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NATURAL GAS IN SOUTHERN ONTARIO AND QUEBEC
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SYNOPSIS

Following +the completion of the Trans—Canada gas pipeline in
1958, the consumption of natural gas is expected to grow very rapidly
in southern Ontario and Quebec —- in a trend similar to that which
has occurred in the eastern United States in recent yea?s.

The United States data show the importance of underground stor-
age of natufal gas as a solution to irregular consumption problems and
Winter peak demand periods, The situation .in Canada is likely to be
very similar,

In the present study various aspects of underground gas stor-
age are considered, including an example of evaluation of market
requirements in southern Ontario, a survey of the design and operation
of partly depleted fields and aquifer reservoirs, and some cost data.

The present facilities and future possibilities of gas stor-
age in southern Ontario and Quebec are also studiéd, and show the
desirability of further investigations of the storage gas pool pos—

sibilities in that area.

¥Head, Petroleum Reservoir Engineering Section, Fuels and Mining
Practice Division, Mines Branch, Department of Mines and Technical
Surveys, Ottawa, Canada,
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INTRODUCTION

The repid growth of the natural gas industry in the United
States in recent years has been possible only because tremendous
volumes of gas have been stored underground neaxr the delivery ends of
the long distsnce pipelines. Through the existence of this storage
and the use of interruptible industrial gas sales the pipelines have
‘been enabled to operate regularly at load factors close to capacity.
The gas fields produce more satisfactorily a2t fairly uniform flow
rates and the congsumers are protected in times of peak demand.

It is to be expected that as the market for natural gas dev—
elops in southern Ontario and Quebéc, the required storage facilities
will have to groﬁ in a trend similar to that observed in the United

States in recent years. For the protection and welfare of the public
and in thg best interests of the Canadian industry, the storage re-—
quirements must be carefully considered and fulfilled before the mer-
kets are extensively developed.

In this study, a brief summary of the importance of underground
storage of natural gas in the United States is first given since the
general conditions of growth of the gas industry are expected to be
fairly similar in Canada.

As the planning of storage reservoir capacity and deliverabil—
ity must be based on the expected market requirements, a hypothetical
example of the estimation of market requirements in soubthern Ontario
is despribed, and that study is followed by a survey of the design and
operation of the three types of reservoirs used for gas storage,

namely paertly depleted gas pools, partly depleted oil fields, and




water-bearing strata (aquifer:mémefmbirs).. The cost of underground

gas étdrage is also briefly‘comsidefed. |
VFinally, the ﬁreseﬁﬁ*faciliﬁiéé and the futur@(possiﬁilities’

of undergiound~gas?3térage ih-soﬁthérn‘Ont&fib and Quebec aré-studied,

with a view to drewing attention to ‘the nééessity'ofﬁplanning a suit-

" UN"J:TED STATES STAT"ISTICS(l)

" A% the end of 1958, the proven gas reseives of the United
" Stutes Wefé/eStiméted'af 254 trillion cu ft and the marketed produc-
" tion in 19581st 10.9‘ﬁfillion cu f%,“%hiléiihé bdme'éndvmommerdial
sales imcréagedlﬁy 8‘pér‘c§mt to the détriménfibf the interruptible
cénéumers, whiéhsié'théTuSuai>trendgdf natUréi‘éas'mamkets. The total
" storage éapaéity“ wes 2.7 trillion ou £t at the end ‘of 1958, proviaéd
by 205 pools in 19 states. With 8 237>écﬁivéwméiié,qthesé reéervqirs
prov1ded a maximum day output of nearly 10 billion cu ft. In 1958

the maximum gas in storage (excludingﬁﬁafi¥é'gaé)uwéé oﬁer 1.5 trillion
éu ft;'ﬁith én'annﬁalﬂinpmt td sfaragexdf neafij.TOO Billion cu £t

and an annual output frdm sﬁoragevdf almost SOQ'biilioﬁ'cu ff}

| The recent gréﬁfh in ﬁn&érground gas storage capécity in the
United States may be seen from Table 1. A'
' ~ About 70 per cent of the gas stored in ‘the United States is
loééted'in four states: Penns leanla, Ohlo, We st Virginiavaﬁd'Michigan.
| | In 1957 the types of reservoirs were reported as follows:

9 aqulfers and 190 partly depleted flelds, comprised of 175 dry gas,

13 011 and gas, and 2 oil pools.t




TABLE 1

Underground Gas Storage Capacity ir the United States, 1944-57(1)

