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FOREWORD 

NOVA Corporat i on of Al berta ( NOVA) i s  a major Canad i an energy company i nvol ved 

i n  petrochemi cal s ,  p l ast i cs , rubber; p i pel i nes  and gas  marketi ng; petrol eum 

and rel ated eng i neeri ng; and manufacturi ng . The Al berta Gas  Tran smi s s i on 

Di v i s i on ( AGTD) of NOVA i s  concern ed wi th n atural gas  system des i gn ,  p i pel i ne 

con struct i on ,  research and fac i l i ty operat i on s  throughout the prov i nce of 

Al berta . S i nce i ts i ncorporati on i n  1 954 , AGTD has i nstal l ed more than 

1 5 , 000 km of n atural gas p i pel i ne and cont i nues  to operate ,  mai n ta i n  and 

expand thi s system . 

AGTD Envi ronmental Research Monographs are publ i shed verbat i m  from the fi nal  

reports of profe s s i onal  envi ronmental con sul tants or  d i v i s i on staff .  Onl y  

propri etary techn i cal  o r  budget - rel ated i nformat i on i s  wi thhel d .  S i nce AGTD 

dec i s i on s  are not neces s ari l y  based on one person's op i n i on ,  recommendat i ons  

found i n  the text shoul d not be construed as  commi tments  to  act i on by the 

d i v i s i on .  

AGTD wel comes publ i c  and sc i enti fi c i nterest  i n  i ts envi ronmental acti v i t i es . 

Pl ease addres s  any quest i on s  or comments  to : Envi ronment and Qual i ty 

Management ,  Al berta Gas  Tran smi s s i on D i v i s i on ,  NOVA Corporat i on of Al bert a ,  

P . O .  Box 2 53 5 ,  Stat i on M ,  Cal gary ,  Al berta T 2 P  2N6 . 

Thi s  study was commi s s i oned to eval uate the avai l abl e l i terature on the 

effects of stri ppi ng versu s  not stri pp i ng topsoi l i n  Luv i sol i c  soi l s  that are 

currentl y forested but have the potent i al to be cul t i vated . Thi s report was 

prepared by Karen R .  Cannon , a pri vate con s ul tan t ,  and Sandra Landsburg , a 

department  staff member .  Thi s  report may be c i ted as: 

Cannon , K . R  and S .  Landsburg , 1 990 . Topsoi l Stri ppi ng i n  Potent i al l y Arabl e 
Forested Luv i sol s: A L i terature Rev i ew .  AGTD Envi ronmental Research 
Monographs 1990 - 2 .  NOVA Corporat i on of Al bert a .  Cal gary , Al bert a .  
3 8  pp . 
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ABSTRACT 

The obj ect i ve of thi s l i terature revi ew was to eval uate the avai l abl e 
i nformat i on on the effects of str i pp i ng versus not stri ppi ng topso i l duri ng 
p i pel i ne construct ion i n  potent i al l y arabl e Luvi sol i c  soi l s  i n  forested areas . 
A profi l e  descri pt ion representat i ve of an und i sturbed Luvi sol under nat i ve 
forest  vegetat i on was studi ed to i dent i fy potent i al probl ems i n  terms of soi l 
qual i ty and soi l handl i ng associ ated wi th the soi l . 

A rev i ew of the l i terature i nd i cates there i s  l i ttl e i nformat i on on topsoi l 
handl i ng techn i ques  duri ng p i pel i ne construct i on for forested areas cons i dered 
arabl e .  Howeve r ,  a revi ew of rel ated l i terature suggests  that topsoi l  
stri pp i ng of forested soi l s  and i ts s ubsequent repl acement woul d  resul t i n  
hori zon characteri s t i cs s i mi l ar to those of the pl ough depth resul t i ng from 
farm i ng pract i ces . Removal  and s ubsequent repl acement of the subso i l i s  
expected to resul t i n  a decrease i n  bul k den s i ty .  Thi s shoul d i mprove 
hydraul i c  conduct i v i ty and aerat i on thereby al l owi ng deeper root penetrat i on 
for better moi sture and nutri ent extract i on from the soi l . Subso i l 
repl acement i s  not expected to resul t i n  dramat i c  changes i n  part i cl e  s i ze 
d i stri but i on , exchangeabl e cat i on concentrat i on , total n i trogen or total 
organ i c  carbon . An i ncrease i n  pH coul d occur i f  cal c i um carbonate i s  brought 
up from the C k  hori zon . 

Wi th no topsoi l s al vage , an i ncrease i n  surface bul k den s i ty ,  pH and cl ay 
content i s  ant i c i pated . M i x i ng of topsoi l  and s ubsoi l woul d  most l i ke ly  
resul t i n  al tered phy s i cal  propert i es s i mi l ar to  those prev i ous ly  d i scus sed 
for removal and subsequent repl acement of subsoi l .  I ncorporat i on of organ i c  
matter from l eaf l i tter and s i l t  from the Ae hori zon i s  not expected to change 
subso i l characteri st i cs dramat i cal l y .  

Al though the d i scus s i on of potent i al i mpacts of p i pel i ne construct i on on 
Luv i sol i c  soi l s  suggests  that topsoi l conservat i on may not be necess ary , there 
are i nsuffi c i ent  rel evant data i n  the avai l abl e l i terature to cl earl y 
substanti ate thi s concl u s i on .  Further i nvest i gat i on s  are needed to ascert a i n  
the effect o f  stri ppi ng versus not str i pp i ng topsoi l i n  forested areas 
cons i dered arabl e .  

( v i ) 
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1 . 0 I NTRODUCT ION 

Al berta i s  ri ch i n  oi l and n atural gas  reserves and these  

i ndustri es  cons t i t ute a major port i on of  the prov i nc i al economy . 

Therefore , d i stri but i on of these  products ,  through p i pel i nes, has 

become a wi de l y  accepted pract i ce .  However , confl i cts  have ari sen  

concern i ng the i mpacts of p i pel i ne con struct i on on the qual i ty of 

agri cul tural and potent i al l y arabl e soi l s .  There i s  no doubt that 

p i pel i ne i nstal l at i on d i srupts the soi l . However ,  appropri ate 

construct ion methods al ong wi th compat i bl e  recl amat i on procedures 

can onl y  be resol ved once short- term and l ong -term effects  on the 

soi l are known . Thi s  knowl edge i s  i mportant s i nce each soi l 

ecosystem coul d  respond d i fferentl y to vari ous construct i on 

procedures .  

There are l i mi ted data ava i l abl e on the effects  of p i pel i ne 

con struct i on on soi l propert i es ,  crop product i on and agri cul tural 

ecosystems . As wel l ,  there i s  a pauc i ty of i nformat i on i n  the 

l i terature on the effects of p i pel i ne construct ion i n  forested 

areas . Even more l i mi ted are stud i es document i ng handl i ng 

procedures of topsoi l ,  espec i al l y on Luv i sol i c  soi l s .  Frequen t l y ,  

topso i l i s  arb i trari l y  defi ned as the pl ough depth , whi ch i n  

Luv i sol s coul d i ncl ude the LFH hor i zon s ,  Ah hori zon and a port i on 

of the Ae hori zon . The mer i ts of topsoi l stri pp i ng i n  Luvi sol i c  

soi l s  have been quest i oned because of the marg i nal  qual i ty of the 

topsoi l .  
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2 . 0  OBJ ECTIVE 

The obj ecti ve of thi s  l i terature rev i ew i s  to eval uate the effects 

of stri ppi ng versus not str i pp i ng topsoi l duri ng p i pel i ne 

construct i on i n  potent i al l y arabl e Luv i sol i c  soi l s .  To achi eve 

thi s obj ect i ve a rev i ew of the l i terature on Luv i sol i c  soi l s  and 

the i r  characteri st i cs al ong wi th pos s i bl e  i mpacts of p i pel i ne 

construct ion procedures i s  nece s sary . Subsequentl y ,  potent i al 

i mpacts of var i ous  topsoi l handl i ng procedures on Luv i sol i c  soi l s  

can be determi ned and an i nvest i gat i on of appropri ate soi l 

handl i ng procedures can then be i n i t i ated . 
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3 . 0  

3 . 1  

3 . 1 . 1  

REV I EW OF  RELATED LITERATURE 

LUVI SOLIC  SO I LS 

Characteri st i cs 

Luv i sol i c  soi l s  devel op under dec i duous , con i ferous ,  mi xed forest 

and forest -grass l and trans i t i on s  i n  a wi de range of cl i mates 

across  a l arge extent of the northern hemi sphere . They occur i n  

the cool er boreal , cryoboreal and subarct i c  reg i on s  of Canada 

( Cl ayton et al . 1 977 ) , and are the domi n ant  soi l of forested areas 

i n  the i nterior pl a i ns of western Canada . These  soi l s  do not have 

a Sol onetz i c  or Podzol i c  B hori zon , Chernozemi c  Ah hori zon , or 

organ i c  hori zon s and are not domi n ated by gl eyi ng or permafrost 

( Canada Soi l  Survey Commi ttee 1978 ) . Luv i sol s are devel oped on 

parent materi al  such as l acustri ne  cl ays , gl ac i al t i l l  and s andy 

al l uv i al materi al s .  Most Luv i sol s i n  central Al berta have 

devel oped on gl aci al t i l l  of l oam to cl ay l oam texture ( Bentl ey et 

al . 1 9 7 1 ) .  

I n  northwestern Canada there are 1 1  mi l l i on hectares of l and 

s u i tabl e for agr i cul tural product i on of whi ch 9 mi l l i on hectares 

are i n  the Al bert a - Bri t i sh Col umb i a - Peace R i ver reg i on 

( Ba i l ey 1 981 ) .  Currently onl y  2 . 7  mi l l i on hectares are used for 

agri cul tural purposes  i nd i cat i ng that the agri cul tural potent i al 

for thi s area i s  three to four t i mes  i ts present use . At present , 

1 00% of l and i n  Al berta cl ass i fi ed as e i ther Cl ass  1 or C l ass  2 i s  

cul t i vated ( Envi ronment Counc i l  of Al berta 1 985) . As wel l , 80 . 3% 

of Cl ass  3 l and i s  cul t i vated whi l e  onl y 24 . 7% of Cl ass  4 l and , 

whi ch i s  predomi nant i n  the Peace R i ver reg i on ,  i s  under 

cul t i vat i on . Further agri cul tural devel opment  i n  northwestern 

Canada must take pl ace i n  areas  that are con s i dered marg i nal  i n  

terms of e i ther cl i mate or soi l s  ( Pettap i ece and Li ndsay 1 981 ) .  

