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N . ABSTRACT .
e
\ Dlsplacement tests have been conductedr,

consokldated Ottawa - 5111ca sand pack to study tAe effect

of V1séPus flnqerlng ‘on the recovery of 011 at w'ter \
: N AR
breakthAOugh ﬁ,'z N :

\ 3 ; S

Tosts were performed w1th three 0119 u51n§ is-
tllled water as the dlsplaCLng fluld The oil-wate?
c051ty ratios were 15. 5, 34.2 and lll 4 respectlvely.
The recovery\data were correlated us 1ng ‘the dlmenslon ess

.group I, whléh represents the ratio of V1sc0ns to ‘cap-

1llary forces\ )

\
\

. \ -

The reséﬂtq 1nd1cate that the value of T at Whlch
‘ "\

the effect of V1$cous flngers manlfests 1tself as. a

&

ﬂreductlon of the oﬁeakthrough recovery may be estimated

from*

S AY. A o A
. R 2 -
3(u \l)D , - \.

if the oonstant} C, is éaken as 30 for each sygﬁemp
. . . \ ' ‘ : )
] .
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Watoor t Toondineg v ahyr b b P hies et st ) *:-"r-:m
ALY recovery technigue dewve Toped bp Huz\uil Tt try to
cherease the recoverios rom denleting ol reservoit o
w{uund the wer 1o, .ﬁxtnn:1Vw rescearch and Pt jexper tenee
have provided methode to {)‘[;nliq'i bt acdie! 1o ;u-x'“!v_nm,nx\-.--
within a reasonable cont ideneas Towvel . There s howevor,
4oconstant need for o improvement s 3t b tnchist py ke O
marginal {’Y.‘f).](“(‘tf', with v ravid Incbtease in ocargtal cont .,

IV is thergfore tmportant to stady Som ot the Hneer-
flir\ti«"f;/\whi('h Strl] oxist rogarding the o of tost o f cortarn
variahles, Rate 15 probably the most ilnp.or’t;]:;r ot these,
since isqf&ir]yguaxy to contral and has o huge impact
on the economics v a project.

< The interest in recovery of h@avy hiqh viscosity
crudes 1s rapidly gaining momentum. The literature deal-
N v

ing with immiscible displacements 1t such unfavourable
;iscosity ratios contains obvious inconsistencies. An
especially controversial subject has been the effect of
viscou’ fingering on the displacement efficiency. ;T,'
though it'ﬁ;y not be a sighificant phenomenon in an actual

.

reservoilr, fingering must be taken into account when ..

&

evaluating data from otherwise scaled&d laboratory models.

This study was conducted to obtain a better

I3 .
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. 2. LICERATURE REVIEW

Y 5

. ‘ R
2.1 . Viscous Fingering

#ingering of the adVancfﬁgj:atér intoithérless mobile
P

"oil was edrly. recognized as a problem, in the oil industry.
¢ (N R

However, it was mainly attributed to gravity effects,

“~

permeability stratifigcations and other éross inhomegen-

v

eities. e A s _ .
Millerl repqrted'ih 1941 : "Visual observations of:-
the oil=filled test sahd column dﬁring,the water .encroach- %

. o

ment eéxperiments indicate, conclisively that differént
" e ' ‘ . . . A " ) . )
‘volumes-of- 0il are.recovered from different unit volumes"

-of'sand as, a‘result of 'fingefing'.of-éhe water and bypasff

sing .of éil"."H0wever, he made nd%special poigt-oﬁlfhis
'in his discussieh of the data.’ o o o ' )
Engelberts and Kfinﬁénbérgz, in 1951, were probably

: ﬁhé'firstvtO»boint out the impo;tant'rolg.the'insiabiiiﬁy

. B . . . : ’ " L .
‘of the transition zone played .when a fluid is displaced by
one which‘hés'éliower'viscosity; They called the éhenom—

‘énon "viscous fingering". Their results showed a consis~ -
tent decrease in breakthrough recoveries with increasing

. \ . N . . e . -
viscosity;rétios. They also observed a decrease in the

o oy

breakthrough réco?érywwith Ancreasing rates (uo/uw = 24)
for. hoth oil—W9t and water-wet media.’ v

Van Meurs and van dén Poe13 provided a simple



mathematical description of a water drive. involving vis-—

cous fingering. Their equationstcan be used to predict
the produotlon performance in 2 field with regularly
spnte@ wells The data requ1red are, the v150051ty ratlo,

“

*the re51dual oil sat uratlon and the minimum water saturaZ .

tion. A water cut value must be selecte%fto tomplete the

'evaluatlon of. a specific progect.. They obtained ‘satis-

Il - 9.

"factory agreement w1th produotlon data: from an actual
fleld// The theory is presented in detall in Chapter 3
Chuoke et al. presented a theoretlcal descrlptlon
of the instability of fluid dlsplacements in porous media.”
They derlved an equatlon representlng the wavelength of
max imum 1nstabllnty, or the most probable peak to-peak
dlstance, for a given system‘when flngerlng~oocurs.

Assuming neutral wettability and horizontal displacement

(i.e. gravity effectslcan he‘iqnored) the equation becﬁﬁ%s:

I o W
where . ' ‘ . .

Amsz tae,most probable fingermspaclng.(om)
-C = a dlmensaonless constant

‘Y = 1nterfac1al ten51on (dynes/cm) R

N

K = absolute permeablllty (sz)

\ L'total flow rateaper unit cross—sectional

area or volumetric velocity (cm/sec) -



- -

™
1

= viscosity of oil (poise) - _ - B .

p o= Viscosity'df’water‘(poise)  '-} - o -
. L 0 > -
Ingtability ziy& occut 4f the volumetric,velocity exceeds .

a critical value for a specific»rockﬁfluid;system, pro- ..

vided the perturbation contains wavelengths greater than -

B A

a critical wavelengﬁh, AC;"The felationsnip between the

two wavelengths is: B
CoA S .
A= 0 - . d (2)
C /3 .
where
AC = the crltlcal wave length or flnger dlstance (cm)
- ¥

An expre551on for A as a fraction of‘the tube diameter 1SA'

obtalneﬁ‘by'a combination of eqiations 1 and 2:

‘YK’ ~ N ) ) '"’ ' ‘ (3)

iameter of the tube (cm).

efinition of A_, it follows that the oil

is stable for any-pétetif the‘critical

finger‘distaﬂbe“exceeds the diameter’ of the tube. Equation

3 would have been a powerful tool if the constant C could
"be ea51ly predicted. Chuoke et alu-obtaxned a reasonable
fit to* thelr observed finger spac1ng if C in equatlon 1

PR

was taken as -30. - That was for a neutralrwettab;llty



'ratlos and decreased 1nterfac1al tenslons both favoured . 2/

ing an initial‘water saturation.

system containing no initial water. Although their exper-.

imental data- were 1nsuff1c1ent to calculate a value, they

indicated that ‘C wag larger for water- wet medla contalnlng

- connate water. The value of C must be establlshed experl—

mentally for each system. Let us assume that viscous

fingers will be formed as soon as A, becomes equal to D. .

If’ this shows up in the recovery data as a noticeable
decrease;, then thisupoint;can be ~used to. determine the con-

stant‘inAequationAB from: _'J. -

Q 2 : -
- 3V (u_~u D" o : .
c = o w . : . 7 : . S (4

/

Chuoke’et'al. stressed the fact that larger-values of their’
constant.lead to 1ncreasedcxit1cal wavelengths~ The" lateral

extent of a laboratory model or core sample may then ea51ly

_be” exceeded. They suggested that thlS mlght explaln why

v1scous flngerlng effects may not reveal 1tself even though

the system satlsfles all other cr1ter1a for 1nstab111ty.

e

Their VLSual observat;ons showed that increased v1sc051ty

/
7

che formation. of smaller and more numerous flngers._ . /

The main llmltatlon on - the appllcablllty of thelr
theory is the assumptlon that the ﬁuskat model of dls—_

placement, where o0il and water’flow in separate macro-

scopic regions, is valid for an actual reservoir contain-



<
’ o

de Haan5 provided experimental support for Chuoke
et al.'s4 theory. He was able ‘to predict the . rate at

which‘fingers started toaform,using their\equations., The

‘recoveries at low rates were high, decreasing in an'inter-
mediate range‘and levelling out at hiéh ratés.l He con- .
cluded that at- low rates, water tended to flyl up the
whole Cross-— section,and an eff1c1ent frontal diSplaoement~
-~resul$ed In the 1ntermediate range, fingers were formed

and as. a result the recoveries ‘ropped.~ At high rates,
numerous fingers were observed ‘and’ the recovery became,

insens:Ltive tO further rate 1ncreases

de HaanS explained that viscous fingering effects

\\v

“are unlikely to. be pronounced in oil- wet systems due to

~

the distribution of the fluids. The constrictions are
T~
TR -

filled with oil in an. 1dealized 011 wet\sy\tem, and the
flood fronts in adjacent channels will therefor move

quite independently.‘ Fingers of macroscopic dimensiohs

T~

'w1ll only be formed when a more or less coherent oil-

o

s

water 1nterface ex1sts, and thlS condition is clearly not

[y ’
s

met in an Oil~wet-system.
ScheideggerGQ7 dealt with'the instability problem

o

inytwo'theoretical papers. According to his analyses
fingering should be independent of the displacement vel-
oc1ty. He Cltedmthe work of Blackwell et al.8 to support

this controversial conclusion. These authors obtained .



4y

\

Breakthircdugh’ recoveries that wore independent~nf robe with

a mobility ratio 0of.93. An eyDldnatlon of this surpricin:

result quht be the Lact that the dlqplacnmeﬂt rates ucb(,

1.5 - lOﬂ ft/day, plaeed a}] thelL Lesu]ts in the 1n§hnfi—
+vVe range describod by de Haan”.

) 9 o : o _ ® ‘ . .

Dutmarz” ‘inclurled come of the nonlinea: terms’ nrev-

<

ously neglected in thovanaiyses of the instabiiity

squaations. - jle showed +that viscous fingering then could

become independent of rate only if both gravity and inte:-

facial tension effects were nedligible.
. . ) N

Rachfordlo was ghelfirst to use the Suckliey-Levereott

8

EIOW»model, in which oil and water flow SLmultaneouslv,,ih

the analyses Ol'the StJblllty of the interface, He incdcd-
¢,

ed the cffects of connate water and the tranSLtlon 7one,
borh normally present when water-wet systems are flooded.
The tran51tlon 'Zone tended to 1n¢uldte 1nc1D1ent fingers

from the hlgh-m@bb{ity water and thus reduced the flnqor—
ing effect. ThlS Ls\nof accounted for in the parallel
\
. N
Dliate theory. ‘ A.\\
el o N11 .10
Perkins and Johnston\ conflrmed Rachford S

o ,

fihdings eXperimentaIly. The flngerlng behav1our differed

in the presence of connate water., Numerous small flngers

r

developed near the entrance, but they soon broke up and

o

formed a qraded saturatlon zone.,_No sharp front could be

.

followed..«Perklns and JOhnsth‘suggestedfthat'the dampening



8 . .
i . |
. \ o |
‘ . \
. . . . \
\. :

\
o

cf the fingéfs was cauQ%? by crossflﬁw of the phases,

transverse to the'direct{on of the gr\ss fluid movement.

Thelr experlments suppor:éd this expla atlon,‘and they

concluded that 1mmlsc1ble élsperSLOn oug ht to be 1ncorp—
Y - .

» orated in the analyses of the stablllty to adequately

descri e viscous flngerlﬁg phenomenoq in natural

[~

\Q. A

. sYste;
‘H goo tlz'hlghllghted the effect that the ch01ce of

flow-mod 1 (1 e. Muskat or Buckley—Leverett) has on the

‘stability rlterla ‘He shOWed that the Buckley- Leverett

10

>abproach _pre 'ously only attempted by Rachford ’ ylelds

dlfferent crlterl for the 1n1t1atlon;of flngers than those

derlved from a. Muskat model. . He found that“the 1nterface

became unstable ‘if ‘the So-called shock: mobi]’.‘ite ratio

'was greater than 1, provided the wavelehgth cf the instab-

ilities was smaller than e canalowidth. %The shock me~ﬂ
v o J _ ] o
ility ratio is defined as: : .
) ' o s ' S SR
‘M = the mobility of fluids behind the shock front
S  the mobility of fluids ahead of the shock front

or : ’ : ‘ . .
M =~k0c.w’t}$rc; Bg) /Mg * Ryor Kpw (87,
o~ "_ | Koew Mo
where | | 0
kocw = permeabi}ity.to 0il at thevcohnate waterc
] satufation 5 . |
_kré(ss)l= normalized relative permeability tc;oil at

the shock saturation



»

“end-point mébility ratio which determines - the stability of .

kworﬁz permeability to water at the residual oil
.saturation
krw(ss) = normalized relative permeability to water

at the shogk saturation .

The shock mobility ratio is considerably lower than the®

v

a MQ§kat-Eype displacement. The higher the mobility ratio,

o

" the faster instabilities arise. The Buckley-Leverett

approach is generally believed to describe immiscible

5

‘displacements in watef?wét‘media‘better than the Muskat-

2.2 .Scaling

model. The stability of these displacements is "therefore

probablymbetter than éarlieraresulés based on the Muskat

flow model indicated.

o Cone s : . . :
Numerous papers oh the scaling. of waterflood models

have been published since Leverett et al.> >

introduced the
congcept in 1942} -In the presenf work no effort was made V
to sdale any particular ieservoir. The probie@ %as there-
foreqi;mited to the end-effects and the fingering phenom—‘
enon. ‘ | | | |

The, dimensionless scaling group, I, defined as:

Lo

‘§.

10



whnre
L = length of the system (cm)

was used by Fngelberts and Klinkenberg2 to correlate hor-
izohtal displacement experiments. It is simply a measure

of the ratlo of the viscous to the caplllary forces.

de Haan5 using the data of Rapoport and Leas14 and

Kyte and Rapoportls, concluded-that the ‘recovery became
,1ndependent\‘f I when I was larqer than 0.1.~ Supstitution

of normal field-values indicated that I was always in this
. &
insensitive range.

@

The same scaling group has been used by Jones-Parra

et al.lé, Coilinsl7; cott18 and Kloepfefl9 which facili—

tated the comparison of, results.

Geertsma et al.zo rrived at a more'universalqscaling

number given by: _ ) .

Ly = X ci\sf i@
W
whefe °
5 = wetting_angle'ofvflu} interfacevkdimeoeionless)
b = porosity*(diﬁeneionles ) |

This is® the reciprocal of I, except that the effects_of
porosity and contact angle are 1ncl ded "The problems in-
volved in establlshlng the contact aqife makes the app}f“\

N\

atlon of this scallng group dlfflcult

11
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o End—effects, as described by Kyte and Rapoportl),
can obsaure data obtained from unscaled laboratory models.
Spontaneons locallzed lmblblLlOn or, the inlet effect is
minimized if rate and qucoqlty ratio are kept low.

Mis effect could probably'be ellmlnated if the intet
syétem was desioned to assure uniform liquid contact at

~the sandface.® The so—cqlled outlet effect, caused by the

_discontinﬁity of the capillary pressure, becomes less

severe when rates and’vi@cosity ratios are increasedJ The ~

relatlve lmportance of both effects decreases. i f longer

‘" systems are employed.

" Chuoke &t alL indicated thatbscaling of viscous
fingering should he straightforward in most ceses., Prob-
lems would arise however, if the wavelength of max1mum
1nstab111ty was of the same magnltude as the model w1dth.‘

| Outmans9 1ndlcated that it might prove 1mp0551ble
to accurately scale the flngerlng phenomenon, because to
achieve 51m11ar1ty the small heterogeneities that initiate
the fingers have to be scaled. .
S vRachforle>concluded that no additional scallng
requlrements were necessary to deal w1th the 1nstab111ty

2

problem His model, based on the Buckley—Leverett dis-

flplacement mechanism assuming a porous medium with a con-

nate water'saturation, should be more representatlve than

the prev1ous 1deallzed parallel plate models.

&

N



4

’ . L1 . . .
Perkins and Johnston showed that any experiment
aimed at scaling immiscible fingering in a water-wot

réservoir should be. performed with an initial ‘cohnate
water saturation. However, no indication was given. as. to
“he need for matching the initial saturation of the proto-

a .

‘type. .

13



3. THEORY

. 3
van Meurs and van der Poel” presented a flow-mode)

that accounted for viscous fingering in immiscible dis-

u

placements. - Their simplifying assumptions were based on

pictures

system,

of scaled waterflood experiments in a transparent

According to their observations the flow mechan-

ism could be idealized in the following way.

1..

The displacement process is of a one dimensional
. ¥

character in the region where both o0il and water

are present (i.e. movement is parallel to the

direction of flow).

0il flow outside the water fingers and water fléw
in the center of the finge;s proceeds unhindered.
In the edge zone of the water fingers both water
in protrusions and o0il in enclosed pqékéts are

completely prevented from moving in ;the direCtiPJ-
of flow. ) ’
The fractions of both immobile o0il and water in

a crdss section of the formation are independeht

of time andvpiaCe.

They considered a unit cross section'of‘the formation

large enough to contain sufficient fingers to be represent-

ative of the total cross section, see Figure 1. This

section was divided into three areas:



) Area 1, the sum ot all arcas ot side the wat o
fingers where oil flows unhindered. }
b) Aroa 2, the sum ot the conter arcas of the
B
water tingers where water flows unhinder e,
<) Area 3, the sum of all arcas containing edgers
) T

and wrotrusdon:, In this area both the oil and

the water are immobi le.
[ ] waATeER - PZZ3 o
ST T SVare :
. S s 7 - e -
’ oS S / ’ .

JS— —

FIGURE 1: IDEALIZED RICTURE OF WATER FINGERS

~Thre sizes of these areas can be charactérized_'by

means of oil and water saturations.

- . !

All immobile water of Area 3 expressed as a fraction
will be denoted S . . This means that S~ is the average

immobile water saturation for the unit cross sectidn we are



Pookiing ot In the come way 8 r 15 detined by averag:ing
. o)
the Jmmobile ol gaturat ion. It the average water and oil

Saturatiaoms of the unit cross soction arte denotod Hw ard
; respectively, then the areas *can be writton:

&

-

Area | o - 5
. ) 1! '
Area ) -8 - 5 . -
2 win

RSN N s Tarh
5 + 5 =1 ) -
W (@}
Area 1 =1 - S - S
or- W

Tf I, is defined as the f.,~w rate of w.ter per unit

s . . -1 @
cross sectional area (dimension, L ot Y}, then the volumet-

rkc yelocié& of the water in Arey 2 is defined by:
i a A ~ .
Vo= W (

y W S -8
x5 w wm Loe

sl
—
-

kS
13

The flow in this area was assumed unhindered and Darcy's

Law for a single phase can! be used:

3P c
Vw = = K_ —3 w s . (6)
. X a :
where
Pw = pressure in the water phase
X == distance travelled in.x - direction
The same analyses for the o0il phase yields: 8
: g 7 )
o _ .
Vo = To5 =5 S 4 (7,)

’



and
Ve = . - . —a—
o - - 9xX 2 N
Q- }
3
where )
_Po'= pressure inlthe'Oil_phase.

17
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‘Altheugh'the authers did not mention it specificaliy,'it

should be n8ted that the use of. the absolute permeablllty

5 2 s

in’ equatlons 1 and 2 is justlfled by the assumptlon of

‘unhlndered flow. .The 011 present 1n " Area 2 and the water

o N -~

present in Area 1 do not affect the abllltygof the porous N

medium to Qpnduct flUldS Hence,’the medlum behaves_as if

it was dompletely saturated with a single fluid: .

: macroseoplc parts of the oil- saturated formatloni

- o

bypassed by the penetratlng water fingers, it 1is

o

standable that the'dlfference 1n pressure 1n,the

phases, Pc’ stays approx1mately constant as. lopg

Since

as the

glnger edges are not 1nterfer1ng ThlS assumptlon was

a

found to “be true up to high water saturatlons.
. ly: - o , .

