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RESERVOIk STUDY
NRTH VIRDEN SCALLION FIELD, MANITOBA

Msy, 1958
SUMMARY

I. Statement of Problem

To analyze the primary performence, and to investigate the possib-
1lity of seoondary recovery of oil from the Mississippian limestone
in the North Virden Scallion Field, Menitobs,

II. Findings

A, The discovery of oil saturation and commercial production in the
Lodgepole formation of the Mississippian at California Standerd
Soallion 3=11 during December, 1353, led to the development of
the North Virden Scallion Field (formerly North Virden field) in
Manitoba,

B, The original oil was an undersaturated orude at approximately 900
psig. oontaining 70 oubic feet of gas per barrel of residual liquid,
with a bubble point pressure of 145 paig,

Ce The estimated oil in place from volumetric caloulations is 163,000,000
barrels for the entire fleld,

D, Primary performance from decline curve analyslis indicates a recovery
of 20,000,000 barrels. This indicated recovery is 12% of the 03l
in place, Cumulative production to February 28, 1958 is 5,974,038
barrels, or 3,7% of the estimated oil in place, The recovery by
fluid expension down to the saturation pressure would only acocount
for Otﬁ%}:

E, The bottom hole pressure is declining rapidly, as evidenced by the
15 pai. per month decline at Sun 4«23, This pressure drop is
reflected in the average well production decline of 11 BOPD per

years

F, Water Flood caloulations indicate a total ultimate primary and
secondary recovery of 35,900,000 barrels for the field, or 22% of
the oil in plaoce,

Gs A field-wide water flood would necessitate building a pipeline to
the Assiniboine River, This would cover a distance of epproximately
4 1/2 miles and would cost an estimated $124,000, Pilot flooding
could be served by produced salt water,.

He Unitization or oross=line flooding agreements would require
negotiations involving twelve operators,
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The estimated oapital costs of a field=wide flood are 1.5 million
dollars, This assumes development on an 80-aore 5=spot pattern,

A double five-spot pilot water flood located as shown in Figure
19 would recover an additionel 1,340,000 barrels over primary
performance,

I1I, Conoclusions

1,

24

Se

Ultimate recovery in the North Virden Scallion field oan be
substantially inocreased by water flooding,

A double 80-acre 5=spot pilot flood should be initiated as soon
a8 possible in order to:

a) Acquire acourate injeotivity date,
b) Arrest pressure decline and inorease produotion in the
vicinity of the pilot flood.

Negotiations for unitization and/or comoperative flooding agreements
should be initiated as soon as possible,
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RESERVOIR STUDY
NORTH VIRDEN SCALLION FIELD = MANITOBA

HISTORY

The discovery well, California Stendard Scallion Prov, 3=11,
located 3 miles north of the town of Virden, in LSD 3, Section 11, Township
11, Range 26, ViyP.Me was spudded November 28, 1953, Oil saturaticn was
encountered in the Crinoidal Zone of the Lodgepole Formation and further
coring and testing indiocated commercial produotion from the five Oolitioe
zones, Casing was set at the top of the First Oolite, The open hole was
acidized with 500 gallons, Flowing and swabbing yielded 143 bbls, at &
final rate of 6 bbls/hr, The hole was re=-acidired with 500 gallons and
swabbing yielded 170 bbls. in 26 1/2 hours, cutting O=6% water, A third
acid job with 4,500 gellons gave 357 bbls. in 41 hours at a finel rate of
5 bbls/hr, cutting 8=16% water, Tubing, pump, end rods were run and the
well was put on production December 31, 1953, Initial production wae 75
BOPD outting 20% water, Production hed decremsed to 20 BOFD, cutting 7% by
April, 1956, when a Crinoidal rework was attempted, Thie was thought to be
unsuccessful, Production had decreased to 13 BOPD, ocutting 37% by November,
1957,

Subsequent offset end stepout drilling by Celifornis Standard and
other compenies continued rapidly through 1955 when at year end 113 wells
were producing, By September, 1957, there were 216 wells produoing,
including 100 Calif'orniae Stendard wells, Peak field production was reached
in July, 1957, at 6,846 BOPD of which 3,590 BOPD wes produced from California
Stendard wells. Drilling is continuing presently at a much slower rate and
i8 concerned with the extension of west and east f{lanks,

GEQLOGY

Note: The following disoussion end observations are based on a paper
"Virden=Roselea and North Virden", prepared by C, A, Berg, formerly
Development Geologist, Virden Distriot Office, The paper was given at the
Williston Basin Symposium, October 10-12, 1956, and the abstraot appears
in the publioation of the Williston Basin Geologioal Committee,

The North Virden Fiseld lies on the northeast flank of the Willise
ton Basin, directly north of the town of Virden, The field is basiocally
a stratigraphic trap in the Mississippian, the limits partially controlled
by & structural nosing,

The reservoir rocka are part of the Lodgepole Formation of Lower
Mississippian apge, and are underlain by Ordivician, Silurian end Devonisn
sediments, The overlying deposits are Jurasseic eand Cretaceous sediments,
and glacial drift, The reservoir rocks are meinly clastioc limestones, sub=
divided by thin interbeds of argillaceous limestome, The Lodgepole Formation
hae been subdivided intc three members =~ the Soallion Member, the Virden
Member and the Whitewater Lake Member in ascending order (see Figure 1), A4ll
three are oil bearing in the Virden area, although the Whitewater Lake iiember
is not e¢il bearing within the limits of the North Virden Socallion Field,



4=

The Scallion Member is predominantly e finely orystalline cherty
limestone conformable with the underlying Bakken Formetion, and is approxe
imately 200 feet thick within the field area, The upper productive portion
of the Soallion Member, commonly known &s the "Cherty Zone" has been leached
over a portion of the field (sse Figures 3 and 14) inoreasing the permeability
and porosity eand destroying much of the structural and textural features of
the rook, The leaching by ground waters during an erosion period hes teken
place regionslly over much of the Lodgepole but the most noticeable effect
is in the Cherty Zone of the North Virden Soallion Field,

The Lower Virden Meuber oconsists mainly of ocolitio limestones
interbedded with argillaceous limestone or calcareous shale, Hence its
ocommon neme w= the Oolitio Zone, These oolite bands are oyclig in nature
and total four in the area == the Fourth, Third, Second and First Oolites
in asoending order, A Fifth Oolite or Fifth Fragmentel has been desoribed
but generally blends into the Cherty Zone and within this study has been
included as a part of the Cherty Zome. Overlying the "Oolites" are
argillaceous limeastones and shales,

Above this lies the Upper Virden Member, & bloclastic limestone
mainly Orinoidel debris, sometimes orystalline = the "Crinoids"™ or "Crinoidal,

The overlying ihitewater Leke Member is not important within the
scope of this report and will not be elaborated on., It is generally dolo=-
mitized within the field and the rocks up to the top of the Lodgepole
Formation are variably argillaceocus, dolomitic and anhydritic.

