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The  fol lowing  sect ions summarize t h e   c u m u l a t i v e  results of the  
research  and  monitor ing projects conducted t o  da te .   Th i s  is the 

f i f t h   a n n u a l   r e p o r t  of t h e  working group.  Although some research   and  

mon i to r ing   s tud ie s  will c o n t i n u e  for t h e   n e x t   s e v e r a l  years ,  t h e  

greater p a r t  of the  Research  and  Monitoring  Program  has now been 
completed.  I t  is t h e r e f o r e   a n t i c i p a t e d   t h a t   t h e   F i f t h   A n n u a l  Summary 

Report will  be t h e  last. 

Thi s  s u m m a r y  is no t   i n t ended  t o  be a d e f i n i t i v e  or e x h a u s t i v e  

d e s c r i p t i o n  of each   s tudy  and its results, b u t   r a t h e r  a col lect ion of 

relevant i n fa rma t ion  for t h e   i n t e r e s t e d  public.  Persons wishing more 

spec i f ic   in format ion  are referred t o  the  r e s e a r c h e r s   a n d  to t h e  

s p e c i f i c   r e p o r t s   l i s t e d   i n   t h e  indiv idual  project summaries.  

Reports Available 

Envi ronmenta l   Pro tec t ion  Service. 1984. The Norman Wells Research 

and  Monitor ing  Program,  Status   Report .   June 27, 1984. 15pp. 

Boreal Ecology Services Ltd.  1985. Norman Wells Research and 
Monitoring Program, Second  Annual  Summary Report. April ,  1985, 

prepared  for Environmental   Protection,  Environment  Canada, by 
Boreal Ecology  Services Ltd. 62pp. 

Boreal Ecology Services  Ltd,  1986. Norman Wells Research a n d  

Monitoring Program, Third Annual Summary Report.  March, 1986. 
p repa red  for Environmental   Protection,  Env 

Boreal Ecology Services  Ltd.  125pp. 

Boreal Ecology Services   Ltd.  1987. Norman We1 

ronment  Canada, by 

s Research and 

Monitoring Program, Fourth  Annual  Summary  Report. March, 1987. 

prepared for Environmental   Protection,  Environment  Canada, by 

Boreal Ecology Services  Ltd. 184pp. 

- 5 -  



1. INTERPROVINCIAL PIPE LINE (Nw) LTD. MONITORING PROGRAM 

Agencies   Par t ic ipat ing 

In te rprovinc ia l   P ipe   L ine  ( N W )  Ltd. 
in   cooperat ion  with  the  Government  of t h e  Northwest Te r r i t o r i e s   and  

t h e  Department of Indian  Affairs   and  Northern  Development ,   wi th  

assistance from t h e  Department of Energy, Mines and  Resources, 
Agriculture  Canada,  and the National Research C o u n c i l  

Start-up bate 

I980 Basel ine   s tud ies  

1983 Const ruc t ion   moni tor ing  
1984 Post-Construct ion  monitor ing 

Objec t ives  of Monitoring 

1 .  to  evaluate t h e   e n v i r o n m e n t a l  impact of p i p e l i n e   c o n s t r u c t i o n  and 

operat ion;  

2. to i d e n t i f y   t h e   n e e d  for remedial  measures and /o r  a change   in  

design or procedures;  

3. t o  assess t h e   e f f e c t i v e n e s s  of environmental  protection measures;  

and  

4. to  es tab l i sh   reasonable   envi ronmenta l   gu ide l ines  for f u t u r e  

pipel ine  developments  i n  the nor th .  



From t h e  small number of t racks se en d u r i n g  the moni to r ing   s tud ie s ,  

i t  was inferred that  the populat ion of animals   in  the s t u d y  regions 
was except ional ly  low. Furbearer track data demonstrated no 
c o n s i s t e n t ,   p o s i t i v e  or negat ive   responses  to  h a b i t a t s   a d j a c e n t  to  

pipeline c lea r ings ,  although t h e  a c t u a l  cleared areas were u s u a l l y  

avoided b y  t h e  animals. Track d e n s i t i e s  were too low for other 

wi ld l i f e  species t o  perrnil t r e n d s  i n  abundance to be assessed. 

Beginning i n  Apri l  1984, r o u t i n c  surveitlanw 
a n  a w e e k l y  basis and i n   c e r t a i n  areas more 

m o n g  thcse patrols WPI*P rnont.trly inves,t.iKa.t 

While some avoidance b y  moose of habitat ad jacen t  to thP r i g h t - o f  - w a y  

was suggested by t h c s e  data, t h r  v e r y  low u t i l i z a t i o n  of' hrowsc:, ~ v ( m  

i n  a reas  wel l  removed from t h e  pipel ine,  i nd ica t ed  that a r ed l . l c t jm  

of w i l d l i f e   c a r r y i n g  c a p a c i t y  was unlikely, 

Throughout t h e  period of mainline m n s t r u c t i o n ,   n u m e r o u s  wi ld l i f e  

were observod on or immcdialely adj;~cvnt l o  -the rig:ht . . -d w a y .  ' f t ~  

track count data collected by r e p r e s e n t a t i v e s  of t l un tc r s  and Trappers 

A s s w i a t i o n s  also provided ev idence  that a l l  of t h e  major  w i l d l i f u  

species, i nc lud ing  moose, a t  least per iod ica l ly   u t i l imd  thc 

rigllt.-nf--way. I t  appmred tha t  a n y  displacrment of w i l d l i f e  away 

from the  right-of-way was minor and of short d u r a t i o n .  

Post-Cans.tructi.on Monitoring - 1984 t a  1987 

Terrain  Monitor ing 

Overa l l ,  t e r r a i n  performance has been satisfactory. Areas w l - l i c h  have 

experienced active e ros ion   r ep resen t  a minor portion of the to ta l  



right--of--way. The  most ex tens ive   change  i n  terrain cond i t ion  

c o n t i n u e s  to  be subs idence  of t h e   d i t c h  line below t h e   o r i g i n a l  

ground surface ,  a l though  the  rate of progression of this phenomenon 

has diminished   s ign i f icant ly .   P lacement  of barrow material t o  

backfil l  s u b s i d e d  d i t c h  was undertaken i n  summer  and wiwler 1986 and 

1987. A minor amount  of backf i l l i ng  of s u b s i d e d  d i t ch  is planned for 
1988. 

No major slope i n s t a b i l i t y  problems have occurred  aJ1,hough tninor- 

slumping was observed a t  a few locations; ‘ i n  1985 a n d  1980, 

Restorat ion works under taken  at c e r t a i n  slopes in thcr w i t 1 t w - s  o f  

1985, 1986, and 1387 appear t o  have been successful, Water levels, 

piezumr? t r i c   p r e s s u r e s ,   a n d  slope ind ica tor   read ings   ind . ica te   s tab l r .  

cond i t ions   and  no slope ins- tabi l i ty   problems  developed  in  1987, 

In gcneral, wood chip   insu la t ,ed  slapcs have performctf 

s a t i s f ac to r i ly .   Tempera tu res  at t h e  wood chip/ground interface have 

h e n  KrsduaIJy cooling since t h e   f i r s t  year when  s ign i f icant   hea t  

aetwrat ion was noted  (Table  1 . 1  1. Efforts t o  cool f i v e  locations 

with  local ized  heat ing (hot  spots) by removal and replacement  of wood 

c h i p s  in order to expose t he   g round  .surface t o  ambient  winter 
tempera tures  were success fu l .  However, t .he i . h ree   s i t e s   where  wood 

c h i p s  were cooled  simply  by  thinning or snow removal exh ib i t ed  

recurrence of warm t e m p e r a t u r e s   i n   . t h c  summer of 1987. IPL plans to 

cool t h e s e   a r e a s  by wood c h i p  removal and  by  vent ing the wood c h i p s .  

In 1987, t w e n t y - f o u r   p r e v i o u s l y  monitored thaw :;ct tlcrrtent sites wf’rt? 

surveyed. A t  v i r t u a l l y  all sites, depth of permafros t  was found to 

be i n  excess of 2.0 nt (which was the probe l ength) .   Conscquent ly ,  

I987 was the f i r s t  year i n  which  thawing  had a p o t e n t i a l  to  
s i g n i f i c a n t l y   c o n t r i b u t e  to difEereni ia1 sel tlernent along the  pipe.  

Where pipe e l e v a t i o n s  had a p p a r e n t l y  decreased, the average 

set. t.lemtrnt was found t o  tje ilbout U.05 rr~. Generally, apparent 



se t t l emen t   occu r red  over long t ransi t ions  minimizing  induced 

s t ra ins .   Whi le   s l igh t   increases  in s t r a i n  were ca lcu la ted  for sites 
at Kp 1.3, 371.2, and 608.6, maximum reco rded   s t r a in  at these sites 
was only 0.27% (54% of design maximum). 

While none of t he   mon i to red  sites have   deve loped   s t ra in  values 
approaching   the   des ign  maximum, all of t h e  sites will c o n t i n u e   t o  be 

monitored  in  1988. 

