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ABSTRACT 

This study follows an earlier conceptual level investigation that examined 
the potential for geothermal heating of mine ventilation air in the 
Saskatchewan potash mining industry. That investigation showed geothermal 
heating to be technically simple and an economic means for reducing natural 
gas consumption and mine heating energy costs. 

The findings confirmed the generally favourable technical and economic 
conditions fo~ geothermal heating except for one important area relating to 
tax . This concerns the Provincial Resource Payment Agreement, or PRPA, a form 
of royalty payment to the provincial government that imposes a further level 
of taxon income. The graduated portion of the PRPA effectively limits 
retained savings, after-tax, ta between 10 to 30t of each dollar saved rather 
than the 50 to 60t normally remaining after payment of conventional corporate 
taxes . 

Cette étude suit une recherche au niveau conceptuel qui a examiné le 
potentiel d'utilisation de chaleur géothermique pour chauffer l'air de 
ventilation des mines de potasse en Saskatchewan. Les résultats confirment 
que des conditions existent pour le chauffage géothermique sauf pour un aspect 
majeur qui a trait aux impôts. Ceci est relié à !'Accord de Paiement de 
Ressource Provinciale ou "PRPRA", qui a un type de paiement de royauté au 
gouvernement provincial qui impose un niveau d'impôt accru sur le revenu. La 
partie graduée des PRPA limite la retenue d'économies, après impôt entre lOt 
et 30t pour chaque dollar épargné plûtot qu'aux sot et 60t qui restent 
normalement après les impôts corporatifs conventionels . 
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EXECUTIVE SUMMARY 

This study follows an earl ier conceptual level investigation 

that examined the potential for geothermal heat i ng of mi ne 

ventilation air in the Saskatchewan potash mi n i ng industry. 

That investigation showed geothermal heating to be technically 

simple and an economic means for reducing natural gas con

sumption and mine heating energy costs. 

The present study objectives included: visits to three mines 

to inspect existing facilities; evaluation of opportunities for 

recovering waste heat; and the identification and analysis of 

further mine uses of low temperature geothermal energy. 

During the course o f the visits, meetings were held wi th mine 

managers, financial officers and the engineers responsible for 

minera! processing and mine operat i ons. The find i ngs conf i rmed 

the generally favourable technica l and economic cond i tions for 

geothermal heating except for one important area relating to 

tax. This concerns the Provincial Resourcë Payment Agreement, 

or PRPA, a form of royalty payment to the provincial government 

that imposes a further level of taxon income. The impact of 

the graduated portion of the PRPA was found to cause effective 

taxes on profits to approach as high as 90 percent, though 70 

to 80 percent may be more common. 

The PRPA tax was not included in earlier analyses. Effectively 

it limits retained savings, after-tax, to between 10 to 301 of 

each dollar saved rather than the 50 to 601 normally remaining 

after payment of conventional corporate taxes. 

Economie opportuni ties for s i gn i f icant waste heat recovery at 

the mines appear to be minimal. There is an opportuni ty for 

further geothermal energy utilization involving heating the air 

used by potash product dryers. This a i r, presently drawn into 
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the process building, unheated, also includes a component that 

goes to cyclone-type, dust separators. 

Other, more miner uses exist for geothermal heating including 

that of ventilation air and internal space heating for site 

offices, warehouses and shops. The cost effectiveness of 

building/equipment retrofits, and extensions to the heat 

distribution system to pickup these typically small space and 

domestic water heating demands, is considered to be in the 

marginal to uneconomic range in most cases. 

Two mines, considered to be representative for the industry, 

were examined - Central Canada Potash, a Division of Noranda, 

a t Colonsay, and the Potash Di vis ion of Cominco, a t Vanscoy 

Delisle. Financial analysis of geothermal mine air heating 

(only) for the two mines shows real interna! returns of 12 and 

8 percent respectively. The se values are well below those of 

the previous study by virtue of adjustments to the analysis 

that reflect the inclusion of the PRPA tax and more conserva

tive gas price expectations. 

Analysis of a comb~ned geothermal heating case, involving both 

process building air and mine air heating, was undertaken for 

the Cominco mine. The results show a 3 to 4 point improvement 

in real returns to above 11 percent. 

Expiry of the PRPA in 1986, and i ts replacement by a more 

equitable form of resource levy to the province, is understood 

to be a distinct possibility. Re-working of the Cominco 

combination case, with corporate taxa maximum at 50 percent, 

(i.e. excluding the PRPA tax) shows a further improvement in 

the return to 18 percent real. 

1 
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The study concludes that the mine 

applications of geothermal heating 

air and process building 

are economic and should 

prove financially attractive g i ven exp iry of the PRPA. However, 

until a replacement for the PRPA is established, one found to 

avoid the latter's punitive tax provisions, the industry is 

likely to continue to avoid non-essential investments and to 

show little interest in pursuing the savings that geothermal 

energy certainly promises. 
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1.0 INTRODUCTION 

1.1 Study Objectives 

In 1984, a conceptual level study (1) examined the poten

tial for geothermal heating of mine ventilation air. The 

work was undertaken for the National Research Counc i 1. 

The mines are the potash operations in Saskatchewan. The 

study showed there to be a significant practical, economic 

and financial potential for geothermal energy to displace 

natural gas currently used for heating ventilation air. 

This present study has been commissioned to follow up on 

these findings. The objectives are to: 

1) examine geothermal mine air heating potential in 

further detail, supplementing the questionnaire and 

telephone survey data base of the f irst study wi th 

site visits and discussions with plant personnel. 

2) identify practical, operational, f inancial and other 

factors aiding or opposing geothermal development. 

3) appraise present opportuni ties for heat recovery in 

the mine heating and potash processing operations. 

4) select three candidate mines for feasibility-level 

investigation of heat recovery options and geothermal 

uses, including mine air heating. 

During meetings at the sites with plant management and 

operations personnel, discussions revealed the existence 

of the provincial resource payment agreement (PRPA). This 

resource tax, reviewed in detail herein, is additional to 
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conventional corporate business taxes. Its effect on 

geothermal energy after tax cost savings was foreseen to 

seriously threaten the favourable financial returns 

predicted by the conceptual study. In view of this 

finding, the study scope was modified, downgrading the 

fourth objective to cover only a prefeasibility study of 

one or two representative mines, and extending the 

financial analysis to include an assessment of impacts of 

the PRPA tax on geothermal and hea t recovery type 

investments. 

1.2 New Brunswick Potash Mine Heating Opportunities 

During the mine visits the possibilities for geothermal 

heating at potash mines, in operation or under development 

in New Brunswick, was raised. 

EMR has for a number of years been actively encouraging 

the study and exploration of geothermal resources and 

their potential in the Maritimes. Accordingly, the 

original scope was further amended to include: a survey 

of the New Brunswick potash mine operations and their mine 

air heating requirements; a summary of geothermal resource 

data in the mine areas; and assessment of geothermal 

heating opportunities. 

The results of the survey and assessment of the practical 

and economic potential for geothermal mine air heating 

are presented in Appendix A of this report. 

1.3 Detailed Resource Study 

A companion study to thi s present work was to have been 

undertaken concurrently for the purpose of evaluating 
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geotherrnal resource conditions at a greater level of 

detail than provided by the conceptual study (1). It has 

since been postponed to await justification on the basis 

of the resul ts of this study. The resul ts of the geo

thermal resource analysis undertaken in the conceptual 

study are used for present study purposes. 
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2.0 MINE AIR HEATING - BACKGROUND 

2.1 Mine Ventilation 

Potash is mined at depths of the order of 1 km below 

surf ace. Daily ranges for ore production are presen tly 

from 6000 to nearly 10,000 tonnes. In the typical case, 

two mine shafts connect to the mining levels. Ventilation 

air passes down one shaft, circulates through the mine and 

is expelled via the second. The shafts penetrate major 

aquifers such as the Blairmore Formation. 

Maintaining the integrity of the cast-iron (or steel} 

shaft lining, called tubbing, is critical. Careful 

sealing of shaft casings is essential to prevent leakage 

and serious interference to the mining operation. 

Exposure to significant seasonal temperature extremes can 

cause permanent deformation of the lead . gaskets between 

tubbing sections, resulting in water leakage to the mine. 

To prevent this situation, the seasonal temperature 

extremes of the ventilation air supply are kept between 

fairly narrow limits. 

Ventilation rates to each mine typically exceed 350,000 

m3/h. Depending on the particular mine and specific shaft 

construction details, minimum air temperatures in the 

ventilation supply (down} shaft range from 10° to 24°C. 

In Saskatchewan, with winter outdoor temperatures as low 

as minus 40°C, the cost of heating this air with natural 

gas exceeds $300,000 per year. The flow rate is based on 

the need to control dusting at the ore loading face, 

maintain a cooling air stream for the mine operators, and 

to transport fumes generated by diesel equipment. The 

deepest mine, Colonsay, experiences temperatures at the 
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mining level of over 30°C. The tendency in the future is 

for ventilation rates to increase to further improve the 

working environment in the mines. 

Heating the incoming air is presently accomplished either 

directly by open-flame, natural gas burners firing into 

the air stream or, indirectly, using gas fired steam 

boilers to heat glycol/water systems which, in turn 6 serve 

intake air heating coils. Indirect firing, presently 

being used by two of the mines, is less efficient. Boiler 

combustion and stack los ses, of the order of 20 to 25 

percent on an annual basis, increase air heating costs by 

a similar amount relative to direct heating. 

Direct firing is straightforward and typically comprises a 

gas burner assembly, mounted in the air stream, and an 

induced draf t fan downstream which del ivers the heated 

air, via an air gallery, into the main shaft. 

2.2 Geothermal Heating of Ventilation Air 

Geothermal heating entails using warm, saline water at 35 

to 40°C pumpe.d from the 1500 m deep Winnipeg/Deadwood 

sedimentary rock formation to the surface. There, after 

its heat is transferred to a glycol/water secondary 

circuit supplying ventilation intake air heating coils, 

the saline geothermal fluid is returned back to the 

original formation. This geothermal energy supply, 

comprising a single supply and disposal well, has a useful 

life expectancy of 30 or 40 years and once installed the 

direct cost of operating is principally for well pumping 

power. 
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The heat load potential at a well f low rate of 100 m3/h 

( 440 usgpm) is around 15 GJ/h equivalent to 400 m3/h ( 14 

MCF/h) of natural gas, direct fired. Higher flow rates, 

obtained at the cost of additional pumping power, produce 

a corresponding increase in the heating_ load capability of 

a geothermal system. 

The capital cost of geothermal heating is high but direct 

costs for operation and maintenance are, normally, relati

vely modest compared to those for conventional fuels (gas, 

oil). Geothermal heating is most economic when fullest 

use is made of i ts load suppl y capabil i ty. Mine air 

heating, wi th peak load demands of typically 20 to 30 

GJ/h, is an ideal application for geothermal energy 

because heating is necessary for most of the year. 

Further economic improvement can be obtained if geothermal 

is used to supply other large heat demands at the mines. 

Conversely, the economics of geothermal energy is weakened 

if heat from the mine discharge air is recovered by the 

intake air stream, reducing the heat demand. 

Energy consumption for mine air heating is only one tenth 

of the total required, the other major uses being potash 

drying, building heating and crystalizer process heating. 

Table 2-1 presents, for reference, general mine data 

applicable to eight of the nine mines previously 

investigated. The Potash Company of America mine, located 

near Saskatoon, was not included in the original study. 

For the present study two mines are used as reference 

cases, the Cominco potash operation at Vanscoy Delisle and 

Noranda's Central Canada Potash (CCP) operation near 
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Colonsay. The location of these and the remaining seven 

mines is shown in Figure 2-1. 

Cominco has recently completed conversion of its mine air 

heating system from indirect to direct gas f iring. CCP 

maintains an indirect glycol heating system. Both plants 

have a nominal or reference annual potash production rate 

of roughly a million tonnes. 

The reference design ventilation rate for a million tonne 

output is 360,000 m3 /h {200,000 cfm) • Values pref ixed 

"reference" in this report relate to the above conditions 

of output and ventilation flow rate. Six of the nine 

operations conform quite closely to these reference 

conditions. Other things being equal, the mine venti

lation rate is a function of the number of mining machines 

working the ore face, each of which - requires 60,000 to 

70,000 m3/h for dust control. 

2.3 Mine Visits and Data Collection 

During the week of September 23, 1984, visits were made to 

four potash mining operations in Saskatchewan for discus

sions with engineering, operations and accounting staff. 

The purpose was to assess various technical and financial 

factors influencing geothermal air heating potential, 

including opportunities for energy conservation and waste 

heat recovery. The companies visited were: 

Noranda Central Canada Potash (CCP) Division - Colonsay• 

Cominco - Vanscoy Delisle 

Potash Company of America (PCA) - Saskatoon 

Potash Corporation of Saskatchewan (PCS) - Head Office 
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With the first three, site tours were arranged to inspect 

the mine air heating facilities and the surface plant 

process operations. 

The visits confirmed the view of the earlier study, that 

implementation of geothermal mine air heating ( MAH) is 

relatively straight forward. For the three sites visited, 

adequate space is available in existing MAH structures to 

accommoda te pipework, purnps, primary hea t exchanger and 

air heaters coi! banks comprising the geothermal system. 

Routing of geothermal supply and disposa! pipework from 

the supply to the injection wells is not foreseen to be a 

problem at the uncongested Corninco and CCP mine sites. 

The findings from the inspections and discussions with 

mine personnel are presented in the report appropriate to 

the topics being addressed. 

Further clarification of specific issues has been obtained 

by follow-up telephone calls to mine personnel, process 

engineering companies, and other reference sources. 