Ag mentioned bofore the field is partlally controlled by struocture,
This is in the form of & true structurel nosing, reflected somewhat by the
Lodgepole erosion surface (see Figure 2), Wells in which the Lodgepole
Formation is struoturaelly high generally show the effeot of poste=Lodgepole
movement, This results in a fracture system, in some places being anhydrite
infilled. There is little evidence of any degree of movement along the
fraoture planes, The breccia zones within the Scallion Member are thought
to be due to infilling of oraocks extending to the erosion surface during
the Amaranth trensgression and ere not fault breccias, The structures are

e

degrees.

COMPLET I TECHNIQUES

The original tecmique employed wes to set 7" oasing at the top
of the Oolite Section, leaving the Qolites and Cherty Zone open, total
depth beiny somewhere near the oil/water contaot in the Cherty Zone. 4n
acid wash with mud acid and e squeete with reguler acid was used to stimulate
the wells, which were then swebbed for a short eveluation, Bottom hole pump
and rods were run in 2" tubing and the well placed on production, Some wells
flowed initially.
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Further stimulation was employed, partiocularly in the southern
portion of the field. A section opposite the Crinoidal was perforated
with jets and bullets and a small size (10,0004 end less) sandfrac was
used to stimulate this zone, The open hole below was temporarily plugged
off, The sand cmrrying agent is wiscous orude (loocal orude with additives)
in this sand=0il prooess,

Recently, the trend has been toward casing through the entire pay
seotion, setting the float oollar 5% below the base of staining in the
Cherty Zone. All wells are cored through most of the pay seotion and down
to_tha bage af oil staining. The zones which appear favorable mm tores and
logs are seleotively perforated through the casing and are stimulated,.

Also a change of ideas on stimulation technique has teken plece, It is
thought that a sand-oil or sand-acid fracture treatment will more completely
stimilate this type of reservoir and this then, is the method commonly used
now, Where any evidence of open fracturing (mainly in the Oolites or Cherty
Zone) is shown, the treatment is generally restricted to em acid job, The
unfavorable feature of the frasturing treatment is that induced fractures
tond to extend downward, and where sets of perforations are relatively close
together, the primary ocement job gives way establishing circulation between
the perforetions outside the casing, For this reason experimenting with
posmix, pgel and letex ovement, and with cementing procedure has been carried
out,

POROSITY AND PERIBABILITY PROFILES

During the course of the North Virden Scallion Reservoir Study
8 number of porosity and permeebility profiles were drawn from the available
ocore analyses, From these a northesouth axlal cross-section and a number
of east-west sections were drawn, The sections showed that although the
reservoir was layered within the different pay zones, bands of similar
permeability were not traceable throughout the length of the field, This
was eapecislly noticeable in the Cherty Zone, with the possible exception
of B rather thick and permeablé lens near the topw /

) One profile, that of California Standard 12-16 (LSD 12, Section
16, Township 11, Renge 26, V,P.M.) whioh was cored through the entire basal
oarbonate to the top of the Bakken Formetion, revealed a number of interesting
items (see Figure 4), The Scallion Member here, as in other wells in the
field which penetreated its total extent, attains a total of approximately
200 feet of vertioal thiokness, The porosity was quite high (up to 35%) in
the leached zone near the top of the Cherty Zone, Although the poro#ity did
decrease with depth, the Cherty Zone remained continually porous all the way,
ranging from 8~15% porosity. The horizontel permesbility profile suggested
& layered reservoir and aguifer, The maximum permeability of the more
permeable layers decreased with depth, and the separate layers beocame as far
apart as 20 feet, compared to one foot end less in.the pay zoene,

———

The Ooclites showed moderetely high permeability, up to 300 md,
where developed. Each Oolite band was definitely separated from the next
by dense bands,
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The Crinoidal was fairly continuous with low porosity (10-15%)
and very low permeability, around 5 md, For the latter two zones this'
observation seems to be borne out in other wells,

The mein portion of the reservoir, the Cherty Zone, seems to
have enough permeabllity and vertical comneotion from lens to lens to be
reasonably efficiently swept by sny secondary recovery program.

ISOPACHS

The largest single variable faotor seems to be the "effective
pay" thickness, and thence oil in place, so this feature was examined in
a8 much detail as possible, It was decided to treat the reservoir as
three separate zones for oil in place oaloulations. The best guide is the
core analysis end approximately one well out of four has had the oore analyszed,

A permeability out-off of 1,0 md. was seleoted for all zones,
Isolated permesble stringers of low vertioal extent were ignored. Other
teohniques of picking effective pey were considered, inecluding log inter-
pretation and core desoription, The finished isopaches, however, were based
mainly on the core analysis results,

The Cherty Zome proved to have the most complete information
except in the southernmost area, A questionable factor was the establish-
ment of an oilwwater contect., This ocontact is transitional in nature, and
can be seen on some electrical logs (see Figure 5). Attempts at making up
oil-water contact struoture maps from D.S.T. results and from logs did not
improve on the existing mep, This mep is based mainly on visual examination
of cores and is shown in Figure 3 (California Stenderd Producing Department
Mep No, F=7985=B6), The top of the Cherty Zone is readily determinable
from core and log picks, Where the core analysis did not extend to the
oil-water interface a peroentage of net pay to gross pay from the oores
analyzed throughout the field was uaed to_extrepolate,  From these values,
and with the aid of logs and core desoriptions, en isopach wes drawn (see
Pigure 6).

' Using average porosity figures from the analyses avallable
oombined with pay thickneas indicated on the isopach, a porosity-thickness
map was produced, This gives the pore volume and is used later to oaloulate
the oil in place (see Figure 7).

Mich the seme technique was used for the other zones, The Oolitic
Zone had more complete information end the total ssction was analyzed in
mpst cases, Thus it was not necessary to depend on ex*brapola'bion to such
a large degree to permit drawing of isopachs and contours of porosity footage
(see Figures 8, 9)s The prooedure for the Crinoidel was similer, although
the complete seotion was not always analyzed (see Figures 10, 11).



-
SPECIAL LABORATORY INVESTIGATIONS

A. Water Flood Tests (CeR.Ce Project 24,029)

Water flooding tests were run on twelve core samples from Californis
Stendard Soallion wells by Californie Research Corporation. The distri-
bution of these semples acocording to zone snd permesbilities was as
followe: Cherty Zone, seven samples, 3.7 to 98 md., average 32 mdj
Oolitic Zone, three semples, 9.3 to 192 md,, average 68 md; Crinoidal
Zone, two samples, 3.2 to 16,1 md., average 9.6 md, The pertinent
results of the tests are shown belowi

Cherty Oolitio Crinoidal

Zone Zone Zone

le Average residual oil

saturations (infinite WCR) 54% 407 25% -
2. Initial oil saturation 76% ' 9% 67%
3¢ Average 0il saturation

at breakthrough AS% 62% 42%
4, Average oil recoveries
| at breakthrough 365% 20% 36%

Relative permeability retio versus saturation curves were given
for each sample. These are averaged for the Cherty Zone and shown in
Figure 12 (see Appendix II B), Also included in the report was a
water permeability at flocod end versus sir permeability ourve (shown
in Figure 26)e

B, Subsurface Fluid Analysis

Reservoir fluid studies have been carried out by Core Laboratories
Ine, on three North Virden Soallion field wells, California Standard
Soallion wells 3=21, 4=1l:and 10=16, The first two wells mentioned
ghowed ocomparable results, These tests were run July, 1956 md dJune,
1954 respeotively, The third well, 10w16, which was tested March,
1956, shows quite different results. The average figures from the
other two tests were used and the results are as follows:

1. The average saturation pressure of the fluid at reservoir
temperature was 145 psig, This indioates that the reservolr
£luid sxiste in a highly undersaturated condition (see section
on bottom hole pressures),.

