Economic Factors REIa'ti've.:' to Drilling Large-Diameter Holes
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ABSTRACT

Since 1950, votary-drilled, lavge-diameter holes, "big holes," u
and diameters of over 30 inches have become nmumerous and widesprea
been dvilled for access shafts to LPG mined caverns. Ovey 70 holes have been
other commercial activities. Over 150 holes have been drilled by the AEC f -
poses. These holes have vanged up ta 300-inch diameters with 1, 600-foot depths, 1203 ck diezm~
eters with 670-fool depths, and 72~inch diameters with 4, 800-foo!. depths., The accompanymg
tables show pertinent historical, lechnical and economic dale on over 250 ko?.es N :

Although historvical and technical data on votary=-dyrilled "biy holes” may be fomtd mmwous :
in the liferature, published economic data is limited. Curves presented in this papev show the up-
ward trend of the costs on many factors as holes getf bigger and deeper. Some of these factors are.
vig and equipment size, formation havdness, civeulating media, bils and cuttevs, and shaft lining.
Some cosis lend to increase as exponential functions of depth and hole diameler, '

By jollowing the proceduves outlined in this paper, estimated time and costs for rotary-
drilled, large-diameter holes may be calctlated.

INTRODUCTION

The purpose of this paper is to present a compilation of the available data on large-diameter
holes or "big holes,” to show the experience obtained to date, to show that "hig hole” drilling is
feasible and available to the industry, and (o present economic dara in such a magner that "ball
park" estimates for comparative purposes can be made by anyone who is familiar with rotary.
driiling and the type of hole desired.

The text is divided into two parts. The first part is a discussion of factors involved in "big
hele” drilling. The second part assumes & set of conditions and leads the reader through the prﬁ~
cedure of an example problem.

Historical and technical data on "big holes” is extensively covered in the literature. On the
other hand, economic dara is lacking in most of the publications and extremely sketchy where it is
mentioned., Most of the economic data shown in this paper was obtained directly from project files
and not from the published literature. It was felt that a paper emphasizing economics would help
clarify the overall perspective of "big hole” drilling.

DISCUSSION

Although the drilling of "big holes” has been accomplished for over 20 years, it has only
been within the last 10 years that a significamt number of large-dlameter holes has been drilled.
For the purposes of this paper, the discussion is Hmited to rotary drilled vertical holes larger

379

T B S gt A7 e



g

than 30 inches in diameter and deeper than 300 feet in depth. A search of the literature has
pro<uced the references and bibliography attached as part of rfhis paper.

A review of the literature revealed numerous descriptions of the equipment involved and the
methods used to accomplish the many unique jobs, A compilarion of data concerning the holes :
driiled for commercial purposes is presented in Appendix 1.

One company, Fenix % Scisson, Inc., of Tulsa, Qklahoma, has drilled fifty "big holes” for =
the unique application of access shafts 1o mined underground storage chambers. A listing of these
holes is shown in Appendix II. E

Since 1901, the majority of the large-diameter holes have been drilled for the Atomic Energy®
Commission for underground testing of atomic devices. A cornpilation of data, including costs, X
concerning the AEC holes is shown in Appendix HII. Most of the data shown hias not been previously.
published but was accumulated directly from the files with the authorization of the AEC. "

For the drilling of any particular "big hole,” a series of interrelated factors must be con-
sidered, before an economic sppraisal can be made. These facrors, as much as possihle, are
considered individually in this paper.

Relationship of costs vs hole size and depth. It would be quite helpfu! if a single formula
were available to calculate the costs of holes given a set of conditions, hole size and depth. Un- ¢
fortunately, such a formula relating costs versus hole size or depth is not available nor easily de-
rived. Given a generalized set of conditions, however, certain costs could be related:

1. To the approximate square of the diameter of the hole, such as mud volumes, cutter
usage. circulating rate, drill pipe rorsion and circulating requivement, liner, float shoe,
penetration rate, cement voluma,

2. To the approximate direct ratio of the diameter of the hole, such as bit cost, rotary
speed, weight ou bit, conductor pipe, trip time, location.

3. To the approximate {.5 exponent of the hole depth, such as penetration vate, trip time,
liner wall thickness.

4. Ta the approximare direct ratio of the hole depth such as cememt volume hy height, liner
Iength, mud volumes, logs, cutter usage.

5. Variables depending on neither the hole size nor the depth, such as engineering, set-up
charges,

A formula may be postulated such as: ;

Cost = A (Diameter] B + ¢ (Diameter)?
+ BE (Depth} + G {(Depth) H + 1

where all functions are variables. It is foreseen that B would vary from L. 8 to 2.2, D would vary
from 0.8 to 1.2, F would vary from 1.3t0 1.7, and H would vary from 0.8t 1. 2. A, C, L, G b
and I would vary widely. Specific cases may be calculated and values assigned to the variables for -
short extrapolations of ranges of hole diameters and depths. If sufficient cost data were compiled, - :
the above formula could be further developed. The author suggests that drilling contractors and -
shaft owners could do industry a favor by publishing their cost data, thus providing wider cost €x-
perience than that which is now available. Without such information, each "big hole” must be

analyzed by considering all the factors to be involved. Such an analysis follows in this paper.

Hole size. If a steel liner (casting) is to be installed, the size of the hole must be sufficient

to accept the casing. Since no drilled hole is absolutely straight, the ability of the hole to accept
the casing depends on the straightness of the hole, as well as the size, :

Ag holes ger deeper and bigger, external diameters and stiffness of the liners increase :
rapidly. Since different types of liners have varving abilities 10 enter a drilled hale (due to the ' !
structural features and stiffness of the liner) then the real problem is, how large does the hole :
need to be in order to accept the degired casing? Analytical means are presently being developed .
to determine the required hole size. Until such analysis is completed and reliable experience
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obrained, selection of hole size is of necessity quite arbitrary.
data presented in Fig. 1 may be used for determining hole size.
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Bit. Until recently, "big hole” bits were quoted on special order; however, at least two bit
manufacturers now have list prices. The average cost of single-pass bits by size is shown in
Fig. 2. Stage-type biss and stacked hole-openers are also available bur are now shown herein,

Cutter use. The replacement cutters used on "big hole” bits are a major cost item. This
is particularly true when the formation is hard and abrasive or the bit is improperly cleaned by the
circulating fluid. For estimating purposes, the cost of cutters may be calculated on a unit volume

of material removed, Cutter-cost data in Table [ is based on averages compiled from many holes
inder some of the better bit-cleaning conditions.
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Figure 2

Weight on bit. As the hole size increases, the weight on the bit is generally increased to
maintain a atisfactory drilling rate. Figure 3 shows the effect of increased bit wa:ghts on the =
drilling rate with oil-field size, tri-cone rock bits on medium to hard formations. BI;_, hole” bltsrf
however, must be congidered differently from tri-cone bits. The cutters and teeth on "big hole”
bits are usually widely spaced and are designed for the bit weight available.

Heavy bit loadings may be impractical or uneconomical to obtain. Bottomhole cleaning,
drill-pipe torgue, or hele deviation may limit the bit load that can be applied. All the weight
available cannot normally be applied to the bir; some weight must be suspended to plumb and keep
the hole drilling vertically.

Table 1
Cutter Cost
B Fo.rmari.onmm _ | | $ /ou. fr. Remﬁ;;cuj
a Soft 0. 50 ]
Medium Soft n.75
Medium Hard 1.00
Hard 1.50 "
Very Hard 2.00

Weight is normally applied to the bir through the use of dead weight (drill collars) just above
the bit. For preliminary purposes, the data shown in Fig. 4 may be used for estimating drill col-
lar requirements as a function of the type of formation being drilled and bit size.
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Various forms of drill collarg have been used varving from steel tubular members 1o lead or
ore-filled baskets. Various materials and the physical data for drill collars are shown in Fig. 3.

One popular style drill collar is constructed by placing cast-iron circular weights aver a
central tubular member. Typical physical data and costs for thig type of collar are shown in

Table 2.

