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ABSTRACT

This report investigates the effects of borehole deviation on the
useability of lined 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,

specifications on borehole deviation allowances are developed for specific
vertical and horizontal borehole configurations of current interest.
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I .(i) INTRODUCTION

The use of lined boreholes drilled into tile walls or floors of

underground drifts is being investigated by tileYucca Mountain Project for

disposal of high-level nuclear waste in the proposed tuff repository at
Yucca Mountain, Nevada. Both horizontal and vertical boreholes are
currently under consideration, as shown in Figure I. In both orientatlons9

the waste is placed in sealed, cylindrical containers ]5.6 ft long 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 (i-15) and in the standoff distance between the
drift wall and the closest container (I()-I00 ft). Horizontal boreholes

range in length from 32 to 350 feet. In all horizontal options currently
being considered, each waste container is 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 borehole 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 is 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
welded together at the borehole to form a continuous cylinder that is

inserted into the borehole prior to waste emplacement. The liner insertion

operation is performed either simultaneously with borehole drilling or as a
separate operation following drilling (Robbins, 1985; Friant and Dowden,

1987). The l-eference configuration for the vertical case includes only a
partial liner, but a full liner 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 survive

the corrosion that is 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 tG heat transfer from the emplaced waste.

Accordingly, the statics and stress analyses documented in this repot't 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,

Tile analysis in Chapter 2 [ocuses on l_tner stresses that ar_se during
insertion of the liner into the boreho].e. These stresses are produced by
the compressive force required to insert the ].i.i_eragainst friction as well

as bending stresses that are 'introduced as the liner is forced around
deviations in the borehole. A model that predicts liner insertion stresses
in both vertical and horizontal, boreholes is developed t_sing 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 liner expands
in response to the elevated temperatures caused by the emplaced waste.

In Chapter 4, a model is developed for determining the maximum
allowable 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 i°_ 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

waste emplacement and retrieval operations.
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2,0 LINER INSERTION STRESSES

lt is currently proposed that the vertical and short (!75 ft)
horizontal emplacement boreholes be drilled using rotary methods that employ

a derrick erected in the emplacement drift (Robblns, 1984). A sketch of
such a drilling system for vertical boreholes Islshown in Figure 2. In-hole
stabilizers would be used, if necessary, to minimize deviation of the drill
bit.

l

After a borehole is drilled, the drilling system is 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 jacking frame, and a mine truck equipped with a boom
(Kenny, 1987). I 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

drilling 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, 1985; Frlant 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 is 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 is inserted as the borehole is drilled. The eccentrically
mounted drill bit can be centered irl the liner to allow it and the In-hole

motor to be withdrawn through the llner 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 in order to calculate liner stresses. Two general cases
are considered for borehole geometry:

o In the first case, it is 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 cycllcly from a straight llne.

o In the second case, the bit is assumed to be non-steerable, as with

the rotary systems proposed for short boreholes. In 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 with 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

-- 5 -



F:i.guve 2 - Rotary dc__].].ing system ,_roposed io_: d_:i.].].:t.ng vertica! emp].aceme_lt
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Figure 3 - Equipment system for inserting liner int:o horizontal emplacement
boreholes.
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location x , the borehole deviates cyclicly from a straight line. The

amplitude o_ the deviation is 6b and tilewavelength is I_. To facilitate the
analysis, the centerline of the borehole in tilecyclic region is assumed to
follow circular arcs with a constant ,-_dius of curvature --p . It is also

assumed that some entrance region exists in which tileborehole changes from
a linear trajectory to the cyclic deviation. Finally, it is assumed for

simplicity that borehole deviations occur illa single plane, with daviatic_is
of zero in other directions. The assumed borehole geometry is admitted]y an
idealization of an actual borehole; however, the assumed gec..netry 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 dian:eter of d. and an outer diameter of

d , which is less than the diameter of the boreholie, d The stiffness of
t_e 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
analysis. We first assume a horizontal borehole, as implied by the gravity

• vector in Figure 5.

2.1.i Horizontal Boreholes

For each borehole section of wavelength L, gravity in a ho]izontal
borehole forces the liner to contact the bottom of the borehole at points
x , x , and so forth The borehole deviation, the dlametral cl_arance
bOt Xl'ween the31iner and the borehole, and the liner cross-sectional dimensions

and elastic properties determine whether the liner:

o contacts the bottom of the borehole at points such as x2,Y4;

o spans a region about x2 without contacting the borehole; ori

o contacts the top of the borehole at points such as x2,Y 2.

This liner behavior is illustrated by examining a case where diametrai

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 rad!us of curvature of the liner, p ,
occurs at positions such as xI and x_ and is simply related to the radius Lf

= curvature of the borehole, _.. Sin_ce the liner maintains contact with theb
bottom of the borehole, the liner and borehole are concentric (in the x-y]

plane) at xI and x3; thus

db do
_I_- Pb ...._ + _- ' (I)

In the middle of each bend in the borehole (e.g., at × ,y ), the borehole. o o
radius o£ curvature is related to the borehole devlatlon amplitude and
wavelength by the equation:



2 8b)2 L 2Ob = (% + (_) , (2)

or

L2 6b (3)
OB - 326b + 2-- '

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

Ed

+ o (4)
_B - 2PL, '

where the positive sign is used for compressive 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. I, 3, and 4,

Ed

+ o (5)
OB = - L2

168b + 8b - db + do

With small borehole deviations, the liner does not contact the top of

the borehole. Consequently, frictional drag of the liner against the
borehole occurs only along the bottom of the bolehole and is caused solely

by gravity. The maximum drag occurs just as the liner is fully inserted
into the borehole; thus

Ff = /aw Lb , (6)

where _a is the friction coefficient between the liner and tileborehole wall,

w is the weight per unit length of the liner, and Lb is the length 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

Ft = Ff + Fb . (7)

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

The longitudinal compressive stress imposed by the liner thrust force
is

4 F t
_ . (8)

t r_(d 2 d 2o-i)

This stcess occurs near the boreho].e entrance, while the compressive bending
stt-ess determined with Eq. 5 occuts 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

--11-



entrance. This is a reasonable assumption because the friction foz'ce

opposing liner insertion does not decrease significantly between the
borehole entrance and the first bend.

Using this assumption, superposition call be employed to ar_:ive at an

expression for the combined ma×imum compressive liner insertion stress:

= OB + _t ' (9)max

using the positive value of oB calculated with Eq. 5. Of course,
superposition is valid only as long as the the combined stress is below the
elastic limit 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 radius 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 borehoile in _hls case, friction between the liner and the
borehole is 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 contact2 2
forces at these points increase in magnitude.

o The liner loses increasingly more contact with the bottom of the

borehole between xI and ×3' Eventually as the deviation amplitude
increases, the rad]u,_ of curvature of the bottom of the borehole
becomes less than the stillness ot: the l]nez wi].l ai].ow Jt to

follow. In other words, the distributed contact about :"1 and x 3
tends to go to point contact (neglecting the relatively small degree
of force distribution caused by deflection of the ].:iner cross-
section and rock surface). UndeL these conditions, the bending
stress is not simply related to the boreho].e radius of curvatuz:e as
in the small-deviatlon c'ase.

With lazge borehole deviations, the bending stress may be detetmined by
considering the liner to be a simply supported beam with the equivalent beam
loading shown in Figure 6. Note that polnt, rather than d.istributed,

con_act is assumed at x 1, x 2, and ×3' In this equivalent loading, P is the

---12-.



i iii,, ii_

4 .................. L . . lip

g
4 ...........borehole wall

4 .... liner
_ " ' t :. .......... borehole 'ceni'erline

•--:.............. " - liner centerline

l...... 6b ' " ....

xi,y1 _ ........ l. (__ xa,ya

p ,

.(" iV_ EQUIVALENT.., BI!',AM

I ' R "! LOADING
\ ...... OL=O ,,"

//

OR= 0 - ......... P L3
P ( I ) 61 = /48_]. (':['imo,_m_.,,_t<o_,_d

" .t Ge:re, 1.972)

p L2

RI ,, Oi / R, ....t. 6l 81. = 1.6 g].
01 ....

/ "" = ] LIw (2) 8 5w.,

" . I_3- /I I o
R2 "\ / R2 ($e 2 = 24 t":1......... 2

02 ......./

Ra M ]2

,, ./ _ 0

' \, I ....I.(5:_ M L M L

• / 0 _ 0
Ra " 03L = 3 Ii:I: 3R - 6 El\,........... 03L

OaR /

R4 ..........................A_Ot ("4) M I. 2
......(::....,. 64 - ].6El:

"k, c54 M L M L
'\ R 0 C)

\ " ().4L 04L- 6 l!:I 04R = 3 le,:[
04R..............

Figure 6 Ecluivalent: beam load.ing of:" ].iner :l.ncyclic reg:l.on of:" borel-:o]es
dri.].led with a steeral)].e, bit,

- 13 -



contact force between the ]in(r and the top of t:he bore.hole at x2,Y2, and R
is one-half the reaction force at each contact point along the bottom of the
borehole,

Superposition is used to account for the effects of gravity and to

ensure that the equivalent beam follows the trajectory imposed by the
borehole. Gases 1-4 of Figure 6 illustrate the simply supported beams that

are superimposed to construct the 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
liner, 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,

6 - 61 + 62 63 -64 (i0)

Similarly, the slope of the liner at the left (L) and right (R) sides of the

equivalent beam is 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

8L - #IL + _2L " #3L 841, = 0 (ii)

and

8R - #lR + #2R #3R " 64R - 0 , (12)

Inserting the appropriate equations from Figure 6 into Eq. 11 and solving

for M o gives the result

, M PL wL 2 (13 )+

Inserting Eq. 13 and the appropriate equations from Figure 6 into Eq. I0
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 El'

L3

6 = 384 EI" (2P + wL) . (1.4)

For this case, where the the liner contacts the top of the borehole at x2,
the relationship between the borehole deviation amplitude and the liner

deflection is given by the equations'

d d

6- (Yl + -_) (Y2 2 ) ' (15)

= Wh e re

db db

/I _ -2. " 61) " Y2 - _ + 6b

Y] " Y2" 26b " db ' (16)

or, combinJ.ng Eqs. 15 and ]6,

]4 -



6 = 2 6b d b 4- do ' (].7)

Equating Ecls, 17 and Eq, 14, we arri.ve at an express_or_ for determining the
midpoint contact force P as a function of t:he borehole deviation
characteristics:

db -do

p_ 384 E1 _:2___ ) wL
L 3 (6b 2 ' (18)

This equation is valid for all values of 61 that p_-oduce a non-negative
value of P, By setting P to zero and solv_.ng for 6., we obtain an equation. ]

for the borehole deviation be].ow which contact with _:he top of the borehole

at x 2 vanishes'

w L 4 dh'do
(6b)t- 768 E1 + 2 ' (19)

Thus P = 0 for 61) < (6b) t,

The maximum comp1:essive bending stress in the. ecluivalent beam occurs at:

x I and x3 '
M d
O O

°B - 2I ' (20)

where M is given by Eq, 13, Since liner curvature is limited by borehole

curvatur°i_ the maximum compressive bending stress at x I and x,_ has an uppel:limit de-ined by Eq. 5, (Eq, 5 was developed based on c6ntinuous liner

contact along the bottom of the borehole,), As a result, the value of aB
predicted by Eq, 20 is valid only if it is less than the value predicted by
Eq, 5, If Eq, 5 predicts a lower value than Eq, 20, then the value

predicted by Eq, 5 is the valid prediction, Thus the maximum compressive

bending stress in the liner under al]_ conditions is the minimum of the
values computed acco17ding to Eqs, 5 and 20.

The frictional drag force for cases where interference exists 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 equiva].ent loading

as a section of length L in the cyclicly deviating region, This is a

conservative assumptl.on because the borehole curvature in the entrance

region was initially assumed to be larger than the curvature in the cyclic

region, As a result, the same assumed liner loading in the entrance., region

leads to slightly higher predicted friction fol.'ces than the larger borehole
curvature in that;,region implies,

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

n = ]q)/L , (21)

Summing a].l the contact forces along the liner and inu].ti.p].ying by the.
friction coefficient, we obtain

Ff = n l_ (P 4- 2R) , (22)

From Fig. 6, it is seen that

- ]._% -



p w_5 , (2_)2 '
thus

Ff = ]7 (2P + wL) (24)

The maximum liner stress can then be calcu].ated for this case by inserting
Eqs, 20, 24, 7, and 8 into Eq, 9,

In summary, the procedure for calculating the maximum stress in a llner

tha_ is being forced into a horizontal borehole drilled with a steerable bit
is as follows:

I) Specify E, lh ed° d., 7 Fb, I_., 6b, and L where 7 in the w(_:Ightper unit vo /n f tlie liner nla_erial and all other terms [lave been

previously defined,

2) Calculate w = ,4_ (do2 . di2 ) 7

3) Calculate I = 04_ (do4 . di4),

4) Calculate P using Eq, 18; if P < O, set P = 0,

5) Calcu].ate M using Eq. 13.0 '

6) Calculate oB using Eq, 20; set (OB) I = oB,

7) Calculate uB using the positive wllue predicted by Eq. 5;

set '(OB)2 = oB,

8) Set u B to (oB) 1 or (oB)2, whichever is less,

9) Calculate FS using Eq, 24; note that this equation is valid forP=O or P_0.

i0) Ca]culate ut using Eqs, 7 and 8,

II) Calculate a using Eq, 9,max

Tt_is algorithm is ir|corporated into computer programs named DEVIAT] and
STRESS1, which are listed tn Appendtx A, DEVIAT1 uses this procedure to
ca].culate by iteration tlne maxJ.mum a].].owab]e deviation of boreholes dri].]ed
with a steerable bit, STRESS1 use.`..`..; the procedure to ea].cu].ate the maximum
].tn¢,r stress as a function of tile input cortdittons;, These arid ot:hc, r
programs are used in tb, e paranletrte studies of' SectJ.on 5,

2,].,2 Vert:]ca] Boreho].es;

The procedure, f:or calculat:l.ng t:he maximum .,..;t:re:am :l.n a ].trier forced .lrlto
a vertical bore]lo]e drtl].ed with a steerable blt ts tr.lent]ca] t:o that for a

horizontal boreho]e wl t:h one excepttorl, Wit..ll vertl.ca] boreho].os,
gravJ, tattona] forces act ill a ]ong:ltu(ljna] (lt rect.:ion and thus do not
contribut:e, s:lyntftc:'_lrlL].y l:o betiding sl-re:.;s(,:-; (:au,:;(,.d by }_or(%_oile (l(,:v:tat:lon,
l_,eca,tse of the ].tm:t ted 26- ft ]engtll of:' tile v_rct-:i.ca] borol,o] e uw_{ler
corl._;ideratlon, ]ongt. t.:ud:ina] st:resse.,-.; due L.:o t:lJ{_, we]gl_t: o[ t:h('_ ].]nc, r arc, aJso



negligible, As a result, gravitational forces play no significant role in
determining liner stresses in vertical boreholes, Tile only modification to

the above procedure required for vertical boreholes is thus to specify that
w = 0 in 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. lt is assumed that tile
centerline of the borehole follows a trajectory with a monotonically

increasing deviation from a straight llne, For simplicity, the trajectory
is assumed to be circular_ with a constant radius of curv_ture p . The
deviation of the liner is assumed to occur _n a single ptane, w_th zero

deviation in other directions. The total deviation at the end of the

borehole is 8b.

As in the case of the steerable bit, the assumed geometry here is 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 boreholeI, d . The stiffness of
t_e 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, ge 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 ,y . The borehole deviation, the diametral clearance

between the liner an_ t{e borehole, and the ].iner cross-sectional dimensions

and elastic properties determine whether the llnerl

o contacts the bottom of the borehole at x4,Y 4 and x3,Y3;

o balances at xl,Y I without touching the borehole wall at x , xo 2' x3'

or x4; or

o contacts the top of the borehole at × 'Yo and ×2,y 2.O

This liner behavior is illustrated by examining the case where diametral

clearance, borehole length, and liner weight per unit length are fixed and
total borehole deviation is varied.
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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 liner is constant
along its entire length and is simply related to the radius of curvature of
the borehole:

db do
PL = Pb - --_+ _ ' (25)

The borehole radius of curvature is related to the length of the borehole

and the total borehole deviation by the following equation:

6b = 6b(1 - cos Ob) , (26)

where

Lb
- , (27)

eb Pi)

The maximum bending stress in the liner occurs on its outside surface along
its entire length and is given by tile equation:

Ed
+ 0

_B = 2PL ' (28)

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,

Ed
+ O

, (29)
c,B = _ 2pb - db + do

where Pb Is found for a given value of 6b 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 liner against the

borehole wall occurs only along the bottom of the borehole and is caused
solely by gravity. The maximum drag occurs just as the liner is fully
inserted into the borehole; thus:

Ff = _a w LI) . (30)

The total thrust force required to insert the llner into the borehole is

Ft = Ff + Fb , (31)

where Fb is zero in cases where drllllng is not performed simultaneously
with liner insertion operations.

The compressive stress caused by the li|lcr thrust force is

4 Ft

_t = (32)
_(d 2 2 'o 'di)
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Thls stress occurs near the borehole entrance, while the compressive bending
stress determined with Eq. 29 occurs along the entire length of the liner.
The combined maximum compressive stress in the liner can be obtained with
superposi tlun_

amax = aB + _t ' (33)

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

Combined liner insertion stt-esses along the outer radius of the bend in

the liner are lower than those along the inner radius beczause of the tensile
(negative) bending stresses that develop along tileouter radius.

Moderate Borehole Deviations

As the total borehole deviation is increased, the liner begins to lose

contact with the borehole at x4 and x . The stiffness of the liner causes
the ends of the liner to be suspended s3 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 x1. Furthermore, since the liner does not
contact the top of the borehole in this case, friction between the liner and
the borehole is the same as in the small-devlatlon case. As a result, Eqs.

25-33 are also valid for this case _n determlnJng the maximum liner stress.

Large Borehole Deviations

As the total 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 3C ,y and

x2,Y 2. As borehole deviation is further Increased, the °co°tact
rorces at these points increase in magnitude.

o The liner loses increasingly more contact with the bottom of the

borehole on either side of xI. 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 xI tends to go to point contact (neglecting the relatively
small amount of force distribution caused by deflection of the liner
cross-section and the rock surface). Under these conditions, tile

bending stress in the liner is not simply related to the bo_eho].e
radius of curvature as in ttle sma].l--deviat]on case.
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With large borehole deviations, .the bending stress in the liner may be

appro×imated _.by consideri:_.g tile 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-a×is, the equivalent liner loading due to
gravity includes a small component in the x-directzon. 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 x ,y . R is one-. . o o 2 2

half the contact force at xl,Y I. Superposztzon zs used to account for the
effects of gravity and to ensure 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'

6 = 61 + 62 (34)

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"

wL 4 pL 3

6 = 8El + 3El ' (35)

In this equation,

L = Lb/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.

# = _i + #2 (37)

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

wL 3 pL 2

= 6E---_+ 2El ' (38)

For this case, where the liner contacts the top of the borehole at x
and x0, the relationship between the total borehole deviation and the line_

deflection results from the follow'_g development. Geometry considerations
produce the relation'

d d 6bo _ __oo
6 - (Yl + --2) " (Y2 2 cos -_) (39)

But

%
Yl = Pb" -2 ' (40)
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and

_b db #b
(41)Y2 Pb cos -_ + --_ cos -_ ,

Inserting Eqs, 40 and 41 into 39,

#b db-d #bo
6 = Pb(l - cos -_) - 2 (i + cos --_) , (42)

Combining Eqs. 35 and 42, we arrive at an expression for determining the

endpoin_ contact force P as a function of' the borehole deviation
characteristics '

3El 3wLeb %-do
P -"Lm [Pb (l''c°s -_) " 2 (I + cos z ---8 ' (43)

This equation is valid for all values of 8b (or 6b) that produce a non-zero
value of P.

The maximum bending moment in the equivalent beam occurs at x I'

wL 2

M(Xl) = PL + 2 ' (44)

Thus the maximum compressive bending stress in the liner also occurs at xl'

dL
o wL

UB - 2 I (P + -_) (45)

Since liner curvature is limited by borehole curvature, the maximum

compressive bending stress at x I has an upper limit defined by Eq, 29.. As aresult, the value of o_ predictgd by Eq, 45 is valid only if it is les= than

the value predicted Zby 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 is

constructed of two equivalent cantilevered beams. Summing the contact

forces along the liner and multiplying by the friction coefficient, we
obtain

Ff = 2 # (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 = Lh/2 ,

rf = _ (4P+ wCB) (48)

The maximum liner stress can then be calculated for this case by inserting
Eqs. 45, 48, 31, and 32 into Eq. 33.
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In summary, tile procedure for calcu].ating the maximum stress in a liner
that is being forced into a horizontal boreho].e dri].led with a non-steerable
bit is as follows'

I) Specify E %, d di 7, and' o' ' Fb, LI), 61).

2) Calculate p and 0b with tile transcendental expression given in
Eqs. 26 and _7,

2 2

3) Calculate w = _ (d d )o i

4) Calculate L = _)/2,
4 4

5) Calculate I = 6--4(do d.1.)"

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

7) Calculate oB using Eq. 45; set (OB) I = oB,

8) Calculate _B using the positive value predicted by Eq, 29;
set (OB) 2 = oB.

9) Set oB to (OB) 1 or (OB)2, whichever is less,

i0) Calculate Ff using Eq. 48.

ll) Calculate o t using Eqs, 31 and 32.

12) Calculate o using Eq. 33.max

This algorithm is incorporated into computer programs DEVIAT2 and STRESS2,
listed in Appendix A. DEVIAT2 ca].culates the maximum allowable deviation of

boreholes drilled with a non-steerable bit. STRESS2 calculates tile maximum

liner stress as a function of the input conditions,

2.2,2 Vertical Boreholes

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 vertica], boreho].e

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.

r
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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 thr.
liner relax to residual levels. Schematics of the residual, liner loaditlg

configurations for the steerab].e- and non-steerab].e-bit cases are shown in

Figure 9, As the compressive liner stresses relax, the stored elastic

energy causes the liner to expand slightly in the longitudinal direction,
If is it assumed that the ends of the liner do not bind against the [-,orehole

wall, then longitudinal forces at the ends of the liner 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 in 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 ])its, 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 Eqs. 5 and 20 for the steerable-bit case

and by Eqs. 29 and 4.5 for the non-steerable-bit case, The relative sizes of

the ])ending stresses and stresses due to friction dictate the relative size
of residual liner stresses after liner insertion and before waste .

emplacement,

Emp].acement 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
significant].y in horizontal boreholes due to the weight 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 in 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

d2 d ) _ 4- L (49)w=y_( o -
C

where 7 is the weight per unit volume of the liner material, W is the

effective weight of a loaded waste container, and L is the effectiv c length
of the container, c

For example, if a steel liner (7 = 489 ib/ft 3) with a 36-inch outside

diameter and a 35-inch inside diameter is assumed, the weight per unit
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length of the unloaded liner is initially 189 ib/ft, The effective weight
of the waste container in a horizontal borehoTe _nciudes the weight of the
container itself (13,2].I lb) and the weight of the skid (1,774 ib), for a

total weight of 14,985 lb (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 line_" is 1086 ib/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, 1987c)i, It is necessFrY to design the liner: towithstand the thermal expand,ion caused by the 373 increase in temperatu_e
that could occur during the retrievability period.

Thermal expansion of the liner Jn the radial direction is given by the

equation (Tlmoshenko and Gere, 1972),

d

ar = _L 2 aT , (50)

where d is the initial diameter of the liner, _L is the thermal expansion
coefficient of the liner material, and AT is the cNange in temperature gthat

I ' --_ )causes the thermal expansion. Assuming a steel liner (o_= 6.5 × I0 /OF
(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 (=I 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 liner also undergoes thermal expansion in the longitudinal

direction. Again assuming a steel liner, the thermal expansion coefficient

of the liner m@terial is higher than that of the tuff at Yucca Mountain

(= 4.9 × I0- /OF) (SNL, 1987d). As a result of this difference in thermal
expansion coefficients, the liner would be subjected to rompresslve thermal
stresses if it were bonded to the borehole wall as has been suggested. The

magnitude of these stresses would be approximately

= E (%,- a'r , (51)

where o_L and o_ are the thermal expansion coefficients of the liner and
rock, respectively. Using E = 30 × I0_ psi and _T - 373°F, the result is

_th = 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 low 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

AL = (o_i.' -o_) I.,b a'I' , (52)

where L,) is tile initial length, This thermal expansion would range from
0.2 inc[_es for a 26-foot borehole to 2.5 inches for a 350-foot borehole,

The 'above considerations indicate that provJslons in tile borehole

design should be made to allow the liner to slide within the borehole in
order to limit the magnitude of therma] stresses, that develop. In cases
where there is no interference between tilellner and the borehole, the on].y

forces that oppose thermal expansion of the liner are those that arise from
friction caused by the weight of the liner against the borehole wall. In
cases where interference between the liner and borehole wall does occur
because of borehole deviation, addlt.lonal frictlon forces develop at the
llner/borehole wall contact points; these forces increase the compressive

thermal stresses that develop Jn the liner. The fo].].owJngsubsections

develop equations for estimating these stresses for the case where the liner
is 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 is

therefore divided into two separate subsections below,

3.1.1 Horizontal Boreholes

Irl a horizontal borehole, it as possible to design the llner such that

lt is free to expand along its entire length, including at l)oth ends, This

is accomplished by providing an end clearance between the end of the liner
and the end of the borehole, as shown in F:igure 1, and by des]gnlng a sllp

joint for the liner in the borehole entry region. As in the case of
residual forces after liner insertion, symmetry dictates that the maximum

compressive force due to thermal expansion oc.curs at the middle of the
liner_. The loading configuration during thermal, expansion is then the same
as the residual loading configuration shown ill Figure 9.

The friction force that develops iri the middle of the liner as the

force that opposes the sliding of one--half: of the ].Jner inside the I)oreho]e.
The magnitude of this friction forc'.e is one._-ha].f of the value predicted by
Eq. 24, or

pl.,b p 1,) ( 5 3 )Ff = _.i]- (2 + ,,_ ,

where P is calculated using Ett , 18 (which is valid for the sma].]., moderate

and large deviation cases). The thel:ma] :-:_tl:e,_:;s that develops in the liner
due to this friction force is', compre_'._.',ive and i._:', given by the equation,

4 F
f (54)

Oth rr(d2_, d2 )
0 1 .,

= -28--



The comb:],ned ma×imum compressive post:-emplacem_nt liner stress is found by
suporJ.mposing the t.hermal stress on t:he bend:l.ng stress:

cJlnax = o1.,, + Ot:h ' (55)

where o B is t.he min:t.mum of values predt.ct:e.d by l,;qs, 5 and 20,

In summary, the procedure fol.* calculating the illaXJ.lllttlll post-empJ.aeemet_t
stress in a liner in a }Oor:t.zontal borehole drilled with a steerable, bit ts
as follows:

].) Specify. E, d b, d o, d i , 7, We'. Lc": Lh' _b' and L,

2) Calculate w = _ (do2 di2) y + We/Lc,

3) Cal.eulate I = _ (do/4 ..diZl),

4) Calculate P using Eq, 18; if P < O, set P = O,

5) Calcul.ate Mo using Eq, 13,

6) Calculate oB using Eq, 20; set (OB)1 = oB,

7) Calculate oB using Eq, 5; se.t (OB)2 = oB,

8) Set oB to (OB)1 or (OB)2, whichever is less,

9) Calculate Ff using Eq, 53,

i0) Ca].eulate Oth using I"]q,54,

1.3) Calculate amex using Eq, 55,

This a].gol.'ithm is incorporated into compttter programs DEVIAT]. and STR},2SS].,
The programs allow the user to specify either liner insertion or post-
emplacement conditions on which t:o base the calculations for boreholes
drilled w:t.th a steerable bit,

3,1,2 Vertica]. Boreho].es

In vertical boreholes, it ts asstlme.d that the bottolll elld of_ t.he ].iller

rests on the bottom of the borehole, and therefore the liner is not able to
expand longitudinally al,: the bottom end, The liner thus expands Lrom the.
bottom upward, meaning that friction forces at.-. all contact po:I.nts are
directed downward, The maximum friction force during thermal expansion
therefore occurs at the bottoln of the liner and is given by Eq, 24, 'li'he
procedure, for ealculat:ing the maximum post-emp].aeeme.nt stre.ss :1.11a ].iner in
a vert:t.ea], boreho].e dri].led with a steerable bit :I.s then'

1) Spee:lfy E, di) ' d0, di, We, Lc, Lh, 6b, and L,

2) Specify w = 0,

_r 4 . d.l 43) Ca].cu].ate I = _._ (d o ),

4) Ca].cu].atc_ P us:l.ng t!',q, 18; tf P < 0, set:: P = O,
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5) Calculate MO using Eq, 1.3,

6) Calev.tlate o B using Eq, 20; set (oB) 1 = o B,

7) Calculate oB using Eq, 5; set (OB) 2 = oB,

8) Set uB to (UB)1 oi: (UB)2, whichever l.s less,

9) Calculate Ff us'l.ngEq, 24,

i0) Calculate uth using 54,

Ii) Calculate Omax using Eq, 55,

This algoritllm is also incorporated into DEVIATI and STRESS]., The pl:ograms
use one set of equations for horizontal bor'eho].es and another set for
vertical boreholes,

3,2 Boreholes Drf.Ilealwith a Non-Ste.erable Bit:

The development of equations for predic;tl.ng post-emplacement liner
stresses in boreholes drilled with a non-steerab].e bit is presented in the
next two subsections,

3,2,1 Horizontal Boreholes

Again it is assumed that for horizontal boreholes the liner is free to
expand longitudinally at: both ends, The magn:t.tude of the. friction force
t.hat develops in the middle of the liner is one-half of the value predicted
by Eq, 48, or

Ff = /_2(4P 4-wLb) , (56)

where P is calcul.ated using Eq, 43, The thermal stress that develops in the
liner due to this friction force is compre.ssive and is given by Eq, 54, The
combined maximum compressive stress in the liner is then found by

superimposing the thermal stress on the bending stress, as in Eq, 55,

In summary, the pzocedure for calculating the maximum post-emplacement
stress in a liner in a horlzont:al borehole drl.].ledwith a non-steerable bit
is as fo].lows'

, , _ , , L c a l-ld6 ,i) Specify E d b d o di. 'I, Wc , Iqg, b

2) Calculate p and Pb wit-h the transcenderltal expression gtve.n in
Eqs, 26 and _7,

3) Calcu].ate w = 4 (d 2 - d 2o J ) "_ + Wc/Lc '

4) Calculate L = Lh/2,

5) (]lJl].Ctt]at_;I = _ (do4 di4),

6) Ca]c.u].ate P using [']q, 43; J f: P < O, set P _: O,
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7) Calculate aB ttstrlg Eq, 45', set (OB) l = o B,

8) Calculate a B using Eq, 291 sot (OB) 2 = o B ,

9) Set a B to (OB) 1 or (OB)2, whichever is ]c,s:_,

10) Calculate Ff using Eq, 56,

ii) Calcu?_te ath rising Eq, 514,

12) Calccflate areax using Eq, 55,

# *."} ,This algorithnl is incorporated into DEVI,_,_ and STRESS2 The p1._ogr;-llllS

al].ows the rtsei" to specify either liner insertion stl._esses or post-

emplacement 1.iner stresses on wl,ich to base the ca].cu].atior_':for boreholes
dri].led with a norl-steerable bit,

3,2.2 Vertic.al Boreholes

Again with vertical boreholes, it is assumed that the bottom end of the
liner rests on the bottom of the borehole, and therefore the liner is not

able to expand longitudinally at the bottom end, The maximum friction force

during thermal expansion in this case occurs at the bottom of the liner and

is given by Eq, 48, The procedure for calcu].ating the maximum post-
emplacement stress in a liner in a vertical borehole drill.cd with a
steerable bit is then:

].) Specify E, db, do, di, Wc, Lc, Lh, and 6b,

2) Calculate ab and ob with the transcendental expression given in
Eqs, 26 and 27,

3) Specify w = O,

4) Calculate L = Lh/2,

5) Calculate I = _ (do4 . di4),

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

7) Calculate (OB) 1 using Eq, 45,

8) Calculate (OB) 2 using Eq, 29,

9) Set oB to (OB)]. or (OB)2, whichever is less,

i0) Calculate F'f using Eq, 48,

1.i) Calculate Vth using Eq, 54,

12) Calculate areax using Eq, 55,

This algorithm is also incorporated into I)EVIAT2 and STRESS2, The programs
use one set of equatl.ons for horizonta], boreholes and another set for
vertical boreholes,
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4,0 WASTE CONTAINIi',R CI, HAI4AN(,L!" i' ,' GON,q."I'RA1NTS

. ,_-, t:hc::all.owab].e borehol.oA s i d e E1:o m e o n._t t 1:a t n t s e a u s t_d b y, 1. :I.n e r ,_t 1:c.,.I.Jc._..I,
clovJat]on :l.s 1l.ml/:c:cl by t:.he ileod t:o c_iisi.ti:c, t:llat: w_,<Itc_ eont:_:i:l.nc_i:s clo i-i(_t b].rld
agn:l.nst the insldc_ wall. of th_ 1.]nei: dt.i1::l.ng elUl__1.1ic_,nlc:nt: o2: r. ot:i::l.eva]
opc_rati.on,<s, 'I.'ile. deviation of bot"ehol.os drt.lloCl wli:ll I)oth sOec_l:able and rion-
steel:ab],e b:l. ts l.s of l.ntel;c;st, Shown :l.n [i':[l.]l.i;_'(_: ],0 ts a wast:c-_ COllOa:l.llC_i:
ellll)ltilC(!_d {t1 LI ].'l.rled, 1"1011-].irloal, bo l._ellole, The l.'tl(.l:[.tls o[." cUl.'V/l l_Lll._e 0;[7 the
liner as shown -l.s such that f11t: t_1,";/{'C41:O11C, (3 Wt{7.h thc_ W_.lS(;Cl COllt2tlJ.ll(_li' OCCLII:S,

'{'hc_ oollt:a;l.iml." w[].]. Flol_: pass tl-il._oLIgll el ]. :[.I1c;1: w:l.l,;h a slial.'pc_r dc:vl.at.ioilj :[.,e,,
a Slila].].o_" 1;adtcis off etil.'vattil."e, GeOllleti.'y eol_side_:attolls pl._odLlce LII-I equttt'.tori
foi: thc_ lllilltllltUll al[oWab],e 1.'adi.tis of cul;va l:.tll."t_ lol: Lile ].l.rlel.', basc_ci orl
colItalnel: o].earal]cc4 coils t_:aints :

d j L d _. 2
+ =' + [(PL -7 " ,

or

L 2 d
c __qc

(PL)all = 8(di-d c) " 2 ' (52)

where d :l.sthe effectl.ve diameter of the wast:e cont_iner, Interference

between c the waste container and the ].iner can be avoided by ensuring that

the liner _'adius of curvature l.s larger than (PL)aideall points along the length of the liner, it must l'ensul..edInotherthat words, at

PL > (PL)a].l ' (58)

Th_ liner radius oi" curvature, PL, can b_ calculated cising EcI, 1 for
cases where the liner follows the eurval_re of the borehole at the contact

points, In cases where the liner radius of curvature at the contact points
is groatnr than that of th_ borehole wall, the linel: radius of curvatttlTe l.s

given by the equation

EI
=: '

where M :l.s given by ._ (EcI , 13) for bol."eho].es dl:t.].lecl with a steerable bit.
for boreholes drilled wtt-h a l]orl-stoel:ab].e bit, These

and by M(x].) (Eq, 414) o
equations are used in Section 5 to ensure that waste contatnel." clearance
problems can be avoided,
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5,0 MAXIMUM ALLOWABLE BOREHOLE DIBVIATION

lrl this sectton_ the stress models deve]oped in Sect:ions 2-4 are used
to establish guidelines on the maximum allowable borehole deviation, I,"t.rst,
deve]ol:,me, nt: of t:he pl,'oce.dttre for establ, tshing these, gut.clelfn_;_s :l.s cltscussecl,
Specific values are then assigned to the w__rtables J.n the nlode].:_, arid
borr;hole devt.atton specifications are developed for: spee:l, ft.{: bore.hol.e
conft.gurations of cre:rent interest,

5,1 Determt.nat:t.ort of Maxi. lnttm A].lowable Borel_o].e Deviation

Several modes of irreversible liner deflection are possible for the
conft.gurattons of interest:

o plastic deformation, where liner stresses exceed the compressive or
censt.le yield strength of the liner material.;

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

o shel], buckling, where instability of the liner cross-section causes
localized collapse of the liner,

The borehole configurations under investigation have relatively small
diametral clearances (0,5-6,0 inches) compared with the diameter of the
borehole (36.5-42.0 inches), As a result, column buckling is not considered
possible for these borehole configuratl.ons,

The potential for shell buckling of the liner under these conditions
can be determined by examining the predictions of equations for she].l
buckling of thin-wall cylinders, The first case is for uniform 1.ongitudit,al
compress 1.on of a long, thin-wall cylinder, The critlcal longitudinal

compressive stress at which she].], buckling occurs iu given by the
theoretical equation (Timoshenko and Gcre, 1.961,)

E t
(_) = (60)

C cr
2

r J 3 (1-_)
where t is the thickness of the ].ineL',r is the mean radius of the. liner
cross-section, and v is Poisson's ratio for the liner material., Tests with

thin-walled cylinders indicate that the actual critical compressive stress
can be as small as 40% of the theoretical value (Roacke, 1971) ,

Accordingly, the above equation is modified to account for empirical
observation'

E t
(o) = 0,4 (61)C cr

r J 3 (1-_ 2)

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

2
Ert

Mtr = 0,72 2 ' (62)
l-v
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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,

M r

= cr (63)(°B)cr I '

into Eq. 62, we determine the critical bending stress at which shell

buckling of the liner occurs'

0.72 E r2t 2
(°B)cr = 2 ' (64)

I (I-_)

For a steel liner of the dimensions under consideration (r = 17.75 in.,

t = 0.5 in., E = 30 X 106 p:_i, I = 8786 in 4, _ = 0.29; see Appendix C), Eqs.

61 and 64 predict

(o) = 204 kpsiC cr

and

(OB)ct = 211 kpsi .

Thus the critical buckling stress for both pure compression and pure bending

of tile 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 tile
critical stress for pure compression. It is thus concluded that the

critical buckling stress for combined bending and compression is well above

the ultimate strength of the liner material. Preventing rupture of the

liner material is 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 ma×imum

allowable liner stress is given by the equation,

(Omax)al I = Su/F s , (65)

where S is the ultimate strength of the liner material and F is the factor
of safe_y, s

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

o The consequences of liner rupture after waste emplacement could be

rather severe in that normal 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 st_rength of 70 kpsi, the resulting safety
factor against shell buckling of the liner is approximately 12.



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

ti_e 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 stress models to calculate the allowable deviation is
summarized below.

i) Specify S and F .U S

2) Calculate the maximum allowable liner stress (u x ) according
to Eq. 65. ' ma all'

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

a. Assume some small value for borehole deviation amplitude, 6b,

b. Calculate the maximum liner stress o , for the given set of' . max
conditions according to the appropriaEe proceaures outlined in'

- Subsection 2.1 for liner insertion stresses _in boreholes

drilled with a steerable bit;

- Subsection 2.2 for liner insertion stresses in boreholes

drilled with a non-steerable bit',

. with (Omax)all'c Compare Oma _

If Oma x = (o ) _ within an acceptable error the currentmax ii .

value of 6h is t_e maxlmum allowable borehole deviation based
on liner iiSsertion stresses, i.e;

(6b) i = 6b ',

proceed with step 4.

- Ifto Oms_epX<3(amax). all' increase the estimate of 6b and return

- stepIf a_x > (°max)all' reduce the estimate of 6b and return to

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

a. Assume some small value for borehole deviation amplitude, 6b.

b. Calculate the maximum liner stress, a , for the given set of• max
conditions according to the approprlate procedures outlined in'

- Subsection 3.1 for post-emplacement liner stresses in
boreholes drilled with a steerable bit;
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- Subsection 3.2 for post-emplacement liner stresses in
boreholes drilled with a non-steerable bit;

c. Compare areax with (amax)all'

- If Urea = (am )all within an acceptable error, the current
value o_ 6b is _e maximum allowable borehole deviation based
on post-emplacement liner stresses, i.e;

(6b)P = 6b ',

proceed with step 5.

< ( increase the estimate of 6b and return- If _max amax)all'
to step 4b.

- If a > (amax) reduce the estimate of 6b and return to
stepm_, all'

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

emplacement stresses'

- If (6b) i < (6b)P, then (6b)al I = (6b)i ;

- If (6b)i > (6b)P, then (6b)al I = (6b)P ;

where (6b)al I is the maximum allowable borehole deviation based on
all liner stresses.

Computer programs DEVIATI and DEVIAT2, listed in Appendix A, have been
written to perform the above procedure for boreholes drilled with bo_h
steerable and non-,_teerable 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 Eqs. 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 Stud_

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 I

EMPLACEMENT BOREHOLE CONFIGURATIONS AND LINER INSERTION METHODS

INVESTIGATED IN PARAMETRIC STUDY

Emplacement Borehole Configuration Liner Insertion Method
Steerable Bit Non-Steerable Bit

Simultaneous Sepal'ate 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 is assumed that the vertical and short

horizontal boreholes are drilled with a non-steerable bit, followed by a

separate 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 liner 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.
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TABLE II

PARAMETER VALUES USED IN

BOREHOLE DEVIATION PARAMETRIC STUDY

Fixed (F) or

Parameter Variable (V), Parameter Va].ue(s[

d liner outer diameter F 36 inches
O'

di, liner inner diameter F 35 inches

r, mean radius of liner cross-section F 17,75 inches

t, liner thickness F 0,5 inch

E, liner elastic modulus F 30 × ].06 psi

7, liner Weight per unit volume F 489 lh/ft 3

v, Poisson ts ratio for liner material F 0,29

Su, ultimate tensile and compressive F 70 kpsi
strength of liner material

_, liner/borehole wall friction F 0.6
coefficient

=

c_), borehole diameter V 36,5, 37, 38, 39,
40, 41, and 42 in

-Z

W weight of waste container F 14,985 Ib
C _

L c, length of waste container F ].6,7 inches

d diameter of waste container F 28 75 inches
C _

Lh, borehole length V 26 ft for vertical',
32, 42, 58, 75,
270, and 350 ft
fol."horizontal

F factor of safety F 4 0

Fb, drilling thrust V 470,000 Ib foi_
lining while
d2.'i], ling ;
0 for liner

insertion only

L, borehole deviation wave].ength V 0 to L for
l)oreho_.es drill.cd

with a steerable

b i c
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Measurement:s of the friction coeffic:Ient: bet:ween var:l.(,tts types of rock
and various types of metals are compi].ed by Ort.ega and G].owka (].984) and
O].owka and Stone (].985), The data indicate t:hat the frict:.].on coefficient ts
a function of the sliding speed and the presence o17 absence of water, as

' wel]. as rock and meta], t:ypes, Most o:F. the avaJ. lab].e data la].]_ in t:l_e range
oi" # = 0,].-0,7, A va].ue reported for steel, on "dl:y tuff" is tt = 0,6, ].n
the absence of data for t:he specif:Le tuff/stec.,], colnbtntltton of interest,
this is the val.ue assumed for this analysis,

Boreholes ranging in diameter from 36,5 to 42 :Inches are considered,
This al.lows an investigation of the effect.s of borellole diameter on
allowable borehole der]at:ions,

The effective weight of the waste container is based on the heaviest
waste container specified in the RIB and tnc].udes the weight of the skid
used in horizontal boreholes, 'rbe eft!'ect:ive lengt:l_ and diameter of the
container also include the dimensions of t:he skt.d,

Tlne borehole lengths consiclered ]_n the analysis range from 26 to 350
ft, according to the emplacement conftgurat:l.ons ].tsted in Table I,

The factor of safety assumed in this analysis is 14, Justification for
this particular va].ue is provided in Section 5,1,

The drilling force imparted to t:he bit: ts t:he sum of several
components :

Fb = F1 + F 2 + F3 + F4 + F5 , (66)

where F1 = cuttelrhead thrust force

F_ = dead-wetgtnt friction attributed to inhole equipment
F_ stabilizer friction

F_ rock shearing force
F_ gravity component

o Based upon an estimate provided by Tl_e Robbins Co, for a 37-inch
diameter ro].ler bit, the cutterheacl thrust force is estimated to be

F1 = 1.50,000 ].b (Robblns, ].987),

o The dead-weight friction caused by inho]_e equipment in horizontal
boreholes is estimated as follows:

- weight of in'ho]e drill motor and bit = 21,000 ].b; plus
•. weight of muck tubes & eab].:tng = 20 000 ]b for 350-ft boreho].e

1.5 400 ].b for 270-ft borehole
4 300 lb for 75-ft borehole
3 300 ]b for 58-ft: borel-_ol.e
2 400 ].b for 42-ft boreho]e
1. 800 lb for 32-ft borehole

,li
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Sum of weight times friction coefficient (0,6) gives:

F2 = 24 600 lb for 350-ft boreholu21, 800 ].b for 270-ft boreho].e
15 200 ib for 75-ft borehole
14 600 ib for 58-ft borehole
14 000 ib for 42-ft borehole
13 700 Ib for 32-ft borehole

o Stabilizer friction is basE_d on an estimate made by Robbins (19[{7)

for lateral stabilizing force on a 37-inch dr:[.].],bit, Multl.plying
the stabilizing force (240,000 lh) by the friction coefficient

(0,6), the stabilizer friction force F3 = 144,000 lb,

o It is assumed that the leading edge of the liner may be forked to
shear a sma].l rock shoulder produced by a sudden change in drill bit
direction, The rock shoulder in the 37-inch diamter borehole is

assumed to be 0.2 inches high and to cover one-fou_.'t:hof the
circumference of the borehole, The frontal area of the rock
shoulder is then

7r (37 in) (0,2 in)/4 = 5,8 in2.