- O
P "=P -~ P = constant
‘ c o’ ."w
and
N v . . i ) ) LN .‘ o
an BPO | - )

/433 :ax

from Equations.6} 8 angd 9 it follows that:®
Vs = MV

Consegquent-—

(10)



~ where ' } ‘ B

obtajned by combining 5, 7, 10 and 12:

The:equatién of céntinuity for the water’phase.is:

=
0

M= -2 < o ' ' (11)
w . & '

The total amount of fluid passing through the cross section’

‘is: o "l-':'A I ’ ' o B ' : -

. . : ‘ T e B -
and will be a function of time only since the fluids are

assumed incompressﬁble.
B - . "
An equation for the fractional flow of water is

-

'.qw ; M (SQ—Swm) v :
fw = —_:.:\ Ml 5 S T Bb '. v : (13)
9 . ( )(‘W wm ’ ) ) -
where >
BT Sor T 8m (14)

18

ag.., 3S . : |
W W - .
— —_—= 0 ’ '
Ix - ¢ at . : (15)
or '
a_fy_. + .a_sl”._ -_— 0 : ’ :
X W, . , . 18
where . i ' / . ST
g At | - ' .
W, = ————— ='cumulative water injected as a fractiona

%

4L .
T of the pore volume
. - - : oo
L = Length of the formation.
: - %
N



[ . - 4o

o

X = % = the dimensionless distance along the flow‘

direction taken from the point of injection.

fw is a'function of S only- accordlng to Equatlon 13.

°

Equation 16-.can therefore be wrltten as: -

]

£ 3s 3s

afy . W W s : : ! (17)
T —— 4+ . o= g . . ‘ : 17
dsw 'ax . ﬂwi ‘

Differentiation of "Equation 9 gives:

af . . . o . e

W C MB ,
as; = ~ > . - a8
W [(M-1) (s _~S__) + B] ,

Vd " - .7

o

.The.general solution of this-differential_equation is:

. . » . dfw T ’ . ! - ...
K= eiEy) ta‘s';ewi T € 2

If the 1n1+La;—water—£LUUL tat—t—= Uorw, = 0) is

assumed to be undlsturbed and perpendlcular to the-fiow~

dlrectlon then:

w0 S €1

: . | . _ - o,
Substitution of Equations 18 and 20 in Equation 19 yields: -
MBWi . o S
X = : s 5 . . (21p
,[(Mtl)(S ~Sim ) +°B] - LT .

and we can -solve. for the water saturatlon dlstrlbutlon‘“

in’ the region where both oil and water flow-

: . ‘ W ,
_ _ B /MB ("3 _
Sw = Swm M=T % w1 X o C (22)



.Equation 21 add 22 will only be valid within a certain

' range of water saturation values.- It should be_cleaf

“from Fidgure 2 that Sw.mdst be less than l—Sor.

i

Swe Sz
0 : - ’
(o] x. o x( _—’X i.0
dFIGURE 2: ¢ SCHEMATIC REPRESENTATION OF WATER o

SATURATION DISTRIBUTION BEFCRE BREAKTHROUGH

.20

'

The di;tance at which Sw reaches its maximum, 1-S__,.

or'
can be found from equation 20:
o ’ . ° °
S i ‘ I
Xl - MB ' . : '(23?.

K

) The ﬁoregoing treatment depends on the assumption that

no flow occurred perpendlcular to the ‘main dlrectlon of

flUld movément._ van Meurs and van der Poel observed that"

the fingers dld not deviate too much from the X—dlrectlon.

However, they also noted that espec1ally at the top.of the'

fingers there should have'been components in directions

PRRN
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3

perpendicular to’ the X-axis. This phenomenon was amalysed

e

in more detail in the following manner. __ _  --—7

The formation of water protrusions. at the fingef

o

tips requires a certain amount of water; however, once
fillegq, these protrusionsjdo not;constitute'a péssageway‘
for the water. This means that_SQ must exceéd_swm, and

"+ the theoretical water saturation distributi¢h should e

n

therefofe be'éut—off at a—point,.xc, where "the saturation

is larger than S.m’ sée Figure 2. This critical water
. . Y L : N . .

o

saturation ‘is denotedec. ‘Ob%iously/‘the‘vertical cut-

idealization. The,
. - ~..

off asoindicated in Figure 2 is an

e} . . .
real change is probably a gradual transition. .

To determine';his'cut—off point the authors reasoned

cas féllows, . Y ) _ .

.

The amount of ther entering the‘uqit cross section

in one second at X 'fill the férm—

F;(qw)é ;S , 1is used.t
. BT w c : ’ .
ation td.the'critidai°saturation. 'If'the~velociti at -
—_— ) - ’ : i . ;
which Sc propagates is denoted VC then: ..
c ) ¢Vc fc

(q,.)

D » (24)
' The veloeity at which the criticalcsaturatioﬁ'moVes is
defined by
Cve=(F). B, L (2s)
S s ta . . -» . . '.
or using théfdeﬁini%ionsvof:X‘and Wo: o

@ .
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. _ g9 fax ). | - | E - :
- Vc—a.(avq) , ST T (26)

Equations 19 and'26'combined yield:

| q(df) - N
v, = ' : ‘ o (27)
c | ¢ \ds s —S ~‘ | . . o
Substltutlon of Equatlon 27 in Equatlon 24 glves “fore the:
condltlon at the cut—off boundary.

( Car P) - ‘ |

== = = =% g | ‘ (28)
a8y W =s | -
L ) w C ] . .

‘Comblnatlon of Equatlons 13 18’ and 28 ylelds the water

s

saturatlon at the cut—off p01nt- : -
’ E i . . BS _. ’ N . -
. : : WIn S
- . b . .
"SC swm M-1 (29).

@

An expression for X, is obtained by eombining }=_:q1'.1élt:f’ic>'r1sv~
21 .and 29: '

TCL 2 : : .
. N ..' ’ - - . . .
o BB S

Breakthroughbwiil occur Qhen»the'crlt;cal saturatlon,"sé,:.‘vr- -"~
arrlves at the outflow end X‘:e 1. The total™ cumulatlve
oroductlon at that moment W “15 equal to ‘the break—

through recovery, pb; Equatlon 30 solved for pr'can be

wrltten:



where

A = B + VBM-1)S__ . . ' {32)
‘Equation 31 shows that when M - w, N + S | , 1.e.
. i , pb . Twm’®

breaﬁthrough‘occurs-at the moment. the minimum water satur-

ation is establlshed throughout ‘the formatlon

The - cumulatlve 011 recovery after breakthrough) p’

.

'
t

is ea51ly found by integrating the. water saturatlon

presegt in the formatlon,\see Flgure 3:

" 23

bo
& _
Swm - —— = — —
o)
-0
FIGURE 3: . SCHEMATIC REPRESENTATION OF WATER - .
SATURATION DISTRIBUTION AFTER BREAKTHROUGH
. "1.0 '
N, = X (l—soro + j s, ax o (33)
%

by substitution of Equatlons 22 and 23 and 1ntegratlon,
Equatlon 33 becomes. .

N L mEm - W, - B) (34)

P e wm ‘M~1 i S

it
2
+



Equation 34 is wvalid up to thé moment.that X, = 1 or

. ’ ‘ - ) : , .
according to Equation 23, for Wi < MB.. The recovery is’ .

9 = -— {"‘ l‘ Z !
gliven by pr } Sor,lf Wi - MB.

5

o B

. The,éheory‘p%eSénted‘above was derived for a quous
medium contaipihg'no connate water, and it involved numer="
“ous Simplifying assumpéipnsr,‘HoweVer, in Spite‘of thesé“'
limitations, the theory could be used to predict the épsér—

ved behavicur of the CWO oil. - The calculations and the
- 1 , D . _ Or ,

comparison can be.found in Chapter 7.



4. EXPERIMENTAL' EQUIPMENT

Vlsc051ty correlatlons were obtalncd from the

Research Counc1l of Alberta for the reflnery fractlons,

and the manufacturer prov1ded this 1nformatlon for the

Dow Cornlng fluld The v1sc051t1es were checked w1th a.
Bendlx Lab. Viscometer. Satisfactory agreemente were,

obtained.

Interfacial tensions were measured’with a Du Nouy-

tensiometer (A.. Kriiss, Nr. 1385). The measured values’

5

were corrected using thHe data of Zuidema and Water521.

Several teFts were performed on each system, and the

reported interfacial tensions are arithmetic aVerages.

Imblbltlon tests were conducted with apparatuses

QQ__#—_——*~—~———

similat to—that ebcr‘bed*by Bobek et al. Small

T.acite cyllnders contained the unconsolldated sand

o ¢

The dlsplacement equlpment is shawn schematlcally
'in Figure 4. Plctures of the experimental layout are
presented in Figures 5. 7. Water and oil in the bbmbs
- were dlsplaced w1th mercury drlven by one oOr two pos-
itive dlsplacement Ruska pumps. An Hg - detector con-
nected to a relay assUred that the powér supply was cut
'ofﬁ 1f mercury reached the t1p of an electrode 1nsta11ed
in a vertical flow 11ne»2ust aboye the-bombs. This

~design removed the danger of getting mercury into the

3

25
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FIGURE 6:. COREHOLDER, GAUGES AND OUTLET



FIGURE 7:

BACKPRESSURE REGI
AND SETTLING ¥

NK
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sa‘n”dpz-l(:k .
Pregssure (ir;)ps were: measurced on Heidae qauqc‘s? (rango
0-300 psigqg). Thc vacuum pump'was a Duo-Seal, model 14065.
Two different coreholders were employed: ‘
an' 1-46: Stainless-stqel tubé, Length = 117.3 cm
ID = 5.08 cm,:’OD = 6.03 cm.
Run 47-49% Lucite tube, Length = 134.8 cm

ID = 5.08 cm, OD = 6.35 cm

A"neg type of endpiece was designed for thé stainless
steel coreholder, see Figure‘8.-'Th¢ Teflon packings are
expanded when the conical metal rings are forced to move
by.tightening‘the nut. The design was tested to 2000 psig
without 1eaks The Lucite coreholder has been described

in® detall by Kloepfer 9; o -

————ﬁ——~JM%KHMHH%%ﬁ;43ﬁrﬁﬁﬁﬁ%ﬁﬁﬁ?ﬁﬁ%ﬁ%ﬁﬁ}ﬁfﬂf?ﬁ&'206“m€sh"““

stainless steel screén clamped down on top of the spreader'

plate, see Figure 8. The screen also kept the grooves in
the plate free from sand so that the spreadirng abiﬂify
was retained. ' -
The propane was driven by carbon dioxide. A 'back

. . The— ‘ .
preéssure regulator (Grove) maintained the pressure neces-—
sary to keep propane liquefied. Separation of the two
phases was done in an old préopane tank, sée Figure 7, and

the gas led to a fume hood.

The fluid bombs weré taken out of the holders and

¢

29
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©

filled externaliy:_ The 90° bend ih'th; tube connéptidns;

see Figure 5, simpli

o

fie

d this procedure.

&
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5. EXPERIMENTAL MATE RIALS |

5,1 Fluids - | | e
. ) R - T, 22
D;stilledawater wgs the displacinq.f}yid in all
rﬁﬁs, It was dyed with pqtassiuﬁ permahqagate in the
experiments_with the Lucitelcorehoider,‘
o Dlsplacement tests were conducted with - three dif-

'~Eerent Q}ls. Two reflnery fractlons, *CWO égFrMCTEL-were
. e
obtqined from Imperlal_Ori thrOugh_the Energy Conserva-

. S _ L L .on23 e .
tion *Board's Laboratory.  Private communicationm 3 indicated

that the approximate compo;irions of these o0ils ia/VQlume

3 were: : : ' . o7
N AromatiCS" Naphthenes . . Paraffins -
cwo 25 70 5
MCT 5 o | ‘15 . 75-80". - 10-15

The third gll was a Dow Cornlnq 200 Fluld w1th a.
viscosity of 100 CS. This is a 5111cone 511 w1th a den51ty,
very close to that of water at room temperatures. The v1s;
cosity is a weak! function of temperature compared with
normal hydrocarbon flUldS.A |

Vlseqs1ty,as a function of:températurelfor'all'four
fluids; iS'given.in Table‘l“ The Qalues of the interfaciél

tenéion-between water and each of the oils are alsd.given.

32



MCT 5

)
° e o - ‘ . ' . )
o TABLFE 1
FLUID PROPRRTIES o
o ,
Viscosiﬁy-(cb)_
‘Tempgratgre : , ‘| bow Corning ‘
L (epy Distilled cWwo | 200 Fluid oMCT 5
B Water : | (100CS) ‘ '
68 1.005 15.6 | 111.8. -
69 0.992 15.4 a ©110.9 " 34.3
570 " 0.980 1542 .| = .110.9 |°33.9
o "0.966. | 14.%6 ©-108.1° 33.5
72 . 1 0.954 14.4 ° 106.3 * | 32.6
73 0.941° | 13.8 104.4 | T31.7
74 0.929 | - " 102.5 | 30.8
- Qil Interfa01al Tens&on Between The 0il And
Distilled Water At 74gF
,‘Type (dynes/cm) °
cwo - T 2107 .
Dow Cornlng 34.5 - - ﬁo
= 34.4




a

The fluidé wers séparated and used again. This

- . . . o . N v
should asstre that equilibriUm»was reached in case of a

" - reaction betwWween the two phases. ViScositiéS'and inter-

facial tensions weré measured on the recycledofluids,but

s

-the'VAriations'from.the values obtained with fresh fluids
- were always less.thah‘the experimental errors involved.

a

‘5:2 S-and\-' ‘ ’ S ) oL .

n e - . ‘ o .\\' o °

The coreholders were packed. with a clean dry Ottawa

sand screened to contain’grainé’between 80 anq 120 U.s.
mesh (Fisher-Scientific, S-15%1). The narfow_fange‘of_
particle size and the subréunded’nature of the grains fac-

ilitated reproducibility of porosity and pe;meabi}ity.
'Uniform grain size also. reduced }he unavoidable iﬁhomogén—
eities. : oL e

5.3 Cleéning'Agents ' ! ‘ ‘

»

Propane. driven by  carbon dioxide wés used to clean

the sand. It’was-preééedéd by cyclohexane to clean up
the silicone o0il, since Dow Corning reported éxcellent
solubility of the 100 ¢S ~"0il in’ this hydrocarbon liquid.

a

a
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6. EXPERIMENTAL PROCEDURES

o o . k
) . o - -.\’,'.(‘1 . . o .
6.1 Packing of Corehplders
. The coreholders were packed with dry sand. Electric-

°

O alfhaﬁméfé.Vibrafed.thg';ﬁbes as they were slowly filled.
A.rubberuhqm@er wé§~%éed'every 15;20»cenﬁiﬁééer; for |
additibnél pé&ef;  The vibrators wére then leftlon fo%

"10—£21houys. A'cdﬁpig'of blowé.with the.haﬁmerﬁéfterwards

‘tould produce a settling of several'centimeﬁefs.j'The_gjo—

<

cedure waé'repeated{untii"no further: settling was observed.

~ The stéigless‘steel coreholder was opened after run = -
#"46."No.séttling of;dhannelinglof,the sandpack.could be
‘detected when it was cleaned out. ..-

o €

6.2 Initial Conditions, POrosity &nd Absolute Permeability -

~

o . . -~

The‘§ACKéd5coréhOlder was mounted in thé displace-
. : : ‘ T .

>ment appargtus.“@The Ruska pump“was used to fill the inlet
systgm with$ﬁatef ub to the lést'vaive,béfore‘ﬁheiéandéaéé;
All.valves.except ;hos§mleadihg to the vaﬁuuﬁ.ﬁump wéreiﬂ;
vclosea,‘and‘this bump-was l;ft oh for aboqt-ZO‘mihﬁtés.
(Later éxpgfiﬁents ;howéd that the absplu£e‘pressg¥é.of ﬁﬁe
gystem Wasjreduqéd~tb afouna's»j mm HG) . The valveg'Lead?
”-ing:to the vacgum pump wére then'clééedf theﬁpﬁﬁp shﬁ; éﬁf
_and £hé inléthalve oéenéd.' The Ruska‘pﬁmp‘wés USea to

e ' . 35
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bush_water from the bomb into the pore'space. ‘The outlet

~valve-was opehed'asrsoon“as the preSsurelindlcators Qﬁ/the_/f
pump started>tolclimb. Water was 1n]ected untll a stab—
ilized flow oatternv ihput equal to output, was establlsh—
ed..'This usually requiredf2~3 pore'vdlumes. The scale on

thexpump gave the volume injected. The amount of fluid

’
i

-';ejected wasumeasured and the difference between the two

was taken as the volume of the pores - The bulk volume wasc"
calculated ‘and the por051ty determlned

.Pressure‘drops_across the sandpack were méasured at

several stabilized ratesq_and the absolute permeablllty to

Vwater galculated from’ Darcy s Law. The reportedwvalues are

'the arlthmetlc average for each ‘caseé.

-
-

6.3 Inltlal Water Saturatlon and the Effectlve

Permeablllty to Oll

The core, 100% saturated;withIWater; was then fiéQdéd._s
.w1th oil at a fairly low rate (used 100 cc/hr) ‘-After‘the’
1njectlon of lOOO cc, the rate was 1ncreased to 1120 cc/hr.
and kept ‘constant untll water ceased leaulng the core.

¢

‘The pressure drop. was recorded and used to calculate the

-

'effectlve permeablllty to 011 at the 1n1t1al water satura—"‘
"tlon,,denoted Kol' 'lhe initial water saturatloh was calj-

.. Culated from.e voluﬁebric halance. . |

The core'was flooded Wdth oil atter‘eaCh:experiment

to restore the initial conditions. Earlier work by



Magus's?'4 and some preliminary runs showed that this -had to

be.done-exactly the same way .each time for any given water-

- flood series to obtain reproducibility. Even then problems
were encountered as is'evident from Figure 9. These are
..further dlscussed in Chapter 8. The procedure used was

the same as-the one given above to arrive at the initial
Asaturatlonn; An addltlonal 200—1200 cc of 011 was usually'
requlred to reach the stage where almost no water was

produced at 1120 cc/hr.

S

'_6.4> Waterflooding

Rates were selected utlllZLng the\gear fac111t1es
on the Ruska pumps. Productlon was gathered in graduated

_cyllnders and centrlfuge tubes Pressure drops across the

ﬁ“coreholder and the produced. volumes of 011 and water were
recorded at- dlfferent 1ntervals., The breakthrough of water _
was taken as the ‘time the flrst drOp of water was produced
in the effluent for the runs on the steel coreholder. At
.hl9h>rates_however,.some'water is produced-along.with the
oll,almost immediately; Breakthrough was then taken as the
p01nt where the water-oil ratio 1ncreased by a factor of |
'approx1mately 10.

Runs were termznated when water 0il ratios greater

than six were reached Because of the excessive time in--

volved,‘somefof the slow experiments were only brought to



i

the breakthrough éoint. bThe sémg4yqs~ddne_With seve;al
tests performed to check thevgeéfoducibiliﬁy of‘resﬁlts.

