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i 

The relationship between terrain and soil paramctcss and the ditch production  rate using 
wheel  ditchers in permafrost conditions is examined in this study. Correlations were 
developed based on the actual conshu~rion history of the Interprovincial lpipe Line from 
Norman Wells, N.W.T. to Zama, Allma. - - 

Several modcls wcrc developed to predict ditch production  rates in permafrost with 
different soil and terrain paramem. Tbc simplest  model is based on terrain analysis from 
air photo  interpretation  and the most complicated mdel involves  moisture  content  and 
cobble  frequency based on detailed borchole  investigations. The strongest  quantitative 
parameter  affecting  ditch  production  which was identified  in  this study was moisture 
content. 

All models developed in the study to predict ditch production rate were compared  to actual 

pduction rates achieved through the study a r a  

Comments  on general factors influencing ditch  production rate were also discussed. 
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The Norman Wells to Zama pipeline is an oil  pipeline  which  traverses  approximately 
868 km of  discontinuous  permafrost along the Mackcnzie  River  valley.  The  pipeline is 
operated by Interprovincial Pipe Line Company (IPL) and carries oil from reserves at 
Norman Wells, N.W.T. owned by Esso R ~ u r c e s  Canada Ltd. (Esse). The  pipeline is 
rather unique in that  it is the first major pipeline constructcd in permafrost in Canada and 
one  of  the  few  in  the  world Many design problems  unique to pamafrost and cold regions 
had  to be considered  throughout the entire project, with somc being  ongoing.  Conditions 
of frost beavc nnd thaw  scttlemcnt which could @we large differential settlements or 
inducc  pipe strcsscs had to bc all04 for. - I 

Pahaps the most difficult obstade to ovtxcmc was the d construction of the pipcline. 
Little inf"tim was available to suggest the best means to excavate  the  pipClint trench or 
how much it would cost There was no rcal m e n =  or experience other than ditching 
trials to comparc past performance with the problems facing the pipline designers. 

This repart summarizes the actual production  achieved  during construction and attempts to 
correlate ditch production rate with terrain type and soil parameters. In addition, some 
general  comments on factors  which  affect  overall  production and logistics are also 

presented. 

2.0 

The N o m n  Wells to Zama pipeline is a 0.3 m diameter oil pipeline  which  follows  the 
Mackenzie  River  valley through much of the Northwest  Territories as shown in Figure 1. 
As the  pipeline  passes through very  discontinuous  permafrost  where large frozen and 
unfrozen areas exist,  the  pipeline operating temperature was kept mderate and is 
considered passive as it is g c n d y  only a few degrees a b e  freezing. Running a pipeline 
"chilled" or bclow fitczing is advantageous in areas of continuous pamrrfrost because thaw 
settlement is minitnizcd. In very discontinuous permafrost, it is often more advantageous 
to o p t c  the  pipeline slightly above freezing to minimize  the  problems  associated with 
ground freezing and frost  heave. 
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The pipeliie was constructed  in  the winters of 1983/84 and 1984/85. Winter construction 
was  the  only  feasible  time for construction as there are no all-weather roads to Norman 
Wells  (only a winter road) due  to  the  abundance of muskeg. Construction of the  pipeline 
was undertaken  in segments which were rev to as construction spreads. Initially, six 
spreads were proposd During actual  construction,  these spreads overlapped  somewhat 
and Spreads #I2 and w3 wcrc  actually constructed together. Figure 2 is a flow chart 
highlighting the location of co~~~mction of spreads and the s m a n  they were constructed. 

The majority of the pipeline was trtnchad using large w k l  ditching machines spccially 
designed for Arctic work. The machines wcxe custom built twin  engine 1200 HP 1 

excavators refexred to as the Mdel7-10 which axresponded to width and  depth of ditch 
possible in feet. These machines were capable of excavating a smmth regular trench which 
made  laying and backfilling  much  easier than in the backhce excavatcd  ditch.  Typical 
burial  depth for the pipeline in a narmai right of way was between 1.1 and 1.2 m. Deeper 
burial  was  implemented  at  all road and stream crossings. Backhoes were  employed in 
areas which could not support the weight of the ditching wheels and in areas of boulder tills 
whcrc the ditching wheels could not physically excavab the soils. 

Right of way disturbance was minimid as much as possible to preservc the natural peat. 
The  presence of peat has an insulating effect which, in many cases, is the primafy reason 
permafrost remains in  discontinuous zones  along much of the pipeline  route.  Ground 
temperatures are oftcn near -1'C and the ptsmafrost is  classified  as warm. Grading of the 
right of way  was  therefore  kept to a minimum and generally restricted to snow removal. 
However,  even with c a r e a  the organic mat  was c o m p s e d  significantly and likely  to  have 
diminished its insulating effect. This observation has no major implication  to this study, 
but may be important when an evaluation of degradation of right of way  due to thaw is 
evaluated after several years of pipeline opaation. 

During construction, daily progress  at all stages of the project  were recorded as well as 

very  detailed  field  ditch logs which  included soil and ice descriptions. Thesc rezods, with 
the  addition of alignment  sheets  and  borehole infoxmation, f o m d  the  database for this 
study and are presented in the  next section. 
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3.0 DATA SOURCES 

As mentioned above, records kept in the field  during  construction,  and a wealth of 
information  collected for design were used in this study, The sources of data are listed 
below and  will be discussed individually: 

Daily progress reports for a twenty-four hour period (end of dayshift to end of dayshift) 
were produced for each construction spread. The status of all work on the pipeline was 
monitored and the reports served as a project management tool to ensure the project kept on 
schedule. It was not designed to be a detailed record of ditch progress. However, the 

amount of kilometers trenched per day as well as general  comments on trench  progress, 
quipment downtime, air temperaturc, ctc. were recorded on these rtports. A typical 
progrtss report is presented in Figure 3. 

The amount of trench excavated per day recorded was for all equipment working  and did 
not distinguish between backhm progress OT wheel ditchex progress. In addition,  the  daily 
progress reports did not identify where on the route  the trenching occurred. This 
information had to be inferred from the field ditch logs. 

Field diaries were kept by most of the field  inspectors.  Typically,  they  contained 
comments on general progress during a shift, but  often were not very specific. The field 
diaries were useful to obtain travel time for working out logistics and often  had very good 
qualitative  comments regarding ditch progress. However, as with  most field diaries, they 

0 

. .  I 
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were not  always filled with the same detail W~IY day. No official record was quired to 
be maintained on ditching rates and therefm it was not notal. 

3.3 m D -  

Field  ditch logs were prepad approximately at 100 m stations  along  the  pipeline route. 
The pipeline  trench  was cxarnind visually and detailed information on icc and soil 
conditions wcxe recardcd. As different inSpacu#s with different technical abilities were 
assigned to various construction  sp&, significant variations in soil description is 
apparent. In general, however, the logs we quite good and provide a good Gasis for . . 

determination of what kind of soil and tearain type was being ditch& The ditch logs were 
filled out daily and me therefore useful in determination of what area of trench  was 
excavated on a given day, A typical ditch log is prestntd in Figure 4. 

3.4 f i m s m  

A complete Set of "=-builttt alignment sheets wuc @&d by IPL OII wbich WOIkhg data 
for  this  study was plotted. The alignment shctts consist of photo mosaics covering the 
entire pipeline mute which  shows the actual pipcline alignment and "as-built"  kilometer 
posts. Terrain units and their  boundaries arc plotted on the photo mosaics. The scale of 
the alignment sheets is 1:2000 which approximatts to roughly 10  to 15 km per sheet. 

The alignment sheets were  used to code all termin occurrences up to the Mackenzic River 
crossing. As the alignment sheets arc prohibitively large, they arc not  included in this 
report. 