Estimated Totsal
Year Number of Pools Rumber of States Reservoir Capaocity,

: in billions of
cu £+ (MMMof)

1944 50 11 135
1949 80 1 ' 491
1951 142 15 ’ 916
1953 167 17 1,735
1955 178 18 . 2,096

1957 199 19 2,603

The nétive gas in storage reservoirs in 1958 was estimated
at nearly 400 billion cu ft, and the ultimate capacity was estimated
at 1.3 trillion cu % for the "cushion" gas and 1,1 trillion ocu ft‘
for the "working" gas. At the end of 1958, "cushion" gas and "working"
gas volumes were about equal to 700 billion cu ft each, i.e., 50 per
cent of the total stored gas.

Rock pressures usually ranged from 100 to 3,000 psig. Ap—
proximately 5 per cent of the wells were used for pressure control
and 10 per cent were under dbservation. About 80 per cent were
geneially used for both input and output., Usually the date of maximum
gas in storage is about the end of October.

The data given above show the importance of underground
storage of natural ges in the United States, and it is expected that
the general trends are likely to be similar in the growth of the

Canadian gas industry.



" The pianning of storage reServoir'capacity'and deliverability
muet be baeed on'the expected'market'requdrements,'and‘an-example'of
-their evaluationnwdll noW'be described.’ |

© MARKET mmm&;m IN SOUTHERN ON’I.;AR‘IO’

For‘obvious reaSOns;‘the trend is  to operate all faciiities
i at the highest load factors possible — especially'the long~-distance
gas pipeline,iwhdoh require very 1arge inveStments."This is most
easily accouplished by offering off-peak iuterruptibleAsales at low
rates, but thelgross revenue per”cu £t of gas is thereby considerably
reduced., H -

The space-heatlng load varles withlthe Weather and is
fusually( ) characterized by the "degree—day deflclency" (pDD), which
is the sum of the differences between the mean: dally temperatures and
’the base temperature (65°F) for all days when such temperature was
/below 65°F, as recorded in the 1ocel weather bureau. In southern
Ontarlo, Where the greetest growth of the gas market is expected,
the annual degree*day deflciency may be estlmated between 6 000

‘and 8 OOO.V However, experlence has shown thet to be prepared for

exceptlonally cold years, a safety mergin of about 20 per cent should

be added, thus g1v1nv estlmetes of 7,500 to 9,500 DDD.

It should be noted that peak demands are far moreﬁserlous in
their effects late in the winter than earller;‘because'storage gas is
~ then cons1derably depleted and less pressure 1s ava11ab1e.»

' The patterns of hourly varlatlon 1n temperature and of w1nd
velocity are also 1mportant factors of gas consumptlon. :

‘A fsvourable factor is the summer air - condltionlnglload,

which is grow1ng rapldly.
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In Table 2 are given estimates of the order of magnitude of
.the usual ranges of consumption factors per customer in Canada.
TABLE 2

Consumption Factors per Customer in Canada (Estimated, 1960)

Class of Sale Consumption Factor per Customer

Residential exclusive of

space—~heating 20-40 Mcf/yéar
Commercial n "o 80~200 "
Residential space-heating 0,02~0.04 Mcf/DDD
Commercial " " 0.05-0.15 Mcf/DDD

Table 3 shows some estimatés of the usual ranges of load

factors in Canada.
' TABLE 3

Load Factors in Canada (Estimated, 1960)

Class of Sale Load Factor (in per cent)
Residential or commercial exclusive
of space heating 70-85
Residential or commercial space heating 15;45
Industrial -~ firm load 50-75
Company use 85-100

The load factor for space heating may be calculated as the
ratio of the actuai average annuél DDD to the value it would have if
all days were as cold as the average peak day. For instance, in
Windsor, between 1941 and 1952, the peak days averaged 5°F, corres-—
ponding to 60 degree-days, and the average annual DDD was about 6,400.

_6400 |

The load factor for space heating was therefore: ZOx 365 x 100 or

about 29 per cent,




. The total sales and peak day sendout may be estimated, as
shovm in Table 4, for a hypothetical market in-the Windsor area. The
table shows totals of 25,000 residential and 2,500 commercial customers
and, for space-heating saturations of'respectiveiy 48 and 40 per cent,
thére would Bé'12,000 and l;OOO_EuszmersAin'thése ciasses. The table
assumés consumption and'lbéd'factors:from'the détﬁ previously given to
arrive at a maximum per day demand of 29 MMcﬁ.,.As it would be rarely
that all clasgses of sale would imposé-maximum demands simultaneously,
and then only for very brief periods; a "diversity factor" should be ap-
plied, which experlence indicates is usually between 0,7 and one, As~
suming a diversxty factor of 0. 9, the peak day send-oub wou]d be
29 x 0,9 = 26.1 MMcf and agalnst tﬁls peak demand-the average per day
load of 12.7 MMcf shown by the table would represent an overall load
factor of 12, 7/26 1 or about 50 per cent.

