
BuMines OFR 34-84
- -- --~- -------- ----
PB84·165869 I

,,--_IIIII_IIIIII""~II_'II~II~IIII_I"111__)

EVALUATION OF BRANCH AND HORIZONTAL BOREHOLES
FOR IN SITU LEACH MINING

Prepared for

UNITED STATES DEPARTMENT OF THE INTERIOR
BUREAU OF MINES

by
MAURER ENGINEERING INC.
2916 West T.C. Jester
Houston, Texas 77018

Bureau of Mines Open File Report 34-84

Final Report

Contract No. J0199113

July 1980

-~ Maurer Engineering Inc.
2916 West TC Jester • Houston, Texas 77018 • (713) 683-8747

r------------~

REPRODUCED BY: ~
U.S. Department of C0":lmerce . I

National Techni,al.lnr~r:matlonServll:;e I
Springfield, Virginia 22161

l )





The views and conclusions contained in
this document are those of the authors
and shoul d not be interpreted as ne­
cessarily represent i ng the offi ci al
policies or recommendations of the
Interior Department I s Bureau of Mi nes
or of the U. S. Government.

,--
I

i

1-0
L

[
,..
L

f
l.

i
1





50272-101
REPORT DOCUMENTATION 11. REPORT MO.

PAGE BuMines OFR 34-84
4. Tltle ind Sub4:tt1e
Evaluation of Branch and Horizontal Boreholes for In Situ
Leach Mining

7. Auft>or(s)

D. W. Dareing, E. T.· Wood, and D. H. Davidson
9. Performl.,. O....nLutlon Neme end Add...s

Maurer Engineering Inc.
2916 West T.C. Jester Blv~.

Houston, TX 77018

3. Recipient's Acc6sJon No.

PB84 165869
5. Report Date

July 1980

So Performl.,. O...snlzetlon Rept.. No.

10. Projec:t/Tuk!Wor1l Unit No.

11. Contract(C) or 'Grent(G) No.

(C) J0199113

(G)

12. S~n~.,.O...anizatlon Neme end Address
Oftice of Assistant Director--Mining
Bureau of Mines
U.S. Department of the Interior'
Washington, DC 20241

Research
13. Type of Report & Period Covered

Contract research,
9/28/79--7/28/80

14.

15. Supplementary Notes

Approved for release February 17, 1984.

16. Abst....ct (Umlt 200 words>

Multiple branch wellbores and horizontal holes, when applied to deep lying ore
bodies, have the potential of significantly reducing well costs by reducing total
footage drilled per acre of well pattern. In addition, horizontal holes may increase
sweep efficiency. Several drilling and completion concepts are given and evaluated
in this report. The evaluation shows that there is economic incentive to further
develop these concepts for field application to ore bodies 1,500 ft deep.

17. Document Analysls .0 Deser1ptDn
Mining research

In situ leaching
Branch drilling
Horizontal drain holes
Slant hole drilling

b. ldentlflen/Open-£nded Terms

Directional drilling

,... ,~.., " ..... , .

Co COSATl FleId/Qnlup ·····:·081

Release unlimited by NTIS.

CS-~.111)

I!). s.c..~ CIau (l"Im Report)

Unclassified
20.~ aa- mu. .....>

Unclassified

1

i1. No. of .....

151

0f'T'I0HAL FOMI %72 (4-77>
(f'ormerty LlfT15-35) .

Depertmwot of eun-





FOREWARD

This report was prepared by MAURER ENGINEERING INC., 2916 West'T.C.

Jester~ Houston, Texas 77018 under USBM Contract Number J0199113. The
, . ,

contract was initiated under the Mineral Resources Technology Program.

It was administered under the technical direction of U. S. BUREAU OF

MINES with W. C. Larson acting as Technical Project Officer. Joyce

Ti 11 man was the contract admi ni strator for the Bureau of Mi nes. Thi s

report is a summary of the work recently completed as a part of this

contract during the period September 28, 1979, to July 28, 1980. This

report was submitted by the authors in July, 1980.

2





ACKNOWLEDGMENT

Maurer Engi neeri ng I nco was pri me contractor for thi s work.
Completion Technology Company and Science Application, Inc. were subcon-.
tractors. Several individual s from each company made contributions
throughout the study. Those who made direct input are:

Maurer Engineering Inc.

Don W. Darei ng
William C. Maurer
Wi 11 i am A. Rehm
Jeff L. Barnwell

Completion Technology Company

Edward T. Wood
George O. Suman, Jr.
Robert E. Snyder

Science Application, Inc.

Don H. Davidson (presently with TRW, Inc.)
Terry Nakai
Roger E. Rinaldi
Ral ph Nelms

The application of multiple branch and horizontal drain holes to in
situ leach mining was first proposed by Bill Larson (USBM). Bill \'/as
also Technical Project Officer for this project and made helpful input
throughout the study. In addition, the project team acknowl edges input
from several mining operators who participated in various progress review
meet i ngs.

3 .



TABLE OF CONTENTS

Page

I. SU~~MARY..................................................... 5

I I. INT~ODUCTION •••••••••••' •• ••••••••'... •••• •••••••• ••••••• •• • •• 7

III. OBJECTIVE OF STUDY •••• ~ •••••••••• ~.......................... 14

IV. IN SITU LEACH MINING •••••••••••••••••••••••••••••••••••••••• 15

V. DEFINITION OF OPERATING CONDITIONS •••••••••••••••••••••••••• 19

VI. DR ILLING AND COMPLETION CONCEPTS •• '...... ••• ••• •••••• ••• ..... 21

Tri pl e Branch out of 13-3/8" Casi ng •••••••••••••••••••••• 21
• Tripl e Branch out of 9-5/8" Casing ' 27
• Doubl e Branch out of 9-5/8" Casi ng ••••••••••••••••••••••• 33

Horizontal Drain Hole out of 7" Casing •••••••• ••••••••••• 36
Hori zontal Hol e out of Hi gh Curvature Borehol e ••••••••••• 43

· Cost Analysis ~................ 47.
Comparison of Well ·Costs •••••••• ~......................... 49

VII. EVALUATION OF DRILLING AND COMPLETION CONCEPTS •••••••••••••• 54

VIII. PREFERRED CONCEPT ••••••••••••••••••••••••••••••••••••••••••• 60

. IX. CONCLUSIONS AND REC(}1MENDATIONS ••••••••••••••••••••••••••••• 62

x. REFERENCES ••••.•..••••,.~..................................... 64

XI. APPENDIX A -
Nontypical Directional Drill ing

and Compl etion Experience.............................. 67

XII. APPENDIX B
In Situ Leaching: Background •• e- ••••••••••••••••••••••••••• 96

XI I I. APPENDIX C -
Drill ing and Completion Procedures ..................,..... 113

XIV. APPENDIX 0 -
Cost Estimate Data •••.•...••..••..•.••.••..•.••.••••••.••• 126

4



I. SUMMARY

Uranium in situ leach mining is presently being conducted through
conventional vertical boreholes which are, in general, about 200 to 500
feet deep. InJect,ion and production.well costs are low because, they can
be drilled and completed with, water well type rigs.

Ore bodies that are low 'grade and deep lying may be uneconomical for
corrunercial development; even by. in situ leach m'ining, becau,se drilling
and compl et i on costs increase with depth and are too hi gh. Larger ri gs
must be used for drilling and completing deeper wellbores following more
costly oil field practice. .

Our study shows that mul t i pl e branched' we 11 bores and hori zontal
holes (slant or drain hole drilling), when applied to deep lying are
bodies, significantly reduce well costs by reducing the total footage
drill ed per acre of well pattern.

Drilling and completion concepts were developed for multiple
branched hol es, sl anted hal es, and hori zontal drai n. hol es, and were
costed for depths of 500, 2,000, and 5,000 feet. Cost estimates, when
compared to those for conventional vertical single completions, are
signi'ficantly less at depths greater than 1,500 f~et.

Pri nci pal features of thi s report are techni cal descri pt ions of fi ve
new wellbore concepts to supplement or replace conv.entional, s,ingle well
i nj ectors and producers used to create a 1eachi ng sweep pattern wi thi n '
the ore body. The five new concepts are: .

1. Tri pl e Branch out of 13-3/8" Casi ng: Two di rect i onally con-
troll ed hol es and one strai ght hol e drill ed from a poi nt down­
hole in a single 13-3/8-inch casing using a permanent bit and
casing guide. '

2. Triple Branch out of 9-5/8" Casing: A variation of Concept 1
using smaller, lower cost 9-5j8-inch casing and retrievable
whipstocks.

3. Double Branch out of 9-5/8" Casing: One' directionally drilled
branch hole and one vertical hole completed with a' special
hydraulic pump system that simultaneously injects leachant to
one branch and produces pregnant liquid from the other.

4. Horizontal Drain Hole out of 7" Casing: A long section of hor­
i zontal hol e ,dri lled through th~ ore body by maki ng a short
radius 90 degree turn with the bit from within a vertical, cased
hol e. A more i nvol ved scheme woul d ut i 1i ze two hori zontal hol es
drilled-from the same vertical wellbore.

5



5. Horizontal Hol e out of High Curvature Borehol e: A long section
of horizontal hole completed from the bottom of a long radius
(5°/100ft)'directionally drilled section.

Mul ti pl e branched well bores can be drill ed usi ng present 0 il fiel d
technology. However, casing these wells requires downhole templates for
selectively reentering, the branches. These templates can be ,simple,
rugged, and a sl ight extension of oil field state-of-the;'art. Templ ate
arrangement drawings are given in the report.