3.5 v, DATUANK 

Over the past twenty ycars or so, many pipeline projects dong the Mackenzie River Valley 
were proposed and several went to a fairly high level of design prior to their  abandonment, 
Consequently,  thousands  of  boreholes wen drilled along a n m w  transpcmtion corridor 
which was  set  aside for future roads and pipelines.  One of the proposed pipeline projects 
that got to a high level of design  was  the Beaufa-Delta Project. In the  design  process a 
database or databank of all boreholes  drilled along this corridor  was  created  and all 
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borehole  logs coded into a digital form. After  abandonment IPL and Hardy Associates 
(1978) Ltd, revised thc old Beaufort-Delta Project Databank and drew from it to estimate 
thaw settlement potential along the route. H u n W  of new k h o l c s  drilled ~PeCifcaUy 
for the Norman Wells-Zama pipeline were addd to the databank 

This databank has becn a key component to this study as it allows for quick access to 
geotechnid data which can bc examined selectively along the route. In its current fom the 
IPL Databank consists of approximately 3800 boreholes within 5 )Em of the pipeline ftom 
Noman Web to Zatm 

- - 
Each individual barehole was codad stparatcly and storcd as a single d in a computer 
file. The information stored in each d is explained belaw: 

ometff post: 

&pth Holc - 
The borehole number and identifying series d e .  

An abbreviated terrain typ which eliminates soil modifiers. 
(See Appendix "C). 

Slack chainagt kil- ref- (Nonxm Welh KMP = 0). 

Depth of borehole. 

Depth of peat from the surface 

(0 if peat not t m c o u n t e r d ) *  

Depth to bedrock from ground surface. 
(100 if btdrock not encountad). 

(See F i p  6). 

(See Figure 6). 

Depth to till from the surface. 
(100 if till not encountered). 
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CQbbkS: 

m: 

Grain Sk: 

1 = cobbles  prescnt in bortholc; 
0 = no cobbles present. 

1 = Strcngth test, N-values from pcnctratlon tests, ctc. 
available 

0 = no strength data available. 

Fixed for all breholes. 

0-  2 
2 -  4 
4 -  7 
7 -  10 

10- 15 
15-20 
20- 30 
30-40 

1 
2 
3 
4 
5 
6 
7 
8 

unified-: Soil classification for each layer based on a weighted 
avemge(e.g. SM,CL,ML). 

ma-: Water content based on a weighted average for each layer. 
(Percent). 

Visible &: The amount of visible or pure ice for each  layer  based on a 
weighted average. (Percent). 
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Bulk Den&: Frozen bulk density based on a weighted  average. 0. 

A sample  borehole fiom the databank is shown in Figure 5. 

coding of thermal condition of the borehole log was achieved by the use of two variables 
referred to as depth of thaw (DT) and depth of pcrmafroest @P). Various permafrost 
conditions were able to be represented as shown inkgure 6.. Seasonal h s t  was defined 
as any frozen material at the surface less than 5 feet in thickness and was ignored in the 
databank. 

3.5.2 IDENTIIFICATION OF TILL 

e The presence of till was another impurtant  variable identified in the databank, All soil was 
classifitd by the United Soil Classification Systcm (USC) and the term "till" reflects the 
origin of a mil, not its classification by USC. However, soils of a till origin in the 
Mackenzie  Valley perfarm much differently than lacustrine soils and hence a need existed to 
classify tills separately fiom other fine &rainad soils. Tills along the Mackenzie Valley  tend 
to be fine grained silts and clays with occumnccs of cobbles and boulders. Till is 
identified in the databank as a  depth to till. ( F i p  7). The underlying  assumption here is 
of cowst, that  till is generally the lower stratum and the likelihood of a till deposit 
overlying  a lacustrine deposit is low along the pipeline route. 

e 

In order to atzxss how accurate the coding of till was in the databank, an examination of till 
Occurrences against terrain typ was undertaken. Figures 8 and 9 show the percentage of 
boreholes with and without till plotted f& each terrain type. As can be seen, 83 percent of 
the holes c l d e d  as MG (glacial moraine) were logged as till. As well, 81 percent of the 

LP (lacustrine) deposits had no till, In the rcmaining 19 percent of the LP group that had 
till, the average  depth to till  was 2.6 metres, well  below the average  depth of pipeline 
burial, and below the normal depth to which terrain analysis by  aerial  photo mapping is 
accurate. 
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Based on the above fmdings, the use of the till  variable as coded in the databank was used 

to override the USC classification and was uscd to identify tills for this study. Bedrock 
was identified in a similar fashion as shown in Figure 10 but its occurrence along  the 
pipeline route was minor, and not considered in any great  detail. 

3.5.3 * 

cach USC was attempted for all frozen boreholes with both ice  and moisture mit data. 
The results am presented in Appcndix "B". 

The  conclusion after a  review of the data above, was that only rough mlat ions between 
ice and moisture  content existed and the usefulness of the visible  ice parameter was 
considered minor. This discovery likely reflects the variability of moisture  content  within 
p a f r o s t  in general, and that  segregation and migration of water to  freezing fronts is 
ongoing.  Sampling  techniques for moisture content either smooth ar exaggerate these 
differences. 

After reviewing the data in the IPL Databank, it a p p m d  the databank was sufficiently 
accurate and dctailcd to be used in this study. Software was developed  to  manipulate data 
and select specific Momtion at any point along the pipelinc route. This information was 
used in conjunction with the other data to M v e  correlations of soil paramem and terrain 
type with ditch production. 

As part of the investigation to delineate soil and permafrost conditions  along  the  pipeline 
route,  continuous  geophysics was undcrtakcn by Hardy Associates (1978) Ltd. between 
March 1981 ahd May 1982. The suwey was undertaken with the EM-31 and EM-34. 
Both instruments measure apparent  conductivity of the  subsurface  conditions. The 
shallowest  possible  survey with the above  equipment was with the EM-31 on its side, 
which measured conductivity in the top 3.5 m. The  deepest  measurements were with the 
EM-34 which had a range up to 9.0 m 
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Apparent  conductivity is very  difficult  to  use  to  positively  identify soil or permafrost 
conditions  even in a homogeneous  soil  without  layering. Quantitatively, there is 
considcrablc ovahp in apparent  conductivities betwc~n one soil to another as well as with 
different geothermal conditions as shown in Figure 11. 

In reviewing the geophysical &la, however, it bccamc obvious that it was not a pdctive 
tool  which could be used on its own and apparent  conductivity was a variable  which could 
not be correlated  quantitatively to production  rate.  Geophysical  signatures are more 
correctly  interpreted by  shape or trends  rather than absolute  values  which  would be 
impractical to use in this  study. As well, out depth of interest is approximately 1.2 m and 
the shallowest  gcophysics  available considers the top 3.5 m, 

As a rmlt, the geophysical data was not considered in the d a t i o n s  with ditchability and 
was only  used to assess -st distribution along the pipeline  route. 

4.0 -AREAON 

The stlcction of the study area was based on the availability of data and predominance of 
permafrost. Thc intent of this study was to concentrate on ditchability of permafrost 
conditions.  It  therefore naeded to be limited  to areas with greater than 50 percent of the 
route in permafrost. The  distribution of permafrost was examined first by  looking  at 
permafrost distribution  by  geophysics along the  pipeline  mute and then  by  distribution of 
froztn boreholes in the  bortholc databank. The results arc discussed in the following 
section. 
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4.1 PERMAFROST DISTRIISUTIO~ 

The distribution of permafrost as detcrmincd by  geophysics is shown plotted in Figure 14 
for approximately 50 km intends dong the pipcline route As can be Seen, there is an 
obvious daxcasc in pmmafmst as one moves south along the pipeline  route.  The average 
pemafmt distribution is around 70 pucent for the first 500 km and then drops off quickly 
toaround3o~~permntforthercstofthe~~. 

Another means of determining ptrmafrost distribution dong the pipeline mute was by 
frtquency of froztn boreholes within thc.botcholc databank. This is somewhat 6f a mort 

crude indicator of pamafrost distribution along the pipeline route as boreholes arc often 
clusterad in s d  local areas and  not  truly random. Figure 15 shows the permafrost 

distribution  by bortholts for SO km inmals. As can be seen, the pumafrost decreases as 
one mves south along the pipeline mute and more partially frozen holes axe encountered. 
The results arc very similar to tho= obtained from the  geophysical survey. 

Bascd on these two distributions, it appeared that pcrmafirost becomes rather discontinuous 
south of kilometer post 500. This also comsponded to construction spreads 1 to 4. 