TABLE 4

Hypothetical Market Requirements for Gas in the Windsor Area
(Estimated, 1960) .

D=AB
A B C | Derme E=D/365| F G=E/F

Clags of Sale |Number {Consump-{Annual | Annual Aﬁerage Load | Maxim-
of eus—| tion DDD Sales | per day|Factor| um per

toners  (Factor -{degree| MMcf MMef % day
Mef days ' . MMcf

Residential ... 25,000 30 ~ 1501 2.0 | 80 2.5 |
Commercial..... 2,500 100 250 0.7 80 0.9

Residential o : :
space heating..12, ooo 0.025 |:6,400| 1,920{ 5.3 | 29 18.2
Commercial K - :

space heating.. 1,000 | 0.075 | 6,400| 480} 1.3 | 29 | 4.5
Industrial : - : : S o
firm load «.... ' 600 1.6 - 65 205
Industrial-Int- : : ' '
erruptible load 500 1.4

Company use,etc. : ' ’ - 1501 0.4 100 0,4

Total ' | - | 4,650 1201 | | 29.0.




In order to operate at 100 per cent load factor, the~trans;
mission pipelines supplying the market considered in Table 4 should
ﬁave a capacity of about 12.7 MMcf/day. The space;heating part of this
market corresponds to a yearly average deficiency of 6,400/365 or 17.5
degree days. But the weather records for the Windsor area show a total
of about 2,470 degree days observed in excess of the yearly average of
17.5 DD. These additional requirements account for 2,470/6,400 or 38.6
per cent of the ammual space-heating load. This excess over average
load would need a minimum working gas storage of 38.6 per cent of the
annual residential and commercial space-heating requirements shown in
Table 4 as 1,920 plus 480 i.e. 2,400 Micf of éas. These storage faoil;
ities, which amount to 926 Mief of working gas, should have a maximum
daily deliverabflity of at least 26.1 minus 12.7 MMcf or about 13.4 MMcf.
It should be noted that the maximum hourly deliverability, usually ex;
p;essed as a percentage of the maximum daily deliverability, may be as
high as 6 or 7 per cent, and peak shaving facilities must be provided
accordingly.

In practice, storage reservoirs have to be considerably larger
than required for the average winter, to provide for unusually high dem;
and and insufficient supply. Gas storage facilities designed for winter
conditions are usually acceptable for summer injections, except in some
cases of high pressure storage, when compression facilities may be the
limiting factors.

DESIGN OF STORAGE RESERVOIRS
Generally, the best type of storage is the adaptation of

partially depleted gas or oil fields, if any suitable such reservoir

is located reasonably olose to the markets from an economic viewpoint.
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The first step in the development of storage in a depleted
field is the gathering and study of all geological ond engineering data
avallable -- such as scoul tickets; well logs, well plugging'reports,
p?oduction and pressure histories,:andfcore'datavnw in order to estimate
the capacity of the reservoir. ”Iﬁ addition, performance tests, such as
back pressure tests, will help to evaluate thg probable deliverability
and hence the number of wells required. - Regarding the tightneés'bf the .
reservoir, the records of casing, cement and well piugging are most im-

- portants redrilling and plugging of old-wellé, new casings and new Coﬁm

pletions are often required.

If these initial studies are favoufable,ftherrights.to use the
formation for gas storage must be acquired by leases or warranty deeds,
ete, |

Some nay wells should be_drilled fér:various-purposes, e.g.,'
deiimitatidn wells, to define the field limits; observation wells
(about 4 per cent of all storage wells), to detect possible 1eéks'and
check water level changes; additional wells, for peak-day deliverm'
ability (usuelly located at the top of the reservoir); and drainage
wells around the periphery of the pool, to decrease,the.exceséive,
pressure gradients which may occur,

