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5 SCy iy
AN “Op
ABSTRACT 1o

the application of foam in a drilling system consisting cf a vertical-

concentric pipe-hole arrangement with flow down the pipe and up the

,,4

annulus. The mathematical model which was written for foam was the
Bingham plastic model (Mitchell, 1970b) appiied to a compressible fluid.
Foam consisting of air, a surface active agent, and water, with the
aquecus sclution being the continuous phase and the air being discon-
tinucus bubbles, shall be considered. Two equations were written de-
scribing the flow of foam: foam flowing down the pipe, and foam with

rock chips flowing up the annulus. 4 In order to maintair uearly constant

fluid properties, the two eguetions were written explicitly in terms of

[aN
7

pressure and depth and solved by iterations with a constant pressure in-
crement. For each iteration, the vheologlga* properties of foam were
evaluated at the average increment pressure. Adjustments to account
for the rock chips volume and mass were made to tThe annular Bingham
pilastic flow equation,

Air volume rate, water volume rate, and surface annular pressure
are the wvariables in the drilling system. rface injection pressure,
drilling rete, hole size, and pipe size were kept constant for each
solution. Boundary conditions of foam flow of 1.5 fps at the bottom
of the annulus and a quality {ratic of air volume to water plus air

volume) of 0.96 at the surface of the annulus were imposed upon the

solution of the mathematical medel. With these boundary conditions,

[N
'._'-
2
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the air and water volume rates, and surface annular pressure were
calculated using a high-speed digital computer. Soluticns for various
hole and pipe combinations, drilling rates, and surface injection

pressures are listed in tabular form at the end of this paper.



ACKNOWLEDGMENTS

The author wishes to express his gratitude to Dr. B. J. Mitchell
for suggesting this investigation, for giving valuable guidance and
heipful assistance, and for serving on this thesis committee.

Many thanks are due to Dr. R. R. Faddick and C. A. Kohlhaas for

serving on this thesis committee and their valuable help.



T-1383

Abstract

Acknowledgements

List of Tables

List of Figures

I

VI

Appendi

Introduction
Review of Fc
Method of In
Results

Discussicn ©

Conclusions

ces

Appendix A

TABLE OF CONTENTS

am Rheology

vestigation

f Results

and Recommendations

Nomenclature

B Bingham Plastic Model

Literature Cited

the Pipe
Bingham Plastic Model
the Annulus

Computer Program Listing

vi

Page

e
Fie
[¥H

vii

ix

11
25
30

32

Flow Down

Flew Up
387
g0

99



LIST OF TABLES

Table

1.

Shear Stress-Shear Rate Relationships For

Drilling Foam

Air and Liquid Requirements For Foam Drilling

FoN

11.
12,
13.

1u.
15.
16.

17.
18.
1.

20.
21.

22,

Hole Size 6.75 in

Injection Pressure
1" 1"

" 1"

Hole Size 6.75 in

Injection Pressure
1 1

i 1"

Hole Size 7.87 in

Injection Pressure
n 1"

n 1"

Hole €ize 7.87 in

Injection Pressure 2

1" "

" "

Hole Size 7.87 in

Injection Pressure
1" "

1A 1"

Hole Size 2.00 in

Injection Pressure
" ) "

" 1

Hole Size 9.00 in

Injection Pressure
1" 11

" "

200
300

400

200
300
400

200
300
400

200
300
noc

200
300
400

200
300
400

2006
300
400

Pipe Size 2.87 in

psi
it

"

W

Pipe Size in
psi
"

.
o
O

1"

-Pipe Size 2.87 in

psi
1"

Pipe Size 3.50 in

, psi

1"

Pipe Size 4.50 in
psi
"

Pipe Size 3.50 in

psi
1

Pipe Size 4,50 in
psi
1"

wm

Pipe Size 5.50 im
psi
"

"

vii

Page

34
35
36

37
38
39

40
41
2

43
ny
45

46
47
L8

u9
50
51



T-12

83

LIST

OF TABLES

Table

26.
27.
28.

23.
30.

4
.

32,
33.
3&,

43
L2,
43.

Hole Size 9.87 in

Injection Pressure
" 1

1" 1"

Hole Size 9.87 in

.
Injection Pressure
n 1"

" A

Hole Size 9.87 in

Injection Pressure
" "

T "

Hole Size 12.50 in

Injection Pressure
A1 )

1" "

Hole Size 12.50 in
Injection Pressure
" "

1 it

Hole Size 15.00 in

Injection Pressure
" t

n "

Hole Size 15.00 in

Injection Pressure
AR 1"

1Al "

200
300
400

200
300
400

200
300
400

200
300
400

200

300

Loo

200
300

400

200
300
400

viii

Size

Size

Size

Size

Size

Size

5.50 i

4.50

5.50

in

in

in

61
62
63

bl

55
66

67
88
69

70
71
72

73
74
75

76
77
78



T-1383

Figure

LIST OF FIGURES

Schematic Diagram of Idealized Foam System
Yield Stress vs. Foam Quality.

Plastic Viscosity vs. Foam Quality

Foam System in Down Pipe

Forces Acting on Downward Flow In a Pipe

Air and Liquid Requirements For Foam Drilling

Hole Size 9,00 in Pipe Size 4.50 in
Injection Pressure 200 psi

Air and Liquid Requirements For Foam Driiling
Hole Size 9.00 in Pipe Size 5.50 in
Injection Pressure 200 psi

Flow Of a Bingham Fluid In a Circular Tube

Rectilinear Flow Between Fixed Parallel Plates

Page

26

82

88



T-1383

CHAPTER ONE
INTRODUCTION
The use of foam in drilling operations in the petroleum industry
dates back to the early trials of air drilling during the late 1340's.
P. Moore, 1966, p. 1l4L), Foam was used in air driliing as a means of
stabilizing a sloughing formation and controlling natural water flows
in the wellbore during drilling operations. If air were used to drill
an unconsolidated rormation, the hole would usually cave. When a water
producing formation was drilled with air, the wetted cuttings often
stuck to the drillpipe and the wall of the hcle until circulation was
lcst and the pipe was packed in the hole. Foam was used to wminimize

these probiems. TFoam has proven itself to have an excellent capacit

ng formation. (Dresser Magcobar, 1270, p. L).

e

+o stabilize a slough
toam, when used in the drilling of a water producing formation, has a
tendency to use the water which flows into the wellbore as part of the
vater constituent of the foam. The cuttings are not wetted by the
water and do not stick to the driilpipe or the walli of the hole. At
the present time (1971), there is little published literature de-
scribing the practical application for a foam drilling operation.

in this study, foam consisting of air, a surface active agent,
and water shall be consicersd. The zurface active agent and the

water are the coantinuous phase with the air appearing as discontin-

v

uous bubbles. Mist shall be defined as a fluid consisting . of the

above components, except the air shall be the continuous phase and



T-1383

the agqueous §olution shall appear as droplets.

In the practical application of foam, the following variables
must be controlled: 1) air volume, 2) aqueous volume, 3) injection
pressure, and 4) annulus choke-pressure.

It is the purpose of this study to{present a mathematicall
model and its solution for the application of foam in a system having
the following components: vertical hole, concentric annulus between
the hole and the pipe, and continuous circulation of foam down the
pipe and up the annulus carrying the wetted cuttings from the bottom
of the pipe. (See Figure 1). The solution of the mathematical model
was coemputed by selecting air and aqueous volumes for variocus pipe and
hole configurations. Using an iteration process, the aqueous volume,
air volume, and surface annulus pressure have been calculated for a
depth range of 1,000 ft. to 4,000 ft., a surface injection pressure of

200 psi to 400 psi, and a drilling rate of O fps to 1.5 fps.

o
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CHAPTER TWC
REVIEW OF FOAM RHEOLOGY
Mitchell (1970a,-p. 117-123) has shown through laboratory
measurements that fecam has a linear relationship cf shear rate-shear

‘s : : -1
stress for all foam qualities . and all shear rates above 20,000 sec

s

-1 . ) .
For shear rates below 20,000 sec —, *he shear rate-shear stress rela-

tionship is linearized by subtracting the proper constant from the

measured shear stress (t). The power law model equation which de-
scribes the rheology of foam is
N n
(r t©.)=u0¢ 1
y P
where T = measured shear stress
T, s yield shear stress
n = power coefficlent
.M. = plastic viscesity
% = shear rate
The log form of Equation (1) is
log (1 -Ty) = nlog (¢) + log (up) 2

Power coefficients, plastic viscosities. and yield stresses are listed
in Table 1 for a foam quality range of 0 tc 0.S6.

Based upon the data shown in Table i, the power coefficiant (n)
has been chosen teo be unity for all foam qualities. Therefore,
Tguation (1) is equivalent to the shear rate-shear stress relation-

ship -for a Bingham plastic medel  Figures 2 and 3 show the relation-



TABLE 1: SHEAR STRESS - SHEAR RATE RELATICNSHIPS FOR DRILLING FOAM

(After Mitchell, 1970a)

r My T n-
Quality Viscosity Yield Stress ‘Power-Coefficient
Ragge cps lbf/FtQ
90-36 14,38 2.5 1.062
86-90 9.58 1.0 .99
80-86 \7.21) .68 .97
75-380 5.76 .48 1.02
70-75 5.0+ .40 1.060
65-70 4.3 .23 1.00
€0-65 3.7 L 1.00
55-60 3.36 0 1.00
45-55 2.88 0 1.00
35-45 2.40 0 1.00
30-35 1.6C 0 1.060
25-30 1.58 0 1.00

0-25 1.25 0 1.00
0 1.02

Tne above shear rate shear stress foam data were taken by

Mitchell (1970a) and shown to fit the fellowing equation:

(1 -1.)=u"
y P

[®2]
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plus water volume , yield'stress-(ty), and plastic viscosity (up).
(Mitchell, 1970b).

Quality Regions

Figures 2 and 3 have been divided inte three quality regions:
dispersed bubble, bubble interference, and bubble deformation. The
dispersed bubble region exists for a quality range between O and
0.525. The viscosity of foam_in_this region is mot.a function of
shear rate. (Mitchell, 197Ca, p. 57)

The bubble interference region exists for a quality range be-
tween 0.525 and 0.74. It is interesting to note that uniform spheres
packed loosely (cubically) produce a solids content of 0.52 by volume
and when they are tightly packed (rhombohedrally) without deformation
the concentration is 0.74. Tginghear stress, plastic viscosity.,-and

yield stress of the foam in this region.are_a._function of shear rate

and feam _quality- (Mitchell, 1970a, p. 57).

The bubble deformation region exists for a quality range be-
tween 0.74 and 0.96, All the bubbles in this region are assumed to be
deformed. As the quality increases abecve 0.74, the bubbles cannot
expand without deforming the surrounding bubbles. IMaximum resistance

to flow of foam exists in this region. The shear stress, plastic vis-
& shedl stites, prantor

cosity, and vield stress of the feem in this region are alsoc functions

————— e,

of shear rate“§Q§~gggmmqqg£;§y$mwﬁmircbell¢wlg7Oa, £« 57). For foam

qualities greater than 0.56, mist flow is assumed to exist.

[e)]
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Velocity Profile

The velocity profile for flow of foam in a circular pipe is

based upon a Bingham mcdel as shown by Figure 4. Threa flow regimes
are present: Laminar, transition, and plug. The pipe wall is assumed
to be coated with a static, thin layer of the aqueous sclution. The
shear rate and shear stress have maximum values at the wall of the pipe
and minimum values at the axis of the pipe. The flow parzllel to the
longitudinal axis of the pipe may be represented by concentric element-
al thin cylinders. Each cylinder has an individual shear rate and
shear stress. Laminar flow will exist in those cylinders which have
shear rates greater than or equal to about 2€,000 sec“l A transi-
tional regime separates the laminar and plug flow regimes. The plug

regime will include all cylinders having a shear rate egual to =zero.

(€]
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CHAPTER THREE
METHOD. OF INVESTIGATION

Bingham Plastic Model

The Bingham plastic model is described by the following

assumptions:

1. Isothermal, steady-state flow through a vertical circular
pipe.

2. Rate of shear is proportional to the excess of the shear
stress over a constant yield value, below which the material
behaves as a continuous unit.

3. No slippage exists at the pipe wall.

Using these assumptions the Buckingham-Reiner equation may be developed.

(See Figure 5 and Appendix B):

4 L
o - TR (PO~PL) L ury . l.[u_ 1.] 5
8uPL 3TR 3 TR J J
where Q = Volumetric flow rate
L = Flow length

R = Pipe radius

TR T Shear stress at the pipe wall
P=p oglL

p = Pressure

g = Gravitational constant

p = Fluid density

11



T-1383

| L
q_——
e
rd

1 "o ' T } i7i

’Z'fﬂ?iDiﬁ 1 IZ’wiLiD.frT
L, '
2
,,,l o3 Li4;
Y_ P P 1,
2 L ] | I Py v 1M
ez
7
'!' n-1
1,
n
__;L Pn Elements Ll, L?_’ cesey L‘n
TTT are chosen such that
~ -} = - - P -
P A PgPy = Py=P, = sueoF <P
1
—# 28 |-
a) Total Pipe Length b) Segmeni of Pipe Length

FIGUREs 5
FCORCES. ACTING ON DOWNWARD
FLOW IN A PIPE

12



Comparison of Foam and Bingham Model

The assumptions used to derive the equation describing the
Bingham plastic model may be applied to a flowing foam. The Bingham
model assumes that the fluid has a constant temperature. However, in
a foam drilling application, the fluid temperature will increase with
depth. As an approximation to isothermal flow, the pipe and annulus

are divided into incremental lengths and the temperature throughout

R d e T S e

each increment is assumed to be constant and equal to the formation

temperature at any depth. A surface temperature cf 50°F. and a
geothermal gradient of l.SOP./lOO ft., as an accepted rule of thumb,
have been used to determine the formation temperature for each incre-
mental depth. No additional temperature correction has been made due
to the compression or expansion of the air, or the friction of flow
in the pips or annulus,

A circular pipe and annulus are assumed. No correction has been
attempted fer an eccentric pipe-annulus arrangement. In actual practice,
the drilied hole will not be truly circular and the pipe-annulus
Arrangement wili not be concentric. Since the severity of eccentricity
is not known., the ideal case has been used for computational purpeoses.

Mitchell (1870a, p. 60) found through laboratory experimenta-
tion that foam slippage at the pipe wall did not exist or was insig-
nificant.

The foam viscosities and yield stresses have only been measured

o o . . .
between 71 F. and 81 F (Mitchell, 1970a, p. 37). Temperature varia-

13
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been investigated. Nc attempt has therefore been made to include
temperature-viscosity and temperature-yield stress relationships.

Numerical Integration Procedure

Flow Down the Pipe: The pressure-depth relationship for the

flow of foam down the pipe is calculated by Eq. (3). The term
(Ty/fR)4 is assumed to be relatively small, and is dropped from Eq.
(3). Craft, et al. (1962, p. 38) state that the error is iess than

2 per cent whenever T

R eXceeds 2.5 Ty. The more convenient approximate

expression describing the flow rate of a Bingham plastic fluid is then

m RY(p -P) it
Q = —_— s 1 y i q
8u L 3t
p L R

The volumetric flow rate (Q) is defined by
Q = m RV 5
where V = Average fluid velocity.

Substituting Eg. {5) into Eq. (#) and solving for T, results in
i

(P~
oy [ r R ]
" T3 T, % °
. R{P - Sy
{—l. \-0 PL) thLV J
The shear stress at the pipe wall (Tp) ig given by
139
D )
. (PO PL'% -,
R 2L
Comparing Eq. (3) and Eq. (7) gives
. 2 g
\ T - )
R(Py-F ) ”i’  RP-P | .
2L T 3 .2 - ,l
L 4 (AO"‘PL) UHPL\’
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and solving for the pipe length (L) results in

The statis pressure head is also expressed in terms of the pipe length

(L) 2

[
[¢]

P = -
L PL po pL + pglL 10

Substituting Eq. (10) into Eq. (%) and solving for L results in an

explicit equation describing the pressure-depth relationship of a

a _ ———— e
—_— N

Bingham plastic fiuid:

8t 8y V )
L = (py-pp) =L+ —5- g 11
07PL 3 2
L R J

In order tc apply Eq. (il) to foam, which is a compressible
fluid, the pressure dependent variables, flowing density f{p), yield

stress (7_), and plastic viscosity (uD), must be maintained at nearly

constan*t values. The pressure change,fpo—pL) will be maintained at a
small constant value of 5 psi and the incremental pipe length will be
calculated. B3olution of Eq. (11) with constant pressure differentials
of 2.5, 5.9, 7.5, and 10 psi showed that the pressure dependent
‘variables did not vary significantly for this range. Five psi was
therefore used for the calculations: Writing Eg. (11) in an iteration
form and summing from the surface to the bottom of the pipe, the total
pressura-depth relationship for foam fiow down a vertical pipe is

determined:

'...J
[83]
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.o -1
N ! A
) }:'1'_{_1 =~ P;
L. = - = :
i ‘ er: 8ViuD{ 12
i J A
i=1 %P8 T 2
. R
i=1

The following discussion explains the evaluation of the second-
ary variables for each iteration of Eq. (12).
The volume flow rate for water at a depth z, sz, is equal to the
volume flow rate for water at standard conditions s, ch'
= Q. 13
sz Qws

The volume fiow rate for air at a depth z, Qaz’ is determined

with the ideal gas law. The ideal gas law mathematically expresses

. . . P Vol .
that the pressure-volume-temperature ratio at state 1, {—z——),, is
4 A
- o s P Vol

equal toc the pressure-volume-temperature ratic at state 2, ( = )2:

P Vol P Vel

— —) 14

( T )l ( T '2

where Vol = Volume cof gas
T = Temperature
If the expansion or compression of a gas from state 1 to state 2
does not fulfill the relationship of Eq. (1%), the gas is considered

to be norn-ideal. Joule and Thompson have measured the non-ideality

of gases (Barrows, 1966, p. 138-140) and expressed it by

oT .
= 5T 4.5
o1 T Gy
where Hyp = Joule-Thempson coefficient
9T o £+ mture twith
(§§JH = Change of temperature with respect to a change of

ressure at constant enthalpy

s}

16
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H = Enthalpy
For the expected pressures and temperatures of a drilling operaticn,
the Joule-Thompson coefficient for air is close to zero. Air will
therefore be assumed to behave as an ideal gas and follow the mathe-

matical relationship of Eq. (14). Hence

v :
= P )
QEE Qas(‘/T)s(T/P)z 16
The total volume flow rate at a depth z, sz, is
Qtz N sz * 17

At a depth z, the mass flow rate of air‘(MaZ), water (Muz), and

the total (Mtz) are

Moz = Qazﬁé) 18
sz = szpwz‘ 19
Mtz = Maz + sz 20
The density (p) of flowing foam at a depth z is

LI \tz)/ (Q.,) 21

In order to determine the pressure change attributable to friction,

the plastic v1>c031ty, yleLd stress, and Velocvgy must be known.. The

— b e T et e I

foam qua Lity at z must first be. determlned in order to evaluato the

o g ot i

yield stress. and plastic wviscoesity..

e

Foam quality (T') is defired as

T = air voliume 29
air volume + water volume

17
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The foam quality at z may be found by the following calculation:

' = vaz 23

Once the quality is known, the yield stress and ‘plastic viscosity
may be determined from Figures 2 and 3.

The velocity of foam at z is

Vo= tz ou

where A, = Pipe flow area.

