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Discrepancies in Exhibits

Well Discrepancy Remariks

11-2 ©~  Crinoidal isopach shows 11! pay Top 4! not cored. Judgement expects 2!
Core analysis shows 8.4' pay plus to be pay. .

16-3 © Oolitic isopach shows 12,2' pay Locks like error = should be 13,6!' pay.
Core analysis - 13.6!' pay

2-10 ©  Crinoidal isopach shows 5! pay 0.6 at 2021 is isolated by 13' dense
Core analysis shows 6! pay section - should not be pay.

2-15 Oolitic isopach shows 6.4! pay Looks like error - should be 7.1l!' pay.
Core analysis shows 7.1' pay

=15 & Cherty isopach shows 23! pay B,E.S. should have been a little deeper

Core analysis shows 19! pay than shown on B.E.S, map (approx. 2072)
‘ Well is open hole to 2070 but essentially
dry. Indicates lower B.E.S., and more pay.

Crinoidal isopach shows 12! pay Could be error although some of the plugs
Core analysis - 10.2! pay analysed had K just less than 1 md,

2-20 v Crinoidal isopach - 18', Core = 2,1! has K 0.83 and P 12.1 - was considered
16,1t Paye ’
Oolitic isopach - 8.0', Core -
6.7T! —-— Core analysis used for isopach was incorrect

Cherty isopach - 28', Core 26,4} ) (was rough copy). Pay should be 6.7! and
_ : 26.4t respectively.
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In on

** The 011 and Natural Gas Conservation Board requested that The
California Standard Company up-date the reservoir report written in W?
1958, This current report snalyses the primary psmyformance and invest-
igates the potential of secondary reeo of oil by water flooding the
Missiseippian T1imestone in the proposed North Virden Soallien Unit #1.

Findings . ‘

A, r"c The discovery of oil saturation and commercial production in the
pole Formation of the Mississipplen at Calstan Soallion Prov,
Jellelle26 Deomber, 1953, led to the development of the
North Virden Scallion Field,

B. -* The original oil was an under-saturated crude at approximatsly 900
psig. containing 70 cubdc feet of gas per barrel of residual liquid,
with a bubble point pressure of 15 psig.

C. The estimated original oil=in-place from volumetric caloculations is
1/?!4,000,000 barrels within the proposed Unit }ro:,.

Foa0e, 0 ea LEatins

D. Primary performance of the prop Unit Area indicates a recovery

sopeemsso  Of 25,000,000 barrels, This is 12,9% of the sstimated oil-in~place,

g9rw038 10,079,754 barrels, o

< o
o W

Cumulative produoﬂ.onj% A s 1961, for the Unit Area was

#'5,2% of the estimated oll-in-place, The
recovery by fluid expansion down to the saturation pressure would
only account for 0.6%,

E., The bottom hole pressure is declining rapidly as eviienced by the
45 11 psi per month deoline at Sun E, Hutohinson Seallion L=23-11.26,
The Unit Area average pressure is now in the arder of 200 psi.

F. Water flood caloculations indicate a total ultimate primary plus
secondary recovery of 55,000,000 bexrrels from the Unit Area, or

28,L4% of the oilein-place, 72>
b ’r/.

IIT Conclusions

1, Ultimate recovery ocan be substantially increased by instituting
; water flood schame in the proposed North Virden Scallion Unit
1 area.
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RESERVOIR STUDY
NORTH VIRDEN SCALLION FIELD, MANTTOBA

This report is a reservoir study of the North Virden Scallion Field
but the major emphasis has been placed on the proposed Unit Area (see Figure 1).
The general consensus of opinion among most of the Operators in the North Virden
Scallion Field was that there would be little or no incentive for the westermn
flank Operators to join the proposed Unit, :

HISTORY

~¢'  The discovery well, Calstan Scallion Prov, 3=11-11«26 located three
miles north of the Town of Virden was spudded on November 28, 1953, Oil’
saturation was encountered in the Crineidal Zone of the Lodgepols Formation
and further coring and testing indicated ccmmercial produntion from the four .
Oolitic Zones. Casing was set at the top of the First Oclite and the open
hole was acidized with 500 gallons, Flowing and swabbing ylelded 113 bamrrels
at a final rate of & barrels/hour., The hole was reacidised with 500 gallons
and swabbing yielded 170 barrels in 26 1/2 hours, outting O - 6% water, A
third aoid job with L,500 gallons gave 357 barrels in 41 hours at a final
rate of 5 barrels/hour with s water cut of 8 - 16%. Tubing, pump and rods
were run and the well was put on production December 31, ?3%3. Initial
production was 75 BOFD cutting 20% water.. Production had deoressed to 20
BOFD with 7% water by April, 1956, when an unsuccessful Crinoidal rework
was attu?éted. Production had decreased to 11 BOFD, cutting L1¥% water by
April, 1 1- .

#-* Subsequent offset and step-out drilling by The California Standard
Company and other companies contimued repidly through 1955 when at year end
113 wells were producing./*At present there are 27L wells in the capable of
producing category, 248 of which recorded production during the month of
April, 1961,

- In the proposed Unit Ares there are 217 wells which will participate
in unit production, 202 of which are ourrently producing.

~ Drilling has essentially been completed in the North Virden Scallion
Field with the exception of the odd edge well. ‘

QEOLOGY

Notes ~<:The following discussion and observations are based on a paper "Virden
Roselea and North Virden", prepared by C, A, Berg, formerly Development Geologist,
Virden District Offivce of The California Stamderd Company. The paper was given
at the Williston Basin Symposium, October 10 - 12, 1956, and the abstrect

appears in the publication of the Williston Basin Geclogical Committee,

~*The North Virden Field lies on the northeeast flank of the Williston
Basin, directly north of the Town of Virden, The field is basically a
stratigraphic trep in the Mississippian, the limits being partially controlled
by a structural nosing,
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~C The peservolr rocks are part of the Lodgepole Formation of Lower
Mississippian age, and are underlain by Ordovician, Silurian and Devonian
" sediments, The overlylng deposits are Jurassic and Cretacsous sediments,
and glasial drift, The reservoir rqoks are mainly clastic limestonss, sub-
divided by thin interbeds of argillacecus limestone, The Luigepole Fommation
has been sub=divided into three members: the Soallion Member, the Virden
Member and the Whitewster Lake Member in ascending order (see Pigure 2).
All three are oil bearing in the Virden areas, although the Whitewater Lake
Fll;hnsr is not oil bearing within the limits of the North Virden Secallion

.,

¢ The Scallion Member is predominantly a finely orystalline cherty
limestone conformable with the underlying Bakken Formation, and is spprox-
imately 200 feet thick within the field area, The upper productive portion
of the Soallion Member, commonly known as the "ﬁﬂgﬂ‘ has been lsuched
over a portion of the field (see Figures 3 and ) increasing the permeability
and porosity and destroying much of the structurdl and textural features of
the rocks The leaching by ground waters during an erosion period hes taken
place regionally over much of the Lodgepole but the most notloesable effect
is in the Cherty Zone of the North Virden Soallion Field,

~C-The Lower Virden Member consiste mainly of oolitic limestones
interbedded with arglillaceous limestone or caloarecus shale, Hence its
camnmon name, the Qolitia Zopne. These collte bands are oyelic in nature
and total four in the area, the Fourth, Third, Second and First Oolites in
ascerding order, A Fifth Oolite or Fifth Fragmental haa been described tuy
generally blends into the Charty Zone and within this atudy has been included
as a part of the Cherty Zone, Overlying the "Oolites" are arglllaceous
limestones and shales,

~¢ Above this lies the Upper Virden Member, a bioclastic limestone
mainly Crinoidal debris, sometimes crystalline, the "Crinoids" or "Crincidsl®. -

A-¢The overlying Whitewater Lake Member is not important within the
scope of this report and will not be elaborated on. It is generally
dolomitized within the field and the rocks uwp to the top of the Lodgepole
Formation are variably argillaceocus, dolomitic and anhydritioe.