2. The fluid yielded 70 standard cubic feet of vapour per barrel
of residual liquid., The average initial formation volume
faotor was 1,045 bbl/bble

3, The average fluid viscosities were 3.52 centipoises at satur-
ation pressure, and 5.74 centipoises at atmospheric pressure.



BOTTOM HOLE PRESSURES

The bottom hole pressure on Californis Stendard Scallion 9=16
was 906 psig, in April, 1955, This was the first aocourate survey teken
in the field, A survey in September, 1955, shows 859 pslg, No further
pressures have been obtained, The well which haes been surveyed the most
often, Sun E, Hutohinson 4«23, shows an average drop of 15 psi/month
since it was drilled, This well has never produoced any oil and is on the
east flank of the field, At this rate, Soallion 9«16 would have decreased
to 425 peig, by December, 1957, The long shut~in time required to obtein
& oomplete buildwup with its resulting loss in produotion is the biggest
drewback to ruming bottom hole pressure surveys in this field, The
poor control and questionable results meke it impossible to state any
definite trends, The pressures are highsr on the western flank but are
dropping moderately fast throughout the fields The results of all
aveilable surveys are shown in Table I«

RESERVES AND PRIMARY PERFCRMANCE

Original Oil in Place

M estimate of the original oil in place was made by the volumetrio
method and was oaleulated to be 163,000,000 barrels for the total fileld,
Of this, 131,000,000 berrels are in the Cherty Zone, 18,000,000 barrels in
the Oolites, and 14,000,000 barrels in the Crinoidal, The following field
average values were useds

Cherty Oolitic Crinoidal

Zone Zone Zone
l. Footage weighted '
average porosity 12,9% 11,2% 10, %
2, Effeotive pay thickness 22,11 5e5° 9451
3, Initial oil saturation 59% " 51% A8%
4, Formetion volums factor 1,045 bbl/bbi,

In oasloulating this totel o0il in place, the Crinoidel only in
the southern pert of the field was considered, See details in Appendix
I A, A map showing the completion Zone for each well is shown in Figure
20,

Primary Performence and Deoline Curve Analysis

A well=by-well analysis of decline ourves and extrapolation of
rate~cumulative ocurves gave primary recoveries ranging from 3% = 28% but
averaging around 10%., The diffioulty in predicting performance on an
individual well basis is that meny of the wells have not yet shown &
definite trend in their rate=cumulative curve, Also it is diffioult on an
individual well basis to prediot which of the zones are ocontributing to
production. The wells near the flanks (especislly on the western edge)
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may be showing higher percent recovery due to the edge-water expansion.
Periodic production water cut maps seem to substentiate this, (see Figure
13)s The fracture system has been studied and is shown in Figure 14,
Productivity is higher in this area as is evidenced by individual well
decline ourves,

The difficulties which become troubleseme in individusl well
decline curve analysis seem to becoms less obvious and somewhat masked in
s total field decline ourve analysis, Here the average rate per well-
oumaletive ourve shows & trend as does the water out (see Figure 15).

The latter is thought to be influenced by the odge welle whioh are producing
large emounts of weter and does not represent a typical well in the central
portion of the field, Individually; these wells are starting to decline
and are not showing high water ocuts. ~K rate per well versus time curve

hes been shown in Figure 16, Using all these other curves as a guide the
rate~time ourve has been extrapoleted to give the primary reserves, The
primery reserves for the field have been estimated at 20,000,000 berrels,
This is 12% of the original oil in place, '

The cumulative field production to February 28, 1958 is 5,974,058
barrele, or 3.T% 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 then one percent, This indicates some additional source of energy
(see Appendix I Bg. '

METHODS OF SECONDARY RECOVERY AVAILABLE

In order to increase the recovery from 12%, it beocomes necessary
to anelyze the methods of secondary recovery aveilable.

There are & number of these methods == water flooding, air or
gas injection, and underground combustion, Water flooding has been seleoted
as the most applicable in this field,

A pilot flood based on an 80-aore S=spot pattern would conform
with the 40=acre well spacing and could be expanded to inolude all the
floodeble ares, Pattern flooding can be instituted in a field with or

PREDICTION OF RECOVERY BY WATER FLOODING

The secondary regovery under water flooding was predicted using
a oombir(aiion of Welgets(1l) displacement effioienoy conoept, Dykstra and
Parsons\2) vertical sweep efficiency or permeability veriation efficiency,
and the conoept of areal sweep efficiency in pattern floods ms explained
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by Cemdle, Erickson snd Slebod(3), The Stiles Method, an alternative
solution to the Dykstra~Parsons Method, is not used here because it is
applicable only where the mobility ratio is unity, a situation which is
not the oase here, A brief discussion of the ideas and limitations behind
each method is presented here and detalled ocaloulations are shown in
Appendix II,

llelge lethod

The Welge Method is basically & simplified method for computing
the oil displaced from a homogeneous reservair rock by a fluid whioch can
be considered incompressible and jmpiscible with the oil, It is based on
relationships derived by Leverett{4) and by Buckley snd Leverett(5), The
methematioal equations needed, the fractional flow and frontal advance
rate formilae are derived by applying Darcy's law to the flowing phases
and by material balance considetdtions. A treatment of this type will give,
for any exploitation time oconsidered, a plot of oil saturation against
distance in the reservoir, This method brings forth an analytical method
of caloulation of saturation, hence oil recovery, reguiring no integration
of the erea under the plots A knowledge of the relative permeabilities is
required only over a limited intermediate range of saturetions., As stated
before, one of the limitations is that the driving fluild is considered
incompressible and immisoible with the oll, This is not too serious. The
reservoir is oonsidered to be a linear seotion in Welgets Method., The
section is oconsidered to have a length the distance between injeotion and
producing well, a depth equal to the pay thiokness, and btreadth to give the
required volume == the same as the volume of oil in place, This gives a

| reasonable approximation,

Other reasonable assumptions whioh are inherent in the relation-
ships are:s viscous flow, fupjoular distribution (continuous) of both
phases, effeotive permeabilities are functions of saturations only, and
two fluids flowing,

Limiting assumptions are steady state flow, and homogeneous
rock section.

