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EXECUTIVE SUMMARY

The City of Moose Jaw is contemplating the development of a
health spa using warm mineralized brine to be extracted from
one of the geothermal reservoirs underlying the City. For a
period of 25 years from 1932 the City operated a recreational
indoor swimming pool, a natatorium, that was supplied with
mineralized brine from a well originally drilled for natural
gas.

In addition to providing an attractive amenity and therapeutic
health centre for the City's growing senior citizen population,
the City is also interested in encouraging the co-development
of other geothermal opportunities including building heating
and a possible centre for geothermal research.

The Earth Physics branch of Energy, Mines and Resources, Canada
has been actively pursuing geothermal energy development for a
number of years. This prefeasibility study is funded by EMR as
a continuation of this effort.

A number of geothermal formations exist at depths from 900 to
2,300 m, and contain brines at temperatures of 30 to 60°C, and
with salinities of 4,000 to 180,000 ppm. For pool and spa use,
lower salinity brines are preferred.

The subject study identifies a practical and cost effective
rationale for retrofitting existing heating systems to maximize
the economic utilization of this low temperature energy
resource.

As an addition to the basic brine restoration scheme, four
central heat schemes were investigated. Each is progressively
larger in terms of number of buildings connected and total heat
load. The emphasis has been on the economic connection of City
owned buildings. All schemes involve the use of heat pumps to



upgrade heating system temperatures from resource conditions of
38 and 44°cC.

The costs for the four schemes including wells, central heat
plant and distribution system vary from $1.2 million to over
$5 million. As stand-alone heating projects, none are able to
‘meet the City's minimum return requirements for investments of
6 to 7 percent, real (i.e. 12 to 13 percent nominal).

Co-development with the Spa facility, involving the sharing of
expensive geothermal supply and disposal wells, substantially
reduces the cost chargeable to heating to the point that
Schemes 1 and 2 provide returns of over 10 percent real (i.e.
16 percent nominal). Capital assistance, potentially available.
through EMR's energy demonstration program (ENERDEMO), in-
creases Scheme 1 returns to almost 14 percent, real (20 percent
nominal) and with progressively lesser effect on the larger,
more costly schemes.

The study concludes that both Schemes 1 and 2 are economic
candidates for co-development with the restoration project and
recommendé further investigation 1in parallel with Spa
development.



SOMMAIRE EXECUTIF

La ville de Moose Jaw est entrain de contempler le développe-
ment a'une institution de santé@ bas@e sur l'extraction d'eau
tiéde, salée et minérale d'un des ré&servoirs géothermiques de
la ville. Depuis 1932, et pour une période de 25 ans, la ville
a entretenu une piscine publique fermée en utilisant 1l'eau

salée minérale d'un des puits creus& 3 l'origine pour le gaz

naturel.

La création d'une centre attractif et thé&rapeutique pour une
ville dont la population d'age a'or augmente m'&tait pas le
seul but de Moose Jaw. D'autres projets ygéothermiques &taient
en vue citant un projet de réchauffement d'immeubles et un
centre de recherche.

La branche de la physique du globe du dé&partement d'Energie,
Mines et Ressources, . Canada a &t& active dans le développement
et le financement de l'&@nergie g&cothermiques aurant plusieurs
années.,

Plusieurs formations géothermiques existent 3 des profondeurs
de 900 3 2300 m et contiennent de l'eau salée dont 1la

température varie entre 30 et 60°C.

Leur pourcentage de salinit& est entre 4000 et 180,000 ppm.

Un bas pourcentage est pré&férable pour l'eau de piscine et pour

l'institution de santég,

Cette &tude consiste 3 trouver une méthode pratigque et non
A 3 ) . -~ -

couteuse pour modifier 1l'ancien systéme de chauffage et

-

faire un protit maximal de cette source 3 basse température.

En plus du plan d'origine pour le ré&tablissement de 1l'eau
sal@e, quatre autres projets ont &t& é&tudiés. Le nombre



d'immeubles reliés &conomiquement et la charge totale de
chaleur augmentent avec chacun de ces projets. Vu que 1la
température de l'eau provenant des ressources naturelles varie
entre 38 et 44°C, des pompes 3 chaleur sont utilis@es pour
réchauffer l'eau du systéme de chauffage.

Le prix des quatres plans et celui des puits, de la central
thermique et du systéme de distribution varie entre §1.2
million et plus de $5 million. Les projets de réchauffement
individuels sont incapables de satisfaire aux besoins minimales
d'investement de 6 a 7 pour cent, réel (i.e. 12 & 13 pour

cent nominal).

Le co-développement avec les facilit&s de 1l'institution qui
consiste & partager 1le matérial g&othermique et 1les puits
coateux, réduit le prix de chauffage de tel tagon gque les
plans 1 et 2 contribuent & 10 pour cent du rendement réel
(i.e. l6 pour cent nominal). L'assistance financiére
disponible du programme d'@nergie du EMR (ENERDEMO) augmente
les profits du projet 1 de 14 pour cent, réel (20 pour cent
nominal) et diminue graduellement l'effet des grands projets

A
coutant plus cher,

Cette @&tude conclut que les projets 1 et 2 sont &conomiques
pour le co-développement du projet de restoration et recommende
des recherches aaditionnelles pour le développement de

l'institution.



COPYRIGHT NOTICE

© HER MAJESTY THE QUEEN IN RIGHT OF
CANADA 1984 as represented by Energy,

Mines and Resources, Canada.



PREFACE
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1.0

INTRODUCTION

The Natatorium indoor pool operated by the City of Moose
Jaw was originally supplied with warm mineralized water
from a deep well bored to explore for natural gas. This
geothermal source of brine water, flowing under artesian
pressure, supplied the Natatorium continuously from 1932
to 1957, when, following collapse of the wooden well
casing, the supply ceased. Since that time the pool has
been supplied by freshwater, heated with natural gas.

During the almost thirty years of operation, the brine
pool provided a considerable attraction to the immediate
population in the region and was a tourism feature of the
City.

Following the City's initial interest in re-establishing
the brine supply, other opportunities for wusing the
geothermal heating potential came under consideration; in
particular, the possibilities for using geothermal
mineralized brine in a Health Spa development and also as
a source for heating the Natatorium and perhaps other
local buildings.

Energy Mines and Resources Canada, as part of its ongoing
long-term interest in geothermal development has commis-
sioned Acres International Limited to evaluate the issues
of geothermal restoration and investigate various options,
as appropriate, to utilize the geothermal capacity for
heating purposes. These options are to properly reflect
the City's preferences and wishes regarding the future of
geothermal development in Moose Jaw.



City Requirements and Study Objectives

Natatorium Restoration and Spa Development

At the centre of the subject investigation is the proposed
scheme to re-establish a geothermal brine supply to the
Moose Jaw Natatorium and to serve a proposed Health Spa
development. This is motivated by a variety of objectives
not least of which is to re-create the unique recreational
bathing facilities that previously existed at the
Natatorium. The Health Spa development is to provide
benefits in the form of improved amenities attractive to
local 1inhabitants and also as an attraction promoting
increased tourism. These provide indirect economic bene-
fits to the City which are in addition to direct savings
obtained by displacing consumption of natural gas by geo-
thermal heating of the Natatorium and other buildings.

As an operational geothermal facility and the only one of
its kind in Canada to involve the exploitation of deep
warm-water brines, it would also offer a significant
opportunity to develop a centre for continuing research
into uses and long-term effects of geothermal operation.
In view of the infancy of geothermal in Canada such a
facility centered in Moose Jaw would offer considerable

business and promotional potential.

Quantification of indirect and/or intangible benefits
falls outside the terms and reference of this engineering
pre-feasibility study. Nevertheless, the above possibili-
ties bring. attention to some of the major features
potentially available.