Fros t   heave   s t ra in   gauges   have   been   read   each   Apr i l .   Ca lcu la t ions  of 
pr inc ip l e  stresses are all less than t h e   y i e l d   s t r e n g t h  of the pipe. 

P i p e   t h e r m i s t o r   d a t a   i n d i c a t e  that frost heave should  not be a 
s ign i f i can t   phenomenon   unde r   t he   cu r ren t   p ipe  temperature regime. 

Aquatic Monitoring 

Post -cons t ruc t ion  s u r v e y s  of p ipe l ine  water crossings were conduc ted  

at least once per week beginning  in  April 1984. The purpose was to 
i d e n t i f y  any phys ica l   condi t ions   which  could cause  concern w i t h  

r e s p e c t   t o   t h e  i n t e g r i t y  of the pipel ine,  or which  might  result  i n  
negat ive impacts t o  t h e  aquatic resources or water qual i ty  alonK the 
pipe l ine  route. These  monitoring programs inc luded  several different 
s tud ie s .  

Physical  and chemical water q u a l i t y  parmeters were m o n i t o r e d   i n   t h e  

summer of 1985 at the  Mackenzie  River,  Great Bear River, and  Bosworth 

Creek pipe l ine   c ross ings ,  all of which are used as domestic water 

sources.  Results ind ica ted  t h a t  p ipe l ine   cons t ruc t ion   and   ope ra t ion  

had  not   impaired water q u a l i t y  at t h e s e  watercourses one year after 
cons t ruc t ion .  No s ign i f i can t  increases or  decreases in  any of the 20 

chemical or physical parameters  analyzed occurred  downstream of the  

pipe l ine   c ross ings  relative to  background levels recorded immediately 
upstream of the crossings.  



ROW. Of t h e  1033 c u t t i n g s  planted i n  t h e   s p r i n g  of 1985, only 425 or 
418 were surv iv ing   in   Augus t  1986. While no monitoring of t h e s e  

sites was done i n  1987, it  is a p p a r e n t   t h a t   t h e   s h r u b s  w i l l  no t  

s i g n i f i c a n t l y   c o n t r i b u t e  to  t e r r a i n  stability fo r   s eve ra l   yea r s .  

Col lec t ive ly ,   da ta  from the vegetat ion  monitor ing  programs  provide 

e v i d e n c e   t h a t   e s t a b l i s h m e n t  of a n   e f f e c t i v e  cover irr boreal   and 

suba rc t i c   env i ronmen t s  is not  problematic  and  can  be  accomplished in 

one t o  t,wo growing  seasons.  

Aerial PhotoRraphy  and  Analysis 

An aerial photoeraphy program has been underway  s ince 1980 t o  pruvidc 

a permanent  chronological  record of terrain and  landscape   condi t ions  

before ,   dur inK,   and  af ter   cor ls t rucl ion.  Aerial photographs were 

taken by I P L  in 1980 and  by Indian  and  Northern Affairs Canada 
annua l ly  from 1983 t o  1985. 

In July 1986, In te rprovinc ia l   P ipe l ine   under took  black a n d   w h i t e  

panchromatic photography of t h e  e n t i r e  pipel ine r ight-of  w a y  a t  a 

scale of 1:10,000, Colour  photography also was t a k e n  at 29 selected 
sites at a scale of 1:4000. An a n a l y s i s  of ground c o n d i t i o n s  on , the 

right--of-way as shown  on  the photographs was t h e n  conducted. 
Spec i f i ca l ly ,   t he   ana lys i s   p rov ided  a log, by kilometer post,, of 
vegetat ion cover and t y p e  and major phys ica l   d i s tu rbances   such  as 

ground   s e t t l emen t ,  erosion f e a t u r e s ,   s l i d e s ,  and d i t c h   l i n e  

se t t l emen t .  Results from t h e   a n a l y s e s  have been  included  elsewhere 

i n  t h i s  report.  IPL will   again  produce an aer ia l   photographic  record 
i n   t h e  summer of 1988. 
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Conclusions/Recommendat ions 

'The r e s u l t s  of the   pos t . -~ .ons t . ruc t ion   moni tor ing  programs i n d i c a t e  

t h a t  no s ign i f i can t   env i ronmen ta l   impac t s   have   r e su l t ed  to  d a t e  from 

p i p e l i n e  c o n s t r u c t i o n  or operat ions.  Since i n i t i a t i o n  of 

cons t ruc t ion ,   no   s iRni f icant   var iance   f rom  pred ic ted   per formance   has  
been observed   wi th  respect. i o  terrain pe r fo rmance ,   aqua t i c   r e sourccs ,  

r ap to r   popu la t ions ,   w i ld l i f e   r e sources ,   o r   r evege ta t ion  SUCCESS 

Consc ien t ious   moni tor ing   and   surve i l lance  programs w i l l  con t inue  t o  

e n s u r e   t h a t   a n y   t e r r a i n   i n s t a b i l i t y  is r a p i d l y   i d e n t i f i e d  and to  

allow f o r  e a r l y  restorative works where rcqui red .  

Recommendations  that   can he drawn  f rom  the results of these  
moni tor ing  programs  regarding f u t u r c  n o r t h c r n   p i p e l i n e  devrlopmerlt 

are: 

1 ,  Since moni tor ing  (lata i nd ica t e  :;lahlr+ t e r r a i n   c o n d i t i o n s   a n d  

minimal  impacts on w i l d l i f e  a n d   a q u a t i c  resources resulting from 
c o n s t r u c t i o n  and opera t ion  of t h e  Nornmn Wells pipe l ine ,  i t  would 

be p r u d e n t  to implement   environmental   protect ion measures s imilar  

t o  those   employed   on   th i s   p ro jec t .   These   p ro tec t ion  measures 

inc lude   carefu l   rou te   se lec t ion ,   deve lopment  of a p p r o p r i a t e  
pipeline des igns  and ac t iv i ty - spec i f i c   mi t iga t ion  plans,  on-  si t ,e 

s u p e r v i s i o n  du r ing   cons t ruc t ion ,   and  rout ine  p o s t - c o n s t r u c t i o n  

monit.oring and main tenance   ac t iv i t i e s .  

2 .  No f u r t h e r   q u a n t i t a t i v e  studi.es regarding effects  of p ipe l ine  
c o n s t r u c t  ion and opera t ion   on   wi ld l i fe  or aqua t i c   r e sources  are  

recommended for f u t u r e  n o r t h e r n  p i p e l i n e  developnwnt it) s i m i l x  

hahi ta ts .  Currrn t knowledge of tior t he rn   w i ld l i f e  and aquat. ic 

systems s u p p o r t e d  b y  1it .Prature and moni tor ing   da ta  a re  avajlablc: 

to p rpd ic t   t ha t   impac t s  w i l l  be minor,  localized, and  temporat-!'- 
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3. S i n c e   e f f o r t s  to  p roduce   e f f ec t ive   vege ta t ive  cover along t h e  

Norman Wells p ipe l ine  ROW were successfu l   and   have   enhanced  

terrain s t a b i l i t y ,  similar revegetat ion efforts should be 
a f fo rded   fu tu re   no r the rn   p ipe l ine   deve lopmen t s .  

4. Revegetation of northern  pipel ine  r ights-of-way  does  not  appear 
prob lema t i c   i n   t he   sho r t - t e rm;   t he re fo re ,   r evege ta t ion   r e sea rch  
should  focus on  long  term (i.e. more t h a n  10 years) r e s u l t s .  

Proposed Follow-up Post Cons t ruc t ion  

In t e rp rov inc ia l   has  now concluded many of the   mon i to r ing  programs bu-t 

w i l l   c o n t i n u e   w i t h   t h e   e s t a b l i s h e d  programs t o   t h e   d a t e s  shown on 

Table 1.1 1. 

Reports Available 

Reports are available for viewing at t h e   I n t e r p r o v i n c i a l  Pipe Line 
office i n  Edmonton,  Alberta. Copies are also a v a i l a b l e  fur viewing 

at DIAND, Yellowknife, NWT; GNWT, Yellowknife, NWT; NEB, Ottawa, 
Ontario; Boreal Inst i tute ,   Edmonton,   Alberta;   and Arctic I n s t i t u t e ,  
Calgary , A1 ber ta. 

Raptor Monitoring 

Ealey ,  D.M. 1982. Raptor   survey   a long   the  Norman Wells Pipe l ine  
r o u t e ,  1981. Prepared b y  McCourt  Management  Ltd. for 
In t e rp rov inc ia l   P ipe   L ine  (NW) Ltd. 

Ealey, D.M. a n d  R.H. McCourt. 1980. Rapto r   su rvey   a long   t he  
proposed p i p e l i n e  route from Norman Wells, NWT t o  Zama Lake, 
Alberta, August 15d.18, 1980, Prepared by McCourt  Management L t d .  
for I n t e r p r o v i n c i a l  Pipe Line (NW} Ltd. 

Matthews, S.B. 1984. Raptor  monitoring  program  Norman Wells 
Pipeline Project, 1984 progress report. Department  of Renewable 
Resources, Government of t he   Nor thwes t   Te r r i t o r i e s .  
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Matthews, S.B. 198,5. Raptor monitoring  program  Norman Wells 
Pipe l ine   Pro jec t ,  1985 progress repor t ,   Depar tment  of Renewable 
Resources, Government of the   Nor thwes t  Territories. 

