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ABSTRACT

The effectiveness of tile drainage system in reduc-

ing soil salinity at t.he Morden Experimental Farm of Canada

DepartmenÈ of Agriculture in Morden, Manit.oba was studied

over a period of twenty mont,hs" The study was carried out

on an area of 47 1040 square meters at the North-easf

corner of t,he f arm which is most saline. SoiL samples \^lere

obtained from 30 sampling sites in t,he area for soluble

salt analysis. The samples were taken at 30 cm. íntervals

t.o a depth of 3 met.ers. Seven and a half centimeters dia-

meter eave trough pipes were installed in the drilled holes

for monitoring the groundwater t,able. Of the thirty wells,

twenty four r^Iere installed across lateral drainage tile

lines E-8, F-F and G-G (Fig" 2) " Four wells were installed

on either side of the lat,era1 drainage t,ile lines at inter-

vals of 1.5, 4.5, 10"5 and 22"5 meters' respectively, from

the Iaùeral d.rainage tile lines" A nest of three piezometers

and a number of thermocouples were installed at site G-G in

order to measure the groundwater hydraulic head and soil

t.emperature respectivelY.

During the falI and winter the groundwater t,able was

deeper than 3 meters below the soil surf ace. In t'he middle

of April when soil temperature rose and the ice crystals in

the soil poïes melted, the melting snow t,ogether with rain
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in case of heavy rainfall, infiltrated to the sub-soil;

thus raising the groundwater table. In May 1973 howeveru

it, rose to about Lzo cm be10w the soil surface" The

groundwater table rose Lo about 7 cm below the soil

surface in May L974. In the middle of May L974 when the

groundwater table was below t,he lat.eral drainage tile

lines and if the pumps at t'he sumps were operat'ing, a

groundwater t,able draw down curve was observed in lateral

d.rainage t,ile lines E-E and F-F " A convex draw down curve

of the ground.water table \¡/as observed in the lateral drain-

age tile tines when the pumps at t,he sumps were of f "

The dominant soluble salts ions in the soils of t'he

study area were sodium' mag'nesium and sulphate. Since the

area \^Ias a d.ischarge region as indicat'ed by t'he hydraulic

head data and accumulation of surface runoff water, the

soluble salt d.issolution was attributed. t,o the d'issolution

of sulphate minerals in the sub-soil glacial till" The

tiLe drainage system was inst.alled in 1967. It was almost

síx years before the start of the investigat,ion" The chem-

ical analyt,ical data when compared to data obtained before

the tile drainage instalLat,ion, indicat'es that' the tile

drainage system had not effectively reduced soil salt con-

centration. This fact has been attributed to many factors

including the large distance (120 meters) between lateral

drainage tile lines and the ocassional break down of t,he
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pumps at the sumps which result,ed. in the soils near the

t,ile lines being f ed. wit,h solubl-e salts.
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CHAPTER Ï

INTRODUCTÏON

Invest,igation of Èhe effectiveness of tile drainage

in reducing the concentration of soluble salts was con-

ducted at the North-east corner of the Canada Department

of Agriculture Experimental Farm in Morden, Manit,oba. The

farm occupies the whole of Section 4 | Township 3 o Range 5,

Vlest of the Principal Meridian. It is located directly

East of the town of Morden of the Sout,h sid.e of Number 3

Provincial Highway. The investigation was carried out on

an area of 212211560 sguare meters.

Since 1960, the Superint.endent, Dr. J.Ì\I. I'Iorrison

of the Morden C.D.A. Experiment,al Farm noticed an increas-

ing salinity in the North, East and South-west quarÈers

of the farm" An indication of an increase in salt con-

centration of the soils of the farm, \iìtas at fírst a

decrease in growth rate of the spruce t,rees; as years went

by (1960-1966) many trees died"

In addition to the tree damage and the damage of

orchard st,ands, which mainly occurred in the North-east,ern

corner of the farm¡ ân unusually high water table was

noticed,

The loss of trees and decrease in yield was explain-

ed by the fact that, plant,s absorbing available wat,er from a



shallow source of saline groundwat,er v¡iII be affecÈed by

the high salt concentrat,ion of the groundwater" Henceo

plants wit.h a low salt Lolerance will not survive in a

saline soil and high wat.er table environment" It was

not easy at the time Lo explain the unusually high waÈer

table at, the experimental farm" A suggestion was made

that the rise of the water table in the farm was due t'o

underground water flowing from Lake Minnewasta which was

aÈ a higher elevation within the Manitoba escarpment t,han

the experiment,al farm.

As a result of a meeting held in 1966 where $Iays of

solving the problem were discussed, a tile drainage

system was constructed and installed in the farm in L967

(Fig" 1) " The system was designed in such a !'/ay that a

network of drainage tile lines was concentrated in t,he

North and South-west quarters of the farm. This design

\4ras aimed at, lowering the water t.able in these quarters

which are saline.

The effectiveness of the t,ile drainage system in

lowering the groundwat,er table depends upon many factors'

including: pattern of groundwat,er flow, soil t,exture and

type, diamet.er and spacing between Èile drainage lines.

The tile drainage system was installed in L967 " Since

then, rlo stucly has been made to evaluate the effectiveness

of the system in reducing soil satinity. Therefore, it
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v¡as felt that a useful project, would be t,o carry out a

short term study of the system t,o evaluate its effective-

ness. The main object,ive of this t,hesis, therefore, is

to describe the effectiveness of chosen lateral drainage

t^ile lines E-8, F-F and G-G of the tile drainage network

in lowering the groundwat,er t.able, decreasing soil sa1t,

concentrat,ion and det,ermining the dist.ance t,o which the

tile drainage line is effective in red.ucing soil soluble

salt, concentration. In order to achieve the objective,

three wells were drilled t,o the North and South of t,he

main lateral drainage tile line (Fig" 2l " AIso, four

wells hrere drilled on either side of the lateral drainage

tile lÍnes E-8, F-F and G-G at intervals of 1.5, 4.5,

10.5 and 22"5 meters from the tile lines (Fig" 3) " They

were drilled to a depÈh of 3 meters and soil samples \^rere

t,aken at 30 cm. intervals for anion, cation and electrical

conductivity analysis. Seasonal groundwater fluct,uation

r,rras also monítored between October L972 and June 1974"
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CHAPTER ÏÏ

REVTEVü OF LITERATURE

A. SALTNE SOTLS

Richards et. al. (1954) defåned saline soils as

those soils having an electrical conductivity which is
greater than 4 mmhos /cm at 25oC ; the exchangeable

sodium percent,age of these soils is less than 15 and their
pH value always being less t,han 8.5" Milne eÈ" al. (1968)

reported that these soils are very common in Western

Canad.a.

Studies conducted by Mi1ne et. aI. (1968) revealed

that, these soils generally have good structure" Thej-r

permeability to h¡ater and tillage characteristics are

like those of non-saline soils. They are gienerally

recognized in t,he field by spotty growth of crops and

often by white crusts of salts on t,he soil surf ace "

I.fany researchers have been investigating the

causes of soil salinity. They include Milne et. aL. (1968)

who reported that the major cause of soil salinity was

almost always due to a high water t,able" Mineralized

groundwater in upland areas when moving down slope to low-

land areas (Fig" 3) deposits salts in the sloping land or

in the lowland depression" This movement or seepage



ôF CiOP L,SE,

It¡ii;¿vLAôi I

Fig. 3 .An example of conditions under
which saline soils may form as
a result of groundwater dis-
charge (AfÈer Montana U.S.D.A. Coro-
ml-ttee for Rural Development Subcom-
mittee on Seeped and Saline Soils,
Ma:ch, 1971).



usually occurs where permeable soil (sand or gravel) over-

lies impermeable material (clay or bedrock) in the sub-

surface "

lrihere the water table is less than 1"5 meters below

the surface water moves upwards by capillary action" This

action is greater in fine textured soils than in coarse

textured soils. Rose (1969) report,ed t,hat, capillary act,ion

is greatest in soils which have small pore diameters (c1ay,

clay loam and loam) and is least. in coarse textured soils

which have large pore diamet,ers (sand and gravel). This

phenomena can be illust,rated by equation (I) below (Fig" 4)

Fig. 4 Upward movement of
action "

2TCosû

groundwater by capí1lary

h=

where

rdg

height of wat,er rise in the soil pore.

surface tension.

vertical component of surface tension force"

(1)

h

T

+T Cos



9

r = redius of soil Þore.

d = density of wat.er.

g = acceleration force due to g'ravity"

fn semi arid regions soil salinity develop in
some years and tend to disappear in others" Joffe (1949)

reported- that during wet periods the ruater table may rise
and cause the salinity to increase while during dry periods

the water table falls and movement of salts to the surface

decrease" During the dry periods any rain that faIls, tends

to leach the salts downwards. The effect of the salts is

seen in crop response but the amount is d.etermined. only by

soil- test. "

Studies carried out by Richards et. aI. (1954)

revealed that some soils become saline after they have

been irrigated with v¡aters containing large quantities

of soluble sa1t.s" As the irrigation water percolates

through the soil pores, the soluble salts are absorbed

by the soil particles" After many years of irrigation,

the salt content of the irrigated soils k'ecome so high

that the soils become saline" tYilne et" aI" (1968) report-

ed that somet,imes lands are being irrigated with waters

that do not have large quantities of soluble salts but

insufficient water is applied to leach the small amount

of salts that accumulate in the topsoil cluring irrigation"

Thus. salts deposited by the water accumulate in the rooL
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zone.

B. CLÏMÄTE

The Morden area being in the temperate zone is

characterising by hot sulruners and cold winters" The

climatic data pert,aining to the sÈudy area vlas obt,ained

from the records of t.he climatological st,at,ion located on

the Experimental Agricultural- Station in Morden.

The yearly tot,al precipitation is shown in Fig" 5.

The 34 year average precipit,ation (1940-1973 inclusive) is

42_06 cm with relatively wide fluct,uation about t,his

mean. The highest annual precipitation 72"72 cm occured

in 1968; the lowest 31.8 cm occured in 1952.

The monthJ-y mean precipitaÈion over the same 34

year period is shown in rig. 6 " The mean February pre-

cipitation of 2"2L cm is the lowest and the mean June

precipitation of 7 "62 cm is t,he highest.

The 34 year mean annual temperature from L940-

lg73 inclusive is 4.4oc Fig. 7 shows the 34 year mont,h-

ly normal temperature where in the lowest monthly mean

temperature of -16.7örJ occurs in January and the hiqhest

monthly temperature of 20oc occurs in July.

The average evaporat,ion as determined in evaporat,-

ion pans on the Experiment,al Farm d.uring t,he interval

from May t,hrough September (L963-1972) is 30"18 cm
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approximately 5.08 cm more t,han the averagie annual pre-

cipitation. The measurements r;,rere made by using a U.S,

Weather Bureau CLass A Evaporat,ion Pan" Table I shows

the monthly pan evaporation amounts from May to Oct,ober

during the periods from 1963 to \972 inclusive.
Maximum monthly pan evaporation from l4ay to

October during the period from 1963 to L972 inclusive,
occured. in June, JuIy and August, of the different years.

The maximum total evaporation during the period 17"33 cm.

of record was measured in JuIy L967. The lowest monthly

evaporation seems to occur during September"

C. SUR-E.TCTAL GEOLOGY

The surficial deposit.s of the Morden area are

shown in Fig" B. All these deposits according to Sibul

(L967) were laid down during the Pleistocene Epoch,

Elson (1958) report,ed. that, earliest, glacial deposit

in the area is the sandy tilI laid down by the retreating
Red River Va1ley lobe. However, Lake Agassiz phase which

followed Ëhe wiÈhdrawal of the ice to the Nort,h-east is

responsible for all of the other deposits in the area.

Sibul (L967 ) reported t,hat the ground moraine in

the area is composed of sandy comminut,ion tíll which is

very hard and relatively stoney. The till has been modifi-

ed localIy to a coarse concent.rat,e of gravel and cobbles
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TABLE 1

I"IONTHLY PAN EVAPORATTON
AT T}TE Cfu\ADA DEPARTT4EI\T OF AGRTCULTUP.Û

IN MOP.DEN, I{ATTTTOBA
L9 63-L97 2

19 63

1964

1965

19 66

1967

1968

]'g69

1970

\97L

t972

10"52

16"65

10"46

14"20

10"80

L2 "98

15"37

14"40

13.92

13"13

14"86

14.50

t5.27

L2 "32

12"70 .

15.14

13.49

19"02

L4 .07

15 " 60

14"20

12.50

L7 "32

15"39

L2.52

16"61

15"42

Is"37

11"99

13"03

14 "t2
10"89

15.90

9"45

L5 "72

16"38

16"03

14"83

9"45

9.45

5.51

6 "32

l-3 " 16

9"55

9.04

ooJo

11. 99

13"46

11"84

11.66

L2"42

9"60

L2"70

.11"43

13"74

L2 "'13

EVÀPORÀîÏON

ME.A¡[ 13.17 14"44 14"90 I3"83 8"90 12"16
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which forms the surface" Except for the escarpment'

most of the t,il] plain is featureless. The tillo where

present., directly overlies bedrock shale.

