ PINHOLE B

TYPE Bot Left Right Top Bot Left Right Top Bot Left Right Top Bat Left Right Top

STE. 3 ! 7 I § & 3 9 S % 38 172 170 185 155 250 201 231 180

SOPHIE 2 12 I & § 4 #O45 W OS3 192 172 1715 134 255 199 241 %0

‘ MNean 19 3.4 § 4 # % T B 183 172 71 1M 233 200 238 141

4 i b 7 8 § & 76 48 % N 186 183 140 {3} 19 214 233 203

2 3 17 & 4 4 . %3 %0 59 169 142 123 112 263 1718 203 11

- Mean 10 7 1 § 3§ 76 &4 54 487 180 1¥7 134 128 275 204 245 193

5 r -1 7 7 10 45,682 5 % 209 40 238 283 275 3% 170 181

2 2 I & & 8 38 &0 I 51 216 243 2§g U 265 2146 165 198

Mean |l d b6 710 4 42 0 5B 210 4t 238 03 ) 274 131 1469 189

Qverall Maan 40 3 3 & 7 7 62 B 58 191 188 182 148 264 210,221 174

SOULANGES § 1 & 2 3 2 70 45 4 30 #4099 i1 242 U 229 240

2 2 S SRR TR W o322 g 3 126 108 133 9% 206 232 80 U8

Mean 8 2 3 bd 41 4B 30 126 72 108 107 2320 U3 249 W9

. b 1 10 4§ 12 9 B & 98 22 103 §1 36 114 14 211 236 191 2

2 5 3 3 4 5 47 85 B &2 18 M B N {36 213 178 206

Mean . 15 § 9 7 7 8l 84 282 89 40 31 89 113 193 229 187 223

Qverall gean 23 I 71T 1 5 82 89 35 4% 0 I8 9 112 206 234 198 IR

ORNSTORN 2 110 4 12 9 12 2 &4 B N3 {14 109 148 -ll§ 150 (43 98 {29

2 4 .2 b 1 .4 2 27 2 58 ¥ [ 2N I | 4 104 71 108

\\\\\> Mean 14 11t 7 to 111 i 33 M &8 114 109 (48 113 116 136 92 123

3 1 3 I b 1 14 5 22 9 &2 51 &2 113 46 10 20 141 182

4 it 2 \\l 13 § % 4 72 23 28 8t 8 16 19- 81 163

Mean . 9 I 4 I 13 4 28 U &, 38 47 99 % 13 20 114 143

40 L S - 10 16 144! 1y 56 &4 T4 8% 33 151 168 241 265 19 214 284

Dverall sean 28 7 & 12 0 47 B 74 69 93 133 117 113 128 122 189

:& g L 4 BEANRABERwSS r 2 22113

8 gock 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 AQOV tables im Appendix K).
A

Source Ste. Sophie Soulanges Ormstown
Fine sand - * Fine sandy Silt loam
e *  loam
— - N
Mainplots . i
Run n.s. n.s. n.s.
Tubing ol *¥ *% ) %
Subplots
Cycle N.s. ~ *¥ n.s.
Loc(ation) - W ~ N.8. *
Cycle*Loc Ne8. N.S. n.s.
Tubing*Cycle . N.g. MeS. ’ N.S.
Tubing*Loc ! B A n.S. . n.s.
Tubing*Cycle*Loc N.s. ’ N.S. ne.s.
H-EHH e - i e e R e
n.s. not significant at the 0.05 level ' ‘
** gignificant at the 0.0l level
3 ;
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Table 5.21 shows that the type of drain opening has a definite
effect on the hydraulic gradlent. It also depicts a significant
difference among locations in both the Ste. Sophie FS and Ormstown SilL
soils. The gradients were lowest for the normal t.ube with the filter
stocking and highest for pinhole tube B, incggasing as thefopeniag area
decreased. Also, the gradiemts , whi;h\ranged from 1 to 284, were in
generaﬂ, higher on top of the drain than below with intermediate values
for the sides.,

0

With the values obtained with the small slotted tube and pinhoie
tubes,ione must expect f:ilure to occur\dnd high sedimentation to take
place. This is what actually happened as sediments were collected in
these drains. However, the sediments represented only a small amount in
the Ste. Sophie fine sand and Ormstown silt loam. Using the model
deveioped by Samani and Willardson (1981) - equation 3.20 - and assuming
a plasticity index of 2, 5 and 15 for the finensand, fine sandy loam and
8ilt loam soils, the hydraulic failure gradient for these soils, reached
3,7,and Zﬁ”respectively. Even when assuming a high plasticity index of
25 for all soils zraﬁge for highly clayey soils), the failure gradient
would only be 15, 27 and 34. This is.still much lower thén the

experimental values.

Such high gradients were also reported by Lagacé (1983) and in his
case too, the model by Samani and Willardson underestimated the
hydraulic failure gradient. With these high gradients one would expect a
very high sedimentation rate. This was not the case. It therefore, seems

that other factors than just the plasticity index and the hydraulie
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‘IE conductivity, used in the model by Samani and Wil lardson (1981), play an
important rolke in preventing siltation, Further investigation would be

needed to determine the nature of these factors.-
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O VI. SUMMARY AND CONCLUSIONS
6.1 Summary ‘ . ‘ g

’

The main objectives of this research were to measure the drainage

s

and sedimentation performance of two pinhole tubes A and B apa\a tube
with small slots in comparison with a normal slotted tube enrobed with a

. knitted polyester ’Jenvelope 152 g/m2 of unit weight. It was hoped that

tubing with pinholes and small slots would not,require a fabric envelope’

as has been required for normal slotted tubing in soils known to cause
#p

sedimentation problems in subsurface drainage systems.

-

The perforations in pinhole tubes A and B averaged a diameter of

q

: b.77 mm and 0.68 mm for both valleys and ridges®nd for a total opening
area of 29.7 and 21.0 cmz/m, repectively. The tube with small slots had
perfora'tioﬁs in the valleys of corrugations averaging 0.65 mm in width

kY
. - fand 3.56 mm in length for a total opening area of 56.9 cmz/m. The normal

o

slotted tube with the fabric envelope had en opening area of 1427.5

’ cmz/m with 95% of the fabric openings being less than 0.36 mm. The tubes™

~

with soil. The soils

N " were tested in five different soils taokén from fields where a noi'mal)x -
slotted tube without an envelope had become fillé

used were a Ste. Barbe medium sand, a Ste. Sophie fine sand, a Soulanges

fine sandy loam, a Bainsville yvery Fi;\e gsandy loam and an Ormstown ‘silt
H

loam. -

’

- o
)

Three tanks 120 cm wide by 240 cm long and 76 cm deep were built
for that purpose. Each tank was divided in four equal compartmené,s with

. . .
permeable dividers between each of the f'our'cel 1s so that the water.
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k.

supply to the drain 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 pressure gistribution around each drain.
Pressure distribution gas studied on the Ste. Sophie fine sand,

Soulanges fine sandy loam and Ormstown silt loam soils. All f drains

a

~ were tested at once under ‘the same head and drainage conditiong! Ponde

case was simulated and, except for the first run with the Ste. Barbe,

ﬁophie and Baingville soils in which thesdrains were not flowing

i

full, full pipe flow was simulated by means of an end cap installed at
the outlets. The five soils were analysed separately as they present
different characteristics. Thus for eachl soil, the experimental design
consited of a randomized complete block design with four l’eve}.s of

treatment for the four types of drain tubes tested. The number of runs

.for each sdil type determined the number of blocks.

<

E

Drainage rate and piezometer readings were measured on a daily

basis, and at the end of each test run, drains were removed and

sediments collected. Other, measurements included core samples for dry

- 4

bulk density, particle size analysis of samples collected away from the

‘drain, on the drain and of the sediments inside the drain. Each.test

run consisted of two distinct flow periods (cyclgs) .to simulate a
wetting and drying cycle. Each test run lqsted‘f‘rom 9 to 39 de.x\ys. When
;aamples .are taken at different locations or the experiment consists of
t\;u; cycles, the data aure analyzed according to a split-plot model. A
lﬁul variate analysis was used to determine if differences existed

between the collected soil samples.

i
|
h
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For comparison, a fie}d spacing between drain laterals of 20 m was
used to determine the drainage rate. If the rate obtained was in
vicinity of the design drainage rate of 9 mm/d,’ cux“r,ently uged in
Eastern North America, the drain was considered satisf‘a,cptory. The number

-]
of years to half fill the drain of sediments was calculated based on the

time it took to collect the measured sediments.

nAlthough not directly part of the objectives, two models were
developed. The first model related sediment weight':/to the drain . opening
hydraulic radius and the 30111060 size. Jhe model proposed is an
improvement of the original model by Lnagacé (1983). The aec;nd rr;odel
related dis:charge rate to the total draein opening area per unit length.
The validity of the second model was checked by using aata from other

researchers. Also, the assumption of a uniform hydraulic conductivity

| around the qrapin was checked using the radial flow theory and the enti?y

resistancg F_ac‘é;zr (RPZ ratio developed by Lagacs, 1993). The hydraulic

"
gradient vasg also determined to explain drain failure by sedimentation.

