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FOREWORD

NOVA Corporatlion of Alberta is a major Canadlan enerqgy company
involved in nabtural gas transportation and wmarketing, petroleum, petrochemical
manafacturing, consulting and research. The Alberta CGas Transmission Division
{AGTD) of NOVA is concerned with natural gas system design, pipeline
construction, research and facility operations throughout the province of
Alberta. In an effort to minimize the duplication of research efforts the
AGTD is endeavoring to contribute to the body of sclentific knowledge by
providing to the public the results of non—confidential studies sponsored by
NOVA.

The AGTD has an ongolng envirvonmental research program and this
report 1s a result of one project in that program. This report is published
verbatim unless otherwise noted on the title page or in the Acknowledgements

section.

Comments regarding this report may be submitted to NOVA Corporation

of Alberta.

Please send comments to @

NOVA Corporation of Alberta
Alberta Gas Transmission Division
Environment and Quality Management
P.O. Box 2535, Postal Station 'M'
Calgary, Alberta
2P 2MN6
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ABSTRACT

This study was inltiated in 1988 to evaluate
construction on so0il strengths of various solls in the province of Alberta.
The pipelines were scattered throughoul Alberta on a nunber of different solls
and were constructed using various technigues. At each of the £ifteen 1989
study areas and at each of the eight 1988 study areas soll strength was

the effects of pipeline

monitored using a cone penetrometer in 15 depth increments to a depth of 52.5
cm.  Soll strength measuvrements were taken from the trench, work side and
spoll side locations of the rights—of-way, as well as an adjacent undisturbed

i

location. 8Soll strength measurements on the spolil side locations of the
rights-of-way were not monitored for the 1988 study sites. Soils were also
analyzed to determine percent organic matter, molsture content and clay
content.

Soil strength Information from the twenty three study areas sugges
that pipeline constructlon procedures can cause changes in soll strength on
pipeline rights-of-way in Alberta. Significant soll changes were observed
inboth topsoll and subsoll. Because of site differences, few similarities in
5011 strength trends ocourred & en study areas. There were &)

v and soll melsture, soll organic wmabtter and

correlations bebtween so0ll strenc
slay content for comblned site data for the years monitored.

Immediately following plipeline construction, decreases In soll
strength across the right-of-way soils in the top 24.5 to 31.5 om, wmost likley
due to cultivation and harrowing of the right-of-way after construction
occourred for fifteen of The twenty three study arveas. Soll stength increases
in the top 24.% to 31.5 om occurred for seven of the twenty three study areas.
Two study areas had both increases and decreases in right-of-way soll strength
measurements, There were no significant soll strength differences in the top
24.5 to 31.5 om foxr only three study areas. Slgnificant differences in right-
of-way subsoil soll strength values below 24.5 to 31.5 om were found in only
four sl

S,

One year after construction, soll strength increases and decreases
wvere not observed for as many depth increments or portions of the pipeline
rights~of~way as for the sampling event lmnediately following constructlon.
Data suggests a return of right-of-way soll strength to levels similar to
those of the control in all bub two study areas.

After three years of monitoring solls for soll strength, there is
inconclusive data to determine the effects of soll wolsture, soll texture,
s0ll organic matter, soll classificatlon, parent material and various pipeline
wotion methods on soll strength and comp wer research is
sded to provide more information on which solls are most compactible and
under what conditlons.
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1. INTRODUCTION

Increased concerns about soll compaction on pipeline rights-—of-way
{(RsoW) have cccurred with the introduction of heavier, wmore powerful
construction equipnent. RsoW are prone to compaction because of the repeabed
high traffic assoclated with construction procedures. Resultant soil
compaction levels are higher due to heavier construction eguipment and extend
much deeper into the soil profile than levels due to conventional farm
machinery. This subsuriace compaction is not alleviated by regular tillage
practice and ils only slowly affected by natural seasonal freezing and thawing

riodic wetting and drying cycles.

Soil compaction can lead to poor roobt penstration, difficult
cultivation, poor seedbed prepavation, increased soll strength, reduced water
infiltration, Increased surface water runoff, and decreased soll porosity
{Lall 1@59, Swan et al. 1987). Root and crop growth can be affected because
of limited root elengation and distribution due to restricted movement of
gases, water, and nutrients. Where plipeline RsoW cross agricultural land
there iz the potential for landowner concerns resulting from reduced crop
production caused by soll compaction.

Limited data is avallable on the effect of pipeline construction on
501l compaction. This knowledge is important because each soll system can
respond differently to varlous construction procedures. Degree of compaction
depends mainly on variables Including soil type and soll conditions as well as
vehicle type and traffic density. Studies are needed to understand the
problem of soll compaction so that it can be deallt with more effectively. The

ability to predich which soll may be more susceptible to compaction would

2le the implementation of preventative measures during pipeline

construction.

1.1 OBRJECTIVE
The objective of this study was to evaluate the effects of pipeline
construction on the compaction of various solls in Alberta. In order Lo

achieve the objective, a study was initiated to wmonitor soll strength on a

number of NOVA pipeline RsoW ilmmedlately after construction had taken place.

This study was expanded to include monitoring of soil strength on these sane
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NOVA pipeline RsoW one year after construction was completed.

were scatbtered throughout Alberta on a number of di ent s50]

ucted using various techniques.
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. DREVIEW OF RELATED LITERATURE

Conflicting information exists in the literature on the lmpacts of
pipeline installatlion on soil compactlion. Some studies have shown that
pipeline construction can lead to soll compaction, whereas other studies have
demonstrated that 1little or no compaction resulted from installabtion

procedures. In some studies, reduction in soll bulk densities have been

reported. Compactlon can result because of repeated passage of equipment on
the surface of a RoW, because of a denser subsoll belng mixed with topsoll ox
because the soll was too wel during construction., Reductions in soll
conpaction can occur when a compacted horizon ls broken up during the
trenching operation. The amount of soll compaction depends on soll texture,
molsture content, organic matter content, original soll struchure as well as
compactive effort.

A study to evaluale the effect of pipeline construction on
agricultural land was carried out for two seasons on the Sarnia-Montreal oil
pipeline (Stewart and MacKenzie 1979}, The soils studied Included a clay loawm

developed on lacustrine sediment, a clay leoam developed on glacial £ill and a
sandy soll developed on fluvio-acllian sand. The researchers found that
surface {0 to 15 cm) bulk densities over all sites were higher on the RsoW
than off, with the trench zone tending to have the highest bulk density. Bulk
density values were similar for the two years studled indicating little ox no

change over that time. Bulk densities at 15 to 30 cm depths were less

Jow

there was higher compaction over

atfected by zone of construction, bubt agaln

i

b

the trench. Lower saturatlion water contents over the surface pths of the
ReoW compared To control sites, Indicated that total pore space was reduced.
The lowered saturation water contents were consistent with solils of high bulk
density. This effect was not notlceable over the ?»@nmh zone. At lower

i

depths, reduced saturat

lon water contents were found only In the trench.

Pipeline construction occurred in both fall and winter. During fall
construction tepsoll was salvaged, whereas during winter 1t was not possible

o strip topscll. Season of construction appeared To have little influence on
compaction levels since resulls of this study showed that all construction

zones on the ResoW were similarily compacted.



Considerable soll compaction had also been measured across the

entlre RoW on the same Sarnia-~Montreal oil pipeline by Culley et al. (1982).

el

Compaction wvas esgpecially predominate on medium te fine-textured solls.
However, compaction did nolt appear to be a problen on coarse-textured soils.
Bulk densities were 10% greater on the RoW than in adjacent undisturbed
filelds. The work slide of the RoW was found to have the highest bulk density
(1979).

Culley et al. (1982) found hydraullic conductivity decreased by an average of

which was In contrast Lo resulls reported by Stewart and MacKenzl

&

28% in the trench and work side portions of Che RoW as compared to the
control. Research by Culley et al. (1982) also demonstrated that surface
layers of the RoW had lower avallable water holding capacities than surface
lavers of control sites. This was simllar To resulis reported by Stewart and
MacKenzle (1979}). This decrease in avallable water holding capacity was
atbributed to lowered Total porosity. 8trength of scll as measured by
penetrometer resistance was greatery on the RoW than off averaging 67% and 50%
nore over trench and work areas, respectively (Culley et al. 1982). This
increase in soll strength was belleved to be dus to ilncreased clay content and
decreased organic matter in the soll after the trenching operation.

The potential severlty of soll compaction on & RoW in southwestern

-io was presented in a study by Moncrieff (1984). The extent of soll

e
LTTE

damage was evaluated when elght kilometers of a RoW were turned into a
homogenous saturated mixture of topsoll and subscll after beling left to
deteriorating weather conditions and heavy eguipment movement. Crop yields on

the RoW were approximately 40% lower than those on the adjacent field even

Five years. These yield reductions were attributed to the conversion of

the original structure of the B horizon intoc a massive structure. The resulb

uced alr and water movement which limited roolt penetration. Subsolling

necessary to break up the subsoll and provide surface

amelioration of the site led to improved yields which were

found to be approaching and in some even exceeding those found on the
adjacent: undisturbed control.

Res

coh in eastern Oklahoma on a fine sandy loam was conducted to
11

study the extent to which physical characteristics of a s0ll were altered by a

single ditch pipeline constructlon project (Zellwmer et al. 1985).
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Was e

ing trenching and backillling.

This study concluded that surface (0 to 15 cm) bulk denslty was not increased

by pipeline installation in a semi-arid enviromment., Bulk densitles were not
increased by construction trafflic on the RoW. There was also no significant

difference between the soll bulk densities from the work side transect and the
soll in the adjacent control transect. Bulk densitlies wexe lower in the

trench than on the adjacent wndisturbed control site in 16 of 20 control sets

of observatlions. Similar trends were observed for subsurface (o a depth of
50 ¢m) bulk densities. In the cultivated soll, bulk densities averaged
' =
approximately 1.56 Mg m™~ for the control site and 1.46 Mg m™® in the trench.
% 8
Similar trends for pasture land occurred with bulk densities averaging
approximately 1.46 and 1.27 Mg m™” for the control and trench lo atlons,

respectively. Lowered bulk densitles for the pasture land were attributed to

the extensive root system of the pasture when compared to the cultivated soll.

Results from earllier studles by de Jong and Button (1973) indicated

that plipeline installation neither harmed nor lmproved the physical properties
ph

of Chernozemic solls. How&v&x, in Solonetzic solls, lowered bulk densities

b A

resulted in lmproved permeability and aseration of the BEnt horizon. The

saturation permeabllity and alr filled porosity of the Solonetzic Brnbt horizon
vere considered undesirable prlor teo trenching. Trenching on Scolonetzic zolls
tended To decrease the bulk dengity at depth, whereas trenching on Chernozemic
solls occasionally resulted in increased bulk densities at depth. This
compaction was thought to have occurred because of compaction by heavy
machinery or by puddling of the exposed subscll.

arch in central Alberta on cultivated land and pastured Orthic

Dark Brown Chernozems and on cultivated Dark Brown Solonetz solls was done to

study the e sty of pipeline construction on agricultural soll guality
ratings (Landsburg 198%2). Bulk density of the Ap horizons was similar between
the work side and the control for each of the three solls, indicating there
was no compaction due to heavy equipment. Construction had little efiect on
the work side due to optimum weather conditions resulting in minimal soll
rutting. There was also no significant difference bebween Ap horizons of the
trench and controls for each of the solls studied. The cultivated Dark Brown

Solonetz had a significantly increased bulk density on the spoll side
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1.22 Mg m 7)) compared to the control (1.09 . This trend was also
ohserved for the Orthic Dark Brown Chernczem on pasture land with bulk

o s g% Rt I UL 3 o o o o RS- S 5 2T
densities of 0.82 and 1.16 Mg m - for the control and spoll =side,
respectively. Ingreased bulk density on the Solonetz soll was attributed to

the presence of spoll material on the B horizon before topsoll replacement,

whereas increased bulk density for the Chernozem on pasture land was thought
to be due to constructlon eguipment during backf£lll. Results of this research
indicated that the increased bulk densities posed no limitation to crop

growth.
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In 1988 elght study areas were chosen to be monitored for soil
compaction on a number of NOVA pipeline RsoW immediately aflter construction
had taken place (Flgure 1. Fliteen additional study areas were chosen in
1989 to be monitored for soll compactlon (Figure 2). Detalled descriptions of
se 23 study areas are presented in this sectlion.
3.3 1988 STUDY AREAS
3.1.1 Cralogmvie Lateral
The 6.3 km pipeline is located east of Hanna, Alberta {(Flgure 1) and
runs from the Rowley Meter Statlon (SBEL3~32-19-W4M) to the Delia Meter Station
(SE15-32~-18-W4M). The climate of the area is continental and ls characterized
by warm summers and cold winters (Bowser et al. 1921}, Topography varies from
undulating on glacio-lacustrine sediments to strongly rolling on hummocky
alcial moraine. Surficial materlals includes glaclal tills, lacustrine sands
and clays, glacio-fluvial sands and recent fluvial deposits (Environmental
Allalrs 1983 The pipeline was constructed In the summer of 19288 in welb soil
conditions. The RoW was 1% m wide with the work side being 9 m and the spoil
heing 10 m.
The 1 Cdescription of the studs §10W5 ig BW1T-32-18-W4aM., The
s0ll monitored for compaction was a cultivated Dark Brown Solonetz developed
on neoderately fine texbured weathered bedrock (Appendix 9.1). The
{15 cm) was st . from the trench and spoll storage area and placed on the
far edge of the spoll side of the RoW. Subsoll removed
placed on the spoll side of the RoW at |
Subsoll and topsoll replacement was
3.1.2 Delia Lateral
The ©
runs from the

topsolil

om the trench was
rom the topsoll.
tivation of the RoW.
5 ilocated east
Craigmyle Meter Station (8W8-32-]
18-WaM) The pipeline iz an ext
Lateral. The imate of the area is
summers and cold winters (Bowser et

of

nsion
continental and 1
al. 1951).
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Topogr
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the Cralgmyle
terized by warm
Fovarlies
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of Hanna, Alberta (Figure 1) and
17-%W4M) to the Delia Mster
tern



Edmonton m

ws}
} 3
- !
= e

. ]
B S*Wiﬁ &MM' 7

1 Victor 1 Calgary m

2\Viclor 2 .

I I 3 Craigmyle
4 Foreman
5 Delia

ﬂ @ 6 Michichi
- 7 Ghosipine
8 Milo

Figure 1. Studyom oms. |
HI lclg% 5'{%0’ CRn_R.CA Qﬂ&*\é\'ﬁ




~ B

j K t/ ,:k

—th apd3FR

e
< 1
Edmontone
e

study areas

1 Aeco (¢ 18

2 Foisey f‘“”%

3 Maleb ] /“’ 3

4 Maleh 2 od,

5 Valhalla 7

6 Henderson 1 e Calgary

7 Hendersopn 2 2 |
8 Bolloque

9 Redwater ] 1

10 Redwater 2

11 Pigeon Lake a8

12 Atlec-Buffalo 1

13 Atlee-Buffalg 2

14 Albright - -
15 Ferintosh

Figure 2. Study—area—toeatone,

|1 & NS GnR (i



je

diments to strongly rolling on hummocky

moraine. 8&u various glaclael tills, lacustrine sands

in

1l sands and re fluvial

its (Brwironmental

The pipeline was constructed in the sumnper of 1988 in welb soll
conditions. The RoW was 18 m wide with the spoll being 8 m and the work side
being 10 m.
The legal description of the study plolts i1s NW11-32-18-W4M. The

soll monitored for compactlion was a cultlivated Dark Brown Gleyed Solonetzic

Chernozem developed on a glaclo-fluvial veneer overlying till (Appendix 9.1).
One of the three replicates was an Orthic Dark Brown Chernozem developed on a
mediun textured glacio~fluvial veneer over moderately fine textured glaclal

Mhe topsoll (15 om) was stripped from the trench and

spoll storage area and placed on the far edge of the spoil side of the RoW.
removed from the trench was placed on the spoll side of the RoW. Wet

weather conditions result

in the RoW being rutted. Subsoll and topsoll

followed by cultivatlon and seeding of the RoW.

