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This document is one of a series of addenda 
prepared to meet information requirements placed 
on Foothills Pipe Lines (South Yukon) Ltd. by 
the Federal Environmental Assessment and Review 
Office. Addenda within the series are divided into 
seven sets of submissions dealing with separate 
subject areas: 

1. Introduction to Addenda Submissions. 

2. Project Description and Update for Addenda 
Submissions. 

3. Alternative Routes. 

4. Geotechnical, Hydrological, Design Mode and 
Revegetation Issues. 

5. Fisheries, W ild life and Scheduling Issues. 

6. Issues Related to Pipeline Faci lities. 

7. Other Issues. 



LIST OF TABLES 

LIST OF FIGURES 

1.0 INTRODUCTION 

TABLE OF CONTENTS 

2.0 DESCRIPTION OF ALTERNATIVE DESIGN MODES 

3.0 ENVIRONMENTAL ASSESSMENT OF ALTERNATIVE 
PIPE PLACEMENT MODES 

3.1 Assessment of Buried Modes 
3.2 Assessment of Above-grade Modes 

3.2.1 Assessment of Effects on Fish 
3.2.2 Assessment of Effects on Wildlife 

4.0 GRANULAR MATERIAL REQUIREMENTS 

5.0 SUMMARY AND CONCLUSIONS 

APPENDIX I - Basis of the Permafrost and Earthquake 
Pipeline Design for Warm Flow 

Page 

1 

3 

15 

15 
16 

16 
23 

37 

39 



Table 4-1.1 

Table 4-1.2 

Table 4-1.3 

Table 4-1.4 

Table 4-1.5 

LIST OF TABLES 

Pipe Placement Designs Developed for Use in 
Yukon Territory 

Approximate Locations of Above-grade Pipe 
Placement in Yukon Territory 

Current Locations, Widths and Utilization 
by Fish of Fish-bearing Watercourses 
Crossed by the Above-grade Mode 

Current Locations and Lengths of Above-grade 
Mode in Excess of 500 m, and Concerns and Impact 
Mitigation for Important Species of Wildlife 

Total Lengths of Above-grade Mode, by 
Construction Section, Material Requirements 
for Construction of the Concrete-restrained 
Mode, and the Estimated Quantity of Granular 
Material Available 

Page 

4 

14 

22 

30 

38 



Figure 4-1.1 

Figure 4-1.2 

Figure 4-1.3 

Figure 4-1.4 

Figure 4-1.5 

Figure 4-1.6 

Figure 4-1.7 

Figure 4-1.8 

LIST OF FIGURES 

Standard Burial Chilled Pipe 

Saddle-Weighted Chilled Pipe 

Standard Burial Chilled Pipe With Heat Tracing 
and Insulation 

Road Crossing, Chilled Pipe 

Buried Heat-Traced Water Crossing Chilled Pipe 

Concrete-Restrained Chilled Pipe 

Embankment Chilled Pipe 

Alaska Highway Gas Pipeline Route in Yukon 
Showing Locations of Above and Below-grade 
Pipe Placement 

Page 

5 

6 

7 

8 

9 

10 

11 

13 



1 

1.0 INTRODUCTION 

As part of the regulatory process involved with the application 

by Foothills Pipe Lines (South Yukon) Ltd. (the Project) to construct the 

Alaska Highway Gas Pipeline in Yukon Territory, an Environmental Impact 

Statement (EIS) was submitted to the Environmental Assessment and Review 

(EAR) Pane 1 in 1979. That document presented a number of alternative ap­

proaches to pipe placement designed to overcome anticipated problems asso­

ciated v1ith permafrost conditions and the Project's plans to transmit gas 

at temperatures both above and below freezing. Pipe pla cement alternatives 

put forward were conceptual in nature and included four basic options: 

1. Deeper ditch excavation to allow placement of the pipe within 

or upon soils not suscept ibl e to changes brought about by 

freezing or thawing; 

2. Deeper ditch excavation combined with subsequent partial 

filling of the ditch with material not susceptible to changes 

arising from freezing or thawing; 

3. Placement of insulation around buried pipe to retard or pre­

vent freezing or thawing of surrounding soils; and, 

4. Placement of the pipe above ground within a gravel embankment 

in order to isolate the pipe from soils susceptible to 

changes brought about by freezing or thawing. 

After review of the EIS, the EAR Panel requested more information 

with respect to alternative pipe placement modes. Specific requests for 

details of engineering design, location and materials required were made, 

as well as details of potential environmental impacts and planned mitiga­

tion measures. Subsequent review and clarification of information require­

ments by the Panel resulted in a request for " ... information on des ign con­

cepts for alternative modes and on the potential environmental impacts and 

mitigation measures ... " that would be associated with them. An additional 
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request to discuss the quantities of granular resources required for alter­

native approaches was also made, as well as confirmation that such supplies 

do exist. 

This document has been prepared in response to the Panel's latter 

requests. It provides recent concepts developed by the Project regarding 

the use of alternative design modes (including a number of approaches not 

described in previous submissions), addresses potential environmental 

impacts on fish and wildlife, and describes mitigative measures planned. A 

separate section deals with granular requirements and the availability of 

t h i s rna t e r i a l. 
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2.0 DESCRIPTION OF ALTERNATIVE DESIGN MODES 

The necessity for alternatives to the standard method of pipeline 

burial arises from the presence of intermittently frozen ground with vary­

ing degrees of ice content in western portions of the Yukon together with 

the plan to transport gas under both chilled (<O.C) and warm (>o·c) condi­

tions. Present plans call for transmission of chilled gas to the first 

compressor station in Yukon Territory (STA-311, KP 64.7), at which point 

the gas temperature would be raised above o·c and generally maintained 

above o·c along the rest of the route. Alternative designs are required 

for both chilled and warm flow situations as variable soil characteristics 

and intermittent permafrost create conditions where buried chilled pipe may 

cause frost heaving in thawed (non-permafrost) sections; or, alternatively, 

buried warm pipe might cause thaw settlement in frozen (permafrost) sec­

tions. 

Ten basic design approaches have been developed to overcome 

conditions in Yukon Territory, of which six may be considered unconven­

tional alternatives. Two of the ten involve above grade installation. 

Table 4-1.1 lists both conventional and alternative designs and indicates 

potential for use in both warm and cold-flow situations. 

Conventional designs include standard burial, burial using con­

crete weighting to overcome buoyancy and burial with the placement of 

select backfill material. Alternative designs involve burial deeper than 

normal to reach soil conditions not susceptible to the effects of freezing 

and thawing; a number of heat-traced configurations; and, above-grade 

placement of pipe within a gravel berm or a concrete cover. Each cold-flow 

design is illustrated by cross-sectional drawings (Figures 4-1.1 to 

4-1.7). Comparable drawings for the warm-flow modes are presented in 

Appendix I. The latter is a pipeline design report included in its entire­

ty with this submission in order to outline design approaches in detail. 

Readers should note that pipe-placement designs are in some cases 

still being developed and geotechnical conditions that must be accommodated 



TABLE 4-1.1 

PIPE PLACEMENT DESIGNS 
DEVELOPED FOR USE IN YUKON TERRITORY 

BELOW-GRADE DESIGNS 

Conventional Designs 

Standard Burial 
Saddle-Weighted Burial 
Continuous-Weighted Burial 
Unweighted Burial 

Alternative Designs 

Deep Burial 
Buried Heat-Traced, Watercrossing 
Standard Burial, Heat-Traced, Insulated 
Road Crossing 

ABOVE-GRADE DESIGNS* 

Alternative Designs 

Embankment** 
Concrete Restrained 

WARM FLOW 

yes 
yes 
yes 
yes 

yes 
no 
no 
no 

yes 
yes 

COLD FLOW 

yes 
yes 
no 
no 

no 
yes 
yes 
yes 

yes 
yes 

*Both above-grade designs include a limited free span option used for 
crossing deep ravines or watercourses. In addition,free spans can be 
used to cross similarly difficult terrain from buried modes. 

**Embankment design for warm flow includes an insulated gravel work and 
travelway. In cold flow situations, the travelway is not insulated, and 
the pad beneath the pipe may or may not be insulated. 
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by specific designs are still being evaluated. This continuing work will 

undoubtedly cause refinements in the designs presented. It is also worth 

noting that warm-flow designs have developed in advance of those for cold 

flow. As a result, designs for warm flow are essentially final and a 

comprehensive description of factors considered in design development can 

be presented (Appendix I). Similar documentation of design development for 

approaches taken to deal with cold flow is not available at the time of 

writing but is currently being prepared. 

The selection of particular designs for use along specific sec­

tions of the pipeline will be dependent upon geotechnical conditions en­

countered and other design requirements (Appendix I) . While final mode 

assignment is a relatively complex undertaking which is part of final de­

sign, preliminary assignment of each mode is an on-going and often-repeated 

exercise during the design process. Differentiation between burial and 

above-grade sections has, however, become generally established . As a 

result the locations of above-grade modes based on Project Plans in late 

fall, 1981 have been mapped for planning purposes and for this submission . 

Figure 4-1.8 shows the location of above and below-grade mode assignments 

at an approximate scale of 1:1,000,000. The approximate locations of 

above-grade mode assignments have also been summarized in tabular form, and 

may be found in Table 4-1.2. 
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TABLE 4-1.2 

APPROXIMATE LOCATIONS OF 
ABOVE-GRADE PIPE PLACEMENT IN YUKON TERRITORY 

(assuming cold flow to Station 311) 

Locati on {KP} Length ( km} Locati on {KP) Length (km} 

7. 3 - 15 .4 8. 1 163.3 - 167.4 4.1 

17 . 9 - 21.2 3.3 188 . 6 - 190.1 1.5 

22.6 - 24 . 2 1.6 197.3- 200.8 3.5 

39.4 - 40.2 0. 8 201.5 - 202 . 3 0.8 

42 . 5 - 44 . 1 1.6 257.8 - 258 .4 0.6 

54.6 - 54 . 8 0. 2 265 . 8 - 265 . 9 0.1 

59 . 1 - 59.3 0. 2 287 .4 - 288.5 1.1 

60.9 - 61.1 0.2 299.2 - 300.0 0.8 

66 . 5 - 70.5 4. 0 315.0 - 315. 5 0.5 

71.2 - 72.3 1.1 333.3 - 334.5 2.2 

73 . 3 - 74 . 9 1. 6 347.7 - 347.9 0.2 

76.7 - 79.9 3. 2 358 . 3 - 358 . 6 0.3 

82 .4 - 83.0 0. 6 359 . 2 - 359 . 6 0.4 

92 .8 - 94 . 6 1.8 466.3 - 466.5 0.2 

96 . 6 - 98.8 2. 2 466.6 - 466.7 0.1 

109.2 - 109 . 7 0. 5 46 7.1 - 468.0 0.9 

114. 2 - 116. 3 2. 1 468.5 - 469.3 0.8 

116.4 - 126 .0 9. 6 470.8 - 471.1 0.3 

126.3 - 129.6 3.3 476.9 - 477.3 0.4 

131. 4 - 131.6 0. 2 57 9.4 - 579 . 6 0.2 

158.6 - 160 .4 1.8 
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3.0 ENVIRONMENTAL ASSESSMENT OF ALTERNATIVE PIPE PLACEMENT MODES 

The implications of using the various alternative pipe placement 

designs, with regard to fish and wildlife , vary depending upon the particu­

lar mode being used, the location of use and the presence or absence of 

fish or wildlife populations. This assessment deals with the general con­

cepts of below-grade and above-grade modes and the associated concerns 

related to fish and wildlife populations. In dealing with the specific 

impacts of these two types of pipe placement, emphasis has been placed on 

the concrete-restrained mode when discussing above-grade design . This 

approach has been taken for the following reasons: 

1. The Project presently considers the concrete-restrained mode 

to be the best solution to the engineering problems encoun­

tered where above-grade design is required for frost heave 

and thaw settlement problems; and, 

2. Of the two above-grade designs, the concrete-restrained mode 

poses greater problems for ensuring wildlife movement across 

the right-of-way. The passage of wildlife is the most seri­

ous fish or wildlife concern associated with above-grade 

designs; therefore, the concrete-restrained mode would re­

quire the greatest mitigatory efforts and assessment of the 

impact of that mode represents the most conservative 

approach. 

3.1 ASSESSMENT OF BURIED MODES 

The alternative designs which involve burial of the pipe (deep 

burial, buried heat-traced watercrossings, standard burial heat-traced 

insulated, road crossing) are all comparable to standard burial in terms of 

potential effects on fish and wildlife populations. Concerns regarding 

standard burial of the pipe primarily involve the disturbance caused during 

construction of the pipeline; post-construction concerns are relatively 
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minor, and generally involve stabilization and reclamation measures. The 

concerns regarding construction of the standard burial mode have been 

addressed in a number of documents prepared by the Project and should be 

consulted for a discussion of associated problems and solutions (e.g ., 

Submission 5-2: The Development of Construction Schedules in Relation to 

Fisheries and Wildlife Issues). Those concerns and mitigative measures 

apply to all locations where below-grade des igns are specified (see Figure 

4-1.8). 

3 . 2 ASSESSMENT OF ABOVE-GRADE MODES 

The two above-grade pipe placement modes involve substantial 

above-ground structures. In an unmodified form both modes could present an 

impediment to animal movement across the pipeline in terrestr i al areas 

although the extent to which the embankment mode would impede movement 

would be slight. If extended to watercourses with inadequate planning, 

both above-grade modes could impede water flow and possibly fish movement. 

3.2.1 Assessment of Effects on Fish 

General Concerns and Approach to Impact Mitigation 

In terms of possible effects upon aquatic resources there is 

little difference between the embankment or concrete-restrained pipe place­

ment modes. Both modes involve the installation of a gravel pad . The fact 

that in one instance the pipe is covered with gravel, while in the other 

the pipe is covered with concrete makes no significant difference with 

respect to impact upon aquatic systems. 

A convenient way to assess potential effects of the above-grade 

modes on fish is to consider the effects of highway construction on fish 

populations. The above-grade mode essentially consists of a gravel pad 

which supports the pipe and provides a trafficable surface for access along 
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the right-of-way. The typical width of the gravel pad will be approxi­

mately 27m from toe-to-toe (see Figure 4-1.6). However, if an above-grade 

mode is used when crossing a stream or river, the traffic bearing portion 

of the gravel pad would not be retained, which would leave a pad width of 

approximately 18m (see Figure 4-1.6). The dimensions provided here are 

approximate, and will vary with site-specific conditions. 

The primary concern for fish resources in relation to the above­

grade modes involves the manner in which water is conveyed across the 

right-of-way. Culverts will typically be used for this purpose due to 

their relatively low cost and minimal maintenance requirements. In gen­

eral, there are five major areas of concern in relation to the placement of 

a culvert in a fish-bearing watercourse and problems which may be encoun­

tered by fish in traversing the structure: water velocity; water depth; 

elevated outlets; debris accumulation; and, 1c1ng. Briefly, these factors 

are of concern for the following reasons: 1) water velocity may be a bar­

rier to fish movement if the velocity exceeds the swimming capability of 

the fish; 2) if the depth of water in the culvert does not completely cover 

the gills of the fish, oxygen exchange may be hampered which affects the 

stamina of the fish, and if the body of the fish is not completely sub­

merged the efficiency of swimming movements are reduced; 3) an elevated 

culvert outlet creates a physical barrier to fish movement, not unlike a 

waterfall; 4) debris accumulation at the culvert inlet may also create a 

barrier to fish movement; and, 5) icing is a potential problem where a 

combination of the shaded condition in the culvert and the heat transfer 

characteristics of metal culverts causes an extensive build-up of ice in 

the structure. This icing may result in damming of the watercourse, re­

stricting or preventing downstream flow in the winter, or cause pending and 

overflow conditions in the spring. The consequences may range from jeop­

ardizing fish overwintering habitat, to the creation of a barrier to fish 

movement in the spring. 

In addition to potential problems fish may encounter in trav­

ersing a culvert, the placement of a culvert instream also results in loss 

of aquatic habitat. The concerns regarding habitat loss encompass both the 
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actual location of the culvert itself, and any effects modification of the 

hydraulic conditions of the watercourse may have on stream morphology at 

the culvert inlet and in downstream reaches. Of significance here is the 

type of habitat in the region (e.g., spawning area, nursery area) and the 

degree of utilization of this habitat by the fish fauna in the water­

course. There may also be some loss in primary and secondary productivity 

at the actual location of the culvert installation. However, when the 

width of the right-of-way is considered in relation to the length of the 

stream, such a loss is insignificant. 

The consequences of above-grade construction must be assessed 

from two perspectives: 1) on the basis of the timing of instream construc­

tion activities; and, 2 ) the type of structure used to facilitate the move­

ment of water across the above-grade pipe. The concerns regarding timing 

of construction on the fisheries resources are similar to those posed by 

convention a 1 pipe 1 i ne buri a 1, a 1 though the degree of concern regarding 

above-grade construction is less due to the lack of instream trenching. 

Nevertheless, during above-grade construction there will be an increase in 

suspended sediment concentrations in creek waters. The degree of concern 

regarding the increase in suspended sediment loads will depend on the fish 

fauna which use the watercourse, the time of year when the suspended 

sediment loads are created, and the proximity of sensitive fish habitat (if 

any ) to the pipeline crossing location . The primary mitigative method that 

would be used to avoid potential impacts resulting from above-grade 

construction activities is that of timing construction activities to 

coincide with the least-sensitive period of time for the fish fauna in each 

watercourse. This is the same strategy used by the Project to mitigate 

potential impacts on fish populations during conventional pipeline 

construction. 

The concern for the fisheries resource in relation to the type of 

structure used to f aci 1 i tate stream or river discharge across the right­

of-way are wide in scope, and contingent upon many factors including the 

aspects of habitat utilization by fish, the type of structure installed, 
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and the configuration of the water passage structure subsequent to con­

struction. At worst case, a permanent blockage of fis h movement in a 

stream could result in a complete loss of fish production from areas up­

stream of the structure. 

A number of mitigative approaches will be used to ameliorate 

potential adverse impacts on fish populations at watercrossings where an 

above-grade pipe-placement mode is employed. One means of mitigation 

will be through the use of a free span (unsupported length of pipe ) . This 

method of stream cross i ng is one which has a number of advan t ages from an 

engineering and construction viewpoint and which is part of the design 

approach to crossing small streams when utilizing an above-grade mode. The 

use of this technique will in most cases be restricted to small water­

courses, as a feasible free-span distance without additional design modifi­

cation is in the order of 20 m, which would be a ban k-to-bank distance. 

Preliminary indications are that distances of at least 30m may be achieved 

through specialized design of the free span. On larger watercourses , 

openings in the grave 1 pad, using free span, would be provided where the 

design flow for the watercourse i s greater than 4 m3 / s. Free spans, when 

used at streams supporting fish wi 11 ensure uninterrupted passage of fish 

across the right-of-way. 

Where a free span is not employed, facilitation of water flow and 

movement will be achieved through the use of culverts des i gned on a site­

specific basis. The following specifications for culvert installation will 

be employed to avoid the previously-identified concerns in fish-bearing 

watercourses. 

1. Water Velocity: Culverts will be designed to achieve an 

average maximum cross-sectional water velocity of 0.9 m/s, 

which may only be exceeded for 3 consecutive days during the 

annual flood, or 7 consecutive days for a flood with a recur­

rence interval of 1 in 50 years. If necessary, the design 

will include a selected region in the culvert wherein water 
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velocities meet these criteria. Culvert lengths in these 

cases will be kept to a minimum, but would be in the range of 

18 m. 

2. Water Depth: Culverts will be designed to maintain a minimum 

water depth of 0.2 m at any point in the culvert during peri­
ods of low flow, if there is a requirement for fish passage 

during the low-flow period. 

3. Water Surface Profile: Culvert gradients will be kept as 

close to the normal stream gradient as conditions permit. 

Culverts will be installed with a constant slope throughout, 

except where sett 1 ement is anticipated. Any sudden drop in 

the water surface profile at any point within culvert influ­

ence will not exceed 0.3 m. If closed-bottom culverts are 

used in fish-bearing watercourses, culvert inverts wi 11 be 

laid a minimum of 0.15 m below the normal streambed eleva­

tion. 

4. Culvert Shapes and Installation: There are two culvert types 

presently being actively considered for use should any 

fish-bearing watercourses be crossed by above-grade pipe. 

These are the bottomless arch culvert, and the concrete box 
culvert. In both instances normal stream gradient and 
substrate would be retained to assist in minimizing any 
i rJcrease in water ve 1 oc ity within the structure, ensuring 

ambient water levels during periods of low flow, and 
maintaining the normal water surface profile. As a component 
of the Project's protection p 1 an with regard to any type of 

culvert installation, rip-rap and/or end flanges will be 

placed at both the culvert inlet and outlet to prevent 

erosion and scour. Rip-rap at the ends of the culverts wi 11 
extend approximately two culvert diameters downstream of the 

outlet. Culverts will not be positioned in a manner such 

that discharges would be directed at potentially unstable 
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banks; if such positioning is unavoidable, bank protection 

will be employed. While the possible use of circular steel 

culverts has not been abandoned, it would appear that main­

tenance of required water velocity (number one above) wi 11 in 

most cases not be possible within these structures. 

5. Maintenance: Surveillance of any culverting structure in 

above-grade sections wi 11 be part of pipe 1 i ne operation and 

will entail cleaning culverts to ensure they are free of 

debris and ice during periods of heavy run-off. In addition, 

appropriate measures will be employed for de-icing of cul­

verts if icing problems lead to restriction of flow in fish­

bearing watercourses, the creation of impassable obstacles, 

or the damming of any such watercourse. 

In light of the proposed mitigation measures, it is anticipated 

that the above-grade modes of construction may be used at watercrossings 

without residual impacts on the fishery resource, as construction wi 11 be 

conducted during the time-period which is least-sensitive for fish, and 

fish passage will be facilitated at all watercrossings for the life of the 

pipeline. 

Site-specific Assessment and Impact Mitigation 

The locations of areas where above-grade pipe placement is cur­

rently under consideration are presented in Table 4-1.2. Within these 

above-grade sections, seven fish-bearing watercourses are crossed by the 

pipeline route. These creeks are listed in Table 4-1.3; also included in 

this table are the watercourse widths, the important species of fish which 

use these watercourses, and the various aspects of the life cycle of these 

fish which are found in the vicinity of the proposed pipeline crossings. 

It is apparent from an examination of Table 4-1.3 that all fish­

bearing watercourses crossed by above-grade pipe are sma 11 creeks, which 



TABLE 4-1.3 

CURRENT LOCATIONS, WIDTHS AND UTILIZATION BY FISH 
OF FISH-BEARING WATERCOURSES CROSSED BY THE ABOVE-GRADE MODE 

Important Use of 
Width Fish Habitat 

Watercourse KP ~ Present1 b.l:: Fi sh2 

Mirror Creek 7.4 10.0 A. G. c,d,e,f 

Snag Creek 13.8 16.0 A. G. c,d,f 

unnamed cree k 61.0 1.5 A. G. a,b,c,d,e 

Long's Creek 93.4 7.0 A.G. c ,d,e 
L.W.F. c,e 

Wolf Creek 94.3 8.0 A .G. c,d,e 
L.W.F. c ,e 

unnamed creek 124.6 <1.0 A. G. d 

Greyling Creek 477.2 3.6 Ci • S. c,f 
A.G. c,d,e,f 
L.W.F. e ,f, 
N.P. d, e ,f 
Bur bot d,f 

lc;.s. = chinook salmon; A.G. = Arctic grayling; L.W.F. = lake whitefish; 
N.P. = northet·n pike. 

2a =spawning migration; b =spawning; c =nursery (young-of-the-year); 
d = rearing (immatures other than underyearlings) ; e = summer (adults); 
f = overwintering. 
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may be crossed by a free span of pipe. This crossing technique will be 

used at all of the watercourses indicated, which removes any concern for 

impairment of fish movement in these watercourses, as well as the majority 

of concern for the downstream effects of instream construction activities. 

3.2.2 Assessment of Effects on Wildlife 

General Concerns and Approach to Impact Mitigation 

This assessment section has been developed assuming that the con­

crete-restrained mode will be used exclusively (or nearly so) in areas 

requiring above-grade construction. Given the 2m height and near vertical 

side slopes of the concrete-restraining weights the unmodified structure 

will present a continuous and effective barrier to animal movement . In 

comparison, the use of an above-grade embankment would introduce a 

continuous but negotiable structure with 2 1/2:1 side slopes requiring 

reduced mitigative alteration. 

Species of mammals which undertake regular movements either with­

in their home range or between seasonal ranges would be susceptible to 

impact if unmodified concrete-restrained sections of pipeline were to cross 

their movement corridors. Of the mammal species identified as a concern in 

the Northern Pipeline Agency's terms and conditions1, ungulates (woodland 

caribou, Dall's sheep, moose, elk, mule deer) and the larger carnivores 

(wolf, red fox, coyote, grizzly bear) are sufficiently mobile that 

encounters with above-grade concrete-restrained pipe are probable. Given 

the near-continuous distribution of smaller mammals (e . g., squirrel, 

marten, fisher) along the pipeline route, it is probable that the 

territories of these animals would also be encountered. 

1. Northern Pipeline Agency. 1980. Northern Pipe 1 i ne Socio-economic and 
Environmental Terms and Conditions for the Yukon Territory (Draft). 
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For ungulates, seasonal migrations between ranges undertaken each 

year enable animals to exploit their resource base optimally. These migra­

tions often take place in restricted corridors. Disruption of such move­

ments may cause large scale population declines, since range relocation is 

not usually possible. Similarly, alienation of even a portion of an impor­

tant ung ul ate seasona l habitat (e.g., winter range) can lead to overgrazing 

and range degradation within the accessible portion of the habitat and an 

eventual population decline on that range. 

Larger carnivores occupying defended territories of lO's or lOO's 

of square kilometres would also likely experience negative impacts if pre­

vented from continuing normal movements. The concern in this case is re­

lated to the theory that the size of any carnivore's territory represents 

the area necessary to sustain the animal. Any diminution in territory size 

as a consequence of restricted access could have a negative effect either 

by reducing resources available to the animal or by forcing it into compe­

tition with animals in neighbouring territories. In view of the relatively 

small numbers of these larger carnivores and the total size of their 

ranges, 1 engthy sections of concrete-restrained pipe could impinge upon a 

relatively large fraction of the total number of territories within a given 

region and therefore be of substantive concern. 

Smaller animals would also be affected by a physical barrier to 

movement within their territories. However, any such impact would be 

relatively insignificant, occurring only in the immediate vicinity of the 

pipeline. While modifications in the size or shape of territories similar 

to those outlined for larger animals would take place in the immediate 

vicinity of the barrier, this would not result in noticeable declines in 

the abundance of such small marrmals. Being relatively numerous and having 

small territories, above-grade sections of pipe would encounter an 

insignificant fraction of the total number of territories within a given 

region. 

Information on the behavioral responses to the previously de­

scribed small mammals and carnivores to physical and/or visual barriers is 
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virtually non-existent. However, ungulate behavior observed in response to 

such barriers has been documented in a number of situations. This informa­

tion has been thoroughly reviewed2, and the mitigatory measures presented 

in fo l lowing sections are largely based on this literature. 

Three major options to allow crossing by animals ·can be con­

sidered where an imal movements are required at the location of above-grade 

pipe installation. These are: 1) underpasses, which would be available at 

the locations of free spans over stream channels or ravines; 2) overpasses, 

such a gravel ramps; or, 3) on-grade crossing sites, such as buried sec­

tions of pipeline. Relevant literature suggests that ungulates demonstrate 

a preference for on-grade crossing sites. However, while such sites would 

likely be most effective at maintaining cross right-of-way movements, it 

must be recognized that the thaw-unstable conditions which necessitated the 

use of the above-grade mode also limit the areas where on-grade crossings 

can be safely constructed. Consequently, where geotechnical conditions 

prevent the use of on-grade crossing sites, alternative ramp structures 

enlarged sufficiently to approxi mate on-grade situations have been devel­

oped. Smaller crossing structures have also been developed for those 

wildlife species which have a less severe requirement for crossing and 

which may be less reserved in using crossing structures. Free spans are 

also discussed below as effective options in allowing free animal passage 

across the concrete-restrained mode. Design specifications for all struc­

tures are presented below together with guidelines for frequency of use. 

A. DESIGN SPECIFICATIONS 

1) Ungulate Crossing Facilities 

Ungulate crossing facilities will be placed in areas known to 

be migratory corridors, and in areas known to support high seasonal concen­

trations of ungulates. 

