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SULGIARY

011 seepages wore investicated in the er a of Sulplwr Dey

which lies on the west -ide of Great Sleve Lake in the ‘lorth “est

Territorice.

To the T«st, et a distance of from five to ten miles inland,

the Presquile Dolomite forms an off bearing reservoir at shallow depths.

It is overlain by a cap of up to fifty feet cf hard, dark grey bituminous

shale (Spence River Shale) covered by e thin layer of alluvial ¢ravel

and overburden.

The section has been extensively drilled and cored and ofl

impregnated sections of over 160 feet have been recovered. Cored sections

from one hundred and sixteen (116) stratigraphic test holes have been

exemined and described in detail.

This dolomitic reef ts been delineated and covers a proven

area of over fifty six square miles, with a net pay section averaring

some 55 feet in thickness.

The reef structure was drilled and cored during 1956, over the

area in a program designed only to evnluate the lead end gine nincralize-

tion associated wit), the vugry dolomitic reef, and the of] content and

the excellent porosity/permoability characteristics were ipnored at

that timo. llowever, oil and cas shows were obteined during the coring

process and e badly weathered sample of the oi] hes been anslyzed. The

gravity was 16° API but estimates by the laboratory of oil bled from the



 

interior of a troken core sample (which hed beon weathered for some

months) would indicate that the actual reeervoir fluid will have a gravity

of 27° API or highere A omall flow of of] war obtained from a well drilled

some miles to the west, but producing from the same formation. The

Divieion of Fuols, Ottawa ran an onalysie on a sample and thie feve a

gravity of 52.8° API.

Bituminous infilling in the coras is only sporadic and average

pormeability of the core iz excvllent. Five samples analyzed averaged

porosity of 15% and permeabilities greater than 700 millidarcies.

A conservative evaluation of the reservoir capacity, assuming

an average porosity of 7% and a wator saturation which is no doubt

excessive (40%), indicates an of] in place in excess of 620 million

barrels.

The reservoir fluid will be almost completely undersaturated

due to its proximity to the outcrop and shallow depth. Solution gas-oil

retios will probably be less than 20 oubio feet per barrel. Low recoveries

from solution gas drive must be expected, but the fact that a large

volume of continuous, 01) bearing reef structure is encountered olose to

the surface would make the prospects of a close spaced drilling pattern,

and the inoeption of a pressure maintenance/water flood project, highly

economical. Miscible slug followed by water injection or alternatively

in situ combustion, are clearly indicated, with a corresponding rreatly



improved recovery factor. Results from the South Belridge test pattern,

which has been operated in California on an experimental basis for the

last four yoars, show a recovery by in situ combustion in oxcess of 72%.|

Consideration of regional economics serves to emphanize the

following points:

1) The area in situated directly on the shore of Gront Slave Lake

which forms part of the MacKenzie river system, the main

treffie artory t! rough the Territories. Tho highway constructed

from Edmonton to Hay “iver which has now been extended to

Fort Providence, sort kee and thon to Yellowknife, passes through

the area, Compls fon of the last ler of the rail connection from

the shores of Great Slave Lake to Edmonton is now in the final

stages preparatory to construction. A winter tractor road

| traverses the property. The location is thus highly accessible.

2) Demands for hich ootane fuel in the immediate area and also for

air traffic supplying the "Dis" Lino are ineressing rapidly.

Mining operations at Coppermine and Port Radium and the present

rapidly expanding activity throughout the Territories will serve

to accentuate the demand. The present gasoline supplies are

brought in by long freight hauls either fron the small refinery

at Norman ‘ells or by rail and boat from Sdnonton.

3) A amall capacity refinery using the "coking" process could be

deoiened loowlly to eccoiodate this erude and the resulting
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supply of asphalt would find a ready market for the all-weather

highway system which is now in piocess of construction across

the entire Yukon and the Territorios.

Political necessity in the iast 12 months has created a

tremendous amount of land activity*® from the Alberta border

north throughout the Territorics as far as the MacKenzie

Delta and the Arctic. Accelerated development of this entire

area, which is recognized as having an almost unlimited oil

and gas potential, together with the virorous activity in Alaska,

will call for rapid development of pipeline outlets coupled

with tanker transportation, to make the entire Alaskan and

Worth Canadian aree @ source of supply alternate to Middle

Bast and Venezuelan crude. Development of the Athabaska tar

sands in the very near future will probably serve to complement

the Territorial of] production. Pipeline outlets to the Pacific,

at Skeena Kiver or at Juneau, or to Churchill on the Hudson's

Day, are already being investigated.

© NOTE: 88,3 million acres were taken out under permit in

August 1956 and a further 5.1 million acres in November.