Lateral

This 2.8 km pipeline ls located southwest of Forestburyg, Alberta

(Eigux@ 1) extending from 6-20-40-16-W4M to 5-22-40-16-W4M. The climate of

o
javy
o)
1
s
=
{’}
&

is characterized by moderately warm summery and relatively cold wintex

temperatures (Bowser et al. 1947). FPhysiographlically the area 1ls gently

undulating. Dominant surficlal geologlcal materials are fine-loanmy textured
£ill and stured veneers overlying till (Bessle 1988). The

pipeline was constyructed In the summer of 1988 in dry soil conditions. The

RoW was 16 m wide with the work side being 9 m and the spoll side beilng 7 w.

r{”ﬂ

he legal descriptlon of the study plots ls SW20-40-16-W4M. The
5L

soll monitored for compaction was an Orthic Dark Brown Chernozem developed on

i

a medlium textured glacio-fluvial veneer overlyling till (Appendix 9.1). The

plots were located on pasture land. The topsocil (20 cm) was stripped from the

trench only (1.2 m) and placed on the spoll side of the RoW. The pig Wals
k PLE

plowed in using the plow-in technigque, where the plow creates 1ts own trench

into which the pipeline is fed. The plow-in technigque creates a narrover

trench than normal plpeline constructlion procedures. After the plow has
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pagsed, the soll settles back into the trench. The material over the twench

b o

was packed, the topsell replaced and then the RoW was cultivated.

runs from The Chostpline Meter Statlon

i
~33-20-W4M) {(Figure 1).

(NE2-32-21-W4M) to Meter Station (SE31-

Climatically the area falls within the Agro-climatic Subreglon 24, established
by Bowser (1967). This subreglon indlicates an area where low precipitation is

least 50% of the Frost di

limiting to crop growth in

weslographleally the area ls undulating to gently rolling.
Surficial deposits are malnly fine-textured, stone-free, lacustrine sedimenits
blanketing undulating moderately fine-textured ql&aial £ill (Finlayson 1988).

The pipeline was constructed in the summer of 1988 in wel so0il conditions.

m wide with the work

The RoW v being 10 m and the spoll side being
8 m.
The legal descriptlon of the study plots is NWI-33-20-W4M. The soil

e

monitored for compaction was a cultivated Orthic Dark Brown Chernozem

developed on undulating to rolling medium ©

{Appendix 9.1) The topsoll (15 om) was stripped from 1 ! spoll

de and was placed on the far side of the spoil slde on the RoW. Subsoll

removed from the trench was placed on the spoll side of the RoW. Subsell and

topscil replacement was followed by cultlvation of the RoW.

3.1.5 Michichi Lateral
The pipeline is located north of Drumheller, Alberta (Flgure 1)

running southwest for 7.4 km from the Michichl Meter Station (SW8-I1-18-W4M)

to the Morrin Metes n (SW33-30-19-W4M) . The climate of the area is

conbinental and oh by warm sumners and cold winters (Bowser et al.

2

Pt

1951, Physlographically the pipeline runs across an ares

gently undulating to moderately rolling. Surficial depos

textured glacl is stone-Iree To slightly stony

{(Twardy and Dowgray 1988). Till, which is slightly to very stony, weakly
reous and fine los also occurs along oute. The

ine was constructed in the sunmer of The
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RoW was 18 m wide with the work side being 10 m and the spoll s being & m.

e —_—

The legal the study plots is SE7-31-18-W4M. The soll

SR RS

monitored for compaction was a cultivated Dark Brown Soleonetz developed on a

fine to fine texbured glaclio~lacustrine blanket (Appendix 9.1).

The top {15 o) was stripped from the trench and spoll side of the RoW and

stored on the far edge of the spoll side. Subsoll removed from the trench was

also shore the spoll side. Subsoll and topsoll replacement was followed

by cultivation of the RoW.

The plpeline ls located near Brooks, Alberta (Figure 1) mainly on

Lok

native rangeland. The 38.5 km pipeline runs from the Muskateer Energy Limited
gas plant (4-31-18-19-W4M) to NOVA's South Lateral (9-13-16-17-W4M).
Climatically the area falls within Agro-climatlic Subregion 34, established by
Bowser (1967). This subregion indicates an area where low precipitation has
usually been a severe limiting factor to crop growth. Frost is not considered

SO

a hazard to cereal crop preduction. Topography 1s gently undulating to

undulating (0 to 5% slopes) Iin the central and southwestern portions and

moderately rol E&mg to hilly (10 to 45% slopes) in the northwestern portion.

Surficial deposits consist of stone-free to sllightly stony glaclo-fluvial,
sandy textured veneers in the southeast portion and loan to clay loam textured
till in the cenbtral and northwestern portions (Pedology Consultants 1985).

The pipeline was constructed in the summer and fall of 1988 in dry soll
conditions. The RoW was 18 m wide with the spoll side being & m and the work
side being 10 m.

o Y g Lo
The legal locatlion

B P . 7. n P
lots is SW1T7-17-17-W4M. The soll

monitored

Solonetzic Brown nozen developed

on glacio-fluvial material (Appendix 9.1) One of the three Was

P

sifled as s Brown Calcarecus Chernozem developed on medium glacliofluvial

over mod morainal material (Appendlix 9.17. The topsoll

(20 om) was stripped from the trench and spoll side of the RoW and placed on

¥ the RoW. Subsoll removed from the trench

the far edge of the spoll
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was placed on zide of the RoW. Subsoll

followed by cultivation of the RoW.

ine ryuns north 8.5 km from the Dellis Meter Station

(BELD-32-18-%4M) to the Victor Meter 3Station (SWLL-33-18-W4M). Climabically

The pipeline falls in Agro-climatic Subregion ZA (Bowser 1967) which indicat

low precipitation is limiting to crop production in at least 50%

ost dane lals of the

but where rely occurs. Parent me

N B I T
of the y

-

and form a relatively stone-free veneer over

In a fev locations till occurs at the surface.

The

was construct summey of 1988 condltions.

THe RoW was 18 1 ide -h the work side belng 10 m and the spoll side being
THe RoW was m wide with the work side being 10 wm and the spoil side beling

8 ni.

The legal location of the study plots ls NE2Z-32-18-W4M. Two sites

for compactlion on this pipeline. The soll alt the

S

a cultivated Orthic Humic Gleysol developed on moderately fine

to [ine textured lacustrine material (Appendix 9.1). The soll at the second
was a cultivated Orthic Dark Brown Chernozem developed on

&3

textured lacustrine material (Appendix 9.1). The topscll

es on

s stripped from the trench and spoll side of sthe RoW and

de.  Subsoll removed from the trench was also

spoil s

side of the RoW. Subsoll and topsoll replacement was
tion of the RoW. Web weather conditions prevalled prior Lo

woll was not replaced until doy.

1989 STUDY AREAS

@ J o ) [ a8 N
- - By g " o o gy Y o P
3.2.1 Aeco 'CY Tateral Loo

The 6.9 km pipelis

from SE4-19-9-W4M to SEZ-19-10-W4M.

st of Bx@@kﬁy Albe

within Agro-cll
subregion indicates an area where low precipitation has

> growth. Frost s nobt consldered a hazard to cersal




i
b &)

crop produ

undula

iz gently undulating to

o L g e T AT o, o o 5 e e o [ I o
Surflicial deposits are mainly till

which caleareous, sodlc and meoderately stony. Glacio-fluvial

'

route. The pipeline was constiucted

conditions. PFinal cleanup occurred in the

F

m wide with the work side being 14 m and the

The legal description of the study plots is B8ES-19-9-W4M. The soll

HOnLTored

Q

ympaction was a cultivated Brown Solodized Solonetz developsd
$

9.1). One of the three replicates was a Brown Solonetzic

Chernozem developed on ©LI11 {(Appendix 9.1). During construction, the topsoil
i b= 7 I

5

(15 om) was s

ipped from the trench and spoll side of the RoW and placed on

far edge of the spoil side. Subsoil removed from the trench was also
stored on the spoll side of the RoW. Subsoll and topsoll replacement was

.1

collowed by harrvowing in the spring.

» 4 Y o & e T e i g o
3.2.2 Poisy Lateral

The 1.9 km pipeline is located northeast of

(Figure 2} and rune from the Folsey Meter Station (8W30-D6-11-W4M) to the

Lateral (NW2Zb-56-12-W4M). Climatlically the area falls within

Agro-climatlic Subregion 3ZH (Bowser 1967). This subreglon indlcates an area

where healt units are moderately limiting to crop growth. Parent materials of
IS

the area are glacial deposits, malinly till, which are yellowish brown to

brown in colour and clay loam in texture (Landsburg 1988). The

T
®
s
&

pipm¢im& vas constructed in the spring of 1989 in dry soll conditions. hie

[

the work side bmimg 10 m and the spoll side beling 8 nm.

5 NW25-56~12-W4M. The soll

location of the

monitored for compaction was a cultivated Orthic Dark CGrey Chernoze veloped
i P

on till {(Appendix 9.1). The topsoll (20 om) was stripped from the trench and

of the RoW and was stored on the far edge of the %pmii side.

Subsoll removed from the trench was also stored on the

L&

. side of the RoW.

JONR T o g g sy g g o by oy Jo % s R T T
and topsoll ement was followed by cultl of the RoW.
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3.2.3 Maleb Lateral

Ty Y Y L
LR adde 2 KID

L

19673

rere Limiting

Frost ls not consldered a cereal crop produ

ogits (Twardy 1988a). Burficial ns

tills which are leam textured, moderately to very stony and non-saline and

The plpeline was constructed

18 m wide with

Two sites were monitored

B

pipeline. The legal

is BE22-9-9-W4M and alb

iy piwxz at the

524-9-10-W4 The soll

{Maleb 1) was a

nozem developed on till (Appendix 9.1). Ong of

was an O

Homic Gleysol develc {Bppend

9.1}, The so0ll at the second slte (Maleb 2) was a fallowed Orthic Brown

11 (Appendix 2.1). AU both study sites the topsoll

£

Chernozem developed on

{15 om) was stripped from the trench and spoil side of the RoW and was stored

on the far edge of the spoll side. Subsoll removed from the trench was

fortn
St

stored on the spoll side of tLhe RoW. Subsoll and topsoll replacement was

followed by culbtivation of the RoW.

i

located northwest

From SWO-T75-9-WeM to 5F

2} and runs

ically the

-

~lude lacus

or

Crop

e

spring of L conditions. The RoW was 18 n

wide with the vk side belng



Luvizsol developed

1

three replica ras a Derk Grey Luvisol

The topsoil (10 cm) was stripped from the

trench and spoll side of the RoW and was stored on the far of the spoll
side. removed from The neh was alsd ot the spoil side of

the RoW. Subscll and topsoll was followed by cultivation of the
RoW.
3,205 Henderson

e 8.5 km pipeline lis r CGordondale, Alberta (Flgure

B
—r

and runs in a northwesterly direction from the Gordondale Sales Me
15

Creel Meter Statlon (NW34-79-12~WEM).

in Agro-climatic Subregion 3H to 4H (Bowser
967 indleating an arves vhere healt unlits are woderately to severely limiting

ot

to crop growth., Parent materials of the area are mainly dark colovred heavy
clay loams to clays of lacustro-till origin overlying till (C&nwhg Enterprises
1988). The pipeline was contructed in the spring of 1989 in dry soil
conditions. The RoW was 18 m wide with the work side being 10 m and the spoll
aide being & m.
Two sltes were monltored for compactlion on this pipeline. The legal
pration of first site iz BW34-79-12-WeM and of the second site is

1 oAy ' 7 PEY S 2 BT I £
SGELA-TO-12-WeM. The soll at the L

ret site {(Henderson 1) was a cultivated

2 g 3 - R Ty S 3 g gl 3 e i
Solonetzlic Dark Crey Luvisol developed on €111 {(Appendix 9.1). The =oll at

the second site (Henderson 2} was a cultivated Dark Grey Luvisc
At both study areas, the topsoll (15 cwm) was

. I T N R
SROLL Dide O X

M
e

“he RoW

P

and stored on the far

L oremoved from the trench was also stored on

and topsoll replacement was followed by cultivation of

e
P

.

east of Fawceltlt, Alberta (Flgure 2)

NEZ3-64~26-W4M to NEZ-05-25-W4aM

AT I 29 Y




1 Agro-clima

alre maeve

oy omy e o g 5w - F
materials of

are mainly clay loams to loams of till origin

A fluvial veneer over till occurs

The pipeline was constructed in the summer of

ot

on
A

g

conditions. The RoW was 10 m wide with the work side being 10 m

side be

he study plot iz BE29-64-205-W4M. The soll

e e
¢

studied eline was a Dark Crey Luvisol developed on

-

i1l (Appendlix 2.1). The plot was located on native pasture land. Topsoll

1y in depth from 5 to 15 cm) was stripped from the trench and spoll side

of the RoW and stored on the far edge of the spoll side. Subsoll removed from

= .

nch was also stored on the spoll side of the RoW. Subscll and topsoll

ement was followed by harrowing and cultlivation of the RoW.

Lateral Loop

The 21.7 km pipeline iz located

&
SE7-62-25-W4M to NE26-60-24

within Agro-climatic subregion 3H {Bowsex

limiting to crop grovw

o

lows: from undulating to gently rolling

undulating in

unduiating

=

include

Forir

oy o e 3 o e B SR T S
POD LTS, Int

well drained glaci deposl

materials in the

A

shtly to mod

ipeline was constru

10 m and the spoll



NW26-61-25-

Gleyed BL

an Eluviated

© 1
R

The

developed on luvial me

ng i1l {(Appendix 9.1). The plots

Were 1 and 15 o at

sture land. The topsoll (40 om

trench and spoll of the RoW and

z. Subsoll removed from the trench was

ap

et
e

and replacenent was

T o, U T—
RoW. Subsol

&
@m

and cultivation of the Ro¥.

soutwest of Edmonton, Alberta (Figux
jeon Lake Meter Station [(SW3L-45-27-W4M) to the Falun

ic
Station (NW11-45-27-W4M). Climatice

ally the area falls within Agro-

gions 2H to 3H (Bowser 1967) Indicating an arsa where heat unilts

are slightly to moderately limiting to crop growth. Topography of the ax is
nco Consultants Limited 1889). Parent materials of the area
The pipeline was constructed in the summer

The RoW was 18 m wide with

-

topsoil (15

3
o3
o

RoW and red on

removed from the trench was also

Tt

v cultivatlion of the RoW.

el

replacemns

el

north of

south from

TS ¥ S ]
WE; bt

(B5EZ24-20~




Clima within Agro-cli 3A (Bow

low precipitation has usually been a

wly consist of

loamy textured till. In the northern portion of the pipeline
k Ju i

LA

-Eluvial veneers overlying till. The

stony and is non-saline and non-sodic

kS

he pipeline was constz

the summer of

1989

¢ conditions., The RoW waz 18 m wide with the
work side being 10 m and the spell side being 8 m.

tes were monitored for compactlon on

MY gy B B oy oy
LOCAaviIon ox

first site ls SW1Z-21-7-W4M and of the second site is

SW36-20-7-W4rM. Both sels of study plots were located on native pastur

L the (Atlee~Buffalo 1) was an Orihic Humic Gleysol

on lacustrine material overlyling 111 (Appendix 2.1). The soll at
Brown Chernozem developed on

rial mater]

oy was with a

1

on the work side. removed Irom the trench was

The RoW. Subsoll and topsoll replacement was followed by levelling of

oy T o ) I T ever B Pt emrmer d D s
the RoW and harrowing of the spolil and

Extension

near Beawve

3¢, in northern Alberta
southeast from NEZ1-73-10-WEM to SWL7-72-9-W6EM.

ithin Agro-climatic Subreglons 2M Lo 4B (Bo

areas where heat units are moderately to

cerely limiting Lo growth. Qymg*&"%) of the area 1s level to gently

T
[ niEN]

ing (Riddell

rustro-till,  The dominant lacust
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the trench was also stored on

bed
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North
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5. RESULTS AND DISCUSSION

In 1990 soil moisture, soll organic matter and soil strength were
monitored only for the 1989 study areas in order to determine levels one year
following pipeline construction. Michichi study area was also nonitored in
1990 for soil molsture, soll organic matter and soll strength since work side
and trench soil strength values were significantly increased one year
following construction compared to control soil strength values. Craigmyle
study area also had significantly increased trench soll strength at 21 to
28 cm when compared to the control soil one year following construction (1989
sanpling year) but the cone penetrometer was unable to penetrate past the 7 om
depth during the 1990 sampling.