4.2 4 

As mentioned earlier, the borehole databank is a compilation of many previous  drilling 
progratns as well as all boreholes drilled for the Norman Wells to Zama pipeline. "Im am 
approximately 3800 boreholes  within the IPL databank  within a 5 km corridor of the 

pipeline alignment. "he fkquency of boreholes for 10 km intervals along the  pipeline mute 
is shown in Figure 16. This scrvcs as a reasonable indication of the quality of the databank 
by kilometer post and is a g o d  indicator whac the geotechnical data coverage is highest, 

As can be scen, borehole information b m s  limited south of approximately kilometer 
post 550 and boreholes txmmc spaced on average less than 1 per kilometer. 



ere refened to as 
construction spreads. Construction spreads 1 to 4 wcrc from kilunctt~ p t  0 to 528. This 
geographically cornsponds to all of thc pipeline route north and cast of the Mackenzie 
River. 

5.0 CJ ASSIFI-ON AND JXSTRIBUTION 

An important component of all the design criteria established for the pipline mute was the 
classification of terrain types.  Terrain types or units arc basically areas which are 
composed of similar soils deposited in a similar fashion. The science of Tcnain  Analysis is I 
highly dependent on the use of aerial photographs (generally v i e d  in s t e m )  to &tarnine 
areas of similar geomorphdogy and soil typ~. The terrain typing system used for the IPL 
project is presented in Appendix C. For the purposcs of simplikation, the tamin types 
were originally condensed  and soil modifiers dropped and a twocharacter terrain type was 
developed,  which all the  boreholes in the borehole  databank  were  assigned.  This 
simplifmi tcrrain classification system is summarized in Appendix C 

In d e r  to evaluate  the occmnces of terrain types found along thc pipeline mute, the as- 
built length of each terrain unit was mcasund from the  alignment sheets and entered into a 
computer  file. By accessing this computer fde, statistical information regaxding percentage 
of ~ccurrcnce of each terrain typc was possible for any given kilcxmter post range. 

A su"8fy breakdown of terrain Occurrence for the  total study area (KMP 0-528) is 
shown  in  Figure 17. As can be seen, approximately  five terrain units dominate the study 
area In general, the  route consists of till moraines and  lacustrine  blankets with varying 
organic cover. 
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6.0 

The most difficult variable  to accmtdy quantify for this study was UnFOrtunatey the most 
important one and  that is the actual ditching rate for a given aresl. The o v d  or gross 
production rate is well documented,  but factors likc pcrccntagc of ditch excavated  by 
backhoe, mechanical downtimc and travel timt uem not documental in detail and have had 
to tx estimated, bad on memory of thc ditch inspectors, diaries and comments on 
P W S S  reports. 

In the winter of 1983/84, only one camp existed for each of Construction Spread #l and M. 
Towards the  ends of the spreads, travel time was playing a heavy role on ovcrall 
production as it was taking up to three hours for each shift to rcach the site from camp. 
Based on records in diaries, it appeared mvel time was fairly  collsistcnt dong the route and 
an average of 0.023 budkilometer were being lost per shift due to travel time. 

This logistics  problem was identified by the contractors and IPL and in the following 
winter of 1984/85, small intermediate  camps were established for the ditching crew to 
minimize travel time. 

Based on these observations, it was a simple taslc to estimate how much of cach shift was 
lost on mvel for  the entire study area. Figure 18 shows the n u m b  of horn per shift lost 
for locations along the pipeline route. 

6.2 

e 
The percentage of backhoe ditch was not monied accurately in Consauction Spreads #1, 
#2 and #3. However, discussions with Mr. Alex Costin of Hardy BBT Ltd. confmed an 
estimate of 15 to 20 percent of these mneS to bc excavated by backhoe. Construction 
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table 1 S P R E ~ E T S  

DATE 

JAU 25/04 
JMI 26/84 
JAN 21184 
JAM W 8 4  
JAN 29/84 
JAN 30104 
JAW 31/84 
FED 1/04 
f f l  2IM 
FEO 3/84 
FED 4J04 
fa Sllw 
FED 6184 
FED 1/84 
FED 1/01 
FED 9/04 
FU lO/M 
FED 11/84 
FED 12/84 
FED 13/84 
FED 14/84 

0 
FED 15/04 
FEB 16/84 
FED 17/84 
FLB 18/04 
Ffl 19/84 
FED 20104 
FED 21/04 
FED 22/04 
FEB 23/84 
FED 24/84 
FEI 25/84 
FEB 26/04  
FEB 21/04 
FED 28/04 
FED 29/W 
MI 1/04 
MI 2/84 
MR 3/84 
MI 4/04 
MR 5/84 
MR 6/84 
MAR 7/04 
MR 8/81 
MAR 9/04 
I U R  10J84 

MR 12/01 
MAR 13/84 

nAn I 1/84 

I. MAR 14/84 
MAR 15/81 
RAR 16/04 

I MAR 17/04 
MR 18/04 

TOTAL ZDlTMl DITCH NO. OF 
km b DITCHEM 
0.4 80 0.32 2 
1.4 80 1.12 2 
0.4 80 0.32 2 
1.3 80 1.01 2 
1.2 90  0.96 2 
2. I 80 , 1.68 2 
1.9 80 1.52 2 
3.7 80 2.% 2 
0.8 so 0064 1 
2. I w 1.68 1 
1.s 10 1.19 2 
2.7 m 2.16 2 
3.0 10 2.40 2 
1.7 bo I.% 2 
1.7 10 1.36 2 
2.1 %o 2.16 2 
1.9 80 1 . a  2 
2.1 do l o b s  2 
4.4 10 3.52 2 
5.0 do 1.00 2 
9.0 80 7.20 2 
4.1 80 3.a 2 
4. s 80 3.60 2 
5.4 10 4.32 2 
2.4 80 1.92 2 
2.3 80 2.32 2 
1.5 80 1.20 2 
4.5 8Q 3.60 2 
1.5 00 1.20 2 
4.s 80 3.60 2 
4.6 80 3.68 2 
6.0 80 4.00 2 
1.5 80 6.00 2 
5.8 80 4.64 2 
5.4 so 4.32 2 
5.8 80 4.64 2 
8.2 80 6.56 2 
5.1 80 4.08 2 
4.7 Bo 3.76 ' . 2 
3.9 W 3.12 2 
3. s 80 2.114 2 
4.3 80 3.44 2 
1.3 Bo 1.01 I 
5.2 8Q 4.16 1 
6.0 80 4.w 1 
2.3 80 1.84 1 
4.2 80 3.36 I 
3.4 80 2.72 1 
3.0 BO 2.40 I 
2.5 80 2.00 2 
1.6 80 1.28 2 
4.2 80 3.36 2 
5.2 bo 1.16 2 
4. I 80 3.29 , 2 

COIISTRUClIMI SPllEAI $1 KP 0.00 - 190.051 
WYM TRAVEL/ MOD. POa. TERlAfU US Iy XCOBBLES KILWETEI 

Z SHlFT(Lr) WWRS a/hr TYPE rosf 
20 1.9 35.4 9.0 I4 I -1 100 0.22 
20 1.9 35.4 31.7 14 I -1 20 1.1 
20 1.9 35.4 9.0 21 n -1 0 2.20 
30 1.3 am¶ 33.6 IS 1 12 85 3.11 
30 1.9 30.9 31.0 15 T 12 100 3.99 

to 1.1 35.5 42.1 14 f 12 % 7.5 
30 1.0 31.1 54.1 I4 1 I2 96 s o 4 6  

30 1.7 31.2 W.0 14 I 10 n IO.# 
80 106 9.3 69.0 14 6 !I 1M I24 
7S 1.6 11.6 144.1 19 1 -I W 14.n 
40 1,s 21A 44.4 IS 1 -I L I I  -1 
20 1.S 36.0  64.0 - 3S 6 I4 -60 20.35 * 

