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ABSTRACT

This report investigates the effects of borehole deviation on the
useability of 1lined boreholes for the disposal of high-level nuclear waste
at the proposed Yucca Mountain Repository in Nevada. Items that lead to
constraints on borehole deviation include excessive stresses that could.
cause liner failure and possible binding of a waste container inside the
liner during waste emplacement and retrieval operations. Liner stress
models are developed for two general borehole configurations, one for
boreholes drilled with a steerable bit and one for boreholes drilled with a
non-steerable bit., Procedures are developed for calculating liner stresses
that arise both during insertion of the liner into a borehole and during the
thermal expansion process that follows waste emplacement, The effects of
borehole curvature on the ability of the waste container to pass freely
inside the liner without binding are also examined. Based on the results,
gpecifications on borehole deviation allowances are developed for specific
vertical and horizontal borehole configurations of current interest.
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1.0 INTRODUCTION

The use of 1lined boreholes drilled into the walls or floors of
underground drifts is being investigated by the Yucca Mountain Project for
disposal of high-level nuclear waste 1in the proposed tuff repository at
Yucca Mountain, Nevada. Both horizontal and vertical boreholes are
currently under consideration, as shown in Figure 1. In both orientations,
the waste is placed in sealed, cylindrical containers 15.6 ft 1long and 28
inches in diameter before being emplaced in the boreholes.

In the horizontal orientation, several emplacement options are being
investigated. These options differ in the number of waste containers
emplaced in each borehole (1-15) and in the standoff distance between the
drift wall and the <closest container (10-100 ft). Horizontal boreholes
range in length from 32 to 350 feet. In all horizontal options currently
being considered, each waste container 1is emplaced in the borehole on a
skid. The skid consists of a metallic half-cylinder with bottom runners
designed for sliding inside the lined borehole during waste emplacement.

A single vertical borehole configuration is currently under
investigation. In this case, each waste container is emplaced directly into
the borehovle with a fixed standoff distance of ten feet from the top of the
container to the drift floor. The vertical emplacement borehole length is
nominally 26 feet,

To meet regulatory requirements, the repository must be designed to
preserve the option to retrieve the emplaced waste for up to 84 years after
waste 1is first emplaced in the repository (SNL, 1987e). To maintain the
capability of retrieving the waste during this period, a steel liner is used
in the design of each borehole configuration (SNL, 1987a). The liner
ensures access to the emplaced waste by preventing rockfall on and in front
of the waste containers. The liner consists of sections of steel tubing
wvelded together at the borehole to form a continuous cylinder that 1is
inserted into the borehole prior to waste emplacement. The liner insertion
operation is performed either simultaneously with borehole drilling or as a
sep:rate operation following drilling (Robbins, 1985; Friant and Dowden,
1987). The reference configuration for the vertical case includes only a
partial liner, but a full 1liner was considered here as a worst-case
analysis.

Previous analytical work has been completed to determine the ability of
the liner to withstand anticipated rockfall in the borehole and to sgurvive
the corrosion that 1s expected during the 84-year retrievability period
(SNL, 1987b). That analysis predicts that liner stresses due to rockfall
will not exceed 2.5 kpsi, which is well below the anticipated liner material
yield strength of 30 kpsi. The analysis also predicts that sufficient
sacrificial material should be available in the 0.5-inch-thick liner for the
liner to survive the rockfall even after undergoing the corrosion expected
over the retrievability period.

The previous analysis does not address stresses that arise in the liner
during insertion of the liner into the borehole or during the thermal
expansion that will occur due tc heat transfer from the emplaced waste.
Accordingly, the statics and stress analyses documented in this report were
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performed. These analyses explore the effects of borehole deviation
characteristics on liner stresses. The effects of borehole deviation
characteristics on the potential for waste containers to bind against the
liner wall are also investigated.

The analysis in Chapter 2 focuses on liner stresses that arise during
insertion of the liner into the borehole. These stresses are produced Dby
the compressive force required to insert the liner against friction as well
as bending stresses that are ‘introduced as the 1liner is forced around
deviations 1in the borehole. A model that predictse liner insertion stresses
in both vertical and horizontal boreholes is developed using elastic theory
and statics.

In Chapter 3, a model is developed for predicting stresses that arise
in the liner after waste emplacement. These stresses are produced by
bending and frictional drag against the borehole wall as the 1liner expands
in response to the elevated temperatures caused by the emplaced waste.

In Chapter 4, a model 1is developed for determining the maximum
allowvable borehole curvature as limited by the clearance between the waste
container and the inside wall of the liner.

Finally, the models are used in Chapter 5 to develop guidance on
borehole deviation allowances for specific borehole configurations and
conditions expected in the tuff repository. Possible liner failure modes
are identified and examined relative to their potential for occurring i1 the
repository. Specifications on allowable borehole deviation for cvrrent
borehole designs are developed, based on the need to prevent liner failure
and avoid interference between the waste container and the liner during
wvaste emplacement and retrleval operations.
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2.0 LINER INSERTION STRESSES

It 1is currently proposed that the vertical and short (<75 f£t)
horizontal emplacement boreholes be drilled using rotary methods that employ
‘a derrick erected in the emplacement drift (Robbins, 1984). A sketch of
such a drilling system for vertical boreholes is shown in Figure 2. 1In-hole
stabilizers would be used, if necessary, to minimize deviation of the drill
bit.

After a borehole 1is drilled, the drilling system 1is removed and
equipment is assembled to weld the sections of liner together and insert the
liner into the borehole. This equipment would consist of welding units,
transport wagons, a Jjacking frame, and a mine truck equipped with a boom
(Kenny, 1987). 4 sketch of the equipment for horizontal boreholes is shown
in Figure 3.

It has been recognized for several years that long horizontal boreholes
probably cannot be efficiently drilled within allowable deviations unless a
driliing system with an actively steered drill bit is employed. Design work
has been completed on such a system, referred to as the Development
Prototype Boring Machine (DPBM) (Robbins, 19854 Friant and Dowden, 1987). A
sketch of the system is shown in Figure 4. The system employs an in-hole
drill motor steered with hyraulically actuated reaction shoes. Drilling
thrust 1is provided by a derrick erected in the emplacement drift. The
thrust is transmitted to the drill motor and drill bit through the borehole
liner, which 1s 1inserted as the borehole is drilled. The eccentrically
mounted drill bit can be centered in the liner to allow it and the 1in-hole
motor to be withdrawn through the liner at the completion of drilling.

The diameter of the borehole and liner as well as the deviation
characteristics of the borehole dictate the shape of the liner trajectory as
it is forced into the borehole. It is, therefore, necessary to assume some
borehole geometry 1in order to calculate liner stresses. Two general cases
are considered for borehole geometry:

o In the first case, it 1s assumed that the drill bit that creates the
borehole is steerable, as with the DPBM. With this type of drilling
system, errors that occur in the bit trajectory can be corrected, so
the borehole is assumed to deviate cyclicly from a straight line.

o In the second case, the bit is assumed to be non-steerable, as with
the rotary systems proposed for short boreholes. 1In this case, the
borehole is assumed to deviate monotonically from a straight line
because there is no active steering capability to counteract the
effects of gravity and rock stratigraphy.

Liner stress analyses for these borehole deviation characteristics are
presented in the following two subsections.

2.1 Boreholes Drilled_yith a Steerable Bit

Shown in Figure 5 is the assumed liner and borehole configuration for a
borehole drilled with a steerable bit. It is assumed that beyond some



Figure 2 - Rotary drilling system proposed for drilling vertical emplacement
boreholes.
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location x , the borehole deviates cyclicly from a straight line. The
amplitude of the deviation is & and the wavelencth is L. To facilitate the
analysis, the centerline of the borehole in the cyclic region is assumed to
follow circular arcs with a constant vadius of curvature tp It is also
assumed that some entrance region exists in which the boxepo e changes from
a linear trajectory to the cyclic deviation. Finally, it is assumed for
simplicity that borehole deviations occur in a single plane, with deviaticus
of zero in other directions. The assumed borehole geometry is admittedly an
idealization of an actual borehole; however, the assumed gecnetry is simple
enough to be amenable to analysis and is general enough to be useful in
drawing  general conclusions about the effects of borehole deviation
characteristics on liner stresses.

The borehole liner has an inner diameter of d, and an outer diameter of
d , which is less than the diameter of the borehole, d The stiffness of
the liner tends to make the liner deviate less than ?he borehole deviates.
Gravity also influences the deviation of the liner; thus it is necessary to
differentiate between horizontal and vertical borehole configurations in the
analysls. We first assume a horizontal borehole, as implied by the gravity
vector in Figure 5.

2.1.1 Horizontal Boreholes

For each borehole section of wavelength L, gravity in a horizontal
borehole forces the liner to contact the bottom of the borehole at points

X,, X4, and so forth. The borehole deviation, the diametral clearance
bgtween the"liner and the borehole, and the liner cross-sectional dimensions
and elastic properties determine whether the liner:

0o contacts the bottom of the borehole at points such as Xo1¥ s

0 spans a region about x, without contacting the borehole; or

2

o contacts the top of the borehole at points such as Xg1Yg-

This liner behavior 1is 1illustrated by examining a case where diametral
clearance, deviation wavelength, and liner weight per unit length are fixed
while borehole deviation amplitude is varied.

Small Borehole Deviations

With small borehole deviations, gravity will force the liner to
maintain contact with the bottom of the borehole along its entire length.
Under these conditions, the minimum radius of curvature of the liner, o, ,
occurs at positions such as x, and x, and is simply related to the radius of
curvature of the borehole, p,. Sihce the liner maintains contact with the
bottom of the borehole, the liner and borehole are concentric (in the x-y
plane) at Xy and Xq3 thus

db do

PLEP, Tt (1)

In the middle of each bend in the borehole (e.g., at x_,y ), the borehole
radius of curvature is related to the borehole deviation  amplitude and
wvavelength by the equation:

10 -



2 2 L.2
pb = (pb - 8b) + (Z) [} (2)
or
2 )
L
I PR (3)

The maximum bending stress in the liner occurs at the point of minimum
radius of curvature. The maximum bending stress thus occurs on the outside
surface of the liner in the middle of each bend (Timoshenko and Gere, 1972):
Ed
+ 0

On = = 5. ’ : (4)
B 20,

where the positive sign 1is used for rompressive stresses along the inner
radius of each bend and the negative sign is used for tensile stresses along
the outer radius of each bend. Combining Eqs. 1, 3, and 4,

+ E"dO
% = T T2 ' ()

7
T6s, * 8, - dyy + d

With small borehole deviations, the liner does not contact the top of
the borehole. Consequently, frictional drag of the 1liner against the
borehole occurs only along the bottom of the borehole and is caused solely
by gravity. The maximum drag occurs just as the liner 1is fully inserted
into the borehole; thus

Fe=pw by (6)

where M is the friction coefficient between the liner and the borehole wall,
w is the weight per unit length of the liner, and Lb is the 1length of the
borehole.

In addition to friction, the force that must be imparted to the liner
to insert it into a borehole in simultaneous drilling cases includes the

drilling force transmitted through the liner to the drill bit, Fb' The
total thrust force required to insert the liner is thus
F o =F_+F . (7)

t t b

In cases where liner insertion is performed separately from drilling, Fb is
zero,

The longitudinal compressive stress imposed by the liner thrust force
is
4 F,

Sy a (8)
”(do'di)

This stress occurs near the borehole entrance, while the compressive bending
stress determined with Eq. 5 occurs at each bend in the liner. A
conservative estimate of the combined maximum compressive stress in the
liner can be obtained by assuming that the compressive stress due to the
liner thrust force is the same at the first bend as it is near the borehole

211 -



entrance. This 1is a reasonable assumption because the friction force
opposing liner insertion does not decrease significantly between the
borehole entrance and the first bend.

Using this assumption, superposition can be employed to arrive at an
expression for the combined maximum compressive liner insertion stress:

“max = B " % 9
using the positive value of o, calculated with Eq. 5. 0f course,
superposition is valid only as long as the the combined stress is below the
elastic 1limit for the liner material, which is the assumed case.

Combined liner insertion stresses along the outer radius of each bend
in the liner are lower than those along the inner radius of each bend. This
is because the bending stresses are tensile (negative) along the outer
radius of each bend and tend to balance part or all of the compressive
thrust stresses.

Moderate Borehole Deviations

As the borehole deviation amplitude is increased, the liner begins to
lose contact with the bottom of the borehole at points such as x,, causing
it to span a region about x, without contacting the borehole. Under these
conditions, the minimum raéius of curvature of the liner still occurs where
the liner deflects to follow the .curvature of the borehole wall, at
positions such as x, and x,. Furthermore, since the liner does not contact
the top of the borehdle in %his case, friction between the liner and the
borehole 1is the same as in the small-deviation case. As a result, Eqs. 1-9
are valid in determining the maximum liner stress for this case as well.

Large Borehole Deviations

As the borehole deviation is further increased, two independent trends
develop in the deflection characteristics of the liner:

o Interference between the liner and the borehole occurs when the
liner develops contact with the top of the borehole at points such
as X.,Y,. As borehole deviation is further increased, the contact
forcés at these points increase in magnitude,

o The liner loses increasingly more contact with the bottom of the
borehole between x, and x,. Eventually as the deviation amplitude
increases, the radius of cufvature of the bottom of the borehole
becomes less than the stiffness of the liner will allow it to
follow. In other words, the distributed contact about x and x
tends to go to point contact (neglecting the relatively small degree
of force distribution caused ULy deflection of the liner cross-
section and rock surface). Undet these conditionsg, the bending
stress is not simply related to the borehole radius of curvature as
in the small-deviation case.

With large borehole deviations, the bending stress may be determined by
considering the liner to be a simply supported beam with the equivalent beam
loading shown in Figure 6. Note that point, rather than distributed,

coniact 1is assumed at ®1y Koo and X In this equivalent loading, P is the

12 -
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contact force between the lincr and the top of the borcvhole at x,,y,, and R

is one-half the reaction force at
borehole.

Superposition is used
ensure that the equivalent beam
borehole. Cases 1-4 of Figure 6
are superimposed to construct the

to

each contact point along the bottom of the

account for the effects of gravity and to
follows the trajectory imposed by the
11lustrate the simply supported beams that
equivalent beam that represents the liner.

The midpoint deflection and endpoint slopes for the four cases are given by
the equations listed in Figure 6.

The principle of superposition states that the total deflection of the

linex, 6, is the sum of the deflections for each of the four cases, assuming
that the resulting liner stresses are below the elastic limit for the
material. Taking into account the proper direction of these deflections,

§ = 6y + by - g -6, . (10)

Similarly, the slope of the liner at the left (L) and right (R) sides of the
equivalent beam 1s the sum of the respective slopes for cases 1-4, A
boundary condition on the liner trajectory is that the slope of the liner at

these points is zero, due to symmetry. Thus
b, = 011, * 0oy - 63L S e 0 (11)
and
b= fp * O - fyp - g = O (12)
Inserting the appropriate equations from Figure 6 into Eq. 11 and solving
for M, gives the result
2
PL wl,
M,= %5 + 5 (13)
Irserting Eq. 13 and the appropriate equations from Figure 6 into Eq. 10

gives the deflection of the liner in terms of the midpoint contact force P,

the deviation wavelength L, the weight per unit length of the liner w, and
the stiffness characteristics of the liner EI:
b 14
§ = 384 Bl (2P + wlL) (14)

For this case, where the the liner contacts the top of the borehole at x,,
the relationship between the borehole deviation amplitude and the linér
deflection is given by the equations:
d0 d,
§ = (yp + 75 - (¥ - 7)) (15)
where
d d
b . b
AT Yyt Ty by
yi oo Yp T %6, 0%, (16)

or, combining Eqs. 15 and 16,



§ =2 6, - d) 4+ d , (17)
) 0

b
Equating Eqs. 17 and Eq. 14, we arrive at an expression for determining the
midpoint contact force P as a function of the borehole deviation
characteristics:

d, -d

b "o

2

P - 3843&1 (s, -
L >
This equation is valid for all values of § that produce a non-negative
value of P, By setting P to zero and solving for &, , we obtain an equation
for the borehole deviation below which contact with khe top of the borehcle
at x, vanishes:

wL
) - 2 . (18)

d, -d
b "o

4
_oLw L ‘ 10
bt~ 768 BI VT 2 : (19)

(6
Thus P = 0 for Sb < (5b>t'

The maximum compressive bending stress in the equivalent beam occurs at
¥, and xg:
1 3

Md
0 o

= {
4 21 ' (20)

where M~ is given by Eq. 13, Since liner curvature is limited by borehole
curvaturé, the maximum compressive bending stress at x, and x, has an upper
limit defined by BEq. 5. (Eq. 5 was developed baséd on continuous liner
contact along the bottom of the borehole.). As a result, the wvalue of g
predicted by Eq. 20 is valid only 1f 1t is less than the value predicted by
Eq. 5. If Eq. 5 predicts a lower wvalue than Eq. 20, then the value
predicted by Eq, 5 is the valid prediction., Thus the maximum compressive
bending stress in the liner under all conditions 1is the minimum of the
values computed according to Egs. 5 and 20,

The frictional drag force for cases where interference exlsts between
the liner and the borehole may be found by making the assumption that in the
entrance region of the borehole, the liner has the same equivalent loading
as a section of length L in the cyclicly deviating region., This is a
conservative assumption because the borehole curvature iIn the entrance
reglon was iInitlally assumed to be larger than the curvature in the cycllic
reglion., As a result, the same assumed liner loading in the entrance reglon
leads to slightly higher predicted friction forces than the larger borehole
curvature in that region implies.

Undexr this assumption, the entire borehole length L, can be considered
to consist of n sections of length L, where

n-=L/L . (21)

Summing all the contact forces along the liner and multiplying by the
friction coefficlent, we obtain

Fpo=mnp (P+2R) | (22)

From Fig. 6, it is seen that



R 5 f 5 ' (23)
thus
U
Ff = ?b (2P + wL) (24)

The maximum liner stress can then be calculated for this case by Inserting
Eqs, 20, 24, 7, and 8 into Eq. 9.
¢

In summary, the procedure for calculating the maximum stresg in a liner
tha. is being forced into a horlzontal borehole drilled with a gteerable bit
lg as follows:

1) Specify E, " do’ d,, v, Fb’ LE' 8§, , and L, where v is the welght
per unit voltime o6f tlhie liner materlal and all other terms have been
previously defined.

2

1t w oo K . 4.2
2) Calculate w A (do di ) v

. \ B P b
3) Calculate I = ol (do - di ),

4) Calculate P using Eq., 18; 1f P < 0, set P = 0,
5) Calculate M, using Eq. 13,

6) Calculate 9y using Eq. 20; set (OB)l = Jp.

7) Calculate op using the positive value predlicted by Eq. 5;
set (aB)2 =70y

8) Set op to (aB)1 or (UB)Z' whichever is less.

9) Calculate Ff using Eq. 24; note that this equation is valid for
P=0or?P>0,.

10) Calculate N using Eqs. 7 and 8.
11) Calculate o using Eq. 9.
max

This algorithm 1s incorporated 1into computer programs named DEVIAT1 and
STRESS1, which are listed in Appendix A, DEVIAT] wuses this procedure to
calculate by iteration the maximum allowable deviation of boreholes drilled
with a steerable bit, STRESS] uses the procedure to calculate the maximun
liner stress as a function of the input conditions. These and other
programs are used In the parametric studles of Sectlon 5.

2.1.2 Vertical Boreholes

The procedure for calculating the maximum stress in a liner forced into
a vertical borehole drilled with a steerable bit Is fdentical to that for a
horizontal borehole with one exception, With  vertical boreholes,
pravitational forces act in a Jongltudinal dlrection and thus do not
contribute sipnificantly to bending stressces caused by borehole  deviation,
becanse  of  the limited 26-ft lenpgth of  the vertical borehole under
consideration, longltudinal stresses due co the welght of the Liner arce also

- 16 -



negligible, As a result, gravitational forces play no signhificant role in
determining liner stresses in vertical boreholes, The only modification to
the above procedure required for vertical boreholes is thus to specify that
w =0 1in step 2.

2.2 Boreholes Drilled with a Non-Steerable Bit

Shown in Figure 7 is the assumed liner and borehole configuration for a
borehole drilled with a non-steerable bit, It 1is assumed that the
centerline of the borehole follows a trajectory with a monotonically
increasing deviation from a straight line. For simplicity, the trajectory
is assumed to be circular, with a constant radius of curvature op, . The
deviation of the liner 1is assumed to occur in a single plane, w?th zero
deviation in other directions. The total deviation at the end of the
borehole is Bb.

As in the case of the steerable bit, the assumed geometry here 1is an
idealization of an actual borehole. In non-homogenous rock formations,
deviation of a non-steerable bit may not be monotonic in one direction but
rather may be more cyclic in nature or even random, The assumed borehole
gecmetry, however, is amenable to analysis and is again general enough to
investigate the effects of borehole deviation characteristics on liner
stresses. '

The borehole liner has an inner diameter of d, and an outer diameter of
d , which is less than the diameter of the borehole, d,. The stiffness of
tBe liner tends to make the liner deviate less than ?he borehole deviates,
Gravity also influences the deviation of the liner; thus it is again
necessary to differentiate between horizontal and vertical borehole
configurations in the analysis. We first assume a horizontal borehole, as
implied by the direction of the gravity vector in Figure 7.

2.2.1 Horizontal Boreholes

Gravity in a horizontal borehole forces the liner to contact the bottom
of the borehole at x 1Y The borehole deviation, the diametral clearance
between the liner ané the borehole, and the liner cross-sectional dimensions
and elastic properties determine whether the liner:

o contacts the bottom of the borehole at LI and Xq1¥qi

o balances at X119 without touching the borehole wall at X , X,, X,
or X, or o - -

o contacts the top of the borehole at LIRS and KoYy
This 1liner behavior 1s {llustrated by examining the case where diametral

clearance, borehole length, and liner weight per unit length are fixed and
total borehole deviation is varied.

_ 17 -
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Small Borehole Deviations

With small bo.ehole deviations, gravity will force the liner to
maintain contact with the bottom of the borehole along its entire length.
Under these conditions, the radius of curvature of the 1liner 1is constant
along 1its entire length and is simply related to the radius of curvature of
the borehole:

B, %
PL=P 2" 77
The borehole radius of curvature is related to the length of the borehole
and the total borehole deviation by the following equationi

(25)

8, = §,(1 - cos ©) (26)

where

L
Gb = B ‘ (27)
Py
The maximum bending stress in the liner occurs on its outside surface along
its entire length and is given by the equation:

Ed

+_©
ZpL

Q

oy = , (28)

B

where the positive sign is used for compressive stresses along the inner
radius of the bend and the negative sign is used for tensile stresses along
the outer radius of the bend. Combining Eqs. 25 and 28,

E d
o = t 0 — ]
B Zpb - db + do

(29)

vhere p, 1s found for a given value of Sb by solving the transcendental
relation represented by Eqs. 26 and 27.

With small borehole deviations, the liner does not contact the top of
the borehole, Consequently, frictional drag of the 1liner against the
borehole wall occurs only along the bottom of the borehole and 1is caused
golely by gravity. The maximum drag occurs just as the liner is fully
inserted into the borehole; thus:

Fe=pwl, . (30)
The total thrust force required to insert the liner into the borehole ig
F, = Fp

where F, 1s zero in cases where drilling i1s not performed simultaneously
with liner insertion operations.

PE (31)

The compressive stress caused by the liner thrust foice is
4 Ft
= TR (32)
n(dO - di)

Ut—
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This stress occurs near the borehole entrance, while the compressive bending
stress determined with Eq. 29 occurs aldng the entlire length of the liner.
The combined maximum compressive stress in the liner can be obtained with
superpogition:

“max = B Y % (33)

using the positive value of o, calculated with Eq. 29.

B

Combined liner insertion stresses along the outer radius of the bend in
the liner are lower than those along the inner radius berause of the tensile
(negative) hending stresses that develop along the outer radius.

Moderate Borehole Deviations

As the total borehole deviation is increased, the liner beging to lose
contact with the borehole at x, and x,. The stiffness of the liner causes
the ends of the liner to be suspanded so6 that they no longer contact the
bottom of the borehole. Under these conditions, the minimum radius of
curvature of the liner occurs where the liner deflects to follow the
curvature of the borehole wall at x,. Furthermore, since the liner does not
contact the top of the borehole in %his case, friction between the liner and
the borehole is the same as in the small-deviation case. As a result, Eqs.
25-33 are also valild for this case in determining the muaximum liner stress.

Large Borehole Deviations

As the total borehole deviation is further increased, two iIndependent
trends develop in the deflection characteristics of the liner:

o Interference between the liner and the borehole occurs when the
liner develops contact with the top of the borehole at » _,y and
Xn1¥Ys. As borehole deviation 1s further increased, the ®cofitact
forcés at these points increase in magnitude.

o The liner loses increasingly more contact with the bottom of the
borehole on either side of x,. Eventually as the total borehole
deviation is further increased, "the radius of curvature of the
bottom of the borehole becomes less than the stiffness of the liner
will allow it to follow. In other words, the distributed contact
about x tends to go to point contact (neglecting the relatively
small amount of force distribution caused by deflection of the liner
cross-section and the rochk surface), Under these conditions, the
bending stress in the liner is not simply related to the borehole
radius of curvature as in the small-deviation casge.

- 20 -




With large borehole deviations, .the bending stress in the liner may be
approximated-; by considering the liner to consist of two cantilevered beams
with the equivalent beam loading shown in Figure 8. The liner orientation
in this figure has been changed slightly to illustrate the near symmetry of
the liner geometry and loading configuration. Since the gravity vector is
not perfectly parallel with the y-axis, the equivalent liner loading due to
gravity includes a small component in the x-direct:on. For the relatively
small borehole deviations of interest, however, this component is very small
and is therefore neglected,

In the equivalent loading shown in Figure 8, P is the contact force
between the liner and the top of the borehole at x_,y and X1 Yo R is one-
half the contact force at x ,¥1. Superposition is used to“aclount for the
effects of gravity and to ensuré that the equivalent beam follows the
trajectory imposed by the borehole. The principle of superposition states
that the total deflection of the liner, 6, is the sum of the deflections for
the two beam cases shown in the figure:

§ = él + 62
Inserting the appropriate equations from Figure 8 into Eq. 34 gives the
deflection of the equivalent beam in terms of the endpoint contact force P,
the length of the borehole, the weight per unit length of the liner w, and
the stiffness characteristics of the liner EI:
wLa . PL3
8EI 3EI

(34)

§ = (35)

In this equation,

L~Ly/2 (36)

for the relatively small borehole deviations under consideration.
Similarly, the slope of the free end of the equivalent beam is the sum of
the respective slopes for cases 1 and 2.

6 =16, +9, ) (37)

Inserting the appropriate equations from Figure 8 into Eq. 37 gives the
result:

wl> L2

6E1 t 2RI

For this case, where the liner contacts the top of the borehole at X
and x,, the relationship between the total borehole deviation and the 1line?

defleCtion results from the follow'ng development. Geometry considerations
produce the relation:

§ = (38)

‘ dO do 9b
§ = (yp +75) - (y, - =5 cos =) . (39)
But
%
2

yl = pb - ’ (40)
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Figure 8 - Equivalent beam loading of liner in boreholes drilled with a non-
steerable bit,
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A

and
g

f
Yo = py, cos —% + E% cos —% (41)
Inserting Eqs. 40 and 41 into 39,
‘ g d -d ]
b b b
§ = pb(l - cos —5) - —“5"9 (1 + cos *E) . (42)

Combining Egs. 35 and 42, we arrive at an expression for determining the
endpoint contact force P as a function of the borehole deviation
characteristics:

9 -d r
3EI . S N fbyy o 3uL
P = L3 tpb(lvgos 2) - > (1 + cos ?)] - TR

This equation is valid for all values of 9b (or Sb) that produce a mnon-zero
value of P,

(43)

The maximum bending moment in the equivalent beam occurs at x

1"
wL2
M(xy) = PL + “5— . (44)
Thus the maximum compressive bending stress in the liner also occurs at Xqt
doL wL
=21 Pt (45)
Since liner curvature is 1limited by Dborehole curvature, the maximum

compressive bending stress at x, has an upper limit defined by Eq. 29. As a
result, the value of ¢, predictéd by Eq. 45 is valid only if it is less than
the wvalue predicted "by Eq. 29. If Eq. 29 predicts a lower value than Eq.
45, then the value predicted by Eq. 29 is the valid prediction. Thus the
maximum compressive bending stress in the liner under all conditions is the
minimum of the values computed according to Eqs. 29 and 45.

The frictional drag force for cases where interference exists between
the liner and the borehole may be found by noting that the liner Iis
constructed of two equivalent cantilevered beams. Summing the contact
forces along the liner and multiplying by the friction coefficient, we
obtain

Fe =24 (P+R) . (46)
From Fig. 8, it is seen that
R =P+ wL . (47)
Inserting Eq. 47 into Eq. 46 and again recognizing that L = Lb/2,
D = - \
Ff i (4P 4 wLb) . (48)

The maximum liner stress can then be calculated for this case by inserting
Eqs. 45, 48, 31, and 32 into Eq. 33.



In summary, the procedure for calculating the maximum stress in a liner
that is being forced into a horizontal borehole drilled with a non-steerable
bit is as follows:

1) Specify E, d, d_, d,

i Y Fb’ Lb, and 61

-
2) Calculate p and 0, with the transcendental expression given in
Eqs. 26 and B7 b
qs. an .

. s 2 2
3) Calculate w = 4 (dO - Ay

4) Calculate L = Lb/2.

1 _ T 4 4
5) Calculate 1 = ol (dO - di ).
6) Calculate P using Eq. 43; if P < 0, set P = 0.

7) Calculate o, using Eq. 45; set (aB)l = 0p.

B )
8) Calculate Ty using the positive value predicted by LEq. 29;
set (aB)2 ="0g.
9) Set 9y to (UB)l or (OB)2’ whichever isg less,

10) Calculate Ff using Eq. 48.
11) Calculate 9. using Eqs. 31 and 32.

12) Calculate using Eq. 33.

[2)
max
This algorithm is incorporated into computer programs DEVIAT2 and STRESS?2,
listed in Appendix A. DEVIAT2 calculates the maximum allowable deviation of
boreholes drilled with a non-steerable bit, STRESS2 calculates the maximum
liner stress as a function of the input conditions.

2.2,2 Vertical Poreholes

The procedure for calculating the maximum stress in a liner that is
being forced into a vertical borehole drilled with a non-steerable bit is
identical to that for a horizontal borehole with one exception. With
vertical boreholes, gravitational forces act in a longitudinal direction and
thus do not significantly contribute to bending stresses caused by borehole
deviation. Because of the limited 26-ft length of the wvertical borehole
under consideration, stresses due to the weight of the hanging liner are
also negligible. As a result, gravitational forces play no significant role
in determining liner stresses in vertical borehole. The only modification
to the above procedure required for vertical boreholes is thus to specify
that w = 0 in step 3.



3.0 POST-EMPLACEMENT LINER STRESSES

When the liner insertion force is removed from the end of the liner at
the completion of insertion operations, compressive forces throughout the
liner relax to residual levels. Schematics of the residual liner loading
configurations for the steerable- and non-steerable-bit cases are shown in
Flgure 9. As the compressive - liner stresses relax, the stored elastic
energy causes the liner to expand slightly in the longitudinal direction,
If 1s it assumed that the ends of the liner do not bind against the torehole
wall, then longitudinal forces at the ends of the 1liner relax to zero,.
Because of symmetry, the liner must expand from the middle of the liner
outward, in both directions. Since friction opposes the outward expansion,
friction forces at all contact points along the length of the liner are
oriented toward the middle of the liner. As a result, residual forces are
largest 1in the middle of the liner. The compressive longitudinal force
there relaxes to the sum of the friction forces along one-half of the liner
length, The residual compressive stresses due to friction in the middle of
the liner are thus one-half of the levels predicted using Eqs. 24 and 48 for
steerable and non-steerable bits, respectively.

The bending stresses imposed on the liner by borehole deviations remain
undiminished after liner insertion. The magnitude of these stresses is the
minimum of the values predicted by Egs. 5 and 20 for the steerable-bit case
and by Eqs. 29 and 45 for the non-steerable-bit case. The relative sizes of
the bending stresses and stresses due to friction dictate the relative size

of residual liner stresses after liner insertion and before waste
emplacement,

Emplacement of nuclear waste into a lined borehole causes further
change in the liner loading configuration:

o the effective weight per unit length of the liner, w, increases
slgnificantly in horizontal boreholes due to the welight of the
containerized waste; and

o the liner begins to undergo thermal expansion due to the thermal
output of the waste.

The magnitudes of these changes iIn loading configuration are discussed
below.

In the sections of a horizontal borehole loaded with waste containers,
the effective weight per unit length of the liner is
W
Y 2 _c
W= (d, - di) YT , (49)

c
where vy 1s the weight per unit volume of the liner material, W, is the
effective weight of a loaded waste contalner, and L is the cffectivé length
of the container. ¢

For example, if a steel liner (y = 489 1b/ft3) with a 36-inch outside
diameter and a 35-inch inside diameter is assumed, the weight per unit
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Figure 9 - Residual liner loading configuration after liner insertion Into
boreholes drilled with steerable and non-gsteerable bits,
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length of the unloaded liner is initially 189 1b/ft. The effective weight
of the waste container in a horizontal borehole Includes the weight of the
container itself (13,211 1b) and the weight of the skid (1,774 1lb), for a
total weight of 14,985 1b (see Appendix C). The effective length of the
waste container is the skid length, 16.7 ft. According to Eq. 49, the
weight per unit length of the fully loaded liner is 1086 1lb/ft. Loading the
liner with waste therefore has a significant effect on the mechanical
loading configuration of the liner.

The liner will be inserted into the borehole at an initial temperature
of 68°F (see Appendix C). The temperature of the borehole wall in the
vertical borehole is predicted to increase to a maximum of 441°F in about 13
years after emplacement, with slightly smaller increases predicted for the
horizontal boreholes (SNL, 1987¢). It is necessary to desgign the liner to
withstand the thermal expansion caused by the 373°F increase in temperature
that could occur during the retrievability period.

Thermal expansion of the liner in the radial direction is given by the
equation (Timoshenko and Gere, 1972),

Or = o % AT ' (50)
where d 1s the initial diameter of the liner, ot}l is the thermal expansion
coefficient of the liner material, and AT is the cHange in temperature_Gtgat
causes the thermal expansion. Assuming a steel liner (o, = 6.3 x 10 "/°F)

(Timoshenko and Gere, 1972) with an average diameter of 35.5 inches, the
result is

Ar = 0.04 inch )

for AT = 373°F. The radial thermal expansion of the liner is not
significant because of the large diametral clearance (=l inch) that will be
employed between the liner and the borehole. Even in cases where bending
already occurs due to interference, the relatively small radial expansion
would not increase bending forces significantly.

The 1liner also undergoes thermal expansion in the longltudinal
direction, Again assuming a steel liner, the thermal expansion coefficient
of the liner mgtgrial is higher than that of the tuff at Yucca Mountain
(= 4.9 x 100 /°"F) (SNL, 1987d). As a result of this difference in thermal
expansion coefficients, the liner would be subjected to rompressive thermal
stresses if it were bonded to the borehole wall as has been suggested. The
magnitude of these stresses would be approximately

O = E (aL - aR) AT , (51)
where a, and are the thermal expanséon coefficients Oof the 1liner and
rock, réspectively. Using E = 30 x 10" psi and AT = 373°F, the result is

O = 17,900 psi
This stress would be superimposed on any residual bending stresses that

exist in the liner. When compared with the yield strength of 1low carbon
steel (=30 k, i), this stress is significant.
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If, on the other hand, the liner were free to undergo unrestricted
longitudinal thermal expansion, the increase in the length of the liner
relative to that of the surrounding rock would be

Ol = (ab —aR) Lb AT ) (52)

where L, is the initial length. This thermal expansion would range from
0.2 incRes for a 26-foot borehole to 2.5 inches for a 350-foot borehole.

The 'above considerations indicate that provigions in the borehole
design should be made to allow the liner to slide within the borehole in
order to limit the magnitude of thermal stresses  that develop. In cases
where there is no interference between the liner and the borehole, the only
forces that oppose thermal expansion of the liner are those that arise from
friction caused by the weight of the liner against the borehole vall, 1In
cases where interference between the liner and borehole wall does occur
because of borehole deviation, additional friction forces develop at the
liner/borehole wall contact points; these forces increase the compressive
thermal stresses that develop in the liner. The following subsections
develop equations for estimating these stresses for the case where the liner
i{s not bonded to the borehole wall. The analysis is again divided into
steerable and non-steerable bits, horizontal and vertical boreholes,

3.1 Boreholes Drilled with a Steerable Bit

The borehole design and thermal loading configuration differ between
the vertical and horizontal borehole orientations. The analysis 1s
therefore divided into two separate subsections below.

3.1.1 Horizontal Boreholes

In a horizontal borehole, it is possible to design the liner such that
{t 1is free to expand along its entire length, including at both ends., This
is accomplished by providing an end clearance between the end of the liner
and the end of the borehole, as shown in Figure 1, and by designing a slip
joint for the liner in the borehole entry region. As 1in the case of
residual forces after liner insertion, symmetry dictates that the maximum
compressive force due to thermal expansion occurs at the middle of the
liner. The loading configuration during thermal expansion is then the game
as the residual loading configuration shown in Figure 9.

The friction force that develops in the middle of the liner is the
force that opposes the sliding of one-half of the liner ingide the horehole,
The magnitude of this friction force is one-half of the value predicted by
Eq. 24, or ’

ML

- b 5 . 7
I'f = "?*E (2[ + //L) y (SJ)

where P is calculated using Eq. 18 (which is valid for the small, moderate
and large deviation cases). The thermal stress that develops in the liner
due to this friction force is compressive and is given by the equation,

(54)



The combined maximum compressive post-emplacement liner stresas ls found by
guperimposing the thermal stress on the bending stress;

A Il (55)

where Ty 1g the minimum of values predicted by Lgs. 5 and 20,

ag = (]
max B

In summary, the procedure for calculating the maxlmum post-emplacement
stregs In a liner in a horizontal borehole drilled with a steerable bit is
as follows:

1) Specify E, db' do’ di‘ v, WC, Lc’ Lb’ Sb' and L.,
2) Calculate w = % (d02 - diz) v wc/Lc'

1 el b e T o X 4 4
3) Calculate [ = 7 (do di ).
4) Calculate P using Eq. 18; 4f P < 0, set P = 0,
5) Calculate M_ using Eq. 13,
6) Calculate ig uging Eq. 20} set (oB)1 = op.

7) Calculate ¢ =g,

2 B
8) Set I to (UB)1 or (UB)Z, whichever 1g less,

using Eq. 5; set (aB)

9) Calculate Ff using Eq. 53,

10) Calculate o using Eq. 54,

th

- y o . 3 S
13) Calculate 9nax Wsing Eq. 55,
This algorithm is incorporated into computer programs DEVIATL and STRESSI,
The programs allow the user to gpecify elther liner Insertion or post-
emplacement conditiong on which to base the calculations for boreholes
drilled with a steerable bit,

3.1.2 Vertical Boreholes

In wvertical boreholes, 1t is assumed that the bottom end of the lilner
rests on the bottom of the borehole, and therefore the liner is not able to
expand longltudinally at the bottom end, The liner thus expands [rom the
bottom upward, meaning that friction forces at all contact points are
directed downward, The maximum friction force during thermal expansion
therefore occurs at the bottom of the liner and 1s glven by Eq. 24, The
procedure for calculating the maximum post-emplacement stress in a liner in
a vertical borehole drilled with a steerable bit is then:

1) Specify E, d

b O ’ 1 L Lb s 6') y and L,

2) Specify w =0,
aleulate T = =X 4 44 '
3) Calculate T e (clo - di ).

4) Calculate P using BEq, 18; 1f P < 0, set P =~ 0,
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5) Calculate M using Eq, 13,

6) Calculate Iy wging Eq. 20; sget (OB)l = Op.
7) Calculate op uging Eq. 5; set (aB)2 =0y

8) Set oy to (aB)l ot (aB)Z, whichever 1lg less,
9) Calculate Ff uging Eq. 24,

10) Calculate o, using 54.

th
11) Calculate o using Eq. 55,
max
This algorithm is also Incorporated Into DEVIATL and STRESSL, The programs
use one set of equations for horlzontal boreholes and another set for
vertical boreholes.

3.2 Boreholes Drilled with a Non-Steerable Bit

The development of equations for predicting post-emplacement liner
gstresses 1n boreholes drilled with a non-steerable bit ls presented In the
next two subsections,

3,2.1 Horlzontal Boreholes

Again it 1s assumed that for horlzontal boreholes the liner is free to
expand longitudinally at both ends, The magnitude of the friction force
that develops in the middle of the liner is one-half of the value predicted
by Eq. 48, or

R _ «
Ff 9 (4P 4 wLb) ) (56)

where P is calculated using Eq. 43, The thermal stress that develops in the
liner due to this friction force 1s compressive and 1s given by Eq. 54, The
combined  maximum compressive stress in the liner 1s then found by
superimposing the thermal stress on the bending stress, as iIn Eq. 55,

In summary, the procedure for calculating the maximum post-emplacement
stress in a liner Iin a horizontal borehole drilled with a non-steerable bit
ig ag follows:

1) Specify E, db' do' dl' v, W, L, Lb’ and 6}

C (o}

) '

2) Calculate p and Py with the transcendental expregsion given in
Feg B ’ :
Egs, 26 and 27,

i

g Tale ate us T . d B - -4
3) Calculate w 4 (d0 di ) 7 A WC/LC.

4) Calculate L = Lh/2.

5 y it T = = b |
5) Calculate I = 64 (dO di )

6) Caleulate P using Eq., 43, if P < 0, set PP = 0,

ALY



7) Calculate o, Using Bq. 45 get (Oﬁ)l = 0,

4
4

8) Calculate Op uging By, 29; sgot (o = ¢

B < Oy
9) Set gy to (aB).l or (UB)?, whichever tg less,

10) Calculate Ff uging Lq., 56,

11) Calculate o,, using Eq. 54,

th

1 ° ; 6
12) Calculate 9 nax uging Eq, 55,
This algorithm 1s incorporated into DEVIAT2 and STRESS2, The programs
allows the user to gpecify either liner Insertion stregses or pogt-
emplacement liner stresses on which to base the calculations for boreholes
drilled with a non-steerable bit,

3.2.2 Vertlical Boreholes

Agaln with vertical boreholes, it is assumed that the bottom end of the
liner rests on the bottom of the borehole, and therefore the liner 1s not
able to expand longitudinally at the bottom end, The maximum frictlon force
during thermal expansion in this case occurs at the bottom of the liner and
is glven by Eq. 48, The procedure for calculating the maximum post-
emplacement stress in a liner in a wvertlcal borehole drilled with a
steerable bit 1s then:

1) Specify E, db' do’ di’ WC, LC, Lb’ and Sb'

2) Calculate o, and o, with the transcendental expression given In
Eqs, 26 and”27, ‘

3) Speclfy w = 0,

4y Calculate L = Lb/Z.

. : . .m 4 4

5) Calculate 1 L (do - d, ).

6) Calculate P using Eq., 43; if P < 0, set P = 0,

7) Calculate (oB)l using Eq, 45,

8) Calculate (aB)2 uglng Eq. 29,

9) Set op to (GE)1 or (03)2, whichever 1s less,

10) Calculate e using Eq. 48.

11) Calculate o using Eq. 54,

th
12) Calculate 9 nax using Eq. 55,
This algorithm is also incorporated into DEVIAT2 and STRESS2., The programs

ugse one set of equations for horizontal boreholes and another set for
vertlcal boreholes,
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4,0 WASTE CONTAINER CLEARANCE CONSTRAINTS

Aslde Erom constralnts caused by liner atresseds, the allowable borehole
deviation 1g limited by the necd to ensure that waste contalners do not bind
againat the inside wall of the liner during emplacement or retrieval
operations, The deviation of boreholes drllled with both steerable and non-
gteerable bita 1g of {intereat, Shown In Filpgure 10 1g a waste contalner
emplaced 1in a lined, non-lincar borehole. The radiuy of curvature of the
liner as shown {g such that interference with the wadgte contalner oaccurs,
The contalner will not pass through a liner with a gharper deviation, 1.e.,
a smaller radius of curvature, Geometry conslderations produce an equation
for the minimum allowable radius of curvature for the liner, basod on
container clearance constraints!

1 L d,

pooly2 e D Y
[P ) g1y + ) Z R SV RS R S LS R
or
Lé clc
-y —— f
(Pa11 = B(d-dy " T2 (57)
c
where dc ig the effective diameter of the waste contalner, Interference
between the waste contalner and the liner can be avolded by ensurlng that
the liner radius of curvature 1s larger than (pL) . In other words, at
all points along the length of the liner, it mugt’ 1 engsured that
B
(Pla11 (58)
The liner radius of curvature, can be calculated using Eq. 1 for
cases where the liner follows the cuLvat&re of the borehole at the contact
points, In cases where the liner radius of curvature at the contact points

1s greater than that of the borehole wall, the liner radius of curvature 1g
glven by the equation

pLm (59)

where M {8 given by M, (Eq. 13) for boreholes drllled with a stecrable bit
and by M(x,) (Eq. 44) £8r boreholes drilled with a non-stcerable bit, These
equations “are used in Section 5 to ensure that waste container clearance
problems can be avolded.




S
]
—
a
I
{

LINER

P=Pa wasTE
CONTAINER

|
Flgure 10 - Waste contalner in a curved sectlon of liner, showlng,
. o o ) -2
Interference between container and liner wall,
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5,0 MAXIMUM ALLOWABLL BOREHOLE DEVIATION

In  this gectlon, the gtress models developed in Sections 2-4 are used
to establigh guldelines on the maximum allowable borehole deviation., Flrat
development of the procedure for establishing these guidelines g discussed,
Specific values are then assigned to the varlables In the wodels, and
borehole deviation specifications are developed for sgpeclflc borehole
configurations of current interest,

5,1 Determination of Maxlmum Allowable Botrehole Deviation

Several modes of frreversible liner deflection are possible for the
configurations of interest:

o plastic deformation, where liner stresses exceed the compressive or
tensile yield strength of the liner mateuial;

o rupture, where liner stresses exceed the ultimate compressive or
tensile strength of the liner material; and

o shell buckling, where instability of the liner cross-section causes
locallzed collapse of the liner.

