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Polar Gas land pipeline will be buried throughout its entire length within
the study area. The gas will be refrigerated to ensure that the operating
pipeline will be maintained at a temperature below 0°C within this region
of continuous permafrost. Throughout northern Manitoba and the District
of Keewatin, N.W.T., the abundance of dense frozen bouldery till or
bedrock, coupled with a thin active layer will require the use of ditching
techniques developed for hard rock regions. Consequently, one of the
major objectives of the field program was to investigate methods of

optimizing trenching operations with the use of explosives.
Specific objectives of the ditching study were to:
a. assess the feasibility of drilling and blasting to

obtain an acceptable pipeline ditch section using

conventional methods,

b. determine the stratigraphy of each trench.

c. identify potential problem areas,

d. observe the short-term and long-term behaviour of the
ditches,

e. monitor ground vibrations induced by the individual
blasts.

The trenches were located to provide a representative cross~section of
permafrost soil conditions within the study area. Several trenches were

also excavated into bedrock outcrops.
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5.2 Blasting Techniques

5.2.1 General

Seventeen experimental trenches, with a combined length in excess of 300
metres (900 feet), were excavated during the field program. The major
features of the trenching trials are summarized in Table No. 5. and a
detailed description of each ditch is included in Appendix B. Descrip-
tions of the field methods adopted by Pat McNulty Co. Ltd. are presented

in this section of the report.

The desired trench geometry was dictated by both the pipe diameter and
minimum cover requirements. At the time of the study, the pipe diameter
was 1.2 metres (48 inch) and the depth of cover was 0.9 metres (30
inches).l A minimum depth of about 2.1 metres (7 feet) and bottom width
of about 1.5 metres (5 feet) was selected as a desirable trench geometry

to achieve.
5.2.2 Shot Hole Patterns
Three different shot hole patterns were used during the blasting study

including the conventional single line, staggered, and dice configura-

tions. These patterns are illustrated in Figure No. 7.

1 The pipe diameter indicated in the Polar Gas Project application docu-
mentation is 1.07 metres (42 inches). A change from the 1.2 metres (48
inches) pipe size was instituted after the completion of the field program
described in this report.
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TABLE NO. 5 SUMMARY OF DITCHING TRIALS
SITE TRENCH} TRENCH SHOT HOLE® SHOT HOLE SPACINGS NUMBER DEPTH EXPLOS IVES DELAY TRENCH®  POWDER
NUMBER NUMBER LENGTH PATTERN LENGTH WIDTH OF OF HOLES WT/HOLE TOTAL WT CONFIGURATION VOLYME FACTQR
(m) (m) (m) HOLES (m) {kg) (kg) {m”) (kg/m”)
91-1 la 9.8 D 1.5 1.5 20 2.75 3.3 66.5 Singles(16)-Doubles (2)
b 12.2 s 1.5 1.5 18 2.75 2.9/3.3  56.0 Doubles(9)
ic 1.8 S 0.9 0.3 5 2.75 3.3 16.6 Singles(5)
2 8.2 D 1.8 1.5 16 2.75 2.7 43.3 Singles(15) 40,3 1
96-1 1 15.6 L 0.3 0 18 2.75 3.1/3.7  63.9 Instantaneous 41.6 1.5
2 11.0 L 0.3 0 13 2.75 3.9 50.3 Instantaneous 25.4 2.0
101-3 ] SEVERAL HOLES WERE DRILLED BUT DITCH FINALLY ABANDONED DUE TO ADVERSE ACTIVE LAYER SLOUGHING AND SEEPAGE
105-3 Ta 16.5 D 1.8 1.5 30 2.75 2.1/2.3 66.5 Triples(10) 9.7
15 7.6 S 1.5 1.5 i 2.75 2.7 29.8 Doubles (5) 10.6 2.8
2 22.0 D 1.8 1.5 39 2.75 2.7/3.1 1112 Singles-Doubles-Triples 70.8 1.6
3 13.4 S 1.5 1.2 25 2. 44 3.1 78.4 Doubles(12)
107-3 1 4.6 L 0.9 0 17 2.75 3.8/k.4 66.9 Instantaneous 4s. L 1.5
2 9.8 S 1.5 1.2 19 2.13 3.8 71.3 Doubles(9) 71.2 1.0
3a 30.5 3 1.5 1.2 42 2. 44 2.7/3.3/4.4 137.8  Doubles{15) -Quad(4) 117.1 1.2
3b 17.4 L 0.9 0 20 2.13 1.7 33.3 Doubles (10) 30.3 1.1
113-2 3 244 D 1.5 1.5 58 2.75 4.8 278.1  Single-Double-Triple 122.2 2.3
2 25.% S 1.8 0.9 3% 2.3 3.1 97.2 Doubles(15) 73.5 1.3
3 21.0 s 1.8 1. 27 2.75 b 118.0  Doubles(13) 107.8 1.1
191 i 6.5 S 2.0 2.9 21 2.75 3.3 69.9 Singles(5)-Doubles(8) k3.7 1.6
2 11.7 b 1.7 15 23 2.75 5.8 1345 Triples(7) 71.5 1.9
3 1.0 5 1.8 0.9 15 2.75 3.3 43.9  Doubles(7) 56.7 0.9

MOTES: 1) When two or more patterns are used for a single ditch, they have been designated as a,b,c, etc.
2) D-Dice, S$-Staggered, L-Line

3 Length is measured along the ditch axis and widths perpendicular %o the axis

L) Two types of explosives were used including Forcite 75% and Powerfrac 75%

5) Denotes type and number of delays. Eg. Doubles(7) indicatas seven double delays

6) Quantities include only frozen material or bedrock. Unfrozen active layer soils are not included.