Assuming a rock unconfined compressive strength of 24,100 psi (171.
MPa) (SNL, 1987d),

F4 = (5,8 in2) (24,100 psi) = 140,000 lh,

This _.'ockshearing force value is also assumed for other borehole
diameters,

o ]lt is assumed that the horizontal, boreholes could be inclined such

that the liner and the inhole dr:l.llingequipment must be pushed up-
gradient to force it into the borehole. The weight of the ].iner and
inhole equipment is: 1.07 200 ib for 350-ft borehole

87 400 Ib for 270-ft borehole
39 500 ib for 75-ft borehole
35 300 ib for 58-ft borehole
31 300 ib for 42-ft borehole
28 800 ib for 32-ft borehole

Assuming a worst slope in the borehole of 3°, the gravity component
is (weight times sin(3°)) '

F5 = 5,600 ib for 350-ft boreho].e
4,600 Ib for 270-ft boreho].e
2,100 Ib for 75-ft borehole

1,800 ].b for 58-ft borello].e
].,600 Ab for 42-ft borehole
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Inserting the values for F1 through F5 into Eq. 66 gives the resultz

Fb = 464,000 ib for 350-ft borehole
460,000 Ib for 270-ft borehole
451,000 Ib for 75-ft borehole

450,000 ib for 58-ft borehole
450,000 ib for 42-ft borehole

449,000 ib 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 dlgits_ Fb = 470,000 lb.

Finally, for boreholes drilled with a steerable bit, the deviation

wavelength 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 f_ll wavelength is necessary to approximate the
bending configuration assumed in the stress model development.

5.3 Parametric StudZ 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 ,lore complex and are,

therefore, presented second.

5.3.1 Boreholes Drilled with a Non-Steerable Bit

The maxilnum liner stress, _, generally increases with the borehole

deviation, 6 . Because of the cha_ng liner loading configuration with

increasing _eviation, the relationship between a and 6L is somewhat

complex. Figure ii illustrates this relationship forma_orizont_l boreholes
drilled with a non-steerable bit (i.e, monotonic deviation).

The ampex vs 6b curve displays three regions. In Region A (small
borehole deviations), the liner rests on the bottom of the borehole with

contact along its entire length. Since the liner is 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 function
of the borehole deviation. The _ vs. 6, curve thus has a positive slope

ax _as no effect in this regionin Region A. The diameter of the _orehole
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 borehole curvature as deviation is further increased.
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Figure Ii - 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 Ii, Since the liner ends do not
contact the borehole wall in this state, small increases in borehole

deviation have no effect on liner loading. In other words, _ is

independent of 6 over some finite range of 6b, and the curve thus hasma_ero
slope in Region _.

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 vs.

8b curve thus has a positive slope in Region C. The maximum liner s_ss is
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 in the calculated results
presented in Figure 12. Shown here are the maximum liner stresses based on

_ost-em lacement loading in a 40 inch borehole for various horizontal
P

orehole .....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 in Figure 12 is a dashed line that represents the maximum
allowable liner stress of 17,500 psi. This allowable stress is obtained by

dividing the ultimate compressive strength of the liner material, Su, by the
assumed safety factor F , of 4. The point of intersection of each curve

' s
with the allowable stress llne defines the maximum allowable deviation based

on post-emplacement stresses, (6h) . Note that the curve for the 58-ft
borehole intersects the allowabl_ _tress 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 its 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, (6b) _ is
plotted against borehole diameter for Various borehole lengths. PxFor
tabulated results see Table B.2). The results show that with the 75-ft
borehole, the liner reaches its maximum allowable stress level at a

relatively low deviation of about 13 inches, regardless of the borehole

diameter. The stiffness (El/Lh) of the liner with this large Lb is too
small to allow the liner to reach the Region B configuration 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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Figure 1,2 - Calculated post-.emplacement liner stresses as a function of
borehole deviation characteristics in boreholes drilled with a
non-steerable bit.
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Figure 13 - Calculated maximum allowable borehole dev_tation based on post-
emplacement ]-iner stresses in boreholes drilled with a non-
steerable bit.
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a_,in Region C, The allowable deviations are thus strong functions of the
b,rehole_diameter for these shorter boreholes,

i For comparison, the calcu].atedvalues of the maximum allowable boreho].e
deviation based on liner insertion stresses, (8) _ are plotted in Figure
14. (See Table B,I for tabulated results.) The l_a_in8 configuration for
llinerinsertion without simultaneous drilling is sufficiently different from
post-emplacement loading that the curve for the 75-ft borehole is
si!gnlflcantly different. This empaslzes the need in 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 88-97Z of the liner stresses that occur at the ma×imum
alilowable borehole deviation are bendlng-lnduced, with the remaining 3-12Z
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 cycllcly deviating boreholes are also a complicated function of
the deviation magnitude. Shown in Figure 15 is a schematic for an arbitrary
borehole diameter and deviation wavelength. Three regions are again evident
along the a vs. 6L curve. In Region A (small borehole deviations), the
liner restsm_ the b_ttom 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 6. on 6 in this range.

Thus the _ vs. 6b curve has a positive slope in °Regio_aXA. Since the
borehole _vature is also a function of the deviation wavelength, L, it is
clear that L also has a strong effect on a in this range. Since the
borehole does not contact the top of them_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 is no effect of increasing
borehole deviation amplitude on the liner stresses in this case. As a

result, the slope of the amax vs. 6b curve in Region B is zero.

In Region C (large borehole deviations), borehole deviation is so large
that the top of the borehole begins 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 _ vs. 6b curve is positive in Region C. Furthermore, both the
boreho_Xdiameter and the deviation wavelength have strong effects on the

bending loads and thus amax 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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Figure 15 - Effects of borehole deviation amplitude on maximum liner
stresses for boreh,o].es drilled with a 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 maximum liner stresses for a 40-inch-dlameter, 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 tor stress levels large enough to show
the Region B and C portions of the 120- and 140-ft curves.

Also shown in 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 ft), however,
intersect the allowable stress llne in their Region A portions. The

allowable borehole deviation therefore undergoes a significant drop in
magnitude between deviation wavelengths of 75 and 90 ft.

This effect is further illustrated in Figure 17, where the maximum

allowable deviation based on post-emplacement loading, (eh) , is plotted
against devIF.tlon cycle wavelength. (See Table B.5 for tabul_t_d results).
Note that t!,e curves for all borehole diameters undergo a discontinuity at a
wavelength of about 80 ft. (Results were calculated for discrete values of

L every 5 ft; thus an uncertainty of _5 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 is attained when interference occurs between the top of the borehole
and the top of the liner, as in Region C. In this region, the liner

stresses and thus the allowable 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. In 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

dieontinuities, 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 is consistently 88% bending-
induced, with only 12% due to friction against the borehole wall. This

indicates that small deviation wave]enEths lead to m11]tip]e _nterference

points between the liner and the borehole, resulting ill sigllilicant
frlction-induced stresses. Larger deviation wavelengths lead to fewer

interference points and lower friction, resulting in larger allowable

bending stresses and, there£ore, 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 deviatio_ cycle w_ve_,,gth.
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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 17 - Calculated maximum allowable borehole deviation based on post-
emplacement liner stresses 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, (_b)i, are shown in Figures 19 andt20 for350-ft and 270-ft horiz-6nt-a_boreholes drilled with a steerable bi . The

detailed results are tabulated in Table B.6. In this case, simultaneous

drilling and lining 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 is generally lower than the

allowable deviation based 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
wavelength 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, (6b)i, is greater than the allowable deviation based on

post-emplacement stresses, (6b) , over a portion of the wavelength range,
from about 80 to 140 ft. In _ther 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 = O, the maximum allowable borehole deviation goes to one-half

the diametral clearance (d - d ) between the liner and the borehole. ThisSuggests that cyclic deviation i short boreholes may not be allowable if
the deviation results in significant interference between the liner and the
borehole.

To investigate this concern, the steerable-bit computer program
(DEVIATI) 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 is 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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Figure 20 - Calculated maximum allowable borehole deviation based on liner
insertion stresses (with simultaneous drilling) in a 270-ft
horizontal borehole drilled with a steerable bit.
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Figure 21 - Calculated maximum allowable borehole deviation based on liner
insertion stresses (no simultaneous drilling) in a 75-ft
horizontal borehole drilled wlth a steerable bit.
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Figure 22 - Calculated maximum allowable borehole deviation based on post-
emplacement liner stresses in a 75-ft horizontal borehole
drilled with a steerable bit.
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and the borehole. Cyclic deviation that results in significant interference
is allowable only in the long boreholes, and then only as large-wavelength
deviations.

5.3.4 Waste 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 is about 66 ft (see Appendix B). Under no condition
assumed in the parametric study is the liner radius of curvature less 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 follo,_ 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 borehole can be considered to be the superposltlon of cyclic
components that occur on three broad scales:

I) a small-wavelength scale, where the wavelength is an order of
magnitude smaller th_n the length of the borehole (i.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.,

Lh/lO < L < Lb); and

3) a large-wavelength scale, where the wavelength is larger than the

length of the borehole (i_e., L > Lh).

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

Small-wavelengt_ deviation components are characterlzed by the assumed
geometry of the borehole drilled with a steerable bit where the deviation

undergoes many cycles (more than i0). Such components tend to impose on the
liner large compressive stresses due to friction. The calculated results

- 58 -



indicate that the amplitude of small-wavelength deviation components must
not be much larger t_an one-half the diametral clearance between the liner
and the borehole if tl,ecombined liner stresses are expected to be below the
maximum allowable liner stress defined in this study. In other words, any

small-wavelength deviation components that exist in either short or long

boreholes must not have amplitudes large enough to cause significant
interference betw--eenthe liner and the borehole wall.

Medlum-wavelength 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

allowable 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 dlametral 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 borehole lengths. The single bend, as opposed to multiple bends,

in the liner for large-wavelength deviation components tends to moderate
stresses caused by sliding friction. The allowable deviation amplitude for
large-wavelength deviation components is significantly greater than one-half
the diametral clearance for all borehole lengths.

5.4.2 Liner Survivabilit 7

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 its deviation, should 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

analysis, 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 in

that 5orehole, 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, tl_e combined stresses caused by large-wavelength borehole
deviation components vould not increase significantly if one end of the

liner binds against the borehole wall,

Liner stresses caused by smal]-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
therefere have a significant effect on combined liner stt'esses. Because of

the safety factor employed, however, the comb.lned stresses would still

remain below the yield strength of the liner material.

5.4.4 Point-Contact Assumption

The liner stress models developed _n this teport 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 Iv

a point contact. In reality, the contact loads (P) calculated with the
models for the configurations of interest are large enough that local

deflection of the liner cross-section would occur (see the tabulated data in

Appendix B). The geometry of the liner within the borehole is such that
very small deflections of the llner cross-sectlon at a contact point are
sufficient to spread the load over a significant lengtl_. Because of this
load distribution and the relative stablllty of the liner cross-sectlon, it
is not expected that liner collapse due to lateral loading would occur

before the maximum compressive stress due to bending and friction i:eaclles
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 lapser sliding friction forces and slightly

smaller bending stresses than those predicted using the point-contact

assumption.. Thus the error caused by the polnt-contact assumption in
calculating the total liner stress tends to be self-cancellng and is further
accomodated by the safety factor and other conservative features
incorporated into the analysis.

5.5 Specifications for Selected Borehole Cor___ilfigurations

The restllts obtained in the parametric study can be tised to determine
borehole deviation specifications for a wide variety of borehole

configurations. At the present point In repository deslgn, a borehole
diameter of 37 inches is attractive li:ore the standpotrit of feasjbt]Jty and
economy. This subsection deve]ops borehr,]e deviation sl)ec:if]_:at_ons [or
this particular diameter- and the various boi. etiole orientations arid lengths
currently tinder consideration,

Possible uses of emplacement borehole deviation spec]flcations include:

o as a measure of performance against which to judge proposed drilling
methods to determine if they meet di:ii.]ing accuracy requirements;
and
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o as a quality control measure to evaluate each borehole after it is
drilled to verify its aeeeptabillty for liner install_tion 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 cyclic or monotonic in 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, &b' is the measure of deviation magnitude in
this case. A primarily monotonic borehole deviation is one where the

primary deviation is 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 sufficient 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 is greater than one-half the diametral clearance (dba d )between the liner and the borehole, It is then safe to assume that cycl_c

deviation component with an amplitude less than one-half the diametra]
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)
borehole 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 dlametral clearance between

the liner 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 is similar to that assumed for boreholes

drilled with a steerable bit, as shown in Figure 5. The amplitude of the

cyclic deviation, 6h, is the measure of the deviation magnitude in this

case. A primaril_ 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
wavelengths than the primary component may also be present. Such a geometry

may be a more realistic one than the idealized 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 llne.
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I_,OREI_IOLEDI+;VIA'rION SPF,GII_'ICATIONS
FOR 37-INGII DIAME'rI!;R,

MONOTON1' ' *C,ALL_ DEVIATING BORI!;HOLt!',S

Max t,ll!_!ItlA]. ],oWal_1 (-_,Bo !7¢_hol.___tD¢_y,!a tat.oi1, Jt!, t.
Monotonic Gompormnt Gyclic

Borehole Borehole (Total deviation at Component
.Or!.ent_!.tl, oB l.,e_+th ......_:t. ..... e!!d otz borehole)_ _(a1_1 wave!_._mgtlls)

Vortical 26 4,93 O 5

Horizontal 32 5,42 0 5

Horizontal 42 6,40 0 5

Horizontal 58 8,24 0 5

Horizontal 75 12,5 0 5

Horizontal. 270 _ * 0 5
1.55

l-lorizontal. 350 1.3__6* O, 5
252

Both ,lonotonic and cyclic deviation components Hf the magnitudes shown
are all.owe_d simultaneously, but the total end-to-end borehole deviation
should not exceed that shown for the monotonic component,

* Specift.cat.ions for t:he long borehol_es are of the format:

Sl__

S2 '

= speciftcat.ion assuming simul, tarleous drtl.lirlg and lining (value
where Si. taken as the minimutn of w:tlttos from 'i'abl, es B,2 and B,8)

S2 =, spc, ciftcattort assumtnf, separaLe ltrling opc,.ration (value taken
as] the i-ll:l.rltlnUlli of va].ulT.ls from 'l'abl.(:s B, ] and B,2)

All. otl-ie.r specifications as,_JUlllO _.;(!_p_'ll?Eli:It: drI[l.].tl]l/_ t:.llld ].tritrig o[JcJl.'/71l;J.OllS

arid are t:akori a,<J t:tlc_ lli].ritlliUln nf wll.ue,,-; t:roln Tables B,I arid B,2,
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lt is 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 B,2 indicate that liner stresses are negligible
if the amplitude in monotonic deviation is only of the same order as the
allowable amplitude for cyclic deviation components in the same size
borehole,

It is again recognized that significant liner stresses do not develop
as a result of cyclic deviation unless the amplitudes of the cyclic
components exceed one-half the dlametra] 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 increasing liner stresses,
as long as the maximum allowable borehole deviation for the primary
component _s not exceeded at any point along the borehole. It is concluded
that the maximum allowable borehole deviation is controlled by the primary
cyclic deviation component as long asl

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

o the secondary cyclic components do not have amplitudes larger than
one-half the diametral clearance or result in total borehole
deviation at any point that exceeds t1}_allowable deviation of the
primary cyclic component.

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

5.5.3 Interpretation of Borehole Deviation Specifications

The specifications listed in Tab].esIII and IV can be viewed as two
separate options for borehole geometry. If it _s 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 levels (one-half the diametral clearance between the liner
and the borehole). The use of near-blt stabilization and oversize drill
string to increase drill string stiffness may be all that is necessary to
adequately control cyclic deviation components.

If is is 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 increase in allowable cyclic
deviation amplitude is negligllblel the allowable cyclic deviation amplitude
is only slightly larger than one-ha].fthe 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
allowable 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.f

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

OrienSation ft 5 16 26 32 42 5___8_87____513_5_175 27_____0035____00

Vertical 26 0500.51055

Horizontal 32 0500.510550.58

Horizontal 42 0500_510550.580.65

Horizontal 58 0500.510540.570.640.78

Horizontal 75 0500.510540.570.630.770.93

Horizontal 270 * 0500.5__00510.520.540.600.7____01.2_62.165.18
0.500.510.520.530.580.710.882.374.069.67J

Horizontal 350 * O.5____000.5_____000.51O.520___.540.590.67 i.232.125.088.53
0.500.500.510.530.570.690.872.303.949.3915.8

" f Maximum allowable borehole deviation = primary cyclic deviation component
amplitude.
A monotonic deviation component of the same magnitude is 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_
S2 '

= specification assuming simultaneous drilling and lining (value
where S1 taken as the minimum of values from Tables B.5 and B.8)

= specification assuming separate lining operation (value taken
$2 as the minimum o_ 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

monotonic deviation component as well as for small-wavelength 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 irl
this report:

I) 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.

2) The cross-sectlon of the steel liner under consideration is
relatlvely stable in that the predicted stress required to cause

shell buckling is well above the ultimate strength of the liner
material.

3) 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 fo_ 37-inch boreholes ranging from 26 to 350 ft in

length.

4) 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 slgnifJcant changes in
borehole direction must be maintained as s_all as possible.
Significant changes here are defined as those that cause
interference (friction) 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. In the
longer (> /5 ft) boreholes under consideration, changes in borehole
direction that cause interference shouldnot occur more than three
or four times over the borehole length.

5) Constraints on borehole deviation can, in general, be relaxed by
drilllng a larger diameter borehole to provide a larger diametral
clearance between the liner and the borehole. For the 36-ipch

diameter borehole liner considered in the parametric study, the

allowable borehole deviation for a 38-itch borehole is up to twice
that for a 37-inch borehole, depending upon the deviation
characteristics.

6) With all borehole confi_uratlons, the liner must be able to slide

in the borehole in response to t,lermal 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.

7) A case-by-case examination of restilts 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.

J
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8) 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 is necessary to determine
whether liner insertion operations or post-emplacement stresses are
more severe.

9) Under the conditions (liner diameter, waste container diameter,
waste container length, etc.) assumed in this study, no problems
wlth interference between the waste containers and the inside wall
of the liner should be encountered If borehole deviation

specifications based on liner stresses are satisfied.
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7,0 NOMENCLATURE

d = m.ean diameter of liner cross-section (in)

db = borel_ole diameter (in)

d = effective diameter of waste container (in)C

di. = liner inside diameter (in)

d = liner oustide diameter (in)O

E = modulus of elasticity of liner material (lh/in 2)

Fb = drilling thrust force transmitted to bit through liner in
simultaneous drilling and lining operations (ib)

Ff = total friction force resisting sliding between liner and
borehole wall (ib)

F = safety factors

Ft = thrust force required to insert liner into borehole (Ib)

I = moment of inertia for liner cross-section (in4)

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

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

Lb = borehole length; also assumed liner length (in)

L = effective length of waste container (in)c

= critical liner bending moment at which shell buckling occurs
Mc r (in- ib)

M = maximum liner bending moment in boreholes drilled with aO

steerable bit (ft-lb)

M(xl) = maximum liner bending moment in boreholes drilled with a non-
steerable bit (ft-lh)

n = number of borehole deviation cycles = _/L for boreholes drilled
with a steerable bit

P = contact force between liner' and top of borehole (ib)
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r = mean radius of liner cross-section (in)

Ar = change in liner radius due to thermal expansion (in)

R = one-half of reaction force between ].iner and bottom of borehole

(lh)

Su = ultimate strength of liner material (lh/in 2)

t = thickness of liner cross-section (in)

AT = change in liner temperature after waste emaplcement (OF)

w = liner weight per unit length (ib/in)

W = effective weight of loaded waste container (lh)C

sL = thermal expansion coefficient of liner material (°F-l)

sR = thermal expansion coefficient of tuff (rock) (°F'l)

7 = weight per unit volume of l:[ner material (].b/in 3)

6 = midpoint deflection of liner in boreholes drl].led with a
steerable ])it (in)

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

6b = borehole deviation amplitude (in)

(6b)al I = maximum allowable borehole deviation amplitude based on all,
liner stresses (in)

(6b) i = maximum allowable borehole deviation amplitude based on ].iner
insertion stresses (in)

(6b) P = maximum allowable borehole deviation amplitude based on post-
emplacement liner stresses (in)

(6b) t = borehole deviation amplitude at: which interference develops
between the ].iner and the borehol.e wa].ls (in)

0b = endpoint slope of liner in boreholes dri].led with a non-
steerable bit (rad)

0L = left endpoint slope of equivalent beam in boreho].es dril]ed with
a steerable bit (rad)
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0R = right endpoint slope of equivalent beam in boreholes drilled
with a steerable bit (rad)

(OB)cr = critical bending stress at which shell buckling occurs (lh/in 2)

(a) = critical compressive stress at which she].l buckling occursC cr

(lh/in 2 )

)
# = friction coefficient between liner and borehole wall

w = Poisson's ratio for liner material

Pb = borehole radius of curvature (in)

Pbo = borehole radius of curvature in entrance region of boreholes
drilled with a steerable bit (in)

PL = minimum liner radius of curvature (minimu1_l over length) (in)

(PL)all = minimum allowable liner radius of curvature (based on container.
clearance) (in)

aB = maximum bending stress in liner ('ib/in2)

o = combined maximum compressive stress in liner ("liner insertionIllaX
stress" or "post-emplacement liner stress") (Ib/in _)

(o ) = maximum allowable liner stress (Ib/in 2)max all

at = maximum longitudinal compressive stress in liner due to thrust
force required to insert liner into borehole (ib/in _)

ath = maximum longitudinal compressive thermal stress in liner due to
friction against borehole wall (ib/in 2)
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APPENDIX A

FORTRAN PROGRAM LISTINGS
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'rh:l.s append:l.x eont:a:l.ns lf.st:l.ngs of the l,'ortran prog:l:au_s used :[.n t:hc_
pal:a:l.letric stuciy, The nomencl.ature used in these pl:ogra.is :Is list:e_d bcl.ew,

DB = borehole dialneter, d b (:thebes)

DBF = bort:fflole diameter, db (ft:)

I)BT .--- tabulated bol:eho].e diamet.el:s, d b (:l.nehes)

DELB = borehol.e deviation amp].itude_ 6 b (inches)

DELBF = borehole deviation amp]it-uric, 6b (fu)

DI = liner inside diameter, d i (:inches)

DIF = liner inside diameter, d i (ft)

De = liner outside diameter, d (inches)o

I)OF = liner outside diameter, d (ft)
o

E = elastic modulus, E (lh/ft _,)

FB = dri].ling thl:uSt force transmitted to bit, Fb (lh)

li'F = friction force between liner and borehole wall, Ff (lh)

FS = factor of safety, Fs

GAM = liner weight pe.r unit volume, 7 (lh/ft a)

L = deviation wavelength, L (ft)

LB = bor.thole length, Lb (ft)

LBT = tabulated boreho].e lengths, Lb (ft)

LC = effective length of waste eonta].r_er,L (ft)e

LT = tabu].ated deviation wave].ength, L (ft)

MI = ].inel: IIlolnent of inertia, I (ft 4 )

MO = liner bending moment, M (ft:-lb)
o

_. MX1 = li.net bending moment, M(x].) (ft-lh)

MU = rock/li.net friction coefficient:, #

P = mid-po:l.nt o1: e.nd-polnt cor_t:act fol/ce between ]trlel. _ and 1)orehole
wall, P (lh)
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RB = borehole radius of curvature:, f'b (f:t:)

RL =, l:trter radius of curvature, f'b ([t)

RI+,MIN = in:l.niiiittln al].owab].(:, litlet' ractltts o:i'? eLtl+_Vat:LtlI.+(:, ba,':.+¢+d oft wast:o

corttaltler e]+eat:al3ce, (PI..,)all (ft)

SI = liner stress clue to thrust force l:eqttired to insert ].ttter :[nto

borehole, o t (lb/l.n _)

SIC = combined compressive ].iner st;ress, u (lh/in ?.)Illfl>_

SI(_C;R'rB = critical compressive stress for shell buckling, (ac)ct (].b/in _)

SIC;CRTC = critical bending stress for shell buckling, (OB)ct (lh/in _)

SICTt-I = combined compressive lit-mr stress based on post-e,lplacelnent
loading, a (].b/t.n _)

lillY

SAFSIG = maximum allowable liner stress, (Omax)al 1 (].b/in _)

SB = bending stress, o B (lb/in _)

SBBC = bending stress assuming continttous corttaet between the liner and

the borehol.e wall, o B (lh/in 2)

SU = ulcimate compressive liner strength, Su (lh/in _)

W = liner weight per unit 1.ength, w (lh/ft)

WC = effective weight of waste container, Wc (lh)

WTH = liner weight per unit length, fully loaded with waste, w (ib/ft)

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

77



A,I L%s_ing of PROGRAM D_EVIATI

This section of Appendix A lists a Fort_.'anprogralli(DEVIATI,I_'OR) fo_

computing the maxilnuillallowable borehole deviation bas_d on either ].in_,r
insertion stresses or post-emplacement liner st1.'essesin either."_or:l,fzonta],
or yet.'ticalboreholes drilled with a s.tT.eorab!_bit, This progralll wan used
to generate the output listed irt'l'able_sB,5, B,6, and B,7 in Appeu_dix B,
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PROORAM DEVIAT1
IMPLICIT REAL*8(A'tloLIMIO'Z)
REAr,*8 DELBDB(7)IDBT('/)It, BT(7)lLT(35)tl
CtlARACTER*I CONTsREST
OPEN(UNIT_2sNAME=*TTABULAT,DAT*sSTATtJS_*NEW _)
OPEN(UNIT=3,NAME='TABULAT,DAT',STATUS=INEW *)
OPEN(UNIT=4,NAME='DELBVL,DAT'lSTATUS=*NEW i)
WRITE(3,6666)

6666 FORMAT(' RUN WITtl DEVIAT1,FOR')
CONT=IV'
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,
LT(1)=5,
LT(2)=IO,
LT(3)=16,
LT(4)=21,
LT(5)=26.
LT(6)=32.
LT(7)=42.
LT(B)=58,
LT(9)=75,
LT(IO)=BO,
LT(11)=85,
LT(12)=90,
LT(13)=95,
LT(14)=I00
LT(15)=110
LT(16)=120
LT(17)=135
LT(18)=140
LT(19)=150
LT(20)=160
LT(21)=170
LT(22)=175
LT(23)=200
LT(24)=240
LT(25)=270
LT(26)=300
LT(27)=350
WRITE(5,6669)

6669 FORMAT(' LINER INSERTION (I) OR POST-EMPLACEMENT (2) LOADING?*)
READ(5,*)ITYPE
]F(ITYPE ,EQ. I)WRITE(],6670)

6670 FORMAT( _ LINER INSERTION LOAD[NO SPECIFIED _)
IF(ITYPE .EQ. 2)WRITE(3,6671)

6671 FORMAT(' POST.EMPLACEMENT LOADING SPECIFIED')
PI=3.14159
E=30,OE+06*144,
MU=O,6
D0=36,
DOF=DO/12,
DI=35,
DIF=DI/12.
MI=P]/64.*(DOF**4"DIF**4)
GAM=489,0
WC=14985.
LC=16,7
W=PI/4,*(DOF**2.D1F**2)*QAM
WIH=W+WC/LC
IF(ITYPE .EQ, 2)W=WTH
WH=W
WTHH=WTH
WV=O.
WTtlV:O.
DC=28,75
DCF=DC/12.
RLMIN=LC**2/B./(DIF.DCF).DCF/2,
WRITE(5,6667)RLMIN
WRITE(3,6667)RLMIN

6667 FORMAT( _ MINIMUM ALLOWABLE LINER RADIUS OF CURVATURE=',
I FI0.2,' F[ (BASED ON CONTAINER CLEARANCE)')
RNUF=1..O.29**2
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BIQCRTB=Oo72*E/144,*((DIF+DOF)/4,)**2*(O,5/12)**2/RNUF/MI
BIOCRTC=O,4*E/144,*(O,5/12,)/((DIF*DOI_)/4,)/(3**O°5)/RNUF**O,5
WRITE(Ss6668)910CRTB,SIQCRTC
WRITE(3_666B)SIOCRTB_SIGCRTC

6668 _oRMAT( I CRITICAL BUCKLINO STRESS BASED ON IIENDINO=q
1 ,_12 4 ' PSlIl
I ' I CRITICAL BUCKLINQ STRESS BASED ON COMPRESSION =I

3 ,E12,4, I PSE _)
FS=4,0
WRITE(3s3)FS
WRITE(4s3)FS

3 FoRMAT(I I:S=l F7,2)
SU"70000.
BAFSIQ:SU/IS
FB=O,
IF(ITYPE ,EQ, 1)TIIEN
WRITE(So 4 )

4 FORMAT(_ ENTER FB IN LB*)
READ(SI*)FB

ENDIF
WRITE(3_6)FB
WRITE(416)FB

6 FORMAT( i FB:plIFIO,21i LBF I)
WRITE(2,2777)

2777 FORMAT( _ LB (FT) L (FT) DB = 36.5 37 38 _
I t 39 40 41 421)
DO BOO 11=I,7
LB:LBT(II)
I (11 ,EQ, 1)THEN
W:WV

. h,
WTtI:WTHV
WRITE(3a21)LB
WRITE(4_21)LB

21 FORMAl(/I LB=IsF7,3, J FEET (VERTICAL) l)
ENDIF
IF(II ,NE, I)TtlEN
W=WH
WT H=WTtlH
WRITE(3s22)LB
WRITE(4,22)LB

22 FORMAT(/i LB_',FT,3, I FEET (HORIZONTAL) I)
ENDIF
DO 790 J=I,7
DB:DBT(J)

WRITE(_:32)DBWRITE( 32)DB
32 FORMAT(/i DB=°,FT.3, _ INCIIESi)

DBF=DB/12.

WRITI;(3,61)
61 FORMAT(/IX,' L (FT) DELBM

1 (IN) ',
2 I P (LB) SB (PSI) Sl (PSI) SIQ (PSI) '
3 _ CONTACT SlOTtl (PSi) RESTj )

F(I'I EQ 1)K1=5
F(I1EQ 2)KI=6
F(II EQ 3)KI=7
F(II EQ 4)KI=8
F(II EO 5)KI=9
F(II EQ 6)KI=25
F(ll EQ 7)KI=27

DO 780 K=I,KI
L=LT(K)
DELBO=O,25+O,O000001
IFLAG:O
NI=lO000
DIT=O,01

100 PO 400 12=I,NI
DELB=DELBO+I2*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,
RI.=E*MI/HO
RB=L**2132./DELBF+DELBF/2,
IF(P ,GT, O,)THEN
CONT='I i
SB=DO_*L/MI*(PII6,'+W*LI24,)/144.
SBBC:E*DOF/(L**2/16./DELBF+DELBF'DBF.DOF)/144.
IF(SB .GT, S_BC)THEN
SB=SBBC
CONT:_D I
RL=RB'DBF/2.+DOF/2.
ENDIF
FF:MU*LB/L*(2,*P+W*L)
IF(ITYPE .EQ, 2 ,AND, 11 ,NE, I)FF=FF/2,
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SI=4./PI/(DOF**2-DIF**2)*(FF+FB)/144.
SIG=SB+SI
GO TO 300
ENDIF
P=O.
CONT='H'
MO=W'L**2/12.
IF(W .EQ. O.)THEN
RL=I.0E+6
GO TO 105

ENDIF
RL=E*MI/MO

105 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 I
RL=RB-DBF/2.+DOF/2.
ENDIF
FF=MU*W*LB
IF(ITYPE .EQ. 2 .AND. 11 .NE. I)FF=FF/2.
SI=4./PI/(DOF**2-DIF**2)e(FF+FB)/144.
SIG=SB+SI

300 IF(IFLAG.EQ.4)GO TO 500
IF(SIG .GT. SAFSIG)GO TO 410

400 CONTINUE
410 DELBO=DELB-DIT

IFLAG=IFLAG+I
NI=lO
IF(IFLAG.EQ.I)DIT=O.O01
IF(IFLAG.EQ.2)DIT=O.O001
IF(IFLAG.EQ.3)DIT=O.O0001
IF(IFLAG.EQ.4)THEN
DIT=O.
NI=I
ENDIF
GO TO 100

500 'RL .LT. RLMIN)THEN
IF(CONT .KE. ID')CONT='C i
IF(CONT .EQ. 'D')CONT='Z'

ENDIF
IF(SIG. GT. SAFSIG)CONT=tW '
DELBDB(J)=DELB
PTH=384.*E*MI/L**3*(DELBF-(DBF-DOF)/2.)-WTH*L/2
MOTH=PTH*L/8.+WTH*L**2/12.
IF(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.
IF(II .EG. I)FFTH=FFTH*2.
SITH=4./PI/(DOF**2-DIF**2)*FFTH/144.
SIGTH=SBTH+SITH
GO TO 520
ENDIF
PTH=O.
SBTH=DOF/MI*WTH*L**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.
IF(II .EQ. I)FFTH=FFTH*2.
SITH=4./PI/(DOF**2-DIF**2)*FFTH/144.
SIGTH=SBTH+SITH

520 CONTINUE
REST=II I

IF(SIGTH .GE.SIG )REST='T i
WRITE(3,530)L,DELB,P,SB,SI,SIG,CONT,SIGTH,REST

530 FORMAT(IX,F12._,1X,FI2._,1X,E12./1 1X,F12.2,1X,FI .2,1X,F1 .2,5X,A .4X,FI2.2,4X,AI)
_T=IVJ......

IF(K.EQ.I)THEN
LDUM=O.-

DELBDUM=(DB'DO)/2.
WRITE(4,6OO)LDUM,DELBDUM
ENDIF

WRITE(4,6OO)L,DELB
_ 600 FORMAT(FIO.I,',',FIO.5)

7',0 CONTINUE
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790 CONTINUE
WRITE(2,785)LB,L,DELBDB(!),DELBDB(2),DELBDB(3),DELBDB(4),

I DELBDB(5) _ELBDB(6),DELBD@(7)
785 FORMAT(4X,F4.0,8X,F4.0,SX,7(2X,F6.3))

, 800 CONTINUE ...
1000 CONTINUE ..

END



A.2 Listin£ 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 liner insertion or post-emplacement liner
loading in either horizontal or vertical boreholes drilled with a steerable

bit. This program was used to generate the output listed in Table B,4 in
Appendix B.
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PROGRAM STRESS'
IMPLICIT REAL*8(A'H,L,M,O'Z)
REAL*8 DELBDB(7),DBT(7),LBT(6),LT(25),I
CHARACTER*I CONT

OPEN(UNIT=2,NAME=_TTABULAT.DAT ',STATUS=aNEW _)
OPEN(UNIT=3,NAME='TABULAT.DAT',STATUS='NEW')
OPEN(UNIT=4,NAME='DELBVL.DAT',STATUS='NEW')
WRITE(3,6666)

6666 FORMAT(' RUN WITH STRESSI.FOR')
CONT='V '
DBT(I)=36.5
DBT(2)=37.
DBT(3)=38.
DBT(4)=39.
DBT_5)=40.
DBT(6)=41.
DBT(7)=42.
LBT(1)=350.
LT(I)=42.
LT(2)=58.
LT(3)=75.
LT(4)=80.
LT(5)=85.
LT(6)=90.
LT(7)=120.
LT(8)=140.
WRITE(5,6669)

6669 FORMAT(' LINER INSERTION (I) OR THERMAL EXPANSION (2) ?')
READ(5,*)ITYPE
IF(ITYPE .EQ. ')WRITE(3,6670)

6670 FORMAT(' LINER INSERTION SPECIFIED')
IF(ITYPE .EQ. 2)WRITE(3,6671)

6671 FORMAT(' LINER THERMAL EXPANSION SPECIFIED')
PI=3.14159
E=3O.OE+06*144.
MU=0.6
D0=36.
DOF=DO/12.
DI=35.
DIF=DI/12.
MI=PI/64.*(DOF**4-DIF**4)
GAM=489.0
WC=14985,
EC=16.7
W=PI/4.*(DOF**2-DIF**2)*GAM
IF(ITYPE .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

6667 FORMAT(' MINIMUM ALLOWABLE LINER RADIUS OF CURVATURE='
I FI0.2,' FT (BASED ON CONTAINER CLEARANCE)')

RNUF=1.-0.29*_2
S]GCRTB=O.72*E/144.*((DIF+DOF)/4.)**2*(O.5/12)**2/RNUF/MI
SIGCRTC=O.6*E/144.*(O.5/12.)/((DIF+DOF)/4.)/(3**O.5)/RNUF**0.5
WRITE(5,6668)SIGCRTB,SIGCRTC
WRITE(3,6668)SIGCRTB,SIGCRTC

6668 FORMAT(' CRITICAL BUCKLING STRESS BASED ON BENDING='
I ,E12.4,' PSI'/
I ' CRITICAL BUCKLING STRESS BASED ON COMPRESSION;'
3 ,E12.4,' PSI')

FB=O.
IF(ITYPE .EQ. ')THEN
WRITE(5,4)

4 FORMAT(' ENTER FB IN LB')
READ(5,*)FB
ENDIF

WRITE(3,6)FB
WRITE(A,6)FB

6 FORMAT(' FB=',FIO.2,' LBF')
DO 800 11=I,1
LB=LBT(II)
WRITE(3,22)LB
WRITE(4,22)LB

22 FORMAT(/' LB=',F7.3,' FEET (HOR]ZO,_TAL)')
DO 790 J=5,5
DB=DBT(J)

WRITE(4,32)DB
32 FOPMAT(/' DB=',F7.3,' INCHESD)

DBr=DB/12+
_RITE(3,60)-

60 FORMAT(/IX,' L (FT) DEL_M
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1 (IN) ',
2 _ P (LB) SB (PSI) SI (PSI) SIG (PSI) '
3 i CONTACT i)
DO 780 K=I,8
L=LT(K)
N1=40
DIT=O.I

100 DO 400 12=I,NI
DELB=I2*DIT
DELBF=DELB/12.
P=384.*E*HI/L**3*(DELBF'(DBF-DOF)/2.)-_J*L/2
HO=P*L/8.+W*L**2/12.
RL=E*HI/HO
RB=L**2/32./DELBF+DELBF/2.
]F(P .GT. O.)THEN
CONT=IT i
SB=DOF*L/HI*(P/16.+W*L/24.)/144.
SBBC=E*DOF/(L**2/16./DELBF+DELBF'DBF+DOF)/144.
IF(SB .GT. SBBC)THEN
SB=SBBC
CONT=ID ,
RL=RB-DBF/2o+DOF/2.
ENDIF
FF=MU*LB/L*(2.*P+W*L)
]F(ITYPE .EQ. 2)FF=FF/2.
SI=4./PI/(DOF**2-DIF**2)*(FF+FB)/144.
SIG=SB+SI
GO TO 300
ENDIF
P=O.
CONT=IHI
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=HU*W*LB
IF(]TYPE .EQ. 2)FF=FF/2.
SI=4./PI/(DOF**2-DIF**2)*(FF+FB)/144.
SIG=SB+SI

300 CONTINUE
305 IF(RL .LT. RLMIN)THEN .f

IF(CONT .NE. ID')CONT='CJ
IF(CONT .EQ. ID')CONT=fZI

ENDIF
WRITE(3,310)L,DELB,P,SB,SI,SIG,CONT

310 FORMAT(1X,F12.1,1X,FI2.5,1X,E12.4,
I 1X,F12.2,1X,F12.2,1X,F12.2,5X,A1)
CONT='V'
WRITE(4,320)DELB,SIG

320 FORMAT(FIO.5,',I,E12.4)
400 CONTINUE
780 CONTINUE
790 CONTINUE
800 CONTINUE
1000 CONTINUE

END
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A.3 Listin_ of PROGRAM DEVIAT2v

This section of Appendix A lists a Fortran program (DEVIAT2,FOR) for
computing the maximun_' allowable borehole deviation based on either liner
insertion stres_e_.or [iiost-,emplacementliner stresses in either horizontal

or vertical bor,_:l;"i,_l?"sdrilled with a non-steerable bit, This program was
used to generate, '_:/_e'_Output listed in Tables B_[ B_2, and B,8 in Appendix
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PROGRAM DEVIAT2

IMPLICIT REAL*8(A'H,L,M,O'Z)
REAL*8 DBT(7),LBT(7),I
CHARACTER*I CONT,REST
OPEN(UNIT:3,NAME=_TABULAT.DAT _,STATUS='NEW ')
OPEN(UNIT=4,NAME:IDELBVL.DAT',STATUS='NEW I)
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 (I) OR POST-EMPLACEMENT (2) LOADING?')
READ(5,*)ITYPE
IF(ITYPE .EQ. 1)WRITE(3,6670)

6670 FORMAT( _ LINER INSERTION LOADING SPECIFIED°)
IF(ITYPE .EQ. 2)WRITE(3,6671)

6671 FORMAT(' POST-EMPLACEMENT LOADING SPECIFIED')
PI=3.14159
E=30.OE+06*144.
MU=0.6
D0=36.
DOF=DO/12.
DI=35.
DIF=DI/12.
MI=PI/64.*(DOF**4-DIF**4)
GAM=489.0

WC=14985. .
LC=16.7
W=PI/4.*(DOF**2"DIF**2)*GAM
WTH=W+WC/LC
IF(ITYPE .EQ. 2)W=WTH
WH=W
WTHH=WTH
WV=O.
WTHV=O.
DC=28.75
DCF=DC/12.
RLMIN=LC**2/8./(DIF'DCF)-DCF/2.
WRITE(5,6667)RLMIN
WRITE(3,6667)RLMIN

6667 FORMAT(' MINIMUM ALLOWABLE LINER RADIUS OF CURVATURE=',
I FI0.2,' FT (BASED ON CONTAINER CLEARANCE)')
RNUF=1.-O.29**2
SIGCRTB=O.72*E/144.*((DIF+DOF)/4.)**2*(O.5/12)**2/RNUF/MI
SIGCRTC_O.4*E/144.*(O.5/12.)/((DIF+DOF)/4.)/(3**O.5)/RNUF**O.5
WRITE(5,6668)SIGCRTB,SIGCRTC

WRITE(3,6668)SIGCRTB,SIGCRTC
6668 FORMAT(' CRI'ICAL BUCKLING STRESS BASED ON BENDING='

I ,E12.4,' PSI'/
I ' CRITICAL BUCKLING STRESS BASED ON COMPRESSION='
3 ,E12.4,' PSI')

FS=4..O

WRITE(3,3)FS
WRITE(4,3)FS

3 FORMAT( _ FS=_ F7.2)l

SU=70000.
SAFSIG=SU/F_
FB=O.
IF(ITYPE .EQ. I)THEN
WRITE(5,4)

4 FORMAT( I ENTER FB IN LB')
READ(5,*)FB
ENDIF

WRITE(3,6)FB
WRITE(4,6)FB

6 FORMAT(' FB=',FIO.2,' LBF')
DO 800 11=I,7
LB=LBT(!!)
L=LB/2.
IF(II .EQ. I)THEN
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WTH=WTHV
WRITE(3,7)LB
WRITE(4,7)LB

7 FORMAT(/' LB=i F7o3,' FEET (VERTICAL)')#

ENDIF
IF(II .NE. I)THEN
W=WH
WTH:WTHH
WRITE(3,B)LB
WRITE(4,8)LB

8 FORMAT(/' LB=',F7.3, i FEET')
ENDIF
WRITE(3,13)

13 FORMAT(/I_,'DB (IN) RB (FT)
I DELBM (IN) ',
2 _ P (LB) SB (PSI) SI (PSI) SIG (PSI)
3 ' CONTACT SLOTH (PSI) REST')

DO 790 J=I,7
DB=DBT(J)
DBF=DB/12.
IFLAO=O
NI=lO00
DIT=500.
RBO=O.

