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HIGH POST PILLAR RECOVERY 

IN PERMAFROST CONDITIONS: 

Survey and Discussion of Existing Information 

M.C. Bétournay* 

ABSTRACT 

This report provides background information and outlines the 

results of a literature survey aimed at providing technical knowledge for 

the planning and recovery of high post pillars under frozen rock 

conditions. 

The report contains background information on the Nanisivik mine, 

an enumeration of sources of information used in the literature survey, a 

discussion of pertinent published information and a discussion of general 

considerations for this project. 

An extensive bibliography of publications applicable to the 

project, directly or indirectly, is included. 

KEYWORDS: permafrost, post pillars, mining method, pillar extraction, 
ground control. 
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RÉCUPÉRATION DE GRANDS STOTS 

EN CONDITIONS DE PERGÉLISOL: 

Sondage et Discussion de l'Information Existante 

M.C. Bétournay* 

RÉSUMÉ 

Ce rapport contient de l'information de base et présente les 

résultats d'une campagne de recherche bibliographique dans le but de 

fournir des connaissances techniques à la conception et récupération de 

grands stots en milieu de roc gelé. 

Le rapport contient de l'information de base sur la mine 

Nanisivik, une énumération de sources d'informations utilisées pour la 

recherche bibliographique, une discussion de l'information pertinente 

publiée et une discussion de considérations générales pour ce projet. 

Une bibliographie considérable de publications applicable au 

projet, directement ou indirectement, est inclue. 

MOTS CLÉS: pergélisol, stots, méthode minière, récupération de piliers, 
contrôle des terrains. 

* Chercheur en science physique, Laboratoire canadien de technologie 
minière, Laboratoires de recherche minière, CANMET, Énergie, Mines et 
Ressources, Ottawa. 
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INTRODUCTION 

The objective of this technical review is to identify relevant 

information for the economic and safe recovery of post pillars in 

permafrost terrain, more specifically the Nanisivik mine, North West 

Territories. 

By referring to data bases, reviewing articles, and consulting 

national and international experts on underground excavations in 

permafrost a wide range of data was obtained. This was used to determine 

the experience of other operations in pillar recovery, and related 

technical issues, in permafrost terrain similar to Nanisivik. 

DESCRIPTION OF SITE CONDITIONS 

Background (1) 

The Nanisivik Mine, located at latitude 73° north, went into 

production in 1976. The orebody is mined for zinc, lead and silver and is 

entirely in permafrost. The depth of the frozen ground extends to 600 m 

and envelops the mining area which is 100 m down from surface, Figure 1. 

The orebody is approximately 3 km long, 100 m wide and up to 20 m 

thick (usually 5-10 m thick). It is flat and hosted by dolomite. 

Mineralization consists primarily of sulphides, 90% massive pyrite, with 

the remainder made up by sphalerite with some galena and silver. 

Mining Method 

A room and pillar mining method is used. The pillars are 

7mX7min plan, spaced 25mcenter to center. When oregrades are low, 

rib pillars are formed. The excavations remain open. 

Drilling at Nanisivik is fully mechanized and drill jumbos are 

used. Dry drilling is used because water would deteriorate the permafrost 
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environment. Solutions of calcium chloride, normally used for drilling in 

such terrain, would corrode the equipment. The drilling pattern for drift 

rounds is 1 m by 1 m; 48 holes are drilled per round. For slashing and 

benching a pattern between 1 and 1.2 m is used. Drill steels, 4 m long 

with 4.4 cm button bits, are used. Bit and steel life average 150 and 

170 m respectively. Benching is performed, up to 5 m per lift, from the 

hanging wall, until the foot wall is reached. 

Blasting is carried out with ANFO (6% fuel oil mixture). 

Detonators are set off with detonating cord and all blasting performed from 

surface with a central electrical blasting system. 

Muck is hauled from the west zone by 5 cubic yard scooptrams to 

an orepass in the western portion of the mine. All other ore is moved by 

trucks loaded by front end loaders. There is an excavated area used for 

stockpiling. 

A jaw crusher is located underground to take the ore from a 

feeder located at the bottom of the 12 m long orepass. A secondary cone 

crusher processes the ore before it is sent to the mill via two 350 m 

conveyor belts. A crushed ore bin, located along the conveyor line, is 

used as storage to maintain constant mill feed. 