#
s

. 6.2 Conclusions

&

Based on the results :of ‘this study, the f‘ollowing practical

conclusions can be drawn:

‘ o i
1. All of the drain tubes tested provided plentiful drainage and
adeqt’:ai’.e soil retention with the Ste. Barbé medium sand and Ste. Sop,r)/ie

fine sand. Therefore, any of the tubes with pinholes and smal 71’0!:8

can be used without restriction. in a soil with a particld size

distribution very similar to the distribution of the sbove two soils.
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2. The normal slotted tube wrapped with a knitted polyester ehvelope

had significantly higher drainage rates than the tubes with pinholes or

-small slots when used in the Soulanges fine and Bainsville very fine

sandy loam soils. It is likely that the greater entry area provided by

&

the fabric envelope 'is‘ responsible for the higher flowrates. than

N
obtained with the tubes with pinholes or small slots.

A

3, It appears that in soils with very low permeability, it is the

hydraulic conductivity" of thé. soil rather than the drain opening area

that'cwtrols the drainagé rate, provided the drain tubes retain the

soil adequatelay. Hence, a normal slotted tube with a knitted polyester -

envelope could be replaced by any of the tubes with pitholes and smal¥
slots and sti11 drain equally. This was the case with the O;ytown' silt

loam soil.

A
2
+

4. ' All drain tubes tested might need to be placed at spacings less
than 20 m in the Soulanges fine 'aandy loam, éainsville very fine éandy
loam and Ormstown silt loam soils, in order to achieve a drainage Tate
of 9 to 14 mm/d. However, this would still need to be verified-in the
field as the rates obtained in the laboratory might not necessarlily
repres‘ent field values. This does not apply to the medium and/’@-sand
for which the minimum drainage rate was 54 mm/d. ‘
;
5.  The quantity of sediments enteri;wg 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 soils.
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1 , L4
O In the former soil, the number of years to half fill the drain with
sediments ranged from 3 to 9 years while it varied from 116 to 26 years
in the lagtter soil. Sediment eptry was not a problem in the medium and

°

- fine sand, and silt loam soils.

6. The majority of the soil which ent_ere*d the tubes settled in as

e;ediments. The amount of sediments moving out with the drainage water

was,negligible in all cases exéept in the f‘irsf run with the Bainsville

very.fine ;aandy loam. In the latter'case, the pipes were not flowing

full and the depth of ﬁlow was oniy approximately 1.5 times the depth of -

sediments. . The sediments washed out represented approximately half the

~ o weéight of partic#les settled in the pinhole tubes, and 2.5 times the
sediments settled in the tube with small slots. Thi‘s indicathes thgt when

L . aed%n;ents are ngtcflushed out from a subsuiface drauinage‘system,

drainage could be seric;usly reducked by sedimehts’. moving with the

drainage water and accumulating at a downstream Jlocation élong the

v length of the lateral. ‘ . »

. , . .
7. The Soulanges fine sandy loam and Bainsville very fine sandy loam
gsoils were most sensitive to the effect of a wetting and drying cycle.

N .
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 some inf luence. However, when this situation happens in the
field, some sedimentation might be induced at the start of a new flow

period after a dry spell. Therefore, the life expectancy of all

envelope-free tubes tested woyld be shortened. .

o 1
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8. The sediments colle_‘cte.d ingide the drains presented a particle size
distribution significantly different (finer) than the bulk soil and the
soil in vicini;y of the drain. The soii from the last two locations was
basically the same. The type of drain opening (i.e. tubing ytype) did n?t

seem to affect the distribution og the sediment particles inside the

drain.

9. From the comparison made of opening dimensions and soil particle
considerations with some suggested criteria, it appearss that additional
research is needed to establish a dependable relationship for
determinihg the maximum hollle sizé in “tubes and envelopes to %a ugsed for

goils having most particles between 0.02 end.0.30 mm.

/ . '
R 'y i

\ hd ’ .
10, Two' parameters, namely, the drain opening hydraulic radius and the

goii Dgg size, sefved to explain most of the sediment weight inside the
tubes. It was found that sedimentﬁweight varies~as an exponentional
function of the product of the drain opening hydraulic radius and 8
power function of the soil Dgg. Using that' model, oﬁe is able ,Qto
determine the range of problem soils for a given’ drain opening type. It

was found however, that other factors would need to be included to

3

impfgve on the model:

-

1ll. Drainage rate was found to vary as the logarithm of the total drain

ey

I3 ey, -
“Eopaning area per unit length, in all soils except the Ormstown silt

}oam. This was true whether the tubes were flowing ful l<or not. \In the
latter soil where the controlling drainage factor appeared to be the

s0il hydraulic conductivity, the drainage rate slowly increased with,
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large increases in the opening area. Therefore; the drainage rate was

o *

found to be,préportional to the ratio of the opening area to the opening-
area plus one. A dimensionless form of the models could be used to
préﬂict the drainage performance of a new type of drain with a given
opening area, inrcompa;ison with an actual drainage system for which the

drainage rate is knowpe

12.  The study of the entry resistance factor showed the soil An

“vicinity the drain to have -a different hydraulic conductivity than

the bulk soil. ThereFore,,ihe assumption of a uniform hydraulic

conductivity ardund the drain at any radius does not alwaya‘epply. This

. agrees with the findings of Lagacé (1983).

7
LY

13. There was a general tendency for the eritry resistance factor to be
higher on top of the drain than below the drain,-but this difference
became*only gignificant with the Ormstown soil. This indicates that

higher Flbwrates can be gxpected to oceur below the drain.

-
4

l4. The type of drain used has a definite effect on the hydraulic
gradient at the opening. The gradient was lower for the tube with the
fabric enveloge andlhighest for pinhole tube B, increasing withe

decreasing drain opening area.
- [ iyl
2 . f

15. Existing models (Samani and Willardson, 1981) cpuld not explain

drain failure by siltation in all cases. The&gradients obtained in the.

Ste. Sophie fine sand and Ormstown silt loam were considerably higher

than the predicted hydraulic failure gradieﬁt and yet, the accumulation
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@”‘” of sediments was negligible. There seem to be factors other than just
’ the plasticity index .and the hydraulic conductivity that play an

important role in the sedimentation process and the éoil stability .

around drain openings. -
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VII. RECOMMANDATIONS FOR FURTHER RELATED MK

As a result of this study, and.in addition to the recommendations
made in the previous chapter, the followiﬁg topics are ideemed important

t

for further investigation: .

I ¢

1. In this researgh, the reworking pf the sail from one test run to
the next haél an effeqt on drainage xﬁ@kt)e in the Ormstown silt loam and on
the sedjmentation process in the Soulanges fine sandy loam, the
Balnsv1lle very fine sandy loam and\the Ormstown soil., If the same batch
of soil is used %hore than once in lsboratory tests of drain performance,

it is likely that this repetitive use will have an effect on the

. variables analyz.e:d unless this soil is structureless. Ly is recommended

QA‘;

that this effect be taken into consideration in studies involving
replications in time with the same batch of soil, or that it be avoided
by making replicates with separate homogeneous batches of soil taken

fresh from the same field.

o » / .
2.  Drain performance is significantly affected by “the structure of the

goil. This effect was only qualitatively assessed iZ\ the present study.

It is suggesf?éPd that the inclusion of the effect of that variable, by

means of aggregate -size analyses, be a_ rule in future works involving

the 8tudy of drain performance. ‘ \ ”

3. The tanks built for this research could be used for many other

investigations. At the present time, the tanks are provided with an

exi:ernal risiqllg pipe on which holes were drilled at increment heights of
," 164 ’
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- 5 om. This was done in previsioniof studies involving the control of the-

water table depth on the performance of the various:drains.to be tested.
The tanks can be enhanced by adding plexiglass windows at the hpétregm

tank wall for a better visualisation of the sedimentation process.

4. The exit head loss at drain openings is less in drainage theap in
subirrigation (Plekutowsky, 1986). With this in mind and using the same
tanks, it would be interesting to test the performance of tubes with

pinholes and small slots under subirrigation at various levels of head

control,

5. The tubes with pinholes and small slots were found to pei‘t‘grm well
in the Ormstown silt loam so far as sedimentation is-concerned.
Therefore, there should be no problem in clay soils. However, under
saline conditions, dispersion of soil particles in silty and clayéy

soils are of a major concern. It would be of interest to investigate the

—t— -

performance of these tubes or similar tubes in saline soils.
\ N .

/
6. The model developed for predicting sediment weight for a given tube

opening hydraulic radius and a given soil should be further ,

investigated. Using the present tanks or similar ones, a broader range

of soils could be tested. The model can easily be transformed to predict
sediment\depth rather than sediment weight. It is suggestgd that it be
improved by monitoring seg;mentation ~rate (depth) and to see how it is
correlated to a rate of decrease or increase in drainage rate and the
time it took to reach that discharge. Als?,» other soil characteristics

than just the D¢g size, such as aggregate stability, coefficients of
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. uniforminity and curvature—could be included in the model. The

sedimentation procéss might_vary as the head varies. This feature can
also be studied using the external pipes provided with the t‘anke.
¢ -

7. Brouillette and Delisle (1982) reported of drains with very small
slots (atverage width olf' 0.80 mm) to be clogged at 63% under soils
presenting ochre preblems. Kuntze (1979) recorr"mands the opening to be
larger than 1.2 mm in order to avoid the formation of bridges of ochre
and soil particles. This would indicate that the small slotted tube and
pinhole tubes tésted in this research e;re not suitable for soils with a
potential ochre problem. However, not much research has been done in
that field v;ith respect to d‘rains,wi\th amali slots and pinholes.

Further consideration should be given in testing the performance of such

drains in those types of soil.

