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SULGIAKY

011 secpages wore investigated in the sr a of Sulphur Day
which lies on the west -ide of Oreat Slave lake in the Yorth Yest
Territoricse.

To the Tust, at a distance of from five to ten miles inland,
the Presquile Dolomite forms an o1l bearing reservoir at shallow depths,
It is overlain by a cap of up to fifty feet of hard, dark grey bituminous
shale (Spence River Shale) covered by a thin layer of alluvial gravel
and overburden.

The section has been extensively drilled and cored snd ofl
impregnated sections of over 160 feet have been recovered., Cored sections
from one hundred and sixteen (110) stratigraphic test holes have been
exanined and deseribed in detatll,

This dolomitic reef s boen delincated and covers a provem
area of over fifty six square miles, with a net pay section averaping
some 56 feet in thicknese.

The reef struoture was drilled and cored during 1956, over the
area in a program 4esigned only to evnluato the lead end gzine mineralize-
tioa assooiated witl. the wugpy dolomitic reef, and the oi]l content and
the excellent porosity/permoability characteristios were isnored st
that timo, liowever, oil and gas shows were obtained during the coring
process and & badly weathored sample of the oil hus been anszlyzed. The
gravity was 18° API but estimatos by the laboratory of oil bled from the



{nterior of a “roken corc semple (which hed Leen weathered for some
months) would iandlcute that the sotual reservoir fluid will have a grovity

of 27° API or hirhere A smell flow of oil war obttained from a well drilled

gome miles to the west, but producing from the same formatiom. The
Division of Muols, Ottawa ran an enalysie on a sample and this gove a

‘"ﬂty of 52.8° AFl,

Bituminous infilling in the coraes is only sporadic and average

pormeability of the core iz exoullent, Five sanples analyzed averaged

porosity of 15% and permeablilities greater than 700 nillidaroies.

A oconservative evaluation of the reservoir eapacity, assuning
an average porosity of 7% and a wator saturation which is no doubt
excossive (40%), indicates an oil in place in excess of 620 million

barrels.

The reservoir fluid will be almost completely undersaturated
due to its proximity to the outaerop and shallow depth. Solution gas=oil
retios will probably be less then 20 cubie feet per barrel. Low recoveries
from solution gas drive must be expooted, but the fact that a larpge
volume of continuous, oil bearing reef struoture is encountered olose to
the surface would make the prospects of a close spaced drilling pattern,
and the inception of a pressure meintenance/water flood projeot, highly

ooconomical. Misoible slug followed by water injeetion or alternatively

in situ combustion, are slearly indiceted, with a corresponding preatly




improved recovery factor. Results from the South Belridge test pattern,
which has been operated in California on an exrerimental baris for the

last four years, show a recovery by in situ combustion in excess of 72%.

Considerstion of regional economics serves to emphasize the
following points:

1) The area is situated directly on the shore of Groant Slave Lake
which forme part of the MacKenzie river system, the main
traffic artery t rough the Territories. The highway constructed
from Edmonton to tiay Hiver which has now been extended to
Fort Frovidence, sort kee and thon to Yellowknife, pansses through
the area. Comple fon of the lust les of the rall connection from
the shores of Orent £lave Lake to Edmonton 1s now in the final
stages preparatory to construction. A winter tractor road

traverses the property. The location 1s thus highly acoessible,

2) Demands for high ootane fuel in the immediate ares and also for
eir traffic suprlying the "DEW" Lino ere inereesing rapidly.
Mining oreratione at Coppermine and Port Radium and the present
rapidly expanding aeotivity throughout the Torritories will serve
to accentuate the demand. The present gasoline supplies are
brought in by long freight hauls either fron the small refinery

at lioman Viells or by reil and boat from Ednonton,

3) A erall capacity refinery ueing the "eoking" process could be

deoizned looully to ececoiviodate this orude and the resulting
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supply of asphalt would find a ready market for the alleweather
highway system which i3 now in piocess of construction aoross
the entire Yukon and the Territories.

