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ABSTRACT

An experimental apparatus was set up to determine which
theory either Buckley-Leverett or Dietz was most accurate in
predicting oil recoveries in a linear horizontal waterflood
for thick (i.e. the transition zone is several times smaller
than the formation thickness) homogeneous sands.

The Dietz theory assumes a distinct interface between
oil and water due to gravity segregation, whereas, the Buckley-
Leverett theory assumes that there is no movement perpendicular
to the direction of flow and assumes uniform water saturation
in the cross-section perpendicular to the driving force.

Waterfloods were carried out at different rates in a 6 ft
long, 9 in. by 6 in. rectangular tube packed with 10-20 mesh
sand. The water saturation throughout the sand was recorded
continuously during the flood by electrical resistance measure-
ments across 55 pairs of electrodes.

The experimental results show that gravity tonguing does
occur and that neither the Dietz nor the Buckley-Leverett theories
were satisfactory under the reservoir conditions simulated in the
experiments. A theory has been developed which describes the
experimental results satisfactorily.

The theory consists of two assumptions:

(L A portion of the water tongue assumes that gravity

forces are negligible and are not rate sensitive, and

e
N
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(2) The other portion of the tongue assumes gravity
forces are dominant and hence rate sensitive.
This theory explains why as the injection rate increacsed the initial

0il recovery (per unit pore volume injected) increased.
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INTRODUCTION

Waterflooding is a popular secondary recovery method. In order
that a realistic economic evaluation of a waterflood project can be
carried out it is important that the correct theory is used to
calculate oil displacement efficiency. At present, two frontal
advance theories are available, namely, the Buckley-Leverett theory
and the Dietz theory.

1. Buckley-Leverett Frontal Advance Theory

Leverett (19u41l) developed the fractional flow equation. Starting

with Darcy's law for oil and water he obtained:

1 + K Kro (BPC - gheSina

Ut Mo s L
fy = (3)
1 + #w Ko
Mo Ky
where f,, = fraction of water in the flowing stream (i.e watercut
K = formation permeability.
Kro = relative permeability
Ko = effective permeability to oil
Kw = effective permeability to water
/o = oil viscosity
/w = water viscosity
Ut = total fluid velocity (qt/A)
Pc = capillary pressure = Po - Pw
L. = distance along direction of movement
g = acceleration due to gravity
AC = water-oil density difference = €y - ¢4
& = angle of formation dip to the horizontal

1
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All the factors necessary to calculate the value of fy are

available except one, the capillary pressure gradient, now

e = SPe fSw
SL $Sw SL

Although §Pc can be determined, §Sy is not available. In practice
oSw §L

the capillary pressure term is neglected. This simplifies equation 3

to
1 - K Kro gA?SindA
Ut o
fy =
1+ /7y Ko
Mo Kw
For a horizontal system:
1
fu = (”)

l+_/:m Kro
o  Krw

Buckley and Leverett (1942) derived the frontal advance

equation. From the material balance equation they derived:

L = Wi éﬁgﬂ (5
Ad  \dSy

where
Wi = cumulative fluid injected
L = the total distance that a plane of constant S,
has moved.
A = cross-sectional area

g =  porosity



Using equation (5) the saturation distribution during a flood
can be calculated. The fractional flow curves (equation 4) show
that there are two water saturations having the same value of
dfw/dSw. The result is the well-known triple-valued saturation
distribution.

Terwilliger et al (1951) showed that by using equation (3)
the experimental results agreed with theory. They also showed
that by laying a tangent to the fractional flow curve from Sy
original and fw equal zero they could define the saturation at
the upstream end of the stabilized zone. As a result they
developed the concept of stabilized and non-stabilized zones.

Stabilized zone - saturation interval where all

points of saturation move at the same rate.

Non-Stabilized zone - saturation interval where all

points of saturation continue to get further apart.

Welge (1952) developed the Buckley-Leverett work and derived

the following equation:

Sw - Sw2 = Qi fo2 (6)
where
Sw = average water saturation (and hence cumulative oil
production can be calculated), fraction pore volume.
Sw2 = water saturation at the producing end.
Q1 = pore volumes of cumulative injected fluid.

for = fraction of o0il flowing at the producing end.
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Welge also determined that:

1
Qi = (7)

dfy
dSw/ Sw2

A fractional flow curve (fig. 7) was constructed using

equation (4) employing the model properties and the experimentally

derived relative permeability curve (fig. 8). From equations (6)
and (7) plus the fractional flow curve cumulative oil recovered
(percent pore volume) versus cumulative fluid injected (percent
pore volume) curves were constructed (figs. 10, 11, 12 and 13).
The Buckley-Leverett predictions did not agree with the

experimental results (figs. 10, 11, 12 and 13) because with the

formation of a gravity tongue assumption no. 3 below was invalidated.

The assumptions for the Buckley-Leverett frontal advance theory
are outlined below:

1. Incompressible fluids.

2. Restricted to two mobile immiscible fluids.

3. Net flux in one direction parallel to bedding plane.

4. Homogeneous formation in one direction.

5. Neglected capillary pressure.

6. Darcy's law applies - requires relative permeability data.



2. Dietz Theory

Whereas the Buckley-Leverett theory.is concerned with the

growth of the transition zone from the water phase to the oil

phase during a waterflood, Dietz was concerned with edge-water

drive and considered that the water tongued under the oil. The

assumptions made were as follows:

1.
2.

Sharp interface - no transition zone from water to oil.
Constant absolute permeability.
Mobility ratio

Ko , Ky
Mo P'w

Constant injection rate.

Incompressiblé fluids.

Constant pressure drop or zero pressure drop across

the oil/water interface.

Darcy's law applies - relative permeability data

is not required for the full range of water saturation;
however the permeability to oil at irreducible water
saturation and the permeability to water at irreducible

0il saturation is required.

In order to solve mathematically the continuity equation, Dietz

ignored the effects of gravity.
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The equation for the shape of the gravity tongue is:

x = aH Q_ (8)
la(H-h) + hf ds

where

x = distance along the bedding plane

h = perpendicular distance from the bottom of
the bedding plane to the interface

H = formation thickness

Q = cumulative fluid injected/unit width

a = mobility ratio (ﬁm §§>

"o Ky

s = difference of saturation in the oil-bearing
and waterflooded regions

g = porosity

he = height of the water tongue at the producing end

at x = L, h = he and where L = length of the box

from equation (8)

0 = L la(i-he) +he]2 4s

aH
or Q in pore volumes
2
Q = s [a(H—he)jhe] )
aH?

The volume of oil recovered is found by integrating the volume
of the water tongue. From Dietz (1953) paper, equation 32:

Qo = (pore volumes) = xcrect he s - Qah 1 H
HL (1-a) a(H‘he)+he?he

now Xcprest = QHLE _a

————

Hfs
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Qo = Qa he + Qa ( 1 (10)
H (l-a) ja(l-he) + he
T

\
p—
| |

Using equations (9) and (10) for values of he ranging from
0 to H cumulative injection versus cumulative oil recovered can
be calculated. This was carried out for the model properties.

The results are shown in figures 10 through 13. It can be ceen that
this form of the theory did not fit the experimental results very
well. An approximate solution to the continuity equation was |
developed to take into account the effects of gravity forces.

In summary, the Dietz theory assumes a distinct interface
between oil and water due to gravity segregation, whereas the
Buckley-Leverett theory assumes that there is no movement
perpendicular to the direction of flow and assumes uniform water
saturation in the cross-section perpendicular to the driving force.

It is important that the correct theory is used because according
to Buckley-Leverett once a well begins to cut water remedial workover
operations will not reduce water intrusion. However, chould gravity
tonguing prove to be correct then remedial workover operations
would reduce water production and hence reduce reservoir energy
losses and producing costs to a minimum.

Croes, G.A. and Schwarz, N. (1955) carried out a series of
experimental waterfloods and evaluated the results using the Buckley-
Leverett and Dietz theories. Although the Dietz theory was found
to be in agreement with some of the experimental results. the

Buckley-Teverett theory was successful in correlating all the



experimental results.- This can be explained by the fact that they
used small diameter cores (transition zone being larger than the

height of the core), high flow rates and the fact that the Dietz

|
\

theory assumed a uniform cross section which was not the case for
a tube.

Hele-Shaw models have been employed by researchers and have
confirmed the Dietz theory. However this type of model ignores
the growth of the transition zone from water to oil which could
cauce a 'barrier' to the water. Other visual models have been
employed and have confirmed gravity tonguing of the water under
the o0il. There is no mention in the literature of water =aturation
measurements being taken at the waterflood front during a horizontal
oil/waterflood.

The experimental apparatus employed in this thesis was designed
to have a small transition zone (approximately 1/5 of the height).
A rectangular box 6 ft long, 9 in high and 6 in. wide was constructed
with % in. plexi-glass (lucite) and packed with 10-20 mesh Ottawa
sand. Waterflood experiments were carried out at different flowrates.
The waterflood front was tracked by means of measuring the resistance
across 55-pairs of electrodes installed in the box and the resistance
reading being converted to water saturation. The oil recoveries and
the chape of the waterflcod fronts were compared as function of
cumulative water injected for each flowrate. The waterfloods were
also evaluated employing the Buckley-Leverett. Dietz and the author’s
theories. All tests were conducted with 2 to 3 pore volumes of

saturated brine injected. -
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EXPERIMENTAL WORK

The experimental work carried out in this thesic will be
discussed under the headings of Experimental Apparatus, Model

Scaling, and Experimental Procedure.

Experimental Apparatus

A rectangular box, 6 ft by 6 in. by 9 in. was made with
% in. thick plexi-glass (lucite). The joints were glued with
epoxy resin and screwed every 4 in. (fig. 1). The end-plates
(fig. 2) were screwed to flanges at the ends of the box and
sealed with rubber gaskets. The end-plates were constructed
with a diffuser plate which consisted of a network of 70 1/20 in.
diameter holes, a % in. spacer plate and a % in. end-plate, all
glued together with epoxy resin. Three 3/8 in. inlets positioned
top, center and bottom were inserted into the end-plate to
eliminate poscsible end effects due to the positioning of the
inlets and outlets. Under pressure the box leaked - fibre glass
was run along the joints and the leaks were stopped. The box
has satisfactorily held a pressure of 8 psi (generally experiments
were carried out with pressures less than 5 psi).

The box was packed with 10-20 mesh Ottawa sand in saturated
brine. Initial experiments, using a short section of the box,
indicated that fiuid flowed along the sides of the box. Sand was
glued to the sides of the box with clear rubber cement. This

has satisfactorily stopped flow along the sides of the box.
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Fifty-five pairs of electrodes, 5 per column - approximately
2 in. apart - and, 11 columns - 6 in. apart - were installed to
track the water saturation profile during the flood. Initially,
the electrodes were 1/16 in. copper wire but inconsistent results
were obtained due to oil wetting the copper probes. This problem
was solved by gluing with silver paint felt pads % in. by % in.
to the copper probes. The felt pads were initially soaked in
brine thus ensuring capillary continuity from the sand through
the electrodes.