-

8. Further research dhould be carried out to improve on the model by
Samani and Wil lardson (1981) in predicti&g soil hydraulic failure

graedient. Multiplicative correction factors could be determined: for

_soils from areas other than the ones used by the authors but falling in

the same ranée. \

9. Since the drainlage rates determin;d in the laboratory do not
necessarily represent field values, field tests should be carried out.
However, because the soils tested were taken From‘f'ields where
subsurface dr'ainage systems are installed, the drains tested in the
laboratory do nc;t need to be installed in the field. The drainage rate

of the existing laterals can be monitgred a the opening teiof the
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" drains be determined. These values would be replaced in the

dimensionless form of the model predicting drain discharge versus drain
Bpening Qrea. The new drainage rates for the tubes tested in this
research could then be determined for the same spacing Vsed in the
field. This would avoid having to spend tremendous amounts of money for

a field experiment.

S

10. However, field experiments might still be needed to confirm the

n

[l
!

estimated number of years to half fill the drains of sediments. Field "

studies would not be compulsory for the Ste. Barbe medium sand and Ste.
Sophie fine sand. Nor would they'bghnecessary for the Bainsville very
fine sandy loam since performancé 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 pinholes and small
glots was, geﬁerally,"ﬂnacceptable. However, with some of the cases

presenting acceptable levels of siltation, a small field scale

experiment might be necessary in this soil to confirm the results?\IQF

~—

Ormstown silt loam tested had 12% clay content and presented no problem.
In the field, however, the clay content varies and can go down to 5%, a
critical level for the percentage of silt contained in the soil.
Therefore, special care should be exercised when installing the tube
with small slots -or pinholes. A quick test can be carried out with tne

game tanks on a batch of so0il with 5% clay to confirm the above

suspiscion.

\ 167

4



]

h

X

~

VIII. REFERENCES

Polyvinyl Chloride Drainage Tubing (October 1980). Availablp from
the United States Dept. of Agriculture, Soil Conservation Seyvice,
] Box 2890, Washington, D.C., 20013, USA.

.Anonymous, 1980. Subsurface Drain. Specification for Corr%gated ’

. 1982. Standard Specification for Corrugated Polyethylene
(PE) Tubing and Fittings (August 1982). Available from Ame. Soc. of
Testing Material, 1916 Race Street, Philadelphia, Pennsylvania,
19413, USA. .

Anonymoys, 1983. Standard for Jubing, Plastic Corrugated, Drainage
(Ngvember 1983). Available from Canadian General Standards Board.
6th' Floor, 88 Meltcalfe Street, Ottawa, Ontario, Canada, K1A 0S5.

Anonymous, 1985. Thermoplastic Pipe - Flexible Corrugated Tubing and
Fittings for Soil Drainage (August 1985). Available from the Bureau
de Normalisation du Québec, Ministére de 1'Industrie et du

. Commerce, Cité Parlementaire, Québec (Qe), Canada, GIR 4Z8.

A.S.A.E. (American Society of Agricultural Engineers). 1982. Design and
Construction of Subsurface Drains in Humid Areas. ASAE EP260.3 In:
Agri:csultur'al Engineers Yearbook, ASAE, St. Joseph, MI 49085. pp:
449-457. .

Asselin, R., 1976. Les Filtres Organiques et Autres. In: "Filtres,
Envelopes, Tuyaux et Normalisation en Drainage Souterrain, Edited
by Lagacé, R. 5&me Colloqus. de Génie Rural, Université Laval,
Québec, pp: 39-59.

.Benz, L.C., E.3. Doering, G.A. Reichman and R.F. Follett, 1977.

Evaluation® of Some Subsurface Drainage Envelope. Proc, Third-

National Drainage Symposium; ASAE pub. 1-77, St. Joseph, MI 49085,

BoIduc, G., D. Dvorsky and R. S. Broughton. 1984, Tests of Corrugated
Tubing with Pinhole and Small Slots. Unpublished progress report
presented at the Annual Convention of the Corrugated Plastic Tubing
Association (CPK@\KPier 66, Fort Lauderdale, Florida. Printed n
Dept. of Agr. El\g.,\Macdonald College of McGill University,
Ste-Anne-de-Bellevue, Qc, Canada, H?X~1CO, 14 p.

Bonnell, R.B. 1984. Critical Hydraulic Gradients for Some Soil-Drain
Envelope Combinations. M.Sc. Thesis, Dept. of Agr. Eng., Macdonald
College of McGill University, Ste-Anne-de-Bel levue, Qc, Canada,
H9X-1CO, 128 p.

Bravo, N.J. and G.0. Schwab. 1977. Effedt of Openings on Inflow into
Corrugated Drains. Trans. ASAE, 20(1):100-104.

) : 168

A
\

ot



Broadhead, R.G. 1981. Synthetic Drain Envelopes and Soil Particle
Distribution. M.5c. Thesis, Dept of Agr. Eng., Ohio State
University, Colombus, Ohio, USA, pp. 73.

Broughton, R.S. 1982. Discussion of paper entitled "Fleld Evaluation of
Synthetic Envelope Materials with Plastic Drainage Tubing", by
Johnston, W.R., L.S. Willardson, J.N. Christopher and W.J. Ochs.
Proc. 2nd Int. Drainage Workshop, Washington, D.C., USA, Sponsors:
CPTA, pp: 158-160. -

Broughton, R.S., B. English, C. Damant, S. Ami, E. Mckyes and 3.

Brasseur. 1977. Tests of Filter Materials for Plastic Drain Tubes.

“* Proc. Third National Drainage Symposium, ASAE' pub. 1-77, St.
Joseph, MI 49085, USA, pp:34-39, M}}) :

Broughton, R.5. and \v\(l. Gibson. 1977. The Field Evaluation of Drain Tube
Filter Materials. Unpublished Progress Report. Dept. of Agr. Eng.,
Macdonald College, Ste-Anne~de-Bellevue, Qc, Canada, H9X-1CO. -

Brouillette, M. and U. Delisle. 1982. Les Drains Filtrants dans les

Terres Sablonneuses. Rapport Final, Dossier: 095D 01756-1-0003,
available from Direction Générale de la Recherche, Région de
Québec, 3914, Chemin Ste-foy, Ste-fFoy, (Qc, Canada, G1X-1R4.

Brownscombe, R.H. 1962. Field Evaluation of Tile Drains Laid with
Organic Blinding Material. Tramns. ASAE, 5(1):61-63, 67.

Cavelaars, J.C. 1967. Problems of Water Entry into Plastic and Other
Drain Tubes. Proc. Agr. Eng. Symp. AES Paper No. 5/E/46:13p. .

Concise Oxford Dictionary. 1985. Seventh edition, edited by J.B. Sykes.
Oxford University Press, Great Britain. )

C.P.V.Q. (Conseil des Productions Végétales du Québec). 1984, Drainage
Souterrain, Cahier des Normes..Ministdre de 1l'Agriculture du
Québec, 21 p.

Darbyshire, P. 1985. Subsurface Drainage in the Netherlands. Drainage
Contractor Magazine, Vol. II, No. 7, Summer 1985, p. 10.4.

Davis, S., L.S. Willardson, J.R. Spencer and D. Mulder. 1971. Drain

Envelope Performance in a Sandy Soil. Proc. National Drainage * °

Sympésium, ASAE, St. Joseph, MI 49085, USA.

Dieleman, P.J. and B.D. Traf ford. 1976. Drainage Theory. Irrigation and
Drainage paper 28, Food and Agrlculture Organization of the United
Nations, Rome, 171 pe ~.

Dierickx, W. 1982a. Effect of Corrugatidns on Entrance Resistance. of
Drain Tubes. Proc. 2nd Int. Drainage Workshop, Washington, D.C.,
USA, Sponsors: CPTA, pp: 172-182.

' 169 -



D

“ \

Dierickx, W. 1982b.Structural Stability of Sotl and the Need for
Drainage Envelopes. Advances in Drainage. Proc. Fourth National
Drainage Symposium, ASAE, pp: 79-86.

b}

Dierickx, W. and F.J. Goossens. 1979. Sfabilized Soil Replacing
Envelope Materials. Proc. Int. Drainage ‘Workshop. ILRJ, Wageningen,
The Netherlands, pub. 25:319-330.

Eggelsmann, R. 1982. Modern SubsurFace Methods Dependent on -the Cauaé of
* Waterlogging on the Soil-Field Research. Proc. 2nd Int. Drainage-
Workshop. Washington, D.C., USA, Sponsors: CPTA, pp: 100-105.

Eriksson, J. 1982. A Field Method to Check Subsurface-Drajnage
Efficiency. Proc. 2nd Int. Drainage Workshop. Washington, D.C.,
USA Sponsors. CPTA, pp. 93-99: .

Fausey, N R. 1982. Small Diameter Tubing for Shallow Drainage
/ Applications. Proc. 2nd Int. Drainage Workshop. Washington, D.C.,
USA, Sponsors: CPTA, pp: 64-68.

.Fayoux, D. 1981. Porométrie, Perméabilité, Drainage. Jornada Hispafia:
Francesa sobre Geotextiles, Barcelona (October-198l1).

Feichtinger, F. and N. Leder.  1979. On the EFf’i;:iency of Filters in
Drain Trenches. Proc. Int. Drainage Workshop. ILRI, Wageningeh, The
Netherlands, pub. 25:1331. ) - '

Ford, H.W. 1975. Blockage from Iron jnd Sulphur Bacteria in Drip
Irrigation Systems. Hortscience 11(2):133-135.

Ford, H.W. 1979a. The Complex Nature of Ochre. Kulturtechnik und
Flurberelnglgung. 20:226-232. s )

Ford, H.W. 1979b. Characteristics of Slime and Ochre in Drainge and
Irrigation Systems. Trans. ASAE, 22:1093-1096.