Folitical necessity in tho last 12 months has created a
tremendous amount of land activity* from the Alberta border
north throughout the Territoriss as far as the YeocKenzie

Delta and the Arotioc. Accelerated development of this entire
ares, whioh is recognised as having an almost unlimited oil

and gas potential, together with the viporous sotivity in Alaska,
will call for rapid development of pipeline outlets coupled

with tanker transportation, toc make the entire Alaskan and

North Canadian area & source of supply alternate to Middle

East and Veneguolan orude. Development of the Athabaska tar
sands in the very near future will probably serve to complement
the Territorial oil production. Fipeline outlets to the Facifioe,
at Skeena River or at Juneau, or to Churchill on the Hudson's
Day, are already being investigated,

¢ NOTE: 38,3 million acres were taken out under permit in
August 1968 and a further 3.1 million acres in November,

A total of 1432 permits covering 70.7 million acres
wore under active permit at the end of November 1958,



A temporary 4-inch lize wer leid slonr t'c Canol Road, fyrem Norman

fiells to Thitehorse, ¢¢ an emorgency war tinme mcasurc on¢ carried erude for
refining at e poirnt which ie only firfty oilee from the facific coast. Ree

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

A relatively small sutlay in capital and eruivnent on the remits
will provide for the carrvins out of a further slimehole coring and testing
progran which would serve to completely delineate the reservoir and also to

iodicate the most fawvoursble process for production and developnment.

A map and notes on a (1,272 acre permit surrounding Fort
Providence have also been included. This mcreage contains one well
which was drilled on this per=it 1  miles south east of Fort irovidence
in July 1951. A small sweei ,mz flow, estim:ted at 40 ’'ef rer day, wos
tested and the well war copped as & roteatisl gae well. This well will

revert to the present permit holders when a lesse is taken out.
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Ecdhsxcdlu-ls.qmdhommlqmmmm.
(10 miles x 2 miles = 20 squere miles averaring 30 feet net pay.

Yolumes 36 x 640 x 70 = 1,612,800 Acre=feet
20 x 640 x 30 = __ 354,000 Acre-fect
1,996,600 Acre-{est

(Vee 2 mi1140n)

Factors Used:
Average Forosity 75
Connate “ater 40;-
Shrinkege ,  e06
041 in llece
0.07 x 0.60 x 0486 x 7768 = 510 bbl. per Acre=-foot
310 x 2 x 10° = 620 million barrels
Becoversble 011
(a) &7 Secovery Factor 31 million barrels
(b) 10 Recovery Factor 62 mil1lion barrels
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Pormits

Three exploration permite were purchesed directly that they
beceme available, from the Dominion Jovermment in December 1958, in the
Groat Sleve Lake area, ilorth West Territories, Canands. They are located
botween Lstitudes G1° 10' ¥ and 1% 30' N end Loncitudes 116° 45' W end

116° 20' ¥ and cover a total ares of 184,464 acres.

A fourth permit of 01,272 acres was als» purchased in the Fort
Frovidence area, some fifty miles Lo the wost. It is located between
Latitudes 61° 20' N and 61° 30" N and longitudes 117° 30' W and 117° 45° W,

Theee permits may ho converted to lemses at any tim. A
maximum block of 4 x 4 "Seetions” (aprroximately sixteen square niles)
may be taken and the romainder divided up in checker<board rattern until
fifty percent of the acreere is under lease. The remaining half reverts to
the Crown, Cereful selection of lease blocks, under this very advantageous

systen, enables the operator to select more than 767 of the recoverable rese

erves in the fleld,

dentals

In addition to the bonus, a reatal of five cents per scre has

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

All of Wwe rental cost is recoverable when balanced aceinst the
expenditure made en the property. A “"deep toet” on the pernit area is
given gredit for trice its actual cost. Fermits can be renowed for a

further period of eighteon months end then yesrly for a total of nine years,



Fernits may be "rrouped” for the purpose - exyunditures. York
being done on one area oan them ho aprlied to rentals on the whole propertye.
gm: There is no other arca in the world where oxploretion recvu:let!ons

end conditions sre sc favourutles)

Litholopy

The Fort Creek forrmtion of the Upper Devonian outerope along
the weotern shore line of Great Sleve lake. ©Cn the omstern shore the

Canedian Shield (Frecembtrien) 1s at the surfece.