118 DO 400 IG:NI,I,-I
RB=RBO+IG*DIT
THBR=(LB/RB)
CTH2=COS(THBR/2.)
CTH=COS(THBR)
DELB=RB*(1-CTH)*12.
p=3.*E*MI/L**3*(RB*(I.CTH2)..(DBF-DOF)/2,*(I.+CTH2))'3.*W*L/8,
MXI=P*L+W*L**2/2.
RL=E*MI/MXI
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.
IF(SB .GT. SBBC)THEN
SB=SBBC
CONT='D i
RL=RB-DBF/2.+DOF/2.
ENDIF
FF=2,*MU*(2.*P+W*L)
IF(ITYPE .EQ. 2 .AND. 11 .NE. I)FF=FF/2.
SI=4./PI/(DOF**2-DIF**2)*(FF+FB)/144.
SIG=SB+SI
GO TO 300
ENDIF
P=O.
CONT=IH '
MXI=W*L**2/2,
IF(W .EQ, O)THEN
RL=I,0E+06
GO TO 290
ENDIF
RL=E*MI/HXI

290 SB=DOF*L/2./MI*(W*L/2.)/144.
SBBC=E*DOF/(2.*RB-DBF+DOF)/144.
IF(SB .GT. SBBC)THEN
SB=SBBC
CONT='B'
RL=RB'DBF/2.+DOF/2,
ENDIF
FF=HU*W*LB
IF(ITYPE ,EO. 2 .AND. 11 .NE, I)FF=FF/2,
SI=4./PI/(DOF*W2-DIF**2)*(FF+FB)/144,
SIG=SB+SI

300 CONTINUE
IF(SIG .GT, SAFSIG)GO TO 500

400 CONTINUE
IF(IFLAG ,EO, 4)GO TO 700
RB=RB'DIT

500 RBO=RB
IFLAG=IFLAG+I
NI=lO0
IF(IFLAG.EO.1)DIT=5,
IF(IFLAG.EO.2)DIT=O.05
IF(IFLAG.EQ,3)DIT=O.O005
IF(IFLAG,EO,4_THEN
DIT=O.O005
NI=I

ENDIF
GO TO 118

-- 700 THEND=W*L**3/6./E/MI+P*L**2/2./E/HI
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THMAX=THBRI2,
IF(THEND .QT, THMAX)TIIEN
IF(CONT .EQ, IT')CONT='A'
IF(CONT .EQ, IDI)CONT='A'

ENDIF
IF(RL ,LT, RLMIN)CONT='C'
IF(SIG, GT. SAFSIG)CONT='W'
PTH=3,*E*MI/L**3*(RB*(I.CTH2).(DBF.DOF)/2.*(I,_CTH2)).3,*WTH*L/8.
MXITH=PTH*L+WTH*L**2/2.
IF(PTH ,GT, O.)THEN
SBTH=DOF*L/2,/MI*(PTII+WTH*L/2,)/144,
SBBCTH=E*DOF/(2,*RB.DBF+DOF)/144,
IF(SBTH .OT, SBBCTH)TIIEN
SBTH=SBBCTH

ENDIF
FFTH=2.*MU*(2.*PTH+WTH*L)
FFTH=FFTH/2,
IF(II ,EQ. I)FFTH=FFTH*2.
SITH=4,/PI/(DOF**2-DIF**2)*FFTH/144,
SIGTH=SBTH+SITH
00 TO 708
ENDIF
PTH=O,
SBTH=DOF*L/2,/MI*(WTH*L/2.)/144.
SBBCTH=E*DOF/(2,*RB.DBF+DOF)/144.
IF(SBTH .GT. SBBCTH)THEN
_BTH=SBBCTFI

ENDIF
FFTH=MU*WTH*LB
FFTH=FFTH/2,
IF(II ,EQ. I)FFTH=FFTH*2,
SITH=4./PI/(DOF**2.DIF**2)*FFTH/144,
SIGTH_SBTH+SITH

708 CONTINUE
REST=II I
IF(SlOTH .GE. SIG)REST=JT I

WRITE(3,715)DB,RB,DELB,P,SB,SI,SIO,CONT,SIGTH,REST
715 FORMAT(1X,F6.2,1X,F12.1,1X,F12.5,1X,E12.4,

I IX,FI2.2,1X,F12.2,1X,F12.2,5X,AI,4X,FI2.2,4X,AI)
CONT=IV l

WRITE(4,720)DB,DELB
720 FORMAT(FIO.I,',I,FIO.5)
780 CONTINUE
790 CONTINUE
800 CONTINUE
1000 CONTINUE

END



A,4 Listing of PROGRAM STRESS2,

This seet_.on of Appendix A lists a Fortran program (STRESS2,FOR) for
computing the ma×imum liner stress as a function of deviation amplitude and
boreho].e I' ,_gth for liner insertion or post-emplacement ].inel:loading in
either horizontal or vertical boreholes drilled with a non-steerable bit,

This program was used to generate the output listed in Table B,3 in Appendix
B,
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PROORAM STRESS2

IMPLICIT REAL*B(A'HiL,M,O'Z)
REAL*8 DELBDB(7),DBT(?),LBT(6),LT(25),I
CHARACTER*I CONT

OPEN(UNIT=2,NAME=ITTABULAT,DAT',STATUS='NEW')
OPEN(UNIT=3,NAME=ITABULAT,DAT',STATUS=INEW')
OPEN(UNIT=4,NAME='DELBVL,DAT',STATUS='NEW')
WRITE(3,6666)

6666 FORMAT(' RUN WITH SIRESS2.FOR')

CONT='V' ,: .
DBT(1)=40.
LBT(1)=32.
LBT(2)=42.
LBT(3)=S8.
LBT(4)=75.
WRITE(SI6669)

6669 FORMAT( i LINER INSERTION (I) OR POST.EMPLACEMENT (2) LOADING?')
READ(5,*)ITYPE
IF(ITYPE .EQ. I)WRITE(3,667O)

6070 FORMAT( _ LINER INSERTION SPECIFIED _)
IF(ITYPE .EQ, 2)WRITE(3,6671)

6671 FORMAT( _ POST.EMPLACEMENT LOADING SPECIFIED')
PI=3.14159
E=3D,OE+06*144.
MU=0.6
D0=36.
DOF=DO/12.
DI=35.
DIF=DI/12.
MI=PI/64.*(DOF**4.DIF**4)
GAM=489,0
WC=14985.
LC=16.7
W=PI/4.*(DOF**2-DIF**2)*GAM
IF(ITYPE .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

6667 FORMAT(' MINIMUM ALLOWABLE LINER RADIUS OF CURVATURE=',
1 FIO.2,' FT (BASED ON CONIAINER CLEARANCE)')

RNUF=1..O.29**2
SIGCRTB=O.72*E/144.*({DIF+DOF)/4.)**2*(O.5/12)**2/RNUF/MI
SIGCRTC=O.6*E/144.*(O,5/12.)/((DIF+DOF)/4.)/(3**O.5)/RNUF**O.5

WRITE(5i.',',_')SIGCRTB,SIGCRTC
WRITE(3,_( J8)SIGCRTB,SIGCRTC

6668 FORMAT(' CRITICAL BUCKLING STRESS BASED ON BENDING='
1 ,E12.4,' PSIe/
I _ CRITICAL BUCKLING STRESS BASED ON COMPRESSION='
3 ,E12.4,' PSI')

FB=O.
IF(ITYPE .EQ. I)TIIEN
WRITE(5,4)

4 FORMAT(' ENTER FB IN LB')
READ(5,*)FB
ENDIF

WRITE(3,6)FB
WRITE(4,6)FB

6 FORMAT( i FB=',FIO.2,' LBF')
DO 800 11=I,4
LB=LBT(II)
L=LB/2
WRITE(3,22)LB
WRITE(4,22)LB

22 FORMAT(/' LB=',F7.3, ' FEET (HORIZONTAL)')
DO 790 ,I=I,1
DB=DBT(J)
WRITE(3,32)DB
WRITE(4,32)DB

32 FORMAT(/' DB=',FT.3, ' INCHES')
DBF=DB/12.
WRITE(3,60)

60 FORMAT(/IX,' DB (IN) DELB
I (IN) ',
2 ' P (LB) SB (PSI) Sl (PSI) SIG (PSI)
3 ' CONTACT')

NI=ISO
DIT=O.01

100 DO 400 12=I,NI
THB=I2*DIT
CTH2=COS(THB/2.)
RB=LB/THB
DELBF=RB*(I.COS(THB))
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DELB=DELBF*12o
p=3.*E*MI/L**3*(RB*(I.CTII2)'(DBF'DOF)/2.*(I.+CTII2))'3.*W*L/8,
MXI=P*L+W*L**2/2,
RL=E*MI/MXI
IF(P ,QT, O,)THEN
CONT==T=
BB=DOF*L/2,/MI*(P+W*L/2.)/144,
SBBC:E*DOF/(2,*RB.DBF+DOF)/144,
IF(SB ,QT, SBBC)THEN

SB=SBBC
CONT==D°
RL:RB.DBF/2.+DOF/2,
ENDIF
FF:2,*MU*(2,*P+W*L)
IF(ITYPE ,EO, 2)FF=FF/2,
SI:4,/PI/(DOF_*2.DIF**2)*(FF+FB)/144,
SIO:SB+Sl
OO TO 300
ENDIF
P=O,
CONT=IH i
MXI=W*L**2/2,
RL:E*MI/MXI
SB:DOF*L/2,/MI*(W*L/2,)/144,
BBBC=E*DOF/(2,*RB-DBF+DOF)/144,
IF(SB ,QT, SBBC)'fHEN
SB=SBBC
CONT=IB t
RL=RB.DBF/2,+DOF/2,
ENDIF
FF=MU*W*LB
IF(ITYPE ,EQ, 2)FF=FF/2,
SI=4./PI/(DOF**2-DIF**2)*(FF+FB)/144,
SIO:SB+Sl

300 CONTINUE
305 ]F(RL ,LT, RLMIN)TIIEN

IF(CONT ,NE. IDa)CONT=IC I
IF(CONT .EQ. IDI)CONT=IZ i
ENDIF

WRITE(3,310)DB,DELB,P,SB,SI,SIQ,CONT
310 FORMAT(1X,F12.1,1X,F12.5,1X,E12.4,

I IX,FI2.2,1X,FI2.2,1X,FI2.2,5X,AI)
CONT:IV i

WRITE(4,320)DELB,SIG
320 FORMAT(FIO.5,I,I,E12.4)
400 CONTINUE
780 CONTINUE
790 CONTINUE
800 CONTINUE

, 1000 CONTINUE
END
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APPI_NI)IX B

TABUId_'I'ED PROC;ILa_I4OUTPUT
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'.l_ll:Ls appc_ncLix cor,.t:ain,_J t',hu outpul_ '.l.i_lt::l.ttgs l!l_o,i tllc_ lq_l:t'.l_atl i_rc,gl:aln_J
ll, sl:c+Jd in Appc, ncLix A for t:h++ pztranit:c_l,+iu study c.ottcL:It::l,otts, NOlilet+ic,],d:tl:ttrc._LtS(:_d
in t:lm tal,i+s in t:hl.s +tpp+_ttdlx l+s J+:l,st:od b+,low,

FS = factor of saJfoL',y, Is

I+'B = dl:il+:l.ng t:l-tru_Jt: force transm:lt:t:ed t:o bl.t:, Fb (].b)

LB .=, borehole lc+ngt:h, Lb (ft:)

I)B = I)ol:ehol.e di.tuner:el. +, db (:l.n)

RB =, minl.mum allowable bor+hole rat{LiLts of cttl?vatttl.+e I.+asod on stress
(ft)

I)t:!',LBM ,= maximum al].owable bore, hol.e dev:l.at:J.on ba::_ed on st:rc_ss, (Sh) i or
(Sh) p , (lh/in ?')

P = .lid-point olr end-poirtt conf.:act: fol:ce bet:ween l:Itte, r at_cl borehole
Wa]+] , P, tttldel. + Iltaxiltlttln all.owabJ.e borel+,ol¢, clc+vtation (lh)

SB = line:l. + bending stf+ems, oB, t.ttldC!l._ Ill+.t>t].lllttlll allowablo bore ltc+l_+_
deviatiot_ (lh/in ?')

SI longitudtrtal, compressive stress duo to 1.:l.tter insel:t:iott force, 1== 151 , !

o1: clue to t_heL'lflltl expallsl.ori fl.+tct:lon for(.'e, oth , tinder lllgiXillltllll
nl. lowabl.e borehol.e deviation (1.1)/In m)

SIC+ = combined eompl:essi\,c_ stress in 1.:lt-tc_r under r_laxl.mtttn al.lc_w+tbl+e
borehole devt.ation, u (1.b/t.n ?')

IllglX

SIGTII = combined compl'ess.ive stress :l.n l. lne+r trader maximum all.owal)le
borc, hole dc+,v:l.at_on o assuming post-emplace,lettt loadtrlg
( 1.b/in ?') ' max'

CONTACT.=, type of contact between the lt.tmr and tlle borc.,hol.e wall',
=+ T ii:' the ends of tl_e l._.tmt + cortt:aet, the t:op oft' the borehole wall.

(P>O) atl__dI)oint: cont:act, wtr:tr tile bott:.oln (,f the bor(+.Ito]e wet]] is
calculated

= D if t:lte ends of tl+e linc_r c:ot_t.act t:llc_ t:op of.' t.lte borehole wal.1
(P>O) an(__l (it st:.t,t.l_ttt:ecI c:ottt:ac:t with t.lt(-,+bc_t.t.om of the+, borc,hc,le
wall ts calct+tl.at:ed

=: li if" the ettds of tltc, llt.::+r do trot. (.:cJtlt:a¢:t: tire t:ot.+ o17. t:lic-., btit?et_ole
wall (I:'=O) +2.nel p(,lnt contact wlt-I_ tl_e bottc,m of.. the borehol.e
wall :l.q calcttl+_t:ed

=:+B t.f tlte end.,..+ of t:lte l:itt(.,r do nor c(,tltart tl_o t:(+I, of:' t:l+e borehole
wall (P,:+O) an(t clt.._;t I'Jbttt:o(l (:c._tlt+tc'+t W[ tt* t:ltc+' bot:t:om of t:he
bc_rc_.,Itole wall t:-; ral.c:',.tlated

+='C li cotttz_(:t (It,t(,rl_,rc,t_::(,) betw(,c,n tll_, wa,qtc, cottt:ai.t+tc:,r ' ,+:rf+ldthe.
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REST = flag for determining whether liner insertion loading or post-
emplacement loading provides a greater restriction on the maximum
allowable borehole deviation; valid on]y in tables for liner
insertion stresses;

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

= T if post-emplacement (thermal) stresses impose greater
constraints on borehole deviation
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Table B,I Maximum Allowable Borehole Deviation Based on Liner Insertion
Stresses in Boreholes Drilled with _ Non-Steerable Bit

This section of Appendix B lists the output file from PROGRAM DEVIATI
for maximum allowable borehole deviation based on liner insertion stresses

during liner insertion operations with no simultaneous drilling in
horizontal and vertical boreholes drilled with a non-steerable bit.

T_e following parameter values were used in computing these results:

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

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

Fb = 0 (no simultaneous drilling).

Other parameter values were fixed as listed in Section 5.2.
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RUN WITH DEVIAT2.FOR
LINER INSERTION 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 PSI
FS= 4.00
FB= 0.00 LBF

LB= 26.000 FEET (VERTICAL)

DB (IN) RB (FT) DELBM (IN) P (LB) SB (PSI) SI (PSl) SIG (PSI) CONTACT SIGTH (PSI) REST
36,50 1385.8 2,92664 0,4826E+05 15422,99 2077 O0 17499.99 T 17499,99 T
37.00 823,3 4,92619 0,4826E+05 15422.9T 2076 99 17499.96 T 17499,96 T
38,00 454,4 8,92329 0,4826E+05 15422,99 2077 O0 17499,99 T 17499,99 T
39,00 313,8 12,91604 0,4826E+05 15422,68 2076 95 17499,63 T 17499,63 T
40,00 239,7 16,90253 0,4826E+05 15422,46 2076 92 17499,3o T 17499,39 T
41.00 194,0 20,88082 0,4826E+05 15422.94 2076 99 17499.93 T 17499,93 T
42,00 162,9 24.84886 0,4825E+05 15421,76 2076 83 174_8.58 T 17498,58 T

LB= 32,000 FEET

DB (IN) RB (FT) DELBM (IN) P (LB) SB (PSI) Sl (PSl) SIG (PSl) CONTACT SIGTH (PSl) REST
36,50 1795.3 3.42212 0,3859E+05 15774,02 1725 97 17499,99 T 17381,53 I
37.00 1133.1 5.42176 0,3859E+05 15774,03 1725 97 17500,00 T 17381,53 I
38,00 652.1 9,41960 0,3859E+05 15773,98 1725 96 17499,95 T 17381,48 I
39,00 457,8 13,41445 0.3859E+05 15773,88 1725 95 17499,83 T 17381.38 I
40,00 352,8 17,40503 0,3859E+05 15773,80 1725 94 17499.75 T 17381,30 I
41,00 286,9 21,39003 0,3859E+05 15773,85 1725 95 17499,80 T 17381,35 I
42,00 241.8 25,36818 0,3859E+05 15773.88 1725 95 17499,83 T 17381,38 I

LB= 42,000 FEET

DB (IN) RB (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
36,50 2355,9 4,49248 0 2930E+05 16153,35 1346,65 17499,99 T 18093,38 T
37,00 1630,2 6°49217 0 2930E+05 16153,35 1346,65 17500,00 T 18093,38 T
38,00 1008.8 10,49060 0 2930E+05 16153,33 1346,64 17499,97 T 18093,36 T
39,00 730.4 14,48712 0 2930E+05 16153,30 1346,64 17499,94 T 18093,33 T
40.00 572.4 18,48100 0 2930E+05 16153.30 1346,64 17499.94 T 18093,33 T
41,00 470.7 22,47146 0 2930E+05 16153,29 1346,64 17499,93 T 18093,32 T
42.00 399,7 26.45775 0 2930E+05 16153,19 1346,63 17499.82 T 18093,22 T

LB= 58,000 FEET

DB (IN) RB (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSl) REST
36,50 2745,6 7,35116 0,2304E+05 16390,07 1109,93 17500,00 D 17015,03 I
37,00 2296,6 8,78812 0,2040E+05 16503.69 996,31 17499,99 T 19390,83 T
38.00 1578,3 12.78687 0,2040E.05 16503,68 996,31 17499,99 T 19390,82 T
39.00 1202.3 16,78444 0,2040E+05 16503,68 996.31 17499,99 T 19390.82 T
40,00 971,0 20,78042 0,2040E+05 16503.67 996,31 17499.98 T 19390,81 T
41.00 814.4 24,77443 0,2040E+05 16503,68 996,31 17499.99 T 19390,83 T
42.00 701,3 28.76605 0,2040E+05 16503,63 996,30 17499.94 T 19390,77 T

LB= 75.000 FEEl

DB (IN) RB (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
36.50 2728.4 12 36929 0,1983E+05 16493 55 1006.45 17500.00 D 17087.29 I
37.00 2699.8 12 50005 0.1578E+05 16668 07 831.93 17500.00 D 17174.55 I
38,00 2115.9 15 94868 0,1459E+05 16719 44 780.55 17499,99 T 21077.86 T
39,00 1691.7 19 94664 0,1459E+05 16719 45 780.55 17500.00 l 21077,86 T
40.00 1409.2 23 94349 0,1459E+05 16719 45 780.55 17500.00 T 21077,86 T
41,00 1207,6 27 93900 0,1459E+05 16719 43 780,55 17499.98 T 21077,85 T
42.00 1056.5 31 93294 0.1459E+05 16719 44 780.55 17499,99 T 21077.85 T

LB=270.000 FEET

DB (IN) RB (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
36.50 2654,9 164 60952 O.O000E+O0 16949 87 550 13 17500,00 B 18528,33 l
37,00 2654.9 164 60822 O,O000E+O0 16949 87 550 13 17500.00 B 18528.33 I
38,00 2655.0 164 60566 O,O000E+O0 16949 87 550 13 17500,00 B 18528,33 T
39.00 2655.0 164 60309 O,O000E+O0 16949 87 550 13 17500,00 B 18528,34 I
40.00 2655.1 164 60049 O.O000E+O0 16949 87 550 13 17500.00 B 18528,33
41,00 2655,1 164 59792 O,0000E+O0 16949 87 550 13 17500,00 B 18528.33 T
42,00 2655,1 164 59535 O,O000E+O0 16949.87 550 13 17500,00 B 18528.34 I

LB=350.000 FEET

DB (IN) RB (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
36.50 2680.7 273,79417 0 O000E+O0 16786.87 713.13 17500.00 B 18833.03 T
37,00 2680,7 273,79208 0 O000E+O0 16786.87 713.13 17500.00 B 18833.03 T
38,O0 2680,7 273,78781 0 0000E+O0 16786.87 713,13 17500.00 B 18833.03 T
39,00 2680,8 273.78358 0 O000E+O0 16786.87 713,13 17500,00 B 18833.03 T
40,00 2680,8 273,77935 0 O000E+O0 16786.87 713.13 17500,00 B 18833.03 l
41.00 2680.9 273,77508 0 O000E+O0 16786,87 713.13 17500.00 B 18833,03 T
42,00 2680,9 273,77085 0 O000E+00 16786,87 713.13 17500.00 B 18833.03 [
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Table B.2 Maximum Allowable Borehole Deviation Based on Post-EmDlacelnent
Liner S_esses in Boreholes Drilled with a Non-Steerable Bit

'Ihis se_tion of Appendix B lists the output file from PtIOGRAM DEVIAT1
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 = 26 ft (vertical borehole)
= 32, 42, 5B, 75, 270, and 350 feet (horizontal boreholes)

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

Fb = O.

Other parameter values were fixed as listed in Section 5.2.
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RuN WITH DEVIAT2.FOR
POST-EMPLACEMENTLOADING 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 PSI
FS= 4.00
FB= O.00LBF

LB= 26,000 FEET (VERTICAL)

DB (IN) RB (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (P_I) CONTACT SIGTH (PSI) 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._76 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 15422.68 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 1o4.0 20,88082 0.4826E+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 (PSl) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) 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 O0 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
42.00 241.7 25.37833 0.3349E+05 16591.88 907,73 17499.61 T 17499 61 T

LB= 42,000 FEET

DB (IN) RB (FT) DELBM (IN) P (LB) SB (PSl) SI (PSI) SIG (PSI) CONI'ACT SIGTH (PSl) 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 T 17500,00 T
38.00 1017.4 10.40133 0.2113E.05 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 T
40.00 575,2 18.39182 0.2113E+05 16799.71 700.27 17499.98 T 17499.98 T
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 T

LB= 58.000 FEET

DB (IN) RB (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSl) 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 0,8070E+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 T
40.00 997,3 20.23213 0.8070E+04 16987.22 512.75 17499,97 T 17499.97 T
41.00 832.8 24.22639 0.8070E+04 16987.24 512.75 17499.99 T 17499.99 T
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) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
36.50 2664.0 12.66829 0,7864E+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 O.O000E+OU 17061.54 438.46 17500.00 B 17500.00 T
39.00 2637,6 12.79468 O.O000E+O0 17061,54 438.46 17500,00 B 17500.00 T
40.00 2637.7 12.79448 0.0000E+00 17061.54 438.46 17500.00 B 17500,00 T
41.00 2637.7 12.79428 O.O000E+O0 17061.54 438.46 17500,00 B 17500.00 T
42.00 2637,8 12,79408 O.O000E+O0 17061.54 438.46 17500.00 B 17500.00 T

LB=270.O00 FEET

DB (IN) RB (FT) DELBM (;N) P (LB) SB (PSl) SI (PSI) SIG (PSI) CONTACT SIGTH (PSl) REST
36.50 2826.4 154.63855 O.O000E+O0 15921.54 1578.46 17500.00 B 17500.00
37.00 2826.4 154.63741 0 0000E+00 15921.54 1578.46 17500.00 B 17500,00
38.00 2826,4 154.63514 0 O000E+O0 15921.54 1578,46 17500,00 B 17500.00
39.00 2826,5 154,63284 0 0000E+00 15921.54 1578.46 17500.00 B 17500.00
40.00 2826.5 154.63058 0 O000E+O0 15921.54 1578.46 17500,00 B 17500.00
41,00 2826.6 154,62831 0 O000E+O0 15921.54 1578.46 17500.00 B 17500.00
42,00 2826,6 154,62602 0 O000E+O0 15921.54 1578.46 17500.00 B 17500.00

LB=350.O00 FEET

DB (IN) RB (FT) DELBM (IN) P (LB) SB (PSl) SI (PSI) SIG (PSI) CONTACT SIGTH (PSl) REST
36.50 2911.9 252.10726 O.O000E+O0 15453.85 2046.15 17500.00 B 17500.0b T
37.00 2911.9 252.10545 O.O000E+O0 15453.84 2046.15 17500.00 B 17500,00 T
38.00 2912,0 252,10186 O.O000E+O0 15453.85 2046.15 17500.00 B 17500,00 T
39.00 2912.0 252.09828 O.O000E+O0 15453.85 2046.15 17500,00 B 17500.00 T
40.00 2912.1 252.09465 O.O000E+OO 15453.84 2046.15 17500.00 B 17500,00 T
41.00 2912.1 252.09107 O.O000E+O0 15453.85 2046,15 17500,00 B 17500.00 T
42.00 2912,1 252.08748 O.O000E+O0 15453.85 2046.15 17500.00 B 17500,00 T
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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 maximum 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)

db = 40 inches

Fb = 0.

Other parameter values were fixed as listed in Section 5.2.
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RUN WITH STRESS2.FOR
POST-EMPLACEMENT LOADING SPECIFIED
MINIMUM ALLOWABLE LINER RADIUS OF CURV'ATURE= 65.74 FT (BASED ON CONTAINER CLEARANCE)

CRITICAL BUCKLING STRESS BASED ON BENDING= 0.2114E+06 PSI
CRITICAL BUCKLING SIRESS BASED ON COMPRESSION= 0,3059E+06 PSI
FB= 0.00 LBF

LB= 32.000 FEET (HORIZONTAL)

DB= 40.000 INCHES

DB (IN) DELB (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT
40.0 1.91998 O.O000E+O0 3419.48 187.08 3606.56 H
40.0 3.83987 O.O000E+O0 3419,48 187.08 3606,56 H
40,0 5.75957 O.O000E+O0 3419.48 187.08 3606.56 H
40.0 7,67898 O.O000E+O0 3419.48 187.08 3606.56 H
40.0 9.59800 O.O000E+O0 3419.48 187.08 3606.56 H
40.0 11.51654 O.O000E+O0 3419,48 187,08 3606,56 H
40.0 13.43451 O.O000E+O0 3419.48 187.08 3606.56 H
40.0 15,35181 O,O000E+O0 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 ]
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) SB (PSI) SI (PSI) SIG (PSI) CONTACT
40.0 2.51998 O.O000E+O0 5890.59 245.54 6136.12 H
40.0 5.03983 O.O000E+O0 5890.59 245.54 6136,12 H
40.0 7.55943 O.O000E+O0 5890.59 245.54 6136.12 H
40.0 10.07866 O.O000E+O0 5890.59 245,54 6136.12 H
40.0 12.59738 O.O000E+O0 5890.59 245.54 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+05 441_1.93 1838.31 45940,24 T
40.0 25.17901 0,I052E+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 92322.93 3848.32 96171,25 T

LB= 58.000 FEET (HORIZONTAL)

DB= 40.000 INCHES

DB (IN) DELB (IN) P (LB) SB (PSI) Sl (PSI) SIG (PSl) CONTACT
40.0 3.47997 O.O000E+O0 7758.84 339.08 8097.92 B
40.0 6,95977 O.O000E+O0 11233.52 339.08 11572,60 H
40.0 10.43922 O.O000E+O0 11233.52 339.08 11572,60 H
40.0 13.91814 O.O000E+O0 11233,52 339.08 11572,60 H
40.0 17.39638 O.O000E+O0 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 2334.04 79660.12 T
40.0 41,70991 0,I090E+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) SI (PSI) SIG (PSI) CONTACT
40.0 4.49996 O.O000E+O0 6000.13 438.46 6438.59 B
40.0 8.99970 O.O000E+O0 12000.53 438.46 12438,99 B
40.0 13,49899 O,O000E+O0 18001,20 438,46 18439.66 B
40,0 17.99760 O.O000E+O0 18783.76 438.46 19222.22 H
40.0 22.49531 O.O000E+O0 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 l
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 67689.69 D
40.0 53.93523 0.671fE+05 72019.21 1883 57 73902.77 D
40.0 58.41766 0.7691E+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. i062E+06 96034.15 2723 39 98757.53 D
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Tab].e B.4 Post-Emplacement: Ltn_,r _-',tr_:sses In a t-loc:i.zc_lltal Borehole Drill.ed
with a Steerable Bit

This section of Appendix B lists tlle output li.le from PROGRAM STRESS2

for maximum liner stresses based on post-emp].ace.n_e.nt ].oad]ng in a 40-inch-

diameter, 350-ft-long horizontal borehole d_:i].]ed with a steerable bit,

The following parameter values were used in computing these resu]ts:

Lb = 350 feet (horizontal)

db = 40 inches

Fb = 0

L = 0 to _, ,

Other parameter values were fixed as listed in Section 5.2,
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RUN WITH STRESSI.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= 0,3059E+06 PSI
FB= 0.00 LBF

LB=350,000 FEET (HORIZONTAL)

DB= 40.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT
42.0 , 0.10000 O.O000E+O0 3927.06 2046.15 5973.21 H
42.0 0.20000 O.O000E+O0 3927.06 2046.15 5973.21 H
42.0 0.30000 O.O000E+O0 3927.06 2046.15 5973.21 H
42.0 0.40000 O.O00OE+O0 3927.06 2046.15 5973.21 H
42.0 0.50000 O.O001_E+O0 3927.06 2046.15 5973.21 H
42.0 0.60000 O.O000E+O0 3927.06 2046.15 5973.21 H
42.0 0 70000 O.O000E+O0 3927.06 2046.15 5973.21 H
42.0 0 80000 O.O000E+O0 3927.06 2046.15 5973.21 H
42.0 0 90000 O.O000E+O0 3927.06 2046.15 5973.21 H
42.0 I 00000 O.O000E+O0 3927.06 2046.15 5973.21 H
42.0 1 10000 O.O000E+O0 3927.06 2046.15 5973.21 H
42.0 1.20000 O.O000E+O0 3927.06 2046.15 5973.21 H
42.0 1.30000 0.O000E+O0 3927.06 2046.15 5973.21 H
42.0 1.40000 O.O000E+O0 3927.06 2046.15 5973.21 H
42.0 1.50000 O.O000E+O0 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 O.O000E+O0 3927.06 2046.15 5973.21 H
42.0 1.80000 O.0000E+O0 3927.06 2046.15 5973.21 H
42.C 1.90000 O.O000E+O0 3927.06 2046.15 5973.21 H
42.0 2.00000 O.O000E+O0 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
42.0 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 T
58 0 0 10000 O.O000E+O0 3567.23 2046.15 5613.38 B L
58 0 0 20000 O.O00UE+O0 7134.54 2046.15 9180.70 B
58 0 0 30000 O.0000E+O0 7489.01 2046.15 9535.17 H
58 0 0 40000 0.O000E+O0 7489.01 2046.15 9535.17 H
58 0 0 50000 O.O000E+O0 7489.01 2046.15 9535.17 H
58 0 0 60000 O.O000E+O0 7489,01 2046.15 9535.17 H
58 0 0 70000 O.O000E+O0 7489.01 2046.15 9535.17 H
58 0 0 80000 O.O000E+O0 7489.01 2046.15 9535.17 H
58 0 0 90000 O.O000E+O0 7489.01 2046.15 9535.17 H
58 0 I 00000 O.O000E+O0 7489.01 2046.15 9535.17 H
58 0 1 10000 O.O000E+O0 7489.01 2046.15 9535.17 H
58 0 1 20000 O.O000E+O0 7489.01 2046.15 9535.17 H
58 0 1 30000 O.O000E+O0 7489.01 2046.15 9535.17 H
58 0 1 40000 O.O000E+O0 7489.01 2046.15 9535.17 H
58 0 1 50000 O.O000E+O0 7489.01 2046.15 9535.17 H
58 0 1 60000 O.O000E+O0 7489.01 2046.15 9535.17 H
58 0 1 70000 0.OJOOE+O0 7489.01 2046.15 9535.17 H
58.0 1 80000 O.000GE+O0 7489.01 2046.15 9535.17 H
58.0 1 90000 O.O000E+O0 7489.01 2046.15 9535.17 H
58.0 2 00000 O.O000E+O0 7489.01 2046.15 9535.17 H
58.0 2 10000 O.O000E+O0 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 0.5855E+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 0.3588E+06 71432.30 25340.33 96772.63 T
75.0 0 10000 O.O000E+O0 2133.35 2046.15 4179.50 B
75.0 0.20000 O.O000E+O0 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 O.O000E+O0 8533.58 2046.15 10579.73 B
75.0 0.50000 O.O000E+O0 10667.04 2046.15 12713.19 B
75.0 0.60000 O.OODOE+O0 12522.50 2046.15 14568.66 H
75.0 0.70000 O.O000E+O0 12522.50 2046.15 14568.66 H
75.0 0.80000 O.O000E+OO 12522.50 2046.15 14568.66 H
75.0 0.90000 O.O000E+O0 12522.50 2046.15 14568.66 H
75.0 1.00000 0.O000E+O0 12522.50 2046.15 14568.66 H
75.0 1.10000 O.O000E+O0 12522.50 2046.15 14568.66 H
75.0 1.20000 O.O000E+O0 12522.50 2046.15 14568.66 H
75.0 1.30000 0.0000E+00 12522.50 2046.15 14568.66 H
75.0 1.40000 O.O000E+O0 12522.50 2046.15 14568.66 H
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75.0 1.50000 O.O000E+O0 12522.50 2046.15 14568.66 H
75.0 1.60000 0 O000E+O0 12522.50 2046 15 14568.66 II
75.0 1.70000 0 O000E+O0 12522.50 2046 15 14568.66 H
75.0 1.80000 0 O000E+O0 12522.50 2046 15 14568.66 H
75.0 1.90000 0 O000E+O0 12522.50 2046 15 14568.66 H
75.0 2.00000 0 O000E+O0 12522.50 2046 15 14568.66 H
75.0 2.10000 0 O000E+O0 12522.50 2046 15 14568.66 H
75.0 2.20000 0 0000E+00 12522.50 2046 15 14568.66 H
75.0 2.30000 0°9030E+03 12730.63 2091.50 14822.12 T
75.0 2.40000 0.1479E+_5 15930.63 2788.66 18719.29 T
75.0 2.50000 0.2867E+05 19130.63 3485.83 22616.45 T
75.0 2.60000 0.4256E+05 22330.63 4182.99 26513.62 T
75.0 2.70000 0_56/,4E+05 25530.63 4880.16 30410.78 T
75.0 2.80000 0.7032E+05 28730.63 5577.32 34307.95 T
75 0 2.90000 0.8421E+05 31930.63 6274.49 38205.11 T
75 0 3.00000 0.9809E+05 35130.63 6971.65 42102.28 T
75 0 3.10000 0.1120E+06 38330.63 7668.82 45999.45 T
75 0 3.20000 0.1259E+06 41530.63 8365.99 49896.61 T
75 0 3.30000 0.1397E+06 44730.63 9063.15 53793.78 T
75 0 3.40000 0.1536E+06 47930.63 9760.32 57690.94 T
75.0 3.50000 0.1675E+06 51130.63 10457.48 61588.11 T
75.0 3.60000 0.1814E+06 54330.63 11154.65 65485.27 T
75.0 3._0000 0.1953E+06 57530.63 11851.81 69382.44 T
75.0 3.80000 G.2092E+06 60730.63 12548.98 73279.60 T
75.0 3.90000 0.2231E+06 63930.63 13246.14 _f176.77 T
75.0 4.00000 0.2369E+06 67130.63 13943.31 81073.93 T
80.G 0.10000 O.O000E+O0 1875.01 2046.15 3921.17 B
80.0 0.20000 O.O000E+O0 3750.05 2046.15 5796.2b B
80.0 0.30000 O.O000E+O0 5625.11 2046.15 7671.26 B
80.0 0.40000 O.O000E+O0 7500.19 2046.15 9546.34 B
80 0 0.50000 O.O000E+O0 9375.28 2046.15 11421.44 B
80 0 0.60000 O.O000E+O0 11250.40 2046.15 13_96.55 B
80 0 0.70000 O.O000E+O0 13125.53 2046.15 15171.68 B
80 0 0.80000 O.O000E+O0 14247.83 2046.15 16293.98 H
80 0 0.90000 O.O000E+O0 14247.83 2046.15 16293.98 H !
80 0 1.00000 O.O000E.O0 14247.83 2046.15 16293.98 H
80 0 1.10000 O.O000E+O0 14247.83 2046.15 16293.98 H
80.0 1.20000 O.O000E+O0 14247.83 2046.15 '$293.98 H
80.0 1.30000 O.O000E+O0 14247.83 2046.15 'fS293.98 H
80.0 1.40000 O.O000E+O0 14247.83 2046.15 16293.98 H
80.0 1.50000 O.O000E+O0 14247.83 2046.15 16293.98 H
80.0 1.60000 O.O000E+O0 14247.83 2046.15 16293.98 H
80.0 I._0000 0 O000E+O0 14247.83 2046.15 16293.98 H
80.0 1.80000 0 O000E+O0 14247.83 2046.15 16293.98 H
80.0 1.90000 0 O000E.O0 14247.83 2046.15 16293 98 H
80.0 2.00000 0 O000E+O0 14247.83 2046.15 16293 98 H
80.0 2.10000 0 O000E+O0 14247.83 2046.15 16293 98 H
80.0 2.20000 0 O000E+O0 14247.83 2046.15 16293 98 H
80.0 2.30000 0 O000E+O0 14247.83 2046.15 16293 98 H
80.0 2.40000 0 2295E+04 14811.96 2154.17 16966 13 T
80.0 2.50000 0 1374E_05 17624.46 2692.72 20317 18 T
80.0 2.60000 0 2518E+05 20436.96 3231.26 23668 22 T
80.0 2._0000 0 3662E+05 23249.46 3769.81 27019 26 T
8C.0 2.80000 0 4806E.05 26061.96 4308.35 30370 31 T
80.0 2.90000 0 5950E+05 28874.46 4846.89 33721 35 T
80.0 3.00000 0 7094E+05 31686.96 5385.44 37072 39 T
80.0 3.10000 0 8238E+05 34499.46 5923.98 40423 44
80 0 3 20000 0 9382E+05 37311.96 6462.52 43774 48 T
80 0 3 30000 0 I053E406 40124.46 7001.07 47125 52 T
80 0 3 40000 0 1167E+06 _2936.96 7539.61 50476 57 T
80 0 3 50000 0 1281E+06 4_749.46 8078.16 53827 61 T
80 0 3 60000 0 1396E+06 48561.96 8616.70 57178 66 T
80 0 3 70000 0 1510E+06 51374.46 9155.24 60529 70 T
80 0 3 80000 0 1625E+06 54186.96 9693.79 63880 74 T
80 0 3 90000 0 1739E+06 56999.46 10232.33 67231 79 T
80 0 4 00000 0 1853E+06 59811.96 10770.87 70582 83 T
85 0 0 10000 o.cqOOE+O0 1660.91 2046.15 3707 06 B
85 0 ,]20000 0.O000E+O0 3321.84 2046.15 5367 99 B
85 0 0 30000 O.O000E+O0 4982.78 2046.15 7028 94 B
85 0 0 40000 O.O000E+O0 6643.75 2046.15 8689 90 B
85 0 0 50000 O.O000E+O0 8304.72 2046.15 10350.88 B E

85 0 0.60000 O.O000E+O0 9965.71 2046.15 12011 86 B
85 0 0.70000 O.O000E+O0 11626.71 2046.15 13672 86 B
85 0 0.80000 O.O000E_O0 13287.72 2046.15 15333 87 B
85 0 0.90000 O.O000E+O0 14948.74 2046 15 16994 89 B
85 0 1.00000 O]O000E+O0 16084.46 2046 15 I8130 61 H
85 0 1.10000 O.O000E400 16084.46 2046 15 18130.61 H
85 0 1.20000 O.0000E+O0 16084.46 2046 15 18130.61 H
85 0 1.30000 0.0000E.00 16084.46 2046 15 18130.61 H
85 0 1.40000 O.O000E+O0 16084.46 2046 15 18130.61 H
85 0 1.50000 O.O000E+O0 16084.46 2046 15 18130.61 H
85 0 1.60000 0.0000E+00 16084 46 2046 15 18130.61 H
85 0 1.70000 0.0000E+00 16084.46 2046 15 18130.61 H