I n  Al berta there are 20 mi l l i on hectares of Luv i sol i c  soi l s ,  of 
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whi ch 5 . 7  mi l l i on hectares are cons i dered arabl e ( Hol mes et 

al . 1 976 ) . Current l y ,  onl y  1 5% of the total  area cul t i vated i n  

Al berta i s  on Luv i sol s ( Bentl ey et al . 1 97 1 ) , but future expan s i on 

of arabl e agri cul ture wi l l  be i nto areas  domi nated by these  soi l s. 

Therefore , the i mportance of Luv i sol s nece s s i tates an 

understandi ng of soi l characteri st i cs , both advantageous and 

d i sadvantageous ,  al ong wi th s u i tabl e management  pract i ces  i n  order 

to achi eve s at i sfactory product i v i ty .  

A profi l e  descri pt ion o f  an und i sturbed Luv i sol under n at i ve 

forest vegetat i on i s  prerequ i s i te to i dent i fy poten t i al  probl ems 

i n  terms of soi l qual i ty and handl i ng of these  soi l s .  Some 

typ i cal chemi cal and phy s i cal characteri s t i c s  of Luv i sol i c  soi l 

profi l es at the Breton Research Stat i on , Breton , Al berta , have 

been presented and are s i mi l ar to other Luv i sol s found i n  Al berta 

(Tabl es  1 and 2 ) . The profi l e  descri bed i n  Tabl e 1 d i ffers from 

other Luv i sol s only i n  that i t  was deepl y l eached and cal c i um 

carbonate was not present unt i l a depth of 2 . 5  m ( Howi tt and 

Pawl u k  1 985a ) . In the fal l of 1 979 , the Breton pl ots were 

exten s i vel y s ampl ed , as were several v i rg i n  profi l es north of the 

cl a ss i cal p l ots . One of these  v i rg i n  profi l es i s  shown i n  

Tabl e 2 .  At both s i tes , vegetat i on con s i sts  of an aspen popl ar 

stand wi th some spruce present . These  profi l es are shown to 

fami l i ari ze the reader wi th soi l characteri s t i cs  of undi sturbed 

Luv i sol s soi l s .  

The s urface organ i c materi al  con s i sts  of three l ayers i n  vari ous 

stages  of decompos i t i on .  The L hori zon i s  composed ma i n l y  of 

fal l en l eaves and needl es  that are s l i ghtl y decomposed and st i l l  

recogn i zabl e as  to ori g i n .  A l oose to matted part i al l y  decomposed 

F hor i zon , i n  whi ch the ori g i n  of materi al i s  d i ffi cul t to 

ascerta i n ,  i s  underl a i n  by the most decomposed H hori zon . Thi s  

hori zon i s  fi brous to matted i n  nature and i s  un i denti fi abl e as to 

ori g i n .  The LFH l ayer may vary from 2 . 5  to 1 2 . 5  cm i n  thi ckness  
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( Bentl ey et al . 1 97 1 ) . There i s  l i ttl e m ix i ng of the  organ i c  and 

mi n eral soi l components  as evi denced by the three organ i c  l ayers 

that overl i e  the mi n eral soi l . Organ i c matter decompos i t i on and 

n utri ent cycl i ng processes  occur pri mari l y  i n  the organ i c  l ayer . 

Throughout the  year the LFH l ayer conta i n s  more water than the 

mi neral hori zon bel ow i t  and the  fl uctuat i on i n  moi sture content 

i s  greater than for the  mi neral hori zon ( Howi tt and Pawl uk  1 985b) . 

The LFH hori zon i nh i b i ts movement  of moi sture i nto the  Ae hori zon 

because  of i ts h i gh moi sture hol d i ng capac i ty and protects the  

Ae  from wi nd and  water eros i on .  

Under the organ i c  L FH hori zon i s  a l ayer of h umus and mi neral 

matter cal l ed the Ah hori zon . Thi s l ayer i s  al ways l es s  than 5 cm 

th i ck and usual l y  i s  l es s  than 2 . 5  cm th i ck i n  Grey Luvi sol s 

( Bentl ey et al . 1 9 7 1 ) .  However , Dark Grey Luvi sol s h ave Ah or 

Ahe hori zon s  that are more than 5 cm t h i c k  and h ave el uv i al 

features such as  grey streaki ng or pl aty structure ( Canada Soi l 

Survey Commi ttee 1 978) . 
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Figure 1 : Luvisolic Soils in Alberta 

LUVISOLIC SOILS 



Tabl e 1 .  Chemi stry and Part i cl e  S i ze D i stri but i on of a V i rg i n Grey Luv i sol 
at Breton . 

Hori zon Depth 
( cm )  

L 8 - 5  

F 5 - 1  

H 1 - 0 

Aeh 0 - 3  

Ael 3 -8 

Ae2 8 - 1 3  

AB 1 3 - 1 7  

Btl 1 7 - 23 

Bt2 23-47  

Bt3 47 -67 

BCl 67-81  

BC2 8 1 - 1 1 1  

BC3 1 1 1  

pH  

6 . 1  

5 . 6  

4 . 9  

4 . 7  

4 . 9  

5 . 1  

5 . 2  

5 . 2  

5 . 1  

4 . 8  

4 . 9  

4 . 9  

4 . 8  

Howi tt  and Pawl u k  1 985 a .  

c 
(%) 

33 . 5  

3 5 . 0  

20 . 3  

2 . 3  

0 . 4  

0 . 2  

0 . 2  

0 . 4  

0 . 4  

0 . 4  

0 . 2  

0 . 2  

0 . 2  

N 
(%) 

1 . 47 

1 . 56 

0 . 83 

0 . 05 

0 . 06 

0 . 04 

0 . 03 

0 . 05 

0 . 05 

0 . 04 

0 . 04 

0 . 03 

0 . 04 

Exchangeabl e Cat ion s  
(% of total CEC) 

Texture 
% 

N a  K c Mg Sand S i l t  Cl ay 

0 . 3  1 2 . 0  73 . 0  20 . 0  3 2  57  1 1  

0 . 4  1 0 . 5  74 . 0  1 5 . 1 33  59 8 

0 . 4  5 . 1  74 . 3  20 . 2  37  56 7 

0 . 2  4 . 5  7 1 . 6  23 . 7  37  42  2 1  

0 . 2  2 . 8 70 . 8  26 . 3  28 39  33  

0 . 1  2 . 1  7 1 . 3  26 . 3  24 42 34 

0 . 4  1 . 2  69 . 2  29 . 2  28 39 33 

0 . 3  1 .  7 68 . 2  30 . 0  28 4 1  3 1  

0 . 5  1 . 2  67 . 9  30 . 4  29 43 28 

0 . 4  0 . 7  68 . 2  30 . 6  32  41  27 

Procedures used for soi l analyses i ncl uded pH i n  
0 . 0 1 M CaC12 , total organ i c  carbon (%C ) by wet oxi dat i on , total n i trogen 
(%N ) by macro-Kjel dahl , cat i on exchange capac i ty ( CEC ) by NH40Ac and 
part i cl e  s i ze d i stri but i on by p i pette . Al l methods are descri bed by 
McKeague ( 1 978) . 
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Tabl e 2 .  

Hori zon 

LHF 

Ael 

Ae2 

AB 

Btl 

Bt2 

Bt3 

BCg 

BC 

Ckl 

Ck2 

Chemi cal  and Phys i cal  Characteri st i cs  of a V i rg i n Grey Luv i sol at 
Breton . 

Depth pH Bul k Den s i ty N c 
( cm)  ( g/cm3 ) (%) (%) 

8 - 0  5 . 5  0 . 1 5 1 . 06  29 . 60 

0 - 6  5 . 1  1 . 1 6 0 . 1 0 1 .  54 

6 - 1 0  4 . 8  1 . 44 0 . 03 0 . 36 

1 0 - 2 1  4 . 9  1 . 53 0 . 04 0 . 34 

2 1 -30  4 . 7  1 . 53 0 . 04 0 . 34 

30 - 55  4 . 8  1 . 58 0 . 03 0 . 34 

55 -83 4 . 9  1 . 64 

83 - 1 09 5 . 5  1 .  7 1  

1 09 - 1 3 0  7 . 1  

1 30 - 1 53 7 . 2  1 .  70 

1 53 - 188 7 . 3  

Cannon et al . 1 984 . Procedures used for soi l anal yses  i ncl uded pH i n  0 . 0 1 M 
CaC12 , total n i trogen (%N ) by Kjel dahl , total carbon (%C )  by Leco 
i nduct i on furnace and bul k dens i ty by core method i n  fi el d .  Al l method s 
are descri bed by McKeague ( 1 978) . 
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The most  d i st i ncti ve l ayer i s  the wel l devel oped pl aty Ae hori zon 

whi ch i s  the cause of many probl ems encountered i n  farmi ng 

pract i ces . The Ae hori zon vari es  i n  depth from 10 to 30  cm 

( Bentl ey et al . 1 97 1 ) ,  and when dry i s  hard and crushes l i ke a 

powder . When wet i t  acts l i ke a paste that becomes very fi rm on 

subsequent dryi ng .  The moi sture content of the Ae hori zon i s  the 

l owest of the mi neral hori zons .  Ice  l enses , whi ch form i n  periods  

of  freeze - thaw cycl es , hel p create the pl aty structure ( Canada  

Soi l  Survey Commi ttee 1 978) . Leachi ng occurs i n  the upper mi neral 

hori zon and resul ts  i n  reduced cl ay content and a s l i ghtl y  to 

s trongly aci d  react i on .  There i s  l i ttl e bu i l dup of org an i c  matter 

i n  thi s soi l l ayer . 

Bel ow the Ae hori zon , there i s  often a tran s i t i onal  AB or 

BA hori zon i n  whi ch the ped surfaces are greyer than the ped 

i nteri ors ( Canada Soi l  Survey Commi ttee 1 978) . 