The 1988, 1989 and 1990 sampling year data for soil moisture, soil
organic matter, clay content and regression anlyses are presented in the
Appendices. The 1990 sampling year data is discussed in detail in this
report. Details of the 1988 and 1989 sampling data vere discussed in the 1988
and 1989 annual reports (Cannon et al. 1989; Cannon et al. 1990).

5.1 SOIL MOISTURE

Soil moistures for those study areas indicating significant
differences between RoW and control soils immediately following construction
or one vear following construction are presented in Table 1. Regression
analyses suggested there was little correlation between soll strength and soil
moisture for this study. These findings were in contrast to those of Gerard
{1982), Taylor et al. (1966} and Ayers and Persumpral (1982) which indicated
that soil strength increases as soll moisture decreases. As well, research in
Alberta has shown that average ninespoil strength at 15 bars molsture tension
was 2.5 times That at 1/3 bar moisture tension. However, these authors also
found that the effect of molsture on absolute penetration resistance was
different for different minespoils and’that texture must be taken into

account.

5.1.1 Soil Moisture Immediately Following Construction

In four of the clght study areas monitored in 1988 there were no

significant changes in so0ll molisture between soils on and off the RoW. These
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Table 1. Soil molistures for those study arveas and depths indicating
significant differences immediately following construction or one
yvear following construction.

STUDY AREA DEPTH SOIL MOISTURE™ %
{om) Control Work Big8  Tranch B e

1HEE Study Areas

Craigmyle

YEAR 1% 15-40 33.3 32.3 25.0%3 -

Delia

YEAR 1 0-15 20.9 19.7 11.9% -

Foreman

YEBR O 20-35 12.3 10.6% 9.2% -
35-50 12.0 9.8 g8.8% -

Ghostpline

YEAR O 0-15 25.5 18.0% 17.%2 -

YEAR 1 0~-15 21.7 17.6% 19.0 -

Michichi

YEAR 1 1540 19.2 14.,2% 14.1% -

Milo

YEAR O 15-30 10.3 5.8% 5.5% -
30-50 8.4 4, 3% 5.7% -

Victor 1

YEAR O 15+ 35.1 38.6% 38.0 -

Victor 2

YEAR 1 0-15 1i5.5 21.9% 15.1 -

1989 Study Areas

Atlee~Buffalo 1

YEAR 0 0-11 17.7 26.8 10.3% 28, 4%

YEAR 1 0-10 14.2 g,3%" 14.9 14,4

Aeco ¢

YEAR 0 17-35 24.6 19.9 21.0% 17.1%
35-50 26.0 23.7 20, 3% 17.6%

continued......



Table 1. Concluded.

STUDY AREA DEPTH S50IL MOISTURE™ %
(cm) Control Work side  Trench Spoil side
Albright
YEAR O 0~18 25.8 19,4 18.1% 20.4%
18-35 25.17 18.1 19.5% 22.4
Bollogue
YEAR O 0--20 19.1 25.7 31.3% 28.9%
Ferintosh
YEAR O 0-15% 34.2 30.7 28 . 1% 27, 1%
15-32 30.2 21.6 23.7% 25.7
Folsey
YEAR 0 0-~19 16.8 13.8 12.5% 16.7
Henderson 1
YEAR 0O 0-21 11.0 15.1% 15.8% 14.3%
Maleb 1
YEAR O 30-50 16.7 26.6% 19.4 23.9%
Maleb 2
YEAR O 0~15 15.0 9.9% 6.9% 9.1%*
Pigeon Lake
YEAR O 0-18 14.4 17.7% 22.1% 18.4%
Redwater 1
YEAR 0 20-40 5.7 12.4% 13.0% 15.3%
Redwater 2
YEARR 0O 0-20 12.1 14.1 16.4% 13.8

*average of three replicates, underlined values have only one replicate.

*YEAR 0

it

“Means are significantly different from control at p < 0.05.

sampling event immediately following construction,
YEAR 1 = sampling event one year following construction.
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four sites were Cralgmyle, Delia, Michichi and Victor 2. 1In the other four
sites, when soil molisture was changed, in all but one observation (Viector 1
study area}, soil moisture was significantly less for soils on the RoW
compared to soll off the RoW indicating drying of the soil possibly due to
pipeline construction. The three study areas where RoW soll moistures were
lower than off RoW soll Moistures were Foreman, Chostpine and Milo. 8ince
soil strength increases as bulk density increases or solil moisture decreases
(Gerard 1982, Taylor et al. 1566a), this drying of the scil could affect the
emergence of a seeded crop especially in areas such as Milo where low
precipitation is already a limiting factor to crop growth in 50% of the years.
buring 1989, for the fifteen new sites chosen to be monitored, sites
that had significantly increased soil moistures on solls of the RoW compared
o s0ils off the RoW were sites that were sampled during the summer and had an
established crop growing on the control or were in pasture land. These
conditions affected the study areas at Maleb 1, Henderson 1, Bollogue,
Redwater 1, Redwater 2, and Pigeon Lake. Sites with decreased soll moisture
on the RoW included Atlee-Buffalo 1, Aeco 'C', Albright, Ferintosh, Foley, and
Maleb 2. These decreased soll moistures indicated drying of the soil possibly
due to pipeline constructicn. This drying could affect emergence of a seeded
crop especially at Atlee-Buffalo 1, Aeco 'C', and Maleb 2 vhere low
precipitation is already a severe limiting factor to crop growth.

In 1989 regression analyses using all 1989 study area data indicated
that there was no close correlation between soll strength and soil moisture
(xr® =0.02). When soil moisture, organic matter and clay content were placed
into the regression equation together, the r® value was 0.04. Individual site
data was also used to determine the relatlionship between so0il strength and
501l moisture. Coefficients of determination (r® values) were below 0.42 for
all sites when determining the relationship between soil strength and soil
moisture, except for Pigeon Lake (r”® = 0.68) and Ferintosh (r® = 0.56). Both
these sites had trench and spoll side soll molstures that were significantly
different from those of the control, but it was difficult to speculate why
these sites had greater r® values than other sites with significant

differences in RoW soll moistures.
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1.2 S0il Moisture One Year After Construction

5

During the 1989 sampling year, in three of the eight study areas
monitored one year after pipeline construction was completed, there were no
significant differences in soll moisture between solils on and off the RoW.

The three site were Foreman, Milo and Victor 1. In the other five sites, when
501l molisture was changed, in all but one observation (Victor 2 study area),
s0il moisture was significantly less for soils on the RoW compared to soll off
the RoW, indicating drving of the soil due to pipeline construction. The four
study areas than had RoW soil moistures significantly lower than off Ro¥W soil
moistures were Cralgmyle, Delia, Ghostpine and Michichi. This drying of the
soil could affect the emergence of a seed crop especially in agroclimatic
areas where low precipitation is already a limiting factor to crop growth in
H0% of the years.

In 1989 regression analyses using all 1988 study area data indicated
that there was no close correlation between soil strength and soil moisture
(r® = 0.03). Individual site data was also used to determine the relationship
between soil strength and soil moisture. Values of r® were below 0.29 for all
sites when determining the relatlonship between soll strength and soil
moisture except for Craigmyle (x® =0.63). Craigmyle had trenvh soil moistures
that were significantly different from those of the control, but it was
difficult to speculate why this site had a greater r® value than other sites
with significantly different RoW soll moistures.

In 1990 there were no significant differences in soil nmolisture
between soils on the RoW and those off the RoW for all but one of the study
areas monitored. AL Atlee-Buffalo 1 soil moisture was significantly lower in
the work side at 0 to 10 om (9.3%) when compared to the control soil molisture
{(14.2%). In the previous sampling year (1989) the work side soll moisture had
not been significantly different from that of the control. This decreased
s0il molsture indicates drying of the soil possibly due to pipeline
construction and could affect emergence of a seeded crop since low
precipitation is already a severe liniting factor to crop growth at Atlee-
Buffalo 1.

Regression analyses using all 1989 study area data indicated that

there were no close correlations between soil strength and soil moisture (x® =
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2.01). Individual site data wazs also used to determine the relationship
between s0il strength and soil moisture. Coefficlents of determination
(r® values) were below 0.25 for all sites except for Pigeon Lake (r® = 0.73)
and Valhalla (r® = 0.61). It was difficult to speculat why these two sites
had greater r“ values than other sites especially since there were no

significant differences in soll molstures between soll on and off the RoW.

5.2 SOIL ORGANIC MATTER

Soil organic matter contents for those study areas indicating
significant differences between RoW and control soils immediately following
construction or one year following construction are presented in Table 2.
Regression analyses suggested there was little correlation between soil
strength and soll organic matter.

Soil guality deteriorates quickly at organic matter levels below
2.0% {(Alberta Solls Advisory Committee 1987). Organic matter is important to
agricultural soils as 1t contributes to the nutrient poel, structure,
workability, and water holding capacity of the soil. Other literature
indicated that ninimum acceptable guantity of soll organic matter is 1.0% for
the Ap 0 to 15 cm depth (Alberta Soll Advisory Committee n.d.). Additions of
organic matter to compacted soils has been shown to result in lower shear
strengths at any given compaction level for all of the moisture levels
considered (Ohu et al. 1986). These results suggest that lowered organic

matter levels could result in increased soll strengths.

5.2.1 S0il Organic Matter Immediatelyv Pollowing Construction

In four of the eight study areas monitored in 1988 there were no
changes in s0ll organic matter contents between soll on and off the RoW. In
the other four study areas (Craigmyle, Ghostpine, Milo and Victor 1), levels
were always significantly lower for solls on the RoW compared to solls off the
RoW suggesting that subsoil was being mixed with topsoll or that there was a
loss of topsoil. The levels of soll organic matter for all the study areas
except the Milo trench soll, exceeded 2%. The level of soll organic matter in
the trench at Milo for the 0 to 1% om depth was 1.4% and for the 15 to 30 om

depth was 0.8%, suggesting that there may be some agronomic implications.
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Table 2. Soll organic matter contents for those study areas and depths
indicating signiticant differences immediately following
construction or one year following constructlion.

STUDY AREA DEPTH SOIL ORGANIC MATTER™ (%)

{cm) Control Work side  Trench Spoll side

1988 Study Areas

- Craigmyle
é YEAR 0 0-13 5.5 2. 4%7 2.9 -
) Ghostpine
i YEAR O 0-15 6.3 6.0 3.8% -
YREAR 1 0-15 6.05 4,55% 5.08 -
Michichi
YEAR 1 0-15 5.01 2.70% 4,51 -
YEAR 2 0-20 4,27 5.32% 5.50% -
Milo
YEAR O 0-15 2.5 2.0% 1.4% -
Victor
YEAR O 0~-15 4.1 3.6 3.1% -
1989 studv Areas
Atlee-Buffalo 1
YEAR O 0-11 6.79 8.11% 3.83 9.71
Bollogue
YEAR O 0-20 2.27 3.67 5.05% 3.84
Ferintosh
YEAR 1 0-15 9.30 8.,44% 8.00 9.13
Folsey
YEAR 1 0-20 6.06 3.26% 4.42% 4.56%
Maleb 1
YEAR O 0~15 4.95 3.79% 1.93% 2.87%

*Average of three replicates.

“YEAR 0 = sampling event immediately following construction,
YEAR 1 = sampling event one vear following construction,
YEAR 2 = sampling event two vears following construction.

IMeans are significantly different Lxom control at p < 0.05.
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organic matter content for 0 to 15 cm (8.44%) was significantly lower Tthan the
control soll organic matter content of 9.30%. At Folsey the work side, trench
and spoil side soll organic matter contents at 0 to 20 om (3.26, 4.42 and
4.56%, respectively) were significantly lower than that of the control
{(6.06%). At Michichl the work side and trench soil organic matter contents at
0 to 20 cm (5.32 and 5.50%) were significantly greater than the controel soil
organic matter content of 4.27%. Decreased s0ll organic matter contents at
Ferintosh and PFolsey suggest that subscoll had been mixed with topsoll or that
there was a loss of topsoil. It was difficult to speculate why increased RoW
301l organic matter contents occurred at Michichi since the vhole field is
farmed in a similar manner. Levels of soll organic matter for all study areas
monitored in 1890 except the Atlee-Buffalo? work side soil, the Aeco 'C' work
slde and trench solls, the Henderson 2 work side, trench and spoil side soils,
and the Maleb 2 control, work side, trench and spoil side solls exceeded 2%.
Only the soll organic matter in the Atlee-Buffalo 2 work side soil was below
1% suggesting there may be some agronomic implications.

Regression analyses using all 1989 study area data indicated that
there was no close correlation between soil strength and soil organic matter
(r® = 0.01).

5.3 CLAY CONTENT

Clay content was only monitored on the 23 study area for the
sampling event immediately following pipeline construction. Percent clay for
those study areas that had significant differences on the RoW as compared to
the control are presented in Table 3, Regression analyses suggested there was
little correlation between soil strength and clay content.

In five of the elght study areas monitored in 1988 there were no
significant differences in clay content between soils on and off the RoW. In
two study areas, when clay content was changed, 1t was significantly less for
trench solls at the 30 to 50 cm depth when compared to the control soil. Both
these study areas were developed on glaciofluvial veneers. At the final study
area, both trench and work side clay contents were increased compared to the

control so0ils for the 0 to 15 cm depth only, suggesting some mixing of subsoll
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Table 3. Percent clay for those study areas indicating significant
differences on the RoW as compared to the control.

STUDY AREA DEPTH CLAY™ (%)
{cm) Control Work side  Trench Spoil side

1988 study Areas

Delia 0-15 20.4 11.9 15.4 -
15-30 22.2 15.2 11.5 ) -
30-50 30.2 25.3 11.9%% -
Chostpine 0-15 22.9 26.9% 30.2% =
15-25 32.2 38.4 32.2 -
2550 35.9 35.8 33.2
Milo 0-15 16.3 15.5 16.6 -
15-30 30.6 16.7 16.8 -
30-50 28.1 18.4% 16.8% -
1989 Studv Areas
Atlee~-PBuffalo 1 0-11 21.7 20.4 23.77 21,7
11-20 35.1 28, 4% 28, 4% 34.4
Bollogue 0-20 12.9 12.5 13.2 11.8
20-35 21.2 21.2 21.5 27.2
35-50 27.9 34.9 22.5% 23.7
Ferintosh 0-15 19.5 18.8 19.1 16.1
15-32 14.5 18.8 19.8% 17.1
32-50 22.8 17.5 28.1 26.5
Folsey 0-19 14.9 16.9% 17.2% 20.1
18~40 24.9 29.1 25.7 26.1
40-50 30.2 33.7 28.6 29.4
Henderson 1 0-21 20.9 23.3 23.6 24.,9%
2135 49.6 45.9 33.3% 57.9
35-50 52.6 - - 51.6
Henderson 2 0-18 19.3 25.0 21.7 19.7
18-34 33.2 32.3 40.3 28.7
34-50 39.3 46.0 54, 0% 44.0

continued......




Table 3. Concluded.

STUDY AREA DEPTH CLAY™Y (%)
{cm) Control Work side  Trench Spoil side
Maleb 1 0-15 32.2 34,5% 32.9 34.9%
15-30 37.9 35.5 32.9% 36.2
30-50 36.9 39.7 32.9 7.5
Maleb 2 0~-15 23.7 23.4 24.1 23.5%
15-33 28.4 24.1% 28.8 23.5%
33-50 27.1 24.,8% 28.8 26.5

*Avexage of three replicates, underlined values have

only one replicate.

*Means are significantly different from control at p < 0.05.
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with topsoll. However, data from this research study suggested little mixing
of subsoll and topsoll during pipeline construction.

In 1989 few significant differences in clay content occurred between
surface soils on the RoW and those off the RoW for the fifteen new study areas
chosen to be monitored. Surface clay contents for Foisey work side and trench
soils, Henderson 1 spoil side soil and Maleb 1 work side and spoil side soils
were significantly greater than the corresponding control clay contents
suggesting some mixing of subsoll with topsoil. Most significant differences
in clay content occurred below the surface horizons. OCenerally data from this
research study suggested 1ittle mixing of subsoil and topsoll during pipeline
construction.