Personal communications are acknowledged in the report 

where applicable. 
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3.0 REVIEW OF PROCESS AND OTHER MINE ENERGY DEMANDS 

The following briefly reviews the primary operations 

involved with process ing the potash ore and identifies the 

principal heat input and energy transfer pointse 

3.1 Potash Process 

Figure 3-1 presents a simplif ied process flow schematic 

showing the basic operations of ore crushing, screening, 

flotation separation of product and rejects , centrifuging 

of product for moisture removal, and final drying of the 

refined product prior to storage. 

Product dryers are the principal gas consumers of the 

whole process operation, typically accounting for half of 

the mine consumption . In the dryers, the product is 

heated by direct gas combustion to temperatures close to 

the melting point of 350°C. Reference air input to the 

dryers is 280,000 m3/h comprising primary combustion and 

secondary dilution air. 

3.2 Brine System 

Figure 3-2 illustrates brine flows around the crystalizer 

operation. From an energy use/recovery viewpoint the 

steam heater - hot thickener - crystalizer - condenser 

loop is of primary interest. The process of removing NaCl 

operates on the difference in relative water solubi lity of 

KCl and NaCl. Steam heats br i ne to about 100° C in the 

dissolver from where, product and b rine are separated in 

the hot thickene r. Product solution, on leaving the 

thickener, flows to a 4-stage crystalizer, each stage 

under increasing vacuum . Moisture is drawn off and 
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condensed in four companion condenser stages. Product is 

crystalized and passed to the centrifuge for further 

moisture separation ( Figure 3-1) before mixing with the 

main product stream for final drying. 

An important part of the brine system is the brine 

disposal well. Brine generated by the process finds its 

way from var ious stream sources into the tail ing ponds, 

where cooling and substantial evaporation of surplus water 

occurs. Should pond storage capacity be temporarily 

insufficient, as determined by the natural evaporation 

rate, the surplus is disposed of in the brine injection 

well which discharges to the Winnipeg/Deadwood formation. 

3.3 Building Heating 

At the surface, the mines comprise a number of individual 

buildings. The site plans, Figure 3-3 and 3-4 show 

typical facilities such as offices, process building, 

change rooms, shops and warehouse, boiler plant and 

others. At CCP Colonsay, a central boiler plant supplies 

steam for heating individual buildings. Distribution 

piping is run in buried concrete trenches. The Cominco 

mine, on the other hand, uses steam to heat a pumped 

glycol/water site distribution system. 

At the PCA mine, there is no central heat distribution 

system. Gas is piped to individual buildings for use in 

unit heaters (shops and stores) or gas fired furnaces 

(office and administration buildings). 

Potash processing buildings require a large amount of 

outside ventilation air to replace the air exhausted via 

cyclone dust collection system and product dryers. In the 
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Cominco plant, the process building total air intake is 

530,000 m3/hr which is comparable to mine ventilation flow 

(persona! communication, A. Cormode, Cominco). Additional 

ventilation required for shops, change rooms and other 

buildings is estimated to total a further 70,000 m3/hro 

At present in the process buildings, no attempt is made to 

supply ( or heat) the intake air. Most commonly, air is 

allowed to infiltrate through wall openings, resulting 

often in pipe freezing. 

3o4 Domestic Hot Water 

The principal hot water requitement is for showers o For 

the reference case, approximately 120 showers are taken 

daily in total by the day and night shift crews returning 

from underground. 

3.5 Summary of Energy Requirements & Annual Usage 

The tabulation below lists reference peak load demands and 

annual gas consumptions by function. 

Peak Loads Gas Consumption 
(GJ/h) (M m3/y) % Total 

Process 
- Product dryers 91 17 48 
- Brine heating 40 12 34 

Surface Buildings 
- Ventilation air 30 2.5 7 
- Space heating 12 1.0 3 
- DHW 18 0o05 neg. 

Mine 
-vë"ntilation air 25 208 8 

Totals 216 35o3 100 
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The total annual gas consumption figure accords 

closely with the annual total of monthly consumption data 

obtained from Cominco. 

The high peakload, limited annual energy consumed for DHW 

heating is evident from the tabulation. 
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4.0 PRESENT HEAT RECOVERY AND FUTURE OPPORTUNITIES 

4.1 Mine Air Heating 

The ventilation air leaving the mine is warmer than the 

supply and carries considerable moisture and dust, picked 

up from the mining face. At PCA during winter, the 

condensation, pooling and freezing of released moisture in 

the vicinity of the discharge fans is a problem. 

The ore dust carried by the air stream combines with the 

moisture to produce a sticky product which adheres thickly 

to surfaces with which it cornes in contact. Outlet 

grills, fans, motor drives, etcetera in the exhaust air 

building at the CCP-Colonsay mine provide witness to this 

problemo 

In addressing methods of heat recovery from mine discharge 

air, finding means to deal with the dust/moisture combi

nation must be regarded as a fairly formidable challenge, 

one requiring the design and development of an effective, 

self-cleaning or on-line, washable type of heat exchanger. 

Air-Air Heat Recovery 

Field trials of a novel form of heat exchanger are being 

conducted at the present time at CPP-Colonsay. This 

research level project is being conducted by the 

University of Saskatchewan. The experimental air-to-air, 

crossflow exchanger uses a plastic fabric material. 

Preliminary results show the 2.5 m x 7.5 m x 5 m long 

exchanger to be capable of heating incoming air from -35°C 

to -5°C. It is reported that the exchanger exhibits a 

self-cleaning action, particularly during the winter, with 
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airborne moisture condensing and washing dust from the 

exchanger surfaces. During the summer, natural flexing of 

the fabric could assist to keep surfaces clean. 

The use of commercial air-to-air heat . exchange equipment 

in this application is problematic and uncertain. Such a 

system requires ducting, about 3 m x 3 m in section, 

connecting between mine shafts. For CCP and Cominco 

mines, the length required is about 150 and 200 m 

respectively. The cost of such an installation including 

heat exchanger, is estimated to be of the order of 

$500,000. 

ASHRAE recommends the installation of preheat coils where 

freezing temperatures could cause ice formation. Preheat

ing signif icantly 1 imi ts maximum energy recovery, annual 

gas savings and overall cost effectiveness. 

Applying practical cri teria of trouble-free and rel iable 

operation, cons iderable further development is necessary 

to overcome some of the operational 1 imitations foreseen 

and to identify an annual savings potential large enough 

to justify the capital expenditure. 

Air-Water-Air Heat Recovery 

Perhaps the more practical and cost effective method of 

heat recovery from mine exhaust is through the use of 

an air/glycol coils mounted in the supply and discharge 

duct. A pumped glycol/water solution connecting t he two 

provides the intermediary means for heat conveyance . Such 

a system avoids the visual bulk as soc iated wi th inte r-
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connecting ductwork between mine shaftsf and the cost of 

installation is estimated to be about 50 percent or so of 

air-to-air systems. 

One manufacturer, supplying heat recovery make-up units to 

Alberta industries, claims to achieve annual energy 

savings of 40 percent or so with smaller sized installa

tions, operating under similar temperature regimes. 

Glycol coils preheat incoming outdoor air while depressing 

exhaust air to within 1°C of freezing. 

For the mine air application, preventing ice and dust 

build-ups from foul ing exchanger surfaces is a priori ty 

consideration that requires development and testing of 

prototype designs to fully identify and resolvee 

4.2 Product Dryers 

At Cominco, secondary (dilution) air to the dryers infil

trates unheated into the process building and is partia

lly tempered by incidental heat emissions from equipment 

and hot product storage bins. Sorne small assistance is 

provided by unit heaters strategically located to avoid 

localized freezing. Combustion air is ducted directly 

from outside during winter and from within the process 

building in the summertime ( personal communications. A. 

Cormode, Cominco.) 

The PCS Rocanville operation is reported to preheat dryer 

air by ducting past hot product storage bins downstream of 

the dryers (personal communications B. Fairburn, Kilborn 

Engineering). 
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At the PCA mine, the combustion air ducts leading from 

outside the building would appear to be rendered 

ineffective by the removal of the large duct inspection 

doors (this might be a summer provision only to increase 

the cooling air flow through the building). It is 

understood that the full air requirements to the product 

dryer ( and cyclone separators, etc.) are met by natural 

infiltration through wall and door openings. Incidental 

preheating is obtained from equipment emissions within the 

building. The impression is that this situation is not 

satisfactory. Operating personnel report incidences of 

pipe freezing, notwithstanding local unit heater support. 

Dryer Stack Gas Heat Recovery 

Product dryers have brine scrubbers fitted to the exhausts 

to recover airborne product and to meet atmospheric 

emission regulations. Sorne heat from the stack gases is 

recovered by the brine though this is not the primary 

intent. 

The expectatiqn of achieving further useful heat recovery 

by this means is regarded as minimal. There is the risk 

of undercooling exhaust gases with adverse affect on plume 

buoyancy. (Also, the emission of moisture-saturated plumes 

tends to create fogging and the potential for ice build-up 

on surrounding buildings during winter operation.) 

4.3 Brine Circuit 

The primary heat energy inputs to the brine circuit occur 

in the product dryer stack gas scrubber and in the brine 
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heater ahead of the hot thickener$ Heat energy is removed 

from the first stage condenser of the 4-stage crystalizing 

process and transported to the brine heater for recircula

tion at 90 °C to the hot thickener e The remaining three 

condenser stages are cooled by reclaim brine pumped from 

the tailings ponds. This first stage brine flow of 90 to 

100 m3/h (perhaps higher in some cases), at a temperature 

of 50 to 60°C, offers significant energy potential for 

recovery and possible utilization for heating mine air, 

site buildings and other purposes. However, in discuss i on 

with plant operations (D .A . Cormode, Cominco) and process 

designers (Bo Fairbairn 6 Ki lborn Engineers) there is a 

concern for potentia l s al t prec ipi tation from the highly 

saturated br ine stream if subjected to signif icant cool 

ing with adverse impact on the processo At present there 

appears to be little interest in recovering energy from 

this source. 

4.4 Summary of Heat Recovery Potent ial 

Hea t recovery from the process is minimal and principally 

restricted to that picked up by the br ine used in the 

stack-gas scubbing process. Incidental heating of air 

infiltrating into the process building is a random , 

uncontrolled approach to recovery, but does provide 

partial tempering of air prior to entry to the dryers. 

A ma j or capacity expansion is currently in progress at the 

PCS mine at Lanigan. It is understood there is no inten

tion to implement energy conservation te c hni que s in either 

the processing plant or mine ventilation sys t em t hough, 

apparently, various opportunities were looked at including 

cooling of the final potash product for heat recovery 

purposes .. 
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Retrofitting recovery systems is expensive and not neces

sarily simple to implement successfully. The contaminated 

condition of various fluid streams incurs the risk of heat 

exchanger fouling and increases operation surveillance and 

maintenance problems. Retrofitting causes plant operating 

complications and is disruptive to production during the 

construction phase. 

cost burdens. 

All of these factors carry their own 

Recovering mine air discharge heat is technically feasible 

and appears to be the most practical using an air-glycol

air system in preference to air-air. However, the poten

tial for both freezing and fouling remains indeterminate 

in the absence of extensive field testing and development 

trials. 

In any future heat recovery plans, it appears that the 

more cost-ef fecti ve approach will be for process plant 

sources to use the ir own recovered energy locally and 

similarly for mine ventilation. This approach entails 

minimum interconnecting piping and ductwork. 

Regarding mine air heat recovery, Cominco' s invol vement 

with the experimental air/air heat exchanger is one of 

the more positive indications of the industry' s interest 

in furthering energy conservation opportunities. However, 

heat recovery can only achieve a certain percentage 

savings in conventional energy consumption at an installed 

cost that is f requently high. Geothermal, on the other 

hand, is capable of displacing up to perhaps 90 percent of 

conventional energy given the kind of conditions represen

ted by mine air heating. 
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Overall, heat recovery is not seen to pose a significant 

challenge to geothermal heating opportunities at the 

mines c Rather, as is shown la ter, 

that the extension of geothermal 

pre-heating of product dryer air, 

this review suggests 

into areas such as 

building ventilation 

air, and domestic hot water of fers the opportuni ty to 

improve the load, load factor and unit cost of geothermal 

energy while incurring only a small increase in capital 

costo This is based on the fact that up to the output 

limit of one supply and return well = a limit that is 

mainly set by increasing pumping costs = the principal 

cost of geothermal energy is fixed and relatively insensi= 

tive to outputo With such a cost structuref the greater 

the energy usage the lower becomes the cost of geothermal 

energy and the higher the annual savings from displacing 

consumption of natural gasc 
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5.0 GEOTHERMAL HEATING POTENTIAL 

To add further heating loads to the basic geothermal mine 

air heating system, proposed in the previous study, 

requires extending the secondary glycol loop to distribute 

heat to the site buildings. The above-ground primary 

system of heat exchanger and supply and disposal piping 

becomes appropriately larger to suit an increase in the 

supply well flow rate (Fg). A flow of 150 m3/h or 

higher could be necessary depending on the economic 

balance between the incremental cost for connecting to and 

retrofitting each building (or process) and the present 

worth benefits of future gas savingso 

A conservative value for the geothermal resource of 40°C, 

as previously determined, is assumed to remain valid for 

this studyo 

Sol Heating Load Demands 

Building Make-Up Air - Total ventilation air flow require

ments for all si te buildings is of the same order of 

magnitude as ~he mine ventilation air flow o Air to the 

process building (for dryer and cyclone separators) 

represents 75 to 80 percent of the total building make-up 

f low. The 40 °C resource condition is sui table for both 

building and mine air heating duties. 