Matthews, S.B. 1986. Raptor  monitorinR  program  Norman Wells 
Pipe l ine   Pro jec t ,  1986 progress   repor t .  Department of Renewable 
Resources, Government of the   Nor t .hwes t   Ter r i to r ies .  

Matthews, S.B. 1987. Raptor monitoring program Norman  Wells 
Pipel ine Project, 1987 progress   repor t .   Depar tment  of Renewable 
Resources, Government of the Northwest T e r r i t o r i e s .  

Wildlife Monitoring 

Ealey, 1l.M. 1982. Inspec t ion  of wi ld l i f e  habi tal. a t  f a c i l i l  y sit.c:s 
along t h e  Norman Wells pipel ine.   Prepared b y  McCourt Mgt.  L 1 . d .  
f o r  I n t e r p r o v i n c i a l  Pipe  Line ( N W )  Lt.d. 

Ealey, D.M. a n d  F.E. Ccddes. 1982 Wild l i f e   hab i t a t   su rvey  of borrow 
p i t  s i t e s  and f a c i l i t y  s i l e s  a long   t he  Nornlnn  Wells pipelint:., 23 
J u n e  to  7 J u l y ,  1982. Prepared by  McCourt Mgt. Ltd.  for 
In t e rp rov inc ia l  Pipe Line (NW) L1.d. 

Eccles, D.M,, R.C. Searing, J .  Duncan and C. Thompson. 1985. 
Wildl i fe   monitor ing  s t ,udies   a long t h o  Norman Wells Zama O i l  
p ipe l ine   J anua ry  - March 1985. Prepared by GGL Limited. 

Ecc 

Ecc 

les, D.M. a n d  J.A. Lhncan. 1986. Wildlife monitor inK  s tudies  
along the Norman Wells -. Zama Oil   p ipel ine  Apri l  1985 t o  May 
1986. Prepared  b y  Delta Environmental  Management Croup L i d .  

les, I3.M. a n d  J.A. Duncan. 1957. Wildl i fe   moni tor ing   s tud ies  
alonR the Norman Wells . Zama Oil  pipelinp  November 1384 t.o May 
1987, Prepared  by Delta Environmental  Management Croup L t d .  for 
In t e rp rov inc ia l  Pipe Line ( N W )  Ltd.  

( k i d e s ,  F.E. a n d  J.A. Duncan. 1082, Late win te r  moose surveys  along 
t h e  Mxkenzie R i v e r  a n d  Norman Wells p ipe l ine  route .  Prtjparwl by 
McCourt Mgt. Ltd. for In te rprovinc ia l   P ipe   L ine  ( N W )  L.td. 

Aquatic Monitoring 

Aquatic  Environments  Ltd .  1982. Late w i n t e r  s u r v e y s  along the IPL. 
pipeline  route,   Norman Wells NW'T t o  Zama Terminal Alberta.  
Prepared for In t e rp rov inc ia l  Pipe. I.ine (NW) 1.t.d. 

Aquatic   Environments   Ltd.  1382. A s u r v e y  of f a c i l i t y  sites i n  
r e l a t ion  t o  a q u a t i c   h a b i t a , t s   a l o n g   t h e  IPL p i p e l i n e   r o u t e  Norman 
Wells, NWT t o  Zama Terminal Alberta. Prepared for 
In t e rp rov inc ia l  Pipe I , i n e  ( N W )  Ltd.  
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Aquatic Environments  1,t.d. 1982. An assessment  of t h e  f i s h e r i e s  
resources  of the Great Rear and  Mackenzie Rivers i n  the v i c i n i t y  
o€ the  proposed IPL Pipel ine  crossing.   Prepared for 
In te rprovinc ia l  Pipe Line (NW) Ltd. 

Fern&, D.A. 1984. Fishe r i e s   and   wa te r   qua l i t y   mon i to r ing  i n  
r e l a t ion  to  an   ins t ream  b las t   in   the   Mackenzie  River. Prepared 
by Environmental  Management  Associates. 

Fe rne t ,  D.A. 1984, Aquat ic   monitor ing,  J u l y ,  1984. Norman Wcl-1s 
t o  Zanla Pipel ine.   Prepared by Environmental  Management 
Associates, 

Fe rne t ,  D.A. 1985. Aqua-l it: mon.il.oring  survey, Norman WeJls 
t o  Zama Pipel ine,  J u l y  1985, Prepared by Environmental  
Manwemen t Associates. 

F'ertwt, D.A. 1956. Aquat ic   moni tor ing   survey ,  Norman Wells 
t o  Zama Pipel ine,  J u l y  1986. Prepared by Environmental  
Management Associates. 

Vernet, [LA. 1987. Aquat ic   moni tor ing   survey ,  Norman Wells 
t o  Zama Pipeline, J u l y  1984--1987. Prepared  by Envirnnmental  
Management Associates €or In t e rp rov inc ia l  P i p s  Line (NW) Ltd..  

In te rprovinc ia l   P ipe   L ine  ( N W )  Ltd .  1954. Water qua l i ty   mon i to r ing  
in r e l a t ion  l o  p i p e l i n e   c o n s t r u c t i o n  across Rosworth Creek, NWT. 

In te rprovinc ia l   P ipe   L ine  (NW) L t d .  1984. Water qua l i ty   mon i to r ing  
in   r e l a t ion  to  I984 p ipe l ine   cons t ruc t ion .  

l n t w p r o v i n c i a l  Pipe Line (NW)  L t d ,  1984. Mackenzie River  p ipe l ine  
c-rossing,  Water  Licence N3L6-1126, 1983 annual   moni tor ing   and  
surveillance report .  

IntprprovinciaJ  Pipe  Line ( N W )  Ltd.  19x4. Great Rear River p ipe l ine  
c ross ing ,  Water Licence N2L6-1126, 1983 annual rnonitcxinK and 
su rve i l l ance  report .  

1ntc.rprovincial Pipe  Line ( N W )  Ltd. 1954. Water quali.1:y rnonitorinl: 
i n   r e l a t ion  to  1985 p i p e l i n e   c o n s t r u c t i o n  and opera t ion .  

In t e rp rov inc ia l  Pipe  Line (NW)  Ltd . ,  1985, 
crossing, Water  Licence N3L6-I 126, 1984 
su rve i l l ance   r epor t ,  

ln te rprovinc , ia l   P ipe   L ine  ( N W )  Ltd. 1985. 
cross ing ,  Water Licence N2Ld-1126, 1984 
su rve i l l ance  report .  

Mackenzie R i v e r  pipel i  ne 
annual   moni ta r ing   and  

Great Bear River pipc:ljnc 
annual   monitor ing  and 



in te rprovinc ia l   P ipe   L ine  (NW) Ltd .  1986. Mackenzie River p ipe l ine  
crossing, Water Licence N3L6-1126, 1985 annual   moni tor ing  and 
sur  ve i l lance   repor t .  

In t e rp rov inc ia l   P ipe  L i n e  (NW) Ltd. 1986. Great Bear River p i p e l i n e  
crossing,  Water Licence N2L6-1126, 1985 annual   moni tor ing   and  
su rve i l l ance  report.  

In t e rp rov inc ia l  Pipe Line (.NW) Ltd .  1957. Mackenzie River pipel ine  
crossing, Water Licence N3L6-1126, 1386 annual monitor ing and 
su rve i l l ance  report. 

in te rprovinc ia l  Pipe Line (NW) Lid. 1937. Great Hear River  pipelilne. 
crossing, Water Licence N2L6-1126, 1986 annual   moni tor ing  and 
surveillance r e p o r t .  

Revegetation  Monitoring 

Hardy Associates (1878) Ltd. 1984. 1984 Revegetat ion  monitor ing of 
the Interprov ' incial   Pipe L i n e  (NW) Ltd.  Norman We1l.s to  Zama 
Pi p ~ l  i ne. 

Hardy Associales (1978) 1,td. 1985. 1985 Rpvegetation  monitoring of 
the In t e rp rov inc ia l  Pipe Line (NW) Ltd. Norman Wplls to Zama 
Pi  pe l i  ne. 

l lardy Assot:iat.es (1978) Ltd. 1985. Norman We1 
revegetation program -.  s h r u b   c u t t i n g  trial 

Is lo fama Pipc>iine 
- 1385. 

l iardy AssociatPs (1978) Ltd.  198.5. Norman We1 
J u l y  1985 revegetation program. 

Hardy RBT Ltd. 1986. 1986 Revegetn.tion monilorinr:  0 thc  
In te rprovinc ia l   P ipe   L ine  ( N W )  Ltd.  Norman Wells to  Zama 
Pipc?line. 

Hardy BBT Lld .  1387. 1987 Revegetal,ion monitor ing o€ tht:! 
In t e rp rov inc ia l  Pipe Line ( N W )  L t d .  Norman Wells t o  Zama 
Pipeline.  

Hardy BHT I.td. 1987. Norman Wells p ipe l ine ,   o rgan ic   t e r r a in  
r e v e g e t a t i o n   t r i a l s .  