" For each‘éil a residual oilvsaturation'was obtained, and
the effective permeability to water at that condition wgé
calculated. This was the last test performed before the
sand was cleaned in preparaEidnbfbr a new téstfseriés;

v

\

6.5 Cleaning Procedures

»

,The sand was thoroughiy cleaned before a change to
a n;w oil took place.a'Liquia'propéné was driven Ehrough.
the pack by carbbh'dioxidep An approbriéte back preséufe
assured Ehaﬁ %hé propane aia th'vaporize. .
Cyclohexane was émpioyed tgiobtain proper cleaning
after the.rqnsiwiph silicoﬁécoil.bf‘ B .
The complete qiean—uﬁ proéedures Werezh X ¢
1. After CWO - ruﬂé; IBQOO cc of propane at 150 opsig
o ‘ '3,X 3000 cc df»prppane at1400;psigA
2. 'After Dow Corning 200 Fluid’ runs: A
‘ 3606 cc of cyclohexane

'3 x 3000 cc of prdpane at 400 psig

In both cases . -dried air was passed throdgh the sand for
three days before a new tést'was-started.
The reproddcibilit%/ﬁgjzhe initial conditions, see

Table 2, is'within experimental errors. This indicates

that the cléaning prqced&res were sufficient.
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6& Imbibition Tests . ' - o

a

4

Imbibition tests were carried out with small Lucite |,

o h)

coreholdéfs. ?hey were evacuated before saturdtion with
the desired fluid. The satunated cores weée placed in-.
the imbibition cells, aéa the apparatuées filléd_with the
imbiﬁing T'iquid. The amount o% liquid eXcHange“aftgr 72 -

[

hours was recorded. " Tests were performed on the following
systems: E

e

. Core Sysﬁem o L Imbibing Fluid N

1. cildan sand and wétér ' g ' S+ CWO oil: |

2. Clean iapa and wétgr' : ‘Dpw Corning Fluid - -
3;_'Cléan sand and,water ‘ " ‘  MCT 5

4. .Cleaﬁ §and>and CWQ . ' o . Water

5. Clean sand and DQ@ Corning " Water .

Fluid . a -
6. Clean sand and MCT 5 Water
. _ , S .

\
. A L
s . : .



7.  RESULTS AND DISCUSSION

o

7.1 Sandpack Properties

Thé'design of the“stainléss steel coreholder is .
Sﬁch thét Epé lepgth’of'a sandpack has to be determined\
after packinq as the tota;‘Iéﬁéfh of tdbe and endpiecés
Less‘thé”fixéd 1ehgth of thelendpieces.

_Léngth and diameter for both coreholders ére given

in Table 2 together with the borOSity and. the permeability

o o .

values determined initially ‘and after each cleaning pro-

o

cedurg. .
‘Runs 1 - 46 were all performed on the same sandpack.-
Tﬁe sand was thoroughly cleaned and driéd before a-change
" of the diéplaced.fluid and a.redeterﬁiﬁation of .the initial
:condipidns,fook place; The variation in porosiﬁy.value;
from th?se tests are within the effgrs'involVed in determ—«
ining the‘voLumes bf‘injectéd and ejected water.o‘The
_permeability variaéions are’aiso within the'expefimenﬁal
érror. |
The.porqsity and ﬁermeabilitydyalue for the éxperf
,'iments wiﬁh the Lugité coreholaef, runs 47 - 49, differed.
\from those obtained on ﬁhe;steel coreholder, éven thbth
-the same type of sand was use@ inlboth:cases.‘ ﬁowever,

the sand used to fill the Lucite coreholder was from a

"different shipmentAthan that used for the steel tuber A

40



TABLFE 2

CORE PROPERTIES

41

7 Diameter = 2" = 5.08 cm
all runs:
Y o . The sand was Fisher:Scientific
' S-151 -80 - 120 mesh
ren 1 — 46: ’ Length = 107.38 cm (steel)’
run 47 - 49: Length = 134.78 cm (Lucite)
’ ¢ . . Ka -
Run Porosity .| Absolute permeability Sand ‘-
# ' (%) : to water Status
. : : ‘(darcy)y .
1-20 - 37.2 16.9 new
- 21-29 37.1 ' . 16.7 - cleaned
30-46 37.3 S 17 cleaned
 47-49 40.0 . 13.78 new
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possibility existstrhat tho\vuriatjon in sand paramctaors
was caosed‘by anistributional variation within the spoc—
ified grain si;e range.

Anothef, and more likely cduse of the higher porosity
value was‘the>settlinq“problem encountered~when‘tﬁe Lucite
cofeholder was backed. 'The tube was discoloured from pre-
v1ous experiments and had to be washed with various hydro-
carbon solvents.' The chemicals attacked the inner surface
and made it roagh, and 1t was evident -that this created a
seitling_pfoblem. A looser pack would explaln the higher
value obtalned for the porosity with this coreholder.

The chemicals also removed the hard glossy surface
and made the tube vulnerable to further attack as mani-
‘fested by small amounts of dissolved plastic in the:
effluent water. Plastic particles might have caused a
vblocking of some of the available flOWpatasﬁ and this
could'explainbthe lOWerivalue obtained-for the absolute
permeability. | «

The porosity and permeability values given in
Tableﬂziare in the same_range as those ‘determined by

Kloepferlg; who performed tests with the same sSand.

7

f
\\

7.2 Displacement Tests . ’ E

' Pertinent data from the displacément'tesﬁs are given -

in Table 3. Detailed results from each run are included in
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/
Appendix B. The calcﬁiated values of the dlmenSLOnless .

grOup I are also ﬂlven in Table 3: . : : T,

v - o

<

’ . // : ‘ : ‘ . L
7.2.1 - Initial Conditions’ : - oo R

The initial water saturatlon varled between consec-
utlve runs for the three oil tvpes tested. The variations

encountered are plotted as a functlon of consecutive run
. ; I < ° o |
numbers for each oil in Figure 9.

.The CWO and the MCT 5 oi:l can be seen to eXhlbltJ'

»
l

similar trends, pnobably a reflectlon of thelr 51mllar

<
o

chemical composltron (see Chapter 5) . . Lo o

] o :

The initial’water saturation.was almost constant

l

during the Dow Cornlng runs accordlng to Flgure 9. However,

it must. ‘be mentloned that 1t was necessary to. sequentlally

'

_decrease both the amount of 011 lnjected and the 1njectlon

rate to prevent al decrease in the Value of. S< . The water

repellency of - the sillcone oil was belleved to be the

s}
cause of this phénomenon. The 1mb1b1tlon tests performed

see Appendlx A, Showed that sand saturated w;th Dow Cornlng

o ' -

fluld lmblbed less water than the two other sand—OLl
,'Systems. Water had dlfflculty "~ in enterlng‘the sand once .
a
it had been contacted by the 5111cone o0il. '

The probyems w1th the 1n1t1a1 water'saturation_are ‘

further discussed inthapter 8.
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Note that the effective permecability to oil at Swi

F(Kéi in Table 3) stayed almost oohstant For cach oil, nVoni

though the 1n1t1a1 water Saturatlon lncreased Slqnliltant—‘

o

1y durlﬁ@ the’ CWO and the MCT i runs. ”This can be takeh
. oo

as Support for the reasonlnq presented 1n Chapter 8 on the

natume of the . 1n1t1al water saturatlon andolts effept on

. ©° <

the” performancé of the tests.

The Effect of woe

o

”“Emulslflcatlon and ‘Viscous Flngeringli

Lo e k . c

0il” reoovery as a functlon of: cumulatlvooamount of |

water 1njected at low, lntermedlate and hlqh rates”for

L]

Aeach qf the 01lsemployed 1s presented 1n Flgures 10'f 12,

’

The cor-

The breakthrough p01nts are marked w1th arro';

o

:rectlon applied to the breakthfouqh p01nt for the Dow

To a

Cornrng curve in Flgure 12 is commented upon later.'5'°

>7“ The lines representlng recovery before breakthrough

:Jﬂve varylng Slopes 1n these Frgures due to the dlfferences.”

B ) <
° . . o o

‘ln the 1n1t1al water saturatlons.

The'recovery at breakthrOUqh décreased from the  low

ratebto‘the‘intermediatearate for all three oils”studied,

and it ‘was signifiCantly-higher for -the oil'with'the-lowest

o

; R - i . R S . .
vigoOsity. Theybreakthroughorecoveries for the MZT 5 and

. . N ) . . . © vy . . ’ N y N
- the bow Corning are-about the same.for the tests shown.

- . . a3’ R
R .
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The relative imp!;tanco of the producﬁion'after
breakthrough increases Qith incrcasing rates and viscosity
ratiOSvaccordinq to the CWO and MCT 5 curves in Figure 10
and 41. The Dow Corning fluid shows the saﬁe variation
‘with rate, but thc_effectbof the higher viscosity ratio
is not evident when compared with the two~rcfihery oils.

| 'Figure 12 shows 5 different’relationship between A
thebtwo refinery fractions;‘“Recovery at breakthrough is
still higher for the cwo oil,vbut more of the MCT 5 was
recovered at ahy value of cumulatiVe water injected. This
improvement ih the recover? of the MCT 5 oil was observed
in- all runs where the dispiacement rate was higher than
200 cc/ht (i.e. runs 35, 38, 43, 44 and 46). These runs
correspond to ualuee of the scaling group I larger than
0.2 inhFigure‘l4.' It is evident from“the sudden ihcrease
in the breakthrough recovery yalue observed in Figure 14,
tha{ a change in. the mechanisms controliing the displacef
ment took place for a vaiue of T between 0.2 and 0.4.

The change is believed to have been caused by the

formatlon of water—-in-oil emu151ons in the pore structure.

A 51ngle phase "slurry" was produced after breakthrough

in all these experiments. The stablllty of the emu151ons
varied, and the time requlred for the separatlon of the

two phases was anywhere from 10 minutes to 10 - lS'hours.

Lag)
T
T

52



The increased breakthrough recoveries can be explain-
ed as an interaction between two factors whioh'affect the
recovery:

i. The'yisoosity ratio between the displacihd'ﬁront

and the dlsplaced 0il decrecases since the vig-

0
cosity of an emu181on depends mainly on the vis-

cosity of the egternal‘phasezs, i.e. the oil in
‘this case. |

2. .The emu151f1catlon taklhg part at the dlsplac;
ing front leads to. a partial blocklng of paths

w1th low re51stance to flow, and thlS can be
expected to 1mprove the mlcroscoplc sweep ‘
”eff1c1ehcy.

The data shown in Figure 14 ihdioates that no furth—
er 1mprovement of breakthrough recoverles could be obtalned
once an I value of 0.8 had been reached The breakthrough
recovery at this point, 37.7% of I.O.I.P.,.ls seen to be
approximately the same as that obtaihed with a very low rate‘

figures 13 to i5 show the recovery at breakthrough

& .
versus the log’ of the scallng factor I for the three OllS

=

‘employed
. The data,from the CWO and the MCT 5 ekperiments'

have been split 1nto two groups representlng runs perform—
3 3 N
£

ed in the early stage, \where the 1n1t1al water saturation

still ‘changed raprdly’between eachuexperlment; and the



Y4

o . ol o 100 £000
T T T T . o¢
|

| n

0zZ-6 NAY ¥ : et
8-¢ NN B
v
] 1b b
L
48t
v -

¢'Gl=mi of

OMD ¥04 | SA

AY3A0D3Y : &€l -34N9I4

(4101 %) HONONHLMVINE 1V ANIAODIY



€000

ol . I'0 2100
T T T T w_
v
v -
.
9%-8¢ NNE B
hmumw NN&s ¥ JNN
, ] |
. '
{92
\ A v
S 19W H04 | SA ANIA0D3Y ‘I JHNSIS
. -~0¢
2pE = xaxow_
{pe
]

BE

HONOYHLMV3HE LV AH3A0D3Y

(d'1'0'1 %)



XD

_ MAATT .
0 o o - 100 - 2000
{ [ T g T N 2]
n

- ) ) . // H
- . . m

+ f .2
LS . _ S
& B . - <
_ P o)
. =<

(031038¥02) 62 NNB ¥ .
. 62 NN B N
v v , . n
. o | 82-1Z NNY @ ve o
. o _.ﬁ
[ ]

: o
¢ T ! D
82 5
_ 2
il = misor S
I
: R
A
O

“ONINY0D Moa 404 | SA AY3A023Y : G '34N9IS



late runs performed with cach oil, where the change in
Hwi Wit »l«\:»;:; dramat ie. The split can more or less boe
‘\(Lt__i(‘i[)n\l(“(l from Figure 9. In the case ot the CWO oal the
fivet 8 runs are secn to have &n initial waloer, saturation
less than 18.5%, where as the last 12 runs have Swi values
between 20.4% and 25.6%. Only the latter points woere
cons;ide\rbd when,'the curve in Figure 13 was drawn. The
first 8 runs with the MCT 5 had Swi values less than 244,
whereas Swi varied Between 27.7% and 33.5% for tﬁe last
9‘runs which were utilized for the drawing of the curve
in Figure 14.

The d;ta qbtained with the Dow Corning fluid,
Figure 15, could be correlated without discarding runs.
This could be expected in view of the almost.constant
value for Swi during theserexperimeats (see.Fiqure 9).

However, it was necessary to correct the breakthrough

value obtained in run 29. Breakthrough determlned as a* T

S R .
run, and this resulted in a pﬁemature breakthrough deJ
W'Very histpry“f@r'this
T f

*

termination for run 29.

value given in Table 3 is 1ndlcated together with a L




acorvected breakthrouagh val ae obtadned by congidering an
extension of the straight ine rolationship up to this

point ., Both points are plotted in Pigure 15,

) Foue
The curves from Figures 13 - 15 have been trand-
[
ferred to Figure 16 to facilitate comparisona., Figure

[
-

17 shows breakthrough data from the work of do llnan’,

Engelberts -and Ki inkm‘ll)vr‘(,2 and Colli n::] 7 plotted versus.,
the, log of the same s;,(nl'.l'] ing numboer.,
4 2
All the curves shown in Figures *16 and 17 oxhibit
the same features Lf the anomally of the MCT 5 curve, the
emulsification effect at T values larger than 0.2,\ 19
ignored. Similar curves were also obtainod by Jones-

Parra et al.16 and Newcombe et 5\1.26

for comparable
systems.

Low values of the scaling group I yielded high
[#)

breakthrough recoveries. This is-explained by the i
stability theory as the region where the peak-to-peak dis-
tdnce is léfgefﬁthan or in the same order of magnitude
as the tube aiameter. The displacing front will therefore
alwaysémove in a pistoﬁ-like fa§hion and hiqh breakthrough
recoverigs can be expected.

Bréakthrough récovery decreased with increésing I
values in an intermediate range. Tpié is attributed to

. G .

the formation of viscous fingers; Oil was bypassed and

left as "islands" ‘in the pore space behind the flood front.
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16 Recall Equatlon 4 (Chapter 2):

“and the dimensionless group I aetermined“by: L !

(f\jﬁ;= The break%@rough recovery stablllzed for . I values

Low

o o

larger than a flxed number for each system -Thls means
ﬂu‘- .
that the amount of mxl bypassed by’ the front remalned

approx1mately constant as the flnqers became more numer—

-

ous - and the dlstance betWeen the peaks decreased
“ .4
Values £6r the constant C'ln Chuoke et al.'s &

&

theory can be calculated for the systefis shown in quure

). .. . ) £

.o $%7 £ iy 2 i A
‘ . -YK ] . . . ’ ’ :

Q

LVux’;' >
w .

YV/E

. °

a combination of these two equationspyields;

- 3T .(p_/u. —1)D2 , : .
c =f—-2X | ‘ o (35),
‘ LVK . o .

> o

Ly .
The vﬁﬁue of I in Equatlonq35 must be taken . at the

p01nt where the deﬁ\_ase in the recovery at breakthrough

becomes ev1dent. A point was a551gned to each curve as

L0

indicated by the awrows in Figure 16. The C values ‘cal-’

culated are“given’in Table 4 together with the value

‘used by de\\fH—aan5 to determlne the p01nts ShOWn in Flgure

a

l 7 . . - h‘: . -~ ) B .‘ . N .
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SYSTEM

“CWO

MCT 5

Dow Corning

B

de Haan

The values. of C\
employed afe seen:to beg
Haanslto determine the
cous fingersﬁstarted to
ery data. He Fddk the
Joriginal paper_ﬁheré-th

}the best fit'between th

TABLE 4

VISC. RATIO

C
15.5 27.7
34.2 24.3
111:.4 39.4 nd .
4 & 25 30 .

J
ot
&

obtained for the three'éyst

¥ -
ems '

very close to that used‘by_de

poirrt where the forination of vi&-

influence his breakthrough recov-

value from Chuoke ét 41.154

, N )
by found that a C value of 30 gave

=Y

theory and their visual obser-

vatiorts.

Equation 35 can bé used

which the wviscous fingex

by assuming C 30 for

de Haan's papf

(s

pr and this study indicate that
to estimate the value of I at '

s

Fing phenomenon becomes significant

‘wide range of viscosity ratios.

1

7.2.3 Recovery After B

Figure 18 is® a plod

‘water-oil ratio-of appro

. )
o

s

of I.

eakthrough

t of the recovery obtained at a

ximately'six (6)

versus the log.
2 . -

The lines for

The déta‘are seen

to_be scattered.
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.
the CWO and the MCT 5 0il were drawn by discardinq-ihu
ea;ly runs as done before.' Only ﬁwo data points were -
then~left_for the MCT 5 case, s0 this linc was dashed.
‘The Dow- Corning data'poinfs were not exhibiting-any
trend.. - |

.The recovery at WOR = 6 is seen to increase with
increasing values of I for the de'experimeats. The
dashed MCT 5‘1ine’indicates the same, but sgffere from
the lack of further data poiats.

_Fiqore l9léhows the recovery af a cumulatfvev
'throughput of water of 0‘5 0.3,and 0. 4 pore volumes for
the CWO, the MCT 5 and the Dow Cornlng oil respectlvely
‘- plotted as a functlon of the log of the scallnq number I
It appears as lf the recovery obtalned at an eq*ﬂi

amount of injected water stabilized for each o0il some

time after breakthrough.

3

7.2.4 ,Applying the Theory of van Meurs and van der Poel

The follow1ng equatlons wére derlved in Chapter 3:

,Recovery at breakthrough was glven by :

_ A2 o -
pr»“ MB . . (31
where
A = {(M—l)Bs  + B
wm
M = uo/um | -
B = 1 -8 - s
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{
I

and the ricovéry after broakthronqﬁ.was determined by: .

= 8 i —- LMY - W, o~ B 4
N, wm v (2/W MW 1) . . (34)

[

A value for S__ was obtained by injecting water at
a high rate until practically no more oil was produced.
T
This was done after the last run with ecach oil, and the

values obtained can be found in Appendix A.

a) ~The CWO System .

-From Appendix A: Sor = 0.204 ©

‘Runs where viécous’fingering occurred wetre selected, -’
and the valué of S taken as the S . value in Table 3.

: wim wi .
The viscosity ratio, M, was taken as 15.5 for all runs. . ~°
The calculation of the breakthrough recovery, N is
performed in Table 5 and values obtained experimentally

v ; X .

have been entered for comparison.

. TABLE 5

CALCULATION OF RECOVERY AT BREAKTHROUGH .
' FOR THE CWO OIL '

Run _Swm B. A »pr(P.V.) Exp.(P.V.). .
10 -0.211 0.585 1.923 0.408 0.380
11 0.228 0.568 . 1.938 - 0.427 0.336
12 o017 0.579 1.929 . 0.415 . 0.366
13 . 0.233 0.563 1.942 0.432 ©0.375



) N\
‘The calculated values -are seen to depend heavily on
the values introduced for S . van Meyrs and van der Pocl

found th_at‘Swm = 0.15 gave the best fit for the data avail-

e

¢

experiments if Sor is assumed to be the same as above. A

able to them.‘ That would vyield Nbg = 0.335 for the CWO '

.value of Swm between 0.15 and 0.211 leads tg thoorbpiéal
"breakthroughs between 33.5% and 40.8% OF the pore volune.

This encompases all the breakthrough recoverics obtained

o~

in the viscous fingering region with this oil.
" The theoretical recovery after breakthrough was
calculated from Equation 34 for run 10, since'this.showed

the best fit at the breakthrough point:

Bun 10 (320 cc/hr)

wi‘ 0.451 0.648 0.874
" ExXp.-N__ - 0.403 0.458 0.482 .
’ P T ¢
Ccalc. Nb < 0.426 0-.468 0.505
A Ny 0.023. 0.010 0.023

The. theory predicts the observed behaviour surpris- .-

ingly well considering the many assumptions involved in
arriving at Equations 31 and 34.
However, the theory could not be used to predict

the behaviour .observed with the Dow Corning and the MCT 5

0il as is evident from the folloWing.

