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FOREWORD

The widespread, occurrence of quartz sand and kaolinite clay 
in the Janes Bay Lowland, Northern Ontario was established in drill 
programs sponsored by the Ontario government in 1975 and 1978. 
Sane deposits in Kipling and McBrien Township had been examined 
previously by the private sector and were found to contain sand 
and clay of glass grade and ceramic quality and kaolinite suitable 
as filler clay for the paper industry. The character of the 
deposits implies that a potential for coating clay exists.

Development of these deposits located in an area of Ontario 
where large paper manufacturing industries have been thriving for 
many years, is inhibited by limited accessability. Poor drainage 
impedes travelling away from the river courses and the comnercial 
sand and clay in areas between the deeply incised riverbeds are 
overlain by thick deposits of glacial and marine sediment.

A project designed to overcome the reluctance of potential 
producers was initiated in 1979 as part of the Northern Industrial 
Mineral studies (NIMS) piutjidiu funded by the Ontario Ministry of 
Northern Affairs and supervised by staff of the Mineral Deposits 
Section, Ontario Geological Survey. The project called for an 
engineering feasibility study and cost analysis of bore hole mining 
in the James Bay Lowland and a possible experimental bore hole 
production if justifiable by the findings of the feasibility study. 
The experimental production program would underscore the feasibility 
and simultaneously provide a large sample of the subsurface material 
from which test lots could be made available to interested parties.

The present report, completed by Derry, Michener, Booth and 
Wahl in cooperation with DO laboratories Ltd., provides an assessment 

of the feasibility of bore hole mining and pipeline transport of 
silica sand-kaolinite resources in the James Bay Lowland. A cost 
analysis has been prepared for three scenarios differing in 
distance to a potential plant site, and in depth and character of 
the deposits. The parameters of the study approximate as closely 
as possible actual field conditions. Three production rates were 

considered for each scenario. The' results of the study are presented





here as received from our consultant.

While these results have been accepted by the government with 
confidence that they represent a competent and unbiased appraisal 

of the situation, the responsibility for the figures rests entirely 

with the consulting firm.

E.G. Pye 

Director 

Ontario Geological Survey
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1.0 SUMMARY

The following borehole mining study was commissioned by the Ministry of 

Natural Resources for the Province of Ontario to investigate the feasibility of mining 

the Cretaceous sediments of the Moose River Basin by borehole extraction methods, 

and transporting the resulting slurry by pipeline to a suitable plant for final processing.

The Moose River Basin is located in the southern portion of the James Bay 

Lowlands in northern Ontario and occupies an area of approximately 5,400 sq.mi. 

lying immediately west of the Abitibi River and north of the Precambrian Escarpment.

The Cretaceous sediments represent a vast untapped resource containing, in 

part, potential deposits of kaolinitic silica sand and refractory and filler clays 

containing fireclay interbeds. Kaolinitic silica sands consist of glass-grade silica 

sand in a kaolin matrix which is of significant purity and brightness to be of potential 

use as a coating in the paper industry. The refractory and filler clays are also of 

potential interest as fillers and extenders.

For the purpose of this study, three potential mining areas were selected 

based on realistic model parameters derived from specific locations within the 

Cretaceous Basin and on proximity to the proposed final processing plant to be 

located 2 miles south of Smoky Falls. Area A - Kipling Township - is located 

approximately 10 miles from Smoky Falls and was originally drilled by Indusmin 

Limited. Area B - Garden Township - is located 25 miles west of Smoky Falls and was
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originally drilled by the Ministry of Natural Resources. Area C - McBrien Township - 

is located 40 miles west of Smoky Falls and was originally drilled by Algocen Mines 

Ltd. Kaolin production rates of 50,000 tons per annum (t.p.a.), 100,000 t.p.a. and 

200,000 t.p.a. were also selected and applied to the three potential mining areas.

Hydraulic borehole mining is a potential method of extracting minerals from 

blind, soft rock deposits without the extensive surface destruction normally associated 

with open pit or strip mining operations. The selectivity of the borehole mining 

method also allows for the potential extraction of minerals from small or 

discontinuous deposits which may have otherwise been considered uneconomic. The 

mining method and the system itself has been designed so that all of the support 

equipment is located and operated on the surface with only the mining tool portion 

of the system being underground during the mining recovery operation.

The standard hydraulic borehole mining program consists of site selection 

and preparation, borehole drilling, mining equipment setup, mining and backfilling 

at the conclusion of the program. Once the site has been selected and the drill 

pad prepared, the borehole mining machine is moved onto the prepared site and one 

or more boreholes are then drilled to a point below the bottom of the deposit. In 

unconsolidated material the hole is cased from the surface to the top of the deposit. 

The mining tool portion of the system consisting of a three-passage swivel, a Kelly 

section, one or more standard sections, and a mining section, is then lowered into 

the borehole in preparation for production. Special high-pressure pumps are used 

to supply the water to the cutting jet of the mining section. The entire mining tool 

is slowly raised and lowered by a power winch and rotated by a turntable as the
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high-pressure water jet breaks up the ore; which then mixes with the spent cutting 

jet water and the resulting slurry is pumped to the surface by a jet pump on the 

mining section.

The silica/kaolin slurries, as mined by the borehole mining technique, will 

require preliminary processing at the borehole site to reduce the silica content of 

the slurry prior to pumping the kaolin slurry via a pipeline to the final processing 

plant. The best method to achieve this preliminary separation is through the use 

of two banks of rubber-lined hydrocy clones.

The first stage hydrocyclones will make the primary, 170 mesh, separation 

of the quartz from the kaolin. The overflow containing kaolin at 7*36 solids by 

weight is pumped from the borehole site to a primary pumping station. From there 

it is pumped via pipeline to the final processing plant. The underflow consisting 

of coarse silica sand and remaining kaolin will be discharged at approximately 6Q(ft 

solids into a small holding tank equipped with an agitator. Makeup water from the 

fresh water source will be added to dilute the slurry to 2Q*fa - 25*36 solids by weight.

The silica-water slurry is then pumped to a bank of dewatering cyclones. 

The underflow from the dewatering cyclones consisting of clean silica will be 

discharged directly via a flexible connection to a mined out borehole or stockpiled 

on surface for future use. Cyclone overflow from the dewatering cyclone containing 

any kaolin not recovered during the first stage of cy cloning will be recycled to the 

borehole mining unit.
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The kaolin slurry from the first stage hydrocyclones will be pumped via a 

pipeline to the central pumping station and on to the final processing plant. For 

each of the cases in the study, high pressure pipe is used. Pipe size is proportional 

to the volume of slurry to be pumped. Low pressure, centrifugal pumps can be 

used for the 1Q mile pumping distance while high pressure positive displacement 

pumps will be used for the 25 and 40 mile pumping distances.

Two systems for installing the pipeline appear to be feasible. The first 

system is an above-ground pipeline supported on steel piles driven into the Pleistocene 

overburden. Each 40 ft. pipe section would be supported on two piles. The pipe 

sections are connected with "Gruvlok" couplings which eliminate the need for 

expansion joints and also allow for quick replacement and permit the pipe to be 

turned so wear can be distributed evenly.

The second system is to install the pipeline without supports directly on the 

ground and allow it to settle into the muskeg. This "in-ground" approach is more 

cost effective than the above-ground system; however, it is also more susceptible 

to corrosion and is, of course, more difficult to repair. Radioactive tracers or 

radio signal emitting devises will be used to trace leaks or plugs in the pipeline.

For the purpose of costing this study the "in-ground" approach for pipeline 

construction was selected.
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Capital and operating cost estimates have been made for the complete 

borehole mining and slurry transport system up to the end of the pipeline just prior 

to entering the final clay processing plant.

Capital cost estimates take into the consideration the following parameters:-

- Mining Equipment
- Slurry Preparation System
- Slurry Pumping Station
- Pipeline
- Preproduction Access Road
- Central Services Area and Campsite Preparation
- Camp Facilities
- Vehicles and Miscellaneous Equipment
- Capital Project Overhead and Contingency Costs

The operating cost estimates take into consideration the following 

parameters:-

- Labour Cost j
- Annual Drilling Cost
- Maintenance Supplies - Borehole Unit
- Maintenance Operating Supplies - Borehole Unit
- Borehole Fuel Cost Per Unit
- Diesel Fuel for Cyclone and Product Pumping
- Operating Maintenance Supplies for the Cyclones, Pumping and 

Pipeline Systems
- Site/Road Maintenance
- Camp Operation
- Overhead Costs
- Contingency
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2-0 CONCLUSIONS

Based on the results of the DMBW borehole mining study it has been concluded 

that:-

* The Flow Technology Company, a division of Flow Industries 

Inc., of Kent, Washington, is the only private company 

actively engaged in research, development and sale of 

borehole mining equipment in North America.

* Borehole mining technology is available to mine and recover 

kaolin from the James Bay lowlands.

* The annual operating costs for the borehole mining, 

preliminary processing, and pumping vary directly with the 

mining area, i.e. distance from the mine site to final 

processing plant and the production rate.

* The capital costs for the borehole mining vary directly with 

the production rate.

* The capital costs for the on-site preliminary processing vary 

directly with the production rate.
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* The capital costs for the slurry pumping station vary directly 

with the production rate and distance.

* The capital costs for the pipeline vary directly with the 

production rate and the distance.

* The most economic scenario defines an operation located 

within 10 miles of the final processing plant, with a 

production rate of 200,000 tons per annum. In this scenario 

the total unit operating cost per ton of kaolin slurry product 

delivered to the plant is estimated to be 135.67. The total 

preproduction and capital costs for this case are estimated 

to be S16.7 million.
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3,0 INTRODUCTION

Unconsolidated Cretaceous quartz sands, kaolinitic quartz sands and kaolinitic 

clays underlie an area of approximately 1,900 sq.mi. in the James Bay Lowlands, 

resting on older sedimentary formations of the Moose River Basin. The sands and 

clays are overlain by Quaternary sediments and two Wisconsin consolidated till sheets.

