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ABSTRACT

T 2re is a- lack of knowledge on the problem of drain
sec. mentatlon 1n Canada. Only in the last few years has
there been some research done in Ontarlo to evaluate
materlals and methods of protecting underground dralns
agalnst silting. | |

-

In this study, seven filter materral treatments and
a check were compared in a laboratory model to determlue~-ﬂ
thelr relative effect on flow of sedlments and water
to a corrugated plastlc draln tube having two types of
'~perforatlons » ‘ _ |
| The drain tank model, bu%lt.of plywood) was 48 inches
.deep,-l8 inches wlde, and .12 inches long. A drainage .
_cycle, coneletihg of ponded water flow aﬁd partially
saturated flow couditions waflslpulated in the model.
Based onvthelr perfcrmance theltreatments tan be rated
asffollows:' |
Rating based on'providing protection‘aqainstlsediment
movemerit : o BN |
1) Glass fiber mat|mith glass fiber felt.
2) Tile guard with‘élass fiber felt. '_:
-3) Glass fiber mat witﬁlpoly—underlay.
4) Tile guard with poly—uuderlay.
5) Glass fiber mat 2700,

© 6)  Tile guard 2700,



7y "'»'Grav.é:il fiit‘e;:r; -
..8) No fllter.s

B A

*lﬁatlng based on. flow of water.
;l”f”Gravel fllter
';, 2‘;‘Tlle guard with glass flber felt.
3d2 Glass fiber mat with glasskflber felt
L 4 Siclass - fiber mat 2700 “
5 —'Tlle guard 2700_
6 —~ Glass flber mat witﬁ poly—underlay.
7 - Tlle guard with poly underlay

. -8 - No fllter. s o . o

Rl

"For ‘both soil and watérbdischarged,xglass'fiber'mat_

~|.

‘and tile guard did not differ significantly from each
- othey under similar placement conditions or combinations.
Therelwas a significant chang=s in the composition of the

sedlments dlscharged into the drain as compared w1th the

'

orlg;nal base 5011
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A Chapter 1 - , : -
. , INTRODUCTION o

Subsurface drainage is an integral part of3a per-.

manent 1rrlgatlon agrlculture. It is a practlce that is
used all over the world, not only for agrlcultural\lends,
but also for other appl;catlons, sqch as alrflelds and

hlghways. In agrlculture, probably no otherw$e'd 1mprove-

ment practice requlres as hlgh an’ 1nlt1al coqt

dralnage. Due to the hlgh 1n1t1al investment, thevlgnq—

owners are justﬁfled 1n expectlng that a dralnage system

will be designed and%lnstalled w1th a hlgh degree of perfec— ,

tion ' to give satisfactory performance for a; long period of

o

time. Unfortunately, the knowledge is llmlted to/solve all
the problems that dralnage engineers. and contractors would

face whlle designing and 1nstalling‘a drainagevsystem. .
Howevery, considerable p o ress has been made so far throcugh
: @ . ) : ,

reTsearch,ﬁ experience and practice. The mechani.cs of’moiv ture

movement in the 5011 under various cond;tlons have been

1nvest1gated by soil phy51c1sts and the detalls of the. pheno— -

ﬁ_mena are known today to help in the design of tile drain

systems.v'Installation equipment has been developed which

at the desired depth'

39

qp;ﬂw1th much greater prec1s1on than man could have
0 N

‘cdn mak@y f;trench and lay the draln

TATE

3

attained with his handS'and a spade. At present, clay and

»cement asbestos tlles are belng replaced by plastlc ‘drains

‘whlch are 1nexpen51ve, easy to 1nstall and‘glve results
\ . :
. . lh

'

1 ' | _ .

&*‘-subsurface
L

/.
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comparsiiie L. cla'y t‘Ileg \g 5‘%(// Ep@l‘e a¥e no spﬁ’lelc v
recc menda.io.. regardlv Q}\ , _E fl.lter._mater‘lal,sﬁ for E
protﬂction of (grlcultuv /3\4 S{afﬁ~elo<3'9.i_n<37 wi.ij-hn.silt"
“and Se'vun“ )
- , Sllt and sedl'nent Jl/ fl\ d(" s Cthe drains not or;y
‘ reduces the: eff1C1enty Q/ f\ﬁ%% ¥stem,’ put alSo
, shortéens 1ts llfe Thev/\\\ / \¢ {(Q }'Qtec\_lve measures
..should be taken to check‘/l f’\}/fl\@ Of sediments, yet
zllow water tc>~enter thy Q\ /\ | i 71111 improve the
eff1c1ency of the systen be /1\ Che Fife of the drains
and also -make them econqw/\\ 4/‘3 / \}Vle

There are severalv t\ f\ / Yo %olve thlm problem
' One approach would be an t\ /\L\ A dﬂ%lgn drain tlle w1thf
Aa bhllt in fllter that wvﬁlq /l / \\» £_r to enter but at
the same time check the V 4 / \ \{eﬁ from éntering the
drain in excessive amoun / \l’l dﬁ“lgn WOuld probably

x‘esul%\dln hlgher cost of (/\i /l\ y o

Another approach m /h t {}‘\\ Q nOn“Slltl}’lg de51gn -

1

'vlélocity.‘ In any_such d\%f }\ / mﬁy be two posSle_L- v
it?}es:ﬂ ‘ » | e |
‘1)  The control of /\ / \ / { & » sPeed .and
| dlrsctlon of w t/\ f \ @proagplng ar\d

° entering the d\\q/\f\

Some llmltS lml@/\ A \ /\ ;ﬂaxlmum size, 0f the
particles that Q/\Qé \ ‘\,J{led by a non-silting |
- - velocity in th\ \ﬁ/l\‘ ‘ :
. / ! . ' .
e 'R_egardj.ng th‘e llrS\' ;‘_\‘U/l\jﬁgh_(él) has mzde a

e
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t

N

oy ,‘- T e
ffOrt ln de51gn1ng a draln uslng the novr-

i [}

Slltlng approaca and entry veloc1ty of water to the’ draln.

Y
< .

However, hls deSli? was llmlted only to a laboratory study

and had’ not SO far been tested in the fleld Practlcglly,
‘@ .} %

the SeGOnd posslblllty seems dlfflcult bébause the 51lt1ng

Problem ig mostly on level lands, where: such a grade for aﬁ

.

drain llne is almost lmp0351ble»to~obtaln. The use of

’

Sedlmeﬂt pasins 1s a variation of this approach The
t\lrd alternat@ may - be that of a filter materlal Wthh -

wiil exclude sedlment from the draln and will increase \ L

-

t%g rate of water movement into the drain. Almost every
dralnage englneer taCkllng the prOblem of sedlmentatlon
agrees thbt a Well deSLgned fllter %ﬁn solve the problem

of draln clogglng ,,,_ !

d

v "t

L The usual term 'fllter',’used to include all materials '

’

placed around Subsurface dralns,‘ls probably a misnomer.

Vo
N\

Instead ghgse materlals would rlghtly be called an envelbpe, .

v

" Which does not necessarlly mban fllterw ‘The™ term envelope

\ :
Algo0 lnCludeS the foun%atlon or base stablllzatlon. lThe S

)

functlons of an envelope materlal around a subsurface draln

are generally~ I N

s L) To exoludeﬁsediment from the drain,that'ﬁay
‘cause clogglng;
:2)'tTo'P£event sealihg’at drain Openihgspl
3)  To increase-the rgkeﬁbf water‘movement‘lhto,the
drain, and | i |
‘”~ 4)5 Toﬂserye»as.a stabiliiing’fouﬁdationvfor the'draln.

v

r\«,d . .y o . i . - ¢



A

‘!
However, as thlS 1nvestlgatlon dealt with only
f;l cering action of the various materials; - the term 'filter'
was con31dered more appropnlate than envelope'

At present some crlterla exist for the de51g of-

gravel filters for subsurface drains. However, there

O

- are no: conclusive recommendations and these need some

RN ~

refinements according to the specific location. Also,
some gravel fllters belng qulte expen51ve, dralnage
englneers have beeﬂ\gélng the chekﬁer glass fibre materlals.

:fmaterlals have given some encouraglng results.

However, no  a1ing can be said about:iheaeffectlveness of &
these materials as Vet‘aﬁd there is a need for more

i
;

investigation. In this 1nvest1gatlon more empha51s has
e

been: glven to the fllterlng propertles of the glass fibre

.materials under dlfferent placement condltlons or com—c

v -

blnatlons.r The.speclflc objectlves’of the'lnvestlgatlon
were:Ti-._ e oo ‘ ‘ |

lj';go deVelop a orainage'tank model in which the
: field'condit;onscaround‘a drain7could“bevsimulated;

A\

o
if/27'.To evaluate quantltatlvely the relatlve effect—

' lveness of dlfferent fllter materlals to éheck
51ltatlon of plastlc draln pipe;

3) To evaluate quantltatlvely the reln+:. - cffect-

}, . . — . . ’ . - . . “" - R
' ‘ivemness of filter materials.on th. nflow of

=
water to’\lastic drain‘tubes;
T C 7
4) To evaluate quantltatlvely the effzact of shase

.and pattern of perforatlons in commercially



available plastic drains on excluding sdil_from
.agd inflowddf water into them; #
5) Tg cbmpagelthe dompositibnlof thedsedimenfg dis-
chafged,inéo drain under different treatments with
that of the base soil. ~
From fhe beginning it was continuously borne in mind

ﬁhat‘field co o =ions would be difficult to simulate
exactiy in £he nodel. Therefore, the rasults cannotgfa
: applied quantitatively to field conditions. It musﬁ be
recognized that ohly comparativd data were sought in this
\study Because of carefully controlled conditions, these
data should be of help in determlnlng the ré@~f1ve value
of dlfferent filter materials and in determlﬁang those
that are grossly 1nadequate Anobher advantage of the

aboratory study is that data car be.obtained in a shorter
'tlme than would be requlred 1n a. fleid study. However,
less time hasfa_deflnlte disadvantage in that néi{her»the
~effect df time on filteé glogging, nor on development of a

natural filtepgby gradati 2 ah,be evaluated due to the

: d
; ‘,
short length of test ru ’ ~

o



Chapter 2
—
“ REVIEW OF LITERATURE

A thorough review of published_llterature_shows‘that
any experimental work performed on the‘subject’of drainage
envelopes has been only dnring the nastr;zﬁtyiyears:
However, every researcher on tile drainage since the in? '
stallation of the first tlle drain in l835,von the Johnston
farm‘in New York- oate(34), has reoognized the problem of
drain . siltation. Most research workers have thelr -OWn

BN

others have

oplnlon on how to solve this problem, whi

simply adopted the recommendations of previou workers.

