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ZPurpose of Investigation

The purpose of this research was to study the physical characteristies,
mainly, porosity and permeability of the o_n sands from the Cut Bank field,
Glaeier County, Montana, In so doing, a better understanding of the relation-
ship of these physieal characteristics to one another and to tﬁe pool itself
could be cbtained, ;

During the preéyious year, Mr, raray’ mde_ en extensive study of t& sedimene
$ary and petrograghie sspests of these seme pil sundss Ts wek mAlnly tatevesded
in the relationship of the enviromment and provenance of sodimontation of the
Kootenai formation to the type of codiments deposited, In some instances, the
auther has attempted to combine his resulis with those of Mr, Ferey's in an
effort to more fully comprehond the existing conditions in the Cut Bank field,

Some of the problems that have econfronted the operating companics in the Cub
Bank field ave; (1) souree of the Kootemal sediments, (2) existing eonditions
at the time of deposition, (3) souree rock of the petroleum, and (4) cause of
irregularity of the yraduoine area, The auth;.u- was more coneerned with the
fourth prodlem and congentrated his efforts to the study of the physical charagterw
isties of these sands in order to deteraine what relationship existed between them
and production,

Those familiar with the Out Bank fleld realize that conditions exist in parts
of the fleld that prevent some wells from being producers 'm an otherwise produe-
ing area, It is not uncommon to find dry holes completely smrrounded by produse
ing wells, This phenomenon is not due entirely to the thinning of the produsing
sands, although in some instanges it may be the deciding factor. The econtrolling
fastors must then be porosity and permeability. These two physicel character-
istics are at lseast in part related to sorting, dwp?, roundneas, and median
diameter of the grains, By c¢onducting a study of the porosity and permeability
of cores secured from various wells scattered throughout the field the author



has hoped to determine what relationship exists between produstion and the physe
ical characteristice of the sands,

Porosity and pmbuity information are valuable when the wells of a pool
are deelining in production, and when 1% 1s necessary to either discontinue opere
ations or to imtroduce secondary methods of regovery. Although several methods
of repressuring are practiced, gas-repressuring and water~flcoding are the most
commons In order that either of these methods be profiteble, it is essential
that the oil sands still retain sufficlently large quantities of oil per aere
that is removeable with reasonable ease, The proportion of the remaining ¢ili
which is subjeot to recovery by repressuring or water-flooding depends largely
upon two fagtors, namely, permeability of the oill seunds as a whole, end the differw
euces in permeability of horizontal layers of the oil sand,

Since the author was not congerned with composition, lithology, texture, and
o%0. of the Cut Bank oil sands, this iaformation has been cmitted from this report,
Beference should be wade to Feray's report for a detailed aceount of the above

items,

METHODS OF INVESTIGATION

Preliminary Treatment of Samples

Unfortunately, the saxples of the Cut Bank sandstone on which porosity and
permeability determinations are to bde made cannot be selected at random. The
purpose of the stuly must be kept in mind at all times in choosing the samples.
Theory imposes no limitation on the size of the sample to be used but it is evi~
dent that in order %o minimize effects due to local inhamogeneties in the material
such as congretions, small shale breaks, and the like, the samples should be of
a generous size, The cores may vary in terms of the coarseness of their particles,
in their degree of indwration, and in their degree of alteration, all of which
may affeet porosity and permeability. For example, it would not be feasible to
choose a sample such as the one pictured on Plate I, A, for permeability deter-



minations, The semples uwilyed an Plates I end IX are typieal of the wide vare
iation that mey be found in the sgnﬂu from the Cut Bank field,

Before cutting the cores td the desired size rbr porosity and permeability
determinations, it is necessary to soak them in water or some other liquid whieh
does not effeet the cementing material for at lsast 24 hours, This precaution is
taken in order to avoid the fine mnbg“ from being nrrieé'l into the face of the
gore by ecapillary action, thuse undding off the faces and plugging the pores.

It is the ecrmon praciice io tl':o Cut Bank fleld to ¢ore the sends with a
Baker eore barrel, The "biseuits” resulting from such a pragtice are relatively
thia, seldon more than ons ingh in thickness and in most Mstamea less. Because
of the desirability for measnring the permeadility both para.ual and perpendicu=
lar o the bedding plane, separate samples were cut in each of these directions
and from as elosely sdjacent portions of Vhe speeimen as possible, This necessi~
tated the use of $wo types of culting spparatus, namely, a dlamond corve drill
(Plate II1), awl a dimsond-hladed saw (Plate IV),