N As mentioned before, the field is partially controlled by struocture.
This is in the form of a true structural nosing, reflected somewhat by the
Lodgepole erosion surface (see Figure 5), Wells in which the Lodgepole
Formation 1s structurally high generally show the effeot of post~Lodgepole
movement., This results in a fracture systam, in some places being anhydrite
infilled, There is little evidence of any degree of movement along the
fracture planes, The breccia zones within the Scallion Member are thought
to be due to infilling ol cracks extending to the erosion surface during
the Amaranth transgression and are not fault brecoias, The structures are
thought to be low angle folds and the maximum dip of structure is only five
degrees,

CMPLETION TECHNIQUES

The original technique employed was to set T" casing at. the top
of the Oolite section, leaving the Oolites ami Charty Zone open. Total
depth was somewhere near the base of e!‘feutive}on saturation in the Cherty
zcm. ALL, d oty g BdaThpd

/ZZ Dot £ b & 4 a oA Kl .
”
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~ Later the trend was to case the wells through the entire pay section
and perforate the desired intervals,® About half the wells in the proposed Unit
Area have been cased through and perforated, In some wells the entire pay
section was not penetrated,

£ A mud aoid wash followed by & regular acid squeeze was usually used
to stimulate the wells initially, although in some later wells the initial
stimulation was & hydraulic fracture, The wells were then swabbed for &
short evalustion and a bottom hole pump and rods were run in 2* tubing and
the well placed on production. A few wells flowed for a time after being
placed on productlion.

N Over half of the wells in the North Virden Sosllion Field have been
reworked at least once and approximately 60% have had some sort of frac treatw
ment, Selective stimulation of the separate porous sections has sometimes
proved diffioult as the zones are quite close and commnication immediately
behind the casing is common, Many wells which are supposedly completed in
one sone must be recovering oil from all the sones because the cumulative oil
production exoeeds 100% recovery from that sone. :

POROSITY AND PERMEABILITY PROFILES

During the course of the North Virden Scallion Reservoir Study a

o Orogity and Darmsabl ity DRIOLLLOR Mere Gl from the available

cors analysea, From these a ' and & number

W The seotions showed that although the
¢, reservolr was lLayered within the different pay sones, bands of similar

ﬁj/ permeability were not traceable throughout the length of the field. This

wae especlally noticeable in the Cherty Zone, with the possible exdeption
of a rather thick and permeable lens near the top.

" DOOE

One profile, that of Calstan Soallion 12=16=11=26 which was cored
through the entire basal carbonate to the top of the Bakken Formation,
revealed a mumber of interesting items (see Figure 6). The Scallion Member
here, as in other wells in the field which penetrated its total extent, is
approximately 200 feet thick. The porosity was quite high (up to 35%) in

(" the leached zone near the top of the Cheriy Zone, Although the porosity
did deorease with depth, the Cherty Zone remained continually porous all

the way, ranging from 8 - 15% porosity, The horisontal permeability profils
suggested a layered reservoir and aquifer, The maximum permeability of the
more permeable layers decreased with depth, and the separate layers beoame
as far apart as 20 feet, compared to one foot and less in the pay zone.

The Oolites showed moderately high permeability, up to 300 md,
U where developed, Each Oolite band was definitely separated from the next
© by dense bands,

The Crinoidsl was fairly continuous with low porosity (10 - 15%)
v-and very low permeability, around 5 md, For the latter two zones this
¢ observation sesms to be borne cut in other wells,

Ed

-
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The main portion of the reservoir, the Cherty Zona,c hes sufficient
permeability and vertical connection from lens to lens to be reasonably
- offiociently swept by any secondary recovery program.

ISTPACHS .
R T A and Zonet b =5
¢ fThe largest single varisble factor is the "effective pay" thickneses.

This variable was examined in as much detall as possible,(espeoislly in the

Cherty Zoney The best guide is core analysis and approximately one well out

of four has had the core analysed, Unfortunastely only half of these were

cored to the bvese of effective oil saturetion. 4 Eemub:l.u% cut=off of }
mi. was used for all zonsp, It was decided to trea res a8 thres
seperate zones for oil-in=place estimates. :

#¥ The Cherty Zone, the main oil accumulation, is productive over
most of the field, The base of effective oil saturation had to be
determined and contoured before effective pay could be estimated and an
isopach drewn (see Figure 3), Core analysis, logs and core descriptions
were used to determine this base, The base of effective oll saturation
cannot be determined acourately since it varies with depth, &s can be seen
on some Electrical Logs (mes Figure 7).

I

£ The top of the Cherty Zone can be readily picked from cores, logs,
atc, With the Cherty Zone outlined, top and bottom, the problem of determin-
ing effective pay arose, Where the zone was completely penotrated & 1 md,
cut-off was used but as can be seen on Figure 8, the isopach of estimated
net effective pay, pay values were obtained in five different ways, They
are complete core analysis, core analysis extrapolated to the base of
effective o0il saturetion, Microlaterolog values, Miocrolaterclog values
extrapolated to the base of effective oil saturation and values obtained
by other available means such as oors desoriptions, other logs, etc. Where
estimates and extrapolations were neceesary the reliability of such estinaten
varies from less than satisfactory, in some areas where information was soant,
to satisfactory where good bases for correlation could be established. '

£~ Using the pay values as above and average porosity from core analysis
a map of net porosity thickness was drawn (see Figure 9). This provides the
pore volume and is later used in calculating the oil=in=-place,

;. ¢- Much the same technique was used for the Crinoidal and Oolitio
Zones., The Oolitic Zone had more complete information as in most oases
the total section was analyzed. Thus it was not necessary to depend on
extrapolation to such a large degree to permit drawing isopachs of pay and
porosity thicknesses (see Figures 10 and 11). The procedure for the
Crinoidal Zone was similar, although the complete section was not always
~ analysed (see Figures 12 and 13),
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Y The pay thicknesses and porosity thicknesses arrived ai in Figures

8 to 13 inelusive may bs expected to deviate scmewhat from estimates by others
due to the lack of oontrol in some aress and the amount of estimating and
extrepolating necessary over the greater portion of the field,

SPECIAL IABCRATORY INVESTIGATIONS
», A, Water Flood Tests (C.R.C, Project 2L,029)

T

.

