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ffsurvey1ng salt—affecfed\501ls d1rect1y 1n thevfmeld Its

;iaccuracy ahoWever,'zs affected by fleld m01sture content d “'jz;

3,5011 temperature and’texture._Thzs study evaluates the . N
Qf_?.ihod and compares f1eld soil’ sa11n1ty data to laboratory
;fl"data under con 1tlons :% varyzng 5011 mo1sturercontent and )
‘.f;iso1l temperatuEe.m L l,;i_'h S ’5ﬂ}x*%% A

Es
Sal1n1ty at three areas near Nobleﬁord Alberta where

fifsallne seep act1v1ty had‘heen observed was evaluated u51ng”
. “the four electrode method Electrlcal conduct1v1ty of 5011
xh‘samples collected at the same t1me ﬁés determ1ned 1thhe l
'laboratory u51ng the saturat1on extract method The two

'1

. methods vere compared sing multaple regre551on technlques

“and electrlcal conduct1v1ty contour maps were prepared u51ng
‘.:data from each method. The;maps were then compared visually.
—-~Serveys<were eeﬁdﬁeteé~éﬂflﬁiﬁ@&f&ﬁd&“ﬂh&ﬁ_mOTsttTE”?WEF“*‘—“"‘i*”
temperaturé variations within the soil proflle were - h1gh
and durlng periods when the varlatlons were low., In
add1tlon, Six sites were 1nstrumented for measurement of
,5011 m01sture content soil temperature,.water table level;
and electr1cal conductlvity using salinity sensors. Soil
‘salinity fluctuations derived from four—electrode |
measurementshat these sites were compared with those

.obtalned from‘salinity sensor data.

iv
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Results show that the area of measured 5011 sa11n1ty CL

w

.

t

be mov1h§>through flssures and 301nt5 w1th1n the t111 When 'u.:.,t
varaaf;ons 1n ‘the soil sa11n1ty ranged from non- sallne to/ ‘ 'ﬂ-:
-sa§1ne, four-electrode ECa and séturatxon extract ECe had
~corre1at1on coeff1c1ent (r) values Exceedlug 0 90 desg;te R
'var1atxonecf\\501l mozsture cOntent gnd 5011 temperature ﬁ,‘, - “t,'
within the.survey asea. Where the soul was more unlform%? N
salmeﬁ the7r values dropped cons1der¥b1y and ECalrequ1red . i)':
correct1on by the 1nclu51on of varrébﬂes for texture, so11 ‘ei S
moxsture,\and so1l temperature in order for the r valueg to |
exceed 0 fb Soil sal1n1ty contour maps, as derlved by thevw71‘1u

‘two methods however, shoﬁ“d reasonable agreement in all

cases,

Ve
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Soxl sal1n1zat1on ‘has been a proble; for man for many
centuries. The Mesopotamlans f1rst recorded scattered
_»patches of recent sal1nzzat10n ~about 2400 B C.. Salxnlzat1on
grew to be such a problem that h1stor1ans cons1der 1t to ‘be:
oneJof two primary factors that brought about the end of the
Mesopotamlan C1V11123t10n.; R
Tradltlonally so11 sallnlty‘has been assoc1ated w1th
the water table rise brought about by 1rr1gat1on. Of more
}recent concern, however, 1s the salinization of 30115 1n
dryland areas. Thls cond1tlon is brought about by the
discharge and seepage of groundwater carry1ng dlssolved
salts. It accounts for the majority of salt-affected area in
North America and unl1ke the sallnlzatlon of 1rr1gated » |
lands, the source of recharge is not always easy to 1dent1fy
or control . | |
On the Northern Great‘Plainspof‘the United States and
the southern Pralrie Provinces~of Canada salinization»of
\drYland isﬁa'major problen ;aclng agricultureytoday; %eueral.,’
studies have attempted to quantify the problem. Saline soils
account for over 2:4 million ha in total, while Alberta has
_ over 100i°°0 ha of,dryland seriously affected by salt;'and
another 400,000'ha affected to a lesser degree (Vander -~
gpluym 1978). In some areas up to 16 percent of the arable
land is affected .Over 22 percent (80, 000 ha)- of all
» 1rr1gated land in Alberta is sa11n1zed enough to reduce crop

e

growth” (McCracken, 1973). The problemAls of concern abroad



»n

-as well Austra11a has over 78 000 ha. of prev1ously
product1ve farmland affected by dryland sal1ﬂlzat1on, with
an est1mated‘1ncrease of 1 percent per year (Peck,;1978).

The problem is serious notaonly due to its. extent but
also because it is 1nereaslng at a alarmlng rate. Data from'
Vander Pluym (13978) showed that the salt-affected area of
the Peigan Reserve doubled for rangeland and trlpled for
cultlvated land over a ten-year period from 1961 to 1970 A
Montana survey’ showed that over the entire state, salt-
'affected area tripled in size from 20,480 ha ;o 60 000 ha
.1n a 51xteen-year per1od In North Dakota, a farmer
survey in Hettlnger County showed that 51 percent of the
observed saline seeps have occurred 51nce 1960 (Doering and
Sandoval, 1976). |

Groundwater associated with saline seeps tends’to "
‘ dlscharge in irregular patches that are scattered through0ut
'a field. The result is that a f1e1d becomes so dlssected by
salt patches and wet areas that it becomes impractical to
.cultivate with'large mechanized equipment. The entire field
is.therefore used for some less-productine purpose or else
removed from agricultural use compleétely. Thus the area
rendered less-productive because of salinity exceeds the
area directly affected by salt.

Salinization begins when the groundwater rises into or
near-the_rootzone long enough for salts to accumulate by
evapotranspiration. Sometimes this condition is reflected by

the crop producing lush growth in a small patch above the

LS
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dlscharge area. Thls is .a result of a favorable mo1sture and
nutrlent supply provlded by the groundwater. W1th tlme, the
crop ‘growth becomes stunted or ceases altogether on the
patch, due to 1ncreased salrn1ty levels, and salt tolerant
weeds succeed.‘TheFCOndifion can be;atabiliZedfby removal'of
theVdischarging water, either.bffinsertion ot'aubaurface
drains or a'change in land management practices. Accumulated
salts must‘then be leached away, but this cah be a slow ‘
process. Often by the time the symptoms, of saline seepage
" become visible, too much salt has accumulated for removal

during a practical time span. A morejreliahle method of
.early detection,‘raxher than obseﬂ&ihg crop behavior, is
required in order that salinization can be identified while
‘reclamation is still a relatively simple procedure;‘
| An established'method of salt evaluation is to survey

the land.and.sample the soil for laboratory‘analysisr This
procedure is time consumingdand expensive for the
resolution required to detect salt encroachment.;A less
expen51ve technique, the four electrode method, which:
measures soil salinity d1rectly in the field, has been
" developed by Halvorson and Rhoades (197#). At the present
time, though, there is a need for field/testing'this metod
under the conditions encountered durin% the growing season
in a settlng such as southern Alberta” This would serve to
increase the data base of the four- eléctrode method for
till-derived soils of the Prairie Prov1nces, and provide

more information on the usefulness q& this teohnique~during -

A



periods of varying'spil‘mgﬁstufe and soil temperathe.

| The major 6bjective'qf thiSQstudy is to éVaipate_the
four—eléctrode methoa for surveyiﬁé éaline lands in southern
A;bérta by comparing the data a%g:S%linity'contour maps frém_
the four-electrode measurements t; ﬁﬁgse,from sampling and
laboratory analyses. In addition, fgﬁééglectrode data from

specific, instrumented sites were compared to salinity

A

. sensor data in order to evaluate its effecfi&enéss in
estimating in situ salinity fluctuationS?@gring the growing

season. This study has been undertaken aségito-operative
" . ..‘\L -

i O -

effort between the Department of Soil Scieﬁéé.at-the

KA

University of Alberta, and the Soils Sectionubf the

Agriculture Canada Lethbridge Research Station..
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1_1; CAUSES OF DRYLAND su.nu'ry -
Dryland sallnlty is a condltxon occurr1ng on non 1rr1gated '
land where salts, translocated by water, aocumulete w1th1n
the root zone‘as_a‘result of evaporation exceed;ng ‘
precipitation. A saline:seep is a recentlyrﬂegeloped wet,
salty area in non-irrigated soiﬁ on which crop production
has been reduced'or e}iminated'(Peck 1978) Dryland
sa11n1ty is thought to most oft@n occur as a result of
;sallne seeps in various stages of development. Unlike the -
salinization of irrigated land, which has been known for
several thousands of years, the salinization of drfland has
become recognized'as a problem only within the last century!'
On the horthern°Great Plains of North America, selinization
mainfly occurs in soils of the glaciated regions, althongh it
.can develop in non-glaciated soils as well. In Canada it is L
generally restricted‘to the semi-arid region of the Prairie
Provinces, but it has been observed as far_north as the .
Peace River District of Alberta (A. Hennig;'1969, personal
communication),

Saline seeps de;elop as a result of a combination of
geologic, hyarologic, and cultural factors. These factors
will form the topics of a more detailed discussion.

2.1 GEOLOGICAL CONSIDERATI'ONS

2.1, 1 Bedrock Geology .

‘tThe bedrock geology of the Canadlan portion &f the Northern
Great Plalns is domlnated by sandstones and shales from the

8
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.Upper Cretaceous Epoéh.vThe interior piains.regfon was at

this time a low area that served as a depositional basin for
the.waters from the‘Canadian Shield'to the.east, and the
ris{ng Rocky Mountains to the west: The basin was extensive,
including ail of the Northern Greatlplains,‘and lasted_ |
throughout the Cretaceous'Period'and into the’early Tertiary
Period. During the Cretaceous Period, ‘tectonic activity
caused the sea to advance and retreat several tlmes. Durlng
‘advances, marine shales such as the Pakowki and Bearpaw
formatlons were left behind, while,during major retreats, .
coarser textured freshwater deltaic sediments such as the
Belly River and St. Mary's River formations were deposited.
Minor shoreline fluctuations often resulted in an
interbedding of .marine and deltaic deposits within some of
these formations. During times of recession, broad
swamplands developeﬁ'on the floodplains of low-gradient ‘
meandering rivers. These swamps became the birthplace of the
exten51ve llgnlte and sub-bituminous coal beds found today
71n Cretaceous dep051ts.

The last major advance of the sea occurred around the
close of_the Cretaceous Period, about 65 million years ago.
With the coming of the Tertiary Period, the Northern Great
Plains were above sea level, producing broad areas of
swampland -and flatland.into.which freshwater sediments from
the west were deposited. These deposits have been eroded

from most of the Canadian plains but they form a significant

portion of the hedrock of Montana and North Dakota. An

-



; example is’ the lignitefbeating Fort Union Group. By the late
. Paleocene Epoch, uplift and erosion had produced several’
large drainage systems cansisting of deep, dry, broad, -

mature valleys whlch d1ssected the pla1ns into plateaux.

Drainage from the Canad1an Plains as well the ancestral
M1ssour1~agd\¥ellowstone Rivers was into Hudson .
(ﬁestgéﬁe, 1966). it s in this period that all major
tapographic features i@ Alberta, Saskatchewan, and Montana
(e.g. Cypress Hills) were formed. . |
'There is evidence_tb-suggest that in southern Alberta,
the area east of the foothilis was subjected to only one
major glacxal\advancement, the Laurentlde continental sheet
dur1ng Wisconsin time (Bayrock 1969). As the glacier
retreatedvapproxlﬂgtely 15,000 years ago,stexturaliy
unsorted morainal debris associated with it, along with,
texturally sorted glaciofluvial and lacustrine debqsits,g'
were 1e§t behind. Often theéewdeposits were left one on top'
of the ofher, depending on the lodal-nature of the

1

deposition processes. Most of the plains were covered with
unsorted morainal material (till) ranging.frdm.twd metreslinx?
thickness to over 100 metrea in buried river channels. .
Glaciation is responsible for the minor tbpographic features
such as the rolling landscapes seen on the prairies taday.
Glacial till is primarily derived from the local bed-
rock, which implies that .those tilla derived from marine |
shales‘are high invfoluble salts. Pawluk and Bayrock (1969)

féund that the salt distribution has apparently been altered,
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however,vby postglac1a1 groundwater flow They also found
that the most common salt present in’ t111 samples from
central and southern Alberta is sodlum sulfate. Sod1um ions

are also the dominant exchangeable catlons found in most

marine shales (Moran and Cherry, 1977).
2.2 HYDROLOGICAL CONSIDERATIONS

2.2.1 Climate

The general climate of the saline seep-affected areas
of North America (southern Alberta, southern Saskatchewan
Montana, North and South Dakota, and northern Wyoming) can
. be summarized by stating that the groning season has warm,
sunny days with frequent winds and variable precipitation;
Southern Alberta and Montana have weather that 1s strongly -
1nf1uenced by the mountains and Pacific Ocean to the west.
Weather systems spawna‘i?% the Pacific Ocean.move edastward
but usually lose all their moisture.by the time they cross
‘the Rocky Mountains, and are often only windstorms when they
cross southern Alberta. In the summer, the'hign pressure
systems that build northward through Montana into southern
Alberta are stable and provide clear skies and warm
temperatures for several days at a time. Precipitation in
the summer occurs frequently from daily convective prooesses‘
and is very local in nature. In the.winter, stable air
masses come from the ,north but are frequently interrupted‘by

westerly winds (chinooks) that produce rapid temperature

o~



r1ses and a h1gh amount of - snow cover removal in a short
space of time.

In Alberta,‘drylahd salinity occurs where mean annual
precipitation‘ranges from 350'to 460 mm (McCracken,71973).
bong term'observarions recorded‘in Lethbridge show.tha; 70
percent ofrﬁean annual preeigitation falls between Apr}l
first-and september thirtieth:with4§2 perceﬁt of the yearly
precipitation occurrlng in the months of May and June
(Hobbs, 1977). Potentlal evapotransplratlon is greatest
durlng the months of June, July and August.\

Evapotransp1rat10n at the sites of groundwater recharge
serves to offset the effects of summer precipitation. In
' North Dakota, measured evapotranspiration is at least 2 to 5
times greater than precipitation during the months of June
and July (Rehm et al., 1982). As a result, the'iocal aature

of summer storms, coupled with high rates of

evapotransplratlon, tend to make recharge a rare and

“~ v

ylsolated event during the summer. For example, Freeze and
Banner (1970) have found that only one rainfall event during
a 14 month period, 3.8 inches in two days, led to a water
table rise at Good Spirit Lake,lsaskatcheﬁan. Van Schaik and
Stevenson (1967) found tﬁat a net rainfall of greater than}
150 mm between June 1 and November 1 was needed begore a one
metre-deep water table in bare clay—loam soiI-would rise.
Freeze (1969) determined mathematicaliy thatllow-inteasity

rainfalls of long duration are more likely to produce

recharge than high-intensity rainfalls of short duration. .

R
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Most recharge On the Canadxan Pra1r1es occurs ad a..
result of snowmelt in the spr1ng. Freeze and Banner (1970)
conclude that recharge 1s varxable with' area, since snowmelr»
tends to pond in depre331ons before infiltrating to the
water table. Since snowmelt often occurs before the soil has
completely thaved, the locatxon of recharge areas is

complicated further, as frozen depressions will present a

©, batrier”to infiltration and soil water movement.

The effect_of\evapotranspiration at rhe'Sites.of
'_groundwater.discharge is to concentrate salts b§ removal of
“water in- vapor form from the soil surface, and also by
1ncreas1ng the water demand on plants. Since plant roots
extract relatively pure water from the soil, increased rates
-of.transpiration,nill increase the rate of salt
concentration’ in all'soil water accessible to roots. Plant
transpiration.coupled with soil caoillary'forces serve to
concentrate salt in soil not only when the water table is
close to the surface, but even when it rises’ near the
v1c1n1ty of the root zone. -
Rainfall at a dlscharge s1te will produce a water table
rlse én. frequent occasions dur1ng the growxng season. The
reasons are three-fold:
oo (1) surface runoff from upper slope positions will
increase the probability of pondiné in loverslope
depressions, o |

(ii) the soil at a saline seep site contains more

,moisture than similar snil in a recharge position,



1ncreasxng the likelihood of transmitting*prec1p-"
: kzh' 1tatlon to the water table, and ' a e
(iii) the water table is usually at a shallow depth
whlch 1mplies that there is less distance for the

-

water to move. L

Temperature may also play an 1mportant role in recharge
and discharge on the Canadian Prairies. Taylor and Cary
(1960) showed that a thermal gradient may cause large
quantities of’ waterlto move in the liquid'phase; Meyboom
(1967) ‘and van Schaik and Rapp (1970) have noted evidence of'v
moisture movement 1n frozen soils on the. Canadian Prairies.
W1llis et al (1964) found that upward movement of water
from shallow water tables to the free21ng front may produce ;
enough m01sture 1ncrease in the soil to make fall irrigation
unnecessary. Van Schaik and Rapp (1970) have also found that
shallow water table rece551ons during the winter can be
_offset by 1nf11tration of snowmelt waters during chinooks.
2.2.2 Soil Moisture Hovement
| The initial observat1ons about water movement through a
porous medium were made by Darcy in 1856 who empirically
.determ1ned that the volume flux of water 'is proportional to
- the hydraulic gradient The flux‘and gradient are related by
a proportionality constant, hydraulic conductivity, which is
a property of both the fluid and the conducting medium For'
a given fluid, such as water, the hydraulic conduct1v1ty

,becomes related to the medium and therefore pore geometry

-

'1.1,' .
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becomes the ct1t1cal factor 1n conduetlon. S1m11arly pore

"R

i‘7f.s1ze becomes cr1t1ca1 and as the Hagen Polselulle equatlon 1

RIS

demonstrates, the smaller the pore 51ze the greater the
re51stance to flow. | | '_ "

vt Hydraul1c conduct1v1ty decreases w1th the decreasxng
| moxsture content of the med1um. In a dra1n1ng soil the |
larger pores empty flrst and subsequent water movement must
take place through the smaller pores, therefore reduc1ng the
rate of water movement.. Reductlons\ln hydraullc conduct1v1ty "
of a saturated SOll when it becomes unsaturated. . can .often be ,
several otders of magnltude. Pore- geometry and size are
| 1mportant in this aspect as well The hydraullc conduct1v1ty
of clay 50115 does not decrease ‘with decreas1ng water.
oontent as ‘rapidly as does the hydraul1c conduct1v1ty of

sandy 50115, s1nce the smaller pores of the clay 50115 tend

" to remalh avallable for conductlon at low m01sture contents.
$

.....

conduct1v1ty than a sandy 5011 under low m01sture
condltlons. 5 '

" The theory of water movement through homogeneous, A
'1sotrop1c media is ‘useful for 1n1t1atlon 1nto the theory of’lﬁ
the water movement processes, but in most cases it is not
appllcable to field condltlons, espec1ally 1n glac1ated
terrain. Textural- changes will alter the. m01sture holdlng
and mo1sture conductlng capac1t1es of a soil. For example,u _
if a. coarse te;tured»s01l overlles a finer textured layer, ;

wetting/front moving downward through the coarse textured
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. soil, wzll be slowed as the f1ne pores attempt to handle the
‘ volume dellvered by thz overly1ng larger pores. If the
g?underlylng so1l has a. h1gh clay content, swell;ng of the
clay minerals may further constr1ct the flow passages. The
result can lead to a zone of saturat1on 1n the coarser
‘textured layer. Day and Luthln (1956) showed evidence to
suppont‘thmsuln“laboratory columns‘us1ng-a‘very'fine sandyh_
_loam’overlying a loam. Similarly ifﬂafwetting front moves
_throyghoa'fineutextured 1aye£ overlying'alcoarser textured
one, it is temporaril&limpeded*at the texturai discomtinuity
until the tension decreases enough in the fine pores.to
»allow the water to enter the large .pores. If the d1fference
in pore size is great enough ten51ons approachlng zero
(saturatlong are attalned‘ln the overlying layer. Therefore, -
layered soils offer restrictions to water mouement and
these restrlctlons can lead to.the formation of a saturated
zone or perched water table. L |

e

2.2.1. Infiltration o l_ / ,

ﬁhen water is apblied toithe soillsurface, there are
three possibilities for its immediate redistribution. It can
enter the soil (infiltration),fpohd‘upon the surface
(detentlon) or flow over the\surface (runoff). Soil
properties, intensity. of water application;'and time are
- some of the variables that determine the quantity. of water

\
that infiltrates, and the quantlty which ponds or runs off

9 " e o e

av

The relationship between infiltration and runoff has been ~
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the subject of ﬁahy studies and models;;ohefof the-first
such studies was.a theoret1ca1 approach by Green and Ampt
(1911) wh1ch states that at the 1n1t1a1 (t=0) appllcatlon

" of water, the 1nf1ltrat10n rate, deflned as the volume of
water entering a un1t surface area per unit time (volume
flux) is high an decreases w1th 1ncrea51ng t1me to an
asymptote of steady flux. Horton (1933) found that each 5011
has an ult1mate limit to 1ts~1nflltratlon rate when.the rate
‘of water appl1cat10n was greater than ‘the rate of -
1nf1ltrat1on (pondlng condltlons) Th1sh_rnf11tration: |
capacity"” was a result of emp1r1cal studies, and like Green

"~ and Ampt's‘model it shows that the maximum rate of
infiltration.decreases with tiﬁe, abproaching a constant
value. Thls decrease is brought about malnly by the £filling
of soil pores with water, and therefore the rate of decline
1s€dependent on the soil porosity. Fine-textured soils have
a.;aster rate ‘of ‘decline and.a_lower limiting value than do
coarser-textured soils. | | |

Rubin and‘éteinhardt (1963) and Rubin et al. (19645

were able to predict Horton}s "iofiltration capacity" at a
given time providing that information.regarding soil |
moisture characteristic curves, initial soil moisture and
intensity of water application were.known .They‘showed that
the final constant 1nf11traglon rate'ln the Horton model was.

EEERIE PR R Tu 4 -

equal to the saturated hydraullc conduct1v1ty ‘This can- be LT

v e @

expia;ned by con51a rifg ‘the® fo?ces anolved in

‘infiltration. When water ‘enters. an’ unsaturated 'soil; the
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forces acting upon'water movement are both matric and'

grav1tational 'As the wetting front deepens, the matric
potential gradient-between the saturated zone and the

nwetted 5011 decreases. As the upper portions of the soil
approach saturation the matric gradient approaches zero,
leav1ng the 51gn1f1cant influence. to gravity. As a result
the flux approaches: that determined by saturated hydraulic
conduct1v1ty. Therefore in order for ponding to occur, water
application.(rainfall) must be gteater in intensity than the
satnrated hydraulic conductivity of a soil and longer in |
duration-thanxthe time required for the soil to reach the
final,constant infiltration\rate.

- In the 1950fs, researchers began a trend toward
"reducing the number'of‘characteriZation measurements that
had been-reduired in the earlier empirical stqdies by
establishing sound'mathematical descriptions of'thevphysical
proceSSes occurring during 1nfiltration. At the same time
more complex mathematical relationships were requ1red to
make the models more realistic.lPhilip (1957a f 1958a,b)ﬁ~
developed a mathematical equation for one dimensionalﬂ |
vertical flow, both downward and upnard (capillary rise)g

‘and solved 1t by analyticgl methods. This enabled the

o-cra

prediction of wetting frbnt profiles at succe551ve fimes fbr.>

Ve .

San. 1nf1n1te1y deep Yolo clay loam after establishing»the R
hydraulic conduct1v1ty and diffu51v1ty relatlonships with
- “moisture content,.A solution was also provided.to give

cumulative infiltration per unit area of soil surface.
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Hanks'and Bowers (1962) used numerical methods to
estimate the solution'of equations of infiltratinn and
moisture flow in-laéered soils. They were able to eliminate
snme of the restrictions of the éhilip model, notably the
need for an . infinitely deep medium of uniform te#ﬁufé ané.an'
initial moisture content; They sfill‘required functional
-relationshipé between diffusivity nnd moisture content as

well as matric potential-and moisture content.

2.2.2. Moisture Redistribution
.The‘numericai“methods.which became practical with the
development of computers have enabled researchers to solve
Qore comnlex mathematical relationships wgzch‘more closely
approximate real conditions. In particular, they have
provide§ a means.tpward the solution of the complex
Aeqlftions describing unsatnrated‘flow;‘Moisture'movement
~under unsaturated conditions occurs in both fhé liquid and
‘vabourvphases, driven by any combination of gravitational,
matric, osmotic, or thérmal.éradients. Hydraulic
conductlvtty, dlffu51v1ty, and matrlc potentlal are
funcr1onq of s0il moisture content ‘and ‘these relatlonships
-vary from one 5011 to another and are compllcated further by
hysteresis. Models descrlblng these processes con51der
infiltration as a contlnuous portlon of the m01sture'~
redustrlbntlon prﬁcess. — | |
The “rivinal description of unsaturated flow was

developed by "icharade (1931) whn, using the NDarry equati~n



ds a base; found that hydraullc conductivity was no lonhger a
: constant but now a spec1f1c functxon of matric potent1al
Since hysteresis was negle#ted a more useful apprbach was
to consider hydraullc‘conduct1v1ty as a.function of soil
moisture content.
Darcy: o q= -Ki
where q = volume flux,
K = hydraulic conductivity,
i = hydraulic graaiént.
Modified Richards: é = -K(8)i
| | where 6 = moisture content.

Numerous attempts have been mad;.to predict the
hydraulic conductivity soil moisture relationship, K(8).
Childs and Collis-George (1950) developed an equatlon based
- on the function of matric potentlal and soil moisture (5011
moisture characterlstlc curve) wtich can be measqred in the
laboratory. From their wofk‘arose the concept of
diffusivity, .D(8) wﬁich relates the function of K(8) to the
slope of the soil moisture characferistic curve. Marshall
(1958) and Millington and Quirk (1959) made improvements to
the equation but all are based on capilléry-tube éoncepts
and are applicable only in some cdarse textﬁred soil§ where
“cépa%lary forces predominate (Hillel, 1971). No method has
yetvbeen found to predict satisfactorily the function of
hydraulic conductivity and soil moisture content from more.
easily-measurable soil properties and therefore it remains a

~haracteristic that requires direct measurement for each
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situation. : '
; KluEe<(1965b) presented a method for direct measurement

of K(8)%in fhe laboratory using disturbed soil. Field

'methods'of mgasurement_(minimally disturbed soil) 'have been

presented by Rose et al. (1965) who used neutran pxobe

measuremeﬁts and laboratory-determinea soil moisture
characteristic curves to arrxve at values for K(G) Others
(Nielsen et al., 1964; Van Bavel et al., 1968) used
tensiometers for matric potential measurements and a neutron
pfobe for détefmining soil moisture céntent. Nielsen et al.
(1964) observed that field determinations of hydraulic
conduc?ivity required much less time and effort than did
thqsg obtaiﬁed in the laboratory.

Freeze (1969) introduced a numerical modelling method
that attempts-to cover the majority of complexities involved
in Qater movement ipto and through the unsaturated zone'to
the water table. He found that infiltration is controlled by
éevefal parameters including soil "type", rate and duration
of precipitation and'evapOtranspirétiqnh>dgpth of ponding,
depth to the water table, and the antecedenf soil moisture
conditions. The model underscored the importance?of the
functional relationships between matric potential, hydraulic
conductivity, specific moisture capacity and moisture
content in the redistribution of maistufe in the unsétﬁrated

Zone,

Several conclusions regarding groundwater recharge have

been drawn by Freeze (1969) and Freeze and Banner (1970).
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B These-lnclude_yhe follow1ng-

5 (i) water ‘Eable r:se'occurs more. frequently under wet
antecedent soil m01sture cond1t1ons

(ii) 50115 wlth a h1gh ‘moisture’ content ‘over a range of
tens1ons, a low spec1f1c moisture. capac1ty, or a
_h1gh hydraulxc conduct1v1ty are most llkely to .
:transmlt water to the water table, and . ;,m.

i,(iil) pond1ng at the 5011 surface w1ll generally lead to
| ’recharge, espec1ally 1n areas where the water table
is, shallow.w o

Perhaps the most fundamental concluslon is that

knowledge of only saturated hydrahlxcﬂconductav:ty and soll

.textural class w111 glve erroneous estlmates of recharge.,In

°dorder to real1st1cally evaluate so1l m01sture movement the

depth of the unsaturated zone and the functlonal

¢ s . . . t, v s
relationships existing within At, must be measured.

2.3 GROUNDWATER
2.3.1 éroundwater Recharge and Discharge

Toth (1965) applied principles of fluid potential as
presented by Hubbert (1940) to describe theoretically the
groundwater flow systems within a small drainage basin on
the Canadian Prairies. He deflnedga-small basin as an area
bounded by topographic highs, with its lowest areas being
occupied by a body ot impounded surface water or else by the
outlet of a relatively low order stream: The,hasin would

have similar physiographic conditions over its entire =

R .
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surfaoe. He suggested that the tbtal area'of a basin,would
not be more than several hundred square mlles. Three major
flow systems werge c1a551f1ed by Toth: local, intermediate .
and regional Local flow systems are brought about by minor
and adjacent topograph1c highs and lows and they are usually
super1mposed on 1ntermed1ate and reg1ona1 systems. Recharge
occurs in the upper topograph1c portrons of a theoretical
symmetr1cal ba51n while discharge occurs in the lower; the
two are hypothetlcally Separated by a mldllne (hinge line).
The process of recharge has been deflned by Freeze and
Cherry (1879) as the entry into the saturated zone of water
.-made available at the water table surface together with the

-assoc1ated saturated flow away from the water table.d'“

v

.‘=351m11ar1y they define the dlscharge process as the removal

-of water from- the saturated zone across the water table
surface, together with associated flow toward the water
table within the saturdted zone. Freeze and Cherry (1979) -
consider the processes of entry and exit of water into and
>
out of the saturated zone as analogous to the entry.and exit
ot water into and out of the unsaturated zone at the soil
surface. Therefore they have defined infiltration as the
entry into the soil of water made available at the soil
surface together with associated flow away from the soil
surface within the unsaturated zone. They define the term
exfiltration, first used by Philip (1957f), as the removal

of water from the soil across the soil surface, together

" 'with'associated flow toward the surface within the
e . + (TS . R . : .
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unsaturated zone, v '

' Groundwater recharge and discharge rates are the result |

of an intimate association between the processes in both the

unsaturated and the saturated zones. Freeze (1969) stated

that in order for a water table to ma1nta1n a constant level”

in a recharge zone, a g1ven amount of 1nf11tratlon is
requ1red to balance the prevailing saturated flow rate. A
water t ble rise is indicative of 1nf11tratﬂ‘h in excess of-
this amiunt“\ﬁlmllarly, a water‘table in a‘d1scharge zone

'

'requlres a g1venoamount of exflltratlon to balance the

preva111ng saturated flow rate and a r1se ‘can, brang about aﬁpfﬁka‘

- ,.,

'S

decrease in exfiltration rate. Slnce 1nf11trat1on and
exf1ltratlon are translent processes in nature, the water
‘table is in constant fluctuatlon in response to |
characteristics ofﬁtheAatmosphere;vthe unsaturated.zone,
veoetation.and the grounduaterifiou;patterns, The depth of
the water tahle'often determines the relative intensities of
the above influences. For example, Gardiner and Fireman
(1958) found, using soil column experiments, that when the
water table is- w1th1n ‘ohe metre of the soil surface,“:

. - v

exflltratlon rates are controlled by cllmatlc factors..When

the water table is below one metre, the rate is controlled";"'

by soil properties and water table depth. Freeze (1969)
concluded that a dynamic equilibrium serves to limit the

range of water table fluctuation,

2.3.2 Shallow Groundwater Flow
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A perched water table, brought about by textural
'changes 1n\the 5011 and subso1l stratlgraphy, 1s most often

1mp11cated "as the cause of dlscharge in dryland sallne

seep—affected areas. A perched water table -is often a

'temporary,,d1scont1nuous zbne of saturatlon above the true S

continuous water table (Freeze and_ Cherry, 1979). It

- generally'promoteswgroundwater ‘flow at.sballow depth;, -
increaaing the probability.of discbarge within the proxiﬁity
of the'rootzone.