The main difference between operation of a storage reservoir.
end a gas field is that the rate .of withdrawal:may,be much higher
from storage, causing drops in reservoir pressure of as high as 30
psi/day. TFor a well-head pressure of 600 psia in an 8~inch casing,
the maximum flow rate to avoid entraining of‘foxmationsparticles in

, : (2)
the gas stream is about 35 iMef/day ",
Well .pipelines are usually oversized, for protectién against |

freeze-off caused by bydrate formation. In fact, dehydration of the
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gas withdrawn from storage.reservoirs is often required, because even
dry gas injected in water;bearing atrata collects water. Deﬁydration
is most often obtained by the liquid (glycol) or solid;ahsorbent pro;
cesses, either before or after compression, depending on various
conditions. |

In view of the wide range of compression ratios, pressures

and loads, the compressors should offer a variety of poésible power

and capacity combinations,

OPERATTION OF STORAGE RESERVOIRS

Storage in .Devleted Gas Fields

In reservoirs with bottom or edge water drive, the changes

- -

in reservoir volume may be estimated by the unsteady-state flow equa-
tions and methods of Van Everdingen and Hurst(3).

In a resexrvoir with only gas expansion drive, the range of
pressures dctermines the capucity. To select‘a suitable range, baek
pressure tests(4) should be studied, and back pressure curves should

be prepared as convenient illustrations of the well-lknown equation forx

single—phase gas wells:

Q= C (PENPE)n S PSS PEIRINBOIROIDOEPIOITEROIORS (l)

where Q = flow rate at 14,7 psia and 60°F. in Mcf/day,
C = performance coefficient,
Pf = ¢losed formabtion pressure, in psia,

P = flowing sand face pressure, in psis, and

i

n reciprocal of back pressure curve slope.

"Mow after flow" or "isochronal" teusts are also often used to deter—

mine the constants n and C, especiclly for slow stabilizing wells.
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The ninimun-6f°béée'bféééuréfgénrfhén be chosen after con~ a
- sideration of the compiessibn’césts;“%hé'Cushion:gnbvinveatnenn, and
the rate of detéridraiionvinifiéldvberfbrnén;é'Wﬁen the pressure is
Tlowered., |

The maximun storage préssure may be limited by the allowable
| working pressure of the avallable eqnlpment, or by “the common practlce
'of not exneedlng the field discoveny pressure, In shallow‘flelds,
hydrate formation may be the limiting factoro 'Consideratinn,must be
given to the formation~breakdqwn factor, which .indicates the preasuie
per foot .of depth at which the fornationvwou}d be frgctured,,ranging
from.0.45 to_i.45 psi/ft, and usually abpva,one.nsi/ft,.

Cyeling around the discovery pressure ig often the besﬁ
policy, Open-flow tests are wasteful, and may cause caving and water
.- coning, ,instend, stabilized back,pressgre'qurveg,are used to estimate
the ability of a well to receive“br prnduce gas;;LPeriodic_testing'is
necessary, often annuallyo The curve slope;seemsfto be a characteristic
of the well, and certain modifications,of;the curves will show the
need for remedial proéedures, such ag blowing,to,clean cavings; in<
stalling liners to prevent cavings;.chémi¢a1 treatmenns;'undermreaming;
and perfo atlons. |

The maximum withdrawal rates are malnly llmited by water en=
croachment at hlgh pressure dlfferentlals as determined by experience.
For instance, pressure “draw down" _may be 11m¢ted to a maximum of 50
to 60 psi for field pressures of 500 to 700 psi, the exact fipgures
dependlng on localqundltions. In the abnenceﬁof_bottom or edge.water;
the transmission pipeliné preégurg or thé instnilgd power of the nom-

pressors may be the limiting factor.
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Charts relating the withdrawal rates, the coﬁpreseor station
inlet pressures and the observation well pressures can be estsblished
to predict one of these variables with various assumptions on the
others.

Gas dispatching is based on the weafher records and on fore;
cagts and estimates of the various hourly demands. The hourly loads
can thus be predicted and the storage reservoir properly operated.
Each well should be inspected frequently ;; daily, in most cases,
Pressures should be checked with deadweight gauges.

Inventories of stored gas should be taken in the spring
and. fall,-when the market requirements are closely met by the trans;
mission pipeline. From shut;in pressures isopiestic maps can be
drawn, énd,'with isopachous maps and other data, a weighted average
pressure for the reservoir can be calculated. With the measurement
of the volume of injected gas, the reservoir volume can be defermined.
Gas migration and leaks may thus be detected.