Water flooding tests were run on twelve core samples from California
Standard Scallion wells by The California Research Corporation. The
distribution of these samples according to sons and permeabili as
as follows: Cherty Zone, seven samples, 3.7 to 98 md,, average .
Oolitic Zone, three samples, 9.3 to 192 md., average ad,, C idal
Zone, two samples, 3.2 to 13.1 md,, average 9.6 md, pertinent results
of the tests are shown belows _

Cherty Oolitic Crinoidal
Zone Zone Zone
1. Average residual oil
saturations (infinite WOR) L% L4o% 25%
2. Initial oil saturation 76% 79% 67%
3, Average oil saturation
at breakthrough 48% 62% u2g
4. Average oil recoveries
at breakthrough 36% 20% 38%

Relative permeability ratio versus saturation ourves were glven
for each sample, These are averaged for the Cherty Zone and shown in
Figure 1 (see Appendix II B), Alsc included in the report was a
water permeability at flood end versus air pemmeability ourve (shown
in Figure 15).

Subsurface Fluid Analysis f

Reservoir fluid studies have been carried out by Core Laboratorles
Inc. on three North Virden Scallion field wells, Calstan Soallion :
3.21-11~26, Calstan Scallion Prov, L~11-11-26 and Calstan Scallion Prov,
10=16~11=26, The first two wells mentioned showed comparable results,
These tests were run July, 1956 and June, 195 respectively. The third
well, 10-16, which was tested March, 1950, shows quite ditferent
results, The average figures from the two oompatible tests were used
and the results are as follows:

1. The average saturation pressure of the original reservoir fluid was
145 psig at reservoir temperature, This indicates that the reservoir
fluid was in a highly under-saturated oondition (see section on
bottom hole pressures).
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906 psig in April, 1955.

2,

3.

field,

Hutohinson Soallion Lj=23~11-2

¢6--

The fluid yielded 70 standard oubic feet of vapour per barrel of
pesidual liquid, The aversge initial formation volume faotor was

1,045 tbl./bbl,

The average oil viscosity was 3,52 centipoise at saturation pressure,
and 5,74 centipoise at atmospheric pressure,

BOTTCM HOLE PRESSURES
r®The hottom hole pressure at Calstan Scallion Prov, 9=16-11-26 was

A survey in September

This was the first acourate pressurs taken in
1955, showed & dealine to 859 peigf Sun
has boen used as a pressure observation well

=

and provides the most oontimious evidence of pressure decline, The pressure

has dropped from 895 psig in February, 1956, to 203 psig in May,
average decline of 1l psi per month,

per survey. The latest
that were not producing

1961, for an

H Bottom hole pressures have been taken on wells in the North Virden
Scallion Field on eleven different occasions, varying from one to nine wells

survey was taken in May, 1961, In May
and had the rods removed were surveyed,

all wells
In addition

Calstan Scallion 2=21=11=26, which could make up lost production, was shut

in and three pressure readings were taken.

The results of all available

surveys are shown in Table 1 and the May, 1961, survey results are shown
on Figure 16,

control points,
and the resulti
hole pressure surveys
Virden Seallion field has declined to an aversge of
of pressure depletion sinoce

- An isobaric map has not been drawn beocause of the lack of sufficient

Sonic measurements verify this advanced stage

most wells, excluding the western flank, are pumped off.

The long shut=-in times required to obtain a complets buil;r\p
ng loet production is the greatest drawbasck to rumning bot
in this field. In general the pressure in the North !

approximately 200 psig.’
The western portion

of the field, which is under a partial water drive, has &n average pressure
in the order of 700 psig.

RESERVES AND PRIMARY PERFORMANCE
Originel Oil=-InwPlace

was caloulated to be 194,000,000
SFs000, 000 152,000,000 barrels waa_,.%%ahimd _
the Oolitic Zone and 1,000,000 barrele in the Crincidal Zone.

Jé
An estimate o

field average values were used:

W
N

1,

2,
3
Le

Footage weighted average
porosity

Effective pay thickness
Initial oil saturation

Formation volume factor

000,000 Lizge 175K

the or:l.g“‘[ﬁ’ﬁg oll=in=place for the proposed
barrels by the volmh%thod. Of this,

in the Cherty Zone, 28,000,

Cherty

, 600 barrels in!

The following
Oolitic Crinoidal
Zone Zgg .
—_ ;a“;ﬁfaﬂﬂk
.z oo g TR
0.7 9.8 et
&5 ~
6.8 9.5
S/ Ve >
Ax 1408
v
1.045 bbl/bbl,
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~C1n caloulating this total oil=inesplace, the Crinoidal only in the
southern portion of the field was considered, See detalls in Appendix 1A,
Figure 17 shows the completion sones for eachwsll,

Primary Performance and Decline Curve Analysis

H Deoline ourves have been plotted for all the wells within the
proposed Unit Area and for some of the wells outside the Unit Area, Analysis
of these curves, to arrive at an ultimate primary reserve figure, becomes
extremely difficult because some of the wells have shown little or no decline
to date., In addition a large mumber of wells have been reworked during the
past three years,

N Severel problems arise when recoveries are estimated for individual
wells and averaged to get a field recovery figure, The zones in which each
well is completed must be taken into account. In scme wells there can be
1ittle or no communiocation between gzones because reworks in previously '
unopened zones are very successful, In other wells there must be comsmunicatipn
behind the pipe because recoveries are so high, An example of this 1s Calstan
Seallion 12-15=11=26, which was campleted in the Crinoidal Zone, Production
to April, 1961, indicates a recovery of approximately 60% of the oil=in-plaoce
in the Crinoidel and the well is stlll producing at full alloweble. There
is no reason to expect recoveries of this magnitude from the Crincidal reservoir.

~ The proposed Unit Area as a whole has definitely started to show a
deoline, The anomalies of the individual decline curves do not appear to
greatly affect the average ourve, Projecting the average dally produc tion
rate curve, in BOPD/well, indicates a recovery of approximately 13% or an
ultimate primary recovery of 35,000,000 barrels of oil. ._

< Projection of the average daily production rate curve, in BOFD
from the Unit Area indicates a recovery of 27,000,000 barrels of oil or L%,
The effect of wells being removed from production will however tend to make
the projected straight line become concave dowrwards with the ultimate
projection closer to 25,000,000 barrels (see Figures 18 and 19 for proposed
Unit Area production cumai

*  Extrapolation of the water out curves indicate an ultimate recovery
of apsgmximately 25,000,000 barrels for the proposed Unit Ares at a water oyt
of 9 .