Several studies have found that sallne seeps form where
'perched .aQszers“ ha\§< ncountered less permeable materlal
downslope. Doerlng and Sandoval (1976) observed that saline
seeps in North Dakotaroccurred where layers of llgnlte,
scoria (burnt shale), or other highly permeable material
- were truncated at a shallow depth on a hillside. The
truncating material, as well as the soil overlylng the
“aquifer"; were of lower saturated hydraulic conduct1v1ty
Halvorson and Black (1974) found similar cases in Montana,
as well as cases where  flow occurred along contacts between
_“layers of glac1al tlll and more’ ‘dense clay substrata.

: Studles on’ the Canad1an Pralwles (Chrlstle, 1973 Oosterveld
et al., . 1978, Sommerfeldt and MacKay, 1982) have also,

.shown that seep development results from similar layering
conditions. Conducting layers are often thin,’discontinuous;
contorted, and scattered throughout the subsoil. This means

that seeps’can break out at several places along one

hillslope and subsurface‘drainage may not be an effective
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“ -

‘means of control. The conducting medium does not'neceSSarily“
-
need to be h1ghly permeable as a hydrau11c conduct1v1ty of

only one or two centlmeters per year 1s all that 1s requ1red
- ”\
tain a salfne’seep (Doer1ng and Sandova& !976) g

- !

P

-ta s

{] Recharge in sallne seep-affected areas. appears to be
'local but some stud1es (Greenlee et al., 1%§8L,OosteFVeld
Aet al., 1978)- have suggested that~flow systems of a more °-°
regional nature may be 1nfluenc1ng some seepage areas.' _
Generally, sallne seep flow systems are complex~due to the
-scattered leaky ‘nature- of - the perched . aéuife%év;”csupléé f
with the transient nature of recharge “and the susta1n1ng 2
,effect of larger flow systems. As a result thorough studies
of seep hydrology and reclamat1on procedures may become more
'complex_than expected.’ '

2.3.3. Groundwater Chemistry :
| o
The chemlcal evolutlon of groundwater is determlned by
‘
" fthe geochemlstry and hydraullc conduct1v1ty of the materlal
through whlch 1t passes, the amount of b1olog1cal act1v1ty
at“the surface, rate of weatherlng and the amount and rate.
at whlch water moves from the soil surface to the water
table. Therefore it i$ also 1nd1rectly 1nfluenced-by the
factors controlling recharge. The chemistry of pra1r1e
groundwater is most strongly 1nfluenced by the
characteristics of the soil and shallow subsoil. Moran and

Cherry (1977) provided a descriptive outline for the

chemical changes that occur once precipitation waters enter
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the 5011 groundwater system The explanation presented 1n
thls section is based in part on their discussions.
Gl?c1al tills in southern Alberta are composed of

..materlal derived from the local bedrock and from dlstant

' ~jsources. A’ tlll analysis by Pawluk and Bayrock (1969) showed

that - Cao ranges from 4 to 8 percent, and iron content ranges
from 2 to 3.25 percent on the southern Alberta prairie. The
' CaO data are 1nd1cat1ve of limestone and dolomite materlals,
jfwhlle the iron - data are 1nd1cat1ve of. pyrxte. The textural
characteristics of the tills generally reflect the textures
of the bedrock, meaning that the tills of southern Alberta
contain over 50 percent silt and clay-sizedrmaterials. The
origin of sodium as the original dominant exchangeable
cation on,clay'surfaces is not understood but it is believed
to come from either sodic volcanic material and/or \
*.Pﬁapprites-produced-during_periods“éfishailoﬁﬁseas'dn-fatél
Cretaceous time. A general statement on the composition of
glacial tills is that they are fine- gralned in texture and
"7cqptaln a mlxed mlneralogy whlch together provzde a more
favorable medium for plant growth than does the prairie
bedrock.
‘ Rainfall and snowmelt are, in non-industrialized areas,
generally low in total dissolved sollds and have a, pH value
of 5 to 6 (Freeze and Cherry, 1979). When precipitation
~waters enter the soil they encounter biologically-preodured
CO,in the soil air, and acidity (H+) in the soil water.

Carbonation (dissolution of CO,in water) produces weak
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carbon1c acid whlch d1ssolves any limestone or dolomite . - U7

Ppresent in the blologlcally active zone. If no groundwater>r.
discharge occurs, the carbonates of calc1um and magneszum
are eventually removed from the,A and B horizons by
leaching, Oxygen present in the soil air and’dissolved'in
the soil water produces oxidation of pyrlte, generatlng SO -*
- and acidity. This increases the dlssolutlon of carbonates,
The ion suite of water passing from the soil to deeper
subsoil becomes dominantly'Ca+’,_Mg+’q SO, -* and HéOsf.
Since rechafge is a relatively.rare event during the
summer, pore water is concentrated by evapotranspiration'and
causes calc1te and gypsum to precipitate in the C horizon,
When recharge does occur, water flowlng through the
unsaturated zone will dissolve gypsum and .carry. 1t toward
“the “water Léﬁié"slnce ma;1ne shale bedrock and some tllls
contaln sodium as the domlnant exchangea le catién, catlon

exchangé results in sod1um and sulfat

ions domlnatlng the
ion suite of the water enterlng the groundwater system. ‘v.-.
Water chemistry studies of dryland saline seeps (Greenlee et
al., 1968 Halvorson ‘and Black, 1974 Oosterveld and
Sommerfeldtwl1979) show that dominant ions at disoharge
sites are,in fact, gsodium %nd sulfate. This lends subport to
the idea that the above processes are oocnrring in dryland

saline seeps.

3

Gypsum is the key ingredient in the system. -Tts the
rate of production depends upon rate of infiltration and

rerharge, the amount of native :pyrite in the parent material

+



and the ease w1th wh1ch oxygen can d1ffuse or be carrled to
fdepth 15 the 3011 and subso1l A reduct1on 1n the amount of
‘f?exchangeable sodlum present w111 mean - an increase of Ca+’

;and Mg+’ in the groundwater. Presence of ‘complex maf1c

| mxnerals can lead. to the presence of chlorides in
groundwater as. well (Nxelsen, 1973) Oosterveld and
-ﬁSommerfeldt (1979) have observed n1tr es 1n saline seep

| water that. are in hlgh enough amount to be toxic to
fnan1mals. Although no complete explanatlon of thelr source is
| known, n1trates could evolve from the bedrock mater1als.
_aPower‘et al, (1974) have shown that geolog1c materials. in
the Ft. Union shales Montana, conta1n exchangeable ammonium
that LS read1ly ox1d1zed to n1trate. Nitrate n1trogen 1s
-frequently found in the upper 8 metres of the Ft. Unnon
shales\V1th concentratlons below- the rootzone of mlxed
..pralr;e grasses as hlghuas'30 to 40 ppm. The m1nera11zation
ofhorganic'nitrogen~within the rootzone has been suggested
,,as another. p0551ble n1trate source (Doering and Sandoval,
1976). Also, use of nitrogen fert111zers in agrxcultural
management practices,along the flow system, may contribute
'Significantly to the nitrate content of discharge waters
(Oosterveld“and Sommerfeldt, 1579)}'

| ¥
2.4 CULTURAL CONSIDERATIONS -
| Although the problem of;dryland salinitj is of recent

origin, saline seeps and salinity have been occurring on the

vundisturbed prairies long before man settled there. Man's
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‘a&Eivities on the praxrlg, hOVevgr. have accelerated the

[ e <'a % “

spread of dryland sa11n1ty. Most aetxvzt:esJalter the rate

1

and d1str1butlon of recharge, and where seepage cond;txons'

'have not prevailed for too long a pertod of . time, a change

in land management practices may be all that is required to"*~

correct the situation. |

' _The act1v1ty that has been most often cited as. the
. cause of new sallne seeps is the practlce of
summerfallow1ng. Since small gra1ns are the pr1nc1ple crops
'grown on the dryland pra1r1es, crop success depends upon »
whether enough moisture can be stored in the soil each
aspr1ng to supplement the prec1p1tatlon durlng the grow1ng
season, Slnce greater supplles of soil mo1sture at seed1ng
have con31stently produced greater yields of wheat (Cole and
Matthews, 1940) the: crop—fallow system was adopted for small
gra1n crop product1on in most dryland ‘areas.’ Adequate ._?
moisture for crop production is h1ghly-probable if cropsfare.
grown'in.alternate'years; howeverlﬁin non-cropping[years‘it
produces water in excess of the soil moisturg storagevf
capacity, increasing the idkelihood‘6f°recharge.'Soils'in;
_the\Lethbridge¢area; on.the average, store approximatelf 25
“percent of the'528 mm annualmprecipitation.in a fallow cYcle
" (Vander Pluym, T978) The remainder of‘the water is lost to
runoff evapotransplratlon and deep.percoiation.'ﬁnder a
small-grald‘crop, evapotranspiration is approximately 175 mm
of water over_a 100 day growing season and sPnce production

is in alternate years, there are over 600 days in which

oL e
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*transpiration”iS»not'churring (Oosterveld 1978b)..NatiVeg
.~‘5grasses would transpire moisture for about 300 days or 3

) times as long,,during thé same two*year period Most land '
e b B o < )
'ndurang*fallow years 15 frequently-cultivated‘for weed -

. cgntrol and’a mulch can be’ maintained to reduce surface
evaporation. Therefore a crop—fallow system of management
favors the retentlon of water deep in the rootzone and a

“more uniform'moisture distribution throughout the soil

& Rure
profile. ThlS 51tuation increases the probability of 5011
R W . s IRETR vewry W W e ERS - e
m01stune movement toward the water table. Since deep
R
percolation w1ll 1n1t1ally frll any available storage 1n the

s

soil below the rootzone, it may take several years to fill
an " aquifer ‘and generate a seep. |

Other cultural practices which promote recharge - include
overgrazing of pasture land, excavations which lead to the
retention of water on the soil surface, and the erection of
structures or shelters which trap snow. Overgrazing, like

summerfallowing, decreases transpiration by the reduction of

v -

leaf‘area. Cattle will pack the soil by hoof traffic,\which

along with removal .of vegetation, increases surface runoff
and ponding in depressions. The construction of ditches,
roadways and water reservoirs-serve to pond water, unless a
means . of drainage is provided. Windbreaks and fences will
trap snow, resulting in ponding in the spring. Sommerfeldt
and MacKay (1982) estimate that‘a caragana shelterbelt on a
| hillslope near Nobleford, Alberta allowed 3120 m® of excess

water to enter the groundwatetr system from the melting of
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sriow - wh1ch accumulated over. the w1nter of 1974 75.7 e

Cu;tural pract1ces have been 1mpl1cated by several

' studles (Ballantyne, 1963 "Halvorson and Black '1974' ‘Doering

“and“Sandoval 1976) as cauS1ng saline. seepage by alterlng the.. . .

- soil- moisture relatlonshlps from their. native state.

Upslope lands are espec1a11yAsens1t1ve to cultural
practices, and they usually become recharge areas for
downslope seeps. Recharge and discharge sites can often be

less than a kzlometre apart, however they are frequently far
'enough apart to cross'a property 11ne ‘The grea of’discharge
from a developed seep is often smaller'than that of the
Arecharge site; As a result, a small quantity oflwater
entering as recharge can converge to become a large guantltyuv
of yater leav1ng the system at the discharge site. For
example, if a recharge area is 20 ha for a discharge area of
one hectare, one cent1metre of water enterlng the system at
qthe recharge site can produce d1scharge flow volumes as
»great as 2000 m*. The time lag from a recharge event to Lts.
appearance at the site of the seep can range from hcurs~to
yeeks, depending on the size of the flow system (Qosterveld,
1978b). ’

Changes in the.land management practices in the
recharge areas offer a’ solutlon 1f the recharge areas can’ be
identified. Recharge does not occur uniformly over upland
areas; FreeZe'and/gherry (1979) have concluded that recharge
- 1s areally variable. Depressions in‘upland areas should be

"filled or centindously cropped where feasible. Use “of



sﬁmméfféllbﬁiné:sﬁoﬁléjbé 5ﬁaicious; In cases whéte»ft'ié
‘neither economical nor practical to alter the manégement of .
recharge areas, consideration should be given to the removal
of groundnater at or near the area of d1scharge. ‘Where salt:
-concentratlons are not excessively high,. a deep—rooted crop..
7or strlp of perenn1als could effectlvely 1ntercept
‘groundwater flow by transp1rationq Oosterveld (1978b)
cautions that this method is a temporary solution and
subject to phy51olog1cal and cllmat1c factors.~The use°of
\art1f1c1al drainage, such as subsurface dralns, to intercept
'§1scharge flow has been successful in ga1n1ng quick
hydrological “‘control of saline seeps (Doerjng and Sandoval,
.1976). The extent of control, however, is gdvérned by the
cost (Oosterveld, 1978b). Suitable outlets for the drained
water must also be provided. |
Where saline seeszare encroaching or have been ip
prbgress for a short period of time, changes in land
Wmanagement practices may be sufficient for reclamation. If
saline seeps have been'infprogress for too many years, salt
removal from the soil must be accomplished in additioﬁ to
the removal of the discharging groundwater. Natural léaching
of salts from a highly'saline area can take sevefal decades.
The need for early identification of saline seeps and rapid
implementation of land management changes to pro;ote

reclamation cannot be underestimated in importance.



111, METHODS OF MEASURING SOIL SALINITY.
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; 3 1 LABORATORY METHODS -
The term soluble salts,.as used in soil science refers

to the inorganic soil constituents that are apprec1ably
| soluble in water (Bower and W1lcox, 1965) . An approx&mate
-method for their quantlficatlon wasvpresented by thtney and o
:'Meaﬁb°<18§73 ;hereeingﬂeaeiectr1;;l res1stance “of 'a. S
saturated soil paste was measured. The general laboratory
procedures used in more recent tlmes, however,'lnvolve the
preparat1on of an extract (a solut1on separated from a 5011

water mixture) and the subSequen;/yeasurement of the

concentration of dissolved electfolytes within the extract.

3.1.1 Extract Prep&féﬁfsn
» The choice of a method for extract preparetion;depequ
ubon the purpose for which the determination is intended and
the accuracy desired. A genergl rule is that the higher the
Qater content of a soil solution, the eesier the procesé Bf‘-
removing that‘solution'from the soil,‘since separation can
be accomplished by the settling of the solid'compoﬁent, or
fiitering, without ehe'need ﬁpr a means of suction. If the'

purpose of the measurement, however, is to relate salt
a : .
concentration to plant growth, extracts taken from

soil-water mixtures of high water contents are not

representative of the soil solutions in which plants grow.

31



Therefore, 5011-water m1xtures should be at Iower water et
contents, similar to those at whlch plants normally growl
(Bower and wllcox, 1965) Slnce soils vary 1n thelr ablllty

to retaln water,‘and salt concentratlon can change w1th

vary1ng water content an 1dea1 extract would be one that is
obtalned from a. sample at field water content. Thls, ~

however, becomes t1me consumlng requ1r1ng a. large number of

) samples and therefore 1s 1mpract1cal for routlne laboratory

.«

.- . e a -
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use. The United States Sa11n1ty Laboratory Staff" (1954V ”"5 < -
therefore adopted the technique of making a saturated so1l
paste, relatlvely reproduceable by deflneable

characterlstlcs, from wh1ch an extract can be obtalned ThlS

is known as the Saturat1on extract method and it has become

sTman EESTN

- w1dely accepted a% the:standard method by whlch extracts can
be obta1ned for eiectrolytlc concentratlon measurements, and
the subsequent determlnatlon of 5011 sallnlty as it .affects i

~plant .growth. Other water- ~S0il ratlos, such as 5°1 (Unlted
States Salinity Laboratory Staff, 1954) or ]0.1 (Marshall
and Palmer, 1938) can be useful in determining soil salinity

[?b: burpsges other than itsﬂrelatfonato plant growth.

3.1.2 Measurement of électrol§tic Concentration

Measurement of the electrolytic concentration of
solutions was at one time given in terms of total dissolved
solids. This was accomplisﬁed by evaporating a known volime

of solution and weighing the residual salts. This method was

primarily used for the assessment of salinity in irrigation
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~-the method of drylng, however (Bohn et a~;;"1979) _ ‘5"°‘W"W'“

A more w1de1y adopted method 1s the determ1nat1on of

the electrolyt1c concentrat1on of a soluble’salt solut1on by _'

_measur1ng 1ts electr1cal conduct1v1ty. When a known

.reszstance is 1nversely propottlonal to- electralftic’

electr1cal potentlal 1s applled across a g1ven dlstance
through a- solution, or any conductlng med1um, current £low

becomes proport1onal to the re51stance of the medium. The

[ A —s
- s> & a
P—

concentratlon and can be easily measured with a resistance

bridge. Since’conductivity is the reciprocal of resistarnce,

it has been chosen 1n order that the proportlonallty

_relatlonshxp becomes direct. To measure conductlvxty,

:electrodes of a constant geometry must be placed parallel to

each other in the electrolytic solution and the same spacing

used from one solutlon to anotheér. The electrode geometry

cdetermlnes the cell constant, which can be obtained by

callbratlon with pota551um ohlorlde solutlons of known
concentrations. Procedures for calibration are given by

Bower and Wilcox (1965). Electrical conductivity values are

expressed in terms of Sieﬁens/oentimetre or
milliSiemens/centimetre (mS/cm) where Siemens are

*

numerically equal to mhos.
" The work of the United States Salinity Laboratory Staff
(1954) prov1ded chemical definitions regarding types of

salt-affected §oils (Table 3.1) as well as plant response
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f;r ,standards as related to saturatren extract electr1cal

..-- . .

' conductlvzty (Table 3 2) Saturatlon extract electr;calozilrf
¢~-~cond:et1v1ty has also been emplr1cally related to total
. sa 't, or total dzssolved salt fTDs) in the case of ‘water-

| che'1stry, by the- relatzonshlp (Un1ted States Salxnlty

ratory Staff, 1954)

TDS (mg/L) = 640 ECe (mS/cm) | (3.1)

s . N ¥y .
v,

i

where ECe represents the electrlcal conduct1v1ty measured
from a saturated extract &t 25 degrees C. Chang (pérsonal
communication) has found that relationships between TDS and
*;»ECe varled in sulfate dominated extracts. Over a range.of
electrlcal conduct1v1t1es from 0-to 2 mS/cm the equation he

derived was
TDS (mg/L) = 726 ECe  (r=0.998) e - (3.2)
"~ while for a range of ECe values from 2 to 16 mS/cm it became

TDS (mg/L) = 965 ECe - 310  (r=0.992) f (3.3)

1

He -also found a curvilinear relationship for the range of

~»,

ECe values from 0-16 mS/cm where

i

TDS, (mg/L) = 6.88(ECe)? + B61(ECe) (r-0.998) (3.4)
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Table 3.1 Traditional classifications of salt-affected soils.
Normal, Saline Sodic Saline-Sodic ..
' Soils Soils Soils Soi'ls
EC < & mS/cm £C > 4 mS/cm EC <4 mS/cm £EC >4 mS/em
ESP < 15% ESP ¢ 15% ES’P>152 o ESP > 152
. . ., *Terminclogy Committee, Glossary of Soil Science Terms Soil Science .
Soc:ety of. Amernca. Madison, Vn(c.onsin, 1973. R . ' R

%



Page'35a has been removed, which confained

Table 3.2 has been removed due to lack of availability

of copyright permission.

Table 3.2 .shows the response of plants associated with
different ranges of electrical conductivity of saturation

evtracts of cnils (Bowar 3nd Wilcox, 1965) .



3.2 FIELD METHODS |

F1eld assessments of .s0il salinity have trad1t10nally
involved so1l'samp11ng and subsequent laboratory
determ1nat1on of the salt content by the saturated paste
electr1cal conduct1v1ty method (Oosterveld, 1978b), Saline
seeps and encroach1ng sallne seeps can only be properly
delineated and identifiea once the laboratory analyses are
complete. The making of achrate mapS'of large areas
invelved the collection and anaIYSiS‘of a large number of .
samples, a process which becomes tlme consuming and
expensive for routine surveys if laboratory technlques are
used. To examine dryland areas for saline seep act1v1t1esi
adequately, surveys of large areas are required at some
regular interval of time. A need exists, therefore, for a
survey technique which requires a relatiVelg low investment
of money, manpowef, and time, and can be easily performed at
regqular time intervals,

Salinity sensors can be implanted into the soil at
desired depths for in situ salt measurements. The'sensors
generally consjst of electrodes within a ceramic medium,
which reaches equilibrium with the soil solution. Electrical
conductivity can be read quickly and directly from a
resistance bridge. Calibration is achieved by initially
taking measuremdnts with the sensor in solutions of known
elertrical conductivity. Sensors such as these are useful
for the continuous monitoring of salt movement at a given

lTocation. Although they provide information rapidly once
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installed, they are expenszve and generally 1mpract1cal for
.sallnlty survey act1v1t1es. _ L |
| Rhoades and Ingvalson (19f1) presented a‘methodawhereby
soil saiinity.could ne quickly assessed by use of the
electrical reaistance of the undisturbed soil-water'System
by measurements with a"fouraelectrodi array. Halvorsonvand
Rhoades (1974) extended ‘this method into a means of
identifying potential saline seep areas. Halvorson and
Rhoades #(1976) found the four- electrode method successful
for detecting and dellneat1ng sal1ne seeps and encroachlng
‘saline seeps. Tne method‘has been found to be rapid, with a
.-relatively low cost for equipment and manpower, and it can
produce results in the field with a mlnlmum of laboratory
analy51s. Halvorson and Rhoades (1976) concluded that the
four-electrode method can be a useful tool for field surveys
of large areas, and it can provide information rapidly for
planning remedial measures to control the development of a
“saline seep. However, most studies using the four-electrode
method have been performed under conditions of relatively
uniform moisture contents, both areally and within the soil
profile. It ha; not been thoroughly studied under conditions
where moisture contents, temperature, and texture vary, as
would be the case if periodir seasonal surveys ware to be

performed -~ *“ha prairiee af soutrharn Alberta.
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- IV. ELECTRICAL RESISTANCE SURVEYING
Electrical resistahce measurémenfs'are,qne of several
éeqphysiqal techniques used .to gainﬂinfofmation about

subsurface geélogical characteristics, using a minimum of

~-

. borehole information. Some electrical @e@hods'require <
introduction of direct or lqw-frqu?ncy Al§555§ting'threﬁﬁ
into the ground by means oﬁvelectrodes. The forq apgvdensity"'
of current flow measured at the surface'1; pakfially
dependent upon thé distribution of resistivity in the

' subsurface material. The resistivity of a material is
gefined as the resistance of a cylinder of that material
with a unit cross-séctiohal area and a unhit length (Dobrin,
1976). In direct appliéationAof current;vby electrbdes, the
property measured is the potential gradient, although it may
" be given as a cof:espondinq resistance by the measuring .
instrument.

Cur;eht can also be generated in thenground by
inductioﬁ from low or high-frequency eleétromagnétic wave
energy emitted through a coil not in direct contact with the
ground. éorregponding waves propogated in the ground, are
alternated at a rate that is dependent upon both the wave
frequgnéy and.the-electrical properties of the material
through which they pass. Coﬁdurtinq materials will have
alterhating elect?ical currents induced in them, aﬁa these
are measured hy an above-gronnd detncting coil. Induction
measufements are used in both aircraft reconnaissance and

-

surveys by foot. They have also been used in surveys of
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| fh,saline so1l (Cameron, 1980) , o
Since most‘m1nerals are good 1nsulators, electr1cal
‘conductzon is malnly by electrolytes in the 1nterst1t1al |
Vfwater. Therefore res1stance depends upon the poroS1ty and
hdpore geometry of the mater1a1 its degree of saturat1bn, and
‘the concentratlon of d1ssolved~electrolytes .Metall1c |
sulflde ores,.and some’ clay m1nerals whlch have sodlum
rdomlnat1ng thelr exchange complexes will themselves |
e contr1bute 51gniflcantly to conductlon and are consequently
.' eﬁ;eptlonslto_the preylous statement. It 1s'appar€nt,
},bherefore, that'strat;ycan produce a uide range of
\fes1st1v1t1es, certaanly from one rock type to another but
‘also w1th1n a glven formatlon. As a result }1t is d1£f1cult
to correlate llthology wlth re51stance, per se, but
general1t1es can be drawn. For example a trend of 1ncreas1ng
_ re51stance ex1sts from clay to sands and gravels, to
f;”’l1mestone to, f1nally, crystalllne rocks. Dryness,_however,
can 1ncrease re51stance by an order of magn1tude in any -one
rock type (Gr1ff1ths & Klng, 1965)
4. 1 FOUB ELECTRODE MEASUREMENTS
' Con51der a condition. where current is dlrectly
N 1ntroduced 1nto the ground by means of a source electrode,
and exlts from the ground at a- 51nk (negat1ve) electrode.

{The depth below the surface through wh1ch the‘current flows

'is d1rectly proportlonal to electrode separat1on. Therefore,

N two - electgodes two metres apart w1ll produce a current flow

4 P
, .
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in the 5011 to a d'epth of two rmetresﬁo‘i\

explanat1on is prov1ded by Grlffzths a?d'KLng (1965) When :
gwo or more layers of dxffer1ng res1st1v1ty exzst the
proportionalitv'is no longer exact as curren¢ flow llnes are
refracted across the boundary.'." . ’ lA |

To measure . potent1a1 gradlent in a two-electrode

system, an add1t1onal pa1r of electrodes can be 1nserted

jbetween the current pa1r. The value measured is the average_

“ka"

potential gradlent between the potent1a1 electrodes and
although measured at the surfaoe,'zt is 1n£luenced by the Jﬂf |
flow lines beneath the surface. Resolvxng power 1ncreases as
the spacing between the potentlal electrodes decreases, and
4accuracy is reduced’due to thé decrea51ng dlstance over
which the potent1al grad1ent is measured | _

There are three conflguratlons of electrodes that are
popular ‘in geophy51cal surveylng The Wenner confrgurat1on
has an equ1distant spac1ng be\yeen the current and potentlal
electrodes. It offers advantages in ease of operatlon and
interpretation. The Schlumberger.arrangementjls'slmllar to
the Wennef but with.a closer'spacinglof-the potential.‘
electrodes, ln'relation.to the current"pair..lt'is’suitable' Lot

for work where hlgh resolut1on is requlred The Lee '

v - - L]

Part1t1on spacing, a conf1guratlon of four equldxstant
electrodes with a fifth at the mldp01nt, is suitable for'_'
measurements[where surface material iS’non—hoﬁogeneous or
.contains several lateral anomalies such as rock outcrops or

water. Equat1ons to calculate re51st1v1t1es for each, and
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King (1965)

their theoretical der1vat1ons are provided by Gr1ff1ths and’

.Electrical'resistance'surveys are n5ualfv carried out
across an area by means of either a traverse or a gr1d I
Depth- of~a layer or to a layer is determlned by a set of _
successive measurements at one site or gr1d p01nt Each new
measurement has a largervelectrode spaéfng.than the last,
"therefore the re51st1v1ty of - the materlal 1s determ1ned to
ah increasing depth Sharp changes in re51st1v1ty indicate
the presence of a zone of dlffer1ng conductivity. Depth to
groundwater can be . determ1ned 1n thlS manner, as can ‘the
d1fferent1at1on of sallne groundwater from non-saline
groundwater. Isolated bodies of ores have been located thls
~ way, as well. Cook & Van Nostrand‘(1954) have presented data
‘interpretation for ores locateg in limestone. s1nks. Data can
~be presented as curves of resistivity versus depth, or a map
of isolines delineating resistivities,,The Wenner array, or
"four-electrode” array, is often used for depth
determlnatlons of conductlng bodies because of ease of use
in ‘the field and the large data base previously acquired.

Survey work w1th electrlcal res1stance is useful where'
the changes in the re51stance propert1es of the mater;al are
not too complex. Even when thlS is the case the conﬁldence
in reproduc1b111ty of the numerlcal values applles only over
a limited range of problems, and survey data should be

supplemented with some borehole information.
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4.2 APPLICATION TO MENSUREMENT OF SOIL PROPERTIES
| In*goil 5cience,'electrical reslstance has'been tested
as a method of measur;ng so1l mo1sture in S1tu since the
' turn of the century (Whitney et al., 1897) Early
1nvestlgat10ns involved measurement pf 5011 re51stance
between two electrodes with little success. One of the
causes of early failures was the presence of contact |
re51stance b?tween the electrode and the soil. Us1ng four
electrodes eliminated this problem (McCorkel 1931) and
'-Edlefson & Anderson (1941) gave theoretlcal proof and
) exper1menta1 ev1dence to support,thlsrvklrkham and Taylor
(19495 introduced the Wenner array for determination of soil
moisture content; hoveber; they concluded that soil salinity
had too,great an influence'for moiéture‘contents to be
waccurately measured. | |

Shea,and Duthin.(1961) lnvestigated the posSlbility of
using. the Wenner array, or four electrode method, for
| salxnlty assessment. They did not intend it to ‘replace the
satyration extract technlque,,but to give a nondestruct1ve,
direct estimate of the quantity of salts in the'field.,Thelr
tests were, however,.conuucted in a cubic tank, 1;2 m perv |
side, with electrodes buried to,deaired.depthé. In thls‘uay;
- salts andrmoisture contents could be controlled. They found
that 'soil salt content could be measured by a four-electrode
.method with accuracy comparable to the saturation extract |
. method, but lack of moisture and temperature controlvcould'

lead to considerable error. They concluded that the(éethod



showed prom1se but more study was needed to. determlne the
re11ab111ty of the method | o :

Rhoades and Ingvalson (1971) used the Wenner Method to
measure salt contents in'field_plots which.were adjﬁéted fo
various levels of salinity. Electrodes were inserted 2.5 cm
into the surface and the inier-electrode spacing cdontrolled
e§0r measuring to depths of 30, 60, 90 and 120 cm. Their |
ﬁesults showed excellent correlation with'eleotrical
conductivities of Saturaﬁion extracts of samples taken ot
the same 1ooatibns. Halvorson and Rhoades (1974) used the
four electrode method to 1dent1fy potentlal saline seeps and
assess soil salinity, and Halvorson and Rhoades (1976)
extended the method to field mapping of soil electrlcal
conduétivity in order to delineate dryland saline seeps.
Rhoades et al. (1§76)'investigated seoeral important ;
parameters that affect measurement of salinity. These
iholuded'tortﬁosity,'waterlcontent and surface conductance.
Halvorson et al, (1977) stud1ed different methods of
callbratlon and also the influence of soils of d1fferent
textural classes and parenf materials on relationships
between four;electrode messurements and electrical
conductivities of saturatlon extracts. Rhoades and Halvorson
(1977) produced a manual on detection and mapping of sallne
seeps, and included calibration methods and~cal1brat10n
curves.for representative soils of the Northefn Great
Plains., In all cases moisture.variability was lessened by

measuring in the early spring or immediately foIIOwing
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irrigation. Ooste£¢eld'etfbl. (1973{ and Read and Cameron
(1979) have used thelfour-eleCtrode teehnique to-deiineate.‘
,Salineeeneas on the Canadian‘prairies. Nedle: (i980) hes A.
further“investigatedeﬁhe relationship between
inter-electrode spacing and depth of measurement in eoils.
Nadler and Frenkel (1980) studied the significance of
‘surface conductance at‘iow salinities and presented a method

ot -

for its calculation..