Ground Control (1)(2) 

Three types of roof conditions exist. A dolomite back forms very 

competent ground. Sulphide areas are variable and are accompanied by 

calcite; the back fragments easily and is usually scaled to competent 

dolomite. In areas where shale is exposed, the backs, and sometimes the 

walls, are screened; this ground is the least competent in the mine. 

The hanging wall is regular, and unsupported spans of 30 m in 

good ground are stable. The roof is only bolted when more than 5 m of ore 

is taken out, 1.8 m split set bolts have been used regularly on a 1.2 m2 

 pattern but bolts up to 2.4 m have been used for special purposes. 
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Sublimation of ice with time reduces rock cohesion with the 

consequence that large unexpected falls of ground occur. The backs are 

then scaled down for safety. 

ENUMERATION OF INFORMATION SOURCES 

Bibliography Content 

The 60 sources of information listed in the bibliography 

represent relevant available information on permafrost. The subjects 

treated in these are very variable but are related generally to aspects of 

excavation in frozen soil or frozen rock. The literature survey was kept 

broad in the belief that some information could be found relevant to the 

Nanisivik project. A-priori, little experience, or information for that 

matter, was thought to exist pertaining to the project. 

Subjects 

The discussion that follows will bear out that very little 

information exists on mining practices in frozen rock and hardly any deals 

with methods of pillar recovery under such circumstances. 

The main source of information pertains to the Polaris and Black 

Angel mines of the Arctic and research carried out by the U.S. Army's Cold 

Regions Research and Engineering Laboratory (CRREL). Russian-based 

references provided limited verbal descriptives of experiences and tended 

to carry on from a very theoretical basis; also, most of their experience 

was related to rudimentary equipment working in frozen soil. One other 

case was reported, on a coal mine excavated by longwall techniques. 

Databases 

The MINTEC database, because of its dedication to mining, formed 
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the foundation for this literature review by providing a large number of 

the references cited in the bibliography. Four other databases were 

consulted: the Engineering Index database, Georef database, NTIS database 

and Soviet Science and Technology database. In all cases, all relevant 

mining, exploration, drilling and other permafrost references were 

gathered. 

Review of Foreign Technical Journals 

Recognizing that other countries have faced permafrost mining 

situations a thorough search of foreign technical journals was undertaken. 

A search of technical journals from the Scandinavian countries, the 

U.S.S.R. and the U.S.A. were undertaken at McGill University and at the 

CANMET library. As well, all CRREL publications were reviewed. 

Contacts 

National and international expertise as well as particular 

references were obtained via the assistance of Mr. T.W.H. Baker of the 

National Research Council. Dr. Mellor of CRREL was contacted but a site 

visit could not be arranged. 

DISCUSSION OF SURVEY INFORMATION 

Pillar Recovery Plan (1)(3) 

Primary post pillars (numbering approx. 350) are in place at 

Nanisivik to maintain a stable back. The mine is now considering 

recovering all, or most, of the pillars to extend mine life. 

The mine is confident that the underground openings can stand 

free with no support from pillars. The existing pillars show no sign of 

stress. The mine hopes that 40% of the pillars can be recovered (giving an 
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overall extraction of 93%) without the use of more stabilizing means. 

Removal of the remaining 60% of the pillars might require special 

stabilizing means (after ground conditions are assessed during the mining 

of the first pillars) based on this survey of literature. 

The recovery method is planned by conventional drill and blast 

and mucking from the excavation or from sublevels using ore chutes. 

Permafrost Conditions (2) 

The permanently frozen ground, reaching a depth well below mine 

workings, imposes a number of conditions to the rock mass. Permafrost 

conditions are continuous in the mine workings. The rock temperature 

remains close to -12°C. The host rock has pores, vugs (extensive and found 

in many places) and joints often filled with ice. The rock mass 

temperature causes moisture from ventilation and underground mining 

activity to frost rock surfaces. 

Maintaining Heat Balance 

In all cases where permanently frozen rock has been encountered, 

it has been imperative to maintain rock temperature (surface at least) well 

below freezing point (2)(4)(5)(6). This is to maintain a solid rock mass 

while excavating the great spans required of an economic operation and to 

maintain a poor quality rock in place, without serious degradation. 