Rotary speed. For a given size and type of bit, the drilling rate (assuming good bottom
hole cleaning) increases as a function of the rotary speed. [However, for "big holes,” the high
peripheral speeds of the outside cutters of rthe bit, and the torque involved, dictate that rotary
speeds must be kept low. A rule-of-thumb for maximum rotary speed is:

. 1440
Bit Mameter (inches)

Rotary Speed (rpm) =
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Table 2
"Big Hole" Egquipment Costs

Description ) Weights, 1lbs. m Cost, $
Swivel, 650 ton, 12" 1D T 1s000 19,500 1
Swivel, 250 ton, 12" D 7, 000 10, 700
Kelly, 12" ID, 14" OD, 42' Long 6, 400 4, 400
Stabilizer, 72" 21, 000 14,000
Stabilizer, 52" 14, 000 11,000
Reamer, 72" 21, 600 14, 000
Reamer, 527 i4, 000 11,000
Drill Collar; 30" OD, 11" X 45' mandrel 140, 000 25, 000
Drill Collar; 40" OD, 16" X 45' mandrel 200, 000 37, 060
Dritl Collar; 60" OD, 16" X 45' mandrel 300, 000 50, 000
Drill Collar; 72" OD, 20" X 45' mandrel 500, 000 86, 000
Hose, 12" X 50' X 65 pst 1, 600 1, 300
Sub 13-3/8" x 5' 1,000 1,100
Standpipe, 12" X 50° 3, 300 1,000
Tongs, B} Type DD, each 1, 400 4, 300
Purmnps, 6750 GPM, Centrifugal, without drive 4, 200
Bit, 72", single-pass 14, 000 See Figure 2
Drill Pipe See Table 4

Most ofl -field rigs are geared to several speed ranges, all of which are excessive for "big
hole" rotating. Modification of the gear reduction system is usually necessary. The cost of thig
modification may range up to $ 20, 000 or more for big rigs.
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Torque. [aboratory data for small bits and empirical data for bits with diameters up to 72

incheg have shown the torque can be predicted by the relationship:

T

where: T
K

D
W

i

il

5252 K D2.§ wi. 5

Torque, fr. ~lb.

Formation characteristic

Rit diameter, inches

Weight on bit, 1b. /in. diameter in 1000 lbs.

This relationship can be reagsonably extrapolated to at least 120 inches in diameter.
ure 6 allows a graphical solution of the equation. (Morlan, Mar. 1961, P. 14.)
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Rotating horsepower. Rotating horsepower is a function of rotating torque and rotary speed:
and may be calculated by:

Hor er = LN

Rotary Horsepower = £33

where: T = Rotary torque, fr.-lb.
N = Rotary speed, revolutions/minute

The plot of Fig. © includes this function.

(il -field type rotary tables are not designed for the continual torgue and horsepower re.
quirements of "big hole" drilling, Therefore, most rotary tables must be specially rigged and
maintained for the stringent drilling conditions. Unless the drilling contractor has readily avail
able maimenance for his equipment, a spare rotary table should be on Jocation.
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Circulating system. The circulated fluid must function to effectively clean the bit and
return the cuttings ro the surface. When drilling with mud, a rhinimum circulating rate to uge for
offective bottom ~hole cleaning is (Morlan, Mar. 1961, P. 43

Circ. Rate = 30d

where: Circ. Rate = Gal. /min.

d = Hole diameter, inches

Mud return annular velociries of 100 ft. /min. are desirable but are generally impractical in
direct circulation within "big holes." In practice, 25-40 ft. /min. return annular velocities have
yiclded aceeptable results, although "big holes™ have been drilled with annular velocities less
shan 10 ft. /min.

Decreasing annular velocities cause reduced circulation effectiveness and, generzally, de-
creased penetration rates and increased cutter usage. The annular mud velocity achieved in any
given drilling siwation may be estimared from Fig. 7.

Mud volumes of over 1500 gpm at pressures less than 100 psi are usually supplied by cen-
trifugal pumps. These pumps are not normally part of the oil-field rig equipment and should be
conzidered as special "big hole” equipment. Centrifugal pumps capable of 6750 gpm ar 35 psi back
pressure can be purchased for $4200 without drive.
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Mud volumes to 1300 gpm at pressures over 500 psi are considered normal output from the

two or three mud pumps used with the ordinary drilling rig.

Mud pump horsepower may be calculated by:

. P
HP = 7y
where: HP = horsepower
P = pressure in psi
Q = circulating rate, gpm

When air is used as the circulating fluid, water-free air rewrn velocities of 3000 ft. /min.
are degirable. In most cases, air velocities for effective cutting removal are too low and must be
aided by the injection of water and foaming agents.

Compressors with drive may be purchased from $120-%175 per compressor harsepower,

. ; se *x 1,
Compregsor rental may be calculated at Purchage ?2)5[ Lo per momh. Compressor horse-

power may be estimated at {24) (Compression Ratio) (Number of 108 cu. ft. of air per day).

Io drilled holes which are over 48 inches in diameter, reverse circulation with returns in-
gide the drill pipe, is becoming increasingly popular.

The requirements for other systems such as air-lift, air-foam, or eductor systems are hé~
yond the scope of this paper. Table 3 is a rule-of-thumb recommendation for circulating sys-
tems. (Bowmman, Cct. 1964, P. 3.}

Table 3%
Drilling Methods
A Circulating Media
Ho]eim{:)!izgnuter Drilling Method For Wet For Dry
Formation Formation
Up to 48 Single Pags, Conventional
Circulation Mud Air
or
Multipass, Conventional
Circulation {with small
drill pipe} Mud Ajr
48 to 96 Single Pdss, Conventional
Circulation Mud Mud
or
Single Pass, Reverse
Circulation Mud Air
_ 96 to 144 Single Pass, Reverse
i Circulation Mud Air
Layger than Multipass, Reverse
_ 144 Circulation Mud Air _J

sRased on Bowman Shal Drillers. Tne,  A40DC, Qe 1932

Circulating power. Positive displacement and centrifugal type mud pumps have an efficiency
of about 70 percent. Ailr compressors usually operate at about 50 percent efficiency. Diesel fuel
ard butane costs are about $0.008 per continuous horsepower-hour. Pump and engine maintenance
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will approximate fuel costs. Fuel and maintenance costs may be calculated by considering the
rotating hours (hours in use), circulating horsepower and expected efficiencies.

Initial cost of diesel engines will vary from $50-$ 55 per continuous horgepower. To thig
capital outlay may be added $20-$ 30 per horsepower transmitted for mechanical power transmis-
sion equipment.

Formation drillability. Since formation compactness increases with overburden pressures,
drilling difficulty, in general, increases with formation depth.

When using mud, the mud column on the formation being drilled holds the cuttings in place
and the regrinding slows drilling. A minimum weight muod should be used, consistent with other
requirements, in order 1o minimize this effect. In those cases where air may be used for drilling,
the chip holddown is eliminated.

Abrasive formations tend to wear the cutters faster than non-abrasive formations thereby
requiring more frequent cutter replacement. The time necessary to pull the bit and change the
cutters decreases the overall productive drilling time and can be minimized by maintaining an
optimum hydraulic system.

Normally, single-pass drilling is recommended. However, under certain conditions, it may
be advisable to use a series of hole-opening passes for: (1) holes up to 48 inches, {2) holes over
144 inches or (3) very hard formations.

Bit cutters must be suited to the forration being drilled. Competent technical knowledge
must be applied to obtain the proper bit usage. Penetration rates will vary with bit weights, rotary
speeds, formalion hardness and drillability, type and condition of bit cutters, and type and clean-
ing ability of the circulating media. All these factors are interrelated and make penetration rates
extremely difficalt to predict. However, for preliminary estimating purposes, the data presented
in Fig. B may be used for predicting average penetration rates while rotating on bottom.