From the caloulations displacement efficiencies are found for
various water saturations, Water=-oil ratios are caloulated from the
mobility ratios (henoce oil fractions flowing) at the same water saturations,
Displacement efficiencies ere found as a funotion of water-oil ratios,
Detailed caloulations are shown in Appendix II B,

Dykstra and Parsons Method

This method of calculation of water flood recovery attempts to
predict the vertioal sweep efficiency oonsidering permeability veriations
in the reservoir rook, It assumes statistical distribution of permeability
throughout the section, That is, the logarithim of the permeabilitles
will show a linear relationship with the percentege on a probability scale,
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It is assumed that tlnre,u_ng_mﬂtlm_halm%m. Also, relative
water permeabilities behind the interface are considered equal for all
strips and, similaerly, relative oil permeabilities ahead of ths interface
are equsl for all strips.. This is not strictly true in all cases, but
theoretically relative permeabilities are funotions of saturation for a
partioular reservoir roocke. From the ocaloulated permeability variation end
mobility ratio, coverage or vertiocal sweep efficiencies are found for various
water=oil ratioe as shown in Appendix II O,

Areal Sweep Efficienoy

Due to the configuration of flood patterns there will be porticms
of o0il unswept at any partioular time in the life of the flood, This
offioiency will inorease with time and thus with inore i.ng water=-oil ratio.
Prom & method discussad by Caudle, Erickson and Slobod 3} and resulte of

- x=ray shadowgraph studies on models, areal efficlenoies can be oalculated,

Once again conditions have been idealired where reservoir thickness and
permeability are uniform and reservoir boundaries are considered as
impermoable barriers, From the mobility ratio areal sweep efficiencies
oan be found for various producing ratios, thus for various water=oil
ratios, For detailed caloulations see Appendix II D,

Water Flood Reocovery Efficiency

The various efficiencies are found as functions of water out,
0il out or water=oil ratio, The recovery efficiency of the flood is:

R = (Displacement efficienoy) x (Coverage) x (Areal sweep efficienocy)

If all three very similarly with W.O.Re, 1.0, 8ll increase with inoreasing
W.0uRe, then the effeotive recovery efficiency of the flood is a combination
of the three and can be applied to the o0il in place to give an expected
recovery. This is what is done here, and detailed caloulations are shown
in Appendix II E, the end product being an oil out versus recovery ocurve for
an 80-acre 5-spot pattern as hypothesized for the North Virden Secallion
water flood.

The results of the flood caloulations are shown on Figure 33. At
water breaicthrough 10% of the oil in place. at beginning of flood has been
recovered, Assuming water flooding commenoes October 1, 1959, the total
ultimate oil recovery is estimated at 35,900,000 barrels, This is made up
of 9,890,000 barrels eatimated cumulative production to Ootober 1, 1959
plus 26,010,000 barrels under flooding. A performance curve of & field
wide flood is shown in Figure 17,
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POSSIBLE SOQURCES OF INJECTION WATER

The most probable source of injeotion water for a field=wide flood
would seem to be the Assiniboine River, approximately 4% miles east of the
North Virden Scallion field. This river is a geologically meture stream with
& wide meander belt and moderate flood plain, 4 preliminary investigation
of the river inatallation has been made in order to obtain cost estimetes,

A 6" 0.,D, asbestos cement lins could handle the transportation of
water from the river banks to an injeotion plant, However, the 250! drop
from river banks to the river would necessitate cementwlined steel, For
greater detail see estimated costs on page 14. )

Underground ascurces for injection wabter could include the
produced water from the fisld itself. This would probably be suitable for
& pilot flood but the amount (1,522 barrels per day in September, 1957)
is not sufficient to handle the requirements of e field-wide flood
estimated to be in the order of 10,000 barrels per day. A 6" line would
handle up te¢ 17,000 BPD,

A second underground source of water is the Ashville (or Viking)
Sand which is known to be water bearing in meny parts of the area and has
flowed water to surface in the East Virden area of the Assiniboine River
Valley in Sections 28 and 29, Township 10, Range 25, Vi, P.il.

4 third underground source is in the glacial drift along the
River in thls same East Virden area, This gravel zone encountered at
e depth of approximately 100' has flowed water in moderate amounts, but
its extent and capacity 1s unknown. Compatibility with formation water
would have to be considered with all these sources,

In all, the surface fresh water source in the Assiniboine River
seems to be the most attractive; and it is the source assumed in the
seotion on field-wide flooding.

UNIT AND CROSS-LINE FLOODING AGREEMENTS

Expansion of the pilot flood could not be made without the
co=operation of other operators., Field=wide flooding would require
unitization or cross=line flooding agreements, The pilot flood would not
pre judice future unitization or cowoperative flooding.

PILOT WATER FLOQD

A pilot water flood is proposed to test the feasibility of water
flooding in Nerth Virden Scallion. This proposed pilot water flood would
be in the form of a double 80=acre five spot (see Figure 18). It would
involve conversion of six producing wells to water injection and would
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directly offset eleven producing wells, The location of the pilot flood

has been chosen for several reasons, which are listed below:

a)

b)

o)

d)

e)

g

£)

followings

1)
2)

3)

to be:

i

The pay zone in this erea represents reasonebly averege conditions,
with a moderate seotion of Cherty Zone pay which is the main Zone
under consideration,

Wells with good initial production respond most rapidly to flooding.
Thus pilot flood results ocen be assessed in the shortest time,

The location is close to the present salt water disposal plant
located in LSD 9, Section 16, Township 11, Range 26, Vi Psi., and
existing facilities could be utilized conveniently. The water
requirements could be supplied by salt water from this plant.

A double five=-spot was chosen to give more conclusive results in
the same period of tims, and would cost very little more than a
gingle five=spot flood.

All the proposed injeoction wells are open to the Cherty Zone,

and only ope is osged through; therefore a minimum of rework

time and expense would be involved for conversion to injection.
The injectivity information obtained from the pilot flood may
indicate the feasibility of a more efficient pattern for flooding
the north pert of the field (eege 8n axial line drive).

Flood predictions on the double five=-spot pilet flood show the

Total recovery undsr flooding is 2,440,000 barrels,

Recovery faotor is raised from 9,5% primary to 21% of the oil in
plece with water flooding.

The increese in reserves is 1,340,000 berrels,
This assumes water flooding commences Ootober 1, 1958,

The capital costs invelved in such & pilot flood are estimeted

Additions to salt water disposal plant $32,000
Conversion of wells to injection 28,000
Injeotion lines 25,000
Indirect expense 7,000
Total $52,000

This considera using salt water disposal plant facilities

wherever possible, including settling pits and pump, See Figure 19 for
performence ourve of the pilot flood,
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PFULL SCALE WATER FLOODING

The pilot flood could be expended to include most of the field,
if desired. The nature of cowoperative agreements hetween the verious
operators would determine the form of expansion,

As mentioned previously under "Sources of Injection Water",
field-wide flooding would in all probability require building & pipeline
from & centrel injection plent to the Assiniboine River, e distance of
some 4 1/2 miles, Cement-lined steel would be required to negotiate the
250! drop from river banks to the river bed and a pump instelled at the
base, Water clarifiication facilities would probably be needed here if raw
river water was used. 6" O,D, asbestos-cement line seems suitable for the
majority of the line from river banks to injection plant, At the plant
gtorage facilities, filters, backwash pumps, electrical controls and settling
pits would be needed, as well as an inJjeotion pump, The injection system
has been considered as a diagonal grid of 2" and 3" 0.D. ocement-lined steel

pipe.