- \

4.2.1 Theory of Operation in Soils

The theory of electrical resistivity of the Wenner
varray has been well documented (Griffiths and King, 1965;
Shea aﬁd Luthin, 1961). Briefly, if a known current .,
originates from a point source and exits by a point sink,
Ohm's lew can be qsed*to calculate the po;ential dfep

‘between the inner electrodes. Resistance is given by
R = AV/I . (4.1)

where "R" is resistance (ohms), "I" is current (amperes)
and,ﬁeé" is the potential difference (volts). If the current
is carried wi;h parallel lines of flow over ak |
cross-sectional area, then the resistivity of the medium

]

becomes

p =R A/a : | (4.2) b'
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where “p" is.resistivity (qhms-cm), "A" is”c:oss*éectional
area {(cm?) and "a" is théldisfancé between potential
eleétrodeQ (cm). Griffiths and ﬁing (1965) derived |
resistivity in terﬁs qf "R" for a homogeneous and infinite

medium as -

-p=4mma R (4.3)
| A -
Since‘in practice, the earth's surfaée presents a limit to
the medium, resistivity must be reduced accordingly. This

boundary condition is represented by a factor "n" where
P =4ma R/n o (4.4)

Wenner cé;culated "n" for his electrode configuration to be

-

-

n = 1 +,£2/‘\/(1+4«ib/a)3)] - [1/ /(1+(b/a):)] (4'5)

where "b" is the depth of the eleztrode below the surface.
If "b" is small in relation to "a", "n" approaches 2 and

: équation‘4.4 becomes
P=27Ta R (4.6)

If "b"™ is large compared to "a", n approaches 1 and

equation 4.4 becomes



%

p=traR o | S (e
For the purpose of measuring soil sa11n1ty "a" is considered
large in relation to "b", therefore re51st1v1ty can be.
calculeted'from the measured R value by.equation 4.6.’This
means that care must be taken that the probes only enter the
soil deep enough to support their weight, or else
sigmificant'deviations from equation 4.6 can develop.
Rhoades and quvelson (1971). converted resistance to an
electrical conductivity in order to correct for geometrical
differences in current flow as the inter-electrode spacing
was increased from 30fto 120 cm. As e.result; measured
values are now independent of inter-electrode spacing.
'Rhoades and Ingvalson (1971) termed‘this value as an
"apparent” electrical conduct1v1ty because the heterogenelty
of most soil prof1les results in it hav1ng a different value
from electrical conduct1v1ty_measured by the saturation
exrract‘method. Their equation of conversion is given as
| . K
ECa = 1000/(2ma R) (4.8)
where "ECa" is apparent electrlcal conduct1v1ty expressed as
mS/em to«be con51stent with the common un1t of~electr1ca1
conduct1v1ty measurement in soils. |
Voltage applled to the four-electrode system can be
either alternatlng or dlrect current. Alternat1ng current 15'
preferred since direct current. can produce ion polarization,

as well as being 1nfluenced by natural currents generated in”



the earth Slnce both natural currents and polarzzat1on
effects are un1-d1rect1onal they can be ellmlnated by use of
alternating current. Low»frequenores are preferred sznce'
ground'indug}ance and cdpacitance can complicate current
flow at frequencxes above a few tens of cycles per second.
(Griffiths and King, 1965) Generatxon ,of dlrept current 1s -
more practical in field cond1t1ons, where batt:}1es often
' provide the power source° therefore, it is oulsed to low
~ frequency alternat1ng current by a vibrator 1ncluded in the
measuring 1nstrument. Some field meters use a hand cranked
- generator as awpoyer source and therefore produce
alternat1ng current directly. Once power has been applied to
the current electrodes, potentzal in another circuit is
balanced agalnst the potentlal difference across theqlnner
electrodes, with the dszerence being reflected by a null |
meter (galvanometer). Potential on this circuit can be
adjusted to' egual the potentlal across the~g%Eer electrodes,
and this value is glven as the resistance " by the meter.
Therefore, most meters used in four electrode measurements
.have a power source that e1ther generates or else converts
to alternatzhg current, a galvanometer to indicate
resistance, and also an ammeter to detect any uariations in
current in order that they can be quickly corrected

A dlagram of the geometr1cal conf1gurat1on of the
Wenner array is provided as Flgure 4.1. Rhoades (1975) has

calculated the measured. volupe of a homogeneous material to

be approximately equal to ma’, shown as the hatched area in
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Figure L.1 is a schematic diagram of the dﬁﬂ? electrode
apparatus showing its approximate sampling volumé
(Rhoades and HalvorSOn; 1977) .
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Figure 4.1, This means that smallvchanges in the
interelectrode spacing,ﬁroduce large changes‘in the volume
of material that is measured and therefore a means is
provided whereby the bulk volume of measurement can be
controlled

A When an electrlcal potent1a1 is applied to a soil-water
sf%tem, ions from soluble electrolytes are accelerated to
the pole of opposite charge. Ion flow is enhanced by
exchangeable cations which are mobile to various degrees in
an electrical field. This is known as surface condectance.
Resistance to flow is strongly influenced by the number and
size of interconnecting pores'as well as the amount of pore
water presedt. Viscous forces present in the soil solution
allow a terminal velocity to be attained by the ions, knewn
as ion mobility, and since viscosity is temperature
dependent, ion mobility decreases with decreasing
tempereture; Ion concentration also influehces Viscosiﬁy.
with jon mobility being reduced when the concentratjion
exceeds a limit. Below this limit, increasing concentration
will enhance current flow. Tt is therefore evident that the
re§1stanﬁe of a soil-water system depends upen its water
Tontent, pore geometry, tamperature, ‘snrface rendurtance
and electroly%i" concentration,

Rhoades et al. (1976) have Aaveloped an equatinn to

describe the above relationehips, ;nd it is given in Fhe
form of apparent ele~trical c~ndnctivity, ae rnlevlatad from

meagiyy » ragigbaupp :.\rv«—-n'-J;”fJ [T ""‘\-‘i"i""“ 1 9 Tv ~hivre thav
\i

)



e el IS TR N T T A D v ¢ e o e i en e

50
ECa = (ECw 8 T) + ECs . - (4.9).

where 8 is volumetric water content, T is a transmission
coeffif?ent felated.to both 8 and pore geometry, ECw is
electrical conductivity of the soil solution, and ECs is
,surfgée cOEQUCtaan,'or the elecgfical conductivity of thei
solid soil matrik.‘since ECs and T are proper%ies qf the
solid soil component, they are unique to a'given soil.
Rhoades et al. (1976) determined that T was'linearly related

v

to 8, and assumed that the ECs contribution was small in
sallne 50115 and constant over a range of sa11n1t1e;.
Therefore, for a given soLl ECa can be empirically related
to ECw and 6. If the water content is nearly uniform both
areally and throughout the proflle, and relatively
reproduceable (such as field.capacity), Rhoades and’
Halverson (1977) assumed that ECa could be solely dependent
upon ECw. In turn, ECw is uniquely related to the electrical
conductivity determined by f%e saturation e;tract method

(RCe). The resulting empirical relationship between ECa and’.

e hag heen presgserted by Rhnadeg and Halvorson (1977) as
ECa -~ A Rle + B S (4.10)

Ta accowrt for temperature difference, since ECe is measured
at 25°C, a correction factor, Ft, provided by the U.S.
- Salinity Laboratory Staff (1954) was incorporated in the

determinat .~n of ®Cs hy Rhrades and Halvarsnn (1977) as
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ECa = A ECe Ft + B = * o (4.11)

s

@

A s

They'recommended a ca}ibﬁ;tion p;ocedﬁre for a gi%eh soil:S§
measurements of electricél_conductivity by both the
four-electrode and the saturation extract methods over a
range of salinities at a reference water content. The.values
of ECe and ECa éan then be plotted on a graph and the
constants A and B determined by linear regression. .

Rhoades and Halvorson (1977). have quantified the ECa
versus ECe relationships for soils of typical textural
classes found in- Montana and North Dakota. They have
recommended use of their data for soilg of similar textures
and water~holding capacities in the northern Great Plains.
They have also provided a method for using four ele"rrodé
measurements to delineate saline seeps.

Since ECa is a variable describing a bulk soil
electrical conductivity, the four-electrode method implies
that the interval of measurement élways extends from the
1surface to the desired depth. Phoades and ﬁalvorson (1977)
determined that the elecfrical conductivity at a discrete
soil Aepth interval can be determined, assuming that the
depth nf meas rement is equal to the interele~trode spacing
(a), and th;t the electrical resistances ~f a stack of snil
layers behaves like resistors in paréllel. The dis~rete
depth nT.e"trir.'-:al condurtivity, ECx, can be derived froem a

series of ™'> aluce for increasing depth intervals "y the

arquat inn
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ECx = EC3_a = [(EC, -a,) - (EC, ,_,)]/(a a_,) (4.12)

. . . .

where a.represents the 1nterelectrode spaC1ng and a,.1
~represents the previous interelectrode spac1ng.
Determination of ECx provides a means whereby aqdiSCfé;e,
soil depth interval can bé assessed for salinity, but for
soils with marked horizontal variations in texture or
salinity the method does not apﬁlj.

The four-electrode ﬁethod provides a method for rapid,
inexpensive soil salinity measurements direc;iy\in the field
and has been téstedfin a variety of soil conditions in
Montana and North Dakota. There are, howeve;, some
factors, such as field moistufe content and texture, which ?
can theoretically limit its general use. In addition, it has
not Eeeﬁ tested under,cpnaitions of high temperature or -
moisture gradients within the soi} profile, or under the
soil environments found in Alberta. There is a need to
determlne how llmlp;ngdthe restrirting parameters are in
regards to the appl\cat;on of the four-~ -electrode method to a
specific purpose. Also there is a need to determine md}e
accurately the general range of operat1ng condltlons under
which the meth diian be ysed with confidence.

This study é%amlnes the four-electrode method undef
conditions oi_changlng soil temperature and moisture
conditions ang wompares its cuitability in delineating
saline seeps by means‘of salinity ~entdur mabs against‘tﬁoSe

developed.by sampling and iQhﬁ'aforv analyses. Also this'

a



;h study will attempt to determlne the usefulness of the four
'{electrode method 1n mon1tor1ng so11 sal1n1ty fluctuatlons at

'f;Tg1ven locat1ons throughout the growxng season. It is hoped

ft;that 1nformat1on from these 1nvestzgat1ons will contr1bute
“to the determxnatlon of the purposes for wh1ch the _ |

hfour-electrode method 1s best sulted
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'fThe f1e1d measurements for the study were carrzed put
1n two general locat10n5° a closed dralnage bas1nv jj._ -
'“1mmedxately south of the v111age of Nobleford Alberta (F1g,;f3“
35.1) and at the sxte of the Agr;culture Canada Research |
‘Stat1on at Lethbr1dge, Alberta... '

5.1 NOBLBF Slﬁé§? ”:k':f;“‘ ~’f:“?; m{v’-'fé : ) v‘ww%   :
' ~’ Hh\_gjz:ed ba51n at Nobleford forms 2’ topograph1c dome“
'cover1ng about 650 ha, thh1n wh1ch 1s contaIned a e
depre551onal baszn w1th no dr51nagé outlet (Sommerfeldt and
leacKay, 1982) The d1fference 1n élevatlon between the
'upland and the lowland 1s over 30 m.- Bedrock geology
‘HCODSlStS of the st. Mary s vaer fqvmatlon to the north and\
lwest, and the Bearpaw formatlon to. the south and east. |
Between these format1ons 1s a narrow band of the Blood
Reserve formation of non-mar1ne and marlne sandstones,
Bedrock was observed by Sommerfeldt and MacKay (1982) to be
contorted and fractured in the. area north and west. of the
depre551on. The depth to bedrock ranges £rom one metre 1n '
the upland to seven metres in the Lowland (Sommerfeldt
1973) Surflc1al mater1al in the lowland 1s malnly flne-to
med1um textured overlylng fine- textured subsoxi with ffl
anclus1ons of th1n layers ofosand Most of - the rema1n1ng
mater1al w1th1n the bas1n is coarse to medlum textured,
over1y1ng coarse textured subso11 (Sommerfeldt and MacKay, :

1982)._A kame is located'at the northeast edge of the

54



Nobleford study area.
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”depresszonal area and coarse-textured materlal extends
southward from it across the lowland d1v1d1ng the lowest
areas 1nto two parts. The domlnant 50115 of the area have-

been mapped as Orthlc Dark Brown Chernozems developed 1n

.t1ll or fine- textured lacustrlne veneer (Kocaoglu’}l977) (/

Since the ba51n 1s closed there is no external outlet
, for surface wvater, whlch collects almost every year in one
_ or both of~the two lowest'areas. Roads1de d1tches and a
rallway grade acnoss the northern slope of the depre551on
also serve to collect surface water. Pondlng has been'
serlous_enough,ln the lowland to delay or restrict the )
.planting of cerealvgrains (Oosterveld and Sommerfeldt,
1979). Soils of the lowland*are‘affeCted by waterlogging and
salfnity, and saline seeps are breaking out‘along the north
‘and west basal slopes of the depression., ‘b |
The climate of the region is continental but the

proximity of the mountains to the area provides somewhat of
a moderatlng effect. Lethbrldge, the closest ‘major weather
statlon, enjoys the warmest w1nter temperatures and hlghest
Jnean annual temperature of any weather station on the -
Canadian Pta1r1es and yet_the maximum summer temperatures"
are slfghtly COoler than manY*locations in'the southern
' Canadian prairies (Hobbs, 1977) Long term mean annual
precipitation in the Nobleford ba51n 1s 352 mm. Evaporat1on
from a slass A pan 1n,Lethbr1dge, based on;a‘nlne-year
;awerage, is 1302 mmi(Hobbs, 1977).5Mean evaporation excee?s

precipitationbe;EOO mm per month for May, June, July and’

o -
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“nugust.

. The land of the basin was 1n1t1ally settled in 1904 and
the practlce of crop-summerfallow farming was used for
moisture conservation. By.1920, wind erosion was becoming a
problem and measures such as strip cropping and the planting
of shelterbelts were undertaken'in-the area. The
crop—-summerfallow system was still in practice in the
northern upland part of the bas1n in 1979. Evidence of .a
water table rise started about 1950 when areas of lush
vegetation growth appeared on the side slopes (Oosterveld :
and Sommerfeldt 1979) Management practices were changed in
'the lowland durlng the 1960's 'to annual cropp1ng and '
planting of permanent grass in the most serlously affected
areas. Management in the northern uplands was controlled by‘
a dlfferent owner, however. As the prohlem qontlnued
research personnel from Agriculture Canada were invited to
study methods of control,

A hydrologlcal study by Sommerfeldt and MacKay (1982)
has determlned that the groundwater flow systems of the area
are complex, w1th most of the flow affecting the SOllS of
the basin be1ng local rather than regional. Potential
sources o%’recharge'were identified as deep percolation from
summerfallow fields in the upland ,and temporary bodies of
.trapped surface water caused by the presence of the road,
railway and village reservoirs. Drifted snow which
accumulated along a caragana shelterbelt on the  northwest
slope of the depression_was also implicated\;s/a potential

N ¢
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recharge source. The bodiesvof impounded water vererfound in
areas'of bedrock contortion, where fractUring“couldube |
expected They were also above and in close prox1m1ty toA
three sztes where upward p1ezometr1c pressure vas observed.
The sal1ne seeps were bel1eued to be caused by thel(»
restr1ct1on of subsurface drainage by both the break in
lepe and the change to finer-textured sozls in the lowland.
-A reclamation program vas 1mp1emented 1n-1977.whereby
1nterceptor subsurface drains ;Ere installed in the
seep—affected area at NwW-34- 23 10 W4. At thzs locatlon,
‘evidence of a water table rise began about 1950, and in
1975, an open excavat1on had been constructed to measure
flow rates. The-subsurface drainage outlet was a dugout in
SW-34-23-10-W4, Suréacevuatervwas drained by means of
ditdhing, which'also outlet into»the duédut; The collected
water would then be pumped back onto cropland;as irrigation
(Oosterveld,i1978a; Oosterveld and Sommerfeldt, 1979). ‘An

excessively wet spring in 1978:resulted’in overflow of the

dugout and inundation of several acres of lowland until July'.

of that year. The interceptor drains provided insufficient
hydrologlc control of the Sallne seeps, and more dra1n11ne

was installed in a loop around the open ‘excavation. The

excavation was then part;ally fllled w1th a gravel envelope,,

and then completely backf1lled later that year. The complete
drainage project is 1llustrated in F1gure 5 2.
Samples 9f subsurface water collected from the drain

outlet showed that dominant ions are Na+, SO, -* and NO;-

{
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Figufeai;? .-Surface and subsurface dgrainage at Noblcf&rd study aresa.
®



'(Oosterveld.and‘Sommerfeldt, 1979) The sample chem1cal

'
compos1tzon 1s prov;ded in Table 5. 1 :

Table 5.1

Chemical composition of subsurfaco drninwatcr at the Nob!cfor-d basin.
Repr!nted from Qosterveld and. Somerf.ldt 18979. -

B SAR ph M G eng®™ . 50 w0 T wo,”
mS/cm : - meq/L . meq/L _ ma/L maq;l. ) mq/L mg}L
9.3 17.1 7.7 85 kg’ 104 16 3.9 82

-
The presence of high amounts of nltrates have been

attributed to deep percolatlon of fert1l1zer n1trogen from

agricultural act1v1ty 1n the upland’ (Sommerfeldt and Macxay,

1982).

| Instruments for the measurement of meteorologzcal
parameters have been located in NW-34-23-10- W and
prec1p1tat1on data é@%ce 1921 has been presented by

"Sommerfeldt and MacKay (1982). Collectlon instruments

60

consist of a rain gauge, a snow gauge, a class A evaporation

pan, a water table recorder, air and solrh(10 cm dep!h)

temperature recorders, and an anemometer.

n

Three sites were 1n1t1a11y chosen in 1979 for periodic

salinity surveys. One site was chosen on the fleld where the

interceptor drains had been placed. This site will be

referred to as Drainfieldw Another site was chosen on

NE-33-23-10-W4, the field immediately west of Drainfield. At

this location, an establﬁshed saline seep was observed to be



6.1
expand?ﬁ%.upslope, and the upslope portion of the seep was
to be surveyed. This field will be referred to as Westfield.
The third .site, Eastfield was located on NE-§4-23f10—W4.
Like the Westfleld site, an establ1shed seep in this f1e1c
was expandlng and the upslope p051tlon was to be surveyed
Although the principal purpose of site selection was to
provxde sa11ne seep—affeqted,501lsvthat oould be used for
comparison of the four-electrode method Qith the saturation
extract method for salinity evaluation, sites were selected
that could possibly provide additiohal information that
‘ could be interpreted by the four-electrode method. The
purpose- of selecting the Drainfield site wes to determine if
any change in soil sa11n1ty could be detected now that
'subsurface drains had been placed. The purpose of selectlng

the locations of the Westﬁfeld site and the Eastfield site

was, in addition to delineéting saline soils from less G

'saline soils, to_locate points of groundwater discharge.

In 1980, an additional site was chosen on
NE-33-23-10-W4. This site, Hedgefleld vas selected where an
encroaching sallne seep was observed the previous summer and
fall A caragana hedge had occupled the upslope position on
thlS site for several years, and although recently removed
it was thought that it may have contributed to the creation
of this seep. A survey of both the upper and lower slope
positions was undertaken to find/proof of this. All survey

sites are shown in Figure 5.3.

-~

N
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5.1.2 Monitoring Sites

Three sites were'chosen in 1978 for periodic monitoring
of soil moisture and salinity. An upberéiope, a midslope and
a lowerslope site were Selected and are shown as Sités‘F, D

and E respectively on Figure 5.3.

5.2 LETHBRIDGE SITE§ '
| The locations that were chosen on the.property of the
Agriculture Canada Research Staéﬁon are ciimatigally
comparable to those. at Nobieford. Three monitoring sites.
were selécted in 1978, two of which were located 25‘m apart
at NE-6—2]—9—ﬁ4 where evidencé 6f'encroacping §$1ine seeps®
was observed.in a field adjacent to an irrigation canal (see
Figure 5.4). These sites are»refé?red to as Sites A and B.
The éﬁird monitoring site, Site C, was‘éélecged at
SE—6~21;9—W4 where rotation of agricultural crops has been
undertaken for several decades. The field has been irrigated
on a regular basgis duriﬁg each growing season; The purpese
of these sites vas to provide data on other conditions that

could lead to soil salinizétion, and therefore be .used in

comparison to the Nobleford data.
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Figure 5. 4 Location of the monitoring sites at the Lethbridge Research Station.



V1. MATERIALS AND METHODS

"6.1 FIELD INVESTIGATIONS ' »

- 6.1.1 Survey Activities.

Saline ~seeps were in evidence at all chosen 51tes, and
in prev1ous years they had been observed expand1ng upslope.
In the sprlng of 1978, .the pasture grasses 1mmed1ately

uphill from the seep outbrea;s were exhibiting the lush

"'growth‘indicatige of an encroaching saline seep. These

locations were éhosen as sites fcr the survey activities,
although tbe Drainfield site also-included the areadin which
subsurface drainage‘had been installed. Each site was
divided into a number of square grids 20 m on each side. At
each site the gr1d was 1arge enough to extend well beyond
the area of lush growth into the salt—crusted and
kochia-invaded areas where thea seep was more established.'It
was assumed that these areas would provide a range of scil
salinity from non-saline to highly saline.

Measurements were to be taken at each gridpoint. Slnce
sal1n1ty contour maps would be constructed from the data,
the gridpoints were marked in a permanent manner in*crdgr.to
facilitate”repeated surveys at different tiﬁes during the
growing season. Each gridpoint, once surveyed with a tran51t
and surveying cha1n was marked with a square sheet of
metal, 4 cm per side, and then painted fluorescent red tor

easy identification, To'discourage their removal by cattle,

the metal squares were fastened to the ground by a sbike 15

\ 65



cm in length?o_ ' ' v :

The measurements were taken 1n such a yay that at each
grldpolnt four electrode. re51st1v1t1es would be measured
'1mmed1ately before.a soil sample vas takenzby_a core tubeh
powered byva.Giddings'drill-on a\3/4 ton truck..The: |
four-efectrode a?spacings uere 50 cm, 60 cm; 90 cmpand 120
cm at each gridpoint,‘and thehso;ldsamples were divided intop
depth segments of 0-30 em, 30-60 cm, 60-90 cm and 90-120 cm
depths. At each sampllng locatlon, temperatures vere taken
at depths of 15 cm, 45 cm, 75 cm, and 105 cm. ,

Due to 11m1ted access to the.corlng truck one set’of
measurements was to be made at each. 51te in the spring,~
summer, and in autumn. It was hoped that the t1mes of these
measurements would demonstrate the suitability of the
four:electrode method under conditions of relatlvely uniform
soil“moisture and temperature (spring), steep soil moisture
and temperature gradlents (summyr) and 1nverse soil “
temperature gradients and possibly soil moisture gradlents.
(autumn). These ‘would be representatlve of the range of
conditions found if use of the four- electrode method was to
- be undertaken during the growing season.

No measurements were taken durlng 1978 because’ of .
malfunctions in the resistance meter and associated
sérv1c1ng delays. Prec1p1tatwon during 1978 was above .
average and by the spring of 1979 the seeps at the Westfleld o

and Eastfield sites exh1b1ted increased,discharge. Water had

ponded over a small portion of the Westfield and a large
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portzon of the Eastfleld szte. The pers1stence ‘of ponded~gm\-"

water at Eastf1e1d d1d not allow measurements at thzs S1te :
“7? *dur1ng the summer, and by 1980 1t was abandoned 1n favor of

the Hedgefreld 51te.5 s

.

| 6 1 2 Survey Insqruments

o o

J]°d_ The ﬁour electrode apparatus that was used ‘an a tr1a1

1s 1n 1978 consxsted of a B1son model 2350 ‘A earth

s

;res st1v1ty meter and a wooden beam 3. 66 m 1n length upon B
{-

The electrodes were electr1cally wared and spaced from each

N

-“;mfother in- such a: way that the de51red a- spaclngs could be

pcontrolled wzth*the turn of’; SWltCh . ThlS beam was found |
to be cumbersome to carry, both in a vehlcle and by foot 1n
5the f1e1d and after numerqus broken connect;ons, 1t was
abandoned in favor ‘of four 1nd;v1dual probes¢1n June 1978.v
j;The 1nd1v1dual probes vere. each made of 1 cm dlamgter
\alumlnum rod 30 cm 1n«length The rddsxwere shar&ened at
one end and then bent 90 degrees at the opp051te end The
‘;short ends were dr111ed and tapped to hold a threaded steel
‘rod 3 mm 1n daameter. In thls‘manner ‘they were able to '
accommodate an all1gator type\electr1cal connector that k
-‘could ea51ly be removed when the electrodes were not in use.
hA measurlng tape, laid along the ground where each .
_ measurement was to take place, prov1ded the means for proper

a- spac1ng Flgure 6.1 lllustrates the way the 1nd1v1dual

':probes were used MeaSUrements 1n the spr1ng of 1979 and

’ZVf.whzch were supported a ser1es of . sta1nless steel electrodes.f

- . .
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C”1980 were taken uszng the four 1nd1v1dual electrodes and a

4wSoxltest model RC-40 Strata Scout earth res;stxvxty meter._-f

:V;Measurements 1n~the summer and autumn of 1979 vere also

dh?taken wzth the 1nd1v1dual electrodes but v1th a Blddle model
'erT-S ﬂegger Meter earth res st1v1ty meter.,h'}_' Lo ’
| Sozl samples for laboratory analysxs were taken wzth a‘
?:;5 cm dxameter samplzng tube whzch was pushed 1nto qhe ground
_f”to a depth of usually greater than 120 cm. Once the tube was .
'atremoved from the ground samples vere taken from the: tube,'
.d1v1ded 1nto 30 cm lengths and sealed 1n plastic bags. _
| 5011 temperatures were obtalned w1th a stalnless steel "
- probe that was pushed 1nto a hole made by a 2 5 cm dzameter‘
_hsampllng tube. The temperature was measured us1ng four brassl
h'rzngs, located on’ the shaft and hav1ng dlameters sl1ghtly
7flarger than the sta1n1ess-stee1 shaft.gThe rings. vere
‘gdes1gned to accommodate a therm1stor. -and. were spaced 30 cm
' apart on the probe. Each rzng had a sllghtly d1fferent
d1ameter than the others and they were arranged on the probe
in decrea51ng d1ameter 51ze, w1th ‘the largest r1ng Lccupylng_
the uppermost p051t1on on the probe. Thls method prov1ded ‘
the best p0551b1e contact between the rlngs and the 5011
The shape and d1men51ons of the probe are 1llustrated in
. F1gure 6. 2 When the probe was 1n$erted to a depth of 120 cm

in the griound, the rings were located at depths of . 15’°“r 45

:g‘cm, 75 cm and 105 cm. The probe was des1gned spec1f1cally

for th1s pro;ect. To obta1n addltlonal ‘soil temperature

alnformataon. a pocket thermometer was 1nserted 1nto the soil .
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to a depth of 2 cm; dur1ng measurements a5 each gr1dpo1nt.
Measurements of re51st1v1ty and temperature, and the
'{collectlon of 5011 samples took place at each gr1dpoxnt for
each survey. An except1on to this. method ‘was the Hedgefleld
survey,where.t1me constralnts perm:tted sampl1ng at only one
of every four gr1dp01nts, wh1le res1st1v1ty measurements o
were taken at every grldpolnt The gr1dpo1nts varled belng
200 m apart downhlll from the 'hedge and 10 m apart uph1ll
from the hedge. The greater 1nten51ty was requ1red in the
_uphlll portlon of\the s1te in order to a1d in the poss1ble' ‘

detectlon of recharge act1¥1t1es that would be initiated by

‘the snowdrifts behind the hedge.‘,

6. 1.3 Monltorlng Activities ‘
Weekly mon1tor1ng took place at 51tes A and B from May
of 1978 unt;l.late August . of that year. Monitoring of sites

‘C-tﬁrpugh”F began in June of 1978 and contlnued unt1l late

August. Monitdringf in early May of 1979 and

.cOntinued'at-all.ny s1tes until late August. Mon1tor1ng ’
act1v1t1es 1nc1uded water table depth, soil m01sture
content, so1l sallnlty , and 5011 temperature.‘A
meteorolog1ca1 field station at Slte E prov1ded data for‘

: prec1p1tatlon, soil temperature at a depth of 10 cm, w1nd
and evaporatlon for the Nobleford sites, Similar data for

. the Lethbrldge s1tes were prov1ded by a meteorologlcal
station at the Agrlculture Canada Research Statlon,

Lethbr1dge, Alberta At each s1te, 5011 samples were’ taken
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or Physical’analyses;- )

1.4 Monztorlng Instruments . :( P
Soil molsture measurements were performed wzth a Campbell
ac1f1c neutron probe us;ng accggs tuhes that were 1nsta11ed
o a depth of 2 m. The probe was lowered to depths of 15
5, 75 and 105 cm. for each measurement and the fznal countr :
alue was determxned from an average of three one—mlnute
ounts. | | | o

¢ Soil sal1n1ty measurements were made with Soxlmozsture
odel 5000-=A 1n s1tu salxnzty sensors and ozlmo1sture, .
odel 5500 Sa11n1ty Brxdge. Only one sensor was ava1lable in .
97&{ and it was 1nstalled at Slte A, Lethbrldge. By the
pr1ng of 1979, twelve sensors were ava1lable, and were
nstalled ‘as shown in Table 6 1. a1l setsors had been
allbrated at the factory, and the callbratxons were checked ‘
n solutlons of Na+ Ca+/L and Cl- of known electr1cal
onductfv1ty, prlor to the1r 1nstallat1on in the f1e1d
eekly measurements, whenever p0551ble,.were also made at‘
ach szte with the four- electrode apparatus durlng 1978 and
979. The four electrode a- spac1ngs were 30 cm, 60 cm,.90 cm’
nd 120 cm. - |

'Soil'temperatures were'obtained'bY-means'of‘the

hermlstors that are 1ncluded in the 501lmolsture model
000~ A sallﬁ?ty sensors, as webl as by thermocouples that“
ere jnstalled in 1979 Locatlons of the.soil temperatﬁ\ev_

nstrumentatron are’ presented~1n Table’ 6.1. Late. in 1979, a

I -



Ta_bl‘. 6.1 Location of .t’h‘o salinity sensors and ther:mocouples. at the monitoring

P L .
sites. n ‘ . »

o sime - Jsem | tsem| 75em | 105 eme]
SITEA | x X
s 0 0
Tsitee - b ox o ] «x
W . .. - . 0 o P
X X X . .
z T8
o
) .X X o
SITE E X X X
. 0 4 ’
SITEF ' o ( ,
4 ‘ . — R . . L

N

X. = Salinity sensor installation

0 = Thermocouple installation : i



.1means was devxsed whereby the temperature probe could be

| _1ncorporated 1nto the mon1tor1ng act1v1t1es by cor1ng a 2. 5’v-

mf cm dxameter hole and 1nsulat1ng it, when not in use, w1th a.