Gamelfa, S. 1981. The Nature of Ochre Deposition and Drain Blockage in a
Fine Sandy Loam Soil. M.Sc. Thesis. Dept. of Agr. Eng, Macdonald
College of McGill University, Ste-Anne—de-Bellevue, Qc; Canada,
H9X-1C0, 80p. :

' Gameda, S., P.J. Jutras and R.S. Broughton. 1983, Ochre in Subsurface
Drains in a Québec Fine Sandy Goil. Can. Agr. Eng., 25(2):209-213.

Gibson, W. 1978. A Field Evaluation of Some Subsurface Drain Envelopes.
L‘/" M.Sc. Thesis. Dept. of Agr. Eng., Macdonald Lollege of McGill’
University, Ste-Anne-de-Bellevue, Qc, Canada, H9X-1CUO, 114 p.
Glrbud J.P. 1982, Filter Criteria for Geotextiles. Session 4A: Drainage

¢ III, Second Int. Conference on Geotextiles, Las Vegas., USA.

Hore F.R. and H.C. learl. 1962. Cover Material for Tile Drains. Can.
Agr. Eng., 4(1):

T 170




A

’ o

Hwang, R.B., J.N. Luthin and G S. Taylor. 1974. Effect of Backfill on
Drain Flow 'in Layered 50113. ASCE J. of -Irr. and Drainage,/
lOO(fRB) 26Z -276. :

v, 4

Irwln, R:W. and F.R. Hore. 1979. Drain Envelope Materials in Ca r:lda8
*Proc. Int. Dralnage Workshop. ILﬁRI Wegeningen, The Nather ndd,
. ) pub. 25:283-296. - R . . .
—— - - o y , . ’ . ‘ .ﬁ 4«' ‘_ﬁ
' Jaton, J.F. 1977. Etudg de Quelqués Propﬁiétéé des Soils Tourbeux et
leur Influence sur le Drainage. E olytec/hnlqueﬁFédérale de
'Kausanne, IGR No. 133. ]1 W

Johnston, W.R., L.S. Wil lardson, J.N. Christopher and W. J. Ochs., 1982,
. Field Evaluation of Synthetic Envelope Materials with Plastic

Drainage Tubing. Proc. 2nd Int. Drainage Workshop. Washingto-n,
D.C., USA. Sponsors: CPTA, pp: 145-156,

* Jutras, P.J. 1976. L'Equipement pour 1'Ins.tallation des Filtres et
Envelopes. In: Filtres, Envelopes, Tuyaux et ,Normalisation en

Drainage Seuterrain. 5&me Colloque de Génie Rural Université ‘

Laval Québec, Qc, Canada, pp: 81-84. o

Kirkham, D. 1049. Flow of Ponded Water into.Drain Tubes in Soil
Overlying an Impervious Layer Trans. Ame. Geophys. Union 30,
\ pp:369-385. ‘ "
8 .
Kirkham, D. 1950. Potential Flow into Circunferential Openinga in Drain
" Tubes. J. Appl. Phys. 21, pp/v665-660.

Kirkham, D. and G 0. Schwab. 1951. The Effect of Circular Perforations
on Flow into Subsurface Drain Tubes. Part-l. Theory.-Agr. Eng.
32(1):211-214. ’

-

gnqps, J.A.C., F.C. Z%ldema, C... Van S ren and J& Schoelten. 1979.

3 Guidelines for the Selectipn of Envelope Materials for Subsurface

( Drains. Proc. Int. Drainage WoirkshOp. ILRI, Wageningen, The
: Netherlands, pub. 25:439-450)

— -

Kovacs, G. 198L. Development in Watdr Scmnce. Elsevier pu!g’iahers,
R p.375. i Lo

Kuntze, H. 1974. Erf‘ahrungen Mit Dranfiltern in Deutschland. (Experience
with Drain Filters in West Germany). Kali-Briefe, Fachgebeit 7, 1
Folge. .

\Kuntze H.-1978. Verockerungen Dlagnose und Therapie. Schrif‘tenreiche
. , des Kuratoriums fur Wasser und Kulturbauwesen, Heft:32.

Kuntze, H. 1979. Iron Clogging: Diagnosis and Theory. Proc. Int.

v Drainage Workshop. ILRI, Wageningen, The Netherlanda, pub. 251452~
467a

171

3



w

‘ N
c ‘ Legacé »RY:% Lsa Env’glopes en §able et en Gravier. In: Filtres,
Enveldpes, Tiyaux'et Normalisg}wn €n Drainage Souterrain. 5¢me

- - Colloque de Génie Rural. Univermtéilé’v'e.l,*l]uébec, Qc, C-anada, ., .

o . pp.6180‘. y f i ) PSS N
. L Lagacé, ‘R, 1983: Fred’@(:mg D;aln \Sll‘leng Potential.. Ph!D. Thesis, Dept,
g N of Biological and Agr¥ Eng., North Carolifd St&tevUnuersR—y,

o~ v Raleigh, North Carolina, USA. ) ) T e f ,

' ¥

Lagacé R. and R.W. Skaggs. 1982. Predlctlon of Draln Slltlng and filtgr
Requirement Criteria. Proc. 2nd Int. Drainage Workshop: Washlngton,
D.C., USA‘ Sponsors: CPTA, pp: 161-171.

A Lagacé, R. and R. w. Skaggs. 1985. Prevision du Colmatage des Drains par
+ la Méthode de l'Analyse des Aggregats. In: La Recherche en Drainage
Souterrain, R. Lagacé (Ed.), 12e Colloque de Génie Rural. .,

Uan\eI‘Slté Laval, Qc, Canada, pp:41-68.

Lambe, T.W. 1951. Soi'l Testing for Engineers. John Wiley and Sons, Inc.
~New York.

JLuthin, J.N. 1973. "Drainage Engineering", Robert E. Krieger Publishing
Company, Huntington,« N.Y., USA. . '

Mashal lah, F. 1987. The Performance d¥ Corrugated Plastic Tubing with

small Slots and Pinholes in Dif ferent types of soil. Unpub. _senior

» project. Dept. of Agr. Eng., Macdonald College of McGill
University, Ste-Anne-de-Bellevue, Qc, Canada, H9X-1CO, 50p.

“—~ " McKyes, E. and R.5. Broughton. 1974. A Laborafory Tests of Some Draln
‘ Tube Filter Materials. Can. Agr. Eng., 16(2):60-62. . /

Miller, D.W. and L.S. Willardson.’l983. Head Loss at Drain Envelope
Interfaces. ASCE J. of Irr. and Drainage Eng., 109(2):211-220.

Mohammad, F.S. and R.W. Skaggg. 1982. Ef"f'ect of, Drain Tube Openings on
Tran‘élent{ Drainage. Proc. 2nd Int¢Drainage Workshop. Washington,
* "D.C., USA,%“Sponsors: CPTA, pp: 185- 197. I .

Nelaon, W. 1960. Fibergalss as a Filter for Closed Tile Drains. Agr.
Eng., 41(10):690-700. ) S

Ohrun, A. and J.N. Luthin. 1979. Tests of Spun-Bonded (Wyion Fabric as an
Envelope Material. In: Factors Influencing Water and Particle
Movement into Drains. U.S5. Dept. of Agr., Scienced and Education
Administration, ARR-W-8/June 1979. Oak land, California 94162, pp:

43—64.
t ! N )
P ]
Overholt, V. 1959. Fiberglass Filler for Tile Drains. Agr. Eng , 40: 604—
607.
\‘“\o . .
e ", Papineau, F. 1985. Meas,u}ements of Draip Opening Size of Geofabric

Materials. Unpub. senior project. Dept. of Agr. Eng., Macdonald
Co]:lege of McGill University, Ste-Anne-de-Bellevue, Qc, Canada,

g '

. L ~ 172




G

g

k)

\' A - L]
H9X-—lCU, 98p- [

. Piekutowski, T.1986. Exit Losses f‘rom Commexrcial Corrugated Drainags
Tubing and Effect of Slot Openlng on Head Loss. Unpub¥ senior

project, Dept. of Agr. Eng.y Macdonald College of McGill
' University, Ste-Anne-de-Bellevus, Qc, Canada, H9X;-lCO 38p.
=

Rapp, E. and M. Riaz. 1975. A Comparison of Some Filter Materials fon
Corrugated Plastic Drains. Can. Agr. Eng. 17(2):106-109.

Reeve, R.C. 1982. Synthetic Envelope Materials for Subsurface Drains.
Proc. 2nd Int.Drainage Workshop. Waahington D.C., USA, Sponsors:

Regamey, P. and J.F. Jaton. 1976. Amélioration du Pdumvoir Drainant d"un
Systeéme Filtrant en Milieu Tourbeux Calcique. Ecole Polytechnique
-~ Fédérale de Lausanne, IGR No. 130. ]
1]
Samani, Z. A. and L.S. Willardson. 1981. 5011 Hydraulic Stability in a
Subsurface Drainage System. Trans. ASAE, 24(3): 666-669 . r

Schllfgg@rde, J. Van. 1974. "Drainage for Agriculture", Agronomy No. 17,
Ame. Soc. of Agronomy, Inc. Publlsher, Madlson, Wisconsin, USA.

Schwab, .G.0. and D.’kKirkham. 1951. The Effect of Circular Pérforations
onFlow into Subsurface Drain Tubes. Part LI. Experiments and
‘Results. Agr. Eng., 35(5)270-274. . '

Schwab, G.0., R.K. Frevert, T.W. Edminster and K.K. Barnes. 1981, "Soil
and Water Conservatlon Edgineering". Third Edition, John Wiley & -
Sons.