2. Shank, C.C. 1979. Human-related behavioral disturbance to northern 
large mammals: a bibliography and review. Prepared for Foothills Pipe 
Lines (South Yukon) Ltd., Calgary. 228 pp. 
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a) Ramp in cut-and-fill situations - ramps which extend from the up­

hill side of the right-of-way across the above-grade structure in a 

continuous, uninterrupted slope which closely matches the natural 

topography. These ramps wi 11 be fan-shaped on either side of the 

concrete mode. Ramp width at the top of the concrete-restraining 

weights will not be less than 25m. Ramps will be revegetated. 

b) Enlarged free spans - free spans with not less than 3 m of ground­

to-pipeline clearance for a minimum distance of 20m. 

c) Large flat-land ramps- fan-shaped structures extending over the 

concrete mode located in relatively flat areas with an apex width 

of 25 m and side slopes not exceeding 5:1. These ramps will be 

revegetated. 

2) Standard Crossing Facilities 

These structures will be used together with and not as subst i­

tutes for the ungulate structures described above. 

a) Standard ramps - fan-shaped ramps 10 m in width at their apex with 

side slopes not exceeding 4:1. These ramps will be revegetated . 

b) Standard spans - free spans with not 1 ess than 2 m of ground-to­

pipeline clearance for a minimum distance of 10m. 

B. FREQUENCY OF CROSSING STRUCTURE INSTALLATION 

The frequency of crossing facilities will vary depending upon the 

kinds of animals involved, the kind and degree of area use by animals and 

the length of above-grade concrete restraint involved . 
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The frequency of ungulate crossing facilities will vary, depend­

ing upon the importance of the habitat encountered at the locations of 

above-grade construction. Three basic habitat types have been identified 

in this regard: 

Type 1 those sections of the pipeline route which cross known 

migration corridors or encounter high winter concentrations of 

ungulates with some associated cross-corridor movement. 

Type 2 those sections of the pipeline which encounter or 

approach seasonally high concentrations of ungulates with the 

possibility for cross-corridor movement . 

Type 3 all remaining sections of the pipeline. 

Standard crossing facilities will be constructed along any 

concrete-restrained section of pipe and between ungulate crossing struc­

tures to ensure that crossing opportunities of some kind occur at intervals 

of not more than 330 m. 

For Sections of Concrete-restrained 
Mode Exceeding 1 km in Length 

Type 1 Areas 

i) Ungulate crossing structures will occur at a frequency of two per 

kilometre. 

ii) Between ungulate crossing facilities, one standard facility (standard 

ramp or span) will be constructed so that crossing opportunities 

(ungulate plus standard) occur at least every 330 m. 
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Type 2 Areas 

i ) Ungulate crossing facil i ties will occur at a frequency of one per 

kilometre. 

ii) Between ungulate crossing facilities, standard facilities will be 

constructed so that crossing opport unities (ungulate plus standard ) 

occur eve ry 330 m. 

Type 3 Areas 

i ) Three standard crossing facilities will be provided per kilometre . 

For Sections of the Concrete-restrained 
Mode Extend i ng 500 to 1000 m i n Length 

Type 1 Areas 

i) One ungulate and one standard crossing facility will be provided . 

Type 2 Areas 

i ) Two standard f acilities will be provided. 

Type 3 Areas 

i) One standard facility will be provided. 

For Sections of the Concrete-restrained 
Mode Extending Less Than 500 m in Length 

No crossing facilities will be constructed at these locations. 
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Site-specific Assessment and Impact Mitigation 

Table 4-1.4 shows the concerns and mitigative requirements which 

have been identified for wildlife for each section of above-grade mode. 

The locations of areas where the above-grade mode is currently under con­

sideration are listed in Table 4-1.2, and illustrated in Figure 4-1.8. 

Of the 41 locations where the above-grade mode is currently under 

consideration, 13 involve a length of less than 500 m, and are therefore 

considered to pose no significant obstacle to wildlife movement. These 

locations are not addressed in Table 4-1.4. Of the remaining 28 loca­

tions, 21 are planned for locations where no concentrations of important 

wildlife species have been documented; nevertheless, the possibility of 

obstructions during occasional crossing attempts by wildlife exists, and 

standard crossing facilities are proposed as a means of preventing blockage 

of movements. The remaining seven locations occur in areas where concen­

trations of important wildlife species are known to occur. More detailed 

and intensive impact mitigation is proposed at these locations (see Table 

4-1.4). 



KP 

7.3-15.4 

17.9-21.2 

22.6-24.2 

39.4-40.2 

TABLE 4-1.4 

CURRENT LOCATIONS AND LENGTH OF ABOVE-GRADE 
MODE IN EXCESS OF 500 m, AND CONCERNS AND 

IMPACT MITIGATION FOR IMPORTANT SPECIES OF WILDLIFE 

Length of 
Above- grade 

Mode ( km) 

8.1 

3.3 

1.6 

0.8 

Concern: 

Impact 
Mitigation: 

Concern: 

Impact 
Mitigation: 

Concern: 

Impact 
Mitigation: 

Concern: 

Impact 
Mitigation: 

Possible blockage of cross­
right-of-way movements by mam­
mals. No known concentrations 
of important wildlife species. 

Standard crossing facilities 
(spans, ramps) to be constructed 
approximately every 330 m. 

Possible blockage of cross­
right-of-way movements by mam­
mals. No known concentrations 
of important wildlife species. 

Standard crossing facilities 
(spans, ramps) to be constructed 
approximately every 330 m. 

Possible blockage of cross­
right-of-way movements by mam­
mals. No known concentrations 
of important wildlife species. 

Standard crossing facilities 
(spans, ramps) to be constructed 
approximately every 330 m. 

Possible blockage of cross­
right-of-way movements by mam­
mals. No known concentrations 
of important wildlife species. 

Standard crossing facilities 
(spans, ramps) to be constructed 
approximately every 330 m. 



Table 4-1.4 Continued 

KP 

42.5-44.1 

66.5-70.5 

71.2-72.3 

73.3-74.9 

Length of 
Above- grade 

Mode ( km) 

1.6 

4.0 

1.1 

1.6 

Concern: 

Impact 
Mitigation: 

Concern: 

Impact 
Mitigation: 

Concern: 

Impact 
Mitigation: 

Concern: 

Impact 
Mitigation: 

Possible blockage of cross­
right-of-way movements by mam­
ma 1 s. No known concentrations 
of important wildlife species. 

Standard crossing facilities 
(spans, ramps) to be constructed 
approximately every 330 m. 

Possible blockage of cross­
right - of-way movements by mam­
mals. No known concentrations 
of important wildlife species. 

Standard crossing facilities 
(spans, ramps) to be constructed 
approximately every 330 m. 

Possible blockage of cross­
right-of-way movements by mam­
mals. No known concentrations 
of important wildlife species. 

Standard crossing facilities 
(spans, ramps) to be constructed 
approximately every 330 m. 

Possible blockage of cross­
right-of-way movements by mam­
mals. No known concentrations 
of important wildlife species. 

Standard crossing facilities 
(spans, ramps) to be constructed 
approximately every 330 m. 



Table 4-1.4 Continued 

KP 

76.7-79.9 

82.4-83.0 

92.8-94.6 

96.6-98.8 

109.2-109.7 

Length of 
Above-grade 

Mode ( km) 

3.2 

0.6 

1.8 

2.2 

0.5 

Concern: 

Impact 
Mitigation: 

Concern: 

Impact 
Mitigation: 

Concern: 

Impact 
Mitigation: 

Concern: 

Impact 
Mitigation: 

Concern: 

Possible blockage of cross­
right-of-way movements by mam­
mals. No known concentrations 
of important wildlife species. 

Standard crossing facilities 
(spans, ramps) to be constructed 
approximately every 330 m. 

Adjacent to moose spring-summer 
range. Some blockage of cross­
right-of-way movement possible . 

One ungulate crossing to be 
constructed within above-grade 

Adjacent to moose spring-summer 
range. Some blockage of cross­
right-of-way movement possible. 

Five crossing ramps to be con­
structed within above-grade sec­
tion (two ungulate crossings, 
three standard crossings). 

Possible blockage of cross­
right-of-way movements by mam­
mals. No known concentrations 
of important wildlife species. 

Standard crossing facilities 
(spans, ramps) to be constructed 
approximately every 330 m. 

Possible blockage of cross­
right-of-way movements by mam­
ma 1 s. No known concentrations 
of important wildlife species. 



Table 4-1.4 Continued 

KP 

114.2-116.3 

116.4-126.0 

126.3-129.6 

158.6-160.4 

Length of 
Above-grade 

Mode ( km) 

2.1 

9.6 

3.3 

1.8 

Impact 
Mitigation: 

Concern : 

Impact 
Mitigation: 

Concern: 

Impact 
f~itigation: 

Concern: 

Impact 
Mitigation: 

Concern: 

Standard crossing facilities 
(spans, ramps) to be constructed 
approximately every 330 m. 

Adjacent to moose spring-summer 
range. Some blockage of cross­
right-of-way movement possible. 

Six crossing ramps to be con­
structed (two ungulate cross­
ings, four standard crossings). 

Portion of this section adjacent 
to moose spring-summer range. 
Some blockage of cross-right­
of-way movement possible. Gen­
eral concern for blockage of 
movements a 1 ong remaining por­
tion. 

Twenty-nine crossing ramps to be 
constructed (four ungulate 
crossings, 25 standard cross­
; ngs). 

Portion of this section adjacent 
to moose spring-summer range. 
Some blockage of cross-right­
of-way movement possible. Gen­
eral concern for blockage of 
movements along remaining por­
tion. 

Nine crossing ramps to be con­
structed (two ungulate cross­
ings, seven standard crossings). 

Caribou migration 
Blockage of seasonal 
possible. 

corridor. 
migration 



Table 4-1.4 Continued 

KP 

163.3-167.4 

188.6-190.1 

197.3-200.8 

201.5-202.3 

Length of 
Above-grade 

Mode (km) 

4.1 

1.5 

3.5 

0.8 

Impact 
Mitigation: 

Concern: 

Concern: 

Impact 
Mitigation: 

Concern: 

Impact 
Mitigation: 

Concern: 

Impact 
Mitigation: 

Six ramps to be constructed 
(three ungulate crossings, three 
standard crossings). 

Caribou migration 
Blockage of seasonal 
possible . 

corridor. 
migration 

Fifteen ramps to be constructed 
(seven ungulate crossings, eight 
standard crossings). 

Possible blockage of cross­
right-of-way movements by mam­
mals. No known concentrations 
of important wildlife species. 

Standard crossing facilities 
(spans, ramps) to be constructed 
approximately every 330 m. 

Possible blockage of cross­
right-of-way movements by mam­
ma 1 s. No known concentrations 
of important wildlife species. 

Standard crossing facilities 
(spans, ramps) to be constructed 
approximately every 330 m. 

Possible blockage of cross ­
right-of-way movements by mam­
mals. No known concentrations 
of important wildlife species . 

Standard crossing facilities 
(spans, ramps) to be constructed 
approximately every 330 m. 



Table 4-1.4 Continued 

KP 

257.8-258.4 

287.4-288.5 

299.2-300.0 

315.0-315.5 

Length of 
Above-grade 

Mode (km) 

0.6 

1.1 

0.8 

0.5 

Concern: 

Impact 
Mitigation: 

Concern: 

Impact 
Mitigation: 

Concern: 

Impact 
Mitigation: 

Concern: 

Impact 
Mitigation: 

Possible blockage of cross­
right-of-way movements by mam­
mals. No known concentrations 
of important wildlife species. 

Standard crossing facilities 
(spans, ramps) to be constructed 
approximately every 330 m. 

Possible blockage of cross­
right-of-way movements by mam­
mals. No known concentrations 
of important wildlife species. 

Standard crossing facilities 
(spans, ramps) to be constructed 
approximately every 330 m. 

Possible blockage of cross­
right-of-way movements by mam­
mals. No known concentrations 
of important wildlife species. 

Standard crossing facilities 
(spans, ramps) to be constructed 
approximately every 330 m. 

Possible blockage of cross­
right-of-way movements by mam­
mals. No known concentrations 
of important wildlife species. 

Standard crossing facilities 
(spans, ramps) to be constructed 
approximately every 330 m. 



Table 4-1.4 Continued 

KP 

333.3-334.5 

467.1-468.0 

468.5-469.3 

Length of 
Above-grade 

Mode (km) 

1.2 

0.9 

0.8 

Concern: 

Impact 
Mitigation: 

Concern: 

Impact 
Mitigation: 

Concern: 

Impact 
Mitigation: 

Possible blockage of cross­
right-of-way movements by mam­
mals. No known concentrations 
of important wildlife species. 

Standard crossing facilities 
(spans, ramps) to be constructed 
approximately every 330 m. 

Possible blockage of cross­
right-of-way movements by mam­
mals. No known concentrations 
of important wildlife species. 

Standard crossing facilities 
(spans, ramps) to be constructed 
approximately every 330 m. 

Possible blockage of cross­
right-of-way movements by mam­
mals. No known concentrations 
of important wildlife species. 

Standard crossing facilities 
(spans, ramps) to be constructed 
approximately every 330 m. 
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4 . 0 GRANULAR MATERIAL REQUIREMENTS 

Gravel requirements for the above-grade concret e-rest r ained mode 

are approximately 37 . 5 m3 / lineal m, with 36.2 m3 / lineal m required for work 

pad and 1.3 m3/lineal m for concrete retraints. Over the 67 km of above­

grade construction, assuming it is all concrete-restra i ned, 2.5 x 106m3 of 

granular material would be required (Table 4-1.5). Preliminary field 

investigations of gravel sources within 1 km of the Alaska Highway and / or 

the pipeline indicate that in the sections of pipeline where the above­

grade modes will likely be used, in excess of 43.9 x 106 m3 of granular 

materia l is readily available (Table 4-1.5 ) . It is apparent that the 

available sources of granular material in close proximity to the pipeline 

route or A 1 ask a Highway exceed the requirements that would be rea 1 i zed by 

the construction of 67 km of concrete-restra i ned mode . 



TABLE 4-1.5 

TOTAL LENGTHS OF ABOVE-GRADE MODE, BY CONSTRUCTION 
SECTION, MATERIAL REQUIREMENTS FOR CONSTRUCTION OF THE CONCRETE-

RESTRAINED MODE, AND THE ESTIMATED QUANTITY OF GRANULAR MATERIAL AVAILABLE 

Kilometre Post 
Spread Length Total Length Above-Grade Materifl Available Material 

Section Number From To (km) Above-Grade (km) Requirement (m3) (x 106 m3)2 

1 0 55 55 15.6 585,000 4.68 

2 55 110 55 15.4 557,500 4.18 

3 110 165 55 18.7 701,250 2.27 

4 165 220 55 8.2 307,500 >5.54 

5 226 300 74 2.6 97,500 >6.23 

6 300 378 78 3.6 135,000 >3.14 

8 452 537 85 2.7 101,250 >10.22 

9 537 598 61 0.2 7,500 >7.68 

1Material requirements based on the estimate of 37.5 m3/lineal m for construction of the concrete-restrained mode. 

2Gravel sources which have been identified within 1 km of the Alaska Highway or the pipeline route. 
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5.0 SUMMARY AND CONCLUSIONS 

This submission has reviewed the types and locations of alterna­

tive pipe placement modes which are currently planned or available to the 

Project for use in areas of potential frost heave or thaw settlement. From 

an environmental impact perspective, the conclusion is that all alternative 

modes which involve burial will pose environmental problems that are no 

different than those created by the conventional buried mode. The submis­

sion has therefore concentrated on alternative modes which involve above­

grade pipe placement and in particular the concrete-restrained mode. Po­

tentially, significant environmental impacts to fish and wildlife resources 

could occur in the absence of impact mitigation; however, for fish re­

sources, all fish-bearing watercourses where an above-grade mode is neces­

sary are sufficiently narrow to allow construction of a free span for the 

crossing. This removes virtually all of the concern for fish inhabiting 

the watercourses in question with regard to the effects of instream con­

struction activities as well as those that might arise during operation. 

For wildlife, concerns related to obstruction of movements by highly-mobile 

species (particularly ungulates) arise as a result of above-grade concrete­

restrained pipe placement. The majority of locations where the above-grade 

mode is necessary either wi 11 not prevent animal movement by virtue of 

their short length (less than 500 m), or do not occur in locations known to 

harbor concentrations of wildlife. Eight locations involve animal movement 

corridors or areas of wildlife concentration where an impact could occur. 

Review of existing information on the behavior of wildlife when crossing 

linear facilities such as pipelines has led to the adoption of specific 

design features to mitigate impacts at these locations. The Project antic­

ipates that wildlife, specifically ungulates, will use the crossing struc­

tures provided, and that minimal obstruction of movement will occur. 
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1.0 EXECUTIVE SUMMARY 

The report gives the basis and overview of the permafrost design being 
developed for the warm flow sections of the pipeline in the Yukon. 

The detailed and final design will require integration of the work of 
the various disciplines, companies and consultants involved in the 
design. The report defines the design objectives and basi~ criteria 
and discusses the coordinated approach being followed in the design 
process. The design process requires a terrain analysis and the 
identification of permafrost problems that need to be mitigated by the 
selection of appropriate construction modes. Operation of the warm 
pipeline and construction related activities on the right-of-way will 
affect the thermal regime with consequent effects on right-of-way 
stability, pipeline integrity and the environment . 

The permafrost design integrates the pipeline design with the 
right-of-way stability and construction zone designs in order to 
satisfy the basic objectives of pipeline integrity, mitigation of 
environmental impacts and minimum cost. 

In the pipeline design two basic design concepts have been developed 
to mitigate problems related to thawing permafrost . These are buried 
restrained modes and abovegrade restrained modes. The buried 
restrained modes are essentially conventional pipeline design methods 
with some additional select material to compensate for losses in 
material quantities and strengths due to the nature of thawing 
permafrost. Depending on the local soil conditions the buried modes 
will alter the thermal regime by developing a thaw-bulb up to 20m 
deep and 35m wide, after 30 years of service. This requires 
consideration of right-of-way settlements, pipeline stability 
problems, differential settlements of the pipe, drainage and erosion 
control and static and seismic slope and thaw-bulb stability problems . 
These problems will be mitigated by initial design and construction 
and by monitoring and maintenance during operation of the pipeline. 
The abovegrade restrained modes include insulated pipe in an insulated 
embankment and pipe restrained by linked concrete we i ghts resting on 
an insulated bearing pad. The abovegrade modes will be used in 
unstable soil areas or soils with an excessive settlement potential . 
These modes will have a minimal effect in the thermal regime provided 
proper drainage control measures are adopted. Aerial surveillance, 
periodic checks of pipe elevations and surface maintenance may be 
required in some areas during operation of the system. Maintenance 
requirements are expected to be minimal for the abovegrade modes. 

The right-of-way stability and construction zone design will satisfy 
pipe integrity and environmental constraints and specifications for 
grading, trenching, right-of-way preparation, disposition of unsuit­
able spoil, and temporary work pads and right-of-way restoration. 
Site specific erosion and drainage control measures have been deve­
loped. These will limit erosion and loss of overburden, prevent 
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ponding and consequent degradation of underlying permafrost, prevent 
icings from blocking cross drainage and prevent washouts which could 
cause instability of the pipeline. Static and seismic slope stability 
of all slopes traversed by the pipeline and static and seismic 
stability of thaw-plugs on slopes paralleled by the pipeline will be 
checked and protective design measures incorporated where necessary as 
recommended by geotechnical and earthquake consultants. 

The pipeline design, the right-of-way stability and construction zone 
designs will be integrated on a site specific basis during the 
detailed and final design stages. Throughout this report environ­
mental concerns have been considered to be an integral part of pipe­
line design and as such they have been incorporated into the concep­
tual design in the appropriate subject areas. The basic approach will 
be that design solutions to engineering problems will deal with most 
long term environmental concerns. Where this is not possible, site 
specific environmental concerns will be identified and resolved at the 
detailed design stage. 
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2.0 INTRODUCTION 

2.1 PURPOSE AND SCOPE 

The warm flow sections {operated above 0°C) of the Alaska Highway Gas 
Pipeline will pass through discontinuous permafrost and areas of 
relatively high earthquake risk. The purpose of this report is to 
provide an overview of the discontinuous permafrost design being 
developed for the warm flow sections of the pipeline. The report 
deals with the pipeline civil design and related terrain and con­
struction problems and does not include the compressor station, gas 
hydraulics and metallurgical aspects of the overall design. 

The report gives a summary of the basis of the pipeline design 
including the right-of-way and construction zone design being 
developed to satisfy the basic objectives of pipeline integ.rity and 
mitigation of adverse environmental impacts. 

2.2 DESIGN PROBLEMS 

The operating warm pipeline buried in permafrost will develop a thaw­
bulb up to about 20 m deep and 35 m wide, after 30 years of service. 
The nature of some of the permafrost soils in the Yukon is that they 
consist of ice-rich peat and organic silts near the surface, and 
deeper strata with varying amounts of ice content. Soils lose 
strength after thawing and some of the soils encountered in the Yukon 
would offer little restraint for the pipeline. Such soils are 
referred to in this report as unstable soils. An unstable soil is 
defined as an initially unfrozen or a thawed soil which will not 
provide sufficient resistance to restrain, or limit movements of a 
particular size and geometrical configuration of the pipeline 
operating at a specified maximum temperature differential and gas 
pressure. Both stable and unstable soils after thawing could 
consolidate and settle causing the right-of-way surface and the 
pipeline to settle excessively if appropriate mitigative designs and 
remedial maintenance procedures are not used in a particular area. 
Thawing of ice-rich slopes require special consideration of pipeline 
stability and differential movements, static and seismic slope 
stability, thaw-bulb stability, solifluction and erosion and drainage 
control and may require the development of site specific designs to 
mitigate these problems. 

The pipeline route in some areas will pass in the proximity of the 
Shakwak and Dalton segments of the Denali fault system which is 
characterizeo by high seismicity. The permafrost design problems 
associated with seismic activity and ground shaking are pipeline 
stability, seismic slope stability and ground movements, thaw-bulb 
stability, seismic liquefaction and fault movements. No active faults 
have been identified and fault movements are no longer considered a 
design problem. The seismic ground motions will be considered in the 
development and selection of the pipeline designs. 
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During construction of the pipeline, right-of-way disturbance due to 
construction traffic, clearing, grading, trenching, backfilling and 
restoration could lead to thermal degradation and subsequent loss of 
pipeline integrity. 

Right-of-way and construction zone designs will be developed to 
integrate with the pipeline design by development of right-of-way 
preparation procedures, by development of grading and trenching 
constraints, by using appropriate mitigative designs for erosion and 
drainage control, for slope stability, for thaw-bulb stability, by 
acceptable disposal of unsuitable spoil and restoration. The degree 
to which design successfully addresses the aspects of pipeline 
integrity, thermal degradation, erosion and drainage control and 
construction sequencing will assist to minimize environmental 
impacts. 

2.3 REGULATIONS 

The pipeline design will be in accordance with the National Energy 
Board Act Gas Pipeline Regulations, Registration SOR/74-233; and the 
Northern Pipeline Act. The design and construction will be in 
compliance with CSA Standard Z184-Ml979, and the Engineering Orders 
and Environmental Terms and Conditions (1980) issued by the Northern 
Pipeline Agency. 

2.4 BASIC DESIGN CRITERIA 

The basic design criteria consistent with good engineering practice 
and the regulations are that a safe and relatively maintenance free 
pipeline be built to avoid adverse environmental impacts and minimize 
capital costs. The design criteria that will ensure pipeline 
integrity are summarized in the structural design criteria report in 
Appendix A. 

Pipeline construction modes will be selected along the route so that 
the structural design criteria and guidelines are satisfied for the 
site specific geotechnical , topographic, terrain, and pipeline 
operating conditions. Right-of-way and construction zone design 
procedures and specifications will be established so that 
environmental and pipeline integrity constraints are satisfied. 

The Socio-economic and Environmental Terms and Conditions (revised 
draft, October 1980) and subsequent guidelines will be taken into 
account in the engineering design to satisfy engineering design 
requirements as specified in Order No. NP-M0-1-79. Minimization of 
engineering associated environmental impacts are consistent with 
engineering design for pipeline integrity. 

2.5 DESIGN APPROACH 

A flow diagram is given in Figure 2.5.1 outlining the design logic. 
The basic design objectives are pipeline integrity, mitigation of 
environmental impacts and minimum cost. 
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A terrain analysis has been undertaken over the last five years and is 
continuing using geotechnical borehole data, terrain typing, geo­
logical data, geophysical explorations and air photo interpretations. 
The information from these investigations are summarized on the 
Geotechnical Atlas in the computer data bank and in the slope catalog 
which are continuously being updated. 

The pipeline is being designed using the latest available terrain 
data. Data gathering will continue and during construction, addi­
tional information obtained may require changes to the final design 
which will be made in accordance with the design criteria and 
guidelines developed for the project. 

Pipeline design problems and associated right-of-way and construction 
zone design problems have been identified for the warm flow sections 
of the pipeline using the terrain analysis together with geothermal 
predictions of the effects of the warm pipeline, of right-of-way 
disturbance and of pending and related drainage measures on the 
thermal regime. The pipeline design, right-of-way and construction 
zone design are parallel activities in the design logic which are 
integrated at the detailed site specific design stage. 

The pipeline design involves the co-ordinated efforts of geotechnical, 
structural, pipeline, civil, construction, environmental and geo­
thermal disciplines. Alternative construction modes have been 
developed to mitigate the various design problems. Mode selections 
for varying terrain conditions will be made based on the information 
on the Geotechnical Atlas, geotechnical predictions of thaw settle­
ments and soil strength properties, and the structural design criteria 
and guidelines. A full scale test facility has been constructed at 
Quill Creek to gain construction and engineering experience and to 
test thermal effects of a number of construction modes and 
procedures. 

The right-of-way and construction zone design involves the 
co-ordinated efforts of the construction, civil, hydraulics and 
hydrology, geothermal, structural, geotechnical and environmental 
disciplines. Typical drainage and erosion control design measures 
have been developed and thermal effects of pending and right-of-way 
disturbance are being studied. Specifications are being developed for 
right-of-way preparation, grading and trenching, disposition of 
unsuitable spoil, right-of-way stability, temporary workpads, 
temporary and permanent acces? roads, drainage and erosion control 
and post construction right-of-way restoration and revegetation. In 
the detailed design phase the pipeline design and right-of-way and 
construction zone design will be integrated and detailed designs will 
be checked for compliance with all design and environmental 
constraints and revised on a site specific basis if necessary. 
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The detailed design vJi 11 then be reviewed by Foothills and government 
officials. 

After approval, construction will proceed and the as-built survey will 
be undertaken. 
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3.0 BASIC DESIGN DATA 

3.1 INTRODUCTION 

This chapter gives a brief description of the terrain analysis and 
geotechical data collected by Foothills Pipe Lines (South Yukon) Ltd. 
and summarizes the basic pipeline design and construction zone design 
problems. The basis of the pipeline design is outlined in Chapter 4 
and of the right-of-way stability and construction zone design is 
outlined in Chapter 5. 

3.2 TERRAIN ANALYSIS 

Subsurface profiles and descriptions of terrain types crossed by the 
pipeline right-of-way and accessory descriptions of soil types, 
textures, thermal states, ice contents, slopes and drainage were 
developed by consultants. The profiles and descriptions define the 
terrain types crossed by the pipeline and are an aid toward assessing 
problems related to permafrost, drainage control, slope stability, 
excavation and construction. 

The profiles and accessory descriptions of the terrain types were 
constructed from assessments of geotechnical data, field programs, 
drill hole data and air-photo interpretations using the modified 
Geological Survey of Canada system of terrain typing. 

The route selection was made by Foothills using the results of the 
terrain analysis, local topography and local geotechnical conditions 
in combination with environmental, sociological and construction 
input. 

3.3 GEOTECHNICAL DATA 

Considerable geotechnical data have been collected since 1976 by 
Foothills and their consultants. This effort has included nine 
drilling programs to determine subsurface soil conditions, and six 
geophysical programs to help delineate depth and extent of permafrost. 
This information is summarized in the Geotechnical Atlas. A 
computerized data bank in which all the detailed information is stored 
has been developed and a slope catalog has been prepared describing 
the characteristics of the slopes along the route. The Geotechnical 
Atlas, data bank and slope catalog are continuously being updated as 
new information is obtained. 