F i ne c l ay - s i ze smect i te and to some degree mi ca  has been 

transported from the Ae hor izon i nto the i l l uv i al Bt hor i zon . 

Thi s  resul ts  i n  hi gher l evel s of cl ay i n  the Bt hori zon rel at i ve 

to the Ae ( Howi tt and Pawl uk  1 985a) . Research i nto a Luv i sol i c  

soi l at Breton has i nd i cated that thi s proces s ,  cal l ed l es s i vage , 

i s  the pri mary soi l formi ng process  i n  Luvi sol i c  soi l s .  As wel l ,  

there i s  an accumul at i on of i ron , al umi num and organ i c  carbon i n  

the Bt hori zon . I l l uv i al organo-cl ay depos i t i on occurs on the 

peds and because of the freeze -thaw and wet -dry cycl es  

( shri n k - swel l forces )  thi s soi l l ayer has  a weak to  strong bl ocky 

structure ( vert i cal and hor i zontal l i nes  of breakage ) .  When dry ,  

the B t  becomes s o  hard that roots c a n  have d i ffi cul ty penetrat i ng 

the ped s . When wet , there i s  occas i onal  temporary s aturat i on of 

the upper sol um because of the reduced permeabi l i ty of these  peds. 

The Cea hori zon i s  on average 1 . 2  m or more bel ow the surface 

( Bentl ey et al . 1 97 1 ) .  Cal c i um carbonate that was once 
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3 . 1 . 2 

d i stri buted throughout the mi neral port i on has been l eached 

downward , accumul ati ng i n  thi s  hori zon . I f  presen t ,  s al ts  can 

al so be l eached downward to form a Csa hori zon . 

Cul t i vat i on 

When  Luv i sol s are cul t i vated , the LFH , Ah and part of the 

Ae hori zon are mi xed by pl oughi ng . I n  some cases  the Bt hori zon 

i s  al so i ncorporated . When  cl eared of trees  and cul t i vated the 

ecosystem i s  al tered exten s i vel y .  The l eaf  mat qu i ckl y  decomposes 

and the mi neral soi l i s  exposed to the d i rect effects of snowmel t ,  

ra i n  and wi nd . Research at Beaverl odge o n  several d i fferent types 

of Luv i sol s s uggests  that breaki ng shoul d be done earl y i n  the 

season (June)  and pl oughi ng shoul d  not be more than 1 0  to 1 5  cm 

deep ( Bentl ey et al . 1 97 1 ) .  

The cul t i vated Ap hori zon poses  many probl ems i ncl udi ng a tendency 

to crust , vul nerabi l i ty to pul veri zat i on , c l odd i ng and compact i on 

from t i l l age , l ow water hol d i ng capac i ty ,  l ow fert i l i ty 

( espec i al l y n i trogen and sul phur)  and l ow pH buffer capac i ty 

( Robertson and McG i l l  1 983 ) . Because of these  probl ems there i s  

reduced aerat i on ,  water i nfi l trat i on and water reserve . Due to 

seedbed preparat i on d i ffi cul t i e s ,  poor germi nat i on , poor seedl i ng 

emergence and poor pl ant devel opment can resu l t .  As wel l , 

i ncreased eros i on and rap i d  soi l ac i d i fi cat i on take pl ace . 

Management probl ems for the B hori zon i ncl ude i mpeded water 

transmi s s i on and restri cted root growth of crops . 

Luv i sol s i n  Al berta are not wel l s u i ted for agri cul ture . The 

growi ng season usual l y  has approx i mate ly  90  frost - free days  i n  the 

Beaverl odge area and onl y  80 frost - free days i n  the Peace Ri ver 

area ( Odyns ky et al . 1 952 ) . There i s  a tendency for drought i n  

the earl y season and exces s i ve moi sture at harvest t i me del ays and 

compl i cates harvest procedures . However , because moi sture 
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cond i t i on s  are somewhat more rel i abl e than i n  the gras s l and 

reg i on s ,  fol l owi ng recommended cropp i ng and soi l management 

pract i ce s  can resul t i n  i mproved soi l cond i t i on s  for agri cul ture 

( Bentl ey et al . 1 97 1 ) .  

3 . 2  P I PELINE  CONSTRUCTI ON 

3 . 2 . 1  Constructi on Procedures 

About 180 , 000 l i near ki l ometres of o i l ,  gas and other p i pel i nes  

exi sted i n  Al berta i n  1 981  (Webb 1 982 ) . Phases  of i n stal l at i on 

for p i pel i nes  are wel l  documented by Al berta Envi ronment  ( 1 985 )  as 

wel l as  by Hardy Assoc i ates ( 1 978) Ltd . ( 1 983 ) . 

The con struct i on act i v i ty for p i pel i ne i nstal l at i on i s  a 

mul t i - phased l i near devel opment . Some of the more s i gn i fi cant 

phases  i ncl uded i n  the s ummer construct ion sequence for cul t i vated 

soi l s  are : 

• survey; 

• cl eari ng; 

• topsoi l stri ppi ng; 

• grad i ng; 

• p i pe act i v i t i es s uch as  stri ng i ng ,  wel d i ng ,  and x- ray 

anal ys i s; 

• trenchi ng; 

• l oweri ng of p i pe; 

• backfi l l i ng; 

• topsoi l repl acement; 

• hydrostat i c  testi ng; 

• cl eanup; and 

• reseed i ng and mai ntenance . 
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3 . 2 . 2  Soi l Con servat i on Methods 

D i fferent soi l conservat i on procedures are advocated for 

agri cul t ural l and or non - agri cul t ural l and , and whether p i pel i ne 

construc t i on takes p l ace i n  wi nter or s ummer . Use  of soi l 

conservat i on methods ,  whi ch i ncl ude handl i ng of topsoi l  and its 

subsequent repl acement , var i es dependi ng  on soi l characteri st i cs  

and  cond i t i on s  (Al berta Envi ronment  1 985 ) . 

The two most  commonl y  empl oyed soi l conservat i on procedures for 

cul t i vated l and i n  summer are : 

trench and spoi l area topsoi l  stri pp i ng i n  whi ch soi l 

m i x i ng i s  mi n i m i zed as  topso i l i s  stored on topsoi l  and 

s ubsoi l i s  stored on s ubsoi l ;  and 

• trench , spo i l and work area stri pp i ng where soi l m i x i ng i s  

aga i n  mi n i mi zed , and i s  used when there i s  a h i gh 

probab i l i ty of topsoi l rutt i ng or compact i on of subsoi l on 

the work s i de .  

For other l and uses  s uch as  pasture and hay l ands i n  summe r ,  soi l 

conservat i on methods i ncl ude : 

trench wi dth topsoi l stri pp i ng ,  whi ch i s  u sed when spoi l 

can be stored and removed from a wel l -devel oped sod l ayer 

wi th l i ttl e mi xi ng and when backfi l l ed spoi l can be 

confi ned to the trench; and 

• bl ade wi dth topsoi l stri ppi ng whi ch i s  used when spo i l  can 

be stored and removed from a wel l -devel oped sod l ayer wi th 

l i ttl e m i x i ng ,  but when backfi l l ed spo i l cannot be 

confi ned to the trench . 
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Soi l  conservat i on procedures for forested l and i n  summer depend on 

adj acent l and use  or future l and use  and i ncl ude : 

trench and spoi l area topsoi l stri pp i ng as  descri bed for 

cul t i vated l and; and 

trench wi dth topso i l stri ppi ng a s  descri bed for pasture 

and hay l ands . 

Duri ng wi nter cond i t i ons , soi l conservati on procedures are s i mi l ar 

to those descri bed for pasture and hay l ands when spo i l can be 

stored and removed from a frozen soi l surface w i th l i ttl e m ix i ng .  

Howeve r ,  repl acement  of topsoi l occurs i n  summer ,  after trench 

spo i l has been al l owed to thaw and subs i de .  
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SCALPING OF UNDISTURBED SOD LAYER IN GRASSED LANDS. 
LEAVE A ROACH OVER THE TRENCH TO ALLOW FOR SUBSIDENCE. 

3J RESEED WITH A COMPATIBLE SEED MIX AND FERTILIZE. 

Figure 2: No topsoil stripping procedure 
in summer conditions (Alberta 
Environment 1985) 
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figure 3 : Ditchline stripping procedure in 
summer conditions (NOVA 1990) 
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Figure 4 : Blade width stripping procedure 
in summer conditions (NOVA 1988) 
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Figure 6 : Trench, spoil and workside stripping 
procedure in summer conditions 
(Alberta Environment 1985). 
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3 . 3  IMPACTS OF  P I PEL INE  CONSTRUCTI ON 

Impacts of p i pel i ne construc t i on ( e i ther negat i ve or pos i t i ve )  on 

agri cul tural or potent i al l y arabl e soi l are i nev i tabl e .  They 

depend l arge ly  on the qual i ty and type of soi l d i sturbed d ur i ng 

construct i on ,  present l and use  and the envi ronmental sens i t i v i ty 

of the ecosystem bei ng d i sturbed . Some of the d i ffi cul t i es 

encountered duri ng p i pel i ne i nstal l at i on and s u bsequent 

recl amat i on of r i ghts -of-way are s ubj ect to cl i mate , topography , 

compos i t i on of topso i l s  and s ubsoi l s ,  hydrol ogy and b i ol og i cal  

systems . Probl ems a s soc i ated wi th p i pel i ne con struct i on i ncl ude 

soi l hori zon mi x i n g ,  soi l compact i on ,  topsoi l l os s ,  l owered 

organ i c  contents , soi l ero s i on , changes i n  soi l chemi stry ,  al tered 

i nternal dra i n age , i ncreased ston i ne s s  i n  surface hori zon s , 

weed i ness  and changes i n  product i v i ty ( Button and de  Jong 1 970; 

de Jong and Button 1 973; Shi e l d s  1 979; Cul l ey et al . 1 982; Hardy 

As soc i ates ( 1 978 )  Ltd . 1 983 ) . Constructi on act i v i t i es that affect 

the soi l  most  dramat i cal l y  are grad i ng ,  topsoi l  str i ppi ng ,  

trenchi ng , backfi l l i ng ,  r i ght -of-way traffi c and c l eanup . 