The Cretaceous deposits, shown to have a thickness locally exceeding 333 

ft., consist, in part, of glass-grade quartz sand with a kaolin matrix of sufficient 

brightness to be of high potential for use as coating in the paper industry. The 

kaolinitic clays are also of economic merit as refractory and filler clays. The 

borehole mining study was commissioned by the Ministry Natural Resources (MMR) 

of the Province of Ontario to investigate the feasibility of mining the Cretaceous 

deposits by borehole extraction methods and transporting the resulting slurry by 

pipeline to a suitable mill for final processing. The major concern is whether these 

deposits are technically and economically viable utilizing borehole extraction in order 

to render the deposits competitive in Ontario markets.

(

The report addresses specific technical concerns. Geological discussions are 

abstracted from previous studies as the area is reasonably well described in the 

literature. An extensive bibliography is appended.
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4.0 GENERAL INFORMATION

4*1 Location and Access

The Moose River Basin, located in the southernmost portion of the James 

Bay Lowlands in northeastern Ontario, occupies an area of about 90 x 60 miles west 

of the Abitibi River and north of the Precambrian escarpment. The Basin is part 

of the lowlands surrounding Hudson Bay and James Bay.

The Cretaceous Basin defines an irregular 1,900 sq.mi. oval outline with a, 

as yet poorly defined, northern boundary, occupying the southern and southwestern 

half of the Moose River Basin (see Drawing 1).

A number of roads and an existing rail line provide reasonable access to 

the southern and eastern edges of the basin. The Ontario Northland Railway passes 

through the eastern portion near Onakawana. Highway 807 leads north from Smooth 

Rock Falls, on Highway 11, to Smoky Falls, located at the southern edge of the 

Basin, at which point an all-weather road provides access to the Kipling Dam on 

the Mattagami River. A winter road, constructed in 1975, leading north from the 

dam, provides access across the centre of the Cretaceous Basin. An additional 

winter road, completed some years previously by Algocen Mines Limited, provides 

access to the westerly portion of the Basin.
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Because of the swampy terrain, surface access throughout the Cretaceous 

Basin during the summer months is restricted to all-terrain-vehicies, where open 

ground permits, or by canoe along the major rivers. During the winter months 

surface access is by snowmobile or seasonably constructed winter roads.

4-2 Topography and Climate

The topography is a flat coastal plain characterized by muskeg, string bogs 

and shallow ponds with a poorly defined drainage pattern. The area is drained 

principally by the northerly flowing Mattagami, Missinaibi and Opasatika Rivers 

which converge to form the Moose River which flows into James Bay.

The western edge of the Basin is at an elevation of 500 to 600 ft. A.S.L., 

dipping gently eastward with an average terrain gradient of 4 ft. per mile. A 

similar gradient also characterizes the northerly dip.

The following are the average daily minimum and maximum temperatures 

reported for the Moose River Basin area.

Month Minimum (OC) Maximum ( QC)

January -25 -10
February -25 -15
March -15 -10
April -7 -5
May O 5
June 8 12
July 10 20
August 10 22
September 5 22
October -2 15
November -10 7
December -20 -2
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5.0 GEOLOGY

5.1 General

The geology of the Moose River Basin is reasonably well presented in the 

literature. The summary presented below is excerpted from the various sources 

listed in the appended bibliography.

The Moose River Basin is characterized by considerable thicknesses of 

Paleozoic and Mesozoic sedimentary sequences, all of which appear to have been 

down-warped and truncated against the east-west trending Precambrian escarpment.

The Paleozoic sequence is made up of a 700 m section of limestones, shales 

and evaporates of marine origin. The Mesozoic sediments, on the other hand, are 

non-marine formations which can be subdivided into two lithostratigraphic units; the 

Middle Jurassic Mistuskwia Formation and the overlying Cretaceous Mattagami 

Formation.

The Mistuskwia Formation consists of unconsolidated vari-coloured calcareous 

clays and thin horizons of fine to medium-grained, calcareous and well-rounded 

quartz sands.

The Cretaceous Mattagami Formation, occupying the southern and 

southwestern portion of the Moose River Basin, has been subdivided into two portions 

(Guillet, 1979), the stratigraphically lower portion, the Type A, characterized by 

lignite seams and black carbonaceous clay, and the upper Type B, consisting
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predominantly of thick sequences of unconsolidated kaolinitic quartz sands, kaolinitic 

clays and light-coloured, non-calcareous clays.

The Cretaceous sediments rest on an erosional surface underlain by Devonian 

limestones and shales in the southern part of the Cretaceous Basin with progressively 

older rocks in the marginal areas. In the northern part of the Basin they are 

underlain by the Jurassic Mistuskwia Formation.

The Mattagami Formation is overlain by two Wisconsin till sheets consisting 

of compact to very dense silty till, which is in turn overlain by patchy glaciolacustrine 

clays, silts and sands and finally muskeg.

Physical and chemical characteristics of the Cretaceous sediments and 

overlying overburden, which would be penetrated during the borehole mining, are 

discussed in Section 6.0.

5.2 Summary of Previous Work and Findings

The Moose River Basin has received attention for over 80 years that focused 

on its lignite and industrial mineral resources. Interest in the potential deposits 

heightened with the construction of a northern railway reaching Matheson in 1907 

and Cochrane in 1908. More recently, during the late 1960s and the 1970s, interest 

in the area has focused on the Cretaceous Basin and investigations have been directed 

at the delineation of its boundaries and the establishment of its physical and chemical 

characteristics.
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Drilling programs during 1975 and 1978 that were sponsored by the Ministry 

of Natural Resources of Ontario, have corroborated previous findings and have 

provided additional geological data along east-west and north-south traverses across 

the Cretaceous Basin. The drilling programs provided a large number of systematic 

samples from different parts of the Basin for materials testing.

To date, the presence of vast quantities of kaolinite associated with the 

kaolinitic quartz sands of the Type B Mattagami Formation has been established. 

In the eastern portion of the Cretaceous Basin, in the vicinity of Onakawana, lignite 

resources have been established, and are currently under investigation by the Ontario 

Energy Corporation. Minor fireclay resources have also been noted.

In short, the Cretaceous sediments represent a vast resource of potential 

glass-grade sands, refractory, filler and paper coating clays, and lignite. The remote 

location, relative to southern markets, and the overlying overburden have, to date, 

discouraged economic development.

The Cretaceous sediments have been mapped to depths of 100 ft. to 200 ft. 

below sea level with thicknesses varying up to 328 ft. or more near the escarpment. 

In a northerly direction it has consistently measured 300 ft. or more over a distance 

of 28 miles along a section drilled in 1975 (Drawing 1). Along an east-west section, 

the formation reaches thicknesses-^- of 200 ft. to 415 ft. or more over a distance of 

at least 44 miles (Vos, 1982). Variations in thickness characterize the formation 

due to irregularities in both top and bottom contacts as a result of post-depositional

1. Geological sections are presented on Drawing 1.
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glacial scouring and channeling and contouring of the pre-depositional surface, 

respectively.

The lignite-bear ing Type A sediments have been shown to predominate 

throughout the eastern portion of the Cretaceous basin and the Type B, kaolinitic 

quartz sands, throughout the southwestern, and to some extent the northern portions 

of the basin where its boundaries with the Jurassic sediments are as yet poorly 

defined. By far, the thickest section of the Type B formation, greater than 415 ft. 

has been shown to occur in the southern portion of the basin, centering around drill 

hole 78 - 03 in Garden Township.

5.3 Cretaceous Kaolinitic Silica Sands

Analytical data collected to date indicates the silica sands consist of 

transparent to translucent grains of quartz with a tendency for the larger grains to 

be slightly frosted and pitted. The majority of grains are angular to subangular in 

the increasing roundness predominating in the very coarse grains and pebbles.

Impurities in the sands are estimated to amount to as much as 2*36 by weight. 

Amphibole chlorite, carbonate, garnet, muscovite, biotite, pyroxene, ilmenite, pyrite, 

magnetite, siderite, zircon, epidote, tourmaline, kyanite and minor rock and lignite 

fragments have been identified. Carbonate occurs as either rock fragments or as 

a fine silt coating quartz grains (Vos, 1982). Kaolinite occurs as milky-white flakes 

and as kaolinitic clays forming the matrix in quartz sand. Qualitative estimates of 

kaolinite content yield a range of from lO 1^ to 20^o for the quartz sands and up to 

30 CJ6 to 50 (Xj for laterally discontinuous kaolinitic clay seams, with thicknesses of 2 to
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6 ft. interspersed throughout the sands. The qualitative nature and paucity of the 

available data does not permit estimation of the overall abundance of such seams.

Size fraction distribution data indicate that about 6Q*fo of the sand is of the 

size that generally falls in the commercial glass-sand category.

The Cretaceous sands, with a water content of approximately 2096^ have 

been suggested to represent a natural aquifer which has contributed toward the 

preferential reconcentration of the kaolin in low permeability localities. This 

phenomenon, coupled with simple depositional kinetics, is believed to account for 

the correlation of the lower overall kaolin contents of the coarser sands, and higher 

kaolin content in the finer sands. Furthermore, the finer sands with the higher 

kaolin content are characterized by a higher silica content in the -325 mesh, 

accompanying the kaolin-*.

2. Water content estimate based on mineral sizes and amounts. Giblin (1970) 
estimates 20 0̂  by volume although others (Vos, pers. comm.) believes it to be higher.
3. Kaolin and silica have specific gravities of 2.64 and 2.7, respectively.
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6.0 DEPOSIT PROFILE

6.1 General

The sections following describe, and report results of, the engineering study 

and preliminary cost analysis for the feasibility of mining the Cretaceous deposits 

for their kaolinite content by borehole hydraulic extraction methods.

All available published data, including those on file at the MMR assessment 

files library, were inspected in order to construct a physical and chemical profile 

characterizing the deposits for the purposes of the mining study It should be noted 

that, although the data base is large, it does not lend itself well to the establishment 

of "typical" characteristics for the deposit for purposes of a mining study. Size 

fraction distribution, for example, for suites of samples from different locations, 

report data for a variety of mesh intervals; hence, attempts toward standardization 

render final averages too general to be of any use. Similar disparities are also 

common to chemical analyses and analytical procedures.