Losses due to leakage from the pipe equipment may be
estimated at about 0.2 cf/year/psi/sq £t of pipe suiface.

Gas migration may also be detected by gas analysis pro-—

cedures, such as mass—spectrometry and gas-—chromatography.

Storage in Depleted Oil Fields

Field history and performonce must first be studied and the

0il reservoir mechanism determined. The available space can be cal-—
culated from the total production of ¢il and gas, and from material

balance calculations. The pressure range used will be based on pres-—

sure history of the field, and the meximum is often close to the

initial pressure. The secondary oil recovered from the gas helps to
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reduce the cost of the storage project, and may.be_vér& profitable in
_ some cases, but,the.time;tablewf§r,storgge Wayybe affepted b& the
secondary recovery schedﬁles. Using the game wells for both injection
and withdrawal may cause troublesome eﬁulsions.

The volume (V) of gas,to replace oil produced, in Mcf is:

AN P B
v : 0'199...._._._.-.—-‘-._0“ “BaNNeANsRRLILIE LIS LIS (2)
Tz '
where AN = oil prodﬁéed, bbl,

P = reservoir pressure, psia,
B_ = formation volume factor
T = reservoir temperature, °R, and

z = gas compressibility factor.

‘Some injected gas may glso.go”inpo sdlution.»_
- With a good cap,rock,’preésures can be higher than thé usual
: discoveiy pressure caused by thgrhydraulic.gyadient_of earth préssure,
but pressures exceeding 0.6 psi/ft of depth should be avoided. If
water is present, it is usuailyAcqnsidered thaf wate? movements will
be minimum with a pressure cycle in which'the average Of the highest
and lowestvp%essures wduld,bgfequal to the discovery pressure. It
@ust be noted_that working gas may ampﬁnt'to,gnly 40 to 70,perlcent
of the total gas in the field. |
The gas capacity of a wéter;driﬁé<bii‘field depends on the

possibilit;és of removing the water b&’gaé‘ﬁfeBSufé;' Edge water wells
are often quite effective to facilltate this dlsplacement.

| The gas flow capaclty ‘of oil wells in the case of laminar

flow may be expressed asg follows:vu
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2 2
Qo B}lo (Pl - P2)g
z Tpg (Pl - P2)o

where Q = gas flow rate, Mcf/day,

N &)

Q = 0.099

B = formation volume factor,

Yo = o0il viscosity, centipoises,

Pg = gas viscosity, centipoises

P1 = reservoir pressure, psia,

P2 =. flowing bottom;hole prgsaure psia,
subscript o applies for oil,

subscript g applies for gés,

Z = average gas compressibility factor, and

T = reservoir temperature, °R.

Storage in Aquifers

Suitable anticlinal structures must first be found by
geology, by core and slim;hole drilling, and, egpecially by geo;
physical methods. The permeability of the cap rock should be lower
than 10"5 millidarcy, to avoid water displacement. ﬂThe tightness of
the cap rock must be checked by gas injection tests. Limited seepage
may be acceptable, and the leaking gas may be collected and recycled
from a shallower Zone,

To initiate the flow of gas into the reservoir, pressures
from 100 to 300 psi above the water pressure may be required., After
the flow has started, the maximum gas injection rate at a given gas
bubble pressure is based on the aquifer behaviour in the unsteady
state. The solutions of Van Everdingen and Hurst(3) may be used to

express the water movement g from the gas bubble, in cu ft, as follows:
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¢ = 6.28¢ ¢, R b (P, - - p IO K- (4)

where @ “"fractlonal por091ty,f

Cw - compressibility of water including formatlon,
(volumes)/(volume) (psi),

R = 'gas'bubble‘radius,-ft,

h = formation thickness, It,

fge)
H O/
.

‘pressure on gas bubble, psia,

g

= initia]l water pressure, psia,

fluid influx, function of 4y, tabulated by

.Van Everdingen and Hurst(3) and Chatas(5)
Xt
t., = dimensmonless tlme = O 0063 roe——

¢P I"W

o

K = permeabilityj miliidarcjs,
t = time, days, and
P - water viscosity, centipoises. .
In the case where the preésuré'is ﬁoi Cbnéfant, but the
rate of water flow is constant, the cumulative pressure increase at

(3)

the fleld radlus may be expressed as fOllOWS‘

P —P = 252%——“- oocloo-o‘-'.o (5)
with the same notations as before, bul where:

q = water flow rate, cu ft/dqy, and

: Pt'= breséura chenge, function of tD’ tabulated

by Van Everdingen and Hurst(3) and Chatas

If neither the pressure nor the flow rate is constant, the

principle of superposition may be used to group together a series of

different flow rates.