-~ The water production for the North Virden Scallion Field is shown
on Figure 20, Most of the wells in the proposed Unit Area are producing
less than 1,000 barrels of water per month but in the west flank of the field
most wells produce in excess of 1,000 barrels of water per month, The
average water cut in the Unit Area was L2% in April, 1961, whereas in the
west flank it was 83%,

+ The cumulative production from the Unit Area to April 30, 1961,
was 10,079,754 barrels, This represents 5,2% of the estimated oil=in=place,
The recovery due to expansion of the oil with a pressure drop down to the
saturation pressure is less than one persent, This indicates some additional
source of energy (see Appendix 1B),
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PREDICTION OF RECOVERY BY WATER FLOCDING

In the following methad of ﬁredioting recovery by water floocding ~. .-
the first assumption made was that the Unit Area would be flooded on an Tt
inverted 9=-spot pattern.

- Water flood recovery was predicted from a ?Bbinltion of Welgets (1)
displacement effiociency concept, Dykstra and Parsons vertiocal sweep
efficiency or permeability variation efficiency, and the concept of areal
sweep efﬁoia in pattern flood as oxpmsad ty Caudle, Exickson and
Slobod and(Dyes, Caudle ard Erickson)\“/, A brief discussion of the
ideas and limitations behind each method is presented here and detailed
calculations are shown in Appendix II,

) P"c‘ Welge Method

The Welge Method is a method for computing the oil displaced from
2 homogeneous reservoir rock by a fluid which can be considered inccmpressihle )
and imeiscible with the oil, It is based on relationships darived by Leverstt (5
and by Buokley and Leverett (6], The mathematioal equations needed, the
fraotional flow and frontal advance rate formulas, are derived by applying
Daroy's lsw to the flowing phases and by material balance oconsiderations, A
treatment of this type will give, for any exploitation time considered, a
plot of oil saturation against distance in the reservoir., This procedure
provides an analytioal method of caloulation of saturation, henoe oil retovary,
requiring no integration of the ares under the plot, A knowledge of the
relative permeabilities is required only over a limited intermediste range
of saturations, As stated before, one of the limitations is that the driving
fluid is oconsidered incompressible and immiscible with the oil. This is not
a oritical assumption., The reservoir is considered to be a linear section
in Welge's Method, In our calculatione the mecotion is considered to be linear
with & length equal to the distsnce between injection and produclng well, a
depth equal to the pay thickness, and breadth to give the required volume -
the same as the volume of oll-in-place, This gives a reasonable approximation,

- Other reaaglrlmb}:g ‘assumptions which are inherent in the relationships
are: viscous flow, cbntinuous distribution of both phases, effective

permeabilities are functions of saturations only, and two fluids flowing,

~C1imiting assumptions are steady state flow, and hamogemeous rook
seotlon.

p.¢ From the caloulations displacement efficiencies are found for
various water saturations. Water-oil retios are caloulated from the
mobdility ratios (hence oll fractions flowing) at the same water saturations,
Displacenment efficiencies are found as a function of water-oil ratios,
Detailed calculations are shown in Appendix II B,



This method of caloulation of water flood recovery prediocts the

vertical sweep efficiency sonsidering permeabllity variations in thw reservoir
rock, It assumes statistical distribution of permeability throughout the
section, That is, the logarithim of the eabilities will show a linear
relationship with the percentage on a probability scale, It is assumed that
there is no orces-{low between layers, Also, relative water pemsabilities
behind the interfase are considered equal for all strips and, similarly,
relative oil permeabilities shead of the interface are equal for all strips,
This 4s not striotly true in all osses, but theoretioally relative permmeabilities
are funotions of saturation for a partioular reservoir rock, From the oaloulated
permeability variation and mobility ratio, coverage or vertiosl sweep effiociencies
are found for various watar-oil ratios as shown in Appendix 1I C,

Areal Sweep Efﬁ.cigm

Due to the configuration of flood patterns there will be portions of
the oil zone unswept at any particular tme in the lifs of the flood, This
efficiency will increase with time and thus with 1mruﬂ,g water-oil ratio.
From a method ﬁacusaed by Caudle, Erickson and Slobod and Dyes,(Cavdle
and Eriokson (4)) and results of X-ray shadowgreph studies on models, areal -
efficienoies can be oalculated, Once again conditions have been idealized
where reserwir thickness and permeability are uniform and reservoir boundaries
are considered as impermeable barriers, From the mobility ratio,areal sweep
efficiencies can be found for various producing ratios, thus for various water-
oil ratios, For detailed calculations ses Appendix II D,

Water Flood Recovem Ef‘fioiengz

~¢ The various efficiencies are found as functions of water cut, oil
out or water-oll retio, The recovery effiolency of the flood iss

1Y

R = (Displacement efficiency) x (Coverage) x (Areal sweep efficienqy)

NEIf all three vary similarly with W.0.R., 1.e. all increase with
inoreasing W,0.R., then the effeotive recovery efficiency of the flood is a
combination of the three and can be applied to the oil=ineplace to give an
sxpected recovery, This is what was done here, and detalled ocalculations arg

e‘bphown in Appendix II E, the end product being an oil cut versus recovery
ourve for a 9=spot pat.tam a8 hypothesized for the North Virden Scallion
Unit Area water flood,

gba&lo

The results of the flood caloulations are shown on Figure 21, At
‘2% water breakthrough 14% of the oilwineplace at the beginning of flood has
been recovered, Assuming water flooding commences Janusry 1, 1962, the total
 ultimate 011 rocovvery is estimated at 55,000,000 barrels, This is made up
2 P a0 of 10,800 barrels estimated cumulative production to January 1! 1962,
| ﬂh,zﬁo 000 b
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A, ~° Orjginsl Stoock Tank Oi)-In-Place
The original stock tank oil=ine-place was ocalculated from the

equation:
N= 7’?58 ﬂlh SOi_L
where N = stock tank oil-in-place, barrels
g = average footage weighted porosity, frectional
A = surface area, acres
h = eoffective pay thiockness, feet
S0y = initial oil saturation, frectional
Q = formation volume faotor, m.bbll./so‘i‘. bbl,
'1). Porosi ea and Thiokness

¢ The iscpach maps previously mentioned were planimetered to
give the average pay thickness and the porosity foot mep was
planimetered to give average porosity feet for the proposed Unit
Area, The average porosity can them be found by dividing the
average porosity feet by the sverage pay thickness, The results
are as followss

Average Pay Average aus &
Zone Thicknesas Porosity Cats Aerarleped
— . P T
... Crinoidal # 945 747 9,97 67 0T
;o frear e Didtes-00litie 6478 «vs , 107 27 AT
£ g %o koo »Cherty 25,87 »7 13,38 =77 s TH

AR atdies aos Wildd Ly EYE

' #* As previously mentioned the Crinoidal Zone is thought
to be effective only in the southern ami(western)portion of the .
f1eld (aee Figur.. 12 and 13).,:1} :i.{{s.'}‘;..‘ ) 5‘ ; LT P

The term "@ Ah" can thus be obtained from planimetering the
porosity thickness map for each mone. Following are the results
along with the average faotors found in this operation,