Co-Development with Geothermal Heating

Beyond re-establishing the brine supply is the potential
for assisting the attractiveness of the scheme by co-
developing with geothermal heating. An important obser-
vation derived from the 1982 study is that a major cost of
geothermal heating lies in the development of the two
wells required for supplying and re-injecting the £fluid
back to the reservoir formation. Furthermore, there is a
least-cost size for the wells, a size that is capable of
supplying a very large range of heating loads and
involving, essentially, an incremental cost for pumping
more or less of the fluid to suit the particular load.
This is an important factor because it means that once a
supply and return well system is established the cost for
increasing well output is typically quite minimal. This
consideration justifies examination of various schemes,
each of increasing output potential, expanding to include
buildings local to the Natatorium and Crescent Park. The
limit to this approach is imposed by the finite output
capability of a single supply well from any given
reservoir formation. Predictably the economic limit will
be reached when the increasing cost of distributing heat
to increasingly remote buildings exceeds potential gas
savings.

Adjacent to the Natatorium is the YMCA-YWCA building, the
Library and Art Museum. These buildings, all located with
Crescent Park, fall within the City's jurisdiction. A
number of other buildings with the City's jurisdiction are
located in proximity to the park including the City Hall
and Senior Citizen apartment complexes. This gives rise
to the possibility of extending the supply, in the form of
a central heat distribution (CH) system, to serve these



and also some of the large private building operations
within economic proximity. Arranging with private owners
to connect to such buildings could be mutually beneficial
and helpful as a means of improving load demand on the
system.

The City has indicated 1its willingness in principle
(Meeting, November 19, 1984) to own and operate a central
heat distribution system seeing in this a heat utility
operation that would closely parallel similar utilities
for which it is responsible (e.g., the town water supply).
Single source responsibility involving installation by the
City of a City-run central heat system to supply to
buildings administereC by the City offers significant and
possibly unique institutional and economic advantages to
CH development and operation, conditions not existing in
conventional commercial relationships between supplier and
user.,

Background to Geothermal Energy

Earlier studies (Acres, 1983; Acres, 1984) have demon-
strated the sensitive balance of design, performance and
cost factors necessary to economically match low tempera-
ture, geothermal energy sources to space heating appli-
cations. For economic operation the studies have identi-
fied the need to:

1) select heating applications with large load demands;

2) engineer the heating system retrofits to properly
accept lower-than-normal supply temperatures; and,



3) ensure a useful portion of the available energy is
extracted from the geothermal supply throughout the
year.

Most, if not all, of the conditions are essential for
reasonable utilization of geothermal systems in order to
achieve energy costs that are competitive with convention-
al energy sources (oil, gas, and electricity).

LT geothermal systems require a significant front-end
investment for exploration, well development and testing,
but they incur low to moderate costs to operate and main-
tain. This pattern of high investment and low operating
cost is opposite to o0il and gas fired energy systems where
a relatively small investment is incurred for plant and
equipment but operating costs are high because of the fuel
costs.

These high geothermal investment costs are fixed and need
to be amortized over the operating life of the project,
probably 20 or 30 years. Typically, this is the major
component of geothermal energy costs ($/GJ) so that the
greater the amount of energy that can be taken by the load
user(s), the smaller becomes the fixed component, lowering
the unit cost and improving competitiveness, relative to
other energy forms. Relative to those of o0il and gas,
geothermal costs are more stable so that competitiveness
is further improved over time as a result of real

increases that occur in conventional energy prices.

The technical, operational and cost aspects of LT geother-
mal applications, including unit energy cost comparisons
with conventional energy, were comprehensively studied (1)
in 1982. Little has occurred in the interim to modify the



finding of that study which concluded that geothermal
heating has the greatest potential in building space heat-
ing applications.



2.0

RESOURCE ASSESSMENT

Introduction

Water contained in deep, sedimentary bedrock aquifers of
the Williston Basin (Figure 2-1) underlying Moose Jaw
constitutes a low-temperature geothermal resource. The
heat content of these waters is determined by the natural
thermal gradient of the earth while the energy available
for application at surface depends on the rate at which
thermal water can be extracted.

This section identifies prospective geothermal aquifers,
reservoir characteristics, and thermal water production
potential for the selected formations. The sedimentary
succession overlying the Precambrian igneous-metamorphic
basement at Moose Jaw is approximately 2237 m thick. The
feasibility study considers two cases; firstly, relatively
shallow reservoirs 1less than 1300 m deep with water
temperatures between 27-50°C and secondly, reservoirs
between 1978-2370 m deep immediately above basement with
water or brine temperatures about 60°C.

Basic geothermal data was obtained from four main sources:

1) o0il and gas industry well files for the area surround-
ing Moose Jaw;

2) historical records on the old "Moose Jaw Well"
(Section 2.2);

3) a study by Vigrass, Kent and Liebel (1978) of the
University of Regina, entitled "Low-Grade Geothermal
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Project, Geological Feasibiity Study, Regina-Moose Jaw
Area, Saskatchewan"; and,

4) the geothermal test well experience at the University
of Regina.

Vigrass et. al, (1978) is particularly useful as back-
ground information to the current study and their work is
gratefully acknowledged.

Figure 2-2 shows the 1location, density and penetration
depth of o0il and gas industry wells that form the primary
data base for the geothermal analysis. Well control in
the project area, particularly for the deeper formations,
is poor and in most instances data must be interpolated
over distances greater than 10-20 km.

Certain problems inherent in geothermal reservoir mapping
using oil and gas data are outlined in Sproule (1983).
The following comments are relevant to the Moose Jaw area.
Routine drill stem tests cover only short intervals of
potential water production intervals, commonly at the
upper section of the permeable strata where accumulations
of hydrocarbons would be expected. The expense of
thorough formation testing 1is not justified where no
hydrocarbons are in evidence, as is commonly the case,
hence data and bottom hole temperatures are often
inaccurate and misleading. Temperature and water flow
information available from the o0il and gas industry is
notoriously poor, largely because this information is of
little importance to them. Details on the downhole
conditions and elapsed time since last drill £luid

circulation are often not reported with temperatures



2.2

making it more difficult to distinguish good from bad
data.

Notwithstanding the above problems, an adequate estimate
of production potential is possible, considering the
reasonably consistent stratigraphic sequence underlying
the project area, by using a conservative approach and
calibrating o0il and gas data with the results from the
Regina geothermal test and the o0ld Moose Jaw well. It is
emphasized that the reservoir parameters predicted are
estimates only which must be proven by exploratory or
development drilling.

Moose Jaw Well Historical Records

Records for the original 1042 m deep Moose Jaw well
(Department of Mineral Resources, well files), believed to
be reliable, are summarized below.

Location - Sec 32, Twp 16, Rge 26 W2nd Meridian
Elevation - 542 m
Depth - 1006 m in 1913-14 extended to 1042 m in 1931-32

Casing - 49 m x 45.7 cm (18 in)

183 m x 36.5 cm (14 in)

358 m x 25.4 cm (10 in)

633 m x 20.3 cm ( 8 in) probably pulled
880 m x 15.2 cm ( 6 in) probably pulled
923 m x 12.1 cm (4 3/4 in)

Plug @ 1018 m
12 m slotted pipe placed above plug

Salt Water Intersections

279 m - 299 m, 18.2 m3/h, 15.5°C
895 m, 6.8 m3/h, 27.2°C
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Well Prognosis

A north-south section of existing well (Figure 2-~2) has
been used to interpolate the depth and thickness of the
sedimentary formations underlying Moose Jaw. The section
is oriented so as to minimize the effects of E-W facies
changes and complex structure at the Prairie Evaporite
solution edge east of Moose Jaw. Moose Jaw is part of a
salt free depression in southwestern Saskatchewan. The
solution edge is delimited by a prominent scarp with
younger strata draped over the present salt edge (Simpson
and Dennison, 1975).