(5)
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Cost of Underground Storage

Acquisition costs vary a great deal, depending on looal
conditions. Development costs inolude drilling costs, which may
vary from $5 to $100 per foot for actual drilling, casing, cementing,
logging, coring, and testing. Wellhead struotures may ooat $5,000
each. Gatheriné syshem cowsbs should not exeeed $10,000 per well. E%ﬁ
penditures for an old well may be higher than for a new one. |

Cushion gas, which occupies about the same volume as working
gasg, costs from 25 to 50 oents per Mcf (close to thé interruptible
sales pricg). Capifal costs of compressor stations may be from $250

to $300 per horsepower.

Transmission line installation may cost 50 to 60 cents
per inch‘of diameter per foot of length. Gas;treating costs vary to
a great extent, |

The total investment oost, usually'given per Mcf of working
capacity, may be estimated to range from 40 cents to $1 per Mcf.

The operating cost seems to be about 5 cents per Mof
delivered, i.e. about 1 cent per Mcf of total sales, since less than
25 per cent of total sales usually comes from storage.

Other methods of peak shaving are much more expensive,

Low-pressure steel holders cost hundreds of dollars per Mcf, High;
pressure pipe batteries cost tens of dollars per Mcf. Low;temperature
liquefaction and storage may cost $5 to $10 ber Mcf, but could be
greatly reduced for large capacities. Mined caverns cost $4 to $5
per Mcf, and caverns dissolved from salt about half as much.

Investment costs for manufactured oil gas may vary from

$170 to $270 per Mcf. Natural gas substitutes from propane may cost
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$1,10 per Mcf, to which must be addéd depreciation costs for the
propane plants.
GAS STORAGE IN SOUTHWESTERN  ONTARIO

A number of gas and oll fields in southwestern Ontario aré
now used (others are available) fér storage of natural gas to help -
golve the peak shaving.probleﬁs that -occur in the operation of the
Ontario markets of Truns-Canada Pipe Lines Limited(G) and to improve
the load factors of the distribution pipelines. For econOhic reasons,
most of the -storage fieslds now in use.in'the worid are located within
200 miles from the markets they supply. As all the available storage
fields in westérn Ontario are located in the extreme southwestern
region ~—— with one small exception ~- it is quite probable that their
ugefulness willjbe'limited mainly to the market areas of the Union

o (T)

Gas Company of Canada Litd.

(8).

and the Consumers' Gas Company's central
zone

Towards the end of 1959, the gas storage pools in operation
had a total capacity of about 35 billion cu ft, the cushion gas pres—
sures varying from 200 to 550 psig. The volume of gas in storage in
these pools was about 30 billion cu ft, including a gas cushion of
approximately 15\billioh'cu ft, compared with a tdtal working storage
capacity of 20 billion cu ft.

Maximum pressures at capacity would range from 500 to 900
psig. With 4 to 8 wells for each gas field of a few billion c.f. cap~
acity, the total daily deliverability would vary from 250 MMcf at
cushion pressures to 550 MMef at maximum pressures, against an 80

per cent back pressure.
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These storage facilities have proved quite adequate, as the

available working storage is superior to the winter excess of the

demand over the receipts from the pipeline suppllers and the producing

fields in southwestern Ontarioj at the same time the deliverabilities
have been sufficient during the peak periods, |

Farly in }960,.the total storage cepacity wag being increased
by about 9 billion cu ft, including a gas cushion of about 3 billion cu
£t, and therefore a working storage capacity of 6 billion cu ft. Thé
daily deliverability is expected to be increased by 100 MMef  at maximum
pressure and 25 MMef at cushion pressure (80 per cent back pressure).

Additional storage facilities, in the order of 20 %o 25
billion cu ft, are expected to bo required by the middle 1960's and can

be provided easily by a number of gas pools under preparation, which

‘“have a total capacity of 90 billion cu 1, including a gas cushion of

42 billion cu ft, and therefore a working storage capacity of about 48
billion cu ft. With 46 wells, these pools could provide an additional
daily deliverability of about 640 MMcf  at meximum pressure and aboutb
245 MMef  at cushion pressure, against an 80 per cent pack pregsure.
There are also some currently producing oil fields that
could be used for storage later., Although the injection of gas could
help in the production of oil, all gas withdrawals would have to
dopend to a great extent on the most efficlent recovery of the oil,
and that is not very attractive from the viewpoint of adequate stor-
age operations., However, these supplementary fields would ha&e an
estimated working storage capacity of about 10 billion cu ft, with ap-

proximately equal cushion, and therefore could have some usefulness
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within strict limits.