P
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b) The Dow Corning System

From Appendix Ac: S('n* : 0.47
From Table 3: S - 0.10
’ wm ,

From Table 1: M = 111.4
this vyields: B = 0.43
A = 2.619

and N = 0.143 P.V.
pb

The experimental values varied from 16.9 to 29.6% P.V.

according to Table 3.

c¢) MCT 5 - System

A\

From Appendix A: Sor = 0.147
From Table 3: Swm ~ (0.28 . o
“From Table 1: M =~ . 34.2
this yields: B = 0.573
A = 2.915
and N_, = 0.434 P.V.
pb .

<

The breakthroughs obtained experimentally were bhe~.

tween- 14.1 and 25.9% P.V. ’ N 2

~

7.2.5 Results From the Tr$n§parent Lucite Core,

Runs 47 —:49'

The Lucite coreholder and the dyed injection water

were employed to be able to visually'observe the behaviour.
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°

of the CWO system. Rum 47 was performed with clear water

to stabilize the fluid saturations.
, .

a) Run 48, Rate = 6.25 cc/hr.

No fingering was observed at this rate. Qbme clear
water was produced just ahead of the arrival of the dyed
- water at the outlet end. Approximately 10 cc of oil.wés
produced between the arrival of the dyed water at the end
. 0of the sandpack and the first appearance of céloured water
in the effluent. ’

This indicated that the error introduced by the out-
let eéffect was aroundnl.B%‘of the pore volume for the

determination of breakthrough with the CWO 0il at low rates.

b) "Run # 49, ‘ﬁ%te = 320 cc/hr.

. Numerous fingers wére formed at the eafly stage of
the fldod.‘ However, ghéy broke up and formed a"transition
zone~with a tongue along the bottom part of the tube. The
behaviour was similar to ﬁhat described by Perkins .and |

Jopnstonll.

.Clear water waé again produced, but_gkis time ovér
the whole period before breakthrough. QY
iny about 2-3 cc of additioﬁal bil was produged be-
tween the arrival of the dyed water at the outletmehd and

its appearance in the effluent. This indicated that the



error introduced by the outlet effoct was in thoe ordoe

of 0.4% P.V. for breakthrough determinations at this rate.
\ ‘ .
. 1
The dyed whater was successtully washed ont attoer the
completion of run 48. Approximately 2 pore volumes of

clear water was used before the sand was resaturated with

0il in preparation for the next run.

7.2.6 Applying Buckley - .Leverett Theory Ve

The possibility of applying the Buckley-Leverett

theory to obtain the recovery at breakthrough was suggest-

-ed. The average mobility at this point can be obtained
from:
K L
(=) (36)
p'm AAPB.T.
where
(%)m = average mobility of the fluids at
bfeakthrough
APB T = pressure drop across the core at
breakthrough
It was also mentione. that Equation 36 could be

used as a criterion to determine the reco&ery at break-
through. _ Theoretically experiments are only comparable

if (K/u)m is the same for each run. The calculations

are performed below for runs 10 - 13:
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" . X .
. tun B! “‘ APH - '[;‘-'. ‘ Y '\f(\ K / i ).m BN “ g w
(ce/hr) : . (psia) + . '%n "
) f, LS ;
i i T e
10 ) 320 , 5.0 . L8O, e
11 480 8.6 C 121 e
. K "z ‘ : )‘/\f'
12 640 11.4 121
13 960 . 13.8 1.51

Note that the following conversion is necessary to
obtain consistent units above:

. 14.7 x 107.38" :
&y = 5 X R = 0.021642 —3

Hom 60° x 20.268 AP, : A

T. PB.T.

These results indicate that the scattering in the
daté presented might have been caused by the'inability
to:obtain the same conditions for each gun\as evident from
the random changes in the average mobilities calculated

‘above.



8. FRROR SOURCHES

8.1 ®"Experimental prrors o

AN

. The mercury in the pump cylinder was subjocted to
the sta£ic head of the mercury rescrvoir when fillecd aﬁd
the static heqd of the}fluid bomb after each injection
¢ycle. The volume of injected fluid takep from the scale
on the pump will thereﬁore\be.in error due to the com-
pressibility of the meréury.- The érror was found to be
in the order of 1-4 cc}for the porosity determinations,
depending on the leVeis“of mercury. This would show up
as a magimum error invthe porosity values obtained for
runs 1 —»46 of approximately 0.2%.

The/respectivegvolumes of 0il and water in the pores
at any moment were thereaftér CELculated from volumetric
halances. The total volume ejected‘Was measured and taken
as the trge vgﬁdme injected. The possibility of a cumula-
ﬁion in the er:qf diséuésed'agove was thereby prevented.

Gravity segregation affected these tests since the
oilé>had densities different from that of the water. The
effect was reduced by rotating the coreholder 180° each-
time the injection fluid was‘changed., HQQevef, the core
could not be rotated during an experiment. The tests

performed on the transparent system indicated that grévity

segregation might be an important factor even though. it g%



has been neg‘lebted in most of the work done on horizon tal

linear displacements.

. The permeabilities calculated arersubjected to errors
ihvolVea in;éetermining the pressﬁre across the.sandpack.
The pressure drops during the determination of absolute

jpermeahilities were in thelrange.of‘2 - 3 psia, and smallh
errors”in zero-setting orVreading off the‘gauge could“.

.ea51ly explaln the ‘variation from 16.7 to l7M1 darcys
obtalned in the tests on the steel coreholder (see Table
2 Chapter 7). .

< The determlnatloh of breakthrouqh £for runs l - 46

'was 1nfluenced by the outlet end effect The magnitnde

of the error 1ntroduced was in the order of 0.4 - 1. 3% P.V.

accordlng ‘to the experlments with the transparent system.

i

/

. 8.2 The Nature.of the Initial Water

Run 48 and 49, .conducted‘with dyed injection water,

showed that some. of th%h1n4t1al water 1n the system was

mobite. Water was always produced along with the 0il at
high rates (see the tables in Appendlx B) ., but at low
‘rates no. water was proauced untll just before ggeakthrough.
< This dlfference 1n behaVLOur was probably caused by the
caplllary end’ effect, which prevented water from leaving

the core untll the exerted pressure gradient exceeded the
h Vo , ) -

caplllary pressure.

The moblle .nature dﬁ@the ggnnate water has been

¥
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!

27,28,29 !

studied by several researchers It has been shown

that connata water,‘in many cases, is banked up ahead of
the dwsplac1ng fluid, and it is this bank which actually

dlsplaces the 01128 29

K

Breakthrough detefmined as the point when water
. ‘ : i : S

reaches the outlet end differs from the actual breakthrough
of injected water when the initial water is banked-up

‘. ahead of the front. It was impossible to estimate to what

.degree this affected the breakﬁhroug racoverles obtalned._

E 3

The recovery at breakthndygh waﬁmseen to 1ncrease
with.increases';n the initial watergeaturatlons durlnq the
pfelimipery runs‘with both the CWO and the MCT 5 o0il when
the curves in Figeres ij end»i4 were.eetablished; TWO
exéranations offthis behaviour seeﬁé to be possfble{

1. 'A contact period was- necessary to bring out
effeete of the water-wet nature of the sand. Itb
..H ~6ﬁ*:§etained more and mofe_ﬁ%ter closely bounded
to fhe graihfgufféce as timefpaSsed, andblessk
s water was iéft.to»moVe and cause bnemature
breakthroughs; n
2. W/o emuls;ons were formed ln the sandpapk The
’
v water globules im the o%gtphase‘wouid be dif-
Ty flcult to\move,_and‘the increase in the initial

j water saturation will therefore pot_lead to a

greater mobility of the initial water. . o

74
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/ Emulsions could have been formed with the CWO .
0il in view of the similarity in composition
'between the two oils. However, these must have

been unstable since no emulsification was evi-

dent in the effluent during runs 1 - 20.

An equilibrium stage:would be expected if feactions
between thé saﬁd graihs and the fluids were %mpdrtant. It
is evident from figure 9 that the Swi never reached an
vequilibriumﬁlevel in the CWO and the MCT 5 runs. However,
. it had é tendency to stabilize for a few runs at érious
iévels. /7
. It might-bé_that the'vériatiOns observéd couid‘be
explained by a combination of l.and 2 mentioned ébove.

There is no db%%t about the fact‘that the greateSt_
ﬁncertainties in tHle data obtained in this Stﬁdylwere
introducéd by the Qariation of the‘lﬁitial water éaﬁﬁra—
tiong betwéen conseéuti§e runs»ahd'the mobile’natﬁré of

this water.



. . 9. CONCLUSIONS

The following conClu%iOns are made based uboh the
. i v
:xperimental data and the iisqussion presented:

1. .The initial wéter‘in an argifiéia} unconsolid-
ated core is mobile. The détermihatiqn éf
breakthfquqh as the moment water reaches the
outlet end,might‘tﬂérefore'differ from, the
value obtained if the breakﬁhrough of the injéc;—
ed water could be detected separately.

L 2. Formation‘of viscous fingers caused decreasing
' breakthrbuqh‘recovefies. fhis took biace for
values of the5scaling;factdrni betwéen'O;OOS.
. . & :
and 0% 02 with the three oiIs.étudied.

ﬁigh breakthrough recoveries were ‘obtained at

low values éf "I;._

4. . The breaﬁfhrough récévery.stabilized at>high 
byalueé 8f the sqalingofactd%w The stébilithibn‘
took place for "I values larger than:O.l with
the MCt 5 and the Dow Corning systems.‘ "I" had
to eﬁceed 0.8 iﬁ the’Case of the CWO 0il before
breéktﬁrough recoveries stabilizéd.

5. The value of the scél}nq group I at the‘point

where<viséoﬁs,fingers'will begin to fofm‘can3be

eétimaﬁed.for all three sysféms studied #§ a

value of 30 is assigned to the constant C in

- 76



i
Chuoke et a1.'s? theory. The same value was
obtained by them‘in their‘qxperimental work, and
de Haan’ used it to.succossﬁully predjcﬁ the
onset of fingering in his experiments.
Breakthroudh recoveries were drastically im~ 
proved‘When a wéfer—in—oil emulsion was forméd.
The simplified theory of.van Meurs and van der.
Poel3 m;qht deservé,more'attention. The problem
seems to be theﬁdeterminétion oﬁ reasonable val-

ues for S and S .
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10. RECOMMENDAT IONS

The following modifications of the displacement

apparatus might prove useful: éﬁ
. \ " . . '
1. Design a high pressure swivel connection so

that the coreholder can be rotated during a
‘displacement experiment. A slow rotational

movement would reduce the_observed effect of "

gravity.t‘

>

experimental work in the same area:

3.. conduct an inveStigation of the neture of the
'initiai&water.’ The effectIOﬁ the mobile char-
acter the determinatioh of breakthroughs
should be studied,. together with the effect.of
iiettlng cores "age" before they are employed
in a displacement experlment

4. Considet tbe necessity and feasibilitonf dying
either the injehted water orvthe<w§ter used to

—

establish,the ihitial saturation.



Tests should be performed with systems having
&iscosity ratios in the order of ?00 and higher
in view of the current interestliﬁ the recovery
.of ex£remely.viséous crude oils.

-The diameter of the-éoreholder should be varied

to study the effect of the canal width on the

occurrence of viscous fingers.

RN
f)»\ - ) .

wtt
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il

;effeétive permeability to‘watér‘at S

NOMENCLATURE
3 ‘

B + /B (M-1) Swm

‘dimensionlass constant

diameter of tube

fractional flow of water

LVu

v VK

, dimensionless group

absolute permegbility, émz

absolute permeability, darcy
efféctive permeability to oil at Swi

or -

perméablllty to oil at connate water
saturatlon -

permeablllty to water at re51dual oil

'saturatlon

normallzed relatlve permeablllty to 011

~at the shock saturation.

normalized relatlve permeablllty to
water at

length of tube

- Y _gos 9'/K¢

LVuwﬁ . o o

viscosity ratio
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1

shock, mobility ratio /
cumulative oil production w\H
récovery at water breakthrough
capillary pressure difference
pressure in oil phase . .
préssu;é in water phase .
water injection ratg

amount of oil flowing. through a
unit cross secticon of the formation
per unit time :

amount of water flowing through a
unit cross section of the formatlon
per unit tlme

critical water saturatlon

oil saturation

»

immobile oii saturation
water éatu%ation

initial water saturainn
immobile watef saturation
time .

total flow rate per unlt cross sectlon—

al area.

speed of propagation of Sc

w C
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darcy single-phase flow velocity
for oil

darcy single—phase flow velocity
for water ‘

L%EQE , cumulative production

distance in x-direction
X

L

Coordinate where S =1 - §
: " or

highest value of X where water occurs

“

interfacial tension
kinematic viscosity
wetting angle

critical wavelength

wavelength of maximum instability

visgosity of oil
viscosity*o? watef .
pofosity

dénsity

constant
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AND SAND



/ PROPERTILS OF FLUTINDS AND SAND

»
g ‘Tho Gasoline and 0il Labordtory, Research Council
. o
*h“’ q_ asured the following viscosities and densities

or ¢¢¢‘§d} aqﬂ the MCT 5 oils:

;;*W Ve
ViscdsityﬁTn Centistokes
- CWO | ~ MCT 5
at~ 70°F o 17.69 - 39.53
. at 100°F . 9.47 o - 19.04
l at 130°F ’ 5.93 - | 10.74
Densitieé
. CWo ... MCT %
at. 60°F 0.8618 ~ 0.8618
at .70°F o O.SSél ' 0.8581
at 100°F | 0.8474 0.8474
° API ‘ , 32.7 -i 132.7

»
.

The viécoéity data was ploﬁted on a standard'viscos—
ity—temperéture chart (A.S.T.M. D 341—43) to'obgain the l
kinematic viscosity, n, at room’ temperapures.‘ The den--
51tles, p, were plotted vs temperaturo on normal qraph
paper(,and the dynamlc viscosity at each temperature!cal—

culated»from: | .



~

Ho=n x p ‘
- v

The values are entered in Table 1, Chapter 5.

Viscosities for the Dow Corning 200 Fluid were cal-

culated from the specification charts provided by the
e . . . .

manufacturer.
The viscosity of distilled water was obtained from

Perry's "Handbook of Chemical Engineering".

R

The results ég?{;ﬂifhbibition tests after 72 hours
ol et
/h@ere asJ’bllows: e - ﬁ?ﬁﬂf*{?ﬁ
j . ) .
System : o o Imbibed;Volﬁme (cc)
i. Sand & CWO imbibing water . 0.3
2. Sand &_D*C‘imﬁibing water 0.1
3. Sand & MCT 5 imﬁibing water , ' 6.3
4. Sand &'wéter imbibing CWO ' . 0.0
‘S;” Sand & water imbibing D-C C 6.0
6. Sand & wa#er‘imbibing MCT 5 j 0.0

N

These results indicate that the three systems were water-

wet. 'However, the sand saturated with Dow Corning 200

\

Fluid, imbibed only one—third of the water amount observed

with the two refinery fractions. The water repellancy of

<

the silicone o0il prevented water “from entering to the same

degfee,

94



The residual oil saturation, Sor' and the permeabi l-

ity to water at this point, Kw“ » Were determined after
e

or

the completion .(SF the last experiment with each oil. The

following values were obtained:

Oil-type Sor (%) Kws (darcy)
br
~After run 20 CWQ 20.4 4.16
After run 29 Dow Corning 47.0 ° 2.28
After run 46 ~ MCT 5 : 14.7 3.61

;\‘f// " 4 ﬁ



APPENDIX B

DATA FROM THE DISPLACEMENT

TESTS -



977

o FUoL ¢ 68T cUgg ¢ L8¢ 9%°91 dOLS
773 369 ST BLT £°€S .5 98¢ o ¥Z°91
00°¢T WONJ SNILDELNIZN  "SYE ST u0d dOLS
S & 579 < zzI 1°25 STLLE 8¢ 1T
s1c% £rEg S vg 0°16 S 69€ 0T°60 -
A € g grce 0706 G*z9¢ 02°L0
o €8 S 9¢ 06 §°GGE $0°90
7nte <l ¢'ze 6 8t S E5E ~ 0550
FET0 £°4¥ HUEg 9°8% 0°Zs¢ 0€ "0
TUEE 1°L€ 0°692 Sh ¢
L1oE £°p¢ 0°6v¢ Sy e
LS 8°8¢ 0°602 S¥ 0z
£°¢2 1°9¢ 0°68T Sh 6l
6°¢1 8L 0°62T SH°9T
boeT 0°ST 0°6GT Sh 6T
011 £°21 A Syl
¢ <6 0°69 . ShET
ars §°9 0°6b SbeT
s 6°¢ 0°82 S 1T
71 po1 0°0T 05°0T
: 02707 IN¥VLS
(*A°d %) (99) (*d°I°0°1 %) (00) (1s4) ("SIE)
"a0¥d TYIOL  td0dd ¥ILYM 110 *qo¥d 110 do¥a
ZATISRTIARAD EAIIYIAKND  FAILVINWAD  IAIIVIAWAD  IWASSTMd  JWIL
A
10 ™ . avg f
"T1T = ¥ ‘%07 = g ‘ay/o00 07 =0 ‘bH.wO 6°0L = d de 89 =L

T8 N WOM4 ¥IVA LSUL INIWIOVIASIA ’

: . T-9 g1svy



9N

d :

SR 1L 0°5v¢ $'€S T8¢ 0 50°GT
S £r gL 0° 122 7°Es 0°6LE 70 0€"bT \
P 5°¢e9 0061 9°¢S 0°GLE F°0 0v el
T CUL9 0°2L1 £°25 SrzLe 70 0T°€T

. o ‘ pZ 21 IMYLSTA  ‘dOLS
-z 17°¢e9 RRA-AE §°16 0°89¢ b0 0¢°¢1
PERD 3723 S LTT TS _0°59¢ Sp°0 0S°TT
e 1785 ST 0TT L°0S $19¢ Sy 0 0 1T
St crce 0°t6 1°06 0°LG¢E Sp°0 05°0T
S 5°2¢ 0°8L prev 0°25s€ S0 0Z°0T .
o F°CS 0°19 8" 8 0°8¥E 9°0 05°6
1207 €LY ©0°9%¥ 1°8¥ 0°€pe 9°0 02°6
1377 £°St 0° 1€ €LY 0°LEE 9°0 05°8
£ LzE - 0°8T z 9% 0°62€ L0 - 02°8
AN Foy S'9 1°SY o 6Tt 8°0 06°L

‘ z°1 ST'0 -
€00 IYVYLS

SIIE ("A"d %) (02) ¢ ("d°I°0°I %) (00) (1sd) (*SIH)
1IC ‘godd TYIOL  °dodd ¥dalvMm  TIO "qodd 110 _  dC¥d
2IIVM IATIVIAKDD IATIVIOWND  AAIIVIOWND  AAIIVIOWND  JWNSSIYd  JWIL
fazep 90T = Oy ‘sgzT = Mg+ vay/oo oy =0 ‘BHWOLIOL = 0d 'de 99 =1

7§ NN¥ WOHd VYIVd ISIL INIWIOVIASIA

Z -9 31avy o : .