In the absence of "extensive € perlmental research and

——y -

data, there is nothIng conclu51ve about the de51gn and

laylng of filter materials for agrlcultural drainage.
- 1

Only in the last twenty years have .agricultural research
501entlsts and dralnage englneers recognlzed the feed for
development of crlterla for the de51gn and quantltatlve

evaluation of,the effects of filter materials”on the

prevention of drain‘tilelclogging.

2.1 ,Conditions Requiring Filter A
. —_ \
Alluvral soils con51st1ng of large percentages of

4
flle sand or coarse 51lt tend to be unstable. 8011

!
'

partlcles of these groups: lack cohe51on and are sufflc— f

1ently small to be moved by low veloc1t1es of flow. Also,

these 30115 become unstable with- 1ncrea51ng unlformltya
. ‘ ‘ ,
' Nelscn(28)‘has describedothe group of soils that are most
, SO ST .

»



unstable as those ljing within the rize ranges of 0.05 to
1.0 mm. The *use of filter materials is almost universally
-~
recommended in such areas. ' According to BrownSéombei4),
textural classes‘élone are not. ‘always a good indication
of a soil's tendency to enter and plug unprotected drains.
He described plastiCity and dry strength as important
'vfactors in soil stability and/developed a method for
evaluating the Silting hazard d&f SOils utilizing soil
characteristics such as plasticity, dry. strength, dilatancy
and appearance in addition to soil texture. He has sug-
gested that soils haVing no plastiCity, only slight dry
strength rapid dilatancy anrnd dull shine correspond to
those which are unstable and likely to cause drain failure:
Therefore, a need for tilter is indicated for,SOiIsrhaving
these reactions.i At the other end of the scale, soils.
having high plasticity, high dry strength, slow.dilatancy
‘and shiny appearance are stable and do ‘not need any filter.
The s6ils between these two limits may be hazardous,
particularly if other conditions such as flow velocity
and jpint spacing are unfavourable. For these, judgment
muSEEZe made‘as to their stability for.the particular
site and construction conditions ‘that w1ll prevail.
| Generally, it is assumed that no filter material is
needed for tile .drains installed‘}n the fine textured
soils of the ‘humid regions.: Thisiassumption is further
’ supported by Taylor and Goins (37), who observed that in

‘humid regions the soil adjacent to all drains was in a-

red

/



porous condltion, regardless of filter treatment.
Apparently, thls 5011 has water stable aggregates and
consequently does not contrlbute 51gn1flcantly to silta-
tion of the drain. -

2.2 Design Criteria

Pipe drains'designed'and constructed for the é:ainage
of irrigated lands should accept groundwater moving to
them without:a wa' zable build-up above the drain. Td.
accompllsh thls, the pipe must be surrounded by an 1mported
material de51gned w1th a gradatlon and permeablllty com—
patible to that of the materlal.belng dralned, known as the
base material.* Draanage englneers agree that for all

%ﬁ\ types of subsurface drainage a large quantity of fines
'should not be allowed to move»into the filter*and the

permeability must be adequate to move all‘broundwater\eon—

verging at the”joint into the pipe. However, if the . ™~

f

enuelope is to be used only‘er agricultural drainaée,bthe: \‘(/
hydraulic gradient”should be low in»the order. of one or N
less: lTherefore, the design criteria for agricultural
drainage‘fllters.must recognizeﬂthat-the Velocityvbetween
the'base material"and the envel;pe is low and less fines

are required than for the de51gn of pr- tectlve fllters for

.—djyk.and canals. By redu01ng the amount of fines to
' o~

spec1f1ed gradatlon llmltatlons, the permeablllty will be
‘increased, whlch 1S'an ‘mportant requlrement for a filter
used for agricultural drainage. Filter gradation and : //f

permeability requirements are established on the basis of



the ﬁature of base’material encountefed on a particular
site' |

Most investiga;ors determined filteyﬂggilure on the
bqsis of visual observation. However, Leatherwood and
Peterson(22), Livesley(24), Willardson(4l),;aﬁd Winger
and Ryan(42) had’meﬁtioned‘failure'of filters'on fhef‘
béeis of chénge in permeability of filter material“by'
clogging with fines from the base soil. .

The following is a summary of some of the dralnage

filter criteria developed by various investigators.

O
U.s. Corps of . . B
Engineers Sisson(34) has summarized the

U.5. Corps of Engineers crlteria
as follows:

S
15 of filter

or.>>5

15 ef base soil

15 of filter

1t

or <5

85 of base, soil *

85 of filter

— = or > 2
Size of pipe opening
In addition, a statement is made that the grain size

o

curves of the two matefigéZNshould be approximately

r vpar‘:allel .
U.S. Bureau of .
Reclamation "+ USDA Soil.Conservation Serv1ce\19)
o has described the Bureau of
Reclamation) design as follows:

* lS means that size of Wthh 15 per. cent of
the particles are smaller,



§
A

50'per‘cent size of filter 'i

o - (= 12 to 58
50 per cent size of .base soil !

i

15 per cent fine size of filter -
' : 12 to. 40

15'per cent fine size of base 5011
. ‘ N
Where both the. base soil and filter material are
more - or. less uniformly graded a filter stability

'ratio of less than 5 is recommended.

Thus:
15 per cent fine”siée offfilter : o
‘ = or <5
85 per cent fine 51ze of base so0il :
¥ o In addition, the gradation curve of the filter

materlal should approximately be parallel to that
of the base soil. The max1mum 512e of the filter
material should be about 3 1nches and there should
'notvbe more lhan 5 per cent of the filter material
passing the»No. 200 sieve. The drainage filter
should be from 3 to 6 inches thick.
Close scrutiny of’these drainaée‘filter criteria
reveals that no one investigator‘had made definite
recommendations. For this reason, these criteria haveﬁ‘

been modified'to make them more workable. A ma]or forward

,step in this aspect has been taken by ﬁhe ;5011 Conservation

Serv1ce(l9) of the State of Washington\, USing a modifica—'

.tion of the Bureau of Reclamation and Corps of Engineers

.

filter criteria, spec1f1c de51gn requirements were computed

\_r_. W

for graqel filter Mechanical analysls of various soil

series have been made and then these de51gn criteria have

10
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been used to determine the\satisfactory limits for the
gravel filter for each soil. ;n addition,vmechanical
analy  is of available gravel filter materials have been
‘made, thus making it convenient tor the f eld engineers
. to select the proper fiiter material for,ike\soil in
Question. The Soil Conservation Service(27) has.adopted
virtually the same filter criteria nationally as was
develcped by the State of Washington. The nghway Research
Board (36) and Cedergren(S) have also mentioned and-verified
the U.S. Corps of Engineers deSigﬁ criteria.
| Most of the deSign criteria mentioned above were

eveloped primarily for protective filters for subsurface
drainage of dams and other earth structures. “But ‘these
have also been used for agricﬁltural drainage sucqessfully.
However, during the past 20 years, some criteria have been
developed‘primarily for the design'of agricultural drains.
Evans (8) has developed an envelope curve defining the
lower limit of standard deviation. of filter material for

a given ratio of filter to aquifer median diameter. He
suggested that the_standard de?iation of the filter
material must be at least equal to the minimum taken from
the envelope curve. Winger and Ryan(42) have developed
the criteria based on coefficient of uniformity and A
Lcoefficient of curvature for the material being used as

a filter.’ They made the following recommendations:
. | | i



Gravel:

"
o
H

V
1=

Coefficient of uniformity

Coefficient of curvature = 1 to 3
Sand:

Coefficient‘of.uniformity = or <:6

Coefficient of cumwature = 1 to_l

4
' Lower-limit for D6O size of envelope = 2 to 6 mm.

Upper limJt for D60 size of envelope = 10 to 20 mm.

In addition, they have mentioned that 100 per cent
should pass the 1% inch clear square sieve opening ‘and
not more than 5 per cent should pass the No. 50 U.S.
Standard Series scCreens. | ’

Another factor of 1mportance in the usg of gravel
filters is the degree of compaction. ~ The Corps of
Engineers (16) have recognized the value of compaction and
have made &" statement that”".' 2any filter for drainage
purposes should always be packed densely. Such packing
Wlll not be achieved if moist sand and gravel is merely
dumped hnto the drainage ditch." Nearly 20 years‘later;‘
Ghillod(lO) comnents, "...it appears that initial com-
paction of the filter sand is the dominant factor

1nfluenc1ng filter stability There are no known

deSign criteria for other mineral filter materials, bdt ;

the gravel filter criteria should applvfa‘ - ~

During the last decade, attempts have beeéen made to

~ use glass fiber materials as filters for underground

drains. There is some“record of research~to deVelop_the -

}

12



/,‘j

" design criteria for this material to meet the requirements

»

of an ideal filter. Nelson(28) was the.forerunner in
evaluating glasssflber filter materlals In his report, .
he has given a size dlstrlbutlon curve show1ng the soil
size limits that the glass fiber filter‘will‘and will not
Vbrotect.f Shull(32) has evaluated hydraﬁlic characteristics
of glass fiber materials and foﬁnd that when glass fiber
material of one inch thickness was compressed to as littlex
‘as 0.1 inch, the hvdraulrc conductivity was 'still sufficf
iert to make a‘satisfactory:filter. In later studies,
Shull (33) tested the soil filtering'properties ofmthree”
glass fiber mats of thicknesses O l O 2 and 0.3 inches.
He observed that 5011 partlcles larger thanvvery fine
sand did not eas1ly move through glass'fibervmats of the-o?;’iij
: LA

types tested. = g ‘ P

° . )

2.3 Past and Present Field Practlces ' g
and Recommendatlons '

'