Table 2-1 shows formation top elevations for the wells in
the section. Formation elevations at Moose Jaw (Moose Jaw
Well Prognosis) are interpreted from the 0l1d Moose Jaw
Well and by interpolation from 14-3-18-26 W2 and 14-19-
15-25 W2 for the incremental interval to -771 m elevation,
and 1-3-19-26 W2 for the lowermost section to basement.
Predicted formation top elevations in Table 2-1 are trans-
lated into depth below surface (at 545 m elevation) and
formation thickness in Table 2-2.

Temperature Profile

Subsurface temperature data for the Regina-Moose Jaw area
is shown on a temperature depth plot in Figure 2-3. The
plot incorporates temperatures from the following
sources:

1) drill stem test temperatures from Regina-Moose Jaw
area (after vigrass, 1978)



TABLE 2-2

MOOSE JAW WELL - GEOLOGICAL PROGNOSIS

Formation Tops

Elev in Depth (m) Thickness

FORMATION (m) (surface elev 545m) (m)
1st specks +54 491 -
2nd specks -28 573 -
viking Sand =250 795 11
Mannville (Blairmore) =278 823 838
vVanguard ~366 911 37
Upper Shaunavon -403 948 17
Lower Shaunavon =420 965 10
Gravelbourg -430 975 73
Gravelbourg Sand =459 1004 9
Upper Watrous =503 1048 20
Lower Watrous -523 1068 19
souris Valley (Madison) =542 1087 123
Bakken -665 1210 10
Big Valley -675 ’ 1220 9
Torquay -684 1229 49
Birdbear =733 1278 38
Duperow =771 1316 126
Sourvis River -897 1442 148
Dawson Bay -1045 1590 82
Winnipegosis -1127 1672 73
Ashern -1200 1745 10
Middle Interlake -1210 1755 66
Lower Interlake -1276 1821 36
Stonewall -1312 1857 23
Stoney Mountain -1335 1880 35
Red River -1370 1915 63
Winnipeg -1433 1978 40
Deadwood -1473 2018 219
Precambrian -1692 2237



TABLE 2-1

FORMATION TOPS (ELEVATIONS IN METRES)
PROJECTED FOR MOOSE JAW AREA FROM
SURROUNDING WELLS

MOOSE JAW WELL

LOCATION 1-3-19-26 14-3-18-26 5-33-16~26 (PROGNOS1S) 14-19-15-25 2-11-15-26
T.D. (Total Depth) 2237 1299 1042 - 1463 2359
Datum K.B. (Kelly
Bushing elevation) 596 595 542 545 580 590
Cretaceous .
lst specks €8 i -9 +54 +54
4nd specks : 32 -46 -28 -28 -148 -127
Viking Sand Top -164 =250 =250 -269 -251
Viking Sand Base =178 «261 =261 -258
Blairmore =134 -216 =278 ~-278 =320 =301
(Mannville)
Jurassic
Vangaurd =201 -288 -366 ~366 -409 ~-400
Upper Shaunavon =325 ~403 ~-403 -464 ~459
Lower Shaunavon =247 -349 -420 ~420 -493 -485
Gravelbourg ~262 -362 =430 =430 =507 =524
Gravelbourg sand - Top =459 -459
- Base -468 =468
Traiassic
Upper Watrous =311 ~425 ~503 -581 =577
Lower Watrous =327 -444 523 -602 -595
{Red Beds)
Mississippian
Souris Valley -329 ~457 =542 - -626 -628
(Madison)
Devonian
Bukken -448 =560 =665 =770 -769
Big Valley =-455 =571 =675 =779 «779
‘Torquay ~473 -664 ~789 =790
Birdbear ~-516 -634 -733 -831 -832
Duperow =554 -670 =773 -872 -873
Sourvis Raiver =751 ~-897 -1042
Dawson Bay =921 -1045 =1170
Prairie Evaporite -962
Winnipegosis -1123 ~1127 -1211
Ashern =-1140 ~1200 -1260
Silurian
Middle Interlake -1151 ~1240 -1270
Ordovician
Lower Interlake -1223 «1276 -1329
Stonewall -1258 -1312 -1366
Stoney Mountain -1281 <1335 -1389
Red River ~1315 -1370 -1425
Camorian
winnipeg ~1376 «1433 -1490
Deadwood ~1412 ~1473 -1533
Precambrian

Basement -1623 1692 ~-1760
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gradient deceases from approximately 40°C/km to about
21°C/km. A second apparent decrease in the temperature
profile occurs in the section of the hole at 1600 m depth
and below 2050 m, the temperature gradient is further
reduced to about 4°C/km (Jessop and Vigrass, 1984). It is
considered that the thermal regime in the lower segments,
and, particularly below the casing at 2034 m depth has
been affected by convection in the wellbore and downward
moving crossflow between the lower Winnipeg and Deadwood
Formations. The conductive gradient of the middle segment
of the Regina temperature profile has been extrapolated
downward (dashed line in Figure 2-3) to approximate the
in-situ temperature conditions prior to disturbance by
well construction.

Reservoir temperature estimates for the Moose Jaw area are
based on the Regina temperature profile, adjusted for the
0ld Moose Jaw well temperatures £for the Mannville and
Gravelbourg Formations, and discounting the effects of
probably fluid movement in the lowermost section of well

bore.
Mannville 30°C
Gravelbourg 37°C
Souris Valley 44°C
Birdbear 46°C
Winnipeg 60°C
Deadwood 63°C

Fluid Chemistry

Williston Basin formation waters are sodium chloride type
with sodium, potassium, and chloride ions constituting
90-95 percent by weight of total dissolved solids. Fluid
chemistry is facies and structure~dependent. In general,

salinities increase with formation depth and range from



2) storage cavern temperatures (Ruse, 1978)

3) bottom-hole temperatures from wells near Moose Jaw
(Dept. of Mineral Resources)

\

4) Regina geothermal well accurate log of February 8,
1980 (Energy, Mines and Resources, Canada)

5) Reported Moose Jaw well temperatures (Dept. of Mineral
Resources) .

Unfortunately, supporting information describing down hole
conditions 1is unavailable for many of the temperature
measurements and o0il industry measuring techniques and
equipment calibration are notoriously inaccurate. The
Regina log and storage cavern test temperatures are
reliable and in good agreement, but they are somewhat
removed from Moose Jaw. Drill stem test temperatures .are
generally considered to be more representative than bottom
hole temperatures (Sproule, 1983; Vigrass, 1978), however,
they show considerable scatter especially in the deeper
environment where they proved to be high compared to
actual temperatures in the Regina test. 0ld Moose Jaw
well water temperatures should be a good indicator of
shallow subsurface conditions except that the reported
temperatures are considerably lower than expected. It is
probable that they represent artesian flows measured at
surface as the wells were drilled. Reported fluid
temperatures might therefore be c¢ooled by drill £1luid

invasion of the reservoir formations.

The Regina well temperature profile (Jessop and Vigrass,
1984) is considered to give the best indication of
subsurface temperature conditions. A marked temperature
gradient inflection which occurs at 850 m depth is related
to a change in thermal conductivity between the upper
clastic unit and the middle carbonate—evaporite unit. The
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14-11-14-24 40 km southeast of Moose Jaw (Figure 2-2).
Reported pH is consistently between 6.5 - 7.5.