Many design conditions can be evaluated only by joint consideration of 
the geotechnical conditions, geothermal analysis of the change in the 
thermal regime induced by the construction and operation of the 
pipeline, anticipated earthquake activity and the structural design 
guidelines. Geotechnical studies have been undertaken to determine 
thaw settlement potential in various soil conditions and terrain 
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types, to determine soil strength characteristics after thawing, and 
to evaluate erodibility characteristics of surficial soils. 

Geotechnical parameters are being developed by geotechnical 
consultants for use in the structural analysis and development of 
design guidelines discussed in Chapter 4. These parameters include 
bearing strengths and load deformation characteristics of the various 
soil types and the potential for differential settlements along the 
route. A detailed description of the soil properties required to 
analyze each design configuration and develop design guidelines is 
provided in subsequent sections of this chapter. 

3.4 GEOTHERMAL DATA 

An operating warm pipeline buried in permafrost will develop a thaw­
bulb which will vary in size depending on the pipe temperature and 
local soil conditions. The maximum thaw-bulb is predicted to be 20m 
deep and 35m wide after 30 years of service. This will cause thaw 
settlements of the buried pipeline and the right-of-way surface in 
some of the permafrost soils along the route. Geothermal predictions 
are being done by consultants on all the buried configurations on flat 
and sloping terrain to determine the extent of thawing. The results 
of these analyses are used by the geotechnical consultants to predict 
the amount of thaw settlement that will potentially occur in various 
terrain types and soil strata. 

In the restrained abovegrade modes, insulation will be used in the 
construction pads and around the pipe when necessary. Geothermal 
analyses are being performed to verify alternative geometrical 
configurations of the aboveground modes and determine insulation 
requirements so that thaw penetration under the pipeline and 
construction pad will be limited to acceptable amounts. Geothermal 
analyses are also being undertaken to optimize insulation thickness 
and configurations and to determine pipe wall temperatures for the 
restrained above grade configurations during shut- downs. Thermal 
effects of right-of-way disturbance and drainage control measures are 
also being analyzed. 

The soil thermal and geotechnical properties developed by the consul­
tants and required for the geothermal calculations include conduct­
ivity, water content, dry density, excess ice content and specific 
heat of the soils and thermal properties of the insulation. The 
thermal properties are obtained from published data and the Geotech­
nical Atlas, drill hole logs and the data bank. Surface meteorolocial 
data and water and snow accumulations are estimated from published 
sources and by analysis for a particular region and topography and 
their effects are included in the overall geothermal predictions. 

The Qui 11 Creek test facility has been constructed and is extensively 
instrumented with thermistors so that accuracy of geothermal 
predictions can be checked against field measurements. 
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3.5 EARTHQUAKE CONDITIONS 

The Shakwak and Dalton segments of the Denali Fault Systems through 
which the pipeline route passes are characterized by high seismicity. 
The earthquake induced ground movements and loading conditions con­
sidered in the pipeline design include ground velocity, acceleration 
and displacement, seismic liquefaction, and transverse and longitud­
inal movements of thawing ice-rich slopes traversed or paralleled by 
the pipeline. No active faults have been identified at this time and 
fault movements are not considered a design problem. Areas along the 
route with a seismic liquefaction potential have been identified by 
the geotechnical consultants. 

The related seismic slope stability, and thaw-bulb stability design 
problems, are considered in the right-of-way stability and construc­
tion zone design basis in Chapter 5. 

3.6 ENVIRONMENTAL CONSIDERATIONS 

Environmental considerations for the pipeline design are integrated in 
the right-of-way and construction zone design outlined in Chapter 5. 
Concerns identified from The Socio-economic and Environmental Terms 
and Conditions (Northern Pipeline Agency; revised draft October 1980) 
include the following: 

a) Drainage, Erosion Control and Revegetation; 
b) Wildlife; 
c) Fisheries; 
d) Speci a 1 Interest Areas; 
e) Clearing; 
f) Blasting; 
g) Roads and Other Facilities. 

These environmental concerns will be used as a check-list to ensure 
that the design and/or construction procedures adequately address the 
environmental requirements. 

3.7 DESIGN PROBLEMS 

The pipeline design problems for the warm flow sections have been 
separated into two categories: 1) those related to pipeline 
integrity; 2) and those related to right-of-way stability , 
construction zone preparation and restoration, and erosion and 
drainage cont~ol. 

3.7.1 Pipeline Integrity and Stability 

The modes of structural damage which will affect the integrity of the 
pipeline and the stress, strain and stability criteria to prevent this 
damage are discussed in the report on the structural design criteria 
for the buried pipeline (Appendix A). Structural analysis procedures 
have been developed to analyze the pipeline response due to specified 
operating and soil conditions. A reconciliation of the results of 
these analyses with the structural design criteria forms the basis for 
determining guidelines for pipeline integrity. The construction modes 
discussed in Chapter 4 are developed using these guidelines. 
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The design problems related to pipeline integrity in permafrost as a 
result of earthqua ke activity and warm pipeline operating loads are: 

a) Loss of soil restraint due to thawing ground or seismic 
liquefaction; 

b) over~ll structural instability due to loss of latera l or verical 
soil restraint or liquefaction; particularly at horizontal or 
vertica l changes of alignment; 

c) differential movements of the pipe due to soil settlements or 
slope movements. 

3.7.2 Right-of-way Stability and Construction Zone 

The treatment of the right-of-way and construction zone is important 
both for its interaction with the construction modes and for 
environmental impacts. The basic criteria used in the right-of-way 
and construction zone design are to assure stability, provide for 
effective drainage and erosion control, and to protect the 
environment. 

The main design problems related to the right-of-way stability and 
construction zone design in permafrost as a result of earthqua ke 
activity and the changes in thermal regime caused by the warm pipel i ne 
are: 

a) Right-of-way preparation, and trenching and disposition of 
unsuitable or excess spoil; 

b) erosion and drainage control and pending ; 

c) settlements of the right-of-way due to thermal degradation caused 
by the warm pipeline, by pending and by surface disturbance; 

d) static and seismic slope stability on thawing slopes; 

e) static and seismic thaw-bulb stability; 

f) right-of-way restoration and revegetation. 
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4.0 PIPELINE INTEGRITY AND STABILITY AND CONSTRUCTION MODES 

4.1 INTRODUCTION 

This chapter presents the design basis and procedures that will be 
used for selection of the construction modes and maintenance pro­
cedures developed for the warm sections of the pipeline. The basic 
design philosophy is that appropriate construction modes will be 
selected for terrain types and subsoil conditions along the alignment 
taking into account local soil conditions, topography, thermal effects 
and pipeline integrity and stability constraints. During construction 
of the pipeline, local geotechnical and terrain conditions identified 
during the right-of-way preparation and trenching operations may 
dictate changes to the design and these will be made in accordance 
with the design manual. 

Two basic construction mode concepts have been developed for the 
permafrost design in the Yukon. These are buried restrained systems 
and abovegrade restrained systems. Pipeline stability and integrity 
for the buried construction modes will be sensitive to loss of soil 
strength due to thawing and thermal degradation causing settlements. 
Adequate soil restraint will be provided and elevations or deform­
ations of the buried pipeline will be monitored during operation in 
some permafrost areas where these thaw sensitive construction modes 
are implemented. The pipeline would be buried only where predicted 
settlements will be less than a specified allowable value and pipe 
movements will be monitored at sufficient intervals and frequency to 
audit differential pipe movements with time and identify trends to the 
pipe deformation design limits. Remedial maintenance procedures will 
be implemented to prevent unacceptable damage to the pipeline if the 
deformation design limits are approached during pipeline operation. 

The abovegrade restrained construction modes will be used in unstable 
soil areas and in areas where predicted settlements will be greater 
than the specified allowable value. These modes are being designed to 
minimize thaw penetration in most areas thus largely eliminating thaw 
settlement problems. Aerial surveillance would be used to monitor 
effects of the abovegrade restrained modes on the terrain and 
maintenance requirements would be implemented where necessary. 

The basic criteria for selection of alternative construction modes 
will be predicted settlement potential and allowable pipeline 
settlements, soil restraint requirements for structural stability, 
availability of borrow materials, and capital costs. Hydrological 
considerations and wildlife activity will also influence mode 
selection. 
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4.2 

4.2.1 

DESIGN BASIS AND GUIDELINES 

Insulation Design 

ALASKA RESOURCES LIBRARY 
Bureau of Land Management 

Insulation will be provided where necessary around the pipeline and 
within construction pads to eliminate or limit thaw penetration; and 
around the pipe in some specialized designs to reduce heat flux for 
heat tracing or refrigeration applications. 

A general specification for pipeline and laydown of flat board 
insulation is being prepared. Included in this specification will be 
the required properties for insulating materials and for protective 
outer shells when required for insulation around the pipe. 

Specifications for mechancial strength, ductility at a full range of 
ambient and operating temperatures, water permeability, long term 
insulating properties, long term durability, abrasive resistance, ease 
of application, availability and serviceability are being developed. 

Contact has been made with a number of suppliers and once the 
specification is complete it will be sent to various manufacturers and 
suppliers for their proposals. Case histories of insulation 
performance and manufacturers and suppliers feedback will be used to 
choose suitable insulating procedures, materials and protective outer 
jackets for particular requirements. Where necessary tests wi 11 be 
performed to check suitability of the materials selected. 

4.2.2 Pipeline Integrity and Stability 

Soils lose strength after thawing and some of the soils encountered in 
the Yukon would offer little restraint for the pipeline and are 
referred to as unstable soils. Similar unstable soil conditions wi ll 
exist in some frozen or unfrozen muskeg or low lying swampy areas. An 
unstable soil is defined as a soil which will not provide sufficient 
resistance to restrain or limit movements of a particular size and 
geometrical configuration of the pipeline operating at a specified 
maximum temperature differential and gas pressure. Both stable and 
unstable soils could consolidate after thawing causing the 
right-of-way surface to settle and the pipeline to lose support if 
appropriate mitigative designs and remedial maintenance procedures are 
not used in problem areas. Seismic ~ctivity, liquefaction potential 
and thawing of ice-rich slopes will require development of site 
specific designs in some areas to prevent excessive slope movements, 
loss of suprort, slope instability, and thaw-bulb instability. 
Erosion and drainage control measures will be developed to limit 
ponding and consequent thermal degradation to help prevent slope 
instability, to limit erosion and prevent loss of support to the 
pipeline as a result of washouts. Slope stability and , erosion and 
drainage control measures are discussed in Chapter 5. 

The structural design criteria which are the basis for determining 
design guidelines for the selection between alternate construction 
modes in any area are summarized in the report on "The Structural 
De s i g n C rite r i a f o r Rest r a i ned P i p e 1 i n e " w h i c h i s i n c 1 u d ed i n 
Appendix A. The relevant modes of structural damage which are 
considered in the pipeline design: 
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a) Overall structural instability of the pipeline due to insufficient 
restraint or loss of support; 

b) wrinkling, excessive tension or denting due to transverse 
differential movements of the pipe, longitudinal drag on the 
pipe, or bearing pressures; 

c) excessive ovalling or denting due to overburden loads; 

d) low temperature tensile failure. 

Structural analysis procedures have been developed to analyse the 
response of the pipeline to the various loading conditions configur­
ations and soil conditions that will be encountered. A reconciliation 
of the results of the analyses for various soil conditions forms the 
basis for determining design guidelines to protect against the various 
modes of damage, for selection of appropriate construction modes and 
defining constraints on the operating system. 

4.2.2.1 Structural Stability 

After the pipeline goes into operation a large axial compressive force 
will be developed in the restrained pipeline by temperature differ­
entials and by gas pressure. The pipeline will behave as a beam­
column as a result of this axial compressive load, requiring consider­
ation of overall stability of the pipeline in unstable soil areas. Of 
particular concern are changes of alignment, such as bends, where the 
axial force develops a transverse component which must be counteracted 
by soi 1 resistance. 

The conditions affecting overall stability of the buried pipeline will 
be the pipe size, the positive temperature differential, the pipe 
geometry in a particular area, the weight of the pipe and attached 
weights, if any, and the soil resistance available to restrain the 
pipeline. 

A positive temperature differential is defined as the difference 
between the maximum operating temperature of the flow i ng gas and the 
reference temperature. The reference temperature is defined as the 
temperature of the pipe steel when the pipeline is installed and 
restrained with zero longitudinal thermal stress. The reference 
temperature will normally be at or near ambient air temperatures at 
the time of construction. 

A buried pipeline is restrained primarily by uplift resistance and 
lateral and downward soil bearing resistance. Soil friction plays a 
minor role in restraining buried pipelines except at unanchored 
transitions to a flexible unrestrained configuration or at unanchored 
block valves where different pressures and temperatures will develop 
on either side of the valves during blowdowns. If insufficient uplift 
resistance or bearing resistance exists at a particular location 
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overall structural instability could cause the pipeline to buckle out 
of the ground, to buckle sideways or to buckle downward into settling 
soils at changes of alignment such as at over, side and sagbends 
respectively. Bouyancy, liquefaction, loss of support and washout 
effects could also cause straight pipeline to buckle out of the 
groun d. 

At a high positive temperature differential structural instability 
could lead to large deflections and excessive bending of the line 
causing wrinkling or tensile rupture before thermal stresses in the 
pipe are released. At low positive temperature differentials 
pipe movement may relieve thermal stresses prior to the occurrence of 
unacceptable structural damage. Structural instability is a sudden 
phenomenon and impending instability cannot be practically monitored 
hence an essential requirement incorporated into the pipeline design 
is that sufficient soil restraint will be provided and maintained 
around buried sections of the pipeline. Where necessary this may 
involve using select backfill, by burying the pipe in stable soil and 
by remedial maintenance in areas where thawing and consolidation of 
permafrost causes slumping of select backfill. 

In restrained abovegrade configurations sufficient select cover or 
concrete weighting and bearing ramps will be provided to prevent 
instability. 

4.2.2.2 Ground Movements 

Differential movements of the pipeline would be caused by thaw 
settlements or transverse slope movements. These movements will 
develop compressive and tensile bending strains in the pipe wall which 
must be limited in the design criteria to prevent wrinkling or 
longitudinal tensile failure. Soil reactions will be imposed on the 
pipe in certain regions and the design criteria limit ovalling and 
circumferential stresses to prevent denting. In permafrost areas and 
unstable soil areas, differential movements of the pipeline will be 
monitored at sufficient intervals and frequency to identify trends to 
the stress and strain limits at which time remedial maintenance 
measures would be implemented. Slope movements will be limited by 
design and slope instability prevented by adequate factors of safety 
and implementation of proper erosion and drainage control measures. 

In areas where the pipeline parallels a slope, longitudinal slope 
movements, thaw-bulb instability or solifluction would stretch the 
pipe in the upper region and compress it in the lower region. This 
could lead to tensile failure, wrinkling or denting in the overbend 
and sagbend areas. Pipeline damage will be avoided by adequate 
factors of safety against thaw-bulb instability and limiting movements 
by design and provision of adequate erosion and drainage control. 
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4.2.2.3 Overburden Loads 

In areas where the pipeline is deeply buried or traffic loads at road 
crossings must be considered, soil compaction or other support will be 
specified so that the pipe does not oval excessively and does not 
dent. 

4.2.3 Structural Analysis 

Membrane stresses caused by gas pressure, temperature differential and 
ground shaking caused by earthquakes (excluding massive ground 
movements) are analyzed using standard elastic analysis procedures. A 
reconciliation of the results of these analyses with the stress 
constraints in the structural design criteria form the basis for 
establishing maximum allowable limits for temperature differentials in 
each of the earthquake zones. 

Combined membrane stresses, primary bending stresses and bending 
strains caused by loss of support, ground movements and instability 
for specific structural configurations are analyzed using nonlinear 
analyses procedures. The PIPLIN computer program is used for most of 
these analyses. This is a special purpose program for stress and 
deformation analysis of cross-country pipelines, either above ground 
or buried. The program considers the effects of internal pressure, 
thermal expansion, gravity load, soil settlement, soil deformation, 
fault movement, soil creep and frost heave. Several nonlinear aspects 
of behaviour are considered, including yield of the pipe steel, large 
displacement effects, nonlinear support, and nonlinear creep and frost 
heave. Applications of the computer program for the Yukon Pipeline 
Design include: sidebend analysis of restrained pipe with nonlinear 
longitudinal and transverse soil restraint; overbend analysis of 
restrained pipe with lift-off and nonlinear longitudinal soil 
restraint; sagbend analysis with nonlinear longitudinal and vertical 
soil restraint; loss of soil support over short lengths over which the 
pipe will safely bridge; settlements or excavation of trench bottom 
with arbitrary settlement profile over long lengths with nonlinear 
soil properties and analysis of ditch profiles that the pipe will 
conform to without the application of external force. The computer 
program has been developed, improved and extensively tested over the 
last nine years. Geotechnical parameters required as input to these 
analyses include effective weight of various soils and select 
material; sideway load-deformation relationships and ultimate bearing 
resistance of ditch sides in various soil types; vertical load 
deformation relationships of soil underneath the pipe; consolidation 
and settlement potential of various soil types and longitudinal shear 
resistance between the pipe and various soil types. 

A reconciliation of the results of the structural analysis of the 
various design configurations with the stress and strain limits 
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defined in the structural design criteria provides the basis for 
determining guidelines for soil restraint requirements and settlement 
limitations which will assure the stability and integrity of the 
pipeline. 

In areas where flexibility is provided the flexibility analyses will 
be done using PIPANL or other suitable systems if PIPLIN is not 
suitable. PIPANL is a special purpose program for stress analysis of 
cross-country pipelines and station piping, either aboveground or 
buried. The program performs static load analyses and response 
spectrum earthquake analyses of three-dimensional piping systems 
subjected to internal pressure, thermal expansion, gravity load and 
soil or support settlement. Branches and loops are permitted. 
Non-linear properties of several types may be specified for the 
supports. The pipe itself is assumed to remain elastic and large 
displacement effects are not considered. Applications of the program 
may be at transitions to scraper traps, movements of unanchored block 
valves during blowdowns, and flexibility of attached piping at scraper 
traps and block valves. 

4.2.4 Design Configurations and Guidelines 

A reconciliation of the results of structural analysis of the various 
design configurations, using the various operating conditions and soil 
types where applicable, with the stress and strain limitations in the 
structural design criteria determines design guidelines for pipeline 
integrity and stability. A brief outline of the design guidelines for 
each design configuration follows. Numerical values for parameters 
referred to in the guidelines which will be used to determine ditch 
dimensions, embankment dimensions, overburden and soil restraint 
requirements and pipe movement constraints will be provided in the 
detailed design documentation. 

4.2.4.1 Temperature Differentials 

Discharge temperatures at compressor stations will be controlled so 
that the maximum allowable differentials are not exceeded and minimum 
flowing gas temperatures in the warm flow sections of the pipeline do 
not fall below 0°C for extended periods. 

4.2.4.2 Overbend Stability 

The overbend analyses for buried modes, embankments or concrete 
weighted modes require the specification of uplift resistance, 
longitudinJl shear resistance, pipe size, bend angle, radius of 
curvature, temperature differential and gas pressure. The design 
configurations are illustrated on Figure 4.2.4.2. The results of 
parametric analyses are used to determine the required uplift 
resistance for given temperature differentials, bend angles and gas 
pressures to restrain the pipeline and prevent: 
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a) Overall instability of the pipe; 

b) wrin kling or excessive tension; 

c ) excessive deflection of the bend apex which could lead to loss of 
select overburden in buried modes and embankment or tipping of 
the concrete weights in the concrete restrained mode. 

The depth of burial, or the size of concrete weights, will be 
detennined from the required uplift resistance at specific locations. 

4.2.4.3 Sidebend Stability 

The design configurations for sidebends including buried emban km ents 
and concrete weighted sidebends are illustrated on Figure 4.2.4.3. 
The sidebend analyses require the specification of bearing capacity of 
the ditch side and load deformation properties of the soils, 
longitudinal shear resistance, pipe size, bend angle, radius of 
curvature, temperature differential and gas pressure. The results of 
parametric analyses are used to determine the required ditch wall 
bearing resistance and soil stiffness for given temperature 
differentials, bend angles and gas pressures to restrain the pipeline 
and prevent: 

a) Overall instability of the pipeline; 

b) wrin kling or excessive tension; 

c) excessive lateral deflections of the bend ape x which could lead to 
the pipeline pushing out of the select overburden zone in the 
buried modes, darnaging the select fill on the loaded side of the 
embankment, or pushing the concrete weights off the construction 
pad. 

The required bearing resistance and soil stiffness to restrain the 
pipeline will be determined from the results of these parametric 
analyses. 

In the buried modes in permafrost the pipeline will be buried in 
stable soils which will provide the required bearing resistance and 
soil stiffness. If specific soil types at normal burial depths will 
not provide the required restraint, they will be classified as 
unstable soils and the pipeline will be buried deeper in accessible 
stable soils, or a wider ditch with a select backfill and compacted 
bearing pad will be provided, or a combination of deeper burial and a 
bearing pad will be used depending on local conditions. 

The width of the crest of the embankment mode will be increased and 
compacted as required to provide the necessary sideway restraint at 
sidebends in the embankment mode. 

A ramp constructed from compacted select material to provide the 
necessary sideway restraint will be provided at sidebends in the 
concrete restrained mode. 
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4.2.4.4 Sagbend Stability 

The sagbend configuration is illustrated on Figure 4.2.4.4. The 
vertical bearing restraint offered by the ditch bottom in unfrozen 
soils will normall y increase with increasing downward deflections of 
the bend apex hence instability will not normally be a problem at 
sagbends. 

If settlements occur, however, there will be a tendency for the 
sagbend to buckle into the settlement profile. Hence differential 
settlements will normally control the design of buried sagbends in 
thawing permafrost. Significant thawing and settlements will normally 
not occur under the abovegrade embankment or concrete restrained 
modes. 

Differential settlements of the buried modes are discussed later. 

4.2.4.5 Straight Pipeline Stability 

Instability of buried pipelines, particularly at changes in alignment, 
can occur as a result of insufficient soil bearing or uplift 
resistance to restrain the pipeline in the ground. Instability can 
also be triggered in straight sections of the pipeline by loss of soil 
support due to washouts, seismic liquefaction, settlements, buoyant 
loadings in combination with loss of soil restraint, etc. Some 
typical configurations are illustrated in Figure 4.2.4.5. 

The structural analyses of loss of support are used to determine safe 
free span lengths over which the pipeline will safely bridge for a 
given pipe size, temperature differential, gas pressure, primary 
gravity load and buoyancy load. A reconciliation of these analyses 
with the design criteria will ensure: 

a) Overall stability of the pipe 

b) combined membrane and bending stresses below the yield strength 
of the steel. 

The design philosophy is to provide continuous support and restraint 
to the pipeline in accordance with the codes and regulations and with 
good engineering practice. Loss of support or acceptable span lengths 
are therefore not generally a design consideration. 

The safe free span lengths for specific conditions will be used to 
specify the spacing of soil stabilization or special supports for 
remedial maintenance mea sures in areas where loss of support or 
excessive differential settlements occur. These considerations are 
discussed subsequently. 
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4.2.4.6 Loss of Support and Differential Movements 

Loss of support as a result of thawing permafrost or earthquakes could 
be caused by ground settlements, washouts and thermal erosion, slope 
movements or instability, etc. These design problems are created by 
the unique nature of thawing permafrost and distinguish the pipeline 
design for warm flow in the Yukon from conventional pipelines in 
non-permafrost areas. Loss of support and excessive differential 
movements are mitigated by providing adequate restraint to stabilize 
the pipeline, by providing site specific drainage and erosion control 
to prevent thermal erosion and washouts, and by providing adequate 
protection against static or seismic slope instability. The erosion 
and drainage design and the slope stability design are integral parts 
of the overall design for pipeline integrity and are discussed in 
Chapter 5. 

The loss of support, differential settlements and transverse differ­
ential slope movement configurations are illustrated in Figures 
4.2.4.6A and 4.2.4.68. If loss of support or transverse slope 
movements occur over a length less than or equal to the safe free span 
length discussed in the previous section the pipe will bridge the loss 
of support span as shown in Figure 4.2.4.6A. For span lengths 
somewhat greater than the safe free span length the pipe will deform 
or will buckle into the loss of support profile as shown in Figure 
4.2.4.68 provided adequate overburden exists. The resulting 
differential movements of the pipe are restricted in the design 
criteria to prevent: 

a) Excessive compressive strains which could cause wrinkling~ 

b) excessive tensile strains which could cause tensile 
rupture; 

c) excessive soil reactions which could cause denting. 

Design guidelines for safe differential design movements and design 
maximum movements are determined in the structural analyses for 
parametric variations in temperature differentials, soil bearing 
stiffnesses and overburden loadings. 

The buried pipeline will be monitored in thawing permafrost and 
remedial maintenance procedures will be implemented when the allowable 
design settlement or movement is reached. Maintenance procedures will 
involve the provision of stabilized soil supports at a spacing equal 
to or less than the safe free span lengths discussed in 
Section 4.2.4.5. 

4.2.4.7 Longitudinal Slope Movements 

Longitudinal slope movements on ice-rich slopes paralleling the 
pipeline alignment could be caused by solifluction, static slumping of 
the thaw-bulb and static or seismic slope instability. The design 
configuration is illustrated in Figure 4.2.4.7. When ice rich slopes 
cannot be avoided by route re-alignment these movements will be 
limited by mitigative static and seismic slope stability designs and 
by erosion and drainage control to prevent: 
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a) Erosion and loss of overburden which could lead to overall 
instability in the vicinity of the overbend; 

b) denting in the overbend or sagbend areas; 

c) wrinkling in areas where compressive strains are developed; 

d) tensile rupture in areas where tensile strains'are developed. 

Surveillance of slopes and remedial maintenance will be implemented 
where necessary. 

4.2.4. 8 Pipe Stiffness and Ditch Profiles 

The standards require that the pipeline conform to the ditch profile 
without the application of external force as illustrated in 
Figure 4.2.4.8. On cross-country sections this requirement will 
normally be satisfied by using cold field bends or hot-bends so that 
the pipe is bent to the ditch profile. 

Ditch profiles will be determined in areas where it is not possible to 
use field bends so that: 

a) The pipe will conform to the profile without the application of 
external force; 

b) ditch profile curvatures are less than the wrinkling 
curvature. 

4.2.4.9 Ovalling Due to Overburden Loading 

Overburden loadings and soil bearing reactions will cause the pipeline 
to oval or to dent as illustrated in Figure 4.2.4 . 9. Select bedding 
will be provided on all uneven ditch bottoms to avoid concentrated 
soil reactions and denting. In areas where the pipeline is deeply 
buried controlled compaction will be specified to prevent excessive 
ovalling or denting. At road crossings controlled compaction and 
burial depths will be specified to limit ovalling and circumferential 
stresses in the casing at cased crossings or in the carrier pipe at 
uncased crossings and also to prevent settlement of the road surface. 

4.3 CONSTRUCTION MODES 

The burial construction modes developed to mitigate design problems 
and assure integrity of the system are designated as follows: 

Mode 1 
Mode 2 
Mode 3 
Mode 4 
Mode 5 

Standard Burial Warm Pipe 
Saddle Weighted Warm Pipe 
Continuous Weighted Warm Pipe 
Unweighted Burial Warm Pipe 
Deep Burial Warm Pipe 
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Stability and integrity of these buried modes will be sensitive to 
thawing permafrost and settlements. The pipeline will only be buried 
in frozen soils which are stable after thawing. The thawed soil must 
provide sufficient resistance to restrain the pipeline and the 
predicted settlement must be less than the allowable design differ­
ential settlements. One of the abovegrade modes will be used where 
these conditions cannot be complied with. The buried pipeline in 
permafrost areas will be monitored at sufficient frequency and 
interval to identify trends to the design deformation limits for the 
pipeline. If deformation limits are reached in specific areas 
remedial maintenance procedures would be implemented to support the 
pipeline and stop settlements or ground movements by stabilizing the 
soil or providing special supports. 

An overfill will be provided over the buried pipeline to compensate 
for overburden depth that may be lost by consolidation and slumping of 
the backfill and surrounding permafrost. This overfill will be 
regularly maintained to assure minimum burial depths and soil 
restraint during operation of the system. 

The abovegrade construction modes will largely eliminate thermal 
degradation, settlements and stability problems provided adequate site 
specific erosion and drainage control measures are implemented to 
prevent thermal erosion, pending or washouts. These control measures 
are discussed in Chapter 5. The abovegrade construction modes are 
designated as: 

Mode 6 
Mode 7 

Insulated Embankment 
Concrete Restrained 

Surveillance and maintenance of erosion and control measures for 
abovegrade modes will be required during operation to preserve the 
thermal regime and prevent settlements or loss of support. 