The borehole configurations under investigation have relatively small
diametral clearances (0,5-6.0 1inches) compared with the dlameter of the
borehole (36.5-42.0 inches). As a result, column buckling is not considered
possible for these borehole configurations,

The potential for shell hbuckling of the liner under these conditions
can be determined by examining the predictions of equations for shell
buckling of thin-wall cylinders. The first case 1ls for uniform longitudiral
compression of a long, thin-wall cylinder, The critical longitudinal
compressive stress at which shell buckling occurs 1is given by  the
theoretical equatlon (Timoshenko and Gere, 1961)

U)oy =~ | (60)

vy 10

where t 1z the thickness of the liner, r is the mean radiug of the liner
crogg-gection, and v 1s Polsgson's ratio for the liner material, Tests with
thin-walled cylinders 1indicate that the actual critical compressive stress
can be as sgmall ag 40% of the theoretical wvalue (Roarke, 1971).
Accordingly, the above equation {1s modified to account for empirical
obgervation:

E t :

(0), = 0.4 ny - . (61)
3 (1-v%)

Similarly, the critical bending moment at which buckling occurs in a
thin-wall cylinder subjected to pure bending 1is gilven by the equation
(Roarke, 1971)

2
B (62)

Mcr = (0,72
1-v°

.95 .




where the constant 0.72 accounts for the empirical observation that the
actual critical bending moment - is about 72% of the theoretical value.
Inserting the relation,

r
cY
oy = T (63)

into Eq. 62, we determine the critical bending stress at which shell
‘buckling of the liner occurs:

_0.72 E 2¢?

I (1-v2)

For a steel liner of the dimensions under consideration (r = 17.75 in.,
t = 0.5 in., % = 30 X 106 psi, I = 8786 in%, v = 0.29; see Appendix C), Egs.
61 and 64 predict

(0g) oy (64)

it

(o) 204 kpsi

cY

and

(oB)Cr = 211 kpsi
Thus the critical buckling stress for both pure compression and pure bending

of the liner is well above the ultimate strength of the liner material (=70

kpsi). According to Timoshenko and Gere (1961), it is safe to assume that
the critical stress for combined bending and compression is above the
critical stress for pure compression, It is thus concluded that the

critical buckling stress for combined bending and compression is well above
the wultimate strength of the liner material. Preventing rupture of the
liner material 1is therefore a more stringent design criterion  than
preventing shell buckling.

To prevent rupture of the liner, the maximum compressive and tensile
stresses must be maintained below the ultimate strength of the liner
material, within a specified safety factor. In other words, the maximum
allowable liner stress is given by the equation,

(Umax)all = 5,/Fg . (65)

where Sg is the ultimate strength of the liner material and Fo is the factor
of safety.

A safety factor of 4 1is cliosen for this analysis. This particular
value is chosen for several reasons:

o The consequences of liner rupture after waste emplacement could be
rather gsevere in that mnormal waste retrieval operations, if
required, could be hampered.

o A safety factor of 4 based on ultimate strength is often used in
other applications where structural failure could pose a safety
hazard (e.g., high-pressure fluid containment).

o Assuming an ultimate strength of 70 kpsi, the vresulting safety
factor against shell buckling of the liner is approximately 12.



o Assuming a liner material yield strength of approximately 35 kpsi,

the resulting safety factor against plastic deformation of the liner
is about 2,

The maximum allowable borehole deviation is defined as the deviation at

which the liner stress reaches its maximum allowable value. A procedure for

using the

liner stregss models to calculate the allowable deviation is

summarized below,

1) Specify S, and FS

2) Calculate the maximum allowable liner stress, (o_ ) , according
to Eq. 65 max’all

3) Calculate the maximum allowable borehole deviation based on liner
insertion stresses:

a.

b.

Assume some small value for borehole deviation amplitude, Sb.

Calculate the maximum liner stress, 0 ax’ for the given set of
conditions according to the appropriate” procedures outlined in:

- Subsection 2.1 for liner insertion stresses 'in boreholes
drilled with a steerable bit;

- Subsection 2.2 for 1liner insertion stresses in boreholes
drilled with a non-steerable bit;

Compare 9 nas with (Umax)all'
- If o ax (o within an acceptable error, the current
value of Sb tﬁe maximum allowable borehole dev1a110n based

on liner 1naert10n stregsses, i.e;
Gy =8,
proceed with step 4.

- If o < (

o ) , increase the estimate of § and return
max max’all b
to stép 3b,

- If o > (

) o ) , reduce the estimate of Sb and return to
scep ¥~ max’all

4) Calculate the maximum allowable borehole deviation based on post-
emplacement liner stresses:

a.

b.

Assume some small value for borehole deviation amplitude, by
Calculate the maximum liner stress, o , for the given set of
conditions according to the approprla%e procedures outlined in:

- Subsection 3.1 for post-emplacement liner stresses in
boreholes drilled with a steerable bit;



- Subsection 3.2 for post-emplacement liner stresses In
boreholes drilled with a non-steerable bit;

c. Compare o with (o

max max)all:

- If = (o, )11 within an acceptable error, the current
value™d¥ 5. is™8fe?maximum allowable borehole deviation based
on post-emplacement liner stresses, 1l.e;

(Blp = &,
proceed with step 5.
I o < (o ) 11° increase the estimate of 6b and return
to s@%é 4, max-a

- If o > (o

) , reduce the estimate of §, and return to
mAx max‘all b
step .

5) Compare the maximum allowable borehole deviation based on liner
insertion stresses with the allowable deviation based on post-
emplacement stresses:

)

- If (Sb)i > (5b)P, then (6b)all = (Eb)P ;

- If (6,0 < (§)p, then (6.) 4y = (6D

where (6

1 ig the maximum allowable borehole deviatlon based on
all liner

)
bs%%esses.

Computer programs DEVIAT1 and DEVIATZ2, listed in Appendix A, have been
written to perform the above procedure for boreholes drilled with both
steerable and non-steerable bits, In addition to performing this procedure,
these programs also check for waste container clearance problems. To do
this, the maximum allowable borehole deviations resulting from the above
procedure are checked according to Egqs. 57 and 58 to ensure that such
deviations would not result in interference between the liner and the waste
container. The programs print a flag in the output file if the calculated
liner radius of curvature under the maximum allowable borehole deviation is
smaller than the minimum allowable radius of curvature.
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5.2 Definition of Conditions for Parametric Study

The primary objective of the parametric study was to determine the
maximum allowable borehole deviation for the borehole configurations and
liner insertion methods listed in Table I.

TABLE 1

EMPLACEMENT BOREHOLE CONFIGURATIONS AND LINER INSERTION METHODS
INVESTIGATED IN PARAMETRIC STUDY

Emplacement Borehole Configuration Liner Insertion Method

Steerable Bit Non-Steerable Bit
Simultaneous Separate Drilling

‘ Number of Drilling & & Lining
Orientation Length, ft Waste Containers Lining Operations
Vertical 26 1 X
Horizontal 32 1 X
Horizontal 42 1 X
Horizontal 58 2 X
Horizontal 75 3 X
Horizontal 270 15 X
Horizontal 350 15 X

As seen in Table I, it 1is assumed that the wvertical and short
horizontal boreholes are drilled with a non-steerable bit, followed by a
gseparate liner insertion operation. The long (> 75 ft) horizontal boreholes
are assumed to be drilled with a steerable bit, with the liner being
inserted simultaneously.

The parameter values that were fixed and those that were varied in the
parametric study are shown in Table II on the following page. A comparison
of these values with those reported in the Reference Information Base (RIB)
of the NNWSI Project (SNL, 1987e) is provided in Appendix C. Justification
for these values is provided in the remainder of this subsection.

The borehole 1liner is assumed to consist of mild steel tubing with a
36-inch outside diameter and a 35-inch inside diameter. The material
properties assumed for mild steel include an ultimate tensile and ultimate
compressive strength of 70 kpsi.



Parameter

TABLE 11
PARAMETER VALUES USED IN
BOREHOLE DEVIATION PARAMETRIC STUDY

Fixed (F) or
Variable (V)

Parameter Value(s)

do' liner outer diameter F

di' liner inner diameter

r, mean radius of liner cross-section
t, liner thickness

E, liner elastic modulus

v, liner weight per unit volume

v, Poisson's ratio for liner material

Su’ ultimate tensile and compressive
strength of liner material

¢, liner/borehole wall friction
coefficient

db' borehole diameter

W, weight of waste container
L., length of waste container
d diameter of waste container

L., borehole length

F , factor of safety

F., drilling thrust

L, borehole deviation wavelength

40 .

F

F

F

I;

I

F

I

36 inches
35 inches
17.75 inches
0.5 inch

6
30 x 107 psi
489 1b/ft>
0.29

70 kpsi

36.5, 37, 38, 39,
40, 41, and 42 in

14,985 1b
16.7 inches
28.75 iInches

26 It for vertical;
32, 42, 58, 75,
270, and 350 ft
for horizontal

4.0

470,000 1b for
lining while
drilling;

0 for liner
insertion only

0 to L, for
boreho?es drilled
with a steerable
hit



Measurements of the friction coefficlent between various types of 1rock
and varlous types of metals are complled by Ortega and Glowka (1984) and
Glowka and Stone (1985). The data indicate that the friction coefficient ig
a functlon of the sliding speed and the presence or absence of water, ag
well as rock and metal types., Most of the avallable data fall in the range
of u = 0,1-0.7. A value reported for steel on "dry tuff" 1s p = 0.6, In
the absence of data for the specific tuff/steel combination of interest,
this 1s the value assumed for this analysis,

Boreholes ranging in diameter from 36.5 to 42 inches are consldered,
This allows an investigation of the cffects of borehole dlameter on
allowable borehole deviations,

The effective weight of the waste container 1s based on the heaviest
waste container specified in the RIB and includes the weight of the skid
uged in horizontal boreholes, The offective length and diameter of the
contalner also include the dimensions of the skid,

The borehole lengths considered in the analysls range from 26 to 350
ft, according to the emplacement confipurations listed in Table T,

The factor of safety assumed in this analysls 1s 4, Justification for
this particular value 1s provided in Section 5.1,

The drilling force imparted to the bit {8 the sum of several
components

Fb = F. F2 + F‘3 + FQ + FS ) (66)

where 1= cutterhead thrust force

5 = dead-weight frictlon attributed to inhole equipment
3 = stabilizer friction

L= rock shearing force

e = gravity component

Eicici

—

o Based upon an estimate provided by The Robbins Co. for a 37-inch
diameter roller bit, the cutterhead thrust force is estimated to be
F, = 150,000 1b (Robbins, 1987).

o The dead-weight friction caused by inhole equipment in horlzontal
boreholes 18 estimated as follows:
- welght of inhole drill motor and bit = 21,000 1b; plus
- weight of muck tubes & cabling = 20,000 1b for 350-ft borehole
15,400 1b for 270-ft borehole
4,300 1b for 75-ft borehole
3,300 1b for 58-ft borehole
2,400 1b for 42-ft borehole
1,800 1b for 32-ft borehole



Sum of welght times frictlon coefficlent (0.6) plves:
I, = 24,600 1b for 350-ft borehola

21,800 1b for 270-ft borehole
15,200 1b for 75-ft borehole
14,600 1b for %8-ft borehole
14,000 1b for 42-ft borehole
13,700 1b for 32-ft borehole

2

Stabilizer frictlon is based on an estimate made by Robbing (1987)
for lateral stabilizing force on a 37-inch drlll blt, Multiplying
the stabilizing force (240,000 1b) by the friction coefficlent
(0,6), the stabilizer friction force FB = 144,000 1b,

It i1s assumed that the leading edge of the liner may be forced to
shear a small rock shoulder produced by a sudden change in dri{ll bit
direction, The rock shoulder in the 37-inch diamter borehole lg
agsumed to be 0.2 inches high and to cover one-fourth of the
circumference of the borehole, The frontal area of the rock
shoulder is then

x (37 in) (0.2 in)/4 = 5.8 in®.

Agssuming a rock unconfined compressive strength of 24,100 pai (171
MPa) (SNL, 1987d),

Fp= (5.8 in?) (24,100 psi) = 140,000 1b.

This rock shearing force value 1s also assumed for other borehole
diameters.

It is assumed that the horilzontal boreholes could be inclined such
that the liner and the iInhole drilling equipment must be pushed up-
gradlent to force it into the borehole. The welght of the liner and
inhole equipment is: 107,200 1b for 350-ft borehole

87,400 1b for 270-ft borehole

39,500 1b for 75-ft borehole

35,300 1b for 58-ft borehole

31,300 1b for 42-ft borehole

28,800 1b for 32-ft borehole

Assuming a worst slopg in the borehole of 3°, the gravity component
lg (welght times sin(37)):

F. = 5,600 1b for 350-ft borehole

4,600 1b for 270-ft borehole

2,100 1b for 75-ft borehole

1,800 1b for 58-ft borehole

1,600 1b for 42-ft borehole

5
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Ingerting the values for Fl through FS into Eq. 66 gives the result:

Fb = 464,000 1b for 350-ft borehole
460,000 1b for 270-ft borehole
451,000 1b for 75-ft borehole
450,000 1b for 58-ft horehole
450,000 1b for 42-ft borehole
449,000 1b for 32-ft borehole

Because these thrust force values are within 3.3% of each other, a single
value is appropriate for all borehole lengths. The value chosen for this
analysis is the largest of the calculated values, rounded up to two
significant digits: Fb = 470,000 1b.

Finally, for boreholes drilled with a steerable bit, the deviation
vavelength considered in the analysis ranges from zero to the length of the
borehole. Larger wavelengths are considered not valid for the present
stress models; at least one full wavelength is necessary to approximate the
bending configuration assumed in the stress model development.

5.3 Parametric Study Results

Results of the parametric study are tabulated in Appendix B. The
various tables present the calculated maximum allowable borehole deviation
for the range of conditions assumed in the study. Selected results are
discussed below, first for boreholes drilled with a non-steerable bit.
Results for boreholes drilled with a steerable bit are more complex and are,
therefore, presentad second,

5.3.1 Boreholes Drilled with a Non-Steerable Bit

The maximum liner stres , generally increases with the borehole
deviation, Becauge of the chaE§¥ng liner loading configuration with
increasing Beviation, the relationship between o and 8§ 1s somevhat

complex., Figure 11 illustrates this relationship for"ahorizontgl boreholes
drilled with a non-steerable bit (i.e, monotonic deviation).

The ¢ vs. 8§, curve displays three regions. In Region A (small
borehole @eviations), the liner rests on the bottom of the borehole with
contact along its entire length, Since the liner 1s forced by gravity to
follow the curvature of the borehole in this case, the maximum liner stress
is dependent on the magnitude of the curvature, which in turn is a functilon
of the borehole deviation. The ¢ vs. 8§ curve thus has a positive slope
in Region A, The diameter of the P8¥ehole Ras no effect in thls region
since the liner does not contact the top of the borehole.

In Region B (moderate borehole deviations), contact is lost between the
ends of the liner and the bottom of the borehole. Borehole deviation in
this case has reached the po/nt where the liner stiffness prevents the liner
from following the borehoie curvature as deviation is further increased.
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Figure 11 - Effects of borehole deviation on maximum liner stresses for
boreholes drilled with a non-steerable bit.
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Theoretically, the liner in this state is balanced about its midpoint, with
both ends cantilevered as shown in Figure 11, Since the liner ends do not
contact the borehole wall in this state, small increases in borehole
deviation have no effect on 1liner loading. In other words, o a is
independent of §_ over some finite range of Sb, and the curve thus has" Bero
slope in Region B.

In Region C (large borehole deviations), the top of the borehole
interferes with the ends of the liner. The liner is thereby subjected to
increased bending as borehole deviation is further increased. The o x VI
8, curve thus has a positive slope in Region C. The maximum liner oPP8ss 1s
a?so strongly dependent on borehole diameter in this region because of the
effect of diameter on the interference with the top of the liner.

These general behavior trends are seen 1in the calculated results
presented 1in Figure 12, Shown here are the maximum liner stresses based on
post-emplacement loading in a 40-inch borehole for various horizontal
borehole lengths. (See Table B.3 for tabulated results). Note that the
curves for the 58- and 75-ft boreholes display all three regions illustrated
in the previous figure. Results were not computed for stress levels low
enough to show the Region A portions of the 32- and 42-ft curves.

Also shown 1in Figure 12 1s a dashed line that represents the maximum
allowable liner stress of 17,500 psi. This allowable stress 1s obtained by
dividing the ultimate compressive strength of the liner material, S , by the
assumed safety factor, F_, of 4. The point of intersection of each curve
with the allowable stres® line defines the maximum allowable deviation based
on post-emplacement stresses, (Sb) . Note that the curve for the 58-ft
borehole intersects the allowablé Btress line in its Region C portion, as do
the curves for the 32- and 42-ft boreholes. The maximum allowable borehole
deviation for these borehole lengths should thus be a function of the
borehole diameter, The 75-ft-borehole curve, however, intersects the
allowable stress line in 1its Region A portion., As a result, the maximum
allowable borehole deviation for the 75-ft borehole should be independent of
borehole diameter,

These conclusions are confirmed in Figure 13, where the maximum
allowable borehole deviation based on post-emplacement loading, (8, ) , is
plotted against borehole diameter for various borehole lengths. p(For
tabulated results see Table B.2). The results show that with the 75-ft
borehole, the 1liner reaches 1its maximum allowable stress level at a
relatively low deviation of about 13 inches, regardless of the borehole
diameter. The stiffness (EI/L,) of the liner with this large L, is too
small to allow the liner Yo reach the Region B configuratioén without
exceeding the allowable stress. Since the liner rests on the bottom of the
borehole in this case, the borehole diameter has no effect on the borehole
stresses or the allowable deviation. Results for the shorter boreholes, on
the other hand, indicate that interference with the top of the liner occurs,
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ag in Region C. The allovable deviations are thus strong functions of the
b@rehole diameter for these shorter boreholes.

% For comparison, the calculated values of the maximum allowable borehole
deviation based on liner insertion stresses, (§ ),, are plotted in Figure
14. (See Table B.1 for tabulated results.) The lgaéing configuration for
liner insertion without simultaneous drilling is sufficlently different from
post-emplacement loading that the curve for the 75-ft borehole is
significantly different., This empasizes the need 1in any borehole to
examine both liner insertion stresses and post-emplacement liner stresses to
determine which conditions place more stringent restrictions on borehole
deviation,

The tabulated results for boreholes drilled with a non-steerable bit
indicate that 88-97% of the 1liner stresses that occur at the maximum
allowvable borehole deviation are bending-induced, with the remaining 3-12%
caused by friction against the borehole wall.

5.3.2 Boreholes Drilled with a Steerable Bit

As in the case with the non-steerable bit, the liner stresses that
develop in. cyclicly deviating boreholes are also a complicated function of
the deviation magnitude. Shown in Figure 15 1s a schematic for an arbitrary
borehole diameter and deviation wavelength., Three regions are again evident
along the ¢ vs. 8 curve. In Region A (small borehole deviations), the
liner rests"@8 the bOttom of the borehole and follows its curvature along it
entire length. Since the borehole curvature is a function of the borehole
deviation amplitude, there is a strong effect of § on § in this range.
Thus the o vs. 8 curve has a positive slope in RegioﬂaxA. Since the
borehole Cffvature is also a function of the deviation wavelength, L, it is
clear that L also has a strong effect on o in this range. Since the
borehole does not contact the top of the #ner in this region, there is no
effect of borehole diameter in Region A.

In Region B (moderate borehole deviations), the stiffness of the liner
prevents it from following the increasing curvature of the borehole as
deviation is further increased. Contact between the liner and the bottom of
the borehole is lost at the low point in each deviation cycle. Since the
top of the borehole is not yet contacting the liner, and since the liner no
longer follows the borehole curvature, there 1is no effect of increasing
borehole deviation amplitude on the 1liner stresses in this case. As a
result, the slope of the O ax VS Sb curve in Region B is zero.

In Region C (large borehole deviations), borehole deviation is so large
that the top of the borehole beging to interfere with the top of the liner
at the low point in each deviation cycle. Increased deviation places the
liner under increasingly higher bending loads. As a result, the slope of
the o ax. Vs 8, <curve 1is positive in Region C. Furthermore, both the
borehol8 diameter and the deviation wvavelength have strong effects on the
bending loads and thus Orax in this region.
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Figure 14 - Calculated maximum allowable borehole deviation based on liner
insertion stresses (no simultaneous drilling) in boreholes

drilled with a non-steerable bit.
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These general behavior trends are seen in the calculated results
presented in Figure 16. (See Table B.4 for tabulated results). Shown here
are the mawimum liner stresses for a 40-inch-diameter, 350-ft-long
horizontal borehole, based on post-emplacement loading. Results are shown
for various deviation wavelengths, L. Note that the curves for wavelengths
of 58, 75, and 90 ft display all three regions illustrated in the previous
figure. Results were not computed ror stress levels large enough to show
the Region B and C portions of the 120- and 140-ft curves.

Also shown 1in Figure 16 is a dashed line that represents the maximum
allowable liner stress of 17,500 psi. Note that the curves for the 58- and
75-ft wavelengths intersect the allowable stress line in their Region C
portions. Curves for larger wavelengths (90, 120, and 140 f£ft), hovever,
intersect the allowable stress line in their Region A portions. The
allowable borehole deviation therefors undergoes a significant drop 1in
magnitude between deviation wavelengths of 75 and 90 ft.

This effec¢ is further illustrated in Figure 17, where the maximum
allowable deviation based on post-emplacement loading, (8b) , 1s plotted
against devirtion cycle wavelength. (See Table B.5 for tabulatBd results).
Note that tlie curves for all borehole diameters undergo a discontinuity at &
wavelengtn of about 80 ft. (Results were calculated for discrete values of
L =2very 5 ft; thus an uncertainty of I5 ft exists in the location of the
discontinuity points. It should also be noted that the discontinuity for a
borehole diameter of 36.5 inches is too small to discern in this figure.)
These discontinuities, as explained above, are due to a sudden change with
wavelength in the liner configuration that exists when the maximum allowable
stress is attained. To the left of the discontinuities, the allowable
stress 1is attained when interference occurs between the top of the borehole
and the top of the liner, as in Region C. In this region, the 1liner
stresses and thus the allovwable borehole deviation are strongly dependent on
the borehole diameter. To the right of the discontinuities, the deviation
cycle wavelength is so large that the liner cannot support itself and is
therefore forced by gravity to rest along the bottom of the borehole, as in
Region A. 1In this region, the borehole diameter has no effect on the liner
stresses or the allowable deviation; thus all the curves collapse to a
single curve to the right of the discontinuities.

The results in Table B.5 also indicate that to the left of the
dicontinulities, the liner stress goes from being about 2% bending-induced at
small L to about 88% bending-induced at the discontinuities. To the right
of the discontinuities, the liner stress 1is consistently 88% bending-
induced, with only 12% due to friction against the borehole wall. This
indicates that small deviation wavelengths lead to multiple interference
points between the liner and the bhorehole, resulting in signiticant
friction-induced stresses. Larger deviation wavelengths 1lead to fewer
interference points and lower friction, resulting in larger allowable
bending stresses and, therefore, larger allowable deviation amplitudes.

Similar results are predicted for the 270-ft horizontal borehole, as
shown in Figure 18. The maximum allowable borehole deviation amplitudes
based on post-emplacement liner stresses are, in general, higher for the
270-ft borehole than for the 350-ft borehole. This is because of the
shorter, lighter liner in the shorter borehole and the reduced number of
interference points for a given deviation cycle wavelength.
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Figure 16 - Calculated post-emplacement liner stresses as a function of
borehole deviation characteristics in a 350-ft horizontal
borehole drilled with a steerable bit.
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Figure 18 - Calculated maximum allowable borehole deviation based on post-
emplacement liner stresses in a 270-ft horizontal borehole
drilled with a steerable bit.
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For comparison, the maximum allowable borehole deviation amplitudes
based on liner insertion stresses, (Sb)i, are shown in Figures 19 and 20 for
350-ft and 270-ft horizontal boreholes drilled with a steerable bit. The
detailed results are tabulated in Table B.6. In this case, simultaneous
drilling and 1lining is assumed. The thrust force transmitted through the
liner to the steerable drill bit increases liner stresses and therefore
decreases the allowable borehole deviation. As a result, the allowable
deviation based on liner insertion stresses 1is generally lower than the
allowvable deviation baseéd on post-emplacement liner stresses; i.e., liner
insertion operations generally impose more severe restrictions on borehole
deviation than does the thermal expansion process. This is not true for the
full range of deviation wavelength, however.

During liner insertion, the liner is not mechanically loaded by the
weight of the waste containers. The effect of gravity on liner deflection
is therefore not as significant in this case as in the post-emplacement
case. The smaller effect of gravity for the liner insertion case results in
a larger wavelength range over which Region C-type loading is possible. The
curves for liner insertion collapse to a single curve at a deviation
vavelength of about 140 ft, as opposed to 80 ft for the post-emplacement
case. As a result, the maximum allowable borehole deviation based on liner
insertion stresses, (8, ),, is greater than the allowable deviation based on
post-emplacement stresseés, (Sb) , over a portion of the wavelength range,
from about 80 to 140 ft. IR Bther words, post-emplacement stresses impose
more severe restrictions on borehole deviation than liner insertion stresses
over a 60-ft range in deviation wavelength., This again illustrates the need
to examine both liner insertion and post-emplacement liner stresses when
determining the allowable deviation for a given borehole.

5.3.3 Short Boreholes with Cyclic Deviation

The results for long boreholes drilled with a steerable bit indicate
that the allowable interference between the liner and the borehole vanishes
as the deviation wavelength goes to zero (see Figures 17-20). In other
words, at L = 0, the maximum allowable borehole deviation goes to one-half
the diametral clearance (d, - d ) between the liner and the borehole. This
suggests that cyclic deviation iR short boreholes may not be allowable 1if
the deviation results in significant interference between the liner and the
borehole.

To investigate this concern, the steerable-bit computer program
(DEVIAT1) was exercised for the short horizontal boreholes. The maximum
allowable borehole deviation based on liner insertion stresses (no
simultaneous drilling) was calculated, as was the maximum allowable borehole
deviation based on post-emplacement stresses. The results are compiled in
Tables B.5 and B.7. Selected results for the 75-ft borehole are presented
in Figures 21 and 22.

As seen in both of these figures, the maximum allowable borehole
deviation 1is indeed very close to one-half the diametral clearance between
the liner and the borehole under all conditions. This confirms that with
the shorter boreholes (£ 75 ft), cyclic deviation cannot be tolerated if the
deviation amplitude results in significant interference between the liner
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Figure 19 - Calculated maximum allowable borehole deviation based on liner
insertion stresses (with simultaneous drilling) in a 350-ft
horizontal borehole drilled with a steerable bit.
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and the borehole. Cyclic deviation that results in significant interference
is allowvable only in the long boreholes, and then only as large-wavelength
deviationg.

5.3.4 Vaste Container Clearance

The tabulated results for both the steerable- and the non-steerable-bit
cases indicate that waste container clearance is not a problem in borehole
configurations of current interest. The calculated minimum allowable liner
radius of curvature based on interference between the container and the
inside of the liner 1is about 66 ft (see Appendix B). Under no condition
assumed in the parametric study is the liner radius of curvature 1less than
this minimum value if the borehole is drilled within the allowable borehole
deviation based on liner stresses.

5.4 Discussion and Interpretation of Results

In this section, several topics are discussed that relate to the
results of the parametric studies.

5.4.1 Generalized Interpretation

It has been shown that the contact forces that develop at the bends in
the liner also produce friction forces that tend to resist sliding of the
liner in the borehole. The larger the number of contact or interference
points, the greater the total resistance against sliding becomes. As a
result, the frequency of changes in borehole direction that result in
interference between the liner and the borehole should be minimized.

Based on this observation, a more general interpretation of the results
is offered. Actual boreholes would not follow the ideal shapes assumed for
boreholes drilled with steerable and non-steerable bits but rather would
deviate in a more random manner. The total borehole deviation at any point
along the botehole can be considered to be the superposition of cyclic
components that occur on three broad scales:

1) a small-wavelength scale, where the wavelength 1is an order of
magnitude smaller than the length of the borehole (i1.e.,
L < Lb/lO);

2) a medium-wavelength scale, where the wavelength ranges from the
length of the borehole down to the small-wavelength scale (i.e.,
L, /10 < L < Lb); and

b

3) a large-wavelength scale, where the wavelength is larger than the
length of the borehole (i.e., L > Lb).

Superposition of these different-scale deviation components to represent a
general borehole configuration is similar in concept to a Fourier series.

Small-wavelength deviation components are characterized by the assumed
geometry of the borehole drilled with a steerable bit where the deviation
undergoes many cycles (more than 10). Such components tend to impose on the
liner large compressive stresses due to friction. The calculated results
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indicate that the amplitude of small-wavelength deviation components must
not be much larger than one-half the diametral clearance between the liner
and the borehole if tune combined liner stresses are expected to be below the
maximum ailowable liner stress defined in this study. In other words, any
small-vavelength deviation components that exist in either short or long
boreholes must not have amplitudes large enough to cause significant
interference between the liner and the borehole wall,

Medium-vavelength deviation components are characterized by the
geometry where the deviation undergoes from one to ten cycles, Medium-
wavelength deviation components that result in significant interference are
allovable only in the 270-ft and 350-foot horizontal boreholes. Medium-
wavelength components in the shorter boreholes are allowed amplitudes only
slightly larger than one-half the diametral clearance.

Large-wavelength deviation components are characterized by the assumed
geometry of the borehole drilled with a non-steerable bit. In other words,
the geometry of the borehole drilled with a non-steerable bit is similar to
the geometry of a borehole drilled with a steerable bit where the deviation
undergoes only one-half cycle. Such borehole deviation components tend to
impose on the liner large bending stresses and relatively small compressive
stresses due to friction. Large-wavelength deviation components that result
in significant interference between the liner and the borehole are allowable
with all bcrehole lengths. The single bend, as opposed to multiple bends,
in the 1liner for large-wavelength deviation components tends to moderate
stresses caused by sliding friction. The allovable deviation amplitude for
large-wavelength deviation components is significantly greater than one-half
the diametral clearance for all borehole lengths,

5.4.2 Liner Survivability

An issue of interest is how liner survivability during liner insertion
operations compares with liner survivability during thermal expansion. It
has been shown that is some cases, liner insertion stresses are higher than
post-emplacement stresses, Under those conditions, a liner that survives
insertion into any borehole, regardless of 1its deviation, sghould also
survive the thermal expansion process following waste emplacement,

In other cases, post-emplacement liner stresses have been found to be
higher than liner insertion stresses, In such cases, successful liner
insertion does not necessarily guarantee survival under post-emplacement
thermal loading. A significant safety factor has been incorporated into the
analygis, however. It is therefore likely that if a liner can be inserted
into a given borehole without undergoing severe plastic deformation, then
the liner will not rupture or collapse under post-emplacement loading 1in
that borehole, regardless of the borehole deviation.

5.4.3 Effects of Binding

If one end of a liner in a horizontal borehole should happen to bind
against the borehole wall during thermal expansion, stresses throughout the
liner would increase. The loading configuration for this case would be
similar to that assumed for post-emplacement loading in vertical boreholes.
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Because of the relative sizes of bending and longitudinal friction
stresses, the combined stresses caused by large-wavelength  borehole
deviation components would not increase sgignificantly if one end of the
liner binds against the borehole wall,

Liner stresses caused by small-wavelength deviation components, on the
other hand, are largely composed of longitudinal friction stresses.
Doubling these friction stresses by restraining one end of the liner would
therefore have a significant effect on combined liner stresses. Because of
the safety factor employed, however, the combined stresses would still
remain below the yield strength of the liner material.

5.4.4 Point-Contact Assumption

The liner stress models developed in this report assume that when the
radius of curvature of the liner is greater than that required to follow the
curvature of the borehole, any contact between the liner and the borehole is
a point contact, In reality, the contact loads (P) calculated with the
models for the configurations of interest are large enough that 1local
deflection of the liner cross-section would occur (see the tabulated data in
Appendix B). The geometry of the liner within the borehole 1s such that
very small deflections of the liner cross-gection at a contact point are
sufficient to spread the load over a significant length. Because of this
load distribution and the relative stability of the liner crogs-section, it
is not expected that liner collapse due to lateral 1loading would occur
before the maximum compressive stress due to bending and friction reaches
its allowable level, More work using refined liner stress models would be
necessary to fully investigate the implications of the point-contact
assumption,

A model that includes the effects of load distribution at the contact
points would predict slightly larger sliding friction forces and slightly
smaller bending stresses than those predicted using the point-contact
assumption. ' Thus the error caused by the point-contact assumption 1in
calculating the total liner stress tends to be self-canceling and is further
accomodated by the safety factor and other conservative features
incorporated into the analysis.

5.5 Specifications for Selected Borehole Configurations

The results obtained in the parametric study can be used to determine
borehole deviation specifications for a wide wvariety of  borehole

configurations. At the present point in repository design, a borehole
diameter of 37 inches is attractive from the standpoint of feasibility and
economy. This subsection develops borehole deviation specifications for

this particular diameter and the various borehole orientations and lengths
currently under consideration,

Possible uses of emplacement borehole deviation specifications include:
o as a measure of performance against which to judge proposed drilling

methods to determine if they meet drilling accuracy requirements;
and
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o as a quality control measure to evaluate each borehole after 1t is
drilled to verify its acceptability for liner installation and waste
emplacement.

In developing specifications for the borehole geometries of interest,
it is assumed that the deviation of any emplacement borehole can be
categorized as being either primarily cyclie or monotonic 1in nature.
Borehole deviation specifications are developed for each category in the
following subsections, The criteria for determining which category is
applicable for a given drilling method is also discussed.

5.5.1 Monotonically Deviating Boreholes

Purely monotonic deviation is similar to that assumed for boreholes
drilled with a non-steerable bit, as shown in Figure 7. The total deviation
at the end of the borehole, 8§ , is the measure of deviation magnitude 1in
this case. A primarily monotonic borehole deviation is one where the
primary deviation 1s monotonic but where cyclic deviation components may
also exist. Such a geometry may be a more realistic one than the idealized
geometry assumed for boreholes drilled with a non-steerable bit, The
stiffness of the drill string in such cases may be sufficlent to dampen any
small-wavelength deviation components to low levels but may not be able to
resist gradual lateral movement caused by gravity and rock anisotropy.

It has been shown that cyclic deviation components do not cause
interference between the liner and the borehole unless the amplitude of such
components 1s greater than one-half the diametral clearance (d, - d )
between the liner and the borehole., It is then safe to assume that a cycl?c
deviation component with an amplitude less than one-half the diametral
clearance does not contribute significantly to liner stresses.

It follows that such small cyclic deviation components can be
superimposed on the monotonic deviation component without significantly
increasing liner stresses, as long as the maximum allowable (end-to-end)
borehcle deviation for the monotonic component is not exceeded, It is thus
concluded that the maximum allowable borehole deviation is controlled by the
monotonic deviation component as long as the amplitudes of the cyclic
deviation components are less than one-half the diametral clearance betveen
the 1liner and the borehole, The specifications that result from this
reasoning are summarized in Table III on the following page.

5.5.2 Cyclicly Deviating Boreholes

Purely cyclic deviation 1s similar to that assumed for boreholes
drilled with a steerable bit, as shown in Figure 5. The amplitude of the
cyclic deviation, 8, , is the measure of the deviation magnitude in this
case. A primarilg cyclic borehole deviation is one where a primary cyclic
deviation component is superimposed on a relatively minor monotonic
deviation component., Minor cyclic deviation components of different
wvavelengths than the primary component may also be present. Such a geometry
may be a more realistic one than the 1dealized geometry assumed for
boreholes drilled with a steerable bit. Instead of deviating about a
straight line, the borehole under primarily cyclic deviation deviates about
a monotonic curve that deviates from a straight line.
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TABLE 111
BOREHOLE DEVIATION SPECIFICATIONS
FOR 37-INCH DIAMETER,
MONOTONTCALLY DEVIATING BOREHOLES

Magimum Allowable Borehole Deviation,

Monotonlc Component Cyclic
Borehole Borehole (Total deviatlon at Component

Orientation Length, ft and of borehele) (all wavelengthsy)
Vertical 26 4,93 0.5
Horizontal 32 5.42 0.5
Horlzontal 42 G.40 0.5
Horizontal 58 8.2 0,9
Horlzontal 75 12.5 0.5
Horlzontal 270 B2.8B 0.5

155
Hlor{zontal 350 136 = 0.5

252

t Both monotonic and cyclic deviation components of the magnitudes shown
are allowed simultaneously, but the total end-to-end borehole deviation

should not exceed that shown for the monotonic component,

* Speclfiications for the long boreholes are of the format:

where S] = gpeclfication assuming simultaneous drilling and lining (value

taken as the minimum of values from Tables B.2 and B.8)

Sy = gpecification assuming separate lining operation (value taken

as the minimum of values from Tables B,1 and B, 2)

All other speclfications assume separate drilling and lining operations

and are taken ag the minimum of values from Tables B,1 and B, 2.
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It 1is reasonable to assume that a steerable drilling system would be
capable of meeting the same deviation specifications for the monotonic
deviation component as for the primary cyclic deviation components, "The
results tabulated in Table n.2 indicate that liner stresses are negligible
if the amplitude in monotonic deviation ig only of the same order as the
ﬁlloyable amplitude for cyclice deviation components in the same size

orehole.

It 1s again recognized that significant liner stresses do not develop
as a vresult of cyclic deviation unless the amplitudes of the cyclic
components exceed ohe-half the diametral clearance between the liner and the
borehole. It follows then that small secondary cyclic deviation components
and a small monotonic deviation component may be superimposed on the primary
cyclic deviation component without significantly increaging liner stresses,
ag long as the maximum allowable borehole deviation for the primary
component 1s not exceeded at any point along the borehole., It 1s concluded
that the maximum allowable borehole deviation is controlled by the primary
cyclic deviation component as long as:

o the amplitude of the monotonic component is no larger than that of
the primary cyclic component; and

o the gecondary cyclic components do not have amplitudes larger than
one-half the diametral clearance or result in total borehole
deviation at any point that exceeds the allowable deviation of the
primary cyclic component.

The gpecifications that result for this case are shown in Table IV on the
following page.

5.5.3 Interpretation of Borehole Deviation Specifications

The specifications 1listed in Tables II1 and IV can be viewed as two
gseparate options for borehole geometry. If it is not possible to tightly
control overall borehole deviation of a monotonic nature, as with a non-
steerable bit, then cyclic deviation amplitudes must be maintained at
relatively low 1levels (one-half the diametral clearance between the liner
and the borehole). The use of near-bit stabilization and oversize drill
string to increase drill string stiffness may be all that ig necessary to
adequately control cyclic devlation components.

If is 1s possible to maintain tighter control on overall monotonic
deviation, as with a steerable bit, then a larger cyclic deviation amplitude
is allowable. For short boreholes, this 1increase in allowable cyclic
deviation amplitude is negliglible; the allowable cyclic deviation amplitude
is only slightly larger than one-half the diametral clearance. For the long
(>75 ft) horizontal boreholes, however, significant increases in allowable
deviation amplitude are possible with larger deviation wavelengths. The
fewer the number of significant bends in the liner, the fewer the number of
interference points between the liner and the borehole and the greater the
allovable amplitude of the cyclic and monotonic deviation components.

The specifications developed here do not appear to be too severe for
the drilling methods proposed. If future work finds that the required
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TABLE IV

BOREHOLE DEVIATION SPECIFICATIONS

FOR 37-INCH DIAMETER,

CYCLICLY DEVIATING BOREHOLES

Maximum Allowable Borehole Deviation, in.t

Borehole  Length, =----------- Deviation Cycle Wavelength (ft) -----------

Orienpation ft 5 16 26 32 42 58 75 135 175 _270 _350

Vertical 26 0.50 0.51 0.55

Horizontal 32 0.50 0.51 0.55 0.58

Horizontal 42 0.50 0.51 06.55 0.58 0.65

Horizontal 58 0.50 0.51 0.54 0.57 0.64 0.78

Horizontal 75 0.50 0.51 0.54 0.57 0.63 0.77 0.93

Horizontal 270 * 0.50 0.50 0.51 0,52 0.54 0.60 0.70 1.26 2.16 5.18
0.50 0.51 0.52 0.53 0.58 0.71 0.88 2.37 4.06 9.67

Horizontal 350 * 0.50 0.50 0.51 0.52 0.54 0.59 0.67 1.23 2.12 5.08 8.53
0.50 0.50 0.5L 0.53 0.57 0.69 0.87 2.30 3.94 9.39 15.8

Maximum allowable borehole deviation = primary cyclic deviation component
amplitude.

A monotonic deviation component of the same magnitude 1is allowed
simultaneously.

Secondary cyclic deviation components of any wavelength are also allowed
simultaneously if their combined amplitudes do not exceed 0.5 inch or
cause the total deviation at any point to exceed the specification for
the primary cyclic component.

Specifications for the long boreholes are of the format:

S )

[

where Sy specification assuming simultaneous drilling and lining (value

taken as the minimum of values from Tables B.5 and B.8)
82 = gpecification assuming separate lining operation (value taken
as the minimum of values from Tables B.5 and B.7)

All other specifications assume separate drilling and lining operations
and are taken as the minimum values from Tables B.5 and B.7.
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specifications cannot be met with a particular drilling method or borehole
length, a viable option in most cases would be to increase the borehole
diameter. This would increase the maximum allowable deviation for the
monotonie deviation component as well as for small-vavelength cyclic
deviation components. Procedures similar to those used in compiling Tables
III and IV would have to be followed to develop specifications for larger
diameter boreholes, using the tabulated data in Appendix B.
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6.0 CONCLUSIONS

The following conclusions can be drawn from the results presented 1in
this report:

L))

2)

3)

4)

5)

6)

7)

The mechanical loading configuration for emplacement borehole liner
insertion operations is significantly different from the loading
that results after waste emplacement, The weight and thermal
output of the waste containers significantly modify the
distribution and magnitude of liner stresses.

The cross-section of the steel liner under consideration 1is
relatively stable in that the predicted stress required to cause
shell buckling is well above the ultimate strength of the liner
material.

Liner stresses can be directly related ‘to borehole deviation,
allowing specifications to be developed for allowable borehole
deviation. Preliminary specifications for borehole deviation have
been established for 37-inch boreholes ranging from 26 to 350 ft in
length.

The primary constraint on borehole deviation is that the number of
points of interference between the liner and the borehole wall must
be limited. In other words, the number of significant changes 1in
borehole direction must be maintained as swall as possible.
Significant changes here are defined as those  that cause
interference (frictivn) between the liner and the borehole wall.
In short boreholes, significant changes in direction should not
occur more than once or twice over the borehole length. 1In the
longer (> /5 ft) boreholes under consideration, changes in borehole
direction that cause interference should not occur more than three
or four times over the borehole length.

Constraints on borehole deviation can, in general, be relaxed by
drilling a larger diameter borehole to provide a larger diametral
clearance between the liner and the borehole. For the 36-inch
diameter borehole liner considered in the parametric study, the
allowable borehole deviation for a 38-irch borehole is up to twice
that for a 37-inch borehole, depending upon the deviation
characteristics.

With all borehoie configurations, the liner must be able to slide
in the borehole in response to tuermal expansion stresses if
adequate safety against plastic deformation and possible failure of
the liner s to be ensured. The design of horizontal boreholes
should include provisions for liner expansion at both ends.

A case-by-case examina.ion of results is necessary for most
borehole configurations to determine whether liner insertion
stresses or post-emplacement stresses impose more stringent
constraints on maximum allowable borehole deviation.

- 67 -



|

i

8)

9)

A liner that survives insertion into the borehole without severe
plastic deformation should, in most cases, also survive the thermal
expansion process following waste emplacement. Again, however, a
case-by-case examination of results 1s necessary to determine
vhether liner insertion operations or post-emplacement stresses are
more severe.

Under the conditions (liner diameter, waste contalner diameter,
waste container length, etc.) assumed in this study, no problems
with interference between the waste containers and the inside wall
of the liner should be encountered 1if borehole deviation
specifications based on liner stresses are satisfied.
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7.0 NOMENCLATURE

mean diameter of liner cross-section (in)
borehole diameter (in)

effective diameter of waste contalner (in)

liner inside diameter (in)

liner oustide diameter (in)

modulus of elasticity of liner material (lh/inz)

drilling thrust force transmitted to bit through liner in
simultaneous drilling and lining operations (1b)

total friction force resisting sliding between liner and
borehole wall (1b)

safety factor

thrust force required to insert liner into borehole (1b)

moment of inertia for liner cross-section (ina)

borehole deviation wavelength for boreholes drilled with a
steerable bit (in)

one-half borehole 1length for boreholes drilled with a non-
steerable bit (in)

borehole length; also assumed liner length (in)

effective length of waste container (in)

critical 1liner bending moment at which shell buckling occurs
(in-1b)

maximum liner bending moment in boreholes drilled with a
steerable bit (ft-1b)

maximum liner bending moment in boreholes drilled with a non-
steerable bit (ft-1b)

number of borehole deviation cycles = L}/L for boreholes drilled
with a steerable bit >

contact force between liner and top of borehole (1b)



Ax

(60 a11

(604

(5b)P

(6,)

A
ST

mean radius of liner cross-section (in)

change in liner radius due to thermal expansion (in)

one-half of reaction force between liner and bottom of borehole
(1b)

ultimate strength of liner material (lb/an)

thickness of liner cross-section (in)

change in liner temperature after waste emaplcement (OF)
liner weight per unit length (lb/in)

effective welght of loaded waste contalner (1b)
thermal expansion coefflcient of liner material (OF_1

thermal expansion coefficient of tuff (rock) (OF-l)

)

welght per unit volume of liner material (1b/in3)

midpoint deflection of liner in boreholes drilled with a
steerable bit (in)

endpoint deflection of liner in boreholes drilled with a non-
steerable bit (in)

borehole deviation amplitude (in)

maximum allowable borehole deviation amplitude based on all
liner stresses (in)

maximum allowable borehole deviation amplitude based on liner
ingsertion stresses (in)

maximum allowable borehole deviation amplitude based on post-
emplacement liner stresses (in)

borehole deviation amplitude at which interference develops
between the liner and the borehole walls (in)

endpoint slope of 1liner In Gkoreholes drilled with a non-
steerable bit (rad)

left endpoint slope of equivalent beam in boreholes drilled with
a steerable bit (rad)



(Umax>a11
.

th

right endpoint slope of equivalent beam in boreholes drilled
with a steerable bit (rad)

critical bending stress at which ghell buckling occurs (lb/inz)

critical compressive stress at which ghell buckling occurs

(1b/in%)

friction coefficlient between liner and borehole wall
Poisson's ratio for liner material

borehole radius of curvature (in)

borehole radlus of curvature in entrance region of Dboreholes
drilled with a steerable bit (in)

minimum liner radius of curvature (minimum over length) (in)

= minimum allowable liner radius of curvature (based on container

clearance) (in)
maximum bending stress in liner (lb/inz)

combined maximum compressive stress in liner ("liner insertion
stress" or "post-emplacement liner stress") (lb/in?%)

maximum allowable liner stress (1b/in2)

maximum longltudinal compressive stress in liner due to thrust
force required to insert liner into borehole (1lb/in?)

maximum longitudinal compressive thermal stress in liner due to
friction against borehole wall (1lb/in%)

- 71772 -
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APPENDIX A

FORTRAN PROGRAM LISTINGS



This appendix contalng Lllstings of the Fortran programs used {n  the
parvametric study, The nomenclature used in thedge programs lg llsted below,

DB = horehole dlameter, db (Inches)

DBF

i

borehole diameter, db (ft)

DBT = tabulated borehole dliametersd, db (inches)

DELB = borehole deviatlon amplitude, Sb (inches)

DELBI = borehole deviation amplitude, Gb (fiv)

DI = liner ingslde diameter, cli (Inches)

DIF = liner Inside diameter, di (ft)

DO = liner outside diameter, do (inches)

DOT = liner outslde diameter, do (ft)

0 = elastic modulus, E (lh/ft?)

