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ABSTRACT
;7 : . Four drainage investigatioh>techniques were developed

. _ o o _ . , _ 4
for evaluatingwdrainage problems on some.southern Alberta

'soils uhder‘irrigation. - Two methods were 1nterpretat1ve
i W'
while the other two'were emplrlcal. »The 1nterpretat1ve
;\,\‘
methods uéed the soil survey‘report and aerial pj

to evaluate the drainage problem of the area. !The;emplrlcal .

~ographs

'

techhiqUes‘examinedAthe-area from two different:points of
view. The empirical dralnage cla551f1cat10n, based on the
‘Storle Index, used only fo&r selected characterlstlcs

related to the "drainage of water in- the 5011. The water

, 8
_ktable classificatjon descrlbed by four- phy51cal factors and

- e
a modlflcatlon factor made use of observatlon well records.

In order to use this waterﬁm

able classtflcatlon, a statlstl—

| cal method was developedyfor summarlzlng the water table
data.
The four dralnage 1nvestlgatlon technlques were

evaluated and applled to. two areas 1n southern Alberta.

',»’*The conciuSLOns from each method were comblned to produce

an overall dralnage ratlng of the area7~11he soils that

presented some problems were the Cavendlghfioamy sand andt.
the Coaldale 51lty clcy*loams; Tge problem sometlmes was
due to locatlon rather than. 5011 type as was the case in
the Lethbrldge loams. No generallzatlon could be mgdewfromb

‘n
th&s since onlyvtwo“small areas were studied.

/f N , iv
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Chapter»-

o ] 1 B ST .
| INTRODUCTION -
J
Upsettlng the hydrology of an area by addlng 1rrlga—
_1on water sometimes results in dralnage problems. - Many 7

insatisfactory 1rr1gatlon projects exist'due to lack of .
1nderstand1n; of soils, englneerlng design or pgor main-
.enance, These mlsunderstandlngs could cause -severe.
lrainage problems yhlch,can be avoided. Khowing the problem‘
»xists® and why'this problem existd mill benefit both‘the

A

‘armer and the consumer. An expen51ve subsurface dralnage"
f.h

iystem is not adways necessary 51nce usually the dra1nage>
'roblem ‘is due to poor.management.and lack of fore51ght.

‘ Rather than concentratlng on surface and subsurface
‘ralnage, the . procedure to follow is firstly to evaluate
he dralnage problem and then to solve the problem. Eval—
Latlng a dralnage problem requires an accumulatlon of per—

1nent data and hhen ana1y21ng tnls data. - Solv1ng a partlc—

Mlar local dralnage problem from a general drainage map

esults in 1ncorrect assumptions and theref/te shou%ﬁ'be T

P
. .
* N

v01ded: . .

cor . o b o, .

. he methods to be used in evaluat;pg a dralnage prob—_
) R

em should be adap@ed to the -area. Certaln pecullarikggﬁﬁ-

x‘-

xlst ln southern Alberta, such as the nearly 1mpermeable
&

lac1al tlll. These characterlstlcs must be con 1dered

=)

he data that was obtalned from various agencrbs are llsted

elow: ‘ R L ’ T

O
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' different points-of'vi

\

Geologlc report for the area
Aerlal photographs of the area
4. Observation well records,
5. Local weather inéormation

)
6. Irrigation dlstrlct annual reports

8. Personal interviews; 1}

1. ‘Soil survey‘report for.the area, ./

-~

v 7. Studles"énd other reports on the area,

The ob]ect of the study was to utlllze thi

> o

and to develop some methods to evaluate dralnage PX

.anh method would eramrne.the dralnage problem.from

' -’_'\r: 3

to two selected areas in southe nJAlberta.,'

-

The procedure reads as follows-

i

———t

i data

€ems.

"These methods are then applled

1. “To utilize aerlal photograpHﬁ1nterpretat10q in

K : asse531ng a dralnage problem"

< )

5

L

('.

i

tlon to assess a. dralnage problem,",

t

4, To develop a water table classification for:the'

areas He

5.. To, apply all these'methods to two areas and thenr

k

: of t e dralnage problem.d

R

- These are the major steps followed in thls study and

are‘futher 1nvestlgated 19 ‘the next chapters.

v

[«

[N

<

A

N . - E .
o for 'asseSSlng a .dralnage probI‘em; = :
: a - h R

[N

~

&

To. utlllze tHe 3011 survey report Soil, descrlp-

»¥l 3. vTo develop an emp1r1ca1 dralnage class1f1cat;on

S

L

!

, #7 » . compare each method to obtain a final assessment'j

Ty
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o Jﬂj'? ChaptergﬁhZ}_,'*‘, ' ' 'p '; -
_‘ / . REVIEW OF LITERAII‘URE c e T
¢ BRE , . ‘ .
9‘"'. ,. . ) = % . v.‘ .

‘Evidence7of drainage proble@s'must he present before
initiating"a draina&% Feasibility‘Studyv“ In semi- arld\areas, ‘
R -

ssuch as GXLSt ln southern\Alberta, 1rrlgatlon is necessary

" ,'.

31nce only ln one of “twé years is’ there’ sufflclent rainfall l
. A\
dur;ng the grow1ng season. The 1rrlgatlon water applled
) » . "
i sometlmes causes dralnage pnpblems on certain so;ls. In
P V% X 2

oFder to establlsh and predlct the natural dralnage perforn Ao
/

_.mancebof s01ls under lrrlgatedwcondltlons, approaching ; L .
5the,problem, analy31ngwthe avaxlable data,;utlllzlng this _,4.J
data and developlng ne£ drarnage guldes are among the 1“ 4

'.;essentaal,parts of such a‘study.d %hese tOplCS are furtherl“ fla

; h <
4 Y
1nvest1gated 1n ‘the llterature_presented hereafter. Any\

(o) . X - -~

addltlonaL references w111 be c1ted in 1ater chapters.

7 o | 0& 7
2.1 Hlstoryjand Evrdence of Dralnage Problems in 2 -
Irrlgated Areas .- R : o
y . ‘. . N e . . ot
2.1.1 Around the world R - B . R

The problem of dralnage has long followed the hlstory

of 1rrlgatlon. From early hlstory records offlrrlgatlon Means

'(1930) reported that dralnage pfﬁblems have always been

X = : ¢

' 1mportant and lack of dralnage has been a factor in many Lo

¢

L hlstorrcal eVents.' The valley of the Tigris and Euphrates

a

‘River in-ancienthesopotamia’has largely'returned to desert. y\

o

'At one: time nearly ¢£en millign acres of land in. wnc1ent

'
Chaldea were, to quote the ate Sir- W11L1am W1llcocks, as -

"y

_QLack of dralnage ln this part oﬁ the

¢ - Ce
¢ o ,,?’\ - e
- . - o .

'"fertlle as a garden

N :
) /A\v
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reglon has contrlbuted to areas Wthh now consrst’of alka11 "

flats and sallne:areas. In reglons of Krawla and the Sahara

Desert, remains of_abandoned Hrrigation works, saline areas,
- salt-marsh areas and fields are indications of past drainage

\

proble. . In India,‘drain ‘e problems were threatenlng to

* . ¢
ruin-mégy_irrigation projects. stabllshed by the Brltlsh.
‘In\Amerioa, in the Salt River Valleyrln Arizona, anc;ent

‘ 1rrlgators must have been troubled with aIkall, since the

accum 1a 1on of alka11 along the old,dltches has been found

'f1n.many‘bl> 8s..

- 2.1.2 7In‘theihnited‘States' o &

AT
s

. e San Joaquln Valley of Callfornl p 1%&1gatlon ‘; /¥
started in" €he’ 1850 s. .Weir (1955% mentlons that Hllgard |
renown d 5011 Sc1entlst, 1n 1886‘ﬁ@lled attentlon to the need
for dralnage and alka11 reclamatlon 1n the San Joagquin Valley.\

Before 1rr1gatlon existed in the region, ‘the ground water

tabie varled between 40 to 80 feet below the . surface, but\ g”“aﬁﬂ

_ . A
,after 1ncrea51ng the 1rr1gated acreage and the lav1sh use

of water, the water table rose w1th1n range of the root

"zone._ By 1913, practlcally all the lrrlgated lands in the

San Joaquln Valleylwere threatened w1th abandonmenqd- Berry

dand Stetson (1959) reveal that the rapid growth resulted,ln "y
“developments, sometimes unco-ordlnated whlch daused’serlous s l;

problems. Many of these problems have been»solved but

et -.

probably the most puzzllng of the remalnlng and unsolved :

z ' - - : - )
_problems are those of‘dralnage.‘ s e : -

,’Also, in‘thefState‘055California, the Coachella-’

B
A



Valley is an intensely irrigated area. Weeks (1959)
- s . : .
indicates that before the source of irrigation water was

from the Colorado River, the probiem of drainage was not

'important Thls new supply of water from the Colorado : RN

5

' Rlver with. a heavy content of total salts would change

1rr13atlon practlces, and the water table would rlseﬁ¥
ok
thus cau81ng serlous dralnage d1ff1cult1es in tHe future.
In Studylng the dralnage problems of the Lajas Valley,

Puerto RlCO, W1llardson (1958) concluded that there was

‘

evidence, from the plezometer readings, of an upward move-

*

ment of the water table in some 1rr1gaE§d@aneas.' The basis

of thls study was to ant1c1pate dralngge prob&ems before they

became too serlous.

: . .
Nelson (1963) (;pS'

L

fQuincy area of the Columbia
Ba51n pro;ect, Idaho, has Y p rted that afte three seaSons .

of 1rrlgat10n from 1952-195% the water tabl depths decreased
4

from a ra@ge of 130 to Zjb\feet, to a range of 10 to 75 feet

The heavy appllcatlon of 1rr1gat10n water, accompanled sz .

poor drainage condltlons, resulted in- a con31derab1e increase
»

"V"1_1n water table height. R t . E ' ' S ."
. 2.1.3 In Alberta - Y -

" In Alberta, ev1dence of drainage problems were men-

Ca , — :
4tloned in various 5011 survey reports. 'In é%??soil survey

A

_report of the Med1c1ne Hat Sheef/YWYatt and Newton 1926),

the authors report that sqgeypro lems wlll arlse in' connec-

" tion wlth future developments of lrrlqatéon. Even if the

80118 absorb water freely and possess a rather hlgh water.



~

tlon of productlve land. = ¢ - : | : '
. ) ‘\ y.’q . . )
. : B e
_ In a later repo%t squitted.to the Alberta government,

——

"

. holding capacity, over—irrigation“ané/ai alinwill cause

N

some difficulty. .
In the soilrsurvey report of the Lethbridge4PinCher
Creek Sheets (Wyatt et al 1939), the authors recognlzed

that certaln 5011 types do not respond equaliy to the_

appllcatlon of 1rrlgatlon water, therefore, dlffer nt
soils requlre dlfferent managemenf Befo e 1n1t1at1 g a’
pro;ect, the drg?ﬁyée and alkali problé%giof the area

be assesséﬁ-andvnecessary.steps takenuto prevent thé ruyna-
» .

Hanson et al (1958& 1nd1cated that the problem of damage to .

land due to waterlogglng and accumulatlon of salts from seep-
0 B

age was encountered in all establlshed dlstrlcts., Most irri-

\gatlon;sts recognlzed that "dralnage is as much an - essentlal.'

{part of an 1rrlgathn system as the canals.. Maierhoffer -

e -

(1958) said thj dralnage is an 1ntegral part'ofithe devel-.

opment of a permanent irrigation'agriCulture. ‘Studying

“drainage problems‘to.avoid damage to more land must'be given

' e

,highfprio;ity. ' o o \/b\

'Milnerand Sadler report, in Appendlx II.of the

,‘5011 Survey (Bowser et 51 1963) of the t. Mary River’

~-

_Irrlgatlon Deve;opgent (S.M.R.I.D.), that*water table fluc-

tuations were recorded under varlous 5011 types, épch as

fthe Cavendlsh .series nd Chin series. In the Coaldale

~

series, a flner textured 5011 the water table remalned at
4 .

‘19 feet. The sites that were belng con81dered were under

£
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> -

_1ntensely 1rrlgated areas. ‘Some 5011 types are rated poor &

o

&

to fa1r for 1rr1gatlon. Therefore, to effectlvely prevent
any dralnage problem, empha51s should be on an accurate land

cla551f1catlon, good 1rrlgat1?n practices, proper lanc
C WA

preparatlon, and the malntenance of good surface dralnage.

’

A

There is much publlshed llterature on dralnage in-

s

Q Q The Dralnage Invedtlgatlon Technlque‘

vestigation methods in - 1rrlgated areas. iny alﬁey‘are c;ted
T such asaMiInewahdeapp (1968),'Maughan‘et al (l949),¢and
Gardner and'Israélsen%(lgﬁé). Essé&tially, they,allmellowﬂ;
.similar“procedures. - : e

-

"2.2.1 Planning a drainagejproject'

‘e

Chow (1964) attacks the plannlng of a dralnage pro;ect

>

by answerlng many 1mportant questlons What is the source of‘

/*-‘\'

drainhage pro;ect possess an outlet for the‘drainage'outlet?'
- How should the project be drainéd? What. type of system
-should be used’_ Reviewing all available data for the

problem area 1s necessary -even 1f the plannlng is on a small:

’¢scale. Geologlc‘teports, prev1ous surveys or plans, and

- naissance is needed to obtain further knowledge on the\

requlred 1nvest1gat10n, and topographlc maps, s011 surveys
»Aand water table surveys are usually needed.v
The fea51b11rty of a dralnage prOJect plays an im-

‘portant part in maklng the deCLSlon,‘espec1ally if economlcs

-
AN

N N

" the excess water° Can this exc water be removed from. the '
'5011? What quantlty of water si:::d\be,dralned? Does the .

engineerlng publlcatlons are all useful tools. . Fleld recon—"
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are involved. Myers (1960) states that, to‘evaluate the

feasibility of a\drainage project{’four important considera-

tions are involved.

. 1. The SOils and crops groWn in the area should‘
=
prOVide a baSlS for lectinggsuitable drainage methods.

2. Interpretation of soils data, physicai land
attributes and agronomic factors should supply additional
information on drainage requiregents.

3. Various means of controlling the water table
must also be included in order to determine the drainage
feaSibility of the progect s

4._ An economic evaluation (cost-benefit ratio) must
also be done.on}the drainage feasibility‘of}the'project.‘

. , : , LT _

In‘the final analysis, a'drainageﬂguide‘canvbe for;.
mulated and should include recommendationsbfor handling”
irrigation and driinage problems. . .

When approaching the various conSiderations presented
aboie}.a drainage investigation guide is necessary.' Winger ;)
andeuthin'(1966).in their guide for drainage investigations

. mention tnat_two investigationS‘are.possible;, the first
beingva reCOnnaissance investigatiOn which requires little
'field work, and the second is a detailed inveStigation:which-f
includes fféld:work, laboratorj_analysis,‘and a'great deal. "
of co*Operation7With related fields Of.study. ‘ Donnan and
Bradshaw (1952) complement the preViously described drainage

investigation guide. A detailed drainage investigation is'

nndertaken firstly as-a preliminary investigation, secondly



as a ground surface investigation, 'thirdly ‘as a soil inves-

2

tlgatlon, followed fourthly by a water table 1nvest1gat10n.

UtlllZlng the avallable data and .new fleld data, 1nformat on

els gathefed and 1nvestlgated ‘in order to submlt a comprehen—
: &

v

sive. report of the dralnage problem.

. Reger et al (195Q) also conducted a drainage inves-.

" tigation in the Coachella Valley,'California. The investiga-

tion was started before any irrigation existed in the region
.which makes this.study unique. The investigation that'was ‘
conducted ‘dealt mainly with»the changes in elevation, the:
“movement and the source of the water table.

‘2. 2 2 Déta gatherlng and analysis

N
] The dralnage 1nvestlgatlon approach involves gatherlng

the approprlate data and then analy51ng this data.J.A ch01ce
_has to be made as to what is 1mportant and what is not For

K

study,conducted in this the51s, the selection of data was
Al'mited'to what waS'a>pilable.f‘The,mOSt accurate data avail—
a le was from the Alberta Department of the Env1ronment,

hlch con51sted of observatlon well records, aerial photo-

raphs, publlshed gﬁd unpublished reports concernlng soil’

dralnage and other useful maps.‘ The 1rrlgatlon dlstrrﬁts,

Taber Irrlgatlon Dlstrlct (T.I. D ) and S M R I. D , provided
water dellvery records, but thelr usefulness has ‘not yet:

been evaluatbd -The 50115 map for the aredsbto be studied'

is falrly recent and prov1des addltlonal useful 1nformatlon

concernlng the 5011 characterlstlcs.

Geologlc con51derat10ns should not be 1gnored-'”there-



fore some information was obtained relating to the‘geology
- of the area. Additional information on the aine Drainage

‘Basin of the| S.M.R.I. D. is provided by Nielsen (1968 ‘€

'70 '71a, '7lb), when conductxnlﬁan 1rr1gatlon study for

‘the International Hydrologlcal Decade._ <
L

Water table 1nvestlgat10ns

Approachlpg the analy51s of data 1nvolved a consid-
”erable amount of llterature review. Work that: was done
relatlng water table fluctuatlons to the drdlnablllty of the
5011 was 1nvest1gated Myers and van Bavel (1963) report'
that the 51gn1f1cance of water table measurements is often
vllmlted and - should be carefully evaluated There is no
' apparent 51mple relatlon between the water table and the
degree of saturatlon of the soil profile. Slmilarly,'
. relating waterytable elevatlon to crop growth 1s very dlffl-_'
f‘cult and sometlmes lmpOSSlble. ' .}/j
Hller (1969) llStS some of the p0551b111t1es for a
'dralnage design crlterlon, statlng that a water table 1s not
always the best parameter to use. A water table can be
-decllnlng, fluctuatlng, or at a static level. For an 1rrlga?'
“tion district where dralnage is. 1mportant, a fluctuatlng
water table provrdes ‘the best avallable characterlzatlon of
the phys1cal 51tuat10n 1n the fleld.'