Interprovinrid P i p e  I.ine (NW) Ltd.  19116, Norman Wells Pipel ine  
Project Revegeta t ion   Act iv i t ies  F e b r u a r y  t o  March, 1986 and J u l y ,  
1386. 



UMA. Canuck.  Hardy. 1985. Interprovincial   Pipe  Line ( N W )  L t d .  
Norman  Wells t,o Zama Pipe l ine   rcvegeta%ion  ac t iv i t ies ,  March 
Apri l  1984 and  February  - March 1985. 

Waterfowl 

Ceddes, F.E. a n d  K.H.  McCourt. 1982. Waterfowl migrat ion surveys 
along  the  Mackenzie   River ,   spr ing 1981. Prepared for 
1rr. twprovincial   Pipe  Line (NW) Ltd. 

Geddes, F.E. and J.A. Duncan. 1983. Waterfowl  migrat ion  surveys 
along t h e  Mackenziu River, spring 1952. Prepared for 
In t e rp rov inc ia l  Pipe  Line ( N W )  Ltd .  

CR ner a1 

Hardy BHT Ltd. 1986. Interprt!l,aiinn c r f  aerial phot.ot;raphs Nornlon 
Wells t o  Zama Pipeline.  

In t e rp rov inc ia l  P i p e  Line ( N W )  1.t.d. 1983. Norman Wells Pipelint> 
Project 1983 r e p o r t  on monitoring of c o n s t r u c t i o n   a n d   o p e r a t i o n .  

In t e rp rov inc ia l  Pipe Line ( N W )  Ltd. 1984. Norman  Wells P ipe l ine  
Project  1984 report an morlitoring of c o n s t r u c t i o n   a n d   o p e r a t i o n .  

In t e rp rov inc ia l   P ipe  I.ine ( N W )  Ltd. 1984. Post c o n s t r u c t i o n  
monitoring  proRram fo r  the Norman Wells t o  Zama Pipel ine.  

In te rprovinc ia l   P ipc   L ine  ( N W )  I.td. 19S5, Norman Wells pipe lint^^ 
Project  19x5 r e p o r t  on monitoring of c o n s t r u c t i o n   a n d   o p e r a t i o n .  

Irltrr‘provincial  Pipe Line ( N W )  Ltd. 1986. Norman Wells Pipt!linv 
Project  1986 report   on  monitor ing of c o n s t r u c t i a n   a n d   o p e r a t i o n .  

In t e rp rov inc ia l  Pipe Line (NW) Ltd.  11157. Norman Wcllls Pipel int:  
Project  1357 report on monitoring o f  c o n s t r u c t i a n   a n d   o p e r a t i o n .  

Mr.  Donald M. Wishart 

IntPrprovinciaI  Pipe Line ( N W )  Ltd.  

BO% 398 

Edrnon,ton, A lbe r t a  TSJ 239 

(403) 420-5210 
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Table 1 . 1 1  Schedule of post-construction  monitoring programs 

- 9 

PROGRAM INITIATE  TERMINATE FREQUENCY 
" 
" - """- ""- 

STANDARD OPERATIONAL 
MON I TOR I NC 

Aerial Surveillance 1984 Lifetime*  Weekly 
Ground  Inspection 1984 Lifetime' Annual - 

CEOTECHNICAL MONITORING 

Thaw  Settlement 1984 Lifetime'" Annua I 
Frost Heave 1984 Lifetime" Four/year 
Slope Performance 1984 Lifetime"" Eight/Year ""_ 

AQUATIC MONITORING 

Mackenzie and  Great  Bear 1985 Lifetime' Annua 1 
All Watercourses 1984 Lifetime' Weekly 

RAPTOR MONITORINC 1983  1987  Annua 1 

WILDLIFE MONITORINC 

Right-of-way  Monitoring 1984 1988 Week 1 y 
Transect  Monitoring 1984 1987 B i  -annual - 

REVEGETATION MONITORINC 

Aerial  Survey 1984  Lifetime* Weekly 
Baseline  Data  Collection 1984 1985 Annua I 
Permanent  Sample  Transects 1984 1987 Annua I 
Revegetation  Trial  Sites 1984 1987 Annua 1 

AERIAL  PHOTOCRAPHY AND 
CRWND TRUTHING 1986 1988 Biennial 

"Lifetime"  refers  to  operational  lifetime. 
" Program  may be discontinued i f  history of readings 

indicates an equilibrium  situation. 

- 42 - 
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3. ISLAND MONITORING & MACKENZIE RIVER BREAKUP 

k e n c y  Responsible 

Esso Resources  Canada  Limited 

Start ~ up Date 

Spring 1984 

Objectives 

1 .  t o  determine t h e  effects of the product ion   i s lands  on t h e  break up 

process;  
2. to conf i rm  the  stability and  des ign adequacy of t h e   p r o d u c t i o n  

i s lands ;  
3. to determine  maintenance  requirements  for t h e   p r o d u c t i o n  i s lands  

and under-r iver   p ipe l ine  systems. 

Lacations 

Mxket-uie River,  between 10 km ups.t.re;lm and 10 k m  downstream of 

Norman Wells, 

1 .  Breakup s u r v e y  data for t h e   y e a r s  1980, 81, 82, 83, and 84. 

2. Ceotechnical   monitoring  data for Dehcho  Is land  which  inc ludes  

temperature   and pore pressure  measurements .  
3, Bathymetr ic  data showing  bottom prof i les  and is land p i p e l i n e  

locations in  t h e  r iver .  



Conclusions/Recommendations 

1 .  Breakup timing can  be c lose ly   p red ic ted .  

2. Product ion   i s lands   have   per formed as expected and do not 
ser ious ly   a f fec t   the   b reakup  process .  

3, Product ion   i s lands  are s t a b l e ,  well des igned   f ac i l i t i e s .  

Future studies 

1.  Continued  monitor ing of breakup  t iming   and  Esso's pred ic t ions .  

2. Per iod ic   ba thymet r i c   su rveys  of t h e  Norman Wells reach. 

Reports available 

Kamphuis, J.W. a n d  J.R. Moir. 1983, Ice breakup  and  jamming 
observa t ions   a long  the Mackenzie River .  Can. 3. Civi l  
Engineering. 10( 1):78-,91. 

Kemp, T.S. 1982. Mackenzie River Norman Wells 1982 breakup.  Esso 
Resources Canada  Limited,  Research  Department. IPRT.ME.82.30 

Kemp, TS. 1983. Mackenzie R i v e r  and Norman Wells breakup 1983. 
ERCL.RS.85.11 

Kemp, T.S. 1985. Mackenzie River at Norman Wells breakup 1985. 
ERCL.RS.85.23 

Kemp, T.S. and M. Kuyper. 1985. Mackenzie  River and Norman Wells 
breakup 1984. ERCL.RS.85.11 

Moir, J.R. 1979, A review of the design and impact  on the river of 
artificial i s lands   in   the   Mackenzie   River  at Norman Wells, Esso 
Resources Canada Limited, Research  Department,  IPRT.2ME.7a. 

Northwest   Hydraul ic   Consul tants   Ltd.  1979. Regime of Mackenzie 
River at Norman Wells i n  relation to artificial island scheme. 
Prepared for: Esso Resources Canada  Limited.  32 pp. 

Northwest Hydrau l i c   Cansu l t an t s   L td ,  1981, Hydraul ic  model s t u d y  
Norman Wells product ion   i s land .  Prepared for :  Esso Resources 
Canada Limited. 17pp. 



Fennel ) ,  D.J. and J.A. Oxtoby. 1987. Mackenzie River  breakup at 
Norman Wells, 1986. ERCL.PR.87.19 

Oxtoby, J.A. 1987. Mackenzie River Breakup at Norman Wells, 1987. 
ERCL.PR.87.19 

Riard, C, 1985. Analys is  of a Mackenzie river ice jam. MSc. 
T h e s i s ,   U n i v e r s i t y  of Alberta.  

Stagg, P.G. 1983. Ice design  review of Esso R e s o u r c e s '   a r t i f i c i a l  
i s lands   in   the   Mackenzie   River  at Norman Wells. Esso Resources 
Canada Limited, Research  Department, IPRT.ME.83.01 

Detailed breakup and i s land   moni tor ing   report s  are s u b m i t t e d  to  t h e  

N.W.T. Water Board annual ly  tu s a t i s f y   i s l a n d   m o n i t o r i n g  

requirements .   Bathymetr ic  data may be viewed at t h e  Esso Norman 
Wells off ice. 

Contact 

Mr. John Oxtoby 

Esso Resources Canada Limited 

Bag 5000 

Norman Wells, N.W.T. XOE OVO 
(403) 587-2561 

Mr. Calvin  Sikstrorn 
Esso Resources Canada Limited 
237 4 Avenue S.W. 

Calgary, Alberta  T2P OH6 

(403) 237-3737 



5. PERMAFROST AND TERRAIN RESEARCH AND MONITORING 

Agencies Responsible 

Geological Survey of Canada,  Department of Energy, Mines 6 Resources, 
Department of Indian  Affairs  and  Northern  Development, 
National Research Council of Canada, 
Agriculture Canada, 
Interprovincial   Pipe  Line (NW) Ltd. 