Fron five to ten niloe to the weot in the arce under discussion

the sequonce is wa followns

Surficial depositss Alluvial Gravel end Doulder Clay.

llay River=Simpesen: Shale groupe

Znampe Bivags Siele.
Sleve Points Appears to be an offeroef facies of the Frosqu'ile,

A tight grey limestone with some loeal lonses of
bituminous shele aw! sandstone,
Brecolsegreen shnles Dolomite and/or snhydrite breceia with
one or more thin bode of preen, waxy shale,
occasionally pyoritic. Joreibly correlates with
the hWituminous shales of the Fort Creek
formation which is part of the produoings cone
at lorman Welle,
“repgqu'iles ''iddle Devonian: 48 a reef dolonite, fine grained to
coarscly reorystallized, white to browm, vugry witk
ealoite crystals in the wuge, brocoiated and often



fossiliferous Shroughout.
Fine Points Formation of dense grey limestone and shale under

lying the Fresgu'ile,

Evaporite:  Imeludas anhydrite with some interbedded dolimite
and shale,

Red Pedst Variable from red dolomite shsle to red shaley
dolomite, red anhydrits and silty shale.

Develo to Date

Imperial 011 drilled Inporia! ¥.%. Windy Fojnt £ 1 on the west
shore of the lake in 1520, smspended it, snd the next yeor deepened the well
to the Precambrien. The well wns not adequately terled and was abandoned
in 1621, The Presequ'ile appoars as a contact just below the surface but
the sootlon was tight,

A nining company drilled and cored, and outlined in some detajl
the Presqu'ile Dolomite reof in sn extensive development progran during
the Spring and Summer of 1966.

Cores and core descriplions of the sections recovered in one hundred
and sixteon (11G6) holes, rea-ing in decth from 50 feet to 706 fret, have been
examined and dosoribed in detuil, (The core was exanined on the lease where
it has been abandoned.) Recowery Ly dismond coring was excellent - usually
100%. One typical core deseription is onclosed., Sporadic showings of lead
and gine (galona blobe) were observed but ia the absence of comereial mineral-
izetion the project was abandomed. (Note: This reef lies on reglomal strike
with the Pine Toint lead depasit, some forty miles to t e south and cast, which




is considored to be the ler,est lead/zinc reserve in tho world.)

D41 steined dolomitic resf sections in ercees of 100 feol wore

recovered.

Heeseorves

An isopach using very conservetive values of Net Pay was constructed.
The oil in place was oaloulated on the basis of the corin;, which covered
a conmplets northesouth eross section and seven east-west sections.

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

A value of 40% wae used for comnate water but a value ranging

from 10% to 154 ie more probable for this wup;y section.

A proven aroa of some 56 square miles averaging 66 feet in
net thickness has been esiablished giving an oil in plece of 620 million
barrels.

Abgsence of sny sirnificant prescure hns not been cetablished
but only assumed in viow of the shallow neture of the reef and the close

proximity to the outorop.

A nintmm recovery factor of 6 would indicste a recoverable
roserve of 31 nillion barrels, However, locnlized water injection and clome

spacing re-pressurigzation could raise this figure into the 400 to 507 range.

The section hes never been acidiged, The holes were drilled

with native, hirh water«loss muds shich would tend to block the effective



permeability, but both oll and gas tlows were reported as delaying the

dovolopmont on numerous occasions,.

Initial Program

A tentative, proliminary coring program has been sugpested

in order to establish the follosing:

1) Obtain & maxirum reef section of frosh core for full core
analysis, ol]l and water saturations, end possibly Kg/¥o and
kw/Ko dote:minations. Coring of some of the section with oil
bared mud in en effort to establish residual water saturation
should be attempted. Troatmont with retarded acid may show
that consideruble residual reee:voir prossure etil]l renains

at some distance away from the Lore hole, and priwmary recovery
on pump is worth while.