Rapp and van Schalk (1971) observed that the water
i table fluctuatlon on glac1al till 50113 was mostly due to .

1rrlgatlon and prec1p1tat10n. Water table rece351on was

_mostly 1nf1uenced by two factors- consumptlve use of the
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w%ﬁe§W} le contlnuously from two to four years, probablllty
. "b:w 4, ‘i}" -" "d' A _'_ )

levels of ‘water table depths were determlned along with S

‘rece551on rates. No long-term evaluation could be glven due /
v
to the short period of record ‘

-

When con51der1ng an 1rrlgatlon prOJect, predlctlons

.“.\ -

of drainage behaviour are more useful 1f made on a long-

~term basis. Rapp and van Schalk (1972) used a l5-year record

S

of observatlon well readlngs in the Vauxhall district of thegu,'

'Bow Rlver Project to 1nvestlgate long-term trends of water

table depths. No con51stent relatlonshlp seemed to ex1.
between seasonal water table depth and total water avall ble.

In some cases, seasonal ralnfall 1nfluenced the water table

' Jmore than the 1rrlgat10n water - dellvered . , ) - .

\

Statlstlcal 1nvesyygatlons ,

The 1nvestlgat10ns that were undertaken by the
previous authors did not 1nclude any predlctlonsf Statis-hv“
tlcal hydrology 1s becomlng a neruseful tool. By u51ng
such technlques, Plerce and Vogt (1953) developed a method.
for predicting lake. level fluctt cions. | Recordﬂgg the |

'monthly high, low,-and the dlfference, was the first step,
whlch was. followed by determlnlng the dlstrlbutlon._ All

P

were normal»y dlstrlbuted . By plottlng_hlgh values ;gainst‘

N

'low_values n CarteSLan c0rordinate'paper7 and fitting'a

. straight line, confldence llmlts were. then constructed in
order to predlct ‘one value from the other. Orsborn (1966)

i

notleed that this technlque could be . used ln predlctlng e

3 T,
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L ~
‘water table depth from prior occurrences. ~He used the T

maximum water table depth, the minimum,water'table.depth,
"and their difference. Since the mgkimpm depth and minimum
depth were hi&hly correlated, good predictive values,were

obtained.

Another statistical method used for analy51ng hydro-;w}"

loglc data is a time series analysis. The technlque can be
used on the water table data if the readlngs are taken at an
.equal 1nterval of time. Chow (1964) and ngs (1969) prov1de
brief descrlptlons of this method. Yevgev1ch (1972) dedlcates
‘one whole chapter on autocorrelatlon as a method for inves-
'tlgatlng hydroioglc processes. He says that nearly all
_hydrologlc tlme serles of daily and monthly vaLues have e
_determlnlstlc components which are ggrlodlc series. The
correlogram,whlch rs the serial correlatlon coeff1c1ents
plotted agalnst time 1ag, is’ then examined and certain

conc1u51ons are made concerning the hydrologlc serles.

'Other 1nvestrgat10ns

cher methods of analysis were usedbto study drain-
age - prqblems u51ng water table readlngs. In 'Dralnage of
| Agrlcultural Land' (U. S D A, 1972), groundwater contour |
maps, depth-to—water—table maps and ground surface topography
maps are all used to dellneate dralnage problems 1n a given |
1rr1gated area. Seasonal mlnlmum ‘water table-depth maps are
used to further 1nd1cate a hlgh water table area. Observa—‘v'
tion well hydrographs are compared. MéCracken'(1966)
utlllzes all of these technlques in hls dralnage study of an

\
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irrigation dlstrict of California.

 Most of the llterature has concentrated on . the tech-
niques and usefullness of using water table 1nformat10n since .
it was the only rellable hydrological parameter be51des
prec1p1tat10n records. The sorls, not being a hydrologicali
parameter, will be further'investigated in the section on landl
claSSLflcatlon. Evaluating water table data is 1mp0551ble
>1f all other factors are neglected. Yet, trends, predlctlons

. and actual readlngs of water table will produce some valuable

1nformatlon. Future problems can be located as was 1nd1cated

i

by Rapp and van Schalk (1972). Slmllarly, water table 1nfor— e

matloncls used in order ‘to evaluate pOSSlble oncomlng prob—
‘Alems 1n the 1rrlgat10n dlstrlcts of Alberta (McCracken

1973) . . o \
2.3 Land Class1f1cat10n and Land Use Approach

In an 1rrlgated area, there are a varlety of 5011
types whlch possess dlfferent characterlstlcs along with
o
other factors, such as water table depth ‘irrigation system

: used ‘topography, cllmate and also crops grown.‘ Slnce thex

agrlcultural capac1ty of soils.in 1rrlgated areas w111

a_depend greatly on the soil dralnablllty, the land could be

cla531f1ed accordlng to 1ts dralnage potential (Fly 1961)
This way of approachlng the problem would be a spec1allzed
land c1a551f1cat10n.4 Instead of u51ng 51mply agrlculture or
‘recreatlon or wildlife productlon as a means of cla351fy1ng
-vor evaluatlng land certain well-chosen dralnage character—

1st1cs could be used in an attempt to evaluate the irrigation
: N # _



RN
agricultural capability along with the other possible.
capabilitfies of the land.

AN : |

2.3.1 DefinitiOns

Wllllams (1972) deflnes land use plannlng as-a- method j
‘by which a selectlon of’ land areas that have a high, naturali
potentlal for developmer- for one or more resources, is mad//
and then planned for development accordlng to their best
p0351b1e use. For an' irrigated area the potentlal has al-
.ways been tradltionally agriculture'first,'and then any
;othervsecondary use.. Evaluatlng the dlfferent posslble

capabilities or potentlals of the land has/become -an

interesting topic. Stewa{t (196

‘says that land evaluation

\
AW \

is an assessmentfof man's po551ble e of land for any pur-

pose;"Usingfthe parametric‘appro described by Mabbutt
(1n Stewart 1968), whlch d1v1des and class1f1es land on the
basis of selected attrlbute values, an assessment of 1e
vland can be made._For a dralnage problem, the ch01ce of
_attrlbutes and attrlbute values can be based on‘the use‘ of.
water table fluctuatlon .as the parameter. In asse351ng
‘dralnage 51tuat10ns and a531gn1ng them to a soil type,
‘other conslderatlons, along with feasibility should be
con51dered, such as capablllty and sultabllxty (Hills 1967)
Storle (1959) llStS eleven p0551b1e reasons why
there should be 501l.stud1es andcland c1a351£1cat;on_1n o
A.relation'to the‘irrlgability‘of land. One of the,reasonsnv
is to determine drainage needsJof specifichsoil-types. By

usi@g a simple'charaCteristic.map; drainage needs_cantbe'

\
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defined for each soil. type. He developfg}the Storie-IndeX”
rating which is used in many other reports and publlcatlons
blted later) Ratlng soils according’ éi their product1v1ty,
their'drainahlllty, and their irrigability has become im-
portant in 1and'classification techniques. Harris and
.Hansen (1961), 1n a551gn1ng productlve value to land, have

used such a technlque. Varlous curves relatlng product1v1ty

agalnst parameters affectlng product1v1ty are used. On a

,Vwone to a hundred, the soil factor 1s glven a ratlng.
€ ”\]i rating of the 5011 is- the product of the ratings
YRR ﬁ‘ \." ]

of the factors_j l)i}i;t the valldlty' of such a/t?ghnique,

a detalled 1nvest1ga n can be made for the area. Ml lette

?wand Searl (1968) also used a 51m11ar technlque on 50115
eastern Canada.

2.3.2 Parameters used

In Europe some work has been done in relatlng varlous
parameters with 5011 type 1n an attempt to ClaSSlfy land
Vandamme and De Leenheer (1969) reportvthat soils in Belgium
are_identified'uSing three characteristics, that'is, the
texture of the 5011 the dralnage class,vand the proflle

'development.' The dralnage class is based only on visual

)

_obServatlons of.assumed or.presumed water-table fluctuations.

~

For thls reason, a study was 1n1t1ated so that actual water-_

table fluctuatlons could be related to the\d%alnage class
selécted for that 5011 type. As a result, recommendations
were made concernlng what crops could be grown on what’ type

of 3011 _ In The Netherlands, Van Heesen (1970) useS‘theA
‘ =
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mean highest water table and the mean lowest water table @or

ol :;J/,"

defining‘and°obtaining a map of the water table. He then e
applies this:map of water table classes to rating soil
suitability fgg agriculture, horticulture, forestry and
land consolidation areas. | . | .
In the United States, Beauchamp and Fasken-fl95§ld
. use‘soil types as a basis for drainage,recommendations.
Combining theleff%;ts supplied.by the soilqscientist; agro-
nomist; engineer and farmer's‘zkperience, drainage recom—
mendations were tabulated for a number of SOll types through-
-out the United States. The drain depth and spaCing along
Wlth surface drainage recommendations were also included in;»
their. guide | d}”‘-_ T s ‘> -
. . . . v
| 'For "an irrigation.project, other ﬁethods have bee?

used in grouping SOllS. Myers et .al (1962) used interpret-‘

& ;
ative s011 groupings for a drainage claSSification system.-

They found that such a drainage claSSification fad the ad— o

'vantage of eliminating from the list of’ problem SOllS those
:thag have obvious solutions.‘ The unterpretative(§011

'(?

groupings were diVided into drainage groups, uSing the water
.table fluctuations as.the defining criteria, whic were then
:subdiVided according to - texture, permeability or hydraulic

conductiVity, and water holding capaCity of.the SubSOll of

- - \,

a SpelelC SOll seriesa A wellﬂdefined drainage claSSifica—

3

tion Wlll aid economists in- searehin 'fortdataﬁand‘applying
<his data to better .land’ usex//fp* > o .

Fly.(}9&l) developed.a_drainability classification:
A b '

—
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Aﬂhlch is based on the hydraullc conduct1v1ty of -the soil and 7@

w

the depth to _the impermeable barrler. Curves for draln—h

abrllty classes were, plotted and from these curveszfﬁap%bll—

1ty classes of 5011 dralnablllty factors were determined.
\ t -
Flnally, a s01l dralnablllty rating guide was produced for

evaluatlng lands fo¥ i rrlgatlon use. ‘ 2p;lr - v

VT

L.

Another dralnage gulde ‘was developed by chkey and
Johnston (1973) for ‘resno County in Callfornla.. TneY based
this drainage‘guide op a water table drawdown at mld ~point
between dralns 15 days after 1rrLgatlon. From the data ob—

tained, a soil permeablllty group map was created SHOW1ng
— v o 4 -:‘\'

varlous 301q types accordlng to 51m11ar proflle and per—-
meabll;ty characterlstlcs. To produce such a guide, ex1sting'

drainage'systems are needed for'study»and evaluation.' Such"

maps and guldes permlt dralnage systems to be planned and _

©

‘ studled more eff101ently ‘p' o

2.3.3 Soxl ratlng on the»Canadian P'r:ai'ries»‘w . 'e\

R NN
In Alberta,'a 5011 rat;ng table was flrstJPresented 30

to the Government of Alberta in- Fe ruary, 1930 (Bowser and

Moss -1950) ) This table was based on 11 product1v1ty . -

Por ratlng 30115 Ln proposed lrrlgatlon p o;ects, the
'<orlglnal "Table.of Ratlngs" was‘modlfled o.accommodate new ™

pr1nc1ples such as heavy textured 50115 rsus medlum-' e

textured sorls.. The former ‘would be ra\ed lower fo\\arriga{
tion purposes than the latteiy/ Bowser and Moss dsed sevenf
factors in cla851fy1ng and ratlng 5011s whlch are Stlll in

' use today.'.ln 1960, the land cla551f1cat10n of the Bow River

a . o . .
C . R ~
. . . . . N S .



Project (E\D A. 1960) was developed as a comblned physical
and economic c1a551f1cat10n.' A rev1sed method for ratlng

1rrlgatlon sorls of Saskatchewan and Alberta was’ preseneed

: by Moss. and'Bowser‘(l961) The need occurred when they

'dlscovered that the 5011 ratlng should not ynclude topography»

N

'_as an 1rrlgat10n factor.,
. ¥

Dehm (1961) recoqnlzed tr: - 2ed f r land classifica-
. tion'for 1rr1gatlon in Saﬁkatchewan. "Until recently,xﬁater
"was brought 1nto an area regardless ‘of the su1tab111ty of the

Y

5011 for 1r 1gatlon and dralnage." In. trylng to maintain cost

\

per acre w' 1n llmltS, new concepts were developed and an

'eco)Lmlc cla551flcatlon for 1rrlgatlon has arisen.

. ()

A handbook for the cla551flcatlon of 1rr1gated land
v__1§ the Pralrle Prov1nces was flnally pfesented by the o
Pralrle Farm Rehabllltatlon Admlnlstratlon (C D/£: 1964)fin'
1964 N The comblned efforts of many people resulted in a
classxflcatlon that deal§3w1th the phy51cal factors (3011,
topography, cllmate) and the_ecohomlc factors.' '

\,\_
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-'”Chapter' 3 | (/§. .

STUDY. AREAS

One of the r: ‘uirements in a‘study such as this is
gatherlng the pertl-ent data from ﬁlfferent establlshments§
The areas to be studled are two dralnage ba51ns,.the Soutﬁ

Flncastle Dralnage Basin (S F.D.B.) and the MacLalne Draln—

age Ba51n (M D.B. ), in the Taber Irrlgatlon Dlstrlct (T.I.D. )
and the St Mary River Irrlgatlon DLSttht (S M. R I.D. ),.
respectlvely.‘ Both of these areas have had an extens1ve

. water table study through theJuse of observation wells 1o-
cated on a one-mlle grld. Other data, related to the study,
were also collected by yarlous,agencxes. The followlng -
agencies,contributedvthese aata;‘ | |

| ':1._.Alberta Department of-the-Environment, Earth

§' .KSEiencesﬁand LicT_ ing Division, Lethbridge,

L]

Alberta.J
2. Taber Irrlgatlon Dlstrlct, Taber, Alberta.
3. »St. Mary River. Irrlgatlon District, Lethbrldge,

L]

. Alberta. . _ .
4.b Alberta Soil Survej; Edmonton,‘hlbérta;
.-The»Aiberta Department“of'thezEnvirohmentl Earth
Sclences and L1censxng DlVlSlOn, prov1ded observatlon well
records from 1962 to 1973 ‘inclusive, “for the ‘South- Flncastle
Dralnage Basln, and from 1965 to 192@,1n5&u51ve, for the

MacLalne Dra;nage Basin, publlshed and unpubllshed reports,'

ahd Various.maps;w Thell970’aerial,photographsiof.bothfareas

2
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- were alsoAavailable,. The Taber Irrigation District made
: available.their.water’deliéery records (ditch rider records
along with some annual.reporFs).' S1mlllrly, the St Mary o
'River Irrlgatlon Dlstrlct prov1ded the1r dltch rider records.
All 50115 1nformat10n was obtalned from the Alberta 8011
ﬂ\Survey Report of the S .M.R.I.D. (Bowser et al 1963).
3.1 South Fincastle Drainage Ba51n - T. I D

A-. //‘\ .
3.1.1 Locatlon _ o

R

- The Taber Irrlgatlon Dlstrlct is located about 30
mlles east of the Clty of Lethbrldge and has as boundarles,
e the Oldman River on the north and the St Mary Rlver Irriga-
' tlon Dlstrlct Mgln Canal on the south In-l972,»the Taber
_;' Irr;gatlon District had an assessment roll of 59,833?a¢re3;
xgofvﬁhich.sz 470 were actually irrigated lTHI‘D '1972). The -
dlstrlct is d1v1ded up accordlng to dlstrlbutlon systems,
| which are called dralnage ba51ns. The study area is called
the South Flncastle Dralnage Ba51n, whlch 1nc1udes parts of
ﬁ.Townshlp-9~and 10,»Ranges>15 and 16, W4. HOrsefly Lake
ReServoir is at the south end eith'rincastle Lake at the

north end (see figure 3.1).‘

3.1.2 Soils and geology

General

-~

The Taber Irrlgatlon Dlstrlct is 81tuated ent1re1y 1n

' |’
‘the seml-arld Brown 5011 ZOne. The study area conSLSts

. mostly -of glacxo-lacustrlne dep031ts and some glac1o-f1uv1a1

rd

dep051ts. The lacustrlne sedlments are composed of sand,

31lt, and clay of thlckness generally less than ten feet.,
| TN » R

o ) R~
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8 miles

A - Maclaine. Dvoihoge Basin

8 - Sou'h:Fincanle Droinogé Basin

Location map.