Transitions from buried modes to abovegrade modes are designated as: 

Mode 8 Burial to Embankment or Concrete Restrained 
Transition 

Special site specific design such as road crossings and river 
crossings are designated as: 

Mode 9 Special Designs 

A description of each construction mode follows. 
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4.3.1 Mode 1 - Standard Burial Warm Pipe 

This mode will be used in dry, well drained, stable soils with the 
water table below the pipe as illustrated in Figure 4.3.1. Pipe 
settlement will be estimated and it must be less than the acceptable 
criteria. The minimum depth of cover, D1, will be determined based 
on the required uplift resistance to stabilize the pipeline and the 
density and strength of the backfill. The quality of the native 
material will be determined during the detailed design and it will be 
deemed either as acceptable or select material will be specified. The 
minimum depth of cover will be specified accordingly and indicated on 
the design alignment sheets. A compensating initial overfill will be 
provided in order to prevent formation of a depression over the pipe 
should some settlement occur. Filter cloths may be provided as 
required to help maintain select material around the pipe. 

At field bends additional overburden, deeper burial and/or bearing 
pads will be provided as required to restrain the pipeline. 

4.3.2 Mode 2 - Saddle Weighted Warm Pipe 

Concrete saddle weights will be used in some areas to provide negative 
buoyancy to the pipeline in areas where the water table may rise above 
the pipe. The mode is illustrated in Figure 4.3.2. In these areas 
the pipeline will be buried in stable soil with an estimated settle­
ment potential less than the maximum allowable. The required uplift 
resistance and soil restraint will be provided to restrain straight 
segments and field bends by providing adequate depth of burial and/or 
bearing pads. The overfill will be provided and maintained to com­
pensate for slumping and consolidation. Filter cloths will be pro­
vided as required to help maintain select material around the pipe. 

4.3.3 Mode 3 - Continuous Weighted Warm Pipe 

Pipe weighted with a continuous concrete coating or with precast bolt 
on weights is illustrated in Figure 4.3.3 and will be used at river 
crossings, some stream crossings and perhaps some muskeg areas. The 
pipeline will be buried in stable soils with an estimated settlement 
potential less than the allowable as described for Modes 1 and 2. 

4.3.4 Mode 4 - Unweighted Burial Warm Pipe 

This mode is illustrated in Figure 4.3.4 and will be specified in 
initially frozen areas where stable soil is accessible at pipe depth 
but a signif~cant surface layer of ice-rich material suggests that the 
water table could be at the ground surface after thawing. The extra 
depth of cover over Mode 1 reflects the reduced buoyant weight of the 
backfill material. The minimum depth of burial specified will provide 
adequate uplift resistance to restrain the pipeline and to provide 
buoyancy control without the need for concrete weights. Other soil 
restraint specifications will be the same as described for Mode 2. 
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4.3.5 Mode 5 - Deep Burial Warm Pipe 

This mode is illustrated in Figure 4.3.5 and will be used in areas 
where stable soils are accessible at greater depths than those for the 
previous four modes. This mode is actually the limiting case of 
Mode 4 with the maximum depth of burial limited by construction equip­
ment capabilities as discussed in Chapter 5. 

In areas where stable soils are not accessible and estimated 
settlements could be greater than the maximum allowable one of the 
aboveground construction modes will be used. Mode assignments will 
also be based on mimimum costs if a number of alternatives are 
suitable for specific areas. 

4.3.6 Mode 6 - Insulated Embankment Warm Flow 

The embankment designs on flat terrain and cut-fill situations are 
illustrated in Figures 4.3.6 A and 4.3.6 B. Side-cut and overlay 
configurations on slopes are not illustrated but special drainage 
control will be provided for these geometrical configurations. The 
embankment design will eliminate or limit thaw penetration and 
consequent settlements provided adequate drainage is provided. Choice 
between the embankment and the concrete restrained mode, and other 
suitable alternatives, will be made on the basis of minimum costs, and 
other site specific constraints. 

The embankment mode will be located on the upslope side of cut-fill 
configurations where possible to help minimize drainage and thermal 
erosion problems. When this is not possible for construction reasons 
special cross drainage facilities will be designed. 

4.3.7 Mode 7 - Concrete Restrained Warm Flow 

The concrete restrained mode is illustrated in Figures 4.3.7 A and 
4.3.7 B for flat terrain and cut-fill sections respectively. Side­
cut and overlay configurations on slopes are not illustrated but will 
require special drainage control to prevent thermal erosion and 
permafrost regression. The concrete restrained mode will eliminate or 
limit thawing and settlements provided, pending and thermal erosion 
are prevented. Limited thaw penetration may occur in the vicinity of 
the edges of the bearing pad and settlements of the edges of the pads 
and preservation of drainage will be achieved by surveillance and 
maintenance. 

The mode consists of keyed linked concrete weights with the required 
weight to stabilize and restrain the line. Bearing ra mp s will be 
provided at sidebends where necessa~ to restrain sideway movements. 
Wildlife crossings will be provided where required for wildlife 
migration routes. In areas where continuous wildlife crossings are 
required the embankment mode (4.3.6) or a modified form of concrete 
restrained mode would be used or a special deep burial design may be 
developed. Trail and minor road crossings will also be provided where 
necessary. 
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The concrete restrained mode will be located on the upslope side of 
cut-fill configurations where possible as discussed for the embankment 
mode. 

4.3. 8 Mode 8 - Burial to Embankment or Concrete Restrained 
Transitions 

The transition mode is illustrated in Figure 4.3.8. The lengths of 
the transitions will depend on the bend angles specified for a 
particular area. The depth of burial required to restrain the 
overbend region will depend on the temperature differential, pipe size 
and bend angle and will increase for increasing bend angles. 

4.3.9 Special Designs 

Due to the site specific nature of this mode, these designs are not 
illustrated. They include road crossings, river crossings, and 
liquefaction on flat terrain. Designs for seismic liquefaction in 
unfrozen ground in flat terrain will be done on site specific basis 
and could include the embankment modes, burial with a large overburden 
load, special supports or route selection. 

4.3.10 Remedial Maintenance 

In areas where thaw settlements or slope movements occur and monitor­
ing indicates that the deformation design limits for the pipeline are 
being approached remedial maintenance will be implemented to stop 
further settlements. One alternative being studied and illustrated in 
Figure 4.3.9 will be to thaw out the permafrost intermi ttently with 
steam injection to the maximum estimated thaw depth and to stabilize 
the sub-soil with high pressure low slump grout injection. These soil 
stabilized areas would be spaced at the maximum free span length 
discussed in Section 4.2.4.5. Alternatively other types of supports 
spaced at the same maximwn free span lengths may be considered if 
necessary. 
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5.0 RIGHT-OF-WAY STABILITY AND CONSTRUCTION ZONE DESIGN 

5.1 INTRODUCTION 

The construction methods addressed in this chapter include construc­
tion scheduling, right-of-way preparation (clearing, grading, etc.), 
temporary and permanent workpad design, trenching, disposal of spoil, 
right-of-way restoration, and permanent access roads. The project 
objective is to construct the pipeline in as economical and efficient 
a manner as possible while mitigating both temporary and permanent 
environmental impacts and maintaining the long term integrity of the 
pipeline. 

The design basis outlined here will provide that the effects of the 
construction procedures used will not cause locally unacceptable 
conditions and that the construction procedures will conform to the 
environmental terms and conditions. These construction procedures 
will minimize terrain disturbance and will provide a stable right-of­
way during the construction period. After construction activities 
have ceased the disturbed areas will be permanently restored to a 
finished cross section suitable for the application of permanent 
erosion control, restoration of natural drainage and revegetation. 

The design basis for the design of drainage and erosion control 
measures for warm flow are outlined. 

Should further analysis indicate special concerns that are not 
addressed as part of the scope of this report, engineering designs 
will be established as required to ensure an acceptable design of each 
drainage and erosion control facility. 

The site specific detailed design will include the detailed drawings 
and specifications for construction using the design basis presented 
in this section as a guideline for design. 

Construction of the pipeline will result in some changes to the 
natural state of slopes intersected by the pipeline right-of-way . 
These changes include geometrical (resulting from cuts and fills on 
sideslopes), thermal (due to deeper thaw penetration), or 
environmental (such as changes in drainage and groundwater regimes) . 

Slope stability studies will be undertaken to ensure that the pipeline 
system, the right-of-way, and all other activities associated with the 
construction and operation of the pipeline will not be subjected to 
detrimental ~lope movements nor cause movements that will have adverse 
effects on the environment. In order to meet these objectives the 
design process includes a compilation of the slope catalogue along the 
route, a classification of the slopes that will be affected by the 
pipeline alignment, a development of design criteria and the relevant 
input parameters to the analytical studies, the results of analytical 
analyses, and a development of mitigative measures that may be 
employed to enhance the stability of slopes. In addition, seismic 
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slope stability and liquefaction studies will be performed for each 
significant slope along the route. State-of-the-art analytical 
procedures will be used t6 assess these slopes and mitigative measures 
will be recommended for slopes that do not meet the required safety 
criteria. 

5.2 BASIS OF CONSTRUCTION ZONE DESIGN GUIDELINES 

5.2.1 Scheduling 

The scheduling of the pipeline construction wi 11 be di eta ted by 
economic considerations, construction requirements, and environmental 
constraints. Economic requirements are beyond the scope of this 
report. It is considered generally preferable that construction of 
buried pipelines in permafrost be done during the winter season. This 
is due to a number of reasons including the constructibility of access 
roads and workpads, stability of the trench walls, stability of the 
spoil material, and minimizing the disturbance to the surface soil 
layers. Construction of abovegrade modes could be done in the summer 
provided a construction pad is constructed. Environmental constraints 
to scheduling may include the imposition of "timing windows" so 
construction will not interfere with critical habitat utilization by 
important fish and wildlife species. 

5.2.2 Right-of-Way Preparation 

Right-of-way preparation includes clearing, grubbing, stripping, and 
grading of the right-of-way in order to create a surface suitable for 
construction of the pipeline. 

The areas to be cleared will be the minimum required for efficient 
construction operations. All clearing will be in accordance with 
the objectives of the Environmental Terms and Conditions and its 
associated Guidelines. Hand clearing methods will be used in 
sensitive terrain and in conjunction with co-ordinated timing prior to 
construction at designated river and stream banks and valley walls. 
Hand clearing may also be required at the top of some cuts in areas of 
significant cross slopes. 

Grubbing will be required along the trench line whenever the pipe will 
be in a buried mode. It may also be performed in areas under the 
trench spoil pile where no grading wi 11 be done (i.e., areas of 
minimal cross slope). Grubbing will be done in association with 
grading in areas of significant cutting of all mode designs . Grubbing 
will not be performed beneath ice aggregate roads, temporary gravel 
workpads and travel lanes or permanent insulated workpads. 
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Rough grading of the hummocky terrain in areas of low cross slopes 
will be performed. The graded material will be wasted off the right­
of-way or used in right-of-way reclamation and thermal barriers at the 
toes of the workpad. The graded material will not be used to fill in 
hollows of the hummocky terrain. 

Conventional cut-fill grading techniques will be used in seasonally 
frozen areas and thaw stable permafrost. Some stripping of surficial 
organic layers may be necessary in order that the fill sections be 
constructed of stable materials and founded on sufficiently competent 
soil. 

Greater quantities of right-of-way grading will be required in areas 
where there is a significant cross slope and also in areas of signi­
ficant slopes parallel to the right-of-way. Right-of-way protection 
may be required in all areas where unstable soils are exposed. All 
permanent fills will be constructed of thaw stable soils that can be 
compacted to a reasonable density under winter conditions. 

Design configurations in sideslope areas will be such that the amounts 
of cut and fill are minimized while maintaining a stable right-of-way 
and pipe environment and adequate construction work space. Cut 
slopes will be designed such that thawing does not lead to instability 
resulting in detrimental effects to the right-of-way, the pipe, and 
the environment. 

5.2.3 Workpad Design 

Workpad design and construction will be in accordance with the 
proposed usage, the environmental terms and conditions, the 
availability of material, the nature of the terrain, and the degree of 
permanence of the pad. 

Permanent workpads will be constructed in all areas where aboveground 
pipe modes are called for. These pads will be insulated for the warm 
flow sections of the pipe. These pads will be designed primarily on 
geothermal design considerations in order to minimize thaw under the 
pads and hence the associated settlement. Permanent drainage 
facilities requiring a minimum of maintenance will be constructed 
where necessaty. Temporary workpads will be constructed from either 
gravel or ice and snow. Depending on the degree of permanence 
required, the gravel pads may be supplemented by insulation or filter 
cloths. Temporary workpads and travel lanes in areas of relatively 
stable terrain for one winter season need have only enough gravel to 
assure trafficability, create a level surface, and prevent exposure of 
a significant number of terrain high spots. Following abandonment of 
these pads, the gravel will be contoured to restore natural drainage 
and eliminate any ponding situations that may arise. In areas where 
workpads and travel lanes are to be constructed on disturbed thaw 
unstable terrain (as in a graded cut), a greater thickness of the 
workpad gravel may be required for post construction right-of-way 
protection from thaw degradation. 
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Snow and ice roads can be constructed in areas where these materials 
are readily available. Care will be taken that both the mining and 
placement of these materials will not have adverse effects on 
surficial soil layers. These pads will not be used after thawing 
becomes advanced in the spring. Testing on the construction and 
performance of ice roads under Yukon conditions was performed in the 
winter of 1981 at the Quill Creek Test Site. 

While it is generally preferred that the workpad be constructed when 
the ground is frozen, construction scheduling and efficiency concerns 
may result in some summer construction. A number of summer construc­
tion alternatives are presently being considered including gravel pads 
of varying thickness, insulated gravel pads, and pads on filter cloth. 
The selection of the appropriate mode will depend on the thickness of 
the active layer, the strength of the upper thawed layer, the amount 
of traffic expected on the pad, and the degree of performance 
required. Test sections of potential summer workpad designs have been 
constructed at the Quill Creek Test Site. The performance of various 
design alternatives is presently being observed and evaluated. 

5.2.4 Trenching Constraints 

The maximum depth and dimensions of the pipeline trench are 
constrained by the equipment used. The maximum depth obtainable using 
presently existing wheeled ditchers is about 2.5 m. While the maximum 
depth that a conventional backhoe (e.g. Cat 245) can excavate is in 
the order of 10 m, the manufacturers recommend that a shorter stick be 
used when excavating permafrost which effectively limits the 
excavation depth to 6 m. In unfrozen areas, excavation to depths of 
up to 10m is possible but progress is very slow. The wheeled ditcher 
generally excavates a cleaner trench than the backhoe particularly if 
blasting is used in conjunction with the latter. More bedding, 
padding, and select backfill material will be required if the 
excavation method is blasting and backhoe instead of using a wheeled 
ditcher. 

The performance of the ditching alternatives was observed at the Quill 
Creek Test Site in February 1981. Preliminary observat i ons of 
excavation rates in permafrost include: 

Wheeled Ditcher: 

Backhoe Excavation: 

Blasting + Backhoe Excavation: 
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Peat - 2.1 m deep trench - 240 m/ 10 h 
shift 

Gravel - 2.5 deep trench - 110 m/ 10 h 
shift (33 m/3 h) 

Peat + Gravel - 2.4 m deep trench -
22 m/10 h shift 

Peat + Gravel - 5.2 m deep trench -
45 m/10 h shift 



While these rates are indicative of the excavation rates for the 
different alternatives, they are dependent on terrain conditions, 
weather, machinery, downtime and many other factors. A complete 
report on the trenching excavation tests is presently being prepared 
by consultants to Foothills. 

5.2.5 Disposition of Spoil 

There will be four classes of spoil material generated in the 
construction of the pipeline. These include: 

a) Trees, brush and other wood material; 
b) Stripped organic material; 
c) Trench spoil; 
d) Right-of-way grading spoil. 

Disposal of trees, brush, and other wood material will be in accor­
dance with good pipeline practice and the applicable regulatory 
ordinances. Disposal methods will include burning of the material (on 
rocks or sleds in permafrost terrain), chipping or mulching. Disposal 
operations will be conducted in a manner such that debris will not 
enter a watercourse. Wood chips and mulch may be spread evenly over 
the right-of-way where their insulating properties can be used to 
impede or reduce thaw degradation. 

Stripped organic material will be spread over the right-of-way and 
used as insulating barriers at the sides of the workpad and over the 
granular trench backfill. 

The texture of the trench spoil materials will depend upon the 
excavation method. The wheeled ditcher spoil will be primarily broken 
down into small particle sizes while blasting and backhoe excavation 
may result in very large blocks of spoil material. The majority of 
the wheeled ditcher spoil will be placed back in the trench and excess 
used as a berm over the trench. Large blocks of material obtained 
from backhoe and/or blasting excavation techniaues may not be used as 
trench backfill, will be either broken down or removed to designated 
spoil disposal areas. 

In areas where significant right-of-way grading is required (e.g . 
cross slopes), large amounts of spoil from cuts may be generated . 
While some of this material may be suitable for fill construction, it 
is anticipated that in. many areas it will not. If the cut material is 
ice-rich or fine grained, it must be wasted in designated spoil areas . 
Trenching sp0il may also be wasted in a similar manner if it is 
considered to have a detrimental impact on the right-of-way 
protection. 
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5.2.6 Right-of-Way Restoration 

Erosion control measures will be implemented as quickly as possible 
after disturbance of permafrost areas so as to forestall thermal 
degradation, slope failure, and ground subsidence. All temporary 
wor kpads and access roads wil l be regraded in order to encourage the 
re-establishment of natural drainage systems and temporary drainage 
measures such as culverts will be removed wherever possible. 
Regrading and the spreading of spoi l and organic material on the 
right-of-way will be done in a manner to satisfy revegetation 
requirements. 

5.2.7 Access Roads 

Permanent access roads will be necessary to compressor stations, 
intermediate blockvalves, and perhaps to some areas of the right-of­
way. Access roads will be designed based on local soil conditions, 
trafficability objectives, the availability of suitable construction 
materials, and the time of construction. The road designs will be 
consistent with good engineering practice and current practices being 
adopted in Yukon to adapt to local conditions. The access roads will 
be constructed of granular materials. The thickness of the gravel 
will vary with the shear strength of the soil, the design wheel 
loading and road usage, and whether measures such as riprapping (with 
wood), filter cloth, or insulation board are employed. 

5.3 DESCRIPTION OF CONSTRUCTION ZONE DESIGN MEASURES 

5.3.1 Right-of-Way Preparation 

Clearing and rough leveling of the right-of-way will be as described 
in the Design Basis portion of this section. Trees will be either 
burned, mulched, or used as corduroy material beneath workpads and 
access roads. The feasibility of the latter alternative is presently 
being evaluated and a test section of this type of construction is 
being monitored at the Quill Creek Test Site. Other right-of-way 
preparation and reclamation techniques are also presently being 
observed and monitored at Quill Creek. 

Rough gradir.g of hummocks and stripping of organic surface layers in 
thaw unstable terrain under temporary workpads or access roads may be 
done in areas where its effect on the thermal regime will be minimal. 
It may also be performed in areas where the upper (active layer) zone 
of soil is considered very compressible. The disturbance to the 
thermal re9ime will be minimal provided that : 

a) The thickness of the organic soil is at least two times the 
active layer depth; 

b) the excavation is done by blading and not by ripping; 
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c) the soil (peat) under the stripped surface is not allowed to melt 
before placement of gravel workpad or access road. 

Right-of-way preparation in areas of level terrain will be minimized. 
Travel on the right-of-way will be restricted to the workpads and 
access roads or to designated areas that will be restored after 
construction. 

Cut slopes will be designed such that thawing does not lead to slope 
instability. Slopes may be cut vertically and allowed to self-heal or 
they may be cut at a design slope and in some areas protected with 
gravel blankets, gravel buttresses or peat blankets. These techniques 
are presently being observed at the Quill Creek Test Site. All major 
slope cuts (greater than 5 m in height) will be designed on a site 
specific basis. Cut slopes in granular thaw stable soils will be cut 
back to a stable angle during grading. 

5.3.2 Workpad Design 

The design of the workpad will be a function of the trafficability 
objectives, the degree of permanence required, geotechnical 
conditions, environmental conditions, drainage conditions, the 
availability of pad construction material and the season of the 
construction. 

5.3.2.1 Trafficability Objectives/Degree of Permanence 

For aboveground modes, the workpad will be designed on the basis of 
pipeline integrity. The pad dimensions will reflect the results of 
geothermal modelling and mechanical constraints such as minimum cover 
over the board insulation. The basic design constraint is that an 
unacceptable amount of thaw will not occur under the workpad leading 
to the pipeline settlement. 

Summertime construction will require the use of an ·end dumped pioneer 
fill over the cleared undisturbed right-of-way. This fill will be 
sufficiently thick to carry heavy construction equipment and also to 
allow for any displacement of the embankment materials down into the 
active layer soils. The use of filter cloth or log riprapping may be 
beneficial in satisfying the latter requirement. Stripping of the 
organic layer (when feasible) may be another alternative to inhibit 
the downward migration of the granular fill particles. 

Insulated workpads may also be required in areas where high traffic­
ability sta~dards are required. These pads will be less affected by 
seasonal freeze thaw cycles and hence will be less prone to deterior­
ation with time. These pads would be recommended in poor soils areas 
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where extended usage through a number of thaw seasons is required and 
where the costs of a thicker granular pad are outweighed by a thinner 
insulated gravel pad. 

Workpads and travel lanes constructed for use in below grade modes 
during one winter season only will be constructed to much less 
stringent requirements. In thaw stable areas, these pads can be just 
the graded and grubbed right-of-way with minimal surface preparation. 
In areas where the surficial soils are thaw unstable, workpads 
constructed of ice aggregate or uninsulated gravel will be considered 
in order to protect the right-of-way during subsequent thaw seasons. 
Travel lanes will be constructed to similar standards for both above 
and below grade modes. 

Thicker workpads and travel lanes may be necessary in summer construc­
tion areas where soil conditions are poor. These pads may be supple­
mented with filter cloth and other reinforcement techniques . 

5.3.2.2 Geotechnical Conditions 

The geotechnical conditions are particularly important in the assess­
ment of workpad performance during thaw seasons and in the assessment 
of the long term performance of the right-of-way and its interaction 
on the pipeline. 

The important parameters to be considered are the thawed shear 
strength of the soil and its thaw settlement characteristics. The 
latter will be evaluated in conjunction with a geothermal assessment 
of thaw depth under the gravel pad. A series of thermistor obser­
vations are currently being recorded at the Quill Creek Test Site in 
order to aid in the geothermal modelling of thaw profiles beneath 
various workpad configurations. 

The soil strength will be assessed on the moisture content/ gradation/ 
density characteristics of the soil type as extrapolated for the 
terrain unit. 

The use of log riprapping (or corduroy) and filter cloth beneath the 
workpad embankment will be considered in some summer construction 
areas. The application of filter cloth to a thawed surface (or one 
that potentially may thaw) will reduce the gravel requirements by up 
to one third. 
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5.3.2.3 Environmental Considerations 

Erosion and drainage design measures for environmental concerns along 
the right-of-way and the workpads are addressed in the Drainage and 
Erosion Control segment of this report. 

5.3.2.4 Availability of ~1aterial _ 

Select granular materials will be used for both workpad construction 
and pipe backfill. This material will be obtained from designated 
borrow pits. Crushing and/ or screening operations may be necessary at 
some pits in order to process material suitable for pipe bedding and 
the workpad surface course. 

The borrow material for the workpads will be coarse grained well 
graded material with specified limits of fines. Finer materials will 
be used for pipe bedding and padding. In areas of winter construc­
tion, the material used must be low in ice/moisture content and 
capable of being properly placed and compacted. 

The location and operation of borrow pits will be consistant with 
applicable regulatory ordinances. When it is necessary to utilize 
borrow sources located within a flood plain, dykes and other works 
will be used to ensure that the natural stream or river course is 
maintained. 

5.3.3 Permanent Access Roads 

Permanent access roads will be designed with reference to the relevant 
sections of ENVIRONMENTAL DESIGN FOR NORTHERN ROAD DEVELOPMENTS 
(Environment Canada Report EP S 8-EC-76-3). Whenever practicable an 
undisturbed buffer zone at least 100m wide will be maintained between 
the pipeline right-of-way and roads and water bodies. 

Permanent access road design will be similar to that described for 
workpads. These roads will by definition be constructed to last 
through continuous freeze-thaw cycles and hence the thawed properties 
of the subgrade soils will be a major factor in the roadway design. 
The assessment of the subgrade soils will be as described in the 
workpad design section. The use of filter cloth, insulation, or rip­
rapping (corduroy) will be evaluated especially in areas of part­
iculary weak subgrade soils or where good quality granular material is 
expensive or difficult to obtain. Drainage design measures will be as 
described in the Drainage and Erosion Control portion of this report. 
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5.3.4 Right-of-Way Restoration 

Thawing of initially frozen ground could cause quite substantial 
settlement of the right-of-way for an eventual distance of about 20m 
or more on ei tiler side of the pipe. Access may be necessary in some 
areas to maintain the right- of-way as it thaws and settles. An 
initial overfill is provided on the buried construction modes to allow 
for settlements and sideway consolidation of the ditch wall and to 
maintain minimum depths of overburden. 

Erosion control procedures for the right-of-way are described in the 
Drainage and Erosion Control section of this report. 

5.4 BASIS OF DESIGN OF DRAINAGE AND EROSION CONTROL DESIGN 

In D & E control design, environmental concerns have been considered 
to be an integral part of the design and as such they have been incor­
porated into the design criteria in the appropriate subject areas. 
Right-of-way vegetation and temporary control measures are not 
considered within the scope of this section. 

In the following sections the rationale and design criteria for 
specific D & E control measures are explained. In Section 5.5, natural 
and engineering parameters, which must be considered in the assignment 
of D & E control measures, are identified and their significance dis­
cussed. In Section 5.6, conditions requiring D & E control are iden­
tified and related control measures are presented. In Appendix "B", 
design criteria for the proposed D & E control measures are presented. 

The design criteria of the D & E control measures are developed to 
maintain the integrity of the pipeline, and to minimize terrain distur­
bance and adverse environmental impacts in compliance with various 
governmental regulations. However, some maintenance of D & E control 
measures will be required, especially during the early years of 
operation. 

5.5 DESIGN PARAMETERS 

Parameters which must be considered in the assignment of D & E control 
measures are included in this section. They are grouped into natural 
parameters and engineering parameters. 

5.5.1 Natural Parameters 

Natural parameters are those characteristics along the route which are 
defined by existing (preconstruction) conditions. Significant natural 
parameters are hydrological, geotechnical topographical and 
environmental. The D & E control design is intended to re-establish 
natural drainage patterns which may be altered during construction of 
the pipeline. 
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5.5.1.1 Hydrological 

D & E control facilities must accommodate the intensity and volume of 
design flmvs which are encountered at the pipeline right-of-way. Flows 
are identified as; active layer (groundwater flow), non- concentrated 
(overland flow), and concentrated flow (either with or without a 
defined channel). Aufeis, a condition of surface ice buildup, can be of 
significance to design in areas of abovegrade construction. 

Hydrological parameters are assessed by the Hy draulic Consultants 
on the basis of regional frequency analysis and by the "rational" and 
related methods (Northwest Hydraulic Consultants Ltd . ( NHCL) , August 
1978; Inland Waters Directorate (IWD), December 1978). Design flow 
values having a return period in the order of 100 years are generated. 
Aufeis conditions are predicted on the basis of field survey infor­
mation and by conditions along the Alaska Highway. Hydrological 
parameters used in the design for abovegrade mode are a kilometre­
by-kilometre account of the nature, orientation, and intensity of 
design peak flows, plus comments pertaining to any special features. 

5.5.1.2 Geotechnical 

Geotechnical parameters of significance to the design of D & E control 
facilities are the type and the erodibility of soils and slope stab-
; 1 i ty. 

Geotechnical parameters are assessed by the Geotechnical Consultants 
on the basis of available terrain mapping and borehole data. The 
analysis of terrain erodibility is made in conjunction with the 
sensitivity classification of the Geological Survey of Canada (GSC). 