. . e - 4
Since the time of 1nstallatlon of the'flrst tl%@‘
dralns, there have been experlences of

: tlles with silt and sedlments Durlng‘

need for some spec1al materlal around the drain~to prevent

clogglng“‘ For example, Janert (18) in 1933 observed the

fat

clogging problem in Cermany and had made the following B
statementt

"In heavy soils, partlcularly those con-
taining iron, the joints get blocked up and
precautions must be taken by putting a layer
- of some permeable matter, slag or gravel, over
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"the tiles. Such a permeable lcver serves
as a filter and protects the joints. Similar
precautions are necessary in sil-=y .cils
o which are very difficult to drain as the 'silt
- passes with the water into the drai.s ~where,
unless there is_a very strong current, it
sediments and soon fills up the drain com-
pletely Here again something like a filter
. ~is needed but slag and gravel is too coarse
to retain the fine silt. '

Weir (39) first recommended either straw or gravel

e

as an effective substance to prevent packing too close;y
about the drain in heavy soils and sedimenﬁ entrance into
the tile“hhere quicksand is encountered. But then,-ten.
years larer he stated (40) that, "One should not use straw
or brush around a tile line,". and suggested a strip of
about 6 1nches wide tarred paper ‘over the top half of the
_tile before placing gravel. Mdny of the recommeudatldn§
during the perlod 1940—60 on dheqking of siltatiouvof
subsurface drainsfare alﬁost the samg. Almost all of the
writers (9, il, 30 and 36), have suggested the use of all
~or any pne of burlap, straw, tar paper, coarseHSand and
bank run gravel @s a filter material. “ _ ‘
It is of-znﬁerest to know the methods of protecting :
underdralns from 81ltatlon in various countrles of the world.
'iJuusela(ZO) in Finland found that in clay soils, gravel
.iacts as a Very efflcaent filter preventlng silt from
entering the pipes aud;says,,"A_gravel filter’is always
-recommended.” vLivesley(24) states: "In Sweden and Den-

- mark tlles are first covered w1th varying depths of fine

top soil before being back fllled Er1ksson(7) in
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Sweden has recommended various thicknesses of gravel,

sawdust and glass mat, as an envelope for the. underground-

drains. Hooghoudt(lB) has discussed dralnage in The

Netherlands, statlng that freguently coarse peat dust is -

used to prevent soil particles from entering into the
tile. Slsson(34) had conducted °a survey of Mldwestern
States -of the U.s. regardlng dralnage fllter practlces
Here is the summary of his flndlngs
"Most of the states use a fllte% material of
one kind or the other. The materials used
are impregnated glass fiber sheet,” ‘burlap,
. tar paper, gravel, straw, hay and cinder,
etc. Some of the states also recommend a
minimum gnbde of 0.07 per cent. "
To determine the present practices in different
Canadlan Prov1nces on the use of dralnage fllters, a sur-~

vey was conducted The questlons were asked of: dralnage

‘experts about the recommendatlons, if any, regardlng the
FR

’

use of fllter materials, grades and 51ze of plastlc plpes
: used for subsurface dralnage. Follow1ngv1s _ah-summary
of the findings. _
'Alberta(3l). It is generally recommended that the
tile draln be surrounded by approxlmately Onhe foot of pit’
run gravel to prov1de both a Stable-base and to enSure
stablllty of the surrounding soils. ‘A mlnlmum 31ze of 4

/

Y
‘nches 1s recommended for, plastlc plpe lateral and ¢
)

‘nerally the mlnlmum preferﬁble grade is 0 002 but on
—‘some major 1nterceptors grades have been as flat as 0 001

Brltlsh Columbla Baehr(l) states

15
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"Our recommendatlons for fllter materlal in.

.problem soils is to ‘provide a 6 inches thick:

envelope of cedar shav1ngs over and around the

tile. If very serious conditions exist, we

recommend a complete filter including under-
> neath the drain, or a closed condult.

Man1toba(2l) Since agrlcultural drainage has not
—anitoba ‘ ‘ p

been practiced extensively in the province, :there are
) o -

. no spec1flc recommendatlons regardlng the u%e:of drainage

~.!

fllters
Ontario. Irwin(l7)‘stateS°

"The use of subsurface dralns for irrigation
is minimal; however, they are used substan%’j
tlally for general drainage purposes in the
prov1nce. We also use about 14 million feet
'of glass fiber material annually for filtering
. purposes. They are generally assoc1ated w1th

‘our problem sandy soils." Y

.~ The mlnlmum repommended(G) ‘'grades for dralns are as

. follows. S ' T '.j ‘ u 7kav

4 in. drain.. . . . . 0.10 ft. per 100 ft.
5 in..drain © + + . . 0.07 £t. per 100 £t.
” 6 1n. draln - A e . Q 05 ft. . per lOO ft.

o Whlle laylng dralns in sandy 50115, it 1! recommended

to COVer the upper two -thilrds of.the drain jOlnt 1th a

[

Rflaer fllter materlal or tar 1mpregnated paper

w

et

Some fleld as well as laboratory resea%ch has been
conducted to évaluate the effectlveness of varlous fllter

materlals ‘under varlous types of 50115 and placement

/condltlons around the dra1n.~.Most of the research records

A . ’

16



of the last two decades are for tile drains.ﬁpReSearchion.
cover materials for corrugatedsplastic drains has been
carrled out only durlng recent years and no 31gn1f1cant

t

'records are aVallable.
'Overholt(29) was among the leaders in conducting
research and evaluatlng glass fiber filter materials. He

found in a laboratory study, that glass fiber sheet " \

{t" ;guard which has a thlckness of about 20 mll " wash

effectlve in redu01ng the rate of s1ltatlon of tlle llnes

o

.1n a sandy sorl and in 1ncrea51ng the rate of water flow

»

Sllt accumulatlon 1n unprotected tlles was 3. 49 tlmes
ﬂgreater than ‘in tlle where the top three fourths of(!he

‘ c1rcum£erence was covered w1th glass flber sheet Where

b}

glass flber sheet was wrapped completely around the tlle,

o

the fllter gave almost complete protectlon agalnst s11t1ng.

From the same tests the rate of water dl'charge was 1.7

. and 2 26 tlmes greater, respectlvely In l959 Slsson(34)'

conducted a laboratory study comparlng several dlfferent
filters and envelope materlals Straw and‘sawdust wereh
found~relatlvely effective'in preventing.sand frommfilling
,‘tlle.‘ Straw, top 5011 and‘sawdust gave no signlficant
t*dlfference ln water dlscharge rates 1nto the draln tube, h'
but-a'gravel envelope gave,a.51gn1f1cantly greater;rate
of water:diSCharge than these'other materials., Hore;and
lear1(14) reported in 1961, a. laboratory comparlson of

Varlous comblnatlons or placement condltlons of ‘two glass

- fiber cover materlals:‘Duramat and tlle guard. QBased on

17
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!

 the relative éffectiveneszs of various treatments on the

~—
-~

1) Tile guard above and below the drain.

S N
2) Tile guard aboyexand Duramat belOW'the drairn.

©3) Tile guardvoh top three—foufths'of-drain only.
. £

4)'Duramat on top three fourths of the draln only

N
5) Bllndlng with top soil. \

;

The only study evaluating’the effect of time on

':organlc material was reported by Brownscombeé?? in 1962.

: He found straw deter* rated sllghtly to moderately after

6 to ll years and wood ChlpS showed llttle sign of
deterloratLon after 9 years At about the same tlme,

Hudson and Hopewell (15) reported on methods of backfllllng

"_og tlle trenches’ in clay soi. :. Backfilling materialh

S
\

" ‘included clay, turf gravel and straw. Cor: 1nuous records

‘ for 8 years showed no dlfference in outflow and it was

' concluded that apprec1able expense for special backfllllng

3
v

materials in clay 50115 was not warranted.

In 1963, Hanseh(l2)_made a comparative\study of the

>

L s L ,
'grain 51ze characterlstlcs of gravel‘materla;-used as

—

fllters with the ex1st1ng soils at respectlve s1te§“and

. glass flber materlal It was.noticed that the filter

materral belng used .in subsurface drains in Vermont was

too flngfand that the glass fdiber could be used as an

effectlve flltgf at a reduped cost. In 1964 LyonngS)
{ : «
reported on a £ield study comparrng saﬁflbwer straw; glass
4 c o " ' . . . . . o~ o .
A (v. . . . ) . . -

18

moyeheﬁt‘of soil and water thrc | the tile joint into the
.drain, the treatments were:ratz4 - 1 the following order: .f



fiber mat ‘'envelope, and no envelope. %p comparing rate
. 4 \
of water discharged, the safflowyer straw gave the best
PR . 4 .

%performance. Glass flber mat was less effective and the
. . _

lines with no envelopé ranked last. This study was in a

muck soil with a reputation of sealing the joints of the

tile drain and making them inefféctive.

Skov(35) in Denmark had‘compared 12 mm glasé woal
band and 0.7 mm enforcedbglassfelt wrappéd completeiy
around'clay an% plaStic;drain pipes with unpacked.pipes.

He observed that the conduativities of clay pipés and of
plastic cbnduits which were packéd with glass wool were
on fhe same level The \bnduct1v1ty from the glassfelt
packed and unpacked plastlc condults were, howeverf
con51derably lower and after 2 yaars the passage of water
- through these pipes had almost céased Meanwhlle, fhe
.water passage from ‘the glass wool packed plastlc conduit .
‘was also decreasgd considerablyz In all unpacked condj%ts,
saﬁd.was_deposited in varying quahtities, The packed ;
'vcondaits on the other hand wefe clean.
| wIn 1909; Lembke . amd Budks(23) conducted a model study
on the performance of the drain withautAah envelope and with
gravel filter of two thicknesses for a square placement
around the draia; Both three aﬁdvsixiihches gravel
] envelopes'pe;fo;med sqccessfuily invthe,model-yith”no
noticeable ba;e mater; 1 in the tile effluent while

immediate failire occurred in the test with .no envelope.,

" They found that the top corners of a rectangular gravel

-
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Chapter 3
MATERIAL AND PROCEDURE

3.1 Selection and Descrlption of the Basé Soil

Most of the literature reviewed indicates that the
coarse silt and fine sand are the most unstable soils.
.The soil parficles of these sizes lack cohesion and are
small enough‘to be roved by a low VelOClty of water to
cause qulck condition. Therefore,'the hazard of tile
- clogging is most common among these soil groups.A‘Nelson
(28) has descr;bed the 5011 groups between 0.05 and
~l.O mm as most unstable. It has been common practlce to
‘base the need for fllters on\the textufe and general
“appearance of’ the subsoil at tile depth. But textural
classes'alone are not always a good indication of a soil' 'S
. tendency to enter and plug unprotected drains. Character—
istics such as the- plastmc1ty and dry strength are known
to be 1mportant factors in soil stability.