Reservoir Parameters

Net reservoir thickness, effective permeability, transmis-
sibility, formation pressure and productivity index
(flow rate per unit pressure drop) are estimated for each
of the sandstone reservoirs. Similarly, a range of
productivity indices are generated for each carbonate
reservoir to illustrate the range of values to be expected
depending upon variations in the degree and continuity
fracture enhanced permeability. Reservoir productivity

parameters were developed and are summarized in Table 2-3.

2.7.1 Mannville Formation

Water production of 6.8 m3/h is reported at the old Moose
Jaw well from a sandstone horizon correlated with the
Mannville Formation.

Productivity index is calculated by estimating the arte-
sian pressure associated with the natural flow. The fresh
water head, or theoretical level to which a fresh water
column in communication with the Mannville reservoir at
Moose Jaw would rise, is estimated to be 640 m elevation
based on an interpretation of regional potentiometric
mapping by Vigrass et. al. (1978). The corresponding
formation pressure is 9740 kPa at 355 metres below sea
level. Natural water head, assuming 10,000 ppm TDS fluid
with 1.007 specific gravity, is then at 634 m elevation,
or 92 m above ground at the old well corresponding to 906
kPa artesian pressure. The productivity index for the
Mannville Formation is calculated to be 0.0075 m3/h/kPa.



TABLE 23
PROJECTED RESERYOIR PARAMETERS
X Net
Total Reservolir
Formation Depth Temp Thickness Thickness Porosity Permeabl!'
(m) *c) (m) (m) (mdem)
Mannvilile 823 30 88 17 0.20 164
Gravelbourg 1004 37 9 9 259
Sandstone
Souris Valley 1087 44 123 30 variable 342
(Madison) 30 104
15 25
Birdbear 1287 46 38 10 O.11 350
10 O.l1 25
Winnipeg 1978 60 40 32 0.15 200
Deadwood 2018 63 219 150 0.13 132
Deptt el
Transmi=  Productivity TOS Specific Formation Natural (=) o Ab
Formation sslvity | ndex Content  Gravity Pressure  Water head (+) Groun
(md.m) (m>/hr/kPa)  (ppm) (kPa) (m elev.) (m
Mannville 2780 0.0075 10,000 1.007 97408-355m 634 +89
Gravelibourg 2330 0.0063 10,000 1.007 12100€-459m mn 4 6*1
Sandstone
Souris VYalley 10300 0.0277 20,000 1.014 13900€8-635m 760 21¢
(Madison) 3130 0,0084
375 0.0010
Blrdbear 3500 0.0095 35,000 1.025 147008-733m 730 18°
250 0.0007
Winnipeg 6400 0.0173 180,000 1.120 220006-453m 554 +C
Deadwood 19800 0.0535 180,000 1.120 223008-1582m 453 -9

Surface elevation for old Moose Jaw well = 542 m
Surface elevation for new well at Natatorium = 545 m

*

+92 m at old Moose Jaw well
** 4+229 m at old Moose Jaw well
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Written logs for the old well indicate 17 m of net sand in
three zones separated by shale. Assuming a net reservoir
thickness of 17 m and productivity index of 0.0075, the
transmissibility and effective permeability are calculated
to be 2780 md.m and 164 md respectively. Porosity is
conservatively estimated at 0.20 from core analysis at
9-27-16-20 and 11-11-20-22.

2.7.2 Gravelbourg Sandstone

wWater production from the old Moose Jaw well from a
sandstone horizon at 1006 m depth, correlated to the
Gravelbourg Formation, is reported at 14.2 m3/h. Produc-
tivity index for the Gravelbourg sand is calculated using
a similar procedure to that outlined above the Mannville
Formation.

Analysis of two wells bracketing Moose Jaw (4-11-14-26 and
16-22-17-24) indicates increasing formation pressure from
northeast to southwest and fresh water head of approxima-
tely 780 m elevation, corresponding to reservoir pressure
of 12,100 kPa at 459 m elevation below sea level. Assum-
ing reservoir fluid with total dissolved solid content of
10,000 ppm and specific gravity of 1.007, the natural
water head is 771 m elevation or 229 metres above ground
level at the old well. Artesian pressure associated with
the reported natural flow of 14.2 m3/h is therefore esti-
mated to be 2260 kPa indicating a productivity index of
0.0063 m3/h/kPa.

Geological logs of the o0ld well cuttings show sand thick-
ness of 9 m. Using the estimated productivity index
and net reservoir thickness of 9 m, the indicated trans-
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missibility is 2780 md.m and permeability is 259 md.
Porosity is undetermined.

2.7.3 Souris Valley Beds

The o0ld Moose Jaw well did not penetrate to the level of
the Souris Valley Beds and therefore projections are
based on data from other wells in the region. Favourable
reservoir characteristics are indicated at storage cavern
sites near Regina (Ruse, 1978) and at the Kalium Chemicals
solution potash mine east of Moose Jaw (Simpson and
Dennison, 1975) where the Souris Valley Beds are used for
high volume disposal of brine. Drill stem tests of the
Souris Valley recovered water to surface at several sites
surrounding Moose Jaw (13-12-16-23 W2, 2-11-14-28 W2,
8~4-15-28 W2), for example, at 13-12-16-23 W2 water flowed
to surface in 21 minutes at 12 m3/h. Water production is
typically from the lower section of the unit. A well
known aquifer in the U.S. portion of the Willison Basin,
known as the Madison Aquifer (Lodgepole Formation), and
used at several locations for geothermal space heating is
correlated to the Souris Valley Beds.

Injection wells typically display a long term pressure
build up to a stabilized flow pressure, possibly
indicating good close in permeability in combination with
restricted reservoir (Ruse, 1978). Inconsistent perme-
ability characteristics and pressure build up upon
injection indicate permeabiilty enhancement due to
fractures.

‘A wide variation in potential production rates from 0 to
100 m3/h is possible from the Souris Valley; therefore,
three scenarios are illustrated representing low, moder-
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ate, and high production rates. Long term production/
injection rates are expected to be less than initial rates
indicated by drill stem tests, therefore data from
injection experience at two operating brine disposal
wells, namely Procor 7-29-17-20 W2 and Saskatchewan Power
Corporation 15-27-16-20 W2 (Figure 2-2) (Ruse, 1978), are
adapted for the medium and high production scenarios at
Moose Jaw. This is conservative since a closed 1loop,
affected by the production/injection well doublet, may
lessen long-term pressure build up effects associated with
the restricted reservoir condition.

The Procor well is used to illustrate the high productivi-
ty case. Net reservoir thickness is 30 m over the lower-
most Souris Valley interval. Total thickness is 99 m.
The 1long term .productivity index, based on operating
experience, is 0.0227 m3/h/kPa compared to 0.198 m3/h/kPa
calculated from drill stem tests (Ruse, 1978). During the
initial 6 months of operation, 200,000 m3 of brine was
injected at a rate of 68 m3/h and injection pressure of
3500 kPa (gauge) (Simpson and Dennison, 1975). For com-
parison, injection rate at Kalium is 73 m3/hr and
injection pressure is 550 kPa (gauge). Total thickness of
the Souris Valley Beds is interpreted to be 123 m at Moose
Jaw versus 99 m at the Procor site, therefore it appears
reasonable to use 30 m net reservoir thickness {(as at
Procor well) as a reference for Moose Jaw. Effective long
term transmissibility and permeability corresponding to
the reference productivity index of 0.0277 m3/h/kPa
are 10,300 md.m and 342 md respectively. Calculations are
over simplified in this case, however, the resultant
permeability/transmissibility values servé as a basis for
comparison with the other prospective reservoir
formations.,.
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The Saskatchewan Power Corporation disposal well (15-27-
16-20 W2), originally planned for a Birdbear completion,
was completed in the Souris Valley Beds (and Torquay
Formation) by perforating through cemented casing (Ruse,
1978). Remedial acid and repeated perforating jobs were
required to overcome formation damage and bring the well
up to 1its present injection capacity. The long term
injectivity index is 0.00845 m3/h/kPa. The peforated
interval is 78 m; however, the net reservoir thickness is
probably much less. 30 m is again used for a moderate
production case at Moose Jaw and productivity index of
0.0084 m3/h/kPa is assumed. Resultant transmissibility is
3130 md.m and permeability is 104 md.