Our study shows that conventional vertical wells give the best
overall baT ance between performance, ri sk, ava il ab il i ty, and co st for
both 500 feet and 2,OOO'feet ore body depths. However the multiple
branch well concepts are competitive with, 'conventional well s and, in each
case" cost estimates are lower, than the cost estimate" for conventional
well s. In addition, 1arger pumps can be install ed in the 9-5/8" and 13­
3/8" proteCtive casings. The mul tipl e branch well s suffer from high risk
and lack of available equipment and experience and this is reflected in
our eval uation. Based on their high score under cost and performance,
there is incentive to further develop the multiple branch hole concept.
The incentive is even greater when appl ied to ore bodies deeper ,than
2,000 feet. '

We, therefore, recommend 'that the equipment concepts required to
complete multiple branched holes, be designed, fabricated, and tested for
future field tests.
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11. INTRODUCTION

. The process of in situ leaching (ISL) minerals provi.des an opportun­
ity to develop resources that are currently uneconomical to mine using
convent i onal surface or underground mi ning techni ques~ I n the ISL pro­
cess, metal values are recovered by moving fluids thr()ugh"rock instead of
movi ng rock. Thi s mi ni n9 techni que i.5 best sui ted for" recoveri ng
minerals that are located in deep lying, lower grade deposits that are
water saturated. "

An ISL operation consists of surfac~ and subsurface facilities (see
Figure 1), involving the foll~wing functions:

Make-up of chemicals required to dissolve and maintain
metal values solubilizedin,the subsurface

Injection of solvent into the pores or fractures of the
rock, using surface pumps to develop pressures in excess of
the hydrostatic pressure of the deposit

Utilization of well pattern layouts that provide sufficient
time for the solvent to react with the mineral. of interest
and enri ch metal val ues in the 1i qui d phase to an
acceptable level for surface processing

Recovery of solutions in production wells, where a low
p~essure s~mp is created for collectirig' the injected
solution and transporting the metal enriched solution ,to
the surface

• Surface processing of production solutions where metal
values are recovered from the solution and solvent is
regenerated for additional tri ps through the pores of the
rock.

7
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Figure 1. SCHEMATIC OF THE IN SITU LEACHING MINING PROCESS

In situ leaching i.s being commercially practiced in shallow (200-500
ft)· uranium deposits. Mineral· deposits of uranium, copper, nickel and
molybdenum are known to exist at much greater depths and can be solution
mined. However, recovery of these deep lying minerals by in situ leaching
is . dependent on having available lqw cost drilling and completion
techniques.

In October 1979, the Bureau of ~~ines initiated a study to evaluate
nontypical wellbore configurations, such as branch holes 'and horizontal
holes, for in situ leach mining of deep ore bodies. Prior to this study,
the Bureau developed several conceptu~ (Figure 2 and 3) designs for deep
solution mining based on horizontal drain holes and branch holes. The
Bureau showed that each have the potential of reduci ng unit subsurface
costs by:

. 8



Increasing efficiency of fluid sweep over a well pattern
area

Reducing the pressure gradient in the well pattern, thus
achieving higher flow rates per well

Reducing the total 'footage of overburden that must, be .
drill ed

It was necessary, however" to determine whether these' nontypical
well bores can be" drill ed and completed economi cally and at a cost reduc­
tion when comp~red with conventional wellbores.

Conventional well bores areusu'all'y placed in a five-spot pattern.
(Figure 4a) where the center well is a producer and the four-corner wells
are injectors. Thi s well pattern woul d sweep a given area, say 200 ft by
200 ft. In a broad field development program, e'achcorner injector well

, woul d be shared with three other adjacent sweep areas so that the tota.l
well costs for a gi vensweep area is the cost of one producer and one
injector. .

Muiti pl e branch' hol es can be arranged to penetrate the ore body in 'a
five~spot pattern with fewer wellheads at the surface. One approach 'is
three injectors out of on~ vertical wellbore and three producers out of a
separate vertical wellbore as shown in Figure 4b; completion of these
types ofinje'ctors and producers will be discussed later in the report.
Fluid flow through the ore body would be the same for both conventional
and mul ti pl e branch flow from cases. Well costs for one sweep area' woul d
be th~ cost of one-third the cost of a trip branch injector plus one-third
the cost 'of a trip branch producer. ' ' ,

Horizontal hol es woul d be arranged i nthe ore body to sweep across a
',given area as shown in' Figure 4c. In this case, one hori,zontal hole would

be an injector while the adjacent horizontal hole would be a producer. As
flow from the injector would. penetrate an adjacent, sweep area and flow
into the producer woul d' come from another adj acent sweep area, the well
cost, for any sweep area would be the sum of one-half the cost of an
i nj ector well pl us one-hal f the cost of a producer well. Thi s assumes the
length of the horizontal hole portion is the same as the well spa'cing (200
ft) in the conventi onal case. '

9
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Our eval uat i on study foll owed engi neeri ng steps normall y taken dur­
ing the initial phases of project development (Figure 5).

I ,
DESIGN

CONCEPT
A

\ J

I ,
CONDUCT

DEFINE DEVELOP CONDUCT DESIGN PRELIMINARY
OPERATIONAL f---- DESIGN f---- TRADE OFF r----+1 CONCEPT I-- DESIGN OF

REQUIREMENTS CONCEPTS STUDY PREFERRED
B J CONCEPT-

I I
I ,

DESIGN
CONCEPT

C
I

Figure 5. ENGINEERING DEVELOPMENT PROCESS

The eval uati on steps in thi s case apply only to the well bore and
subsurface equipment.

We first defined operational requirements for a representative ore
body. These requi rements become the engi neeri ng baseli ne for the study.

The riext step was to develop drill i ng and compl et ion concepts for
the branch and horizontal holes configurations. These concepts evolved
from a state-of-the-art study and design extrapolations made by the
project team. Trade off studies identified feasible design concepts and
provide a basis for selecting a preferred concept. '
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II 1. OBJECTI VE OF STUD Y

The objective of this study is to assess whether petroleum
engineering technology related to drill ing and completing branch and
horizontal hol es can be adapted for in situ 1eaching to either enhance

. mineral recovery or reduce capital and operating costs.

The incentive for evaluating this technology evolves from current
interest in extending in situ leaching to depths of sever~ thousand feet
below the surface. Since the total allowable subsurface investment is
fixed within a narrow range, the number of well patterns in operation at
any time will have to decrease as mining depth increases, unless
techni ques are developed to reduce unit subsurface costs •

. 14



IV. IN SITU LEACH MINING

In Situ Leach Mining operations have been increasing significantly
since 1960, when Utah Construction. and Mining Company (now Utah Inter­
national, Inc.) init.iated work at the Shirley Basin, Wyoming. Since then
a number of other ISL operations have developed in both uranium and
copper deposits. .

Commercial uranium~roduction in South Texas 1 "

•. Pilot uranium operations in Wyoming, Colorado and New
~~ex i co 1

..
Kennecott's development project for copper sulphide
leaching in Arizona,~~

Occidental Minerals development of copper oxide leaching in
Arizona\3.

Commercial implementation of ISL technology requires the integration
of technical disciplines associated with petroleum and chemical engi­
neering, geology, and hydrometallurgica1 processing. The following
aspects of the ISL process impact the economic performance:

Total flow rates of sol ut ion 'processed through the system

. Rates of fluid ;nject~on ~nd production from wells

The rate of mineral ·solubilization.to the 1 iquid phase

The volume of rock swept by the fluid

Relating the above to site-specific capital, investments and opera­
ting costs requires gathering, evaluating.and integrating technical data
on .the deposit and solvent characteristics such as .:'-..

':- "

Deposit characterization

- Depth
Ore grade
Total contained metal
Ore thickness
Flow conductivity (permeability)
Void space in rock (porosity)

- Mineral distribution in rock
Natural groundwater flow



Selection of solvent

Composition
Rate of metal ,solubilization
Interaction with gangue minerals
Impact on rock permeability
Impact on materials of, construction used in wells and

surface facilities "
Trace metal sol ubill.zation and impact on surface

processing and environmental requirements

A final design requires specification of the following subsurface
parameters:

'.
Effluent metal concentration
The number of wells
The well spaci ng
The frequency of future well pattern additions

. Incentives for Horizontal Hol es

Reservoir simulation studies carried out by the Bureau of Mines
showed that hori zontal hol es or hol es parall el with the pl ane of the
aqui fi er ,give a more uniform fl ui d sweep of the rock over conventional
vert i cal hol es pl aced ina five-spot pattern. 4' 5

Fliow rate through porous media, such as uranium sandstone deposits,
depends di tectl y on permeab ;Tity (k) of the porous med i a and area through
which fluid passes. Ar'ea is usually expressed in terms of area height
(H) times a unit. width. The product of permeability (k) and (H)
indicates the amount of resistance to fluid flow through porous media~ A
large kH factor indicates· a low resistance while a sma'll kH factor
indicates a high resistance. In other words, to maintain a given flow
rate, a high kH condition requires less driving pressure than a low kH
co nd it ion ~ '

When 'well pattern separation distance is large compared to the
thickness of mineralization, large flow rates at high pressure may be
required. By placing horizontal injection and production wells in the
ore, body, not only is sweep efficiency improved but injection pressure
requirements are reduced because the kH factor. is greater.· Horizontal
holes are attractive for uranium sandstone deposits where well separa­
tions may be 10 to 20 times the thickness of mineralization. Other
advantages of horizontal holes are:



Reduce total wells by. achieving higher flow. rates per
well. This can be used to:

Reduce investment, thus increase ROI or reduce price

Increase flow rate per well

-Develop property with low permeability
- Work with lower effluent loading of metal·

Reduce restoration time, more rapid turnover of pore­
. vol umes

.• Reduce injection pressure drop

Tolerate more impairment
,

a. Clay swelling, substitute Na for NH 4 in alkaline
carbonate or ionic preflush techniques

b. Increase oxygen concentration, more concentration to
achieve higher effluent metal values, even ·if free
gas present

c•. Reduce pump investment costs and operating costs

Reduce production pressure drop

Reduce tendency for impairment

a. Gypsum loses solubility at lower wellbore pressure,
associated with highdrawdown

b. CO 2 may come out of sol ution and· cause scal i ng at
high drawdowns

Reduce pump investment and operating cost

Incentives for Multiple Branch Holes

As the depth of mi ni ng increases the cost of dri 11 i ng through non­
mineralized rock increases;

Branch drilling. reduces total footage required to penetrate in ore
body in two orthr.ee locations on the five-spot pattern (Figure 4b).
Savi ngs in overburden drill ing is offset somewhat by the cost of direc­
tional drilling the branches. This savings increases with depth because
the kickoff point ·is deeper. Branch drilling is especially attractive in
areas where overburden formations are composed of hard rock. The



economic incentive for this technology is likely to be highest for urani~

um sandstone deposits' where the interval of mi neral i zation is small com­
pared to theiotal depth of the well. Other advantages are:

Reduci ng total footage to be drill ed to attai n given con­
tact with mineralization. This will provide additional
footage in mi neral i zed zones to achi eve hi gher well pattern
flow rates, which will increase the possibility of working
with a lowe~ formation permeability or lower effluent metal
concentrat ion.