It is a common trait that the Polaris, Black Angel and Nanisivik 

mines, all excavations in permafrost, share in the condition of their 

ground. At Polaris, the host rock is bedded, brecciated and faulted; the 

ore granular and porous. Weak carbonates in most cases heal the rock but 

the openings desintegrate rapidly when permitted to thaw. At Nanisivik, 

although the dolomite host rock is essentially unjointed and massive, the 

roofs can be difficult to control because weak material can be found 

there. At Black Angel the rock crumbles with thawing. 
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Ice content of the rock must thus be known if warming effects are 

to be evaluated. It takes very little latent heat to thaw the Nanisivik 

rock with 3% (7) (by weight) pore ice. As well, the nature of the 

infilling (vugs, joints, etc.) will determine the ground problems 

associated with warming effects. Jointing is not common at Nanisivik. 

Heat balance studies such as the one performed at Polaris (8), 

which take into consideration ice content, indicate to what extent new 

sources of heat (e.g. from rockfill or backfill for pillar recovery) can be 

detrimental to pillar and roof stability. 

Effects of Pillar Recovery 

The literature surveyed is void of pillar recovery effects on 

roof control, or for that matter void of cases where very wide room spans 

have been encountered. 

The only instance of mining with planned extraction of residual 

pillars is at the Polaris Mine. Although the process of installing frozen 

rockfill for support is well described (4)(9), the experience of removing 

pillars from that point has yet to be assessed. 

Methods of Pillar Recovery 

The only referenced mining method to safely and efficiently 

achieve maximum post pillar recovery in frozen rock is related to the 

Polaris mine case. The Black Angel has only begun to consider pillar 

removal and installing frozen rockfill. 

Pillar recovery methods there are expected to be similar to the 

primary stoping methods used, subject to modification depending on the 

stability of the backfill used(4). The orebody is 10 to 30 cm high in the 

upper levels to about 110 m at the lower level. Stoping panels are 

separated by rib pillars 10 to 15 m in width. 
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Drilling is conventional, done by two double-boom electric-

hydraulic drill jumbos and one single boom jumbo. Drilling is dry, with 

dust collectors, cuttings flushed with compressed air. Blasting is done 

with ANFO. 

Drilling patterns and blast sequencing are not reported. 

Development and production mucking is handled by a fleet of four 

eight-yd 3  scooptrams from drawpoints in a haulage drift driven at the 

footwall of the stope in the adjoining pillar, Figure 2. 

After crushing (with 42 x 48 inch double toggle jaw crusher with 

vibratory feeder) ore is carried to surface processing facilities on 0.9 m 

wide conveyors suspended from the back of the decline. 

A general support, split set bolting, is used; this is only 

applied to the roof. The only supplementary support used for pillar 

removal is frozen rockfill. Hydraulic fill was not used because it would 

introduce an amount of heat that would significantly alter thermal 

equilibrium. 

Tests in a cold temperature lab showed that shale fragments 

(obtained from surface outcrops) frozen with snow/ice/water would provide 

the free-standing structural characteristics for about 1 year (4). 

Moisture ranged from 10 to 12% by weight. Critical free standing height, 

it was found, is heavily dependent on temperature (8). From a temperature 

of -10°C, where 60 m of height can be achieved (< 250 days), to 40 m at 

-2°C (< 120 days) to no possible height at 0°C. 

This type of fill has been placed (as soon as each stope is 

finished) using six foot diameter raise- bored holes extending from surface 

to the stopes. Fill, once delivered underground is distributed within the 

stope by a small bulldozer and the top 1 m flung into place leaving only a 

few centimeters of space. No scientific observation on fill stability was 

made as of 1986, but after preliminary pillar extraction the backfill has 

remained visually competent (9). 
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In addition to thermal and free standing requirements, long term

load bearing capability must be assessed in the context of time for pillar

removal.

All fills with frozen water content will creep over time; general

laboratory observations for the Polaris rockfill were registered (8):

The cohesion, from ice bonding, governs frictional and creep

response.

- Cohesion is directly related to density, Figure 3.

- Unconfined compressive strength increases with decreasing

sub-zero curing temperatures, Figure 4.

- Strength and deformation characteristics depend on:

density, ice content, fill temperature, stress level, time

and rate of loading.

- The strength formula is:

t = c (A,t) + an tan 0.

- The deformation formula is

s = éc (v/ac)n - f (03, e)

where c = cohesion

t = time

A = temperature

b= angle of internal friction

s = rate of strain

sc = reference rate of strain

n = creep coefficient

13 = confining pressure

an = normal stress

t = shear stress

Although no other ground support systems emplaced for pillar

removal are described technically in the literature, mention has been made

of using ice as means of wall support (10)(11).