An a-c supply was used to measure the resistance across each
pair of electrodes. The voltage drop across each pair of electrodes
after being rectified to direct current was recorded on a 2U-point
recorder. An electrical circuit diagram is shown at figure 3. A
stepping switch system (fig. 4) operated by a separate U0-v d-c
supply, automated the switching from one pair of electrodes to the
next. After 20 readings the recorder was automatically calibrated
with 4 known resistances. One complete sweep of the box took about
36 minutes.

The box weighed approximately 500 1lbs when full of brine and
sand. An A-frame and a block-and-tackle arrangement was employed
to maneuver the box into position.

The fluid injection rate was controlled by a Reeves Duplex,
variable rate, variable stroke pump - the outlet filtered by a
1.2/ filter. The set up of the equipment is illustrated at figure 5.

The properties of the model are listed in table 1.
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Model Scaling

Rapoport and Leas (1953) made an investigation of the
stablized zone effect. From both theoretical and experimental
considerations the term Lu/h was found to be the scaling co?fficient
to check that laboratory waterflood experiments are stabilized -
where L = length, cm, u = flowrate per unit cross-sectional area,
cm per sec, /|, = viscosity of water, cp. A scaling coefficient
greater than 1.5 signifies stability.

In the experiments conducted this criteria was met.

If the Dietz assumptions are assumed to fit the reservoir
the dimensionless groups that must be the same in the model and
reservoir are:

1. Ratio of length to thickness. In the model this was

1/8.
2. Angle of formation dip. 1In the model this was O.

3. Fluid mobility ratiof&v x ﬁg}. This was approximately
W Ko '

2.8 - 5.5 in the model.

u, Ratio of gravity to viscous forces [k?w - £90) Kw}.
U Mw

This ranged from 2.0 to 20.0 in the model.

5. Transition zone must be smaller than the reservoir
thickness. 1In the model the transition zone was
approximately 1/5 of the formation thickness (fig. 6).

6. A check employing a Buckley-Leverett type calculation
using measured relative permeability curve for the

reservoir to ensure that the displacement of o0il by
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water proceeds with little movement of oil behind the
flood front. This was confirmed in the model (see

fractional flow curve, fig. 7).

12
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Experimental Procedure

Initial experiments conducted on a small section of the hox

These were conducted in order to determine the
following:
1. Relative permeability curves.
(a) Box was cleaned.
(b) Sand was cemented to the sides of the box with
clear rubber cement.
(¢) Box was packed with 10-20 mesh Ottawa sand in
brine.
(d) The porosity was determined by volumetric method.
(e) Displaced brine with 2 pore volumes of refined crude
oil with a viscosity of 520 cp.
(f) Calculated irreducible water saturation by
volumetric method.
(g) Displaced oil with brine recording volumes of oil
and water produced.
(h) Calculated relative permeability using the method

of Croes, G.A. and Schwarz, N. (1955) (fig. 8).

2. Calibration of probes:
(a) Box was cleaned.
(b) Sand was cemented to the sides of the box with
clear rubber cement.

(¢) Box was packed with 10-20 mesh Ottawa sand in brine.
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(d) Measured resistance across each probe at 100 percent
Sw- ‘

(e) Displaced brine with 2 pore volumes of refined crude
oil with a viscosity of 520 cp.

(f) Measured resistance across each probe at Swipp.

(¢) Displaced oil with brine. At various times recorded
resistances across probes corresponding to an average

water saturation in the box as calculated volumetricall..

The results of these experiments are shown in figure 9, anc
indicate that a relationship of the form shown below is correct.
Log Sw = M Log R + constant
Initially the electrodes were 1/16 in. copper wire but

inconsistent results were obtained due to oil wetting the
copper probes. This problem was solved by gluing with silver
paint felt pads % in.by % in. to the copper probes. The felt

pads were initially soaked in brine thus ensuring capillary

continuity from the sand through the electrodes.

Experiments conducted in full size box

The waterflood experiments were conducted as outlined in
the following steps:
(a) Box was cleaned.
(b) Sand was cemented to the sides of the box with clear rubber
cement,

(¢) Box was packed with 10-20 mesh Ottawa sand in brine.
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(d)
(e)

€3)

(g)
(h)
(1)
(3)
(k)

(1)
(m)
(n)
(o)
(p)
(a)
(r)

(t)

15

The porosity was determined by volumetric method.

The permeability to brine was measured. This was
determined by measuring the flowrate and the pressure
drop across the box. The prescsure drop was measured
with a manometer which utilized the circulating brine

as the measuring fluid.

With the box in a vertical position, brine was displaced
with 1% pore volumes of 22 cp mixture of gasoline and
520 cp refined crude oil injected at the top of the box.
Swirr was determined volumetrically.

Permeability to oil at Swippr was determined as in step (e).
Resistances of all 55 probes were recorded at Swirr.
The box was then placed in the horizontal position.

The contacts on the stepping switches were cleaned and
the recorder checked.

Commenced waterflood.

Punmp was started and adjusted to the desired rate.
Recorded flowrate and volume of o0il and water produced.
Recorded inlet and outlet pressures.

Stopped flood after 2% to 3 pore volumes.

Turned box vertical, waited overnight.

Displaced remaining oil with brine, calculated Soipr
volumetrically and recorded resistances of all probes.
Measured permeability to brine at Sojrr as in step (e).
During the flood the voltage drop across the probes was

recorded automatically.
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The experiments were repeated at different rates omitting
the steps concerned with permeability measurements.

Capillary pressure measurements were taken from Thesis T-1575
by D.B. Tippie. This data was adjusted (fig. 6) by a factor of

Jzi as suggested by the Leverett (1941) J-function.
Km

where
Kr = absolute permeability of the sand employed by

D.B. Tippie
Km = absolute permeability of the sand employed in

this thesis
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DISCUSSION OF EXPERIMENTAL RESULTS

Interpretation of Data

In order to interpret the readings recorded on the 24-point
d-c recorder a computer program was written. The recorded data
was punched onto cards and the program interpreted the data as
outlined bhelow:

Calculation of Constants

(a) Calibrate the recorder using the U4 known resistances
after each 20 readings,
R = a + b/(reading + c) (D
Iterate on ¢ for best straight line.
(b) Calculate the constants for each set of electrodes
in the following equation using the resistances/

water saturations at Sojpr and Swirr.

Log Sy = d Log R + e (2)
where
R = resistance
Sw = water saturation

Initial experiments on a small section of the box showed

that equation (2) was correct (cee fig. 9).

Calculation of Water Saturation

(a) Calibrate recorder (equation 1).

(b) Calculate resictance and then Sy (equation 2).

17
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@

(e)

18

Store onto disc files Sy and the time the reading

was taken.

Interpolate water saturation every %-hour after

start of flood.

Print out water saturation maps every %-hour.

The print-outs are shown at plots 1 - 16. The decimal
point represents a pair of probes. The figures are
the percent water saturation calculated for each

pair of probes. Fluid injection is from left to

right.



Author's Theory - Approximate Solution for the Case Where

Gravity Forces are Sionificuant in a Horizontal Waterflood

Whereas the Buckley-Leverett theory is concerned with the
growth of the transition zone from the water phase to the oil
phase during a waterflood, the author was concerned with water
tonguing under the oil.

The assumptions employed in the fheory were after Dietz,
as follows:

1. Sharp interface - no transition zone from water to oil.

2. Constant absclute permeability.

3. Mobility ratio

Ko , Ky _— 1
/“o I"w

4. Constant injection rate.

5. Incompressible fluids.

6. Constant pressure drop or zero pressure drop across
the oil/water interface.

7. Darcy's law applies - relative permeability data is not
required for the full range of water saturation; however
the permeability to oil at irreducible water saturation

is required.
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It can be shown that:

$Py = (Po + A¢jh

§x £x $x
where
Pw = pressure in the water phase
Po = " v " ooil "
0@ = density difference (€y - €o)
$h/ = gradient of the oil/water interface
¢w = density of the water
¢ = density of the oil

For oil to flow

SPy > A¢th
2Py > &

§x
9o = W(H-h) % L%c:
qy = Wh Ky $Py
Mrw §X
where

do = oil flow rate

qw = water flow rate

W = width of the formation

from equation (11) substituting for §P,/5§x

qw = Wh Ky [§Pg + A?¢§h
! ﬁ(?‘i 5x>

from equation (12) substituting for §Pg
$x

(11

(12)

20



T-1583 21

q, = Wh Ky [go% + OA€§n (13)
Pw (H-h)KgW §x
the continuity equation is
Sgw = Wge §h (14)
Ix st

substituting equation (13) into equation (1l4)

§ <;jahq0 + Ky A€ h _S_b_)= ds Sh (15)
ox AW (H-h) M §x §t

Equation (15) has been solved by Dietz for the case where

ih._~90 i.e. for long thin tongues and is probably correct where
$x

éh is small and h ..,0. However, where qo —0 or where 1/a 4,0
$x

(such as in the case of a gas) gravity forces are dominant and

equation (15) reduces to

_S_(& APh _5_}3>= gs $h (16)
$x I'w SX t

Equation (16) has been solved by hydrologist Polubarinova-
Kochina (1962) for water flow into an empty reservoir. It would
be interesting to carry out some experiments where_f is greater
than one. However, in order to solve equation (15) for the case
where gravity forces become dominant near the fluid injection end of
the tongue let us assume that gravity forces are negligible near

the producing end of the tongue.

H. ey

N .
PN
;l \\\"‘;,u !
T N i
N 0IL |
! Yo i
?ho l —y
| hp | I
| WATER ' h, | D

0““'"” T X 27 X x;l-lix - xl N \X l+5x 1 T T - ’L

t t+at
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Consider a position h, x on the oil/water interface

dw, Water rate = hWds
Kst/ h
also
qw = hW Ky fp
Mw éx

the oil rate is equal to the shaded volume swept out in time DNrt.
On inspection of the water saturation maps (see plots 1 - 16
and photograph) the shape of the water tongue appears to be of the
form:
x = B(H-h)A (17)
where A, B are constants.
Boundary conditions are

at x = 0, h = H

at x X1, h = 0

hence equation (17) becomes

x = x1 (H-h)A (18)
HA
volume of o0il swept out due to a change /ix]
H
AQo =!S x dh - i x dh
st ir1 X + AX él X

i.e. 1 = a ( x dh
Wds dx \g

from equation (18)

H _ H 1aA - A+
é x dh ,S,ﬁ& (H-h)# dh ;({_7} (g:;)
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23

now 1 [aQe) = dx)  (H-mA*L (19)
Wds \dyh dx HA A+]1
from equation (18)
dx] = _HA
dx (H-h)A
substitute into equation (19)
1 [dgq) = (H-h) (20)
Wgs  \dx /p A+l
Ay
now qop = fdQQ\ x {dx} = Wde (H-h) [dx) =
\dx/ n \dt/n A+l \dt/p
W(H-D) Ko P
o SX
also qy = [ §x Wgsh = W h Ky &p
§t /h M dx
dividing and rearranging A+l = M
where M = /5 x Ky = 1
Ko Mw a

Hence a solution for the

neglected is:

x = x1
HA

At the point where

Spy

§x

(H-n)M-

case where gravity forces are

1 (21)

= A¢4h , the oil rate is zero
X

Let us assume that the steady state solution of equation (16)

ie sufficient, which is

h Ky Aé)_é;}_l_ = Constant = qy (equ. (13) with go = 0)
1w Sx W
on integrating since q = qyu
(ho® - h2) Ky A€ = gx (22)
/'w W
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where h = hg at x = 0, q = the injection rate.