The fine to medium grained sand covering t'he plain

t,o the East "

Sibul (L967) report,ed that t'he alluvial deposits

indicated in Fig. B are still being deposited at the pre-

sent. They are confined to generally flat, broad alluvial

fans that form at the foot, of the escarpment as a result

of the deposition of sediment by a stream eroding at high

f lows " The largest, fan in t'he area is that formed by

t,he Dead Horse Creek. Most of the alluvium is composed

of an unsorted. mixture of silt and clay d.erived from the

bedrock of the escarpment. As a result of the alluvial

material being fine grained, the deposit is relaÈively

impermeable and consequently does not, readily yield. ground-

water t,o dug welIs.

D. PHYSIOGRAPHY AND SURFACE DEPOSTTS

The Experimental Farm in Morden is located- below

the 300 meter contour line adjacent t,o the Manit'oba Escarp-

ment^" The investigat,ed area ranges from 291 meters A.S.L"

from West to East. The f arm slopes from üIest to East' wit'h

an averagie fall of 3.0 meters per kilomet'er.

The surface deposits on whích the soils are formed
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are variable due to the mod.e of deposit,ion and subsequent

erosion. According to Michalyna et," aI" (1961) the under-

Iying cretaceous shales !ì/ere covered with till- during the

last glaciat period" They also reported t,hat, the surface

deposits of the soils of the investigated area consist of

fine textured alluvial and Lucustrine deposits are well

drained soils developed from the alluvia1 and lucustrine

deposits. These soils are mainly sandy in texture" A

representative soil profile of Ëhe study area is 0-150 cm"

of silt clay, 150-600 cm. sand and great,er than 600 cm. is

clay" Fig. 9 shows the geological formation of the soil

of South Cent,ral Manit,oba. When the íce retreated., the

area was inundat,ed. with water of Lake Agassiz" Beaches

and d.eltas v¡ere formed along t,he shore line 375 meters

A.S"L. Vüave action also modified earlier deposits" The

emerged surface was modified. by the action of streams from

the Manitoba Escarpment"

Alluvial plains r'rrere formed. by streams which emerg-

ed. from the Escarpment" Dead Horse Creek has been one

of t,he major contributors of alluvial deposits" The

alluvia1 deposit is said to have originated from the fine

materials eroded f rom t,he glacial till deposit's " Some of

the alluvia} deposits originat,ed from the shale beds of

the Rid.ing Mount,ains formation and the fine textured

deposit.s (silt and clay) originated from the shale beds
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and. calcareous "chaIk" of the Vermilion River Formations"

The parent materials of the study area include:

glacial tiIl and water worked tiIl, tilI beach and delt,aine

deposits., alluvÍa1 and lucst.rine deposi-ts"

E. BEDROCK GEOLOGY

The most, recent informat.ion on the geology of

Morden has been published by Bannatye (1970) " The bedrock

greology of the study area is composed of the Vermilion

River formation all of which vrere formed during t,he upper

concretious age"

The Riding Mountain formation is composed of two

members: an upper member (Odanah) composed of hard grey

siliceous shale and a lower member (Millwood) cornposed of

a softer greenish brown bentonite shale.

The Vermilion River formation is divided into t'he

ivlorden, Boyne and Pembina Members. This classif ication

was made after an out crop study conducted by Bannatye

(1970). The study area falls beLween the Morden, Boyne

and Pembina Members. The Morden member pred.ominantly

consists of a dark grey to black carbonaceous non-calcare-

ous shaIe. Thin layers of bentonite occur within the

Morden member" ryriÈe is present in the shale beds as

concret,ious, in irregular masses or as a layer of fine

crysÈals" A considerable amount of gypsum is generally
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associated wit.h pyrite; a coating of yellow maÈeria1

possibly jarosite (r n", (so4) 2 (oH6)) is present in most.

shale exposures.

The Boyne member is about 43"5 meters thick" It

is divided. int,o an upper part and lower part, " The upper

part, consists of buff and grey speckled calcareous shale"

The lower part, consist,s of dark grey carbonaceous and

calcareous shales" It, has also an abundance of small

white specks of foraminifera fossils" The Pembina member

overlies the Gammon Ferruginous and Boyne members" At

the upper contact of the Pembina membern t,he chocolaÈe

brown, waxy carbonaceous Pembina shales grade upwards into

the bent,onite beds of t,he Millwood member" The lower part,

of the Pembina Member consists of int,erbedded yello\,,¡ non-

swelling bentonite and black lightly carbonaceous shale"

F" HYDROLOGY

The hydrologic cycle as defined by Gray et. al.

{J-97A) is "a concept, which considers the processes of

motion, loss and recharge of the earthrs waters." Davis

and De WÍest (1967) , defined it as the "ever changing

migration of atmospheric, surface and groundwater as a

complex of independant. syst,ems. " The cycle may be divid-

ed int,o Èhree principal phases: (a) precipitaLion,

(b) evaporat,ion and (c) run off surface and groundwater
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(Fis" 10).

Topography, geology and climate influence ground-

water fLow systems. Topography mainly determines the

scale of t.he hydrologic syst,em. Groundwater movement

studies carríed out by Meyboom et" aI. (1966) showed t,hat

the total fluid pot,ential of any point on the land surface,

where the pressure potential must everlzwhere be zero

would equal the gravitat,ional potential only, which

because it. Ís proportional to elevat.ion would be lower in
low lands than on high lands. Hence, because water flows

towards areas of low potential, groundwater flow musL

converge towards local topographic basins which act as

discharge areas. Studies on porous media with gent,ly

sloping topography conducted by Tot,h (L962) showed that
the system is composed of a recharge area and a d.ischarge

area" (Fig" lf). He furèher found that, the recharge area

which is up slope from the middle line position is

characterized by a downward movement of water a$ray from

the water table level and the discharge area which is at.

the bottom of t,he slope from the middle line posit,ion is

charact,erized by an upward movement of water towards the

waÈ,er t,able level " Groundwater f low stud.ies carried out

by uitchon (1969) on the Vüest,ern Canadian sediment,ary

basin enabled him to conclude that major upland topographic

features are major recharge regions and that major low
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Iands are major regional discharge areas.

Groundwater flow systems are affect,ed by the

geology of the region through which the flow t.akes place.

According to David et. al. (1967), pore space and grain

size play a significant role in det,ermining t,he character-

istics of groundwater flow systems" Size of the pores and

the size of grain, sediment,ation and orientation of the

rock structures; size and shape of Èhe drainage basin are

three aspects of geology which are import,ant in determining

the volume, rate and direction of groundwater flow.
Coarse texture geologic material, which have less

micropores compared to fine textured material, but, with
relat,ively more macropores have higher saturated hydraulic

conductivities than fine textured material which have a

greater proport,ion of micropores and smaller proportion

of macropores. Fine t,extured mat,erial like c1ay, although

having a high porosity; has Low saturat,ed hydraulic con-

ductivity while coarse sand with low porosity but wit,h

higher percentage of macropores than clay has high hydraul-

ic conduct,ivity. Baver (1963) showed that, under saturated

conditions, the flow of water in soils is in the order

of sand fine sandy loam - IighÈ clay - clay. Freeze and

Ïüintherspoon (J-967) have shown that lenses on cont,rasting

permeability within homogeneous deposit,s alter'th" ditect-
ion of normal groundwaÈer flow and result in the occurence
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of discharge areas in the center of t,he regional flow

systems "

Davis and De I,riiest (L967 ) suggested that size and

shape of the hydrologic basin determines the volume of

surface and sub-surface water, t,he direction of water

movement and the velocity of groundwater flow wiÈhin t,he

basin" In addition, the size and shape of the basin l,¡iII

determine the length of time thaL the water is in contact

wit.h the basin and thereby influence the quality of the

water.

Davis and De Wiest (1967) pointed out, that variat-

ions in climate affected the amount and dist.ribution of

recharge and discharge, the magnitudes of hydraulic

gradients, the conèinuity of aquifers and t,he distribution

of poor quality v¿ater wíthin a given hydrologic environment.

Precipitation and t,emperature which determine t,he amount

of evaporat,ion and evapotranspiration, have significant

influence on the water budget, of the hydrologic cycle.

Climate dictates the type and quality of veget,ation which

may develop in a uniformly s'Loping land (Fig" 12) " The

type of vegetation growing on the land surface can promote

or inhibit ínf ilt.rat,ion, evaporation and evapot,ranspiration;

in t,his wây, vegetation influences the processes of rechange

and discharge. Rose (1969) pointed out that as soil temp-

erature decreases, the groundwater viscosity increases.
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For the same hydraulic heads and the same area of flow,

fluids with a lower viscosity will have a higher raLe of

flow ëhan fluids with higher viscosity" Thus, it is

evident that soil temperature fluctuations affect the rate

of discharge in groundwater flow systems" Lissey (1968)

pointed out that in temperate regions where snowmelt

accumulates on the land surface during the winter, in Èhe

spring almost all the available waLer for recharge is

derived from snowmelt. Freeze et" al. (1967) showed Èhat

except for very intense storms' sulnmer rainfall does not

contribute to recharge beneath loca1 topographic highs"

This ís because any rain water that does not runoff

tends t,o be concentrated in lowlands; and. is used primarily

to make up the soil moisture deficit in the upland. topo-

graphical features. Meyboom (1966) carried out an investi-

gation of the groundwater flow systems of sloughs in

Saskatchewan, Canada" He showed thaÈ during the summer

period surface water accumulat,ing on upland depressions

infiltrates through the ground beneath it as it' had thawed"

As a result the shape of the groundwater table beneath the

depressions becomes convex (Fig" 13) "

G " GROUNDVüATER CHEMISTRY

Davis and De Vüiest (1967) reported that "total

dissolved solids in a wat,er sample include all solid mater-



A * 99
-1

\
?r

 lv
p\

{,
,

-l.
-.

..,
-

F
/o

w

95

F
ig

" 
l3

G
ro

un
di

^¡
a¡

s¡
 f 

lo
w

 j
-n

 d
,e

pr
es

si
on

s 
"

.-
-:

-'f
::r

*.
.'"

."
:-

.*
r;

¡*
j

\

34

(A
f 
t.e

r 
l"t

ey
bo

om
, 

19
66

 )

u?
6

66
 

...
. 

-

E
qr

,r
5.

po
 Ê

en
lia

l
. 

lfn
es

-.
_.

F
'l 

o 
i"'

 l-
 i-

n 
e 

s.
 '

h.
)



30

ial in solution, whether ionized or not. They do not

include suspended sediment colloids or dissolved gases. rr

They also reported that the chemistry of groundwater is

basically determÍned by the composition of the geologic

materials through which it f1ows" For instance, ground-

water flowing through Iimestone and dolomite rocks wilI

contain relatively large quantities of ca**, Mg++ and

HCO3 j-ons while groundwater flowing through coral shells

will normally be dominated by lta+ and Cl ions. Groundwater

flowing through till deposit,s is generally dominated by
J-+ J--L + =Câ", Mg", Nâ', SO¿ and HCO, ions (Rozkowski, L967) "

Studies made on drinking water showed. that such

undergroundwater contained large quantities of dissolved

salts" Bradford. (1963), Brown (1958), George et." aI"

(195I), Lohr et" aI" (1954), Lohr et. aI. (1954-b),

Skougst,ad gt" al" (1963), Taylor (1963) and White et. al"
(1963) carried out, investigations on the salt, cont,ent, of
portable water from di:îferent states of the U.S"A.

findings generally show that. the salt concentration of

undergroundwater used for domestic purposes is usually

from 10"00 ppm to 100 ppm (Fig" 14). They also showed

that natural hraters range from less than 10 ppm of dissolv-

ed solids for rain and snow to more than 300,000 ppm for

sea waters"
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H. GROUNDWATER MTNERALTZATION

Discharge waters are generally more mineralized

than recharge wat,ers " This phenomena is explainecl by the

fact that the mineralization of groundwater is dependent

upon the rat,e of weathering of t,he rocks through which

the groundwater flows" The rate of rock weathering is
dependent upon among other things, ternperaLure and. pressure.

The removal of salts from the weathering rocks and the

add.it.ion of the removed salts t,o the underground. flowing

h/at,er, is dependent upon the interf ace betv¡een minerals

and Lhe ground f lowing wat,er, volume and time of water

contact "

Obrejan3 e!" aI. (1966) studied factors that affect
the mineralization of groundwater" They st.udied the ground.-

water of the Danube Flood Plain" The study was carried
out during the autumn season when the groundwater mineral-

ization was not, subject t,o the effects of flood.s or atmos-

pheric precipitation¡ âs their studies revealed"

The degree of mineralizat,ion decreases as the

leve1 of the groundwater table drops; at the same time

there is a reduction in the content of chl-oride and sodium

ions while calcium and sulphate is unchanged. This con-

clusion is very import,ant for land reclamation (of saline

soils) as it also indicates that groundwater has the most.
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unfavorable effect on the soil when the water t.ab1e is

high" As the water leve1 of the groundwater table drops,

the effect ori the groundwater on t,he soil profile is

reduced.

