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: "ABSTRACT

A survey of acreage househo]ds in. ‘the Edmonton area -

.1nd1cated that norévthan 35% of these households had

expér1enced fa11ure of thelr on s1te sewage %hsposa]

system. Fa1]ures were more frequent ‘on some soils than .on .

'others, part1cu]ar]y those class1f1ed as Luv1so]s and those

.’lyeloped on fine- teﬁbured parent‘mater1als.e*Very 11tt1e

information physlca] flow propert1es that cou]d have

pred1cted problem s1tuat1bns ex1sted.

. o

To better def1ne gﬁe ranges of mo1sture movement.

‘propert1es of . Ednonton area 50115, 1nf11trat1on and

perco]at10n rates were determ1ned at: twenty f1ve sites .

v

chosen to represent a. var]ety of so0il types. 'Inf11trat1on

~

and percoLat1on propert1es were found to be reldted to the
R J

parent mater1a1 texture and to the so11 deve]opment.

Flne textured so1ls and . Luv1sol1c so1ls had the slowest

7rates of’ 1nf1ltration and‘perco]at1on. Coarse textured-'

»

soils. and Chernozem1c soils had rap1d rates. These results

t

vconcurred with the f1nd1ngs of the acreage surVey, where the

"Slow" so11s were associated with h1gh rates of . fa1]ure.
To determ1ne some of the 1mportant c0mb1nat1ons of soil
and 1andscape factors that affect sewage disposal systems

and to assess some of'the suitability systems for sewage

d1sposa1 the so1ls ‘and 1andscapes of two acreage.

subdivisions were mapped at a.scale of 1.5,000.

jv
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A : One was 1ocated east of Sherwood Park on : the Cook1ng Lake ”'f,’«

o
TN

mora1ne and the other southwest of Edmbnton “in an area of-

‘ﬁk”;sehd dunes.i The mapp1ng Un1ts were. d1st1ngu1shed on, the

“

bas1s of the1r 5011 deve]opment parent mater1a1 ]andform,_’*
and domlnant s]opes. Hydrau11c conduct1v1ty was determInedgz,
for these so11s in the’ f1e1d us1ng an - a1r entry pérme&meter'

(AEP) and on seml-d1sturbed cores. The usefu]ness f the
’ ’ ). - | q v ‘
/oo AEP was a]so/tested in th1s\study. - S :

.oaw

. v’*"&
" This data was used as 1nput to. several suitab111ty\

systems for on - s1te sewage d1sposal and the resu1t1ng

\

eva]uat1ons were compared The most va]uable systems were
i) \

those that not on]y deflned the 11m1tat1ons at a s1te,'out,

‘also speC1f1ed“correct1ve act1on.
The a1r-entryrpermeameter proved.valuaBTedih that’it
gave‘fast,‘reproduc1bFe\resu1ts and used 11tt1e water, thus

mak1ng 1t more portab]e than most 1nf1]trometers. However,

it was a]so frag11e and requ1red greater care 1n f1e1d use.

e e e e L . “
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L L. INTRODUCTION
The ex1stance of ‘a rest[1cted deve]opment zone

‘surround1ng the C1ty of Edmonton has Ted- to the f-'

——

,pr011ferat1on of country acreages, with 1nd1v1dua1 ho]d1ngs
no . smaller than one hectare. Ignoring the poss1b1LTty of

Vzon1ng changes due to the recent annexation of land to the, o

C1ty of Edmonton, the Edmonton Reg]onal Plannfng Comm1ss1on . i

has est1mated that 20% of the - populat1on growth in the “ .'._ ‘ ?

Comm1ss1on area in the next 20 years w111 be d1rected Boward

such acreage@subd1v1s1ons."

The cost of prov1d1ng serv1ces such as centra1 water
dtstr1but1on and sewage co]lect1on and treatment for these
htscattered dwe1]1ngs is usually proh1b1t1ve both for the

v

landowner and the local municipal government. Theg" .-\ﬁi
landowner, then, with some gu1dance from or:yanc1a1 and
.mun1c1pa1 agenc1es, must shou1qer the respons1b111ty for
f1nd1ng alsafe water supp]y and for d1spos1ng of his

househo]d wastes, usua]]y on'- s1te. ‘Many, unfortunately,

encounter difficulties.

In 1978,‘293 acreage hguseholds in the Edmonton region
“were surveyed for the,perfofiznce of their on;site'sewage |
disposal systems (Gardiner 1978). Their systems, most of‘”\
which cons1sted of sept1c tanks .conpected to convent1ona1 S

percolat1on f1e1ds, had all met the construct1on and .

capacity standards set by the Alberta Department of Labour,

P]umb1ng Inspection Branch (1977) FE
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\. - The survey discovered that more than 35% of these'

houSeholds had experien;ed some problem at one time\or'
it? another with their sewage disposal systems despite the fact_“g_@, N

that mpst had beem-operating fdr less than five years. The

,,,,, Ol
SUrvey also found that prec1sely the same systems having o

B ‘ . I

the same septic tamk capacity and the same absorption field R

lenQUh and configuration, were often: found constructed at S

i et e

R different 51tes w1thfwidgly differing sets of 5011

\

landscape,;and-water use patterns.ﬁ These systems worked
. .

well in some Tocqtions, but not in others. . t o

IR Failures were more freguent for some soils than for

l.’:
O 1

'others. This was related?to parent material ‘where

fine- texggred materials were more often associated with

aJatl&res than coarser materials.h However, the nature of the

et it LA LIAND LD el et e el

4

soil development was' also implicated _ Luv1solic 501ls, on -

average, had greater failure rates than Chermozemic SOils.

t:“"

' with the‘same parent material . The . difference was‘ S
espec1alhy stru&ing for»the till soils in the Edmonton‘
S J' B o CmA .

‘ area. A l]terature search revealed a paucitytof informatlom]'w

' on the m01sture flow pr0pert1es of Edmonton 501ls that cpqufi:

; . have predicted problem situatiuns. Field collected data was;fc“ry‘ +

eSpec1ally laoking

i

Al

Septic tank effluent can ‘be safely*and effectively

i{\ treated by its passage through soil It should ioe possible

N . .
' X to prov1de proper treatment under almost any conbination of T
SOil conditions., The cost and technology necessary,

‘ how?ver, W‘]] vary from site to 51te. o ﬁ:@ L

.v“‘
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. o
The success.or failure of a. sewage system can in part

- £

 be attr1buted to its ma1ntenance,_but the prime | .

’

3i__cons1derat1ons in designing a successful’ system must be the

)

est1mated load and so11 and 1andscape factog;, These shou1d

o

R e L L T T ST

1nf1uence construct1on methods and wi]l affect the cosﬁ\“‘f~

bu11d1ng a- safe and eff1c1ent system. Currently 1n A]berta,

¢

the so11 1nf1uence 1s ma1n1y mecogn1zed through the use of
the perco]atlon test wh1ch attenpts to determ1ne moisture -

flow rates through the so11 : The.necessary field 'size for'

eff]uent absorpt1on is calculated from the perﬂo]at1on rate

and the est1mated househo]d water use.

The obJect1ve of th1s study was to more fu]]y def1ne

the su1tab111ty of some so1ls in the Edmonton area-- for

. - : -
LN e et . R W e e -'wl‘.nqx@-“"‘“-"-“"““‘ .
TasSvgasnst &.'is:;‘:r,-_-'c:.r.-a-,aav.meamza’m\-raw’““““ - T

on - s1te sewage d1sposa] systems. To acdompl1sh th1s, some

of the more 1mportant conb1nat10ns of so11 and 1andscape

\.;.
RO s Tl
REGRERSL

'factors that are 11m1t1ng to the proper funct1on1ng of

Jon s1te sewage d1sposa1 systems 1n the Edmonton area were

,determ1ned In part1cu1ar,'m015ture movemént propertles for'

i
g
a var1ety of Edmonton so1ls ‘and var1ous techn1ques to | - ’?

”measure them were to be assessed

{

3

Deta11ed f1e]d stud1es were conducted to assess the

e T N

o

,fapp]1cat1on of'varfous 1nterpret1ve systems™ for on- s1te

sewage d1sposa] 'Th1s was based on a<f1e1d mapp1ng program
of two acreage subd1v1s1ons 1n the Edmonton area. These S ;
‘ part1cu1ar subd1yis]ons were se]ected for the study s1nce tn 4

the 1978 survey, both ‘were found to 1nc1ude both successful

.and unsuccessfu] systems. .The fa]lures may have been




- —_ e et i . e e et el

V\n

_ﬁre1a¢ed to the app11cat1ons of 1nappropr1ate techn1ques,

but they could not be obv1ous]y attr1buted .to faulty

. building mater1a1s or to negl1gence.

A final obJect1ve was to" make recommendat1ons on the

co]]ect1on and 1nterpretat1on of soils data for the

-

adevelopment of standar&s for on-site sewage d1sposa1.

e




. the sewage separates. into liquid effluent, f]oat1ng scum and

RN

IT REVIEW OF THE RELATED LITERATURE

N e
g

1.  SEWAGE TREATMENT BY ON-SITE SEWAGE: DISPOSAL SYSTEMS

- - : . . ’ B
T

Most househo]ds 1n the study areas used sewage d1sposa1
systems cons1st1ng of a sept1c tank and an attached |

,absorpt1on bed or perco]ation field. In the septic tank : %

sol1ds wh1ch will settle out to form sludge. Treatment at

this stage-is-anaerobic,G‘The effluent is then guided out

fntO»the percolation fie]df which consists of a.series of

trenches in wh1ch are laid perforated p1pe ‘or weep1ng t11e. *»
The trenches should be no more than @ metre deep to ensure |

adequate aeration, as. this treatment’ stage requires aerobic
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basic form for several hundred years. The first subsurface .

o

conditions (Bouma'et al., 1972) - The effluent w111 be
further purified as it passes 1nto and through the soil. By
m}the t1me 1t reaches the water table, the eff]uent should be g
.c1ean enough to dr1nk | ‘ 'g
This kind of system has been in existence in its most §

5

1rr1gat1on system for sewage d1sposa1 began operation in

1559 in. Pruss1a and was st1]l funct1on1ng 500 years 1ater
(Webber, 1974). Most of the septic tank/f11ter field
systegs _do not have that kind of longev1ty{ but if

we]T-tantruéted adequately sized, and.properly ma1nta1ned

such systems will have an average half-life of about 25




‘“:years>(Hj]Ijand Frink, 1980), and up to as much as 60 years
(Elayton, 1955);:‘ | |

Technically,ya system fai]ere canvbe'said to occur whee
septic tank efffuent'is consistently app]ied.te the soi]-v
berco]atfen field interﬁace.at a rate greater than it can be .
accepted and ‘transmitted by the soil body That is, the .
eff]uent is applwed at a rate greater than the permeability -
or'hydrau11c conduct1v1ty of thé “soil. A failure can also
be said to occur if the res1dence time %n the unsaturated,
unconsolidated port1on of the 5011 is ]ess than that
‘requ1red to puryfy the effluent. This 1§ usually considered
to be the case if lithic contactrot'the permanent or
seasonal water tabfe is withiﬁ one metre of the trench
bottom. This is'especiai]y 1ﬁportant3where the soil permits
the very rapid through-flow of'moisthre.

“When a system fails becauSe of slow infi1tration and
overloading, the effluent will pond in the field and result
in anaerobic, saturated conditions where the parification‘

nbrocess'takes chh Tonger than 1n-unsaturated‘conditionst
U]timate]&, the effluent may{greak through to the surface,
or back up into the house basement. When failure occurs as
a result of sha]]ow unconsolidated and unsaturated material,
non - pur1f1ed effluent may be 1nJected into local ground
water supp11es or may move’ 1atera11y along an impervious -
‘.1ayer, later emergihg as an efffuent spring.

| Other kinds of systems do exist. Some are designed

primarily - to cut costs, and are potential hazards, such as

SLRPIPE LS.
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some Ieachingvcesspdols. Others,'hqwever,.arenused td
overcome diffiéu]t sets of soil conditions. These 1nc1ude
mound and ra1sed bed systems, which will be described more
fully later. In some areas, wherevpotent1a1. |
evapotranspiration.Fétes'are vehy high, the bottom of the
percolation f1e1d can be sealed off" w1th material

1mpermeab1e.tb water so that a]l moisture flow 1s upward.

This type of system is not recommended for 1ocat1ons as far

B e e e

hoh ekl A e R !

north as those in centra] A]Berta, because of the short warm

Ry
e

season. The evaporation beds, where possib1e, do provide a
v1ab1e alternative to “the ‘more convent1ona1 systems,
_espec1a]1y for s1tes with h1gh’water tables or with
near-surface 1mpermeab1e layers (w1nneberger 1974). B )

In northern 1at1tudes, such as that of centra] AJberta,"

B

freezing of the f1Pter field may seem probable. Howevenk

~.

unless the showcover is very thin or has been compacted by’

etk ey

foot or veh1cu1ar traff1c, system freezing is actually quite

. Sl et
SRR WO

rare. Viraraghavan and Warnock (1973) monitored a system in
northern Quebec over a year and found ‘that temperatures

within the drainage tile were constantly~above freezing.

Systems in Alaska were examinem in another study (Hickey and
j .

Duncan, 1966) and these were ﬂikewise found never to

el R ek s £

PSP

ffeeze. Trampling the snowpack, though, may sq increase its
thermal conductivity ‘that the field may freeze and be

unusable until it thaws with/the return of warm weather,

A LAY R aa MDY RAA . e

MWhen the effluent seepy out of the trench line and into ¢

the soil, it consists of faéty acids, "bacteria, amino acids,
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nitrates, ammonia, phOSp@ates; hydrogen sulfide and water.

As it moves through the soil i& will be purified by -~

P
chemical, physical, and b1olog1ca] means. Physical removal

of suspended solids by stra1n%%ﬂ,'adsorpt1on and
sed1mentat1on is dmportant, but th1s a]so reduces the size
of soil pores and channels. This often “inhibits the
eff1c1ency of the system, but in the caSe of very sandy
soils may be~beneficia1 (Machme1er, 1981)

The bacter1a1‘popu1at1on of the efftuent includes |
essent1a11y the same suite of organisms that is found in the

human intestinal tract, many of wh1ch may be -pathogenic.

The soil body, though, is a host11e env1ronment for these
‘bacteria and with time they will die off (Reddy et al .,

’ ’ ® -0
'1981)." In unsaturated soil layers the organisms*wfl1 move

onTy a few centimetres from the source. In satJ@&ted so1ls;

they can move much farther (Reneau et al., 1975). ff

.
DN

Whether saturated or unsaturated »' the degree of

- retention of the organisms is inversely re]ated to the size

- of the part1c1es mak1ng up the soil matrix. The finer the

matrix, the greater. the retent1on will be, mostly by
physically straining out the organisms. " In zones of
saturated flow, sed1mentat1on of bacter1a1 c]usters wi]i
occur, .Adsorpt1on of bacteria onto charged particles
becomes 1ncreas1ng]y 1mportant as c]ay content 1ncrqases.

Under unsaturated cond1t1ons with ]ong retention per1ods,

the organisms w11] die. Thus, both physical removal and

inactivation 6f the organisms affect the purification of the

=z D W Lenmia s tesn L LS
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effluent (Reddy et al., 1981).

A potential for viral contam1nat10n of groundwater als

exists. However, the present ‘state of knowledge of the .

kinetics and act1v1ty of v1ruses 1s 1argeﬂy based on studies

of soil;co]umns.' Adsorptlon does appear to be the most

1mportant remova] nechan1sm for these very tiny charged

part1c1es, but the exact mechanism is not known

(Reddy et
al., 1981).

Another concern is that the viral particles may remaim\;

active even while they are adsorbed, and that ‘they may be

released if»elutedz(Hagedorn et al., 1981). Lance et al.

- (1976) found that polio virus could survive almost 100 dajsl

in sand flooded with waste. When deionized water was

app]jed,;thefvira1 partic]eé were desorbed.

, : - e
The nitrogenous compgy{g;\%ipino acids, nitrates and .

ammonia) are metabolized by bacteriq. Organic bhosphates

may also be utilized by bacteria in the soilq~but inorganic
phosphates will Sé%bine with calcium, a]umian'or iron, form

insoluble compounds and precipitate out of the soil solution

(Lance, 1977).
The potential hazards are not limited to the
transmission of water-borne pathogenic'organisms. The

contamination of groundwater by high amounts of nitrate can

B

lead to a very serious condition in infants known as

%e}hemog]obinemia. While not usually a hazard to human

heelth, nitrogenous‘and phosphatic components introduced
into surface water bodies may result in algal blooms and

o
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_ k2
cohsequent oxygen dep]etionéand eutrophication of the water

~

body (A]exahder; 19775 .
If the depth of unsaturated unconsolidated material

be]ow the trench Tine .is great enough, then enqugh of these

contaminants w111 be removed for the liquid to safely become‘

part of a groundwater, poo] The depth that is necessary

depends on the soi]. In sandy -or~ raVeT]yvsoils, the liquid

will pass through very quickly, as he pore spaces are,

large, There will be less phys1ca1 gtraining of thef

effiuent than in finer soils. This hapidity of flow may

" mean that the field will never or rarely be'saturated, but

it may aiso mean that the effluent has not had adequate timen

to become purified'before it reaches the water table (Bouma,

1974). Intestinal bacteria may not‘yet'have died and

metabolism of the ;rganic compounds m ‘not - have occurred.

There is less surfase area in sandy 'so{ls than in clay

soils, and unlike many clay -sized particles

have low surface charge. This means that other charged
'part1c1es,.such as bacteria and viruses, will not be
adsorbed to the same extent in these soils as 1h c]ay soils.,
In soils with h1gh clay content purification of the |
effluent may be impeded because flow around these
micrbscopic particles is very slow, Passages may also
become blocked by material contained in the effluent. The
‘clay particles themselves may swell, absorbing water into

their structures, and close off pores. Unless effluent is

added very s]by]y, the soil will become saturated, and

A
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pubification proceeds much more slowly. The ability of a- %V
. , v . . L !
soil to accept and transmit water is thus a very important |

aspect to consider in designing ‘a system. .- : ‘

»
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2. MOISTURE FLOW

W _ }
Moisture moves through a porous medium such as soil in

response to driving forces. These driving forces are

differences or grad1ents of e]evat1on ~and of water

pressure. .In saturated so1ls the water pressure’ is
A

pos1t1ve,vand 1s expressed most simply as the depth of a
po1nt in question be]ow the surface -of the water table.

1

This depth is Known as the pressure potential of water at
that point.

If the soil is unsaturated .then energy must be
expended to w1thdraw NOJStUre from the so11 This is a
negative water pressure, known as matric potential, or also
as suction or tension; This potential is usually expressed_

in the dimensions of a}distance or 1ength Any po1nt in a

soil has a part1cu1ar grav1ty potential based on its.
elevation above or below a reference datum level. The datum
1eve1 location will not affect the grav1ty gradient that
wou]d be ca]cu]ated since only the elevation differences
are considered.

In a saturated soil, the flow of water from one point
to another in one direction can be déscribed by Darcy's Law

as:

q = -k dH
dz

where q is the mo1sture flux in centimetres per second this

is a velocity. The quotient dH/dz is the hydrau11c

s
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gradient. The terh;'dH,_is‘the-chanQe in total soil water
poceht{ai including matr1c or pressure potential and
grav1ty potential. -This change in potential is divided by
the ‘distance (dz) between the two points, in this case in | ™
the vertical (z) dirfection. The proportionality constant,

k, is the hydraulic conduct1v1ty, and this also has the
units of ve]oc1ty, cm/sec. ' The equation is made negat1ve as

the flow is in the direction of decreasfng potentiatl.

This equation is subject”to'severa1 condifions. As it

R I s e T T

is written, the equation only desch}bes'systems where

conditions are satUrafed; flow is in one directqon only;

el i e,

temperature is assﬂmed to be constant “at all boints; and

‘flow . is assumed- laminar rather than turbulent. That is,

JOR ALY SRR

adjacent vo]umes of fluid move fn a regular manner with
hespect to each other (Hillel, 1971). 1

When the soil is unSatuhated, hydrahlic conductivity '5
will change. As the.moisture content or the soil water | E
pocentia] decreases, hydraulic conduct1v1ty also decreases.
The effect1ve cross sectional area for ]1qu1d flow is | %
reduced by the presence of a1r in some pores. Also, the | N '3
tortuos1ty and hence the 1ength of the path that a part1c1e ¥
must fol]ow to get from one. point to another is 1ncneased

(Hillel, 1971). : i

Hydraulic conductivity decreases“rapidly as the soil

begins to dry, but changes less and 1ess as'drying‘

continues, The pores that empty first are ‘the largest’
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pores,~the pores that permit the most rapid f]uxes. Loss of.
these pores from the flow system affects hydraulic

C

conductrv1ty. Also, certain channels-and pores may be
d1vorced from. the continuous network by air bubbles. These
1so1ated unconnected pockets of air further reduce the
whydrau11c conductivity (Hillel, 1971).

The relationship between hydrau]lc conduct1v1ty and
";mo1sture content or ‘matric potential varies from soil to - é
: $0il1; each situation is un1que. Hydrfu}1c conduct1v1ty is

v1nf1uenced both by texture and structure of the soil.

Texture influences not qn]y total porosity, but also pore
size,'which is critical to determining hydrauTic
conductivity. Thus a clay sail, with high porosity but very

fine pores, will have a lower conduct1v1ty than a sandy soil

with ]ower poros1ty, but larger average pore size.

R VN Pt LD PN B L U P

Hydrau]1c conduct1v1ty is commonly 10~ 2 teg 10-3 cm/sec for

sandy soils, while for clay soils it ranges from 10-4vto

10-7 cm/sec (Hillel, 1971).

SR S S

‘VIn stréng]y pedal'soi]s (soils w1th strong structure)

hydrau11c conductivity is genera]]y greater than in | - B g

| pedal so1ls. Structure has been def1ned as “the
f»phys1cal const1tut10n of a soil mater1a1 as expressed by the

size, shape, and arrangement of the solid part1c]es and- the 7/ B

voids. Particles 1nc1ude bqth the primary particles that i 4

form compound particles and the comuound particles
themselves" (Brewer, 1964).

In saturated soils, much of the moiSture‘fbow occurs.

N
N




a]ong large channe]s or macropores that may 1nc]udel
_1nterpeda1 vo1ds,_root channels and worm ho]es.ﬁ H11]el
(1971) believed that such macropores would not . fran5m1t |
water if the soil was not saturated. Other authors {Thomas

and Phillips, 1979’)‘d1's‘agre-ed “and obse/wed that

+

grav1tat1onal]y 1nduced water f]ow cou]d occur

while the moisture content of the so11.was.weT] Below field

’

capacity;

H111e1‘s v1ewpo1nt is consistent with the theory of
piston-like 1nf1Ttrat1on of so0il water. According to this,

a d1st1nct wett1ng front will appear, and the maximum.soil

moisture content will approx1mate f1e1d capac1ty.’ Thomas

and Ph1]]1ps (1979), though note that the degree - of th1s‘
s1mp]e, piston-l1ke f1ow will depend on the degree of

structure and on the rate of water add1t1on.,,For exampT@

)
if there 1s strong structure and sudden add1t1on of water, .

tnen near]y a]] the water w11] flow through the macropores.

‘The soi] matrix will wet up mocre slowly by rad1a1 movement

'of moisture out from cthe macropores.

"~ Later, H111eJ-(1980) recognized that complications'wi11

arise when water 1s 1ntroduced to so1ls that exper1ence

shn1nk1ng and swel]1ng, espec1a11y when cracking occurs. In

3

where the cracks may be

these, the 5011 will behave as separate co]umns.‘

Inf1]tret1on and f]ow in such so11s,

very deep, will be very different from’ the orderly

one-dimensional process. With reswelling, the'crecks close

~and the columns coa]esceif Until this“hqpbens; though, the

& : PR
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in macropores
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'fhdﬂeep ]eve]s,can have some ser1ous 1mp11cat1ons for

TN ’ Dol A wt ¥

‘dsurface zone will be bypassed, aSnthe water ‘foves d1rect1y SR

\.-_'h

'-lnto'age Cracks to be absorbed at greater depth

The potent1a1 for th1s rap1d“f10w through macropores to

. S : . 3

"'5contam1nat1on from percolat1om f1e1ds because of the short

'"res1dence t1me 1n the so11 Eff]uent may at t1mes be able
-f_to move to cons1derable depths.. However, it wou]d be
un11kely that the so11 beneath a perco]at1on f1e1d would “be

k) ' N g

'dry enough to show such crack1ng., Contam1nat1on of ground

R N

_water wou]d be more 11ke]y 1n so1ls having strong structure

5 ¢

but 1acking s1gh1f1cant amounts of swelling clay.‘ sl

i JaBeARA L a

“Darcy' s Law as stated app11es to a hompgeneous med1um.

Howeyer, 1ayered s1tuat1ons such as the so]um,‘can be

Ll rataa

hand]ed by treat1ng each ]ayer or’ horizon as a separate

,h0mogeneous med1um-wfth a new set of boundary cond1t1ons for

e

‘each . ' ".v . ) ) ‘_~ . . :,) ‘l

L 5 .
. ; )

The presence of layers w1th dramat1ca1ly d1fferent

e AR L

B SR

hydraullc conduct1v1t1es almost always results 1n the
reduction of the tota] flow through the system. A slow“
layer bgneath a "fast" .one: cannot accept . andétransm1t
qu1ck1y, and thus reduces qvera]l conduct1v1ty.- A "fast" | o ~§
@Tayer beneath a s]ow"‘one also- exper1ences reduced f]ow.
The "slow" 1ayer w1]l nbt be ab]e to SUpply enough mo1sture;

.to keep the under1y1ng 1ayer saturated The unsaturated

‘conduct1v1ty of the "fast" ]ayer 1s 1ess than its saturated

'7d‘COnduct1v1ty, and overa]l conduct1v1ty through both 1ayers
. K v v

j':,1s again reduced‘




3. INFILTRATION

infi]tration-fs the term .used to desdrjbe the entry Of:x:' ' "1
wafer tnto the soil at some 1ntertace with the surface,_ The
@rate at which water enters the soil is_the infiltration rate
and is egolvalent:tp the .flux term (o).jn the Darcy flow~V;"
equation. | - | . &
If water is supplied to the"soi] surface at a gradually
@increasing'rate,ﬂeventual]y a critical. rate will be reached
such that the surface cannot absorb the water as--quickly as 7;‘

it is added. If water is added to the surface ‘at a rate ' .

slower than the cr1t1ca1 rate, then the infiltration rate

gt B R AT e Lt BT L e e T

i

Sowill be controlled by the rate of suppTy:: If the critical

rate is»exceeded then the excess water will pond in
'depress1ons on the SUPfaCe or will run. off ddwns]ope.
If a shallow ]ayer of water is added and ma1nta1ned at
thevsurfaoe, the infiltration rate will not remain constant
as’ttme_passes, but will instead decrease,- The initial

value is a function of initial moisture content, texture,

G s R R R i i 1 e

~and structure. The infi]tration rate decreases

vy,
GRS

. monotonically and'asymptot1calfy approaches a constant va]ue
‘ _ e

AR

as time goes on.  This value is’ the "final 1nf11trat1on
capacity and is independent‘of the initial moisture content

(Willel, 1980).
s F ‘

The decrease 1n “the 1nﬂ1]trat1on rate may be partially

attributed to sealing of the surface by swel}1ng c]ﬁy T w

. e «u

part1c1es, air entrapnent .or pore blockage by transported“

(%
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particles However most of the. decrease 1s due ‘to the
decrease in the dr1v1ng force to water flow, the matric
potent1a1 i{adtent Initially theré-wi]l be a very strong
grad1ent between thé wetted surface and the - dr1er soil
beneath. As the wetted. zone deepens ‘and the 11qu1d .
redistributes itself, the matric potential differencesgwill
become very small, or disappear altbgetherc In a horjzonta] ‘ ‘é
cofumn of.soil, the infiltration rate will tend toward 3

" zero. In a verticaanolumn, steady”fTow will occur, at'a
rate'COntrolled b&téravity.' ‘When the prof1]e is homoge\eous

and structura]]y stable, this rate wil] ‘approximate the'

AR ALt S

saturated.hydraul1c,conductivity (H111e1, 1980).