A total of 1438 permits covering 70.7 million ecres

were under active permit at the end of November 1956.



ett:

A temporary 4-inch line wer lei¢ slonr tte Canol Road, frem Forman

Selle to Thitehorse, ce an enorrency wer tine measure enc carried erude for

refining at e point which ie only fifty milee from the Facific coast. Ree

construction of a line over this same route ie now boinc considered.

A relatively small cutlay in capital and ecuirment on the pernits

will provide for the carryinr out of a further slimehole coring and testing

Program which would serve to completely delineate the reservoir and also to

iadicate the most favourable process for production and development.

A map and notes on a 61,272 scre permit surrounding Fort

Providence have also been included. This acreage contains one wo)l

which was drilled on this permit 1. miles south east of Fort irovidence

in July 1951. 4 emall sweet az flow, estimated at 40 'cf per day, was

tested and the well war copped as & rotential pac well. This well will

revert to the present permit holders when a lease is taken out.
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shudicTt iQ)

(6 miles x 6 miles = 36 square miles averacing 70 feet net pay.

(10 miles x 2 miles = 20 square miles averaring 30 fect net pays

Yoluww: 36 x G0 x 70 = 1,612,800 Acre-feet

20 x 640 x 30 = 595,000 Acreefect

1,996,800 Acre-fest

(Vee 2 million)

Factors Useds

Average Torosity 7%

Connate ater 40)

Shrinkase 2095

in

0.07 x 9.60 x 0.95 x 7766 = 510 bbl. per Acre-foot

310 x 2x 10° = 620 uillion barrels

SBecoversble

(a) 6&% Secovery Factor 31 million barrels

(b) 10% Recovery Factor 62 million barrels
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DISCUSSION

Pernits

Three exploration permite were purchased directly that they

became available, from the Dominion Soverment in Decomber 1958, in the

Groat Sleve Lake area, North West Territories, Cannds. They are located

between Latitudes G1° 10" 4 and 61° 30° N and Lonritudes 115° 45° W and

116° 20° & and cover a total area of 184,464 acres.

A fourth permit of 61,272 acres was ale» purchased in the Fort

Providence area, some fifty miles to the west. It is located between

Latitudes 61° 20° W and 61° 30° N and Longitudes 117° 30° © and 117° 45° i,

These permits may be converted to leases at any time. A

maximum block of 4 x 4 “Sections” (aprroxinately sixteen square niles)

may be taken and the rowainder divided up in checker-board pattern until

fifty percent of the acreace ia under lease. The remaining half reverts to

the Crom, Careful selection of lease blocks, under this very advantareous

aysten, enables the operator to select more than 765% of the recoverable rese

erves in the field.

Sentajs

In addition to the bonus, a rental of five cents per acre has

been paid which holds the area in good standing for 18 monthe (to June 1960).

All of whe rentel cost is recoverable when balanced acainst the

expenditure made en the property. A "deep test” on the pernit area is

given credit for trice its actual cost. Fermits can be renewed for a

further period of cighteor months and then yearly for a total of nine years.

:
:



Fernits may be "crouped"” for the purpose cf expenditures. ‘ork

being done on one area oan then bo applied to rentals on the whole proportye

(10TE: There is no other area in the vorld where oxploretion reculet! ons

en! conditions sre sc favoureble.)

Litholory

The Fort Creek formation of the Upper Devonian outcrops along

the weotern shore line of Great Sleve Leke. On the eastern shore the

Canedian Shield (Frecemtrien) is at the surface.

From five to ten miloe to the west in the area under discuss‘on

the sequence is as follows:

Surficial deposits: Alluvial Gravel enc Boulder Clay.

May River-Simpsons Shale groupe

Speman Stake.
Sleve Points Appears to be an offeroef facies of thn Prosqu'ile.

A tight crey Mmestone with some local lonses of

bituminous shale aw! sanistone.

Brecolaegreen soles Dolomite and/or anhydrite breeeia with

one or more thin bods of rreen, waxy shale,

occasionally pyoritice fForeibly correlates with

the bituminous shales of the Fort Crock

formation which is part of the producing cone

at Norman Welle.

Presqutiles ‘iddle Vevonian: is a reef dolonite, fine grained to

coarsely reorystallized, white to brom, vucry with

calcite crystals in the vuge, brocciated and often



fossiliferous shroughout.

Fane Points Formation of dense grey limestone and shale under

lying the Presqu'ile.

iwaporite: Includas anhydrite with sone interbedded dolinite

and shale.

Red Heder Variable fron red dolomite shele to red shaley

dolomite, red anhydrite and silty shale.