Sequencing and speed of pillar recovery has not been reported in

the Polaris or other cases.
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Monitoring 

The instrumentation mentioned in the publications are temperature 

sensors, thermistors/thermocouples, used in frozen soils (12)(13) or frozen 

rock (4). 

In a practical sense (12)(14), techniques of installation, long 

term monitoring programs and examples are given. 

Other Subjects 

A variety of other subjects, of potential interest to the 

objectives of the Nanisivik pillar recovery project are absent from 

published information. These are listed as follows: 

- drilling patterns 

- application of explosive technology 

- mucking procedures. 

- mining equipment alternatives 

- rock mass characterization 

- numerical modelling 

- pillar sequencing 

- geomechanical monitoring instrumentation 

For the purpose of report completeness, a general discussion of 

aspects pertaining to design for high post pillar recovery in frozen rock 

conditions is presented next. 

OTHER CONSIDERATIONS 

Underground operations in permafrost are generally more effective 

for the same environment than operations without permafrost. The rock mass 

is more competent and ground control problems are lessened. Pillars and 

stope backs will remain sound beyond limit conditions for the same unfrozen 

rock. 
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But rock breaking involves higher explosive consumption and muck 

handling is difficult in sub-freezing temperatures. Cratering studies 

(15)(16) identify augmented energy level, loading rate and travel 

velocities necessary to overcome the plastic behaviour of frozen ore to 

reach shock type (rather than the shear type adding plastic deformations) 

failures and satisfactory fragmentation. 

Using controlled blasting practices is important at any stage, 

especially the pillar recovery stage to reduce roof damage and mobilize 

full roof strength within the required sequencing plan. Application of 

numerical modelling results is representative when conditions are 

controllable. Summary perimeter blasting recommendations for frozen rocks 

are presented in Mellor (17). 

There have been laboratory studies (18)(19) on frozen tailings 

for use as permafrost mine support backfill, but no in-situ study 

component. The studies concluded that frozen slurried tailings has high 

instantaneous uniaxial compressive strength (7.8 MPa at a water content of 

15-20%); long term deformation and strength is highly dependent on strain 

rate. 

In pillar recovery programs with very wide openings, roof rock 

mass quality and pillar strength are very important. Few studies have been 

carried out on rock strength under frozen conditions. The Mellor (20) 

study showed that short term strength increases with decreasing subzero 

temperature, deformability decreases. The strength increase becomes more 

important with pore water content. Freezing has the effect of plugging 

cracks and pore with ice, so that the controlling defect size of the rock 

tends to decrease with decreasing temperature. The general shape of the 

compressive stress/strain curve for saturated porous rocks is altered by 

freezing pore water. The typical initial positive curvature disappears as 

pore water freezes and initial tangent modulus increases sharply as 

temperature decreases reaching values very much higher than those for the 

unfrozen state. 

Rock mass characterization, from core and/or in-situ future 
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observations such as borehole cameras provide badly needed factual 

information on potential unseen problems in the backs of wide openings, as 

well as any spacial variations in ice content. 

Added to rock material behaviour is the effect of ice which 

depends on time and on temperature. It is thus necessary to have rock 

temperature readings (if not also air temperature readings) coupled with 

rock strain, opening closure measurements and indication of ice content 

variations. 

Geomechanical instrumentation would then address roof rock 

temperature at various depths, direct pillar roof strain monitoring (for 

monitoring stress changes), roof to floor opening convergence. 

Beyond the behaviour of frozen rock with mine air, heat is 

released and dissipated due to long term mass straining originating from 

workings with pillar recovery; very large volumes of frozen rock and 

substantial mass forces participate in the deformation process. 

The laws of thermodynamics can be used to establish the link 

between deformation and temperature. Mechanically, non-linear behaviour 

models could be more representative of rock deformation compared to linear 

elasticity. 

Numerical modelling, adopting a representative behavioural model 

and sufficient in-situ data, presents a solution to predicting opening 

stand-up time and controllable opening spans. In this fashion sequencing 

and extraction ratios can be calculated for safe, efficient recovery of 

high post pillars in frozen rock conditions. The amount of support 

required and location can be indicated with the help of modelling. The 

nature of ground support (rockfill, cable bolting, etc.) can then be 

decided on. 
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Figure 1 (b). Plan view Nanisivik mine, east portion. 
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