Nhen;septic’tank effluent is applied to a soil surface 'ﬁ
the final 1nf11trat1on capac1ty will be 1ess than that for :E
‘ pure water because of the deve]opment of a physical barrier T§

on the base and s1de wa]]s of the trenches. This barrier is
a b1o]og1ca1 crust or mat, which develops under persistent
conditions of saturation (Bouma et al., 1972). It forms by
. pore b]ockage, by the stra1n1ng out of large particles, or
by compact1on and smear1ng of the trench surfaces ~during
"construct1onmv Ion exchange may also be a factor in that low
concentrations of'sodium, such as may be introddced by water

softening, may lead to the dispersion of clay aggregates._

.

The clogging may also .bé - enhanCed bw-ﬂhe SWeJlﬂng of ~ the SRR

P
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Clay- s1zed partwc]es.
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The nost 1mportant factor however, in "the format1on of

the b1olog1ca1 mat is the deve]opment of a s11my b]ack

......




-1nterfaces-_ The crust'may alsosreduce .the . rap1d MACrOPOre -~ = w ==

- only pe’felt.after_a.year.or,two,of_syéteﬁfoiefatfdﬁ-ﬁwi,,wff»f-fhf
~(Simmons .and Nowland, 1973). Even then, unless. the crust
n “&e9é16pSAevehTy;"the effluent T1oad may“siﬁp1y be

transferred to uncrusted parts of the percolation field.

19

colloids and microorganisms, This biological clogging is

“the result of bacterial growth and the accumulation of

nutrient substrate in the soil pores (Bouma et al., 1972).

-The responsible bacteria are anaerobes found in the

eff1uent; These are able to survive because the soil in the
trench isvbeing*continua]1y'inundated. A by-product of this
bioTogicaT]y.actﬁve layer is ferrous su]phidebwhich je
insoluble and also plugs thegpores.

Where the soil is naturally well drained, the horizons

~below the 1mped1ng c]ogged zone will be unsaturated and

_hence the f]ow through them will be less than through the

soil when saturated. In a sand beneath a clogged mat, the

flow may only be one percent of the saturated flow through -

‘the same sand (Tyler et al., 1978).

The existence of this mat may be an advantage under
certain circumstances, such as in sandy and gravelly soils
with excessively highihyﬁﬁeaﬁjc_condpttjvities. Since f]oh
beneath the crust is much'slower, there w1]1 be greater
opportun1ty for c]ose contact between the eff]uent and . the
soil part1c1es. There will be time for reactions to occur

at the part1c]e surfaces™ and in the dir-soil solution’

et A Cew T e

f]ow, a]]ow1ng better treatment Howeven, th1s effect will

PP

Y S e AR

4
=

,
R SNk e R i e MO 5 S o e e b e e )



4. FIELD. MEASUREMENT OF SOIL MOISTURE MOVEMENT

Many d1fferent techn1ques and devices are ava1iab]e for
the.measurement of hydraulic- conduct1v1ty and 1nf11tration,
and several can be used to determ1ne both In the course of
th1s study, three different field techn1ques and two |
d1fferent 1aboratory-techniques were used. - A brief summary
of some of the various approaches therefore is in order.

For flood1ng type 1nf1]trat1on rate techn1ques, the
plot area is bounded by a wall of some impermeable material
Sso that water can be ponded above it. A constant head is
maintained at the surface while the rate of water- use
reduired to maintain that constant heed is recorded as the
water intake. Evaporation, under most conditions, is
considered neg]igeable. |
(o The cylinder type is the'most common flooding
1nf1ltrometer. It exists in a variety of forms and sizes.
~Single and multip]e concentric cylinders, we1gh1ng
lysimeters and drainage lysimeters are all used. The single
’cy11nders are eas11y managed by a single operator and are
A‘~cheap1y mannfactured 'However the rate of water 1ntake per'
‘»un1t area w1}] vary markedly with. the ,size. of the cy11nder
decrea51ng as cy]wnder d1ameter increases. This is caused ,/
hvby the.deere§§1ng”effegthgf‘the }etera1~movement of Qetef e§
dd1ameter 1ntrea§es, .Gtaphfca] and statistical techniques
(H1lls, 1971; Tricker, 1978)‘ahe'available to correct for

lateral flow.
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Other_researchers have circumvented this probltem by
using double or chcentric cylinders, with‘ihtake méasured
in the inner r1n4. Watec’is maintained at the same level in
the outer ring as in the innér, to act as a buffer. zone.

The ;ouble ring infiltrometer has been used in
association with multip]e-depth tensiometers (Ahuja et al.,
1976). The'teﬁsiometers pérmit the determination of
hydraulic gradients below the installation. Once these are
known, the vertical and lateral flow components can be
assessed, along with saturated hydraulic conductivities for
eacﬁ soil horizon.

Bouwer (1961, 1962) was able to determine the vertical
components of saturated hydraulic conductivity by using the
double ring infiltrometer and manipu]ating the water']eVe]S
in both the inner and outer tubes. Hillel and Gardner
(1970) suggested modificatione\%o this apparatus so that
unsaturated hydraulic conductivities could be meésured in
sjtu. For this procedure, sand and gypsum crusts were
applied to the surfate of a carved out soil column that was
encased to prevent any seepage. A measured head of water
was then maintained at the surface, resulting in unsatura}ed
conditions belﬁw the crust at a tension monitored by
tensiometers. The rate of water intéke could be direct]y
related to unsaturated hydraulic conductivity at that
particular soil moisture tension.

In the pump-in well technique, saturated hydraulic

conductivity (Ksat) is found from the rate of flow of water

TR U B S S TS RO N S

PREL

T T

o BN s T SO




« 22

. ™
r

out of an auger hole. The hole is dug to the desired depth,
fi]]ed‘with water and mainfained at an'arbitrary depth until
“flow into the soil‘becomes'constant Th1s test measures
Ksat in a ggrizontal direction. Severa] days of pumping may
be necessary before equilibrium flow is ma1nta1ned
Accord1ng to Bouwer and Jackson (1973) in the order of 6‘7'3'“']
Cubic meter of water may be required for the test.

" For the cylinder permeameter method, 1nPi]tratfon
gradient method and the a1r entry permeameter method, ' ;
hydrau11c conduct1v1ty 1s found from' the vert1ca1 :
1nf11trat1on,rate and from a measured hydraulic gradient.,

For the cy11nder permeameter, an 1nf11trometer of

fairly large diameter (50 cm) is installed in a hole dug to
the depth -of which it is desired that Ksat be known.
Tensiometere are installed with the cerahic eups at about 20 - i
cm below the soil surface. Water is applied to the cylinder
and ma1nta1ned at a depth of about 15 cm. Saturation is
assumed when the tensiometers indicate a pressure head of

Zero. The infiltration rate 15 measured at this time,

B A

before positive pressures can deve]op. The'hydraulic

L i

gradient is calculated from the water depth in the cylinder
and the depth and pressure head of the tensiometers. K is
then calculated from the Darcy flow equation. The test
~requires several hours to set op and run, and severaj
hundred litres of water, \ . é

The infiltration gradient technique is a -modification

of the cylinder permeameter method. - Two concentric rings




conduct1v1ty 1s der1ved from the" Darcy Flow equat1on " The

depth of the wett1ng front.ﬁ The atr-entry pressure at=the* -5 s:‘w”%

f_base of a wetted column of so11 1s used to est1mate the‘

a plate with a vacuum gauge and a standpipe and reservoir.

- ' o . 23
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V:ace 1nsta1}ed 1n an auger ho]e, and small, fast-acting

p1ezometers are pushed ﬂnto the soil. . increments so that

the complete vertical hydraulic grad1ent may - be "obtained.
Im th1s way, the vertfcal flow in the SOT] be]oW‘the ho]e o

can be determ1ned and the effect of surface sea11ng of the

" 5011 on t he measured va]ue of K can be e]im1nated

Nhen the a1r entry permeameter is used, hydrau]1c

techn1que, as f1rst developed by Bouwer‘(1966) requ1red as
1nput an 1nf11trat1on rate’ obta1ned under h1gh head and a

hydraulic grad1ent measured _indirectly by observ1ng the

water entry pressure at’ the wett1ng front The water entryV

~

pressure will a]ways be less ‘than the air entry va]ue_
because of hysteres1s)(Bouwer and Jackson, 1974). - °

A cylinder is driven into the soil and then covered by

Water is applied to the 5011 surface, while the air above

the soil surface is vented through a purge valve. With the

i
3
1
.j{
:
d

cylinder full, the purge valve is closed, and the reservoir
kept full to maintain a head of water of between 50 and 100

cm.

. i

When the wetting front is expected to have reached the |
lower end of the cylinder, the infiltration rate is
determined by stopping the supply of water to the reservoir

and'measurinﬁ_the'rate of fall bf-wate;ﬂjn‘itrkifhe,Supp[y“%h




valve is theh closed, in effect: freez1ng the position -of the
-wetting front. The water pressure 1ns1de the cylinder will
become negat1ve, reach a m1n1mum, and then begin to increase:
as air bubbles up through the wet soil into the cylinder.
The minimum pressure head is recordeq‘byﬂthe vaéuum gauge..

To determine the air-entry‘VaTue,‘the minimum pressure
head must be referred to the positien of the wetting front.
0r1g1na11y, this was determ1ned by pushing a rod into the
soil and not1ng where the penetrat1on res1stance began to - : ;
1ncrease or - b; e1gg1ng 1nto the soil to observe the wett1ng
front v1sua11y. Either ;fy, the soil must be quite dry
u~before the test\is_rgﬂ{vAJ N
‘ ’"*T.opp'and_.Bl‘tnh-s‘“‘('19‘7',t6.)~' _’{‘hfrfb'_&y?cfé.&:'éfhe{}&}f}n'dd"ff:jqi'ca‘"t1on R
qijhzthe,form’pf a small diemeter, festheSponse tensiometer .
‘;probe. Thie’is 1nserted'through'the cover b]éte‘to“e'knewn'
eepth.' As the wetting front passes, the tens1ometer read1ng R
Will suddenly decrease. The water supp]y is then cut of f-,
and -the air-entr% value determined. The depth to the
wetting front edn thus be more accurately measured. [t is !
also possible to<carry out the test in much mgister soils ' :
than where direct observation of the wetting front is
required, |

So long as the wetting front has not advanced very far

~beyond the bottom of the permeameter-cyiindar, one

dimensional flow can be assumed to -prevail, and the air

< s ea S e en e e

entry value and K can be ca]cu]ated from:




Py = “Pmin + G + L

K = dH . Az . Rr2 / (Hy + AZ - 1/2Pa)
dt Rc?2 : .

where: Pa is‘the,air entry vaTue

N

-4
max1mum reading on the vacuum gauge.

G 15 the he1ght of the gauge above the soil surface.

AZ is the depth to the wetting front in cm.

——

dH is the rate of fall of thelwater 1eve1 in the
t .

reservo1r JUSt before c1051ng the supp]y va]ve.'
" Ht s the he1ght above the so11 surface of the.water.

.-‘-

level in the reservo1r when the supply va]ve is c]osed

ST RE 1s the radIus of the FESEPV01P-

Rc is the.rad1Ds of the cy]1nder.

re

.The water entry value, which is the pressure head at

the bottom of the wetted zone dur1ng 1nf1]trat1on is .

estimated by tak1ng one half the va]ue of Pa.

The value of hydrau]ic conductivity calculated here
will always be less than Ksat because of air entrapment.

Bouwer((19§6)_estimates.lhat it is one-half the value of .

- LA

Ksat. Topp and Etnnse(1976) found good agreement betWéen

f1aboratory determ1nat1ons of K from und1sturbed cores and

those calcu]ated from the air-entry permeaméter. The test
takes from half .an hour to a few hours to complete and. only
requires about 10 litres of water. The combined speed,

accuracy, and low water requirements favor this method

25

Pm1n is minimum pre55ure in cm Hp0 as- “determined by the ~ "
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~over other methods.'
Ano;her water movement test 1s ‘the. perco]at1on test
Th1s test was f1rst dev1sed by Henry Ryon. in the 1920's to
determ1ne a]]owable eff]uent app]1cat1on rates to.soil. - o ;
'Resu1ts of - this- test are requ1red by 1aw in many . L _Qf”*”' .
‘JUP1Sd1Ct10nS before 1nsta]1at1on of -a sewage d1sposa]
system w111 be perm1tted Theoret1ca]1y; though the test B
does have some serious flaws. | ’
The test has many variants, but according to the
‘ ' Alberta Department of Labour P]umb1ng Inspect1on Branch
| (1977) . a cy}rndrtea\ ho]e 28 cm in d1ameter should be :-—“
augered to-a depth of 100 cm. ‘Water is added to the auger ’
hole and ma1nta1ned in- it unt11 the surround1ng so1] 13“’ B
saturated. The time required for. the water 1eve1 to drop |
-.one cent1metre is mon1tored unti] the rate of drop becomes
constant. This constant drop rate is known as the

percolation rate. ‘

As Anderson et al. (1978) comment, the percolation test

pas

measures the rate of flow from a ho]e dug 1n the ground.-

Ciewt amin B T e .l
S UREEAAT ) S T ST L e R T e i

‘Th1s Fate depends ﬂot onTy on the hydrau11c conduct1v1ty of

e
¥

the sox] but also on the shape of ‘the hole, the depth to IR B

[

water tab1e and the moqsture COntent of the s0il around the

-

\ hole. None of these is parameters measured 1ndependent1y as

the test is carried out. Thus, the relat1onsh1p between

s U o e i bbb b
R K

hydraulic conductivity and the percolat1on test is not

clear.

ot

-~ The-test results can also be manipulated by conducting
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the test dur1ng dry weather. These rates w111 be very

/

/-
d1fferent from those of a test carr1ed out on - the same so11

during a wet season. However,. the s1mp11c1ty of the test N “é
. ,makes 1t very aftract1ve When conducted vn tme Wet season, _
T with the water table at jeast 6. m from the bottom of the ," S e

r

ho]e, the test results can be used to est@mate the “required

s . .o iy

absorpt1on f1e1d size (Anderson et a] 1978)'- By - 1tse1f

though the perco]at1on test is not an adequate measure to

bl A e

determ1ne the su1tab1]1ty of a site for effluent d1sposa]

et e

~ . {Barker; 1977)% © . T £
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>-  EVALUATION OF LAND FOR ON-SITE SEWAGE DISPOSAL -

In hhe past proposed sites for sewage d1sposa] have
&

been eva]uated 1n many ways. A]lowab]e ranges of 'soil and

nlandscape propertles have been established under some >

schemes, using a pass/fa11_approach. In other systems,
where régional'plahning is the concern, areas may be rated
as 11m1ted for sewage d1sposa1 ' St111 others attempt not
éon]y to assess the 11m1tat10ns 1n an area but a]so to def1he
~corrective measures and costs.
On-site sewage disposal systems can be installed more
successful]yﬂfnd more cheaply on some sites than on othgrs.

For the sites with conditions less appropriate than the

1dea1 speéia] design cons1derat1ons can overcome most

28

d1ff1cu1t1es, but at a cost - T,

-

SRR Among the factors that shou]d be cons1dered in a site

evaluation are the area requirements, landscape
characterjstics,,QEOQraphic consideratjons”.geologica1‘
qtcOEmtcaﬁ physnca1* and “structural) characteristﬁcs,'soit
| character1st1cs, topography, and groundwater patterns
(Parker, 1976). The author cons1ders texture, changes ih -
texture: w1th depth structure, co]or color patterns, and
bedrock cond1t1ons to be the 1mportant soil profile
characteristics. Other important soil propert1es to assess
are hydrau]1c conductivity or: permeability and Atterberg

Timits. The latter uouldtgive an indication that special

construction techn1ques m1ght have to be used (Machme1er,

1981).

Aea :;—...-;1.-..;.\;‘,,_‘:%’,“;5,':_’._ e A.x-r':ay;;}_:_‘.7 L
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The required field area will be least on stab]e, gent]y‘

slop1ng surfaces that are not subJeE\\to f]ood1ng. At least
180 cm of we]]-dra1ned permeab]e soil, free of coarse
fragments, should overlie a conso11dated or saturated
layer. The requ1red area increases as slope increases and
solum thickness, depth to;grpundwater, or permeability of
the soil decreases. The area requirements wil] also, of
course, depend on water use and numher of people of the \
household, and hence'the expected load (Alberta Laoour,
1977).

Landscapes that show evidence of downslope mass
movement should be avoided. F]oodp}ains and slopes t -

associated with Springs and seeps are also unsuitab]e.

S]opes of more than twenty Percent will-be- drfficu]t to dea]

'w1th and certain slope forms are more appropr1ate than

. .
others as runoff w1l] be more rap1d from convex slopes than

*;concave slopes (Parker 1976)

‘For the geograph1c cons1derat1ons, an est1mate sh0u1¢

be made as to . whether the future populat1on dens1ty of "an

. area will be substant1a11y greater than the present. A

marginal site nay be approved because the present population
is sparse, but prdb]ems @ay appear as the popu]at1on density
increases (Parker, 1976).

Important geo]ogical characteristics include the

physical and chem1ral character1st1cs of the bedrock, its

structural propertves and,the regional topography. If the

effluent is not sufficiently purified in its passage through

29
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. the spil then the ab111ty of the bedrock to purify eff]uentrlfu'-«'é

t,should be cons1dered It should have permeab111ty within g

3 ~

1the prdper range, and- fau]ted or. Jo1nted bedrock should be
avo1ded since th1s may a]]ow eff]uent to pass through

-,w1thout undergo1ng any pur1f1cat1on at a]] (Parker, 1976)

~

' _ﬁ\) The dom1nant d1rect1on of groundwater f10w (whether the
B fﬁf\site is ‘in. a recharge or d1scharge area) must be - | (
,d_'established | Areas of d1scharge. where water is moving
dpward may not al]ow adequate treatment gThe seasona]
height of the gr0undwater tab1e should be determ1ned - This
;15 most eas11y done by exam1n1ng the soil for the presence

of mott]es or gley1ng. Du]l or grey. co]ors s1gn1fy extended;

peraod of saturat1on, wh11e mott]ed grey and . brown or rusty

TR T A S e :

colors show alternat1ng periods of saturatlon and aerat1on

'(Machme1er, 1981) ,X§

( The Manua] of Sept1c Tank Pract1ce, developed by the ' ?

iﬁ; Uu.s. Department of Health Educat1on and welfare (1969), haﬁd -;{
- “had a strong 1nf1uence on site approva] praocedures in many -é
Jurisd1ct1ons in the Un1ted States and Canada. Accord1ng to 'g.
athe Manua], a site is suitable for on-site sewage disposal %
7when; ‘ - '5_

i)  the capacity of the soil to transmit Jiquid is A
expressed by a. percolat1on rate of no-: s]ower than

//ﬂQ_?a .60 m\n/inch or 24 m1n/cm

ii) at least 90 cm of*unsaturated soil must be present

&P

between the bottom of the trench and lithic

N

-~

o “ contact or. groundwater. The groundwater 1eve1gmay"

s s o L



-F“W“  year. Mott11ng 1s somet1mesypermﬂtted as an’

'oe w1th1n th1s raoge on]y at the wettest time of

1§ﬂ1catlon of per1od1c Saturat1on v ,,eeigt~

Lo B -

iii) slopes must not be excess1ve, nor shou]d the site-

be 10Qﬁted on a f]oodp1a1n where it s supJect to”

frequent 1nundat1one .

Sl1ght var1at1ons to these gu1de11nes have been

deve]oped For examp]e, a 1ower~11m1t 1s also often p]aced_

~on the a]]owab1e perco]at1on rates to avoid excess1ve]y

rapld f]ow of the effluent through the soil. Most often,
/
th1$ limit is p]aced at 2 min/cm, as in Ontario

'(Env1ronmenta1 Protectwon Act 1971).

The major prob]em w1th th1s approach is that it 1s“a.
pass/fa11 system,,and apparently does not recognize that
corrective act1on may be poss1b1e in some cases, a]though
perhaps at some extra cost. ‘

The U.S: Soil Lonservat1on Service uses the concept of

11m1tat1ons in determ1n1ng s1te su1tab111ty for sept1c tankﬂ,

absorption fields. The cr1ter1a are stated in Tab]e 1 *and"

L
are essent1a1]y s1m11ar to those given by the USDA ~ The

overall goal is to g1ve un1form meaning to the s]1ght

moderate, and severe rat1ngs ‘assigned to soil ser1es. These

ratings usually appear as tables in so11 %urvey reports.

The ratings do not take the p]ace of site- spec1f1c
1nformii1on, but w111 be espec1a11y helpful in p]ann1ng for
development. . '

S0ils with slight limitations have properties-we]} 

© suited to use for effluent disposal. Soils with moderate

&

*
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TABLE 1, Rat1ngs of so1ls for eff]uent d1sposa1 in- septlc tank seepage

© o u e s omas R

e e e fields according to the UaS. Soil, Consgrvat1on Serv1ce .
: (mod1f1ed after O]son, 1981) _ﬁ c :f | )
« 7w e I S ~ » 4w :
- Soil, limitation. rating
>S]1ght -Moderafe Severe
-1‘;4,“:*“‘ WA ZETIE. I T = . ; . “ " N -
' Rapid, noderate]y Moderate Moderately
'vrap1d slow, slow
Water Conductivity >2.5 cm/hr - 1.5-2.5¢cmy/hr <2.5cm/hr
rate ' E y
. '.l

Percolation rate in
auger hole

> 18 min/cm

Soil drainage class Well drained,

‘ moderately well
dra1ned
Flooding None
L 4
~ Slope 0-8%
- Depth to hard rock >1.8m
~or impermeable '
layer
Stoniness- and rockiness None

j18-24,min/ch
t

S

-

Somewhat poorly

- drained

Rare

8-15%

1.2-1.8 m

Some

<24 :ml‘in,._Cm
LN

Poorly . . ,
drained,
very poor-
ly drained

Occasional .

or frequent

>15%

<1.2 m

Many.

T
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Tﬁh?tafions areamedehateTy'faVOfable...fhe limitations can
-:be‘oveheOme'or quified by special'planning or
-maintenances So1ls with severe ]1m1tat1ons have one or more
unfavorab]e so11 propert1es for waste d1sposa1 These o
11m1tat1ons w1]1 be difficult and cost]y to overcome. For
some severe]y limited soils, it may notvbe.possjb]e to
overcome the limitations. |

:This approach and these criteria have been widely
app]ied in Amer1can so1] sgr!eys, ang a]soﬁjn seyefal o . D&
Canad1an stud1es (S1mmons and Nowfand, 1973; Greenlee, 1973;
Greenlee, 1976; Coen and Hol]and, 1976). Other .
modifications have also been'made to it. For example, in-
the Soil Suhvey of waterton National Park (Coen.and Holland,
1976),Tah'"hnsuitab]e" category was added for mapping units
where it was physiba]]y impossible or economically
impractical to use the soil for sept1c tank absorpt1on

fields. Such areas had at 1east one of the following

characteristics: slopes greater'than 30%, very low

PR T SR

permeability, annual or more frequent flooding; or depfh to=

hardrock, bedrock, or other impervious material less .than. 24

TN TN

inches.

Ner

In some of the oider American soil surveys,
inconsistencies have been noted between the bhoperties'oﬁ
some soil series and the ratings applied to them. \These do
not match the ratings that would be given by str1ctTy
adhering. to the gu1de1ines (Gordon and Gordon, 1981)

1arge1y because of 1nterpretat1on by the mapper. Ana]ysis




«

of the soils of Nova Scotia for planning for septic tank

showed that the guidelines Qgre more conservative than the
serfés_ratings, but‘overa11'agfeement was very good. More
recently, there has been. greater consistency in the
interpfgtatipnsis1nce data- f11es for each 5011 ser1es‘are
now established and ﬁonsu]ted as they are mapped (Gordon and

Gordqn, 1981).

Simmons and Nowland (1973) ptoduced an interpretiye map

-

system-instaltation- ?heyfrecogané'éiéved!suitéﬁflﬁt§'=4;
A1

categories, each of which is associated with a different

-combination of limiting situations. . The map also indicates

the 11ke11hood of randomly se]ected sites to be affected by

“any of the limiting situations. Table 2 is a summary of the

categories, limitations, and probability ratings of the
system. The authors have deliberately avoided use of the

“slight, moderate, severe" terms since they recognized thdt

modern technology was capable of developin§ sound systems

under most sets of circumstances.

The probability ratiags indicate fhat, for example, in
Category 1, with an 85¢% suitability rating,c3 out of 20
random locafions will be unsuitable for some reason. For
categorx é, soils over 90% of ;he area can be expected tb
have percolation rates slower than the accepted standards.
Ninety percent of the area, not necessarily coincident with

the other 90%, is subject to prolonged periods of high soil

moisture,

34
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Thevcr1ter1a for the 44m1t1ng.factors are cons1stent'.w
with the USDA and US 5011 Conservat1on Serv1ce gu1de11nes;i
These are,;1n 4act the regulat1on aqcoﬂdang to~thegNovag.u ﬂ:
Scot1a Department of Health (S1mmonsAand'NowTand,'1973}.