It was impossible Ln many instanges to out a eylindrieal sample parallel So
the bedding plane due to the thinness of the "™discuits”, The dfamond-bladed saw
was used when oylindrieal samples out along the bedding plane were desired, The
dimensions of the swaples were 1 om. in Width, by 1 ea. in depth by 3 e, in
length, In all casea the samples were out more than two centimeters in length
and redusded to two eeuntimeters by powarful wire-snips. This preeavtion was
taken to Preveat the ends of the sagples along which air was to travel during pers
meabllity measurements from becoming piucsod during the cutting aetion, A mix-
ture of machine oil and kerosene was used %o dool and ‘lnbrleau the blade dur-
ing the cutting process, On san average the diamondwcharged blades will cut
about 25 samples,

All the samples on which vertical permeabilities were desired were cut asross
the bedding plane by the dlamond core drill (Plate III), This core drill, which

-l -



PLATE X
Core Sanples from the Cut Bank 01l Field,

A, Shels streak in lower Cut Bank sandstone from Santa
Rita Fiak No. 1, x 3/4.

B, lander sandstone from which cylindrical sample has
v Mm.mmuMh.loxﬁh.

Cs Sunburst sandstone from which eylindricel sample has
been cut, Reagan Tribal lios 1. x 3/4.

De ™Salt and Pepper" sanistone, lower Cut Bank, A B,
Cobb Walburger No, 7. X 3/4.



PLATE I.




PLATE 11
Core Samples from the Cut Benk 041 Field,

Ay Numbers 1 and 8 are cylindrical samples of Upper Cut
Bank sandstone showing cross-bedding, XNumbers O end
4 are also eylindrigcal saxples but from lLower Cut Bank
ux}uou. All saples are from Glacler Bomnet No, 6,
x 3/4.

B, Basal conglomerate with interstices between the larger
chert; pebbles filled with minute particles, Lower Out
Bank, Glacier Soeba Nos 54 x 5/‘0

C, Basal conglomerate cumposed of derk chert pebbles with
pome pyrite (Py), Iower Cut Bank, A, Be Cobb Walburger
Hoe 7e % 8/4s

D. Core from basal conglomerate composed mostly of pyrite
(Py) with same earbonaceous maberial, lower Cut Dauk,
Clacier A, Corrigeous Mo, 1l = 5/4.



PLATE II




MLALOrs 5

I1I

-
W

PLATE

)

1O D4LUINTIDS

e

remm
: ««1‘«173 114
247 531 :

S A Ot R i ¢

DIANMOND CORE DRILL




L LA\ I V

P ~ch A Ad

&
5
*

SAW EQUIPPED WITH DIAMOND-CHARGED BLADE



was equipped with g 3 inch core barrel, out samples about 1.8 em. in diampter.
The core drill was inserted in a large drill-press, The gore %o be out was

_yundmumnmudmdinnlomuurinordortmmotmomm

action took place under water, In this case the water acted as the cooling and
lubrieating agent. It was necessary to replace the dirty water with clean water

 after cach eutting to avoid the cuttings fram plugging the pores of the sample.

Whenever possible the lengths of the cores were reduced to 1 oms This method
o: sulting the samples was found to be more economical than the sawing method,

After the samples were cut from the core it was necessary that they be thore
oughly dried, This was accomplished by placing the samples in an oven at 105°C,
for several hours, Ixcess heating of the samples at high twmw;n should be
avolded since there is a great possidility of decomposition of the cementing
material in the pore space, A permeability determination on such a semple may
be abnormally high due to a greater communication between pores,

Singe meny of the samples may contain oil, they must be carefully treated in
order to remove, as far as possible, all $traces of olly content, One of the
most eonvenient methods for extracting the oil m‘m samples is by the use of
the Soxhlet extractor (Plate V). The samples are carefully marked and plaged in
en extraction thimhle, The extraction thimble 18 used to prevemt small sand
grains from elogging the syphon tubes of the extragtor, The extraction containe
ing the samples are then inserted in the Soxhlet extractor ami Sreated with carbon
tetrachloride for at least 48 hours to remove the oil, The carbon tetrachloride
used in the extraction may be used several times depending on the quantity of
oil 1% has dissolved, Then 1t becomes very dark it should be placed in a bdottle
and saved. The carbon tetrachloride may be purified from time %o time by dise
tillation,

The samples are them returned to the oven and heated to 105°C, from four %o

8ix hours to drive off all the carbon $etrachloride, They may then be stored in
& desiccator until porosity and permeability measurements are to be made.