For hard rock solution mlnlng, where the length of
mineral izationmay be several hundred' or thousand feet,
branch holes can serve two additional functions:

Provide expendabl e hol es wi thi n the well pattern for use
in explosive stimulation

Provide a means of compl eti ng' a well such that the long
interval of mineralization can be .mined in segments,
first the bottom, then the top or vice-versa.

/ /
.' 8''J ~



V. DEFINITION OF OPERATING CONDITIONS

In the engineering development process, operating conditions or
requirements are' first establ ished. These conditions become the engi­
neering baseline from which concepts are developed and evaluations are
made. Important operating conditions in our study are ore body geometry,
well spacing (X,ft), and f1 ow rate (Q, gpm) per well pattern •

.The ore body geometry , selected for this study, is consi stant with
uranium sandstone deposits where the intervaiof mineralization is rel a­
tively thin. We chose an ore body thickness of 25 feet. The rationale
for selecting uranium dejX)sits is based on the following:

Uranium is being commercially mined by in situ leaching.

Theprobabil ity of affecting 'a cost saving is highest for
an operation where the leaching zone thickness is small
compared to the total well depth, as is the case for
uranium in sandstones. ,>

It is anticipated that the highest r.isk of implementing a
new' design will be rel ated to the well compl etion, and that
well completion concepts developed for uranium are likely
to be appl icabl e, with minor modifications, to other
mineral s.

Specific values of X and Q will be governed by: site-specific
geo1ogy, met al commod ity, effl uent metal. 'co nc entra t io n, and eco nom ics.
Si nce it is beyo nd the scope of thi s study to do a compl ete process
design, some method is required of determining how X and Q vary with
depth. This was obtained by plotting average v.alues of X and' Q versus

.depth for the South Texas commerc i al in situ urani um operat ions reported
in Bureau of Mines Report 1C-8777 (Reference 1).

For purposes of developing prel iminary design concepts, we used con­
servative values of. 200 feet and 150 gpm for a 2,000 foot operation.
Val ues of X and Q of 100 feet and 50 gpn are used for. a 500 foot deep
operation. Design operat"ing conditions are summarized in Table 1.,

19



Sweep Area
Ore Thickness
Casing
Production Rate
Geology.

TABLE 1
OPERATING CONDITIONS

500 ft

100 ft x 100 ft
25 ft
4" 00

50 gpm
Unconsol.idated
to consolidated

sandstones

·2,000 ft

200 ft x 200 ft
25 ft

5-1/2" 00
150 gpm

Unconsol idated
to consol idated

. sandstones



VI. DRILLING AM) CavlPLETION CONCEPTS

Branch wells and horizontal drain holes have been drilled in the
past but none· have been cased to allow leak proof and pressure tight
communication throughout the well. These are major operational
requirements for in situ leach mining. This section describes several
concepts, generated by the project team, for drill i ng and compl et i ng
these nontypical wellbores.

At the outset, we recognized that the incentive for applying new
wellbore types to 500-foot ore production is marginal as conventional
vertical hole can be drilled and completed at relatively low cost.
Therefore, the concepts are di rected primarily at ore bodi es located at
depths of 2,000 feet and beyond.

Our completion concepts indicate the use of fiberglass reinforced
pipe (FRP). Experience shows that FRP delaminates on continual exposure
to an oxidizing agent. This results in liberation of individual glass
fibers which can pl ug perforations or small passages in pumps. Although
aware of these potential problems, we are proceeding with FRP since it is­
presently bei ng used. Our concepts, however, are not dependent on the
use of FRP but can incorporate improved materi al s when they become
available.

Wellbore concepts and their drill ing and completion programs are
covered under the following subheadings:

Tripl e Branch out of 13-3/8"Casi ng
Tri pl e Branch out of 9-5/8" Casing
Double Branch out of 9-5/8'1 Casing
Horizontal Drain Hole out of 7" Casing
Horizontal Hole out cif High Curvature Borehole

TRIPLE BRANCH OUT OF 13-3/8" CASING

A triple branch well consists of a vertical protection casing with
three branches extending into the ore body. A series of parallel rows of
producers and injectors can be used to develop a five spot sweep area
with 1ess total footage drill ed than with conventional well s. The con­
cept uses directional drill i ng techni ques that have been successfull y
used in offshore oil fields where geology is similar. to that selected for
this study.

One design consists of running 13-3/8-inch or larger, low - grade
steel protection casing, then drilling and completing three branch wells
out through the bottom of the casing. The concept is particularly
attractive at depths below 1,500 feet where significantly less drilled
footage is required to develop a field. Factors-such as slow surface
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drill ing and difficul t or expensive \'lell site preparation provide addi­
t ional i ncent ive for branch well dr ill i ng. Est imated co st for drill i ng
and completing a large diameter triple branch injection well in the
2,000-foot deep ore selected for study is $167,180 or $55,727 per well
bottom. See Appendix 0 for cost,detail.

Drill ing and Completion Techniques,

Conventional oil field drill ing techniques 'are used i~ branch well
drilling. However, branch wells have not been cased in a manner suitable
for in situ, leaching mining. In following discussions, a concept is
proposed to l;:omplete three branches below 13-3/8-inch or larger casing.

This completion scheme consists of running large diameter, low grade
steel protection' casing containing a drill ing template (Figure 6), then
drill ing and compl eting three branch well s out through the bottom of the
casing as illustrated in Figure 7. 'The bottom joint of casing contains
the drin ing' guide and an internal indexing dog to all ow for positive
entry ,into the three branch whi pstock.

, A guide for the vertical branch contains a float collar and seal
bore to accomodate an inner tubing string for cementing purposes. Once
the, protection casi ng is cemented in pl ace, the three branches are
drilled starting with the vertical hole. In each case, an indexing
collar is run on the bit, Figure 7. The collar is keyed to orient itself
in the internal indexing dog in the drill ing guide. As the indexing
collar lands on the dog, the bit is released and enters the appropriate
branch. After',the hole is drilled, the guide collar is retrieved by
'pull ing the bit out of the hol e.

The indexing coll ar then is re-keyed to index the drill ing assembly
into the second hol e. Since the second and third branches are direction­
ally drilled,"the conventional drilling assembly is replaced with a
downhole directional drill ing assembly, such as bent sub and downhole
motor. The drill ing assembly then is run in the hol e and rotated to'
locate the indexing collar on the internal indexing dog. As the collar
lands on the indexing dog, the bit and drilling assembly are released
into the appropriate whi pstock. After drill i ng the first directional
hole, the bit and guide collar are retrieved, as in the vertical branch.
The third branch is drilled in the same manner as the second, i.e.; the
indexing collar is keyed to guide the directional drill ing assembly .;'nto
the proper whipstock. '

Triple strings of fiberglass pipe with a triple tubing hanger are
simul taneously run in the hol e, Figure·8. Cement baskets are attached to
the shoe of each casing stri ng to prevent the fibergl ass pi pe from
floating as heavy cement is circulated into the annulus.' The three
tubing strings are oriented into the branches by the top of the drill ing
guide. Once in place, the three casing strings are simultaneously ce-
mented. The triple tubing hanger is set, cement is reversed out above
the hanger and the three branches are perforated.
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System Limitations and Risks

Setting 13-3/8-inch casing at relatively shallow depths utilizes
standard· oil field drilling and cementing techniques. 'However, as the
technique is appl ied to deeper objectives, care must be. taken not to
exceed collapse resistance of the casing. As a .rule of thumb, the col-.
1 apse strength shoul d be greater than external hydrostatic forces act i ng
on evacuated casing. For exampl e, ·13-3/8- inch, 54.5 1b/ft casi ng has a
collapse resistance of 1,130 psi (API BUL 5C2). Assuming a formation
pressure gradient of 0.5 psi per foot, 13-3/8, J-55 grade casing ~ould be

·safely set at 2,260 feet. For applications .below this depth, stronger
casi ng must be used, i.e., 72' 1b/ft, N-80 grade casi ng with a coll apse
resistance of 2,670 psi could extend safe setting depths to below 5,000
feet •.

Use of 16-inchcasing is limited to shallower depths. The strongest
standard 16-inch casing is84 lb/ft, K-55 grade casing with a collapse
resi stance of 1,410 psi. Thi s woul d 1imit its recommended use to 2,820
feet. Some designers al so apply "safety"factors to casi ng strength
ratings. This would further li~it depth capabil ities.

The drilling guide proposed as a means for selective re-entry into
each branch is a conceptual design that was generated as part of this
study. Actual fi el d tests are needed to accurately determi ne its effec­
tiveness. However, the simpl icity of the concept suggests that risks are
reasonably low·. . .

Techniques for drilling branch boreholes are low risk and widely
used. A conventional drilling assembly would be used for the vertical
branch . and a downhole motor with a bent sub for the directional
branches. The· rate of deviation (5°/100 ft) is within limits ofconven­
tional directional drilling•.

There is not sufficient oil field experience with tripl e fibergl ass
tubi ng stri ngs set· at shallow depths to accurately assess rel ated ri sks.
Actual field tests in ·shallow wells are needed to determine failure rate
from tangled or kinked tubing. Triple completion equipm~nt such as pack­
ers .and tubing hangers are avail~blefrom oil field service companies but
in less variety than dual completion hardware.

A review of relative risk related to the proposed branch design sug~

gests that formation integrity is critical. Branch wells should not be
attempted in areas where caving and .washouts are a serious drilling
problem•. Application of branch wells should be limited to well patterns
with smaller (50 or 100 feet)· spacings. The same 5°/100 ftdeviation
rate woul d all ow the protective casi ng to be set closer to the ore body
result i ng in shorter branches that are 1ess 1i kel y·to cave in pri or to

. casi ng.
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Experience with triple oil well completions suggests that a dual
branch completion would entail significantly less risk than a triple.
Techniques used in completing triple branch wells can easily be adapted

,to a dual design. '

TRIPLE BRANCH OUT OF 9-5/8" CASING

Directtonal drilling techniques can also be applied to triple branch
wells with smaller protection casing. The completion scheme consists of
running 9~5/8~inch casing with an internal indexing dog to orient
whipstocks toward windows in the protection casing. Branches are drilled
and a tubing guide is installed to direct fiberglass casing i'nto the
branches. A series of five spot patterns is developed by alternate
parallel rows of producers and injectors. In deep wells, the concept
could develop a field with sig'nificantly less total footage drilled than
with conventional approaches.