‘ The-sysdem was scaled to 1:50,000 maps, and also
generalfzed' 0 i:250;060-to’show gross trends and

re]ationship . The main - funct1on of the sma]]er sca]e ﬁhp

1s as an edu at1ona1 tool At 1 50 000,,the de11neat1ons

<

- %

"’Cannot show i dividua] Tots, as the average minimum’ I

delineation would encompass about 25 ha. However the maps
1nd1cate to Pub11c Hea]th Inspectors the k1nds of
l1m1tat1ons that they can expect to" f1nd S;mmons and
“Nowland (1973)'reported that the Nova Scotia Department of /

HeaTth‘had &t the tlme of pub11cat1on, - uested that these

1 50 000 map sheets be nade ava11ab1e to hea]th\Tﬁspectors )
in the prov1nce. The authors hoped that the use of the maps )
=would re1nforce the decisions of ealth tpspectors when they
rejected applications for marginal or unsu1tab1e sites.

Bouma (1974) used a s1m11ar approach in N1scons1n, but

N A
.took 1t a step further. Once the k1nd and sever1tv,0f

11m1tat1ons that a: s1te n1ght have are def1ned specific
a]ternat1ve construct1on and managenent packages" are
prescribed to bvercome them. Figure 1 illustrates some of
the limiting situations and the corrective action.

In the event of thin,épermeable soil over]ying‘crevtced r

bedrock (situation 1), pathogenic well-water pollutjon_could

easily occur if a conventdona]-system is used. To prevent

e
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Figure 1. Schematic diagram of on-site disposal systems of
septic tank. effluent, conpamng present and new technology ’
(modified: after Bouma, 19*
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thls’»a seepage bed can be 1nsta11ed on-. top  of 60 cm of . sand,.
f1]1 placed on the 5011 surface. Such a mound system can. f“

: ﬁ]so “be- used to. overcome the- 11m1tat1ons of s]ow]y permeab]e.-ﬂ~ w~{

' 50115 where the water table is 'no ‘closer t6 the surface than

[

30 cm (s1tuation’4.2).: This w111 prevent the possibility @f' -

puddling of the 5011 surfaces dur1ng excavat1on, and also

avo1ds the prob]em of excessive obstruction of flow int&

loamy and clayey soils by bwolog1ca1 c]ogg1ng._ ‘
For areas subject- to- h1ghjgroundwater levels (situation E

50}, the . SJtuat1on may again be improved by rals1ng a mound

EY

above the surface and- 1nsia]11ng the system . in it -
Alternatively, it.may be possible to artificjé]]y drain the
surrounding area aud thereby improve conditions.
ManagemenfbfsiaTsd a consideration. Reduction of
biological clogging can be achieved by allowing the system
peridd; of aeration (siuuation 3). In an oxidizing
%environment, the clogging components will break down and

permit freer moisture flow.

Bouma also suggests that it should be possible to

extrapolate the rating from one site to others with key soil
properties similar to those of fhe first site. He proposes
three approaches to do this. The. first requires that these ' g
Key properties be emphasized.and evaluated at experimental
sites where the.innovative disposal systems are being

tested. The same key properties would then_be assessed at

i s rlom gt S e

each future site, and rated in comparison with the

experimental sites.




~

L A second’approach ws to compare the taxonom1c

c}ass1frcat1bn of “the two s1tes.. If they are tne same then”~x

< e-it- is* assumed: that it shou]d be poss1b1e to extrapo]ate the

o

B techno]ogy used "dt one s1te to the other.ﬁ”,...»~m“~»~~‘*‘
| ~In the third approach, the key properties of sites in -
~mapping units named for the same sail series are assumed to
be identical.
The key propert1es used in the first approach were
hydraulic conduct1v1ty character1st1cs, occurrence of

groundwater, and site factors such as slope and landscape"

form. —For e*trapojationlto any uew sjte; hydraulic . .lf' f: g5

conductivitj curVeS’(Felating X to.a rangeiof moisture

content and tensions) would be necessary. This is an
Jeffect1ve, but ‘time-consuming procedure-

The assumption that key soil properties of a site can
be' adequately estimated by extrapolating measured values of
these properties from another site with the sdme taxonomic
classjfjcation is partly realistic. éfoundwater ané»bedcock . i
1evels are included in soil serjes definitions. HoweVer;

hydraulic conductivities for different bedons,in fhe same !

e e...',«w.e'__ i TS O PR

soil series may vary widely. Textural differences that
could impede or obstruct absorption may appear at depths
exceeding 1.5 m, and would not be represented as a8 phase of
- . ' t

the soil series,.

When, the series or the‘phase is well characteri:zed and

i Vit el RS

where detailed information on the variability of the key

properties 1s.knowh, then use of this extrapolation method




.shohld be quite,successful The soil at each s1te would' :

have to be class1f1ed according to the accepted taxon0m1c

'scheme Zuls; So11 Taxonomy, in this: case) ‘ Property

var1ab111ty for the series wou]d need to be assessed. “ If
suff1c1ent]y 1ow, then d1rect interpretation mi'ght be
poss1b1e w1thout actua]]y test1ng at the site. When the
property varwab111ty is very low, the soi] series or phase
could be d1rect1y associated with certa1n system types.

The third extrapo]at1on techn1que should be acceptable

<

tonly if mapp1ng units contain few 1nc]us1ons. This,_

‘according to Bounma (19749, "means that near]y all of the . :

delineated areas will consist of soils that fall within the
definition of only one series. The var1ab111ty of
properties within mapping onit; is not usua]]y we]]—known,‘
desp1te being assessed more common]y now than in the past.

Scale is also ahproblem since, except for very detailed

maps, units of less than one hectare cannot be shown. The - ‘

-absorption bed areas, though, are only about 90 m2, or .01

ha,

The use of the taxOWOmlc extrapo]at1on would be more
econom1ca1 than actual measurement of the so1] properties.
Soil maps can be used if they areﬁfair1y honogeneous
However, the var1abi]1ty of the properties shou]d be better
known Qefore they are used for regulatory purposes or for
demonstrat1ng the impact of new technologies on land use

patterns,.

The University of Minnesota Agricultural Extension
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Service (Machmeier '1981) uses a very site- spec1f1c,j
appfoatp. The Extension Service has produced and “
d1str1buted,c1ear and comprehens1ve 1nf0rmat1on and ’
1nstruct1ons on the proper design, Lnsta]]at1on, use, and-
maintenance of on-site sewage treatment syétems. ‘It is '
-intended'td'preéent treatment solutions for all combinations
of sojl and site conditfons Tikely to be encountered in the
north-central United States. It avoids designating areas as
being slightly, severely, or moderately limited; rather the

alternative construction requirements for different sites of
conditions are offered. &
Other,evalpation techniques attempt to determine not
only soil ratings and construction methads, but also the -
cost of the construction. McCormack and Johnson (l§82)
report on the determination of soil potential ratings for
onsite sewage disposal ip Leon County, Florida. The soil.
popentia1 ratings are classes indicating the retative
qpality of soils. based on fhei& performance when %easible
corrective measures ate used Eé overcome the sgil
limitations. Performance 1eye1§, the cost of applying the
modern technology to minimize the limitations, and the
longer term adverse effects of the soil limitations after
the technology is applied are all considered by a team of
s0il scientists and local experts. The soil scientist
identifies the properties of the soil and makes certain that

the local team of experts understands them. The local

@xperts make all other decisions.
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systematic Brocedure 1s used to establish the so11

potentidl ratings. These ‘ara expressed in a five- c]ass

Syéteﬁ: ve high, high, medium, 1ov, and very-]bw. A'soii
pofentia] index is calcu]ated for each soil and classes are
assigned to Seiected ranges of the numerica{ SPI. The SPI
(soil potential index) is ea]culated Zrom SPI '= P-(CM +
CL), where P is the~peﬁformance standard, CM is the index of
costs of corrective measures, and CL‘is the indexvof costs
'reSulting from continuing 1imitétions. |

To determine the ratings, the team fol]ows a series of
‘steps in a fixed sequence:

1. Define land use. This establishes P, the "

performance etahdard,hby defining the specifﬁeatjons,
inc]ud{ng coét, of the standard ;eptic fank absorption field
installation in Leon County, Florida. quvthe standard
three bedroom h0use;ﬁq 900 gallon septic. tank with
distribution box and 400 Sq. ft. of absorption field, at an

installed cost of $800 is assumed.

2. Identify local soil properties that limit use.
These were, for Leon County, water table depth,
permeability, sfope, and flood hazard.

3. Determine ranges of each soil property. or conditions

that determine the degree of limitation and that help

identify the kind or specifications of corrective measures

(CM). An example is given for water table depth in Table 3..

4. For each soil condition, determine the ]1m1tat1ons

that cont1nue after feasible corrective measures. aﬁe

42
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' '5: ] ' 7. DetermIne classes of so11 and s1te cond1t1ons of

44

1

hinstaﬂied'(CL). ’InfenSiveﬁdiSCUSSions_dea]t with the e

»

~locatjons of failure'and successes of local installations

'andhthe soils on. which they occurred.

-

5. Determ1ne the tosts of each correct1ve neasure (CM).

and of the cont1nu1ng 11m1tat1ons (CL) These were assessed

"by the local experts;; These were often costs of

R T e

v ma1ntenance, but 1n other cases represented the degree of'

‘aggravat1on -or d1scomforn to the homeowners or commun1ty.

-

6. Dev1se*an 1ndex system through which the va]ues of

'd

‘CM and - CL are p]aced on -a un1form sca]e compatible w1th the

va]ue of the performance‘1ndex (P). For s1mp11f1cat10n, P

g was set at 100, and €M and CL were determined by nu]t1p1y1ng

the costs by 0, 025

fﬁ each so11 mappﬂng unht for each eva]uat1on factor.-

‘8. Determ1ne the effect of each soil and s1te cond1t1on

«on the funct1on of the system, assum1ng standard

1nsta11a1on. "Eor example, Tap]e 4 1nd1cates that ' . .

.'contam1nat1ontof1the water table and difficulty of - ‘[

installation are'possdble effects of a high seasonal water .-
tabler. . T oL .h S

9. Ideht1fy feas1b1e correct1ve measures (CM)

continu1ng 11m1tat1ons (CL) and costs for each 11m1t1ng so11

or s1te cond1t1on of each mapp1ng unit. Poss1b1e comb1ned : 3

- effects of the 11m1t1ng factors are a]so cons1dered
I3

10. App]y 1ndexes to each CM and CL for each so1] !

L accord1ng to the gu1de11nes estab]ished 1n.st4p 6._w :
. . J ) :

Ry ; ; o

y




T e

T . [N ' ° ’ ) .

o » L : o R 4Axwu:_ ~c+“nmuoa ttos) -
, 68 = (xaput 3502 uoijejwiy Butnuijuod) ¢ = (xapul 9509 adnseaw) 17 - (xapul pJepuels adueudoyuad) 11s) S
% , . — T = - - B ‘ - T .

< - : : - - - . i . . M

= ‘ ‘ - w,, - . A « .MN ww:~w>_xmv=H

~ - sadols Jamo |’ _uLedp ut juangyye sado|s Lozo_ ' = ol o R
UO Juaniyya " = 3InqLIsip 03 wayshs U0 juanyijie EUESNE) o
2 - umoqmc_uwugzm S LLe3suL pue ub|sag 4o buioegans . qubris - §=¢ - adoys

BOLS  uweyshs o o tau/uy’

e auoN S 01 paty wmgc_cu - ®Jn|le4 " 33RJ43PON - 0°Z-9°0 A1t11qeatuay -
. ‘e . -, ) N g v niaid < BN
R SR R . o - o :
i ST P D a3jem o o
H R X 17" ° . jue3nbupileisuy - punodb jo- o 5 CoL
ey . PunoJb jo uorjeui ? £3N0L43% o asnedeq UOLBU LW U0 SJadsp T %

T .~ Twejuoed 31qissod Jnoge| [euoyjippy” 3|q1ISsod  ajedapoy 149} u_nmh;gmunzm._ -
| S . : L . 3WoN  qubis  auoN butpooy 4 W

’ R _ - _ _ . . R _ oo . N N :
e chca.u :- . puty Xapujl L ! puty . 8SM. uoLielWwlY SuoL3Lpuod .  -403de4
U o ‘ s . . . Jo - 40 33LsS pue :o_uﬂ:_m>u.,

mcowpmu_ew_ mc_zc_uco% : mmL:wmwz dAlldaudo) - .quwwuu CENET( ELOS

. .w'. ) - .. h
o | e - Cooic(iser :
o ~ ‘uosuyop- pue yoeuwJo9oy J93je paiyipow) epLyo|d ‘A3ung) uod “sadols judosuad § 03 ¢ ‘pues-auty . B
. Aieo| % [0 JJON U0 Sp|aLy J33{1} yuey u_unmm J0j mc_pML letjuajod |[1os mcwgmamgn JOJ J98YSYJOM  :p Jgyl -

-




'lk. Determ1ne SPI for each so1l The Norfolk soil in

Table 4 has an SPI of 85.

,

12. Estab11sh c]ass 11m1ts for soil potential as

‘folloWS:

Class Limits

Very high potential. 9b_100
High potential . 84-94

Medium potentia] | 64-83

Low pdtential ) | _ 45-63

Very 10& potential e» ; 0-44

McCorhack“and Johnson (1982) dbserve that this apd?oach~y

permits extensive local practical knowledge about soils to
be correlated accurately'with the soil-survey. At the same

time, the soil scientist 1earns how to make so11 surveys

more useful.

.Fritton et al. (1982) address the prob]em of delivering

. 'the 1nformat1on available about a s1te to the decision- maker.

at the 1oca] level with little or _no computer knowlege. An-

1nteract1ve site evaluation mode] was developed that is
centred around two categor1es of 1nformat1on - 1pformatione
required to sat1sfy 1ega] regu]at1ons and 1nformation-

- required for water f]ow mode]s.' The model was developed'at
*rPennsy]van1a State Un16ersity, and ref]ects the regu]at1ons
of the, Pennsy]van1a Department of Env1ronmenta1 Resources.

A

The user is first asked a series of questions to check’

L]
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that the ]egal'distance requirements'- from water bodies and
supplxes, property ]ines, bui]dﬁngs and s0 on - are met.
If any of these regulations are violated, a failure Message
s s}ent,~ and the mode] stops. If hot, the program
contthues. : _ 2

. Next, a series of quest1ons is asked in order to define

the depth to any limiting zones (such as a seasonal high

'water ta%le,,or highiy fractured rock)' These are important’

to the regu]at1ons, and also u]t1mate1y set the boundary

conditions for the numericail water flow model. Otherf

°

informatﬁon is then requested of the user, 1nc1ud1ng
perco]at1on rates, the depths at which permeability changes
1n the profile, type of res1dence and number of bedrooms,

and the max1mum w1dth and ]ength of the proposed absorpt1on

field.

.

TheuPennsy1vania regulations require a'profile
description for the site.' The next ser1es of quest1ons is

aimed at determ1n1ng what so11 is found at the site from the

- v

profife description andAfrom the soil mapping unit the site
s located in, as taken from a Soil Surhey Reps&t for the-
county. This was not a1ways possﬁble, as some so1ls were

not separated from others in the same county, forcing the

o

user to choose between prof11e descriptions. Soil ~——

v

variability and inclusions also can create difficulty.
Water flow models require that- the hydraulic
conductivity of the modelled layers be knowa. Hydraulic

I

conducthityuis”empiricaT]y derived from the»perco ation

47
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. -\4~
rate in.the program; another source is the soil data base.

The user is given a choi'ce of any or all of f1ve system
types (standard'trench seepage bed e]evated sand mound
subsurface sand f1]ter, or 1nterm1ttent sand f11ter) The
program first checks‘for non-comp11ance'w1th Site
characteristic orvlot area;restrictions. I[f the Zystem
‘gasses, tnen-the innut data for the w r flow model is
generated, either by the user or the computer. The maximum
trench depfh; and width and number of trenches or bed are
calculated. Boundary cond1t1ons are set for the model. In
a]]lcaSes, the systems are STmulated in two dimensions for a
cross-section through the absorption system. Clogging in’
the. trench bottom and sides can be simulated by specifying a
negat1ve pressure or tension; with no clogging, there will,
be a zero-pressure head at the‘bottOm and sides of the
trenches,

| The simulation model determines the recommended
absonption area based on a constant field width, and returns
to the main prdgram the'recommended 1ength of the absorption
area. The main program takes the output from the water flbw
models and determines the»required‘absorptfon area. If the.
models predict{that'f}ow out from the trenches is not
adequate, a warning message will alert the user that the
system is 1ega1, but predicted to fail. For fhevsystems
that meet the flow requirements, the predicted absorption
area is conpared to the 1ega1 requirements. If all checks
are satisfied, a message to that effect is,printed for each

acceptable system.
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Model ver1f1cat1on and validation indicate that th;
water flow.model used tends to over pred1ct flow. 'The.
dtsehepancy Ts in the order of *33%, and the authors felt
that since‘the input data at a gfven site was shbject'to
larger errors, this accuracy could be considered ecceptable
until sdmething better appears. A more sophisticated
clogging feature is needed as at present the‘gser is forced
to choose a boundary potent1a] value for the t;ench

boundar1es.' This 1s especially important as clogging is

EN

e R

often the limiting factor for flow.

e aEel St

This approach might be of considerable value to
inspectohs and to contractors involved in the design of
systems. The interactive language would make it easy to
1earn, and a linkage in the system between the regu]atory
agencies and the users (ie. contractors) would probably
speed the permit-granting procedure.

Access to the~Canadian S0il Information.System’(CaNSIS) A
files could, with adaptations to the program; allow the'SOil
at "a particular site to be corre]ated with a taxonomic
series; with atl its assoc1ated propert1es. CaNSIS is a ' ’

nat1ona1 soil data system established by the Canada Soil

B -—-l--\'ﬁ“&&:w&3}¢-s<;?’}u DR

Survey Committee, us1ng a computerized system of file
management. The'information stored in CaNSIS includes
descr1pt1ve and observational data co]]ected in the/ f1eld - i
frequent]y .augmented by laboratory ana]ys1s (Canad1an Soil |
Survey Committee, 19?8a). A draw-back is that few. ‘

contractors have the background to describe a soil profile.
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At the same time, soi]'sctentists 16 Canaqa are not employed
vby county or municipaf governments as commonly as they awre
in the U.S. to c1a551fy and map so1ls. If few people are
ava11ab1e to prov1de the necessary 1nput to the mode] then
the model cap only be of 1]m1ted'use. The discrepancy
between estimated and actual water flow amounts is anotﬁer
serious flaw to the model.

f.In this discussion of different‘atiempts to evajqete
potential sites for on-site sewage disposal systems, a
steady progression has been observed. First the properties 3
of so1] and 1andscape 1mportant to effluent d1sposa1 were
‘1dent1f1ed Then, evaluat1on schemes attempted to determ1ne
Simply whether or not a systemchu1d provide successful
sewage treatment. Later eva]uatfons identified the
botentia] causes of failure and seriousness or probabtljty

of the failure. Still_]ater, the measures necessary to

Tebic

overcome these problem situations were defined. ThenJOther
systems trteayte assess the relative costs- of different
systems buiTt jn djfferent sitgaggons. ana]]y, interactive
computer modeTs'are being perfected whereby the user orb

1 .
builder can custom-design a system to meet the prevailing

T e NSRS e e e s

soil-landscape-water use conditions.




[I1 MOISTURE MOVEMENT PROPERTIES OF EDMONTON AREA7'SOTLS

1. INTRODUCTION

Surface 1nf11trat1on rates and percolation rates were '

determ1ned at twenty-five sites in the Edmonton area. The

~
Lah

s1tes were chosen to represent a variety of soil parent

mater1a1s and 5011 development.

The main objectives wersg:

1. To determine the range of infiltration and %
: 3
perco1at16n rates in. the area; %
2. To relate ‘these values to 5011 character1stics and é%
to the results of the 1978 survey of sewage {%
disposal system performance, 13

3.

To determine correlatiohs between the measuring

STt
LI AN

techniques.

Snen s

2; METHODS . : ¥
. \& |

\\t e s1tes were chosen us1ng the Soil Survey of ‘the
Edmonto

Sheet (Bowser et a]

e

s 1962) as a guide and then
checkﬁng or locations where access cou1d be-gained, with

the desired c0nb1nat1ons of soil and parent mater1a1 Ine

following kihds of soils were tested:

1. Bedverhills - an Orthic Black Chernozemic‘soil on:

medium textured till.

e s N A i w4

2.0

Angus Ridge - an Eluviated Black Chernozemic soil

51
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&
[
on nedium-textured tilt. .
3. Cooking Lake -d Gray Luvisolic soil, on ;
‘ ,medium-textured till.
Qg;‘ Malmo - an E]uv1ated Black Chernozemic so11

on f1ne textured 1acustr1ne
material. .. e m
5. Navarre - an Orthic Black Chernozem1c 5011 on
| | f1ne textured 1acustr1ne mater1a1
6. Maywood - .‘a Gray Luv1so]1c so11 on

f1ne-textured 1acustr1ne mater1a1

7. wfnterburn - an Orthic Dark Gray Chernozem1c 5071

RIS SR Y- SpulE e

, on medium to moderately toarse
‘textured pdtted'delta1c~m5tertel
8. vFerintosh - an Orth1c Black Chernozem1c soil an
| coarse- textured glacio~fluvial ‘ i

‘material. 3

G S SR L I

9. Kavanagh - a Black SoLonetzic&%&i]'developed on

i L

Edmonton formatQOh bedrock.

ke

10. Heart - ~a complex of Brunisolic soils on k
alluyvial-eolian.material. : §
11, ,Leith - a Dark Gray Luvisolic soil on 3

a]}uv1a1-eol1an mater1a1,

At each site 1nf11trat10n rates were determ1ned.by
double-ring 1nf11trometer (Bouwer, 1961) ustng a -constant
head measuring cy]inderzqf local destgnli The design and
bperating instructions for this measdring,cy]inder are

included in Appendixll,

1 J. Tajek, personal communication.
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-
Percolation tests were'conduc;ea ﬁccorqing to the -

standards outlined by the Akberta Department of Labbur

'(1577) This entails augering a 20 cm d1ameter hole: to a

'depth of 100 cm, and monitoring the rate of water drop at

“the 50 cnm 1eve]*ﬁnt11 & constant rate was obta1ned These

-f¥%1d Héterﬁﬁnattons were done in tr1p]1cate. As well,

three semi-d1sturbed cores were removed from each of a) the

surface 10 cm - of mﬁnera] so1], b) the 50 60 cm level, and c)

o e e o ‘
the C horjzon,.§t §§@ytg?$§xmf Bulk dens1#y yi: g?xa ﬂgqlé. é
on cvres from all sites.& Sdpe  cores were subm1?tedeto ) :

J&t P
A]berta Agr1cu1ture, Irr1gat1on Division laboratory ax 55 -

Lethbridge for determination of constant head hydraulic
conductivity., A detailed soil descripti§ﬁ;was made at eqdh.

w

site. Figure 2 shows the locations of the test sites.

i/

3. RESULTS AND DISCUSSION | | i

' N
The results of .the 1nf1]trat10n and percolation tests

for the twenty-five.sites (Table 5) indicate a wide range of

1

valpes.

T b AT N g L 5 L e s

Final infiltration rates extended fram no observable
“infiltration (N.I, in Table 5) ‘to as high as 0.6 min/cm.
The range for the.percolation tests was about the same.

" Neither test yielded consistently higher results than

S ey e Ko vt e laminm = Y

the other for all soils and parent materials but there was a
pattern to the relative values of the two tests. The

percolation rates were consistent]x twice as fast as the
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value of the 1nf11tnﬁt1on~ra%es on the so1ls deve]oped ﬁn
medium-textured (fine 1oamy) a]]uv1a1-eo]1a@ ma&er?glti‘;
whatever the soil subigr%%p., For lacQstr1ne mate:1a1 thel
perco]ainn rate was less than the infiltration rate in four
of five cases, and by considerably more than half in three
out of five.\

The 1nf1]trat1on rate tended to be greater than-the

perco]at1on rate on well-structured f1ne loamy Eluviated

'B]ack Chernozemics in til] (Angus Ridge series). These

soils have experienced the downward movement of clays,

wvth the1r accumu]at1on in the Bt horizon, but also have

sdeep organic-rich surface horizons. They Bt hor1zons of

Angus Ridge so1]s are usua]]y found within the 50 100 ¢cm -
range. Hence, the percolation test measured flow into the
Bt horizon while the infiltration test measured flow through
the thick f?iab]e Ah hori;on.

"Within sites, readings wefe usually more cOnsisfent for
the percolation tesf replicates théh fpr the infiltration

tests. There are several possible reasons for this. The

replicates of the percolation tests were conducted in a very

small area, with the three test holes no more than a metre
apart. The infiltration tests required a larger surface
area fhﬁn th; percolation tests, dnd because of disturbance
to the surroundings as each replicate was run, thesé
replicate§ WQfé set farther apart than for the percolation

tests. Thus soil var1ab1]1ty Was reduced to. m1n1mum for

the percolation tests.
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Generally, there was good agreement bétween the,fwob\

sets of bulk density data. Two coring tools were used to

st
“

collect samples, one of 7.5 ¢m diameter and the othéf of 3.8

cm diameﬁer. Those sites where ‘the larger samp]er was used
are 1nd1cated in Table 5§ by an asterisk. "The larger Corer
was used for all the samples sent to Lethb}idge. While an
extensive calibration of the two samplers was not carried
out, innébme cases, both sizes of cores were removed.
Usua]]y, the larger produced s]1ght1y higher values. ‘The

¢

dens1ty yalues determined at Lethbridge for the large cores

appear to bear this out, especially for. coarse 1damy\pargnt

i

materials,

k]
Bulk densities at the upper level (level one) are least

for the Chernozemic soils, reflecting their granular
JSth"*nre and high orgahi; matter cortant . The densities
were greatest at the upper level for the Luvisofic soils.
At greater depfﬁs a pattern existed that seemed to be
related to parent N%i?FIal bThém]oweSt levéls of six of the
elght soils developed “ih till had dens1t1es of from 1 5 to
1.6 g/cm3, while most so1ls deve]oped in lacustrine mater1a1

had densities ofé% 2 to 1.3 g/cm3 These differences

.probably ref]%%; @prt1c]e size d1str1but1on. Fine-textured

lacustrine ma&er1a1 is assoc1ated with greater porosity, and

hence lower densfty, than the s]1ghtly coarser till. The
bulk density 8t the 50 cm ]eve] was usual]y intermediatg
$ 3

between: the upper and 1ower 1eve1 va]ues.

Soils with §andy parent materia]s (aTluvia1~eoliah”andﬁ

»”~
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o ;so1]s on. tl]l or ]acustr1ne mater1a]s at the lower two

- 1evelsrwﬁ‘.,-r.: RS :_ '“'_-'fg
: Ksat was ‘abaut 10 -3 or 10 -4 cm/sec for the ;'ﬁ,*f.,uzg' SRR £

'[611UV1&1 eol1an mater1a1 and 10 5 to 10-6. cm/sec for t111 xiif :%

‘fand 1acustr1ne materqa]s.;vj-j'" f,’r'»‘ , ‘.‘ fﬁ,’r‘ ;’ .