Equation (18) is employed until

$py = A€ 4R
§x §x

and v = A2 ¢h (23)
Wth SX

from thereon equation (22) is assumed

now from equation (18)

fh_ = HM-1
§x M-1) x1 (H-h)M-2

substituting into equation (23)

q/u = HM-1 (2w
WhAE Ky, (M-1) x1 (H-h)M-2

Equation (24) is solved for h = h2, x = x2 (cee diagram).
from equation (18)

x2 = x1 (H-hp)M-1
HM-1

from equation (22)

ho = (h22 + x2 gy )?
WAZ Ko

At breakthrough xj = L and the volume‘of 0il recovered is

found by integrating the volume of the water tongue.

2 L
jg=3hdx+3hdx
X

Wds 5
-y )
= 2 é_e_&iw;rho:“ -iho? - x2 g re ) 372 [+
3 arw L \ ACTKw W / j
VARRS
H(L-x2) + H {sz/M_l - LiM-1 (25)
L LML MY
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h

After breakthrough
H

o

o

ey

1
WATER hy',
t

0

R

OIL {

he+Lhe
T A, he

A . e sy e T g

L

0il swept out (AQg) due to a change (Lhe) in he.

b80o "L h dx
Wds | é

1 $Qaq = _§
Wgs  {he $he

0il production rate at x =

Water production rate at x

dividing equation

}% h dx
h""ﬁhe 10 he
L
!g h dx £
| o |
L is —/KQQ ﬁ_e\
Vh%& =], \St& =L
= W(H-he) Ko P
o §x
=L is q - [{Qo x _De\
$he/x=1, St/x L
=he Ku $P
Mw o EX

(27) by equation (26)

q-§Q0 x fhe
she it
= he M
(H-he)
500 x She
$he §t
‘and rearranging
g = $Qg x JShe (& he + 1)
$he ft \ (H-he) /
t ~
i d Qg (/M_he__ + 1>dhe
dhe (\ (H—he) //

25

(26)
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he l he
Qt = QO (hQM + (H'hQ) ¢ é Qo MH dhe

. (H-he) ]

Qo is calculated as follows:

from equation (18)

x = L (H-h)M-1
(H-he)M-1

Since the new boundary conditions are
atx = 0, h = H
at x = L, h = hg

as before hp is determined by solving

: - M-1
q . = !H-he[
hw ﬂ Kw L(M-1) (H-h)M-2

and
x2 = L(H—hg)M‘l
(H-he)M-1
(12? :
ho ={h2% + x gy )

4 ACK,,
Qo is determined by integrating the volume of the water

tongue and

00 = 20bek, |ho® - (he? - x2 as) Y% H(Lx2)
Wg's 3 aMy | \ Ky W / J
+ (H-he) |xM-1 - p | Ml
L 1M-1 M

The integral in equation (28) can be evaluated employing the
trapezoidal rule and Qo is determined from equation (33).
Total fluid injected = Qt + Qob

where Qob = o0il recovered at breakthrough (equation 25).

(28)

(29)

(30)

(D
(32)

(33)
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Appendix A further develops the theory to correct for gravity
at the producing end of the tongue, and it‘is shown that it has a
negligible effect on its shape. However, at low rates, the
inclusion of the gravity forces is required in order to predict
the waterflood performance accurately.

A computer program was written to calculate Qp and Qt from
equations ( 33 ) and ( A6 ) for values of he ranging from O to H
for the model. The results are shown at figures 10 to 13.

Appendix B illustrates how an engineer can use these equations

to predict waterflood performance.
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Discussion of the Shape of the Water Tongue

It can be seen that the author's theory fits the observed
data satisfactorily. The calculated shapes of the water tongues
are plotted in plots 1, 4, 7, 10, 12, 13, 15 and 16. The
agreement between the calculated shapes and the observed as
recorded on the water saturation maps is good.
The first waterflood experiment (4/5th April 1973) was used
to determine the experimental procedure and to familiarize the
author with the equipment. This flood was carried out with the
inlet and outlet positioned in the center of the end-plates.
There was a distinct oil/water interface in the end-plates which
corresponded to the oil/water interface in the sand pack. On
observing the oil/water interface in the inlet end-plate, the box
was turned vertical and left overnight in an attempt to obtain an
initial vertical oil/water interface. However, shortly after the
start of injection with the box horizontal, an oil/water interface
appeared again in the injection end-plate. The subsequent waterflood
experiments were carried out with zero initial oil/water interface.
It was thought that the appearance of an oil/water interface in the
end-plates was due to the position of the inlet and outlet. All
subsequent floods were therefore carried out with the inlet positioned
at the top of the end-plate and the outlets positioned top, center
and bottom of the end-plate. An oil/water interface in both end-plate:
was etill observéd, as would be expected from the author's theory.
The effect of rate on the shape of the water tongue can be

seen from the results of the first flood. On reducing the injection
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rate from 1.5 to 0.69 cu ft/day, the gravity controlled (i.e.
injection end) portion of the tongue reduced in height and
increased in length and the tongue became essentially horizontal
(see plot 5) and oil recovery was reduced (see fig. 10). This
was in agreement with the author's theory. On increasing the
rate to 9.7 cu ft/day the injection end of the tongue increased
in height and reduced in length (see plot 6) and the oil recovery
was consequently increaced (see fig. 10). The shape of the tongue
at the producing end appeared to be independent of rate and in
agreement with the theory. These phenomena, discussed above, were
also observed in the remaining waterflood experiments.

The contacts on the stepping switches were cleaned very
carefully before each run since a change in resistance of 2 ohms
at saturations of about 80 percent corresponds to a change in
saturation of approximately U percent (see fig. 9). The measured
water saturation values are accurate to within ¥ % percent for
low water saturation readings and increase to approximately * 6 percent
at the high water saturation readings.

A closer study of the water saturation maps shows that the
transition zone does not develop at all, indicating that after
breakthrough oil is displaced essentially vertically near the
oil/water contact and with almost piston-like displacement. Since
the transition zone is not developed it is possible that the
streamlines in the water tongue are bent parallel with the oil/water

contact due to the permeability reduction of both oil and water.
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A point of interest was that just before a pair of probes
changed from low saturation to a high water saturation, the
water saturation as measured by the probes reduced slightly
which could be due to oil moving vertically away from the oil/
water contact.

One possible source of error is end effects caused by a
water saturation discontinuity at the injection and producing
ends of the model. However since a distinct interface was
observed in the end-plates (regardless of the positioning of
the inlets and outlets) corresponding to the oil/water contacts
in the sand pack no such discontinuity arises and errors due to

end effects can be eliminated.

30



CONCLUSTONS

The purpose of this thesis was to compare experimentally
the Dietz and Buckley-Leverett frontal advance theories. The
following conclusions can be drawn from the experimental
results.

1. Where gravity forces are significant during a
horizontal or nearly horizontal waterflood the normal Dietz
theory is unsatisfactory. By assuming that the oil rate was
equal to the rate at which the oil/water contact swept out oil,
a different theory was developed taking into account gravity
forces. Although this was an approximate solution to the
continuity equation, the solution agreed satisfactorily with
the experimental data.

2. If water tonguing in horizontal reservoirs occurs
the Buckley-Leverett theory is unsatisfactory in predicting
waterflood performance.

3. Once a tongue has formed the transition zone does not
develop and oil is displaced vertically near the oil/water contact
with piston-like displacement.

U, As the injection rate increased the effects of gravity

decreased and the initial oil recovery increased.

31
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Correction for the effects of gravity at the producing end

APPENDIX A

of the tongue.

at x = L, h = he
do = dQo dhe
dhe dt

rearranging

d0o dhe + ACSh

dhe dt :JX
also from equation (27) in the
q - dQo dhp, = W he Ky
dhe dt Mw
dividing equation (AZ2)
¢ WMAe$he Ko )dt
q - Apone R
§ Y% o
t
i.e. Qt - <(heMAQ §he Kqg Wdt
X /o
h Qo MH _dh
(H-he)
o}
now q = dot
dt

substituting into equation (A3)

} Qi heMA@ fhe Kg WdQtr = R.H.S.
g

Qt
bx /o

33

Mo

‘o

text

$pw

{x

)

= W(H-he) Ko / 8By - M_é.b,g\“;
\Sx é%/

Mo X

| (H-he) | dhe

P&l 0o (heM+ (H-he)
o (H-he)

W (H-he) Ko =W (H-he) Ko ‘P

|
|

by equation (Al) and rearranging

e v
(heM+H-he | dQo dhe

(AL}

(A2)

(A3)

(A¥)
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using the trapezoidal rule
Qt
heMAC She Ko WdQt = (Qtp-Qtp-1) (Bn+Bn-1) +
q x /o 2

n-1
Z @Q+t; - Qti-1) BitBi-1)
2 (A5)

i=1

where By = WAL he Kg She\
/“Oq 5)( /n

from equation (29) in the text

<%hﬂ ) = (H-he)
BX/ n L (M"l)

substituting equation (AS) into equation (AY) and rearrangin:z

n-1
Qt (1-AB) = R.H.S. + };l Qti - Qti-1) (Bi+Bi-1) -
l=

Qtpn-1 AB (A6)
where AB = (Bp + Bn-1)/2, R.H.S. = right hand side of (A3)
Total fluid injected = Qt + Qob
where Qob = o0il recovered at breakthrough
It can be seen that the correction for gravity effects depends
mainly on AB.

now AB = WM ACKg he (H-he) (A7)
L M g (M-1)

AB is O at both he = 0 and he = H, the maximum value of AB is
at he = H/2.
For field units
all distances in ft
g in cu ft/day
AQ in gms/cc
Ko in darcys

Mo in cp
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AB== 2.75 WMAC Ko he(H-he) (A8)
L Mod M-1)

using the model properties and for M = 2.8, g = 1.5 cu ft/day.
(1st flood) ABpax ==0.36
for M = 5.5 and q = 5, 10, 15 cu ft/day respectively
ABmax == 0,043, 0.022, 0.0l4 respectively

It can be seen that at a high value of M and g the effect of
gravity is negligible but at low values of M and g the correction
must be made.