- ow-
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Remesbility

Permeability of a porous medium may be defined as the volums of a fluld of
unit viseosity passing through a unit evoss-seetion of the medium in unit time wyder
action of a unit pressure gradient, It is thus a constant determined oaly by the
structure of the medium in question and is entirely independent of the nature of
the fluid, It is governed, however, by; (1) graia size, (2) grain ghape, (3)
porosity, (4) unifornity of graia size, and (5) packing or arrang&aént of the
grains,

A8 @ result of the experiments condugted by Darcy in 1856 on flow characterw
1atios of sand filters, the quantitative theory of the flow of homogeneous flulds
through porous media was founded, Darey's 1aw*® states that the rate of flow (Q)
of waor through the filter bed was directly proporiional to the area (A) of the
sand and to the difference (/ h) between the fluld heads on the inlot and outlet
faces of the bed, and inversely proportionsl to the thickness (L) of the bed, or,
expreesed analytically, thet

Q= !..AZLQ
where ¢ 42 a constant characteristic of the sand,

When air is used as the penetrating fiuld the formula is stated somewhat
differently, namely, that

= FiE
where k is permosbility (darey), ¥ is the volume of sir that passes through the
sample (eu. ft.); u 1s viscosity of the fluid (centipoises); L is the length of
the smpie in direction of flow (em.); T s the time required for a volume of air
to pass through the sample (seconda); A is the eross-sectional area of the
sample (sq. om.); and P is the pressure gradient across the sample (atmos-

pheres),



The pressure gradient (P) across the system is dotermined in the following

manner;

or
P=p og

As previously stated, P is the pressure difference aeross the system (atmospheres); .

P is the inlet pressure (atmospheres); B is the barometrie pressure or absolute
pressure at the outlet; and p + B is the absolute pressure at the inlet. For an
absolute ¢,2.8, system the unit of pressure should be in dynes per square gentie
moter instead of in atmospheres but this would lead o a smsl) mmericel value,

The American Petroleum Institute hes adopted a unit of permeability ca}led
the “darey" eftor the pioneer investigator, Then,

It has become the practice o express the permeebility of oil sands in "millie
dareys" because it gives a larger number for gomparison,
Method of Determining Permesbility

Theoretically, the permeability of @ porous medium is a constant determined
only by the strueture of the medium and is independent of the nature of the
homogeneous fluid passing through it, Although gases or liquids may be used
to detemmine the permeadility of a porous medium, air was selected because of
its many advantages over the other possidilitics, Lecording to Muskatl® the ede
vanteges of using gases over fluids are: (1) elimination of the difficulties re-
sulting from plugging the sample by materials carried by the liguids or swelling
of the eementing material in a consolidated porous medium; (2) freedom from errvor
due to air trapped within the sample and the necessity for evacustion gnd filling
with liquid under a vacuum; (5) freedom from the danger of disintegrating a con=

-7 -
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solideted sample by the loosening of the emn‘lm material; and, (4) the ease
of atteining measurable flows without the use ;af exgessive pressures oven for
very "t1zht" samples, | e

The permeameter (Plate VI and VII) was constructed very nmnarly to those
in use in many laboratories over the country for ,ﬁetémiaing ﬁhe p§m-bnuy of
0il sands, Before the alr was allowed to pass through the wpmm ‘li was pre=
filtered and dried by passing thrwsh a ealeium chloride tube (m.ne xx]. This
precaution was taken to remove any water vapor, olly veporey or tarolah particles..
thet may be present in the air, L
. The eores, either eylindrieal or rectanguler, were mounted mrubbar stoppers
(¥a, 9v) which had holes eut iz them $o exactly it the sample. ’i‘ha rubher stopper
eonuinm the eors wes then lascried lato the core-holder (Plate VIII) and held
tightly ia place. #ith wing-outs, Thls was found $o de a satisfactory aethod of
holding the samples and 1a 2o [astanse Vas SHAre lokage of air between the rubber
stopper and the core~heclder, .

However,in the case of roctangular ¢orss it was found that permeability values
varied with the core in differsnt positions in the square in the rubber stopper.
The permeadility of a sample held in one position in the rubber stopper differed '
from the value obtained when the gore was rotated 90°, There is mo reason to
believe that the psrmeadility should be different since the area penetrated by the
elr is the same, It is the .uthoa-"é gontention that vhen the core is in one of the
positions (highest permeadbility) leakage between the eore and the rubber stopper
oseurs, It is impossidle o cut the samples in all cases so that all the angles
are rizht angles because of the tendancy for the sands to erumble near the edges.
If the oparator believes that leakage 1s ogeuwrring between the eori gnd the stopper
he should rotate the core within the stopper until the lowest permesbility is
obtained, this being the most accurste value,