Examina tion of the economics of retrof i t t ing make-up air 

heating systems to displace gas useage in the smaller 

buildings does not indicate a particularly favourable 

economic payback at the present timeG This applies gener

ally to buildings such as offices, stores and warehouseso 
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Building Space Heating - Space heating is at present 

supplied by 90-100°C hydronic (or steam) systems typically 

supplying perimeter convector coils in office and admini

stration buildings, and to fan coil unit heaters in the 

open indoor areas found in the stores and warehouse 

buildings. Retrofitting equipment designs suited to the 

40°C supply, even with temperature 

load conditions, is not expected 

practical or cost effective. 

boosting under peak 

to be particularly 

Domestic Hot Water - The estimated one heur peak demand of 

18 GJ/h corresponds to 100 showers, the useage that occurs 

following completion of the day shift. With a 40°C supply 

temperature the geothermal based system might supply 

perhaps 50 percent of the total DHW heating load. The 

total annual energy consumed in heating DHW, however, is 

small overall (see tabulation of energy consumptions, 

Section 3.5). This, combined with quite substantial 

retrofit costs (for heat exchanger and the large capacity 

DHW storage facili ties necessary to "level" the suppl y 

rate) can be expected to make geothermal heating of DHW 

uneconomic. 

Summary 

At this level of study i t is provisionally proposed to 

extend the geothermal mine air heating system to include 

only the process building. This involves retrofitting the 

building to accommoda te roof-mounted fan coil uni ts and 

supply distribution pipework. 

As is addressed . in the following section, the combined 

demand of these two loads is very adequate for the 

expected capability of a single geothermal well doublet 
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supply. There is little justification to connect up 

other buildings to further increase system demand to 

simply benefit geothermal utilizatione 

The following tabulation presents provisional air flows, 

peak loads and other design candi tiens relevant to the 

combi ned mine air and process building air hea ti ng 

demands. 

MINE 

Air Flow 
- Mine ventilation 
- Process· building 
- Totals 

Winter outdoor temp - tw 
Ventilation supply temp - te 
Peak load demand - qp 

5.2 Geothermal Supply and Disposal 

Resource Conditions 

(m3/h) 
(m3/h) 
(m3/h) 

( o C) 
(OC) 

(GJ/h) 

COMINCO CPP 

520 375 
525 525 

1045 900 
-35 -35 

13 14 
60 53 

The postponed companion resource study to this was to have 

investigated the resource and formation conditions in 

considerable detail sufficient to identify potential 

productiv i ty index values for the formation, hydrostatic 

heads and so forth from which drawdowns, flow rates, pump

ing heads and power requirements could be closely esta

blished. In the absence of such data, regional resource 

conditions are assumed. Concerning the geofluid chemistry, 

salinities ranging from 100,000 to 150,000 NaCl are predi

cted, levels sufficient to avoid freezing at temperatures 

as low as minus 18°C. 
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Disposal Ternperature 

The winter design geofluid disposal ternperature selected 

in the earlier study was limited to 5°C. With well flow 

rates set at 100 and 150 m3 /h, this resul ted in a geo

thermal supply load potential of 15 GJ/h and 22. 5 GJ/h 

respectively. 

Currently at some mines, brine flows surplus to the 

process are being injected to the Winnipeg/Deadwood at 

temperatures that range seasonally from minus 18 to plus 

25°C (and at rates of up to 250 m3/h). Noting the 

successful experience of the mines in purnping process 

brines at these low injection temperatures, the effects of 

lower design geofluid disposal ternperatures were studied. 

Lowering the geothermal disposal temperature is a direct 

means of increasing the geothermal supply load capacity. 

It results in an increase in geofluid viscosity and 

disposal well pump power, but does not affect the wells, 

pipe sizes or cost of supply and disposal system. 

Exarnination of. annual arnbient ternperature variations and 

heat exchanger operation over the load range, shows a 

pinch point condition occurring as T2 and outdoor 

temperature t fall • . This condition is alleviated sornewhat 

at higher flow rates ( Fg) such that the higher the flow 

the lower can be the minimum ternperature T2. Thus, the 

geothermal supply load potential - a function of flow and 

(T1-T2) - benefits doubly frorn higher flow rates (Fg). 

The following tabulation presents comparative design 

conditions corresponding to the flow and disposal ternpera

tures indicated. 



5 5 

Well Flows m3/h 

100 150 

Disposal Temperature T2 ( o C) 0 -5 

Geothermal Supply Load qg (GJ/h) 17 29 

Improvement in Load ( % ) 14 30 

The percentage improvement in load (compared to the 

previous study disposa! temperature of 5°C) is illustrated 

ioe. at -5°C, the geothermal load capability is improved 

by 30 percent. 

Design and Peak Loads 

Comparison of the above geothermal supply loads with the 

tabulated load demand values of page 5-3, corresponding to 

combined process building and mine air heating, shows that 

the geothermal supply alone cannot meet the peak demand so 

that supplementary heating, using gas or other means, is 

needed. 

Figure 5-1 shows a simple schematic of the proposed geo

thermal systemo Referring to the figure, peak heating of 

mine air at Cominco would be achieved by operating the 

direct f ired gas burners to bring up the tempe rature of 

the supply air leaving the glycol/air heaters to the 

required set point. At CCP-Colonsay, the existing steam/ 

glycol exchangers would be used to increase the secondary 

circuit supply temperature (T 5 ) at peak times 0 

With respect to meeting the peak ventilation loads of the 

process building, the simplest approach is not to attempt 
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to meet peak levels. Instead, automatic regulation of air 

intake dampers incorporated with the roof-mounted air 

heaters would restrict air flow to suit a selected minimum 

glycol leaving temperature o Considerable heating of the 

outdoor air is still achieved. Compensation for building 

supply air def iciency can be achieved by existing means 

such as from induced infiltration. Alternatively, attempt

ing to meet peak heating demands would require some form 

of supplemental heating in the geothermal central heat 

plant to raise the supply temperature Ts by the required 

arnount. 

The above briefly outlines possible approaches to operat

ing the geothermal/central heat system under peak demand 

condi tians where the geothermal system capac i ty is not 

sufficient for the demand. There are others. The rela-

tive merits of each can be readily addressed and resolved 

at a later detailed stage. For th.e present, control is 

foreseen to be simple. 

The previous study provided, in some detail, information 

on the operation of the geothermal mine air heating 

system. A di-agram was included to illustrate trends in 

the heating and air system parameters in accordance with 

seasonal changes in outdoor temperature i.e. heating load. 

For brevity this is not repeated. It is sufficient to 

observe that control of the geothermal heat supply is 

obtained by controlling the geo-fluid supply flow either 

by throttling or regulation of pump speed, P-1 (Figure 

5-1) • 

5.3 Annual Energy Supply 

The profiles of annual heating demand (histogram) for the 

mine air and the process building air are assumed to be 
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similar since both involve heating outdoor ' air from winter 

conditions to temperatures of about 15°C. Where combustion 

air is ducted separately to the dryers, it would be 

possible, by providing air heaters in the intake duct(s) 

to heat to higher than 15°C. 

Figure 5-2 shows the combined heating demand (process and 

mine air) histogram for the two mines. Geothermal supply 

loads are superimposed, corresponding to 100 and 150 m3/h. 

Annual energy Og supplied by the geothermal system was 

obtained from planimetre measurement of the area under the 

histogram curve. This and other performance data is 

presented in Table 5-1 which is applicable to the combined 

heating case and also the mine air only case: the latter 

data is reproduced f rom the earl ier report. Compar ison 

shows that for the same well flow rate (Fg) of 100 m3/h, 

the addition of process building heat-ing improves annual 

energy Og by 14 percent (Cominco) and 27 percent (CCP). 

Sorne of this improvement is due to the lower disposal 

tempe rature. 

The main benefit to combining process 

cornes with higher well flow rates. 

and mine heating 

At 150 m3/h, for 

example, the annual energy Og is increased by 65 percent 

(Cominco) and 110 percent (CCP); again, some of this is 

due to the lowered disposal temperature. The reason the 

increase for the Cominco case is less pronounced is 

because that mine's air flow is substantially higher than 

CCP's in the first place, providing an inherently better 

base load condition, load factor and annual utilization 

potential for the geothermal supply system. 



1 

TABLE 5-1 

GEOTHERMAL PERFORMANCE DATA 

PROCESS BUILDING & MINE AIR HEATING 

MINE 

General 
Winter design tw 
Total air flow Fa 
Ventilation supply temp. Te 
Peak demand qp 
Natural gas heating 

Resource 

Gradient 
Depth 
Supply temperature T1 

Geothermal flow Fg 
Injection temperature T2 
TDF (Tsi = Q°C) 

(OC) 
(1000m3/h) 

(OC) 
(GJ/h) 

( °C/km) 
( km) 
( o C) 

(m3/h) 
{ Cl C) 

Heating System (Process & Mine Air) 

Supply load qg 
Annual energy Og 

(GJ/h) 
(TJ/yr) 

Load factor LF 
Annual utilizaiion (Tsi= 0°C) 

Heating System (Mine Air Only)* 

Supply load qg 
Annual energy Og 
Load factor LF 
Annual utilizaiion (Tsi = o0 c) 

* 

(GJ/h) 
(TJ) 

COMINCO 

-35 
1045 

13 
60 

Direct 

23 
loS 

40 

100 150 
0 =5 

1.0 1&13 

15 
86.9 
0.66 
0.58 

28 
169 

0.68 
Oe77 

22.6 
102~5 
0.52 
0.46 

CPP 

-35 
900 

14 
53 

Indirect 

100 
0 

lo0 

l6e5 
95 

0.66 
0~66 

15 
75.2 
0.57 

0~5 

23 
1 . 5 

40 

150 
-5 

lol3 

28 
162 

0 . 64 
0 e 75 
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5.4 Site Arrangement and Heating System Details 

Figures 5-3 and 5-4 show the site arrangements for CCP and 

Cominco respectively with the piping for the heat distri

bution system superimposed: also shown are tentative 

locations for geothermal supply and disposal wellsc The 

supply well requires locating as remote from the process 

brine and geo-fluid disposa! wells as possible. A 

distance between wells of 1 km is expected to provide 

sufficient separation to prevent premature temperature 

deterioration of the geo-supply. 

The glycol heat distribution piping 

existing trenches where available. 

building it would be suspended 

would be laid in 

Wi thin the process 

from the building 

structural steel and routed in existing pipe chases. 

The central heat plant comprising the primary heat 

exchanger glycol tanks and recirculation pumps are located 

in existing mine air intake structures. 

5c5 Corrosion and Materials Section 

Appendix B contains details of typical geofluid chemistry 

for various geothermal aquifers encount.ered beneath 

Saskatchewan. The Winnipeg/Deadwood formations, situated 

directly above the precambrian basement, are the candidate 

geothermal heating sources appropriate to this study. 

Appendix B includes an analysis of the corrosion potential 

and a provisional guide to the selection of materials for 

components of the primary geothermal circuit including 

well casings. 



6l.JIZ-1~0 
Gif.OFL-LIIP 
P1Pl:.L-l..tf.<E. 
-zc;o,..,..Gi.~. 
t,On.M VI. 2 . - _ _........, 

1&;0 ..... , 
H ,w.t>. 

i.A•..të. 
tiJPPL-'f' 
.o.,2,. 
e,û1L,P1.J6t 

0FF1.::e, • 
;.11,..A1....t, ~-re.o.-f1w 
i!>l.llL-P1..t'1 

'1L '(u.,L. .,_,j.0..1 tJS 

MIi.if. 6,H.Af''T &IA'-t . • 

f.1' I"> f11.Jt,j 

"îf_..,._..,. tt-lA~& 

" 

FIG. ... 

GEOTHERMAL M!NE AIR HEAT .. G ~ 
HEAT DISTRIBUTION SCHEME-CCP. 



C}l~PP6""L
vvt.L- L-

·--- - - - - - -·- --- -- ---

( fé.iJ 1°,ll,f1 V é. ) 

- ------- -------

P\Z.oPu"-"11 o,.J 

WE4.- l.
(LQ~f10J ~r ... -r1vE- ) 

fi@. .. ~ 

GEOTHERMAl MINE AIR HEA TING~ 
HEAT DISTRIBUTION SCHEME-COMINCOllll.J 



5 ..:.; 9 

5.6 System Costs 

Conceptual level capital cost estimates prepared for these 

arrangements are presented in Table 5-2. 

Piping costs are based on jacketed, insulated pipe. 

Typical unit prices, installed, are as follows. 

Geofluid (Buried Service, Single Pipe) 
- 200 mm supply incl. excavation 

Glycol Heat System (Trenches, Buildings) 
- 150 mm supply and return (2-pipe) 

75 mm supply and return (2-pipe) 

300 

400 
200 

Make-up air units, each 120,000 m3/h capacity, are 

estimated to cost, installed, $36,000. 

Prices for the plate type, primary heat 

obtained from Alpha Laval. Byron Jackson 

for multi-stage vertical turbine pumps 

exchanger were 

provided prices 

of the totally 

immersed, downhole type complete with integral motor. 

Well costs are based on U. s. historical costs for the 

industry, corrected for exchange, and expressed in current 

dollars. The basis for the se costs can be found in the 

previous study. For 1.5 km deep wells the total installed 

cost for supply and disposal including completion and 

testing, is estimated at $1,100,000. 