Average Average # An
Porosity Subsurface Thickness Porosity
Zons Fractional Area Aores Feot Acre Fest
Crinoidal 0,0977 7777 L4, 132l 7% 9By 7+ 3,852 sf
(bntic /0.7‘/0.1075 D HE . 7’292 .6 A 6 .78 L 5.315 P
Cherty 252 w@- 1L P_,E_l&:}_ SO %f}. /0 _93_ o0 CEF
Total b1,89 2777 37,975 #4iend
[ ] A




2). Gl Satwretion

~*The average initial oil saturetion (Sos) for each sone was
caloulated as follows:

0)..cCharyy Zone

The besis of connate water determination (and thus ofl
saturation) wes the analysis of the ocors fram Cslstan Scallion
9u23=11=26, The coring fiuid was orwde oil, Disregarding
shaly and freotured samples the laboratory water saturetions
(assumed to be trus water saturations) were plotied agsinst
the corresponding air permeabilities for each smple, The
logarithin of the permeatility shows a streight~iine relation-
ship to water saturation. Therefors, putting a best fit
atrdghthmon&epktmnuﬂum?mumnh
versus wvater saturation plot (mses Pigure 22),

4% The average air permeability of the Cherty Zone was found
in the following manner:

75 Taking all analysed samples 1,0 md, (maximum horisontal :
air permeability) and over in the field and grouping them in :
permeabdility ranges, a permeability distribution plot is '
obtained, The sumation of footages in each permsability
range are used to affix a peroentage of the total footage
to each group. Plotting the logarithim of permeability
against distribution (plotted as "percent greater than®) on
probability paper will give a straight line as discussed
previcusly under the Dykstre Pareons method of predicting
water flood recovery. This will be true if encugh sasples
are taken and if the reservoir does not have two or more
distinot lithologic components, Eliminating frectured
samples means the ourve shows the relationship for matrix
permeability and does not take into asoount local areas of
fracturing,

~C: The median alr permeabillity on this plot is defined as
the "S0% point¥, Hers one~half the rock has permeability
. greater than this 50% value and half therefore has a value
v ¢ rless then this value, This point represants than a ressobable
u})' ," |average of effective reservoir pemeability, The ourve for
M " the North Viren Soallion Cherty Zone is shown in Figure 23,

1

N ' +** The percentage scale (or probability scale) is linear
in aspect, as is shown by the fact that two percentages
mmerically equally separated from the 50% point (for
sxample 20% and 80%) are plotted equidistant on elther side
of that midpoint on a graph, Thus, taking a permeability
correspopding to each equal increment of percentage and
arithmetically averaging the saturations corresponding to
each of these permeabllities (from a permeability versus
saturation curve) would give the same result, '



7¢ The median air permesbility in Figure 23 is 10,5 md, and
this corresponds to & weter saturation of Ol or an initial
oil saturation of 0,5 or 59%..

7 The above method of determmining connate water saturation
and thus initial oil saturetion was devsloped primarily for
sand reservoirs. There has been some thought of late that A
there is usually a good correlation between porosity and water .
saturation in carbonate reservoirs, ‘

J From the oil base core for Calstan Soallion $-23~11=26 the
log of porosity was plotted aguinst wvater saturation., The best
£t curve was established by the method of least squares, At
the unit average porosity of 13.f the water saturetion is 29%
which corresponds to an ini#{al oil saturation of 71% (see
Figare 2L).

N Californda Research Corporation in oconjunotion with Project
24,029 conduoted ollwwater capillary pressure tests on five
plugs from the Cherty Zone, At a ;;)nhry pressure of 20 psi
the aversge water saturetion was 21%,

Y One plug from Calstan Scallion 7=11-11=26, which was
analyzed for connate water by the restored state method,
indicated a water saturation of 23%.

~ A meroury injection capilliry pressure test run on Sun
G, Clarke 2«20-11=26 indicated a water saturation of 17% on
the only Cherty Zone sample that had a pemmeabllity greater
than 1,0 md,

N The connate water saturations above range from a low of
17% to a high of 41%, The aritimetic averege is 26,58, It
was felt the greater emphasis should be placed on the water
saturation arrived at using the data from 9=23»11-26, which
was ocored using an oil-base mud, Therefors, it was assumed
ation for the field was and
on was 71X in the Cherty Zone.

b)s Oolitic Zone

4 The distribution plot of Oolite samples, constructed as
desoribed above, is shown in Figure 25, As oan be sesn from
Figure 26, which is a plot of the Oclite semples from 5«23~
11«26, with respect to permeability and watar saturation
there appesrs to be little relationship betwween the two,

The aritimetic average water saturetion is L9%.

N Water saturation was plotted versus porosity and the
method of least squares applied to all the points to get a

best fit curve (see Pigure 27), At the % ted mrFo
Er%ﬁtorﬁeﬂnitkm of the wa B& on
would be 29%, As can be seen the curve the Oolitio
Zone in 9-23-11-26 is not really representative of the
Oolites over the Unit Area as few samples are near the
field everage,
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r One sampls from the California Research Corporation Project
2,029 was in the Ooldtio Zone and at & capi ressurs of
20 psi, oil to vater, the water saturetion was .

o 8ix les from Calstan Scallion Prov, 7-1l=11=26 were
checked by restored state method and indicated an average
water saturation of 25%,

A The best correlation of all the above mentioned methods
was that between porosity and water saturation, For this
reason it was decided to assign the Oclitic Zone 29% water
saturation and thus T1¥ initial oll saturation,

¢). Crinoidal

A“ The Crinoidal Zone was not well developed in Calstan
Soallion $e23«1l=25 and therefors not cored and amalysed
for water ssturations, 7The Crinoidal has been oored in ol
g’,?m‘cdﬁ..;o.aw// in the Scuth Virdmn Fi‘m, m’ gnd 1t e wt to be
' lithologically similar, Samples taken from oll base cores at
Calstan South Virden Prov, 15+11«10-26 and Calstan South
Virden COFR 12«1w10«26 in the Crinoidsl member show an :
interesting relationsidp. Most of the points fall near the
best-fit line construsted for North Virden Seallion Cherty
Zone on & log permsability versus water saturation plote
Although much less permesabls on the aversge the (rincidel
must be lithologically similer to the Charty Zone, at least
in regard to water ssturdtion varying with parwesbility
(seec Pigure 22), The median sir permesbility of the Crinoidal
is 3,0 md, a8 shown on the distribution pht, Fim. 28. Uﬂm
77 -pthis nedisn valus and the Chardy Zone m%:gmgnpt the water
saturation is 0,52, and oil saturetion of or 3%,

~ The plot of porosity versus water saturation showed that
with inoreasing porosity the water saturation alsc inoreased.
It was thersfore assumed that thare was no relationahip
between porosity and water satwration., For this reascn and
because there was no other reliable data available 1t was
assumed that the water saturation in the Crinoidal Zone was
52¢ and therefors the initial oil saturation wes LO%,