Although their characteristicé afe not as favourdﬁie; a feﬁ |
other gas pools offer possibilities of storage if required; they would
have a total‘working storage capacity of about 10 billion cu ft.

As a last resort, some sour gas pools could provide approx;
imately 13 billion cu £t of working storage capacity, and some gas
fields of ihdefinite extension (under lakes. or with other disadvan;
tages of leaks or excessive cushion) could offer over a hundred bil;
lion cu ft of working storage cépacity.

A comparison of the needs for étorage in southwestern
Ontario with the availability of possible storage facilities (within
200 miles frqm the main merket areas) indicates that, over a feriod
of at leést the next decade, the expected Winter withdrawals andvpeak
day requirements from storage can be adequaﬁely met by the development

of presently known reservoirs in the area.

GAS STORAGE IN SOUTHEASTERN ONTARIO_AND THE ST. LAWRENCE
LOWLANDS  OF QUEBEC

At present there are no partly depleted gaé or oil fields
that could be used for gos storage in these areas, nor do there seem
to be any old mines, sélt gtructures, or ekcavaﬁions that might be suit—
able; Therefore, the only possibility of ﬁroviding gas storage seems
to be in the selection of natural formations for operation as
aquifer stofage fields. Unfortunately, few wells have been drilled
in southeastern Ontario and southern Quebec. In tﬁose areas, some
suitable structures may eventually be found, in watér;bearing strata

in the Upper Potsdem sandstone (Upper Cambrien) under Beekmantown

March.calcareous sandstones and dolomites at a depth of about 1,000
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feots; e.g. in the vicinity of the McCrimmon No. 1 well, Caledonia town-—
ship, Prescott county about 45 miles east of Ottawa. Showings of gas and
.water have been noted ip some other wells, such as the Carlsbad Springs
well, Cumberland township, Russell county, and the Nestle Jackson No. 1
well, Winchester township, Dundas county; also in Chazy sandstones and

(12) formations.

in the more coarse and porous sections of the Trenton

However, the possibilities for underground storage of gas are
more attractive in the St. Lawrence Lowlands of Quebec, which are also
nearer the fast-growing gas markets of the Montreal»area(?),A In thet
area, the Chazy, and possibly the Black River, formations secem to be the
most promising for gas storage, although thehpossibilities of the region
are not yet well knaown, inasmuch as only about 40 per cent of the 158
-wells drilled there have penetrated below 1,000 feet and rock samples are
available for less than one-third of all the wells. Porosities and
permeabilities. at suitable depths appear to be rgther low, and .the only
core analysis on record shows 1.2 per cent porbsityx Well records have
recently been published(ll). A great number of faults have been re-—
ported and many of the formations are not likely to be suitable for gas
storage(lz). The Potsdam is often highly jointed and so is the Utica.
The Beekmantown formation may contain many active aquifers and the Trenton
is generally quite dense. The Chozy and the Black River together with
the Lorraine may offer the best possibilities for gos storage if suf-
ficient porosity and permeability can be found in relatively undisturbed
areas,

It must be emphasized that the available geological and well
data are still very limited concerning the St., Lawrence Lowlands.  How-

ever, it seems that the most promising structures, based on present

knowledge, would be in the vicinity of the following wellss
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Well No. 516 (Mallet No. 1), ir Terrebonne county, although a dry
hole, showed a number of gas horizons betwsen 1,000 and 2,000

" feet, and the ares Gould be suitable for gas storage, dépending

on the seal in an adjacent fault.