A computer program was written to calculate Qo and Qt using
equations (A6) and (33). The results compare very well with the
observed data (figs. 10 - 13) showing that the a priori assumption,
that the effect of gravity does not significantly change the chape

of the water tongue at the producing end, was correct.



APPENDIX B

Application of the theory.

1. Breakthrough

The time when breakthrough of water occurs is found by dividing
the cumulative oil produced at breakthrough by the injection rate.
The cumulative oil produced is ecstimated from equation (25).

inserting field units where:
g = 1injection rate, cu ft/day

heights, width, and lengths are in ft

Kw

Mw
A= density difference, gms/cc

effective permeability to water, darcys

viscosity of water, cp

s = 1 - Sojrr - Swipr, fraction

put C = g M,
2.75 A€ KuW

we obtain

Qo = Wds 2 1 {£03 - (hoz-sz)]a/2 +H(L-x2) +
3 C v
Ho[xMMl ] el ®1)
1/M-1 g

hy is determined from equation (24) putting x] = L and

inserting field units. h2 is solved in equation (BZ2)

Cc = uM-1 (B2)

hp (M-1) L (H-hp)M-<

x2 = L _(H-hp)M-1 (83)
HM- 1

ho =  (hp2 + x20) % (BY)

36



knowing xp (equation B3) and hg (equation B4), Qo is

T-1583
calculated for equation (B1l).
Time for breakthrough = Qg/gq days.
Example
for M = 5.5
g = 5 cu ft/day
H = 0.75 ft
w = 0.5 ft
s = 0.76
L = 6 ft
g = 0.32
A€ = 0.36 gns/cc
Kw = 170 darcys
P = 2.0cp
from equation (B2)
h2 = 0.376 ft
from equation (B3)
x2 = 0.26 ft.
from equation (BY)
ho = 0.4l15 ft.
from equation (B1)

Time of breakthrough

Qo = 0.0935 cu ft

0.0935/5

0.0187 days

]

28 min

37
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2. After Breakthrough

In a similar manner as the breakthrough calculations were
carried out, cumulative o0il recovered as a function of cumulative
water injected can be estimated using equation (A6) and equation
(33) (in the text). This has been carried out for the waterflood
26th April 1973 and is plotted in figure 11 in terms of pore volumes.

The following can now be estimated:

(a) O0il production rate as a function of time

do = (l-fw)gq (BS)

where fw is the water cut

now fw = 1 - dQg (B6)
dQt
dQp is the gradient of the curve in figure 11.
dQt
substituting into equation (BS5)
do = dQo g (B7)
.dQt

The o0il production rate for various values of Qt can
be estimated from equation (B7) and the time is found
t(days) = Qt/q

(b) Water production rate as a function of time

aw = fwag
from equation (B6)
aw= (i-d00) a ®8)
dQ¢

The water production rate for various values of Q¢ can
be estimated from equation (B8) and the time is

t(days) = Q¢/q (B9)
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(c) Cumulative oil production as a function of time.
From figure 11, Qo is determined as a function of Qt
and time is found from equation (B9).
(d) Cumulative water production as a function of time
Qw = Qt - Qo (B10)
From figure 11, Qo and hence Qw (equation B1l0) is
determined as a function of Q+ and time is found from
equation (B9).
Example
For the conditions of waterflood, 26th April 1973, the oil
production rate, the water production rate, the cumulative oil
production, and the cumulative water production were found as
functions of time. The results are tabulated below:

Qt Time dQg do dw Qo Qw Water
cu ft min dot cu ft/d cu ft/d cu ft cu ft Cut
0.0913 31 1.0 4.25 0.0 0.0913 0.0 0.0
0.281 95  0.34 1.u4 2.81 0,183 0.098 0.66
0.562 191  0.205 0.87 3.38 0.26 0.302 0.795
0.843 287 0.15 0.6u 3.61 0.31 0.533 0.85
1.13 384  0.124 0.53 3.72 0.3u4y 0.786 0.875
1.4 476  0.0795 0.34 3.91 0.372 1.128 0.9205
1.69 574  0.0u56 0.19 4.06 0.386 1.304 0.9544
1.97 670 0.0515  0.22  4.03 0.400  1.57  0.9u85
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fo2
fw

Pe
Po

Pw

APPENDIX C - NOMENCLATURE

cross-sectional area, sq cm

mobility ratio Ko My
#o Kw

fraction of water flowing at producing face

fraction of water in the flowing stream
(i.e. watercut)

acceleration due to gravity, cm per sec per cec
formation thickness, cm

perpendicular distance from the bottom of the
bedding plane to the oil/water interface, cm

height of the water tongue at the point where

$Py =A¢Sh , cm
$x §X

height of the water tongue at the producing face, c

absolute permeability, darcy

effective permeability to oil at irreducible
water saturation, darcy

effective permeability to water at irreducible
0il saturation, darcy

relative permeability to oil
length of the box, cm

mobility ratio /o Ky =1
Ko Mw a

capillary pressure, atm
prescsure in the oil phase, atm

pressure in the water phase, atm

40
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Qi = cunulative pore volumes of fluid injected
Qo = cunulative oil production, cc
Qob = cumulative 0il produced at breakthrough, cc
Qw = cumulative water production, cc
Qt = cunulative fluid injected, cc
Q = cumulative fluid injected per unit width, sg cm
q = injection rate, cc per csec
do = oil production rate, cc per sec
dw = water production rate. cc per csec
R = electrical resistance in ohms
R.H.S. = right hand side of previous equation
S = 1 - Swirr - Sojirr
Sw = water saturation, fraction
Sw? = water saturation at producing face. fraction
SWipp = irreducible water saturation, fraction
Soirr N irreducible oil saturation, fraction
U = total fluid velocity (g/A) , cm per sec
W = width of formation, cm
o = formation dip, deg
° = partial derivative
AR = density difference (éw - €o)X 0.000968, atm per cm
/o = 0il viscosity, cp
Muw = water viscosity, cp
Qo = 0oil density, gm per cc
Qw = water density , gm per cc

g = porosity, fraction
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FIGURE 2

DIAGRAM OF END PLATES

END VIEW
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i Diffuser Plate

1/20" dia. Hole:
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Y-v a-c Supply
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FIGURE 3

ELECTRICAL CIRCUIT DIAGRAM
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FIGURE Y4

STEPPING SWITCHES

CIRCUIT DIAGRAM

Positions 1 to 24 on Recorder operated by Microswitch

Solenoid
Switch 1

! Cl"§§

Pos. 25 S1 ] § -
4o-v ot Ll ‘t7
Pos. 26 S1 ! N
uo_v _ ,.,_“_‘__JSWltCh l
}
L0-v Wﬂmﬁﬁmgﬂgﬂgu,___-ﬂj
Switch 1
Pos. 26 S2
Switch 2
4g-v —= }——— NC
40-v “"“”F‘”‘{”A; —————
POS.-Z-i!_g2 ot . % l .
AA ‘ Solenoid
f ] Switch 2
S — { - -‘ - :,()
-N C2 T"Zi
3
NO
Switch 2

S1 Switch No. 1
S§2 Switch No. 2

NC Normally Closed
NO Normally Open
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TABLE 1

ROCK AND FLUID PROPERTIES

Oil: 50 SAE refined crude diluted with gasoline,
1st Flood sp gr = 0.837 gns/cc
Viscosity = 9.7 cp
All other Floods sp gr = 0.857 gns/cc
Viscosity = 22 cp
Brine: Fully saturated with salt.
sp gr = '1.195 gms/cc
Viscosity = 2.0 cp
Salinity = 330,000 ppm
Sand: 10 - 20 mesh Ottawa sand
Grain density = 2.66 gms/cc
Porosity = 32%
Absolute permeability
to brine = 390 darcies
Capillary pressure see Fig. 6

The transition zone was estimated to be

approximately 2 in.
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Table 1 (continued)

Estimated total weight of box, plus sand, plus brine = 500 lbs.
Irreducible water saturation = 3 - 11%
Irreducible oil saturation = 21 - 23%
Pore volume = 19,865 cc.

All measurements were taken at a room temperature of 72°F.



FIGURE 6

AIR/WATER CAPILLARY PRESSURE DATA

(ADJUSTED DATA - FROM D.B. TIPPIE T-1575)
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FIGURE 7

FRACTIONAL FLOW CURVE
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FIGURE 8
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TAB

HORIZONTAL FLOOD U4/S5TH APRIL 1973

i
Cumulative | Cumulative *¥Inlet *Qutlet
Date Time 0il Brine : Rate Pressure Pressure
Hrs :Mins Produced Injected !cu ft/
% Pore Vol| % Pore Vol day psi psi
u/4 14.35 13.8 13.8 Start of Flood
" 15.49 27 .9 28.08 1.97 1.22 1.C
" 16.35 32.2 35.9 1.60 1.32 1.1
" 17.13 34.8 41.5 1.61 - -
" 18.30 38.1 52.95 1.55 1.22 1.25
" 16.41 4Q0.5 63.5 1.31
" 20.51 2.3 73.6 1.52
" 21.30 3.2 79.2 1.u45
5/u4 10.30 45.9 131.9 0.69
" 10.50 47.6 151.6 9.7 1.82 1.62
" 12.20 54.0 236.5 9.6 i
i
(See Figure 10)
Initial oil displaced by brine with box in vertical position = 13.8% PV
(to obtain initial vertical oil/water interface)
Porosity = 32%
Pore Volume = 19,865 ccs
Absolute Permeability = 390 darcys

Kw at Soirr

Ko at Swipp

Swirr

Soirr

Viecogity of oil
Viecosity of brine
ep gr of brine

sp gr of oil

* Measured with a pressure gauge,

Viscosity measurements accurate to T
Specific gravity measurements accurate to ¥

170 darcys
300 darcys
11%

23%

9.7 cp

2.0 cp

1.195 gme/ce

0.837 gms/cc

+

accurate to ¥ 0.02 psi

0.002 gms/cc
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HORIZONTAL FI100D

TABLE 3

26TH APRIIL 1973

Cumulative | Cumulative *¥Inlet | *Qutlet
Date Time 0il Brine Rate Pressure | Prescure
Hrs :Mins Produced Injected cu ft/
% Pore Vol. % Pore Vol.| day psi psi
26/4 15.50 - - - - -
" 16.22 14.0 4.0 4.55 1.35 ¢.725
B 16.50 19.55 24.05 3.68 1.3u 0.93
" 17.50 30.0 50.7 4.5 1.26 0.82
" 18.50 36.6 76.4 4.3 | 1.175 0.745
" 19.u1 40.6 98.6 by 1.05 0.84
" 20.49 uy .7 127.1 4.26 | 0.965 0.69
" 21.40 u7.2 148.6 4.27 |
" 22.55 50.25 180.0 4.25 | 0.952 0.683
" 23.45 51.8 201.5 4.33 ;
27 /4 00.30 52.9 218.5 3.92 ;
(See Figure 11)
Average Injection Rate = 4.25 cu ft/day
Porosity = 32%
Pore Volume = 19,865 ccs
Absolute Permeability = 390 darcys
Kw at Soirr = 170 darcys
Ko at Swirr = 340 darcys
Swirr = u%
Sojirr = 23%
Viscosity of oil = 22 cp
Viscogity of brine = 2 cp
sp gr of brine = 1.195 gms/cc
sp gr of oil = 0.857 gms/cc