In the Edmonton area most soils range from'sandy to
clay loam in texture, so orlglnally 1t was  planned that
at least- two types of soils would be used as base materlal
However, ‘as the number of treatments proposed were many
~and also plastic drain tublng w1th two types of perforatxons
'was belng used, the time avallable made 1t necessary to
‘elther study ly one SOll or to reduce the number of
. treatments.' After al- necessary con51deratlons regardlng
t?e?groblem, it was”fn < thatxa study of a number of filter

-
i



/

materials on one base soil was a better alternative.

Thus, it wa@jﬂecided to use only one type of soil 'éhet
is brevalent or at least:closely.rélated in its character-
isticsﬂté.the prevalent soil types.

In eelecting the base so0il’, the primarylconsideration
waS.notAonly-thet the soil would present a very serioes
drainage hézefd, but also that it should be representative
of the aiea: Verma(38) ﬁas classified(some,of the soils

around Edmonton and his classification indicates that most

of the soils in this area are medium textured rather- than

- light textured. As no drainage is practiced in this ‘area,

Aversity of Alberta Elierslie farm, it was considered more.

there was no data available regarding the hazard of
clogginc = 1 failure of drains due to this cause. There-
fore, .it was decided.to carry-out mechanical anaiysis and .
Atterberg limiés tests on some-representative'eoii samples
of ﬁhe area to determine the need for filter material on
the basis of the’previously established'criteria.. Since
there was some special interest in the soil of the;Unl—

. - : .
appropriaﬁe to take samples from the Ellerslie farm to
carry out the required tests. Three sites Were Selected
for samplingkpurposes on the Agrigultural Engineering

section of the Ellerslie farm. The sample ;s were taken

from the top foot and the third foot of the soil. The

mechanical anélySes were performed on the samples and

plotted as shown in figure 3.1l. To determine the-filter

re%uirements-on the basis of criteria set by Brownscombe (4),

22
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Atterberg limits .tests were performed and the soil was
‘classified according to Unified Engineering classification
system. The results of the Atterberg limits tests and
, : i .

desCription‘of.soil on the basis of the engineering

classification is as follows:

Liquid limit . . .';.; 46%

Plastic limit . .*. . 30.2% ;
Plasticity Index . . . 15.8%

flow Index . . . . . . 7.4% ”

i Toughness Index .. . 2.135
. The soil falls in the soil groups 6f'ML‘and OL. The

soil has slight to medium dryvstrength,.is io§4iﬂ dilatancy
and,haé slight toughness. Organic silts and‘prganic‘silt
clays of low plasticity having rock flou£ and,fine sands
are present. : ‘ | ' S

The- results of th¢ mechanicai a@élysié and Atterberg
limité tests gave sohe indicationvthat:the’prdblemﬂof
siltation would exisg'ff underground drainage wéﬁ;d ever
be practiced in this’ area: | e

This soil falls(2) under Ehe general cétegory of
Ponoka loam and‘its‘general description is as followé:

Soil type - Ponoka light loam |

Classification'é Cﬁe;nozemic

Area - University of Alberta, Ellerslié farm- : . £

Parent material - Medium textured; allu&ial '

| lacustrine material

Relief ~ Flat - ¢
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B

Horizon . Depth Description

Ah 0-18" Black to very dark bro&n loam, weak
prismatic to granular; may vary from

A i2 to over 20 inches in depth.

Ahe 18-20" Greyish brown to brown loamJto éilt
loam; weak platy.

Bt . 20-28" Yellowisﬁ‘grown 1oam to,cléy loam;

//7 weak columnar to weak s&bangﬁlar

blocky, friable. Some slight‘organic.
'staihing on tﬁ@ﬂSurface of the«pedsf

Bm 28-40" Brownvto yélié;ish brown loam to
clay loam; weak prismatic to weak
subangulaf>blocky,'ffiéble.

40"+ }

Ck

clay loam; massive; £friable;

Dark yellowish brown sandy loam to

N
>

lenses of coarse and medium textured

material.

Verma (38) measured the field bulk density of the

soils in the Edmonton area,to a 4 ft. depth. His results

~showed some variation in field_bulk density at different

locations and also a density gradient with depth. Since

>

the bulk:density of the soil varies from point.to point,

it was considered better to use the ayerage of 'bulk

densities found by Verma(38) for similar type of 'soils

as the base soil. According to his results, the density

gradient in the soils similar to the basg soil.is shown

in figure 3.2.
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3.2 Description of the Filter Materials

. . . . Ry
were used 1n this investigati

no filter material wat—

Seven filter materials or combination of materials

An eighth condition of

cluded so that the relative

effect of different filter materials to no filter condition

could «alsp be studied along with the comparison of different

Jfilter materials. The seven filter materials or combination

'$$ ‘of materials were as follows:

Y

1)

2)

4)

5)

6)

7)

The maﬁor emphasis in this 1nvestlgation was on the

the drain and poly—underlay below the drain

'udrain'(Tile guard 2700).

Gravel filter.

Glass fiber mat over the top three—fourths-of

. the drain (Glass fiber mat 2700).

Glass fiber mat over the top three—fourths of

e

the drain and glass fiber felt below the drain

(Glass fiber mat with glass fiber felt).

Glass fiber mat over the top three-fourths of

i

' (Glass fiber mat with pdly?underlay).

Tile guard»over the top three-fourths of. the

f

-ATlle guard over the top three- fourths of the

draln and glass fiber felt ‘below the draln

'(Tile guard with glass-fiber~felt).

Tile guard over the top: three fourths of the

draln and poly—underlay below the dragia\Tlie
’ : f
guard with poly—underlay) > Q}f ‘ S

<

different jginds of glass fiber fnatelé:ials manufactured for
: . . i ‘ - » L, ‘ ‘ ‘ -

N -
T



this purpose, this being due to the fact that little

research work has been done on these. materlals and Stlll
more investigation is needed. Other materlals like the
gravel filter have been‘under investigatidn for the last
" three decades and the crlterla for their de51gn and
functlonlng are well establlshed However, due to higher
costs and 1nconven1ence in the handllng of gravel filter
and less llfe expectancy o; organic filters, the trend
is' pPresently toward the inexpensive glass fiber materials
which are also easy to handle.
The followlng is the detailed descrlptlon of the
materlals used
1) " Gravel. The required filter design was based
on U.S. Bureau of Reclamatlon(l9) and Wlnger and Ryan(42)
. crlterla. The upper and lower limit graln dlstrlbutlon
curves of the required fllter were' drawn for the selected
base soil. ‘ An ideal gravel fllter should flt mldwav
between the upper and lower llmlts of the designed filter.
The grain size dlstrlbutlon of ‘the gravel used as .
fllter materlal is shown 1n flgure 3.3, and makes a good'

flt. The maximum size of the gravel was 3/4 1ndﬁ and

~the uniformity coefficient was-13.3.

2)-Glass Fiber Mat. Glass mat type W-85-10-20 is
——ll jack ‘straw . arrangement of glass flbers of unlform dlam—
eter,’ relnforced across the sheet with staple flber slivers

in longltudlnal dlrectlon, spaced 1% 1nches apart all

28
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i

- are as follows.

bopndléogether with a resinous thermosetting binder'into

a tough,“@orous mat for conversloo into tapeshield and

outerwrap;l | c \l S L eer A
Pﬁ§sical.ana mechanloal pfoperties‘of the glass fiber’

mat aré_éof%ollowé:- o ] ]

Width of mat7. , . 12.00 inches .

Thlckness of mat . - 0.614'f 0.002 inches “. |

Fibre dlameter‘r . 0.00050 T 0.000055 inc%eo

Welght of mat . . 0.85;lbs/100 sq. ft:

Type of binder . . Urea-Formaldehyde

~ r——

Tensile strength

along the roll . 18.5 ¥ 2000 psi’

across the roll 10.06 t'lLOO psi

Extension - . v : e

—

y\»f

¢ along:tﬁe roll {“‘l OO+ 0.2 per cent
r  across the roll ﬁ%.OO = 0.2 per cent

Tear strength - . _‘>‘:ézfi¥‘
along ‘the roll . 290 % 30 gms - ’ ;

across the roll 600 ¥ 60 gms . . | o NL)

lBurst strength . ; 40 t 4 psi.

3) Tile Guard..;?ile guard is a porous glass fiber

mat, felt—like material composed of a jack stray arrange-

ment of individual filaments of glass fibers bonded into
a uniform sheet with a thermo se&ting resin.

Phy51cal and- chemlcal propertles of the tile guardAb'

o

30
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.from_stlcklng w1th1€?the rokl. R ‘ ’ ‘i}j

\‘ . . o -
Type of glass - llme bor051llcate
Nomlnal thlckness - 0.20 lnches
{/Dlameter of glass fllament - OJPOOSS 1nches
Weight of mat - 1.05 1bs/100 s4. ft.
Type of blnder - phenol formaldehyde

‘Percentage bin 18 per cent

12.00 inches " s

N

4) Glass. Fiber Felt. - The glass fiber ﬁéit/has the -

. “ . (,, . .
same physical and chemical properties as the'tjii guard

ekeept for_the,weight per 100 sqg. ft. of mat-is approx-

N~

imately b,76 1bs. unsaturated has parallz%wglass?relnfor—

eing strand every % inch, and the finishéd product is

~

saturated with _ p01nt blow1ng rooflng asphalt

and dusted with ground mica and sand mlxture to keep 1t

: : )
ay. Poly-underlay is a regular'%oly%

5) Poly-Underd
ethylene sheeting and it comes in 2 mil,-thickness>for use

under plastic’tubing{ ‘The 2 mil. has appreximately388

ISq ft. per lb o : L d "

N

3.3 Constructlon of Drain Tank Model

It was declded that the drain tank model should meet

the follow1ng requ1rements

a) - It should be of such a size that Wa - large number

of test runs could be made conven;ently w;th«a
minimum of labour and available facilities.

b) It should be of such mlnlmum dlmen51ons that
‘ 5 i
Gertain fleld‘COH:‘thxS could be 51mulated to

31
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some reasonable extent.