SO 1.4 2206 1602 sa -1 w 21.% 
60 1.4 18.1 7502 a1 -1 -I -1 
40 1.3 27.2 49.9 361 -1 -1  -1 
W 1.3 31.8 68.0 % I -1 -1 -1 
40 1.2  27.4 55.6 X I  -1  -1 -1 
20 1.1 36.6 4.9 331 -1 90 37.95 
to 1.1 36.6 %*I 19 1 21 w 33.m 
20 0.9 37.0 1os.2 19 n n 25 40.05 
IO 0.8 41.11  172.4 19 n 74 10 47.7 
10 0.6 42.1 17.9 19 1 46 80 51.6 
20  0.5 31.6 %a7 19 T 46 10 57.45 
40 0.4 28.3 152.5 351 34 75 61.35 
90 0.2  4.8  403.4 351 -1 75 69.15 
50 0.2 23.0 97.5 19 1 39 90 71.05 
10 0.1 28.7 41.0 19 T 39 w 13 
50 0.1 2 3 a ¶  1sO.6 19 I 1 70 75.9 
40 o 28.0 41.7 328 30 25 78.W 
40 0.1 28.7 1a.s 32s 31 5 m.n 
40 0.2 20.6 128.9 14 I w 0 86.55 
40 0.3 28.4 161.8 14 S 43 0 89.52 
20 0.5 37.6 159.6 14 I % 0 100.25 
20 0.7 31.3 1243 329 3c 0 102.3 
20 0.1 37.1  116.4 3 2 8  I6 0 111.25 
20 0.9  37.0  125.5 32s 16 0 115.1 
20 1.1 36.6 17900 11 s 1s 0 123.1 
7S 1.3 11.4 M.5 21 s -1 0 128.85 
65 1.4 15.11 237.7 2 l S  21 0 133.35 

M 1.5 22.4 18.0 I4 S 12 30 141.85 
20 1.7 35.7 #.I 14 1 21 100 145.75 
75 1.7 11.6 89.0 XCI -1 0 -1 
65 1.8 16.2 2S7.3 14 T 35 95 150.7 
6S 2 16.1 2W.l I4 6 1s 30 157.57 
60 2 11.4 100.0 361 80 -1 -1 
65 2.1 16.1 209.2 1s I so US 163.B 
65 2.2 16.0 169.7 ISH . Bo 40 168.15 
65 2.3 16.0 150.0 15 c 34 50 171.5 
50 2.4 21.6 92.6 15 n 32 100 174.55 
30 2.5 30.1 42.5 15 C 32 80 176.55 
20 2.5 34.4 91.7 1s 1 27 60 179.55 
30 2.7 29.1 139.5 I4 I 32 60 103.55 
50 2.0 21.2 1sJ.7 I4 I 32 0 M.67 

20 1.s 36.0 m.7 21 s 21 0 138.05 
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MTE 

DATE 

FED 5/85 
FED 6/65 
FED 1/85 
FEB 8/85 
FED 9/05 
m lots5 
FED 11/95 
FED 121# 
Fn 13/85 
FED 14/15 
FED 15/85 
FEl 16/85 
FEl 11/05 
FEB 18/85 
FEI 19/85 

TOTAL 
k8 

2.3 
2.4 
2.5 
1.8 

3 
605 
6.2 
4.7 
5.1 

0 
0 
0 

0.4 
0.4 
3.7 
2.5 
3.3 
3.1 

6 
5.9 
5.5 
6, I 

2 

TOTAL 
k8 

4.7 
7.1 

4 
4.3 
5.2 
4,s 

S 
C 

5,s 
s. 2 

5 
4.8 
4.7 
4.6 
3. II 

ZDlTM 

1.84 
1.92 
2.00 
1.44 
2.10 
5.20 
4.96 
3.76 
4 . 1  
0.00 
0.00 
0. 00 
0.32 
0.32 
2. % 
2.00 
2.64 
2 . 1  
4.80 
4.12 
4.10 
4.00 
1.60 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

45 
20 
20 
20 
20 
20 
20 
20 
60 

100 
100 
100 
100 
90 
20 
20 
20 
20 
20 
20 
20 
20 
20 

0.9 
0.8 
0.7 
0.1 
0.6 
0,s 
0.3 
0.2 

0 
0 
0 
0 
0 
0 

0. I 
0. I 
0.2 
0.3 
0.4 
0.6 
0.5 
0.6 
0.s 

25.4 12.4 IS I 
37.1 31.7 I4 I 
37.3 53.6 14 1 
31.3 3B.L 12 1 
37.4 64.1 321 
37.6 1311.3 12 B 
37.9 130.8 309 
#.I 9 . 7  12 e 
11.2 212.5 12 x 
0.0 0.0 S I  
0.0 0.0 5 1  
0.0 0.0 S t  
0.0 0.0 5 1  
4.8 66.7 s c  
30.2 n . 4  s t  
38.2 s2.3 5 c  
38,l 69.3 3 6 C  
37.9 a.4 14 C 
37.8 127.1 I4 C 
31.4 126.1 I4 C 
37.6 117.0 14 C 
37.1 1W.3 15 e 
37.6 42.6 15 c 

ZCOBBLES KILWlEfER 

23 
2s 
31 
20 
IO 
30 
7 
a 
-1 
-I 
-I 
-I 
-1 
-1 
%L 
34 
37 
37 
35 
52 
69 
55 
41 

Wl 

0 191.67 
40 194.3 
50 19c.3 
Jo 200.3 
10 202.3 
0 201.3 
0 216.1 
0 219.2s 

JO 2243 
-I -I 
-1 -1 
-I -1 
-1 -1 
-1 -1 
w m.3 
3) 232.3 
10 236.3 
95 238.3 
0 242.3 
0 24a.3 
0 251.3 
0 260.4 
0 -1 

~TMTIINI srmo 13 KP zs3.45 - 338.34 
DITCH M. OF wyll TRAVEL/ PAOQ. MOD. TfRMIl Use R ZWBBLES KILMIETER 

k8 @ITcWfB 1 SHIfT(hr) mfi 8th TYPE M S T  
3.76 2 20 0.5 37.6 100.0 14 C 41 0 265.52 
5.68 2 20 0.3 37.3 149.8 I4 C 35 0 271.5 
3.20 2 20 0.2 39.1 w.0 14 C 35 5 277.5 
3.44 2 20 0.1 38.2 96.0 I4 C 20 15 261.5 
4.16 2 20 0 39.1 1M.3 3 2 C  5 IO 286.5 
3. sl 2 20 0.2 3a.l too.0 I4 C 10 0 rJ1.5 
4.00 2 20 0.3 31.9 109.5 14 C 15 0 296.5 
4.10 2 20 0.4 37.8 127.1 1 6  2 20 305.5 
4.40 2 20 0.6 37.4 117,s 14 0 13 30 303.5 
4.16 2 20 0.7 37.3 111.6 I4 E 3s 0 314.5 
4.00 2 20 0.9 37.0 1M.2 I4 C 37 0 319.5 
3. M 2 20 1 36.1 104.3 3 2 E  39 0 323.5 
3.76 2 20 1.1 36.6 102.6 3 2 5  16 5 328.5 
3.68 2 20 1.2 36.5 100.9 3 0 5  14 10 333.5 
3.04 2 20 1.2 36.5 83.3 3 6 5  I t  - I  336.82 
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DATE 

JAN 24/04 
JAM 25/84 
JAN 26/84 
JM 27/84 
JAU 28/84 
JM 29/84 
JAN 30184 
JM 31184 
F B  1/84 
AB 2/84 
FEE 3/84 
FED 4/04 
FEB 5/04 
FED 6/84 
FED 7/04 
FED 8/84 
FEB 9/04 
FED I0/84 
FEE 11/84 
FES 12/84 
FEE 13/84 
FEE 14/04 
FEP 15/84 
FEE 16/84 
FEE 17/04 
FEB 18/81 
FEB 19/84 
FEB 20184 
FEB 21/84 