85 0 1.80000 O.O000E.O0 16084.46 2046 15 18130.61 H
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85.0 1,90000 0,0000E+00 16084,46 2046,15 18130,61 H
85,0 2,00000 O,O000E+O0 16084 46 2046,15 18130,61 H
85,0 2,10000 O,O000E+O0 16084 46 2046,15 18130,61 H
85,0 2,20000 O,O000E+O0 16084 46 2046,15 18130,61 H
85,0 2,30000 O,O000E+O0 16084 46 2046,15 18130,61 H
85,0 2,4000U O,O000E+O0 16084 46 2046,15 18130,61 H
85,0 2,50000 0,1506E+04 16477 86 2112,88 18590,74 T
85.0 2,60000 0,1104E+05 18969 21 2535,46 21504,67 T
85,0 2,70000 0,2058E+0] 21460 56 2958,03 24418,60 T
85,0 2,80000 0,3012E_05 23951 91 3380,61 27332,52 T
85,0 2,90000 0,3966E+05 26443 26 3803,19 30246,45 T
85,0 3,00000 0,4920E+05 28934 61 4225,76 33160,37 T
85,0 3,10000 0,5873E+05 31425 96 4648,34 36074,30 T
85,0 3,20000 0,6827E+05 33917 31 5070,92 38988,23 T
85 0 3,30000 0,7781E+05 36408 66 5493,49 41902,15 T
85 0 3,40000 0,8735E+05 38900 01 5916,07 44816,08 T
85 0 3,50000 0,9689E+05 41391 36 6338,65 47730,00 T
85 0 3,60000 0,I064E+06 43882 71 6761,22 50643,93 T
85 0 3,70000 0,1160E+06 46374 06 7183,80 53557,85 T
85 0 3,80000 0,1255E+06 48865 41 7606,37 56471,78 T
85 0 3,90000 0,1350E+06 51356 76 8028,95 59385,71 T
85 0 4,01000 0,1446E+06 53848 10 8451,53 62299,63 T
90 0 0,10000 O,O000E+O0 1481 49 2046,15 3527,64 8
90 0 0,20000 O,O000E+O0 2962 99 2046,15 5009,15 8
90,0 0,30000 O.O000E+O0 4444 51 2046,15 6490.67 8
90,0 0,40000 O,O000E+O0 5926 04 2046,15 7972,20 8
90,0 0,50000 O,O000E+O0 7407 59 2046o15 9453,74 8
90,0 0,60000 O,O000E+O0 8889 14 2046,15 10935,29 8
90,0 0,70000 O,O000E+O0 10370 70 2046,15 12416.85 B
90,0 0,80000 O,O000E+O0 11852,27 2046,15 13898,42 B
90,0 0,90000 O,O000E+O0 13333,84 2046,15 15380,00 B
90,0 I 00000 0 O000E+O0 14815,42 2046,15 16861.58 B
90,0 1 10000 0 O000E+O0 16297o01 2046,15 18343,16 B
90,0 1 20000 0 O000E+O0 17778,60 2046,15 19824.75 B
90,0 1 30000 0 O000E+O0 18032 41 2046,15 20078°56 H
90.0 1 40000 0 O000E+O0 18032 41 2046,15 20078,56 H
90,0 1 50000 0 O000E+O0 18032 41 2046,15 20078.56 H
90,0 1 60000 0 O000E+O0 18032 41 2046,15 20078,56 H
90,0 1 70000 0 O000E+O0 18032 41 2046,15 20078,56 H
90,0 1 80000 0 O000E+O0 18032 41 2046,15 20078,56 H
90,0 1 90000 0 O000E+O0 18032,41 2046,15 20078,56 H
90,0 2,00000 0 O000E+O0 18032,41 2046,15 20078,56 H
qO,O 2 10000 0 O000E+O0 18032,41 2046,15 20078,56 H
90,0 2 20000 0 O000E+O0 18032,41 2046,15 20078,56 H
90,0 2 30000 0 O000E+O0 18032,41 2046,15 20078,56 H
90,0 2 40000 O,O000E+O0 18032,41 2046,15 20078 56 H
90,0 2 50000 O,O000E+O0 18032,41 2046,15 20078 56 H
90,0 2 60000 O,O000E+O0 18032,41 2046.15 20078 56 H
90.0 2 70C6_ 0,7344E+04 20063,66 2353,47 22417 13 T
90 0 2.80000 0.1538E+05 22285.88 2689.68 24975 56 T
90 0 2,90000 0,2341E+05 24508,10 3025,89 27533 99 T
90 0 3,00000 0.3145E+05 26730,32 3362,10 30092 43 T
90 0 3,10000 0,3948E+05 28952,55 3698,31 32650.86 T
90 0 3,20000 0,4752E+05 31174,77 4034,52 35209,29 T
90 0 3,30000 0.5555E+05 33396,99 4370,73 37767,72 T
90 0 3,40000 0,6359E+05 35619,21 4706.94 40326,16 T
90 0 3.50000 0.7162E+05 37841 43 5043,15 42884.59 T
90 0 3.60000 0,7966E+05 40063 66 5379.36 45443,02 T
90 0 3,70000 0,8769E+05 42285 88 5715,57 48001.45 T
90 0 3,80000 0,9573E+05 44508 10 6051,78 50559,88 T
90 0 3,90000 0,1038E+06 46730 32 6387,99 53118.32 T
90 0 4,00000 0.1118E+06 48952 55 6724.20 55676.75 T
120 0 0,10000 O.O000E+O0 833 34 2046,15 2879.49 B
120 0 0,20000 O.O000E+O0 1666 68 2046.15 3712.83 B
120 0 0,30000 O,O000E+O0 2500 02 2046,15 4546,18 B
120 0 0,40000 O,O000E+O0 3333 37 2046.15 5379.52 B
120 0 0,50000 O,O000E+O0 4166 72 2046 15 6212,88 B
120 0 0,60000 O,O000E+O0 5000 08 2046 15 7046,23 B
120 0 0,70000 O,O000E+O0 5833 44 2046 15 7879,59 B
120 0 0,80000 O,O000E+O0 6666,80 2046 15 8712,95 B
120 0 0,90000 O,O000E+O0 7500,16 2046 15 9546,32 B
120 0 1,00000 O,O000E+O0 8333,53 2046 15 I0379,68 B
120 0 1.10000 O,O000E+O0 9166,89 2046 15 11213.05 B
120.0 1,20000 O,O000E+O0 10000,26 2046, 5 12046.41 B
120,0 1.30000 O,O000E+O0 I0833,63 2046 15 12879,78 B
120,0 1 40000 O.O000E+O0 11666,99 2046, 5 13713.15 B
120.0 1 50000 O,O000E+O0 12500,36 2046. 5 14546,52 B
120,0 1 60000 O,O000E+O0 13333.73 2046. 5 15379,88 B
120,0 1 70000 O.O000E+O0 14167,09 2046, 5 16213,25 B
120.0 1 80000 O.0000E+O0 15000,46 2046, 5 17046.61 B
120.0 1 90000 O,O000E+O0 15833.82 2046, 5 17879,97 B
120,0 2 00000 O,O000E+O0 16667,18 2046, 5 18713,34 B
120,0 2 10000 O.O000E+O0 17500,54 2046, 5 19546.69 B
120.0 2 20000 O,O000E+O0 18333,89 2046. 5 20380,05 B
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120.0 2.30000 O.O000E+O0 19167.24 2046.15 21213.40 B
i20.0 2.40000 O.O000E+O0 20000.59 2046.15 22046.75 B
120.0 2.50000 O.O000E+O0 20833.94 2046.15 22880.09 B
120.0 2.60000 O.O000E+O0 21667.28 2046.15 23713.43 B
120.0 2.70000 O.O000E+O0 22500.61 2046.15 24546.76 B
120.0 2.80000 O.O000E+O0 23333.94 2046.15 25380.09 B
120.0 2.90000 O.O000E+O0 24167.26 2046.15 26213.42 B
120.0 3.00000 O.O000E+O0 25000.58 2046.15 27046.73 B
120.0 3.10000 O.O000E+O0 25833.89 2046.15 27880.04 B
120.0 3.20000 O.O000E+O0 26667.19 2046.15 28713.35 B
120.0 3.30000 O.O000E+O0 27500.49 2046.15 29546.64 B
120.0 3.40000 O.O000E+O0 28333.78 2046.15 30379.93 B
120.0 3.50000 O.O000E+O0 29167.06 2046.15 31213.21 B
120.0 3.60000 O.O000E+O0 30000.33 2046.15 32046.49 B
120.0 3.70000 O.O000E+O0 30833.60 2046.15 32879.75 B
120.0 3.80000 O.O000E+O0 31666.85 2046.15 33713.01 B
120.0 3.90000 O.O000E+O0 32057.61 2046.15 34103.76 H
120.0 4.00000 0.2595E+04 33014.40 2127.58 35141.98 T
140.0 0.,0000 O.O000E+O0 612.25 2046.15 2658.40 B
140.0 0.20000 O.O000E+O0 1224.50 2046.15 3270.65 B
140.0 0.30000 O.O000E+O0 1836.75. 2046 15 3882.90 B
140.0 0.40000 O.O000E+O0 2449.00 2046 15 4495.15 B
140.0 0.50000 O.O000E+O0 3061.25 2046 15 5107.41 B
140.0 0.60000 O.O000E+UO 3673.51 2046 15 5719.67 B
140.0 0.70000 O.O000E400 4285.77 2046 15 6331.92 B
140.0 0.80000 O.O000E+O0 4898.03 2046 15 6944.18 B
140.0 u.?O000 O.O000E+O0 5510.29 2046 15 7556.45 B
140.0 I 00000 O.O000E+O0 6122.55 2046.15 8168.71 B
140.0 1 10000 O.O000E+O0 6734.82 2046.15 8780.97 B
140.0 1 20000 O.O000E+O0 7347 08 2046.15 9393.23 B
140 0 1 30000 O.O000E+O0 7959 34 2046.15 10005.50 B
140 0 1 40000 O.O000E+O0 8571 61 2046.15 10617.76 B
140 0 1 50000 O.O000E+O0 9183 87 2046.15 11230.02 B
140 0 1 60000 O.O000E+O0 9796 13 2046.15 11842.29 B
140 0 1 70000 0 O000E+O0 10408 39 2046.15 12454.55 B
140 0 1 80000 0 O000E+O0 11020 66 2046.15 13066.81 B
140.0 1 90000 0 O000E+O0 11632 92 2046.15 13679.07 B
140.0 2.00000 0 O000E+O0 12245 18 2046.15 14291.33 B
140.0 2.10000 0 O000E+O0 12857 43 2046.15 14903.59 B
140.0 2.20000 0 O000E+O0 13469 69 2046.15 15515.84 B
140.0 2.30000 0 O000E+O0 14081.94 2046.15 16128.10 B
140.0 2.40000 0 O000E+O0 14694 20 2046.15 16740.35 B
140.0 2.50000 0 O000E+O0 15306.45 2046.15 17352.60 B
140.0 2.60000 O.O000E+O0 15918.70 2046.15 17'764.85 B
140.0 2.70000 O.O000E+O0 16530.94 2046.15 18577.10 B
140.0 2.80000 O.0000E+O0 17143.18 2046.15 19189.34 B
140.0 2.90000 O.O000E+O0 17755.42 2046.15 19801.58 B
140.0 3.00000 O.O000E+O0 18367.66 2046.15 20413.81 B
140.0 3.10000 O.O000E+O0 18979.89 2046.15 21026.05 B
140.0 3.20000 O.O000E+O0 19592.12 ' 2046.15 21638.28 B
140.0 3.30000 O.O000E+O0 20204.35 2046.15 22250.50 B
140.0 3.40000 O.O000E+O0 20816.57 2046.15 2286L.72 B
140.0 3.50000 O.O000E+O0 21428.78 2046.15 23474.94 B

140.0 3_60000 O.O000E+O0 22041.00 2046.15 24087.15 B
140.0 3.70000 O.O000E+O0 22653.20 2046.15 24699.36 B
140.0 3.80000 O.O000E+O0 23265.41 2046.15 25311.56 B
140.0 3.90000 O.O000E+O0 23877.60 2046.15 25923.76 B
140.0 4.00000 O.O000E+O0 24489.80 2046.15 26535.95 B
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Table B o5 Maximum Allowable Borehole De_viation Based on Post-Emplacement
Liner Stresses in Boreholes Drilled with a Steerable Bit

This section of Appendix B lists the output file from PROGRAM DEVIAT2

for maximum allowable borehole deviation based on post-emplacement liner
stresses in horizontal and vertical boreholes drilled with a steerable 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) i

c_) = 36.5, 37, 38, 39, 40, 41, and 42 inches

Fb = 0

L = 0 to Lb .

Other parameter values were fixed as listed in Section 5.2.
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RUN WITH DEVIATI.FOR
POST-EMPLACEMENT LOADING SPECIFIED
MINIMUM ALLOWABLE LINER RADIUS OF CU_WATURE= 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 PSI
FS= 4.00
FB= 0.00 LBF

LB= 26.000 FEET (VERTICAL)

DB= 36.500 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 0.25029 0.1359E+06 2088,64 15211.36 17300,00 T 17300.00 T
I_.0 0.25344 0.2015E+06 6192,16 11274.2" 17466.37 T 17466.37 T
16.0 0.26454 0.2079E+06 10223,50 7271.15 17494.65 T 17494.65 T
21.0 0.28034 0.1919E+06 12383.7_ 5112.77 17496.48 T 17496.48 T
26,0 0,30177 0.1725E+06 13784.94 3712,80 17497.74 T 17497.74 T

DB= 37.000 INCHES

L (FT) DELBM (IN) P (LB) _@ (PS_() SI (PSl) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 0.50029 0.1359E+06 2088.i_4 15211.36 17300.00 T 17300.00 T
10.0 0.50344 0,_015E+06 6192.'C6 11274,21 17466,37 T 17466.37 T
16.0 0.51454 0._079E+06 10223,50 7271.15 17494,65 T 17494.65 T
21.0 0.53034 0.1919E+06 12383.71 5112.77 17496.48 T 17496.48 T
26,0 0.55177 0.1725E+06 13784.94 3712.80 17497.74 T 17497.74 T

DB= 38.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 1.00029 0.1359E+06 208_.64 15211.36 17300.00 T 17300.00 T
10.0 1,00344 0.2015E+06 6192.16 11274.21 17466.37 T 17466.37 T
16.0 1.01454 0.2079E+06 10223.50 7271.15 17494.65 T 17494.65 T
21.0 1,03034 0.1919E+06 12383.71 5112.77 17496.48 T 17496.48 T
26.0 1.05177 0.1725E+06 13784.94 3712.80 17497.74 T 17497.74 T

DB= 39.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSl) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 1.50029 0.1359E+06 2088.64 15P11.36 17300.00 T 17300.00 T
10.0 1.50344 0.2015E+06 6192.16 i1274.21 17466.37 T 17466.37 T
16,0 1,51454 0.2079E+06 10223,50 7271.15 IF494,65 T 17494.65 T
21,0 1.53034 0.1919E+06 !2383.71 5112.77 17496.48 T 17496.48 T =
26.0 1.55177 0,1725E+06 13784.94 3712.80 17497.74 T 17497.74 T

DB= 40.000 INCHES(

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 2.00029 0.1359E+06 2088,64 15211.36 1730fl.UO T 17300.00 T
10,0 2.00344 0._015E+06 6192.16 11274.21 17466,37 T 17466.37 T
16.0 2.01454 0.2079E+06 ID223.50 7271.15 17494,65 T 17494.65 T
21.0 2.03034 0.1919E+06 12383,71 5112,77 17496.48 T 17496.48 T E

26.0 2,05177 0.1725E+06 13784.94 3712,80 17497.74 T 17497.74 T

DB= 41.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSl) SIG (PSl) CONTACT SIGTH (PSI) REST
5.0 2.50029 0.13_9E+06 2088.64 15211.36 17300.00 T 17300.00 T
10.0 2.50344 0.2015E+06 6192.16 11274.21 17466.37 T 17466.37 T
16,0 2.51454 0.2079E+06 10223.50 7271.15 17494.65 T 17494.65 T
21.0 2.53034 0.1919E+06 12383.71 51_2,77 17496.48 T 17496.48 T
26.0 2.55177 0.1725E+06 13784.94 3712.80 17497.74 T 17497.74 T

DB= 42.000 INCHES
=

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 3.00029 0.1359E+06 2088.64 15211.36 17300.00 T 17300.00 T
10.0 3.00344 0,2015E+06 6192.16 11274.21 17466.37 T 17466.37 T
16.0 3.01454 0.2079E+06 10223.50 727'1.15 17494.65 T 17494.65 T =
21.0 3,03034 0.1919E+06 12383.71 5112.77 17496,48 T 17496.48 T
26.0 3.05177 0.1725E+06 13784,94 3712.80 17497.74 T 17497.74 T

LB= 32.000 FEET (HORIZONTAL)

CB: 36,500 INCHES
m

L (FT) DELBM (IN) P (LB) SB (PSI) S. (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 0.25044 0.2035E+06 3182.56 14201.16 17383.71 T 17383.71 T
10.0 0.25457 0,2623E+06 8281.82 9216.96 17498.77 T 17498.77 T
16.0 0.26717 0.2368E+06 12215.20 5283.91 17499.11 T 17499.11 T
21.0 0.28370 0.2017E+06 14000.58 3494,75 17495.33 T 17495.33 T
26,0 0.30516 0.1697E+06 15063.83 2434.41 17498.24 T 17498.24 T
32.0 0.33681 0.1378E+06 15829.50 1669.6_ 'If4VV.'i8 I i7499,i8 _
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DB= 37.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) Sl (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 0.50044 0.2035E+06 3182.56 14201.16 17383.71 T 17383.71 T
10.0 0.50457 0.2623E+06 8281,82 9216.96 17498.77 T 17498.77 T
16.0 0.51717 0.2368E+06 12215.20 5283,91 17499,11 T 17499.11 T
21.0 0.53370 0.2017E+06 14000.58 3494.75 17495.33 T 17495.33 T
26.0 0.55516 0.1697E+06 15063.83 2434.41 17498,24 T 17498.24 T
32.0 0.58681 0,1378E+06 15829,50 1669.68 17499.18 l' 17499.18 T

DB= 38.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 1.00044 0.2035E+06 3182.56 14201.16 17383.71 17383.71 T
10.0 1.00457 0.2623E+06 8281,82 9216.96 17498.77 17498.77 T
16.0 1,01717 0.2368E+06 12215,20 5283,91 17499,11 17499.11 T
21.0 1.03370 0.2017E+06 14000.58 3494.75 17495.33 17495.33 T
26,0 1,05516 0.1697E+06 15063.83 2434.41 17498,24 17498.24 T
32,0 1.08681 0,1378E+06 15829.50 1669,68 17499.18 17499.18 T

DB= 39.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 1 50044 0.2035E+06 3182.56 14201.16 17383.71 T 17383.71 T
10.0 1 50457 0.2623E+06 8281.82 9Z16.96 17498.77 T 17498.77 T
16.0 1 51717 0,2368E+06 12215.20 5283.91 17499.11 T 17499.11 T
2'1.0 1 53370 0,2017E+06 14000.58 3494.75 17495.33 T 17495,33 T
26.0 1 55516 0.1697E+06 15063.83 2434.41 17498.24 T 17498.24 T
32.0 1 58681 0.1378E+06 15829.50 1669,68 17499.18 T 17499.18 T

DB= 40.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSl) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 2.00044 0.2035E+06 3182.56 14201.16 17383 71 T 17383.71 T
10.0 2.00457 0.2623E+06 8281.82 9216.96 17498 77 T 17_98.77 T
16.0 2.01717 0.2368E+06 12215.20 5283.91 17499 11 T 17499.11 T
21.0 2.03370 0.2017E+06 14000.58 3494,75 17495 33 T 17495,33 T
26.0 2.05516 0.1697E+06 15063.83 2434.41 17498 24 T 1749B.24 T
32.0 2,08681 0.1378E+06 15829,50 1669.68 17499 18 T 17499.18 T

DB= 41.000 INCHES

L (FT) DELBM (IN_ P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 2.50044 0.2035E+06 3182.56 14201.16 17383.71 T 17383.71 T
10,0 2.50457 0,2623E+06 8281.82 9216.96 17498.77 T 17498.77 T
16.0 2.51717 0.2368E+06 12215.20 5283.91 17499.11 T 17499,11 T
21.0 2.53370 0.2017E+06 14000.58 3494.75 17495.33 T 17495.33 T
26.0 2.55516 0.1697E+06 15063.83 24_4.41 17498.24 T 17498.24 T
32.0 2.58681 0.1378E+06 15829.50 1669.68 17499.18 T 17499.18 T

DB= 42.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 3.00044 0.2035E+06 3182.56 14201 16 17383.71 T 17383.71 T
10.0 3.00457 0.2623E+06 8281.82 9216 96 17498.77 T 17498.77 T
16.0 3.01717 0.2368E+06 12215120 5283 91 17499.11 T 17499.1'I T
21.0 3.03370 0.2017E+06 14000.58 3494 75 17495.33 T 17495,33 T
26.0 3.05516 0.1697E+06 15063.83 2434 41 17498.24 T 17498.24 T
32.0 3.08681 0.1378E+06 15829,50 1669 68 17499.18 T 17499.18 T

LB= 42.000 FEET (HORIZONTAL)

DB= 36,500 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5 0 0.25035 0.1613E+06 2534.56 14827.27 17361.82 T 17361.82 T
10 0 0.25392 0.2242E+06 711!.82 10376.67 17488.49 ' T 17488.49 T

. 16 0 0.26567 0°2154E+06 11160.51 6329.27 17489,78 T 17489.78 T
21 0 0,28170 0.1891E+06 13184,25 4314,65 17498.90 T 17498,90 T
26 0 0.30Z81 0.1619E+06 14438.09 3059.04 17497.13 T 17497.13 T
32 0 0.33421 0,1331E+06 15372.47 2125.82 17498.29 T 17498.29 T
42 0 0.39942 0.9531E+05 16228.71 1271.08 17499.80 T 17499.80 T

DB= 37,000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 0.50035 0.1613E+06 2534.56 14827.27 17361.82 T 17361.82 T
10.0 0.50392 0.2242E+06 7111.82 10376.67 17488.49 T 17488,49 T
16.0 0.51567 0.2154E+06 11160,51 6329.27 17489,78 T 17489.78 T
21.0 0.53170 0.1891E+06 13184.25 4314.65 17498.90 T 17498.90 T
26.0 0.55281 0,1619E+06 14438.09 3059.04 17497.13 T 17497,13 T
32.0 0.58421 0,1331E+06 15372,47 2125.82 17498.29 T 17498.29 T
42.0 0.64942 0.9531E+05 16228,71 1271.08 17499.80 T 17499.80 T
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DB= 38.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSl) SIG (P_I) CONTACT SIGTH (PSl) REST
5.0 1.00035 0.1613E+06 2534.56 14827.27 17361.82 T 17361.82 T
10.0 1.00392 0.2242E+06 7111.82 10376.67 17488.49 T 17488.49 T
16.0 1.01567 0.2154E+06 11160.51 6329.27 17487.7G T 17489.78 T
21.0 1.03170 0.1891E+06 13184.25 4314.65 1749_.90 T 17498.90 T
26.0 1.05281 0.1619E+06 14438.09 3059.04 17497.13 T 17497.13 T
32.0 1.08421 0.1331E+06 15372.47 2125.82 17498.29 T 17_98.29 T
42.0 1.14942 0.9531E+05 16228.71 1271.'18 17499.80 T 17499.80 T

DB: 39.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSI) SIG (PSI) CONTACT ,SIGTH (PSI) REST
5.0 1.50035 0.1613E+06 2534.56 14827.27 17361.82 T 17361.82 T
10.0 '1.50392 0.224_E+06 7111.82 10376.67 17488.49 T 17488.49 T
16.0 1.51567 0.2154E+06 11160.51 6329.27 17489.78 T 17489.78 T
21.0 1.53170 0.1891E+06 13184.25 4314.65 17498.90 T 17498.90 T
26.0 1.55281 0.1619E+06 14438.09 3059.04 17497.13 T 17._97.13 T
32.0 1.58421 0.1331E+06 15372.47 2125.82 17498.29 T 17498.29 T
42.0 1.64942 0.9531E+05 16228.71 1271.08 17499.80 T 17499.80 T

DB= 40.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 2.00035 0.1613E+06 2534.56 14827.27 1736'1.82 T 17361.82 T
10.0 2.00392 0.2242E.06 7111.82 10376.67 17488.49 T 17488.49 T
16.0 2.01567 0.2154E+06 11160.51 6329.27 17489.78 T 17489.78 T
21.0 2.03170 0.1891E+06 13184.25 4314.65 17498.90 T 17498.90 T

' 26.0 2.05281 0.1619E+06 14438.09 3059.04 17497.13 T 17497.13 T
32.0 2.08421 0.1331E+06 15372.47 2125.82 17498.29 T 17498.29 Y
42.0 2.14942 0.9531E+05 16228.71 1271.08 17499.80 T 17499.80 T

DB= 41.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSI) SIG (PSI) I_ONTACT SIGTH _PSI) REST
5.0 2.50035 0.1613E+06 2534.56 14827.27 17361.82 T 17361.82 T
10.0 2.50392 0.2242E+06 7111.82 10376.67 17488.49 T 17488.49 T
16.0 2.51567 0.2154E+06 11160.51 6329.27 17489.78 T 171,89.78 T
21.0 2.53170 0.1891E+06 13184.25 4314.65 17498.90 T 17408.90 T
26.0 2.55281 0.1619E+06 14438.09 3059.04 17497.13 T 17497.13 T
32.0 2.58421 0.1331E+06 15372.47 2125.82 17498.29 T 17498.29 T
42.0 2.64942 0.9531E+05 16228.71 1271.08 17499.80 T 17499.80 T

DB= 42.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSl; SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 3.00035 0.1613E+06 2534.56 14827.27 17361.82 T 17361.82 T
10.0 3.00392 0.2242E+06 7111.82 10376.67 17488.49 T 174_8.49 T
16.0 3.01567 0.2154E+06 111(_J.51 6329.27 17489.78 T 17489.78 T
21.0 3.03170 0.1891E+06 13184.25 4314.65 17498.9G T 17498.90 T
26.0 3.05281 0.1619E+06 14438.09 3059.04 17497.13 T 17497.13 T
32.0 3.08421 0.1331E+06 15372.47 2125.82 17498.29 T 17493.29 T
42.0 3.14942 0.9531E+05 16228.71 1271.08 17499.80 T 17499.80 T

LB= 58.000 FEET (HORIZONTAL)

DB= 36.500 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSI) SIG (PSl) CONIACT SIGTH (PSl) REST
5 0 0.25026 0.1192E+06 1886.56 15211.90 17098 46 T 17098.46 T
10 0 0.25319 0.1814E+06 5797.82 1166].21 17459 03 T 17459.03 l
16 0 0.26376 0.1881E+06 9817.54 7675.07 17492 61 T 17492.61 I
21 0 0.27894 0.1716E+06 12057.72 5439.56 17497 28 T 17497.28 T
26 0 0.29945 0.1507E+06 13543.42 3955.62 17499 04 T 17499.04 T
32 0 0.33037 0.1263E+06 14697.47 2801.79 17499 26 T 17499.26 T
42 0 0.39516 0.9194E+05 15794.02 1705.26 1749o 28 T 17499.28 T
58 0 0.52543 0.5117E+05 16609.89 889.69 17499 59 T 17499.59 T

DB= 37.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) Sl (PSl) SIG (tSl) CONTACT SIGTH (PSI) REST
5.0 0.50026 0 I192E+06 1886.56 15211.90 17098.46 T 17098.46 T
10.0 0.50319 0 1814E+06 5797.82 11661.21 17459 03 17459.03 l'
16.0 0.51376 0 1881E+06 9817.54 7675.07 17492.61 17492.61 T
21.0 0.52894 0 1716E+06 12057.72 5439.56 17497.28 17497.28 T
26.0 0.54945 0 1507E+06 13543.42 3955.62 17499.04 17499.04 T
32.0 0.58037 0 1263E+06 14697.47 2801.79 17499.26 17499.26 T
42.0 0.64516 0 9194E+05 15794.02 1705.26 17499.28 17499.28 T
58.0 0.77543 0 5117E+05 16609.89 R89.69 17499.59 'I 17499.59 T



DB= 38,000 INLIIES

L (FT) DELBM (IN) P (LB) SB (PSI) Sl (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5,0 1,00026 0,11922+06 1886,56 15211,90 17098,46 T 17098,46 T
10,0 1,00319 0,1814E+06 5797,82 11661,21 17459,03 T 17459,03 T
16,0 1,01376 0+1881E+06 9817,54 7675,07 17492,61 T 17492,61 T
21,0 1,02894 0,1716E+06 12057,72 5439,56 17497,28 T 17497,28 T
26,0 1,04945 0,1507E+06 13543,42 3955.62 17499,04 T 17499,04 T
32,0 1,08037 0,12632+06 14697,47 2801,79 17499,26 T 17499,26 T
42,0 1,14516 0,91942+05 15794,02 1705,26 17499,28 T 17499,28 T
58,0 1,27543 0,5117E+05 16609,89 889,69 17499,59 ] 17499,59 T

DB= 39,000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG 'PSI) CONTACT SIGTH (PSI) REST
5,0 1 50026 0 1192E+06 1886,56 15211,90 17098,46 T 17098,46 T
10,0 1 50319 0 1814E+06 5797,82 11661,21 17459,03 T 17459,03 T
16,0 1 5'1376 0 1881E+06 9817,54 7675,07 17492,61 T 17492,61 T
21,0 1 52894 0 1716E+06 12057,72 5439,56 17497,28 T 17497,28 T
26,0 1 54945 0 1507E+06 13543,42 3955,62 17499,04 T 17499,04 T
32,0 1 58037 0 1263E+06 14697.47 2801,79 17499,26 T 17499,26 T
42,0 1 64516 0 9194E+05 15794.02 1705,26 17499,28 T 17499,28 T
58,0 1 77543 0 51172+05 16609.89 889,69 17499.59 T 17499,59 T

DB= 40.000 INCHES

L (FT) DELBM (IN) F (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5,0 2,00026 0 11922+06 1886,56 15211,90 17098,46 T 17098,46 T
10,0 2,00319 0 18142+06 5797,82 11661.21 17459,03 T 17459,03 T
16,0 2.01376 0 18_!E+06 9817,54 7675,07 17492,61 T 17492,61 T
21,0 2,02894 0 1716E+06 12057,72 5439,56 17497,28 T 17497,28 T
26,0 2,04945 0 1507E+06 13543,42 3955,62 17499,04 T 17499,04 T
32,0 2,08037 0 1263E+06 14697,47 2801,79 17499,26 T 17499,26 T
42,0 2,14516 0 9194E+05 15794,02 1705,26 17499,28 T 17499,28 T
58,0 2.27543 0 5117E+05 16609,89 889,69 17499,59 T 17499,59 T

DB= 41.000 ]NCHE£

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5,0 2,50026 0,11922+06 1886,56 15211,90 17098,46 T 17098,46 T
10,0 2,50319 0,1814E+06 5797,82 11661,21 17459,03 T 17459,03 T
16,0 2,51376 0,1881E+06 9817,54 7675,07 47492,61 T 17492,61 T
21,0 2.52894 0,1716E+06 12057,72 5439.56 17497,28 T 17497,28 T
26,0 2,54945 0,1507E+06 13543,42 3955.62 17499,04 T 17499,04 T
32,0 2,58037 0,1263E+06 14697.47 2801,79 17499,26 T 17499,26 T
42,0 2.64516 0,91942+05 15794,02 1705,26 17499,28 T 17499,28 T
58,0 2.77543 0,5117E+05 16609,89 889,69 17499,59 T 17499,59 T

DB = 42,000 INCHES

t.(FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5,0 3,00026 0 1192E+06 1886,56 15211,90 17Q98,46 T 17098,46 T
10,0 3,00319 0 18142+06 5797,82 11661,21 17459,03 T 17459,03 T
16,0 3,01376 0 1881E+06 9817.54 7675.07 17492,61 T 17492,61 T
21,0 3,02894 0 1716E+06 12057,72 5439,56 17497,28 T 17497,28 T
26,0 3.04945 0 1507E+06 13543,42 3955,62 17499,04 T 17499,04 T
32,0 3,08037 0 1263E+06 14697,47 2801,79 17499,26 T 17499,26 T
42,0 3.14516 0 9194E+05 15794,02 1705,26 17499.28 T 17499.28 T
58,0 3,27543 0 5117E+05 16609.89 889,69 17499,59 T 17499,59 T

LB= 75,000 FEET (HORIZONTAL)

DB= 36,500 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH PSI) REST
5,0 0,25021 0.9573E+05 1526 56 15889,06 17415,62 T 17415 62
10,0 0,25267 0,1510E+06 4861 82 12621,18 17483,00 T 17483 O0
16,0 0.26218 0,1655E+06 8706 60 8785,06 17491,66 T 17491 66

, 21,0 0.27649 0,1561E+06 11057 72 6438,44 17496,16 T 17496 16
26,0 0,29631 0.14022+06 12707 32 4790,23 17497.55 T 17497 55

z 32,0 0.32665 0,1196E+06 14043 56 3455,31 17498,87 T 17498 87
42,0 0,39090 0,8858E+05 15359 32 2140,37 17499.69 T 17499 69
58.0 0,52091 0,4982E+05 16368 04 1131,59 17499.62 T 17499 62
75,0 0,78299 0,3325E+05 16703 72 796,25 17499,96 D 17499 96

DB: 37.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5,0 0,50021 0,9573E+05 1526,56 15889,06 17415,62 T 17415,62 T
I0,0 0,50267 0,1510E+06 4861,82 12621,18 17483,00 T 17483,00 T
16,0 0,51218 0,1655E+06 8706,60 8785,06 17491,66 T 17491,66 l
21.0 0,52649 0,1561E+06 11057.72 6438.44 17496,16 T 17496,16 T
26.0 0.54631 0,1402E+06 12707,32 4790,23 17497,55 T 17497,55 T
32,0 0,57665 0,11962+06 14043.56 3455,31 17498,87 T 17498,87 T
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42.0 0.64090 0.8858E+05 15359.32 2140.37 17499.69 T 17499.69 T
58.0 0,77091 0.4982E+05 16368.04 1131.59 17499+62 T 17499.62 T
75.0 0.92901 0.1882E+05 16858.95 640.91 17499.86 T 17499.86 T

DB= 38.000 INCHES

L (FT) DELBM (1N) P (LB) SB (PSI) SI (PSl) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 1.00021 0o9573E+05 1526.56 15889.06 17415,62 T 17415.62 T
10.0 1,00267 0.1510E+06 4861.82 12621.18 17483,00 T 17483.00 T
16.0 1,01218 0.1655E+06 8706.60 8785,06 17491.66 T 17491,66 T
21.0 1.02649 0,1561E+06 11057.72 5438,44 17496,16 T 17496,16 T
26.0 1,04631 0.1402E+06 12707.32 4790,23 17497.55 T 17497,55 T
32.0 1.07665 0,1196E+06 14043.56 3455,31 17498,87 T 17498 87 T
42.0 1.14090 0.8858E+05 15359.32 2140.37 17499,69 T 17499.69 T
58.0 1.27091 0,4982E+05 16368.04 1131,59 17499.62 T 17499.62 T
75.0 11.42901 0.1882E+05 16858,95 640.91 17499.86 T 17499.86 T

DB= 39,000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 1.50021 0.9573E+05 1526.56 15889,06 17415.62 T 17415.62 T
10.0 1.50267 0.1510E+06 4861,82 12621,18 17483.00 T 17483,00 T
16,0 1.51218 0.1655E+06 8706.60 8785.06 17491.66 T 17491 66 T
21.0 1,52649 0.1561E+06 11057.72 6438.44 17496.16 T 17496 16 T
26.0 1.54631 0.1402E+06 12707.32 4790,23 17497.55 T 17497 55 T
32.0 1.57665 0.1196E+06 14043.56 3455.31 17498.87 T 17498 87 T
42.0 1.64090 0.8858E+05 15359.32 2140,37 17499,69 T 17499 69 T
58.0 1.77091 0.4982E+05 16368.04 1131,59 17499.62 T 17499 62 T
75.0 1.92901 0,1882E+05 16858,95 640.91 17499,86 T 17499,86 T

DB= 40.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSl) CONTACT SIGTH (PSl) REST
5.0 2.00021 0.9573E+05 1526 56 15889.06 17415.62 T 17415.62 T
10.0 2.00267 0.1510E+06 4861 82 12621,18 17483,00 T 17483,00 T
16.0 2.01218 0.1655E+06 8706 60 8785.06 17491,66 T 17491.66 T
21.0 2,02649 0.1561E+06 11057 72 6438 44 17496.16 T 17496,16 T
26.0 2.04631 0,1402E+06 12707 32 4790 23 17497,55 T 17497,55 T
32.0 2.07665 0.1196E+06 14043 56 3455 31 17498.87 T 17498,87 T
42,0 2.14090 0.8858E+05 15359,32 2140 37 17499,69 T 17499.69 T
58,0 2.27091 0,4982E+05 16368,04 1131 59 17499.62 T 17499.62 T
75.0 2.42901 0.1882E+05 16858.95 640 91 17499,86 T 17699.86 T

DB= 41.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 2.50021 0.9573E+05 1526.56 15889,06 17415.62 T 17415.62 T
I0,0 2.50267 0.1510E+06 4861.82 12621,18 17483.00 T 17483.00 T
16.0 2.51218 0.1655E+06 8706.60 8785,06 17491.66 T 17491,66 T
21.0 2.52649 0.1561E+06 11057,72 6438.44 17496.16 T 17496.16 T
26,0 2.54631 0,1402E+06 12707.32 4790,23 17497.55 T 17497.55 T
32,0 2.57665 0.1196E+06 14043.56 3455.31 17498,87 T 17498.87 T
42.0 2,64090 0.8858E+05 15359.32 2140.37 17499,69 T 17499.69 T
58.0 2.77091 0.4982E+05 16368.04 1131,59 17499,62 T 17499.62 T
75.0 2.92901 0,1882E+05 16858,95 640.91 17499.86 T 17499.86 T

DB= 42.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) RES[
5.0 3.00021 0.9573E+05 1526.56 15889.06 17415.62 T 17415.62 T
I0.0 3.00267 0,1510E+06 4861,82 12621.18 17483,00 T 17483,00 T
16.0 3.01218 0.1655E+06 8706.60 8785,06 17491,66 T 17491.66 T
21.0 3,02649 0.1561E+06 11057,72 6438.44 17496,16 T 17496.16 T
26.0 3,04631 0,1402E+06 12707,32 4790.23 17497,55 T 17497°55 T
32,0 3,07665 0.1196E+06 14043.56 3455.31 17498,87 T 17498.87 T
42.0 3.14090 0.8858E+05 15359.32 2140,37 17499.69 T 17499.69 T
58,0 3,27091 0.4982E+05 16368.04 1131.59 17499.62 T 17499.62 T
75.0 3.42901 0.1882E+05 16858.95 640.91 17499.86 T 17499,86 T

LB=270.O00 FEET (HORIZONTAL)

DB: 36.500 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) Sl (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 0.25006 0.2544E+05 446.56 16360.42 16806 98 T 16806,98 T
10.0 0.25092 0.4846E+05 17'11.82 15656.93 17368 75 T 17368,75 T
16.0 0.25526 0.6653E+05 3840.98 13658.09 17499 06 T 17499.06 1
21.0 0.26344 0.7360E+05 5731 19 11759.84 17491 04 T 17491.04 T
26.0 0.27681 0.7522E+05 7515 01 9983,47 17498 48 T _7498,4_ T
32,0 0.30007 0.7212E+05 9371 30 8125.59 17496 89 T 17496,89 T
42.0 0,35539 0.6050E+05 11735 86 5763.41 17499,26 T 17499.26 T
58.0 0.47799 0.3693E+05 14071 49 3428.31 17499,80 T 17499.80 T
75,0 0.70548 0.2249E+05 15050 20 2449.63 17499.83 D 17499,83 T
80.0 0,80939 0.2053E+05 15176 O0 2323.97 17499,97 D 17499,97 T
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85,0 0,92179 0 1789E+05 15309 92 2189,95 17499,87 D 17499,87 T
90,0 1,04251 0 1478E+05 15444 47 2055,47 17499,95 0 17499,95 T
95,0 1,17138 0 1133E+05 15574 99 1924,96 17499,94 D 17499,94 T
100,0 1,30827 0 7654E+04 15699 06 1800,83 17499.89 D 17499,89 T
110,0 1,60544 0 O000E+O0 15921 46 '1578,46 17499,92 B 1'7499,92 T
120,0 1,91062 0 O000E+O0 15921 _0 1578 46 17499,96 B 17499 96 T
135,0 2,41815 O,O000E+O0 15921.53 1578 46 17499,99 B 17499 99 T
140,0 2,60059 O,O000E+O0 15921,49 1578 46 17499.95 B 17499 95 T
150,0 2,98539 O,O000E+O0 15921,50 1578 46 17499,96 B 17499 96 T
160.0 3,39673 O,O000E+O0 15921,49 1578 46 17499.95 B 17499 95 T
170,0 3,83462 O,O000E+O0 15921,52 1578 46 17499,98 B 17499 98 T
175,0 4,06352 O,O000E+O0 15921,53 1578 46 17499,99 E 17499 99 T
200,0 5,30755 O,O000E+O0 15921,52 1578,46 17499.98 B +17499.98 T
240,0 7,64314 O,O000E+O0 15921,53 1578.46 17499.99 B +1749999 T
270,0 9,67364 O,O000E+O0 15921,53 1578,46 17500,00 B !17500O0 T

DB= 37.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSl) SIG (PSI) CONTACI SIGTH (PSl) REST
5,0 0,50006 0.2544E+05 446,56 16360,42 16806,98 T 16806.98 T
I0,0 0,50092 0,4846E+05 1711 82 15656,93 17'368,75 T 17368,75 T
16 0 0.50526 0,6653E+05 3840 98 13658,09 17499,06 T 17499,06 T
21 0 0.51344 0,7360E+05 5731 19 11759,84 17491.04 T 17491.04 T
26 0 0,52681 0,7522E+05 751_ 01 9983.47 17498,48 T 17498,48 T
32 0 0,55007 0 7212E+05 9371 30 8125,59 17496,89 T 17496,89 T
42 0 0,60539 0 6050E+05 11735 86 5763,41 17499.26 T 17499,26 T
58 0 0.72799 0 3693E+05 14071 49 3428,31 17499.80 T 17499,80 T
75 0 0,88443 0 1263E+05 15432 39 2067,52 17499,91 T 17499,91 T
80 0 0.93179 0 5932E+04 15706 05 1793,86 17499,92 T 17499,92 T
85 0 0,95860 0 O000E+O0 15921 40 1578.46 17499,86 B 17499.86 T
90 0 1,07470 0 O000E+O0 15921 47 1578,46 17499,93 B 17499,93 T
95 0 1.19743 0 O000E+O0 15921 46 1578,46 17499,92 B 17499,92 T
100 0 1.32680 0 O000E+O0 15921 52 1578,46 I"7499.99 B 17499,99 T
110 0 1,60543 0 O000E+O0 15921 48 1578,46 17499,94 B 17499,94 T

: 120 0 1,91061 0 O000E+O0 15921 54 1578.46 17500,00 B 17500,00 T
135,0 2.41813 O,O000E+O0 15921 51 1578,46 17499.97 B 17499,97 T
140,0 2 60057 O,O000E+O0 15921 48 1578,46 17499,94 B 17499,94 T
150,0 2 98537 O,O000E+O0 15921 51 1578,46 17499.97 B 17499.97 T
160,0 3 39671 O,O000E+O0 15921 52 1578,46 17499.98 B 17499,98 T
170,0 3 83459 O,O000E+O0 15921 51 1578,46 17499.97 B 17499,97 T
175,0 4 06349 O.O000E+O0 15921 53 1578.46 17499,99 B 17499.99 T
200,0 5 30751 O,O000E+O0 15921.52 1578,46 17499.98 B 17499,98 T
240.0 7 64308 O.O000E+O0 15921,52 1578.46 17499.99 B 17499.99 T
270,0 9 67357 O,O000E+O0 15921.54 1578.46 17500.00 B 17500,00 T