¢) It should permit both saturated and partially

°

e ,saturated flow conditions'%hrough the profile.‘
d)‘fIt should have de51gn features which make the
" ‘fllllng and emptying operatlons easy

The tank was constructed of 3/4 1nch plywood To

bl

allow flexrblllty in performlng tests, four 1dent1cal
A
tanks were constructed. To provide the‘neéessary strength,
B 4 .
Ve . o .
the tanks were constructed in a. &é - 3/16 inch ‘angle iron -

"frame. The schematlc sketch of ¢he completed tank is

;.'

-shown in figure 3.4. 2 The. . inside dlmen51ons of each tank
were. . 48 1nches deep, 18’ 1nches w1de, and 12 1nches long.
All permanent jOlnts were secured with waterproof” glue

T

i and wood screws. For v1sual 1nspe¢tlon of the soil proflle

during the test r n, the front panel of each tank was -

. made of plexigla s. ' The front panel had a joint in the

middle,ﬂwhich wa

provided with a rubber gasket to check
‘excessiue leakage.. The upper half of the panel wus

removable. This‘feature’was'provided for convenience
‘ : s o IR

during filling and emptying operations.. E

Corrugated plastic drain-tubing of four'inghésy“

-

' d;ameter was used._ Two types of dralns used were 1dent—
ical in materlal‘and shape, but had dlfferent*shapes of
T
perforatlons. : One type of draln had three( %éts of abOut
13 x 1/8 1nch edch, lZQO—apart around tﬁé X/

while the other had e1gh¢ 1dent1cal holﬁi
\ :

L L
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around the periphery. Each type of drain was fixed in

two tanks. The centre line of the drain tube was located
about ten inches above the bottom of the tank symmetrically
across the 18 inoh width. The back‘ends of the drains

were made watertic wlth the help of .enad plugs and epoxy.
The drains were fixed into their position by usir,

epoxy and were extended about six inches from the tanks

toward the front end. The holes in tre ektended portion

were sealed with epoxy to prevent'leakage of water.

The tank depth of 48 inches was selected to.simulate
four feet’of the soil'profile However, the total depth
of the soil in the draln tank was 45 inches, the top three
1nches belng discarded. Depth of soil cover over the top
of drain tube was about 33 1nches B |

As mentioned earller,"the drain tank model was
designed to 51mulate a complete drainage cycle for
saturated field condltlons just after heavy 1rrlgatlon
or rainfall and unsaturated fleld conditions. A-3/l6
inch wide gallery was provided on both sides from .
bottom to top along the 12 inch side of the tank.\ The
galleries ';Zre created by inserting a water permeable
'panel along the inner side of the tank wall.

These panels were built from 3/16 lnch perforated
asbestas sheets by plac1ng three layers of glass flber

mat between two sheets and holdlng them in p051tlon

. by screws. The Screws yere progected 3/16 inch toward

34



the tank wall and so held-the panel 3/ig inch away from
the wall when the tank was filled with soil.. TQ‘sinuiate
unsaturated flow conditions in the field,_the water was
suppiied’to the tank through‘these galleries.' To keep the
water level constant in these gallerles, an overflow was
provided. This arrangement of water appllcatlon for un-
‘-saturated flow condltlons was thought to be closer to f:=1d
conditions rather than applylng water from the toph_ How-
ever, for saturated'flow conditions, the water-waS”directly
applied to the soil surface‘in the‘tank The drain tankvwasﬂ
designed to prov1de approx1mately two inches of ponded |
water during the saturated phase of the dralnage cycle.j
Twelve plezometrlc taps were prov1ded around the

drain in a six 1nch radlus. These taps were prov1ded

with 51eves “to prevent flow of 5011 partlcles througt tem.

3.4 The Experlmental Apparatus

b

It was de01ded that the 5011 m01sture flow condltlons

SR

.,-Y

to be used in the tests were to 51mulate actual flow. ’

conditions in the field as nearly as p0551ble. Usrng f

ponded water, satdrated flow only was deemed not suff1c1ent

The'decision:was-made that two-different flow conditions.'

were to be nsedr |
1. Ponded_water - saturated-fiowp

2. Partially;saturated (unsaturated)-fiew.

A flow éyele was designed-thatvnas-comparableatof

the actual drainage cycie in the field. The‘first_half“of

35
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- the test run would be the ponded water, saturated flow
condition, to simulate conditions just,after a heavy
1rrigation or rainfall, and ‘the second half of the test
run would be partially saturated *'The total length of
"the run was arbitrarily chosen as“fivedhours, with each
flow condition being maintalned for.two and one half
hours always in the sequence mentioned above. "

Water was applied to the soil surface during the
ponded water flow conditions. The~rate of flow from the
reservoir was ad]usted -with gate valves in such a manner
that about 2 inches of water was always standing on the
soil surface in. the tank. During ponded water flow
Jconditlons, the water inlet‘and the water overflow pipe
on the side of the tank were connected to each other by
a tube to check the‘flow of water through them. )
During the partially saturated .flow conditions, the water
to the soil column was applied through the galleries
providedzat.both sidesiof the tank, A constant water
"level was maintained in.the galleries -with overflow
tubes. Withvthis rate'of application, there was no water
- standing ongthe soil surface..

A flow diagram of the ekperimental apparatus is shown
in figurew3.5.’ A constant head tank shown in figure 3.6
was used as a water reservoir both during ponded and
partlally saturated flow conditions. Water for the system

was fManShed from the University supply line. No diffi-

culty was experienced in regulating the flow to the desired
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Figure 3.7. Experimental set-up
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rates. ‘ ‘ | : | . | R
In the absence of any subsurface drains 1n the
Cﬁdmonton area, there wds no Information regarding the
potentlal head existing around the drains under fleld
condltlons. As only comparative data was de51red 1t ﬁas:

not necessary to maintain the ‘same potential around the

39

draln as in the field. However, tovmeasure the pressure //,x

head existing in the drain"tank.model, piezometric taps
provided around the drain were connected to the manoﬁeter
board. 7
To measure the suction head in the soil profile duringv
‘the unsaturated flow condltions, three tens1ometers were |
installed in each tank at different depths, as shown in’ |
figure 3.8.. These tensiometers were made in the laboratory
'in accordance w1th the procedure explained by McLean(26)
Flgure 3.9 shows a complete tensiometer. The tensiometers
were connected to the mercury manOmeter shown in figure 3.10
_ to read the suction head. ' |

3. 5 Experlmental Procedure.

New base‘soil was used for"each test run. This was
necessary because it was planned to flll the tank with four-
feet of soil column as close to the field condltlons as
p0531ble. lhlS would Have been dlfflcult, 1f not 1mp0551ble,
with the same base soil being used repeatedly Also, durlng
'_each test run some of the flne ‘fraction of base 5011 would

‘have been washed out thus changlng the 5011 texture.

A questlon of major concern was how to maintain the
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same density gradient in the tank as in the field.

i

Several different methods were tried. First, the “soil
. was brought into the laboratory in barrels.4 It was then
' compacted and the quantlty of soil in a known volume of

dlfferent segments of the tank in layers of two to three

inches" was welghed But the m01sture content of "the 5011
while in the laboratory was changlng and it was difficult

: . . : S . . e .
to find daily variations in molisture content by the gravi-
, : )
metric method. Therefore, this-approach did not work:

»

.satisfactorily. The possibility of finding moisture
content by us1ng m01sture blocks was ruled out because
it was not p0551ble to callbrate the blocks due to changing

‘soil den51ty in each drum. In the absence of any space
AN

Tinwhich the temperature ‘and the humldlty couldmbawcon—
trolled, it was’ not possible to keep the soil morsture-l
contents at a constant level. Another approach was to
take the tanks out on the 51te, to dig the same volume of
5011 from the field as the volume of tank, and to fill it
in the tank maintaining the same‘profile sequence as in |
the field. This was a slow and tedious method. However,
with a little practice, it worked satisfactorily. To
chetk ror accuracy and precision, two density’ samples were

Q

taken from each tank at random from_every second foot.

. There was some dlfflculty in compactlng the soil around

'_the draln because under actual field condltlons the dralns ‘
are laid in a trench The shape of the trench was diffi-.

cult to maintain in the tank. However, this was not im-
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bortant in this study, since only comparative data were
desired. =~ . ' T _ ‘ -
The filter materials were wrapped around the drain
as mentioned previously. The thickness of the gravel
envelope, llmlted somewhat by the dlmen51ons of the
draln tank was' three 1nches on each side, and above the
top and bottom of the drain.
As mentloned prev1ously, the‘total test run was of

five hours duratron, con81st1ng of an initial two and one

half hour perloo of ponded saturated flow, and the remain-

o’ /
ing two and one half hour perlod of a partlally saturated

flow condition. At the start of each run, the water was
allowed to enter the soil surface in the drain tank at a
mratelsolthat-about two lnches of water remained ponded

on the soil surface. However, the start of each run was

from the tlme water first appeared 1n the draln tube,
s

pey

’whﬂch usually was 30 to 45 mlnutcs after the water was
fflrst 1ntroduced at the 5011 surface. The conversion
'from a ponded water condition to a partlally saturated
vflow condltlon took about 30’minutes. After two and onehJ
.nhalf hours of a ponded water test run, the water supply
,to the 5011 “nlumn was closed and water standlng on the
5011 surface was allowed to drain. 'After'the ponded
water was dralned the water supply to the 5011 column@
»was restored through the side_ggllery// After the water

level in the gallery reached a constant level the_ A o //////

"partrally saturated part of the cycle was started.