;'2 5 em dzameter PVC. tube f1lled v1th dry sand Thls enabled :
'repeated,@easurements at: the same hole uszng the temperature'
probe. | R | | ‘
. Water. table depths at all s;tes were obta1ned by
1nsta111ng a slotted PVC plpe. Measurements were. ‘made w1th a
/ rubber tube through uh1ch air could be blown. The tube was :
| marked in’ 1ncrements of 1 cm. R .p,' o --fiff
Meteorologlcal data, cons1st1ng of evaporat1on from a

class A pan prec1p1tat10n, air and soil (10 cm depth) temp-
‘eratures were obta1ned from the fleld meteorolog1cal statlon-
._at NW-34- 23 10-W4 and from the Lethbr1dqe Research Statlon, ;

both courtesy of Agrxculture Canada.'

6.2 LABORATORY ANALYSES
, . M - ﬂl

v -

-

6.2.1 Chemical Analyses . | ,
| ‘All samples were analyzed'for"the pé”of a saturated -
paste and the electrlcal conduct1v1ty of a saturatﬂon
extract (U S. Sallnlty Laboratory Staff, 1954) IThe extract
was. further analyzed for content ‘of N8¢ Ca+? and Mg+‘
.SO and Cl- usmg the Techmcork Autoanalyzer II (Chang

and van Schalk 1965) ' . o o

6.2.2 Physical Analyses Oy

-
*



Moisturehcontent of all sanpleé nas determined by the
,,grav1metr1c method for both field-moisture content and '
.saturatlon mo1sture content from a saburated paste..Samples
_from each 51te were also analyzed for sand s1lt and clay
content. Part1c1e size analys1s for the Hedgefield'eite and
all of the monitoring sites was performed u51ng the
hydrometer method (Day, 1965). Analysis ofvsamples from the
Westfleld a:EWDralnfxeld gsites Was.performed ﬁsing the
eplpette method for clay content (Day, 1965) and wet 51ev1ng

-

through a,53 m sieve to obtain the content of the sand
fraction. |

| Bulk densitles were obtalned by sampling representatlve
rportlons of the fields where the s1tes .were located by
means ‘of thin- walled Shelby tubes powered by the Giddings
core. mach1ne (American Soc1ety of Testlng Materials, no.
D—1i§7 74 1974) The d1mensaons of the sample and the tube -

were measured, then the sample was extruded. Once the

oven-dry weights were obtained, bulk.densitieg were

‘calculated. ' \\L _ . -
6.3 DATA ANALYSES ' »

" ; ' ) . ,,\

6.3.1 Survey Data o .

Comparison of ECa values (four-electrode measurements)
‘and the ECe values (saturation extract analyses)‘were made
using multlple llnear regr6551on techn1ques. The analyses’

L]
consisted of regre551ng d1fferent groups oj/gpe measured

-

)
>



1ndependent var1ab1es agaznst ECe. The method of'
1ntroduct1on of the Jndependent varlables was 1n*decreas1ng
order of the1r correlat1on w1th ECe,'as 1nd1cated by r.

N

. Three compar1sons have been made for each survey and |

.the compar;sons vere des1gned to 1nvestlgatesthe fol;ow;ng”’

relationehips: . | o |

as the effect of ECa ;nd.Yariabies for fielg'eoil

| moieture content,,soil temperature, percent sand{ and

percent clay upon the dependent yar{eblé Ece,-whenveil
veriableibere cumulative averageS»fcr depths;p-ﬁo cm,f
0-60 cm, 0-90 cm and 0‘120 cn. The Variables are
labelled ECA, HZQ, TEMP, SAND CLAY, and ECE ”
.respect1vely

b. the effect of the four-electrode conductivityyend_
var1ab1es for f1e1d soil m01sture content soil
temperature, percent ‘sand, and percent clay upon ECe
when all variables apply to the dlscrete depths of 0-30
cn, 30—60 cm, 60-90 cm, and 90-120 cm. The apparent
electrical conduct1v1ty for discrete depths, ECx, can be

"calculated from ECa using equation 4. 12, . \c

c. the effect of ECa and variables H20, SAND,;and CL‘Y
(" . ot . . . ',

1

upon ECe when ECa is corrected by the temperature

correction factors determined by the United States
Salinity Laboratory Staff"(1954),‘presented.in Table |
6.2. This is the method ueed by many of,thenauthors bf-
previcus.four electrode studies, The'corrected ECa -
variable is labelled ECAT. - .4 o

76
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Table 6.2 Tehperdtur-e f'_act'or"s' {Ft) for correcting resistance and condlctivity
data to the standard temperature of 25 C. ’ '
(Repffintod from-U.s, Salinity Laboratory Staff, 1954).

N4 F‘ . °c M ‘v' B

. -1.0 1.95 " 22.0 T .06k
0.0 1.88 22.2 o 1.060

1,0 1.82 22.4 : 1.055

. ' 2.0 1.76 22.6 , 1,051
- 3,0 1.709 22.8 1.047
4.0 1.660 g 23,0 - 1,043

. 5.0 1.613 . 23.2 1.038

6.0 1.569 S W) : 1034

. 7.0 1.528 . 23.6 1.029

: 1488 ‘ 23.8 _ 1.025, ?

). 4k8 - 24.0 1.020

1600 . 24,2 1.016

I 1.375 - 24 4 1.002

. 1.34 2.6 . 1.008

".3°9v - 24.8 1,004

, 277 - 25.0 1.000

' 1.247 25.2 996
Shaig 25.4 .992

1.189 25.6 , © o .988

1.163 ‘ 25.8 o - .983

1.157 26.0 : .979

1.1852 . 26.2 .975-

1,147 26.4 9N

1,142 26.6 .967

i 1.136 F 26.8 . 964

1.3 27.0 .960

1.127 27.2 - .956

l.122 27.4 .953

.7 27.6 . 950

v 1,112 ~27.8 947
1.107 . 28.0 ’ .943

1.102 . 28.2 .940

1,097 28.4 R .936

1.032. , 28.6 . 932 ‘

1.087 28.8 . .929

- 1.082 29.0 0.925

1.078 - 29.2 . . .921

1.073 29.4 .918,

1.068 29,6 . 9k
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For eacﬂ-depth dfieach«eurvey} deta'for the independent'/
\ var1ables was entered 1nto the cortepondlng equat1on that
‘was der1ved from the relatlonshlps establlshed betveen ECE
and'ECh, H20, TEMP, SAND, and CLAY es a result of the |
regtessionnanalyses;vThe values that werergenerated,"
labelledete', gave a predicted value ef elecbtiqa}
conduetivity that apbroximates ECe;.SQil seiinity'eontour

N

maps were then a&SZB“Ly computer for the values of ECe'; and.

similar maps drawn for ECe values, for each depth of each _
survey. Comparlsons vere then made between pairs of maps of
ECe' and ECe, as well as between maps of therdxffereﬂt “
eurVeYS. An exception to:this vas the.Hedgefield'surqe} »ﬁ\\
| where only. data taken at ;ocatione where samuling occurred ’
" was used.in deriving the equations. Resistivitj data
}collected from the’otne:'Hedgefield_gtidﬁbints vere
converted te ECe’' using the equations of the relationships'
‘established through the regreSSiQn analysis. |

- : -{" _ | . : ‘. Y

-

)6.3.2 Monitoring Data
Data’ collected from theﬁmonitoring events were used to
. estimate salt movement_into and out of the top 30 cm at each

/
gdte, In the top 30 cm of soil, the four-electrbde and the

}measure approx1mately the same soil volume, -
.

therefore mo1sture centent ‘and electrlcal conductivity data’

rd

were easier to compare in this soil layer than in soil

neutron probe

- layers encompassing a greater depth range. Salt mass was

calculated from the following'equationi

-,
£
L
-
N Phead



S = TDS(g/L) * 6 * 3000(cm® s0il)/1000(cm*/L) '(6.1)
| - where S = sé}t'mass (g),‘ |
0 = vclvﬂzc(cm’/cm"soil)

<$ota1 dissolved solids (TDS) vere calculated from

~ o~
o

,electrlcal conduct1v1ty data.from the salinity Sénsogs ané
four-electrode measurements, using equations 3{2'ind 3.3;
'_Volumetrxc mo;stureucontents vere'ébtained’frdm'neutron . .i .

ﬁrobe:meaﬁurements and tota oil volume was con51dered to

_ %F a hypothet1cal cyllnder with an area of 100 cm? and

length of 30 cm. Salt fluxes across the bottom face of\{hé
¢ylindér were then calculated.from differences‘in salt magg‘
between success1ve monitoring events. By using a plane with
aﬂ;area of 100 cm?, salt fluxes become numer;cally equal toﬁ{ ¢

3

.tonnes/ha. I o



VII. RESULTS AND DISCUSSION

7.1 RESULTS OF yONITgRING ACTIVITIES - . - o T Y

7. 1 1 Water Table, So11 Moxsture and Sal1n1ty Fluctuatlons
Water table fluctuatlons and weekly total précxpxtatxon.ff

for the 1978 and 1979 growlng seasons are shown in Flgures
7 1-to 7 3, for all. s1tes except Szte F, the recharge s1te,r
where the water table cont1nuously remalned below the depth
of 1nstrumentatlon (235 cm) At Sites A through C, | _
Lethbrldge, and SltesxD and E, Nobleford the water table |

';pers1sted w1th1n 120 cm of the surface for most of the
grow1ng season of 1978. Dur1ng thev197a growing season,_the .F
precipitation was cOnsrderably fower, and all sltes showed(a o
correspondlngly longer perzod of t1me where the water table'
was below 120 cm. It should be noted that Site C is. located
in a_ field that iS-SUb]eCt to 1rr19at1on. Despite a regular
irrigation schedule,.only on one occa51on (July q, 1978) did -
the water table show any not1ceable response to the
1rr1d;:1on act1v1t4es, and on this. occ351on the measurement
took place durlng an, irrigation event. Dur1ng 1979, the
S1tes that . showed the.greatest drop in the water tahle level
lweré{Siteé B and C. The‘water_table level at Site B dropped
be{ow‘thexdepth,of the wellfduriné lézé,uandﬁa period of no.

o measurement existed until a new well was drilled'in Auguét;a/

; ) B S . e

, Site F, being in an area of recharge, was not considered in

e

“these comparisons. Despite Site Cfshowing littlerreeponae ton

irrigationidall sites shoWed rapid’ and very noticeable.
" f ..‘ .

¥

b -
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“
t?spodse to the heavf precipitation events of 1978 and T979..
The water table r;se.during 3ﬁ§epa:ate‘é§gnts in 1978
~ (except Site C) and one event in 1979. /
Soil salinity data from the four-electrode ahd salinity

Ssensor measurements, and weekly total evaporation da;a from

W
©

- the class'& pan are shown in Figures 7.4 through, ;

 Sites A_throughiE.”Ekaminatioﬁ'of the electrical . :
Sconductivity data for the sites shows that Sites B and C ‘
have th; lowest overall rootzone soil salinity of all the's. ,
sites. These were the two sites that, with the exception of
site F, had the lowest water table levels’ during 1979. Site
- F had such low and unvarying salinities that they are not
presented. Evaporation data collection from thé ‘ | o
meteofological field §£ation at NW-34-23-10-W4 (Site E) was
interrupted four times dufing'1978 and twice during 1979 due
to cattle drinking from the evaporation pan, and the jamming
of the recording charts.
The original plan was tb\gpplyithe fourfelectrode
calibratidn equations developed from the survey activities
to the four-electrode measurements obtained from the
monitpring sites, sinéé the soils were of similar textural
class. A comparison with the data obtéined from the saiinity
sensors showed that in most cases the electrical.
conductivities from the‘four—electrode measurements vastly
underestimated the values given by the salinity sensors. The
Hedgefield calibration equation was derived from the
areatest range of salinities, and from temperatures and soil

®
- . &
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moisture contents that wvere_comparable with most of the
sites. In addition, it generated electtical conductivity |

values that vere the highest of any of the survey

calibration equations, and therefore most closely

'.apprdximatéd electriéal conductivities'aétgiven by'thé T

salinity sensors. This equation was used to calculate the
electrical conductivity values for the monitorfng.sites.
Since the calibration equations developed by Rhoades and

Halvorson (1977) would generate even higher electrical

conduct j values, they were also chosen as a basis for
l ,'Data.from both equations are also présented in
Figures‘h.4.to 7.9. Originally soil temperature data were to
have been obtained from the thermistor in ﬁhé salinity
sensor. During 1979 the sensors -at Location B,placed at
depths %§ 45 and 75 cm, weré showing consistently higher
values than the 15 cm senﬁor at Location A, only 25 m awvay.
The sensors were thenféhecked by placing calibrated .
thermocdﬁbles at the same depths and were found to be
providing incorrect temperature measurements. This was later
confirmed using the température probe. Subsequent
temperature values for the Hedgefield equation were ffbm-the
thermocouple measurements whenever ppssible. A correction
factor, obtained from a simple regression analysis between
the salinity'sensor temperature‘and the thermocouple

temperature for each senser, was .applied rto ~aces where

thermoncauple data were nmot available.



The mon1tor1ng data show that salt movement especially

o
v

in the upper 30 cm, is h1gh1y dynamlc at Sites A D and E.
.Observations from Site A 1nd1¢ate that the low amount ofl
precipitation during 1979 was characterlzed by a. greater
activity of salt movement than in 1978. The electr1cal
conduct1v;ty curves show that ‘in nearly all cases a
noticeable increase in the measured electrical conductivity
values occurred following the heavy rainfall events of
August 1978 and August 1979 Another trend particularly
ev1dent at 0-30 cm depths of Sltes A and B is the apparent
inverse relationship between the four- electrode measurements
and the evaporatlon data. During periods of high
evaporation, the electrical conduct1v1t;es are reduced,
while during periods of lower e%aporation, they show an
increase. The salinity sensor data shows a d1reet response
to the evaporation data. Site E had by far the most saline
soil condatlons, but despite the high salinities and the
salt crusting that was visible within and adjacent to this
site, red samphire and some pasture grasses were observed.
| The salinity sensor meter provides a dirett '
temperature-corrected electrical ronductivity readout up to
40 mS/cm as well as an indirert readout of recistance, 'ha
salinity ecensor measuremonte that evrended 40 mS ~rm ar-
estimated from the resist~nre scale ~f the meter, anAd
therefrre have a rflightly rednecen Aegree of accur~-y.

Insnfficient Aata were crllected at Site € during 177R o

Pro 1A4a ANy elortricral ~oenAnetrivity cvrvee foor that uvear
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The four-electrode calxbratlon relat1onsh1ps developed
from the HedgefzeId survey and those frbm Rhoades and ‘ J
Halvorson (1977) ‘remain close to parallel even though the
'Rhoades and Halvo7son}eq9até9n was developedﬁ for soils of
similar texturai groupings;ifrom=temperature-correctedrﬁca-
‘only, while the Hedgefleld equat:;n is derlved from ECa,
ppercent soil m01sture, temperature, percent sand and percent
clay The Rhoades and Halvorson equatlon generates hugher
'electrlcal conduct1v1ty values which more ‘closely |
approxlmate the salinity sensor'measurements at all _0-30 cm.
sites. Comparisons between the two measurements are
complicated by the fact tnat the four-electrode method
provides a bulk measurement over the entire depth of
‘measurement, while the salinity sensor meaSures‘the salinity
of a small soil solution volume at its po1nt of placement.
For the 0-30 cm depth the sa11n1ty sensors vere placed at 15]'
cm in order to give an "average" value representative of the
top 30 em. Sl1ghtly dlffering Vaiues for tHe two methods4are
therefore to be expected. HoweVer, the four-electrode
measurements shonld show less variation than the salinity
"sensor measurements due to its larger sampling volume, and
this is not the case. Since the volume of the four-electrode
moa:urenent ie approximately Ta', at depths below .30 cm tne
difference i sampling volumes becomes too great to make any
meaningful cdhparisons between tbe‘salinity senser data and

the feur electrode method
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S 7.2 SALINITY SURVEY
When site selectlon was undertaken 1n 1978, sharp'l

Qchanges in vegetatlon Were used as prel1m1nary 1nd1cators of .

‘the extent of sal1ne seep act1v1ty and sal1n1ty bu1ld-up in
vy

,\.

.the so1is of the DraLnfzeld and Westfleld 51tes. S1m1lar1y
o & k2

"in. 1979 a v1sual exam1nat1on of the f1e1d where the

'Hedgefleld site was to be located showed a small patch of

-h.

the’ wheat crop exhlbrting the 1ush growth characterlstlc of
fan encroach1ng sa11ne seep\ The contrast between this patch
'and the rest of the fleld was: partlcularly str1k1ng _
'mcon51der1ng that the _Summer had ‘been very dry and khe rest
of the crop was ethhltlng stunted growth as a result of:
m01sture st&ess. The grlds at each 51te extended well beyond.
tHe v1sua1 boundar1es of sa11n1ty act1v1ty, and it was hoped

that wlth a series of measurements over a grow1ng season,

xd

-t

the growth of the sal1ne seep would be: detected as. 1t

encroached on the unaffected portlons of the fleld

s

qugmajor pﬂdblems arose which- affected the results of

the study. The f1rst was the loss of time experrenced when

the re51st1v1ty meters rqulred serv1c1ng ThlS was x’*'

partlcularly damaglng when both the Sollm01sture RC-40 )
Sttata Scout arid the Bison model 2350 A meters broke: down

within hours of,each‘other in late July 1979 when the- summer
C LA : L
surveys were beginning. This resulted in only a late summer
Survey belng.copducted at the Westfield site, In. total seven
o ‘ o

surveys were made'*' ‘ - o

(i) at Dralnfleld in May, August, and September of 1979, and
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.\ _ ) A - | | E - ;- é.
“April of 1980, '
(11) at Westfleld in May and September of 1979, and
(111) at Hedgefleld in April of 1980.
The second and more S1gn1f1cant problem was that the visual
h estimation of the extent of the 5011 sal1n1ty at each s1te
vastly‘underestlmated the actual extent. - ThlS resulted 1n a o
lower range of soil sa11n1t1es than had been hoped for.,
All survey data are.presented in Appendix.A and the
measured electrical conductivity'from saturation extracts
(ECe) and‘the predicted electrical condﬁétivity,(ECéﬂ) from
multiple”regression equations using four-electrode data.are
presented 1n Appendlx B. The tables in Appendlces A and B

shOw that h1gh concentratlons of salt exlst to w1th1n 30 cm

)
.t

~of the soil surface in all areas*of the Drainfield and

Westfield sites.'Only the Hedgefield site shows\areas where

a

soil salinities lie in the accepted non- sa11ne range of 0- 4_'”

‘._‘ms/cm. In some cases, such as the Dra1nf1eld survey of

a3

.August 1979, the highest measured_saltrc0ncent5atlons are
found in areas where pasture grasses were growing. As a
result, vonly at the Hedgefield site were measurenents
conducted over a range Jof- low to high salt concentrations;

kat the Westfleld and Dralnfleld sites measurements were
taken over a range of values in the high salt concentrations

only,

~7.2.1 Effect -of ECa, Tembérature, Moisture and Textnre on

~Predicting ECe
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~+ - Data fromveach‘measurement o£~gravimetric’soil moisture
content, soil temperature, perCent'sand, percent clay, and
ECa as.measured by the four-electrode method were entered.
intd a stepwlse multiple regre551on program to predict ECe
which was then compared to\the measured ECe of the ' =
correspond1ng saturatlon extract. The multlple regression
data for each of the seven surveys are summarlzed in Tables
7.1 through 7.7. In each case the varlables have been
.entered in the order of greatest effect on the correlatlon
coefficient. (r).

‘The summary tables show that the highest degree of
correlation as expressed by the multiple r occurs for data
from the Hedgefield survey. At all depths, the multiple r
"exceeds 0.95 and is highest at the 0-30 cm depth of measure,
where it approaches 0.98. These correiations compare
favorably with those Of;pIeViOUS studies (see Table 7.8).
Table 7.7 also shows that the independent variable ECa is by
far the most influential predictor of ECe' and the =
'coefficient of determination (r?) values show that at three
of the fohrrdepths, over 90 percent of the variation iﬂ ECe
could be accounted for.by variation in ECa, and in the 4th
case, the 0-60 cm depth, 89 percent of the variation of ECe
is accounted for by variation in ECa. All other independent
varlables exert only a small 1nf1uence on the correlatlon
_coeff1c1ent In all four'cases, the s:gnxflcance of multiple
correlation is at the 1 percent level (p-0.01), and simple

correlation is also at the | percent level of 51qn1f1cance
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when ECe' is predicted solely by ECa.

1
a

" Table 7.8 Previous four-electiode study results.
Autvbo[ " Date r

Rhoades & Ingvalson <197 : 0.99

Halvorson & Rhoades 1974 . 0.98 May mepsurements

. 0.96 Aug. measurements
Halvorson & Rhoades, . 1976 0.955

Halvorson et al. 1977 0.92 ~ 0.99
. - (various soils In
Montana, N. Dakota)

Read & Cameron 1979 v 0.84 - 0.98 )
(various soils in
Saskatchewan)

Ali surveys on-the Drainfield and Westfield sites had
ldber correlation coefficients than those from fhe
Hedgefield survey, with multiple r values ranging from (.87
down to 0.16 for the 0-120° cm measurement for the Drainfield
survey o; April, 1980. These values are considerably 'lower
than those reported in the literature although Read and
Cameron (1979} had th sites where correlation coefficients
equalled 0.82 and a total of five sites where r values were
less than 0.90. Tests for éignificance of multiple r were
performed using tables by Snedecor (Sokal and Pohlf, 1973),
and results show that the correlations for the Vledgefield,
Weetfield and the May survey at Drainfield were signifirant,
at the p-0.01 level. Survey 3 (0-60 cm and 0-90 em) and one
depth in Survey 4 (0-30 cm) were corvc‘idereﬂ signifijcant :;H

P'”.OS d.gﬁr‘;ye }"’":”O v E T B S S SR | BTt BN 4 T THnm Avvynie Aaree?
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April suréeys at Dréinfield'vere only sigﬁifiqantvfor the
‘0-30 cm depth. N |

. Several attempts'wgre made to explain why three of the
four surveys of the Drainfield site had low corfelatioA
coefficient values. Read and Cameron (1979) ihitially
- experienced low r values at two of their sites when
comparing the variation of ECa,w{th that of ECe. Tﬁey
attributed some of the unexplaihgd'variation to the‘wide
range of textures present.'By:inéluding variables for sand,
clay, and moisture épnteqt along with ECa into a regression
analysis, they improved the r values for the two sites to
0.84 and 0.82. Texture was not considered to be a factor in
the low r values of Surveys 2, 3 and 4 (Tables 7.2, 7.3, and
7.4) since measurements were téken at the exact locations as
those of Survey 1, where r values were comparable with those
of all the sjtes studied by Read and Cameron (1979).

As mentioned‘previously, the small range of measured
'salinity'values was also considered a féé?br in producing
the lower r valuesffor Surveys 1 to 6. Although a low
salinity range would reduce the r values for all the
correlations from the Drainfield and Westfield survgyé, it
was investigated to determine if it, or a low degreé of
variation in any of the other variables had any additional
effect on Surveys 2, 3 and 4 that would contribute to the
low r values. In order to standardize fhe.vafiation of all

the variable components of ECe' the coefficient of variation

(CV) was determined for each variable. A linear regression

o
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aﬁalySis was performed whereby thé coeffiéientyof variation
for each of ECE, ECA, H20, TEMP, SAND, and CLAY were
individually compared to the final cgrrelation coefficient
(r) for each sUrvey. Correlation coefficients for each .
regression analysis are shown in Table 7.9. These show no
clear-cut eVidence that the lack of variation in any of the

variable components of ECe’ is responsible for the low

‘degree of cerrelation between ECe' and ECe.

Table 7.9

Correlation coefficients (r) for the coefficient of va~tation for
each va'r fable when compared with the ror relrt fen Celf tn iy te [T R IV PN

ECa nt ECa’ from the seumn e IR}
Variable r
ECE 0.60
¥
ECA , 0.63
H20 0.52
TEMP 0.1
SAND 0.64
CLA 0%7

€ Tl apaye) B |

It also appears that the cause of the low r valuyes ~f
Surveys 2, 3 and 4 may be time-dependent, since Survey !
(Table 7.1) 233 pev Appear 'o he afferted by low r valuan
while @uy ey 4 vac affectad rhe moet. Tn 23dition, the r
valuee decraase with Acpth. whirh implieg Fhat the cavee ‘g
Jepth related ag well (n- explanation that in orperatoen
reasnng fé* Poath f thece ntearvagtiopne is that the

ST facs Avaine dner vaateovi iy p 1977 and 197#



- may have initiated a féduqtion of the salinify in thé‘
-adjgfént sbil,_gl4ow corfélatidn coefficiént-wquid’:eSu;t
.from some high ECe values cd:résponding to ﬁucﬁ'lower ECe'
values within the sampled pdpulétion. This could reSﬁlt'from
the differences in sampling'vqiuﬁes between the céfe¥mgthod
and the four-electrode method. A core éample'édﬁid'be taken
from a local point of high salinity vhile the four electrode,
with its larger sampling volume, woulﬁ.sample bdth the highly
saline area asbweii as some adjacent‘area§ of lower salinity
that have been iﬁf}uenced by the presenée of the subsurface
drains. Thé probability of this occurrence would increase
with depth, since the volume of the core samplé would
.increése,'for example, by a factor of 4 from a 0*36 ¢6':
mgasufement to a*0-120 cm measurement, whergés the
fqur~electrnde sampling veolume would'inérease\by a factor of

»

64 for the¢ same two depths. Also, the subsurface drains

or an

would aid in'reducing salinity over time, and accounélf
increase in the discreparcy hetween ECe and ECe' ‘as time
prngressed. : <

To contrinue defe;mininq the reason fof the iow r
values, the above explanation was tested based oh the.
-~ assumption that i} the subsurface drains were exerting such
an infLuénée, the ECe’ vélues predicted from Survey 2, % and
4 should bhe consistently 1ower than the meésured ECe values,
if the e  wvalues are al' calculated from the same seg of ..
regression equations The =+t of equations,that‘iérévéhoseh

ware thoge ~f Curcey 1, 503 they can be -considered as the
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cal:bratlon equatlons that would be'establ1shed before
ﬁhlperformxng a year s work w1th the four electrode 1nstrument.
’Table 7 10 shows averages of the measured ECe, the pred1cted _
ECQ' as calculated from the equat1ons of the May 1979 .
:Draxnfleld survey: and the’ dlfferences between the two sets
-of measureﬁents for each depth of the four Dra1nf1eld
- gurveys. From Table 7. 10 it can be seenzthat there is a
general trend toward EGe underestlmatlng ECe; however, at
\the 0- 120 cm depth the d1fferences were expected to be :the
"greatestﬁ and they are in fact,,greatesp at .the 0-30'cm
depth for Surveys;2 and 3. AlthOugh the testéprosides some.
support for the influence of the sdbsurface drains, it is by
O means conclusive, and other factors may be 1nfluenc1ng
the low ECe values.'The data in Table 7.10 do show,
however, that the trend toward ECe' underestlmatlng ECe may
reSult in some 1naccurac1es whenwu51ng May, 1979 . %
callgrat1on equatlons for surveys per formed at other'times
‘of the year. ‘ “ .
j Maps of salinity cd;tours forﬁthe seven surveys are
provided .as Figures 7.10 through 7.23. Examination of the 4
maps shows that generally there is ‘gaod agreement between
ECe contours- and ECe' contours although in several cases, a
local area of h1gh or low sal1n1ty present on one map was.
not pPresent on the other. The same contour interval of 4
mS/cm was used for all_maps and it prowided good resolution
forvthe 0-30 c¢m and O-SQ cm depths, but a low degree of

resolution for the 0-120 cmndepth. An example is Survey 4.

@ . .-
- ot
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>(noteshown);fﬁhere\thé 0-120 cin ECe" map. showed no‘contours

T op

at ?11 Geﬂerally,*the maps of ECe contours show a subdued

» . cm

rel;gf qgmpared to the ECe maps, and thls ‘can be explalned
by the greater sampllng volumes of the four electrode
method The maps show that ‘areas of hlgh and low sa11n1ty
tend to occur in small pockets that show up on one gridpoint
but are not detected on the adjacent>§ridpoint>even with a

grid-as small as 20 m (see Figure 7.19). The highs at

I : ) - .
,DrainfieId tend¢¢o‘be,fogﬂg at the northwest and the

snortheast corners, whlch are the most upslope portions of

southwest and outheas

the site, and at gr1dpo1nt M3 ‘The lows are found in the
;5 portlons of the site. These extremes

\

tend to persist with bokh depth and time. At the Westfield

site, the high pocketfi~nlocated around gridpoint A2 at the
northern (qpslope) edge Ybf the'site while a deep low pocket
is seen on the September \1979 map at gridpoint DS. Although
somewhat persistent with Qepth, this low pocket had bepn a
local high area in the May\survey nf 1979. Another low at C2
and the‘high at A2 were det cted by both surveys, a]though
the low is very subdned on the ECe (saturation extract)
maps.