2) A close pattern (6eaocre) five-spot pilot water flood could be
carried out with a minirum of expenditure. A surface line
fron a loocal slough or from ono of the many small lakes would

suffice for the initial water supply.

3) "In situ" Combustion should be oonsidered, particularly if the
residual water content is high i.e. in the 30 to 40% range.
This may be poesilble, due to some invasion in loocal arcas by

surface waters.



4) A reduced scale pilot water flood employing, on an experimental
basis, a snall guantity of 1iquid with favouratle viscosity
(0ege 8 slug of diesel oil) should be tested. If the residual
0i]1 has an unfavourahl~ viscosity retio as compared with cold
wator (due to low formation tempersture and low solution gas)
bottom hole heaters mey be required in order to achieve max-
imum recoverye. Gas is avellable in tho ares and & hot water
flood mey prove more efficient, Injection of a "miseible slug”
would be very advanta,cous in inproving {he frectional flow

characterictice of the reservoir,

Any or all of the atove preliminary production tests can be
carried out at the nminimum of cost due to the shallow derth of the

preducing horison.

Noto on the Western Formit in the Fort Frovidence Area

An outline on the drilling history of the cspred ges well, JNorth
liest Territories # 1, i enclosed. This well was taken dosm to a totsl
depth of 1678 feet in July 1961 and found the Slave Foint at 1315 feet.
No reef was identified epparently. The gas flow oricineted in the Spence
River and/or Slave Foint but the reported contacts may be open to question
as little drilling has been dono in the area and correct ideatification
of theese formations is difficult, <Jome authorities consider this to be
the productive section at 'loraan Tells. IThis rermit lies on strike with



the Norman Welle* Roservoir,

A wildoat progran in this area, which arain lo easily accessitle,
is definitely indicated. The so=oalled Upper Dovonian should be cored and
tosted - preferably scidized, and corinz of the Middle Devonian section,
to be found from about 1500 to 1600 feet from the surface, should be

carried out.

2 NOTy
' lofm VWellst Froved Recoverable Heserve of 63 million barrels

based on 26% Recovery Factor. The factor used is conservative

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

the productive area lies benoath the MacKenzie River and will

not be drilleds (rof. Imperiul 041.)



LNG IULPRIDNG by Dok DIENT STAYTION
UNIV: 68 ITY OF UTAR

1% December 1556

Results of Teots on ‘Ureet 5leve lake Crudes Yeatherod Fanple
1. Atmospheric lietrillation (packed colum) )recsures €45 mm Hg

Percontage distilled Tenperature (der. Contigrade)

Dogrees AfI, 18 dpecific Gravity 0.94

1V, Sulfurie Acid Extrection

0 01) (Initial boilins point)
| 10 240)
) Natural pacolino = almost
20 277) good enough to use straight
30 aoo;
40 318) Kerosone
)
46 326)
Abvove 32¢ deprees <entirrade (tempureture of tor of column) oracking
reactions oveoured and from A to RD porcant frection of the crude was
readily obtained as eracked rroducts with a boiling range of 270 to 326
degrees centigrede., By separsting these fractions additional pasoline
oan be produced, About 20, in residual and sets up like road tar,
1l. Fercontege Sulfur
Fraction testods 10 = 207 (boiling renge, 246 - 277° C.)
sulfur, perconts 0.4 ( ‘oet of sulfur rrobably remeins in residue)
111, Oravity of Crude
i
|
| Fraction Fercentage romoved by acid
10=20/4 Geé lNitroponous and sulphurous compounds
40=50,¢ 22 vhioh nust be removed
3-10% 346

Operator, I'onald D: Yoolley.
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Roferunce:

dells

Locationt

Drilled:s

Teast:

REFOVT OF O IL .COV-HY 1d GREAT LAV WrTARE_

Department of lorthern Affeirs and Netural lesources:
dchedule of Vells, Juno 1965,
Punch Deep Bay Test #8.
Lst. 61° 22' 30" i,
Long. 116° 52¢ «,
May 16, 1552 to June 9, 1062,
(1082 - 10£3%) Small flow of oil,
011 Analysise Vivieion of Fuels, Ottawa.
Colour: Blackish Brown
Gravity: 32,6° 431
Pour Point: 50°F
Viscositys 03 sect at 70° F (= 18 centipoise)
67 seas ot 100°F (= © centipoioce)
Spirit idver: 720 feet
Slave Foint: 830 feet
Fresqu'ile Dolomite: mot Iidentified
Total derth: 1227 fect



CORE_AHALYS1S

FRESQU'ILE DOIOMITE:s GREAT SLAVE LAKE AREA

COFY Chemioal & Geological laboratories ltd., Ddmonton Oot. 26, 1967

lab, lioet 110684

Sample Kidpoint of Sample lormesbility md, Forosity

Fumber in feet Vorticel Hadial _Forcemt Deseription
D 200 1544 1000+ 18.6 CVIs

E2s 46 (a) 290 15,8 ovIs

Py 138 1321 1000+ 24,9 CcvIS

L sc 2.8 16 11,1 CSVIS
o 163 131 1000+ 6.3 CSYIS

Core Description Gymbols:

Cs Cracks

Va Vuggy

Is Intergranular
8 Stalined

sV S1ightly wuggy

(a)s Unsuitsble for test



DEFCRIPTION, IYPI(:A!._ cunmt SLCTION

DIAIDHD DRILL #COHD

PiO: rhlTYs

BULE NOG» HWa9

DIk «-00°

ST NOas 1

LOCATION s 1000" rest iie:

STARTEDs July 24, 17566

CUMFIETZD July 26, 19566

DLETH GF WUlss  204°

Isterval  Comtact Sore lesoription

0=-7 Sedrock 4, Casing 7

8 - 28' Slave Foint Linostone, greyish, slishtly foseiliferous

28 « 72' PFresqu'ile l'olomite, nlternating, white cosrsely recrystallized
and browa fine grained, vuygy throughout, slichtly
oil stained and containing curved crystals of
dolonite in wugs.

70 - 112" Dolomite, white coarsely recrystallised, heavily
stainod with oil, bleeding in places, vurry and
containing curved crystals of dolomite in wvugs,

112 - 149' Dolomite, btrown, fine grained, heavily oil stained
at begianing of section, wvu;;y and contalning ory=-
stals of caleite in wvuge, some pyrobitumene observed

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

156 - 160" Dolomite, brown fine grained, vus-y, slirhtly ofl
stained,

160 - 164°' Dolonite, tromm, fine grained, sli htly wugey.

164 - 165" Pine loint Limestone, 1lisht brown, heavily fossiliforous and
containing rounded to oblons fossile throughout.

169 - 182" Linestone, alternating Lenks of rine rrained brown dole-
omite and 1i7ht brown linestone (heavily fossiliferous).

182 - 204°' Umcstone, altermating 117t Lrowm to dense black,

fine prained, slishtly foseilifercus,
b Or sule WeD at 2047, kecovery: 97.7%



Compressed INJECTION
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BURNED OuT FIRE »STILLATION WATER AND GAS DRWVE

RECOVERY OF OIL BY HEAT FROM IN SITU COMBUSTION

Burned Out Zome - Incoming air is preheated by hot rock left by the combustios
front which has just passsed. There is no oil left, mot even carbom.

Burning Zone - Arcs of sotusl burning may only be & few inches thick (600 to
1,200° F) npever reaching the fusionm tempersture of the rock. Fusl is coke or
carbon resmaining from oracking and distilletion of oil in some just shead. Nore
fuel msay be added by injecting gas. In a well-saturated reservoir as little as
10 per cent of the reservoir crude would be comsumed as fuel.

Distillation Zome - Action of hot geses from Zome 2 induces crackisg, distilletionm
snd condemsation. 01l and water sre moving partly by distillation and by
flow. Both are driven by non-condenssble such as Ny, CO2, CO, and G. It
hhu-nli,u-thtthht-hrh::::cmnm)u.uqlmt
factor in the recovery mechaniss.

w-lm-ol--hrmnmlrw*u‘
condensable gases push flulde shead by gas drive.