BT
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As wide fluctuation in the flow rate. was expected-
in the initial stages of the cycle for ponded water flow
conditions, three readings were taken for rate of flow
during the initial 15 minutes During the remainder of
.the initial half cycle, the rate of flow through the drain
C .

was measured at 15-minute intervals. ' For the- partially

saturated part of the cycle, the rate of flow. ‘was measured

“at 30-minute intervals. Total flow of water and soil

discharged for the whole cycle was collected in the

Plastic bucket. The sediments were allowed to settle
overnightkand then the water was drained off. The drain
tube was completely cleaned of sediments at the end of
each,cycle and this quantity added to the sediments dis—
charged in the bucket during the entire cycle. The
sediments were dried in an oven at lOSOC and weighed.

s
The drain tanks were emptied in. the laboratory, using

.a small crane. The used base soil was placed in barrels

and hauled to the field.

The experiment was designed as a simple factorial

designtv Duplicate runs were performed'for each‘filter
material, including the check. The order of performing

the test was.random. Data were recorded for a total of

thirty—two runs. The measurements made and recorded for

-each run were:

1) ?Rate of water flow through the drain for both
flow conditions.

2) - Soi1l discharged during the entire_cycle.
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3) Pressure head around the drain for both flow
condltlons belng 1nvest1gated

‘4) 'Suctlon head in the 5011 proflle durlng the

partlally saturated flow condltlons.

l The rate of water flow through the draln was measured
by u31ng a small,contalner of known volume and a stop
watch. xThe time for fllllng of the contalner was noted
and then the rate of :iow was calculated by leldlng the

"

container volume by the time. ' A

RN
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Chapter -4

RESULTS AND DISCUSSION

7

4.1 Bulk Density » ’ ) , o

The field bulk density'and the bulk deﬁsity of the
base soil maintained in the drain tank model at various
de ~ths is shoﬁn in figure 4.1. It was apparent that‘the_
density gradientlmaintained in the draih tank was quite
-close to that‘fouﬁd in_the field."A slightly lower bulk
density measured at the third'and:fourth foot in ;he
drain tapk ﬁodel was assumed to be coﬁpensated by the

-

éxtxa’préésure caused by.COmpacﬁion while filling the top

~

two feet of the tank. Under field conditions densityLmay.

even vary slightly within one'fqot of the soil profile.
However, for‘the purpose of this inves£igation, the
: densify ;ithin theafangevof a one foot depth<was COn%id—-z
ered to be uniform.

Probably the most pritidal bqse soil density was

immediately around the drzin and at the interface between

) ' . ‘:\'} 4 » . ‘
~the filter material and base s0il. The density measure-

aX
)

‘ments made in the laboratory do not»necessérily represent

A

the density of:base soil in the critical areas mentioned.
JHowever,'eQery‘effort Was made to maint;invthe dens}%y'of
the base éoil around thevdrain uniform througﬁgut and.b
there was no feaédp to believe that the déﬁsity.in this

area was any different.

A
2
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Bulk den51ty was' not of concern for fllter materlals

used in this 1nvest1gatlon except for the gravel rllter.

Th - :vel fllter was packed flrmly and unlformlv around
the .in. However, no-« bulk den51ty measurements were B
made.

1 A

4.2 soi1l Movement’-

5T
The base 5011 used in this lnvestlgatlon was a - -

medium textured loam rather than light textured sandy soil

used by most 1nvestlgators.‘ Figure 4.2 shows the'quahtity

- of soil moved into,the drainvunder eaCh treatment - There

is a w1de range in the amount of s01l dlscharged into the;

draln tube w1th the varlous fllter materlals ) The amount

.of sedlments dlscharged w1thout any fllter materlal was

’con51derably greater ‘than in’ the treatments w1th the

filter material. There was some varlatlon in the amounts

of sediments dlscharged for same fllter materlals between

‘dlfferent runs. - This varlatlon may be attrlbuted to -

differences ;n compaction of fllter materlal around the .

drain in the case of the gravel fllter. * For other fllter‘

materials, p0551bly much of thls varlatlon can be explalnedA

by the non- unlformlty of pore 51zes 'in the glass flber
material as found by Nelson'(28).

Under all treatments, ‘most of thev501l movement o
occurred durlng the first half of the. test perlod when

the ponded flow condltlons ex1sted This observation

"suggests that in the fleld most ofxthe 5011 movement w1ll

~occur durlng and- shortly after the heavy 1rrlgatlon or

49
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rainfall, rather than under equlllbrlum ground water
condltlons. However, even under pondedawatén flow, the
soil movement was\relatlvely hrggercdurlng the initial
period of the test run whlch may be due to the Presence of
more - flne partlcles in the beglnnlng of the test

An analysis of varlance was performed to test for
slgnlflcant differences of the results on 5011 movement.
Obviously, the sediment dlscharge with no- fllter treatment
was 51gn1f1cantly greater.as compared with other treatments.
Thus,'ln an analysis of Variance, the data for no-filter
.treatment was not included. The procedure used for anal?
~ysis was as outllned by Zallk(43), u51ng Duncan s multlple
range test forxr comparlng 1nd1v1dual means. .

The summary of the analysis of;variance of soil
discharged'is pPresented ih table 4.1. The results show
- that the filter materlals were 51gn1f1cantly dlfferent at,
the one per cent level in the amount of 5011 dlscharged
However, the perforation types dld not affect the .sediment
dlscharge significantly. The 1nteractlon was not‘a
significant factor in sedlment movement The response
curve for 1nteractlon betWeen perforatlon types and the
" various treatments is 'shown in flgure 4.3. It lS apparentr
from the response gurve that the effect of filter materlals
on soil dlscharge for dlfferent types of perforatlons was.
about the same for all fllters.

An over= all comparison of averages for the sedlments

dlscharged for all filter materlals 1s given in table ‘4. 2.

e

v
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Since the type of perforations in  the drain had no
significant effect en soil movement into the drain, thea
effect of,perforation type was\negiected while.making this
: compariSon.' For the purpose of this 1nvest1gation, By

difference e”ual to or greater than that requ1red at the

five per cenrt 'level was considered sufficient difference

for significance. This statement applies -to this as well -

as all other statistical comparisons in this repert;
Cé%sidering the over-all results, table 4.2 ‘shows glaSS-:
fiber mat w1th glass flber felt, -tile guard With glass
fiber felt and the glass fiBEr mat with poly- underlay
prOVided the best protection against 5011 movement and
ranked in descending ordéer in the seqguence llsted above.
?hese materials were not signiﬁicantly different from:-
‘zach other. Tiie guard with poly—underlayiranked fourth
*Viding protection against soil movement. While =

tile g -4 with poly4nnder1ay“was not significantly

differe .. ‘rom glass fiber mat with poly—underlay,,it.
vas sign. =cantly different from glass fiber mat with
Jlass £.5- - felt and tile guard with glassifiber feit.
G™ .zs ,:ler‘mat 270°'and tile guard 270° provided com-
perat’ .Y poor prqfection and ranked fifth and sixth

¥-=sv  cively. However, these treatments preyided Signif_
-ntly better protection than the'gravel“filter and'the

treatment w1thout a filter and were. not 31gn1ficantly

“different from each other. Gravel fllter ranked seventh

by providing significantly poor protection as compared to

56



with poly,underlay . ’ ﬁ{-

-

wother treatments except for the treatment without a filter,;

T

“;which was obviously significantly poorer than all other

‘treatments.

Since glass fiber mat:and tile guard were major
~ilter materials used to[Cover the top three~fourths of
the drain,‘these~materials were comparéd for sediment’
discharge for drfferent placement conditions and combina—
tlons of these w1th other materials. The unpalred "M
test(43) was applied for making the comparison. The
results of the comparison presented in tab e 4.3 show
that the glass flber mat for all placement conditions

and combinations provided better protection against

sedimentation ‘as comparedkwith tile guard under_similar

placement conditioﬂs or combinations. There was’ no;;'

.Signifiognt dlfference between these materials for the -

27009 wrap and Wlth glgsé fiber felt below the~drain treat—

ments. However, both materials prOVided Signlficantly

----

different protection against‘sedimentation while combined

r!ﬁ .

u& mechanlcal analysis was made on the soil moved
£

into the drain under each treatment. The results of the

‘ angly51s are shown in figure 4.4, Significant changes

%?‘ the composition of the orlginal soil and the soil J}

'moved into the drain occurred under all treatments. The"

percentage increase or decrease of sand and silt and clay

57,

fractions in the sediments as compared with the original base

- soil is shown in table 4.4. _These percentage chanhges ‘were
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calculated on the basis of the compositionLof.both;frac-'
tions in the baSe“soil;”"For all treathents except the
. o}

gravel filter, the sedlments dlscharged in the draln had
less sand fraction and greater silt ané\clay fractlonv
than the sub501l. However, compared tolthe ‘top 5011 the
sediments had a lesser amount’ of 51lt and clay and a- nlgher
fraction of sand. ThlS shows that the sediment cOmp081tlon
falls between the composition of the top soil and sub501l
the sedlments being coarsei than top soil, but flner than
‘subsoil. ThlS suggests that some SubSOll as well as top
5011 was carrled 1nto ‘the draln

For the gravel fllter, ‘the sediments had‘a-higher
fractlon of sand and a lower fractlon of 51lt and’ clay ‘in
comparison with both subSOLl and the' top soll._'TheV
greater fraCtion‘of sand may be due to the,discharge of:sand
from the filter along with sedlments.. Coa

In the glass flber mat w1th glass flber felt, glass
'flber mat w1th poly- underlay, tile @uard w1th glass fl?er
felt and tlle guard w1th poly underlay treatments, the{
1ncrease in- fine partlcles is explalned by the fact that
the‘perforatlonS' in the draln tube were covered completely
by an effectlve fllter materlal ” The coarser particles

| that dld enter the dralﬁ probably passed through the

Jun ctlon of the upper and lower layers of the materlals\

B applled»above and below the drain. The sedlment gralnl

size dlstrlbutlon curves for glass fiber mat with. glass

flber felt and glass,Flber mat w1th poly underlay were

almost identical. Similarly, the grain size d;strlbuw

68



69

nThis shows that the‘major; vrtion of the sedlments entered
through the top three- fourthsiof the draln covered by
glass fiber mat or tile guard. For these four treatments,
- as the drain tube was completely wrapped with filter
material, the sediment grain size distribution curves
should represent the pore size dlstrlbutlon of the, fllter
materlals applied. This may not necessarlly be true,
because some particles might have entered the drain
through the junction between the material at the top and
below the drain. However,'grain size distribution curves
give an indication of ‘the sizes of particles that would
be protected by the different treatments applied. Base” '
SOLJ fractions to the right of the sediments grain’ size
distribution curves will not be protected,whereas the
wbase soil fractions to the left of the curves yili be
filtered out of the water entering - the drain.