Annualized costs shown in Table 5-2 are based on: 

• real cost of capital at 10 percent, and 30 year 

pro j ect life; 
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TABLE 5-2 

INDICATIVE CAPITAL, ANNUALIZED COSTS 

CAPITAL COST ESTIMATE 

GEO-SYSTEM SUPPLY & DISPOSAL 
Well costs 
Supply and disposal pumps 
Supply and disposal pipelines 
Primary heat exchanger 
Electrical and miscellaneous 

CENTRAL MINE AIR PLANT 
Pumps, piping and tankage 
Air/glycol heat exchanger 
Fan modifications, ducting, dampers 
Electrical, instrumentation and contres 
Building modifications 

HEAT DISTRIBUTION SYSTEM - SITE & PROCESS BLOG . 
Piping 
Make-up air units 
Electrical power supplies 
Building structural modifications 

Engineering@ 10% 
Contingency allowance@ 15% 

Sub-total 

TOTAL CAPITAL 

$ 

1,100,000 
120,000 
350,000 
100,000 

25,000 

75,000 
50,000 
25,000 
35,000 
25,000 

130,000 
200,000 
20,000 
50,000 

2,305,000 
230,000 
380,000 

$2,915,000 

ANNUALIZED OWNING, OPERATING COSTS 

Fixed - Annualized capital cost 
- Operation and maintenance labour 
- Overheads, taxes, insurance 

Variable - Pumping costs 
- Interim replacement 
- Supplies and miscellaneous 

TOTAL ANNUALIZED O&O 

ANNUALIZED LEVELIZED 0&0 

$/yr 

320,000 
55,000 
40,000 

60,000 
20,000 
10,000 

$505,000 

$515,000 
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• pumping power costs at the incremental industrial rate 

of 4~/kWh, subject to 2 percent annual real increase, 

and variable speed pump control; and, 

• labour, maintenance and material . prices remaining 

static at zero percent real (i.e. keeping pace wi th 

the general inflation rate). 

Capital and annualized costs are indicative; they provide 

an order of cost considered to be sui table for both the 

Cominco and CCP operations. 

5.7 Unit Energy Costs 

From the levelized, annualized (i.e. lifetime annual 

average) costs of Table 5-2 and annual energy delivery 

of approximately 160,000 GJ/yr ( Fg _ equal to 150 m3/h), 

the levelized unit cost of geothermal energy is 

approximately $3.25/GJ. 

Analysis of gas prices, Section 6. 0, indicates a 1988 

price of $ 3. 90./GJ. Wi th a 2 percent real increase, the 

levelized unit cost of direct fired gas heating is 

approximately $5/GJ, or $6. 50 to $7 /GJ for the indirect 

case. 

Comparing the above lifetime average unit costs of the two 

energy forms shows the potential for considerable savings, 

be fore tax, in favour of geothermal energy. Under the 

present tax regime the retained savings, after tax, is 

very much less. 

{ \ 
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6e0 ECONOMIC ANALYSIS 

Preliminary assessments of mine air heating indicated that 

investment in such projects would yield very favourable 

financial results, (Acres, 1984). Three potential 

projects were examined and found to provide internal rates 

of return on a discounted cash f low basis of between 18 

percent and 24 percent in wrealw terms. 

Since the completion of the preliminary study, further 

technical feasibility investigations have been conducted 

and are documented in this report. In addition, var ious 

other factors which would influence the financal assess= 

ments have been identified. Specifically, two key finan

cial variables requiring further analysis, projected 

natural gas prices and taxes are addressed in more 

detail. 

6.1 Natural Gas Price Review 

Reliable long-term forecasts of energy prices are 

unfortunately no more available today than they were one 

year ago. As· a resul t, planning for capital intensive, 

long-life energy projects remains a risky endeavour. At 

the present time, negotiations are continuing between the 

federal and Alberta governments on pricing and revenue 

sharing agreements. These negotiations are taking place 

in an environment that is by no means in equilibrium. 

Partial deregulation of gas prices in the U .s., slack 

demand in the u.s. and Canada, price distortions caused by 

transmission arrangements and uncertainties for future oil 

price trends all contribute to the dilemma. 



6 - 2 

In the Acres 1984 study, it 

start-up would be in 1990. 

was assumed that project 

Following discussions with 

Energy, Mines and Resources Canada, a price for natural 

gas of $6/GJ was used for that year in 1984 dollars. In 

the past year, natural gas markets hav~ remained weak and 

as a result, prices have increased less than anticipated 

in last year's study. 

In general, the consensus persists that energy prices in 

general and natural gas prices specifically will increase. 

In discussions with personnel at Saskatchewan Energy and 

Mines, and EMR Canada as well as a review of various 

energy forecasts by independent experts, there is a belief 

that the current situation is temporary. Factors and 

assumptions contributing to this reasoning include: 

• the surplus in the u.s. will be absorbed in one or two 

years; 

• world oil prices will firm upas OPEC will not disinte

grate and demand will increase; 

• the Alberta and federal governments have promoted the 

objective of increasing the return to producers which 

means raising wellhead prices; 

• the provincial and federal governments are not in a 

financial position to reduce their revenues from gas 

and in fact are seeking more revenue; 

• producing provinces and the federal ·government have 

targetted gas prices for 65 percent of oil prices on an 

energy equivalent basis; 

1 ' 
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• over time, the least cost sources of 111 oldw gas will be 

replaced by more expensive "new" sources; and finally, 

• gas is a non-renewable commodity and the forces of 

scarcity alone will put upward pressure on prices. 

Thus, while there are substantial reasons to conclude that 

gas prices will go up, i t remains qui te dif f icul t to 

project the timing of such increases. To add to the 

uncertainty, there is some sentiment in the country to 

deregulate gas prices which in the short run 8 would be 

expected to reduce gas prices until markets adjusto 

For this study, a more conservative approach than that 

used in the 198 4 report is employed. I t is assumed tha t 

by 1988, gas prices will approach the 111 65 percent of 

equivalent oil" prices level. Crude oil currently cost 

about $40 (Canadian) per barrel which equates to an energy 

price of about $6/GJ. At 65 percent, gas would then cost 

$3. 90/GJ at the wholesale level. This is the value used 

in the financial assessments presented here for the 

project start-up date of 1988. Since the value used in 

the 1984 report was $6/GJ by 1990, the fuel cost savings 

assumed in this study are about 33 percent lower, which is 

obviously a signif icant reduction in the projected 

benefits of a mine air heating system. 

6.2 Corporate Taxes and PRPA Assessments 

The Acres 1984 report assumed an income tax rate of 40 

percent for private corporations as this rate represents 

an average for resource-based industries. However, there 

is a unique tax regime in place for the potash industry in 

Saskatchewan. Before any other adjustments, potash 
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producers in Saskatchewan face the same levels of corpora

te incarne taxas any other corporation (i.e., 34 percent 

percent federal, and 16 percent provincial). A variety of 

resource depletion allowances, tax credits and other 

allowances tend to reduce these levels .in most circumstan

ces. However, for marginal income where such allowances 

have already been used up, these rates would apply. 

Royalties or other severance taxes tend to increase the 

effective tax rate on these companies. In the interest of 

erring on the side of conservatisrn, the corporate incarne 

tax rate has been increased to 50 percent in this analysis 

from the 40 percent used in the previous study. 

For potash producers in Saskatchewan, however, there is an 

additional tax assessment imposed under the Potash Resour

ce Payrnent Agreement (PRPA). PRPA payrnents are comprised 

of two cornponents. The f irst is a base payment assessed 

on a per ton of potash produced basis. Since this study 

addresses only the conversion of mine air heating systems, 

it can be assumed that there will be no change in the rate 

of production attributable to the geotherrnal project. 

Therefore the base portion of the PRPA payment is not 

relevant to the analysis. 

The second portion of the PRPA assessment is based on the 

level of gross profit earned by the corporation. The rate 

of this payment is graduated between 0 percent and 50 

percent in 10 percent steps. In other words, if gross 

profit is less than about $6 million, the graduated 

portion of the PRPA is 0 percent. Gross profits in excess 

of about $50 million will attract a PRPA graduated payment 

of 50 percent. 

/ 
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For the base case assessment conducted here, a PRPA level 

of 20 percent was assumed. According to personnel con= 

tacted at some of the potash mines, the 20 percent rate is 

frequently used for their own internal planning purposes. 

The actual rate is determined by the overall operations of 

the mine and is therefore an extraneous variable to the 

suitability or non-suitability of a mine air heating pro

ject. However, since any cost savings resulting from 

geotherrnal heating would be incremental net operating 

income, such savings would be subject to the prevailing 

level of graduated PRPA payment; it is also possible that 

some portion of the savings could attract payment at the 

next higher level of assessment i.e. a level 10 percent 

greater that that obtaining without the project . 

It should be noted that the PRPA is roughly based on net 

operating income, rather than net taxable income. There

fore, a 20 percent PRPA rate is 20 -percent of revenues 

less operating costs. As a resul t, the overall tax rate 

is not simply a matter of 50 percent plus 20 percent but 

can be up to about 85 percent depending upon the amount of 

cca' s and other allowances used in the calcula tion of 

taxable income-. 

The impact of the PRPA payments is to substantially 

increase total corpora te tax ra tes. They also introduce 

an elernent of uncertainty in projected cash flows associa

ted with particular investrnent projects, because it is 

necessary to know what the overall level of profit will be 

in order to determine the rate of PRPA graduated payments. 

On average, in profitable years the potash mining compa

nies pay anywhere between 60 percent and 85 percent of 

their taxable income in taxes. Under these circumstances, 

it becomes very difficult to justify investrnent projects 
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from the company's stand point, since the project must 

generate between $2.50 and $4.00 of savings to yield $1 of 

after-tax cash benefit to the corporation. There are not 

many investments which can be expected to produce those 

kinds of returns. 

Twenty percent has been used as the base level of PRPA 

payment in the financial analysis. The effect of a 50 

percent rate, which would be the maximum, and 0 percent, 

which is the minimum PRPA situation, are also examined. 

The present PRPA agreement expires at the end of 1986. 

Negotiations are underway between the potash mines and the 

provincial government and while it is assumed that some 

form of equivalent revenue will be required by the govern

ment, the basis for i ts calculation may be some factor 

other than gross revenue, which tends- .to penalize incre

mental cost saving investment projects. 

There is also a possiblity that energy conservation 

projects, research and development projects and appli

cations of new technology may be exempted f rom the PRPA 

plan. Under these condi tiens, application of geothermal 

mine air heating would be far more attractive to the 

corporation since it would be able to retain more of the 

benefits flowing from the project. 

6.3 Financial Model 

To indicate the financial v i ability of geothermal systems 

for mine air heating, discounted cash flow analysis 

methods were used to examine two of the potential projects 

discussed in this study: Cominco, Vanscoy-Delisle and CCP

Colonsay. These were selected since they were also analy-

1 
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zed in the Acres 1984 study and are considered represen

tative of other operations in the Saskatchewan potash 

potash mining industryo Also, these two examples provide 

a comparison of a direct fired gas heating system vs. an 

indirect fired system. The latter is in use at CCP=Colon

say . 

In addition to the al tered assumptions discussed above 

with respect to gas prices and taxes, other minor changes 

have been incorporated in this f inanc ial assessment that 

differ from the previous work. The principal revisions 

are as follows: 

Land Costs - these have been reduced from $100 8 000 to 

$20,000 on the assumption that the property is already 

owned by the mine, or all that is required is an easement 

across other property. 

Fuel Cost Savings - as noted above, a value of $3 . 90/GJ 

is used in the direct fired caseo For the indirect fired 

case, a combustion eff iciency of 65 percent is assumed, 

yielding a net gas cost of $6/GJ ($3090/0.65). 

Operating and Overhead Costs - based on subsequent 

analysis, the annual cost of geofluid pumping has been 

reduced to $45,000 and an allowance for overhead is now 

considered unnecessary. 

Capital Cost Allowances ( cca' s) - Class 34 accelerated 

depreciation provisions for energy conservation equipment 

expire in 1985. Therefore, conventional cca's at 20 

percent per annum are included in this analysis. 
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Taxes - in accordance with the discussion above, an incarne 

tax rate of 50 percent of taxable incarne is provided and 

in the base case, a PRPA rate of 20 percent of operating 

incarne is included. 

Project Start-up - timing for these projects has been 

brought forward such that construction and development 

occurs in 1987 and operation commences in 1988. 

Other assumptions embodied in the financial mode! are 

identical to those utilized in the Acres 1984 study. 

6.4 Financial Analysis - Mine Air Heating Only 

PRPA of 20 Percent 

As would be expected, the combined influence of lower gas 

prices and sharply higher taxation introduced by the PRPA 

results in after-tax returns to the mining companies which 

are much more modest than those found previously. This is 

reflected in the revised base cash flow analyses for CCP 

and Cominco, presented in Tables 6-1 and 6-2. Key features 

of the financial analysis are tabulated overleaf. 

As noted, the real returns are 8 and 12 percent respect

i vely as compared to the initial study results that showed 

returns of 18 percent (Cominco) and 24 percent (CCP). 