The flood ocslculations, as outlined previously, show the following
results when applied to the total field under flooding:

1) Total ultimate recovery, primery and secondery is 35,900,000 barrels,
2) The recovery factor is raised from 12% primery to 22% with flooding.
3) The inorease in reserves is 15,300,000 barrels.
4) The secondery recovery life is estimated at 18 years.
These predictions assume that unitization snd/or oross=line
flooding agreemsnts have progressed to the stege wherein all wells designated
for water injeotion under & five=spot pattern will be injecting by October
1, 1959, Also, the number of wells is assumed to remain constent at 230
(as of February 28, 1958). The decline is based on the present downward
trend in the BOPD/well curve in Figure 16,

The estimated oapital costs involved in this projeot are as

followss
Injeotion plants $170,000
Conversion of wells 480,000
Injection lines 450,000
Water supply 124,000
Field expense and contingencies 276,000
Total 1 . 300 » m

These estimeted ocosts mssume a common water supply system, the
costs of which would be prorated among the operators; regardless of the
type of co-operative agreement reached,
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APPENDIX T

RESERVES AND PRIMARY PERFCRMANCE

Original Stock Tenk Cil in Place

The original stock tank oil in place was calculated from the

equation:

where

1)

N = 7,758 § AhSoy 1
%

stook tank oil in place, barrels

average footage weighted porosity, fractional
surface area, aores

effective pay thickness, feet

Soi = initial oil saturation, fractional

A *s formation volume faotor, bbl/bbl,

Porosity, Ares and Thickness

v e

The isopach maps previously mentioned were planimetered to
give average pay thickness; and the porogity-feet meaps pleni-
metered to give everage porosity feet, FKrom these an average

rosity cen be found by dividing the everage poroaitysfeet hy
the everage pay thickness, The footage weighted poroelty was

‘also oslouleted averaging all the core anslysis footege available

in the different pay zones, The results are as follows:

Averege Pay Average O Average § from
Zone Thiockness from Map Core Analysis
Crinoidal * 947 10.67% 10.48%
Oolites 5445 11,23% 11.39%
Cherty 22,10 12,92% 14433%%

% YNotes As mentioned previously the Crinoidal Zone is thought
To be effective only in the southern portion of the field
where it is open and this portion only is considered in these
calculations (see Figures 10 and 11),

Comparing the aversge porosities found by the two different
methods, it was decided that the figure derived from the porosity
thickness map represented & better statistical average. It
incorporates the total field rather than merely the wells whioch
hed the core analyzed and this figure was used in calculation
in each oms0.
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The term "$ A h" can thus be obtained from planimetering
the porosity-thickmess map for each zones Following are the
results along with the averege individual faotors found in this
opereations

Average o An

Average Porosity Surface Area  Thickness Porositye

Zone fractional aocres feet Acresfeet
Crinoidal 041067 3,49045 Y 3,525
gziites 0.1123 7572306 5045 4’710
rty 01292 10,448.0 22,10 29,833
Total ’ 3.2 36,088

f—— =}

0il Saturation

The average initial oil saturations (Soy) for each zone were
caloulated as followas

a) Cherty Zone

The basis of connate water determination (and thus oil
saturation) was the analysis of the core from Californie
Standerd Soellion 9~23% {LSD 9, Seotion 23, Township 11,
Range 26, W.P,Ms). The coring fluid was orude oil, Disregerd-
ing shaly and fraotured samples the laboratory water satura-
tions (azsumed to be true water saturations) were plotted
ageinst the corresponding air permeabilities for each sample,
The logerithim of the permeebility shows a straight-line
relationship to water saturation, therefore putting a best
£it straight line on the plot on semilog paper gives a
permesbility versus water saturation plot (see Figure 21).

The average air permeability of the Cherty Zone was
found in the following msnnert

Taking all analyzed samples 1,0 md (maximum horizontel
air permeability) and over in the field and grouping them
in permeability ranges, & permeability distribution plot is
obtained, The summetion of footages in each permesbility
range ere used to affix a percentage of the total footage
to each group. Flotting the logerithim of psrmeabilitg
against distribution (plotted as "percent grester then")
on probability paper will give a straight line as discusaed
previously under the Dykstra=Persons method of predicting
water flood recovery, This will be true if enough samples
are teken and if the reservoir does not have two or more
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distinot lithologic components, Eliminating frectured samples
means the curve shows the relationship for matrix permeability
and does not teke into account local areas of fracturing,.

The median air permeebility on this plot is defined
as the "50% point", Here one-half the rock has permeability
greater then this 50% velue &nd half therefore has a value
lass than this wvalue, This point represents then a reason-
able average of effective reservoir permeability. The curve
for the North Virden Scallion Cherty Zone is shown in Figure
22,

The percentage scale {or probability scale) is linear
in aspeot, as is shown by the faoct that two percentages
numerically equally separated from the 50% point (for example
20% and 80%) are plotted equidistent on either aide of that
midpoint on & graph., Thus, taking a permeability ocorres-
ponding to each equal increment of percentage and arithmet-
ically averaging the saturations corresponding to each of
these permeabilities (from a permeability versus saturation
ourve) would give the same result,

The median air permesbility in Figure 28 is 10,5 md
and this corresponds to a weter saturation of O.41 or an
initial oil saturation of 0.59 or 5%,

Qolitic Zone

The distribution plot of Oolite samples, constructed as
described above 18 shown in Figure 25. The Oolite samples
in the c¢il base core from 9=23 show little relationship
between air permeability and water saturation., Most of the
values fall between 40% and 60% water saturation and show
no trend in the relationship (see Figure 24), It was assumed
that saturation was not a funoction of permesbility in the
lentioular, permeasble Oolite bands and an srithmetiocal
averaging of the velues gave & water saturation of 0,49 or
A9%, Assuming this to be the best answer availasble the oil
saturation is taken as 0,51 or 51% in the oil in place
caloulations, This was checked with South Virden results
as for the Crinoidal,

Crinoidal

The Orinocidal zone was not well developed in Californiea
Standerd Scallion 9-23 and therefore not oored and mnalyzed
for water saturations, The Crinoidal has been ocored in oil
in the South Virden field, however, and it is thought to be
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lithologically similar here a distance of some 8=9 miles
away. Semples taken from ;gl_haﬁg_oorea on California
Standard South Virden 15-1Y (LSD 15, Seotion 11, Township
10, Range 26, W,PsMa) and California Stenderd South Virden
12-1 (LSD 12, Section 1, Township 10, Range 26, W.P.M.) in
the Orinoidel member show en interesting relationship. Most
of the points fall near the beste-fit line constructed for
North Virden Scallion Cherty Zone on & log permeability
versus water saturation plot, Although mich leas permeable
on the avereage the Crinoidal must be lithologiecally similar
to the Cherty Zone, at least in regard to water saturation
varying with permeability (see Figure 21), The median air
permeahility of the Crinoidal is 3,0 md, as shown on the
distribution plot, Figure 25, Using this medien value and
the Cherty Zone saturation plot the water saturation is 0,52,
an oil seturation of 0.48 ar 48%, This is thought to be &
reasonable answer and is used in the ocalculations as shown
later,