The primary geotechnical parameter affecting D & E control design is 
the terrain erodibility index (TEl, scale 2 to 10). The TEl is 
compiled as the summation of a Soil Erodibility Index (scale 1 to 3) a 
Topographic Index (scale 1 to 3) and a Thermal Erosion Index (scale 0 
to 4) all determined for bare soils. 

5.5.1.3 Topographical 

Topographical parameters of significance to the design of D & E control 
facilities are the slopes, both parallel and perpendicular to the 
right-of-way, and the definition (shape, size, slope orientation , 
elevation) of gullies and streams along the pipeline right-of-way. The 
topographical data source for the design is 1:10 000 scale photo­
grametrical mapping with spot elevation and 3 metre contour intervals 
and field topographical survey notes. Drainage facilities are located 
and sized in accordance with topographical information giving due 
consideration to the hydrological and geotechnical parameters prev­
iously discussed. Field inspection is required for conf i rmation of 
these parameters for areas of abovegrade construction where culverts 
are to be installed. The exact placement, location, elevation and 
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grade of culverts will be determined prior to construction after the 
right-of-way is cleared. 

5.5.1.4 Environmental 

An important environmental consideration at stream crossings, where 
0 & E control facilites are planned, is the presence or absence of 
certain fish and the site specific activities of fish, if present. 

With respect to right-of-way revegetation the D & E control design 
assumes that revegetation is a longterm enhancement measure and there­
fore will not be considered in D & E control design. Detail of re­
vegetation measures are outlined in a document entitled "Revegetation 
Plan" (Foothills, 1981). 

5.5.2 Engineering Parameters 

The engineering parameters considered in the D & E control design are 
the pipeline route, construction mode, right-of-way preparation and 
borrow/spoil material. 

5.5.2.1 Pipeline Route 

The pipeline route selection is not within the scope of this report. 
However, the route has been selected considering D & E control. 

A pipeline right-of-way 40 metres (m) wide is located within a 240m 
wide first right-of-way and depending on the direction of construction 
the pipeline is located 26m from the north or the south boundary of 
the 40 m right-of-way. The limits of any terrain disturbance should be 
confined to the 40 m right-of-way. The work area will be either north 
or south of the pipeline, depending on the direction of construction. 
The direction of construction should be such that the work area is most 
often on the downslope side of the pipeline. 

Locations of features and facilities along the route are identified by 
kilometre post (KP) established during the survey of the reference 
1 i ne. 

5.5.2.2 Construction Modes 

Allocations of construction modes are made primarily on the basis of 
structural geotechnical and geothermal considerations. The selection 
of the construction mode is not within the scope of this report, 
however, the D & E control concerns are considered in the construction 
mode selection. For the purposes of D & E control design, the 
construction modes are grouped into two main categories, buried mode 
and abovegrade restrained mode. 

Except for the minor effects of grading, the buried mode (as used in 
conventional pipeline construction) has little impact on natural 
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drainage patterns. Streams are essentially restored to their natural 
conditions, and active layer or groundwater flow is preserved. In 
overland sections of the route where no flow concentrations exist, 
mound breaks are provided to allow the discharge of flow intercepted by 
the backfill mound. Should a section of the backfill mound wash out, 
the consequences are not expected to be severe. Two buried mode 
conditions of potential consequence and hence of concern to the D & E 
control design are: 

a) Surface flows parallel to the pipeline which could cause erosion 
of the disturbed right-of-way; 

b) groundwater flow within the pipeline trench which could induce 
channelization of the trench and settlement. 

Solutions proposed for these conditions are respectively: 

a) Surface protection with coarse material fill where on-site 
materials are expected to erode; 

b) pipeline trench plugs. 

The abovegrade restrained mode is similar to a highway, and D & E 
control problems are treated in a manner compatible with accepted 
practices. This mode affects drainage patterns by restricting cross 
drainage to installed facilities. D & E control design for this mode 
will ensure: 

a) That water is able to cross the pipeline right-of-way; 

b) that parallel and cross drainage facil i ties are not subject to 
erosion. 

An embankment opening is proposed as a special abovegrade measure 
where large peak flows are expected, and where predicted aufeis 
conditions could possibly obstruct culvert facilities. 

The abovegrade restrained "cut-fill" mode would be used only for 
sections where the negative slope perpendicular to the route is greater 
than 15 %, with a vertical cut depth of at least 2 m, and no major con­
centrations of flow exist. In this mode, overland and active layer 
flow could pass freely over the pipeline and workpad. 

5.5.2.3 Right-of-way Preparation 

Grading of the natural topography will be confined primarily within the 
right-of-way. Parallel grading will minimize curvature of the pipeline 
and perpendicular grading will provide a relatively level working 
surface. Grading includes cut, cut-fill and fill configurations. 
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In cut configurations, all surface flow intercepted by the right-of-way 
will be channelized and will flow parallel to the pipeline until cross 
drainage is possible. This condition is potentially severe forD & E 
control design because: 

a) Some flow occurs on exposed bare soils which are susceptible to 
erosion; 

b) the cut section intercepts flow which would not normally flow in 
the direction of the pipeline, thereby creating a higher discharge 
than would be experienced under natural conditions; 

c) cut situations frequently occur at steep slopes, creating a 
potential watercourse along the cut. 

Appropriate measures to control this condition are outlined in 
Secti on 5. 6. 2. 

In cut-fill configurations, steep cut slopes with exposed native 
material may experience some erosion due to overland and seepage flow. 
Flows will be contained upslope of the pipeline until being directed to 
and drained off by some cross drainage facility . Should the longitud­
inal slope be greater than the cross slope of the right-of -way, flow 
may remain within the right-of-way rather than dra i n off t owards 
undisturbed terrain. Appropriate measures to control this condition 
are out l ined in Section 5.6.3. 

In fill configurations, flow could be intercepted by the fill material 
and could flow beside the workpad over undisturbed terrain unti l 
reaching a culvert. Culverts should be located in natural depressions 
or other appropriate locations. 

5.5.2.4 Spoil and Borrow Material 

Unsuitable spoil material consists of that material excavated which is 
unsuitable for use as backfill or other application. 

D & E control design recommends that unsuitable spoil material be 
disposed off the right-of-way. 

Borrow materials are selected to meet construction standards . Since 
pit-run borrow materials will frequently be used f or construction, the 
criteria forD & E controls will be to ma ximi ze the use of this borrow 
material, and minimize the need for processed borrow material . 

5.5.3 Regulations 

The design and construction of the pipeline right-of-way drainage and 
erosion control facilities will be in compliance with the National 
Energy Board Act, Gas Pipeline Regulations, the Northern Pipeline Act , 
the Engineering Orders and The Socio-economic and Environmental Terms 
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and Conditions (Northern Pipeline Agency; revised draft October, 1980) 
and related guidelines issued by the Northern Pipeline Agency. 

5.6 DRAINAGE AND EROSION CONDITIONS AND RELATED CONTROL MEASURES 

This section outlines conditions requiring drainage and erosion 
control, and introduces the remedial measures which are proposed for 
them. 

5. 6.1 Interception of Active Layer and Non-Concentrated Overland 
F ow 

Active layer and non-concentrated overland flow is defined for 
situations wherever there is an absence of creeks, gullies, or shallow 
swales having some definable contributing drainage basin. Overland 
flow can be expected during the spring time snowmelt period, while the 
ground is frozen. During summer periods, most rainfall runoff will 
flow in the subsurface active layer. 

In below grade mode, the overland flow will be intercepted by the back· 
fill mound and will be drained longitudinally to the nearest backfill 
mound break. In this mode, the active layer flow may be intercepted by 
the backfill material in the trench, depending on the relative 
permeabilities of the native and the backfill materials. On steep 
longitudinal slopes, trench plugs may be installed to control flow 
within the trench. 

In the abovegrade mode the overland flow will be intercepted by the 
workpad and will be drained longitudinally to the nearest cross 
drainage facility. In this mode, the active layer under the workpad 
will be frozen, therefore ground water flow will be forced to the 
surface upstream of the workpad and will be drained as surface 
drainage. 

5.6.2 Longitudinal Drainage of Intercepted Flow 

Water intercepted by the pipeline right-of-way will flow along the 
pipeline right-of-way until a cross drainage facility is reached. 
Surface water will flow as contained surface drainage. Where the line 
is buried, longitudinal subsurface drainage may also occur within the 
pipeline trench and will be controlled by trench plugs. When 
encountering a shallow depression, where neither longitudinal nor cross 
drainage is provided, water may pond until it evaporates, drains by 
subsurface flow or is provided drainage through maintenance 
activities. 

Cut slopes are a concern to the D & E control design in permafrost 
areas. These cut slopes will generally be cut vertically during 
construction, and will slump during the following seasons as shown in 
Figure 5.6.2. Slumping slopes may only be a problem if the slump 
material were to enter longitudinal drainage courses, blocking the 
drainage course or resulting in siltation of natural drainage courses. 
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Potential problems from cut slopes will be avoided by specifying a 
maximum allowable vertical cut. Five metres is the anticipated maximum 
vertical cut in consideration of D & E control on the basis of 
right-of-way geometry and anticipated repose angles for slumped 
material. 

5.6.2.1 Surface Drainage 

In the buried mode, erosion will be controlled by frequent mound breaks 
and related diversion dikes to divert flow off the right-of-way as 
shown on the drawing 2 -00-02-00 -TP -0050. 

For cases other than total right-of-way cut, the diversion dikes are 
extended into undisturbed terrain to ensure that bare soils are not 
subjected to erosion. 

In the abovegrade restrained mode, potential longitudinal erosion will 
be controlled by ditch checks (see drawing 2-00-02-00-TP-0053) or 
coarse material protection. 

5.6.2.2 Subsurface Drainage 

Longitudinal subsurface drainage is applicable only to the buried mode 
of construction and potential problems can be controlled by proper 
design and construction of trench plugs, as shown on the drawing 
2-00-02-00-TP-0051. Subsurface drainage through the pipeline trench 
will occur when the trench backfill material permeability and 
longitudinal slope provide a drainage path superior to natural 
conditions. 

Potential problems associated with this flow through the trench 
include: 

a) Stability failure of material within the trench due to 
saturation; 

b) washout of pipe bedding material; 

c) initiation of concentrated flow, whereby water channelizes within 
the pipeline trench; 

d) warming the flowing groundwater thus transporting unwanted thermal 
effects beyond that region normally affected by the heat of the 
buried pipe. 

To mitigate these problems, trench plugs should be considered: 

a) At cross drainages occurring where the longitudinal pipeline slope 
is greater than 10%; 

b) at the approaches to a river when significant groundwater flow is 
expected in the trench. 
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Trench plugs are designed to help water to flow towards the surface 
where it can be diverted off the right-of-way by diversion dikes. 

5.6.3 Cross Drainage of Intercepted Flow 

Cross drainage refers to water passage across the pipeline right-of­
way. Cross drainage facilities for intercepted flow impose a localized 
concentration of flow downstream of the right-of-way greater than that 
which would occur naturally. Facilities are designed and spaced such 
that no adverse effects on native terrain are induced. D & E control 
design applied to this condition is relative to construction mode: 

a) Buriedmode; 
b) abovegrade restrained mode; 
c) abovegrade restrained "cut-fill" mode. 

5.6.3.1 Buried Mode 

In the buried mode of construction, cross drainage of intercepted flow 
will be provided by mound breaks, which are simply gaps in the backfill 
mound. Exposed surface materials at mound breaks should be sufficient­
ly coarse to withstand anticipated flow velocities. Mound breaks occur 
at natural depressions and are spaced relative to longitudinal slope 
along the right-of-way. Diversion dikes should be provided where 
specified to divert flow onto undisturbed terrain. Trench plugs cannot 
function properly unless constructed with mound breaks and diversion 
dikes, thus providing the surface drainage necessary to prevent 
groundwater from re-entering the pipeline trench. 

Mound breaks, related diversion dike and trench plug location are shown 
on the drawing 2-00-02-00-TP-0050. 

5.6.3.2 Abovegrade Restrained Mode 

In the abovegrade restrained mode of construction, cross drainage of 
intercepted flow will be provided by culverts. Culverts will normally 
be located in natural depressions approximately on natural grade. For 
ease of maintenance a minimum 600 mm culvert size will be used . 
Special inlet treatment should not be required, but outlet treatment 
may be required to dissipate erosive energy downstream of the culvert . 

The drawing 2-00-02-00-TP-0054 shows a typical transition from longitu ­
dinal flow passage in a ditch section to a culvert facility and the 
typical culvert installation details. 

5.6.3.3 Abcvegrade Restrained "Cut-Fill" ~1ode 

In the abovegrade restrained "cut-fill" mode of construction, there 
should be limited intercepted flow. Non-concentrated flow will be 
dispersed by grading of the workpad surface to slope perpendicular to 
the right-of-way to provide cross drainage. 
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Figure 5.6.3.3A shows the abovegrade restrained "cut-fill" mode 
transition to the abovegrade restrained mode and Figure 5.6.3.38 shows 
typical cross sections of the abovegrade restrained "cut-fill" mode. 

5.6.4 Cross Drainage of Concentrated Flow 

Concentrated flow conditions are encountered when the pipeline right­
of-way crosses rivers, creeks and intermittent waterways. Most large 
rivers, and creeks are treated as special design crossings. Special 
D & E control conditions are addressed on a site specific basis . 

5.6.4.1 Buried Mode 

In the buried mode of construction, cross drainage of concentrated 
flows will be accommodated by restoration of drainage channels and, 
where appropriate, floodplains, or waterways, to their preconstruction 
geometry. These restorations will include, as appropriate: 

a) Restoration of intermittent drainage courses (swale, gully) to 
their approximate natural geometry and slope; 

b) restoration of the waterway channels to their approximate natural 
geometry based on top width and maximum depth ; 

c) provision of constant channel bed slope to match the natural 
channel bed(s) upstream and downstream of the disturbed area; 

d) provision of channel bed and bank material which is of equal or 
greater coarseness than the native channel material; 

e) provision of coarse material fill as a surface treatment in flood­
plain regions where disturbed native materials may be easily 
eroded. 

5.6.4.2 Abovegrade Restrained Mode 

In the abovegrade restrained mode of construction , cross drainage of 
concentrated flow will be provided by culvert facilities or embankment 
openings. Culvert faci 1 i ties as shown on the drawing 2-00-02 -00 -TP -54, 
must be designed on a site specific basis with consideration given to 
design flow, upstream storage capacity, channel characteristics and 
fish habitat. 

D & E control measures which may be required with a culvert include: 

a) Outlet treatment in the form of a premanufactured culvert end 
section or coarse material to dissipate energy at the culvert 
outlet; 

b) inlet treatment in the form of a premanufactured culvert end 
section or coarse material to provide a smooth flow transition 
into the culvert and prevent erosion at the entrance; 
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c) guide banks upstream of the culvert in lar9er streams to ensure 
that flow does not impinge on the embankment away from the 
culvert; 

d) channelization to permit flow from the culvert to join the natural 
stream or vice versa. Channelization, where required, should 
preferrably be located downstream from the culvert. Channelization 
would only apply where the skew angle between the creek and 
right-of-way is greater than 45 degrees~ 

For streams having a design flow greater than 4 m3/s, or severe 
aufeis conditions, culvert facilites may be replaced by an embankment 
opening as shown on the drawing 2-00-02-00-TP-0052. The embankment 
opening consists of a free span segment of pipeline supported at both 
ends by embankment work pad "abutments". The "abutments" wi 11 be 
protected to a level necessary to ensure their integrity during design 
flood conditions. Restoration of the stream channels should be 
completed as per the requirements for a buried pipeline. Guide banks 
and channelization as above could apply to the embankment opening as 
v1e 11 . 

5.6.4.3 Abovegrade Restrained "Cut-Fi 11" Mode 

The above grade "cut-fill" mode will not be used in areas of concen ­
trated cross drainage. 

5.6.5 Special Hydraulic Conditions 

Four special hydraulic conditions are: intensive overland flow; concen ­
trated flow parallel to the right-of-way; aufeis; and wave action. 
These conditions are avoided as much as possible when the route is 
selected and when the construction modes are assigned, therefore they 
should be rarely encountered along the pipeline route. 

5.6 .5 .1 Intensive Overland Flow 

Intensive overland flow becomes a problem only when associated with the 
aboveground restrained mode of construction . In these conditions , 
sufficient erosion protection of the upstream side of the workpad 
should be provided between cross drainage facilities. 

5.6.5.2 Concentrated Flow Parallel to the Right-of-way 

Concentrated flow parallel to the right-of-way could occur for a short 
section. This condition would create some problems independent of 
construction mode as design flows would be substantially greater than 
that for the standard longitudinal drainage facilities (section 3.2). 

Proposed solutions to this condition are: 

a) Enhancement of standard measures (ditches, diversion dikes) by 
providing surface armoring material; 

- 43 • 



b) sheltering of the right-of-way by channelization or construction 
of levees to keep concentrated flow away from the disturbed right­
of-way surface. 

5.6.5.3 Aufei s 

Aufeis is a condition of surface ice buildup as groundwater flow 
becomes exposed to the air and freezes (Van Everdingen , 1978). Aufeis 
conditions present significant problems in the abovegrade restrained 
mode of construction when there is sufficient aufeis developed to 
obstruct culvert facilities to the extent that they can not pass design 
flows. Where these conditions occur, an embankment opening, as 
described in Section 5.6.4.2 is used. 

5.6.5.4 Wave Action 

Wave action may be encountered if the aboveground restrained mode is 
routed through or beside any large ponds. Proposed measures for this 
condition will be the provision of riprap on slopes exposed to wave 
action. 

5.6.6 Thermal Erosion 

Some thermal erosion and thermal degradation will be experienced along 
the right-of-way due to thawing of ice-rich material . Thermal effects 
may be caused by: 

a) Physical exposure of ice-rich material (cut slopes); 

b) loss of surface insulation due to removal of or damage to 
vegetation, introduction of non-vegetated fill or pending of 
water; 

c) heat from warm pipeline. 

The D & E control measures are only one component of the design pro­
cedure for control of thermal degradation. The proposed D & E control 
design criteria acknowledge thermal erosion such that; 

a) t~aterial originating from thawing cut slopes should not enter 
draina9e courses; 

b) D & E control measures will m1n1m1ze pending of water which might 
contribute to thermal degradation. 

c) D & E control measures will minimize thermal transfer associated 
with water movement by confining water to D & E control 
facilities. 
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5. 6. 7 r~a i ntena nee 

Some maintenance of D & E control facilities will be required, 
especially during the early years of operation. In the event of 
failure of aD & E control facility, field judgement will be required 
to determine the cause of failure and assess the need for some higher 
level of protection. 

Anticipated maintenance includes: 

a) Drainage of water ponded in shallow depressions, using ditches or 
by backfilling the depressions; 

b) removal of sediment or debris from parallel and cross drainage 
facilities; 

c) de-icing of culverts; 

d) stabilization of cut slopes; 

e) repairing or upgrading culverts, diversion dikes or other 
facilities adversely affected by settlement; 

f) repairing or upgrading of erosion controls where erosion occurs. 

5.7 BASIS OF SLOPE STABILITY DESIGN 

A catalogue is presently being prepared of slopes along the pipeline 
route in the Yukon for all slopes greater than 14 % which intersect the 
pipeline route. The slopes are identified by a slope number and 
located by kilometre post. Each slope is classified by length , 
direction of slope (longitudinal or transverse), slope angle (both 
average and maximum), and slope height. The subsurface stratigraphy is 
evaluated on the basis of terrain typing and borehole results and 
groundwater conditions are estimated (where possible) . Finally, a 
preliminary geotechnical assessment is made delineating potential 
design problems associated with each slope and the required analyses 
that must be undertaken. 

Subsequent to the compilation of a slope catalogue, a full stability 
evaluation of all catalogued slopes is being undertaken by consultants. 
The effect of disturbance to the thermal regime of the slope due to 
both construction activities and pipeline operations will be made for 
each frozen slope and the consequences of this disturbance will be 
evaluated. 

The analytical assessment of each slope will examine the geothermal 
reoime (frozen or unfrozen slope), material properties (soil or rock 
strength), and the proposed post-construction slope geometry. The 
slopes will be examined from both a static and seismic point of view 
and areas of liquefaction potential will be noted in order that 
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appropriate design measures can be implemented. The effect of the thaw 
plug around the pipeline will be evaluated both for longitudinal and 
transverse slopes as will the effect of potential soil movement on the 
pipeline stability and integrity. 

~1inimum allowable factors of safety and maximum slope movements will be 
specified and the slopes will be designed to these criteria. The 
minimum allowable factor of safety will be different for the static and 
dynamic analyses with the latter being a lower value. Mitigative slope 
design measures will be proposed in areas where slopes do not meet 
these criteria. 

5.7.1 Description of Design Measures 

The basic input needed for the design of the slopes are topography, 
shear strengths of the soil and rock formations, groundwater conditions 
in the slopes, expected thermal regime, and earthquake motions adopted 
as design criteria. 

The slope geometry and the subsurface stratigraphy have a large bearing 
on the type of failure. In permafrost areas, thaw fronts will provide 
constraints to potential failure surfaces and may result in wedge or 
infinite-slope failures being most critical. In thawed areas, weak 
soil layers and the depth to bedrock may affect a potential failure 
surface and hence the factor of safety. Large critical slopes on the 
pipeline route will be designed on a site specific basis due to these 
considerations. 

The shear strength parameters used in the slope analyses will be based 
on the results of laboratory tests on soil samples where applicable 
test results are available. Although shear strength testing is desir­
able, it is often difficult to obtain undisturbed samples of many soil 
units. Hence correlation of soil index, density and gradation 
properties with tests in similar materials may also be required in many 
instances in order to estimate the relevant soil parameters. This is 
particularly evident in frozen soils with a significant coarse fraction 
where undisturbed sampling is very difficult. However, these soils 
have a well defined range of shear strength parameters, and the level 
of confidence in assignment of parameters is high. 

The parameters affecting the groundwater regime of a slope include the 
hydrology of the area, drainage conditions, permeability, and thaw­
consolidation pore water pressures induced by thawing permafrost soils. 
Most fine grain~d permafrost soils are considered to be saturated on 
thawing with the excess pore pressure generation being a function of 
the ratio of the rate of advance of the thaw front to the coefficient 
of consolidation of the soil. Altered groundwater conditions in a 
slope resulting from a change in the thermal regime often exert the 
most important impact in the reduction of stability of a slope where 
the soils are fine grained and enhibit poor drainage characteristics. 
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In South Yukon the soils are relatively free draining and do not 
maintain significant excess pore pressure during moderate rates of thaw 
experienced in the field. 

Geothermal analyses will be based on the final cut-fill configuration 
of the right-of-way and will include the thaw-bulb around the pipeline. 
Potential disturbance of the right-of-way will be considered in areas 
where this is considered possible. 

For earthquake loading, the design input parameters will include the 
earthquake acceleration, duration, and response spectrum. Liquefaction 
potential will be principally based on soil grainsize, groundwater con­
ditions, soil density, and overburden pressure. Dynamic shear tests 
may be performed in critical locations if the soil conditions warrant 
them. 

5.7.2 Methods of Analysis 

Static methods of analysis will be performed on all frozen, thawing and 
unfrozen slopes. Frozen and thawing slopes will be analyzed with 
respect to thaw-bulb stability, infinite slope stability and cut slope 
stability. Unfrozen slopes will be analyzed by traditional failure 
surface analyses which take into account weak soil layers and the 
bedrock configurations. Dynamic methods of analysis will include both 
the pseudostatic analysis and permanent slope displacement 
computations, where required. 

5.7.3 Remedial Measures 

In areas of potential concern due to slope stability problems, mitiga­
tive measures may be necessary in order to assure the pipeline 
integrity. For frozen or thawing slopes, these would include : 

a) Pipeline right-of-way re-route; 
b) measures to limit or prevent thaw (i.e. insulation or peat 

covers); 
c) regrading; 
d) gravel surcharge load on the thawing slope; 
e) restraining structures; 
f) groundwater control and drainage. 

A number of these measures are currently being tested and monitored at 
the Quill Creek Test Site. 

For areas of thawed slopes, the following mitigative measures will be 
considered: 

a) Pipeline right-of-way re-route; 
b) regrading/excavation and filling; 
c) groundwater control and drainage; 
d) restraining structures. 

In addition, slopes will be monitored for movement in areas of 
potential concern and further mitigative measures will be undertaken if 
unacceptable slope movement is found to occur. 
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6.0 FINAL DESIGN 

6.1 SITE SPECIFIC AND INTEGRATED DESIGN 

The pipeline design, the right-of-way stability and construction zone 
designs will be integrated on a site specific basis during the detailed 
and final design stages. Revisions to construction mode assignments as 
required for drainage slope stability and pipe integrity will be 
incorportated. 

6.2 HYDROSTATIC TESTING PLAN 

In accordance with the National Energy Board Act and the Gas Pipeline 
Regulations, Part III, Field Pressure testing the pipeline will be 
hydrostatically tested under water as the test medium. 

A hydrostatic testing plan detailing test section locations and 
associated test procedure requirements will be developed and presented 
with the pipeline specifications. 

6.3 MONITORING AND REMEDIAL MAINTENANCE 

The safe range of pipe movements for settlements will be determined in 
the stress analysis and reconciliation with the design criteria. 
Monitoring of the pipeline will be undertaken in unstable soil areas . 
A monitoring and Remedial Maintenance plan will be developed detailing, 
necessary measurement intervals, methods and frequency of measurements 
to identify trends toward critical stress in accordance with NEB 
Regulations, and remedial maintenance procedures to be implemented as 
required. 
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1.0 INTRODUCTION 

1.1 Purpose and Scope 

STRUCTURAL DESIGN CRITERIA 

FOR RESTRAINED PIPELINE 

The purpose of this report is to present the structural criteria 

developed to ensure integrity of the pipeline system. The 

criteria place limitations on combinations of stresses and 

strains to prevent the various modes of dar.1age that will be 

prevented by design, construction and maintenance. 

The report discusses the modes of structural damage protected 

against, the loading conditions, material properties of relevance 

for determining safe strains, the main analysis procedures used 

and the manner in which the stress analysis and reconciliation 

with the design criteria will be used to determine guidelines 

that will be incorporated into the pipeline design. 

The strain criteria apply to the restrained buried and above 

grade systems which are subjected to substantial axial restraint 

and do not generally apply to unrestrained piping at compressor 

stations or elsewhere. Separate Design Criteria are being 

developed for unrestrained and partially unrestrained configur­

ations. 

1.2 Description of Design Conditions 

The Alaska Highway Gas Pipeline in the Yukon Territory will pass 

through discontinuous permafrost and areas of relatively high 

earthquake risk. The flowing gas in the northwestern part of the 

pipeline route up to compressor station 311 in the Yukon (KP 

64.2) is proposed to be chilled (operate below 0°C) and the 

flowing gas is proposed to be warm (operated above 0°C) 

downstream from co1npressor station 311. 
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Chilling the gas will freeze the pipeline into the permafrost. In 

unfrozen areas chilling could cause frost heave in frost 

susceptible soils. The design problems over the chilled section 

of the route are to develop designs which will eliminate heaving 

or will control heaving to acceptable amounts over the design 

life of the pipeline; to develop remedial control measures which 

wi 11 be used to arrest excessive heaving and assure structural 

integrity of the pipeline in problem areas during operation of 

the pipeline; and to develop nonitoring methods and procedures 

which will be used to identify and observe pipe movements in 

unstable soil areas during operation of the pipeline and identify 

areas where remedial maintenance will be necessary. Delineation 

of the unfrozen frost heave susceptible areas along the route 
' 

requ1r1ng special designs will be determined from the 

Geotechnical Atlas. 

The warm section of the pipeline over the remainder of the route 

in the Yukon Territory wi 11 cause the permafrost areas to thaw. 

The nature of some of the permafrost. soils in the Yukon is that 

they consist of ice-rich peat, organic silts and strata with 

excessive ice. After thawing, some of these soils would be 

unstable and would offer little restraint to the pipeline. Both 

stable and unstable soils after thawing could settle appreciabl y 

and the designs developed will assure stability of the pipeline 

and will avoid excessive settlements. Designs are also being 

developed for right-of-way stability and erosion and drainage 

control consistent with the requirements for pipeline integrity 

and the requirements of the Environmental Terms and Conditions. 

Geotechnical designs will be developed where necessary on a site 

specif ·ic basis for slope stability and thaw bulb stabil ity on 

ice-rich slopes. 
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In the Shakwak and Dalton segments of the Denali Fault System 

which is characterized by high seismicity, the design problems in 

thawing ground will be seismic slope stability, thaw bulb 

stability on slopes, seismic liquefaction, pipeline stability and 

fault movements, if any active faults are crossed. No active 

faults have been identified at this time. Designs are being 

developed on a site specific basis for the seismic slope 

stability, thaw bulb stability, and seismic liquefaction 

conditions. 