Wi th the much reduced rates of re turn i t is considered 

unlikely that the mines would find them sufficient to 

stimula te implementation of geothermal heating. Though 

given in real terms (that is, excluding inflation), these 

rates would probably not be able to meet minimum financial 

investment hurdle ra te cri te ria. With current corporate 
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RUN ASSUHPTIONS: 
RE SOURCE TENP,: IDEG. C, l 
GRADIENT: IDEG . C. /KMl 
SURFACE TEMP,: (DEG, C. l 
HOLE DEPTH : (1'.H) 

SYSTEM SUPPLY (TJ/ YRI : 
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------------------ -
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L'Zl!IU 

bploration and Drilling 
Above-6round Equipment 

TOTAL CAPITAL COSTS 
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Exploration Drilling Costs 
Geofluid Pu~ping 
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TAXABLE INCONE 
INCOME TAXES @ 50'.I. 
PRPA PA'if1ENT @20'./, 
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CASH FLOW ANALYSIS - CCP MAH BASE CASE 
MINE AiR HEATIN6 
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CCP COLONS!Y 
INDIRECT FIRED GAS 
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------ ------ ------

Il Il Il 
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411 . 4 40.8 41.2 

------ ------ ------
85.9 86 . 7 87.6 
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------
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511 0 Il Il 0 ~·0 Il 
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TABLE 6-1 
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50 
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RUN ASSUMPTIONS: 
RE SOURCE TEHP,: lDEG. C.) 
GRADIENT: IDEG. C. /KM) 
SURFACE TEMP,: (DEG, C. l 
HOLE OEPTH: in!) 
SYSTEM SUPPLY (TJ/YRI: 
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-------------------
CAPITAL COSTS 
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TOTAL CAPITAL COSTS 
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Exploration Drilling Costs 
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40 
23.5 

" ·' 
l.4894 

86.9 

y E A 
1987 

R 

--- ---

20 
430 
~.75 

rn25 

0 

645 

------
645.0 

-645.0 

1025. 0 
0 

------
-645.0 
-322.5 

0,0 
--- - --

-322. ~. 

-134 8 

@6'.\ 

29 

1988 
------

0 

338.9 

45.0 
40.0 

------

85.0 

253 ,9 

820.0 
205.0 
------

48.9 
24.5 
50.8 

---- - -

-26 . !, 

179 

VANSCOY DELISLE 
DIRECT FIRED GAS 
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CPP 

Flow Rate, Fg (m3/h) 100 

Annual Energy Supply, Og (GJ/yr.) 75,200 

Initial Cost (capital and 
exploration drilling expenses 1,670,000 

Year 1 fuel cost savings 451,000 

Year 1 operating costs 85,000 

10-year average pretax cash flow 410,000 

10-year average after tax 
cash flow 154,000 

10-year average tax rate 62% 

Interna! rate of return (real) 
on after tax cash flow 12% 

Cominco 

10 0 

86,900 

1,670,000 

339,000 

85,000 

285 ,ooo 

117,000 

59% 

8% 

borrowing rates of about 12 to 14 percent, and inflation 

running close to 5 percent, a real return of 8 percent 

after tax is considered the minimum risk=free return 

necessary to recover invested capital and cover interest 

charges. 

The two projects (mine air heating only) analyzed here 

just barely meet or exceed the minimum criteria. To be 

considered viable there would have to be no other better 

investment opportunities for the mining companies, 

anywhere. Discussions with financial accounting personnel 

at the mines indicate this is not the case. Tight money 

and low af ter tax marg ins have forced the companies to 

postpone a nurnber of attractive capital projects. Only 

those considered essential to continuing operation, or 

which provide very short paybacks (measured in months) and 
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exceedingly high rates of return, are currently being 

approved. Under the assumptions used in the base case 

analyses, nei ther of the projects can be viewed in this 

light. 

More than half of the be nef i ts flow to the federal and 

provincial governments in the form of taxes. This is one 

of the principle factors limiting viability. Over the 

first 10 years of project operation, the average tax rate 

on net opera ti ng income ( be fore cca' s) is 6 2 percent for 

CCP and 59 percent for Cominco. In subsequent years, the 

effective rates are even greater because the tax shielding 

effect of cca's is reduced. For example, in Year 15, the 

taxes are over 80 percent. These tax rates occur with the 

PRPA graduated payment set at a 20 percent level. 

Depending on the company' s overall level of operating 

profit, the PRPA assessment could be as .high as 50 percent 

on incremental cost savings. At this PRPA bracket, 

geothermal projects could never achieve payback on an 

after-tax basis. 

PRPA of O Percent 

The other extreme for the PRPA is the O percent bracket. 

If this rate applied, the internal return to CCP 

increases to 19 percent and to 14 percent for Cominco. At 

these levels, the projects can be considered much more 

viable. 

In general, the PRPA imposes a large degree of uncertainty 

to the planning of any project investments relating to 

eff iciency improvements or cost savings. To the extent 

that the PRPA d iscourages efforts to develop alternative 
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energy sources, another government objective, it conflicts 

with these public policy objectivesc 

Summary 

As initially indicated by the earlier study results, 

geothermal mine air heat in g continues to offer 

substantial economic benefits , even with lower gas prices. 

If the future price trend turns out to be greater, the 

economic returns would also improve in proportiono 

In an economic analysis of project viability, one that 

ignores the distribution of benefits (ioeo, transfer 

payments in the forrn of taxes}, the economic returns 

provided by these projects are 18 and 22 percent in real 

terrnsc Notwithstanding, the tax effects are such that, in 

order for the companies to launch these projects, they 

would probably require sorne forrn of assistanc e with 

capital costs or some reduction in the tax burden that 

these cost-saving projects would generate. 

6.5 Financ ial Analysis - Process Bldg/Mine Air Heating 
Schemes 

The following addresses the financial analysis of the 

combined heating system serving the process building and 

mine ventilation air supplies. The analysis covers only 

the Cominco casec The CCP results from displacing the 

indirect gas fired heating MAH system would be even more 

favourablec 

For the increased geothermal f low, incremental increases 

in both capital and operating costs are incurred. They 

include : 
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o $545,000 additional capital cost in the "Above-Ground 

Equipment" account for larger pumps, extensive heat 

distribution piping and glycol/air heat exchangers; 

o $75,000 addi tional operating cost . for geof luid pump

ing power and O & M Labour. 

In return for these increased costs , the annual energy 

suppl ied · by geothermal is seen ( ref erence Table 5-1) to 

increase dramatically from 86.9 TJ/yr (base case, 100 

m3/h) to 169 TJ/yr for the combined heating case ( 150 

m3/h). 

PRPA of 20 Percent 

Table 6-3 presents the cash flow print-out for the 

financial (after-tax) analysis of the combined heating 

case. Comparing Table 6-3 against 6-2 shows an improve

ment in first-year annual fuel cost savings of $320,000 

resulting from the incremental investment of $545,000. 

After deducting the somewhat larger O&M expenses, a sub

stantial increase of $245,000 in annual net operating cash 

flow (before-tax) still remains. 

The larger energy cost savings obtained with the combined 

heating demand presents an attractive economic opportunity 

wi th a before-tax return to Cominco above 25 percent. 

However, on an after-tax basis the internal return is 

between 11 and 12 percent real. 

PRPA of O Percent 

Table 6-4 illustrates returns of over 18 percent atta i ned 

wi th O percent PRPA, a situation made possible by either 

1 

, 1 
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the expiry of, or exemption from, the PRPA ( reference, 

Section 6 .. 2). 

In sumrnary, the gain in real returns is suf f icient to 

justify incorporation of processing building air heating 

with geothermal mine air heating. Based on this analysis 

the combined heating approach should be pursued. 

6.6 Improvements from Co~use of Brine Disposa! Well 

There appears to be a practical possibility to co- utilize 

existing process brine disposal wells for geo=fluid 

disposa!. It could involve increasing the present pumping 

capacity and/or adjusting existing process brine disposa! 

operations to even out short duration surges in disposal 

demand. 

Avoiding the need for a geo-fluid . b-rine disposa! well 

potentially reduces capital costs by some $400,000. For 

the base cases ( MAH only) analysed herein, CCP interna! 

after-tax returns increase from the 12 percent (Table 6-1) 

to 15 percent. 

For Cominco the real return increases to 11 percent, up 

from 8. This three percentage point improvement would be 

somewhat less in the combined heating case. It is never

theless a possibility to be considered during future 

analysis. 
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7.0 CONCLUSIONS & RECOMMENDATIONS 

7.1 Conclusions 

Geothermal energy thri ves in situations demand ing large 

and steady loads. In general, the more energy that is 

used the lower the cost. Heat recovery tends to diminish 

the opportunity to fully exploit the output of a geother

mal suppl y. In the process, this can resul t in the loss 

of substantially greater cost savings overall and the less 

productive use of the investment dollar. 

Concerning waste heat recovery opportunities, the main 

options include recapture from mine exhaust air and recap

ture from the process dryer exhaust. Both are considered 

to be difficult to implement due to the cost and complex

ity of the retrofit operations and suspected fouling 

problems that could cause operating difficulties and 

disruption of the process. For these reasons it is con-

cluded that implementation of heat recovery is unlikely. 

Pursuing this theme, the combining of process building and 

mine air heating usefully improves the base load of the 

geothermal system and the annual energy del i vered wi th 

advantages that include reduced unit energy costs and 

enhanced returns. The f ollowing tabulation, sumrnari z ing 

the results of the financial analyses, shows the 3 to 4 

percentage point improvement obtained from incorporating 

process building heating with the mine air duty. 

! 



7 - 2 

Real Rate of Return (%) 

Geothermal Heating System 

Cominco CPP 

Mine Air Heating (100 m3/h) 8 
- 20% PRPA 

Mine Air Heating (100 m3/h) 14 
- 0% PRPA 

Process Bldg/Mine Air Hea ting (150 m3/h) 1105 
- 20% PRPA 

Process Bldg/Mine Air Heating (150 m3/h) 18 
- 0% PRPA 

12 

19 

15 

22 

The Cominco case is representat i ve of mines which directly 

f ire natural gas for mine air heat ing. The improved 

returns for CCP ( indirect gas f ired MAH) , from inc lus ion 

of process building heating, are estimated . 

The adverse impact of the PRPA tax is evident, reducing 

returns by 5 to 6 percentage points c The possibility that 

the PRPA wi ll be replaced in 1986 with a subs titute form, 

more conduciv': to incremental investments in cost saving 

measures, clearly is beneficial to geothermal prospects at 

the mines . Certainly, real returns of 14 to 18 percent, 

in the region of 20 percent actual, should be s uff ic i en t 

to stimulate some interest in further explorati on of the 

potent ial, ei ther for mine air heating alone or combined 

with process building heating. 

Capital assistance through the ENERDEMO program of EMR, 

Canada, is a lso a possiblity . From recent work(2) and 

from discussions with the Saskatchewan branch of EMR (L. 

Epp, personal communications) there is a possibil i ty of 

eligibility for ENERDEMO funding assistance: an amount of 
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$250,000 might be a reasonable estima te of the order of 

assistance available. Nevertheless, at the present time, 

there is evidence of some shifting in government 

priorities and programs, indicating a more selective 

encouragement of specific alternative . energy and energy 

conservation applications. The situation needs to settle 

before attempts are made to identify the level of govern

ment assistance for mine heating and other geothermal 

applications. 

Concluding, this study shows that geothermal heating 

continues to offer a practical, technically straight

forward, and financially favourable means for reducing 

energy costs at the potash mines. Including the pre

heating of process dryer air, through the heating of 

process building ventilation air, is an economically 

useful and attractive addition to th.e mine air heating 

duty. 

7.2 Recommendations 

The PRPA has contributed substantially to creating a very 

pessimistic investment climate in the Saskatchewan Potash 

industry. Until such time as the PRPA is removed and 

replaced with a less regressive form of tax, the 

industry's interest in pursuing geothermal (or any other 

"non-mandatory" investment for that matter) appears to be 

slight. 
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It is recomrnended that: 

• the industry be appraised of the further practical and 

economic potential for geothermal heating at the mines 

through distribution of the study report; 

• the proposed retirement of the PRPA in 1986 be monitor

ed and the alternative resource tax legislation 

examined when such becomes available; 

• at that time, the economic/financial aspects of this 

study should be re-worked to identify the impact of any 

new resource tax legislation, the analysis to also 

address federal funding assistance benef its available 

and the possible co-useage of brine disposal wells. 

Without the bene fit of the companion study into the below

ground aspe cts of the geothermal re_sôUrce, knowledge of 

resource conditions rests on broad, regionally-based, 

interpretation of data(!) • Pump power requirements are 

dependent on a number of resource-related factors includ

ing the hydrostatic level of the Winnipeg/Deadwood forma

tiono Information enabling power requirements to be 

clarified wo uld be most helpful. It is suggested that the 

postponed resource study be commissioned for this purpose. 
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MARITIME POTASH MINE SURVEY, RESOORCE APPRAISAL 

AND GEOTHERMAL MINE AIR HEATING POTENTIAL 

INTRODUCTION 

There are presently three potash developments wi thin the 

structural feature known as the Moncton Sub-basin (Figure 

1). The Potash Corporation of America at Sussex is the 

only current producer. Denison-Potacan Potash Company at 

Salt Springs plan production for mid-1985, and BP Resour

ces Canada Limited are undertaking feasibility studies at 

Millstream. 

A brief survey of mine air heating factors at the three 

mines was undertaken. The results of the survey are 

included at the end of this appendix. 

2.0 GEOTHERMAL RESOURCE OVERVIEW 

Potential Source Rocks 

The potential source rocks are Lower Carboniferous clastic 

sedimentary sequences underlying the Carboniferous Windsor 

Group evaporites which host the potash deposits. As the 

potash exploration and development drilling was 

essen tially l imi ted to the evapori te sequence, lit tle is 

known of the local character of these rocks. The opera

tors' only substantial interest in the underlying rocks 

were troublesome aquifers should these rocks be 

penetrated. Local interpretations must be derived by 

extrapolation of regional descriptions. Consequently, 

discussion is limited to groups of rocks rather than 

individual favorable stratum. 
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The Moncton and Horton groups of rocks of Carboniferous 

age are considered potential source rocks. The following 

descriptions are summarized from Gussow (1953). 

The Moncton Group is comprised of a sequence of red mud

stone, shale and sil tstone wi th local basal conglomerate 

which is overlain by a sequence of coarse red sandstone, 

gri t and conglomerate and miner shale. The thickness of 

this group increase northward across the Moncton Sub

basin. At Upham, two k ilometres sou th of the Denison

Potacan deposi t, i t is only about 100 metres thick. A 

thickness of about 460 metres has been estimated in an 

area a few _kilometres to the northeast. Elsewhere within 

the sub-basin, 1,800 to 2,100 metres is indicated as a 

maximum thickness. 