Slow surface drill ing or difficult and expensive well site prepara­
tion provide additional incentives for developing the concept. Estimated
cost for drilling and completing a 9-5/8-inch triple branch,injection
well in the 2,000-foot o~e selected for study is $172,160 or $57,387. per
well bottom. See Appendix D for cost detail. The proposed compl etion
scheme is described in this section with discussion~ of limitations.

Drilling and Completion Techniques

Branch wells with smaller protection c~singoffer several advant~ges
over the 13-3/8-inch concept. ' Small drill irig rigs can be used to dr,ill
12-1/4-inch 'holes and set 9-5/8-inch casing. Less pump volume is needed
to circulate c~ttings and less rig power is needed to set casing.
Potential for extendfng appl ications to greater depths is al so greater
with small casi ng, effectively i ncreasi ng the val ue of ex peri ence gafned
at shallow depths.' , .

For completion' of branch' wens with smaller protection casing
(9-5/8-inch) the following approach ,is suggested. Protection casing is
set an appropriate distance above the ore body. The bottom joint con-
tains a prefabricated float assembly and seal bore for inner string or
stab in cementing, and an internal indexing dog to positively locate each
branch, Figure 9. Fibergl ass-fill ed (or other materi al) wi ndows are
provided as easily-penetrated. exit" points for the two ,directional
branches.

After the protection casing is cemented in place~ the vertical
6-inch branch is drilled, Figure 10. A whipstock assembly then is run in
the protection casing and rotated to seat onthe.internal indexing dog.
When in place, the whipstock guides a directional drilling assembly
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through the pre-milled ~iberglass window' in the bottom joint of th~ pro­
tection casing, Figure 11. After the directional branch is drill ed to
the appropriate depth, the drill ing assembly is pulled and the whipstock
is retrieved with a whipstock pulling assembly. .

.The whipstock assembly then is modified to guide the directional
drilling assembly into the upper window in the protection casing. The
whipstock is run in the hole0ith a running assembly and-rotated to land
on the -internal indexing dog with the whipstock facing the second pre-
milled window, Figure 12. The upper branch is drilled directionally to
the appropriate depth. ..

A triple tubing guide then is installed using the internal indexing
dog for proper orientation, Figure 13. Once in position, it will gui-de
the. t~ree branch ~asing strings into appropriate holes.

A triple 'string of fiberglass pipe and a triple tubing hanger then
are simul taneously run in the hol e. Cement baskets are attached to the
shoe of· each· casi ng ·stri ng to prevent the fibergl ass from float i ng as
heavy cement is circulated into the annulus. The top of the tubing guide
orients the three strings into the branches. Once in place, the three
casings are simultaneously cemented and the tubing hanger isset~ Cement
is reversed out above the hanger; the three branches are ~erforated and
the well is ready for· injection.
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System Limitations and Ri sk .

Setting 9-5/8-inch casing util izes standard oil, 'field drill ing and
cementing techniques t and higher grade casing is avail able for appl ica­
tions down to 5,000 feet and deeper.

The drilling guide proposed as a means for orienting the whipstock
'is a conceptual design. generated in this study. Actu,al field tests\\Ould
be required to estabHsh a risk factor. However, the concept util izes
techniques that are successful in other applications. Whipstocks are
commonly used to deviate above damage or collapsed casing, and both
vertical and directional branches can be drill ed with standard dr'ill i ng

. equipment and procedures •
. ..

At greater depths, the pre-cut wi ndows shoul d be el iminated from the
drilling guide to reduce risk of collapse during primary cementing. The
drill ing procedures then \\Ould be modified to incl ude. a mill to open
windows in the casing. Additional rig time would be involved and well

. cost \\Ould go up accordingly.

The proposed tubing guide is essentially the same as was used in the
13-3/8-inch concept.· However, it must be installed after the casing is
set and the branches drilled. The 9-5j8-inch casing must be in good
condition to allow the guide to be installed because the outside diameter
of the guide utilizes the fullI.D. of the casing, allowing only minimum
cl earance.

Once the tubing guide is iristalled t the three strings of fiberglass
are run as in the 13-3/8-inch concept. This is the most critical phase
of the branch compl etion. The ,open hol e section of each of the three
branches must have sufficient irytegrity not to cave or collapse while
subsequent branches are drill ed.

At' thi s stage of compl etio n, remai ni ng ri sks areessenti all y the
same as in the· final stages of the 13-3/8-inchconcept. The tri pl e
tubing hanger~ cement baskets and ·cementing procedures are, identical to
those used with the 13-3/8-i nch.

As discussed earl ier, oil field experience suggests that a dual
branch well would have considerably less'compl etion problems than the
triple. Additional risk reduction lhQuld be attained by reducing well
spacing to 50 or 100 feeL This would move the protection casing closer
to the ore body and reduce 1ength of individual branches.
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DOUBLE BRANCH OUT OF 9-5/8" CASING'
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"

A dual branch well consists of a vertical protection casing with two
branches extending into the ore body.' Either triple branch design can be
simplified into a dual. Five spot leach patterns are developed by
alternating rows of productfon and injection wells or by completing one
branch as a producer and one as an injector. Risks associated with dual
branch wells ~re considered to be less than a triple but cost incentives
are, al so 1esse Estimated cost of a dual branch well with one branch
producing and one branch injectiD9 at 2,000 feet is $172,159, or $86,080
per well bottom. See Appendix D for cost detail.

The proposed ,procedures for drilling and completing dual branch
well s are essent i all y the same as was described for tri pl e branch well s
with small diameter casing. Therefore, this section is primarily devoted
to designing a lift system to util ize injection fluid as the power source
for a downhole positive displacement pump.

Com~etion, Artificial Lift Technigu~s

Either previously 'described' branch completion technique could be
appl ied to dual branch wells. A 9-5/8-inch scheme is proposed as an
example of possible novel applications of dual branch wells. A dual
branch well is less complex thana triple. In areas where caving or hole
fill-up is a concern, the dual, concept can significantly reduce, risk of
failure. Drilling and completion procedures are essentially the same as
for the triple 9-5/8-inch concept described earlier. A vertical branch
and one di rect ional branch are drill ed into the ore body as shown in the
lower part of Figure 14. A dual tubing guide is installed and the dual
branches are cased and'cemented in place.

Dual branch well s can be used to develop fi ve spot patterns by
alternating parallel rows of injection wells and production wells. Flow
rates are monitored throughout the field to insure uniform distribution
of leachants and prevent fluid, from migrating out of the mining field.
Typically, overall production rate is maintained slightly higher than
total. injection to assure positive pressure differential into the
1eachHig area and prevent '1 eachant e, scape.

:,(~ ... ;- - ,

:'. Another unique appl ication of the dual branch concept is to use one
branch for injection andon~branch for production, as in Figure 14. The
injection fluid is routed through a positive displacement downhole pump
as the power fluid; it then is exhausted from the pump into the injection

'branch. Produced fluid is routed from the production branch into the
pump and up the production .string, as illustrated.
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The dual branch completion suggested in this section has several ad-
vantages over conventional production systems: 1) the downhole hydraulic
pump is wireline retrievable for repair and 2) a dual branch production,
scheme requires less surface plumbing and requires no downhole ~ectrical

power. Al-so, the positive displacement pump maintains a constant ratio
of produced fluid toi nj ected fluid. For example, the system ?hown in
Figure 14 utilizes a dual 9-5/8-inch branch well 'with 3-1/2-inch
fiberglass injection tubi ngand 2-7 /8-i nch production tubing. A KOBE*'
Type E hydraul ic bottom-hole piston pump modified to resiSt corrosion,
and installed in the 3-1/2-inch tubing, will produce 2,400 bbl/day at 60%
capacitY with 2,100 bbl/dayof injection fluid. Estimated pressure
requirements for this system, 1) installed in a' 2,000-foot branch well,
2) with 1,350 feet of head required to lift the production fluid, and 3)
120p~i over hydrostatic pressure required for injection ~re:,

,710 psi to 1ift '1,350 feet of head pl us friction
loss i n product ion string

460 psi pressure loss in pump

10 ps i friction loss in injection tub i ng

120 psi injection pres sure into format ion

1;300 psi

The pump power required to inject 2,160 bbl/day at 1,300 psi is:

Horsepower = liP (psi) x Q (bbl/day) x 1.7 x 10-:':1

HP = 1,300 x 2,100 x 1.7 x 10- 5; = 46.4 horsepower

In real ity, operat i ng parameters of the dual branch system will be
,in a dynamic state. -Injection and production pressures wil 1 vary with
influence of adjacent wells and temporary'changesln effectivepermeabil­
ity. However, the critical .ratio of produced fl uid' to injection fl uid
will remain constant. For example, the positive displacement pump in the
exampl e will produce 14% more fl ui d than it i nj ects, i. e., total, flow
rate may vary but ratio of produced fluid to inject ion fl uid \~ill not
change. .

* Reference to ~pecific brands, equipment, or trade names in this repo~t
is made to facil itate understandi ng and does not imply endorsement by
the Bureau of Mines.
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System Limitations and Ri~k ,

Dual branch well s apply the same drill ing and completion procedures
as were proposed for triples. Setting 9;.5/8-inch protection casing at
1,350 feet uses commQn 1ow-ri sk drill i ng procedures. Speci al ity equi p­
ment such as the drilling guide, whipstock, and tubing guide are concep­
tually the same as proposed for triple branch wells. Risk associated
with speciality drilling equipment for duals, therefore, is similar to
those discussed for triples. However, a dual offers some significant
risk reductions.

Less time is elapsed between drilling and casing of the first branch
hence less chance of losing the hole. Dual completions are more

common in oil well s. A wide variety of packers and tubing hangers are
available with experienced people to install them•

. Additional ri~,k reductions can be gained by reducing well spacing to
50 or 100 feet, allowing the vertical protection casing to be set deeper,
thus reducing arc length~ of the branches.

The pumpi ng system in the dual branch exampl e j s novel. A standard
positive displacement pump would require metallurgical modifications to
utilize corrosiveleachants as power fluids. However, advantages such as
wireline retrieval', and fixed ratio of production and injection fluids

. warrant further study.