The design problems related to permafrost and seismic conditions 

over the warm section of the route are to develop designs which 

will eliminate or will limit differential movements of the 

pipeline in specific areas to acceptable amounts over the design 

life of the pipeline; to develop designs that will prevent 

overall instability of the pipeline in unstable ground or in 

ground with a liquefaction potential; to develop remedial contro l 

measures which will be used to limit excessive differen t ial 

movements in problem areas during operation of the pipeline ; and 

to develop monitoring methods with which to observe pipe 

movements during operation of the pipeline in order to identify 

areas where remedial maintenance will need to be implemented. 

Delineation of the permafrost areas along the route requiring 

special designs will be determined from the Geotechnical Atlas. 

Designs, remedial control measures, and monitoring measures will 

be selected to assure structural integrity and safety of the 

pipeline, to be technically sound, 

adverse en vi ronmenta 1 impacts and 

operating costs. 
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1.3 Basic Approach 

Structural analyses of the pipeline response to combined 

operating loadings and differential frost heave, differential 

settlements, low soil restraint due to thawing, - liquefaction or 

buoyancy effects, slope rnovements, fault movements, etc. 

determine the combined stresses and strains imposed on the 

pipeline and the conditions that could lead to damage or overall 

i nstabi 1 i ty of the pipeline. A reconc i 1 i at ion of the results of 

these analyses with the ·stress, strain and stability criteria in 

this report provide the basis for determining design limitations 

and guidelines for the various loading conditions includ ing 

maximum allowable temperature differentials, maximum allowable 

frost [leave, maximum allowable settlements, soil support 

requirements for pipeline stability and field bend stability, 

etc., and design guidelines for the pipe movement monitoring 

system. Application of these design guidelines together with 

local geotechnical conditions and topography, geothermal effects, 

environmental and construction constraints and costs will enable 

appropriate construction modes to be ·selected along the rou t e. 

The design criteria outlined in this report will prevent the 

various modes of structural failure or damage relevant to a 

buried pipeline that can be controlled by proper construction 

mode selection and by operations and maintenance. 

The criteria outlined in this report are consisten t with those 

used in the design and construction of the Western and Eastern 

Legs of the pipeline system ~n Alberta and South British Columbia, 

have been expanded to handle the speci a 1 design problems in the 

discontinuous permafrost and earthquake prone areas in the Yukon 

Territory, and are therefore applicable to Zones l through 5. 

They are also consistent with the recommendations of the Northern 

Pipeline Agency summarized in the Position Paper on the Frost 

Heave Design Prograr;1 (NPA, August 1979) and the Position Paper 

on the Differential Settlement, Structural 
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Stabi 1 i ty, and Muskeg Design Prog r am ( NPA, February 1980 ) . The 

criteria in this report apply to construction, pre-operation and 

operational loadings on restrained pipeline. Stress criteria for 

transportation, handling and stacking of pipe are documented 

elsewhere. 
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2.0 FAILURE DATA AND MODES OF STRUCTURAL DAMAGE 

2.1 Failure Data 

Research into the conditions that have resulted in disruptive 

failure of buried pipelines (Pipeline Research Committee of 

American Gas Association, November 1974; November 1969) has 

indicated the causes of most in-service incidents. 

After a pipeline is placed in service, failures have occurred as 

a result of mechanical damage such as gouges and dents imposed 

during operation; environmental damage (such as corrosion); and 

by wrinkles, buckles, secondary loadings , sabotage, and internal 

combustion (Eiber, November 1974). Cathodic protection and pipe 

coatin~ outerwrap will protect against environmental effects. The 

objectives of the metallurgical design include the provision of 

parent steel and welds with sufficient strength to withstand the 

nominal stresses and strains imposed on the pipeline, and with 

adequate toughness to prevent extension of sub-critical defects, 

to prevent unstable brittle fracture propagation and to control 

ductile fracture propagation (Maxey, November 1974; Kiefner, 

November 1969; Eiber, November 1969; Wilowski, Maxey and Eiber 

June 1977). 

The structural design of the buried pipelne is concerned with the 

prevention or control of modes of dama9e such as overall 

instability, wrinkles, buckles, dents and tensile failures caused 

by combined primary and secondary stresses (t•1oschini, 1969) that 

can be controlled by design, construction, monitoring during 

operation and by maintenance. 
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2.2 Modes of Structural Damage 

There are five modes of damage or failure associated with 

different combinations of loadings of relevance in the design of 

the buried gas transr:1ission pipeline. Each of these depend on 

the type of stress or strain imposed by combined loadings at the 

time of failure. These modes of failure are overall instability 

(i.e. column buckling) local instability (i.e. wrinkling) 

longitudinal tensile rupture, circumferential tensile rupture, 

and denting. The criteria in Section 6 will protect against each 

of these modes of damage under normal operating and specified 

contingency conditions. 

2.2.1 Overall Structural Instability 

Overall instability would be caused by compression in the 

pipeline due to gas pressure, positive temperature differential 

and insufficient soil restraint to hold the pipe in the ground. 

2.2.2 Wrinkling 

l~rinkles could be caused by excessive longitudinal compressive 

strain in the pipe wall due to combinations of gas pressure, 

positive temperature differential, earthquake and compressive 

bending strains caused by differential movements and could also 

lead to fracture initiation if wrinkles develop to an advanced 

stage. 

2.2.3 Longitudinal Fracture Initiation 

Longitudinal fractures could be initiated by tensile hoop stress 

acting across a critical longitudinally oriented defect and could 

lead to ductile fracture propagation. 
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2.2.4 Circumferential Fracture Initiation 

Circumferential fractures could be initiated by excessive 

longitudinal tensile strain acting across a circumferentially 

oriented defect in pipe steel or in girth welds and could lead to 

ductile fracture propagation. 

2.2.5 Denting 

Excessive ovalling or denting could be caused by excessive soil 

reactions or bearing pressures acting on the pipe and could 

hinder the passage of pigging devices or collapse the pipe under 

zero internal pressure conditions . 
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3.0 LOADING CONDITIONS 

The main loading conditions of relevance in the pipeline design 

are those which can be controlled to prevent damage by design, by 

construction, by operations and by maintenance. These loadings 

include combinations of gas pressure, temperature differenti9.l, 

earthquake, weight of pipe plus other attachments, soil 

overburden, differential ground movement, buoyancy or 

liquefaction, and ioss of ground support. 

The loadings of interest could act independently or in 

combination and are classified into three groups. The first set 

will result from normal construction and operation of the 

p i p e l i n e an d a r e des i gnat e d a s des i g n l o a d i n g s . T h e s e con d w i ll 

result from soil conditions and movements and are designated 

geotechnical loadings. The third could result from earthqua ke 

motions and are designated seismic loadings. 

3.1 Design Loadings 

Design loadings are determined by the system des i gn and by 

ambient temperatures during installation. These loadings are 

essentially deterministic and include gas pressure, temperature 

differential, self weight of pipe and attachments and we ight of 

gas or hydrostatic test medium. 

3.1.1 Gas Pressure 

For a given nominal outside diameter and yield strenqth of pipe, 

the required nominal wall thickness is determined according to 

applicable regulations, which in essence restrict the primary 

hoop stress to some level below the yield strength of the steel. 
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3.1.2 Temperature Differential 

A temperature differential is defined as the difference between 

maximum or minimum operating temperature of the flowing gas and 

the reference temperature. The reference temperature is defined 

as the temperature of the pipe steel when the pipeline is 

installed in the ditch, and is restrained with zero longitudinal 

stress. The reference temperature will normally be at or near 

ambient temperatures at the time of installation of long lengths 

of pipeline. A positive temperature differential and gas pressure 

will develop an axial compressive force in the restrained 

pipeline requiring consideration of overall structural stability 

for some soil conditions particularly at field bends. 

3.1.3 Hydrostatic Test Pressure 

Test pressures required to prove strength are specified according 

to applicable regulations. 

3.1.4 Dead Weight 

Self-weight of pipe and attachments and weight of gas or test 

medium are deterministic loadings which for certain design 

conditions may need to be considered together with gas pressure 

and temperature differential to analyze stresses and strains 

caused by seismic and geotechnical loadings. 

3.2 Geotechnical Loadings 

Geotechr,ical loadings include differential soil movements, 

buoyant uplift and loss of ground support. Longitudinal strains 

which are additive to those developed by the design loadings ~~ill 

be developed by ground movements. The design criteria to be 

presented in Section 6 are based on a safe operating level and a 

maximum (critical) level for longitudinal strains. This forms the 

basis for determining the level of ground movements which would, 

in cor;lbination with design loadings, be permissable for the safe 
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operation of the pipeline and those combinations which woul d 

cause critical combinations of stresses and strains which could 

lead to failure in one or more of the fai -lure modes. The 

conditions are referred to as. the "Desiqn Condition" (e.q. Design 

Settlement) and the "Design Maximum Condition" (e.g. Design 

Maximum Settlement) respectively. 

In those regions where thaw or frost susceptible soil conditions 

exi st and monitoring and surveillance of th e performance of the 

pipeline will be necessary, the stage when remed ial maintenance 

should be undertaken will be determined by the "Desiqn Condition" 

in accord~nce with the National Energy Board Gas Pipeline 

Regulation, subsection 71(2). The applicable requlation states: 

"In unstable soil areas, the company shall insure that 

particular attention is given by it to all sections of the 

pipeline where differential ground or pipe settlement or 

heaving is occurring and shall take measurements of the 

displacement at sufficient intervals and keep records of 

measurements so that trends toward critical stresses can be 

established and remedial action taken before combined 

stresses reach design limits of the pipeline". 

The range between the "Design Condition and the "Desiqn Maximum 

Condition" will enable the load factor against structural damaqe 

to be determined and, in conjunction with monitorinq of pipe 

movements, will enable the time available in which to take 

rernedial action to be estimated for site specific condi ti ons 

during operation of the pipeline. 

The geotechnical load conditions 

settlement, static slope movements, 

buoyant uplift, and overburden loads. 
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3.2.1 Differential Soil Settlement 

This will result from thaw strain of the soil due to thermal 

regression of permafrost or frozen ground, loss of ground support 

due to thawing ground or due to erosion, or consolidation of 

thawing permafrost or unfrozen ground due to increased effective 

overburden pressure causing bending strains in the line. 

3.2.2 Static Slope Stability and Slope Movements 

Slope instability will be prevented by site specific geotechnical 

designs. Transverse movements of thawing ice rich slopes 

traversed by buried warm pipeline could occur causing bending 

strains or loss of support of the pipeline in these regions. 

Longitudinal thaw bulb movements or solifluction could also occur 

on slopes traversed or paralleled hy the pipeline caus i ng axial 

tension or compression in the pipeline. 

3.2.3 Differential Frost Heave 

This wi 11 be caused by ice segregation and by the water to ice 

phase change during freezing of unfrozen frost susceptible ground 

around the pipe as a result of the chilled gas flowing through 

the pipe, and will cause bending strains in the line. The 

potential for heaving of the pipe will exist in areas where gas 

temperatures will be maintained continuously below 0°C. 

3.2.4 Buoyant Lift 

This load will be caused by buoyant uplift whenever the pipe 

becomes partially or fully submerged in a water or saturated 

soil-water medium. This load is considered deterministic and 

spacing of concrete weights and anchors, etc., wi 11 be determined 

on the basis of this load and the applied desiqn loads, such 

that stability is assured and combined stress levels are within 

allowable design levels, as required by NEB regulations. 
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3.2.5 Overburden Loads 

Burial depths and select or non-select material backfill 

specifications will be determined so that overall pipeline 

stability particularly at overbends and sidebends is assured and 

so that excessive ovalling or denting does not occur. 

3 . 3 Seismic Loadings 

Seismic loadings are probabilistic and are ground motions and 

movements due to an earthquake. Travelling seismic waves wil l 

distort the ground and would impose 1 ongi tudi nal strains in the 

pipeline. The seismic motions which establish the strains are 

ground velocity, ground acceleration and velocity of transmission 

of seismic shear waves (Okamoto, 1973). Seismic ground motions 

could lead to slope instability, thaw bulb instability or 

liquefaction, or slope movements in certain areas. 

Two levels of earthquake hazards are considered for the pipeline 

design in accordance with the recommendations of Dr. N. M. 

Newmark (Newmark Consulting Engineering Services, 1980). This 

concept of a dua 1 earthquake design is in accordance with the 

principles developed for the design of nuclear reactor power 

plants (Newmark and Hall, 1969) and those being adopted for other 

structures and facilities (Newmark and Hall, 1973). The two 

design earthquakes are designated as a "Design Operating 

Earthquake" and a "Design Contingency Earthquake". The phi 1 osophy 

is that a pipeline would be designated to operate safely through 

a "Design Operating Earthquake" and to be allO\'Ied to suffer 

predefined damage as a result of a "Design Contingency 

Earthquake" using the same approach developed for the static 

ground movements in Section 3.2. 
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Tt1e "Design Condition" corresponds to ground movements caused by 

the Design Operating Earthquake and the "Design Maximum 

Condition" correspond to ground movements caused by the "Design 

Contingency Earthquake". 

The seismic load conditions include ground strains caused by 

seismic motions, seismic slope stability and dynamic slope 

movements, seismic thaw bulb stability and movements, and seismic 

liquefaction. 

3.3.1 Ground Strain 

Th.e seismic motions which establish ground strains are ground 

velocity, ground acceleration and velocity of transmission of 

seismic shear waves. The buried pipeline designs will be 

conservatively assumed to strain with the ground and to have 

n e a r 1 y t he s a me t r a n s i en t c u r vatu r e s a n d 1 on g i t u d i n a 1 s t r a i n s a s 

the ground. (Newmark Consulting Engineering Services, 1980). For 

the above grade portions of the . pipeline surface ground motions 

and displacements will be imparted throuqh the construction pad 

under the line. For these construction modes the pipeline will be 

considered to behave as a structure in accordance with the 

recommendations of N. M. Newmark (Newmark Consulting Engineering 

Services, 1980). 

3.3.2 Fault Movements 

Vertical and horizontal displacements might occur where fault 

motions take place at well defined faults. No active well defined 

faults have been identified along the route . 
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3.3.3 Seismic Slope Stab ility an d Dynamic Mo vements of Slopes 

Earthquake designs will be implemented to assure that slope 

instability does not occur, especially with the buried warm 

pipeline on ice rich slopes. After several cycles of sha king, 

however, permanent displacements of a slope could occur causing 

differential bending strains or loss of support to the pipeline. 

In general transient displacements will not exc eed about tw ice 

the maximum permanent di splacement(Newmark Consu lting Engineerin g 

Services, 1980). Seismic designs will be developed to assure thaw 

bulb stability on slopes traversed or paralleled by the pipeline. 

Transient and permanent displacements of the th aw bulb could 

occur causing axial tension or compression in the pipeline. 

3.3.4 Seismic Liquefaction 

An earthquake can cause some inundated sands or cohes i onless 

soils to become "quick" or deve lop a lique fied condition which 

cou ld cause buoyancy, pipe li ne instability or settlement 

conditions. 
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4.0 MATERIAL PROPERTIES 

The important material properties which influence the ductile 

structural behaviour of a pipeline under applied loadings are the 

yield strength, the ductility and the relationship between stress 

and stra in over the range that could be experienced by a 

particular system. From the point of view of the metallurgical 

design, the important properties are elongation , notch ductility 

and toughness. 

The main failure modes of interest from a metallurgical point of 

view are longitudinal fracture initiation and ductile fracture 

propagation; brittle fracture propagation; and circumferential 

fracture initiation. Steel toughness, fracture initiation 

control and fracture propagation control are covered in the 

metallurgical design, the steel and weld spec ifications, and the 

Quality Assurance and Quality Control Programs. 

In order to apply the design criteria that follow, it was 

necessary to establish the safe · longitudinal tensile strains to 

prevent circumferential fracture, taking into account pipe 

temperatures, the properties of the pipe stee l, the welding 

procedures used and the presence of metal l urgical flaws or 

notches; and to establish the safe longitudinal compressive 

strains to prevent wrinkling under various operating conditions 

for the particular pipe sizes and specifications. 

The welds are specified in the metallurgical design to withstand 

the maximum allowable longitudinal tensile strain defined in the 

structural criteria in the presence of a specif i ed maximum 

allowable circumerential weld defect for the full ranqe of 

operating and blowdown temperatures and pressures that will be 

experienced by the pipeline. 
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Wrinkling behaviour of pipelines is influenced mainly by internal 

pressure, the radius to wall thickness ratio and the relationship 

between stress and strain (Popov, Sharifi and Nagarajan, 1974). 

Full scale tests on the wrin kli ng behaviour of large diameter 

pipelines are described in the literature (Bouwkamp and Stephen, 

1973 ) , and analytical procedures to determine the compressive 

strains at which wrinkling could occur are available (Popov, 

Sharifi and Nagarajan. 1974; and Powell, Morris, Row, 1980). 

Analysis of wrinkling strains for the Alaska Highway Gas Pipeline 

are documented in the St ructu ra 1 Software Deve 1 opment Inc. 

Report (Powell, Morris, Row, 1980), and in addenda the Structural 

Software Development Inc. report which are presently being 

prepared. 
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5.0 ANALYSIS OF STRESSES AND STRAINS 

The loadings discussed previously will impose nominal 

stresses and deformations in the pipeline. These can be 

calculated in a structural analysis using nominal specified 

dimensions. Internal pressure will impose a uniform hoop 

stress along the pipeline and a uniform longitudinal stress; 

temperature differentials and seismic motions will impose 

u n if o rm 1 on g i t u d i n a 1 s t r a i n s i n t h e p i p e • T h e s e s t r e s s e s a n d 

strains will be uniformly distributed and symmetrical about 

the axis of the pipeline and are considered to be membrane 

stresses and strains. Longitudinal bending stresses and 

strains will be imposed by earth movements. Ovalling and 

denting caused by earth pressure on the pipeline will cause 

_ local circumferential bending stresses. 

Cornbi ned membrane stresses due to design loadings are 

constrained within the elastic range of the steel and are 

c a 1 c u 1 ate d u s i n g s i mp 1 e e 1 a s t i c t h eo r i e s • A b u r i e d p i p e 1 i n e 

behaves as a beam-column and inelastic, nonlinear numerical 

analyses which account for 1arge deflections, yielding and 

soil-pipe interaction are used to analyze deformations caused 

by combined design loadings and earth movements. The desiqn 

criteria in the next section define the critical tensile and 

compressive strains that will be permitted. The numerical 

values of these strains depend on the pi pe size, specificat ion 

and operating conditions. The critical strains are used to 

determine "Design Conditions" and "Design Maximum Conditions" 

for earth movements from the results of parametric structural 

analyses and a reconciliation with the design cr i ter i a. 

The computer programs used in the stress analysis include the 

PIPLIN and PIPANL computer programs (Copyright 1981). 
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6.0 STRUCTURAL DESIGN CRITERIA FOR BURIED PIPELINE 

The design loadings, geotechnical loadings and seismic loadings 

will impose stresses and strains in the pipeline. The structural 

design criteria which place limitations on maximum allowable 

stresses and strains in the restrained pipeline are in accordance 

with the National Energy Board Act Gas Pipeline Regulations, 

Registration SOR/74-233, lOth April 1974, (as ammended); and the 

Northern Pipeline Act. The design and construction wi 11 be in 

compliance with CSA Standard Zl84-Ml979, and the Engineering 

Orders and Environmental Terms and Conditions issued by the 

Northern Pipeline Agency. 

Combined hoop and longitudinal stresses, computed on an elastic 

basis, are 1 i mi ted to prevent excessive ducti 1 e demands on the 

steel. Longitudinal bending strains and curvature changes will be 

imposed by construction, settlement, frost heave, buoyant uplift , 

and movements at field bends. Curvature changes associated with 

bending are related to the maximum allowable longitudinal 

compressive and tensile strains in the pipe, including the 

longitudinal membrane strains. The maximum longitudinal 

compressive strains are limited to prevent wrinkling of the pipe 

and the maximum longitudinal tensile strains are limited to 

prevent excessive tension in the pipe wall. These strains are 

computed using an inelastic analysis. Ovalling of the pipe due to 

overburden or soil reactions are considered to prevent collapse 

or denting of the pipe under zero pressure conditions at deep 

burial depths, or due to differential movements respectively . 

The maxi mum shear theory is adopted to predict the onset of 

yielding for combined stresses calculated on an elastic basis. 

This theory predicts that yi el ding wi 11 occur when the maxi mum 

shear stress at a point reaches the value of the maximum shear 

stress under tension. 
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The maximum shear stress is given by one-half the difference 

between the algebraically largest principal stress and the 

algebraically smallest principal stress at a given point in the 

pipe wall. Stress intensity is defined as twice the maximum shear 

stress. The criteria define allowable nominal stress and strain 

levels during operation of the pipeline. They also define 

maximum levels at which instability of the pipeline wou ld be 

imminent or int~grity or efficiency could be impaired. 

6.1 Design Criteria 

6.1.1 Membrane Stresses 

6.1.1.1 _ Hoop Stress 

Maximum possible Hoop stress levels due to gas pressure are used 

ill the stress analysis. The maximum allowable operating pressure 

is based on the proof test pressure for a particular pipe s i ze, 

wall thickness and specified ~inimum yield strength in CSA 

Standard Zl84-Ml979. The correspond~ ng maximum possible hoop 

stress levels used in the stress analysis are as follows. 

Maximum allowable hoop stress in 

line pipe sucessfully hydrotested 

to 1.0 of the specified minimum yield 

strength. (CSA Standard Z184-M1979 

Table 6.5) 
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Class 

Location 

I 

I I 

III 

IV 

Maxi mum 

Stress 

0.80 SMYS 

0.72 SMYS 

0.56 SMYS 

0.44 S~1YS 



Maximum allowable hoop stress in line 

pipe sucessfully air tested to 0.90, 

0.75, 0.50 and 0.40 of the 

specified minimum yield strength 

in class locations I, II, III and IV 
respectively. (CSA Standard Z184-

M1979 Table 6.6 Clause 6.4.8.1.5; NEB 

I I 

I I I 

IV 

Gas Pipeline Regulations Subsection 51 (4)). 

~~aximurn allowable hoop stress at 

uncased road crossings. (CSA Standard 

Z184-M1979 Clause 6.4.1.2.2, 6.4.1 .2.3) 

I 

I I 

I I I 

0. 72 SMYS 

o.6o s~ws 
0.40 SMYS 

0.32 S~1YS 

0.60 SMYS 

0.50 SMYS 

0.50 SMYS 

IV 0.40 SMYS 

Maximum allowable hoop stress at Primary 0.2 SMYS 

uncased rail crossings. (CSA Standard Secondary 0.5 S~WS 

Zl84- Ml979 Clause 6.4.4.4.2) (or industrial) 

Maxi mum all owab 1 e hoop stress at 

cased rail and road crossings. (CSA fi 

.Standard Zl84-M1979 Clause 6.4.4.3(a)). III 

IV 

Maximum allowable hoop stress at river 

crossings. (constraints adopted by 

Foothills Pipe Lines (South Yukon) 

Limited). 
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I I 

III 

IV 

0. 72 SMYS 

0.60 St<lYS 

0.50 9WS 

0.40 S~1YS 

0.60 SMYS 

0.60 SMYS 

0.50 SMYS 

0.40 SMYS 



Maximum allowable hoop stress in fabricated pipe 

line assemblies (pipeline side of 

station isolating valve). (~SA 

Standard Z184-M1979 Clause 6.4.1.2.4(a)) •.•••.•.... 0.6 SMYS 

6.1.1.2 Combined Membrane Stresses in Straiqht Pipe Due to 

Pressure, Temperature Differential and Earthquake 

Stress intensity due to pressure and 

positive temperature differential. .....••.••• 0.90 SMYS 

Stress intensity due to pressure, 

positive temperature differential, 

and compressive stress due to design 

operating earthquake ••....••••.•.••.•.••..••. 1. 00 SMYS 

Maximum longitudinal compressive strain 

computed using an inelastic analysis due 

to pressure, positive temperature 

differential, and compressive strain due 

to design contingency earthquake ..•.• ..••.••••• e:' 
c 

Where e:' is chosen to prevent formation of a wrinkle due to 
c 

membrane strains. ( e:' = 0.4 percent for detailed design. Actual 
c 

critical compressive strains will depend on local operating 

conditions and will be used where necessary in the final design 

stages). 

6.1.1.3 Longitudinal Tensile Stress 

Class t~aximum 

Location Stress 

Maximum longitudinal tensile stress I 0. 72 SMYS 

due to pressure, negative temperature I I 0.60 SMYS 

differential, and tensile stress due I I I 0. 50 SMYS 

to design operating earthquake. IV 0.40 SMYS 

-22-



6.1.2 Combined Bending and Membrane Stresses and Strains 

6 1.2.1 Des i gn Ma ximum Condition 

Combined bending strains due to differentia l pipe movements ; and 

membrane stresses and strains due to pressure and temperature 

differential computed in an inelastic analysis. 

Maximum longitudinal tensile strain " •••••••• • E. t 

" Maximum longitudinal compressive strai n •••• • ,E:c 

6. 1.2.2 Al lowable Des i gn Condition 

Combined bending strains due to 

differential pipe movements; and 

membrane stresses and strains due 

to pressure, temperature 

differential, and "Design Operating 

Earthquake" computed in an i ne 1 ast i c 

analysis . 

Ma ximum longitudinal tensile strain " •. . •.. •• • 0 . 8 e:t 

" Maximum longitudinal compressive st rai n • •• . .• 0. 8 E: c 

Combined bending strains due to 

differential pipe movements; and 

membrane stresses and strains due 

to pressure, temperature differential, 

and "Design Contingency Earthquake " 

compute d in an inelastic analysis. 

M . 1 . . 1 . 1 . 1 • 0 0 E: t" ax1mum ong1tud1na tens1 e stra1n •••• •• •• •• •••• 

t~a x irnum longitudinal compressive strain . ........ . 1.00 E: ~ 
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Where t:t = 0.5 and £~ is equal to the compressive strain when a 

wrinkle may form ( t:~ = 0.5 percent for detailed design. Actual 

critical compressive strains will depend on local operating 

conditions and will be used where necessary in the final design 

stages). 

6.1.3 Pipeline Stability 

Safe span length between anchors or pipe supports or areas where 

pipe is subjected to loss of support and is designed for elastic 

stability will be the smaller span determined from the following 

conditions: 

Axial compressive load due to pressure 

and positive temperature differential. ...... . 0.8F cr 

where, F =critical load for elastic instability. cr 

Stress intensity due to gas pressure, 

temperature differential, and maximum. 

compressive bending stress •...•.•..•••.••.•.. 1.00 SMYS 

In other areas sufficient uplift resistance and bearing restraint 

will be provided to prevent excessive compression or tension and 

overall instability of the pipeline, particularly at field 

bends. 

6. 1.4 Free Bending During Construction 

Maximum compressive bending strain 
f . k 1 • II I or wr1 n 1 ng .•................................. · ·. c c 

Allowable compressive bending strain 

during construction ................................ 0.80 E ''' 
c 
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Where E"'is equal to the compressive strain when a wrinkle c 
may form ( E'" = 0.35 percent for detailed design). 

c 

6.1.5 Ovalling 

Maximum circumferential stress due 

to weight of overburden, or soil 

reactions, under zero internal 

pressure to protect against collapse 

or denting of the pipe •.•••••.•.•••.••...•••••••••• O.BO SMYS 

This limit may be exceeded provided 

detailed calculations show that out­

of-roundness due to overburden at 

deep burial depths or due to soil 

reactions will not interfere with the 

passage of pigging devices and that 

collapse or denting will not occur. 

where SMYS is the specified minimum 

yield strength of the steel 
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7.0 DESIGN GUIDELINES 

The function of the design criteria in the design of the system 

is to determine safe limits for temperature differential, earth 

movements and to determine minimum soi 1 support or special 

support requirements to stabilize the pipeline in unstable areas. 

The stress analysis for these and other conditions and the design 

guidelines derived from the reconciliation of the stress analysis 

with the design criteria will be provided in the detailed stress 

analysis documentation. 

7.1 Gas Pressure 

Wall thickness and hoop stress level are chosen in accordance 

with applicable codes and regulations. Material properties of 

the pipeline are chosen in the me t allurgical design to prevent 

brittle fracture propagation or ductile fracture init i ation as a 

res ult of Design Maximum Loadings. 