FEB 23/84 
FEJ 24491 
FEE 25/04 
FED 26/04 
FEB 27/84 
FED 28/81 
FEB 29/84 
MR 1/04 
MAR 2/81 

HAR 4/84 
Mi 3/84 
HAR 6/84 
MR 7/84 
HAR 8/04 

FEB nta4 

MI 3/81 

HAR 9/84 

TOTM 
kw 
0.3 

0 
0.5 

0 
1.2 
3. b 
5.2 

I 
S 

3.5 
3.3 
le4 
1.4 
3.6 

6.6 
6.7 
4.Y 
3.9 

2 
3.8 
2.4 
2.7 
3.1 

4 
C 

4.6 
6.1 
6.5 
6.5 
7.2 
6.2 
6.8 
6.5 
7.9 
2.9 
2. f 
6.5 
5.4 

4.6 
4.4 
5. s 
2.7 

e.5 

3.a 

3.9 

8 0  7 

IDlTUl 

10 
10 
10 
10 
10 
IO 
10 
IO 
10 
10 
10 
IO 
10 
10 
10 
10 
10 
IO 
30 
10 
10 
50 
10 
10 
15 
30 
20 
5 
5 
34 
40 
15 
60 
40 
40 
80 
9s 
0 
0 
20 
15 
65 
25 
10 
80 
80 

DITCH 110. OF 
kn MTCHERS 
0.03 
0.05 
0.M 
0.05 
0.00 
0. I2 
0.36 
0.32 
0 0  30 
0.M 
0.35 
0 0 3 3  

Oe I4 
0. I4 
0. I 
0.53 
0066 
0.67 
1.47 
0.39 
0.20 
1.90 
0.24 
0.27 
0.57 
1.24 
1.20 
0.19 
0.23 
1.83 
2.60 
0.97 
4.32 
2.40 
2.72 
5.20 
7.50 
0.00 
0.00 
1 0 3 0  

0.81 
5.65 
1.15 
0044 
4.40 
2.16 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 

i 

100 
100 
100 
90 
60 
60 
60 
60 
60 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
40 
73 
20 
44 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

100 
20 
20 
20 
20 
20 
20 
20 
20 

2 
2 
2 
2 
2 

1.9 
1.7 
100 
1.6 
1.5 
1.5 
1.4 
1.4 
l o 3  
1.3 
1.1 

I 
0.9 
0.7 
0.6 
0.5 
0.4 
0.4 
0.3 
0.2 
0. I 

0 
0.1 
0.2 
0.4 
0.5 
0.7 
0.9 

I 
1.2 
1.4 
1.6 
1.1 
1.1 
1.9 

2 
2.2 
2.4 
2.5 
2.6 
2.7 

0.0 
0.0 
0.0 
4.4 

17.6 
17.7 
17.B 
1 7 J  
17.9 
%A 
36.0 
35.2 
36.2 
3L.3 
x.3 
%*C 
X. 8 
37.0 
37.3 
37.4 
37.6 
37.8 
28.3 
11.8 
31.1 
21.7 
#.I 
a. 2 
38.1 
37.8 
37.6 
37.3 

36.8 
#.S 
36.2 
33.8 
0.0 

35.7 
35.4 #. 2 
34.9 
34.6 
34.4 
34.2 
34.1 

37. e 

mob. 
r/Lr 

0.0 
0.0 
0.0 

11.4 
0.0 
6.8 

20.2 
2). 3 
16.7 

9.7 
9. 1 
3.9 
3.9 
9. I 

14.5 
17.9 
18. I 
39.4 
10.4 
5.3 So. 3 
8. 5 

22.0 
1s.o 
41.8 
31.3 
s.0 
6.0 

1 . 5  
69.1 
2 6 0  2 

116.9 
67.4 
74.6 

143.8 
209.4 

0.0 
0.0 

36.8 
23.0 

162.1 
33.3 

128.5 
63.4 

13.9 

12.11 

TEllUlN UX 

19 I 
19 X 
19 I 
19 x 
19 X 
19 I 
19 I 
221 
331 

- 331 
331 
321 
12 x 
12 I 
321 
321 
1s x 
10 I 
I4 X 
14 X 
22 I 
321 
321 
MX 
15 I 
321 
19 I 
19 I 

' 19 I 
19 x 
19 I 
3 3 X  
19 1 
19 I 
19 I 
19 x 
13 X 

. 19 I 
19 I 
I¶ I 
19 x 
19 x 
19 I 
19 x 
19 x 
3 O X  

lvP€ 
-1 
-1 
-1 
-I 
-1 
-1 
-1 
-1 
-1 
-I 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
- 1  

- IO 
0 

95 
100 
100 
20 
10 
0 

20 
0 
0 

10 
34 
20 
30 
20 

511.35 * ' - 1 
505.1 , 

343.42 
500" 9 
499.7 

497.25 
492.67 ! 406.97 ! 

481.27 
475.57 
470.5 
467.6 
464.6s 
161.4 : 

4SE. 65 
4 s  

5 451.4 
5 446.43 

10  441.45 
15 437.45 

5 423.25 
10 418.7 
0 412.55 
20 412.35 
0 399.27 

10 392.8 
5 M.8 

40 379.15 

25 372.9 
40 366.82 
15 359.85 
20 352.85 
25 348.7 
5 344.15 
IO 339.71 

15 4310% 

so 3 n . n  
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Spread M was dramatically diffewnt in that the whccl  ditchcrs struggled in extremely 
bouldery material. At timcs, seven 245 Caterpillar backhoa were working in conjunction 
with the wheel  ditchcrs.  Fortunately, the ditch i n s p m m  generally n d  on the ditch logs 
what areas were backhoe ditch and what areas WCIZ whecl ditch. In Spread #4, backhoe 
ditch varied from 10 to 90 percent of the daily production. 

6.3 

Generally two wheel ditchers were working in Construction Spreads #l, #2, Iy3, and #4 
most of the timc on twenty-four hour shifts Due to the cold emking conditiofs, even a 

"good" day would  likely have 20 percent downtime for replacement of teeth and shanks. 
Longer pexids of downtime weft estimated h m  comments regarding major or minor 
repairs. Major repairs generally constituttd half to a full shif~ If a w h d  ditcher was 
down any longer than this, it was generally noted on the daily progress xqmrts. 

Once all the production  data and logistics had been  established on a daily  basis, 
spreadsheets were developed for each construction spread and are presented in Table 1. 
The overall  trench  production was adjusted for downtime, percentage backhoe ditch, etc, 
until the final actual  production rate cxpressod in metrcs/hour averaged for the day was 
calculated. 

The next step was to assemble all the soils and terrain information  and attempt to m l a t c  
productian rate with soil paramem. This is discussed in the following sections. 

7.0 OF SOILS AND TERRAIN DATA 

Once the  production rates had been establish4 on a daily  basis, average soil conditions 
encountmd during that day had DO be &trmnind. Soil type was dettrmintd from the ditch 
logs which often was not as detailed as a Unified  Soil  Classification (USC) but  would 
classify soils as silt, clay, md, gravel, or till.  Through zones of variable soil and varying 
terrain types, the dominant soil type was selected as representative for purposes of this 
study. 
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The terrain type was established as the dominant terrain unit encountered on a daily basis 
from the location of the trench with respect to original terrain typing on  the alignment 
sheets. Through arcas of variable tenain type, the  dominant terxain unit was selected and 
tabulatd with the other soil parameters. 

Cobbles were identified on ditch logs as to whether they wctc frequent enough to meet the 
raquircmcnt for sand or fluffed bedding. This criterion was any area with the o c c m n c c  of 
two or mom cobbles greater than 150 mm in diameter within 10 M of each other. The 
~ n ~ c o E d i t c h ~ ~ r c q u i r i n g b c d d i n g d ~ g a d a y w a s ~ ~ ~ a n d t a b u l a t e d .  

permafrost was much moic difficult to 8sstss in that even the &zen zones were reported 
to have a significant depth of seasonal frost. The depth of frost was not  accurately 
recoded at all locations and unfortunately an accurate assessment of the amount of frozen 
ground was not possible. It is assumed for this study that most mnch was frozen to at 
least 50 percent.  Qualitatively, it would appear the area near the Mackenzic crossing had 
less ptrmafrost, yet had the  greatest degree of difficulty to mnstruct. 

- - . .  

All the soil parameters and terrain types are summarized with production rams in Table 1 
for each construction 'spread 

8.0 ATION OF PRODUCI'ION WlTH S O U N D  TERRAIN - 
Once all data was tabuhtai, it was a straightforward task to plot one soil parameter at a time 
against actual production rate. Certain data was discarded upon closer inspection as it was 
clearly non-qmsentative and estimates of downtime were M y  in error. 