‘Figure 3.1.
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~are composed of sand, gravelﬁand some'silt. In general,

" The bedrock is, on the average, 50 feet below the t111,

/

-except north of Horsefly Lake, where it comes relatively
close to the surface (Westgate 1968 and Gelger 1965)
Most of the 50115 in this drainage basin come under
the soil order of’Chernozemic soils; ‘Only two smalllareas
areuof the'Solonetzic order{i The Chernozemlc soils are all
.Orthlc Brown 501ls, whlle the Solonetzic 50115 are Brown

Solodlzed olonetz. The Chernozemlc 301ls are the Chln and

Cavendlsh serles, plus the shallow phase of each. New names

have been a551gned to these shallow phases.. the shallow Chin

- loam is. now called the Cranford (Cf) 1oam~“ the‘shallow B

‘which indicates good natural dra'nage. Dependlng on the

.jCavendlsh sandy loam is called Antonlo (Ao) sandy loam, the

»shallow Cavendlsh loamy sand is now the Purple Sprlngs(Pl)
,loamy sands, and the Cavendlsh sandy loam 1s called the

‘Blngv111e (Bv). sandy loam. The Wardlow 1oam is the oﬁiy

, Brown Solodlzed Solonetz 1n the basin. The Orthlc Brown

‘501Ls have a pale brown ‘A hori on that 1s loose to granular

ln structure.» The B horlzon is| a brown to yellowlsh brown,yi

texture,'the structure can be prlsmatlc in 1ntermed1ate
textured 50113 or blocky 1n flne textured 501ls. The Brown_
Solodlzed Solonetz have a leached ‘Ae horlzon followed by a

strongly columnar B horlzon., Another pecullarlty about these

: 301ls is the abrupt textural break between ‘the flrst Ewo .

2%
A B L . : . : : : : n

The outwash and yalluvial sediments of glacio-fluvial deposits.

underlying till-texture is fairly sandy to a sandy clay loam.

Y
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horizons. The B horlzon conﬁalns a con51derable quantlty

of exchangeable sodlum ’ : '

Detalled 5011'Descr1pt10n vﬁ' <Ti
~The Chin lods (Ch LtL, VFSL, )L SiL) were developed
on water sorted materlal -whlch over&1es the glac1al t111.
The till is on the average four feet from the surface. ZIn
the Cranford loams (Cf.L ) the till is on the average two
feet below the'surfacegand often~found,at‘depthsfless than:
three feet. 'These two soil serdes are_looated mostlv\on‘
level to gently undulating topography.viIn rating these
soils for 1rrlgat10n, the Chln loams are - good to very good
:whlle the Cranford loams are falrly good to good
The Blngv111e sandy ams and Cavendlsh loamy sands
were developed on sandy all v1al parent materlal, whlch

overl;es the glac1a1 tlll.__The t;ll varies in_ depth

averagingvfive‘feet belo the\surface.( For the Antonlo and,

: )
Purple Sprinq series, the depth below surface 1s often less

than three feet, but averages about two feet. ‘All of:these_
soxls.are mostly located‘on level.to undu;atlng (humpyj
toperaphy.f The fine sandyrloam.and.sandy loam areas are
rated good to very good Fgr irrigation, vhile thefloamy

sand areas are rated poorﬁto fair for'irrigation. _,'

'% . The Maleb loam was developed on glac1a1 till parent
haterlal. The_tlll can be found at depths of two. feet. At‘“

;greater depths, in the c horlzon, such materlals as granlte,

1ronstone, and»coal can be found. . These 501ls are located
_— oL e :

‘on gentlvdunduiating'to rolling topography; They are rated

23
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‘lgf falrly good to good. 1rrlgat10n soils.

' the east, to 146 1n the west of

'-f“

The Wardlow loams were developed on alluv1a1

lacustrlne parent materlal of medlum llme carbonate content

and of apprec1able salt content The parent materlal over—'.

lies the t111 which averages four feet in- depth They are
located on gently to undulatlng topography, and occupy fhe_.
less well dralned p051t10ns. The B horlzon ls nearly 1mper-

meable. These soxls can be rated from poor ‘to fair for

~irrigation.
'%h - Most of the area consists~of Cranford loam, Chin
:aloam, Cavendlsh loamy sands, Blngv1lle sandy loam, and

Purple Springs: loamy sands.' For more detail on these 50115,

refer-to Bowser et'al (1963) and“to Appendix A' Figure 3. ZV

shows the enlarged portlon of the South Flncastle Dfalnage

Ba51n, with the 5011 types.
3.1.3 Cllmate
The Taber reglon is one of the better sulted areas

"for growrng corn in all of the 1rr1gat10n dlstrlcts of

Alberta (Hobbs 1970) The hlgher mean growxng season

‘temperature (Maysto September) of nearly 60°F prov1des

.'adequate energy for grow1ng corn and other 51m11ar crops.,

There has been, on lnfrequent occa31ons, ‘summer hlghs of
above lOOOF and W{nter lows as cold as--40°F The average
number of davs dur?ng the grow1ng season free of kllllng ’
;frost (not below 28°F ) is 148 ;Zys, ranglng from 152 in

he 1rr1gatlon drstrlct.

The prec1p1tatlon, for the 1nterva1 of May to Sep-

c
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tember, has averaged‘about nine inches. ‘For the period of

water tabieﬁﬁeégras (1962-1972.inclusive)’the monthly pre- -
' " 5 ’
cipitation,

¢ monthly mean maximum and the monthly mean

minimum temper fe‘been tabulated. (See'Appendix B.)

'Seventy -five per cent of the annual prec1p1tat10n occurs

between April lst and October 3lst, with the month of Juner

averaglng about 2.5 inches. ACCOIdlng to Dr. A;H. Laycock“

13

: of the Unlver51ty of Alberta, there is an average def1c1t‘of‘

about ten 1nches 1n the ‘area between’ Lethbrldge and Medicine’

Hat (Bowser et al 1963),
/ X :
Prevalllng w1nds are from the west in the’ summer,

‘ w1th a total of 80 000 to 90,000 mlles of wind per year

o

-_(Hobbs 1970). Only one per cent of the days are calm.” Fbr_

d:the growing‘seaSon’the wlqd mayhraﬁgesaround-s,ooo miles;pex

month.

3. 1. 4 Irrlgatlon ',."‘ @%‘

 as of 1969,

i'./

ted were 1rr1gated by sprlnkler systemf-g.

" 5§ t

The water talgle measurements,} e
kS B kAL

: shallow 15 foot wells 1n the S,Fxﬁ B..

g

vlnch plpes are, located on a oheﬁmlle grld. JThe wate‘“#

‘,-"'

readlngs are taken at about‘? Ewp—&cnth 1nterval thrbu§h
N.. s, R

_the year. The accuracy of tﬁé@g ré‘rements is w1tﬁi pn e-
. ", )

e
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hundredth of a foot. A map show1ng thelr location dm rela£
: xE

tion to the 5011 types in that area 15 prov1ded\gﬁxflgure 3.2,

The Alberta Department of the Env1ronment (1970) -has

Dralnage Ba51n. These w1ll be used 1

'3.1.5 Dralnage and drainage problems

b
‘The South Flncastle Dralnage Ba51n-was chosen as an

. area hav1ng a potentlal drainage problem. »In‘an unpubllshed
report (Van Orman,and»Rapp 1949),‘the‘authors‘state_gkat \
there had been no artificial.drainage-done'in this area.

The South Flncastle Drainage Ba31n lacks any deep dralns,

and seems to have aurlslng\nater table as a result (McCracken
1973). The water table data-for.the 11—Year'period of;1962—
1973 incIusive, is given in Appendix C. For each~welidloca—
'tlon, there were soil borlngs,'whlchhrecorged soil texture

for one—foot 1ntervals and depth to till.

3.2 MacLaine Dralnage Basin - S.M.R.I.D.:

3.2.1  Location

‘The study area is located in the St. Mary River Irri-

gation District Western Division. The Western DlVlSlon is
51tuated Just west of the Clty -of Lethbridge and extends
'east to Chin. The MacLalne Qralnage Ba51n is 51tuated in
‘parts of Townships 8 and 94‘Ranges 19, éO &21 W4, All of
_the study area is south of Highway No. 3, and 1s bounded

in part by the’ S.M.R.I.D.'MalnvCanal.d Flgure 3.1 shows the

locatlon of the MacLalne Dralnage Ba51n..

4
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3.2.2 Soils and geology “

General = ' - _T"'
- The . MacLalne Dralnage Basin is 51tuated entlrely in
the Dark Brown Soil zone. Most of the surface deposlts are
~glacial. ghé,deep soils, as opposed to,thevshallowlphase,
are lake deposits composed of silt, sand and minor‘clays.
The shallow profiles are on hummocky and ground.moraine

.composedfof till ofvariable depths (2 to 10 feet). A“small

' area in the north—west corner of Township 8 and Range 20 w4 >

[ I

was formed from aeollan deposits composed of- sand.and 511t.
The UppeﬂaTlll is composed of,bouldery sand and gravel at, thev
top and hottom (Nielsen' 1971b). The bedrock mostly Oldman

L formation, lies well deeper than 100 feet 1n some areas
(Geiger 1965). | |

| | Most‘of the soils in the MacLaine Drainage‘Basin come
iunder the 5011 order of Chernozemlc sorls. In thewcentre.of

‘Sectlon 16, Townshlp 9 and Range 19, there‘is an area of

Gleysolic15011.~ The Chernozemsvare all Orthic Dark Brown,
while. the Gleysollc 5011 is an Orthic Gleysol.\\The 50118
mapped as Chernozems are the Lethbrldge, Whltney,ACgaldale,
,vShallow Coaldale and Readymade series. These Dark Brown |
EChernozems .were developed in a semi-arid cllmate, whlch is
sllghtly more humld than in the areas of Orthlc Brown Cher- o ‘m
mozems. The change'bet;een the two is very gradual and an \
'arbltrary north-south boundary goes through Chln. The A

horizon is dark brown in colour, but the C horlzon is much

llghter in colour, where there is a 11me carbonate accumula-

,[‘
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. | - A
tion. The B horizon has atprism—like structure, ]

i ; .. B
Detailed Soil Description \

The .Lethbridge loams (Leth. SiL , L) were form@d on

alluvial lacustrine parent'material of fairly highélime'r

nate content. The counterpart of‘the Lethbridée loams
the Chin loams. The glac1a1 till varies in depth but |
'Ao the average is\found to be at flve feet. The shallow ;
| thbrldge series 1s now called the Whltney series (Wy)
these soils are mostly locatec on gently sloplng to
lvery gently_sloplng topography.- The Lethbrldge loams are
;rated‘as very good ir*igation 501ls._ The Whltney 1oams are"
'ﬁated lower, due to the depth of tlll which is, on the
;average, éﬁss than three feet. |
The Coaldale silty clay loams (Cdle. SiC1) were
developed on fine te#tured lacustrine parent material of _"‘
afyihg'depths; Clay deposxts of 10 feet in thlckness are -
"not.uncommon. Beneath this clay,‘the glac1al tllh is en—
countered. Both the Coaldale and shallow Coaldale 511ty clay
’loams are located on level to. gently sloplng topography. gn
depressional areas accumulatron.of:salt can become a problem.. ‘
The Coaldale:siity clay loam is'considered,as~a'goodzirriga— //)
tion soii if certainfmanagerial steps are followed, as des-
crlbed by Bowser ‘et ‘al (1963). ,For further 1nformat10n and
more detall see Appendix A and Bowser et . al (1963)5 Flgﬁ;e
3. 3 shows the draldage(ba51n wlth the soxl types. ) ”
:_3 2.3 Cllmate R o o L | r' o

The 1mmed1ate Lethbrldge area ‘is a borderllne area for o
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y:maturiné‘the presently-ayailablevgrainfcorns,' Other crops

‘requiring less heat are more desirable in- this region.

- . Temperature extremes such‘as over 100°F. andj-459F.-haye‘

‘been. récorded. The_érowing.season (killing'frost-ZBOF.)

has averaged 139 days ranging from 110 days to 178 days
. : L

(Hobbs 1970)

. - s ’

The seasonal precriltatlon {from May to September)
has averaged more than 9 inches with a yearly average of

16-18 1nches for the perlod of 1902 1969. For the-perlod

4

 of water table data (1965 1972), the monthly precipitation,'

k!

o

e

_1nches for the 46-year period of 1923-1968" HobbSh}970)

n

monthly-mean makimum'temperatures and the monthly mean

minimum temperathres were tabulatedfby'the Agriculture

L]

.Canada Research‘Station, Lethbridge, Albertaﬁ (See.Appen—
diva.)'.Most of the rain oco rs between April lst and Octo- r

- ber 31lst, with'the month of Jun averaging just overkth:ée_

\'Q,y

inches. 'The average evaporation from a four-foot'diameter

sunken pan over-the five-month (May to Sept. ) season is 24. 3

-
~

2
"gag\fhlnook area of Alberta is characterlzed by w1n§s

averaglng about 13. 4 m11es per hour.fSThg dlrectlon of'~
prevalllng w1nds is west throughout the year. The calmest
months are July, August and September

3.2.4 Irrrgatlon - | | o S ‘

The Lethbrldge Coaldale area, whlch started under

the Alberta Rallway and Irrlgatlon Company, had an 1rrlgat10n; ;
écanal bu11t by 1902. 1In 1946, the area became knowntas the

St. Mary and Milk Rivers Development. Slnce then, the pro-
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K ject area‘has-been divided into numerous other projects; “In
1972, .the Lethbrldge—Coaldale area of the S. M R.I.D. had
‘dwer 87 000 acres of 1rr1gable land of which 63, 248 acres
were actually 1rrlgated (S M.R.I. D 1972) The major crops
grown in the area are _grain crops, hay, and sugar beets.

\J

Slnce 1965, there have been 27 shallow 15- -foot

water table wells 1nstalled in the MacLalne Dralnage Basrn.
'«Many of these were 1nstalled for the Internatlonal Hydrologlc

Decade (I H.D.) pro;ect undertaken from. l967 to l97l These

wells are read. at least six tlmes per year., The 1rrlgat10n

water dlstrlbutlon mapof the dralnage basrn was gbtalned _

from the Alberta Department of the Envrronment.. The S.M.R.I. D.

Offlce in Lethbrldge prov1ded addltlonal 1nformat10n such as % e
@annual reports and some water dellvery records for the /{////

MacLalne Dralnage Ba51n.. The two main types of 1rrlgat10n

systems used are sprlnkler and grav1ty‘systems. »

-
3.2, 5 Dralnage and dralnage problems

The generai slope of the West DlVlSlon 1s ‘to the -

north—east wlth the north sectlon dralnlng 1nto ‘the Oldman

0]

‘Rlver via 51x Mile Coulee, Northeast Reserv01r Splll and

Bount1fu1 Coulee (Nlelsen 1968) , The main dralns con— -
Vstructed ln the area are the Six Mlle Coulee Draln, the.
.Malloy Dra1n and the Coaldale Draln. Some. surface dralnage
. is prov1ded along ngﬁway No. 3 frovaethbrldge to Chln.
.The surface dralnage network 18 set up so that the unused
water re-enters the S. M.R.I.D. dlstrlbutlon system.‘ The

‘:Malloy Draln orlglnates in the MacLalne Dralnage Ba51n and
. 7/ “l

7



terminates in the Chin Lakes.
: N N

Nielsen (197la)states that most of the West - D1v151on
-is a recharge area, i. é. groundwater percolates down from
Athe land surface.i Groundwater d1scharge is not a problem.v_
Dlscharge areas are ea511y 1dent1f1ed, such as, salt deposits,
phreatophytes, ‘barren ground sloughs,5etc; however, in an
1rrrgated area, cautlon should be eXercised.in interpreting*
such phenoﬁena. From. the I.H.D. Ba51n Study, the ground—'
' water outflow was found to have the same magnltude as %he
inflow from deep percolation, seepage from_dugouts and
ditches, and-over-irrlgation (Ni%lsen 1970). If these
parameterseare equal, then there should be no buildup of -
bgroundwaterQb | ' | ' |
For the perlod of 1964 to 1973 thenwater table"
data rs presented in Appendlx C. Other 1nformat10n that
wasﬂavallable with the prev1ously mentioned, data is the
’8011 borlngs at each well location. The 5011 texture for N
—_—

_each 1nterval of one foot lS given along w1th the depth

of t111. ) S
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Chapter 4

METHODS AND PROCEDURES

: Fohr techhiques Were. used for conduoting
a recohnalssance dralnablllty c1a551f1cat10n of 50115 in an
'1rrlgated area. The f1rst two methoas are lnterpretatlve
ways, while the. last two are emplrlcal approaches;',These

are further described in the following sections.

4.1 Aerlal Photographs 4 -

Blac&—and—whlte aerlal photographs prOV1de con51d—

- erabl® information., Some dralnage problem ‘areas can be

T

_1dent1f1ed throuah the use of such photographs.

- Wet areas or areas of phreatophytlc vegetatlon

clearly indicate an area whlch has "free" water at or~nearthe'
surface of the ground. If the area occurs within a solonet- -
zic soil, the problem could be even more serious. Areas

0

wherevsodium,salts appear- at the'surface can also be identi-

fied. These are commonly called "slick spots". They

proVide a drainage danger signal, but the problem solution

is not always obvious.
~In 1nterpret1ng aer1a1 photographs, Vegetatlve

ecover recognltlon is sometlmes dlfflcult.\ Therefore, the

11w1tat10ns of aerlal photograph 1nterpretatlon should be

‘clearly 1nd1cated. An’ aer1a1 photograph does not replace

an actual fleld 1nvestlgat10n, but can certalnly gulde the

’englneer in deternlnlng how exten51ve an 1nvestlgat10n

.should be. The ultlmate advantage of aerial photographs rsi.