The Hedgefield site survey shows that only a portion of
the seep was mapped despite the fact that the entire area of
burned out Korhia, a circular patch\of approximately 30 m in
diameter, was surveyed (see Figures 7522 and 7.23). The mape
of ECe and ECe’' show excellent aoreement,“ﬁnrticu1ar‘y

concerning the upslope axtant nf ‘he e~line aaer . asw
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delineated by the 4 mS/cm contour. Further comparlsons are

. Tiacomplxcated by the fact that the ECe. ‘map involved

_measurements at a much lower den51ty ‘than the ECe map
:General agreement is found however, for the high at
gridpoint 2Z1. The Hedgef1eld maps, like the maps from the
Drainfield and Westfield sites, show the persistence of
local, isolated areﬁs of high sallnlty, and the examination
of these isolated spots gives evidence to a theory that the
_goundwater discharge.is 0ccurring at very small and . . -

randomly~dispersed areas.

The upslope portion of the Hedgefield maps was surveyed -

on a square grid of 10 m per side. It was anticinated‘that
evidence of recharge activities from snow buildup upsiope
from the hedge couid be detected as e result of finding low
soil salinities there. Examination of the data in Appendix A
shows that gridpoints rmmediately upslope from the hedge,
nhere snowdrifting would most likely occur, do show some
reduced electrical conductivity values. These values,
however, are neither low enough nor consistent enough over
the surveyed area to conclude that they are evidence nf
recharging proresses,
N

7.2.2 Discrete Depth Measnurements With the Four-Electrode

Method

Calculation of ECx was perfermed using ECa data and
equation 4.12 and entered into a stepwise multiple.

regression analysis along with measured discrete depth
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values for ECe, field soil moisture content, soil
temperature, percent sand and percent clay. The nature of
equation 4.12 is such that any dlfferences between ECe - as a
function of ECa, and the measured ECe values are. .. . --‘;«
incorporated into the calculations for the next depth‘
interval, and therefore the correlation.between ECx and ECe
is expected to decrease with deptn. The multiple regression,
analysis indicated that this effect had taken place. In

nearly ‘all cases, ‘the 51mp1e 14 value for ECx as ‘a. predlctor'

of ECe is less than that .for ECa in Tables 7.1 to 7.7 (pages

97 to 103). In many cases other measured variables such as

soil moisture content or percent clay are more significant
predictors. Even where correlation between ECa and ECe is
high such as at the Hedgefield site, thare is a noticeably

lower r valve for Fry

7.7.3. Effect of Using Temperature Cnrrection Factor (Ft)
The non - linear reiationﬁhip hetween temperature and
elQ#rrica] conductivity (Ft) that was ~stahlished by the
U.S. Salinity Laboratory Staff (19%4), was applied to ECa
values before entering into a srepwiée multiple regression
analysis with values for ECe, =0il moisture content, prroen
percent sand and percent ~lay. Results of the apalyeis
showed that when ~ompared to Tables 7.1 to 7.7, the
temperature cerreacted ECa value has a better gimple
correlatinn to ECe thaP does ECa. Hrwever, the o prall

multiple correlstinn ~f valuee gh~w rthat Wre ia s bhettar
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predictor of ECe when temperature is entered as a linear

function than if it is entered as the non-linear function

. - Pt The d1fferences, though are small and haVe I1tt1e o

bear1ng on the overall compar1son of the two mapplng
methods.
q

7.3 SALT MOVEMENT AT SURVEY AND.MONITORING SITES

L A e I A R - I O I R R A R A AR R
A . . )

7.3.1 Salinity Fluctuations at the Survey Sites

The maps of all survey sites show that high and low

»oo® L A I T T A T B I R A R R I S e - @y o e

concentrat1ons of salts exist. 1n very local areas - of the "+ =«

i

sites. These isolated’ areas have been detected by both
survey methods and often persist through the range of depths
that were measured. In mény cases they are séilocalized'that
they.are detectea at only one-gridpoint, meahing'that the
twenty-metre grid spacing was not fine enough to fully
measure the areai extent of these pockets. The
four-electrode survey, with %}sAlargef sampling volume,
showed many pockéts were subdued in concentration compared
to those measured by the saturation extract method. This
indicates that the pockets may only be a‘touple of meters
across. 'The méps also show that many of these areas exhibit
consider;ble change’s in salt¥concentratipn'over‘the groﬁingr
season. In Figure 5.24, sélt concentration profiles have . !b
been drawn for cross-sections of maps of the Drainfield site
and the Westfield site. The profiléé demonstrate that large

increases in soil salinity occur in the top 60 cm of the
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sxtes as the growlng season progressesr CapllIary flow from :

,the‘water table actlng as the mode of salt transport

- therefore'aot1ve to w1th1n 30 cm of the 8011 surface dur1ng

.late summer ‘and’ ‘fall. The prof1les of ‘the Drainfzeld maps .

show that salt concentrat1ons are h1gher in August than in
September. It is p0851ble that the heavy ra1nfa11 event in
late August acted to translocate the salts and reduce the'
cohcentrat1ons durlng the month of September.

L7 A promxnent pecket of h1gh so11 sal1n1ty ex1sts at

© s e e -

poidt M3 on the Dra1nf1eld proflle (Figure 7. 24)" The’ pocket

increases in salt concentration considerably over the entire

' " rootzone durlng August and September. At the 0- 60 cm and

0-120 cm depths the pocket changes dramet1cally from Mey
1979- to-April 1980 but the adjacent pointshﬁere unaftected.
A similar pocket exists at point D4 on the 0-30 cm and'd-GO
cm depths. of the westfield‘site, but it does not stand out
as prominently from the adjacent points as does the pocket
at point M3, These points correspond to the highly localized
areas of high salinity observed on the survey maps (Figures
7.10 to 7,21, pages 110 to 121). Points such as these are
closer to the location of the groundwater discharge'than,ére
the surrounding portions of_the_seline'seepraffected area.
It is possible that in the Nobleford basin the
groundwater is moving vertically under hydraulic pressure
through fractures or fissures in the overlying ti}l; Such
movement. has been observed during the excavation to place

svbsurfa~e drains at point1l3, and it may be occurring at
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other 1ocat10ns as well glvang rapld rlse to saIt

P e e .

concehtratlons at very~loca1 points. Fractures~1n southerﬁ'
Alberta tllls areA;ommon and they can 1ncrea5e the saturated
hydraullc conduct1v1ty of the till by as much as two orders
of magn1tude (Hendry, 1982). ‘These fractures could be |
bringing groundwater discharge into the proximity of the

rootzone and acting as point-sources for the saline seeps in

~this basin.

7.3.2 Salt Flux-talculatlons for the Monltorlng SLtes

" Data acquired from the mon1tor1ng act1v1t1es vere
comblned to obtain a quantitive estimate of the salt
movement from May to late Augustj]979 in the top 30 cm of
soil in Sites A through F. One salinity sensor was available
in 1978 and it was placed at location A, Values for salt
mass as calculated from equation 6.1. valumetric moisture

.

content, and electrical conductivity as calculated from ECa
data using Both'the He;qefield equations and those developeA
by Rhoades, as well as electrical conductivity measured by
the salinity sensors are presented in the Appendix C.
Average daily salt flux through the hottom face (100 cm?) of
a hypothetical cylinder represontinq the top 30 cm of soil,
was calculated from the differences in salt mass divided by
the number of days between suocescive monitnring events. Ry
using a plane with an arem of 100 cm’, sal* fluxes acr~ss
this area, when expreesed in arams, he~ome numerically equal

to Fanneae/ha The reculte are ecehmrwun in Takhlae 7 11 and 7 19
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Table 7.11
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P . -

Per iod
June 20-26
27-July 4
July 5-14
July 15-20
July 21-24°
July 25-31
August 1{1- 9
August 10-14
August 15-18
August 19-21

.

Pear iod
May 28-dune 4
June - 5-11
June 12-18
June 19-25
June 26-July 4
July 5- 9
July 10-16
July 17-23
\D:J]y’ 24-30
July 31-August 8
August 9-13
August 14-20
August 21-27

¢ & % « -

Period
May 29-June 4
June 5-11
June 12-18
June 19-25
June 26-July 4
July 5- 9
July 10-16
July 17-23
July 24-30
July 3t1-August R
August 9-13
August 14-20
Augumt 2°' 27

2T e

-

P 3 .

B ® T -
. 4
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Daily fluctuations of salt maas . (g) at.the 30 cm depth at the
values arcvnumentcglﬂy'0qull“tb“¥bhﬁcs/h%l
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4-Electrode
(Hedgf1d Calibr)
-0.637
0. 154
0.292
No Data
No Data
" No Data
No Data
No Data
No Data
1.322

4-Electrode

(Hadafld Calibr)
~0.204
0.398

~0-. 107
-0.353
0.060"
-1.027
0.382
0.629
-1.211
» .No Data
" No Data
No Data
Q.889

L I O 2 T )

4-Electrode
(Hedqgf 1d Calibr)

~-0.338
0.364
-0.207
-0.304
-0 279
~0. 164
0.079
-0.030
-0. 149
No Data
No Data

"o Dat»
N sen

“'monitoring sites.

Year - 1978
4-Electrode
(Rhoades Calibr)
-0.823
0.451
0.580
No Data
No Data
No Data
‘No Data
- No Data
"No Data
2.511
Year - 1979
4-Electrode
(Rhoades Calibr)
-0.187
0.904
~-0.180
~-0.647
O.151
-1.629
0.682
1.276
-2.527
No Data
" No Data
No Data
1.563
LOCATION B * + ~*
Year - 19798
4-Electrode
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-0.420
0.601
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No Data
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0.404
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Table 7.12

132"

Da!ly”fluctuattons of salt mass (g) at the 30 cm depth at the

monttoring sites. Values are numer ically equal to tonnes/ha.

, - 4~Electrode
(Hedgfld Calibr)
.206
_o_
-0.
O.
0.
_O-
0.
O.

Period -
May 29-June 4
June 5-11
June 12-25
June 26-July 4
July 65- 9
July 10-18
July 19-23
July 24-30
July 31-August »
August 9-13
August t4-20
August 2127

v e e e o

«4-Electrode
fHadaf1d Calihr)
-0.
0.

O.

Per iod
May 17-28
May 29-June 1
June 5-11
June 12-18
June 19-25
June 26-July 4
July 6&- 9
July 10-16
July 17-23
July 24-30
July 3'-Augus:®
August 9-13
August 14-20
August 79 27

. -

4-Electrote
fHosinf i Ca' 't

Periog
May 17-28
May 29-yJune 4
June 5-11
June 12-18 Wy
June 19-25
June 26-July 4
July 5-'9
July 10-16
July 17-23
July 24-30
July 3'-Augu~:® *
August 9-13
August 14-20

g ~y ey

L

-0

No
No
No
No

1
1
1]
0
0

le]
-0
No
No
No
[a)

-

e
0

0.

-0

-0.
0.

o]
(o]
No
No
No
1o

5519,
076
049
253
180
000

000

Data

Data
Data
Data

LR 4

280
563
082
404

. 119
558 -
. 022

164
631
198
pata
Data
Oata
‘IBQ

v -

113
174
120
271
353
231
144
104
381
Data
Data
Data
Datr

Y

.

-

Year - 1

4-Electrode
(Rhoades Calibr)

-0.
R
(o]

(o}

-0

-0

-0.

No

-No

‘No

No
LOCATION
Vear - T

4-Electrode
(Aanoades Calibr)

_O .
-1,
(o}
2
-2
-1
o]
(o
i
-0
No
No
No

1
LQCATION
Voar - 1

A Electrods
‘7 ~ades Calt
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- The daily salt flux data in Tables 7 11 and-7.12 show
that the sa11n1ty,vas der1ved from the four-electrode
measurements,‘1ncreases con51derably durlng the per1od from -
August 21 to August 27, 1979. This ocgurs at all sites
gxcépt Site C, where ponded water at the site made it
inaccessible for measurement. The.inérease also corresponds
to a 1arge 5011 moisture 1ncrease wh1ch was brought about by
the precipitation events of that week (see prec1p1tat10n
data, Figures 7.1 to 7.3, pages 81 to 83). Because of the
addition of a large amount”of relatively pure rainwater to
the soil, leaching of the salts and, therefore # decrease in
salt mass, or a negative salt flux, had been expected. The
saiinity sensor data at Site A and Site Dvshow similar
positive salt fluxes, but at Site FE the sensors show a large
negative flux.

During periode when soil moisture is low, bulk soil
resistance “ill increase due to an increaSing degree of
tortuosity. Tt is widely believed that as soil maisture
decreases, salute concentrations in pore-water will increase
and act to eomewbhat offset the increasing tfrtuosity
(Dosterveld et »l, 1978: .J. Rhoades, 1982, personal
~ommunication) Since the precipitation during the gréwiﬂo
seas n of 1979 vas below average, soil moisture contente
were well h“lh; 'hese measured at the sites dnring 1978, 1t
ie preaible that the gajl in the top 3N cm at earh aite wae
toe dAry for the increase in prre water rocentratinne to

~dequately ~~ppangate faor the tertnmeivy and 38 a reenlt.
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the four-eléct:ode.measp:gments'werg_rgflecting”lowumoisturé,
rathe;.than'low salt. Similg;ly, dry soils may remove
moisture frbmitheiceramié cup of the saiinity'seﬁsor and
similarly produce an apparent salinity decrease. An addition
of moisture wduld then serve to lower soil resistances to
more accurate levels, and this could be interpreted as a
salinfty increase. Further study would be necessary to prove
this however.

, ,
7.4 SOIL CHEMICAL AND PHYSICAL DATA

Data for the ion analysis of the saturation extracts
from the Dréinfield surveys of September 1979, April 1980,
and the Westfield survey of Septemb;r 1979 are presantéd inv
Table 7.13. Also presented in Table 7.12 is the ion analyrin=
for discharge vater from the subeurfane drain sysrem at
NDrainfield in September of 1979,

The data show that the electrical conductivity and
cation coen~entrations in the subsurface drain effluenf Are
lower than those of the saturation extracts. The sodium
adsorption raticrs (S A.R.) of the effluent are, however.
similar to most of those memsured from the soil samples. The
saturation extracts aﬁd the drnin effluent have sgimilar
~ation ratice but considerahly Aifferant roncentrations,
whirh Aemene“rates that ealt ac-umulation in the eni] ie
nmenrring hy evapetranepirarion of ,the groundwater.

Analysis of saturation extract data froem individusl

“ni]l gsamples ehnwg that the higheer §an concentrationg exiet
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Table 7.13 .

Data from the chemical analysis of saturation extracts from
Drainfield and Westfield soil samples, and the subsurface
drain effluent freom Dreinfield.

Drainfield .

Sept. 29-30, 1979
C e E.C. Y et n?*z- so = e
Depth (cm) (mS/em)  (meq/L) {meq/L (meq/L)  (meq/L) S.A.R}
0-30 22.4 221.7 152.0 339.8 . 12.4 25.4 |
30-60 17.7 175.5 B 2434 8.4 2741
60-90 12.5 17.7 54.7 160. 4 6.0 22.5
90-120 . 10.1. . 86.7 46.8 1242 4.7 17.9 .
April 25-26, 1980
E.C. Na* s mg” 50 cr”
Depth (ecm) {(mS/cm) (meq/L? (meq/L) (meq/L) (meq/L) S.A.RJ
0-30 18.0 165.8 9.1 230.0 17.2 24.2
30- 60 14.9 1474 60.5 196.0 ‘8.6 26.8
60-90 12.0 05 . 4 IV 140.2 5.8 22 .4
90-120 10.3 oo 37.1 132.2 4.8 21.7
Westfield
Sept. 25, 1979
E.C. Na® to* 5 Mg* so ~° o :
Pepth (em) (mS/em)  (meq/t) - (meq/L) (meq/L) (meq/L) S.A.R.
0-30 25.3 229.6 2114 4W8.6  16.2 22.3
30-60 16.8 154.2 105.3 2474 8.8 21.2
0-90 12.5 102.1 76.4 168.6 '5.0 16.5
o-'a»"q 8_‘9 N 68.8 . h_9_.7 ook 31 _13.8
Subsurface Drain
F....{-N_._ e W Pl e ¢ i e+ e it 1 et e+ ¢ v < vy

Sept. 28, 1979
*

“£.C. Na e 6 mg” $0 a”
Depth (em) (mS/em)  (meq/L) (meq/:? (meq/L) (megq/L) S.A.R.

- R - R p— E

1.0 e n " 36.0 No Data  No Data 23.6__J
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: _in the host upslopef(northerly)‘portions of Westfield and.
Dra1nf1eld Sodium ion concentratlons frequently exceeded
400 meq/L, while sulphate 1on concentrations exceeded 500
meq/L in some of the up510pe areas. The lowest 1on 'ﬂ
'concentratLons were found 1n the most dovnslope portzons ofi
| both study areas. N1trate 1on concentrations in the dra1n
: effluent averaged 122 3 meq/L for the per1od of October 12
to November 8, 1979. ) -
o 5011‘5ulk dens1ty data for representatlve\port1ons of
. the study areas are- preSented in Table 7.14 . The Shelby
| _ktube method presented very few operat1onal problems during
‘gsamplxng, but compactlon of samples can occur when the"soil
_is wet, and result in a loss of accuracy when measurlng bulk
”density. If under‘wet so1l condltlons, the tube is pushed
1nto the soil w1th care,,compac ion can be min1mlzed ‘The
buft% method is an easy way to obtaln m1n1mally dlsturbed samples

at depth So1l mo1sture contents, 5011 temperature and

textural data fot each survey is presented in Appendlx cC.
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Table 7.14 S . - ‘1 T
Sot+l bulk density ‘values o" Sholby tube\samples. from ‘the
Nobleford and Lethbr idge study arcns AL T
LOCATION .  DEPTH (em) - - DRY BULK. DENSITY (g/cm )
Site B . 3-15 o . C .82
' - 25+40 ° . R 9 S
. L A,
Y . —_— . L5y
¢ i ’ R e
Site D : 0-15 ‘ PP 1.48
, S 20-40 " o . T .o V4
‘5075 CLL - .. 1.55
« -80-110 B P2
B . ’ - ER
Slite E : ) 0-15 - . ’ 1.kk.
¢ ) ~ 7 ) 20"& - . B . - ‘."6 .
R , - | 55-85 - 1.49 >
site F > 0-25. o129
. 30-60 1.32
Westfield (A1) . o150 o 104
o S 25-§0 1.36
Drainfield (J3) T -2 1.5
- 25-40 . 1.42
Hedgefield (V1) .. . 0-30 - . ."1..36
L0-65 . 1.4
65-85 1,67
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Dryland sal1n1zat1on is a process brought about by a

VI1l. SUMMARY AND CONCLUSIONS
combination of geologlc, hydrologlc and cultural factors.

, ‘The mechanlsm of salinization is 1n1t1ated by a change 1n
any one or in combxnat1ons of these factors that results in
an excess of moisture bexng available to tranlecate salts
to areas w1th1n the rootzone. Changes in hydrologlc or
‘cultural factors are the most likely means of initiating
salinization. Any change in meteorological conditions that
would lead to excess moisture would be difficult to prove
because of the relatzvely short period ofvt1me through which
data has been collected. Cultural practices readily :
influence hydrologic conditions within the soil'through
.changes in water use. The construction of ditches, roadways,
water reservoirs, fences and windbreaks tehd to prolong
periods of water pond%ng and soil saturation, which in turn
increases the probability of recharge. The cultural practice
which is implicated as the main contributor to dryland

_ salinization is the crop-summerfallow rotation system that
'has traditionally been used by farmers of the area. The *ime
lag from initiation of excess moisture conditions until
salinity outbreaks, the distances from recharge area to
discharge areas which'usually involves lands of different
ownership, as well as the vague identification of recharqe
'areas and groundwater flow patterns are problems that have
delayed'the understanding of salinization and saline seep
initiation., They also lead to difficulties in convineing +he

138
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. farmtng public to-alter a syﬁtem thét has proven sUcc'eéSful~
. in producing'crops in.a sgmi4arid regiob for_mofe‘than twé,
_gédérations;'

" The early detection of saline ?eeps would aésist in the
reduction of the problem since changes in cropping could be
suggested when reclamation is still a simple procedure.
Studies by several authors have shown that the
four-electréﬁe method of soil salinity mpasufement'can
provide a fasi, econdmicai-and réliablé'héans for saline
seep delineation. This Stﬁdy agrees that the fqut-electrode
method is an excélleAt tool for the type of surveys needed
to detect encroaching saline seeps. It has a relatively loQ
cosf, and provides readings that can bé;interpreted direétly
" in the field, and is easy enough to:use that large areas
involving several measurements can be surveyed in a
relatively short period of time. The maps from the
HedQéfiel@ surve}';how th#t the fbur-electrode“méthod-can
differentiate saline soils from non-saline soils such that
saline seeps can be easily delineated from the unaffected
areas. ‘ | -

| The surveys have shown that ﬁhe problem of salinization
on the north slope of the closed basin near NoblefordIis far
more extensive than was first thought. They also show that
crop response is a very poor indicator of the extent or
intensity of salinization and, much iike an iceberg, what
shows on the surface is only a small fraction of-hﬁé& exists

below. Encroaching saline seeps can exist, visibly
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undetected, within the rootzone for long perio@s of time,
increasing the need for regular surveys in areas éusceptible
bo saline seep activity. »
Saline seeps in the Nobléford'basin are characterized

by numerous locations where.a small, localized area has

electrical conductivities considerably higher than the

(3
B

surrounding greas. Even with a gridpoint'spacing as close aé
20 m, they aré often detected at only one gridpoint and
ﬁndetécted*qt the adjacent ones. They are present at all
three survey'locations'and appear to persist with timé. It
is believed that saline seeps in this basin have originated -
frdT these localized areas, which act as point-sources for
salinization. Groundwater appeér; to have moved upward by
hydrostatic preésure into or near the rootzone through
randomly-distributed fissures in the till. This idea is
supported by .observations in 1978 of continuous flow,
apparently vertical, less than 20 cm downslope from a
subsurface drain. Presence of fractures and fissures in the
till has been observed by other recearchers in Alberta. More
study would he needed; howayer , +tn confirm the prnsenﬁ; or
absence of this process.

The Westfield and Drainfield survevs show that when tbhe
range of soil salinity does not include non-saline soils,
the correlation between four~e1ecrrode~predictéd elerrrical
conductivities and those maasuréd from éhe gsaturatian
QxfraQ£ of soil samples was reduced, GCorrelgtions in the

DrainfielAd nrveye ara fuarrhe f‘ﬂ"lp]_if_jﬂ*o? v what »prrears



v L | | 141

to be a differential}reduction in soil salinity brought
about b}_the presence of.the subsurface drains. Attempts to
prove tnis theory however, Were inconclusive. Generally,‘the
maps generated from the four- electrode measurements produced
a subdued relief compared to those generated from the
saturation extract measurements. This can be explained by
the large differences in sampling volumes betweén the two
methods. | | |

Inélu51on of the 1ndependent variables soil moisture
content, soil temperature, and texture did not'significantly
influence the prediction of four-electrode-generated
electrical conductivity if the range of soil salinity
extends from saline to non-saline,.as in the-case of the
Hedgefield survey. In such cases, electrical conductivities
can be derived directly.from ECa measurements. It Should.be
noted, however, that the soils in this Study did not have a
wide range of textures. wWhere the salinity'range was‘
confined to mare aaline values oniy, such as at Drainfield
or Westfield, the independent variables play a more
prominent role in the correlation between the two methods.
Soilvmoisture appears to be the'variable having the greatest
effect on the four-electrode prediction of electrical
conductivity after~the variable ECa has been considered,
This supports the_conclusions of Rhoades and Ingvalson
(1971) and Halvorson and Rhoades (1974, 1976).

Due to the lack of a large data base for four-electrode

measurements in Alberta, calibration equations should be
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checked for every survey._Th1s can be accompl1shed by taking
a small but representative number of soil samples at each
survey site and comparing saturation extract electrical
c°nduc£ivities to those derived by the four-electrode
method. This shculd,be done every time a survey is taken.
This study has chowh that large errors can result from
appiyihg equations from a spring calibration to survey data
taken during the summer and aﬁtumn. | K

When sampliné, it is recommended that more than one
s0il sample be taken etMEach'desired‘point in order to
compensate for the_large volume of soil that the four
electrode apparatus measures. It has been shown in this
study that coﬁsiderable variations iﬁ salinity can occur
within a small area. It is also recommended that
four-electrode measurements be taken when/the electrodes are
in contact with the mineral component of the soil. for best
ccmparisonsféﬁth saturation extract electrical |
conductivities from soil cemples. Thick accuﬁulations of
organic material, such as straw\feyers or>mu1cﬁes, can
increase resistivity unless praper contact with the mineral
portion of the soil is made.

Maps separati;g saline seep-affected areas from
non-affected areas can be generated from ECa data alone.
with the accuracy comparable to thase generated from
saturation extract data. Maps from both methods have

delineated isolated pockets of high and low salinity that

often persist with depth and time, Generally, time »f year,
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ahd variations in soil moisture and soil Eemperature'did not
affect the accu:acy of_the.maps, since the variation in soil
salinity was far ﬁore;infiuéntial. Since this study was
performed on soils with a qiay-ldam or finer texture, .
variations in soil moisture and soil temperature may héve a
much greater‘effect in coarse-textured soils. Soil‘moisture“
data from the Hedgefield survey show that variatidns in the
soil moisture content within that survey afea in the spring
are as great as soil moisture variations encoﬁntered ét ‘
Westfield from spring to autumn of_1979./bhis indicatés that
soil moisture content variations may not be detrimental to
the separation of saline areas from non-saline areas. Since
‘saline seep—affected afeaé ﬁend'to have wetter soil moisture
conditions for lohger-pgriods-of time thaﬁ ihe'adjacent
unaffected aféas, the variations actuallf tend to magnify
differences between saline and non-saline soils when
measured withvthe four-electrode method. |

As a soil dries, the effect of the reduced goil
moisture conteﬁt7is to increase electrical resistance
through the soil. Since dissolved solids will tend to
concentfate-in the remaining soil w§ternduring pefiods of
drying: it wasfthéught thét‘thendecreased res{stance“df ghe
more saline residual water would ﬁénd.to offset the "
increased résiStance experienced by having a lower number of
pores filled with water, Howevéf, larger pores empty first
in a drying soil, and electricél conductance must occur

through interconnected micropores, which greatly increases
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the torthositj factor. Data-from the monitoring sites shéw
trends towards an overall deCreased,électricél resistance as
- a soil loses mqisturé;:ﬁs.a‘resdlt, measurément.of
eiecfrital CSnductivitf by the four-electrode method may -
result in greafer error if the soil is dry.

The results of thls study show that the?@ is some
promise for sa11n1ty surveys with the four- electrode method
wvhen significant moisture and temperature variations exist
within the 'soil. This in tﬁrn, means that surveys can be
performed during all frost-free periods of the year, rather
than just inv;he early spring. It would be practical to
conduct salinity surveys in the late autumn and winter,
éfter crops have been harvested; however, more information
will be needed béfore the four-electrode method can he

recommended for use during these times.

The four-electrode method ran be used as a rapid,

43 *_'-

econqmlcal, and non-destructive meanq of #r¥ermining

s0il salinity. Its applicarion bowever, must be

kept within certain limits. The method appears to be mnsct
suitable for separating saline soils froem non-saline geiln
When it is used to determine the degree of salinity.
parameters such as goil moisture, texture, and enil

temperature become more inflvential. Therefore, care

muet ha takan whan interpret in the Anva Far tYig rvrprae
eryrrec 3 3 P .
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X. APPENDICES o

APPENDIX A

NOBLEFORD SALINITY SURVEY #1, MAY 24, ﬁ979.' DRAINFIELD.
= - | |
* s * = = = Data for Variables in Regression Analysis = s « « = »

‘ Depth 0-30 cm
Gridpoint ECE - ECA ECAT H20 TEMP SAND CLAY
Jo

23.700 5.455 7.218 26.20 12.50 29.70 19.60
Ji1 .24.900 4.539 5.858 -27.50 13.50 27.60 19.30
J2 22.700 3.739 5.014 28.70 12.00 26.80 19.30
- J3 18.900 5.569 7.276 27.40 13.00 24.10 21.90
Ja 19.300 4.955 6.319° 29.00 14.00 32.40 20.00
K1 13.200 4.829 5.868 26.00 16.00 29.40 18.00
K2 23.700 4.175 5.324 23.50 14.00 '30.30 20.40
K3 - 8.700 2.177 2.646 16.30 16.00 42.10 20.90
K4 23.200 4.418 5.509 26.80 15.00 34.40 20.50
K5 23.700 6.059 7.363 21.90 16.00 26.00 19.90
L1 7.000 1.932. 2.524 24.00 13.00 30.00 18.10
L2 18.400 3.669 4.855 24.00 12.50 32.10 23.00
L4 16.500 3.356 4.331 24.00 . 13.50 35.40 18.10
L5 19.900 3.607 4.712 28.60 13.00 30.10 22.20 \
M1 10.800 1.872 2.515 24.50 © 14.00. 32.00 22.20
M2 ©5.100 1.907 2.432 23.40 - 14.00 33.60 19.80
M3 14.200 3.523-4.336 21.80 15.50° 26.50 20.50
M4 14.500 2.171 2.836 24.00 13.00 29.70 19.60
L E] - 16.600 3.672 .5.126 25.50 13.50 26.50 20.20
N1 6.200 1.778  2.217 21.00 15.00 17.20 19.99
N2 3.400 2.134 2.661 23.10 15.00 25.60 18.80
N3, 18.900 4.610 5.602 22.50 16.00 26.80 19.10 '
N4 12.900. 1.364 1.637 21.30 16.50 25.80 18.70
NS 12,400 33J52 3.784 19.20 16.50 29.30 18.00

§y§ Depth 0-60cm
Jo 18.450 47481 6.195 25.40 10.75 3B.95 1B.80

J1 18.650 4.107 5.539 27.85 11.75 35.35 19.90
J2 19.750 3.132 4.419 28.50 10.00 36.00 17.70
J3 14.850 4.407 6.016 27.30 11.25 24.10 21.60
Ja - 16.650 3.806 5.164 2B.90 11.50 40.45 18.35
K1 17.400 4.385 5.625 29.50 13.75 24.60 19.50
K2 19.150 3.785 5.200 26.55 11.00 26.55 21.80
K3 10.650 2.041 2.737 19.85 12.00 19.45 19.90 *»
K4 18.400 3.600 4.915 28.35 11,25 .80 20.60
KS 24.300 4.451 5.830 24.45 12.50 28.35 20.15
L1 10.300 3.375 4.579 26.75 11.50 26.80 20.15
L2 17.500 3.454. 4.807 25.70 10.50 28.15 23.30
L4 14,050 2.978 4.091 25.60 11.00 26.90 18 80
LS 20.750 4.806 6.561 29.15 11.25 23.25 20 00
Mi 12.400 2.828 3.814 25.80 11.75 23.60 21.15
M2 7.500 '1.820 2.605 23.80. 11.50 33.65 20.45
M3 18.450 4.245 5.446 24.40 13.75 20.95 22.90
M4 13.050 2.178 2.992 24.85 11.00 22.60 22.00
M5 15.600 3.185 4.321 26.35 11.50 19.45 23.85
N1 7.500 2.407 3.145 24.50 13.00 15.45 22.00
N2 10.000 3.022 3.999 25.70 12.50 20.30 21.10
N3 20.800 4.582 5.878 23.90 13.75 21.00 18.90
N4 13.700 2.640 3.387 24.40 13.75 19.90 21.20
NS 15.100 2.724 3.494 21.30 13.75 25.20 17.40
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NOBLEFORD SALINITY SURVEY #1, MAY 24,

* %+ = » = Data for Variables in Regression Analysis * « » = «

Gridpoint
J0

Jrv
J2

J3
Ja
K1
K2
K3
K4
K5
L1
L2
L4
LS
M1
M2
M3

M4 .