In 1989 regression analyses using all 1989 study area data indicated
that there was no close sorrelation between soll strength and clay content
(r® = 0.06). When soil moisture, organic matter and clay content were placed
into the regression equation together, the r* value was 0.04. Individual site
data were used to determine the relatlionships between soll strength and clay
content. Coefficients of determination (r® values) were below 0.41 for all
sites when determining the relationship between soll strength and clay
content, except for Pigeon Lake (x® = 0.49) and Valhalla (x® = 0.65). It was
difficult to speculate why these two sites had greater r® values than other
sites especially since there were no significant diferences in clay cotnet

between solls on and off the RoW.

Ln
*
fSa-

SOIL STRENGTH

Actual soll strength values for 1988, 1989 and 1990 sampling years
were compiled and entered into Appendix 2.5 for each study site and sampling
depth increment. Statistical significance is indicated in these tables. As
well figures showing soll strength values for the 1988 and 198% sampling vears
are presented in Appendix 9.6. Depth increments 1 through 15 correspond to
the following depths: 1) 0 to 3.5 cm; 2) 3.5 to 7.0 cm; 3) 7.0 to 10.5 cnm; 4)
10.5 to 14.0 cm; 5) 14.0 to 17.5 cm; 6) 17.5 to 21.0 cm; 7) 21.0 to 24.5 om;
8) 24.5 to 28.0 om; 9) 28.0 to 31.% cm; 10) 31.5 to 35.0 cm; 11) 35.0 to 38.5
cm; 12) 38.5 to 42.0 cm; 13) 42.0 to 45.5cm; 14) 45.5 to 49.0 cmp and 15) 49.0
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to 52.5 cm. Only statistical differences (p < 0.05) between the control

versus work side, spoll side and trench will be reported in this section.

[
a9
s

Atlee-Buffalo 1

There were no differences in soll strength measured between solls on
and off the RoW in the 1990 sampling year (Figure 4). Trench and spoil side
s0il moistures were not significantly different when compared to those of the
control. Increased work side soll strength would have been expected as a
result of the significantly lowered soil molsture at 0 to 11 cm. There vere
also no significant differences in soil crganic matter contents between soils
on the RoW and the control soil. The cone penetrometer could not penetrate
past the 71 om depth for the control, past the 7 cm depth for the trench or
past the 17.5 cm depth for the work side or spoil side indicating soil
strengths greater than 38 bars at these depths.

As in 1990, in the previous year (1989} there were no differences in
actual soll strength between solls on and off the RoW at the Atlee-Buffalo 1
study area {(Cannon et al. 19%0). 8poll side soll molisture and work side soil
ocrganic matbter were significantly increased at 0 to 11 om when compared to the
control values. However trench soil moisture and both work side and trench
clay contents were signiflcantly decreased when compared to those of the
control. Decreased soll strength would have been expected to result because
of increased soll meoisture and soll organic matter and decreased clay content
while increased soll strength would have been expected as a result of lowered
soil molsture. The cone penetrometer could not penetrate either the work or
spoil side past the 10.5 cm depth, the trench past the 14 om depth or the
control past the 28 om depth indicating soll strengths greater than 38 bars at
these depths.

There were no differences in soil strength in either monioctring year
{Table 4.) The cone penetrometer was unable to penetrate to depth in eithex
case making comparisons between RoW solls and off RoW soils below 17.5 om

impossible.

5.4.2 Atlee-Buffalo 2
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Table 4. Summary of statistical data for the Atlee-Buffalo 1 study area.™

SAMPLING EVENT™ DEPTH INCREMENT™

r 0z 3 4 &5 6 7 8 9% 10 11 1z 13 14 15

YEAR O

Work side - - - - - - - - - - - -
Trench - - - - - - - - - - -
Spoil side .

YEAR 1

Work side - - - - - - - - - -
Trench - - - - - - - - - - - - -
Spoil side .

* Orthic Humic Gleysol developed on lacustrine overlying till and constructed

in dry soll conditions.

Year 0: sampling event lmmediately following construction,

Year 1: sampling event one vear following construction.

+W, +T and +5 indicate soil strength increases for the work side, trench and
spoil side, respectively, as compared to the control.

W, ~T and -8 indicate soll strength decreases for the work side, trench and
spoil side, respectively, as compared to the control.

- = no penetration.

I
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Table 5. Summary of statistical data for the Atlee-Buffalo 2 study area.™

SAMPLING EVENT® DEPTH INCREMENT®

et
b2
L2
[~
(93]
(o2

T8 % 10 11 1z 13 14 15

YEAR O

Work side -~ - - - - - - - - - - -
Trench ~p =T -7 - - - - - -
Spoil side +8 - - - - - - - - - - -

YEAR 1

Work side - - - - - - - - - - - - -
Trench - - - - - - - - - - -
Spoil side - - - - - - - - - - - -

* Orthic Brown Chernozem developed on glacio-fluvial material and constructed

in dry soll conditions.

Year 0: sampling event immediately following construction,

Year 1: sampling event one year folleowing construction.

+W, +T and +5 indicate soil strength increases for the work side, trench and
spoil side, respectively, as compared to the control.

W, ~T and -8 indicate soil strength decreases for the work side, trench and
spoil side, respectively, as compared to the control.

® - = no penetration.
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There were no differences in soll strength measured between solls on
and off the RoW for the 1920 sampling year (FPigure 5). There were also no
significant differences in soil molstures or soil organic matter contents
between solls on and off the RoW. MHowever the cone penetrometer could not
penetrate past 14 cm for the trench or past 7 om for the control, work side
and spoil side indicating soll strengths greater than 38 bars at these depths.

In the previous year (1989) decreased soll strengths were measured
in the trench at the Atlee-Buffalo 2 study area for the top 14 cm of the
profile when compared to the control (Cannon et al. 1990). Since there were
no significant differences in organic matter, soll moisture, or clay content
between the trench and the control, decreased scil strengths were attributed
to the breaking up of a hard rangeland soil during the trenching procedures of
pipeline construction. Work side soll strength was decreased at 3.5 to 7 on
when compared to the control. Decreases in soil strength could be a result of
the harrowing of the RoW after construction was completed. Spoil side
strength was greater at 7 to 10.5 om when compared to the control. Increases
in s0il strength were thought to be a result of increased traffic on the spoil
side. The cone penetrometer could not penetrate past the 14 cm depth for
either the work or spoil side or past the 31.5 cm depth for either the control
or trench soll indicating soll strengths greater than 38 bars at these depths.

The two sampling years were difficult to compare because in 1990 the
cone penetrometer could not penetrate as deeply as it did in 1989 (Table 5).
This effect was most likely due to lower soll moisture contents in 1990.
However decreased work side and trench soll strengths at 2.5 to 7 cm observed

in 1889 were not observed in 1990,

5.4.3 Aeco ‘¢t

There were no differences in s0il strength neasured between solls on
and off the RoW for the 1990 sampling vear (Figure 6). There were also no
significant differences in soll moisture or soll organic matter contents
between solls on and off the RoW. However the cone penetrometer could not
penetrate past the 14.0 om depth for the control soll or past the 10.5 cm
depth for the work side, trench or spoll side indicating soll strengths

greater than 38 bars at these depths.
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In the previous year (1989) the actual work side, spoll side, and
trench soll strengths were lower than those of the control for the top 7 om
(Carmont et al. 1990). These decreased soll strength values were thought to
have ocourred following cultivation of the RoW afier construction was
completed.

Actual soll strengths were lower in the trench at the Aeco 'C' study
area below 14 cm for all depths except 28 to 31.% cm when compared to the
control for the 1989 sampling year (Cannon et al. 1990). Adijusted trench soll
strength was lower at 28 to 31.5 cm when compared to control soil strength
values. Trench soll moisture was significantly lower than that of the control
at 17 to 50 om, suggesting increased soll strengths would be expected.
Therefore decreased trench soll strength was attributed to the breaking up of
the dense and impermeable Bnt horizon of the Solonetzic soll. These results
are similar to those of Naeth (1985) which indicated that bulk densities (as a
measure of so0ill compaction) of the trench solil were decreased compared to
control solls for Solonetzic rangeland in southern Alberta. In contrast,
findings of Riddel and Knapik (1988b) indicated no significant differences in
bulk densities between soils of the trench and control for Solonetzic soils.

In 1289 actual work side soll strengths were generally lower than
control soll strengths at the Reco 'C' study area, but these results were not
significantly different except at the 42 to 45.5 om depth (Cannon et al.
1990). These results are similar to those of a study on Solonetzic solls in
central Alberta suggesting that there were no significant differences in work
side bulk densities when conpared to soils off RoW (Riddell and Knapik 1988b).
The lack of significant differences between control and work side scils at the
Aeco 'C' study arvea was atbributed to construction procedures occurring in dry
wveather conditions. In contrast, results of a study by Naeth (198%5) indicated
bulk densities were increased on the work side of the RoW on Solonetzic
rangeland in southern Alberta.

Increased actual soil strengths occurred for the spoil side at 28 to
35 cm when conpared to the control for the 1988 sampling year (Cannon et al.
1990). The adjusted spoil side soll strength was not different from the
control at these depths. Increases In seoll strength were thought to have

occurred because of increased construction traffic on the RoW, as well as to
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the lowered soil moisture contents for the soils on the RoW compared to those
of the control.

It was difficult to compare the two sanpling years because in 1990

the cone penetrometer could not penetrate as deeply as it did in 1989
{Table 6). This effect was most likely due to lower soll melsture contents in
1990. However the decreased soll strength for the RoW soils in the top 7 om
ohserved in 1989 were not observed in 1990, suggesting the effect of
cultivation of the RoW immediately £following construction was no longer
present. It was lmpossible to determine if the decreased trench soil

strengths at 14 to 52.5 cm observed In 1989 were still present in 1990.

5.4.4 Albright

There were no differences in scil strength between solls on the
trench or spoil side and the control soll for the 1990 sampling year (Filgure
7). Work side soil strength at depth increment 1 (0.6 bars) was greater than
the soll strength of the control soll (0.2 bars). There were no significant
differences in scll moisture and soll organic matter contents between solls on
and off the RoW. Therefore increased work side soll strength at 0 to 2.5 oam
wags attributed to tillage traffic. The cone penetrometer could not penetrate
past the 21 cw depth for the control, past the 24.5 cm depth for the spoil
side or past the 17.5 cm depth for either the work side or trench indicating
s0il strengths greater than 28 bars at these depths.

In the previous year (1989) actual work side and spoil side soil
strengths at the Albright study area were greater than those of the control at
10.5 to 24.5% cm (Cannon et al. 1990). The trench soll strength was only
increased at 14 to 21 cm when compared to the control. Actual spoil side soil
strength was also greater than that of the control at 28 to 31.5 om. Adjusted
work side soll strengths at 10.5 to 17.5 om and adjusted trench soil strength
at 14 to 21 cm were not different from control soll strengths. Increases in
soil strength for the spoil side and work side were attributed to increased
construction traffic on the RoW in dry to molist soll conditions. Increased
501l strength for solls on the RoW could also be attributed to lowered soil

moisture contents compared to those of the control.
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Table 6. Summary of statistical data for the Aeco '¢C' study area.™

SAMPLING EVENT® DEPTH INCREMENT

r2 3 4 5 6 7 8 % 10 11 12 13 14 15

YEAR O

Work side -9 ~W +W

Trench ~T T -r -t -T -Tr ~r -7 -7 -7 T T T
Spoil side -5 -8

YEAR 1

Work side - - - - - - - - - - - -
Trench - - - - - - - - - - - -
Spolil side e

i

#

3

Brown Solodized Solonetz developed on glacial till and constructed in dry
soil conditions. Adjusted soil strengths were used.

Year O: sampling event immediately following construction,

Year 1: sampling event immediately following construction.

W, +T and +8 indicate soil strength increases for the work side, trench and
spoil side, respectively, as compared to the control.

~W, -T and -8 indicate soll strength decreases for the work side, trench and
spoll side, respectively, as compared to the control.

- = no penetration.

Table 7. Summary of statistical data for the Albright study area.™

SAMPLING EVENT® DEPTH INCREMENT™

T2 3 4 5 6 7 8 % 10 11 12 13 14 15

YEAR O

Work side +W O+

Trench

Spoil side +8 +8 485 48 +5

YEAR 1

Work side +W - - - - - - - - - -
Trench - - - - - - - - - -
Spoil side - e e e e

R

g

Orthic Humic Gleysol developed on glaclo-fluvial material and constructed in
dry to moist soll conditions. Adjusted soil strengths were used.

Year 0: sampling event immediately following construction,

Year 1: sampling event one vyear following construction.

W, +T and +8 indicate soll strength increases for the work side, trench and
spoil side, respectively, as compared to the control.

-W, -1 and -85 indicate soil strength decreases for the work side, trench and
spoil side, vespectively, as compared to the control.

- = no penetration.
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A

The two sampling years were dlfflcult to compare because in 1990 the
cone penetrometer could not penetrate as deeply as 1t did in 1989 (Table 7).
It was difficult to speculate why this occurred since soll moistures were
similar for both sampling vears. Increased work side soil strength at 17.5 to
2L cm and increased spoll side so0il strengths at 10.5 to 21 om observed in
1989 were not observed in 1990. However 1t was ilmpossible to determnine if the
1

increased work side soll strength at 21 to 24.5 cm and spoll side sol
strength at 21 to 31.5 cm observed in 1989 were still present in 1990.

L

4.5 Bollogue
There were no differences in soil strength between solls on and off
the RoW for the 1990 sampling year (Filgure 8}. As well there were no
significant differences in z0ll molstures or soll organic matter contents
between soils on and off the RoW. However the cone penetrometer could not
penetrate past the 10.5 cm depth for either the control or work side or past
the 14 om depth for elther the trench or spoil side indicating seoll strengths
greater than 38 bars at these depths.
In the previous year (1989) actual trench and spoll side soil
at 3.5 to 17.5 ocm at the

Bolloque study area (Cannon et al. 1990). As well the work side soll strength

strengths were lower from those of the control

was lower from 3.5 to 10.5 cm when compared to the control. Adjusted trench
s0il strengths at 10.5 Lo 14 cm and adjusted spoll side so0il strengths at 14
to 17.5 om were not different from those of the control. Decreased soll
strength was thought to be due to the cultivation of the RoW after
construction and to the increased soll molsture of the trench and spoll sides
compared to those of the control at 0 to 20 cm. The cone penetrometer could
not penetrate the contrel soil past 17.5 cm indicating a soll strength greater
than 38 bars at this depth.

It was difficult to compare the two sampling years because in 1990
the cone penetrometer could nol penetrate as deeply as it did in 1989
(Table 8). This effect was wmost likely due to lower soll molsture contents in
1990, However the decreased RoW soll strengths at 3.5 to 14 om observed in
1989 were not observed in 1990, suggesting the effect of cultivation of the

RoW Immediately following constructlon was no longer present.
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Table 8. Summary of statistical data for the Bollogue study area.™

SAMPLING EVENT® DEPTH INCREMENT®

[
b
tal
[
Ln
(o))

T8 9% 10 11 1z 13

[
iy
[
[y

YEAR O

Work side W W

Trench B L -
Spolil side -g -8 -8

YEAR 1

Work side - - - - - - - - - - - -
Trench - - - - - - - - - - -
Spoil side - e e e e e e

* park Grey Luvisol developed on glacial till and constructed in moist to wet

soil conditions. Adjusted soil strengths were used.

Year 0: sampling event lmmediately following construction,

Year l: sampling event one year following construction.

+W, +T and +8 indicate soll strength increases for the work side, trench and
spoll side, respectively, as compared to the control.

~W, ~T and -8 indicate soll strength decreases for the work side, trench and
spoll side, respectively, as compared to the control.

- = no penetration.

2

Table 9. Summary of statistical data for the Ferintosh study area.™

SAMPLING EVENT® DEPTH INCREMENT™

i 2 3 4 5 € 7 8 9 10 11 12 13 14 15

YEAR O

Work side - - -
Trench B ) L L +7 - - -
Spoil side - e

YEAR 1

Work side ~W - - = - - - - -
Trench +T e U LR L

Spoil side

* orthic Black Chernozem developed on fluvial material overlying till and

constructed in dry to moist soll conditions.

Year 0: sampling event immediately following construction,

Year 1: sampling event one vyear following construction.