Lo
,4
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the rapid identification of problem areas.,

-Inl197l the Alberta bepartment of the Environment)
Water Resources D1v151on, used the 1970 aerlal photographs
of the Taber Irrlgatlon DlStrlCt for their aerlal photograph
1nterpretatlon. The ponded seepage and saline areas were
'thenfsuperinposed on a“mosalcwprepared from}the aerlal
‘photographs'taken in 1562, To verify the areas that were
interpreted from the photographs, aa,actual-field'check was
conducted by the author.' A similar aerlal photograph 1nter-,
pretat.on was done by the author on the MacLalne Dralnage,
_Ba51n 1n the S ..R.I.D., West-01Vl810n, along,w1th a»fleld

j:_.check. S - : ST

.4;2“ﬁ§611 Survey Drainage4classification:
| The descrlptlonsof the 5011 proflles were obtalned
,from tﬁc SOll Su- ey of the St Mary and Mllk Rlvers Irrlga—_
.tlon Development (nowser et. al 1963) The soil dralnage’f

‘j class for each scil type was not prov1ded\1n thls report.
By u51ng tre soul dralnage classes descrlbed by the. System
yof 5011 Cla551flcat10n in Canada (C D. A 1970), and the
,15011 survey report, the 5011 types of the- two areas were.
'assigned,a drainage class. If the tlll 1n the shallow soxl;
series possesses a lower.hydraullc conduct1v1ty than that
" of ‘the overlylng materlal the 5011 was glven a lower drain
age class for the sub501l Most of the shallow proflled
.80ils 1n these two\areas have two dralnage classes, one for

the surface 5011 and the other due to the sub5011 The re-

malnlng 50115 were a551gned one dralnage class, 51nce the



-

depth to till was'assumed to be sufficiently deep. Some
soils Possessed 51m11ar dralnage classes and therefore |

were comblned to compose a larger unit.

R

4.3:_An Empirical Dralnage Classification

N " By approachlng the method that previous authors have
used (Bowser and Moss 1950; cC. D,A 1960;d C.D.A. 1964;
.Fly 1961- Mlllette 1969 Mltchell ,1939;' Myers et al
1962; Storie_ 1957), for the classification of 501ls,for

1rr1gat10n, for agrlculture, or for dralnage, a 51m11ar
’ {

technlque was developed for the dralnage cla551f1cat10n of

some 50115 in southern Alberta.

o

4.3.1 _Deflnlng the factors
e From the lnvestlgatlons conducted by Donnan and-

Bradshaw (1952), the 1mportant 5011 characterlstlcs to be
con51dered when de81gn1ng a dralnage system were determlned.
mi.The Ppoints to be con51dered were: (l) klnds of soils,

'(2) thlckness of the varrougrstrata, (3) COHtanlty of strata,

and (4)_position of the varlous strata w1th respect to the
ground surfaCe.' Fly (1961) ‘uses some of these characterls— f
thS in hlS soil dralnablllty ratlng gulde. | |

The' 5011" was d1v1ded 1nto two sectlons. the sur-

.

face and- the subsurface. The surface sectlon 15 the sorl .

]

' 'proflle from the ground surface down to the bottom of the IIC

horlzon . '.Thls could be shallow 1n some’ cases and deep 1n

Others.‘ The subsurface sectlon starts at the bottom of the

- v‘s

C horlzon. From the descrlptlons of the soils glven 1n~the

3011 survey report (BOWSer et al ;963),.a table,can be -

R IR
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produced showiug the soil type, average texture of surface
‘section, topography,,average depth to'till or to impeding
horizon, and the ‘hydraulic conduct1v1ty of the subsoil. All
‘of'these descrlptlons are qualltatlve and use the correct
termlnology as prov1ded by the System of 8011 C1a551f1cat10n
for Canada (C.D. A. "1970) . | |
For ‘the surface section, only the average texture of
the proflle and surface topography were con51dered to be im-.
portant in a dralnage.ratlng.ISSLmllarly for'the subsurfaoei
onlyhthe depth to the glaciai till or to theriﬁpeding hori-
zon, and the hydraullc conduct1v1ty of the sub501l were ‘used
1n‘thefgra1hage cla551frcatlon. Myers et al (1962), 1n the
drainagi-aivisions,yuse‘ the water holdlng capac1ty 1n the
deflnltlon which is usually related to texture.' Eor the pur¥
pose of thls study, the average texture of the surface seétion
l_was selected as one %‘ the factors. Rough topography 1n
some cases,_as descrlbed by the 5011 survey report (Bowser
et al 1963), results 1nﬁpoorly drained spots. Therefore,'. ;(
topography;should be oohsidered.asvone of the factors.
Fly (196;5 hakes.use ofythe depth to:barrier, stratification_
and hydraulic;tonductivity. 051ng the depth to the glac1al
tlll or the depth to the 1mped1ng horlzon (whichever is
L more cr1t1ca1) seems to. be. the comparable fa to use in _h
thls study,.along w1th the hydraullc conduct1v1tyvof the

1 4.3.2 Rati@gfthe'SOil_faotors‘

Having decidedwh&;h soil factors affect drainage,
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each ef these factorS»must behsubdiyided ih erder thatvthey
can be rated. The soil texture wasrsubdividedhinto three
major-groups: Heavy, medium~and light.> Some auth;rs sub-
d1v1de texture in this way because of simplicity (C.D.A.

1964 Nlelsen 1968). Using the Handbook for/{he Classifica-

“tion of Irrlgated Land in the Pralrle Provinces, each sub—

~division lncludes the soil textures shown 1n,table 4.1.

Table: 4.1 ‘
Texture subd1v151ons and ratlngs.

Textural.class._f Texture: = o Rating

Heavy sc, sic, SCL, CL | S
|  SiCL, C, HvC, VHvC 20 - 30
Medium FSL, VFSL, L, SiL 31 - 40

Light | CS, VFS, LCS, LVFS, SL. 41 - 50

«

, ,
The heavy textured soils w111 be rated lowest,_w1th

the llght textured soils belng rated the best for dralnage.
L

yThe soll texture was ‘a max1mum ratlng of 50. '031ng_
this and applyih this ratln o the textural class, the o

texture rating was establlshed as shown in table 4.1.

" The topography cla551f1cat10n was the same as the
one. establlshed for land levellng 1n the Land Cla851f1cat10n
:;of the Bow Rlver Pro;ect (C D. A. 1960). Table 4. 2 prov1des
. the descrlptlon of each topograph1ca1 claSSralong with the

-'ratlngs. ~Again, the maximum ratlng a981gned was 50.



Topography subdlv'51ons and ratlngs.

R

Topographical - ,
Class - Description C : Rating
T1 | - Includes very ' .
~gently sloping, VGS =241 - 50
Gently sloping, GS° S
iVery gently undulating, VGU
-‘T2 o Gently undulatlng, GU . 31 - %40
T, - Rougher phase of . | o :
gently undulating, RGU - "~ 15 - 30
Gently undulating to L.
: undulatlng, Gu-u - . SN

By summlng the texture rating and the topography ra-

_t1ng, a surface ratlng can now be calculated-

L]

SK = TxR+ To'R _

where = o ‘ ' o S ‘ ':’?

,SR = surface ratlng expressed as a percentage

TxR = texture ratlng

ToR = topography ratlng

For the subsurface railng, 51m11ar technlques were
e _

,used for the depth to glacial till and hydraullc conductlv—:

.

N

ity. The depth to glac1al till was subd1v1ded into two

. groups, shallow and deep. The reason for this is that

j .
flrstly the. 1nformatlon from the soil survey report (Bowser

et al 1963) was not sufflciently accurate and secondly,

‘for example, Chin loam and Cranford loam. Another situation,

- most of the soils are dlstlngulshed by thelr proflle depth

which could be.limiting,beforeathe depth.to till, is a

v
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nearly impermeable horizon occurring above the till.w This
is the ease’in some Solonetzic soils, whiéh'haQe a heavy’
textured Bnt horizon, In this.case; the rating is obtained
by uSing the same rating as for the shallow depth of till.
.The maximum rating asSigned,tb‘the depth to till was 50. °
- Table 4.3 shows the ratinge.(vFly s (1961) ratings of the

‘ depth to barrler are comparahle to those below.

- Table 4.3 .
Depth to glac1a1 till subdivision and ratlngs

.

Depth-of.till : Description S . Ratings
.\Shalldw f ’ ‘average!depth ef : . CoL S
| L o~ less than 4 ft. éﬁ;g@- . 15 -;BQ:H
’Deepw‘ L . average depth of . o

: 4 ft. or more , - 31 - 50

, . The hydraullc conduct1v1ty class for the suh501l was
51m11ar to that already establlshed (C D. A 1964) Agaln,v
only two classes were used due to 1nsuff1c1ent and 1naccurate
data. From the descrlptlon of the 50115 some 1nd1cat10n of

the hydraullc conduct1v1ty was glven in qualltatlve terms.

Therefore, by u51ng the hydraullc conduct1v1ty values for the

C horlzon prov1ded by the soil survey report, an estimate can
be obtalned and a ratlng applled Table 4.4 prov1des'thls

,1nformat10n._'

LIS
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_ ratlng a flnalidralnage ratlng

Table 4.4
Hydraullc conduct1v1ty subd1v1510ns and ratings.
; N

‘Hydraulic conductivity = Description - ' Rating
Moderate f;v » - : : o
moderately slow v )’-1-_.3 ins/hr. ' ‘31 -. 50
Slow - to : o ! - . '
very slow . . less than .1 ins/hr. less than 31

'-By summlng the depth -of- tlll ratlng ‘and the hydraullc

conduct1vxty ratlng, a subsurface rating can now be calcula-

ted.

SbR- = DRfF HCR-

where

-

:1 SbR = subsurface ratlng expressed 15 a percentdﬁg

.
b ] 13

&

DR = depth of till ratlng ;

% ratlng

'Byﬁﬁﬁitiplyingﬁ“ i ¥ "e ratlng by the subsurface

y

now obtalned.

FSDR = SR.x SbR .

~where

FSDR = final"soiifdrainage rating:as.a percentage.

v

4.3.3 So0il drainage classes. - N _ B

The most important step in using this empirica}

drainage.classification'is-determininguthe group or class;
whether the soil is rapidly, well,pmoderately‘well; imper—

fecély, poorly or very onrly‘drained. The group selection °

in which the soil drainage rating should be. is more: 'important

41
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than the rating'itself. That is, whether a-soil should be
classed as rapidly drglned or well drained is more 51gn1f1cant.;
than a dlfference of 5 points in the,;nd1v1dua1'rat1ngs,
say 40 and 45.. | | |

There is no set procedure in. determanlng the range . of /
each group. However, by u51ng the soil oralnage ratlng for
the soil type whlch is described as be1ng the best dralned
in the area, a first group 1s se®% so that it includes that
soil rating. Accordlng to Bowser and Moss (1950), the flrst
group should have the w1dest range, the second one a narrower

range, and so on. - The hlghest ratlng of 68 belongs to the

Cavendish loamy sand serles on - level to very gen: 7 undula-'
. A

“

ting topography. From the soil descr1pt10n,4this series is,

~classed as a rapidly,drained'soil.v The firstvgroup will

> lincludg'GB; The Chin loam is rated at 56 and from the 5011

.descrlptlon is. classed as’ well-dralned ThlS would indicate
,that'Chln loam belongs-to the next group. Now,:the range of
fthe firet_group is set at LboAto 65. bThe~second group will
haveva:narroWerfrange. The rangeashouid:inciude'the Maleb
J-loah?sihce from the soil descriptibn: the Maleb loam is

. clasSed as well to moderately well-dralned. ‘Now, the rauge
of the second group is set at 64,F° 38. 'For the third group

.the range should include the shallow Coaldale 51lty cllay loam

ratlng of - 21 since it has the lowest Qatlng of the mo‘
- well-drained soils. The range of -
- 37 to 20, in order to include all”moderat Y

esoils. " The f1na1 group will 1nc1ude“the 1mperfect1y, poorly
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Te
~

and very pooriyfdrained soils. These groups are summarlzed
in table 4.5, These ranges within each group were deter—

mined after the emplrlcal dralnage cla551f1catlon was com-

pleted. (See tables 5.2 and 5. 6 )

. Y ’
- . ' Table 4.5 :
' melrlcal dralnage classes and .

‘corresponding' range of rating, ’\
Drainage group  Drainage class Ratin§~rangeewithin B
- . y ) N . group - ‘
1 Rapidly drained (R)—’100 - 65 -
2 Well-drained (W)' ~ © 64 - 38
3 , _ Moderately wel%& _ . b
: .. drained' (Mw) L 37 --20
,4' o ' Imperfectly, piorly,
o - very poorly drained , :
/ (1, P, vP) _ " below 20 }
These partlcular ranges for each class apply only
. for the 30115 studled in this area. ‘In another area a
v)Slmllar procedure would have to be applled and modlfled
4.4 'Water Table Cla551f1cat10n : ' ER ’ .)(rg 'XK

i

. The water table has been deflned (Hller 1969) and
i cla551f1ed (Myers et al ,1962; Vandamme and De. Leenheer

1_1969;- Van Heesen: 1970;) intmany ways. Before the water
table 1nformat10n can ‘be properly used, the data must be

summarlzed in a way that is’ the ‘most de:crlptlve. Once

summarlzed the water table data is then cla551f1ed and

wells can: be compared. Thls sectlon w1llrdeve10p the teqh%
: } : v | . e

~“
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,nlque, thus obtalnlng the fourth ang flnal dralnage classifi-

. cation &or the twi areas. o o : -
- i . N 11
- B
4.4.1 Stgtistical techni gue used :
=% .
The observatlonvwell readings were taken\at approx-

imately twoémonthvintervals for the two area Ch0051ng one

_well along with the contlnuous perlod of record of this, well
an autocorrelatlonuwas done»(Chow 1964- Rigs. | 1369-

: Yereuich 1972) © By plotting the autocorrelatlon coefflc-"
1ent agalnst the: lag perlod the resultlng correlogram is
examined. For most of the wells a one—year cycle‘was notlced.
(See Appendix D.)- Summarlzlng the data then became an

¥

obv1ous procedure, which 1s descrlbed below | Bl—monthly

water- table readlngs can be represented as:

' Xi = Xy Xy x3, ..7x;l...xn
”.Af*i”; discrete ser;es of readingsiforIWelr No. 1
Xy = January'reading for‘lstfyearov
X, = March reading'for lst year I | |
x3‘= May reading‘forblst year 1" ) ';/“ f‘:. ‘%§§
._. ix7 ;,January readinggforian year | f‘, i S Q;
f/‘ . xn = fina} reading for that\well for tne last year;

> If plotted agalnst tlme,;the foreg01ng serles
. i : /
results in the hYdrograph for We&l»No. 1. All the w%L;s
follow the‘same'pattern. The One-year cycle_was notlced‘from

" the correlogram where the'autoCorrelatiOnycoefficientipeaked

¥ . L -~

at an equal laéﬂperiod of six readings. Six readings oofres~,-

pond to a'lZ-monthfperiod'or one year. Since every well
\ ' . | |
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ing seemed,io be repeatlng in a cycle of 51x readtngs, an
average for the two- month pe§§od was calculated. ﬁﬁé,

follow1ng equation describes this:

T ‘= Xl+- Xq + Xy3 4 xlb‘... S
Jl - — ~ : e
Ny1 e
fr1™ Xt Xg ¥ X34+ x50 oo .:)
-~ | Mur1 | ;
XNy T Xt xlz*;x18§;’fgd - -
- - o 1 . : ’ .
Nj1
where ' ! - A _ ~
i&l = mean of January readings for the length of
- record, for Well No. 1.
Xy .= 1st Januarydreading for Well No. 1
N n x7 = 2nc " ‘ 0" . e "
¥13. T 3rd " o

aﬁd,so on.

X, ‘= mean of March readlngs for length of record,
' - for Well No. 1.

‘x2“ »ﬁ’lst March reading'for Weli‘ﬁo;'ll

Xg =.2nd‘ " 5 ; _ -"' > o

jx =3ra e m e R
"aﬁd so on. |

Mot

mean of - November readlngs for length of

N

' ‘record, for Well No. 1. >

Xg . = lst-N0vemberv;eading for Well No.. 1
X312 T 2nd R *
L Xy = 3rd Cow \ 1.04 o ." n "

Tmand so . on.
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i

51 = No. of January readings for Well No. 1

Nyr1 = No. of March readings for Well No. 1
N = No. of November readings for Weli No. 1

N1
' and so on.. N

This equatlon can be used for all the wells. The
wells that are m1551ng eithet hd? &, dlscontlnuous perlod of
record or the readlngs were too§§nqellable. The mean and

"the standard deviation were boﬁh calculated for each two-

- month perlod for most of the; yells.

/ﬂ

This.way of summari ‘g the data shows the monthly

“perlods whlch tend to ha - hlgh water table .or low water
; o

descrlblng the wateryia
. A : .