Drill pipe selection. The drill pipe serves the following three functions;

1. Torgue transmission to the bit.
2. Suspension of the bit, the drill collar, and the drill pipe itself.
3. Conduction of the circulating media to the bit,
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The drill pipe must be sufficient to withstand the torgue encountered which, due to impact ¢
shock loadings, could be twice the estimated bit rotation requirement. The tensile strength of the
drill pipe should be at least {wice the estimated suspended load. The inside diameter of the dril}]
pipe must be compatible with the allowed pressure loss in the circulating system.

With the circulation rate established, the pressure logs through the drill pipe is calculated, .
A convenient melhod for estimating pressure loss due to friction may be obtained from Fig. 9. In
case the mud pump, circulation rate, and drill pipe are mcompaubie it is then necessary o re-
evaluate the hydraulic system.

Curves are available for predicting dry air friction pressure losses through pipes, but
liquid-air or solids-air friction pressure losses are not as well defined. The prediction of air
friction pressure loss is more complicated and is beyond the scope of this paper.

For preliminary estimating purposes Fig. 10 may be used for drill pipe selection. Although
4 1/2-inch and 5 9/16-inch drill pipe is shown and is often used, its use for "big hole” drilling is
not usually recommended.
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Table 4 is a tabulation of the physical properties and general costs of the available drill pipe
for "big hole” drilling.

Hoisting horsepower. Selection of the necessary rig hoisting capacity for "big hole” drilling
depends primarily on the gelection of the drill collar and drill pipe and the depth of the hole.
Hoisting speeds up to 40 ft. /min, should be expected with maximum expected loads. Once the
maximum load is established, the hoist horsepower can be calculated by:

iw __ _ Maximum Anticipated Load (Ibs.) X Holst Speed {ft. /min.)
Hoist Input Horsepower - 33, 000 (. -1bs. /min. /H.B.] X Efficiency

The efficiency should be decreased 2 to 2 1/2 percent per wireline strung between the blocks.

For preliminary estimating purposes, an efficiency of 70 percent may be used.

Mud. If drilling mud is used, the hole is usually maintained full of mud. Hole volume in-
creases as the square of the diameter; therefore, tremendous mud volumes must be supplied and
maintained in drilling large-diameter holes. Figure L1 provides ready reference for calculating

hole volumes.
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Table 4
Drill Pipe Data

Pipe Tool Joint

Size Grade 1D Weight Tension Torque Tension Torque
Ins. Ins. ibg, /1t 1000 1bs. 1000 1000 lbs. 1000

ft, -1bs. ft. -1bs,
4-1/2 E 3.8 18 330 31 1017 36
5-9/16 E 4.8 24 440 50 1320 58
. 6-5/8 E 6.0 27 490 70 1510 76
, 7-5/8 N-80 6.6 49 860 150 2560 140
} 8-5/8 N-80 7.6 59 1090 190 3190 180
[ 10-3/4 N-80 2.8 70 12590 320 4000 230
13-3/8 N-80 12.4 89 1500 450 4250 540
120 N-80 19 121 2580 1130 3870 1250

L

Surface storage and aderquate settling pifs are also needed in the mud circulating system.
Surface volumes depend largely on the cuttings and golids removal facilities avallable. If mechan
ical equipment is available for solids removal, then a minimum surface settling pit may be used.
If there is a danger of rapid loss of mud to the hole, or if the solids removal procedure is ineffi~
cient, large volurne mud pits may be required.

For long-term drilling, the gradual loss of mud to the hole and wastage with the solids re-
moval will increage the volume of mud that must be mixed. For preliminary purposes, the total
mud volume that must be mixed in drilling and completing a "big hole” may be estimated at 130
percent of the final drilled-hole volame for a short-term hole and up to 300 percent for a long-
term hole. These volumes do not include unpredictable lost circulation quantities.

VOLUME_OF HOLE

T ; T 7 L A i

T___ Jlrm

CUBIC FEET/LINEAR FEET

HOLE S1ZE linches)

Figure It
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The cost of mixed mud varies widely depending on the type and trearment used. What is
generally considersd a minimum mud will cost S1/bbl. (0. 18/cu. ft.) and heavily-treated mud
may range up to $8/bbl. ($1.07/cu. fr.).

The cost of maintaining a treated mud that inhibits the dispersion of drilled solids increases
directly with the hole volume drilled. For estimating purposes, mud treatment costs for short-
term drilling with a minimum mud will increase the costs by 50 percent and may range up to a 200
percent increase for g long-term hole wherse heavily-treared muds are required. Efficient solids
removal facilities usually reduce mud maintenance costs.

Liner or caging, A steel liner is usually placed in drilied holes for hole, equipment and per-
sonnel protection. If incompetent ground or water must be sealed off as is usually the case, a
thick-wall or reinforced liner to resist external pressure is required.

Lirers must support their own weight in tension {unless buoyed) and resist collapsing pres-
aures of the ground and subsurface waters. Various designs are available and each liner should
be designed to fit the conditions of the hole. Liner design calculations present major problems
and are beyond the scope of this paper.

Single wall liner which can be rolled from plate and welded into pipe will cost about 12¢ /Ib.
Fabricared liner, using plate and welded reinforcing braces will cost 20¢ to 30¢ a pound, or more,
depending on the steel and fabrication.

Twpical liner data is included in Table 5. 'The data shown is for large volume purchases over
the past several vears by the Atomic Energy Commission and could run up to 20 percent gredater
for smaller-volume present-day purchases.

Table S

Physical and Cost Data
Large-Diameter Steel Liner
Non-Reinforced

LD, inches Collapse Cost weight
Wall, inches p&: $ /M Ib. /ft.
23x .5 14

29 % .62 ' 24 198
dx .75 340% 27 294
42 %X 625 AT # % & 300
48 .75 180 34 390
48 X 1.00 370% 46 523
48 X 1.25 620+ 63 657
48X 1.73 &7 999
52 625 39

4 x 375 Yy & ok %

66 x 625 43% % 42 445
7ix .75 55 % 54 5872
88 x .62 33 591
BEx .75 ' 30% # % 70 711 |

* Considering 1/ 4-inch oot of oupdness and 3G, 000 pai steel,
¥ * Considenzng 1/ 2-mch ows of roundness and 40, 000 psi stesl,
©*? Considering 1-inck oW of reundnzss and 33, 000 pai steel.
= E 0T Commercial Purchases.
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Welding. The steel liner is normally butt-welded section-by-section as it is run into the -
hole. For estimating purposes, a cost figure per butt-welded connection is shown in Fig. 1Z2ang °
Fig. 13. Figure 12 represents the minimum costs while Fig. 13 represents the maximum costg *
A reasonable estimate for "normal™ operations such as that near a city, but requiring field weld- .
ing may be 2 1/2to 3 times the values shown in Fig. 12, ;

SHOP _PIPE - WELDING COSTS *

5 . e : . S T B B e . . - sy
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I —
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P
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. o

,_.._-——-—‘-'—"""'-_‘_‘f ]
o : L. .. ! ! [ : I S i 1 Lo ! !
30 “Q S0 &0 70 80 20 HOO (Hl+]
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Materini B Welding

Figure 19

FIELD WELDING TIME
&
MAXIMUM FIELD PIPE -WELDING COSIS *

8000, , Fo e e 1 I S , : . : . §
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Stick Welting -1 ¢ :
Mantenance of Capabiity %

4000 — Mobilizaton
: Dermabilization § a
E Boubls colnting Pipe on ground 583G £
= Welding ond Molerial z ¢
(] Py
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O i
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| " 3
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" — ...-a-"‘-"‘”/ o ! /l‘r‘—;"_’__,,_l-—____,_,-—f“" doc S §
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| e 11 ?:
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o) 4G 50 80 70 a9 %] 00 ] .
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Figure 13 v
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Float shoe. Steel liners are often run into the hole with drillable guides on the lower end of
the liner. Many of these guides are provided with a cementing port and check valve and are
rermed float shoes. Figure 14 shows the costs for large diameter float shoes.