In order to solve Eg. (12) this procedure must be followed:
1) the volume flow rate at z for water (Q;;), air (Qaz), and total
{sz) are calculated witk Eags. (13), (16), and (17): 2) the mass

flow rate at z for air (M z)’ water (sz)’ and total (Mt") are calcu-
3 P

o

gs. {(18), (19), and (20): 3) the foam flowing density

[ng}

lated with

s cal-

e

(p_) is calculated with Eq. (21): &) the quality at z, T
L A

culated with Eq. (23): 5) the yield stress at z, Tyz, and plastic

viscosity at z, u 5t are evaluated from Figures 2 and 3 with the use

D

of the quality at z: 6) the velocity at z, V%, is calculated with
Eq. (2&). 411 the variables in Eq. (12) are now known and the incre-
mental length for foam flow dovn the pipe may be determined for one
iteration.

Fiow Up the Annulus: Melrose, et al (1958, p. 316-324) have

shown that the flow equation for the isothermal, laminar flow of a

Bingham plastic fiuid in a concentric pipe-annulus arrangement could
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be approximated with good precision by the equation which describes

laminar flow through a narrow slot. The flow equation can be written

as
7
EW-TV [ 3Ty 1 :Z 3
Q= = Ll BTV RE: 25
P W w
Where E = Lateral extent of the slot

D + D,
. , o i
= Mean annular circumference, T —

W = Width of slot

= Annular width, %{D -D.)
270 Ti

D = Annulus outside diameter
D. = ‘Annulus inside diameter

T = Shear stress at the slot wall

For the derivation of Eq. (25), refer to Appendix C.

The pressure-depth relationship for the flow of a Bingham
plastic fluid in a pipe-annulus arrangement is calculated with the use
of ‘Eq. (25). The last term in Eq. (25), (Iy/Tw)S, is assumed to be
small and is dropped. Craft, et al. (1962, p. 43) state that the
error is less than 7 per cent whenever T exceeds 2.5 Ty' The approxi-

mate equation describing the annular flow rate, C, is

EWQTW v 3TV
Q= 6u 1 5= 26
' W

The volumetric flow rate, Q, is

Q = EWV 27

13
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Thus

-

Wtw [ 371

T 1 - =3

v cu {" 2t
) W

Solving Eq. (28) for the shear stress at the slot wall'(rw)

12Vu
27 = —F 4 37
W W y
The shear stress at the slct wall is

W(P,-P. )
T = e
W 2L
Comparing Ea. (29) arnd Eq. (30) gives
w(p_-P_) 12Vu-

L. + 3T

W y

o

and solving for the pipe length (L)

2Vp ST

L = (PO—PL) -

The static pressure head, however, is also expressed in terms of

pipe length (L)

- = oL,

The slot width (W) is analogous to the annular width and is

given by

_ 1 :
W= 2(DO—Di)

29

30

31

the

W
w

3y

Substituting Eq. (33) and Eq. (34) into Ea. (32) and solving for L

results in an explicit equation describing the pressure-depth rela-

tionship for the flow of a Bingham plastic fiuid up a concentric

annulus:
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L= (PO—pL)

Eq. (35) is applied tc foam, a compressible fluid, by maintain-

ing the pressure-dependent variables, flowing density (p), yield

stress (Tv), and plastic viscosity (un) at nearly constant values.

o i B

o £y

The tctal pressure difference (po—pL) is maintained again at 5 psi and
the incremental annulus length is calculated. Writing Eq. (35) in an

iteration form and summing from the bottom of the pipe to the annulus

"

b

surface, ths total pressure-depth relationship for the flow of fecam

up & concentric annulus is calculated:

n n
- v
N\ ~ - HBV.uJ ST:; B
/ (E. = (p:., P;) p.g + = plg I 36
. i+l i i (D -D.)2 (DO—D )
i=3 1=1 o L J

Because the particles are being lifted by the foam in the annulus,
the flowing density, quality, and velocity calculations must be ad-

justed for the mass and volume of the sand cuttings. A constant

drilling or c¢leaning rate will be assumed.
The density of foam flowing in an annulus at a depth z will
become
M + M
b = 1tz r 37
z Q.+ )
tz, by
L4

where Mr = Yass rate of rock

Q, = Volume flow rate of rock

21
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The velocity of the foam and rock chips in the annulus is

%z * %

Vtz =g 38

where A = Annular flow area.

Since the calculation of foam quality requires the knowledge of
the air and water volumes, a correction must be made for the rock
chip volume in the annulus. Writing a volume balance on a section
of the annulus:

Vol + Vol = Vol Vol 38
az Wz ann rock

where Volaz = Volume of air at 2z

Volwz = Volume of water at z
Vol = Volume of annulus
ann
Vol = Volume of rock
rock

The annular vclume for a unit length is

2 2.,
W(DO—Di)l
Vol = — 40
ann L
Assuming that rock particle slippage dces not occur,. then the rock
volume flowing in a unit length of annular volume is
(Vvol )0
- ann’ r

+QP

41

Vol .=
rock Qt?

N

Substitution of Eq. (40) and Eq. (k1) into Eg. (39( gives the air and

water volumes in a unit l=ngth of the annulus:

N 2y %
Yol + Vol’£>=\%'(9 -D;) lﬁ'/Q i o/ 42
Oaz iz o 1 tz | o/
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The volume of air at a depth z in the unit length of the annulus is

QaVVOIann
- 2z u3

az Q. +
U, T

Vol

The quality at z is

/s Volaé
r . =

- qu
'z VolaZ + Volw

In order to solve Eq. (36) this procedure must be followed:

1) the demnsity, 0> of flowing foam at z is calculated with Eq. (37):

2) the velocity in the annulug, Vz’ is calculated with Eq. (38): 3)

in order to evaluate the quality, r,, at z, Egs. (42) and (43) must be
solved and substituted into Eq. (44): U4) the yield stress at z,

Tyz, and plastic viscosity at z, upz, are evaluated from Figures 2 and
3 with the use of the quality at z. All the variables in Eq. (36) are
now known and the incremental length for foam flow up the annulus may

be determined for one iteration.

Two differential equations result from the mathematical model
describing the flow of foam in a drilling operation: ocne for the pipe
flow and one for the annular flow. The differential equations are
explicitly expressed in terms of pressure and depth and are numerically
integrated over the full length of the pipe with a constant pressure
increment. An iteration process develops because at the bottom of the
pipe the pressure within the pipe must equal the pressure within the
annulus. Further boundary conditions are: 1) a minimum annular

velocity at the bottom of the pipe: 2) a maximum foam quality at the

23
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surface in the annulus, At the bottom of the pipe, foam velocity will
be the controlling quantity for removal of cuttings. The fcoam velocity
must be kept at a minimal value -in order to reduce the enlargement of
the hole. TFoam quality should be a maximum at the annulus surface.

The viscogity»of foam does reach a maximum value at the beginning of the
mist region. (See Figure 3). If the quality is ailowed to enter the
mist region, the viscosity will approach that of air. This annular
boundary condition at the surface will therefore control the maximum
quality which is desirable for the most efficient cutting removal.

In crder to maintain good hole properties, a bottom-hole annular
velocity of 1.5 fps (Wolke, 1970), and a foam gquality of 0.96 in the
annulus at the surface will be imposed upon the system as boundary
conditions. Field experience indicates that a bottom-hole velocity

1.5 fps will clean the hole of all solid particles while using foam.

]
1]

If the quality beccmes greater than 0.96, the foam viscesity will
‘decrezse to that of mist and the solid particles will perhaps not be
carried from the annulus, With the stipulated boundary conditions,
the required air volume, aquecus volume, and the annulus choke-

pressure are determined.
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CHAPTER FOUR
RESULTS

With the use of the Colorado School of Mines PDP-10 computer,
the Bingham plastic model was applied to a foam drilling system.
‘Various pipe and hole sizes were used in the drilling simulation.
Surface injection pressures of 200, 300, and 400 psi, depths of 1,000,
2,000, 3,000, and 4,000 ft., and drilling rates of 0.0, 0.5, 1.C, and
1.5 fps were run on each pipe and hole combination. The tabulated re-
sults are iisted in the Tables section of this paper. The surface
injection pressure, hole size, and tubing size determine which of the
tables should be used for foam drilling. After the prcper table is
selected, the required air velume rate, water volume rate, and surface
annulus pressure for various depths and drilling rates are read for
a stable foam drilling operation. The engineer may match the ocutput
of the on-site equipment with the tabulated results of foam theory
and thereby ensure a stable foam drilling operation.

Figures 6 and 7 reprecent a typical application of the tabulated
results. Prior to drilling a hole with foam, the hole and drillpipe
.size have been selected, and the surface injection pressure is usually
dictated by the source of the gas: 1.e., field gas or compressor.
With the use of the proper tables, the gas and liquid volume rates and
surface-annulus pressures are plotted as shown by the data in Figure 6.
Table 20 shows that as the depth increases, the air and liquid volume

rates must be increased while the surface-annulus pressure must be
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decreased. As the drilling rate increases, the air and liquid volume
rates must be increased, and the surface-annulus pressure must be
decreased. By displaying the volume and pressure requirements in
graphical form, the adjustments in the field equipment may be deter-
mined easily and quickly for the changing depth and drilling rate.
The air volume rate in Figures 6 and 7 represent a confidence interval
for the drilling rates. The air volume rate is changing with depth
and drilling rate, but the amount of change is too small to be seen
on the figures.,

Calculations show that the minimum hydraulic horsepower for
feam drilling will be attained when the lowest available surface in-
jection pressure and the largest drillpipe applicable to a hole is
used. At higher surface injection pressures, more air is required;
therefore the hydraulic horsepower is increased. The use of the largest
drillpipe will minimize the hydraulic horsepower since the large drill-
pipe has less frizctional losses than small pipe and will therefore
require less horsepower. In order to minimize hydraulic horsepower

in a foam drilling operation, the minimum surface injection pressure

o

nd the largest drillpipe should be used.

The range of the maximum Reynolds number in the pipe is 609 to
104,000 for the various pipe and hcle combinations. The range of the
maximum Reynolds number in the annulus is 1 to 22,000. The maximum
Reynolds number for the pipe and annulus is at the bottom of the pipe.

At this point, the effective foam viscosity is at a minimum, the density
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is at a maximum, and the velocity is at a minimum. The effective vis-
cosity is extremely low and is the controlling number in the Reynolds
calculation. The Reynolds number at this point is therefore a maxi-
mum. It should be noted that the majority of the Reynolds numbers
are less than 2,000 and the flow is assumed to be in the laminar

flow regime. The equation which was used to calculate the Reynolds

number in the pipe is

D{Vp

Re = —— 45
Mo

‘ T Di

where Mg = up + —%V—

and in. the annulus is

T

Re = 200 46
Mo

where Hy = W + 0y

It should te noted that a Reynolds number criteria of 2,000 for de-
fining turbulent flow of foam has not been verified by experimental

work.
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'CHAPTER FIVE
DISCUSSION. OF RESULTS

The data show that for an increase in depth, the water and
air volumes must be increased while the surface:ggqgégs-pressure
must be decreased if the boundary conditions of 0.96 surface-annular
quality and 1.5 fps bottom-hole velocity are to be maintained for
‘the various depths. As the depth increases, the bottom-hole pressure
will also increase while the gas volume will decrease. The velocity
will therefore decrease. In order t¢ maintain a velocity of 1.5

~

fps at the bottom of the pipe, the quantity of air must be increased.

ot

.With the increase of air volume, there mus

3]

be an associated increase
of water volume if the surface quality is to be 0.96. The annulus
surface pressure also affects the foam velocity and quality. If the
annular pressure 1s not decreased with an increase in depth, larger
water and air volumes will be required if the imposed boundary
conditions are to be satisfied. The reported surface-annular pres-
sures are the minimum pressures required if minimal air and water
volumes are to be used in a foam drilling system.

For a specific depth, as the drilling rate is increased, the
air and water volume rates must be increased and the annulus surface
pressure must be decreased if the boundary conditicns are to be met.
As the rock chips are picked up and carried out of the annulus,
they will add to the foam's density and increase the bottom-hole

pressure. For higher drilling rates, the bottom-hole pressure will
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be larger; larger volumes of air and water will be required. As
was stated in the last paragraph, the required air and water volumes
are minimal volumes based upon. the minimum annulus surface pressure

for each group of data.
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CHAPTER SIX
CONCLUSIONS AND RECOMMENDATIONS
The purpose of this study was to present a mathematical model
and its solution for the application of foam in a drilling system.
The mathematical model of foam is the Bingham plastic fluid model
applied to a compressible fluid. The Bingham model has been written
in an iterative form and sclved with a constant pressure iteration
for a concentric vertical hole-annulus arrangement. Two eguations
have been written: omne describing flow down the pipe and one de-
scribing flow up the annulus. The following conclusions may be stated
about the mathematical model for foam:
1. The foam plastic viscosity is defined for a range of 1 *to
14.7 cp for all qualities from O to 0.986.
2. The foar yield stress is defined for a range of O to 359
cp for all gualities from 0.584 to 0.96.
3. Foam plastic viscosity and yield stress are.tndefired in
4. Maximum annular foam quality should not exceed 0.96.
5. All bottom-hole annular velocities may be used in the model,
.
but computer time increases with higher velocities.
6. As the velocity increases, the foam properties will change
such that smaller pipe lengths are required for the same
change in pressure.

7. The optimum bottom-hole velocity has not been determined.
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8. Temperature effects on foam stability have mnot been
investigated.

9. Rock chip volume and mqss have been accounted for in the
quality calculation.

10. Solutions for pipe sizes of 2.87 to 4.50 in 0.D. in hole
sizes of 5.75 to 15.0 inches have been calculated.

Since the results of this study are based upen idezl drilling
and hole conditions, the best test of the results would be an actual
drilling application. It is recommended that the following items be
investigated:

1  The bottom-hole velocity of 1.5 fps should be checked to
determine if the velocity is sufficient to clean the rock
chips from the bottom of the hole.

2. The actual pressure drop in the system should be checked
against the theoretical calculated pressure change. In this
manner, the Reynolds number for foam may be calculated and
its effect upon the plastic viscosity and yield strength
be determined.

3. Since the slip velocity in foam was assumed not t¢ exist,

a laboratory investigation should be made to verify this

assumption,



T-1383

gltzee
glee
6'8%

(XL

~
-
~
&
o

2

113 "

1] 1]

Hoo

1]

tid
&&

o)
29

€
Vd
dn
99

Iw/ld 26°71

V1

Y

NIw/IvVe

MW/ 408
T'266 T Gd
¢'ad = Yd
ey e = 4l
b a9 = 90
£pey 2 He
G'aé 2 vd
Ttel s 4bh
¢'elde s gu
claay = Hd
vtal = Ve
PR z 48
L'968 = 9
L4828 = ud
L'es 2 vy
bipe = 4l
2'gpd = 90

NIwdLld D't

NINSSINHG FTUH WOLLQHE
IMASS IMd SsNTANNY 3TV 4HAS
JYN0A GINST1T

"

B'es8
G'pe
948
TYL6¢

L1 O 1]

9'ye9
1'q¢
£rel
pteee

it un

9'h6¢
ptze
grgq
c'¢92

L]

L'qee
b1y
2tee
RYpyi2

"

NTW/L4 26

3LVa ONITTING

GL'G 3218 370M

ViSa ‘evd Iy

NI
NI £e'2 (00 3z1S 3dld

FuNMOA Y1Y

g 3'ees =
Vd vteLe :
dt A =
90 atoge =
gd 641G z
Vo c'el =
a0 6L =
93 w5l s
He B'ege =
Y vl =
at S LG =
G ertuge 2
Hd m.HNN =
YV gley =
dt 2'ey =
90 pleue =

NIWw/ L4 GG
aple Gl

NSSINd NOILOIANT 30VJuns

td
Vd
db
20

bd
v
<0
99

de
Y
dti
90

Hd
Vd
dl
99

Hd
Vd
dl
20

ONTATI NG Wyv0d Hod SININAUIAD3N GInml Gyv LY

Z wIgvl

gtaany

g'2aes

el

A ET A

L3 Hld3G



L]

C N
"n un

]

SO O

&

G
wou

"

(LI H

in

T-1383

v1Sd IWNSSIUd II0M WOLLOS  Od
vISd  34NSSIud SNIANKY 3IVaEnS v

NIW/TVY INNI0A GINOTT a5
NIW/Z405 AnNTI0A ¥IV o0
¢d FAR AL s Y Ti¢6L = dd G haL & Hd
Yd Grles = VA b = Y4 ey s v
dr NS = 4 289 2 d9 T'w9 = 60
an wrorh = 4f Crobb = 9b ARAL = 99 gtozav
Qg AL 2 fd Gtoes 2 Hd wleLs 2 64
VA ANy & oy CRETY = Vol 6" = V4
abs L 4G = 4 §'RY : 40 £rgq = dy
56 ¢ Ty z 90 AN z 99 G'9a¢ 2 S ptezng
He TrLTh = fd crgip = 8d 6'pos = fd
Yd 5'9y = vd A = Vd g7 = Vd
49 Tlep = 40 Téey = 40 FA Y z db
°n AN TN : 9 R TAN = 90 G pee = 99 C'oped
Ed vlaul z fHd vty s fd 8 G = td
7 d Lt = vd 9'p8 = Vd £'a6 = Vd
40 v el = 4l 0'6e = dy w'ee = d0
960 teTE = 9l g'ele = 99 g*ere z 50 2'ueul
7 NIw/ZLld et NIw/Zld 26§ NIW/Ld 0@ L4 Hld430
3Lvy ONII IO
N gb'e (1
N GL'9 3218 IAM0Ow NIl £8'2 OC 3218 3dld

VIiSd '@uf IuNES3¥a NOTLO3rnD 30viuns

ONTTITHE Wy0d M04 SLINIW3IBIN0O3IY TINCL OnY M1V
€ F1avl

35



T-1383

6'628
2'gy
9'p9
L'97T8

~
o

.'_!\1[\,‘

~ N 08 e
T 0

b

'