* Measured with a manometer, accurate to * 0.005 psi

Viscosity measurements accurate to T 3%

Specific gravity measurements accurate to

+

0.002 gms/cc
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TABLE U

HORIZONTAL FLOOD 30TH APRIIL 1973
Cumulative Cumulative *Inlet *Qutlet
Date Time 0il Brine Rate |Prescure Pressure
Hrs :Mins Produced Injected cu ft/
% Pore Vol.| % Pore Vol. day psi psi
30/u4 17.30 - - - - -
" 17.u5 13.25 13.25 8.95 2.06 1.21
" 18.30 32.2 58.8 10.2
" 19.15 - - 1.51 1.1
" 19.30 uy .6 117.5
" 20.30 51.4 173.0 1.39 1.02
i 21.30 - - 1.25 0.984
" 22.00 58.4 250.0

(See Figure 12)

Average Injection Rate

Porosity

Pore Volume

Absolute Permeability

Kw at SOir\r
Ko at Swirr
Swirr

Sojirr

Viscoegity of oil

Viscosity of brine

sp gr of brine

sp gr of oil

9.3 cu ft/day

32%
19,865 ccs
390 darcys
170 darcys
340 darcys
3%

23%

.22 cp

2.0 ¢cp

1.195 gme/cc

00.857 gms/cc

* Measured with a manometer, accurate to

* 0.005 psi

Viscosity measurements accurate to ¥ 3%

Specific gravity measurements accurate to

¥ 0.002 gms/cc
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TABLE 5

HORIZONTAL FLOOD

3RD MAY 1973

59

Cumulative Cumulative *Inlet *Qutlet
Date Time 0il Brine Rate |Prescsure | Pressure
Hrs :Mins Produced Injected cu ft/
% Pore Vol.| % Pore Vol.; day psi psi
3/5 12.47 - - -
" 12.58 15.0 15.0 13.8
" 13.18 27.3 42.9 19.3
" 13.43 40.3 84.0 16.6
B 14.13 48.5 131.6 16.2
" 15.00 52.4 207.5 13.4 1.59 0.87
" 15.47 62.4 295.0 16.6
(See Figure 13)
Average Injection Rate = 15.5 cu ft/day
Porosity = 32%
Pore Volume = 19,865 ccs
Absolute Permeability = 390 darcys
Kw at Sojrr = 170 darcys
Ko at Swipp = 340 darcys
SWipp = 3%
Soirr = 21%
Viscosity of oil = 22 cp
Viscosity of brine = 2.0 cp
sp gr of brine = 1.195 gms/cc
sp gr of oil = 0.857 gms/cc
% Measured with a Manometer, accurate to * 0.005 psi

Viscosity measurements accurate to ¥ 3%
Specific gravity measurements accurate to

* 0.002 gmns/cc
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FIGURE 14

PHOTOGRAPH OF GRAVITY TONGUE
DURING WATERFLOOD

26th April, 1973

51



9 y3noayiy 1 s30[d O} SJI8JdI - PIIODUUOISTP 8qOId

HOOOYHINYIYE IV JNIONOL ¥ILVM QIIVINIIVD

8L O 988V

Zvge

13n0 2y 1 JORE 95' 1T 624271 286 2ey
821t 60°17T L9°TT 6v'2T LLY6 19'¢t
29°13 65° 11 2811 £5'e1 59 g1 s6°21
Zy 1t L6 vl seiee 28'Sh TREY 66°9¢ 84°£S is il $9-T4 525 $c'ee
66'17 £ 11 LR 531t 264171 65°67T ALY 688 2?6 @ R6'vL sv L
S1an0 ZE'TT 12'11 €9'71 9TTT L84CT 5ot Zpt 1t 95123 §3° 7% TAR £r 8¢
£33 9577 £STT L8iet 92273 gy pT pgET pETT (637 76°27 9L 82
8E'TT be* 13 AR S8 15003 £6'g1 GL 3% 9421 PERNR 25121 27°¢3
0074 40 LEVLS u3i4¥ 'Sun 52
Le'zt £ 2y 53T v2 2T L5723 £6'2T 2978t £9'97 pa Ly 2zt 52 bl 6s
€CHIT TR 5271 TLeT Tyt T6'2Y 192t T8 11 520°0 $2'62 v6°93
1300 LLret L3'2% JFARA: 9211 £s oY 5907 £g'el 8607 (2T €3 LY 9% v
$5*21 gz 11 £8° 3T g9'eT SR 8e* 21 gLt G113 12427 8963 $v° 55
L re'er vetal 6’1l 63'eT 68t bTIT GGe 0> 6yl 46t 3% go'bl AR

Q00714 3C L¥vlS ¥3147 °SHUH 2°3

————— e P e - —_

' IV TTIVINVA €467 1I¥dV HIS/h Q0013 TVINOZIYOH
T 301d CONIW 28 A¥IAI SdVYA NCILvY¥NLYS ¥3LVH _




313n0

213nQ

31310

coraL bl aLiol LR 0L*'93 Ly il Y fut L TR T R
BEANY] 2Lt EAKY 99'sg Sl vy Ty' 18 Teree %53 vGo 68 65T gn
»9°' 1% (917 §6'17 £g'21 LB acrze e2 1Y L3569 - REA 2929 £ EL
€L'Tl BRIl 2911 93113 22'11 P8 21 98°e% 88771 260t 662t g2 97
SI'TT _22'17 (813 69421 G 03 LA XM A £9'9% 2L0a% CATTY L83
COQT4 40 LUVLS y3i4Y *gew o'E
1264 YA 9g'1g %' T, 85 6L 8e'sp 96" 8L 56 QL T2 2L 9¢ g5
v2'69 28'19 L9159 ¢p'sy GL4eL £8gy 6v°28 27164 $7E°0 2§28
LG TT 5511 YL'TT T2'z1 ageT 9385y 5567 £6'6% %629 s RS LL93
g3 1T 66'7T TLTT T AR+ LTT% L8087 £6° 8T (87T cg g7 £L21 L72°9%
¥2'1t (8'TT 69'TT Te'eT b9 @Y 89°CT $L'03 yo'ey a8 aT 24° 11 L4583
Q0G74 40 L&Y1S 23147 'g¥d 5°2
iyl ge e €5'2s §84¢¢ vérgL 62'¢cg T2 LL bLroL p9° 1L 69 LL AR
eE' Yy 8v'LE T5'9¢ ,.E..nm CRRRPA 238 6¢L geredL veroL x£6°2 Tgrug 65°GL
gy*3T’ g8 T £¢'2T 63z 6L'TY £32T b et £2'Le 2z vb pTLS TZ0eR
AR A (L'TT 9¢' T €2'37% 68'37 26 g% 66'%1 28'2% A §2'97
65413 69171 ¢y'1T L6471 945k L8121 et AR £2+a% 5323 AR X
GCCT4 40 L¥VLS #3_4V 'gus 2
76 2L ChibL Tvge YT Y 86' 12 52799 52r el 22' 2t 5.°5. 26713
bT453 £6'2% $3'32 ¢Ttg9 v9py 679/ 63 LL ¢greL 27790 5569 L5°5L
68111 at3T 26'11 garzt gv* 11 9L TY 6% 2T 15971 Pl v LG G¢ LL YR
1213 48°'17T $9'11 8yiITT ¥2*'11 16'07% cg It T2'2t 18073 L6°27 26°97%
29'3% £C'1T Y9411 2211 v2' T3 €211 £6°@% £3'¢1 S5t at 6127 850 v3
Q0074 40 LuVYLS ¥3L4v "SgH &°T
3ive 378VINvVA SL6T T1udY HIG/P G004 TYLNUZINOM
¢ 101d

PONIW 28 ANHIAT SdYA NOILIVHALYS H3ILYH




6l

3a7anQ

e13ngQ

a13nd

T-1583

2 6e 2c oL v6'Te vSraL 9T T3 8y (g RTeL 66 6L €9 i Tty 52" 23
vt L 2T LL CEARY:] ¢cteR 914 6L £e'zg 2628 T2roe %2270 TGt e 94°6¢
6v'63 26T gg' Gl P62y A4} 0569 g6"SL T14649 2 6L 12659 Y67 6L
¥2'11 29'11 £G'3T L64¢1 2T Z2L0 a3 €9'¢T £Q'TT gL oy A TT°L3
26227 L3137 2elit vl 62423 0133 gy el €82 T L6447 64° 11 52°¢1

Q004 40 L¥VAS :23:i4Y "SEH 3°§
S8YLL SL'%L 6T'9¢ £Lte8 AN ge 18 £G4 LL A2 L6 0E e te
£2'9¢L 93°¢¢ 2g2'se [4Re: 9T'9¢ £6°78 69°'¢8 022 3y L5°5¢
§T'et 1921 16'2z 29 s¢ £v°99 207 se L1189 25 8L €9° 49 99" T3
62'T1 e Tl £C 1T 6117 b8CT 9L 2% $8'TT CYRN gvel 267
56121 6I11% 6yey Ret el 22 N 85yt kA §5°11 853

Q0074 40 LEVLS udid¥y "SxH &'y
Y69y 8L'9L $L'84 ibrey 69'2® EREY ge ¢y L6 LL ARy Tg e £s 78
gE'sL YAR Y4 12394 LRFA S6°8L £9°'¢ 2v 28 2 u8 %500 76 ¢e AR
91121 g1'27 vL021 £6'357% 7hr68 Theg 66°69 L9°'69 25t 9¢ AR Y€ 93
VAR b 1T 6G*'TT F AR 6T¢TT véret 98°a7 28*'13 g8 g% 8627 ,mm. T
2713 eT'71 22'1T 85'2T TG ¢T TG 69 4% 29' 2% A /03T 68T

§0CT4 40 L¥TLS 27iaV ‘Sre oty
€I LL 8g'gL ge'gL 88t 8¢ 9028 2e L b6 LL €9'6L 28 bL £9'a8 92°¢9
cetil TLY9L £8'LL s6'fg 5994 8828 g€pe1e 8964 2228 7558 €5 6¢
26'17 £2°'71 23'2t beigT 99°%2 brog 06°LS 96'TL ow.mn 24098 gcres
6313 €8'13 AN (37T b2 3% LE8'23 8R'0T LL'T e 2% 2g'dr 8C° 91
3713 L2'13 ce'1y §9'a3 vERY 29'3% 2(°a7 2927 2923 g 3T vG ¢l