7.2 Temperature Differential 

Ma ximum allowable positive and nega t ive t emperature di ff erenti als 

in each earthquake zone can be determi ne d from the des i gn 

criteria. These will be controlled by limiting max i mum opera t ing 

gas temperatures at compressor stations. 

7.3 Differential Ground Movements 

Di f ferential ground movements cou ld be caused by so il 

settlements, static or seismic sl ope movements, fault mo vement s, 

liquefaction or by frost heave (in the chilled system). These 

loadings will impose bending strains in the pipe l ine and these 

strains, combined with membrane strains are restricted in the 

design criteria to prevent fracture init i at i on in tension or 

wrinklin g in compression and to prevent denting or excessive 

ova 11 i ng. 
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Soil-pipe interaction analyses are used to determine the 

differential movements corresponding to the "Design Condition" 

and the "Design Maximum Condition". Differential settlements or 

differential frost heave will be controlled within the allowable 

design levels by design, surveillance and maintenance. 

7.4 Pipeline Stability 

Instability of the buried pipeline could be caused by positive 

temperature differential and insufficient soil restraint and 

would be characterized by the pipeline pushing downward, sideways 

or out of the ground. This condition will be avoided by locating 

the pipeline in stable soils which will provide sufficient 

bearing support, by using select backfill materials in unstable 

soil areas and by providing sufficient uplift resistance to 

restrain the pipe in the ground. 

Uplift resistance, 

stabilize straight 

and soil 

pipe and 

bearing support requ irements to 

to stabilize field bends are 

determined from structural analyses using soil properties 

derived for the various soils that will be encountered along the 

route. 

7.5 Special Designs 

Special designs include road crossings, river crossings, slope 

stability and movements, muskeg crossings, anchoring restraints 

and foundations and seismic liquefaction.These designs will be 

consistent with the requirements for integrity of the pipeline. 
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7.6 Construction Stresses 

Maximum burial depths and compaction requirements where necessary 

can be determined from the criteria corresponding to the 

out-of-roundness and stress limits for ovalling. 

Curvature of river crossing profiles and temporary support 

requirements to avoid wrinkling or excessive tension will be 

determined for design and construction purposes so that the 

criteria for construction stresses will not be violated. 

7. 7 Monitoring 

The safe range of pipe movements for settlements and frost heave 

will be determined in the stress analysis and reconciliation with 

the design criteria. The monitoring system, to be applied in 

unstable soil areas. will be designed to have sufficient 

measurements intervals and frequency of measurements to identify 

trends toward critical stress in accordance with the NEB 

Regulations at which time remedial ma i ntenance procedures would 

be implemented. 
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DRAINAGE AND EROSION CONTROL DESIGN CRITERIA 

1.0 INTRODUCTION 

This section presents design criteria for the drainage and erosion 
control measures introduced in the previous section. The measures are 
grouped as primary, secondary and tertiary. 

Primary measures and specifications provide the m1n1mum standard re­
quired along the right-of-way. With the possible exception of 
culverts, all primary measures will be constructed with available 
mainline equipment, and will use readily available material. Readily 
available material is defined as either native material or select 
borrow rna teri a 1. 

Primary measures include: 

a) Trench plugs; 
b) diversion dikes; 
c) channel or waterway restoration; 
d) mound breaks; 
e) culverts; 
f) embankment openings; 
g) ditches or imposed waterways. 

Secondary measures and specifications may be required to enhance the 
performance of primary measures, to protect the primary measures 
against erosion or to satisfy site specific pipeline integrity. 

Secondary measures include: 

a) Coarse material fill; 
b) culvert inlet structures; 
c) culvert outlet structures; 
d) guide banks; 
e) channelization; 
f) drainage ditches; 
g) subdrains. 

Tertiary measures generally consist of armoring secondary measures to 
ensure that those measures employed to provide pipeline stability would 
survive design flow conditions. (They should be required only under 
severe hydraulic conditions.) 

1.1 DESIGN FLOWS AND FAILURE CONSIDERATIONS 

Design flows and related D & E controls considered for the design 
reflect the mechanism and magnitude of potential failure. D & E 
control measures are designed to protect pipeline integrity which might 
be threatened during the course of a single flood event. 
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Design flows considered are: 

a) An instantaneous peak flow having a return period in the order of 
100 years, (flow regime 1); 

b) a lower magnitude peak flow having a return period in the order of 
10 years, (flow regime 2); 

1.1.1 Flow Regime 1 

Flow regime 1 is used forD & E control measures design where a single 
flood event will threaten the integrity of the pipeline. 

Flow regime 1 applies to the: 

a) Design of permanent culvert facilities where natural concen­
trations of flow exist; 

b) design of erosion control measures at embankment openings. 

Estimates of this design flow are provided by the Hydraulic Consul­
tants. 

1.1. 2 Flow Regime 2 

Flow regime 2 is used forD & E control measures design where multiple 
flood events could be experienced before threatening the integrity of 
the pipeline. 

Flow regime 2 applies to: 

a) Specification of material for culvert approaches and outlet 
sections (Section 4.3); 

b) consideration of material requirements and reconstructed geometry 
of small streams where channel restoration or channelization may 
apply; 

c) mound breaks and diversion dikes; 

d) longitudinal drainage ditches. 

This flow corresponds to about 0.66 times the design flow regime 1 
(Hydraulic Consultants). 

1.2 DESIGNATED MATERIALS 

Materials are categorized into native, borrow, special and manu­
factured. 
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1. 2.1 Native Materials 

Native soils are categorized on the basis of a soil erodibility index 
(SEI) for bare soils provided by the Geotechnical Consultants. The 
categories and relevant parameters are as follows: 

a) SEI 1: low erodibility, ma ximum allowable velocity range from 
1.0 m/ s to 1.5 m/s; typically gravel, peat or compacted clay 
soils; 

b) SEI 2: moderate erodibility, ma ximum allowable velocity range from 
0.5 m/ s to 1.0 m/ s; typically medium to coarse sand or clay till; 

c) SEI 3: high erodibility, maximum allowable velocity less than 
0.5 m/s; typically silt, silty sand or fine sand. 

1.2.2 Borrow Materials 

Six categories of material may be used forD & E Control faci l ities: 

a) Class A, 9.5 mm minus screened pipeline bedding and padding 
material; 

b) Class B, 19 mm minus crushed sand and gravel; 
c) Class C, 90 mm minus sand and gravel; 
d) Class D, 100 mm minus general fill material; 
e) Class E, 250 mm minus erosion protection mater i al; 
f) Rock riprap Class I, D100 of 225 - 300 mm, D5o of 160 -

230 mm and D15 of 125 - 175 mm. 

1.2.3 Special Materials 

Dry powdered natural bentonite or equivalent expandable, highly plastic 
clay may be required for trench plugs. 

Rock riprap heavier than Class I may be required for special designs at 
river and stream crossings. 

1. 2.4 Manufactured Materials 

Galvanized culverts and galvanized premanufactured end sections will be 
required as follows: 

Pre-
Steel manufacture d 

Type Size Thickness Corruguations End Sections 
(mm) (mm) (mm) 

Circular CSP 600 1.6 68 X 13 no 
Circular CSP 800 1.6 68 X 13 no 
Circular CSP 900 2.0 68 X 13 no 
Circular CSP 1200 1.6 125 X 25 yes 
Pipe-arch CSPPA 1870 X 1230 3.5 68 X 13 yes 
Pipe-arch CSPPA 2130 X 1400 3.5 68 X 13 yes 

CSP: Corrugated Steel Pipe 
CSPPA: Corrugated Steel Pipe Pipe-Arch 
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For all culverts, total length should be a multiple or a combination of 
standard section lengths e.g., 4 m, 5 m or 7 m. Culvert sections 
should be joined together with 600 mm wide galvanized dimpled band 
connections. 

Filter cloth will be required for trench plugs. 

1.3 LEVELS OF EROSION PROTECTION 

Erosion protection requirements are determined by t he velocity of the 
water flowing over the material. Using this principle the design of 
erosion control measures incorporates five levels related to velocities 
expected. The extent of the protection implemented is determined by 
the SEI and the water velocities expected. 

Application of erosion protection is limited to localized areas 
experiencing sufficient flows to require protection , for example 
culvert outlets and drainage ditches. For a higher level of erosion 
protection, the thickness of a same class of material is increased as 
specified to compensate for fines washed out during floods and the 
natural stabilization process. 

1.3.1 Level 0: 

For velocities of 0 to 1.0 m/ s place a 200 mm layer of Class D 
material (or alternatively 200 mm of soil having a SEI of 1). 

1.3.2 Level 1: 

For velocities of 1.0 to 1.5 m/s place a 400 mm layer of Class D 
material. 

1.3.3 Level 2: 

For velocities of 1.5 to 2.5 m/s place a 300 mm layer Class E material. 

1.3.4 Level 3: 

For velocities of 2.5 to 3.5 m/s place a 500 mm layer of Class E 
materia 1. 

1.3.5 Level 4: 

For velocities of 3.5 to 5 m/s place a 600 mm layer of material meeting 
the specifications for rock riprap class I. 
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1.4 BURIED MODE OF CONSTRUCTION 

Drainage and erosion control requirements for the buried mode of 
construction will generally be determined during construction. Designs 
should be in accordance with the guidelines presented herein. 

1.4.1 Channel Restoration 

Channel restoration guidelines apply for cross drainage wherever 
identifiable channel and intermittent drainage courses (swale or gully) 
are encountered which are capable of supplying some concentration of 
flow. 

Channel restoration includes: 

a) Restoration of intermittent drainage courses (swale, gully) to 
their approximate natural geometry and slope; 

b) restoration of waterway channels to their approximate natural 
geometry and slope; 

c) erosion control by provision of bed and bank material which is of 
equal or greater coarseness than the native channel material, and 
protection of exposed floodplain materials if native material is 
easily eroded. 

1.4.1.1 Restoration of Waterway Channel 

Restoration of the channel to its approximate natural geometry and 
slope applies whenever a waterway channel can be identified. The 
restored channel should have dimensions as follows: 

a) Width not less than the width of the active channel; 

b) height equal 1.5 m above the channel bottom or height equal to 
high water marks, whichever is greater. 

The restored channel should be formed with a constant bed slope joining 
the natural channel bed at both upstream and downstream of the 
disturbed area. 

1.4.1.2 Channel Erosion Control 

Bed and bank material of equal or greater coarseness than native 
channel mat~rial should be used where the native channel is composed of 
erodible materials. If unavoidable channels are formed in easily 
erodible materials, such materials should be adequately protected. 
Class E material should normally provide the maximum size of material 
required. 
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If construction through an identifiable floodplain or mus keg region 
results in surface exposure of silty materials (high Soil Erodibility 
Index, SEI 3) such materials should be adequatel y protected. 

Sections of winter construction may requi re some channel restoration 
work to be carried out during the following seasons, due to the fact it 
may not be possible to identify small channels during the initial 
winter construction period. 

1.4.2 Mound Breaks and Diversion Dikes 

1.4.2.1 Mound Breaks 

Mound break guidelines and associated measures will apply to regions 
where no identifiable channels exist. The mound break will consist of 
about a 4 m break in the backfill mound which can be formed in a single 
pass of a dozer or grader. 

Mound breaks should be provided at the bottom of all natural depress­
ions capable of providing cross drainage . Between channel restor­
ations. maximum average mound break spacing will vary with longitudinal 
slope and exposed soil type as follows: 

( ** ) 
(***) 
(****) 

Longitudinal 
Slope 

1 ess than 2% 
2% - 5% 
5% - 10% 

10% - 20% 
20% - 40% 

greater than 
40 % 

Ml'\X IMUM AVERAGE 
BREAK AND DIVERSION DI KE SPACING 

SEI 3(*) SE I 2 SEI 1 
(silts or (coarse sand or (gravel, peat or 
fine sands) c 1 ay t i 11 ) compacted clay) 

65 m 150 m not required 
50 m 65 m 150 m 
30 m 50 m 65 m 
15 m 30 m 50 m 
10 m 15 m 30 m 

6m 10 m 15 m 

(*) SEI: Soil Erodibility Index: 3(high), 2(medium) , 1(low). 

(**) Longitudinal slopes greater than 5% require a diversion dike 
with each mound break. 

(***) Longitudinal slopes greater than 10% require a trench plug with 
mound break and diversion dike. 

(****) Longitudinal slopes greater than 25% should be carefully 
assessed to determine possible subdrain requirements. 

Mound breaks should be spaced at not more than 50 min muskeg areas . 
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Mound break spacings proposed are consistent with spacings adopted for 
previous pipeline work. The principle of the variable spacing approach 
is to limit acccumulated water flows to values which the terrain will 
withstand. Some limited longitudinal erosion may occur due to the 
washing of fines from the exposed material, however the overall right­
of-way should remain stable. 

1.4.2.2 Diversion Dikes 

Diversion dikes are required with mound breaks on . longitudinal slopes 
greater than 5% to direct flow off the right-of-way. Diversion dike 
configurations are illustrated on drawing 2-00-02-00TP-0050. 

If th~ dike is made of non-select material (trench spoil or native 
fill), the top width and the height of the dike should be about 1.0 m. 

If silty soils are used in construction of diversion dikes, the upslope 
face of the diversion dikes should be protected to Level 0 erosion 
protection. 

If the entire dike is made of Class D material, the top width and the 
height of the dike should be about 0.6 m and no protection against 
erosion is needed for the dike. 

In every case, the height of the diversion dike should be greater than 
the anticipated settlement. 

Diversion dikes should be skewed downhill such that the downslope 
gradient is about 5%, to limit erosive forces by surface flows. The 
dikes should span the full width of the disturbed area and should be 
extended 1 to 3m into undisturbed vegetated terrain on the downslope 
side to ensure that water escapes the right-of-way. They should end 
randomly to discourage concentration of flow along the edge. 

1.4.3 Trench Plugs and Subdrains 

Groundwater flow within the pipeline trench will be controlled by 
trench plugs as a standard measure. Subdrains will only be used as a 
special measure under severe conditions. 

1.4.3.1 Trench Plugs 

Where erosion of the backfill from water flowing through the pipeline 
trench is a potential problem, impervious pipeline trench plugs should 
be placed across the trench. This will force the groundwater up to the 
surface and off the right-of-way. 

The extent of trench plug erosion protection is limited to the pipeline 
trench itself. A trench plug should not be considered as a stabil­
ization measure for the entire right-of-way. Slope stability concerns , 
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particularly in the case of thawing of frozen soils and generation of 
excess pore pressure, will be considered as part of the geotechnical 
design. 

The trench plugs should be generally located as follows: 

a) With mound break and diversion dike where the longitudinal 
pipeline slope is greater than 10%; 

b) at the top of slopes having a gradient greater than 10% and where 
required to assist in removing water from the trench before it 
flows on a steeper grade; 

c) At the edges of any perched muskegs or other elevated regions of 
high moisture content, to prevent drainage of such regions through 
the pipeline trench. 

Each trench plug must be installed with a mound break and a diversion 
dike. 

Trench plugs should not be installed where an unweighted pipe has a 
trench depth to bottom of pipe less than 2m and longitudinal slope 
less than about 10%. Trench plugs under these conditions could promote 
pipeline instability due to buoyancy. 

The 1.0 m thick impervious trench plug formed of natural bentonite or 
other acceptable material should be installed in the pipeline trench as 
illustrated on the typical drawing 2-00-02-00-TP-0051. Upslope of the 
plug a 1.0 m thick free draining gravel filter should be installed with 
filter cloth which prevent infiltration of fines into the gravel 
filter. The associated diversion dike should be located such that the 
uphill toe of the dike coincides with the downhill edge of the gravel 
filter at the centreline of the pipeline. 

1.4.3.2 Subdrains 

Subdrains are used to lower a high groundwater table within the 
pipeline right-of-way. Subdrains will be considered as a special 
measure under conditions of possible shear failure of material within 
the pipeline trench. For purposes of design assessment, assumed shear 
failure of saturated sand bedding material gives a critical slope of 
16 degrees or 29%. This indicates that longitudinal slopes greater 
than 25 % should be considered for subdrain application where high 
ground- water conditions exist. 

Given a longitudinal slope greater than 25 %, subdrains should only be 
required if: 
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a) Native soils are frozen or are composed of poor draining unfrozen 
s oi 1 s; 

b) a present or potential flow source exists. This could be 
identified by surface drainage patterns, springs, a muskeg or 
other indication of high water content, or by borehole evidence of 
very ice-rich material within the ultimate thaw-bulb upslope of 
the critical area. 

If conditicns requiring a subdrain are encountered in unfrozen soils, 
details for construction may be directly adopted from those existing 
for pipelines in southern regions. 

If soil is frozen, conventional subdrains cannot be used because they 
will likely be frozen and hence ineffective. A conceptual solution to 
the problem of providing a subdrain in frozen soils is to provide a 
non-conventional subdrain which runs parallel to and directly beneath 
the pipeline. The subdrain would extend the full length of the 
critical slope and would drain into coarse gravels provided at the toe 
of the slope. During the period prior to pipeline operation, potential 
groundwater problems would be handled by trench plugs. During initial 
operation of the pipeline, the subdrain would be quickly warmed and 
should be fully functional before the time the thaw-bulb around the 
pipe allowed the groundwater flow to bypass the trench plugs. 

1.4.4 Drainage Ditches and Drainage Ditch Checks 

1.4.4.1 Drainage Ditches 

For the below grade mode in through-cut conditions which do not allow 
diversion of right-of-way surface flows onto undisturbed terrain, a 
surface drainage ditch should be provided to convey flows downslope 
until the first available point of cross drainage. The ditch should 
parallel the pipeline centreline, starting at the uppermost mound break 
to be affected by this drainage condition. Ditch layout and 
configuration shall be as shown on the drawing 2-00-02-00-TP-0050 
(sheet 2). Ditch bottom should be protected to Level 1 for 
longitudinal slopes less than 15 %, and Level 2 for longitudinal slopes 
greater that 15 %. Surface drainage may be provided by ditches with 
diversion dikes as illustrated on the drawing 2-00-02-00-TP-0050 
(Sheet 1). 

For the abovegrade restrained mode in cut conditions, a surface 
drainage ditch should also be provided to convey flow downslope until 
the first available point of cross drainage as illustrated on the 
drawing 2-00-02-00-TP-0054 (sheet 1). 

The drainage ditch geometry is not critical. The drainage ditch should 
have a depth of about 0.3 m and a width of about 1.5 m. 
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1.4.4.2 Drainage Ditch Checks 

Ditch checks should be used in drainage ditches for velocity or 
sediment control. Ditch checks should be installed where required by 
Manager on longitudinal slopes greater than 10%. They may be used for 
temporary or permanent control. Temporary ditch checks could be made 
of hay bales or equivalent degradable material and permanent ditch 
checks should be made of free-draining granular material as shown on 
the typical drawing 2-00-02-00-TP-0053. 

Ditch checks spacing (L) is determined by the following formulae: 

L = H 0.2 If ditch checks are used for 
so - Ss velocity and sediment 

control. 

L = H If ditch checks are used for 
so - Ss 

Where: 

L =Spacing of ditch checks (m); 
H =Ditch check height (m); 

So= Design slope (m/m); 

velocity control. 

Ss =Stable slope for the ditch material (m/m). 

1.4. 5 Cut Slope Treatments 

In ice-rich terrains, cut slopes will generally be vertical as shown in 
Figure 1.4.5. To all ow for natural slumping of this cut, the parallel 
interceptor ditch should not be installed any closer (from the initial 
toe of the cut) than a distance equal to the height of the cut. 
Vertical cu~s in excess of 5 m high may require special design based on 
site specific geotechnical criteria and are beyond the scope of this 
report. 

1. 5 ABOVE GRADE RESTRAINED "CUT-FILL" MODE OF CONSTRUCTION 

In the abovegrade "cut-fill" restrained mode of construction, there 
should be no interception of significant concentrated flows. The 
surface of the workpad downslope of the pipeline should be graded to a 
minimum cross slope to encourage water not to concentrate and flow 
longitudinally along the pipeline. This grading should be done as a 
standard measure with this construction mode. 
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1.6 ABOVEGRADE RESTRAINED MODE OF CONSTRUCTION 

In the abovegrade restrained mode of construction, cross drainage of 
flow will be provided either by culverts or embankment openings. 
In cut sections, to prevent any erosion from undermining the concrete 
pipeline restraints, a shallow ditch as described in Section 4.4.4 
should be provided to confine parallel flows and any erosion which 
might occur. 

Single culvert cross drainage facilities will be used for conditions 
where estimated design flows do not exceed about 4.0 m3/s. Where 
estimated flow is greater than 4.0 m3/s or severe aufeis conditions 
exist, an embankment opening is generally considered necessary. 

1. 6.1 Culvert Facilities 

Culvert wall thickness and corrugations are based on dynamic design 
load for off-highway trucks (type 7738-50 ton) and on a 300 mm m1n1mum 
cover over the 600, 800 and 900 mm circular culverts, and a 600 mm 
minimum cover over the 1200 mm and the pipe-arch culverts. 

Channelization, guide banks and erosion protection materials are the 
erosion control measures which may be required for culverts. 

1.6.1.1 Culvert Location and Installation 

The locations of culverts shown on the alignment sheets are 
approximate and subject to field adjustment. Culverts should be 
located at all identified channels, and at the bottom of all gullies 
and swales. Culvert locations at the Alaska Highway have been used 
for guidance. 

Drainage ditch installation as part of maintenance activity should be 
provided between culverts in areas where pending of water on the right­
of-way occurs. 

Specified culvert positioning with respect to the existing ground 
surface is made with consideration of critical flow velocity through 
the culvert, ponding at the culvert inlet and ease of maintenance. 
Culverts should be installed on natural grade except for the 600 mm, 
800 mm and 900 mm diameter culverts installed on natural slopes greater 
than 2%. For these culverts, the invert at the culvert inlet should be 
0.1 m below the natural ground surface and the invert at the culvert 
outlet should be 0.1 m above natural ground surface. 

To minimize sedimentation within the culvert, all culverts slope should 
be greater than 1%. 
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Culverts without end sections (600 mm, 800 mm, and 900 mm diameter) 
should be installed with projected ends which extend one half the 
culvert diameter at the inlet and one culvert diameter at the outlet 
both beyond the toe of the embankment. 

Coupling of culvert sections should be avoided under pipeline concrete 
restraints. A culvert section of 7 m should be used under pipeline 
concrete restraints in order to facilitate maintenance work should any 
culvert couplings fail. 

Where insulation is provided in the workpad, insulation should be 
placed below each culvert as shown on the drawing 2-00-02-00-TP-0054 
(sheet 2). 

Class B material should be used for culvert bedding and padding, as 
shown on the drawing 2-00-02-00-TP-0054 (sheet 2). The bedding is 
that portion of the foundation which is shaped to contact the bottom 
of the culvert. The bedding material should be at least 150 mm thick. 
A uniform blanket of loose material should cover the shaped bedding to 
a depth sufficient to allow the corrugations to become filled with the 
material (American Iron and Steel Institute, 1971 and 1980). The 
bedding should be wide enough to permit efficient compaction of the 
backfill under the haunches of the culverts, but not so wide as to 
interfere with bolting procedures. 

The backfill and padding material should be placed alternatively in 
150m layers on both sides of the culvert and compacted to a minimum 
of 95 % standard Proctor density during summer construction and 90 % 
standard Proctor density during winter construction. This compaction 
could be manual or mechanical depending upon field conditions. 

Pipe-arch culverts exert greater pressures against the soil at the 
bottom corner plates than elsewhere around the culvert. It is very 
important in pipe-arch installations to ensure that relative movement 
of the corners to the bottom is favorable. A softer or yielding 
foundation under the bottom as compared to the corners is essential. 

1.6.1.2 Culvert Sizing 

The culvert sizing procedures used for design is provided in Appendix A 
of this report. 

Estimated variables which are used in the design are: 

a) Design peak flow having a return period in the order of 100 
years; 

b) cross s 1 ope ; 

c) culvert skew; 

d) culvert length; 
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e) tailwater conditions; 

f) terrain storage_ capacity upstream of culvert. 

Culverts are designed on the basis that design flow will pass through 
with a headwater hei~ht less than or equal to the culvert diameter. 
(HW~10). -

Culvert capacity reduction due to excessive settlement or due to 
obstruction by ice, sediment or debris is in most cases not considered 
in the design. The integrity of the culvert installations will be 
assured by regular maintenance to rectify these problems. 

1.6.1.3 Channelization and Culvert Skew 

The requirement for skew of the culvert across the right-of-way must 
be addressed on a site specific basis, considering the state of 
channel development and terrain slopes. The proposed maximum skew 
angle of 45 degrees is adopted from highway and railway practices. 

It is recommended to align the culvert slope with the terrain slope 
whenever channels or steep sloped gullies are encountered. 

Culverts need not be skewed when in muskeg regions, at the bottom of 
gentle swales or in other regions having no identifiable channel. 

Under conditions where it is preferred to skew the culvert, but where 
the indicated skew angle approaches or exceeds 45 degrees, channel­
ization work may be required. Channelization work may be undertaken, 
as required, either upstream or downstream but preferably downstream 
of the culvert. The constructed channel should have a flow capacity 
(dimensions) and erosion resistance comparable to the natural channel. 

1.6.1.4 Inlet and Outlet Erosion Protection 

The requirement for smooth flow transitions and erosion protection at 
culvert inlet and outlet sections is dictated by the anticipated 
culvert outlet velocity calculated for a 10 year return flow at the 
projected or premanufactured end section as applicable. The following 
erosion protections are thus defined for outlet sections by outlet 
velocities: 

a) For outlet velocities of 0 to 1.0 m/s use Level 0 protection 
extending a minimum distance of 2 culvert diameters (D) from the 
culvert or end section invert. 

b) for outlet velocities of 1.0 to 1.5 m/s use Level 1 protection 
extending a minimum distance of 2D from the culvert or end 
section invert; 
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c) _ for outlet velocities of 1.5 to 2.5 m/s use Level 2 protection 
extending a minimum distance of 30 from the culvert of end 
section invert; 

d) for outlet velocities of 2.5 to 3.5 m/s use Level 3 protection 
extending a minimum distance of 30 from the culvert or end 
section invert; 

e) for outlet velocities of 3.5 to 5 m/s use Level 4 protection 
extending a minimum distance of 40 from the culvert or end 
section invert. 

Outlet protection in all applications should extend 500 mm to each side 
and above the culvert. 

Inlet protection for all applications should consist of restoration of 
the disturbed area with material conforming to the outlet protection 
specification. This material should extend 500 mm to each side and 
above the culvert. 

1.6.1.5 Guide Banks 

Pervious dikes formed of coarse gravel and cobbles may be required to 
extend upstream from some culverts to: 

a) Serve as guide banks under conditions where the flood plain flow 
of a small stream would impinge on the workpad; 

b) provide limited detention under conditions where a longitudinal 
right-of-way slope would cause some flow to bypass the culvert; 

c) provide smooth flow transition from the natural channel to the 
culvert. 

The guide banks should be constructed to have a top elevation 
approximately level with the top. of culvert at the inlet . The guide 
banks may be of nominal geometry as defined by natural angle of repose 
for the material. Guide bank location, length and alignment should be 
determined in the field. 

1.6.1.6 Culvert Anti -Seepage Measures 

Culvert anti-seepage measures will be considered as a special measure 
under conditions of possible p1p1ng failure of material along the 
culvert and tney will be designed on a site specific basis. 
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1.6.1.7 Culvert in Fish Streams 

Drainages providing fish habitat require site specific culvert designs 
in order to accommodate fish passage across the right-of-way. As part 
of the design process, specification for culverts, installation 
procedures and measures in order to prevent accelerated erosion have 
been developed. 

The design of culverts in fish streams has been based on the Fisheries 
and Marine Service (Dryden and Stein, 1975) report. 