‘ hydrau11c conduct1v1ty.

"leve1

' soilt

) 1nf11trat10n were e1ther Chernozem1c soils w1th deep Ah -

. coarsely textured fTuv1a1 or eollan mater1a1s (Le1th

ws b

~ had. formed e1ther in sa11ne res1dua1 mater1al (Kavanagh

o1tted delta1c) had hydrau11c conducth1t1es two to four

"orders of magn1tude greater than those of the f1ner textured

of the so11 series exam1ned

1nf11trat1on.

.m1nutes were requ1red for a- cent1m€ter of water to enter the

ser1es) or f1ne textured 1acustr1ne mater1a1 (Navarre and

58

P ¢

‘.‘

w1th1n s1tes, the surface 1eve] had the most rap1d

It was usua]]y s]owest at the 50 cm -

.wh1ch most often was w1th1n the B hor1zon.‘ The BC or~'

¢ horizon Ksat was often s11ght]y faster xhan that at 50 cm

but 1n any case~ the two were qu1te comparable.jf

Tah]e 6 11sts the average 1nf11trat1on rates for: each
arranged 1n order of decreasing s -

For half of these so11

series, 1ess than s1x

R |

“For the rema1n1ng f1ve se1l series, more than 27
Y

m1nutes was requ1red per cent1metre.
7

The - so1ls w1th rap1d

hor1zons that had deve]oped in t111 (Angus Rfdge,.

Beaverh1lls ser1es) or’they were so1]s ‘that had deve]oped in.

w1nterburn and Fer1ntosh ser1es) The slow group of so1ls

7

Orthic Gray Luv1sols formed in tlll ‘»,fif_' e
also:hah:verx sow =+ T

A

Maywood ser1es)

(Cook1hg Lake ser1es), though

. . - . i o .
.,_ .

% y
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‘1nf11trat1on rates in: contrast to the rap1d rates for . the
'?Chernozem1c soils on t11] The Navarre and Maxwood ser1es
's1tes d1d not demonstrate nearly so great a d1fference_
1n rates desp1te the same k1nd of d1fference in‘ »v
hor1zonat1on on a common parent mater1a1 ~The very fine
a,texture of the 1acustr1ne mater1a1 apparent]y overrOde much
of the effect of 'soil deve]opment d1fferences.

The pattern of the percolat1on rates (Table 7) was . tée
_same as for the 1nf11trat1on rates in that a ;1de gap
ex1sted between the. “fast" and the . s]ow“ﬁson1s. The
relat1ye ranking of the‘series'has altered 511;h§}y,
' compared to the- 1nf11trat1on rate, but on]y one has moved
3e;ween the "fast" and the. ‘sTow" groups. Ih1s.was the
-Navarre series,fgrouped‘With the. "slow" 'soils for
1nf11trat1on, but w1th the "fast“ so1ls for perco]at1on. ’

Eluv1at1on and 1]1uv1at1on processes appeared to be of
importance, w1th Luv1so]1c so1ls cons1stent1y appear1ng
‘further down 1n .the tabfe than the Chernozem1c so1ls on the
“same parent material.  The Coﬁk1ng Lake ser1es had the
'sernd lTowest rate of a]]-ser1es exam1ned whlle the
Beayerhi]ls'and Angus R1dge ser1es, both Chernozemlcs, were
among the fast group "f o

The probab]e cause was the trans]ocatTOn of clay within
the 5011 prof11e,,1eading te the deve]opment of a dense clay

. / .
e eng1ched Bt hor1ion in the Luv1so]1c Cook1ng Lake sod1.

The averagelvalues for 1nf11trat1on and perco]at1on

: I S
havg been converqed to cm/sec, so that they can be compared-
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‘to the saturated hydrau11c conduct1v1t1es. The orders of :
, hauh:tuaes for all three tests on the" same ser1es Wwas o
usua]]y the same. They were most s1m1lar where ‘5011 L 5;
structure was m1n1ma1 such as in the Heart and Leith
‘so1ls. These so1]s were also’ ]ess susceptible to smearing
'and compact1on, so that they shou]d have been less affected ; o

| /’,by the coring and test1ng process than the f1ner textured o ;?

‘so1ls.

4
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4.  CONCLUSIONS

So1ls at s1tes representat1ve of several different. so11 .
’ser1es 1mportant in the Edmonton area were found to have ) ;
varying ab1]1t1es to accept and transmit water.»‘Th1s ' f
ability appeared to be re]ated to the so11 parent material

and also to soil genetic development, CoarSe]y-textured,

fluid-sorted material was associated with_the highest rates

Lot e s s el

of infiltration, perco]atiog. and hydraulic conductivity.
Lacustrine deposits and saline affected residual bedrock

were associated with slow rates. Rapid 'rates of

infiltration and h1gh hydrau]1c conduct1v1t1es were measure\

in thlck granu]ar Ah hor1zons.; Dense Bt or Bn horizons -

. gave very slow rates.

i Perco]at1on tests yielded resu]ts that were more

H

»

consistent within-test sites than had been ant1c1pated 'Tbiﬁ

test was app11ed thﬂugh us1ng a r1g1d]y contro]]ed

A CER S T
BNVl A

procedure.' In the past the maJor prob]em has been that
this test will give s1gn1f1cant1y d1fferent resu]ts if the
-procedure iS'even sllghtly mod1fied (Derr et al., 1969)

The percolat1on test is probab]y best used to compare the

e s b

relat1ve performance of d1fferent so1ls. The test y1e1ds an

uncontro]]ed average of the mo1sture propert]es w1th1n a

5011 1nd1v1dua1 and shou]d be otherwise used with some vf
caut1on (Derr et al., 1969)
Ne1ther test gave cons1stent1y higher resu]ts than the

other. However, the percolat1on test gave cons1stent1y more




wE]uv1ated Black Chernozem1c so1]s ‘(Angus Ridge, Ma]mo)

64 .

rapid rates than the surface 1nf1]trat1on tests in coarsely
textured mateﬁials. On fine- textured materials, though,

perco]at1on test resu]ts an@ s]ower than the 1nf11trat10n

.

test values.'

In the 1978 survey on sewage disbosa1 'system
pefformanCe (Gardiner, 1978), high eafes‘of system failures
were observed on several Luvisolic soils (Cookfng Laké,
Maywood soi]s) on Solonetzic soi]s (Kavanagh), and on’ some

In

the water flow tests, except for the Angus Ridge series,

‘_these so1ls were in the slow group of 1nf11trat1on and
percq]at10nfrates. ATthngh the causes of system faf]ure

were rarely . expl1c1t these failures can be largely

attr1buted to s]ow moisture f1low propert1es combined with

1nadequate]ye§1zed effluent -absorption field.

\
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Iv DETAILED FIELD MAPPING AND SOIL INTERPRETAfIONS FOR
ON-SITE SEWAGE DISPOSAL

1. » SITE DESCRIPTION .

Introduction

The two acreage subdivisons that were studied were
located within 25 km of the Edmonton. city limits (Fig. 3).
To the east of the city is the subdivision known ‘as
Springhi]t Park, in Nw5-52-22;w4. The other subdivision was
. Meadowcrest Estates, southwest of deonton‘in the east:haif
of sec 24-51-27-W4. Only the ndrth;eest quarter of sec 24
was examined. -

The two Qt]] be referred to in the text simply as
Springhitl-ahd Meadowcrest. |

Meadowcrest igpsituated in an area of stabilized
parabolic dunes interpersed with'pborly-drained organic
deposits. App]ication to subdivide Meadowerest was gmade in
1978. Although approval was grahted smgrtTy after that, as-
of 1982 only four of the fourteen Tots 'in the quarter had
‘dwellings on them.

haif the lots are about 1. 2 ha in erea, wh11e the rest'
range up to 6 ha. Much of the quarter sect1on is poorly '
‘drained. There, 1arger lots were specified by the Alberta
Department of Env1ronment to ensure that well-dra1ned'

4

building s1tes existed on each lot. A small farm occupies

65
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the'northeast corner of Ehe quarter section. This land is
used for‘pasture.

Most of the we]]erained areas are‘forested4- However,
the only sizeable dry ared that 1s a]so gently 'sloping
appears‘to have been cleared in the past and used as
pasture. Present]y,‘it hes a cover of-graéses and forbs.

The forest seems to be moving back into this clearing, with /
many young trees and shrubs appear1ng near the forest edge.
Some of the brush in the bogs in the northern part of the
quarter has also been removed. This is not read11y apparent

on the ground, but the slash rows show up clearly on- aer1a1

s

photography. ' v
Black and white aerial photography from fhelA1berta,
Governnent‘s'1949 serie’s (AS 137 5307 91;92) showed a
thinner forest tover than presentﬁy exists. The same areas
were treed, but they had more'open'eanOpjes. The bog area
_jn the northern part had not yet been~c1eareo. |
B Springhil]tPark 1; situated in a hummocky, dead-ice
moraine landscape. Springhill has beean subdivided for a few
years longer than Meadowcrest. In the 1976 aerial
phof%graphy used in mapping both areas, several 6?/;;;”
structures now present at Spr1ngh1]1 were Just under .
constructon. The: quarter-sect1on is d1v1ded into 32 rats of
aporox;mately 1.2 ha in siee on]y two or three of these

lots do not presently have houses on them: There-is a park

reserve of about'twentx acres in the south-east corner, and o

a farmstead‘énd pasture in the south-west corner.

¢

i
;
b
3
3
A
&
&
R
¥y
]
o
)
5




R R O R TS PN

Most of the quarter has been. cleared of the native

aspen forest. Ancexamination of 1949 aerial photography (AS

-136 5308 66-67) should the extent of the forest cover to be,

about the same as the present, with a few exceptions. An
area of about two hectares has since been cleared in the

northern part of the quarfer. Other small areas, especially

in moist locations, have experienced regeneration of the

forest cover. The land appears to have been used mostly as

Pasture, although a level area on .the east side shows signs

~

of cultivation.

. . %
Surficial Geology

During the Pleistocene epaoch, the hegfdn was Covered at

least twice by Laurentide ice sheets moving in é~genera1
;outher}y direction (Bowser et a].,‘1962};A The last. ice
advance occurred 25,000 to 30,000 years ago. Méfting.of
this glacier was essentiaj]y complete about 9,000 years ago,
leaving the Edmomton area covered by surficial &epo§its of
varioUs kinds.

The Meadowcrest area is coYered’by a combina;ion of
eolian deposits and recent lake and.slodgh‘depositg. This
is part of'a‘larger.duﬁe area éxtendixgﬂfrdm the west side
of Township 51, Range 27 eastwardpto the North Saskatchewdn
Ri?er. Both ]ongiiudina] and parabolic (u-shaped, or |
blowout) dunes ocﬁur; Most of the dunes are lass than 15 m

in height. -
_ \
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According. to an exam1nat1on of - the long axes of the : !

dunes by Bayrock and Hughes (1962), the dunes were produced

by north westerly (43° north of west) winds. The source j

matefia] for the dunes is ear}y,Nort Sa katthewan River

alluvium. This material was drigina ly fleposited by the -

‘North Saskatchewan‘River,_f]owing as a ‘braided stream after

the final draining of glacial Lake Edmonton. . Later, one of

Fl
the many channe]s was 1nc1sed to form the present- day river

~valley (Bayrock and Hughes, 1962) : : N

The 1ake~a_nd slough deposits in these sandy areas arev

mostly sands or organic materials. Marl deposits are also

found.

L o a P AN i LA T a3 o S
AR e W RN -

The Meadowcrest area dra1ns stowly. The elevat1on

varies from about 700- 710 m, and the fall of the ]and is to ) i

the east and south Noowe]l-def1ned stream traverses the

~dune field. Drainage is almost directly into the North

Saskatchewan or into an unnamed stream entering the North

Saskatchewan in Sec 31 Tp 50, R 20.

The Springhill area is located in a hummocky dead-ice

'mo?aine, known as the Beavef Hills or the Cooking'Lake

Mbraihe; The till in th1s htgmocky moraine is thick,

'generally from 12 to 45 m in depth, and may conta1n lenses

of gravel, sand, and silt.
Rhe main topograph1c features of the hummocky dead-ice

moraine in the study area are knobs, kettles, prairie

mounds, and stream trenches (Bayrock, 1973, in McPherson and

Kathol, 1973),.




A
]

e

Knobs are n1115 and hillocks. circular to oval in plan

out?1ne composed almost entirely of till. They range in

>s1ze up to several hundred meters in diameter. They are

most often about 5 m inheight, but range from less than a

metre to 15 m high.

.

Kettles are smali, c]osed-depressjons produced by the

P

melting of residua]vglacial ice that was completely or

partially buried in the glacial drift. Khobs and kettles
are the nost common features'of the dead-ice moraine in the
area (Bayrock and Hughes, 1962). Prairie _mounds resemble
knoos, but have a sma1i depression Tn the centre that often
gives them the appearance of giant doughnuts.

A large g]acia] me]twater channel or stream trench is

'1ocated a]ong the southern edge of Spr1ngh111 Park Th1s is

“part of a meltwater channel- system extend1ng from Cook1ng

Lake to the hamlet of Bretona, a distance of nearly 20 km.

In the Springhill area, this channel is about 300 m wide and

-bedrock mater1als, Wit

s

15 20 m deep. Typ1cally, such channels are filled with a
mixture of till and fluvial material and contain many ponds

and Takes.

Tills of the Edmonto,‘area consist mostly of local = =

s1gn1ficant.amoonts of igneous and
metamorphic bedrock”material derived from the Canadian
Shield to the northeast The t1lls also contain Devon1qﬁ

carbonate rocks from outcrops along the marg1n of the

Canad1an Shwe]d Thus, although the Tocal bedrock

b
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‘rather than one that

“

- or

formations tend to be low in ca1c1um carbonate, the t1115 e LQ.‘ j{i

are. caTcareous because of the presence of Devon1an,

T,

11mestones.= Montmor1llon1te forms between 10 and 20% of the T..*

total cTays (Bayrock, . 1972)

A soil survey in Elk Island Nat1ona1 Park (Crown, 1977)
some 35 km northeast of the study area 1nd1cated the‘

fo]]owxng features. Within 125 cm of the surface, co]our

-ranged  from yellow1sh brown to dark brown. Texture sh1fted

from silt loam to loam and c]ay loam, whi]e ca1c1um

carbonate equ1va1ents changed from 2 to 10~. These

varwat1ons occurred, over d1stances of as Tittle as 2 to 4 m.:'

At SDPLJ;hT]] the parent mater1a1 textures were sandy i:‘i.
clay loam to clay loam, but at ‘the maJOP1ty of 1nspect1ons

- were silty c]ay The C hor1zon\colours are most often

loams.
l

dark yel]ow1sh brown for the well dra1ned areas. Colour and qiﬂ

texture are not qu1te 50 var1able as for the ETk Is]and

so1]s. .
.2/
’ B ) ; : T
: e ' _ S
Climate ’ - ' o S

<

. The c]osest meteoro]og1ca1 record1ng stat1on for both

.study sites is Iocated at the Edmonton Internat1ona1

~

'Str1ct]y speak1ng, the s1tuat1on of the.

e

A1rport

Internat10na1 A1rport 1s not the same as e1ther Spr1ngh1]]

Meadowcrest be1ng 1n an open, ]evel agr1cu1tur;7 an ea_

\-
is mdre hilly and forested, Sp?ﬂnghi]]
is h1gher by about 35 m, wh1]e Meadowcrest 1s at nearly the

same ‘elevatign - as the a1rport Desp1te these d1fferences

<
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"ethree Tocat1ons. J

few1th warm sumners and con M*nters (Brocke, 1977)

:15 the colde\} month

'

L tenperature of 16°£.

‘;.100 days.
300 to 640 mm, - averag1ng 472 mm.a

Vseason..

_ and are the wettest months of the year.

’”;5the same reg1onal trends of c11mate shoqu apply to ald

v

The present clinate can be cTasstf1ed as cont1nenta]
January
w1th a mean temperature of -17 C

wh11e Ju] “is. the warmest month wtth a. mean da11y

Oh,ayerage, the frost,free period*ﬁs

7z

1 Total prec1p1tat1on for the Edmonton area ranges from .

The maJor1ty (704) fa]ls

. 4as ra1n between May and September, dur1ng the growing

«

The snowfal]

June and July each rece1ve ‘more than 80 mm- of rain, .

R NS .

>

ngorest Reg1on.,

";ﬂespec1a11y prom1nent on on

o Vegetat1onfiﬂ

Accord1ng to Rowe (1972) Spr1ngh1]1 Park 1s found

By

:;wéth1n an ou;ljme of the M1xadwood Sect1on of the Borea]

N

;assoc1ation 1s a mlxture 1n'vary1ng proportfons of trem611ng

.éfﬂaspen and balsam pop]ar, along w1th wh1te and Alaska bnrch

wh1te spruce and baTsam f1r.' The Tast two spec1es “are

und1sturbed s1tes.,-

The forest cover at Spr1ngh11], where 1t ex1sts, f1

-
: N v lee

g

On well dra1ned uplands, the character1sticv‘

“faverages 137 cm, and ranges between JG to 230 cm. Most snow S
'[‘falls between December and March e |
o Prec1p1tat1on events are usual]y gent]e. RatnfaTT
'hrarely exceed 130 mm . per day, or snowfa]T 38 cm;A ‘
‘ SO ','”,=,, SR S




.Rowe S descr1pt1on we]] It 15 most]y tremb]]ng aspen,'w1th
. some . ba1sam pop]ar and a few scattered spruce. Ifheh |
non- forested areas support most]y domest1c grasses and

var1ous small- shrubs and forbs. h _*

- The Meadowcrest ‘study area, 1s p]aced by Rowe:(1972)fin

the Aspen GroveaSect1on of the Borea] Forest ThlS is part
of the forest- grass1and trans1t1on, and has only tremb]1ng

aspen abundant in the natura] stands. Ba]sam pop]ar should

. be’ found in the mo1st lowlands. In the Meadowcrest area,

though the dunes are covered by Jjack p1ne, w1th aspen and
ba]sam pop]ar farther down the slopes.r Larch and b1ack

spruce ‘border the-bogs. Thus, the forest cover wqu]d appear

to have greater affin1t1es with the. Borea] M1xedwood. In. .

,vfact Strong and Leggat (1981) place th1s area w1th the1r

Borea]S

M1xédwood Eebreg1on. Th1s i's def1ned to be
&
essentia]]y the same as, Rowé s (1?72) BOreal Mlxedwood

More deta11ed vegetat1on descr1pt1ons are 1nc1uded

~the descr1pt1ons of. the mapp1ng units. o o S

L ;;’;,// S

xPrev1ous So1ls Studies '..J S

‘ Both Meadowcrest and Spr1ngh11] were 1nc1uded 1n the

1d1962 So1] Survey of the Edmonton Map Sheet (83H) (Bowser et

Lea]., 1962) ;he‘pub]1shed map sca]e of thls survey js‘;

.1:126 720, - L -
The Meadowcrest area 1s part]y 1nc1uded 1n ‘a

;de 1neat10n of an organlc ﬂap un1t w1th 50115 developed on.

und1fferent1ated sedge and moss Peats.g The rest 1nc1uded e

.
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74
:h_1n a un1t cons1st1ng of so1ls deveToped in a 1uv1a1-eo]1an
‘ materla] Approx1mate1y 60% of the area 1s ‘estimated to
have Orthic Gray Luv1so]s (Cu]p ser1es, Ioamy sand texture).
.wh11e 20% should have Darﬁ ,Qray Luv1so]s (Le1th ser1es,
“vloamy sand texture) ' The rema1ning 20% cons1sts of
‘und1fferent1ated organ1c so1ls.; The Meadowcrest study'area
- has not since been renapped e “} “ “_}I‘A | |
The Spr1ngh1]1 area was 1nc1uded w1th1n an area. of s0il o !
formed on g]ac1a1 t111 of Edmonton formation’ or1g1n"
(Bowser et al., 1962) " The subd1v1s1on 1s found w1th1n a
de];neat1on wh1ch is est1mated to’ cons1st 70 of Orth1c Gray
Luv1sols (Cook1ng Lake series, loam texture) 10% of Dark
_ Gray Luv1sols (Unca;}ser1es, loam. texture) and 20% of
's1oughs too sma]] to show on the map. |
| The Spr1ngh11] s1te was remapped by Menon (1971) at a :
scale of 1 15 84qQ, as part of a study on the d1str1but1on of
so1]s in central Strathcona County.
| The 50115 ‘of the subd1v1s1on were c]assed most]y as
Orth1c Gray Luv1so]s with ]oamy surface textures, and lepes
of 2- 5% and 9- 15% Areas of Terr1c Hun1sols also occurred
f1n s]oughs and closed depress1ons.) 0rth1coHumic Gleysols_ﬂ
deve]oped in 1acu§tr1ne mater1al were mapped 1n the eastern

-th1rd of the subd1v1s1on.
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2. METHODS -

Mappjng:Procedure
‘ .

The soiTs,and'Tandscapes at”Meadowcrest-Estates and
'Springhiil fark were mapped ‘at a scale of- 1/5 000. The
concepts for the mapp1ng un1ts were based ~on: different
comb1nat1ons of soil’ parent mater1a1 the deveTopment of the
dom1nant and s1gn1f1cant so1]s,'and 1nterna1 drainage. The
pnlts were further subdjv1ded on the bas1s of the dominant

-sTope and surface expression. The vegetation dominant in

each unit was aTso.dOCumented; but was not used to separate

units.

The Tegendsfare Of a controlled form- that is;'each o
un1que comb1nat1on of soil and Tandscape is 11sted in the
Tegend, The extended descr1pt1on included in the text. |
groups the un1ts accord1ng to parent mater1a1 drathage;‘and

’dom1nant so1l e Tv‘ R

; Base m&bs for the-Subdiv151ons'were 1'5'000 R
panchromatic photos en]arged from a l: 20 000 ser1es fTown in
1976. The Spr1ngh111 ‘base maps were der1ved from A51546

frames 90 and'91. ~The Meadowcrest base maps were der1ved

from AS 1546, frames 15 and 16.v;'

A ser1es of transects were run across each subd1v1s1on

e to gain a pre11m1nary understand1hg of the 5011 and SR /‘T

\ Tandscape patterns.. The 1nterva1 between observatlons along o

each transect was 15 m. ThTS d1stance represents half of

v

\

75




- the dlstance across a.highly-contrasting, mininum-sized
:dellneat1on that might be‘expected to be shown on a map of
'thls scale (Arnold 1979), |

At each observation site, the sequence of so1l
hor1zons, the1r th1ckness, Munsell color ! notat1on presence
.or absence of mottles and. of free carbonates, fleld texture,

7
structure, and con51stence as Spec1f1ed by the Canada So1l

.Survey Subcomm1ttee (1978a) were assessed. The slope class,-

slope position, aspect dralnage, surface express1on, and .
.parent material were also. recorded A gr1d system was

applled to each subd1y1s1on and the s1te locat1ons were

recorded with reference to the grid The grid spac1ngs were

2.5 'cm- on the base map, further subd1v1ded into tenths.

- At Spr1ngh1ll four traverses were run\1n1t1ally, wh1le“

fthree were, run. at Meadowcrest After assessing the
'1nformat1on gathered in the traverses, preliminary legends
were- developed and dellneatlons were drawn. Return1ng to‘

the subd1vis1ons,;?, i ”t1veaboundar1es and ‘the

4

"compos1tion of thehmap un1ts were checked by runn1ng .
add1t1onal transects.' Any necessary changes in the boundary
pos1t1ons .were. made, and the unit def1n1t1ons and legend
were mod1f1ed where requ1red Some further f1eld check1ng
was carr1ed out during the summer of 1981 | -

A ,Once the final field mapp1ng was completed
representatlve s1tes were selected for the dom1nant so1l in

each map un1t. At each . a complete 501l descript1on was

made, and samples for each hor1zon were retr1eved
o - B -

16

-
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Laboratory analysis 1nc1uded part1c1e s:ze d1str1but1on by

the hydrometer method (McKeague, 1978), coarse fragments L

(greater than 2 mm) by s1ev1ng, pH in 0.01 M. CaC}g Peech‘
1965) and Atterberg 11m1ts a:Pspec1f1ed by the Amer1can
Soc1ety for Testlng and Mater1a]s and out]1ned by McKeague
(1978) The 1atter ‘were on]y determ1ned for the Spr1ngh111
'samp]es as . the sandy Meadowcrest 50115 were non- plastic.
Hh11e not required. in. mest eva]uat1on systems the Atterberg
limits prov1de a ‘good 1nd1cation of the workab111ty of a
5011 - This w1ll affect construct1on and 1nsta11at1on of

[

ystems, espec1a11y in f1ne textured so1ls.,' _

In order to better assess the su1tab1]1ty of the
mapp1ng units for ‘on- s1te sewage d1sposal ~the. dom1nant
so11s 1n the we]] dra1ned map units were also tested for
mo1sture propertles.‘ The poor]y drained so1ls were not so
tested s1nce their dra1nage cond1t1ons would requ1re spec1a1
construct1on procedures before such s1tes cou]d

be made
su1ta%1e for eff}uent d1sposa1

)

The locat1ons of the traverses, the so11

character1zat1on s1tes and the mo1sture property test s1tes

are 1nd1cated in F1gure 4 for Spr1ngh111 and F1gure 5-for

_'Meadowcrest.

ﬁydraulic Conduttivity-

1. F1e1d Measurement Hydrau\1c conduct1v1ty was measured‘

1n the f1aﬂd at a depth of 50 cm, the depth spec1f1ed for .

the 1nsta]1at1on of the trench l1nes of a san1tary field

b -
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At Springhi]] these hydrau11c conductivity measurements
were made using the air- entry permeameter (Topp and B1nns,
1976). Append1x 1 1nc]udes a detailed plan of the
1nstrument along with the step-by- step procedure for ‘ts'
operat1on and calcu]at1on of: Kaep. -
At Meadowcrest, it proved impossible to use the air-
entry permeameter‘(AEP). A wet summer and'fa]] resulted in
sandy soils that were never suff1c1ent1y ‘dry teo show a sharp_
change in € tensiometer read1ng as the wett1ng front
,pasSed. Therefpre field measurements obta1ned using a .
double -ring 1nf11trometer and perco]at1on tests (A]berta ‘
Labour, 1977) and described in Chapter III were o )

subsituted.

2. Laboratory* The f1e1d measurements were supplemented by

1aboratory determinations of saturated hydrau11c

conduct1v1ty on 7.5 cm diameter semi-disturbed cores. AThese

“core determ1nat10ns were espec1a11y 1mportant in the

consideration of the Meadowcrest sollj}/because'of the

'fa11ure there of the AEP . L ‘ | -

The cores were removed with a Uhland corer from the
sampling sites at a depth of 50 cm, with three vertic&lly
orientEd cores from each site. Where an'AEP test:had been )

conducted the cores were taken from w1th1n the larg -
. M !
per?neamet’ ring after the test was completed. The res

were wrapped in p]ast1c, stored .in waxed cardboard‘

‘ containers and further seaked mith mask1ng tape. ’ .