3)s Forpation Volume Fagtor

E , the formation voluse factor was caloulated by aversging
the results of subsurface fluld analyses of ssmples from Calstan
Soallion Prov, Lw1ll=1l=26, and Calstan Scallion 3=2l«l1=26, The
results are as followm:

Scallion Well No g bbl,(égh

4=11 1047
321 -
Average 1.045 bbl,/bbl,

ot s o &ils, for L4l



The original oil~in-place salculations for esch of the thres
sones are as follows:

c .
erwiam i o
N= (.?:% (23'8@) (otzr? (lﬂlws)ﬂﬂmaa‘ r{‘wa adials r’{"

5/, B SS4Y
= 152,000,000 barrels/unit area

SRl ey B Seritr g fonnad

or, using average f:!.guroa
o. /272 0.59 ’
N (7.753) (0.1339) (40} (0.71) (1/1.0L5)
AFSEund - 28,200 hbl./i‘t./ho acre lesse

22,60 =

or N = (7.758) (0,1338) (0.71) (1/1.,0L45)

= 705 bbl. /acre-toot <
Sé6 “

Qo o Zone
N (1,78) (5318) (6.7) (/o)

.»-? L OrsL2
- 605,556 bbll./un:lt. area

/Z nop aa——a - /_eu,&u L

or N = (7’7%) (6.1 5) (Lo) (0.71'5 (1/1.015)
- 22,700 bb'l../ft. 0 acre lease

A7 ©oa -

or N (17,758) (0.107%) (0.717 (1/1.045)
- % bb;.a./acm-root

w2s

GMZI. Zone - _
N (7,78) (3,82) (0.48) (L/1.0LS)

7’3 -3
70& 50&) bbla./unit area
(45 »-x/a;gJ - ’

or N = (7,758) (0.0977) (L0) (0u:8) (1/1.045)
- 12.,2900 bblse,/ft./40 aore lease
/5, R00

or N = (7,758) (000977) (0.1[8) (1/1ca45)
= 348 hbla./scre-foot

W

Sfo
A summary of the cil-in-place and their relative amounts are
as follows:
Percent
Oii=1n-Place of Jotal
Chearty Zone ,5/o040+2152,000,000 m Fo fo 872
Oolitic Zone <o ecor 28,(!)0,000 #6270
Crinoidal Zone »s--: 11;,000,000 11 s 870
/21564, 27

. Total songoanss  19l1,000,000 100%



The primary reserves of the proposed North Virden Scallion
Unit Area have been satimated, as previously explained, at 25,0&,

barrels. This represents & recovery faotor of: e e Rl

or, on an average nll basis (pmducing from all sonu)

ON = otfi‘z"é’ (28,2 ) (zé 57 (22,700) (6,78) + (13,900) (9.5&)]
= (0.129) (1,008,000}
= 130,000 barrels

@) oD

- -

These figures are from the above oil-ine-place caloulations
and refer to a well draining all sonss, and with average thicimesses,

A:* The recovery due to oil expmion@.m.:g a pressure drop
from 900 psi (original bottom hole pressure) to 145 psi (saturation
pressure) is:

OHN = Q 8 = ﬁi
1 e
where f s = formation volume factor at saturation pressure

@1 = original formation volume factor

therefore Ag - %&.- 0.6%
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APPENDIX I
DYRCTIVITY AN FLOP FREDICTION
Injeotivity Cajoulations

The water injeotivity rates were ocaloulated from the

formilas

Q= 0,00351 Kh AP

ME (In a_ - 0.8150) /77_}44../ w,:/cw ot

/fﬁ.# “ww':"'[y'
a*
where Q = injeation rate, bbl./day
Ky = reservoir permeability to water, millidarcies
h = wvertical section, feet
AP = pressure differential (P surface + P well bore = P reservoir)
M = viscosity of injection water at reservoir conditions,
centipoise
d = distance from injeotion well to producing well in flood
pattern, feet
ry = effeotive well bore radius, feet

ol L -

This 18 derived from Darcy!s flow formula and is applied to an
average North Virden Scalljon well assuming the following:

Pub = O.li33 psi/ft. x 2,100 £to = 900 pal fcus conr
Pinj = 1,100 pai (not to exoeed over burden pressure)
Pres = 500 psi (average over flood life)

S 6P = 1,100 + 900 = 500 = 1,500 psi
M = 0,864 cp at reservoir temperature foio et
d = 1,320 feet, between injection and nearest producer
Tv = 25 feet {radius of fracturing assumed)

Therefore,
= 1,84 BWPD/mde Lt
Applying this to average permeabilities and pay sections:

Cherty Zone
Q = 1.&‘ @

A
el ) - (10&1) (2055) (2506)
: ST

= 120 BWED
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Solitde Zope
Q= (1,84) (27) (6.8)
R

Crinojdal Zone

 amed Q= (1.&4) (Ou3’4) (?9._5)

4
w & B

Sample caloulations for total injectivity in all zones for
specific wells are as follows:

Calstan Scallion 2=15~11=-26
Q= 1,84 (7.3) (26.k)

« 355 BIFD
Calstan Scallion 12+22=11-26
Q = L84 (7.3) (63.,2)

« 850 B

The sbove injectivity osloulations provide order of magnitude
estimates of the North Virdem Scallion Unit Area injectivity and demonstrate
satisfactory injectivity for flooding, The estimmtes are considered to be
conservative for two reasonss \

1, A Sespot pattern steady state formula was used and the planned
injection well density for the Umit Area is much less,

2, The formula, as above, was spplied to all wells regardless of
the stimulation method and is considered to be ineppropriate for
fractured vells,

B, Prediotion of Water Flood Recovery by the Welge Method

As explained in the report the Welge Method is an analytiocal
method of caloulating saturetion as a function of permeability retios,
giving freotions of each component flowing. From average saturetions
over a period, residual saturetions are caloulated snd then displacement
efficiencies which are expressed as a funotion of water/oil retios, The
steps are shown below, The basic relationship used is the fraotiomel
flow formula:

£f = h '
o =g )

where: £, = fraotion of oil flowing in reservoir
h = ko/le = relative permeability retio; oil to water
o = 4o/uw = ratio of viscosity of reservoir oil to
viscosity of reservoir water
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This negleots cspillary pressure gradient, the term usually

being negligible and gravitationsl forces whioh are negligible in a flat
lying reservoir such as North Virden,

1.

2.

3

From laboratory tests by California Research Corporation (Project
2L,029) le/ko V8 Sy ocurves are found for the various core plugs
tested, These curves are aversged as shown in Table II and one
average ly/Mo ocurve is drewn for the Cherty Zone (Figure 1i),
Because some of the My/ko curves do not extend to the lower value

nge the averege ky/k, curve was adjusted to compensate for this
:::?Et?:y. From k"ammm values g'?h;/ko for any value of Sy
a

Chosen valuss of Sy are placed in column (1) (ses Table III) and
their corresponding values of ly/ko from Figure ’1‘;." in colwmn (2).