The basal Horton Group consists of a sequence of sandstone 

and conglomerate overlain by shale. The sandstone and 

shale sequence ranges from 120 metres in the southwest 

part of the sub-basin to more than 2,100 metres in the 

northeast part. The shale unit has a thickness of 150 

metres in an area about four kilometres south of the 

Potash Coporation of America · deposi t at Sussex. It is 

more than 760 metres thick at a distance of 25 kilometres 

to the northeast. 

There are no available data on the porosity and permeabi

lity of the potential source rocks in the areas of 

interest. Data concerning potential aquifers, extraction 

flow rate potential, water chemistry, natural piezometric 

levels, and so on, are also not available. 
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Basin Features 

The potash deposits are confined to broadly folded basin

like features within the larger, fault-bounded Moncton 

Sub-basin . The accompanying regional isopach map (Figure 

1) and geophysical and drilling data sited by Andele et al 

(1978) suggests depths in excess of 1,800 metres for these 

features. 

Thermal Data 

Although all the potash interests have apparently 

collected t_hermal data, none are publicly available. A 

published temperature log from a classified location with

in the area indicates a thermal gradient of eight degrees 

centigrade per kilometre. 

Temperature data cited in the accompanying questionnaires 

and obtained from discussion with company personnel indi

cate thermal gradients ranging from 10 to 22 degrees 

centigrade per kilometre. There are indications that the 

thermal gradient may diff er · wi thin each potash are a as 

well as from area to area. This variance may, in part, be 

attributed to a "chimney effect". Salt-bearing structures 

often have abnorrnally high thermal · gradients within and 

above the salt with abnormally lower thermal gradients in 

adjacent areas. 

Asses$rnent 

Lack of pertinent thermal and rock property data precludes 

a detailed evaluation of this resource. Consequently, 

such data would have to be collected particularly should 

financial and engineering considerations indicate practi-
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cability. Access to existing data compiled by the potash 

companies may help to meet this requirements and would 

reduce the cost of a full and complete assessment. 

3.0 ASSESSMENT OF GEOTHERMAL MINE AIR BEATING POTENTIAL 

There are a number of factors which indicate geothermal 

heating at the New Brunswick mines to have a very much 

reduced potential, in both practical and economic terms, 

compared to those in Saskatchewan. 

Firstly, the geothermal gradient in the Moncton Basin is 

lower, with a previous study(a) indicating a range of 

11 to 18°C/km. The depth to the expected sedimentary 

resource level is greater, possibly exceeding 2000 m. 

Accordingly, with development costs for wells increasing 

exponentially wi th depth, the costs to exploit such a 

resource will be considerably greater. 

Secondly, winter outdoor air temperatures are less extreme 

in New Brunswick and, also, the ternperature of ventilation 

air delivered to the mining areas is lower ( i.e. 0 to 

2°C as compared to 10 to 24°C). Both these combine to 

significantly lower the peak heating load demand, the 

dura tion of the hea ting season, and the annual energy 

consumption. 

(a) Survey of Geothermal Energy in the Maritime Provinces, 

Acres 1984; National Research Council 
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Thirdly, resulting from the first two, the more expensive 

geothermal heating source would be under-utilized, 

resulting in higher unit energy costs. 

Compensating for the above adverse factors to some degree 

is the higher cost of conventional energy ( propane vs. 

natural gas) and the absence of a PRPA type tax. 

It is provisionally concluded that the potential for 

economic exploitation of geothermal resources for mine air 

heating is poor at this time. In addition to the factors 

mentioned above, the limited knowledge regarding the 

existence, boundaries and properties of the New Brunswick 

geothermal resources must be regarded as a considerable 

constraint, affecting the promotion and encouragement of 

geothermal energy use in the area. 

The potash mine operations may be almost the only ones to 

have penetrated to the present evapori te depths in the 

Moncton Basin. There may be some merit in establishing a 

liaison with the companies to obtain data of interest to 

the geothermal resource identification program. BP 

Resources is curren tly a t 

ation stage which suggests 

co-operative venture. 

the investigation and explor

the opportuni ty for a useful 

1 



BP Resources Canada Limited , via telephone from Keith Crosby, geolog ist 

MINE VENTILATION 

QUESTIONNAIRE 

Mine Production Rate ( KCL) ,.--.._ _ -----. -- ,-------

- Pre sent ( tonnes / yr) . .. Feasilibity stage '\\ 

- Projected ( tonnes / yr) l,200,000 in 1993 ~ 
/ 

Design Ventilation Rate 

- Present (c'fm) 

Projected (cfm) 

_Ventilation Air Temp 

_ ...... / - "\ 
. 500,000 / 
'- - ' ·..._ _ __..,.__ ..,. .... 

- suppl y air ( in) °C / O to 27°C ~ 
discharge air (out) 0 c ··· 18 to 24-°C 

. ______ .. _ _ 
Ventilation Air Heating 

- fuel (propane/ oil / other) 

- current fuel cost ($ / unit) 

- heating method (steam/hot water~-:-rect combustion~ 
I 

Depth to Mining Level (m) -------- ------- -- -, 
. < )----.._ 

' < .8.40 to 1,050 m \ 
Temperature at Mining Level ( 0-ë t · 

;.;> sa.... -·· --.... 
/ .,... .· . ~ 

r 21 to 25°C i 
Process Brine DispOsal 

.--=---- -----....., - -----
~ - injection rate (Igpm) 

- injection temperature (°C) 
Brine pipeline to the Bay o,. Fundy Î 

Energy Conservation/Recovery Devices at Mine 

(Please tick as applicable) 
/ -~- .... .... ,-- ·- -•- ·- -..... ,,,.--·---..... ··--. 

\. ~ o~e cons_idere~ to daJ ~ "> 
_, · vent:-i.-lan-otr-êf1r heat recovery from discharge 

product dryer exhaust heat recovery by dryer intake 
air 

brine waste stream recovery to process make-up water 

other (please specify e.g., recovery by pro duct 
cooling, recrystalizer stream, etc.) 



MINE VENTILATION 

QUESTIONNAIRE 

Mine Production Rate (KCL) 

- Present (tonnes/ yr) 

- Project~d (tonnes/yr) 

Design Ventilation Rate 

Present (cfm) 

- Projected (cfm) 

Ventilation Air Temp 

~--·~--! 50,000 .. __ 

~ 250,000 to 500,000 ; 
. ·----------- ---- -- -- -. -- ----

.. --·-, - ·· •. 

- supply air (in) °C 

- discharge air (out) 

'. .,. +2°C Winter to +29°C Summer \ 

°C '. +22°C Winter to +26° C Summer ) 

Ventilation Air Heating .. 

- fuel ( propane/oil/other) \ Propane 

- current fuel cost ($/unitt~_$20,000/month (Winter) _ 

- heating method (steam/hot water/~Ürect combustio~)\ 
·----

Depth to Mining Level_(m) 
-· ~ '\ 

. 800 m ~ ... _ ,. 

Temperature at Mining Level (°C) 
<22~C) 

' r ' 

Process Brine Disposal 

- injection rate (Igprn) . Pipeline to Bay of Fundy 

- injection temperature (°Ch .. _+2°C (Winter) to + 18°C (Summer) ] 
·...____ .. _ __ _ -~ 

Energy Conservation/Recovery Devices at Mine 

(Please tick as applicable) 

ventilation air heat recovery from discharge 
--~ 

T ~ ' product dryer exhaust heat recovery by dryer intake 
··· air 

brine waste stream recovery to process make-up water 

other (please specify e.g., recovery by product 
cooling, recrystalizer stream, etc.) 

Response By: 
Date: 

A.G. Speed 
Feb. 24, 1985 
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Potash Corp. of America, via telephone from Mr. N. Brown, Mine Superintendent 

MINE VENTILATION 

QUESTIONNAIRE 

Mine Production Rate (KCL) 

- Pre sent ( tonnes/yr) Fluctuating at present 

- Pro j ected ( tonnes/yr) 700,000 

Design Ventilation Rate 

Pre sent ( c'fm) 200,000 

- Pro j ec ted ( c fm) 250,000 

Ventilation Air Temp (Winter heating) 

- supply air (in) °C Winter air, temperature not avai!able .' 
î 

- discharge air (out) °C 

Ventilation Air Heating 

- fuel (propane/oil/other) 

current fuel cost ($/unit) 

60°F ( 15.5°c) 

Not available 

- heating method (st~am/hot watei/direct combustion) ) 
Î 

Depth to Mining Level (m) 1,900 ft. (580 m) 

Ternperature at Mining Level (°C) 

Process Brine Disposal 

- injection rate ( 1gpm) °'-J~o disposa! system 

- injection temperature ( 0 cl ,
1 

Evaporat ion used 
' 

Energy Conservation/Recovery Devices at Mine 

(Please tick as applicable) 

/ 

ventilation air heat recovery from discharge 

__i-product dryer exhaust heat recovery by dryer intake 
air · (in mil!} ', 

~ · br i ne was te stream recovery to process make-up w,~(~ ~rr,- 

other ( please spec i fy e. g. , recovery by producé_vaporat ion syStem) 
cooling, recrystalizer stream, etc.) 
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l. INTRODUCTION 

Corrosion in the form of pitting, stress corrosion cracking, and hydrogen 

blistering is a major problem in the geothermal industry [Ref l]. In liquid 

dominated systems such as the ones under discussion here, the hot water is often 

a brine with high chloride concentrations. Such brines can be very corrosive 

especially if they contain small amounts of dissolved hydrogen sulphide or 

oxygen. Hydrogen sulphide causes pitting [Ref 2] sulphide stress cracking (SSC) 

and hydrogen blistering [Ref 3]. Contamination of the brine with oxygen above 

ground by leakage through valve stems · and at pumps during operation [Ref 1] 

and during shut down periods can lead to severe pitting corrosion [Ref 4]. Oxygen 

contamination in brines containing a2s can result in drastic increases in 

corrosion rates by as muchas two orders of magnitude [Ref 16]. The pH of these 

brines is usually on the acid aide of neutrality. 

The acidic pH relates to the partial pressure of dissolved carbon 

dioxide. A release of the pressure on the liquid at the wellhead can cause a 

rise in pH by as muchas two units to less corrosive values. Unfortunately this 

rise in pH can cause the deposition of calcium carbonate scale on the walls 

of the pipes and heat exchangers and a liquid dominated system used for heating 

should be maintained under pressure and not flashed [Ref 1]. 

This corrosion engineering evaluation deals with the water chemistry; 

the impact of this chemistry on the corrosion of candidate construction 

materials; and the provisional selection of suitable materials of construction. 

Consideration is given to water taken from various formations within the three 

gross lithological divisions [Ref 5]: an Upper Clastic Unit (lOOOm) of shale 

and sandstone with miner limestone and anhydrite in the lower part; a Carbonate 

Evaporite Unit (lOOOm) of dolomite, limestone, salt (halite and potassium salts) 

and anhydride; and a Basal Clastic Unit (2O0m) of sandstone and shale. 
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2. WATER CHEMISTRY 

The specific formations involved are listed below; along with the 

projected temperature and total dissolved solide for the Moose Jaw area which is 

one potential site for a future geothermal project. 

Table 1. 

Formation 

Upper Mannville 
Clastic Gravelbourg-Sandstone 

Carbonate Souris Valley 
Evaporite Birdbear 

Lower Clastic Winnipeg/Deadwood 

Water Sources 

Depth/m 

855 

1,009 

1,115 

1,320 

2,100 

Temp/°C 

35 

38 

42 

45 

65 

TDS/ppm 

10,000 

15,000 

20,000 

35,000 

180,000 

The projected analyses of these waters, Table 2, were prepared using the analyses 

assembled by Vigrass [Ref 6] taking into account the fact that, 

'the waters from below the 650 m depth are sodium chloride waters of the 
Williston Basin type. Total dissolved solide are said to be determined largely 
by the sodium and chloride content, and the remaining ionic composition 
(calcium, magnesium, bicarbonate, sulphate) is remarkably constant.' [Ref 5]. 

The latter statement is supported by the accompanying Stiff diagrams 

[Fig l] of subsurface water in the Regina-Moose Jaw area [Ref 5]. It should be 

emphasised that the analyses are for use only as a guideline for identifying 

potential corrosion problems and for preliminary materials selection purposes. 

The major uncertainties in the projected water compositions are: 

i) the dissolved H2S content of the brines from the formations above 

the Winnipeg/Deadwood 

ii) the dissolved oxygen content 

iii) the pH 
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Table 2. Projected Water Analyses - Moose Jaw. 

FORMATION TDS/ppm CATIONS/ppm ANIONS/ppm H2S 02 pH 
Na+ +K+ Ca++ Mg++ Cl - Hco; = so4 ppm ppm 

MANNVILLE 10,000 2,927 401 255 4,806 122 1,488 NR* NR 5.5-6.5 

GRAVELBOURG 15,000 2,933 1,684 610 6,792 244 2,785 NR NR 5.5-6.5 

SOURIS 
VALLEY 20,000 4,600 1,805 547 8,722 244 4,083 NR NR 5.5-6.5 

BIRDBEAR 35,000 10,189 2,005 608 17,872 244 4,083 many reported 5.5-6.5 
sulphurous 

WINNIPEG/ 180,000 66,800 1,940 360 105,509 400 4,100 24 1.0 5.3** 
DEADWOOD 

* None reported 
** This is an accurate well head value of the unflashed fluid. The fluid produced ca 2% 

gas when flashed [Ref 7]. Other values are corrected laboratory values for flashed 
fluid. 