Develo to Date

Imperial 941 drilled Imperial 3.%. "indy Pojnt $1 on the west

shore of the lake in 1920, suspended it, end the next year deepened the well

to the Preonmbrien. The well was not adequately terted ani was abandoned

in 1922. The Preequ'ile appears as a contact just below the surface but

the section was tight.

A mining company drilled and cored, and outlined in some detaji

the Presqu'ile Dolomite reof in an extensive developwnt program during

the Spring and Summer of 1966.

Cores and core descriptions of the sections recovered in one hundred

and sixteen (116) holes, rearing in deoth from 50 feet te 705 fret, have been

examined and described in detuil. (The core was examined on the lease where

it has been abandoned.) Recowery by dierond coring was excellent - usually

100%. One typical core description is enclosed. Sporadic showincs of lead

and gine (galena blobe) were observed but in the absence of comercial mineral-

izetion the project was abandoned. (Note: This reef lies on regional strike

with the Pine Point lead depasit, some forty miles to the south and east, which

 



is considered to be the lar,eet lead/zine reserve in tho world.)

O41 stained dolonitic reef seetions in ercess of 160 feet were

recovered.

Reserves

4n isopach using very conservative values of Net Pay was constructed.

The of] in place was caloulated on the basis of the corin;, which covered

@ complete northesouth cross section and seven east-wost sections.

Holes were usually 1000 feet apart with some local 100 ft. step-outs.

A value of 40% waco ueed for connate water but a value ranzing

from 10% to 15% fe more probable for this very section.

A proven area of some 56 square miles averaring 55 feet in

net thickness has been established giving an 011 in plece of 620 million

barrela.

Absence of ony sicnificant pressure has not boen cetablished

but only assumed in view of the shallow neture of the reef and the close

proximity to the outcrop.

A mininum recovery factor of 6): would indicate a recoverable

roserve of 31 million barrels. However, locnlized water injection and close

spacing, re-prossurization could raivo thin ficure into the 40% to 50% range.

The section hao never bean acidized. The holes were drilled

with native, hich water-loxs muds «hich would tend to block the effective



permeability, but both of] and gae flows were reported an delaying the

dovolopmont on numerous occasions.

Initial Program

A tentative, proliminary coring program has been sugested

in order to establish the followings

1) Ovtein a maximum reef section of frosh core for full core

analysis, o11 and water saturations, ond possibly Kg/Ko and

ku/Ko dote:minationse Coring of some of the section with oil

based mud in an offort to establish residual water saturation

should be attempted. Troatmont with retarded acid may show

that conoidereble residual reservoir pressure etill renains

at some distance away from the bore hole, and priuary recovery

on pump io worth while.

2) A close pattern (Sacre) five-spot pilot water flood could be

carried out with a minimum of expenditure. A surface line

from a local slough or from ono of the many emall lakes would

suffice for the initial water supply.

3) "In situ” Combustion should be considered, particularly if the

residual water content is high i.e. in the 30/5 to 40% range.

This may be possible, due to some invasion in local aroas by

surface waters.



4) A reduced scale pilot water flood enployiur, on an experinental

basis, a small quantity of liquid with favourable viecosity

(eege @ slug of diesel of1) should be tested. If tho residual

of] has an unfavourabl~ vincosity ratio ac compared with cold

water (due to low formation temperature and low solution cas)

bottom hole heaters may be required in order to achieve max-

{mum recoverye Gas is available in tho ares end e hot water

flood may prove nore efficient, Injection of a “miscible slug”

would be very advanta,cous in inprovinr, the frectional flow

characterictics of the reservoir.

Any or all of the atove preliminary production tests can be

carried out eat the minimum of cost due to the shallow derth of the

preducing horison.

Hote on the Tentern Fermit in the Fort Providence Area

4n outline on the drilling history of the cspred ces well, ‘orth

tiest Territories # 1, 18 enclosed. This well was taken down to a totel

depth of 1678 feet in July 1951 and found the Sleve Point at 1515 feet.

No reef was identified apparently. The gas flow orircineted in the Spence

River and/or Slave Point but the reported contacts may be open to question

as little drilling has been done in the area and correct identification

of these formations is difficult, ome authorities consider this to be

the productive section at ‘orann “ells. thie rermit lies on strike with



the Norman Welle* Roservoir.

A wildoat progran in this orea, which arain io easily accessible,

is definitely indicated. The so-called Upper Dovonian should be cored and

tosted - preferably acidized, and coring of the Middle Devonian section,

to be found from about 1500 to 1600 fect from the surface, should be

carried out.

worse
: Norman Wells: Proved Recoverable Keserve of 63 million barrels

based on 25% Recovery Factor. The factor used is conservative

for this type of reservoir due to the fact that two thirds of

the productive area lies benosth the MacKenzie River and will

not be drillede (ref. Imperial 012.)