‘4.4.2 Deflnlng the water table factors

. e

> Myers et al (1962) defines. dralnage groups accordlng

to water table fluctuatlon, mlnlmum depth durlng most of the

. year, and the ‘period of tlme thrs water table occurred or

per51sted In'the Handbook (CID A. 1964),.there are also

"varlous groundwater condltlons specxfled for ratlng dralnabll—
,
‘1ty of sorls. U51ng these factors as guldes, three watﬁ

‘_table factors were thought to be the most 1mportant. () the
degree of fluctuatlon or the difference between the maximum
: and m1n1mum water table readlng for ‘a well (2) the shallow- ‘

[

, est water table depth Jurlng the grow1ng season,,(3) the tlme

.vperlod at which " this water table occurs. A modlflcatlon

factor has to be 1ncluded ln order to compensate for the number

46
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%,
of readlngs taken durlng a 12-month perlod None of the.
three prev1ously mentloned faétors take into con31derat10n
the number of water table readings that occurvbetween certainw
defined ranges. This*willibe exélained in the next sub-
sectlen. K\\ha ) ‘\ | .
A'fluctuating ' terbtable (rather_than‘a,steady—state
L condition) Provides the best available characterization of
the‘phyéieal situatien in the field (Hiler 196?). bGeod crops
gould be produeea'aader a high water tableiebnditiOn, But a
'fluctuatiné Qater}table is a more eerioﬁé ﬁroglem. |
| "The shailoyeét water tabievreading alse refiects the
seterity of the»drainage'problem. ,séhe authors use five-
feet or deeper asche limiting degth (Fiy'1961), Or,54 iﬁ—
ches for the best condltlon (Myers et al 1962)‘ The Hand-
book (C.D. A.,1964) suggests that a water table of deeper
than.8»§eet for most Qf_the year is a satlsfactorlly_dralned
1sei1; but S‘feet seems to be theﬁiimitiné-depth;A Considering:
these.deptﬁ%,.avclaesifieation was.eatabiished whieheis’exf
.plainea in the roxt section. "_
. The time at‘whicﬁvthe minimum water table’oceurs'is
also~important,tespecially when'thie-eonditioh oceuretduring
_the'growing season. " When élaats establish their'fuli root
zonevearly in tbe'sahmer, the jdeal condrtiQn‘for them is.af
rapialy recedihg water‘table; This water table reeeSsion Qill
_ tend to develop a deep root zone. If the high water table

perlod 7ccurs later 1n the summer, floodlng of. the root

'zone 1d;1nev1tab1e and sO is root damage. Another water :
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‘table condition exists after the snow melts in the sprlng

-

(March and Aprll) when the water table usually rises.” Du-

ring May the water”table has receded and stabllmzed. If a

-

high water table st111 persists in May, a delay in seedlng

can result, followed by a possxble dralnage problem.

»

4.4.3 Ratlng the water table factors .

Having decided which water table factors are the most

critical, each of these must be subdivided in order that they |
. e ‘ — , ol ‘ ", ‘

‘can be rated;‘ The degree of fluctuation_and shallowest{deptﬁ
_faCtorsvwere eact given four subclasses of equal increment.
The time factor:was divided into three classes. u

To eliminate making a_deciaion on;subclass'divieion,
equal increments_were set for the degree of fluctuation:
Table 4;6*presents{these'ang_also indicates'the possioled
range for rating each, subclass. - |

N I

-

Table .4.6
Water table fluctuatlon subd1v151ons and ratings.

e,
= ' e .

Class. ' Degree of annual fluctqation'invfeet Rating:%. : / -
1 0to2 80 - 100
2 2.1to 4 o 60 ~ 79
:??'3 4.1 to § Lo ;." '49 - 59 R
4 greater than 6.1 »'_: " Jless than 40

P §

By u51ng the«summarlzed data as prev1ously des-
' crlbed, the degree of fluctuatlon was calculated for each

‘well., The ratlngs were then determlned from those ranges.

—-
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‘For similar reasons described previousiyf equal
1ncrements were set for the shallowest depth occurrrpg
during the growlng season. Table 4 7 shows these sub-

classes along Wlth their correspondlng range of ratings.

Table 4 7 o
Shallowest water table depth
. Subdivisions and ratings.
‘Class = P " Shallowest depth during - 17§ating'% )
o 'growing season, in feet -

1 . o greater than,ﬁ S, :' E -?BQ‘A 100

2. o+ 4.1-6 . 60 - 79
‘ 3 N [ 2 1 T 4 ’ o ,: ‘« ’ ‘ ""‘;:4v0' -—. 59

' L . . R T S
4 + 7 . less than or equal to 2.0  less than 40

The year was d1v1ded 1nto three dlstlnct perlods.ﬂ
(1) =hre wlnter months or months where no crops are grdwn,

November to April (2) the month of May, (3)' thn months
o s

of July and September. The readlngs were avallable only on‘

P -
a two-month ba518 and therefore the onfy months that could,»

be used were January, March, May, July, September and
'November.‘ TabLe 448 shows thls ‘along. With the correspondlng

v : L
range of- ratlngs. $ ‘ : S

Y4
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7/ the water table for one well” The o

50

- Table 4.8
Time. intervals and ratings.

Class - I : _Time interval 9 Rating %.
1 . ‘ . November, January, March 80‘+ 100 .
2 . . May ~ : 75
3 July and September - 40 - 74

43

So far, only the range of water table depths, the
shallowest ‘water table depth and the t1me at which this
shallow water table occurs have been used to characterlze_

iier_water table read—'\ﬁ

, 1ngs were not con51dered and therefore a modlflcatlon factor
was 1nc1uded. Thls modification factor uses the same range

'of depths as does'the shaiiow depth CharaCteristic.‘ Table

i

4.9 1llustrates the ranges, along w1th the acceptable number

of readlngs w1th1n each range, thelr weight and the formula

used to calculate" the rating. ' o B " .

~ “Table 4.9
Modification factor ratings.

Water table  No. of readings Weight  Formula for.

depth in feet = acceptable . ‘per reading all ranges
0-2 . . o .15
20 -4 8 o 10 100-(15N+
4.1 -6 3 5 10N+ 5Ny

greater than 6 Cnoilimit | 0



welghtlng value is 0 for the water table depth range of

where‘Nl,

class (greater than the acceptable level). For the number

sz and}N3 are the number of readings in each

of readlngs acceptable within each range there should be no
readlngs between 0 and 4 0 feet, but three readings between
4.1 and 6 feet is con51dered to be acceptable. The welghtlng
values for each class were set so that the largest value (15)u

multlplled by a maximum of six (51nce there can only be a

-,max1mum of 6 readlngs) will not exceed 100. The smallest

7

greater than 51x feet. 051ng a llnear decrea51ng scale, the

'two 1ntermed1ate values of 10 and 5 can be calculated

- The formula used for calculatlng the modlflcatlon
factor rating must 1nclude all of the ranges necessary. A
maximum ratlng of 100 18 obtalned 1f all readlngs are greater.

than slx feet If. the readlngs are ‘within the other ranges,

E the approprlate reductlon from 100 is calculated.} The ratlng

\

can hever be negatlve. The smallest ratlng that could ex1st

“is 10, calculated from: .100- (6x15+0+0)

The flnal ratlng of the water table for a well is
calculated by the followlng | |
WTR;DFXSDXTPXMF
where ,yThé? water table ratlng as a percentage'
DFgféﬂdegree of fluctuatlon rating

SD- -pshallgg depth ratlng.

TP F?tlme rating

MF modification factor rating



o ¥

‘ usingithe_déta, the ratings obtained for eéch‘well‘and

4.4.4 Water table classes

Five classes were used to group the water table ra-

tings: very ‘good, gogd, fair, poor and very poor. Defining

each class with a range of numbers created a problem. By

sound judgment, the class ranges were produced. The relx
ity and usefulness of this water table claSsification wil

be fufther discussed in the:following chapter; Table 4.10

. summarizes the classes.

Table 4.10

- Wateﬁ ﬁable classes and
orregpondlng range of ratlng .

Class . . T 'Range of percentage
very good (V¢) . 65 ~.100
- good (G) R o : 40 - 64
'féin>(fﬁ‘y e | 25 -'35.
' 7Y : T
poor %w)w L 15 - 24

very poor°(VP) less than 15

[2]
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- 5.1 Evaluatlng the Methods.

Chapter 5

- i . : q
RESULTS AND DISCUSSION
/
/

/

When studying drainage‘problems in any area, definite

'metvods should be developed. In turn, these methods must be

eval ated, applied and compared, before conclu510ns concer-
ni the'study areas can be.made. The following seCtions will

attempt to do thls.

Vi

The methods that were prev1ously ‘described have been

used in various 1nvest1gatlons whlch have been c1ted ‘ All

- of these studles used one method and therefore no comparlson
of methods could be made. There is an advantage of hav1ng

-several methods in that the area can be examined from dlf—

ferentap01nts of view. But there is also a definite dlsad—

vantage in that the 1mportance of each method must also be

frated.' Conversely, the method,whlch,best descrlbed the

dralnage proble@ should be used “The endvproduct w1ll be a

comblnatlon of conclu31ons obtained by each method

.-

5.1.1 'Aerlalgphotograph 1nterpretatlon

As stated 1n~sect10n 4.1, air= hbto'interpretation is
a useful technlque, whlch can be used in 1rrlgatlon dlstrlcts.

Unless accompanled by a field check the air photo 1nterpreta-

.

tion is not too reliable. However, 1f a fleld check is' done,

the unformatlon obtalned is quite valuable. ‘ ' N

A problem that often occurs when using l“nlal photo--v

'graphs, 1s their avallablllty. To accd%pllsh an accurate and w

5o . PR ’
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| e ‘.1"- | ) e
- ~up-to-date analysis, recent and full coverage of the area is

! a2 \..
_) .necessary, espec1ally in irrigated areas where surface con-
D ,' dltlons can change from year to year. This last statement

4 :,' ’ also 1nd1cates that aerial photo-lnterpretatlon should be

done qulte often 1n these areas in order to have suff1c1ently
. O .

reliable information.
g S '~ Another problem with aerial photographs is that they
“are taken mainly in the sprlng of the year. The- conditions

r'/jex15t1ng at that time mlght not be 1nd1cat1ve of the con-

. 9.
[

/ dltlons in the area. If average condltlons are. sought, the
a7 ’sprlng aerlal photographs w111 certalnly prov1de~1nformatlon'

.for the comlng sufmer.

¥

N , Aerlal photographs can a551st englneers ‘in - analy51ng

. A
. dralnage problems. " The maln advantages are that they

prov1de (1) a rapld overall v1ew of the area, (2) a certaln
d'H,ng degree of rellablllty and confldence in detectlng ‘drainage

Vﬁf ; problems 51nce the problems ex1st and (3) a map showing. the

L

present and obv1ous problems that are actua]ly there.‘ From
th1s 1nformat10n, a concentratlon of such areas could mean

l'v<jjloca1 problem, and a w1de dlstrlbutlon of such ‘areas could

e mean akreglonal problem , C i

\

If thls 1nformat10n 1s utlllze w1thout con51der1ng

¢
s

any other fa “_;, the value of the formatlon is quite | .
N T ~
a ;g llmlted. In coaj%nctkpnﬁ ctors such,as 5011

types, a&rlal photographs ca

shown in sectlon %«2
K- 4

s
e . 3 o 4
-f




5.1.2 Soil drainage classification he

Since the drainage classification of each soil type

was not 1nd1cated in the soil survey report of the S.M.R.I.D.,

these had to be established from the description and from
the System of Soil Classification of Canada (C.D.A. 1970).

This is a general type of'classification. Each soil type is

given a descrlptlon from whlch a dralnage class is selected.

it
]

The present use of the 5011 is. not belng con51dered nor
ﬂ .

. 1s the changlng condltlon of the soil being con51dered Even

\

.though the 5011 type is rated well -drained', this does not

necessarily imply that ‘all of these areas do not have a

2

- drainage problem. Managerial_problems accompanied by'local'

conditions create drainage prublems. The main use of the

+

soil drainage classification/is to obtain a general drainage

map of the area dlsregardlng any local effects.
&

55

In an earller sectlon, these 5011 drainage cla551f1ca—'

3

tlons were used thh the emp1r1cal dralnage cla551f1cat10n

.-in the selectlon of the dralnage classes. The soil dralnage

map provides a guide for other methods to be used If used
w1thout -considering other factors, this technlque has very Q%@
little value, but’ when compared w1th other technlques, this
soil dralnage map pﬁgzldes some ba51c 1nformatlon. |

5.1.3 Emp1r1ca1 dralnage class1f1catlon

_As prev10usly mentloned this method of land capabll-

.,r(

ity cla551f1catlon is w1dely'used In 'some cases the approach

used is qute -universal and can be applled in almost any area

SRy

(Fly 1961 Storle 1957), but in 1nstances where certain
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't1CSfare considered. R |

- (' o 56
i

/e

peéuliarities are present, th appllcatlon of the method is

/-3

‘restrlcted to that local area.

Of'the four factors affecting the soil drainage, the

depth'to the glacial till factor seems tofbe a regional one.

"All areas having a similar type dfgeologic,formation,such as

/ Lo
an impermeaple barrier at a fairly shallow depth, could use

>

such an approach. . : . ‘ o

One of the. greatest problems in using an empirica; ‘."A

v

c¢rainage classification is in making decisions. All fé?torsf

affecting drainage should not 'be used since some‘are-hwghlyvf

correlated. Therefore, according to the area, the farminé;

.practlces and ‘the. SOllS, only four lndependent dralnage

factors were con51dered to be 1mportant From the informa-
tion available for the area, certain factors’ceuld aot be
included,,sgeh as hydgaulic condﬁétivity of the surface soil.
instead, factors for which.information was,avaiiaple*here
developedvand rateﬂ. A judgment implication is evidentiA
both‘in‘the'choiee df»thevdrainaée'factor and in the,ratinq_
of'that'drainage factor." Cer%ain judgment fact9rs are §1$¢. ;
made b§7sdil_sciehtists intdistihgdishihg betﬁeenAsoilft;pes;'
The valﬁégbf'such an approach is worth only aa mgeh aa._

the 1nformat10n from whlch the ratlngs were obtaaned 'The;'

-s0il -survey data belng qeneral can only 1mp1y that thlS

- type of an approach is also- general. The spec1f1c p01nt

about this techglque is that only the dralnage characterls-
-
, L T oy

Two factors which were neglected.in this method are



~made when using thlsbmethod, the mathematlcal Eflatlonshlps

'ever,‘no.method can be'separated from any other without sig-

5.1.4 Water| table classificat¥on

)

the irrigation practices and the climatic effects. Under
certain irrigation systems some soils could perform better

due to better efficiency, thus improving the drainage con-

‘dition. ‘Since this managerial problem is very local, and
- highly variable, using such a factor would be impractioal ‘

in this study. Variable spring-conditions can bring about '

rapid snow melting and result in a possible drainage problemn.
These condltlons were not con51dered in this cla551f1cat10n.
Although there are some. dec151onsand judgments to be
éeem to combine the effects of the drainage factors and
produce .a drainage ratiﬁg.' A valuable advantage of this.

method is thet no field'data'is necessary to compute theo

‘drainage ratingS. The emplrlcal dralnage c1a551flcdtlon 1s

.used in conjunctlon w1th the 5011 dralnage cla551f1catlon to

‘establlsh the draina e)classes. ThlS means that both the
.'>501l dralnage classes and the emplrlcal dralnage cla551f1ca—

vtlon will be very s;mllar. If more prec1se data ‘ere avail-

o .. : L e
able, small areas could be evaluated using this metgod. How-
nlflcantly 1081ng some comparatlve value.f‘The empifical'V B
dralnage class1f1cat10n method is dependent only on the

soil survey géport.
’ -

If the effect of adverse water table conditions“is

.aseumed'to'peicaused'by-a drainagexproblem,.then using. a

‘water table:classification is acceptable. "In an irrigated

~

3
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area, water table condltlons _are of extreme 1mportance and

therefore are often monltored\ For this 1nformat10n to be

bvaluable, the'readlngs should be taken throughout the year;

In the case of this study, the readings were taken at two-

' month intervals throughout the year. Long perlods of record
vwould also be an asset 51nce they could prov1de more accurate E

) predlctlon data. For this study, perlods of record from 5

to 11l years were available. » | |

g .The .long- term averages that were used to descrlbe

,each bl—monthly perlod for the wells are an 1nd1cat10n Of

the ex1st1ng water table condltlons. These averages then 2
serve as a gulde in ratlng each well. The flnal ratlng 1s‘
based on_these aVerage valugs and apply only forvthe period
»of time_coveredu Since the water table is a time-variant
factor, this type Of classification'shouldjbe repeated"

-often. For~comparlson p0551b111t1es these ratlngs could be
done on a five- year ba51s and verlfylng the prev1ous flve
years with the followrng five years.  The ‘length of record .

‘was not sufficiently long ‘to- attempt this and therfore only'
one cla551f1catlon was p0551ble in thls study.

The areas represented by the wells are assumed to be
of equal value. Each well represents an areavof one square
Amile. In. reallty this mlght not be the case, but there was
. no alternatlve than to accept thlS. Dav1s and Matlock (1973)
{report that fog}a general type ‘of study, as. conducted here,“'
a node spa01ng of 4 miles for the ‘wells prov1ded suff1c1ently
'accurate data? Since the wellsiln the_ba51n were on a one-'

4
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_ square—mlle grld the wells do represent a suff1c1ently

r“

‘vaccurate 9rog dwater position. Each well is a self- con-
: j'hl 2ty ~l ’ V ' u‘
talnedxﬁn§ éélch descrlbes, for an estimated area, the

ﬂb’ 0&‘

water taﬁﬁe’h&hdltlons. When the wells are compared, so are

i ’ \

the areas they represent “ -

The flrst three factors used for the water table
cla551f1catlon (degree of fluctuation, shallowest depth
durlng the growxng seaso. .1 the time at wh&ch shallowest
depth occurs) described the wate:x table from a max1mum .and
mlnlmum p01nt of view. The other four readlngs between the
maximum and mlnlmum were not belng con51dered * The modifica-
'tlon factqr that was developed uses these "'in-between' *
readlngs to further and nmore correctly rate the water}~’

table._‘

" The soil types, the crops, the irrigation system used
!

and the climate were not consrdered in this 1a551f1ca-'
tion. The wells were not 51tuated on a}l t:@ st types,‘
therefore thelr relatlonshlp could not be determlned
Furthermore, the cllmate, more spec1fically,»the precipita;
tion does .influence the,water table fluctuatlon (Rapp ‘and
van_Schalk 1971), but all the wells here were under the
same climatlc condltlons. Since the comparlson of wells is

'w1th1n this area, there was no need to con51der prec1p1tatlon.