The dissolved H2S content in the Winnipeg/Deadwood water was determined 

on-site at the Regina well [Ref 7] and the value is considered reliable. 

The waters from the Carbonate-Evaporite Unit may all contain some H2s 
since this Unit contains little iron which converts H2S to pyrites, as is the 

case in the Upper-Clastic Unit. Many of the waters from the Birdbear formation 

have been reported [Ref 6] to be sulphurous indicating the presence of H2S. 

The Souris Valley, which is at the top of the carbonate-evaporite zone, is the 

least likely of the formations in this zone to contain H2S and indeed there 

are no reports [Ref 6] of waters from this formation containing H2S. However 

the presence of traces of H2S in these waters must be regarded as a possibility. 

The Gravelbourg and Mannville waters are unlikely to contain H2S since these 

formations are in the Upper-Clastic unit which contains iron. 

The reported presence of 0.9 - 1.2 ppm of dissolved oxygen [Ref 7] in 

the water from the Winnipeg/Deadwood formation is a contentious issue. Given 

sufficient time to react oxygen and hydrogen sulphide cannot co-exist in a brine 
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and it is commonly assumed that freshly produced brines containing H2S are free 

of o2 [Ref 1,3,8). They may of course be contaminated above ground by inleakage 

at valve stems and pumps. The reaction between dissolved o2 and H2S is slow 

[Ref 8) and it is conceivable that the co-existence could be attributed to waters 

being produced from different formations which were vertically separated by 

permeable or semi-permeable barriers [Ref 7]. The presence of oxygen at upper 

levels is more likely where there is little chance of H2S as for example in 

the Mannville and Gravelbourg formations. Measurements of dissolved oxygen in 

these waters have not been reported. Syrett et al did consider that the Nowlin 

Nol Heber, California [Ref 9) wellhead brine may naturally contain some oxygen 

as well as H2S on the basis of the non-condensable gas composition, but did 

go on to suggest contamination as a source of this gas. Other geothermal waters 

contain dissolved oxygen [Ref 1] but this either occurs in the absence of H2S 

or there are uncertainties about whether the oxygen relates to contamination 

at the well head. 

The pH of the Regina water [Ref 7) from the Winnipeg/Deadwood formation 

was 5 • 3 prior to f lashing af ter which 1 t rose to 6 • 6. Such a rise is expected 

when brines containing carbon diox.ide species are flashed. The projected values 

in Table 2 are the laboratory values with an approx.imate correction to allow 

for this change. 

3. POTENTIAL CORROSION AND SCALING BEHAVIOUR 

3 • l Corrosion 

Hot brines are corrosive. The corrosion rate of carbon steel increases 

with a rise in the chloride concentration and temperature [Ref l]. Such 

laboratory data should be treated with caution as it often does not permit 

sufficient time for protective scales to develop which eventually slow down 

the early rapid corrosion rate. And much of the data used to discuss brine 

corrosion is laboratory data. The present brines increase in chlorinity and 

temperature with increasing well depth and it can be assumed that higher uniform 

corrosion rates of carbon steel would obtain the deeper the well. 

There is a rapid rise in the corrosion rate as the pH is reduced below 5 

in solutions containing C02 [Ref 10). The present brines are at the worst just 

I, , 
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above this value at 5.3. The presence of the co2 will undoubt~bly increase the 

uniform corrosion rate. but not to an unacceptable value at the temperatures 

involved in the present study. 

The presence of H2S will increase the uniform corrosion rate but more 

importantly · may give rise to severe pitting, [Ref 1,2,3), sulphide-stress 

corrosion cracking (SSC) [Ref 1,3) and hydrogen blistering [Ref 1,3). The 

concentration of H2S required to crack high strength carbon steels is as low 

as 0.1 ppm, with a less chance of attack at temperatures above 66•c [Ref 3) 

which is coincidently the high temperature expected in the present waters. 

Fortunately sulphide stress cracking and hydrogen blistering can be controlled 

by the use of low strength metallurgically clean and void free steel [Ref 1). 

The combination of hydroge~ sulphide and carbon dioxide is more 

aggressive than hydrogen sulphide alone in terme of pitting corrosion and the 

presence of even minute quantities of oxygen have been stated to be disastrous 

[Ref 3). 

The presence of oxygen would lead to severe pitting of carbon steel , 

stainless steels and other _ alloys by the produced brine [Ref 1]. Conventional 

wisdom in the oil industry is that 'water produced with oil, even when fresh, 

seldom contains dissolved oxygen' and 'that oxygen corrosion fourni in downhole 

equipment is usually caused by careless operating techniques or faulty equipment' 

[Ref 3). Similarly in the geothermal industry, oxygen contamination by inleakage · 

is considered to be the source of the . severe oxygen corrosion that sometimes 

occurs [Ref 1,4). Oxygen corrosion occurs in secondary oil recovery and cannot 

normally economically controlled by the inhibitors u_sually applied in primary 

oil production [Ref 11 J. lnorganic inhibitors used in aerated water are too 

expensive and the concentrations of filming amine are similarly uneconomic and 

internally coated steel pipe is usually required to handle these brines. 011 

of course is a high value product and as discussed · 1ater any inhibition with 

geothermal brines 1s much more relatively expensive. 

The other constituent of the brine which may cause a corrosion problem 

is sulphate. Sulphate ions are less aggressive than chloride ions and by 
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themselves do not constitute a problem. However in anaerobic conditions they 

can be reduced to H2S by sulphate reducing' bacteria which process leads to rapid 

pitting corrosion of steel. This for example is a colllOOn form of corrosion of 

buried water mains in heavy clay soil containing gypsum, and is also a problem 

in oil wells [Ref 12]. 

The waters from the Mannville and Gravelbourg formations, which are 

in the Upper Clastic Unit, would be the least corrosive. They have the lowest 

temperatures and salinities and are unlikely to contain _any H2S. 

The water from the Souris Valley formation is predicted to be the next 

least corrosive with a somewhat higher temperature and salinity and no reported 

H2S. As mentioned above however the presence of H2S cannot be entirely discounted 

in water from this formation. 

The water from the Birdbear formation is likely to contain H2s and will 

be more corrosive. The most corrosive water will be that from the Winnipeg/ 1 
Deadwood formation, which contains H2S as well as having the highest temperature 

and salinity. 

3.2 Scaling 

Scaling could interfere with the flow of the fluid and the heat transfer 

in the plate heat exchanger. The scales that could form on the pipe and other 

equipment are; 

calcium carbonate, 

calcium sulphate or 

silica. 

The solubility of calcium carbonate decreases with a rise in pH and decreases 

with a rise in temperature. Thus providing that the geothermal fluid is 

maintained under pressure and the pH not allowed to rise calcium carbonate 

scaling is unlikely. Calcium carbonate scaling is a problem in heat exchangers 

where the water is a coolant and undergoes arise in temperature and nota drop 

as in this case. 

Calcium sulphate has a higher solubility than calcium carbonate and 

similarly the solubility increases as the temperature decreases and calcium 
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sulphate scaling is unlikely with the present brines. The solubility of calcium 

sulphate is not sensitive to pH changes in the pH range of geothermal fluide 

[Ref l]. 

The solubility of silica increases with temperature, however it is 

considered that silica scaling should not be a major problem for resources with 

reservoir temperatures less than approximately 150°C provided no flashing occurs 

[Ref l]. 

-4. MATERIALS SELECTION 

This provisional materials selection takes into account; the previous 

operating experience of geothermal systems [Ref 1]; the experience of the oil 

industry in handling brines during primary and secondary production [Ref 3,11,12] 

and brine disposa! ·by reinjection [Ref 8]. 

Mechanical and thermal properties and the cost of corrosion resistant 

materials have been considered along with the projected costs of corrosion 

protection by inhibition and cathodic protection. 

The geothermal system components considered are:

produc tion well 

production pump 

piping, pre and post injection pump 

heat exchanger 

reinjection pump 

injection well 

4.1 Production Well 

Sour service API - J55 or similar low strength casing which is resistant 

to SSC is the recommended metallic material of construction for the production 

well casing. This mild steel has performed satisfactorily in sour brine 

geothermal service and is included in the NACE Standard for SSC resistant 

metallic material for oil field equipment [Ref 13] for tubing and casing for 

all temperatures. API J55 178 mm 8 mm thick casing would cost approximately 

$36.37/m FOB Moose Jaw. 
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Protection of the outside of the casing would require the application 

of an impressed cathodic protection system similar to that used for many oil 

well casings [Ref 3]. The ground around a well is sometimes saturated with brine 

left over from the initial drilling operations and the resulting soil may be 

very corrosive. Such a system bas been installed at the U. of R. well [Ref 14). 

Geothermal well casings at Wairakei have suffered severe external corrosion 

near the surface where they have been in contact with aerated groum water 

[Ref 1]. Multiple casings with careful cementing were used to solve this problem. 

Such multiple casings would not be required if an external cathodic protection 

system were in place. The cost of the cathodic protection system would be 

$15 - 25,000. This system could protect both wells. 

The inside of the casing could be inhibited with weighted filming amine 

inhibitors [Ref 12]. The chemicals for an intermittent treatment on a monthly 

basis would cost $50 - 100/month depending on the well depth and casing size. 

An alternative to using a metallic well casing would be to use fibre- 1 
glass-reinforced plastic (FRP) casing. One geothermal well in France with water 

temperatures of 60°C is a known to have such casing [Ref 15). One problem with 

FRP casing is making sufficiently strong joints to join the sections together 

when casing deep wells. One standard FRP pipe system is said to be good for 

1,000 m. Casing 203 mm OD, 11 mm thick sufficient to withstand the external 

collapse pressure during cementing would cost $150/m for the material. The 

cementing would have to be done in 300 m stages to avoid collapse. At the present 

time there does not seem to be a wealth of knowledge regarding the use of FRP 

well casing in the oil-industry and the recent materials selection guidelines 

for geothermal systems [Ref 1] does not include a single case of its use for 

casing. Extra casing with steel near the surface would protect the FRP from 

mechanical abuse. FRP is a brittle material. FRP with a vinyl ester resin would 

probably have the best combination of corrosion resistance and mechanical 

properties. 

The FRP would be the most suitable from the corrosion standpoint for 

the deepest well where the most H2S will be foum. However the technology for 

wells deeper than 1,000 mis not well developed and FRP casing is not recommended 

for this project. 
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Epoxy coatings could be applied to the inside of the steel casing. 

However the life of these brittle coatings is doubtful. They could be damaged 

by rough handling of the casings during installation. The cost of such coated 

steel would be approximately 1.3 the cost of plain steel tube. These coatings 

are liable to failure by blistering and peeling [Ref 1]. 

4.2 Production Pump 

This is a key component of the system and should be constructed f rom 

alloys likely to give good performance at a reasonable cost. Titanium and high 

nickel alloys (such as Hastelloy C 276 and Inconel 625) would perform very well 

but could triple the cost of a pump using more conventional materials. The cost 

of one particular pump which would handle 150 m' /h, with a total dynamic head 

of 150 m would be in the $60 - 70,000 price range. This pump is used extensively 

in the oil industry and has a carbon steel housing, with external Monel flame 

spray; Ni Resist impellers and diffusera and a Monel shaft. Such a pump has 

been used to handle oil containing brine, SG ,. 1.07, with a high H2S and co2 
gas content, at 82°C. 

The NAGE Standard RP-04-75 [Ref 19] which deala with the selection of 

metallic materials to be used in all phases of water handling for injection 

into oil bearing formations is relevant. This standard includes lista of 

materials for both vertical submersible pumps (downhole motor driven) and 

vertical turbine pumps (shaft driven). Materials are listed for four environments 

aerated and non-aerated with and without H2S. The selections are very similar 

for all environments. The original standard should be consulted for complete 

details, inçluding alloy compositions. 

The materials listed for all four environments for the vertical 

submersible pumps and for non-aerated environments with and without H2S for 

the vertical turbine pumps are shown in Table 3. 
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Table 3. Production Pump Materials. 

Vertical Submersible 
All environments 

316 stainless,Ni Al & 
AlBr w ca 
NiReca 
Hard Co,Hard Ni/316 

316,KSOO 

C 
BrgBr, NiVBr 

NH 

Fe 
C 

Vertical Turbine (Shaft driven) 
non-aerated non-aerated 
without H2S with H2S 

316,3161 
AlBr 
63Brca 
NiRe 

400M,K500,316 

C 
NiVBr 

NH 

316,3161 
AlBrca 

400H,KS00,316 

C 
NiVBr 

NH 

Cl Fe 
C C 

Fe2c, Fec 

The materials having the greatest expected life are placed on the first line, the 
next longest life expectancy on the second line etc. 

Potential corrosion problems with the alloys in Table 3 are that: 316 

is subject to pitting and sec cracking in chloride solution in the presence 

of small amounts of oxygen which would contaminate the brine during operation 

or shutdown; copper alloys are susceptible to severe corrosion when traces of 

sulphide are present [Ref 1) and should be avoided. N1Al and N1Al are 80-81% ca w 
copper alloys. AlBr 1s a 85% copper alloy, Ni Resist does not contain ca 
sufficient Cr to prevent pitting if oxygen entera the system. However as 

mentioned above these materials are used extensively in the oil industry where 

corrosive brines containing H2S and co2 are handled and the use of a pump with 

standard materials is recommended for the present project. Haterials recommended 

by the NACE Standard these should be chosen in consultation with the pump 

manufacturer when the pump has been designed. 

Bimetallic corrosion effects should be carefully studied. Sometimes 

however a base metal such as iron can cathodically protect stainless steel for 

example and permit its use as pump and valve trim with a steel body [Ref 17). 