PROJECT 4 T (1)

Operation Time

Stage I Stratigraphic Test

Y
2e

kI
L ™

Se

8.
9.

11.
12.

13.
14,

Move in Core Hole Rig on Location.

Drill 5" hole to feet using
Fative mud.

Cement 4" Surface Casing.

Core to feot with native mud
snd aquagel.

Circulate out mud and displace with
diesel fuel.

Cut 10 foot core with oil.
N'Pl“. oil with mud.
Core to feet.

lay out full cored seotion and
photograph. Log core by desoription.

Omit 10 foot oll base core. Pack this
section in polyethylenme bags, as pulled,
and ship to Laboratory for water
saturation anmalysis.

Box ocore in ) foot boxes and label carefully.

Seleoct samples at 5 foot intervals for analysis
to give an average sampling of the entire
seotion. Wrap these samples in individual
pelyethylene bags, label carefully and ship

to Chemiocal snd Geologioal Laboratories,
Fdmonton, for analysis.

Displace mud in hole with water.

Acidize wi th 500 gallons of inmhibited,
retarded, Hydrochlorie Acid.

Fatimated Cost



15¢ Flow baok to pit to clean up.

16« Produce into tank for guaging
produotioa rate.
Check gravity and water cut.
Can three - 1 gallon samples
and ship to Chemicel and
Geological Laboratories,
Fdmonton, for analysis.

Stage II Pilot Fater Flood - Five Acres

l. MNove rig to pattern locations.

2« Drill "five-spot” water injection
pattern plus one internal control
well. (five holess)

3¢ Inject water in "five-spot” pattern.
Chock pressures, production and
"cuts™ to evaluate pilot patterm.

4. lNodify pattern by using & emiscible slug
followed by water.

Note e<If suitable propame/butane mixture
i3 not available at economic rates
e slug of 1i;ht oil e.g. delsel oil
should be employed.

Stage III Inpreved Recovery Ivehaiques

(a) Bottom Nole Heater.

(b) In Situ Combustion.

Fatimated Cu_t_

Study of both of the above techniques should be carried out.
Basio data should be forwarded to & qualified commercial
laboratory for evaluation but a prectical field pilet test
oould be originuted at ressonable cost in viow of the shallow

nature of the producing horison.
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NOT'S ON OUTLIN: Or m;_g FAPANS 10N .ND DTVILPWINT

Deo 19/58 « Dec 15/559 ws Prelisisary Svalustion with Prisssy
(12 months) kesovery techaiques.

?

¢+ Further explorestory Drilling =4 Parsouts.

Phase II Dee 19/59 - May 19/60 & Comsiderstion of Land Veluss.

(6 womths) | Leasing?
be Fprmout of Interest for development.

S« Considerntion of Altermate Pecsovery
Methods.

Go to Lease.

LY

e Go to full seale produstien.

G« Aoquire further land spread.

de Set up explorstion program om weet dlsek.
o

Consider expanded owtlets - pipeline -
river barge md tanker outlet -



KeFERINCT 8

ELEVATION

|

DRILLEDs
SUGPENDED

CAS INGy

|

NOT S ON COKPLETION OF NORTH W:oT TIGAITORL'S 2 1

Department of Northern Affsirs sad Natursl Resources.
Schedule of Wells. June 1955

North Vest Territories # 1

Latitude 61° 20* 40" N

Longitude 117° 37' W

1% miles 8. t. of Fort Providence

492 feet

July 7, 1951

July 30, 1951 at 1678 feet

7" at 307 feet. Cemented with 125 sacks.

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

estimeted at 40 Mcf per day

Left ospped as a potential gas well

Contaots Hay River - Bimpsen 175
Spence River 1180°*
Slave Point 1315

Breooia - green shale 1555
Presqu'ile
Red Beds 1640°
Total Depth 1678

Not identified
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