For the third, 1low productivity reference case, net
reservoir thickness of 15 m and permeability of 25 md is
assumed. Corresponding transmissibility is 375 md.m and
productivity index is 0.0010 m3/h/kPa.

Fresh water head at Moose Jaw is estimated at 780 m
elevation considering values given by Vigrass et. al.
(1978) at nearby wells 14-19-15-25 W2 and 11-30-16-24 W2
of 793 m and 773 m respectively. Reservoir pressure is
then 13,900 kPa at 635 metres below sea level. Natural
water head would be 760 m assuming fluid with 20,000 ppm
TDS and 1.014 specific gravity, or 215 m above ground
level. Artesian pressure for the Souris Valley Beds is
approximately 2130 kPa which would result in sustained
artesian flows of 2 m3/h, 18 m3/h, and 60 m3/h for the
three reference cases.
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2.7.4 Birdbear Formation

Favourable reservoir porosity 1is indicated for the
Birdbear Formation locally. For example, massive drill
fluid circulation losses to the formation are reported in
cavern wells 7-29-17-20 W2 and 15-27-16-20 W2 (Ruse, 1978)
and water was recovered at or near surface on several
drill stem tests (14-19-15-25 W2, 16-22-17-24 W2, l4-16-
18-23 w2).

According to Vigrass et. al. (1978), the Birdbear
Formation is comprised of a lower carbonate member about
29 m thick with good reservoir potential, and an upper
evaporite member about 9 m thick with relatively poor
reservoir potential. The favourable lower carbonate is
further subdivided into two facies; a grain supported,
porous, dolomitized carbonate and a relatively impermeable
chalky micrite facies. The large water recoveries on
drill stem tests normally correlate to areas underlain by
the dolomitized carbonate facies. Mapping by Vigrass et.
al. (1978) show the area around Moose Jaw to be dominated
by the <chalky micrite facies with 1limited reservoir
potential.

Total thickness of the Birdbear Formation at Moose Jaw is
about 38 m; 10 m of net permeability is assumed. High and
low productivity reference cases are considered with 25 md
and 350 md, however, 25 md is probably most representa-
tive. Corresponding transmissibilities are 250 md.m and
3500 md.m and productivity indices are 0.0007 and 0.0095
m3/h/kPa.

Fresh water head 1s estimated to be 765 m elevation at

Moose Jaw (Vigrass et.al., 1978). Reservoir pressure at



2 - 17

733 m subsea is then 14,700 kPa and the natural water head
assuming 35,000 ppm TDS (specific gravity - 1.025) is
approximately 730 m elevation or 185 m above ground.
Artesian pressure is therefore about 1850 kPa and natural
flows would be 1 m3/h and 18 m3/h for the two reference
cases. The lower productivity is the most representative
and hence the Birdbear Formation is not a favourable
target zone at Moose Jaw.

2.7.5 Winnipeg Formation

Basal clastic reservoirs (Winnipeg and Deadwood Forma-
tions) are included in the study to determine the effect
of higher reservoir temperature, higher water enthalpy,
and greater formation depths and development costs on
feasibility of relatively 1large scale space heating
applications. Existing wells through these reservoirs are
widely spaced (Figure 2-2), however, their characteristic
is becoming increasingly well known through the work of
the Energy Research Unit at the University of Regina and
Energy, Mines and Resources, Canada. It is not the
intention of the current study to repeat earlier work and
the reader is referred to Vigrass et.al. (1978), Vvigrass
{1979, 1980) and Vigrass and Jessop (1984) for background
geological and hydrological information.

The Winnipeg Formation is projected to occur at depth of
1978 m with a total thickness of 40 m. Net reservoir
thickness (sandstone) is estimated to be 32 m (Vigrass
et.al. 1978; Fyson, 1961).

Permeability estimates from drill stem tests in the
Regina-Moose Jaw area vary between 331-3961 md and average
2000 md (Vigrass et.al. 1978), however, the most reliable
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estimate from the region is 70 md over 31 m at the Regina
geothermal test site (Vigrass and Jessop, 1984). A
permeable value of 200 md is predicted for Moose Jaw based
on widely spaced data and porosity is predicted at 0.15
based on the Regina test. Transmissibility is calculated
to be 6400 md and corresponding productivity index is
0.017 m3/h/kPa.

Fresh water head, from reservoir maps by Vigrass et.al.
(1978), is 790 m elevation; reservoir pressure is then
22,000 kPa at - 1453 m subsea. Reservoir fluid with
180,000 ppm TDS and 1.120 specific gravity would result in
a natural water head of 554 m or approximately ground
level. At the greater reservoir deptas, large variations
in salinity may have a significant impact on natural ‘water
head estimates. . For example, water with 120,000 ppm TDS
and specific gravity of 1.08 would result in a natural
water level of 47 m above ground or artesian pressure of
500 kPa assuming the same reservoir pressure of 22,000
kPa.

2.7.6 Deadwood Formation

The Deadwood Formation, comprised of an upper, middle and
lower unit, has an estimated total .thickness of 219 m
(Section 2.4) and net sandstone reservoir thickness of
150 m (Fyson, 1961) at Moose Jaw. Average porosity and
effective permeability are predicted to be 0.13 and 132 md
based on the Regina geothermal well (Vigrass and Jessop,
1984) and supported by core analyses from 2-11-15-16 W2
(Department of Mineral Resources). Transmissibility 1is
19,800 md and corresponding productivity index is 0.0535
m3/h/kPa.
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The Deadwood Formation is underpressured with respect to
the Winnipeg Formation (Vigrass et.al. 1978; Vigrass and
Jessop, 1984). Natural water head is estimated at 700 m
elevation (compared to 790 m elevation for Winnipeg) and
the formation pressure is approximately 22,300 kPa at 1582
m below sea level. Natural water with 180,000 TDS and
specific gravity equal to 1.120 would stand at 453 m
elevation or 92 m below ground.

Projected Production Rates

Table 2-4 summarizes production rates associated with
various drawdowns below ground 1level projected from the
natural water head, the pressure gradient of natural
water, and the productivity index.

The Mannville, Gravelbourg, Souris Valley and Birdbear
reservoirs have artesian pressures ranging from 875-2225
kPa. Natural water flows due to artesian pressure
significantly enhance the geothermal potential of these
formations (Table 2-4). The Souris Valley Beds have the
greatest potential of the shallow formations considered,
in terms of both the possible artesian flow rates and the
productivity indices attainable. Souris Valley reservoir
characteristics are variable because porosity and perme-
ability is enhanced by fracturing of the carbonate rocks.
The Mannville and Gravelbourg Formation sandstone reser-
voir projections indicate that natural £flows would be
adequate to supply the pool water for a spa development.
Well pumping would provide moderate incremental gains in
flow rates governed by the estimated productivity index.
The Birdbear Formation 1is considered a poor geothermal
prospect.
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Table 2-4

Projected Flow Rates (m3/h) for
Prospective Reservoirs at Moose Jaw

Pumped Flow Rate

Natural Drawdown
Artesian Below Ground Level
Reservoir Flow Rate " 100m 150m 200m
Mannville Fm. 6.8 14 18 22
Gravelbourg Sand 14.2 20 24 27
Souris Valley Beds
low 2 3 4 5
moderate 18 26 31 35
high 60 88 102 115
Birdbear
low 1 2 2 2
high 18 28 32 37
Winnipeg ' 2 21 31 40
Deadwood - ) 35 64

Deep, basal clastic units, especially the Deadwood For-
mation, have good production potential. The natural water
levels of Winnipeg and Deadwood waters are expected to be
at approximately ground level and 90 m below ground level
respectively, therefore, both formations would require
pumping for production. The productivity index of the
Winnipeg indicates only moderate flows would be available
while the Deadwood has excellent flow potential. In
combination, Winnipeg and Deadwood sandstone reservoirs
should produce approximatley 80 m3/hr with 100 m of

drawdown.