4

Schwieterman, C. 1982. Experiences of &g Draiﬁage Contractor with Plastic
Installetion. Proc. 2nd Int. Drainage Workshop. Washington, D.C,,
USA. Dec. 5-11, 1982. Sponsors* CPTA. pp: 10-26.

SCS (Soil Conservation Service). 1973. Drainage of Agricultural Land.
Water Informatlon Centre. New York.

Skaggs, R.W. 1978. Effect of Drain Tube Openings on Water Table
> Drawdown. AS%E' J. of Irr. and Drainage, 104(IR1):13-21. ‘

. Sneyd, A.D. and R.J. Hosking. 197s. Seepége F low through Homogeneous

- Soil ihto a Row of Drain Pipes. J. Hydrol. 30:127-146.

Sojak, M. and K.C. Invarson. 1977. Iron Oxide Problems in Ontario
Drains. Paper No. NA77-206, ASAE, St. Joseph, MI 49085, USA.

Stuyt, L.C.P.M. 1982, Drainage Envelope Research in the Netherlands.
Proc. 2nd Int. Drainage Workshop. Washingtoen, D.C., USA. Dec. 5~11,
1982. Sponsors- CPTA. pp: 106-123.

N~

N ‘ 173

ey
4, Pepladi {3k




o -~

( Sweetland, D.B. 1977 The Performane of Non-Woven Fabrics as Drainage
Screens in Subdrains. M.Sc. Thesis,” Univ. of Strathclyde, Dept. of

§ Civil Eng., Glasgow, UK. v

Thérisult, "R‘.q U. Delisle, M.°Brouillette and R. Asselin. 1982.
»  Effjciency'of Drains with Small Perforations in Sandy Soils. ASAE
Paper 82-2566,, P.0. Box 410, St. Joseph MI 45085, USA.

. «» Trafford, B.D., W. Wassey, C.W. Dennis and J.G. Rands. 1974. The Proc.
- N ‘of Conference at Stoneleigh and Clurch Setton on the Use of
) Permeable Backfill. MAFF Technical Bulletin No. 74/11.

*

. U.S. Bureau of Reclamation. 1960. Design of Small Dams. U.S. Dept. of'
Reclamatlon. U.$. Government Printing Off‘lce.

* USBR, 1978. Dralnaqe Manual. U.S. Dept. of.Interlpr, U.S. Government

v ' Printing Office.

y ’ Weaver, M.M. 1964. History of Tile Drainage (In America prior to 1900).
N Valley Offset, Inc. publishers., N.Y., 343 p.

- . - Willardson, L.S. 1974. Envi&Yope Material. In: Drainage for Agriculture.
J. Van Schilfgaarde (Ed). Agronomy No. 17. Amer.’Soc. of Agronomy,
Inc. (publisher). Wisconsin, USA, pp: 179-200.

Willardson, L.S5. 1979. Hydraulic Gradients in Envelope Materials. In:
Factors Influencing Water and Particle Movement into Drains. U.S.
Dept. of Agr., Science and Education Administration, ARR-W=8/June

. 1979. Oakland, California 94612, pp: 65-70.

. Willardson, L.S. and R.E. Walker. 1979. Synthetic Drain Envelope-50il
Interactions. Jour. of thé Irr. and Drainage Division,

-~

105(IR4):367-373. )

Willardson, L.S5., S. David, D. Muller and J.R. Spencer. 1973. Drain
Envelope Response to Fleld Treatments. ASAE Paper 73-2513, St.
Joseph, MI 49085, USA.

4

stlavsky, D. 1979. Definition of the Drainage Filter Problem and a
Poes:.ble Use of Soil Conditioners. Proc. Int. Drainage Workshop.
ILRI, Wageningen,. The Netherlands, pub. 25:340-353,

Zaglavsky, D. and G. Kassiff. 1965. The Critical Formulation of Piping
. Mechanism in Cohesive Soils. Geotechnique 15, pp: 305-316.

L

% o 174



-~ - e I | B . B A o L I 2 A .

3
-
-
e

7

- ' o .. APPENDIX A " P |

“« f

3 . -

> Figures _showing histogram of measured drain openings for th'e‘sméll' .
slotted tube and pinhole tubes A and 8. | , . ‘ P .
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Figure A2, Histogram of measured drain openings in ridges and valleys

of Pinhole tube A (top) and Pinhole tube B (bottom).
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Photographs showing the soil and watér test tanks
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- Figure Bl. An over-view of test tank number 2 with four drain tubes
- functioning in the Ste. Sophie fine sand. Note the funnels
-used to collect water and sediment draining from the tubes.

7

e

; ‘ Figure B2. A close-up view® of the overflow device used to maintain a
. constant head of water above the soil surface. Note the .
. . aggregates visible on the soil surface (Bainsville very fine

sandy loam). R i

C 179 ‘ | o




Figure B3. A soil and water test tank with four drain tubes installed.
The~drainag® water is collected via ‘the funnels and pumped
up to the reservoir tank then graWvity back into the

\\\ bottom of the test tank. '

RN

IR

—

s

- Figure B4. A close-up view of one drain tube installed with a plexiglass
és . end cap. Note the head control via the ovérflow device (upper

3

, right-hand corner), the piezometers through the plexiglass
window and the manometer boards. ) ;
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* APPENDIX C
- @ ' .
—— 2 T M
Calculation of Opening Area; A, for the Knitted Palysater Envelope
- ‘ . —
. ___/'.,‘
. A) Envelope Porosity - ) o ' )
ST -
a_J\The porosity of the stocking envelope was estimated uaing the
\&‘ ~ o »
following equation taken from, Fayoux (1981):° . -
@ ) ' S ) : W
- -n= 1-p /CpTY) . .- o (C1) -
¢ v . ) b
. . n
~ + where 7 ’= porosity ’ : -
- ) . ° » 2 _ - » -
‘ B = unit weight = 0.152 kg/m ,
. " p= density = 138" kg/m’ (standard specific gravity for
o polyester fibres, as taken from drainage company catalbgués)
’ . T, = thickfiess of febric = 0.§0089 m  ° .
' " With the above nmumbers, the porosity is equsl to 8‘7".6%.
> "\1’«"[ - N
' B) The pipes were pe}forateafin the valleys of the corrugat’i.one. :The
width of the valleys available for water entry was estimated at 0.712
cm. tht:h 61 valleys/m length, this givesﬂ a ~total entry len@{:h of 43.44
cm. . '
\ \ ] . ‘1
] , ’ l gp e
C) With a tube outside diameter of 11.94 cm,the total-opening area is
) ;
e ® ] "y ~
= 2
Az \TdL7. - : ‘(C )
o : = (11.94) (43.44) 0.876 .
- . = 1427.5 onl/p | T
R ~ . N ;\

.. .7 18l : I~

ur
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APPENDIX D

>

, .Analysis of variance tables for the steady-state dragnage rate
~ >

\
A 4
° .
" e
Q

’\ Note: Both the actual data and the log transformation of the data were
uged for the analysis of variance. The log tsansformation helps
to normalize the error associated with the observation, when the
-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 AQOV tables shown in-
this appendix. This was done because the-log transformation,
‘ while giving the geme conclusions, did not improve the
coefficient of veriability (C.V.) for the Soulanges, Bainsville

‘ and Ormstown soils. In these soils, the C.V. passed from 7%-8%

. # (actual) to 16%-86% (log). This is so because the .error
associated with the flowrate measurements was small since the
flowrates were quite low. It took sometimes more than 30 min to
collect 500 ml of water and the longer the collection time, the
more ‘accurate the measurement. With the Ste. Sophie soil, the
error would be higher as the flowrates are much more important.
. . But even in this case, the C.V. was only improved from 5% to

1.3%. - .

-

€

a »

) . The data used had units of mm/d .

I
<
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Table D1.4Analysis of variance of drainage rate for the Ste. Sophle

fine sandy soil.

i e e e i e i e e e e e e L L

Slgnlflcant at the 0.0l level

183

-

Source BF Sum of Sq. Mean Sqg. F Value Prob > F
N Mainplots ’
Run |, - 2 18653.80 9326.90 0.89 - 0.4580_
Tubing 3 618350.39  206116.80 19.71 0.0016"
‘Error a ) v
= (Run*Tubing) 6 62740.36 10456.73 o
Subplots ’ _ : —
Cycle o 1 40102.14 40102.14 2.53 0.1505
e " Tubing*Cycle 3 2170.44 723.48 0.05 0.9861
%ﬁf Errof b - '
. (Run*Cycle(Tubing)) 8  126931.25  15866.41
, Within Cycle 104 " 172515.06
Corrected Total 127 1041463.45 -
- _"'::::'_'."_":::::::::::::::::::::::=========:===:===============;==========
Significant at the O. 01 level
P - ‘
a it
N Table D2. Analysis of variance of dralnage rate for the Soulanges
fine sandy loam 3011 . .
====:=::::::::::::::::::::::::===‘-'.====::::::::::::::::::::::::::::3::::
Source DF Sum of Sq.ﬂ Mean Sqg. F Value Prob > F
° Mainplots )
Run 5 235.1970 47.0394 - 0.66 0.6624,
~ Tubing 3 1148.1272 382.7091 5.33 0.0106
Error a
(Run*Tubing) 15 1076.7329 71.7826
. . o \ %,
) Subplots \ -
Cycle ° 1 332.9983 332.9983 16.46 0.0006
Tubing*Cycle 3 181.8190 60.6063 3.00 . 0.0551°
. Error b -
(Run*Cycle(Tubing)) 20 404.6500 20.2325
Within Cycle 226 2524.0558
. Corrected Total 273 5903. 5801
© Slgnlflcant at the 0.05 level .
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Table D3. Analysis of variance “of drainage rate for the Bainsville

very fine sandy loam soil.