‘The _crops and the lrrlgatlon system used are hlghly varlable -

from year to year, therefore‘ﬁaklng these factors dlfflcult
'and 1mpract1cal to use. The length of record of some wells‘

’was shorter than others. Thls affects the averages and the
: S . v
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aver affect the ratlngs For this analysis this
was 1gnored L ;o /

5 2 Appllcatlon oﬁ*Methods to Actual Areas
- : /

%wo\study/aﬁgas were selected to test the valldlty

. and the usefulness: of these_methods. ~For each area, all

RS

‘methods c1ted were applled so that a final drdinage rating
can.be presented.

// 5.231' South Fincastl dralnage pasin

\\\<Aer1a1 photograph 1nterpretat10n

A map show1ng theponded secpage andvsallne areas 1s
presented in flgure 5 1. The term 'wet area will be used
' ,15 lleu of wet. seepage and sallne areas. . The concentra— B
.ﬁtlon of wet areas 1s malnly 51tuated in the north-west side
" of . the dralnage ba51n. “The contour llnes 1nd1cate ~a.slight
.rorth-west slope .on the.west half of the/o:al.age basln
Follow1ng these two observatlons, a. relatlonshlp between the
_grouné sun&ace topography (10 feet contours) and the concen-:
“itratlon of wet. areas seems to ‘be present Another observa-
Tw-": ﬂtlon made from a- comparlson of the wet areas w1th the water—h
dlstrlbutlon system rqyeals that most of the wet areas occur
falong the canals. The underground water movement in thls
. "area is’ probably in the sane dlrectlon as: the slope of the
surface topography. D
B -In the- northern part.of the dralnage ba51n, whlch
xcon51sts malnly of Cavendlsh loamy sand 5011 there occur
fa cOns1derable number of wet areas._ The llght textured pro-

-

. file comblned w1th the lower elevatlon could contrlbute torj;,
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5 . . o :":“ .
such a condition. The“lateral movement of the water down-
0

slope along the contact of the underlylng till can .cause salt

accumulatlons lf the t111 contact comes within the caplllary
4

range. This. cou;d be the case in some of these wet areas.

'Also, the canals, which are located in this llght -textured

soil, could lose con51derab1e amounts . of water through seep-
age. Th;s gltuatlon is very notlceable from the water
dlstributlon system map (Alta. Dept.-of tne Env. 1970).

Soil dralnage ‘classification

The 5011 dralnage classes obtalned for these soils: are.

B b‘*ll

;shown in table 5. l, along wlth some other 1mportant dralnage

'characterlstlcs. The north'half of-the qralnage basin shown_’

w,/

in flgure 5.2 1nd1cates that this area is mostly rapldly

dralned w1th.some.small areas rapldly to moderately well-'

“‘drained. The southern part is’ classed as mostly well dralned

to moderately well—dralned. Many areas have a twq class'

hY Wl

rating. All of these 5011s have a better dralaed surface
sectlon than a subsurface sectlon. The water movement down—
wards does not present a problem unt11 the lesser dralned
sectlon is encountered. The problem areas would‘be located
malnly in the central portlon oﬁ the dralnage ba51n, where

,,g“ f,{,-_ iy

most of the shallow sorls areg’ gated.

The main concernﬁln an area where two definite soil
. . . ; . : S

drainage classes exist for some soils, is.cheCRing the

_difference7between the two classes. If, for example, the.

Purple Sprlngs loamy sand soil is con51dered the top sec-

tlon belng‘rapldly dralnedfwould only mean a faster-accumula—y"

N
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tion of water‘“vervthevmoderately wellfdrained section.

X 4'(,

The result is ev1dent in some. cases. The soils that will

_nave the most problems are the PurplerSpring loamy sands,
'followed:by the Cranford loams, Antonio sandy loams and

L , A/ .
‘the Bingville sandy loams. The other soils can also have

certain drainage problems but the more siisceptible ones are

cited."

 There are many other factors affecting the drainage

3§s.mentioned before but this s?il drainage classification

neglects most of these and deals with the virtually unchang-

vlng soil only o A | p‘ ; C -

Empirical drainage classification
The information'USed'fornthis'empirical drainage

classification'is presented in table 5.1 All of . the listed’

.-so0ils have been described. ' The classification which is

shown in table 5f2hgroups'the‘various factors, thuS‘produc—

] Ty \ ‘ e _
'ing an average rating' for each soil type. Each soil type

,has two ratings because of the topography factor. An

emplrlcal é&alnage c1a551f1cat10n map for the area is

presented in flgure 5.3. Slnce the 5011 dralnage classifi=

catlon was used to determlne the class ranges for the

emplrlcal dralnage clas51f1cat10n, they are very 51m11ar.

The shallow 50115 in the southern portlon of the

ydralnage ba51n are’ rated mostly >ganoderately well dralned.

The topography is drastlc in some cases, even plac1ng the ;

ratlng in a lower class. The dralnage ratlng reveals the

N
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importance of the topography,factor. The soil survey
report (Bowser et al 1963) mentlons that some soil serles'
do have saline and dralnage problems because of the |
topography. / | |

_Moderately well-drained soris‘are borderline cases,
therefore their condition may‘not always be very 'stable in
time._ Under varlable 1rrlgat10n condltlons they could
improve or become worse. This map (figure, 5 3) alds in
detecting these problem areas and offering some solutlons. '
'Topographlcally located above the rapldly drained area,‘the,/4,
‘ moderately well—drained soils present'some problem. ‘The
spring water and summer 1rrlgatlon waters are slow to move A
‘through this‘moderately well dralned area. -By the time  the
.water has moved laterally down to the rapldly dralned soils,
>the hot summer alr is drylng the soil, leayang saline areas
in the rapldly dralned,areas. |

Slnce the 5011 characterlstlcs will not change

too rapldly, the only sen51ble solution is to adapt and
\1mprove the 1rrlgat10n system)lnmthe area. Irrlgatxon is

to be used w1th and not agalnst, the 5011

' Water table cla551f1cat10n . ;7 b.;p' . A

28

The observatlon well readlngs in thlS drarnage

baSLn were summarlzed acpdrdlng to the prev1ously descrlbed

@o o
technlque (table 5. 3) .’The water table c1a591f1cat10ns

were then obtalned for each well These water table

: cla551f1cat10ns for each well are llsted in table 5.4 and

.shown on the dralnage ba51n map 1n flgure 5. 4 Each well‘

AREE z
L . B P . . -



Table 5.3 ,
Average water table depths below ground surface and standard
deviation, in feet, for the wells in the S.F.D.B.

Well‘No. Jan Mar Méy  ' Jul Sep Nov

Zd

1 mean 9.04 5.75 4.83 6.61  8.08 . 8.56
s.d. 1.895 3.786 3.378 2.372 1.946 2.023

3 mean 5.25 © 4.23  3.07 3.84 4.39 4.66
s.d. 1.040 1.530 .756. .935 .792 1.083

4 mean 5.35 4.08 2.82 . 4.03 “¥3.96 4.71
s.d. 1.450 2.482 1.947 1.769 2.347 1.473

8

5 mean 7.77 6.87 5.26 5.8l 6.13  7.15
s.d. 2.029 3.159 2.767 2.405 2.215 2.008

7 mean 5.15  3.36 3,11 3.96  4.72 . 4.72
~ s.d. 1.066 1.973 1.440 1.298 1.699 1.218

3.00 2.69 1.46 2.03 2.29  1.90
-708" 1.470 '1.489 1.412 1.528 -1.554

8.95 8.08 6.19  7.28 8.73 9.42
1.504 2.312 2.466 1.714 . 1.523 1.174

, 6.34  4.98  3.55 4.55 5.23 5.14
1.408 2.170 1.562  .828 1.083 1.822
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is assumed to represent one square mile whlch is outllned

—

%4@%On the map by a dotted line. AdJacent areas having the

J»f

ﬁ #same class were grouped together to produce a 51ngle

“

',larger area._ The wells that were omltted when summarlzlng

the data could\not be 1ncluded in this map.

The worst area is represented by well No. 8. 'Most

- 1

. © S
of the. bl—monthly averages for this well are close to two

feet below the ground surface. 'This area definitely has“

a water table problemif

3,4 and 7 were classed as poor. In this area, the water

Adjacent"to this area, wells No..
table depth can remaln at less than four feet for part of
the year. In future years an eventual problem could

_result. The central part of the basan should be 1nvest1—

'gated in greater detall to determlnq the causes of thlS

g water table condltlon.- The areas rated falr are similar

to the moderately well dralned areas in the other
»cla551f1catlons.f Under certaln management there would not.
be a problem yet there 1s a p0551b111ty that one could
'ex1st The area surroundlng well No. - % belng rated.as
dgood,ipresents~no 1mmed1ate-problem. k |

| From thlS map an . lndlcatlon of the problem is
deflnltely visible. The areas of lower elevatlon have
bullt up a water table whlch has become qulte Serlous. Of.
,the wells tested half of them had a water table classrfl—
catlon of elther poor or very poor. The dralnage ba51n .as.

a whole represents a dralnage problem and certalnly requlres'

—

-

~N

Z\./'\
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b'additional attention.

5.2.2 MacLaine drainage basin

e

- Berial photograph interpretation = o , \

i

A map showing the wet areas is presentediin
figure 5%.5. The term 'wet areas',wlll be used in lieu of
ponded, seepage or saline areas. The dlstrlbutlon of wet
areas is falrly even except for a sllght concentratlon near
the west end of the drainage basin. The 25-foot contour~
lines (Nielsen 1968) were superimpoSed on the area to

’ . ’ v 7 o
: further investigate these wet-spots,“Thé‘western portionv
‘has an irregularrtopography; sometimes guite steep. This
could explain'the more‘numerous_wet areas on the western
side. The other scattered wét areas could'indieasj:fgly*’ '
that the problem is local and not reglonal )

The heav1er textured 50115 (SlCl CL) and medlum
tektured soils (SlL L) do not present any obv1ous .
dlfferences as far as wet areas are concerned The

1

dlfferences coulo lle deeper in. the soxl proflle The .

‘Coaldale 51lty clay loam soils are deep whlle the Lethbrldge

silty- loam-501ls possess a glacial deposxt whrch averages

flve feet in depth -This tlll .can . affect the'internal
dralnage whlle the deep Coaldale 51lty clay loar 50115 have

. more or less unlform dralnage throughout the 5011 proflle.

: dThe aerlal photograph Interpretatlon reveals that the

rougher topography comblned w1th the glacial till could

present some dralnage problems in this area.

s
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Soil drainage classification
- The soil‘drainagemclasses'obtained.for thesevsoils

are shown"in~tab1e ‘75 along with some other important

dralnage characterlstlcs. The eastern half of the dralnage“

" basin is malnly classed as moderately well dralned whlle

‘ v

the western portlon is*mainly well—drarned (see flgure
5.6). The dlfferences here are due to the two general soil

,jtextures of the area, heavy and medlum Thls 1nd1cates

)

‘@*that the Lethbrldge S - lty loam 50115 are. better dralned tr.an
@fhe Coaldale 51lty clay loam 501ls. Thls is true 1f no 'vv£,~

é'other factor 1s consxdered such as depth to tlll and

ﬂ

topography. The unlform texture of the~Coaldale silty
' clay loam proflle shonld prov1de better dralnage condltlohs
when the water is in the soil proflle. The problem then is
ithe penetratlon of the water into the 5011. In éﬁe
. Lethbrldge 511ty loams the reverse 51tuatlon 1s present.

The water canﬁpenetrate more readlly into the 5011 but then

<y

the glac1al tlll;prevents further rapid dralnage.g When

\

'Jrrlgatlng these 50115, the ma1nLConcern should focus on

3
f

the system of lrrlgatlon used and the, eff1c1ency of the o

oy

L,lrrlgatlon system. = B S _ el '.' R

: S L ‘ ' & o

Empirical drainage classification - ‘ :
— s —

S

'From the data obtained; from the soil stirvey report
c R : S s » . oo

which are listed in.table,5.5} the ratings of each'soil
were-obtalned (see- table %Kg)'» The map produced from these

‘ratings is shown in figure 5.7. ' This map is almost

B PR . ) R
« .
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1dent1cal to the s01l dralnage map (flgure 5 6) Thls'
lwould mean that the two factors prev1ously dlscussed

(depth to till and texture) probably cancel each other out.
"Even though the Coaldale silty clay loams possess more un1—
form ‘internal dralnage: rapid Bnltlal dralnage of the upper‘
proflle accompanled by uniform 1nternal dralnage 1s ‘often
better for 1rrlgat10n.,

For thlS dralnage 1nvestlgat10nltechn1que to be
more effectlve,Qdetalled rather than general descrlptlve
lnformatlon would be requlred For example, more accurate
tlll depths would mean another more prec1se deflnltlon)bix\

the depth to tidl factor.' Slmllarly, the ‘Same can be done

(\
for the hydraullc conéuct1v1ty. THese new. deflnltlons

PN -

- cannot be used on ‘a large scale basis 51nce the lelSlOn of the'

areas would be too small. Wlth a general 1dea map"f

produced by the emplrlcal dxalnage cla551flcatlon, smaller

- L

e

areas can be selected and then studied more carefully. qF

&

;Water table cla551f1cat10n‘
| . The well readlngs in thls dralnage ba51n mere..
summarlzed acCordlng to the technlque that was prev1ously. B
descrlbed.’ Table 5. 7 llStS the b1—monthly averages of each
well along,w1th thelr standard dev1at10n -

- 051ng thlS -data, the wells were then rated Most
of the wells are rated from fair to good (see table |

5.8), “Well No. 2 was rated poor and wells No.9 and 13

'were rated very Poor., These three wells were located on the
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Table 5.7 - Y ,
Average water gaBle depths below ground- surface and standard
dev1at10n, in feet, for. the wells. in the M.D. B :

' We;I No...- Jan: Mar May - Jul v Sep Nov -

i‘-gy_-

“1':mean '5.89 ' 4.36 4.59 5.01° 5.68 5.69
< sia. | .908 1.227 1. 265  .631 .551 - .82l
"2 mean “4‘70 ©3.47.43.34 3,49 . 4.13  4.67

o 8.d. . .B97 . .529 7383 1.111 L858 .7es

"6 mean  4.7%  3.09 3.57  4.96  4.40  4.05
. s.d.. 1_364j 1.238 1.084 - .653 1.189 1.639

7 mean 7.20°°°6.77 - 5.54  -4.73  5.79  6.76
s.d. .791 - .995° 1.295 1.300  .584 .970

8 mean . 6,58{144;09A_ 4,20 7.42  7.31 6.43
s.d. l.462° 738 1.188  .646 1.517 1.500

© ‘9'.mean 5.4 3.79 . 3.04 2.66 '2.76  4.09
.s.di .753 .0.650 765 1.358  .733  .834

‘fii{meéh,';§,181,,4;10 4:48 4.39 's.44  5.02
s«d. 1.616 0 .756 :;;0241fl 403 2. 218 2.169

12 mean  5.42 3. 74f~’3’67 4. 4o‘f 4,46 4.70
s.d. 1;708: 1.904 1.635 2 085;‘11595 1.323

13fmean 4,30 2. 12 2. 65“ 2021, 2:28  3.32

S s.a. 6843 2308, .600 588" 518 , .831
'_"Lijmean 573 4 B82,:75.07 ° ,5.95. ‘5284 - 6.06
. s.da L 67la 1 829;, 911 1446 25575 1.781
L% 16 mean - 8. 06,7 2.64 3. 70 3.60 4 10 5.0l
S isad. 112660 L6997 L7847 354 0255 L4250
‘;'fié;méah’a“7L75ﬂ?a6}3;f‘ 6.52 5. 48““ 6;7315*7;03';
s.d. 2,079 1.622° 1.258 1.057 1.148 2.002
ﬁfis'mean,'l4159. 3.38 3.98  3.497 3.76. 4.24

" Usid.. .978  .409  .436 ° .726 - .663 .195

[ S
(SR

6.06.

20 mean  5.90 3.51 4.07 5.38 6.27, ,
D .632 .

s.d.  1.507° 1.363. .05  .854 1.211

9.15
VL4240

21 mean © 9.71  9.65 9.08 .8.35 8.88
- :s.d. .270 © .430  .729  .486  .590"

T



‘,“Table95;7 (continued)

Jann“

" Mar

May “Jul

—

Sep

Nov

4 mean
s.d. .

6.83.
666

'6.05
1.054

<

6.52° 6.58°
1.234  .993

7.02
.850

6.95

.704
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Coaldale silty clay loam soil (see figure’5.8). The other
wells were rated somewhat better. The Coaldale 51lty clay

loam has’a water table clﬁ551f1catlon ranging from very

- poor (low) to good (hlgh) In these areas, ‘when asse551ng

the dralnage problem, this fact should be 1nvest1gated
further._ Local effects such as canals nearby or poor
irrigation efflciency can drastically change the water table
near thevwell. With better management some areae can be
improved. | o

The heavier textured soils 'in the east.portlon-rate
lower than the medlum textured soils in this dralnage basin.
The Lethbrldge loams react more favorably to the addltlon .
'of 1rrlgat10n water. HOWever, the west portlon of the
_drainage basin'could.be a possible problem'area_due to‘the
'topOgraphle_ Lo, o f“.;\l

W~ Thevproblem area in. the east portion has allower

elevatlon than the better classed area. Some of the excess
water of the upper reglons probably flows towards the
northeast region of the ba51n._ The accumulatlon of - water
in that area can cause the water table level to. rlse.
IW1thout the Malloy draln pa551ng along the northern boundary
. of the ba51n thls problem could have been more serious \
Nlelsen (1970) |

The two wells that were rated very poor are . not
beyond 1mprovement. The water table averages were always
deeper than two feet, A local, on—the—fleld;1nvest1gatlon'

.

w

E
s e
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B

w1ll probablyrsuggest a solutlon since manm factors are
‘:not con51dered here, such ‘as a nearby canal or local
topography. Nevertheless,.the areas that are "'in trouble
‘can be located and a more detalled study can be undertaken.