Trenchi ng has probably the most s i gn i fi cant effect on the soi l .  

3 . 3 . 1 Soi l  M i x i ng 

Soi l  mi xi ng occurs when soi l s  from d i fferent hori zons are mi xed 

together .  Of most concern i s  the mi x i ng of topsoi l and mi n eral 

s u bsoi l .  Thi s  occurrence i s  often the most v i s ual  i mpact of 

p i pel i ne con struct i on because of the col our d i fferenti at i on 

between topso i l  and subso i l soi l  hori zons i n  a profi l e .  

As soci ated effects of soi l m ix i ng can i ncl ude the d i l ut ion or l os s  

o f  organ i cs and n utri ents from the root i ng zone or seedbed as  wel l 

as  changes i n  chemi cal and phy s i cal  propert i es of the newl y formed 

soi l when compared to the adj acent und i sturbed soi l . Chemi cal  and 

phy s i cal characteri st i cs of the trench soi l usual l y  refl ect the 
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i nherent propert i es of soi l materi al s from the hori zons that were 

mi xed together ( Zel l mer et al . 1 985 ) . 

Soi l  mi xi ng can occur at vari ous stages of the p i pel i ne 

i n stal l at i on proce s s . Sources of mi xi ng i ncl ude no topso i l  

stri ppi ng; topsoi l  stri pp i ng procedures taki ng some subsoi l al ong 

wi th top so i l ;  subso i l be i ng stored on topsoi l ;  repl aced s ubsoi l 

overfl owi ng the trench and spread i ng over undi sturbed topsoi l ;  or 

heavy equ i pment rutt i ng the soi l and mi xi ng the A and B hori zons 

i f  i t  i s  too wet (Al berta Envi ronment  1 985 ) . 

Eval uat i on of p i pel i ne recl amat i on pract i ce s  on r i ghts -of-way , 

varyi ng i n  age from one to 1 9  years , i n  the Grey Luvi sol i c  soi l 

zone of the Peace Ri ver d i stri ct was undert a ken  by Hardy 

Assoc i ates ( 1 978) Ltd . ( 1 983 ) . Construc t i on of the p i pel i nes  

usual l y  occurred i n  the s ummer wi th onl y  fou r  of the twenty s i tes  

exami n ed bei ng i nstal l ed i n  wi nter . Thi s  i nvest i gat i on showed 

that topsoi l was found to be thoroughl y mi xed wi th the soi l parent 

materi al or even absent from the trench s urfaces i n  40% of the 

s i tes . I n  4 5% of the s i tes  there was mi xi ng of the topsoi l wi th 

the B hori zon . Mi n i mal or no mi xi ng of the topsoi l wi th l ower 

hori zon s was found i n  onl y  1 5% of the s i tes . S i mi l ar res ul ts  were 

reported for the stockp i l e  areas . General l y ,  topsoi l  was sal vaged 

from the trench on ol der s i tes  and acros s the enti re r i ght -of-way 

at s i tes of more recently i nstal l ed p i pel i nes . Topsoi l removal 

from the trench onl y ,  whi ch usual l y  took pl ace i n  summer ,  resul ted 

i n  topsoi l be i ng mi xed onl y wi th the B hori zon or not at al l when 

subsequentl y  repl aced . Topso i l removal from the ent i re 

r i ght -of-way usual l y  occurred i n  the wi nter and was mi xed wi th B 

and C hori zon s . 

L i ttl e research has occurred i n  the fi el d to determi n e  the effect 

of m i x i ng topso i l and subsoi l on p i pel i ne r i ghts -of-way . A 

greenhouse experi ment , u s i ng l oam , s i l t  and cl ay soi l , was 
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3 . 3 . 2  

conducted i n  Ontari o to eval uate the effect of mi x i ng topso i l  

( A  hori zon) wi th s ubsoi l ( B  hori zon) i n  vari ous proport i on s  

( Cul l ey e t  al . 1 98 1 ) .  Treatments i ncl uded 5 5%,  50%,  25% and 0% 

subsoi l . Resul t s  showed that there was a pos i t i ve correl at i on 

between dry matter corn yi el ds and percent topsoi l for the l oam 

and s i l t  soi l . I n  contrast , the cl ay soi l demonstrated 

s i gn i fi cant y i el d  i ncreases  between treatments  of 100% and 50% 

subso i l and decl i ned s l i ghtl y  at 2 5% and 0% subsoi l .  I t  has al so 

been reported that total  n i trogen uptake by corn was pos i t i ve ly  

correl ated to  percent topso i l for the treatments , suggest i ng that 

the organ i c  n i trogen pool i n  the surface l ayer i s  a source of 

pl ant ava i l abl e n i trogen . Resul ts  of thi s study concl uded that 

soi l m i x i ng adversely affected the fert i l i ty of the soi l . 

However,  another researcher has shown that topsoi l  stri pp i ng and 

repl acement  of 0 ,  15 and 30 cm i n  Luv i sol i c  soi l s  under wi nter 

construct ion i n  Al berta has resul ted , for al l three treatment s ,  i n  

l i ttl e change i n  soi l qual i ty of the r i ghts -of-way compared to the 

adj acent und i sturbed soi l s  ( C l out i er 1 988) . 

The effects of soi l hori zon mi xi ng can be l es sened by stori ng the 

stri pped topso i l on und i sturbed topso i l and stori ng  subso i l from 

the trench on s ubsoi l al ready stri pped of topsoi l .  Topsoi l and 

s ubsoi l stockp i l es shoul d  be at l east one metre apart ( M .  Houser , 

personal communi cat i on) . The effect of mi xi ng soi l hori zons i s  

dependent on the qual i ty and quan t i ty of soi l i nvol ved and i s  

refl ect i ve of the soi l profi l e .  

Soi l  Compact i on 

Soi l compact i on depends on soi l moi sture content , texture , the 

amount of organ i c  matter present , as wel l as compact i ve effort . 

Soi l s  at l ow moi sture content res i st compact i on whi l e  at hi gher 

moi sture contents , soi l fl ows rather than compacts after stre s s  i s  

appl i ed .  Max i mum compact i on of soi l  occurs at moi sture l evel s 
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somewhere i n  between ( Lul l 1 959 ) . Under wet cond i t i on s  the 

opti mum l evel of compacti on  i s  l ower than under dry cond i t i ons . 

F i ner-textured so i l s , whi ch have a hi gher cl ay content , have l ower 

opt i mum l evel s of compact i on when compared to coarser- textured 

so i l s  ( Swan et al . 1 987 ) . Soi l hori zon s  wi th organ i c  matter are 

l es s  s u scept i bl e  to  compacti on than bare mi neral so i l s  

( Lul l 1 959 ) . 

Compact i on of  the pl o ugh l ayer due to heavy machi nery resul ts  

because of  contact pre s sure of  the t i res , whi l e  subsurface 

compacti on  i s  rel ated to the total axl e l oad of equi pment ( Swan et 

al . 1 987 ) . 

Compacti on occurs on both topso i l and subsurface materi al s .  

Al l ev i at i on of  topso i l  compacti on i s  eas i l y  accompl i shed by 

cul t i vat i on .  I t  i s ,  however , harder to  correct subsurface 

compacti on .  Natural freeze- thaw cycl es  wi l l  tend to  s l owl y  l oosen 

compacted so i l s  ( Swan et al . 1 987 ) . Stud i es on  compacted forest 

so i l s  i n  Idaho i nd i cate that natural processes  wi l l  l oosen so i l  

over t i me ( Froehl i ch 1 985 ) . Thi s study showed that recovery from 

compacti on  on surface l ayers was faster than at 1 5  to 30 cm 

depths . These  subsurface l ayers were very s l ow to recover from 

s o i l compacti on .  S i mi l ar resul ts  concern i ng pers i stence of bul k 

den s i ty were found i n  Sol onetz i c  rangel and so i l s  on work areas of 

r i ghts - of-way ( N aeth 1 985 ) . Severe compact i on may requ i re deep 

t i l l age i f  topso i l has al ready been repl aced . An eas i er 

al tern at i ve woul d be to cul t i vate the subsurface s o i l before 

topso i l repl acement . 

Most  documented stud i es concerned wi th p i pel i ne con structi on have 

i nd i cated that so i l compact i on can be a probl em . Compact i on 

resul ts  because of repeated passage of equi pment on the surface of 

a r i ght -of-way , because of  a den ser subso i l  bei ng mi xed wi th 

topsoi l  or  even because the so i l was too wet when handl ed .  Soi l 
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compact i on can l ead to poor root penetrat i on; d i ffi c ul t 

cul t i vati on; poor seedbed preparat i on; reduced water i nfi l trat i on 

and water storage capab i l i ty; i ncreased surface water runoff; and 

decreased s o i l poro s i ty whi ch affects aerat i on by l oweri ng oxygen  

l evel s and oxygen  renewal and  d i ffus i on rates ( Lul l 1959 , Swan et 

al . 1 987 ) . 

A few benefi ts  for pl ant growth are i dent i fi ed wi th moderate so i l 

compacti on . These  benefi t s  i ncl ude decreased water l os s  by 

evaporat i on and good seed - so i l contact whi ch al l ows faster 

germi nati on and prevent i on  of  exce ss i ve dryi ng out around the seed 

( Swan et al . 1 987 ) . Howeve r ,  i f  compacti on  exceeds an opti mal 

l evel then root growth decreases , as does the respect i ve s o i l  

vol ume expl ored by roots for n utri ent and water uptake . Severe 

subsurface compact i on can cause l osses  of n i trogen through 

den i tri fi cat i on because  of l ower s o i l aerat i on .  

A study conducted by Les ki w  and Trav i s ( 1 984)  on  Chernozemi c so i l s  

i n  Al berta to eval uate topsoi l  hand i ng pract i ce s  three years after 

p i pel i ne construct i on ,  found that topso i l that was not stri pped on 

the worki ng and spo i l s i des  of  the r i ght -of-way was l es s  compacted 

than topso i l  that was stri pped and subsequent ly  repl aced acro s s  

the ent i re r i ght - of-way . The bul k den s i ty of  stri pped topso i l  was 

not shown to be greater than the bul k dens i ty of topso i l  on 

control  s i tes . The subso i l where topso i l was stri pped acros s  the 

ent i re r i ght -of-way was more dense than subso i l  where topso i l  was 

not stri pped and was al so  more dense than subso i l on the control 

s o i l . Thes e  fi nd i ngs  were s i mi l ar to  those  reported i n  an earl i er 

report by Del o i tt e ,  Haski n s  and S el l s  Associ ates ( 1 980)  i n  whi ch a 

recommendat i on was made that tops o i l be l eft i n  p l ace to  prov i de a 

cush i o n  aga i nst  so i l compacti on . 