M5
N1
N2
N3
N4
N5

Jo
Ji
J2
J3
J4
K1
K2
K3
K4
K3
L1
L2
L4
LS
M1
M2
M3
M4
M5
N1
N2
N3
N4
NS

ECE
23.700

24.
22.
18.
18,
13.
23.

8.
23.
23.

7.
18.
16.
18.
10.

5.
14.
14.
186.

6.

3.
18.
12.
12.

18,

18

14

900
700
800
300
200
700
700
200
700
000
400
500
800
800
100

200

500
600
200
400
900
900
400

450

.650
19,
1.
16.
17.
19,
10.
18.
24.
10.
17,
.050
20.
.400
.500
.450
.050
.600
.500
.000
.800
.700

750
850
650
400
150
650
400
300
300
500

750

'no

E

CA
455

5
4.539
3.739
5.569
4.955
4,829
4,
2
4
6
1
3
3
3

175

177
.418
.059
.932
.669
. 356
.607
.872
.807
.523
A7
872
.778
. 134
.610
. 364
. 152

1
1
3
2
3
1
2
4
1
3
4.481
4.107
3.132
4.407
3.806
4.385
3.785
2.041
3.
4
3
3
2
4
2
1
4
2
3
2
3
4
2
2

600

.451
.375
.454
.978
.806
.828
.920
.245
.178
.185
.407
.022
.582
.640

724

Depth 0-30 cm
H20

ECAT
7.218
5.858
5.014
7.276

.318

. 868

.324

.646

.509

.363

.524

. 855

.712
.515
.432
.336
.836
. 126
.217

8
5

5

2

5

7

2

4
4.331.
4

2

2

4

2

5

2

2

26.
27.

1979 - DRAINFIELD

TEMP

12.50
13.50
12.00

13.00 =
14.00 .
'16.00

14.00

16.00-

15.00
16.00
13.00
12.50
13.50
13.00
14.00
14.00
15.50
13.00
13.50
15.00
15.00
16.00
16.50
16.50

10.75
11.75
10.00
11.25
11.50
13.75
11.00
12.00
11.25
12.50
11.50

..ttt t ek a
VWWN W a Wt % a2
o
o

Clay
18.

19
19
21

60

.30
.30
.90
.00
.00
.40
.90
.50
.80
.10

\
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NOBLEFORD SALINITY SURVEY #1,8MAY 24, 1979 - DRAINFIELD

* *= =« » = Data for Variables in Regression Analysis = = = » = »

Gridpoint

Jo

ECE

19.
16.
16,
12.
14.
15.
16.
9.
15
20,
12.
14
12,
19.
13.
1470
.700 -
.370
.60C
676
030
7700
.670
.230

.770
.820
.270
.420
.670
.920
_770
.750
170
.120
.370
.920
.720
.070
.900
.750
.250
.500
.570
.850
.650
.020
.670

170
570
770
800
530
370
630
630
830
130
330
970
030
000
530

arn

4
3
2

TWWWWANNWN WWAIAIRN WA A A WA W A W W NWBWMNPMNDNEBENWANWWWAN

ECA
.240
.601
. 856

. 157
.98

.694
.5186

.9R0

Depth 0-90 cm

-

(;)U"Nb(}lwbh(ﬂbwbbb(’)bmm

o

[CRE - NI, I '

AbNBUWWUHIWAbWBBLRWEBWUNI A DU

ECAT
.099
.056
. 179
.005
. 356
.998
.738
.282
.236
.107
.422
.583
.974
.800
.270
. 898
.714
.547 .
.138
.015

W

H20
25.27
27.73
27 .87
26.60
29.10
29.20
26.83
21.80
28.53
24.97
26.63
25.37
27.10
28.23
24.70
24.10

TEMP
S.17
10.17
8.50
9.83
8.67
11.67
8.50
9.33
8.67
10.33
10.33
8,33
B8.67
S.687
10.33
10.00
12.17
9.83

10.17 .
11.33
10.67/-

12~
1.83
11.83

8.00
8.00
7.38
8.63
8.25
10.00
6.38
7.13
6.50
8.63
9.25
6.63
6:38
g.50
9.00
8.75
11.00

. 8.63

9.13
10.00
9.38
10.75

10.50

10.25

SAND -
44,
40.

30
47

CLAY

17.
9.
17.
20.
17,
20,
22.
19,
19.
19,
21.
24,
21.
19.
21.
19.
. 22.
21.
23.
21,
21.
19.
20.
18.

16.
18.
17,
19.
16.
19.
22,
19.

40
27
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-NOBLEFORD SALINITY SURVEY #2. AUG 51'25. 18979 - DRAINFIELD

* » = = » + Data for Variables in Regression Analygis = » =~ = + +

Gridpoint . ECE

Jo
J1
J2
J3
Ja
J5
K1
K2
K3
K4
K5
L1
L2
L4
LS
M1
M2
M3
ma
M5
N1
N2
N3
N4
NS

40
J1
J2
J3
J4
J5_
KT
K2
K3
K4
K5
L1
L2
L4
L5
M1
M2
M3
M4
M5
N1
N2
N3
N4

nre

38.
28.

3t

30.
32.
34,
31.
22.
27.
29.
37.
17.
23.
19.
26.

/

11.
28.
15.
4.
13.

H

20.

21
13

26.
18.
20.
20.

21
27

26.
17.
20.
19.

31

16.
19.
14.

20

12.
13.
30.
15.
17.
16.
14.

21

18.

17

800
300
.100
300
700

600
600
600
700
800
700
100
700
.800
100
400
600
100
200
.500
700
.600
180

700
550
350
350
.250
600
750
850
000
100
.300
650
600
500
.850
800
300
850
600
850
400
050
.650
100

1N

500
900

&b

D= OO0OOMNN OO0 WWAOUIIALUIWE D

Nt ot PO RIO — WA WA W LW W W WA W W W W W

ECA
.250
. 142
.610
.864
.610
.842
.302
. 142
.047
.250
.410
.962
. 142
.253
. 399
421
. 198
477
. 897
.681
.424
.624
.723
.7586
563

.685
445
.737
.685
. 235
.653
.685
. 445
.316
.585
.790
.036
.537
.822
21
.354
.456
.948
.815
.073
248
.608
507

. 951
249

Depth 0-30 cm
H20

ECAT
5.958
4.700
5.231
5.409
5.126
4.174
5.896
4.606
4-.397
5.462
5.749
0.981
4.806
3,691
3.466
0.421,
0.202
1.537
3.287
2.860
0.451
0.663
0.804
1.866
0.588
Pepth O
. 182
.951
.333
.182
.67
.950
. 139
.909
.724
.852
.118
.212
.014
.237
.317
-394
.490
-203
. 380
.328
.471
.788
710
127

NN = =N WWO - WWEBENAWWWBNWLLWDD

19.
26.
22.
16.
15.

13

16.

24.
17.
24.
23:
25.
11.

.80
.20
.70
.10
.20
.60
.80

TEMP

19.
19.
19,
20.
20.
21.
20.
20.
21,
23.
22..
24.
20.
19.
24,
25.
24.
23.
16..
22.
22.
22.
20:
22.
2.

SAND

29.
.60

27

26.

70
80

24,10

32.
.70
29.
30.
.10
.40
.00
.00
10
.40
10
.00
.60
.50
.70
.50
.20
.60
.80
.80
.30

.85
.35
-00
-10
.45
.95
.60
.55
.45
.80
.35
.80
.15
.90
.25
.80
.65
.95
.60
.45
.45
.30
.00
S0 -

33

40

40
30

?0

cLay

19.
19,
19,
.90
20.
19.
18.
20.
20.
20.
19.
19,
23.
18.
22.
22.
19,
20.
19,
20.
19.
18.
19.
18.
18.

21

r
18.
19.
17.
21.
18.
17.
19.
21.
19.
20.
20.
20.°
23.
19.
20.
21.
20.
22.
22.
23.
22.
21.
18.

21

V-

60
30
30

00
00
00
40
90
50
80
10
00

160
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NOBLEFORD SALINITY SURVEY #2, AUG 21-24, 1979 - DRAINFIELD

= + +« + « » Data for Variables in Regression Analysis = » » ¢ « =«

Depth 0-90 cm-
Gr idpoint ECE " ECA ECAT- H20 TEMP SAND CLAY

Jo 21.730 2.947 3.3%2 22.33 18.33 44.30 17.40
J1 15.930 2.898 3.385 24.97 17.67 40.47 19.27
J2 16.170 2.947 3.469 26.67 17.33 41.70 17.17
J3 17.030 3.157 3.634 25.67 18.33 30.13 20.13
Jé 16.800 2.679 3.084 24.97 18.33 45.27 17.50
Js 21.600 2.210 2.508 18.70 19.00 39.37 16.20
K1 23.000 3.336 3.786 26.67 19.00 22.20 20.03
K2 14.670 3.048 3.508 24.47 18.33 22.63 22.33
K3 16.400 3.048 3.483 20.47 18.67 40.33 19.30 .
K4 14,800 2.898 3.198 25.17. 20.33 43.93 19.30 N
K5 - 23,670 3.048 3.363 22.43 20.33 34.10 19.00 ‘
L1 13.970 3.048 3.435 18.80 19.33 24.50 21.93
L2 17.000 3.215 3.728 24.67 18.00 24.37 24.33
L4 12.530 2.562 2.983 23.57 17.67 23.87 21.53 -
LS 16.630 2.762 3.024 24.40 20.67 25.13 .19.47
LB 13.700 2.183 2.354 14.40 21.33 21.43 21.13
M2 14.030 1.637 1.832 11.57 19.67 31.50 19.47
M3 26.470 3.157 3.5%1 20.50 20.00 18.57 22.93
M4 13.670 2.679 3.178 24.80 17.00 21.80 21.33
M5 13.900 1.823 2.114 22 1 18.00 18.33 23.83
N1 15.330 3.274 3.715 17.87 19.00 15.87 21.85
N2 14.000 2.456 2.807 16.80 18.67 22.83 21.80
N3 19.600 2.267 2.629 14.57 18.00 20.13 19.17
N4 15 370 2.056 2.286 16.97 20.00 19.30 20.77
NG 12 330 2.130 2.384 17.63 19.67 22.03 18.90
Depth 0 120 cm
J0 18.770 2.550 2.873 21.57 17.75 4B.40 16.77
J1 13.720 2.852 3.146 24.80 17.00 46.00 18.17
Jy2 14.200 2.706 3.248 26.15 16.50 46.35 17.62
J3 14.870 2.821 3.289 25.13 17.75 36.85 19.37
Jé 14.320 2.368 2.761 24.38B 17.75 49.90 16.82
J5 18.550 1.950 2.249 18.15 18.25 44.85 16,12
K1 18.850 3.014 3.476 26.05 18.25 21.45 18.90
K2 12.850 2.762 3.220 24.47 17.75 22.63 22.45
K3 14.070 2.821 3.289 20.70 17.75 44.75 19.30
K4 13.050 2.550 2.864 26.10 19.50 48.02 18.92
KS 19.870 2.600 2.820 22.10 19.50 39.27 18.60
L1 12.550 2.502 2.885 19.77 18.25 122.85 22.07
L2 14.970 3.014 3.555 24.22 17.25 22.88 24.05
L4 11.250 2.326 2.759 3.50 17.00 22.37 20.92
LS 14.550 2.550 :2.864 4.05 19.50 31.72 18.97
M1 12.620 2.174 2.417 16.35 20.00 21.07 20.30
M2 13.970 1.745 2.001 13.95 18.50 27.80 20.45
M3 21.600 2.762 3.134 20.57 19.00 23.75 21.60
M4 12.500 2.411 2.812 24.30 16.25 22.77 21.70
M5 11.870 1.768 2.097 22.10 17.00 17.80 23.65
N1 13.570 2.883 3.343 18.05 18.00 17.97 23.52
N2 13.250 1.979 2.321 17.22 17.50 25.13 21.85
N3 17.170 2.139 2.537 16.38 17.00 20.35 19.80
N4 13.070 1.922 2.181 18 17 19 00 23.07 18 B85
L 1t 900 LI 2 T o) LA K] 12 A0 10 NN L I A 18 77
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NOBLEFORD SALINITY SURVEY #3, SEPT 28-30,

* % % + » » Data for Variables in Regression Analysws % e v e n

Depth 0-30 cm
ECA- eECAT,

Gridpoint
Jo

J1
J2
J3
J4
L]
K1
K2
K3
K4
K5
L1
L2
L4
LS
M1
M2
M3
M4
M5
N1
N2
N3
N4
NR

Jo
J1
J2
J3
Jé
J5
K1
K2
K3
K4
K5
L
L2
L4
LS
M1
M2
M3
M4
M5
N1
N2
N3
N4

yr

ECE

6.400
.700
.600
.600
.700
.000
-500
-400
-300
. 100
-000
.600
.700
-300
.400

.800
.700
500
.400
.200
.000
.400
-800
.700

200

.700
.600
.000
.300
.B00
.000
.800
.000
-200
-000
-800
600
. 300
-600
200
. 300
-300
-800
-800
.600
-500
- 800

300
100

~

-—‘—A—AM—"\)(JO'O(A)M(A)-J Awmwwwwwbwb

--MthNh—A—wNwawMMwMNNwNw

<319

511
.242
.870
511
.607
.682
.065
. 466
.870
.276
.727
.465
. 346
.030
. 152
.216
. 184
.378
.733
.612
.773
.250
.616
.578

.235
.948
.316
915
.653
.653
. 445
.627
.503
-015
.275
.193
.085
.479
.048
.822
.326
.278
. 479
.307
.21
015
503

855

nar

5.375
4.478
5.289
4.703
4.267
4 383

178
3‘%

2.925
4.591

5.072°

2.002
3.932
2.662
3.438
0.172
0.240
3.625
2.699
1.927
2.964
1.972
1.390
1.834
1.755

H20

24.
24.
24,
24.

50
BO
30
20

25,80

21

21.
20.
17.

25.

5.
12.
19.
18.

7.
14.
10.
10.

13.

.60
21,
21.
19.
23.
19.
12.

40
20
40
00
20
30
60
00
30
00
80
S0
30

Pepth. 0 60cm

.931
.760
.135
.542
.224
.224
.995
.182
. 042
.664
-980
.665
.577
.874
<617
.280
.538
.962
.94
.675
.995
.486
.902
151
130

amwwbnwa—wmmwwwwwwwwwbww

130
.20
.20
.90
.80
.60
170
.30
.40
.80
.30
-30
.30
.80
.60
.80
10
.30
.20

1979 -

DRAINFIELD

CLAY

19.
19.
19.
21.
20.
19.

162
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NOBLEFORD SALINITY SURVEY #3, SEPT 29-30, 1879 - DRAINFIELD

« = * =+ + v Data for Variables in Regression Analysis = » = = = =»

Gridpoint
Jo
J1
J2
J3
Ja
J5

K1
K2
K3
K4
KS
L1
L2
L4
L5
M1
M2
M3
M4
M5
N1
N2
N3

N4
He

Jo
J1
J2
J3
Ja
J5
K1
K2
K3
K4
K5
L1
L2
L4
L5
M1
M2
M3
M4
M5
N1
N2
N3
N4

He

B

ECE

21.
17.
18.
17.
15.
20.
18.
13.
16.
16.

21
17

16

400
900
000

400

000
100
200
800
500
800

300
000

200
100
400

800,

000
700
500
500
900
100

300

Ny

.500°
.800
18.
16.
.700
15.
13.
25.
13.
14,
17.
15,
27.
13.
15,

.200
.700
.300
.200
.900
.700
.800
.300
.500
-800
.000
.500
.700
.000
.900-.
.400
.900
.900
.000
.900
.000
.700
.200

SUTWbLLLUNALNDDLDLDLLH>OAUIIA L WNWWOAINWLHNWWWBWWWWWHBWWRERWD

"ECA

.082
.790
.349
.082

. 358
. 145
.685
. 445

737
.491
.082
.985
.537
158

.680
.414
.685
-401
.815
. 049

.358 -

.960°

. 390.
.737
L 445

Depth 0-80 em
H20

ECAT
5.090
4.833

5.423

5.090

4.081

4.187
,4.806
'4.478
4.186
4.812
4.541
4.242
4.842
4.253
4.298

2.835
5.619
4.186
3.179

6.579

4.371
4.034
3.542
3.802

266
.041
.616
.083
.090
.805
.970
.970
. 465
.862

.870
.083
.558
.558
C 417
.478
.579
.607
.357
. 328
.862
.558
- 242

fee

.374°

20.
25,
24.
24,
24.
17.
25,
23.
99,
23.
21.
18.
- 22.
23.
721.
18.
10.
14,
20.
20.
14,
17,
14.
13.

17

70

10
80
70

10

Depth 0-120 cm

23.50

24,
24.

24

21
20

15
17

%
25.

24,

40
70
50
80
60
24
10

.70
23.

20

.60
19.
22.
23.
20.
19.

12.
16.
20.
20.
15.
18.
18.

80
10
40

TEMP

15.

14,
15.
18,

16,

15.
18.
16.
16.
16.
16.
16.
17.
17.
16,
18,
17.
17.
16.
17.
16.
17.
17.

) - 16.

15.

14,
14,
15.
16.
15.
18.
16,
16.
16.
16.
16
16.
16.
16.
16.
J16.
16.
16.
15.
16.
16.
16.
16.
16.

e

00
Q0
00
00
00
00
00
00
00
00+
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

00
00
00
00
00
00
00
00
00

00 .

00
00
00
00
00
00
00
00
00
00
00
00
00

00
no

SAND

44,
40.

CLAY
17.40
19.27
17.17 -
20.13
17.50
16.20
20.03
22.33
19.30
19.30
18.00
21.93
24.33
21.53
19.47
21.13
19.47
22.93
21.33
23.93

.21.85

21.90
19.17
20.77
18.90

16.77
18.17
17.62
19.37
16.82

16127~
119.90 T

22.45

.19.30

18.92
12.69 ;
22.07 4
24. 05~
20.92
18.97 . -
20.30
20:45
21.60
21.70
23.65
23.52
21.85
19.80

19.85

18 77

163 .
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NOBLEFORD SALINITY <SURVEY #4,-APR ésfzs,l1980--'bRA1NFIgLo .

* = s =« » = Data foﬁ Variables 1n Regression Analysis L I B I

" Depth. 0-30 cm - T
Eca F

Gridpoint ECE CAT ' H20 - TEMP . SAND- CLAY & , .

o 28.2 0 4. 932 6.365 25.00 13.50 29.70 19.60
J1 -19.0 4.713° 5.800: 21.40 15.50 27.60 19.30 .
"2 213000 3.607 4.712° 30.30. 13.00- 26.90 19.30 ‘
U3 20.800 5.865 7.313 23.80" 15.00 24.10 21.90 :
uéd -21.800 '4.551 5.531. 24.70 16.00 32.40 20.00
J5 26.700. 4.474, 5.506 23.40 15.50 33.70 19.00,
K1 19.000 4.909 5.823 19.30 17.00 29.40 18.00
K2 28.300 4.501: 5.338 21.90. 17.00 30.30 20.40
K3 13.300" 4.524 5.305 15.30 17.50 42.10 20.90
K 28.400 3.607 4.279 23.10 17.00 34.40 20.50
K5 ~ . 29:700. 6.835 . 8.085 24.60 . 17.50 26.00 19.90
L1 14,100 3.558 .4,271 20.10 16.50 30.00 19.10
L2 - 15.700 3.870 '4.646 21.50 16.50 32.10 23.00
L3 11.600 1.597- t.776 12.60- 20,00 33.90 21.20
L4 28.700 3.388 4.417 20.40 “16.00 235.40 18.10
LE 20.700 5.238 €.215 19.80 17.00 3C.10 22.20.
M 6.000 2.030 2.75%~ 20.70 20.00.. 32.00 22.20
M2 .6.1007 2.169 "2.461. 16.80 19.00 .33.60 ©19.80
K3 1€.800 6.737 7.812 17.00 18.00°°26.50 20.50
M4 . /9.800 35.578 4,461 22.40 15.00 .2S:70 19.80 ot
M5- . 20.800 4.242 5.155 - 21.30 =16.00° 26.50- 20.20 .
Nt . "7.000 3.033 4.278 18.20 710.00 17.20 " 19.99
N2 12.600 6.380 8.785 27.10 " 11.00 25.60 "18.80 . -
N3 13.300 2.885 :3.869 20.70 12. 0D 26.80 19.10
N4 - 13.600 3.957-'5.306 19.90 12.00. -25.80 ~18.°70
NS 15.300 . 2.823 '3.785 22.80 12. 00 29.30 18.00
o Déepth .0-60cm L
Jo 21.050 4.638 6.293 23.65 11.50 .38.95 - 18.80
J1 . 14.300 3.477 4.571 21.70 12.75 '35.35 18.10
J2 '15.150 3.742 5.208 '25.95-40.50. 36.00 17.70
Jy3 15.850 4.107 5.507 22.80 12.00 24.10 . 21.6
J4 15.400 3.397 . 4.495 22.10 1250, 40.45 18.38%
U5 - 24.650 2.769 3.688 21.75 12.25 33.95 17.15
K1 16.700 3.726 4.808 22.75 13.50 24.60 <18.50
K2 23.500 3.362 4:313 24.40° 13.75 -26.55 21.80
K3 - 18.500 2.881 '3.653 19.55 14.25 '38.45 .19.90
Ka *20.650 -3.397 4.358 24.70 13.75 37.80 20.60
K5 23.000 4.582 5.878 26.65 13.75 28.35 20.15 -
L 16.350 3.936 5.110 22.25 13.25 26.80 "20.15-
L2 15.750 4.050 5.258 22.90 13.25 28.15 23.30
L3 12.500 1.871 2.260 15.60 16.25 29.70 21.70
L4 ~21.400 - 3.074 4.122 24.80 12.00 26.90 19.80
L5 16.150 3.437 4.490 23.55 13.00 23.25 20.00
M1 12.650 3.114 73,694 20.85 17.00 23.60 21:¢5
- M2 - 9,900 2.281 2.807 19.05 15.50 33.865- 20.45 DL
M3 16.950 4.886 6.160 * 20.90 - 14.50 20.95 22.90
L 8.000 2.744 3.679 23.75 12.00 22.60 22.00 .
< M5 - 16.950 3.384 4.478 22.05 12.50 19.45 23.85, s
N1 13.650  4.225 6.066 19.50 9.25 15.45 22.00
N2 15.000 4.075 5.749 25.45 10.00. 20.30 21.10 -
N3 16.150 4.646 "6.382 22.30 11.00 21.00 18.90
N4 15.300 3.823 5.252 20.90 11.00 19.90 21.20

N5 11.850 2.718 3.783 23.00 10.50 25.20 17.40



- NOBLEFORD SALINITY SURVEY(F4,.APR 25-26,
= »« » = = » Data for‘v;riables in Regress}bn AhaTysis‘*" = x .

" Gridpoint
Jo
J1

J2
J3

Jé’

J5
K1
K2
K3
K4
K5
LI
L2
L3
‘L4
- L5
M1
M2
Mz
M4
. M5
“ N1
N2
N3
"N4
NS

Jo
J1
u2
J3
Ja
U5

. K1
K2

K3

K&

K5
L1
L2
L3
L4
L5
- M3

:CE

18.100

.530
.570
.970 .
.300
.800
.870
.300
.900
.870
130
.300
L, 400
.670
.730
.700
.800
.370
.430
600"
470
.870.
.600
2170
.600
.130
.020
.950
.720
.470
.500
.850
.550
.770
.000
.500
<550
. 120
720
-800
.920
.850
.200
. 370
.020
.700
.350
.100
.700
.120 .
.050
.250

e .

A0 €0 63 W 60 1) W R NI G NI > I

nwwmwnnm—MMMMNM@NNMMMMMNMQ'Mwbwwnnwwwmw

ECA®

.894 -
157

671
"262
. 069
.007
.012
;938
.529
.323
.462
.884
. 197
.861
. 164
. 886
.852

.676
<250
.873
.619

211
.876
8277,
.876 -
.181
347

.590
.615
.757
-048
. 940
.585
.960
511
.82
.33
.905
.774
.570
.322
.603
.055
.113
. 105.
.745

.917 .
.268 -
.559 .

.877

.852

Depth.0-90 em - -

ECAT " H20 TEMP  SAND
5.515 21.77: 9.83 44.30
4.356 20.17  10.83 40.47.
4.214 "24,70 ° 9.00 '41.70
4.610 '22.53 10.00 30.13
3.593 21.67 1017 45.27.
~3.751 19.70 10.17 39.37
4.481 22.87 11.00 22.20
4.164 24.60 11.50 - 22.63
.4.014° 19:70 12,17 40.33
4.087 23.43 11.50 43.93
5.343 24.63 "11.50- 34,10
4.827 "23.47 11.17 24.50
4.546 22.93 .11.17 24.37
3.452 16.53 13.83¢30.60
4.116 24.30 9.50 23.87
4.429 23.20' 10.67. 25.13 -
3.621 .20.80 14.33 21.43
2.827 19.87 13,00 31.50
5.165 20,73.12.33 19.57
4.024 22.70 10.00 21.90 -
3.877 21.63 {10.17. 18.33
5.723 20.53-* 8.17 15.87
5.310  24.830° 9.00 22:83 |
4.620 -21.80 . 9.67 20.13
5.648 21.40 9.67 19.30
3.783 23.13 .9.00 '22.03

Depth 0-120 em - ,
4.682 21.22 8.63 48.40
4.116 20.50 9.38 46.00
4.222 23.80 7.75 46.35
4.184 21.50 B8.563 -36.85
3.180 21.75 §5.63 49.90
3.401 18.62 B8.88 44.65
4.082 22.63 9.38 21,45
3.664 24.32 9.88 22.63
3.627 20.22 10.63 44.75
3.880- 21.77 9v0.00 48.02°
4.312 23.60 9.88 39.27
4.172 23.00 9.75. 22.85
3.692 22.55. 'g.63 22.88
3.980 18.45 11.88 31,25
3.737 23.57 - 7.88 22.37-
4.084 22.55 9.00 31.72
3.098 21.20 12.38 21.07
2.601 20.07 11.25 27.80
3.835 21.15 10.75 23.75
3.736 22.45 8.75 22.77
3.386. 21,88 8.63 17.80
5.441 20,55 7.38 17.97
4.531- 28.35 -8.00 25.13
4.525 21.52 B.75 20.35
4.543 21.27  8.50 23.07
4, 13 7,

21.77

5

11980 - DRAINFIELD

- CLAY
17.40

19.27
17.17

20,13

17.50
16.20

20.03.
22,33 -

21.70

23.65

19.80
18.85

18.77

165



NOBLEFORD' SALINITY SURVEY #5, MAY 14-22, 1979 - WESTFIELD'

» = o « » « Data for Varisbles/ in Regression Analysis = = = = = »

Gridpoint
. A1

A2
A3
B1 .
B2

B4

" 13.
10.
15.

- 14,
13.
12.
16.
16.
13,
15,
11.
i8.
14,
99.

.800

18.
34.
23.
19,
18.
20.
“18.
.200
.450
.200 .
13.
16.
13.
11.
13.
15.
15.
17.
10.
15.
12.95(
.800 .
. 450

" ECE
21.
33.
22.
15,

17,
20.
1.

.900

100 -

29

13

25
11
1"

12
15

600
700
100

200

400
700
700

200
500
500
200
500
400
000
800
200
100
000
700
999

500
050
950
350
800
450
150

700
350
050
450

850.

450

550:

700

750

750
950

ﬁwmmnmwbnnwawmumbhab»mb_wuawwdnbwmmhb—nmmmpmhqm

ECA

.013
110
.665
.846

.032
.885
.599
.597
.364
.798
.381
.682

. 191
.075
.534
.083
.676
.437
175
.652

+321
.455
.026
. 342
.922

.479
.563
.495
.120

.423
211
.165
.428
.414
.890
.041
.354
.890
.991

.188 -

.040

273

. 886
.558 .
.338 |

.983'

Depth 0-30 cm

D

U1U 23 O) U1 (3 00 00 O ~3' 0 LUV 00 O

BUINIW B NUTUIW W UITO B 2'W =20 B N T K

O RUTO D EIW!

ECAT H20 TEMP
.166 31.80 17.00
.631 25.80 15.50
511 23.40 12.00
.884 - 31.40 16.00
.145 29.00 9.00
.758 27.80 12.00 -
.088 30.50- 12.00
.486 26.20 15.50
.667 46.80 - 10.00
.440 33.40  7.00
.821 37.10, 11.50
.581 33.40 11.00
.417 28.80 13.00
.058 32.40 11.00
.00t 58.30 7.00
.913 29.80 10.00
.036° 34.70. 8.50
.421 31.40 -12.00
454 34,10 9.00
.082 41.80 7.00
.492 .30.00 8.50
.810 99.99 10.50
.771 29.80 13.00
pth 0-60cm ~ :
388 32.85 15.00
656 29.30 92.00
603 25.25. 10.50
475 33.50 14250
300 31.35 - 8.00
800 30.85 10.50
343 °28.55 . 10.50
018 29.50 12.75
581 41.95 '9.00
006 35.60 6.00
897 38.90 10.25
880 32.05 9.50
472 30.65 11.00
458 35.85, 9.50 .
577 50.35 4.75
980 _.32.75 9.25
158" 32.85 - .7.50
586. 33.45 10.25
286 34.95 8.00
329 38.65 4.50
010 32.30 7.75
520 32.90 8.75
109 31.55

11.00

SAND

25.
30.
33.
28.
33.
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NOBLEFORD SALINITY SURVEY #5, MAY 14-22, 1979 - WESTFIELD

# » » = » = Data for Variables in Regression Analysis = = » = » &

MMhOQOGH

Gridpoint | ECAT .
A1

A2
A3
B1
B2
B3

B4

B5
Ci1
C2
C3
C4

C5-

D1
D2
D3
D4

DS

E1
E2
E3
E4
ES

. At
A2
A3
Bi
B2
B3
B4
B5
C1
C2

ECE

3&
20.
.19,
19.
18.
18.