In order to rectify the above disparities, a number of assumptions have been 

made in discussion with the MMR which fulfill the dual role of providing workable 

generalities while representing realistic model parameters derived from specific 

localities within the Cretaceous basin. Three such localities were selected 

representing three typical but different deposit parameters and which are based on 

available sampling and drilling carried out to date within these three areas. The 

borehole mining method is also studied for three different annual rates of production 

for each of these three areas.
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6.2 Deposit Characteristics

The current study investigates borehole technical and economic viability for 

the three deposits at three different annual rates of production including slurry- 

transport of the product(s) to a plant at Smoky Falls. Smoky Falls, after discussions 

with MMR, has been assumed to be the site of the final clay processing plant and 

storage loadout because of location, established infrastructure, and services of power 

and road that would be available. The study specifically excludes all final processing 

and storage costs and the Smoky Falls plant, and those pertaining to transport of 

the final products to southern Ontario and other market areas.

The three selected localities are centered on Kipling, Garden and McBrien 

Townships, respectively. They are presented in the sections that follow and their 

characteristics are summarized in Table 1.

Table l

Area 
No. Location

Distance From 
Smoky Falls

A Kipling Twp.(D 10 miles

B Garden Twp/2) 25 miles

C McBrien Twp.^ 40 miles

Notes:
(1) Originally drilled by Indusmin Ltd.
p' Originally drilled by MNR.
f) Originally drilled by Algocen Mines.
(4) Dried weight basis.

tics for the Three Mining

Thickness 
Overburden

95 ft.

250 ft.

165 ft.

Thickness 
Deposit

80 ft.

243 ft.

360 ft.

Total Commercial 
Kaolin Content

of total 
deposit™' (or 
of -325 mesh size 
fraction)
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6.2.1 Area A: Kipling Township

Area A, centering on Kipling Township, is 10 miles from Smoky Falls. 

Overburden and deposit thickness, although variable throughout the area, averages 

95 ft. and 80 ft., respectively.

In 1970 Indusmin Limited completed delineation of a 0.579 sq.mi. area located 

3 km. north of the Precambrian Escarpment and 0.9 miles west of the Mattagami 

River, where quartz sands and kaolinitic sand deposits occur overlain by an average 

of 95 ft. of overburden.

A representative drill intersection averages 170 ft., consisting of 91 ft. of 

overburden, 10.5 ft. of fireclay and 68.6 ft. of silica sand-kaolinite (Vos, 1981; 

Giblin, 1970). None of the holes drilled reached the base of the deposit.

Subsequent drilling in the general vicinity, carried out during 1975 and 1978 

on behalf of the MNR corroborates the older data yielding thicknesses of up to 124

ft. for the Cretaceous unit. ,
i

The silica sand-kaolinite deposits vary in thickness from 40 to 124 ft., with 

an overall kaolinitic content of 5*fa to 20*^; kaolin-rich (greater than 30*^) seams 

of moderate lateral continuity with a thickness of 2 to 6 ft. have also been noted 

(Giblin, 1970).
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6.2.2 Area B; Garden Township

Area 2, centering on Garden Township, is approximately 25 miles from Smoky 

Falls. Overburden and deposit thicknesses average 250 ft. and 243 ft., respectively.

Although to date a deposit has not been proven for the area, drilling 

undertaken in 1978 on behalf of the MMR indicates vast potential reserves, 

particularly in the vicinity of drill hole 78-03 which returned a thickness of 127 m 

(415 ft.) for the Type B Mattagami Formation, the maximum recorded to date. The 

drill hole did not reach the base of the sequence (Vos, 1982). In the vicinity of 

drill holes 78-03 and 78-02, the kaolinitic quartz sands are interbedded with kaolinitic 

clays.

6,2.3 Area C: McBrien Township

Area C, centering on McBrien Township, is approximately 40 miles from 

Smoky Falls. Overburden and deposit thicknesses average 165 ft. and 360 ft., 

respectively.

Algocen Mines Ltd. completed its drilling and sampling efforts at its McBrien 

Township property during 1970. Two deposits were delineated with combined reserves 

of 200 million tons of kaolinitic silica sand, filler-grade kaolin and fireclay. Total 

reserves for kaolinitic clays are in the order of 33 million tons.
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A bulk sample (350 tons) was collected from 21 pits and trenches, and tested 

at the Ontario Research Foundation; thereby, providing the most complete data base 

available to date for the Cretaceous sediments.

At the Algocen deposits, the -325 mesh size fraction represents IB.3% of 

the tested material (see Table 2). Approximately 90*56 of this size fraction is made 

up of kaolin.

6.3 Assumptions

For the purposes of this study, the following generalizations and assumptions 

have been made concerning the typical deposit.

1. The kaolin content of the Cretaceous sands is assumed to 

be 15*^1, on a dry weight basis, for the total inplace average 

of dried ore. All of the kaolin is taken to be of commercial 

grade - be it paper-coating grade, paper-filler grade, other 

commercial grades or even waste.^

2. The inplace density of the average dry kaolin sand ore is 

assumed to be 100 Ibs./cu.ft.

3. Particle size distribution for all three areas selected is 

assumed to be similar to that for the Algocen deposits in

4. Portion not suitable for commercial grade specifications.
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McBrien Township.* All kaolin is consequently assumed to 

be contained within 90966 of the -325 mesh fraction. The 

remaining ID'% of that fraction is made up of fine silica sand 

particles.

4. Each of the three areas is studied for production rates of 

50,000 tons per year, 100,000 tons per year and 200,000 tons 

per year of kaolin mineral production. These amounts define 

the total kaolin sent through the pipe lines for delivery to 

the final processing plant, all of which is assumed to be of 

commercial grade for the purposes of this study.

5. The Algocen data based on 21 bulk samples. For further details see Smith and 
Murthy (1969), part II, tables II and XI.
6. By weight.
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Table 2

Particle Size Distribution and Mineral Content Assumed 
for the Typical Deposit Matrix for each of the Three Mining Areas

TYPE MATERIAL ALGOCEN DEPOSITS (1) SIZE IDEALIZED AVERAGE

-o
c
09 

CO

(S 
0

21.2* 20*

4- - rt 4-20 mesh

56. 2* 60*

4- ^ .. , 4-140 mesh

4.4* 4* 

325 mesh
i

is. 3% m (2)

TOTAL 100% TOTAL 1(^

Notes:

(1) Data for Algocen Deposit from Smith and Murthy, 1969, Table II.

(2) For our study purposes as discussed, we have assumed 15ti kaolin
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7.0 PRODUCTS

The Province of Ontario is a net importer of kaolin, currently importing 

some 200,000 tons annually from the United States and the United Kingdom.

The Cretaceous sediments, of the Moose River Basin, represent a vast 

untapped resource containing, in part, potential deposits of kaolinitic silica sand and 

refractory and filler clays containing fireclay interbeds. The kaolinitic silica sands 

(Section 5.3) consist of a glass-grade silica sand in a kaolin matrix which is of 

significant purity and brightness to be of potential use as a coating in the paper 

industry. The refractory and filler clays are also of potential interest as a filler 

and extender. The fireclay is of limited potential interest.

The economic viability of these deposits is directly related to the technical 

success or failure of the borehole mining method to render these deposits and the 

products produced competitive in the southern Ontario markets with foreign imports. 

In order to be competitive these products will have to bear the cost of slurry 

transport (pipeline transmission), final processing, storage and loadout, transport to 

the southern markets, final rehandling and possible packaging, in addition to the 

actual borehole mining cost.

The kaolin, along with the refractory and filler clays exhibit the greatest 

economic potential by^ virtue of their unique physical characteristics, wide range of 

uses and product price (up to S145 U.S. per short ton of finished product landed in 

Ontario, excluding shipping). The glass-grade silica sand, which would be produced, 

refined and transported to southern markets in a similar manner exhibits lesser 

economic potential due to the relatively low unit price, relatively higher ratio of
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concentration and bulk. The red fireclay exhibits the least economic potential 

because of its relatively low unit price.

For the purpose of this preliminary study it has been assumed that the 

majority of the silica sand and fireclay will be used as fill in the backfilling 

operation; however, should the silica sand be deemed economic provisions for recovery 

have been discussed in Section 10.

As far as the markets are concerned, the fortunes of the paper industry 

will continue to exert a major influence on kaolin demand. In this respect the 

long-term potential is positive, despite the temporary recessional trend which in 

general terms has shown a decrease in demand over that of the early 1970s. In 

western Europe, for example, the near-term growth rate for the printing and writing 

paper is expected to be around 3(5fe per annum for the next five years compared 

with the 7*5(1 growth rate experienced in the early 1970s. In the United States, the 

near-term growth rate for printing and writing paper is expected to be 3 1/2*^6 per 

annum over the next five years with coated grades increasing at a rate of 5*36 per 

annum and non-coated grades increasing at; a rate of Z.7% per annum. Recessional 

pressures have also affected the demand growth rate for kaolin as used in the 

manufacture of plastics, paint, rubber, pesticides, fertilizers, textiles, inks, linoleum 

and floor coverings, adhesives, medicines and many other products; however, the 

long-term demand is expected to be positive with increasing emphasis being placed 

on quality.

The following figures illustrate the price ranges for the various products:

KAOLIN - Paper Coating Grades S75-Sl457ton
- Calcined Clays S220-S4207ton

SILICA - Glass Grade S30-S33Aon
- Coarse Sand SlO-S337ton

REFRACTORY CLAYS SlO-S847ton
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8.0 INFRASTRUCTURE

For the purpose of this study it has been assumed that the site for the 

proposed processing plant and base of operations during the initial stages of 

development will be within 2 miles of Smoky Falls. Smoky Falls is situated on the 

southern edge of the basin and provides access to the southern markets via an all- 

weather gravel road south to the town of Smooth Rock Falls, which is located on 

the Trans-Canada Highway approximately half way between Kapuskasing and 

Cochrane. All essential services are available in Smoky Falls.