Formation Volume Faotor

/3 , the formation volume factor was caloulated by averaging
the results of subsurfece fluid analyses of samples from Celifornia
Standerd Seallion Prov, 4=11, and Celifornie Stendard Scallion
3=21, The results are as follows:

Secallion Wiell No, <3 bbl/bbl.
4=11 1,047
3=21 1,044
Average 1,045 bbl/bbl,

The original oil in place caloulations for each of the three
zones are as follows:

Cher ty Zone

N = (7,758) (29,833) (0.59) _ 1
TT.0457

N = 131,000,000 barrels/entire field

or, using average figures

N = (7,758) (0.1292) (40) {0.59) 3

= 22,600 bbl/f+/40 acre lease

N = (7,758) (041292) (0.59) 1
or

= 566 bbl/acre.ft,
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Oolitic Zone

N = (7,758) (4,710) (0,51) 1

= 18,000,000 barrels/entire field

or N = (7,758} (0,1123) (40) (0.51) 1
.0

= 17,000 bbl/£t/40 acre lease
or N = 425 bbl/acre.fte
Orinoidal Zone

N = (7,758) (3,525) (0.48) __ 1

= 14,000,000 bbl/entire field

or ¥ = {7,758) (0,1067) (40) (0.48) 1

= 15,200 bbl/ft/40 acre lease
or N = 380 bbl/acre.ft.

A summary of the o0il in place and their relative amounts are as

follows:
0il in Place Perocent of Total
Oolites 18,000,000 11%

Cherty Zone 131,000, 000 8a% E
)
|

Crinoidal 14,000,000 %?‘
Total ] mo’ mo 0 L]

B, Primary Performance

The primery reserves of the North Virden Scallion field have
been estimated, as previously explained, at 20,000,000 berrels., This
representes a recovery factor oft

20,000,000
167,000,000

RF = = 12,3%
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or, on an average well basis (completed in all zones)
ON = 0,123 [(22,600) (22,10) + (17,000) (5.45) + (15,200) (9.47)]
= (0,123) (736,000} = 91,000 barrels.
These figures are from the ebove oil in place calculations and

refer to & well draining all zones, and with average thioknesses, The
Cherty Zone on &n average would contribute 61,000 barrels of this or

6T

The recovery due to oil expansion during & pressure drop from 900
psi (considered original) to 145 psi (saturation pressure) is:

ON = Fg =734

wh.ere,é?EI = formetion volume factor at saturation pressure.
21" original formation volume factor.

or HY = 10051 - 1.045 - 0.6%
BN 1.045
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APPENDIX II

INJECTIVITY AND FLOCD PREDICTION

Injeotivi@y Calcoculations

The water

Q =

where Q

Yoy

h
5P

Aw
d

Py =

injeotivity rates were caloulated from the formulas

1.54 (ky) (n) (&P)

A w (Togyg _d - 04269)

Ty

injection rate, bbl/day,

reservoir psrmeability to water, darcies

vertioal seotion, feet

pressure differshtial (Pgyprace * Pwell?ore = Pregervoir)
viscosity of injection water at reservoir conditions,
centipoises

distance from injection well to producing well in
pattern flood, feet

effeotive well bore radius, feet

This 18 derived from Darecy's flow formula, applied to a five=spot
flood, The formule is applied to an average North Virden Scallion well
assuming the following:

Therefore,

Q -

Q =

0.433 psi/ft x 2,100 ft, = 900 pei,

1,100 psi, (not to exceed overburden pressure).
500 psi. {average over flood life).

1,100 + 900 = 500 = 1,500 psi.

0.864 op, at reservoir temperature

1,320 feet for an 80-acre 5 spot.

25 feet (radius ef fracturing assumed)

—
.®le54 (k, h) (1,500)
{0.864) {logyg 1,320 = 0.269)

1,84. BWPD/md, x ft.

Applying this to average permeabilities and pay seotionsi

Chertx Zone

Q =
Q =

1484 ky h
(1.84) (2455) (22.1)
105 BWPD

(Average Kgjy = 23+4 md., see Figure 26)



Qolitic Zone

Q = (1.84) (27) (5.5)
= 275 BWPD

Crinoidal Zone

Q = (1084) (0.34) (9-5)
= 5 BWPD {Total = 385 BWPD)

This figure merely represents the order of magnitude of the stab-
jlized rate, since all three zones are variable both in thiockness and
in permeability. It may be noted that in the pilot flood area the
Cherty Zone permsebility is better then the field average and thus
injeotivity could be of the order of 200-300 BWPD. In addition the
Oolites, where present, will not have the same effect since the perm=
eability is lower than averages Thus the Oolitic Zone injeotivity
oould be of the order of 50=75 BWPD in the pilot flood area.

Prodiotion of Water Flood Recovery by the Welge lethod

As explainsd in the report the Welge Method is an analytical method
of calculating saturation as a funotion of permeability ratios, giving
fractions of each component flowing, From average saturations over &
period, residual saturations amre calculated and then displacement
efficiencies which are expressed as a function of water/oil ratios,

The steps are shown below, The basic relationship used is the fractional
flow formila: =

£, = _h_+ K (AD) ; sin @ _¥o (1)
c + h Mo Vo c+h

wheres
£, = fraction of oil flowing in reservoir
h = k,/ky = relative permeability ratio, oil to water
iy ™ rotio of viscosity of reservoir oil to viscosity

k
o = /lg/
of reservoir water

k, = relative permeability to oil

K = total permeability to oil with connate water in place
AOD = water density less oil density

g = gravitational constant

@ = gverage angle of stratum dip
A, = reservoir oil viscosity

Vo = velooity of oil end water stream after leaving outlet

sand faoce,



This neglects capillary pressure gradient, the term usually being
negligible,

1. From laboratory tests by Californis Resesrch Corporation (Project
24,029) o V8 Sy ourves are found for the various core plugs
tesated, e8e ourves are averaged as shown in Table II and one
average ky/k, curve 1s drawn for the Cherty Zons (Figure 12),
Beceuse some of the ky/k, curves do not extend to the lower value
of kw/ko used a slight periodio displacement may be notioced in the
average ky/ko ourve, This has been oompensated for as may be
noticed, From this ourve values of for any value of Sy
may be found,

Chosen values of Sy are placed in column (1) (see Taeble XIII}and
their corresponding values of lky/k, from Pigure 12 in column (2).