¢'eov
L'ye
CREAY
6'aub

glsetb
8'vbT
2'1e

g'uey

1] i 1nn

" n

11 0

uoo

gd
v
d
9

dd
Vd
ap)
9

bd
v
40

29

fd
Vd
dn
99

NIwsld ws'd

N1

P08
‘ev
‘es
6'116

~N O

‘v19
-N¢
‘4o
‘g

o e T o}

=

‘vatb
‘¢g
‘ee
‘o

=

« T o

wleatb
“w*'agT
2'1e

e

NI/l

GLoY

11 8

"

dd
Vd
d0
90
tid

Vd
dl

50

td
vd
df
90

dd
Vd
aG

<o

8d
Vd
d0

N
SU

¥isd 34NSS3Hd 30 Wollo€
visd AHN5SINd sATINRNY 32v4uns

NIW/Z1Y9 uszo>_aH39~4
NIWz 428 IWNTOA Y1V
= He G'paL z fld 4'19¢

= vd 2tay z Yd 6'18

= 4b LY LG s df 2'a¢

= 9f 9'9u¢g s 93 6064

= Hd £'956 = Hd 6°4LS

z Vo prqy = vd Sl

z df 9Ly = 49 9'GH

= 98 T'oby : 90 greby

2 Ad B'obb = @d f'aey

= ¥d g gy = Vd £'¢9

2 ol glee = 40 e'Te

= 9 graey = 90 b'Leg

= Hd dlaid = fd 2'6ub

2 yd NS : Y4 L'eLT

= 40 2'1eé = 40 218

= 90 B'be b = 90 8'hEp

4 €'t NIW/l4 Bgte NIW/Zld €4°0
JLvE 9ONTII e
| Ny gp'z 0l
3218 310K ND LEY'2 Q0

VISd 'udb IWNSSI¥L NOILOIrnT 30viuns

3218 3dl1d

ONTITHU wWV0d HO4 SINIWIWINOIY QINOIT anvy ¥lv

h TGV

g'oyav

gt

g'og0e

ptogos

13

Hid30

36



T-1383

vI13d ~ 3NMSS3Md 370K k0ll0d td
visd IMNESANG snINNNY 30V IEnS vd

NIW/ZvY IUNICA GINGI d0

NIW/Z 428 AWRTICA M1V ag
8'vge = H4 greTs 3 yd L'yLs 2 84 prave 2 yd
viee 2 Y4 vt ee = vd 6122 5 Vd 'Ll = Vg
v'oL 2 dn v s ol G'bL 2 d0 é'elL = Y
vligs = 90 L2b8 = §¢ Tigve z 99 A2 24 = ¢ ooy
YLL9 T U4 2 pe9 t Ho z'ney = 8d 5 GyYy : fd
2'ee = V4 t'ee = v 2'a’ = Vd bl = Vv
169 = T*/9 s gl T'69 = 4 A = dU
pleny = 0y clevy Ol 2reve = 90 TIae = 90 ¢'220¢
Livyp = £, st g 9616 = dd 2reay = Y4
A ¥ 2 V4 6'12 2 yd glae = Vd 3 e £ V4
¢'9s CIR £'06 = db 6124 = 9l PTG = 40
g'ege 2 99 €£'age = ¢ evab = 9n VAT = Q9 glagee
£'eg z B 2'vnd B fe gledve = fd L'6v2 = 84
g'ee =V ¢ley = yd CRNEY = Vd 9'2 : Vg
ey CIR A Y Lty z df L'62 = 40 ,
1t = 9 brosT z 90 G'¢oT s 50 v'yoeT = 9y gruaaT
NIw/ZLd 26t NTw/ld @'t VIWZLA 268 NIw/Zl g 028 L4 HidA3U

ALV 9NITTtyo

NI 82'¢ Gl
NT G4'9 3718 3710M NI ¢6'¢ G0 3zI[8 3dld
Y1Sd '€P2 IHNSSAY¥4 NOTLOIPKT 3Dv4unS

ANTITIHI Wyud M04 SLETAIYIAG3IY GInol any ylv
¢ TIgvlL

37



T-1383

visSd IUASSIANE IT0H WOLioHE 8d
visd IHASSIUA SNINNNY 3DV 4MAS vd

NIWw/v9 INaTcA IR0 de

NIw/408 INNA0A M1V 20
pllve =z By grrGa = gd RA = fid 2'e6! = fd
gay = V4 2'ee 2 v L'6¢ = Vd 64y = Vd
2'vy = dy 22y = 4t L1 2 do q'yq = )
E'Tep = 99 ¢ty = 9¢ L'RTY = 90 clety = 95 gtAa0p
L'v59 = 94 9t vy = wd 2'9¢29 z Hd 9 w9 =
gréy = Vd A : yd Y8 : Vd L'6¢ = Vd
G'gy s dr T'v6 = 46 gees g Jd0 Qg = Jdy
LPTLE = 9y QK61 = 9U be99g = 59 piy9e = Sy ATy
preSY = Hy 8§06 = Hd L'6S Y = g4 §'q2h = ¥d
ROy T V4 197 s Ve TTH = Yd L'9¢ = V4
£'ew = do v T 3 4l L'6S = 40 A 2 d0
AN AT = 90 50218 = 9 8'1TT¢ z 90 2'ete = 50 ptange
g'vie = 84 bPare =z fd IANAS 2 Bd T'aee = g
T'0¢ 2 V4 n'eq = Yo 9'gq = Vd 9'z2y 3 V4
2'y? = dn blee ol glee = dl 22 = 40
AN z 9 glese = g0 LY19¢ = 99 £'¢92 z 9 G anat
Nlv/zLd w6t T min/Zld ve's NIW/Ld 06t NIw/Zld Q' 14 Hld30

Jivy aNIIT N0

NE Eate ol
MY OGLY9 4Z1S 3T0H NI 26'¢ OC 3zIS$ 3d¢ld

Visd 'Zof AUNSSIMG NOILIIANT 30V4uns

ONTTINT Y WYCGd HOS SINIWIYINDAY CIntI™ ONY MHIY
9 TI9VL

38



T=-1383

6'gue z 94
L'es = Yy
¢'vy = dy
P oyd = 99
@g'149 z By
L'Ty z Yy
g9 = o)
Glrsy = 9
g = 8y
mu.h,m = V4
preg = do
brous s 9y
ﬁn.m.:.v H ﬂl
6'6107 2 Vi
AR Y = A48
briye = 9y
MInZld 06T

N1

-

[EASRAVRATE o N
- -
ISUER S IR S o

<~

T < 3
- &
NN
N0
G

™~
-
s
o
<

‘*26b
A&
..ﬁm
‘ya%

NV
-

Y

‘Gur
‘p2T
‘e

'zee

< NN

vISd
viSd

NIWZAYD
NI/ 4J8

-
-

-
-
-
-

-

oot

LU Y B Y]

0w i

Het
vd
d0

b

tid
ve
e
9t

Hd
vd
at
20

fd
vd
el
ot

MIw/ld Cv't

L9

GNTTIHY WeCd MOS SININGEIAR3Y JdInula any
4 TT9VL

INNSSINI 3M0H WOlloE  Hd
JUNSSINd SNINNKNY A0V 44nS Vd
INNTOA 010810 db

Th1e8
L'bY
(18
L'8Ly

2'ev9
2'btb
gigd
Craly

ey
‘eq
XV
'28¢

fee o R LR o

‘el
‘68T
7

preue

O o

" u mw nu

" nn

gd
Vd
dt
9U

Ed
Vd
v

99

fd
Yd
dn
an
Ed
¥4
a)

99

NIW/ZLld @6y

Jl¥y 9Nl H0

3#1[$

Visd

310K

‘eub

N1
N1

CILRRY
36'¢

IUNSS3¥d NOTLIIMY

34dnT0A MV ¢

bR = 04
2o = Vd
26 2 40
G'pLp = 90
§'e29 = &d
26t : V4
b1y z d
gteey = S8
Q'ylb = 8d
L'v9 = Vd
6w 2 d0
2'yeg 2 99
nragy s 84
§'egl : Y4
2'we = df
P2EE = 99

WIiw/ld 29

Ul

ac  3zISs 3dld

J0v 448

Hlv

G220y

8B

o

<

2

'oage

g'IgRt

14

Mld3d

39



T-1383

N T O
-

9'g98
8'61

6'¢et
§'12¢4

O N
O

o n
-

L O o
s T3y
[np

< <
~ 004

annn
o I
S &

L1} [
>
a <

" nn
L
r

" nn
i
Ia}
a

"
()
<

" un
[ [ea)
3 [0 38

[ 1]
O
(=

NT

visd

VAR

NIW/ZIVY,

hlW/z408
9'ThY & B
$'92 = vd
12t = b
IR TAY = 50
L'H8G = §id
1412 = vd
9'ecT 2 40
¢loqy = a0
L'vLS z fid
T'ne s vd
¢trR T
¢'a9t = 48
('l = Hd
T = Yol
ey 2 4Y
§£'qh2 = 90

NTwzZ7ld oi!

|’

3YnSS3¥d 370H WOLLOE
JUNSSIHd SATINNNY 3TV 44NS
IAnea dther

JWNT0A WIV

Y RALY = Hd p'1LLL
etae = Vd glee
FegTT = db 6'vTT
6 pee = 50 2'alg
6156 = §d LG
Tee z v p'le
g1y 2 df L'L6
g'ect = a9y &' LbY
T'H9¢ = td 'Ta¢g
glee = Vd T'2¢
blel = ¢y 6'4L
£lgoe = 90 g'e9¢
preve 2 g4 g'qre
pos 2 vd 6°1¢
Géev = o0 gt
AT 2 89 B'eLe

NTW/Ld G ¢

Ve SNITINO

L9YL 3218

VISd

370K

‘poe

Nl pbpt2 a1
NI Lete QO

UNSSId NOTLO3ArMT 30viayns

i nu LTI I S

a

L LI (]

"

"t

fd

d0
20

8d
Vd
dl

Jo

8d
Vd
dC
90

td
Yd
d
29

8d
Vd
d0
90

Wiw/ld €'y

3218 3dld

ONTIIING WYOd MOd SLNZWININGUIY AINe1Y ONY M1V

8 TGVl

gy

2'2pg¢

gtagee

p'2u07

ld

Mld30

ko



T-1383

£rage
g'ee
T'86
B'ee9

“w

CELS
L'y
p'ey
b'eEps

"n g

AR
‘9%
‘64
‘19t

N
0nnun

=R

'6ut
i)
A
‘Yyop

< <TG
LA I R ]

Z

IW/i4 0¢

dt
o0

8

dt
9n

't

-l

visd

visd
NTW/ZIVY
NIW/Z4358
e'v9¢L = Hd
G up s Ve
6'¢6 & 40
P pe9 =z 50
AL : fd
6'e¢ = vd
oo = 40
c'ebg z 90
2rnug = gd
ﬁwnn T Yd
yigc = 40
2rugy = 9d
B ere s dd
BtTul = vd
tres = g0
b*pob 2 90
NIW/ZLY BEYT

31Vy 9ONIITINO

(oL Z#1S 3T0H

visSd

2

Spug 34NsSIU4 NOTLIOAMNT I0V4NNS

~ 3YNSS3INd 30M KolloB  Ed
JUASSING SATINNNY 40V 4uNS Ve
NN dInctT ge
N0 ¥l 99
AR} = gd ARV = Hd
2YLE = Yd 6'T¢ = Vd
6426 = di 8'68 = o
1929 z 90 9'v 9 s 90
6'bv G = fd 2tadg = £d
a'ag = vd L't 2 vd
8val 2 dn 2rat = 49
£'L8G = 90 b'ugg = 90
A WA = §Hd 5°99¢ s gd
Reeb z vd A = vd
T'b 2 db v'1g = 40
g'pay 2 99 6'6vY = 99
preng = gd ' Gue = fd
9°'T1T = vYd 2'z22T = Y4
pres = db AN = d0
blp9p = 9y b'p9b = 95
NIW/Ld 063 Mlv/Zld 2%
NT bvt'2 Ol
Nl Z8'2 aC  3z1S 3dld

ONTITL0 WY04 ¥Od SININIXIADIYM CINUIM OnY YTV

6 T4V,

e'vudy

¢*ooox

gtraee

Broset

14

Mld3d

L1



T-1383

9'1idL = Hy
6'dqg 2 Y
¢'ew = dn
erelL = 99
£LLS s fid
£'ay z V4
G'9y = dp
AN 2 9¢
grugd =z Gy
6'Ty = V4
Z'bp = dn
RN = 9y
Qe z Uy
L 69T = Y4
g'oe sz 40
2'6¢9 s 90

NIW/ZLd 6T

N1

nlw

NIw

LA
‘1¢
'y
‘2Tl

n n

G'aGag
[
£'e9
&' b39

i

nwn

it

blegh
£'¢9
AR
L4964

1]

" u

‘ot
‘6lT
c'9¢

2'9e9

4 T
" oun

L1

wlv/zid 2ol

visd
VISd
/v9
/7408

td
vd
dl)
&0

td
Va
0
9t

Hd
Vd
dU
a0

fd
vd
ali

30
1

3¥NSsSa¥d 3ITCH Wollced

FUNSSAMd SNINNKY 3V I4NS
INN0A GInein

ctact
Byt
gteLL
granL

6'20S
9'6Y
£'a9
b'619

2'c¢ty
60e9
velv
142s¢s

Bgap
9'8871
g'od

2'9¢e9

L1 214

[ 1]

unn nw i

g4
Vd
dl
99

g5d
Vd
dd
29

g4
vd
d{
20

8d
Vd
da
20

NIW/L4 26°'¢

1y 9NITTING

LVl 4218

VisSd

370K

JHNI0A M1V

£°'969
T'ap
1'el
6159

1'¢és
AR
u'ery
Grathy
G'69
G'68

" N

dd
vd
do
99

8d
Vd
d0
30

Hd
Vd
dl
20

gd
Vd
d0
30

Od
Y
dl
90

NIw/Zld4 00°'C

NI vv'2 Ol
NI £8'2 G0 3ZIS 3dld

"Brb IYNSSIHd NOTLDIAMKNT IDviuns

ONTIT el WVOd 404 SINIWRINGEIY SINol" aNV MIV

0T T4Vl

c'eoey

p'egas

22002

g'zae7T

ld

H1d30

42



T-1383

visd ~ 3yNSS3Y¥d 3CH wWOollod td
vIiSd IHNSS3Nd SNTANNY 3DV 4uAS Vd

NIW/1v9 INATOA OINDI d9

NIwz 408 IWNTTA o1V 9y
g2 2 4 “lehy = Hd G LG : Hd g'vil = fid
T'9¢ = V4 6'¢ce s Vg g'ge 2 Vd aeLe = V4
2'etrt = 4 grarl = 40 TailT z 40 5'121 = db
9'89¢% = 9n 6519 = 96 a'11¢ = 90 e'els = 40 gloeey
2'619 s d4 9'pHG = ud L LLS s €d 9'9449 = g4
T've = Vy 62 = vd a L2 T Vd 6'6¢ = V4
0'9s T Y £'¢6 = di ¢4a6 = df g L8 = b
2'evy = 4y $'obb = g T'vodp = 99U 6" bv = 54 p'aget
T'lat = 6 L'G6s = Gd L2488 = £d 6'09¢ = gd
B = Yy gl s Yd L'9¢ = Yd L'aé =V
8'9¢L s dy (L = 40 T42¢ s 45 249 = ¢y ;
CRETY = 99 g pe = 9§ g a6e = 99 TSR 2 90 glegez
6'see s 94 g2 = fid L6l : #d v'12e = gd
7'sg = ¥y c'ce z Yd b'ay z Vd L'eS = Vd
ey = dy “'Ty = 40 9te¢ = 4f eleug = d9
b'oge = 99 T'yR2 = 9@ er1Ge = 96 51432 = 9 g'upeT
NIW/ZLd 2¢'1 NIW/Ld BetT NIW/Ld BGte NIW/Zld 22°0 L4 kH1d3d

3LVN SNIATING

NT sa'e (Ol
NY (BYL 321S 370K NI ¥g'¢€ Q0 3218 3dld

VISd ‘w2 yNSSI¥d NOTLUIriD 32V4ENS

NI N0 WYOd M0d SInIwININGIY AInol gny Hiv
T T19VL

43



T-1383

L'e1e =
AN
ples
q'ees

R'Gr9
pioe
g'al
L'68S

n

L'STh
gi6¢
6'5g
greay

1]

E'eus
g'LG
g'1e
g'eey

L1 I 1

Nlk/bd 26

Hd

Yd

40
99
tHd
Vd
a0
o0

td
Vd
40
90

Hd-

vd
d0
99

't

-

-
O NN
N TS

14

5
-

9'quR
6' 48
¢
wiedp

vIiSd
VISd

NIW/V9
NIW/Zdd8

8 A1

it " 114

B on

Hd
Ve
b
90

Hd
Vd
d0
90

He
Vd
40
90

Hd
Vd
s
90

NIw/ld 22t

L8YL

~3unSS3¥d 310MW Wollo8 td
JUNASSIHS sNIANNY 30V 4uNS Yd
AWNT0A dIngIN a9

JUNTO0A YTV 20

3Lvy NI NG

ZI1S 3724

br19¢ = gd AN = g4
L9 2 V4 9'vb = Vd
608 z o4 2'T8 = d0
2219 = 98 9'ae9 z 9D
5'69¢ = 6d 4088 = 6d
608 = Y L'6¢8 = Vd
T'1¢L = df £ 89 z do
'uts = 90 G*pes = 90
BLi6e s Ed L' (8¢ = Hd
2'bt = Vd T'6p = vd
T4ep = d0 Wb = df
plocy = 90 Glebb = 99
glaes = Gd greis = g4
(Y86 = Vd 6'9¢T 2 Yd
g're = 40 etre = dY
g'elh = 90 8'edy = 90
NIW/1l4 26'0 NIW/ld €00
NI 82'¢ (I

Nl €6'S Q0 321S 3dld

VISd 'en€ unssIdd NOTLIOIMNT 3Dv4uns

ONIIT S0 WVOd HOod SLNIWIYIN0IY QIACTT aNY M1V

2T T19vL

p'ogne

g'agoe

g'oant

ld

Hl1d430



T-1383

£'eob
'y
2'1ly
61649

-

MUY oWy

- - -
e =
‘a4

[ o B o 2R N

o
[ 4

v uuw n nm’ 0wttt n n " . u

td
Vd
d )
a0

94
Yo
Q)
pI]

8d
Ve
dn
90

Ed
<_ o
d9
20

NIik/71l4 v6'T

N1

v1Sd
v1Sd
NIWzv9Y
NIW/40S
LreglL = Hd
G'pg z vd
rrel V]
Q'g69 2 .q
bluoy = gd
2'ra = vd
vt LG = 40
¢'eey = 90
L Gy = Bd
pral T yd
T ob = 4b
brags = 90
Llqirp z fid
v'egl = VY
62 z o
¢'eRg = 9y

MIw/ld ket

~ IUNSS3Y4 370 WOLi08
JHASSHAUd SATINANNY 3DV NS
INAI0A QLneln

JWNT0A HIV

1 RE2YA = fHd btacl
gteb 2 Yd T'vs
10l = 40 Ly
9169 = 90 9'vy9
b'GLS = 8d 5'aas
L*25 = ¥d L'6q
2'pS = 40 ¢'1g
8'L19 = 94 9219
JAR-12" = gd 65'9¢Y
LV ¢L9 = Vd 6'0L
L'ag = db G LS
G'sbg = 90 1227
260 = Hd d'sut
G eLT = Vd L'THT
gqd = g0 t'qge
2'€8G = 96 a'e94

NIW/Ld @gie

ILVy ONTTI MG

L8'L  3Z1S 370H

N g2's Gl

NI kg'€ Q0 371S 3dld

VISd '00b 34NSS3d¥d NOILIINNT 3DY4uNS

B u

neaen 0o on o "

8d
vd
dl
90

-8d

Vd
dU
30

8d
Vd
d0
20

Hd
Vd
a0
J0

dd
vd
dl
o0

NIw/Zld vR'e

INTAN NG WyOd MOd SLNINIHIAO3ZY QINOIT ONY u1VY

€T T1avL

Rtagey

R'opee

e'onge

ptager

14

Hld30

45



T-1383

6'L2

glavb
plee
blie
6£'28Y

n

0*GL9
etee
L' a
glies

dlavd

€189
G'eed

g'csd
$'1e
9'6%
b'psd

i

NIW/Ld ot

8d
Vd
a5
9

139
Vd
dg
90

8d
¥d
g
08

84
Vd
a0
20

T

visd

visd

NIW/IY9

NIW/Z44S
§'ned = fd
1412 s vl
E'06 = 40
N~ = a9
2149 s Hd
T'¢2 = vd
9*'1@ = 40
T'og¢ = 90
stadh s dd
T'pe z yd
€'Y = 40
g'1es = 90
v142 z Hd
g'zg = vd
T'a¢ = dU
£'eal = 90