B = drilling thrust force transmitted to bit, Fb (1b)
I'r = frictlon force between liner and borehole wall, Ff (1b)
FS = factor of safety, F‘S

GAM = liner welght per unit volume, v (lb/ft?)

L = devlatlon wavelength, L (ft)

LB = borehole length, Ly (ft)

LBT = tabulated borehole lengths, Lb (ft)

LC = effectlive length of waste container, LC (fe)

LT = tabulated devlatlon wavelength, L (ft)

M1 = liner moment of Inertla, 1 (ft*)

MO = liner bending moment, Mo (ft-1b)

MX1 = liner bending moment, M(xl) (ft-1b)

MU = rock/liner friction coefficlient, u

P = mld-point or end-point contact force between liner and borehole

wall, P (1b)



RB
RL

RLMIN

s1

SIG
SIGCRTB
SIGCRTC

SIGTH

SAFS1G
SB

SBBC

su
W
We

WTH

1

i

it

1

i

borehole radius of curvature, Py (ft)
liner radius of curvature, ry, (re)

minimum allowable liner ryadlius of curvature based on waste
contalner clearance, (pl)all (ft)

liner stress due to thrust force required to ingert liner into
borehole, g, (1b/in?)

(1b/in?)

combined compressive liner stress, o |
me ¥

critical compressive stress for shell buckling, (ac) (1b/1n%)

cr

critical bendling stress for shell buckling, (UB> (1b/in%)

cY

combined compressive liner stress based on  post-emplacement
loading, o (1b/in?)
max

: 2] 2} s N . <2
maximum allowable liner stress, (amax)all (1b/1in?)
bending stress, op (1b/in?)

bending stress assuming continuous contact between the liner and
the borehole wall, 9, (1b/1in%)

ultimate compressive liner strength, 5, (1b/in?%)
liner weight per unit length, w (lb/ft)
effective welght of waste container, Wc (1b)

liner weight per unit length, fully loaded with waste, w (lb/ft)

Nomenclature for the output data in Appendix B is listed at the beginning of
Appendlix B,



Al lating of PROGRAM DEVIAT

This section of Appendlx A lists a Fortran program (DEVIATL . FOR) fo:x
computing the maximum allowable borehole deviation based on elther liner
Insertion stresses or post-emplacement liner stressges in elthey horlzontal
or vertlcal boreholes drilled with a gteerable bit., This program was used
to generate the output llsted in Tables B,5, B.6, and B,7 in Appendixr B,



6666

6669

6670
6671

6667

PROGRAM DEVIATA

IMPLICIT REAL¥B(A-H, L M,0:2)
REAL*8 DELBDB(Y), DOT(/) LBT(7),LT(35),1
CHARACTER*1 CONT,REST
OPEN(UNIT=2, NAME”‘TTABULAT DAT!, STATUS= INEW!)
OPENCUNIT=3  NAME= ' TABULAT ,DAT! , STATUS=NEW!)
OPEN(UNITﬂG,NAMEH'DELBVL.DAT',STATUSﬁ‘NEN')
WRITE (3, 6666)

FORMAT(' RUN WITH DEVIAT1.FOR!)
CONT= V!

DBT(1)=3%6.5

DBT(2)=37.

DBT(3)=38,

DBT(4)=39,

DBT(5)=40,

DBT(6)=41,

DBT(7)=42,

LBT(1)=26,

LBT(2)=32,

LBT(3)=42,

LBT(4)=258,

LBT(5)=75.

LBT(6)=270,

LBT(7)=350,

LT¢1)=5,

LT(2)=10,

LT(3)=16,

LT(4Y=21,

LT(5)=26,

LY(6)=32.

LT(7)=42,

LT(8)=58,

LT(9)=75.

LT(10)=80.

LT(11)=85,

LT(12)=90,

LT¢13)=95,

LT¢14) 100
LT(15)=110
LT(16)=120
LT(17)=135.

LT(18)=140,

LT(19)=150,

LT¢20)=160

LT(¢21)=170.

LT(¢22)=175,

L.T(23)=200,

LT¢24)=240,

LT¢25)=270.

LT(26)=300,

LT(27)=350.

WRITE (S, 6669)

FORMAT(' LINER INSERTION (1) OR POST-EMPLACEMENT (2) LOADING?')
READ(S5,*)ITYPE

IFCITYPE LEQ. 1WRITE(D,6670)

FORMAT(' LINER INSERTION LOADING SPECIFIED!'")
IFCITYPE (EQ, 2)WRITE(3,6671)

FORMAT (' POST-EMPLACEMENT LOADING SPECIFIED!)
P1=3,14159

E=30,0E+06%144,

MU=0,6

DO=36.

DOF=D0/12.

D1a35,

DIF=D1/12.

M1=P1/64 *(DOF*¥*4-DIF**4)

GAM=489,0

WC=14985,

LC=16.,7

W=P1 /4, ¥ (DOF**2.DIF**2)*GAM

WIH=W+WC/LC

IFCITYPE LEQ, 2)W=WTH

WH=W

WTHH=WTH

Wv=0,

WTHV=0,

DC=28,75

DCF=DC/12.

RLMIN=LC**2/8,/(DIF-DCF)-DCF/2.
WRITE (5, 6667)RLMIN

WRITE(3, 6667 )RLMIN

FORMAT(' MINIMUM ALLOWABLE LINER RADIUS OF CURVATURE=!,

o

1 F10,2," FT (BASED ON CONTAINER CLEARANCE)')

RNUF=1,-0.29*%*2 .
- 79 .



6668

2777

21

22

52

61

100

1

—_

§10CRTH=0, 72%E/144 *((DIF+DOF )/

IR0, 57129002 /RRUF /M1

4,)
SIACRTC=0 A*E/ 144 % (0,5/12,)/CCDIF+DOF) /4 )/ (3% 0. 5) /RNUF**0 .5

NRlTE(S,éééB)SlGCRTB,SIOCRTC
WRITE(S 6668)SIOCRTB,SIUCRTC
FORMAT ¢ |

JE12,4,0 PSLI/

CRITICAL BUCKLING STRESS BASED ON BENDING=!

| CRITICAL BUCKLING STRESS BASED ON COMPRESSION=!

(E12.04,0 pSLY)

Fg=4,0
WRITE(3,3)FS
WRITE(H,3)FS
FORMAT () FS=! F7.2)
SuU=70000.
SAFS1Q=5U/§S

FB=0,

IFCITYPE JEQ, 1)THEN

WRITE(S,4)

FORMAT(! ENTER FB IN LB')

READ(S ,*)FB
ENDIF
WRITE(3,6)FB
WRITE(H,6)FB

FORMAT (' FB=1,F10,2,! LBF')
WRITE(2,2777)

FORMAT(! LB (FT) L (FT) 0B = 36,5
I 39 40 3 421)

t

b0 800 [1=1,7
LB=LBT((1)
I (11 LEQ. 1)THEN

WaWY

WTH=WTHY

WRITE(3,21)L0

WRITE(4,21)LB

FORMAT(/' LB=',F7.3,' FEET (VERTICAL)')
ENDF
TFCI1 NE. 1)THEN

WalH

WTH=WTHH

WRITE(3,22)LB

WRITE(4,22)LB

FORMAT(/' "LB=' F7.3,' FEET (HORIZONTAL)')
END|F
D0 790 J=1,7
DB=0BT(J)
WRITE(3,32)08
WRITE(4,32)D8
FORMAT(/' DB=',F7,3,' INCHES')
DBF=DB/12,
WRITE(3,61)
FORMAT (/1X, ! L (FT)  DELOM
(INYy v,

P (LB SB (pSI) S1 (Ps1)
' CONTACT = SIGTH (PSI) REST' )

pO 780 K=1,K1
L=lT(K)
DELBOD=0.25+0,0000001
[FLAG=D
N1=10000
DIT=0,01
DO 400 12=1 NI
DELB=DELBO+]2*D (T
DELBF=DELB/12.
Pa384 FEXMI/L**3% (DELRF « (DBF -DOF)/2.)-W*L/2
MO=ap* /8 +y***2/12,
RL=E*M] /MO
RB=L**2/32, /OELBF+DELBF/2,
1F(P ,GT. O,)THEN
CONT='T!
SB=DOF*L/MI*(P/16, tWAL /26, ) /144,
SBBC=E*DOF/(L**2/16., /DELBF+DELBF -DBF+DOF )/ 144,
LF(sB .GT, SBBC)THEN
SB=SBBC
CONT='D?
RL=RB-DBF/2.+DOF/2.
ENDIF
FFaMUALB/L* (2. *P+W*L)
TFCITYPE LEQ, 2 AND. 11 NE. 1)FF=FF/2.

181

SIG (PSH)y !
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S

'

105

300

400
410

500

520

530

-

SI=4,/P1/(DOF¥**2-DIF**2)*(FF+FB) /144,
S1G=SB+SI

GO TO 300

ENDIF

P=0.

CONT='H!
MO=W*L**2/12,

IF(W .EQ. O.)THEN

RL=1.0E+6

GO TO 105
ENDIF

RL=E*M]I/MO
SB=DOF/MI*W*L**2/24, /144,
SBBC=E*DOF/(L**2/16./DELBF+DELBF-DBF+DOF )/144.
1F(SB .GT SBBC)THEN

$§B8=8B8BC

CONT='B'

RL=RB-DBF/2.+DOF/2.
ENDIF

FF=MU*W*LB

IFCITYPE .EQ. 2 .AND. I1 .NE. 1)FF=FF/2.

" S1=4./P1/(DOF**2-DIF**2)*(FF+FB)/144.

S1G=8B+SI
IFCIFLAG.EQ.4)GO TO 500
IF(SIG .GT. SAFSIG)GO TO 410
CONTINUE
DELBO=DELB-DIT
IFLAG=TFLAG+1
Ni=10
1F(IFLAG.EQ.1)DIT=0.001
IF(IFLAG.EQ.2)DIT=0.000]
IF(IFLAG.EQ.3)DIT=0.00001
1F(IFLAG.EQ.4)THEN
DIT=0.
NI=1
ENDIF
GO 70 100
‘RL .LT. RLMIN)THEN
+F(CONT .NE. 'D')CONT='C!
IF(CONT .EQ. 'D')CONT=!'2!
ENDIF
IF(SIG. GT. SAFSIG)CONT='W!'
DELBDB(J)=DELB
PTH=384 . *E*MI/L**3%(DELBF - (DBF-DOF)/2,) - WTH*L/2
MOTH=PTH*L/B.+WTH*L**2/12.
TF(PTH .GT. O.)THEN
SBTH=DOF*L/MI*(PTH/16.+WTH*L/24. )/ 144,

SBBCTH=E*DOF/(L**2/16./DELBF+DELBF-DBF+DOF)/ 144 .

IF(SBTH .GT. SBBCTH)THEN
SBTH=SBBCTH
ENDIF
FFTH=MU*LB/L*(2,*PTH+WTH¥L)
FFTH=FFTH/2.
IFCI1 LEG. 1)FFTH=FFTH*2.
SITH=4./P1/(DOF**2-DIF**2)*FFTH/ 144,
SIGTH=SBTH+SITH
GO TO 520
ENDIF
PTH=0.
SBTH=DOF/MI*WTHXL**2/24 /144,
SBBCTH=E*DOF/(L**2/16./DELBF+DELBF -DBF+DOF)/144 .
IF(SBTH .GT. SBBCTH)THEN
SBTH=SBBCTH
ENDIF
FFTH=MU*WTH*LB
FFTH=FFTH/2.
IFCI1 LEQ. 1)FFTH=FFTH*2,
SITH=4./P1/(DOF**2-DIF**2)*FFTH/ 144,
SIGTH=SBTH+SITH
CONTINUE
REST='1"
IF(SIGTH .GE.SIG )REST='T!
WR1TE(3,530)L,DELB,P,SB,S!,SIG,CONT,SIGTH,REST
FORMAT(1X, F12.1,1X,F12.5,1X,E12.7,
X, F12.2, 1%, F12.2,1X,F12.2,5X,A  4X,F12.2,4X,A1)
CONT=tY!
IF(K.EQ.1)THEN
LDUM=0,
DELBDUM=(DB-D0)/2.
WRITE(4,600)LDUM,DELBDUM

ENDIF
WKITE(4,600)L,DELB
FORMAT(F10.1,,1,F10.5)
CONTINUE
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790

785
800
1000

CONT INUE
WR1TE(2,785)L8,L,DELBDB( ") ,DELBDB(2),DELBDB(3) ,DELBDB(4),
DELBDB(5) DELBDB(6),DELBDB(7)

FORMAT (4X,F4.0,8X,F4.0,8X,7(2X,F6.3))

CONTINUE

CONTINUE

END

e



A.2 Listing of PROGRAM STRESS1

This section of Appendix A lists a Fortran program (STRESS1,FOR) for
computing the maximum liner stress as a function of deviation cycle
amplitude and wavelength for 1liner insertion or post-emplacement liner
loading in either horizontal or vertical boreholes drilled with a gteerable
bit. This program was used to generate the output listed in Table B.4 in
Appendix B,




PROGRAM STRESS1
IMPLICIT REAL*8(A-H,L M,0-2)
REAL*8 DELBDB(7),DBT(7),LBT(6),LT(25),1
CHARACTER*1 CONT
OPEN(UNIT=2, NAME={ TTABULAT.DAT ', STATUS='NEW')
OPEN(UN1T=3, NAME='TABULAT .DAT',STATUS='NEW')
OPEN(UNIT=4 NAME= 'DELBVL.DAT!,STATUS= 'NEW')
WRITE(3,6666)
6666 FORMAT(! RUN WITH STRESS1.FOR')
CONT= 1V
DBT(1)=36.5
DBT(2)=37,
DBT(3)=38,
DBT(4)=39.
DBT45)=40,
DBT(6)=41,
DBT(7)=42.
LBT(1)=350.
LT(1)=42.
LT(2)=58.
LT(3)=75.
LT(4)=80.
LT(5)=85.
LT(6)=90.
LT(7)=120.
LT(B)=140,
WRITE(S5,6669)
6669 FORMAT(! LINER INSERTION (1) OR THERMAL EXPANSION (2) 7')
READ(5,*) I TYPE
IFCITYPE LEQ. 1)WRITE(3,6670)
6670 FORMAT(' LINER INSERTION SPECIFIED')
IFCITYPE .EQ. 2)WRITE(3,6671)
6671 FORMAT(' LINER THERMAL EXPANSION SPECIFIED')
P1=3.14159
E=30., 0E+06* 144,
MU=0.6
D0=36.
DOF=DO/12.
D1=35.
DIF=D1/12.
M1=P1/64 % (DOF**4-D1F**4)
GAM=489.0
WC=14985.
LC=16.7
W=P1/4 % (DOF**2-D1F**2)*GAM
IFCITYPE .EQ. 2)W=W+WC/LC
DC=28.75
DCF=DC/12.
RLMIN=LC**2/8./(D1F-DCF)-DCF/2.
WRITE(5,6667)RLMIN
WRITE(3,6667)RLMIN
6667 FORMAT(' MINIMUM ALLOWABLE LINER RADIUS OF CURVATURE=!
1 £10.2,' FT (BASED ON CONTAINER CLEARANCE)')
RNUF=1.-0.20%%2
SIGCRTB=0.,72%E/ 164 % ((DIF+DOF) /4. Y**2%(0.5/12)**2/RNUF /M
SIGCRTC=0.6%E/144.%(0.5/12.)/((DIF+DOF)/4.)/(3**0.5)/RNUF**0.5
WRITE(5,6668)SIGCRTB, SIGCRTC
WRITE(3,6668)SIGCRTB, SIGCRTC
6668 FORMAT(! CRITICAL BUCKLING STRESS BASED ON BENDING='
JE12.4,0 PSIty
! CRITICAL BUCKLING STRESS BASED ON COMPRESS|OM: '
3 ,E12.4,0 PSIT)
FB=0.
IF(ITYPE .€Q. 1)THEN
WRITE(S,4)
4 FORMAT(' ENTER FB IN LB')
READ(5,*)FB
ENDIF
WRITE(3,6)FB
WRITE(G,6)FB
6 FORMAT(' FB=',F10.2,' LBF')
DO 800 11=1,1
LB=LBT(I)
WRITE(3,22)LB
WRITE(4,22)LB
22 FORMAT(/' LB=',F7.3,' FEET (HORIZONTAL)')
DO 790 J=5,5
DB=DBT(J)
WURITE(Z 323DR
WRITE (4,32)D8
- 32 FOPMAT(/' DB=',F7.3,' INCHES')
DEF=DB/12.
WRITE(3,60)
60 FORMAT(/1X,! L (FT)  DEL3M
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100

300
305

310

320
400
780
790
800
1000

1
2
3

—_

(INY 1,

! P (LB) SB (PSI1) SI (PS!)

' CONTACT')
DO 780 K=1,8
L=LT(K)
N1=40
DIT=0.1
DO 400 12=1,N1
DELB=12*DIT
DELBF=DELB/12.
P=384, *E*MI/L**3% (DELBF - (DBF -DOF)/2,)-W*L/2
MO=P*L /8. +W*L**2/12,
RL=E*M1/MO
RB=L**2/32. /DELBF+DELBF/2.
1F(P .GT. 0.)THEN
CONT=IT!
SB=DOF*L/MI*(P/16.+W*L/24.) /144,
SBBC=E*DOF/(L**2/16./DELBF+DELBF-DBF+DOF) /144,
IF(SB .GT. SBBC)THEN
$B=5BBC
CONT='D!
RL=RB-DBF/2.+DOF/2.
ENDIF
FF=MU*LB/L* (2. %P+W*L)
IFCITYPE .EQ. 2)FF=FF/2.
S1=b,/P1/(DOF**2-DIF**2)*(FF+FB)/ 144,
$1G=5B+S1
GO T0 300
ENDIF
P=0.
CONT='H!
MO=W*L**2/12.
RL=E*MI /MO
SB=DOF/MI*W¥L**2/24, /144,
SBBC=E*DOF/(L**2/16./DELBF+DELBF-DBF+DOF)/ 144,
IF(SB .GT. SBBC)THEN
SB=SBBC
CONT="B"
RL=RB-DBF/2.+DOF/2.
ENDIF
FF=MU*W*LB
IFCITYPE .EQ. 2)FF=FF/2.
S1=4./P1/(DOF¥*2-DIF**2)%(FF+FB)/144.
S1G=SB+SI

CONTINUE

1F(RL .LT. RLMIN)THEN ,
IF(CONT ,NE. 'D')CONT='C! !
1F(CONT .EQ. 'D')CONT='2!

ENDIF '

WRITE(3,310)L,DELB,P,SB,S1,51G,CONT
FORMAT (1X,F12.1,1X,F12.5,1X,E12.4,
1X,F12.2,1X,F12.2,1%,F12.2,5%, A1)
CONT=1V!

WRITE(4,320)DELB,SIG
FORMAT(F10.5,¢,,E12.4)

CONT INUE

CONT INUE

CONT INUE

CONTINUE

CONTINUE

END

SIG (Psl) !
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A.3 Listing of PROGRAM DEVIAT2

This sectlon of Appendlx A lists a Fortran program (DEVIAT2.FOR) for
computing the maximum allowable borehole deviation based on either liner
Insertion streskes or post-emplacement liner stresses in either horizontal
or vertical borelrlegs drilled with a non-steerable bit. This program was
used to generats, e butput listed in Tables B.1, B.2, and B.8 in Appendix

B. SRR
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PROGRAM DEVIAT2
IMPLICIT REAL*B(A-H,L,M,0-2)
REAL¥8 DBT(7),LBT(7),1
CHARACTER*1 CONT,REST
OPEN(UN1T=3,NAME=TABULAT.DAT ' ,STATUS='NEW' )
OPEN(UN1T=4,NAME='DELBVL .DAT',STATUS='NEW')
CONT= V!
WRITE(3,6666)
6666 FORMAT(! RUN WITH DEVIAT2,FOR')
DBT(1)=36.5
DBT(2)=37.
DBT(3)=38.
DBT(4)=39.,
DBT(5)=40.
DBT(6)=41.
DBT(7)=42.
LBT(1)=26.
LBT(2)=32.
LBT(3)=42.
LBT(4)=58.
LBT(5)=75.
LBT(6)=270.
LBT(7)=350.
WRITE(5,6669)
6669 FORMAT(' LINER INSERTION (1) OR POST- EMPLACEMENT (2) LOADING?')
READ(5,*) [ TYPE
TFCITYPE .EQ. 1)WRITE(3,6670)
6670 FORMAT(' LINER INSERTION LOADING SPECIFIED')
IFCITYPE .EQ. 2)WRITE(3,6671)
6671 FORMAT(' POST-EMPLACEMENT LOADING SPECIFIED')
P1=3.14159
E=30.0E+06% 144
MU=0.6
D0=36.
DOF=D0/12.
D1=35.
DIF=DI/12.
MI1=P1/64 . % (DOF¥*4-DIF**4)
GAM=489.0
WC=14985.
LC=16.7
W=P1 /4. %(DOF**2-DF¥*2)*GAM
WTH=W+WC/LC
TFCITYPE .EQ. 2)W=WTH
WH=W
WTHH=WTH
W=0.
WTHV=0,
DC=28.75
DCF=DC/12.
RLMIN=LC**2/8./(DIF-DCF)-DCF/2.
WRITE(S,6667)RLMIN
WRITE(3,6667)RLMIN
6667 FORMAT(' MINIMUM ALLOWABLE LINER RADIUS OF CURVATURE=',
1 F10.2,' FT (BASED ON CONTAINER CLEARANCE)')
RNUF=1.-0.29%*2
SIGCRTB=0.72%E/144 . *((DIF+DOF ) /4. )**2%(0.5/12)**2/RNUF /M1
SIGCRTC0.4%E/144.%(0.5/12.)/((DIF+DOF)/4.)/(3%*0.,5)/RNUF**0.5
WRITE(5,6668)S1GCRTB, SIGCRTC
WRITE(3,6668)S1GCRTB, SIGCRTC
6668 FORMAT( ' CRITICAL BUCKLING STRESS BASED ON BENDING='
1 ,E12.4,' PSIV/
1  CRITICAL BUCKLING STRESS BASED ON COMPRESSION=!
3 ,E12.4,' PSI')
FS=4..0
WRITE(3,3)FS
WRITE(4,3)FS
3 FORMAT(! FS=!,F7.2)
SU=70000.
SAFS1G=SU/FS
FB=0.
TFCITYPE LEQ. 1)THEN
WRITE(5,4)
4 FORMAT(' ENTER FB IN LB')
READ(5,*)FB
ENDIF
WRITE(3,6)FB
WRITE(4,6)FB
6 FORMAT(' FB=',F10.2,' LBF')
DO 800 11=1,7
LB=LRT(I1)
L=LB/2.
IFCI1 .EQ. 1)THEN
W=WV



[
‘

7

13

118

290

400

500

700

—

WTH=WTHY
WRITE(3,7)LB
WRITE(4, 7)LB
FORMAT(/' LB=',F7.3,' FEET (VERTICAL)')
ENDIF
1F(11 NE. 1)THEN
W=WH
WTH=WTHH
WRITE(3,8)L8
WRITE(4,8)LB
FORMAT(/' LB=',F7.3,! FEET')
ENDIF
WRITE(3,13)
FORMAT(/1¥, ‘DB (IN) RB (FT)
DELBM (IN) ',
vop (LB sB (PS1) s1 (PSI)
' CONTACT  SIGTH (PSI) REST')
DO 790 J=1,7
D8=DBT(J)
DBF=DB/12.
1FLAG=0
N1=1000
DIT=500.
RBO=0,
DO 400 1G=N1,1,-1
RB=RBO+1G*D 1T
THBR=(LB/RB)
CTH2=COS(THBR/2.)
CTH=COS(THBR)
DELB=RB* (1-CTH)*12.

P=3 *E*MI /L*¥*3*(RB*(1-CTH2)- (DBF-DOF)/2.*(1.+CTH2))-3 . *U*L/8,

MX1=PHL+W*L**2/2,
RL=E*M]/MX1
IF(P .GT. O.)THEN
CONT='T!
SB=DOF*L/2./MI*(P+W*L/2.)/144,
SBBC=E*DOF/(2.*RB-DBF+DOF )/ 144,
1F(SB .GT. SBBC)THEN
$B=5B8BC
CONT='D!
RL=RB-DBF/2.+DOF/2.
ENDIF
FF=2,%MU* (2. *P+W*L)
IFCITYPE LEQ. 2 .AND. 11 .NE. 1)FF=FF/2.
S1=4,/P1/(DOF**2-DIF**2)*(FF+FB)/144.
S1G=SB+SI
GO TO 300
ENDIF
P=0.
CONT='H!
MY =W *%2/2,
1F(W .EQ, O)THEN
RL=1,0E+06
GO 70 290
ENDIF
RL=E*MI1/MX1
SB=DOF*L/2./MI*(W*L/2.)/ 144,
SBBC=E*DOF/(2.*RB-DBF+DOF ) /144,
[F(SB .GT. SBBC)THEN
S5B=SBBC
CONT='8"
RL=RB-DBF/2.+DOF/2.
ENDIF
FF=MU*W*LB
1FCITYPE LEQ. 2 LAND, 11 ,NE. 1)FF=FfF/2.
Si=4,/P1/(DOF**2-DIF**2)% (FF+FB) /144,
S1G=SB+S|
CONTINUE
1F(SIG .GT, SAFSIG)GO 70 500
CONTINUE
IF(IFLAG EQ. 4)GO TO 700
RB=RB-DIT
RBO=RB
1FLAG=1FLAGH+)
N1=100
IFCIFLAG.EQ. 1)DIT=5,
[F(1FLAG.EQ.2)DIT=0.05
JF(IFLAG.EQ.3)D1T=0.0005
IF(1FLAG.EQ.4THEN
DIT=0.0005
NI=1
ENDIF
GO T0 118
THEND=W*L**3 /6. /E/MI+p*L**2/2  /E/H]

SI1G (PSI) !
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THMAX=THBR/2.

IFCTHEND .GT, THMAX)THEN
[F(CONT .EQ. 'T!')CONT='A!

[F(CONT .EQ. 'D!')CONT='A!

ENDIF

IF(RL LT, RLMIN)CONT=!C!

IF(S1G, GT. SAFSIG)CONT='W!

PTHa3 FE*M/L**3% (RB*(1-CTH2) « (DBF -DOF)/2.,%(1,+CTH2) )3 *WTH*L/8,

MX1TH=PTH*L+WTH* L **2/2,

IFCPTH .GT. 0.)THEN
SBTH=DOF*L/2./MI*(PTH+WTH*L/2.)/144,
SBBCTH=E*DOF/(2 ., *RB-DBF+DOF)/ 144,
1F(SBTH .uT, SBBCTH)THEN

SBTH=SBBCTH

ENDIF
FFTH=2  AMU* (2. *PTH+WTH*L)
FFTH=FFTH/2,

IFCI1 (EQ. 1)FFTH=FFTH*2.

SITH=4 ., /P1/(DOF**2-DIF**2)¥FFTH/ 144,
SIGTH=SBTH+SITH
GO TO 708

ENDIF

PTH=0,
SBTH=DOF*L/2,/MI*(WTH*L/2,)/144,
SBBCTH=E*DOF/(2.*RB-DBF+DOF)/144.
IF(SBTH .GT., SBBCTH)THEN

SBTH=SBBCTH

ENDIF
FFTH=MU*WTH*LB
FFTH=FFTH/2.

TFCI1 JEQ. 1)FFTH=FFTH*2,
SITH=4./P1/(DOF**2-DIF**2)*FFTH/ 144,
SIGTH=SBTH+SITH

708  CONTINUE
REST=!1!
IF(SIGTH .GE. SIG)REST=!T!
WRITE(3,715)DB,RB,DELB,P,SB,S1,S1G,CONT,SIGTH,REST
FORMAT(1X,F6.2,1X,F12,1,1X,F12.5,1X,E12.4,
X, F12.2,1X,F12.2,1X,F12.2,5X A1, 4X,F12.2, 4%, A1)
CONT=!V!
WRITE(4,720)DB,DELB
720 FORMAT(F10.1,',',F10.5)
780  CONTINUE
790  CONTINUE
800  CONTINUE
1000 CONTINUE
END

715

—_
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A4 Listing of PROGRAM STRESS?2

This sgection of Appendix A lists a Fortran program (STRESS2,FOR) for
computing the maximum liner stress as a function of deviation amplitude and
borehole 1'agth for liner insertion or post-emplacement liner loading in
elther horizontal or vertical boreholes drilled with a non-steerable bit.

This program was used to generate the output ligted in Table B.3 in Appendix
B.
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6666

6669

6,70
671

6667

PROGRAM STRESS?

IMPLICIT REAL*B(A«H,L,M,0°2)

REAL*B DELBDB(7),0BT(7Y,LBT(6),LT(25),!
CHARAGTER*1 CONT
OPEN(UNIT=2,NAME=1TTABULAT .DAT !, STATUS= 'NEW!)
OPEN(UNIT=3,NAME = ( TABULAT .DAT !, STATUS= NEW ')
OPEN(UNIT=h,NAME= 'DELBVL ,DAT ', STATUS= 'NEW')
WRITE(3,6666)

FORMAT(' RUN WITH STRESS2.FOR')

CONT= V!

DBT(1)=40.

LBT(1)=32.

LBT(2)=42.

LBT(3)=58.

LBT(4)=75.

WRITE(S,6669)

FORMAT(! LINER INSERTION (1) OR POST-EMPLACEMENT (2) LOADING?')
READ(S,*) I TYPE

IFCITYPE LEQ, 1)WRITE(3,6670)

FORMAT(' LINER INSEKTION SPECIFIED')
[FCITYPE LEQ, 2)WRITE(3,6671)

FORMAT(' POST-EMPLACEMENT LOADING SPECIFIED')
P1=3,14159

E=30,06+06*144.

MU=0.,6

D0=36.

DOF=D0/12.

D1=35,

DIF=DI/12.

MI=P /64, % (DOF**4 DI F**4)

GAM=489,0

WC=14985,

LC=16.7

W=P1/4 % (DOF¥*2-D]F**2 ) *GAM

TECITYPE .EQ, 2)W=W+WC/LC

DC=28.75

DCF=DC/12,

RLMIN=LC**2/8./(DIF-DCF)-DCF/2.
WRITE(5,6667)RLMIN

WRITE(3, 6667)RLMIN

FORMAT(! MINIMUM ALLOWABLE LINER RADIUS OF CURVATURE="',

1 F10.2,"' FT (BASED ON CONTAINER CLEARANCE)')

6668

22

32

60

100

W

NN —

RNUF=1,-0.29%%2
SIGCRTB=0.72%E/ 144 ,* ((DIF+DOF ) /4. )**2%(0.5/12)**2/RNUF /M1
SIGCRTC=0.6*%E/1464,%(0,5/12.,)/({DIF+DOF) /4, )/ (3**0.5)/RNUF**0.5
WRITE(S; ¢ “#)SIGCRTB,SIGCRTC
WRITE(3,6( 28)S1GCRTB, SIGCRTC
FORMAT (! CRITICAL BUCKLING STRESS BASED ON BENDING=*
JE12.4,0 PSIY/
| CRITICAL BUCKLING STRESS BASED ON COMPRESSION=!
JE12.4,1 PSIT)
FB=0,
IFCITYPE .EQ. 1)THEN
WRITE(5,4)
FORMAT(' ENTER FB IN LB')
READ(5,*)FB
ENDIF
WRITE(3,6)FB
WRITE(4,6)FB
FORMAT(' FB=!,F10,2,' LBF')
DO 800 11=1,4
LB=LBT(I1)
L=1B/2
WRITE(3,22)L8
WRITE(4,22)LB
FORMAT(/' LB=',F7.3,' FEET (HORIZONTAL)")
Do 790 J=1,1
DB=DBT(J)
WRITE(3,32)08
WRITE(4,32)D8
FORMAT(/*' DB=',F7.3,' INCHES')
LBF=DB/12.
WRITE(3,60)
FORMAT(/1X,! DB (IN) DELB
(N ',
! P (LB SB (PSI) St (PS1) SIG (PS])
' CONTACT')
N1=150
D17=0.01
DO 400 12=1,NI
THR=12*D 1T
CTH2=COS(THB/2.)
RB=LB/THB
DELBF=RB*(1-COS(THB))



300
305

310

320
400
780
790
800
1000

DELB=DELBF*12,

a3, HEMM] /LAIH(RB* (1 CTHZ) - (DBF-DOF)/2,% (1. +CTHR) ) -3 W*L/8B,

MY =P*L ¥ La*2/2,
RLEE*MI/MX1
1F¢(P 0T, O,)THEN
CONT=!T!
SBaDOF*L/2, /MIN(P+W¥L/2.) /144,
SBBC=E*POF /(2. *RB-DBF+DOF ) /144,
1F(SB .GT. SBBC)THEN
SB=SBAC
CONT=!D!
RL=RB-DBF/2,+DOF/2.
ENDIF
FEa2  MMU* (2 *PHU*L)Y
1ECITYPE .EQ, 2)FF=FF/2,
Slab, /P1/(DOFA*2-DIF**2)*(FF+FB)/ 144,
$10=8B+5!
00 TO 300
ENDIF
P=0.
CONT='H!
MX1=Wx|**2/2,
RL=E*M]/MX1
SB=DOF¥L /2, /MIN(WHL/2.)/ 144,
SBBC=E*DOF/(2 . *RB-DBF+DOF) /144,
1F(SB ,QT. SBBC)THEN
$B=SBBC
CONT='B!
RL=RB-DBF/2.+DOF/2,
ENDIF
FF=MU*W*LB
IFCITYPE (EQ, 2)FF=FF/2,
Slab.,/P1/(DOF**2-DIF**2)k(FF+FB) /144,
S1G=5B+S!
CONT I NUE
IFC(RL (LT, RLMIN)THEN
1F¢CONT .NE. 'D')CONT='C!
IF(CONT .EQ, 'D')CONT='2!
ENDIF
WRITE(3,310)DB,DELB,P,SB,51,51G,CONT
FORMAT(1X,F12.1,1X,F12.5,1X,E12.4,
1X,E12.2,1%,F12.2, 1%, F12.2,5%, A1)
CONT=!V!
WRITE(4,320)DELB,S1G
FORMAT(F10.5,',',E12.4)
CONT INUE
CONT I NUE
CONT INUE
CONT INUE
CONT INUE
END

« wown
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APPENDIX B

TABULATED PROGRAM OUTPUT
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Thig
Listed {n Appendix A for the paramtoric study conditions, Nomenclature usad
in the talles In this appendix {s listed bolow,

LI
DL

RB

DELBM

SB

Sl

SIG

SIGTH

CONTACT

E

4

1

]

sa

appendix  contalng  tho output Listings [rom the Fortran propgrams

factor of safoty, F,

drilting thrust force transmlitted to bit, ", (1h)
borehole length, Lb (Ft)
borehole dlamater, db (in)

minlimum allowable borehole radius of curvature bhased on gtroess
(ft)

maximum allowable borehole deviation basoed on  gtress, (b‘b)j or
(é‘b)P v (1b/dn?)

mid-point or end-polnt contact force between liner and borchole
wall, P, under maximum allowable borehole deviation (1b)

Mner bendlng  stress, o, under maximum allowable  borehole
devliation (1lb/in?) ’

longitudinal compressive stress due to liner Ingertlon force, o
or due to thermal expansion friction force, CI
allowable borehole deviation (1b/in?) A

under maximim

combined compressive stress In  liner under maxlmum allowable
borehole deviation, O ax (1b/in%)

combined compressive stress {in  liner under maximum allowable

borchole deviation, O as assuning  post-cmplacement  loading
(1b/1in%) o

type of contact between the liner and the borehole wall;

T if the ends of the liner contact the top of the borehole wall
(P>0) and point contact with the bottom of the borechole wall 1s
calculated

D 1f the ends of the liner contact the top of the borehole wall
(P>0) and digtributed contact with the bottom of the borehole
wall 1g calculated

I if the ends of the liner do not contact the top of the borehole
wall (P=0) and point contact wlth the bottom of the borehole
wall lg calculated

- B 11 the endg of the liner do not contact the top of the borechole

wall (P=0) and distributed contact with the bottom of the
borehale wall {s calcalated

C If contact (nterferenve) between the waste container and the
insfde of the borehole liner {s calculated

W i combined compressive liner stress {s preater than the maximum
allowable liner stress of 17,500 pst,
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REST

I

i

]

flag for determining whether liner insertion loading or post-

emplacement loading provides a greater restriction on the maximum

allowable borehole deviation; wvalid only in tables for liner

insertion stresses;

I if 1liner insertion stresses impose greater constraints on
borehole deviation

T if post-emplacement (thermal) stresses impose greater
constraints on borehole deviation



Table B.1 Maximum Alleowable Borehole Deviation Based on Linexr Insertion
Stregses in Roreholes Drilled with o Non-Steerable Bit

This section of Appendix B lists the output file from PROGRAM DEVIATI1
for maximum allowable borehole deviation based on liner insertion stresses
during liner insertion operations with pno simultaneous drilling in
horizontal and vertical boreholes drilled with a non-steerable bit,

The following parameter values were used in computing these results:

26 ft (vertical borehole) J »
32, ./, 58, 75, 270, and 350 feet (horizontal boreholes)

o

o
f

b = 36.5, 37, 38, 39, 40, 41, and 42 inches

)
1

b 0 (no simultaneous drilling).

Other parameter values were fixed as listed in Section 5.2,



RUN WITH DEVIAT2.FOR

LINER INSERTION LOADING SPECIFIED
MINIMUM ALLOWABLE LINER RADIUS OF CURVATURE=

CRITICAL BUCKLING STRESS BASED ON BENDING=
CRITICAL BUCKLING STRESS BASED ON COMPRESSION=
FS= 4,

FB=

00

0.00 LBF

LB= 26.000 FEET (VERTICAL)

DB (IN)
3

LB= 32.

DB (IN)
36.50
37.00
38.00
39.00
40,00
41.00
42.00

LB= 42

DB (IN)
36.50
37.00
38.00
39.00
40.00
41.00
42.00

LB= 58,

DB (IN)
36.50
37.00
38.00
39.00
40.00
41,00
42.00

LB= 75.

DB (IN)
36.50
37.00
38.00
39.00
40,00
41.00
42.00

L.B=270.000

DB (IN)
36.50
37.00
38.00
39.00
40.00
41.00
42.00

LB=350.

DB (IN)
36.50
37.00
38.00
39.00
40.00
41.00
42,00

000

.000

000

000

000

RB (FT)
1385.8
823.3
4544
313.8
239.7
194.0
162.9

FEET

RB (FT)
1795.3
1133.1

652.1
457.8
352.8
9
8

no
o
w
w
—~ 0O 00—

~n

o~

o]

o
VOO~

DELBM (IN)
2.92664
4.,92619
8.92329
12.91604

16.90253
20.88082
24.,84886

DELBM (IN)
3.42212
5.42176
9.41960

13.41445
17.40503
21.39003
25.36818

DELBM (IN)
4.49248
6.49217

10.49060
14.48712
18.48100
22.47146
26.45775

DELBM (IN)
7.35116
8.78812
12.78687
16.78444

20.78042
2477443
28.76605

DELBM (IN)
12.36929
12.50005
15.94868
19.94664
23.94349
27.93900
31.93294

DELBM (IN)
164 .60952
164.60822
164.60566
164.,60309
164.60049
164.59792
164.59535

DELBM (IN)
273.79417
273.79208
273.78781
273.78358
273.77935
273.77508
273,77085

OO0 O0OO [ Re e NN Kol o) [N oo NeNo oo COO0OO0OOO [efoXoNoNoNoXe] COOoOCDOO

cCoCcooO00

P (LB)

4B26E+05
.4BR6E+05
.4LB26E+05
.4826E+05
LB826E+05
L 4B26E+05
.4825E+05

P (LB)

.3859E+05
.3859E+05
.3859E+05
.3859E+05
.3859E+05
.3859E+05
.3859E+05

P (LB)

.2930E+05
.2930E+05
.2930E+05
.2930E+05
.2930€E+05
.2930E+05
.2930£+05

P (LB)

.2304E+05
.2040E+05
.2040€E+05
.2040€+05
.2040E+05
.2040E+05
.2040E+05

P (LB)

.1983E+05
.1578E+05
.1459€+05
L1459E+05
.1459E+05
.1459E+05
.1459E+05

P (LB)

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000£+00
.0000E+00

P (LB)

.0000&+00
.0000E+00
.0000€+00
.000D0E+00
.0000€E+00
.0000E+00
.0000E+00

SB (Psl)

15422,
15422.
15422,
15422,
15422.
15422.
76

15421

99
97
99
68
46
94

SB_(PsI)

15774
15774,
15773.
15773,
15773.
15773,
15773.

02
03
98
88
80
85
88

SB (Psl)

16153.
16153.
16153,
16153,
16153.
16153,
16153,

SB (PSI)

16390.
16503.
16503.
16503.
16503.
16503.
16503,

07
69
68
68
67
68
63

SB (PSI)

16493
16668
16719
16719
16719
16719
16719

.55
.07
b
.45
.45
43
b

SB (PSI)

16949
16949
16949
16949
16949
16949
16949

.87
.87
.87
.87
.87
.87
.B7

SB (PSI1)
16786.87
16786.87
16786.87
16786.87
16786.87
16786.87
16786.87

97

S1 (PSI)

2077.
2076.
2077.
2076.
2076.
2076.
2076.

SI (PSI)

1725,
1725.
1725.
1725.
1725.
1725.
1725.

97
97
96
95
94
95
95

SI (PSI)

1346,
1346.
1346.
1346.
1346.
1346.
1346.

65
65
64
b4
64
64
63

SI (PSI)

1109
996
996
996
996
996
996

SI (P
1006
831
780
780
780
780
780

SI (P

550.
550.
550.
550.
550.
550.
550.

.93
.31
.31
3
.31
.3
.30

SI)
.45
.93
.55
.55
.55
.55
.55

Sh)
13
13
13
13
13
13
13

S1 (PSI)

713.
713.
713.
713.
713.
713.
713.

13
13
13
13
13
13
13

SIG (PSI)

17499.
17499.
17499.
17499,
17499,
17499 .
17498.

SIG (PSI)

17499.
17500.
17499.
17499.
17499.
17499.
17499,

99

SIG (PSI)

17499.
17500.
17499.
17499.
17499.
17499.
17499.

SIG (PSI)

17500.
17499.
17499.
17499.
17499.
17499.
17499.

00
99
99
99
98
99
94

SIG (PSI)

17500.
17500.
17499,
17500,
17500.
17499.
17499.

00
00
99
00
00
98
99

SIG (PSI)

17500.
17500.
17500.
17500.
17500.
17500.
17500.

00
00
00
00
00
00
00

SIG (PSI)

17500.
17500,
17500.
17500,
17500.
17500.
17500.

00
00
00
00
00
00
00

65.74 FT (BASED ON CONTAINER CLEARANCE)
0.2114E+06 PSI
0.2039E+06 PSI

CONTACT

—~ o — — —t

CONTACT

—_—td 4 —

CONTACT

—_

CONTACT

AT

CONTACT

-t~ - =T O

CONTACT

T WO oo

CONTACT
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SIGTH (PSI)

17499.
17499.
17499,
17499.
17499.
17499.
17498,

99
96
99
63
39
93
58

SIGTH (PSI)

17381
17381
17381
17381
17381
17381
17381

.53
53
.48
.38
.30
.35
.38

SIGTH (PSl)

18093.
18093,
18093.
18093.
18093.
18093.
18093.

38
38
36
33
33
32
22

SIGTH (PSI)

17015.
19390.
19390.
19390.
19390.
19390.
193%0.

03
83
82
82
81
83
77

SIGTH (PSI)

17087,
17174,
21077.
21077.
21077.
21077.
21077.

29
55
86
86
86
85
85

SIGTH (PSI)

18528.
18528,
18528,
18528,
18528,
18528.
18528.

33
33
33
34
33
33
34

SIGTH (PSI)

18833,
18833,
18833,
18833,
18833,
18833.
18833,

03
03
03
03
03
03
03

REST
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REST

REST
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REST

——t = —

REST
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Table B.2 Maximum Allowable Borehole Deviation Based on_ Post-Emplacement
Liner St+vesses in Boreholes Drilled with a Non-Steerable Bit

This section of Appendix B lists the output file from PROGRAM DEVIATI1
for maximum allowable borehole deviation based on post-emplacement liner
stresses in horizontal and vertical boreholes drilled with a non-steerable
bit.

The following parameter values were used in computing these results:

Lb
db

Fb = 0.

Other parameter values were fixed as listed in Section 5.2.