Thc five soil parameters which were available to correlate production rate with were as 

follows: 

1) -type 
2) soiltype 
3) misture content 
4) cobble  frequency (based on bedding criteria) 
5 )  permafrost frequency (based on geophysics). 
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8.1 

During construction, a common  observation by most personnel involved in the pipeline 
construct ion,  was that glacial tills were much more difficult to ditch than other terrain types. 
The common feeling was that tills had a higher frequency of cobbles and boulders and this 
was felt to be the primary m n  for slower production rates. 

An average production rate was calculated for each different terraia unit within the study 
area, and the results arc shown in Fqpe 19. Many of the t#ntin units are veryminor in . . 

Occurrence and it is likely the calculated production rate is not truly representative. 
However, the five dominant  terrain types (which repsent  75 percent of the route)  have 
rn data and we likely morc realistic. Thesc five dominant twrain units arc shown in 
Figure 20 plottcd with average  production xates. Thc results arc also shown in Table 2. 

As can be seen, glacial tills (t& typed as MG) arc approximately twie as difficult to 
ditch than the lacustrine  deposits  (terrain typed as LP). The terrain type LP-MG (which 
represents a lacusaim veneer over till) has a production rate between the tills arid lacustrine 
deposits which appears highly reasonable. 

TABLE 2 - PRODUCTION RATE BASED ON TERRAIN TYPE 

LP 
LP-MG 
MG 
ov-IP 
ov-Me 

107 
85 
60 
67 
41 



19 

8.2 SOIL TYPE 

The soil typ~s as obtained from the ditch logs were correlated with production rate and ~IE 

shown  plotted in Figure 21. A similar finding to  the terrain type carrelation is apparent in 
that till soils are more difficult to ditch than lacustrine or alluvial deposits. The results are 
summarized in Table 3. 

TABLE 3 - PRODUCTION RATE BASED ON SOILTYPE 

soil production Data 

Type A 

-Y 103 

- 

silt 129 
Sand 122 
Gravel 104 
TY 75 

8.3 & I O I S ~  c o r n  

As moisture  content  is  generally a good indicator of soil bchavicw, it was considered an 
important  variable  to  attempt  to  correlate  with  ditchability. Moisture content data was 
separated for soil types of sand and gravel, silt., clay, and till. Peat and organic silt were 
not includcd as areas where they extend to full depth of the ditch  trench were local and did 
not represent a large  percentage of the study area. In addition, moisture  contents in these 
materials am e x m c l y  variable, 

Moisture  contents were plotted far the four idcntificd mil types against production rate as 
shown in Figurc Nos. 22 to 25. As can be sccn, there apptacs to bc a rough relationship 
between  ditchability  and moisture contcnt. Linear regression was performed on each soil 
type with sufficient data, allowing  production rate to bc the dependent variable and 
moisturc content, thc independent  variable.  This prmluced a correlation 8s shown in each 
of the figures as Line A. Due to the scatter in the data, this produced a correlation  which 
did not  visually fit the data very well and suggested  that only a weak correlation existed. 
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To improve upon the  visual fit, another  regression analysis was performed assuming 
moisture  content  was the dependent  variable and production rate was the  independent 
variable. This regression  analysis is shown  plotted on the figurcs as Line B. A better fit to 
the data in cases such as this, where the data is pmnc  to large errors, is somewhere 
between  the two regression  lines4. This technique was used to improve thaw  settlement 
correlations with m&ure contents in the papcr by Hanna et al3. 

An interesting obsuvatim which c8mc out ofthis cxefcist was that the mhti011~ far Clay 
and till wcm nmly identical,  yet  thc data sets were shifted in different positions on the 
graph. Thc correlation  for  silt appeaxed very similar as well. The comlation for  sand was 
different and was  not  considered in the same class. An additional  correlation  was  then 
developed for fine-grained mBteTi81 which consisted of clays, silts and tills and is presented 
in Figure 26. All misture content correlations are summarized in Table 4. 

4 - PRODUCTION MOIS- CON'IEm 
soil production Rate  Camelation " Im/hr.) 

Sand PR = 3.90 (Ma) + 40.0 
silt PR 2.29 (Ma) + 15.0 

QaY PR = 3.00 (Mm) 
TI PR = 2.83 (Mm) 
Fine Grained (Clay, silt, till) PR = 2.67 (Ma) + 15.0 

This was a very  interesting  observation  which  suggested  that  tills are certainly on average 
more diffictilt  to  ditch than silts and clays, but it may be'- closely dated to the much 
lower avaage moisture content than to texture or cobble frequency. Tills  generally do have 
cobbles and this variable is discussed  in the next  section.  However, the question arises as 
to how many cobbles will actually  slow down the ditching  wheel.  It seems reasonable  in 
many  less stony tills that the camlation with moisture content  would be more dominant. 
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The great  difficulty in attempting to coxrelate production rate with cobble frequency is in the 
way we measure cobble frequency. The percentages of trench which required W n g  was 
hascd on a criteria defined in the Constructicm Bid Document as follows: 

"Clause 7.4.1.10 to apply  when two or marc IS0 mm dia. plus cobbles 
prcmt in 10 m of ditch and to rcmakl in effect until no such cobbles present 
for 50 m of ditch." 

From a lxdding perspective, where the intent is to minimize point I& on the pipeline, 
this may bc considend a lot of cobbles. However, from a ditching w h d  pcrspectivc, it 
seems wlikdy two cobbles within 10 m of& other would significantly af€ect production 
rate. In areas where  numerous cobbles (or boulders) axlt present, thtrc is no question it 
seems difficult or impossible to excavate  by wheel ditch- Our problem arises in how do 
we identify these areas. 

The other source of data which  has some infarmation on cobble frequency is the borehole 
databank. However, a smaU diameter drill  hole can often penchate through a bouldery till 
unless the deposit is maybe 25 percent cobbles. The point being, a drill hole samples too 
small an m a  and borcholcs am spaced too p a t  far an accurate determination of cobble 
fkquency to be made basal on boreholes alone. 

After having statcd the problems with quantifying cobble frequency, our data was still 
plotted for each of the four soil groups and collectively as shown in Figurc Nos. 27 to 31. 
On observation, there appears to be a trend that increasing cobble frcqucncy decreases 
production in the clays and tills. Cornlation for each of the soil groups was therefore 
developed in a similar fashion for cobble frequency as was done for moisave content, and 
are summarized in Table 5. The best fit for all the data was visually detamhd to be "Line 
A" and WBS usad in the prdictive &Is. 
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soil 
TVDC 

Sand 
silt 
Q a Y  
m 
All 

PR = 4.01 (-96) + 35.0 
PR = 3.22 (e%) + 12.0 
PR = -0.79 (a%) + 121.0 
PR = -3.05 (CF%) + 327.1 
PR = -0.479 (Cpqb) + 130.6 

permafrost  conditions w m  not  always identified on the field ditch logs. In addition, it was 
difficult to ascertain the difference between seasonal frost  and pcmafi~st. Therefort, for 
purposes of  this  study,  the  percentage of permafrost  occurrence dong the route as 
determined by  geophysics was corrclatcd  against  production rate as shown in Figure 32. 
The correlation with production  rate king the  dependent  variable (Line A) seemed more 
reasonable and was  stlectcd. This correlation is somewhat disturbing in that it suggests 
that permafrost tarain is easier to trench than unfrown tamin. This is likely a reflection of 
the  overwhelming affect of scasonal frost on production rates which masks the effects of 
permafrost. This will be discussed further in a lam section, 

The ultimate  purpose of developing any correlations bctwcen soil parmeters and 
production rate for ditching  would be to establish  a  prcdictivc tml(s) so fum pipelines 
could be cost  estimated and designed more cffcctivcly.'  It was hoped several  levels of 
predictive -1s or models  could be developtd in this study for different  levels of expense 
and confidence. For example, if a coxrelation of production rate could bc established  by 
terrain analysis alone, a lot of expense in drilling could be saved initially. If other 
correlations  with  soil  parameters  or moisture content were found  to be bttter predictive 
tools, this could represent a high level of effort and mney to estimate production rates with 
higher confidence. 
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Therefore, six modeis based on different paramttess as highlightd M o w  were investigated 
and the rcsults presented in the following sections. 