Con s i derabl e s o i l compact i on was measured acro s s  the ent i re 

r i ght - of-way , espec i al l y on med i um-textured to fi n e - textured so i l s  
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i n  Ontari o  ( Cul l ey et al . 1 982 ) . I t  was shown that compact i on d i d  

not appear to b e  a probl em o n  coarse - textured soi l s .  Bul k 

dens i t i es were 1 0% greater i n  soi l s  on the r i ght -of-way than i n  

und i s turbed fi e l ds . 

I n  contrast , research i n  eastern Okl ahoma on a fi ne  s andy l oam 

concl uded that bul k den s i ty was not i ncreased by p i pel i ne 

i nstal l at i on i n  a semi ari d  envi ronmen t  ( Zel l mer  et al . 1 985 ) . As 

wel l , bul k dens i ty was not i ncreased on the r i ght -of-way by 

construc t i on traffi c .  I n  thi s  study no attempt was made to 

separate or remove the topso i l duri ng the trench i ng and 

backfi l l i ng .  I n  80% of the s i tes , bul k den s i ty was l ower i n  the 

trench than on the adj acent control . Bul k den s i ty val ues for the 

control cul t i vated soi l averaged approx i matel y 1 . 56 g/cm3 whi l e  i n  

the trench the bul k den s i ty was 1 . 46 g/cm3• S i mi l ar trends were 

found on pasture l and as bul k den s i ty averaged approx i matel y 1 . 46 

and 1 . 27 g/cm3 for control and trench l ocat i on s , respect i ve l y .  It 

was al so shown that there was no s i gn i fi cant d i fference between 

the bul k den s i ty of the soi l i n  the work area and the soi l i n  the 

adj acent control s i te .  

E arl i er stud i es by de Jong and Button ( 1 973 ) , reveal ed that the 

trenchi ng operat i on n e i ther harmed nor i mproved the phy s i cal  

propert i es of Chernozemi c soi l s .  Howeve r ,  i n  Sol onetz i c  soi l s  

trenchi ng i mproved the permeabi l i ty and aerat i on of the 

Bnt hori zon by decreas i ng i ts bul k den s i ty .  On Sol onetz i c  soi l s  

the trenchi ng operat i on tended to decrease bul k den s i ty at depth 

whi l e  for the Chernozemi c soi l s  the oppos i te occurred . I t  was 

further shown that i n  Chernozemi c soi l s  the bul k dens i ty val ue of 

1 . 5  g/cm3 , whi ch i s  a cri t i cal val ue for root penetrat i on ( Button 

and de Jong 1 970 ) , had resul ted from compact i on of heavy machi nery 

or puddl i ng of exposed subso i l .  Other research has shown s i mi l ar 

resul ts  regard i ng bul k den s i ty on Sol onetz i c  rangel ands 

( N aeth 1 985 ) . I n  thi s i nvesti gat i on the cl ay content and surface 
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bul k den s i ty i ncreased , but the bul k dens i ty w i th depth decreased 

as  a consequence of the trenchi ng operat i on . Surface bul k den s i ty 

i ncreased by 5 1 3  to 82% on the r i ght -of-way compared to 

und i sturbed l and . The bul k den s i ty of the dense Bnt hori zon was 

l owered because  i t  had been broken up . However , the l owered bul k 

den s i ty val ues were st i l l  cons i dered hi gh enough to i mpede root 

penetrat i on .  Bul k den s i ty had i ncreased to a depth of 5 5  cm on 

the work and stockp i l e  areas  of a more recent l y  i nstal l ed p i pel i ne 

and these  i ncreases  cont i n ued to pers i st w i th t i me .  The s urface 

bul k dens i ty had decl i ned over the trench w i thi n 1 0  years of 

p i pel i ne i nstal l at i on but was st i l l  not s i mi l ar to pred i sturbed 

cond i t i on s . After 24 years , bul k den s i ty of soi l i n  the trench 

was s t i l l  s i gn i fi cantl y l ower than adj acent pra i r i e  soi l . 

To further empha s i ze the potent i al severi ty of soi l compact ion ,  a 

study by Moncri eff ( 1 984)  i s  presented . Thi s i nvest i gat i on 

eval uated soi l damage when a ri ght -of-way was turned i nto a 

homogeneous s aturated mi xture of topsoi l and subsoi l .  E i ght 

ki l ometres of trenchi ng for a p i pel i ne system i n  southwestern 

Ontar i o  had occurred i n  1 974 when the proj ect was postponed . A 

year l ater , the topsoi l ,  l eft exposed to deteri orat i ng weather 

cond i t i on s  and heavy equi pment movement , had been d i l uted wi th 

s ubso i l throughout the enti re r i ght-of-way . F i ve years l ater,  

y i el ds on  the r i ght -of-way were st i l l  approx i mate l y  403 l ower than 

those on the adj acent fi el d .  Thi s study concl uded that y i el d  

reduct i on s  were due to the convers i on of the ori g i nal  structure of 

the B hori zon i nto a mas s i ve structure and to the resul t i ng 

reduced a i r and water movement and l i mi ted root penetrat i on .  

Amel i orat i on of the s i te by subsoi l i ng procedures was necess ary to 

break up the subsoi l and prov i de s urface dra i nage . S i nce then , 

the yi el ds  have i mproved dramat i cal l y  and were found to be 

approachi ng , and i n  some cases even exceed i ng ,  those found off the 

r i ght -of-way .  
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3 . 3 . 3  Hydraul i c  Conduct i v i ty, Poros i ty and Soi l  Strength 

The hydraul i c  conduct i v i ty of soi l  has been shown to be al tered by 

p i pel i ne i nstal l at i on . Lowered i nfi l trat i on capac i ty can be a 

probl em s i nce the eros i on potent i al i ncreases . After p i pel i ne 

construct i on ,  med i um- textured to fi ne-textured so i l s  had reduced 

hydraul i c  conduct i v i t i es and poros i t i es ,  and i ncreased soi l 

strengths compared to und i sturbed adj acent soi l s  ( Cul l ey et 

al . 1 982 ) . Hydraul i c  conduct i v i ty decreased by an average of 38% 

i n  trench and work areas compared to adj acent control s i tes on 

Ontari o r i ghts -of-way . These  authors al so reported that soi l 

surface l ayers had l ower ava i l abl e water hol d i ng capac i t i es than 

s urface l ayers of adj acent undi sturbed l and . The strength of soi l 

measured by penetrometer res i stance was greater on the 

r i ght -of-way than off , averag i ng 67% and 50% more over trench and 

work areas , respect i ve l y .  These changes i n  the phy s i cal 

characteri st i cs of soi l s  were attri buted to i ncreased cl ay content 

and reduced organ i c  matter i n  the s urface l ayer . 

I n  southwest Sas katchewan , trenchi ng i ncreased aerat i on and 

s ubsequentl y oxygen  d i ffu s i on rates of Sol onetz i c  soi l s ,  but had 

l i ttl e effect on Chernozemi c soi l s  (de Jong and Button 1973 ) . I t  

was  al so i nd i cated that at l ower soi l moi sture contents ,  soi l 

i mpedance may become a probl em i n  the Sol onetzi c  Bnt hori zon . The 

- 33 kPa moi sture contents of Sol onetzi c  and s i mi l ar soi l s  were 

l owered due to trenchi ng . Consequentl y ,  avai l abl e water , 

cal cul ated from -33  kPa and - 1 500 kPa moi sture contents ,  was al so 

l owered . I n  Sol onetzi c  rangel and stud i es i n  Al bert a ,  total soi l  

water i n  the trench i ncreased from that of the und i st urbed 

adj acent pra i ri e  ( N aeth 1 985 ) , but these  i ncreases  d i d  not pers i st 

wi th t i me ( Naeth 1 985 ) . As wel l ,  i t  was reported that water 

retent i on became more un i form wi th depth , al though the avai l abl e 

water capac i ty was not s i gn i fi cant l y  affected by p i pel i ne 

i n stal l at i on . 
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S l ow transmi s s i on of water through s ubsoi l ,  caus i ng s aturat i on of 

s urface l ayers , i n  early spri ng and l ate wi nter prompted a soi l 

m ix i ng study conducted by Mech et al . ( 1 967 ) , i n  eastern 

Washi ngton . The soi l was a moderatel y  fi n e -textured s i l t  l oam , 

devel oped under a con i ferous forest . I t  had a 40  cm thi c k  

A1 hori zon wi th h i gh s i l t  content , an i ntense ly  l eached 1 0  cm 

thi ck A2 hori zon l ow i n  cl ay ,  and a dense  B hori zon h i gh i n  cl ay 

content . Four soi l treatments  i ncl uded a 1 5  cm pl ough depth , 

mi xi ng of the top 45  cm , removal of topso i l and subso i l separatel y 

to a depth of 1 . 2  m and repl acement  i n  ori g i nal  pos i t i on ,  and 

m i x i ng of topsoi l and s ubsoi l to a depth of 1 . 2 m .  M i x i ng o f  the 

soi l was done u s i ng a backhoe . Comb i n i ng the A and B hor i zons 

i ncreased the cl ay content i n  the s urface 20 cm and resul ted i n  a 

bul k dens i ty of 1 . 45  g/cm3 throughout the ent i re 1 . 2  m .  Ori g i nal  

bul k den s i t i es for the A and  B hori zons  were 1 . 3 1  and  1 . 63 g/cm3 

respect i vel y .  Soi l moi sture removal by crops duri ng the growi ng 

season was greatest from the deeper depths i n  treatments  of deep 

t i l l age and when mi x i ng of the topsoi l and subso i l was more 

thorough . I n  treatment s  where the B hori zon was broken u p ,  deeper 

root penetrat i on occurred . These  authors concl uded that the 

deeply t i l l ed and mi xed profi l es provi ded more moi sture for pl ant 

use and better phy s i cal  cond i t i on s  for greater pl ant growth . I n  

contrast ,  deep pl oughi ng ( 75 - 90 cm) of the s ame soi l i n i t i al l y 

resul ted i n  severe puddl i ng because of the hi gh cl ay and l ow 

organ i c  matter content of the exposed subsoi l ,  and l owered 

i nfi l trat i on rates . After deep pl oughi ng the ori g i nal  A hori zon 

was at a depth of 20 to 60 cm and was covered by the subsoi l .  