DB= 38.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) Sl (PSl) SIG (PSl) CONTACT SIGTH IPSI) REST
5.0 1 00006 0,2544E+05 446.56 16360 42 16806 98 T 16806 98 T
10,0 1 00092 0,4846E+05 1711,82 15656 93 17368 75 T 17368 75 T
16,0 1 00526 0,6653E+05 3840.98 13658 09 17499 06 T 17499 06 T
21.0 1 01344 0,7360E+05 5731,19 11759 84 17491 04 T 17491 04 T
26.0 1 02681 0,7522E+05 7515,01 9983 47 17498 48 T 17498 48 T
32,0 1 05007 0,7212E+05 9371,30 8125 59 17496 89 T 17496 89 T
42.0 1 10539 0,6050E+05 11735,86 5763 41 17499 26 T 17499 26 T
58,0 1 22799 0.3693E+05 14071,49 3428 31 17499 80 T 17499 80 T
75.0 1 38443 0.1263E+05 15432.39 2067,52 17499.91 T 17499 91 T
80,0 1 43179 0,5932E+04 15706,05 1793,86 17499.92 T 17499 92 T
85,0 0 95859 O,O000E+O0 15921 46 1578,46 17499,93 B 17499 93 T
90.0 1 07468 O,O000E+O0 15921 40 1578.46 17499,87 B 17499 87 T
95,0 1 19741 O.O000E+O0 15921 43 1578.46 17499,89 B 17499.89 T
100.0 1 32678 O.O000E+O0 15921 52 1578,46 17499.98 B 17499,98 T
110,0 1 60541 O,O000E+O0 15921 51 1578,4 17499,98 B 17499.98 T
120.0 1 91058 O,O000E+_q 15921 52 1578,4,, 17499.98 B 17499,98 T
135.0 2.41809 O,0000E+C 15921 48 1578,46 17499.94 B 17499.94 T
140 0 2,60054 0 O000E+OL 15921 53 1578,46 17499,99 B 17499.99 T
150 0 2,98533 0 O000E+O0 15921 53 1578,46 17499,99 B 17499.99 T
160 0 3.39666 0 O000E+O0 15921 52 1578,46 17499,98 B 17499.98 T
170 0 3.83454 0 O000E+O0 15921 54 1578,46 17500.00 B 17500.b0 T
175 0 4.06343 0 O000E+O0 15921 53 1578,46 17499.99 B 17499,99 T
200 0 5,30743 0 O000E+O0 15921,51 1578,46 17499.98 B 17499.98 T
240 0 7,64297 0 O000E+O0 1592 .53 1578,46 17499.99 B 17499,99 T
270 0 9,67342 0 O000E+O0 1592 .52 1578,46 17499.99 B 17499.99 T

z

DB= 39.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5 0 1 50006 0 2544E+05 446,56 16360.42 16806 98 16806.98 T
10 0 1 50092 0 4846E+05 1711.82 15656 93 17368 75 17368,75 T
16 C) +I50526 0 6653E+05 3840,98 13658 09 17499 06 17499.06 T
21 0 1 51344 0 7360E+05 5731,19 11759 84 17491 04 17491.04 T
26 0 1 52681 0 7522E+05 7515,01 9983 47 17498 48 17498,48 T
32 0 1 55007 0 7212E+05 9371.30 8125 59 17496 89 17496,89 T
42 0 1,60539 0 6050E+05 11735,86 5763 41 17499 26 17499.26 T
58 0 1.72799 0 3693E+05 14071,49 3428 31 17499 80 17499.80 '[
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75.0 1.88443 0o1263E+05 15432.39 2067.52 17499.91 T 17499.91 T
80.0 1,93179 0.5932E+04 15706.05 1793+86 IT_99.92 T 17499,92 T
85,0 0.95858 O.O000E+On 15921.53 1578.46 17499.99 B 17499.99 T
90.0 1.07467 O.O000E+O0 15921.49 1578.46 17499.95 B 17499.95 T
95.0 1,19740 O.O000E+O0 15921,53 1578.46 17499.99 B 17499.99 T
I00.0 1.32676 O.O000E+O0 15921.51 1578,46 17499.98 B 17499.98 I
110.0 1.60538 O.O000E+O0 15921.45 1578.46 17499.91 B 17499.91 I
120.0 1.91055 O,O000E+O0 15921.51 1578.46 17499.97 B 17499.97 T
135.0 2,41806 O,O000E+O0 15921.52 1578.46 17499.98 B 17499.98 T
140.0 2.60050 O.O000E+O0 15921.52 1578.46 17499.98 B 17499,98 T
150.0 2.98528 O,O000E+O0 15921,50 1578.46 17499,96 B 17499.96 T
160.0 3.39661 0,0000E+00 15921,52 1578.46 17499.98 B 17499.98 T
170,0 3.83448 O.O000E+O0 15921.52 1578.46 17499.98 B 17499.98 I
175.0 4.06337 O.O000E+O0 15921.53 1578.46 17499.99 B 17499.99 I
200.0 5.30735 O.O000E+O0 15921.51 1578.46 17499,97 B 17499.97 T
24C,0 7,64286 O.O000E+O0 15921.54 1578.46 17500.00 B 17500.00 T
270.0 9,6/3+28 O.O000E+O0 15921,53 1578.46 17499.99 B 17499.99 T

DB= 40.000 INCHES
L (FT) DELBM (IN) P (LB) SB (PSl) Sl (PSl) SIQ (PSl) CONTACT SIGTH (PSl) REST

5.0 2.00006 0.2544E+05 446.56 16360.42 16806.98 T 16806.98 T
10,0 2,00092 0.4846E+05 1711.82 15656,93 17368.75 1 17368.75 T
16.0 2.00526 0.6653E+05 3840.98 13658.09 17499.06 T 17499.06 T
21,0 2,01344 0.7360E+05 5731.19 11759.84 17491.04 T 17491.04 T
26.0 2.02681 0.7522E+05 7515.01 9983.47 17498.48 T 17498.48 T
32,0 2.05007 0,7212E+05 9371.30 8125.59 17496 89 I 17496,89 T
42.0 2,10539 0.6050E+05 11735.86 5763.41 17499 26 T 17499.26 T
58,0 2,22799 0.3693E+05 +14071.49 3428.31 17499 80 T 17499.80 T
75,0 2,38443 0.1263E+05 15432.39 2067.52 17499 91 _ 17499.91 T
80.0 2.43179 0.5932E+04 15706.05 1793 86 17499 92 T 17499,92 T
85.0 0,95856 O.O000E+O0 15921.44 1578 46 17499 90 B 17499,90 T
90,0 1.07465 O.O000E+O0 15921 43 1578 46 17499 89 B 17499.89 T
95.0 1.19738 0 O000E+O0 15921 50 1578 46 17499.96 B 17499.96 I
100,0 1.32674 0 O000E+O0 15921 51 1578 46 17499.97 B 17499.97 T
110.0 1.60536 0 O000E+O0 15921 49 1578 46 17499,95 B 17499.95 T
120.0 1,91052 0 O000E+O0 15921 49 1578 46 17499.95 B 17499.95 T
135.0 2.41802 0 O000E+O0 15921 49 1578 46 17499.95 B 17499.95 T
140.0 2.60046 0 O000E+O0 15921 51 1578.46 17499,97 B '17499.97 T
150,0 2.98524 0 O000E+O0 15921 52 1578.46 17499.98 B 17499.98 ]
160.0 3.39656 O.O000E+O0 15921 52 1578.46 17499.98 B 17499.98 T
170,0 3.83442 O.O000E+O0 15921 51 1578.46 17499,97 B 17499.97 I
175.0 4.06331 O.0000E+O0 15921 53 1578.46 17499.99 B 17499.99 ]
200.0 5,30728 O.O000E+O0 15921 53 1578.46 17500.00 B 17500.00 T
240.0 7.64274 O.O000E+O0 15921,52 1578,46 17499,98 B 17499,98 T
270.0 9.67314 O.O000E+O0 1592 .53 1578,46 17499.99 B 17499.99 T

DB= 41.000 INCHES
L (FT) DELBM (IN) P (LB) SB (PSI) Sl (PSI) SlG (PSI) CONTACT SIGIH (PSI) REST

5.0 2.50006 0.2544E+05 446.56 16360,42 16806.98 T 16806.98
10.0 2.50092 0.4846E+05 1711.82 15656,93 17368,75 T 17368.75
16.0 2.50526 0.6653E+05 3840.98 13658.09 17499.06 T 17499.06
21.0 2.51344 0.7360E+05 5731.19 11759,84 17491.04 T 17491.04
26.0 2.52681 0,7522E+05 7515.01 9983,47 1,7498.48 T 17498,48
32,0 2.55007 0.7212E+05 9371.30 8125.59 17496.89 T 17496.89
42.0 2.60539 0.6050E+05 11735,86 5763.41 17499.26 I 17499.26
58,0 2.72799 0.3693E+05 14071.49 3428.31 17499.80 T 17499.80
75.0 2,88443 0.1263E+05 15432.39 2067.52 17499.91 T 17499.91
80.0 2.93179 0.5932E+04 15706.05 1793.86 17499 92 T 1749°.92
85.0 0,95855 O,O000E+O0 15921,50 1578,46 17499 97 B 17499.97
90,0 1.07464 O.O000E+O0 15921.52 1578.46 17499 98 B 17499,98
95.0 1.19736 O.O000E+O0 15921,47 1578.46 17499 93 B 17499.93
100,0 1.32672 O,O000E+O0 15921.50 1578 46 17499 96 B 17499.96 T
110.0 1.60534 O.O000E+O0 15921.52 1578 46 17499 99 B 17499.99 T
120.0 1.91049 O.O000E+O0 15921.48 1578 46 17499 94 B 17499.94 l
135.0 2.41799 O.O000E+O0 15921.53 1578 46 17499 99 B 17499.99 T
140.0 2.60042 0.0000E+00 15921.50 1578 46 17499 96 B 17499.96 T
150.0 2.98519 0 O000E.O0 15921.49 1578 46 17699 95 B 17499.95 T
160.0 3,39651 0 0000E+00 15921,52 1578 46 17499 98 B 17499.98 T
170.0 3,83437 0 O000E+O0 15921,53 1578 46 17500 00 B 17500.00 I
175.0 4.06325 0 0000E+O0 15921.53 1578 46 17499 99 B 17499.99 T
200.0 5.30720 0 0000[+00 15921.53 1578 46 17499.99 B 17499,99 T
240.0 7.64263 0 O000E+O0 15921.53 1578 46 17499.99 B 17499,99 T
270,0 9.67300 O.O000E+O0 15921.54 1578,46 17500,00 B 17500.00 T

DB: 42.000 INCHES
L (FT) DELBM (IN) P (LB) SB (PSl) Sl (PSI) SIG (PSI) CONIACI SIGTtl (PSI) RES1

5.0 3 00006 0,2544E+05 446.56 16360.42 16806.98 T 16806,98 T
10.0 3 00092 0,4846E+05 1711.82 15656.93 17368,75 T 17363.75 T
16 0 3 00526 0,6653E+05 3840.98 13658.09 17499.06 I 17499,06 I
21 0 3 01344 0.7360E+05 5731.19 11759.84 17491,04 I 17491,04 T
26 0 3 02681 0.7522E+05 7515,0'I 9983.47 17498.48 T 17498,48
32 0 3 05007 0.7212E+05 9371.30 8125.59 17496,89 I 17496.89 1
42 0 3 10539 0.6050E+05 11735.86 5763,41 17499.26 I 17499.26 1
58 0 3,22799 0,3693E+05 14071.49 3428,31 17499.80 I 17499,80 I
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75 0 3 38443 0.1263E+05 15432.39 2067.52 17499.91 T 17499 91 T
80 0 3 43179 0.5932E+04 15706.05 1793+86 17499.92 T 17499 92 T
85 0 0 95853 O.O000E+O0 15921.41 1578.46 17499.87 B 17499 87 T
90 0 1 07462 O.O000E+O0 15921.45 1578.46 17499.92 B 17499 92 T
95 0 1 19734 0.0000E+00 15921 44 1578.46 17499.90 B 17499 90 T
100 0 1 32670 O.O000E+O0 15921 50 1578.46 17499.96 B 17499 96 T
110 0 1 60531 0.0000E+00 15921 46 1578.46 17499.92 B 17499 92 T
120 0 1 91046 O.O000E+O0 15921 46 1578.46 17499.92 B 17499 92 1
135 0 2 41795 O.O000E+O0 15921 50 1578..46 17499.96 B 17499 96 T
140 0 2 60038 O.O000E+O0 15921 49 1578.46 17499.95 B 17499 95 T
150.0 2.98515 O.O000E+O0 15921 51 1578.46 17499 97 B 17499.97 T
160.0 3,39646 O.O000E+O0 15921 52 1578.46 17499 98 B 17499.98 T
170.0 3.83431 O.O000E+O0 15921 52 1578.46 17499 98 _ 17499.98 T
175.0 4.06319 O.qOOOE+O0 15921 53 1578.46 17499 99 B 17499.99 [
200.0 5.30712 O.,'O00E+O0 15921 52 1578.46 17499 98 B 17499.98 T
240.0 7.64252 O.O]OOE+O0 15921 53 1578.46 17499 99 B 17499.99 T
270.0 9.67285 O.O000E+O0 15921 52 1578.46 17499 99 B 17499.99 T

LB=350.O00 FEET (HORIZONTAL)

DB= 36.500 INCHES
CFT) DELBM (IN) P (LB) SB (PSl) Sl (PSl) SIG (PSI) CONTACT SIGTH (PSI) REST
3.0 0.25004 0.1607E+05 302.56 14149.16 14451.71 T 14451.71 T
10.0 0.25073 0.3733E+05 1369.82 16104.86 17474.68 T 17474.68 T
16.0 0°25426 0.5223E+05 3137.85 14339.03 17476.88 T 17476.88 T
21.0 0.26118 0.5930E+05 4808.74 12680.87 17489.61 T 17489.61 T
26.0 0.27286 0.6206E+05 6463.24 11034.82 17498.06 T 17498.06 T
32.0 0.29384 0.6098E+05 8276.18 9222.58 17498.76 T 17498.76 T
42.0 0.34551 0.5269E+05 10727.69 6770.69 17498.38 T 17498.38 T
58.0 0.46407 0.3275E+05 13326.66 4172.77 17499.43 T 17499.43 T
75.0 0.67984 0.1893E+05 14503.22 2996.70 17499.92 D 17499.92 T
80.0 0.78086 0.1727E+05 14641.07 2858.91 17499.98 D 17499.98 T
85.0 0.89065 0.1492E+05 14792.73 2707.24 17499.96 D 17499.96 T
90.0 1.00900 0.1209E+05 14948.04 2551.84 17499.88 D 17499.88 T
95.0 1.13574 0.8896E+04 15101.12 Z398.79 17499.91 D 17499.91 T
100.0 1.27071 0.5454E+04 15248.36 2251.56 17499.91 D 17499.91 T
110 0 1.55828 O.O000E+00 15453.78 2046.15 17499.94 B 17499 94 T
120 0 1.85449 O.O000E+O0 15453.78 2046.15 17499.94 B 17499.94 T
135 0 2.34711 O.O000E+O0 15453.81 2046.15 17499.97 B 17499.97 T
140 0 2.52420 O.O000E+O0 15453.84 2046.15 17499.99 B 17499 99 T
150 0 2.89769 O.O000E+O0 15453.82 2046.15 17499.97 B 17499 97 T
160 0 3.29695 O.0000E+O0 15453.84 2046.15 17499.99 B 17499 99 T
170 0 3.72197 0.0000E+00 15453.83 2046.15 17499.99 B 17499 99 T
175 0 3.94414 O.0000E+O0 15453.83 2046.15 17499.98 B 17499 98 T
200.0 5.15162 O.O000E+O0 15453.83 2046.15 17499.99 B 17499 99 T
240.0 7.41858 O.O000E+O0 15453.85 2046.15 17500.00 B 17500 O0 T
270.0 9.38940 O.0000E+O0 15453.84 2046.15 17499.99 B 17499 99 T
300.0 11.59222 O.O000E+O0 15453.84 2046.15 17499.99 B 17499 99 T
350.0 15.77925 O.O000E+O0 15453.85 2046.15 17500.00 B 17500.00 T

DB= 37.000 INCHES
L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSl) SI_ (PSI) CONTACT SIGTH (PSI) REST

5.0 0.50004 0.1607E+05 302 56 14149.16 14451.71 T 14451.71 T
10.0 0.50073 0.3733E+05 1369 82 16104.86 17474.68 T 17474.68 T
16.0 0.50426 0.5223E+05 3137 85 14339.03 17476.88 T 17476.88 T
21.0 0.51118 0.5930E+05 4808 74 12680.87 17489.61 T 17489.61 T
26.0 0.52286 0.6206E+05 6463 24 11034.82 17498.06 T 17498.06 T
32.0 0.54384 0.6098E+05 8276 18 9222.58 17498.76 T 17498.76 T
42.0 0.59551 0.5269E+05 10727 69 6770.69 17498.38 T 17498.38 T
58.0 0.71407 0.3275E+05 13326.66 4172.77 17499.43 T 17499.43 T
75.0 0.86871 0.I044E+05 14929.35 2570.52 17499.87 T 17499.87 T

; 80.0 0.91593 0.4117E+04 15259.99 2239.97 17499.96 T 17499.96 T
85.0 0.93044 O.O000E+O0 15453.69 2046.15 17499.85 B 17499.85 T
90.0 1.04313 O.0000E+O0 15453.77 2046.15 17499.92 B 17499.92 T
95.0 1.16226 O.O000E+O0 15453.84 2046.15 17499.99 B 17499.99 T
I00.0 1.28782 O.O000E+O0 15453.78 2046.15 17499.93 B 17499.93 T
110.0 1.55827 O.0000E+O0 15453.79 2046.15 17499.95 B 17499.95 T
120.0 1.85448 0.0000E+00 15453.81 2046.15 17499.97 B 17499.97 T
135.0 2.34709 O.O000E+O0 15453.79 2046.15 17499.95 B 17499.95 T
140.0 2.52418 O.O000E+O0 15453.83 2046.15 17499.98 B 17499.98 T
150.0 2.89767 O.O000E+O0 15453.82 2046.15 17499.97 B 17499.97 T
160.0 3.29692 O.O000E':O0 15453.80 2046.15 17499.96 B 17499.96 T
170.0 3.72194 O.O000E+O0 15453.82 2046.15 17499.97 B 17499.97 T
175.0 3.94411 O.O000E+O0 15453 82 2046.15 17499 98 B 17499.98 T
200.0 5.15158 O.0000E+O0 15453 82 2046.15 17499 98 B 17499.98 T
240.0 7.41852 O.O000E+O0 15453 83 2046.15 17499 98 B 17499.98 T
270.0 9.38933 O.O000E+O0 15453 83 2046.15 17499 99 B 17499.99 T
300.0 11.59214 0.0000E+00 15453 84 2046.15 17500 O0 B 17500.00 T
350.0 15.77913 O.O000E+O0 I!;45384 2046.15 17499 99 B 17499.99 T
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DB= 38.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSI) SIQ (PSI) COP'_xCT SIQTH (PSl) REST
5,0 1,00004 0,1607E+05 302,56 _4149 16 14451,71 14451,71 T
10.0 1.00073 0,3T33E+05 1369,82 16104 86 17474,68 a 17474,68 T
16 0 1,00426 0,5223E+05 3137,85 14339 03 17476,88 T 17476,88 T
21 0 1,01118 0,5930E+05 4808,74 12680 87 17489,61 T 17489,61 T
26 0 1.02286 0,6206E+05 6463.24 11034 82 17498,06 1 17_98.06 T
32 0 1.04384 0,6098E+05 8276,18 9222 58 17498,76 T 17498,76 T
42 0 1,09551 0,5269E+05 10727,69 6770 69 17498,38 T 17498,38 T
58 ? 1,21407 0,3275E+05 13326.66 4172 77 17499.43 T 17499,43 T
75 0 1.36871 0.1044E+05 14929,35 2570 52 17499,87 T 17499,87 T
80 0 1,41593 0,4117E+04 15259,99 2239 97 17499.96 T 17499,96 T
85 0 0.93043 0+0000E+00 15453,75 2046 15 17499,90 B 17499,90 T
90 0 1,04312 O,O000E+O0 15453,84 2046 15 17500,00 B 17500,00 T
95 0 I' 1,16224 0,0000E+00 15453,79 2046 15 17499,95 B 17499,95 T
100 0 1.28780 0,0000E+00 15453,76 2046 15 17499,91 B 17499,91 T
110 0 1.55825 O,O000E+O0 15453,82 2046 15 17499.97 B 17499,97 T
120 0 1,85445 0 O000E+O0 15453 78 2046 15 17499.94 B 17499.94 T
135,0 2.34706 0 0000E+00 15453 82 2046 15 17499.97 B 17499.97 T
140.0 2,52414 0 O000E+O0 15453 80 2046 15 17499.96 B 17499.96 T
150,0 2.89763 0 O000E+O0 15453 83 2046 15 17499.98 B 17499.98 T
160.0 3 29688 0 0000E+00 15453 84 2046,15 17499,99 B 17499,99 l
170,0 3 72189 0 O000E+O0 15453 83 2046.15 17499.99 B 17499,99 T
175.0 3 94405 0 O000E+O0 15453 81 2046,15 17499.96 B 17499,96 T
200,0 5 15151 0 O000E+O0 15453 83 2046.15 17499.99 B 17499,99 T
240.0 7 41842 0 O000E+O0 15453 84 2046,15 17500.00 B 17500,00 T
270.0 9,38920 O.0000E+O0 15453.84 2D46.15 17499.99 B 17499.99 T
300.0 11.59197 O.O000E+O0 15453.84 2046.15 17499.99 B 17499.99
350,0 15.77891 0,0000E+00 15453.84 2046.15 17500.00 B 17500,00 T

DB= 39.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSI) _IG (_SI) CONIACT SIQTH (PSI) REST
5.0 1 50004 0,1607E+05 302,56 14149,16 14451,,'I T 14451,71 T
10,0 1 50073 0.3733E+05 1369,82 16104,86 17474.68 T 17474,68 T
16.0 1 50426 0,5223E+05 3137,85 14339.03 17476,88 T 17476.88 T
21.0 1 51118 0 5930E+05 4808.74 12680.87 17489.61 T 17489,61 T
26.0 1 52286 0 6206E+05 6463.24 11034,82 17498.06 T 17498,06 T
32,0 1 54384 0 6098E+05 8276,18 9222,58 17498,76 T 17498,76 T
42.0 1 59551 0 5269E+05 10727,69 6770,69 17498.38 T 17498 38 T
58,0 1 71407 0 3275E+05 13326.66 4172.77 17499,43 T 17499 43 T
75.0 1 86871 0 I044E+05 14929.35 2570.52 17499,87 T 17499 87 T
80,0 I 91593 0 4117E+04 15259,99 2239.97 17499.96 T 17499 96 T
85.0 0 93042 0 O000E+O0 15453.80 2046.15 17499.96 B 17499 96 T
90,0 1 04310 0 0000E+00 15453,77 2046.15 17499.92 B 17499 92 T
95,0 I 16222 0 O000E+O0 15453.75 2046,15 17499,90 B 17499 90 T
100.0 I 28778 0 O000E+O0 15453.74 2046 15 17499.89 B 17499,89 T
110,0 1 55823 0 0000E+00 15453.84 2046 15 17499 99 B 17499 99 T
120 0 1.85443 0 O000E+O0 15453,84 2046 15 17499 99 B 17499.99 T
135 0 2.34703 O.O000E+O0 15453,84 2046 15 17499 99 B 17499,99 T
140 0 2.52411 0.0000E+00 15453,84 2046 15 17499 99 B 17499.99 T
150 0 2.89759 0.0000E+00 15453,84 2046 15 17499 99 B 17499.99 T
160 0 3,29683 O,O000E+O0 15453,83 2046.15 17499 98 B 17499.98 T
170 0 3.72183 O.O000E+O0 15453.81 2046,15 17499 96 B 17499.96 T
175 0 3.94400 O,O000E+O0 15453,83 2046.15 17499 99 B 17499,99 T
200 0 5,15144 O,O000E+O0 15453,84 2046,15 17500 00 B 17500,00 T
240 0 7.41831 0.0000E+00 15453,84 2046.15 17499 99 B 17499.99 T
270 0 9,38906 O,O000E+00 15453,83 2046,15 17499 98 B 17499,98 T
300 0 11.59180 O,O000E+O0 15453,83 2046,15 17499 99 B 17499,99 T
350 0 15.77868 O.O000E+O0 15453.84 2046.15 17499 99 B 17499.99 T

DB= 40,000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 2.00004 0,1607E+05 302.56 14149.16 14451 71 T 14451.71 T
I0.0 2.00073 0.3733E+05 1369.82 16104 86 17474 68 T 17474,68 T
16.0 2.00426 0,5223E+05 3137,85 14339,03 17476 88 T 17476.88 T
21.0 2.01118 0,5930E+05 4808,74 12680 87 17489 61 T 17489,61 T
26,0 2.02286 0,6206E+05 6463,24 11034 82 17498 06 T 17498,06 T
32.0 2,04384 0.6098E+05 8276.18 9222 58 17498 76 T 17498,76 l

42.0 2,09551 0.5269E+05 10727.69 6770 69 17498 38 T 17498.38 T
58.0 2.21407 0,3275E+05 13326,66 4172 77 17499 43 T 17499.43 T
75.0 2,36871 0,I044E+05 14929 35 2570 52 17499 87 T 17499,87 T
80,0 2,41593 0,4117E+04 15259,99 2239 97 17499 96 T 17499,96 T
85,0 0.93040 0,0000E+00 15_53 69 2046 15 17499 84 B 17499.84 T
90.0 1,04309 0,0000E+00 15453 84 2046 15 17499 99 B 17499,99
95.0 1.16221 0,0000E+00 15453,84 2046 15 17499 99 B 17499,99 T
100,0 1.28777 0,0000E+00 15453,84 2046 15 17499 99 B 17499.99 T
110.0 1.55820 0.0000E+00 15453,76 2046 15 17499 92 B 17499,92 T
120,0 1.85440 O.O000E+O0 15453,81 2046 15 17499 96 B 17499,96 T
135.0 2,34699 0,0000E+00 15453,80 2046 15 17499 95 B 17499,95 l
140,0 2,52407 0,0000E+00 15453 82 2046 15 17499 97 B 17499,97 T
150,0 2.89755 O,O000E+O0 15453,84 2046 15 17500 00 D 175(10,00 I
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160 0 3,29678 0+0000E+00 15453,81 2046,15 17499,97 B 17499,97 T
170 0 3°72178 O,O000E+O0 15453,82 2046,15 17499,97 B 17499,97 T
175 0 3,94394 O,O000E+O0 15453,82 2046,15 17499,97 B 17499,97 T
200 0 5,15136 O,O000E+O0 15453,83 2046,15 17499.98 B 17499,98 T
240 0 7,41820 O,O000E+O0 15453,83 2046+15 17499,98 B 17499°98 T
270 0 9,38893 O,O000E+O0 15453,84 2046,15 17499,99 B 17499,99 T
300 0 11,59164 O,O000E+O0 15453,84 2046,15 17500,00 B 17500,00 T
350,0 15,77846 O,O000E+O0 15453,85 2046,15 17500,00 B 17500,00 1

DB= 41.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSl) SIQ (PSl) CONTACT SLOTH PSI) REST
5,0 2,50004 0 1607E+05 302,56 14149,16 14451 71 T 14451 71 I
I0,0 2,50073 0 3733E+05 1369,82 16104,86 17474 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 5930E+05 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 4172,77 17499 43 T 17499 43 T
75,0 2,86871 0 I044E+05 14929,35 2570,52 17499 87 T 17499 87 T
80,0 2,91593 0 4117E+04 15259,99 2239,97 17499 96 T 17499 96 T
85,0 0,9_039 0 O000E+O0 15453,75 2046,15 17499 90 B 17499 90 + T
90,0 1,04307 0 O000E+O0 15453,77 2046,15 17499 92 B 17499 92 T
95,0 1.16219 0 O000E+O0 15453,79 2046,15 17499 95 B 17499 95 T
100.0 1,28775 0 O000E+O0 15453,82 2046,15 17499 98 B 17499 98 T
110,0 1,55818 0 O000E+O0 15453,79 2046,15 17499 94 B 17499 94 T
120,0 1,85437 0 O000E+O0 15453,78 2046,15 17499 93 B 17499 93 T
135.0 2,34696 0 O000E+O0 15453,82 2046.15 17499 98 B 17499 V8 T
140,0 2,52403 0 O000E+O0 15453,79 2046,15 17499.95 B 17499 95 T
150,0 2,89750 0 O000E+O0 15453,80 2046,15 17499 95 B 17499,95 T
160,0 3 29674 O,O000E+O0 15453,85 2046,15 17500,00 B 17500,00 T
170,0 3 72173 O,O000E+O0 15453,83 2046 15 17499,99 B 17499,99 T
175,0 3 94389 O,O000E+O0 15453,84 2046 15 17500,00 B 17500,00 T

d 200,0 5 15129 O,O000E+O0 15453,84 2046 15 17499,99 B 17499°99 T
240,0 7 41810 O,O000E+O0 15453,84 2046 15 17499,99 B 17499,99 T
270,0 9 38880 O,O000E+O0 15453,84 2046 15 17500,00 B 17500,00 T
300.0 11,59147 O,O000E+O0 15453,84 2046 15 17499,99 B 17499,99 T
350,0 15,77823 O,O000E+O0 15453,84 2046 15 17500,00 B 17500,00 T

DB= 42,000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) Sl (PSl) SIG (PSl) CONTACT SIQTH (PSl) 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 5930E+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 T
32°0 3,04384 0 6098E+05 8276.18 9222,58 17498,76 T 17498,76 T
42,0 3.09551 0 5269E+05 10727,69 6770,69 17498,38 T 17498,38 T
58,0 3,21407 0 3275E+05 13326,66 4172,77 17499,43 T 17499,43 T
75.0 3 36871 0 I044E+05 14929.35 2570,52 17499,87 T 17499.87 T
80.0 3 41593 0.4117E+04 15259+99 2239,97 17499°96 T 17499,96 T
85.0 0 93038 0.O000E+O0 15453.80 2046,15 17499,95 B 17499,95 T
90.0 1 04306 0.0000E+00 15453,84 2046.15 17499,99 B 17499,99 T
95.0 1 16217 0,O000E+O0 15453,75 2046,15 17499,90 B 17499.90 T
100 0 1 28773 0,O000E+O0 15453,80 2046,15 17499,96 B 17499,96 T
110 0 1.55816 0,0000E+00 15453,81 2046,15 17499,96 B 17499,96 T
120 0 1,85435 O.O000E+O0 15453,83 2046,15 17499,99 B 17499,99 T
135 0 2,34693 O,O000E+O0 15453,85 2046,15 17500,00 B 17500.00 T
140 0 2.52400 O+O000E+O0 15453 83 2046,15 17499,98 B 17499,98 T
150 0 2,89746 O.O000E+O0 15453 81 2046.15 17499,96 B 17499,96 T
160 0 3,29669 O,O000E+O0 15453 83 2046,15 17499.99 B 17499.99 T
170 0 3,72167 O.0000E+O0 15453 81 2046,15 17499 96 B 17499 96 T
175 0 3,94383 O.O000E+O0 15453 83 2046,15 17499 98 B 17499 98 T
200 0 5,15121 0 _O00E_O0 15453 82 2046,15 17499 97 B 17499 97 T
240.0 7.41799 O,0000E+O0 15453 83 2046,15 17499 99 B 17499 99 T
270,0 9,38866 O,O000E+O0 15453 84 2046.15 17499 99 B 17499 99 T
300.0 11.59131 O,O000E+O0 15453.84 2046,15 17500 O0 B 17500 O0 T
350,0 15,77800 O,O000E+O0 15453,84 2046,15 17499 99 B 17499 99 T
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Table B,6 Haxl.mum A].].owable Bore_ho]e l)+,viat:l¢+t++ Based on +Liner: ]rtsc.+rtiort
Stl'esses irt l+o:t'el-,jole_s')r:l],].+._d w:l.t[! a St:e+e+'l:al_];e Bit

ThJ.s section of Apper;d].xB ].ist.sthe output li].+ i'rotn I:'ROGRAM I)gV]AT2
for Inaxitnutllal]_owable bo+:eho].edevlatiort bas_:_.do+t ].:Inc:.!Y+ insei:t:ior,st+.t+c-:_l:.les

dirt+ing liner l+nsertion opel:atior_s w+l.th sl.mtt].taneous dtril]ittg irt l+oYJ.zonta]
and vert::Ical bot:+:holes drilled with a st:ect'able btt,

'].'he fo].]ow.t.rlg paramet(.+r val.u(:,+s were used :t.r, comput:l.rtg these t:esu].ts:

Lb ,= 26' i"t: (vert::l.c;a]+ bo:l:'ehole)
32, 42, 58, 7.5, 270, attd 350 f+(_(_t: (ho:l:':l.zont:al bo.l:'eholc:;s)

c_ _ 36 5, 37, 38, 39, 40, 41, and 42 l.nchesi ) '

Fb = 470,000 ib (simultaneous d_.':l.l].ing)

L ,=0 to Lb ,

Other parameter values were li>ted as ].isted ]t+tSc+_ctiotl5,2,

_ ]]+,,



RUN _VITHDEVIATI.FOR

LINER INSERTION LOADING SPECI.-IED
MINIMUM ALLOWABLE LINER RAD'JS OF CURVATURE= 65,74 FT (BASED ON CONTAINER CLEARANCE)

CRITICAL BUCKLING STREiS BASED ON BENDING= 0.2114E+06 PSI
CRITICAL BUCKLING STRESS BASED ON COMPRESSION= 0,2039E+06 PSI
FS= 4,00
FB= 470000,00 LBF

LB= 26.000 FEET (VERTICAL)

DB= 36.500 INCrlES

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSl) SlG (PSl) CONTA(:T SIGTII (PSI) RES1
5.0 0,25015 0.7033E+05 1080.64 16298.70 17379,35 T 8950,85 I
I0.0 0.25178 0,I043E+06 3204.16 14262,38 17466,54 T 9038.05 I
16,0 0,25753 0.I077E_06 5294.59 12194.11 17488,71 T 9060.21 I
21,0 0.26573 0,9949E.05 6420.44 11079,25 17499.70 T 9071.20 I
26.0 0.27683 0,8942E+05 7144,11 I0352,67 17496,78 T 9068.28 I

DB= 37.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSl) SIQ (PSl) CONTACT SIQTII(PSI) REST
5.0 0,50015 0.7033E+05 1080.64 16298.70 17379.35 T 8950.85 I
10.0 0,50178 0.I043E+06 3204.16 14262,38 17466.54 T 9038.05 I
16,0 0,50753 0.I077E+06 5294.59 12194.11 17488.71 T 9060.21 I
21,0 0.51573 0,9949F_ 6420,44 11079.25 17499.70 T 9071.20 I
26.0 0.52683 0.8942E+0_ 7144.11 I0352,67 17496,78 T 9068.28 I

DB= 38.000 INCflES

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSl) SIG (PSI) CONIACT SIQTH (PSI) REST
5.0 1.00015 0.7033E+05 1080.64 16298,70 17379.35 T 8950.85 I
10.0 1.00178 0.I043E+06 3204.16 14262,38 17466.54 T 9038,05 I
16.0 1.00753 0,I077E+06 5294.59 12194.11 17488.71 T 9060.21 I
21.0 1,01573 0.9949E+05 6420,44 11079,25 17499.70 T 9071.20 I
26.0 1.02683 O.8942E+D5 7144,11 10352.67 17496.78 T 9068.28 I

DB= 39,000 INCHFS

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSl) SIG (PSl) CONTACT SIGTfl(PSI) REST
5.0 1.50015 0.7033E+05 1080.64 16298.70 17379.35 T 8950.85 I
10.0 1.50178 0.I043E+06 3204.16 14262,38 17466.54 T 9038.05 I
16.0 1.50753 0.I077E+06 5294.59 12194,11 17488.71 T 9060.21 I
21.0 1.51573 0,9949E+05 6420,44 11079,25 17499.70 T 9071.20 I
26,0 1.52683 0.8942E+05 7144.11 10352,67 17496,78 T 9068.28 I

DB= 40.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSl) BIG (PSl) CONTACT SIGTfl(PBI) REST
5.0 2.00015 0.7033E+05 1080,64 16298.70 17379,35 T 8950.85 I
10.0 2.00178 0.I043E+06 3204.16 14262.38 17466.54 T 9038.05 I
16.0 2.00753 0.I077E+06 5294.59 12194.11 17488.71 T 9060.21 I
21.0 2.01573 0.9949E+05 6420.44 11079.25 17499.70 T 9071,20 I
26.0 2.02683 0.8942E_05 7144.11 10352,67 17496,78 T 9068.28 I

DB= 41.000 INCflES

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSl) SIG (PSl) CONTACT SIGTfl(PSI) REST
5.0 2.50015 0.7033E+05 1080,64 16298.70 17379,35 T 8950.85 I
10.0 2.50178 0,I043E+06 3204,16 14262.38 17466.54 T 9038.05 I
16.0 2.50753 0,I077E+06 5294.59 12194,11 17488,71 T 9060,21 I
21,0 2.51573 0.9949E+05 6420.44 11079.25 17499.70 T 9071.20 I
26.0 2.52683 0.8942E+05 7144.11 10352,67 17496.78 T 9068.28 I

DB= 42.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSl) SIG (PSl) CONTACT SIGTH (PSl) REST
5.0 3.00015 0.7033E+05 1080.64 16298.70 17379.35 T 8950.85 I
10.0 3.00178 0,I043E+06 3204.16 14262.38 17466.54 T 9038,05 I
16.0 3.00753 0.I077E+06 5294.59 12194.11 17488.71 T 9060,21 I
21.0 3.01573 0.9949E+05 6420.44 11079.25 17499.70 T 9071.20 I
26.0 3.02683 0,8942E+05 7144,11 10352,67 17496.78 T 9068,28 I

LB= 32.0fl0 FEET (HORIZONTAL)

DB= 36.500 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) Sl (PSl) SIG (PSl) CONIACI sIGrH (PSl) RES1
5.0 0.25012 0.5580E+05 867.07 16178.78 17045.84 T 4753.70 I
10,0 0,25155 0.8985E+05 2799.86 14680,93 17480,79 T 5972.04 1
16.0 0.25686 0.9659E+05 4848.33 12650.73 17499.06 T 7077.'I0 I
21.0 0.26466 0,9073E+05 6026.48 11469.05 17495.53 T 7749.43 I
26.0 0,27540 0,8219E+05 6828,90 10670.49 17499.39 T 8260.57 I
32.0 0.29187 0.7182E+05 7459.29 10039.13 17498.42 T 8735.21 I
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DB= 37.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SlO (PSI) CONTACT SIQTH (PSI) REST
5.0 0.50012 0.5580E+05 867.07 16178.78 17045.84 T 4753.70
10.0 0.50155 0.8985E+05 2799.86 14680.93 17480.79 T 5972.04
16.0 0.50686 0.9659E+05 4848.33 12650.73 17499.06 T 7077.10
21.0 0.51466 0.9073E+05 6026.48 11469.05 17495.53 T 7749.43
26.0 0.52540 0.8219E+05 6828.90 10670.49 17499.39 T 8260.57
32.0 0.54187 0.7182E+05 7459.29 I0039.1X 17498.42 T 8735.21

DB= 38.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSl) SIG (PSI) CONTACT SLOTH (PSI) REST
5.0 I.q0012 0.5580E+05 867.07 16178.76 17045.84 T 4753.70
10.0 1.00155 0.89_5E+05 2799.86 14680.93 17480.79 T 5972.04
16.0 1.00686 0.9659E+05 4848.33 12650.73 17499.06 T 7077.10
21.0 1.01466 0.9073E+05 6026.48 11469.05 17495.53 T 7749.43
26.0 1.02540 0.8219E+05 6828.90 10670.49 17499.39 T 8260.57
32.0 1.04187 0.7182E+05 7459.29 10039.13 17498.42 T 8735.21

DB= 39.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) Sl (PSl) Sld (PSI) CONTACT SIQTH (PSI) REST
5.0 1.50012 0.5580E+05 867.07 16178.78 17045.84 T 4753.70
10.0 1.50155 0.8985E+05 2799.86 14680.93 17480.79 T 5972.04
16.0 1.50686 0.9659E+05 4848.33 12650.73 17499.06 T 7077.10
21.0 1.51466 0.9073E+05 6026.48 11469.05 17495.53 T 7749.43
26.0 1.52540 0.8219E+05 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) SB (PSl) SI (PSI) SIG (PSI) CONTACI SIGTH (PSI) REST
5.0 2.00012 0.5580E+05 867.07 16178.78 17045.84 T 4753.70 I
10.0 2.00155 0.8985E+05 2799.86 14680.93 17480.79 T 5972.04 l
16.0 2.00686 0.9659E+05 4848.33 12650.73 17499.06 T 7077.10 I
21.0 2.31466 0.9073E+05 6026.48 11469.05 17495.53 T 7749.43 I
26.0 2.02540 0.8219E+05 6828.90 10670.49 17499.39 T 8260.57 I
32.0 2.04187 0.7182E+05 7459.29 10039.13 17498.42 T 8735.21 I

DB= 41.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIQTH (PSI) REST
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 5972.04
16.0 2.50686 0.9659E+05 4848.33 12650.73 17499.06 T 7077.10
21.0 2.51466 0.9073E+05 6026.48 11469.05 17495.53 T 7749.43
26.0 2.52540 0.8219E+05 6828.Q0 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 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSl) CONTACI SIGTH (PSl) RESI
5.0 3.00012 0.5580E+05 867.07 16178.78 17045.84 T 4753.70
I0.0 3.00155 0.8985E+05 2799.86 14680.93 17480.79 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 6026.48 11469.05 17495.53 T 7749.43
26.0 3.02540 0.8219E+05 6828.90 10670.49 17499.39 T 8260.57
32.0 3.04187 0.7182E+05 7459.29 10039.13 17498.42 T 8735.21

LB= 42.000 FEET (HORIZONTAL)

DB= 36.500 INCHES ,

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) RE3]
5.0 0.25009 0.4174E+05 651.07 16059.57 16710.64 T 4478.10
I0.0 0.25127 0.7345E+05 229E.86 15152.47 17448.33 T 5703.81
16.0 0.25598 0.8400E+05 4229.58 13259.30 17488.88 T 6762.63
21.0 0.26327 0.8194E+05 5459.13 12040.64 17499.97 T 7467.97
26.0 0.27356 0.7606E+05 6338.96 11157.95 17496.91 T 8014.35
32.0 0.28965 0.6785E+05 7069.06 10430.37 17499.42 T 8540.59
42.0 0.32475 0.5512E,05 7798.64 9700.26 17498.90 T 9245.21