NIWw/Ld 0T

dmsmmuma,uJox Wollo8
JYNSSINd SNINANNY 32V 4uns
INNI0A GLneln

INNTI0A MLV
2'p9H z 0d AR,
prTe = Yd ntee
g6 = dq0 n'oy
c'Ivd = 90 L'Sby
§'z229 = #d atr6s
bied = Vd etes
(el = o glal
greag = 90 ortypg
G'alh = #4d 960 b
6'9¢c 5 Vd 9'ee
6'¢9 = {0 6°19
9618 = 99 p'LTe
g'9y2 = #d §'2pe
glay = Yd 9°'H¢
9'9¢ = db 2'a¢
gltrge = 5 T4

NIw/ld @69

3Lvy ONITTING

(8YL  3Z1S 3T10H

NI 9¢'e 0Ol

NI @8'y QU 3z1S 3dld

VISd '282 34N§SI¥4 NOILOINNT 3Jv4yns

8d
Vd
dl

30

Hd
Vd
d0
90

Hd
Vd
d0
90

8d
Vd
d0
20

dd
Vd
df
Ju

NIW/L4 00°0

ONTTTT a0 Wyv0d ¥O4d SINIWINIAUIY GInol® Onv ¥1v

HT F19VL

g*aoey

g'oges

p'onne

g'24071

14

Mld30



T-1383

pieug
6' b
£yl
61644

”"n

'p99
‘Ty
A

[SNERT QBT o N
"t

n

‘yep
‘i
'1¢
'Quh

n I

~ MO G

RS
'9q
Yo
AR

-

M
{1 1]

{Iw/l4 0g’

g4
Vd
di

JY

By
vd
a4y
BIY
Hd
Vd
ay
26

84

Vi

dn
99

1

vISd
Visd
NIWwzIve
NIwWw/498
g'ecH z
f'pb s Vv
6'6¢L s 4l
plets = 9§
G'zv9 = g
I z Y
16y = g
Gleldy = 95
6 TGy = ¥d
DR~ = vd
L'eb = 4y
Ly = 90
g'gle 2 dd
9'ag z Vd
etad = 40
atqve = 90
NTwzZld 28°%

~ 3YNSS3IHd 30K Wollod
IHASSING SNTINNNY 30V 48NS
IO CGINRGTN

IUNICA MLV

g'ecs = 84 L'76L
pley = Vd LAy
gred = 4V vl
L*9¢s§ = 90 L'eRg
6929 = fd 2 ey
gtof = Vd RIS
oS CD) L' 49
gtevd = 99 669
L'est = gd greay
bav 2 Vd g'¢h
gtat s df G'ep
2'eud = 90 21ey
g'21¢g = fd 2'aue
219 = Vd 2’64
(e = o plee
G'ere = 90 6°'84¢8

NIW/Ld ¥5'0

JLVy INITTINO

L0YL 3718 3H

ND gL' Ql

NI @¢'y (0 3718 3dld

VISd ‘0¢f IuNSSI¥d NOILOINND 30V4¥ns

nonn

nounn

dd
Vd
dt
U

Hd
vd
dQ
90

def
Vd
dll
90

fd
vd
d0
9u

Hd

Vd
db

99

NIW/Lld 92°9

ONTIMH0 WYOd Hod SINIWIHTAOAY CIN6TT ONY M1V

ST T1Evl

g'oudy
Bouoe
p'done
0'2901
14 Hid4340

b7



T=-1383

visd IYSEINd 30K WOLLoH 8d
vISd  JynssShid snNNNY 3DV 4URS vd

NIW/ZIVD IWn10A Q10617 d0

NIwz438 JWAT0A MLV 96
bleyg =z Ay £'aay = fid 2'see s Hd G286 : fd
8'cg = ¥d v'9q = Vv Gley =z Vd 9'u§ = Vd
6'9y = d49 8'v9 = 46 b2y = d0 brLy s dy
6'e29 = 99 5219 = 9 G'eTY s 99 G'6E9 = 99 2'ep0v
AR AL P 9teg9 = fid 9T Y = Hd BT = f4d
Sy = V4 C'ob = yd 680G z Vd T'9¢ = vd
2'9¢ = dn v oG z 40 6478 = 40 6Ly = d0
6'86s = 99 v 153 = 94 TevG = 90 £'upg = 59 ¢tanes
b'LvG = Hy Gs6Y = fid Y = dd PTGy = fHd
gty : Vd €'69 2 vd G* LY z Vd byl = Vd
9'gy = 4y A = 4o B'GS = d6 Q've = 40
blyel = 95 graby = 9B 4'¢6b = 90 e'obY = 9 g'ogee
R AT = &4 Gratv = He s'qiry = Bd graly = {d
RN ACES = V4 $'elT 2 yd g'aet = vV T'veT = Vd
Y'ye = dy 9'pe = 40 9pe = 40 9'bve = d0
G6Lp = 99 B'6Llt = 90 AN YA = 99 YA = 90 g'eeet
NIW/Ld 26'T NIWw/ld Wi NIW/LY BG'E NIAZLA B0'e ld  Hid430Q

ALV O,/:J-:ZQ

NI 94 (I
NI (8'L 3218 370H NI 26't U0 321S 3dld

VIiSd '2db JunssI™d NOTLIINNT 30VIEAS

NI YU WYO0d H04 SLMIWIYINGIY GINOIT ONV IV
9T T1dvYlL

48



T-1383

-
T NN
~ ¥ o

- o

(N X o~ T
-~

- -
DS
wn

-

[0 S o TR o} N~ Mmoaa™
O

-
~—~ 0N O\
O«

[so 0 ITAl
™

oo
- -
(O AN AV o

<
o
<

arete
G'ye
6'eq
2'2ys

NlW/Ld

nw un "n nn

@4

gd
Vd
¢
90

td
Vd
de)
30

g4
Vd
d0
90

gd

Vd
do
90

visd
vIisd
NIW/TYVO
HIWs 438

66l = Hd
etee = Y
6'ebl = 40U
st = 90
2's8q s Yd
L've = vy
¢t = 4l
LY L39 = 94
9'z29% = fAg
AN = ¥d
S'ph 2 40
Lesb = 90
2'9T2 s Hd
1Y s vd-
¢'1q = o4l
9'gLR = 90
NIw/ZLld dptt

C 3YUNSS3y¥d 3T0H WollcH
INASSIHG SNTINNKNY 3oV ANAS

6'95¢
gr2e

2'6et
glane

LY¢LSG
gyl

£00TY

€249

BrIae
blocd
g6
bty

AT
gige
glev
6'HLE

LIS L I {]

noern

"

ANATIOA

8d
Yd
a"

90

gd
Vd
dU
an

Hd
vd
dU
9

gd
Vd
d%
90

NIW/L4 v6te

31Vy ONITT N0

weve 3218 3T0H

ViSa *wud JUNSSEH4 NOTLOIMNI

gingta

JWNA0A ¥V

2yl
'gé

‘avt
‘(69

N < 5
fHn

Land

L} -

e
LTy

‘1T
‘964

fo

n n un

S D™

66T
560
w99
6r6LY

'y
‘v
b
218

won

~ i
-

NIw/Zl4 €%

al

(e 3218 3dld

ERA RTINS

a0
a0

o

ONTATM a0 WYDS 04 SINIIAINDIY JINUIN OV Y1V

4T T14VL

Qluvpgy

&.aasm

B'vaee

gtdget

14 Hld430

k9



T-1383

plogt
g'ey
2'917
6'Tv9
8'656
T'4¢
greLe
§'9¢¢

1'¢ue
gy
oy

9 .,,,0 19

Z'aet
g'es
9'6¢%
20666

" o4 nn Hn uHnn "

8d
Vd
40
Uy

Hd
Yd
dd
99

Hd
V4
dn

(3}
oY

g4
v d
g9
30

NIW/Zld 66T

NT

visd

vIsd

MIW/ZOYY

FMlWz 408
WA 2 Qd
¢tay 2 Y
L'2tt = 4l
Ltyea = 90
9'¢bs = fd
TR t vd
R = 4N
G'pdl = 90
- DA = Hd
G'ah = vd
629 2 d0
#'e19 = 94
Erae = fd
“'eal s Y
'8 2 40
('66% = 90

Mlwszld @'t

IHAESIUA II0H WOoLloR

IHNSSHHT SATINNNY

2'eLé
2'6TT
368

2'666

1

11}

i T ) TR

32v4Ans

INn0A O1neIn
JWNT0N 1Y

gd
Yd
d0U
an

Hd
Vd
df
90

#d
Vd
d0
90

gd
Ve
dC
v

NIW/ZLd 860

ALVH ONITTINMO

L0'6  3#1S 310K

VISa *£uf IMNSSI¥ NOTLOIrN]

N1
NT

ggte
pete

G'HLY
2'es
2'¢y

3018

i

B
11}

Mo T
. e -

M E S o

LS A N

™~

LU 1

=
%!
1]

[¢ R = BN o
o o «
(oA RIA B

1ot

£
n

Oy
<

N
11

R &l BN
"o

B ees

NlWwsld G0

I

4

30vi4uns

8d
Vd
dy
Bl

fid

Vd
dl
20

Hd
Va
dl
a6

gd
vd
v

e

-

Hd
vd
dl
20

I
Qo 3218 3qld

ONTANIEHU WY04d MOd SINIWININGIY QINBI OGNV Y1V

81 14Vl

glupay

g'onoe

82992

0wyt

14

HLld30

50



T-1383

v18d © 3¥nSS3Iyd I10H WOLloA  8d
vISd  3uASSI¥d SNINNNY IDVIHAS  Vd

NIV/ZAVO IWnSoA Otnoin d0

NIW/Z40S 3uPT0A MLV 99
TYevde z Y4 LT = g 2269 2 £d G 896 = dd
2'eg 2 Y4 c'av sy REA = Yd ARA = Vd
§'9¢ = dn 126 = 4l 64 Lo 2 dY J'¢8 s db
8'Gas 2 9y 5686 = 9K G626 = 9P L'L16 = 5y gtvoey
L'$9S = gy p'yba = 4d Rr2ee = dd 2's15 = fid
g'sq = V4 &g : yd 984 = Vd L'99 z Vd
AR AA 2 dy a9 = 4y 669 = 4 ¢'e9 2 40
6'9tQ = ¢ Glekw = 9 L6228 = 9 A = 95 grepes
T'ogt = 4 R'Gah 2 fid 26Tt = fid T*'TTd s fdd
9've = Vd v'a9 : vd G'eL = Yd 6'%L = Vd
FAR RS = 4y LAY z 40 -1 = 40 TrLY =z do
P8y L = 99 gryevd = 90 gragce = 90 AR N AA = 99 glovae
2YGab = A4 g 2 Hd AR AL s Hd gtaiy = Hd
6'6LF = V4 T'48T = vd G'86T = Yd 1'992 = Vd
Gles = dy G'eg = 4l G628 2 d9 q'ed = 40
Cr61Y = 9 ¢'ely = 90 grete = 90 £'sTy : 9y graa2t
NIWZLd 0g'T Nlw/Ld ety NIvW/ld 26%¢ Nlw/ld 200 14 Hld30

ALVy ONITLKG

NI 82's 0l
N ev'6 4218 3T0H NI 26'€ QC 23z1S 3dld

VISa 'Evb I¥NSS3d4 NOTLOIrHT 30viuns
OMTAN 0@ WYOd MO SINIWNIMINL3Y AInoI ONY HlYV
6T T1gYL

51



T-1383

£'e98 = 9y
6'92 = Yy
2'eel =2 dn
gty = 99
g'L19 = Hy
G'ye = V4
2'v1l = d
9'%94 = 9n
69y = #Hy
63z = V4
¢'dy T dn
Gy d = 9y
Blese = Hy
6'¢¢ z Vd
clep =2 d)
SR/ = 9y
NiWw/Zld wa'l

6'928
T'e2
g'eet
S 9

9264
$'62

Y'eut
'19¢

B}

‘168
ve
af
.N.@V

N O
- -

o

gteve
T'pe
9'Lb
T'r6¢

visd
visd

NIW/ZIVY
NIW/Z 408

i u now o

i 0aon

i w

"

Hd
vd
4U
a9

Hd
Vel
4t
90

Hd
Vd
ol
90

B
vd
dl
90

Nlwsld Gu't

IURN.)

_ 3uNnSS3¥d 3T0M wbllod
IHNSSIHd SNIANNY 3DV 4uNS
FANCA GIN0IT

JWATIOA MLV
gYReL = Hd T'yaL
AN XY 2 Y4 9'Le
LeeY =z dn L'0TT
Trer9 = 99 H'SV9
[rrvg = 44 6'vPG
9'ee 2 V4 L'ae
broel = o0 ' TuT
6' 146G = 98 G'yeg
9YRLS = &4 2'69¢
2'9¢ z Y 6'6e
6426 = 40 @6l
TvpGh = 90 2'nsh
2'tede = fd b'pee
B'9¢ 2 Vd T'ge
ot = db 9'pp
nlece = 99 L'6h8

NIW/ld 060

LYy ONIII N0

3218 30H

NT 9¢4'¢ 0l
NT #6'y (0

VISd '¢ue IMNSSIMd NOILOINNT 32viuns

"nn

1t

n o

0N 0 n

g4
Ve
d0
v

gd
Vd
dl
09

84
Vd
d0
90

Hd
Y
dU
20

Hd
Vd
d0
90

NIW/ZLld 200

3218 3dl1d

ONTATT 00 WY04 HO4 SLNIWIHIND3Y UINSIT OnY IV

02 ®19VL

gleaay

2ot

R'eauve

&.

L4

rs e

)

gt

Hld3d

52



T-1383

oMM ©

O OO

CIME oS DN

‘o8 = 4
b 2 Ve
Youl = dy
‘60L = 9
2.9 s Fd
rAY 2 Vd
‘g = 40
LLY = 98
‘T2 2 fH4
‘g = Vd
*2y = dn
tiss = 9n
.mu..mm = @&
.vN = ,4&
‘e = do
‘918 : 90

Iwsid ng'tT

N1

bagd
‘o

‘11
‘vt

S

<

AN DY

‘p9ag
‘o0
‘o
*oLY

O < o

‘TTw
‘v
2066
6°LLS

N~ O

Ergug
G .8
¢lag

9'c¢1q

v1Sd IYNSSIHd 10 WOLLOS
vicd NINSSINd SNIANNY IBVvIuns
NTW/ZTIYS JWAT0A UINnOIN
NIws 428 IANACA NIV
: fd prace = fd 2'ped =
= Vd LPTY z vd A z
= 4 LY L6 = d0 B8'C6 =
29U vrive = 90 T'66L =
= Hd 9'v%g = Hd L'eva =
= vd gav 5 Vd p'2p =
2 4G BryE = dY $' L =
s 9{ £L99 s 99 w'199 H
2 Hd 'ty = 8d R'06¢ s
= Va L Ly = Vd 69 s
z 4l £d9q = 40 B'Rg ]
= af Y2Ls = 90 0'99¢g =
: fd REAHY = 8d 2'Gae =
z v g'auT = Vd ‘o171 =
£ 40 e'gs = df £teg =
= 98 9'9rg = 99 9'61g z

NIw/ld ety

L6

NTW/Ld Bg'e

ALVd ONITI N

NI 9L'¢
3218 3704 NI 2G'b
VISd ‘¢392 INNSSANd NO1LIIAN]

Nin/Zld BU

al

a0 3218 3dld

Jovuns

Hd
Vd
dl
90

Hd
VY
dQd

P
ol

bd
Yd
d0
ay

td
Vd
d0
90

NI M0 Wv0d ¥0d SLNIWIVINDIY CINDIT ONY IV

12 T19vL

2308

0'os02

2407

14

Hld30

53



T-1383

visd INASSING IT0H WOLlloH 8d
vis3d IUNSSIHd SNINKNY 39V I4AS Vd

NIW/ZIV9 FANT0A G101 db

NIWz 433 JHNT0A M1V o0
Lisey = G 6'9LL = #d T'ave = gd LP6TL z 44
686 = Vd 1'16 = va 6416 = vd 806 = vd
'3y = dn 9'y8 2z db g 28 = 49 29 = dD
L'9¢89 = 99 T'6l® z 98 2'1L8 = 99 T'¢%y = 90 g'dp0y
L'1T9 = By £'659 = fe 9'8L¢ = Ad B'e9g =ty
g'1¢ = V4 /5 : vd gtus z Y4 G'LY = Y
'8y = 4y £ 9 = N 9'1T9 = 4U 9'84G = 4o
L'ent = 4y ¢ruud = 9y BYT6L = 9y C'hLL = 90 glaane
ARYA” = 24 v*'z29b 2 fd 2'C€Gd = fd blehh = g4
66y = V4 L&Y = vd Teal 2 Vd G 1L = Vg
N TR = ¢h L 9b 2 d brgy 2 df) L'SY = 40
gleit = 9y ) = 9y T*269 = 99 £'¢Ro9 = 9y p'as02e
2'6ub = 84 vteiy = pd '6ly = 84 a'c4y = dd
14541 z Y4 cltall s vd LPTET t Vd e'esT s Y4
IARAN = di 2tze = 4C 2'z2¢ =z 4 ARAN = du
GPp1L z 9y 'y 1L = 9Q &'bIL = 90 G'v1/ z 90 p'uaet
NIW/Ld g Rlw/ld ev't NIW/Lld 850 NIWw/ld 6o'e L4 HL430

LYy 9N1 1 HA

/
NT 9L'e  Ql
NT G@'6  321S 310 NT G6't Qs 3218 3Idld

VISd ‘Uuwb IHNSSEHg NOILDIArNI 32V 4unsS

ONTITIHE WYOd MO4 SLNINIVINOIY QINGIT ONV M1V
22 T4Vl



T-1383

TLR6
g'ed

$'OTT
2'0ve

1‘,
\L\
11 nun

n i

g
g
¢! x.ﬂ
gteoy

9'vb b
L'Le
9' e
NN

glecd
g'o¢
£'9b
6'81¢8

H ot

MNIW/ZLY ¥S

b

dn
94

ﬁ.,&
V4
i
93

144
Vd
dn
Ju

3d’

VA
4n
U9

‘T

visd

3¥ASS3Nd 370K

vIiSd IYNSSInd SNINNNY

NIW/ZTIV9 IHATI0A

NIW/Z40S NN
9'248 : Hy TLDG = Hd
v'g2 : vy L'e6? = Vd
9'11t = 40 (Y921 z ol
L'LYs = 90U 2'esg z 90
vt b9 2 g T'21¢ = Hd
¢'el = Vd 2'pe 2 vy
¢tas z dU 616 = dU
Clehiy = 90 2'bub =2 99
AN = fgd B*LTh 2 B4
LAy = vd 240¢ = Vd
€ ¢LL = 40 Ry L = 40
G Tup = 0 bte6g = 99
el s fAd grace = Hd
9'¢t s vd grGy = Vg
£'bb s 4d Gglet = i)
et = 90 T'al¢ = 99
nIw/ld Bty NIW/1l4 06'0