g;;;;; ------------ DF ) $7m of Sg. Mean Sq. F Value Prob > F
-y g - - -
Mainplots , 'Y . . . \
¢ , Run 4 27 26.2003 14.100) 2.31 g 0.1803_ .
Tubing 3 ,192.8415 64.2805 *11.34 0.0070
Error a, y ’ : p
(Run*Tubing) & 34.0257 5.6709
™
Subplots AN - *¥
Cycle 1 42.4774 42.4774 27.86 0.0007
- Tubing*Cycle 3 16.0124 5.3375 3.50 0.0748
“ Error b .
(Run*Cycle(Tubing)) 8 - 12.1978 1.5247 - 4
Within Cycle 156 87.6343
Corrected Total - 179 411.3894 °
= Significant at the 0 681 level )
B — 5
i ///, . v —
‘ . . ~
| Table D4. Anplysis of variance of drainage rate f‘or the Drmstown silt
’ loam soil. ] 5
"~ b e e e et e e A e e
. Source DF* 'Sum of 5. Mean Sq. F Value Prob > F
Mainplots : 3 s
Run 3 5822.2017 . 1940.7339 23.86 0.0001
Tubing 3 32.3877 10.7959 0.13 0.9399
. Error a . ’ .
v (Run*Tubing) 9 747 .6696 " 83.0744
. Subplots o ‘ . . '
* Cycle 1 281 6 281.7076 2454 0.1395
Tubing*Cycle 3 134.0363 44,6788 . 0.40 0.7542
Error b T . '
(Run*Cycle(Tubmg’)) 11 1221.6578 111.0598
Within Cycle 197  885.1723
) Corrected Total 227  9124.8830
X "":::é::::::::;:::::::: 3ttt b S e L ]
c Signif‘icant at the 0.01 level \/\
e -
b
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. | Analysis of variance tables for sediment weight (grams) inside drains
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Table E1. Analysis of variance of sediment weight inside drains for
the Ste. Sophie fine sandy soil.

o > A S S S S A A (AR A S D M D Y Y A P R A S B A S P S D 0 A S sl S T o e s
===================_---:.__-__-__--—-------——--—---——---——_---—--_- R

Source DF Sum of S5q. Mean 5q. F Value Pr > F
Model 5 . 88750.76  17750.15  &S55.74 0.0001
Error 6 1910.77 318.46 ‘
Corr. Tot. 11 90661.53 Mean = 81.48

‘ ' Std' Dev. - 17085
Source DF Sum of S5q. F Value Pr >.F
Run £ 1026.00 "1.61 ° 0.2750
Tubing /3 87724.66 91. 82 0.0001%* \

- G ) WD D R A M S R D S W R D GAl TP T A R S G W G A NS S M D SR AN W D N S WD A WD S SN T AN S W D WD S S R D U S e

** Significant at the 0.01 level

1

Jable E2. Analysis of variance of sediment weight inside drains for

the Soulanges fine sandy loam soil.

----—--—--------—-———-——-—.—-_-____-.———-—— - —— " (Y " A U o — oy g
- . O T A G - S P S0 S B 0 G D S = --——————-_———— - e " S T v - D e S ey S -

Source DF  -Sum of Sq. Mean 5q. F Value Pr > F
Model 8 353980.73 44247.59 8.05 0.0003
Error 5 -~ 82489.29 5499.29
Corr. Tot. 23 436470.02 - Mean = 122.62 ‘_‘
Std. Dev. = 74.16
- - ———" - \
Source DE Sum of Sq. F Value Pr > F -
Run, 5 175286.90 6.37 0.0023** ' ’
Tubing 3 178693.83 10.83 0.0005**
=================:::::::::::======================:::::::::::::::::
% Slgniflcgkﬁ at the 0.0l level
N
\
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Table E3. Analysis of variance of sediment weight inside drains for

the Bainsville very fine sandy;:oam soil. b
Source DF Sum of Sq. 4/ Mean 5q. B F VaI;e --—;;-;-F-
Model 5 2484704.43 7 496940.89 13.98 0.0030
Error 6 . 213325.92 35554.32 a
Corr. Tot. 11 2698030.35 Mean = 520.79

- Std. DBV. - 188156

i . -
§6urce | DF Sum of Sq., F Value Pr > F
Run 2 133230.49 1.87 0.2330
Tubing 3 2351473.94 22.05 0.0012%+
*% Significanecat the 0.01 level )
*
7 i \
[
_—_ \

Table E4. Analysis of variance of sediment weight inside drains for

the Ormstow

n silt loam soil.

O o e o i e . iy e S o i Y Y i P U D e e () e G o T G T 50 aaf S e D A My S M b W T D oy AT D A e S MR e W A

Source DF  Sum’of 5q. F Value Pr > F

Model 6 8542.82 6.61 0.0089

Error 8 *1722.80 215.35

Corr. Tot. 14 -10265.62 Mean = 19.28
Std.. Dev. = 14.67

Source " DF . Sum of Sq. « F Value_ Pr > F

Run 3 7169.92 11.10 0.0032%*

Tubing 3 1372.90 2.13 0.1753

S P D o D S S o it e B Y Tt e A Y Bl R S < 0 S D e ey iy Tt Y e Ay A Y PP M SOy D W S AR gy T O YD P D i O S Ay WO Y o
-t A e - e e e e ]

e 0.01 level
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V. coarse sand (2 to 1 mm)

. Coarse.sand &1 to 0.5 mm)

‘Medium sand (0.5 to 0.25 mm)

Fine sand (0:25 to 0.1 mm)

~-e

-a

s . ,,
4 " . ” .

) « APPENDIX F
Multivariate'analysis of variance tables for particle size
derived from the particle «size distribution curves - .

| \ \ -
Fractionsy,

V. fine sand (0.1 to 0.05 mm)
coarse silt (0.05 to 0.02 mm)
fine silt (0.02 to 0.002 mm)

, -3

clTY*‘ " (less than 0.002 mm)

8
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8 ’
B
éE’ Table F1l. Multiveriate analysis of the particle size fractions for the
. Ste. Sophie firfie sandy soil.
ey -4ttt b b bt et e p et e i b R - 3 R4
Source DF Wilk's RAO's - Rrob 2 F
Lambda F-Test #
Mainplots
Run 2 0.04315 - F(8,6) = 2.86 0.1051
Tubing . 3 . 0.16797 F(12,8) = 0.66 0.7515
Erfor a . . . ,
(Run*Tubing) - 6 2
™ Subplots
Loc(ation) 2 0.02779 F(8,22) .=1375 0.0001%*
Tubing*Loc 5 0.44858 . F(20,37) = 0. 51 L 0.9438
Error b i '
(Run*Loc(Tublng)) 14 ‘ )
S
> Within Location 33 . )
Total 66 —

** Significant at the 0.01 level .

Fractions used: Coarse sand; Medium sand?fFine sand; Very fine sand -
£ a

. , 3

!

Table F2. Multivariate analysis of the particle size fractions for the
Soulanges fine sandy loam goil.'

. O - T o - . o S e S S ) D S W W Ad S g e VP D S S Gl S U Gy G S Sy D S o S S Sy GO0 GUS G TR At S S G G A R A G T S S VT W8
T G S S  p Y A O S G S iy G S TR S . G A ey S R TS D S ey U S S U MR D e T N S T TR D R SRS Gt b N R S S Ay e Y P e B B D A )

Source T DF Wilk's RAO's Prob > F
Lambda F-Test
- - R e o e o s o 4 v 0 s e S O it At e e B i o
Mainplots
Run 5 0.05184 F(30,42) = 1.53 0.1000
Tubing 3 0.31k221 F(18,29) = 0.8l 0.6709
Error a
(Run*Tubing) 15
Subplots :
Loc(ation) 2 " 0.11205 F(12,40) = 6.62 0.0001 %%
Tubing*Loc 5 .0.12511 F(36,91) = 1.52 0.0644
Error b
(Run*Loc(Tubing)) 25
Within Location 12
Total 68
O .. %% Significant at the 0901 level T

Fractions used: Medium sand; Fine sand; Very fine sand; Coarse silt;
Fine Silt; Clay

189



CJ Taﬁle F3. Multivariate analysis of the particle size fractions for the
Baingville very fire sandy loam soil. . .

o D o —— W w0 D T T A h sy D ks S S P D D Y D S P W D e T T D D i} S W S oy o o o b i R ok Al O s i PRAS f
T T r ey D D " 0t b A A - S o ot > i . - — — —— - T — - — - > -

Source DF Wilk's RAO's Prob > F
: |.ambda . F-Test e
¢ S .
' * Mainplpts
Run 2 0.01467 F(10,4) = 2.90 0.1580
. Tubing 3 0.04404 F(15,6) = 0.83. 0.6445
~ ‘ . Error § ‘ ) )
(Run*Tubing) 6 o ‘ , ;
J Subplots :
Loc(ation) 2 0.10365 F(10,20) = 4.21 0.0030%**
Tubing*Loc 5 0.29808 F(25,39) = 0.60 0.9128
Error b ' »
(Run*Loc(Tubing)) 14
Within Location 11
Total 43

- oy W . ) o o Y Y . G e T S A U e W G SV U b Go% GEE g VR i G S G P Wy S g S S S G A0 o e S S WD S T T D S T G S S A D Wy

*% Significant at the 0.0l level
Fractions used: Fine sand; Very fine sand; Coarse silt; Fine Silt;

Clay

Table F4o Multivariate analysis of the particle size fractions for the
rmstown silt loam soil.