ENGLPRDG be Pek LNT STAT LOW

UNLV bSITY OF UTAH

14 Decenber 15956

Results of Tests on Ureet Sleve lake Crudes “entherod fanple

1.

lle

11).

1v.

Atmospheric Dietrillation (packed colum) lressure: 645 m Hg

Percentace distilled Tenperature (dec. Conticrade)

= (Initial boiling point)

246)
) Natural pacoline = almost

277) good enough to use straight

300)
)

318) Keraosone

)
46 326)

$8
6

8
&

o

Above 326 derrees Jentirrade (temperature of tor of column) oracking
reactions ovourad and from 46 to 8) percent frection of the crude was
readily obtained as cracked rroducts with a boiling ranre of 275 to 326
degrees centigrade. By separstim:, these fractionn additional rasoline
ean be produced. About 20,: in residual and sets up like road tar.

Fercontare Yulfur

Fraction testods 10 © 20% (boiling ranga, 246 - 277° Ce)

éulfur, percents 0.4 ( ‘oet of sulfur rrobably remains in residue)

Gravity of Crude

Degrees ATI, 18 Specific Gravity 0.94

Sulfuric Acid xtraction

Fraction Percentage romoved by acid
10=207% Ge4 Witropenous and sulphurous compounds
40-5076 22 which must be removed
$-10% 305

Operator, Tonald D. ‘oolley.

—



Roferunce:

‘wolls

locations

Drilleds

Tests

RePOUT OF OIL KCOVANY 10 GREAT “LAV<2 LAKE AREA

Department of “Yorthern Affeirs and Natural lesources:

Schedule of Wells, Juno 1955,

Punch Deep Bay Test #3.

Lat. 61° 22* 30" il,

Longe 116° 52* ite

May 16, 1952 to Juno 9, 1962.

(2082" - 1083") Small flow of ofl.

041 Analysise Vivision of Fuols, Ottawa.

Colours Blackish Srown

Gravity: 32,6° 431

Pour Point: 50°F

Viscosity: 23 eoce at 70° F (= 18 centipoise)

67 seas at 100°F (= 8 centiroise)

Spirit ‘ivers 72D feet

Slave Points 850 feet

Presqu'ile Dolomite: not identified

Total “erth: 1327 fect



CORE ANALYSIS

PRESQU'ILé DOLOMITE? GREAT SLAVE LAKE AREA

COFY Chemical & Geological Laboratories Itd., Edmonton Oct. 26, 1967

labs Hoes £10684

Sample Kidpoint of Sample fermesbility md. Forosity

 

Humber in feet Vorticel edial _Foroent Description

De 200 1344 1000 (1846 cvIs

Eos 46 (a) 290 15.8 ovis

Py 138 1521 1000 2449 cvis

Pr, 5c 2.8 146 11.2 csvIs

Ms, 163 131 10006 6.3 csvIs

Core Description Gynbols:

Gs Cracks

Va Vuggy

Is Intergranular

Ss Stained

SVs Slightly vugcy

(a)s Unzuiteble for test



DESCRIPTIONs TYPICAL COKID SCCTION

PaO EKTYs

HULE NOes We9

Difs ~90°

SHFUT NOes 1

LOCATIONs 1000" test iin:

STARTEDs duly 24, 1956

COMFLETEDs duly 26, 1956

DLPTH UF MULis 204°

Interval Contact Soretesoription
0-7! Bedrock 4, Casing 7

8-28 Slave Foint Linestone, rreyish, slichtly foseiliferous

28-72" Fresqu'ile Tolomite, alternating, white coarsely recrystallized
ani browa fine grained, vur¢y throughout, slichtly
oil stained and containing curved crystals of
dolomite in vugs.

73 = 112° Dolomite, white coarsely recrystallized, heavily
stained with ofl, bleeding in places, vurry and
containing curved crystals of dolomite in vugs.

112 - 149° Dolomite, trown, fine grained, heavily of1 stained
at begiminr of section, vurz-y ani containing ery-
stals of calcite in vuge, some ryrobitumene observed

149 - 155° Dolonite, white, coarsely recrystallized, heavily
oil stained.

156 - 160° Dolomite, brown fine grained, vu;-y, slichtly of1
stained,

160 = 164° Dolomite, trom, fine grained, sli-htly vuggy.

164 - 169" Pino Foint Limestone, lizht brown, heavily fossilifcrous and
containing rounded to oblon- fossile throughout.