+W, +T and +8 indicate soll strength increases for the work side, trench and
spoil side, respectively, as compared to the control.

~-W, ~T and -8 indicate soll strength decreases for the work side, trench and
spoil side, respectively, as compared to the control.

® - = no penetration.



5.4.6 Ferintosh

There were no differences in soll strength between soils of the
spoll side and the control for the 1990 sampling yvear (Figure 9). Work side
s0il strength at depth increment 1 (0.3 bars) was lower than that of the
control (0.5 bars). However, the work side decrease in soll organic matter at
0 to 15 cm would have been expected to result in an increased soil strength
value. Trench solil strength was greater at depth increment 2 (1.9 bars)
compared to the control soil strength of 1.3 bars. However at depth
increments 5, 6, 7, and 8 trench soil strengths (10.8, 17.0, 20.3, and 21.9
bars, respectively) were significantly lower than those of the control (16.5,
24.2, 27.4, and 29.5 bars, respectively). There were no significant
differences in soil organic matter contents between soils of the trench and
spoil side and the control scil. Since there were no significant differences
in so0il moisture between soils on and off the RoW, decreases in trench soil
strengths were likely due to the breaking up of dense material during the
trenching procedure. The decreased workside soll strength and the increased
trench soil strength in the top 7 cm were attributed to tillage traffic. The
cone penetrometer could not penetrate past the 24.5 cm depth of the work side
indicating soll strengths greater than 38 bars at this depth.

In the previous year (1989) lower soil strengths were measured in
the trench at the Ferintosh study area for the 10.5 to 24.5 cm depth when
compared to the control (Cannon et al. 1990). There was a significant
increase in clay and a significant decrease in molsture in the trench compared
to the contreol at 1% to 32 com, suggesting an increase in soil strength.
Therefore, decreases 1n so0ll strength were attributed to breaking up of dense
material during the trenching procedure. An increase in the trench soil
strength at 35 to 38.5 om compared to the control soil could be attributed to
packing of the trench material during backf£illing operations. There were no
differences in soll strengths between sclils of the control and soils of elther
the work or spoll side. These results are similar to those of Zellmer et al.
{1985) in which bulk densities were found to be lower in the trench than on
adjacent control soll in 16 of 20 control sets of observations in a fine sandy

loam in Oklahoma. As well there were no significant differences between solil



CONTROL
[od
Cc C s S
30 + W
C S
T o S
C S T (o}
S C
S T T C
25 + w T
C
T
T T
20 + T
S
C T
15 +
W
T
10 +
S
C
5 +
T
W
-
Cc C
C S
0 + T
—— i ——— b —— b ——— e e o e e o ————— —————— e o o e o o e e o e +=
0] 1 2 3 4 5 (] 7 8 9 10 11 12 13 14 15
DEPTH
NOTE: 8 0OBS HAD MISSING VALUES OR WERE OUT OF RANGE 9 0BS HIDDEN
- o
j’ {<1{/L~.~€’, /“

SITE

PLOT OF CONTROL*DEPTH
PLOT OF TRENCH*DEPTH
PLOT OF WORK*DEPTH
PLOT OF SPOIL*DEPTH

=FT

SYMBOL USED IS C
SYMBOL USED IS T
SYMBOL USED IS W
SYMBOL USED IS S



41

bulk densities from the work side and soil in the adjacent control (Zellmer et
al. 198b). AL the Perintosh study area the cone penetrometer could not
penetrate the control, work side, trench or spoil side past 42 om indicating
s01ll strengths greater Than 38 hars at these depths.

Comparing the data from the two sampling years indicates that the
trench soll strength at 14 to 28 cm was significantly lower than the control
soll for both 1989 and 1990 sampling years (Table 9}. The cone penetrometer
could not penetrate the work side as deeply as it did in 1989. This effect is

most likely due to lower work side soll molstures in 1990.

5.4.7 Foisey

There were no differences in soll strength between solls of the
trench or spoll side and the control soll for the 1990 sampling year (Flgure
10). Work side soll strength at depth increment 5 (25.6 bars) was lower than
that of the control (34.1 bars). There were no significant differences in
3011 moisture between solls on and off the RoW. Soil organic matter contents
for the work side, trench and spoll side were significantly lower than those
of the control, therefore increased soll strengths would have been expected.
It was difficult to speculate why the decreased work side soil strength at 14
to 17.5 cm occurred. The cone penetrometer could not penetrate past the 14
cm depth for the spoll side or past the 21 om depth for the control or work
side indicating soll strengths greater than 38 bars at these depths.

In the previous year (1989), at the Feisey study area, actual
trench, spoil side, and work side soll strengths to a depth of 14 om were
generally lower than control soil strengths, but these results were not alvways
statistically significant (Cannon et al. 1990). Significant decreases in soil
strength were attributed to cultivation of the RoW after pipeline construction
was completed since work side clay content and trench soll moisture were
significantly greater than control values for the top 18 om, suggesting an
increase in work side soll strength and a decrease in trench soll strength
would be expected. There were no significant differences in soll strengths
below 14 cm between soll of the control and solls of elther the work side or
trench. However below 14 cm, spoil side soll strengths vere generally lower

than those of the control, but these results were not always significantly
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s
different. It was difficult to speculate why these decreases occurred. There
vere no significant differences between the solls on the RoW and those off the
RoW for either clay content or scoil moisture at 19 to 50 cm.

It was difficult teo compare the two sampling years because in 1990
the cone penetrometer could not penetrate as deeply as it did in 1989 for the
control, work side and spoll side solls (Table 10). It was difficult to
speculate why this occurred since soll molstures were similar for both
sanpling years. However the decreased RoW soll strengths for the top 14 om
obgerved in 1989 were not observed in 1%990. It was impossible to determine if
the decreased spoil side soil stengths below 24.5 om observed in 1989 were
still present in 1990.

5.4.8 Henderson 1

There were no differences in soll strength between soils of the
trench or spoil side and the control soll for the 1990 sampling year (Figure
11). Work side seoll strength at depth increment 1 (1.5 bars) was greater than
that of the control (0.6 bars). There were no significant differences in soil
moistures or soil organic matter contents bebween soils on and off the RoW.
Increased work side soil strength at 0 te 3.5 om was attributed to tillage
traffic. The cone penetrometer could not penetrate past the 21 cm depth for
the control, work side and spolil side or past the 24.5 cm depth for the trench
indicating soll strengths greater than 38 bars at these depths.

In the previous year (19289}, at the Henderson 1 study area, actual
work side, spoll side, and trench soil strengths were lower than those for the
control at 3.5 to 17.5 cm (Cannon et al., 1990). Adjusted trench and work side
soil strengths were not different from those of the contrel at 14 to 17.5 cm.
Decreased soll strength for solls on the RoW was attributed to cultivation of
the RoW after pipeline construction was completed as well as to greater soil
moisture values for the top 17.5 cm when compared to control solls. The cone
penetrometer could not penetrate the control soil past 17.5 om, the work side
or trench past 31.5 om or the spoll side past 45.5 om Indicating soil
strengths greater than 328 bars at these depths.

The two sampling years were difficult to compare because in 1930 the

cone penetrometer could not penetrate as deeply as it did in 1989 (Table 11).
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Table 10. Summary of statistical data for the Foisey study area.™

SAMPLING EVENT™ DEPTH INCREMENT™

r2 3 4 5 6 7 8 9 10 11 12 13 14 15

YEAR O

Work side ~W -¥

Trench -~ -

Spolil side -3 -5 -3 -8 -5 -5 -8 -5

YEAR 1
Work side ~W - - - - - - - - -
Trench
Spoil side - - - - - - - - - - -

* Orthic Dark Grey Chernozem developed on glacial till and constructed in dry

501l conditions.

Year 0: sampling event lmmediately following construction,

Year 1: sampling event one vear following construction.

+W, +T and +8 indicate soll strength increases for the work side, trench and
spoll side, respectively, as compared to the control.

~¥, -T and -8 indicate soll strength decreases for the work side, trench and
spolil side, respectively, as compared to the control.

¥ ~ = no penetration.

Table 11. Summary of statistical data for the Henderson 1 study area.™

SAMPLING EVENT® DEPTH INCREMENT™

r 2 3 4 5 ¢ 7 8 9 10 11 12 13 14 15

YEAR O

Work side -W -W -W - : - - - -
Trench -T -7 T - - - - - -
Spoil side -5 -5 -8 -8 - -

YEAR 1

Work side +¥ - - - - - - - - -
Trench - - - - - - - -
Spoil side - - - - - - - - -

* Solonetzic Dark Crey Luvisol developed on glacial till and constructed in

dry s0il conditions. Adijusted soll strengths were used.

Year 0: sampling event immediately following construction,

Year 1: sampling event one year following construction.

+W, +T and +5 indicate soll strength increases for the work side, trench and
spell side, respectively, as compared to the control.

-W, -T and -8 indicate soll strength decreases for the work side, trench and
spoil side, respectively, as compared to the control.

# ~ = no penetration.
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6
It was difficult to speculate why this occurred since soil moistures were
similar for both sampling years. However the decreased RoW soil strengths at
3.5 to 17.5 cm observed in 1989 were not observed in 1990, suggesting the
effect of cultivation of the Ro¥W immediately following construction was no

longer present.

5.4.9 Henderson 2

There were no differences in soil strength between soils on and off
the RoW for the 18990 sampling year (Figure 12). There were also no
significant differences in solil molistures or soll organic matter contents
between sclls on and off the RoW. However the cone penetrometer could not
penetrate the control soil past 31.5 cm, the work or spoil sides past 21 cm or
the trench past 28 cm indicating soll strengths greater than 38 bars at these
depths.

In the previous year (1989} lower actual soll strengths occurred in
fhe trench and spoil side of the Henderson 2 study area from 3.5 to 21 cm when
comparaed to the control (Cannon et al. 1890). As well work side soil
strengths were lower from 3.5 to 17.5 om when compared to the control. Again
decreased soll strengths for soils on the RoW were attributed to cultivation
of the RoW after pipeline construction was completed since there was no
significant differences in organic matter, soil moisture, or clay content for
any of the solls on the RoW when compared to the control soll at 0 to 34 onm.
The cone penetrometer could not penetrate into the work side side past 38.5 cm
indicating a soll strength greater than 38 bars at this depth.

The two sampling years were difficult to compare because in 1990 the
cone penetrometer could not penetrate as deeply as it did in 1989 (Table 12).
It was difficult to speculate why this occurred since soll molistures were
similar for both sampling years. However the decreased RoW soil strenghts at
3.5 to 21 om that were observed in 1989 were not observed in 1990, suggesting
the effect of cultivation of the RoW immediately following construction was no

longer present.

5.4.10 Maleb 1
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Table 12. Summary of statistical data for the Henderson 2 study area.™

SAMPLING EVENT™ DEPTH INCREMENT?

i 3 4 5 6 7 & 9 10 11 12 13 14 15

YEAR O

Work side -¥ ~-W ~-W -W - - - -
Trench =T T -7 -7 -7

Spoil side -5 -5 -5 -5 -8

YEAR 1

Work side - - - - - - ~ - -
Trench - - - - - - -
Spoil side - - - - - - - -

* Dark CGrey Luvisol developed on glacial till and constructed in dry soil

conditions.
Year 0: sampling event immediately following construction,
Year 1: sampling event one year following construction.
W, +T and +85 indicate =o0il strength increases for the work side, trench and
spoil side, respectively, as compared to the control.
-W, T and -8 indicate soll strength decreases for the work side, trench and
spoll side, respectively, as compared to the control.
® -~ = no penetration.

Table 13. BSummary of statistical data for the Maleb 1 study area.

SAMPLING EVENT® DEPTH INCREMENT®

T2 3 4 5 6 7 8 9 10 11 12 13 14 15

YEAR O

Work side -W W -W
Trench ~T ~T
Spoll side -5

YEAR 1

Work side ~W W W W W
Trench A N R B, B B
Spoll side +8 -8 -8 -8 -8

* Gleyed Brown Chernozem developed on glacial till and constructed in dry soil

conditions.

Year 0: sampling event immedliately following construction,

Year 1: sanpling event one year following construction.

+W, +T and +8 indicate soll strength increases for the work side, trench and
spoil side, respectively, as compared to the control.

W, -T and -8 indicate soll strength decreases for the work side, trench and
spoil side, respectively, as compared to the control.

? - = no penetration.
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In 1990 work side soll strengths at depth increments 10, 11, 13, 14
and 15 (13.3, 13.6, 14.1, 14.3 and 14.1 bars, respectively) were lower than
the control soll strengths at the same depths (15.0, 15.7 16.1, 16.3 and 16.5
bars, respectively) (Figure 13). Trench soil strengths at depth increments 4
511, 12, 13, 14 and 15 (16.2, 15.1, 12.9, 11.6, 11.2 and 10.8 bars,
respectively) were lower than those of the contrel (27.7, 24.0, 15.7, 16.0,
16.1, 16.3 and 16.5 bars, respectively). Spoll side soll strength at depth
increment 6 (24.7 bars) was greater than that of the control at the same depth
{18.6 bars). There were no significant differences in soil moistures or solil
organic matter contents between solls on and off the RoW. It was difficult to
speculate why The decreased soll strengths occurred for solls on the RoW at
depths below 35.0 cm. The decreased trench soil strength at 10.5% to 17.% cm
vas similar to that which cccurred in the previous year. It was also
difficult to speculate why the increased spoil side soil strength at 17.5 to
21 om occurred.

In the previous year (1989) lower actual soll strengths occurred in
the work side and trench so0lls of the RoW in the top 17.5 on when compared to
the control at the Maleb 1 study area {(Cannon et al. 1990). As well the spoil
side moll strength was lower than the control soil strength at 7 to 10.5 cm.
In the top 1% cm soll organic matter levels were significantly decreased in
solls across the RoW compared to those off the RoW, suggesting increased soll
strengths would be expected. Clay content was significantly increased for the
work and spoil sides of the RoW compared to the control values, also
suggesting increased soil strengths. Therefore decreased soll strengths
across the RoW for the top 17.5 om were attributed to the harrowing of the RoW
atter pipeline construction was completed. The cone penelrometer could not
penetrate the control soil past 21.0 cm indicating a soll strength of greatex
than 38 bars at this depth.

It was difficult to compare the two sampling vears because the cone
penetrometer was able to penetrate the control soil deeper in 1990 then it did
in 1989. Therefore it was impossible to determine 1f the decreased RoW soll
strengths below 31.5 cm observed in 1990 were pesent in 1989 (Table 13}, The
decreased work and spoil soil strengths at 3.5 to 17.5 ocm observed in 1989

were not observed in 1990. Decreased work side and spoil side strengths
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within the top 17.5 cm of the RoW observed in 1989 were not observed in 1990.
However decreased trench soll strengths were measured within the to 17.5 om

for both sampling years.

5.4.11 Maleb 2

There were no differences in soil strength between solls on and off
the RoW for the 1990 sampling year (Pigure 14). There were also no
significant differences in soll moisture and soil organic matter contents
between soils on and off the RoW. However the cone penetrometer could not
penetrate past the 14 cm depth for the work side or past the 10.5 cm depth for
the control, trench or spoil side indicating soil strengths greater than 38
bars at these depths.

In the previous year (1989) actual work side soll strengths were
greater for the surface 3.5 cm and at 17.5 to 24.5 cm when compared to the
control {Cannon et al. 1990). Adjusted work side soll strengths were nob
different from the control for the surface 3.5 cm. Increased soll strengths
on the work side of the RoW at the Maleb 2 study area were attributed to
increased construction tratffic on the RoW. Actual spoil side soil strengths
at Maleb 2 were significantly increased at 3.5 to 21 cm and were significantly
lower at 0 to 3.5 cm when compared to the control. Increased spolil side soll
strengths were thought to be a result of either lower soll moisture contents
on the spoil side compared to those of the control or to increased
construction traffic on the RoW. However adjusted spoil side soil strengths
were not different at 3.5 to 14 om and were lower at 14 to 17.5% om compared to
the control indicating no compaction at these depths. There were no
differences in actual soll strengths between solls of the control and trench,
but adijusted trench soil strength for the top 3.5 om was lower than control
501l strength. Decreases in soll strength for the spoil side and for the
trench soils for the top 3.5 om were attributed to cultivation of the RoW
after construction was completed. The cone penetrometer was not able to
penetrate past 17.% in the trench or 24.5 cm in the spoil side indicating soil
strength greater than 38 bars at these depths.