Hydreullc conduct1v1t1es for the 5011 cores'from

"
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'theaapparatus and the1r mass no1sture contents were

Meadowtrest were ﬁeasured'using ahconstant-head permeameter
as described in McKeague (1978). While suitable for the
sandy Meadowcrest so1]s, this procedure was not appropriate

A Y

for the f1ner-textured-Springhfll SOils."Hydraulic

conductivities for these soil cores were measured ‘on a

1

‘falling;headlpermeameter as oqt]ined'by Klute (1965). P

a - After the hydraulic cOnductivity‘was determined, two of

‘the cores from each site were oven- dr1ed gnd we1gheﬁ to
determ1ne the dry bulk dens1ty of the soil. The remaining
core sample'from,each.site was sliced and used~to find the

At
mo1sture retention propeﬂt1es at 0y 1, and 15 bar tens1ons.

The pressure plate extract1on techn1que for und1sturbed 5011
cores, as out11ned‘1n McKeague (1978) was used.

/ The O bar moisture content assume&.complete saturaQ{pn
and values for 1t were obta1ned by further dividing the coreéf’-
samples after they were saturated and before they were
placed in f‘b pressure plate apparatUSz‘ Approx1mate1y hal f

of each _of the three subsamp]es was renoved .and saturat1on

moisture content was determined. The average of the three

.subsamples from each core Was then calculated.

* When no more water was. being extracted from the .

vsubsanp]es on the pressure plates, they were removed from
' &

determ1ned These mass contents were converted to -~

;volumetr1c moisture contents by mu]t1p1y1ng the mass. bas1s

*

va]ues by the mean bulk. den51ty of the other two.cores

renoved from the same site. S
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3. RESULTS OF FIELD MAPPING

0 _ \ i
.

Soils and LandscapeSiof Springhill Park (NN5-52-21-N4) ' i

General: Dark Gray ‘Luvisols werg: the most abundant so1]s,

and occurred in we]J-dra1ned hummocky; ridged and inc]ined-
“terrain (F1gure36); They usually had a vegetation couer,of
grasses and forbs. Orth]s Gray Luvisols were dom1nant in

we]]-dra1ned areas w1th a forest cover. In terrain witﬁ low

re11ef and in depressions and hol]ows, a var1ety of : Co7? é
Subgroups of the G]eysol1c Great Group occurred. Organic o .%
EollsI(Terr1c Mes1sols) were found in. very poor]y dra1ned é
areas. Deta1]ed descr1pt1ons of the 5011-landscape g
.relat1onsh1ps fo]wa in the discussion of the mapp1ng fé

%

units. The main surf1c1a1 material was till, with m1nor
ST, .

amounts of lacustrine and organic.

-

e iaer ok
Y b fa

P T
2 2 SR A

'~Mapping Units: 'Representative pedon descriptions "and
— =", ‘ :

- analytical data for each of the mapping units are foUnd in e
~ Appendix 2 - , o N : v C B /ﬁ:DL‘
A RN R ‘ .

/o

- I
s -

Unit'lz This unit is found*1n well-drained hummocky terra1n
that has for se@bral years been c]e;red of -forest caver.

wh11e the overa]] surface express1on is hummocky, and wh1le"
,several po]ygons are so desTgnated on the map, severa] : | ‘T
1ncl1ned or r1dgeduareas c0u]d be delineated‘wjthin this

. . o : . o ~
. _ . o o
/ ! . . - - . .. .
. LR .
. , o .
.
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'éenera1 patkern. The parent material for soil development

is fine-textured till, :Tha soils are dominantly Da;k Gray
 Luv1so]s. In 1ower s]ope positions, 0rth1c Dark Gray
-Chernbzems are common. Where slopes are greater than about
- 15%, though, these soils rarely occur, lSlopes in this unitv

range from gently (6-9%) to strongly s]oping (16-30%).

Soils of thls un1t usua]]y have loamy or sandy loanmn

surface (Ap) nor1zons Often: a remnant of an Ae hor120n is.‘fg

present below the .Ap, suggesting that these soils developed

under a forest cover (Pettapiece, 1969). The Ap horizon is

approximately 10 to 20 cm thigk: The thinndr Ap's fgend to
Toccur htgher upslope, perhaps indicating that material hai»

washed downslope. The B horizon textUre is clay loam to

clay.  The Bt is well-developed in these sdi]s, with strong

blocky and prismatic structure, and extenSive clay skins on

ped faces. Free carbonates are often encountered within

100cm of the surface as coarse, white, strongly-effervescing
“concretions. . Y ¢ ' e

A}

,j ' The Bt horizon may be strong]y to extremely acid. The

,other horizons above the C horizon have slightly higher pH's |

than the, Bt, while the C horizon 1tself is aTkaTine.

" The vegetat1on typical of this unit is J m1x of gré%ses'

and forbs re;resent]ng abandoned cu]tlvation. It 1nc1udes
brome grass, fescue, -8andelion, strawberrx, yarrow, a]fa]fa,
vetch and other: ]egumes. Scattered sma]] shrubs, such as

wild rose, are also present.-

-t k
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Unitdz: This un1t %ccurs in undu]at1ng,_mode ate]y
;well-dra1ned landscapes where 1acustr1ne depos1ts forn the
so1] parent materta1 'These dreas have been c]eared of
forest covert Areas mapped as’ unit 2 can occupy w1de
troughs in the genera] hummocky 1andscape. They also occupy. . ?
p]ateaus" at the summits of the f]at -topped. pra1r1e |

mounds.n One de11neat1on mapped as unit 2 is found within ' :

the major meltwater channe] occupy1ng the south west corner

of the quarter-section. Sha]low, short - 11ved lakes may have

P VAL IRURIP P

"occupied such depressions troughs as g]ac1ers me]ted and

P o~

dra1nage of the g]ac1a] waters occurred resu]t1ng\in the

4
deposition of a mantle of~1acustr1ne raterial

- , probably over r o
| - R A |
i, R |
The soils of this un1t .are dom1nant]y Dack Gray <lA. ~
w!‘ N - :
Luvi%ols, with the s1gn1f1cant occurrence of . 0rth1c Dark .

Gray Chernozemics. A thin Ae hor1zon is usua]ly presenv in

both these so1]s a]on@ witha thick Ap. _Textunes-at.the

surface ‘are s11ty ‘dnd clay content increases dramatically 4
in the AB and Btvhorizons to values'often exceeding 50%.

C—
The prof11e is sl1ght]y ac1d to neutra] above the Cca C

horizon, Free carbonates usually appear at about 750m : 3'

Slopes are’ very gentle (2-5%). The vegetat1on is very

similar to that described “for un1t 1 '

s {

-

‘Unit. 3: This ‘map uﬂhr is associated w1th wel]-dra1ned

hummocky mora1na1

3

terra1n under a forest cover of aspen and '

t
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“small areas w1th undu]at1ng surface express1on and very

R

balsam poplar. However -as for unit 1° some larger 1nq11ned

surfaces can be separated from the humnocky areas. Some v

gentle s]opes (2-5%). have been 1nc1uded in this unit s1nce U

thex;bccupy such a small port1on of the landscape and are

‘-not strongly contrasting 1n other character1st1cs.

’w1ld rose. Conm n forbs are sarsapar1]1a, anemone,

'undulat1ng terra1n with: 1mperfect to poor dra1nage o ;

R Unit 4: Thus unit descr1bes areas. in - level to ’ o o #

Otherwise, slopes for the un1t_are gent]e'(639%) to strongly .

s]oping'(15§30%)'

The soils are dom1nantly 0rth1c Gray Luv1so]sﬂ Sone '

Cw

Gleyed-Gray Luv1sols~are present in the undu]at1ng areas,"

B I

and in some of the depress1ons in the hummocky areas. :The. o

:so1ls typ1ca]]y have th1ck loam to sandy loam Ae hor1zons

and‘we]] -developed clay 1oam to c]ay Bt horizons w1th strong'
compo1nd prL;mat\c and b]ocky structure.' Free carbonates
were not always found w1th1n 100 cm of the surface. The

prof11es are strong]y to extremely acid in the A ande

hor1zons.v'

.

" . The forest canopy 1ncludes aspen and balsam poplar,

/ R -

wh1r/'the th1ck understory 1nc1udes shrubs such as hazel

high and- 1ow bush cranberry, dogwood currant‘“raspberry and

S Y- :
bunghberry, var1ous pyrola, strawberry, v1olet bedstraw,‘

. . .
e T T o

and vetches.
o —
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'b~wbq1sam\p051ara:,Howeyer, as-. for unit 1 some larger 1nc11ned

surfaces ‘can be separated from the humnocky areas.v Some . i

Sma11 areas ‘with undulat1ng surface expreSS1on and very : - %

. gent]e s]opes.(z 5%) have been 1nc1uded in this un1t since

‘ they oecupy such a smaIT port10n of the 1andscape and are

| 4
not Strongiy contrast1ng 1n other character1st1cs. _ v j

0therw1se, s]opes fpr the un1t ~are gent]e (6 9%) to strongly
s]op1ng (15- 30%)

o

The so1]s~are dominantly Orthic Gray Luvisols. Some

'Gleyed Gray Luvisb]s’are preSent in the undulating areas, 3
and in some of the deppess1ons in the hummocky areas. The _?

¢ so1]s typ1ca]]y have thick 1oam to $andy .loam Ae horizons o 13

and we]]-deveToped c]ay 1oam to clay Bt hor1zons with strong 'f

compo1nd pr1smat1c and b]ocky structure. Free carbonates ‘i

were not a]ways found w1th1n 100 cm of the surface. The_ .%
prof1]es are strong]y to extrene]y acid in the A and B '%
hor1zons.~ | | §
| . The forest canopy 1nc]udes aspen and balsam pop]ar é;
while the th1ck understory includes shrubs such as haze] g

high- and lTow bush cranberry, dogwood currant raspberry and %

rn it g sl

wild rose. Common forbs are sarsapar1]1a, anemone,

o

bunchberry, var1ous ~pyrola, strawberry, violet ‘bedstraw,

and yetches.

[

- Unit 4: This unit describes areas in level to

pndulating terrain with imperfect to poor drainage -

Y




o

conditions. The parent material is a lacustrine blanket

over g]acia] tiil. . '

Most de11neaﬁ@ons of ‘this wunit are found 1n.theleastern
quarter of the subdivision in association with a 1ergev
depresskonaleareau The forest cover hes been remeved. This
unit is.similar ta unit 2 in terms of parent\maferia1,\but
is more poorly, drained. ! e W - ’ B

The dominant soils are Humwc Luv1c G]eyso]s, and
occass1ona11y, Orthic Luv1c G]eyso]s, where the surface -
mineral hor1zon are not thick enough and dark eno%gh to meet
the "Humic" requirements. In s]1ghtly elevated positions, . o
Gleyed Dark Gray Chernozemics can be found.

The surface-horizon is freeuently an Ap horizon,
a]though a.thick 0 hor120n may occur in uncultivated so1ls.
Like the soils of unit 2 the c]ay content below -the A |
harizon increase;vdramatjca11y With clay loam in the Avend-.‘ 1
clay tektures in the B and C. They'are s]ight]y acid to
neutral above the calcareous C horizon. .Carbonates.are
sometimes also present'in the B horizon as fine white
concretions. K v

Slopes are low, from nearfy level (0.5-2.5%) to very
gently slop{ng (2-5%). Vegetation incTudes brome, feeeee,
timothy, and such forbs as yarrow, dande]ion; thistle, and
yefch, along with suchlmoisture-loving species’as horsetail

and blue-eyed grass.
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Unit 6:- This'unit thc]uoes the small, poorly;drained
depressions and hollows between humhocks and at the tops of
prairie mounds. Many, but not a]] of these areas ha%e not
been c]eared of the original forest cover, {he parent
;??erial faor the soils in this unit appears to be
medium- textured f]uv1al wash over till, |

The soils, found in this un1t are Gleyso]s. Fere and
Humic Lut1c»G]eyso]s, Fera‘and“orth1c Gleysols; and\%rthic
and Fera Humic Gleysols all oocur, with the Humic and the

Luvic ‘Gleysols being more common than the Gleysolic Great

Group. Texture tends to be quLte var1ab]e through the 5011

'rang1ng from sandy loam to c]ay or c]ay loam, but generaltly

becoming finer with"’ depth. The soils E?e prominent]y
hott]edu and in the case of the Fera subgroups, the mottles
are aimost cont1nuous. The so1]s are m11d]; acid to neutral
in. reacti.on. |

In the forested areas, the vegetation fonéists of a
canopy of paper birch or balsam pop]ar, with an understory
of wiilow and dogwood. The forest floor is covered by
grasses;”éome sedge, currant, thist]e, and wi]d'rose. In
the cleared areas, - the vegetat1on cover 1nc]udes brome,,

fescue clover, dandelion, yarrow, and w11d rose. Slopes

are nearly level (0.5-2.5%).

/

-

.

Unit 6: This unit occurs in very poorly drained areas

in undulating or depressional landscapes. Slapes are nearly



level (0.5-2.5%). The soils. are Organic, of fen origin,
wfgb'the orgenic'material depos1ted over med1um textured
1écustrine*ﬁater1a1. The dominant 50115 are Terric Mesisols

\s .
and Terric Fibric Mesisols. 0On the boundaries of the-unit:

and in s]ightly higher areae, the éurface'brganic layer may

‘thin out enough for the soil to be c]ass1f1ed as

ﬁ;eaty’
phases of Rego Gleysols or Rego Humic G]eyso]s; e organic

mater1a1 does' not contain carbonates nor doesﬂthe m1nera1 : .
.materja]_immediate]y bedow it. 7 0n the Von Post scale of |
'deEOmpostfon, the o}gan1c material was weak]y to moderate]y
decomposed with Von Post values between 3 and 5. o
¢ The_vegetat1on consist of sedges, rushes, cow parsnip;¢ ’ <

and hydrophyllic grasses. o

-

Un{t 7: This unit cons1sts of land d1sturbed in the
construct1on of houses and outbu11d1ngs, dr1veways, and
filled yards. Soil conditions are highly variable in that
material may have been added or removed; Areas may have

. been drained, flooded, excavated,Aor‘compacted.

.

Unit 8: This unit consists of land disturbed in the.
construction of the main roadway and its ditches through the

" subdivision.



‘?opdies,‘inc1udjng lakes, ponds, and dugouts.

S , e

o
1

Unit 9: Thi's unit consists of open standing water

&

°

{

Correlation: Most of the soils_encountered at Springhill

~can be correlated wjth:soii series described in either .the

Soil Survey O0f the Edmonton map sheet (83H), (Bowser et al,”

1962) or the E]k Island Nat1ona1 Park Soil survey (Crown,
1977) The well- dra1ned so1ls are the best d1fferent1ated
wh11e the poor]y dra1ned so11s are not nezrly SO well
separated espec1al]y in the Edmonton report Hence, the .

we]l-dra1ned so1ls were found to c]ose]y correspond with

>

"named soil series, wh11e_the correspondence for‘the less

8 'w
we]]-dra1ned soils was more tenuous.

The dom1nant so11 of unit 1, the Dark Gray Luv1501
deéveloped in glacial till, close]y corresponds ‘with the
description and general character1st1cs of the Uncas
series. The Orthic. Gray Luvisol, also developed in g]acia]

tiltl, which dominates unit 3,.corresponds‘wtth the

‘Cooking Lake series. The. dominant soil in unit 2, the Dark

Gray Luvisol deveéloped in lacustrine material over till,

does not correlate well with'any‘series described in the

b

Edmonton report, but, it corresponds to the TaWayik series
documented in the Elk Island Nat1onaQ Park Soil Survey

The Humic Luvic G]eyso}s that dom1nate unit 4 most

c]osely correspond with the Prestville series, a very s]ow]yt,




gpi'
WL Lo o
permeable Peaty/MeadQW‘(Humic G]eysoi) soil deve]oped in
fine-textured mater1a1 The Luv1c G]eyso]s of un1t 5 ~
co1nc1de best w1th the Demay‘ser1es but the 'soils of th1s
ser1es have developed 1n mora1na1 mater1a1 Parent \

%

materlals for ‘the unit 5 so1ﬂs Have a f]uv% component.

Organ1c soils (unit 6) were not .differentiated .in the -~ -@;ﬂ

k)
Edmonton report. 7

e
"P The Bt horizons of the Orthic Gray and Dark Gray

tuv1so]s (Cook1ng L‘?e series and Uncas ser1es) do not

‘d1ffer greatly in the1r-phys1ca] and chem1ca1 prdperttes. ’

Accord1ng to Pettapdece (1969) such -profiles are ihdieative - N

of Bt‘formation beneath a forest dover. The dark-- co]ored -
- surface horizon would have developed subsequent to the,

removal of this forest cover,

The re]ative:proportions~of soils encountered in the

~subdivision do not correspond‘weﬁl with what is indicated in

the Edmonton Soil Survey Report ”There seventy percent of

the soils of the area were cons1dered to be 0rth1c Gray

Luv1sols, whereas in th1s study, about seventy percent of
the soils were Dark Gray Luvisols. Taking into account the
lsca1e‘d§fferentes, though, this'cannbt be considered a major
"discrepancy. The Menon study‘(1971), however,iat a scale of
approxihately 1:16,000, also shows a d ‘1nance of Orthic
Gray Luvisols, a ftnding that could no be confirmed at

Springhitll,
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§Qstﬁand“Landscapes of "Meadowcrest Estates .(NE24-57-27-W4)

-

General: The area was found to include several very

LRI

Akél]-dratned U« shaped dunes rising above very poor]y drained

f.fens (Figurej7)} At one locat1on at the foot of a dune

shft bedrodk-was found within two metres of the surface.

> B

, Presumab]y, water has ponded above th1s re]at1ve1y T

1mpermeab1e mater1a] 4

Most of the well-drained dune areas support§g1xed

.

stands of Jack pine, spruce, aspen and balsam poplar. eTh_e !
soils occuring under theSe conditions were classified as

3
be1ng dom1nant1y E]uv1ated Eutr1c Brun1so]s, w1th somg

Orth1c Eutric Brun1sols.v a

b, .

A]ong the edges of the dunes, trans1t1onal areas ex1st
that are 1ntergrades between the we]]-dra1ned dunes and the
poor]y drained’ fens. \Whe soils change in a very short

d1stance from Gleyed Eutr1c Brunisols to Orthic Gleysols and

,IOrth1c Hum1c Gleysols with th1ck surface organic horizons.

These peaty caps thieken as drainage becomes poorer, unti]

sufficiehf}yudeeg_to allow classification of these soils in

.
g

the Organic order.

A relatively level, wel]-drajned sector of the
-Subdivision has been clear of forest cover for at least
thirty years (according to the 1949 aerial bhotograhy) and
was evidently planted to fprage crops. Presently the fdreSt

-~~~ s

seems to be moving slowly back,bwfth the occassional pine

and spruce appedring along with more commonly shrubs'SUchﬂas

91



Saskatddﬁ'berry, wild rose and snowberry. SOils here" are
most]y Orthic Eutric Brunisols, with some Orthic Melanic
Brunisols wnere the surface horizon is suffiCientiy dark

-

In the wet]ands, fhe soils were classified as varipus.

V] ’

SUbgroups of the Fnbrisoi Great Group. The peat consisted
of mostTy fen materiai Which is usﬁa]ly associated with
Mesisols. Ihe botanic origin of most of the mater1a1 cou]d

easily be determined though, and appiication of the vOn

\

\
Post scale of decomp051tion placed most of the materia]s at

the more decomposed end of the F1br150$£ Mesic and humic ¥
1ayers were occa51ona11y noted though. Typic, Terric Egdfﬁg
Cumulo Fibri501SjWere identified. The minera] materia] in

the Terric and Cumulo Fibrisols was aeolian in origin.

There are.suggestions of ribbing to the fens"in the southern

and- eastefn margins of the study aréa.

I

~Mapping Units: Detailed soilfdescriptions dnd analytical
data are inc]uded in Appendix 3. The units used in mapping
Springhill and Meadowcrest are not to be correlated, even

where the same numbers are used.

. ‘ \
Unit 1: This unit includes very poorly drained areas

with soils deheloped in, organic deposits. The»organic

haterial is mostly of’fen origin. On the VonﬁPost scale of

decomposition, the materials are generally between three and
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<
f}ve, or very weakly to moderate]y decompose& There are,
though some ]ayers where fhe mater1a1 is very weakl.y |
decomposed (Von Post of 2), while other 1ayers are strong]y
ﬁ%c0mposed (Von Post of 6 to 7). ;
At the'sgbgroup level, the dominant s0ils are\Typic
fibriso]s, with the occassional oCcurrence of Hesic .
Fibriso]S; Terric Fibrisols and some Cumulo Fibrisols form
a significant prqpor?ion of.the ioi] landscape. The Terric

Fibrisols appear most frequently near Epe;boundaries of the

dune areas, showing a thinning of the organit layer over the

eolian materiafl and a transitfoe to unit 5. The Cumulo
soi]s-ha&e thin Jayers (2-5 cm) of sandy eolian material
between 1ayers of organ1c mater1a1 These mineral Iayers'
are 1in total, less than 30 cm thick. Pale, mar{y, stronglf
efferVeseent layers are common in the fen areas’in the
northeen half of the s%bdivision. " One layer usea11y occurs
around 70 cm below the surface and another at around 105

cm. These marly layers are rare in the southern half of the
-study area. :
‘ : S .

The fen landscape is horizontal, withs faint suggestions
of ribbing or patterning. During the 5ummer of the survey
several centimetres of water stood on the surface. Slopes
are nearly level (0.5-2.5%).

The vegetation consdists majn]y of sedges and rushes,
with willows and swamp birch scatfeeed over all but the very

wettest areas, The occassional larch is also present. Some

of these fen areas have been cleared of brush, apparently

93"
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to provide better: w1nter pasture in these cases, the
vegetation is most]y sedges and rushes, although the birch.

’
and willow are 1nvad1ngnthe,area.

Unit 2: This unit is closely related to unit 1. 1It,
too, is very poorly dra{ned w1th Organ1c so1ls formed in fen
. mater1a1 'However Cumulic and Terr1c Fibrisols are more
common than Typic F1br1so]s. The unit s perhaps_sl1ght]y‘
better drained. During the time of the field 1nvestigation;'
the water,tabie in the areas mapped as unit 2 was usually at
~the surface rather‘fhan above it, Genera]]y, these areas

are F%und around and between the arms of the large dunes..

*
Areas mapped as unit 1 tend to be more remote from the

~dunes., - _ 4
-~ The marly layers discussed in association with the
Cumulo Fibrisols ih‘unitwl also occur in these soils.
The 1andscape.is horizontal, with nearly level slopes
-(0.5-2.5%). Any ribbing in the fens is absent. The
vegetation is essenfia]ly the same as for unit 1, except

that larch appears Jess frequently,

Unit 3: This unit includes the well-drained parabolic
and longitudinal dunes areas. The dunes are stabilized, and
with one exception, support a forest cover. .Typically, jack

pine grows on the dune crests, while a mix of aspen and

T
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“balsam pop]ar and black spruce. are found on the sides. The

shrub layer is sparse near the crests, but becomes thicker
and taller down the s1des Shrubs 1nc]ude Saskatoon berry,
wild rose” raspberry and a variety of currants. The ground

cover 1nc1udes bunchberry, wild 1i1y-of—the-va11ey,g

‘bearberry, harebell, and grasses. In one case, part of- a

dune had been c1eared- th1s now supports a mix of native "and

Cultivated grasses and forbs

Most dunes are about six mefres high, but. the dune

relief ranges from_l-lO_m.' Sloes across the ridges are in

) only 5% (3c) but are more often between 6 and 9%
d»iO and 15% (3c). Slopes along the crest ridges are
between 2 and 5%.

Jhe dunes themselves are in the order of>400 metres
long, and 250 metres wide (from thetoutside of one arm to
the @utside of the other), with the arms about 50 metres
across. The dunes .are or1ented northwest southeast with
the a;ns opening upw1nd to the northwest

The dominant so1ls were E]uv1ated Eutric and Orthic

Eutric Brunisols, with occasional Orthic Gray Luvisols.

"Textures are sandy, and structure is very weak. The,sUrface

horizon (Ae or Ahe) may be strongly acid. but the rest of
the soil is usually only slightly acid.

The upper horizons (Ahe, Bm) are friable, while the
Tower BC horizon tends to have a f1rm consistence.
Finer-textured reddish bands, each abont a centimetre thick,

are sometimes present in the BC. Free carbonates were
, 1




;:drained.depressions.

unit 3 So0ils, no Bt horizons éou]d be

-

detected at 4 depth . of approximately 130cm.

-
. ¢ .
AT

!

Unit 4. This unit ig:;%undzin Undulating landscapes of
h) - B
eolYan origin., These areas havye beén cleared of the

originél.forest cover, ‘and now support a mix of grasses,

clﬁvers, and ofher forbs, with Some wild rose and Eﬁ'
Snowberry, Slopes are vefy gentle, from 2-5%, The-unit is

moderately well-drained, With a few spmai] inperfectiy
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Cultivatijon, Gleyed Eutric Brunisols are found ip the

NEIREEN L ARy

1mperfect]y drained hollows, ang in these cases the “gleyed"

designation js due to the presence of disﬂﬁnct'mott]es o

within 50 cp of the surface, or to the presence‘of promfnent

As with thé

identifieq,

These Soils are very friable, and structUre is very ~3

weak to absent. They are medium acid., The reddish clay

bands were found in the BC horizons of a few soils.

Carbonates were not noted above 150 ¢p depth

Unit 5. This unit accounts for the intergrade region
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between the well- dra1ned areas .described in unit 3 and the.

very wet areas descr1bed 1n unlts l and 2. The.landscapégis.
undulating, w1th near]y levelislopes (0. 5 é 59)' The'soiis

“in this. un1t are 1mperfect1y to poorly drained. At the

better dra1ned end’ of th1s range, the sandyreolian materTal

'has a bluish, reduced appearance w1th1n 100 cm of the

surface. As cond1t1ons become wetter: outward fron tne

dunes, the 0rgan1c mat at the surface th1ckens. 50115 that
occur in th1s unit thus pragress from Gleyed Eutr1c
Brun1so]s at the boundary w1th .unit 3 to a peaty phase “of
Rego Gleyso]s at the boundar1es w1th units 1 or 2.

The so11s are sandy to loamy sand 1n texture, They
have no structure, and are non -sticky. They are neutra] in
reaction, or may be. carbonated nearly to the surface.