169 - 182° Linestone, alternating tanks of fine rrained brown dole
omite and li-ht brown Minestone (heavily fossiliferous).

182 = 204° Limestone, alternating li;j:t brow to dense black,
fine crained, slirhtly foneiliferous.

mv Gr nuu G=D at 2044, Kkecovery: 97.7%
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ae Z ZONE D ZOME IT ZOME IZ
BURNED OuT FIRE GSTILLATION WATES AND GAS ORIVE

RECOVERY OF OIL _BY HEAT FROM IN SITU COMBUSTION

Burned Out Zone - Incoming air is preheated by hot rock left by the combustioa
front which hes just passed. There is no oil left, not even carbon.

Burning Zone - Ares of actus] burning may only be « few inches thick (600 to
1,200° F) never reaching the fusion temperature of the rock. Fuel is coke or
carbon remaining from cracking and distilletion of oil in sone just ahead. More
fuel may be added by injecting gas. In « well-seturated reservoir as little os
19 per cent of the reservoir crude would be consumed as fuel.

Distillation Zone - Action of hot geses from Zone 2 induces cracking, distillatics
and condensation. Oil and water sre moving partly by distillation and
flow. Both are driven by non-condenseble such as Bz, COz, CO, and G2. It
is believed by sone thet the hot water

bank

(hot water flecd) is a very imsortant
factor in the recovery mechaniss.

Water and Gas-Drive Zone - Near origins] reservoir temperature where noa-
condenseble gases push fluids ahead by ges érive.



PROJECT # T (1)

Operation Time

Stage I Stratigraphic Test

le

2e

36

4.

Se

60

Te

8.

lle

12.

13.

14.

Move in Core Hole Rig on Locations

Drill 5" hole to feet using
Hative mud.

Cement 4" Surface Casing.

Core to fect with native mud
and aquagel.

Ciroulate out mud and displace with
diesel fuel.

Cut 10 foot core with oil.

Displece oil with mud.

Cere to feet.

Lay out full cored section and
photograph. Log core by description.

Omit 10 foot ofl base core. Pack this
section in polyethylene bags, as pulled,
end ship to Laboratory for water
saturation analysis.

Box sore in 3 foot boxes and label carefully.

Select samples at 5 foot intervals for analysis
to give an average sampling of the entire
section. Wrap these samples in individual
polyethylene bags, label carefully and ship
to Chemical and Geological Laboratories,
Fdmonten, for analysis.

Displace mud in hole with water.

Acidise with 500 gallons of inhibited,
retarded, Hydrochloric Acid.

Fatinated



15e¢ Flow back to pit to clean up.

16- Produce into tank for cuaging
production rate.
Check gravity and water cut.
Can three - 1 gellon samples
and ship to Chemical and
Geological Laboratories,
Fdmonton, for analysis.

Stage II Pilot Fater Flood - Five Acres

1. Move rig to pattern locations.

2e Drill "five-spot" water injection
pattern plus one internal control
well. (five holes)

3e Inject water in "five-spot” pattern.
Check pressures, production and
“cuts” to evaluate pilot pattern.

4. Modify pattern by using e@ emiscible slug
followed by water.

Note ¢If suitable propane/buteane mixture
is not available at economic rates
@ slug of light oil ecg. deisel oil
should be employed.

Stage III Improved Recovery Techniques

(a) Bottom Mole Heater.

(>) In Situ Combustion.

Fetimated Cost

Study of both of the above techniques should be cerried out.
Basic data should be forwarded to « qualified comercial
laboratory for evaluation but a practical field pilet test
could be originated at reasonable cost in viow of the shallow
mature of the producing horizons
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HOTS OW COMPLETION OF NORTH WeoT ThARITORIS & i

KiFERENCE s Department of Northern Affairs end Natural Resources.

Schedule of Wells. June 1955

 

 

 

 

ELLs North Vest Territories * 1

LOCATION: Latitude 61° 20° 40" N
Longitude 117° 37" ¥
lg miles 3. f. of Fort Providence

ELEVATIONs 492 feet

DRILLEDs July 7, 1951

SUGPENDEDs duly 30, 1951 at 1678 feet

CASINGs 7" at 307 feet. Cemented with 125 sackee

TESTs (1068-1597') 450° of water out gassy mud, sweet ges flow

estimated at 40 Mcf per day

STATUSs Left capped es a potential gas well

Contacts Hay River - Simpson 175°

Spence River 1180°

Slave Point 1315'

Breooia - green shale 1555°

Presqu'ile Not identified

Red Beds 1640°

Total Depth 1678"
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