The extensive bog development in the project area precludes the use of 

conventional ground access vehicles as a means of access to the property during 

the summer months. Access to the property during this period of time will be by 

helicopter. During the initial summer development period, reconnaissance helicopter 

traverses will be carried out over the area between Smoky Falls and the project 

area ip order to establish the optimum location for the winter road and to select a 

site for the central service area. Once the location of the road has been established 

and freeze-up occurs, usually in late November or early December, the yearly 

construction of the winter road can commence. Road maintenance throughout the 

winter months will be carried out using snow plows and front-end loaders.

The central service area when fully operational will be the hub of the entire 

mining, pumping and pipeline operation for any one particular mining block and as 

such will be designed as a semi-permanent structure albeit modular so as to facilitate 

future anticipated moves. The central service area will provide for living 

accommodation, bulk fuel storage, diesel powered generation, central pumping and 

pipeline monitoring, and maintenance.
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The living accommodations of the central service area will be of the Atco- 

type and will be fully self-contained consisting of sleep quarters, recreation hall, 

kitchen, washroom-dry, sewage disposal, generator sets, generator skids, furnishings, 

and a garage for service vehicles, all of which will have to be brought into the 

central service area over the winter road.

The bulk fuel storage area will contain sufficient fuel to meet the anticipated 

yearly demand for the entire mining operation. The fuel will be supplied to the 

central service area via tanker truck during the winter months.

The diesel-powered generating station, located in the central service area, 

will provide all power requirements for the entire operation.

The central pumping and pipeline monitoring station also located at the 

central service area will be responsible for the pumping and monitoring of the slurry 

during its transmission to the processing plant located at Smoky Falls.

All of the supervisory, technical and support personnel assigned to the mining 

operation will be assigned on a weekly rotational basis and will be transported to 

and from the central service area by either bus or helicopter depending on the season.
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9.0 MINING EXTRACTION

9.1 General

Hydraulic borehole mining is a potential method of extracting minerals from 

blind, soft rock orebodies without the extensive surface destruction normally 

associated with open pit or strip mining operations. The selectivity of the borehole 

mining method also allows for the potential extraction of minerals from small or 

discontinuous orebodies which may have otherwise been considered uneconomic. The 

mining method and the system itself has been designed so that all of the support 

equipment is located and operated on the surface with only the mining tool portion 

of the system being underground during the mining recovery operation.

The standard hydraulic borehole mining program consists of site selection 

and preparation, borehole drilling, mining equipment setup, mining and backfilling 

at the conclusion of the program. Once the site has been selected and a drill pad 

prepared, the borehole mining machine is moved onto the prepared site and one or 

more boreholes are then drilled to a point below the bottom of the deposit. In 

unconsolidated material the hole is cased from the surface to the top of the deposit. 

The mining tool portion of the system consisting of a three-passage swivel, a Kelly 

section, one or more standard sections and a mining section, is then lowered into 

the borehole in preparation for production. Special high-pressure pumps are used 

to supply the water to the cutting jet of the mining section. The entire mining tool 

is slowly raised and lowered by a power winch and rotated by a turntable as the 

high-pressure water jet breaks up the ore; which then mixes with the spent cutting 

jet water and the resulting slurry is pumped to the surface by a jet pump on the 

mining section and transported to the processing plant by means of a slurry pipeline.
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The underground cavity produced by the hydraulic mining can be backfilled with 

sand thus preventing or at least reducing the possibility of surface subsidence.

9*2 Definition of Existing Technology

To the best of our knowledge the Flow Technology Company, a division of 

Flow Industries Inc., of Kent, Washington, is the only private company actively 

engaged in research, development and sale of borehole mining equipment in North 

America. Most of the work undertaken by Flow Technology was carried out under 

The Advancing Coal Mining Technology Program and The Advancing Metal and Non- 

Metal Technology Program relating to the borehole mining of coal, uranium and 

phosphate ores sponsored by the U.S. Bureau of Mines.

A program to investigate the applicability of hydraulic borehole coal mining 

was undertaken by Flow Industries in 1974. The results of the first field tests in 

coal were reported in 1976; the economics of hydraulic borehole coal mining were 

reviewed in 1977. In 1978 Flow Technology carried out a preliminary field test of 

a new hydraulic borehole mining system on shallow uraniferous sands. In 1978 an 

extensive development and research program on borehole mining of phosphates ores 

was carried out in the State of Florida by the U.S. Department of the Interior and 

the U.S. Bureau of Mines.

During the 1980s hydraulic borehole mining promises to be an environmentally 

attractive method for the extraction of minerals from blind, soft rock ore deposits.
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9.3 Description of Borehole Miner

For the purpose of this study, Flow Technology has proposed a totally 

enclosed, self-contained borehole mining unit consisting of the borehole mining tool, 

high-pressure water pumps, a slurry pump, a slurry de-airing tank, and a derrick, 

as shown in Figure 2. The entire system will be powered by an 1800 hp electric 

power plant which is quieter, more compact and more cost-effective than a 

comparable diesel-powered unit. The proposed borehole miner will require a surface 

support system capable of providing a 1600 gallon per minute water supply and a 

slurry discharge capability of 1600 gallons per minute.

The borehole mining tool sections consisting of an appropriate number of 20 

ft. standard sections, one 10 ft. standard section, one 5 ft. standard section, and 

mining sections, will be stored in the vertical racks within the derrick. A power 

swivel will be used to accommodate the high-pressure water from the jet pumps 

and the slurry return line.

The derrick will house the vertical tool section racks, work platform, a 

hydraulic winch for installing fuel sections in the borehole, an overhead electric 

hoist to transport the tool sections and to raise and lower the cutting jet, an 

overhead electric hoist to transport the tool sections and to raise and lower the 

cutting jet, and a power swivel.

A single hydraulic power pack will provide all the hydraulic requirements 

for the unit. An air compressor will supply the air shop. A diesel-driven generator 

will provide emergency back-up power for the environmental systems (heating and 

lighting) when the unit is not in the mining production mode.
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The following table details the proposed operating parameters.

Table 3

Operating Parameters - Borehole Miner 

General

Skid-Mounted 
 Electric Motors 
Centrifugal Pumps
Self-Contained Derrick and Control System 
Fully Winterized

Cutting Jet

Flow Rate (gpm) 1,000
Pressure (psi) 1,200
Power d TO 1?*! Efficiency (bhp) 1,000

Slurry Jet Pump

Flow Rate (gpm) 500
Pressure 1,200
Power d 70*^1 Efficiency (bhp) 500

Slurry Discharge

Flow Rate (gpm) 1,600
Average Mining Rate (tph) 120
Average Solids Concentration Cft by Weight) 25

Mining Unit Dimensions i

Diameter (in.) 12.75
Length: Standard Section (ft.) 20

Mining Section (ft.) 22
Weight: Standard Section (Ib.) 2,000

Mining Section (Ib.) 2,200 
Mining Unit, without Sections (Ib.) 70,000
Pumping Unit, Without Charge Pumps (Ib.) 70,000
Total Weight 144,200
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9.4 Description of Proposed Mining Plan

For the purpose of detailing the proposed mining plan it has been assumed 

that a regional exploration program has been able to fully delineate the Kipling 

Township Area A ore deposit and that it has been found to exhibit the greatest 

economic potential.

Based on a dry-product production rate of 100,000 tons per annum, 

approximately 666,000 tons of ore grading J.5% kaolin will have to be mined. The 

total ore produced per borehole, based on exploration drilling, is calculated to be 

8,720 tons. The daily and hourly mining rates are 2,200 and 120 tons, respectively. 

Therefore the total number of boreholes required to produce 100,000 tons of dry 

finished product will be 76.5 holes; which for the purpose of the proposed mine plan 

has been rounded up to 80 holes.

Flow Technology has indicated that, based on their experience, a staggered 

array of holes, allowing for a 50 ft. cavity spacing in the length direction and a 60 

ft. cavity spacing in the width direction provides for greater ore recovery than does 

a straight line of holes (Figure 3).

Based on 80 production holes per year and on an area of influence as 

described above, a block of ore, 600' x 360' x 80', defines one year's production.



l ______
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The proposed mine plan is based on a quadrature mining array, the origin 

of which has been designated the central service area. Each mine block has four 

quadrants, each of which is separated by a mine pillar. Each quadrant in turn 

contains four smaller blocks; each of which is equal to one year's production. 

Therefore, each mine block has a potential life expectancy of 16 years at which 

point the central service area is moved to the origin of the next mine block.

An "umbilical" supply cord links the central service area with the borehole 

miner. The central service area supplies power, fuel, and water to the borehole 

miner and the partially processed slurry is pumped from the miner to the primary 

pumping station within the central service area prior to being pumped to the Smoky 

Falls processing plant.

The on-si t e processing and backfilling procedures will be discussed at length 

in Section 10.0.
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10.0 ON-SITE PROCESSING AND BACKFILLING

10.1 Assumptions

For the purpose of this study, the following generalization and assumptions 

have been made concerning the nature of the silica kaolin slurry:-

1. The borehole mining system will provide slurries with a 

minimum density of 25 1J6 solids and that the slurry density 

will be controlled with density gauges.

2. Solids in the slurry consist of ELS')!) silica coarser than 325 

mesh (44 micron) and J.5% kaolin finer than 325 mesh (44 

micron) containing unknown amounts of fine silica.

3. Operations are scheduled as continuous 365 days per year, 

24 hours per day; however, for the purpose of costing, due 

to planned or unplanned down-time and inclement weather, 

we have used 300 average annual operating days.

4. Following the on-site processing all tailings will be returned 

to "mined out" boreholes.

5. Slurry density of the kaolin-rich slurry is I'M* solids by 

weight.
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10,2 General

Silica/kaolin slurries, as mined by the borehole mining technique, require 

processing prior to pumping the kaolin slurry via a pipeline to the kaolin processing 

plant. It is anticipated that the slurries will contain up to 85*56 quartz, ranging in 

size from coarse 1/4" chips to minus 325 mesh (44 micron). Pumping such an 

abrasive slurry over long distances would cause excessive wear on pumps and pipeline. 

Rubber lining the pipeline would minimize these wear problems; however, the cost 

of rubber-lined pump is such that the benefit of recovering possible commercial 

quality silica sand is completely negated by the higher capital cost of the pipeline.