Cement. Steel liners are often sealed into the hole with a cement grout placed in the annulus
between the liner and the hole. As can be expected, different types of cement present a cost
range. The cost per cubic foot of cement in place generally ranges from $1.40 to $2.30. For
gstimating purposes, a $2.00 figure may be used for most holes where the cement is mixed and
pumped by commercially available large volume cementing equipment.

COST OF FLOAT SHOES

10,000
8,000
=l 6,000
L
[ o]
o
[T}
&
=X
-
d
O
2| 4000
2,0001
0

30 60 90 120

EINER SEZE {Inchest

Figiare L4
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Mast and substructure. Once the size of the drill string, drill coellars and bit is determined:
the needed type and capacity of the drilling mast may be determined. I the masr is o be used t
Tun the liner, design consideration should be based on the heaviest load required with a reasona
safety facror.

Special modifications to the substructure may be needed in order to handle the "big hole™ - -
equipment and the liner. Cost of such modifications are extremely variable and may range from::
$1, 000 for minor rnodifications to $100, 000 for major modifications, .

Hoist. The rotating and hoisting capacity of the rig may be calculated from the requiremeintis
discussed above. Once the size of hoist (drawworks) and the size of the mast and substructure
are determined, rig costs may be estimated. [For estimating purposes, the basic rig and crew
costs by rig horsepower are shown in Fig. 13. Costs shown do not include "hig hole” accessory
equipment, cutters, mud, contractor risk or profit. Reasonable contractor risk and profit are
extremely variable and depend on the contract specifications and the size of job. For estimating
purposes, 15 percent may be added to the cost shown in Fig. 15 for profit and low risk and 30 pe
cent for profit and high risk,

BASIC RiG DAY-WORK RATE

Doss oot ncace:'Big Hole” Equipment, Profit, Rish, Mud ond Cuzrers.

80 [T TR | e e i A s e B ]

[= R

COST {Dalinrs per Hour)

200 500 100 500 2000 2500
RIG_HQRSEFPOWER

Figure 18

Rig up and rig down. Rig-up and rig-down time are extremely variable. The time depend
on the rig mobility and the facilities available. For preliminary estimating, Fig. 16 may be used
for rig-up and rig-down costs. Rig-up and rig-down time may be estimated from Fig. 17.

On bottom time. The ability to keep the bit on bottom rotating and drilling is of primary im-
portance. If a rig is kept in good repair, is adequately comstructed to handle “big hole" equip-
ment, and is sufficiently powered, then on-~-bottom rotating time may approximate 70 percent of th
total time from spud (start drilling) to total depth, This percentage will decrease as rip time
(time to pull the bit out of hole) increases due to greater depths. When a rig is not kept in good
repair, is not adequate for the jobh. or hole trouble ig encouatered, the on-bhottom rotating time
may decrease to 30 percemt of spud to total depth time, For preliminary purposes, an estimate
of 60 percent may be used.

Running Iinexr. The amount of time required to run caging depends principally on welding
time. Welding time is approximately 73 percent of the casing running time. Figure 13 may be
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-RiG:-U .

tnejudes: Rig-up, Rig - down, Trugking, Rlg, Time ond Labor

13— 1 U U L S S S L

COSY [Tnousonds of Doliars)

1 1 - [ L . I 4 ;._.___J

1500 2000 2500
_RIG_HORSEPOWER

Figure 16

RIG-UP_AND RiG-DOWN TINE

B HOR A

Figuse 17

sed for preliminary estimartes of this cost. In general, three men may weld on liners up to 36
nches, four men on linerg from 36 ro 66 inches, and five men on liners vver 66 inches in diam -
ter.

Cementing time. The time fo cement a hole depends primarily on the number of cement
tages to be placed. For preliminary estimating, one day per stage may be used.

Other time. Additional time may be spent logging, surveying, reaming, etc. Until the
rilling program is established, arbitrary figures must be assigned.
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Transportation. Rig rransportation, especially for long distances, presents high costs. Foy
estimating purposes, the basic rig transportation costs can be estimarted from the rig weights
shown in Fig. 18 and the ratcs shown in Table 6. Large diameter drill collar transportation, mug
producty, cement and other high-unit-weight materials may be estimated by the weight and rare
figures of Tahble &,

WE:GHT OF RIGS

P THDUT DRIL PR AND R L. GOLLARS

POUNDS (THOUSAND)

O OV VU OO U U SO S E NV E P U SV B et S |

262 500 HEa g ROUG
BIC FoRSEFDWER

r
[
[}
%]

Migure 18

2]

Auxiliary "biz hole” equipment. Mo drilling contractor is equipped with a complete line of
auxiliary "'big hole™ drilling equipment. Some drilling contractors have acquired limited equip-
ment but most would need 1o purchase many special pieces of equipment necessary for diversified
"big hole" drilling. Table 2 lists purchase costs of presently gvailable "big hole” special equip-
ment.

Contractors use variable means in writing-off or leasing capital equipment. For the special
equipment of this type, a rate of 0. 1 percent per operating day may be used for estimating pur-
poges. For example, if $100, 000 worth of special "big hole” equipment is required, the contrac-
tor would expect {0 be reimbursed $ 100 per day rental for thiz equipment.

Location preparation. Costs for preparing the location are extremely variable and may vary
from less than $1, 000 to over $100, 000 depending on conditions encountered and facilities needed.
Many "big holes" require a concrete foundation: foundations such as this have cost over $ 100, 000.
A discussion of foundation design is beyond the scope of this paper; however, for preliminary pur-
poses, Fig. 19 may be used for estimating foundation costs.

Lo%i_g.}‘ng. The formation characteristics are usually determined by logging the core or pilot
holes with electric, acoustic or radioactive tools. Charges are usually made based on the dis-
tance to the location, the time on the location, the depth of the hole, and the type of log required.
A simplified typical charge schedule for these logs would be:

1. Base service charge of § 235,
2. Depth charge, $0.07 per foot 1o deepest depth toal ia run.
3. Logging charge, $0.07 per foot of hole logged.

Travel $0. 50 per mile in excess of 150 miles round trip from the nearest station.

LA

Stand -by titme charge, $15 per hour over 10 hours prior to start of log.
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Table b
Transportation Costs
Cost, §$ /100 ibs.
Miles Pipe, Sack Gouwis Machinery
10 L4 .16
30 .22 .25
50 .30 .31
100 . 47 .47
150 60 .60 i
200 .71 .71
300 .91 R H
400 £, 12 1.12
560 1.32 1.32
600 1.33 1.53
700 1.72 1.73
800 1.87 1.97
900 2.04 2. 19
1000 2.22 2. 44
1500 2.94 3.62
2000 3. 81 4.74
LOCATION PREPARATION
- |
@ N :
g A0 - e—e _;:__,,__w,w AR gf
e :
g -
§ 20 — :
of 7
G __._w_____,__..,w,, ............... | v
- _ ' { “ :
o E B _1[,_MH_ Lt L bk i 5
200 500 1000 1500 2000 2500 ¢!
RIG_HORSEPOWER
Figure 19 '. ;
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The size of the drilled hole is usually greater than the bit size. To determine the amount
of cement to be placed, a caliper log may also be run. A simplified typical charge schedule
would be:

1. Set up charge of $130.

2. Depth charge, $0.12 per foot, minimum of 200 feet.
3. Logging charge, $0.12 per foot, minimum of 150 feet.
4. Other. as shown on page 398 for logging.

Holes cannot be drilled absolutely straight. Therefore, directiomal surveys may be .requifeééé
to measure the displacement of the hole from the vertical and the direction of the displacement, i3

Oil-field service charges may be applied to holes or pipe up to 20 inches.

£
Typical oil-field rates are: §
1. Set up charge of $130. :
2. Surveying charges, $0.10 per foot, minimum $ 300.
3. Depth charge, $0.04 per foot.