T TR — -



The volume of air that was conducted through the sample in a given period
of time was messured with a wet-test meter, A stop-wateh was used to measure
the time thet was required for this quantity of air to pass through the saxple.
The wot~test meter.was equipped with a thermometer end a monometer %6 record the
wmturo and pressure of the volume of air being measuved, It is nuntlul
that the level of the water within the meter be checked mtmhtmm
gwtt_in added 1if negessary, Sinece the meter recorded yolume in cubie feet,

4% was necessary to change this value to cubic centimeters (1 eu. 4. = 28,317 c.ol

The oxly precautica to be particularly observed in the measurements of the
rates of flow 1s thet the prossure differentials remain steady during the measures
ments, ‘imo inlet pressure is measured by means of a mereury manometer, Manow
meters are necessary to obiain satisfactory results during the runs as gaugea are
not sufficlently accurate. Mercury manometers are not applicable in cases where
pressures over 60 1bs,/sq. in, were used due o the extreme hoight that it would
hﬁo %o be constructed, The inlet pressure was kept constantly et 143.4 om. of
Hg or 1,88 atmospheres,

In order to assure a uniform flow of air through the system a surge tank was
installed to help counteraet any fluctuations in preasure, The outlet pressure
as measured by the water manometer attached to the meter was negligibdle, This
being the case, a barometer was constructed to record the baromstric pressure at
gho outlet, It was necessary that barometrie readings be recorded before every
‘llmlo was run.

The vapor pressure of the water in the meter must be corrected for in measur<
ing the volume of gas that has passed through the sample, At 22°C. (72°F.) the
vapor pressure of distilled water is 17,5 millimeters., This value must be sube
traoted from the barometric pressure, The quantity of air that has passed $hroug
the sample must then be gorrected to standard conditions of temperature and prnJ




Plate X is the iype of flow sheet that was used during the experiment. Al
data vital to permeability determisation may be resoxded on this form &3 soom as
they ars noted, By the use of a siide-rule the permeabilisy of A sanple may be
‘quilklx deternined by substituting the data into darey's i‘omula.

The osame samples thet were used to determine pemaabuit& Weré used to measure
the effootive porosilty, These samples needed no other pl‘eliminm treatment since
they ware leached of their petroleum before permeabillity meammenw were pade,
mauuy measurexents were gonducted first on the samples ’cequmm the pores
of the sands becoms plugged with mercwry during porosity nessurencuis.

Th& Porosiiy of a rock is the pereentage ~of pore spage 1a the té‘wl volums
ol the rogk, that la,; the spao‘é ot oecupled by solid milneral ;h_gtter. The pores
of a substance may be isolated from oue guother, oz they may bé intorconmumnicat ing,
Io the latior sense it ls referred fous avallable pore space or effective porosity
iz coatradistinetilon to "lotal pore space™ or total porosity. totgl.porn space
includes all interstices or veids whether gonnecting or not and is larger than the
limiting value of the effective pore space, If all ths graine of a mass of sand
ere spherical, are of uniform size, and are touching one anothoer, the maximum
porosity (cublical arrangement of grains) possible 1a 47,64 per cent, and the minimum
{rhoubohedral errangeuent of gralns) is 20.95 per cent, Under these conditions,
the slze of the grains has no effect on the totel pore space, provided the graine
are arranged in the same way. ,

According to T\vcnhc.:rol’a. the porosity of a sediment 1s governed by; (1) unie
formity of graln size, (2) shepe of the grains, (3)' method of deposiiion snd
manner of packing of the sediments, and (4) compaction during the after deposition.

All methods for porosity ueasurements require the separete determination of
bulk volume of the speeimen, During the course of this Tesearch the Russell volu-
meter was employed to measure bulk volume, The samples were immersed in a beeker

- 10 -



or grafuste eontaining carbon totrachlorile watil they were thovoughly saturated,
that is, all available pore space was £illed with the liquid, While jmmersed in S
the liquis, mmhnhonmummeormmmwmmumm
bubbles have eccased o Lssue,

While the samplos wers being sosked, ke volumeter (Plate XI) was mounted on
a ring~stand by & elamp, It was then inverted and the level of the carton tetra-
chloride noted, The samples were thon Saken (one at & time) from ‘&- boaker and
plaged in the volumeter, The Yolwseter was then reinverted and the level of the
sarhon tetrachloride recorded, The difference in the readisgs ba e volumeter
with and without the sand sempls was $he bulk volums,

Saxplos that are fractured or eracked should be discarded as a test run on
such samples would not be reliabdle, _

On Plato XIT 40 pictured the Weshburn-Dunting Forc-Tolusetor®® which was used
to determine the pore volume of the sands, The bottonm pars, Ly 18 of B0 eece
eapacity, and is attached to tho upper part, B, by a ground joint lubricated with
stopeock grease, Heavy rutber dands are stretehed bdetweon the ¢lass projecting ‘
lugs to hold the two parts together. The stem of 4 is graduated in 000 g40,
divisions from zero &t the stopoock $0 5.0 c.ce near the bottom, The volumster
ehould de attached in a vertical position % a ring-stand or some other fairly
stationary object and comnected from the bottom of A by means of ‘P* feet of rubber
pressure=tudbing to & 500 e.cs leveling bdottle, which should rest in a movable
swppert also attached %o the ringestamd or 'otm objects of supports The procedure
is as follows: .