For the purpose of this study, the silica-kaolin slurries recovered by the 

borehole mining technique will be partially processed at the mining site. The 

processing will consist of a separation of the bulk of the silica from the kaolin and 

preparing the silica for the backfilling operation as per the following flow sheet 

(Figure 4).

10.3 Quartz-Kaolin Separation

The best method to achieve a preliminary separation is by the use of rubber- 

lined hydrocyclones. Two sets of cyclones (the number of cyclones depends on the 

volume of slurry to be processed) are used to separate the silica from the kaolin. 

For the purpose of this study, 170 mesh was chosen as the separation point. In 

practice this can be altered as demanded by the sized distribution of the silica in 

the slurry.
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Operating conditions
-Outdoors -50* F 

24 hours/ day 
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FLOW SHEET 

ON SITE PROCESSING AND BACKFILLING

Figure 4
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The cyclone overflow consists of kaolin, plus any silica finer than 170 mesh. 

The underflow consists of coarse silica and some kaolin carried over with the water 

and the silica. The density of the overflow (kaolin fraction) is expected to be 7^o 

solids by weight. The cyclone underflow is expected to be 6Q*fo solids by weight.

Cyclone underflow (silica) is collected in a small slurry tank equipped with 

flow control and flow density gauges. Fresh water is added to reduce the slurry 

density to less than 25*^. This diluted slurry is pumped to the second bank of 

hydrocyclones which will act as dewatering cyclones. Underflow from these cyclones 

will be approximately TO'Jfc solids by weight of clean silica. The secondary cyclones 

will be positioned close to a mined out borehole and the cyclone underflow will be 

directly discharged by gravity into the borehole as a backfilling operation or stockpiled 

for future use.

The overflow from the secondary cyclones consists of water plus any kaolin 

not recovered in the first stage of cyclone separation and will be pumped back to 

the borehole mining unit high-pressure pumps.

The system, as described, will achieve the separation of the kaolin (containing 

fine silica) from the coarse silica and conditions the silica for disposal into mined 

out boreholes.

The two sets of hydrocyclones and required auxiliary equipment will be 

separated mounted on pontoon-type skids. The buoyancy of the pontoons will prevent 

the unit from sinking into the muskeg and allow the unit to be moved from place 

to place. During the summer months, or in case of emergency, the equipment can 

be operated with only one set of hydrocyclones in operation.
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For winter conditions, jacks located on both sides of the pontoons can be 

lowered to position the units on the frozen ground. The sled-like geometry of the 

pontoons allows the units to be moved over the snow or ice in the winter.
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11.0 SLURRY TRANSPORT

11.1 Assumptions

For the purpose of this study, the following generalizations and assumptions 

have been made concerning the pumping and pipeline.

1. Power generation is by diesel generating units located in 

a central pumping generating station.

2. High-pressure steel pipe is used for each slurry transport.

3. A low-pressure pumping system is used for distances up to 

10 miles.

4. High-pressure systems are used for the 25 and 40 mile 

distances.

5. The pipeline will either be constructed above ground on 

piles or will be positioned on the muskeg and allowed to 

settle.

11.2 Pumping Station

For each of the cases considered in this study, it has been assumed that 

the pipeline transportation system would be powered by pumps located at a central
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pumping station located at the central service area. This simplifies power generation, 

allowing for the use of large diesel generators and centralization of the maintenance 

facilities. This approach requires the use of high-pressure positive displacement 

pumps for pumping distances, greater than 10 miles. This type of pump is used to 

pump kaolin slurry 25 miles from an open pit to a kaolin processing plant in Georgia, 

U.S.A. (Engineering and Mining Journal, p. 101-102, August 1979). Low-pressure 

centrifugal pumps can be used for the 10-mile pumping distance.

The only alternative to the high-pressure system would be to use low-pressure 

pumps with booster stations at each 10-mile interval. This requires construction of 

several pumping stations, each with its own power generating equipment and fuel 

storage facilities. These stations, would have to be manned on a full-time basis.

High capital and operating costs plus the logistics of staffing these stations 

tip the balance in favour of the high-pressure pumping station. It will provide 

economy of size, good labour and maintenance utilization, centralized fuel storage, 

maintenance facilities and living quarters for personnel.

The capital cost estimates reflect the cost of the centralized system, utilizing 

low-pressure pumping facilities for distances up to 10 miles and high-pressure pumping 

facilities for the 25 and 40 mile pumping distances.
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11.3 Pipeline

Construction of the pipeline from the central service area to the processing 

plant near Smoky Falls can be accomplished by several methods. For the purpose 

of this study two systems were considered.

The first system consists of a pipeline supported on piles driven into the 

Pleistocene overburden. This system negates the difficulties of constructing a 

pipeline over terrain consisting of muskeg. In this system, 40 ft. lengths of pipe 

would be coupled with a special type of coupling that absorps the expansion or 

contraction of the pipe section caused by temperature variations.

The above ground pipeline facilitates easy replacement, repairs or turning 

of the pipe sections. Any blocked sections could be removed quickly when required. 

Pipe corrosion is less in above-ground installations; it is easy to detect and corrective 

action can be taken without difficulty.

The second system is to install the pipeline on the ground during the winter, 

allowing the line to sink in the muskeg following the spring thaw. The main 

advantage of this type of installation is the lower capital cost because it eliminates 

the cost and installation of the piles. Disadvantages are that maintenance repairs 

are more difficult to carry out. It is not possible to turn the pipe section. Corrosion 

is of greater concern with a submerged pipeline. Hence better corrosion protection 

would need to be applied before installation.

The capital cost schedules provide details of all cost centres. These are 

identified as slurry preparation systems, pumping stations, pipeline and piles.
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For the purpose of costing this study we have assumed that the second 

system, i.e. in the ground, will be viable and have used it in our cost estimates.
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12.0 KAOLIN PROCESSING PLANT

General

The kaolin slurry will be pumped to a processing plant located at Smoky 

Falls, Ontario. This plant will process the kaolin. The process consists of removal 

of grit such as fine silica, removal of other contaminants by chemical bleaching or 

with high intensity wet magnetic separation. The latter technique developed in the 

last decade is preferable over the chemical bleaching method because it is 

environmentally a much cleaner process.

Process slurry will require further size separation to produce products such 

as paper coating, paper filling, rubber and ceramic clays. The separation process 

can be achieved either with "grouped" small -diameter cyclones or with classifying 

centrifuges. Both these processes are used in commercial kaolin processing plants. 

The most suitable method can only be determined by conducting actual tests.

The dilute slurries are treated in dewatering centrifuges after treatment 

with flocculating agents and pre-thickening in either conventional or lamella-type 

thickeners. Thickened slurry is filtered using filter presses. The filter cake is 

filtered using filter presses. The filter cake is dried on belt dryers or with a flash 

dryer. Spray dryers can also be used in conjunction with dewatering centrifuges. 

Dry products are shipped in bulk or bag with some possibilities of slurry shipment.

Some kaolin used in paper coating or filling is shipped as a slurry directly

to paper producers. For this purpose, dispersed stable slurries of high solids content

must be prepared. The slurries must be well dispersed and show no tendency of
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settling during transport. This concept can be used for product users located within 

reasonable distances from the shipping point. Additional transportation costs of the 

slurry shipment will offset the advantage of longer shipping distances.
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13.0 COST ESTIMATE

13.1 Description of Development and Operations

The complete borehole mining and slurry transport system is described in 

detail from Sections 8.0 to 11.0. For the purposes of costing, it should be pointed 

out that capital and operating cost estimates have been made for the total system, 

up to the end of the pipeline just prior to entering the final clay processing plant 

at Smoky Falls as per the study Terms of Reference.

(The assumed plant at Smoky Falls,, while not included in any costs, is

described in Section 12.0. The preliminary processing of the slurry at the borehole

site is described under Section 10.0 "On-Site Processing and Backfilling".)

Each development and operating system would consist of the following:-

- Access winter road from the edge of the escarpment which 

we have assumed to be the same i length as the pipeline (10, 25 

or 40 miles). As stated earlier, all major supplies, equipment 

and men would use the road in winter, while the helicopter 

would carry personnel and light supplies in the summer period.

- A central service area, located at the end of the access road, 

would be located in the middle of the selected mining block. 

It has been estimated that each central service area would be 

able to service the nearby borehole and preliminary processing 

units for at least 16 years. It is therefore visualized that
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these centralized services areas would be semi-permanent to 

permanent with a one time preproduction cost for initial setting 

up, and the maintenance cost within the annual operating cost 

for maintenance but excluding any service area moves over 

the life of the mining area - be it 10 to 15 years. The central 

services area would include site preparation, oil tank storage 

(sufficient for 7 months' operating supply), diesel-fired electric 

generators, pumping station, start of the slurry pipeline, self- 

sufficient Atco-type camp (sufficient for up to 40 people), 

vehicles and vehicle garage, helicopter pad, and communications 

centre.

Borehole mining unit(s) with ancillary pumping units, generator 

sets, and hydrocyclone units with complete provision for 

backfilling empty mine cavities with sand tailings. These units 

are powered and supported by oversized tires, tracks, and 

pontoon-type skids for summer operation with jacks to assist 

positioning of frozen winter conditions.

These mining units will move independently over a preplanned 

mining pattern but will not be more than 3 miles from the 

central services areas. An "umbilical cord" consisting of fuel 

line, return slurry line and power line, will join the borehole 

unit to the central services area.
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13.2 Description of Criteria as Basis for Costing

It is difficult to assess the impact of many variables for several case 

alternatives in a relatively short study where many of the criteria are untested and 

must be assumed.

Earlier in the study (Section 6.0), we concluded and selected three mining 

areas based on the drilling to date as being significant with regard to technical and 

economic viabilities. Each of the mining areas have their own deposit characteristics 

and slurry transport distance (by piping) to final plant which have an impact on 

capital and operating cost estimates.

For each of the three mining areas, we have equipped and manned the 

complete borehole mining/preliminary processing-backfilling/slurry-transport and 

pump and piping system for the three annual production rates of 50,000, 100,000 

and 200,000 tons of kaolin to be discharged as a slurry into the Smoky Falls kaolin 

processing plant for a total of 9 cases to be estimated for capital and operating costs.