HORIZONTAL DRAIN HOLE OUT OF 7" CASING
.----._,

Horizontal drain holes are drilled out of a vertical wellbore using
an articulated .bottom-hole drilling assembly. The rate of building angle
from vertical to horizontal can 'be as high as 1-1/2 degree per foot of
curved hole. After the 90" angle has been built, 'horizontal drilling
follows •. The horizontal portion has been drill ed as far out as 200 feet.

A modified leach field could be developed by alternating parallel
rows of injection and production horizontal holes~ Each drain hole would,
replace two conventional wells and offer the advantage of more efficient
linear flow through the ore body between injectors and producers.

The hi story of drai n hol e ' drill i n9 goes back t~ the turn of the'
century. And it has been successful in improving oil and gas well pro­
duct i vity, part i cul arly in Cal i forni a where geology iss imil ar to that
selected for this study. Drain hole drilling was a vial;lle technique
withi n the petrol eum industry in the 1950s. Much .of the technology is
still avail abl e today.
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Estimated cost for one 200-foot drain hole completed in an ore body·
at 2,000 feet is $138,850. If the drain hole is used to replace two con­
ventional well s, the effective well cost is one-hal f the total. Detail
cost data is included in the Appendix D. This section describes a
proposed technique for completing drain holes and suggests limitations of
the scheme.

Horizontal Drilling Techniques.

Horizontal. drain holes are drilled from below steel casing. Conven­
tional 7-inch casing is set and cemented in place approximately 15 feet
above the ore body. Special drilling procedures begin by drilling a 4­
3/4-inch rathole vertically through the ore. Electric logs then are run
to determine depth and thickness of the" ore bed, and a single shot survey
is used to determine deviation and direction of the rathole. Directional
data combined with bed thickness data from logs is used to compute the
proper whipstock orientati~n.

A special whipstock then is run to the appropriate depth in the
rathole. Gyroscopic surveys are used to ori.ent the whipstock in the
proper direction. Once faced properly, the whipstock is planted or set
and the setting tool·is pulled.

Special angle building tools are used to drill the minimum available
3°/ft {19-foot radius) section of the hole. The special drilling
assembly is guided into the proper direction by the whipstock. Once the
angle is turned and the hole is essentially horizontal, a special 120 de-·
gree angle magnetic single shot unit is pumped around the turn to verify
that a horizontal hole has been achieved. Th.is .very short radius allows
maximum contact of thin ore bodies. However, longer radii curvatures
would be easier to drill and such configurations would simplify
SUbsequent completion procedures.

The horizontal section of the hole then is drilled with a stabilized
drill ing assembly•. Every 50 to 80 feet, a directional s~rvey is pumped
down and retrieved to verify direction of the lateral hole. The process
of drilling and surveying is repeated until the hole is drilled.

After drilling the lateral section of the hole, the mud is condi-
tioned in preparati.on for casing. The whipstock is left in place to
guide casing into the horizontal hole.

Special Casing/Cementing Techniques

Conventional steel or fibergl ass casi ng cannot withstand stresses
exerted by a 19-foot bending radius. An inexpensive, full.;.opening fiber­
glass coupling is needed. Figure 15 demonstrates the effect of hole
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· diameter and radius of curvature .on the maximum spacing of flexible
joints. In this example, a 3-inch 0.0. casing must be flexed every 2
feet to turn a 19-foot radius in a4-inch hole. Figure 16 also suggests
designs for flexible couplings that could be developed.· Until inexpen­
s i ve coupl i ngs are developed, it is necessary to use more compl ex and
expens~ve flexible casing.

Coflexip* pipe is the ,only available tubular that apparently has the
~bility to turn a 19-foot radius and retain strength to resist collap~e,

and survive exposure to leachants, Figure 20. Typical appl ications of
'Coflexip have been offshore ,pipelines, control 1ines on subsea blowout
preventers and high pressure 1ines for acidizing ,oil well s. As described
in Composite Catalog, 1978-79 'Edition, complex tubulars of this type are
made of three main components; an interlocked, spiraled steel carcass
provi des resi stance to crushi ng and preserVes pi pe roundness even when'
subjected, to short bendi ng radi us. Steel wi r.e provi des resi stance to
pull i ng and 1ongitudi nal stress produced by internal pressure.
The'rmopl asti c internal tube and outer.sheaths make the pi pe 1eakproof and
corrosion resistant. Typical properties of 4-inth 0.0. (2-inch 10), 16
lb/ft Coflexip pipe are 7,500 psi internal test pressure, bent around a
curve 'with a ,minimum radius of 1-1/2 feet. Unique qualities of such pipe
make it an excellent, choice for casing short radius drain holes.

'However, it is expensive -- approximately 15 times, the cost of simil ar­
diameter fiberglass casing.

The recommended completion design for short radius drain holes uses
fl exibl e Cofl exi p* casi ng around the 90 degree turn and throughout the
horizontal section below the turn, Figure 17. In the production inter­
val, the fl exibl e pi pe is slotted or perforated. Conventional fibergl ass
pipe is used in the vertical interval between the top of the flexible
pipe and the liner hanger. Additional fiberglass pipe is run from the

,1 i nerhanger to surface. The 1 i ner assembly is pushed and washed into
position using the whipstock to guide, the flexible pipe around the
turn. Speci al cementing procedures are used to cement· the cas i ng in
pl ace. .

* Reference to specific br~nds, e~uipment, or trade names in this report
is made to facil itate understandi ng and does riot imply endorsement of
the Bureau of Mines.
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To efficiently cement the vertical sectlon of casing and isol ate the
production interval from other formations, a special cement collar is
needed, Figure 17. Conceptually, the collar consists of a short (two­
foot) section of corrosion-resistant pipe with an internal upset or
shoul der designed to retain the bottom cement pl ug. Cementi ng ports
positioned upstream from the shoulder are opened as the bottom pl ug
seats. Cement fl owi ng through the ports opens tne cement basket which
forms a bridge against the formation, preventing cement from flowing into
the production interval. After sufficient cement is puniped into the
annulus above the cement basket, the ports are closed by the top cement­
pl ug. _

The 1i ner hanger is set after cement pl ugs are 1anded and cementi ng
ports are closed. Cement is removed from above the hanger by releasing
tubing from the safety connector and reversing out fiuid.

To e1 iIilin~te need fordrillout after the cement job and to minimize
cost, special wireline retrievable cement plugs are utilized. Figure 17
suggests a design where the top cement pl ug 1atches onto the preceding
plug, 1ea~ing a fishing neck exposed for wire1ine retrieval. Conven­
tional wire1ine fishing equipment consisting of a fishing grapple _and
knuck1 e-jointed weights are used to -retrieve the pl ugs. As a safety
factOr, pl ugs are constructed of a material that is sol ub1e in acid or

-leach fluid. Should wire1 ine retrieval fail, plugs can be dissolved.'

The drain hole is essentially ready for injection of leach fluid
into the ore body as installed. To convert the well into a producer, the
safety connection is released above the hanger and 2-7/8-inch tubing is
removed and repl aced by an e1 ectric pump and production tubing, as shown
in Figure 17.

System Limitations and Ri sk

Hfstorica1experience with drain hol es demonstrates that drill ing
techniques are avail able to turnt he 90 degree angle and drill 0 ut ho r­
izontally. However, in areas with weak, unconsol idated sands that tend
to be unstable or cave, the technique is likely to fail.·

Care must be taken not to allow "porpoising" (poor vertical control)
of the horizontal portion of the well during drilling. Irregularities
such as thi si ncrease diffi cu1 ty of pushing fl exibl ecasi ng into p1 ace.
In thin ore beds, dfrectiona1 drill ing accuracy is essential to prevent

-the horizontal hole from exiting into beds above or below the ore.

Increasing the radius of curvature will reduce critical bending
stresses on casing and allow application of less expensive pipe with
fl exibl e joints simi1 ar to those suggested above.
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HORIZONTAL HOLE OUT OF HIGH CURVATURE BOREHOLE

Slant hole drilling is another technique for-drilling horizontally
into ore bodies. For shallower objectives,' a sl ant, r;ig is used to
initiate a directional hol e•. ,Directional techniques' then are used to
increase hole angle at 5°/100 ft (1,147-foot radius or curvature) until
the ~ell strikes the ore body in a horizontalpl ane, Figure 18~ Deeper
wells would have an upper, near-vertical section before starting the
curved portion. , Where depths are greater than the radius of curvature of
the slant hole, a' conventional rig using established directional drilling
techniques can be util ized •. ' .

Sl ant well s have been drill ed for various fossil fuel production'
operations. These types of 'well bores may have merit for in situ leaching,
of uranium ore bodies, Figure 18. The advantage of the sl anted hol e, is
that several' hundred feet of hori zontal' hol e may be opened .from a,si ngl e
wellbore. One slanted hole would be required for production while 'one
adjacent slanted hole would be required for injection. This concept
offers good sweep efficiency as it allows 1 inear flow from the injection
1 ine to the production 1 iner. Two, 400-foot 1ateral sections could .be
used to replace 8 convent.ional wells in adjacent 200-foot, five spot
patterns. . . .

Estimated cost for such a well drilled 400 feet horizontally into an
ore body at a 2,000-foot depth· i s$273,676. If one sl ant hole is
utilized to replace 4 conventional wells as noted above, effective cost
is one-fourth of the total. Detailed cost data is incl uded in Appendix
D. For illustrative purposes, the more novel slant ,hole drill edat 500
feet with a slant rig is described in this section. Slant holes drilled
at greater depth with. conventional rigs would utilize similar drilling
and com~etion techniques.

Drill ing and Compl etion Techniques

The upper 1imit for building well bore. angle with a bent sub and
drilling motor is about 5 degrees per 100 feet of hole. With this angle
building rate, drilling \\Quldhave to start at 35 degrees from the
vertical in order to penetrate a 500-foot deep ore body hori zontally •.
Slanted rigs are available which accommodate the 35 degree spud"': in angle.

Total measured depth (1l'10) of the curved hol ei s 1,099 feet and. the
radius of curvature is 1,147 feet, Figure 18. Casing bending stress in"
say a 9-5/8-inch casing, is

=
4.8125

30 x 10,§, = 10,500 psi
(12) (1,147)

which is within the strength capacity of casing •
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Conventional
techniques to
to above. the

A pilot hole should be drilled to establish wellbore configuration,
then reamed to gage. Steelcasi ng i sset and cemented to the 'ore body~
And the hole then is drilled horizontally out of the steel casing to
accommodat~ the production (or injection) string,~robably fiberglass.