Lebeduv (1963) and Kats (1963) as cited. by Obrejanu

(L967) have shown that the degree of mineralization of

groundwater depend.s direct.ly on the content of salt,s in

the water bearing layer and indirectly on the subsurface

flow. As the t,exture of the water bearing layer becomes

finer there is an enrichment in chlorides, sulphates

and sodium" However, the bicarbonate and calcium ion

conLents are reduced"

Obrejanu eL. al. (1967 ) also reported that within

the same hydrological sectors the groundvraters of dilced

areas v¡ere more strongly mineralized than in non-diked

areas" As regards the salt. composition there was an

accumulation of chlorides and sodi-um ions in diked areas

t,han in non-diked areas"

T. RBCLA],IATION OF SALT AFFECTED LAI'{DS

Tile Draigage

Discharge from tile drains is one of the principal

parameters for determining the distance between drains and

the diameter of t,he drain pipes. Soovik (1967 ) reported

that in designing drainage tiles one must, make correct

est,imation of the hydrologícal characterist,ics of each
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drainage area" The hydrorogical characteristics of the
soil, of course are d.etermined by several climatic, bio-
logical and geological factors" The raws governing the
effect of these factors on the hydrological characteristj-cs
of the soil are very complex and according to soovik (1967)

they have not been adequately studied yet. For this reason,

exist,ing methods of determining Èhe d.esign varues of drain-
age discharge since they are based. chiefty on factors
governing the hydrorogical characteristics of the soil,
do not, always give saÈisfactory results.

In excessively wet soils, the water balance equat-

ion according to Soovik (L967 ) is:
DD = P Tr E SR r er t .AVü ..... (1)

where

DD = Drainage d.ischarge

P = precipit.ation

Tr = Transpiration

E = Evaporation

SR = Surface runoff
GF = Groundwater flow (in layers located.

below the active zone)

À W = Decrease or increase in wat,er storage
within t,he active zone

AII the t,erms in the equatÍon express the volume

q in litres for an area F in km2 for a period of t seconds.
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The rate of water discharged can be represented

by the following equat,ion:

q= . -1. -2Ir.tres/sec Km
FxÈ

For soils having a shallow wat,er table at one

Èime of the year and a deep water table at anot,her time

of the year resulting in the formation of mottles, the

rate of drainage discharge for such soil can be represent,-

ed by:

q;: = F (siP¿r¡o)

where

-ÈLqai = 
åå:i;t.drainage 

discharse for the

g = The numerical index of the degree
of soil gleying

Pd"ho- = Y;î""uä3itfi'1n3*=!*i'fl3'äi"lnä"3iir533"
in the middle of the zone between drains

Factors That Affect Flow of Wat,er into Drainage Pipes

Luthin and FIaig (1971) st,udied some factors that

af fect, the f low of water into d.rainage pipes "

Their studies were carried out in the laboratory

and then applied in the fÍeld" They reported that, t,he

groundwat,er discharge from the drainage pipes was related

to the diameter of the pipes. Drainage pipes with larger

DD
(2)
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diamet,ers discharged. more groundwat,er than those with

smaller diameters.

Kirkham (1950) in his study of the fact,ors t,hat

affect the flow of water inëo pipes found out by using

theoret.ical analysis that encasing I foot, pipe segnnents

in gravel increased flow 180 percent. Luthin and llaig

(1971) showed that, decreasing the pipe segment length

from 3 feet t,o 1 foot increased rate of flow into the

pipe more than 24 times. They also showed. that drainage

tiles are most efficient when t,hey are completely open

(Fis" ls).
If drainage tiles with holes are used, Luthin and

Haig (1971) observed that. maximum amount of discharge is

obtained when the holes of the drainage tiles are at the

bottom" The increase is due to the increased head drop

between the water table level and the ent.ry points in the

pipe. In addition, locating the holes at the bottom of

the pipe has the advant,age of draining the soil to a great-

er depth.

Rogowski eÈ" al" (1966) studied the effect of

t,ile spacing on Vüebster t,ill soils of Iowa State in l-ower-

ing the groundwater table" Tiles h/ere installed at L"?

met,ers depth below the soil surface and they were spaced

at 30 meters anci. 60 meters intervals. Groundwater table

was monitored aft,er a heavy storm which raised, it t'o the
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soil surface, They reported. that after t.he initial B hours

of draw downo the average faIl of the water table on the

30 met.ers t,ile draj-nage spacing was twice the average faII
on the 60 meter tile drainage spacing (39 "2 cm. as compar-

ed with 19.6 cm"). They also reported that 32 hours after
the groundwater table was at the soil surface, there was

essent,ially no difference between t,he heights of the water

table on either spacing. About. 44.1 cm. of t.he water

table was not appreciably affected by distance from the

tile lines on either t,he 30 meter or 60 meter spacings"

They suggested that, this was due to deep seepage in the

soíls investigated which controlled the water Èab1e leveI"

Tile Drainage Discharge as Affected by Planted Crops

lrlhen Rogowski et. aI. (L966) compared the amount.

of discharge groundwater in eit,her of the two tile drain-
age spacings after the lands were planted with either corn

or alfalfa, they found out that neit,her corn nor alfalfa
affect,ed the rat,e of flow of the groundwater int,o the tile
tile drainage pipes. The draw down reported. by Rogowski

et" a1" (1966) on t,he CLarion - I¡üebster Experimental Farm.

appears to be the resulÈ of deep seepage (translocat,ion

of water below the tile lines) and the translocation of

water lateraIly through the surface layer on t,he soil

under land by till (or sand deposits) "
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Desalinazation of Soils v¡ith Tile Drainage System by Diking

and Ponding

Talsma (1966) reported that permanent, recLamation

of saline soils under condition of high wa.ter table is

rea1ly not, successful unless some form of drainage such

as tile drainage is provided" He studied the desalinaz-

at,ion of tile drained soils under the condition of surface

ponding and falling water t,able" His results indicated

that during t,he ponding stage desalinazation proceed*

more rapidly near t,he drainage t,ile lines than midway betvreen,

while during the falling \^iater table stage desalinazation

is more even over the whole area. Luthín (1950) from his

studies of leaching t.ile drained land. in the Imperial

Valley, California, U.S.A., reported. that in order to re-
claim the saline soils of t.he valley, it, is necessary that,

the valIey be diked and then ponded alt,ernately in order

t,o enable t,he salts in t,he soils to be complet,ely washed

out and carried into t,he tile drainage sysÈem. He further
pointed out t,hat, most of the flow of wat,er through the

soil to the ÈiIe line occurs in t,he soil above this line;
it has been found t,hat t,he soil above the tile Ii-ne is

leached free of salt,s where as the soil midway between

the tile lines remains unaffected by the leaching procedure

which would be by applying irrigation water, during a heavy

storm or in the temperate count,ries during the spring when
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snow melts (Fig" 16). Luthin reportecl t.hat in a ponded

soil that is underlain by a Lile drainage system, 50% of

the total f low takes place within 3.3 meters of t,he t,ile

line¡ 752 of t.he Lotal flow takes place withiir 8"4 meters;

992 of the tot.al flow takes place within 12 meters leaving

only 1ea of the t,otal fl-ow in the central 18 met,ers of the

60 meter tile drainage spacing (F.ig" 16). Lu'L,hin's findings

u/ere also reported by Isherwood et. aI" (1958) when they

studied the effectiveness of tile drainage in soils with

shallow groundwater t,able. t¡Ihen studyinq the ef fect of

flood diking in leaching out soluble salLs in t,he soil of

the Tmperial Va1ley, Luthin (1950) reported that the method

is most effective when the diked areas lying midway between

the tile lines are flooded first and then proceed toward.s

the t,ile lines (r'ig" 17) "

Minashinn (1970) made an extensive study on the

reclamation of the soils of Cott,on Production Zone in t,he

Soviet, Union" He reported that v¡hen solving reclamation

problems of soils having an excess of soluble salt,s, much

attention has been paid t,o the sLudy of groundwater by

soil scientists working as early as 1910. Investigat,ions

in t,he Golodnaya St.eppe in the Soviet, Union showed that,

soil salinity depended on the shallow groundwater t,ab1e.

To reclaim such soils, t,iIe drainage was int,roduced..

Bushuyev (1914)inËroduced the concept of o'Critical
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Groundwat,er Depth"; which is defined as that, depth express-

ed in meters or cent,imet,ers above which saline capillarity

solutions thaÈ rise from the groundwater table reach t,he

soil surface (plow layer), produce accumulation in the

soil, and stunt and kill plants" Gradbovskaya (cited by

Minashina L970) from his studies on the reclamation of

saline soils introduced t,he concepts of "Critica1 Ground-

water Mineralization", which is def ined as t,he limit,ing

mineralization value at which capillary water risÍng from

the groundwater table salines the upper soil horizons and

kills normal plant,s during hydromorphic soil formation.

During evaporation (spring and summer) salts are

brought to Lhe surface by capillarity to the plow layer"

The sa1t. balance equation according to Grabovskaya (1954)

cj-t.ed by l4inashir-la {L970) for a critical "Groundwat,er

Mineralization" can be writt.en as:

where

ttV_ The soil moisture content at a minimum
moist,ure capacity level o minus the
insoluble volume (hygroscopic wat.er)

The concentration of soil solution at,
the end of growing season in the layer
for which the computations are made

same concentration of soil solut.ion at
the beginning of the growing season

The amount of water evaporated during the
growing season

r-

\J
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X = The groundwater mineralízation in (g,/ligre)

N = The amount of irrigation water for a
non-leaching regime in (mm/hacter)

= Mineralization of irrigation lvater
(grams/litre)

Henee, it is possible to determine the "critical
groundwater mineralization" for a possible increment of
salt solution concentration for any d.epth of t,he root
zone.

v(c-ci) - Ns

G

Equation (5) clearly indicates that t.he "critical
groundwaÈer mineralization" is determined by the salt,

increment in the spring and summer when the rat.e of evapor-

ation of groundwat,er and irrigation water is highest,. The

critical groundwaÈer mineralizat,ion is highest when Èhe

mineralizat,ion of the irrÍgation water is 1ower and also

when the evaporation of groundwater is rower which in t,urn

depend.s on groundwater depth, soil propert,ies and aridity
of the climate"

Graboskaya (1954) as cíted by Minashina (1970)

repori:ed that the critical drainage at critical qrounC-

water mineralization for removal of t.he salt :-ncrement. during

the growing season can be determined from ¡he f ormulà:
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(c
D.I

Thus the total
formula

obtain

ci)

X

The miminum amount of leaching water can be equated

to Èhe amount of critical drainage. The amount of satts
supplied by t,he leaching water is Di"S and this requires
additional drainage of

^D 
=

Di" s

X

Substitut,ing D, we

(c
" " ". (B)AD =

x2

annual critical

D=Di D=
(c-ci)v (c-ci)vs

X

(c-ci)v

x2

(e)
x

It is evident therefore t,hat

amount of drainâgê, D, is higher when

irrigation water is higher.

VS

drainage is obt.ained by the

/ s\
('. 

")
t,he total an

mineralizat

nual

ion of
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The

Salt

Effect, of TiIe Drainage g5tem in Desalinization of

Affected Soils

Kinderis (1970) stud.ied the amount, of removed

solubLe salts in saline land of LiLhuania in the Soviet

Union" The land was reclaimed by inst,alling d.rainage

tiles at a depth of 1" 0 to 1" I met,ers below the soil
surface" The recalimed soils had a Loam subsurface texture"

His study included groundwater discharge, chemical analysis

and observation of the fluctuating groundwater table.
Kinderis found that a higher average concentration of bi-
carbonates in the drainage waÈer was observed in the spring

when the draínage discharge \,{as high (L4 65"4 1754 "9
a

m'rlha) , the removal of bicarbonates reached 9 " B

616.0 kg/ha" During the dry months when t,he groundwater

discharge \^ras low, the quant,ity of removed bicarbonates

r+ras also Low (10"9k g/!;ia) 
"

Considerable quantities of sulphates enter the soil
with atmospheric precipitation" Kinderis (1970) reported

that atmospheric precipitation brings 63"8 Kg of suJ-phates

per hectare into the soil- annually on experimental plot,s.

I{e also reported t,hat the content of sulphate and chlorid.e

in the drainage water depends on their addition to t.he

soil with fertilizers. The concentration of these ions

in the d.rainage water of the t,ile drained land was I "2
L76"3 Mgllit.re in the case of sulphate and. 2"8 LIz"a Mg/
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lítre in t.he case of chloride " The removar through t.he

tile drains amounted to 9.8 160.0 Kg/ha for sulphates

and 6"1 76"0 Kg/ha for chloride annuaIly.

Kinderis (1970) reports that. the content of pot-
assium and sodium in the drainage rn¡ater was sright, rang-
ing from 0.2 to 14.1 Mgrl1it,re or K* ions and from 0.7 to
15.6 Mgrllitre of Na+ ions. on a yearly basis the tiles
\^rere able to remove 0.3 to 6.L Kg/ha of K* ions and 1.6

to 22-g Rg/ha of Na+ ions. Nitrate ion removal ranged

from 1"4 to 11"5 Kg/hacÈare annua1ly.

Kinderis reported t,hat the largest removal of
soluble salts through the drainagie pipes took place in
the spring and earry summer rvhen the water table was high-
est, and the soruble sart removar was rowest during the
winter months when discharge was leasÈ or non-exist.ent..