For purpos~s of this study, the pipeline mute was examined in 10 km ~ C X V ~ S  and Soil and 
other conditions averaged over those intervals. 

9.1 I-T- 

The simplest level of information often  available fix pipeiine muting, pior to the drilling of 
many ~ h o l c s ,  is terrain typing. Land farms can be identified by aerial photographs and 
brief field rccamissanccs. The cost of this kvel of investigation is  generally substantially 
less than a drilling program. In addition, a much morc general area can be examined using 
this method as opposed to thc very local nature of a drilling program which is comprised of 
very small diatncter boteholcs spaced Bt large intervals. 

Terrain inf'tion was averaged over 10 kilometer intavals based on the dominant terrain 
type encountered. The average ditch production rate from Figure 19 was then applied to 
these intervals and a prediction of average production dong the pipeline detetmined. The 
predicted production rates are shown plotted against the actual production rates in Figure 
33. As can be secn, this terrain typc model approximates some trends in the data, but is 
vcry "damped" in that it cannot prdict variations in pduction rate within a  terrain  unit 
itself. 
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9.2 MODJZL II - Soil 

The next  level of information often available for a pipeline  mute is soil classification. 
Boreholes which have  no to very little testing data arc sometimes available  near  pipeline 
routes  which may have  been  drilled for some other purpose such as B highway 
investigation or as of B soil sutvcy for agricultural or environmental purposa In these 
cases, a comlation bctwecn mil type and ditch productim may be more wtful than by 
-VI= 

A model was developed similar to the tuntin t y p  d l  that was based on the-average 
production  rates  shown in Figure 20. Thc predicted ditch production is shown plotted 
against the actual production for 10 kilometer intervals in Figure 34. As can be seen, the 
prcdictionisrathtrcrudeanddoesnotfitthc~~ti~ywctl. 

The highest  level of data  that might bc available for a large  pipeline is detailed  borehole 
information  along  the  mute. Often the  most  common soil test  undertaken is natural 
moisture content  determination.  Moistrnre  content data was  averaged and summarized for 
the  dominant soil type for 10 kilometer intcxvals along the pipeline route. Soil data was 
detcrmincd from the borehole databank, but was intcxprctcd slightly befare being used 
dircctly. In a m s  of lacustrine soils, the difference bctween silts and clays was often up to 
the discretion of the  person  classifying the soil. To alleviate this problem, silts and clays 
wen grouped together  in this study. Three soil groups wete classified for this  portion of 
the study; sands and  gravels, silts and clays, and tills. A weighted  average of moisture 
content was also established  for each 10 kilomta intend 

The results of the moisture content model predictions are' shown plotted against the actual 
production in Figure 35. The correlation is much betta than those based on soil and terrain 
type alone. Local icy or dry axeas arc identified by being wsy or more difficult  to ditch. 
This type of model  allows variations in ditch production rate within a ted or soil unit and 
the results are not "damped". 
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9.4 

As mentioned in d i e r  sections, the determination of cobble frequency was very difficult 
to quantify. In this study, two means of assessing cobble  frequency came from the 
bedding criteria  and OCCUITW~CC in test bareholcs. Figure 36 shows the relationship which 
exists  between  cobble  fmqumcy b a d  on bcdding criteria and b h o l e s  averagd for 10 
kilometer  intervals along the  pipeline  mute. As can b seen, a very rough comhtion 
between the two exists. For  the purposes of our shdy, this correlation has bcen  adopted 
farcom~gcobMcfrequcncybctwmthctwocritaia 

- - 

Rough corrclations between production rate and cobble  frequency were prcstntcd in 
Saction 8.4 As somc of the correlations wcrc not feBso118blcI one mht ion WBS assumed 
for all soil types as shown in Figurc 31. Cobble  fraquency data was * Aforboth 
the &g criteria and borthole critmia for 10 kilomter i n t ~ ~ a l s  along thc pipeline route. 
The borehole cobble  frequency was adjusted to the W i n g  criteria by the correlation 
presented in Figure 36. Both cobble criteria were then correlated to production rate based 
on the correlation shown in Figurc 31. The results far both are prtycnted in Figure 37. 
Both curves are not bad approximations to production rate but are somewhat averaged or 
"damped". 

The next step was to attempt to improve both the moisture content and cobble frequency 
&els by considering both variables at once. The results arc presented in the following 
section. 

9.5 ; 

In order to impme on the overall comlations, a combination of effect  by  cobble frequency 
and moisture  content was considered. Various weightings of each factor was consided 8s 

shown in Table 6 how.  
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The  results arc shown in Figures 38, 39 and 40 for cases A, B and C, rcspecthely. It . . 

would appear the addition of the cobble camlation does not dramaticdly improve  the 
moisture content mmlation done. A g e n d  "damping" &ect is noticeable as amre effects 
of the cobble clmelation is introdu& 

9.6 MODEL VI - panrafrost 

a An attempt to correlate permafrost occux~wlcc against actual prduction was undertaken 

based on the somewhat  contradictory cornlation presented in Figurc 32. The results arc 
presented in Figure 41 and are not a vcry closc approximaton to the &a 

It is highly likely the effects of pamafrost are not v e y  important to this study because 
seasonal  frost  extended over much of the depth of excavation. Whether the ground was 
permafrost or seasonally frozen may not be very significant. This possibly explains the 
somewhat poor correlati~s observed. 

10.0 rn FACTORS INFLWCING D m  PROLIU- 

Many of tht factors which influenced the overall ditch production could not be analyzed 
analyzed  quantitatively in this study. This section deals with some of the more qualitative 
aspects of construction  which may have had mom influence on production than soil 
conditions. 

0 
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10.1 

Most of the pipeline was constructed during the middle of winter. Access was not possible 
until substantial frost had  penetrated the gmud smfacc. Tcmpaahues were o h  ktween 
-30 and -40°C. During these cold periods, production was gend ly  much slower for two 
masons; equipment is moxc prone to brddowns, and rtpairs and general woriring was 
slower as much time is spent  by warken on keeping warm. 

Temperatures above -25OC, which are still quite  cold, seemed easier to work in as 
tmakdowns were lcss  fnquent and it was easier for people to stay warm. - . .  

10.2 

Thc presence of thick peat bogs cwscd substantial downtime to both backhoes andditching 
machines. In a very  local area near KMP 130, both a 245 Caterpillar backhoe and one of 
the ditching  machines broke through the thin frost layer and became badly stuck In both 
cases, days wcrc lost when ma&r rep& were quid to thaw and dry out the equipment. 
This particular a m  could have been avoidd as it was visible on the aerial photographs as a 
thick organic zone.  The  expense of muting around the peat bog likely would have been 
minor  in  comparison to the lost time and production experienced. These incidents 
highlighted the importance of terrain analysis and indicate how trouble 8nas can often be 
avoided by careful route selection. 

10.3 TILLS WITH ROULDERS 

The tills found along the Mackenzk Val lq  am of- trdmtely fine &rained and are more 
difficult to excavate than lacustrine silts and clays as this study has shown. However, the 
true significance of cobble or boulder  occurrence within a till unit could not be fully 
determined  Observations by ditch insptctars however, suggest that the area immediately 
north of the Mackenzit  River crossing was a v a y  come grained till. Luge cobbles and 
boulders were so frequent, the ditching machines  literally  could  not  excavate the material. 
The clay till matrix  was very strong, and boulders  would be held so tightly, that in some 
instances the wheel would literally shear granite boulders in half, rather than shear the clay 
matrix. 
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Until a bctter means is developed of estimating cobble frequency,  only  a qualitative 
assessment of bony tills can bt made that they arc extremely difficult or impossible to 
excavate with n a n d  ditching machines. 