It was difficult to compare the two sampling years since the cone

penetrometer was not able to penetrate as deeply in 1990 as it did in 1989
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(Table 14). This effect was most likely due to lower soll moistusres in 1990.
Decreased trench and spoil side soil strengths at 0 to 3.5 cm observed in 1989
were not observed in 1990. It was impossible to determine if the increased
work and spoll slde soil strengths at 17.5 to 24.5 cm observed in 1989 were

still present in 1990.

5.4.12 Plgeon Lake

There were no differences in soll strength between scils of the work
side and the control for the 1990 sampling year (Figure 15). Trench soll
strength at depth increment 8 (24.5 bars) was greater than the control soil
strength of 15.9 bars. 8Spoil side soil strength at depth increment 2
{4.4 bars) was greater than that of the control (2.9 bars). There were no
significant differences in soll molstures or soll organic matter contents
between soils on and off the RoW. Increased trench soil strength at 24.5 to
28 om could be attributed to settling of the trench material while increased
spoil side soil strength at 3.5 to 7 cm could be attributed to tillage
trafflc. The cone penetrometer could not penetrate the spoll side soll past
3.5 om indicating soil strengths greater than 38 bars alt this depth.

In the previous year (188%) lower actual soil strengths occurred in
both the trench and spoil sides of the RoW for the top 14 cm when compared to
the control at the Plgeon Lake study area {(Cannon et al. 1990). The vwork side
s01l strength was greater than the control for the top 3.5 cm, whereas the
work slide soll strength was lower than the contrel at 3.5 to 7 cm depth.
Adjusted soll strengths for the trench at 0 to 3.5 cm and for the spoil side
at 0 to 3.5 and 14 to 17.% cm were not different from control soll strengths.
Decreased soll strengths in the top 14 cm were attributed to the cultivation
of the RoW after pipeline construction was completed. Decreased soll
strengths in the top 14 om could also be attributed to the increased soll
moisture content for the RoW solls when compared to the control soils. Actual
spelil side so0ll strength at 17.5 to 21 om was lower than that of the control,
while adjusted zpoll side soll strength was not. Actual trench soll strength
at 21 to 24.5 cm was significantly lower than that of the control. There were
no significant differences in clay content or soil moistures between solls on

the RoW and soils off the RoW at 18 to 35 cm. The cone penetrometer could not
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Table 14. Summary of statistical data for the Maleb 2 study area.™

SAMPLING RVENT™ DEPTH INCREMENT

T2 3 4 5 6 7 8 9 10 11 12 13 14 15

YEAR O

Work side +W W

Trench -7 - - - - - - - - - -
Spoil side -8 -8 +8 e S

YEAR 1

Work side - - - - - -~ - - - - -
Trench - - - - - - - - - - _ -
Spoil side - - - - - - - - - - -

* Orthic Brown Chernozem developed on glacial till and constructed in dry soil

conditions. Adjusted soil strengths were used.

Year 0: sampling event immediately following construction,

Year 1: sampling event one year following construction.

+W, +T and +8 indicate soll strength increases for the work side, trench and
spoil side, respectively, as compared to Tthe control.

~W, ~T and -5 indicate soll strength decreases for the work side, trench and
spoil side, respectively, as compared to the control.

® ~ = no penetration.

Table 15. Summary of statistical data for the Pigeon Lake study area.™

SAMPLING EVENT® DEPTH INCREMENT™

r 2 3 4 5 6 7 8 9 10 11 12 13 14 15

YERR O

Work side +W -9 - - e e e e e
Trench - -7 -7 ~T - - - - - -
Spoll side -5 -8 - - - - -
YEAR 1

Work side

Trench 47

Spoil side +8 - - - - - -

* Eluviated Dark Grey Chernozem developed on glacial till and constructed in

moist soil conditions. Adjusted soil strengths were used.

Year 0: sampling event immediately following construction,

Year 1: sampling event one year following construction.

W, +1 and +8 indicate soil strength increases for the work side, trench and
spoll side, respectively, as compared to the control.

~W, ~T and -3 indicate soll strength decreases for the work side, trench and
spoil side, respectively, as compared to the control.

® - = no penetration.
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penetrate the control past 35 cm, the work side past 14 om or the trench and
spoll side past 31.5 om indicating soll strengths greater than 38 bars at
these depths.

It was difficult to compare the two sampling years becauvse the cone
penetrometer was able to penetrate the soll deeper in 1990 than it did in 1989
Table 15). This effect was most likely due to wetter soll moistures in 1990.
The decreased RoW soll strengths at 2.5 to 14 om observed in 1989 were not
obhserved in 1990 suggesting the effect of cultivation of the RoW immedlately

following construction was ne longer present.

5.4.13 Redwater 1

There were no differences in soll strength between solls of the
spoll side and the control for the 1990 sampling year (Figure 16). Trench
501l strength at depth increments 3, 4 and 9 (3.5, 5.2 and 32.0 bars,
respectively) were greater than the control soll strengths at the sane depths
(1.7, 2.6 and 30.4 bars, respectively). Work side soil strength at depth
increment 9 (30.4 bars) was greater than the control soll strength of
23.0 bars. There were no significant differences in soll moisture or soll
organic mabtter contents bebtween so0ils on and off the RoW. Increased trench
s01l strengths were thought to have occourred because of settling of material
in the trench, while the increased work side soil strength was attributed to
tillage traffic.

In the previous year (1989) lower actual soil strength measurements
occurred in the top 24.% om for soils on the RoW when compared to the control
{Cannon et al. 1990). Adjusted soil strengths for the work side at 17.5 o
24.5 om, Lor the trench at 21.0 to 24.5, and for the spoll side at 17.5 to
21.0 cm were not different form the control soll strengths. Since there were
no significant differences in soil organic matter, clay content, or soll
moisture between so0lls on the RoW and solls off the RoW at 0 to 20 cm,
decreased soll strengths were attributed to the cultivation of the RoW after
pipeline construction was coapleted. The cone penetrometer could not
penetrate the control soil past 24.%5 cm, the trench past 31.5 am oxr the work
side past 49 cn indicating soll strengths greater than 38 bars at these

depths.
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The two sampling years were difficult to compare since the cone

penetrometer was able to penetrate the soll deeper In 1990 than in 1989
{(Table 16}. This effect was most likely due to wetter soll moistures in 1990.
The decreased RoW soll strength at 0 to 21 cn observed in 1989 were not
observed In 1990 suggesting the effect of cultivation of the RoW immediately
following construction was no longer present. However increased trench soil
strength at 7 to 14 cm and increased work and trench soll strengths at 28 to

31.5 cm were measured in the 1990 sampling year.

5.4.14 Redwater 2

In 1990 work side and spoll side soll strengths at depth increment
(1.7 and 1.4 bars) were greater than that of the control (0.6 bars) (Figure
17). Work side, trench and spoll side soil strengths at depth increment 2
(18.8, 11.2 and 12.3 bhars, respectively) were lower than that of the control
(20.0 bars}. As well spoll side soll strength at depth increment 3 {(18.1
bars) was lower than the control soll strength {(Z4.4 bars). There were no
significant differences in soll moistures or soil organic matter contents
between solls on and off the RoW. The signiflcant differences in soil
strength were attributed to the effects of cultivation of the Ro¥W immediately
after pipeline construction. However the cone penetrometer could not
penetrate the control past 10.5 om, the trench past 14 cwm and the work ox
spoll sides past 17.5 cm indicating soil strengths greater than 38 bars at
these depths.

In the previous year (1989) lower actual soll strengths were
measured across the RoW for the top 14 ocm at the Redwater 2 study area when
compared to the control (Cannon et al. 1990). Adjusted trench soll strengths
were not different from the control soll strengths at 0 to 3.5 and 7 to 14 cm.
There were no statistical differences in soll organic matter or clay content
between solls on the RoW and solls off the RoW for the top 20 cm. Soil
moisture was increased only for the trench for the top 20 cm compared to the
control area, suggesting decreased soll strengths would be expected only
within the trench soil. Therefore significant decreases were atbtributed to
the cultivation of the RoW after pipeline construction was completed. There

wvere no differences in actual soll strengths below 14 om between soils on and
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Table 16. Summary of statistical data for the Redwater 1 study area.™

SAMPLING EVENT® DEPTH INCREMENT

r 2z 3 4 5 6 7 8 9 10 11 1z 13 14 15

YEAR O

Work side ~W -w -W -W -V -
Trench - -r -T -7 -7 - - - - - -
Spoil side -5 -8 -85 -8

YEAR 1

Work side +W

Trench +T 4T +T

Spoil side

e

Gleyed Black Chernozem developed on glacio-fluvial material and constructed
in moist to wet soil conditions. 2Adjusted soll strengths were used.

Year 0: sampling event immediately following construction,

Year 1: sampling event one year following construction.

W, +T and +5 indicate soll strength increases for the work side, trench and
spoll side, respectively, as compared to the control.

-W, T and -8 indicate soll strength decreases for the work side, trench and
spoll side, respectively, as compared to the control.

- = no penetration.

Y

3

Table 17. Summary of statistical data for the Redwater 2 study area.™

SAMPLING EVENT® DEPTH INCREMENT®

r 2 2 4 5 6 7 8 9 10 11 12 13 14 15

YEAR O

Work side -W ~-W -V - — - - - - -
Trench -~ - - - - - - - -
Spoil side -8 -8 -8 -8 - - e e - -
YEAR 1

Work side W ~-W - - - - - - - - - -
Trench ~T - - - - - - - - - -
Spoil side +8 -8 -8 .

* Bluviated Dark Grey Chernozem developed on glacio-fluvial material

overlying till and constructed in moist to wet soil conditions. Adjusted
501l strengths were used.

Year 0: sampling event immediately following construction,

Year 1l: sampling event immediately following construction.

W, +T and +2 indicate soll strength increases for the work side, trench and
spoll side, respectively, as compared to the control.

-W, -T and ~8 indicate soil strength decreases for the work side, trench and
spoil side, respectively, as compared to the control.

- = no penetration.
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off the RoW. There were no significant differences in clay content or solil
moisture hetween s0ils on the RoW and solls off the RoW at 20 to 35 cm.
However, the cone penetrometer could not penetrate the control past 21 cm, the
work side or spoll side past 28 om, or the trench past 24.9% om indicating soil
strengths greater than 38 bars at these depths.

It was difficult to compare the two sampling years because the cone
penetrometer was not able to pentrate the soll as deeply in 1990 as it did in
1989 (Table 17). This effect was most likely due to lower soil moistures in
1990. Decreased RoW soll strengths occurred for both sampling vears within
the top 10.5 om. It was impossible to compare soll strengths in the soil
proflle because the cone penetrometer could not penetrate the control soil

past 10.5 ocm In 1990.

5.4.15 Valhalla

Work side, trench and spoll side soil strengths at depth increment 1
(0.9, 1.3 and 0.6 bars, respectively} were lower than the control soil
strength of 1.8 bars for the 1990 sampling year (Pigure 18). Work and spoil
side soll strengths at depth Increment 2 (5.9 and 5.6 bars) were lower than
that of the control (8.8 bhars). Work side soll strength at depth increment 3
{10.9 bars) was greater than the control soll stxength of 2.8 bars. There
wvere no significant differences in soil moistures or soll organic matter
contents between solls on and off the RoW. It was difficult to speculate why
the increases and decreases in RoW scll strength for the top 10.5 cm ocourred
since in the previous year there were no significant differences except for
the trench. Decreased RoW soll strength was attributed to effects of tillage
practices. The cone penetrometer could not penetrate past 45.5 cm for the
control, 28 cm for the trench, past 21 cm for the spoll side or past 17.5 on
Lor the work side, indicating soll strengths greater than 38 bars at these
depths.

In the previous year (1989) lower actual soil strengths occurred in
the trench of the Valhalla study area from the 2.5 to 21 om when compared to
the control Cannon et al. 1920). Since there were no significant differences
in organic matter, soll moisture, and clay content between solls of the

control and trench, decreased soll strength of the trench was attributed to
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the breaking up of the dense and impermeable Bt horizon of the Lavisolic
solils. Similar results occurred for Orthic Grey Luvisols and Gleyed Dark Grey
Luvisols in northern Alberta (Cloutler 1988; Finlayson 1987). There were no
differences Iin soll strengths between solls of the contrel and work side.
These results agaln are similar to those of Cleoutier (1988) and Finlayson
(1987). Spoll side soil strengths were lower from those of the contreol at 14
to 17.5 cm. These results are similar to those of Finlayson (1987). At
Valhalla there were no significant differences in organic matter, soil
molisture or clay content between solls of Tthe work or spolil side and the
control solls at any of the depths monitored.

The two sampling vears were difficult to compare because the cone
penetrometer could not penetralte the soll as deeply in 1990 as it did in 1989
(Table 18). It was difficult to speculate why this occurred since soll
moistures below 17 om were simllar for both sampling years. However decreased
trench soll strenghts at 3.5 to 21 om observed in 1988 were not observed in
1990, most likely due to settling of the trench material. Decreased RoW soil
strengths for the top 7 ocm were observed in 1990 but were nolt observed in
1989,

5.4.16 Michichi

Work side soil strength at depth increment 6 (29.6 bars) was greater
fhan the control soil strength of 24.5 bars for the 1990 sampling year (Figure
19). Trench soll strength at depth Increments 3 and 4 (18.0 and 22.3 bars)
were greater than those of the control at the same depths (9.2 and 13.6 bars).
Tt was dlificult to speculate vhy increased work side scoll strengths at 17.5
to 21 cm and trench soll strengths at 7 to 14 om occurred since lmmediately
Lollowing construchtion in 1988 there were no differences in soil strength
between work side and control solls and between trench and control soils to a
depth of 14 cm {Table 19}. Increased soll strengths could be attributed to
tillage traffic. The cone penetrometr could not penetrate the control, trench
or work side past the 21 cm depth indicating soll strengths greater than 38
bars at thls depth.

At the Michichi study area, one year following construction (1989

sampling year), soll strength was increased on the work side of the RoW for
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Table 18. Summary of statistical data for the Valhalla study area.™

SAMPLING EVENT™ DEPTH INCREMENT

rz 3 4 5 6 7T 8 9 10 11 12 13 14 15

YEAR O

Work side - - -
Trench - -T -T -7 -7

Spolil side -5 -

YEAR 1

Work side ~-W -W W - - - - - - - - - -
Trench ~T - - - - - - -
Spolil side -8 -8 .

Gleved Dark Grey Luvisol developed on glacial till and constructed in dry
s0il conditions.

Year 0: sampling event immedlately following construction,

Year 1: sampling event one year following construction.

+W, +T and +5 indicate soll strength increases for the work side, trench and
spoil side, respectively, as compared to the control.

-W, -1 and -8 indicate soil strength decreases for the work side, trench and
spoll side, respectively, as compared to the control.

- = no penetration.

R



CONTROL |
30 +
27 +
24 +
21 +
18 +
15 +
12 +
9 +
6 +
3 +
0 i
NOTE:

‘% /T(j [ {C{

PLOT OF CONTROL*DEPTH SYMBOL USED IS C
PLOT OF TRENCH*DEPTH SYMBOL USED IS T
PLOT OF WORK*DEPTH SYMBOL USED IS W
PLOT OF SPOIL*DEPTH SYMBOL USED IS S
T
T o}
w
w
T
c
W
[of
T
w
C
c
T
o e — o e e Amm—m—— e e e o e ————— o e o B oo e e o o m————— o o o o + -
0 1 2 3 4 5 7 8 e} 10 11 12 13 14 15
DEPTH

42 0OBS HAD MISSING VALUES OR WERE OUT OF RANGE

SITE=MI

2 0BS HIDDEN

2/



471

Table 19. Sumary of statistical data for the Michichi study area.

SAMPLING EVENT® DEPTH INCREMENT™

r 2 3 4 5 6 7T 8 9% 10 11

15

YEAR O
Work side -~ - - -
Trench e e

YEAR 1
Work side +W - - - -
Trench AT 4T - -

YEAR 2
Work side v
Trench +T  +T - - - - -

Dark Brown Solodized Solonetz developed on glacio-lacustrine
constructed in dry =soil conditions.