4. Stand-by after four hours, $10/hour.

3. Mileage after 150 miles, %$0.35/mile.

Directional surveys in "big holes" are commonly contracted specifically for a hole. A typ-i
ical charge would be: :

1. Fixed charge, $1, 000,
2. Special equipment, $100,
3. Other charges as shown previously.

Coring. Coring gervices may be used to obtain formation samples. For 2 1/8-inch cores : :
above 200G feet, a core rig service could be:

1. Mobilize and demobilize: $500 to $1, 000.

2. Drilling averburden: $6.50/foot.

3. Coring consolidated formarion: $3. 50 to 85, 50/foot.
4. Stand-hy, testing, etc.: $12to $20/hour.

From 500 to 700 feet, the coring cost would increase to $6. 50/foot. From 700 to 1, 000
feet, the coring cost would range from $7.50 to $9.00/foot. Rigs to drill below 1, 000 feet are
cormmon but not as widely available as are the core rigs. Qil-field drilling prices would prevail .
for work below 1, 000 feet.

Cored holes should be geologically described. A geclogist may be hired for $23-$50/bour
In some areas, the State geologist or a USGS geologist will describe the cores free of charge.

Cores may be 1ested in commercial laboratories for compressive strengths, porosity and
permeability for about $10 a sample.

Handling equipment. Special equipment may be desirable in order 1o more effectively re-
move The cutlings from the settling pits. For the larger and deeper holes, a dragline bucket may.
be employed. A crane and bucket may be rented, without operator, for $1, 200/month.

A crane may also be needed 10 move pipe when the liner is being run. A 10-, 20-, or 30-
ton crane may be rented, without operator, for $400, $300, or $700/week, respectively.

Casing jacks may be required to run the casing. A rule-of~thumb for casing jack costs is - :
$ 250 per wn of capacity.
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COST CALCULATING PROCEDURES AND EXAMPLE

Estimating the cost of a drilled shaft is complicated, is not a scientific procedure, is sub-
ject to wide variations and must be tempered with a great deal of considered judgement. However,
for preliminary estimating purposes, the procedure outlined below may be followed. Add the cal-
cuiated costs to the compilation sheet at the end of this section,

Example Case (referred to throughout as the example): A 72-inch I.D. working shaft is de~
sired 1o 3, 400 feet. Geology is known from exploratory holes which have been previously
drilled in the area. Regional structure is almost flat. No faults are known to exist in the
intervals to be penetrated. Unconsolidated sands and gravels exist to 300 feet. Shale for-
mations extend from 300 feet to 1, 200 feet, unconsolidated sands from 1, 200 feer to 1, 300
feet, limestores from 1, 500 feet to 3, 000 feer, and evaporites from 3, 000 feet to 3, 400 feer.
Water is abundant in the sandsa and gravels to 300 feet and in the sands from 1, 200 feet to
1,500 feet. No fractured or vugular intervals are known which would cauge loss of mud.
Driiling records are available.

Geology. If a "big hole,” costing from several thousand ro several hundreds of thousands of
dollars, is contemplated, then a good geological evaluation is warramted. [f the geology is not
known, a core hole should be drilled and core samples obtained. [t will generally be found valu-
able to obtain: (1} a complete and detailed structural description including formation dip or faults,
{2} a detail of drilling conditions, including mud, circulating rates, mud logs, penetration rates,
bits used, bit weight, etc., and {3} a knowledge of hole conditions, such as sloughing formations
or fractures, water table, water salinity, erc.

Example: A study of the geology of the above example 1ndi¢ates:

(1) The surface sands and gravels should be cased-off from the hole to prevent caving during
the long period while drilling below 300 feet.

(2) No problem due to loss of mud should occur, thereby, indicating a good mud can be pre-
pared and kHitle mud treatment for loss-of -mud will be needed.

(3) The mud must keep the unconsolidated sands and water from entering the hole before the
casing is set.

(4) The mud must be treated to prevent a fresh-water mud from dissolving the evaporites.

{5} The hole must be lined to rotal depth to provide a safe access shaft,

(6} The liner must be sealed in the hole to prevent water entry when the shaft is opened at
the bottom.

{7) Hole deviation problems from dipping structures do not exist.

Core analysis. Perform core analysis 1o determine rock characteristics, evidence of frac-
ures, vugs, soiub]e material, and compresgive strength.

Example: Ceres of the drilled formations in the example case are not available for analysis.
Data must be interpreted from the drilling record of the exploratory holes and the expected
similarity to other known formations.

Liner program. A review of the geological conditions may indicate that a protective steel
liner is required for drilling. Such liners are usually desirable 1o: (1) cover loosely consolidated
shallow formations, {2) cover zones subject to lost circulation, and (3) allow the circulating sys-
tent to be changed. For each liner the minimum acceptable hole size must be determined.

If a liner design ig available, liner costs can be estimated from Table 5 or calculated at a
¢ost per pound figure as explained above.

Example: The unconsolidated sands to 300 feet must be covered, A protective liner to cover
the loose sands in the 1, 200 to 1, S00 foot interval would be desirable but is ruled out be-
cause of the depth and size of the hole required to place the liner and alsc due to the cost of
the protective liner itself. Therefore, a protective liner is to be set only from the surface
to 300 feet,

The 72-inch I.D. working-shaft liner to 3, 400 feet is selected with a dual wall and an 80-
inch outside diameter. The liner must resist the hydrostatic pressures of water to 3, 400
feer. A discussion of the design of liners is beyond the scope of this paper.

o
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The 72-inch liner is a fabricated stecl structure and will cost about 22¢ a pound. The liney
weighs a total of about 2, 000, 000 pounds and should cost about $872,000. Considering a

1, 000~mile delivery at the rates shown in Table 6, a transporiation cost of $58, 000 must be
added to give a total liner cost of about $630, 000.

The 0,1, ami physical characteristics of the working-shaft liner heip determine the size of
the hole to be drilled 1o 3, 400 feet. The size of the hole selected for the working-shaft liney
then determines the 1. D. of the 300 feet of protective liner,

The protective liner is selected to be 102 inches L. ). and 105 inches O.D. The liner is de-
signed to resist collapsing pressure of the formation water head should the hole be evacuated
by loss of mud.

The 102-inch liner selected is rolled plate steel and will cost about 12¢ a pound. The liner
weighs about 480, 000 pounds and should cost about $57, 600. Transportation, as above, will
add $11, 000 for a toral liner cost of $68, 600.

Hole size. From the mining requirement, the Jdesired size and depth of the shaft is known.

Refer to Fig. 1 to determine the hole size required.

Example: A 72-inch liner is six inches bigger than the 66-inch liner shown in Fig. 1. In-
texpretation shows a 98~inch hale is required for the 66~inch liner at 3, 400 feet. A compa-
rable 104~-inch hole should be expected for the 72-inch linex. Since the hole is not expected
to be crooked and the liner is of a smooth-wall degign with the grout lines hetween the two

walls, the hole is arbitrarily selected to be 100 inches.

A 102-inch liner iz comparable to the 100-inch liner shown in Fig. 1. A 123-inch hole size
is shown at 300 feet of depth. A 120-inch size is arbitrarily selecred.

Circulating system. From the geology study, decide on the circulating media 10 be used.
From the circulating media, awl the pressure and volume requirements, determine the circulating
sygtermn best suited for the situation.

Mud circulating volumes can be estimated from Fig. 11. Calculate mud volumes to be mixed
and apply a cost and usage factor. Calculate the pumping system requirements from the flow rate
an pressure drop.

Example: Mud will be used throughout the hole. A fresh-warer mud will be used to near the
top of the evaporites at which time the mud system will be converted to a salt-saturated
type. Saturation of the system will depend on the composition of, and the amount of, evap-
orites to be penetrated. Several alternatives exist. One alternative would be to set pipe in
the top of the evaporites and drill the evaporites with air. A further analysis of the design
of the mud program is beyond the scope of this paper.

From Fig. 11, the volume of mud in the 100-inch hole is estimated to be 187, 000 cubic feet
or 33, 300 barrels. Surface storage and losses from long-term drilling will double the
amount to be mixed to 67, 000 barrels, Considering a moderately treared mud with long-
term drilling, mud cost will range to $4/barrel of mixed mud. Mud cost is then estimated
to be $ 268, 000.