Mol_odtsov et, al" (1970) carried out research on

the recl-amation of sarine soils of state Farm No. 5 in
the Golodnaya steppe of the soviet union. rn t,his farm

sub-soil drains h/ere inst,alled. and reinforced during an

irrigation leaching period" Temporary drains were creat-
ed with a plow every 20 meters. The crosed drains v/ere

2"5 t,o 3.5 meters deep. The shallov¡ drains within the

farm \,'üere 0"8 Ëo 0.9 meÈers deep at every 20 meter inter-
vaI" The project was carried out on a 400 hactare area.

From the data obtained from the project,
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Molodtsov et" al. (1970) reported:

(a) Leaching of medium and strongly saline soils under

rice and deep closed horizontal drains spaced 120 to

I40 met.ers apart plus temporary drains extending

500 running m,/ha and low water permeabilit.y of the

soil (about 100 mm/24hrs.) can desalinize the top

meter layer in a single season" The deeper horizons

can be desalinized by using deep closed drains and

growing crops on the land."

(b) Temporary drainage with major leachíng of saline soil-s

removes t,he bulk of the water ancl salts " Deep drain-
age plays a secondary role duríng the period of major

leaching. The funct,ion of closed drainage is to main-

tain the ground.wat,er table at the crit.ical level and,

to remove the drainage water and salts when the leach-

ed lands are used to grow crops.

(c) Subsurface drainage is much more efficient than shallow,

t,emporary drainage. In the particular project studied,

it required an average of 80 m3 of water to remove

1 metric ton of toxic salts during the leaching period

campared with 3OO m3 \,irater required by shallow drain-
age.

(d) Mineralizat.ion of the water in t,emporary drains is

a reliable crit.erion of the salinity of the soil

leached and. it can serve as an indicator of when to
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st.op the leaching" The t.opsoil (1 meter) does not
have an excess of sorubre salts when the minerarizat-
ion of the drainage water is 4 Lo 5 grams/r-itre.

Averyanov (cited by soovik, (1967) ) reported that
shallow open drainage does not, produce positive resur-t.s
because it, does not lower the groundwat.er tabre adequate-
ly so thaÈ the layer of secondary sarination persists.
Deep closed drainage keeps t,he groundwater tabre berow
the critical depth of salinization, ensures a downward

flow that desalinizes Èhe soil profire to a considerabre
depth, andr âs a result, virtually eliminates the hazard
of secondary salinization.

Recramation studies carried out at the Rushets
(Rumania) Experimental statÍon, showed that tile drains
installed at a depth of r.B meters and spaced aL 20 meter
intervals desalted. the groundwater and hence decreased
the concent,ration of solubl-e salts below the rimit of
critical mineralization.

Pastukh and Shavrygin (1966) reported from their
studies of sart affected lands of Nort.hern Kuhunda in
the soviet, union that alÈhough the soils in this mountain-
eous region had a v¡ater t,able werr below 2.5 meters, salts
transferred from the groundwater t.abre to the surface in
a matt.er of hours" The eritical groundwater depth for
t'hese solonet.zic soårs Ìras reported. to be 170 lg0 cm. in
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medium columnar solonetzes"

Pastuka and Shavrygin (f966) reported t.hat t,he

groundwater table in the summer of 1965 was much deeper

below the so.il surface in the ridges (2.62 2"95 m) , on

the slopes (2,95 2.24 m) and in the depressions (1"94

1"20 m). Their findings indicate t,hat upland areas

(recharge areas) have deeper groundwat.er tables below the

soil surface than lowland areas (discharge areas) " They

also reported. that areas with a shallow water table have

more accumulated soluble salts than areas with a deeper

ground.wat,er table "

In ad.dition t,o recommending tile drainage as a

method to decrease the concentrat,ion of soluble salts,
Pastukh and Shavrygin (1966) recommended t.hat sweet. clover

shouLd be sovrn in the area as it, is salt toleranÈ and

d.rought resistant." They also recommended that the land

be plowed without a moldboard t,o a depth of 28-30 cm" with

add.ition of up to 4-5 metric tons of gypsum/ha. Deep

plowing to a depth of 40-45 cm. and layered plowing to a

dept,h of 40-45 cm" \¡/ere also strongly recommended.

J" PREVTOUS VIORK DONE TN THE STUDY AREA

Pedological TnvestigaÈions

Michalyna gt. aI" (1961) conducted a detail-ed soil
survey of the Morden Experimental Farm to assess the
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suitability of the soils for irrigat.ion" rn conducting

the survey, Lraverses 30 meters apart $¡ere made in a

North-south direct.ion throughout the section. observat-

ions of t,he soils \À/ere conducted at. int.ervars of 75 meters

along each traverse for classification purposes" A topo-
graphical survey indicating the relief of the Experimental

Farm was also made.

The system of soil classification used by Michalyna

et" al. (1961) was that proposed by the National Soil
survey committee (1965). Tn t.he canadian Taxanomic class-
ificat,ion system soils can be crassified into six categor-

ies: Order, Great Group, Subgroup, Family, Series and

Type. In these groups the different.iating criteria is
largely morphological feat,ures which reflect the effect,s

of climate, vegetation, local moisture relations and age

of the parent material" The basic unít in the field crass-

ification is the soil series" A soil series in a group

of soils having horizons similar in different.iating char-

acteristics and arrangement within the profile and deverop-

ed from a particular kind of parent. materiaL" The similar-
ity in the profiles reflects similar soil forming fact,ors.

Soils having similar feat,ures of significant. agronomic

importance are classified as phases. Examples of phases

used are: saline phase, eroded phase and stony phase"

When non-conforming substrate occurred within L20 cm.
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of soil deptho the soil was identified with t,he series

name and nature of the substrat,e phase, for exanple,

Eigenhof -sand subst,rat.e phase, Plum Cou1ee-sand subst,rat,e

phase.

The soils of the study area according to l{ichalyna

et. al. (1961) can be grouped as moderately well and imper-

fectly drained" The impertecLly drained soils of the

study area have been developed. from fine t.extured alluvial

and lacustrine deposits (SiC, SC, C) " They include the

Winkler Series (Orthic Black 1Wa) ), Winkler Sandy substrate

phase (vlb) , Plum Coulee sand substrate phase (Pb) . The

moderately well drained soils which have been deveS:oped

on moderately fine alluvial and lacustrine deposit,s (Cl'

SiCL, SCL) occur to the North of the study area" They

have been classified as the Eigenhof Sandy Substrat,e phase

(Ed) (Fie" 18) "

Imperf ectl-y d,rained soils. The Winkler Series 1Wa)

is an Orthic Black soil developed on calcareous fine t,ext-

ured alluvial and lacust,rine d.eposits. The drainage

pattern of these soils varies from imperfectly to moderate-

ly well drained. The soil profile consists of 16 to 32 cm.

of very dark grey Ah horizon and a well structured dark

greyish brown Bm horizon" The lower portion of t,he Bm

and the C horizons may be weakly developed with iron

sÈains. There may also be an accumulation of gypsum in
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the C horizon" A i{inkler sand substrat,e phase (Ì.fb) has

also been mapped and included in t.he group of imperfect,ly

drained soils " Like the Ïüinkler series, t,hey have slow

permeability and a high moisLure retention"

The Plum Coulee Series consists of imperfectly

d.rained gleyed black soils developed on moderat,ely calcar-

eous, fine textured alluvial and lacustrine deposits"

Michalyna et" al" (1961) reported t,hat the profile of

these soils has a moderately thick, very dark grey Ah

horizon and a very dark greyish brown horizon with weak

mot,tling" The deltaic sandy sediments which are found

below the alLuvial deposit,s are within L5.2 to 25"4 cm.

below t,he soil surface of t,he soil profile. The Bmg

horizon may be slightly solonetzic. The C horizon is

characterized by mottles and may contain gypsum. These

soils vüere mapped as Plum Coulee-sandy substrat,e phase

(Pb) .

Moderately well drained soils. Michalyna et. al"
(1961) reported t.hat the soils to the North of the study

area have been developed on moderately calcareous, moder-

at,ely fine textured alluvial and lacustrine" These deposits

are stratified and may be underlain by sandy sed,iments

within 91.4 to L52"4 cm. of the surface" The soil profile

consists of a very dark grey Ah horizon 20 to 30 cm"

thick, a dark greyish brown Bm horizon 20 to 34 cm. thick
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and light, brov¡nish grey C horizon" An accumulation of

carbonates may be present, in t,he upper C horizon" The C

horizon is generally iron st,ained and gypsiferous. These

soils have been classified as Eigenhof-sand substrate

phase (Ed) .

The surface texture in Èhe areas mapped as Eigenhof

clay loam range from a heavy Ìoam Lo a light c1ay. The

Eigenhof sand subst,rate phase (Ed) has sandy sediment,s

within 9L"4 to L52 cm. of the surface. The Eigenhof tiIl
substrate phase has tilI within 9L"4 to 152"4 cm. of the

surface. The soil has moderately slow permeability and

a high moisture reÈenÈion capacity"

Groundwater Flow

Sibul (1967) investigated the pattern of ground-

waLer f low in t,he Morden area. His studied area also

included t,he C"D.A" Experiment,al Farm" Tn studying the

pattern of groundwat,er flow, he installed a number of

nests of piezometers. He set up nests of piezometers at

the top of the Manitoba Escarpment and he also set up

piezomet,er nests along the plain from the escarpment"

One of his nest of piezometers, was installed at the

investigated area near lateral drainage tile line G-G

(Fig. 2) "

The collected hydraulic head data of Sibuls (1967)
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piezometers, showed that in general the top of the

Manitoba escarpment is a groundwaLer recharge area. The

plain below the ltanitoba escarpment including the study

area is a discharge area" The hydraulic head data of his

deep piezometers, revealed t.hat on t,he plain to t.he East

of Lhe escarpment, the groundwat,er discharge occurs only

in the overburden; the bedrock displays recharge charact,er-
istics" He further reported that groundwater flow below

and in the bedrock is downwards" This means that the

area under the bedrock and in the bedrock is a recharge

area. The general groundwater flow is from the Vüest

(Manitoba Escarpment,) to the Nort,h-east includ.ing the

st.udy area. AlLhough Sibul's study did not indicate

that Lake ilinnewasta is the major source of the dis-
charge water on the plain of the escarpmentn he concluded

Èhat iÈ is possible that t,he Lake plays a signi ficant

role in providing groundwater for direct discharge ín the

vicínity of Morden, including the Experimental Farm

(Table 2) "

Groundwater Salinit,l¡

The groundwater table on the Morden Experimental

Farm was reported by MÍchalyna (1965) to be the highest

in Èhe spring and early summero and lowest, cluring the

rvinter months. He reported that by monitoring the water
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TABLE 2

HYDRAULÏC HEAD DATA
FROM THE NEST OF PÏEZOMETERS

AT S]TE G-G
DURTNG THE SPRING AND EARIY SUMMER, T974

NO" OF
PÏEZOMETER

DEPTH OF

WATER TABLE DEPTH
IN CM" BELOW SOTL SURFACE

PTEZOMETRTC
HYDRAULÏC

HEAD
ÏNTERPRETATIONITd CM. r7"05"74 24"05"74 3.06 "7 4

P.T-T22 L22 109.0 BB"9 94.0 Discharge

P-1-18 3 183 106 " 0 73"7 9t.4 Discharge

P-L-244 244 101"6 62 "2 85.1 Discharge
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table of 13 wells d.rilled to a d.ept,h of 3 meters (using

a Giddings dritl) at various locat,ions on the Experiment,al

Farm, melting snow or heavy storms raised the wat,er table

considerably" The rise in groundwater table was attribut-
ed to infiltrating snowmelt or percolating rainfall wat.er.