FLVH OONIING

NI 84'%

Ce'6  421S 3710M N] @6's

ViSd

‘b

“Z NSS4 NOLLOArNI

INTINT a0 Wy0d Ho4d sInIR3I¥Inn3y Oln

€2 vl

xohkom
30v4uns
grnen

s y1Y
¢'nug =
32 =
¢'tar =
t'agg =
L'9u4 =
el =
t'ag =
SRR =
G Ty z
T'¢2 =
G'TL =
9'46¢ =
3'Gpe s
G'eg z
6' sy =
2T¢ =

dd
Y
40
29

m&
/\L
odf)
a0

dd
Vd
dl
90

8d
vd
d0
00

Ad
vd
d0
Y

NIW/ZLY B

al

0 3218 3dld

30V UNS

S0 GuY o HlY

2'0gor

g'vgee

g'avgal

gtavet

14 Hld3u

55



T-1383

S LLE
glas
§'20
§'aL9

9'v99
9'2y
y'é6L
e'eas

6'G9Y
e'ey
84y
T

‘414

gleee
B'eS
$ Y
9'vrb

=l

ksl 4

W onn
< o
S o

n
(&4

Houn
v

< &
d O

it

1
X
a

i nan
[ <<
[&] O

o
< m
a a

L
[
2

wg 'l

'

vISd

vIiSd

NIW/ZOYV9

NIW/Z40S
R At 2 Y
m.mm = Vd
T'4¢ = dl
6149 g 50
viaho9 2 Y
29 = v
1 /L s Wl
Gluhs = 9y
2teay : Hd
6y = v
qtas = 46
6824 = 80
AR AAN : yid
969 2y
b s 40
AN = 9f

Nlp/Zld 99ty

C 3MASSIYd 30K WOLLOR
AMASSINd SATANKNY 3IV 4HNS
JWNT0A CGINoN

JANTIAN NIV

8498 = Hd A YA
£'98 2 V4 G'av
gy = d9 616
699 = 99 L'G99
§'149 t fig 3'L66G
T'6¢ = Vd b ye
Gl 2 d40 569
BU98G = 99 6°¢8S
B'Tvy = Hd 6'62v
206 = vd q9'zq
924 = 40 L6y
6'946 g 90 9'¢us
¢'ale 2 Hd L'91¢
(A = Vd L'8L
G'2¢% = dn 2'y8
L&Y = 90 v'gay

(€ ]

NIAZLY 0547

JLYyY 9N NG

vBY6  321S 30K

NI 84'%Y QI

N £6'¢ Q0 3218 3dld

V1Sd ‘pof 3uNSSING NOILIIPNT 30v.4ns

n it 1 un

wu

Hd
Vd
d0
90

gd
Vd

90

tid
Vd
d¥
909

NIWwsZlg B2

ANTIMIG0 WYOd ¥0d4 SLINAWIYINOIN alnul 1 ONY H1V

HZ T19VL

ptegey

2' a0

g'aa02

56



T-1383

v1Sd - 34NSS3dd 30K Wollo8  €d
VISd  IuNSSInd SNIANNY FIvinns Vd

NIWw/Zav9 INNICA GINOLT dd

NIW/4uS AWATION M1V 99
6'108 z 4 1'968 2 dd ‘g8 = Hd 5°06L = g4
6'04 z Vd L'vq z vd G645 = Vd 314 s Vd
g'8¢ = d) Tt9l = dy 10l = 49 469 = 49
9'¢ (L = 9 LTl = 9§ £'L9¢ 2 90 L'19¢ = 9 D40y
9'1Iu9 = f4 G99 = dd g'gy9 = €d 1'619 = 8d
1424 = V4 b'ps = yd 2465 = vd 629 s vd
AR = 40 T°19 T qU RS = df VXY 2 dd
8'v69 z 99 6269 = g5 T4269 = 9¢ $'949 = 90 g'iégas
A = 64 ¢laug E Hd BrLEY 2 Hy 2'a8b = dd
L' z Vo4 A s vV 6oL = ¥d 4L = V4
6y = 4 T'¢tb = 4U 9'Ty = 4 3 av = dd
proag = 9 L0429 = 90 20LL9 = 99 ARAL = 90 gtz
gleuy = 84 Lt z fdd BPGAY = #d Aaay = Hd
ptiet = V4 pragtl = vy 6157 = vd 4'¢L97 2 V4
LYag z dy LS 24U LYoy = o0 PR = df
9'946¢ = 99 9'964 = 90 9966 z 99 9'964 = 9 gtapat
NIWsld 56°°7 pli/Lld du't NIW/Ld @g'i NIW/ld 660 14 Hid3U

LV NI N

ND BL'Y 01
NT #@% 4218 J37I0M NI 26%¢ Q0 3218 3dld

VISd *#ub I¥NSSId4 NOILIIPNT 3IY44NS
ONTINH0 WYOd 204 SLNINIUINOIAY OInulT any MV

G2 @19Vl

57



T-1383

L1 4

" N

i "

Hd

Vo

&&
oM

2
Ve
d¥)
90

)
Vel

™

(ERY

RI]

Hed

v
e

In

~i

v1S4 IUNSSIH 3T0H
v1Sd  3WNSSI¥d SATANSLY 3DV ANAS
IUNICA OINET

IWATOA TV

N1

NIW/ZTIVO

NIA/Z408
$'e9L s fd AN WA =
wtee 2 Vd 2462 z
p'plT = ol vre9l 2
949 = 9 breay C
¢'6eq = Hd G'plg z
62 = Ve T'ge =
A" = 4 YRR z
Trave o GU ¢'eeL =
p'oHE z fd grIge =
2ve z Yo AN =
Fl R s 40 PYeAT =
RS = 90 AR =
6tgns = fid 2'Gile2 =
6oy 2 vd L'9¢ =
LY 66 2 4l bty 2
L'osy z 90 239 =
Nlv/Zld 357 VIN/L4 96

31V ONITTING
(0% 3718 3om N1

ViSd ‘002 UNSSINI NOTLOIPNT JOVAinG

Hd
vd
d
90

bd
Y
39
JU

Hd
¥4
4

N~
He IR

=

™ M3

Wolley

G'u69
3'9e

T'9971
9249

v

-~
-

M 0N
[ el

£901
G'eeL
‘eTE
tEe

]

L Sl

(5

T84

——
R

—
-

n'qne
g'ap
6'4q
LYY

" LLIN LIS T 4 o uu u 9 (i "

n o

tid

an
99

tHd
vd
a0
ot

Ed
Vd
¢
90

84
v
d3

9

Hd
Vi
d0
9¢

MIn/ld vo'y

0l

Q0 37IS 3dId

ONTILHU Wv0d HO4 SLNIWAHIADIN UIAUlY ONY M1V

92 TIEvL

Janey

C'ou2s

58



T-1383

¥1sd IHNSSIHd I0H WoLl0oH8 fd
v1$d INASS NG SATINANNY 2DV AMNS vd

NIN/7V9 IWnT0A GInur D)

N1A/Z408 INNTI0OA yTV 929
T'peL = 8y Glaod 2 fHel N*9LY = g4 TP = Hd
atag = V4 T'48 s v A s vd 9'ge g Y4
gleey = dn 9'peT = 4h) peEet 2 ol ntaet = d8
1'9¢ut = 9p e GIaT = 98 T'epnat = 90 JAE) = 90 A ETAY
gtesg = B4 T'119 = by AN = 84 v'vib = Hy
gleg 2 V4 9'9y = yd yres z VY4 5ot 2 vd
tvitT 2 48 eraat 2 40U 6'2T 2 40 L' L5 = 40
L'Sud = 93 g'eld = 90 9298 = 40 20246 = g0 AP YLS
AR WAS =ty @Jnom = g 2ihay 2 fld PR AN 2 Hd
'Ly = V4 9'eq = yd 226 = Vd Q'ts = vd
9L & dU £'oL 2 g0 G aL * dY 9'LY = d
Peige = 99 L'2vL = 9y G284 2 90 ertaze = 9 g'dnne
glaus = Hg ntaes = ad 2'quf = 8d 4'608 = 8d
e'ert =2 vy ¢'rel = vd 94281 = Vd 5°48T = Vd
LGy = dn Loy 2 40 LGy = dd ARY = 4y
9'valL = Oy g'ual = 90 9vyal s 90 9' 4L = 90 AR
Nlwsld 66T nIR/Ld 0oty NIW/Ld 25'9 NIw/Zld4 60'e 13 Hid3d

Jlvy 9ONITTLHO

N ('S Ol
NT £8'%6  4Z21S 3704 NI @6'C Q0 3zl1S 3dld

VISd *¢of IHNSS3dd NOTLO3IMmT 32v4uns
ORI G0 WY0d MO4d SIMNIWIAYIAGIY GINOTY ONY ¥V
42 T19vl,

59



T-1383

6'Lad =z 84
2'¢g 2 Y
6'¢tt = dJ
LPETT = 9
6'9vg = b4
b = Vy4
9' ¢y = d5
B'lc2t = 9y
6'91Y = Hy
6'¢¢ = V4
gley = dY
e'Tué = 99
glanty = 84
L*eie s Y
brés = oy
£'e2eT = 95

NIw/Zld 26°'7T

NT

L8'6  421S 370M

Visd

ONT 0 WYO04 H04

NI L' Gl
Bggte a0 3IS

N1

‘Pink IUNSSING NOTLI3MNT 30V 4unsS

SININILIND Y

82 14Vl

8d
Vd
d
NIV

td
e
49

€«
-

dd
Vd
d0
U

Heo
v
d
26

dd
Vd
dC

90

y1s8 IHASSIHd 30K Wollo®
visd IHASSIMG SnNINNNY 3DV iuns
NIW/ZYY JuAN0A DING1T
NIwsz408 JUNT0A MY
('eLY = gd L'HG9 = Hd T'9¢9 =
_m.ﬁm =V £'95 = vd 9 ' 64 =
T 5 40 §'T0T = 49 poGE 2
9'epTT = 94 preeTT = on p'alTl =
n'124 z fHd 286G 2 fd 626 =
1465 : Vd 1'¢9 = Vd L5 z
L' &L 2 4 beol = df 524 s
Gtal = 96 preunIT = 9n 6'Gaub =
vrtely =t 20¢d = ¥4 AGEy s
£TL T vd YA = vd b og =
(LG CRPIY, graq 2 40 6'264 =
B'L69 2 98 9'068 = 90 L'S06 =
¢lammy 2 gd AYGoY = 84 0 Gy =
2112 z ¥d 826712 = ¥d ('42¢ =
v'ey 40 bese 2 40 b'ag =
§'029T = 98 £0e20T = 9 AR S
Mlw/ld Butt NIW/Zld 862 NIW/Zh g 20w
JLVy ONTIITING

3dld

AInni anv H1v

etupne

2*y
Ld

H1d430

60



T-1383

visd INASSIHd 370 WOLLOY He
vIiSd JUNSSId snTINNNY AT¥ 44NS Ve

NIwW/ 79 INNCA TtnsN dd

NIk 428 3WAION YTV 9%
plsen = Hy ¢t e = Hd arpal = Hd AR AV 2§y
gtoe z Vd b'ee = vd @'9d = Vd 9'a9g = vd
RN = dy 6£'961 g ol broal = d¢ AT A = 49
NN = 98 AT = gl 1618 = 95 LAty = 99 g vnay
T'sug = 84 ‘199 = Hd L1856 =z fid 29 = 4
L'ye = V4 u'e? s Vd L2 = Yd T'ee = V4
ANANS =z dp 6tant = 40 6 LE = 49 IAEAA" = 40
2t = 96 VARV = 90 L6659 = 95 6169 s 90 z'vwzoe
2'2ut = Hd 2'nog = Hd Y68 = §d ART2S = fid
9'E¢ = v bty2 = Vd LPIS = V4 G*zZ% = Vo
AN =z dY 6167 CRPT) 2L6 2 o4 eris 2 d4n
AT 3 95 GUTLG = 90 6'996 = 90 b*494 = 90 gtrond
¢'9ee = A4 9'eeed 3 ud gr61lz = gd 8'vle = dd
1A = V4 ¢ras z vd 5 Th = Yd 2Ty s V4
B'LS = dy T'9¢4 z 40 L4 z 40 5°'74 =z d)
£'9vb = 9y L' Tvy = 9t 9Ly = 9 6'tey = 90 g'ou0l
NIw/id 66'T Nlu/ld fa't NIW/Ld 26'e NT/Ld B4t 14 #1430

JLVy 9NTITI NG

ND GLY'S Al
NT (BY6  3Z1S 3T N1 #6'% o0 3215 3dld

VISd ‘062 3¥N5S3dd NOITLOIANT 3DVANAS
ONTITTHU WYOd MO SLNIWIAINGIY QINGIT anv IV

62 T1AVI

61



T-1383

viSd IYNSSI¥d 3T0H wollod  HBd
V1G4 3MASS3IUd SRINNNY FIV NS vd

NIW/ZTIVY IWM0A GtnnlN db

NIWw/438 INAICA ¥lV oy
T'29¢ =z Ay 6£'98¢L = fe SYTTL = 8d AL 2 fid
L0LS 2 V4 LTy = yd Y = ¥d uley = Vd
vi92t 2 dy et2et 24U 2'911 = df TElT 2 ¢y
9'9.6 = 99 $*'99% = Y 6'0G6 z 95 6'9b s = SO RRbYAY
8996 = 04 L' 9vs = Hd bt9lq z 84 AR = fd
URREY = v G'et = vyd btoy = v L'y = Vd
L'y st = dpy 26 T U Clph s d9 £ an : @b
L'9vy = 90 L = 50 grIcH = 90 L'e3 = 490 g'aags
gtdav = 4 TANVEN = yd 2YTGE = P4 GYULT = Hd
B'15 = Yy £'16 : vd 9'24 = ¥yd 2'1g = V4
ARV = 4t GYu9 = 4 L'69 = db ptey = dy
9l4¢etl = 9y 9 L1L = 94 6 87L = 99 ALY 2 9 g'opnz
g'Ge8 = Gy plant = 3d 2608 s Gd 2 ape : A4
G'96 = V4 £ = oyd £'8ttT = Vd b'e2l 3 V4
prav = df PG = 48 blab = 40 btay 2 4y
'Tey = 9g «'TL9 = 9D “rrTe9 = 90 #'iL9 = 9L 2 aant
NiWwzLld 26'T MIw/Zld Cu'y NIW/Ld 96t NIWw/ZLd duti 14 H1ld430Q

3LV 9N NG

_ Nl 6Lty Ol
NT £8%6 3215 370K NI 24'p Q0 3210$ 341d

VISd v IuNSS3Iud NOILOIrn] 3Dv4uns

OMTITINC Wy Cd HO04 SLRINIYINGIY 2INNIT aNY H41Y
0€ TIAVL

62



T-1383

L'2al
g'ug
¢'eit
T'9511

2LLS

peGqG

2'ye
‘166

glegy

6'9¢

L'6¢
¥'eLe

uw ngo

Hon

n

[ 4] LLINE |

114

d4d
Vd
40
99

dd
Vo
dy
99

Hd
Vd
d6
28

f1d
Vd
)

Ry

NIW/ZL4 06°T

NT

692l
g'yvq
9 6é
96641

>

'e9g
‘49
‘v
‘2Hs

‘ubb
‘1L
‘ve
“'T9%
praay
G'aeT
£'L8
G116

NIw/ZLd

L8Y6

VISd *@db 34n883ud NOTLIIRNT 30v4unS

vIsSd
visd
NTW/ZTIVY
NIW/zZ 408

1]

Hd
Y
0
G5

i ounou

Hd
v
dl
90

iwu

11}

14

fid
vd
gt
50

[ 2}

"

n

Hd
vd
dl
G0

" n

it

dn't

~ 3HNSS3AMd AM0M WOLLOH
IHASSINd SNINKNNY FIdvIuns
IANT0A CIngtL

IAAT0N MLV

grL69 z Hd
LS 2 Yd
H'eo = o)
2'630Y = 90
9'9bqg = Hd
L'v9 = vd
21T = 4D
L'696 = 99
gi'eey = fd
T*el = vV
£'eg = 49
¢'¢ag = 99
&.n&v = m&
9'yde = Vd
6.7 s 4B
CANAY z 90

NIW/Ld 667

3LV ONIITHO

37218 370M

Nl 6¢'¢
NI 06'%

9699
1'%
2Ly
b*2eat

6'294
$r'aL
109
€' Laé

vt LN DY

N

b

A o

Oty N
- o e
<
€

o
- -
A

- -

NN O o

v Mt S
N

n

14

i on

" ou

t

s Bt

14

g4
Yd
i)
20

9d
Vd
d0

S0

td
vd
alU
90

8d
Yd
dl
90
gd
vd
de
9%

NIW/ZLd4 W2

al

a0 3zIS 3dld

NI A Wy (d MDA SINIWININEIY OINOTD QNV dlVY

1€ T14YL

& [}

Andy

Qe

63



T-1383

'8
2'¢e

E'vyT
g'82L

" omnn

AR
9'9¢
gleet
9 vy

L1

vty
T'¢e
8'L6
£'Led

inmonn

L'y
6'vy
g'¢g
T'STd

RlW/Zld g

Hd
Yo
dn
20

Hd
Ve
¢y
99

Hd
Vo
A%
9y

et

Vd
dd

0
T

NI

viS4d

y1Sd

MIWw/ZY9

NIz 40¢8
RS 2 b
T'o2 : vd
praet = 4%
IR A = 9f
it266 = gy
$'re s vd
LT CRP Y
v'ae9 = 90
2568 = gd
yrre 2 Vd
?.w,mv s 4y
T'y28 s 96
6'uvd = dd
A 2 vd
\..Nn. = &G
6 HGY = 9

z
g

W/ld ¢ty

INASSIN IN0OH KWOLLOS8
IHNNSSANY SNHTANNKY IV HAS
IWAN0N OINngIN

PVT6L
240

Tiesy
Giass

9'veLs
AN

AR Y

§°9¢9

- -
OV ONT
in e

-
N &2 Q0 O
‘ MM

o

MN @ INISS O
- - -
5y

i

-
&3
R
<

Ww uan

"

8d
Vd
dn
28

bd
Vd
dl
93

Hd

NIW/L4 B8t

34Vy ONIII M0

viSd

3710

YGae

FRATT0A A4V

[ AT S
9°2¢ =
2Lzt =
2N z
Rure :
bt =
6 Gt =
VAN 2
T'n9¢ 2
vras =
AR 2
£'916 3
“'eee 2
bes z
94 5
prlub H

NIW/ZL4 42

NI 8L4'p QI

NI

a6's (0

3218

1UNGSIUL NOTLOIANT AIVINNS

td
Vd
dt
S0

Hd
Vel
ol

3@

id
v
4
90

Hd
Vd
d0

99

Vd
¢f
90

A
“

3dld

ONTINTa0 Wv0d H0d SINIWIYINO3Y TInulY Ay YIv

2€ W1avl

(4
&

oS

™=

g'egeg

g'as02

Gron2t

L3

(¥

1430



T-1383

'L18
‘Ob

'$1T
‘94

M 0N O

'L19
.HV
v@@
‘CLl

DY (N

'beb
‘Kb
Y199

[ e = e S O

T'eupd
ey
AN
B'eas

numn n g

He
Vd
d9
90

94
Vd
g
90
Hd
Vd
49
90

8.4

Yd

d
29

NIW/LY 06'7

N1

8's8L
6°1TY
L0841

6'788

<
-

96S
e
26
IS

s
-

b

s

6229
L'ab
L899
6299

6%
vy
Y'ar
2'946¢

vIisd
visd
NIW/ZT79
MIWZ4US

n

Hd
vd
AU
U

8d
vd
40
a0

1]