However ,  water content of the profi l e  was i ncreased as  was root 

penetrat i on .  The soi l cond i t i on i mproved wi th the i ncorporat i on 

of crop res i dues and t i me .  
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3 . 3 . 4  Soi l  Chemi stry 

Soi l  mixing may resul t i n  reduced soi l capab i l i ty i f  subso i l i s  

l es s  fert i l e  or of poor qual i ty compared to topsoi l .  Changes  i n  

chemi cal  propert i es of a soi l depend to a l arge extent on the 

degree of hori zon m i x i ng and i ts subsequent t i l l ag e .  Stud i es by 

de Jong and Button ( 1973 ) , have shown that m i x i ng of topsoi l and 

subso i l hori zons resul ted i n  l ower s urface l ayer (0 to 1 5  cm) 

contents of n i trate n i trogen , extractabl e phosphorous and 

extractabl e potas s i um when compared to und i sturbed soi l . 

I ncorporat i on of topsoi l i nto the subso i l resul ted i n  i ncreased 

n i trate n i trogen , phosphorous and potass i um at depths bel ow 1 5  cm . 

I n  Ontar i o ,  C ul l ey et al . ( 1 982 ) , ascerta i ned that cat i on exchange 

capac i ty ,  total  n i trogen , extractabl e phosphorous and exchangeabl e 

potas s i um were l ower i n  surface soi l s  on the r i ght -of-way than on 

the undi sturbed fi el d .  On semi ari d  agri cul t ural l and soi l bases  

( sol ubl e cal c i um ,  magnes i um and  sod i um) were h i gher i n  the trench 

compared to adj acent control s ( Zel l mer et al . 1 985 ) . 

I n  Chernozemi c  soi l s  pH changed by l es s  than 0 . 5  u n i ts , whi l e  i n  

Sol onetz i c  soi l s  pH i n  the trench i ncreased by 2 . 0  u n i ts  ( d e  Jong 

and Button 1973 ) . Thi s  effect was al so shown by Cul l ey et 

al . ( 1 982 ) . Naeth ( 1 985 ) , i nd i cated that there was no s i gn i fi cant 

pH d i fference on Sol onetz i c  rangel and soi l s  at depths l ower than 

1 5  cm, but i n  the surface soi l l ayer ( 0  to 1 5  cm) of the p i pel i ne 

trench the pH i ncreased from 6 to 8 ,  whi ch i s  con s i dered h i gh for 

pl ant tol erance . For Luv i sol i c  soi l s , p i pel i ne i nstal l at i on 

procedures i ncreased the pH of the trench area by as much a s  

2 . 7  p H  un i ts i n  the 1 5  t o  30 c m  depth t o  a p H  of approx i matel y 

6 . 5  ( C l outi er 1 988) whi ch i s  con s i dered more favourabl e for 

nutri ent avai l ab i l i ty .  There was a s i gn i fi cant i ncrease i n  

sol ubl e s al ts  i n  the s urface l ayers of Sol onetz i c  soi l s  upon 

mi xi ng of topsoi l and subsoi l ,  espec i al l y  for the fi rst two years 
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3 . 3 . 5  

after p i pel i ne i nstal l at i on (de  Jong and Button 1973 ) . S i mi l ar 

resul t s  were shown by Naeth ( 1 985 ) , for Sol onetz i c  pra i ri e  soi l s .  

Organ i c  carbon was found to be  l ower on the r i ghts -of-way of the 

Sarn i a - Montreal p i pel i ne ( Cul l ey et al . 1 982 ) , as wel l  as on 

Sol onetzi c  rangel ands d i sturbed by p i pel i ne i n stal l at i on 

( Naeth 1 985 ) . Organ i c  matter l os s  usual l y  resu l t s  i n  a decreased 

amount of ava i l abl e n utri ents and often i n  a seedbed that i s  

d i ffi cul t to cul t i vate . Organ i c  matter appears to be des i rabl e 

for i mprov i ng t i l th ,  aerat i on of soi l s  and mi n i mi z i ng soi l eros i on 

( McG i l l  1 982 ) . P i pel i ne construct i on procedures tend to 

accel erate the decompos i t i on of organ i c  matter , but p l ant roots 

can add organ i c  matter to the soi l  to hel p ma i nta i n a stabl e soi l 

system . Increased organ i c  carbon contents have been meas ured on 

the ri ght -of-way for both 0 to 1 5  cm and 1 5  to 30  cm depths 

compared to und i sturbed adj acent areas  when organ i c  matter was 

i ncorporated i nto Luvi sol i c  soi l s  that have had topsoi l and 

subso i l m i xed due to p i pel i ne i nstal l at i on ( C l outi er 1 988 ) . Pl ant 

roots from a devel oped sod l ayer i n  the seeded ri ght -of-way were 

the source of organ i c  matter added . 

Eros i on 

Soi l s  most suscept i bl e  to wi nd eros i on are those soi l s  i n  the 

southern part of Al berta i n  the Brown and Dark Brown soi l zones  

( Goettel et al . 1 98 1 ) .  These  soi l s  are dry ,  coarse -textured and 

have poor soi l aggregat i on . Water eros i on i s  more seri ous i n  the 

Grey and Dark Grey soi l zones where soi l s  are fi n e - textured and 

have poor i nfi l trat i on ( Goettel et al . 1 98 1 ) .  

S urface l ayer compact i on can resul t i n  soi l l os s  because  of 

i ncreased runoff ( Sh i el ds 1979 ) . Pul veri zat i on of soi l duri ng 

stri pp i ng and repl aci ng operat i on s  of p i pel i ne i nstal l at i on may 

l eave soi l more prone to wi nd and water eros i on .  Water fl ow may 
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3 . 3 . 6 

become concentrated al ong the l i near features of the p i pel i ne .  

The berm that i s  pl aced to al l ow for subs i dence of soi l may become 

a barri er obstruct i ng normal drai n age  p atterns (Marc i ak  and 

Hermans 1 983 ) . Practi ces  that reduce the exposure of bare soi l to 

rai nfal l and mai nta i n soi l  i n  good t i l th tend to i ncrease the rate 

of i nfi l trat i on and hel p prevent water eros i on .  Therefore , i t  i s  

best to revegetate a s  qu i ckl y  as  pos s i bl e  and r i d  the trench of 

any l i near features ( Sh i el ds  1979) . 

W i nd ero s i on depends on wi nd vel oc i ty ,  soi l characteri st i cs and 

soi l surface cond i t i ons  ( Al berta Envi ronment  1 985 ) . Pract i ces  

that requ i re exces s i ve removal of vegetat i on cover or exce s s i ve 

handl i ng of so i l  can i ncrease the potent i al for wi nd eros i on .  

Soi l Temperature 

At depths of 60  cm and 1 1 0 cm i n  the r i ght -of-way where a recentl y 

i nstal l ed p i pel i ne ( 1981 ) was l ocated , p i pel i ne trench soi l 

temperatures  were hi gher i n  the wi nter but l ower i n  the summer 

compared to the adj acent undi sturbed soi l  ( Naeth 1 985 ) . H i gher 

temperatures for the trench zone occurred between 30 cm and 1 1 0  cm 

depth due to the heat i ng effect from the gas  i n  the p i pel i ne .  

S i mi l ar resul ts  were found i n  Ontari o  where soi l temperatures were 

found to be hi gher i n  the trench zone of a r i ght -of-way compared 

to und i sturbed soi l ( Stewart and MacKenz i e  1979 ) , but the extent 

of area  affected by the temperature change was not reported . 

These  authors attri buted the h i gher temperatures to changes i n  

heat d i ffus i v i ty of the soi l , changes i n  e i ther surface propert i es 

or pl ant cover as  wel l as  the heat content of the p i pel i ne .  

Earl i er germi nat ion of cereal crops and faster growth of forage 

crops i n  the spri ng coul d resul t from i ncreased soi l temperature 

from p i pel i nes  (Marc i ak  and Herman s 1 983 ) . However ,  these  authors 

al so s uggested that i f  moi sture i s  l i mi t i ng ,  soi l des i ccat i on 
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3 . 3 . 7 

3 . 3 . 8 

coul d occur whi ch woul d ul t i mate l y  resul t i n  l owered product i v i ty, 

espec i al l y for forage crops . 

Ston i ness  and Weed i ness  

An  i ncrease i n  surface ston i ne s s  was  ev i dent at 35% of the 

Luv i sol i c  s i tes i nvesti gated after p i pel i ne construct ion i n  the 

Peace R i ver d i stri ct  ( Hardy Assoc i ates ( 1978)  Ltd . 1 983 ) . The 

i ncrease i n  ston i ness  usual l y  occurred over the trench area and 

general l y  was i n  the mag n i t ude  of one cl ass , as measured by the 

Canad i an Soi l  Survey Commi ttee ( 1 978) , from e i ther s l i ghtl y  to 

moderatel y ,  or moderatel y to very stony . On 1 0  out of 20 s i tes 

where the authors commented on weed i ne s s , s i x  s i tes  were shown to 

have i ncreased weed popul at i on s  on the r i ght -of-way whi l e  four 

s i tes  demonstrated l ower weed i nes s .  

Crop Y i el d  

Confl i ct i ng i nformat i on exi sts  i n  the l i terature on the i mpacts of 

p i pel i ne i nstal l at i on on crop product i v i ty .  Some stud i es have 

shown reduced y i el ds resul t i ng from p i pel i ne d i sturbances whi l e  

other stud i es have demonstrated l i ttl e or no y i el d d i fferences . 

I n  some stud i es , yi el d  i ncreases  have been reported . Most  y i e l d  

responses  can b e  attri buted t o  resu l tant soi l characteri s t i c s  from 

p i pel i ne constructi on procedures s uch as  topsoi l  removal , 

trenchi ng and backfi l l i ng .  