A circulating rate of 50 times the hole diameter (inches), or 5, 000 gpm, is desirable for bit
cleaning. From Fig. 7, an anpular velocity with 3, 000 gpm and 13 3/8~inch drill pipe in 2
100~inch hole is shown to be about 12 ft. /min. Both the circulating rate of 5, 000 gpm and
the annular return rate are on the low side of acceptable values for hole cleaning.

From Fig. 9, the friction pressure loss of the 5,000 gpm rate of mud flowing through

13 3/8-inch drill pipe is 2.7 psi/100 ft. or 92 psi through 3, 400 feet. Two pumps rated at
6,750 gpm at 83 feet of head, with one for stand-by, are then required. The cost of these
pumps, $12, 600, should be added to the list of special "big hole” equipment. The enginé
drive ig to be taken from the present rig equipment and will not need to be furnished.

Horsepower to drive the 5, 000 gpm capacity at 92 psi, considering 70 percent pump eifl-

ciency, is:
i L 192)  {3006) .
Engine HP = anetn - 380 HP
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Consider an average 300 {IP outpur. Calculate fuel and maintenance cost at ${. 016 per
continuous horsepower -hour., Assume the hours rotaring on bottom as working hours.

A discussion of an alternate system, such as reverse-flow with airlift, is beyond the scope
of this paper.

Bit program. Send representative cores to one of the major bit manufacturers and request
drillability studies. 1f given the size of hole, the conditions of the circulating fluid with the rotary
specd and the bit weight range available, the manufacturer will recommend a type of bit cutter to

produce & penetration rate with a given bit-weight and rotary speed.

Preliminary estimates of cutter costs may be made from Table 1 and Fig. 11. If drillability
gtudies on the cores have been performed, the bit manufacturer may estimate cutter usage.

Example: In the absence of drillability studies, use estimating procedures shown in this re-
port. Cutter cost estimates using Table 1 and Fig. 11 are;

0- 300fr. 78cu.fi./ft. X 300ft, X $0.30/cu.ft. = % 11,700
300-1, 200 fr. 54 cu. ft. X 900 fr. X $1.00/cu.ft, = 48, 600
1, 208}-1, 500 ft. 54 cu. f. X 300 fr. X $0.75/cu.ft. = 12,000
1, 500-3, 400 f1. 34 cu.fr. X 1,900 ft. X $1.25/cu.ft, = 138,000

TOTAL = $210, 300

In all likelihocd the 120-inch hole would be drilled with the 100-inch bit with an extension
hale opener to 120 inches., The 120-~inch bit cost from Fig. 2 is %26, 000 and the cost is
added to the list of special ""big hole” equipment shown later in this report.

Drilling time. For preliminary estimates of penetration rates, use data from Fig. 8. if
Jrillability studies are performed on core samples, use the drillability data. Consider a percent-
sge on-bottom time to arrive at a spud-to-total depth estimated time as explained above.

Example: Cores are not available. Estimate pepetration rates from Fig. & The top 300
feet of 120-inch hole can be expected 1o drill at Z ft. /hr. The 100-inch hole in limestone
and the evaporites can be drilled at 1. 5 ft. /Ar. The 100-inch hole in the unconsolidated
sands can be drilled at 3 ft. /hr.

Drilling time estimates are:

0- 300 feet 300 ft. @ 2.0 ft. /hr. = 150 hrs.
300-1, 200 fect 900 ft. @ 1.5 ft. /hr. = 600 hrs.
I, 200-1, 500 feet 300ft. 1.5 /hr. = 100 hrs.
1, 500-3, 400 fect 1,900 fr. @ 1.5 ft. /hr. = 1,260 hrs.
TOTAL = 2,110 hrs,

Cn bortom times of 60 percent from start of drilling to total depth can he expected. This
time does not include setting the surface pipe, logging, and surveying.

Drill pipe. Select a drill pipe compatible with the circulating media and system, rotating
orque and tensile loads. For the preliminary estimate, use Fig. 10. For evaluation of the first
sstimate, compare the drill pipe selection with flow, torque and tensile requirements.

Torque requirements can be estimated from the expected bit laads and Fig. 6,

Friction pressure loss calculations can be made from Fig. 9. Tensile loading limits are
shown in Table 4. L.ist the drill pipe under special "big hole' tools shown later in this report.

Example: From Fig, 10, ir is seen thar 13 3/8-inch drill pipe is required for a 100-inch
hole. The mud system also requires a 13 3/8-inch drill string for acceptable circulating
rates,

From Fig. 4, it is seen that a minimum drill collar weight of 210, 0G0 pounds is needed for
the 100-inch bit in medium hard formations. Maximum bit weights of 140, 000 pounds can be
expected or 1, 400 pounds per inch of bit diamerer.
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From Fig. 6, it is seen that torques up to 100, 000 ft. -lbs. may be expected. From Tak
ir can be geen that the 13 3/8-inch drill pipe is compatible with this torque.

Weights of 210, 000 pounds for drill collars, 272,000 pounds for 3, 400 feet of 80 1b. /ft d
pipe and 20, GO0 pounds for a bit make a total of 302, 000 pourds of tensile load. From T
ble 4, it can be seen that the 13 3/8~inch pipe is compatible with this tensile 1oad, :

The 13 3/8-inch drill pipe is then selected. From Table 4, 3, 400 feet of 13 3/8-inch dri
pipe is shown to cost $130,000. This cost figure is added to the list of special "big hole’
equipment,

Drill collar. Select the weight desired from the recommended bit weights. Compare the
weighte available from the various sources of weighting material available, diameters and 1en
involved as shown in Fig. 5 and Table 2.

Example: A drill collar, made of cast-iron ring weights having an O.D. of 60 inches, aj

List the cost with the special "big hole” equipment,
Rig selection. With the drill collar, drill pipe and circulating system established, a rig

type may now he selected. Hoisting capacity will usually determine the rig size. Consult Fig:
for rig costs; add risk and profit to this cost.

Example: The rig must hoist up to 300, 000 pounds of drill collar and 292, 000 pounds o
drill pipe and bit. A rig to hoist this load ar 40 ft. /min. would require:

m . 592,000 1bs. X 40 ft./min.
HP = 537060 fr, -bs. fmin. /0P x 7 - LO00OHP

From Fig. 13, a 1,000 HP rig is shown to cost $43. /hr. on a day rate basis with no pr :
or risk. A day rate of $30. /hr. for a low-risk operation would aliow a reasonable profit

Special "big hole"” tools. List the specizal rools such as pumps, compressors, drill pipe,
drill collar, bits, stabilizers, reamers, kelly, swivels, rotary hose, desanders, pitg, etc.,
which may not be included as a normal component of an oxdinary drilling rig. Calcujate rental
yate at 0. 1 percent per day.

Example:
Cost, & Weight, lbs.
3, 400 £, of 13 3/8-inch Drill Pipe 150, GO0 272,000
1-120-inch Bit 26, 000 20, 000
1 «60«inch Drill Collar 50, 004 300, 000
1-100-inch Stabilizer 20, 000 235,000
1-100~inch Reamer 20, 000 25, 000
1-14~inch Kelly 4, 400 6, 000
{-12-inch Swivel 10, 700 7,000
1-12-inch Rotary Hose 1, 300 2,000
3 Centrifugal Pumps 12,600 30, 000
2 Tongs 8, G0 3, 000
Elevators 3, 000 1, 000
Desanders and Mud Equipment 5, 000 5, G40
TOTAILS $313, 600 £96, 000 ibs.

The rental of this equipment at 0. | percent per day a:
$310,000 x 0.001 = $310 Rental Cost/Day

Cement. Refer to Figure 11 to obtain the annular volume. Calculate at dollars per cubic
foot of volume.
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Example:

(1) Working-shaft liner. Assume the annular spaces are to be filled 10 the surface. From
Fig. L1, the 3, 400 feer of annular volume is shown to be 82, 000 cubic feet, The annular
space is filled with cement at $2/cu.fr. for a cementing cost of $ 164, 000.