26 ft (vertical borehole)
32, 42, 58, 75, 270, and 350 feet (horizontal boreholes)

i

[

36.5, 37, 38, 39, 40, 41, and 42 inches



RUN WITH DEVIATZ2.FOR

POST-EMPLACEMENT LOADING SPECIFIED

MINIMUM ALLOWABLE LINER RADIUS OF CURVATURE= 65.74 FT (BASED ON CONTAINER CLEARANCE)
CRITICAL BUCKLING STRESS BASED ON BENDING= 0.2114E+06 PSI

CRITICAL BUCKLING STRESS BASED ON COMPRESSION= 0.2039E+06 PS]

FS=  4.00

FB= 0.00 LBF

LB= 26,000 FEET (VERTICAL)

DB (IN) RB (FT) DELBM (IN) P (LB) SB (PSI) 81 (PSI) SIG (P31) CONTACT  SIGTH (PS1) REST
36.50 1385.8 2.92664  0.4826E+05 15422.99 2077.00 17499.99 T 17499.99 T
37.00 823.3 4.92619  0.4826E+05 15422.97 2076.99 17499.96 T 17499.96 T
38.00 454 .4 8.92329  0.4826E+05 15422.99 2077.00 17499.99 T 17499.99 T
39.00 313.8 12.91604  0.4826E+05 15622.68 2076.95 . 17499.63 T 17499.63 T
40.00 239.7 16.90253  0,4826E+05 15422.46 2076.92 17499.39 T 17499.39 T
41.00 194.0 20.88082  0.4B26£+05 15422.94 2076.99 17499.93 T 17499.93 T
42.00 162.9 24.84886  0.4825E+05 15421.76 2076.83 17498.58 T 17498.58 T

LB= 32,000 FEET

DB (IN) RB (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT  SIGTH (PS1) REST
36.50 1790.0 3.43234  0.3349E+05 16592.25 907.75 17499.99 T 17499.99 T
37.00 1131.0 5.43198  0.3349E+05 16592.25 907.75 17500.00 T 17500.00 T
38.00 651.4 9.42982  0.3349E+05 16592.23 907.75 17499.98 T 17499.98 T
39.00 457.5 13.42466  0.3349E+05 16592.12 907.74 17499.86 T 17499.86 T
40.00 352.6 17.41523  0.3349E+05 16592.10 907.74 17499.84 T 17499.84 T
41.00 . 286.8 21.40023  0.3349E+05 16592.20 907.75 17499.94 T 17499.94 T
42.00 261.7 25.37833  0.3349€+05 16591.88 907.73 17499.61 T 17499.61 T

LB= 42.000 FEET

DB (IN) RB (FT)  DELBM (IN) P (LB) SB (PSI) SI (PSI)  SIG (PSI) CONTACT  SIGTH (PSI) REST
36.50 2403.7 4.40316  0.2113E+05 16799.73 700.27 17500.00 T 17500.00 T
37.00 1652.9 6.40287  0.2113E+05 16799.73 700.27 17500.00 1 17500.00 T
38.00 1017.4 10.40133  0.2113£405 16799.73 700.27 17500.00 T 17500.00 T
39.00 734.9 14.39789  0.2113E+05 16799.70 700.27 17499.97 T 17499.97 1
40.00 575.2 18.39182  0.2113E+05 16799.71 700.27 17499.98 T 17499.98 1
41.00 472.6 22.38235  0.2113E+05 16799.63 700.26 17499.90 T 17499.90 T
42.00 401.0 26.36875  0.2113E+05 16799.70 700.27 17499.97 T 17499.97 1
LB= 58.000 FEET

DB (IN) RB (FT)  DELBM (IN) P (LB) SB (PSI) SI (PSI)  SIG (PSI) CONTACT  SIGTH (PSI) REST
36.50 2670.0 7.55924  0.1426E+05 16854.03 645.97 17500.00 D 17500.00 T
37.00 2449.6 8.23937  0.8070E+04 16987.25 512.75 17500.00 T 17500.00 T
38.00 1649.1 12.23823  0.8070F+04 16987.24 512.75 17499.99 T 17499.99 T
39.00 1242.9 16.23595  0.8070E+04 16987.24 512,75 17499.99 T 17499.99 1
40.00 997.3 20.23213  0.8070E+04 16987.22 512.75 17499.97 T 17499.97 1
41.60 832.8 24.22639  0.8070E+04 16987.24 512.75 17499.99 7 17499.99 1
42.00 714.9 28.21831  0.8070E+04 16987 . 24 512.75 17499.99 T 17499.99 T
LB= 75.000 FEET

DB (IN) RB (FT)  DELBM (IN) P (LB) SB (PSI) S1 (PSI)  SIG (PSI) CONTACT  SIGTH (PS1Y REST
36,50 2664 .0 12.66829  0.7B64LE+04 16892.30 607.70 17500.00 D 17500.00 T
37.00 2649.8 12.73583  0.3672E+04 16982.51 517.49 17500.00 D 17500.00 T
38.00 2637.6 12.79489  0.0000E+0U 17061.54 438.46 17500.00 B 17500.00 T
39.00 2637.6 12.79468  0.0000E+00 17061.54 438.46 17500.00 8 17500.00 T
40.00 2637.7 12.79448  0.0000E+0D 17061.54 438.46 17500.00 B 17500.00 1
41.00 2637.7 12.79428  0.0DOOE+00 17061.54 438.46 17500.00 B 17500.00 T
42.00 2637.8 12.79408  0.0D00E+00 17061.54 438.46 17500.00 B 17500.00 T
LB=270.000 FEET

DB (IN) RB (FT)  DELBM (IN) P (LB) SB (PSI) SI (PS1)  SIG (PS1) CONTACT  SIGTH (PSI) REST
36.50 2826.4  154.63855  0.0000E+00 15921.54 1578.46 17500.00 8 17500.00 T
37.00 2826.4  154.63741  0.0NDOE+00 15921.54 1578.46 17500.00 8 17500.00 T
38.00 2826.4  156.63514  0.0000E+00 15921.54 1578.46 17500.00 B 17500.00 1
39.00 2826.5  154.63284  0.0000E+00 15921.54 1578.46 17500.00 B 17500.00 T
40.00 2826.5  154.63058  0.0000E+00 15921.54 1578.46 17500.00 B 17500.00 1
41.00 2826.6  154.62831  0.0000E+00 15921.54 1578.46 17500.00 B 17500.00 T
42.00 2826.6  154.62602  0.0000E+00 15921.54 1578.46 17500.00 B 17500.00 1
LB=350.000 FEET
DB (IN) RB (FT)  DELBM (IN) P (LB) S8 (PSI) S1 (PS1)  SIG (PSI) CONTACT  SIGTH (PS1) REST
36.50 2911.9  252.10726  0.0000E+DO 1545385 2046.15 17500.00 B 17500.00 T
37.00 2911.9  252.10545  0.DO0DE+00 15453, 84 2046.15 17500.00 B 17500.00 T
38.00 2912.0  252.10186  0.0D000E+00 15453 .85 2046.15 17500.00 8 17500.00 T
39.00 2912.0  252.09828  0.0000E+00 15453.85 2046.15 17500.00 8 17500.00 1
40.00 2912.1  252.09465  0.0000E+00 15453, 84 2046.15 17500.00 B 17500.00 T
41.00 2912.1  252.09107  0.0000E+00 15453.85 2046.15 17500.00 B 17500.00 T
42.00 2912.1  252.08748  0.0000E+00 15453 .85 2046.15 17500.00 8 17500.00 T



Table B.,3 Post-Emplacement Liner Stresses in Horizontal Boreholes Drilled
with a Non-Steerable Bit

This section of Appendix B lists the output file from PROGRAM STRESS1
for maximuwn liner stresses based on post-emplacement loading in 40-inch-
diameter horizontal boreholes drilled with a non-steerable bit.

The following parameter values were used in computing these results:
L& = 32, 42, 58, 75 feet (horizontal)

s

Fy = 0.

[

40 inches

Other parameter values were fixed as listed in Section 5.2.
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RUN WITH STRESSZ2.FOR

POST - EMPLACEMENT LOADING SPECIFIED

MINIMUM ALLOWABLE LINER RADIUS OF CURVATURE= 65.74 FT (BASED ON CONTAINER CLEARANCE)
CRITICAL BUCKLING STRESS BASED ON BENDING= 0.2114E+06 PSI

CRITICAL BUCKLING STRESS BASED ON COMPRESSION= 0.3059£+06 PSI

FB= 0.00 LBF

LB8= 32.000 FEET (HORIZONTAL)
DB= 40,000 INCHES

DB (IN) DELB (IN) P (LB) SB (PSI1) s (PSI) SIG (PS[) CONTACT
40.0 1.91998  0.0000E+00 3419.48 187.08 3606.56 H
40.0 3.83987  0.0000E+00 3419.48 187.08 3606.56 H
40.0 5.75957  0.0000E+00 3419.48 187.08 3606.56 H
40.0 7.67898  0.0000E+00 3419.48 187.08 3606.56 H
40.0 9.59800  0.0000E+00 3419.48 187.08 3606.56 H
40.0 11.51654  0.0000E+00 3419.48 187.08 3606.56 H
40.0 13.43451  0.0000E+00 3419.48 187.08 3606.56 H
40.0 15.35181  0.0000E+00 3419.48 187.08 3606.56 H
40.0 17.26834  0.2938E+05 14974 .31 819.23 15793.54 T
40,0 19.18401  0.8303E+05 36077.02 1973.74 38050.76 1
40.0 21,09871  0.1367E+06 57179.29 3128.23 60307.52 T
40.0 23.01237  0.1903E+06 78280.85 4282.68 82563.53 T

LB= 42.000 FEET (HORIZONTAL)
DB= 40.000 INCHES

DB (IN) DELB (IN) P (LB) S8 (PSI) SI (PS1) SIG (PSI) CONTACT
40.0 2.51998  0.0000E+00 5890.59 245.54 6136.12 H
40.0 5.03983  0.0000E+00 5890.59 245,54 6136.12 H
40.0 7.55943  0.0000E+00 5890.59 245.54 6136.12 H
40.0 10.07866  0.0000E+00 5890.59 245,54 6136.12 H
40.0 12.59738  0.0000E+00 5890.59 245.5¢4 6136.12 H
40.0 15.11546  0.0000E+00 5890.59 245.54 6136.12 H
40.0 17.63280  0.1174E+05 11951.59 498.18 12449.77 T
40.0 20.14925  0.4288E+05 28026.93 1168.25 29195.18 T
40.0 22.66470  0.7402E+05 44101.93 1838.31 45940.24 T
40.0 25.17901 " 0.1052E+06 60176.40 2508.34 62684 .74 T
40.0 27.69206  0.1363E+06 76250.,13 3178.35 79428.48 T
40.0 30.20373  0.1674E+06 §2322.93 3848.32 96171.25 T

LB= 58.000 FEET (HORIZONTAL)
DB= 40,000 INCHES

DB (IN) DELB (IN) P (LB) SB (PSI) SI (Psl) SIG (PSI) CONTACT
40.0 3.47997  0.0000€+00 7758.84 339.08 8097.92 8
40.0 6.95977  0.0000E+00 11233.52 339.08 11572.60 H
40.0 10.43922  0,0000E+00 11233.52 339.08 11572.60 H
40.0 13.91814  0.0000E+00 11233.52 339.08 11572.60 H
40,0 17.39638  0.0000E+00 11233.52 339.08 11572.60 H
40.0 20.87374  0.1108E+05 19135.04 577.58 19712.62 T
40.0 24.35005  0.2741E+05 30774.24 928.90 31703.14 T
40.0 27.82516  0.4373E+05 42413.09 1280.21 43693.30 T
40.0 31.29886  0.6006E+05 54051.44 1631.51 55682.95 T
40.0 34.77101  0.7638E+05 65689.15 1982.79 67671.94 T
40.0 38.24142  0.9270E+05 77326.08 233404 79660.12 T
40.0 41.70991  0.1090E+06 88962.07 2685.27 91647 .34 T

LB= 75.000 FEET (HORIZONTAL)
DB= 40.000 INCHES

DB (IN) DELB (IN) P (LB) SB (PSI) S1 (PSI) SIG (PSI) CONTACT
40.0 4.49996  0.0000E+00 6000.13 438.46 6438.59 B
40.0 8.99970  0.0000£+00 12000.53 438.46 12438.99 B
40.0 13.49899  0.0000E+00 18001.20 438.46 18439.66 B
40.0 17.99760  0.0000DE+00 18783.76 438,46 19222.22 H
40.0 22.49531  0.0000&+00 18783.76 438.46 19222.22 H
40.0 26.99190  0.8586E+04 26699.09 623.23 27322.31 T
40.0 31.48714  0,1835E+05 35699.31 833.31 36532.62 T
40.0 35.98080 0.2811E+05 44699.14 1043.39 45742.53 T
40.0 40.47267  0.3787E+05 53698.47 1253.46 54951.93 T
40,0 44.96251  0.4763E+05 60013.34 1463.51 61476.85 D
40.0 49.45011  0.5739E+05 66016.14 1673.55 ¢7689.69 D
40.0 53.93523  0.671I€+05 72019.21 1883.57 73902.77 D
40.0 58.41766  0.7691£+05 78022.54 2093.56 80116.10 D
40.0 62.89717  0.8667E+05 84026.14 2303.53 86329.67 D
40.0 67.37353  0.9642E+05 90030.01 2513.48 92543.49 D
40.0 71.84653  0.1062E+06 96034.15 2723.39 98757.53 D
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Table B.4 Post-Emplacement  Liner Stresses In a Horizontal Borehole Drilled
with a Steerable Bit

This section of Appendix B lists the output flle from PROGRAM STRESS2
for maximum liner stresses based on post-emplacement loading in a 40-inch-
diameter, 350-ft-long horizontal borehole drilled with a gteerable bit,

The following parameter values were used in computing these results:

L, = 350 feet (horizontal)

i

d} 40 inches
b
Fb = 0

0 to Lb'

L
Other parameter values were fixed as listed in Section 5.2,

i

- 102 -



RUN WITH STRESS1.FOR

LINER THERMAL EXPANSION SPECIFIED

MINIMUM ALLOWABLE LINER RADIUS OF CURVATURE= 65.74 FT (BASED ON CONTAINER CLEARANCE)
CRITICAL BUCKLING STRESS BASED ON BENDING= 0.2114E+06 PSI

CRITICAL BUCKLING STRESS BASED ON COMPRESSION= 0.3059&+06 PS!

FB= 0.00 LBF

LB=350.000 FEET (HORIZONTAL)
DB= 40.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PS1) S1 (PSI1) SI1G (PS1) CONTACT
42.0 + 0.10000 0.0000E+00 3927.06 2046.15 5973.21 H
42.0 0.20000 0.0000E+00 3927.06 2046.15 5973.21 H
42.0 0.30000 0.0000E+00 3927.06 2046.15 5073.21 H
42.0 0.40000 0.0000£+00 3927.06 2046.15 5973.21 H
42.0 0.50000 0.000E+00 3927.06 2046.15 5973.21 H
42.0 0.60000 0.000UE+00 3927.06 2046.15 5973.21 H
42.0 0.70000 0.0000E+00 3927.06 2046.15 5973.21 H
42.0 0.80000 0.0000E+00 3927.06 2046.15 5973.21 H
42.0 0.90000 0.0000E+00 3927.06 2046.15 5973.21 H
42.0 1.00000 0.000QE+Q0 3927.06 20646.15 5973.21 H
42.0 1.10000  0.0000E+00 3927.06 2046.15 5973.21 H
42.0 1.20000 0.0000E+00 3927.06 2046.15 5973.21 H
42.0 1.30000 0.0000E+00 3927.06 2046.15 5973.21 H
42.0 1.40000  0.0000E+00 3927.06 2046.15 5973.21 H
42.0 1.50000 0.0000€+00 3927.06 2046.15 5973,21 H
42.0 1.60000 0,0000£+00 3927.06 2046.15 5973.21 H
42.0 1.70000 0.0000E+00 3927.06 2046.15 5973.21 H
42,0 1.80000 0.0000E+D0 3927.06 2046.15 5973.21 H
42.C 1.90000 0.0000E+00 3927.06 2046.15 5973.21 H
42.0 2.00000 0.0000E+00 3927.06 2046.15 5973.21 H
42.0 2.10000  0.5624E+05 11185.85 7088.98 18274.83 T
42.0 2.20000 0.1353E+06 21389.93 14177.96 35567.89 T
b2.,u 2.30000 0.2144E+06 31594.01 21266.94 52860.95 T
42.0 2.40000 0.2934E+06 41798.09 28355.92 70154.01 T
42.0 2.50000 0.3725E+06 52002.17 35444.90 87447.07 i
58.0 0.10000 0.0000E+00 3567.23 2046.15 5613.38 B
58.0 0.20000 0.000UE+00 7134.54 2046.15 9180.70 B
58.0 0.30000 0.0000E+00D 7489.01 2046.15 9535.17 H
58.0 0.40000 0.0000E+00 7489.01 2046.15 9535.17 H
58.0 0.50000  0.0000E+Q0 7489.01 2046.15 9535.17 H
58.0 0.60000 0.0000E+00 7489,01 2046.15 9535.17 H
58.0 0.70000 0.0000E+00 7489.01 2046.15 9535.17 H
58.0 0.80000  0.0000E+00 7489.01 2046.15 9535.17 H
58.0 0.90000 0.0000E+00 7489.01 2046.15 9535.17 H
58.0 1.00000 0.0000E+00 7489.01 2046.15 9535.17 H
58.0 1.10000 0.0000E+00 7489.01 2046.15 9535.17 H
58.0 1.20000  0.0000E+00 7489.01 2046.15 9535.17 H
58.0 1.30000 0.0000E+00 7489.01 2046.15 9535.17 H
58.0 1.40000 0.0000E+00 7489.01 2046.15 9535.17 H
58.0 1.50000 0.0000E+00 7489.01 2046.15 9535.17 H
58.0 1.60000  0.0000€+00 7489.01 2046.15 9535.17 H
58.0 1.70000 0.0J00E+00 7489.01 2046.15 9535.17 H
58.0 1.80000  0.000GE+00 7489.01 2046.15 9535.17 H
58.0 1.90000 0.0000E+00 7489.01 2046.15 9535.17 H
58.0 2.00000 0.0000E+00 7489.01 2046.15 9535.17 H
58.0 2.10000  0.0000E+00 7489,.01 2046.15 9535.17 H
58.0 2.20000 0.2853e+05 12573.80 3898.51 16472 .31 T
58.0 2.30000 0.5855€+05 17924.57 5847.77 23772.34 T
58.0 2.40000 0.8857e+05 23275.35 7797.02 31072.37 T
58.0 2.50000 0.1186E+06 28626.12 9746.28 38372.40 T
58.0 2.600C0  0.1486E+06 33976.89 11695.54 45672.43 T
58.0 2.70000 0.1786E+06 39327.66 13644 .79 52972.46 T
58.0 2.80000 0.2087e+06 44678 .44 15594.05 60272.49 T
58.0 2.90000 0.2387E+06 50029.21 17543.31 67572.52 T
58.0 3.00000 0.2687E+06 55379.98 19492.56 74872.54 T
58.0 3.10000 0.2987E+06 60730.76 21441.,82 82172.57 T
58.0 3.20000 0.3287E+06 66081.53 23391.07 89472.60 T
58.0 3.30000 0.3588t+06 71432.30 25340.33 96772.63 T
75.0 0.10000 0.000D0E+00 2133.35 2046,15 6179.50 B
75.0 0.20000 0.0000E+00 4266.73 2046.15 6312.88 B
75.0 0.30000 0.0000E+00 6400.14 2046.15 8446,29 B
75.0 0.40000 0.0000E+00 8533.58 2046.15 10579.73 B
75.0 0.50000 0.0000E+00 10667.04 2046.15 12713.19 B8
75.0 0.40000 0.0000E+00 12522.50 2046.15 14568.66 H
75.0 0.70000 0.0000E+00 12522.50 2046.15 1456866 H
75.0 0.80000 0.0DDOE+0D 12522.5C 2046.15 14568.66 H
75.0 0.90000 0.0000E+00 12522.50 2046.15 14568.66 H
75.0 1.00000 0.0000E+00 12522.50 2046.15 14568.66 H
75.0 1.10000  0.0000E+00 12522.50 2046.15 14568.66 H
75.0 1.20000  0.0000E+00 12522.50 2046.15 14568.66 H
75.0 1.30000  0.0O0OOE+0D0 12522.50 2046.15 14568.66 H
75.0 1.40000 0.0000E+00 12522.50 2046.15 14568.66 H
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75.0
75.0
75.0
75.0
75.0
75.0
75.0
75.0
75.0
75.0
75.0
75.0
75.0
75.0
75.0
75.0
75.0
75.0
75.0
75.0
75.0
75.0
75.0
75.0
75.0
75.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
ac.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
85.0
85.0
85.0
85.0
85.0
85.0
85.0
85.0
8%.0
85.0
85.0
85.0
85.0
85.0
£5.0
85.0
85.0
85.0

1.50000
1.60000
1.70000
1.80000
1.90000
2.00000
2.10000
2.20090
2.30000
2.40000
2.50000
2.60000
2.70000
2.80000
2.90000
3.00000
3.10000
3.20000
3.30000
3.40000
3.50000
3.60000
3.70000
3.80000
3.90000
4.,00000
0.10000
0.20000
0.30000
0.40000
0.50000
0.60000
0.70000
0.80000
0.90000
1.00000
1.10000
1.20000
1.30000
1.40000
1.50000
1.60000
1.70000
1.80000
1.90000
2.00000
2.10000
2.20000
2.30000
2.40000
2.50000
2.60000
2.70000
2.80000
2.90600
3.00000
3.10000
3.20000
3.30000
3.40000
3.50000
3.60000
3.70000
3.80000
3.90000
4.,00000
0.10000
J.20000
0.30000
0.40000
0.50000
0.60000
0.70000
0.80000
0.90000
1.00000
1.10000
1.20000
1.30000
1.40000
1.50000
1.60000
1.70000
1.80000

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.9030E+03
0.1479E+05
0.2867E+05
0.4256E+05
0.564L4E+05
0.7032E+05
0.8421E+05
0.9809E+05
0.1120E+06
0.1259E+06
0.1397E+06
0.1536E+06
0.1675E+06
0.1814E+06
0.1953E+06
0.2092E+06
0.2231€+06
0.2369E+06
0.0000E+00
0.0000E+0Q0
0.0000E+00
0.0000E+00
0.0000E+00
0.0000€+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000€E+00
0.0000E+00
0.2295E+04
0.1374E+05
0.2518E+05
0.3662E+05
0.4806E+05
0.5950E+05
0.7094E+05
0.8238E+05
0.9382E+05
0.1053E+06
0.1167E+06
0.1281E+06
0.1396E+06
0.1510E+06
0.1625E+06
0.1739E+06
0.1853E+06
0.TN00E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000€+00
0.0000£+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000£+400
0,0000E+00
0.0000E+00
0.0000E+00
0.0000£+400
0.0000E+00
0.0000E+00
0.0000E+00

12522.50
12522.50
12522.50
12522.50
12522.50
12522.50
12522.50
12522.50
12730.63
15930.63
19130.63
22330.63
25530.63
28730.63
31930.63
35130.63
38330.63
41530.63
44730.,63
47930.63
51130.63
54330.63
57530.63
60730.63
63930.63
67130.63
1875.01
3750.05
562511
7500, 19
9375.28
11250.40
13125.53
14247.83
14247.83
14247.83
14247.83
14247.83
14247.83
14247.83
14247.83
14247 .83
14247.83
14247.83
14247,83
14247.83
14247.83
14247.83
14247.83
14811.96
17624 .46
20436.96
23249.46
26061.96
28874.46
31686.96
34499 .46
37311.96
40124 .46
"2936.96
43749 .46
48561.96
51374.46
54186.96
56999.46
50811.96
1660.91
3321.84
4982.78
6643.75
8304.72
9965, 71
11626.71
17287.72
14948.74
16084 .46
1608446
16084 .46
16084, 46
16084 .46
16084 .46
16084 46
16084 .46
16084 .46

2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2091.50
2788.66
3485.83
4182.99
4880.16
5577.32
6274 .49
6971.65
7668.82
B365.99
9063.15
9760.32
10457.48
11154 .65
11851.81
12548.98
132646.14
13943.31
2046.15
2046.15
2046.15
2046.15
2046.15
2066.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2154.17
2692.72
3231.26
3769.81
4308.35
4846.89
5385.44
5923.98
6462 .52
7001.07
7539.61
8078.16
8616.70
9155.24
9693.79
10232.33
10770.87
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
204615
2046 .15
204615
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
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1456866
14568 .66
14568.66
1456866
1456866
14568.66
1456866
14568, 66
14822.12
18719.29
22616.45
26513.62
30410.78
34307.95
38205.11
42102.28
45999 .45
49896.61
53793.78
57690 ,94
61588.11
65485 .27
69382.44
73279.60
176,77
81073.93
3921.17
5796.20
7671.26
9546.34
11421.44
13296.55
15171.68
16293.98
16293.98
16293,98
16293 .98
16293.98
15293 .98
16293 .98
16293.98
16293.98
16293.98
1629%.98
16293.98
16293 .98
16293.98
16293.98
16293.98
16966.13
20317.18
2366822
27019.26
30370.31
33721.35
37072.39
40423 .44
43774 .48
47125.52
50476.57
53827.61
57178.,66
60529.70
63880, 74
67231.79
70582.83
3707.06
5367.99
7028.94
8689.90
10350.88
12011.86
13672.86
15333.87
16994 ,89
18130, 61
18130.61
18130.61
18130.61
18130.61
18130.61
18130, 61
18130.61
18130.61
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85.0
85.0
85.0
85.0
85.0
85.0
85.0
85.0
85.0
85.0
85.0
85.0

85.0

90.0

90.0
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1.90000
2.00000
2.10000
2.20000
2.,30000
2.40000
2.50000
2.,60000
2.70000
2.80000
2,90000
3.00000
3,10000
3.20000
3.30000
3.40000
3.50000
3.60000
3.70000
3.80000
3.90000
4.0(000
0.10000
0.20000
0.30000
0.40000
0.50000
0.60000
0.70000
0.80000
0.90000
1.00000
1.10000
1.20000
1.30000
1.40000
1.50000
1.60000
1.70000
1.80000
1.90000
2.,00000
2.10000
2.20000
2.30000
2.40000
2.500n0
2.60000
2.70C:0
2,80000
2.90000
3.00000
3.10000
3.20000
3.30000
5.40000
3.50000
3.60000
3,70000
3.80000
3.90000
4.00000
0.10000
0.20000
0.30000
0.40000
0.50000
0.60000
0.70000
0.80000
0.90000
1.00000
1.10000
1.20000
1.30000
1.40000
1.50000
1.60000
1.70000
1.80000
1.90000
2.00000
2.10000
2.20000

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.1506E+04
0. 1104E+05
0.2058E+C5
0.3012E+05
0.3966£+05
0.4920E+05
0.5873E+05
0.6827E+05
0.7781E+05
0.8735€+05
0.9689E+05
0.1064E+06
0.1160E+06
0.1255E+06
0.1350E+06
0.1446E+06
0.0000€E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+CO
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000€+00
0.7344E+04
0.1538E+05
0.2341E+05
0.3145E+05
0.3948E+05
0.4752E+05
0.5555E+05
0.6359E+05
0.7162E+05
0.7966E+05
0.8769E+05
0.9573E+05
0.1038E+06
0.1118E+06
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.C000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+0Q0
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

16084 .46
16084 ,46
16084 ,46
16084 .46
16084 .46
16084 .46
16477.86
18969.21
21460.56
23951.91
26443 ,26
28934 .61
31425,96
33917.31
36408.66
38900.01
41391.36
43882.71
46374.06
48865 .41
51355.,76
53848.10
1481.49
2962.99
4444 51
5926.04
7407.59
8889.14
10370.70
11852.27
13333.84
14815.42
16297.01
17778.60
18032.41
18032.41
18032.41
18032.41
18032.41
18032.41
18032.41
18032.41
18032.41
18032.41
18032.41
18032.41
18032.41
18032.41
20063.66
22285.88
24508.10
26730.32
28952.55
374,77
33396.99
35619.21
37841.43
40063.66
42285.88
44508,10
46730,32
48952.55
833.34
1666.68
2500.02
3333.37
4166.72
5000.08
5833.44
6666.80
7500.16
8333.53
9166.89
10000.26
10833,63
11666.99
12500,36
13333.73
14167.09
15000.46
15833,82
16667.18
17500.54
18333.89

2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2112.88
2535.46
2958.03
3380.61
3803.19
4225.76
4648,34
5070.92
5493.49
5916.07
6338.65
6761.22
7183.80
7606.37
8028.9%
8451.53
2046.15
2046.15
20466.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.,15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2383.47
2609.68
3025.89
3362.10
3698.31
4034.52
4370.73
4706.94
5043.15
5379.36
5715.57
6051.,78
6387.99
6724.20
2046.15
2046.15
2046.,15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
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18130.61
18130.61
18130.61
18130.61
18130.61
18130.61
18590.74
21504.67
24418.60
27332.52
30246.45
33160,37
36074.30
38988.23
41902.15
44816.08
47730.00
50643.93
53557.85
56471.78
59385.71
62299.63
3527.64
5009.15
6490.67
797%.20
9453.74
10935.29
12416.85
13898.42
15380.00
16861.58
18343.16
19824.75
20078.56
20078.56
20078.56
20078.56
20078.56
20078.56
20078.56
20078.56
20078.56
20078.56
20078.56
20078.56
20078.56
20078.56
22417.13
24975.56
27533.99
30092.43
32650.86
35209.29
37767.72
40326.16
42884 .59
45443.02
48001.45
50559.868
53118.32
55676.75
2879.49
3712.83
4546.18
5379.52
6212.88
7046.23
7879.59
8712.95
9546.32
10379.68
11213.05
12046.41
12879.78
13713.15
14546.52
15379.88
16213.25
17046.61
17879.97
18713.34
1954669
20380.05
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o000

140.0
140.0
140.0
140.0
140.0
140.0
140.0
140.0
140.0
140.0
140.0
140.0
140.0
140.0

2.30000
2.40000
2.50000
2,60000
2.70000
2,80000
2.,90000
3.00000
3.10000
3.20000
3.30000
3.40000
3.50000
3.,60000
3.70000
3.80000
3.,90000
4,00000
0.,0000
0.20000
0,30000
0.40000
0.50000
0.60000
0.70000
0.80000
0,70000
1.00000
1.10000
1.20000
1.30000
1.40000
1.50000
1.60000
1.70000
1.80000
1.90000
2.00000
2.10000
2.20000
2.30000
2.40000
2.50000
2.60000
2.70000
2.80000
2.90000
3.00000
3.10000
3,20000
3,30000
3.40000
3.50000
3.60000
3.70000
3.80000
5.90000
4.00000

0.0000€E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+400
0.0000€+00
0.0000€E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.2595E+04
0.0000€+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+U0
0.0000€E+00
0.0000E+00
0.0000€+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000€+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000€E+00
0.0000€+00
0.0000E+00
0.0000E+00

* 0,0000€+00

0.0000E+00
0.0000t+00
0.0000E+0C
0.0000E+00
0.0000E+00
0.0000€+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000€E+00
0.0000€+00

19167.24
20000.59
20833, 94
21667.28
22500.61
2333394
24167.26
25000.58
25833 .89
26667.19
27500.,49
28333.78
29167.06
30000.33
30833.60
31666.85
32057.61

17143,18
17755.42
18367.66
18979.89
19592.12
20204.35
20816.57
21428.78
22041.00
22653.,20
23265.41
23877.60
24489.80

2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2127.58
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
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21213.40
22046.75
22880.09
23713.43
24546.76
25380.09
26213 .42
27046.73
27880.04
28713.35
2954664
30379.93
31213.21
32046.49
32879.75
33713.01
34103.76
35141.98

2658.40

3270.65

3882.90

4495 .15

5107.41

5719.67
6331.92
6944 .18

7556.45
8168.71
8780.97
9393.23
10005.50
10617.76
11230.02
11842.29
12454 .55
13066, 81
13679.07
14291.33
14903 .59
15515.84
16128.10
16740,35
17352.60
17764 .85
18577.10
19189.34
19801.58
20413 .81
21026 .05
21638.28
22250.50
2286¢.72
23474 .94
24087 .15
26699.36
25311.56
25923.76
26535 .95
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Table B.5 Maximum Allowable Borehole Deviation Based on Post-Emplacement
Liner Stresses in Boreholes Drilled with a Steerable Bit

This section of Appendix B lists the output file from PROGRAM DEVIAT?
for maximum allowable borehole deviation based on post-emplacement liner
stresses in horizontal and vertical boreacles drilled with a gteerable bit.

The following parameter values were used in computing these results:

Lb = 26 ft (vertical borehole)
= 32, 42, 58, 75, 270, and 350 feet (horizontal boreholes)

36.5, 57, 38, 39, 40, 41, and 42 inches

,-
C.r“
]

F, =0
L =20 to Lb.

Other parameter values were fixed as listed in Section 5.2.
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RUN WITH DEVIAT1.FOR

POST-EMPLACEMENT LOADING SPECIFIED

MINIMUM ALLOWABLE LINER RADIUS OF CURVATURE=
CRITICAL BUCKLING STRESS BASED ON BENDING=

CRITICAL BUCKLING STRESS BASEC ON COMRESSION=

65.74 FT (BASED ON CONTAINER CLEARANCE)

0.2114E+06 PSI
0.2039E+06 PSI

Fs=  4.00
FB= 0.00 LBF
LB= 26.000 FEET (VERTICAL)
DB= 36.500 INCHES
L (FT)  DELBM (IN) P (LB) B (PSI)  SI (PSD)
5.0 0.25029  0.1359E+06 2088.64  15211.36
10.0 0.25344  0.2015E+06 6192.16  11274.2°
16.0 0.26454  0.2079E+05  10223.50 7271.15
21.0 0.28034  0.1919E406  12383.7 5112.77
26.0 0.30177  0.17256406  13784.94 3712.80
DB= 37.000 INCHES
L (FT)  DELBM (IN) P (LB) 3 (PS()  SI (PSI)
5.0 0.50029 0.1359E+06 2088.5  15211.36
10.0 0.50344  0.°015E+06 619216 1127421
16.0 0.51454  C.2079E+06  10223.50 7271.15
21.0 0.53034  0.1919E406  12383.71 5112.77
26.0 0.55177  0.17256406  13784.94 3712.80
DB= 38.000 INCHES
L (FT)  DELBM (IN) P (LB) s8 (PSI)  SI (PSI)
5.0 1.00029°  0.1359E+06 2082.66  15211.36
10.0 1.00344  0.2015E+06 6192.16  11274.21
16.0 1.01454  0.2079E+06  10223.50 7271.15
21.0 1.03034  0.1910E+06  12383.71 5112.77
26.0 1.05177  0.1725E+06  13784.94 3712.80
DB= 39.000 INCHES
L (FT)  DELBM (IN) P (LB) SB (PSI)  SI (PSI)
5.0 1.50029°  0.1359€+06 2088.64  15711.36
10,0 1.50344  0.2015E+06 6192.16 1127421
16.0 1.51454  0.2079E+06  10223.50 7271.15
21.0 1.53034  0.19196+06  12383.7" 5112.77
26.0 1.55177  0.1725E+06  13784.9% 3712.80
DB= 40.000 INCHES
L (FT)  DELBM (IN) P (LB) SB (PSI)  SI (PSI)
5.0 2.00029  0.1359E+06 2088.64 . 15211.36
10.0 2.00344  0.2015E406 6192.16  11274.21
16.0 2.01454  0.2079E+06  10223.50 7271.15
21.0 2.03034  0.1919E+06  12383.71 5112.77
26.0 2.05177  0.1725E406 1378494 371240
DB= 41.000 INCHES
L (FT) DELBM (IN) P (LB) SB (PCI) S1 (PSI)
5.0 2.50020 0.1359E+06 2088.64  15211.36
10.0 2.50344  0.2015E+06 6192.1¢ 1127421
16.0 2.51454  0.2079E+406  10223.50 7271.15
21.0 2.53034  0.1910F+06 1238371 5112.77
26.0 2.55177  0.1725E406 1378494 3712.80
DB= 42.000 INCHES
L (FT)  DELBM (IN) P (LB) SB (PSI)  SI (PSD)
5.0 3.00029  0.1359E+06 2088.64  15211.36
10.0 3.00344  0.2015E406 6192.16 1127421
16.0 3.01454  0.2079E+06  10223.50 7271.15
21.0 3.03034  0.19198+06 12383 71 5112.77
26.0 3.05177  0.17256406 13784 .94 3712.80
LB= 32.000 FEET (HORIZONTAL)
CB= 36.500 INCHES
L (FT) DELBM (IN) P (LB) SB (PSI) S. (PSI)
5.0 0.25044  0.2035E+06 3182.56  14201.16
10.0 0.25457  0.2623E+06 B281.82 9216.96
16.0 0.26717  0.2368E406  12215.20 5283 .91
21.0 0.28370  0.2017€+06  14000.58 349475
26.0 0.30516  0.1697E+06  15063.83 243441
32.0 0.33681 0.13786+406  15829.50 1669.68
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SIG (PSI)
17300.00
17466.37
17494 .65
17496.48
17497.74

SIG (PSI)
17300.00
17466.37
17494 .65
17496.48
17497.74

SIG (PSI)
17300.00
17466.37
17494 .65
17496.48
17497.74

SIG (PSI)
17300.00
17466.37
17494 .65
17496.48
17497.74

SIG (PSI)
17300,00
17466.37
17494 .65
17496.48
17497.74

SIG (PSI)
17300.00
17466.37
17494 .65
17496.48
17497.74

SIG (PSI)
17300.00
17466.37
17494.65
17496.48
17497.74

SIG (PSI)
17383.71
17498.77
17499.11
17495.33
17498.24
1049918

CONTACT
T

1
T
1
1

CONTACT
T

T
T
1
T

CONTACT
T

T
T
T
T

CONTACT

— -

CONTACT

— -

CONTACT
T

1
T
T
T
CONTACT
T

1
T
T
T

CONTACT
T

T
T
T
T
1

SIGTH (PSI)
17300.00
17666.37
17494 .65
17496.48
17497.74

SIGTH (PSI)

17300.00
17466.37
17494 .65
17496.48
17497.74

SIGTH (PS1)
17300.00
17466.37
17494 .65
17496.48
17497.74

SIGTH (PSI)
17300.00
17466.37
17494 .65
17496.48
17497.74

SIGTH (PSI)
17300.00
17466.37
17494.65
17496.48
17497.74

SIGTH (PSI)
17300.00
17466.37
17494 .65
17496.48
17497.74

SIGTH (PSI)
17300.00
17466.37
1749465
17496.48
17497.74

SIGTH (PSI)
17383.71
17498.77
17499.11
17495.33
17498.24
i7499.18

EST
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DB

DB

DB

DB

DB

DB

LB

DB

DB

37.

38.

39.

40.

41,

42.

—

42,
36.

37.

000 INCHES
(FT) DELBM (IN) P (LB)
5.0 0.50044  0.2035E+06
10.0 0.50457  0.2623E+06
16.0 0.51717  0.2368E+06
21.0 0.53370  0.2017E+06
26.0 0.55516  0.1697E+06
32.0 0.58681  0.1378E+06
000 INCHES
(FT) DELBM (IN) P (LB)
5.0 1.00044  0.2035E+06
10.0 1.00457  0.2623E+06
16.0 1.01717  0.2368E+06
21.0 1.03370  0.2017E+06
26.0 1.05516  0.1697E+06
32.0 1.08681  0.1378E+06
000 INCHES
(FT) DELBM (IN) P (LB)
5.0 1.50044  0.2035€+06
10.0 1.50457  0.2623E+06
16.0 1.51717  0.2368E+06
21.0 1.53370  0.2017E+06
26.0 1.55516  0.1697E+06
32.0 1.58681  0.1378E+06
000 INCHES
(FT) DELBM (IN) P (LB)
5.0 2.00044  0.2035E+06
10.0 2.00457  0.2623E+06
16.0 2.01717  0.2368E+06
21.0 2.03370  0.2017E+06
26.0 2.05516  0.1697E+06
32.0 2.08681 0.1378E+06
000 INCHES
(FT) DELBM (IN) P (LB)
5.0 2.50044  0.2035E+06
10.0 2.50457  0.2623E+06
16.0 2.51717  0.2368E+06
21.0 2.53370  0.2017E+06
26.0 2.55516  0.1697E+06
32.0 2.58681  0.1378E+06
000 INCHES
(FT) DELBM (IN) P (LB)
5.0 3.00044  0.2035E+06
10.0 3.00457  0.2623E+06
16.0 3.01717  0.2368E+06
21.0 3.03370  0.2017E+06
26.0 3.05516  0.1697E+06
32.0 3.08681 0.1378E+06
000 FEET (HORIZONTAL)
500 INCHES
(FT) DELBM (IN) P (LB)
5.0 0.25035  0.1613E+06
10.0 0.25392  0.2242E+06
16.0 0.26567  0.2154E+06
21.0 0.28170  0.1891E+06
26.0 0.30281  0.1619E+06
32.0 0.33421  0.1331E+06
42.0 0.39942  0.9531E+05
000 INCHES
(FT) DELBM (IN) P (LB)
5.0 0.50035  0.1613E+06
10.0 0.50392  0.2242E+06
16.0 0.51567  0.2154E+06
21.0 0.53170  0.1891E+06
26.0 0.55281  0.1619€+06
32.0 0.58421  0.93316+06
42.0 0.64942  0.9531E+05

SB (PSI)
3182.56
8281.82

12215.20

14000.58

15063.83

15829.50

SB (PSI1)
3182.56
8281.82

12215.20

14000.58

15063.83

15829.50

SB (PSI)
3182.56
8281.82

12215.20

14000.58

15063.83
15829.50

SB (PSI)
3182.56
8281.82
12215.20

14000.58

15063.83

15829.50

SB (PSI)
3182.56
8281.82
12215.20

14000.58
15063 .83

15829.50

SB (Psl)
3182.56
8281.82

12215.20

14000.58

15063.83

15829.50

SB (PSI)
2534.56
7111.82

11160.51

13184.25

14438.09

15372.47

16228.71

SB (PSI)
2534.56
7111.82

11160.51

13184.25

14438.09

15372.47

16228.71

SI (PSl)
14201.16
9216.96
5283.91
349475
2434 .41
1669.68

SI _(Psl)
14201.16
9216.96
528%.91
3464.75
2434 .41
1669.68

ST (PSI)
14201.16
92.6.96
5283.91
3494.75
2434.41
1669.68

S (PSI)
14201.16
9216.96
5283.91
3494,75
2434 .41
1669.68

SI (PSI)
14201.16
9216.96
5283.9%
3494.75
2434 .41
1649.68

SI (PSI)
14201.16
9216.96
5283.91
3494.75
2434 .41
1669.68

S1 (Ps1)
14827.27
10376.67
6329.27
4314.65
3059.04
2125.82
1271.08

ST (PS1)
14827.27
10376.67
6329.27
6314.65
3059.04
2125.82
1271.08

- 109 -

S1G (PSI)
17383.71
17498.77
17499.11
17495.33
17498.24
17499.18

SIG (PSI)
17383.71
17498.77
17499.11
17495.33
17498.24
17499.18

SIG (PSI)
17383.71
17498.77
17499.11
17495.33
17498.24
17499.18

SIG (PSI)
17383.71
17498.77
17499.11
17495.33
17498.24
17499.18

SIG (PSI)
17383.71
17498.77
17499.11
17495.33
17498.24
17499.18

SIG (PSI)
17383.71
17498.77
17499.11

- 17495.33

17498.24
17499.18

SIG (PSI)
17361.82
17488.49
17489.78
17498.90
17497.13
17498.29
17499.80

SIG (PSI)
17361.82
17488.49
17489.78
17498.90
17497.13
17498.29
17499.80

'

CONTACT

—_ -

CONTACT
T

R e

CONTACT

—— =

CONTACT

— =~ —

CONTACT

— e = —

CONTACT

——t et~

CONTACT

B

CONTACT

-t = = —

SIGTH (PSI)
17383.71
17498.77
17499.11
17495.33
17498.24
17499.18

SIGTH (PSI)
17383.71
17498.77
17499.11
17495.33
17498.24
17499.18

SIGTH (PSI)
17383.71
17498.77
17499.11
17495.33
17498.24
17499.18

SIGTH (PSI)
17383.71
17498.77
17499.11
17475.33
17498.24
17499.18

SIGTH (PSI)
17383.71
17498.77
17499 .11
17495.33
17498.24
17499.18

SIGTH (PSI)
17383.71
17498.77
17499.11
17495.33
17498.24
17499.18

SIGTH (PSI)
17361.82
17488.49
17489.78
17498.90
17497.13
17498.29
17499.80

SIGTH (PSI)
17361.82
17488.49
17489.78
17498.90
17497.13
17498.29
17499.80

EST

—_— D
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— A = —
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DB= 38.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (Ps!) SIG (PS1) CONTACT  SIGTH (PSI1)
5.0 1.00035  0.1613E+06 2534.56 14827.27 17361.82 T 17361.82
10.0 1.00392  0.2242E+06 7111.82 10376.67 17488.49 T 17488.49
16.0 1.01567  0.2154E+06 11160.51 6329.27 17487.76 T 17489.78
21.0 1.03170  0.1891E+06 13184.25 4314.65 17498.90 T 17498.90
26.0 1.05281  0.1619€+06 14438.09 3059.04 17497.13 T 17497.13
32.0 1.08421  0.1331E+06 15372.47 2125.82 17498.29 T 17498.29
42.0 1.14942  0.9531E+05 16228.71 1271.78 17499.80 T 17499.80
DB= 39,000 INCHES
L (FT) DELBM (IN) P (LB) SB (PSI) s! (Psl) SIG (PSI) CONTACT SIGTH (PSI)
5.0 1.50035  0.1613E+06 2534 .56 14827.27 17361.82 T 17361.82
10.0 1.50392  0.2242E+06 7111.82 10376.67 17488.49 T 17488.49
16.0 1.51567  0.2154E+06 11160.51 6329.27 17489.78 T 17489.78
21.0 1.53170  0.1891E+06 13184.25 4314 .65 17498.90 T 17498.90
26.0 1.55281  0.1619e+06 14438.09 3059.04 17497.13 T 17497.13
32.0 1.58421  0.1331E+06 15372.47 2125.82 17498.29 T 17498.29
42.0 1.64942  0.9531E+05 16228.71 1271.08 17499.80 T 17499.80
DB= 40.000 INCHES
L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT  SIGTH (PSI)
5.0 2.00035  0.1613E+06 2534.56 14827.27 17361.82 T 17361.82
10.0 2.00392  0.2242E+06 7111.82 10376.67 17488.49 T 17488.49
16.0 2.01567  0.2154E+06 11160.51 6329.27 17489.78 T 17489.78
21.0 2.03170  0.1891E+06 13184.25 4314 .65 17498.90 T 17498.90
26.0 2.05281  0.1619E+06 14438.09 3059.04 17497.13 T 17497.13
32.0 2.08421  0.1331E+06 15372.47 2125.82 17498.29 T 17498.29
42.0 2.14942  0.9531E+05 16228.71 1271.08 17499.80 T 17499.80
DB= 41.000 INCHES
L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI1) S1G (PS1) (CONTACT SIGTH (PSI)
5.0 2.50035  0.1613E+06 2534.56 14827.27 17361.82 T 17361.82
10.0 2.50392  0.2242E+06 7111.82 10376.67 17488.49 T 17488 .49
16.0 2.51567  0.2154E+06 11160.51 6329.27 17489.78 T 17489.78
21.0 2.53170  0.1891E+06 13184.25 4314 .65 17498.90 T 17498.90
26.0 2,55281  0.1619E+06 14438.09 3059.04 17497.13 T 1749713
32.0 2.58421  0.1331E+06 15372.47 2125.82 17498.29 T 17498.29
42.0 2.64942  0.9531€£+05 16228.71 1271.08 17499.80 T 17499 .80
DB= 42.000 INCHES
L (FT) DELBM (IN) P (LB) SB (PSI) S1 (PSI) SIG (PSI) CONTACT  SIGTH (PSD)
5.0 3.00035 0.1613E+06 2534 .56 14827.27 17361.82 T 17361.82
10.0 3.00392  0.2242E+06 7111.82 10376.67 17488.49 T 17488.49
16.0 3.01567  0.2154E+06 111560.51 6329.27 17489.78 T 17489.78
21.0 3.03170  0.1891E+06 13184 .25 4314 .65 17498.9C T 17498.90
26.0 3.05281  0.1619E+06 14438.09 305v.04 17497.13 T 17497 .13
32.0 3.08421  0.1331E+06 15372.47 2125.82 17498.29 T 17493.29
42.0 3.14942  0.9531E+05 16228.71 1271.08 17499.80 T 17499.80
LB= 58.000 FEET (HORIZONTAL)
DB= 36.500 INCHES
L (FT) DELBM (IN) P (LB) SB (PSI) S1 (PSI) SIG (PS1) CONTACT  SIGTH (PSI)
5.0 0.25026  0.1192E+06 1886.56 15211.90 17098.46 T 1709846
10.0 0.25319  0.1814E+06 5797.82 11661.21 17459.03 T 17459.03
16.0 0.26376  0.1881E+06 9817.54 7675.07 17492.61 T 17492.61
21.0 0.27894  0.1716E+06 12057.72 5439.56 17497.28 T 17497.28
26.0 0.29945  0.1507E+06 13543 .42 3955.62 17499.04 T 17499.04
32.0 0.33037 0.1263E+06 14697 .47 2801.79 17499.26 T 17499 .26
42.0 0.39516  0.9194E+05 15794.02 1705.26 17499.28 T 17499 .28
58.0 0.52543  0.5117E+05 16609 .89 889.69 17499.59 T 17499.59
DB= 37.000 INCHES
L (FT) DELBM (IN) P (LB) SB (PSI) S (PS1) SIG (FSI) CONTACT  SIGTH (PSI)
5.0 0.50026  0.1192E+06 1886.56 15211.90 17098.46 1 1709846
10.0 0.50319  0.1814E+06 5797.82 11661.21 17459 03 T 17459.03
16.0 0.51376  0.1881E+06 9817.54 7675.07 17492 .61 T 17492.61
21.0 0.52894  0.1716E+06 12057.72 5439.56 17497.28 T 17497 .28
26.0 0.54945  0.1507E+06 13543 .42 3955.62 17499 .04 T 17499.04
32.0 0.58037  0.1263E+06 14697 .47 2801.79 17499.26 T 17499.26
42.0 0.64516  0.9194E+05 15794 .02 1705.26 17499.28 T 17499.28
58.0 0.77543  0.5117E+05 16609 .89 RB89.69 17499.59 1 17499.59
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DB= 38.000 INLIES

L (FT) DELBM (IN)
5.0 1.00026 0O
10.0 1.00319 ©
16.0 1.01376 0O
21.0 1.02894 0
26.0 1.04945 0
32.0 1.08037 ©
42.0 1.14516 0
58.0 1.27543 0
DB= 39.000 INCHES
L (FT) DELBM (IN)
5.0 1.50026 0
10.0 1.50319 0
16.0 1.51376 O
21.0 1.5289 0O
26.0 1.54945 0
32.0 1.58037 0
42.0 1.64516 0
58.0 1.77543 0
DB= 40.000 INCHES
L (FT) DELBM (IN)
5.0 2.00026 0O
10.0 2.00319 O
16.0 2.01376 0
21.0 2.0289 0
26.0 2.04945 0
32.0 2.08037 0
42.0 2.14516 0
58.0 2.27543 O
DB= 41.000 INCHEE
L (FT) DELBM (IN)
5.0 2.50026 O
10.0 2.50319 0O
16.0 2.51376 0
21.0 2.5289 0
26.0 2.54945 0
32.0 2.58037 0
42.0 2.64516 0
58.0 2.77543 0O
DB= 42.000 INCHES
L (FT) DELBM (IN)
5.0 3.00026 O
10.0 3.00319 O
16.0 3.01376 0
21.0 3.0289% O
26.0 3.04945 O
32.0 3.08037 O
42.0 3.14516 0
58.0 3.27543 0
LB= 75.000 FEET (HORIZONTAL)
DB= 36.500 INCHES
L (FT) DELBM (IN)
5.0 0.2502% O
10.0 0.25267 O
16.0 0.26218 0
21.0 0.27649 0
26.0 0.29631 0
32.0 0.32665 0
42.0 2.39090 O
58.0 0.52091 0
75.0 0.78299 O
DB= 37.000 INCHES
L (FT) DELBM (IN)
5.0 0.50021 O
10.0 0.50267 ©
16.0 0.51218 0
21.0 0.52649 0
26.0 0.54631 0
32.0 0.57665 @

‘.

