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FIND,

Suaagy:

The results of this study, conducted during the past

several months, have indicated that « strong water drive exists,

The limited histery dees net justify extwapelating this histery

to ultimate production as only approximately 1.0% of the of] in

place has been produced, Mevever, if the presently indicated

water drive persists throughout the life, and the life is not

too short (1.0. the producing Fate is not too high), it ean be

aid that ultimate production should be in the range of 40 te

60 per cont of the ofl in place er 160 to 240 million barrels.

If the vater drive faile, recovery ehould etil] be a minimus

20%, or 60 million barrels. Rxplanation of this wide range of

recoverable e1) ean be found in the text under "ULPIUATS

RECOVERY”.

The of] in place is caleulated velunctrically at

big = 10° varrels of stock tank ofl.
The lack of reserveir data has nescesitated sone

net tee well qualified guesses as to reserveir factors for

this field whieh has no ecaparable field in its remote area.

Diffiquity ie naturally experienced vith deterni-

nation of the average pressure due to eo mish of the field a

being under the Mackensie River, This is not a critical
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factor, hovever, at the present pressure level, since 100

per cent error in the ealoulated average pressure drop would

rosult in only © 1.0% 2.0 per cent error in the amount of

water encroachment.

QomauIsToMs+
le fheve ie no immediate need for production control, as beth

this study and Imperial's modifies Garter Analyser study referred

to in the Text, indiente that producibility in the exter of sone

2,000 varrele per day should be custained by water érive,

especially vith regard given te Item 2 below.

2. All tight welle should be rewerked to lever O0R's ani

inerease productivity.

3. The otady of the effect of produsing characteristics on

the Reservoir should be maintained or brought up to date fren

time to time.

be There docs not appear te have been any hare done by the

injection of gaseline base stock and it is felt that gas

should not be reinjested as there is net sufficient cap space

for it.

Se Assisted recovery 1s not needed presently due to the

strong water driv.

6. Sone aysten for determining the level of the encroaching

vater table should be instite‘ed in field operation, -

BEALE! « leg run every five. sears.
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zarnopuerion:
This study was the result of a request by Mr.

McD. Hunt, Head of the 01] & Gas Seetion, Departaent of

Northern Affaire and National Resources, Ottava, to

answer the following questions:

(1) Is the Field being overproduced, resulting in hi,her

gae-eil ratios and levering pressures?

(2) Should the partiqular welles 14K, 21X, 23X, 2X, 25%,

26X, 26X and 35X, end these om Bear Island, have

curtailed production or be shut in?

(9) What is the type of drive and vhat are recoverable

reserves?

(#) Should injeetion ef gaseline base stock be continued

and should gas be reinjested?

(5) Should assisted recovery be initiated now?

A partieular cause for concern vas the reduction

below saturation pressure (565peig) of certain velle: 14X,

23X, 25X and 26X, end of some other velle being down near

te saturation pressure. Also, these and ether velle and «

these on Besr Island generally vere exhibiting high and

rising gs-oil ratios.

fo answer most of these questions a reservoir

atudy vas needed,
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MEROR:
Graphs of the history of producing data vere brought

up to date frem these shown in the report by Mr. BR. Ontlan

of Imperial O11 Limited of Decenber, 1951. These plots are

chown in FIGURE }.

Preseure mays were then nade for the preseure surveys

of 1958 and 1959 and an average reserveir pressure deteruined

by areal planinetering. Yor the intervening years 1952-1957,

the average pressure figures deternined by Imperial 011 Linited

were used as they appeared reasonable with comparison te 1956

and 1959 figures, end were obtained in the same menner. These

are shvun eas FIGURE 2 and FIGURE}. This simplified method of

pressure determination wae nade on the subsea datun of 1,150

feet. Although the reserveir has a dip of approximately 4

degrees, which ansunts te some 600 to 900 feet, caleulation

of average preseure by other means is largely ruled out

because reserveiy fluid analyses at varying depths through

the reserveiry have net been made, and the solution gas and

formation volume factors as vell as conpressibility of the

weserveiz fluid have only been determined at the 1,130 feet

eubecs datum, The direction of the effect is discussed

wader "RESERVES".
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A solution gas analysis furnished by Imperial 011

Limited was wed te determine the compressibility of the gas

and the conversion factor to barrels at reserveir tenperature

and preseure, and thie data is chem in FIOURE 4,

A& plet of eumilative gas verous cumilative oil

production was made and is depicted in FIGURE § to deteruine

the trend of solution gne production. This vas ineunslusive.