During the winter months" the water table in the observed

wells remained constant"

Michalyna (1968) in his study of the patt.ern of

groundwater flow reported that although the land slopes

eastwards with ã gradient of 0"3 percent, the water table

in the spring occurred at a greater depth at the western

side of the farm and occurred at 0"3 meÈers below the

soil surface in the eastern part, of the farm (Èhe study

area). The leve1 of soil salinity in the North-eastern

side was híghest at 11.0 mmhos./cm"
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CTIAPTtrR III

MATERÏALS AI.TD }4ETHODS

The materials and method.s used in this investigat-

ion can best Jre d.escril:ed in terms of three categories:

hydrological, pedologica1 and analytical"

TTLE DRAINAGE NETWORK INSTALLATTON AT

IV1ORDEN EXPERTMENTAL FARM

The tite drainaqe networlc (Fig" 1) v¿as designed

and installed in 1967 " During the installation program'

trenches vrere dug to an averagie soil depth of 1" 5 meters "

Segment,s of the lateral and draina.ge tile lines with L5.2 cm

d.iameter vrere laid down the trenches " The lateral and" main

drainage tile lines v¡ere laid down in such a \,'iay that a 0"001

gradient was maintained so that the v¿ater flowing in them

could empty at the manholes and at the =rr*p=.I l{aving laid

the tiIes, the trenches \{ere then back filled with soil"

B. SOTL PROFTLE LOCATIOi'T, SOTL SAMPLING AND WELL

SETTTI{G ACROSS LATERAL DRAINAGE TTLBS G-G, F-F AT\TD D-D

In the fall of L972, 14 rvells were drilled Lo a

1-The graclient and depth of tile lines below soil
surface were obtained from Drawing No" 2 | File No" I4I/
362-7/4-69-1. Sit,e Groundwater Drainagre System Phase 2"
Research Station, Morden, I{anitoba"

A"
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depth of 0.3 rn (using a Gidd.ings Drill) in the North-

east, corner of the C"D"A" Experimental Farm in Morden,

Manitoba (Fig" 2). Eight of the thirteen weLls r¡rere

drilled across lateral tile drainage line G-G with 4 wells

on either side of it " The rn¡e1l spacings are shown in
Fig" 2,

Vüell I{-9 was driIled. t,o the extreme North of later-
a1 drainage tile line c-c" OW-I and OW-3 \^rere drilted Èo

the Vüestern side of tile line F-F. Wells PD-0, OVü-A and

OVü-5 h¡ere drilled to the Southern part. of t,he main drain-
age tile line"

In the falI of L973, using the same method and

equipment, 16 wells \^/ere drilled. across drainage tile
line F-F and. E-E (Fig. 2) " At t,he t,ime of drilLing t.he

wells, soil samples r¡Iere collected at 30 cm. intervals to

a depth of 3 meters" For every well pedological descript-
ion were t,aken, noting mainly texture, moÈt,ling zone and

parent material"

Having collected the soil samples 7"62 cm. diamet.er

eave trough pipes were installed in the holes for the pur-

pose of monitoring the groundwater table and measuring

the electrical conductivity of the groundwater" The eave

trough pipes \¡¡ere closed at the bot,tom and side slots Ì^rere

cut to allow the groundwat.er to enter the pipe. The pur-

pose of t,he slots was t,o prevent soil aggregates from
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entering the pipes if larger holes l,rrere made (l'ig" 19).

C" GENERAL FTELD DESCRTPTTON OF SOTL SAMPLES

The textural description of the soils across the

lat,era1 drainage tile lines changes from topsoil clay,

silt. clay and sub-soil fine sand to very fine sand" Tn

general 120 cm" from the soil surface of clay or silt
clay. At this depth Èhe soils are brownish black (10 YR

2/2) in colour" Below the clay layer is a t,hin silt clay

layer which is greyish yellow brown (10 YR 4/2) and in some

profiles is d.ominated by white salt crystals (gypsum) .

Below 150 cm" soil depth, the dominant, soil t,exture is

f ine sand. Due t,o the f luctuat.ion of the groundwater

table in the summer and in the winter the sub-soil has been

subjected to aerobic and anaerobic conditions. The oxid-

ation and red.uction processes in t,he summer and in Èhe

winter resulted in the sub-soil being d.ominated by mott,les.

The general colour of t,he fine sand is dulI yellowish

brownish (10 YR 4/3) when moist (Fig" 20).

The general colour of t,he mottles is duIl yellow-

ísh brown (I0 YR 5/4) " The percentage of mottles changes

from 1? at soil depth of 0-30 cm" to about, 503 below 250 cm"

The percentage of t,he mot.tles in general increases v¡ith

increasing soil depth. itfost of the mottles are in the

soil sat,uration zone which is below the elevation of the
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lat,era1 drainage tile lines.

D " PIEZOFTETER ÏNSTALLATTON

A nest of 3 piezometers vrere inst,alled near well
GG-3" They were of 2"0 cm" outside diameter, semi-rigid,
polyvinylchloride (P.V" C " ) tubing. lrÏhen they lrere con-

structed., a 30.5 cm. sect.ion at, the bot,tom of Èhe piezo-

meter was slot,ted and. wrapped with fiber g1ass. The fiber
glass was used to prevent the entry of fine textured soil
(silt and clay) at the bottom of t,he intake zone.

Each piezomet,er was installed by boring a hole in
the ground with a Gid.dings Drill to the desired depth.

When t,he desired depth was reached, the piezometer \,vas

inserted" Coarse silica sand was added to the bottom

of the bore hole t,o a thickness of about 76"2 cm. and

I5.2 cm. of fine silica sand was added to the top of the

coarse sÍlica sand" The coarse silica sand at the bottom

of the piezomeËer formed a small porous volume around. the

intake zone" The fine silica sand was added to prevent

contaminat,ion of the intake zone by the cement grout"

A mixture of water and portland cement was added to form

a grout plqg above t,he sand. The hole was f inally back

filled to the surface wit,h the ext,racted soil"

The group of piezometers varied in depth from I.20,
1.80 and 2"40 meLers below ground level" The piezometers,
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enabled. the study of Èhe movement of water in a vertical

direct,ion by monitoring t,he hydraulic heads at different

times of the study period (Fig. 2].) "

Since in L972 and L973 the wat.er table was less

t,han 2"40 cm. below the soil surface, the piezomeLers

rlrere not read during that period; horvever n in the spring

and. summer of L974 the water table was generally higher

than 150 cm. below the soil surface;' During this period,

the hydraulic heads of the piezometers vlere read once

every two weeks"

E. THERMOCOUPLE TNSTALLATION

fn ord.er to measure soil Lemperature a set' of

thermocouples was installed near well GG-3 in t,he fall of

L972 (Fig " 2) " A 150 cm. hole was drilled in the ground

with the use of ær auger, a thermocouple which had wires

f ixed at depths of 2 "5 cm. ' 5 cm. , 10 cm. , 20 cm. , 50 cm. ,

100 cm., and 150 cm. below the soil surface was then

inserted into t,he hole and the hole was then backfilled

in order to form a good contact wit,h Lhe soil. SoiI

temperature measurements were taken at an average of once

a month in t.he fa11 of l-972 and 1973. In the spring and

sutnmer times the soil t,emperature was measured at an

average of once every fortnight"
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r " VIATER TABLE MONTTORING

Groundwater table moniÈoring was carried out by

inserting a 0.64 cm. diameter plastic tube (a hose) rvhich

was severar feet long int,o the wells " By browing t,hrough

the hose, one could d.etermine when the tube reached the

groundwat.er table" Thus, it was possible to measure

the depth of t,he water table from the top of the we1l "

üIater table readings rtrere taken between April
and October 1973 at an averagie int,erval of once every two

months" No readings were taken during the winter months

as the wells vrere dry" fn the spring of 1974, due to
excessively heavy snorlr melt, and heavy rainfall in the

surång

of once every

readings were taken frequently at an averagie

two d.ays.

ELECTRÏCAL CONDUCTIVITY MEASUREMENTG.

The electrical conductivity of the groundwat,er

table was read in the field by using a method. developed

by Beckman Company" The method involves the

insertion of an electrj-cal conductimeter bridge electrode

into the groundwat,er in the well and reading off the

electrical conductivity from the conductimeter bridge.

On the averag'e electrical conductivity readings

r¡¡ere taken once a month in the spring and summer of 1973
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and

the

J-974 respectively" Readings were not, taken during

winter time as the wells were frozen or dry"

H" TOPOGRAPHICAL SURVEYING

An earlier topographical survey of the farm was

carried. out by the ItÍanitoba soil survey st,aff in 1966.

Due to the nature of the project" it, was necessary to

carry out a topographical survey of the st,udy area in
detail. Vüith the use of an Abney Level, a staff and a

known bench mark (elevaLion in meters A"S.L.) n it was

possible to survey the weIIs, manholes and the depth of

t.he drainage tile lines below the soil surface, It was

necessary to know the elevation of the pipes (of the wells)

above sea level so Èhat the measurements of the fluct,uat,ing

groundwater table could be expressed as actual height

above sea level"

I" LABORATORY ANALYTTCAL METHODS

The analytÍcal methods used in the laborat.ory

the determinat,ion of elect,rical cond.uctivity, cations

anions are all standard. procedures"

The soil solutions from which the different

determinations r^rere made, were extracted from saturation

soil past.es which were prepared according to the method

described by t,he United States Salinity Laboratory Staff

for
and
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(1954). Electrical conductivity of the saturation soil
pa-ste extract. was determined by using a pipette type

conductivity ceII and a conductivity bridge as described-

by the U"S" Salinity Laboratory St,aff (1954) " Sodium

and rnagrnesium v/ere determined by us'ing 'the atomic absorpt-

ion a.pparatus as described by the Perkin-El-mer Corporation

(1973) " Calcium was det,ermi-ned by the E"D"T"A" Titrat,ion
Method of Chang and Bray (1951). Sulphate and chloride
!,lere determined. by using t,he centrifuge method." The

method involved- the mixing of I mI NCaCl, and. acetone to
4 mls of soil paste extract in 15 ml centrifuge tubes"

The contents were then centrifuged after flocculation
had t,aken p1ace" After decantation of the supernatant

liquid the precipitate v¡as dissolved in distilled water

and titrated with versene using the met.hod of Chang and

Bray (1951) for the determination of calcium and roagnesium.

Chloride was deterrnined by using a. t,itreineter method"

The method involved pipett,ing 2 mI aliquots of the soil
extract in a beaker and diluted to 50 ml with distilled
water" The solution was then titraled with standard

Aqi\TO^ usinq an autonatic titremet.r.2-3

')-Sutphate and chloride v;ere determined according
to the methãd outlined by G.J. Beke of Canada Departnnent
of Ä,giriculture R.esearch St.ation, Ped.ology Unit,, i,{innipeg,
il,lanitoba.
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CFIAPTER ÏV

RESULTS AND DÏSCUSSTON

A" EVALUATTO}T OF SOTL SALTNTTY

Changes in Elect,rical Conduct,ivity with time

The tile drainage network was installed. in 1967 "

Electrical conductivity d.ata of the study u.r".3 before

and after t,ile installation is available from three soil

sampling sites: OI{-1, Otr{-3 and OW-5 (rig. 2\. Sit,es

Ol^I-1 and OV[-3 !,rere all about 55 meters to Èhe lfest of

lat,eral drainage tile line F-F" Site OVü-5 was about

30 met.ers to the South-east of lat,eral drainage tile line

c-c. SoiI samples were taken to 300 cm" soil depth and

sampled at 30 cm. intervals" The samples were analysed.

for electrical conducÈivity in 1965 before the tile

drainage network was inst,alled.. In L969 and I97L after

the installation of t,he tile drainage network, soil

samples were again t,aken at, t,he same sites for elecÈrical

conductivity analysis" Since soil samples were taken at

the sarne sites for chemical analysis at the start of the

present study it is possible to compare Èhe d,ata of the

three sites obtained in 1965, 1969, 1971 and 1972"

3nlectrical conductivity data of the 3 sit,es in
1965, J-969 and 1971 were obtained from unpublished dat,a
collected by Mr" R" Eilers of the Manitoba SoiI Survey,
University of Manitoba.
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Fig" 22 shows that the electrical conductivity dis-
tribution in the soil profile of OT,Í-1 was in general

highest in 1965 before the tile drainage network was

installed. in 1967. The electrical conductivity data in
1969, L97I and L972 does not, show a consistent decrease

wit,h time, It is probable that the tile line had very

little influence on site OW-l in reducing soluble salt,s.

The variation in electrical conductivit,y in LgGg , Ig'lI,
and L972 can probably be attributed to changes in annual

precipitation. In Oi^I-3 like oVü-l electrical conduc-

tivity dat,a was highest in 1965. There has been a sign-

ificant decrease in electrical conductivity in the

100 cm" soil zone in 1969, L97L and L972 as compared to
1965. Data indicat.e that Lhere was a slight removal

of solulcle salts in OI{-1 and OW-3. This may have been

,due to the fact that t,hey are both relatively close (10 m)

from lateral drainage tile F-F"

The soil site OVü-sr âs shown by Fig " 24 shows no

appreciable decrease in electrical conductivity with time"

This suggests that the drainage tile lines \,üere not

ef f ect,ive in reducing soluble salts.

The Battern of Electrical Conductivity near the Lateral-

Drainage_ Tile Lines

The investigated area slopes from Vüest. to East, with
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a general slope of L=220 (Fig " 25) " During the spring

v¡hen snow rrelts, surface water f lov¡s from trVest to East and

it is intercepted by a netlvork of surface drainage ditches "

fn late April t-97 4, temporary vzat,er ponds v'Iere observed

t,o the r,Vestern side of Lile line E-E near the sump (Fig. 26) 
"

A water pond was also oi:served to t,he North-east of the

stud.y area at lateral drainage t.ile line G-G.

The elect,rícal conductivity of the invest,igated

soils across lateral drainage tile line E-E (Fig. 27) shows

that the soils on the i¡,Íestern side of the tile line are

less saline than those of the Eastern side. The electrical

cond.uctivity ranges from I to 4 mmhos,/cm in the soil

dept 0 - 180 cm. On the Eastern sid-e, hovaever, the

electrical conductivity varies frorn 1 t,o 4 mmhos/cm in

the 0 - 60 cm" The depth to the tile line in both cases

is 180 cm.