-

\BLE B-

i

[aal

DISPLACEMENT TZST

- . o 99

i, -
. LY Y et
t) IR RS . .
LY EOr iy TN T e
i 1O ey . N )
o '-‘:. ;»r DRICE IR SRS ST AR Y S VR BV
[}
i
o) o
[ N '
- RS
O s
i [ ¢ S . )
l:ﬂ‘:' N E D ) € 0 Y T 6T (L e ) O
A 1 . AT T T PO <)
) »ki.)n. MDY O I T ) ) e 4 O <P UYL Y 9 1)
R4 VI g [T BEAANR Ao NEAS N £ N 3 0 2 I e VAN Ta T e
Lo .
~ I I '
I3 Cryee .
l" \
W .t i
o fr1 O ,
] SO ~
b4 XS o
cod £ Q0 —~
K3 o 13 LD OO O U D
w »101() D
1D f1] ~ D =r OO Moy D W
R [ A IV B VRN e
) e
(G4
-
. )
o —
>~ €8] . .
O e (o . -
[®] 4 . ’
4 bd WM P N s N O o [salVa T T s
o L ord . L T
vl O QN MINW DO ORND NN O i ,
o~ o halio i e S BRI e R Ve R e R T e)
b b -
Il 1 O -w - g
—
(@]
[y .
> Q
. - O
w uw [¥e] W
o £ m Sneecanesegguny
= 5‘L() D~ IS~ M O N T~ Oy M O oy
592 O NOANMMME O
5 S e NN ANYTM LT MM MMM M ™
e
eNe} I o
N - ] o
O N N
~
n &3 v
DT
v nod
(3] U)D:Q : .
om Qe
ol . - » )
Ll‘ ~
. S
o~ — r\moooooooooooopo
Fxy %J . MNOMO MO ~4MOMOOOO O
o ) L e _
— - I\PCDCDOWG\OODHHNMQ‘LD\O s
© < ] o] O OO OO -
\D S
& =
(s A - R
I L O z
B -
- w ~



]
o
—

- . ”
. ) ¢
¢ /;a ~ ~ : M
2
$°g 0°282. 1 5°5g I (R OX- ~ L£°ST  dods
. 00°¢ 0°TLZ 7°SS 0°69¢ 1°1 GE°GT
00°L .0TEVe 9°%S 0°59¢ z°T 02°ST —
SL°S 6°0L . 0°GTZ QS 0°19¢ Z°1 LO"ST
o L9°G 6°59 S08T - . “¥es 0°6S¢ . 05°bT
0Ty 0°19 $°9%1 A 0°6VE AN 0€ %1
brE “6°LS .59 S 1§ 0°phe b1 02°¥T.
9z ] G ZS 6°26 00§ 0°pee v 20°51 .
oy bert 1°8Y 699 S8y 0 pTE S'T L€l
' 020 -8y . 070§ . 0°L¥ Q1€ . 9°1 GEET
o 8L . b6 0°€9 . 0°% 62 1T
\ = L T SS 0T IMVIS
. “ I} V- , w.u . ‘A,.ﬂ
© . OILvY N'Atd %) - (09) c(rarTtCtI %) . (99) (xsd)  ("STH). |
© 710 *ao¥d TYIOL ta0¥d ¥ILYM 1110 . . "Q0¥d TIO0 aoua 3 ,
MEIYM  JAILVIOWND JATIVIOWAD - FAILVIAKAD  HATLVIOWAD | MNSSTEd  JNIL
T - : _ - : 1eg Ey
- ADI®P 8°0T uhox 'sL0LT = Em fay/oo o1 =0 wmm we yroL = -d ‘do L9 =1

® b #°NNY WO¥d YIVA ISAL INIWIOVIASIA

s .

) . . . T s mﬁm@.ﬁn . _,
y . . E - ) . A . .



101°

.

o -
Sy
—
[ee]
O
N
~
.
Tg]
<t
o

Y

0°Z6¢t

d0lLs

Aoxep 0°TT n.whx "$Y4aLT = TS

© S -g 3TEVYL

S # NNY WO¥d ¥IYA ISd)L INIWIADVIASIA °

9°86 . )
CpU0T 6768 - L°8g€ S 8¢ S°T6€ 7T ST°ST
00°0T v'98 Lezte T1°85 " 0°68¢ 21 LO"ST
6C°8 L°18 LLLT 9°Lg G'68¢ £€°1 SS*p1
Szl L*LL L 8¥C T°LS 0°2Z8¢ B Sty
br°9 . 9°¢L L°612 $°9g < 0°8LE V1 SEPT
0T°S | S*69 . L06T . 8766 S ELE ST ST v1 -~
LT ¥ LG9 . . m.xmﬂ 1°66 G89¢ S°T ST v1T’ A
- ‘ v diNd NO ¥AANITAD MAN DNISA IMVISIY 90°pT
18°T9 S LTeET Z°vS §°z9¢ 1 96 °£T
996" _ C°90T 8°CS Ry 8" T SheeT
L°2S zUes S°TS STyhE 6T 9¢€ "€ T-
0°0s - | 2°89 b*0S S LEE 0°2 87°€1
C9°9% , z°0s , " 0'6% 0°82¢ T°¢ " Tzrer
R 3/ S AY 1> T 087 g 0°TCE 2°¢ 9T°€1
6768 2'1z . £°Gh 0°€0¢ 92 SO0‘€ET
LUl - LreT L €Y S'Z6¢C L°2_ 00°€T
L°GE L°L kA § 782 6°C.  S5°ZT
1°%¢ Le . - 6°0¥ S"ELT 0°¢ 0621
z-og L°0 S°9¢ S hhe £°¢ 02T -
.9l - . 9°¢€¢ S yze S°¢ SETT .
6°€2 ‘ - * 062 0°¥6T 8°¢ L2°Z1
) o z°9 S1°21
. ) : 2L S 1T - -
. . 8°L ser1tr
. SZ°TT I¥vis
0ILVY (*A*d &) . (00) (*d°1°0°1 %) (00) (1sd) (*say) -
1I0 "aodd TYIOL.  *Q0¥d YILWM ©1TI0 *aodd 110 do8a :
HALVM © GAILVINWAD | FAILVIOWAD  EALLVIAWND  SATLYINWAD o TWNSSmd IWIL
© B ‘Iy/00 9oz =0 YBH wd 9° 0L ummm 'do 89 = I



162

c .

7
J. o AN
~ , .
O\ . c
. m.wm,_. | 9°p2T  °  T'€S . S ese E . dois”
2°9 - 9788 T 97721 1°€S - GEGE 1°0 00°T2
8¢ 7796 \ ©T1TLO0T A 0°15¢€ 1°0 90°0Z . .
6% 1°¢S - Tvs 125 Co0tLwe 1°0 Sy 81
g £ 0S. . 9°h9 R S 0°EVE T SETLT
g€ §T8% . 1°6S < TS 0°TvE 1°0 0°LT
=i yroy 170+ 905 . 0rLeg Ol 00°91
0b L LUEY © 57712 0°0§ . 0-€€g 1°0 00,61
cere: S A4 A 9°€T L6y~ . 0°T€€ A 0€"¥T
et 1T C9°g £°6% . Srgce A 00°¥T
10°0 6'6€ 1°0 98¢ ‘ 0'¥2€ 70 0€°€T
itge . T L 0°v1€ 70 00°€T -
¥6e . . £-9¢ N 4 44 S°Q ST 60 ¥/91
. o : - T 0271z I¥VIS
SRMALH H (*A"d 3) - (09) (*d°1°0°I %) (09) (1sd) (*SXZH)
TIO © "A0¥d TYIOL  "Qo¥d YEIvM 110 *go¥d 110 doud :

2

"mm943. JATLVIOWND JAILYINWND JAILVYINWND JATILYIOWAD  JHNSSTUd mEHBy

. ’ . . 10 - '
x~wo.mﬂ u.mzm A~u:\woomv.uo \mm,EUmo>u mm *momm

10

T

Adiep §°0%
. o 9 # NN WO¥d VIVA LSFL INZWIOVIASIA - .

g -4 TTdVL



103

’\ .

£€°9 L*0L . G°S6T L°95 S°8LE doiLs
S$°9 . 0°89 S°9LT £°99 G"GLE 0% 8T
9y 7279 S°LET p°SS S 69¢ T0°8T
9°% 9°8S 0°2T1 ~ . S'¥S 0°79¢€ 9€°L1
0%€ LTS . "0°99 ¢ . 0°€S 0" PS¢ 8V 9T
5z S°0S S'8S . . L°TS G 1S¢ 0% 9T
v z 9% S'EE . 2°1s S 1ve 9°0 0T1°91
26°0 A 61 - L6F Gr1eE 9°0 06°ST
GG 0 v 0¥ S°8 : 6°LY S 61¢ 8°0 0€°61
vT°0 £°8¢ s'z - 79 S 80¢ 0°1 LT1°6T
8°6¢ '9°€¥ 1 0°T6C 0°T 6S°¥1
6°€¢ A § 2R 0°6LZ 0°T SP pT
S 0¢ TULE 0°8¥2 T°T . Lz vl ,
< 87 0T IMVIS
0ILVd (‘n°d %) (02) . ("d°I1I°0°I %) (00) - (1sd) (*SIH)
T30 *go¥dd  TYLOL ‘aodd JdILYM TIO . “qodd TI0 - d0oy¥da
¥alLyM JATILVINNND JAIILVINWND - JATLYTINWND IAILYINNGD TINSSTIJ dAWIL

Aoxep L°0T =

10, .
T O T%8° LT

o »
=8 - CE\UU oL =

0

‘b WO ‘TQL =.

L # NOQY WOMd WIVd -LSAL Bzmzmoﬁ&mHD

L-9 JT9VYL

°

aeg

d

‘do 89 =&



104

. . G
/
. S
0T°¢L S TUSL 9°gee 1°8S -/ 6°98¢ , dOdS
SZ°9 T°0L : T°88T ¥°LS / 6°08€ 0'T  sl-zz
0°S 5799 T°€9T° 895 \\ 6°9LE 0°1T 0022
SZ'y 7 8°29 © T'8ET T - 0°9S / 6°TLE 0°T SY° 12
6€°€ b 85 _ T°%0T - L'ss /) 6°69¢ 1 TR 40
8°C - 8125 9°€L- - p'es /- 6rpse _ S0°12
£€8°1 06V, 118 AT - 6°9%¢€ . 05702 ,//r\\
LO°T 8Py . T°62 - v°0S, . . 6-pee , SET0T :
79°0° 0°T¥ T°€T 28y 6°61€ 0Z°0Z
87°0 1°8¢ 1'% 0°9%  p-s0gf ” 60°0C
20°0 1°9¢ . 970 vy _6°267 . © 00702
R A4 . : 96t - 0°€92 . SB261
- 862 ' ) _ . pUog ~0°zve - ‘ SE°6T
TTULe -~ L R 33 0°122 : LT 61
) . oo ; N 4 0v'LT
o . PELT L¥YLS
OILVY ("A*d %) (02) (*d"1°0°I %) (00) (1sd)  (*SIH) ‘
TI0 ‘ao¥d IVIoL  aoud THIVM TIC . -do¥d TIO0 doua . .
4ILYM FAIIVINWAD AAIIVIONAD - EATIVIAWND  FAIIVIOWAD  THASSIMd AWIL ,
1O - o TIM , : co ted. ., - o
Adzep L'0T =" ) umw\mﬂ = g fay/oo 0CT =0 wmm wo [L°69 =. d do 69 = L
° - 7 B4 NO¥ WO¥d VIVA. ISP INIWIOYTASIA ,

8 -€ J1dvy - o



195

N v

- |

0L - 9°GL 0°2€2 176G, R R 413 S60°¢T dOLS .
L9°9 9'€L 0°812 8°8G .. 0to8E S°6 . LO'VI B
05°s 0°89 4 0°8LT 6°LS . 0°pLE . 50"V T

LL*v . zUe9 . o 0°GYT L 0tLs 0°89¢€ CE0t T

L0"¥ 9'88 - . 0°pTT 0796 . ¢19¢ . : T0°%T

1T°¢ zUvs 1 S8 S 6°FS S st _ . 6S°ET

I6°1T . 9°6% SULS. SUES ] 4 _ SLGTET

0¢°1T CLTSY . 6t9¢ 8°1§ “ S pee , 96 €T

LY0 9Ty S°8T SU6b ' SU6TE R A SG°€T

9170 z°LE : 0°L LS ‘ 0°662 - £€6°€T

200 - 0'pe S'¢g (A4 stz o o TSUET

Z20°0 ~  * prog ¢ 0°€ i 8LE 0 vyT - 6V €T

2070 1 8°9¢ 4 pree S°sTz - 0% L¥°gT

10°0 8'ze 0°¢ £°82 0°€8T 8797 -SPUET

. . : 0°0¢ v ET -
’ ) 9E"ET IMVIS

OILVY | (°A’d %) - (99) (*d°I*0°'I %) (00) - (tsd) (*sIK)

TI0 "ao¥d IVIOL  ‘a0o¥dd ¥IALVM - TIC £aodd 110 dcuada

GILYM JATIVIAWND JATLVIOWND CIAIIVIAWND JATLVYIOWND INSSTId - IWIL

L : « e ' N 10 . .
% gv0z= ™5 rau/oo 0211 = 0 Br wo 169 = 85 i, g9

6 # NO¥ WOMd VIVA ISII HzmzmomummHo,

I

1
]

Aoxep 6°0T1

6-9 ITEVL



106

Y

L9°0T L8 8°LTE 19 L T6€ doLs
L6 608 87692 709 - Z°L8E AR A1
0L €°9L 8'5ee 6765 L €8¢ LY yT
62°9 I~ 8861 165 L8LE §'T eyl
€67 -~ 899 89S T 0°8S L TLE 8¢ Tyl
\\\NNMM\\\\wY L 65 €021 ® 6795 L v9¢€ : AN A
622 © 075§ €£°16 G*GS L*SGE LO" BT
56T © o TT0S. €99 L°€S A 3 43 S'E 00°9T |
111 sy - . 8°8E 1°1S zTLee ¢SUET
A 1°0¥ 8 LT " 1789 z'80¢. S'% - SpUeT
900 9°g¢g 89 T'vp 7782 BE €T
20°0 - S'1¢g 8" v T 6€ ( st €€ €T
20'0 ¢ gLz Al 0°vE 8°LTT 82 €T
£0°0 X4 S'¢ 0762 §°68T ’ 2T el
20°0 8 0z 0°€ 6°5¢ 0°99T 9°9  8I'ET -
. .o = o 8v°2T LdVIS
orzvd  (*atd %) . (09) ¥ (-d'I'0°Ie) (09) (1sd),  ("sig)
110 "qo¥d TVIOL ~ "Q0¥d YAIWM TIO “qo¥d IO doyda _
¥ELVM  EATIVIOWND  FATIVIOWND  FAILVIOWAD - HAIIVIOWAD  RUASSTHd  HWIL
Roxep g+0T = ‘UM ‘sT1°Tz =*'"'s  ‘ay/oo 0z = ‘BH WO T'0L=""0d 'do 89 =1

-

0T-9 d719VL
. -~

QHW NOY WOdd ViIVAd LSHL LNIWIDVIASIA



107

Aoaep g QT .'=

rTT# NNY WOYd YIVA LSFL LNIWIOVTdSId

T1-9 479vd

‘ \
’ N
SZ°8 L 6L Y 0°692 £°09 2°8LE G*¢ 92'7Z7 4d0is
68°L" voLL AT 0°09 ALV 6°€ 8T 22
L9°9 Szl 0°LTzZ €65 L 1Le 0¥ P72
26°S 8°99 0°LLT £°86 L°G9¢ Z'h 8022
SL'Y L°19 SUTET poLS L"6G¢E 8 £0°22
90°¢€ 1°96 G €0T 1°96 L T1S€ 0°S 85°1z
89°T 9°1g 0°9L . L*%S L Zye 9°G 52S° 1z
00°T 0°9% S*LY 0°2S L°GZ€ Z°9 SLy Iz -
£5°0 L0V 0792 S°8¥ Z°v0¢ bl ST T2
8170 8°¥E 5°6 9 € Z €L . 6€°12
$0°0 gze 0°L £°1v 2°65¢ 9°8 €12
Z0'0 b 82 L*S 6°G€ s'see 26 ze 1T
z0°0 6°G2 1°s 0°z¢ 5002 0°0T 62712
20°0 7722 Sy 0°82 S°GLT 0°21 02 °1¢
- €0°TZ INYIS
’ L . . : S
0IIVd (‘Ad 8) (099 (*d°I°0°I %) (02) (tsd)  (°sIH)
“TI0 . °"00¥d TYIOL  'ao¥d ¥AIYM TI0 *aoy¥d 110 d04da
YILYM ANILVIOWND IATIVINNAD  FAIIVINWAD FAIIVIAOWAD  TASSTId © FWIL
Oy r3g7z = s 24 /90 08 By wo 0°0L = g “Mo 89 = 1



108

te L 9°GL. ’ 6°72¢ 9°19 Frie6t 0°G ¢€°¢T - d0LS
£8°¢ $°69 6°8LT 9709 yS8¢ pS 871
1e°¢ - vTy9 6 EVT. L°6G br6LE 8°S X AEA
om\& b 6S b 60T L*8S 6°CLE 0°9 0¢°21
£z Z°%S - P18 G'9g - . 6:86G¢E .99 9121
0e° 1 ! £ 6¥ F ES 9°¥%S , 6°9¥%¢ L StL A NAN

Ly G 9'€d vrL AL © 6°9¢¢ 9°8 80.2T °
80 8¢ P ET L9V - 1°L6C 9°6 S0°¢t
~—60"C b ye . 6 (AN 9°9LT 0°0T  €0°¢T
10°0 0°¢t ¢t £ob §°95¢ Po1T 00721
6°¢ - ST LT L2 8 Ve 0°12T A 96 1T »

2o o brze "¢ ‘ 2°8¢ S 6LT AR A Z6° 11
10°0 97 LT B §'1 €22 S THT §°GT 05°TT
, : 0°LT 91T

. 9€°TT I¥YIS
01 (*A*d %) (00) - f/%m.H.o.H 3y . (09) (1sd)  ("SIH)
110 *@o¥d TYIOL  d0dd ¥ALVM 110 *qoyd 110 doNd .
dIoyy  FAILAYIAWAD FATIVIONND FAILVIAWAD  FAIIYINWND  JNSSRId  FWIL

oy ;
. T8 ™ o iR . xed . L
Aogzep g'0T = " ¥ '$L°TC¢ = °° S ‘1y/o0 DE9 =0  'BH w869 =" "d  ‘do 89 =1
. <t ZT# -NOY WONd VIV LSIL INIWIDOVIASIA
e

Z1-8 a1evl_ .



109

. N o
z . ] LN N
00°9 Ty 6°LLT 6°8¢ So0tL9e | doLs
09°S 5°€9 6°€ST 286 0°€9€  z'g  pETe
0S¥ 265 o eUseT poLS 0°85¢€ s'8 ze'1e
69°€ $*SS 6" 86 5*95 0°zsE 8°8  0€£°1¢
0¢°7 boeras 6°hL Al S SpE £°6 8212
EEae! S Ly NI 8¢ 5°S€E 0°0T 9271z
68°0 brer v ot L'1s 0°zze 8°0T  ¥Z'T¢
L2°¢ €68 6" b1 6°8% S b0 0°2T  Iz-ie
800 €t 6°L L% osteLT - §°€1 _0Z°Tz
e ot L*9 €72 g ST vl el
220 £°1¢ €9 L*6E S*Lve PIST  8T°T2
€270 2762 0°9 T 0°1€¢ 0°9T  LT1°T¢
€0°0 s 9°S STTE N U96T P81 ST'TC

00°TC JAUVLS

U

0ILvY ("A°d %) (09) (*d"I'0°T1 %) (09) (1sd)  (°s3H)
1I0 - °do¥d TYIOL  *doud ¥dAIVM 110 ‘-ao¥d 110 do¥a
YILYM IAIIVIOADD * AALLVIOWOD,  SAILVIOWND  IATIVIOWND — MNSSTd  AWIL

. To 1O .
£212D g°0T. = ' ‘s grgg= 'S ‘ay/o0 096 = O  ‘BH wo o9 = 1°%4 iy, ggo=

€T #.NOYd WOMJ VIVA LSIL LNAWIOVIASIA

€1 -4 378Vl



110

o o ‘ ’

.