22

18

12

-tk —h —a s
LN = LWODWONU —

6.000
200

500
233
400
200
200

.500 .
10.
10.
12.
16.
12.
10.
12.

667
733
800
433
700
567
633

.433
15.
18.

S.
14.
12,
12.
14,

14,
26.
18.
18.
20.
.18,
7.

19,

10.

10.
.450
16.
99.
10.
.675
.-025
.900
.275
.375
.775
.400
.200
.000

833
733
933
633
100
200

133 -

375
100

575

850
125
225
525
700
600
300

550
999
225

ECA
~387
'604

.579 .
.699

.312
.557
.037
.938
.070
.425

.368 -

.668
.336
.529

.861 .

.586
.091
.884
.562
.272
.022
.228
.135

.007
.970

-000.

.048
.055
.912

.565 -

.876
.884
.50
.852
.218
.814
.267
.720
.299

.768

.118
.335

.003

545
.889
.953

4,425

6.545 .

5.128
4,873

6.521"

.530
.762
410
.070
.822
. 826
.367
.743
L7117
.124

hmmmamSwwmmm

.739

3.874
3.883

4.633

4.680

4.440 3
Depth 0- ;20 cm

. 105
.809
. 320
214
.228
.724
.182
.081
.856
.065
.158

.238
411

.586
.540

hh&wmm#amwabaanammmapm»

.266

.294

.806"

.959
964
.287 .
.045

270

H20

v g

OO+ CLON NI DU ~I1O DD O OO0 —

0 0 D NI ~3 L0 B 00 I 00 O OO 1O UTOD — (O D ~3 FO D D
SOOI ORWHDHORDRDOND - 0w

SAND
29.07

23.63

42.60
31.00
23.47
20.03
35.80
21.40

). 33.40
21.37.

21.17

32.67

18.97
32.80
26.50
22.77
26.20

17.60

27 .47
30.83
35.33
19.63

18.90

32.02
26.60
46.67
28.40
20.92
23.92
34.95
24.32
32.85
20.98
19.88
35.52

22.12
28.80 -

22.55

33.10.

17.35
24.22
32.25
35.82
21.08

19.12

CLAY“

12.07
18.27

16.13
“17.03
18.17

20.83
18.37
17.63
16.00
19.50
19.00
15.77
18.80
15.867
19.03
18.77
19.93
23.33

.20.37

19.17
19.63

23.17
22.37.

16.85

18.17

16.15

20.92
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~. NOBLEFORD SALINITY SURVEY #6, SEPT 25, 1979 - WESTFIELD

. s e e Data for Yariables in Regression Analysis L

. , ! Depth 0-30 cm i '
" Gridpoint - ECE ECA " ECAT H20 TEMP  SAND CLAY
- At -

32.500 3.356 4,280 22.80 14.00 25.30 22.10°

A2  39.500. 3.421 4.363 22.00 14.00 30.30 20.10
A3 32.700 2.218 2.766 17.70 15.00. 34.80 17.10
B 33.800 4.311 5,498 25.60 14.00 28.80 21.30 -
B2 35.000 3.101 3.955 21.70 14.00 33.00 20.30
B3 23.500 2.501 3.190 18.80 14.00 30.10 22.40 .
B4 23.500 2.356 2.938 19.60 15.00 30.90 18.00
BS 32,300 2.851 3,465 17.20 16.00 25.30 19.90

- C1 ,19.800 3.101 4.051 "29.40 13.00 . 34.60 18.10
c2 15.000 0.942 1.145 21.50 16.00 29.10 20.20
€3 21.700 3.399 4.286 28.10 14.50 26.20 17.30
€4 22.200 0.869 1.069 '19.30 15.50 28.30 14.10
C5 26.500 2.147 2.677 22.30 15.00 25.60 17.00
D1 23.000 3.293 4.106 31.50 15.00. 32.70 16.80
02 24.500  3.356 "4.231 34.00 14.50 29.50 16.50
D3 21:200 2.962 3.845 21.10 . 15.50 25.50 1&. 10
D4 25.800 1.744 2:224 -22.30 - 14.00 26.50 19.90
D5 *7.200 0.067 0.081 "13.10 16.00 26.40 23.30
E1 | 21.600 2.835 3.616 27.70 -14.00 3C.40 17.60
E2 26.800 3,682 4.591 26.10 15.00 30.20 19.60
E3 +28.000 3.233 4.172 25.10 13.50 29.50 20.70
E4 23.700 2.443 3.080 21.50 14.50 27.50 21.80
ES 22.800 2.031 2.532 19.10 15.00 '25.60 .20.00

' ‘ Depth 0-60cm v

Al 27.250 2.576 3.285 20.95 14.00 23.30 19.15
A2 33.150 3.015 3.845 24,20 14.00 21.70 19.70
A3 + 26.800 1.855 2.313 16.85 15.00 38.10 15.65
Bl 24,000 3.121 4.028 26.15 +3.50 24.50 19.10
B2 30.000 2. - - 13.50 27.15 16.80
B3 ©23.350 3, 13.50- 23.70 20.00
B4 21.100 1. 14.50 32.15 18.50
B5 25,6509 . 15.50 24,80 16:60 .
C1. 14.600; _ 36,30 12.50 '35.75 15.60 -
C2 12. 70@E-Y. i 32.05 14.50 24.80 1B.75 v
C3 17.350™ 3.158 4.051 30.55 13.75 19.65 18.65
C4 20.950° 1.450° 1.860- 17.85 13.75 30.60 16.55
C5 22.600 2.390 3.048 22.40 14.00 22.25 18.05
D1 16.500° 2.479 3:.161 "31.70. 14.00 36.35 -15.80
D2 17.000 2.601 3.357 29.05 13.50 30.45 17.20
D3 20.100 2.884 3.636 24.15 - 14.50 .19.80 19.35
D4 22.400 1.734 2.251 21,90 13.25 23.25 21.00
D5 10.100 0.214 0.270 14.85 14.50 20.65 23.25
E1 17.550 2.073° 2.692 26.50 13.25 30.40 20.40
E2 19.650 3.049 3.888 25.70 14.00 34.05- 18.50
E3 22.500 2.140 2.814 24.75 12.75 31.70 21.45
E4 18.650 2.025 2.628 20.95 13.25 22.70 22.50
ES 20.200 1.561 1

.981 18.25 14.00 22.50 20.85



NOBLEFORD SALINITY SURVEY #6, SEPT 25,

“ s w e Data for Variables in iﬁhression Analysis R .

'ﬂ_Gridpoint.

ECE
23
27.

21
26

20
18.

21

12.,

1A
18

1

19

18

11

16

11

>

.167
600

.500 -
19.167
.267
.300°
633
.633
600"
.567
14,

167

200

.967-
19.
15.
3.

7.
18.

.500
15.

16.

067
267
600

600

233
467

267
<667
16.
18.

19,
23.
.025
15,
22.
17.
18.
18.
.425
10.
12.
725
17,
13,
.700
15.
16.
10.
14,
14,
17.
14,
16.

300
367

200
0506

850

300 -

350
425
225

750
075
050
650

625
650

675

125

250

775
575
025

2w ROPRPNO =PRI s =« AIRIRIA = AI WA = NI NI .

R TSR ¢ ST ¢ ST C T 1Y © JIT C YA

ECA

.130
.562
.551

.639

.215
.762

.987

.032

.056"

.210

.562°

SN
.801
. 130

267
.105

.842
.565
.032
.638
.056
.842

.622

.792

.426
.486

14
/550
.979
.579

.8186
.816

.868
.040

.818
-005
. 842

.894
.579

.286"

411
441
816"

816 .

411
.792.

Depth 0 90 cm
- H20

B

8Mnuwnonhnnu—wﬁnwﬁwbw¢wn

PORNWA = RRNRIRNR = WRIR = R WG R = A

CAT

716
.267
.948
.419
.200
.593
.534
.534
.745
.829 .
.333
.523
.463
.760 -
.962
.685
417
.723
.666
.392
732
.427 .

“18.
22.
15.
23.
23.

47.
17
67

TEMP
14.:00

14,00
14.67
13.33

13.00
13.17
14,00
15.00

12.17
13.83-

13.17
13.17
13.33

13.33

13.00
14.00

SAND

28.07
23.63
42.60
31.00
23.47-

20.03 .

35.80
21.40
33.40
21 37

1979 - WESTFIELD.

'CLAY

169
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NOBLEFORD SALINITY SURVEY #7, APR 25-26, 1980 - HEDGEFIELD

1.

- » « » Data for Vg;iabies‘ﬂh Regression Analysis = * »

Depth- 0-30cm
‘H20

Gridpoint
Vi

o

- i -
QOO LOOONANOO WU OO0OQOONINO

11.
.700
.830
.900
.620
.380
.400
.000
710
.740-

.700
.300
.940
.560
.550
.850.

650
.450
.020
.860
.525
.180
.100
.180 0.
.725 0.
2720
.350
.800
.845
.590
.585
.780

N -
oMO®BOOCO®

-

— N

N —

ECE

CY

900

 ECA

8.284
3.377
0.320
0.200

-0.218

0.291

4,238

3.495
©.494
0.188
0.136
4.996
5.645

'3

oo ooMm

1

COrOOQO

o

0

OcocoocwWNOoCcOoONmOoocOBW

ECAT
.759
.588
.581
. 274
.215

378

.261
.270
.565

.468

.394
» 237
. 259
. 345

.786
.686
.649
.244
2172
.807
.470
.484
.251
.312

.468

.219
.248

.143"
.430

|365

24,
25.
16.

18

‘Depth 0-60cm
25

22.
14.
12.
1.
25.
25.
15.
15,
10.
22.
21.
16.
16.
16.
15
}

TEMP - SAND

.50  31.10
.00 26.60
.00 38.00
.50 41.00
.50  34.50
.50 33.60
.00 -31.70
.50 41.70
.00 36.30
.00 51.70
;00 33.80
.50 32.00
.50 31.70
.00 33.80
.00 29.70
.00 . 28.70

.25 28.15°
.00 28.80 -
.15 34.00
.25 ,42.70
.25 40.30
.75 28.70
.50 30.30
:25 41.85
.50 43.10
.25 45.60

»

® & %

(
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- NOBLEFORD ,v,SA'L,‘INITY SURVEY #7, APR 25-26, 1980 - HEDGEFIELQ

=.x % » s * Data for Variables in Regression Analysis cre e

sridp§1nf’ ECE_ ECA  ECAT -H26 TEWP SAND  CLAY ‘

15.667 '3.754 5.358 24.07 9.50 31.33 25.97

v3 21.767 2.917 4.080- 22.73 10.50 30.60 32.50

VS - 7 3.157 0.494 0.676 12.63 11.17 34.07 2287

V7 0.827 0.170 0.228 10.93 12.00 44.00 20.47

V10 0.543 0.133 0.175: 9:33 12.83 43.63 21.83

X1 16.960 - £,355 6.265 25.50 9.17 27.80 29 40

X3 14.640. 3.738 5.179 '24.30 10.67 28.87 32.50 N

X5 2.630 0.464. 0.617 14.87 '12.33 42.63 18.73

X7 0.830 '0.182 0.238 13.37 13.00. 43.67 19.53

X10 . .0.717 "0.480 0.237  9.27 12.67 46.37 18.77

21 29.333 5.125.7.165 23.13 10.33 35.43 33.57 ,

Z3 13.330 2.399 3.510 19.83 8.50 35.87 30.53

Z5 3.023 0.347 0.473 14.60 1{1.33 42.27 20.83

27 0.567 0.140 0.189 12.73 11.87 36.80 24.97

210 0.597 0.177 0.233 12.57 12.67 30.60 24.63 ‘

211 0.763 0.358 0.467 14.97 13.17 25.13 39.07 - %

, : Depth 0~ 120cm : : :

Vi 15.500 3.453 5.068 23.32 8.38 36.80 24.23

V3 18.770 2.580 3.693 20.23° 9.38 232.52 30.68

V5 3.457 0.534- 0.753 11.77 10.00 36.68 20.88

V7 0.777 0.171 .0.236 9.80 10.75 44.05 18.55

V10 0.540 D.143 0.195 B8.75 11.38 -43.23 20.70

X1 16.470 3.633 5.369 24.90 8.13 29.93 28.10

X3 16.355 3.565 5.102 22.98 9.38. .26.85 34.55

X5 2.552 0.513 0.705 13.68 11.00 44.05 17.77

X7 0.862 0.202 0.271 12.25 12.00 44.73 18.98

X10 0.717 0.162 0.221 B8.68 11.25 &35-27 18.40

Z1 28.175 3.889 5.618 26.00 9.00 *31.77 36.48

Z1 12.102 2.024 3.056 22.25 °7.38 32.38 34.98

25 \\3.317 0.336 0.472 13.27 10.13 43.60 20.23

27 0.67Q 0.133 0.186 11.00  10.25 42.60 22.80

210 10.710 o.d% 0.244 11.63 11.25 33.57 22.80

Z11 0.705 0.430. 0.580 20.50 11.



NQBLEFO&D SALINITY SURVEY #1, MAY 24, 1879 - DRAINFIELD

2

* »« « » » = Data for Variables in Régression Analysis = = = = = =

Depth 0-30 cm
TEMP

Gridpoint ECE
Jo 23.700
J1 24.900
J2 22.700
J3 18.900
Jé 19.300
K1 13.200
K2 23.700
K3 8.700
K4 23.200
K5 23.700
L1 7.000
L2 18.400
L4 16.500

- L5 19.9800
M1 10.800
M2 5.100
M3 14.200
M4 14.500
M5 16.600
N1 6.200
N2 3.400
N3 18.900
N4 12.900

" N5 12.400
Jo 13.200
J1 12.400
J2 16.800
J3 10.800
Jé 14.000
K1 21.600
K2 14.600
K3 12.600
K4 13.600
K5 24.900
L1 13.600
L2 16.600
L4 11.600
L5 21.8600
M1 14.000
M2 9.900
M3 22.700
M4 11.600
M5 14.600
N1 ~ 8.800
N2 16.600
N3 22.700
N4 14.500
N5 17.800

ECX

.455
.539
.739
.569
.955
.829
.175
177
.418
.058
.932
.669
.356
.607
.972
.907
.523
71
.972.
778
.134
.610
.364
. 152

.507
.B75.
.525
245
657
.941
.395
.905
.782
.B43
.818
.239
.600
005
.684
.933
.967
.185
.398
.036
1910
.554 -
.916
.296

H20
26.20
27.50
28.70
27.40
29.00
26.00
23.50
16.30
26.80
21.90
24.00
24,00
24.00
28.60
24.50
23.40
21.80
24.00

25.50

21.00
'23.10
22.50
21.30
18.20

Depth 30-60 cm
.00

24.60

12.
13.
12.
13.
14,
16.
14.
16.
15.
16.
13.
12.
13.
13.
14.

1

—_

—

—

-

e e s N ° - .
S e O2WONOOOWODOOW VO~ WWDOOO O

SAND

28.70
27.60
26.90
24.10
32.40
29.40
30«30

42.10,

34.40
26.00
30.00
32.10
35.40
30.10
32.00

172

.



hY

=+ = =« = Data for VarThbles in Regression Analysis » = » = = =

«

Gridpoint
Jo
J1
J2
J3
Jé
K1
K2
K3
K4
KS
L1
L2
L4
L5
M1
M2
M3
M4
M5

/ N1
N2
N3
N4
N5

Jo
Ji
J2
J3
J4
K1
K2
K3
K4
KS
L
L2
L4
LS
M1
M2
M3
M4
M5
N1
N2
N3
N4
N5

"

20.800.
.400
.800
.700
.300
.300
.600
.600
.000
.800
.400
.900
.000
.500
.800
.400
.200
.000
.600
.000
.100
.500
.600 -
.500

— -t —
WON

¢

— ot A A —— —

— s
L~ QWO DBO--OONNMNIINWWINOW

—_

ECE

TWNONPO -+ NWUOINOON = 4+~J-2 =2 0O

600

.800
.800
.300
.100
.600
.200
.100
.900
.100
.500
.800
.800
.300
.000
.600
.900
.800
.500 .
.800
.500
.000
.700
.800

ECX

w

.758
.589
.304"
.906
.580
.327
.144
.788
.524
.057
.739
446
.228
.838
.506
319
1353
.156
.471
.027
.601
.649
452
.510

.700
.325
.060
.276
.852
.999
.098
.390
.656
.669
.455
.674
.204
.942
.378
. 465
.833
.552
.243
.419
.919
515
.432
.962

‘ )
NOBLEFORD SALINITY SURVEY #1, MAY 24,

Depth 60-90 cm

H20

.00

TEMP.
.00
.00
.50
.00
.00
.50
.50
.00

IO 1N DO VT ANINUNO P WOOOUT BN BUIL

12

.50
.00

.00
.00
.00°
.50
.50
.00
.00
.50
.50
.00
00
.50
.00

00

0 cm
0 b

14:,

19,
16.
17.
15.
21,
23.
18.

16.

16.
25.
26.

25.

¥

CLAY

60

% -

1879 - DRAINFIELD.

173
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NOBLEFORD SALINITY SURVEY' #2, AUG 21-24, 1979 - DRAINFIELD

"« « » = « « Data for Variables in Regression Analysis = = = = » «

. ‘ Depth 0-30 om
Gridpoint  ECE ECX ~ H20 TEMP  SAND  CLAY

Jo 38.800 5.250 26.80 19.00 29.70 19.60
J1 28.300 4.142 25.20 19.00 27.60 19.30
' J2 31.100 4.610 27.70 19.00 26.90 19.30
J3 30.300 4.864 26.10 20.00 24.10 21.80
J4 32.700 4.610 27.20 20.00 32.40 20.00
J5 34.500 3.842 23.60 '21.00 33.70° 19.00 ,
K1 31.900 5.302 21.80 - 20.00 29.40 18.00
K2 . 22.800 4.142 23.20 20.00 30.30 20.40 .
K3 . 27.600 4.047 13.00° 21.00 42.10 20.90 -
Ké 29.600 5.250 24.40 23.00 34.40 20.50
K5 37.700 5.410 25.90 22.00 26.00 19.90 _ )
L 17.800 0.962 14.20 24.00. 30.00 19.10
L2 23.700 4.142 25.50 -20.00 32.10 23.00 :
L4 . 19.100 3.253 19.80 19.00+ 35.40 18.10
L5, 26.700 3.399 -22.40 24.00 30.10 22.20
M1 7.800 0.421 10.60 '25.00 32.00 22.20
M2 11.100+'0.198 8.30 24.00 33.60 19.80
M3 29.400 1.477 15.4023.00 26.50 20.50
M4 15.600 2.897 25.80 19.00 29.70 19.60
M5 24.100 2.691 19.60 22.00 26.50 20.20
N1 13.200 0.424 14.00 22.00 17.20 19.90
N2 11.500 0.624 13.40 22.00 25.60 . 18.80
N3~ 20.700 0.723 12.20 20.00 26.80 19.10
N4 21.600 1.756 16.40 2200 25.80 18.70
NS .13.100 0.553 '12.30_ 22.00 29.30 18.00
Depth 30-60 cm :
Jo 14.600. 2.120 - 21.10 19.00 48.20 18.00
J1 10.800 2.748 -25.40 18.00 43.10 18.80
J2 9.600 2.864 26.60 17.00 4540 16.10
3 10.400 2.506 26.40 18.00 24.10 21.30
b s 9.800 1.860 . 25.00 18.00 48.50 16.70
yS  ,20.700 1.464 16.50 19.00 34.20 15.30
K1 21.600 2.068 31.20 19.00 19.80 21.00
K2 - 13.100 2.748 25.70 18.00 £22.80 23.20
K3 12.400 2.585 -27.20 18.00 34.80 r 18.90
. K4 8.600 1.920 26.50 20.00 41.20 20.70
K5 24.900 2.170 24.00 20.00 30.70 20.40
L1 15.500 3.110 19.80 18.00 23.60 21.20
L2/ 15.500 2.932 24.20 18.00 24.20 23.60
L4 , 9.900 2.391 - 26.60 18.00 (18.40 21.50
L5 ~ "14.600 2.843 28.60 20.00 16.40 17.B0
17.800 2.287 13.00 22.00 15.20 20.10
M2 15.500 01714 10.50 19.00 33.70 21.10
M3 32.300 4.419 23.70 19.00 15.40 25.30
M4 . 15.800 2.933 26.30 17.00 ~{5.50 24.40
M5 11.800 1.455 25,30 17.00 \$x.4o 27.50 .
NI . 19.800 4.072 19.50 19.00 13.70 24.00
N2 6.800 2.592 17.40 18.00 15.00 23.40
N3 2.600 32.291 14.30 18.00 15.20 -18.70
N4 14.600 2.146 15.70 20.00 1%.00 23.70
NS 11.100 3

;943 19.80 19.00 21.10 16.80



NOBLEFORD SALINITY SURVEY #2, AUG 21-24,

*= »« « = » » Data for Variables in Regrgssion Analysis = = = = = »

Depth 60-80 em
Gridpoint

o

ECE
11.800
.700
.800
.400
.900
.600
.500
.300
.200
.500
.400
.600
.800
.600
.600
.500
.500
.700
.800
.800
.200
.900
.500
.900
.800

.900
.100
.300
.400

—

Y

—

— ot —
NOTWWUHNOINTNDO=ODNEOUNO IO D

—

.400
.400
.400
. 100
.500
.900
.300
.900
.400
.300
.400
.800
.000

—

WWONOODBONI~JOWD®O®M-IW

X D 23
o
o

.90y

t et 4 A AN et a POWD o A A) t ADt s s a s
.

ECX
471

.367
. 101
.567
. 324
.638
.254
.512
.524
.564
.072
571
.047"
.044
.841
. 999
.575
.207
.323
1328
. 152
.787
.266
.894

.359
.914
.983
.813
.435
s 170
. 048
.904
.140
.506
. 256
.864
411
.618
.914
147
. 069
.577

-wwam—-mwwmwmnm-nawnm—--n-a.‘-.-

.804

H20

Depth 90-120 cm
19.30

24230

TEMP

17.00
16.00
16.00
17.00

. 17.00

17.00
18.-.00
17.00
17.00

- 18.00

18.00
16.00
16,..00
16.00
18.00
17.00
16.00
18.00
15.00
15.00

'16.00

16.00
16.00
18.00
18.00

16.00
15.00
14.00
16.00
16.00
16.00
16.00
16.00
15.00
17,00
17.00
15,00
15.00
15.00
16.00
16.00
15.00
16.00
14.00
14.00
15.00
14.00
14,00
16.00
17.00

SAND
55.00

50.70

53.10
42.20
54.90
50.20
17.40
14.80
44.10
56.20
25.60
19.90
16,80
17.80
28.90
17.10
27.20
16.80
26.50
16.10
16.70
27.80
18.40
18.10

15.70

60.70
62.60
60.30
57.00
63.80
60.50
19.20
22.60

*58.00

60.30
54.80
18.30
18.40
17.90

51.50

20.00
16.70
36.30
25.40
16.20
24.30
32.00
21.00
34.40
21.00

18,

1979 - DRAINFIELD
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NOBLEFORD SALINITY SURVEY #3, SEPT 29-30,

* * * = « = Data for Variables in Regression Anilyéis = x oo

Gridpoint
Jo

J1
J2
J3
Jé
J5
K1
K2
K3
K4
K5
L1
L2
L4
LS
M1
M2
M3
M4
M5
N1
N2
N3
N4
N5

Jo
J1
J2
J3
U4
Jb
‘Kt
K2 A
K3
K4 -
KS
L1
L2
L4
L5
M1
M2
M3
. M4
M5:
N1
N2
N3
N4
NS

ECE
36.400
28.700
26.600
27.600
26.700
28.000
30.500
22.400

124.300
29.100

36.000
17.600
23.700
20.300
25.400

7.900

6.700
25.500
16.400
17.200
11.000
11.400
25.800
16.700
18.200

17.000
14.400
17.400
13.000

8.800
21.900

15. 600

11.600
16.000
13.000
19.500
23.600
18.900
17.000
15.000
18.700
13.900
32,000
15.300
16.000
24.000

20.200 ¢

32.000
13.500
14.200

ECX

.31
511
.242
.870
511
.607
.682
.065
. 466
.870
.276
.727
. 465
. 346
.030
. 152
.218
. 194
.378
.733
.612
.773
.250
.616

...__‘..M;.Mwoowww-bmwwwwwwbwa

Depth 0-30 cm
H20  TEMP  SAND  CLAY
24 .50 115,00 29.70 19.60

24.80 14.00 27.60 19.30.

24.30 15.00 26.90 19.30
24.20: 16.00 24.10 21.90
25.80 16.00 32.40 20.00

20.20 19.00 35.40 18.10
17.40 19.00 30.10 22.20
25.00 19.00 2.00 22.20
5.20 20.00 33. 60 19.80
12.30 19.00 26. 50 20.50
19.60 19.00 29.70 19.60
18.00 20.00 26.50 20.20
7.30 19.00 17 20 19.90
14.00 20.0 25.60 18.80
10.90. 20.00 26.80° 19.10
10.50 19.00 25.80 1B.70
13.30 - 20.00 29.30 18, 00
Depth 30-60 em 9
20.00 16.00 48.20 18.00
25.60 15.00 43.10 18.90
26.00 15.00 45.10 16.10
25.60 15.00 24.10 21.30
23.60 16.00 4B8.50 16.70
17.50 15.00 34.20 15.30
30.20 18.00 19.80 21.00
26.60 16.00 22.80 23.20
27.50 16.00 34.80 18.30

24.10 16.00 41.20 20.70°

22.90 16.00 30.70 20.40
22.60 15.00 23.60 21.20
23.10 16.00 24.20 23.60
27.40 16.00 18.40 21.50
25.80 15.00‘ 16.40 17.80

15.00 15.20 20.
9, 00 16.00 33.70 21.10
12.2 16.00 15.40 25.30
22.70 15.00 15.50 24.40
23.70 16.00 12.40 27.50
17.20 15.00 13.70 24.00
20.50 16.00 15.00 23.40
14.90 16.00. 15.20 18.70
14.70 16.00 14.00 23.70
14.20 16.00 21.10. 16,80

1979 - DRAINFIELD
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Ks)

= = = = » » Data for Variables in Regression Analysis = = = « = »

Depth 60-90 cm
H20 .

Gridpoint
Jo o -
Ji1
J2
J3
Ja
J5
K1
K2
K3

K4
.
L1
L2
L4
LS
M1
M2
v" M3
M4
M5
N1
N2
N3
N4
NS

Jo
J1
J2
J3
J4
J5
K1

. K2
K3
K4
K5
L1
L2
L4
L5
M1
M2
M3
Ma
M5
N1
N2
N3
N4
N5

p

ECE

- s —_
DODWORNRWWONNOLDWINOW

— —_ -t —

—

ot —-

NHENOUID AN W00~ OB NONDON =0

3

? —
=

.800
.500
.100
1600
.600
.300
.000
.400

00

.200
<000
<300
-200
.700
.700
.100
.700
.700
.800
.700
.000
.000
.700
.800
.000

J2.
.300
.000
.600 .
.400
.700
.100
.700
.700-
.000
.600
- 400
100
.800
.500
.700
.200
.300
.600
.700
-900
.200
.400
.300
.400

800

WAaANA A DRI NN = oAt 2 RON) it O = b s

Y

ECX
1.690
1682
2.062
.330

.408

.114
.882
.887
.920
.592
.990
.209
.973

.127
.913
.930
.402
.338
.795
.119
.412

.664
.894
914
.848
.446
.654
722
.456
. 100
.727
.370
.846
.848
.977

NN NO -« ONNON NGO = aflN)ea aaa NS

.853
.100
.810
.232

.343
. 151
.208

.408
.396

.471

073 -
-105
.589

.276 °

22.
24.
23.
22.
15.
23.
24.
99,
22.
19.
22.
21.

19,

TEMP

15.
14.
14.
15.
15.
15.
17.
15.
15.
16.
15.
14,
15.
15.
15,
14.
14,
15.
14,
14.
14,
14,
14,
14 .

14

-1é0 cm

15.
14,
14.
14.
15.
14.
_16.
15.
14,
15.
15,
14.
14.
4.
14.
14,
13.
14.
13.
13,
13.
13.
14,
13.
14,

00
00

NOBLEFORD SALINIﬂﬁ SURVEY #3, SEPT 29-30, 1979 - DRAINFIELD

CLAY’

14.
19.
16,
17.
15.
14.
21,
23.

60
60
10

177



NDBLEFORD SALINITY SURVEY #4, APR 25-26

RN Data forgVariables in Regressfpn Analysis L EE BURE tf

~

" '\. .

~

Grid§o1nt ECE
Jo - 28.200,
ST 18,000
J2 31 ggo
J3 0
J4 21. eog‘
R
K1- 1
K2 ’28 300
K3 13,300
Ka- 28.400
K5 29.700
L1 . '14.100
L2 151700
L3 11.600
ta 28.700
L5 «20.700 -
M 6.000 -
M2 6.100
M3 16.800
M4 " 9.800
M5 20.800
N1 7.000
N 12.600
N%‘ 13.300
N4 13.600
N5 15.300
Jo . 13.900
J1 *3.600
J2 ©9.300
J3 11.100
Ja i 9.000
., J5 . 22.600
K1 | 14.400
K2 " 18.700
K3 ".23.700
_, «Ka 12.900
K5 16.300
L1 18.600
L2 15.800
L3 . 13.400
(4 . 13100
L5 41,600
M1 19300
M2 “13.700
M3 17.100
M3 6.200
M5 13.100
N1 20.300
N2 17.400
N3 19.000
N4 17.000
NS 8.400

-h(ﬂwbb

NWR U= W B RN BBRIW=RN RN WA S Mwwmwumam&mw—wmmwhbhb

NN

ECX-

713

.607

.865

.551
.474
.908
.501
.524
.607
.885
.558
.870

.030
.169
.737
.578
.242
.033

.885
.857
.823

.344

.877
.349
.243
.064
.543

.238
. 187
.269
.314

. 145
.760
.635
. 198
.383
.035
.910
.526
417
.770
.407

.613

587
. 388
.239°

.380

241

.223

.230°

.688 -

Depth 0- 30 cm

H20
2932 -25

TEMP

13,
15,
13,

15,
16

15.
17.

—_

COOWDOW-NHBOONOOOO OO WWOMO O

— s

—

50

50
00
00
00
50
<00

~SAND

29.70°

27.60"
126,90 -
24:10.

32.40
33.70

29.40 .
+30.30
. 42.10
+34.40
" 26.00

30.00
32.10

- 33790 *

35.40
30.10

- 32.00

33.60
26.50

12970
. 26..50

17.20

'25.60

26.80
25.80

28.30.