€BA Engincering Consultants Ltd.
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The dimensions of each pattern were varied as required in an attempt to
improve the ditch profile. Typical ranges in the shot hole spacings of
each pattern are illustrated in Figure No. 7. Specific combinations used

during the study are summarized in Table No. 5.

The lengths of the various patterns were governed by the local site
° PY PY ° ° ° conditions and two or more patterns were frequently combined in a single

blast.

Bl mmaaeaane o
1.5-1.8m

DICE PATTERN 5.2.3 Loading Configurations

Two C-I-L ammonia gelatin dynamites were used during the ditching study
. . . . including Forcite-75% and Powerfrac-75%. The water resistance ratings of
T both dynamites ranged from 48 to 72 hours. Both were packaged in standard

0.3- 1.5m
cylindrical cartridges 41 cm in length and 3.8 or 5.1 cm in diameter.

|~

O"7-1,8m- Individual shot hole loadings (weight of explosives per hole) were gov-
. . thi
STAGGERED OR ZIPPER PATTERN erned by the type of pattern, shot hole spacings, active layer thickness,
and soil/rock type. Variations in the shot hole loadings used during the
study are summarized in Table No. 5 and are illustrated in Appendix B.
To improve the degree of fragmentation caused by a particular pattern,
[ ] [ ] L] [ 4 ] [ ] L [ ]
< ’l different loading configurations were used. Variations for the dice,
0.9
m staggered, and line patterns are illustrated in Figures No. 8, 9 and 10,
LINE PATTERN .
respectively.
5.2.4 Delay Sequences

FIGURE 7
SHOT HOLE PATTERNS

. . . ; ; th
{Selected by P. McNulty & Co.) Various delay configurations were used in an attempt to increase e
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DELAY PATTERNS

efficiency of each blast. Common sequences used for the three basic
shot hole patterns are summarized in Figures No. 8 to 10, respectively.
Specific configurations for each blast are summarized in Table No. 5 and

o' o' 'y o' o’ o' o' are illustrated in Appendix B.

INSTANTANEOUS 5.3 Measured Trench Profiles

All blast trenches were fully excavated to establish the limits of frag-
.1 ‘1 .2 .2 .3 .3 .4 .4

mentation, determine the stratigraphic profile and to observe the sta-

DOUBLE DE PR . .

y ha bility of the walls. Pertinent observations and measurements for each

trench are summarized in Appendix B.

The average depths and bottom widths for all ditches excavated into
permafrost soils are summarized in Figure No. 11 for each shot hole
pattern. The objective ditch dimensions, together with the "acceptable"
dimensions have also been included in the figure. For the purposes of
LOADING CONFIGURATIONS the current study, the acceptable dimensions were determined assuming
the allowable limits of overbreak and underbreak to be 0.3 and 0.15
metres, respectively. Actual construction tolerances may differ some-
what from these arbitrary standards.
EQUAL CHARGES
As indicated in Figure No. 11, the measured cross-sectional dimensions
for a specific pattern are quite erratic. The results are not directly
LIGHT HEAVY
° ‘o ° o ° o Py o comparable as a result of the large variety of subsurface conditions
investigated. However, several generalizations can be made based on the

STAGGERED CHARGES
available data:

a. The greatest degree of geometric control was achieved

with the dice pattern although only a very limited

FIGURE 10
SUMMARY OF DELAY AND LOADING CONFIGURATIONS
(LINE PATTERN)
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number of blasts were conducted with this configura-

tion.

b. Trench depths achieved with the staggered pattern were
generally acceptable. However, bottom widths were
often excessive. Reductions in the bottom width may
possibly be achieved by narvower shot hole spacings.
Reduced shot hole 1loadings may also produce the

desired effect.

c. The bottom widths achieved using the line pattern were
generally acceptable but the majority of the ditches
were too deep. Shallower shot holes may improve the
ditch depth but may, simultaneously, adversely affect
the bottom widths.

The ditching study indicated that acceptable geometric control can be
achieved within permafrost soils using conventional ditch shot hole
patterns. Acceptable geometric control was also achieved in the three
major bedrock trenches excavated during the program (Appendix B). The
dice pattern was used exclusively for the trenches excavated into
massive rock formations characterized by widely-spaced joints. The

staggered pattern was also used within areas of frost-shattered bedrock.