1, Fill leveling bottle with mereury end adjust height until meniseus
is in bottom part of A, :

2. mu» saxple in A with a chort pleee of stesl planc wire looped
over 1t 0 prevent the sample from floating upwards when the
mereury is introduced, |
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3, Attach B to A and fasten securely with rubber bands between the
lugs, " ol

4. Elevate the bottle until meniscus stands above the level of the
stopooek, ! i

8, Close stopoock, ﬁo only air in the chember is mow that which
oroupied the pores of the sample at atmospherie pm;

€ lower the bottle until the meniscus stands as in 1, inﬁ.hold in
that position for tw or throe mimes %o pernit the redused
pressure in the chamber to draw air out of the sample,

7, Elevate bottle until the menisei in bottle and graduated stem is
then at atmospherie¢ pressure, Read the graduated stem at the meniseus
level, '

8, Open stopeock and repeat 4, 5, 6, and 7 8o a8 to meke sure that all
air has been removed from the sample, Read the stem again and add
this reading to the one obtained in 7,

9, Remove sample from A and substitute therefore a solid piece of glass
approximating in size and shape that of the uwl&, Repeat opera-
tion 1 to 7 and record the volume of air found as the instrumental
correction to be subtragted from the reading obtained with the sample
to give the pore volume of the sample, This mumonﬁl eorrection
is made necessary because of air absorped on the glasa surfaces,

By knowing the bulk volume and the available pore spaces of the sample, the
percentage effective porosity was determined by substituting the values into the
following formulas

Per Cent Effective Porosity u%x 100

Acid Treatment
The cores from the Curran MNo 5 were treated with acid in an effort to deter-

mine if acidization would inerease either porosity or permeability, Other in-
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vestigators have reported notable inereases in the permeability of oil sands after..
acidization, Permeability measurements were made on the cores from the Curran

No. B before and after acid treatment, These values were recorded for comparison
with the values obtained after aeid treatment (Table 2).

Because adequate equipment was not available for detailed &Wltdism
experiments, a large muber of cores could not be treated, The semples were placed
in rubber stoppers as though permeability determinations were to be made, The
rubber .'r‘tonu- gontaining the sample was then placed in a funnel attached %o a
eommon laboratory suetion filter, The vacuum ereated by ntor‘iudung air from
the filter-flask forged the rubber stopper tightly against the fumnel, The acid
was then added o the fuanel until the stopper containing the core wes completely
govered., Approximately 500 ¢.¢. of acid was foreed through the core in this
manner, It required about 24 to 36 hours %o complete this operetion, The cores
were then thoroughly washed in distilled water to remove any traces of remaining
acid end dried in en oven at 105°C, for several hours, Permeability measure-
ments were then made on these samples,

The acid uwsed in the experiment was a 15 per cent solution of hydroechlorie
acid to which had been added a small amount of wotting-agent, Many of the common
agents used to reduce surface tension of an aeid solution are unstable, Care
must be taken in selecting one which will cause an acid $o froth when shaken
vigorously.

Reference should be mede $o the article by Fitzgerald, James, and Austin’ for
greater details of the chemlgcals and apparatus needed to study the effeets on oil

sands by acidization.
RESULTS OF STUDY

Results of Pormesbility end Porosity Studies
In general, mo relation exists or is to be expected betwoen porosity and per-i
meability, it is evident that any alteration of a given material whieh produces

TR
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& decredee in porosity must nocessarily result in e decreased permeability. Jor
the reduetion in poresity of a givea material implies a desresse in size of the
pores and hence an even greater percentage change in permoability. Agzregates
may, however, be porous without being permeable, as 1n the case of sealed pores,
Likewise, two substances may have equal porosities but very different permeabilities
s in the case of clay and gravel. Any post depositionel alteration in & elastie
sediment, whether by composition or cementation, will result ia & marked decrease
ia permesdbllity., Changes in porcaity in such cases ers due %o cementation, and
1ikewise chauges in permeabllity are to be sccounted for by the same process.