Hd
vd
dy
90

i

Hd
Vd
49

90

o n

L

wiw/ld 90°'%

L8

JuNSSAY¥L 3IT0H Wollosd

INNSSIHd SNINNNY IV NS

IWAT0A UINETED

ANNTI0A Y1V
G LGL = 8d ANAAA =
PUTY s Vd 338 =
1627 = 40 9421 z
G'al8 = 99 2'19¢% 3
1'eL4 z Hd g'aGs =
vy = V4 Ay =
TVl = g9 018 =
T'G9L = 99 9'yal s
p'2ty = gd G'aup =
B'eb = Yd £'eg s
L' 29 : d9 RRTL =
89459 = 90 50609 z
G'zie = dd g 308 =
169 = ¥d Ay =
9'et z db 9'6¢ =
6'146 = 90 ¢'uls -

NIW/l4 06 NIW/L4 €0

1V ONIATINMO

3218 3704

NI 8i'v  al
NI 26's Q0

VISd '0uf 3uNsSI¥d NOTLIIANI 40V 4uns

Hd
Vd
du
20

Hd
Vd
df

99

8d
Vd
d0
20

8d

Yd

d0
90

gd
Vd

90

=

K

3218 3dld

INTIT 6l Wy04d »od SINAWUIAOIN QIN0l OnY d1v

€€ m1avL

22480

gtugae

gtugat

L4 Hla3c

65



T-1383

T'418
8'Ag
2'sge
L'2Te

"

LYagy
2'¢9
2'%¢(
g'ti6

JANAE
2'9¢
6
9

*26
‘648

[AMEQ U o
[IgRia e}
My G
- T
W

26yl

NIwsla #6°*

Hd
Vd
d0

53

dd
Vd
d9
a0

4
Y
do
91

tid
\E
d9
29

T

vISd
visd
NIW/AVY
NTW/4US
B'16L = fd
8'9¢4 = ¥4
2016 = 4O
groaut =2 a9y
ﬂwﬁao = #d
619 = vyd
a9 = AU
T'6h6 2 979
atuly s Hd
Ged z vd
6'ing = AD
6Ty = 94
Ltedb = 94
(Y1t = vd
N.pﬂ I 1]
2'68L = 90
NIw/Zld 20'T

3¥NSS3I¥d 3INCH WOLlLleH
IHASSIUd SNINNNY 2DV 4UnS
IWAT0A Q1IN

AWNT0A HIY

A AYA = 84 6'L2L
v.ﬂm s Vd h.oa
pread 2 40 2tuB
L'866 = 90 2'y66
366G = fd erLLs
1'89 = vd St aL
2499 = 40 929
T'R6E = 90 §'48%
L69Y = €d 635y
9'6¢L 2 Vd G'G¢
AN = 4 A
Sip6¢L = 90 L'Ga8L
praey = gd 2'enb
braLl = Vd b eyt
2'es = 40 >
2'69¢ = 99 2'6ul

NIW/Zld 06'n

3LYyY ONIINa

£8%6  J21S 370H

VISd

NI 84'% 0l
NI v6's 00 3zlS

‘Uav JWNSSAHd NOTLO3rNT 3DV4unS

[V I

i

"

non

n

" n

8d
Vd
d0
90

84
Vd
a0
90

Hd
vd
db
BV

Ud
Vd
d0
20

8d
Vd
ay
90

NlW/ZLld B2

3dld

EMTANT YU WV0Od HO4 SININIUINO3S UInDITY anv Y1V

H TIavVL

3'229¢%

g'2¢02

ptauoT

14

Hld3C



T-1383

visd ~ 3YNSS3dd 310H WOLl08  6d
vISd  34NSS3y¥d snINNNY 30YJHAS  Vd

NIW/ZV9 2EMMOA QINDIT dU

NiWz403 INNTON MLV 20
9'teeL = fiy LotL s Hd Y699 = 84 brLYY = Hy
free = V4 2'6¢ 2 vd ttes = Yo @rTe z Vd
§°T9¢ z d9 6taae z dU pvebe = db nlee 2 G0
$luebT = 9y BUTIPY = 9y G'668T = 9 GRsET =2 90 0*290%
1'%16 s 84 6°b6Hb 2 dd 6'GLY = fd T'zatb = Hd
£'Le 2 V4 6'g2 = v ROTE = Vd g5'6¢ = Vd
£re1e 2 49 CRN ST 2 ol y'loe s db G'167T = ol
p'6e2T = 9y E'¢6LtT = gn 9'¢EIT = 90 2 59Tt = 9n 6'2yge
TrLes = oy L'eTE = dd T'vd8 = dd 1'c62 = g4
6 L2 = V4 RN = vd TiTs z ¥d £'ee : vd
6'2¢% = 49 2Lvt = 40 zrLET = db 6627 = df
L'896 = 99 6665 =z 95 Y ave = 99 6226 : 9u 2'0udc¢
glgae = 94 2tGune = gd 2vGue = §d 0 562 = H4g
9oy = Y4 KA = vd g'atb £ vd e'¢q 2 vd
6'¢H = doy by ey z 4 6 b L = db 2've = Jdo
plovil 2 90 Trzal = 9Y 2yl = 90 AR YA = 99 B'os07
NIW/ld 26°1 NIw/ld win'i NIW/Ld 062 NIw/Lld Be'e 14 Hld3d

3LVH 9NIITTHO

NT GL's gl
NI 26'2T 4218 30 NI 2¢'t Q0 3218 3dld

VIigd 'ev2 IYNSS3I™d NOILIIMNT 3IVHinsS
ONTITT M0 WvOd 804 SINIWIBINDIY QInol any M1V

S€ @1avl

67



T-1383

visd L 3MNSSAd FI0M Woliod Hd
vISd IUNSSANG sHIANNY 30V 4uNS Yd

NIw/lY9 JWNT0A OIneN d8

NIW/ 408 InICA MY 90
£'0LY = 8y 'RbS = dd (Y919 = dd 9'24¢ 2 Hd
L'SY = V4 P2toy = yd T'ob = Vd AN = Vd
6'est z dpf AFATEN CRS G'auT = dd R'L91 2 d0
L*TG9T = 9y €'929F = 9k 149497 = 98 2'0L4T = 99 gtozagb
G'Lud = Hy Graly = yd vigah = 8d etagy = Yd
L'2y C T'gh = vd 914 = vd g = Vd
1'paT = dy AR z 40 prcel = d0 ereet = dy
G'2erT = 9 ¢'eevl = 9t §'2U8T = 9B G'25887 = 9 0'vons
g'cst = b4 ctrve = A g'eee = dd Tre2e = 4d
¢'9a = V4 Tles = vd 2'64 = Vd £'6% 2z vYd
0'GIT = df prtol = b L L6 = dn 6'%6 & dU
6'%6TT = 4o 14217 = 90 g'8STE = 9D £ORTT = 90 2'ugve
Blout = H4- wtqyy = Hd giagut = 8d 2'6e¢ = 8d
6'62 2 Ve 2taet s vd L'99% = vd G647 = Vg
¢'sy = dp 2'q§ = 40 atq9 = db 2466 = 46
6'9Te¢T = 99 6'9T2T = 99 6'912T = 9V 6°9T2T = 9n @' ane’
NIWw/Zid D61 N{W/ZLd du't NIWw/ZLd4 Bgte Niw/Zld 209 L4 1ld30

3LVa 9NII L MO

‘ NI gL' Ol
NY ¢6°2T 421S 310H NT ©&'y 00 3218 3uld

VISd '¢0f NSSINd NOTLIIMND 32v4dns:
GNTTTIu0 Wy0d ¥4 SINIWANINOIN ulnull Ny Mlv

9€ TIgVL

68



T-1383

TLYH9
A
g'iyd
T'LabT

g'r1e
§'69
L'e1l
B'Ov9T

viGuy
LGy
9'2y
vreéypT

-

O NN

16 S SV
[a U o

O QOO

91

~

N

(1 1)

td
Vd
dn

a9

v

i d
Yd
a0
90

NIW/ZL4 0G*T

NIW
NIw

6°p29
@'29
aeavt
L'1val

" nu

(1]

tF

‘LAY
‘14
‘et T
‘9191

LU {1 |

N e s

AR
‘68
‘LL
‘govt

~ OV Iy T
"nou

B
L' g2
7BV

9'ab9l

”

NIw/ld vt

vISd
VISd
/771v9
7438

tid
vd
el
an

Hl
vd
o
¢

Hd
¥d
219,

50
tid
vd
4t

90

1

IMASSIYd 30K HOLL08
INNSSIud SNTANNY 3DV NS
IWAT0A D101

it
b9
AR
£Ye6LT

6'hut
2L
gl
L'T66T

2l'cliy
H'R6
Livd
T'pubT

graiy
avene
8'94G

CAN LA

" HoBonon uonBumn

gd
Vd
d0
90

Hd
Vd
L)
pLY

fd
Vd
df
20

td
Vd
d
920

NIH/LY 06°%

31V SNIITTHO

el 3218

v]Sd

370m

=2
—

=z

hYERT ¢
SR o

JWNT0A M1V

9'uls
1419

T'¢dt
RN TA

Gregb
T'hL
¢yl
F'easy

graay
CrE6
NRA
g'16p1

gteay
G'Lve
g'9¢
9'6b97

ua onn

n n

[L I

8d
vd
d0
99

Hd
Vd
d0
20

bd
Vd
d
v

dd
Vd
df
20

8d
vd
du
90

miwzly 220

0l

< M

‘Giar 3¥NSS3Ud NOTLOINNT HIviYns

0 321S 34ld

ONTIN 9l WyDd HOd SINIWINTIAOIY CINDIT ONY ¥V

PASN 4 (VAT

g'suly

gtaaes

2'2s02

0’2207

14

Hld30

69



T-1383

MU TS

b9
g'Le
L'Llvd
2'eLst

'y G
¢'92

6'LET
A

1

n

A2
‘Zul
*1gé

=

AT
‘hw
Ty
‘vel

NN ©
nwouu

—

IW/7Ld 488

Hd
Vd
dt
au

He
Vd
di
9

Hd
Vd
o)
99
8d
Vi
du
90

'

MY

yISd

visd

NIW/ZTIVO

NIW/Z40S
LT = Hd
etre = vd
erree = gb
G'99¢t = 9y
(als = Hd
el = vd
&tanl = 40
w29t = 9b
6418 = Ed
AR = vd
boet = O
ey 6 = 9%
prele = Hd
T'btb = vd
6" 0 = 4l
b'yTL = 9B

MIW/ZLld Gu'T

~3YNsSS3IHud 3T0H wWolloe
IHNSSIMd SATNNNY 3IVAuNS
INNT0A QIhern

FWA0A MV

3Y6LQ = 9d 3'9p6
Tee = vd druee
6(12 z ab 2t upe
g'9cet = 9n T'eve
d'e6y = 8d 2 69
glee = vd 2're
L2287 = 40 T'aLl
TY346%1 = 99 e'yeTt
ptaes = 8d $'2T¢8
gepe 2 v 6° 6%
9'92t = db P eTT
blgee = 50 9'¢il6
9652 = fd 2tupe
E'gY = Vd 6" LY
L9l = JdU G'Hd
Lreil = 99 L'349

NIW/Ld 24°¢

3Lvy ONITTINO

€s*2T 3#1S 370H

NT §2'v QI

NI #8's 40 3218 3dld

VISd ‘002 3IyNSSI¥d NOILIIMNT 3IVIENS

o n toun

t

i m o

Hd
Vd
d0

9%

U4
Vd
adb
a9

Hd
vd
dl

35

Hd
Vd
ol
90

Hd
Vd
d0
90

NIw/lg 0%

ONTANL A0 Wv0d HOd SINALININCIY alndI Cny YV

g€ @I1avYlL

gtaaey

z'oces

3'Bupc

gtaezon

LJ

Hld33

70



T-1383

£'669
0'ry
2'1s57
T*LI97

BTG
Gty

$'8¢T

T'véxd

G'uLe

grye

£'d6
6'8LTT

[ 70 30 IR T o
- MY

<T o<

17

"wu

o

n " onau

"o

8d
vd
49
90

m l
vd

24

I

gd
Vd
dn
90
dd
Vd
dd
91

NIWw/Zlg 46 ¢

i ]
N

L

el
9'av
2Ll
clencl

LI 1

H

114

‘o4t
¢ C ?
‘anl

9Lt

oy

i i

eI N o N
.

1"

‘AU
/&
)
197171

N MG N

" n

~

G arg
RN A
£°G9

p*a1TT

LO ) ]

L1

MIW/ZLd Wy

kN

pevet 1%l

A

VIsSd

IN TV

visd
visd
W/ 9
W40

£ d
Ve
dl
a9

tid
Vd
dd
90

ad
Y
dl
90
Ad
Vd

dl
o

‘1

C o 3UNSSINd 310MW Wollod
INNSSING SNINNNY JIv 4uNnsS
INNT0A QINnot)

w5340> HIv

G'L99 : fd 699
Tiod = Y4 2Ly
GrTYT = du 1161
6'996T = 9 9'1peT
YLt = Hd LGy
G ag = Vd u.Hm
IAXNAt = df G'91T
4'968T = 90 2'6e8T
('159¢ 2 Hd §'¢46¢
w29 s ¥Yd 6°v9
pt1é = d¥ R
6'atTT = 90 6'weTT
¢laus = fid RN
2687 = vd 6'¢rt
8'c9 = 40 8'49
preTTT = 40 v.mHﬁH

NIW/L4 0G0

Vay ONTITINE

S 3710M

NI Q¢ QI
NI ve's (G

'PUg IUNSSIMA NOTLIIMNT 3Dv4unS

W04 M4 SERNINIANINGEY CInnIn

6€ T1EYL

"

1t "

0 N

Ed
Vd
d0
J0

He
vd
40
20

Hd
Yo
40U
gt

td
Vd
d0
a¢

Hd
Vd
d0
e

NIW/LY 02'0

3218 34dld

ary Hl1v

g'2p0b

XY

B'esgd

gtagt

14

My

8

1430

71



T-1383

2'9y9
169
£°L87
1'eeHy

AR XX
('8¢

919t
L'ET6T

({1

g6y
6°'1¢
-4
T'8upT

L1 1]

"

glaay
TULe?
ey
glizul

i u

Mlksbld 0G6°1

el
vd
dr
29

td
Yd
da
99

fd
vd
d

95

8y
Vd
d
99

vVISd

vIiSd

NIN/ZTTYO

NIW/Z4d8
2'299 = gd
#'69 s Yd
9«2l = 40
FrtaneT = U
¢'624 = gd
6£'¢L = vd
g1e’t = 40
B'yes1l = 90
*12p s gd
£' 18 = Vd
v'9¢L = 4t
L'geet = 9p
Ltaeb z fd
2totld T yd
PR s 40
9'tuest = 90

au/zbd Butt

FHNSSIUG IT0H WOLLOE
INNSSI™d SNANMNNY 3DV 448
INNTOA GINe1T

JUNI0A "IV

BY9RG
169
6121
8Y69L1

561G
2'8l
BYLS
L'5961

T'6TY
6'88
gibL
LhLST

2reud
2tqee
2°'85
9'eaet

bd
v
d0
90

n

" u

&d
Vd
dl
a0

8d
vd
dd
20

it 1

gd
vd
da0

98

LI GO ]

NIW/ld 2g'¢

Jivy ONITTTNG

LGzt

YISd ‘Cib IHNSSIU NOLLOIrHI]

aNTITTI MO

WY

4218 3704

NI 684
NI vg'y

3'219
ba9
61T
T'agey

a u

"

*Tés
44
'e6
‘Trat

~Nou
-
B u

[{¢

ANINS"
L'26
LGl

aseT

A

n B n

C !

"

nn

O
:
Ey ¥
[y
-t
1 1]

¢l

GU 3218 3old

A0vauns

vd
dU
20

gd
Vd
df
90

£d
Vd
du
20

4d
vd
d0
a0

td
¥
df
98

Il

i

MO4 SININIAIMALId QINOIT ANV ¥V
Ot H19VYL

g'200y

o8



T-1383

6'249
B'o¢
6'6LSE
S'veuie

n it un

L1208 1]

8
Vd
afl}
9
Hed
<1
dti
90

He
vV
d
o0

Hd
Vd
d9
20

NIW/Zld 0g'Y

y1lsd

v1sd

NIWZTIVE

N1W/ 408
Ggh9 B Uy
¢*re 2 Vel
gtpgl =
2'a9ud = 9%
L TGy T Ha
v'acd 5 vd
L6 = 40
gresLT = oap
brese = Hd
G pe = vd
T'e¢eT = 40
T'¢L8T = 96
utaud = ¥d
¢'/9 = vd
AN z d4b
c'ehTt = 9U

RIW/ZLd Guty

11819
gas

9'Ghe
s hvez

AN
$'1¢
e'ple
£'GVLT

AR
‘gx
‘el
‘28T

Gy -3

<

‘Gihe
‘gL
1217
6'coTY

=

AT §)

MIW/ZLA

31vy 9NITIN0

Fotal 3Z1s 370

VISd '6v2 q4n8eYd NOTLDIN

S 3UNSS3INd 370K WOLLlo® 8d
INNSS d SNINNNY 3IY 4NN Vd
INN0A Crnnga 40
FUNTTOA MLV 906
= Hd 9'Les s Hd
= Y T'hy = Vd
= df gress = 4
= 93 L'plag = 98
= Hd Tty s 84
= Vd AN s vd
= 40 v 92 s 40
= 99 p*9Y9T = &0
= Hd NI = 8d
PR VRN z VY4
s 48 £'alt = db
= 99 5'62€T = 90
= Bd AR o il 2 §d
: vd 9%y = Vd
2 40 £r21T = g0
= 90 $'¢6TT = 99
gt Niw/Zld 2%
NI 6L'¢ Ol
NI a¢'y Qo 3218 3dld

M1 A0Y 48NS

NI HG WY0d HOd SININIANINGIY CInol onv yIvV
Th T19YL

0340

R'ogo

g'and

14

|4

[QN

T

Hld30

73



T-1383

vISd IYNSSIUS II0H WOLLOS Hd
visd INNSS3ING SNINNNY 3DV 4HNS vd

NIW/ZIVY ANNT0A GINOIT db

NIW/408 ILnT0A ¥IV 20
2119 z 04 Rlels s Hd 6'eag =z Hd p'¢es t 8d
p'eY z V¢ 2ty z yd 9'gb s vd 9'ay = Vd
9'1¢,2 = dn 6'pGe T 9'Gve 2 40 9' e = dUu
2'eage = 9py ¢lgpe = 9b glouge = 90 rtegee = 99 ¢' a0
9'by = fd cteat z fd R'eTYy = Hd = fHd
6'9p = Vd4 g'eg z vd £'24 z Vd = vd
pleve = Jdo L'ast = dbd AR = d s Jo
ok = 9y ARV YA Ty 9'6961 = 90 s 90 gleges
glyes = 8y 9'eTy = f8d ¢ipre t Hd h*gdg = fd
264 = V4 bRs = vV R'6S 2 Vd p'ag s Vd
g'2H1 = de AR 2 oY bYTRT 2 di L'z2ex S
vleell = 9p g'a991 = 9y 9'0L9t = 9n A'vp9T = 90 g'azue
g6t = Hd AR s dd pteug s Hd plouf = fid
gtvel = Vd pliol = vd T'697 2 Vd 6'9L7T = Vd
N 2 do ¢ ab = 4l Rz = dd 26 = 40
B'9g8T = 99 §'oG0T = 90 '948T = 9 8'9GRT = OO 'R0t
NIwZld vg't MIWw/ZLld Uatt VIW/ld Qg NIW/Zhd @20 14 Hld3U

ALYy 9NIIHO

NI gL' (1
N ¢d'6T 3218 370H N 26't  CC  3z1S ddld

V1Sd *¢rg 34NSS3¥d NOTLI3rNT 3Dviuns
ONTA 8l WYO4d ¥04 SLNINIMINCIY AINOLT GNY YlV

ch T1avL

o



T-1383

20668
L'29
L'961
TY6992

L4

glody
6'2¢
L'867
Blévee

uw s

v A

&
n

b
‘G Y

[]

m.