14.00

Vf

;

, 1980 - DRAINFIELD
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NOBLEFORD SALINITY SURVEY #AHAPR 25-26, 1980 - DRAINFIELD -

Tk * = = = « = Data for. Variables in Regression Analysis *= = = = = =
- : Depth’ 60-90 cm
Gridpoint ECE . ECX.  H20 TEMP  SAND  CLAY
Jo 12.200 2.406 18.00 6.50 55.00 14.80 . §
J1 9.00Q . 2.517 17.10 7.00 50.70 19.60
J2 10.400 1.267 22.20 6.00 53.10 16.10 s
J3 10.000 1.590 21.80, 6.00 42.20 17.20 X, -
J4 9.100 0.883 20.80 5.50 54.90 15.80 . ‘
JS 10.400 2.475 15,60 6.00 50.20 14.30
K1 11.500 2.334 23.10 6.00 17.40 21.10
K2 10.900 2.483 25.00 7.00 14.80 23.40
K3 * 10.700.3.259 20.00 8.00 44.10" 18.10
K4 9.600 .2.242 20.90 7.00 56.20 16.70 ,
K5 8.400 2.650 20.60 7.00 45.60 16.70 o
L1 10.200 2.715 25.90 7.00 19.80 25.50 e,
L2 17.700 1.869 23.00 - 7.00 16.80 26.40
L3 . 10.000 3.644 18.40 9.00 32.40 19.80
L4 13.400 ~'2.504 23.30 4.50 17.80 25.00
L5 11.800 2.717 22.50 6.00 28.90 18.40 .
M1 16.400 2.355 20.70 9.00 17.10 21.10 ,
M2 20.300. 1.930 21.50 8.00 27.20 17.50
M3 9.400 1.B86 20.40 8.00 16.80 23.00
M4 12,800 3.068 20.60 6.00 20.50 20.00
M5 9.500 1.089 20.80 5.50 16.10 24.10.
N1n 14,600 3.181 22.60 6.00 16.70 21.60
\ N2 - 13,800 2,878 23.80 7.00 27.90 23.50
) N3 10.200 0.458 21.10 . 7.00 18.40 19.70
N4 13.200- 4.273 22.40 7.00 18.10 19.90
NS 15.700 2.421 23.40 6.00 15.70 271.90 .
o Depth 80-120 cm X
Jo 13.800 1.162 19.60 5.00 60.70 14.90
J1 6.200 2.033 21.50 5.00 62.60 14.90
- J2 10.200 2.557 .21.10 4.00 60.30 19.00
J3 8.000 1.700 18.40 4.50 57.00 17.10
J4 6.100 1.047 22.00 4.00 63.80 14.80 .
J5 7.700 1.375 15.40 5.00 60.50 15.90
K1 13.300 1.622 21.90 4.50 19.20 19.50
K2 9.200 -1.153 23.50 5.00 22,60 22.80
K3 - 8.300 1.439 21.80 6.00.58.00 1930
K4 7.100 1.992 16.80 5.50 60.30 17.80
K5 7.800 0,378 20.50 5.00 54.80 17.40
L1 5.600 1.173 21.60 5.50 18.30 22.50
L2 13.700 0.411 21.40 5.00 18.40 23.20
L3 16.200 4.454 24.20 6.00 33.20 20.50
L4 7.500 1.392 21.40 3.00 17.90 1i8.10
L5 7.300 1.717 20.60 4.00 51.50 17.50-
M1 11.100 0.757 22:40 6.50 20.00 17.80
M2 25.400 1.128 20.70 6.00 16.70 23.40
.. M3 12.800 -0.562 22.40 6.00 36.30 17.60
5 Ma 10.000 1.724 21.70 5.00 25.40 22.80
M5 6.000- 1.431 22.80 4.00 16.20 22.80
N1 14.500 2.781 20.60 5.00 24.30 28-60
N2 11.000. 1.192 22.70 - 5.00 32.00 21.70
N3 10.000 2.702 20.40 6.00 21.00 21.70
N4 8.400 0.501 20.90 5.00 34.40 17.10
N5 9.600 3.123 23.10 4.50 21.00 18.40



NOBLEFORD SALINITY SURVEY #5, MAY 14-22, 1878 - WESTFIELD

-*» » » = » »Data for Variables in Regression Analysis *= = = « = =

Gridpoint
A1

8

11

EC
1

E

21.600

33.
22.
19.

" 17.

20.
19.
29.
13.
10.
15.
14.
13.
12.
18.

T 16,

13.
15.
11.
18.
14
9g.
13.

15.
34.
25,
19.
20.
20.
16.
20.

9.
12.
11
18.
12
10

14.
17.
20.
10.
13.
1
12.
17.

700

100

200
400
700
700
900
100
200
500
500
200
500
400
000
800
200

100

000

.700

999
900

400
400
800
500
200
200
600

500

800
200

.900

200

.900
.400
.500

900

300

200
400
500

.200

800
000

BULE O

ECX
.198
.013
110
.665
.946
.040
.032
. 885
.599

. 364
.798
. 381
.682
.273
19
.075
.534
.083
.678
.437
175
.652

.444
.897
.942
.019
.898
732
.084
.781
.359
529
.626
-442
.585
. 164

..

. 139
. 781
.294
.697
.404
.271
.605
.330

.587

. 149

Depth 0-30 cm

.H20  TEMP
31,90 17.00
25.80 15.50
23.40 12,00
31.40 16.00
29.00 9.00
27.90 -12.00
30.50 12:00
26.20 -15.50
46.80 10.00
33.40 . 7.00
37.10 11.50
33.40 11.00
28.80 13.00
32.40 11.00
58.30 7.00
29.80 10.00
34.70 8.50
31.40 12.00
34.10 9.00
41.80 7.00
30.00 8.50
99.98 10.50-
. 29.80 13.00
Depth 30-60
:33.80 13.00
32.80 8.50
27.10 9.00
35.60 13.00
33.70 7.00
-33.80 9.00
28.60 8.00
32.80 10.00
37.10 . 8.00
337.80 5.00
40.70 8.00
30.70 8.00
32.50 9.00
39.30 8.00
42.40 2.50
35.70 B8.50
31.00 6.50
35.50 8.50
.35.80 7.00
35.50 2.00
34,60 7.00
32.90 9.00
33.30 9.00

~

CLAY

22,
20.
7.
21,
20.
22.
18.
18.
18.
20.
7.
14,
17 .
16.
"16.
" 18.
19.
23.
17.
15.
20.
21.
20.

16.
.
14.
16.
13.
17.
19,
13.
13.
17,
20.
19,

~

180
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NOBLEFORD SALINITY SURVEY #5, MAY 34-22. 1979 - WESTFIELD 7/
= = » = = » Data for Variables in Regréssion Analysis = » = & » o

!
- Depth 60-%0 cm :
Gridpoint - ECE ECX " H20 TEMP SAND CLAY

Al 11.000 1.519 26.70 9,00 40.60 12.80
A2 22.500 0.802 28.50 5.00 27.50 -15.40
A3 14.800 2.685 25.60 7.00 51.60 17.10
B1 19.000 2.413 32.40. 9.00 44.00 12.90
B2 20.600 3.092 32.7 6:00 :16.10 20.90
-3 , 16700 3.8B99 30.60 7.00 12.70 22.50
B4 18.300 2.995 18.70 7.50 43.10 18.10
BS 17.100 1.438 28.40 7.50 14.60 19.70
Ci 84100 1.252° 34.30 6.00 28.70 16.80
C2 9.800 2.149 39.00 5.00 14.50 21.00"
C3 11.300° 3.114 34,60 .7.50 24.20 19.70
*Ca 16.600 2.764 31.20 6.50 36.80 14.20
C5 12.000 2.042 31.10 7.00 12.40 20.30
D1 8.800 2.741 31.90 6.00 25.70 15.40
D2 10.000 1.161 33.80 1.00 18.80 ~22.70
03 15.400 2.428 32.3® 6.00 28.70 20.60
D4 - 16.700 2.417 30.80 5.50 32.10 .17.80
. D5 20.800 3.824 33.90 7.00 11.50 23.50
T B 8.300 1.906 37.00 6.00 21.80 20.30 *
E2 . 12.400 2.734 43.20 -0.50 24.40 20.50
E3 10.400 2.358 44.50 5.00 42.60 16.00
E4 . 11,700 1.898 30.00 7.00 13.50 24.50
ES 11.500 3.423 34.70 7.56 11.70 25.40
Depth 90-120 cm
A1 8.500 1.867 29.60 6.00 40.90 16.20
© A2 13.800 2.068 25.00 5.00 35.50 17.90,
A3. 11.600 1.263 22.70 8.50 58.90 16.20
" B1 17.700 1.085 28.90 5.00 20.60 32.80
B2 22.300 3.284-34.60 5.00 13.30 24.30
B3 15.300 1.977 28.10 6.00 35.60 15.10Q
B4 15.500 2.149 25.60 6.50 32.40 12.70
BS 11.300 -0.310 25.40 6.00 33.10 14.40
C1 10.400 1.326 33.10 5.00 31.20 10.70
c2 11.400 2.925 40.60 4.00 _19.80 1B.20
C3 11.100 1.304 33.10 6.50 16.00 27.90
c4 16.900 1.868 32.70 5.50 44.10 15.80
C5 89.8999 1.648 99.98 6.00 31.80. 17.50
- D1 9.200 1.481 34.70 5.00 21.20 18.10
D2 _ B.800 1.297 30.70 0.00 10.70 25.60
D3 13.800 2.438 28.60 5.50 36.20 17.40
D4 15.800 1.799 31.10 5.00 53.80 17.50
D5 0 20.900 1.820 34.10° 6.00 16.60 19.50
E1 © 3.700 1.654 35.50 5.00 14.50° 25.40,
k2 11.200 1.196 37.80 -1.00 36.50 18.40
E3 9.300 1.114 29.50 4.00 37.30 21.30
E4 12.100 1.878 32.20 * 6.00 25.40 18.20
ES .9.600 2 6.50 19.80 21.10

.40 33.40
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NOBLEFORD SALINITY SURVEY #6, SEPT 25, 1879.- WESTFIELD
— s -/- Data for Variables in Regression Analysis = %% s

" Depth 0-30 em =~
Gridpoint  ECE ECX H20 TEMP _ SAND  CLAY

A1 32.500 3.356 22.80 -14.00 25.30  22.10
A2 39.500 - 3.421 22.00 14.00 30.30 20.10
A3 - 32,700 2.218 17.70 15.00 33.80 17.10 :
B1 33.800 4.311" 25.60 14.00 28.80 21.30 N
B2. ©35.000 3.101 21.70 14.00 33.00 20.30
B3 23.500 2.501 18.80 14.00 "30.10 22.40
B4 ~ 23.500. 2.356 19.60 15.00 30.80 18.00
BS 32.300 2.851 17.20 '16.00 25.30 . 159.90
c1 . 19,800 "3.101 29.40 13.00 34.60 18.10
c2 15.000 0.942 21.50 16.00 29.10 20.20 P
€3 21.700 3.399 28.10 14.50° 26.20 17.30 _ '
" C4 22.200 '0.868 19.30 15.50 28.30 14.10"
/c5 - .26.500 2.147 22.30 15.00 25.60 17.00
D1 23.000 3,293 31.50 15.00 32.70 16.80
' D2 24.500 3.356 34.00 '12.50 29.50 16.50 . v
D3 21.200 2.962 21.10 45.50 25.50 18.10 A
D4 ' 25.800 1.744 22.30 14.00 26.60 19.90° . s
D5 7.200 " 0.067 13.10 16.00 26.40 23.30 . :
E1 21.600 2.835° 27.70 14.00 30.40 .17.60 °
£2 26.800 3,682 28.10 15.00 30.20 19.60
E3 - 28.000 3.233 25.10 13.50 29.60 20.70
E4 23.700 2.443 21.50 14.50 27.50 21.80
ES 22.800 -2.031 19,10 15.00 .25.80 20.00
, Depth 30 so cm .
At ©22.000 1.796 19.10 14.00 21.30 16.20
A2 '26.800. 2.609 26.40 14.00 13.10 " 19.30
A3 20.900 1.492 16.00 -15.00 41.40 -14.20
B1 14.200° 1.931 26.70 13.00 20.20° 16.90
B2 25.000 2.667 25.30 13.00 21.30 13.30
B3 23.200 3.741 25.00 13.00 17.30 17.80
B4 18.700 1.380 17.30 14.00 33.40 19.00
B5 19.000 1.973 19.4Q, 15.00 24.30 13.30
C1 9.400 1.811 31.20° 12.00 36.90 43.10
C2 ~  10.400 2.236 42.60 13.00 20.50 17.30
c3 13.000 2.917 '33.00 '13.00 13.10 20.00
ca 19.700 2.031 16.40 12.00 32.90 19.00 .
cs5 . 18.700 2.633 22.50 ,13.00 18.90° 19.10
D1 10.000 1.6B5 31.90 13.00 40.00 14.80
D2 8.500 1.846. 24.10 12.50 31.40, 17.90
D3 19.000 2.806 - 27.20 13.50 14.10 20.60
D4 19.000 1.724 21.50 12.50 '20.00 22.10
D5 13.000 0.361 16.60 13.00 14.90. -23.20
E1 13.500 1.311 25.30 12.50 30.40 23.20
E2 12.500 2.416 23.30 13.00 37.90 17.40
E3 17.000 1.047 24.40 12.00 33.80 22.20 ..
Eg };.soo 1.607 20.40 12.00 17.90 23.20

.600 1.091 17.40 13.00. 19.40 .21.70
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'NOBLEFORD SALINITY SURVEY #6, SEPT 25, 1979 - .WESTFIELD

= =.x « = » Data for v

Gri&boint
At

A2

A3

B1
B2
B3

‘' B4

" BS

. Ci

|

»

~

- EC
"

E

5.600

16.

. 10.

NOAOONIWN BabOBPRPNONNODNINOD

— d e

— A —a

A

—

WONDODDON®aOWN

500
S00

.500

.800
.200
.700
.600
.600
. 300
.800
.000
.000
.800
.800
.600
.900
.300
. 300
.500
.000
.600
.700

.300
.400
.600
.900
.400
.500
.800
.000
.900 -
8.300...
.700
.000
.000
.800
.000
.700
.900
.200
.100
.200
.100
.400
.000

1
1

0.

-t A NO 4 2 OO LW s = NIN

Y - JEPOY X SNy

Bt TSN N, Y ., WIDGEPOINY . Y

ECX

.238
.656
943

w778
.458
.051
.227
411
.914
.955
.220

Depth 60
H20

13.
> 18,

12.
16.
11.
20,
21,
23,
17.
13

40

. 12.
Depth 90-12

I W S S P P Y

-90 em -
TEMP

14.00(

14,
14,
13.
12,
12

13.

© 14,

1.
12.

12,

12.
12.
127
12-
13,
$2.
12.
12.

13.
11.
11.

00
00
00
00

00
50
50
00

00
00
00
00
00
50
00
00
50

50 .

2.00
0-em

14.

14,
S 14,

13.
11

12,

13

—_a a N N N 2 N

00
00
00
00

.50

00

.00
14,

00

00

SAND -,
40.60
27.50
51.60
44.00
16.10
12.70
43.10
14.60
28.70

“14.50

24.20
36.80
12.40
25.70
18.60
28.70
32.10

“11.50
-21.60

24.40
42.60
13.50
11.70

40.90
35.50
58.80
20.60
13.30

CLAY «

12.

15.-
7.

12.
20.
22.
18.

18.

16.
21,
19.
14.
20.
15.
22.
20.
17.

23.

20.
20.
16.

‘24,

25.

16.
17.
16.

- 32.

24,
15.
12.
14.
10

27 .
15,

17.
18.

- 25:

17.
17.
19.
25,
18.
21,
18.
21.

LK)

ariables "in Regression Analysis » = = » = =
: . | .

Vo*
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'« NOBLEFDR

K . Ca

*» = == s * Data for Variables in"Regression Aﬁalysis .« n . "f;#
Depth 0-30cm. - '

Gridpoint
Vi
V3

V5
v?

D SALINITY SURVEY #7, APR 25-26, 1980 - HEDGEFIELD

11.

YY) [N ! - —_-— —
YO coocom-uoOoNn ©

—-w
OOON-“WOOMNWOOO

ECE

oHrOOO

900

.700

5

.830
-800
.620
380
.400
.000
1710
.740
1700
-300
1940
560
1550
-850

. 400
.200
.210
.820
.430
.000
.800
. 380
.740 -
.700.
.000
.300
.750
.620
.620
.710

~

ECX

2 383

0.466 .

0.223
0.179

‘A.734
4.978

H20

24.
25.
16.
12.

.18,
2.
12.
7.
28.
25.
16.
12.
10.
18.
19.
g
15,
14,
13.

00

" Depth 30-60cm
25.80 - 9.00.
.10, 00

40

TEMP

13.50
14.00
15.00
15.50
16.50
1250

15.00
16.50
©17.00

17.00
14.00
12.50
15.50
17.00

17.00

17.00

10.50

11.

12.00
9.00

10..00

©12.00

12.09

SAND

31.10

26.60
38.00
41.00
34.50
33.60

31.70"

41.70
36.30
-51.70
33.80
32.00
31270
g
29.70

25.20
31.00
30.00
44 .40
46.10
23.80
28.90
42.00
49.90
39.50
42.40
42:.40
5p.60
27.90
22.70
23.80

|

o

-i84 |

&

s

IS



G”

A

-

PR

Gridpo1nt

ECE.

.700
. 400
.430
760
.580
.500 -
.720
510
.040
L710
300
.390
. 380
.520
620
.730

.000
780
. 360
.630
.530
.000
.500
.320
.960
.720
-700
.420
.200"
. 740
. 050
.530

- -

v

" Depth '60-30 cm

ECX H20 TEMP .
2.786 - 21.90 .00
1.761" 23 30 A7,50
OAM 8.30 . 8.00
0.134 7.40 9.50
0.127 4,80 10.00
3.073 25.10° 6.00
-0.076 -22.00 ° 7.00
-0.628  12.80° 8.50
0.148 10.00 10.00
0.048. 6.50 98.50
4,721 23.80 7.00
2.247 16.70. 5.00
0.383 11.00 8.00
0.080 S.90 8.00-
0.137 - 5.50 9.00
0.335 13.80 10.00

Depth 80-120cm
2.550 21.10 5.00
1.569 12.70 6.00
0.654 9.20 6.50
,0.174 6.40 7.00
0. }% .1.00 - 7.00

1.487 23.10 ,5.00
3.0% 18.00 5.50
0.660 10.10 7.00
0.262 . 8.90 9.00
0.108 6.90 7.00
0.181 34,60 5.00
0.889 28.50 4.00
0.303 9.30 6.50
0.112 5.80 6,00
0.185 8.80, 17.00
0.643 37.10 7.50

NOBLEFORD/SAFINJTYfSQRVEY‘I7.gAPR 25-26,

1980 - HéoqurgLD-

SAND

7.70
;20

.60
.30

_ CLAY
10

22,
+36.
21.
15.

19.
29.
38.

18.

50
10
80
00

.

LAY I Datn for Variables in Regression Analysis * s oelne .
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APPENDIX B
L]
° . o ’ L. .
s STATISTICAL DATA FOR SALIN)TY SURVEY
- DRAINFIELO WAY, 1979
‘v ‘ *
-3 o -6 -9 o
) l:g' [ [T ) e et
on TR TS .6 6 ws
std. devistian 6.3 .5.28 57!7 3.54 L H U W Y
renge 328,59 T.AeaN2 7.5-1.3 10.2-21,7 9.5-20.1. 10.6-13.9
} . OAAINFIELD AUSUST, 1979
-3 en v o
Ke it fte e s Ko’
o 20,02 20 . 19.00 19.08 v 1.2 6.8
std. davistion 1.66 5.2 3.2 . NS 2.0
., range 12.1-37.1 12.1=31.3 11.1-20.9 12.3-26.5  10.6-19.8
. . .
PAAINFIELD SEPTENSER 1979
o -5 o Y
e fCe’ ite. Lo’ e ICe’
m—en nw 23 0. 20082 17,54 117,54
sté. davistion 7.9 6.%2 AR L, 3.62 2.2
range 6.7-3%.4 7.5-32.0 11.3:28.9 14.6~25.2 13.1-27.5 12.7-2).08
3
DRAINFIELD APRIL, 1980
=30 = =60 \ 9% ca
e  fCa' [ PR (Y e  fCe’
[ 8.0 .02 1600 1643 .95 14,95
st deviation .29 3.04 LW 9 2.27 2.4 1.1
range 6.0-29.7 &.6-27.1 8.0-20.6 12.4-21.2 9.6-19.9 12.7-17.%
VESTFILLD maY, 1979
"3 [ o Y -9 o
e e’ e e’ . e (Co’
man’ 17.38 17.38 %7 w.n 15.88 15.88
std. devietion 5. A 5. A L2 I K]
range 10.2-33.7  9.83-26.29 190340 10.5-37.¢ .9-38.2  9.3-22.6
R VESTFIELD SEPTRMGER, 1979
"3 >4 on -9 o
ite e’ [ 7 ' [ Y
naan By 15y n.e 1. . e
sté. devistion 6.9 .76 $.4 [} 23 3.6?
range 7.2-35.5  NM.6-3.9 19.1-33.1 9.4-27.3 11.5-27.6  12.1-25.¢
WMEDSEFIELD APRIL, 1980 ‘
[ N 1 68 o -9 =
[ T ' e  Ete' e e e
mean 7.4 1.4 B N | 8.3 7.8 7.8
std. deviation 9.3t 9.12 1.3 .85 9.33 .08
rongs 0.55-27.0 -9.01-28.8 0.51-30.3 -2.18-26.4 0.54-29.3  -1.54-27.0

=129 c»
. ICa ICa*
13.97 1400
2,60 2,04

8.5-19.8 198.2-19.1

e

. 173 ECs'
o wn
.08 1.72

n.a-le -7

-

-128 cm
e e’
15.64 15.63
1.9“ 1.69
11.9-24.2  11.0v18.5
0-120 c=
Ce s
IR BERIN )
1.9 [ 1% 1}
9.7-17.6  13.0-14.3
128 c»
e ECe’
5.2 |s.;)
A2 &
.0-26.1 8.8-21.1
<l
=120 om
ICe £Ce’
5.9 5.9
3.0 2.4
m.7-23.8 11.9-20.3
*Ii120 e
Lo e
7.6 7.6
.8 8.5

0.54-28.3 -1.31-242



* s X e o

Date
6/19
6/26
7/04
7/14
7/20
7/24
7/31
-8/09
8/14
8/18
8/21

5/28
6/04
6/11
6/18
6/25
7/04
7/09

7/16 -

7/23
7/30
8/08
8/13
8/20

8/27.

Date
5/28
6/04
6/1

6/1

6/25
7/04
7/09
7/16
7/23
7/30
8/08
8/13
8/20
B/27

ECe(Hedgf)

13.
9.
10.
13.
No
* No
No
No
No
13.
17.

15.
14
17.
16.
14.
15.
. 9.
13.
20.
8.
No
No
8.
13.

* & * = .

24,

) EC
N

oW PR
APPENDIX C

\

/

* % 2 2 ® ¥ & ¥ LOCATION A LA AR I I I T Ry »*

) Year -
e(Rhoades) ECe(Sensor)
23.40 30.0
-18.38 . 24.0
23.03 . 23.0
27 .90 30.0
No Data 31.0
No Data 33.0
No Data - '25.0
No Data 24.0
No Data 27.0
25.55 -30.0
32.55 31.0

Year -

27 .81 No Data
27.67 No Data
35.69" 25.0
33.68 33.0
29.44 35.0
32.67 40.0
22.61 44 .0
29.81 50.0
45.73 30.0
19.12 27.0

No Data 27.0

No Data 28.0
21.17 29.0
28.03 27.0

* ok o«

* %

1978
%H20
34.

[A]
[N]
AN BOLIIDOND

N
&
LWOROQOOMWP®ANUINWO® =

* LOCATION B *

Year -

ECe(Hedgfl) ECe(Rhoades) ECe(Sensor)

11.

47

.48~
.67

19.
17.
19.
20.
18.
11,
13.
14 .
15.
8.
No
No
8.
13

No
No

13.
15.
16.

17

17.
17.

15

14,
14
14,
14

8

Data
Data

RN UNO®OMOAE OO

1979
%H20
26.
23.
29.
25.
21.
19.
19.
19.
18.
18 .
18.
18.
17
27

AL DBWW=wd2IdDOOO

*

»

-

* *

Salt.gm(Hf) Salt.gm(Rh) Sailt.

116.5
76.4
87.5

111.2

No Data
No Data
No Data
No Data
No Data

- 260.

208. 1
156 .2
188.7

2357

No Data
No Data
No Data
No Data
No Data
214.3

282 .1

215.
203.

249,
208 .
320.
147 .
190.
270.
111,
No Data
No Data
113.0

211.5%

NOunon LADOON

135.
109.
147 .
134.
104 .
57.
64 .
69.
69.
41.
No Data
No Data
37.0
96 .4

WRUNOD=b N

< ¥

187

-

gm(Sen)

267.6

204.
188.
253.
261.
269.
207 .
196 .
219.
252.
268.

No D
No D
182.
244.
248 .
270.
289.
321.
177.
158 .
152.
158.
155.
203

gm(Rh) Satt.

No D
Na D

WOONONOW=Wa&

M-2O0NOOWLEMOO®

ata
ata

o

NbAbNON Q0w

gnf( Sen)
ata
ata
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&

B B B ."‘ * w .‘ » .. * % ® % & & 3 B» LOCATION c * * & ¥ W E & . ‘. * & & * x 3 ¢ »
Year - 1979 : .
Date .ECe{Hedgfl) ECe(Rhoades) ECe(Spnsor) %H20 Salt. gm(Hf) Satt.gm(Rh) salt. gm(Sen)

5/28 .54 9.62 ,No Data "30.4 57.2 73.7 - No Data
6/04 - 6;21 9.52 ' No Data '28.8 44.2 €9.0 No Data
6/11 1.74 6€.79 - p 7.4 -25.7 9.5 43.3 . 45.4

, 6/25 -0.76 - 6.30 2.9 - WgF20s 0.0 31.9 " 13.8
7/04 .1.04 : 7.34 3.2 21.5 4:0 39.3 181
7/09 3.43 12.42 2.4 19.0 15.4 59.9 : 10.3

7/18 -2.11 4.3 2.2 . 17.6 0.0 18.3. 8.6

~7/23 -3,99 3.38 1.7 16.2 0.0 12.9 5.8
7/30 =2.41 1.54 1.9 16.3 0.0. 5.2, 6.7
8/08 "No Data No Dsta 1.7 15.5 No Data No Data 5.6
8/13 . No Data No Data - 1.9 15.7 No Data . No Data 6.5
8/20 -3.03 1.19 1.8 15.2 oio 3.4 5.9

LR I B S I R T B R *« % 2 ¥ & LOCATION D . x * o & o ‘ * & .,. * & »

L4 Year - 1979
Date ECe(Hedgfl) ECe(Rhoadés) ECe(Sensor) %H20 Salt.gm(Hf) Salt.gm(Rh) Salt.gm(Sen)
5/16 14 .13 22 .01 No Data 30.2 © 108.7 170.7 No Data :
5/28 11.79 23.43 - No Data 25.9 77.4 155.9 No Data
6/04 6.99 13.37 No Data . '24.1 41.9 81.9 No Data
6/11 8.14 18 31.0 . T 23,1 47 . 1 107 .1 184 .6
6/18 23.04 34.0 22.9 135.6 291.2 200.9
6/258 " 11.58 3%.0 22.2 65.1 154 .6 200.6
7/04 3.89 32.0 21.4 19.9 70.0 176.6
7/09 4. .21 28.0 20.6 20.9 81.8 148 .6
7/16 6.30 = . 27.0 20.1 . 31.3 86.9 139.7
7/23 14.10 : 34. 26.0 19.8 T1.1 177.3 132.5
7/30 11.80 29.28 27.0 19. 58.6 147.9 . 136.2.
8/08 No Data No Data 26.0 19 ! No Data No Data 131.8
8/13 No Data No Data 27.0 19.8 No Data No Data 137.6
8/20 3.67 - 14.00 29.0 18.5 16.1 65.9 138.2
a/27 9.06 - 21.57 33.0 28.9 65.8 160.0 246 . 1

- » - L L4 - L4 - L ] - - ‘ E 3 = - - - -« LOCATION E - L ] » - « * “ L - L3 * * - - - 4 * *
" Year - 1979
Date ECe(Hedgf1) ECe(Rhoades) ECe(Sensor) %H20 salt.gmfHf) Sait.gm(Rn) Salt.gm(Sen)

5/16 29 .45 59.88 No Data "32.9 249.7 . 510.5 No Data
5/28 28 .44 57.83 - No Data - 32.4. 237 .4 485.5 No Data
6/04 27 .31 55.48 No Data . 32.2. 226 .4 462.8 No Data
-6/11 26.81 54, 717 36.0 : 31.7' 218.8 , 449.7 294 .7
6/18 28.26 574’3 39.0 32.4 235.9 485.5 326.5
6/25 26 .26 4.1 44 .0 31.6 213.6 442.9 359.6
7/04 24 .14 49.85 48.'0 31.4 194 .9 405.2 390.1
7/09 25.42 53.04 48 .0 30.8 201.4 423.1, 382.6
7/16 24 .68 . 51.38 50.0 . 30.7 194 .8 408.4 397.4
7/23 27 .59 57 .28 54.0 30.8 218.8 457 . 1 430.8
7/30 No Data’ " No Data 58.0 30.9 No Data No Data 464 .4
8/08 No Data No Data 61.0 30.2 No Data No Data 477.5
8/13 No Data No Data 61.0 30.3 No Data No Data 479.0
8/20 16.77 36 .66 74.0 30. 1 129.0 . 285.0 577.8 -
8/27 18.7¢ 39.93 58.0 30.9 148 .5 318.9 464 .4

- - - » A d * - L d > L4 - ! - - - - L] - LOCATION F - - - L 4 - - - - ‘ -~ - - - - - - v L4
. Year - 1979 ) )
Date ECe(Hedgfl) ECe(Rhoades) ECe(Sensor) %H20 Salt.gm(Hf) Salt.gm(Rnh) Salt.gm(Sen)

5/28 .15 1.49 ‘No Data 13.1 9.7 4.0 No Data
6/04 1.32 0.93 No Data 10.5 2.7 1.7 No Data
6/11 -2.43 0.28 No Data 9.1 0.0 0.0 No Data
6/18 -1.62 0.30 No Data 10.3 0.0 0.0 No Data
6/25 -6.37 Q.45 No Data 8.5 0.0 0.3 No Data
7/04 -3.29 . 0.25 No Data 7.4 0.0 0.0 No Data
7/08 ~8.07 0.09 No Data 7.0 ‘0.0 0.0 N6 Data
7/16 -5.53 -0.09 No Data 6.7 0.0 0.0 No Data
7/23 -4.72 0.24 " No Data 6.4 0.0 0.0 No Data
7/30 -2.90 -0.10 No Data 6.4 0.0 0.0 No Data
8/20 -6.27 -0.08 No Data ' 5.9 0.0° 0.0 No Data
8/27  2.2% 0.18 No Data 17.3 0.0 0.0

..

No Data
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