A special chemical sealant for positive exclusion of water flowing in the annulus may be
installed for $50,000. A discussion of the design and description of a special sealant is
beyond the scope of this paper.

Assume 10 stages and 10 days time to place the cement.

{2) Protective lirer. Assume the annular space is to be filled to the surface. From Fig. 11,
the annuiar volume is shown to be 16 cu. fr. /ft. At a cost of $1.80/cu.ft., the 300 feet
of annulus can be filled for $8, 600,

Assuine 3 stages and 3 days time to place the cement.

Casing Jacks. Determine if the rig can run the casing either in total suspension or by flota-
ion. Tf the liner cannot be lowered with the rig, casing jacks may be required. Use the % 250 /ton
urchase cost and prorate the cost,

Example: Due to the weights of the liner, a casing jack is advisable. The jack must suspend
up 1o 1, 300 tons and, with a safety factor of two, will cost $325,000. For this study, as-
sume a prorated cost of §70, 000.

Location. Determine the requirements of the location, mud pits, foundation, conductor
ipe, etc. Unless better estimating is possible, use Fig. 19 for costs.

Example: Assume a value of $12, 000 from Fig. 19 for a 1, 000 HP rig.

Mobilization and demobilization. Use Fig. 18 and Table & for rig transportation, and
Tig. 16 for rig-up and rig-down costs. Rig modifications may be necessary and should be in-
uded here.

Example: Transportation estimates for the 1, 000 HP rig made from Fig. 18 and considering
a 250-mile move are indicated at $0.81/100 lbs. X 700,000 lhs. = $85, 700.

Transportation costs for the special "big hole™ equipment may be estimated from the weights
shiown previously with an estimated average distance to be moved. Consider 700, 000 1bs.
to be moved [, 000 miles for a cost of $2. 22/100 1bs. X 700,000 lbs. = $15, 500.

Rig-up and rig-down costs from Fig. 16 are indicated at $6,000. Rig modification needs
are unknown; until the specific rig is known, assume $20, 000 for the preliminary estimate,

Welding. If a liner design is available, welding costs can be obtained from Figs. 12 and 13

.1 by applying appropriate factors.
Example: The 102-inch protective liner has a 3/4-inch wall thickness and can be shop
welded for § 220 per connection. Field welding can be accomplished for 3 X $220 or $660
per comnection. The 120-inch liner will be run in 40-foor lengths or eight joints for a cost
of $25, 300.

The 72-inch liner has a 1/2-iuch wall thicknesg with dual walls, Three connections must be
welded 1o join two sections of pipe. Shop welding costs of $100 X 3 or $300 must be in-
creased by a factor of three for field welding or $900 per joint. The 72-inch liner will be
run in 80-foot lengths or 42 joints for a cost of $37, 800.

The rig time to run the 102-inch liner will be eight joiate X 28 man-hours with five men
welding and welding time of 60 percent of rig time for 75 hours, The rig time to run the
72-inch liner will be 42 joints X three connections per joint X 135 hours per connection with
five men welding and welding time of 60 percent of rig time for 630 hours,

Logging and surveying. Determine logging and surveying requirement and calculate the
:0sts from data presemted above or assign arbitrary values.




Example: FFor preliminary purposes, estimate an arbitrary $12, 600 for logging and
surveying.
Other. Determing accessory needs such a8 desanders and draglines.

Example: Consider a dragline, operated by one of the crew members, to remove the cut-

tings. Rent for $1, 200,/ monii.

Consider desanding units to treat 5, 060 gpm.  Add 35, 000 to cost of speeial "hig hole™

equipment.
EXAMPLE
COMPILATION OF COSTS
72-INCH SHAFT TO 3, 400 FEET

I. Location 12,600

Pits, Foundation, Conductor pipe
II. Rig Mobilization and Demobilization $ 47, 200

Transportation, rig $ 5,700

‘Transportation, "big hole” rools % 13, 500

Rig up and rig down % 6,000

Modifications $ 20,000

HI. Interval O - 3007
A. Rig Work, 431 hrs. at $30/hx. 5 21,600
1. Drilling, 130 hrs. % L1/0.6 - 230 hrs.
2. Non-¢érilling
a. Reaming, 24 hrs.
t. Surveyvs, logs, 10 hrs,

¢. Rig up ané run Yiner, 73 hrs.

d. Cemenr and wait on cement, 72 hrs. |

B. "Big Hole" Equipment 5 4, 300 §
332/24 days at $310/day :

O, Curters $ 11, 700 §
. Circulating Svatem t
mud; mix and trear {included with following itemas).

E. Pipe, 102 inches $ 68,600
Purchase, 5 57,600 |
Transportation, 5 11,000

. Cement $ 80600
G. Pump fuel and maintznance $ 160 s
174 hrs. X 300 HP X $0.016/HP-hr.
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H. Services $ 7, 900

1. Welding $ 5,300
2. Surveys and Logs $ 2,000
3. Dragline, 0.5 mmonth at $1, 200/mo. $ 600

V. Ingerval, 300 - 3, 400°
A. Rig Work, 4, 370 hrs. at $50/hr. $ 218, 300
1. Drilling, 1,960 hrs. X 1/0.6 = 3, 260 hrs.
2. Non-drilling
a. Reaming, 96 hrs.
b. Surveys, logs, 48 hrs,
¢. Rig up to run liner, 48 hrs.
d. Run liner, 630 hrs.
e, Cement and wait on cement, 240 hrs.
f. Evacuare liner, 48 hrs.
B. "Big Hole'" Equipment Rental

3, 356/24 active days at $310/day $ 43,400
C. Cutters 5 198,600
3. Circulating System $ 268,000
mud; mix and treat
E. Pipe. 72 inches $ 630,000
Purchase $572,000
Transporiation $ 58,000
7. Cement $ 164, 000
G. Special Sealing $ 50,000
H. Pump, fuel and maintenance : $ 9, 900
2,056 hre, X 300 HP X $0.016/HP-hr.
1. Services $ 122,800
1. Welding $ 37,800
2, Surveys and Logs $ 10,000
3. Dragline, 4.5 months at $1, 200 $ 5,000
4. Jack Rental $ 70,000
Total 31, 887, 200
Lise $1, 500, 000

APPENDIX 1
COMMERCIALLY DRILLED BIG HOLES

A search of the literature and contact with various organizations and personnel concerned
with "big hole" drilling has produced the list of, and data concerning holes drilled by rotary means
(calyx included) with diameters greater than 30 inches to depths greater than 300 feet. Access
shafts drilled for LPG storage caverns are listed separately in Appendix iI.
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shafts for LPG mined storage.

Fable I below lists the drilled shafts,

APPENDIX II

One company, Fenix and Scisson, Inc. has comracted drilling of access shafts to mined LPG
storage caverns. To the best of cur knowledge, no other organization has emplovyed drilled access

Many of the holes listed were drilled with small water-well-drilling type rigs: All holes
have been lined with 42-inch 1. D. steel casing. For the holes less than 500 feet deep, 5/8-inch
wall pipe costing about $37/ft. was run and cemented to surface.

TABLE Ii-1

52" ~ 55" Drilled, 42" 1. D. Cased

- LPG Swerage Caverns
Fenix & Scisgon, lac,

June 1963

Year No. r;‘eeitt}l' gsx;a?gi Location Cavern Owner
1956 1 300 Demopolis, Alabama Sinclair Oil & Gas Co.