Next, an attempt was made te fix the of] in place by material

valance, asouming no water drive. It seen became apparent

that a water drive mast exist because ef o11 in place figures

of some 50 billion (50 = 107) barvele.

041 in place was then caleulated volumetrically

from an isepach dream by Mr. 5.4. Kenik. A revision vas made

to this iscepach in the tighter Bear Island sector and in the

down Gip vater edge, as show in Figure ¢ te reduce aren and

volume by about ten per cent to got, it was thought, nore

inte reality vith the physical aspect.

Weing the figure fer oi] in place by volumetric

aeane the material balance vas used to cnloeulate water influx.

Produstion was reduced by refinery excess product injection.

Gas produstion was reduced by reinjested gas rather than

accounting for the negligibly enall gas cap expansion separately,
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FIGURE 7 shows the cumilative vater influx and pressure plotted

against fraction of of] in place pro‘used.

Minally, « review was made of the pressure and OOR

histories of eritieal vells, and Preseure-G0R versus Camlative i

O41 Produstion graghs are shown for some of these wells: 14x,

23K, 26K, 25K and 26x,
OF

ReserveirDeatern:
Reserves are based on the figures shown in TAME },

Porosity and net effective footage (per cent) were determined

fom the ene evplete core analysis, vhich was for vel) 37%,

taking as effective footage thet with 1.0 millidareies and

greater. The formation volume factor was taken fren Inperial

041 Ldmited*s Reserveir Fluid Analysie, Labewatery Revert

Mo. 40150, ef Beoenber 6, 1950. Water Saturation was ascuned

te be 30 per cont only after considerable deliberation and

should probably be a liberal estimate. Syet core and Connste

Water Saturation Analyses done in 1944 show Comnate Water

Saturations from 1.6 to 5.1 per cont and are not thought to

ve reliable. Limestone vater saturatiqna:are very variable

from a relative lew of 15 per cont tm Svan Hille te 40-50

per cent, or higher, in some Mississippian lime reserveirs

producing oil,
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~-TABLE Ie

Average Poresi 1.0 ad. 13.
Flesh FormationvieBTdhond iw

amaetent, Senet feast) 30.0 %
Reserveir Area (revised 5,202 acres

Reserveir Volume (revised) erin
Rffeetive thickness 0.3
Effective Reeerveir Volune So Whlomen
Rffeetive O11 in place roe faere-feot
Average effective thickness

of Reservoir 136 feet

The ofl in place fren TABLE I came to 419,000,000
8.2, barrels. For convenience, and becouse there was negligible
error, vaich, in any ease, 4s in the wight divestion, 400 x 10°

verrels was used in material balence enleulations, As nentioned
under METHOD, if secount could be taken of probable higher

solution gas ratiee and higher formation volume factors at the

higher pressures down dip, the result would be a reduetion of

the of] in place.

TABLE JX Ghows the reservoir ond oi] factors wed in

the material balance enloujations and FIGURE § shows the for-

mation velume factors and solution G0R's fer flash and Giffer~

ential liberation. It was asoumed that the flash liberation

at $0 peig paralleled the differential liberation to sere

pressure in co far as the solution GOR was concerned, since

the end reoult is approximately the came: 352, as against

353, euble feet per barrel, respectively, and because gs 
 



   
  

 

measurements are made at the separator. Yor shrinkage, it vas

considered that the flash formation volume factor should be

used for the condition offashing from saturation pressure to

sero pressure, because actual 01] shrinkage ineludes lose of

stock tenk vapours. Mence, in FIGURE 4 the GOR curve is for

differential liberation or the equi‘elent 66 peig Flach

condition; the Flash Volume Fastes curve is fer 0 peig flash

conditions.

 

042 in Place 400 = 20° varveis (8.2.)
Original Pressure 690 peig at 1130' tmbcca
Saturated Solution GOR 353 GoLeped. by

differential

Compreasibility ef Reservoir
Fluid 701 x 18° varvels/carrel

Vormation Velune Facter 1.23 @ $65 peig Tash’ Li
Vermation Volume Factor 1.2291 © 690 Lad..