In Flates XIV, XV, asd XVT the relationship between porosity and permeadility
are dlegrammtically shown for differont wells in the f1sld, In Flate XIII these
seotions are located showing their relationship $o the producing area of the Cut
Bank Tleld, As previcusly stated, thare {s no quantitotive relationship detween
porosity and permeability, The author has not meant to imply a quantitative ree
lationship, but merely a oawarison of poresity and permeability. That is, to
show that in most lnstances where there is an ineveass 1n porosiiy there is &
corresponding inerease in permeability.

The ebove statewents do not holld for porosity and permeability measurements
on sauples fram the basal conglomerates of the Xootenal formstlon, The permea=
bility of this type of sediment should be almost negligidle as the voida between
She chori pebbles are completely filled with fine particles, Durisg the cutting
process a large amount of the maberial comprising the interstices between the
larger cheré pebbles 1s washed from the sample, Therefore, measurements of
porosity and permeability on such sexplss are greatly inereased, and do not ree
present true values,

As shown by these cross~sections there ere gertain Geptlis that have persiste
antly high permeadilities, and 1t 1s natursl to assume that it is from these
depthe that the greatest production of oil is derived, In general, wells with
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higher permeabilities have higher production, Reference should be made to Table 1
for a detailed comparison of the permesbilities and porosities of wells from which
measurements were made,

Plates XVII and XVIII show the ranges of porceity and pamb!ﬂty. In most
instances where the porosity 10‘ less than 10 per eent the ymtbuify is negli=
gible, In comparing the two grephs, 1% is evident that samples cut parallel %o
the bedding planes, although their porosities are the same. It scems reasonadble
to assume that orienting those samples in whiek the elongated axis of the grains
are orfented in the direction in which air is té flow will heve higher permea=
bilities than sanmples eut in any other direction beceuse in this position the
grains offer the least resistance to the passage of alr. v |

Plate XIX presents graphieally the relationship of permeability, porosity,
sorting, and median diameter of samples from the Walburger No. 7. In general,
as the soeffieient of sorting inereases the horizontal permeabllity and porosity
increase. As the median dtmhr of the sand gralns becomes hrgor the permea=

bility decreases and vice versa.

Acid Trestment
Ascording to Feray’, the minerals found ia the Cut Bunk sandstones and con

glomeretes consist of quartz, chert, tourmaline, zircon, leuxcoxene; barite,
caleite, pyrite, black opaques (magnetite or chromite), keolinite, iron carbonate i
and a green mineral that may be glauconite, Quartz and chert compone more then
90 per gent of the sandstone, Kaolinite, a e¢lay mineral, is g very important
fraction of the Cut Bank sandstone, These pnrudea £111 or partly fill the
interstices Detwsen the larger mineral grains, Caleite is also Aromd in the
interstices in the Cut Bank sandstone, dut only Rﬁvary small amounts,

the results of the acid treatment (Table 2 and Plate XX) show an everage in-
erease in permeability of 7 millidareys, In all eases there was an increase in
permeability, although this ingrease was greater in some sauples than in others,
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The porosity'changal after acid freatment are not as eovident, It was fo-
possidle $o make porosity measuremente on the same sample before acidization bee
cause the pores of the sands may become plugged with mercury, This eould be
avolded only by choosing a fragment closely adjacent $o0 the sample ihﬁ was cu}
for poroaity and permeability comparison, DPorosity measurements ¢ould then be
run on this fragment, and the results compared with the porosity fra;uea obtained
after aeldization, | o :

1% 1s the anthor's conbestion that the increase in permeability as a resuli
of a¢idization was ot Gus to 4 reaction between the aoid and the constituents of
the sand, bul dus o the removal of mimute partieles in the pores by the passing

solution,
\
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The Permeability and Porosity of the @ut Bank Cil Sands