Many of the criteria may be seen as summaries in Tables 4 and 5 which 

are titled "Deposit Characteristics and Mining Data" and "Direct Labour and Operating 

Parameters", respectively.

These criteria have been made on the basis of estimates carried out by 

DMBW and their sub-consultants, Flow Industries and IMD Laboratories Ltd., details 

of which are in their working papers which are not appended to this summary report.
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Under deposit characteristics as seen in Table 4, the deposit characteristics 

for each production system and resultant costs are summarized. These were described 

earlier under Section 6.0. The kaolin grade, as described earlier, is J.5% by weight 

for each of the 9 cases.

On the basis of work carried out by Flow Industries for DMBW, and which 

is based on their experience, a mining cavity is assumed to be the same for each 

case which has a radius of 25 ft. This assumes that the average slurry density 

from each borehole cavity prior to preliminary processing at the borehole site is 

not less than ZStfa by weight. Each cavity height is the same as the deposit thickness. 

The planned mining spacing of each hole for each of the nine cases results in a 

theoretical and estimated mining extraction of 65*fo. The ore recovered from each 

borehole then will vary directly with the deposit thickness alone as the cavity radius 

is the same for each case.

The number of boreholes required per year will be different for each of the 

nine cases due to the effect of varying annual rates of production and respective 

deposit thickness for the different mining sites.

Typical mining estimates are shown for the case of 100,000 annual tons of 

kaolin production from mining site A which can be followed from Tables 4 and 5. 

These are as follows:-
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100,000 annual tons of kaolin is required whose mining grade is J.5%.

Total ore required ~ 100,000 s 666,666 tons/year.
0.15

Average ore occupies 18 cu.ft. "in place".

Ore produced per borehole from site A = 3.14 (625) x 80 s 8,720 tons.
18

Number of boreholes per year ~ 666,666 - 76.5
8,720

Moving time between boreholes at 8 hrs./move s 76.5 x 8 s 612 hrs./year. 

Total assumed effective actual operating days - 300/yr. 

Actual possible operating time s

300 x 24 hrs. s 7,200 hrs. (3 shifts) 
x 85(fc availability s 6,120 hrs. 
less moving time s 612 hrs.

5,508 hrs.

Calculated mining rate s 666,666 s 121 tons^/hr.

Effective availability - 5,508 actual mining hours ~ l
7,200 scheduled hours

Tons mined per day - 666,666 z 2,222 tons/day
300

100,000 annual tons kaolin represents
666,666 tons ore to be mined as stated earlier.

With the estimated mining recovery of 65 (fc, this requires 1,018,000 tons of total 
annual deposit for mining site A,

1,018,000

7. Flow computed 120.9 tons/hr.

8. Flow computed 7
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13.3 Technical Interplay

There is a direct relationship of process flow between the borehole mining, 

preliminary (or "on-site") processing and slurry pipeline transport sections that end 

at the final processing plant. While covered in more technical detail elsewhere in 

this report, it is briefly discussed here as a preamble to describing the cost estimates. 

With no product or slurry surge or holding capacity between them, the three main 

technical areas, each has a direct process flow relationship to one another.

All sections are scheduled to operate 365 days per year, 3 shifts per day, 

in order to maximize capacity and maintain fluid flows in the systems and to avoid 

"freeze-ups". For the borehole units which are the large mobile pieces of equipment 

and which must be on the move from hole to hole site independent of the central 

services area throughout the year, we have scheduled 300 annual operating days due 

to down-time scheduled and unscheduled. Power and fluid flow is, however, 

maintained throughout the year and all units are manned throughout the year. For 

the cyclone, backfilling, pumping and pipeline systems, costs have been estimated 

to cyclone, backfill, and pump the respective ore tonnages for each annual 

requirement for the three mining areas.

13.4 Operating Costa

The annual operating costs for each case are summarized in Table 6. Labour 

complement and operating parameters are summarized in Table 5.
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Labour, drilling, borehole maintenance supplies, borehole operating supplies, 

fuel and other maintenance supplies, site/road maintenance, camp operation, overhead 

and contingency costs are briefly described in the following sections.

Similar fuel and supply costs are shown for the two lower production rates. 

Even though this reflects poor utilization of the borehole mining unit at the lower 

50,000 t.p.y. rate, it is necessary to keep power on and fluids flowing in order to 

avoid "freeze-ups" in the systems.

13.4.1 Labour Costs

The total costs of the required labour for the three production rates studied 

are outlined in Tables 7, 8 and 9. For borehole mining, preliminary processing, 

cavity backfilling and product transportation via pipeline, 3 shifts of workers operate 

throughout the year in order to maximize the capacity of all units and keep the 

fluid lines from freezing.

Two operators are required with each borehole unit per shift. Two additional 

operators are required for the swing shift. Generally, two maintenance men are 

on duty at all times. The men stay at the centralized camp near the mining 

processing and pipeline pumping equipment on a weekly rotational basis. While they 

may be taken in and out by the road during the winter, their moves are by helicopter 

during the spring and summer periods - or until "freeze-up" allows use of the winter 

access road from the plant by surface vehicle.
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Table 7

JAMES BAY LOWLAND BOREHOLE MINING STUDY

Preliminary Processing/Pumping Operating Costs 

(50,000 tons kaolin/year)

Labour Costs

Base 
Rate

Position

Borehole Operators 

Borehole Utility

No.

7 

l

Borehole Preliminary Processing 
Maintenance (2) 4

Pump/Pipeline Maintenance (2) 4 

Camp Cook 4

12

11

12

12

11

Sub-Total 

Supervision

Total 

Fringe Benefits - 30%

20

22

Unit (1) 

Annual Cost 
(S)

24,960

22,880

24,960

24,960

22,880

36,000

TOTAL DIRECT ANNUAL LABOUR COSTS

Say,

Group Annual 
Cost

174,720

22,880

99,840

99,840

91,520

488,800

72,000

560,800

168,240

729,040

729,000

Notes:

(1) Based on 2,080 annual hours, including vacation.

(2) Includes mechanical s electrical; maintenance specialists work out of 
final processing plant (not in study) and their costs will be covered 
under overhead, where such services as management, payroll, warehouse 
also included.
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Table 8

Preliminary Processing/Pumping Operating Costs 

(100,000 tons kaolin/year)

Labour Costs

Position

Borehole Operators 

Borehole Utility

Borehole Preliminary Processing 
Maintenance (2)

Pump/Pipeline Maintenance(2) 

Camp Cook

Sub-Total 

Supervision

Total 

Fringe Benefits - 30%

TOTAL DIRECT ANNUAL LABOUR COSTS

No.

8

2

4

4

4

22

3

25

Base Unit 
Rate Annual Cost 
tf/hr.) (S)

12 24,960

11 22,880

12 24,960

12 24,960

11 22,880

36,000

Group Annual 
Cost 
(3)

199,680

45,760

99,840

99,840

91,520

536,640

108,000

644,640

193,400

Say,

838,040

838,000

Notes:

(1) Based on 2,080 annual hours, including vacation.

(2) Includes mechanical S electrical; maintenance specialists work out of 
final processing plant (not in study) and their costs will be covered 
under overhead, where such services as management, payroll, warehouse 
also included.
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Table 9

JAMES BAY LOWLAND BOREHOLE MINING STUDY

Preliminary Processing/Pumping Operating Costs 

(200,000 tons kaolin/year)

Labour Costs

Position No
MMM^MMOWMPHIMHMM ^MBMHH

Borehole Operators 16

Borehole Utility 4

Borehole Preliminary Processing
Maintenance (2) 6

Pump/Pipeline Maintenance (2) 6

Camp Cook 6

Base 
Rate 
^/hr.)

12

11

12

12

11

Sub-Total 

Supervision

Total 

Fringe Benefits - 30**

38

4

42

Unit'1 ' 

Annual Cost 
(S)

24,960

22,880

24,960

24,960

22,880

36,000

TOTAL DIRECT ANNUAL LABOUR COSTS

Say,

Group Annual 
Cost 
(S)

399,360

91,520

149,760

149,760

137,280

927,680

144,000

1,071,680

321,500

1,393,180

1,393,000

Notes:

(1) Based on 2,080 annual hours, including vacation.

(2) Includes mechanical S electrical; maintenance specialists work out of 
final processing plant (not in study) and their costs will be covered 
under overhead, where such services as management, payroll, warehouse 
also included.
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13.4.2 Annual Drilling Cost

For example, for mining area A, which is an average distance of 10 miles 

from Smoky Falls, and a case of 100,000 annual tons of kaolin production being 

extracted and pumped via pipeline to the Smoky Falls processing plant, the annual 

drilling cost, including casing to the top of the deposit, is S225,000. This is based 

on 76.5 boreholes being required per year, the geometry of the deposit at mining 

area A, and completion of the drill hole 20 ft. below the deposit, which is the 

borehole mining procedure prior to utilizing the mining tool to cut and slurry the 

ore from the cavity.

On the average, at mining area A, overburden thickness is 95 ft., ore 

thickness is 80 ft., so that it is 175 ft. to the bottom of the deposit.

Annual drilling cost

* 76.5 holes x 195 ft. x Sl57ft.(9) 

s S223,762, say S225,000.

Drilling costs per year will vary with the number of boreholes required for 

rated annual production, geometry of the deposit of each mining area and drilling 

cost per foot.

9. This includes mobilization/demobilization per foot as well as casing to the top 

of the orebody.
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For mining area A, with the shallower holes, Si5/ft. has been used to take 

into account more mobilization effect per shallower hole for that area, while SlO/ft. 

is used in the other mining areas.

13.4.3 Maintenance Supplies - Borehole Units

The recommendation of the manufacturers of the borehole unit has been 

followed to cover the estimated annual costs for electrical and mechanical 

maintenance and spare parts. For one borehole unit, S200,000 has been estimated 

on an annual basis.

13.4.4 Maintenance Operating Supplies - Borehole Units

These costs would include normal consumable, mechanical and electrical 

parts such as lubricants, filters, fuses, etc. For one borehole unit SlOO,000 has 

been recommended by the manufacturer oni an annual basis.