The follo\'Jing .compl etion program is suggested for the sl ant hol e
'well starting' at 35 degrees at the surface and util izing a 400-foot
horizontal hole through the ore body that wo.uld eventually service four­
100 x 100-foot or.two-200 x200-foot patterns. Figure 19 illustrates the
completion concept.

For large diameter completions required for producing wells, the
upper 1,100 feet of hole required for angle building would be reamed to
12-1/2-inches,' and 9-.5/8-inch low grade steel casing would be cemented
solidly in the hole using conventional practices. Steel is required to
support further directional drilling --the subsequent completion must be
designed to isolate this string from corrosive flui~s.

The horizontal. hole then is drilled and reamed to 7-7/8-inch through
400 feet for the ore body usi ng weighted fl'uids with speci al bridgi ng and
fluid loss properties, to support the hole. Casing for the horizontal
hole would be conventional 5-l/2-inch fiberglas.s (FRP) casing. To avoid
placing the string in compression while entering the hole, a string of
1 ight weight, flexible steel pipe would be used to push the string while
fl uid is. circul ated to wash out bridges and obstructions. A special
casing. hanger would be located on the FRP and within the bottom of the
steel casi ng. Thi s hanger woul d 1) seal th.e annul us for use of
protective packer fluid and 2) anchor the upper FRP string so that it
could be maintained in tension for longest operating life.

The horizontal FRP casing would be well-centralized.
cement i ng practices woul d be used wi th emphasi s on proper
assure optimum mud removal. Cement would be circul ated
hanger by use of conventional pl ugs qnd spacer fl uids.

Perforat i ng through the production interval woul d be. done with USBM
jet methods or conventional perforating tools pushed into the hole with a
flexible steel string. '

For injectors, the system can incorporate smaller, 4-1/2-inch, FRP
casing.in a 6-1/2-inch horizontal hole. Steel pipe could be 7-3/4-inch
in a 9-5/8-inch hole. If larger production casing is needed for lift
systems, FRP casing above the hanger could be 7~inch.

51 ant hol es at depths deeper than 1,147 feet can be dri 11 ed with
conventional rigs and directional equipment, with a near-vertical section
above the curved portlon.5uch a configuration would allow string weight
to be used to push tubulars and completion/workover tools into the highly'
deviated section. Our cost estimate is included in Appendix D.
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System Limitations and Risk

Directional drill ing and completion techniques proposed for slant
holes are extensi onsof procedures that are common to directional
drill ing for offshore oil and gas production. However, to" apply the
technique to ore bodies as thin as 25 feet would require extremely
accurate subsurface maps. Exact vertical depth and bed dip would have to
be known prior to pl anni ng the well, and expert di rect ional drill i ng
techniques woul d be· requ ired. to .stri ke the ore body in· a hori zontal
pl ane. The techni que shoul d not be attempted in unconsoli dated areas
where hole washout or cave-in are common.
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COST ANALYSIS

This section gives our cost estimate of each drill ing and completion
scheme as appl ied to various ore body depths.

Drill ing programs were first developed and then used as a guide to
establish cost~ according to the procedure listed below:

A. Determine Rig' Rate

1. Select and cost the smallest rig capable of safely handling
the required casing (1,350 feet of 13-3/8-inch, 54.5 lb/ft
casing weights 73,575 lb in air).

2. Add cost of rig-related rental equipment.

a. Additional rig pump capacity to circulate cuttings in
larg,e open holes (17 i.nch~ 12-1/4":-inch, etc.)

b. Drill coll ars and stabil izers to prevent drift of' the
large vertical hole

B. Estimate Rig-up and Drill ing Time

C. Estimate Cost of Special Services (Mud/Chemicals, Cement,. Casing
Crews, Logs~ Perforating)

. D. Estimate Directional Drill ing Costs

1. Time required to drill branch holes, etc.

2. Day rate for directional driller and directional equipment

E. Determine Tangible Costs (F.O.a. Houston)

1.. Steel casi ng

2. Fiberglass tubing and casing

3. Packers

F. Specialty Items

1. Drilling guide~ completion templates, etc.

a. Estimate cost of raw materials

b. Estimate cost of fabrication
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2. Pump and ·downhole assembl ies

a. Price standard.highvolume pumps

b. Estimate adpitional cost to improve resistance to
corrosive environmemt

. Drilling costs are site specific and rig rates vary with demand •
. Also, distance relative to an active oil· field significantly changes
expense of servi~es suth as cementing, logging~and oil fi~ld type equip­
ment rental. For comparative purposes each well. scheme is priced as
though it waul d be drilled in the Houston area.

The estimated cost for each well type is giveriin Table 2 with the
support i ve breakdown gi ven ·i n Appendi x D. I n each case, the cost is the
cost .for drilli ng and completing a given well boreconfi gurat i on. For
ex~mple, the ~ost for drill ingand co~pletinga triple branch is the cost
of. vertical portion plus three branches. The cost for· the conventional
well is the cost for one hole. The downhole pump, a major cost item, is
not included in cost f.igures in Table 2, but is included in the field
development costs given in the next section.

TABLE 2

UNIT I NVESTMENT FOR WELL SCHEMES

. Compl et ion
Ore Body. Depth

Method 500ft 2,000 ft 5,000 ft

Conventional $ 15,050 $ 80,850 $182,080

Tri pl e Branch out of 13-3/8" Casing 167,180 341;226

Triple Branch out of 9-5/8" Casing 172,160 308,933

Doub1e Branch out of 9-5/8" Casing 137,159 256,262

Horizontal Dr~in Hole out of
7" Casing (200 foot Drain Hole) 78,000 138,850 250,880

Horizontal Hole out .of High Curvature
498,073Borehole (400 foot Hori2ontal Hole) 273,772 273,676
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COMPARISON OF WELL COSTS PER SWEEP AREA

Total well costs for devel opi ng a mi neral .fi el d by in situ 1eachi ng
can be distributed, among all sweep areas to arrive at well cost per sweep
area or sweep area well costs. Sweep area well costs is a good parameter
for comparing the economics of each wellbore type.

Consider that a broad mineral field is to be developed by a matrix
of injector and producer wei 1s drill ed and compl eted ina five-spot
pattern as shown in Figure 20. At present, the matrix of injectors and
producers are conventional vertical wells and the well cost per sweep.
area is the total cost of one conventional injector well and one conven­
tional producer well.

---

X X X X X

0 0 0 0

X
Xl, X 12 X 13 X

P, P2 ,P3
0 0 0 0

X )( )( X X
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Figure 20. FIVE-SPOT FIELD DEVELOPMENT PATTERN
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If the mineral field is to be developed using triple branch injector
well s (I l' I 2 , I 3 ) and tri pl e branch producer well s (P l' P2 , P~) the well
,costs per sweep area is the cost of one-third the cost ofa trlpl~ branch
injector well plus one-third the costof a triple branch producer well.
This formul a was used to generate the S\<leep area 'cost for both triple
branch cases (see Table 3).

The double branch well type iscostedassuming orie branch will b~ ah
injector and the other a producer. In this case, the. cost of a doubl e
branch is the same as the well costs to sweep one area (200ft by 200 ft
area) •

TABLE 3

WELL COST PER SWEEP AREA

*Ore Body Depth
Completion Method 500 ft 2,000 ft 5,000 ft

Co nvent i 0 nal $34,850 $181,700 $384,160

Tri pl e Branch out of 13-3/8" Casi ng 122,603 ' 235,634

Tri pl e Branch out of 9-5/8" Casing 125,924 214,106

Doub1e Branch out of 9'-5/8'" Casing 172,158 291,662

Hori~ontal Drain Hole out of
7" Casing (200 foot Drain,Hole) 41,000 152,850 276,380

Horizontal Hole out .of High Curvature
Borehole (400 foot Horizontal Hole) 68,430 146,088 260,036

* Assumes a 100 ft spaced five spot pattern ~t.500 ft dept~ and 200 ft
five spot pattern at 2,000 and 5,000 feet.
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The sweep area cost of a horizontal drain hol e is based on 200-foot
long horizontal ·holes being placed in the ore body. For example, one
horizontal hole\\Ould extend a distance of P (Figure 20).· We assumed
that adjacent hori zontal hol es \\Ouldbe separated by 200 feet· for 2,000­
foot and 5,000-foot ore body depths and by 100 feet for the 500-foot ore
body depth. Thus, an i nj ector is 200 feet away from a producer for the
2,000-foot and 5,000-foot or.e body depths and an injector is 100 feet
away from a producer for the 500-foot ore body depth case. The unit cost
for 2,000-feet and 5,000-feet depths is the <;:ost of one-half of a
producer pl us the cost of one-half ·ofan injector. The unit cost for the
500-foot depth case is one-fourth the cost of an injector pl us one-fourth
the cost' of a producer because the length of the 200-foot horizontal hole
extends along two (100 feet x 10Q feet) sweep area.

The same rat ional e was used toobta i n the unit co st corres po nd i ng to
400-foot long horizontal holes drilled out of high-curvature boreholes.
For exampl e, the unit cost. for the 500..:. foo t. depth case is one-eighth the
cost of an injector pl us the cost of one-eighth the cost of a producer;
the length of the 400-foot hor;zont~ hole extends along four (100 feet x
100 feet) sweep area.

The well cost per sweep area for eac h well bore type is summari zed in
Table 3 and plotted in Figure 21 and Figure 22. This cost information
shows there is potential. cost savings with each well bore type when
appl ied to depths beyond 1,500 feet. Al so, cost savings increase with
depth. Other factors, however, enter into the overall evaluation as
explained in the next section.
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VIr. EVALUATION OF DR ILLI NG & CCM PLETION CONCEPTS

This section gives an evaluation scheme and ranks the various well
concepts for, in situ leach mining.

Specific drill ing and compl etion concepts eVill uated are given in
Tabl e 4. We did not eval uate these concepts for ore body, depths greater
than 2,000 ft because it was beyond the scope of the study.