Another argument to support the above is the fact that

considerable exeess solution gas over the solution GOR by differ-

ential libevation, or flash liberation te sere for that matter,

has been produced and is continuing te be produced, which j

euggeste that either: (1) there was originally nore gas in ‘

solution than the laboratory data shows and the saturation :

preseure may be higher than determined, OR (11) producing

pressure dravdowms were higher than thought te be, being

dram dow below saturation pressure, resulting in sufficient

 



 

 

€ free gas sataration in the reservoir to cause free gee flew

Of these two pessibilitios the firet is thought to be the mest

| Likely or predominant, and if so, vould mean thet true solution

Con's and Vormation Velune Factors would be higher than those

determined experimentally.

FIGURE 2 shows plete of Reservoir preseure ant

cumlative vater influx versus fraction of the oil in plese

produced. As can be seen to the date of the last pressure

curvey in Ootover, 1959) only ene and two-thinds por cont

of the of} has been produced and some 11 1/) million barrels

of vater have enerenched inte the Reservoir, vhile the

preseure has declined 3) pei to 657 pais: Analysis of the

drive nechanions shows that vater constitutessslnest 99 per

cont of the drive. Selution gas and gas expansion érives \

exe cash less than one per cont, and together are only slightly

more than one por cent. There vas, however, approximately )

60 per ent execss gas production over that of the inficated ;

solution gas. This execes gas has the two possible expla-

nations mentioned previously. This execes solution gas

drive effect is indeteruinate but con hardly execed one per

cont end so 1 1s not considered important, at least at the

present, pesause of the dominant water drive.
,

The effect of using the compressibility given, i
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rather than the true average conpressibili‘y, if it could be

found, is te cause an error of less than half of one per cont

in amount of vater influx and is therefore negligible at the

present pressure levels,

Similarly, the effect of an error of 100 per cont

in the ealeulated average pressure drop would result in a

maxinun orrer of elightly less than one per cent in the

water drive index.

The combined ervers therefore do not reduce the

water drive index below 0.96 er 96 yer cont, although other

unaccountable errero may reduce the index to the order of

0.956

RBOTERT:
Recovery is rather uncertain due to three wimewm

or limited facteres

(1) Water Saturation

(2) Residual oi] Saturation

(3) Short protustion history in terns

of fraction of of] produced

Vester (1) has been previously discussed.

The residual of] Saturation had to be largely

assumed and was chosen at 30 per cent of pore volume. This
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figure actually had as a basis the average of 15 spot core

samples on vhich determinations were made in 1943-44. The

average was 28.6 per cent on the 1) samples, ranging frve

8.5 per cent to 68 per cent residual oi] by volume, The

vexiability indieates a possibly large error in an average

of only a fev samples, however 30 per cent residual of] vas

aveouned as reasonable under the cireunstances with sone

attempt st conservation.

The recovery then chould appear te be 40 per cent

(1.0 -8w © Sxe) if the water drive eontinucs effectively.

Depending on water saturation and residual ofl saturation

recovery may be as high as 60 per eet. If the vater érive

should fail at seme time in the near future the resoverable

oil may reach enly 20 per cent, but should not be less than

this. Hence reserves may range from 80 x 10° to 240 x 10°

barrels, vith 00 x 16° barrels considered proved, 80 x 10°

varvels probable additions] and 00 x 10°barrels yeasible

b additions]. FIOURE 7 shove extrapolation te ninimm

y recovery and the extrapslation curve typical of a full

E water drive resevery.

It has been asoumed that the reef is water vet

and that imbibition tekes place, for otherwise a large

percentage of the ofl could be by-passed. Mngineers of

Imperial 011 Limited stated that they have no tests te indi-
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4 cate whether the formation is oi] or water vet.
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High rates of production may also decrease the

amount of vater imbibition resulting in lost oil. There

ie no way of determining vhat such an optimum producing

rate should be. The ealoulated water table rise to 26

OCP 59 is about 15 feet.