The vegetat1on also gradually changes from very mo1st
balsam pop]ar forest with some w1llow to open areas covered
with sedges, grasses, and swamp birch. - Currant f1reweed
bedstraw; and mosses are a]so present. At the foot of .some
of the dunes, acid- lov1ng shrubs such as b]ueberry and
Labrador tea are common. HoweVEr, ‘the soils are not acid, .

and may in. fact be carbonated throughout -the profile.

" Unit 6: Th{s unit includes areas of deep (more than

50 cm) open water'

. "
. I
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41/",' Unitv7: This unit 1nciudes disturbed ]and such as.

ﬂ‘roads and d]tches. \ : "_ Lo

¢ _
-Correiations*; The weiiﬁdrained soils atsMeadowcrest as
.- g :
mapped 1n unit 3. and unit 4 do not corre]ate with the

W

c1a551f1cation of 50115 on sands 1n eariier studies.' Both :

ATON.

. Bowser et a]* 1962) in the 5011 Survey of the Edmonton

1

\Sheet, and Paw]uk and DUdas (1982), in a study some 8 km to

“the. south found the domqnant 50115 on’ sands to be Luv1sois._

< S

In both cases, Bt horizons were detected and the 50115 were
N\ ¢

classed 1n the Luxi&oiic order. In the mechanicai anaLySJ§

e

~of a Culp Loamy Sand (Orthic Gray Luv1so]) the Btl horizon

shoyld ag 1ncrease in total ciay cqntent of 29% over that of

N

the e horizon (Bowser et al., 1962) Pawluk and. Dudas

(1982) found an’ 1ncrease 1n c]ay content of about eight

‘

percent in the iliuv1ai horizon, suffIC1ent to penmit

-v

caliing it 2 Bt horizon.

'.h
a

4n the case o;,xhe Meadowcrest soils, such an 1ncrease

* - Y »

in c]ay content was. not found Ciay content remains at

aboutw4% thTOUghoUt the%profiie. If the reddish bands 0r

R iame]]ae~occa551onaiiy found in the BC horizon had an

3

aggregate thickness of at 1east 10 cm, then this horizon
could be termed Bt (Canada 501T Survey Commit?ee, 1978b)
EY .

However such -was ‘not the case. Because of the 1ack of a Bt

C

horizon, “the, 50115 in this unit wene piaced in the

9

Brunisoiic ord{;( Perhaps siight]y more recent dune

98
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activity in ﬁhi; area,; or the slightly coarseh&texture ofl
thé'eolian material at4Meadowcrest or1g1na1]y w1th a very
sma]l amount of clay sized nater1a1 to be moved through the
_prof11e, had ‘Tet to the deve]opment of Brunlsolic rather.
‘Mthan Luv1so11g:§oils. The wel+€u?ained Meagowcrest soils
dappear to corredate best with the Heart complex, a 1oese
group1ng of most]y Brun1so]1c so1ls developed 1ndedd}aﬁ“
sand ‘ = o |

There are no 0rgan1c or G]eysol1c soils 1n the Edmonton
report that correspond w1th those found at Meadowcrest. The
Gleysolic soils of unit 5 do not have an equ1v§lent in the
.Alberta Soil Name Filel, The Organic soils of units 1 and
i2 correlate with the Eaglesham comp]ex, where
'und1fferent1ated Organ1cs developed from sedge peats ‘have

been grouped (A]berta So0il- Name Filel),

Y.

latberta Soil Surveyg'personal communicatjon.

[
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4. RESULTS OF SOIL GHARACTERIZATION

cIntroduction

In this chapter'results of the field and laboratory
retent1on moisture flow pr0pert1es, bulk density, mo1sture
retention and Atterberg limits (p]ast1c1ty) will be

presented. These will be discussed on the baSTS of the

mapp1ng un1ts used to descr1be the so1]s at Meadowcrest

Estates and at Spr1ngh1]l Park o v _ L

Moisture Flow Properties

The Air-Entry Permeameter: The advantages of the AEP

compared to the doub]e -ring 1nf1]trometer are reported to be

- its speed accuracy, and low water use (Topp and Binns,

1976). This study did not set out to compare the accuracy

and precision of the AEP and the double-r1ng infiltrometer

except in a very limited way.' Here, the‘field use aspects

of the two techniques\were the main consideratibns.

The AEP g1ves a much quicker result than doeS‘the_
double- r1ng 1nf11trometer. Once the site is prepared and
the 1nstrument is insta]ded, a va]pe for hydraolic
condoCtivity can be %btained‘in from 15 mdnutes to one or
two hours. However,cthe test cannot be immediately repeated
on the<same site as it can for the double-ring

infiltrometer. This also means that 1f someth1ng goes wrong

“after the water is added results often cannot be sa]vaged

for that site. This does not present a prob]em 1f tests are
_ , ,
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-cOﬁ;ﬁétéd at the 5011 surface, as the instrument is not at
all difficult to move and re-instg]]. If, though, as in the.
caselof this study, the testing is ay a level below the
surface, then'one"mdﬁt'éjther wait 7§r the,si;e to dry, or
dig;ahother hole and ‘move the AEP.

For the doub]e r1ng infiltrometer, pre soak1ng of the
test site is necessary, often requ1r1ng several hours for
equ1]1br1um f]ow to be estab11shed Running the test jtself
then requ1res a relatively short tine. The time can be
Contro]1ed to a certain extent‘by choosing a time interval
over which the outflow of water is observed, but
fine-textured soils may;fnvo]ve two or three hours for the
tests themselves. B .

The AEP does use much41ess.WéteH.fhan“the double-ring
infiltrometer., On avérage, testing with the double-ring
requires 150 L of‘water per site. The AEP,;by contrast only
requfres 10 L. The size and weights of the two instruments
are coﬁparab]e, and they both require a number pf accéssory
items of equipment,_éuch as hammers to drive the rings intd
the ground, levels, Ahd so on. The AEbes more easily
installed by one person than the double Eing, because of the
design of the hammer, which distributes the forceiof the
blow evenly. dround the rim of the cylinder. The
doub]e-rings can be hammered_into the grdund by one persoh
with a ma]]ét but the presence of another person to keep
the r{ng from bounc1ng on hammerimpact was found to be of

great he]p. Also, in soils, w1th very rapid flow, one. person‘-*.

1
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could not cope with read1ng the instrument and maintaining
the water 1eve1 in the o&ter, buffer ring. |

The AEP, in other qualities falls short of the
doub]e-rfng fnfi]trbmeter, The initial moisture content of
the soil to be tested is morencritical for the AEP than for
the doubie rings. The sandy so11s at Meadowcrest with
their very low clay content, cou]d not be tested w1th the
AEP dur1ng the late summer and fa]{ of 1980. While not
saturated, the so1ls were moist to the touch, and coarse
enough that the small tensiometer on the AEP could not
maintain a detectable suction. Thus, the passage of the
wetting front would go undetected ‘Trials earlier in the
summer with Dr. Topp at a s1n11ar, nearby location when the
so1ls were much drier; however, had given very satisfactory
results.

The AEP is a]so less robust than the double-ring in one
.critical area, the tensiometer. Before each testl the
tensiometer had to be purged of air and checked to ensure
‘that it was ho]dbpg a seal. The‘ceramic tip is -held in
place by afscrew,.with gaskets;“@ut from PVC tubing betweenA
the screw, the ceramic section, and the ho]]ow metdl rod.
'The t1p can be easily broken by over- -tightening the screw,
or by push1ng it lnto the ground too forcefu]ly. Oof course,

the t1p can also be broken by being pushed against a rock. or

pebble or some other hard ObJECt or layer. The gaskets

become worn as the tensiometer is 1nstalled and can pull T

\
\
away from the t1p, breaking the necessary seal. The gaskets }
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themselves must be cut by hand an accomplishment requiring
some pract1ce. Overa]l: the MEP requ1res slightly more care
to 1nsta11 and use than the double- r1hg, but retains the
great advantage of be1ng both less time.and water demandjng.

Moisture Flow Properties - Springhill Park' At Springhill,

the air entry permeameter *as used at sites in units lf 2
and 3 to determine hydrau]1f conductiv1ty. The other . ‘
mapping un]ts were 1mperfec€$y"tq\iery poorly drained, and.
were not tested. | ;

The field measured hydrau11c conduct1v1t1es for the
three units are g1ven in Table. 8 along with the average
values for the hydraulic conduct1v1t1es of cores removed
from the AEP test,

The arithmetic means and geometric means of the value%
obta1ned are a]so 11sted The geometr1c mean was suggested
by Topp and Binns (1981) as being more app11cable to use f
w1th hydraulic conductivity as it dampens the wide
variability often éncountered in hydraulic conduttivity
determinations. The geometric mean is the nth root of the 3
individual vaiues, or: | ‘ |

geometric mean = (X1X2X3...X yl/n (2). \
where n is the number of odservat1ons, and x is the value of
~the observation (zar, 1974)

In its use in.this ¢ se, the geometric mean d1ffers

very little from the arithmetic for units 2 and 3. For unit

1, though, the effects of one erratic value on the \
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TABLE 8. Moisture F]dw bedgrties and Bulk Densities at 50
cm for Sprinngl] Clay-Clay Loam Luvisolic Soils

N
Y

P
Grid ‘
Unit/Soil Location Kzgp Kcore Bulk Density
‘ (cmf§ec) (cm/sec) - (g/cm3)
1/Uncas 540. 475 8.63x10-5% -
280 530 o
440 449
280 570
365 285 &;;
284 300 - R
615 207 N
645 207, st
430 265 4.54x10-3  1.62x10-5 1.41
675 585 1.07x10-5 2,62x10¢-9. 1.40
- 530.150 5.85x10-5 ~3.48x10-6 1.61
Arithmetic Mean 4.72%x10-1% .
Geometric Mean 7.32x10-5
2/Tawayik 638 290 6.93x10-5 » e
645 333 8.54x10-6 5,23x10-7 i
3/Cooking 570 630 '3.34x10-5 9,95x10-9 1.64
Lake 175 439 2.46x10-5  8.94x10-7 1.58
550 660 3.58x10-5
225 315 3.99x10-5 4.08x10-6 1.56
. 610 635 1.01x10-4
Arithmetic Mean 4.69x10-5 -
Geometric Mean 4.12x10-3

1 Aveqage of three values
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arithmetic mean are much reduced;by using the geometric
mean,

Tésts were conducted at 50 cm, which for all soils 1n'
the three units wéu]d be within the Bt or BC horizons. For
units 1 and 3, both developed in till, the clay content of

such norizons is about 35%, while for unit 2, c]ay.conteét

in the Bt is about 66%. It should thus be expected, then,

‘that K would be considerable slower for unit 2 than for

-~

units 1 or 3. .This is not the case.

For unit 1, all’ but two of the eleven sites had ‘ Q,
hydraulic conductivitie; 15 the order of'Alo-5 cm/sec. The
remaining two sites had greater rates. At least one case
(2.22x10-4 cm/sec) showed evidenée of a macro pore or :
channel permitting rapid flow, with bubbling through of air
inside the permeameter cham while the pressure was stil]
increasing. At the othen/gf::\?hith Kagp of 4.54x10-3
cm/sec) there was no obvious problem, such as early bubbling
or failure of/j}e tensiometer. No structuré* cracks or
fiséures were “obvious, nor were there any anparent textural
differences. There was a suggestion, though, that the
tensiometer was not able to respond fast edough: and that
the wetting front had indeed passed it long before this was
1nd1catéd. Without any evidence of major voids, though, the
relatively rapid f]ow*throUgh this soil' cannot be completely
explained away;

By contrast, the values for the laboratory

déterminations show much greater variability with values

~
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ranging from 10-9 to 10-5 cm/sec. Theoretically, they
should be more variable, since they sample a smaller volume

than the air-entry permeamefer. The AEP thus gives a more

1"average" conductivity value than the cores. 'Large.

structural cracks and macropores may have been included in
{

the AEP volume, but wefe p&%pose]y excluded in taking the"
cores. . |

Since the cores Qere taken from within the large
permeameter cylinder, there may hévé been some compqgtion,
espécia]]y since the'soiis were in a re§atﬁrated cdnditioh
(Topp and Bfnns, 1981). By reducifg pore space, this wo@ld
serve to lower the obtained value of K. Another factor,
brobably more 1mp9rtant»than any compaction, wa; the
swelling of clays and the seéfing of fine pasSages to
moistﬁre,flow. These corés were:very difficu]t to saturafe
as required befohe the falling head test can be carried

out., Several days of soaking were necessary. Accordiné to

a mineralogical analysis of the clay fraction of a Bt

“horizon in an Orthic Gray Luvisol (Cooking Lake series)

. .
north of this site (Crown and Greenlee, 1978), 40 to 60% of

the clay fraction consisted of smectite, a highly swelling
clay. The Bt horizons of all the Luvisolic soils on till in
the subdfvision are very similar, and cloéely resemble this
site in all other aspects, It is reasonable to expect that
thg-pfoportjon of swelling, clays should be about the same
for the Springhil] soils, If this is so, then swelling and

¢

sealing of the flow channels is to be expected.
: Vel
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The values for unit 3 are very similar to those fof
unit I. For the five sites sampled in unit 3, the.
ar1thmet1c mean Kaep was 4.69x10-5 cm/sec,‘wh11e the
geometric mean was’ nearly the‘same, 4.12x10-5 cm/sec. Theﬁ
hydraulic conductivities based on the lab deggrminations
varied between 10-6 and 10-9 cm/sec, with most .in the order
. _of magnitude of 10-8 cm/sec. As for unit 1, the laboratory
vaﬁ:es were muchfower than the field measured values,
=~ likely for the sane reasons
Despite the high clay content of the unit 2 soils,
field-measured values of Kaep are of ‘the same magnitude as
for units 1 =and 3, This clay content-wou]d be expected to
reduce the hydrau]ic conductivity, compared to these other
unifs, but it apparent]y does not The laboratory
measurement of Ksat are also in the same ranges as units 1
and 3. Perhaps well-deve]oped cracks and fissures in these
strongly structured soils are contributing to permit more - =
rapid flow than would otherwise be expected. The bulk of :
the flow in the other two units may well be fo]fowing " ‘ i
s1m11ar structura] voids, and hence there 1; similarity in A o ;
flow properties. |
Other measurments of hydrau11c conduct1v1ty; whether in
the field or in the ]aboratory are very scarce for the soil
series correlated with the Springhill soils. Bowser et al.

(1962) report a constant head value for the Bt2 horizon of

~an Uncas' loam (a Dark Gray Luvisol) at about the same depth

as the Springhil] measurments, at 5.6x10-%4 cm/sec (0.8




+

in/hr). This is equivalent to the most common soil found in

unit 1. For a Falum ]oan,.a Dark 'Gray Chernozemic - Dark
"Gray Luvisol intergrade that corcesuonds'to a.significant1yﬂ
occurring‘soil in unit 1, the constant head va]ue for the
Btl'was 7.1x10-° cn/sec‘(o 1 1n/hr) No constant head
values were determined for the Cooking Lake Orthic Gray
Luvisol that correlatcs with the dominant unit 3 soil.

The values are high compared to the laboratory
determinations on sem1-d1sturbed cores, and even a little
high compared to the field tests. The test as carried out
in the Edmonton Soi} Survey, though measures hydraulic
conductivity through ; ground, re-packed soil sample
(Hayward, 1954). Reeve et al. (1977) observe‘tnat this test
is most appropriate fon soils that have weak structure, and-
that relative rather than absolute values are being
determined. The Spr1ngh1]1 soils have strong structure,
wh1ch would be destroyed using, this technique. The,values
as listed in the Edmonton report cannot bhe compared with
those found in this study.

Somelinfiltration rates obtained'using.the double-ring
infiltrometer were determined at the surfaces of two sites
with Orth1c~Gray Luvisols of the Cooking Lake seriés
(Chapter 111, this document)., The average infiltration rate
was 3.8x10-4 cm/sec at one site 19 km north of Springhill,
and at the other, 10km east, the average was 8.8x10-5
cm/sec: lThese values are more er1d than Kaep. However,

resu]ts ~of the two tests must be compared with some
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reservations. According to Topp and Binns (1981), Kaep is
about ‘half Kgqat. The bottom of the .double-rings would reéach
into the AB horizons, so that the flow properties measured
would be for the AB and Bt horizons. Since the AEP was

installed at 50 cm, it measures flow properties in the Bt

and BC.

4

Besides the Edmonton63011 survey (Bowser et-al., 1962)
and the determinations discussed in Chapter IIl of this
document, there does not appear to be any other information

available on hydraulic conductivity for this suite of soils.

Moisture Flow P}operties - Meadohcrest Estates: The

principal method for determining hydraulic conductivity in ..é
this area was a constant head Taboratory procedure conducted
on soil cores (Table 9), Some field measurement of surface
infiltration rates determined by the double-ring method
(Chapker III, this doc¢ument) and core-baséd Ksat values for §

three additiona1.sites are included in Table 9 for

comparison. Two sites corresponded to the unit 3

R T T SR AT

definition, ;nd'fhe other to the unit 5 definition.

For Meadowcrést unit 3, consisting of Qe11~dr§1ned
forested dune areas with Rrun{solic soils, the arithmetic
mean of the Ksat determinations was 3.93x10-3 cm/séc. The

geometric mean was 3.77x10-3 cm/sec. - The small difference

SN Te

S e R e

between the two means reflect the relatively small
variability in the Kgat values, compared to the Springhill

tests. For the infiltration test sites, the Kcore values
N _
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were very close to the Meadowcrest means, one with an
average -of 2.97x10-3 cm/sec and the other with’3}05x10;?
em/sec. The\surface 1nf1]tratTon values are sl1ghtly
higher, at 1. OxlO 2 and 9.7x10- 3 cm/sec, probably.refleeting
]ooser packing or better structure, )

“,
i

Discussion: In general the moisture f]ow propert1es of the

sandy sonls at Meadowcrest were much less var1ab1e than
those foQ\the t111 soils at Sprinmghill.  This was true for
both the fie]d and the laboratory techniques\ This is due
to the low Lontent of silts and clays and the lack of
structure in these soils.

The: tih]_soifs are strongly sfructured with'majof"=

cracks and macropofes that have a large influence on water

movement. They a]so contain h1gher amounts of clays that

can swe]] and V]ock pores, This pore b]ockage wou]d be
espec1ally 1mportant in the Iaboratory determ1nat1ons as’
4

" slow saturation can result in a tightly sealed mass. This

is reflected in the very low values for Ksat determined. on
cores (Table 8).. The discussion suggests that laboratory
ﬁechniques could be acceptable to estimate fiele
characteristics of sandy soils, but would be_quectioneble
for clayey materials.

The ~ther notable feafure of the measurements is that
hydraulic conductivity on the sands is' about one hundred‘_
times the conductivity‘on the dense subsoj]s pf~teefceokihq

Lake and lincas snils. -
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& Other PhyS1ca1 Pr::§‘t1e5'7'”q‘_ | | | ‘

| The results of‘the tests for bulk denswty and mo1sture
retent1on for the soils at Spr1ngh111 are 1fsted in Table
10. Bu]k dens1ty and mo1sture retension data for' the sandy
Meadowcrest so1ls may be found. 1n Table 11. | |

: - The" bulk dens1t1es determ1ned at Spr1ngh111 and
Meadowcrest_(Table 10 and Tab]e 11) tended to be higher than
“i:those for the 1nf11trat1on test, s1tes (Chapter III). At 50
e, resu]ts for thevsandy soils from the'infiltration sites
were oetween 1.33.and41:49 g/cm3, while for the samdles >
co]]ected in this study the values were between 1.52 and
1. 59 g/cm3 The latter values are mare typical of other
“values reported for soils. of this texture (H111e1, 1980).

Bt hor1zon “bulk dens1ty for "a Cook1ng Lake s1te in Chapter

I'!_III was 1..30 g/cm3 ~ For unit.3 the 50 cm bulk dens1ty (8t

hornzon level) was between 1.55 and 1 58 g/cm3 However,

the effects of the hydrau]1c conduct1v1ty tests on the .cores

—.may have had @ strong effect. - Some mater1al may have washed'

the c‘res, espec1a1]y from the sandy soils. .For the

111 soils swe]]1ng of the soils and then trimming
\\_—/\
the upper and lower surfaces to fit the falling head

4 .,
permeameter wou]d reduce the amount of mineral mater1a1 in

1

. the cores, and thus also the bulk dens1ty.‘

Other-. reported bulk dens1ty values for Cooklng Lake and
Uncas so1]s‘(Crown 1977) range between 1.67-1.80 g/cm3,
”These were: determined on“waxed clods, though, which giue

higher buTk.density values than the‘core method. The til]

£
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"TABLE 710. Moisture Retention for Springhill Clay-Loam
> ' Luvisolic Soils at 50 cm. :
Unit/Soil Location Volumetric Moisture Content (%) - !
w0 . |0 bar * 1l bar 15 bar . ;
1/Uncas 430 265.. 79.5%% 34.4 35.1 §
530 150 50. 4 33.3 26.2 ;
2/Tawayik* 638 298% . | 99,Q= 47.9 39.2 E
3/Cooking 175 439 65.9 36.3 34.3 ;
Lake. ‘ : | 1
225 315 54.7 31.6 26.0 :
* Assumed bulk density of 1.45 g/cm3 . {
*k Abnormally high . : ;
TABLE 11. Moisture Retention for Headowcrest Brunisolic . . o
Sandy Soils at 50 cm. i
' Grid , 5 _ %
Unit/Soil Location Volumetric Moisture Content (%) k
. s 0 bar™ = 1 bar 15 bar ;
- o ) 3
3/0.EB. 665 248 55.1 8.7 6.0 ;
587 184 66. 1 10.5 3.8 | ]
281 360 53.5 8.9 6.2 ]
315 591 .53.3 5.6 5.4
4/0.EB. 525 555 53.7 6.1 6.7
- L .,.-‘;--,'-. e ﬁ; . -




-measure. of | the tQtal porosity of the so;]., A3 the suct1on'

e o

i 1ncreased and’ the méisture content decreases, the‘change;

with the very low silt and clay conténts. At 15 bars these

114

of -the Cooking Lake moraine has'been:%oted‘to.be‘variab1e in

its degree of compaction; this.-could exp1ain'the

édifferences.

Moist‘fe retention valoes for the clay soils at
Springhill, are presented in Table 10. The‘values‘for the
Cooking Lake and.Uncas soils were very similar, while those
for the Dark Gray Luvisol in lacustrine (Tawayik series)
were slignt1y higher. Some of the 0 bar values, especially
for the Tawayik'soi]: are very high, and are. suspect. |

Moisture retension values were assessed for.a_Cookiné
Loke"Luvtsolfc seqoence site” (Crown and Greenlee 1978).

There, the 15 bar mo1sturé content for the Bt horizon was

149, wh11e in this study it was 26 -35%. These values may

. seem high, but since they were determined on semi-disturbed

cores, the values should- be higher than those determined on
ground sieved samp]eé, as at the ISSSﬁsite.

Moisture retentfon values for the sandy Meadowcrest
soils are p;esented in Table 11. These curves were afl very G
simi{an, with a veny sharp drop in moisture content as i :

suction increased from zero to one bar. This is consistent }

soils are muech drier (about 6% moisture content by volume)

than the Springhill soils, which have 25-30% moisture

content.

The volumetric n01stnfe content at zero*bafs g1Ves a 5t““fjjjf“

& . -wma....‘-.».»....,,_.,.ci, B @ e
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in moisture content is equal to the total-volume of pores

,thdt has “drained. As suction increases further, narrower

and narrower pores will be drained.

The results of the Atterberg limits trials for the

Springhill soils are given in Table 12.‘ These tfia]s
>conducted'on samples from the detailed sampling sites.
listed are the ori.ginal c]ay contents of each hor1zon.
Coarse sand was removed before the limits were determi

The Cooking Lake and “pcas soils, which dominate
3 and 1, have liquid limits at less than 50% moisture
content, and p]asticfty indexes of less than 25 in all
horizong. The Dark Gray Luvisols in the lacustrine ve
over till (Tawayik ser%es) have higher clay contents t
the ‘till soils, and the liquid limits are at more than
moistute'contenf. The p]asticity indexes are greater
45, For the G]eyso]ic soils 1in ugit‘s, where texture
dramatically with depth, the strong effect that clay ¢
has on the Atterberg‘]imiis-ié}clearly'dembnsthated;
Bg, the 60% clay content is a;sociated with a liquid 1
of 71%: in the ICg, where clay content ig only 16%, th
liquid limit is 24%.

Thergfore, where cﬁay’cohtent fs high (Tawayik an

-Prestvrlie soﬁ]s) the 11qu1d 11nit and p]ast1c1ty 1ndex areﬂ‘

high. Where clay content 1s Wess, LL ana PI are also

Y

The plastic 11m1t shows a8 much Weaker response to clay

contentv s1nce wh11e the absorbed water ]ayers 1mpart

were

Also

ned.

. 1]
‘units

neer
han
60%
than
varies
ontent
In the
imit

e

d

less.

’ b]ast1c1ty, they are be1ng he]d tdo r1g1d1y on the clay
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particjes to allow the soil to flow. For examplg..for the
unit 3 soil, clay content 1ncreases from 15% in the Ae to

33% in the Bt., The liquid limit increases at the same time
from 18 to 37. The. plast1c limit remains constant at 14.

The Ap horizons of most of the prof]les have re]ativeTy;highf
:]1qu1d and plastic limits, cons1der1ng their clay contents.
Th1s can be attributed to the effects of the relatively high
organic matter content of these dark surface horizons.