QCCT4 40 L¥YLS 23:4V *Gxm £°¢

3lvy 378VIMVA L6T V1YdY HLG/b Q0075 “IVLNOZIx0ON
£ 3074

'ONIH B¢ A¥3A3 SHYW NOILYENLYS ¥3LVM




21300

387309

39713N0

273n0

T-1583

AV

JHD L9000t

16464 75169 ve'ze 867 pEr 1Y IR (v 6L sc'yy ARV G 6L ¥6 ¢
CRER za'el {2'23 | XANAS Sy LL vl T8°¢8 28'6¢ LS 6L ?2°2L
TRyt y - 65— VA TR TALY) 50431 bLOSL R6"25 gv'z €630 £g b 3¢5
£I'TT 64' 1T £9° 1% L3'11 AT p8'oT $8°¢T $0'TT 2l Bl ETEl————tbi2
16123 ZTIT 9213 18457 £2:23 ST AT A 6£' 21 AR’ 5011 26721
Q0374 40 LE¥LS #3L4V "Snm 'L
gTteL 2v'edl €628 8¢'69 62'18 71698 #E L8 €6 9L GE* 94 LR 9¢'ga
86464 16°L9 g8'1e LT'0g 9708 8BS 8¢ TL'98 £2' g8 #5203 LT 0E 58 9L
5268 Totzy L2739 SLveL P EL g9 6L 2868 13X 97 65 6L X $7° %9
53T 15'11 £9' 17 60'T1 FARA g9 ey e et vL03T LL°03 L7321 8583
£8'2% £2'1T 3233 Zvleoy (206 30T b6 2% $v'o} ARG [ABRAS 283
Q0074 40 IMYLS =3i4Y "S¥4 59
2oL 62°'6L {B'E8 SRRV AR A°] v.teg |2 A g€c'6L T6 YL 29 LL v5°'28
€949¢ bLtTL gv'1Q 91129 chigs Sb8y 9p°' (8 2o ge %00 6" 8L 52'28
L8492 6282 20086 Ta'is §1e 2L (800 98768 6L°69 2B L i el 1cr2e
LT4IT T6°17 494173 G133 TEvTY T2'¢T QL et 2L 1Y SLYTT 6G° 2% (L LS
Q6127 L1'11 $Z0IT 62423 15423 (8421 95' 073 9521 0g* 2% LG 13 07'e3
CO0CTN2 40 L¥VLS MIL4Y "GrHd 279
29' L 596t geree 8L'9¢ 8beg 96168 sz el LL'6L £2, 3¢ 2698 €2'g3
zer et 28'9¢ 2L'18 £oiag €y gL 92' 28 £z es 117 2200 1908 £9°35
L6'6% 91'8% §9' L8 2829 26499 2LrsL gLt 2L $2'TL 2864 £6'S¢L AR
61471 LL0T (9'31 Sttt 61471 ge'ot 65°21 £9' 7% 2L gt £¢ 27 SL LT
n6'21 1231 TARRY p£0 71 ql'4% 966 6841 pe' 23 96 C1 4531 £1°9%
90614 40 L&VLIS 5314V *S¥4 §°G
319y 378VI¥YA  S46T7Iydv KIS/ 00074 IYINOZINOM
fi 301d. ‘SNIW @£ AMIA3 SA¥W NOILVHALYS ¥3LVH




)
O

39130

337300

387angQ

131300

T-1583

~
-t
-
o
xX

ARV RINIS

ze L8 2L'6L SL'9¢ puee Ty 6L Le5¢L 57 G 69 2x
yL'eg 26'98 v2'6L v2iog 26 1¢e 922, 68° 6L 28°6¢ (118 6% 5¢
9v'1g 8l'bL 4L'6L Te0es Lev3L 1 ANY) ge gL £9@L 68 6L 2098 SitiL
G2'11 ﬂw.ﬁﬂ XARA LG0T BL92 p2'es Geree LE' YT ARA ve-2g 92 Ly
2191 2521 29'31 19%¢ 146 b5t TR IIet gyl RIATS 72127 w
00074 40 L¥YLS 3137 *g¥R 2757
99:6L ¢L'a8 13 AP T2'6¢ neroL L6y TS LL gzt el 3 8L L7238
T8'26 19'¢o Y26l c3'¢s L8428 6v* 2y 28 vl £9s PR AT 75°5¢
T8'6¢ 8569 89°'6¢ aL'6L 8d°'vL 6718 2664 92 6L b1 2% A 68 LL
v6'aT 98°'17 1973 BeYT 8T 21 6L*3T g2 gt Tpt vl geret €T ag S92y
£2°2% \w.pa 95'at eLls £6 % 26'8 A6 3T €221 LA 2¢°23
1EVLS 3147 ‘SeH 23T
964 LL 6L°'¢8 6v°GL T84, LyigL c6'eg 6523 8T 6L XARTA S1-YA 2573 !
v6'8L L0 ¢LL 9V LL £T28 cgve v58L 2118 37 9¢ 2222 6% C8 eLres
L948L 2869 PS'18 9sten T6°28 65 9¢ be gL verLL 2Lt AR 28 6L ARV
66423 (817 LS*TT. 82'%1 £6TT b6 1T 6221 ve HT §G v £0°3% 293y
AL cv'al 15441 Sl 88 pyté .62 g7 6123 24027 s 0T 6721
Q00T 20 LEVYLS 43147 CerXd 587
82'6¢ T1'v8 69'48 vsley 26 2L £9'28 Ly Y AR gL sl g9 LL 515
R -] bL'3L ££49¢ -V 25 v38 939/ 22 6L S8 2L PR PG IE 56°9L
Y6 6L vLtGL 14028 26°1g 67 6L 85 €g Gf 6L 2294 SL 42 9238 XAV
56427 8e'17 £9°7TT 6171 68°17% 2L 1T gg- 2T 9T v1 AR Tz L2 $9° 2w
g24al pp'al gceat Tasey RL6 G656 Y2 0l 9z at cg-#1 L1697 7221 1
COCT4 40 LGVLIS 83:4Y *SkH £°L7
- 3iyy 376v1IyYA $L6T4 1 ydy RiG/p 0004 7
SECIT *SNIW B A43AI SdYA NOILYYNLYS y3LvH



67

wo.vm , v.'26 69°6¢L ve'say £ 6L gv*eg 16°8L 62°'8L 96 ve 68 8L €E 9L
G126 92°'¢8 §6'£8 8a'a2g 2g'en g9'¢eg T gL 95'98 g 2¢°6 569 Sy 9L
331300 ggtee 21'98 gy'88 98'6¢L 8864 6Lt L g6 18 Sa' Ll 6284 2hr 6L 695 9¢
LT'TT pTeT .av.ﬂw 2g'ce 8448 9866 1608 £0'68 2d‘ 6y 2L 99 <9°9¢
A A 1,023 &L'9T el r1eT o6 3623 Ly!ad Qy Az AR 24°67

G004 4C Lu¥LS <3:4Y "seH &'32

g8'2s 16'468 £1'9L 23t L 0L gL 199 oL LL gT'gL 68°'9L €S 6L L3923

£9'¢9 2818 220 vG'bg 2238 28 LL 6L°PL TXEY] % 700 TG 4L &2 32

331310 9st2e 62°9¢ cg'vs v6'6¢ $vies Teles oLt ze 6¥°9L L8 ¢3 (228 6261
57073 722t 9168 9859 TEr 5L AT 9669 Z9* 8¢ 2815 95 9¢ £2'¢23

£2'2% 29'2% __2L'27 g6t 2846 boe 2897 Sh'et £9°0% €711 c160¢3

0074 40U L¥¥IS =304V "SxRk 42

$9' b2 124 L8 Lz'se 61'5¢ 98¢ 9628 76 8L S¥'6L 69 LL 86 6¢ LS L8

25'23 Ty'18 b2°'8¢ vG'29 Ly'3n 62 by 6L°SL P9y 5 000 9899 2T ¢

3813n0 g2'en T2t L L6'23 9516y @er gL gz*2g £L°6¢ 61 5¢ igeew 9z 13 28'98
b3' 1T 18077 22'6% Te'ye sz'2s £9'9¢ 25" gy 2e'es £g* LY 20°38L ELLE!

a8 gy 2523 YL2T 99'¢ 39'6 (16 ar'gs getax 722°T7 I 17 2427

00074 40 1¥VLS ¥314V °*StH §°47

3Lvy 378Y1IHVA SL6TT1udY HLIS/p  QOCT4  TYINOZINOH

T-1583

9 3014 "SNIW 88 AYIA3 Sd¥w NOILVHALYS y3LVYM



65

HONOYHINVIYE IV 3NONOL ¥IIVM QILVINIIVI

S — 6027 12'3 Zviog Svieg TL99 £8°69 92t 6L Ly°28 £L6L et Lt
) 62y 76"y : 26163 89rce 68120 $3°6 58yt
3813n0 LTy 2y 6T b T2y 8T b L3y STy 8T b 9Ty ety 16'y S
524 8Ty 5T p oty pTey AR 8Ly Pty £2° % L1y £T'y
L2 £2'y 97t b g1y £ 90!y 92y I1'% 22tk 2ty 210k
GG0T4 40 L¥VLIS z314Y "SuH 't
580 22'¢ 2L $z'12 $94 L2 85 9¢ pIteeT T L2'¢y vo.wm b6 LS 2z*19
Ity $2' pey pZ'b L% $9*+% Ye b gv'y AR L2 1¢ 55T
a13ngQ [2'% 5T AR T2 LYY 9T v T £y 2ty cey 24
AL §T'y 2 53'% CRAR 2T 92" b 21'p 6e' Y 6Ty 9Ty
€Ty ST'y £1'% L2ty (240 AR 6z 2oy £gr 0 L2ty 270
005714 4C L®YLS ¥3L4Y "Sum §°3
£2'y §2'y 62"y AARS 60 b 684y Teth £2'y g2 b 62 Y 62'y
g2y Ity gE'y 6T'p 2e'y g2 e1°y 6T p 6Ty z2° ¢ &%y
331310 2Ty 92ty czty 9Tt T2 " gz 67"y [Ty T 97" L3y
92*y p2'y €'y 9Ty T2 z2y A ST'y GT'y 67"y 22y
2 L 12ty 8¢’y ey g1y (3'p gty /AR _9T'% £ith LI'Y cTly
mm . G004 JC L¥YLS 43[4V ‘SkH 873
& AYQ/I3 N0 S 7II¥dY 92 Q001 TVINOZIMOH
L 307d *SNIW 2§ AHIAT SdYA NOILVYALYS ¥3ILVH