5.4 Powder Factors

The total quantities of frozen material excavated from each blast
trench, as well as the corresponding powder factors are summarized in
Table No. 5. The powder factors, grouped according to shot hole pattern

are also included in Figure No. 12.
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POWDER FACTOR {Kg/m®)
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FIGURE 12
SUMMARY OF POWDER FACTORS
FOR VARIOUS SHOT HOLE PATTERNS
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For a specific shot hole pattern, the individual powder factors vary
considerably as a result of the large variety of subsurface conditions
and frozen soils investigated during the program. For line blasts,
powder factors ranged from approximately 1.0 to 2.0 kilograms per cubic
metre (kg/mS). The staggered patterns were slightly more efficient with
the majority of powder factors being in the range of 0.8 to 1.6 kg/m3.
Powder factors determined for the dice patterns varied widely as indi-

cated in Figure 12.

The excess ice content of the permafrost soils investigated appear to
influence the powder factors of all patterns to some extent. As indi-
cated in Figure No. 12, frozen soils with higher excess ice contents

often required a lower powder factor to achieve the same fragmentation.
5.5 Ditch Performance

5.5.1 General

All trenches excavated during the ditching trials were left open and
inspected for a period of one year to assess their long-term perfor-
mance. The changes in the geometry of each ditch with time are summar-
ized in Appendix B.

The behaviour of each ditch was governed by both the properties of the
active layer soils and ground ice conditions within the underlying
permafrost.

5.5.2 Stability of the Active Layer

Within the study area, the local soils often develop relatively thick

active layers during the summer season. The stability of these soils
within trench excavations was clearly dependent upon the in situ moisture
conditions. Ditches excavated within areas characterized by a relatively
thick active layer and a high groundwater table or ponded surface water
experienced significant sloughing or 'run-in". Typical examples of
relatively adverse active layer sloughing are illustrated in Plates No. 8

and 9, respectively.

The stability of the active layer increased as drainage improved and
natural moisture contents decreased. Several ditches excavated where
free groundwater was not encountered experienced only nominal sloughing.
Two of these stable ditches are illustrated in Plates No. 10 and 11,

respectively.

Approximately 30 percent of the ditches excavated during the study
experienced significant active layer instability. Another 30 percent
were generally stable while the behaviour of the active layer within the

remaining ditches was between these two extremes.

5.5.3 Thawing of Ditch Walls

The thawing of ice-rich soils comprising the walls of several blast
trenches resulted in major ditch failures. The resultant changes in
geometry of the ditches occurred progressively and were dependent upon the
lateral thaw rate. Major changes were evident within several days
following excavation. The changes in the geometry of all blast trenches
are summarized in Appendix B. Typical examples of the degradation of high
ice content permafrost soils comprising the walls of one ditch and a

subsequent failure are illustrated in Plates No. 12 and 13, respectively.
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248 Earthwork in Cold Regions
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Figure 9-9,  Single-tooth ripper unit attached to a D-9G Caterpiliur tractor. (Courtesy of Francis 1.

Savies, U5, Army, CRREL.)

that extreme difficulty was experienced in ripping satu-
rated gravels when the ambient air temperature was
—40 to —46°C. At warmer temperatures (April and
May) when ground temperatures were in the range ~— |
to —4°C, a single tractor could rip the same frozen
gravels casily. Frozen soils with very low moisture con-
tents (drained sands and gravels) can readily be loos-
ened at any temperature and in some cases with about
the same effort as that required in the unfrozen state.

Drilling and Biasting

Ice-saturated and frozen soil materials are very simi-
lar to rock formations. Excavation of these materials
requires blasting in a manner similar to that used in
quarries (Tart, 1983). Baker and Johnston (1981) stated
that “drilling and blasting is the most economical
method for dealing with the large quantities of frozen
material involved in a mining operation.”

The drilling operation and proper placement of ex-
plosive charges determines the effectiveness of the
blasting method. Foster-Miiler Associates (1973) and
Mellor and Sellmann (1975) discussed how a reduction
in hole depth and diameter, or plugging of the hole
(melting and slump within the hole), may not permit
placement of the explosive charge at the correct depth.

A common problem in drilling is caused by meltwater
freezing and forming an ice collar around the top of
the hote. This ice collar and sloughing prevent proper
stemming of the hole. Use of clean dry sand or fine
rock chips to fill the hole helps achieve the required
stemming. Particle size should not exceed 10% of the
nole diameter. Swinzow (1963} achieved excellent re-
suits in permafrost using a mixture of silt and clay that
was tamped in the hole and allowed to freeze. Mcllor
(1989) provided more information on stemming of shot-
holes.

Explosive consumption in {rozen materials is high.
Tart (1983) stated that “powder factors ranging from |
to 2 1b/cu yd (0.6 to 1.2 kg/m?) are typically used.™ A
large proportion of the energy generated by the blast is
absorbed by the ice for ice contents greater than 10%
by dry mass. Since drilling and blasting is relatively

expensive, most contractors prefer to keep their hole
spacings as large as practical, Tart (1983} gave a typical
spacing of 3 m between shot holes. This spacing, in
overburden with high moisture contents, can give chunk
sizes approaching 3 m unless the powder factor is
appropriately increased or the hole spacing is reduced,
The larger chunk size requires use of end-dump haulers.
Livingston (1956) and Bauer et al. (1965} reported on
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