DB= 37.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSl) CONIACT SIGTH (PSI) RES1
5.0 0.50009 0.4174E+05 651 07 16059._7 16710.64 T 4478.10 I
I0.0 0.50127 0 7345E+05 2295 86 15152.47 17448.33 T 5703.81 I
16.0 0.50598 0 8400E+05 4229 58 13259.30 17488.88 T 6762.63 I
21.0 0.51327 0 8194E+05 5459 13 12040.84 17499.97 T 7467.97 I
26.0 0.52356 0 7606E405 6338 96 11157.95 17496.91 T 8014.35 I
32.0 0.53965 0 6785E+05 7069 06 10430.37 17499.42 T 8540.59 I
42.0 0.57475 0 5512E+05 7798.64 97C0.26 17498.90 T 9245.21 I
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DB= 38.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSl) REST
5.0 1.00009 0,4174E+05 651.07 16059.57 16710.64 T 4478 10
10.0 1.00127 0.7345E+05 2295.86 15152.47 17448.33 T 5703 81
16.0 1.00598 0.8400E_05 4229.58 13259.30 17488.88 T 6762 63
21.0 1.01327 0.8194E+05 5459.13 12040.84 17499.97 T 7467 97
26.0 1.02356 0.7606E+05 6338.96 11157.95 17496.91 T 8014 35
32.0 1.03965 0.6785E+05 7069.06 10430.37 1!499.42 T 8540 59
42.0 1.07475 0.5512E+05 7798.64 9700.26 17498.90 T 9245 21

DB= 39.000 INCHES

l (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 1.50009 0.4174E+05 651.07 16059.57 16710.64 T 4478.10 I
10.0 1.50127 0.7345E+05 2295.86 15152.47 17448.33 T 5703.81 I
16.0 1.50598 0.8400E+05 4229.58 13259.30 17488.88 T 6762.63 I
21.0 1.51327 0.8194E+05 5459.13 12040.84 17499.97 T 7467.97 I
26.0 1.52356 0.7606E+05 6338.96 11157.95 17496.91 T 8014.35 I
32.0 1.53965 0.6785E+05 7069.06 10430.37 17499.42 T 8540.59 I
42.0 1.57475 0.5512E+05 7798.64 9700.26 17498.90 T 9245.21 I

DB= 40.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSl) SIG (PSI) CONTACT SIGTH (PSI) REST
5 0 2.00009 0.4174E+05 651.07 16059.57 16710.64 T 4478.10 I
10 0 2.00127 0.7345E+05 2295.86 15152.47 17448.33 T 5703.81 I
16 0 2.00598 0.8400E+05 4229.58 13259.30 17488.88 T 6762.63 I
21 0 2.01327 0.8194E+05 5459.13 12040.84 17499.97 T 7467.97 I
26 0 2.02356 0.7606E+05 6338.96 11157.95 17496.91 T 8014.35 I
32 0 2.03965 0.6785E+05 7069.06 10430.37 17499.42 T 8540.59 I
42.0 2.07475 0.5512E+05 7798.64 9700.26 17498.90 T 9245.21 I

DB= 41.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSl) CONTACT SIGTH (PSl) REST
5.0 2.50009 0.4174E+05 651.07 16059.57 16710.64 T 4478.10
10.0 2.50127 0.7345E+05 2295.86 15152.47 17448.33 T 5703.81
16.0 2.50598 0.8400E+05 4229.58 13259.30 17488.88 T 6762.63
21.0 2.51327 0.8194E+05 5459.13 12040.84 17499.97 T 7467.97
26.0 2.52356 0.7606E+05 6338.96 11157.95 17496.91 T 8014.35
32.0 2.53965 0.6785E+05 7069.06 10430.37 17499.42 T 8540.59
42.0 2.57475 0.5512E+05 7798.64 9700.26 17498.90 T 9245.21

oB= 42.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 3.00009 0.4174E+05 651.07 16059.57 16710.64 T 4478.10
10.0 3.00127 0.7345E+05 2295.86 15152.47 17448.33 T 5703 81
16.0 3.00598 0.8400E+05 4229.58 13259.30 17488.88 T 6762 63
21.0 3.01327 0.8194E+e5 5459.13 12040.84 17499.97 T 7467 97

. 26.0 3.02356 0.7606E+05 6338.96 11157.95 17496.91 T 8014 35
32.0 3.03965 0.6785E+05 7069.06 10430.37 17499.42 T 8540 59
42.0 3.07475 0.5512E+05 7798.64 9700.26 17498.90 T 9245 21

LB= 58.000 FEET (HORIZONTAL)

DB= 36.500 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 0.25007 0.3237E+05 507.07 16627.16 17134.23 T 4617.89
10.0 0.25099 0.5705E+05 1791.86 15666.94 17458.80 T 5457.04
16.0 0.25497 0.6956E+05 3519.42 13972.90 17492.32 T 6409.28
21.0 0.26151 0.7081E+05 47 '.77 12755.35 17496.12 T 7106.86
26.0 0.27112 0.6792E+05 _ .25 11807.38 17496.63 T 7689.37
32.0 0.28654 0.6229E+05 Z.38 10976.15 17498.52 T 8266.80
42.0 0.32089 0 5207E+05 7_04.76 10094.05 17498.81 T 9048.22
58.0 0.39583 0.3829E+05 8129.30 9370.61 17499.91 T 10146.35

DB= 37.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 0 50007 0.3237E+05 507.07 16627.16 17134 23 T 4617.89
I0.0 0 50099 0.5705E+05 1791.86 15666.94 17458 80 T 5457.04
16.0 0 50497 0.6956E+05 3519.42 13972.90 17492 32 T 6409.28
21.0 0 51151 0.7081E+05 4740.77 12755.35 17496 12 T 7106.86
26.0 0 52112 0.6792E+05 5689.25 11807.38 17496 63 T 7689.37
32.0 0 53654 0.6229E+05 6522.38 10976.15 17498 52 T 8266.80
42.0 0 57089 0.5207E+05 7404.76 I0094.05 17498 81 T 9048.22

58.0 0 64583 0.3829E+05 8129.30 9370.61 17499 91 T 10146.35
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DB= 38.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 1.00007 0.3237E+05 507.07 16627.16 17134.23 T 4617.89 I
10.0 1.00099 0.5705E+05 1791.86 15666.94 17458.80 T 5457.04 I
16.0 1.00497 0.6956E+05 3519.42 13972.90 17492.32 T 6409.28 I
21.0 1.01151 0.7081E+05 4740.77 12755.35 17496.12 T 7106.86 I
26.0 1.02112 0.6792E+05 5689.25 11807.38 17496.63 T 7689.37 I
32.0 1.03654 0.6229E+05 6522.38 10976.15 17498.52 T 8266.80 I
42.0 1.07089 0.5207E+05 7404.76 I0094.05 17498.81 T 9048.22 I
58.0 1.14583 0.3829E+05 8129.30 9370.61 17499.91 T 10146.35 I

DB= 39.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSI) SIG (PSl) CONTACT SIGTH (PSI) REST
5.0 1.50007 0.3237E+05 507 07 16627 16 17134.23 T 4617.89
10.0 1.50099 0.5705E+05 i791 86 15666 94 17458.80 T 5457.04
16.0 1.50497 0.6956E+05 3519 42 13972 90 17492.32 T 6409.28
21.0 1.51151 0.7081E+05 4740 77 12755 35 17496.12 T 7106.86
26.0 1.52112 0.6792E+05 5689 25 11807 38 17496.63 T 7689.37
32.0 1.53654 0.6229E+05 6522 38 10976 15 17498.52 T 8266.80
42.0 1.57089 0.5207E+05 7404 76 10094 05 17498.81 T 9048.22
58.0 1.64583 0.3829E+05 8129 30 9370 61 17499.91 T 10146.35

DB= 40.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) Sl (PSl) SIG (PSl) CONTACT SIGTH (PSI) REST
5.0 2.00007 0.3237E+05 507.07 16627.16 17134.23 T 4617.89 I
10.0 2.00099 0.5705E+05 1791.86 15666.94 17458.80 T 5457.04 I
16.0 2.00497 0.6956E+05 3519.42 13972.90 17492.32 T 6409.28 I

_21.0 2.C1151 0.7081E+05 4740.77 12755.35 17496.12 T 7106.86 I
26.0 2.02112 0.6792E+05 5689.25 11807.38 17496.63 T 7689.37 I
32.0 2.03654 0.6229E+05 652..38 10976.15 17498.52 T 8266.80 I
42.0 2.07089 0.520,E+05 7404.76 10094.05 17498.81 T 9048.22 I
58.0 2.14583 0.3829E+05 8129.30 9370.61 17499.91 T 10146.35 I

DB= 41.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 2.50007 0.3237E+05 507.07 16627.16 17134.23 T 4617.89
10.0 2.50099 0.5705E+05 1791.86 15666.94 17458.80 T 5457.04
16.0 2.50497 0.6956E+05 3519.42 13972.90 17492.32 T 6409.28
21.0 2.51151 0.7081E+05 4740.77 12755.35 17496.12 T 7106.86
26.0 2.52112 0.6792E+05 5689.25 11807.38 17496.63 T 7689.37
32.0 2.53654 0.6229E+05 6522.38 10976.15 17498.52 T 8266.80
42.0 2.57089 0.5207E+05 7404.76 10094.05 17498.81 T 9C48.22
58.0 2.64583 0.3829E+05 8129.30 9370.61 17499.91 T 10146.35

DB= 42.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 3.00007 0.3237E+05 507.07 16627.16 17134 23 T 4617.89 I
10.0 3.00099 0.5705E+05 1791.86 15666.94 17458 80 T 5457.04 I
16.0 3.00497 0.6956E+05 3519.42 13972.90 17492 32 T 6409.2Z I
21.0 3.01151 0.7081E+05 4740.77 12755.35 17496 12 T 7106.86 I
26.0 3.02112 0.6792E+05 5689.25 11807.38 17496 63 T 7689.37 I
32.0 3.03654 0.6229E+05 6522.38 10976.15 17498 52 T 8266.80 I
42.0 3.07089 0.5207E+05 7404.76 10094.05 17498 81 T 9048.22 I
58.0 3.14583 0.3829E+05 8129.30 9370.61 17499 91 T 10146.35 I

LB= 75.000 FEET (HORIZONTAL)

DB= 36.500 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 0.25005 0.2300E+05 363.07 16005.02 16368.09 T 4162.82
I0.0 0.25080 0.4592E+05 1449.86 15992.34 17442.20 T 5277.74
16.0 0.25421 0.5869E+05 2985.05 14501.67 17486.71 T 6139.28
21.0 0.26009 0.6183E+05 4161.17 13333.30 17494.48 T 6816.25
26.0 0.26903 0.6096E+05 5132.75 12365.37 17498.11 T 7411.85
32.0 0.28373 0.5726E+05 6028.43 11469.53 17497.96 T 8019.55
42.0 0.31721 0.4916E+05 7029.25 10470.43 17499.68 T 8860.90
58.0 0.39136 0.3695E+05 7890.12 9609.41 17499.53 T 10026.57
75.0 0.49368 0.2673E+05 8343.31 9156.57 17499.88 T 10970.30

DB= 37.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 0.50005 0.2300E+05 363.07 16005.02 16368.09 T 4162.82 I
10.0 0.50080 0.4592E+05 1449.86 15992.34 17442.20 T 5277.74 I
16.0 0.50421 0.5869E+05 2985.05 14501.67 17486.71 T 6139.28 I
_!.0 O s1ono Q_1_F+05 _161.17 13333.30 17494.48 T 6816.25 I
26.0 0.51903 0.6096E+05 5132.75 12365.37 17498.11 T 7411.85 I
32.0 0.53373 0.5726E+05 6028.43 11469.53 17497.96 T 8019.55 I
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42.0 0.56721 0.4916E+05 7029.25 10470.43 17499.68 T 8860.90 I
58.0 0.64136 0.3695E4,05 7090.12 9609,41 17499.53 T 10026.57 I
75.0 0.74368 0.2673E+05 8343.31 9156.57 17499.88 T 12960.97 I

DB= 38,000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSI) SIG (PSl) CONTACF SIGTH PSI) REST
5.0 1 00005 0.2300E+05 363.07 16005.02 16368.09 T 4162 82
10.0 1 00080 0.4592E+05 1449.86 15992.34 17442.20 T 5277 74
16,0 1 00421 0.5869E+05 2985.05 14501.67 17486.71 T 6139 28
21.0 1 01009 0.6183E+05 4161.17 13333.30 17494.48 T 6816 25
26.0 1 01903 0,6096E+05 5132.75 12365.37 17498.11 T 7411 85
32.0 1 03373 0.5726E+05 6028.43 11469,53 17497.96 T 8019 55
42.0 1 06721 0.4916E+05 7029.25 10470.43 17499.68 T 8860 90
58.0 1 14136 0.3695E+05 7890.12 9609.41 17499,53 T 10026 57
75.0 1 24368 0,2673E+05 8343.3I 9156.57 17499,88 T 12960 97

DB= 39.000 INCHES

L (FT) DELBH (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSl) REST
5.0 1.50005 0.2300E+05 363.07 16005.02 16368.09 T 4162 82
10.0 1.50080 0.4592E.05 1449.86 15992.34 17442.20 T 5277 74
16.0 1.50421 0,5869E+05 2985.05 14501,67 174}16,71 T 6139 28
21.0 1.51009 0.6183E+05 4161.17 13333.30 17494,48 T 6816 25
26.0 1.5!903 0.6096E+05 5132.75 12365.37 17448.11 T 7411 85
32.0 1.53373 0.5726E+05 6028.43 11469.53 17_97,96 T 8019 55
42.0 1.56721 0.4916E+05 7029.25 10470.43 174)9.68 T 8860 90
58.0 1.64136 0.3695E+05 7890.12 9609.41 !7_99.53 T 10026 57
75.0 1.74368 0.2673E+05 8343,31 9156.57 17499.88 T 12960 97

DB= 40.000 INCHES

l (FT) DELBM (IN) P (LB) SB (PSl) Sl (PSl) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 2.00005 0.2300E+05 363.07 16005.02 16368,09 T 4162.82
10,0 2,00080 0.4592E+05 1449.86 15992.34 17442.20 T 5277.74
16.0 2.00421 0.5869E+05 2985.05 14501,67 17486,71 T 6139.28
21.0 2.01009 0.6183E+05 4161.17 13333,30 17494,48 T 6816.25
26.0 2,01903 0.6096E+05 5132.75 12365,37 17498.11 T 7411.85
32.0 2.03373 0.5726E+05 6028.43 11469.53 17497.96 T _019,55
42.0 2.06721 0.4916E+05 7029.25 10470.43 17499.68 T 3860.90
58.0 2,14136 0.3695E+05 7890.12 9609.41 17499,53 T 10026,57
75.0 2.24368 0.2673E+05 8343.31 9156,57 17499,88 T 12960,97

DB= 41,000 INCHES

L (FT) DELBM (IN) P (LB) SB (FSI) SI (PSI) SIG (PSl) CONTACT SIGTH (PSl) REST
5,0 2.50005 0.2300E+05 363.07 16005.02 16368.09 T 4162.82
10.0 2.50080 0.4592E+05 1449.86 15992.34 17442.20 T 5277.74
16.0 2.50421 0.5869E+05 2985,05 14501.67 17486.71 T 6139.28
21.0 2.51009 0.6183E+05 4161.17 13333.30 17494.48 T 6816.25
26.0 2.51903 0.6096E+05 5132.75 12365,37 17498.11 T 7411.85
32.0 2.53373 0.5726E+05 6028.43 11469.53 17497.96 T 8019.55
42.0 2.56721 0.4916E+05 7029.25 10470,43 17499,68 T 8860.90
58.0 2.64136 0.3695E+05 7890.12 9609.41 17499.53 T 10026.57
75.0 2.74368 0.2673E+05 8343.31 9156,57 17499.88 T 12960.97

0B= 42.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) Sl (PSl) SIG (PSl) CONTACT SIGTH (PSl) REST
5.0 3.00005 0.2300E+05 363.07 16005.02 16368.09 T 4162.82
10.0 3.00080 0.4592E+05 1449.86 15992.34 17442.20 T 5277.74
16.0 3,00421 0.5869E+05 2985.05 14501.67 17486.71 T 6139.28
21.0 3.01009 0.6183E+05 4161,17 13333,30 17494,48 T 6816.25
26.0 3.01903 0.6096E+05 5132.75 12365.37 17498.11 T 7411.85
32.0 3.03373 0,5726E+05 6028.43 11469.53 17497.96 T 8019,55
42.0 3.06721 0.4916E+05 7029.25 10470.43 17499.68 T 8860.90
58.0 3.14136 0.3695E+05 7890.12 9609,41 17499.53 T 10026.57
75.0 3.24368 0.2673E+05 8343,31 9156,57 17499.88 T 12960.97

LB=270.000 FEET (HORIZONTAL)

DB= 36,500 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSl) SIG (PSI) CONTACT SIGTH (PSI) _EST
5.0 0.25001 0 4254E+04 75.07 13922.54 13997.61 T 2833.58
10.0 0.25025 0 1370E+05 459.86 16939,91 17399.77 T 4761.53
16,0 0 25153 0 2037E+05 1100.67 16374.40 17475,07 T 5191.28
21.0 0 25418 0 2445E+05 1748.93 15743.51 17492.44 T 5609.11
26.0 0 25890 0 2720E+05 2435.41 15056.88 17492.29 T 6060.27
3_.0 0 26793 0 2902E+05 3251,09 14248,04 17499.13 T 6631.46
42.0 0 29209 0.2930E+05 4465.99 13032.01 17498.00 T 7578.43
58.0 0 35463 0.2592E+05 5924,78 11575.16 17499.94 T 9067,48
75.0 0.44940 0.2058E*05 6926.35 10573.29 !7_99.64 T 11165.67 '
80.0 0.48194 0.1896E+05 7144.02 10355.68 17499,70 T 10614.84
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85.0 0.51630 0,1735E+05 7335.18 10164.70 17499,89 T 10153.69
90,0 0,55230 0.1577E+05 7503,36 9996.60 17499.96 T 9760.68
95.0 0.58976 0.1422E+05 7651.67 9848,15 17499,83 T 9420.14
100.0 0,64416 0.1362E+05 7729,91 9769.96 17499.87 D 9308.37
110,0 0.78849 0,1328E+05 7819,72 9680.23 17499.95 D 9398,18
120.0 0.95059 0,1239E+05 7921,56 9578,36 17499,91 D 9500.02
135.0 1.225_7 0.I045E+05 8071.53 9428,41 17499.94 D 9649.99
140.0 1.32599 0.9713E+04 L118.26 9381,74 17499.99 D 9696.72
150.0 1,53850 0.8160E+04 8205.27 9294.71 17499.98 D 9783,73
160.0 1.76718 0.6547E+04 8283.58 9216,38 17499.96 D 9862.04
170.0 2.01184 0.4909E+04 83,53.56 9146.42 17499,98 D 9932,03
175.0 2.14011 0,4088E+04 8385,63 9114.36 17499.99 D 9964°09
200.0 2.84023 0.2896E+02 8520.53 8979,46 17499.99 D 10098.99
240.0 4,09037 O.O000E+O0 8521,36 8978.62 17499,98 B 10099.82
270.0 5.17692 0.0000E+00 8521.36 8978,62 17499,98 B 10099.83

DB= 37,000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 0.50001 0.4254E+04 75,07 13922,54 13997.61 T 2833.58
10.0 0.50025 0.1370E+05 459.86 16939.91 17399.77 T 4761,53
16,0 0,50153 0,2037E+05 1100,67 16374.40 17475.07 T 5191.28
21,0 0.50418 0.2445E+05 1748.93 15743 51 17492.44 T 5609,11
26.0 0,50890 0 2720E+05 2435,41 15056 88 17492,29 T 6060.27
32.0 0.51793 0 2902E+05 3251,09 14,24804 17499 13 T 6631.46
42.0 0,54209 0 2930E+05 4465.99 13032 01 17498 00 T 7578.43
58.0 0.60463 0 _592E+05 5924.78 11575 16 17499 94 T 9067.48
75,0 0.69940 0 2058E+05 6926,35 10573 29 17499 64 T 14100,97
80.0 0,73194 0 1896E+05 7144 02 10355,68 17499 70 T 15302,39
85.0 0.76630 0 1735E+05 7335 18 10164.70 17499 89 T 14305_97
90.0 0.80230 0 1577E+05 7503 36 9996.60 17499 96 T 13464,41
95.0 0.83976 0.1422E+05 7651 67 9848.15 17499 83 T 12744.27
100.0 0 87852 0,1270E+05 7783 21 9716,73 17499 95 T 12120.72
110.0 0 95916 0.9792E+04 8004 O0 9495.83 17499 83 T 11090.80
120,0 1 04273 0,7035E+04 8180 71 9319.26 17499.98 T 10267.88
135.0 1 25953 0.5300E+04 8293 19 9206.74 17499,93 D 9871,65
140.0 1 35758 0,5051E+04 8311 69 9188.24 17499.93 D 9890.15
150.0 1 56648 0.4307E.04 8354 52 9145.45 17499,98 D 9932.99
160.0 1 79211 0.3329E+04 8400 46 9099.50 17499.96 D 9978.93
170,0 2 03417 0.2195E+04 8446 31 9053.64 17499.96 D 10024.77
175.0 2 16129 0.1588E+04 8468.65 9031.33 17499.98 D 10047.11
200.0 2 84050 O,O000E+O0 8521.38 8978.62 17500.00 B 10099,84
240.0 4 09036 O.O000E+O0 8521.38 8978,62 17499,99 B 10099.84
270.0 5 17690 O.O000E+O0 8521.37 8978.62 17499.98 B 10099,83

DB= 38.000 INCHES

L (FT) DELBM (]N) P (LB) SB (PSl) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 1.00001 0.4254E+04 75.07 13922.54 13997.61 T 2833,58
10.0 1.00025 0.1370E+05 459.86 16939,91 17399.77 T 4761.53
16.0 1.00153 0 2037E+05 1100,67 16374.40 17475,07 T 5191.28
21.0 1.004'18 0 2445E+05 1748.93 15743.51 17492.44 T 5609,11
26.0 1.00890 0 2720E+05 2435.41 15056,88 17492,29 T 6060,27
32.0 1.01793 0 2902E+05 3251 09 14248.04 17499.13 T 6631.46
42.0 1.04209 0 2930E+05 4465 99 13032.01 17498.00 T 7578.43
58.0 1.10463 0 2592E+05 5924 78 11575.16 17499.94 T 9067.48
75.0 1.19940 0.2058E+05 6926 35 10573.29 17499.64 T 14100.97
80.0 1.23194 0.1896E+05 7144 02 10355.68 17499.70 T 15826.29
85.0 1.26630 0.1735E+05 7335 18 10164.70 17499.89 T 17662.92
90.0 1.30230 0.1577E+05 7503 36 9996.60 17499.96 T 19610.87
95,0 1,33976 0.1422E+05 7651.67 9848.15 17499,83 T 19392,64
100.0 1.37852 0.1270E+05 7783,21 9716.73 17499,95 T 18120.86
110.0 1,45916 0.9792E+04 8004,00 9495.83 17499.83 T 16049,58
120.0 1,54273 0.7035E+04 8180.71 9319,26 17499.98 T 14434.62
135.0 1,67001 0.3169E+04 8384.94 9115.01 17499,95 T 12574.45
140.0 1,71210 0.1945E+04 8440,61 9059.36 17499,96 T 12060.74
150.0 1.59775 O.O000E+O0 8521.36 8978.62 17499.98 B 10099.82
160.0 1,81789 0,0000E400 8521.37 8978.62 17499.99 B 10099.83
170,0 2.05223 O.O000E+00 8521.37 8978.62 17499.99 B 10099.83
175.0 2.17473 O.0000E+O0 8521.38 8978,62 17500.00 B 10099.84
200.0 2,84047 O,O000E+O0 8521.35 8978.62 17499.97 B 10099.82
240.0 4.09033 0.0000E+00 8521.38 8978.62 17500.00 B 10099,84
270.0 5,17686 O.O000E+O0 8521.37 8978.62 17499.99 B ]0099.83

DB= 39.000 filCHES

L (FT) DELBM (iN) P (LB) 5B (PSI) SI (P!;1) SIG (PSI) COI,ttACI _;IG[tt (F'1,1_ I;tE;[
5,0 1 50001 0 4254E404 75,07 13922.54 13997.61 T 2_33.58 I
10.0 1 50025 0 1370E+05 459.86 16939.91 17399.77 T 4761,53 ]
16,0 1 50153 0 2037E+05 1100.67 16374.40 17475.07 T 5191,28 I
21.0 1 50418 0 2445E+05 1748.93 15743.51 17492,44 1 5609.11 1
26.0 1 50890 0 2720E+05 2435.41 15056.88 17492.29 T 6060.27 I
32.0 1 51793 0 2902E+05 3251.09 14248,04 17499,13 T 6631.46 I
42,0 1 54209 0 293UE+05 _46b.99 13us_.U1 i7498.00 T 757B.43 i
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58.0 1.60463 0o2592E+05 5924.78 11575,16 17499.94 T 9067.48 I
75,0 1.69940 0.2058E+05 6926,35 10573,29 17499,64 T 14100.97 I
80,0 1.73194 0.1896E+05 7144,02 10355,68 17499.70 T 15826+29 I
85.0 1,76630 0,1735E+05 7335 18 10164.70 17499.89 T 17662.92 T
90,0 1,80230 0,1577E+05 7503 36 9996,60 17499°96 T 19610.87 T
95.0 1,83976 0,1422E+05 7651 67 9848,15 17499,83 T 21670.12 T
100,0 1,87852 0.1270E+05 7783 21 9716,73 17499,95 T 23840,69
110.0 1.95916 0.9792E+04 8004 O0 9495,83 17499,83 T 21008.51
120,0 2,04273 0,7035E+04 8180 71 9319,26 17499.98 T 18601,47
135.0 2,17001 0,3169E+04 8384 94 9115.01 17499,95 1' 15866,75
140,0 2 21210 0,1945E+04 8440,61 9059,36 17499,96 T 15122.07
150.0 1 59774 0 O000E+O0 8521,37 8978,62 17499,99 B 10099.84
160,0 1 81787 0 O000E+O0 8521,35 8978,62 17499,96 B + 10099.81
170+0 2 05221 0 O000E+O0 8521.35 8978,62 17499,97 B 10099+81
175.0 2 17471 0 O000E+00 8521,37 8978,62 17499.99 B 10099.43
200.0 2 84045 0 O000E+O0 8521.36 8978,62 17499.98 B 10099.82
240.0 4 09029 0 O000E+O0 8521,36 8978,62 17499.98 B 10099,83
270.0 5,17682 O.O000E+O0 85_Io37 8978,62 17499,99 B 10099.83

40,000 INCHES

(FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSX) CONTACT SIQTH (PSI) _EST
5.0 2.00001 0.4254E+04 75 07 13922 54 13997.61 T 2833.58
10.0 2,00025 0.1370E+05 459 86 16939 91 17399.77 T 4761,53
16.0 2.00153 0,2037E+05 1100 67 16374 40 17475.07 T 5191,28
21,0 2.00418 0o2445E+05 1748 93 15743 51 17492.44 T 5609.11
26.0 2,00890 0._720E+05 2435 41 15056 88 17492.29 T 6060.27
32,0 2.01793 0.2902E+05 3251 09 14248 04 17499.13 T 6631.46
42.0 2.04209 0.2930E+05 4465 99 13032 01 17498.00 T 7578.43
58.0 2.10463 0.2592E+05 5924 78 11575 16 17499.94 T 9067.48
75,0 2.19940 0.2058E+05 6926 35 10573 29 17499,64 T 14100.97
80.0 2,23194 0,1896E+05 '714402 10355 68 17499,70 T 15826.29
85.0 2.26630 0o1735E+05 7335 18 10164 70 17499,89 T 17662,92 T
90,0 2,30230 0,1577E+05 7503 36 9996 60 17499.96 T 19610,87 T
95,0 2,33976 0,1422E+05 7651 67 9848 15 17499.83 T 21670,12 T
100,0 2.37852 0.1270E+05 7783 21 9716 73 17499.95 T 23840.69 T
110.0 2.45916 0,9792E+04 8004 O0 9495 83 17499.83 T 25967.67 T
120,0 2.54273 0,7035E+04 8180 71 9319 26 17499,98 T 22768.48
135.0 2.67001 0,3169E+04 8384 94 9115 01 17499,95 T 19159,16
140.0 2.71210 0.1945E+04 8440 61 9059 36 17499.96 I' 18183.48
150.0 1,59772 O.O000E+O0 8521 34 8978 62 17499.95 B 10099.80
160.0 1.81786 O.O000E+O0 8521 37 8978 62 17499.99 B 10099,83
170.0 2.05220 O.O000E+O0 8521 38 8978 62 17500,00 B 10099.84
175,0 2,,17469 O,O000E+O0 8521 36 8978 62 17499.98 B 10099,82
200.0 2,84043 O,O000E+O0 8521 37 8978 62 17499,99 B 10099.83
240.0 4.09026 O,O000E+O0 8521 37 8978 62 17499.99 B 10099.83
270,0 5,17678 O.O000E+O0 8521 37 8978 62 17499.99 B 10099.83

41.000 INCHES

(FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSl) CONTACT SIGTH (PSI) REST
5,0 2.50001 0.4254E+04 75.07 13922.54 13997.61 T 2833.58
10.0 2.50025 0.1370E+05 459.86 16939,91 17399.77 T 4761.53
16.0 2.50153 0.2037E+05 1100.67 16374.40 17475.07 T 5191.28
21.0 2 50418 0,2445E+05 1748.93 15743,51 17492.44 T 5609.11
26.0 2 50890 0.2720E+05 2435.41 15056.88 17492.29 T 6060.27
32,0 2 51793 0 2902E+05 3251.09 14248.04 17499.13 T 6631.46
42.0 2 54209 0 2930E+05 4465.99 13032,01 17498.00 T 7578.43
58.0 2 60463 0 2592E+05 5924.78 11575,16 17499.94 T 9067.48
75,0 2 69940 0 2058E+05 6926,35 10573.29 17499.64 T 14100.97
80.0 2.73194 0 1896E+05 7144.02 10355.68 17499.70 T 15826.29
85.0 2,76630 0 1735E+05 7335,18 10164.70 17499.89 T 17662,92 T
90.0 2,80230 0 1577E+05 7503.36 9996.60 17499,96 T 19610.87 T
95.0 2.83976 0.1422E+05 7651.67 9_48.15 17499.83 T 21670,12 T
100.0 2,87852 0.1270E+05 7783.21 9716.73 17499.95 T 23840.69 T
110.0 2,95916 0,9792E+04 8004.00 9495,83 17499,83 T 28515,76 T
120.0 3,04273 0.7035E+04 8180.71 9319,26 17499,98 T 26935.71 T
135.0 3,17001 0.3169E+04 8384.94 9115.01 17499 95 T 22451.69 T
140.0 3,21210 0.1945E+04 8440.61 9059.36 17499 96 T 21245.02 T
150.0 1.59771 0.O000E+O0 8521,35 8978.62 17499 97 B 10099.81 I
160.0 1.81784 0 O000E+O0 8521.34 8978.62 17499 96 B 10099.80 I
170.0 2.05218 0 O000E+O0 8521.36 8978.62 17499 98 B 10099.82 I
175.0 2,17467 0 O000E+O0 8521.35 8978,62 17499 97 B 10099.81 I
200.0 2.84041 0 O000E+O0 8521.38 8978.62 17499 99 B 10099.84 I
240.0 4.09023 0 0000E+00 8521,37 8978,62 17499 99 B 10099.84 I
270.0 5,17674 0 0000E+00 8521.37 8978.62 17499,09 B 10099.83 I

1,2.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONIACT 51GTII CI.'$I)F:_F%r
5.0 3.00001 0.4254E+04 75.07 13922.54 13997.61 T 2833.58 I
10.0 3.00025 0.1370E+05 459.86 16939.91 17399.77 T 47(,I,53 I
16.0 3.00153 0,2037E+05 1100.67 16374.40 17475.07 1 5191.28 I
21.0 _,00418 0.2445E.05 1748.93 15743.51 17492.44 T 5609.11 I
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26,0 3,00890 0,2720E+05 2435,41 15056,88 17492°29 T 6060,27 I
32,0 3,01793 0,2902E+05 3251,09 IG248,04 17499,13 T 6631,46 I
42,0 3,04209 0,2930E+05 4465,99 13032,01 17498,00 T 7578,43 I
58.0 3,10463 0,2592E+05 5924,78 11575.,16 17499,94 T 9067,48 I
75,0 3,19940 0,20580_05 6926,35 10573,29 17499,64 T 14100,97 |
80,0 3,23194 0,1896E+05 7144,02 10355,68 17499,70 T 15826,29 I
85,0 3,Z6630 0,1735E+05 7335,18 10164+70 17499,89 T 17662,92 T
90,0 3,30230 0,1577E+05 7503,36 9996,60 17499,96 T 19610,87 T
95,0 3,33976 0,1422E+05 7651,67 9848,15 17499,83 T 21670,12 T
100,0 3,37852 0,1270E+05 7783,21 9716,73 17499,95 T 23840,69 T
110,0 3,45916 0,9792E+04 8004,00 9495,83 17499,83 T 28515,76 T
120,0 3,54273 U,7035E+04 8180,71 9319,26 17499,98 T 31103,20 T
135,0 3,67001 0,3169E+04 8384,94 9115,01 17499+95 T 25744,40 T
140,0 3,71210 0,1945E+04 8440,61 9059,36 17499,96 T 24306,70 T
150,0 1,59770 O,O000E+O0 8521,36 8978,62 17499,98 B 10099,82 t
160,0 1,81783 O,O000E+O0 8521,36 8978,62 17499,98 B 10099,82 I
170,0 2,05216 O,O000E+O0 8521,35 8978,62 17499,96 B 10099,81 I
175,0 2,17466 0,0000E+00 8521,37 8978,62 17499,99 B 10099,84 I
200,0 2,84038 O,O000E+O0 8521,35 8978,62 17499,97 B 10099,81 I
240,0 4,09020 0,O000E+O0 8521,38 8978,62 17500,00 B 10099,84 ]
270,0 5,17670 O.O000E+O0 8521,37 8978.62 17499,99 B 10099,83 I

LB=350,000 FEET (HORIZONTAL)

36,500 INCHES

(FT) DELBM (IN) P (LB) SB (PS]) S] (PSI) S]G (PS]) CONTACT SIGTH (PSI) REST
5,0 0.25001 0,4254E+04 75,07 15550,40 15625,47 T 3647,51
10,0 0,25019 0,I019E+05 351.86 16814,76 17166 62 T 4590,95
16,0 0,25121 0,1579E+05 875,67 16574,57 17450 24 T 5066,36
21,0 0,25337 0 1933E+05 1418,32 16073,45 17491 77 T 5443,47
26,0 Q 2573'I 0 2190E+05 2012,04 15485,82 17497 86 T 5851,37
32.0 0 26504 0 2386E+05 2743.08 14756,42 17499 50 T 6377,64
42,0 0 28650 0 2488E+05 3895,58 13603,46 17499 04 T 7293.75
58,0 0 34455 0 2289E+05 5385,42 12114,54 17499 96 T 9535 17
75.0 0 43557 h 1866E+05 6483,79 11015,96 17499,74 T 11338 32
80,0 0 46726 l_1728E+05 6731,15 10768,58 17499,72 T 10807 28
85,0 0 50088 0 1588E+05 6951,02 10548,81 17499,83 T 10365 27
90,0 0..53625 0 1448E+05 7146,69 10353,30 17499,99 T 9990 60
95,0 0,57318 0 1308E+05 7320,99 10178,99 17499.98 T 9667 38
100.0 0.61994 0 1220E+05 7439,27 10060,58 17499,85 D 9485 43
110.0 0,75981 0 1202E+05 7535,29 9964.70 17499,99 D 9581 45
120,0 0,91802 0 1128E+05 7650.14 9849.76 17499,91 D 9696 30
135,0 1,18843 0 9559E+04 7825,02 9674,95 17499,97 D 9871 17
140.0 1.28714 0 8884E+04 7880.40 9619,56 17499,97 D 9926 56
150,0 1,49713 0 7442E+04 7984,63 9515,31 17499,95 D 10030,79
160.0 1,72363 0 5925E+04 8079,44 9420,51 17499.95 D 10125,60
170 0 1.96639 0,4368E+04 8164,85 9335.13 17499,98 D 10211,01
175 0 2,09380 0,3582E+04 8204,18 9295.80 17499,98 D 10250.33
200 0 2.78617 O,0000E+O0 8358,36 9141,62 17_99,98 B 10404,52
240 0 4.01213 O.O000E+O0 8358.38 9141,62 17500,00 B 10404,53
270 0 5.07789 O.O000E+O0 8358.37 9141,62 17499,99 B 10404,52
300 0 6,26906 O,O000E+O0 8358.37 9141,62 17499,99 B 10404,53
350 0 8.53304 0,0000E+00 8358.38 9141,62 17500.00 B 10404,53

37,000 INCHES

t, (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT S]GTH (PS1) REST
5.0 0.50001 0.4254E+04 75 07 15550,40 15625,47 T 3647,51
10.0 0.50019 0,I019E+05 351 86 16_14.76 17166,62 T 4590,95
16.0 0.50121 0.1579E+05 875 67 16574 57 17450,24 T 5066,36
21.0 0.50337 0,1933E+05 1418 32 16073 45 17491,77 T 5443,47
26.0 0,50731 0,2190E+05 2012 04 15485 82 17497,86 ] 5851,37
32.0 0,51504 0.2386E+05 2743 08 14756 42 17499,50 T 6377,64
42,0 0.53650 0,2488E+05 3895 58 13603 46 17499.04 T 7293,75
58,0 0.59455 0.2289E+05 5385 42 12114 54 17499.96 T 9535,17
75.0 0.68557 0.1866E+05 6483.79 11015 96 17499,74 T 14568,66
80.0 0.71726 0.1728E+05 6731.15 10768 58 17499,72 T 15494.83
85.0 0.75088 0.1588E+05 6951,02 10548 81 17499,83 T 14517,55
90.0 0.78625 0,1448E+05 7146,69 10353.30 17499,99 I 13694,33
95.0 0.82318 0,1308E+05 7320.99 10178,99 17499.98 T 12991 50
100.0 0,56149 0.1171E+05 7476,67 10023.30 17499.97 T 12384,05
110.0 0,94149 0,9014E+04 7741.14 9758.83 17499 97 T 11383 25
120.0 1.02468 0,6424E+04 7955.09 9544,79 17499 88 T 10585 15
135,0 1.23039 0,4607E+04 8101,32 9398.63 17499 95 D 10147 47
140.0 1.32662 0.4390E+04 8122,14 9377.80 17499 94 D 10168 30
150 0 1.53224 0.3713E+04 8171.91 9328,05 17499 96 D 10218 07
160 0 1.75502 0.2798E+04 8226.61 9273,35 17499 96 D 10272 76
170 0 1.99460 0,1723E+04 8282.01 9217,97 17499 99 D 10328 17
175 0 2.12059 0.1143E+04 8309.18 9190,80 17499,98 D 10355 33
200 0 2.78616 O.O000E+O0 8358.36 9141,62 17499,98 B 10404 52
240 0 4,01211 O,O000E+O0 8358,37 9141.62 17499.99 B 10404 52
270 0 5,07787 O.O000E+O0 8358,37 9141,62 17499,99 B 10404 52
300 0 6.26904 O,O000E+O0 8358,38 9141,62 17500,00 B 10404 53
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350,0 8,53301 OoO000E+O0 8358,38 9141.62 17500,00 B 10404,53 I

DB= 38,000 INCHES

I. (FT) DELBM (IN) P (LB) SB (PSI) Sl (PSI) SIG (PSI) CONTACT SIQTH (PSI) RES1
5,0 1 00001 0,4254E+04 75,07 15550,40 15625,47 T 3647,51
10.0 1 00019 0,I019E+05 351,86 16814,76 17166,62 T 4590,95
16,0 1 00121 0,1579E+05 875,67 16574,57 17450,24 T 5066,36
21,0 1 00337 0,1933E+05 14'18,32 16073,45 17491,77 T 5443,47
26,0 1 00731 0,2190E+05 2012,04 15485,82 17497,86 T 5851,37
32,0 1 01504 0,2386E+05 2743,08 14756,42 17499,50 T 6377,64
42,0 1 03650 0,2488E+05 3895,58 13603,46 17499,04 T 7293,75
58,0 1,09455 0,2289E+05 5385,42 12114,54 17499,96 T 9535,17
75,0 1,18557 0,1866E+05 6483,79 11015,96 17499,74 T 14568,66
80,0 1,21726 0,1728E+05 6731,15 10768,58 17499,72 T 16293,98
85,0 1,25088 0,1588E+05 6951,02 10548 81 17499,83 T 18130,61 T
90 0 1,28625 0,1448E+05 7146,69 10353 30 17499,99 T 200'78,56 T
95 0 1,32318 0,1308E+05 7320,99 10178 99 17499,98 T 19639,88 T
100 0 1,36149 0,1171E+05 7476 67 10023 30 17499,97 T 18384,19 T
110 0 1,44149 0,9014E+04 7741 14 9758 83 17499,97 T 16342,03
120 0 1,52468 0 6424E+04 7955 09 9544 79 17499,88 T 14751,89
135 0 1,65185 0 2737E+04 8205 58 9294 31 17499,89 T 12922,57
140 0 1,69401 0 1559E+04 8274 47 9225 51 17499,98 T 12417,67
150.0 1,56719 0 O000E+O0 8358.38 9141 62 17499,99 B 10404,53
160,0 1.78311 0 O000E+O0 8358.34 9141,62 17499,96 B 10404,50
170,0 2,01297 0 O000E+O0 8358.35 9141,62 17499,97 B 10404,51
175,0 2 13313 0 O000E+O0 8358 38 9141,62 17500,00 B 10404,53
200,0 2 78614 0 O000E+O0 8358 37 9141,62 17499,99 B 10404,52
240,0 4 01208 0 O000E+O0 8358 37 9141,62 17499.99 B 10404,52
270,0 5 07783 0 O000E+O0 8358 37 9141,62 17499,99 B 10404,52
300,0 6 26899 0,0000E+00 8358 38 9141,62 17500,00 B 10404,53
350,0 8 53294 O,O000E+O0 8358 38 9141,62 17500.00 B 10404,53

DB= 39,000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSI) SlG (PSI) CONTACT SIGTH (PSI) REST
5 0 1,50001 0,4254E+04 75.07 15550,40 15625,47 T 3647,51
10 0 1,50019 0,I019E+05 351,86 16814,76 17166,62 4590,95
16 0 1,50121 0,1579E+05 875,67 16574,57 17450,24 5066,36
21 0 1,50337 0,1933E+05 1418,32 16073 45 17491,77 5443,47
26 0 1,50731 0,2190E+05 2012,04 15485 82 17497,86 5851,37
32 0 1,51504 0,2386E+05 2743.08 14756 42 17499 50 6377,64
42 0 1,53650 0.2488E+05 3895.58 13603 46 17499 04 7293,75
58 0 1.59455 0,2289E+05 5385,42 12114 54 17499 96 9535,17
75.0 1 68557 0,1866E+05 6483,79 11015 96 17499 74 14568,66
80,0 1 71726 0,1728E+05 6731,15 10768 58 17499 72 16293,98
85.0 1 75088 0,1588E+05 6951,02 10548 81 17499 83 T 18130,61
90,0 1 78625 0,1448E+05 7146,69 10353 30 17499 99 T 20078,56
95,0 1 82318 0,1308E+05 7320,99 10178 99 17499 98 T 22137,82
100,0 1 86149 0,1171E+05 7476,67 10023 30 17499 97 T 24308,38
110,0 1 94149 0,9014E+04 7741,14 9758 83 17499 97 T 21300,96
120,0 2 02468 0,6424E+04 7955,09 9544 79 17499 88 T 18918,75
135,0 2 15185 0,2737E+04 8205,58 9294 31 17499 89 T 16214,87
140,0 2 19401 0,1559E+04 8274,47 9225 51 17499.98 T 15479,00
150,0 1 56717 O.O000E+O0 8358.33 9141 62 17499,95 B 10404,49
160,0 I 78310 O,O000E+O0 8358.36 9141 62 17499,98 B 10404,51
170,0 2 01296 O.O000E+O0 8358,38 9141 62 17499,99 B 10404.53
175.0 2 13311 0.0000[+00 8358,_6 9141 62 17499.98 B 10404,52
200,0 2 78612 O,O000E+O0 8358,37 9141 62 17495,99 B 10404,53
240,0 4 01205 O.O000E+O0 8358,37 9141 62 17499,99 B 10404,53
270.0 5 07779 O,O000E+O0 8358,37 9141 62 17499,99 B 10404,52
300,0 6 26894 O,O000E+O0 8358.38 9141,62 17499,99 B 10404,53
350,0 8 53287 O,O000E+O0 8358.37 9141,62 17499,99 B 10404,53