VWells Nbs}”jz and 73 (okAIfa4oiimoht Nos. 1 axid 2), in Laval county,
ﬁﬁdiéaféd a number of gos and water intérvals below 1,000 feet,
but are adjacent to a major fawity |

Well NOQIIéé (Qﬁefec Fuel N 3), ifi Vércheres dounty, produced gas
from>£he 1,860-foot 1vel at 250 Méf/day:with“a closed-in pres-
" sure of 240 béi;u Tﬁiskwéil”was”cbmpiéied in”1910, is relatively
'A¢105e'$6"Mdﬁtreél; and indicates some Possibilities for the
érea,"although'ihé“ﬁeighbduring'ﬁéils“have9béén rather diéap~
" pointing. oo
Well No. 520 (Roy, J.A., ‘and Fortin, J.), in Nicolet counfy, showed
 wéfér and gas between 900 ahafl;OOOerétAdf‘depth, but is close
" to the St. Germain complex and ‘much fafthér from Montreal than
the wells previously mentioned, - o
‘Vlella NMos. 2, 3, 4, 5 and 6 (Bald Mountain Batiscan ﬁos. 1, 2, 3, 4
and 5), in‘Champlain'county,-aBout‘lOQ.miles from Hontreal, have
shown'numérous'gas and’water'hofizons; Well No; 25 completed
in51957, had a'ieported £low of 3,5~MMcf/day; with a closed-in
'ﬁréSsufe“of 1,000 ﬁsi.'”"' ' | A

WeIl'No.*lli(Bald'Mounfain3No. 1, Louiseville), in Maskinongé county,

completed in 1957, produced at 850,Mcf/aay with a closed~in |
“‘.pressufe.of 384 ﬁsi}”}Alfhéugh this'Weli'ié rather shallow
(819 féet) and the ﬁéighboufing'WéllfNo;“12'Was'not 30 encourag-
" ing, Louiseville is ¢loser to Montreal ‘than is Batiscan and

thers seem to be definite possibilitiesy especially in the
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Neekmantown horizon.

In summary, it may be stated that there are a number of struc-
Itures in the 5t. Lawrence Lowlands which may offer suitable aquifer stor;
age of natural gas. However, the available data are very limited at
present and much geophysical, drilling and core-analysis work is required
to ascertain the possibilities of any of the favourable areas or to dis-
cover new suitable locations in the regions where the conditions appear
promising in spite of too shallow drilling.

TYPICAL CONDITIONS OF ARTIFICIAL
UNDERGROUND STORAGE OF GAS

The relatively poor choice of sultable gas storage structures
in the Ottawa-Montreal area is such that even very small shallow reser-—
voirs should be considered; in fact, some storage pools have been use—
ful with less than 400 million cu £t capacity and with pressures cycling
between 50 and 150 psig.

However, with pools of such rather small dimensions and low
pressures, a great number of reservoirs would be required and the econ—
omics of that solution to peak shaving problems are not likely to be
very favourable, especially since a high deliverability is usually
desirable,

For the selection of structures sultable for gas sbtorage in
the 5t. Lawrence Lowlands, it may be helpful to consider some typical
conditions(lo) found in the few successful aquifer storage reservoirs
that have been created under similar circumstances in the world (United
States, France and Germany). These structbures are generally anticlines
at depths of 1000 to 2500 f£t. The reservoirs are usually in sands,

100 to 150 £t thick, that are covered by an impervious cap rock (at
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least 20 ft thick) consisting of limestones, dolomites, shales or
clayish rocks with permeablilities lower thanlo~5 +0 10~7mi11idarcys. Tﬁe
vpermeability of the reservoir varies between 30 md and 15 darcys, end the
porosity between 8 and 40 per cent. The original réck pressure is in

the order of}500 to 900 psi and has heen raiged in some storage fields

up to.0.65 pei/ft debth; The total storage capacity of each of these
reservoirs may range from 5 to 80 billion cu £t. The maximum deliver-

ability per day is usually in the order of 1 per cent of the total

capacity, although it is obviously variable to a large extent, depend-

ing on local cénditions.

The preparation of an aquifer'gas sforage field generally takes
two to five years Eecausekqf the lengthy preliminary studiss of possible
structures,~geobhysigal surveys; core~drilling programmes, and injéction
tests., In addition, the‘final filling.injection éf the pool must be
gradual, to avoid excessive pressures and.unnecessary gasjlayers. ‘In
order to have only one gas bubble, the second and following wells receive

injections only after the gas zone has reached them.

CONCLUSION
Underground storage faclilities for natural gas are an essential
part of thg gas industry. In view of the large capital investment and
relatively,ldng and careful development they require, it appears very
important to give, as early as péssible, proper consideration to the
provisioﬁ of adequaté storage capacity and deliferability for‘the new
and fast—growing natural gas industry in southeastern Ontario,and in
the St. Lawrence ILowlands of Quebec. Although'no geological structure
has as yet been found very attractive in that érea, several formations

have been indicated which offer definite possibilities for gas storage,
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|
especially if their permeability can be artificially improved by the

modern stimulation techniques.
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