Tabl e 4

500 ft 2,000 ft

Conventional x x

Tripl e Branch out of 13-3/8" Casing Na x

Triple Branch out of 9-5/8" Ca sing Na x

Double Branch out of 9-5/8" Ca si ng "Na x

Ho ri zo nta1 Drain Hole out of 7" Casing x x

Hori zontal Hole out'of High Curvature Borehole x x

Na - Not applicable since kick off point for branching is near
the surface.

"
EVALUATION SCHEME

In' our eval uation scheme we gave numerical val ues to engineering
judgments and gave each concept a single score.

Ev aluatio n criteri a are defi ned under categories of performance,
risk, cost, and schedule;

Performance - the capabil ity to achieve needed operational charac­
teri stics, pl us rel iabil ity.
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Risk

Schedul e

Cost

- the possibility that perfonnance may not be met
because of the design approach,' absence of testing,
or some specific technical consideration.

the' avail abil ity of a design depending upon the
stage of development.

the estimated cost of the system incl uding develop­
ment and manufacturing costs.

Each category'is weighted. as follows (weighing was established
j oi ntl y wi th the Bureau' of Mi nes):

.. Performance
Risk
Schedule
Cost

30%
30%
10%
30%

.100%

Our approach was to break each category of eval uation criteria
(performance, risk, etc.) into key evaluation elements and· give each

. el ement an appropriate weight.

The numerical evaluation scheme had two key objectives. The first
is to have a way to quantify our judgment against a fixed scale so that

.eachwellbore concept will be rated in the same manner, thus showing
their truest lev~ of ~erit in comparison with each other.

The second objective was to give a way to examine the rational e of
the final scoresby looking at each element of the concept that was given
a grade and see where the strong and weak points are ineach~ Since all
design selections are the result of trade-offs, the scoring system aided
in selecting a preferred concept.

Eval uation el ements under each of the four categories· (performance,
risk, schedul e, cost) are identified below.
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EVALUATION CRITERIA

Perfonnance

Technical Per.fonnanc.e: .The production sCheme must sati sfy performance
requirements, as specified in an .earl ier section..The production
scheme must be cost effective. It. is, therefore, impbrtant that the
production rates from the well s be great enough to make operations
economical • Downhole equipment· and tubing must becapabl e of
.handl ing high flow rates especially for the 2,000 ft case.

Sweep Efficiency: It is desirable to produce minerals at a high rate
and with a high degree of recoverabil ity. Well bore schemes that
allow 1inear flow.between injection and production wel'l s havebetter
sweep efficiencies than wellbore schemes that allow line drive flow
between injection and production well s.

Rel iabil ity:.. Downhole equi pment and tubul ars must be capabl e Of opera­
tion in a corrosive ,environment as the leaching solution will be
either alkaline or acidic. Produciton tubing or casing must there­
fore be made from appropriate material s of construction.· Downhol e
equi pment used for lifting the pregnant sol ution must not· only be
capable of d~ ivering the nece~saryflowwaterb~t al so operate in a
corrosive environment for long periods of time without replacement.

Ma i ntenance: The. system sho ul d operate with mi n'imum amount of ma i nte-
nance. Workovers are co stl y and product ion is lost when downhol e
maintenance is required. Replaceable items should ,be accessible and
easy to repl ace.

Risk

Stage of Equi pment Devel opmen,t:. The well bore confi gurati 0 ns and compl e­
tion schemes considered in this study are nontypical and thus may
require equi pment and procedures that are not fully developed. Some
of the proposed equi pment is conceptual only whil e other equipment
is ,fully developed and operational. ' Conceptual equi pment has no
track record and therefore carries with it a high risk 1evel.

Drilling and Completion Experience: Drilling and completing these non-
typical well bores are key el ements in economically developing each
production scheme. Drilling and Compl etion are identi fied separate­
ly in our eval uat,ion summary.

Material s of Construction: Tubul ars must not only accommodate al kal ine
or acidic sol utions but must al so have adequate strength to with­
stand comb i ned ax i al and bend i ng stresses produced duri ng install a-
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tion and operation. Collapse resistance is also important. Schemes
which minimi ze the quantity of special tubing would have lower risk.

Schedul e

Equipment Availabil ity: Equipment required to drill, complete, and pro­
duce from each scheme mayor may not be readily available. Equip­
ment maybe conceptual, have a preliminary design, have a final
design, been prototype tested, or fully developed and operational.
Another aspect of av·ail abil ity is incentive for tool companies to
ihvest in new products for in situ leach mining.

Personnel: The 1evel of experti se and avail ab il ity of trained per so n,nel
will impact job pl anni ng.

Co.st

Comparison with Conventiona": . There must be economic incentives to re-
pl ace conventional vertical five spot 'well bore patterns with new
production schemes.. There.fore the cost- of each scheme was compared
with the cost of implementing production with conventional methods.

The cost evaluation numbers (Table 5) were determined by dividing
. the lowest cost estimate by the individual cost estimates (Tabl e 3)

and then multiplying by the cost weighting value (taken as 30%).

For exampl e, the numerical val ue given in the cost of the conven­
tional vertical well concept was determined as foll ows.

$122,603 - 30 20 2
$181,700 x = •

whi ch wa s ro unded off to 2O.

EVALUATION RESULTS

Our evaluation is summarized· in Tables 5.and 6.
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TABLE 5

EVALUATIO~ SUMMARY
(500 ft)

WEIGHT! NG CONCEPT

% A E F'

PERFORMANCE

Techni cal Performance 10 10 5 5

Sweep Efficiency 10 5 10 10

Rel i abil ity 5 5 2 2

· Mai ntenance 5 5 1 2

30

RISK

Stage of Equipment Development 10 10 7 8

· Drilling &Completion Experience 15 15 5 8

· Materi al s of Co nstruct i on 5 4 2 2·

30

SCHEDUL E

Equi pment Avail ab il ity 5 5 1 3

Personnel 5 5 1 2-
10

,COST

Compa ri so n wi th Conventional 30 30 25 15

TOTAL SCORE 100% 94 59 57

A. Convent ional
E. Horizontal Drain. Hole out of 7 11 Casing
F. Hori zontal Hole out of High Curvature Borehole
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TABLE 6'
EVALUATION SUMMARY

(2,000ft)

WEIGHTI NG CONCEPT

% A B C D E F.

PERFORMANCE

Techni cal Performa nce 10 5 10 10 10 5 5

· Sweep Efficiency 10 5 5 5 5 10 10

Re1i ab il ity 5 5 4 4 4 2 2

· Ma i ntenance 5 '5 2 2 2 1 2.-
30

RISK

Stage of Equipment Development 10 . 10 5 5. 5 10 10 .

· Drilling &Completion Experience 15 15 10 10 10 5 5

· Materials of Construction 5 4 3. '3 ·3 2 2

30

SCHEDUL E

Equipment Availability 5 5 2 2 2 1 3

Personnel Training 5 5 4 4 4 1 2-
10

COST

Compari so n with Co nvent ional 30 20 30 29 21 . 24 25-
TOTAL SCORE 100% 79 75 74 66 61 66

A. Conventional
B. Triple Branch out of 13-3/8" Casing
C. Triple Branch out of 9-5/8" Casing
D. Double Branch out of 9-5/8" Casing
E. Horizontal Drain Hole out of 7"Casing
F. Horizontal Hole out of High Curvature Borehole
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VIII. PREFERRED CONCEPT

Based on the present state-of-the-art of drilling and completing
well bores, conventional vertical well s give the best overall bal ance
between performance, risk, avai.l abi.l ity, and cost for both 500 foot and
2,000 foot ore body depths •.

The nonconventional well concepts when appl ied to 500 foot ore body
depths are poor competitors with convention wells, as anticipated.

However, the multiple branch well concepts are competitive with con­
ventional wells and in each case cost estimates are lower than the cost
estimate for conventional well s. In addition, performance is rated higher
for the mul ti pl e branch well s primarily because 1arger pumps can, be
installed in the 9-5/8 and 13-3/8 protective casings. The multiple branch
wells suffer from high risk and lack of available equipment and experience
and this is reflected in our scoring (Table 6). Had equipment development
and experience been rated higher, the total. score for the tri pl e branch
concepts could easily be 85 as compared with 79 for conventional wells.

Based on their. high score under cost and performance, there is
incentive to further develop the multiple branch hole concept. The
incentive is even greater" when appl i ed to ore bod.ies deeper than 2,000 ft
a~ shown "in Figure 21.

Horizontal drain holes and high curvature/horizontal holes are not as
attractive as multiple·branch holes because

Little or no experience exists with respect to maintaining sand
control in horizontal holes, whether drilled as a drain or a
sl ant hol e.

Drain hole drilling is practiced at present by only one operator,
and attaining horizontal lengths of up to 200 feet is risky.

Al though sl ant holes have been drill ed over hori zontal 1engths of
2,000 feet, it is not known whether drilling of the horizontal
portion can be maintained within a thin vertical zone of the·
dimensions .of the typical uranium ore thickness, approximately 25
feet. .

It is not our intention to rul e" out any of the nonconventional well­
bore configurations for in situ 1each mini ng. Each may have merit for
other operating conditions and mining operators may want to eval uate them
further paying particul ar attention to other types of ore bodies.

The tripl e branch out of a 9-5/8-inch casing can reduce well costs as
much as 30% when appl fed to ore bodies 2,000 feet deep and as much as 44%
when appl ied to ore bodies 5,000 feet. deep. Thi s particul ar concept can
al so be adapted for dual branched well s depending on company pol.icy on
mul ti pl e compl eti 0 ns and requ i rements. We therefore sel ect the tri pl e
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branch' out· of a 9-5/8-inch casi ng as a concept worth}' of further
engineering stu,dy and development.

Its drHl ing follows oil field technology drill ing 'practices and the
subsurface tubing templates c-an be designed and fabricated from off-the­
shel f tubul ars.' In additi'on,. successful demonstration of the templ ate
design would enable this nonconventional hole completion to be appl ied to
leaching of minerals other than uranium, especially in hard rock where
hol e stabil ity is not as severe a probl em as in sandstones.,

The concept offers operation~ design fiexibil ity, too. For exam~e,

the operator may el ect to compl ete only two branches instead .of three.
One branch caul d go deeper than the other branch or branches- all owi hg
production from another zone.' An interesting application is multiple
branches at each 1eg of a five spot pattern. Mul ti pl e branches coul d al so
be drill ed into sel ected points to monitor reservoir perfonnance and
boundary 1eakoff.