6 bt

G'6 196 8211 . L°SS dolLs q
80°¢ 8 %S £°€0T 9°G¢ 6°ThE ) GO'€T.
682 T1°S¥ A G €S 6°8C¢ 0£°00 ¥/92
L9°€ 62V S 7N L°2S A A S 2E°T1C
02 1% £°€T s B ARYAS bE 6T .
0°v po6g - €€ . b 1s P 9T1¢ : 00°LT"
Ct'o T°6¢€ €1 e TS 6°GT¢ IR 9291
£0°0 L°8€ £°0 018 . L ETE . 86T
S LE S'6¥ . S p0E ST vl
6°GE veLY G'16¢ ST°2T
g €g 9°bd S'vLe 8V 6,
1°2¢ A 0°19¢ R ov L v/4aC
. , : .,// 00T JIYVLS
1 N ’ 4
0IIWY ("A"d %) (92) (*d"I°0°L %) - (99) (1sd) ("S2H)
TI0 *do¥d TY1ol "qo¥d ¥ILYM - 110 *qoyd TI0 aQua
HILY JAILIYIONND FATILVIOWAD — SATLVIOWAD - FAILYIONAD NSSTYd  AWIL
Aoxep 6°0T = "M ‘s$z°pz = 'S ‘ay/od gz9 = O- ‘Bl wo 769 N e 1, oL =1
. » i * “
PT# NOY WOMJ YIVA 4LSFL INIWIOVIASIA \ s

VT -g 37993

- “



111

9°LS

9°55¢

TLUF 6°€9 LoE9T dodLs
F7€ 0°66 L°O0ET . 696 9°8¥%¢ €T VI
rete Z°LS z°611 6°GS 123 AR At
€5 8°¥S L°Z0T b'GS 1-2ve AR
3¢ 0°€§ Z°16 675 6°8€¢€ STT %1
LE°7 7°16 z°08 bps . 6°GEE “TT°v1
T1¢ beb 2°69 8°€S AN A SOT' VT
£€°7 9°LY 7°8% z°€5 L°8CE 0T %1
=711 6 €Y . ZLE 816 ©LUeTE 60" V1
£:°0 b 8¢ €T b8y L°862 GLO' VT
£ 9°9¢ L"8 L°9% '2°88¢ L0V T
SEoRll L V€ b9 9°pyp S'SLT S90° VT
I20 8¢ 9°G £ v G192 90 %1
700 6°0€ £°5 8 6¢ 0°9¥¢ SS0° VI
0670 7782 8y £°9¢ 0°v2e SHO VT
600 €79z 9°% 6°€¢ 0°602 ST90vT
CE00 Fpe Py pele 0°76T GLED BT
700 512 L€ LLe 0°TLT €0°pT
oo g§°LT z°¢ 6°C2 RREA AR A
e A ¢ T°8T § AT \ T0°PT
- 0Ly 65°€1
&» , GG €T  IMVYLS
CIoWY (*A*d %) (09) (*d°I°0°I %) (00) (1sd) (*SIH)
1I ‘qodd TYIOoL "qodd J§aLvM 1I0 *qo¥d 'TI0 doya

EIIYM IATIVIANOD AATIVIANAD FATIIVIAKWAD  HAILVIOKAD  TWASSTdd  JRIL

Aoxes pr= M 's0tpz = S 'a4/20 0zLT =0 ‘P wog-oL T i, 89 =1

ST# NX WOYd ¢H<D LS3L -LNIWIOVIASId

6T -9 dTHYL



. 3

TUE £°06 b obe b*29 0°L8¢€ G*'6T dOIS

Dol #°S8 b 0T€ L°19 ‘ 0°g8¢ . G°81

UL <08 b SLT 6°09 0v8L¢ S LT
3t crcL b Ope 1°09 0D ELE G'91
i1t 9°0¢L 7902 765 0°L9¢€ ' G°GT
A <9 6°2LT 1°86 S 09€ 0°02 S pT

DU g°C9 6°6€T 0°LS G E6e G g -

<t §°6¢ 6°L0T L*SS G GhE 621

oot . 8r0¢ v 9L - Z°¥S S 9¢¢g G 11
50T 6°St 79y 9°2¢ G°9¢¢ . 0°¥¢ S 0T
FLTC 6°0% I YA 1708 0°TTE S'6

e <8¢ 6°21 o £8Y G662 0°6
R 6°GE 6°9 . 6°Gh S'$8Z G'8
16°¢C breg by ) 0°€¥ 0° .92 0°8
Tl 8 0¢ z°v L*6€ 0'9vz . ° S L
z00 £°82 0¥ p-9¢ £ 0°92¢ 0°LE 0°L

, 0°29 o'¢g *°

oIIE (*A°d %) (02) (*d*'I'0°1I %) (00) ¢ (tsd)  (“utw)
TI0- "a0o¥d IYI0L  “00d¥d JYALVM .. 1110 *go¥d 110 coya
EIIWM IATIYIARND FAIIVIAKND FAILVIAWND  FAILYINWND  JANSSTEd  IWIL
Czen 90T = Hox ‘29°'¢7 = H;.m '1y/00 02€C = O ~mm wo 9L = u,mmm ; "do 89 =1

9T# NO¥ WO¥J YIVA ISZL LNIWIDVIASIA

91-9 d14YL

—

N



113

J M -
Tt £rct $'67 2°6S 00" LbE ©0T°zT 4ol
iz pl 97 8796 0"ppe . 00°0T
e GtTE $°0 L°€S STLEE 00°10 /92
e G 2S 0°0£€ . So0etzz
TR 1716 0°12¢ , 2€°81
LLt L8t 0°90¢ . 0V €1
Pt 1°Lb 0962 S0°0T &/s2
I £°6¢ 0°LbZ "00°YT  S/be
. €521 IMVIS.
) , ’
JIlwE (*a°d =) (29) (*d°I°0°I %) (00) (1tsd) (*SIH)
Iz "OC¥4 TYIOL "COo¥d YaALVM 110 *ao¥d 110 aoua
SIIYM IRSA-wteiisle IAIIYIAWND m>Hp<QDJDu AATLYIOWAD  RUNSSAYd | AWIL
| ,
. j¢s] R ™ . i ; - _ xed ' _
“CXTno L'C0T = Ty 39722 = g ‘1y/o00 5 =0 by wo (Y0L = d do 89 =g

-

LT= NO¥ WOYJ YIVA 1S3l LNIWIDVYIdSIa:

LT -8 J74vL '



114°®

8T-9 ITIVYL

N

INIWAOVIASIA

- »
. LY
5 )
o , . A .
ST1°0 9T « 970 2°vs ©o0vLge S¥'LEF dOLS
0'T¥ 9°€G - 0°g€¢€ Sy 9T
) . ’ 02791
‘Y . : ° 0v ST
. 0€" vl S/6C
B} o0 : 0T°€T IMVLS
o1Iwg- (*A™d %) (99) (*d°1°0°I % (99) .. (tsd)  (°SIH)
TI0  'Q0¥d TYIOL - *Q0¥d WALYM 710 *qodd “110 ~d0¥a o
WILYM ©  EAIIVIONND o FAIIVIOWAD  EAILVIOKAD| FAILVIOWAD — FMASSDd  FWIL
w v o K . . . k, nJ ‘
~ Zoxep 8°0T = Hox ‘$ STEC = s iay/oo Szv9 = O ‘bH wo £°0L = T8y e 89 =1
8T # NNY WOYdA YIVYd LSTL



115

a
° ®
Zy ¢ G*2Z9 LSy 0°66 0°29§ dols
007 668 . L €25 G 0z¢ LE*0Z
G070 H.mma ‘C0 LTS 0°LT1E GZ°02
: S '8¢ 0TS 0°€T¢ , « o LTT0T .
. 9°9¢t G*'8% - ¢'Lez 0661 4
L pE 9 9% 0°78¢ GZ°61
z ze- N4 S*19¢ 0581
8°0¢ 8 0¥ 0°0S2 0€°8T
07°TT  I¥VIS
OILvY (*Atd %) (00) (*d"I°0°I % (09) (Tsd) (*SIH)
110" *Qo¥d TYIOL  "Q0¥d YIIVM 110 *acyd 110 doua :
MALYM FATLVIANAD GAIIVIOWND  FAILVIOWGD |  FAIIVIOWAD — FWASSTd AWIL
Kozep 0°TT = 'Oy ‘35°9Z = Mg ‘I4/90. SE =D ‘BH WO §TOL =" d  ‘do 0L =1
| _ 6T# NOM WO¥d YIVA LSHUL|INIWAOVIASIA

-

67 -9 JTdVL

N




116

G Z1T

£8°6 8°6TS 0°69 2 v6€ dolLs
0°6" S VOT L 8°09% 0°¥9 z°88¢ 8°2¢ 0°6T
L9°6 8°00T g8 cey -G°g9 - Z°68¢ 2 €2 S ¥l
0°6 "6°96 8 0¥ 0°€9 2°78¢ L €2 0°bT
0°8 AR 8°bLE S'2Z9 2°6LE T T1°¥T S GUET
6L L £°68 8 6b¢ 6°T19 L SLE L 92 0°€T
05~9 8°68 T°%2¢ 719 . breLe 0°Ge A
0%°9 1°28 17862 °L*09 v 89¢ 952 0zt
L9°S z°8L- 910L2 0709 T°v9¢€ 2°92 S°T1
£%°S . SUhL . I's¥e £°6§ 9°6G¢ 0°L2 0°TT
0°s L°0L 9°612 S*8G - 6°9S¢E 9°L2 S 0T
GG .. 0°L9 9°¥6T LS 6°6V¢ z°8¢ 0°0T
0°% £°¢€9 9°691 8°96 443 0°62 S6
€6°¢ 965 9°S¥1 8°SS | vreee 0°0¢ 076
1€°¢ ° 6°GS 9°12T 8°¥6G £rzee 0°1¢€ G*8
7S¢ 1°2S- 8°L6 grgGe 1°62¢€ z°2¢ 0°8
LE " v 8y 8 VL $*ZS 9°81¢ e G €€ G°L
781 9°¥¥. 0°€S 0°TS b 60¢ ., 0°6¢ 0°L
601 8 0% 0°€¢€ Ay b 862 RS 9
Py "0 0°LE ( 8'91 L*9¥ 9'£82 S 0¥ 09
90°0 7€t . €L - AR 1°29¢ 0°S¥k G*g )
20°0 £°6C 9°g 2°8¢ T°2€ T°16 . 0°g
200 9°6Z | 0§ pree L zoz 578§ S ¥
£€0°0 S 1z £y - 1°82 L°OLT 0°%9 0°b
: S > 0°9¢ 0°¢
. : 0°88 0°¢
. o \ : .
0IIWY (*A*d 8) (09) (*d°I1°0°I.%) ::xWov -(1sd) (*UtW)
110 ~ao¥d TYLOL  "dodd ¥ALYM 110 *ao¥d 110 doya
ALYM FAILVIAWND L FATIVINWND  HAIIVIOWND | FATLVIAWAD  AMASSTId  FWIL
Kozep (0T = '°% ‘s€'se = s sausoo 0zse=p ‘B wo L769 = %84 iz 1, =1

0Z# NN WO¥d YIVA ISAL

v . 0T -9 37dvg

HzmzmomqmmHo

<



117

05°8 1°59 6°8€C €6€ " 2°L8C dols
0Z'L 6°€9 7°0€C Z°6¢ 298¢ 8°¢ 75°2¢
S9°9 b°19 vzie 6°8€ . L€8T 6°€ vz
Ly'S 7°86 8°681 b 8€ €082 0% 9€°2¢
08 ¥ L°¥S . £°997 8°LE 0°9LT €% YA
SL*¥ Z° 1% £€°2%1 T1°L€. 0Tkt Sy §1°2¢
L€ €°8¥ €£°€21 _9t9t 0192 8% L0°22
€Ev'e A 2N £°L6 9°G¢ 0°09¢ T°§ €612
GE€°Z A} £ eL L vE 0°€6¢ LS AN T4 ’
L9°1 0°G¢g 8 7y 6°CE 0°0b2 9°9 GT°TC
Gz 1 0°€¢g ) g-z¢ 12¢e 0°bee A 6112
160 8°0¢ 8°¢¢ . .0'T¢E T 0922 6°L Z1°1¢
Zv "0 7782 °8°ZT G'62 0°'ST12 6°8 90°1Z
Z€E°0 - 9°'6y 99 S LT b 002 0°0T 8G°0¢
8T°0 . 8'¢€g ~ 0°¢ 6°GZ - 0'681 0°T1 75°0¢
Lo"0 - -z7'ze 0°1 b bz 0°8L1 021 8% °0¢
: . 2 1¢ S0 AN 0°TLT L°21 Sh 0z
-- g ; p°ST SE°02
. : b8t \12°02
B . gsez 0070 .
. vrse 0561
€€76T IYVLS
01 ("adsr 7 (09) ("d'1°0°I %] (99) (1sd) * ("SIH)
110 ‘ao¥dd IYIOoL . "dodd ¥dILVYM »AHO . :adoydd TIO dCyd
JALYM  JAILVINWND ATILVINWAD  FAIIVIAWAD| HAILVIOWAD -FYNSSMME  FWIL -
Aozep ['zT = Hox ‘s 9'6 = Ham ‘ay/o0 091 =|0 ‘b wo QL = Hmmm "do 2L =1

~ TZ# NOY WOMJd VWIVA LSdL

Tz -9 FTEVL

INIWADYIISIA



- . )
. M18
- Oﬁ’__XO' I AT I A o R I T
8' EHE | e B N R s AU JRAEN SNEEN]
’g é o é D QDS W
o “ : »
«©
e
.
ol . . .
o N =
; Q ~
i — 0% . @
. o E-0Q4> . N ‘ L O e N T T U S I Y
. . s e e « s . .
o 5»-1!:\4 R N S S N
4 ggap ol AN IS R N L)
S DO — ’
00 O
O o a .
e : \
—l E (@]
N ~§O ©
o~ = g . ’ . T
- ; [—‘Q"(-)\ o ' SN LY e Yty 0 ™
. 5 . o . . s . LR ) . e e s e
% 45} ﬁcﬁg Lo (S o S R BR-VEFE e B0 = i e]
EC:J ‘- . V- e B LR S e Al e o MV BN Vo)
o . BS .-w—-n—:q:mm
= &
(@] NS )
[SEEN ¥ ' : ¢
(SIS —_ ° . '
& \ .
N < v 1 [a¥
i B [ 8] - e , X
m << [ — Gl D e I T et 0D O )
o) 1 . . Ve . . B . . . . . . . - .
[£3) g - O v o LT Y S GO A 6 O e el
3 [T ) Do - [ASHE SN O IS SRR AR I A N4 s T o o T 0 A TREP SR o d
& (9] e = )
< M E o
oo
L
=H O
Z - ‘ ®
& S
2z o
B~ = O : .
O o o~ . U UY O ) et WO~
= oo . ee v e e e e e e e e
5! 5 0 ° BN ORI OS C
o E 53~ . OO WSS OO
wn O s 8 Xt el Wt TN e N oI ™M
P DO )
—_ o ) R
(&) . (O R -
= : :
.
I g . : '
B [aY] “
H mo.a_ I~ U oo
5 0 & . e b e e e e
m EQ& N A e~ e
S -Y , ‘ h
' Ay
o ,
~ ) ": D NN G TR ) O S0 I O Y [§S) TS I o NN
° 2= " DN Y N D) A PN O et M N N OO
° b S T T T
_ : 3 O N e T N N2 D N WO WO W0 ™D cw—qu
= - = Lot B B e R L B A e B B B B e B o B TR I B A e~ N U
£ " ,
- (a4 . Q
] e °
@ ” -
B w




119

.o N -
Ve . . .
S ’ :
i .
- : [}
§9°6 £°€s O GMLST 8 Le | preLe | 0P"ST 9/st
80°G PeIS. 0 prT s o 0°TLz
0y 0'ey 508 - Lrse . S°8ST . |
0% 9°LE . S¢S R ERS A . 00°6T
Tg 8¢ S 0y vve | steve TRA
0¥ 9762 0'¢ 8¢ oSt 0T°€0 I°g
AT e 82t - o 0°Lgz 0% 20 9/v2
s - : ‘ . .
. ¢ 95720 3aE3S
OILVY ("A°d. %) . A.nuov . ("a'1°0°1 % (o9) . (3sd) , (°saH)
1I0.  *QOMd TVIOL | dONd ¥AIYM - - . TIO "doyd 110 aoya . |
WELYM  FATIVIONGD . SALLVIOWND  HAILVIAMAD| SAILVIAWAD  FUNSSTHA  EWIL .
) . . . - A . le . .
Koi¥D 9°ZT = 'O ‘#5°0T= 'S  4ay/o0  0°S =0  ‘bH wo p 69 = 5 ‘g, oL =1
, €2 4 NI WOM <awo‘amme INIWIOVTASIA R o
va,mﬂEe




120

0'8 S s 9°LST 6°9€ 27992 1120 ,
[YAR - €16 m.WAH 8°9¢ . 759t SY'T0 9/8¢
9¢ " 9ty ©9'68 £°6g L°%ST 5012
00°% - . 06E-  ° 9°'G9 9°pg TU6veT ST 6T
78°¢ 0°¥%€ 9°€¢ SR - S 2 2 1ve 0€°9T
Z9°T. . yig 1°8T ©Ltee L°SET P1°6T
0o 0°8z 11 SRR AR §3 z sz pTUET Ltg

: piLe oo . L"0¢ §°T2T B 00°€T 9/LT
00°2¢ . I¥YIS
OIIVY (*A*d %) - (09) ("d°I'0°I %) (09) (*sIm)
110 "ao¥d TYIOL  "go¥yd ¥ALVM 110 - "Qo¥d TIO
ddLYM JATIVINKWND JAILYINWOD .m>HB<ADZDU JATILVINRAD ANSSRId IWIL
10, |, Im o S , v :
Aoxep ,-zT1= "M ‘$8'0T =." S ‘I4/00 ¢*GT =|0  ‘BH wo 69 do TL =5 L
bg # NOY WOMJ ¥AVA ISTL

‘ , T bZ-9 379wl

LNIWIOVIdSIA



121

12°9

179§

GL°86T Cogeye

- 8°pSe » 9€°S0  dOILS
T1°9 P HS $6°98T 9° e 6°25¢C 9°0 8T°50
LTS < 608 SPT6ST . - 0°F€ 14 9°0 . £T°90
67" b 1°9% 6h6ZT © o zUeg 9°zhe 90 70°€0
LT'd AR . Gb°86 2 ZE L*SET 9°0 05°T0 -
ST € S LE ©ospeL peTE 17622 L0 05700 9/0¢
19 Frze S6°Th 0°0€ L* 612 80 82°€7
19°2 1°1¢ 59 €€ 8762 . - 6°LTT . 8°0 90" €7
0°¢ L 62 50°6¢ €62 9517 6°0 $hz7
7'2 b 82 S0°8T . 682 1°11¢ 0°1 1w
LO'T 897 56 £ 87 LoTULoz 0°T 0
_ | g _ 0T ‘
0570 £°62 S0°g s'Lz €102 z°1
; : _ v1 ¥
S00°9Q Z°ve S0°0 L°92 £°S6T ° . S°T k
‘ 9°T .
6°22 €752 2°581 81 U5 0T
: 6°T 0€°07
£°0¢ A4S L*€9T 'z 0107
, vz 05°6T
. ' 9°¢ SE°6T
€91 1°81 0°2¢T 87 0T"61
& ( 9y 97" ST
- “ 9°p S€°ST
: Al 02°ST
0€°pT INVLS
0IIVY (*A*d 3) (92) . (*a"I1'0°I %) ~ (02): (1sd) ("SIH)
110 "Q0¥d TYIOL  *QOMd ¥IIUM 710 *do¥d TIO0 - doua
MALYM © FAIIVIAWND  AALLVINKAD  FAIIVIOWAD | AATLVIOWGD  SWNSSTNd  AWIL
Aozep 9°2T = ™4 '3 §'6 = s ‘ay/oo 0f =P ‘BHwo zioL = o0 ‘4, of = L