1 
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The recommendation at this stage of the project is to use 316 stainless 

steel for the bowl and impellers and Monel or 316 for the shaft; and C for the 

bearings, with the objective of avoiding copper alloys which can cause problems 

when the H2S concentration in geothermal fluide is as low as 7 ppb [Ref 1]. 

It has been suggested that virtually all geothermal fluide contain sufficient 

H2S to damage copper alloys [Ref 1]. 

Stainless steel components should be drained and rinsed during shut 

down periods to avoid the initiation of localized corrosion. Stagnant conditions 

are to be avoided [Ref l]. 

4.3 Pre-Injection Pwnp Line 

FRP pipe is recommended for this line which is expected to have a 

pressure of 0.7 M Pa. 

Many geothermal lines have suffered severe corrosion, especially when 

oxygen bas infiltrated into the system [Ref 1]. The cost of inhibiting carbon 

steel lines on a continuous basis is expensive. One m3 of brine cooled from 

65 to 33°C liberates heat equivalent to 47e 'WOrth of natural gas. The cost of 

inhibiting thia water to the level normally used in the oil-industry (ca. 20 

- 30 ppm) would be 8 - 12 e or for a lOOm'/h system, 70,080 to $105,129/annum, 

which would be approximately equal to the initial capital cost of the line for 

this project. Additional costs would be associated with the external coating 

and cathodic protection of a steel line. 

The NACE Standard which applies to the selection of metallic materials 

to be used in water ·handling for injection into oil bearing formations 1s 

relevant. Gathering and injection lines for water which is non-aerated and 

aerated with and without H2S are all recommended to be either internally coated 

steel or non-metallic. Mild steel line internally coated with epoxy and 

externally coated for protection against soil corrosion by yellow jacket or 

tape insulation costs approximately 1.5 - 1.8 plain mild steel when laid. There 

are problems with epoxy lined pipe if it is roughly handled during installation 

and it is doubtful whether a 20 - 30 year life could be assumed. Pitting 

corrosion at breaks in the coating could be a problem. 
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FRP pipe is being used in one geothermal project [Ref 1] where a line 

failed due to oxygen corrosion. Otherwise little data ie available from 

geothermal experience. Ho-wever FRP pipe was being succesefully used for 

concentrated bri nes at 80°C in 1965 [Ref 18] in a caustic-chlorine plant and 

is presently being used i n the oil fields to handle corrosive brines and FRP 

vinyl ester pipe is recommenrled for this line. The coet would be approximately 

1.2 the cost of mild steel pipe laid . Such pipe ie very light and can be l aid 

by a two man crew. The pipe can be glued or ball and spiggot jointe can be ueed . 

The pipe could be insulated with styrofoam pipe insulation. One problem that 

bas been encountered with buried FRP pipe in the oil inustry is atone breaks 

due to ground movement in the spring. The pipe should be laid on a 6" eand bed 

and covered by sand. ASTM A53 steel pipe could be used to join the buried pipe 

to the -well head. The steel pipe would be much more robust and less liable to 

accidenta! damage. This short section of steel pipe could be internally coated 

with epoxy. 

4.4 Plate Heat Exchanger 

Plate heat exchangers have several advantages over the more standard 

shell and tube exchangers for use in geothermal applications. They are readily 

cleaned; the stamped plates are thin and can be made of expensive materials 

which may be required for corrosion resistance; and approach temperatures are 

smaller. The latter factor 1s important in low temperature geothermal 

applications. 

Titanium preferably ASTM Grade 12 is preferred for this equipment. It 

bas very good resistance to corrosion in hot brines aerated to deaerated as 

evidenced by the fact that it is one of the major contenders for the disposal 

of nuclear waste by deep burial, where ground water containing NaCl might occur. 

The ASTM Grade 12 has a better resistance to pitting and crevice corrosion in 

brine than commercially pure titanium [Ref 1]. In various field tests at 

geothermal sites and laboratory tests titanium has proven to have outstanding 

corrosion resistance. It is a strong, ductile metal and highly suitable for 

plate heat exchanger manufacture. 

It is important not to have pitting or other localized corrosion in 

the heat exchanger. In-leakage of cooling water could cause severe oxygen 
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corrosion of the injection well. Out-leakage of the brine containing the H2s 
from the Winnipeg/Deadwood formation would pose an immediate health hazard 

[Ref 7]. 

4.5 Injection-Pump 

The NACE Standard RP-04-75 [Ref 19] lista suitable materials for the 

construction of injection-pumps for aerated and non-aerated waters, with and 

without H2S. 

A multistage centrifugal pump, similar to that used by the potash 

industry in Saskatchewan for brine disposa!, would be used. Positive displacement 

pumps have insufficient capacity for the flowrates under consideration. 

It is recommended that materials for the present project be chosen from: 

casing, 316, 316L. stainless steel; impellers, 316, 316L stainless steel; 

stationary rings, 316, 316L stainless steel; rotating rings, tungsten carbide, 

Hard Co, Hard Ni; shaf t sleeves, tungsten car bide, Hard Co, Hard Ni; shaf t, 

Monel K500, 17-4 PH stainless steel (wrought) or ACl Grade CB - 7 Cu (cast), 

316 stainless steel; mechanical seal (316 + NonZnBr + C + WC - complete unit). 

The materials . for the shaf t are in order of ranking. The se mate rials are 

recommended by the NACE standard for all the above mentioned environments. The 

NACE Standard should be consulted for full details. 

The precautions relating to the use of stainless steel components 

mentioned earlier would also apply to this pump. 

4.6 Post Injection-Pump Piping 

The pressure on the line after the injection pump may be 2.4-4.0 M Pa. 

FRP pipe can be made to withstand this pressure, however it is considered that 

lined steel pipe would be preferable for this service. This line should be kept 

as short as possible. Sorne of the alternatives are: epoxy lined steel pipe -

which is used widely in the oil industry for handling brines; FRP lined steel 

pipe; polyethylene lined steel pipe; PVC lined steel pipe. 

The recommendation is to use mild steel pipe with a FRP lining. The 

couplings would contain corrosion barrier rings. The cost of the lining is 

approximately $24.75/m for a 152 mm pipe and $15.68/m for a 102 mm pipe. 
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4.7 Injection Well 

It is assumed that the injection well will consist of a tube run into 

a casing and the tubing casing annulus closed off with a packer. The annulus 

can be filled with inhibited water to prevent interna! casing corrosion. 

API J55 or similar [Ref 1,13] would be suitable for the casing. 

The tubing could be internally protected by: an epoxy coating; a cemented 

FRP lining; a cemented PVC lining. One such system for example at Hidale, 

Saskatchewan is using PVC lined tube to a depth of 1,500 m. An FRP lined tube 

1s recommended. 

As discussed earlier the continuous addition of inhibitors to the 

produced water of a geothermal system would not be economical. This has also 

been pointed out elsewhere [Ref l J. Oxygen scavengers, in particular sodium 

sulphite have been used in Iceland, but again continuous treatment may be 

uneconomic, and geothermal fluid pretreatment and post treatment if required 

are presently undefined [Ref l]. 

4.8 Effect of .Water Source on Materials Selection 

The selection of API JSS or similar low strength mild steel well casing 

is recommended for all the well casings. 

The water from some of the upper formations may not contain H
2

S however 

because of the high chloride content and seemingly inevitable oxygen 

contamination, during operation or especially shut down, then the FRP pipe is 

considered the best selection for the pre-injection- pump piping and FRP lined 

mild steel pipe for the post-injection-pump piping . Similarly the water entering 

the reinjection well should be considered corrosive and the use of FRP lined 

steel tubing inside an unlined mild steel casing is recommended for all the 

fluide. 

The plate heat exchanger with titanium plates is recommended for all 

fluids. 

1 
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It is considered that standard pumps similar to those in use in the 

oil and potash industries could be used for the production and injection pumps 

for the waters from all the formations. The waters from the Mannville, 

Gravelbourg and Souris Valley formations would likely cause the least corrosion 

problems to the pump materials listed above. 

5. SUMMARY OF MATERIALS SELECTION FOR CORROSION CONTROL 

The materials selected for the various pieces of equipment are shown 

.in Table 4 along with any necessary corrosion control measures. 



Table 4. SUHMARY OF MATERIALS SELECTION FOR CORROSION CONTROL 
EQUIPMENT 

Production 
Well Casing 

MATERIAL 

API J55 or 
similar 

Pumps 316 stainless 
Production Monel 
and Injection 

Pre Injection
Pump Piping 

Post Injection
Pump Piping 

Plate Heat 
Exchanger 

Injection Well 
Casing 

Tubing 

FRP vinyl ester 
pipe with 
styrofoam pipe 
insulation, buried 

(ASTM A53, 
API SL) 
with FRP vinyl 
ester lining 

plates and 
parts in contact 
with brine -
titanium or 
or Ti - Code 12 

API J55 or 
similar 

API J55 lined 
with FRP vinyl 
ester liner 

COST 

$36.37/m 
FOB Moose Jaw 
178 mm diameter 
8 mm thick 

Approx. 
1.20 x mild 
steel laid. 

152 mm pipe -
liner cost 
$24.75/m 
102 mm pipe, liner 
cost $15.68/m. 
pipe - see bel~ 

2.5 cost of 
an equivalent 
stainless steel 
unit? 

see above 

For comparison purposes mild steel pipe: 
ASTM A53 102 mm (4" SCH 40) $13. 74/m; 
ASTM A53 203 mm (8" SCH 40) $35.03/m; 

ASTM A53 
ASTM A53 

CORROSION CONTROL 
SYSTEM COST 

External - Cathodic 
Protection 

Internal - -weighted 
filming amines 

Stainless steel 
components should be 
drained and rinsed 

Capital Coat 
$15-25,000 

$50-100/month 

during plant shutdown 
Avoid stagnant conditions 

none required 

Corrosion barrier 
rings in coupling. 
External - cathodic 
protection - linked 
to casing cathodic 
protection 

External - cathodic 
protection - linlœd 
with other system. 
Annulus 
inhibited water. 

102 mm (4" SCH 80) 
203 mm (8" SCH 80) 

Inhibited water 
$50-100/treatment. 

$23.58/m; 
$70.78/m. 



REFERENCES 

1. Ellis, P. F. and Conover, M.F., 1981. Haterials. Selection Guidelines for 
Geothermal Energy Utilization Systems. 

2. Dvoracek, L.M., 1975. "Pitting Corrosion of Steel in H2S Solutions". 
Corrosion, Vol 32, No 2, pp.64-68. 

3. Corrosion Control in Petroleum Production, 1979, TPC Publication No 5, NACE, 
Houston, Texas. 

4. Goldberg, A. and Owen, L.B., 1979. "Pitting Corrosion and Scaling of Carbon 
Steels in Geothermal Brine". Corrosion, Vol 35, No 3, pp.114-124. 

5. Vigrass, L.W., Kent, D.M. and Leibel, R.J., Oct 1979. "Low Grade Geothermal 
Potential of the Regina-Moose Jaw Area, Saskatchewan." CIM Bulletin, 
pp.67-76. 

6. Vigrass, L.W., Kent, D.M. and Leibel, R.J., 1978. "Low-grade Geothermal 
Project, Geological Feasibility Study, Regina-Moose Jaw Area." Tp.14-23. 
Rge.15-27 W 2nd Mer: DSS Contract No OSU 77-00125. 

7. Postlethwaite, J., Vigrass, L.W., Gumrnadi, V., Neufeld, R. and Kybett, B.D., 
1980. "Water Chemistry Testing on Western Canada Geothermal Waters." 
University of Regina, Report to Public Works Canada, 12 pp+ appendix. 

8. Ostroff, A.G., 1979. Introduction. to Oilfield 'Water Technology, 2nd Ed, 
NACE, Houston, Texas. 

9. Syrett, B.C., Macdonald, D.D. and Shih, H., 1980. "Pitting Resistance of 
Engineering Materials in Geothermal Brines-1. Low Salinity Brfnes." 
Corrosion, Vol 36, No. 3, March. pp.130-13. 

10. Speller, F.N., 1951. Corrosion - Causes and Prevention, 3rd Ed, McGraw Hill. 

11. Dunlop, A. K. , 1973. Corrosion Inhibition in Secondary Recovery. Corrosion 
Inhibitors Ed. c.c. Nathan, NACE, Houston, Texas. 

12. Nestle, A., 1973 Corrosion Inhibitors in Petroleum Primary Recovery. 
Corrosion Inhibitors Ed c.c. Nathan, NACE, Houston, Texas. 

13. Sulphide Stress Cracking Resistant Metallic Material for Oil Field Equipment. 
NACE Standard MR-01-75 (1978 Revision), NACE, Houston, Texas. 

14. Postlethwaite, J., 1982. Design and Installation of Cathodic Protection 
System for Geothermal 'Well Casing U. of R. , Regina 3-8-1 7-19 W2M Appendix 
II, Report prepared for Govt. of Canada and Govt. of Sask. under Contract 
No 5001-1. 

15. Ten Dam, ., 1978 

Appendix 2 NAGE Standard TM -01-77, 1977, Testing of Metals for Resistance 16 • to Sulphide Stress Cracking at Ambient Temperatures. NACE, Houston, Texas. 

17. Fontana, M.G. and Green, N.D., 1967, Corrosion ·Engineering, p 272, Mc:Graw 
Hill, New York. 

18. Szymanski, W.A., April, 1965. "Reinforced Polyester Piping Systems." Chemical 
Engineering Progress, Vol 61, No.4, pp.53-56. 

19. NAGE Standard RP-04-75. Selection of Metallic Materials to be used in All 
Spheres of 'Water Handling for Injection into 011 Bearing Formations. NACE, 
Houston, Texas. 