- Under tile guard 2700 treatment the relat1Vely large
*1ncrease in the sand fractlon as compared to top 5011 and
the relatlvely small decrease in sand fractlon compared =4
to the base soil, could be explained by the . fact that the
bottom one- fourth of the drain was not covered with -any

_materlal However, for glass ‘fiber mat 2700 treatment
the percentage sand fractlon lS even less than the treat—

ments in which the drain was completely wrapped w1th

fllter material. There is no apparent explanatiocn for

- -
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this, except that the results may not be giving the true
representation. N
‘With no filter treatment, the sediments‘had a more
uniform grain size distribution than under any other
-treatment. The sediment grain size‘distribution curve
‘falls within the size ranges of subsoil and the'top soil.
rThlS indicates thatffedlments washed from the 5011 profile
were dlscharged into the draln w1thout any restriction.
Even 1f the sand and 51lt and clay fractions for no-

fllterﬁand glass fiber mat w1th poly underlay treatments

same, the latter w1ll prov1de significantly «

ﬂ“-)

great%% protection against sedlmentatlon due to its well

i
graded”%lze dlstrlbutlon curve.

® ntioned previously, the~base'soii used for;this
investigation was a medium texturéd loam,_rather than
light'textured sandy soil used by host inVestigators. The
" mechanical analysis and Attetberg limits'te s _results
indicated that the problem ef drain siltation would be
encountered if the underngdnd drains were laid-in tﬁis
area. However} there were no field data aVailable to
support the argumenti‘ The results of this 1nvest1gatlon‘
vshow that a completely unprotected drain tube allowed up - ¢
‘to‘about thlrty tlges more ‘sediments to be discharged into
the drain tube than whete»the tube was protected with
fiiter material.; However, these resultshare only com- ‘, *

parative ones., The amount of sediments discharged 1nto

.

Y

 the unprotected drain durlng the five hour test run was %

o
sap™

o



not as high as reported tor light textured sandy soils

(14, 34). This indicates that siltati a hazard in the

base soil used in this investigation would not be as severe
as in light textured sandy ,soils. Thus,. for the type of
base soil used the draln tube was not expected to be com-
pletely plugged with sediments in a matter of hours as
reported for light’ textured swndy soils. .

The results of this 1nvest1gatlon did not glve any
vlnformatlon on whether the sediment discharge 1nto the
.drain tube would{contlnu or the base 5011 around the
drain wpuld stabflize ov . a long perlod ‘The soil
around.the dras$nl after each> test run was muddy, rather
than porous. ‘ThlS was .in contrast to obsérvations made
by Taylor and'Goins(37)'in a'stable soil not causing anf
siltatien problemJ This 1nd1cates that the sedimenb flow
w1ll contlnue over a long perlod of tlme If thlS happens,
then there are opportunltles of dralns belng plugged w1th
sediments even at comparatlvely lower rates of sediment
discharge'. !

Protectiph against soil movement by the fllterk
materials‘tested agrees with the results obtained by;other
investigators. OVerhglt(29) found that unprotected drain
tile allowed an average of 3.49 tlmes more szt o be dis-
charged than when the tlles were protected by wrapplng the
top th:ee—foutths of the draln with glass fiber material.
In the tests reported here, it can be shown that completely

unprotected drain tube allowed approximately six times

0
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" more sediments to be discharged into the drarn tube than
where the tube.was protected with either glasa_ﬁiber mat
Oor the tile guard over the top three—fourths of the drain.
However, in this investigation, the drain tube used. was
plastic with perforatlons while Overholt used a- tlle
drain w1th gaps. Slsson(34) reported that glass flter
mat over the top three- fourths of the dradin and plastlc '
sheet below the drain provrded-better protection against
sedlmentatlon than coverlng only the top. three- fourths’-
of the draln. In a’ laboratory investigation, Hore and
Tiwari(14) observed that tile guard ‘above and below,
and tile guard above and Duramat below the drain'prouided
. better protection against sediment movement than tile
guard above thevdrainvonly. Although‘these observations
“were made on a tile drain.with gaps, rather than piastio‘
tubing‘with‘perforationsg‘they do agree wi¢h:the‘resuits
»reported here.

The‘fact that-the gravel filter:aliowed a significant—
ly greater amount of soil movement than glass fiber mat .
and tile guard under various placement conditions or com-
binations, may indicate that some of the criteria being:
used for design of gravel filter needs further inveatiga—-
tion. | |

Both glass flber mat and tile guard provided: almost'
'comparable protectwon against the hazard of 51ltatlon.
The pore SLZe-dlstrlbutlon for both materials.shows the

_materials'vcapability to filter out the base:soil around



the drain. waever, a major problem with either of the
materlals could be its low tensile strength and thus
may tear when used with thegplow—in method. | -

4.3 Water Discharged

The rate of water.discharged under ponded water flow
conditions for different filter materials is shown in
flgure 4, 5. The water'flow rate was fairly'COnstant -

durlng partlally saturated flow condltlons. As shown in

materials in-
creagsed during the first 10 to}ﬂﬁ#_ DeliEs , then it ‘started
'dropping and,ultimately leveled r%‘constant flow - -

rate. As mentioned previously, ‘the water flow,rate

measurements were: started when the water flrst appeared . C

in the drain. At this stage, the entlre proflle mlght
not be cOntributing toward,the flow through the drain and.

'thls might be the ‘reason for ‘the lower initial flow rates..
P .
\

After reachlng a peak, the decrease in the rate of flow
_occurred elther due to settlement of loosevbase,501l

“around the draln, or by’ accumulatlon of flne 5011 partlcles

'vln the filter materlal and base soil around the draini

Elther of these two effects- could have decreased the‘

permeablllty of elther the base .soil or fllter materlal

or both, to cause a.decrease in the flow rate.

The accumulative flow of water for the complete five

hour test run ;for different filter materials is shown in

figure 4.6. Under a ponded water.saturated flow oondition,v

the rate of flow for'both glass fiber mat - with poly—underlay

" 73
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and tile guard with poly-underlay is greater than glass

‘fiber mat 270O and tile guard 2700 respectively. However,

as 1nd1cated by the accumulatlve flow curves, tbe tocal

‘flow of water for glass fiber ﬂat 27009 and tile guard 2700

was greater than glass fiber mat with poly?underlay and .

tlle guard with poly underlay respectlvely This indicates

5

a ngher flow rate under partlally saturated”flow condltlons

;

'with g ylass fiber mat 2700 and,tlle guard,270O as compared

with treatments with poly-underlay below the drain. ~Srnce,

under partially saturated flow-conditions, moet of th

water enters the draln fron the bOtLom or SldeS of t"

. . f{:@ {

drain tube, the relatlvely rower rate of flow could ﬁ%
. 4 .

explalned by the obstructlon caused by the lmpermeabielpoly—

underlay layer under rhe dral“ tube

An analy51s of varlanceqzas performed to test for

QCLgnlflcant differences in the results of water discharged..

The total water dlscharged during five hours of test run

was included in the analysis. A summary of the anafysis

»

-

of variance of watcer dlschargea is- presented in table 4.5.

- The results chow ‘that the TClltc:r m 'erlals caused 1gbly

. R , P -

-significant dlf erences 1n the amount or water Qwscharged

~at the one per cent 1evel However, the tvpe of perfcra—

tlons dld not have a -s< CllTlCant erfect on water dis-

charget The interdction between rllters)and.perforationsa

was a significant factor at the five per cent lewvel, but
not at the cne per cent level. The résponse curve for

interaction beti'zen perfor:ztion types and varicus treat-

82
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'51gn1flcant vy higHer results than 2700 wrag over the top

“r

ments is given in figure 4.7. The response curve does

not indicate any regular trend in variation of water dis-

éharged due to the interaction. Therefore, no meaningfﬁL'
resul£5«can be dérived even thoﬁgh the interaction is
sﬁatistizgl;y significant.

| An over-all comparison of the average amount of.a
water discharged for all treatments is given in fable 4.6.
Since the perforati;n types did not significantly affect
the water discharged, taeir effect was neglected'%hile
making the comparison; The résults of the comparison show
that the amount of water-dischargéd Qith the.graVel.filter !
around the drain was significantly higher than the other-

4 _ _ , ,
treatments, while with the no-filter treatpent the amount

" of water was significantly lower than all other treatments.