P (LB)

1192E+06
1814E+06
1881E+06
1716E+06

.1507E+06
263E+06
L9194E+05
S5117E+05

P (LB)

1192E+06
.1814E+06
.1881E+06
L1716E+06
.1507E+06
.1263E+06
.9194E+05
.5117E+05

F (LB)

L1192E+06

AB14E+06
J18E1E+06
AT716E+06
.1507E+06
L1263E+06
L9194E+05
S5117E+05

P (LB)

11926406
L1B14E+06

.1881E+06
L1716E+406
1507€+06

.1263E+06

L9194E+05
ST117E+05

P (LB)

1192E+06
AB14E+06
.1881E+06
716E+406
.1507E+406
.1263E+06
.9194E+05
5117E+05

P (LB)

L9573E+05
.1510E+06
.1655E+06
.1561E+06
.1402E+06
.1196E+06
.8858E+05
L49B2E+05
L3325E405

P (LB)

.9573E+05
.1510E+06
.1655E+06
L1561E+06

.1402E+06
. 1196E+06

SB (PS1)
1886.56
5797.82
9817.54
12057.72

13543 .42

14697 .47

15794.02
16609 .89

SB (Ps1)
1886.56
5797.82
9817.54

12057.72
13543.42

14697.47

15794 .02

16609.89

SB (PSI1)
1886.56
5797.82
9817.54

12057.72

13543.42

14697 .47

15794.02

16609.89

S8 (Psl)
1886.56
5797.82
9817.54
12057.72
13543 .42
14697.47
16794.02
16609.89

SB (PSI)
1886.56
5797.82
9817.54

12057.72

13543.42

14697 .47

15794.02

16609.89

SB (PSI)
1526.56
4861.82
8706.60

11057.72

12707.32
14043 .56
15359.32

16368,04

16703.72

SB (Psl)
1526.56
4861,82
8706.60

11057.72

12707.32

14043.56

S1 (Psl)

15211.
11661.
7675,
5439,
3955.
2801.
1705,
889.

S1 (Psl)

15211
11661

2801

.90
.21
7675.
5439,
3955,

07
56
62

.79
1705.
889.

26
69

S1 (PsSI)

15211
11661
7675

2801

.90
.21
.07
5439.
3955.

56
62

79
1705.
889.

26
69

St (PSI1)

15211
11661

2801
1705

.90
.21
7675,
5439.
3955,

07
56
62

79
.26
889.

69

SI (PSD)

15211
11661

2801

.90
.21
7675.
5439,
3955,
.79
1705.

889,

07
56
62

26
69

SI (PSI)

15889.
12621,
8785.
6438,
4790,
3455,
2140,
11319.
796.

06

SI (PSI)

15889,
12621,
8785.
6438.
4790,
3455,

111

06
18
06
i
23
3

SIG (PSI)

17098.46

17459,
17492,
17497
17499.
17499.
17499.
17499.

SIG “PSI)

17098.46

17459.
17492.
17497,
17499.
17499.
17499.
17499.

SIG (PSI)
17098,
17459,
17492.
17497.
17499,
17499.
17499,
17499.

SIG (PSI)
17098.
17459.
17492,
17497,
17499,
17499,
17499.
17499.

SIG (PSI)

03
61
28
04
26
28
59

46

46
03
61
28
04
26
28
59

17198.46

17459,
17492,
17497,
17499,
17499.
17499.
17499,

SIG (PSI)
17415,
17483.
.66
17496,
17497.
17498,
17499,
17499.
17499.

17491

SIG (PSI)
17415,
17483,
17491,
17496.
17497,
17498.

03
61
28
04
26
28
59

62
00

16
55
87
69
é2
96

62
00
66
16
55
87

CONTACT

—_ = — = — —

CONTACT

—_ e = = =~

CONTACT

e e = I

CONTACT

eyt = —

CONTACT

- =

CONTALT
T

O — -t

CONTACT
T

——

SIGTH (PSI)
17098.
17459,
17492,
17497,
17499,
17499.
17499,
17499,

SIGTH (PSI)
17098,
17459,
17492,
17497,
17499,
17499,
17499.
17499.

SIGTH (PS1)
17098,
17459,
17492,
17497,
17499,
17499.
17499,
17499.

SIGTH (PSI)
17098,
17459,
17492,
17497,
17499,
17499.
17499,
17499.

SIGTH (PSI)
17098.
17459.
17492,
17497,
17499,
17499,
17499.
17499,

SIGTH (PSI1)
17415.
17483,

.66

17491

17496,
17497,
17498.
17499,
17499.
17499.

SIGTH (PSI)
17415,
17483.
17491,
17496,
17497,
17498.

46
03
61
28
04
26
28
59

46
03
61
28
04
26
28
59

46
03

46
03
61
28
04
26
28
59

62
00

16
55
87
69
62
96

62
00
66
16
55

87

£ST
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42,

0

58.0

75.

0

0.
0.
0.

DB= 38.000 INCHES

DELBM (IN)
.00021

1

1.
1.
1.
1.
1.
1.
1.
".

DB= 39,000 INCHES

PELBM (IN)

64090
77091
92901

00267
01218
02649
04631
07665
14090
27091
42901

1.50021

PSP U QI (S QY

DB= 40,000 INCHES

DELBM (IN)
.00021
.00267
.01218
.02649
. 04631
.07665
. 14090
.27091
.42901

e DN

DB= 41.000 INCHES

L (FT

)
0
0
0
0
.0
0
0
0
0

DELBM (1IN)
.50021
50267
.51218
.52649
.54631
57665
.64090
77091
.92901

oo NN

DB= 42.000 INCHES

L (FT

5.
10.
16.
21.
26.
32.
he.

58.
75,

)
0
0
0
0
0
0
0
0
0

DELBM (IN)
.00021
.00267
.01218
02649
. 04631
.07665
. 14090
. 27091
42901

NHWRWWWWUWHWW

.50267
.51218
52649
54631
.57665
.64090
. 77091
.92901

0.8858E+05
0.4982E+05
0.1882£+05

P (LB)
0.9573E+05
0.1510E+06
0.1655E+06
0.1561E+06
0.1402E+06
0.1196E+06
0.8858E+05
0.4982E+05
0.1882E+05

P (LB)
0.9577%E£+05
0.1510E+06
0.1655E+06
0.1561E+06
0.1402E+06
0.1196E+06
0.8858E+05
0.4982E+05
0.1882€+05

P (LB)
0.9573E+05
0.1510E+06
0.1655E+06
0.1561E+06
0.1402E+06
0.1196E+06
0.8858E+05
0.4982E+05
0.1882E+05

P (LB)
0.9573E+05
0.1510E+06
0.1655E+06
0.1561E+06
0.1402E+06
0.1196E+06
0.8858E+05
0.4982€+05
0.1882E+05

P (LB)
0.9573E+05
0.1510E+06
0.1655E+06
0.1561E+406
0.1402E+06
0.1196E+06
0.8858E+05
0.4982E+05
0.18B82E+05

LB=270.000 FEET (HORIZONTAL)

DB= 36.500 INCHES

L (FT
5.
10,
16.

21.
26,
32.
42.
58.
75.
80.

DO ODOOOOO~

DELBM (IN)
.25006
.25092
.25526
26344
.27681
.30007
.35539
L7799
.70548
.80939

OCOCOOLODOCOCOO

P (LB)
0.2544E+05
0.4846E+05
0.6653E+05
0.7360E+05
0.7522E+05
0.7212E+05
0.6050E+05
0.3693E+05
0.2249E+05
0.2053E+05

15359.
16368.
16858.

32
04
95

SB (PSI1)

1526.
4861,
8706.
11057,
12707.
14043,
15359.
16368.
16858.

56

SB (Psl)

1526,
4861.
8706.
11057.
12707.
14043,
15359.
16368.
16858.

56

S8 (Psl)

1526.
.82

8706.
11057.
12707.
14043.
15359.
16368.
16858,

4861

56

60
72
32
56
32
04
95

SB (PS!)

1526.
.82

8706.
11057.
12707,
14043,
15359,
16368.
16858.

4861

56

60
72
32
56
32
04
95

SB (PSI)

1526.
.82

8706.
11057,
12707,
14043,
15359,
16368.
16858.

4861

56

60
72
32
56
32
04
95

SB (PS1)

446,
1711,
3840,
5731.
7515.
9371.

11735,
14071,
15050,
15176.

56

2140,
1131.
640.

37
59
91

S1 (PSI)

15889.
12621.
8785,
6438,
4790,
3455.
2140,
1131,
640.

06
18
06
b4
23
31
37
59
91

s! (PS1)

15889,
12621.
8785,
6438.
4790,
3455,
2140,
1131,
640.

06
18
06
44
23
31
37
59
91

S1 (PsI)

15889.
.18
8785.
6438,
4790,
3455,
2140,
59
640,

12621

1131

06

06
bb
23
3
37

N

sl (PsI)

15889.
.18
8785.
6438,
4790,
3455,
2140,
.59
640,

12621

1131

06

06
b4
23
3
37

91

SI (PSD)

15889,
18
8785,
6438,
4790.
3455,
2140,
.59
640,

12621

139

06

06
44
23
3N

37
91

S1 _(PS1)

16360,
15656,
13658,
11759.
9983,
81¢5.
5763.
3428.
2449,
2323,

112

42
93
09
84
47
59
41
31
63
97

17499.69
17499.62
17499.86

SIG (PSI)
17415 .62
17483 .00
17491.66
17496.16
17497.55
17498.87
17499.69
17499.62
17499.86

SIG (PSI)
17415.62
17483.00
176491.66
17496.16
17497 .55
17498.87
17499 .69
17499.62
17499.86

SIG (PSI)
17415.62
17483 .00
17491.66
17496.16
17497.55
17498.87
17499.69
17499.62
17499 .86

SIG (PSI)
17415.62
17483.00
17491.66
17496.16
17497.55
17498 .87
17499.69
17499.62
17499.86

SIG (PSI)
17415.62
17483.00
17491.66
1749616
17497.55
17498.87
17499 .69
17499.62
17499 .86

SIG (PST)
16806.98
17368.75
174699.06
17491.04
17498.48
17496, 89
17499.26
17499.80
17499 .83
17499.97

CONTACT

CONTACT

CONTACT

CONTACT

CONTACT

CONTACT

T
T
T

[ S e e e e

—_ = ———

Ht -~ =

T

-t — — — —4

O — — —f — = — — —

17499.
17499.
17499.

SIGTH (PSI)
17415.
17483,
17491.
17496,
17497.
17498,
17499.
17499,
17499.

SIGTH (PSI)
17415.
17483,
17491.
17496.
17497 .
17498,
17499.
17499.
17499.

SIGTH (PSI)
17415

17483,
17491,
17496,
17497,
17498.
17499.
17499,
17499.

SIGTH (PSI1)
17415.
17483,
17491.
17496.
17497,
17498,
17499.
17499,
17499.

SIGTH (PSI)
17415,
17483,
17491.
17496,
17497,
17498.
17499,
17499.
17499,

SIGTH (PSI)
16806,
17368,
17499.

.04

17498,

17496.

17499,

17499.

17499,

.97

17491

17499

69
62
86

62
00
66
16
55
87
69
62
86

62

62
00
66
16
55
87
69
62
86

98
75

06

48
89
26
80
83

et -t~ — X

H— A - — T
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EST

EST

EST



270.

OO0 0CO00O0OO0OCOCOOCO

0.92179
1.04251
1.17138

OIS W™
™
v
~
o
ny

DB= 37.000 INCHES

175,
200,
240,
270.

)
0
0
0
0
0
0
0
0
0
0
J
0
.0
0
0
0
0
0
0
0
0
0
0
0
0

DELBM (IN)
0.50006
0.50092
0.50526
0.51344
0.52681
0.55007
0.60539
0.72799
0.88443
0.93179
0.95860
1.07470
1.19743
1.32680
1.60543
1.91061
2.41813
2.60057
2.98537
3.39671
3.83459
4.06349
5.30751
7.64308
9.67357

DB= 38.000 INCHES

L (FT) DELBM (IN)
5.0 1.00006
10.0 1.00092
16.0 1.00526
21.0 1.01344
26.0 1.02681
32.0 1.05007
42.0 1.10539
58.0 1.22799
75.0 1.38443
80.0 1.43179
85.0 0.95859
90.0 1.07468
95.0 1.19741
100.0 1.32678
110.0 1.60541
120.0 1.91058
135.0 2.41809
140.0 2.60054
150.0 2,98533
160.0 3.39666
170.0 3.83454
175.0 4.06343
200.0 5.30743
240,0 7.64297
270.0 9.67342
DB= 39.000 INCHES
L (FT) DELBM (IN)
5.0 1.50006
10.0 1.50092
16,0 1.50526
21.0 1.51344
26.0 1.52681
3e.0 1.55007
42.0 1.60539
58.0 1.72799

0.1789E+05
0.1478E+05
0.1133E+05
0.7654E+04
0.0000E+00
0.0000€E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00

P (LB)
0.2544E+05
D.4846E+D5
0.,6653E+05
0.7360E+05
0.7522E+05
0.7212E+05
0.6050E+05
0.3693E+05
0.1263E+05
0.5932E+04
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000€+00
0.0000€+00
0.0000E+00
0.0000€E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000€+00
0.0000E+00

P (LB)
0.2544E+05
0.4846E+05
0.6653E+05
0.7360E+05
0.7522E+05
0.7212e+05
0.6050E+05
0.3693E+05
0.1263E+05
0.5932E+04
0.0000E+00
0.0000E+00
0.0000€+00
0.0000E+00
0.0000E+00
0.0000€E+"N
0.0000E+L
0.0000E+0u
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

P (LB)
0.2544E+05
0.4846E+05
0.6653E+05
0.7360E+05
0.7522E+05
0.7212E+05
0.6050E+05
0.3693E+05

15309.92
15444 .47
15574.99
15699.06
15921.46
15921.70
15921.53
15921.49
15921.50
15921.49
15921.52
15921.53
15921.52
15921.53
15921.53

S8 (PS!)

446,56
1711.82
3840.98
5731.19
7515.01
9371.30
11735.86
14071.49
15432 .39
15706.05
15921.40
15921.47
15921.46
15921.52
15921.48
15921.54
15921.51
15921.48
15921.51
15921.52
15921.51
15921.53
15921.52
15921.52
15921.54

SB (PsI)

446,56
1711.82
3840.98
5731,19
7515.01
9371.30
11735.86
14071.49
15432,39
15706.05
15921.46
15921.40
15921.43
15921.52
15921.51
15921.52
15921.48
15921.53
15921.53
15921.52
15921.54
15921.53
15921.51
15921.53
15921.52

S8 (PsSI)

446,56
1711.82
3840,98
5731.19
7515,01
9371.30
11735,86
14071.,49

2189.
2055,
1924.
1800.
1578.
1578.

1578.
1578,
1578.
1578.
1578.
1578.
1578.
1578.
1578,

95
47
96
83
46
46
46
46
46
46
46
46
46
46
46

S1 (PS1)

16360.
15656.
13658.
11759.
9983,
8125.
5763.
3428.
2067.
1793.
1578.
1578,
1578.
1578,
1578.
b
1578,
1578.

1578

1578,

1578.

1578.
1578.
1578.

42
93
09
84
47
59
41
31
52
86
46
46
46
46
46

1578.46

1578.

46

S1 (PSI)
16360.42
15656.93
13658.09
11759.84
9983.47
8125.59
5763.41
3428.31

2067.
1793.
1578,
1578.
1578.
1578,
1578.
1578.
1578.
1578.
1578.
1578.
1578.
1578,
1578.
1578,
1578.

52
86
46
)
46
46
e
4o
46
46
46
46
46
46
46
46
)

S1 (PS1)

16360.
15656,
13658,
11759,
9983,
8125,
5763,
3428,
113

42
93
09
84
47
59
41
31

17499.87
17499.95
17499.94
17499.89
17499.92
17499.96
17499.99
17499.95
17499 .96
17499 .9%
17499.98
17499.99
17499.98
17499 .99
17500.00

SI1G (PSl1)
16806.98
17368.75
17499.06
17491.04
17498.48
17496 .89
17499 .26
17499.80
17499.91
17499 .92
17499.86
17499.93
17499.92
17499.99
17499.94
17500.00
17499.97
17499.94
17499.97
17499.98
17499.97
17499.99
17499.98
17499.99
17500.00

SIG (PSI)
16806.98
17368.75
17499.06
17491.04
17498.48
17496.89
17499.26
17499.80
17499.91
17499.92
17499.93
17499 .87
17499.89
17499.98
17499.98
17499.98
17499.94
17499.99
17499.99
17499.98
17500.00
17499.99
17499.98
17499.99
17499.99

SIG (PSI)
16806.,98
17368.75
17499.06
17491.04
17498.48
17496.89
17499 .26
17499.80

MEImPEOTTTTRITOOTO

CONTACT

T T WOTCTTTTOTETDDOE A —— —— 4 — — — —

CONTACT

TENONITIE O OTTTRDOTTAA—~A~A A A A

CONTACT
T

1
T
T
1
T
1
T

17499.87
17499.95
1749994
17499.89
17499.92
17499.96
17499.99
17499,95
17499.96
17499.95
17499.98
17499.99
17499.98
17499.99
17500.00

SIGTH (PSI)
16806.98
17368.75
17499,06
17491.04
17498.48
17496 .89
17499.26
17499.80
17499.91
17499.92
17499.86
17499.93
17499,92
17499.99
17499.94
17500.00
17499.97
17499.94
17499.97
17499.98
17499.97
17499.99
17499.98
17499.99
17500.00

SIGTH (PSI)
16806.98
17368.75
17499.06
17491.04
17498.48
17496.89
17499.26
17499.80
17499.91
17499.92
17499.93
17499.87
17499.89
17499.98
17499.98
17499.98
17499.94
17499.99
17499.99
17499.98
17500.00
17499.99
17499.98
17499.,99
17499.99

SIGTH (PS1)
16806.98
17368.75
17499.06
17491.04
17498.48
17496.89
17499.26
17499.80

—_ =~
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75.0 1.88443
80.0 1.93179
85.0 0.95858
90.0 1.07467
95.0 1.19740
100.0 1.32676
110.0 1.60538
120.n 1.91055
135.0 2.41806
140.0 2.60050
150.0 2.98528
160.0 3.39661
170.0 3.83448
175.0 4.06337
200.0 5.30735
24C.0 7.64286
270.0 9.6r328
DB= 40.000 INCHES
L (FT) DELBM (IN)
5.0 2.00006
10.0 2.00092
16.0 2.00526
21.0 2.01344
26.0 2.02681
32.0 2.05007
42.0 2.10539
58.0 2.22799
75.0 2.38443
80.0 2.43179
85.0 0.95856
90.0 1.07465
95.0 1.19738
100.0 1.32674
110.0 1.60536
120.0 1.91052
135.0 2.41802
140.0 2.60046
150.0 2.98524
160.0 3.39656
170.0 3.83442
175.0 4,06331
200.0 5.30728
240.0 7.64274
270.0 9.67314
DB= 41.000 INCHES
L (FT) DELBM (IN)
5.0 2.50006
10.0 2.50092
16.0 2.50526
21.0 2.51344
26.0 2.52681
32.0 2.55007
42.0 2.60539
58.0 2.72799
75.0 2.88443
80,0 2.93179
85.0 0.95855
90.0 1.07464
95.0 1.19736
100.0 1.32672
110.0 1.60534
120.0 1.91049
135.0 2.41799
140.0 2.60042
150.0 2.98519
160.0 3.39651
170.0 3.,83437
175.0 4.063%25
200.0 5.30720
240.0 7.64263
270.0 9.67300
DB= 42.000 INCHES
L (FT) DELBM (IN)
5.0 3.00006
10.0 3.00092
16.0 3.00526
21.0 3.01344
26.0 3.02681
32.0 3,05007
42.0 3.10539
58.0 3.22799

0.1263E+05
0.5932E+04
0.0000E+0N
0.0000£+00
0.0000£+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000€E+00

P (LB)
0.2544E+05
0.4846E+05
0.6653E+05
0.7360E+05
0.7522E+05
0.72126+05
0.6050e+05
0.3693E+05
0.1263E+05
0.5932E+04
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000£+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

P (LB)
0.2544E+05
0.4B46E+05
0.6653E+05
0.7360E+05
0.7522E+05
0.7212E+05
0.6050E+05
0.3693E+05
0.1263E+05
0.5932E+04
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00

P (LB)
0.2544E+405
0.4B46E+05
0.6653E+405
0.7360E+05
0.7522E+05
0.7212E+0%
0.6050E+05
0.3693E+405

15432.39
15706.05
15921.53
15921.49
15921.53
15921.51
15921.45
15921.51
15921.52
15921.52
15921.50
15921.52
15921.52
15921.53
15921.51
15921.54
15921.53

SB (PSI)

446.56
1711.82
3840.98
5731.19
7515.01
9371.30
11735.86
14071.49
15432.39
15706.05
15921.44
15921.43
15921.50
15921.51
15921.49
15921.49
15921.49
15921.51
15921.52
15921.52
15921.51
15921.53
15921.53
15921.52
15921.53

SB (PSI)
446,56

1711.82

3840.98

5731.19

7515.01

9371.30
11735.86
14071.49
15432.39
15706.05
15921.50
15921.52
15921.47
15921.50
19921.52
15921.48
15921.53
15921.50
15921.49
15921.52
15921.53
15921.53
15921.53
15921.53
15921.54

SB (PSI)

446,56
1711.82
3840.98
5731.19
7515.01
9371.30
11735.86
14071.49

2067.52
1793.86
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46

S1 (PSI)
16360.42
15656.93
13658.09
11759.84
9983.47
8125.59
5763.41
3428.31
2067.52
1793.86
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46

S1 (PSI)

16360.42

15656.93
13658.09
11759.84
9983.47
8125.59
5763.41
3428.31
2067.52
1793.86
1578.4¢€
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578, 46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46

S1 (PSI)
16360.42
15656.93
13658.09
11759.84
9983.47
8125.59
576341
342831

114 -

17499.91
17499.92
17499.99
17499.95

17499.
17499.
17499.
17499.
17499,
17499.
17499.
17499,
17499,
17499.
17499,
17500.
17499.

SIG (PS1)
.98
75
.06
.04
17498,
17496.
17499,
17499,
17499,
17499,
17499,
17499.
17499.
17499.
17499,
17499,
17499,
17499.
17499,
17499,
17499.
17499.
17500.
17499.
17499.

16806
17368
17499
17691

SIG (PSI1)
16806.
17368,
17499.
17491,
17498,
17496.
17499.
17499.
17499,
17499.
17499,
17499,
17499,
17499.
17499,
17499,
17499,
17499.
17699,
17499
17500.
17499.
17499,
17499,
17500,

SIG (PSI)
16806,
17368,
17499.
17491,
17498,
17496,
17499,
17499,

99
98
N

97
98
98
96
98
98
99
97
00
99

48
89
26
80
91
92
90
89
96
97
95
95
95
97
98
98
Q7
99
00
98
99

98
75

99
99
99
00

98
75
06
04
48
89
26
80

1
T

B

B

B

B
B
8
B
B
]
B
B
B
B
B
B

CONTACT
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CONTACT
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17499.91

17499.92
17499.99
17499.95
17499.99
17499.98
17499.91

17499.97
17499.98
17499.98
17499.96

17499.
17499.
17499,
17499.
17500,
17499.

SIGTH (PSI)
16806.
17368,
17499.
17491,
17498,
17496.
17499,
17499.
17499.
17499,
17499,
17499,
17499.
17499,
17499,
17499,
17499.
N7499.
17499.
17499,
17499.97
17499.
17500,
17499,
17499,

SIGTH (PSI)
16806.
17368,
17499,

17491

SIGTH (PSI)
16806 .
17363,
17499,

17491

98
98
99
97
00
99

98

98
75
06

.04
17498.
17496,
17499,
17499.
17499.
17499,
17499,
17499.
17499,
17499,
17499,
17499,
17699,
17499.
17499,
17499,
17500,
17499,
17499
17499,
17500.

48
89
26
80
2
92
97
98
93
96
99
0
99
96
95
98
00
99
99
99
00

98
75
06

.04
17498,
17496
17499,
17499

48
89
26
80

At A A A A A=
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270.0

3.38443
3.43179
0.95853
1.07462
1.19734
1.32670
1.60531
1.91046
2.41795
2.60038
2.98515
3.39646
3.83431
4.06319
5.30712
7.64252
9.67285

0.1263E+05
0.5932E+04
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0."000E+00
0..'000E+00
0,0)00E+00
0.0000E+00

LB=350.000 FEET (HORIZONTAL)

DB= 36.500 INCHES

(FT) DELBM (IN)
3.0 0.25004
10.0 0.25073
16.0 0.25426
21.0 0.26118
26.0 0.27286
32.0 0.29384
42.0 0.34551
58.0 0.46407
75.0 0.67984
80.0 0.78086
85.0 0.89065
90.0 1,00900
95.0 1.13574
100.0 1.27071
110.0 1.55828
120.0 1.85449
135.0 2,364711
140.0 2.52420
150.0 2.89769
160.0 3.29695
170.0 3,72197
175.0 3.94414
200.0 5.15162
240.0 7.41858
270.0 9.38940
300.0 11.59222
350.0 15.77925
DB= 37.000 INCHES
L (FT) DELBM (IN)
5.0 0.50004
10.0 0.50073
16.0 0.50426
21.0 0.51118
26,0 0.52286
32.0 0.54384
42.0 0.59551
58.0 0.71407
75.0 0.86871
80.0 0.91593
85.0 0.93044
90.0 1.04313
95.0 1.16226
100.0 1.28782
110.0 1.55827
120.0 1.85448
135.0 2.34709
140.0 2.52418
150.0 2.89767
160.0 3.29692
170.0 3.72194
175.0 3.94411
200.0 5.15158
260.0 7.41852
270.0 9.38933
300.0 11.59214
350.0 15.77913

P (LB)
0.1607E+05
0.3733E+05
0.5223E+05
0.5930E+05
0.6206E+05
0.6098E+05
0.5269E+05
0.3275E+05
0.1893E+05
0.1727€+05
0.,1492E+05
0.1209E+05
0.8896E+04
0.5454E+04
0.0000E+00
0.0000E+00
0.0000E+00
0.0000€E+00
0.0000E+00
0.0000E+00
0.0000E+D0
0.0000E+00
0.0000E+00
0.0000E+00
0.0000€E+00
0.0000E+00
0.0000E+00

P (LB)
0.1607E+05
0.3733E+05
0.5223E+05
0.5930E+05
0.6206E+05
0.6098E+05
0.5269E+05
0.3275E+05
0.1044E+05
0.4117E+04
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+0C0
0.0000E+00
0.0000€+00
0.,0000k+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

15432.39
15706.05
15921 .41
15921.,45
1592144
15921.50
15921.46
15921.46
15921.50
15921.49
15921.51
15921.52
15921.52
15921.53
15921.52
15921.53
15921.52

S8 (PSI!)

302.56
1369.82
3137.85
4808.74
6463.24
8276.18
10727.69
13326.66
14503.22
14641.07
14792.73
14948.04
15101.12
15248,36
15453.78
15453.,78
15453.81
15453 .84
15453 .82
15453 .84
15453 .83
15453.83
15453 .83
15453 .85
15453 .84
15453 .84
15453, 85

SB (PSI)
302.56
1369.82
3137.85
4808.74
6463 .24
8276.18
10727.69
13326.66
14929 .35
15259.99
15453 .69
15453.77
15453 .84
15453.78
15453.,79
15453.81
15453.79
15453.83
15453 .82
15453 ,80
15453.82
15453.82
15453,82
15453.83
15453.83
15453, 84
16453, 84

2067.52
1793.86
1578.46
1578.46
1578.46
1578.46
1578.,46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46
1578.46

SI (PS1)
14149.16
16104.86
14339.03
12680.87
11034.82
9222.58
6770.69
672,77
2996.70
2858.91
2707.24
2551.84
2398.79
2251.56
2046.,15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
20466.15

SI (PSI)
14149.16
16104.86
14339.03
12680.87
11034.82
9222.58
6770.69
4172.77
2570.52
2239.97
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.,15
2046.15
2046.15
2046.15
2046.15
2046.15
2046.15
204615
204615
2046.15

115 -

17499.91
17499 .92
17499.,87
17499.92
17499.90
17499 .96
17499.92
17499,92
17499 .96
17499.,95
17499.97
17499 .98
17499.98
17499 ,99
17499.98
17499 .99
17499.99

SIG (PSI)
14451.71

1747468
17476.88

17489.61

17498.06
17498.76
17498,38
17499.43
17499.92

17499.98
17499 .96
17499.88
17499.91

17499.91

17499.94
17499.94
17499.97
17499.99
17499.97
17499 .99
17499.99
17499.98
17499.99
17500.00
17499.,99
17499.99
17500.00

SIG (PSI)
14451.71
17474 .68
17476.88
17489 .61
17498.06
17498.76
17498.38
17499.43
17499 .87
17499 .96
17499.85
17499.92
17499,99
17499,93
17499.95
17499 ,97
17499 ,95
17499.98
17499.97
17499 .96
17499.97
17499 .98
17499.98
17499,98
17499.99
17500.00
17499 .99
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17499 .91
17499 .92
17499.87
17499.92
17499.90
17499.96
17499.92
17499 .92
17499.96
17499.95
17499 .97
17499.98
17499.98
17499.99
17499.98
17499.99
17499.99

SIGTH (PSI)
14451.71
17474 .68
17476.88
17489.61
17498.06
17498.76
17498.38
17499 .43
17499.92
17499.98
17499.96
17499.88
17499 .91
17499 .91
17499 94
17499 .94
17499.97
17499.99
17499.97
17499.99
17499.99
17499.98
17499.99
17500.00
17499.99
17499.99
17500.00

SIGTH (PSI)
14451,71
17474 .68
17476.88
17489.61
17498.06
17498.76
17498.38
17499.,43
17499.87
17499.96
17499.85
17499.92
17499.99
17499.93
17499.95
17499.97
17499.95
17499.98
17499.97
17499.,96
17499.97
17499.98
17499 .98
17499.98
17499.99
17500.00
17499.99
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DB= 38,000 INCHES

L
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DELBM (IN)
1.00004
1.00073
1.00426
1.01118
1.02286
1.04384
1.09551
1.21407
1.36871
1,41593
0.93043
1.04312
1.16224
1.28780
1.55825
1.85445
2.34706
2.52414
2.89763
3.29688
3.72189
3.94405
5.15151
7.41842
9.38920

11.59197
15.77891

DB= 39.000 INCHES

L

—~
P

OVOOR NI WNIN 2 —
oownowvViowvicenNnNNOR-O0rO WM
DO OOCOOO0OCOCOOTCOCO~

"

350.0

DELBM (IN)
1.50004
1.50073
1.50426
1.51118
1.52286
1.54384
1.59551
1.71407
1.86871
1.91593
0.93042
1.04310
1.16222
1.28778
1.55823
1.85443
2.34703
2.52611
2.09759
3.29683
3.72183
3.94400
5,15144
7.41831
9.38506

11.59180
15.77868

DB= 40,000 INCHES

L (FT
5

10.
16.
21.
26,

DELBM (IN)
2.00004
2.00073
2.00426
2.01118
2.02286
2,04384
2.09551
2.21407
2.36871
2.41593
0.93040
1.04309
1.16221
1.28777
1.55820
1.85440
2.34699
2.52407
2.89755

P (LB)
0.1607E+05
0.3733€+05
0.5223E+05
0.5930E+05
0.6206E+05
0.6098E+05
0.5269E+05
0.3275E+05
0.1044E+05
0.4117E+04
0.0000E+00
0.0000€E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000€E+00
0.0000€+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000&+00
0.0000E+00

P (L8)
0,1607€+05
0.3733E+05
0.5223E+05
0.5930E+05
0.6206E+05
0,6098E+05
0.5269€+05
0.3275€+05
0.1044E+05
0.4117E+04
0.0000€E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0900€+00
0.0000E+00
0.0000€+00
0,0000E+00
0.0000E+00
0.0000£+00
0.0000E+00
0.0000€+00
0,0000E+00
0.0000E+400
0.0000E+00
0.0000E+00
0.0000E+00

P (LB)
0,1607E+05
0.3733E+05
0.52236+05
0.5930E+05
0.6206E+05
0.6098E+05
0.5269E+05
0.3275€+05
0. 1044E+05
0.641176404
0,0000E+00
0.0000£+400
0,0000E+00
0.0000E+00
0.,0000E+400
0.0000E400
0.0000E+00
0.0000E+00
0,0000€+00

SB (PSI)

302,

56

1369.,82
3137.85

4808,
6463,
8276.
10727,

74
24
18
69

13326.66
14929.35
15259.99

15453,

75

15453, 84

15453,

79

15453,76
15453 .82
15453.78
15453.82
15453.,80
15453.83
15453, 84
15453.83
15453, 81
15453 .83
15453, 84

15453,
15453,

84
84

15453, 84

SB (Psl)

302,
1369.
3137,
4808,
6463,
8276,

10727,
13326.
14929,
15259,
15453,
15453,
15453,
15453,
15453,
15453,
15453,
15453,
15453,
15453,
15453,
15453,
15453,
15453,
15453,
15453,
15453,

56
82
85
74
24
18
69
66
35
99

SB (PSI1)

302,
1369,
3137,
4808,
6463,
8276.

10727,
13326,
14929,
15259,
15453,
15453,
15453,
15453,
15453,
15453,

56

82

85
74
24
18
69
66
35
99
69
84
84
84
76
81

15453, 80

15453,

82

15453 .84

S1 (PS1)
54149.16
16104 .86
14339.03
12680.87
11034, 82
9222.58
6770.69
4172.77
2570.52
2239.,97
2046.15
2046,15
2046, 15
2046.15
20466,15
204615
2046.,15
2046.15
2046.15
2046.15
2046.15
204615
2046.15
2046,15
2046.15
204615
2046 .15

S1 (Psl)
14149 .16
16104 .86
14339.03
12680.87
11034 .82
9222.58
6770.69
4172.77
2570.52
2239.97
204615
2046.15
20466.,15
2046.,15
2046.15
204615
204615
2046.15
204615
2046.15
204615
2046.15
204615
2046.15
2046,15
2046.15
2046.15

SI (PSI)
14149.16
16104, 86
1433903

- 12680.87

11034.82
9222.58
6770.69
4172.77
2570.52
2239.97
2046.,15
204615
20646.15
2046.,15
2046,15
2046,15
2046.,15
2046.15
2046.15

116 -

S1G _(PSI)
14451.71
17474 .68
17476.88
17489.61
17498, 06
17498.76
17498.38
17499.43
17499 .87
17499.96
17499.90
17500.00
17499.95
17499.91
17499.97
17499 .94
17499 .97
17499.96
17499.98
17499.99
17499 .99
17499 .96
17499.99
17500.00
17499.99
17499.99
17500.00

16 (FSh
14451, "

17474 .68

17476.88

17489 .61

17498.06
1749876

1749838
17499 .43
17499.87
17499.96
17499.96
17499.92
17499.90
17499.89
17499.99
17499 .99
17499.99
17499.99
17499.99
17499.98
17499 .96
17499.99
17500.00
17499.99
17499 .98
17499.99
17499.99

SIG (PSI)
14451.71
17474 .68
17476.88
17489, 61
17498.,06
17498.76
17498.38
17499 .43
17499 .87
17499.96
17499 .84
17499 .99
17499.99
17499.99
17499.92
17499.96
17499.95
17499.97
17500.00

Cor ACT
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S
451,71

17/.98.06
17498,76
17498.,38
17499.43
17499.87
17499.96
17499.90
17500.,00
1749995
17499.91
17499.97
17499.94
17499.97
17499.96
17499.98
17499.99
17499,99
17499.96
17499.99
17500,00
17499.99
17499.9¢9
17500,00

SIGTH (PS1)
14451,71
17474,68
17476.88
17489.61
17498.06
17498.76
17498.38
17499.43
17499.87
17499.96
17499,96
17499.92
17499.90
17499.89
17499.,99
1749%.99
17499.99
17499.99
17499.99
17499.98
17499.96
17499.99
17500.00
17499.99
17499.98
17499.99
17499.99

SIGTH (PSI)
14451.71
17474 .68
17476.88
17489.61
17498.,06
17498.76
17498 .38
17499.43
17499 .87
17499 .96
17499 .84
17699 .,99
17499.99
17499.99
17499 .92
17499, 96
17499.95
17499.97
17500,00
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160.0 3.29678  0.0000E+00 15453, 81 204615 17499.97 B 17499.97 T
170.0 3.72178  0.0000E+00 15453.82 2046.15 17499.97 B 17499.97 T
175.0 3.94394  0,0000E+00 15453, 82 2046.15 17499.97 B8 17499.97 T
200.0 5.15136  0.0000E+00 15453.,83 2046.15 17499.98 B 17499.98 T
240.,0 7.41820  0,0000E+00 15453 ,83 2046.15 17499 .98 B 17499.98 T
270.0 9.38893  0,0000E+00 15453 .84 2046,15 17499.99 B 17499.99 T
300.0 11.59164  0,0000E+00 15453, 84 2046.15 17500,00 B 17500.00 T
350.0 15.77846  0.0000E+00 15453.85 2046.15 17500.00 B 17500.00 1
DB= 41,000 INCHES
L (FT) DELBM (IN) P (LB) SB_(PSI) S1 (Psl) SIG (PS1) CONTACT  SIGTH (PSI) REST
5.0 2.50004  0.1607€E+05 302.56 14149.16 14451, 71 T 14451.71 T
10.0 2.50073  0.3733E+05 1369.82 16104.,86 174746 ,68 T 17474 .68 T
16.0 2.50426  0,5223E+05 3137.85 14339,03 17476,88 T 17476.88 T
21.0 2.51118  0.5930€405 4808.74 12680.87 17489.61 T 17489.61 T
26.0 2.52286  0.6206E£+05 6463,24 11034 .82 17498.06 T 17498.06 T
32.0 2.54384  0,6098E+05 8276.18 9222.58 17498.76 T 17498.76 T
42.0 2.59551  0.5269E+05 10727.69 6770.69 17498.38 T 17498.38 T
58.0 2.71407  0,3275E+05 13326.66 472,77 1749943 T 17499 .43 T
75.0 2.86871  0.1044E<05 1492935 2570.52 17499.87 T 17499.87 T
80.0 2.91593  0.4117€+04 15259.99 2239.97 17499.96 T 17499.96 T
85.0 0.93039  0.0000E+00 15453.,75 2046.,15 17499.90 B 17499.90 - T
90.0 1.04307  0.0000E+00 15453.77 2046 .,15 17469.92 B 17499.92 1
95.0 1.16219  0.0000E+00 15453.79 2046.15 17499.95 8 17499 .95 7
100.0 1.28775  0.0000E+00 15453, 82 2046.15 17499.98 B 17499.98 1
110.0 1.55818  0,0000E+00 15453.,79 2046,15 17499 .94 8 17499 .94 T
120.0 1.85437  0.0000E+00 15453.78 2046.15 17499.93 B8 17499 .93 7
135.0 2.34696  0,0000E+00 15453,82 2046.15 17499.98 B 17499.v8 T
140.0 2.52403  0.0000E+00 15453, 79 2046.15 17499.95 8 17499 .95 T
150.0 2.89750  0.0000E+00 15453, 80 2046.15 17499.95 B 17499.95 1
160.0 3.29674  0.0000E+00 15453.85 2046.,15 17500.00 B 17500.00 T
170.0 3.72173  0.0000E+00 15453 .83 2046.15 17499.99 B8 17499.99 T
175.0 3.94389  0,0000E+00 15453 .84 2046,15 17500,00 B8 17500.00 T
200,0 5.15129  0.0000€E+00 15453, 84 204615 17499.99 8 17499.99 T
240.0 7.41810  0,0000E+00 15453 .84 204615 17499.99 8 17499.99 T
270.0 9.38880  0.0000E+00 15453 .84 2046.15 17500.00 B 17500.00 T
300.0 11.59147  0.00GNE+00 15453 .84 2046.15 17499.99 B 17499.99 T
350.0 15,77823  0.0000E+00 15453 .84 2046.15 17500.00 B 17500.00 T
DB= 42,000 INCHES
L (FT) DELBM (IN) P (LB) SB (PSI) SI (PS1) SIG (PS1) CONTACT  SIGTH (PSI) REST
5.0 3.00004  0.1607E+05 302.56 14149.16 14451.71 T 14451.71 T
10.0 3.00073  0.3733E+05 1369.82 16104 .86 17474 ,68 T 17474.68 T
16.0 3.00426  0.5223E+05 3137.85 14339.03 17476 .88 T 17476.88 T
21.0 3.01118  0.5930€+05 4808.74 12680,87 17489.61 T 17489.61 T
26.0 3.02286  0.6206E+05 6463.24 11034.82 17498.06 T 17498.06 1
32.0 3.04384  0,6098E+05 8276.18 9222.58 17498.76 T 176498.76 T
42.0 3.09551  0.5269€+05 10727.69 6770.69 17498.38 T 17498.38 1
58.0 3.21407  0,3275E+05 1332666 472,77 17499.43 T 17499 .43 i
75.0 3.36871  0.1044E+05 14929.35 2570.52 17499.87 T 17499.87 7
80.0 3.41593  0.4117E+04 15259.99 2239.97 17499.,96 T 17499 .96 T
85.0 0.93038  0.0000E+00 15453.80 2046.15 17499.95 B 17499.95 1
90.0 1.04306  0.0000E+00 15453 .84 2046.15 17499.99 B 17499.99 T
95.0 1.16217  0.0000E+00 15453.75 2046.15 17499.90 B 17499.90 T
100.0 1.28773  0,0000E+00 15453 .80 2046,15 17499.96 8 17499.96 1
110.0 1.55816  0.0000E+00 15453 .81 2046.15 17499.96 1] 17499 .96 T
120.0 1.85435  0.0000:+00 15453.83 2046.15 1749999 B 17499 .99 T
135.0 2.34693  0,0000E+00 15453.85 2046.15 17500,00 B 17500.00 T
140.0 2.52400  0.0000E+00 15453.83 2046.15 17499.98 B8 17499.98 T
150.0 2.89746  0.0000E+00 15453 .81 2046.15 17499.96 B 17499.96 T
160.0 3.29669  0,0000E+00 15453 .83 2046.15 17499.99 B 17499.99 T
170.0 3.72167  0.0000E+00 15453.81 2046,15 17499.96 8 17499.96 T
175.0 3,94383  0.0NODE+00 15453.83 20646.15 17499.98 8 17499.98 T
200.0 5.15121 0 UOOOE~00 15453.82 2046,15 17499.97 8 17499.97 T
240.0 7.41799  0.0000E+00 15453.83 2046.15 17499.99 B 17499.99 T
270.0 9.38866  0.0000E+00 15453 .84 2046.15 17499.99 B8 17499.99 T
300.0 11.59131  0.0000€E+00 15453 .84 2046.15 17500.00 B 17500.,00 T
350.0 15.77800  0.0000E+00 15453 .84 2046.15 17499.99 ] 17499.99 T
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Table B.6 Maximum Allowable Borehole Deviatlon Based on_ Liner Ingertlon
Stregges Iin Boreholes Mrilled with a Steerable Bit

This gectlon of Appendix B 1isty the output file from FPROGRAM DEVIAT2
for maximun allowable borehole deviation based on lLiner ingertion stregues
durling liner Insertion operations with glmultancouy drilling In horizontal
and vertical boreholes drilled with a steerable bit,

The following parameter values were uged in computing these results:

Lb = 26 ft (vertical borehole)
= 32, 42, 58, 75, 270, and 350 fect (horizontal boreholes)

d

b - 36.5, 37, 38, 39, 40, 41, and 42 inches
F = 470,000 b (gimultancous dullling)
L =0 to L

b .