The following design criteria have been developed for these culvert 
installations and specifically for the two types of fish streams; 
those streams supporting fish movements not associated with 
reproductive activities and those streams supporting fish during the 
spawning migrations: 

a) The scheduling of installation should be consistent with the 
requirements of the Northern Pipeline Agency ' s environmenta l 
terms and conditions (Northern Pipeline Agency, 1980) ; 

b) the culvert inverts should be laid a minimum of 150 mm below the 
normal streambed elevation; 

c) the culverts inverts should be backfi l led such that no ex it or 
entrance draw-downs can develop; 

d) prefabricated end sections or end flanges or riprap shoul d be 
placed at the culvert inlet and outlet . Erosion protection at 
the ends of the culvert should extend approximately two culvert 
diameters (20) past the culvert inlet and outlet; 

e) multiple culvert installations should be sepa rated by at least 
1.8 m; 

f) during low-water periods, culverts should be designed to maintain 
a minimum water level of 200 mm, or a l evel comparable to that of 
the watercourse if the watercourse exhibits a minimum water level 
less than 200 mm; 

g) culvert slopes should be kept as close to normal stream slope as 
conditions permit; 

For those streams supporting fish during spawning migration: 
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h) average cross-sectional velocity through a culvert should not 
exceed 0.9 m/ s or the natural average stream velocity during fish 
migration periods, unless the culvert design includes a selected 
region wherein velocities are low enough to permit fish passage; 

i) the delay duri ng which the critical velocity (0.9 m/s) required 
for fish migration may be exceeded should be a maximum of 7 days 
once in 50 years and 3 days once in the average annual flood 
(recurrence interval of 2.33 years) . 

1.6 . 2 Embankment Openings 

Embankment openings should generally be considered for streams which 
have a design peak flow in excess of 4.0 m3 / s or where a severe 
aufeis potential exists. 

Embankment openings consist, as shown on the drawing 2-00-02-00-TP-
0052 , basically of a free span pipeline over an opening adequately 
protected against erosion . 

Since the embankment opening may provide a free span which approaches 
pipeline limitations , it is essential to prevent erosion of the 
workpad abutments. 

The workpad abutments should be protected to the specified level of 
erosion protection extending 1.0 m beyond the toe of the underlying 
fill . 

If there is any possibility of concentrated flow against the workpad 
away from the opening, either guide banks should be provided or the 
affected length of workpad should be armoured with a 500 mm cover of 
Class E material. 

1.7 SPECIAL DESIGN 

Any condition or combination of conditions which cannot be handled by 
the facilities or methodology presented herein should be assessed as a 
special design. 
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1.8 CULVERT DESIGN PROCEDURES SUMMARY 

1. Locate culvert (KP). 

2. Determine the presence or absence of fish and fish movement at 
the culvert site. If fish are present, the culvert is designed 
on a site specific basis considering the design criteria 
presented in section 1.6.1.7. If fish are not present proceed 
through steps 3 to 15. 

3. Assign a design flow 0100 (m3/s), (return period of about 
100 years), as obtained from the Hydraulic Consultants. 

4. Determine a trial size culvert D (m) using the following table 
(assuming a head of water HW (m) at the inlet less than or equal 
to the culvert diameter or rise D): 

Design Flow Q 
(ffi3/s) 

< 0.3 
0.3 - 0.5 
0.5 - 1.0 
1.0 - 2.0 
2.0 - 3.0 
3.0 - 4.0 

> 4.0 

Culvert Size 
(mm) 

600 CSP 
800 CSP 
900 CSP 

1200 CSP 
1870 x 1230 CSP Pipe-arch 
2130 x 1400 CSP Pipe-arch 

Special Design 

5. Determine the natural channel slope (m/m) and assign a culvert 
slope S (m/m). 

6. Approximate the length of the culvert L (m) taking into account 
culvert slope and offset, culvert skew angle, height of cover 
above culvert, type of availabe manufactured lengths. The above 
assumptions must be confirmed in the field prior to construc­
tion. 

7. Assign a Manning's 11 n11 for the culvert. 

8. Assign an entrance loss coefficient Ke (0.9 for a projected end 
and 0.5 for a premanufactured end section) . 

9. Calculate the critical depth of flow de (m) using Manning's 
equation. 

10. Compare the existing tailwater TW (m) to the value of de+ D 
(Alaska Department of Highways, 1977.) 2 

The larger of these two values becomes the height of water at the 
culvert outlet ho (m). 
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11. Calculate the total head loss H (m), where H =Friction loss+ 
Entrance loss+ Velocity head. 

12. Calculate the head water HW (m) at the inlet using the following 
equation: 

HW = H + ho - SL 

Where HW =Inlet head water (m); 
H = To ta 1 h ea d 1 o s s ( m ) ; 
ho =Height of water at outlet (m); 
S =Culvert slope (m/m); 
L =Culvert length (m). 

If the head water (HW) calculated here exceeds the culvert 
diameter or rise (D), repeat the procedure using the next larger 
culvert. If H~ is less than D, proceed to the next step. 

13. Calculate the culvert outlet velocity V (m/s) using normal depth 
of flow as computed by Manning's equation for the size, the 
roughness and the slope of the culvert selected. For this cal­
culation use the 10 year return period flow rate 010 (m3/s) . 
The 010 is assumed equal to the design flow rate 0100 
(m3/s) divided by 1.5. 

If a premanufactured end section is used, t he culvert outlet 
velocity should be adjusted considering the end section as a 
sudden expansion. 

14. Determine the level of erosion protection required using the above 
outlet velocity calculation and the following table: 

Outlet Level of Materia 1 Thickness Pr otected Length 
Velocity Erosion 

(m/s) Protection (mm) Inlet Outlet 

< 1.0 Level 0 SEI or Class 200 Di sturbed 2 culvert di a. 
D Materia 1 Area or rise 

1.0 - 1.5 Level 1 Class D 400 Disturbed 2 culvert di a. 
Materia 1 Area or rise 

1.5 - 2.5 Level 2 Class E 300 Disturbed 3 culvert dia. 
Materia 1 Area or rise 

2.5 - 3.5 Level 3 Class E 500 Disturbed 3 culvert di a. 
Material Area or rise 

3.5 - 5.0 Level 4 Rock Ri prap 600 Disturbed 4 culvert dia. 
Class I Ar ea or rise 

> 5.0 Special Design 
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15. As a final check, ca~culate the height of wate-r H'TC (rtt) that wDu~d 
back \(%,at the culvert inlet at the time of concentration (tt (m'in) 
= 40 Drainage Area (kmZJ) if the culvert was plugged. 

This is the storage experienced at the culvert inlet and can be 
related to the possibility and the severity of culvert failure an~ 
the consequence to pipeline integrity. This may initiate special 
design consideration (larger culvert or embankment opening). 
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TABLE 1: MAXIMUM AVE:RAGE MOUND BREAK AND DIVERSION 

GENERAL NOTES 
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DRAWING NO. 

. 

MAXIMUM AVERA,GE SPACING (TABLE 1) 

SECTION C-C 
MOUND BREAKS 

REFERENCE DRAWING 

TITLE 

' . , 

EROSION 
PROTECTION AS 
REQUIRED 

MICROFILM RECORD 

FILE NQ DATE NO. 

LONGITUDJNAl 

SLOPE GRADIENT 

LESS THAN 2% 

2°/o- 5% 

5%-10% (* *) 

10% -20% , ••• , 

20% -40°/o (•n•J 

GREATER THAN 40% 

Dl l KE SPACING. 

SOIL CHARACTERISTICS 

SEI 3 (*) 

(SILTS OR 

FFIN E SANDS) 

65 m 

50 m 

30 m 

15m 

10 m 

6 m 

SEI 2 SEI 1 

(COARSE SAND OR (GRAVEL, PEAT OR 

ClAY Till) COMPACTED ClAY) 

150 m NOT REQUIRED 

65 m 150m 

50 m 65 m 

30 m 50 m 

15 m 30m 

10 m 15 m 

(*) SEI : SOIL ERODIBILITY INDEEX : 3 (HIGH), 2 (MEDIUM), 1 (lOW) 

(**) LONGITUDINAL SLOPES GRE)ATER THAN 5 % REQUIRE A DIVERSION DIKE 

WITH EACH MOUND BREAK . 

(* .. ) LONGITUDINAL SLOPES GREEATER THAN 10% REQUIRE A TRENCH PLUG 

WITH MOUND BREAK AND DIVIERSION DIKE. 

( .. **) LONGITUDINAl SLOPES GiREATER THAN 25% SHOULD BE CAREFULLY ASSESSED 

TO DETERMINE POSSIBLE SUBDiiRAIN REQUIREMENTS. 

MOUND BREAKS SHOULD BE SP.AD.CED AT NO MORE THAN 50m IN MUSKEG AREAS. 

REVISIONS NORTHERN PIPELINE AGENCY 
APPR. 

DESCRIPTION DATE BW CHKD. YPD FPl 

0 SUBMIT TO FEARO OFFICE !!2 02 X: 

AND NPA . 
,_ N'J / 

ENGINEERING RECORDS 
DRAWN BY fCH~~ DATE : 

A Z 1---Rrr 8} 09 16 
ENGINEE_!..:: ~ , ,., 

. __...,. ....::! ...... So-- /I .... ./ 

FOOTHILLS APPROVALS 

ENGINEER DATE: 

SUPERVISOR 

MANAGER 

. , 

~s=c~AL~E~--------~ 

N. T. S. 

1. 

2. 

3. 

4. 

5. 

NOTES 

MOUND B~EAKS SHALL BE LOCATED AT 

• ALL NATURAL DEPRESSIONS CAPABLE OF 

PROVIDING CROSS DRAINAGE. MOUND 

BREAKS SHALL BE SPACED AS PRESCRIS. 

EO BY TABLE 1. 
IF A DIVERSION DIKE IS MADE OF CLASS D 

MATERIAL, THE n;>P WIDTH AND THE 
HEIGHT OF THE DIKE SHALL BE ABOUT 600 
mm AND NO ADDITIONAL EROSION PR(). 

TECTION IS REQUIRED. 

DRAINAGE DITCHES SHALL BE PROTECTED 

TO LEVEL 1 EROSION PROTECTION FOR 

LONGITUDINAL SLOPES LESS THAN 15% 
AND TO LEVEL 2 EROSION PROTECTION 

FOR SLOPES GREATER THAN 16%.. 
LEVELS o= EROSION PROTECTION: 

a) LEVEL 0- 200 mm LAYER OF CLASS 0 
MATERIAL (OR ALTERNATIVELY 200 mm 

OF SOIL HAVING A SEI OF 1). 

b) LEVEL 1-400 mm LAYER OF CLASS D 

MATERIAL 
c) LEVEL 2-300 mm LAYER OF CLASS E 

MATERIAL. 

VERTICAL CUTS IN ICE-RICH PERMAFROST 

IN EXCESS OF 5 m HIGH SHALL BE APPROVED 

BY MANAGER. 
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SLOPE 

I 

DOWNHILL 
TOE OF GRAVEL 
FILTEi! 

I ' 
--------r----~r-·--------·-------~F~ 

DOWNHILL 

SEEPAGE EXIT DIVERTED 

OFF RIGHT- Of-WAY 

TOE OF IMPERMEABLE I I I PLUG 

I I 
/-------L------r---------------''-----...,..-

1 ! I 
I I 

~-----t-------+~------------

1 I 
I I ----r -t· , __ 

I I 
I I 

I I 
I I 

+-·----+------
1 I 
I I . 

PHILL TOE OF DIVERSION 
DIKE (SKEWED DOWNHILL 
AT APPROX . 5% GRADIENT) 

UNDISTURBED 
TRENCH SIDEWALL 

A 

-------+-----~----------- ------------~~-==--=--=---- -----·---------------
I // 
I ,.,...,.. 

/ 

APPROX . UPHILL LIMIT 
OF BELL HOLE 

/ 

BACKFILL 

------=--
F'REE DRAINING GRAVEL FILT MPERMEABLE 

PLUG 

FILTER CLOTH (NON - WOVEN) 
( NOTE 3) 

GRAVEL 

NATUIRAL SLOPE 
(APPIROX . 1.5 :1) 

PLAN VIEW 
BACKFILL MOUND & DIVERSION DIKE 

N'OT SHOWN 

A 150 mm LAYER OF 
GRAVEL PLACED OVER TOP 
HiE FILTER CLOTH TO 
ANCHOR THE CLOTH. l .Om 

NATURAL SLCDPE 
(APPROX.1.5 :: 1) 

,..,._.rmJFR~InoN DIKCE LOCATED SUCH THAT 

CLASS A BEDDING 
MATERIAL 

GENERAL NOTES 

DRAWIN G NO. 

IMPI-1111~1-ABLE 

PLUG OF BENTONITE 
OTHER ACCEPTABLE MATERIAL. 

APPROX. DOWNHILL 
LIMIT OF BELL HOLE 

A LAVER OF 150 mm (MIN) OF BENTONIT;E ~~~;;z:::::::: 
OR OTHER ACCEPTABLE MATERIAL SHALL 
BE PLAC!'D INSTEAD OF BEDDING MATERIAL 
TO ENSURE IMPERMEABILITY ( Will REQUIRE 
HAND PLACEMENT I F PIPE IN PLACE) . 

ClASS A BEDDING 
MATERIAL 

SECTION A· A 
BACKFILL MOUND NOT SHOWN 

REFERENCE DRAWING 

T I T L E 

MICROFILM RECORD 

FILE NQ DATE NO. 

O>F FILL COINCIDES WITH 
rv,.,.,,.,..,ILL ED)GE OF GRAVEL FILTERAT 

OF PIIPE 

BACKFILL 

REVISIONS NORTHERN PIPELINE AGENCY 

DESCRIPTION DAT E BY CHKD 

2 00 02 00 TP 0050 .TYPICAL MOUND BREAK & DIVERSION Dl KES ( 2 SHEETS) 0 SUBMIT TO FEARO OFFICE 

AND NPA. 

~ 

r 

MATERIALS REQUIRED: 

f' 

DIVERSION DIKE : 
NATIVE FILL (NO EXCESS ORGAI\ICS OR THAW UN­
STABLE MATERIAL 

IMPERMEABLE PLUG : 
DRY POWDERED NATURAL BENTONITE OR EQUIVALEf'IT. HIGHLY 

PLASTIC CLAY 

GRAVEL FILTER : 
CLASS 'C' GRANULAR MATERIAL OR EQUIVALENT FREE 

DRAINING GRANULAR MATERIAL 

FILTER CLOTH : 
NON-WOVEN; PENROAD 350 OR EQUIVALENT 

• 

NOTES 

1. TRENCH PLUGS, WHERE REQUIRED ON LONGITUDINAL SLOPES GREATER 

THAN 10%, WILL BE SPECIFIED ON THE DRAWING, HOWEVER, THE FRE­
QUENCY AND PRECISE LOCATION OF TI-'E TRENCH PLUGS ARE TO BE 

ESTABLISHED IN THE FIELD ON THE BASIS OF FIELD OBSERVATIONS, 
TRENCH LOCAL TOPOGRAPHY AND DRAINAGE PATTERNS. 

2. TRENCH PLUGS MUST BE LOCATED PRIOR TO TRENCH BACKFILLING. 
SUFFICIENT OPEN TRENCH MUST BE MAINTAINED TO INSTALL THE 
TRENCH PLUG (APPROXIMATELY 4.5 mAT TRENCH BOTT0M ELEVATION) 

TRENCH PLUGS SHALL BE CONSTRUCTED AS SOON AS PRACTICAL AFTER 
PIPE INSTALLATION AND GENERAL BACKFILLING TO MINIMIZE 
TRENCH WALL SLUMPING, AND WATER INFILTRATION. 

3. FILTER CLOTH SHALL BE INSTALLED TO. TOTALLY WRAP THE GRAVEL 

FILTER MATERIAL. MINIMUM OVERLAP OF 0.6 m IS REQUIRED. 
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PLAN VIEW 

SPAN 
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CONCRETE 
RESTRAINT----....~ 

STABILIZATION---...... 

WORK PAD~AMP I I . 

r----H~t' er~·~·· ~ 

l. >~r .. _.- TO EXTEND 1.0 m BEYOND THE TOE OF FILL MATERIAL ON BOTH BlANKS - 71 

GENERAL NOTES 

PILE SUPPORT 
(WHERE REQUIRED) 

FILL AND EROSION PROTECTION 
CONFIGURATION FOR S.HALLOW 
NATURAL SIDE SLOPES 

l 

""---- NATURAL CHANNEL BED (UPGRADE TO SPECIFIED LEVEL OF 
PROTECTION IF RESTRICTED OR BED IS DISTURBED) 

FILL AND EROSION PROTECTION 
CONFIGURATION FOR STE EP 
NATURAL SIDE SLOPES 

• • 

SECTION A-A 

REFERENCE DRAWING 

DRAW ING NO. TITLE 

2 00 02 00 EN 0029 PIPE WALL FIELD TRANSITION 

2 00 02 00 EN 0046 CONCRETE COAlfED FREE SPAN 

2 00 02 00 EN 0049 INSULATED CO- .AXIAL STEEL FREE SPAN 

MICROFILM RECORD 

FI LE NQ DATE 

REVISIONS 

NO. DESCRIPTION DATE 

0 SUBMIT TO FEARO OFFICE 82 02'Kl 

AND NPA. 

BOARD IN 

SECTION B-B 

NORTHERN PIPELINE AGENCY ENGINEERING RECORDS 

EBY 
APPR. 

C HKD, YPD FPL 
DRAWN BY IC~Y DATE: 

.S .GOURLIE k 82 01 13 
I.NGINE~ --:7 _ 
~ ,-&/:.:.__ L-"' L. 82.. 01 zo / 
SUP~ ISOR 

lh/(j ..v" gt 01 1...:> 

MANoi(G~R 

FOOTHILLS APPROVALS 

ENGINEER DATE: 

SUPERVISOR 

MANAGER 

SCALE 

NOTES 

l THIS DRAWING IS APPLICABLE ONLY IF THE 

ABOVE GmUND CONCRETE RESTRAINED MODE 

IS PRESEN ON EACH SIDE OF THE CHANNEL . 

2. FREE SPAN LENGTH,CLEARANCE HEIGHT 

AND LEVa OF EROSION PROTECT ION ARE 

SPECIFIED JN A SITE SPECIFIC BASIS. 

3. TEMPORARY CONSTRUCTION ACCESS ACROSS 

CHANNEL SHALL BE REMOVED UPON 

COMPLETION OF CONSTRUCTION . 

4. FOR STRUCTURAL DETAILS,MATERIALS AND 

DIMENSIOI~S OF EMBANKMENT OPENING SEE 

DRAWINGS 2 00 02 00 EN 0046 AND 

2 00 02 00 EN 0049 
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SURFACE 
DRAINAGE DITCH 

TRAPPED 
SEDIMENT 

PICTORIAL 

HAY BALES, SLASH OR ANY 
EQUIVALENT DEGRADABLE 
MATERIAL 

HAY BALES SLASH OR ANY 

50 mm (MIN) LOG STAKE 
~OR OTHER SUITABLE ANCHOR 

FLOW 

I 

EQUIVALENT DEGRADABLE 
MATERIAL~ 
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SECTIONAL VIEW 
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TEMPORARY DRAINAGE DITCH CHECK 

~ 
H 

I 

FREE DRAINING 

SURFACE 
DRAINAGE 

GRANULAR MATERIAL --~-

TRAPPED 
SEDIMENT ----'t----

FLOW .... 

PICTORIAL 

l.Om 

FREE DRAINING 
GRANULAR MATERIAL 

'---FILTER CLOTH 

SECTIONAL VIEW 

PERMANENT DRAif'\JAGE DITCH CHECK 

GENERAL NOTES REFERENCE DRAWING MICROFILM RECORD REVISIONS NORTHERN PIPELINE AGENCY ENGINEERING RECORDS 
APPK. 

DRAW I NG NO. TITLE FI LE NQ DATE NO. DESCRIPTION DATE BY CHKD. 
YPD FPL 

/I / IJ ..._'J 

-------+-------+-
FOOTHILLS APPROVALS 

ENGINEER DATE : 

+ SUPERVISOR 

---~-

MANAGER 

• 

DESCRIPTION OF MATERIALS 

TEMPORARY DITCH CHECKS 

HAY BALES, SLASH OR ANY 
EQUIVALENT )EGRADABLE MATERIAL AND 
50 mm(MIN.) LOG OR OTHER SUITABLE ANCHOR. 

PERMANENT DIT:H CHECKS 
CLASS C GRANULAR MATERIAL OR EQUIVALENT 
FREE DRAINING GRANULAR MATERIAL. 

FILTER CLOTH 

NON WOVEN, PENROAD 150 OR EQUIVALENT. 

NOTES 

1. DITCH CHE CKS SHALL BE USED IN 
DITCHES Fm VELOCITY OR SEDIMENT 
CONTROL . DITCH CHECKS SHALL BE 
INSTALLED WHERE REQUIRED BY 
MANAGER ON LONGITUDAL SLOPES 
GREATER THAN 10% . THEY MAY BE 
USED FOR TEMPORARY OR PERMANENT 
CONTROL . 

2. DITCH CHECKS SPACING (L) IS 
DETERMINED BY THE FOLLOWING FORMULAE : 

L H- 0. 2 IF DITCI-I CHECKS ARE FOR 
scJ - ss VELOCITY AND SEDIMENT 

CONTROL 

L = H IF DITCH CHECKS ARE FOR 

sc! -ss VELOCITY CONTROL 

WHERE : 

L= SPAC ING OF DITCH CHECKS ( m) 
H= DITCH CHECK HEIGHT ( m) 
Sd = DESIGN SLOPE ( m/m) 

S5 = STABLE SLOPE FOR THE DITCH 
MATERIAL ( m/m) 

·p) 
v~o.!>l 

r" 
[;;~ 8 
4JJI'I• 

VIO·"t-1 

S~t<t ~ 

" Foothills Pfpe lines rSoarll YukonJ Ud. ...._,.. 
THE ALASKA HIGHWAY GAS PIPELINE PROJECT 

PREPARED 8 " 

TYPICAL 
DRAINAGE DITCH CHECKS 

YUKON PIPELINE DESIGN JOINT VENTU~E 
APK CANUCK MONENCO PET ROT t _ •I 

RGN ZONE FACIUTY NO DWG TWE DF!AWING NO. REV 

:;:; - - -- -~ --1------+------+---1-----------+---+---+-----l-~ 3 0 
~~----------------------------------~------------~-------------------------------------L--------~--------~~~----------------~--~--~--~~~~------------------------~---------N--.T_. _s_. ________ ~~--L--L~--~-L~--~-L~~~-L--~--~ 



0 
-o 
"' 

"' <( 

I I I 

(SHEE
8
T ~) 

TYPICAL INLET I OUTLET CONFIGURATION 
(INLET SHOWN) FOR 600,800 AND 900mm 
CULVERT INSTALLATION. 

GENERAL NOTES 

A. All DIMENSIONS IN MILLIMETRES UNLESS 
OTHERWISE SPECIFIED. 

SECTION 

II II II I d t! 
I I 
I I 
I I 
I I 
I I 
I I 

...1.., ,..J.... ...,... ...,... 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I 

I PIP Ell NE CONCRETE RESTRAINTS I 

I FOil DRAINAGE DITCH DETAILS 

! ~ 
I' I' I . I' I '1-/: 

0 
~~UT SECTION J 

-SEE DRAWING 
2 00 02 00 TP 0050 ( SHEET 2) 

~I 

L 

WCORKPAD SURFACE 

;\ ~~ 'suRFPI.CE COURSE CLASS B -.MATL. ~ 1~ "' 

~ . ------------~~~ ~ 

~~p WORK:PAD FILL CLASS C MATI. ~ >< ~ 

~ . . ~ ~ 
-!"· ·-· •• • ·-- · ---- ::-
;;~.-. ·. ;~::: PADDING CLASS B MATl. 

~~:: • 

I I 
' .: 

' II I 
I II j 
I ~ULVERT I 

1 
CrRUG1TED r···

1 
.... I 

0 z 
It) i 

0 

I I I · , 
lA Uv(), oi 
: -.:: : •. -' "BEDDtiNG CLASS B MATL :·:-;;, .,., i 

-
FILL S<CTI0~<'0"' ~ 

?i?Jl??ecoARD INSULATION lfittl!4. _ _R_ 
:INSULATIING BEDDING CLASS B MATt.> 
· · ·-· .,.;,.;·--r-,. 1¥4.&....lt.ZJ.-,zat\\\\ifi<iiidil I i!LA&W · 

SECTION A-A 

REFERENCE DRAWING 

·DRAW ING NO. TITLE 

TYPICAL INLET I OUTLET CONFIGURATION 
( OUTLET SHOWN) FOR 1200 m111 AND PIPE-ARCH 
CULVERT INSTALLATION. 

MICROFILM RECORD 

FILE NQ DATE NO. 

DETAIL 1 

REVI SIO NS 

I AI'PR. BY. I C'"l '<D. 'YI'O fPI. 
1--- - - - --- -------- ------------+- --- -+-----·- -+--"-------------------+---+---
2 00 02 00 TP 0050 TYPICAL MOUND> BREAK AND DIVERSION DIKES( 2SHEETS) 0 SUBMIT TO FEARO OFFICE 820210 
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NORTHERN PIPELINE AGENCY 

MANUFACTURED MATERIALS 

GALVANIZED CULVERTS AND GALVANIZED PRE-MANUFACTURED END SECTIONS ARE 
REQUIRED AS FOLLOWS: 

TYPE 
CULVERT 

SIZE 

CULVERT 

WALL 

PRE­

MANUFACTURED 

END 

THICKNESS CORRUGATION SECTIONS AT 

INLET & OUTLET 

Cl RCU L.AR CSP 600 1.6 68 X 13 NO 

CIRCULAR CSP 800 1.6 68 X 13 NO 

CIRCULAR CSP 900 2.0 68 X 13 NO 

CIRCULAR CSP 1200 1.6 125 X 25 YES 

PIPE-ARCH CSPPA 1870 X 1230 3.5 6R X 13 YES 

PIPE-ARCH CSPPA 2130 X 1400 3.5 68 X 13 YES 

CSP CORRUGATED STEEL PIPE 

CSPPA CORRUGATED STEEL PIPE PIPE-ARCH 

CULVERT MARKERS: ANGLE 35 x 35x 6-3000 LONG II.HLD STEEL, 

c/w 1 COAT PRIMER AND 2 COATS ORANGE ACRYLIC LACQUER. 

NOTES 

1. CULVERTS SHALL BE 1NSTALLED ON NATURAL GRADE EXCEPT FOR THE 

600 mm, BOO t •m., AND 900 mm [;)tAMETEI!I CULVERTS INSTALLED ON NAT­

URAL SLOPES GREATER THAN 2%. FOR THESE CULVERTS, THE INVERT 

AT THE CULVERT INLET SHALL BE 100 mm BELOW THE NATURAL 
GROUND SURFACE AND THE INVERT AT THE CULVERT OUTLET SHALL 

BE 100 mm ABOVE NATURAL GROUND SURFACE. 

2. EROSION PROTECTION AS DESCRIBED IN TABLE 2 (SHEET 2 OF 2) SHALL 

BE PROVIDED. EROSION PROTECTION SHALL EXTEND 500 mm EACH SIDE 

AND ABOVE THE CULVERT INLET AND OUTLET. 

3. THIS TYPICAL DRAWING DOES NOT APPLY FOR CULVERTS INSTALLED IN­

FISH STREAMS. 

4. FOR ALL CULVERTS, TOTAL LENGTH SHOULD BE A MULTIPLE OR A COM­

BINATION OF STANDARD SECTION LENGTH e.g. , 4 m, 5 m, OR 7 m. CUL­

VERT SECTIONS SHALL BE JOINED TOGETHER WITH 600 mm WIDE GAL­

VANIZED DIMPLED BAND CONNECTIONS. COUPLING OF CliLVERT SEC­
TIONS SHALL BE AVOIDED UNDER PIPELINE CONCRETE RESTRAINT.;. A 

CULVERT SECTION OF 7 m SHALL BE USED UNDER PIPELINE CONCRETE RE­

STRAINTS. 
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DETAIL 3 
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TABLE 1 CULVERT FEATURE DIMENSIONS 

)( p 

MINIMUM PR OJECTED EtJD LENGTH 

COVER I NLET OUTLET 

300 30:> 600 

300 400 800 

300 4j() 900 

600 END SECTION END SECTION 

600 END SECTION END SECTION 

600 END SECTION END SECTICN 

TABLE 2 · LEVELS OF EROSION PROTECTION 
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MATERIAL c 

INLET 

Sfl I OR CLASS 200 DISTUI6ED 
I AREA c MATEPIA_ I 

CLASS C MATHIA L· ~0 ~ DISTURBED 
AREA 

CLASS E MA -ER IA l J .J o DIS TURBE 0 
AREA 

CLASS E MATEklAL 50~ DISTURBED 
AREA 

R.:>CK RIPRAP 600 DISTURBED 
ClASS I AREA 
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