From equation (1), on substituting:

o yritop @)
A¥ K

The wvalue of o] is caloulated to bes
AN

%&-&%-h.ﬁl

Where /o 18 the average 0l visoosity from the P.V.T. amlyses
dhcusud in the report and corvected to a reservoir temperature
of 80 F, The viscosity of fresh water at this tempsrature is

0.864 QePe

The values of {0 can then be caloulated from this value and
MY

column (2) and are listed in column (_3).

The fraction of oil flowing fo is oaloulated from equation (2) using
the values from column (3) for each saturation, The results are

“1isted in column (L) of Table III, -

A greph of £, versus S, is plotted in Figure 29, The lower extent
of the curve is taken to be vhere Sy = 0,29, the initial water
saturation of the Cherty Zone, '

From the relationshipt

w CE

vhere Q4 = the mmber of pore volumes injected 1 can be calculated
from the £, versus Sy curve, i
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8.
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10,

- 20 =

sxm'tttnl-fothor‘,um”bowihtdfortoinm
order, (see Figure 29),

Mforuehnlmorﬂv,&-tmll.opoorthef,,vc_.s.,ouruut

that value of Sw. m“lmofrlmcﬂcmwmdmm
i
column (S) of the Table,

Since Q4 fo is the mumber of pore volumes of oil flowing st a given
time, and this is equal to the change in saturation Sgy ~ Sy this
tearm ou(:él;o oslculated for any given satureation Sy and shown in
column ’

Column (7)’ s.' is oolumn (6) Qi fo (W S‘v - S') pl\ll colwmn (1) %'C

The residusl oil saturation Sgp in column (8) is 1 = Sgy for each
partiocular Sy.

The efficiency of displacement of oll is the ratio:

Soi - Stv

this can be caloulated for esch value of Sy and is shown in ocolusm (9).

The reservoir water/oil ratio is shown in oolumn (10) and is caloulated
from column (L) using the relationship: '

m.m.l"ro
!o

Where f, is the freotion of oil flowing at any particular saturetion
Sy which now has a displacement effici corresponding to it.
curve of Ky versus WOR is then drewm shown in Figare 30,

b

C or
varia

The predioction of flood recovery by the Dykstra-Parsons Method

as previously mentioned expresses the efficiency of flooding as coverage

&, ggmul sweep officiency from the statistioal petweabilily
on Ve

From graphs prepared by Dykstra and Parsons @) and shown in

Figures 31, 32, 33 and 34, the ooverage C {or E;) can be found for the
various water/oil ratlos knowing the permeability variation V and the
mobility ratio ¢ .

From Figure 23 the permeability variation in the Cherty Zone

is shown to be:

v-%ﬁ-o&s/
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The mobility ratico ¥ is defined as:

TR

vhere k., = relative permeability to water at end of flood
kpg = relative permeability to oil at initial water?
AV = viscosity of injected water, at reservoir conditions
Ao = visoosity of oll, at ressrvoir conditions

From data in California Research Corporation's Report (ijoot
24,029) on water flood tests, a graph of oil permesbility to air pemm
eability was constructed (see Figure 35), At the median air ptmubﬂ:ltw
of 10,5 md, the permeability to oll is L5 md,

From & similar graph constructed in this same California Re-qroh
Corporation Report, the water permsability is 0,75 md, at 10,5 md. alr
permeability (see Figure 15),

The oil and water viscosities which have been disocussed previqusly
are as follows: ‘

Ao = 3,98 oups at 80° F, and 600 psi
AW = 0,86l cop. at 80° F, and 600 psi

Therefore, the mobility ratio, ¥ , is caloulated as follows:
¥ = (0 = 0,77

From the graphs the following results are obtalned:

WOR bbl,/bbl, Coverage, C (or E)
1 0.3L
5 0,63
25 0.835
100 0,92

These results are shown graphlocally in Figure 36,

Areal Smg Efficiency of Water Flooding

The idea that areal efficiency will inorease with time in a fleod,
the pattern becoming more completely filled ?ug is \d.daly acoepted, This
is diaousm by Gludl Erickson and Slobod and Dyes, Caudle and
Erickson and from -m shadowgraph studies on models experimmmtal
values of this efficiency have been obtained for various positions of a
wall in a flood pattern.

The efficiency is expressed in graph form for various mobility

ratios M and for various water cuts, It will be noted that the mebility
ratio M is defined as:

M-E ‘%‘E
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which is the resiprocal of the retio ¥ , previously expressed in the
Dykstra=Parsons Method, Therefore,

M= = 1 = 1,30
<+ o

The results show the following for a direct offset well in a
9mspot pattern, with M = 1,30:

Y & (water out) WaR_(bbl,/bbl,) Eg (areal sweep eff.)

0 0 0,58
0.5 100 0! 73
0.6 1.5 0.79
0.7 2,33 0,85
0.8 4.0 0.93
0.85 5.67 0.95
0.9 9.0 0.97

These figures are shown in graph form in Figure 37 as WOR vs &y (areal
sweep efficiency).

Water Flood Recovery Efficiency

It may be noted that the first two efficiencies iy and Ey are
csloulated for the Cherty Zone only. There is not enough information
available to evaluate the other two sones by the Welge Method, The
permeability variation in the Crinoidal is close to that in the Cherty
Zone, and although the variation V in the Oplites is larger the one sst
of figures is used rather than averaging the two sets of results, The
oil=in=place in the other zones (approximately 20% of total) is comparat-
ively small in respect to the Cherty Zone and therefore any error in one
or move of the efficiencies would not greatly influence the overall '
result of predictions, Therefore one set of flooding effioiencies are
applied to the total oil=in-place and it is thought that any error
jnourred in doing so would be within the acourscy of the prediction
metheds,

The three flooding efficiencies Ey, Ey and Ey are expressed
a8 functions of WOR and are combined in Table IV. The point of water
breskthrough is usually tsken as where the fy versus Sy ocurve departs
from being a atraight line (see Figure 29), However, in this case the
ourve has a changing slope at all saturations above the original Sy
(0.29) which naturally is the lower limit, Therefore the calculated
reservoir WOR at this point gives the point of breakthrough in Table IV,
The producing WOR is given by & x WOR pgg, in this Table, The recovery
R4s By x Ey x Ky, the product of the three fractional recoveries. The
stook oil cut is found from the producing WOR and thus beoomes!:

5.T. 011 Cut = 1
+ Res.
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A greph of percvent recovery R versus stock tank oil cut is shown in
Figure 21, A recovery of Wi¥ is indiocated to breakthrough, at whioh
point the oil eut drops to 34%.