A possible explanation for this fac't is that duringi

the spring or aft,er a heavy rainfall, the ponded soil

water (Fig" 26) lvhich occurs on the !{est side of tile

line E-B leaches the soluble salts dov¿n to the t.ile line "

This resulted due to the fact that the ground. elevation ríses

slightly from BE-5 t,o EE-2 (within the windbreak) which is

located to the East of tile line B-E within the v¿indbreal<" The

v¡indl¡reak is located about 5 meters to t.he East of tile line E-8.

It. is lijcely that leaching of soluble salts due to infil-
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tration of the standing water v¿ill be more effect.ive t.o the

v"lestern than to the Eastern side of the lat,erar drainage

tiLe line"

The regional groundwater flow is from tfest to Bast

(Sibul, 1968). It is most. likely that t,he groundwater

florv is perpendicurar to the lateral drainage tile rines
E-E, F-F and G-G" The low salt concentrat.ion on the

[Vestern side of the lateral drainage tile line E-E is
probably contributed. by the groundlater flov¡. Dissolved

soluble salts in the groundruater moving from I¡Iest t.o

East drain into tile line E-E ancl empty at the sump. On

the Eastern side of tile line E-Eo however, sarts d.issolv-

ed in the ground.water tend t,o move Eastwarcls r¿ith t.he

g'roundvrater instead of draining into tile line E-E " As

Èhe process \^/as repeated year af ter year, the Vlestern

side of the lateral drainage tile line had its soluble ,

salt,s washed to the water t.able " It is possible that only

small amount,s of soluble sarts moved \,'/ith the groundwater

on the Bast.ern side of tile line E-8"

Fig. 28 shows that the soil surf ace near t.ile .line

F-F up to a depth of 60 cm is not saline" Electrical
conductivity varies from 1 to 4 mmhos/cm" The electrical
conductivity increases with increasing soil depth" ft
increases from 4 mmhos/crn aL 60 cm to about B mmhos/cm
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at 300 cm. soil dept,h. lrihen lateral t.ile line F-F was

installedn a trench probably as wide as 300 cm. hras

dug. After the tile line had been laid, Èhe trench was

backfilled with the excavated soil" The soil sLructure

about I50 cm. on either side of the tile line and above

the tile line vras disturbed at the time of tire instarr-
ation" It became more porous than the soils around the

t.ile that were not disturbed" Standing rainfall water

and snowmelt, infiltrates easily through the disturbed

soil around and above the tile line. As it infiltrates,
it, washed away the soluble salts and drains with it into
t,he tile line which then carries the wat.er containing

soluble salts into the manholes" It is probable that the

decrease in soluble salts in the soils around and above

the tile line is due to the increase in soil porosity of
the dÍst,urbed soils rather than due to the influence of
the drainage tile line"

For t,ile line G-G, the top 60 cm. of soil is again

not. saline, t.hat is, has a conductivity less than 4 runhos. r/

cm. Like the soils in lateral drainage tile F-F, the

soils directly around and above t,he tile line G-G are

not salinq. The decrease in soluble salts is probably

due to an increase in soil porosity when a 300 cm. trench

was excavated and ]cackfilled when t.he tile line was in-
st,alLed" Electrical conductivity increases with increas-
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ing distance from lat.eral drainage tire rine c-c (Fig.. 29) 
"

Electrical conductivity between 2 to 11 mmhos./cm. were

analysed between the soils near the t.ile l-ine (Gc-l and.

GG-s) and the soils 40 meÈers (GG-4 and. GG-B) from the

tile line (Fig. 29) 
"

The electrical conductivity values of between lI
and 12 mmhos "/cm. in lateral drainage tire line G-G at an

averagie distance of 14 meters on either sid.e of Èhe

lateral drainage tile line and at a depth of 160 cm.

berow the soil surface indicates an accumulation of sol-
uble salts (Fig " 29) " This accumulat,ion may be attribut,ed
to the fluctuati-on of the groundwat,er table between the
spring and winter seasons and the movement, of salts to the
topsoil by capillary action during t.he summer season.

The elect,rical cond.uctivity data of the investigated
cross-sections shows with the possibte exception of tile
E-E that the tile rines have not significantry reduced

topsoil salinity beyond 450 cm. on either sid,e of the

tile lines "

From the electrical conductivity data obÈained from

t,he anarysis of soil samples across the laterar drainage

tile lines E-8, F-F and c-c it, is possible to make gener-

al remarks. The topsoil (0 t,o 60 cm.) is in general not
saline (elect.rical conductivity 1ess than 4 mmhos"/cm").

The soils directly above and around the laterar d.rainage
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tile lines are not saline" A possible explanation to
this fact is that standing water resulting from snowmelt

or heavy rainfall is able to infiltrate more easily in
these strips since their porosity has been increased dur-

ing the tile installation operation" Snowmelt or heavy

precipitation is able t,o infittrate to t,he tile lines
easily, thus leaching the soluble salts to t.he drainage

tile lines" With the exception of the Western side of

tile E-8, soluble salt concentratj-on increases with
increasing distance from the tile lines. Thus t,he tile
drainage network may have had absolutely no effect in
reducing the concenLration of soluble sa1ts.

In general t,he electrical conductÍvity is highest,

at the soils along cross-sect,ion G-G compared t.o the

soils along cross-section F-F and E-8.

Specific

G-G

CaËions and Anions of the Soils Across E-E And

The groundwater contains ca**, Mgo*, Nrt, son= and

CI- ions (Michalyna, 1968), The high concent,rat.ion of these ions

in the groundwater resulted in the precipit,at.ion of

sulphates and chlorides of the cations" The sulphates

and chlorides of sodium are more soluble than those of

magnesium which in turn are much more soluble than those

of calcium"
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Tf the tile drainage network has been effective in
reducing the concenLration of soluble saIt.s in the 1"5

meters soil depth (average tile drainage dept,h) r wê

should expect. a reduced concent.rat,ion of sodium, magnesium

and chloride" These salts should have been leached into
the water t,able and drained away into the lateral tile
lines; which carry the mineralized water into t.he sumps"

Calcium sulphate being least soluble should not change

very much, i"e" calcium and sulphat,e concentrations should

increase slightly from the soils that are around ancl above

the tile lines to the soils 6.0 met.ers from the tite
lines.

Sod.ium" The sodium concentration of the soils
across lateral drainage tile line E-E varies from 1 to 35

m"e"/I" It increases wit,h increasing soil depth as well

as with increasing dist,ance from the lateral tile line"
Sodium concentration is lower on the Western side than the

Eastern side of the t.ile and its distribution follows the

pattern of t.he electrical conductivity (Fig. 30) "

For the soils across lateral drainage tile line c-G

the sodium concentration in the soils that are 1"5 meters

on either side of the tile line is about 20 m "e"/I" In

general it increases with increasing distance from the

tile line" A concentrat.ion as high as 100 m"e./L" has

been analysed for the soils thaÈ are 6 meters from the
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tile line" As in the case of lateral tile E-E the distri-
bution of sodium follows the pattern of the electrical
cond.uctivity (rig " 31) "

The distribut.ion of sod.ium in t,he soÍls across later-
aI tile lines E-E and G-G can probably be explained by the

effect of infiltrating sÈanding snowmelÈ or heavy raj-nfalI
waÈer and regionar ground,water frow as proposed on section
two of this chapt.er which dears with the pattern of erect.r-
ical conductivity near the lateral drainage tile lines.
Sodium being most soluble of the three cat.Íons, is strong-

1y affected by the two major processes.

Magnesium" Magnesium concentrat.ion varies between

1 and 90 m"e"/L" in the soils across lateral drainage tile
line E-8" Magnesium concentration is lowest on the western

side of t,he tile line and is highest on the Eastern side

of the tile line (Fig. 32) " In general magnesium con-

cent,ration increases with increasS-ng soil depth. The

soils immediately below t,he level of lateral drainage

t,ile line have much higher magnesium concentration than

those above t,he tile line" This phenomenon is clearly
apparent t,o the T{estern side of the tile line and it is
only slightly apparent to the Eastern side of the tile
line.

The distribution of unagnesium in the soils across

t.ile line E-E can probably be explained by the mechanisms
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whích affect. the distribution of sodium, namely j-nfiltrat-

ing standing waLer and regional groundwaÈer flow. However,

magnesium salts being less soluble than sodium sa1ts, it

is noticed by comparing Fig. 30 and Fig" 32 t,hat although

the dist,ributíon of magnesium is similar to that of sodiumo

the sodium concentration on the !{estern side of the tíIe

is in general less than that, of magnesium. Like sodium,

the magnesium distribution follows t,he pattern of the

electrical conductivity.

Magnesium concentration of the soils across lateral

drainage tile line G-G varies between I and 4 m"e"/I" for

the soils that are 1.5 meters from the tile line to about

40 m"e"/I" for the soils that are about 6 meters atüay

(Fig" 33). In general magnesium increases wiÈh increasing

soil depth. As in tile E-8, the distrihrtion of magnesium

follows that of the electrical conductivity.

The decrease in magnesium content in the soils near

and above the tile line can probably be explained by the

same kind of processes explained earlier which resulted

in the distribution of sodium namely, infiltrating stand-

íng water and regional groundwater flow.

Calcium" The calcium concentration wit,hÍn the soils

in the cross-section across lat,era1 drainage Lile

varies from 1 to about 40 m"e"/L" In general the

concentrat,ion increases wit,h increasing distance

line E-E

calcium

from the
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lat.eral drainage t,ile line. AÈëo n it generalry increases

witfr increasing soil depth. Although Lhe calcium con-

centration is in general stightly higher on the Eastern

side of the tile l-ine E-E than t.he VÍestern side, the

difference in concentration is not as apparent as it was

in the case of sodium and magnesium. In general, Èhe

calcium concent,ration distribution up to the leveL of
the tile line is higher Lhan thaÈ of sodium and reagnesium

(Fis" 34) "

carcium being the leasL solubre of the three catåons

(Na, Mg and Ca), iL is expected that even if the sá.lts are

leached out by infiltrating standing water and regional
f lowing groundwat,er, the calcium concent,rat,ion will not

change very much" It is possible that. the soils across

lateral til-e line E-E are dominated by CaSOn.

The calcium concentratÍon across lateral drainage

tile line G-G varies between 5 to L0 m"e./I" in the soils
that are 1"5 meters on either side of the lateral drainage

tile line. The calcium concentration of t,he soils from

1.5 meters to 6 meters away from the tile Ij-ne rises to
about, 55 m.e"/I. (Fig" 35) " The pattern of calcium dis-
tributior: is similar t,o that of sodium. rn general calcium

increases with increasing distance from Èhe lateral d.rain-

age t,ile line "

Due to the fact that, calcium salts are least so1uble.
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infiltrating st.anding wat,er probably d.id not' change the

concentration of calcium very much. Leaching of caÌcium

had probably taken place in the soils above and around

the tile line. These soils being more porous than the

surrounding soils, rainvrat.er and snowmelt. was able to
infiltrate much faster, thus washing the soluble salt,s

into the water tab1e"

Sulphate. In the soils across lateral drainage

tile line E-E as in G-G sulphate is the dominant anion.

The sulphate concentration changes from 2 to 160 m"e"/I"
Generally the sulphate concentration increases wit,h

increasing distance from t,he lat,eral drainage tile line
(Fig. 36). The sulphate concentration is slightly lower

on the hlestern side of the tile E-E than the Eastern sid,e

(Fis" 36) "

Comparing the calciu¡n and sulphat.e d.ist,ribution,

it is apparent that the dístribution curves are similar"
ït seems that. both calcium and sulphate were not leached

adequately on t,he wesÈern side of t,he tile line. It is
obvious therefore t.hat calcium sulphate dominates Lhe

soils on either side of lateral tile E-8. Calcium sulphate

is less soluble compared to sodium and magnesium sulphate"

Thus infiltrat.ing standihg water and regional groundwater

flow h/ere able to remove magnesium and sodium sulphates

from the V'Iestern síd.e of the tile line. Probably only
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small amounts of calcium sulphat,e were \'üashed down into

the water Lable"

In the study area, sulphat.e is the dominant anion"

Tn the soils across lateral drainage t,ile G-G the sulphate

concent,ration varies from 21 and 25 m"e"/I" in the soils
thaë are 1.5 meters ahray from the t.ile line (Fig" 37) "

The sulphate concentration varies from 138 to 148 m"e"/I"

in the soil profiles that are 6 meters from either side

of the lateral d,rainage tile line. Sulphate concentration

generally increases with increasing soil dept,h and increas-

es with increasing dist.ance from t,he lateral t.ile line "

Vühen the groundwater table is below t,he elevation

of the tile 1ine, dissolved salts in t,he water can move

either Laterally with the groundwaLer or vertically by

capillary action" During the period of investigation,

the groundwater was below the t,ile line. As long as the

water table does not reach the level of the tile line,

the salt concentration in the groundwater increases

from season to season due to the addition of soluble

salts leached. from the t,opsoil by snowmelt or heavy rain-

fall" In general the soils across tile G-G have high

amounts of the sulphates and chlorides of calcium, rnâg-

nesium and. sodium.