Table 1
lease & Well b, ' H
0 Lander ander No. 1 2.4 | 259.0 | 46,0
48 » o 23,9 t 1785,0
51 Sunburst “Rasmussen No, 1 4.8 | 158 ‘ 22,5
52 | . . 16,7 | 8.8 L
445 " “Reagan Tr, No, 1. 1.4 | 18.2
446 " v " A%.8 | 5290
535 " ‘Morrison ¥o, © 16,5 f 109,0
537 " » 14,6 | 9.2
838 " " 16,7 | 273,0
536 " " 15,2 { B5.0
51 UsCuBe* vilalburger Mo« 7 15,4 t 74,3
88 | » = iz.2 f t 12,1
86 " " 15,0 ! P B8.8
28 " 4 38 | ‘ 5645
24 . » 12,1 | 4.3
28 | " . | AB.8 | 68,2
2 | o . { 16.3 { 203.0
” i L’OOB..' " ¢ 16.8 ; “4‘0
7 SRl TN . | 198 | | 156,0
17 i - 1 b { 1649 i i 104,0
¥ " { " oo aie ™} 49.8
l‘ i " o 80'5 i &0?.0
1| . . BER R 61.0
337 n " I AE 49,5
8 } d i H nc‘ H i 48,3
] " i 1.7 , | R209.0
a2l | wu.0,B. Abrehem Mo, 2 | 15,8 | 17.6
AEE i " i " 30.0 | “.6 i
FTpl) R, " Lo el P ineti k.
AS4 | " i ” | 10.1 | e i
AL ety " FL M a8k
ASS | LGB, | " Proogie & 1o ae
As? | " { n j 18,8 | te
A88 i b | " 13‘6 | 100‘ :
A29 " " | 153 | 80 |
A210 " " | 14,7 B0k
A211 " - ?\. 14.28 . ‘ 8.8
Azl2 " " . 17,6 59,6
A213 " " ' 17.6 11.2
Azl4 " " VI ISR S
A215 » ” 12,6 73.2
4216 n " 15,8 | 046
A217 " " B0 (. B8
A218 . » 12.2 | 1.0
A219 " " 16.4 0.2
A220 " l " 17,0 | 1.8
A221 " | n 19,7 |  RO.%
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The Permeability and Porosity of the Cut Bank 0il Sands
Table 1 <= Continted

aggiEEEEssseesse BEE

s
Q

lOl.l"Cl.‘?‘.‘l'hl".!l'!l

.

L.

Abraham No, 2
"

/ Barrington Yo, 2 |

g
g

e 2 3 3 2T 39 33 3333 3333338323323 38

g
l'gll"liilltﬂl'

Hos S

12,8
15,6

. 1.8

16.4
16,0
17.0
13,8
19,0
14,4
13.6
13.9
16,1
17.8
16.8
19,0

1.2
20.2
12.6
15,6
10,3
15.9

15,0

14.9
1044
12,6
15.2
12,8
16,3
14.4
17.2
16,9
13.8
16,4~

16,5
16.8
15,2
13.1
13.6
14,3
14,7

53,1

21.5

0.5
61,7

17.1

17.¢

575.0
186.8

465,0

| 541,0

69,1




The Permeability and Porosity of the Cut Bank 04l Sands
Table 1 == Continued

Sample Peo bility*»
NMuber | - Sand lease & Well No, | Porosity wmﬁﬁ%m
CS4 L.CuB, Bounet No, 5 47,7 B6e3
C58 » . 1l4.4 2441
csé " " 15,8 3547
c5? b . 10.4 ts
cse " " 15,8 66,48
Ccs9 " . 18,7 1.1
€810 o . 15,4 1.6
c511 " d 15.0 645
€512 " " 18,4 15.8
513 . o 18,6 746
05814 " " 18,1 8,8
Cc515 b . 14.2 BeB
csle o . 16,5 59.4
c517 " " 10.1 0.2
0518 " " 14,0 50,2
C519 " " 18,3 60,4
€520 » " 16.8 14,8
C621 » " 1745 8,5
co32 d ® 17.4 4.8
cB23 . bl 18,0 4046
C534 . ot 18.2 135,0
cél UsCuBe Bonnet No, 6 15,9 e
co2 - . 14,6 2.6
ce3 b b 14,8 0.6
084 b " 1844 4,2
cen " " 8l.4 2646
C6é . " 19.4 18,8
ce? ” " 18,8 37.2
céa » " 18,8 12,8
ce9 b : . 17.9 2.3
c8l10 " . 19.3 57,9
csll " . 19,4 22,1
célz " " 15,4 50,2
c613 . " 14.6 1.3
céls . " 15,5 e
0615 L.C.B. " 20,0 844
cele . bt 18,1 1.6
cel? hd » 17.2 540
C6ls " d 17.3 106.8
csle » . 16.8 Be7
C620 » " 23,1 127.1
cé21 » » 16.9 D07
ceza " - 15.7 17.0
c623 " " 18.9 88,0
Cé24 L . 20.0 39.0
ces2s » . 18,4 126,0
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The Permeability and Porosity of the Cut Bank 0il Sands
Table 1 == Continued