[y
Noj

3813n0

337300

3s73np

3a1anp

‘T-1583

e A S«

hawmmtifx:smu”Mm=zz.::oc.mn RS ;om.nn:@!;EIunnw‘:;a--Nm.mn!,&;z\mﬁ.op::z:.;‘v.hw et Y
€L §564.8 et a9 Terey verLL TLGL 6a° vl By 2L 2itvl L5 6L YRR
gety 92> pety 9cty © 9Lt ae e L6087 6801 L3hy 69°€9 AR
15284 62y 21y 8Ty stb 61y 82" v AR cz2th g2y yev
g2ty 02ty LE*S 8¢ Y Teth A 2 A noty (&8
Q0014 45 L¥YLS u314Y "Sed J'E
IAREA 29'9S SiteL TSty S248L DAY 86" LL Y L838 CRAE A 10092
96'L¢e Ter2g 66768 mm,ﬂw TARAS 76 T¢ S 2L LT'18 IXARAA ggree 927 Lt
L2 62y 2ty AR 26y 2Lty y9 'y L&'y 29'6 2yEy 68169
z2'y T £1'y Iy 9Ty S pT Y YT L2t 2y Lety
g2ty 22'y o'y 2oty 56°'¢ L6'S T4y ga'p cp' g (s'E 46'¢
o CLOTT4 20 L¥VLig =3:4¥ rcew 2432
g1i9g 8628 ¢y 2209 Syl 626Gy S VA £9'29 L5'2% 31773 YLy L
va'er 85°6 ze'ey L6'hG 26+ 9¢ ce'vg 98y §6'28 12+ 9¢ 6228 Tergs
(2 g2’y 2T AR gg e ety 92"y Ty'y 65y TTLY I8ty
22ty 32y ¢ 'y TTty LTp pé6° ¢ a9y LT 53y cg'y ety
224, £2'y 1Tty 6ate 23y pete  2v'y ZTte 12ty ZiYy 2ty
00072 45 L¥VIs =314V “suH i
L2y €52y 8228 T2ige 26459 T Y] Y129 12799 273 IRy
£3ig 9i%b 56's 6G' L1 22:9% GL' LY 216 €r° gL GGt 8L L809¢ 94° %Y
L2 L2ty ZT'y 92y gz 6T T2'p gz g2y 91°¢ €L6T
RS 2Tty LTy 62°p 234y v.ﬁé LTy 63 b 32y LTy
L TAR 280y vty JAAR LA [5°8 2Lty PASE) L4ty Bty 27y
C00T5 40 L¥VLiS €314V *3&d &°7
) AV3/Ld *N2g Aledy 92 00074 ViNOZIwlH
8 30Td PENIW 28 A¥3A3 SdVA NOILvsnivs ¥3ivd




Sy'ud Su'yl STl LAty YLl

Loty GUTGL Ud . Tt LR PRRRW:
= 14X 062t 63°6L LLvy! T £e gy 99°2L 26°LL v6' 9L \ AP AN
aTang £9'9 £2'¢ 368 1002y ¥9+99 ££'99 06" vL 62° 9L 61 Lt 91761 BviGL

€Tty [y g2y STty AR 8Ty by €'y Wty L2°s eLest
£T'b 2Ty 26'8 anty 26*¢ 1ty Ge'¢ (AR p4°¢ 96°% 2ity
Q00T 40 LEVLS @313V "SeH 2°§
2Lt 8L L8t 22 LL TG4y Ty 5L 6662 sLLL 9T gL ¢ 6L TGreL vecl
. 25ty 2etat 2'5¢L TLVTL cvieeL 22 Ly 99" 6L Le9e . 9T LL eI LL 267 5¢L
381310 2Lty 28"y 2L LeteT £8'8g 62'8g 26°89 T eeriL 9" vL vzt LL 28" gL
(T PTY 2T 9z X AR p2'y TT°h v2'y Ty ¢y 68°9
1'% RIlh. I2'% ir'y b6°8 Y2'y 94°% <y 94°8 AR Tt
Q0TS 20 LeViS 34V ‘suw ¢ty
€L 56°¢L zgtazL - T 9l'es §9* Lt T GLrir T g8t UL 9v°LL £y 6L §1'9L VAR
€L TL 26T £8°29 gLiSL 6942 2806y b6 vL gL 15 9L L 247 9¢
3813n0 2sty ey §T¢% 26'¢L 2vioy 9* 68 8185 89 LY . LA 957 8L 28449
120 82y A £T¢p 12 52t b 62"y 22ty L3y 5577 SLy
AR ) AT Y ezt b b chee 2%y 588 ___97'y $5°¢ e e 2£°¢
CCCT4 3C auVLS &314Y "Sey <74
9v'8L AN LA T YA VA S T P4 TL08, S egtsd 81 ¢t 2228 19739 £6°9¢
T2rzL T 6S'IL T T1R2e T gstel £6°6L 29°8L " 82 vL £ 92 TT-¢l €z 6L 178
3373nQ STy L8y O 62'¢ AR} $9'67 ge've £o' sy 697 €9 eyt 2L L8° 69
6T 97"y 2Ty soty 9Ty IARS 6¢° Y 6Ty Ga'y 58" TR
R ET's ALK 98'e ~ 9pily ~C l6'% ¢y oty JAAY 1548 1408 168
o ; o cCony. 4C »m«pw Y3i4V "SkEH G'¢
o
¥
- R U Av3/14 *Nog ladY 92 06CT4 IVLINGEIuCH
&~



71

~a1ang

387300

3973n0

397300

T-1583

yeted

Y]

N

961 6L

ININEY]

JNELVREEI D LV

vty

Jdnann,

ov'siL vlteL €9* (L 26" L 667 9L Pl il

122824 No.vn 62° 2L L2 Ty dﬁ.on T1'09 L9 6L Sa'6L AR Ly €L
at'ge 3869 ve'SL py'ay Z5°7%8 G6* QL S6°18 ver oL 52 Tg YANNE

$Ty 62y LYy CYAX" Gy £9*p VY TITG 120 6% — 208 nmwMWJtttlll
62'y 22y 68'g Ga'E 68¢8 b6*s 66°¢ 'y 148 [T cers
00074 40 18VLIS 23,4V "Sen Y¢
62'8L 22'el TV'a¢ 24TV £8 L2 (3's¢L . 61°8¢ $9° 6L 687 9L 68 VL 2¢°6L
ZvieL 86'2L ¥1'69 LL'sy 69 8L 82'6L g LL L2'28 £9°9¢L, 2L LL 2GSt 6L
g6t28 §5°82 YT'p9 190y XXV PE'6L £67 6L T1'G2 CYARYA 677 LesL
€2y g2'y bty z2'y L84y 6vy bety £g'y gL¢ 16798 €z'$5
52'p gz'y (2’7 L4618 ‘s £6'S  /4'% 97"y 12y L4°S 26°s
COCN4 20 L¥VLIS u3i4V 'S¥d 5°9
62'8¢L T6°' 9L L6'8L 9L'v¢ L2 6L 8L ' 8,L 64°LL ToLL 72784 22 viL Lo vL
N IARYA 6T 2L 9y Ly T1%7g 86'9/ L8°6¢ G5 6L 26 LL €z 8y 26°5¢
TT'12 g6 LT ARK 2269 182! 624 L1 T9°¢sL LAY LL 8L L2°8L AR Y]
6T LTy 62*p 6T'% 28ty cINE 22"y 1'%y €9 v 520 LY AT
ASK) L1t% £3'% 224. £g'e T8t e 96" ¢ Qe £y 400 cer <
G004 20 Ll¥Vis 23,4V *sed 9
TLrLL §9'vL $9'6L 28y 26t LL 22'eg 69°¢L 2et L Te T T916L 78°¢tL
£8'y Lt lg'eL 894 Ly b2422 £2'7g 62°vL L29L 2L 9L 15 LL KRR
S 8LTY 96°TT getse 62'¢Lg £y (8'vL T6°LL YB3 vL (26t 66 9L eLrse
Tiy 91"y AR 9Ty YAR 28y LYy 2vy 28y 518 Le*ce
1Tiy 11 cg'e 224 1At 16t ca's cpty Tore _ze® L515 m
2CCN3 40 LevlS u3:14v ‘St §'%
.»<D\Fu,.aum lddY 92 Q0073 Tvin02I40H
0T 3o1d 'SNIW 28 A¥3IAT SdVA NOILVENLYS ¥3LVN



72

13n0

a13ng

33T3IN0

T-1583

el

62'8L vL'8¢L 6L'eL 3v'gs gT'ay be' Ll Ty LL 19 L4 29°TL D ANAA
802 £5°9L L89! bhioy 08¢ £L' vy 64 YL 82'eL L Ll v2 TL 59°9¢
£y'59 AREV4 98 LL KAV} bheEL £2'6L 826l S6'LL 82' 8L L6°9¢L et
LTy 22y bbty 5b'h 22'¢ 96°9 A2 8y b2 6T e¢ 5749 28 LL :
b2l b g6'¢ 26's (8°¢ RE'S 66°¢ T2'p 28'¢ T4°¢ 2¢'¢
00074 40 Llu¥ls »3.4Y ‘swen g'3
£L'5¢ bI°6L - ¥9'8L T £849¢ voLL LYY €3 vL 26 LL” gy 6L €T 5L L6t
T2'9¢ ¥6'9L 62" LL zZatey $3'8L £L°92 esreL 0N“on G6°LL GolL ez'e
22 1g AV £e'se gatey TRV Z2neL 93 6L 2v'oL 9%+ 29 GTTe b8 ey
LTy ze'y 28"y 28ty gLy 89°'¢ oL8 £8'pT fee22 _Ly°29 226t
23y yo'y 288 Lote 288 59'¢ 968 Sa'y 26°¢ 56°8 _Ze's
CGCT4 40 LMVLIS 2314V "Sku 2°8
L65'3¢ 9e° L pe'vL TLtet - LT9L 16'9¢ L3 9¢L 26°9¢ 7€ 6¢L o LL 66°6L
9%'eL 9T L g8ty 9z'sL  6L'7T8 86, (g2l Te'el 2v 9t Tegter T 9ctzel ’
TAKY 2z c8'ae VAN SL06L 6L LL pg 28 19°'9L 18 6L 26'28 47 i
8Ty cT'y 58ty gety 56y G6'p 9.6 gse 2297 LG° 96 T LL
L2y T1'y 2uth aaty [5'8 A AN 668 92ty L8528 25°¢ L6
00074 40 LY¥VLIS u3L4V *SkH 6°¢
AYG/Ld *NDS  1INdY 92 -Q0CT3 IVINOZIyOH
T1 301d 'SNTW B8 ANIAT SAYA NOTLVHALYS u3LVM .