Year 0: sampling event immediately following construction,
Year 1: sampling event one year following construction,

Year 2: sampling event two years following construction.

+W and +7T indicate soil strength increases for the work side
~W and -T indicate soil strength decreases for the work side

® - = no penetration.

and

and trench,
and trench.



54 50

the surface 3.5 om as compared to the control (Cannon et al. 1990}). Trench
5011l strength was also increased at 3.5 to 10.5 om when compared to the
contrel s0il. The cone pentrometer could not penetrate past 31.5 cm of the
control and trench soll or past 24.5 cm of the work side indicating soll
strengths greater than 38 bars at these depths.

Tmmediately following construction in 1988 there were no differences
in s0ll strengths between solls of the work side and control (Table 19).
There were also no differences in soll strengths between soils of the trench
and control to a depth of 14 om (Cannon et al. 1989). The cone pentrometer
had been unable to penetrate past the 14 om depth of the trench or past the
24.5 om depth of the work side. The 1989 and 1990 significant soll strength

increases were thought to have occurred because of tillage traffic on the RoVW.

5.1.17 Craigmyle

Increases In trench soil strengths were measured at 21 to 28 om when
compared to the control at the Craigmyle study area for the 1989 sampling year
{Cannon et al. 1990). Similar results occurred in 1988 when trench soll
strengths were greater at 17.5% fto 21 cm and at 24.5% to 28 om compared to the
control (Table 20). These results contrast the findings of Naeth (1985) which
indicated that bulk densitles of trench soll vwere decreased compared to
control soils for Solonetzic rangeland in southern Alberta. These results
also contrast those of Riddell and Knaplk {(1988b}) which indicated no
significant differences in bulk densities between solls of the trench and the
control for Sclonetzic solls. Soll strength increases in the trench were
thought to have occurred because of packing of the trench material during wet
soil conditions. As well in 1988 trench soll strengths were lower at 7 to
10.5 cm compared to the control. This frend was not observed one year later
in 1989, suggesting a return to predisturbed conditions at this depth. There
were no differences between soll strength neasurements of control soils and
the work side for all depths wmonitored in the 1989 sampling year. In 1988,
increases in work side soll strengths had been measured at 3.5 to 10.5 om and
at 24.5 to 28 om when compared to the control soll (Cannon et al. 1989).

Trends toward higher soll strengths in the top 28 cm of the work side were not
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Table 20. Summary of statistical data for the Craigmyle study area.™

SAMPLING EVENT™

DEPTH INCREMENT®

2 3 4 5 6 7 8B 9 10 11 12 13 14 15

YEAR O
Work side +W W +W
Trench ~T +7 +T
YEAR 1
Work side +T 4T
Trench

Dark Brown Solonetz developed on weathered bedrock and constructed in wet
s0il conditions.
Year 0: sampling event immediately following construction,

Year 1: sampling event one year following construction,
W and +7 indicate soil strength increases for the work side and trench,
W and -T indicate soil strength decreases for the wvork side and trench.

3

- = no penetration.

Table 21. Summary of statistical data for the Delia study area.™

SAMPLING EVENT®

DEPTH INCREMENT

2 3 4 5 6 7T 8 9 10 11 12 13 14 15

YEAR O
Work side
Trench

WO W W
#TFT 4T 4T - - - -

YEAR 1
Work side
Trench

Dark Brown Gleyed Solonetzic Chernozem developed on glaclo-fluvial material

overlying till and constructed in wet soil conditions.

Al

Year 0: sampling event immediately following construction,

Year 1l: sampling event one vear following constructlon,
+W and +7 indicate soil strength increases for the work side and ftrench,
~W and -7 indicate soil strength decreases for the work side and trench.

3

= no penetration.
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observed one year following construction, suggesting a return to predisturbed

conditions.

5.1.18 Delia

There were no differences in soll strengths between solls on the RoW
and those off the RoW for the Della study area in 1982, one year following
pipeline construction {Cannon et al. 1990}. However the cone penetrometer
could not penetrate past 24.5 cm in the trench, or 38.5 cm in the work side or
control solls indlicating a soll strength greater than 38 bars at these depths.
301l moistures at time of sampling Iin 1989 were lower than those in 1988,
suggesting increased soll strength due to decreased soll moistures. In the
previocus sampling year (1988}, plpeline construction in very welt conditions
had resulted in increases in soll strength on the work side of the RoW from
10.5 to 24.5 om as compared to the control (Cannon et al. 1989). The trench
soil strengths were also increased at 17.5 to 31.5 om as compared to the
control. It was difficult to compare the trench scll strengths between the
two years (Table 21). However, trends towards increased soil strengths in
both the trench and work side were not observed one yvear followlng pipeline

construction, suggesting that compaction had been alleviated.
¥

5.1.19 Foreman

Immecdiately following construction in 1988, increased work side soil
strength neasurenments occurred in the upper 28 cm of the soil profile as
compared to the adjacent undisturbed soll (Cannon et al. 1989). One year
later, in the 19289 sampling year, there were no differences in soil strength
measurements between solls of the control and work side (Cannon et al. 1290}
However the cone penetrometer was unable to penetrate the work side at the
Foreman study area past 14 om indicating a soll strength greater than 38 bars
at this depth (Table 22). Soll molstures were lower in 1989 than in 1988.
S0il strengths are dependent on soll molsture (Taylor and Gardner 1963;
Frietag 1971; Ayers and Perumpral 1982), suggesting that the use of the
pipeline plow~in technigue for the Foreman plipeline had resulted in increases
in s0ll strength of the trench at 17.5 to 28 cm when compared to the control

immediately follovwing pipeline construction in 19288 (Cannon et al. 1989). One
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Table 22. Summary of statistical data for the Foreman study area.™

SAMPLING EVENT® DEPTH INCREMENT™

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
YEAR O
Work side - W W W +W
Trench ~T -7 +T +T +T - - - - - - -
YEAR 1
Work side - - - - - - - -~ - - -
Trench - - - - - - - - - - -

Orthic Dark Brown Chernozem developed on glacio-fluvial material overlying
£ill and constructed in dry solil conditions.

Year 0: sampling event immediately following construction,

Year 1: sampling event one year following construction,

+W and +7 indicate soil strength increases for the work side and trench,
-W and -7 indicate soil strength decreases for the work side and trench.

- = no penetration.

e

Table 23. Summary of statistical data for the Chostpine study area.™

SAMPLING EVENT™ DEPTH INCREMENT™

i 2 3 4 5 6 7 8 9% 10 11 12 13 14 15

YEAR O
Work side W AW W AW W W
Trench +T +T +T

YEAR 1
Work side
Trench e M A

Orthic Dark Brown Chernozem developed on glacial till and constructed in wet
soil conditions.

Year 0: sampling event immediately following construction,

Year 1: sampling event one year following construction,

+W and +T indicate soil strength increases for the work side and trench,

~W and ~T indicate soil strength decreases for the work side and trench.

- = no penetration.

3]
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year later, the cone penetrometer was not able to penetrate the trench soll
past 14 om, indicating & soll strength greater than 38 bars at this depth.
Therefore no comparisons can be made for the trench between the two years.
Soil molstures at time of sampling in 1989 were less than those following
construction in 1988, suggesting increased soll strength measurements may have

occurred due to decreased soll moistures.

5.1.20 Ghostpine

Immediately following construction in 1988, increased work side soil
strength measurements occurred in the upper 28 cm of the soll profile as
compared to the adjacent undisturbed soll (Cannon et al. 198%). One year
later there were no differences between soll strength measurements of the
control and work side soll (Cannon et al. 18%0). Soll molsture contents for
Chostpine were simllar for both sampling years. Trends towards higher soll
strength measurements in the top 28 cm on the work side of were not observed
one year following pipeline construction suggesting that compaction had been
alleviated {(Table 23).

At the Chostpine study area one year following construction (1988
sampling year), trench soll strength was lower at 42 to 52.5 om when compared
to the control (Table 23}. 8Soll strength decreases in the trench were
attributed to shifting of the trench material during settling. Results from
the previous yeayr (1988) indicated thalt trench soil strength had been
increased at 14 to 17.5 om and generally was increased, although not always
significantly, from 10.5 to 21 om when compared to the control (Cannon el al.
1989). Se0il molsture contents for CGhostpine were similar for both sampling

Years.

5.1.21 Milo

One year after construction there were no differences in solil
strengths between solls on the RoW and those off the RoW for the Milo study
area at all depths nmonltored (Table 24). After pipeline construction in 1988,
lower soll strengths had been measured in the trench for the top 14 cm of the
profile compared to the control {(Cannon et al. 1989). In 1989 the cone

penetrometer could not penetrate the control or trench past 17.5 or the work
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Table 24. Summary of statistical data for the Milo study area.™

SAMPLING EVENT® DEPTH INCREMENT™

2 3 4 5 6 7 8 9 10 11 1z 13 14

15

YEAR O
Work side - - - - - - - - -
Trench -~ -7 T - - - - - - - -

YEAR 1
Work side - - - - - — — - - -
Trench - - - - - - - - -

Solonetzic Brown Chernozem developed on glacio-fluvial material and
constructed in dry soil conditions.

Year 0: sampling event immediately following construction,

Year 1l: sampling event one year following construction,

+W and +T indicate soll strength increases for the work side and trench,
-W and -T indicate soil strength decreases for the work side and trench.
- = no penetration.

Table 25. Summary of statistical data for the Victor 1 study area.™

SAMPLING EVENT® DEPTH INCREMENT?

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15

YEAR Q
Work side
Trench

YEAR 1
Work side
Trench

Orthic Humic Gleysol developed on lacustrine and constructed in dry soil
conditions.,

Year 0: sampling event immediately following construction,

Year 1l: sampling event one year following construction,

+W and +T indicate so0ill strength increases for the work side and trench,
~W and ~T indicate soil strength decreases for the work side and trench.
- = no penetration.

N

3
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zide past 14 om indicating that the rangeland soll at Milo has a soil strength
greater than 38 bars at these depths. Similay results occurred for the Milo
study area in 1988. BSoll molsture values were similar for both years. Trends
towards lowered soil strengths in the top 14 cm of the trench were not
observed one year following plpeline construction, suggesting a reburn to
predisturbed conditions., These results were attributed to settling of trench

material after pipeline construction procedures.

5.1.2% Yictor 1

There were no differences in soil strengths between solls on the RoW
and those off the RoW for the Orthic Humic Gleysol at Victor 1, one year
following pipeline construction (Table 25). Similar results were observed in

the previous year immediately following construction (Cannon et al. 1989).

5.1.23 Victor 2

Immediately following construction in 1988, increased work side soil
strength measurements occurred in the upper 28 cm of the soil profile as
compared to the adjacent undisturbed soil (Cannon et al. 1989} (Table 26).
One year later there were no significant differences between soil strength
measurements of the control and work side soils except for a significantly
increased adjusted work soll strength for the Victor 2 site at 0 to 3.5 om
compared to the control (Cannon et al. 1990). The cone penetrometer was
unable to penebrate the work slde at Victor 2 past 3% cm indicating a soll
strength greater than 38 bars at this depth. Soil molistures were lower in
1989 than In 1988. BSoil strengths are dependent on soil molsture (Taylor and
Gardner 1963; Frietag 1971; Ayers and Perumpral 1982), suggesting that
increased soll strengths may have occurred due to decreased soll moistures.
Trends towards higher soil strength measurements in the top 28 ocm on the work
side were nol observed cone year following pipeline construction suggesting
that compaction had been alleviated.

Immedlately Following construction in 1988, increases in soll
strength measurements at the Victor 2 study area were measured for the 2.5 to
7 cmoand 10.5 to 14 om depths of the trench as compared to the control (Cannon

et al. 19889). One vear after construction, there were no differences between
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Table 26. Summary of statistical data for the Victor 2 study area.™

SAMPLING EVENT™ DEPTH INCREMENT®

r 2 3 4 5 6 7T 8 9 10 11 12 13 14 15

YEAR O
Work side +WOHW W W W +
Trench +T +T

YEAR 1
Work side +W - - - - -
Trench - - -

Orthic Dark Brown Chernozem developed on lacustrine and constructed in dry
soil conditions. Adjusted soll strengths were used.

Year 0: sampling event immediately following construction,

Year 1: sampling event one year following construction,

+W and +7 indicate soil strength increases for the work side and trench,
~W and ~T indicate soil strength decreases for the work side and trench.

- = no penetration.

N

3
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soll strength measurements for the control, work side, and trench at any of
the depths monitored (Table 26). The cone penetrometer could not penetrate
the trench past 42 om indicating a soll strength greater than 38 bars at this
depth. Again soll molstures at time of sampling in 1989 were lower than those
that occurred in 1988 alt time of sanpling, suggesting increased soll strengbhs

may have occurred due to decreased soll molstures.

5.5 SOIL STRENGTH ADJUSTMENTS BASED ON MOISTURE
5.5.1 1990 Sampling Event

Soll strength adjustments were not done in the 1990 sampling vear
for any of the study areas, except Atlee-Buffalo 1, since there were no
significant differences in soll molsture contents between solls on and off the
RoW at any of the depths momitored. Adjusted soll strengths were determined
for the work side soil at 0 to 10 cm for the Atlee-Buffalo 1 study area. Soil
strength adjustments for molsture at the Atlee~Buffalo 1 study area did not
result In any change in the statistical significance of soll strength
difference. Actual and adjusted so0il strength values were the same since soil
molstures of the trench soll at time of sampling were below soil molsture

values neasured at 15 bars.

5.8.2 1989 Sanpling Bvent

In 1989, for the 1989 study areas, soil strength adjustments were
not done for Atlee-Buffalo 2, Henderson 2, Maleb 1 and Valhalla study areas
since there were no significant differences in soll meolisture contents between
s0ll on and off the RoW at any of the depths monitored. Soll strength
adjustments for molsture on Atlee-Buffalo 1, Ferintosh and Folsey did not
result in any change in the statlistical significance of soil strength
difference. Soil strength adjustments for moisture did result in changes of
statistical signifcance of soll strength difference for Aeco 'C', Bollogue,
Maleb 2, Henderson 1, Plgeon Lake, Albright, Redwater 1, and Redwater 2. BSoil
strength adjustments are presented in Appendix 2.3,

Actual soll strengths were used in the discussion of the results for

1988 study areas in 1989, since soll strengths adjusted for percent molsture
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did not alter significance of comparisons to the control. The only exception
was a significantly increased adjusted work side so0ll strength for the Qrthic

Brown Chernozem at Victor 2 foxr the 0 to 3.5 cm depth.

5.5.3 1988 Sanpling Bvent

S0il strength adjustwments were not done for the samples taken in the
1988 sampling year. The decision Lo make soll strength adjustwents based on
moisture was made after the 1989 sampling event, and the 1988 samples were no

longer avallable.

5.6 LIMITATIONS OF THE CONE PENETROMETER

The cone penetrometer was used to determine soll stength, instead of
bulk density measurements, as an indlrect measure of soil compaction. Soll
strength was measured by determining the resistance of so0ll to the penetrating
cone-shaped tip of the cone penetrometer. The penetrometer is advanced into
the soll at a steady rate and the applied force versus depth is measured. The
applied force is indicative of the shear resistance of the soil. The
advantages of the cone penetrometer include the relative slmplicity, rapidity
and cost-effectiveness of data collection {(James 1981). The cone
penetrometer, used to determine on and off RoW soil strength, 1z easy to carry
out into and set up in the fleld. The cone penetrometer quickly collects a
lot of data and is easily portable. Results can be guickly and easily
deternined. The waln difficulty in conducting this test is to apply
consistent pressure to the cone penetrometer.

Penetration resistance reflects the state of compaction and is
influenced by wmoisture content and density as well as the size, shape and
surface texture of the penetrating element (Freitag 1971). This method, like
many indirect methods in determining the extent of compactive forces, requires
a separate analysls before and after the compaction action. However some
limitations to the use of the cone penetrometer were noticed during the course
of this study and are listed below.

1. Multiple replications are required in oxder fo determine a single

s0ll strength reading, resulting in large amounts of data to he

handled.
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Soil strength measurements arve Influenced by molsture content and
density (Frietag 19271) and by organic matter (Chu et al. 1886},
therefore soil samples have to be collected to determine soil
moisture contents, soll organic matter contents and soil testure.
However, the relationships between soll molsture, soil organic
matter and soil texture are not clearly defined, making
Interpretations of soll strength data difficult in some
situations.