Sz# NOY WONd VIVA ISHL

Gz -9 ATGVL

LNIWIOVIdSIA




122

z'¢ 9°1¢ 0°91 9-z¢ 0°6€2 01720  L/S
9°1 2762 0y 6°T¢ 0°vET 0002
L°87 9°1¢ ! 5 e 00°9T /¥
Q .
° 00°€Z IMVIS
01LVd (*A*d %) (09) (*d"I1°0°I %) (00) {Tsd). - (°SaH)
TI0 - *ao¥dd IYIOL ‘gdodd ¥ILVYM 110 *aodd 110 + do¥d i '
WALV GATIYIOND  EATIVIAND  EALIVIOWAD| EALIVIOWAO — RANSSR  EWIL -
Koxep (2T = 'O¥ '8 2°6 = '''s  ‘Iy/oo ‘g'z =|0 ‘BH WO §°0L = Tood ‘g, TL. = &

9z # NN¥ WOYJd VvYIvd IS3L

97 -8 FTEVL

INIWIOVIASIA

3



-123

v 9t

1T 6°85 £°11¢ 2°v9¢ ¢1°2Z  dois

S'01 £°LS 8 66T £°9¢ z°€9¢ ﬁ 0512 :
00701 R 49 8°8LT 0°9¢ ¢ 19z 7, 0v-0¢
€€°9 0°6¥ 8°8ET 7rge. Z°4ST . GE°8T
09°6 9'¢t¥ 8°00T 9°pe 2152 0T°9T
0Z°S S Th- 8°98 £°9g L°8¥2 8Z FT
A L LE 8709 9-€¢ . L'EVT GS°€T
b6°1 0°pE- 8-°9¢ g-ze - 6°LET 0€°21
290 rLz- 8°1T £°0¢ 6612 ¥S 60

6°92 - T°0 6°6C €°LTZ 0260 L/P

_ ] _ 00°€Z * IJVILS
oILvY (*A*d %) (09) (*d"I°0°1 %) (02) (1sd) (*SIR)

110 "ao¥d TYIOL  "Qo¥d ¥ILVM TI0 *go¥d 110 . doia :
JILYM FATIVIONAD GAILVINNND  -FAIIVIAKAD|  FJAILVIOWAD — MEASSTId  AWIL
_ . aeq -
forep 5721 = "y 'vzrot= s ‘aw/es 0z =0 cBpwo zvor = T8 vy 7z =g

LZ# NOY WO¥Jd VIV emmg

LZ -9 1YL

INIWAONTASIA



124

£€€°S 1°66 8 %61 S ¥vE 1°0S¢ S°1 Sy €Z  dols
06°G 6°€8 89817 . - Z°¥¢ 9°8¥Z o G'1 0y "€2
£8°6 £°06 0°29T L €€ b vie ST €1°€2
4 ke Z°Sh 0°Let 8°2¢ v 8€T 9°1 S€°2T
6S° ¥ RS, 0°T0T zeee - - "9°€ET. 8°1 T0°22
L e 6°8¢ - 0°¥8 LT€ 6°62C 81 £y 12
6G°¢€ £°9¢ 0°89 . T°1¢ 9°5¢¢ - G6°T €2°12
00°€ 1°v¢ 0°¥s G 0¢ L°122 1°2 L0012
9T°¢ zrze 0T C.0t08 T LULTE e 06°02
00°¢ Z°0¢ T 1¢ £°6¢ . L°212 vz 9€°0¢
L1 £°8¢ z°1¢ : 9°8¢ . L°L0T 9°C 0Z°02
09°1 1°L2 LRI 8¢ 6°€0¢C LT 0T°0¢ N
G6°0 brGe L9 vLe 6°86T 6°2 95°6T
0€°0 £°¥2 S°¢ 9°9¢ T°€6T z € 8761 °1°d
SP0°0 G'€T 0°¢ 6°GC 18871 ¢ EV°6T
0S0°0 v°02 6°0 A4 L*€9T Sy 6T1°6
900°0 9761 9°0 L°12 L°LST 9% €161
PoLT S0 €61 0°0¥%T 6% G581
. ‘ GT°9T IdVYIS
< . R //,v o )
OILWd (‘A°d %) (09) (*d°I'0°1 %) (09) (Tsd) (*SIH)
110 *ao¥d TY10L  “Q0dd JILVM 110 *godd 110 doya : : _
JIILYM  © JAILVIAWAD GATIVIAWAD  FAIIVIAWAD ¢ FAILVIAWAD  TYASSMId  HWIL
Koxep gogr = "M ‘% L6 = 'S ‘ay/o0 09 =B ‘BH WO £°TL = 109 g, €L =4
8Z# NNY WOMd VYIVA ISAL [INIWIOVIASIA

8¢ -4 JdTdVY&

<



125

o

6c# NO¥ WOYd VIVA LSAL LNIWIOVILSIA

67 -4 JdTEYL

~N

L9°€1 L €8 1°90% 0°LE $°0LT G'g 0C°€C
0021 £ 8L T1°69¢ 9°9¢ G"L92C 8°9 I1°¢2¢
88°6 L°zZL T-€2¢ T°9¢ 0°¥9¢ 0°9 z20°¢€2
00°1T 0°L9 9°18¢ G°G¢g : 8,6SC 79 €6°2¢
ge s 8°19 1°¢¥he 0°q¢ i £°99C 8°9 R ANAY
62°C G°6S 1°00¢C 6 €€ €78V oL vE2Z
00"V 1°06S T1°€91 0°€€ €°1¥¢ 0°8 9z°2¢
Z€°¢ 1°6¥ T°T€T 6" TE £ €€T 6”8 81°¢C
98°¢ 0" 0¥ 9°66 9°0¢ 8 €2t 0°0T 0T"22
19°T L°9¢ 9°6L 9°6C 8°9T¢ Z2°11 §50°2¢¢
T6°0 9°6C 9°G¥ v 9¢ G €6T 0°6T  ¥5°1¢
L9°0 LT g'Gg 6°¥¢ g 281 89T  06°1¢
€E 0 £°%C 98¢ ST €T’ 0°2LT G 81 Ly 1z -
Ly°0 z°2¢ 122 S 12 G LGT G*0¢ £¥°1¢
v "0 t°0¢C 0°LT 0°0¢ 9°9¥1 7°2¢ 0v°"1¢
620 81 0°€T L°8T1 9°9¢€T 6°€C 8€°T¢ '
$C°0 27971 T°0T. €L B TA 8°G¢ GGE 1T
LC"0 7°°1 06 L9717 0°221 692 vETL
0°0¢ 0€°12
9°¥¢ L2 12
ST hY 1z°1¢
969 L1°12
. \ S0°T1Z I¥YLS
0ILVY ("A*d %) (09) (*d"I'0°I %) (29) (1sd) ("STH)
T1I0 - ‘godd TYI0L  "Ao¥d ¥dLVM T1I0 *gqodd 110 doya e
YILYM IAIIVIAWND AATIVIONND FAIIVIOWAD  JAILVIOWAD  WNSSTEd  IWIL
AQaep 371 = ﬂox ‘s G'6 = H3m tay/oo  0zg 0 ‘bHwg 0L = nmmm ‘Ao €L = L



126

/
> [

cze T°911 5°G6G 1°08 o 9 Spe- 80 81:1Z  dOLS
LSt ¢ 11T $°8SS S 6 | T°1v¢ 6°0 00°12
98" ¥ <'es L°19¢€ L°Sh T°STE 01 Sv°81
9¢ ¢ L°<S L LT 1°0% 9°9Lz . €1 0€°9T
00°¢ T°€6 £°8ST S'6g T 2L T 02791
8L°¢ F6Y 2'9¢1 AT 9°¥92 S°1 00797
e 7Sy ¢TI T°LE 9765¢ 9°1 0p ST
1671 L°T¥ LT06 . 6°G¢ T Lve LT GZ°sT
€L°T LTLE L°69 R4 T-9€e 81 S0°ST
88°0 0°ve L°0S . Lee 17522 1°C AR A
8G°0 1°0¢ L*GE Z°0¢€ 1°80¢ S°2 A
€EV°0 052 Loeg. b9z 17281 8°¢ SO°¥T
gZ'¢C €02 L6 L-ze €961 '€ ShreT
820 94T Sy 00 B LET £¢ SE'ET
10°0 g°ST . S°T y°8T : 0°L21 . 9°¢ ST €T
v vy 80°€1

: ¥°s 1 A4 S

/ ~ 0°9 0€°z1

\ . 00°CT IdV¥LS
01V ("A*d %) (00) ("d"I'0°I %) (00) (1sd) (*SIH)

TI0° . *Q0¥d TYIOL  AO¥d ¥ILYM 110 *ao¥d TIO -d0¥a
AWM JATLYINWAD GATILVINWAD  "FAILYINWND | FALIVIOWND  MINSSTId.  IWIL
- 7

"1o ™ , e, .

Ao1ep G = * ¥ ‘$0°GT = ° S ‘ay/oo 00T =0 ‘bH wo 69 =. d ‘305°CL = &

0€ # NN WO¥Jd YIVA L1SPL INIWIADVIASIA
0¢ -8 IT8VL




127

269 0’601 17896 6°LY 8°GT1¢ 0£°9T  dOIs
- £°90T 1°6bS ST LY 8°21¢ 71 LZ°91
ecrc < v6 1°99¢ S G 8662 S'1 85°ST
T8 L'bg 1°66€ L°EY 8°L82 9°1 GE°GT
1T z°08 1°L9¢ 6°Zb 8°28¢ LT GZ°ST
10t £ ¢, _ T-pes ‘0z 8°9L7 8°1 PI°ST
Y £'69 1°v62 " 8'0¥ 8°89¢ 6°1 6591
PR N I 17792 ., 8°6¢ 1°292 0°¢ EAR A
HaE €65 9°922 9°8¢ 1°pse z°7 LE VT
73°¢ grgg 9°10¢ \ L*LE £°8ve 77 L2 b1
S €15 1°8L1 L*9€ 8°1¥z £°2 8T #1 ©
iee7 ULy 1°€6T S'ge B EET Gz 8O BT
787 6°¢t - T°0€T £ve 8°52¢ LT 00°¥T
Tt7 € 6¢ 1°90T s £°L12 8°¢ T16°€T
£7°7 £9g 1°L8 9°1¢ £°80¢ . 6°2 Iy ET
7T A 1°€9 0°0¢ T 8°L61 AN ZEET
67 ¢ 6°82 T°Ly 782 € L8T | S'¢ bZoET
_3°C - Z°ve 1762 yrsz . S°L9T by €T €T
e <0z T°L1 L2z S 6bI 0°S SO°€T
S ER 2°81 6701 L702 L79€T b 65721
3000 AR 6°¢€ 1°81 0°6TT z°9 ADEAS
7000 b1 1°0 €°LT - 0°YTE L9 8v°2T "I-d

Frel S 9T ©0760T 1LY 99721

1°21 6" b1 0°86 9°L S AEA

. ) 86 0€°21

. . . G0°ZT I¥VYLS®
SIIW (*A*d %) (02) (*d°1°0°1 %) (02) (tsd) (*SIH)
TIC ‘ao¥d TVI0L  *Q0¥d YALUM 110 *godd TI0 d0ya
SIIYM IATIYTINWAD AATIVINNND  HAILVINWAD  HAILVINWAD  THASSHNd .« GWIL

I

fozer gorT= M ‘88T = M5 vay/o0 00z =0 ‘BH wo prg9 = 2o do Tl =1

T4 NOY WO¥d YIVA LSAL, ILNIWAOVIdSId

1€ -4 3JTIVYL

T



128

, ) o o .
0T°9 Sh 0L ©9-pos T°Tp 9°99z 0T°0Z  dOLS
27°S L, 98799 9'6LZ - S'0% 6297 . 0v 61
99..€ LT°8S  9°0z¢ L8 0°15¢ 0£°ST -
96T 7795 97608 - o€rse oootere 07" 8T /61
€0 90°8T- - P e 1722 oo 0°€¥T . , A 4
07°0 28°9T b o 0°12 0°9€T ° L€'T7 ‘l'g
_ €579 . L°02 _ 0°pET 1€°22
90T - - , o 9~ LT 0F%T11 g 1¢
- 65°TT , Syl T S£°0z
.o ; S 9G°ST  IMYLS
OV . ("ATd %) (09) - (*d°I'0°I*%) -  (09) (tsd) (*SIH)
TIO . “dodd TVYLOL ¢ *go¥dd ¥dILYM TIO . *a@oud 110 dodd

o YILYM “HAILVINWAD GATLVTIOWND JATIVINWAD FIATILVYINKAD INSSTId  TWIL

<

._ ‘ _”“ L - —
fRoxep ¢r 1T = "4 *30°0 = Mg ‘ay/o0 0z =0 ‘BHwdBTE9 = T4 ‘g,S°TL =g

o . ce# me‘zomm YI¥d LSHL LNIWIDVIASIA

A

ze .qm.,ﬂquomﬁ. T



129

o

v°S 6°6L S*po¢ €°¥p Z €8¢ 90°%T . dOLS
LL*S 0°L1 S ype ﬁ/ L°Eh S§°6LZ . 70" bT .

62°G S TL 0°L0€ LTy 0°€LZ 2SS €1
0S5y - T°99 0°0LT , 9°1¥ 0°99¢ Zh €T
00°% o« L°09 0°%€2 €°0¥ 0°85¢ 0€°€T
bLo€ \ T°S6 ~ 0°86T 6°8¢€ 0°6¥2. 0Z°€T
€p e ¢ 9°6¥ S 791 poLE S°6EC TT°€T
b9°C , 8 €E¥ . 6921 8°6¢ 0°'622 - 86°ZI
05.°¢C z°8E - . €6 8°€€ $°9T¢ . 9Frer
L8°2 9°z¢ SERT9 8°1¢ Sr€o0e TRA
IY/00 0¥Z OL HOLIMS
Le°1 A T°LT 0°8¢ 0°0¢ 0°26T 0221
9¢°1T T 2 7N 0°GT S'8C S Z8T 0T'01
2 1¢ - doap suo ., g-9¢ S TILT STTLO
2 61 b ve 0°96T 05°50

S'9T 0°1¢ 0°¥€T €V €0 L/12

02 ¢T JdJVIS
OILYY  » (°A°d %) (02) (*d°1°0°1 %) (00) (tsd) (*SxH)

TI0 "a0dd TYIOL  *dod¥d ¥ALYM TI0 *dodd 110 doyda
dIIYM JATIVINWND . -~ FJAIIVINWND AATILVYINNWND JAILVYINNND JINSSTId dAWIL
- . TO . oTM , . - ) 1 - (EE -
Kozep V°IT = Py 1971z = S : uc\ooow by wo z -0 d do 0L €L

£€ -9 FT4VL

EE# NOY«WO¥A V.Lvd LSAL LNAWIDOVIdSId



-

130

o

2

< R ow_v -
L1 T 081 %' pe ' 612z o 61°.00  doIs
o 8°5¢ s30eI13 £ee 0°60¢ : ov'8T . -
' L'vT, ” 8- 1¢ 07007 GE9T .
e 66T 9°5¢ 0°T9T ° 0760
8LI 622 0°vbT ¢« 0T°90 L/g¢
Q .- o -
0°21 ST 0°L6 \ 0€ " 02 .
. 0T°T0 INVIS
.9 ] ,o. - - i A .
0I1vy ("A*d %) (92)  (*d°'170°'I %) , (09) (Tsd) (*SaH)
TIO *do¥d " 1YIO0L “qodd ¥dLvM 1I0 *dodd TI0 d04dd
AALYM AATININKAD AAIIVIAWND  EAILVIOWAD  FATIVIOKAD  MMASSTYd  AWIL
10 ™ o e aeg y ,
Aoxep Z°ZT1 = ~ M “$5°¢z = 'S Iy/oo g =0 bH wo $°0L = d M. 1L =1

VE4 NOY WOdJd YIvd emme%ezmzmucqamwo

PE€-gd dJT4VvL.

»



131

00°9 . S'S6 0 eepr - T'zs 0°Gze

i dois
T€°9 g'€6 - ° CECLEY 816 0°€2¢ £°¢ L0°00 L/SZ
€8°g." - 6°L8 . €£°96€ L70G, s-9te - B 23 00°%¢
TL*S . 0°z8 G &ge 9°67¥ G'608 S°¢g AR
67 % 791 ©GUGTE S stgb - . gezog 9%¢ - Ly €2
zeh 7oL - §°GLT 0°L¥ - 9°€6T 8¢ 0v-€z.
00°¥ 199 £°6€2 9°S¥ £°78C 0y ze€e
09°€ _ . 6°LS - - £°G66T 0¥ . £°¥LT A vz-ee
. 8T'€ 2°2s - £°6ST - N4 . €£°19C LV LT€C
Klad T T seLeT 8°0v  -9°95C 0°S 0T'€e
012 9°1% ° 6°G6 . L'8E 9°1¥¢C 9°g £0°€2
L9°1T - £°9¢ G99 .« G°9¢ . 8tLee Z°9 LS°22
8T°T . SR S 1y N 13 . 8212 Z°L AR A4
PGS0 8'9z . §'1¢ S 20t . B'G6T b*8 9 *ze
S€°0 6°12 L STt - 0t0LT S'0T, oOb°zz
8T0°0 : 88T . 0T - . £7%T S TIST 8°'TT  9£°T¢
800°0 AN S0 - - 661 ©0°veT T°v1 €722
S00°0 24 S o . 0797 0°00T bo9T 62°2¢
200°0 0701 z°0- . 0°€1 ©. 0°T8 8°LT 9z°¢t
. . . ‘ - 0°6T = €z°22 :
. o o S = o - " 0T°ZT IMVLS
OILVY (*A*d ) ~  (99)  ("d“F0°I %) (92) (1sd)  (*s2H)
"TI0 ‘qo¥d TYIOL  "do¥d ¥AI¥M - TIO *goyd TI0 doya .

HILYM CHATIVINWAD - JATIVIORAD  JAILVIOWND JAILYINNAD ANSSHId JWIL

o

_ \ | . ; .
Kozep T'zT = "M ’$0°€Z = ''s  ‘Iu/oo 0oy =0 ‘BH &0 T'0L = “°%a ‘g, €L =1

GE# NNY WOMd VIVA ISIL INIWIOVIASIC

¢ -8 FTAVL



132

°

n\n ) . *
0
1 A .»
N @ o . "
- ] ﬁ : ' .
LL*7 226 6°L2 > 9°IS . 6 6T : | d0Ls
80 612 . 6°8 el 6°89T . 02°91
50°0 P 6T e A 1762 . G°GGT : P19
20°0 ¢'81 0°z - - gtgg 6°GSVT S T1°97
10°0 C€°71 Z'1 6°GT . 8°86- 86°6T
. i . TIZ'ST IuVLS
OIL®d , - (A%d %) ~ 0 (09) (*d*1°0°I'8) . (09) . (1sd) ~ (*saH)
TI0°  "Qo¥d TYIOL  "d0¥d ¥AIWM o  TI0 . *go¥d TI0. doya
HILYM m>H_H<ADZDU YIAILYINONWND JAIILYINKWAD - . AAILYINKWND : MMD.mmmmnm dNIL
‘ o ° - : . ) 4
Kozep 0°2T1 = 'Oy '3,9°¢€C = g ‘ay/oo 002-=0  ‘bH wo v.ow,n u@ma ‘do 2L =31

9¢ # NNY WOMJ VIVA ISTL INIWAOVIASIA
g - °

o

o 9t -g FTAVI



133

Lo

ca

_om.m L°76

SOy

oG * 86

2

LE -9 dTIVL

LE# NNY WOdd VIVA LSIL BZMEMUdAMmHD

£°€9¢ 0T°TC

zrs | v°z6 0°88¢€ 1785 8°09¢ 8°0 00°T¢
0T°'9 - z'88 . E°6SE z°LS SRRty 8°0 002
9L T o 9798, £ pee 9°9¢ ARt 6°0 02°0Z
00T 9°¥%2 3 4 2°8¢ 6° VLT 1°2 GE"GT
87 °0 .9°02 £°8 9°62 6°8ST 9z ST°6T
1 80°0 - £081 £°¢ 9°€e AT 8°2 €0°ST
200" LoLT 6°1 L°2z €171 0°¢ 00°ST
"T0°0 L 1T 0°1 1°61 0°%6 'y 0£°vI
0 . 0E°€T

( , o . N e

0ILWY (*A*d %) (09) (*d°I°0°I %) (02) (1sd): ~(*SIH)

110 *Q0¥d TYIOL ~ *a0¥d ¥AIVM 110 *qodd 1I0 . a
dILYM° IAILVIOWOD . FAIIVIOWAD  FAIIVIOWND  FAIIVIOWND  HMNSSEYd  EWIL’
Koxep 817 = ‘0¥ ‘% prgz= g ‘24/99 00T By wo ‘do

2



)J

134

AN

9°2s

6°0¥1 C 0g€°¢e dOdLS

TL°¢C [Ny 6°61T G*Ly ° $°01 S 62°C¢

6°¢ L€y b°L8 §'Sy S*IT  sz-zz

Ly'1 _ 8°8¢t 6°6G T°vb 6°21 - 2222

S6°0 - 9°¢t¢E 6°0¢ ¢TI 8°%T1 61°¢C -

1€°0 L°82 P TT L*LE L*LT 91°22
S00°0 Ste F-1 A 8°1¢ €122

10°0 £°81 ¢°'1 Z°S¢ 0°8¢ 0T ¢¢ ,
10°0 ‘REA! L0 ¢ LT 0°ve Lo"ze

- GG 'TIZ LYYLS
0IIVY (*A°d %) C(9D) . (*d'I°0°T %) (00) (1sd) (*SIH) -

TIO *aodd TYI0L  Tao¥d ¥IAIYM - TIO *doyd IO d0yd )
HEILYM JATLVINNAD JAIIVINWAD  FAIIVIOWAD  IFAIIVIAWAD  @ASSTId - IWIL

; TO M , - xeg ' .
Aozep T'CT = ") “sL°LT = "5 ‘ay/oo 008 =0 ‘b WO 9°69 = d ‘do 2L =T

.