73

A wmmm.mo NOILD3CNI 3AIIVIOWAD IV 3NONOL ¥ALYM QAIVINIIVD .

| L6°TL 63°¢L Trvg geey Svego9 LS 0L 23'SL - 8L'9L gL' 9L £3eL SL'SsL
| 1244 Lpte 25472 RS 6959 5T £3°49 6142 £€69 vLo 9L A
°13n0 26'2 162 £z'e 1642 TTe
Zg'2 202 €62 P92 282
22'¢ ep*2 292 £z oLz £C*2 LYK 902 7212 GLZ 282
G004 40 LuVLS =314Y “Skm 2°%
1199 gv'es 2Ley T9'T9 T 96'2s b8 e egtey a1 68°¢6 12'9¢ 2v°99
gz'¢ eT'e €2's £6'e 6822 L9'62 $T° 1€ YARL 6879y L2'6¢ €679
a1ano 528 2nte sa'e VERY 962 2ats Qe 12'¢ 922 AR b2 g2
66'2 Ls°e ity 282 262 bR 98°'2 AARA £g*2 sg°2 £6°2
Le'c AL 2 cE'2 22z £82 592 282 p6t2 \,q.m. ved .vn.m
Q0gT4 4C LHVLS 2314V ‘sud g
23'¢ 2e'e Lore gore ceeg e 82°¢ g3 ¢ 86* 8 167G 9§ L2
gz'e 270 ¢ €62 zete ga'e” 26* s 2¢°¢ 2a°¢ 23°¢ £6°¢ 67°¢
373n0 rate Gzt Jete ggee coee gt e ga°¢ 52" e 3z'e
EARY i PR Zoi¢ gaeg 35t PN AR 1278 n'e 32°¢
2 cg'e gote gate 228 2nes 2ics 2%'8 2R 2008 0ies
mm QUOT4 30 LuYLS ¥314Y *S¥ud 33
& AVQ/L3 0D 0T 1II¥AVY OF Q0014 IVINOZINOH
¢T 3014 'SNIW O£ A43A3 SdYW NOILYHALYS ¥3Llvu .




74

33T3N0

33T3an0

3873IN0

337ano

T-1583

A Sl LT 0O NOLLOHNT AL T

T eeter U eetor gatar o wseR sette eatTg wstRY entes | ewezl | unts 6l
ca'el 65°6L (8*v¢ 1900 66178 2T peoe vyl TGt 5L AN L5t _
68499 L6162 59'29 bE L T6°2¢ 62'Tg eL° 8L ver 9L Qg Te S8t LL Sit e m
_ 6L'2 2z 562 vit2 662 zere Iy'g 26y T T m
~ crtz gz [5'2 XN £912 4622 9L 2 4702 (202 (077 girs |

QUS4 40 LuVIS ¢34V "geH (°%

g2iey XANNA S9'vL 996, . 6684 g5 ¢y 248 9292 L5 vt §v 8L £8°5¢
LetLL £v* gL 2z'2eL b6'LL 8L 6L £Lr0e £26L 66 9¢ 621 3% 1676¢ EANY ﬁ
18'22 19°¢ 2'1g T1'2h 9T LL sz'6L vt LL 66" 5L vt Ty Letve 2¢" w

gL'e TL°2 T6'2 L9'z 682 98'2 68°2 26'e ve' e 68 vy 19°59

9s'2 L8°2 Ib°2 8g6'2 ¥9°2 ps’e £L°2 YA A £p*2 462

. CO0T2 20 LBYLS ¥3_4V 'SeH £'2
cT' 24 96 LL $L08L Letvy £9' 5L bvtoL 9T LL L6'veL 28 2L Pvfe 20 LL |

G6'9L m&.vn. on.«o g2t Ll ) TBteL §2'6¢L oo.nm r9°9¢L ASRYA ZLt8L 2L gL

Lb's gz'g 62'¢ T2ty L84LS $8°99 6T (L Lot L 59 TL 1302 9L 63
ga‘e T2 £6°2 §¢'2 282 TLt2 €L'¢ gLz 662 prgT LL02% :

S Y L S S 4 by 2 2etz £gs2 484z 49°2 /42 ez 272 1872

, €005 40 »w«hm 1314Y "Seq ©t2
T542L €9°'9¢ ¢2'2y $2'vy L2 %9 TGYGL £1T 6L €59y pervl £e2s SEAKN] |
IARS- 9696 §6'56 28t¢y 6942t Y912, 22 9L Tetey §506Y $6°9¢ L8°2¢ m
2642 5672 £2°¢ 86°2 96°¢ €840l 2" 9t sL6e S0 59 v2' 69 4269 _
28'2 2Le b6*2 292 £3'2 992 9L°2 292 22 i6'¢ L4782 _
! cg'e IAREA 6v'2 sqlz 92 Cv:2 1.2 L1°2 /S AR 2502 m

G003 40 LevlS w3_4v *SkH 6°7

AV3/L3°N) 2T Medv 28 Q004 IVINCZIuCH
€T 301d A83A3 SdVAW NCILVHEALYS ¥3LVH

‘oniW ef



~
TR e6'9¢ £9'9¢ 120t Zz g3 2b 6y beLL 2e' st A €8°9¢ ng* 9L
o v2'29 S6 L 15'6¢ £6' ¢/ YA €661 L5 6L 23192 9T oL 68°9¢ 85 L1
#*13n0 12499 25 ¢ Zv' £z'zg b2e1g RrT) L576L P8 GL 19°0L 1962 L6°9¢L
gz's [8'2 862 9a°¢ 68°§ Toewy bTc8 289y AN 1A 2o el £9°9¢4
LL*'2 aQt? ob12 cety (G2 [y 2 242 cpre 9y ' 2 v € .ﬂ.ﬁ.q
00074 40 LYVLS 314V 'S¥H ity
13464 ALY vTLL TAXY) 6023 8.3 Ttz Tv'6L g b Y 106l
2761 2etol €231 87'2e 9L 6L ze'2¢ Le o3 89'5L 286l T106¢L 16741
38T3n0 A 9299 ATV L8261 K7 8,18 £9°28 £esL 6 6L 66" LL 22 vL
082 9c'e §§°2 Ts'2 §24¢ 12 6227 18452 . 26 Ly 28 L v2'heL
o2 e’z RANT L1882 1942 T g 212 ge‘z g2 Gr'2 2y°8
- C00T4 40 LevlS ¥3i4Y 'SuW £°¢
¥
—
£ AvG/L4*ND €T ludY 3T Q0074 MYLINOZI¥CH

h1 301d YonIH 0% ABIAI Sd¥W NOGILVEALYS ¥2iVM



76

§v49¢ 0zl Lht9y ¥2'Ge 16429 13014 2g 2L 6L'€9 £9+1p 82772 12764
26'69 AR 58'v¢ 2et9y¢ $T°1g 69'rY £6°TL peLY £lgd e v bh 8¢
337310 bp'e gy'e (L0e ere Le* LY 1261 PR v2tyg 2169 2y 9L 92°6¢
(52 a2 662 962 sute 962 pge €62 562 67Ty 8869
9392 7a¢2 c3'2 T2 LG 2 coz 69°'¢ gere b1 2 w2 gt |
., Ad %gh 30 NOILDACNI ZALIVIMND IV EN9NOL ¥3ILYM QEIVIAOIVY CUUTS 40 ABTAS u3L4T Teer DT
W 7650 (L9 cg'ye 2659 9T ¢y 16'9¢ 12795 L6' L8 32 ¢g PERT: YT
m gLt t2'e 3T T67T B AS-T
21300 $v'2 So'2 4L2 69'2 2842
rere 2L2 56'2 662 T3¢
2lt2 L9'2 £rle (62 962
60074 40 LEVIS w3i4% 'SEW &2
ge'e 9¢' ¢ 562 Tste 2v g L5'8 gs'¢ 9T ¢ TT'¢ 33'¢ pT° 8
o £2'g zute 2e'e eate’ agee 20 e #a'e Le'2 66'2 22t e n8°'2
3Tan0 (6°2 962 96'2 szte 29°8 22 82" ¢ €6'2 ¢et g 2gt§ 96°2
22'¢ 3z'e zo'e gots Zy+ 8 ce s 662 zoe L6°2 L6°2 2z¢
m £a's gtz gare WA:AES 6g:g Tty 92§ 228 288 9542 662
M ) . 0L0T4 20 L¥VLS u314V tsyH 33
A¥Q/13 02 ST AVR €

Qoo1d TVINOZIYOH
6T 3014 'SNIW 29 AHIA3 SdVA NOILVYNLIVYS 3LV .



3213n0

321300

321310

387370

T-1583

6L LL

vet Ll

LG"YL by 9L ALYl
92'3¢ 63 0L €54 L¢ 269, TG YL 6L
ver gL 18 9¢L ST UL Le* Ll TveLL §2°LL G9reL Lat 9L 96°9¢
£612 962 662 Loty 2y LT 37T it ot 205 VY
T
v2'2 202 92'2 Lote 218 (32 2842 DAY, ng Ly GI 7y
o GCod 240 Lu¥VLS 3.3V 'trw o o'g
votLL 22'18 2z'9¢ 8R'6L . 85¢LL 26 Ll T8°9¢ 96'9L o5t Ll b9 9L 2L°9¢
g2t 2¢ 68718 T6v' T3 eeteL 624¢Q (T2 2y sL ey 9sL £39L ¥Gt 9L 5L*5¢
£1*2¢L 21el ge'TE 9l 93t6L 98024 86" 0L Ev'iLL zreal 59°9¢ Ter oL
1842 $6'2 $6°2 ° aste 98¢y 1602 £0°99 LT 6L v LL 29:9¢ 7L5L
(L2 9.2 1902 I2'¢ ate 2008 VA3 282 vi'2 MARAY SRR
. o e : GOCT4 U LEVIS £313Y ‘Sen 62
69'5¢L y7'v8 29489 62408 LTl c2isy L5628 TL49L gv s vit6L Tl
geres VARV 98'zs  s2'gy TTrg8 o 8ereg ¥2°8L 1252 g6l 223t L2°9¢
IR 68" 6y by'39 T 6T'gg BUSE TL'82 VAR YA v3'6L 2T 28 retiL 2C L
28'e g6te’ ﬁ.m. e 62t g ge'g 99"y L2t yT 69 Ly LTS L2'9e
G/Z 9Lz feez Gzt c552 1652 /92 52 £32 AR IAZY,
’ GC274 40 1&VLS ¥3isv 'Sew "2
ET'z8 2s'¢n 21196 ge'sg ehigyL £z T3 Te'9L b2y L 62418 £1°9¢ ETANY
ev'Ie 26 oL £5'3¢L 2506l T AT Tase 8g’18 68 TL SLY5L LT8¢ i2vne
69'2 e £ A 6578 2e Ly €9°6L £T 6L 1923 £2°6¢ 22 8L
sLre £8'2 £9°2 vate §T-¢ pG* e 99°2 62'% 22192 T5ray v9LL
RAAR g9tz ve'e T 2at2 6l 2 956°2 ca'2 ca'? (AR : cytz 390 i
e ouo¢u aV L¥TLS =3i4v cSE4 §' %
o - N AVQ/L4*00 6T AVW £ Q0074 17iNCZInlA
91 Io01d -~ YSNIH 28 A¥3AZ SdVA NOTLVMNLYS ¥3LVH