Assuming water flooding starting January 1, 1962, the
remaining oil-in-place is estimated at 181,200,000 barrels. The
recovery to breakthrough is therefore predioted at 25,400,000
barrels or 4% of this oll-in~place, The total ultimate recovery
is estimated at 55,000,000 barrels or 28,4% of the oil~in=place,
This assumes that the fisld osn be produced to a 5.ls1 water/oil-
ratio and that the maximum fluid production would not exeeed 10,000
barrels per day. The economic limit of the Unit was assmmed to be
T BOPD/well. The predicted total recovery would be made up of
10,800,000 barrels primary oil production to January 1, 1962 and
kil 200,000 barrels of secondary oil production,

Free.. 3ts

KM /o/uﬂ( (IVVS"h : 48,100 000
WOR = %(ﬂu%g- 2.6
e Porel = 15900 8/dey

A ﬂw,(/._.,\_ wetl = 26 Bor)

”?.
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POROSITY AND PERMEABILITY PROFILE
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; FIGURE 7
ELECTRIC LOG
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CHERTY ZONE DISCREPANGIES

Well 4-15 Isopach shows 23! pay
Core Analysis 19 pay
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Core Analysis 26.4' pay
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QOLITIC ZONE DISCREPANGIES

Well 16-3

2-15

2-20

Isopach shows 12,2!
Core Analysis 13.6%

Isopach shows 6.4!
Core Analysis 7.1!

Isopach shows B.Oi
Core Analysis 6.7!
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NORTH VIRDEN SCALLION FIELD
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CRINOIDAL ZONE DISCREPANCIES

Well 11-2

2-10

h=15
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Isopach shows 11! pay
Core Analysis 8.,4' pay

Isopach shows 5! pa,y
Core Analysis 6! pay

Iscpach shows 12" pay
Core Analysis 10,2! pay

Isopach shows 18' pay
Core Analysis 16.1' pay
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. AVERAGE PERMRABTLITIES

The Average Permeabilities (to air) in the cherty,
oolitic, and crinoidal zohes are not mentioned in
the Reservoir Study - North Virden Scallion Field,
Manitoba, dated August, 1961 and are as follows:

Cherty Zone - 23.4 md
Oolitic Zone - 112 md
Crinoidal Zone = 6.1 md
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DYKSTRA AND PARSON'S WATER FLOOD CALCULATIONS

FIG. 31
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FIG. 32

DYKSTRA AND PARSON'S WATER FLOOD CALCULATIONS
PERMEABILITY VARIATION VS. COVERAGE
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FIGURE 35

NORTH VIRDEN SCALLION

CIL PERMEABILITY vs. AIR PERMEABILITY
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TAELE II

NORTH VIRDEN SCALLION FIELD

AVERAGING Ky/Ko vs Sy CURVE
CHERTY ZONE

Water Saturation, Sy

' Total Average
Kw/Kg  #43 #7 #57 #28 #u0 #12 #52 Sy Sw

100 57.0 60.3 62,0 6L,0 65.4 66,5 68,6 443,68 634
90 56,8 60,2 61,9 63.8 6543 66,3 68,5  Ll2,8 63.3
80 56.7 60,1 61.8 63.5 65.2 66,2 68,14 41,9 63.1
70 56.5 60,0 61,5 63,2 65,1 66.1 68,3  LL0.7 63,0
60 5642 5949 61.2 63.0 65.0 66,0 68,2  L39.5 62,8
50 5640 597 61,0 62,7 6l.9 65.8 68,1  L438,2 62,6
Lo 55.8 59,3 60,8 62,1 6l.8 65.5 68,0 L3643 6243
30 55¢2 59,0 60,2 61,7 k.3 65,0 67.9  L33.3 61,9
20 sh.5  58.0 59.3 6045 6349 6li43 67.5  L28.0 61,1
10 53,1 5642 57.3 58,2 62,7 62.8 66, L17.1 59,6
9 53,0 56,0 57.0 58,0 62,5 62.5 66,7  Ll5.7 59.4
8 52,8 55.7 56,7 LY 62,2 62,2 - 3L47.0 57.8
7 52,3  55.1 56,1 57.0 62,0 61,9 - 3hkoly 57k
6 52 0 Sho? 5505 5602 6107 6105 - 3h106 5609
5 51.7 53.9 k.8 5503 61,2 60,9 - 337.8 56,3
h 51.0 52 l9 53.8 51],.2 6005 6000 bl 332 lh 55-,4
3 5002 510)4 5202 5208 5908 5809 - 32602 94-0]4
2 h901 ]49-2 5000 5005 5802 5609 - 313.9 52-3
1 46,9  Lk.B L5.2 1545 5540 52,2 - 289.6 L8.3
0-9 h6o!-l h309 llho3 hhcs 5’-!-05 5195 - 28501 Ll?os
008 ,4600 ’4209 h305 143-5 Shno Sosh - 28003 ,4607
0.7 - 41,8 42,2 L2 .2 - 49,2 - 175.4 4349
096 - ].10.6 hl.o ]41;0 - bB .0 - 17006 h2 e?
005 - 3609 39.1 39-1— - l-I-6 ol - 16302 LI»OOB
Oths - 38 0 38 «0 38 »0 - ,45.1 - 15901 3908
0,].10 - 36¢9 3609 36-9 - Mhl - 15’408 38-7
0035 - 35-7 3507 3503 - }4300 - n-l9o7 37.‘4
0-30 - 31-101 314-1 33o8 - ’4107 - 1‘4307 3519
0.25 = 32.8 32.8 32.0 - 10,0 - 137.6 el
0,20 = 31,0 31,0 30,0 - 38,1 - 130,1 32,5
0315 - 28‘8 2808 2705 - 36.0 - 12101 30!3
0010 - 2650 26.0 2!.].8 - 33.0 - 109.8 27.5
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TABLE IV

NORTH VIRDEN SCALLION FIEID

COMBINING Eq, Ey AND Eg TO PREDICT FLO(D BEHAVIOR

Stock Tank Stock Tank

Reservoir Recovery WOR 0il Cut
WOR Eg Ey Ea R (@ x WOR) (1/1 + VIOR)
0,88 0.352 0,319 0,713 ) 0,080 0.92 0.521
0.90 0.352 0,322 0,716 0,081 0.95 04513
1.0 0.35% 0,30 0,730 0.088 1,05 0.488
1.5 0,369  0.418 0,788 0,122 1.58 0,368
1.7 0,373  OJLho 0,807 0.132 1.79 0.358
1.85 0,377  0.455  0.818 0.140 1.94 0,340
2,0 0,378 0,470  0.829 04147 2,10 0,323
2,5 0,386 0,510 0.861 0,169 2,63 0.275
3.0 0.392 0,540 0,886 0.188 3.15 0,241
L0 0,402  0.590 0,925 0,219 .20 0,192
5.0 0,409 0,628 0,943 0,242 5425 0,160
S.1 0,410  0.630 0,9k 0024l 5.40 0.150
6.0 0.415 0.654 0.952 0,258 6.30 0.137
7.0 Oi21 0,676 0,960 0.273 7435 0,120
8.0 0.L425  0.695 0,966 0,285 8.40 0,106
9.0 0,429 0,710 0,970 0,295 9445 0,096
10,0 0,432 0,724 097k 0,305 10,50 0,087
15,0 Ouu6 0,778  0.986 0.342 15.75 0,060

20,0 0.156 0,805 0,991 0.36h 21,00 0,045