Start-up Date 

1983. 

Objectives 

1. t o  de termine   and   quant i fy   the  impacts of pipel ine  construct ion,  
operation,  maintenance  and  abandonment  on permafrost and   nor thern  
te r ra in ;  

2. to  eva lua te   t he  recovery processes and t he   e f f ec t iveness  of short 

and  long term mitigative measures; 

3. to  compare  actual  and  predicted impacts i n  order t o  improve on 
planning,  design,  impact  management  and  mitigation on nor thern  
pipelines;  and, 

4. t o  recommend  improved  environmental practices for f u t u r e   n o r t h e r n  
pipelines. 

Locations 

See descriptions  given for spec i f ic  projects. 



Program BackRround 

The Norman Wells Pipe l ine  provides a n  impor t an t  opportunity t o  

examine   t he   impac t s  of t h e  f i r s t  comple te ly   bur ied  oil p ipe l ine  i n  
t h e   d i s c o n t i n u o u s  permafrost zone of nor thern   Canada .   The  small 
diameter  (323 mm) p ipe l ine   wi th  innovative d e s i g n s   a n d   f e a t u r e s  has 
been i n  opera t ion  since April  1985. I t  is viewed as a pilot project 

f rom  which  important  lessons may be   l earned  for f u t u r e  oil and  gas 
developments .  

l h e   a e p a r t m e n l s  of Ind ian   and   Nor the rn   Af fa i r s  ( I N K )  and   Energy ,  

Mines and Resources (EMR) i n i t i a t e d   p r e l i m i n a r y   p l a n s  i n  1983 fo r  a 

coopr ra t ive   pe rmaf ros t .   and   t e r r a in   r e sea rch   and   mon i t a r ing  program 

wi th   In t e rp rov inc ia l  Pipe Line (NW) Ltd.  ( I P L )  under  the 

"Environmental   Agreement"  signed between I P L  and t h e  Minis te r  of 

Indian  and Northern  Affairs  i n   Sep tember  1982. The  cur ren t   p rogram 
consists of t h e  following f o u r   i n t e g r a t e d   p r o j e c t s :  

'4. 

R. 

n. 

Impact of t h e  Norman Wells pipe l ine   p ro jec t   on   permafros t ,  

t e r r a i n  and t , e r r a i n   s t a b i l i t y  .- Permafrost Research Section, 
Ceolngi.cal Survey (EMR) ( fo rmer ly   Ea r th   Phys ic s   Branch)  (See 

Sect ion 5.A) ;  

Terra in   per formance   research  and moni ta r ing  along the Norman 
Wells t o  Zama oil p ipe l ine  - '  Ter ra in   Sc iences   n iv i s ion ,  

Geological Survey (EMR) (See Sect ion  5.B); 

Evaluation of wood c h i p   i n s u l a t i o n  on se l ec t ed  thaw s e n s i t i v e  

s l o p ~ s  along the Norman Wells t o  Zama Pipe l ine  - Inst i tute  for  

Research i n  Cons t ruc t ion ,  National Research Council (NRC) (See 
Sect ian  5.C); and, 

Norman Wells Pipe l ine  soil t e m p e r a t u r e  study  -- Land Resources 

Research   Center ,   Agr icu l ture  Canada (Ag.Can.1 (See Sect ion 5.D). 



The  Permafros t   and   Ter ra in  program f o c u s e s   o n   t h e   e f f e c t s  of 

cons t ruc t ion ,   ope ra t ion   and   ma in tenance  of t h e   p i p e l i n e   o n   t h e  
su r round ing   g round   t empera tu re ,  moisture, s t a b i l i t y   a n d   r e l a t e d  
su r face   cond i t ions .  The major emphasis  of t h e   r e s e a r c h   a n d  
monitor ing  involves:  

1. thermal   and  associated data col lec t ion  at selected sites, a n d  
2. gene ra l   obse rva t ions  of c o n d i t i o n s  along t h e   r i g h t - o f - w a y  (Km. 

0-818). The program is expec ted  t o  c o n t i n u e  for . f i v e  t o  t e n  
years or u n t i l   c o n d i t i o n s  stabilize. 

Funding (1983-1988) comes primarily from t h e   N o r t h e r n   O i l   a n d  Gas 

Action  Program (NOCAP) a n d   t h e   N o r t h e r n  Affairs Program (NWT Region) 

of Indian   and   Nor thern   Affa i r s   Canada .   Addi t iona l   funding   and  
c o n t r i b u t i o n s  are prov ided  from t h e  Program on  Energy  Research and 
Development (PERD), Energy,  Mines and  Resources ,  NRC, a n d   A g r i c u l t u r e  
Canada. We wish t o  express our   app rec i a t ion  to all contributors t o  

t h e  program (IPL, INAC, EMR, NRC, Ag.Can) a n d  especially to  Land 
Resources staff F. Adlem a n d  L. Edwardson. 

Contact 

Dr. Kaye MacInnes,  Program  Coordinator 
Land  Resources  Division 
Department  of Ind ian  Affairs and  Northern  Development  
Box l s 0 0  
Yellowknife. N.W.T. X I A  2R3 
(403) 920-8152 Telex: 034-45505 
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SA. THERMAL REGIME AND TERRAIN STABILITY 

Agencies Responsible 

Permafrost Research Section  (formerly part of Earth  Physics  Branch),  
Geological  Survey of Canada, 
Department of Energy,  Mines  and Resources, 
in  cooperation  with:  Department  of  Indian  Affairs  and  Northern 
Development,  National  Research  Council of Canada,  Agriculture  Canada, 
and  Interprovincial   Pipe  Line (NW) Ltd, 

start-up Date 

1983. 

Objectives 

1. to monitor  both  short   and  long term changes   i n   t he   ac t ive  layer, 

in   the   permafros t   and  i n  t e r r a i n  s t ab i l i t y  of the   a l ignment  area 
i n   r e l a t ion  to  pipeline  development  and natural climatic change 
at se lec ted   s tudy  sites; 

2.. to assess the   changes  t o  the  thermal   and  physical   condi t ion of 
t e r r a i n  caused by pipel ine-related  act ivi ty ,   including 
right-of-way  clearance,   pipeline  installation,  operation  and 
maintenance; 

3. to  compare observed   te r ra in   condi t ions   wi th   those   p red ic ted  
du r ing  t h e  pipeline  design process, including  thaw  depth,  t h a w  

se t t lement   and  frost heave of t he   su r f ace ;  

4. to  e v a l u a t e   t h e   e f f e c t i v e n e s s  of mitigation  and restoration 
procedures  and  recovery at the s t u d y  sites, inc luding   thermal  
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performance of t h e  pipe, w o o d  ch ip   i n su la t ion  of slopes, drainage 
control and  revegetation;  and 

5.  to identify  practical   improvements  which  might be made i n   t h e  
planning,  construction,  operation,  monitoring  and  abandonment of 
fu ture   nor thern   p ipe l ines ,   wi th   spec ia l   re fe rence  t o  t h e  
assessment of environmental   impacts  including route se lec t ion ,  
thermal design,   ground  surface  protect ion,   land  s tabi l izat ion  and 

res tora t ion .  

Locat ions 

See Table 5.1 and  Figure 5.1 

Results to  Date 

1983-1985 Observations  and Results 

Six monitoring sites were e s t a b l i s h e d   d u r i n g   t h e  1983/1984 

construct ion  season  and  seven sites d u r i n g   t h e  1984/85 season.  These 
13 locations  (shown  in  Figure 5.1 and   desc r ibed   i n  Table 5.1) were 
selected to: 

1. i nves t iga t e   t he   t e r r a in   r e sponse  to  par t icu lar   p ipe l ine   des ign  

f e a t u r e s  and mitigative  measures,   including areas of thaw 
sensitive t e r r a in ,   f rozen lunf rozen   i n t e r f aces   and  a wood ch ip  

insulated  slope;  and, 

2. to  r e p r e s e n t   t h e  soil and  ground ice condi t ions   a long   the  route. 

Each monitoring site general ly   consis ts  of one to  th ree   i n s t rumen ted  
cross-sections,   called  thermal  fences  and  designated A, B or C. An 

example of t he   l ayou t  of a thermal  fence,  shown  in  Figure 5.2, 
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illustrates  the  depth and distribution of boreholes instrumented w i t h  
temperature cables. Two 5 m cables  close to  the pipe examine t h e  

immediate effect of pipeline  installation and operation. Two 20 m 
cables (on and off ROW) investigate  the deeper thermal 
characteristics and enable a comparison of the thermal regime of the 
disturbed ROW and surrounding  terrain. A string of five  thermistor 
sensors  attached to the pipe provide a reference value for 
pipe-induced thermal disturbance. 

Temperature cable installation  at  the 1984 sites began in June 1984 

and was completed in September 1984; at the 1985 sites, cable 
installation was completed by the end of March 1985. The basic long 

term (10 years) monitoring program includes monthly site  visits 
emphasizing the acquisition of thermal data. 