2, The term K (AD) g 8sin @ _¥o  which brings in the effect of

avity is usually negligible and the reletionship of equation
ﬁ) is simplified to:

£, = h
(v} ———
c+h

or substituting

£, = 1
TG L @
/“w ko
The walue of ’({o is ocaloulated to bes
Ay

Ay = 3498 = 4,61
Zo- 0:834
w

Vhere ’é(o is the average oil viscosity from the F.V.T., snalyszes
discussed in the report snd ocorrected to a reservolr temperature
of 80° F, The viasoosity of fresh water at this temperature is
0.864 Cepa

The wvaluea of .({0 k" can then be caloulated from this wvalue and

Hw %o

column (2) end are listed in column (3).
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The fraction of oil flowing f, is caloulated from equation (2)
using the values from column ?5) for each saturation, The results
are listed in colum (4) of Teble III,

A graph of £, versus Sy is plotted as seen in Figure 27. The
lower extent of the ocurve is taken to be where 3 = 0,41 the
initial water saturation of the Cherty Zone.

From the relationship

Qi-dawor l-df
" 0 4 o

where Q4 = the number of pore volumes injected T1 can be ocalculated
i
from the f, versus &, ourve,

Since £, = 1=f, the fy moale can be substituted for f, only in
reverse order, {sese Figure 27).

Then for each value of 8y, 1 = dfy, the slope of tho £y ve.
i
Sy ourve at that value of Sy. The velues of Q_]; are caloulated
i
snd shown in colum (5) of the Table,

Sinoce Q4 f, is the number of pore volumes of oil flowing at a
glven time, and this is equel to the change in saturation Sgy=Sy
this term can be caloulated for any given saturation Sy &nd
shovn in colurm (6).

((102)&.umn (7), Sgy 18 column (6) Q3 £, (or Sgy=Sy) plus column
1) Sg

The residual oil saturation S, in column (8) is 1-8,, for
each particular Sy.

The efficiency of displaecement of oil is the ratio

Soi ™ Say
ol
This then can be caloulated for each value of Sy and is shown
in column (9).
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10, The reservoir water/oil ratio is shown in colum (10) and is
calculated from column (4) using the relationship
Res, WOR = 1~f,
fo
Where £, is the fraction of oil flowing at any pertioular

saturation Sy which now has a displacemsnt efficiency Bg
corresponding to it,

A ourve of By versus WOR is then drawn end shown in Figure 28,

The Dykstra-Persons Prediction of Recovery

The prediction of flood recovery by the Dykstra~Parsons method
as previously mentioned expresses the effioiency of flooding as
ooverage C or By, vertiocal sweep efficiency from the statistical
permeability variation V.

From graphs prepared by Dykstra and Parsons (2) and shown in
Figures 89, 29b, 29¢ and 294, the eoverage C (or By) can be found
for the various water/oil ratios knowing the permeability variation
V and the mobility ratio ¥ s

From Figure 28 the permeability veriation in the Cherty Zone is
ghown to bei

V = 10,5 = 2,55 = 0476
045

The mobility ratic U is defined as:

ke Ao
Yro Au

relative permesbility to water at end of flood
relative permeability to oil at initial water
viscosity of injected water, at reservoir conditions
viscosity of oil, at reservoir conditions

N
4

From date in California Research Corporation's report (Project
24,029) on water flood tests, a graph of oil permeability to air
permeability wes constructed (see Figure 30), At the medien air
permeability of 10,5 mds the permeability to oil is 4,5 md.
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From & similar graph construoted in this same C.,R,C, report, the
water permeability ia 0,75 md, at 10,5 md. eir permeability (see
Figure 286).

The oil and water viscosities which have been discussed previously
are as followss

3.98 ops at 80° F and 600 psi.

-
Ay = 0.864 op. at 80° F and 600 pei.

Therefore, the mobility ratio,?r s 18 ocaloulated as follows:

T m (0,75) (3.98) = 0,77
» .8

From the grephs the following results are obtained:

WOR bbl/bbl, Coverage, € (or By)
1 0454
5 0463
25 0.835
100 0.92

These results are shown in graph form in Figure 31l.

&roal Sweep Efficiency of Water Flooding

The idea that areel efficiency will inorease with time in a flood,
the pattern becoming more completely filled out, is widely accepted,
This is discussed by Caudle, Erickson and Slobod(3) and from X=rey
shadowgraph studies on models experimental values of this efficiency
have been obtained for various positions of a well 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
mobility retio M is defined as

M o= Ik ‘«w
7P
which 1s the reoiprocal of the ratio \0/. previously expressed in the
Dykstra=Parsons method, Therefore

M = 1 = 1 = 1,30

= o
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The resulte show the following for a direct offset well in a 5-
spot pattern, with M » 1,301

Ys (water out) WOR (bbl/bbl.) Eq (areal sweep eoff.)
0 0 07>
Oed 1,0 0485
0.6 1.5 0,87
0e7 2433 0.91
0.8 4,0 0.94
0.85 5467 0.97
0.9 3.0 0e99

These figures are shown in graph form in Figure 32 as W(R vs Eg (ereal
sweep efficiency).

E. Viater Flood Recovery Efficiency

It may be noted that the first two efficiencies Eq and By are
oslcoulated for the Cherty Zone only. There is not enough information
available to evaluate the other two zones by the Welge method, The

,permeability verietion in the Cri}?i;ggl_iﬁ closs to that in the Cherty
Zone, snd although the veriation V in the Oolites is larger the one
set of figures are used rather than averaging the two sets of results,
The oil in place in the other zones (approximately 207% of total) is
comparatively small in respect to the Cherty Zone and therefore any
error in one or more of the effiociencies would not greatly influence
the overall result of predictions, Therefore one set of flooding
efficiencies are applied to the total oil in place and it is thought
that eny error inocurred in doing so would be within the accuracy of
the prediction methods.

The three flooding efficiencies Ey, By and B, age expressed as
functions of WOR end are combined in Table IV, The moint of water
breakthrough is usually taken &s where the fy versus 8y ocurve departs
from being a straight line (see Figure 27). However, in this case the
surve hes & changing slope at all saturations above the original 8y
(0.41) which naturslly is the lower limit, Therefore the calculated
reservoir WCR at this point gives the point of breakthsough in Teble ,
TV, The producing WOR ie given by/3 x WORReg, in columm LZ of this
Table. The recovery R is Eg x By x Ey, the product of ¥he three
fraotional recoveries, The stock tank oil ocut is found from the
producing WOR and thus becomes

SeTe 041l Cut =

1l
1+4 Wﬁifea.

A graph of percent recovery R versus stock tank 0il ocut ie shown in
Figure 33. A recovery of 10% is indioated to breakthrough, at which
point the oil out drops to 36%.
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This prediction is applied to the oil in place as follows:

1} A curve of production rate versus time is drawn for the primary
performence,

2) At the point of commencement of water injeotion the rate is
assumed to drop by an amount equivelent to the production rate of
the wells converted to injeotion,

3) After this the rate steadily increases to an assumed maximum rate
and continues et this rate until water breakthrough, This point
is where the cumulative flood production resches an emount equal
to the predicted recovery to breakthrough as explained above.