Other parameter values were f[ixed as listed in Section 5,2,
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RUN WITH DEVIAT1.FOR

LINER [NSERTION LOADING SPEC!-IED

MINTMUM ALLOWABLE LINER RAD'JS OF CURVATURE=
CRITICAL BUCKLING STRE!S BASED ON BENDING=

CRITICAL BUCKLING STRESS BASED ON COMPRESSION=

Fs=  4.00

FB= 470000.00 LBF

LB= 26.000 FEET (VERTICAL)
PB= 36.500 INCHES

65,74 FT (BASED ON CONTAINER CLEARANCE)

0.2114E+06 PS|
0.20396+06 PSI

(FT) DELBM (IN) P (LB) S8 (PSI) Sl (Ps1)
5.0 0.25015  0,7033(+05 1080.64 16298.70
10.0 0.25178  0,1043E+06 3204.16 14262.38
16.0 0.25753  0.1077E+06 - 5294.59 12194.11
21.0 0.26573  0,9949E+05 6420.44 11079,25
26.0 0.27683  0,8942E+05 714411 10352.67
DB= 37.000 [NCHES
(FT) DELBM (IN) P (LB) SB (Psl) S1 (PS1)
5.0 0.50015  0,7033E+05 1080.64 16298.70
10.0 0.50178  0.1043E+06 3204.16 14262.38
16.0 0.50753  0.1077E+0A 5294 .59 12194.11
21.0 0.51573  0.,9949(+ 642044 11079.25
26.0 0.52683  0,8942E+0> 714411 10352.67
DB= 38.000 INCHES
(FT) DELBM (IN) P (LB) S8 (PSI) SI (PS1)
5.0 1.00015  0.7033E+05 1080.64 16298,70
10.0 1.00178  0.1043E+06 3204.16 14262.38
16.0 1.00753  0.10776+06 5294.59 12194, 11
21.0 1.01573  0,9949E+05 6420.44 11079.25
26.0 1.02683  0.89426+05 7144.11 10352.67
bB= 39,000 INCHFS
. (FT) DELBM (IN) P (LB) SB (PSI) S1 (Psl)
5.0 1.50015  0.7033€+05 1080.64 16298,70
10.0 1.50178  0.1043E+06 3204.16 1426238
16.0 1.50753  0.1077£+06 5294 .59 12194.,11
21.0 1.51573  0,9949€+05 6420 .44 11079.25
26.0 1.52683  0.8942E+05 714611 10352.67
DB= 40.000 [NCHES
- (FT) DELBM (IN) P (LB) SB (PSI) S1 (PS1)
5.0 2.00015  0.7033E+05 1080.64 16298.70
10.0 2.00178  0,1043E+406 3204.16 14262.38
16.0 2.00753  0,10776+06 5294.59 12194.11
21.0 2.01573  0.9949E+05 6420.44 11079.25
26.0 2.02683  0,8942E+05 7144 11 10352.67
DB= 41.000 [NCHES
(FT) DELBM (IN) P (LB) SB (PsI) S1 (PsI)
5.0 2,50015  0.7033E+05 1080. 64 16298,70
10.0 2.50178  0,1043E+06 3204.16 14262.38
16.0 2.50753  0,10776+06 5294 .59 12194, 11
21.0 2.51573  0,9949E+05 6420.44 11079.25
26.0 2.52683  0.8942€+05 7144.11 10352.,67
DB= 42,000 INCHES
L (FT) DELBM (IN) P (LB) SB (PSI) S (PS1)
5.0 3.00015  0.7033E+05 1080.64 16298.70
10.0 3.00178  0.1043E+06 3204.16 14262.38
16.0 3.00753  0.1077e+06 5294,59 12194.11
21.0 3.01573  0,99496+05 6420.44 11079.25
26.0 3.02683  0.8942E+05 714411 10352,67
LB= 32,000 FEET (HORIZONTAL)
DB= 36.500 INCHES
L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI)
5.0 0.25012  0.5580€+05 867.07 16178.78
10.0 0.25155  0,8985£+05 2799.86 14680,93
16.0 0.25686  0,9659E+05 4848,33 12650.73
21.0 0.26466  0,9073E+05 6026.48 11469.05
26.0 0.27540  0,8219E+05 6828.90 10670,49
32.0 0.29187  0.7182E+05 7459.29 10039.13
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SIG (PSI)
17379.35
17466 .54
17488.71
17499.70
17496.78

sia (PS1)
17379.35
17466.54
17488.71
17499.70
17496.78

SIG (PSI)
17379.35
17466.54
17488.71
17499.70
17496.78

SIG (PS1)
17379.35
17466.54
17488.71
17499.70
17496.78

S1G (PS1)
17379.35
17466.54
17488.71
17499.70
17496.78

SIG (PS1)
17379.35
17466 .54
17488.71
17499.70
17496.78

SIG (PSD)
17379.35
17466.54
17488.71
17499.70
17496.78

SI1G (PSI)
17045 .84
17480.79
17499.,06
17495.53
17499 .39
17498.42

CONTACT
T

T
T
1
T

CONTACT

T
T
T
T

CONTACT
T

T
T
T
T

CONTACT
T

T
T
T
T

CONTACT
T

T
1
T
T

CONTACT
T
T
T
T
T
CONTACT

1

1
T
T
T

CONTACT

ottt —

SIGTH (PS1)
8950.85
9038.05
9060.21
9071.20
9068.28

SIGTH (PSI)
8950.85
9038.05
9060.21
9071.20
9068.28

SIGTH (PSI)
8950.85
9038.05
9060.21
9071.20
9068.28

SIGTH (PSI)
8950.85
9038.05
9060.21
9071.20
9068.28

SIGTH (PSI)
8950.85
9038.05
9060.21
9071.20
9068.28

SIGTH (PS1)
8950.85
9038.05
9060.21
9071.20
Q068,28

SIGTH (PSI1)
8950.85
9038.05
9060.21
9071.20
9048.28

SIGTH (PSI)
4753.70
5972.04
7077.10
7749.43
8260.57
8735.21



pB= 37,000 INCHES ‘
L (FT) DELBM (IN) P (LB) 58 (Psl)

s (psl) $1a (PSIY CONTACT  SIGTH (PS1)
5.0 0.50012  0.5580£+05 867.07 16178.78 17045 .84 T 4753.70
10.0 0.50155  0.B8985E+05 2799.86 14680,93 17480.79 T 597204
16.0 0.50686  0.9659€+05 4848.33 12650.73 17499,06 T 7077.10
21.0 0.51466  0,9073E+05 6026.48 1146905 17495 .53 T 7749.43
26.0 0.52540  0,B219E+05 6828.90 10670.49 17499 .39 T 8260.57
32.0 0.54187  0.7182E+05 7459.,29 10039.1% 17498.42 T 8735.21
DB= 38,000 [NCHES
L (FT)  DELBM (IN) P (LB) S8 (PSI) sl (PS1) S1G (PSI) CONTACT = SIGTH (PSI)
5.0 1.Q0012 0.55B0E+05 867.07 16178.78 17045 ,84 T 4753.70
10.0 1.00155  0.B9H5E+05 2799.86 14680,92 17480.79 T 597204
16.0 1.00686  0.9659E+05 4848,33 12650.73 17499.06 T 7077.10
21.0 1.01466  0.9073E+05 6020.48 1146905 17495.53 T 7749 .43
26.0 1.02540  0.B219E+05 6828,90 10670.49 1749939 1 8260.57
32.0 1.04187  0.7182E+05 7459,29 1003913 17498.42 1 8735.21
DB= 39.000 INCHES
L (FT)  DELBM (IN) P (LB) $8 (PSI) st (PS1) SId (PSI) CONTACT  SIGTH (PS1)
5.0 1.50012  0.55B0E+05 867.07 16178.78 1704584 1 4753.70
10.0 1.50155  0,B985E+05 2799.86 14680.93 17480,79 1 5972.04
16.0 1.50686  0.9659E+05 4848,33 12650.73 17499.06 1 7077.10
21.0 1.51466  0,9073E+05 602648 1146905 17495,53 1 7749 .43
26.0 1.52540  0,8219E405 6828.90 10670.49 17499.39 T 8260.57
32.0 1.54187  0.7182E+05 7459.29 10039.13 17498,42 ; 8735,21
DB= 40.000 INCHES
L (FT)  DELBM (IN) P (LB) s8 (PsI) 51 (PS1) $1G (pS1) CONTACT  SIGTH (PSI)
5.0 2.00012°  0.5580E+05 867.07 16178.78 17045 ,84 T 4753.70
10.0 2.00155  0.8985E+05 2799.86 14680,93 17480,79 T 5972.04
16.0 2.00686  0.9659E+05 4848.33 12650.73 17499,06 T 7077.10
21.0 2.01466  0,9073£+405 6026,48 1146905 17495,53 1 7749.43
26.0 2.02540  0,8219E+05 6828.90 10670.49 17499.39 1 8260,57
32.0 2.04187  0.7182E+05 7459.29 10039.13 1749842 1 8735.21
DB= 41,000 INCHES
L (FT)  DELBM (IN) P (LB) S8 (PSI) S1 (PSI) $1G (pS1) CONTACT  SIGTH (PSI)
5.0 2.50012  0.5580E+05 867.07 16178.78 17045, 84 T 4753.70
10.0 2.50155  0.8985E+05 2799.86 14680.,93 17480,79 T 597204
16.0 2.50686  0,9659E+05 4848,33 12650.73 17499.06 1 7077.10
21.0 2.51466  0,9073E+05 6026.48 11469.05 17495.,53 T 7749.4%
26.0 2.52540  0,8219E+05 6828.90 10670.49 17499.39 T 8260.57
32.0 2.54187  0.7182E+05 7459,29 10039.13 17498.42 T 8735.21
DB= 42,000 [NCHES
L (FT)  DELBM (IN) P (LB) SB (PSI) s1 (PSI) SIG (PSI) CONTACT  SIGTH (PSI)
5.0 3,00012  0.5580E+05 867.07 16178.78 17045 .84 T 4753,70
10.0 3.00155  0.8985E+05 2799.86 14680.93 1748079 T 5972.04
16.0 3,00686  0,9659E+05 4848,33 12650.73 17499.06 T 7077.10
21.0 3,01466  0,9073E+05 602648 11469.05 17495.53 1 774943
26.0 3,02540  0.B219E+05 6828.90 10670.49 17499.39 T 8260,57
32.0 3.04187  0.7182E+05 7459,29 10039.1% 1749842 1 8735,21
LB= 42,000 FEET (HORIZONTAL)
DB= 36,500 [INCHES ,
L (FT)  DELBM (IN) P (LB) $B (PSI) S1 (PSI) $1G (PS1) CONTACT  SIGTH (PSI)
5.0 0.25009  0.4174E+05 651.07 16059,57 16710, 64 1 4478,10
10.0 0.25127  0.7345E+05 2295.86 15152.,47 17448.33 T 5703.81
16.0 0.25598  0.8400E+05 4229.58 13259,30 17488.88 1 6762.63
21.0 0.26327  0.8194E+05 5459,13 1204084 17499.97 1 7467.97
26.0 0.27356  0,7604E+05 6338.96 11157.95 17496.91 T 8014.35
32.0 0.28965  0.,6785E+05 7069.06 1043037 17499.42 1 8540,59
£2.0 0.32475  0.5512£405 7798.64 9700.26 17498.90 1 9245.21
0B= 37.000 INCHES
L (FT) DELBM (IN) P (LB) SB (PSI1) ST (PSI) SI1G (PS1) CONTACT SIGTH (PSI)
5.0 0.50009  0.4174E+05 651.07 16055.57 16710.64 1 4478.10
10.0 0.50127  0.,7345E+05 2295.86 1515247 17448.33 1 5703.81
16.0 0.50598  0,8400E+05 4229.58 13259,30 17488.88 1 6762.63
21.0 0.51327  0.8194E+05 5459,13 12040, 84 1749997 T 7467.97
26.0 0.52356  0.7606E405 6338.96 11157.95 17496.91 T 8014.35
32.0 0.53965  0.6785£405 7069.06 10430.37 1749942 T 8540.59
42.0 0.57475  0.5512E+05 7798.64 97C0.26 17498.90 1 9245.21
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DB= 38.

DB= 39.

DB= 40.

DB= 41.

DB= 42.

LB= 58.
DB= 36.

DB= 37.

000 INCHES
(FT) DELBM (IN)
5.0 1.00009 @
10.0 1.657e7 0
16.0 1.00598 O
21.0 1.01327 0
26.0 1.02356 0
32.0 1.03965 O
42.0 1.07475 0
000 INCHES
(FT) DELBM (IN)
5.0 1.50009 O
10.0 1.50127 0
16.0 1.50598 O
21.0 1.51327 0
26.0 1.52356 0
32.0 1.53965 0
42.0 1.57475 0
000 INCHES
(FT) DELBM (IN)
5.0 2.00009 O
10.0 2.00127 O
16.0 2.00598 0
21.0C 2.01327 0
26.0 2.02356 O
32.0 2.03965 0
42.0 2.07475 O
000 INCHES
(FT) DELBM (IN)
5.0 2.50009 0O
10.0 2.50127 0
16.0 2.50598 0
21.0 2.51327 O
26.0 2.52356 0
32.0 2.53965 0
42.0 2.57475 O
000 INCHES
(FT) DELBM (IN)
5.0 3.00009 O
10.0 3.00127 O
16.0 3.00598 0
21.0 3.01327 0O
26.0 3.02356 O
32.0 3.03965 0
42.0 3.07475 0O
000 FEET (HORIZONTAL)

500 INCHES
(FT) DELBM (IN)
5.9 0.25007
10.0 0.25099
16.0 0.25497
21.0 0.26151
26.0 0.27112
32.0 0.28654
42.0 0.32089
58.0 0.39583
000 INCHES
(FT) DELBM (IN)
5.0 0.50007
10.0 0.50099
16.0 0.50497
21.0 0.5%151
26.0 0.52112
32.0 0.53654
42.0 0.57989
58.0 0.64583

ODO0OO00O0O0O0

[oRoXeRoN o} ol kel

P (LB)

J4174E405
. 7345E+405

.8400E+05
.B194E+05
. 7606E+05
.6785E+05
.5512E+05

P (LB)

L41T4E+05
. T345E+05
.B4OOE+(5
.8194E+05
. 7606E+05
.6785E+05
.5512E+05

P (LB)

-4174E+05
. 7345E+05
.B40OE+05
.B194E+05
. 7606E+05
.6785E+05
.5512E+05

P (LB)

LL174E+05
. 7345E+05
.B400E+05
.B194E+05
. T606E+05
.6785E+05
.5512€+05

P (LB)

L41T4LE+D5
.7345E+05
.B4LODE+05
.B194E+05
. 7606E+05
.6785E+05
.5512E+05

P (LB)

.3237E+05
.5705E+05
.6956E+05
. 70B1E+05
.6792E+05
.6229E+05

5207E+05

.3829E+05

P (LB)

.3237E+05
.5705E+05
L6956E+05
.7081E+05
L6792E+03
.6229E+05
.5207E+05
.3829E+05

SB (PSI)

651.07
2295.86
4229.58
5459.13
6338.96
7069.06
7798.64

SB (PSI)

651.07
2295.86
4229.58
5459.13
6338.96
7069.06
7798.64

SB (PSI)

651.07
2295.86
4229.58
5459.13
6338.96
7069.06
7798.64

S8 (PSI)

651.07
2295.86
4229.58
5459.13
6338.96
7069.06
7798 .64

SB (PSI)

651.07
2295.86
4229.58
5459.13
6338.96
7069 .06
7798.64

SB (PSI)
507.07
1791.86
3519.42
47 77
F .25
c.38
7-04.76
8129.30

SB (PSI)

507.07
1791.86
3519.42
4740.77
5689.25
6522.38
7406476
8129.30

S1 (PSl)
16059.57
15152.47
13259.30
12040.84
11157.95
10430.37
9700.26

SI (PSl)
16059.57
15152.47
13259.30
12040.84
11157.95
10430.37
9700.26

SI (PSI)
16059.57
15152.47
13259.30
12040. 84
11157.95
10430.37
9700.26

SI (PSI)
16059.57
15152.47
13259.350
12040.84
11157.95
10430.37
9700.26

St (Psl)
16059.57
15152.47
13259.30
12040. 84
11157.95
10430.37
9700.26

ST (PSI)
16627.16
15666 .94
13972.90
12755.35
11807.38
10976.15
10094 .05
9370.61

SI (PSI)
16627.16
15666 .94
13972.90
12755.35
11807.38
10976.15
10094 .05
9370.61
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SIG (PSI)
16710.64
17448.33
17488.88
17499.97
17496 .91
10499.42
17498.90

SIG (PSI)
16710.64
17448.33
17488.88
17499.97
17496.91
17499 .42
17498.90

SIG (PSI)
16710.64
17448.33
17488.88
17499.97
17496.91
176499 .42
17498.90

SIG (PSI)
16710.64
17448.33
17488.88
17495.97
17496 .91
17499.42
17498.90

SIG (PSI)
16710.64
17448.33
17488.88
17499.97
17496.91
17499.42
17498.90

SIG (PSI)
17134.23
17458.80
17492.32
17496.12
17496.63
17498.52
17498.81
17499.91

SIG (PSI)
1713423
17458.80
1749232
1749612
1749663
17498.52
17498.81
17499.91

CONTACT

— =

CONTACT

e e e e

CONTACT

.t —

CONTACT

e e R e

CONTACT

A = ==

CONTACT
T

1
T
T
T
T
T
T

CONTACT

T
1
1
T
T
T
1

SIGTH (PSI)
4478.10
5703.81
6762.63
7467.97
8014.35

8540.59
9245.21

SIGTH (PSI)
4478.10
5703.81
6762.63
7467.97
8014.35
8540.59
9245.21

SIGTH (PSI)
4478.10
5703.81
6762.63
7467.97
8014.35
8540.59
9245.21

SIGTH (PSI)
4478.10
5703.81
6762 .63
7467.97
8014.35
8540.59
9245.21

SIGTH (PSI)
4478.10
5703.81
6762.63
7467.97
8014.35
8540.59
9245.21

SIGTH (PSI)
4617.89
5457.04
6409.28
7106.86
7689.37
8266.80
9048.22
10146.35

SIGTH (PSI)
4617.89
5457.04
640928
7106.86
7689.37
8266.80
9048.22

10146.35
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DB= 38.

DB= 39.

DB= 40.

DB= 41.

DB= 42.

LB= 75.

DB= 36.

DB= 37.

000 INCHES
(FT)  DELBM (IN)
5.0 1.00007
10.0 1.00099
16.0 1.00497
21.0 1.01151
26.0 1.02112
32.0 1.03654
42.0 1.07089
58.0 1.14583
000 INCHES
(FT)  DELBM (IN)
5.0 1.50007
10.0 1.50099
16.0 1.50497
21.0 1.51151
26.0 1.52112
32.0 1.53654
42.0 1.57089
58.0 1.64583
000 INCHES
(FT)  DELBM (IN)
5.0 2.00007
10.0 2.00099
16.0 2.00497
121.0 2.C1151
26.0 2.02112
32.0 2.03654
42.0 2.07089
58.0 2.14583
000 INCHES
(FT)  DELBM (IN)
5.0 2.50007
10.0 2.50099
16.0 2.50497
21.0 2.51151
26.0 2.52112
32.0 2.53654
42.0 2.57089
58.0 2.64583
000 INCHES
(FT)  DELBM (IN)
5.0 3.00007
10.0 3.00099
16.0 3.00497
21.0 3.01151
26.0 3.02112
32.0 3.03654
42.0 3.07089
58.0 3.14583

[ofefooReloRo ol

QOOOOO0OO [eeXolofo el Xol [oleofelofole)oke)

[=XeRe el ojo ]

000 FEET (HORIZONTAL)

500 INCHES
(FT) DELBM (IN)
5.0 0.25005
10.0 0.25080
16.0 0.25421
21.0 0.26009
26.0 0.26903
32.0 0.28373
42.0 0.31721
58.0 0.39136
75.0 0.49368
000 INCHES
(FT) DELBM (IN)
5.0 0.50005
10.0 0.50080
16.0 0.50421
21.0 0.51009
26.0 0.51903
32.0 0.53373

OOO0OCODO0OO0OO

OO D00 0O

P (LB)

.3237E+05
.5705E+05
.6956E+05
.T081E+05
L6792E+05
.6229E+05
.5207€+05
.3829€+05

P (LB)

32376405
.5705e+05
.6956E+05
.7081€+05
L6792E+05
.6229E+05
.5207E+05
.3829€+05

P (LB}

.3237E+05
.5705E+05
.6956E+05
. 7081E+05
L6792E+05
.6229E+05
.520 E+05
.3829E+05

P (LB)

.3237€+05
.5705E+05
L6956E+05
.7081E+05
L6792E+05
.6229€+05
.5207E+05
.3829E+05

P (LB)

.3237E+05
.5705E+05
.6956E+05
.7081E+05
L6792E+05
.6229E+05
.5207E+05
.3829E+05

P (LB)

.2300E+05
4592E+05
.5869E+05
L6183E+05
.6096E+05
.5726E+05
4916E+05
.3695E+05
.2673E+05

P (LB)

.2300E+05
.4592E+05
.5869E+05
.A183F+05
.6096E+05
.5726E+05

SB (PsI)

507.0

1791,
3519.
4740.
5689,
6522.
7404 .
8129.

SB (Psl)

507,
1791.
3519,
4740,
5689.
6522.
7404
8129.

07

SB (PSI)

507.
1791
3519.
4740.
5689.
652 ..
7404,
8129.

07

.86

42
77
25
38
76
30

SB (PSI)

507.
1791
3519.
4740.
5689.
6522,
7404,

8129.

07

.86

42
77
25
38
76
30

SB (PsI)

507.

1791

07

.86
3519.
4740.
5689.
6522.
7404,
8129.

SB (PSI)

363.
1449,
2985,

4161

7890.

8343,

07
86
05

A7
5132.
6028.
7029.

75
43
25
12

KA

SB (PSI)

363,
1449,
2985.
4161,
5132.
6028.

07
86
05
17
75
43

SI (PSI)
16627.16
15666.94
13972.90
12755.35
11807.38
10976.15
10094.05
9370.61

SI (PSI)
16627.16
15666.94
13972.90
12755.35
11807.38
10976.15
10094.05
9370.61

SI (PSI)
16627.16
15666 .94
13972.90
12755.35
11807.38
10976.15
10094 .05
9370.61

S1 (PSI)
16627.16
15666.94
13972.90
12755.35
11807.38
10976.15
10094.05
9370.61

SI (PSI)
16627.16
15666 .94
13972.90
12755.35
11807.38
10976.15
10094 .05
9370.61

SI (PSI)
16005.02
15992.34
14501.67
13333.30
12365.37
11469.53
10470.43
9609.41
9156.57

SI (PsI)
16005.02
15992.34
14501.67
13333.30
12365.37
11469.53

122 -

[

M )

SIG (PSI)

17134,
17458.
17492.
17496.
17496.
17498.
17498.
17499.

SIG (PSI)
.23

17134
17458.
17492,
17496.
17496.
17498.
17498.
17499.

SIG (PS!)

23
80
32
12
63
52
81
91

80
32
12
63
52
81
M

17134.23

17458.
17492.
17496.
17496.
17498.
17498,
17499.

SIG (P

17134.23

17458,
17492.
17496.
17496.
17498.
17498.
17499.

SIG (PS1)

80

17134.23

17458.
17492,
17496.
17496.
17498.
17498.
17499.

SIG (PSI)

16368.
174642.
17486.
17494,
17498.
17497.
17499.
17499.
17499.

SIG (PSI)

16368.
17442.
17486.
17494,
17498.
17497.

80
32
12
63
52
81
91

09
20
7
48
11
96
68
53
88

09
20
71
48
M
96

SI)
¢

CONTACT
T

T
T
T
T
T
T
T

CONTACT
T
T
T
T
T
T
T
CONTACT
T
T
T
T
T
T
T
T
CONTACT
T
T
T
T
T
T
T
T
CONTACT
T

T
T
T
T
T
T
1

CONTACT

o — —

CONTACT

—_ -

SIGTH (PSI1)
4617.8

5457.
6409,
7106.
7689.
8266.
9048,
10146.

SIGTH (PSI1)
4617.89

5457.
6409.
7106.
7689.
8266.
9048.
10146.

04
28
86
37
80
22
35

SIGTH (PSI)

4617.
5457.
6409.
7106.
7689.
8266.
9048.
10146.

89
04
28
86
37
80
22
35

SIGTH (PSI)
4617.89

5457,
6409,
7106.
7689,
8266.
9048,

10146

04
28
86
37
80
22
.35

SIGTH (PSI)
4

617
5457
6409
7106
7689
8266
9048

10146

.89
.04
.2E
.86
.37
.80
.22
.35

SIGTH (PSI)

4162.
5277.
6139.
6816.
7411,
8019.
8860.
10026.
10970.

SIGTH (PSI)

4162
5277
6139
6816
7411
8019

.82
T4

.28
.25
.85
.55

.ttt b s e O —— it s e b4 s e SO —t et s e s bt T

— et e e e XD

-t et e et et e KT

—— e vt e e O

[ U T, o]

m
w3
i

m
w
-

m
w
—_

m
w3
—

m
[72]
=

EST

EST



bB= 38.

DB= 39.

DB= 40.

DB= 41.

DB= 42.

LB=270.

DB= 36.

42.0

0.56721
58.0 0.64136
75.0 0.74368
000 INCHES
(FT) DELBM (IN)
5.0 1.00005
10.0 1.00080
16.0 1.00421
21.0 1.01009
26.0 1.01903
32.0 1.03373
42.0 1.06721
58.0 1.14136
75.0 1.24368
000 INCHES
(FT) DELBM (IN)
5.0 1.50005
10.0 1.50080
16.0 1.50421
21.0 1.51009
26.0 1.51903
32.0 1.53373
42.0 1.56721
58.0 1.64136
75.0 1.74368
000 INCHES
(FT) DELBM (IN)
5.0 2.00005
10.0 2.00080
16.0 2.00421
21.0 2.01009
26.0 2.01903
32.0 2.03373
42.0 2.06721
58.0 2.14136
75.0 2.24368
000 INCHES
. (FT) DELBM (IN)
5.0 2.50005
10.0 2.50080
16.0 2.50421
21.0 2.51009
26.0 2.51903
32.0 2.53373
42.0 2.56721
58.0 2.64136
75.0 2.74368
000 INCHES
(FT) DELBM (IN)
5.0 3.00005
10.0 3.00080
16.0 3.00421
21.0 3.01009
26.0 3.01903
32.0 3.03373
42.0 3.06721
58.0 3.14136
75.0 3.24368

0
0
0

OO0 OOoCOOC OO0 OO COOOOOCOOO DOO0OCOCOO0OOo

OO0 COOOOO0O0O

000 FEET (HORIZCNTAL)

500 INCHES

(FT) DELBM (IN)
5.0 0.25001
10.0 0.25025
16.0 0.25153
21.0 0.25418
26.0 0.25890
32.0 0.26793
42.0 0.29209
58.0 0.35463
75.0 0.44940
80.0 0.48194

D000 QOO0 O0OOO0

o

4916E+05
.2695E+05
.2673E+05

P (LB)
. 2300E+05
L4592E+05
.5869E+05
.6183E+05
.6096E+05
.5726E+05
4916E+05
.3695E+05
L2673E405

P (LB)
.2300E+05
L4592E+05
. 5B69E+05
L6183E+05
.6096E+05

L5726E+05
4L916E+05
.3695E+05
.2673E+05

P (LB)

.2300E+05
L4592E+05
.5869E+05
.6183E+05
.6096E+05
.5T726E+05
L4916E+05
.3695E+05

.2673E+05

P (LB)

.2300E+05
L4592E+05
. 5869E+05
.6183E+05
.6096E+05
.5726E+05
L4916E+05
.3695E+05
.2673E+05

P (LB)
.2300E+05

J4592E+05
.5869E+05
.6183E+05

.6096E+05
.5726E+05
L4916E+05
.3695E+05
.2673E+05

P (LB)
LG254E+04
.1370E+05
.2037E+05
. 2445E+05
.2720E+05
.2902E+05
.2930E+05

.2592E+05
2058E+05

. 1896E+05

7029.
7890.

8343,

25
12
3

SB (PSI1)

363.
1449,
2985.
4161.
5132.
6028,
7029.
7890,
8343,

363.

© 1449,

2985.
4161,
5132.
6028.
7029.
7890,
8343.

SB (PS
363.
1449.
2985,
4161,
5132.
6028.
7029.
7890.
8343,

SB (FS

363.
1449.
2985,
4161.
5132.
6028,
7029.
7890.
8343,

07
86
05
17
75
43
25
1?2
31

B (PSI)

1)
07

1
07

SB (PSI)

363.
1449.
2985.
4161.
5132.
6028.
7029.
7890.
8343,

07
86
05
17
75
43
25
12
31

SB (PSI)

75.
459.
1100.
1748.
2435,
3251
4465,
5924.
6926
7144,

07
86
67
93
41

.09

99
78
35
02

10470,
9609,
9156.

43
41
57

$1 (PSI)

16005,
15992.3
14501,
13333,
12365,
11469,
10470.

9609,

9156.

SI (PSI)

16005.

15992.
14501,
13333,
12365,
11469.
10470,

9609.

9156,

SI (PsSl)

16005.
15992.
14501,
13333,
12365.
11469,
10470.

9609.

9156.

02
34
67
30
37
53
43
41
57

S1 (Ps1)

16005,
15992,
14501
13333,
12365.
11469,

10470,
9609.

9156.

02
34

.67

30
37
53
43
41
57

ST (PSI1)

16005.
15992,
14501.
13333.
12365.
11469,
10470.

9609.

9156.

SI (Ps1)

13922.
16939.
16374,
15743,
15056.
14248.
13032.
11575.

17499
17499
17499

SIG (PSI)
16368.
17442,
17486,
17494 .
17498.
17497 .
17499,
17499.5
17499.

SIG (PSI)
16368,
17442,
17486,
17494,
17468,
17497,
17479,
17499,
17499.

SIG (PSI)
16368,
17442,
17486.
17494,
17498.
17497.
17499.
17499.
17499.

SIG (PSI)

.68
.53
.88

09

09
20
71
48
N
96
68
53
88

09

16368.09

17442,
17486.
17494,
17498,
17497,
17499.
17499.
17499.

SIG (PSI)
16368,
17442,
17486.
17494,
17498,
17497,
17499,
17499.
17499,

SIG (PSI)
13997.
17399.
17475.
17492,
17492,
17499.
17498,
17499.
17499,
17499.

09
20
71
48
"
96
68
53
88

T
T
1

CONTALT
T
T
T
T
T
T
T
T

CONTACT
T

T
T
T
T
T
T
T
T

CONTACT
T

T
1
T
T
T
T
T
T

CONTACT
T

T
T
T
T
T
T
T
T

CONTACT

e e e e B

CONTACT
T

T
T
T
T
T
T
T
T
T

8860.
10026.
12960.

SIGTH (PSI)
4162.
5277.
6139.
6816.
7611.
8019.
8860.

10026.
12960.

SIGTH (PSD)
4162,
5277.
6139.
6816.
7611,
8019.
8860.

10026.
12960,

SIGTH (PSI1)
4162

5277.
6139.
6816.
7411.
1019.
3860.
10026.
12960.

SIGTH (PSI)
4162,
5277.
6139.
6816.
7411,
8019.
8860.
10026.
12960.

SIGTH (PSI)
4162,
5277.
6139.
6816.

7411

SIGTH (PSI)
2833,
4761,
5191.
5609.
6060.
6631.
7578.
9067.

11145,
10614.

90
57
97

82
74
28

82

82
74
28
25

.85
8019.
8860.

10026.

12960.

55
90
57
Q7

|
I
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85.

90.

95.
100.
10.
120,
135.
140.
150.
160.
170.
175,
200.
240,
270.

COoO0O0O0DOO0O0OO00OO00O

VMENNNS 222000000

DB= 37.000 INCHES

L (FT
5.
10.
16.
21.
26.
32.
42.
58.
75.
80.
85.
90.
95
100.
110.
120,
135.
140.
150.
160.
170.
175.
200.
240,
270.

)
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

DELBM (IN)
.50001
.50025
.50153
.50418
.50890
.51793
.54209
.60463
.69940
73194
. 76630
.80230
.83976
.87852
95916
.04273
.25953
.35758
.56648
79211
.03417
.16129
84050
.09036
.17690

VSN2 220 a000COCO00000000

DB= 38.000 INCHES

L (FT
[

2.

100.
110.
120
135,
140.
150.
169.
170.
175,
200,
240.
270.

0
0
0
.0
0
0

0
0
0
0
0
0
0
0
0
.0
0
0
0
0
0
0
0
0
N

)

DELBM (IN)
.00001
.00025
.00153
.00418
.00890
.01793
04209
.10463
19940
.23194
. 26630
.30230
33976
.37852
45916
54273
67001
.71210
59775
.81789
.05223
17473
.84047
.09033
17686

LN DN TU PO R o3 = a3 3 3 o3 o3 o3 3 =3 o 3 b b 3 b 3

DB= 39.000 INCHES

L (FT

5.
10.
16.
21.
26.
32.
42,

)
0
0
0
0
0
0
0

DELBM (IN)
50001
.50025
.50153
.50418
.50890
51793
.94209

1

.51630
.55230
.58976
64416
. 78849
95059
.22587
.32599
.53850
.76718
.01184
. 14011
.84023
.09037
17692

0.1735E+05
0.1577€+05
0.1422E+05
0.1362E+C5
0.1328E+05
0.1239€+05
0.1045E+05
0.9713E+04
0.8160E+04
0.6547E+04
0.4909E+04
0,4088E+04
0.2896E+02
0.0000E+00
0.0000E+00

P (LB)
0.4254E+04
0.1370E+05
0.2037E+05
0.2445E+05
0.2720E+05
0.2902E+05
0.2930E+05
0.2592E+05
0.2058E+05
0.1896E+05
0.1735E+05
0.1577E+05
0.1422E+05
0.1270E+05
0.9792E+04
0.7035E+04
0.5300E+04
0.5051E+04
0.4307E+04
0.3329E+04
0.2195E+04
0.1588E+04
0.0000E+00
0.0000E+00
0.0000E+00

P (LB)
0.4254E+04
0.1370E+05
0.2037€+05
0.2445E+05
0.2720E+05
0.2902£+05
0.2930E+05
0.2592E+05
0.2058E+05

© 0.1896E+05

0.1735€+05
0.1577€+05
0.1422E405
0.1270E+05
0.9792E+04
0.7035E+04
0.3169€+04
0.1945€E+04
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000€+00
0.0000E+00
0.0000E+00

P (LB)
0.4254€E404
0.1370E+05
0.2037£+05
0.2445E+05
0.2720E+05
0.2902£+05
0.293VE+05

7335
7503
7651
7729
7819
7921
8071
£118
8205
8283
8353
8385
8520
8521
8521

SB (P
75
459
1100

1748.
2435,

3251

4465,
5924 .
6926,
7144,
7335,
7503,
7651.
7783,
8004,
8180.
8293,
8311.
8354,
8400.
8446,
8468.
8521,
8521.
8521.

.18
.36
.67
9N
.72
.56
.53
.26
.27
.58
.56
.63
.53
.36
.36

s1)
.07
.86
.67
93
41
.09
99
78
35
02

SB (PsI)

75.
459,
1100.
1748.
2435,

3251

7651

7783,
8004.
8180.
8384,
8440,

8521
8521
8521
8521
8521
8521
8521

07
86
67
93
41

.09
4465,
5924,
6926.
7144,
7335,
7503,

99
78
35
02
18
36
.67
21
00
71
94
61
.36
37
37
.38
.35
.38
.37

5B (PST)

75.
459,
1100,
1748,
2435,

3251
4465

07
86
67
93
41
.09
.99

10164 .
9996.
9848,
9769.
9680.
9578.
9428,
9381.
9294 .
9216,
9146.
9114,
8979.
8978.
8978.

S1 (P

sl

13922.54

16939
16374
15743
15056
14248
13032

1575,
10573.
10355.

10164

9996.
9848.
9716,
9495,
9319.
9206.
9188,
9145,
9099.
9053,
9031,
8978.
8578.
8978.

S (PsSI)
13922.5%
16939
16374.
15743,
15056.
14248,
13032.
11575.
10573.2
10355.
10164,
9996.
9848,
9716.
9495 .
9319.
9115,
9059.
8978.
8978,
8978.
8978.
8978.

.9
.40
.51
.88
.04
.01
16
29
68
.70
60
15
73

8978 . 6¢

8978

S1o(ksh)

13922
16939
16374
15743
15056
14248
1505¢

54
9N
40
51
.88
.04

LUl

124 -

17499,
17499.
17499,
17499.
17499,
17499.
17499.
17499.
17499.
17499,
17499,
17499.
17499.
17499.
17499.

SIG (PSI)
13997.
17399.
17475,
17492.
17492.
17499,
17498,
17499.
17499.
17499.
17499.
174699,
17499,
17499.
17499.
17499.
17499.
17499.
17499.
17499,
17499.
17499.
17500,
17499,
17499,

SIG (PSI1)
13997,
17399.
17475,
17492.
17492,
17499,
17498,
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499,
17499,
17499,
17499,
17499.
17499,
17499.
17500.
17499.
17500,
17499,

GIG (PSTH
13997.
17399.
17475,
17492,
17492,
17499.

89
96
83
87
95
9N
94
99
98
96
98
99
99
98
98

61

61
7
07
A
29

61
77
07
44
29

OO OTCOTOO0O A~

CONTACT

 TOCOOOTTOTT o = —t = — L~~~ —— = ——

CONTACT
T

T
T
T
T
1
1
T
T
1
T
T
1
T
T

=

T
1
B
B
8
B
B
B
B

CONTACT
T

—_ =

10153.69
9760.68
9420.14
9308.37
9398.18
9500.02
9649 .99
9696.72
9783.73
9862 .04
9932.03
9964 .09

10098.99

10099.82

10099.83

SIGTH (PSI)

2833.58
4761.53
5191.28
5609.11
6060.27
6631.46
7578.43
9067.48
14100.97
15302,39
14305.97
13464 .41
12744 .27
12120.72
11090.80
10267.88
9871.65
9890.15
9932.99
9978.93
10024.77
10047.11
1009984
10099.84
10099.83

SIGTH (PS1)

2833.,58
4761.53
5191.28
5609.11
6060.27
6631.46
7578.43
9067.48
14100.97
15826.29
17662.92
19610.87
19392.64
18120.86
16049.58
14434 .62
12574 .45
12060.74
10099.82
10099.83
10099.83
10099.84
10099 .82
10099 .84
10099.83

STGTH (FS
2833.58
4761.53
5191.28
5609. 11
6060.27
6631.46

P B
roro.42

REST
I



58.
75.
80.
85.
90.
95,
100.
110,
120.
135,
140,
150.
160.
170,
175.
200.
240,
270.

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1.60463
1.69940
1.73194
1.76630
1.80230
1.83976
1.87852
1.95916
2.04273
2.17001
2.21210
1.59774
1.81787
2.05221
2.17471
2,84045
4.,09029
5.17682

DB= 40.000 INCHES

270,

)
0
0
0
0
0
0
0
0
0
0
.0
.0
0
0
0
0
0
0
0
0
0
0
0
0
0

DELBM (IN)

DB= 41.000 INCHES

L (FT)
5.0
10.0
16.0
21.0
26.0
32.0
42.0
58.0
75.0
80.0
85.0
90.0
.0
0
0
0
0
0
0
0
0
0
0
0
0

95

100.
0.
120.
135,
140,
150.
160.
170.
175.
200,
240.
270,

DELBM (IN)

2.00001
2.00025
2.00153
2.00418
2.00890
2.01793
2.04209
2.10463
2.19940
2.23194
2.26630
2.30230
2.33976
2.37852
2.45916
2.54273
2.67001
2.71210
1.59772
1.81786
2.05220
2.17469
2,84043
4.,09026
5.17678

.50001

.50025
.50153
50418
50890
51793
.54209
60463
69940
.73194
76630
.80230
83976
.87852
95916
04273
.17001
.21210
59771
81784
.05218
17667
84041
.09023
7674

VB RN 2o WWWRNNNNN RN YN

DB= 42.000 [NCHES

L

(FT)

5
0
16

U
0
0
s

fon

DE

LBM (IN)

.0oom
.00025
.00153
00418

[ WX R WA W)

0.2592E+05
0.2058E+05
0.1896E+05
0.1735E+05
0.1577€+05
0.1422E+05
0.1270E+05
0.9792E+04
0.7035E+04
0.3169E+04
0.1945E+04
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

P (LB)
0.4254E+04
0.1370E+05
0.2037E+05
0.2445€E+05
0.2720E+05
0.2902E+05
0.2930E+05
0.2592E+05
0.2058E+05
0.1896E+05
0.1735E+05
0.1577E+05
0.1422E+05
0.1270E+05
0.9792E+04
0.7035E+04
0.3169E+04
0.1945E+04
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

P (LB)
0.4254E+04
0.1370E+05
0.2037£+05
0.2445E+05
0.2720E+05
0.2902E+05
0.2930E+05
0.2592E+05
0.2058E+05
0.1896E+05
0.1735E+05
0.1577€+05
0.1422E+05
0.1270E+05
0.9792E+04
0.7035E+04
0.3169E+04
0.1945E404
0.0000E+00
0.0000E+00
0.0000E+00
0.0G00E+00
0.0000E+00
0.0000E+00
0.0000E+00

P (LB)
0.4254€+04
0.1370E+05
0.2037e+05
0.2445E+05

5924.,78
6926,35
714402
7335.18
7503.36
7651,67
7783.21
8004.00
8180.71
8384 .94
8440.61
8521.37
8521.35
8521.35
8521.37

© 8521.36

8521.36
8521.37

SB (PS1)
75.07
459,86
1100.67
1748.93
2435.41
3251.09
4465,99
5924.78
692635
7144.02
7335.18
7503.36
7651.67
7783.21
8004.00
8180.71
8384.94
8440,61
8521.34
8521.37
8521.38
8521.36
8521.37
8521.37
8521,37

SB (PSI)
75.07
459,86
1100.67
1748.93
2435.41
3251.09
4465.99
5924.78
6926.35
7144.02
7335.18
7503.36
7651.67
7783.21
8004.00
8180.71
8384.94
8440.61
8521.35
8521.34
8521.36
8521.35
8521.38
8521.37
8521.37

SB (PSI)
75,07
459,86
1160.67
1748.93

11575,
10573,
10355,
10164.
9996.
9848,
9716,

9495,
9319.
9115,
9059,
8978,
8978,
8978,
8978.
8978,
8978,
8978.

16
29
68
70
60
15
73
83
26
01
36
62
62
62
62
62
62
62

S1 (PS1)

13922,
16939,
16374,
15743,
15056,
14248,
13032,
11575,
10573,
10355,

10164,
9996.
9848,
9716,
9495,
9319,
9115.
9059.
8978,
8978,
8978,
8978.
8978.
8978.
8978.

S1 (PS
13922,
16939.
16374,
15743,
15056.
14248,
13032,
11575,
10573.
10355.
10164,
9996.
9E48.
9716,
9495,
9319,
9115.
9059,
8978,
8978.
8978.

8978,
8978,

8978,
8978,

54
A
40
51
88
04
01
16
29
68
70
60
15
73
83
26
01
36
62
62
62
62
62
62
62

1)
54

SI (PSI)

12922,
16939,
16374,
15743,

12!

54
91
40
51

17499,
17499,
17499,
17499,
17499,
17499.
17499,
17499,
17499,
17499,
17499,
17499,
17499,
17499,
17499,
17499.
17499.
17499,

SIG (PS1)

13997.
17399.
17475,
17492,
17492,
17499.
17498,
17499.
17499.
17499,
17499,
17499,
17499.
17499,
17499,
17499,
17499,
17499.
17459.
17499.
17500.
17499.
17499,
17499.
17499,

SIG (PSI)

13997.
17399.
17475,
17492,
17492,
17499.
17498,
17499.
17499.
17499.
17499,
17499,
17499,
17499,
17499.
17499,
17499,
17499,
17499,
17499.
17499.
17499,
17499,
17499.

17499 .

SIG (PSI)

13997,
17399,
17475,
17692,

94
64
70
89
96
83
95
83
98
95
96
99
96
97
99
98
98
99

61
7
07
44
29
13
00
94
64
70
89
96
83
95
83
98
95
96
95
99
00
98
99
99
99

61

61
77
07
44
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CONTACT

T

T
T
T

9067 .48
14100.97
15826.29
17662 .92
19610.87
21670.12
2384069
21008.51
18601.47
15866.75
15122.07
10099.84
1009981
10099, 81
10099.83
10099.82
100%9.83
10199.83

SIGTH (PSI)
2833.58
4761.53
5191.28
5609.11
6060.27
6631.46
7578.43
9067.48

14100.97
15826.29
17662.92
19610.87
21670.12
23840.69
25967 .67
22768.48
19159.16
18183.48
10099.80

10099.83

10099 .84

10099.82

10099.83

10099.83

10099.83

SIGTH (PSI)
2833.58
4761.53
5191.28
5609.11
6060,27
6631.46
7578.43
9067 .48
14100.97
15826.29
17662.92
19610.87

21670.12
23840.69
28515.76
26935.71
22451.69
21245.02
10099. 81
10099.80
10099.82
10099.81
10099.84
10099. 84
10099.83

SIGTH (RS
283358
L761.5%
5191.28
560911

e e e e e ot o e —4 =t —

ot et et e e ef o o o 4 —f 4 et et o o o e e DT

REST

|
!
l
1
|
1
!
!
1
|
T
T
T
T
T
T
T
T
I
l
!
!
|
[
I

REST
!

|
I
[



5.

17670

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
u.
0.
0.
0.
0.
0.
0.
0.
0.
0.

LB=350.000 FEET (HORIZONTAL)

DB= 36,500 INCHES

L (FT

200,
240.
270.
300.
350.

)
0
0
0
0
0
0
0
0
0
0
0
0
.0
.0
0
0
0
0
0
0
0
0
0
0
0
0
0

DELBM (IN)
.25001

c.
0.
0.
. 25731
. 26504
. 28650
34455
43557
46726
.50088
.53625
57318
61994
. 75981
.91802
. 18843
28714
49713
. 72363
96639
. 09380
78617
01213
.07789
. 26906
53304

0

DOWVMPNNNL 222 20000000 D000O0 D2

DB= 37.000 INCHES

L

VTSN N — - —~

o~
ow

85.