In view of the enall production to date it is

also impossible to determine the production rate vaieh

would be best sustained by water drive. Reviewing the

past history it dees appear that the rate, vhich some-

times reached 4,000 barrele per day during the Canel

project, was excessive and that the subsequent rate of

about 1,000 barrele per day, reached in the early 1950's,

was near optimum in maintaining reservoir pressure. The

rate is partly related to the total well productivity

which will be dealt with under “CRITICAL W415",

The optimum rate is sore direstly related by

oilewater relative permeability and fluid flew formlae

whieh are based on the relative permeability data and

residual fluid saturations. Nene of these data have been

determined. The criterion for determination of the best

rate appears to be only the GOR, or more specifically,

the rate of change of the curve of cumilative gas production

with cumlative of] production, as plotted in FIGURE §,
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If this curve should rise steeply ani rapidly there would

be an execesive producing vate with implications of falling

pressure and possible failure of the vater drive, ‘It isa 7

signal of depletion of the solution gas drive energy. 4

parallel governing criterion with this is the avenge

!

  

  

reservoir pressure.
)

GAXTI0bh

VELLA!

&

Pellewigg are plete of pressure and GOR terms iJ

cumalative ofl production for these velle: 14K, 23%, 24%, )

25K, 26K and 26%, They are considered eritical velle in j

that either the GOR is high and rising and/or the static :

preamre at 1130 fost eubecs is belev or down near to the j

saturation pressure Gf $65 peig. Most of these wells alse

exhibited high G08's in 1945-46 when their producing rates

vere relatively high tut there vere no pressures available

for that peried in the files.

Qne well, 20%, 19 one of four exseptionslly goed

wells, (the ethewe aver 5X, 12X and 27X) whieh have together

produced 37 per cent of the total Herman Welle production,

the well, 28K, is now at nearly 565 peig, static and hes 6 i

high GOR waieh is still rising. At an average production

of 96-plus barrels per day it has declined from an original

rate of 250 barrels per day, but vould appear to be ever-

produseed presently.

    

    



 

 

Other wells have been studied as to decline but

so far « decline relationship has not been obtained on any

well, There appears to have been senething of a decline

levelling off for seme velle.

Although pressures do net appear eritical on

Bear Island producers, they generally all exhibit high

and rising GOR's which may well beoene alarning,

It chould be noted that Imperial 011 Lintted'é

producing practice has been, and is still, te contre)

production on peor wells. However, this review of wells

is intended te chow that their productivity should be

improved. This ie considered of prine inyortanse at this

tine in view of inerensing field production, decreasing

pressure and the trend of rising GOR.

Roemations:
The vesemmendations considered in order of

importance ares

(1) Improve the produstivity of the peorer velle and

maintain a study of performance of these and other

“net so goed” wells.

(2) Maintein the study of field performance in order te

spot unusual devietions from normal and to determine

any variations in the water drive index,
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(3) Do not impose field or individual well allovables at

this time.

(4) If any new wells are drilled they should be cored for

analyses. Determinations of water saturation, residual

ofl, and relative permeabilities should alse be made if

possible.

At ome time it had been thought that another fluid

analysis should be made. It 10 now mow thought to be very

helpful. A fluid analysis down dip on Bear Island or Goose

Island would be an aid in predieting total solution gas

because it is believed there wy be more gas in solution at

the greater depths and if so natural G0R's there would be

higher than on the Mainland,

ARDEA!

Sinee this study was cenpleted, more or less,

a mecting was held with officials of Imperial 011 Limited

and the well and pool history vere discussed, Inperial

O41 Limited chewed the results of « modified Carter Analyser

etudy they had made on the reservoir, It indicated that

approximately 2,000 barrels of soil per day could be produced

continuously at a constant veservoir pressure of about 540

psig on the Mainland sector.
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In obtaining their mateh to reservoir producing

history the average permeability te of] came te 100

wmillidareies. This is almost ten times the average 10.95

m4. figure obtained from the core analysie for well 37X

(Permeability te air » 1.0 millidareies). This is mentioned

beeause evidently the permeability ef the geed wells

(5X, 12%, 27K and 20X) must execed the 100 millidarcios

obtained by the analyser mateh. At one time these four

wells could produce 1,300 barrels a day, but at present

their combined production is only s little over 400 barrels

adays. This indieates a large productivity decline even

though pressure has been fairly well sustained by vater

drive. This argues for improving the productivity of

poor welle and perhaps even the "good" velle will eventually

have to be improved,
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