Y i el ds on trenches and undi sturbed fi el ds  were not s i gn i fi cantl y 

d i fferent on Chernozemi c  soi l s  (de  Jong and Button 1972 ) , even 

though y i e l ds  on trenches were a l i ttl e l ower the fi rst two years . 

I n  contrast , yi el ds  for Sol onetz i c  soi l s  on trenches of ol d 

p i pel i nes  general l y  were h i gher than those on the undi sturbed 

fi el d, whi l e  yi el ds on trenches of recent l y  i nstal l ed p i pel i nes 

and adj acent control s d i d  not d i ffer s i gn i fi cantl y ,  presumabl y 
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because  of i ncreased s al t concentrat i on s  i n  the trenche s . For 

sol onetzi c  rangel ands i n  Al bert a ,  ground cover of ol der natural  

gas  p i pel i ne r i ghts -of-way was s i mi l ar to those of adj acent 

undi sturbed l and , suggesti ng a return to pred i sturbed cond i t i on s  

( Naeth 1 985) . 

Researchers reported l ower gra i n and row crop y i e l d s  i n  the fi rst 

year after p i pel i ne construc t i on on cropl and traversed by the 

Sarn i a -Montreal p i pel i ne i n  Ontari o  ( Cul l ey et al . 1 982 ) . Y i el ds 

were reduced , on average , by 43% for the fi rst year and even after 

fi ve years , when rel ati ve y i el ds i mproved , y i e l d s  were st i l l  l ower 

by 20% to 30%.  These y i el d  reduct i on s  appeared to be l i nked to 

i ncreased soi l cl ay content , from mi x i ng topso i l w i th s ubsoi l ,  and 

from soi l d i sturbance due to compact i on and rutt i ng .  The 

researchers al so reported that al fal fa growth appeared to be 

unaffected by p i pel i ne act i v i t i es and was perhaps due to el evated 

soi l temperatures i n  the spri ng over the l i n e . The d i fference i n  

yi el d  product i v i ty responses  between Saskatchewan and Ontar i o  

s uggest that Ontari o  soi l s  may b e  more suscept i bl e  than prai ri e 

soi l s  to adverse  effects of p i pel i ne con struct i on .  Pos s i bl e  

reasons for the d i fferences i ncl ude wetter soi l cond i t i on s  i n  

Ontari o  and d i fferent cropp i ng and soi l factors ( Cul l ey et 

al . 1 982 ) . 

I n  eastern Okl ahoma wheat yi el ds  over trenches were s i gn i fi cantly  

h i gher than yi el ds on the worki ng s i de of the r i ght -of-way or  

adj acent control soi l s  ( Zel l mer et  al . 1 985 ) . Y i el d  i ncreases  

were attri buted to i ncreased moi sture reten t i on capac i ty and  l ower 

bul k den s i ty of the trench . Toogood ( 1 974 )  reported that for 

p i pel i ne r i ghts -of-way , where topsoi l and s ubsoi l were , mi xed 

gra i n  y i e l d s  were greater over the p i pel i ne than off the p i pel i ne 

r i ght -of-way , al though straw yi el ds were not . Thi s  study 

eval uated cereal crop yi el ds grown mai n l y  on Mal mo s i l ty l oam 

between Edmonton and Fort Sas katchewan ,  but i ncl uded crops grown 
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on Gray Luv i sol i c  soi l s .  Thi s i nvest i gati on concl uded that 

p i pel i ne i nstal l at i on d i d  not appear to damage soi l fert i l i ty and 

that i ncreased yi el ds were attri buted to i mproved t i l th and 

mi neral nutri ents that were brought up  from the subsurface . 

Crop product i v i ty after p i pel i ne constructi on on Luv i sol i c  soi l s  

i n  the Peace R i ver d i stri ct was eval uated by Hardy Assoc i ates 

( 1 978) Ltd . ( 1 983) . Est i mated l i ve vegetat i on cover over the 

trench vari ed l es s  than 1 0% from the adj acent control soi l s  for 

7 5% of the s i tes . Where pl ant he i ght was measured , 40% of the 

s i te s  recorded reduct i on s  over the trench whi l e  20% of the s i tes  

recorded i ncreases . S i mi l ar trends were shown over the stockp i l e  

and work areas of the r i ght-of-way . Decreases  i n  percent l i ve 

cover or crop hei ght were attri buted to exten s i ve m i x i ng of 

topsoi l wi th B or C hor i zon s ,  shal l ow topso i l repl acement and 

cracki ng and crust i ng i n  areas of water pond i ng .  Increases , or 

l i ttl e change , i n  pl ant growth occurred on soi l s  over p i pel i nes  

that were greater than four years ol d ,  where topsoi l was  unmi xed 

or mi xed onl y  wi th the B hori zon and where l i ttl e compact i on had 

occurred . 

3 . 4  POTENTIAL IMPACTS OF P I PEL INE  CONSTRUCTION ON LUV I SO L I C  SO I LS 

Agri cul tural product i v i ty of Luv i sol i c  soi l s  i s  l i mi ted by 

cl i mate , soi l structure and fert i l i ty probl ems . Growi ng seasons  

are short , often onl y  80 to 90 frost -free days , wi th early wi nter 

freezes and del ayed spri ng thawi ng . These  soi l s  tend to be 

draughty i n  the early part of the growi ng  season and s aturated at 

harvest t i me .  Because of l ow organ i c  matter l evel s i n  the mi neral 

port i on of the soi l , structural probl ems are qu i ckl y  encountered 

upon cul t i vat i on . The Bt hori zon i s  dense wi th l ow permeabi l i ty 

and i s  compact when dry so that roots have d i ffi cul ty penetrat i ng 

the peds . Soi l  ac i d i ty i s  hi gh and nati ve fert i l i ty i s  l ow ,  

espec i al l y for n i trogen and sul phu r .  Howeve r ,  desp i te  the i r 
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i nherent probl ems , wi th proper cropp i ng and soi l management 

pract i ce s , Luv i sol i c  soi l s  can be i mproved to achi eve good 

producti v i ty .  S i nce further expans i on of cul t i vated l and wi l l  

take pl ace mai n l y  i n  areas  domi nated by Luv i sol i c  soi l s ,  

respon s i bl e  management of thi s soi l resource shoul d be ensured . 

Therefore , i t  i s  necessary to determi ne  the potent i al  i mpacts 

various topso i l handl i ng techn i ques coul d have on Luv i sol i c  soi l 

character i s t i cs ,  so appropri ate measures can be appl i ed to future 

p i pel i ne construc t i on proj ects . 

Rev i ew of the l i terature s uggests that p i pel i ne i nstal l at i on 

procedures affect both chemi cal and phys i cal propert i es of soi l i n  

the trench . Furthermore , phys i cal and chemi cal  propert i es of soi l 

on the work and spoi l s i des  of the trench may al so be affected . 

Currentl y ,  government gu i del i nes  for the conservat i on of soi l 

duri ng p i pel i ne construct i on advocate the preservat i on of the 

A hori zon on potent i al l y arabl e Luv i sol i c  soi l s ,  whi ch coul d  vary 

from 1 5  cm to 50 cm dependi ng on the thi cknes s  of the LFH , Ah and 

Ae hor i zon s . Topsoi l for Luv i sol s i s  often arbi trari l y  defi ned as 

the top 1 5  cm (The Canad i an System of Soi l  Cl as s i fi cat i on 1 987 ) . 

Consequentl y ,  repl acement of topso i l ,  under government gu i del i nes , 

woul d resul t i n  hori zon characteri st i cs s i mi l ar to those of the 

pl ough depth encountered i n  farmi ng pract i ces . Because  the 

Ah hori zon i s  thi n ,  the Ap hori zon woul d con s i st  mai n l y  of the 

Ae hori zon , al though somet imes  the Bt hori zon woul d be 

i ncorporated . The LFH l ayer woul d qu i ckl y  d i s appear through 

removal of trees  from the s i te and through decompos i t i on when 

e i ther broken up  or mi xed wi th mi neral soi l . Because  of the l ow 

humus content , the Ap hori zon woul d have a l ow water hol d i ng 

capac i ty and l ow nutri ent status . Nat i ve soi l fert i l i ty woul d 

al so be l ow ,  espec i al l y for n i trogen and sul phur . The pl ough 

depth woul d often crust or puddl e resul t i ng i n  l ower i nfi l trat i on , 

i ncreased water eros i on and poor seedl i ng emergence . An i ncrease 
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i n  s urface pH due to p i pel i ne i nstal l at i on i s  not expected i f  

topso i l i s  handl ed separatel y .  

Removal and s ubsequent repl acement o f  the subso i l wou l d  al ter soi l 

phy s i cal propert i es .  The i mpermeabl e Bt hori zon , whi ch tends to 

i nh i b i t root growth woul d be broken up and therefore a decrease  i n  

bul k den s i ty woul d  be ant i c i pated . The l oweri ng of subso i l bul k 

dens i ty has been substanti ated i n  a study by C l ou t i er ( 1 988) . 

Decreas i ng the bul k den s i ty woul d i mprove hydraul i c  conduct i v i ty ,  

i ncreas i ng moi st ure penetrat i on and avai l ab i l i ty t o  the pl ant . As 

wel l , the l owered bul k dens i ty woul d resul t i n  i ncreas ed poros i ty 

and aerat i on al l owi ng  deeper root penetrati on for better moi st ure 

and nutri ent extract i on from the soi l . Repl acement of the subsoi l 

i s  not expected to resul t i n  dramat i c  change s  i n  part i cl e  s i ze 

d i stri but i on , exchangeabl e cat i on concentrat i on s , total  n i trogen 

or total organ i c  carbon (Tabl e 1 ) . However , pH coul d be i ncreased 

i f  cal c i um carbonate i s  brought up  from the C k  hori zon . Thi s 

add i t i on of l i me shoul d  not adversel y affect crop growth a s  these  

forested soi l s  are ac i d i c  and  l i mi ng often has  a benefi c i al effect 

( Bentl ey et al . 1 97 1 ) . I f  a Csa  hori zon i s  present , sol ubl e sa l ts 

may al so be brought up . The effect of sol ubl e sa l ts  i s  dependent 

on the con centrat i on and moi sture content of  the soi l . 