S SN T B o S A Sl S S A G O S N A S S A M e g Yy A ey et A o Ty P o ) L e Ay S S Ve ket i S T S " S . S Y S W . OV S —

__________________ FS===zszszzzSszzSSTSSISZSTSIITSSSTSoSSSS=Ssss=Issoas
Sourc DF Wilk's RAO's Prob. > F
- ° Lambda F-Test ° )
Mainplots . .
| Run 3 . 0.14010 F(9,17) = 2.37 0.0592
| Tubing 3 0.64328 F(9,17) = 0.38 0.9293
* . Error a " ¢
(Run*Tubing) 9
Subplots
Loc(ation) 1 0.54209 F(3,10) = 2.82 .0936
Tubing*Loc 3 0.45607 F(9,24) = 1.04 _#8.4408
Error b ’

(Run*Loc(Tubing)) 12

Within Location ™ 16

Total 47 r
‘[F? " Fractions used: Very fine sand;-Coarse silt; Fine Silt; Clay
) m o~ -
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i

, Table Gl. Analysls of variance of density measurements for, the Ste.
3 . Sophle fine sandy soil.

’ :::::ﬁ::&‘_’:::::::::::::::::::::====:===:=:::::::::::::::::::=======:===
Source ’ DF Sum of Sqg. Mean Sq. F Value Prob > F
Mainplots .
Run 2 0.0011 0.0006 - 0.28 0.7673
Cell 3 0.0125 0.0042 2,10 0.2021 °
Error a
(Run*Cell) 6 ‘0.0119 0.0020 -
Subplots ‘ o
Location 1 0.0284 0.0284 . 19.65 0.0022
Cell*Location 3 0.0023 0.0008 0-53'ﬁm 0.6769 .
Error b ? : w . .
(Run*Location(Cell) 8  0.0116 0.0014
Within Locatiop/ 48 0.0419 v
Corrected Total 71 0.1097 . -
e

Significant at the 0.01 level

Table G2. Analysis of variance of density measurements for the Soulanges

fine sandy loam soil. N -
Source DF  Sum of Sq. Mean Sq. F Value . Prob > F
Mqinplots ’ M
Run ) 5 0.0556 0.0111 3.13 0.0393
Cell -3 0.0011 0.0004 0.10 0.9587
Error a
(Run*Cell) 15 . 0.0533 0.0036
Subplots ) .
Location 1 0.0554 0.0554 20.06 0.0008
Cell*Locatfon 3 0.0014, 0.0005 0.17 . 0.9165
Error b ! .
. (Run*Location(Cell) 12 0.0331 0.0028 ¢
Within Location 80 0.0609
Corrscted Total 119 0.2608

e D e e L T S S Ty p——

« Oignificant at the 0.05 level
Slgniflcant at the 0.01 level
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({" -
o Table G3. Analyéis of variance of density measurements for the
' Bainsville very fine sandy loam soil. ‘
============l=:======:::::::::::::t::::::::::::::::é::::::==============
.Source - DF Sum of Sq. Mean Sq. F Value Prob > F °
Mainplots ‘ v .
Run 2 0.0026 0.0013 »» -~0.41 . 0.6781
Cell 3 0.0083 0.0028 0.90 - 04923 . ‘
Error a’ - -
(Run*Cgll) L6 0.0185 0.0031
Subplots i ® - .
Location 1+ 0.0507 0.0507 8.58 0.0221
Cell*Location ! 3 0.0023 . 0.0008 0.13 - 0.9382 >
Error b - v
(R\Jn*LOCﬂtion(CEIl) 7 ’ 000413 000059 | . . \/2
_ Within Location 46  0.0607
/ Corrected Total ° 68 0.1844 ‘
====:===========:::::::::::==================================;=========
] * significant at the 0.05plevel ' .
- ] - '

o -

-

Table G4. Analysis of variance of density measurements for the Ormstow
silt loam soil. . ~

Source DF Sum of Sq. Mean Sq. F Value Prob > F b
. Mainplots , .
Run - 3 0.0172 0.0057 + 14.98 0.0008
Cell 3 0.0030 0.0010 2.62 0.1153
. . Error a ? - ,
! (Run*Cell) 9 - 0.0034 0.0004 - 0
Subplots "
, Location 1 0.0249 ¢! 0.0249 10.24 0.0076
Cell*Location 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 \ ’
o ) ** Significant at the 0.05 level
193 ‘
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APPENDIX H
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—ﬁigures ahowing equipotential lines around the drain f'or the Soulanges
very fine 8andy loam and the Ormstown silt loam. Equipotential lines are
the averages of all data among runs and cycles.
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’ line (mm)
r /
Y .

Figure H1. ‘Average equipoter)t‘ial 'lines observed around the normal
slotted tube with the fabric envelope in the
Soulanges fine sandy loam soil., -«
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Figure H2. Avera;;e equ\ipotential lines observed arpund the tube with
.small slots in tHe Soulanges fine sandy’ loam soil.
|

196



g
\ o » -+ Piezometer
. .——350-—- Equipotential
. line (mm). e ,
? ! t (—' y
b 9 . 3 : ‘%} M

4 - h 4
o Figure H3. Average equ1potentlal lines observed around pinhole tube’A in_ {
' the Soulanges fine sandy loam soil. o ;
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Figure H4. Average equipotential lines obéerved around pinhole tube B in

.
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LY

the Soulanges fine sandy loam soil.
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> Figure H5. Average equipotential lines observed around the normal
in

slotted tube with the
Ormstown silt loani soil.
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G‘ ‘ : Figure H6. Average equipotential lines observed around the tube with
- small slots in the Ormstown é.Qt loam soil. -

2

‘ 200




B e T L L
o ' -

3 8 ,
P i!}
. \
\ + . -
¢
| +
s
o +
' g .
.I
{
[3
/) : s Piezpmeter
‘ﬁ ) ‘ \—350— Equipotential
v line (mm .
( ) ,5-‘55"&.\,&
i o L -
y - .
o , Figure H7. Average equipotential lines observed around pinhble tube A in
the Ormstown silt loam soil .

' 201

)




S N "
ST g

A&

’ ) ' - ) +* Piezometer

'

—350— Equipotential
Tine (mm)~

-

9

Figure H8. Average equipotential lines observed around pmhole tube B in
the Ormstown silt loam soil.
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: : | ‘ © APPENDIX I

a -

Analysis of variance tables for the computed hydraulic conductivity, K.

b
v ,

, Note: Because K is proportional to the drainage rate, Q and that

N he error associated with Q is 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 the analysis of variance produced the same
conclusions.

However, to be consistent with the AOV tables for drainage
rate, the tables shown in this appendix.are the results from,
using the actual data. '
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Table I1l. Analysis of variance of the computed hydraulic conductivity
) for the Ste. Sophie fine sandy soil.

B v N I T B > T A - - - A D o S Yt VP D S e S W B SO MDD D Ot D Mt ey G D s D e N S ) S D T S T A i S A W
o o o o o i s e 2 o T A e T D S W Y e = A A A P T M 0 A D o G . - — - —— | G T " - -

0.24 - 0.7949
0.49 0.7037

8 " 0.0703
0;10 009557

Source DF Sum of Sg. Mean Sq.
Mainplots
Run » 2 8.9333 4.4667
Tubing 3 27.3663 9.1221.
Error a o
(Run*Tubing) 6 112.3609 18.72&8
)
Subplots .
Cycle 1 41.5452 41.5452
Tubing¥*Cycle 3 2.7000 0.9000
Error b
(Run*Cycle(Tubing)) 8 65.5518 8.1940
Within Cycle, 132 267.4607
Corrected Total 155 525.9182 |
==============‘.‘v==============::::;.'.':'.:===========================::::‘.‘-‘===
(

Table I2. Analysié of variance of the computed hydraulic conductivity

for the Soulanges fine sandy loam soil.

D . 4t o Ay Sy G S U S Uy S A D GRS U A G g S S Sl b e ML ) D S S T G G G e GO ARG SRS N e S U D T L G o STV TR SR P S S N S S SRS N e D A e 00
-ttt et et rrrrrrrr i

Source DF Sum of Sq. Mean Sq. F Value Prob > F
Mainplots v ‘
Run 1l , 0.0019 0.0019% 0.66 0.4752
Tubing 3 0.0652 .0.0217 7.49 0.0730
Error a
(Run*Tubing) 3 0.0087 0.0029
Subplots .
Cycle 1 0.2520 0.2520 134.40* 0.0003
Tubing*Cycle 3 0.0252 0.0019 4.42 0.0952
Error b
(Run*Cycle(Tubing)) 4 (; 0.0075 0.0019
Within Cycle 76 0.2863
Corrected Total b 91 0.6468 -
® Significent at the 0.0l level
N
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sQ - A
o - Table I3. Analysis of variance of the computed hydraulic conductivity
for the Ormstown silt loam soil. ‘
Source o DF Sum of S5q. Mean Sq. F Yalue Prob > F
" e e o o S\- ------ 7.. ——————— 7‘? —————————————— - - -—— .
Mainplots ’ -
Run 2 0.1039 0.0520 - 17.88 0.0030
Tubing 3 0.0030 0,0010 0.35  0.7941
Error a ‘
{Run*Tubing) 6 0.0174 0.0029
Subplots - h
Cycle 1 0.0003 0.0003 .07 D.7988
Tubing*Cycle 3 0.0077 0.0026 0.72 0.5728
rror b . “
(Run*Cycle(Tubing)) 3 0.0252 0.0036
. Within Cycle 87. 0.0243
v Corrected Total 105 ' 0.1818 ‘
i::::::::::::::::::::::::::============================================
Significant at the 0.05 level
¥
,
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Analysis of variance tables for the’computed RPZ
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OJle Jl. Analysis of variance of the computed RPZ ratio for
the Ste. Sophie fine sandy soil. .