The we]i-drained_units, 1, 2, and 3, are the ones most
likely to have sewage disposal systems installed in them.
The maximum p]astiéity indexes are general]y assoc1ated in
all these un1ts with the Bt or BC horizons, which are also
the depths at which a sewage disposal system trenches and
weepjng tile would be installed. The higher the Plasticity
index, the greater the range of moistﬁre contents over which
the soil may be puddled, and rendered much less permeable.
fignce, greater care must be taken during construction on the
sites with high plasticity. The soils of unit 2 will pe
more susceptible to such damage during system installation
than the Uncas and Cooking lLake soils Which dominate units ]

.and 3,




RS k

TABLE 12,-Attérberg L1mi;s for Soils of Springhill Park

- Unit/Soil Honizon Clay Liquid Plastic| Plasticity
T Content Limit Limit Index
(%) % % A
1/Uncas Ap 15 38 27 11
: Ae 33 31 16 15
AB 41 - 35 15 20
Bt 45 41 16 25
BC 28 34 14 20
Cca 36 41 16 25
2/Tawayik Ap 23 63 32 31
AB 67 73 28 45
Bt 66 61
BC 66 70 25 45
Cca 43 77 27 50
3/Cooking Ae 15 18 14 - 4
Lake AB 26 29 14 15 -
Bt 33 37 14 23
BC 33 35 16 19
o 30 35 16 19
4/ Apg 30 64 36 28
Btg 58 75 26 - 49
BCkg 69 79 30 49
Ccag 67 77 25 53
5/ Ah 30 (_ 42 19 23
Bg 60 71 22 49
ITqg 16 24 16 8
ICgq 33 38 13 25
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5. LAND EVALUATION FOR ON-SITE SEWAGE DISPOSAL

‘sApplication of Eva]uat1on Systens

o
Using the 1nformat1on that has been ‘collected for the

Spr1ngh111$and Meadowcrest areas, the mapping units can be

rated accord1ng to the several evaluat1on schemes d1scussed

in the literature review,

'Table 13 rates the units at Sprihghi]l_Park for
'eff]uent disposal according to the USDA hegu%ations as
outlined bn pp 31-32, and'also indicates the kind and
severity of limitations according te the US Soil
Conservatien Service guidelines (Teble 1). Although they do
not measure water flow in the same way, hydraulic

conductivities were substituted for percolation rates in the

following way (U.S. Soil conservation Service, 1978):

Percolation rate Hydraulic Conductivity
8-18 min/cm , ~2.5-13 cm/hr
18-24 m1n/cm ‘ ' 2.5-1.5 cm/hr

These water flow values are cr1t1ca1 values in these
evaluation systems. o
For the soils at Springhill, the average values of
ﬂie]d hydraulic conductivity have beeh converted from cm/sec
to cm/hr as follows:
Unit/Seil - Kgcm/sec) ‘ K(cm/hr)
‘Unit 1/Uncas 7.32x10-5 | .25
Unit 2/Tawayik 2.43x10-5 .08

Unit 3/Cooking Lake 4.12x10-5 .14
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. 'ﬁmTABL£m13.aSpringn11] Parkfratqqgs;forvpn;sjte sewage
"disposal ="YSDA and US Svil Conservation Service
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Soil
Slight

Conservatijon Service.
Moderate Severe

USDA
Pass Fail .

Map Unit
// ‘ )

P T R
L% sashitlymentoei

1d-h -

1d-i

permi -

slope

“slope

perm

élope. -:,“'

AREY SR AT

|-| .. . . S "STODE"
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perm,slope. perm,slope :

perm : PO B L e A s o e,¢per—m Toeer o e “‘ + -

- ,., perm‘ N _. pe rm -

" 3d-n
3d-1i
3e-h

3f -1

Slope

slope

[T b '

perm,slope

. .
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4b -w WT3 WT
4c-u WT ” WT .

5b-w- WT WT

SOt Sl e N Yo a0

6b-h WT ' g , WT

7 N/AS

2 Dl N LR i i

8 N/A

9 1 N/a

Unsuitable permeability

excessive slope

high seasonal or permanent water taple
-not applicable
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permeabi]ity is 11ke1y in the same range as that for unit 2,

v
v

According to the USDA criteria, all three of these un1ts
would fail to meet the standards because of slow

permeability. Units 4, 5, 6, and 9 would fail because of

high water tables.

-

. {
Under the US Soil.Conservation Service standards, all

well-drained units (Units 1, 2, and 3) are severely limited
'by their low permeability.. Units 5, 6 and 9 are also

seyere1y ]1n1ted because of the. presence of a seasona] h1gh

water table. The 1nd1cat1ons of gleying and mott11ng are

not as‘strongly.expressed in unit 4; this unit was therefore

considered only moderately limited by drain%ge. However,

._and S0 un1t 4 shou]d st1}1 be. cons1dered severely llmlted

Un1ts 1e~h; 1e-1 ]e r'and 3e h are moderate]y 11m1ted

"because of dominant s]opes in the 9 15% range. Units 1f-r

and 3f-i are severely limited by s]opes exceeding 15%.
Table 14 presents the USDA And US Soil Conservation

Service ratings for Meadowcrest.

The averages hydraulic conductivities for sails hare

v

when converted from cm/sec to cm/hr, are:

Unit/Soi1 K(en/sec K(cn/hr)
Unit 3/Heart 3.77x10-3 14
Unit 4/Heart 5.29x10-3 19
Unit 5/Sandy Gleysols 2.72x10-3 9.8

Rates greater than 13cm/hr may present a pollution

\

hazard if the site is in close prox1m1ty Wwith water bodies

or the water table (Coen and Holland, 1978). Since this is
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TABLE 14. Meadowcrest Estates ratings for on-site sewage
disposal - USDA and US Soil Conservation'service‘
Criteria, ‘ ‘

TSt it e e -

Map Unit USDA ' ' S0i1 Conservation Service
' Pass Fai)l Slight Moderate -'Sevire

- . . \‘/ I
1b o WTl ; o WT | !

- 2b - ',. CWT ' — COWT

3¢ perm2 . : : perm
.3d R "o i _:.s]ope3 I N pEr‘n
3e | “ ’f  - ~_‘_Slbpe - | -perm
4é.m.;jAT{.i-pefm o .' T wT ol opefm L jé

5w | flood4

7 N/AS

N -l S S

high seasonal or permanent water tahle o
unsuitably rapid permeéability
excessive slope

subject of flooding

not applicable W
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the case'at Meadowcrest the3rapfd'Water flow properties"
must be cons1dered a hazard in unLts 3 and 4 Accordingfto‘ .
the USDA spec1f1cat1ons sites in these units would fail,

" A1 othef unitS'a1sohfai1 to meet the spec1f1cat1ons.
Unit 5 has acceptab]e f]ow propert1es but 1t also has a- ., n;
“high water table as do units 1, 2 and 6 h

According to the US 3011 Conseryat1on Serv1ce
evaluations, unlts 1 25 5, and 6 are severe]y limited b§ ,
the high‘water table. Un1ts 3 and 4 are severely 11m1ted by
the excessive permeab1]1ty combined with the shallow water
_table Slope also presents ‘a moderate hazard “for un1r Je. ) | s
Accord1ng to Bouma (1974), many of the 11m1t1ng

s1tuat10ns can be overcome by, proper: construct1on and
management. For the s]owly perneable Spr1ngh111 so11s of
units 1, 2, and 3 that are otherwise we]]—drained;
interpre*ation of this paper suggests that the problems are
enhanced by biological clogging and by puddling or smearing
the’soil during conctruction. A conventional trench
system, he suggests, can be used, but a series of trenches é,
_ishould be éxcavated, _rather than an entire bed This w111
‘reduce the poss1b111ty of compact1on of the future
infiltrative: surface\by-1t be1ng repeated]y driven-oven
during construction He also recommends thegintroduccion'of’

periods of aeration to allow the breakdown of the components

e e e T

of binlogical c]ogg1ng. St1ll, the trench system will peed
to be large compared to more rapidly permeable soils.
g

Where the water table is never closer than 30 cm to the
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éu?%aEe; but“TeéeefhéH 115.m, a mound system with the bed -~ --
installed on top of 60 cm of fill covering the'pIOWed
surface of the origfne1'50i1 can be built as an
alternative. ' This could be.used 1n Spr1ngh111 qnji 45;u»a64“
kf.ldcil,'éhé 5essﬁb1y 5Bew. © At Meadowcrest ‘this would be
| appropriate for the less we]]-dra1ned parts of unlt 4,. end
" the- better dra1ned members of linit S ' Sezsurface tile
S drawnage cou]d a]so bé used to lTower ' the ‘'water table.

The very wet organic mapping units at both Springhil)
and Meagowcregt wou]drhot be considefedwcqrfectable by
Bouma's criteria. | . A

The rapidly permeable sands %ypified by Meadowcrest
units 3-and 4 were considered to function adequately except
for inadequate nitrogen removal; however, no solutions were
offered to.overcome this. 'Conventional seepage bheds or
trenches are recommended. Prnblaﬁc of excessivya slope ara
not discussed.

The University of Minnesots quidelines (Madhmeier,

1981) offer huch the same solutions ta the same prohliems,
although in muych greater detail. |

. :Thé.Use of mnend is recommeﬁded for <ituetiene where

the water table is within 1 m of the surface (su¢h as
Spriﬁgh{l] units 4 and 5, Meadowcrest unit 5) or where the
percolation rete is greater than 47 m{n/cm- 4

For well-drained soils with percolation rates between

24 and 47 min/cm, Machmeier (1981) considers it possible to

LN
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4

provide excellent Séwage treatment, provided carefuyl

constrnction practises are followed. This ghould be a

cons1de{at1on in the til] and lacustrlne soils of the

Cooking Lake mora1ne.m Construct1on must take place gnly _
when tne'snil mo1sture‘content is be]ow the plastic 11m1t; :
:thereby avoiding any compaction, puddling or smearing of the
soil_fhat would destroy its natural structure and severely :
‘reduce it capability to Accept water, ;

"For Springhiil- units i'\aﬁdi'é” Wwith plastic Timits at

m01sture contents of no greater than 18m, this may Jlimit
construction, especialily 1n the spring. In unit 2 at

Springhill, the plastic limit is about 25%, so that working

these soils at higher mo1sture contents than those for units ;
1 or 3 would be permisable, However, from the moisture ;
retention fnformafion, the unit 2 50115 are a]so harder to. i
dny‘eUt so that ‘the ‘chances of mo1<fure content be1ng Lelnw .
the plastic limit are sT1nhr1v less. Puddling and smearing )
will not be a problem for the Headowcreee soils since they ‘ g
'a',lg ,}on,p]algtic. R

Where the percelatiOn rates.are rapid (between 0.05 and E

2 mnin/cm -~ as in Meadowcrest nnits‘3,'ﬁ/ana 55;'fnree ;
techniques are suggested fo maximize treatment | One is to

use a layer of finer soil material between the ex1st1ng 5011 §
and the crushed rock or gravel used in the tranches. L ;
Another is to encourage the development of the biological i
mat which w111 slow down 1nf11trat1on and improve }
fi]tration, The thi‘rd technique Uses a pressure-system to ‘ ;g,
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evenly distripute the effluent over the entire area of th§
Sseepage bed. -
The University of w{scbnsin abproaéh has taken ‘the
Bouma approach one step further. The McCormack and Johnston
(198?) approach takes it a step stil] further, where present
and future costs of a system are ca]cu]ated.
However , this approach requires considerable inpht from
government and industry sources, and its applicaton was not
feasihle ip tnis Sstudy.  This approach would be of gréat
value to the consumer. Tt may also éncourage better cﬁoicé
of systems, ac a we]l-desiun;d. trouble free SvSfﬁm; will

undoubtedly be more aconomical _inm-the Yong run.

Discussion: This examination of the different- evaluations,

coc ’started with the pessimistic situation where most units in

both subdi-‘=iang fail to meet thé‘USDA standards. At

o 2 e et L . ..‘ ey
LR 71 NS SN S ML T NIE IIPINET

- Springhill, fthe problems were sometimes becausé of very slow
infiltnafion, SOmétimés high water tables, and sqmetimes.f_, %
excessive slope, With the latter two in Eompination~ﬁith g
slow iﬂfi]tratidﬁ. At Headowcrest failures were due to high 5
water.tabJes, anq excessively rapid infiltrationn which miéht« -i
easily allowvgroundwaterﬁcnntamination. ?

The US Soil. Conservation Service classification permits i

greater breakdown of the problems that could be encountered,
but still offer< no <alutijons. . At Springhill, the low
permeability is such that the limitations are severe, The

Meadowcrest soils are also severely limited, but by rapid
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through-flow and high water table.t

The most successful approach seems to be the One that

<

te 1dent1f1es ‘a’ prob]em s1tuat1on and attempts to correct it,

,'5,  such ‘as the Machme1er (1981) or Bouma (1974) approaches.

Idea]ly, costs wou]d be 1nc1uded and someth1ng like the

L L, LA e et

Fr1tton (1981) f]ow models cou]d be used operat1ve1y to

H

~

des1gn the systems.

The Springhill un1ts 1 2, and 3 could have successful ' :

o

o systems 1f the construct1on is very carefully carried out

SNl L

and 1f the ‘absorption area is adequate]y sized. Sites

Ry T e

in

un1t 4 cou]d be. made usable by raising a mound over the ot

o iR

o

surface. S1tes 1n un1ts 5 and 6 may be correctab]e with a

mound system, but, in genera] should be avoided.

M

e
#
&
X
*
2
s
Y
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The Meadowcrest un1ts 1 and 2 cannot be cons1dered to

be 1n s1tuat1ons that can be ameliorated vas water_tab]es

~are at the sunface for‘most'of the year.»\Performance in

3

‘.uhit 3 sites can be improved' again'by building a mound, or'

a]ternat1ve1y by 11n1ng the trenches with f1ner mater1a1 §§

el i b L e g

by otherw1se slowing down infiltration by encouraging the

development of a biological mat. Unit 4 sites cou]d be
1mproved Tn the same way, but in some s1tuat1ons Ehe water
tab]e may be near enough to the surface to requ1re that a M

. mound be raised. Un1t 5y being poorly drained, and usually

- ‘ hav1ng seepage within the sola probably should not be used,
o

a]though ra1sed mounds may . suff1c1ent1y raise the system

above the water tab]e for safe system operat1on.

The soils in these subdivisions represent extreme
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a'situatipns for sewage disposal 1n the Ednonton area.- By;‘s
LTS AN st

contrast, the Chermpzemqt 9@115 d1scussed 1n Chapter IIT of"

“this studyi?1nc1ud1ng the Angus Rldge,“Beaverh1lls“and

~ ]
3 G -

Winterburn ser1es w1th deep we]]-dra1ned med1um textured

- i P hedts

soils should be able to. prov1de exce]]ent treatment ‘w1th

* - A~

little deviatiom-from standard de51gn and construction .

practices. These are highly productive soils, though, and

 thetr use for dwe111ngs would mean their 1oss for

agr1culture. ' /ﬁ\\)
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¥ GENERAL CONCLUSIONS .

N eLNh. The 50ils of the Edmonton area are- h1gh1y dwverse 1m oo e

terms of the1r 5011 deve]opment and parent mater1a]s.' The

o e RN o e & -

- §
Vo ‘hydrau11c conduct1v1%1es .of "the’se- soils are also h1gh1y

PRSPy SR

ﬂ1verseww.5011$ w1th f1neqtextured 1acustr1ne and res1dua1
pahent materials ere'associated With low rates of hydraulic
‘conductiVity,'Lnfi]tratiOn, and pereo]ation. _Sbi]s wjth

-ﬁpgpse:textubed ffuvia] and eolian materials have'very tapid.
retes The Luv150]1c to - Chernozem1c sequence of so1ls

RUo BT "~ - vy &

‘”ﬂh&deve]oped on till in the Cooking. Lake mora}ne area

'ul

demonstrate the poﬁ%rful effect that horizonation can have ’
on flow propert1es. The Chernozem?o S9its. permit rap1d : : 2

f]ow, wh1]e the Luvisolic soils have\much ]owerhf]ow

. k) , L g

rates. : : A ' _ R &
.- ’ ! ! :‘ 4 o '. ’

p

. AY . s :;

2. The air-entry permeameter proved valuable in measumNing g
. , . [ ‘ . o ¥ : ’

hydraulic conductivity because it was fast, used much less b
water than the double -ring infiltrometer, and gave %
“reproducible results. However, the AEP requ1red careful %
technfcal application and the tens1ometer t1p was subJect 0 f
breakage. Also, it cannot be used in very ‘moist sokls. 3

3. Hydraulic conductivites measured with the air-entry

permeameter at Springhi]] were similar for all well-drained

-

soils, with values of around 5.0x10"5 cm/sec. Laboratory

measurements on cores gave results one to three ordérs of.
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magnitude less than the field values. T This- d1fference was W
attr1buted to strong so11 structure and the presence of
-.swelldhg c]ays. These ]aboratory;determinations did not

‘give a good estimate of field water behav1our for these

.. e - . ~ i

-

s1tes. _ : _ ' A

Laboratory measurements~of hydraulic tonductivity on . é
cores from the sandy Meadowcrest .soils (Heart complex, wito
dominantly Eluviated Eutric Brunisols) averaged 3.9x10-3
cm/sec. These measurements agreed closely with
fieJd-measured 1nf11trat1on rates. Th1s s1m1]ar1ty is due oo
to the lack of structure and very low clay content of these %
soils. Therefore, these laboratory determinations on these | ;

4

so0ils should give a goed estimate of field so0il water

properties.

4, Limitations for on-site sewage disposal at Springhil]
are due to slow permeab111ty in fine- textured material, high )

watar table and steep slopes.

5. limitations for on-site sewage disposal at Meadoworest

are due to excessively rapid permeability in combination - o %

i
» . %

6. ‘The USDA criteria for on-site sewage disposal are of

with a widespread high water table,

limited use in that they do not indicated that specific

corrective action may be possible in some situations.
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™

501JfConéervatﬁon.Servfce units guidelines .for

N 2

The US

-

sewage disposal recognize that corrective action may be

taken in some situations, but makes no effort to dictate

what action could be taken. ' | e e
The mos;;yarﬁabTefapprbach for thewhohéqwﬁen_woqld.bé L-;»"H :

one that defines th% limiting situations and épecifies the

alternative corrective measures, including their 1n1t1aT and

Tong term costs. !

3 -
are the depth of unconsolidated, well-aerated material, the

MOisture flow properties of'the soil, the slope, and the

estimated system load. Other factors that may influence b
construction techniques, such as the plasticity of thelsof]y é
should also be examined. §
R

!



VI RECOMMENDATIONS

~«SEW\-AGE DISPOSAL RECOMMENDATIONS FOR SPRINGHILL PARK AND

&

MEADOWCREST ESTATES . .. ... ... 5w oo ..o -

1. Springhill units 1, 2 and 3 require'relatively large
. absorption areas for on- 51te sewage d1sposa1 Carefu1~
construct1on is necessary because of the danger of smear1ng

or pudd11ng of the potent1a1 TnflLtratlye &unfaee b '-{'_ﬂf_;;‘T,;;jf
N e e 0t e e 0.0F o otegt et et ’ ’
£y _"J”." et o ) a

2.. Because of the frequent presence of a high water table,
sipes in Springhi]] un1t 4 requ1re the. construct1on of - o e
disposal mounds above the. surface before proper sewage

disposal can be. ach1eved

\

3. Springhil]vunjps 5 and 6 should not -be .considered as'
pdientiel sites ferwsewage disposal because of the extended 4
presence of a neap surface water table. If absolutely |
'necessary, mound construction may sufficiently correct this

anl
N

situation,

'\.\,;&;-,u. PRUREN

4, Meadowcrest units and 2 should nbt be considered to

Y

be in situations that can be safely used for sewage *

S s dedne

d1sposa1 no matter what correct1ve measures.are taken.

e ,
5. Meadowcrest unit 3 sites may be safely used for on-site

sewage disposal if infiltration can be slowed slightly by

131
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}1n1ng the trenches w1th f1ner naterTa] or- by encouragrng

the development of a b1o]og1cal mat.u-J

6. . Meadowcrest un1t 4 s1tes requ1re the" same infiltration - -

wslow1ng techn]ques but at those s1tes w1th s11ght mottling
'w1th1n a metre of the surface, mound_construct1on may be

necessary.

“,»].c~ Meadowcrest unat 5051tes be1ng.poonjy draJned shou]d

© 9ta I . kg . w

be avoided, but if absolutely necessary, raised mound
systems may a]]ow adequate treatment. N
RECOMMENDATIONS FOR FURTHER RESEARCH

f." The development of eva]uat1on Systems that 1ncorporate
the recognition of 11m1t1ng s1te factors wvth the ) d A

appropr1ate corrective measures and their attached %nitial

~“and .Tong-ferm: costs should be encouraged.’

2. Before any such evaluat1on systems can be put into
B i o

effect 1n this prov1pce, the water f]ow propert1es*b¥_

Alberta 50115 must be - better quant1f1ed and documented.
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APPENDIX 1. DOUBLE-RING INFILTROMETER AND =
AIR-ENTRY PERMEAMETER OPERATINN



_ Agriculture Ganada, Land Resource Research Institute,
'Edmonton,%}lberta, : . ' '

.DescriptiQQT _ : : _ C
.The calibrated cylinder (d), used to read the infiltration -

. 9lued. .

A

A CalibFated Water Regulator For.A.
Double Ring Infiltrometer - v

| | ©J.J. Tajek

-

THE RINGS A
Both.ringﬁ of the infiltrometer, the 45 cm‘outef'rihg (b)
and the 20 cm inner-ring (a) wWere made of about 0.5 cm
(1/74") wall steel pipe. The inner ring was reinforced at -

the top for protection against deformation. A 1.5 cm ID
Pipe with a set screw (a) ‘was attached to accomodate the
regulator stand. o ' ' ' '

g THEJRRESSURE'HEAD REGULATOR - CALIBRATED CYLfNDER UNIT

-
T e

rate, and the pressure head regulator F(£), used to maintain
4 constant head, form one compact unit about 100 cm high.
The body. of the apparatus was made from 7.5 cm diameter

plexiglass' tube. The 1 cm plexiglass tube (b), which

interconnects both components of the unit, was extended from
lcm above the bottom of the calibrated cylinder to lcm below
the upper lid of the pressure head regulator. It passed
through the central block (c) to which it was airtightly

The lcm plexiglass ventilating tube (k), used to draw
air into .the appartus, passed through a hole in the upper
1id of the pressure head regulator and ended lcm above the
central block (c). .. . : -
*  The central block-(c) separated the calibrated cylinder

"from the pressure head regulator. Three "L" shaped channels

are drilled in the central block. Channel (d) which served
as a drained for the regulator (E) was fitted with a plug.

- Channels (e) and (f) serve as vents for the air spaces Xj in

the calibrated cylinder and Xp in the regulator. .Both
channels were controlled by a twin, straightbore stopcock
(g), which dbened and closed them simultaneously (s€e note
2). The'upper channel (e) was fitted with a piece of lcm

plexiglass-tube extending from the central.block to lcm from’

the upper 1id of the regulator. A short piece of a
capillary tube was fitted to channel .(f) so it would
protrude .about lcm to the airspace X; of the calibrated
cylinder. The upper 1lid of the -requlator (E), made of
0.64 cm plexiglass, had a hole for the 1 cm ventpipe (k).
The bottom of the calibrated cylinder (D), made from a.
3.8 cm plexiglass block, had two 'L' shaped channels dr d
in it. Channel (h) served as an outlet, .and channel (i) \as

an inlet which was connected fo the calibrated cylinder 'w th

the reservaoir (C) via a flexible hose. Both channels were

v
h)
. . B -
?
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‘fitted with a.straiéﬁtbore‘brass”stopcock§§¢ The bore
diameter should not be smaller than 079 cm as it determines
the maximal measﬂnab]é»1mfi]traffbn$%ﬁ%e‘and the refilling
time of the apparatus. ‘The cylindérscalibration was based
on the ‘ratio of its diameter to. the diameter of the inner
ring .(A), so.that 1 cm of water. in the inner ring correspond
to the 1 cm mark on’ the scale .of eylinder (D). This
permitted a direct reading of infiltration rate in cm/time.
A large plastic bottle with partially removed bottom and
fastened to the stand served well as the reservoir (C).

é@nction < . ‘ ,
Het1ght hl is ddjusted to cover irregularities in the ground
surface (2 to'5 cm) by raising or lowering the requlator
unit. Height h3 in the pressure regulator (E) is then
ddjusted to equal height h2 by either adding water through
the air vent pipe (k) or draining wWater threugh.the drain
(d). Adams et al. (1357) have shown that _tfe equitihrium H2
= h3 is the only controlling-condition for the ptoper
operation of the apparatus. N S

With the outlet valve (h) closed and the stopcock (g)
and the inlet valve (i) vpen, water.from the reservoir fills
the ca]ibrated_cy]indgr; (The inlet valve (i) must be
closed first and then "the stopcock (g), when cylinder (D) is
full), . ‘ ‘ :
~_Figure 1 shows the apparatus with the calibrated
.cylinder and the pressure ™head at equilibrium. . To maintain

tire hydraulic head (h1l) in the inner ring (A) water must’ be '

supplied from the calibrated cylinder (D) via valve (h).  As
~water ‘Teaves the cylinder a partial vacuum is ¢reated in the
airspace: X] above the water column in the calibrated
"cylinder (D) - both valves (g9) and (i) must be closed. The

vacuum ih the airspace X1 causes air from the airspace X2 of
the pressure regulator to be sucked via connecting pipe %j)
to the calibrated cylindeM thus creating a partial vacuum in
the airspace X2 which must .be compensaged for by air sucked

from open space via vent Pipe (k). Water in the inner ring

rises until an equilibrium hz = h3 is re-established.

. NOTES \
1. All. seams as well as valves must -be airtight in order
to assure proper operation of the apparatus.
2. Stopcock (g) substitution - a glass stopcock with a
‘ . ,teflon plug (Canlab 58-768- ) could be used. Teflon
plug must be rebored ip such a way that both channels
(e and. f) open and close simultaneously. A1l stems
must -be shortened.  Both chanpels (e and "f) in the
Central block (c) must be drilled in such a way that
the spacing and diamter fits the glass. stopcock. The
stopcock is then fitted to the central block and
- Secured by casting an acrylic mold ardund it

1
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Procedures for AEP Readings

1. Level soil 'surface at desired -depth. jﬁx
2. Drive appropriate cylinder into soil until] approx 2"
“remains out. ' oo

3. Remove soil from outside cylinder for clamps - making
sure clamps are between brackets on under side of 1lip.

‘4.  Drive cylinder in remaining distance leaving about 0.5
cm between soil and top of cylinder.

5. | Locate high spot on cylinder (for location of air
escape valve). : . .

6. Méasure distance from a) ground level to soil surface

’ b) soil surface to top of
, cylinder :

7. Tamp soil around inner edge of cylinder with 1/4"
diameter rod. _ o

8. Plage reservoir on cylinder making sure air escape
valVe is at the high spot (step-5) and tighten clamps.

9. . Push tensiometer into soil to predetermined depth and
allow* reading to stabilize. °

10. With air eéscape valve open - open inflow valve.,

11. When -air has finished coming out close escape vatve and
Open valve to ‘air-entry gauge.

12. Record rate of inflow of water until front reaches
tensiometer,. '

13. Close inflow valve. . o :

l4. Wait for and obtain maximum reading on air entry gauge.