The oppos i te extreme to preservat i on of the topsoi l woul d  be no 

con servat i on at al l .  No effort woul d  be made to sa l vage the 

topsoi l  duri ng the trenchi ng operat i ons . M i x i ng topso i l wi th 

subso i l i s  expected to l oosen the soi l and al ter i ts phys i cal  

propert i es i n  a manner s i mi l ar to that i n  the d i scu s s i on of 

removal and subsequent repl acement of s ubsoi l .  I ncorporat i on of 

organ i c  matter from l eaf  l i tter and s i l t  from the Ae hori zon i s  

not expected to change the subso i l characteri s t i cs  dramat i cal l y .  

Organ i c  matter wi l l  decompose  qu i ckl y  when mi xed wi th the mi neral 

hor i zon s . 
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However ,  wi th no topso i l s al vage the LFH and Ae hori zons woul d be 

i ncorporated i nto the s ubsurface hori zons ,  and surface bul k 

den s i ty ,  pH and cl ay content wou l d  be expected to i ncrease 

compared to an undi sturbed soi l  (Tabl e s  1 and 2 ) . I ncreased cl ay 

content may cause  structural probl ems for the s urface hor i zon s ,  

but these  probl ems currently ex i st when the n at i ve soi l i s  brought 

i nto cul t i vat i on through convent i on al methods and have al ready 

been d i scus sed . Long -term add i t i on s  of organ i c  matter through 

l egumes i n  a crop rotati on have been reported to i mprove soi l 

t i l th ,  organ i c  matter content and n i trogen  concentrat i on s  of 

cul t i vated Luv i sol i c  soi l s  at the Breton p l ots  ( C annon et 

al . 1 984 ) . I ncorporat i on of organ i c  matter i nto Luv i sol i c  soi l s  

that have had topso i l and s ubso i l m i xed due to p i pel i ne 

i nstal l at i on ,  has shown i ncreased organ i c  carbon content of the 

soi l ( C l outi er  1 988 ) . Resu l t s  of thi s i nves t i gat i on suggest that 

add i t i on of fert i l i zers and a good seed mi xture to an area where 

top soi l i s  not s al vaged can resul t i n  the format i on of a sod l ayer 

on the r i ght -of-way . Pl ant roots ,  a source of organ i c  carbon , can 

penetrate the subsurface soi l more eas i l y  i n  the trench area than 

i n  the und i sturbed adj acent control because of a decrease  
·
i n  bul k 

den s i ty resul t i ng from the trenchi ng operat i on .  The l arger root 

vol ume al l ows for better moi sture and n utri ent uptake . The 

add i t i on of organ i c  matter to Luv i sol s i s  es sent i al to mai nta i n 

good soi l structure and to ensure profi tabl e agri cul tural u se  of 

these  soi l s .  

I deal l y ,  p i pel i ne i n stal l at i on procedures shoul d  not affect crop 

yi el ds .  I n  fact , y i el ds coul d even be i ncreased due to i mproved 

physi cal  cond i t i ons . Y i el d  i ncreases  or no y i el d d i fferences were 

shown for gra i n  crops on Luv i sol i c  soi l s  d i sturbed by p i pel i ne 

i n stal l at i on i n  the Edmonton area (Toogood 1974 ) . I n  northwestern 

Al berta , 75% of Luv i sol i c  s i te s  showed no d i fference i n  y i el d 

response  after p i pel i ne construct i on (Hardy As soc i ates ( 1 978) 

Ltd . 1 983 ) . 
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The work and spo i l s i de s  of  p i pel i ne ri ghts -of-way can al so  be 

affected by p i pel i ne construct i on .  The mai n effects  for these  

areas  resu l t from s o i l m i x i ng and  compact i on .  Compacti on  can 

occur from repeated passage of h eavy equ i pment , and m i x i ng can 

occur wi th  s ubsequent removal of  tops o i l and subso i l  from the 

spo i l  s i de . Leav i ng topsoi l  i n  p l ace on the  work s i de has  been 

reported to  reduce subsurface so i l compact i on because  the organ i c  

matter provi des  a buffer t o  reduce s ubsurface compacti on  

( Del o i tte , Hask i n s  and Sel l s  1 980 ) . However , i n  the  fal l ,  when 

s o i l moi sture cond i t i on s  tend to be wetter , Luvi sol s are prone to 

rutti ng caus i ng m i x i ng of  the so i l  hori zon s . Therefore , str i pp i ng 

the  work s i de or s hutt i ng down the  construct i on operat i on i n  wet 

weather may be necessary . Compacti on of  the  work s i de ,  where 

topsoi l  was not stri pped , occurred under wi nter construct i on and 

summer cl ean - up condi t i on s  on Luv i sol i c  so i l s  ( C l out i er 1 988) . 

Further i nvest i gat i on of procedures to  mi n i m i ze and al l ev i ate the 

effect of  compact i on on  Luvi sol i c  so i l s  i s  needed . 

I f  the spo i l s i de i s  not stri pped of  topso i l ,  so i l  m i x i ng can 

occur fol l owi ng removal of  s ubsoi l stored on  topsoi l .  Th i s  mi xi ng 

of  subso i l w ith  topso i l  coul d potent i al l y resul t i n  i ncreased 

s urface bul k den s i ty ,  pH and cl ay content . Structural probl ems 

for s urface hori zons can occur because  of the i ncreased cl ay 

content but these probl ems currentl y exi st when v i rg i n  Luvi sol i c  

s o i l s  are brought i nto cul t i vat i on .  Where topso i l  h ad been 

stri pped from trench , stockp i l e  and work areas  on  Luv i sol i c  s i tes , 

topsoi l  was mi xed w i t h  B and C hor i zon s ,  al though  i t  was men t i oned 

that most  of these s i tes  were on water p i pel i ne r ight -of-ways 

( Hardy Associ ates ( 1 978) Ltd . 1 983 ) . The effect of  so i l mi x i ng i s  

dependent on the qual i ty and quant i ty of so i l i nvol ved . 
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4 . 0  CONCLUS IONS 

Agri cul tural so i l s  are a pri me resource i n  the prov i nce  of Al berta 

and mai ntenance of s o i l qual i ty i s  essenti al . As wel l ,  the o i l  

and gas  i ndustry i s  a maj or contri butor to the economy o f  the  

prov i nce .  Confl i cts  are i nevi tabl e between the  two i ndustri es . 

So i l  conservat i on and recl amat i on shoul d be l ong - term goal s for 

mai nta i n i ng so i l qual i ty .  Recl amati on obj ect i ves  are to restore 

d i sturbed areas  to  a l evel a s  near as  pos s i bl e  to pri or l and use  

cond i t i on s , both  aesthet i cal l y  as  wel l  as  i n  u seful ness . There i s  

a growi ng concern about the  deteri orat i on of  agr i cul tural l and i n  

western Canada . New l and bei ng brought i nto cul t i vat i on wi l l  be 

ma i nl y  on  Luvi sol i c  so i l s  i n  areas  of marg i nal  c l i mate . 

Therefore , i t  i s  necessary to manage the so i l  resource  respons i bly  

to achi eve agri cul tural product i v i ty and  conserve future 

product i v i ty .  

P i pel i ne i nstal l at i on procedures o n  Luvi sol i c  so i l are expected to 

affect both chemi cal  and phys i cal propert i es of  s o i l s  i n  the 

trench . Removal and s ubsequent repl acement  of subso i l duri ng the 

trench i ng operat i on resul ts  i n  the  i mpermeabl e Bt hori zon bei ng 

broken up . The ant i c i pated decrease i n  bul k dens i ty shoul d 

i mprove hydraul i c  conducti v i ty and poros i ty .  These i mprovements 

cou l d  al l ow deeper root penetrati on for better mo i sture and 

nutri ent extracti on  from the so i l . A dramat i c  change i n  part i cl e 

s i ze d i stri but i o n ,  exchangeabl e cati on concentrat i ons , total 

n i trogen or total organ i c  carbon i s  not expected . I f  cal c i um 

carbonate i s  brought up  from the Ck  hori zon , pH woul d be 

i ncreased . 

Stri ppi ng and repl acement of topso i l i s  expected to resul t i n  

hori zon characteri st i cs s i mi l ar t o  those o f  the  pl ough depth i n  a 

cul t i vated Luvi sol . The cul t i vated Ap hori zon i s  a source of many 
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probl ems i ncl ud i ng a tendency to crust , s uscept i b i l i ty to  

pul ver i zat i on ,  c l odd i ng and compact i on due to  t i l l age , l ow water 

hol d i ng capac i ty ,  l ow n at i ve fert i l i ty and l ow pH buffer capac i ty .  

These probl ems resul t i n  reduced aerat i on ,  water i nfi l trat i on and 

avai l abl e water as  wel l  a s  d i ffi cul t i es i n  s eedbed preparat i on and 

seedl i ng emergency .  No tops o i l  stri pp i ng woul d resu l t i n  topso i l  

be i ng  mi xed wi th  subsoi l .  Consequentl y ,  i ncreased s urface bul k 

den s i ty ,  pH and cl ay content woul d be ant i c i pated . Al though the  

i ncreased cl ay content coul d cause  structural probl ems for the  

s urface hori zon s ,  these  probl ems al ready exi st  when n at i ve s o i l i s  

brought i nto  cul t i vat i on by l andowners . 

A d i scuss i on of  potent i al i mpacts of  p i pel i ne construct i on on  

potent i al l y arabl e Luvi sol i c  s o i l s  tended to s uggest that  topso i l 

conservat i on may not be nece s sary . Current l y ,  there i s  l i ttl e 

documented i nformat i on on  s ummer tops o i l h and l i ng tech n i ques  for 

forested areas  to s ubstanti ate th i s  concl u s i on . Further stud i es 

are needed to  determi n e  the effect of  stri p p i ng  versu s  not 

stri ppi ng topsoi l  i n  forested areas . There i s  a n eed for 

i nformati on on the effects of p i pel i ne i nstal l at i on on  chemi cal  

and phys i cal  propert i es of Luv i sol i c  so i l s  and how d i fferent 

tops o i l handl i ng techni ques can affect s o i l qual i ty .  
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