Tulena Gas Products Co,
1957 2 340 Limden. New Jersey Egzso Standard O Co.
1958 3 340 Linden, New Jersey Esgo Standard il Co,
1958 1 340 Marcus Hook, Pennsylvania Sun Qil Company
1539 4 340 Middletown, Chio Texas Eastern Trens. Co.
1959 2 380 Siloam, Kentucky Columbia Hydrocarbon Corp.
1960 i 340 Middietown, Chio Texas Eastern Trans. Co.
1960 t 425 Marcus Hook, Pennaylvania Sun 0i1 Company
1960 2 475 Wood River, Tllinoig Shel} O] Company
1960 1 34 Omaha, Nebraska Mertropolitan Utilities Dist,
1961 1 360 Marcus Hook, Pennaylvania Sun Gil Company
1961 P 330 Middletown, Chio Texas FBastern Trans., Co.
1961 1 480 Cukland City, Indians Texas Hasgtern Trans. Co.
1961 1 475 Wood River, Hlinois Shell Qil Company
1961 L 340 Ponca City, Oklahoma Continental Qil Company
1961 1 +20 Covington, Kentucky Linion Light, Heat & Power Co.
1961 1 330 Wood River, Iilinois Tuloma Gas Products Go.
1962 1 330 Middlerown, Chio Texas Eastera Trans. Co.
1962 1 375 Wood River, Iinois General Facilities, Inc.
1962 1 44} Baleimare, Maryland Baitimore Gas & Elec, Co.
1962 { 540 Erskine, Minnesota Signal Qil % Gas Company
1962 1 440 Burke, Virginta Washingron Gas Light
1963 H 380 Greensburg, Pennsylvania Texas Fastern Trana. Co.
1963 { 420 41, GO0 Calvert City, Kentucky Warren Petroleum Corp.
1963 2 345 23, 000 /ea. Middletown, Ohio ‘Texas BEastern Trang. Co,
1963 1 500 31, 600 {Ormaha, MNebraska Metropolitan Utilities Dist.
1963 1 450 29, 060G Cincinnati, Chio Cincinnatl Gas & Rlec. Co,
1963 2 340 27, 000 fea. Creenwood, Nebraska Mid-America Pipeline Co.
1963 2 485 57,006 /ea. towa (ity, fowa Mid-America Pigeline Co.
1963 3 375 23,000 fen, Tuscolz, Mlinois 4. 8. Industrial Chemicais
1964 1 320 32,000 Milter, Miseouri General Facilities Co.
1964 1 425 32, 400 Drumright, Oklaehoma Service Pipeline Company
1964 2 500 43, 600 fea. Normandy, France Shell Berre
1965 i 356 §7, 000 Milner, Georgia Dixie Pipeline Company

“Averags O Approximare.

* ¥ Costs eo drill hole,

In mow cases, Coattactor supplisd:

Rig. pessemnel bits. reamers. cumters,
fishing toels, drift smrveys. raud pits.
mud, Anc set any surface pipe neaded.

Costs do not include location, rcadway, pipe. cement.
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APPENDIX III
"BIG HOLES" DRILLED FOR THE ATOMIC ENERGY COMMISSION

In the last five vears, the majority of the total number of "big holes” and the rotal footage
of "big holes' drilled in North America have been drilled by the Atomic Energy Commission.
Most of this work has been concentrated at the Nevada Test Site located 80 miles northwest of
1.as Vegas. The areas drilled at the test site can be roughly divided into two caregories, the
"flatg” and the "mesas" areas.

Flatg. The area with the majority of the drilling is located in the relatively flat valleys be-
tween the mountain ranges. In general, the "flats” drilling penetrates dry alluvium 1o about 800
feet and tuffs below that depth. Up until 1963, holes were drilled with mud, then a change was
made to drilling with air and foam. If much hole is made below 1,000 feet, an intermediate casing
string is set through the alluvium section to prevent hole sloughing. Published articles (Crews,
Presley) have discussed the drilling procedures and problems invaolved,

Costs are extremely variable because of:

1. the difference in drilling the alluviums some of which are locse and cause sloughing into
the hole,

the intermistent setting of intexrmediate pipe through the alluviom,
the shut-down periods while awaiting the test events,
the special requirements and experiments for the continually changing program,

the practice of moving several type rigs on and off the hole to perform various functions,

o e o

the bookkeeping procedures with the inherent problem of cost gathering that a long-term
open-job number has in & large organization.

Recent typical drilling cost data for the "flats” is shown in Figs. Il-1 and III-2. Data for
the 36-inch cased holes is relatively consigtent becausec of the shallower depths and because the
data represents the last of more than 60 holes drilled from 1961 through 1964, Most of the 48-
inch cased holes have been drilled since 1962 and the dara shown in Fig, HI-2 represents the first
two years of a major 48-inch program.

A compilation of most of the holes drilled on the "flats” at NTS is shown in Table TIE-1.

TABLE ITI-1

UBIG HOLES" DRILLED ON "FLATS”
NEVADA TEST SITE
ATOMIC ENERGY COMMISIION

March, 1963

Drifled Hole Cased Hole

[ Year :;“;?{?fé Size, “Trepih, Peet .0 Deprh
Inches Max, Mig, AVE, Inches Feet ‘
[ 1959 5 44 300 36 ™ ]
1 1960 !
1961 8 42 2,51 05 I140 9 T
; 9 42-48 L, 168 25 473 36 T l
1962 23 42 £, 375 500 870 29 ™M
( 37 42.48 1,430 447 810 36 D
: 1 56 1, 395 42 TD
2 60 1,905 750 4B g0
E £063 25 42-48 985 204 585 36 D
; i 64 S04 42 T
a0 64 2, 689 204 b 200 5h TD
E 19614 3 42-48 758 405 590 % TO
120

33 64 2,150 440 i, 48 Th

i
|

e g YA T VA £ o SIS L A R



Mesa. The "big hole" drilling on the "mesas” at the Nevada Test Site started in 1962 with
he drilling of two "big holes." These holes, cased with 48-inch pipe to about 2, 000 feet, were
'rilled uging experimental methods and have been described in the literature (Jobnson, Farson).

A compilation of most of the "big holes" drilled on the "mesa"” areas at the Nevada Test Site
& included in Table 1112,

Recent drilling activity has been increased considerably by effortd on Pshute Mesa. Here,
1oles gix feet in diameter have penetrated the wffs and rhyolites to a maximum depth of 4, 800
eet. With fractured formations and a water table at a depth of 2, 000 feet, exireme drilling con-
lirions must be met. Reverse circulated air and dual concentric drill strings with speciaily made
:quipment are used to drill the holes. Several recent articles {Parker, Bowman, Hall, Hobbs,
turke) have discusgsed the drilling procedures and problems invoived.

NEVADA TEST SITE {(FLATS)

_DRILLING & COMPLETING COSTS
1963-1964
rer 64" HOLE - 48" CASING. T

: i : »

. | |

' | | |

‘ | | |

: E I 0‘

I |

] - |

TOTAL BRILLING COSTS (Thousands of Dollars)

inclydes:
Bits
Cosing
Mud
Rigs & Crews

Cemanting

0 G 4] 0G0 HBO0) 2000 2500
OEPTH {Fest)

Figure T1I-1
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The costs shown for the Pahute Mesa holes were paid through the drilling contractors and
vary depending upon the items covered and the work performed. Four holes used the drilling rlg
1o run and cement the casing.

The seven holes drilled on Pahute Mesa from late 1963 o carly 1965 were the first of g
geries of holes and involved much experimentation. Expecred times and costs of the second grouy:
of the series should be considerably less. e

Cither. Several other holes have been drilied for the AEC. Most of these holes are also
listed in Table [II-2. Costs are extiremely varied due 1o varied contract and drilling conditions.
For proper cost perspective, each case would need to be analyzed separately, which is beyond the”
scope of this paper. o

NEVADA TEST SITE (FLATS)
DRILLING & COMPLETING COSTS

1963 - 1964
. " ! -
ooy 48" HOLE - 36" CASING
800 - |
g
5
a
E
2 ';
E 00 e SO I, vt ot vncictat en s
= |
.
o B
o
“ B )
2 w0
-
ol
= 3
a
mad =
=3
= |
o
200 F—— -
&~ |
|nciudes:
: Bits
; Casing
: Mud
Rigs & Craws
Logs
Ceamenting
L L s s fl { L
00O {500 2000 2500

DEPTH {Faal)

Figuce {i-2
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