15. Close air entry valve to prevent accumulation of air
in system. . ' '

l16. Calculate air-entry value and conductivity using the
following equations : o

Pa = -Pmin -+ G + L

‘K= dH xAZx Rr2 / Hp+ 7: 1/2Pa)"
| -t | RcZ
where Pa is air-entry value . ‘
Pmin - minimum pressure head in cm (H20) as determined by -
the max reading on the vacuum gauge (air-entry)
G - heigpnt of gauge above 'soil surface in cm
AKZ‘— depth to wet front in cm ) .
dH/dt = rate of fall of water level in reservoir just before
3 closing supply valve ’ ' & :
H2 = height 'above soil surface of. water level in reservoir :
at time supply valve is closed

radius of reservoir :
radius of cylinder. ‘ i

Rr
Rc

s e

NN




Diagrdm showing
(after Tapp and

SUPPLY VALVE

RESERVOIR

VACUUM GAUGE

a5

~50m90nénts of the air-entry permeameter

binns,

1976).
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APPENDIX 2. SOIL DESCRIPTIONS AND
ANALYTICAL DATA FOR SPRINGHILL PARK
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Map Unit 1 - Springhill

Location:
Landform:

STope and Aspect:
‘Estimated Drainage:

Surface Runoff:
Parent Material:
Vegetation:
Classification:
Series Correlation:

Horizon Depth (cm)

A Ap 0f15

-0b 15-16
Ae 4 16-23
AB - 23-42
Bt1 42-65
Bt? v 65-90
BC ' 90+

~Prismatic and strong medium blocky:

g ' 146

Grid reference-279 531; site 85
Hummocky moraine _

10-15%, complex, upper slope, west
Well-drained

Rapid

Calcareous clay loam till

Mixed domestic grasses

Dark Gray Luvisol

Uncas .

- - Description

Very dark gray (10 YR 3/1m) loam to
sandy loam; moderate medium granular;
friable; clear wavy boundary: 15-17 cm
thick. -

MOderafe]y decomposed organic material
consisting of grasses and roots; abrupt
broken  boundary; 0-2 cm thick.

Grayish brown (10 YR 5/2m) Tloam; strong
medium platy; firm; clear wavy
boundary; 7-10 cm thick.

Light brownish gray to light yellowish
brown (2.5Y 6/3m) clay loam; strong-
medium blocky; firm; gradual wavy
boundary; 18-23 cnm thick. :

Grayish brown to light olive brown
(2.5Y 5/3m) clay loam; moderate coarse

firm; gradual ‘wavy boundary; 20-25.cm
thick.

Grayish browp (2.5Y 5/2m) exped, and
dark brown (10YR 4/3m) crushed colors;
clay leam; moderate coarse prismatic
and moderate coarse blocky ; firm; many
thin clayskins on void surfaces and ped
faces; gradual smooth boundary; 25 cm
thick. ' ~

e e L it g 8. oo

Dark grayish brown (?LISY' 4/2m) clay ' }
loam; massive; firm. '
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Map Unit 2
Location:

Landform: .

ts

- Springhi

Slope and Aspect:
Estimated Drainage:
Surface Runoff:
Parent Material:

Veéftation:

Classification:
Series Correlation:

Horizon Depth (cm)

Ap

AB

Bt

~ BC

Cca

0-17

17-33

33-62

62-75

75+

148

11 © .

Grid reference 650 330; site 53
Hummocky moraine ‘
2-5%,.upper, west

Well-drained ) b
Moderate to rapid

Calcareous, silty clay till
Breme grass, timothy, strawberry,
dandelion

Dark Gray Luvisol

Tawayik

Description

Bark grayish brown (10YR 4/2m) silt
loam; strong medium granular; slightly
sticky; clear wavy boundary; 16-19 cm
thick. :

Yellowish brown (10YR 5/4m) clay;
strong fine blocky; sticky; gradual
wavy boundary; 15-18 m thick.

Brown (10YR 5/3m) clay; strong coarse.
prismatic and strong .medium blocky;
sticky; gradual wavy boundary; 28-32 cm
thick. .

Dark grayish brown (2.5Y 4/2m) clay;

weak fine blocky i sticky; abrupt ‘wavy
boundary; 12-16 cm thick.

Dark gray to dark gr gggh brown (2.5Y
4/1m) silty clay; magge; sticky;

moderately effervescent.
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Map Unit 3 - Springhi
Location:

Landform: :

Slope and Aspect:
Estimated Drainage:
Surface Runoff:
Parent Material:
Vegetation:

Classification:
Series Correlationq:

\

11
Grid

reference 620 625; site 95

Inclined surface in hummocky moraine
10-15%, upper, north

Well-drained

Medium to rapid

Clay

Aspen

loam to sandy clay loam til)
and balsam poplar forest; dogwood

and highbush cranberry; lungwort, wild

1ily

of the valley, strawberry

Orthic Gray Luvisol
Cooking lake

Black

L -3

Description

to very dark brown (7.5YR 2/1m)

partly decomposed leaves and stems.

Very dark gray brown (7.5YR 3/1m) sandy

loam;
friab
thick

Grayi

weak coarse granular; ‘
le;clear wavy boundary; 10-14 cm

Ssh brown (2.5Yx5/2m) sandy loam;

moderate medium platy; friable; clear

Wavy

boundary; 12-17 cm thick.

Grayish brown (10YR 5/2m) sandy clay

loam;

moderate medium blocky; gradual

Smnoth boundary; 12-15 cm thick.

loam;

moderatg

Dark ye]]omiég brown (10YR 4/4m) clay

coarse prismatic "and

strong medium hblocky: firm; gradyal
wavy boundary; ?0~28 cm thick.

Horizon Depth (cm)
LFH 8-0
Ahe 0-13
Ae 13.28
AR 28.41
R+ 11 AR
BC : 6R-11N

~ 110

Dark

4/3m)
prism
firm:

- Dark

Tnam

grayish brown to olive brown (2.5Y
sandy clay loam; moderate coarse

atic and strong medium blocgky:
50-56 cm thick.

grayish brown (10YR 4/2m) clay
"o sandy clay 'vom: massi ve: hard,

B
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Map Unit 3 - Springhill N . ) ’
Location: Grid ‘reference 210 305; site S10
Landform: ) Inclined L e
Slope and Aspect: ©10-15%, upper, south, & - ‘
Estimated Drainage: Well-drained " - - ° >
Surface Runoff: Modepate to rapid
Parent Material: Calcareous, clay loam til]
Vegetation: Aspen and balsam poplar canopy; with
hazelnut and wild rose, and grasses.
Classification: Orthic Gray Luvisol
Series Cnrrelation: Cooking “Lake
Horizon nNepth (em) Description
LFH 10-0 SIightly to moderately decomposed
leaves, grasses and roots; abrupt wavy
boundary; 5-10 cm thick.
Ahe 0.5 Very dark brown (10YR 2/2m) sandy loam;
weak fine platy; friable; rlear wavy .

boundary; 3-8 c¢m thick,

Ao 518 Light brownish gray%(10YR 6/2m) loam;
moderate coarse platv; friable; abrupt
wavy boundary; 12-16 enm thick., Y
AR 'no2a Dark grayish brown to olive brown

(2.5YR 4/3m) clay loam; moderate medium
blocky; firm; gradial wavy boundary;
11-15 cm thick.

nr 2n R Dark grayish brown (2.5YR 4/2m) clay
loam; strong coarse prismatic and
strong medium blocky : firm; gradual
wavy boundary: 43-45 ¢m thick.

wavy boundary

RC S1-100 Dark grayish brown to olive brown (2.5Y &
. ; &

4/3m) clay loam; strong cnarse primatic 5

and strong medium_ blocky: firm: gradoal §

r 10 Olive brown (2.5Y 3/3m) rflayv Joam:
massive: very hard,
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TMap Un1f 4 - Spr1ngh1]l

Location:
Landform: .
Slope and Aspect

Estimated Dra1nage:

';Surface Runoff:
Parent Mater1a1
'@egetatlon

-“Class1frcat10n

. Series Correlation:

“Horizon

'Apg; "0-15
Bty 15-34
BCkg 34-78
Ccag ~78¥f
«

0.5-2%, .

Depﬁh'(cm) '

wavy

‘ Very

HC1y¢
vﬂth1ck

Grld reference 630 348 site 5
Undu]at1ng . '
toe,west"

Poorly drained .
‘Moderate to slow f.
Lacustr1ne..a ﬂb
Grasses, sedges, potent111
Humic Luvic Gleysol

Prestv11]e

Describtion

© Blay (10YR 2/ln) c]ay 1oam, moderate

fine blocky; slightly sticky; ¢lear

boundary,.14 16 cm thick.

moderate finé blacky; sticky; common
medium prominent d&rk yellowish brown
(10YR. 4/6my . mottles; .clear wavy
boundary, 18 21 cm th1ck

"

Gray,(z 5Y 5/1N) clay, moderdte f1ne

154

dark gray (10YR 3/1m) clay matr1x, .

subangular blocky;- sticky; many medium- -

promlnent olive brown (2.5Y 4/6m) "
mottles ;" weak effervescence with 10”
diffuse wavy boundary,.44 cm

Gray (2 SY 5/1m) c]ay, weak f1ne
subdngular blocky; sticky; many medium
prominent ye]]ow1sh brown (IOYR 5/6m)
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‘Map Unit 5 - Spr1ngh1]] - | i

R

Location: - _ Grid reference 650 230 site S6 7 %
Landform: “Undwlating _ 4J ' 3
Slope and Aspect: = 2-5%, ldWwer, north g
Estimated Drainage: Poorly drained v%

" ‘Surface Runoff: - Slow to ponded 3
Parent Material: . Fluvial-lacustrine o R

" "Vegetation: Aspen, alder, grasses,. and sedges. 2
Classification: Orthic .Gleysol X

Ser1es Corre]at1on No equivaient

~Horizon Depth (cm) : : Description ) T 5e_ ig
om . °  16-0 Very dark brown to black (7.5YR 2/1n) o
: organic material consisting of - B

noderately decomposed 1eaves, grasses,‘
sedges, mater1als.

o . _%, )
Ahg " 0-4 - Black (2.5Yv2/1m) ]oam;'weak medium’ .
o - platy; non-sticky; few fine distinct . _

brown to dark brown (10YR 4/3m)

mottles; ‘abrupt wavy ‘boundary; 4-5 cm S
“thick. S o o

~

I S T
URSIE - 10 S LR SP S A

Bg 4-16 - Grafish brown (2.5Y 5/2m) sandy loam;
massive; non-stfcky; common medium
prom1nent dark yellowish brown (10YR--
4/6m),mott1es c]ear wavy boundary; 10-
.15 ¢m th1ck ‘ .

Ccag 16+ : Gray to light-gray (2.5Y 6/1m) clay;
v weak fine granular; non-sticky; common
medium prominent yel]ow1sh .brown (10YR
5/8m) mottles; moderate . effervescence,r
seepage at 39 cm. .

*

B A 0 5t e e T T e ol
L S e e i e s e
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" Map Unit

158

6 - Spr1ngh11] :

Location: Grid refe}ence 580 560; site S2
Landfo.rm: Undula g
Slopé and Aspect: 2-5%, depress1ona1 _
Estimated Dra1nage Very goorly ~ L
Surface Runoff: Ponded '

. Parent Material: Organic over 1acustrinen

. Vegetation: Sedges, reeds; arrow-leaved coltsfoot
Classification: Terric Mes1so1 :

Series Correlation:

Horizon
- le'
Omé'
Ahg
Cg

Depth (em).

0-13
13-48
48-67;

+67

Eaglesham complex’

Déscription.

Reddish brown -(5YR 4/3) organic
material consisting¥wf. decomposed
Sedges,’ grasses and jreeds, Von Post 3.

Black (5YR 2/1m) organic material

consisting of moderately decomposed
sedges, grasses. and reeds Von Posq 5.

Very dark gray. (10YR 3/1Im) silt loam;
massive;-sticky; gradual wavy boqndary;
19-20 cm xhick ' . .

Dark gray (IOYR 4/1m) sandy,clay loam;
massive; slightly sticky. ; .
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APPENDIX 3 | SOIL DESCRIPTIONS" AND
ANALYTICAL DATA FOR MEADOWGREST ESTATES + _
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Map Unit 1 - Meadowcrest

Location:
Landform: :
STope and Aspect:
Estimateq Drainage:

Surface Runoff:
®Karent Material:
Vegetation:
Classification:’
Series Correlation:

Horizon Depth (cm)
0fk1 0-10
0fk2 10-25~
0fk3 25-55
0f1 55-70
0fk4 70-85
0f2 85-95
Qf3 95-110

110+

0fk5

decomposed organic material
“origin; Von Rost 4; strongly
effervescent.,

Grid reference 680 710;

Bowl

.5-2% -
Very poorly, 5cm standing water at
surface

Ponded

Fen o

Larch, swampbirch, willow,
Typic Fibrisol

No equivalent

sedge,

Description

Brown (10YR 5/3m) weakly decomposed
organic material of fed origin; Von
Post 4; strongly effervescent.

Dark brown (7.5YR 3/3m) very weakly
decomposed organic material of fen
origin, Von Post 3; mildly
effervescent.

Brown (10YR 5/3m) weakly decomposed
organic material of fen orgin; von Post
4; strongly effervescent. -

Dark brown (7.5YR‘3/3m) very weakly
decomposed organic material -of fen
origin; Von Post 3; no effervescence.

Brown to dark brown (lOfR 4/3m) weakly
of fen

‘Dark brown (7/5YR 3/3h) very'weakly‘

decomposed organic material of ¥fen

origin; Von Post 3; no effervescence.
™

Dark brown (7/5YR"3/2m) very weakly

decomposed organic material of fen

origin; Von Post 3; no effervescence.

Pale brown .(10YR 6/3m) weakly
decomposed organic material of fen
origin; Von Post 4; strongly
effervescent. , '

rush

161

-‘.wéd.-a.':_-a'z-‘.-‘ a8 Sk S Bt

ada At



Map Unit 2 - Meadowcrest -
S U
Location: g Grid reference 295 430
Landform: Horizontal
Slope and Aspect: 0-0.5%
Estimated Drainages Very poorly
Surface Runoff: " Ponded
Parent Material: Fen
Vegetation: Willow, swampbirch, sedge, rush
Classification: Cumulo Fibrisol

Series Co

Horizon

0f1

0f2
_Of3
/CgkL

0f4
Cgk2

Om

rrelation:

Depth (cm)

0- 148
16-20
20-67
67-71
71-87
87-95

95-+120

No equivalent

Description

Black (5YR 1.7/1m) véry weakly
decomposed organic material of fen

162

origin; Von Post 3; no effervescence.

Brown to dark broyn (7.5YR 4/2cm)
undecomposed organic material of fen

origin; Von Post 1; no effervescence.

Black (10YR 1.7/1m) very weakly
decomposed organic material of fen
orgin; Von Post 3; no effervescence.

Very dark greyish brown (2.5Y 3/2m)
mar];<structur1ess;'non-sticky;'
strongly effervescent.

Black (2.5Y 2/1m) weakly decomposed
organic material of fen origin; Von
Post 4; no effervescence.

Olive brown (2.5Y 5/3m) marl ;
structureless; non-sticky; strongly.
effervescence. " S

™.

Black - (2.5Y 3/1m) moderately decomposed

organic .material bf fen origin; Von
Post 6; no effervescence.

/‘,;.; e st s,

it
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Map Unit 3 - Meadowcrest,

Location:
Landform:

Slope and Aspect:
Estimated Drainage:
Surface Runoff:
Parent Material:
Vegetation:

Classification:
Series Correlation: .

Horizon

LFH

Ahe

Bm

BC1

BC2

Depth (cm)

2-0

2.5-16.5

16.5-46.5

46.5+

Grid reference 665 248, Site MerA
‘Ridged

6-9%, crest,.north

Rapid

Moderate

Eoliary

Pine, spruce, aspen, grasses, wild
lily-of-the-valley, yarrow, anemone,
bedstraw

Eluviated Eutric Brunisol

No equivalent

Description

Very dark brown (7.5YR 2/1m) organic
layer,'consjsting of fresh and

moderately decomposed leaves, pine and -

Spruce-needles, grasses and stems.

Dark reddish brown (5YR 3/2m) sand;
structureless, single-grained;
non-sticky; clear smooth boundary; 1-3
cm thick. _

Brown to dark brown (7.5YR 474m) sand;
structureless, single-grained;
non-sticky; gradudl wavy boundary ;
13-15 ¢cm thick. ;

OlTive brown (2.5YR 4/4m) sand;s
structureless, single-grained; firm;
many reddish bands, 0.5 cm thick, of
finer loamy material; gradual wavy
boundary; 28-35 cm thick. '

Yellowish brown (10YR 5/4m) sand;
structureless, single grained: 3rm;

- With reddish bahds ,(7.5YR 4/4m) 0.5 cm

thick, of finer loamy mateq1a].

s
.
\
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Horizon
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Data for Méadowcrest Mapping Unit 3, Site Mcr. A

Part Size Dist. (<2nmm)
~Sand Silt Clay
(C-M-F)

~Particles >2mm

PH
CaCly

LFH
Ahe
BM

BC1
BC2

(14-35-42) |
91 5 4

93 3 4
(18-37-39)
94 2 g
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Map Unit 4 - Meadowcrest

Location:

Landform:

Slope and Aspect:
Estimated Drainage:
Surface Runoff:
Parent Material:
Vegetation:

Classification:
Series Correlation:

Horizon Depth (cm)

. Ap ) 0-13
Bm 13-28
RC 7. 60
BCQJ ANy

Grid reference 525 555, Site PS4
Undulating

2-5%, midslope, north

Moderately well - imperfectly
Medium to slow

Eolian

Mixed native and domestic grasses,
forbs such as dandelion, goldenrod,
alfalfa, red and white clover
Orthic Eutric Brunisol

No equivalent

Description

‘Brown to dark brown (10YR 4/3m) sand;

structureless, single-grained; "
non-sticy; clear wavy boundary: 10-15
cm thick.

Dark yellowish brown (10YR 4/6m) sand;
structureless, single-grained;
non-sticky; clear wavy boundary; 13-18

‘€m thick.

Yellowish brown (10YR 5/4m) sand;
structureless, single-grained;
non-sticky: with horizontal reddish
bands 1 c¢m thick of finer, loamy

material; clear wavy boundary; 29.35 en
thick.

Pale brown (1QYR 6/3m) sand;
structureless, single-grained; common
coarse faint yellowish brown (10YR
5/4m) mottles.

7

. B
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== Analytical Data for Meadowcrest Mappihg Unit 4, Site PS4

' ‘ Part Size Dist. (<2mm) Particles >2mm pH
Horizon| Sand Silt Clay ’ : CaClyp
. (C-M-F) _

Ap 91 5 4 0o - 6.3

» Bm ) : _ 5.5
(2-39-53) : : :
-+ BC 94 2 4 0 ’ 5.9

| (3-47-45) | |
C 95 - 1 3 0 5.7

i e - L ik D Bt
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Map Unit 5 -"Meadowcrest : . ¢

Location:

Landform: _

Slope and Aspect:
Estimated Drainage:
Surface Runoff:
Parent Material:
.Vegetation:

Classification:
Series Correlation:

Horizon bepth (cm)

Om

Ah

BCg

fq

- " 15-0

29-56

56+

Grid r%;ecence 680 420, Site PS?2

Ridged ¢ |
10-15%, toe, southwest

Poorly drained \_
Slow ‘

Eolian ' , ) S
Willow, dogwood, wild rose, horsetail,
dahde]ion,:vetch, Canada hawkweed.
Orthic Gleysol :

No equivalent

Description

Black to very dark brown (7.5YR 2/1m) - °

.-moderately .decomposed organic material
- consisting mainly of leaf litter.

Grayish brown (10YR S/Zm) loamy sand;
structureless, single-grained; :

- .non-sticky; clear wavy boundary;(3;6 cm
‘{thick,  , :

ﬁank}@ray:to dark brown (7.5YR 4/1m)

sand; Structurelless, single-grained;

non-sticky; gradual wavy boundary:
20-27 cm thick. '

Dark ‘gray (1QYR 4/1m) sand;

Structureless, single-grained; gradual

wavy boundary; 25-30 cm thick,

Gray (5Y 5/1m) loamy sand: : o
structurefess, single-grained; sedpage
at 59 cm. A

A

¢ S
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Data fbn;Me&dowcrqSt Mapping;Unit S;ZsiteiPSé f

CsiTt
(C_MLF) ’.. ‘

(<2mm) - -
© Clay .

Pafti@}és”>2mm o
. |- CaCly

PH-.. .

“Ahe

“BCq .
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. Figure6 . Soils and Iand,sca;ges of Springhill Park.
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LEGEND - SOILS NO_LANDSCAPES: OF SPRINGHILL PARK (M5 - 52-22-M4)

&

Unit

- Material

Parent

Dominant

-

SOIL SUBGROUP -

Significant

" Scale 1:5000 -

'Sléi

s

Drlina“ge , Vege

1d-h

CVd-t

" e-h
Te-i
Te-r

1f-4

- 1f-r

Noli'a.imllv

“Morainal

Jiorﬂml

Morainal

© Moraimal

Morainal
Morainal

TN

Dark Gray Luvisol

. Derk Gray Luvisol

Dark- Gray Luvisol
'Dlrk. 6ray Luvisol
Dark Gray Luvisol

Dark Gray Luvisol

" Dark Gray Luvisol

© Orthic Dark Gray

Orthic Dark Gray

Ofthic Dark Gray

'

" Orthic Dark Gray

Orthic Dark 6ray

n

6-9% .
6-9%

10-15% |

10158

10-15% .

‘16-30%

16-30%

~ Well dratned

lleﬁ_ draihed §n§

*“ dni"heﬁ _gras

gras

. Well drained gras

Well drained gras

"gras
gras

Mell drained
Well drajined

‘2c-u

fl.;custrine blanket
_over morainal

‘Dark -Gray Luyisol ‘

~ Orthic Dark Gray

x- -

2.5-5.08

Ho;leratel_‘y gras

well

" 3d-h

364

-1,

’

Hora_imi

Nor;iml
Moraipal
Morafnal

Hontu_al. )

.Orthic Gray Luvisol

Orthic Gray Luvisol

VOrtMc 6ray Luvisol

Orthic Gray Luvisol

Orthic Gray Luvisol

Gleyed,6ray Luviso}

Gleyed Gray Luvisol

 Inclined

- 6-9%

2.5-5.08
10-15%

16-30%

Moderately
well-{mpei-
fectly - .
Well drained:
Well driined
Well-imper-
fectly

aspe

aspe
aspe
_aspe

-~ Well drained aspe

"4.b'~'.u' -

Lacistrine blanket
over morainal

‘Lacustrine blanket
- over woratmal .

Humic.Luvic Gleysol

tumic Luvic Gleysol

Gleyed Dart Gray.

.Gleyed Park Gray

Undulating

‘Undulating

' 0:5-2.5%

2-5%

- Poorly - - "éras
. flq)eyfectly

Posrly - gras
inperfectly.

Sb-u

Flavial locnstrine

. Orthic Huwic Gleysol

- Fera Luvic _Giwl

D,ﬁﬁt}o‘s;loml

0.5-2.58

“poorly

Organte (fen) -

|

Terric Mesiss)

S——

" Hortzontal -

o.s-z.‘s; / \

: Very_'pyorl'y- “sedg

..ﬁn

ngs, yards and driveways. .

" ."_'[‘""' oy B

®

J

- “Standing water bodies - ponds, Takes, dugouts..

X



" LEGEND - SOILS AND LANDSCAPES OF SPRINGHILL PARK (45 - 52-22-W4)

'SOIL SUBGROUP

Dominant

Significant

»Ll_ndfo_r-

) -Slopc‘

Scale 1:5000

" Drainage

Vegetation

Dark Gray Luvisol -

Dark Gray Luvisol
Dark Gray Luvisol

Dark Gray, Luviso)

-

- Dark Gray Luvisol

" Dark Gray_Luvisol -

Dark Gray Luvisol

_Orthic Dark Gray.

" Orthic Dark Gray

Orthic Dark Gray

Orthic Dark Gray »

Orthic Dark Gray

—

.lncline'd~

. Ridged

 Incling
dged .

R

Inclined -

6-9%
" ~s;9x
.146-1'51',
< 10-15%
10-15%

16-308
16-30%

‘Nell drained

Well drained -

" Mell drained’

l_l,ell dra_lined

- - He'll drrll.ned‘

' Well drained

Well _dfa»inéd.

grasses,

- grasses, forbs

grasses, forbs. -
grasses .': f orbs

grasses, forbs
forbs .

fO,l;bs
forbs

grasses,
grasses,

U\kgf

Dark ﬁﬁy lio‘visoi '

Orthic Dark Gray .

2

5 -

Undulating.

$2.5-5.0%

'Hddéﬁt,ely '

PR - ’ n]]

grn_sés .. forbs

" .Orthic 6ray tuvisol

Orthic Gray Luvisol
Orthic Gray Luvisol

" Orthic Gray Luvisol

élc’yed Gray Lwl.so}-

Gleyed Gray Luvisol ~

EY

2.5-5.08
=g
6-9%

10158

16-30%

Moderate.ly_ )

fectly - v

‘Well drained
‘Well drained

Well-tuper-
-~ fectly

_ Well drained

- aspen forest

aspen forest
aspen forest
aspen forest

aspen: forest

anket

:lntqt

Orthic. Gray. Luvisol

Humic Luvic Gleysol

Humic Luvic Gleysol .

Gleyed Dark 6ray -

Gleyed Dark Gray

- Undir} ating

f‘mlmn

0.5-2,58

2-5%

Poorly -

Poorly -
] 1mrfeq.tly .

‘ ' grasses, forbs °
imper-fectly .. - - '

grasses, _fo'ﬂ)s'

trine Orthic Hmic Gleysol . Fera Luvic Gleysol . - Depressiomal  .0.5-2.55 - Poorly = foreited:or cleared

Rego Gleysol, peaty: o Horizontal

Terric Mesisol

0..5‘-’2,'51,'4 Very poorly sedges ., rushes. grasses

. Phate

f




Figure7 . Soils and landscapes of
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LEGEND - SOILS AND LANDOSCAPES OF MEADOWCREST ESTATES (ME24 - 5'1-27-“’1
/’ ; A -~ T . . : ) . . .
. . " - Scate 1 :5000
2 ' SOIL SUBGROUP .
Parent . , C
Unit Material Dominant Significant _Landform Slope Drainage
| I Organic (fen) Typic Fibrisol Terric Fibrisol Horizontal to 0.5-2.5% " Very poorly
s S - _ . ribbed -
2 Organic . (fen)- Cumulo F_lbrholﬂ Terric Fibrisol Hor{zontal 0.5-2.5% Yery poorly
L y ' & ~ . o
3¢ . 'Eolfan ¥ Eluviated, Eutric Orthic Eutric Brunisol ° Undfhating 2,0-5.0% Moderately
» : Brunisol - o ' — well.
" 3d Eolfan Eluviated Eutric Orthic Eutric Brunisol  Ridged 6.0-9.08 Well draine
| \_‘ S . Brunisol ; _ R ' v
. A o 3e. Eolfan A ' Eluviated Eutric - Orthic Eutric lnn‘,so’l . Ridged 10-15% Well dratne
. o Brenisl N T, g ;
& Eoltan " Orthic Eutric’ “Orthic Melanic Brygisol Undulating -~ . 2.0-5.08 Moderately
e g e Brusisol Gleyed Eutric By ol e . : U - well-imper-
S ( , | R S fectly A
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