13.4.3 Borehole Fuel Coat per Unit

Fuel consumption is based on arr average of 0.4 Ibs. diesel fuel consumption 

per HP-hr.

For mining area A and 100,000 annual tons of kaolin production, actual 

possible operating time is as follows:-
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300 x 24 s 7,200 hrs. (3 shifts) 
x as**! availability s 6,120 hrs. 
less moving time = 612 hrs.

5,508 hrs., say 5,500 hrs.

Fuel consumption s 5,500 hrs. x 0.4 IDS, x 1,800 hp - 528,000 U.S. gal.
7.5 Ibs.

Annual cost - 528,000 U.S.G. x Sl.60(10) = S844,000.

With start-up, lunch and some other unscheduled downtime, the manufacturer 

estimated that on the average one borehole mining unit would consume diesel fuel 

costing S800,000 throughout the year.

13.4.6 Diesel Fuel for Cyclone and Product Pumping

This has been calculated for the various pipeline diameters, lengths and 

annual production requirements. At 12.00 per Imperial Gallon or Si.60 per U.S. 

Gallon, these are summarized as follows:-

—-———tons of kaolin/year-———^—— 
Annual Production

50,000 100,000 200,000

Distance to Pump

10 miles (est'd U.S.G.) 41,000 83,000 175,000 
Annual Cost (S) 66,000 133,000 280,000

25 miles (est'd U.S.G.) 110,000 220,000 440,000 
Annual Cost (S) 176,000 352,000 704,000

40 miles (est'd U.S.G.) 175,000 350,000 700,000 
Annual Cost (S) 280,000 560,000 1,120,000

10. Based on S2.00Amp. Gal.
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13.4.7 Operating Maintenance Supplies for 
______the Cyclones, Pumping and Pipeline Systems

This has been estimated on an annual basis for the various systems and 

covers electrical and mechanical consumables, parts and spares. For purposes of 

this report, we have used 507o of the capital costs of these systems on an annual basis.

For example, for the slurry preparation system, pumping station and pipeline 

for the case of 50,000 annual tons of kaolin to be pumped 10 miles, the basic 

capital costs are as follows:-

Slurry Preparation System l 750,000

Pumping Station 450,000

Pipeline 1,500,000

TOTAL S 2,700,000

Total annual maintenance supplies: 

x 12,700,000 * S135,000

13.4.8 Site/Road Maintenance

This represents maintenance by a road grader, with some assistance by a 

front-end loader with snow blower attachment, at the camp and central services 

area over a six-month period.

Allowing Sl,000 per month over six months for a ten-mile road, the annual 

cost is S6,000.
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For 25 and 40 miles, the annual costs are estimated at Sl5,000 and 124,000, 

respectively.

13.4.9 Camp Operation

The camp operating costs would include the cost of food, camp supplies, 

camp heat and light, helicopter long term rental and helicopter fuel, and ground 

vehicle operation. Camp costs are estimated at |257man-day, while helicopter rental 

is S6007week for weekly personnel changes. These costs are summarized as follows 

for the three annual production rates:-

50,000 t.p.y. 100,000 t.p.y. 200,000 t.p.y.

Camp
Costs 165,000 187,000 270,000

Helicopter 12,000 18,000 30,000

Heat, Light
6 Other 15,000 20,000 30,000

TOTAL S192,000 1225,000 1330,000

13.4.10 Overhead Costs

Indirect but necessary overhead costs, such as management, accounting, 

purchasing, warehouse, emergency repair, medical, engineering, and geological 

services would be located either at the final clay processing plant at Smoky Falls 

or elsewhere.
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We have designated these indirect costs as overhead costs and have estimated 

them as an arbitrary percentage of J.5% based on our experience.

13.4.11 Contingency

This order-of-magnitude "desk" study requires very heavy contingencies in 

order to describe the hypothetical installation which is only conceptual at this stage. 

The study at present will permit preliminary cost comparison of alternatives with 

large contingencies for the unknown or provisional data and costs. We have therefore 

applied an operating cost contingency of 30*36 to all operating costs.

13.5 Capital Costs

Preproduction and capital costs were individually estimated for each of the 

nine cases by significant component and are summarized in Table 10. Use was made 

of materials submitted to DMBW as budget quotations or estimates by manufacturers, 

or are based on the knowledge and experience of the DMBW staff and its sub- 

consultants.

The following is a more detailed breakdown of the estimate for the 

preproduction and capital costs to develop and bring into production the case for 

100,000 annual tons of kaolin by borehole mining, preliminary processing to reduce 

the sand tailings at the well head, returning it underground as backfill and pumping 

the resultant kaolin slurry to the final clay processing plant at Smoky Falls which, 

for this case, is 25 miles distant across the muskeg bog.
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13.3.1 Mining Equipment

The following equipment cost is for one borehole mining unit built for 

northern Ontario conditions in 1982 (Can.) dollars, and includes delivery to the site 

from the (U.S.) west coast manufacturing plant. Included are air compressors, 

electrics, insulated cover, heated personnel area, provision for heating fluid lines, 

mobile emergency equipment, and a portable fully mobile maintenance unit.
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SOOQs 

Borehole Mining Unit (One)

Tool Sections 135
Swivel 37
Vertical Turbine Pumps and Motors 170
Vertical Slurry Pump 37
Hydraulic System 37
Electrical System 110
Frame Tanks and Support Structure 98
Derrick, Wind and Tool Section Rack 73
Turntable 37
Air Compressor Unit 61
Miscellaneous Valves, Hoses, etc. 61

Sub-Total 856

Miscellaneous Mining Equipment

Insulated Cover on Machine 735 
Additional Cost for Heated Lines 245

Sub-Total 980

Miscellaneous Facilities and Equipment

Mobile Emergency Equipment 122
Portable Maintenance Facility 368
Portable Heated Personnel Area 122

Sub-Total 612 

TOTAL (including delivery) 2,448

13.5.2 Slurry Preparation System

Two sets of hydrocyclones and required auxiliary equipment are mounted on 

pontoon-type skids and include piping and pumps. The delivered cost includes 

installation, labour, freight, engineering, northern allowances and contactors' 

overhead.

Sl,000,000
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13.3.3 Slurry Pumping Station

High pressure slurry pumping station in centralized facility includes erected 

insulated fuel storage tanks (4), concrete pads, diesel generator, pumps, electrics, 

piping, oil heating system, insulated buildings, with freight, engineering, northern 

allowance and contractors' overhead all included.

S2,000,000

13.5.4 Pipeline

While two piping systems have been engineered and costed by I.M.D. 

Laboratories, as discussed in Section 11.0, we have selected the "in-the-ground" 

system with the lower capital cost. It is assumed that this system will be technically 

viable and have included this system only, for all nine cases studied.

The unknown and extra costs associated by an untested but assumed correct 

system will be covered, in part, by the large contingency.

Total pipeline costs vary with the diameter requirements as well as piping 

length from the mining site to Smoky Falls.

Only one pipeline is used for the slurry transport in each case. (Waste water 

is discharged at the plant site and not returned to the borehole site via a second 

long pipeline.)
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Total high-pressure pipeline cost for 25 miles (in this case), and including 

installation, freight, northern allowances, engineering and contractors' fees: 

S4,850,000.

13.5.5 Preproduction Access (Winter) Road

Experienced exploration drilling companies, such as Canadian Longyear, have 

successfully developed and maintained northern winter roads over muskeg. Winter 

roads are easily constructed with the use of a rubber-tired Nodwell tractor (which 

rents for about S5,0007month) to make the original track and follow-up maintenance 

will be carried out using small graders and front-end loaders.

Allowing S25,000 per mile with this method which excludes any use of trucks 

and aggregate materials, for example, the total cost for the three road lengths are 

as follows:-

Road Length Total Cost
(miles) ; (SOOOs)

10 250
25 625
40 1,000

13*5.6 Central Services Area and Campsite Preparation

This includes bulldozer, front-end loader and grader work to prepare the 

services area site for concrete pad and site building installations. Prepared for at
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least a 10-year life on probable higher ground above the surrounding bog, it would 

consist of leveling and grading for the most part.

We have made the following allowances:

Site Preparation S50,000

Helicopter Pad 25,000

TOTAL S75,000

13.5.7 Camp Facilities

Located within the central services area, an Atco-type fully self-contained 

camp for living accommodation for up to 40 people is provided. (This assumes shift 

rotation by van or helicopter with Smoky Falls and with management and some 

supervision and maintenance personnel coming from the Smoky Falls plant.)

Item Cost
	(JOOOs)

Washroom 24
Kitchen 35
Sleeping Quarters - single dorm. 75
Sewage Disposal 100
Ree Hall 20
Generator Sets 75
Generator Skid 25
Dishes 2
Some Furnishings 4 
Garage for Vehicles 20

TOTAL 400
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13,5.8 Vehicles and Miscellaneous Equipment

The following vehicles and miscellaneous equipment are provided-^:-

Item Cost
(fOOOs)

Front-End Loader with Snow Blower Attach. 30
Grader 60
l 1/2 Ton Truck 25
Utility Vehicle 15
Misc. Tools/Equipment 25
Communications Equipment 50

TOTAL 205

13.5.9 Capital Project Overhead and Contingency Costs

The same general comments are applied as with the operating costs. Indirect 

management and overhead costs are in the order of 20*36, while required heavy 

contingencies are in the order of 30*^. Both of these costs are added to the 

individual sub-totals to arrive at a total preproduction and capital cost for each of 

the nine cases as shown in Table 10.