The remaiﬁing;six treatments showed a distinct division -
‘ . N v o
into two groups. Both tile guard and glass fiber mat.

showed significantly differeﬁt-amounts of water discharged

&

between various placement conditions or comblnatlons

'However, they dld not show 51gn1flccntly different resul;s

under 51mllar-placement‘conditions 0r dombinations Both

ot

3mater1ﬁls in comblnatlon w1tq glass flber felt showed - ﬂ§

)ﬁ.uhe draln, whlcn, in turn, gave 51gnlflcantly greater /

\~‘

amounts*OL water flow Wn comparlson with tlle guard and

' glass flb?% ma comblned with poly- undeLWay

Tablb:4g7 ‘shows the-comparlson ofvwater_discharged

‘er glass fiber,mat vand tile ‘guard under different place-

s
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# " pe ‘ il ~¢ - . -
o ment conditidns or combinations. The unpaired "t" test,
s d - , _
(43)" was applied for making the ccnparison. These o
;results are also&;n accordance with the results of

table 4.6. Therefore, the two fllter materlals, the

3glass fiber mat and the tllé guard dld not affect the flow IS \§
. _ \

of water 51gn1f1cantly

éhe water dlscharged in thebe tests, 1n\general |
agrees w1th the results publlshed by other 1nvestlgators
Overholt(29) observed that the tile, where the top three\ B
" . fourths of the c1rcu2§erence was covered w1th glass fiber
sheet, gave 1. 7.t1mes greater rate of water flow ds com- ¢
»pared-to tile w1thout any fllter Hore and Tiwari(14)
5eported a 81gn1f1cant dlfference 1n/flow of w%ter for
gglass flber sheet@above the draln and the draln w1thout ' «

!

any filter. The results of this 1nvest1gatlon show that

glass fiber mat 2700 and tile guard 2700 treatments gave

»

about l 2 tlmes greater flow of water than no fllter
| treatment.t In ‘a labothory comparlson of several friter
materlals, Slsson(34) found a 51gn1f1cantly hlgher flow
~rate for gravel filter as compared with glass fiber sheetép :
over the top three- four his of\the drain and glass fiber
sheet above, plastlc b = 16w the drain. HlS observatlons are
.

in agreement W1th the results of this investigation.

4.4 . Bptentlal'Around the'Draln

\ _' Twelve. piezometric taps installed around the'drain ,
. - = .

e

were conn7cted to a manometer board to measure the. pressure

g

head around the ‘drain. .The potentlal was éalculated by e



/ .
the rollow1ng fgfmula taf}ng the centre of the draln tube

%s a reference pOlnt ) 3

=P+ G - , RN

fn

~ where - ™ '
.H = potential or hydraulic head, ft. of water..-
P = pregsure head, ft. of water.
) \‘\\. ., o
G = grayitational head, ft. of water.

Hydraulic h@ad around the.draih’for both ponded water

‘and partialiy~sathrated:flow conditieﬁé/is showh in
figure'4.é. The measurements‘show thatithe potential
around the drain fogiarl filterS‘Qas fairly constant.
Under partiallxlﬁaturated.flow conditiohs!‘only*the'ho ,
filter_treatment hag waterﬂstahdihﬁ above the drain. |
The potentjal measurement; ﬁade in the'laboratory
are;hot necessarilf the ©ame as found in the field and ; |
simply indica%eﬂthe‘magﬂitude of the hydraulic gradient

ex1st1ng around the drain ln the draln tank model.

4.5 Suctlon HEEQ\£§~329~§9}1 Proflle,

Under partlally saturated flow condltlons, tension in
: it

the base soil abOVe the draln tube was measured to deter—

LY

mine the suction hezd in the soil proflle_and to compare

-

‘the difference§=due to filter materials. For_ealculatihg
" the, tension at véri;us depths in.the'sor; profile, the ~
fdllowing'forhula(265 was. used: |
? = 12.¢M - B - 13.6R ’
where | o

T = Teggion,_inches of water.

89
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Meniscus level in manometer, inches.

Meniscus leve} in reservoir, inches.

.
1

m .
It

Height of bottom of scale above
tensiometer cell, inches. .
Typical'relatfonships of suction head distribution

for the various filter materials are;shoun in figure:4.9.
- The head variation pattern’for all rilter materials was
similar. In nearly every'oase, the,ﬁressure above the
draindtube wascnegative4in the base soil.and'decreased
" in magnitude from a maximud near the soil surtace to
atmospheric pressure at the draiﬁ'tube:. The,slidht_
'nositive pressure at the top of the drain tube with the
no-filter treatment indioates that the water was_standing
on.the top of t' = draln ‘even durlng partlally saturated
:flow—conditio; ThlS may be explalned by the low per-

" meability of the base materlal around the draln resultlng
in submerged condltlons because of the constant rate of
.water supply under all treatments.v The ex1stence of the
'negatlve pressure throughout the 5011 proflle conflrms the
) presence of partlally saturated flow conditions durlng the
last half of the test run. ‘

‘Itjmust ‘be emphaslzed that the 51tuatlon descrlbed
1hereiis.based'on partially-saturated flow w1th drain tube
flowiné nearly emﬁty. The pressure‘distribution above
the drain'tube‘uili changehas'the stagebof fiou in the
drain tube‘increases; -Regardless‘of‘the’filter material,

as soon as the drain tube flows full;ga positive pressure

’ 3
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‘W11L ‘be- created 1n the draln tube and 1n the base scil
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- ' Chapter 5

SUMMARY AND CONCLUSIONS -

‘{éhe ¢ -orlem of drain tile failure does not'seem to
:be very serlous in medlum textured loam somls, as 1t 1s—~> ’
1n llght textured sandy 301ls. Nevertheless,-lt can be
a. crltlcal problem and needs thorougn lnvestlgatlon for
udevelopment of a satlsfactory solutlon.

Durlng the last 50 years, several agenc1es and
workers have developed crlterla for de51gn of gravel
fllters; However, only durlng the last decade some effort
has been made to evaluate other filter materlals like
glass flber. Not much is knéwn of the extent of the
problem in Canada and only durlng the last“few years has
there been some work done,in Ontario to_evaluate materials
and methods of protecting undergroundvdrains against
51lt1ng | o

In this study, a medlum-textured soil representlng
thlS area wag selected as a base sull and seven filter
materlals or comblnatlons of materlals were compared in a
laboratory model to determlne thelr relative effect on
flow of sedlments and water into a plastlc drain tube;
Draln tube hav1ng two types of perforatlons was used in
“the study. The seven filter mater;als or comblnatLOns
of‘materials were: v . ‘ '.}

1. Gravel filter.

2. Glass fiber mat 2700.




E

Glass fiber mat w1th glass flber felt.
Glass fiber mat w1th poly-underlay.
Tile guard 2700.

Tile guard with glass fiber%felt.

Tile‘guardAwith poly4underlay.-.

The_drain,tank models, built oprlfwood, were each

©.. 48 inches deep, 18 1nches w1de, and 12 inches long.’

Corrugated plastlc tublng of four lnches in 1de dlameter

was used.

A

Each test run was of five.hours duration, consisting.

of an initial two‘and-one half hours of ponded water flow

and a final two and_pﬁe_half hours of partially saturated

yflow through the soil‘profile. The followihg measurements

~“were made:

1)

2)
-

;0

‘/ﬁ:‘oPressure“head around the drain for both
4y

vpartlally saturéted flow v

3

‘Rate of water flow tprough the draln for'

~a
o

" both flow condltlons. . o -f

S
SOil discharge?-dur&q the.ehtire_cYble.

©

3 . .
) Ld = o : . < - .
flow ¢ tions. >~ A ‘

54

Suctlon head 1$ the soil proflle durlng the

-

A statlstlcal analy51s was‘performed to determlne

T

3

significant dlfferences between fllter materlals and

.charged

]

'lperforatlon types on the amounts of 5011 and water dis-

. The results and conclusions arelas\¥ollows:

"1 = With no filter material, the amount of

’
*

"

97



y

"pared with other treatments.

the;gravel filter. %

)ﬁf

sediments collected in thD?raln was very hlgh ars& com—""'
k‘ . by

.
. ., .
N v

2 - The amount of 5011 and water dlscharged
into the draln for dlfferent filter- materlals was 51g—

nlflcantly dlfferent. However, pefioratlons type dld not

A
affect s1gn1f1cantly elther the soil movement or the: !

./ P

vwater dlscharged. L | - Q{E}fc.5§f c v.f?

4q

felt, tlle guard with glass- fler'felt and the glass,
flber mat w1th poly underlay /fanked in that order, pro-
v1de§ithe best protection agalnst sedlment movement

‘There was no 51gn1f1cant dlfference between any two of

'.these comblnatlons. Tile guard wr;h poly underlay ranked

‘i

fourth in provrdlng protecéﬁon agalnst soil movement

5

. While thls was not 51gn1f1cantly dlfferent from glass

fiber mat 7ith poly- underlay, it was 51gn1f1cantly
a € _ ’
different -from glass fiber mat with glass flber felt and -

tile guard with glass fiberAfelt. Glass fiber mat 2700

and ranked fifth and sixth*respectiVely.‘_However;‘these

treatments provided'significantly»better protection than

A

¢ 4 - Significant changes in thechmposition

“of the orlglnal soil and the 3011 moved 1nto the drain "]
occurred under all treatments, . Some sub501l, as well as
the toprsoil,”was_carriedbknto the dfain. 'The;pore.size
dlstribution;for'both glass'fiber'mat anddtile guard is >
. |

and tile guard 2700 provided comparatively poor protection

a -

98 .



Ll - (2). Slass fiber mat with glass fiber .: -

t

'follows:

N - L -7 \N : ' b - .
\ : V 2 o ’ ’ oL :
/‘ ' ' "' “'} » + 'Jv
such that they can maké a good protejtlon filter agalnst
v G’.‘ v . ‘ R ) » . \. “
“edlmentatlogh . - I ' !

s : -
5 - The amount of water dlscharged was*signlflc—

Vantly hlgher w1th gravel filter and was 51gn1f1cantly

lower under the no- fllter treatment as compared with otner

treatments - The remalnlng six treatments ranked a$
-~ ! . . .

N

x .. (1) Tile guard with glass fiber felt.

felt. o
(3) G;l.ass_fiber\mat--2700. , A L
(4)- Tile guard 270°. . .', : Ay

o

(5) Glass flber mat.with poly underlaytag‘
(6)  Tile guard with poly—underlay
6 - Glass flber mat w1th poly underlay and . tlle
guard ‘with poly u:derlay provrded 51gn1f1cantly better

protection against sedlment movement than glass flber mat

27.0o and tlle guard'270°, but showed 51gn1f1cantly lower/r
. ) f .

water flow as compared to the same.' _ Coa
. o , X
7 FO@)both soil and water discharged glass

flber mat and tile guard. dld not dlffer 51gn1flcantly
from each other under similar- condltlons. However, both
materlals gave 51gn1f1cantly dlfferent results between
varlous placement condltlons or comblnatlons. Thus,
both materlals have the same characterlstlcs as a- fllter

A major problem w1th any of these two materlals could

'99_
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be the tessile strength. The material having a high
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tensile strength and greater resistance: to tear will
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