Chloríd.e" The chloride concentration in the soils

across d.rainage tile line E-E is low compared to that of
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su1phaLe" However, chloride concent,ration is much lower

on the Western side of the tile line E-E (about 0"5 m"e./I"

up to the t,ile depth) than the East,ern side" A possible

explanation is t,hat infiltrating standing rain or snowmelt

wat,er together with regional ground.water flow were respons-

ible for the removal of chloride on the Western side of

the tile" Chloride beÍng more soluble than sulphate is
easily leached from the topsoil int,o the groundwater" As

the groundwater rises above the tile line, it drains into
the tile and it flows into the sump (Fig" 3B).

The concentration of chloride on the soil-s across

lat,eral drainage tile G-G vary from 1 to 27 m.e"/I" In

general chloride increases wit,h increasing distance from

the IaÈ.eral drainage Èile line. The decrease in chloride

concentratíon ir¡ the soils which are near the t,ile lines
is probably explained by t,he fact that t.he dist.urbed

soils around and above t.he tile line had an increase in
porosity during the tile installation program. Infiltrat,-
ing sÈanding rainwater or snowmelt waters have washed out

the soils decreasing their soluble salt concentration

considerably" The decrease in chloride concentration

within the soils below the tile line can aLso probably be

explained by the fact, that flowing rainwater or snowmelt

in the tiles fl-ows out of ëhe tile segment joints wash-

ing out the soluble salts in the soils around and below
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the Lile line (Fig" 39).

Specific Cations

I,l-A and OI^1-5

of the Soi'ì s at tr{-9 , OIV-I , OI/ü-3 , .ül-DO

The soluble sal-t concentration of the soils of

profiles W-9, OI^I-1, OVü-3, I'{-DO, W-A and Otrü-S are r:eport.ed

in the Append.ix. In general the concentration of solubIe

salts is hiqher in prof iles T{-9, OVI-I anC OI,l-3 which are

to the North of Lhe main drainage tile line, than those

to the South of the main Iine" Probably d.ue to better

drainage as a result of the presence of the dugout" The

dominant cations in these soils are sulphate, calcium and

sodium.

B. !{ATER TABLE ET.,EVATÏONS

The groundwat,er fluctuation of the stu,l,y area vras

rneasured in three different, seasons: summer 1973, winter

L973 and spring 1974" The data of the elevations of the

water table lvill be discussed under the following headings:

seasonal and daily fluctuation in water table elevations,

water table height,s as affected by the operation of the

pumping station, waLer table height,s as af f ected by breal<-

age of the pumping st.at.ion, and soil salinity as affected

b1z water tab'le fluctuation and drainage (punp operat.ion) .
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Seasonal and Daily Fluctuation in T¡later Tab1e Elevations

In temperate regions, seasons of the year have

a profound influence on water tables. During a normal

year the groundwater table is generally highest Ín the

spring when most, of the snor,'r meIt,s and is lowest in the

wint.er time

The groundwater table did not change much between

spring and summer of 1973. It was in general 1.8 meters

below the soil surface" The water table did not rise very

much due to the fact that 1973 was a dry year. Amount of
rainfall between January and May of L973 was 6.1- cm" while

snowfall over the same periocì. was 23"6 cm. On the other

hand in L974 during the same period there was high amounts

of rainfall (26"14 cm.) and high amounts of snowfall (82"G

cm. )

The groundwater table of all t,he investigated

wells started t,o rise in early spring 1974" '(8.9" Fig" 40,

4I, 42 , 43 and 44') " It rose rapidly in micl-April when

Èhe soil temperature started to rise" Fig " 45 shows that
the surface soÍI temperature rose from -zoc. in mid.-April

to +13oC. at the end of April. The rapid rise in the

water table can be explained by the fact that although soil
surface snow cover starts to melt in earJ-y ÀpriI, t.he

snowmelt is unable Lo infiltrate to the groundwat,er table

due to the ice crystals thaÈ have blocked the soil pores"
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In mid-April v¡hen soil temperature rises, the ice crystals
melt enabling t,he snowmelt to infilt.rate to the water

t.able Lhrough the soil pores 
"

In the spring of 1-97 4, the water t,able rose an

average of 2 " 5 meters to about 0.6 meters from the soil
surface" The groundwater table as monitored in wells OVil-s

and h7-9 which are situat.ed at the North end of tile G-G

and OW-I which is situated to the Nort,h of the study area

a few meters Vilest of tile F-F was almost at the soil
surface in the spring of 1974 (Fig. 40, 4t and 44) .

An abnormally heavy rainfall (L2.7 cm") which fel1

on 12 May L974 over a period of 48 hours caused the water

table t,o rise about 15 cm below the soil surface at, Ì'il-9, OW-l,

WD-O, WD-O and OW-5) " Aft.er 48 hours, however, the water

table fell to about, 60 cm. below t,he soil surface" The

rapid rise and rapid fall in water table indicaÈed that

after an abnormally heavy rainfall, rain water enters into

the water table quickly and also flows out quickly" There

are probably a number of explanat,ions for the fast response

of the water table" One of t.he possible explanations is

that after an abnormally heavy precipitation, surface

water collects and flows out through t.he ditches"

The Experimental Farm is surrounded. by a network

of ditches" The ditches run parallel t,o most roads in the

farm" One of the ditches lies t,o the North of t,he farm
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and runs paralleL to Provincial Highway No" 3. There is
also a d.itch running parallel to the road which lies
along t.he Eastern side of t.he farm" The d.it,ch runs from

the C"P.R" Rail Line to Provincial }iighway No" 3"

fn general t,he topsoil strat.igraphic unit is com-

posed of clay and silty clay alluvium about B0 cm. thich.

Sandy materials dominate the soils below B0 cm. depth"

Sibu1 (1968) reported that at a soil dept.h of about 6 meters

there is a thin layer of silt c1ay" Groundwater flowing

from Vüest t.o East will be confined to the coarse (sand)

textured soil layer beÈween the two fine textured soil
layers (Fig. 46) " A st,udy of t.he soils of the farm

(Michalyna. 1961) reported that the upper clay and silty

clay layer is discontinuous " At. many locations of t,he

farm the sand layer is exposed to the soil surface.

After an abnormally high rainfall, runoff water wíII

infilt,rat,e slowly in the clay and silty clay layers before

it reaches the groundwat,er in the sand layer. on the

other hand, runoff water will infiltrate much faster

in the areas which have coarse text.ured, (sand) soils at

the surface"

Some of the dit,ches ín the farm are deep enough

(average depth is 60 cm.) to cont.act the sandy layer.

Int,ercepted runoff water that flows in the dit.ches which

are within the sand layer, infiltrates very rapidly, t,hus



qJ (ú u,
t

f'¿ 9) r-
-l

.r
J o o 4J U
)

l-{ qJ "r
"l

.t-
.i

II ;l lt

ile
av

y 
;:a

in
ia

iJ
-

I I 1

'^
.

,/_
r,

¿
)

/t

.-
.i,

F
ig

. 
46

 
E

f 
f 
ee

t 
of

 
d 
j-t

eh
es

 i
n 

tir
e 

E
xp

er
lm

en
È

aL
 F

ar
n 

in
 

lo
r"

er
in

g 
th

e
w

at
er

 t
ab

Le
.

-'.
-' 

¡,
.-

- /¡

'1
;

I I I I I

-'t
ì i j I I

/a
- 

)

c) E
T U
)

.-
1 "r
l o b -i (.
.'}

-Õ !r
)

'¡4 (.
1

.tJ C
J l; (¿

4

4

l

' 
./_

) 
,

2.
1

,¿

ñ

P H



LL2

raising the water tab1e. (Fig" 46) " Infiltration will
be much l-ower in the ditches t,hat are within the clay and

silty clay layers as sand has higher sat,urated hydraulic

conduct,ivity" The water table will cont,inue to rise as

long as runof f water f lows through the dit,ches " Vühen

rainfall stops and runoff wat,er ceases to flow through

the ditches, the groundwater table will fatl as the ground-

water flows out into the ditches that are at the extreme

East of the farm which is the bottom of the slope (Fig" 46).

As illustrated in the schemat,ic diagiram, dit.ches A, B and

C are all filled up by flowing runoff. As soon as the

rain stops, ditch A will start to drop first and ditch B

next" The waÈer from ditches A and B will flow through

the sand and will come out at the bott,om of the slope

where ditch C is located"

Effectiveness of the Tiles in Lowqring the trVater Table

The water table was in general below the lat,eral

drainage tile lines in early spring L974 when the snow

cover had melted but the subsoil had not yeÈ warmed up"

As the subsoil warmed up, snowmelt was able to infiltrate

to the subsoil thus raising Lhe groundwat,er Èable. I¡Ihen

the water table rose above the lat,eral drainage tile lines

wat,er table draw down curves were noticed (Figs , 47 and

48). Such curves Ì\rere observed in early May L974 when
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the wat,er table in the farm with the exception of sÍte

G-G was well above Èhe lat.eral tile lines. Convex water

table draw down curves were observed at site G-G where

the water table was below the tile line at the time of

investigation (Fig. 49) "

A water t,able draw down curve \^ras measured in the

we1ls across lateral t.ile E-E at the end of April 1974

(Fig" 50) when water table in the wells across tile E-E

hras generally above t,he tile line. Figs" 51 and 50 show

that with the exception of well BE-7 the water table was

highest in EE-B and lowest in EE-5" Wells EE-5, EE-6,

BE-7 and EE-B; also EE-I, EE-2 ' EE-3 and EE-4 !üere locat'ed

1"5, 4"5, 10"5 and 22"5 meters to the West and t'o the

East of t,he tile line respectively. The gradient of t,he

draw down was low between the end of April and May B, 1974"

However, after a heavy rainfall rvhich fell between the Bth

and 12t,h of May L974, Lhe water table rose about 60 cm.

resulting in a rise of the hydraulic head of the water

table between the wells (Fig. 50). Since the rate of

water flow between two points is governed by the magnitude

of the hydraulic head, it is evident that the rate of

groundwater flow inÈo the t,iles is accelerat'ed by the

rise in water table after an abnormally heavy rainfatl.

The groundwater draw down curve of the wells

across t,ile F-F were observed in mid-May L974" The water
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table was highest in FF-4 and FF-B which \^rere locat,ed

22 "5 meters on either side of the tile l-ine and was lowesL

in FF-l and FF-5 which h¡ere 1"5 meters from the tile
line" Figs " 52 and 53 indicate that after t,he area receiv-
ed a high rainfall of I2"7 cm., t,he water table rose. As

the waÈer table rose, the difference in hydraulic head

between the level of the water in the tile and the level
of the water table in the wells i-ncreased" This resulted

in faster movement of the groundvrater to the tite line.
The large differences in t,he hydraulic heads of

the water table in the wells across t.ile F-F as compared

to those across tile E-E is probably due to the general

elevation of the v¿ater table relat.ive to the depth of the

tile lines below the soil surface" The d.eeper t,he tile
line below t,he soil surface the larger wil-I be the differ-
ence in hydraulic head of the water in the tile and the

elevation of the water in the wel1s" Tile F-F is a few

centimeters deeper in the soil surface as compared to t,he

elevation of tile E-E beÌow the soil surface.

The groundwat,er table was below tile line G-G dur-

ing spring, summer and autumn of 1973" Figs. 54 and 55

show that due Lo the low water t.able elevat,ions there was

no draw down curve obtained" Unlike the water table

elevation in the wells across tiles E-E and F-Fo in the

spring when the wat,er table is highest it, was st.ill below
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the tile line. A convex wat,er table was observed (measur-

ed) in t,he wells across the tile " The water t.able was

highest, in wells cc-l and GG-5 and lowest. in wells GG-4

and GG-B which vrere 22 "5 meLers from the tile line on

either side of it (Figs " 49, 56 and 57') .

The facL that t,he water table was highest in the

soils near the tile line and l-owest in the soils that

were 22"5 meters from the tile line, shows that, the tile

line feeds the soils near it with water " I¡Iat,er table

elevation data collected from !ü-9 located directly to the

North of G-G shows that during the spring and after a

heavy rainfall the wat,er table to the North of tile G-G

is much higher than the general water table at sit.e G-G"

Due to t.he differences in water table elevation between

the North of tile line G-G and sit,e G-G is evident that

groundwater is able to flow from the North of t,ile G-G

t,hrough the tile line to the manhole. As the wat'er was

flowing in the tile, iL came out of tile line segment

joints thus raising the wat,er table in the soils near the

t,íle line (Fig. 49) .

With the exception of tile line G-G it can generally

be concluded that the tiles are effective to some degree

in lowering the water tab1e. The water table is generally,

with the except,ion of t,i1e G-G, hígh on the Western side

of tiles E-E and F-F. This fact' is probably due t'o the
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tile lines inÈercept,ing and draining the groundwater as

it flows from Inlest to East. For the tiles to continue

lowering t.he wat,er table, the water in the sumps should

continuously be pumped out,. In a later sect,ion of this
chapter a detailed discussion on the effect of the break-

d.own of the pumping system on lowering of the water table
by the tiles will be presented.

In the study area, the water taicle was in general

above the tile lines from mid-april to early surTtmer 197 4.