P B e A S e e PPt A Bl e A s W A AP i S o et

Sample Permeability**
Tmber Porosity me'a—w%m
ces6 2l.6 92,8
cez7? . " 88,5 187.5
ceze " " 7.8 0.5
c71 b Bonnet No. 7 15.4 0.9
c72 » . 20,0 12,1
c73 " " 15.6 Sel
C74 . . 14,7 e
C78 b b 16,6 75.8
76 w " 17.3 10.4
c77 . » 16,5 14,4
c78 ® b 18,8 157.5
m 9.0.3. m m. 8 mﬁ‘ 0.. 50.7
D53 » hed 15.2 Ue2 53.2
D33 » ". 18,9 VS | 4545
oS4 » " 16.9 2.6 125,0
D35 L,C.B, . 16.0 G 15.0
DS6 o ~ 1%.5 15.2 3546
a7 . . 19.6 15.2 186.7
D38 - " 19,7 25.8 30.4
e b . 16.5 1.0 151.6.
D310 i L 16.0 Bed 24.1
D31l b b 15,0 Oad 149.4
D318 . » 25.0 0.8 13,9
D313 - ot 9.7 Ued
D3l4 b " 8.9 0.7
D4l “UaluB, Coburn No. 4 15,9 0.8
D42 o " 18,5 62,6
D43 " . 14,3 433 |
4 L.C.B. d 15,0 4540
D4AS . " 17,9 13.8
D48 " » 18,1 8.3
D47 . " 15,3 ve
Das » . 20.6 (VA )
D49 " . : 17.7 3048
21 " ~ Comdly No, 2 24,0 84.2
E22 i » 13,8 0.3
23 - » 17.8 41,2
24 » . 18,0 1623.6
E25 . " 18.6 5649
E28 . . 13,7 0.8
ER?7 " b 14,6 349
E28 b . 12.5 Oed
Fil " A, Oorr!gm No. 1 82,9 3445
F12 " hod 28,1 61,1
n3 » . 21.8 8440
T4 " " 19,3 is,1
7s " . 18.1. 340
rie . ot 14,9 47.8
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The Pormoability and Porosity of the Cut Bank 01l Sands
Table 1 == Continued

ease & Fell Noo  Horizontal
G2l | U,C.B, Eisler No, 2 1440 8.1
c22 i " » 17.0 38,9
G23 ! » " 2040 358
G24 2 . » 16.9 16,6 f
G25 i " hod 18,8 0.8
GR6 i " - 14.4 0.2 ;
G27 s " » 1‘00 808 f!
G238 i » - 12,8 0.8 !
G29 { " . " 20,0 2640 ”
- galo LeGoBe " 20.4 9.8 |
G211 - " . 80,0 5942 !
Galz § x . 12,0 e ¥
6213 " " 17,2 dol {
cale . . 16.0 0.5 |
G215 § » . 15.4 0.1 i
G1e . ® y 14.5 TeB |
m U.U.B. M.m Bko HOQ 1 15.5 " §
Ilz v » 16.8 LL
Iis b - 18,4 6.5 |
114 . * 18.6 e
1 » S 23,2 2.3
118 » » 1¢.8 vs
I17 L.CeB. bod 83,3 19.9
118 » . 16.0 77
119 \§ . 1.7 | 49.4
1110 » » 16,9 | 1849
1111 " i 24,8 | 78,5
iz » hd 20.0 111.0
P4l UeC.Be Sinero Mo, 4 2l ! 31,5
PR » . 18,9 | D42
P43 had . 13.4 13,6
P44 LeC B, " 18,2 11,1 '
P“ b " 18.7 BJ..B L]
P46 " " 23,6 318 |
yid ks o 18.8 14,1
P48 " " 17.1 0,5
P49 " " 18.2 12,6
P410 " " 14.9 1,0
P41l " . 15,3 1,5
P4l2 " " 14.2 049
P4l13 - / " 14,7 R
1 " Currett Wo, § | 18,9 115,0
3 . » i 118 112,0
3 " | . 25,0 157.0
% w hd 16.1 82,0
5 o b 14.8 18.9
6 " b4 14.4 40.4




The Permeability and Forosity of the Cut Bank 01l Sends
Table 1 -= Continued

Jease & Well o,

7 L0484 / Gurran o, 5 22,8 210.0
" 14.1 258,0

** Permeability in millidareys,
* Upper Cut Dank sandstone.
®* lower Cut Dank sandstone,
'+ Bample impermeable under the conditions of test.



Comparison of Permeability and Porosity of Samples from Curraa o, §
before and after Acid Treatment.

Humber Company Mines { Treatment Company Troatment
1 115,0 72,4 82,0 18.9 20,0
3 112.0 114,1 123,8 11,8 21,0
3 137,0 13640 146.5 25,0 19,0
4 82,0 96,5 99.0 16,1 18,0
5 18,9 78,0 82,3 14,8 17.5
8 40,4 81,3 9.8 4. 18,5
7 210.0- 141,0 186,0 " m.e 19.0
8 258,0 237,0 243.0 14,1 20,5
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