5.3 Comparlng the Technlques

The value of the methodr can be justified only by
comparlng the results of each technique and" obtalnlng some
flnal conclu51ons. As stated before, the analyses cannot

. be separated 51nce ‘often one method depends. on»the'other.h‘

The final dralnage cla551f1catlon 1s to assemble all of the-

conclu51ons from each method and determlnlng the severlty

[

of the problem.

5.3.1 South Fincastle drainage basin
Most of the wet areas found from the aerial

. ' . ' . v ,
photograph interpretation correspond to the areas where the

[
[

"very poor and poor water table conditions exist, _Téis‘west
hcéntral portion is composed of u;rious soil t&pes thus
presentlrg a’ dlfflcult prdblem'ln 1nterpret1ng the drainage
of these areas. Both the 5011 dralnage class dnd the
emplrlcalldralnage cla551f1catlon nethod show that thlS area
 is mostly a moderately well- dralned area. ThlS means that
the 5011 moisture ln excess of fleld capac1ty remalns for
Ta smallabut 51gn1f1cant perlod of the year (C.D.A.", 1970)
| In the - rapldly dralned 50115, such as the Cavend;sh
loamy sands,;many wet areas were found Thls'fact was
megtloned in the soil surVey report (Bowser.et‘al 1963)a‘

~
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.v, |

7~ accumulatlon. This area corresponds exactly wluh the small.

“

4,

: #

?/ sectdon 5, ‘townskip 8, range 15, there was an-area of salt

e

N

» . N - : -
W R "' ’*;5- @ . . . ¢

. flnal concluélon however is that thr} area does have a-

.

e - {

. where the lateral movement of water along the tlll can causﬁ
g

some - sallne accumulatlons 1f the till depth 1s w1th1n the
»

caplllary range. Slnce there were an insufficient number
d 8l

@f wells located in that soil- type, the only 1mmed1ate

R

concluslon was prov1ded b7 the aerlal photograph%.; Even
tthgh,the 3011 is rated as rapldly dralned by the 5011

dralnage map and the emplrlcal dralnage c1a551f1catlon, the

A . f"’

dralnage problem,and a - further 1nvest1gatlon is warran}ed
- &

The small area of ' Wardlow loam, \the only solonet21c
soxl was found to be cau51ng some salt accumulatlon negr

‘ B
the surface./ ‘The aerial photdéraph 1nd1cated that in

«

.

v

u:} %
-.area odeardlow loam All solonet21c soils should be

)

speCLally treated an%}careful attentlon should be g1ve1 to

N

them. Thls problem area can expand and cause problems

“w

~
[

;Jhe surroundlng areas. VJ,

"

. T The shgllow 50115, such as the Cranford loams and

¥
the Purple Sprlngs loamy sands, are located on a sllghtly
hlgher elevatlon than the rest of éhe basin. “This musﬁ have

an effect 51nce both the water table cla551flcatlon and the

5

wet area map 1nd1cate a falr to good water table condltlon
: N :

"*and very few® wet areas. The other two dralnage maps*

1nd1cate a moderately well -drained spll in that ‘area.

-

o

»
2y

Therefore t&e hlgher elevatlon areag show that there is no

1mmed1ate problem here.

. . g Iy
K PR . - ‘ . RRC NN
- T, . -
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5. 3 2 MacLalne dralnége ba51p ’, _ “
; ] Y] ’ ‘
(/ The water table clas51flcat10n, as mentloned before,

%

\ -
reveals that the west portlon has 42 water table problem.

Yet from the wet, seepageUand Sallne areas in the west
e
portion, a drainage problem se@ms to exist.. The topography

is classed as gently sloplng.: The slope of the land elther
alds the water table movement or hlnders local dralnage. \
‘The two cases offer dlfferent results. Thls area is mappéd_
as mostly well dralned by the two dralnage cla551f1catlonsf
The Lethbridge loams, which foym_most'of.this west.portion,

contain some salt in the Cca horizon. If the till depth ~

is within capillary range,-u;en salt accumulatlons appear

;at.the\su;face. Other. lo&gf condltlons probably affect
thlS local effect and a more detalled 1nvestlgatlon would\\
‘be. very useful.‘ o |
. The moderately well dralned Coaldale 511ty clay loam

covers most of the east portlon. Wells No. 9 and 13, whlch ]

re located at the most easterly part of the dralnage ba51n,’

-

were rated as hav1ng a veny poor water table condltlon.v All

Y-

- of the ‘water that 1s applled for 1rrlgatldn eventually

‘ reaches the downslope p051t10n and builds up on the flatter

2
“_areas. The Malloy drain, borderlng the draihage ba51n,A

.:certalnly aids in’ rellev1ng this water bu11d up. The heav
\

_ texture has caused a few wet areas to appear ‘at the surface.
As mentloned before, most of the west d1v1sxon oﬁ—the St.

.Mary 1rrlgatlon pro;ect is a recharge area and .\erefore

]
~

~N
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. . | e
the water table should not become a problem. Irrlgaélon

and;drainage practices should be special for this heavy-

textured soil. |, o . ' . ' Qg‘”
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Of the two 1nterpretat1ve methods,;o

‘well'reCOrds‘obtaihed‘

»

N

// : Chapter 6 R ‘: o <

° . SUMMARY AND CONCLUSIONS

L] .
¢ . . o : _ o
Four drainage 1nvestlgat10n technlques were develop—

ed in order to evaluate drainage problems dn seme

1

. southern Alberta 1rrlgated 501ls. Two methods were

B 1___\

f >

1nterpretat1ve while the other’ two were emp1r1cal

T

ne used the 5011

Gl

survey report of that area to evaluate the dralnage
3

problem of the area whlle the other used aer1al

photographs.l The 5011 survey report prov1ded a

b

base for ‘all’ the other methods._ The aerlal photo-
Qraph utlllzatlon proved qu1te useful and successful
in ;etectlng problem areas.v.

: s
The emp1r1cal technlques exanlned the areas from

‘4‘two dlffere t polnts of jhew. The emp1r1ca1

" drainage claSSLflcatlon based on the Storle-Index,

used o ' 'réselected characterlstlcs related to

* -

the dralnage of water ln the-501l Slnce the data
; s

used was general " the result ‘was also al general

map. The water'table,ela551f1catlon-made use-of

Department'of the

. mrj.‘" o t?m .
R
Env1ronment,\iethbr1dge, Alberta.‘ Descrlbed by fourr

t

phy51cal factors and- one modlflcatlon factor, the

ﬁwater table cla581f1cat10n shows areagﬁyhat have a

water table problem.,- - : -W

s : | 91
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r'features were lncluded in. the map*

’
N

‘iéfA statistical methqd for summarizing the water

ztable data was developed. Slnce each well readlng
was t?ken at a two—month 1nterval bl-monthly

averages were determlned for each well ‘after hav1ng

\

dlscovered that the water table had a one—year cycle.
\ : .

Lt
WL

LN

‘ Vg v
ic contour llnes.~ These added features were help—

At \J
~

£G4l in explalnlng some of the problems.vji

These four dralnage 1nvestlgatlon technlques were

- Critically evaluated The advantages and dlsad-

~

vantages were compared but the nethods were not

' compared with each other. The known llmltatlons

of each dralnage lnyestlgatlon w1l% result in moreh

conservatlve conclusxons.

Two areas were then examined using these developed

technlques. ., The South Flncastle Dralnage Ba51n of

'the Taber Irrlgatlon Dlstrlct ‘and the MacLalne

Dralnage Ba51n of the St Mary S Rlver Irrlgatlon
e

DlStrlCt were chosen”as the study areas All of

the necessary data and 1nformat10n was obtalned for

the. areas. The 501ls that presented some problems

we;nj%he Cavendlsh loamy sands and the Coaldale

¢

- 51lty clay loams. No generallzatlon could be made

3
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By comparlng the four dralnage 1nvest1gatlons fOr

from this since only two small areas were studied.
L. . S,

. o < C : ’ . I
- 'The problem sometimes was due to location rather

than"eoil type, Which waslthe case for the

Lethbrldge loams.’ For studylng small dralnage
{ .
ba51ns and determlnlng general dralnagg problems,-

'these methods proved qulte successful.

‘

Slnge factors other than the 5011 were found to
5\

affect the general dralnage problen, thlS would

1nd1cate that p0351bly some of the neglected factors,

such as an 1rr1gatlons-system, water distribution

‘system, etc., might 1nfluence the dralnage problem.

each area, often a problem area, such as ‘an

'accumuZation of Wet areas, could be explalned from

the high water table or from a shallow proflled soil

"
- o

in that area.‘"u

‘The methods developed are not perfect for d@gcrlblng

-_the dralnage problem but they offer some. ‘way in’

thph to obtain relatlvely qulck and rellable

' 1nformatﬁwifon 1rrlgated,901ls in a partlcular

location. The same soil in a dlfferent environment

areas that were'studied.

4
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1

important.. if located fo; cqhve' gnce rather .;.\,], L
: '4' !\9 i a . N( o4 : S K "' N .
than for accuracyﬂ then the wells are not well
' / LA

51tuated The well locatnon shoul& bg'at a‘dlstance

( - - ~
from canals, borrow plts and- roads.r The bes

.70 * "
locatlon is determlned from the“iqé%l topoé%aphy

5

A grld in thlS dase is not necessary”

'v o
-The number of readlngs taken per'yea r}l%oepend

on staff number,~f1nances, etc., but ‘an eﬁfort should ’ff

IS G

water table p051tlon. The tlme 1nterval should;be

keg; as constant as possxble. Another 1mponeant-fif “‘g;

94
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to the‘next A standard form should be developed
an
for all dlstrlcts so that all ditch-rider records

1n_every.1rrlgatlon progect w1ll have the'same*f
format. Every aetall should be mentloned f%dm the
stream 51ze to the number oq acres of crop belng

grown Some pro;ects prov1de thls-lnformatlon

_but they lack 6rgauization. o ’/D.

Mbre detalled 5011 information is a deflnlte

nece551ty. Areas that warranted further 1nvest1—

l

gatlon w1ll requlre more accurate 50115 data

f'Part of this soil 1nformatlon 1s the depth—of-
5t111 to determlne the till contours.} Hydraullc

\conduct1v1t1es of both the 5011 surface and the

-

subsurfabe should be ‘determined.

When. checklng a dralnage problem in a small area

'/(farm size) the first step is to evaluate the

1rrlgat10n system eff1c1enc/,//fhe most 1mportant

.part of the evaluatlon is to .record the time’ the

'water,ls turned on to the land and ‘the length of

\

~trme it is applled. ‘This" added 1nformatlon could®

- .

a1d in explalnlng why a dralnage problem ~occurs.



—~ - Chapter 8' ' N
. . ‘_ ° . X ° o /‘ ¢ y 7 !
‘/fh\ ' . REFERENCES /| | \ I
. ) L . ~. S .
Alberta,Department of ghe“Environment. 1970.&;@& r .
ot irrigation district distribution System and irrig-
@& able land distribution. alta. Dept. of Envirnt., o
AT Water Resources Division, Lethbridge, Alta., Can..

beauchamp, K.H. and G;B,.Faskeh; 1955. Drainage o }j 
recommendations. by soil types. Agr. Eng. 36 ( )z o,
248 - 250. L T A

by

Berrv, W.L. and E.D. Stetson.  1959. Drainage problems of
the San Joaquin Valley. 'Proc. A.S.C.E., J. of Irr.
and Drainage 85 (IR3): 97 - 106. : QQ’

~Owser, W.E. and H.C. Moss. 1950. A soil rating for

- irrigation land in western Canada. "Sci. Agr. ‘30
(4): 165 - 171. |, L ' .

~owser, W.E., T.W. Petersvand.A.A.\Kjearsgaard W« 1963.

" Soil survey of the eastern portion of St. Mary and
3 Milk Rivers development irrigation project.. Can."
Dept. of Agr., Alberta Soil Survey Rep £t No.. 22,

! U. of Alta., Edmonton, Alta., Can. - z; ' }

Canada Department of Agriculture. '1960.  Land classifi-

' cation of the Bow River Project. Prairie Farm
Rehabilitation Admin.,. Regina, Sask., Can.

Canada, Department of Agriculture. 1964. "Handbook for the

‘ classification of irrigated land in the prairie
provinces. Prairie Farm Rehabilitation Admin., -
Regina, Sask., Can.. ' :

Canada Department of Agriculture. 1970. The system of soil.
o ' classification for Canada. Queen's‘Printer, T
~Ottawa, Ont., Can. L ; - .

Chow, V.T. (ed.). 1964,;Handbook of applied‘hydrolbgy.' T
) -McGraw-Hill Co.,. New York, N.Y., U.S.A.

Davis, P.R. and W.G. Matlock. 1973. The effect of data
E density on groundwater_contouring accuracy. Trans.
Amer. .Soc. Agr. Eng. ;6 (6): 1112 - 1116.

SN



A.-“'
D s S
Dehﬁ J.E. .1961. Investlgatlon of soil’ suatablllty and ™
land classification for irrigation development.
Paper presented at C. S A E. meeting, Regina, Sask.,
Can S ” W\ . ' A
chkey, G. L and W.R. quhnston. 1973. 1Development of an .
. ' . agriculturdl drainage guldé., Trans.- Amer. Soc.
Agr. Eng 16 (1): 97 - 99,

Donnan, W.W. and G.B. Bradshaw.'%19§2 Drainage
o vlnvestlgatlon methods for irrlgated areas in
western United States. . United Stdtes Dept. of Agr.,

Soil Conser. Serv1ce, Tech Bullkh1065,-Wasn1ngton,‘?/,
: ; g

b.C.,_ U.s. ‘A,

Fly, C”L "1961. The soil drainability factor in land
“'classification. Proc. A.S.C.E., J. of Irﬁ and
Dralnage 87 (IR3) @46 - 62. , . v
Gardner, W. and.O.W. IsraelsenL 1954. Drainage of@he
. Cache Valley Lowlands. r. Ext. Sta. Bull. 368,
: Utah State Agr.- College, Logan, Utah, U S.A.

Geiger, K.w. 1965.‘ Bedrock topography of southweotern'
T Alberta. Res. Council of Alta., Prel. Report 65 -1,
Edmonton, Alta., Can* .

-

P

-Hanson, W.R., A.T. Johnson, W. MacKenzie, D.L. Paxman and
" 'C.L.Sibbald. 1958. ‘Report of the 1rrlgat10n
. committee to the Government of Alberta. Published
in Edmonton, Alta., Can. - o .

Harris, K. and V,E. Hansen. 1961. Relat1ve productive’
~value of land. Eng. Exp. Sta., Utanh State Univ. of
Agr. and Applled Sc1ence, Logan, Utah, .U.S.A. -

ﬁiler, E.A. 196 QuantLtatlve evaluatlon of crop dralnage'
requir ,ents. Trans. Amer. Soc. Agr. Eng. 12 (4):
A05. ' - g ‘ :

- Hills, G.A.,)P. Lewis and I.L. McHarg. 1967 Three ~
approaches -to environment resource analysis. : &_
Landscape Architecture Res. Office, Grad. School.

"of Design, Harvard Univ rsity, .Corservation Foun-
datlon, Washlngton, D.C.\, U.S.A." ’

-

g&' .
Hobbs, E.H. 1970.  The agrlcultsral cllmate of the
a Lethbridge -area, 1902 -.31969. Agromeﬁerol Pubi.

l, Res. Sta., Can. Dept. of Agr., Lethbr;dge Alta.,
Can. - ' ‘

97



“Luth%n, J.N. (ed.). :1957. Drainage of agriéulknral

\

f«-W1sc., U.S.A.

1 Malerhoffer, C. R. 1958.

lands. Amer. Soc. Agron.,Monbgraph 7, Madlson,

~

Dra1na6e in relatlon to a

permanent irrigation agriculture.. Proc. A.S.C. E-,
J of Irr. and Drainage. 84 (IR1):s 1506-1 - 1506 8.

Maughan,"J.H., O.W. Israelsen and E.G. Hanson. 1949; i

Drainage distric
Utal Agr, Exp. S

Mceracken, L.J. 1966.
district Califor
' ,Qallf., Cal}f.,

.McCracken, L J. 1973.

ts in Utdh, their activities needs.
ta. Buld. 333, Logan, Ufah, U.S.a.

Dralnage study of Salano 1rrlgat10n
nia. Agr. Ext. Service, Univ. of
U.S.A. - '

4

Personal communlcatlon. Alberta

© Department of the Environment, Lethbrldge, Alta.,

($ o ,Can.

Means; T.H. 1930. Dralnage of agrlcultural lands. Trans. -

AmerZZSoc. ClV.

Mlllette,vG J. F et W.E.

¢

ERg. 94: 1425 - 1447.

v

‘Searl. 1969. Ind-ces de capacité

agrlcole pour les sols des rapports pédologlques ‘de

"1'est du Canada.
26 (3): 3 - 10

ation des Agronomes de la Province de Quebec.

) Milnej'R.A. and E. Rapp.
: - problems. Publ.

g ¢

Tiré-a-part de la revue Agrlculture,
,publlee et distribuée par La: Corpor—

[

1968. Soil sallnlty and dralnage
- No. 1314, Can. Dept. ot Agr.,_

Ottawa, Ont., Can.