0
o

95.
100.
110.
120.
135,
140.
150.
160.
170.
175.
200,
240,
270.
300.

—

SN =200V
OO0 ODCOw

[N

0

o

0
0
0
0
0
0
0
0
0
0
0
0
dJ
0

DELBM (IN)
0.

25019
25121
25337

50001

0.50019
0.50121
0.50337
0.50731
0.51504
0.53650
0.59455
0.68557
0.71726
0.75088
0.78625
0.
0
0
1
1
1
1
1
1
2
2
4
5
6

82318

86149
94149
.02468
.23039
32662
53224
.75502
.99460
. 12059
78616
.01211
.07787
26904

0

COCODOCOO0OODOOOOOOOOT IHIUCOOO

COoO0CO00O0VOOCOODOODOLODDODOOOOOO

2720E+05
2902€+05
2930E+05
2592E+05
2058E+05
1896E+05
1735E+05
1577E+05
1422E+05
1270E+05
9792E+04
T035E+04
3165E+04
1945E+04
0000E+00
0000E+00
0000E+00
00C00E+00

0000E+00

00O0OE+00
0000€+00

P (LB)

JG254E404
0.
0.
J933E405
.2190E+05
. 2386E+05
. 2488E+05
L22B9E+05
. 1866E+05
A72BE+05
. 1588E+05
G4BE+0S
.1308E+05
.1220E+05
L1202E+05
. 1128E+05
L9559E+04
. BBBLE+04
L TLL2E+04
59256404
L36BE+04
3582E+04
.0000E+00
.0000E+00
.0000E+00"
.0000E+00
.0000E+00

1019E+05
15795405

P (LB)

4254E+404
. 1019E+05
L1579E+05
.1933E+05
.2190E+05
.2386E+05
. 248BE+05
. 2289E+05
.1866E+405
.1728BE+05
. 1588E+405
. 1448E+05
. 1308E+05
L1171E405
,9014E+04
L6424E404
L4607E+04
.4390€E+04
J3713E+04
.2798E+04
A723E+04
.1143E+04
.0000€+00
.0000E+00
.0000E+00
.0000E+00

2435 .41
3251.09
4465 ,99
5924.78
6926.35
7144.02
7335.18
7503.36
7651.67
7783.21
8004.00
8180.71
8384 .94
8440.61
8521.36
8521.36
8521.35
8521.37
8521.35
8521.38
8521.37

SB (PSI1)
75.07
351.86
875.67
1418,32
2012.04
2743.08
2895.58
5385.42
6483.79
6731.15
6951.,02
7146.69
7320.99
7439.27
7535.29
7650, 14
7825.02
7880.40
7984 .63
8079.44
8164 ,85
8204.18
8358.36
358,38
8358.37
8358.37
8358.38

SB (PS1)
75.07
351.86
875,67
1418.32
2012.04
2743,08
3895.58
5385.42
6483.79
6731.15
6951.02
7146 .69
7320.99
476,67
77641.14
7955.09
8101.32
8122.14
8171.91
8226.61
8282.01
8309.18
8358.36
8358,37
8358.37
8358.38

15056 .88
14248.04
13032.01
11575.16
10573.29
10355 .68
10164 .70
9996.60
9848.15
9716.73
9495.83
9319,26
9115.01
9059.36
8978.62
1978.62
8973.62
8978.62
8978.62
8978.62
8978.62

§1 (PSI)
15550.40
16814.76
16574.57
16073 .45
15485.82
14756.42
13603.46
12114.54
11015.96
10768.58
10548, 81
10353.30
10178.99
10060.58
9964.70
9849.76
Q674,95
9619.56
9515.31
9420.,51
9335.13
9295.80
9141.62
9141.62
9141.62
9141.62
9141.62

ST (PsSI)
15550.40
16814.76
1657457
16073 .45
15485.82
14756.42
13603 .46
12114.54
11015.96
10768.58
10548.81
10353.30
10178,99
10023.30
9758.83
9544.79
9398.63
9377.80
9328.05
9273.35
9217.97
9190.80
9141.62
9141.62
9141.62
9141.62

126 -

17492.29
17499.13
17498.00
17499.94
17499 .64
17499.70
17499 .89
17499 .96
17499 .83
17499.95
17499.83
17499.98
17499.95
17499 .96

- 17499.98

17499.98
17499.96
17499.99
17499 .97
17500.00
17499.99

SIG (PSI)
15625.47
17166.62
17450.24
17491.77
17497.86
17499.50
17499.04
17499.96
17499.74
17499.72
17499.83
17499.99
17499.98
17499 .85
17499.99
17499.91
17499.97
17499.97
17499 .95
17499 .95
17499.98
17499.98
17499.98
17500.00
17499.99
17499.99
17500.00

SIG (PSI)
15625.47
17166.62
17450.24
17491.77
17497.86
17499.50
17499.04
17499.96
17499 .74
17499.72
17499.83
17499.99
17499.98
17499.97
17499.97
17499.88
17499.95
17499 .94
17499 .96
17499.96
17499.99
17499.,98
17499.98
17499.99
17499.99
17500.00
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6060,
6631,
7578,
9067,

27
46
43
48

14100.97

15826.

29

17662.92
19610.87
21670.12

23840
28515
31103
25744
24306
10099
10099
10099
10099
10099
10099
10099

SIGTH (PSI)

3647
4590
5066
5443
5851
6377
7293
9535
11338
10807
10365
9990
9667
9485
9581
9696
9871

9926.
10030,
10125,
10211,
10250,
10404,
10404,
10404,
10404 ,

10404

SIGTH (PS1)
51
.95
.36
5443,

3647
4590
5064

5851

12991

69
76

.20

40
.70
.82
.82
81
B84
.81
.84
.83

.51
.95
36
47
W37
64
75
A7
.32
.28
27
.60
.38
43
45
.30
A7
56

53

47

Y
6377.
7293,
9535,

14568,

15494,

14517,

13694,

.50

12384,

11383,

10585,

10147,

10168,

10218,

10272,

10328,

10355.

10404,

10404 .5

10404 .

10404,

64
75
17
66
83
55
33
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25
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350.0

8.53301

DB= 38,000 INCHES

~
—

1 N DU R > —>
NN o ouT

110.
120.
135.
140

150,
160.
170.
175.
200.
240,
270,
300,

)
.0
.0
0
.0
.0
.0
0
.0
0
0
0
0
.0
100.0
0
0
0
Y
0
0
0
0
0
0
0
0
350.0

DELBM (IN)
1.00001
1.00019
1.00121
1.00337
1.007341
1.01504
1.03650
1.09455
1.18557
1.21726
1.25088
1.28625
1.32318
1.36149
1.44149
1.52468
1.65185
1.69401
1.56719

78311

01297

13313

78614

.01208

07783

. 26899

53294

oSS rnong —

DB= 39.000 INCHES

L (FT)

10 O
16.0
21.0
26.0
32.0
42.0
58.0
75.0
80.0
85.0
90.0
95.0
100.0
110.0
120.0
135.0
140.0
150.0
160.0
170.0
175.0
200.0
240.0
270.0
300.0
350.0

DELBM (IN)
.50001
.50019
50121
50337
50731
.51504
53650
59455
68557
71726
.75088
. 78625
.82318
86149
94149
.02468
.15185
19401
56717
.78310
.01296
133N
78612
.01205
07779
. 26894
53287

COONUVIIDNNININ = 3 NI NI NI o o o3 o3 o3 3 3 o d i 3 > o 3 3

DB= 40.000 INCHES

L (FT
5

10.
16.
21.
26.
32.
42.
58.
75.
80.
85,
Q0.
95.
100.
110.
120.

)
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
135.0

DELBM (IN)
2.00001
2.00019
2.00121
2.00337
2,00731
2.01504
2.03650
2.09455
2.18557
2.21726
2.25088
2.28625
2.%2318
2,36149
2.,64149
2.52468
2.65185

0,0000E+00

P (LB)
4250E+04
1019€+05
1579E+05

0

0.

0.

0,1933E+05
0.2190€+05
0.2384E+05
0.2488E+05
0.2289E+05
0.1866E+05
0.1728E+05
0.1588E+05
0.1448E+05
0., 1308E+05
0,1171E+05
0.9014E+04
0.,6424E+04
0.2737e+04
0.1559E+04

'0, DD0DE+00

0.0000€+00
0.0000E+00
0.0000E+00
0.0000€E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

P (LB)
0.4254E+04
0.1019E+05
0.1579E+05
0.1933E+05
0.2190E+05
0.2386E+05
0.2488E+05
0.2289E+05
0.1866E+05
0.1728E+05
0.1588E+05
0.1448E+05
0.1308E+05
0.1171€+05
0.9014E+04
0.6424E+04
0.27376+04
0.1559E+04
0.0000E+00
0.0000E+00
0.0000E+00
0.0000C+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000€E+00
0.0000E+00

P (LB)
0.4254E+04
0.1019E+05
0.1579E+05
0.1933E+05
0.2190E+05
0.2386E+05
0.2488E+05
0.22B9E+05
0.1866E+05
0.1728E+05
0.1588E+05
0.1448E+05
0.1308E+05
0.1171E+05
0.2014E+04
0.6424E+04
0.2737E+04

8358.,38

sB (PSI1)
75.07
351.86
875.67
1418,32
2012.04
2743,08
3895.58
5385.42
6483.,79
6731.15
6951.02
7146,69
7320.99
7476.,67
774114
7955.09
8205,58
8274 .47
8358,38
8358.34
8358.35
8358,38
8358.37
8358,37
358,37
8358.38
8358.38

S8 (Psl1)
75.07
351.86
875.67
1418.32
2012.04
2743.08
3895.58
5385.42
6483.79
6731.15
6951.02
7146.69
7320.99
7476,67
774114
7955.09
8205,58
827447
8358.33
8358.36
8358.38
8358,26
8358.37
8358.37
8358.37
8358.38
8358.37

SB (PS1)
75.07
351.86
875.67
1418,32
2012.04
2743,08
3895.,58
5385.42
6483, 79
6731.15
6951.02
7146.69
7320.99
7476.67
776114
7955.09
8205.,58

9141.62

SI (PSI)
15550,40
16814 .76
16574 .57
16073.45
15485 ,82
14756 .42
13603.46
12114 .54
11015,96
10768.58
10548, 81
10353,30
10178.99
10023.30
9758.83
9544 ,79
9294 .31
9225.51
9141.62
9141.62
9141.62
9141.,62
9141.62
9141.62
9141.62
9141.62
9141.62

SI (PSI)
15550.,40
16814.76
1657457
16073.45
15485 .82
14756 .42
13603.46
1211454
11015,96
10768,58
10548, 81
10353.,30
10178.99
10023.30
9758.83
9544 .79
9294,31
9225.51
9141.62
9141.562
9141.62
9141.62
9141.62
9141.62
9141.62
9141.62
9141.62

SI (PsI)
15550.40
16814.76
16574 .57
16073 .45
15485 ,82
14756 .42
13603.46
1211454
11015,96
10768.58
10548 81
10353.30
10178.99
10023,30
9758.83
954479
929431

127 -

17500.00

s1G (PS1)
15625.47
17166.62
17450, 24
17491.77
17497.86
17499.50
17499,04
17499.96
1749974
17499.72
17499.83
17499.99
17499.98
17499.97
17499.97
17499.88
17499.89
17499.98
17499.99
17499.96
17499.97
17500.00
17499.99
17499.99
17499.99
17500.00
17500.00

SIG (PSI)
15625 .47
17166 .62
17450.24
17491.77
17497.86
17499 .50
17499,04
17499.,96
17499.74
17499.,72
17499 .83
17499,99
17499.98
17499.97
17499,97
17499.88
17499.89
17499.98
17499,95
17499,98
17499.99
17499.98
17494 .99
17499,99
17499.99
17499,99
17499,99

SIG (PS1)
15625.47
17166 .62
17450, 24
17491.77
17497.86
17499.50
17499 .04
17499.96
17499.74
17499.72
17499 .83
17499.99
17499.98
17499.97
17499.97
17499.88
17499.89
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10404, 53

SIGTH (PSI)
3647.51
4590,95
5066.36
5643 ,47
5851.37
6377.64
7293,75
9535.17

14568, 66
16293.98
18130.61
20078,56
19639 .88
18384 .19
16342.03
14751.89
12922.57
12417.67
10404.53
10404 .50
10404 .51
10404 .53
10404 .52
10404.,52
10404 .52
10404.53
10404 .53

SIGTH (PS1)
3647.,51
4590.95
5066.36
56443 .47
5851.37
6377.64
7293.75
9535.17

14568, 66
16293.98
18130.61
20078.56
22137.82
24308,38
21300.96
18918.75
16214 .87
15479.00
10404 .49
10404 .51
10404 .53
10404.52
19404 .53
10404.53
10404 .52
10404 .53
10404 .53

SIGTH (PSI)
3647.51
4590,95
5066.36
5443 .47
5851.37
6377.64
7293.75
9535.17

14568 .66
16293 .98
18130, 61
20078.56
22137.82
24308.38
26260.12
23085 .76
19507.28

REST
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2.69401
1.56716
1.78309
2.01294
2.13309
2.78610
4.01202
5.07775
6.26889
8.53281

DB= 41.000 INCHES

L
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owntoocowviowniowianon

P
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DELBM (IN)
2,50001
2.50019
2.50121
2.50337
2.50731
2.51504
2.53650
2.59455
2.68557
2.71726
2.75088
2.78625
2.82318
2.86149
2.96149
3.02468
3.15185
3.19401
1.56715
1.78307
2.01293
2.13308
2.78607
4.01199
5.07771
6.26884
8.53274

ODELBM (IN)
3.00001
00019
.00121
00337
00731
.01504
03650
09455
. 18557
21726
.25088
. 28625
.32318
36149
64149
52468
65185
69401
56714
78306
L0129
13306
. 78605
01196
07767
. 26879
53268

OOV SMNNN 2 2 WWWW R W W W W IR WIWN W W W W

0.1559E+04
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000€+00
0.0000E+00
0.0000E+00

P (LB)
0.4254E+04
0.1019€+05
0.1579E+05
0.1933E+05
0.2190E+05
0.23B6E+05
0,24B88E+05
0.2289E+05
0,1866E+05
0.1728E+05
0.1588E+05
0, 144BE+05
0.1308E+05
0.1171E+05
0,9014E404
0.6424E+04
0.2737€+04
0.1559E+04
0.0000€+00
0.,0000E+N0
0.0000E+00
.0000E+00
.0000E+00
.0000E+00
.DOOOE+00
.0000E+00
.0000E+00

ooooOCOoO

P (LB)
L254E+04
,1019E+05
L1979E+05
L1933E+05
. 2190E+05
L 23B6E405
.2488E+05
. 2289E+05
. 1866E+05
L 1728E+05
L 158BE+05
AGLBE+0S
. 1308E+05
JNTE05
L9014E+04
LbL2LE+04
2TITE+04
1559E+04
,0000E+00
.0000E+00
.0000E+00
.0000E+0D0
.0000E+00
.0000E+00
.0000E+00
.0000E+00
0000E+00

oo OoOCcOoODOoOoOoLCCcooDoCoCooCoooo oD oo oo

o0

8274 .47
8358.34
8358.38
835836
8358.35
835838
8358.37
835837
8358.37
8358.38

S8 (PSI)
75,07
351,86
875.67
1418.32
2012.04
2743.08
3895.58
5385.42
6483 .79
6731,15
6951.02
7146.69
7320.99
7476.67
761,14
7955,09
8205,58
8274 .47
8358.36
8358.35
8358.,38
8358.38
8358.35
8358.38
8358,37
835837
8358.37

SB (PSI)
75.07
351.86
875.67
1418.32
2012.04
2763.08
3895.58
5385.42
6483.79
6731.15
6951.02
7146.69
7320.99
7476.67
7741.14
7955 .09
8205 .58
8274.47
8358.37
8358.37
8358.36
8358.36
8358,36
8358,38
8358.36
8358.37
8358.38

9225,51
9141.62
9141.62
9141.62
9141.62
9141.62
9141.62
9141.62
9141.62
9141,62

§1 (PSI)
15550.40
16814 .76
16574.57
16073.45
15485 .82
14756.42
13603 .46
1211454
11015.96
10768.58
10548.81
10353 .30
10178.99
10023 .30
9758.83
9544, 79
929431
9225,51
9141,62
9141,62
9141,62
9141.62
9141.62
9141.62
9141.62
9141.62
9141.62

Sl (PsI)
15550.40
16814.76
1657457
16073 .45
15485 .82
14756.42
13603 .46
12114 .54
11015.96
10768.58
10548.81
10353 .30
10178.99
10023 ,30
9758.83
954479
929431
9225 .51
9141.62
9141.62
9141.62
9141.62
9141.62
9141.62
9141.62
9141.62
9141.62

17499.98
17499 .96
17500.00
17499.98
17499.97
17500.00
17499.99
17499.99
17499.99
17500.00

S1G (PS1)
15625 .47
17166.62
17450 .24
1749177
17497 .86
17499,50
17499 .04
17499 .96
17499.74
17499.72
17499.83
17499.99
17499 .98
17499.97
17499.97
17499.88
17499.89
17499 .98
17499,98
17499.97
17500.,00
17500.00
17499 .97
17500.00
17699.98
17499.99
17499.99

SIG (PS1)
15625 .47
17166,62
17450,24
176491.77
17497 .86
17499.50
17499.04
17499.96
17499.74
17499.72
17499 .83
17499.99
17499.,98
17499.97
17499.97
17499 .88
17499, 89
17499 .98
17499 .99
17499.99
17499 .98
17499 .98
17499.98
17500.00
17499.98
17699.99
17500.00

COoODTTOooTmE—

CONTACT
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CONTACT
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1854042
1040450
106404 ,53
10404 .51
10404 ,51
10404 .53
10404 .53
10404,52
10404 ,53
1040453

SIGTH (PSI)
3647.51
4590,95
5066.36
56443 .47
5851.37
6377.64
7293.75
9535 .17

14568, 66
16293 .98
18130.61
20078.46
22137.82
24308.38
28983 .45
27252.98
22799.81
21601.96
10404 .51
10404,50
10404 .53
10404.53
1040451
10404,53
10404,52
10604 .43
10404 .53

SIGTH (PSI)
3647.51
4590,95
5066.36
56443 .47
5851,37
6377.64
7293.75
9535.17

1456866
16293.98
18130.61
20078.56
22137.82
24308.38
28983 .45
3142047
26092.51
26663 .63
10404 .52
10404 .52
10404.52
10404 .52
10404 .51
10404 .53
10404 .52
10404.52
10404 .53
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Table B,7 Maximum  Allowable lPorechole Deviation  Based on Liner Ingertion
Stregses in Boreholes Drilled wlth a Steevable Bt

This sectlion of Appendix B lists the output flle from PROGRAM DEVIAT?
for maximum allowable borchole devlation based on liner Ingertion stregsed
durding  liner ingsertion operatlions with no__simultancous dirilling In
hordzontal and vertical boreholes drilled with a gsteerable bilt,

The following parvameter values were used In computing these results:

Lh = 26 ft (vertical borehole)

= 32, 42, 58, 75, 270, and 350 feot (horizontal boreholes)
d, = 36.5, 37, 38, 39, 40, 41, and 42 Inches

Fo= 0 (no simultaneous drilling)

=
i

0 to Ll‘
D

Other parameter values were fixed as listed In Section 5.2,
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RUN  TH DEVIAT1.FOR

LINER INSERTION LOADING SPECIFIED

MINIMUM ALLOWABLE LINER RADIUS OF CURVATURE=
CRITICAL BUCKLING STRESS BASED ON BENDING=

CRITICAL BUCKLING STRESS BASED ON COMPRESSION=

Fs= 4,00

F= 0.00 LBF

65,74 FT (BASED ON CONTAINER CLEARANCE)
0.2114F+06 PSl
0.2039E+06 PSI

L= 26,000 FEET (VERTICAL)
DB= 36.500 INCHES

L (FT) DELBM (IN) P (LB) sB (pPsl) SI (psl) S1G (PS1) CONTACT  SIGTH (PS1) REST
5.0 0.25029  0.1359€+06 2088, 64 15211.36 17500,00 T 17300.00 1
10.0 0.25344  0.2015E+06 6192.16 11274.21 17466 .37 T 17466 .37 T
16.0 0.26454  0.,2079E+06 10223.50 7271,15 17494 .65 T 17494.,65 1
21.0 0.28034  0.1919E+06 12383, 71 5112.77 17496.48 T 17496 .48 T
26.0 0.30177  0.1725E+06 13784 .94 3712.80 17497.74 T 1749774 T
DB= 37,000 INCHES
L (FT) DELBM (IN) P (LB) sB (Psl) S| (PS1) SIG (PSI) CONTACT  SIGTH (PSI) REST
5.0 0.50029  0.1359E+06 2088, 64 15211.36 17300.00 T 17300.00 1
10.0 0.50344  0,2015E+06 6192.16 1127421 17466.37 T 17466,37 T
16.0 0.51454  0.2079E+06 10223.50 727115 17494.,65 T 17494 .65 T
21.0 0.53034  0.1919E406 12383.,71 5112.77 17496, 48 1 17496 .48 T
26.0 0.55177  0.1725E406 13784 .94 3712.80 17497 .74 T 17497, 74 1
DB= 38.000 INCHES
L (FT) DELBM (IN) P (LB) sB (PSl) Sl (pPsl) SIG (PS1) CONTACT  SIGTH (PS1) REST
5.0 1.00029  0.1359£+06 2088.64 15211.36 17300.00 1 17300.00 T
10.0 1.00344  0,2015E+06 6192.,16 11274. 21 17466 .37 T 17466.37 T
16.0 1.01454  0.2079€+06 10223.50 7271.15 17494 .65 T 17494 .65 T
21.0 1.03034  0.1919E+406 12383.71 5112.77 17496 .48 T 17496.48 T
26.0 1.05177  0.1725E+06 1378494 3712.80 17497.74 T 1749774 T
DB= 39,000 [NCHES
L (FT) DELBM (IN) P (LB) S8 (PS1) St (PsD) SIG (PSI) CONTACT  SIGTH (PS1) REST
5.0 1.50029  0.1359€+06 2088, 64 15211,36 17300, 00 T 17300,00 T
10.0 1.50344  0.,2015E+06 6192.16 M274 ¢ 17466.357 T 17466 .37 T
16.0 1.51454  0,2079L+06 10223.50 7271.15 17494 .65 T 17494 .65 T
21.0 1.53034  0.1919€+06 12383, 71 5112.77 17496 .48 T 17496 .48 1
26,0 1.55177  0,1725E+06 13784 .94 3712.80 17497.74 T 1749774 T
DB= 40.000 INCHES
L (FT) DELBM (IN) P (LB) SB (Psl) S1 (PS1) SIG (PS1) CONTACT  SIGTH (PSI) REST
5.0 2,00029  0.1359E+06 2088. 64 15211.36 17300,00 T 17300.00 1
10.0 2.00344  0.2015E+06 6192.16 1274, 21 17466 ,37 T 176466.37 1
16.0 2.01454  0,2079€406 10223.50 727115 17494 ,65 T 17494 ,65 T
21.0 2.03034  0,1919E406 12383.71 5112.77 17496.48 T 17496 .48 1
26.0 2.05177  0.1725E+06 13784 .94 372.80 17497.74 I 17497.74 T
DB= 41.000 INCHES
L (FT) DELBM (IN) Po(Ls) SB (PS1) SLo(psl) S1G (PS1)  CONTACT  SIGTH (PSI)  RUST
5.0 2.50029  0.1359E+06 2088, 64 15211.36 17300, 00 1 17300.00 1
10.0 2.50344  0,2015E406 6192.16 1274 .21 17466 .57 T 17466 .37 1
16.0 2.91454  0.,2079E+06 10223.,50 7271.15 17494 .65 T 17494, 65 1
21.0 2.53034  0.1919€406 12383.71 5112.77 17496 .48 T 17496 .48 ]
26.0 2.55177  0.1725E+406 13784 .94 3712.80 17497 .74 T 1749774 1
DB= 42,000 INCHES
L (FT) DELBM (IN) P (LB) S8 (PS1) 1 (psh SIG (PST)  CONTACT SIGTH (PST)  REST
5.0 3.00029  0.1359E+06 2088. 64 15211.36 17300,00 1 17300.,00 1
10.0 5.00344  0.2015E406 6192.16 1127421 1766657 1 17466.37 1
16.0 3.01456  0.2079E406 10223 .50 727115 17694 .65 T 17494 .65 1
21.0 3.03034  0.1919E406 12383.71 S112.77 17496.,48 1 17496.48 T
26.0 3.05177  0,1725E+06 1578494 ine.eo 17649774 1 17497, 74 1
LB= 32.000 FEET (HORIZONTAL)
DB= 36,500 INCHES
L (FT) DELBM (IN) PoCLB) SBO(PST) SI(PST) SIG (PSIY  CONTACT STGTH (PST)  REST
5.0 0.25024  0,1120E406 1731.07 156494, 79 17225 .86 T 9489 .95 l
10.0 0.25299  0.1742E+06 5391.86 12060.82 17452 .68 T 11468, 23 |
16,0 0.26325  0.1880E+06 9341.30 8155.15 17496, 44 T 1353652 |
21,0 0.27835  0.1773E+06 11614 .24 5879.90 176494 14 T 14756, 86 |
26.0 0.29917  0.1614E+06 13158.19 4340.11 17498.30 T 15638.91 |
32.0 0.33121  0.1421E+06 14374 .52 3123.94 17649847 1 16407.09 |
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DB= 37,000 INCHES

L

(F1)

5.0
10.0
16.0
21.0
26.0
32.0

DELBM (IN)Y
0.50024
0.50299
0.51325
0.52035
0,54917
0.58121

DB= 38.000 INCHES

DELBM (IN)
1.00024
1.00299
1.0132%
1.02835
1.04917
1.08121

DELBM (IN)
1.50024
1.50299
1,51325
1.52835
1.54917
1.58121

DB= 40,000 INCHES

L

(FT)
5.0
10.0
16.0
21.0
26.0
32.0

DELBM (IN)
2.00024
2.00299
2.01325
2.02835
2.04917
2.08121

DB= 41,000 [NCHES

LB

1

DELBM (IN)

2.50024
2.50299
2.51325
2.52835
2.54917
2.58121

DELBM (IN)
3.00024
3.00299
3.01325
3.02835
3.04917
3.08121

DB= %6.500 INCHES

DELBM (IN)
0.25019
0.25246
0.26156
0.27565
0.29562
0.32690
0.39555

DB= 37,000 INCHES

—

—

~
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DELBM (IN)
0.50019
0.50246
0.51156
0.52565
0.5456¢2
0.57690

0.64555

Po(LB)
1120E+06
1742E+06
1880E+06
17736406
16146406
0.1421E+06

0.
0.
0.
0.
0,

Po(Le)
0.1120E+406
0,1742E+06
0.,1880E+06
0.1773E406
0.1614E+06
0.1421E+406

P {LB)
0.1120E+06
0.1742E+06
0.1880E+06
0.1773E+06
0.1614E+06
0.1421E+406

P (LB)
0.1120E+06
0.1742E+06
0.1880E+06
0.1773E+06
0.1614E+06
0.1421E+406

P (LB)
0.1120E+06
0.1742E+06
0.1880E+06
0.17736+06
0.1614E+06
0.1421E+06

1

1742[*06
1880E+06
17736406
1614F+06

0.
0.
0.
0
0
0.1421E+06

42,000 FEET (HORTZONTAL)

P (LB)
0.8860C+05
0.1432E+06
0.1638E+06
0.1602E+06
0.1496E+06
0.1344E+06
0. 11116406

P (1B)
0.8860E+05
0.1432E+06
0.1638E+06
0.1602E+06
0.1496E+06
0.1344E+06
0.1111E+06

SB (PSI)
1731.07
5391.86
9341.30

11614, 24
13158,19

14374 .52

SB (PSI1)
1731.07
5391.,86
9341.,30

11614 .24

13158.,19

14374.,52

SB (PSI)
1731.07
5391,86
9341.30

11614, 24

13158.19

14374 .52

SB (PSI)
1731.07
5391.86
9341.30

11614 .24

13158.19

14374 .52

SB (PSI)
1731.07
5391.86
9341.30

11614 .24

13158.19

14374 .,52

S8 (PSl)
1731.07
5391.86
9341.30

11614.24

13158.19

14374 .52

sB (PSI)
1371.07
4437 .86
8153.02
10512.19
12212.92
13616.,91
15023%.13

SB (PSI)
1371.07
4437 .86
8153.02

10512.19

12212.92

15616.91

15023.13

Sl (psl)
15494, 79
12060, 82
81545.,15
5879,90
4340 ,11
3123.94

S1 (PS])
15494 ° 7
12060, 00
815515
5879,90
4340, 11
3123.94

Sl (psl)
165494, 79
12060.82
8155.15
5879.90
4340, 11
3123.94

Sl (PSl)
15494,79
12060.82
8155.15
5879.90
4340114
3123.94

S1 (PS1)
15494 .79
12060.82
8155.15
5879.90
4340,11
3123.94

Sl (PS1)
15494.79
12060.82
8155.15
5879.90
4340.11
3123.94

St (PSI)
16101.64
13023.96
9338.42
6982.39
5285.12
3882.57
2476.32

Sl (Ps1)
16101.64
13023.,96
0338.42
6982.39
52085.12
3882.57
2476.32

131-

S1a (psl

1(2(J‘86
17452 .68
17496 .44
17494, 14
17498,30
17498.,47

S10 (PS1)
17225 .86
17452,68
1749644
17494, 14
17498,30
17498.,47

sSia (PSS
17225.86
17452.68
17496 .44
17494 .14
17498, 30
17498.47

S0 (PSI)
17225 .86
17452.68
1749644
17494 .14
17498.30
17498.47

S1G (PS1)
17225.86
17452 .68
1749644
17494 .14
17498,30
1749847

S1G6 (PSI)
17225.,86
17452.68
17496 .44
17649414
17498,30
1749847

SIG (PSI1)
17472.71
17461.82
17491, 644
17494.,58
17498,04
17499 .47
17499.,46

SIG (PSI)
17472.71
17461 .82
17491 .44
17494.58
17498.04
17499.47
17499,46

CONTACT

—_—t— =

GONTACT

—_— e ——

CONTACT

—_ i —

CONTACT

— -

CONTACT

—_—

CONTACT

R

CONTACT

o — — —t

CONTACT
T

—— =S

S1GTH (PS1)
0489.95
11468.23
135%6.4¢2
14756, 86
15648 ,91
16407.09

S1aTH (PSI1)
489,95
11468.,23
1353652
14756 .86
15638,91
16407 .09

SIGTH (PSI)
9489.95
11468,23
13536.52
14756 .86
15638.91
16407 ,09

SIGTH (PSI)
9489.95
11468.23
13536.,52
14756 .,86
15638.91
16407.09

SIGTH (PSI)
9489.95
1146823
13536.52
14756.86
15638.91
16407.09

SIGTH (PSI)
9489.95
11468.23
13536.52
14756.86
15638,91
16407 .09

SIGTH (PSI)
9433.38
10995 .80
12939.88
14206.06
15166.15
16028.79
17071.98

SIGTH (PS1)
9433.,38
10995 .80
12939.88
14206.06
15166.15
16028.79
17071.98

REST



bB= 38,000 INCHES

L

DELBM (IN)

1.00019
1.00246
1.01156
1.,02565
1.04562
1.,07690
1.14555

[aS e g v, e )

1
.
‘
‘.
¢
.
.

)
0
0
0
0
0
0

WIS — o~

42.0

bB= 39,000 INCHES

(FT) DELEM (IN)
5.0 1.50019
10.0 1.50246
16.0 1.51156
21.0 1.5256%
26,0 1.54562
32,0 1.57690
42.0 1.64555

DB= 40,000 INCHES

DB= 414
L

vB= 42,

L

(F1) DELBM (IN)
5.0 2.00019
10,0 2.00246
16.0 2,01156
21.0 2.02565
26,0 2.04562
32.0 2.076%0
42.0 2.14555
.000 INCHES
(FT) DELBM (IN)
5.0 2.50019
10.0 2.50246
16,01 2,51156
21.0 2.52565
26.0 2,54562
32.0 2,57690
42.0 2.66555
000 [INCHES
(FT) DELBM (IN)
5.0 3.00019
10,0 3.00246
16.0 3.01156
21.0 5.02565
26.0 3.04562
32,0 3.,07690
462.0 3.14555

PoCLBy
0,8860:+0%
0,1432E406
0.1

0.1602E4 06
01496406
0.1344E406
0.1111€+06

P o(LB)
0.88606+0%
0,14326+06
0.1638E+06
0.1602E+06
0.1496E+06
0.1344E+06
0,1111E+06
P (LB)

0.8860E+05
0.14326+06
0.1638E+06
0,1602E+06
0. 1496E+06
0.1344E+06
0.11116+406

P (LB)
0,8860E+05
0.14326406
0.1638E+06
0.1602E+06
0.1496€E+06
0. 13446406
0.1111E+406

P (LB)
0.8860€+09
0.1432E+06
0.1638E406
0.1602E406
0.1496E+06
0. 13446406
PONTEA06

LB= 58.000 FEET (HORIZONTAL)

DB= 36,500 [NCHES

L

—~
—

oocCcCcoOooC OO~

DELBM (IN)
0,25014
0.25191
,25960
0.27226
0.29090
0.32087
0,38803
0.53638

LTINS R DO N s
SRR e e e =R L ]

pB= 37,000 INCHES

L

(F1) DELBM (IN)
5.0 0.50014
10,0 0.50191
16.0 0.50960
21,0 0.52226
26,0 0.54090
32.0 0.57087
42,0 0.63803
58.0 0.78638

Po(LB)
0.65176+05
0.1109E+06
0.1358t+06
0,1388E+06
0.1338E+06
0.12376+406
0.1052E+06
0. 80486405

P(LB)
0.6517¢405
0.1109E+06
0.1358E+06
0.1388£406
0. 1338+
0.12376+06
0.10526+06
0.804BE+0%

s (PS1)
1371.07
4437 .86
814%3,02

1051219

12212.92
13616.91

15023.13

SR (PS1)
1371.07
4437,86
8153.02

10512.19

12212.92

15616.91

15023.13

SB (PSl)
1371.07
4437 .86
8153.02

10512.19

12212,92

13616.,91

15023.13

S8 (pPsl)
1371.07
4437.86
8153,02

10512.19

12212.92

13616.91

15023.13

sB (PSI)
1371,07
4437.86
8153.02
10512.19
12212.92
13616.91
15023.13

S8 (PSl)
1011.07
3447.86
6774.,89
9128.52

10956.,12

12556.95

14255.79

15649, 81

SBo(PSL)
101,07
3447 .86
677489
9128.52

10956,1¢

12556.95

142545 .79

15649 .81

882,57
2676,32

S (PSI)
16101.64
13023.96
9338.42
6982,39
5285 .12
188257
2476,32

SU(PST)
16101, 64
13023.96
9338.42
698239
5285.1¢2
882,57
2476,32

S1 (PS1)
16101.64
13023 .96
0338.42
6982.39
5285.,12
1882.57
2476,32

Sl (PSI)
16101.64
13023.96
9338.,42
6982 .39
5285.,12
382,57
2476.32

SI(PSI)
16386.87
13964 .47
10709.43
8367.,98
6543,37
4941,22
3243.,00
18506.,13

S1(PST)
16386 .87
13964 47
10709.43
8367.98
6543%.357
4941, 22
3243.00
1850.,13

810 (PSl)
17472.71
17461,82
17691 .44
17494 .58
17498 .0/,
17499 .47
17499, 46

SLa (pPS1y
17are. 71
17461.82
17491 .44
17494.58
17498.04
1749947
17499 .46

S1a (PSSt
17472.71
17461 .82
17491 .44
17494 .58
17498, 04
17499 .47
17499 .46

S1G (PSI)
17472.71
17461.82
17491 .44
17494 .58
17498.04
17499 ,47
17499 .46

SIG (Psl)
frare. 71
17461,82
17491 .,44
1749458
17498, 04
17499 .47
17499 .46

SI1G (PSI)
17397 ,94
17412.33
17484 .32
17496,50
17499 .49
17498 .16
1749879
17499.93

SIG (PSI)
173597 .94
17612.%3
17684 32
17496 .50
17499 .49
176498 .16
17498.79
176499 .9%

CONTACT
T

— . — —i

CONTACT

— e —— -t

CONTACT
T

——— = — =

CONTACT

— o — —

CONTACT

ot —

[.ONTACT
T

1
1
1
T
T
1
1
CONTACT
T

T
1
1
1
1
T
[

S1QTH (pst)
9433 .58
10994 .80
12939 .88
14206,06
15166,15
16028,79
17071,98

SIGTH (PST)
9433.38
10995, 80
12939, 88
1420606
15166,1%
16028,79
17071.98

S1QTH (PST)
9433.,38
10995, 80
12939.88
14206,06
15166,15
16028.,79
17071.98

SIGTH (PSI)
94335.38
10995.80
12939.88
14206, 06
15166.15
16028,79
17071.98

SIGTH (PsT)
9433,38
10995 .80
12939.88
14206.06
15166.15
16028,79
17071.98

SIGTH (PSI)
9215.99
10476 ,05
12247.2%
13515.,18
14538 .47
15498 15
16687 .97
18120.87

SIGTH (PST)
9215.,99
10476.05
12247.25
13515 ,18
1453847
15498 .15
16687 ,97
1812087

REST

REST

v
e

o ——— ——— XY

wr
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DB= 38,000 INCHES

L (FT) CELBM (IN) P (LB) S8 (PS1) st!ingy S10 (PSI) CONTACT  S1QTH (PSI)
5.0 1,00014  0.65176+05 1011.07 16386 .87 17397 .94 T 9215.,99
10.0 1.00191  0,11096+06 3447.,86 13964 47 17412 .33 T 10476.05
16,0 1.,00960  0.1358E+06 677489 10709 .43 17484 .32 T 12247.2%
21.0 1.02226  0.138BE+06 9128.52 8367.948 17496 .50 T 13515,18
26.0 1.04090  0.1338L+06 10956.,12 6543 ,37 17499 .49 1 14538,47
32.0 1.07087  0.12376+06 1255695 494122 17498.16 T 1549815
42,0 1.13803  0,1052E+06 14255.,79 3243,00 17498.79 T 16687 .97
58,0 1.28638  0,B048E+05 1564981 1852.13 17499.9% 1 18120.87
DB= 39,000 INCHES
L(FT) DELBM (IN) po(LB) sB (PS1) S1 (Ps!) SIG (PSI) CONTACT  SIQTH (PSI)
5.0 1.50014  0.6517E+05 1011.07 16386.87 17397.94 T 9215,99
10.0 1.50191  0.1109E406 3447 .86 13964 .47 17412.,33 T 10476 ,05
16.0 1.50960  0,1358E+06 677489 10709.43 17484 .32 T 12247.25
21.0 1.52226  0.1388E+06 9128.52 8367.98 17496.,50 1 13515.,18
26,0 1.54090  0.1338E+06 10956.12 6543 .37 17499 .49 T 14538,47
32.0 1.57087  0.1237E+06 12556.95 4941.22 17498.16 T 1549815
42.0 1.63803  0,1052E+06 14255.79 3243.00 17498.79 1 16687.97
58.0 1.,78638  0,8048E+05 15649 .81 1850.13 17499,93 T 18120.87
DB= 40,000 INCHES
L (FT) DELBM (IN) P (LB) SB (Ps!) Sl (PSI) SI1Q (PS1) CONTACT  SIGTH (PSI)
5.0 2.00014  0,6517E+05 1011.07 16386.87 17397.94 T 9215,99
10.0 2.00191  0.1109E+06 3447.86 13964 .47 17412.33 T 10476.05
16,0 2,00960  0.1358E+06 6774.89 10709.43 17484.,32 T 12247.25
21.0 2,02226  0.,138B8E+06 9128.52 8367.98 17496.50 T 13515.18
26.0 2.04090  0.13386+06 10956.12 6543.37 17499 .49 T 14538.47
32.0 2.07087  0.1237€+06 12556, 95 494122 17498.16 T 15498,15
42.0 2,13803  0.10526+06 14255.79 3243,00 17498.79 T 16687.97
58,0 2.28638  0.8048E+05 15649 .81 1850.13 17499.,93 T 18120.87
DB= 41,000 INCHES
L (FT) DELBM (IN) P (LDB) S8 (PSI) S1 (psl) S1G (PSI) CONTACT  SIGTH (PSI)
5.0 2.50014  0.6517E+05 1011.07 16386.87 17397.94 T 9215.99
10.0 2.50191  0.1109E+06 3447.86 1396447 17412.33 T 10476.,05
16.0 2.50960  0.1358E+06 6774.89 10709.43 17484 ,32 T 12247,25
21.0 2.52226  0.1388E+06 9128.52 8367.98 17496,50 T 13515.18
26.0 2,54090  0.1338E+06 1095612 6543,37 17499.49 T 14538,47
32.0 2.57087  0.1237€+06 12556,95 4941.22 17498.16 T 15498,15
42.0 2,63803  0,1052E+06 14255.,79 3243.,00 17498.79 T 16687.97
58.0 2,78638  0,804B8E+05 15649.81 1850.13 17499.93 T 18120.87
DB= 42,000 INCHES
L (FT) DELBM (IN) P (LB) $B (PSI) Sl (Psl) SIG (PSI) CONTACT SIGTH (PSI)
5,0 3.00014  0,6517€+05 1011.07 1638687 17397 .94 T 9215,99
10.0 3.00191  0.,1109E+06 3447 .86 13964 .47 17412.33 T 10476.05
16.0 3.00960  0,1358E+06 6774.89 10709.43 17484 .32 T 12247,25
21.0 3.02226  0.1388E+06 9128.52 8367.98 1749¢.50 T 13515.18
26.0 3.04090  0.1338E+06 109%6.12 6543 ,37 17499.49 T 14538.47
32.0 3.07087  0,1237E+06 12556.95 4941.22 17498.16 T 15498,15
42.0 3.13803  0.1052E+06 14255.79 3243.00 17498.79 T 16687.97
58.0 3.28638  0.8048E+05 15649.81 1850.13 17499.93 T 18120.87
LB= 75,000 FEET (HORIZONTAL)
DB= 36£.500 INCHES
L (FT) DELBM (IN) P (LB) S8 (PSl) S1 (PSI1) SIG (PSI) CONTALT  SIGTH (PSI)
5.0 0.25011  0.5111E+05 795.07 16652.12 17447.19 T 9132,62
10.0 0.25155  0,8985E+05 2799.86 146564 ,16 17454.02 T 10172,90
16.0 0.25814  0.1149E+06 5748.33 11742.31 17490.63 T 1173713
21.0 0.26952  0.1215€406 8010.15 9488.74 17498.90 T 12957,20
26.0 0.28684  0.1203E+06 9875.05 7621.34 17496.39 T 13996.39
32.0 0.31543  0.1139E+06 11600.70 5899.05 17499.74 T 15020.82
42.0 0.38086  0.9948BE+05 13524.15 3975.71 17499.86 T 16322.69
58.0 0.52761  0.7785E+05 15180.54 2319.14 17499.69 T 17886.11
75.0 0,75025  0.6236E+05 16005, 28 1494 .67 17499 .95 D 16752,61
DB= 37.000 INCHES
L CFT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PS1) CONTACT SIGTH (PSI)
5.0 0,50011  0.5111E+05 795,07 1665212 17447.19 T 9132,62
10.0 0.50155  0.8985E+05 2799,86 14654.16 17454 ,02 T 10172.90
16.0 0,50814  0.1149E+06 5748,33 1742.31 17490.63 T 11737.13
21.0 0.51952  0.1215E+06 8010.15 9488.74 17498.90 T 12957.20
26.0 0.53684  0.1203E+06 9875.,05 7621.34 17496 .59 1 13996,39
32.0 0.56543  0,1139€+06 11600.70 5899.05 17499.74 T 15020,82
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42.0
58.0
75.0

0.63086
0.,77761
0.98458

DB= 38,000 INCHES

DELBM (IN)
1.00011
1.00155
1.00814
1.01952
1.03684
1.06543
1.13086
1.27761
1.48458

DB= 39.000 INCHES

)
0
0
0
21.0
0
0
0

r_
~

N SS NN = o
VNN =00 WM™

DELBM (IN)
1.50011
1.50155
1.50814
1.51952
1.53684
1.56543
1.63086
1.77761
1.98458

DELBM (IN)
2.,00011
2.00155
2.00814
2.01952
2.03684
2.06543
2.15086
2.27761
2.48458

DB= 41,000 'HCHES

L (F

5

10

16.
21,
26.0
32.0
L2.0
58.0
75.0

T)
0
.0
0
0

DELBM (IN)
2.50011
2.50155

50814

51952

53684

56543

63086

2.77761

2.98458

NNNNNN

DB= 42,000 |NCHES

L (FT)
5.0
10.0
16.0
21.0
26.0
3.0
42.0
58.0
75.0

DELBM CIN)
3.00011
3.,00155
3, 0814
3,0195¢2
3.03684
3.06543
3.15086
3.27761
3,48458

0.9948E+05
0.7785E+05
0.6018E+405

0.7785E+05
0.6018E+05

5

898)E+OS
1149E+06
1¢
A
1

139E+06
0.9948E+05
0.7785E+05
0.6018E+05

0.5

0. 898)[40"
0. 1169[*06
0.1

0. 12035406
0.11396+06
0.9948E+05
0.7785E+05
0.6018E+05

P (LB)
0.5111€+05
0.8985E+05
0.1149E+06
0.1215E+06
0.1203E+06
0.11396406
0,9948E+05
0.7785E+0%
0.6018€+05

Fo(LB)
0.5111€6+05
0.8985E+05

0. 1149E+06
0.1215E+06
0.1203E+06
0. 11396406
0.9948E+05
0.7785E£405
0.6018E405

LB=270,000 FEET (HORIZONTAL)

DB= 36,500 INCHES

L (FT)
5.0
10,0
16.0
21,0
26.0
32.0
42.0
58,0
75.0
80.0

DELBM (IN)
0,25003
0.25048
0.25%296
0.25808
0.26724
0.28477
0,33196
0.45547
0.64653
0.72350

P (LB)
0.1363E405
0.2717E405
0.4082E40%
0.49126405
0.5499E405
0.959126405%
0,60826+05
0.5619E+405
0.,67956405
0.4660E+05

13524 .15
15180.54
1605211

s8 (PS1)
795.07
2799.86
5748.33
8010.15
9875.,05
11600.70
1352415
15180.54
16052, 11

SB (PSI1)

795.07
2799.86
5748.33
8010.15
9875.05
11600.70
13524.15
15180.54
16052 .11

SB (PSI)

79% .07
2799 .86
5748,3%
8010.15
875,05
11600.70
13524.15
15180.54
16052. 11

SB (PSI)

795.07
2799 .86
5748.33
8010.15
9875 .05
11600.70
13524.15
15180.54
1605211

B (PS1)

795.07
2799 .86
95748,3%
8010.15
9875.0%
11600,70
1352415
15180.54
16052, 11

SB(PSI)
219,07
873%.86

210614
3340.77
4656.1¢
6211.24
8534.3%6

11220.50

13234 .51

13564 .59

3975.71
2319.14
447,85

Sl (PSI)
16652.12
14654 .16
11742.31
9488,74
762134
5899.05
3975.71
2319.14
1447 .85

St (PSI)
16652 .12
14654 16
11742.31
9488, 74
7621.3%4
5899.05
3975.71
2319.14
1447 .85

SI (Psl)
16652 .12
14654 .16
1M742. 51
9488 .74
7621.34
5899.0%
3975.71
2319.14
1447 .85

S1 (PS1)
16652 .12
14654 .16
1174231
9488.74
762134
5899.,04%
3975. M
231914
1447.85

S (s
16652 .12
14654 .16
1742 .31
9688, 74
7621, 34
5899 .05
3975.71
2319 .14
1447 .85

SRS
16384, 77
1633912
15372.04
14139.88
12839 .64
1128% .28
8964 .21
6179.,%6
4265 .18
393429

134

17499.86
17499 .69
1749996

§1G (PS1)
17647 .19
17454,02
17490.,63%
17498,90
17496 .39
17499.74
17499 .86
17499.69
17499.96

51)

17496,39
17499.74
17499.86
17499.69
17499.96

G (PST)
47,19
17 JQ 02
17490.63
17498,90
1749639
17499.74
17499.86
17499.69
17499,96

—_

\l‘—

$1G (PSI)
17447 .19
17454.,02
17490.63
17498.90
17496,39
17499.74
17409 .86
17499.69
17499.96

SIG (PST)
1744719
17454 .02
17490,63
17498.90
17496, 359
17499.74
17499,86
17499 .69
17499 .96

S1G (PSS
16603 ,83
17212.98
17478.18
17480, 64
17495 .76
17496.53
17498.56
17499.85
17499.69
17499 .88

1
1
T

CONTACT

et o o 4 —4

CONTACT
1

B e e e e B ]

CONTACT

it = —

CONTACT
T

—_ = — = —

CONTACT
1

1
1
1
1
1
T
1
I

CONTACT

——t ot 4 — =

<

16322.69
17886 .11
19361.12

SIGTH (PS1)
91%2.62
10172.90
1173713
12957.20
13996.39
1%020.,82
1632269
17886 .11
19361.12

SIGTH (PSI)
9132.62
10172.90
1M737.13%
12957.20
13996.39
15020.,82
16322.69
17886.11
1936112

SIGTH (PSI)
9132.62
10172.,90
175713
12957.20
1399639
15020.82
16322.69
17686,11
19361.12

SIGTH (PST)
913%2.62
10172.,90
1737.13
1295720
1399639
15020,82
16322.69
1788611
936112

SIGTH (PS1)
9132.62
10172.90
173713
12957.20
13996.39
1500, 82
16322.69
1788611
19561.12

SIGTH (PST)
8422.94
9089 .38
9909, 81
10613.,37
11386, 61
12326 .49
13827 .14
15956.17
15925, 21
15532, 74

!
1
1

REST
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85.