In  addition t o  the thermal information, geophysical surveys  and 
topographic surveys were also  conducted. Ground probing radar 
surveys were conducted in  December 1983, June 1984, September 1984 

and May 1985. Time  domain reflectometry (TDR) rod installation began 
i n  September 1984 and was completed i n  October 1984. TDR surveys 
were conducted i n  September 1984, November 1984, May 1985 and June 
1985. Ground surface  elevation s u r v e y s  were obtained in  June 1984, 

A u g u s t  1984, May 1.985 and  September 1985, 

Temperature  cables at  remote and selected sites (Canyon  Creek 2A, 

Great Bear 3A, Table  Mountain 7A and 7B) were equipped w i t h  automatic 
data  systems i n  October 1985. In collaboration with the Atmospheric 
Environment Service (Environment Canada), a micrometeorological 
station was set up at  the Canyon  Creek 2A site i n  March 1985. 

The data  collected  during  the 1983-1985 period yielded information on 
the following: 



1.  

2. 

3. 

4. 

thermal  regime on   and  off t he   p ipe l ine   r i gh t -o f -way  (ROW), i n  
p a r t i c u l a r   t h e   e f f e c t s  of snow  c l ea rance   du r ing   cons t ruc t ion ,  
p ipe l ine   t renching ,   water   ponding ,   woodchip   insu la t ion ,   snow 
d i s t r i b u t i o n   a n d   d i f f e r e n t i a l  act ive  l ayer   deve lopment ;  

d i s t r i b u t i o n  and r e d i s t r i b u t i o n  of water bo th  on a n d  off t h e  ROW, 
I 

wi th in  and below t h e  a c t i v e  layer, a n d  t h e  associated changes i n  
soil electrical c h a r a c t e r i s t i c s :  

va r i a t ion  of t h e  active l aye r   bo th   w i th  time and   a long   con t inuous  
p r o f i l e s  across t h e  ROW; a n d  

t e r r a i n   h e a v e   a n d   s e t t l e m e n t  at t h e   m o n i t o r i n g  sites. 

Late 1985 a n d  1986 O b s e r v a t i o n s ' a n d  Results 

1.  Data   co l lec t ion  

Monthly site v i s i t s  to  collect ground  temperature d a t a   c o n t i n u e d  
t h r o u g h o u t   t h e  year for all sites (as per s c h e d u l e   i n   T a b l e  5.2) 

except the  remote loca t ions  of Table Mountain,   Redknife  Hills a n d  
P e t i t o t   R i v e r   ( n o r t h   a n d   s o u t h ) .   I n   J u n e ,   g r o u n d   p r o b i n g  radar 
s u r v e y s  were conduc ted  at t h e   G r e a t  Bear moni tor ing  sites. Downhole 
electrical conduc t iv i ty   measu remen t s  were also carried out i n   J u n e  
using t he   geophys ica l  holes at Pump  s t a t ion  1, Canyon Creek (A, B and 

C) and   Grea t  Bear ( A  a n d  B). TDR measurements  were t a k e n  at all 
sites b o t h   i n  May a n d   i n  October. In  September ,  all fences i n  the 
N.W.T. were r e su rveyed .  

2. New i n s t r u m e n t a t i o n  

I 

In  March 1986, a dr i l l ing   p rogram was u n d e r t a k e n  at the Table  
Mountain sites to  e s t a b l i s h  new off-ROW re ference   ho les  at each of 



the   th ree   fences .   Three  new holes  were  dri l led in a n  attempt to  

achieve less off-ROW ground  surface  dis turbance  than  had  occurred 
du r ing   t he  1985 dril l ing; The new hole at fence A was deepened to  

93 m to  provide a re ference  for long term climatic changes  in  t h i s  
area of t h e  Mackenzie Valley. 

in August ,  shallow 1.5 m soil   temperature  probes were i n s t a l l e d  at 13 

fences,  both  on and off the  r ight-of-way, as par t  of a new project 
undertaken  in   cooperat ion  with Agriculture Canada (Tables 5.3, 5.4). 
Permanent snow dep th   s t akes  were instal led in A u g u s t  and  September. 
In September, addi t iona l   ins t rumenta t ion  was i n s t a l l e d   o n   t h e  
woodchip  slope  fence at Canyon Creek 6 as past of a new pro jec t ,   in  
cooperation  with  the  National  Research  Council ,   to evaluate wood ch ip  

insu la t ion .  

In  t h e   f a l l  of 1986, four  IPL thaw  set t lement  sites were ins t rumen ted  
wi th  pairs of 10 m temperature cables. Two of t hese  sites over lap  
wi th   ex is t ing   fences  (km 272.0 and 608) and  two are at new loca t ions  
(km 135.1 and 469.7). An add i t iona l  site (km 95.1) was i n s t rumen ted  
wi th  one cable.   The  instrumentation was undertaken  in   cooperat ion 
w i t h  IPL in  .conjunction w i t h  t h e i r   d r i l l i n g  program at thaw 
set t lement   monitor ing sites. 

In October, a f i f t h  automatic data acquis i t ion  system was ins t a l l ed  
at P e t i t o t  River North B t o  ensure t h a t  a cont inuous  annual  record 
was obtained  in   one of the remote peat plateau sites i n   n o r t h e r n  
Alberta.   This  fence now joins Table Mountain A and B, Great Bear A 

and Canyon  Creek A on t h e  list of sites with  an automatic s y s t e m .  
These  loggers are connected t o  t h e  ground temperature cables   (and t o  

t h e   s o i l  probes at t h r e e  fences as well) bu t  not t o  t h e  p ipe  

temperature   sensors .  

- 77 - 



3. [PL remedial   work at i n s t r u m e n t e d  fences 

Winter remedial work was carried o u t  by 1PL in February and  March 

1986 near seve ra l   i n s t rumen ted  fences, Addi t ions  to  e ra s ion   con t ro l  
berms were made at Canyon Creek C and new select backfill was added  
t o  t h e   t r e n c h e s  at Manner 's  Creek C and  Moraine  South.  In organic  
areas, o r g a n i c   s u r f a c e  material adjacent t o  t h e   t r e n c h  was bladed  
i n t o  and over t h e   t r e n c h   d u r i n g  March 1985 and late summer 198.5. 

4. Brief Climatic Perspec t ive  

( w i n t e r  8 5 / 8 6  based on AES records at Norman Wells and  Fort 

Simpson) 

Early  snowfall   (October-November 19x5 

previous winter ,  while  later snowfa l l s  

lower, Winter  mean  monthly  temperatr  

) was h i g h e r   t h a n   i n   t h e  

( J a n u a r y  and Februa ry )  were 

ures  were colder   than   normal   in  

October ,   November,   January,   February  and A p r i l ,  a n d  warmer t h a n  
normal  in  December  and  March. For s u m m e r  1986 cond i t ions ,  see 

s u m m a r y  in   Sec t ion  5-8 (Ter ra in   Per formance) .  

5 .  Results 

Thermal changes   r e su l t i ng  from righ,t .o f -way widening and c learance ,  

tree removal and ground surface grading ,  pipeline c o n s t r u c t i o n   a n d  
t r e n c h i n g  were appa ren t .  A comparison of o b s e r v a t i o n s  tn t h e  early 

and  general t he rma l ,   ac t ive  layer,  a n d  thaw s e t t l e m e n t   p r e d i c t i o n s  of 
t .hP  EnvironmentaJ Impact Sta tement   and   Nat iona l  Energy Roard 

a p p l i c a t i o n s  was also under taken .  

Highl ights  of a n a l y s e s  and o b s e r v a t i o n s   t h r o u g h  t o  October 1986 are 

as follows: 
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Pipeline Temperatures 

A comparison of pipe temperatures and  ground temperatures at a depth 
of I m on the ROW (at all EMR/INAC fences  instrumented w i t h  pipe 

temperature  sensors) were undertaken i n  order to  determine  whether 
the pipeline w a s  behaving as an ambient temperature  line (i.e. to 
examine the  prediction  that pipe temperatures would closely follow 
the temperatures of the  surrounding soil). 

An examination of the pipe temperature  data  at  individual  fences or 
small groups of fences showed that: 

a. Data from Canyon Creek A, 8 ,  and C: 
Prior t o  oil filling  the  line,  temperatures of the  pipe and of 
t h e  surrounding  soil at each fence were in close agreement 
( w i t h i n  1 degree) and pipe temperatures were distinct from  one 
fence t o  the next. After oil flow, pipe temperatures  at each 
fence no longer closely followed the ambient soil  temperatures 
(differences of u p  t o  4 degrees). Pipe temperatures, however, 
were similar at each fence. 

b. Since oil flow, a41 fences from km 477 south to  km 818, whether 
permafrost or non-permafrost, clearly have  shown a mean annual 
pipe temperature above O'C. In fact,  at many of these  fences (9, 

10A, 108, 1 1  12A, 128; and l ike ly  5A, 56, and 6 ,  although no 

mid-winter data were collected at the last  three  fences) pipe 

temperatures were positive  throughout t h e  last year. 

c. Pipe temperatures i n  t h e  northern  section from site 84-1 to 85-7C 

(km 272), where permafrost underlies 75% of the  terrain, appeared 

to be averaging around O'C on an annual basis since  oil flow. 

d. Since oil flow, the pipe temperatures have consistently  risen by 
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2 to 3'C from fence  9 t o  f ence  10A (Mackenzie  Highway  South), a 

d i s t ance  of only 5 km. Pump S ta t ion  3 is located  between these 
two sites. The  highest  pipe t empera tu res  of all t h e  sites have 
usually been  recorded at t h e  Mackenzie  Highway  South  fences 
( tempera tures  of u p  t o  1O'C were reco rded   i n   t he  s u m m e r  of 1986). 