DB= 40,000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) Sl (PSI) SIG (PSI) CONTACI SIQTH (PSI) REST
5 0 2,00001 0,4254E+04 75,07 15550,40 15625,47 T 3647,51 I
10 0 2.00019 0.I019E+05 351,86 16814,76 17166.62 T 4590,95 I
16 0 2,00121 0.1579E+05 875.67 16574,57 17450,24 T 5066,36 1
21 0 2,00337 0,1933E+05 1418,32 160Y3,45 17491,77 T 5443,47 I
26 0 2,00731 0,2190E+05 2012,04 15485,82 17497,86 T 5851,37 I
32 0 2.01504 0,2386E+05 2743,08 14756,42 17499,50 T 6377_64 I
42 0 2,03650 0,2488E+05 3895.58 13603,46 17499,04 T 7293,75 I
58 0 2.09455 0,2289E+05 5385,42 12114,54 17499,96 T 9535.17 I
75 0 2,18557 0.1866E+05 6483,79 11015,96 17499.74 T 14568,66 I
80 0 2.21726 0,1728E+05 6731.15 10768.58 17499,72 T 16293,98 I
85 0 2.25088 0.1588E+05 6951,02 10548.81 17499,83 "f 18130,61 '[
90 0 2.28625 0,1448E+05 7146,69 10353 30 17499,99 T 20078,56 T
95 0 2.32318 0.1308E405 7320,99 10178 99 17499,98 T 22137,82 T
100 0 2,36149 0.1171E+05 7476,67 10023 30 17499,97 T 24308.38 T
110 0 2,44149 0,9014E+04 7741.14 9758 83 17499,97 T 26260,12 T
120 0 2.52468 0,6424E_04 7955,09 9544,79 17499,88 T 23085,76 T
135 0 2.65185 0,2737E+04 8205,58 9294.31 17499,89 T 19507,28 T
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140,0 2,69401 0,1559E+04 8274,47 9225,51 17499,98 T 18540,42 T
150,0 1,56716 O,O000E+O0 8358,34 9141 62 17499,96 B 10404,50
160,0 Io78309 O,O000E+O0 8358.38 9141 62 17500,00 B 10404,53
170,0 2,01294 0o0000E400 8358,36 9141 62 17499,98 B 10404,51
175.0 2°13309 O,O000E+O0 8358.35 9141 62 17499°97 B 10404o51
200°0 2.78610 O,O000E+O0 8358,38 9141 62 17500,00 B 10404,53
240,0 4,01202 O,0000E+O0 8358,37 9141 62 17499,99 B 10404,53
270,0 5.07775 0,0000E+00 8358,37 9141 62 17499.99 B 10404,52
300,0 6.26889 O,O000E+O0 8358,37 9141 62 17499,99 B 10404,53
350.0 8.53281 O.O000E+00 8358,38 9141 62 17500,00 B 10404,53

DB= 41.000 INCHES

L (FT) DEhBM (IN) P (LB) SB (PSl) SI (PSl) SIQ (PSl) CONTACT SLOTH (PSl) REST
5.0 2,50001 0 4254E+04 75.07 15550,40 15625,47 T 3647.51
I0,0 2.50019 0 I019E+05 351,86 16814,76 17166,62 T 4590,95
16,0 2.50121 0 1579E+05 875,67 16574,57 17450,24 T 5066,36
21.0 2,50337 0 1933E+05 1418.32 16073,45 17491,77 T 5443,47
26.0 2.50731 0 2190E+05 2012,04 15485,82 17497,86 T 5851,37
32,0 2,51504 D 2386E+05 2743.08 14756,42 17499,50 T 6377.64
42,0 2,53650 0 2488E+05 3895.58 13603,46 17499.04 T 7293,75
58.0 2.59455 0 2289E+05 5385.42 12114.54 17499.96 T 9535 17
75,0 2,68557 0 1866E+05 6483,79 11015.96 17499,74 T 14568 66
80.0 2,71726 0 1728E+05 6731,15 10768.58 17499,72 T 16293 98
85,0 2.75088 0,1588E+05 6951,02 I0548,81 17499,83 T 18130 61
90.0 2.78625 0,1448E+05 7146.69 I0353,30 17499.99 T 20078 56
95,0 2.82318 0.1308E+05 7320,99 10178,99 17499,98 T 22137 82 T
100 0 2.86149 0.1171E+05 7476.67 10023,30 17499,97 l 24308 38
110 0 2.94149 0,9014E+04 7741,14 9758+83 17499,97 T 28983,45
120 0 3.02468 0,6424E+04 7955,09 9544,79 17499,88 T 27252,98 T
135 0 3.15185 0.2737E+04 8205,58 9294,31 17499.89 T 22799.81 l
140 0 3.19401 0.1559E+04 8274.47 9225.51 17499,98 T 21601,96 T
150 0 1.56715 O.0000E+O0 8358,36 9141,62 17499,98 B 10404,51
160 0 1 78307 0 O000E+O0 8358.35 9141,62 17499,97 B 10404,50
170 0 2 01293 0 O000E+O0 8358,38 9141.62 17500,00 B 10404.53
175 0 2 13308 0 O000E+O0 8358.38 9141.62 17500.00 B 10404.53
200 0 2 78607 0 O000E+O0 8358.35 9141.62 17499,97 B 10404,51
240,0 4 01199 0 O000E+O0 8358.38 9141.62 17500.00 B 10404.53
270.0 5 0777'I 0 0000E+00 8358.37 9141.62 17499,98 B 10404.52
300.0 6.26884 0 O000E+O0 8358,37 9141.62 17499,99 B 10404.53
350.0 8.53274 O.O000E+O0 8358.37 9141,62 17499,99 B 10404.53

DB: 42,000 INCHES

L (FT) DEt.BM (IN) P (LB) SB (PSI) Sl (PSI) SIG (PSI) COHTACT SIGTH (PSI) RESI
5.0 3 00001 0,4254E+04 75,07 15550,40 15625,47 T 3647.51
I0.0 3 00019 0,I019E+05 351,86 16814.76 17166.62 T 4590.95
16,0 3 00121 0.1579E+05 875,67 16574 57 17450,24 T 5066.36
21,0 3 00337 0,1933E+05 1418,32 16073 45 17491,77 T 5443.47
26.0 3 00731 0.2190E+05 2012.04 15485 82 17497,86 l 5851,37
32 0 3 01504 0,2386E+05 2743.08 14756 42 17499.50 T 6377.64
42 0 3 03650 0,2488E+05 3895,58 13603 46 17499.04 T 7293,75
58 0 3 09455 0.2289E+05 5385.42 12114 54 17499.96 T 9535.17
75 0 3 18557 0,1866E+05 6483.79 11015 96 17499,74 T 14568,66
80 0 3 21726 0.1728E+05 6731.15 10768 58 17499,72 ] 16293.98
85 0 3.25088 0.1588E+05 6951.02 10548 81 17499,83 T 18130.61
90 0 3,28625 0,1448E+05 7146.69 10353 30 17499.99 T 20078,56
95 0 3.32318 0.1308E+05 7320.99 10178.99 17499,98 _ 22137,82
100 0 3,36149 0.1171E+05 7476.67 10023,30 17499,97 l 24308.38
110 0 3.44149 0.9014E+04 7741.14 9758,83 17499,97 T 28983,45
120 0 3.52468 0,6424E+04 7955.09 9544.79 17499,88 l 31420,47
135 0 3,65185 0,2737E+04 8205,58 9294.31 17499°89 T 26092,51
140 0 3.69401 0.1559E+04 8274.47 9225 51 17499°98 T 24663,63
150 0 1 56714 0.0000E+00 8358.37 9141 62 17499°99 B 10404.52
160 0 1 78306 0.0000E+00 8358,37 9141 62 17499.99 B 10404,52
170 0 2 01291 0,0000E+00 8358,36 9141 62 17499.98 B 10404.52
175 0 2 13306 0o0000E+00 8358,36 9141 62 17499 98 B 10404.52
200 0 2 78605 O,O000E+O0 8358,36 9141 62 17499 98 B 10404,51
240 0 4 01196 O,O000E.O0 8358.38 9141 62 17500 09 B 10404,53
270 0 5 07767 O.O000E+O0 8358,36 9141 62 17499 98 B 10404,52
300 0 6.26879 0.0000E+00 8358.37 9141 62 17499 99 B 10404,52
350 0 8.53268 O,O000E+O0 8358,38 9141 62 17500 O0 B I0404,53
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RUN IH DEVIAT1, FOR
t. INER INSERTION LOADINQ SPECIFIED
MINIMUM /_LLOWABLE LINER RADIUS OF CURVATURE= 65,74 FT (BASED ON CONTAINER CLEARANCE)

CRITICAL BUCKLING STRESS BASED ON BENDING" 0.2114F+06 PSI
CRITICAL BUCKt,INll STRESS BASED ON COMPRESSION: 0,2039E+06 PSI
l's= 4,00
FB= 0.00 LBF

LB= 26,000 FEET (VERTICAl+)

DB= 36,500 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) Sl (PS1) S1(.t (PSI) CONTACI SlCITtl (PSI) REST
5,0 0,25029 O, 1359E+06 2088,64 15211,36 17300,00 T 17300,00 I
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 l
21,0 O,28034 O,1919E+06 12383,71 5112,77 17496,48 T 17496,48 ]
26,0 0,30177 0,1725E+06 13784,94 3712,80 17497,74 T 17497,74 T

DB= 37,000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSi) SlCt (PS) C:ONIACT SI(tTtl (PSi) REST
5,0 0,50029 O,1359E+06 2088,64 15211,36 17300.00 T 17300,00 l
10,0 0,50344 0,2015E+06 6192,16 11274,21 17466,37 T 17466,37 T
16,0 0,51454 O,2079E+06 10223,50 7271,15 17494,65 T 17494,65 T
21,0 0,53034 O,1919E+06 12383,71 5112,77 17496,48 1 17496,48 T
26,0 0.55177 O,1725E+06 13784,94 3712,80 17497,74 T 17497,74 1

DB= 38,000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PS) CONTACT SIGTtl (PSi) RESI
5,0 I ,00029 O, 1359E+06 2088,64 15211,36 17300,00 T 17300,00 T
10,0 I,00344 O,2015E+06 6192,16 11274,21 17466.37 T 17466,37 T
16,0 I,01454 0,2079E+06 10223,50 7271.15 17494,65 T 17494,65 T
21,0 I,03034 O.1919E+06 12383,71 5112,77 17496,48 I 17496,48 1
26,0 I,05177 O,1725E+06 13784,94 3712,80 17497.74 T 17497,74 T

DB:: 39,000 INCtlES

L (FT) DELBN (IN) P (LB) SB (PSI) SI (PS1) SIG (PS) CONTACT SIGTH (PSI) REST
5,0 I,50029 O,1359E+06 2088,64 15211,36 17300,00 T 17300,00 T
I0,0 I .50344 0,2015E+06 6192,16 11274,_i 17466,37 T 17466,37 T
16.0 I,51454 O.2079E+06 10223,50 7271,15 17494,65 T 17494,65 T
21.0 I,53034 O, 1919E.+06 12383,71 5112.77 17496,48 T 17496,48 T
26,0 I,55177 O, 1725E.06 13784,94 3712.80 17497.74 T 17497,74 T

DB= 40.000 INCHES

L (FT) DELBM (IN) P Ct,B) SB (F'SI) Sl (PSI) SIG (PS) CONTACT SIGTtl (PSI) RESI
5.0 2,00029 O.1359E+06 2088,64 15211.36 17300,00 T 17300,00 l
I0,0 2.00344 0,2015E+06 6192.16 11274,21 17466,37 l 17466,37 l
16.0 2.01454 O.2079E+06 10223.50 7271.15 17494,65 T 17494,65 T
21.0 2,03034 O. 1919E+06 12383,71 5112,77 17496.48 T 17496,48 T
26,0 2,05177 0,1725E+06 13784.94 3712,80 17497.74 l 17497.74 I

DB: 41,000 INCtlES

L (FT) DELBM (IN) P (LB) SB (PSl) Sl (PSI) SIG (F'S) CONIACI SIGTtl (PSI) Rr:SI
5,0 2.50029 O.1359E+06 2088.64 15211,36 17300.00 l 17300.00 T
10.0 2,50344 0.2015E+06 6192.16 11274.21 17466.37 T 17466.37 1
16.0 2.51454 0.2079E+06 I0223.50 7271.15 17494.65 T 17494.65 T
21.0 2.53034 O.1919E+06 12383.71 !;112.77 17496.48 T 17496,48 1
26,0 2,55177 0,1725E+06 13784.94 3712.80 17497,74 T 17497,74 T

DB: 42,000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) Sl (F'SI) SIG (iT'S) CON1ACI SIGTII (PSI) REST
5,0 3.00029 O. 1359E+06 2088.6(i 15211.36 17300.00 T 173011,00 T
10.0 3.00344 0.2015E+06 6192.16 11274.21 17466.37 I 17466.37 I
16.0 3,01454 0.2079E +06 10223.50 7271.15 17494.65 T 17494.65 T
21.0 3.03034 O. 1919E+06 12383.71 5112.77 17496.48 T 17496.48 T
26,0 3,05177 O, 1725E+06 13784,94 3712.80 17497.74 f 17497.74 1

LB= 32,000 FEET (HORIZONTAL)

DB:: 36,500 1NCtlES

L (FT) DELBN (IN) P (LB) SB (PSl) Sl (PSi) SIG (PSI) CONIAC:r SIGTH (PSI) Rl...%l
5 0 0.25024 O. 1120E'+06 1731,07 15494,79 17225.86 T 9489.95 I
10 0 0.25299 O. 1742E'+06 5391.86 12060.82 17452.68 T 11468.23 I
16 0 0.26325 O. 1880E+06 9341.30 8155.15 17496.44 T 13536.52 I
21 0 0.27835 O. 1773E'+06 11614.24 5879,90 17494,14 1 14756.86 I
26 0 0.29917 O. 1614E+06 13158,19 4340.11 17498.30 f 15638.91 I
32 0 0,33121 O. 1421E+06 14374.52 3123,94 17498.47 T 16407,09 1
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DO= 37,000 1NCtlES

L (FT) DELBM (N) P (LB) SB (PSI) SI (r,sl) sIQ (ps) CONTA(:T SIGTtl (PSI) REST
5 0 0,50024 0,1120E406 1731 07 15494 79 17225,86 T 9489,95
10 0 0,50299 0,1742E+06 5391 86 12060 82 17452,68 T 11468,23
16 0 0,51325 0,1880E+06 9341 30 8155 15 17496,44 T 13536,52
21 0 0,52835 0,1773E+06 11614 24 5879 90 17494,14 '[ 14756,86
26 0 0,54917 0,1614E+06 13'15819 4340 11 17498,30 T 15638,91
32 0 0,58121 0,1421E+06 14374 52 3123 94 17498,47 T 16407,09

DB= 38,000 INCHES

L (FT) DELBM (N) P (LB) SB (PSI) Sl (PSl) SIQ (PS) CoNTAC] SIQTtl (PSI) REST
5 0 1,00024 0 1120E+06 1731 07 15494 '" 17225,86 T 9489,95
10 0 1,00299 0 1742E+06 5391 86 12060,b. 17452,68 T 11468,23
16 0 1,01325 0 1880E+06 9341 30 8155,15 17496,44 T 13536,52
21 0 1.02835 0 1773E4,06 11614 24 5879,90 17494,14 T 14756+86
26 0 1,04917 0 1614E+06 13158 19 4340,11 17498,30 T 15638,91
32 0 1,08121 0 1421E+06 14374 52 3123,94 17498,47 T 16407,09

DB= 39,000 INCHES

L (FT) DELBM ( N) P (LB) SB (PSI) SI (PSI) S1Q (PS ) CON1AC1 SIGTH (PSI) REST
5,0 I 50024 0.1120E+06 1731,07 15494 79 17225,86 T 9489.95 I
10,0 I 50299 0,1742E+06 5391,86 12060 82 17452.68 $ 11468,23 I
16,0 I 51325 0,1880E+06 9341,30 8155 15 17496,44 T 13536,52 I
21,0 I 52835 0,1773E+06 11614,24 5879 90 17494,14 T 14756,86 I
26.0 1 54917 0,1614E+06 13']58,19 4340 11 17498,30 T 15638,91 I
32,0 1 58121 0,1421E.06 14374,52 3123 94 17498,47 T 16407,09 I

DB= 40.000 INCHES

L (FT) DELBM (N) P (LB) SB (PSI) SI (PSI) SI0 (PS) CONTACT S1GTtl (PSI) REST
5.0 2,00024 0,1120E+06 1731,07 15494 79 17225,86 T 9489.95
10,0 2,00299 0,1742E+06 5391,86 12060 82 17452,68 T 11468,23
16.0 2,01325 0,1880E+06 9341.30 8155 15 17496,44 T 13536,52
21.0 2,02835 0.1773E+06 11614,24 5879 90 17494,14 T 14756.86
26,0 2,04917 0,1614E+06 13158,19 4340 11 17498,30 T 15638,91
32,0 2,08121 0,1421E+06 14374,52 3123 94 17498,47 T 16407.09

DB = 41,000 INCtlES

L (FT) DELBM (N) P (LB) SB (PSI) Sl (PSl) S10 (PS) CONTACT SIQ1H (PSI) EST
5.0 2,50024 0.1120E+06 1731.07 15494.79 17225,86 T 9489.95
10,0 2.50299 0,1742E+06 5391,86 12060,82 17452.68 T 11468,23
16.0 2,51325 0.1880E+06 9341,30 8155,15 17496,44 T 13536,52
21.0 2,52835 0.1773E+06 11614,24 5879,90 17494,14 T 14756,86
26,0 2,54917 0.1614E+06 13158.19 4340,11 17498,30 T 15638,91
32.0 2.58121 0,1421E+06 14374,52 3123,94 17498,47 T 16407,09

DB: 42,000 INCIIES

L (FT) DELBM (N) P (LB) SB (PSI) Sl (PSI) SIQ (PS) CONTACT SIQTtl (PSI) REST
5,0 3.00024 0,1120E+06 1731,07 15494,79 17225,86 I 9489,95
10.0 3.00299 0.1742E+06 5391,86 12060.82 17452,68 T 11468.23
16,0 3.01325 0,1880E+06 9341.30 8155.15 17496,44 T 13536,52
21,0 3.02835 0,1773E+06 11614,24 5879.90 17494.14 T 14756,86
26,0 3.04917 0,1614E+06 13158,19 4340.11 17498,30 T 15638.91
32,0 3,08121 0,1421E+06 14374.52 3123,94 ']7498,47 T 16407.09

LB: 42,000 FEET (HORIZONTAt.)

DB= 36,500 INCHES

L (FT) DEt BM (IN) P (LB) SB (PS1) Sl (PSI) SIG (PSI) CONIACT SIGTH (PSI) REST
5,0 0,25019 0,8860E+05 1371,07 16101,64 17472,71 I 9433,38
10.0 0,25246 0,1432E_06 4437,86 13023,96 17461 82 T 10995.80
16,0 0.26156 0.1638E+06 8153.02 9338,42 17491 44 T 12939,88
21,0 0,27565 0.1602E+06 10512,19 6982,39 17494 58 T 14206.06
26,0 0.29562 0.1496E+06 12212,92 5285,12 17498 04 T 15166,15
32.0 0.32690 0.1344E+06 13616,91 3882,57 17499 47 T 16028.79
42.0 0,39555 0,1111E+06 15023,13 2476.32 17499 46 T 17071,98

DB: 37,000 !NCHES

L (FT) DELBM (IN) P (LB) SB (PSI) Sl (PSI) SIG (PSI) CONTACT SIGTtl (PSI) RES]
5,0 0.50019 0.8860E+05 1371.07 16101 64 17472 71 T 9433,38
I0.0 0,50246 0,1432E+06 4437,86 13023 96 17461 82 T 10995,80
16.0 0.51156 0,1638E+06 8153.02 9338 42 17491 44 T 12939,88
21,0 0.52565 0,1602E+06 10512,19 6982 39 17494 58 T 14206,06
26.0 0.54562 0.1496E+06 12212.92 5285 12 17498 04 T 15166,15
32,0 0,57690 0.1344E+06 13616.91 3882 57 17499 47 T 16028,79
42,0 0,64555 0.1111E+06 15023.13 2476 32 17499 46 T 1707'].98
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DB,:,38,000 INClIES

L (FT) DELBM (IN) P (LB) Sl](PSl) Sl (P`SI) _10 (P`SI) CONTACT SlCITII(PSl) RE`SI
5,0 1,00019 0,8860E+05 1371,07 16101,64 17472.71 'T 9433,38
10,0 I,00246 O, 14321_+06 4437,86 13023,96 17461,82 T I099!_,80
16,0 i,01156 0,1638E._06 8153,02 9338,42 17491,/tll l 12939,88
21,0 1,02565 O,1602E.o06 I0512,19 6982,39 17494,58 1 14206,06
26,0 I,04562 O,14961_+06 12212.92 5285,12 17498,0/, l 15166,15
32,0 I,07690 O,1344E406 13616,91 3882,57 17499,47 l 16028,79
42,0 I,14555 O,1111E+06 15023,13 2476,32 17499,46 T 17071,98

DI]:39,000 INC)IE._

L (FT) DEl.BN (IN) P (LB) sR (PSl) ,Sl (P`SI) slCl(PSl) CONIACI SIOTII (PSI) REST
5,0 1,50019 0.8860E+05 1371 07 16101 64 17472,71 T 9433,38
10,0 1,50246 0,1432E+06 4437 86 13023 96 17461.82 l 10995,80
16,0 1,51156 0,1638E+06 8153 02 9338 42 17491,44 l 12939,88
21,0 1,52565 0,1602E+06 10512 19 6982 39 17694,58 T 14206,06
26,0 1,54562 fl,1496E+06 12212 92 5285 12 17498,04 T 15166,15
32,0 1,57690 O, 1344E+06 13616 91 3882 57 17499.47 T 16028,79
42,0 1,64555 0,1111E+06 15023 13 2476 32 17499,46 T 17071,98

DB= 40,000 INCIIES

l (FT) DELBM (IN) P (LB) SB (PSl) Sl (PSI) StQ (PSI) CONTACT SiEiIll(PSl) REST
5.0 2,00019 0.8860E+05 1371 07 16101 64 17472,71 "I 9433,38
I0,0 2.00246 0,1432E+06 4437 86 13023 96 17461,82 T 10995,80
16,0 2,01156 0,1638E+06 8153 02 9338 42 17491,44 T 12939,88
21,0 2,02565 0,1602E+06 10512 19 6982 39 17494,58 T 14206,06
26,0 2,04562 0,1496E406 12212 92 5285 12 17498,04 l" 15166,15
32,0 2,07690 0.1344E+06 13616 91 3882 57 17499,47 T 16028,79
42,0 2,14555 0.1111E+06 15023 13 2476 32 17499,46 T 17071,98

DB= 41.000 INCIIES

L (FT) DELBN (IN) P (LB) SB (PSI) Sl (PSI) SIQ (PSI) CONTA(;[ SI[iTll(PSl) RE,SI
5,0 2,50019 0 8860E_05 1371,07 16101 64 17472,71 T 9433,38
10,0 2,50246 0 1432E+06 4437,86 13023 96 17461,82 T 10995,80
16,1, 2,51156 0 1638E+06 8153,02 9338 42 17491,44 I 12939,88
21,0 2,52565 0 1602E,n6 10512,19 6982 39 17494.58 T 14206.06
26,0 2,54562 0 1496E+06 12212,92 5285 12 17498,04 T 15166.15
32,0 2,57690 0 1344E'_06 13616,91 3882 57 17499,47 T 16028,79
42,0 2,64555 O.1111E406 15023,13 2476 32 17499,46 T 17071,98

OB= 42,000 INCHES

L (FT) DEL.BN (IN) P (LB) SB (['SI) SI (PSI) SIQ (PSI) CONTACT ,SIGlll(PSI) RES1
5,0 3,00019 0,8860E405 1371,07 16101 64 17472,71 f 9433,38
10,0 3,00246 0,1432E+06 4437,86 13023 96 17461,82 7 10995,80
16,0 3,01156 O,1638E_06 8153,02 9338 42 17491,44 I 12939,88
21,0 3,02565 O,1602E406 10512,19 6982 39 17494.58 l 14206,06
26,0 3,0/,562 O,1496E._06 12212,92 5285 12 17498,04 T 15166,15
32,0 3,07690 O,1344E_06 13616,91 3882 57 17499,47 T 16028,79
42,0 3,14555 P,1111E_06 15023,13 2476 32 17499,46 T 17071,98

LB r -_= .N.,.000 FEET (tlORIZONTAL)

DB= 36,500 INCIIES

I.(FT) DEL.BN (IN) P (LB) SB (PSI) SI (F'SI) SIG (PSI) CONIACI SIGTFI (PSI) RIiSI
5 0 0,25014 0,6517E+05 1011 07 16386.87 1739'/',94 T 9215.99
10 0 0,25191 0,1109E+06 3447 86 13964,47 17412,33 T 10476,05
16 0 0,25960 0,1358E+06 6774 89 10709,43 17484,32 T 12247,25
21 0 0,27226 0,1388E+06 9128 52 8367,98 17496,50 l 13515,18
26 0 0.29090 0.1338E+06 10956 12 6543,37 17499,49 T 14538,47
32 0 0,32087 0,1237E+06 12556 95 4941,22 17498,16 T 15498,15
42 0 0,38803 0.I052E+06 14255 79 3243,00 17498,79 [ 16687.97
58 0 0.53638 0,8048E._05 15649 81 1850,13 17499,93 T 18120,87

DB= 37,000 INCFIES

t.(Fr) DEl.BN (IN) P (LB) SB (PSI) SI (PSI) SI(;(PSI) CONTACI SIGTII (PSI) RESI
5,0 0 50014 0,6517[.705 1011,07 163L_6,87 17397 94 T 9215,99
10,0 0 50191 0,1109E406 3447,86 13964,47 17412 33 f 10476,05
16,0 0 50960 0,1358E406 6774,89 10709.43 17484 32 l 12247.25
21,0 0 52226 0,1388E_06 9128,52 8367,98 17/,9650 [ 13515,18
26,0 0 54[)90 0,1338E_0'_ 10956,12 6543.37 17499 49 I 14538,47
32,0 0 57087 0,1237E+06 12556,95 4941,22 1/498 16 I I!;498,15
42,0 0 63803 0.I052E406 14255,79 3243.00 17498 79 [ 16687,97
58.0 0 78638 0.8048E+05 15649,81 1850,13 17499 93 [ 18120,87
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DB= 38 000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SII{%I, SIO (PSI) CONTACT SLOTH (PSI) REST
5,0 1,00014 0,6517£+05 I011,07 16380,87 17397,94 T 9215,99

10,0 1,00191 0,1109E+06 3447,86 13964,47 17412,33 T 10476,05
16,0 1,00960 0,1358£+06 6774,89 10709,43 17484,32 T 12247,25
21,0 1,02226 0,1388E+06 9128,52 8367,98 17496,50 T 13515,18
26,0 1,04090 0,1338E+06 I0956,12 6543,37 17499,49 l 14538,47
32,0 1,07087 0,1237E+06 12556,95 4941,22 17498.16 T 15498,15
42,0 1,13803 0,I052E+06 14255,79 3243,00 17498,79 T 16687,97
58,0 1,28638 0,8048E+05 15649,81 1859,13 17499,9S T 18120,87

DB= 39,000 INCHES

L (FT) DELBM (IN) P (I.B) SB (PSI) SI (PSl) SlG (PSl) CONTACI SLOTH (PSl) REST
5 0 1,50014 0,6517E+05 1011,07 16386,87 17397.94 T 9215,99
10 0 1,50191 0,1109£406 3447,86 13964,47 17412,33 T 10476,05
16 0 1,50960 0,1358E406 6774,89 10709,43 17484,32 T 12247,25
21 0 1,52226 0,1388E406 9128,52 8367.98 17496,50 l 13515,18
26 0 1,54090 0,1338£+06 10956,12 6543,37 17499,49 T 14538,47
32 0 1,57087 0,1237E+06 12556,95 4941.22 17498,16 T 15498,15
42 0 1,63803 0,I052E406 14255,79 3243,00 17498,79 l 16687,97
58,0 1,78638 0,8048£405 15649,81 1850.13 17499,93 T 18120,87

DB= 40 000 INCttES

L (FT) DELBM (IN) P (LB) SB (PSl) Sl (PSl) SIG (PSl) CONTACT SIGTII(PSl) EST
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 I0709.43 17484,32 T 12247,25
21,0 2,02226 0,1388E+06 9128 52 8367.98 17496,50 T 13515.18
26,0 2.04090 0,1338E+06 10956 12 6543,37 17499,49 T 14538,47 ,
32,0 2,07087 0,1237£+06 12556 95 4941,22 17498,16 T 15498,15
42.0 2,13803 0,I052E+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 INCttES

L (FT) DELBM (IN) P (LB) SB (PSl) Sl (PSl) CIG (PSl) CONTACT SIGTH (PSl) REST
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 13964,47 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 10956,12 6543,37 17499.49 T 14538,47
32,0 2.57087 0,1237E+06 12556,95 4941.22 17498,16 T 15498,15
42,0 2,63803 0,I052E+06 14255,79 3243,00 17498.79 T 16687,97
58.0 2.78638 0,8048E+05 15649,81 1850.13 17499,93 T 18120,87

DB= 42 000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) Sl (PSl) SIG (PSl) CONTACT SIGTH (PSl) REST
5,0 3,00014 0,6517E+05 1011,07 16386,87 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 17496.q0 T 13515 18
26,0 3,04090 0,1338E.06 10956.12 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,I052E+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 T

LB= 75,000 FEET (HORIZONTAL)

DB= 36,500 INCIIES

L (FT) DELBM (IN) P (LB) SB (PSl) Sl (PSl) SlQ (PSl) CONTACT SIQTH (PSl) REST
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 14654,16 17454,02 T 10172,90
16,0 0.25814 0,1149E+06 5748.33 11742.31 17490,63 T 11737,13
21.0 0,26952 0,1215E+[)6 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 0,9948E+D5 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 (F'r) DELBM (IN) P (LB) SB (PSl) Sl (PSl) SIG (PSl) CONTACT SIGTH (PSl) REST
5,0 0,50011 0.5111E+05 795 07 16652,12 17447,19 T 9132,62 I
10,0 0,50155 0.8985E+05 2799 86 14654,16 17454,02 T 10172.90 I
16.0 0,50814 O.1149E+06 5748 33 11742,31 17490,63 T 11737,13 I
21.0 0,51952 0,1215E+06 8010 15 9488.74 17498.90 T 12957,20 I
26.0 0.53684 0,1203E+06 9875 05 7621.34 17496.39 1 13996,39 I
32.0 0.56543 0,1139E+06 11600 70 5899,05 17499.74 T 15020,82 I
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42.0 0.63086 0,9948E+05 13524,15 3975,71 17499,86 l 16322,69 I
58,0 0,77761 0,7785E+05 15180,54 2319,14 17499,69 l 17886,11 T
75,0 0,98658 0,6018E+05 16052,11 1447,85 17499,96 l 19361,12 T

DB= 38,000 INCHES

L (FT) DE BM (IN) P (LB) SB (PSI) SI (PSl) SIQ (PSI) CONIA(:T SIQTH (PSI) RESI
5,0 1 00011 0.5111E+05 795,07 16652.12 17447,19 I 9132,62
10.0 1 00155 0.8985E+05 2799.86 14654.16 17454,02 T 10172,90
16.0 1 00814 0,1149E+06 5748,33 11742.31 17490,63 T 11737,13
21.0 1 01952 0,1215E+06 8010,15 9488,74 17498.90 T 12957,20
26,0 1 03684 0,1203E+06 9875,05 7621,34 17496,39 T 13996,39
32,0 1 06543 0,1139E+06 11600,70 5899,05 17499,74 T 15020,82
42,0 1 13086 0,9948E+05 13524,15 3975,7'I 17499,86 T 16322,69
58,0 ,27761 0,7785E+05 15180.54 2319,14 17499,69 '_ 17886,11
75,0 ,48458 0.6018E+05 16052,'11 1447,85 17499,96 T 19361,12 T

DB= 39,000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) Sl (PSI) SIG (PSI) CONTACT SIGTtl PSI) R ST
5,0 1,50011 0,5111E+05 795.07 16652,12 17447,19 1 9132,62
10,0 1,50155 0.8985E+05 2799,86 14654,16 17454,02 _ 10172+90
16,0 1,50814 0,1149E+06 5748,33 11742,31 17490,63 T 11737,13
21.0 1,51952 0,1215E+06 8010.15 9488,74 17498,90 T 12957 20
26,0 1,53684 0,1203E+06 9875.05 7621,34 17496,39 f 13996 39
32.0 1,56543 0,1139E+06 11600,70 5899,05 17499,74 T 15020 82
42,0 1,63086 0,9948E+05 13524,15 3975,71 17499,86 I 16322 69
58,0 1.77761 0.7785E+05 15180,54 2319.14 17499,69 T 17886 11
75,0 1,98458 0,6018E+05 16052,11 1447.85 17499,96 T 19361 12

DB= 40,000 INCHES

l (FI) DELBM (IN) P (LB) SB (PSl) Sl (PSl) SIG (PSl) CONIAC] SIGTII(PSI) R[iST
5,0 2,00011 0.5111E+05 795 07 16652 12 17447,19 l 9132,62
10,0 2,00155 0,8985E+05 2799 86 14654 16 17454,02 I 10172,90
16,0 2,00814 0.1149E+06 5748 33 11742 31 17490,63 f 11737,13
21,0 2,01952 0,1215E406 8010 15 9488 74 17498,90 ] 12957,20
26.0 2,03684 0,1203E+06 9875 05 7621 34 17496,39 T 13996,39
32,0 2,06543 0+1139E+06 11600 70 5899 05 17499,74 I 15020,82
42,0 2,15086 0,9948E+05 13524 15 3975 71 17499.86 l 16322,69
58.0 2,27761 0,7785E+05 15180 54 2319 14 17499,69 I 17886.1i T
75,0 2.48458 0,6018E+05 16052 11 1447.85 17499,96 T 19361,12 T

DR= 41,000 IqC_S

I (FT) DELBM (IN) P (LB) SB (PSI) Sl (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5,0 2 50011 0,5111E+05 795,07 16652,12 17447,19 T 9132,62
10,0 2 50155 0,8985E+05 2799.86 14654,16 17454.02 T 10172,90
16,0 2 50814 0,1149E406 5748,33 11742,31 17490.63 T 11737.13
21,0 2 51952 0,1215E+06 8010,15 9488.74 17498,90 T 12957,20
26,0 2 53684 0,1203E+06 9875.05 7621,34 17496,39 f 13996,39
32,0 2 56543 0.I139E+06 11600.70 5899,05 17499.74 T 15020.82
_2,0 2 63086 0,9948E+05 13524.15 3975,71 17_99,86 T 16322.69
58.0 2 77761 0.7785E+05 15180.54 2319,14 17499.69 T 17886,11
75,0 2 98458 0.6018E+05 16052.11 1447.85 17499.96 T 19361,12

DB= 42,000 INCHES

t (FT) DELBH (IN) P (LB) SB (PSI) Sl (PSI) SIG (PSI) CONIACI SIGTH PSI) RESI
5.0 3,00011 0,5111E+05 795.07 16652 12 17447.19 T 9132 62 I
10,0 3,00155 0,8985E+05 2799 86 14654 16 17454,02 I 10172 90 I
16,0 3, 0814 0.1149E+06 5748 33 11742 31 17490,63 T 11737 13 I
21.0 3,01952 0,1215E4106 8010 15 9488 74 17498,90 I 12957 20 I
26.0 3,03684 0,1203E+06 9875 05 7621 34 17496,39 T 13996 39 I
32,0 3.06543 0,1139E+06 11600 70 5899 05 17499.74 I 15020 82 I
42.0 3,13086 0,994BE+Oi 13524 15 3975 71 17499,86 T 16322 69 I
58,0 3,27761 0,7785E+05 15180 54 2319 14 17499,69 _ 17886 11
75,0 3,48458 0,6018E405 16052 11 1447.85 17499,96 [ 19361 12 T

LB:270.O00 FEET (HOR1ZONIAt)

DB=: 36.500 INCHES

L (Ft) DELBM (IN) P (LB) 5B (PSI) SI (Ptl) !51G (PSi) CONIACI EIGTH (PSI) [SI
5,0 0 25003 0,1363E405 219,07 I_384,Y7 16603,83 8422,94
10,0 0 25048 0,2717E.05 873,86 16339,12 17212.98 9089.38
16,0 0 25296 0,4082E+05 2106.14 15372.04 17478,18 9909,81
7!,0 0 25808 0.4912E+05 3340,77 14139,88 17480,64 10613,37
26.0 0 26724 0.5499E+05 4656.12 12839,64 17495,76 11386,61
32.0 0 2847_ 0,5912E+05 6211,24 11285,28 17496,53 12324,49
42,0 0 33196 0,6082E+05 8534,36 8964,21 17498,56 13827,14
58,0 0 45547 0,5619E+05 11320.50 6179,36 17499,85 15956,17
75.0 0 64653 0,4795E+05 13234,51 4265.18 17499,69 15925,21
80,0 0.72350 0.4660E+05 13565,59 3934,29 17499,88 D 15552,74
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85,0 0.82710 0.4700E+05 13737,25 3762,55 17499,79 D 15618,52
90,0 0.93974 0,4690E+05 13922.00 3577.85 17499.85 D 15710,92
95.0 1.06122 0.4643E+05 14110,30 3389.62 17499.92 D 15805.11
100,0 1.19136 0.4567E+05 14296,19 3203.78 17499,97 D 15898,08
110,0 1,47700 0,4358E+05 14647.74 2852.20 17499,94 D 16226.20
120,0 !,79561 0.4103E+05 14963.15 2536.77 17499,92 D 16541,61

: 135,0 2.33362 0.3682E+05 15365.00 2134,96 17499,96 D 16943.46
140.0 2.52868 0,3539E+05 15481,26 2018,73 17499,99 D 17059.73
150,0 2.94202 0.3252E+05 15690.22 1809,76 17499,97 D 17268.68
160.0 3.38604 0,2970E+05 15871,39 1628.58 17499,97 0 17449.85
170.0 3.86046 0.2695E+05 16028,79 1471.21 17500.00 D 17607,25 T
175.0 4.10899 0.2561E+05 16099.67 1400.32 17499.99 D 17678.13 T
200,0 5,46405 0.1924E+05 16390,92 1109.08 17499,99 D 17969,38 T
240.0 8.01842 0,I019E+05 16703.10 796.88 17499.98 D 18281.56 T
270.0 10,24399 0.4177E+04 16859.97 640.02 _7499,99 D 18438,43 T

0B= 37.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSl) SI (PSI) SIG (PSl) CONTACT SIGTH (PSI) REST
5,0 0.50003 0.1363E+05 219.07 16384.77 16603.83 T 8422.94
10,0 0.50048 0.2717E_05 873.86 16339.12 17212.98 T 9089.38
16,0 0.50296 0.4082E405 2106.14 15372.04 17478,18 T 9909,81

• 21.0 0.50808 0.4912E+05 3340.77 14139.88 17480,64 T 10613,37
26,0 0.51724 0.5499E+05 4656.12 I_839,64 17495,76 T 11386,61
32,0 0,53477 0,5912E+05 6211,24 11285.28 17496,53 T 12324.49
42,0 0,58196 0,6082E+05 8534.36 8964.21 17498,56 T 13827,14
58,0 0.70547 0.5619E+05 11320,50 6179,36 17499.85 T 15956.17
75,0 0,89653 0.4795E+05 13234.51 4265.18 17499,69 T 17952.18 T
80,0 0,96328 0,4543E.05 13650.46 3849.38 17499,83 I 18516,40 T
85.0 1.03444 0.4293E+05 14015,49 3484.42 17499.90 T 18923.21
90.0 1.10980 0,4048E+05 14336,69 3163.18 17499,88 T 18023,05
95.0 1,18916 0,3809E+05 14620.31 2879.60 17499,91 T 17389.96
100.0 1.27231 0.3577E+05 14871.43 2628,44 17499.88 T 16846,12
110.0 1.52446 0.3467E+05 15118,50 2381,39 17499.89 D 16696,96
120,0 1.83674 0,3395E+05 15305,99 2193.96 17499 95 D 16884.45
135.0 2.36727 0,3167E+05 15586,66 1913,28 17499 94 D 17165.12
140.0 2,56026 0,3072E+05 15674.71 1825,23 17499 93 D 17253,17
150.0 2.96999 0,2867E+05 15839.49 1660,49 17499 98 D 17417,95
160.0 3.41096 0.2648E+05 15988.30 1511.69 17500 O0 D 17566,77

= 170.0 3.88277 0,2423E+05 16121,53 1378.43 17499 96 D 17700.00
175.0 4.13015 0,2311E+05 16182.69 1317.28 17499,97 D 17761,15
200.0 5.48056 0.1753E+05 16440.56 1059.41 17499.97 D 18019,02
240,0 8.03010 0.9183E+04 16727.55 772.44 17499.99 D 18306,02 T
270,0 10.25328 0,3461E+04 16875,39 624.60 17499,99 D 18453.85 T

DB= 38.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSl) REST
5 0 1.00003 0.1363E+05 219.07 16384.77 16603,83 T 8422.94
10 0 1,00048 0,2717E+05 873.86 16339,12 17212.98 T 9089,38
16 0 1.00296 0.4082E+05 2106.14 15372,04 17478.18 T 9909.81
21 0 1.00808 0.4912E+05 3340.77 14139.88 17480.64 T 10613,37
26 0 1.01724 0.5499E+05 4656.12 12839.64 17495,76 T 11386.61
32 0 1.03477 0.5912E+05 6211,24 11285.28 17496.53 T 12324.49
42 0 1.08196 0.6082E+05 8534.36 8964.21 17498,56 T 13827,14
58 0 1.20547 0.5619E+05 11320.50 6179.36 17499,85 T 15956.17
75 0 1,39653 0.4795E+05 13234.51 4265.18 17499.69 T 17952.18
80 0 1,46328 0,4543E+05 13650,46 3849,38 17499,83 T 18516.40 T