The fractional predicted recoveries are applied egainst the oil
remaining in place at the start of flooding.

4) Production rates after water breskthrough are caloulated from oil
outs at certain recovery factors, using an assumed maximum rate
of fluid production, These rates are ocorrelated with time as
shown in Tseble V,

Assuming water flooding October 1, 1959, the remaining oil in
place is eatimated at 153,110,000 berrels, The recovery to breakthrough
is 15,310,000 berrels or 10%.of this oil in place, In Table V the oil
out {oolumn (1)) is 100% up to breakthrough, At this point the oil
out drops to 0,357 (Figure 33). The oil rate is equal to the oil cut
times the assumed meximum fluid rate (10,200 BPD), At various oil cuts
after this the performance is calculated,

The recovery, R, oomes from Pigure 33 and is shown in colum (2).

The average oil rate, column (4), is the arithmetioc average of oil
production over the period. The cumulative production, colum (5), is
the recover¥, colum (2), times the oil in plece at the start of
flooding, N, Column (6) is the increment of production over this
period. The increment of time in deys, colum (7), is column {6)
divided by the average production rate over the period, The cumulative
time is shown in ocolumn (8) in days, end in column (9) in years,

At breakthrough the ourve is rounded off to conform with what
happene in actual practice, Areas are balanced to give the same
numerical result as if the ocurve dropped sharply off et breskthrough.
See Figure 17,
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DYKSTRA AND PARSON'S WATER FLOOD CALCULATONS

PERMEABILITY VARIATION VS COVERAGE
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DYKlSTRA AND PARSONS' WATER FLOOD CALCULATIONS

PERMEABILITY VARIATION VS. COVERAGE
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Fig. 29d
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FIGURE 30
NORTH VIRDEN SCALLION
OlL PERMEABILITY vs. AIR PERMEABILITY
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FIGURE 31
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NORTH VIRIEN SCALLION FIELD
AVERAGING K/K, ve 8y CURVE

TABLE II

CHERTY ZONE
Water Saturation, Sy
B SR BT w8 ms Re #2
100 57.0 60,3 62,0 64,0 6544 6645 6846
90 5648 60,2 6149 63.8 6543 6643 6845
80 5647 60,1 61,8 6345 6542 66.2 6844
70 5645 6040 61,5 63e2 65.1 66,1 6843
60 5642 59.9 6142 6340 6540 66,0 68,2
50 5640 5947 61,0 627 64.9 65.8 68,1
40 55.8 5943 60.8 6241 64.8 6545 68,0
30 5542 5940 60,2 61,7 6443 6540 67+9
20 5445 5840 5943 6045 6349 6443 6745
10 53¢l 5642 573 5842 6247 6248 66,8
9 5340 56,0 570 58,0 6245 6245 66,7
8 52.8 557 5647 574 6242 62,2 -
7 5243 551 5641 57.0 62,0 61.9 -
6 5240 547 555 5642 61.7 6145 -
5 517 5349 5448 5543 61,2 60.9 -
4 51.0 52.9 5308 54.2 50-5 6000 -
5 50.2 51.4 52-2 52.8 59.8 58.9 -
2 49,1 49,2 5040 5045 5842 5649 -
1 46,9 44,8 4542 45.5 550 5242 -
0s9  #6e4 43,9 4403 44,5 545 5145 -
0.8 46!0 4209 4305 4545 54.0 5004 -
Q7T . = 4),8 42,2 42,2 - 49,2 -
0.6 - 40,6 41,0 41,0 - 48,0 -
0.5 - 3849 391 39.1 - 46,1 -
0.45 - 58.0 38. 0 5800 - 45- 1 -
0,40 - 3649 3649 5649 - 44,1 -
0s35 - 55-7 357 353 - 43,0 -
0050 - 5401 34.1 3308 - 4107 -
0.25 - 32.8 32,8 3240 - 40,0 -
0.20 - 310 31,0 3040 - 38e1 -
0.15 - 28,8 2848 2745 - 3640 -
0.10 - 26,0 26,0 24,8 - 3340 -

‘Total

443.8
442,8
441.9
440,77
4739.5
438,2
436,3
43343
428,0
417.1
415.7
3470
344.4
341.6
337.8
332.4
32642
31%.9
289,65
285,1
280,53
175.4
170,6

- 163,2

159.1
154.8
149,7
143.7
1376
130,1
121,1
1090,8

Average

6344
63¢3
631
6%.0
62.8
62,6
6243
6149
6l.1
5946
594
578
574
5649
5643
554
5444
5243
4843
4745
467
4349

T 42,7

40,8
398
8.7
374
35.9
3404
9245
3043
2745
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TABLE IV
NORTH VIRDEN SCALLION FIELD

CQBINING Eg, Ey and Bg TO PREDICT FLOOD BEHAVIOR

e Stook Tank - Stook Tank

Remervoir Recovery 0il Cut WOR
WR Eg By Eg R (11 ?wm) (3x WR)

- 0488 235 o319 .848 +064 o521 0,92
N 0.90 236 o322 L850 065 513 0.95
1.0 239 . 340 855  L069 488 1,05

- - 145 252 o418  ,880 093 388 1458
1.7 0256 440 4889 +100 o357 1,80

- 2,0 o262 LATO 898 111 323 2,10
B 245 2269 o510 G912 o125 o275 263
340 275 o540 923 o137 o241 3415

- 4.0 o285 4590 940 158 0192 4,20
540 0202  L628  ,955 175 160 5425

- 6e0 0298 654  ,965 .188 137 6430
_ 7.0 e303 4676 975 200 0120 Te35
B840 . «307 695  ,983 210 106 8¢40

- 940 311 . LT0 ,990 219 +096 9445
10,0 . o314 GT24 4997 o227 i 10,50

N 1043 2320 LT30 1,000 . 4234 085 10,82
N 15,0 0327 . o778 1,000 «254 +060 15,75
20,0 »337  «805 . 1,000 270 045 21,00

— 3040 ¢350 o850 1,000 +298 031 31450
40,0 0359 4872 1,000 o313 023 42,00

'5040 o366 o890 1,000 326 019 52450
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TABLE V

NORTH VIRIEN SCALLION FIELD

PREDICTION OF FLOOD BEHAVIOR AFTER BREAKTHROUGH

¥l = 153,110,000 bbl,

0,357 BT 0,10

0300
0,250
0,200

0.170

(2) (3) (4) - [5) (6) (1 (8)
W.Fe 0il Cum, 01l Inores of Inore of Cum.
Rec, Rate Avg, Prod, 0{1 Prod, Time Time
- R BOPD BOPD {bbl,) (bbl,) (dey) (day)
3,640 15,310,000 0
0,118 3,960 3,350 18,070,000 2,760,000 824 824
0ed35 2,550 2,805 20,670,000 2,600,000 927 1,751
0,154 2,040 2,295 23,580,000 2,910,000 1,268 3,019
0.170 1,7% 1,800 26,010,000 2,430,000 1,286 4,305

(9)

Oum,
Time

%)
0
2525
4,79
8427

11,79