Well Design Considerations and Costs

Cost analysis of a production/injection well system to the
base of the Souris Valley beds is conducted for feasibi-
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lity purposes. Detailed well design is beyond the scope
of this study, however, some general design factors must
be considered for the production test well. Total depth
is estimated to be 1210 m. The Mannville, Gravelbourg,
and Souris Valley reservoirs would be flow tested prior to
casing. A multizone completion, with the Souris Valley
Beds completed open hole, production casing set (cemented)
to a depth of 1150 m or slightly above the carbonate
production zone, and perforations to the upper Mannville
and Gravelbourg sandstone reservoirs, is contemplated.

Casing size should bé selected to optimize drilling costs
since only moderate flow volumes are expected. A vertical
turbine pump can be considered because of the minimal
lifts required. Surface casing should be sized to meet
pump requirements.

A cost estimate for a completed production well to the
base of the Souris Valley Beds is given in Table 2-5. The
estimated total cost of a production well completed to the
base of the Souris Valley Beds at 1210 m depth is
$426,000. An injection well to the same formation is
estimated to cost $400,000 with savings due to lower
engineering and testing costs for a second well.

Estimated costs are in reasonable agreement with histori-
cal geothermal well cost data (Figure 2~4, reported by
Gross, 1983; Acres, 1983; Carson and Lin, 1981). Geother-
mal well costs are typically 2 to 3 times conventional oil
industry wells based on extensive case history data. Added
expense is due to a combination of €factors including
drilling program locations where detailed geology and
drilling practices are not established, costs associated
with drilling in urban areas, higher cementing costs to



TABLE 2-5

COST ESTIMATE FOR PRODUCTION
WELL TO BASE OF SOURIS VALLEY

Item

Site prep., survey, pad, access, roads, mud pit
Mob, demob, rig up, tear down
Drilling services - footage (1210 M)

- day rate (5 days)
Conductor pipe
Surface casing, 366 mm (12 in) x 150 m
Production casing 178 mm (7 in) x 1150 m
Rentals, blow out preventor, rotating head, etc.
Cement and cementing services
Drill fluid - water

- mud additives

Bits
Welding
Fuel
Freight
Communications
Well logs
Coring
Drill stem tests
Perforating and completion operations
Well head flange, valves
Well testing equipment rentals & direct costs
Drilling engineering and well design
Well site geologist and services
Reservoir engineering, testing
Travel and accommodation
Miscellaneous supplies

20% contingency

TOTAL PRODUCTION WELL

Cost

$

7,000
12,000
82,000
25,000

2,000

9,000
32,000
12,000
20,000

4,000

8,000
10,000

1,000
10,000

2,000

1,000
15,000

3,000
10,000

5,000

4,000
10,000
24,000

9,000
28,000

6,000

4,000

$ 355,000
71,000

$ 426,000
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prevent casing problems associated with hot water produc-
tion and thermal cycling, more thorough well testing
requirements, and specialized engineering, operating and
service personnel requirements.

The initial well at Moose Jaw must be considered explora-
tory and should be designed to test Souris Valley perme-
ability. In view of the high costs of a new well, con-
sideration might be given to re-entering the Old Moose Jaw
well and deepening it to the level of the Souris Valley
Beds. Re-entry is a controversial issue whose merits, in
terms of potential risks and benefits, needs to be fully
explored.

The cost of a production test well to the Deadwood and
Winnipeg Formations is estimated to be $1,150,000 (Figure
2-4). A detailed cost breakdown and analysis has not been
undertaken.

Well costs are a crucial component of total geothermal
development costs and greatly influence energy economics.
From discussions with the industry, the limited levels of
well drilling and exploration work undertaken in recent
years in the prairies could provide very competitive
pricing and lead to lower costs than those indicated
here.
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3.1

BUILDING CANDIDATES - RETROFIT DESIGN, LOADS & COST

Candidates

The principal candidate for geothermal heating 1is the
Natatorium, the geothermal brine suppling the indoor pool
and also providing a source for heating the building, the
domestic hot water (DHW) for showers and, in the summer-
time, for heating the outdoor swimming pool.

Because of the 1large 1load and energy potential of a
producing geothermal well, even at relatively low tempera-
tures of 30 to 40°C, and also the high cost of well
development, it 1is appropriate to <consider steps to
maximize the benefits by heating other adjacent facilities
where this can -be shown to be economic. With this in
mind, discussions were held with city council members and
engineering staff which led to the identification of
further heating candidates of interest to the City. Those
located within a few blocks of the Natatorium were deemed
to be the most appropriate, based on concerns for minimiz-
ing pipeline distances and installation costs.

The candidates selected for consideration are identified
by name and 1location in Figure 3-1. The distinction
between buildings owned privately and those within the
City's jurisdiction is shown. In all heating schemes
subsequently developed the first priority is given to
serving city buildings subject to over-riding constraints
imposed by remoteness, 1limited load demand and cost/
benefit considerations.

Connection of candidate buildings to a central heat
network is indicated in Figure 3-1 by the dotted line.



The routing is provisional and intended to show a typical
path that maximizes pipe burial runs within Crescent Park
and minimizes the more expensive burial requiring road
excavation. Schemes examined in detail in Section 7 show,
except for the fourth scheme, a more limited distribution
system serving fewer buildings.

Two candidates, the Cultural Centre (#9), and the Harwood
Commercial Development (#13) are at the proposal stage.
No details are available at the present time. They both
offer the potential for inclusion at a later date.

Specific candidate buildings were visited to inspect the
condition of equipment and the type of heating system
employed, also any plans for upgrading or refurbishing the
building and/or heating system. Appendix A contains
building survey summary sheets compiled for the majority
of candidates, data that includes brief details of heating
systems and 12 months of monthly gas consumption data
obtained from Saskatchewan Power Corporation records.

Geothermal Retrofit Considerations

The building survey summary sheets of Appendix A include
brief outlines of geothermal retrofit opportunities.
These have been identified on the basis of general guide-
lines and criteria now reviewed.

Existing buildings are provided with various means to
achieve heating of internal spaces, ventilation make=-up
air and domestic hot water. It is common practice in many
of the modern buildings such as the senior citizen apart-
ments, the Harwood Inn and others to employ perimeter

heating, comprising radiators or baseboard convector units



1006 m, 14.2 m3/h, 35.5°C
Salinity 6000 ppm (chiefly NaCl)
Abandonment Program (from Application to Abandon)
- cement 35.6 cm (14 in) casing to 3 m;

- place 60 m cement plug above Blairmore (Mannville),
i.e. 823-914 m through 10.2 cm (4 in)* casing;
pull 10.2 cm casing;

- perforate 25.4 cm (10 in) and 35.6 cm (14 in)*
casing at 305 m, place 600 m cement plug at
perforation level; pull 25.4 cm (10 in) casing;

- perforate 35.6 cm (14 in) casing at 75 m; plug
back to 30 m, squeeze outside 45.7 cm (18 in)
casing if possible;

- cut casing 1 m below ground; put in 5 sks cement;
weld on steel plate; clean up location

* discrepancy noted with reported casing

The abandonment plan would leave 35.6 cm (14 in) casing,
the smallest diameter casing in the hole, to 183 m (601
feet) with cement plugs below the casing at about 300 and
780 m depth.