. P > T .t s S ) B G Tt S . S k. Vb G e S N T VS Ak i D Ty L WD G TR b VD R GV S it S e Ty R N S ) Y R R WP S G S

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 4.6370 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 -
Tubing*Cycle .3 0.6063 0.2354 1.22
Tubing*Loc 9 1.9680 0.2187 1,14
Tubing*Cycle*Loc 9 10,1759 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

—————————————— 200 S B P s D e S0 e P O e N T A D S AU N ) G G iy S A i D W W S M D S Y S

S s AR P e s S TS S T I S S TV G ) SN CED NG e D VIR CES M R G a8 GG S0 R Y AR G S S S G A S S SN A G G i SN S W D T AR s SO TS TR e T e

Table J2. ’Aaalysis‘of variance of the computed RPZ ratio for
the Soulanges f%ne sandy loam soil. )

Source ‘ DF Sum of Sq. Mean Sg. F Value

Mainplots
Run 1 0.1553 0.1553 0.09
Tubing 3 8.0355 2.7850 1.63
Error a

(Run*Tubing) 3 4.9289 1.6430

Subplots -~ K
Cycle 1 1.0037 1.0037 1.85
Locktion) 3 0.8410 0.2803 0.52
Cycle*Loc 3 1.2408 0.4136 0.76
Tubing*Cycle 3 0.3979 0.1326 0.24
Tubing*Loc 9 6.6553 0.739 1.36
Tubing*Cycle*Loc 9 2.5395 0.2822 0.52
Error b 2 L
(Run*(C L)(Tubing)) 27  14.6404 0.5422

Within Cycle 297 7.9114

grected Total 359 47.7497

- —— - - - - W AT S D D T D S P S W VI D D S G A N S N S
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APPENDIX K

Analyeié of variance®tables for the computed hydraulic gradient, I.
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Table Kl. Analysis of variance of the computed hydraulic
gradient for the Ste. Sophie fine sandy soil.
::::::::::======;:===:=====:================::::::é:::::::::::=
Source DF Sum of Sq. Mean Sq. F Value
Mainplots .
Run . 2  21481.52 . 10740.76 0.63,,
Tubing A 3 3201779.83  1067259.94 62.45
Error a ‘
(Run*Tubing) 6 102541.98 17090.33
Subplots ¥ ) ‘o '
Cycle 1 2654.68 2564.6éﬁw 2.15_
Loc(ation) 3 33221.88 11073.96 8.96 ,
Cycle*Loc 3 873.20 291.07 _ G.24
Tubing*Cycle 3 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 )
(Run*(C L)(Tubing)) 55 67956.98 1235.58
A
Within Cycle 506 76993.37
Corrected Total 600 3578995:86 . ) o~
3ttt g eo et e e e R o= :::::::'—'::::::5:::::::::=
* siginificant at the 0.0l level. 5

Table{EE. Analysis of variance of the computed hydraulic

gradient for the Soulanges fine sandy loam soil. ‘:;\\

Source i DF 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 -

Subplots ix‘ N o
Cycle | 1 13920.45 13920.45 8.72
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 $0562.55 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

v

Corrected Total 360 1828212.54

. G - - i - - 0 T — O D S G T S e s S T Y T M U S TS Y A S A D st D gp D T St G i B0 Sy O e G ey U AP S T ) Y V"
T D e D e Y G T A U L D U D D D T Y D P B D W D S D T O S — -~ = —p " Y - - - - - -

* siginificant at the 0.01 level.

210



N T O o 7 T Y ST L Syt tTar T TR e m e R

(-3 = + $‘n 2 ) % . “';Z-‘m
- e

o \

’ [ a
\
- [
Table K3. Analysis of variance of the computed hydraulic A
‘ gradient for the Ormstown silt .loam soil. - )

Source DF Sum of Sq. Mean Sq. ‘F Value !
Mainplots ) '

Run 2 217862.29 108931.15 3.27,

Tubing y 3 711246.46 237082.15 7.13

Errom a - :

(Run*Tubing) 6 192645.28 33274.21
Subplots ‘ ’ ,

Cycle | 1 . 22085.10 v22085.10 3.82_

Loc(ation) 3 86642.2G 28880.73 4.99

Cycle*Loc . 3 3526.02 1175.34 0.20 '

//,» Tubing*Cycle 3 .12632.75 4210.92 0.73 )
Tubing*Loe . 9 57149.97 6350.00 1.10 °
Tubing*Cycle*Loc 9 75%9,98 842.22 0.15 ’ <f
Error b \ \ ,

(Run*(C L) (Tubing)) 36 208351.20 5787.53 :
) Within Cycle 348 64046.75 "
' . ]
Corrected Total = 423 1590768.00 1 i
:3&'::::::::::=========‘============:==‘—‘=='=======-==?========== ) ’/,

-
I,

* 0 siginificant at the 0.05 level.

siginificent at the 0.01 level.

/ 2\

, y

[1Y




N}

"

]
%

/-‘

Datermmatlon of the entry resistance f‘actar at the opening, Qe

APPENDIX L
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total entry resistance. factor, o g
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: o
+" - Tablell gives the entry resistance of each drain-along with the

.3

A% Normal Slotted Tube with ‘Fabric Envelope

Equation (3.16) was used to determine the entry resistance at the

opening, o4 It'was assumed that the envelope had a block profile with .

valleys 2 mm degp and a circumferential opgning 20% gr}ral ler than the
valley width. It is reasoned that the weight of ‘the soil around the
drain would push against the fabric and deflect it by a small distancg
in the valleys of the corrugations, thus creating a sinusoidal profile.

—

. o
This was, however, simplified by assuming a block profile. «Hence@ward,

*

a probably. overestimated 2 mm deflection was used. Rather than

estimating the spacing betwéen individual fabric openings, a continuous

circumferential gap with 20% width less than the valley width was

considered as being adequate. This reduction in width accounted for the

reaistance to the flow created by the fibres. With these assumption's,

4

otg = 0.0141, . LD, °

Asuming a circumferential opening width equal to the valley v:’fdth,

ylelds an entry resistance of 0.0134. The two numbers, differing by only

<

5%, the first one was used as it is more representative of the realityl.

A first attempt ‘was to consider each fabric opening separately and

«

estimate’ the spacing between individual perforations. Equatioﬁ (3.14),

‘ P ‘
was then used, This approach), however, did not prove reasonable as it

-

A

,
gave an entry resistance, of only 0.000161.

-]

o - - a £\
s

0}

e b

drain characteristics used to compute that ntfm.ber. g
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the valleys of the corrugations, equation (3.17) was used.

4

B) Tube with Small Slots |
’ .

In this case, bescause the slots were of a much larger size and in

\ ' ' -

8

C) Pinhole tubes A and B

Both pjnhole tubes had perforations in valleys as well as ridges.
The stre’é:\es would most probably converge directly to the openings

and no additional convergence would be experienced by the streamlines

towards T\N:)he corrugationg, as shown in the figure below.

| Ridge . Valley ' Rldge

. & : : ‘ .
®. Therefore, it can be assumed that we have two smooth pipes with

discontinuous perforations and radii r, and r,'. The entry resistance

for the drain would be the average resistance cr:\eated by the two ‘ﬁipesﬁ,

o‘f‘ different radii, Because no equations we":?e developed for circular
perforations , and that it is beyond the scope of this study to do so,
the perforatmns were assumed to be square and equatlon (3 14) was used.
Actually, the perforations, whlle being cncular on the outside, were
approximately either$ rec‘tangular, square, elliptical or trapezoidal on

- the inside.

214 . '
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determined by using the eqﬁt_Jations in Chapter III.

_Table L1. Drain characteristics and entry resistance at openings as

215

-

=============:“-‘====::::::::::::: F e e

Characteristic Sock Small  Pinhole A Pinhole B
slots Valleys Ridges Valleys Ridges

Equation (3.16) (3.17) o (3.14) (3.14)

r, (m) 1 29.754 58.103 V 58.496 58.966

ry' (mm) 57.754 . 51.608 - 50.800 51.245

Or (mm) 2.000 6.495

N, 32 0

c 17.018 12.700 14.981 16.510  18.796 18.796

By (mm) 5.696 0.650 0.880 0.660 0.610 0.690

B, (mm) 7.120 . 6.858 (R

“Np  (mm) 3.470 0.880  0.660 0.610 0.690

Ag (mm) . 7.093  7.657 6.708  7.719

¥ " 0.124  0.086 0.091  0.089

F(y,€) 4.15  4.37 4.4 4.40

0y 0.0141 0.1560 0.1104 0.1690  0.1984 0.1756

Iy 69.754 68.103 60.800 68.496 61.245 68.966

rq 159.754 158.103 150.800 158.496  151.245 158.966

Apga 0.0441 0.2001 0.1873 0.1648 0.2343 ~0:2119

Oy 0.1760 0.3341 0.3208 0.2983 0.3670 0.3448

ﬁ:::'_‘::::::::::===========:‘=:.“-':::)2:::::::::::::::.‘:’::::::'—':::::,‘-::.‘::::::

s
- O, andp;y computed using equation (3.9)
§ubscnp g would correspond to subscript "b" in equation“(B 9)