10.4 -NT- S m  

During excavation of the pipeline trench near thc Great Bear River mssing, it was 
obsGsved by field inspector Mr. Alex Costin, that ccrtain sands wac e x m l y  difficult to 
excavate. In fact, special hardened  ditching teeth wcsc required to excavate this a x w  . . 
Visually there was nothing special about the appcarancc of these soils, nor was there 
anything unusual about their apparent origin that may explain the difficuties in excavation. 
Although the baCh0)c data was insufficient to p v e  anything oonclusivcly, it is speculated 

at this timc that thc likely cause of the difficulty in ditching was a moisture -tent that was 
low enough to producc I well-bonded ice structure with all sand pwticlcs in contact with 
each other, but with no excess ice. 

The results of this study suggest that tbcn are means of estimating the ditch  production rate 
from soils and tcrrain dam, but the  correlations are fairly rough.  Estimates of actual 
production and logistics  likely introduced significant errors in this study which 
unfortunately were unavoidable. Howcver, the following conclusions can still be made: 

In genexd, t e d n  units  reflecting till soils are twice as difficult to ditch as 
lamseine soils. 

Moisture content  appears to be an impatant variable and a reasonable 
estimate of ditchability can be madc using it alone. 
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Cobble Eroquency is an important factor af€ccting ditchability, but the means 
to quantify this parameter is diffhlt. A#tmpts to improve n m i s ~  content 
and soils correlations with the influence of cobbles were not highly 
successful. 

Permafiat is not a highly significant variable when winter  construction is 
adopted. n e  seasonal depth of- mtration may often bc greater than 
pipe burial depth and all ground therefore Waves hm. 

The results of this study ~IE promising that somt &ood prcdictioc -1s may be dWdoPd 
for future pipelines, if the opportunity arises far closer docuracntation of ditch production 
rates on the next major pipeline. It would be uscful to collect much more detailed 
production rate information, which could be collected by the ditch inspectar with no 
additional cost to the owner or contractor.- 
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TERRAIN TYPING LEGEND 

The legend developed for terrain mapping of the pipeline route 

corridor, makes use of l e t t e r s  to sylnbolize terrain units of d i f f er ing  . 

geologic origin, material type and subsurface  stratigraphy. Data on 

erosional  features,  where present,  are also included. 
- 

Letter Symbology 

Overburden h n d f o m  

Genetic origin (i.e. d e  of d e w s i t i o n )  is indicated by upper 

case l e t t e r s ,  with landform type specified i n  lowtr case. Major land- 

forms of each  genetic type are tsbulated belour 

0 Organic Landforms 

b - patterned bog lande, including peat plateaus and palas with 
small collapse scars 

f - ribbed (string)  I ret iculated,  and horizontal  fen lands 

U - undifferkntiated and predominantly transitional m-fen 
complexes, cons is t ing  mstly of unpatterned  peatland 

V - organic veneer 



I 
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A Al luv ia l  Landforms 

C - channel (non-vegetated) , wholly or only partly covered by 
wa te f 

d - del ta  

f - fan 

p - flood plain that  may or may not be inundated 

t - terrace (not flooded and undifferentiated) 

V - alluvial  veneer 

C Colluvial Landforms 

a - apron 

f - flow slide (mudflow and debris flow) 

m - slopewash and rill wash sheet  

6 - slide 

t - ta lus  slope 

V - slopewash veneer 

E Eolian Landforms 

b - sand and loess blanket 

d - dunes 

P - eolian veneer 
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L Lacustrine and Glaciolscustrinc Landforms 

b - postglacial basin 

d - deltaic plain 

p - nearshote and offshore lake p la in  

r - raised beach ridge 

V - glaciolacuatrlne veneer 

G Glae iof luvia l  Landforms 

d - delta 

e - esker, esker complex 

k - ha#, kame corsplex, kaue terrace 

p - outwaeh plain 

t - terrace 

V - glaciof luvial   venter 

M Moraine Landforms 

a - ablation moraine 

C - crevaesc f i l l i n g  

d - drumlin, drumlinoid moraine 

e - end moraine 

g - ground nrorainc 

h - hummcky nrotaine 

r - ridged 

V - nroraine veneer 
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Overburden Texture 

Texture of the overburden materials is indicated by lower case 

letters which precede the genet i c  type symbol: 

h u l d t r r ,  and/or angular blocks 

clay, clay and silt and/or sand rix<urcs 

gravel, including sandy and e l y  mixtures 

silt, including minor clay and/or sand mixtures 

organ ic -en t 

peat 

sand 

till 

Notes : 

1. When two or nore material symbols precede the genet i c  type symbols 
and no CoRIIDa is used between these symbols, the first material 
indica t t d  is subotd inate. Symbol ad jscen t to genet i c  tvpe 
designation represents the main material type. 
Example: bt - read, bouldcry till. 

2. When s t r a t i f i e d  deposits are expected, the symbols indicating the 
main materials involved are separated by a coma. 

Example: m,c - read, silt with c lay  beds. 
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Bedrock and Bedrock-Dominated Landforms 

Geologic age of bedrock is not indicated (refer to available 

GSc maps) mere is no equivalent to genetic t y p e  of overburden 

landforaur I n  the symbology for bedrock landforms. 

R Bedrock (Undiffarentlated~ 

Wherever possible, basic Xithological or petrographical typss 

and structure arm indicated by man8 of lowar case letterr, respectively 

preceeding end follorsing the kdtock symbol, 

Litholosical and Petrosraphical Tvpes 

i 

m 

mq 

8 

sc 

8e 

sm 

ss 

igneous rock (undifferentiated) 

artsanorphic rocks (undifferentiated) 

quao t z  i t c  

sedimentary rocks (undifferentiated) 

earbonate rocks - limestone, dolomite 
evapor i tes 

siltstones, mudstone, shale 

sandstone, cbnglomerate 
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Structure 

d - steeply dipping Or folded strata 

h - horizontally layered r t tata 

f - laminated 

m - m e l i v e  

Modifiers 

Geolcgic processes that have laDdified or at4 currently 

mdifying genetic materials and their ouxfmca expressions are umsidered 

as r d i f i e t a .  These are uaed only where a relatively large portion of 

the map unit I s  n d i f i e d ;  on-ritt syaat>olr can t# used to indicate 

modification of a relat ively small portion of a map unit .  

Classes 

A - Avalanched 
C - Channeled 
E - Eroded 
G - Gullied 

X - Karst 
P - Pitted OK kettled 
S - Soliflucted 
T - Thermkarst 
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Examples of Letter Symbology 

Examples of di f f erent  types of symbology art given below. 

Sinsle  Overburden Landforms 

Main material type (till) 

Subordinate aaatcrial 
type (gravel) 

Genetic type 
(moraine) 

Modifier 
(gullied) 

Form (ground moraine) 

Composite Overburden Landform 

Where two or =re terrain un i t s  cannot be differentiated a t  the 

scale of mapping, they are shown as a -lex. Thus, where two land- 

forms =cur in approximately q u a l  praportions, the -1s are 

separated by a .pried, for example; 
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Graphic Symbols 

Graphic symbols are used for features which cannot be expressed 

otherwise (such as boondariesl or whenever they enhance the clarity of 

presentation- They may not illustrate the actual  size of the 

The lnsp scale or size of the feature (like minor stream 

channel, ctc.) may preclude the use of certmin symbols. On the other 

hand, several symbols permit the size of a feature to be indicated. 

Main graphic spb l s  are ahom on the following Table. 
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BASIC GEOLOGIC AND WORPROfXK;IC SYMBOLS 

Boundaries a) geologic 

Drumlin/drumlinoid ridges - 

Crag-and-tail 

Fluting6 

Moraine ridge (transverse) 

Hinor nroraine ridges 

Crevasse fillings 

Esker 

Meltwater channel 

Abandoned strandline 

Sinkhole 

Karst depression or cluster of sinkholes 

Pan, t a l u s  oonc 

Escarpment in overburden 

Escarpment in bedrock 

Dunes 

Rock and blus glaciero 

Slope instability (slide) 
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TERRAIN TYPE CODES 

Terrain Type 

A €  

Qa, cs, Cf 

Ct 

Ed, Eb 

G P O  *, Gk, G t  

Lb 

Mh 

Me 

Ap 

AP 
" 
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MG-RK 

W-RK 
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