Ter ra in   S t ab i l i t y  

a. Surface  topography  changes across t h e  ROW (not  only at t h e  
t rench)   have become appa ren t  at several sou the rn  permafrost 

sites. A wide swath of re la t ive   se t t lement   has   formed  on   e i ther  
side of t he   t r ench ,   cove r ing  a total width of approximately 10 m 

and  of ten  skewed t o  t h e   s p o i l  side (fences 6 ,  5A, 5B, 13A, 13B, 
12B, lOB, 8C, and 88). These  changes  have l i k e l y  r e su l t ed  from 
d i f f e r e n t i a l   a c t i v e  layer deepening  and  thaw  subsidence across 
t h e  ROW; i n   add i t ion ,  at some organic  sites, t h i s  area was bladed 
for trench  re-roaching. 

b. Uneven  (sometimes  undulating)  surfaces  and  tension  cracks  have 
appeared on several woodchip slopes: these   sugges t   e i t he r  
d i f f e r e n t i a l   s e t t l e m e n t   i n   t h e   c h i p s  or i n  t h e  soil beneath.  
Di f fe ren t ia l  snow melt observed on many woodchip slopes i n  
October 1986 suggests d i f fe ren t ia l   hea t ing   (decomposi t ion)   in   the  
pile.  

Changes  in  Permafrost   Depth 

The  thin  permafrost   ( less   than 4 m) original ly   noted at f ence  10B 
(new clear ing)   and  fence 1 1  ( recent   hel ipad  c lear ing)   has  now 
disappeared  on  the  r ight-of-way. 
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November 1986 to  October 1987 Observations and Results 

1 .  Data collection 

Monthly site  visits  to collect ground temperature  data  continued for 
all sites (see Table 5.2 for schedule of field work). Time  domain 
reflectometry (TDR) measurements were taken  at all sites both i n  May 

87 and  October 87. In  August ,  topographic surveys were undertaken at  
all thermal fence locations w i t h  the exception of 84-2A, 84-2C, 85-9 

and 85-1 1. 

In October 1987, a  sixth automatic data  acquisition sys t em (Seadata) 
was installed at Table  Mountain 85-7C and connected to  ground 

temperature cables Ti through T4. Seadata loggers are currently  set 

for three readings per day. A defective logger at site 84*-5B was 

replaced. A prototype  interface u n i t ,  allowing manual readings on 

the cables during regular field  trips without  disconnecting from the 
Seadata logeers, has  been designed and installation  is planned for 
spring 1988. New loggers  have also been installed to increase  the 

frequency of pipe temperature  readings at select  sites. (See 
section 5.0) 

2. New Instrumentation 

In March  1987, a deep drilling program was undertaken at  two 
locations i n  the Norman Wells area i n  order to examine the ground 
temperature  profiles for evidence of climate change.  The holes will 
provide  reference sites for long term s t u d y  of climate change and 

ground temperature  relationships. The first   si te was at valley level 

(elevation 120 m), near site 84-2A, Canyon Creek, while the second was 
situated on top of Kee Scarp (elevation 365 m), about 5 km north of 
Norman  Wells. The sites were selected to  determine whether there  is 
a relationship between observations and elevation and whether this 
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m i g h t   i n   t u r n  be related  to the   t empera tu re   i nve r s ions   commonly   found  
a long   t he   va l l ey   i n   w in te r ,   Two   ho le s  were d r i l l e d  (45 m a n d  129 m) 
a n d   i n s t r u m e n t e d  to  f u l l   d e p t h   w i t h   m u l t i t h e r m i s t o r   t e m p e r a t u r e  

cables at each  site by  September 1987, 

In  May 1987, soil displacement   gauges  (a  series of r ing   magne t s  

bu r i ed   s equen t i a l ly   a round   t e f lon -cove red  access t u b e s  t o  d e p t h s  of 

1.5 m) were ins t a l l ed   bo th   on   and  off ROW at two moni to r ing   f ences  
for   exper imenta l   examinat ion  of t h e   d y n a m i c s  of nea r - su r face  
materials. Measurements   ob ta ined   should   enable   long  term moni tor ing  

of r e l a t ive   d i sp l acemen t s   and   i nd ica t e   t he   amoun t  of f r o s t   h e a v e   a n d  

thaw  set t lement .   Basel ine  measurements  were t a k e n   i n  October, 
Fur the r   r ead ings  are s c h e d u l e d   f o r  May and  October  1988. 

3. Analyses  

T h e   f i r s t   p h a s e  of l a b o r a t o r y   i n v e s t i g a t i o n s  of t h e   f r o z e n  cores 

col lec ted   f rom  the   geophys ica l  holes d r i l l e d  at t h e  1985 moni tor ing  
sites was completed  in  March 1987. This   phase ,   unde r t aken  in t h e  EMR 
cold room at -1O'C (keep ing   t he   s amples   und i s tu rbed) ,   i nvo lved  a 

genera l   v i sua l   descr ip t ion  of l i t ho logy   and   g round  ice, a 

photographic   and  video record, estimates of total d e n s i t y ,  a gene ra l  

s u r v e y  of t h e   t h e r m a l   c o n d u c t i v i t y   ( a t  -1O'C) u s i n g   t h e   n e e d l e  probe 
t echn ique   and   de t e rmina t ion  of t h e   a p p a r e n t   d i e l e c t r i c   c o n s t a n t   b y  

c o n v e n t i o n a l   i n t r u s i v e  TDR ( t ime  domain   re f lec tomet ry)   methods .  
Phase  I 1  of t h e  core ana lyses ,  now underway,   involves  a d e t a i l e d  
s t u d y  of t h e   p h y s i c a l   a n d   t h e r m a l   p r o p e r t i e s   a n d   t h e i r   t e m p e r a t u r e  
dependency ,   and   emphas izes   samples  from sites 85-7B a n d  85-128 as 

well as se l ec t ed  samples from major s o i l   u n i t s .   R e s u l t s   f r o m   t h i s  
research  will be u s e f u l   i n   d e t e r m i n i n g   t h e   f r e e z i n g   p o i n t   d e p r e s s i o n  

of t h e  soils, in  p r e d i c t i n g   t h a w   d e p t h s  and thaw s e t t l e m e n t  at t h e  
thermal   fences ,   and   in   numer ica l   s imula t ions  of the   thermal   reg ime.  

Both  phases  of t he   r e sea rch   have   been   ca r r i ed  out u n d e r   c o n t r a c t s  t o  
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Carleton  Universi ty .  

Mathemat ica l   curve   f i t t ing  to  the  approximately  monthly  ground 
temperature and pipe temperature da ta   co l l ec t ed  at the   moni tor ing  
sites has   been   under taken   (v ia   cont rac t )   in  order to i n t e r p o l a t e  
between  measured  values. Weekly i n t e rpo la t ed  values are t h e n  used t o  

ob ta in   runn ing  mean annual  temperatures (52 week running  means).   The 
running  means can t h e n  be used to  assess and  compare  the  thermal  
regime  adjacent t o  the   p ipe ,   on   the  ROW and off-ROW. To date ,  t h e  

analysis  has  been  .performed on t he   da t a   co l l ec t ed   t h rough  t o  t h e  end 
of March 1987. Calcula t ions   inc luding   the   da ta   co l lec ted   th rough t o  

the end of October 1987 will t a k e  place t h i s   w i n t e r  (1987/88). 

Time domain  reflectometry (TDR) f i e l d   d a t a  wi l l  also be examined, v i a  
c o n t r a c t ,  t o  de te rmine   the  temporal and lateral va r i a t ions   i n  soil 
moisture regime across each  fence.   Information  on  depth of thaw, t h e  

f reezing  point   depression of t h e  soils, and  the   p resence /absence  of a 

permanent  thaw bulb/frost bulb   a round  the   p ipe ,  will also be 

ex t r ac t ed .  

4. Observa t ions  and results of analyses 

Table 5.3 summarizes t h e  mean annua l  pipe tempera tures  and t h e  mean 
annual  1 m ground temperatures (on  and  off ROW) dur ing   t he   s econd  
year of opera t ion  (Apri l  1986 - March 1987). The mean annuals  were 

de termined   us ing   the  weekly i n t e rpo la t ion   va lues   ob ta ined   by   t he  
method  descr ibed  in  the previous  sect ion.  Also provided in Table 5.3 

is in format ion   on   the   range  of s e t t l e m e n t  at t h e  sites through t a  t h e  

end  of t h e  summer of 1986 based  on a 20 x 20 m grid with  a total of 
100 points .  