11. In addition to these vehicles, under the mining equipment (13.5.1), one emergency 

vehicle van and one maintenance vehicle are also provided.



x
Q

en
C3z
M
z
Hz
ao 2

1-1 M

d) OS
rH Q
A 03id
t* Q

Z

Q
M

^4
p^J
03

en
W
jg
g

C
I
C

en -c c o
•H Vi
en 04 
en
d) C
0 -H
O rH
vi O
04 ITJ
t7*

M ^^

id id
C 3

•H C

55
rH
tt) 1-1
M O
\ CO
en tt)
C -P•H (dc os•H
Z -P

c
tt) d)
rH Vi
o d)
.C M-l
d) *M
Vi -Ho o
03

d)
Vi d) 
O Vi•w .c
CO
Jj Jj
co ido
CJ CO

id
rH CI)
id vi
•P mi
•H
cu enid c
0 -Hc
TJ -Hc zid

tt)
C -P
O id
•H Vi-P id
u cup cu
TJ en
O
M tt) 
CU d)d) vi
Vi fj
04 E"
M-l 0)o .c

Vi Viid o

3 wco c
•H
04

04

O
O
O

oo
CM

ooo
oo

ooo
*

o
ID

^•k
CO
Co -p

S
c o•H
p
0prpj
Q
V|
04

C •H
rH
0id
j^
rH
(d
3
C
C
*

rj o CM
Tp

03 ID CM
CM

rt! O CM

CJ O rH
TP

03 ID rH
CM

•4! 0 rH
rH

U O rH
TP

03 ID rH
CM

rf. O rH
rH

C~ o
* -H

•H C 4J
g -H id -*
** "H Vi CO

O tt) O
id id cu o
tt) 54 O O
M </>
rt! Vi C *-

O -H
en (M ea
C CO 4J

•H tt) 4J CO 
CO -HOr| c cu
Z id D

•P rH
O co en id
•P -H C -P 

Q -H -H
d) C CU•P en -H id

•H C Z Oen -H
CU tt) (3

•P g rH
C P O Cid 04 .co

Id rH d) "H
d) O4 CO Vi -Pvi -H or.'in; cu ^i CQ 3

O .C M 13
Cn C O Vi M-i 0
C id -H P O M-H 4J .c rH ac co 5 en ' d)
•H -H O Vi
Z Q Z 04

- 65

CM O Tp
rH VO CM
f- CD CM

rH rH rH

CM O TP
iH VO CM
f* CD CM

rH rH rH

CM O Tp 
rH VO CM
r- CD CM
rH rH rH

*
*

VO O CM
ID 03 rH
00 CD VO

VO O CM
ID CO rH
CO CD VO

VO O CM
ID 00 rH
00 CD VO

VO O CM
ID 00 rH
CO CD VO

VO O CM
ID CO rH
CO CD VO

VO O ev
ID 00 rH
CO CD VO

•P
Clcu

*~* -H 
CO 4J P
*- C Cf•P cu ea
•H gc a. c8

"p enen en d)c w -H
•H 4JC tn-H
•H C rH 
Z -H -H

C 0
d) -H id

fH Z b
O

en cu o oc M ea en
-H O -H -H
C 03 Z Z-H
z

™

vo
CD
CO

TP

VO
CD
00

TP

TP-

TP

t
CM

CO
TP

TP

CM

03

TP
*

CM

00
TP

Tp
CM*

S
S

ac.
Tp
TP
*

CM

rH
id
-P
O

1
.Q
Pen

en
gd)
4J
CO

CO

enc•H
ai
04

C
0•H
-Pid
Viid
a d)
Vi
04

^,
Vi
Vip
rH
CO

o oo o
ID O

rH TP

O O
O ID
ID CM

H m

0 0 
O 0
ID O

•H rH

O O
O 0
0 ID

H CM*

O O
O 0
O 0

rH CM

0 0
0 0o r*
rH

o o
ID Or* ID

rH

o o
ID ID
f* CM

rH

Q C
ID ID
f- TP

g
d)
•P
en C 
^ O

CO -H 
-P

C id
O -P •H en
ti ^
(d CD
Vi C(d -Hcu cu tt) g
M P
04 04

^i ^t
Vi Vi
Vi Vip p

rH rH
en en

oo
ID

ID

oinr-
TP

O 
0in
CM

1 00inen*

o
g
en

o
o
*

rH

Oin
CM

CM

0oo
CM

oo
CM

K
rH

rHid •p
oE*
i•qpen g a)

4J
en
^ien
enc•H
a•H
04

O
O
CO

O
rH

0inP-
vo

o 
or-
CM

oinr*
r*

oin
CO
TP

ooo
K

CM

Oor*
in

oin
ID

en

Oo
ID

0

rH

-P
Cid

rH
04

CO 
rH 
•H
r10 
b

r*

g
CO

0)
O M 
4J P

4J 
tt) O
C P
•H VI
rH JJ
tt) COa. id

•H Vi
Oi *w

c
M

O ID O ID
o r* o o
O ID CM

rH

ID ID O ID
CM t^ O O
VO ID CM

o in o in 
in r* o o
CM ID CM

O LO O IDo r- o o
O Tp CM

rH

ID ID O ID
CM r* o o
VO TP CM

O ID O IDID r*- o o
CM Tp CM

O ID O IDo r* o o
O TP CM

rH

ID ID O ID
CM t** O O
Vfl TP C4

O ID O ID
ID r* o o
CM Tp CM

CD '
-P CU
•H tt)
en vi

04
•H
id CD 
Vi 4J
•P -H 4Jc en ca) a)u a gg 04
d) CJ P
rf: t* w•a 
en id ea *
C O tt) U
•H OS 0 COc "5 s
Z d) Vi 

^j d) t8
o c en 
•p -H en

S rH d)
CO id rH
co id vi o
tt) -H -P 04 -H
o > c g x
o tt) (d d)
t tj CJ >

O
00r*
rH

ID
o
TP

rH

Om
O
rH

O
CO
VO

rH

ID
O

J

Om
CD

o
GO
VO

rH

ID
Om
rH

Om
CD

rH
id •P
O
EH

1
13
Pen

vo in m
r- CD CD
CD ID CO

CM TP VO
CM

rH O O
O VO Tp
CO ID rn

r* m ID
rH

VO ID 03 
CM CM m
rH CM m

rH CM tn
rH

GO vo mr* r*- rH
m o vo
ID m TP
rH

m rH rH
O CM COvo en TP
rH CM m
rH

co vo m
P* rH CN
O Tp rH

fc * *
f* rH CM

co vo m
P- rH CM
O TP vO

CM CM m
rH

m rH rH
O VO CDen oo r^
CD rH CM

on vo en
r- ?H CM
O CM 03

M w *
VO rH rH

**
r̂

rH*

d? 
O
CM*— *

^•v.•o *
id o 
d) enVi *~

tt) ^
> 0
O C

d)4J en
o c

rH d) *H
(d T-l 4J
•P O C
O Vi O

EH 0. U

TP
vO
TP

TP
en

rH
O
O

vo
CM

CD 
00
VO

VO
rH

r^
vo
o
en
CM

ID
0TP
r-
•H

r*
rH
VO

•t
O
rH

r-
rH
rH

CO
rH

ID
ID
CD

en
rH

r-
2*
CD

^

4
^
CO
^4
CO

8
•J
EH
M
04g
13

ZO
M
EH

B
8
OS
04

QOSa,
jrtj
ô
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13.6 Comparison of Operating Costs

All cost components for each case have been individually estimated for each 

area and production rate as outlined earlier and as shown in the tables.

The most economic situation is at the 200,000 t.p.y. production rate for the 

mining area located about 10 miles from the plant where total unit operating costs 

per ton of kaolin slurry delivered to the plant is S35.67.

The least attractive is the case of 50,000 annual tons of kaolin product 

being pumped 40 miles with a resultant unit cost of S80.34 per ton delivered to 

the plant. Economy of scale results in reduced unit operating costs due to higher 

production throughput. It can be seen in the following small summary table comparing 

the unit operating costs at the two higher production rates that an increase in 

annual production from 100,000 to 200,000 tons of kaolin reduces the unit operating 

costs by about

Mining Areas 

100,000 t.p.y. 

200,000 t.p.y. 

Difference 

Reduction

A

S39.33

S35.67

S 3.66

V.3%

B.

S44.26

S39.26

S 5.00

H.3%

C

S49.33

S43.99

S 5.34

IQ.8%

Within each annual rate of production, an increase in the product pumping 

distance from 10 to 40 miles results in an increase of total unit operating costs by 

about 25*fo for the two higher rates of production.



Annual Rate Production 

40-mile pipeline 

10-mile pipeline 

Difference

Increase in Unit 
Operating Cost
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50,000

S80.34

67.86

S12.48

IS.4%

100,000

S49.33

39.33

SIO.OO

ZS.4%

200,000

143.99

35.67

S 8.32

23.3^0

The 50,000 t.p.y. annual kaolin rate is, for each case, not a good one for 

comparison as the higher costs at this low production rate reflect poor utilization 

of the borehole mining equipment as it is running at about half capacity.
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14.0 CONCLUSIONS

Based on the results of the DMBW borehole mining study it has been concluded 

that:-

* The Flow Technology Company, a division of Flow Industries 

Inc., of Kent, Washington, is the only private company 

actively engaged in research, development and sale of 

borehole mining equipment in North America.

* Borehole mining technology is available to mine and recover 

kaolin from the James Bay lowlands.

* The annual operating costs for the borehole mining, 

preliminary processing, and pumping vary directly with the 

mining area, i.e. distance from the mine site to final 

processing plant and the production rate.

* The capital costs for the borehole mining vary directly with 

the production rate.

* The capital costs for the on-site preliminary processing vary 

directly with the production rate.

* The capital costs for the slurry pumping station vary directly 

with the production rate and distance.
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* The capital costs for the pipeline vary directly with the 

production rate and the distance.

* The most economic scenario defines an operation located 

within 10 miles of the final processing plant, with a 

production rate of 200,000 tons per annum. In this scenario 

the total unit operating cost per ton of kaolin slurry product 

delivered to the plant is estimated to be S35.67. The total 

preproduction and capital costs for this case are estimated 

to be S16.7 million.
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15.0 SUGGESTIONS FOR FUTURE WORK

The following are suggestions for future work:-

* Initiate a similar study for the final processing plant 

including capital and operating costs, transportation costs, 

and market study in order to complete the economic viability 

of the entire project.

* If the overall economic viability is favourable then the 

technical viability of the product from borehole mining to 

final processing should be investigated with an actual field 

test of the borehole mining system.
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