" 85 0 1.53444 0,6293E+05 14015.49 3484.42 17499.90 T 19078,09 T
90 0 1.60980 0,4048E+05 14336 69 3163.18 17499.88 T 19640,81 T
95 0 1,68916 0.3809E+(_5 14620 31 2879.60 17499,91 T 21670.12 T
100 0 1.77231 0,3577E+05 14871 43 2628 44 17499,88 T 22846.28 T
110 0 1.94918 0.3136E+05 15293 56 2206 40 17499,96 T 20909,19 T
120 0 2,13875 0.2724E+05 15630 96 1869 O0 17499.97 T 19401.34 T
135 0 2,44318 0.2158E+05 16021 19 1478 74 17499.93 T 17665,14 T
140 0 2.62344 0,2140E+05 16061 73 1438 24 17499.97 D 17640.19 T
150 C 3.02592 0,2096E+05 16137 99 1361 96 17499.95 D 17716.45 T
160 0 3.46078 0.2004E+05 16222 05 1277 91 17499.96 D 17800,51 T
170 0 3.92741 0.1881E+05 16307 11 1192 87 17499.98 D 17885.57 T
175.0 4,17248 0.1810E+05 16348 77 1151 21 17499,98 D 17927.23 T
_00.0 5.51360 0,1411E+05 16539.91 960 09 17500.00 D I8118,37 T
240,0 8,05345 0.7163E+04 16776,44 723 54 17499.98 D 18354.90 T
270.0 10,27186 0.2028E+04 16906.22 593 77 17499.99 D 18484.68 T

DB= 39.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 1 50003 0.1363E+05 219 07 16384.77 16603.83 T 8422.94 I
10.0 1 50048 0 2717E+05 873 86 16339,12 17212 98 T 9089.38 I
16.0 1 50296 0 4082E+05 2106 14 15372,04 17478 18 T 9909.81 I
ZI.U I bD6O_ O 4912E+05 334U FT 14139.88 17480 64 T 10613.37 I
26.0 1 51724 0 5499E+05 4656 12 12839.64 17'49576 T 11386,61 I
32.0 1 53477 0 5912E+05 6211 24 11285.28 17496 53 T 12324.49 I
42.0 1 58196 0 6082E+05 8534 36 8964.21 17498 56 T 13827.14 I
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58.0 1.70547 0.5619E+05 11320.50 6179.36 17499.85 T 15956.17 I
75.0 1.89653 0.4795E+05 13234.51 4265.18 17499.69 T 17952.18 T
80 0 1.96328 0.4543E+05 13650.46 3849.38 17499.83 T 18516.40 T
85 0 2.03444 0.4293E+05 14015.49 3484.42 17499.90 T 19078.09 T
90 0 2.10980 0.4048E+05 14336.69 3163.18 17499.88 T 19640.81 T
95 0 2.18916 0.3809E+05 14620.31 2879.60 17499.91 T 21670.12 T
100 0 2.27231 0.3577E+05 14871.43 2628.44 17499.88 T 23840.69 T
110 0 2.44918 0.3136E+05 15293.56 2206.40 17499.96 T 25868.15 T
120 0 2.63875 0.2724E+05 15630.96 1869.00 17499.97 T 23568.21 T
135 0 2.94318 0.2158E+05 16021.19 1478.74 17499.93 T 20957.44 T
140 0 3.04912 0.1981E+05 16127.53 1372.40 17499.92 T 20246.53 T
150.0 3.26630 0.1645E+05 16312.57 1187.42 17500.00 T 18998.65 T
160.0 3.51061 0.1360E+05 16455.86 1044.+_ 17499.99 D 18034.32 T
170.0 13.97204 0.1338E+05 16492.66 I007 _,C 17499.97 D 18071.12 T
175.0 4.21481 0.1310E+05 16514.87 985.13 17500.00 D 18093.33 T
200.0 5.54663 0.I069E+05 16639.24 8A0.76 17499.99 D 18217.70 T
240.0 8.07680 0.5143E+04 16825.34 674.65 17499.98 D 18403.80 T
270.0 10.29044 0.5955E+03 16937.06 562.94 17500.00 D 18515.52 T

DB= 40.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PS!) SI (PSi) SIG (PSl) CONTACT SIGTH (PSI) REST
5.0 2.00003 0.1363E+05 219.07 16384.77 16603.83 T 8422.94
10.0 2.00048 0.2717E+05 873.86 16339.12 17212.98 T 9089.38
16.0 2.00296 0.4082E+05 2106.14 15372.04 17478.18 T 9909.81
21.0 2.00808 0.4912E+05 3340.77 14139.88 17480.64 T 10613.37
26.0 2.01724 0.5499E+05 4656.12 12839.64 17495.76 T 11386.61
32.0 2.03477 0.5912E+05 6211.24 11285.28 17496.53 T 12324.49
42.0 2.08196 0.6082E+05 8534.36 8964.21 17498.56 T 13827.14
58.0 2.20547 0.5619E+05 11320.50 6179.36 17499.85 T 15956.17
75.0 2.39653 0.4795E+05 13234.51 4265.18 17499.69 T 17952.18 T
80.0 2.46328 0.4543E+05 13650.46 3849.38 17499.83 T 18516.40 T
85.0 2.53444 0.4293E+05 14015.49 3484.42 17499.90 T 19078.09 T
90.0 2.60980 0.4048E+05 14336.69 3163.18 17499.88 T 19640.81 T
95.0 2.68916 0.3809E+05 14620.31 2879.60 17499.91 T 21670.12 T
100.0 2.77231 O.3577E+05 14871.43 2628.44 17499.88 T 23840.69 T
110.0 2.94918 0.3136E+05 15293.56 2206.40 17499.96 T 28515.76 T
120.0 3.13875 0.2724E+05 15630.96 1869.00 17499.97 T 27735.26 T
135.0 3.44318 0.2158E+05 16021.19 1478.74 17499.93 T 24249.87 T
140.0 3.54912 0.1981E+05 16127.53 1372.40 17499.92 T 23307.97 T
150.0 3.76630 0 !645E+05 16312.57 1187.42 17500.00 T 21665.48 T
160.0 3.98888 F.1329E+05 16467.14 1032.85 17499.98 T 20276.34 Y
170.0 4.21480 0.I031E+05 16597.48 902.50 17499.97 T 19079.30 T
175.0 4.32833 0.8878E+04 16655.05 844.89 17499.94 T 18538.36 T
200.0 5.57966 0.7273E+04 16738.57 761.43 17500.00 D 18317.03 T
240.0 8.10015 0.3124E+04 16874.23 625.75 17499.98 D 18452.69 T
270.0 10.29806 O.O000E+O0 16949.86 550.13 17499.99 B 18528.33 T

DB= 41.000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSl) CONTACT SIGTH (PSl) REST
5.0 2.50003 0.1363E+05 219 07 16384 77 16603.83 T 8422.94
10.0 2.50048 0.2717E+05 873 86 16339 12 17212.98 T 9089.38
16.0 2.50296 0.4082E+05 2106 14 15372 04 17478.18 T 9909.81
21.0 2.50808 0.4912E+05 3340 77 14139 88 17480.64 T 10613.37
26.0 2.51724 0.5499E+05 4656 12 12839 64 17495.76 T 11386.61
32.0 2.53477 0.5912E+05 6211 24 11285 28 17496.53 T 12324.49
42.0 2.58196 0.6082E+05 8534 36 8964 21 17498.56 T 13827 14
58.0 2.70547 0.5619E+05 11320 50 6179.36 17499.85 T 15956 17
75.0 2.89653 0.4795E+05 13234 51 4265.18 17499.69 T 17952 18
80.0 2.96328 0.4543E+05 13650 46 3849.38 17499.83 T 18516 40 T
85.0 3.03444 0.4293E+05 14015 49 3484.42 17499.90 T 19078 09 T
90.0 3.10980 0.4048E+05 14336 69 3163.18 17499.88 T 19640 81 T
95.0 3.18916 0.3809E+05 14620 31 2879.60 17499.91 l 21670 12 T
100.0 3.27231 0.3577E+05 14871 43 2628.44 17499.88 T 23840 69
110.0 3.44918 0.3136E+05 15293 56 2206.40 17499.96 T 28515 76 T
120.0 3.63875 0.2724E+05 15630 96 1869.00 17499.97 T 31902 54 T
135.0 3.94318 0.2158E+05 16021 19 1478.74 17499.93 T 27_14245 T
140.0 4.04912 0.1981E+05 16127 53 1372.40 17499.92 T 26369 53 T
150.0 4.26630 0 1645E+05 16312 57 1187.42 17500.00 T 24332 41 T
160.0 4.48888 0 1329E+05 16467 14 1032.85 17499.98 T 22620 30 T
170.0 4.71480 0 I031E+05 16597 48 902.50 17499.97 T 21155 59 T
175.0 4.82833 0 8878E+04 16655 05 844.89 17499.94 T 20497.69 T
200.0 5.61268 0 3854E+04 16837 88 662.10 17499.98 D 18416.34 T
240.0 8.12350 0 1104E+04 16923 13 576.86 17499.99 D 18501.59 T
270.0 10.29790 0 O000E+O0 16949 87 550.13 17499.99 B 18528.33 T

DB= 42.000 iNCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PS1) SIG (PS/) CONIACT SI_ilH (PSI) REST
5.0 3.00003 0.1363E_05 2i9.07 16384.77 166C3.83 T 8422.94 I
10.0 3.0004_ 0.2717E+05 873.86 16339.12 17212.98 T 9089 38 ]
16.0 3.00296 0.4082E+05 2106.14 15372.04 17478.18 T 9909.81 I
21.0 3.00808 0.4912E+05 3340.77 14139.88 17480.64 T 10613.37 I
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26.0 3 01724 0.5499E+05 4656,12 12839,64 17495,76 T 11386,61 I
32.0 3 03477 0.59!2E+05 6211.24 11285.28 17495.53 T 12324.49 I
42,0 3 08196 0,6082E+05 8534.36 8964.21 17498,56 T 13827.14 I
58.0 3 20547 0.5619E+05 11320.50 6179.36 17499.85 T 15956,17 I
75.0 3 39653 0o4795E+05 13234.51 4265.18 17499,69 T 17952,18 T
80.0 3 46328 0,4543E+05 13650.46 3849,38 17499.83 T 18516,40 T
85.0 3 53444 0.4293E+05 14015.49 3484.42 17499.90 T 19078,09 T
90.0 3 60980 0,4048E+05 14336.69 3163.18 17499 88 T 19640,81 T
95.0 3 68916 0,3809E+05 14620,31 2879.60 17499 91 T 21670,12 T
100.0 3 77231 0,3577E+05 14871.43 2628,44 17499 88 T 23840,69 T
110,0 3,94918 0.3136E+05 15293.56 2206.40 17499 96 T 28515,76 T
120,0 4.13875 0.2724E+05 15630.96 1869.00 17499 97 T 33636,07 T
135.0 4.44318 0.2158E+05 16021.19 1478.74 17499 93 T 30835.20 T
140.0 4.54912 0,1981E+05 16127,53 1372.40 17499 92 T 29431.26 T
150.0 4.76630 0.1645E+05 16312.57 1187.42 17500 O0 T 26999.47 T
160.0 4.98888 0.1329E+05 16467.14 1032.85 17499 98 T 24964.35 T
170.0 5.21480 0,I031E+05 16597.48 902.50 17499 97 T 23231,95 T
175.0 5.32833 0.8878E+04 16655,05 844.89 17499 94 T 22457.09 T
200,0 5.89018 0.2225E+04 16885,22 614.77 17499 99 T 19249,03 T
240.0 8.13621 O.O000E+O0 16949.87 550,13 17499 99 B 18528,33 T
270.0 10.29774 O.O000E+O0 16949.87 550.13 17499 99 B 18528.33 T

kB=350,O00 FEET (HORIZONTAL)

DB= 36,500 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 0.25002 0.8940E+04 147 07 14180.71 14327.78 T 7248.91
10.0 0.25038 0,2132E+05 693 86 16768.59 17462,45 T 9124.11
16.0 0.25235 0.3209E+05 1677 23 15820.32 17497.56 T 9705,05
21.0 0.25652 0.3925E+05 2704 03 14790.65 17494.68 T 10302.03
26.0 0.26415 0,4470E+05 3833 34 13660.82 17494.15 T 10974,42
32.0 0.27917 0.4911E+05 5226 87 12272,94 17499.81 T 11833.94
42.0 0,32107 0.5221E+05 7423 13 10076.29 17499.42 T 13271,96
58,0 0.43567 0.5025E+05 10261 04 7238,37 17499.41 T 15426.22
75,0 0.61902 0,4413E+05 12354 19 5145.36 17499,55 T 15778.42
80.0 0,68401 0.4208E+05 12825,16 4674,67 17499.83 D 15162.50
85.0 0.78262 0.4275E+05 12998,49 4501.45 17499.94 D 15249,22
90.0 0.89052 0,4294E+05 13192.83 4306.99 17499,81 D 15346.32
95.0 1.00755 0.4276E+05 13396.70 4103.25 17499.95 D 15448,33
100,0 1.13351 0.4228E+05 13602.01 3897.83 17499.84 D 15648.17
110.0 1.41164 0.4071E+05 13999.57 3500,35 17499.92 D 16045,72
120.0 1.72376 0.3859E+05 14364.43 3135,54 17499.98 D 16410.59
135.0 2.25367 0.3492E+05 14838.62 2661,35 17499.97 D 16884.78
140.0 2.44640 0.3363E+05 14977.56 2522.38 17499,93 D 17023.71
150.0 2.85559 0.3102E+05 15229,31 2270.66 17499.97 D 17275.46
160,0 3.29602 0o2841E+05 15449,48 2050.52 17499.99 D 17495,63
170,0 3.76'731 0.2584E+05 15642.07 1857.92 17499.98 D 17688.22
175.0 4.01443 0.2457E+05 15729.21 1770.75 17499,96 D 17775.36 T
200.0 5,36371 0,1851E+05 16089,96 1410.03 17499,99 D 18136,12 T
2_0.0 7,91185 0.9741E+04 16481,16 1018.82 17499.98 D 18527,31 T
270.0 10.13427 0.3851E+04 16679,44 820.54 17499,99 D 18725,60 T
300.0 12.59252 O.O000E+O0 16786.87 713,13 17500.00 B 18833.02 T
350.0 17.14103 O.O000E+O0 16786.87 713,13 17499.99 B 18833,02 T

DB= 37,D00 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CON'FACT SIGTH (PSI) REST
5.0 0.50002 0.8940E+04 147.07 14180.71 14327.78 T 7248.91
I_ 0 0.50038 0,2132E+05 693,86 16768.59 17462.45 T 9124.11
16 0 0.50235 0.3209E+05 1677.23 15820.32 17497.56 T 9705.05
21 0 0.50652 0.3925E+05 2704.03 14790.65 17494.68 T 10302.03
26 0 0.51415 0 4470E+05 3833.34 13660,82 17494.15 T 10974.42
32 0 0.52917 0 4911E+05 5226,87 12272,94 17499.81 T 11833.94
42 0 0,57107 0 5221E+05 7423.13 10076,29 17499.42 T 13271,96
58 0 0.68567 0 5025E+05 10261.04 7238.37 17499,41 T 15426.22
75.0 0.86902 0 4413E+05 12354.19 5145.36 17499.55 T 17511.95
80.0 0.93396 0 4207E+05 12825.83 4674.13 17499.96 T 18104.15
85.0 1,00349 0 3997E+05 13244,42 4255.26 17499,68 T 18692.44
90.0 1.07742 0 3787E+05 13617,14 3882.69 17499.83 T 18007.91
95.0 1.15552 0 3579E+05 13949,38 3550,61 17499,98 T 17410,38
100 0 1.2375E 0 3373E+05 14245.93 3253.93 17499,87 T 16896,83
110 0 1.46989 0 3227E+05 14577.33 2922.55 17499.88 D 16623.48
120 0 1.77460 0,3184E+05 14788.18 2711.81 17499.99 D 16834.33
135 0 2.29562 0.2997E+05 15114.92 2385.01 17499.93 D 17161.07
140 0 2.48588 0.2914E+05 15219,36 2280,61 17499,97 D 17265,51
150 0 2.89069 0.2729E+05 15416.60 2083.38 17499.98 D 17462.75
160 0 3.32739 0,2528E+05 15596,62 1903.34 17499.96 D 17642.77
170 0 3.79550 0.2319E+05 15759,22 1740.75 17499.97 D 17805,37 T
175,0 4,04121 0,2213E+05 15834.24 1665.75 17499,99 D 17880.39 T
200.0 5.38472 0.1683E+05 16153.10 1346.89 17499,99 D 18199.25 T
240.0 7.92680 0.8745E+04 16512.42 987.57 17499,99 D 18558.57 T
270.0 10.14621 0,3142E+04 16699.22 800.78 17500.00 D 18745.37 T
300.0 12.59242 O.O000E+00 16786.87 713.13 17499.99 B 18833.02 T
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350.0 17.14090 O.O000E+O0 16786.87 713.13 17500.00 B 18833.03 T

DB= 38,000 INCHES

L (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) REST
5.0 1.00002 0.8940E+04 147.07 14180.71 14327.78 T 7248.91
10.0 1.00038 0.2132E+05 693.86 16768.59 17462,45 T 9124.11
16.0 1.00235 0,3209E+05 1677.23 15820.32 17497.56 T 9705,05
21.0 1 00652 0,3925E+05 2704.03 14790,65 17494.68 T 10302.03
26.0 1 01415 0.4470E+05 3833.34 13660.82 17494,15 T 10974,42
32.0 1 02917 0.4911E+05 5226.87 12272.94 17499.81 T 11833,94
42.0 1 07107 0.5221E+05 7423,13 10076.29 17499,42 T 13271,96
58,0 1 18567 0.5025E+05 I0261,04 7238.37 17499.41 T 15426.22
75,0 1 36902 0.4413E+05 12354.19 5145.36 17499.55 T 17511,95
80.0 1 43396 0.4207E+05 12825.83 4674.13 17499.96 T 18104,15 T
85.0 1 50349 0,3997E+05 13244,42 4255 26 17499.68 T 18692 44 T
90.0 1 57742 0,3787E+05 13617.14 3882 69 17499 83 T 20078 56 T
95,0 1 65552 0,3579E+05 13949,38 3550 61 17499 98 T 22137 82 T
100,0 1 73756 0.3373E+05 14245.93 3253 93 17499 87 T 22896 98
110.0 1 91263 0.2975E+05 14749.84 2750 01 17499 85 T 21014 42 T
120.0 2 10089 0.2596E+05 15157.71 2342 23 17499 95 T 19553 54 T
135.0 2 40408 0.2065E+05 15635.02 1864 95 17499 97 T 17875 39 T
140,0 2,56483 0.2015E+05 15702.91 1797.07 17499 99 D 17749 07 T
150.0 2,96088 0.1983E+05 15791.14 1708 82 17499 96 D 17837,29 T
160,0 3,39014 0.1903E+05 15890.96 1608 99 17499 95 D 17937.11 T
170.0 3.85189 0.1791E+05 15993.57 1506 43 17500 O0 D 18039,72 T
175.0 4.09475 0,1725E+05 16044.24 1455 74 17499 98 D 18090,39 T
200,0 5.42674 0.1348E+05 16279.38 1220 60 17499 98 D 18325.53 T
240.0 7,95669 0.6753E+04 16574.92 925 06 17499 98 D 18621°08 T
270.0 I0.17007 0,1725E+04 16738,74 761 25 17499.99 D 18784.89 T
300.0 12.59222 O,O000E+O0 16786.86 713 13 17499.99 B 18833,02 T
350,0 17.14063 O,O000E+O0 16786,87 713 13 17499.99 B 18833.02 T

DB= 39.000 'NCHES

L (Fr) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTH (PSI) RES'[
5.0 1.50002 0.8940E+04 147.07 14180.71 14327.78 T 7248.91 I
10.0 1,50038 0,2132E+05 693,86 16768.59 17462,45 T 9124.11 I
16,0 1.50235 0,3209E+05 1677,23 15820.32 17497.56 T 9705,05 I
21.0 1.50652 0,3925E+05 2704.03 14790.65 17494.68 T 10302.03 I
26.0 1,51415 0.4470E+05 3833.34 13660,82 17494,15 T I0974,42 I
32.0 1.52917 0.4911E+05 5226.87 12272.94 17499,81 T 11833.94 l
42.0 1,57107 0.5221E+05 7423.13 10076,29 17499.42 T 13271.96 I
58,0 1,68567 0,5025E+05 10261.04 7238,37 17499.41 15426.22 l
75,0 1,86902 0.4413E+05 12354.19 5145,36 17499.55 17511.95 T
80.0 1.93396 0,4207E+05 12825.83 4674,13 17499.96 18104.15 T
85,0 2,00349 0.3997E+05 13244,42 4255.26 17499,68 18692.44 T
90,0 2.07742 0.3787E+05 13617,14 3882.69 17499,83 20078.56 T
95,0 2,15552 0.3579E+05 13949.38 3550,61 17499.98 22137,82 T
100,0 2.23756 0,3373E+05 14245.93 3253,93 17499.87 24308.38 T
110,0 2,41263 0.2975E+05 14749,84 2750,01 17499.85 25973.38 T
120,0 2,60089 0.2596E+05 15157.71 2342.23 17499.95 23720.41 T
135,0 2,90408 0.2065E+05 15635,02 1864.95 17499.97 21167.70 T
140,0 3.00977 0.1897E+05 15766.15 1733.84 17499.99 20473.31 [
150.0 3.22664 0.1576E+05 15995.29 1504.69 17499.98 T 19254.84 T
160,0 3.45289 0.1278E+05 16185.31 1314.65 17499.96 D 18231.47 T
170.0 3,90827 0.1262E+05 16227.89 1272,10 17499.99 D 18274.04 T
175.0 4.14829 0.1237E+05 16254,24 1245,73 17499,97 D 18300.40 T
200,0 5.46876 0,I012E+05 16405.67 1094.32 17499.99 D 18451.82 T
240.0 7,98659 0,4761E+04 16637.45 862.55 17500.00 D 18683.61 T
270.0 10.19394 0,3083E+03 16778.27 721,73 17500,00 D 18824.43 T
300.0 12.59203 O.O000E+O0 16786.87 713.13 17500.00 B 18833.02 T
350.0 17,14036 O,O000E+O0 16786.87 713.13 17499.99 B 18833.02 T

DB= 40,000 INCHES

l (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONIACI SIGTH (PSI) REST
5.0 2.00002 0.8940E+04 147.07 14180 71 14327 78 T 7248 91
10.0 2.00038 0.2132E+05 693.86 16768 59 17462 45 T 9124 11
16.0 2.00235 0.3209E+05 1677.23 15820 32 17497 56 T 9705 05
21.0 2,00652 0,3925E+05 2704,03 14790 65 17494 68 T 10302 03
26.0 2.01415 0.4470E+05 3833.34 13660 82 17494 15 T 10974 42
32.0 2.02917 0.4911E+05 5226.87 12272 94 17499 81 T 11833 94
42.0 2.07107 0.5221E+05 7423.13 10076 29 17499 42 T 13271 96
58,0 2.18567 0.5025E+05 10261.04 7238 37 17499 41 T 15426 22
75.0 2.36902 0.4413E+05 12354.19 5145 36 17499 55 T 17511 95
80.0 2.43396 0.4207E+05 12825.83 4674 13 17499 96 T 18104 15
85.0 2.50349 0.3997E+05 13244,42 4255 26 17499 68 T 18692 44
90.0 2,57742 0.3787E+05 13617,14 3882 69 17499 83 T 20078 56
95,0 2.65552 0.3579E+05 13949.38 3550 61 17499 98 T 22137 82
I00.0 2.73756 0,3373E+05 14245.93 3253 93 17499 87 T 24308 38
110.0 2.91263 0.2975E+05 14749.84 2750 01 17499 85 T 28983 45
120.0 3,10089 0.2596E+05 15157.71 2342 23 17499 95 T 27887 46
135.0 3,40408 0.2065E+05 15635.02 1864 95 17499 97 T 24460 13
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140,0 3,50977 0,1897E+05 15766,15 1733,84 17499+99 T 23534,75 T
150,0 3,72664 0,1576E+05 15995,29 1504,69 17499,98 T 21921,67 T
160,0 3,94916 0,1272E+05 16187+86 1312,13 17499,99 T 20557,86 T
170,0 4,17522 0,9838E+04 16350 96 1149,00 17499,96 T 19382,66 T
175,0 4,28890 0,8447E+04 16423 30 1076,68 17z+99,98 T 18851,56 T
200,0 5,51077 0,6769E+04 16531 93 968,04 17499,97 D 18578,08 T
240,0 8,01648 0,2769E+04 16699 96 800,03 17500,00 D 18746,12 T
270,0 10,19900 0,0000E+00 16786 86 713,13 17499,98 B 18833,01 T
300,0 12,59183 0,0000E+00 16786 86 713,13 17499,99 B 18833,02 T
350,0 17,14010 0,0000E+00 16786 87 713,13 17500,00 B 18833,03 T

DB= 41,000 INCHES

L (FT) DEEBM (IN) P (LB) SB (PSl) Sl (PSl) SIG (PSl) CONTACT SIGTH (PSI) R ST
5+0 2,50002 0,8940E+04 147,07 14180,71 14327,78 T 7248,91
10.0 2,50038 0,2132E+05 693,86 16768,59 17462,45 T 9124,11
16,0 2,50235 0,3209E+05 1677,23 15820,32 17497 56 T 9705,05
21,0 2,50652 0,3925E+05 2704,03 14790,65 17494 68 T 10302,03
26,0 2,51415 0,4470E+05 3833,34 13660,82 17494 15 T 10974,42
32,0 2.52917 0,4911E+05 5226,87 12272.94 17499 81 T 11833,94
42,0 2.57107 0,5221E+05 7423,13 10076,29 17499 42 13271,96
58.0 2,68567 0.5025E+05 10261,04 7238,37 17499 41 15426,22
75,0 2,86902 0,4413E+05 12354,19 5145,36 17499 55 17511,95
80,0 2,93396 0,4207E+05 12825,83 4674,13 17499 96 18104,15
85.0 3,00349 0.3997E+05 13244,42 4255,26 17499 68 18692,44
90,0 3,07742 0,3787E+05 13617,14 3882,69 17499 83 200f8,56
95,0 3.15552 0,3579E+05 13949,38 3550,61 17499 98 22.137,82
100,0 3,23756 0,3373E+05 14245,93 3253,93 17499 87 24308,38
110.0 3,41263 0,2975E+05 14749.84 2750,01 17499 85 28983,45
120,0 3,60089 0,2596E+05 15157.71 2342,23 17499 95 32054,74
135.0 3,90408 0,2065E+05 15635°02 1864,95 17499 97 T 27752,70 T
140,0 4,00977 0,1897E+05 15766,15 1733,84 17499 99 T 26596,32 T
150,0 4,22664 0,1576E+05 15995,29 1504,69 17499 98 T 24588,60 T
160,0 4,44916 0,1272E+05 16187,86 1312,13 17499 99 T 22901,81 T
170,0 4,67522 0,9838E+04 16350,96 1'149,00 17499 96 T 21458,95 I
175,0 4,78890 0,8447E+04 16423.30 '107'6,68 17499 98 T 20810,89
200,0 5,55279 0,3416E+04 16658,23 841,76 17499 99 D 18704,38
240,0 8,04636 0,7773E+03 16762,46 737.52 17499 98 D 18808,61
270,0 10,19885 O,O000E+O0 '16786,87 713,13 17500 O0 B 18833,03
300,0 12,59164 O.O000E+O0 16786,87 713+13 17500 O0 B 18833,03
350,0 17.13983 O,O000E+O0 16786.87 713,13 17499 99 B 18833,02

DB= 42,000 INCHFS

L (FT) DELBM (IN) P (LB) SB (PSI) Sl (PSI) SIG (PSI) CONTACT S]GTH (PSI) REST
5,0 3,00002 0,8940E+04 147,07 14180,71 14327,78 T 7248,91
10,0 3.00038 0,2132E+05 693,86 16768,59 17462,45 T 9124,11
16,0 3,00235 0,3209E+05 1677,23 15820,32 17497,56 T 9705,05
21,0 3.00652 0 3925E+05 , 2704,03 14790,65 17494,68 'r 10302,03
26,0 3.01415 0 4470E+05 3833,34 13660.82 17494,15 T 10974,42
32 0 3 02917 0 4911E+05 5226,87 12272,94 17499,81 T 11833,94
42 0 3 07107 0 5221E+05 7423,13 10076,29 17499,42 T 13271,96
58 0 3 18567 0 5025E+05 I0261,04 7238.37 17499,41 T 15426.22
75 0 3 36902 0 4413E+05 12354,19 5145,36 17499,55 T 17511,95 T
80 0 3 43396 0,4207E+05 12825,83 4674,13 17499,96 T 18104,15 T
85 0 3 50349 0,3997E+05 13244,42 4255,26 17499,68 T 18692,44 T
90 0 3 57742 0,3787E+05 13617.14 3882,69 17499,83 T 20078,56 T
95,0 3 65552 0.3579E+05 13949,38 3550,61 17499,98 T 22137,82 T
100,0 3,73756 0.3373E+05 14245,93 3253,93 17499,87 T 24308.38 T
110,0 3,91263 0.2975E+05 14749,84 2750,01 17499.85 T 28983,45 T
120.0 4,10089 0,2596E+05 15157,71 2342,23 17499,95 T 34103.76 T
135,0 4,40408 0,2065E+05 15635,02 1864,95 17499,97 T ' 31045,45 T
140,0 4,50977 0.1897E+05 15766.15 1733,84 17499,99 T 29658,04 T
150,0 4,72664 0.1576E+05 15995.29 1504,69 17499,98 T 27255.65 T
160,0 4,94916 0,1272E+05 16187,86 1312,13 17499,99 T 25245,87 T
170.0 5,17522 0.9838E+04 16350,96 1149.00 17499,96 T 23535,31 T
175.0 5.28890 0.8447E+04 16423,30 1076,68 17499,98 T 22770,29 T
200,0 5,85204 0,1946E+04 16713,59 786,41 17500,00 T 19602,32 T
240,0 8.05795 O,O000E+O0 16786,86 713,13 17499,98 B 18833,01 T
270,0 10,19869 O.O000E+O0 16786,87 713,13 17500,00 B 18833.03 T
300.0 12,59144 O,O000E+O0 16786,87 713.13 17499.99 B 18833,02 T
350,0 17,13956 O,O000E+O0 16786,87 713,13 17499,99 B 18833,02 T
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Table B.8 Max,.mum A.].].owab].e Boi.'e:ho]e D¢_:vlat-iorl Bas_._d on l.,:Iner 'l.n._;c:rt:ion
S¢'l:c:sses_ in Borehole::; 1)r:l.1].od wtt.tl a Non-St:c'r:._lrablo BI.L

This section oi" Appendix B ].tsts the output, ft].e from PROGRAM I)EVIA'I?]
for, maximum allowable borelio].e,, dev:lakJon basted oil llner ].nsert:ton stre._ses

during ].ine_: insertion operations with s:t.,lu].tane:ou,_ dri].].i_ in llo_::l.zonta]
and vertical boreholes drilled with a non-steerable b.t.t,

The fo_.].owing parameter w_].ues were used l.n computing the::;e results:

Lb = 26 ft (vertical borellole)
= 32, 42, 58, 75, 270, and 350 feet: (hor:tzonta]. bo_reho]es)

d b = 36,5, 37, 38, 39, 40, 41, and 42 tnche._;

Fb _---470,000 lb (simu]taneou.,, drtl].ing).

Other parameter values were fixed as listed in So,ct:ion 5,2,
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RUN WITH DEVIAT2,FOR
LINER INSERTION LOADING SPECIFIED
MINIMUM ALLOWABLE LINER RADIUS OF CURVATURE: 65,74 FT (BASED ON CONTAINER CLEARANCE)

CRITICAL BUCKLING STRESS BASE[)ON BENDING= 0,2114E+06 PSl
CRITICAL BUCKLING STRESS BASED ON COMPRESSION: 0,2039E+06 PSI
FS= 4,00
FB= 470000,00 LBF

LB= 26,000 FEET (VERI]CAL)

DB (IN) RB (FT) DELBM (IN) P (t,B) SB (PSI) Sl (PSI) SIG (PSI) CONTACT slQr_l (PSI) REST
36,50 1635,2 2,48033 0,2502E+05 7994,84 9505,15 17499,99 T 9071,50
37,00 905,3 4°47996 0,2502E+05 7994,82 9505,15 17499,96 T 9071o47
38,00 478,3 8,47735 0,2502E+05 7994,74 9505,14 17499,87 [ 9071,38
39,00 325,1 12,47060 0,2502E+05 7994,65 9505,12 17499,77 I 9071,28
40,00 246,2 16,45777 0,2502E+05 7994,73 9505,14 17499,87 I 9071,37
41,00 198,2 20,43685 0,2501E+05 7994,16 9505.06 17499,22 I 9070,73
42,00 165,8 24,40601 0,2501E+05 7994,52 9505,11 17499,62 T 9071,13

LB= 32,000 FEET

DB (IN) RB (FT) DELBM (IN) P (LB) SB (PSI) SI (PSI) SIG (PSI) CONTACT SIGTtl (PSI) REST
36,50 2250,0 2,73065 0,1927E+05 8176 81 9323 19 17500,00 T 9368,68 I
37,00 1298,8 4,73038 0,1927E+05 8176 80 9323 19 17499.98 T 9368,66 I
38,00 703,8 8,72855 0,1927E+05 [117677 9323 18 17499,95 T 9368,63 I
39,00 482,7 12,72391 0,1927E+05 8176 73 9323 18 17499,91 [ 9368,59 I
40,00 367,3 16,71519 0,1927E+05 8'17675 9323 18 17499,93 ] 9368,61 I
41,00 296,5 20,70106 0,1927E+05 8176 55 9323 16 17499,70 I 9368,40 I
42,00 248.6 24,68025 0,1927E+05 8176 31 _.n_._13 17499°44 _ 9368,14 I

LB= 42,000 FEET

DB (IN) RB (FT) DEt.Bhl (IN) P (LB) SB (PSI) Sl (PSI) SIG (PSI) CONTACI SIQTH (PSI) REST
36.50 3234,0 3,27266 0,1423E+05 8373 44 9126 56 17500,00 9989,18
37,00 2007.3 5,27246 0,1423E+05 8373 43 9126 56 17499,99 9989,18
38,00 1141,5 9,27125 0,1423E+05 8373 42 9126 56 17499,98 9989,17
39°00 797,5 13,26833 0,1423E+05 8373 41 9126 56 17499°96 9989o15
40.00 612.9 17,26295 0,1423E+05 8373 43 9126 56 17499,98 9989,17
41,00 497,7 21,25434 0,1423E+05 8373 34 9126 55 17499,89 9989.08
42,00 419,0 25,24177 0,1423E+05 8373 33 9126 55 17499,88 9989,07

LB= 58,000 FEET

DB (IN) RB (FT) DELBM (IN) P (LB) SB (PS) Sl (PSI) SIG (PSI) CONTACT SIGTH (PSI) RES_
36,50 4575.0 4,41175 0.9254E+04 8555,05 8944,95 17500,00 T 10175,19
37°00 3148,0 6+41159 0,9254E+04 8555,05 8944,95 17500,00 T 11572,60
38,00 1938,6 10o41078 0,9254E+04 8555,04 8944,95 17499,99 T 11572,60
39,00 1400,6 14,40898 0,9254E+04 8555,04 8944,95 17499,99 T 11572,60
40.00 1096,4 18,40579 0,9254E+04 8555.02 8944,95 17499,97 T 11572,60
41,00 900,7 22,40081 0,9254E+04 8555o01 8944,95 17499,96 T 11572,60
42,00 764,4 26,39367 0,9254E+04 8555,02 8944,95 17499.98 T 11572,60

LB= 75,000 FEET

DB (IN) RB (FT) DELBM (IN) P (t.B) SB (PSI) SI (F'SI) SIG (PSI) CONTACT SIGTH (PSI) REST
36,50 5222.5 6,46234 0,7018E+04 8616,64 8883.36 17500,00 I) 9055,]0 I
37,00 4259,1 7,92406 0,5851E+04 8666,89 8833,11 17500,00 T 11004,25 I
38,00 2830.4 11,92341 0,5851E+04 8666,89 8833,11 17500,00 T 16337,74 I
39,00 2119,5 15,92210 0,5851E+04 8666,89 8833,11 17499,99 T 19222,22 T
40.00 1694,0 19,91989 0,5851E+04 8666,89 8833,11 17500,00 I 19222,22 T
41,00 1410,8 23,91652 0,5851E+04 8666,87 8833,11 17499,98 T 19222,22 T
42,00 1208,8 27,91179 0,5851E+04 8666,88 8833.11 17499,99 T 19222,22 T

LB:270,000 FEE'[

DB (IN) RB (FT) DELBM (IN) P (LB) SB (PSi) Sl (PSi) SIG (PSI) CONIACT SIGTti (PSI) REST
36,50 5280,9 82.80945 0 O000E.+O0 8521,38 8978,62 17500,00 B 10099.84 I
37,00 5280.9 82,80913 0 O000E+O0 8521,38 8978,62 17500.00 B 10099.84 I
38,00 5280.9 82,80847 0 O000E+O0 8521,38 8978,62 17500,00 B 10099.84 I
39.00 5281.0 82,80782 0 O000E+O0 8521,38 8978.62 17500,00 B 10099 84 I
40.00 5281,0 82,80717 0 O000E*O0 8521,38 8978.62 17500,00 B 10099 84 I
41,00 5281.0 82,80651 0 O000E+O0 8521,38 8978.62 17500.00 B 10099 84 I
42.00 5281,1 82,80586 0 0000E-lO0 8521,38 8978,62 17500,00 B 10099 84 I

[.B=350.000 FFET

DB (IN) RB (FT) DELBM (IN) P (Lfl) SB (PSI) Sl (PSI) SIG (PSI) CONIACT SlCITH (PSI) REST
36.50 5383,8 136,47161 O,O000E+O0 8358 38 9141 62 17500,00 B 10404,53
37,00 5383,9 136,47108 O,O000E+O0 8358 38 9141 62 17500,00 B 10404,53
38,00 5383,9 136.47003 O,O000E+O0 8358 38 9141 62 17500.00 B 10404.53
39.00 5383,9 136,46898 O.O000E400 8358 38 9141 62 17500,00 B I0404,53
40,00 5384.0 136,46791 0,0000E.00 8358 38 9141 62 17500,00 B 10404.53
41.00 5384,0 136,46686 O,0000E+O0 8358 38 9141 62 17500.00 B I0404,53
4P.f_Q 5384.1 136.46581 O.O000E400 8358 38 9141.62 17500.00 B 10404.53
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APPENDIX C

COMPARISON OF' PAI_METER VALUES USED IN THIS STUDY

WITH THOSE IN THE REFERENCE INFORMATION BASE
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This appendix prov:l.des a compalTtson of t._aramet:er v_l].tte, s usecl _n t:.ht.s
analys.Ls wtt:l_ eorre, spondfng va],ue,_J 1.n t:he Rot!el:enee Inf.'o_:mat::l.on l!,i_e (RIB),

'.I.'AI_M!',G,1.

C:OMPAP,1SON OF PARAME'I.'I.,.;ItVALUES

Va ii.u e tj s e d R:1B Ve r s :I.o n 0 2,0.0 ?.
in

Pa r ame t:a 1: An a ].y r :t._' Va ].u e: Sub s e c L:1.on Re m,n17k s

Liner outs:l.de, diameter 36 tn None

I_,:[rml: inst.de dt.ameter 35 t.n None

Liner mean radLus ].7,-/5 in None

Lt.net thickness 0,5 t.n None

L:l.ner el.astJc modu].tts 30 x ].06psi None

3
L:l.ne r we;l,gh t/v o .l.ulne 4 89 ].b/ft None

Liner Po:l.sson _s rat:t.o 0,29 None

Liner ult:fmat:e strength 70 kpsI None

Li.ne.r/r ock :friction
coe ff:':[c t.e ht: 0,6 None

Vert:Lcal. borehole diamet.er 36,5 fn 29 :I.n 2,2,2,8 Equipxnel_C
(spent fuel boreho].e) 37 0 tn desJ.gns may

38 0 :I.n require
39 0 Ln larger d:l.a,
40 0 Ln borello].e
41. 0 :t.n tlLan t:llaC
/-)2 0 in J.n RIB,

ltori.zonCal, borehole 36 5 tn 37 :t.n 2,2,1,8 Equipment:
diameter (spent fue]. 37 0 :I.n des:l.gns may
borehole) 38 0 in cecluire

39 0 in ].avger di.a,
40 0 in bor'eho].e
41 0 :tri than t:hat:
42 0 i.n in Rlil_,,

Waste conCairler sk:[d ].,774 ]b None
we i. gh t:

Waste conl:a:l.nel: skLcl 16,7 ft: None

lengt:h
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TABLIB C, 1

COMPAItISON OF PAItAMI)',TIP,P, VALUES

( Corl k,:l.tltte d)

Value Used RIB Verslon 02,002
in

Parameter Analys ;!_S , Value, Subsect:l.on RelBark.s

Ef:feetive waste container 14,985 ].b 6,437 2,1.,1.,2 Value used
weight (spent fuel - 1.3,211. assunles the
container) lb heaviest

c ont:a ine r
and t.n-
eludes the

weight of
the skid,

Effective waste eontat.ner 16,7 ft 187,5 in 2,1,1,2 Value used
length (spent fete]. (200,5 in) includes
conta:l.ner) body of

skid

Effective waste container 28,75 in 26,0 in 2,2,1,2 Val.ue used

diameter (spent fuel is for

container) hybrid con-
tainer and
includes
thickness
of skid,

Ve.rttcal borehole length 26 ft 25 ft 2,2,2,8 Value used
(spent fuel borehole) t.n analysis

t.s now
under con-

S].del.'aLion

Horizontal borehole length 32 ft 363 ft 2,2,1,8 Values used

('.,.:;pentfuel borehole) 42 ft in analysis
58 ft are now
75 ft under con-
270 ft sideration,
350 ft

Safety factor against 4,0 None
1.t ne 17 l."up tul/e

Dri].ling thrust force 470,000 lb None
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TABLE C, 1

COMPAI{ISON OF I_AI_AMI_']:I!',I(VAI.,UES
( c o n t::1.ntte d )

Va .I.ue Us ecl .RI B Vc_rS:l.O!L_()2,00 2.
in

Parameter Ana],yst._ _ Sttbsec tl.on Remark::_

Maxl.mum l)oreho],e wa].l 44].°F (227°C1) ].57°C] 3, ]., 1,4 RIB va],tte.
tempera lJttL'e i,.q fOa?

363 - ft:
horlzoilt:al

borehole;
V a ].Lt _._ LtSe cl

:l.s for t:l_e
vertical
bol:_hol.e

(SNL, 1987c)

Initial l:l.rlel7 temperature 68°V (20°C) 20,3°C, ].,3,].,7 RIB va].ue
:I.s the

l:ep1:esent-
ative
und :Ls t ttl:b ecl

t e lllp e 17a t ttr e
of the

resposltory
horizon,

Liner thermal expansion 6,5×10"6/°F None
coefficient

"6/°F 8 8xi.0 "6 ]. 3 1 3 RIB va].t)eTuff thermal expansion 4,9×10 6 o ....
eoeffl.cient (thermal/ 8,8x10 / K /OK is mean
mechanical unit TSw2) pre transi-

tlon Value,

Intact rock unconfined 24,1 kpsi 1.66J:65 1,3,],4 Mean R].B
compresslve strength (1.66 MPa) MPa va].ue used,
(therma]./meehanieal ttn:i, lz
TSw2)
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APPENDIX D

SITE AND ENGINEERING PROPERTIES DA'rA BASE INFORMATION

This report contains 11odata taken from or that should be included in

the Yucca Mountain Site and Engineering Properties Data Base (SEPDB).
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