P .
8€ # NAY WOYJ YIVA LSHL LNIWIOVIASIA

8¢ -8 ATIVL

14



135

/
. /I N 0

PTT Leze 8 G¥ G LE © 0°6Tz . SS°ST  doLs
7870 S°62 €2 - S°sE 70T AL prST
ST 0 0°z2 €y 867 . . LUELT 5°g £°6T
€0°0 61 L°T 69z ~ L-9sT 29" PXST ‘i°g
1070 ° 0°LT 21 bUEe L*9€T .99 gTNT |
T0°0 ~8°TI Lo €91 . €£°56. €8 90°6T

S TETPT  IMYLS

oo (‘A°d %) (09) (*d°I'0°T %) (00) (1sd)  (“saH)

TI0 - "d0dd TTVYLOL © *d0¥dd ¥ILUM - - 1IO *dodd 110 d0dd

ddLYM JATIVIOANND . JAILYINWAD IATIVIONAD  “FATLVINWAD NSSIId -~ IWIL

N _, _ Mm _.
foxep ¢ 1T = ¥ ‘27782 = s au/o0 002 =0  ‘BH WO Tr0Le= T8 ‘a.SeL = 1
ﬂ - 6€4 NO¥ WOMd VIVA ISTL INIWADYIASIA -
- | 0 .

v

6€ -9 ITAVL



136

e 0y -€ FTAVL

- ’ D
, u L
5 ° : g - o :

560 2 et S6°8¢ 9'6¢ 0°0€z . 8Pz doIs
0E°0 . 8'vz .- . §9°S _ 9°€€ ° L ETG6T S S€107
PTG - ST 5970 8°0¢€ 8°8L1 gyt
200°0 A 00 0" 0¢€ Rl 0€°6T

S LT e R 14 S TPl | 0S°LT
£°21 ¢ i , : T°LT ; S°66 S Ly ST
L ‘ - . o | 06°0T I¥VIS
’ . / ’ a , . 9 -
0ILVY (*a*a %)  (o9) (*d*170"1 wy - (00) | - (1sd) (%saH)

10 "aoMd TVIOL  d0¥d WAIWM. . TIO0 *aodd TI0 Joa e
§EIVM GAILVIOWND  FALIVIONND  BATIVIOAND  SAILVINWND  SMOSSTMd  EWIL
Zozep 6°TT = '“M.'s¢°8z = ''s . pays/oo gz =0 ‘BE WO ST0L = 2994 4, 7 =1

. L 0V # NOY WO¥d VIVd ISTL INIWEDVIASIA . .
- o o .



137

o
6T°1T 9°9¢ 6°GE 9°G¥ L7092 Sy'TZ  d4ols
670 - 60¢ 60T 6T . LT6EC : S5°ZT .
200 897 T°0 . 0°8€ S*L1T .00°80

079z : 6°9¢ 0°1T¢ 0v°90  8/%
‘ 0°Tz” ST AT 0°0LT LS 22
S'6T 9°LT . T8ST 1 0€°0¢
9T €€ STEET - . 0€°6T .
T2t LT 0°86 00°60 8/T
u 0Z'€T I¥V1S
0ILVY ("A°d %) - (99) (d°I°0°I %) - (09) (tsd)  ("sIH)
TI0  A0¥d TVIOL ~ "qO¥d WALYM - 1I0 "do¥d 110 doya
d3LvM FAILVINWAD JATIVINWND JATIVINKWAD JAILVIBNAD JINSSTAd dWIL
B "
. . 10 , . ™ , . . . , ; g oo,
A2xIep F'IT= " d-‘$¥°67 = S . ay/o9 - 0°9g =0 b wo L°0L = d do ¢L =1L
” | Tv#, NOW WONd' VIVA ISAL INIWAOVIASIQ : |
L S 17 -9 374Vl Y



138

L8°0 9°1¢ 0°€z 9T 6°2€¢ doLs
L9°0 792 S°g 9 L€ 012 %' 22
. £°5¢ L"9€ 2502 . 9% T2
L°12 1€ 8°SLT SZ7°6T
L9 1T 0°GET SZ°ST
0S°T0 I¥VIS
0ILW ("A°d %) (00) (*"da"I°C'I %) =~ (d9) (tsd) = (°SaH).
TI0 "qo¥d TYIOL  *ao¥d IIYM 110 “ao¥d TI0 doua .
§ILYM AATIIYINRND JATIVINNAD  FAIIVIAWAD  IAIIVINWAD  SNASSTMd  AWIL
Koxep y°TT = 'OM “s0°T¢ = ‘s ‘I4/o0 0T =0 ‘bR WO 9-gL = “°%4 ‘4. 69 =g
° s g

2y # NO¥ WO¥d YIvd ISAL

¢h -9 d79VyL

INAREOVIdSIA



139

00°L L 8L 0°66¢ 1°19 L"BEE 60°9T1 dOdLS
0g 9 L°9L 0°68¢ L°09" L°9E¢E 0°9 60°9T1
00*s 2L §°€6¢ 8°69 . L°TEE £°9g - S0°971
L% 6°L9 § ¢gee 6°86 L°92¢ 9°9 " 10791
L8°¢- 6°29. S°06T 3°LS L°6TE 8°9 L5°ST
S¢¢ 88 §'19T1 £°9¢G [ANARS €L GES°GT
00°¢ RARA §°9¢T 6°¥FS S y0e 9°L 0§°ST-
44 0°0¢9 S°60T £ Eg §°96¢C ¢'8 9V ST
EL°T vy §*¢L 6°0¢S §+28¢ 6 IS ARRE
L9°0 PoLE 0°Tv . ETLY §°29¢ 8°0T ﬂWm.mﬁ
Iy -0 Z°0¢ STLT 01y S°LTC 0°¢€T 0€°9T1
¥10°0 L°ge 02 £°ve Q°06T 0°LT 2T °L-°9
¢10°0 ¢°81 Pl ¥ 9¢ G oPT 0°¢¢ 6161
y10°0 : 1°¢1 8°0 9°LT S°L6 8°9¢ P1°ST
¢00°0 8°G 1°0 F°8 L*9% 9°0¢ 60°ST

. 00°GT I9VIS
OILVY (*A*d %) (09) (‘d'I'0°I %) (00) (tsd)  (°sIH)

TI0 “aodd TYLOL “dodd ¥dLYM TIO ‘aoyd T1I0 d04d

YELYM - FAIIVINKND LAATIVINNAD IATLYINNND AATILVINWND INSSTAJ AWIL

: - To_ . ™ . Jeq .
Aozep 917 = " % “‘39°T1€ = g ‘1y/od0 096 =0 ‘BbH woz QL = d do 0L =1

€7 # N0 WO¥d VIV ISAL INIWHOVIASIA

€y -4 37149V



K0

) \
€22 69y . 2°68 6°25 6°06C dods -
90°1 L1y z2°09 90§ 6Ll . 0L aF°€e
$6°0 ¢ LE L2y 9°L¥ p-192 8°L 0v°€e
88°0 - boee 0,792 S b b vve 9°8 9€ "€z
1v°0 S 62 0L°T1 RS R AN A4 0°0T - T1€°'gz
11°0 L'S2 0L°Z o opLe v°502 8 11 LZ €T
800°0 822 0€°0 : 9°€¢ 6 98T 0°€T £€2°¢€z *l-'d
£00°0 0722 SZ°0 peze ‘ 6°LLT G €T 2z €T
2000 0°LT GT°0 1°62 6°LET 2°'91 9T°€¢
0°¢1 S0°0 9°LT 696 881 0T°€2
V1 00°€e
05°2Z I¥YIS
0I1vd (*A*d &) (90) . (*a‘1°0°'1 %) (00) (1sd) (°S3H)
110 *qodd TYLOL *aodd ¥ALYM 110 - *ao¥d 110 doua
dIIVM GALLYIANND FATIVIONAD  FAILVINWAD dATLVINNND  TYNSSEYd  FWIL -
P~ . ) ) .
foxep o1t = % tszvee = ™5 saysoo 00 =0 By wo proL = TY8 0 vgo 00 =1

PP # NOY WOYd VIVA LSHL LNAWADVTIJSIA

by g JTAVL



141

= . o ¢
56°C <87, ST 0L . 2" LE L°002 doLs
7e0C 2702 R 4% Z9¢ €561 PT 20°LT
R £z ¢ 881 S pe 1°98% 9°T  0$°9T
£L°¢ beze 88 126 T°eLT LT'T SE9T
66T 6767 1°191 'Stz 61991 ‘1-g
0797 0° bz 5621 0°€  65oT
02T 08T 0°L6 0°Fy  SE°GT
] 9%V pepI
. s ] 0T*bT  IMVLS
OB A2 (*A*d &) (02) (*d"I°0°1 %) (09) (1sd) (°SIH)
TI0  'Q0¥d TVIOL *dOdd ¥AIVM 110 "doNd TI0 doua :
ZIWM AAILVIONWND AATILYINWND JATILVYINWND W>HF¢A3290 JdNssIId MXHB .
AoZep 6711 = 'U¥ ‘sgier = s ‘au/o0 .08 =0 . ‘bH wo 9+0L = “°% 4,z =1

SP# NNY WO¥d v, 4 LNIWIOYIdSId

¥
S
&



142

— o~

05" L€ . T'8e  6ragy

9 6yT SL*L691 A €191 dOIS
06°€e. 1°0%2 . SL'TIHT. 8 LL 6°€Ch b'9 0191 S
00°€C L 76T SLPS[T 8 L o 6°LOY 0L "..8¥°ST
GE €T 6081 SLTTIYT - T VL C6°E0Y 'L rTwisT
80°91 6°89T ~° SL°69 bl 6°66¢€ Sy CLECGT Y
00°%1 €°96T SZ €L8 A 6 €6€ A 0€°GT
97 €1 € P . 6TZ8L | T 1L b L8E 1°8 ST'ST

et e . e . . 402761 )
<z 1T LTCeT SL Y69 6°69 | 6°08¢ V'8 INVIST/dOLs
LLGT 9°€21 §7°LTY 8°89 ; 6" VLE 88, .SS°PI /
SL'6 AR AR SZ°LSS 9° LY y89¢g 0'6 ° 1IS°¥T ,
00701 €°80T GZ°'818 6°99 R 2°13 £°6 S8Y°PT 7
0% '8 ¥ E€0T - SZ'8LY T°99 . ¥°09¢€ 976 9% v, /
00°8 1 9°.6 _ SZ'9¢€w 7°69 - brese 86 g
n8°L 1°26 SZ'96f €79 V0S¢ 20T
£6°9 . L°9% FANANY y°E9 prSYE 9'0T .
A €08 SR ] €79 v 6E€ 0°TT
98" LvL 57" 97179 preee ST TT
§T°S ©E°89 5 L°6¢ : A4 A
S ¢S T 7 8¢ boLTE V 07T
L9°E &2 g Gz * Leg¢ 680t - 6°€1 .
G & s gz* SRS 665 - A
CE° g €'gh SLULE e p°L8T 091
29°1 £°Ct A 20§ - 6€LT . 0°81
00T T ogtgt GL 4t ~65LY o 6709C - 0'0¢
ce o L 1€ - SL70T TUsY . 6°S¥C 0°€¢C
€T e €717 SL'T [ 1°€2z 0Lz
12°¢C . 667 G50 =®TLC . T1790¢ 0°0¢ L
cote CEz 5£°0 LTTRES T £ 98T TSrEe
00°0 R ST 0 1°92 - 0°2%T c- 2y,
Geto AT 1°0 721 066 . 07eS |
T ! ) o ‘ ’ o LeV IS
O0ILWd - A.b.m.ﬁ S AQBJ (*d*I'0"I %) (00) . _(1sd) . (°saH)
TI0 ‘dodd TYLOL - "do¥d- ¥ILYM - - TI0 - tao¥d 110 doya ,

dELYM - AATIVIOWAD  EAIZVIONAD  SAIIVIAWAD  FAILVIAKAD  MM0SSHNd  AWIL

. . TO . .ﬂr3 “ .. 5 . T " G . ]
AOIBD %oq1 = "M ‘$ gege= s ‘ay/oo et =0 ‘BHawD Lopi= TTog g,

97'% NO¥ WO VIVQ LSAL INIWEOVIASIA .

(@]

~-

]
=

N

9p -8 FTAYL . _ ) ﬂ,_, o .



143

)

<

\ -~
. o .
88T b°9p 1789 €Ly 0°8EV - o dols
00°¢ R s 9°09 S 89y ° 0°pEp 9°2 vzcz
Ly T 8°Ch. . . 9°Zy 6°Sy 0°GZ¥ 9°¢ LT°€2
580 8°8¢ T°91 . 6'Ed : 0°L0F 8°2 90°€¢
0°0 - 9°g¢t 0 6°1¢ - 0°88¢ 0'€ 962z -1-9
, Vove - 9°0¥ . 079Lg 0°¢ €5°2¢
. .G 0¢ 6°S¢ . Gtzee . vre A AEA
5°9¢ £°1¢ G682 6°¢€ T€°22
L°22 8°9¢ 0°8¥C. Sy T2°2¢
_ : o _ peg s0°¢¢
° . 8°L Z€ 12
o , K o S99 £7°1¢
o S : - : . ST T2 IMVLS
OIIW . ("A'd %) (P9) . ("d7170°T %) - (99) (tsd) (*sxhH)
TI0 - *dO¥d TYIOL  *QO¥d& YALUM 710 - *doyd TIO daogdq

JILYM IAILVINWND JAILVIOWAD - EAILYINWAD AAILVINWND  MINSSTAd mzHa

' . T : ©

TO CTM Ied
d

Adiep ¢+71 = M '$T°6T = TS ‘14y/o0 gpz = O , ‘bBH wo 9°g9 =
Lv# NOM WONA VIVA ISEL LNEWAONTASIA

Ly -9 JTEVYL -



144

v o M ,coA N ‘ca ) °- ca . o ’
.c v - . © . o oy e ’ . o o
S 967G .. bS8 T - £r06% w Tezvy <t ipa e
. ° | an Coes o . o o ,_Jmc\hoo 02TT &X RRECARSCH .
00°S o 07ES T e D L7061 . Y §7Zy « .. TU88E° _ T
CoLete o BP0 S o EMGST L T ogYTET . qt18e . T :
. . o o oL . ‘ o @ o o . . . Aa c, , . °
(Sui0z I°TGT 30 UOTIONPST ©I0W) [IU/DO°00y LY NIVOY (AIMVLS OGNV ¥IAO QENdal
goitT o8tsy . cetSeT w5 erop . otee ... aods
€E°ZL ™ L7py o o TETSTE, T 870F -, U 9tzee . 0§°50
Al : 0%l © e €°8L . ‘m.,‘O.q o . %9 T69¢E L . o WY .mOV ¢ ©
0€°9 e 2 e 20| T T°L9¢ ¢ 8E'G0
g ss T f T o -au/8o 00p = davae - 2T IV IVISEM . - .
Cler | ostwel (oAb €l L teee T gtzer o C T o szego aons
00°T o §TEE (Iesyd)izg % T6E, LTLSE T S e SLvteo . .,
80°0 prze  (Ae919 7. o ST8E . . LUTSEe © 900720 8/L2
‘O ~ ‘, o 0 . . vao ,o . . - 3 ) ‘u. - . ,o
VAL T AR S srsE . 0tReE EEEEE 400 AR
Toatsr L kA8 23 oo STETE T . v Thel "
9°LT . . oo cTos0tEE w7 e psTOE o 0GLT - )
. 9T . °E 9°1¢ © .s0°88% °., . 00°9T 8/92
" 9 o o R . s
> LT T - < EPUIT - I¥YLS
OIIVE - ("A'd 3) ©(99) . .(ratItorresd o (so) . (vsd)”  (rsam)
TI0 | °G0¥d.1TYIOL"  *aO¥d ¥3IWM.  ° TIO ‘ao¥d 110 . ° do¥d Y
YILUM IALIVIONAD °  IAIIVIONAD  EATIVIOWND - EAILVIOWAD ~ “THASSTMd  AWIL
Aozep O N g “'af/o>” 7 = . ‘PH wo = um.m@ T, = I
: 874" NOY. WOMJ VIVG ISIL LNINIDVIASIQ. - ’ :
-3 o < mVio.mM MQQSH.A o o o



o

©

° ‘ o . i ° o
°: ; * :..u . . > ) o.
° ™~
u: o Q -7 . f.g . Do ,.\. e o v , o .. <
L€ ZULS °o . £°EST o , S TILY dolLs
6T°€ L°ss _° R S0} 2 S 0°89% . 8°¢ £0°9T
00°€ L°2S A A0 0°09% 6°2 LS°ST
88°C BN A . 806 0°zGv 0°¢ TS°ST «
00°C - 697 - 8°L9 Qivpy = - T°€ . 9P°GT ,
0S'T . 6°¢€¥ . g8 Sy - 0°€EY . Tt QF ST
0L°0 C0'Th 8°92 - SR S V.4 % S'€ . GE'ST
ge’0 - T8t . (pedp) g-¢T } 8°107¥ . 8°¢ 62°ST - *1°9
L0 CoetLe (FeRTR) gIT o Q°96¢ ° - 6°¢ L7 ST
2070 . T'SE (aweDd) 0'8 . Lf0F . 0°SLE v S¢°ST
L - ( o 2§79 U 00°ST
o ; . e P . a. . . N . o O-m DOOV ov.ﬂ ,
c S R PR e 0 T0TUYT Iuvls
OIZWY . (“A‘d &) . (09) (‘d"170°1.%) ~ (09) - (1sd) . (*saH)
. 110 - *@0¥d TViOL , *A0¥d ¥HIVM - 110~ , "ao¥da 116 - doud .
- gdI¥M  FATIVIOWAD - GATIVIOWOD %, FAIIVIAWAD _ FALLVIOWAD  ZUNSSMId  AWIL
>ohm@,>uoa.un.oxuxww.mm = Mg “14/00 0zg, = O - 'BH WO 869 = TCog Jde 0L = L
. . 7. 6v# NOW WOMJ VIVQ ISHL INIWOVISIA- | .
) o6V -8 WIEVL 0 T T Ta