Lithologic logs and general geologic accounts by wvarious
geologists (G.S. Hurvey, R.T.P. Wickenden, F.J. Fraser, M.
Mahoney) indicate that the depths reported for the lower
two water production zones probably correspond to the
Mannville (Blairmore) and Gravelbourg Formations respecti-
vely. Close inspection of written logs shows the Mannvil-
le occurs between 823-911 m depth with a total thickness
of 88 m, including 55 m of sandy units, and 17 m of net
sand. Precise water bearing levels are unknown. Similarly,
the Gravelbourg Formation limestone/shale sequence occurs
between 430-503 m depth and includes a 9 m sand interval
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at 1001-1010 m depth. The upper water production zone,
corresponding to a thin sand and sandy shale interval
within a thick shale sequence, was not evaluated in detail
because of its low temperature (15.5°C).

General Stratigraphy, Selected Reservoir Formations

The sedimentary succession of the Northern Williston Basin
consists of three important divisions, separated by
major unconformities, as follows: 1) lowermost sandstone-
shale clastic unit (Cambrian-Middle Ordivician) up to 500
m thick resting upon the Precambrian basement; 2) middle
carbonate-evaporite unit (Middle Ordivician-Mississippian)
up to 1500 m thick; and 3) an upper shale-sandstone
clastic unit (Triassic to Holocene) up to 1600 m thick.
Strata generally dip southwesterly in the Moose Jaw area.
Basin sediments are 2200 m in the project area and thicken
to 5100 m near the center of the basin in North Dakota.

Geothermal aquifers are expected at intervals throughout
the sedimentary section. Prospective geothermal reser-
voirs selectéd for feasibility analysis are the Mannville,
Gravelboug, Souris Valley, Birdbear, Winnipeg and Deadwood
Formations. Of these, the Mannville, Gravelbourg,
Winnipeg and Deadwood Formations are sandstone reservoirs
with intragranular porosity and the Souris Valley Beds and
Birdbear Formation are carbonate reservoirs with potential
fracture porosity. The selected reservoirs represent two
scenarios; deep reservoir development in the basal clastic
unit (Winnipeg and Deadwood Formations) and relative
shallow reservoirs (to 1300 m) represented by the other
units.,



Each of the selected formations has demonstrated reservoir
potential. The Mannville and Gravelbourg supplied water
to the former Moose Jaw well. The Mannville (Blairmore)
Formation, in particular, is a well known aquifer in
Southern Saskatchewan. The Souris Valley Beds are used
for high volume brine disposal at Kalium Chemicals, lo-
cated west of Moose Jaw (Simpson and Dennison, 1975), and
at the Procor Limited and Saskatchewan Power Corp. storage
cavern sites (Ruse, 1978) (Figure 2-~2). Permeability with-
in the Birdbear Formation is lesser known; it was selected
because of its position in the section immediately below
the Souris Valley Beds and reported indications of favour-
able, local permeability (Ruse, 1978; Saskatchewan Energy
and Mines, well files). Other potential carbonate reser-
voirs, (e.g. Dawson Bay, Duperow, Interlake) were not
included because of the relatively high cost associated
with their increased depth in the section and high risk
inherent with less consistent reservoir characteristics.
These 1lower carbonate formations would be secondary
targets if drilling for the basal clastic reservoirs were
to be undertaken.

The Winnipeg and Deadwood Formations were included in the
analysis because they are the deepest and hence highest
temperature reservoir formations. They have reasonably
consistent porosity-permeability characteristics and are
the best known geothermal aquifers in southern Saskatche-
wan. The geothermal well at Regina was drilled to test
the basal clastic formations which have been used
extensively for brine disposal at Saskatchewan potash
mining operations in the Saskatoon and Esterhazy areas.



Well Prognosis

A north-south section of existing well (Figure 2-2) has
been used to interpolate the depth and thickness of the
sedimentary formations underlying Moose Jaw. The section
is oriented so as to minimize the effects of E-W facies
changes and complex structure at the Prairie Evaporite
solution edge east of Moose Jaw. Moose Jaw is part of a
salt free depression in southwestern Saskatchewan. The
solution edge 1is delimited by a prominent scarp with
younger strata draped over the present salt edge (Simpson
and Dennison, 1975).

Table 2~1 shows formation top elevations for the wells in
the section. Formation elevations at Moose Jaw (Moose Jaw
Well Prognosis) are interpreted from the 01d Moose Jaw
Well and by interpolation from 14-3-18-26 W2 and 14-19-
15-25 W2 for the incremental interval to -771 m elevation,
and 1-3-19-26 W2 for the lowermost section to basement.
Predicted formation top elevations in Table 2-1 are trans-
lated into depth below surface (at 545 m elevation) and
formation thickness in Table 2-2.

Temperature Profile

Subsurface temperature data for the Regina-Moose Jaw area
is shown on a temperature depth plot in Figure 2-3. The
piot incorporates temperatures from the following
sources:

1) drill stem test temperatures from Regina-Moose Jaw
area (after Vvigrass, 1978)
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located under windows and adjacent to outside doors.
Within large open internal spaces, unit heaters-either gas
fired, hydronic or steam - may be additionally employed to
project heated air to occupant levels.

Ventilation make-up air is mandatory in buildings of
modern design in order to pressurize and prevent
uncomfortable in-leakage, also to remove odours and
humidity build-ups, and meet normal air change criteria
for occupied areas. The City Hall is a case of an old
building retrofitted with modern sealed windows that has
no ventilation air change facilities. Ventilation systems
require a fresh air make-up supply to offset losses from
extractor fans and leakage losses through doors, windows
and other outdoor paths. For the buildings examined,
ventilation air ‘is either heated by gas fired burners or
by steam coils.

Domestic hot water, traditionaliy circulated at 80°C and
above, 1is now commonly regarded to be acceptable at
temperatures of around 55°C for most general purposes,
including washing and showers. The majority of buildings
utilize gas fired heaters while some older buildings have
steam heaters.

3.2.1 Equipment de-Rating with Temperature

With resource temperatures as low as 37°C the impact on
conventional heat emitter performace, typically designed
for 90-100°C would be drastic. This is evident from the
tabulation below, showing capacity de-rating effects with
temperature.



Typical Capacity Derating with Temperature

Perimeter
Baseboard Heating Preheat
Supply Output Coil Output Coil Output
(Tg°C) (%) (%) (%)
100 100 100 100
90 92 88 92
80 74 77 85
70 59 62 76
60 44 50 70
50 29 37 63
40 17(b) 23 52

Notes:

(a) Baseboard and heating coil entering air at 18°C;
preheat coil entering air, =-35°C.

(b) At 40°C, fan units improve output to 22%.

(c) At 50% design flow, the capacities given reduce by
10%. ‘

.From inspection, a 40°C supply would severely limit the
load capability of existing heat emitters (i.e. baseboard
and heating coils). For retrofit or new designs, the
number and/or size of emitters would need to be increased
accordingly. However, as described in Section 5.1, the
impact of 1low resource temperatures can be avoided by
using heat pumps to increase the temperature (Tg)
above the resource temperature (T;) to perhaps 55 or 60°C;
thereafter to use conventional boiler heating to achieve
conventional peak temperatures of 93°C, all according to
load demand. Regulation of supply temperature with load
is addressed later (Section 5.1). What is evident from
the capacity de-rating table above is that a 60°C supply
temperature is capable of meeting from 44 to 70 percent of
design capacity relative to peak design of 100°C. For
existing systems designed for 93°C (200°F), a common



condition, emitter capacities at 60°C would be marginally
better than this.