The cone penetrometer used for this study can not penetrate into
solls with soll strengths greater than 38 bars (850 kg), the upper
limit of the eguipment used. This limits the cone penetrometer
use in dry areas or in dry years, making comparisons difficult
between wet and dry years and between cropped versus uncropped
s0il.

The cone penetrometer shaft used in this study can only be pushed
into the soil to a depth of 52.5 cm limiting the depth of soil
strength measurements.

The cone penetrometer can not be used on stoney or gravelly s0i

or in solls with gravelly or compact lenses or horizons.
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6. CONCLUSIONS

6.1 RESULTS IMMEDIATELY FOLLOWING CONSTRUCTION
Soil strength information from the 23 study areas indicated that

pipeline construction procedures can cause some changes in soil strength on

pipeline RsoW in Alberta. Significant soll strength differences from the

control were observed in both topscll and subsoil on all portions of the

pipeline RsoW monitored, varying with depth and location from site to site.

Few similarities Iin soll strength trends occurred between study areas,

however, limiting the scope of conclusions. A number of specific conclusions

which can be made of the statistical data for soil strength immediately

following pipeline construction are listed below.

1.

2.

Few similarities in soll strength trends occurred within soil
order grouplngs.

S0ll strength measurements for the top 24.5 to 31.5 cm.

&) Decreases in soll strength occourred across the RoW soils in
the top 14 cm and sometimes as deep as 24.5 cm for the following
solls (study area and soll molsture conditions in which
construction ccourred ls in parentheses):

. Gleyed Brown Chernozem developed on glacial till (Maleb 1,
dryl,

. Gleyed Black Chernozem developed on glaclo-fluvial (Redwater 1,
moist to wet),

. Orthic Dark CGrey Chernozem developed on galcial till {Folsey,
dryl,

. Bluviated Dark Grey Chernozem developed on glaclo-fluvial
overlying till (Redwater 2, moist to wetl},

. Bluviated Dark Grey Chernozem developed on glacial till (Plgeon
Lake, molst),

. Dark Grey Luvisol developed on glacial till (Bollogue, moist to
wal),

. Dark Grey Luvisol developed on glacial till (Hendexson 2, dry),
. Bolonetzic Dark Grey Luviscol developed on glacial till

(Hendexrson 1, dry),
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. Orthic Brown Chernozem developed on glacial till, in the spoll
side and work side (Maleb 2, dry),

. Orthic Dark Brown Chernozem developed on glacio-fluvial
overlying till, in the work side and trench (Foreman, drv),

. Orthic Dark Brown Chernozem developed on lacustrine, in the
work side and trench (Victor 2, dryl,

. Orthic Dark Brown Chernozem developed on glacial till, in the
work side and trench (Ghostpine, wet),

. Dark Brown Gleyed Solonetzic Chernozenm developed on glaclio-
fluvial overlying till, in the work side and trench (Delia, wel),
. Dark Brown Soclonetz developed on weathered bedrock, in the work
side and trench (Cralgmyle, wel),

. Orthic Humic Gleysol developed on glacio-fluvial, in the work
side and spoll side (Albright, dry to molst).

Generally increased soll strengths were observed in study areas
vhere pipeline construction occurred in molist to welt soil
conditions. Exceptlions included the Orthic Brown Chernozem at
Maleb 1 which also had decreased soll strengths measured in upper
depth increments, the Crthic Dark Brown Chernozem at Foreman Iin
which the plepline was constructed usding the plow-in technique
and the Orthic Dark Brown Chernozem at Victor Z for which it was
difficult to speculate why incresed soil strengths occurred.

e) Isolated increased soll strengths occurred in the work side of
the Eluviated Dark CGrey Chernozem developed on glacial till
(Pigeon Lake) and constructed in dry soll conditions and in the
spolil side of the Orthic Brown Chernozem developed on glacio-
Lluvial material (Atlee-Buffalo 2} and constructed in dry solil
conditions. These increased soll strenghts were attributed to
increased treafflc on the RoW.

£} There were no significant soll strength differences following
pipeline construction in the top 24.5 to 31.% om for the Dark
Brown Solodized Solonetz developed on glaclio-lacustrine
(Michichly), for the Orthic Humic Gleysol developed on lacustrine

(Atlee~Bulfalo 1) or for the Orthic Humlc Gleysol developed on



glacial till (Victor 1). All three study areas were constructed
in dry soil conditions.

So0il strength measurements below 24.5% to 31.5 om.

a) Slgnificant differences in RoW subsoll soll strength values
below 24.5 to 31.5 om were found only in four sites.

b) Decreases in soll strength of the trench in the Brown
Solodized Solonetz (Aeco 'C') occurred at 17.5 to 52.5 om
compared to the control soll when constructed in dry soll
conditions. These soll strength decreases were atbributed to
breaking up of the hard dense Bnt horizon.

¢) Decreases in soll strength below 24.5 cm also occurred in the
spoll side of the Orthic Dark CGrey Cherncozem (Folsey) developed
on glacial till., It was difficult to speculate why these soil
strength decreases occurred.

&) Isolated soll strength increases occurred at depth increments
below 24.5 om in the trench for the Orthic Black Chernozem
developed on fluvial material overlying till {(Ferintosh), in the
spoil side for the Orthic Humic Gleysol developed on glacio-
fluvial material (Albright), and In the work side for the Brown
Solodized Solonetz developed on glacial till {(Aeco 'C').

Soil molistures were significantly decreased on RoW solls compared
to control scoils for ten study areas. Decreased soll moistures
indicated drying of the soll due to pipeline construction. This
drying of the soll could affect the emergence of a seeded crop
especially in agroclimatic areas where low precipitation is
already a limlting factor to crop growth. Soll moistures were
significantly Increased on RoW soils compared to control soils
for eight study areas. Increased soll wmolstures for five of
these sites occurred when the sites were sampled during the
summer and had an established crop growing on the control or were
in pasture.

Soil organic matter levels for solls on the RoW were generally
not significantly different from the control solls. EBxceptions

were two sites that had signiflicantly higher organic mattex



75

contents on portions of the RoW (one site on the work side and
ong site on the trench) and five sites that had significantly
lower soll organlic matter contents on portions of the RoW {(two
sites across the entlre ROW, two sites on the trench and one site
on the vork side). Decreased soll organic matter contents
suggested that subsoll had been mixed with topsoil or that there
was a loss of topsoil. Increased Lopsoll organic matter contents
were not indicative of topsoll and subsoll mixing since topsoil
genrally contalns more organic matter than subsoil. Increased
topsoll organic matter contents may indicate uneven respreasding
of topsoll across the RoW.

There were few significant differences in clay content between
surface solls on the RoW and those off the RoW. Most significant
differences occurred below the surface horizons. Generally clay
contents were signiflicantly greater than the controls fox
topsolls and significantly lower than the controls for subsolls.
Data from this study suggested no mixing of subsoll and topsoil

during pipeline construction for all but four sites.

7. There were no close correlations between soil strength and soll
noisture, organic molsture and clay content for the combined 1989
study area data lmeedlately following pipeline construction.
6.2 RESULTE ONE YEAR AFTER CONSTRUCTION

A number of specific conclusions in soil strength trends which can

be made one year following pipeline construction are listed below.

"3

e s

B2

Few similarities in soll strength trends occurred within soll
order groupings.

Soil strength measurements for the top 24.5 to 31.5 cm.

a) Decreases In soll strength for the top 24.5 to 31L.5 om
occurred for the following solils (study area and soll molsture

conditions in which construction occurred are in parentheses):

. Orthic Black Chernozem developed on fluvial overlying till, in

the trench and work gide (Ferintosh, dry to molst),
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. Bluviated Dark Grey Chernozem developed on glacio-fluvial
overlying till, across the RoW (Redwater 2, moist to wel),
. Gleyed Dark Crey Luvisol developed on glaclal till, across the
RoW (Valhalla, dry).
Isolated decreased soll strengths ccourred in the work side of
the Orthic Dark Grey Chernozem developed on glacial till (Foisey)
and constructed in dry solil conditions and in the trench of the
Gleyed Brown Chernozem developed on glacial till (Maleb 1) and
constructed in dry soil conditions.
b} Increases in soll strength for the top 24.5% to 31.5 cm
occurred for the following solls (study area and soll molisture
conditions in which construction occcurred are in parentheses):
. Dark Brown Solonetz developed on weathered bedrock, in the
trench (Craigmyle, wel},
. Dark Brown Sclodlized Solonetz developed on glacio-lacustrine,
in the trench and work side (Michichl, dry),
. Gleyed Black Chernozen develeped on glaclo-fluvial, in the
trench and work side (Redwater 1, molst to wet).
Isolated increased soil strengths occurred for the following
solls (study area and soll molsture conditions in which
construction occurred are in parentheses):
. Bluviated Dark Grey Chernozem developed on glacial till, in the
trench and spoll side (Pilgeon Lake, moist),
. Soleonetzic Dark Grey Luvisol developed on glacial till, in the
work side (Henderson 1, dry),
. Orthic Humic Gleyscol developed on glacio-fluvial, in the work
side (Albright, dry to moist),
. Orthic Black Chernozem developed on fluvial overlying till, in
the trench (Ferintosh, dry to moist),
. Gleyed Brown Chernozem developed on glacial till, in the spoil
zide (Maleb 1, dryl,
. Gleyed Dark CGrey Luvisol developed on glaclal till, in the work

side (Valhalla, dxy),
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. Bluviated Dark Crey Chernozem developed on glacio-fluvial
overlying till, in the work side and spoll (Redwater 2, molst to
wet).
The lsolated soll strength increases were attributed to tillage
trafflic.
S0il strengths below 24.5 to 21.5 cm.
Only decreased soll strengths below 24.5 to 31.5 cm were
measured. Decreased trench soll strengths were observed for the

Crthic Dark Brown Chernozem developed on glaclal till (Chostpine)

]

for the 42 to B2.5 om depths. Decreased RoW soll strengths were
also observed for the Gleyed Brown Chernozem developed on glacial
Lill (Maleb 1) below 35 cm. It was difficult to speculate why
these decreased soll strengths were observed for the two sites.
S0il molstures were significantly decreased on RoW solils compared
to control solls for five study areas and were signigicantly
increased on RoW scolls compared to control soll for only one
study area.

Soil organic matter levels for three study areas were
significantly decreased on the work side portion of the RoW and
301l organic maltter levels were significantly decreased across
the entire RoW for only one study area.

There were no close correlations between soll strength and scoil
molsture or soll organic wmatter for elther the combined 1989
study area data or for the combined 1988 study area data one year

following pipeline construction.

COMPARISONS OF THE TWO SAMPLING YEARS

1.

The cong penetrometer was unable to penetrate the seoll one year

following construction as deeply as it did immedlately followving

construction for 10 sites wmost llkely due to low soll molsture
contents. In three sites the cone penetrometer was able to
penetrate deeper the year following construction most likely duse

to higher soll molstures.

e
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Those study areas thalt had similar results for the two years
include:

. Atlee-Buffalco 1 {(Orthic Humic Gleysol),

. Ferintosh (Orthlc BLack Chernozem),

. Maleb 1 (CGleyed Brown Chernozem),

. Redwater 2 (Eluviated Dark Grey Chernozem) and

. Victor 1 (Orthic Humic Gleysol).

Those study areas that had fewer significant differences in RoW
s0ll strength for the second sampling event include:

. Atlee~Buffalo 2 (Orthlc Brown Chernozem),

. hego 'CY (Brown Solodized Solonetz),

. Albright {(Urthic Humic Gleysol),

. Bollogue (Dark Grey Luvisol),

. Folsey {Orthic Dark Grey Chernozem},

. Henderson 1 (Sclonetzic Dark CGray Luvisol),

. Henderson 2 (Dark Grey Luvisol),

. Maleb 2 (Orthic Brown Chernozem),

. Pigeon Lake (Eluviated Dark CGrey Chernoczem),

. Valhalla (Gleyed Dark Grey Luvisol),

. Craigmyle (Dark Brown Solonetz),

. Delia (Dark Brown Gleyed Solonetzic Chernozem),

. FPoreman (Orthic Dark Brown Chernozem),

. Ghostpine (Orthic Dark Brown Chernozem),

. Milo (Sclonetzic Brown Chernozem) and

. Victor 2 {Crthic Dark Brown Chernozem).

Those solls thalt had increased signiflcant differences in RoW
501l strength one year following construction compared to
immediately following construction include:

. Redwater 1 (Gleyed Brown Chernozem) and

. Michichl (Dark Brown Sclodized Solonetz).

Soil strengths could not be compared between the two sampling
yvears for four of the study areas because the cone penetrometer

could not penetrate to the same depths sach year.
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a) Decreased RoW soll strengths below 31.5 om observed one year
following construction could not be observed lmmediabely
following construction for the CGleyed Brown Chernozem developed
on glacial £ill (Maleb 1).
b} Decreased spoll side soll strengths below 24.5 om observed
impediately following construction could not be observed one year
following construction for the Orthic Dark Grey Chernozem
developed on glacial till {Folsey).
) Decreased trench soll strenths at 14 to 52.% cm observed
immediately following construction could not be observed observed
one year later for the Brown Solodized Solonetz developed on
glacial till {Aeco 'C'}.
d) Increased trench and work side soll strengths below 17.5 om
observed immediately following construction could not be cbserved
one year later for the the Orthic Dark Brown Chernozem developed
on glacico-fluvial material overlying till (Foreman).
Generally soll strength increases and decreases one year
following construction were not observed for as many depth
increments or portions of the pipeline RsoW as for the sampling
event lmmediately following construction. Also many of the
isolated increases and decreases in soll strengths were
attributed to tillage traffic.
Tmmediately following pipeline construction 16 study areas had
RoW soll molstures slgniflicantly different from those of the
control, while one year later only six sites had RoW soil
molstures signiflcantly different from the controls.
Imnediately following pipeline construction seven study areas had
RoW soll organic matter contents signiflcantly different from
those of the contrel, while one year later only four sites had
RoW soll organic matter contents significantly different frowm the
controls.
There were no close correlations between soll strength and soll
wmolsture, 501l organic matter, or clay content for the combined

site data in elther sampling vyear.
i
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9. APPENDICES
9.1 SOIL DESCRIPTIONS POR EACH 19

Representative profiles for s

listed in Tables 27 to 95.

(Xv)
3

SUMMARIES OF LABORATORY RESUL

Summaries of laboratory resul
matter and clay content for the 1288, 1
in Tables 96 to 105.

9.3 SOIL STRENGTH ADJUSTMENTS BAS
Soil strengths adjustments ba
vear are listed in Tables 106 and 107.
9.4 RECGRESSION ANALYSES
Values of r* correlating soil
molisture for the 1989 and 1990 sampling
9.5 COMPILED BOIL STRENGTH VALUES
Compiled soll strength values

1988, 1989 and 1990 sampling events are

9.6 FIGURES OF SOIL STRENGTH
Figures of solil strength for
are presented in Figures 20 to 50.

9.7 PENETROMETER READINGS
The sampling depth Increment

readings and thelr averages in kg (Ave

for the three replicates for each site
and 1990 sampling events.

89 STUDY ARER

4

tudy areas are

i

cils in each o

s
ts for soll molsture, soll organic

989 and 1990 sampling vears are listed

ED ON MOLSTURE

sed on moisture for the 1989 sampling

strength to clay content and soil

vears are listed in Tables 108 to 110.

AND STATISTICAL SIGNIFICANCE

g

and statistical si

listed in Tables 111 to 155.

gnificance for the

the 1988, 1989 and 1990 sampling events

and corresponding 10 penetrometer
1) and in bars {(Ave 2} are presented
the 1988, 1989

in Tables 155 to for &
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9.8 LABORATORY RESULTS
Soil physical and chemical results for all study areas in 1988, 19289

and 1990 are listed in Tables to .
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Conditions of Use

Permission for non-commercial use, publication or presentation of excerpts or figures is granted,
provided appropriate attribution is cited. Commercial reproduction, in whole or in part, is not
permitted without prior written consent.

The use of these materials by the end user is done without any affiliation with or endorsement by
TransCanada Pipelines Ltd. Reliance upon the end user's use of these materials is at the sole risk

of the end user.
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