Mltshell J. 1939. A method’for obtaining a comparatlve '

..rating of Saskatchewan soils. Sci. Agr. 20 (5)-

281 - 284.

Moss, H.C. and W.E. Bowser. 1961.. A rev1sendyethod for
rating irrigation soils in Alberta a

AV
;
\

Saskatché&an.

*Urlver51ty of Saskatchewan, Saskatoon, Sask., Can.*

<

s ;;;grs, L.E. and C.H. M. van Bavel.. 1©63.. Measuremen;s an
C evaluation of water table elevations. .- Pnpc~ Sth

N Int ¢ Congr., Int. Comm. Irr. and Drain;

109 - 119.

Myegs, V.I. 1960.  Procedures for evaludting drainage
project fea51b111ty. "Proc. 4th Int. Cong:., Int.
Comm. Irr. and Drainage 2: 17 -x‘z.' g o

2

~

g

L

y



' Myers, V. I.. L.N. Langan and R.D. Lloyd 1962.
Interpretative soil grouk\ngs for analysis of

dralnagAmproblems in western irrigated areas.
Trans. Soc. Agr. Eng 5 (1): 103 - 105.

Nelson, E.T. 1963. Water table fluctuatlons resultlng from

irrigation developments.‘ Proc. 5th Int Congr.,
Int Comm ‘Irr. and Dralnage 5: 121 - 160.
Nlelsen, G.L. 1968., Irrigation study ba51n, annual .
report No. 1, calendar year 1967.“.Alta. Dept. of
Agr .y’ Water Resources Div., Soils, geology and
groundwater Brahch, Edmonton, Alta., Can.
Nlelsen, G.L. 1969. -Irrlgatlon study basin, annual
report NO. 2, calendar year 1968. Alta. Dept. of
‘Agr., Water Resources Div., Soils,. geology and
groundwater ‘Branch, Edmonton, Alta., Can:

Nielsen, G.L. 1970. Irrlgatlon study basin, annual,
report o-~3 1968 - 1969 irrigation year. Alta.
Dept. of
-and grou dwa Branch Edmonton, Alta., Can. -
. : r [4
Nielsen, G.L. l97la. frrlgatlon study basin, annual
report No. .'1969 - 1970 1rrlgat10n year. - Alta.

e l Dept. of Agr., Water Resources Div., Soils, geology

and groundwater Branch, Edmonton, Alta., Can.

Hielsen, G.L. l97lb Hydrogeology of the 1rrlgat10n study’

. ’ basin,,Oldman River drainage, Alberta CGanada. ,
Reprlnted étom Brlgham Young Univ. Geology Studles
‘ h18 (l) -

w

Orsborn, J.F. -1966. The predlctlon of p1e£bmetr1c ground

/ - levels in: observation wells based on prlor

-~ i

Yot Water Works, Assoc. 45 (5): 502 - 520.

Rapp, E. and J.c. van Schalk 1971. Water table E\gctu-
' ~ations in glac%al 'till soils as 1nfluenced by
4rri ation. Can Agr. Eng. 13 (1): & - 12.

v

Rapp, E. v
' ' le study of an 1rrlgat10n project in southern
v Al erta. Can. Agr. Eng. 14 (1): 29 - 32, .

3

r., Water Resources .Div,., Soils, geoblogy !

occurences. Water’ Resources Re 2 (1): 139 -v144.

Plerce, D.M. and J.E.:Vogt. 1953. Methods for predlctlng
‘Michigan-Huron. lake level fluctuatlons.. J. of Amer.:

: \A.

J.C. van Schaik. 1972. & long term water =

99 ,



. : . : ’ . A’
- A N v . - .
S T
. . . e
. - -»‘ .' . ~

'Reger, J Sf{ ‘A F Plllsbury,.R C Réeve and R.K. Petersen.-
' 1950. : 1echn1ques ‘for drainage 1nvestlgatlons in
' Coachella Valley California. Agr. Eng. 37 (11):
559 - 564' } 5 w B C o
s ) ‘ [l VQ“ '
Rigs, H. C 1969 o TechnlqueSnof water-~ resources
. ‘ 1nvestlgat10qs éf the- Un1ted<5tates geological
~ Surveg.. Some Statlstlcal Tools in Hydrology, Book
.4, Chapter Al U.S. Deptt.-of Int., Washington,.m C
" U.S.A. . .0

PV £

. Jv' .
1

St. Mary Rlver Iarlgathn Dlstrlct 1972, Financial
P statement. and annual report, 1972. Lethbridge’

4
Alta ’ Can . . H . ) : ) ‘.
’ SteWart, "G.A. (ed Ve 1968 ‘Land evaluatlon. MacMiltan
- L ,/Qf Australla pMelbourne,_Australla. ¢

. ) !

Storle; R. E 1957. 5011 cla551f1cation in relatkdfito the -
o 1rrlgab111ty of land_areas. Proc. Flrst Intersoc.

~»» .. Conference on Itr and Dnalnage,:San FranC1sco,

’ Callf ' U ‘S.A. pp. 79 - 83

~

P

" Taber Irrlgatlonvolstrlct 1972. 54th Annual report and
: flnanc1al statemept, 1972 Taber, Alta., Can,
“ - ¥ . . .
‘U.S. Department of Agrlculture 1972 Dralnage of .
agrlcultural land. , Soil Conservation. Service, Water
Informatlon Center, Inc., Port Washlngton, N.Y. , U.S. A.

g P .
Vandamme, JJ et L. De Leenheer '1969 Varlatlons du %}veag
'=3 " m - de-la nappe phméathue au cours de. c1nq annees
oo (1963‘— 1968) "dans les sols de.la camplne Anversoise
[ (Province qa’ Anvers Belglque) Pedokogle l9t 275 -
1320 P . e
' Van'Heeéenhch C.."1970. Presentation of the‘seasonal =
s fluctuatlon of- the waterm table on 5011 .maps.
- Geoderma 4° 257 - 278. S s

Van Orman, - § H. and E Rapps; 1949, . Report on drainage
1nvest1gatlons 1n‘the‘}aber area. Pralrle ‘Farm-

. Rehabilitation Admln., Draln/ge sectlon, uethbrldge,
' Alta., Can. .

, Weeké, L.O. 1959 Dralnage in- the Coachella Valiey of
Callfornla Proc. A.S.C.R., J. . of . Irr. and.
Dralnage 85“(IR3) ' 83 - 88 ‘ : ST

Weir, qu. 1954 Land. dralnagé in Callfornla.' Agr. Eng.
L3 (D 4;*2 - 485,% s b e

. »
. R . o . : 2
. : . ! . T . .
. - X o0 1 Ly . . ..
/_,, - : N o J o . FROEN,



) | ‘ ‘ | -
> S
Westgate, J.A.‘-l96§. Surfiq;angeology of the Foremost-
: . Cypress Hills area, Alberta. Res. Council of Alta.,
Bull. No. 22, Edmontoﬁ, Alta.‘ ' :
: Willardson, L.S. 1958.¢.Lajas Q%llgy'drainage problem.
: Agr. Exp. Sta. Bull. - 143, ﬁniversiby of Puerto
"Rico, Rio Piedras, Puerto ico. -
. - v ‘.vv . /"\/R . . _v"E B
Williams, N.A. 1972. Land \use planning technique. Paper
’ '~ presented C.S.A.E. meeting, Charlottetown, P.E.I.,
Can. S ‘ ~

. N / ) L - .
Wiriger, R.J. Jr. (ed.\and J.W. Luthin. 1966. Guide for . .
investigation o subsurface drainage problems$ on T
irrigated lands. >~ pecial Publication No. sp-04-66,
Amer. Soc. Agr. Eng., St. Joseph, Michigan, U.S.A.

.

v ~~  Hat sheet. Bull. No, 14, U. of Alta,,Edmsnton,i
- Alta., Cadn. o L - .

Wyatt, F.A. and J.D. Newton. 1926. iSoil survey of Medicine

N
T

Wyatﬁ; F.A., W.E. Bowser and WQ-OdynSky. 1939, SoiIJSUrYéY‘
g of Lethbridge ¢3nd Pingher'Creek)sh'ets. Bull. No.-
v 32, U. of Alta., Edmonten, Alta.,”Can. ’ o

+ R

‘Yevjevich, V. 1972. ° Stochastic processes in hydrology. ,
(// Water.ReSOUrces‘Puélicatioﬁs, Fort Collins, Colorado,



t : ) ’
: | o
. I} N
'&A . r
~Appendix A ‘

This appendix contains the profile descriptions of
'the»soils iﬁ,the two study areas.
e .
tained from Bows

The information was ob-
) -

er et al (1963). -

>

i) - -
e <
g
l.
i | ) -
v . )
o : &
- & / /\




103

\\.(.ﬁﬂw.
y . ) S
wr
» . ! : : : \
. T B . : '31es awos v - R
K1tensn pue auyy sute3U0d *Ayo01q 03 9ATESEN w . . E : S
"(v/S d4X0T) weoT 3ITTS o3 WeoT umoxq YsTMOTTax w8b 3° ~ %80
‘UoT3IRTNWNOOR ®3RUOQIRD SWTT Aaedy 03 unypey v .
'9TARTII ' (Z/9 MXOT) weol A9ib Uystumoxq 3ybyT w92 = ST - B0) )
: . ) _ o '9AQQR~UO0Z TIOY S . : .
+ Ut ueys swstad adhim ‘or3vwsTs " 'WeoT umoag wST - 8 Y | .
. . ;- ."8ddo®3] ®beararsd uo psuye3ys At ) L Lo .
+"=3ybyTs eq Aew !otjewsyag- "(E/S = €/%, 4X0T) o , o _ I
: weor Aaeay o3 umMoxq xIep o3 umoag - w8 = ¥ f3g . -~
- S : . 'OF3ewsyad - T o - TTSTUYO)
ATyeamM 03 zeTnURIY "(€/5 ¥XAOT) weoT umozg ab =0 v "T/TSIATIT uTYd
_ *3OBIUOCD TTT3 8Y3 aAoqe joM _ , 3 I
) cmuua.\nboﬂuﬁucou pueg Axp zepun esoon o o
'PURE ©3_puvs AwwOT umoIq\USTMOTTeA 3IYSTT  , 06 3. . . o) , :
A . "UOT  I3WOOUCD WIFTMOT P 5 o o . ”
) fmmooq.ﬁv\m dA0T) UMOIq YSTMOTT®A 3y6Y7 w0V 3@, L Jo R
N L .. ®800T ’(p/5 Hx0T) : ﬁ S
*~ bues AweoTl o3 weor Apubs umoxg UsSTMOTTOX w0b =02 ol S
N : 'IND peox pesodxe uf waty . o
" Y(E/S = €/b WAOT) wwor »vcﬂlﬁﬁmm ‘ w0Z .= L wg .
. R ‘98007 ‘weol Apues euty umoIg wl = b .ay :
ﬁV\/ ‘83001 ssvab y3ztm esoon *(2/% ¥X01) _ . " B (- ‘Pd) -
‘\ / , weoT Apues Utz umoxq ystheab yaeq b =0 uv ‘11sa’s1’yst usAeD
N ‘ v : o - Y3dep  ut -~ . T a
| ,.,coﬁaﬁ%M?. ~ - ®  loTyeyazen  uoziioy “eueu Tiog
- e - - r\\,@ . —
<& "'d°d4°S -8yl Uy BTTOS 103 8SUO 3dTI0889p 8T7130xd 1708
- £ Tv 9Tqer - -
g ‘ - -



104

.\\ R S ’

L . '3UTTES jeyMawos ‘aa
~TSSeW -weoT Aelo UMoxq ystMoTTaL 03 umoxg
o , _ "*uoT)y

. =BTNWNIOE, 93BUCQILD BWTT (YBTY ATiTey AT .

~TeUOTSeOD0) ESﬂvQZwm.xxooHn,mmumHAo# ok d=8 =111}
-sT2d AT3eaM . ‘weoq Ke1o” 31718 umoaq ateg
T L _ ‘uozfioy
STUR. 30 .3Tey x8ddn &mw Ut paute3ys Arbuoizs

"IeuumTod paddo3 3er3.io punoy *Keto

83118 03 weot Keto (g/p - 2/ ¥X0T) umdag
ol _ ) ~*&3erd ‘weot
(€/9 - €/S ¥X01) umoxq sred o3 umoxg

: Y sIeTnuBab 03 A3eid

) A ___*Ie00 pue

\ocouwcouﬂ ‘ajtueih 30 mowumuum.mCHmu:ou

*&%o01q abaer o3 dATSSRY

L “TIT3 weol AeTo umoaq SAIJQ 03 umoxg
*IUDIUOD 3TeS MOT e AT1ensp
‘uorjernumose 33ruOqIed SWIT wnIpaw y

: AR . . *sajeh

-2abbe Axoorq Iernbueqns ojut Butyeaaq
© ‘Ieuumios yvam 03 dT3eustag "WROT
Ae1> 03 weor Aneay umoaq xaep 03.. umMoag
. < 7 . ruot3zod 1om

-OT .9Y3 spaemoq] mxooHn,xmwz pue -uotijxod
dod Ut @s00T *(£/5 WAQT) weol umoig

YeaM rweof xUﬂﬁmﬁAh\m‘- ¢/S UKOT) umoag

-~

4:.wm um

.:VH -9

~
X

) 09 Lv

:\w -0

«3€ e

.._VN - QH
W8T % 2T

2T - b

.._v l/D\

esy
.MUU,.. o . } i

Jug.
N

” (" pM)
v . T moTpaep

Y8

§20

- 3a

(*qu)
yv: - T qaten

uotidraosaqg

‘y3dep urt
,coﬂumﬁum>,

uoztIoy . sweu TTO§

(panuT3U0D) Ty BTqEy



i 2

4

W9€  3®

L

"9ATSSH "WEOT UMOIQ YSTMOTTOX XD -
ﬂ o . ‘3ITeS Jwos uTeIUCD :
,Aew uor3zod zemoT "IUd3U0D @3rUOQIED BWTT . o
Aneay o3 umpsy © ‘weoT 3118 A¥o07q A1eom W0E = LT ®0D
"butute3ls 3yb1Ts ‘or3ewstad ‘weot 3TT8 umoag- LT - 21 Z3dg
. : *gaowey S n
abearaTo au3y 3o bututels swos Y3Ttm ot3eustad L .
WeoT 3TTS (Z/b WXOT) uUMOIq yaep .03 umoag w0l - ¢ -39 118 (*y3eT).
"WeoT 3ITTS IULTT(E/€ - Z/b ¥AOT) uMoIq Maeq WG =0 yv ‘7 ®bpraquiat.
"STe38410 3TeS jOo uoTsSnTOUT TTews Teuotrseoop
oATSSel *AeTo A37Ts 03 weor Ke1o A31T18s Aaeoy
"12/9 - /% ¥X01) Keab ystumozq ybTT W9€ " 3e ,Osxd .
s UoT3IETNUWNOOE SWTT UNTPON Wb = 971 . B9D B
. "oT3ewsTad IeTnhaiIT apTM _ S :
"Ae1o K318 (2/5 - /% mapmv umoxq ysthexn w9T =6 °  ug,
T ‘s9oe] abeaesaTo co
9yl uo butute3s swos *oT3ewstad xernbaaag ’ .
"Re1o A3TTS (2/¢ WAOT) umoaq ystheab”yxeq w6 = € g ,
g TeTnuerp -weol Aeto A3T1s .- 1O (°9Tp))
(/v u_m\ﬁquOHv,czoun ustheab yaep Kasp wé = 0 Uy TO0TS oTepTe0d
T _
R . ,vgummm_wmﬁ ‘
‘ uotidraosaqg 7 UOT3IETIeA  UOZTIOH

sweu TTOS

RN

t

*€°d°W.9Y3 utr STTOS. X037 suUoT3dTIO
-~ ZY oTqey

550 mwﬁmoum,ﬂﬁ



106

"TeTId3ew jusred UBTIOS® TRTANTTY
. SSeR .EmoH »uﬂam 03, weoT (g/L YX0T)
‘utexb arburs KydoTg

K3T1s (z/9 ¥x0T) Keab ystumoxq 3ybr
. ‘wsTId cweol A3TTS (£/y YAOT) umoiag
*K3e1d 980017

‘uteab arbuts-

rweoT Aelo 03 weoT

LTrery

(*ud).
1S Agbuewae)

»

Ry

rweer (z/¢ 9A0T) czoun zmaxmum Y1eq nE = 0N _ 1 ®pruipesy
L d o ,
~ F . .
¥ ‘ - yadsp ur
coﬂumﬂuommn '~ . UOT3RTIPA ' UOZTIOH aweu TTOS
. , . - : ' (panuT3uod)

J

VY 91qer.



o, A'PPENDIX B

LI
e (S \) | | i
. ‘ o

.. v V“, v

. N

ThlS appendix contalns some weather data on the.

two study areas, the Lethbrldge Research Statlon, Lethbrldge,

.Alberta, and Taber, Alberta. ’ '
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APPENDIX C g

This appendix contains the water table data as pro-
vided. by the AlbertayDepaftmenf of the Environment, Lethbridge,
‘Alberta. . S b" " o -
The follow1ng abbrev1at10ns wére used in the tables.

: _ A7 . ,
dry - - observatlo well was dry ‘ !

frz. - water was frozen D

rebfl— dbservétion wel Qas teplaced
des. - observatlon well was destroyed
sur. - .water table was at the surface
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APPENDIX D - '

: Thls appendlx contalns the coﬂrelograms for the wells
fln the South Fincastle Dralnage Bas1n and the MacLaine Drai-
.nage Basin. b ‘ ‘ o
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