N T s

" "

~ oo
O O

2

grau
6'Lye
LG4
9'¢y62

s

" an

Niw/ld 8¢

dd

do
a0

Hd

d9
an

Hd
Vd
dU
90

td
vd
do
9

N1

visd
visd
KIW/ZTVO
NI/ 408
¢'L96 2 Pd
b2y s vd
el = 40
$'119¢ = 90
AT~ = dd
YA 2 Yd
L' Ly T b
Q262 = 90
blget = §d
¢'atll E Yd
9'¢6 z 40
2'wBee = 90
Llalb = Hd
p'gal = vd
Ll = 406
9'giee = 99,
Nlw/Zld 2e't

© 3¥NSS3¥d 3T0H WOLLOH
IMASSING SNINNNY 33V 4uns
INNT0A Q1nn1

INNT0A HIY

L'evg s Hd §'gés
2'69 z Yd L'l
LYl e db 2'6YT
§'2642 = 99 G 'sbry
6V TV P 2 94 6'92y
AX ¥ = Vd L'sL
ARTAt = db 2'cet
g'avee = 90 bi'vsvle
AR = fd gy
9's11 = ¥Yd G'geT
2roo 2 40 Btay
(Proge & 90 3'gTeR
plaiy = Bd g'azp
5692 5 Vd 6t ole
L8l = 40 AT
9'airge = 90 9'¢ise

NITW/ZLY B0

JLVy OVINTI NG

e*sT 321S 370H

Visd

Nl 6L'¢ Qi

NI #g'y €O 3zIS 3dld

‘wob 3uNSS3Iud NOTLI3MNT 3Iv4uNS

n unw

o ua

n

£d
Vd
d0
96
Hd
Vi
d0

BRIV

td
vd
d0
or
Hd
Vd
ae

90

a4
Vd
d0
90

NInw/ld B0°'D

ONTITI S0 WY0d HMO4 SINIWAVINGIY QINOLY ONV YIV

€4 TIEVL

g'eons

gtagee

22007

14

Hld3d

75



T-1383

£'9,9 = 8d
vlee = V4
IAANS = 4o
§'9uKe = 9
gréLy = Hd
6'62 = vy
N.&NN‘ s dn
6'ecllt = 99
g'eLy z A4
'8 = V4
graat = 40
g'levrt =2 9y
¢'sec = B4
9'Qb = Vd
Ltapt = do
6'¢6dt = 9g

Nliw/Zld 0¢'T

Nt

visSd

visd

MIw/zv9

NIwrs438
SRESY = Hd
¢'62 z yd
60728 = 40
£'v928 = 90
vtagb T ¥d
AN z vd
6'z¢2 = 40
P 9gLT = 9D
2'eag s fd
“tee = ve
G el = 4u
9bveT = 90
¢'qed = dd
£'og = vd
g'oet z 46
2271 = 90

MIw/Zild Bu't

cprgt

JUNSSAYd I10M WOLL0E
FUASE NI SATNNNY 3DV 4¥nS
INNICA Qe

ANCI0A NIV

31Ve 9NITI1y0

3218 370K

viSd

Y202 IUNSSINA NOLLDANNI

b'alo = 6d
2'ee 2 vd
Grade: 2 40
T'q9¢ge = 99
A2 = f6d
Y s Vd
AN 2 i
LP28LT = 8B
a'tee = Hd
TANA = Vo
eee0T s df
T¢26€T = 90
Bl'cud = Hd
£gs s Vd
titout = 40
BY/E2TT = 90
NIW/1l4 06t

N 84y

NI ©6'g

-
0

S

PO G

T AOT "
-
< T
(SR &Y

-
O
»
T

Jteie
e'vd
8'9L7%
81211

w

nn

" "

" n

i N

nn

fd
Vd
d0
20

td
vd
0
¢

Hd
vd
d0
90

Hd
Vd
d0
90

td
Vd
gl
20

NIw/Zig Q@b

al

Q0 32I1S 3dld

32v 48NS

INTTITL 80 WY0d H0d SINIHISING3Y JInGlT UKV ulv

Hh T19vVL

g'eaay

g'eont

g'dane

76



T-1383

b'geo
L' 6y

8'vpd
2'uiube

5

L'bop
6'1¢
PARNCE
glygre

P11}

2t
£'29
bregt
6 el

"o

A SIS T o
v oooT 0
5

" u un

NIw/ld ©¢

L]

€d

dt
R

84
Vd
dQ
20

gd
Vd
a6
b

8d
Vd
dn
Ry}

M1

NIw
NI

2'¢6¢
L'&b
c'52e
blogee

" oo

L]

vlpay
B'as
AT
ctgdid

nonn

"

-NO
il
‘ne9T

2'nee
0

Hon

Lol
2]

‘ol
Lteat
e'ng
2'agLt

-z,
i35 &

NIw/ZLd uo!

v1Sd
visd
/77v9
/74358

tid
yvd
dl
90

Hd
Vd
all
ol

vid
Yd
dl
90
4d
vd
el
90

1

- 3¥NSS3N¥d 3T0H. WOoLlo8
INSSInd SNINNNY 3DV 4unS
Iwn0A AIn0I7

3WN0A w1V

gYeL9¢ : dd e'ese =
gr'2¢s = Vd L'ss =
(b1 s df grage 3
7'gtee = 90 6’422 =
2'b5h = dd 6Ty z
€'LS = Vd 2'ey =
b 99T = 40 6897 &
6'2561T = 90 6'68ET =
r'Iee 8 fd g'1e¢ =
' LY = Vd 8°L9% =
9'p2T z db ¢'611 =
9'H99T = 99 5'g297 =
grere = 8d g'ees =
54997 = Yd £'e9t ]
2'88 2 40 2'uB s
2'96LT & 90 2'9GLT =

NIW/ZLd Bt NIw/Zld 60

3LVH 9NITINO

@¢2'6eT 3218 370M

Visd

GNTIN G W

NI 8L'p G

NI @6'¢ U0 321S 3dld

'UUE IWNSS3IUd NOLLDZMNTD Foviuns

gd
vd
db
90

8d

vd
dl
90

dd
Vd
d@
98

dd
Vd
dd
90

Hd
Vd
d0

&
%4

'y

Y04 NMO4 SINIWIYINOIY QINoln aNY dlvY

S &1Vl

g'eo0d

g'eens

g'ogod

g'ooey

14 H1d30

77



T-1383

.m.ﬁh

g'919
8'y9
9'u8T
§'9R92

" n s

L' Lo
2'ug

't
§'L682

nw

144

2'gsy
s
6'9212

"nou o

2'cay
£'eve
TeL
viLise

L LI })

NIW/Ll4 24

Vd
df
99

Hel
v R
dti
90

dd
Vd
af)
90

TPL68
9°'¢L
2Lt
b'ee9d

¢ TRY
priL

g0t
vlated

ataub
Gloot
£ L6
Levte
‘oot
A4
A

teeee

Wy <

T 3

IW/L4

=

vevgl

VISd 'vub ¥NSS3yd NOILIIMNT 3DvIuns

vISd
visd
NIW/ZTY9
NIz 408

2d
Vd
all

90

LIS § S £

"

Hd
vd
oL
90

1

n

td
Vd
A0
90

"

"

113

Hd
vd
Al
90

L1 ]

3

0etT

INASSI¥d I0H WolLlod
IMNSSIHd SNIANNNY 3IVINNS
IRNTICA GInetn

N0 W1V

c'6Ls
b'al
69T
61862

£'e9b
el
10287
g'oLee

2'Gib
6' LY
be26
L'p9te

ptaiy
b'pad
TLL
prLLee

gd
Vd
d0
o

8d
Vd
d0
30

({1 1

Hd
Yd
dl
a0

"o

n

8d
Vd
dC

99

2]

NIwWw/ld 94'e

ILve INITING

3218 370mM

NI 8L'Y
NI @6'¢e

L'5486
6'u8
6'¢at
g'vege

6°¢Gv
6'6¢L
9'921
graeee

A'edp
1°aTT
L' Ly

n'1ETe

pladp
§'292
T'¢UL
p'iLge

"

114 g ununn 11

8d
Vd
dC
90

8d
Vd
d0
98

8d
Vd
40
30

dd
Vd
dl

[

V]
Bd
Vd
ab
90

NIw/Zld4 B2'0

al

ae  3zISs 3dId

ONTINN0 WY0d 804 SINIWIYIAOIY CINOIY Onv H1V

9% T4Vl

g'avoy

g'opiRe

¢cloge

¢'dooT

ld

Hld430

78



T-1383

APPENDIX A

NOMENCLATURE

ENGLISH SYMBOLS

. )
A annular flow area, ft

2
A. pipe flow area, ft
d differential calculus operator
D inside annulus diameter, in
Do outside pipe diameter, in

slot lateral extent, in

32.2 Lbm ft
Lbf sec2

g gravitational constant
H enthalpy

L  incremental pipe length, ft
M mass rate of flow, Lbm/sec

n - Bingham plastic.

¥R

fluid power coefficient

P  static pressure head, psi
P pressure, psi
, -, 3,
Q - volume flow rate, ft /sec
R - inside radius of pipe, in
Re  Reynolds number
r point of differentiation and integration
V  average velocity of flow, ft/sec
-, 3
Vol - volure, ft

W slot width ex*tent, in
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"GREEK SYMBOLS

SUBSCRIPTS

specific weight, lbf/ft3
quality of foam

effective viscosity, cps of lbm-ft/sec

Lbm-ft

dynamic plastic viscosity, cps of —oo

shear rate, sec-l

flowing density, me/ft3

assumed function of shear stress
shear stress, psi or lbf/f't2

yield shear stress, psi or‘lbf/ft2
angle of investigation

air

lateral point in slot

ith iteration

total number of iterations

rock

standard conditions: 14.7 psia-and 60°F
total

water

vertical pcint in slot

depth of the midpoint of the Lj’iteration
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APPENDIX B
BINGHAﬁ PLASTIC MCDEL - FLOW DOWN THE PIPE

The derivation of the Bingham Plastic fluid flow equation (Bird,
et al., 1969, p. 48-50) is based upon the fcllowing assumptions:

1. Isothermal, steady-state, incompressible flow through a

circular pipe.

2. Shear rate is proportional to the excess of the shearing
stress (1) over a certain constant yield value (Ty), below
which the material has a zero shear rate.

3. No slippage exists at the pipe wall.

4, Fluid is in laminar and plug flow.

Consider now the steady laminar flow of a constant fluid density

(0) in very long tube of length (L) and inside radius of R. A very
long tube is specified because no "end effects" will be considered.

A momentum balance 1s now written for a cylindrical shell of
thickness Ar and length L (see Fig. 8). The various contributions to
the momentum balance in the z-direction are
Rate of momentum in
acrcss cylindrical (2mrLt_ ) I 1B-1
surface at r ror
rate cf mcmentum out
across cylindrical -(2mrLt_ ) ' 1B-2
surface at r+Ar re lr+Ar

gravity force

acting on cylindrical (2mrdrL)p 1B-3
shell N“" T
pressure force acting on (Qerr)po 1B-4

annular surface at z=0
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Velocity
distribution-

v, (x)

\
\/VZ>
g
Vv <
Z
Plug
IF‘low
=0 B > ToL r=R
re‘ZPO-PLi

 FIGURE: 8 |
FLOW OF A BINGHAM FLUID IN A CIRCULAR TUBE

(Bird, et al., 1964, p. 49)
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pressure force acting

on annular surface a(2nrAr)pL 1B-5
at z=L

where Tog = shear stress at depth z and at a pipe radius of r.

Now adding all contributions to the momentum balance

|
(2m : , (2m v
,QWPLTPZ) . \2rrerz) + 2mrArlpg +

r+Ar

2nrArpO 2ﬂrArpT =0 1B

Dividing Eq. (1B) by 2nLAr and taking the 1limit as Ar approaches

zero results in

. (rt_ ) (rt__) Py ~ Py
A Himy rz’ |r - rz’lr + Ar _ S VI ogl| v 2B

Since the left side is the definition of the first derivative,

Eq. (2B) may be written as

P P ]
4 0 L!
ap (r1,) = [“T‘—J r 3B

where P represents the combined effect of the gravity force and the
static pressure. (P = p pgz) where z is measured positive down-
wards in the direction of gravity.

Eq. (3B) may be integrated to give

C
0 L "1
. =+ LB
Tz 2L r

r !
P P
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The shear stress for a Bingham plastic fluid is
p_av

T - T =P Z 6B

y rz dr
The velocity gradient is zero when the shear stress is less than the
value Ty. A "plug-flow" region in the central part of the tube exists.
Outside the plug-flow region the shear stress and velocity gradient
will be defined by Eq. (63).

Substitution of Eq. (5B) into Eq. (6B) results in a first-order

differential equation:

. updvz i Py P . Ta
v dr 2L

Integrating Eq. (7B)

v - (PSu LPL)r . ;YF ‘e, .
p P
The constant c, is evaluated with the boundary conditions:
v, =0
at r = R

Eq. (8B) beccmes

. Po P L ;] T.R
® s C L 21 (L2 v [- r _
Vz [ T J R L; ‘R) } a*—— %J SB-1
p LS T ¢
for »r 2 ro
2
P P r
v: = {—ﬁ?—zfé] R {1 59] 9B-2
L™ L £

ofe

Foilowing the nomenclature of Bird, et al.
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for r <
or r < r,
where Vz = velocity in laminar flow region
v, = velocity in plug-flow region

where Ty is the radius of the plug-flow region defined by

T = 39———52- r
y 2L 0

The volume rate of flow Q may be calculated from

9 :~f'2“ [ Ry ,rdrde
0 j 0

where § = angle of investigation

Yo R
Q= 2w V; dr + 27 V; dr 10B
O .
Yo

Integrating Eq. (10B) results in

R [(Rav
: 2
Q= 2| 'V % 2 plar 11B
Z 1y dr

| 0

'rQVZ is zero for both integration limits and the lower limit cf the

av
integral may be replaced by r, since E;E =0 for » < r,

Hence the volume rate of flow is, if 1, > 1

av? v
4 2
Q= [ ir ] r dr 12B
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R P - P T 7
= 7 [_.__..C" _ L] r X {r%r 13B
2u L J H
r, L P P

Performing the integration and using the symbol TRs for the

shear stress at the pipe wall, (P, PL)R, Eq. (13B) becomes

4 ' n
(P - P)R T . T
0 L 4 )
T | 2 ‘a';l*%[%l] o
P , R R

which is the Buckingham-Reiner equation for a Bingham plastic model

Eq. (14B) is Eg. (3) in the text, chapter three, page 11.
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APPENDIX C
BINGHAM PLASTIC MODEL FLOW UP' THE ANNULUS

Melrose and his associates (1958, p. 316) have shown that iso-
thermal, laminar flow of a Bingham model fluid within a concentric
circular annulus could be approximated by the equation which applies
to laminar flow in a narrow slot.

The same assumptions are used as in the derivation given in
Appendix B for pipe flow. TFor the system shown in Figure 9, where the
lateral extent, E, is assumed to be much greater than the width, W,
(for the calculated pipe and hole combinations, E/W has a range of
6.66 to 20.8) the general flow equation for slot flow can be written
as (Craft, et al., 1962, p. 42)

~ T
2
_ EW W

Q
2(1 )2
W

o(T) T d T 1C

0

where E = slot lateral extent

W = slot width extent
®(t) = assumed function of shear stress
T = shear stress at slot width of h and depth of x

Substituting VEW for the volumetric flow rate Q, the general

equation becomes

vV _ 1 W
T Trx o(t) 4 Tk 2C

where =t . shear stress in the slot at point hx.
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FLOW

Analysis Annular /
Flow ¥ A | /
|

l Slot Flow

FIGURE: 9
RECTILINEAR FLCW BETWEEN FIXED
PARALLEL PLATES

(after Crafi, et al., 1962, p. 42)
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The shear stress .at either wall of the slot is

. (PO - PL)N o
w 2L

where p = p + pgl.
The functional dependence of shear rate upon shear stress,
¢(t), for a Bingham plastic fluid is
T

T
o(t) =-7r——1£ e
P

Substituting Egs. (3C) and (4C) into Eq. (2C) and integrating

results in

6V T 31 (T 31
5V . W 3 y Il v i
= 1 ==L+ = 5C
W oo 21 2 Lr
P W W

or in terms of a volumetric flow rate, Q,

3
?WQ T 3t 1 T
Q=" W 1 =L+ —-[—X-- BC
——— 2T 21T
6uD W w

Eq. (6C) is Eq. (25) in the text, Chapter three, page 1S.
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PRCS
r1R

Chaw

THIS

PETR

AN MAIN

~ -~
COM¥ T

APPENDIX D
FAM wEOAvw CrLCULATES THE RESJUIRED

AND LIQUID violUmE RATES FOR A
DRILLING OFERATION

FRCGRAM BELONGS TC JACK A, KRUG

QLEUM ENGINEERING DERPARTMENT

VELL(222),GAVMMAL(2020)

90

COMCh iy TAUY,Z22FLAG

CCmv»ON 10P,0NP,I0A,3GsPSPG,PSPP,DENL,,DELG,DEPTH

COM: ON QGX, VM) MRATE ,GAMMA, 3T, X, DELPRF,PX,VEL,AREA,RE,F, 2

COMMON Ko FLAG)MUL,PXP,PXA

CC#uvOM NP DEN,MU,PSA,Z2FLAG

CCMrGi L;DRLRTE.N,P31§8,5?.BP(ZEQ)

Comel,m GG1(8+5),3P1(8,5)2PA1(8,5)