90.

§5.
100.
110.
120.
135.
140.
150.
160.
170.
175.
200.
240,
270.

lofololelolalaoRolaolole o oo} e)

COUIRWWNNN 222200

—

DB= 37.000 I1NCHES

L (FT
5.
10.
16.
21.
26.
32.
42.
58.
75.
80,
85.
90,
95.
100.
110.
120.
135,

140.
150.
160.
170.
175.
200.
240.
270.

)
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

DELBM (IN)
0.

.82710
.93974
.06122
.19136
47700
. 79561
.33362
.52868
.94202
. 38604
.86046
. 10899
.46405
.01842
.24399

50003

0.50048

OPOUVMIEAUWNWNNN A2 32200000000

-

D8= 38.000 INCHES

L (FT
5.
10.
16.
21.

26.
32.
42.
58.
75.
80.
85.
90.
95
100.
110.
120.
135.
140,
150.
160.
170.
175.
200.
240.
270.

)
0
0
0
0
0
0
0
0
0
0
0
0
.0
0
0
0
0
0
c
0
0
0
0
0
0

DELBM (IN)
.00003
.00048
.00296
.00808
.01724
.03477
.08196
.20547
.39653
46328
53444
.60980
.68916
77231
.94918
. 13875
44318
62344
.02592
46078
92741
17248
.51360
.05345
.27186

OOWMNWIWWRNNDN — -3 2303 _3.3 .3 _3_.3 32333

—

DB= 39.000 INCHES

L (FT
5.
10.
16.
21
26.
32.
42.

)
0
0
0
.U
0
0
0

DELBM (IN)
.50003
.50048
.50296
.50808
51724
.53477
.58196

1

1
1
1
1
1
1

.50296
.50808
51724
53477
.58196
.70547
.89653
.96328
.03444
.10980
. 18916
.27231
.52446
.83674
36727
56026
.96999
41096
.88277
.13015
.48056
.03010
.25328

CO0OO0ODODO0OOO0OOOOO0OCOO

OO0 O0O0OOO0OO0ODDOOOOO0O00OO

OO0 O0OOCOOOOOOOOO0OOOOOOO0O

COoOO0OC OO0

.4700E+05
LLEQOE+DS
A643E+05
JGL56TE+05
.4358E+05
.4103E+05
.3682E+05
.3539E+05
.3252E+05
.2970E+05
. 2695E+05
.2561E+05
.1924E+05
.1019€E+05
L1TTE+O4

P (LB)

L1363E+05
.2717E+05
.40B2E+05
.4912E+05
.5499E+05
.5912E+05
.6082E+05
.5619E+05
L795E+05
.4543E+05
L4293E+05
.404BE+05
.3809€E+05
L3577E+05
.3467E+05
.3395E+05
L3167E+05
.3072E+05
L2867E+05
. 2648E+05
.2423E+05
.2311E+05
L753E+05
.9183E+04
L3GOTE+DG

P (LB)

.1363E+05
.2717E+05
.4082E+05
L4912E+05
.5499E+05
L5912E+05
.6082E+05
.5619E+05
L4795E+05
L4543E+05
L0293E+05
.4048E+DS
.3809E+015
.3577E+05
.3136E+05
.2724E+05
.2158E+05
.2140E+05
.2096E+05
.2004E+05
.1881E+05
.1810€E+05
14116405
L7163E+04
.2028E+04

P (LB)

.1363E+05
.2717E+05
.4082E+05
4912E+05
.5499E+05
.5912E+05
.6082E+05

13737.
13922.
14110.
14296.
14647 .
14963.
15365.
15481.
15690.
15871.
16028.
1605%.
16390.
16703.
16859.

SB (PSI)

219.

873.
2106.
3340.
4656.
6211,
8534 .
11320.
13234.
13650.
14015.
14336.
14620.
14871,
15118.
15305.
15586.
15674 .
15839,
15988,
16121.
16182.
16440.
16727.
16875.

S8 (PSI)

219.
873.
2106.
3340.
4656.
6211.
8534.
11320.
13234.
13650.
14015.
14336.
14620.
14871.
15293.
15630.
16021.
16061.7
16137.
16222.
16307,
16348.
16539,
16776.
16906.

SB (PSI)

219.
873.
2106.
3340.
4656,

6211

07
86
14
7
12

.24
8534,

36

3762.55
3577.85
3389.62
3203.78
2852.20
2536.77
2134.96
2018.73
1809.76

1628.58

1471.21
1400.32
1109.08
796.88
640.02

SI (PSI)
16384.77
16339.12
15372.04
14139.88
1¢839.64
11285.28
8964 .21
6179.36
4265.18
3849.38
3484 .42
3163.18
2879.60
2628.44
2381.39
2193.96
1913.28
1825.23
1660.49
1511.69
1378.43
1317.28
1059.41
772.44
624.60

S1 (PSI)
16384 .77
16339.12
15372.04
14139.88
12839.64
11285.28
8964 .21
6179.36
4265.18
3849.38
3484.42
3163.18
2879.60
2628 .44
2206.40
1869.00
1478.74
1438.24
1361.96
1277.91
1192.87
1151.21

960.09

723.54

593.77

S1 (PSI)
16384.77
16339.12
15372.04
14139.88
12839.64
11285.28
8964 .21

135 -

17499,
17499.
17499.
17499,
17499.
17499.
17499.
17499.
17499.
17499.
17500.
17499.
17499.
17499.
17499.

S1G (PSI)
16603 .82

17212.
17478.
17480.
17495.
17496.
17498.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17500.
17499.
17499.
17499.
17499.
17499.

SIG (PSI)

83

16603.83

17212.
17478,
17480.
17495,
17496.
17498.
17499.
17499.
17499.
17499.
17499,
17499.
17499,
17499.
17499.
17499.
17499.
17499,
17499,
17499,
17499,
17500.
17499.
17499.

SIG (PSI)

16603.
17212.
17478.
17480,
17495,
17496.
17498,

83
98
18
64
76
53
56

lvAvivivivivivivivivivielviwle)
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CONTACT
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15618.
15710.
15805.
15898.
16226.
16541,
16943,
17059.
17268.
17449.
17607.
17678.
17969.
18281.
18438,

SIGTH (P3I)

8422.94

9089.

9909.
10613.
11386.
12324,
13827.
15956.
17952.
18516.
18923.
18023.
17389,
16846,
16696.
16884.
17165.
17253.
17617,
17566.
17700.
17761,
18019.
18306,
18453,

SIGTH (PSI1)
8422,
9089.
9909,

10613,
11386.
12324,
13827.
15956.
17952.
18516.
19078.
19640.
21670.
22846,
20909,
19401,
17665,
17640.
17716.
17800.
17885.
17927.
18118,
18354,
18484,

SIGTH (PSI)
8422,
29089,
9909.
10613,
11386.
12324,
13827.

9

94
38
81
37
61
49
14
17
18
40
09

94
38
81
37
61
49
14
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58.
75.
80.
85.
90.
95.
100,
110.
120.
135.
140.
150.
160.
170.
175.
200.
240.
270.

COO00D0ODOCOOCODOVO

70547
89653
.96328
.03444
.10980
.18916
.27231
44918
63875
94318
04912
.26630
.51061
97204
.21481
54663
.07680
.29044

Om\ﬂbawuuNNNNNNN—‘—‘—’

—

DB= 40,000 INCHES

L (FT
5.

)
0
10.0
16.0
21.0
26.0
32.0
42.0
58.0
75.0
80.0
85.0
90.0
.0
0
0
0
0
0
0
0
0
0
0
0
0

95

100.
110.
120.
135.
140.
150,
160.
170.
175.
200.
240.
270,

DELBM (IN)
.00003
.00048
.00296
.00808
01724
03477
.08196
.20547
.39653
46328
53444
.60980
.68916
77231
.94918
.13875
44318
54912
. 76630
.98888
.21480
32833
57966
.10015
.29806

COUVMESEDNWWWWWNORNNNNONNDND DN DN N

—_

DB= 41,000 INCHES

L (FT)
5.0
10.0
16.0
21.0
26.0
32.0
42.0
58.0
75.0
80.0
85.0
90.0
.0
0
0
0
0
0
0
0
0
0
0
0
0

95

100.
110.
120.
135.
140.
150.
160.
170.
175.
200.
240,
270.

DELBM (IN)
.50003
.50048
.50296
.50808
51724
53477
.58196
70547
.89653
96328
03444
.10980
.18916
.27231
44918
.63875
94318
04912
26630
.4E888
.71480
.82833
61268
.12350
29790

OEWUMIAEAEDNDNEDWWWWWWND OO O NN

-

DB= 42.000 INCHES

L

~mmn

3.00808

OO0 COODO

CO0ODOMNODO0O00O0DO0O0ODOOOOOOOO0O

OO0 COODOO0O0COTOOCOLDOOOOOODOO00O

COoOOoOQO

.5619E+05
47956405
.4543E+405
4293E+05
.4048E+05
.3809E+05
.3577€+05
.3136E+05
.2T24E+05
.2158E+05
L1981E+05
. 1645E+05
. 1360E+05
. 1338E+05
. 1310405
. 1069€+05
.5143E+04
.5955E+03

P (LB)
. 1363E+05
L2T17E+0S
.4082E+05
4912E+05
.5499E+05
.5912E+05
.6082E+05
56196405
LL795E+05
4543E405
J4293E+05
.4048E+05
.3809€+05
.3577€+05
.3136E+05
.2T24E+05
.2158E+05
.1981E+05
1645E+405
LV329E+05
.1031E+05
.8878E+04
.7273E+04
.3124E+04
.0000E+00

P (LB)
.1363E+05
L2717E+05
.4082E+05
L4912E+05
.5499E+05
.5912E+05
.6082E+05
.5619E+05
.4795E+05
45436405
L4293E+05
.4048E+05
.3809€+05
.3577€+05
.3136E+05
.2724E+0Q5
.2158E+05
.1981E+05
. 1645E+05
13298405
.1031E+405
.B878E+04
.3854E+404
. 1104E+04
.0000E+00

P (LB)
C1363E+05
.2717E405
.L082E+05
49126405

11320.
13234.
13650.
14015.
14336.
14620.:
14871.
15293,
15630,
16021.
16127.
16312.
16455,
16492,
16514,
16639.
16825.
16937.

SB (PS
219.
873,

2106.
3340,
4656,
6211.
8534.

11320.

13234.

13650.

14015,

14336.

14620,

14871.

15293,

15630.

16021.

16127.

16312.

16467.

16597
16655
16738

16874 .

16949

SB (P
219
873

2106
3340
4656
6211
8534

11320

13234

13650

14015

14336

16620

14871

15293

15630

16021

16127

16312

16467

16597

16655

16837

16923

16949

1)
07

e
.07
.86
4
a7
.12
.24
.36
.50
51
46
49
.69
3
.43
.56
.96
19
.53
57
b
.48
.05
.88
13
.87

SB (PSI)

2106
3340

14

77

6179.
4265.
3849.
3484,
3163.
2879.
2628.
2206.
1869.
1478.
1372.
1187.
1044 .-

1007

985.
8fU.
674.
562.

SI (PS1)

16384

16339.
15372,
14139.
12839.
.28

11285
8964

6179.
4265.
3849.
3484,
3163.
2879.
2628.
2206.
1869.
1478.
1372.
1187.
1032.
902.
844 .
761.
625.
550.

77

12
04
88
64

.21
36

S1 (PSl)

16384
16339
15372
14139
12839
11285

8964 .
6179.
4265,
3849.
3484,
3163.
2879.
2628.
2206.
1869.
1478,
1372.
1187.
1032.

Q02
844
662
576
550

.77
12
.04
.88
.6l
.28
21
36
18
38
42
18
60
44
40
00
74
40
42
85
.50
.89
.10
.86
A3

St (PLI)

16384
16339.
15372.
14139.

136

17499.
17499.
17499.
17499.
17499,
17499.
17499.
17499.
17499.
17499.
17499.
17500.
17499.
17499.
17500.
17499.
17499,
17500.

SIG (PSI)
16603.
17212.
17478,
17480.
17495.
17496.
17498.
17499.
17499.
17499.
17499,
17499.
17499,
17499.
17499.
17499.
17499.
17499.
17500.
17499.
17499.
17499.
17500.
17499.
17499.

SIG (PSI)

83

16603.83

17212.
17478.
17480.
17495.
17496,
17498,
17499.
17499.
17499,
17499.
17499.
17499,
17499,
17499.
17499.
17499,
17499.
17500,
17499,
17499.
17499.
17499.
17499,
17499.

SIG (PSI)

s s A

1oLV,

17212.98
17478,
17480.

98
18
64
76
53
56
85
69
83
90
88
91
88
96
97
93
92
00
98
97
94
98
99
99

ar
(S

18
64
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T
1
T

15956.
17952.
18516.
19078.
19640.
21670.
23840.
25868.
23568.
20957.
20246.
18998.
18034 .
18071.
18093.
18217.
18403.
18515.

SIGTH (PSI)

8422.

9089.

9909.
10613.
11386.
12324,
13827.
15956.
17952.
18516.
19078.
19640.
21670.
23840,
28515.
27735.
24249,
23307.
21665.
20276.
19079.
18538.
18317.
18452.
18528.

SIGTH (PSI)
8

94

422 .94

9089.
9909.

10613.
11386.
12324.
13827.
15956,
17952.
18516.
19078.
19640.
21670.
23840.
28515.
31902.
27542,
26369.
24332,
22620.
21155.
20497.
18416,
18501.
18528.

SIGTH (PST)

8422,
9089.
9909.
10613.

38
81
37
61
49
14
17
18
40
09

38
81
37
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270.

oo eleolololeoYeoleololeoloNeele e el o]
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.01724
.03477
.08196
.20547
. 39653
.46328
53444
.60980
.68916
77231
.94918
. 13875
44318
54912
. 76630
.98888
.21480
.32833
.89018
. 13621
10.

29774

OO0 O0O0COOCOOOO0OOCOO0OO0COO0O0O

LB=350.000 FEET (HORIZONTAL)

DB= 36.500 INCHES

L (FT

)
0
0
0
0
0
0
0
0
0
0
0
0
.0
.0
0
0
0
0
0
0
0
0
0
0
0
0
0

DE

N
INONUVRRNHNNN A2 2200000000000

LBM (IN)
0.
.25038
.25235
.25652
. 26415
27917
.32107
43567
.61902
.68401
. 78262
.89052
.00755
.13351
41164
72376
.25367
44640
.85559
.29602
L76731
.01443
.36371
.91185
13427
.59252
. 14103

DB= 37.000 INCHES

)
0
0
0
0
0
0
0
0
0
0
0
.0
.0
0
0
0
0
0
0
0
0
0
0
0
0
0

DELBM (IN)
.50002
.50038
.50235
.50652
.51415
52917
.57107
.68567
.86902
93396
.00349
07742
.15552
.2375€
46989
77460
.29562
.48588
.89069
32739
. 79550
.04121
38472
.92680
. 14621
.59242

—_

MNONUVISFWWNUNNN S 22 a s 00000000000

25002
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.5499E+05
.5912E+05
.6082E+05
.5619E+05
JLT95E+05
L4563E+05
.4293E+05
L4048E+05
.3809E+05
.3577€+05
.3136E+05
L2724E+05
.2158E+05
.1981E+05
.1645E+05
. 1329E+05
.1031E+05
.8878E+04
. 2225E+04
.0000E+00
.0000E+00

P (LB)

.BO4OE+04
21326405
.3209E+05
.3925E+05
.44 T0E+05
4911E+05
.5221E+05
.5025E+05
4GT3E+05
.4208E+05
L4275E+05
4294E+05
4276E+05
.4228E+05
.4071E+05
.3859E+405
.3492E+05
.3363E+05
.3102E+05
.2841E+05
.2584LE+05
.245TE+05
.1851E+05
.9741E+04
.3851E+04
.0000E+00
.0000E+00

P (LB)

.8940E+04
.2132E+05
.3209E+405
.3925E+05
L44TOE+05
L4911E+05
.5221E+05
.5025E+05
LLG13E+05
.4207€+05
.3997E+05
.3787E+05
.3579E+05
.3373E+05
.3227E+05
.3184E+05
L2997E+05
L2914E+05
.2729E+05
.2528E+05
.2319E+05
.2213E+05

1683E+05

.B745E404
.3142E+04
.0000E+00

4656.
6211.
8534.
11320.
13234 .
13650.
14015.
14336.
14620.
14871.
15293,
15630.
16021.
16127.
16312,
16467.
16597.
16655.
16885.
16949.
16949.

SB (PSI)

147.

693.
1677.
2704.
3833,
5226.
7423,
10261.
12354,
12825.
12998.
13192,
13396.
13602.
13999.
14364 .
14838.
14977.
15229.
15449,
15642.
15729.
16089,
16481.
16679.
16786.
16786.

07

87

SB (PSI)

147.
693.
1677.
2704.
3833,
5226,
7423,
.04
12354,
12825.
13244
13617.
13949.
14245,
14577 .
14788.
15114.
15219.
15416.
15596.
15759.
15834.
16153.
16512.
16699.
16786.

10261

07
86
23
03
34
87
13

19
83
42
14
38
93
33
18
92
36
60
62
22
24
10
42
22
87

12839,
11285.
8964,
6179.
4265,
3849,
3484,
3163.
2879.
2628.
2206.
1869.
1478,
1372.
1187.
1032.
902.
844.
614.
550.
550.

St (PSI)

14180.
16768,
15820.
14790.
13660.
12272,
10076.
7238.
5145.
4674,
4501.
4306.
4103,
3897.
3500.
3135.
2661.
2522,
2270.
2050,
1857.
1770.
1410.
1018.
820.
713.
713.

71
59

SI (PSI)
14180.71
16768.59
15820.32
14790.65
13660.82
12272.94
10076.29

7238.
5145.
4674
4255.
3882.
3550.
3253,
2922.
.81

2711

2385.
2280.
2083.

1903.
1740.
1665.
1346.
987.
800.
713.

137

37
36
13
26
69
61
93
55

01
61
38
34
75
75
89
57
78
13

17495,
17496.
17498,
17499.
17499.
17499,
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17500.
17499,
17499.
17499.
17499.
17499,
17499.

SI1G (PSI)

76
53
56
85
69
83
90
88
91
88
96
97
93
92
00
98
Q7
94
99
99
99

14327.78

17462,
17497.
17494.
17494.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499,
17499.
17499.
17499,
17499.
17499.
17499.
17499.
17499,
17499.
17500.
17499.

SIG (PSI)
14327,
17462.
17497.
17494,
17494,
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17500.
17499.

78
45
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11386.
12324,
13827.
15956.
17952.
18516.
19078.
19640.
21670.
23840.
28515.
33636.
30835,
29431,
26999.
24964,
23231.
22457.
19249.
18528.
18528,

SIGTH (PSI)
72

48.91

9124.
9705.
10302,
10974,
11833,
13271.
15426.
15778.
15162.
15249,
15346.
15448,
15648.
16045.
16410,
16884 .
17023.
17275.
17495,
17688.
17775,
18136.
18527.
18725.
18833,
18833.

SIGTH (PSI)
7248,
9124.
9705.
10302.
10974.
11833.
13271.
15426.
17511.
18104.
18692.
18007.
17410.
16896.
16623.
16834 .
17161.
17265.
17462.

17642,
17805.
17880.
18199.
18558,
18745.
18833.

"
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03
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[

b

350.0 17.

DB= 38.000 INCHES

L (FT) DELBM (IN)
5.0 1.00002
10.0 1.00038
16.0 1.00235
21.0 1.00652
26.0 1.01415
32.0 1.02917
42.0 1.07107
58.0 1.18567
75.0 1.36902
80.0 1.43396
85.0 1.50349
90.0 1.57742
95.0 1.65552
100.0 1.73756
110.0 1.91263
120.0 2.10089
135.0 2.40408
140.0 2.56483
150.0 2.96088
160.0 3.39014
170.0 3.85189
175.0 4.09475
200.0 5.42674
240.0 7.95669
270.0 10.17007
300.0 12.59222
350.0 17.14063

L (FT) DELBM (IN)
5.0 1.50002

10.0 1.50038
16.0 1.50235
21.0 1.50652
26.0 1.51415
32.0 1.52917
42.0 1.57107
58.0 1.68567
75.0 1.86902
80.0 1.93396
85.0 2.00349
90.0 2.07742
95.0 2.15552

100.0 2.23756

110.0 2.461263

120.0 2.60089
135.0 2.90408
140.0 3.00977
150.0 3.22664

160.0 3.45289
170.0 3.90827
175.0 4.14829
200.0 5.46876
240.0 7.98659
270.0 10.19394
300.0 12.59203
350.0 17.14036

L (FT) DELBM (IN)
5.0 2.00002
10.0 2.00038
16.0 2.00235
21.0 2.00652
26.0 2.01415
32.0 2.02917
42.0 2.07107
58.0 2.18567
75.0 2.36902
80.0 2.43396
85.0 2.50349
90.0 2.57742
95.0 2.65552
100.0 2.73756
110.0 2.91263
120.0 3.10089
135.0 3.40408

14090

0

[oF¥oRololololeleolofelofolololelolelofeleole e oo o ke]

fel=t=t=X=1=l=k==l=kolelelclele o o o= okl fele]

COOO0OCODOOCOODOOO

.0000E+00

P (LB)
.BQ40E+04
.2132E+05
.3209E+05
.3925E+05
.44T0E+05
49118405
.5221E+05
.5025E+05
LG 13E+05
L4207E+05
.3997E+05
.3787E405
.3579E+05
.3373E+05
.2975E+05
.2596E+05
. 2065E+05
.2015E+05
.1983E+05
.1903E+05
L1791E+05
.1725E+05
L1348E+05
L6753E+04
17256404

.0000E+00
.0000E+00

P (LB)

.8940E+04
.2132E+05
.3209€+05
.3925E+05
4470E+05
LQ1E+D5
.5221E+05
.5025E+05
LGGA3E+05
.4207€+05
.3997E+05
L3787E+05
.3579E+05
.3373E+05
L2975E+05
.2596E+05
.2065E+05

. 1897E+05

.1576E+05

.1278E+05
.1262E+05
.1237E+05
. 10126405
L4T61E+04
.3083€£+03
.0000E+00
.0000E+00

P (LB)
.B8940E+04
L2132E+405
.3209€+05
.39256+05
L44T70E+05
L4911E+405
.5221E+05
.5025E+05
L4413E+405
.4207E+05
.3997E+405
.3787E+05
.3579E+05

.3373E+05
.2975E+05
.2596E+05
.2065E+05

16786

.87

SB (Psl)

147
693

1677.

2704,

3833.

5226.

7423,
10261.
12354.
12825.
13244,
13617.
13949.
14245,
14749.
15157.
15635.
15702.
15791.
15890.
15993.
16044,
16279.
16574.
16738.
16786,
16786.

.07
.86
23

SB (PSI)

147.
693.
1677.
2704,
3833,
5226.
7423,
10261.
12354,
12825.
13244.
13617.
13949.
14245,
14749,
15157.
15635.
15766.
15995,
16185,
16227.
16254,
16405,

16637

16778.

16786
16786

SB (PSI)

147,
693,
1677,
2704,
3833,
5226.
7423.
10261.
12354.
12825,
13244,
13617.
13949.
14245,
14749.
15157.
15635.

07
86
23
03
34

713.

13

S1 (psl)

14180

14790
13660
12272
10076
7238
5145
4674
4255
3882
3550
3253
2750

1864

7
16768.
15820.
.65
B2
94
.29
.37
.36
.13
.26
.69
.61
.93
.01
2342.
.95

59
32

23

1797.07

1708.
1608.
1506.
1455,
1220.
925.
761,
713.
713.

82
99
43
74
60
06
25
13
13

SI (Psl)

14180,
16768.
15820.
14790.
13660,
12272.
10076.
7238.
5145,
4674,
4255.
3882,
3550.
3253.
2750.
2342,
1864.
1733.
1504.
1314.
1272.
1245.
1094.
862.
721.
713,
713.

S1 (PSI)

14180,
16768,
15820.
14790.
13660.
12272,
10076.2
7238.
5145,
4674,
4255,
3882.
3550.
3253.
2750.
2342,
1864.

71

138-

17500,

SI1G (PSI1)
14327.
17462.
17497,
17494,
174941
17499.
17499,
17499.
17499.
17499,
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17500.
17499.
17499.
17499.
17499.
17499.
17499.

SIG (PSI)
14327.
17462,
17497.¢
17494,
17496,
17499,
17499.
17499.
17499.
17499,
17499,
17499.
17499.
17499,
17499.
17499.
17499.
17499,
17499.
17499.
17499.
17499.
17499.
17500.
17500.
17500.
17499.

SIG (PSI)

00

78
45
56
68

14327.78

17462.
17497,
17494,
17494,
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499.

45
56
68
15
81
42
41
55
96
68
83
98
87
85
95
o7

B

CONTACT
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CONTACT
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CONTACT
T
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18833

SIGTH (PSI)

7248
9124
9705
10302
10974
11833
13271

.03

91
N
.05
.03
.42
.94
.96

15426.22

17511
18104
18692
20078

.95
A5
b
.56

22137.82
22896.98

21014
19553
17875
17749

42
.54
.39
.07

17837.29

17937
18039
18090
18325
18621
18784
18833
18833

SIGTH (PSI)

7248
9124

9705.
10302.
10974.
11833,

13271

15426,

17511

18104,
18692,
20078.
22137,
24308,
25973,
23720.
21167.
20473,
19254,
18231,
18274.
18300.
18451.
18683,
18824.
18833,
18833.

SIGTH (PS1)
7

N
72
.39
.53
.08
.89
.02
.02

.91
|
05
03
42
94
.96
22
.95
15
44
56
82
38
38
41
70

248.91

9124,
9705.
10302.
10974,
11833,

13271

15426,

17511

18104,
18692.
20078.
22137.
24308.
28983,
27887.

24460

1"
05
03
42
94
.96
22
.95
15
44
56
82
38
45
46
.13

T
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EST
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140.
150.
160.
170.
175.
200.
240.
270.
300,
350.

D000 OOCCOO

NN O U NN

DB= 41.000 INCHES

L (FT)

5.
10.
16.
21.
26.
32.
42.
58.
75.
80.
85.
Q0.
95,

100.
110.
120.
135.
140,
150.
160.
176.
175.
200.
240.
270,
300.
350,

OCCO0O0000OOCOOO0OOC OO0

DELBM (IN)
.50002
.50038
.50235
50652
51415
.52917
.57107
.68567
.86902
.93396
.00349
07742
.15552
23756
.41263
.60089
.90408
.00977
22664
44916
67522
.78890
.55279
04636
. 19885
59164
.13983

~NhvoCcunSaEPREESEFWHWWHWWWWNDNDNDNNDNDND NN

DB= 42,000 INCHFS

)
0
0
0
0
0
0
0
0
0
0
0
0
.0
.0
0
0
0
0
0
0
0
0
0
0
0
0
0

DELB
kA

o

50977
. 72664
94916
17522
.28890
51077
.01648
. 19900
.59183
.14010

M (IN)

.00002
.00038
.00235
.00652
.01415
.02917
.07107
.18567
.36902
43396
.50349
57742
.65552
73756
91263
.10089
.40408
.50977
72664
.94916
17522
.28890
.85204
.05795
.19869
59144
13956

0.1897E+05
0.1576E+05
0.1272E+05
0.9838E+04
0.8447E+04
0.6769E+04
0.2769E+04
0.0000E+00
0.0000E+00
0.0000£+00

P (LB)
0.8940E+04
0.2132E+05
0.3209E+05
0.3925€E+05
0.4470E+05
0.4911E+05
0.5221E+05
0.5025€+05
0.4413E+05
0.4207€+05
0.3997€+05
0.3787e+05
0.3579€+05
0.3373E+05
0.2975€+05
0.2596E+05
0.2065E+05
0.1897E+05
0.1576E+05
0.1272E+05
0.9838E+04
0.8447E+04
0.3416E+04
0.7773E+03
0.0000E+00
0.0000E+00
0.0000E+00

P (LB)
0.8940E+04
0.2132E+05
0.3209E+05
0.3925E+05
0.4470E+05
0.4911E+05
0.5221£+05
0.5025E+05
0.4413E+05
0.4207E+05
0.3997€+05
0.3787E+05
0.3579E+05
0.3373e+05
0.2975€+05
0.2596E+05
0.2065E+05
0.1897E+05
0.1576E+05
0.1272E+405
0.9838E+04
0.8447E+04
0.1946E+04
0.0000E+00
0.0000€E+00
0.0000E+00
0.0000E+00

15766.
15995,
16187,
16350,
16423,
16531,
16699,
16786.
16786.
16786.

15
29
86
96

SB (PSI)

147.

693.
1677.
2704
3833,
5226.
7423,

10261

07
86
23
03
34
87
13

.04
12354,
12825.
13244,
13617.
13949,
14245,
14749,
15157.
15635,
15766.
15995,
16187.
16350.
16423,
16658.
16762.
16786,
16786,
16786.

19
83
42
14
38

sB (PSI)

147.
693,
1677.
2704,
3833,
5226.
7423,
10261,
12354,
12825,
13244,
13617.
13949,
14245,
14749,
15157.
15635,
15766.
15995.
16187.
16350.
16423,
16713,
16786.
16786.
16786,
16786.

07
86
23
03

34

1733
15C4
1312
1149
1076
968
800
713
713
713

.84
.69
A3
.00
.68
.04
.03
13
A3
A3

SI (PsI)

14180,
16768.
15820,
14790,
13660,
12272.
10076.
7238,
5145,
4674,
4255,
3882.
3550,
3253,
2750,
2342,
1864,
1733,
1504,
1312,
1149,
1076.6
841,
737.
713,
713.
713,

S (PSI)

14180,
16768,
15820,
14790.
13660.
12272,
10076.
7238.
5145,
4674,
4255,
3882.
3550,
3253.
2750,
2342,
1864.
1733.
1504.
1312.
1149.
1076.
786.
713.
713.
713.

713

139

71
59
32
65
82
94
29
37
36
13

17499
17499
17499
17499

99
.98
.99
.96

17499.98

17499
17500

97
.00

17499.98
17499.99

17500

SIG (PSI)

.00

14327.78

17462

W45

17497.56

17494
17494

.68
.15

17499.81

17499
17499
17499
17499
17499
17499
17499
17499
17499
17499
17499
17499
17499
17499
17499
17499
17499
17499
17500
17500
17499

SIG (PSI)

.42
41
.55
.96
.68
.83
.98
.87
.85
.95
.97
.99
.98
.99
96
.98
.99
.98
.00
.00
.99

14327.78

17462
17497
17494
17494
17499
17499
17499
17499

17499.
17499.
17499.
17499.
17499.
17499.
17499.
17499,
17499.
17499.
17499,
17499,
17499.
17500.
17499.
17500.
17499.
17499,

45

56
.68
.15
.81

.42
W41

.55
96
68
83
98
87
85
95
Q7
99
98
99
96
98
00
98
00
99
99

TRIOO A4 — = ——

CONTACT
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CONTACT
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23534,
21921,
20557,
19382,
18851,
18578,
18746.
18833.
18833,
18833,

SIGTH (PSI)
9N
.

7248
9124

9705,
10302.
10974 .
11833.
13271.
15426.
17511.
18104 .
18692.
200/78.
22137.
24308,
28983.
32054 .
27752.
26596.
24588.
22901.
21458.
20810.
18704 .
18808.
18833.
18833,
18833 .

SIGTH (PSI)
7248,
9124.

9705
10974

75
67
86
66
56
08
12
01
02
03

05

91
"

.05
10302.

03

.42
11833,
13271.
15426.
17511.
18104,
18692.
20078.
22137.
24308.
28983 .
34103.

' 31045.
29658.
27255.
25245.
23535.
22770.
19602.
18833,
18833.
18833,
18833,

94
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Table B.8 Maximum Allowable Borehole Deviatlon DBased on_ Liner Ingertion
Stresses in Boreholes Drilled with a Non-Stecrable Bit

This sectlion of Appendix B lisgts the output file from PROGRAM DEVIATIL
for maximum allowable borehole deviation based on liner ingertion stressecs
during liner insertion operations with gslmwltaneous drilling In horizontal
and vertical boreholes drilled with a non-gtecrable bit,

The following parameter values were used In computing these results:

Lb = 26 ft (vertical borehole)
T =32, 42, 58, 75, 270, and 350 feet (horilzontal horeholes)

db = 36.5, 37, 38, 39, 40, 41, and 42 inches
By o= 470,000 1b (simultaneous. drilling).

Other parameter values were {lxed as llsted in Scctlon 5.2,

- 140 .



e

RUN WITH DEVIAT2,FOR

LINER INSERTION LOADING SPECIFIED
MINTMUM ALLOWABLE LINER RADIUS OF CURVATURE=

CRITICAL BUCKLING STRESS BASED ON BENDING=
CRITICAL BUCKLING STRESS BASED ON COMPRESSION=

FS= 4

.00

FB= 470000.00 LBF

LB= 26,000 FEET (VERTICAL)

0B (IN)
36.50
37.00
38.00
39,00
40,00
41.00
42.00

1.B= 32

DB (IN)
36.50
37.00
38.00
39.00
40,00
41,00
42.00

LB= 42

DB (IN)
36.50
37.00
38.00
39,00
40.00
41,00
42.00

LB= 58

DB (IN)
36.50
37.00
38.00
39.00
40.00
41,00
42.00

LB= 75

DB (IN)
36.50
37.00
38.00
39.00
40.00
41,00
42.00

LB8=270

DB (IN)
36.50
37.00
38.00
39.00
40,00
41,00
42.00

RB (FT)
1635.2
905.3
478.3
3251
246,2
198.2
165.8

.000 FEET

RB (FT)
2250.0
1298.8

703.8
482.7
367.3
296.5
248.6

.000 FEET

RB (FT)
3234.,0
2007.3
1141.5

797.5
612.9
497.7
419.0

.000 FEET

RB (FT)
4575.0
3148.0
1938.6
1400.6
1096.4

900.7
764 .4

.000 FEET

RB (FT)
5222.5
42591
2830.4
2119.5
1694.0
1410.8
1208.8

.000 FEET

RB (FT
5280,
5280,
5280,
5281.
5281.
5281.
5281,

OOV O0Ow-

50,000 FEET

DB (IN)
36,50
37.00
38,00
39.00
40,00
41,00
47.00

RB (FT)
5383.8
5383.9
538%,9
5383 .9
5384.0
5384.0
53841

DELBM (IN)
2.48033
4.,47996
8,47735
12.47060
16.45777

20,43685
2440601

DELBM (IN)
2.73065
4,73038
8,72855

12.72391
16.71519
20,70106
24.,68025

DELBM (IN)
3.,27266
5.27246
9.27125

13,26833
17.26295
21.,25434
25.24177

DELBM (IN)
4.461175
6.41159
10.41078
14.40898
18.40579

22.40081
26.39367

DELBM (IN)
6.46234
7.92406
11.92341
15.92210
19.91989

23.91652
27.91179

DELBM (IN)
82.80945
82.80913
82.80847
82,80782
82.80717
82.80651
82.,80586

DELBM (IN)
136.47161
136.47108
136.47003
136.46898
136,467
136.46686
136. 46581

P (L8)
0.2502E+05
0.2502E+05
0.2502E+05
0.2502E+05
0.25026+405
0.2501E+405
0.2501E+05

P (L8)
0.1927E+05
0.19276+405
0.1927€+05
0.1927E+05
0.1927E+05
0.1927E+05
0.1927E+05

P (LB)
0.1423E+05
0.1423E+05
0.1423E+05
0.1423E+05
0.1423E+05
0.1423E+05
0.1423E+05

P (LB)
0.9254E+04
0.9254E+04
0.9254E+04
0.9254E+04
0.9254E+04
0,9254E+04
0.9254E+04

P (LB
0.7018E+04
0.5851E+04
0.5851E+04
0.5851E+04
0.5851E+04
0.5851E+04
0.5851E+04

P (LB)
0.0000E+00
0.0000E+00
0.0000£+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+0G0

P (LB)
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000€+00
0.0000€+00
0.0000€E+00

S8 (PSI)
7994 ,84

7994,

7994
7994

82

T4
.65

7994.73

7994

A6

7994 .52

SB (PSI)
8176.81
8176.80

8176
8176

77
73

8176.75
8176.55

8176

31

SB (PSI)

8373,
8373,
8373,
8373,
8373,
8373.
8373,

SB (PS
8555,
8555,
8555,
8555,
8555.
8555,
8555,

b4
43
42
41
43
34
33

1)
05
05
04
04
02
01
02

SB (PSI)

8616,
8666,
8666,
8666,
8666,
8666 .
8666,

64
89
89
89
89
87
88

SB (PS1)

8521
8521
8521
8521
8521
8521
8521

.38
.38
.38
.38
.38
.38
.38

SB (PS1)

8358

8358

1)
8358,
8358,

38
38

.38
8358,
8358,
8358,

38
38
38

Sl (PSI)
9505.15
9505,15
9505 .14
9505,12
9505.14
9505.06
9505. 11

S| (PS])
9323.19
9323.19
9323.18
9323.18
9323,18
9323%.16
9%23.13

SI (psl)
9126,56
9126.56
9126.56
9126.56
9126.56
9126.55
9126.55

S1 (PSI1)
8944 ,95
8944 .95
8944 .95
8944 .95
8944 ,95
8944 .95
8944 ,95

SI (PSh)
8883 .36
8833,11
8833.11
8833, 11
8833.,11
8833.11
8833.11

S1 (PSI)
8978.62
8978.62
8978.62
8978.62
8978.62
8978.62
8978 .62

ST (psh)
9141.62
9141.62
9141.62
9141,62
9141 .62
9141.62
9141.62
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SIG (PSI)
17499,99

17499,
17499,

96
87

17499.,77
17499 ,87
17499 ,22
17499,62

SIG (PSI1)
17500.00
1749%.98
17499,95
17499 .91
17499.93
17499,70

17499,

44

17499.98
1749989
17499, 88

S1G (psly
17500.00
17500,00
17499 .99
17499.,99
17499.97
17499,96
17499.98

S1G (PS
17500.
17500,
17500.
17499,
17500.
17499,
17499,

9]
00
00
00
99
00
98
99

SIG (PSI)

17500,
17500,
17500.
17500,
17500,
17500,
17500,

00
00
00
00
00
00
00

SI1G (pPS1)

17500,
17500,
17500,
17500,
17500,
17500,
17500.

00
00
00
00
oo
00
00

65,74 FT (BASED ON CONTAINER CLEARANCE)
0.2114£+06 PSi
0.2039E+06 PSI

CONTACT
T

— =

CONTACT
T

—_—— — — —

CONTACT

—_ e —

CONTACT

— = —

CONTACT
D

— o — —

CONTACT
B
B

CONTACT
B
B
B
8
B
B
B

sIaTi (PSI)
9071.50
Q071,47
9071.38
9071.28
9071.37
9070.73
907113

SIGTH (PS1)
9368.68
9368 .66
9368,63
9368.59
9368,61
9368.40
9368,14

SIGTH (PS!)
9989.18
9989.18
9989.17
9989.15
9989.17
9989.08
9989 .07

SIGTH (PSI)
10175.19
11572.,60
11572.60
11572.60
11572.60
1572.60
11572.60

SIGTH (PSI)
9055,10
1100425
16337.74
19222.22
19222,22
19222.22
19222.22

SIGTH (PSI)
10099, 84
10099, 84
10099, 84
10099, 84
10099.84
10099, 84
10099, 84

SIGTH (PSS
10404 .53
10404 .53
10404.,53
10404 .53
10404 .53
10404 ,53
10404 .53

REST
|

|
|
|
|
!

R

w
=

R

REST
I

|
|
|
[
|
|

R

w2
—

A 4 ———T

REST
|

l
|
|
|
|
|

REST
|

|
!
|
|
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|



APPENDIX C

COMPARISON OF PARAMETER VALUES USED IN THIS STUDY
WITH THOSE IN THE REFERENCE INFORMATION BASE
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This appendlix provides

TABLE G 1

COMPARLISON OF PARAMETER VALUES

Parametex

Liner outgaide dlameter
Liner inglde diameter
Liner mean radiug

Liner thickness

Liner elastic modulusg
Liner welght/volume
Liner Polsson’s ratio
Liner ultimate strength

Liner/rock friction
coefficient

Vertlcal borehole diameter
(spent fuel borehole)

Horizontal borehole
diameter (spent fuel
borehole)

Waste contalner skid
welght

Waste contalner skid
length

Value Used
in
Analysis

36 in
35 1in
17.75 in
0.5 In

1n6
30 x 107 psl
489 1b/fe>
0,29

70 kpstl

36,5 in
37.0 In
38,0 In
39,0 in
40.0 1in
41,0 In

0 in

36.5 In
37.0 In
38.0 In
39,0 In
40.0 In
41,0 In
42,0 In

[oNoloRoRoRal

1,774 1b

16.7 ft

- lab

RIB Version 02,002

a comparison of parametor values used In this
analysis with corresponding values in the Reference Information

Page  (RTB).

Value Subgectlon Remarks

None

None

None

None

None

None

None

None

None

29 In 2.2.2.8 Equipment
deglpgns may
require
larger dila.
borehole
than that
in RIB,

37 in 2. Equipment

None

None

designs may
requlre
larger dia.
borehole
than that
In RIB,



TABLE C,1

COMPARTSON OI' PARAMETER VALUES
(continued)

Parameter

Effective waste contalner
welght (spent fuel
contalner)

Effective waste contalner
length (spent fuel
contalner)

Effectlve waste contalner
diameter (spent fuel
container)

Vertical borehole length
(spent fuel borehole)

Horizontal borehole length
(spent fuel borehole)

Safety factor against
liner rupture

Drilling thrust force

Value Used
in

14,985 1b

16,7 ft
(200.5 1in)

28,75 In

26 ft

32
42
58 ft
75 ft
270 ft
350 ft

ft
fr

4,0

470,000 1b

RIB Version 02,002

Value Subgection

Remarks

6,437
- 13,211
1b

2.1.1.2

187.5 1n 2.1.1.2

26,0 in 2.2,1.2

ft 2.2.2.8

under
glderation

363 ft 2.2,1.8

None

None

Value usged
agssumes the
heaviest
contalner
and in-
cludes the
welght of
the skid,

Value usged
includes
body of
akid

Value used
is for
hybrid con-
tainer and
includes
thickness
of sgkid,

Value used
In analysls
1s now
con-

Values used
in analysis
are now
under con-
gslderation,



TABLE ¢, 1
COMPARTSON OF PARAMETER VALUES

(continued)

Value Used RLE Voraglon 02,002

Parameter

Maximum borehole wall
temperature

Inftlial liner temperature

Liner thermal expansion
coefflcient

Tuff thermal expansion
coefficient (thermal/
mechanlcal unit TSw?)

Intact rock unconfined
compressive strength
(thermal /mechanical unit

TSw2)

in

Analysis

441°F (227°¢)

68°F (20°9¢)

6.5%10"° /O

4.9x107 0 /0%
8.8x10 /%

24,1 kpsi
(166 MPa)
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Value

Subgectlon

Remarks

157°% 3.1.1.4

20,3°C 1.3.1.7

None

8.8x10;6
/°K

1.3.1.3

166465
MPa

1.3.1.4

RIB value
Le for
363-ft
horizontal
borehole;
value uged
lg for the
vertical
borehole
(SNL, 1987¢)

RIB value
ls the
repregent-
atlve
undisturbed
temperature
of the
regposltory
horizon.

RIB value
1s mean
pretransi-
tion value,

Mean RIB
value used,



APPENDIX D

SITE AND ENGINEERING PROPERTIES DATA BASE INFORMATION

This report contains no data taken from or that should be included in
the Yucca Mountain Site and Engineering Properties Data Base (SEPDB).
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