In short, with heat pump and boiler assistance, existing
hydronic designs - or retrofit designs to replace existing
steam systems, for example - do not need to incur a
de-rating penalty on account of a low supply temperature.
However, there is another important factor to be
recognized, the need to achieve a low disposal temperature
(Ty).

Two requirements are necessary to achieve this both of
which contribute to lower the hydronic (or CH system)
return temperature (T, ). They involve:

0 increasing the hydronic temperature differential across
each emitter;

o arranging emitters in cascading order of flow and
temperature from perimeter baseboard units and reheat
coils to DHEW and ventilation make-up preheat coils at
the lower end of the temperature scale.

3.2.2 Improved Temperature Differentials

To maximize direct heat output from the geothermal system
it is most desirable to increase hydronic temperature
differentials across heating equipment. With existing
perimeter baseboards an increase from conventional levels
of 10 degrees C or so up to 22 degrees C is within the
range of conventional practice. For fan coil units an
increase to 27 degrees is acceptable. These improvements
can be achieved by reducing the hydronic flow to individu-
al coils and baseboard units by around 50 percent which
also reduces capacity (load) by 10 percent. This



10 percent reduction in the perimeter heat load is con-
sidered to have a negligible effect on comfort conditions,
and can be expected to be absorbed within equipment
performance margins. Alternatively, the load loss might
be compensated for by upgrading existing ventilation
system capacity by a similar amount.

Similar considerations apply to other hydronic equipment
such as building ventilation air heating and make-up
units. New units can be fitted with multi-row coil
designs to achieve temperature differentials of 40

degrees C or so for a relatively small increase in cost.

3.2.3 Cascading

Previous studies (Acres, 1983; Acres, 1984) have demon-
strated for new buildings the economic advantage of
designing hydronic circuits to cascade flows from the
higher to the lower temperature heat exchange processes,
this to 1lower secondary circuit temperatures (Typ)
returning to the primary exchanger. Accordingly, hydronic
designs were developed where perimeter baseboard heaters
are the first to be supplied with the warmest water, the
outflow passing next to DHW pre-heaters and then finally
to heat ventilation/make-up air.

For building retrbfits the lowering of Ty remains still
a principal objective but one that ﬁas to take into
account the opposing influence of potentially higher
retrofit costs. For the general case, it is judged to be
too costly to attempt extensive re-routing changes to
existing pipework other than those that can be made in the
building Boiler Mechanical Room, and perhaps in building
service shafts - where pipes are normally readily
accessible.



In conventional heating systems, the high temperature (HT)
supply leaving the boiler feeds to a manifold arrangement
from where individual take-offs serve the building
hydronic distribution system, this comprising vertical
pipe risers supplying to each floor and from there to
perimeter baseboards and reheat coils installed in venti-
lation air supply ducts. Hydronic returns from each floor
ultimately all flow to a manifold prior to re-entry to the
boiler. '

With such an arrangement, the pipework changes that can be
most readily accomplished at reasonable cost involve re-
directing the return flows from baseboard and reheat coils
to supply existing or new ventilation air make-up coils.
The re-routed supply would go via the DHW heat exchanger
given that the - economics of DHW heating is justified (see
later discussion).

The effect of cascading on the design and performance of
existing baseboard and reheat coils would be negligible
since, in general, they would continue to receive supply
temperatures sufficient for the load demand, controlled in
accordance with the reset schedule. Ventilation wunit
reheat and preheat coils, on the other hand, would experi-
ence supply temperatures lower than normal and a fall off
in capacity unless retrofitted with new coils.,

3.2.4 Perimeter Heating/Hydronic Circuits

Existing Steam Systems

The adaptation and/or retrofitting of extensive building
perimeter heating systems 1is typically an involved



costly undertaking. If existing steam distribution
systems are in reasonably sound condition, replacing
extensive concealed piping and radiators could be too
costly to.be an economic proposition for adapting to
geothermal/hydronic operation. '

Alterations to buildings extensively heated with steam
would be restricted by cost considerations to replacing
ventilation air and DHW coils, in the process taking the
opportunity to increase the heat load contribution of the
ventilation supply system and reduce perimeter heating
steam loads.

On the other hand, the costs chargeable to geothermal
retrofit are diminished where, because of deterioration
and accelerating maintenance demands, steam boiler and
piping systems are due for imminent replacement. In this
case, the cost of replacement is not chargeable to geo-
thermal energy other than, possibly, a small increment for
upgrading the replacement hydronic design to suit
increased temperature drop and cascading objectives. This
imminent retirement situation prevails in the Natatorium,
could quite possible apply in the case of the YM-YWCA
system in the fairly near future, and has already occurred
at City Hall with the replacement of the original steam
system with hydronic. The avoidance of increasing labour
costs to repair and maintain corroded systems and correct
steam trap failures, provides sufficient economic justifi-
cation in many cases.

3.2.5 Ventilation Systems

Ventilation make-up air heating systems are well suited to
low temperature geothermal application since the leaving



temperature requirements dre, by and large, compatible
with geothermal systems operating in the 40° to 60°C
range. Of particular benefit to geothermal heating oper-
ations 1is the 1low entering temperature of make-up air
which, for a considerable period of the year, ranges
between =-35°C to 15°C. This is an important area of geo-
thermal retrofitting, typically requiring replacement of’
heating coils (or the complete units if necessary) with
multi-row coil designs suited to lower-than-normal circuit
temperatures. In the case of steam heated or gas fired
ventilation units, complete unit replacement is required.

Generally speaking, retrofits involving installation or
replacement of this equipment, which is frequently located
and accessible within the Boiler/Mechanical Equipment
Room, can be undertaken at reasonable cost. The cost of
heating and ventilation equipment is traditionally
inexpensive. '

3.2.6 DHW Preheat/Storage Retrofit

Domestic water is presently heated with steam or gas heat-
ers and operates in conjuction with storage tank facili-
ties. The practical way to meet high demands of short
duration with a hydronic system is to divert the full
system flow to an instantaneous DHW heater. This approach
is often used in schools, for example, where shower loads
occur with 15 minutes after each class. At such times,
other load demands on the heating system are starved and
the building temperature is allowed to fall temporarily.

This approach is adopted for DHW retrofits considered in
this study, subject to evaluation of cost/benefit aspects
reviewed below.
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Apartment buildings can experience instantaneols DHW
demands equal to 50 percent of the total heating load
while, on an annual basis, DHW heating may only represent
5 percent or so of the total heating energy consumption.
In addition, in summer the supply temperature Tg will be
insufficient to provide full heating and existing gas
fired facilities will still be required. The costs for
heat exchangers sized for the instantaneous demand
including controls are expensive making it economic only
in cases where hot water useage is substantial.

Where the costs can be justified, retrofitting typically
involves a relatively simple modification within the
Mechanical Room to incorporate the new DHW instantaneous
exchanger in line ahead of the existing gas heater/storage
facility.

System Retrofit Cost Estimates

Installation under retrofit conditions, incurs a premium
cost to cover uncertainties, unforeseen difficulties with
dis-assembly and re-assembly, customized fitting up, and
to compensate for the limited scope of retrofit under-
takings in relation to the responsibilities incurred for
subsequent satisfactory operation. Nevertheless, such
costs need not be extreme given adequate planning, reason-
able access to equipment and some minimum space locally in
which to install additional pumps, interconnecting piping
and electrical/control panels, as applicable.

Table 3-1 presents indicative cost estimates for retro-
fitting existing building heating systems for geothermal
based CH system supply. For sys<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>