Since the objective of the tile drainage system is to
lower the water table below the leve1 of the lateral tile
lines, ít ís possible to conclude Lhat in general the

tile drainage network was unable to effectively lower the

vüater table "

lüater Tab1e Heights as

Pumping St.at,ions

Affected by the Breakage of the

Vlhen the pumps are turned off the rising ground-

water in the spring enters into the lateral drainage

tile lines which carries it, to the manholes and t.he

sumps " T{hen the syst,em does not pump the drained waLer

from the sumps, the sumps and the manholes get filled with

the d.rained groundwater" The water in the manholes and

sumps then starLs to flow baclc into the lat,era1 tile lines
and t,he mains " As it f lows back inLo the tiles, it. goes
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out through the segment tile joints thus saturating the

soils near t,he tiles and t.hus raising the wat,er t.abl-e.

In general a concave shaped water table curve results.

The effect of breakdown of the pumping stations

is clearly noted in the wells across lateral tile lines

F-F and G-G (Figs. 48 and 49) " The water t,ab1e ín well

W-A (Fig" 58) which is located about 3 meters from tile

line F-F and about. 60 meters South of the main showed a

sharp rise when the pump at the sump \,vas off and a sharp

decrease when the pump at the sump \À¡as on (Fig" 59) 
"

The sudden rise in groundwater Èable as a result

of the breakdown of the pumping station at the sump is

clearly noticed in the water table hydrographs (Figs " 52,

53, 56, 57 , 58 and 59) " The hydrographs show that of the

three well cross-sections only the water table in t,he

wells across tile lines F-F and G-G responded to the

breakage of the pumping system" The wat,er table across

tile E-E responded very slightly to the breakage of the

system. A probable explanation is that tile E-E was

installed at a higher elevation than t,he mains, t,hus as

the sump became filled wit,h unpumped drained water, the

1evel of the drained wat,er in t,he sump did not reach the

level of tile line E-E instead it. flowed into the mains

røhich carried it to the manholes F-F and G-G"

!{hen the pumping system breaks down, tile line G-G
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being at the bottom of the slope is bound to be affected
more than the other tile lines. This is due to the fact
that as soon as the pump stops operating, drained ground-

water will flow to the manhole of the tire line G-G after
it has reached the level of the main at the sump. After
the groundwater had backfilled È,ile line G-G, then it
flowed back in tÍle line F-F and then tile E-8. Since

tile E-E is at, a higher elevat,ion when compared. to the

elevation of tile F-F and G-Go it is unrikery that ground-

water will backflow into tile line E-8.

Soil Salinity in Relation to Pump Operation and Vlater

Table Fluctuation

Soluble salts move to t,he topsoil with rising
groundwater table or by capillary act,ion. In 1973,

since the groundwater t,abre $/as about 3 meters berow the

soil surface, it is probably that soluble salts did not,

move Èo the soil surface by rising water t,able" Soluble

salts may have moved to the topsoil by capillary action.
fn the spring and early sunmer I974, soluble salts were

brought t,o the surface with the rising water table" The

electrical conduct,ivity of the water in the wells of the

st,udy area was usually greater than 5 mmhos./cm" (Tab1e 3).

If the soil profile sites sampled, in the faIl of 1972 and

1973 were resampled in t,he fall of L974, iÈ is possible



No.
of I,Iel1

EE-2
EE-5

EE-6
EE-7

EE-8

FF-1
FF-2
FF-3
FF-4
FF-5
FF-6
FF-7

r8-8

GG-1

GG-2

GG-3

GG-4

GG-5

GG-6

GG-7

GG-8

Ìr-9
ow-¡.

ow-3
TfD.O

w-a
0I{-5

5.7
7 "5
9.5

10.5
6.5
7.6

12.0
13"0

14.0
9"2
5.4
2.8

3.7
7.5

5.2
7.2
9"1
9.0
5"9
Dry

11.0
12 .1

11 .7

8.8
6.5
3.4

3.1
6.7

7.5
8.0
7"9
7.9
8.6

7.6
7.3
7.3
7"6
7.7
8.2
8.5
9.0

6.8
8.2
9.5
9.5
7,3
Dry
Dry
Dry

10.0
8.5
6.7
3.8

3.6
7.0

7,0
8"0
8.0
7.9
9.0

8.0
7.5
7.5
8.0
8.0
8.0
8.5
9.0

4.0
7"5

10"5
11.0
4.0
9.5

11.5
L2 "5

11.0
8.8
6.5
3.5

3.5
6.5

6"0
7.5
7"0
7"5
5.5

4.5
6.5
6.5
7 "5
6.5
7.5
7.0
7.5

4.0
7"5

10"5
12 .0
3"8

L0.5
12.0
13 .0

11 .0
7"5
5.5
2"8

3.5
6"5

L32

6.5
8.0
8.0
8.0
6.5

5.0
7.0
6.5
8.0
7.0
7.5
7.0
7.5

4.0
8"5

lL.0
13.0
4.0

L0.0
14 .0
13.5

11 .0
8.0
6.0
3.0

3.1
6.5

TABLE 3

ELECTRICAL CONDUCTIVITY
(MMEos .lcM. AT

OF GROUNDWATER
25oc. )

27"4"73 18.7.73 1.11"73 7"5"74 9"5"74 L4.5"74
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that soluble salt concentrat,ion would be higher than it,
ldas in the first sampling.

As explained earlier, the purpose of the t,ile
drainage network is to lower the water t,abte. Since t,he

water t,able was about 1 meter above t,he tiles in mid-Apri1 ancl early
summer J-97 4 (except at sit.e G-G) we ean conclude that
generally t,he tiles $rere not, able to effect,ively lower

the groundwater table. However, Èhe tile drainage

system of the study area \¡/as only able to lower the ground-

water to some degree" From field observation when the

pumps were on¡ lateral tiles E-E and F-F discharged more

groundwater than t,ile G-c" Tile lines E-E and F-F were

therefore active to some degree in lowering soluble salt
concenLration by loweri-ng the water table.

Vühen the drained groundwater flows back into the

tiles when the pumps are off it saturates the soils with

mineralized water. Instead of the tile drainage network

d.ecreasing soil salinity, it increases soí1 salinity when

the pumps are off" Previous researchers who worked on

the problem (including Bushay€v, 1914) have pointed out

that drained water flowing back int.o the tiles creaÈe a

pressure in the tiles which could damage the tile line"
ïn evaluating soil salinity of the study area as

it is affected by fluctuatÍng groundwater table and

operatíon of t.he tile drainage network we can make general-
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remarks" Although the decrease of soluble salts by lower-

ing t.he water table is a long term process, it seems

obvíous at the present. time that the tiles are unable to

reduce soil salinity because they are not capable of

lowering the groundwater table" It seems that the rat.e

at, which groundwater flows int.o the farm is much faster

than the rate at, which the tiles are able to lower t,he

water table" Probably the t,iles are too widely spaced

apart thus closer lateral t,ile drainage could be necessary

so as Èo increase the quantit,y of drained water by the

tites. It is also possible that the tiles are unable to

lower the water table fast enough due to t,he lengths of

the segments. As discussed in the rLiterature Review'

section, a t,ile drainage line with shorter segments dis-

charges more water Èhan one which has long segments.

Since we are not sure of the lengths of the segments of

the tiles used, it is possible that tile segment. length

has contribut,ed to the ineffeciency of t.he t.iIes in lower-

ing the water table"

As discussed earlier under no circumstances should

the pumps be t,urned off at, any time in the spring and.

early summer when t,he water ÈabLe is above the tile lines"

In case of pump breakage, repair should be made as soon

as possible in order to avoid the possibility of the t,iles

feeding t,he soils with mineralized groundwater.
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SUMI"iARY AND COiJCLUSIONS

The main objective of this study lvas to evaluate

the effectiveness of the tile drainage system in reducing

soíl salinity" The study rvas carried out at, the North-

east corner of the Morden Experiment,al Farm on an area of
2,22Lt560 square meters" The study area has an average

t¡lest to East slope of 1:200.

The tile drainage network was installed in 1967 "

ff it had been effective in lowering the groundwater

table we wouId. expect the water table not, to rise above

t,he t.ile lines during the spring and early suÍrner when the

water table v¡as highest" We would also expect a consist-
ent decrease in soluble salts in the soils approaching

the lateral tile lines" The electrical conductivity should

decrease in the soils v¡ith decreasing distance from the

lateral tile lines "

V'7it,h the exception of the soils t,o t,he T¡Iest of the

t.ile line E-E whose elect,rical conductivity varied from

1 to 4 mmhos "/cm. up to the level of the tile line and

up to a distance of 22"5 meters from t,he tile line, Lhe

electrical conductivity of the soils across the t,iles
\^ras generally greater than 5 mmhos "/cm" The electrical
conductivíty varied from 5 to about 12 mmhos "/cm" Site
G-G was the most sal-ine area" Elect,rical conductivity
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as high as l-2 mmhos "/cm. \,,ras mea.sured. in the soils 10 meters

from the tile and about 1.5 meters soil depth" The high

amounts of dissolved soluble salt.s in the soils which re-

sulted in high electrical cond.uctivÍty values o is at.t.rib-

uted. to rising mineralized. groundwaLer containing Nt*,

¡tg*n, c"*o, cl- and to4= in the spríng or after a heavy

rainfall" The soluble salts in rising the mineralized

groundwater are absorbed by the soil particles, Vühen the

water table falls in Èhe winter they are left, behind" In

the summer they move upwards by capillary action"

The electrical conductivíty was generally low in

Èhe soils around. and above the tile lines. The decrease

in electrical conduct.ivit,y indicat,ed a decrease in dis-

solved solul:Ie salts " The decrease in soluble sa1t.s of

t,he soils to the tr{est of tile line E-E and of the soils

above and around t.he Lile lines is attributed. Èo leaching

of soluble salts by infilt.rat.ing rainwaLer and infiltrating

standing snowmelt,"

Due to the differences in solubility, the investi-

gated soils are generally dominated by calcium and SOr:.

The distriÌ¡ution of magnesium, sodium and chlorid.e in t,he

soil profiles across the tile lines follows the pattern

of the elect,rical conductivity" The concentrations of

maginesium, sodium and chloride are lowest up to the level

of tile line B-E on t.he Vüestern side" They are also loru
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in t.he soils around and. above the t,ile lines " Such a dis-
'L,ribution is attributed to a leaching effect as a result

of infiltrating standing snowmelt and rainwaÈer" Calcium

and sulphur being the least soluble, indicate a slight
decrease in the soils around and above the tile lines also

in the soils to the Vüest of tile line E-E"

In general t.he tiles vrere not very effective in
loweringr the water t.able" The water table remained above

the tile line (with the exception of the wells across

tile line G-G), from mid-springr to early surnmer when the

water table was highest. If the tile lines were effect,ive

in lowering the water t,able of the study arear wê would

have expected t,he water table generally not to rise above

the leve1 of the tile lines " There are two probable ex-

planations concerning the inability of the tiles in lower-

ing the water tab1e. It is possible that groundwater

flows into the farm much faster than the tiles can clrain

and pump out," fn this regard, it is necessary to use

lat,eral tile lines with large diameters since the larger

the diameter the larger the quantit.y of water that can

flow through them" It is also important that. the capacit,y

of the pumping system is improved so that the pump can

handle large quantities of water. Tile spacing is very

important on the effect of the tiles in lowering the water

table. When tiles are closely spaced t,ogeLher, they become
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very efficient in lowering the groundwater tal¡Ie. The

more lvidely they are spaced, the more inefficient they

become in lowering the water Èable. ft is suggested that
more Èiles be install-ed. in order to decrease the tile
spacing 

"

The wat,er table data índicated a water table rise
in t.he soils close to the tíle lines when the pump \,vas

not working " Vilhen the pump broke down drained groundwat.er

\^Ias forced. to flow back into the main and lateral drain-
age tile lines. As it flowed back it raised the ground-

water table in the soils near the tile lines and fed

them wit,h soluble salts, In order to make sure that the

soils are not fed with mineralízed groundwater, it is
necessary that t.he pumps at the sumps are kept operating

constantly during mid-spring and mid-summer when the water

table is above Lhe lateral drainage t,ile lines.
In order to hasten the reclamat,ion process of the

soils of the study area a numJ:er of methods can be applied.

Some of them have already been d.iscussed in detail in the

'Literature Review' section. We can just point out, that

diking, irrigation, summer fallow and deep plowing are

practical meùhods that, can be applied in the study area"

They are effective methods that, have been used in d,ifferent

parts of the world, including U"S.A" and Soviet Union, in

reclaiming saline soils. Ifi none of the suggested met.hods
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are adopted, it is certain that at the present rate at
which the tiles remove soluble sa1ts, it will take many

years for the L20 cm. topsoil to have electrical conduct-

ivity less than 4 mmhos.
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APPENDÏX A

ELECTRICAL CONDUCTIVITY AND l,iATER SOLUBLE CATIONS

AND ANÏONS IN THE SOTL PROFTLES

OF THE CROSS-SECTTON

ACROSS THE TTLE LINES E-8, F-F AND G-G
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ELECTRTCAL CONDUCTIVITY AT{D I^IATER SOLUBLE CATÏONS

AND ANIONS IN THE SOTL PROFTLES OF

vf-A, o!{-1, otr{-3, wD-o, w-A AND OW-5
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