REALMRATE » i, 10P,CDP, IDA,L

REAL MUL,,MUTEMP,MROCK
NOMENCLATURE OF TERMS
ARE A FLOW AREA INCHES#®##2
BRpP BOTT01 nQLE PRESSURE PSTA
CELPRF PRESSHRE 2ROP DUE IO FRICTION PSI1A
OEN JENSTTY AT X LR/GAL
CRLRTE DRILLING RATE FT/ZMIN ~
F MOQOY FRICTION FACTOR
GAHXMA GUALITY AT X
EMy EFFECTIVE VISCOASITY CENTIPCISE
104 HOLE SIZEf Inwap
10pP INSIDE DIAMETER QF PIPE IN
~RATE ASS RATE 0OF FLOW La/MIN
MU FLASTIC VISCQSITY CENTIPQISE
MUL LIGUID VISCOSITY CENTIPOISE
oLP CUTSIDE DIAMETER OF PIPE IN
FSC PRESSURE AT STANMTARD CONDITIONS PSIA
pX FRESSHRE AT X PSIA
FXA ALNLLUS PRESSURE AT X PS1A
pPXP FIRPE PRESSURE AT X PSIA
26 CONMPRESSOR FLOW RATE(GAS) SCP/MIN
5GX GAS Fi0Y RATE AT X SCF/MIN
GF PUNMP FLOW RATE(LIQUID) GPM
o7 TOTAL FLOW RATE AT X GPM
RE REYNGLDS NUMBER
TAUY BINGHsM YIELD STRESS LB/FTae?
TSC TEMPERATURE AT STANDARD CONDITIONS RANKINE
TX TEMPERATURE AT X RANKINE
VM VOLUME FLOW RATE AT X GPM
X INCREMENTAL DISTANCE FROM THE TOP FEET
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c ® CE N A N S A I IR I T R B IR TSR N SN
C # =« ~E:C ALL DATA
C & =« PIPE DATA
c
ICr=4,75
2z2,.,87.
1Cr=22,44
C .
C & # CO-PRESSOR QUTPUT(SCF/MIN) AND PRESSURE(PSIA)
C
C CC-PRESSOR AMND PUMP VALUES ARE INITIALIZED FOCR
c F12ST TRIAL AND ERKCR ITERATIOWN
c L1GU10 DENSITY 13 ASSUMED TZ RE 1,€
c GeS “E NSITY 1S ASSUMED T0 BE 1,2
DENL=1,
DEnnsl,
x"‘ "40 28
2562411,367
0 452 IPRESS=272,427,10¢
70 412 1DEP=1,4
Do 417 I?TE=1.4
CERTH = FLCAT(IDEP)Y®12PD,
57 RTE = (FLCAT(IRTE)=1,0#,5
FSPP = FLOAT(IPRESS)
PSP53PSFP
K=
[FLAG=1
c
C &8 a8 & ¢ #8 & o # # & ¥ # & B # & # #F B B b O B % B F & # & B
c
C TUSING PRESSURE CALCULATION Z=1
\E\ ANNULUS PRESSURE CALCULATIGN £=2
53 CouTINVE
FLAG=Y.2
FXas5,.¢2

DELPRF = PXA
#2F | AG=1,2

Z=1,
F=2,
ZFLAG=2,0
CalLL BRHP.
c
C TR1AL AND ERRQOR SOLUTION FOR AIR AND WATER
C QUA TITIES, L seeweeres CONDITIONS FOR CORRECT
c SOLLTION
c GGTToM ANNULUS VELOCITY Livieasssany 1,5 FPS
c SURFACE ANNULUS SUALITY L ivevsnnene 95
c

IF(z2,67,1,2)G0 1O 72

QP=GPe1,15 -

GC t0 5S¢

72 CUNTIMUE

[F(2BS(vEL1(¢(1)=1,5),LE,2,1,AND,ABS(GAMMAL(KN) =
12,945), Ev2.,22)G0 70 422

IFCIFLAG,GE,3)GO TO 122
IF(FLAG,GE,,99)G0C T0 1290

IF(VELL(L) ,LE L 5, AHDGANMMAL (KD ,LE,2,96)
1GC 70 1722

IFCVELL(L) GTe1.5,ANMDGAMMAL(KN) LT, ,96)
16C 70 1e0
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IFevELL(L) ,6T,1,5,AND,GAMMAL(KN) ,GT,,086)
1 GO YO 119
Bp GG=7G*1,5/VELL(Y)
GP=GPel ,5/VELI(L)
GO 10 52
172 GFR=0P&(1,5,VEL1(1))
0G=0G9(1,5/VvEL1(1))a(2,965/GAMMAL(KN))
GC 19 52 ,
112 GP=CPe(5AMMALIKN)/EZ,955)
SG=uGe(r,955/GAMMAL(KN))
GG Y0 52
1272 1FLAG=4
IF(GaMMal (i), GE,2,94)50 TO 1472
IF(ABS(1.57=VEL1(1))4LT,2,24)G0 TO 162
GP=GPet ,5/VELL(L)
36=56%1,5/VELL(1)
K10

g2

CFORMAT(4F12,2)
GO 1C 52
142 1F(x,GE,B5)GC TO 15¢2
Qp=zqPas1,C25e(1,5/VELLI(L))
G=0G6%*1,5/VELL(L)
50 10 57
15¢ GP=GP®1,0E25%
' GC .70 3¢
162 QAP=GF/1,00021
GC 10 52

PRINT THE ARRAY RESULTS
422 CONTINUE
HHPzFSPse(QGc#7,48 + QF)/1714, ,
PRI~T 1,8P,2G,PSA,BP(1),DEPTH,DRLRTE, GAMMAL(KN) ,VELL1(1) ,HHP
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FORN'AT(4F9.2'F7.2.3F7.3’F9.2,
CG1(IDEP, IRTE)=QG
FBLCITEP,IRTE)=RP (1)
CP4(1DEP,IRTE)=QP
FALCILDEP,)1RTE)=PSA

93

THE B30TTOM~HOLE PRESSURE IN THE

POUND PER MINUTE,,.,THIS CALCULATICN

ASSUMES THE KOCK TN HAVE A SPECIFIC GRAVITY QF 2,7 (WATER =1,)

GALLON PER MlNUTE

7 A W XY
X

AMBIENT TEMPERATURE OF 62 F

412 CONTIMNUE
CaLL OurPuUT
D0 42€ 10%1,8
B0 42¢ 1F=1,5
wcl(I(JOIF)-?'Z
QP1(¢10,1F)=,0
PA1(10,1F)=2,0
P31(I0,1F)=2,
42¢ CCNTINUE
457 CONTINUE
52¢ STOP
END
$FTRAN BHP
SUBROLUTINE RHP
C
c SURROUTINE BHP CALCULATES
C TYsING AND ANNULUS 44, IT USES AN ITERATIYE CELL TYPE
c CF APPROACK
c
c 2z 1 TUBING CALCULATION
C £z 2 ANNULUS CALCULATION
COMMON VEL1(220),GAMMAL(2CQ)
COMMON kN, TAUY,Z22FLAG
coM“ON 10P,0DP,1IDA, ”G,PSPG PSPP,NENLDENG,DEPTH
COMMON QGX,VM,MRATE, GAVMA_GT.X.UELPRF PX,VEL,AREA,RE,F,Z
COMMON kg, FLLAG)MUL,PXP,PXA
COMVON QOP,DEN,MU,PSA,ZFLAG
COoMmQON L,DRLRYE.\‘.PBI.(B,S).BP(?GQ)
COoxvON QG1(8,5),6P1(8,5),PA1(8,5)
REALMRATE ) U, IDP,00P,IDA,L
REAL MUL»MUTEMP,MROCK
c
c ROCK MaASS RATE CALCULATIONM
c
C
MROCK = (10A##2)#0DR_RTE#1,172
c MRz ettt o i
c VOLUME RATE OF ROCK DISPLACED,
o
VCLRCK = B,0478#(1DA##2)sDRLRTE
X=3,¢
PA£=PSFP
KNs
5¢ CONTINUE
pSC=19o7
TSc=523,
2Z2FLAG = 2,7
GELPRF = PXA
c ]
C TE: PERATbRF GRADIEST ASSUMING AN
106 Txs L0<*4“X*6M +462,
c VOLLME FLO® FATE GAL/MIN

a5 X:uGG(QSC/TSC)*(TX/(PX + DELPRF/2,))

IF(2,6£2,24)

106Xz gLO{pSC/TSCLiXTX/(PX = DELPRF/2,))
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IF(2zFLAG.ER,12,)
12GX=3G8(FSC/TSO)#(TX/PX)
VMz0P+7, 4BenGX

Gl

c
C & & “ASS R4TE OF FLOw,P0UND PER MINUTE
c
M24TE23,33aNENLaJP +7,27644DENGOGX
c ,
C OE SITy CALCULATIO: FOR AIR AND WATER ONLY POUND FER GAL
DENzMFATE/VM : :
v
c DEVSITY CCRRECTION FOR DRILLING CUTTINGS
IF(z,E2,2)
1CENz (P RATESMROCK) Z(VMeVCLRCK)
c .
C Torvalb VOLUME FLOWw RATE  GAL/MIN

CT=2uGXe7,43+0P
o CORRECZTION FOR ROCK VOLUME

IF(Z,M2,24)60 70 123 o5
c HOLE voLUME  GALLONS 7L
VeLYOL- = (INA%82 - NDF=e2)¢0,2438 eyl LY
c
¢ VOLUME RATE WITH CUTTINGS GAL/MIN
VM = VM e YDLRCK
c
c AlR + WATER VOLUME RATE GAL/MIN
QT = (yalLHOL = (VOLHOL/vM)#VILRCK)#(VM/VILHOL)
c
C CUALITY CALCULATICY FJR AIR AND WATER

123 GAM¥A =(3GXa7,4B8)/QT

C :

C SURKDUTINE VISCTY CALCULAYES THE PLASYIC VISCOSITY
o A Tdg YIELD STRESS FCR FDAM
c

CALL VISCTY~)
IF(FLAG,EG,1,4AND,2,E0,1,)6G0 To 350
IF(FLAG,BEL, 1, 0AND,Z2,EQ,2,)0G0 TC 405

SUZRCUTINE FRCTN CALCULATES THE PRESSYURE DROP AND
IhnREYENTAL LENGTH

e ReNeXe]

CapL FRCTN
IFe2,E2,8.0% = X + |
IF(2,£2,24) X 2 X & |
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FeuMAT(FL1™,2,3F

' 3,F8,7,2F8,2)
IF(,82,24)00 10 122
PX = PX ¢ SELPRF
SXP=0X
Z22z"EFTH=X
IF(72)1°8,1769125
125 1F (2455 ,L0G3 T2 1432
AP (Z2403T42,)60 70 113
126 #=2,
!F( 97,.)
0 ,E",GA“VA VEL_;RE. ‘“J'TAUV

)
Ut > (M
wsv- -

[\V)
-
b

'y

"

—
-z "

> A -

[
A
o
>
o
"

> M

R | IR R I o}

tJu

(DI B B A ) S A

L I [}

GC TQ 12@

12¢ COnNTINUFE
Pxzpx=3clL.PRF
PSA = PX

c TR: SFER OF CCEFFICIENTS
ANzuN+Y
BP( %) =pX+DELPRF
SAMIAL (<N)SGAMMA
VEL1 (KR ) sVEL
IF(< +Ey1,4N0,F,GE,972,)
1PRINT 1, X, DEN,GAMMA,VEL,RE, MU, TAUY
IF(x)15" ,2272,122

LECT InITI1AL COMPRESSQOR AMD PUMP VALUES
tTY MUSTY 88 [HCREASED
ﬂIT{ MUST BE JECQEASED

aaoan
2
T"]‘“ l"l

-

1
n
3
XXM Ar- ¢ ~

PGl I

—
-

T TN

[}

"
[\N]
-

’_.l
O
o~

b s VI VIR o I
NN MM o

+

™ > Ay~ 0

C s
>
A3
x
+
(W
[
-
0
X
"

~

»
IC
A
l

>

22¢ WLTuﬂ\

357 CINTIMUE
Khz+
GavvAal(rndzy, B
VEL1(1) =242
RETURN

422 RETURN

475 GaMAL(kKN)=GAMMA
VELI(KNYy=sVEL
YEL1(ANYSVEL
RET RN
£ND

LFYRAN Q.UTPUT
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SUBXRAUTINE nUTPUT
COMYON VELL(222),GAMMA1(252)
CAMGiv N TAUY, 22FLAG o
COMudN 10P,00P,IDA,0G,P5PG,PSPP,DENL,DENG,NERPTH
COMVON GGX, Y4y MRATE,GAYMA OT , X, DELPRF,PX)VEL ) AREA,RE)F 2
COMuON v  FLAGIYMULWPXP+PXA
CCHavOn TPy ZENMU,PSA,ZFLAG
COMalh DR RTE,NWPRL(2,5),3P(222)

CO G 2G1(8,8),9P1(8 .5),PA1(8,9)
REA_RATE ML, IDP, 002, 1DAL
REAL ”JLo'uTEVP “RGCK

AT 4,12YFPSPP, 0P, 10A,I0P

”R“aTxﬂhl 1177777777741 % ,

45 1413 A~ND LIAUID REJUIREMENTS FOR FoaAM DRILLING,
//,45X,265SURFAZE INJECTION PRESSUREWF34.2,5H PSIA,
777,392 914HPIFPE SIZE 0D JF542,3H Ihy12X,

12RRCLE SI1ZE HF3,2,3H IN»/,5CX,3KH1D ,F5,2,34 IN,
/77,65¥, 13RDRILLING RATE, /)

ARITE(8,20)
FCRAT(25X,18HDEPTR  FT,5%,124 0,22 FT/MIN,5X,

120 ©,5C FT/MIN,SX,12h 1482 FT/MIN,5X,12h 1,53 FT/41N)
3C 120 10EP=1+4,1

DERTH =FLOAT(IDEP)e1CZd,

ARITE(4,32)DEPTH,QGL(IDEP, 1), 0G1(IDER,2),5G4¢IDEP,3),

1 »G1(13E904)
32 FOR~aT(/925%,F12,1,4(12H QG = ,F7,1))
KEITO(5,42)0PL(ICEP,L1),3PL(IDER,2),3P1CIDERP,3),QPL(]IDEP,4)
42 FOR-aT(35X,4(12H 9P = W F7410)
SEITE(S,45)PAL(IDER, 1) ,PALT(IDERP,2),PALI(ICER,3),
1 Pa1(10EP,4)
45 FCR]- AT(JQX 4(12KH Py = pr701))
WRITE (S *7)98111“59.1): P31(12EP,2),PB81(10ER,3),PB81(I0EP,4)
47 FCR“AT(55X,4(1QH PB =2 ,F741))

e

5&

1
e
3

CONTIRUE
ARITE(4,52)
FCR~ AT(/04 Y, 15KGG6 AIR VCLUME, 17X, 7HSCF/MIN,

/440X, 1 BHGP LIQUIND VOLUME, 14X, 7THGAL/MIN,

/, 4¢X.29pr SURFACE ANNULYUS PRESSURE,7H PST1A,
/,cZX.QSHPB BOTTOM HOLE PRESSURE,11H PS14)
RETURN

END

FFTRAN FRCTAN

s NeleoNeNeReNe]

SUB~ZUTINE FRCTN
COoMvON vEL1(282),GAMMAL(202)
CCMeCR wivy TAUY, 22FLAr
COmM=Di 2P, 0DFP, 104,30, SPG,PSPP,DENL ,DEHG,DEPTH
CO%a0h 0GX,uM, ﬂRATEp BMMAPGT ) X, DELPRF ,PXyVEL,AREAZRE,F 2
COomMuGl FLAG)MUL)PXP)PXA
CowClc "R )DEY, ¥3, PS4, ZLAG
CommE L DRLARTE,, §)PsL(38 21 5).3P(22D)
COV”C GG1(895),0P1(8,3),P41(8,5)
REAT MU yMUTENP ,MRECK
QEALmPArE.Mu,IDP.ODD.IDA.L

THY CALCULATION PROCEDURE FOLLOWS CRAFT, «“CLREN, GRAVES,

~ZLL JESIGY, Py, 34,444, FOR A BINGHAM PLASTIC FLUID IN
AsINaR FLOW,

VELOCITY CaLCULATICA FT/5EC
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Ir(?.L— '2.) s TA S

ARE. =, ,1436/4,)n]"Paag

CEL=(FTrANER) 70184, /645,86)

G.’, "'\J B
S AanE =(35,1414/4 )0 ([NARD =" Feal,)
VEL = L,{X*7 48 + TP + VYOLICK)/AREA)®(144,/448,36)
8 CCoLTINUE - .
VISAUS TY CORRECTIAN T4 EFFECTIVE VISCOSITY FI3 REYNCLOS
U BER vlL\JLATIk
ML = ﬁ“%:mféahaTA'gii;:!vEL L
IF(Z,ER,24)
1bvys MU+ 2,957 TALYR(TSA=DDR) /VEL

e
———————

# @« =gy . C1LnS MiMBER CALCLLATION

TE2028, 8107 EL“JtM/tNU -
17(7,5 ,24)
1xEzezf,u(lNA=JDPYBVEL®NEN/EMY
TF (. 0 (B AND 2eE0,2,000 TO 125

# & FRICTIrN FACTCR CaLCuLaTION

g CONTIMIE
¢ CONTIMNUE

# o CALCULATION OF PRESSURE DROP DUE TO FRICTION, SINGHAM PLASTIC

IF(72FLaGynE412,0G0 T0 25

IFC2,E3,2,)60 T0 22 %
CEL=HF = (NUGL#VEL)Y/ (1572 ,#]0Pee2) + (TAUY#L)/(225,410P)
"NELBRF = z,;bnzﬁqrnéL‘H-LPQF

IF (. ELP=F,LT,f,?)NELPRF=S,

~N

LIl TH 33
22 DEL=RF = ‘*'*L*Vrt>"4a 7248 (1DA=00P)ou2) 4 (TAUYSL) /(200 ,#¢1DA=0DP))
CELRRF = &,75F2#DEnsl + DELPRF
Ga 10 3. —
28 IF(7,-2,143G0 TC 27
26 LSDULFAF/(..,2522NEN=VELeMU/ (1572 #10Paa2,)=TAUY/(225,#10F))
1F L)47 38.32
IFCz, €
L

W o~ ~ ) o~

]

W24)GC TO 32

LERF /(27522 ERNURVEL/ (12722, 4 (1DA00PI#82, )
TtuY/(?Z:.*(I A=CDPI))

IF(Lyaz,38,

AN
~
[

F2Fi 6Gz1242

L=k TH
ZC 10 2r
RET &P
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SR
FORvAT(7Fy2,2) 9
125 L=¢,
RETURN
£En

FFTRAN VI3CTyY

2 EeNe]

(-2

™M
—
-

B AN

NN

Py

StasnLTi4E VI3CTY
Comvd' IELI(270),GAVMAL(2E)

COval L) TAJY,22FLAG

Com G IIF.CC‘F.IDA. (),P p(—’ppS')p"‘L L T G! EPTH

CCw Qi ?GX,vﬂ.4?&Tf DAY LA GT Y, TELPHF ,PX ) VEL,AREA)RE)F 2
Cow: ! 'Fa g UL, PP, FXA

COneDr :P.ﬁ{m.vs,FSt,Z»LaG

CCmv 2t G ORLRTE ) v, P31(5,8),5P(277)
CO0¥0 501(2,3),GF1(8,5),Pat(g,5)
fA ML MUTES Ry MROTK
QLAHMFA7£0“U;IDPrgBS 104,k

VIagTy DETERMINES THE RINGHAM PLASTIC VISCLSITY AMD THE
YI-LD STRESS

Twe VISCOSITY OF waTER IS 1,823 CP
Mul=14233

FLag=9, )
[F(nabk=y,6GE,,58)60 Y0 2¢

ﬂ-M,L+1 9;§UAMVA ¢k0

TALY = 2,6 P

RET.RE | ey

1F(74NMA,G6T,,96)60 TO 32 <

MU = 14,3174 - 15,2014172GAMMA z,

= - - 4z ».cxzzss«rAw Aew2, 5
+1528,4444150GAM AR, yd
-1974,33144%4GAM" Anaqg,
¢ A73,4083282GAMMARRS

TAUY = 2248942538 - 255,23227 6G4MMA
+ 729,364338aRAMM B2,
- B34,6455380AMMARST,
+ 344,256T7A48GAMMARRS

Y1ELd STRESS OF Frai 1S CALCULATED IV LZF/FTew?
A 60 .vZRSION MUSY BE MADE TC LRF/413pFTea2

TAU“:iﬁ@,“YAUY

IF (Gt LE,2,584)TaUY20,8/

KET. Al

FlLassl,”

GAMvA=2,97

RETURH

)

\'l
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