Figure 5.3 uses results of computer ana lyses  of runn ing  mean annual  
t empera tu res  to  compare ground  thermal  regime (on  and off ROW) with  
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pipe  thermal  regime for two thermal   fences ,  85-78 and 85-SA. 

Ground  temperatures from the  deep  climate holes  show  permafrost 

absen t  on Kee Scarp   bu t   p resent  t o  d e p t h s  of 25 m in   t he   va l l ey  site. 
Temperature   prof i les   suggest  a recent   one  degree i nc rease   i n   su r f ace  

t empera tu re  at Kee Scarp   bu t   no t  at Canyon  Creek. 

Conclusions/Recommendations 

1, Trends   i n  mean annual   p ipe   and  1 m ground  temperatures  over t h e  

en t i re   observa t ion   per iod  (1984/1985 t o  March 1987) 

(prel iminary results from  computer   analysis  of thermal  data) 

In general ,  both t h e   t e m p e r a t u r e  of t h e  p ipe   and   t he   t empera tu re  of 
t h e  ROW experienced a warming  trend.  The  warming at most sites was 

g rea t e s t  in  the first  year of ope ra t ion ,   r e f l ec t ing   t he   a typ ica l  

cooling of t he   g round   due  t o  snow removal du r ing   cons t ruc t ion   and  
pipel ine  instal la t ion.   The rate of pipe  and  ground  temperature  
increase  is slowing down at most sites. 

B y  contrast ,   an  unambiguous  warming  trend in  the off-ROW ground 

t empera tu res  was observed at only  about 25% of t h e  sites (compared t o  
65% showing on-ROW warming  and 75% showing  pipe  temperature  

warming).  These off -ROW obse rva t ions  do not reflect t h e   r e c e n t  

warming  trend  in mean annual  air tempera tures  at Norman Wells and  
For t  Simpson.  The  warming t r end   obse rved   on   t he  ROW is t h u s   l i k e l y  a 

result of the p ipe l ine   cons t ruc t ion   r a the r   t han  a response t o  the 
a tmospher ic   t rend .  
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2, Summary of observations  during t h e  second  year of operation 

Pipe temperatures: 

Mean annual pipe temperatures were generally >O" during  the second 
year of operation and ranged from -0.3 to  +5'C. Values generally 
averaged 1.5 degrees warmer than mean annual ground temperatures on 

t h e  ROW outside t h e  trench area at a d e p t h  of 1 m. The ground 
thermal regime adjacent to  the pipe i n  the  trench is t h u s  different 
from the ground thermal regime of the  rest of the ROW, regardless of 
whether the  site has been previously  cleared or not, because the 
level of terrain  disturbance  is  greater i n  t h e  t rench  than elsewhere. 

Ground thermal regime: 

Mean annual ground temperatures on--ROW (depth 1 m) several metres 
from t h e  trench ranged from -1.8 to +3.8' during  the second year of 

pipeline  opiration. Mean annual 1 m ground temperatures off-ROW 
ranged from -2.6 t o  t2.6' during t h i s  period. Mean on-ROW 
temperatures generally averaged one degree warmer. 

Active layers  at  the end of t h e  1986 thaw  season at sites on level 
terrain ranged from <0.5 m to 2.5 m on-ROW; off-ROW they were 
generally (1  rn. Active layers on-ROW generally  increased over t h i s  
observation period. 

Surface  settlement from topographic  surveys: 

Maximum recorded surface  settlement  to t h e  end of t h e  1986 thaw 
season ranged from 60 t o  >lo0 cm i n  the  trench area at 9 of 20 

surveyed thermal fences. Some of t h e  settlement  in  the  trench  area 
likely  resulted from subsidence of t h e  roach. On the ROW beyond the  

trench  area,  the maximum ranged from 50 to 80 cm at 6 of t h e  20 
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su rveyed  fences. C u m u l a t i v e   s e t t l e m e n t  to  t h e   e n d  of t h e  1987 thaw 

season   has  y e t  t o  be   de t e rmined   f rom  the  1987 t opograph ic   su rveys .  

Visua l   observa t ions  of s u r f a c e   s e t t l e m e n t   f o r m  part of IPL's  
geotechnica l   moni tor ing  program. They   have   i den t i f i ed  areas f o r  

d e t a i l e d   i n v e s t i g a t i o n   w h e r e   t h e   p o s s i b i l i t y  exists for t haw 

s e t t l e m e n t   g r e a t e r   t h a n   t h e   d e s i g n   d i f f e r e n t i a l   b e n e a t h   t h e   p i p e  over 

a s h o r t   d i s t a n c e .  Surface s e t t l e m e n t s  over 60 c m  i n   t h e   t r e n c h  area 

and   ove r  50 cm e lsewhere   on  the ROW, have  been recorded  at t h r e e  
the rma l   f ences  (84-1, 85-7B, a n d  85-128). These are i n c l u d e d   i n   t h e  
detailed thaw s e t t l e m e n t   i n v e s t i g a t i o n .  

3. Recommendations 

A longer   observa t ion   per iod  is r e q u i r e d   i n   o r d e r  to e s t a b l i s h :  
a. w h e t h e r   t h e   g e n e r a l   w a r m i n g   t r e n d  observed i n   t h e   p i p e  

t e m p e r a t u r e s   a n d  on t h e  ROW is cont inuing;  
b. w h e t h e r   t h e   d e c e l e r a t i o n   i n   t h e   w a r m i n g   t r e n d ,   w h e r e  observed, 

r e p r e s e n t s   t h e   e s t a b l i s h m e n t  of a new,  higher   equi l ibr ium surface 
t empera tu re .  

Future Studies 

The  moni tor ing  program should c o n t i n u e   u n t i l  the ground t he rma l  

reg ime  (ac t ive   l ayers ,   permafros t   th ickness ,  mean annua l   g round  
t empera tu res )   has   ach ieved   equ i l ib r ium  wi th  new surface temperatures 
a n d   s u r f a c e   s e t t l e m e n t  at t h e  s t u d y  sites has   subs ided .  Long term 
o b s e r v a t i o n s  arc n e c e s s a r y   i n  order to  f u l l y  address t h e  project 

o b j e c t i v e s ,   i n   p a r t i c u l a r  3, 4 a n d  5.  

Some aspects of the  project   may be a d j u s t e d  to  respond t o  changing  

su r face   cond i t ions   and   i n fo rma t ion   r equ i r emen t s .  



Monthly  acquisit ion of ground  tempera ture   and   p ipe   t empera ture   da ta ,  
regular   col lect ion of re la ted  data and  laboratory  and computer 
analyses  will cont inue   th roughout  1988. 
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Table 5.5 Description of materials to a depth of 165 cm 
a t  the  Norman Wells pipeline soil  temperature  sites 

I' " I 
Site  First Material Second  Material  Third  Material 
No. Type Depth TY Pe  Depth TY PC  Depth 

( 4  ( 4  (cm) 
"" . . "". - l_-_". "- -."_ "_ _I_ 

"" -." - - "" -I_ 

PSI-I 
PSI - 2  

peat 
peat 

0-40 
0-15 

lacustrine (Sic)* 40-165 
lacustrine (Sic) 15-165 

2A- 1 
2A- 2 

0-27 
0-20 

t i l l  (L) 27- 100 
t i l l  (L) 20- I65 

peat 
peat 

3A- I 
3A- 2 
3A- 3 

peat 
peat 
peat 

0-25 
0-98 
0-54 

a l  luvium (SL) 25- 165 
alluvium (SL) 98- 165 
alluvium (SL) 54- 165 

7A- 1 
7 A - 2  

0- 35 
0-20 

lacustrine (C) 35-165 
peat 20-80 

peat 
sandy gravel I lacustrine (C) 80-165 

70- I 
7B- 2 

0-10 
0-10 

lacustrine (C) 10-165 
lacustrine (C) 10-165 

peat 
peat 

48- I 
48- 2 

forest  humus 
eolian  sand 

0- 3 
0- I65 

eolian (S) 3- 165 

8A- 1 
8A- 2 

forest humus 
humus - sand 

0-18 
0-15 

eolian ( S )  18-165 
eo1 ian (S) 15-165 

SB- I 
88- 2 

0- 165 
0- I65 

peat 
peat 

8C- t 
8C- 2 

0-165 
0-52 

peat 
peat alluvium (S) 52- 1 1.0 alluvium  (Si) 110-165 

1 0 A - 1  forest humus 0-5 t i l l  (CL) 5- I65 
IOA-2 peat 0-58 t i l l  (CL) 58- 165 

128-1 peat 0- I65 
12B-2 peat 0- 165 

I3C-  1 peat 0- I65 
13C-2 peat 0- 165 

5B-I peat 0- 165 
58-2 peat 0-1 65 

."..".___"I__ 1_ - - "" I "___ _" ._ .-. - 

.Abbreviations in brackets are: Si - silt, C - clay, L - loam, S - sand 



F u t u r e  Studies  

prrsonnc41,  only a skeleton monitoring  programme w i l l  be conducted .  
I t  w i l l  cons i s t  of fewer sampling periorfs a n d  fewer s tud ie s .  
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