Our recommendation for developing the tripl e branch out of 9-5/8-inch
casing is given in the following section~
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IX. CONCLUSIONS AND RECCMMENDATIONS

Branch well drill ing can reduce well costs when appl ied to ore
bodies deeper than 1,500. feet. The practical 1 imit for number of
branches drill ed and compl eted from one verti cal' well bore is three. Two
completion schemes could be developed to adequately case triple branch
well s. However, both concepts require development of special ized compl e-,
tion templates and guides. The logical first-step in developing branch
well completion equipment is to limit initial branch wells to include
only t\l() hole bottoms. Completion. experience gairied by developing
templ ates and guides for dual 'branch well scoul d be readily extended to
expertise needed to com~ete three. hole bottoms. Further studies will be
required·to develop the specialized equipment proposed for branch well
completions and to determine risks related to their use.

Horizontal drain hol esutil ize a short radius , 90 degree turn to
penetrate ore bodies ·hroizontally. The concept is most adaptable to
consolidated, thin ores with low to moderate permeability. Unconsoli­
dated or soft ore bodies that tend to cave or wash during drill ing are
considered poor candidates for drain hol e drill ing. .

Drain hole wells have been successfully drilled, and at least one
contractor in Denver offers the directional drill ing service. Equipment
is ava.il abl e to drill dra in :hol es with radi i of curvature as short as
19 feet. The compl etion of such short radius drain hol es for in-situ
leach mining would require use of special flexible pipe that has not
previously been util ized for casing; and the development of special ized
cementing equipment is required to adequately isolate the ore body.

The drain hole offers apparent cost incentives at depths greater
than 1,500 feet. One ZOO-foot drain hol e effectively repl aces two
conventional wells. Drain holes with longer radii of curvature \l()uld
simplify the completion design and improve chances of entering the
hori zo ntal hol e with casi ng.

Slant hole completi.ons can be designed with conventional oil well
equipment. At depths greater than 1,500 feet, a slant hole penetrating
400 feet of ore could significantly reduce well costs by repl aceing four
convention~ wells.

The primary limitation to utilizing slant holes is need to
accurately know depth, thickness and di p of the ore body. The surface
well location is typically displ aced more than 1,000 feet from the down­
hole entry point into the ore body. Inaccurate subsurface mapping or
directional drilling error would result in missing the ore body or inad­
vertently exiting from the ore into adjacent formations. However, the
technique is suited to deeper, relatively thin ore beds with thick,
impermeable formations above' and below. Sl ight directional drill ing
errors wherei n a po rti 0 n of the hori zo ntal secti 0 n penetrates adj acent
impermeabl e formation would not be of critical concern.
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Task 2

Drilling and completing these nonconventional wells is technically
feasibl e, and for ore body depths below 1,500 feet appear to be 1ess
expensive than single completion vertical wells currently used. Since
the completion of both slant and drain holes at this time is rated as
having a higher risk than the branch holes, we bel ieve that the next step
should be developmental work on downhole templates required to drill and
compl ete mul ti pl e branch borehol es. Co nceptual drawi ngs of the drill ing
and com~etion tem~ates for the 9-5/8-inch triple branch case were given
earl ier in Figures 9 through 13.

Major tasks recommended for developing the concept further are:

Task 1 - Design branching-templates and casing housing and produce shop
drawings needed to fabricate the reentry templ ates and the
casing housing.

Fabricate templ ates and casing housing in accordance with the
design developed in Task 1.

Task 3 - Prepare a checkout pl an to assure that the spec ial equi pment
can be readily inserted and accurately seated in a wellbore
casing and to confirm that the templ ates will perform their
purpose of allowing reentry _ into a predrilled directional
hol e. In general, the checkout will consi st of i nserti ng a
modified whipstock into the specially designed wellbore casing
and orienting the whipstock toward precut windows. A tubing
template will be checked out in a simil ar fashion.

Task 4 - Conduct equipment checkout in accordance with the plan devel-
oped in Task 3. -

Ta sk 5 - Prepare i nstructio n handbook with sketches and descri pt io ns of
unique characteristics that require crew knowledge Jor best op­
eration and maintenance. The objective is to provide enough
information that any mining operator can incorporate the equip­
ment into a drill ing program tailored to his own. standard
operat i ng procedures. .

Task 6 - Assist the Bureau of Mines to obtain mining operator participa­
tion in a full-scale application of the equipment.

Task 7 - Prepare final report which gives resul ts of checkout at the
fabricator1s facil ity, and a set of drawings and specifications
that will allow additional procurement of the equipment built
and tested.

63



x. REFERENCES

1. Larson, W. C., "Uranium In Situ Leach Mining in the United States,"
Bureau of Mines Information Circular, IC-8777, 1978.

2. Tucson Daily Citizen, Tuesday, July 22, 1975, "Kennecott Trying
Mining by Liquid."

3. Silver Belt, Thursday, December 13,1979.

4. Larson, W. C. and R. J. r~orrell, "In-Situ Leach Mining Method and
Apparatus," Patent Appl icalion Serial No •. 66,998, August 16, 1979.

5. Morrell, R. J., W. C. Larson, and R. D. Schmidt, "Method of In-Situ
Mining," Patent Appl ication Serial No. 60,101, July 24, 1979.

6. Mishchevicha, V.!., and N. A. Siborova, Handbook for Drill ing
Engineers, Moscow, Nedra, 1973, p. 184.

7. Grigoryan, M.M., "Branching Horizontal Wells," Petroleum Industry,
Vol. 11, November 1976, p. 20.

8. Gri goryan, A. M., "Penetrati on of Hori zons with Mult i shaft and
Horizontal Wells," Moscow, Nedra, 1969, p. 26.

i

9. Grigoryan, A. M., "Multishaft Penetrations of Formations in
Bori sl ave," n. d., n. p.

10. Ditchuk, V. M., "Drilling of Horizontally Directional Wells with
Electrodrillsin the Dolinskoe UBR No.1 of the Ukrneft Petroleum
Association," 1976, n.p.

11. "Raft River Geothermal Exploratory Hole No.3," RRGE-3 Completion
Report, June 1977, 100 10069 (NVO-410-40).

12. Diamond, W. P. and D. C. Oyler, "Drilling Long Horizontal Coalbed
Methane Drainage Holes from a Directional Surface Borehole," Uncon­
ventional Gas Recovery Symposium, May 18-20, 1980, Pittsburg, PA,
SPEjDOE 8968.

64



13. Stormont, D. H., "Increasing Drainage of Oil Into Well by Drain-Hole
Drill ing," Oil and Gas Journal, August 17, 1953.

14. Eastman, H. John, "Lateral Drain Hole Drilling," a series of four
articles, The Petroleum Engineer, November, December 1954. January,
March 1955.

15. "Horizontal Drilling -A Means for Greater Oil Recovery," The
Petroleum Engineer, October 1945.

16. Norman, H. Stanley, "Lateral Drill ing Project," Oil and Gas Journal,
December 21, 1946.

17. Sterne, Will iam P., "Lateral Drill ing of Limestone .Reservoirs," The
Oil Weekly, August 26, 1946.

18. Holbert, Don. R., "Drainhole Drill ing - A Productivity Enhancement
and Increased Recovery Technique for the Oil, Gas, and Mining
I ridu str i es ," advert i sement. .

19. Holbert, Don R., "Method of Drill.ing a Curved Bore," U. S. Patent
No. 3,398,804, August 27, 1968.

20. Bezaire, G. E. and I. A. Markiw, "Esso Resources Hori zontal Hol e
Project at Cold Lake,l' Petroleum Society of CIM, Paper Number 79-30­
10.

21. Shuck, L. Z., J. Pasini,III, J. W. Martin, and L. A. Bissett,
"Status of the MERC In Situ Gasification of Eastern U. S. Coal s
Project," Proceed i ngs of Second Annual Underground Coal Gasifi cat i on
Symposium, Morgantown, West Virginia (1976).

22. Eberts, R. D. and R. D. Barnett, "Ultrahigh-Angle Wells are
Technical and Economical Success," .Oil and Gas Journal, July 19,
1976.

23. Lyons, E. P. and O. E. Meehan, "THUMS Refines Directional Drilling
Technology," World Oil, September 1968.

65



24. Thakur. P. C. and W. N. Poundstone. "Horizontal Drill ing Technology
for Advance Degasification." Preprint No. 79-113. presented at the
1979 AIME Meeting New Orleans, February 18-22, 1979.

25. ,Merritt., R. C•• The Extractive Metallurgy of Uranium. Colorado
School of t~ines Research Institute, 1971. p. 576.

26. Geology of the Porphyry Copper Deposits. Southwestern North America.
Ed. by S. R. Titley and C. L. Hicks, University of Arizona Press.
1966. p. 287.

27. "El even fi rms wi n state 1eases in Mi nnesota ClI-N., Area." Engi neeri ng
and Mi ni ng Journal. Vol. 168, No.3, March 1967, pp. 108, 110.

28. Dixon, C. J •• liThe Cl imax Molybedenum Deposit - U.S.A.," from Atl as
of Economic Mineral Deposits. Cornell University Press. New York,
1979.p. 143.

29. Wallace. S. R., "Multiple Intrusion and Mineralization at Climax.
Colorado,1I in Graton-Sales Ore Deposits of the United States. J. D.
Ridge, ed •• AIME, New York. 1969, p. 1880~

30. Olson, J. J., et al.. U. S. Bureau of Mines, "In Situ Mining
Technology for Urani urn - A Progress Report on Bureau of Mi nes
Research, II pp. 35-46 in Mi ni ng TechnOlo% for Energy Reso'urces -
Advances for the 80 ' s, November 6-9, 19. .

31. Learmont, R. P., U. S. Steel. IIProcess for Leachi ng Mi neral Val ues
from Underground Formations In Situ. 1I U. S. Patent No. 3,860.289.
January 15. 1975.

32. Cathles, L. M. and R. A. Hard. "Method of Explosive Fracturing of a
Format ion at Depth," Kennecott Copper. Corp., U. S. Patent No.
3.951.458. April 20, 1976.

33. Huff, R. V. and D. H. Davidson. "In Situ Leaching Materials
Considerations." SPE 8320, September 23-26,1979, p. 8.

66



APPENDIX A

NON-TYPICAL DIRECTIONAL DRILLING AND COMPLETION EXPERIENCE

Current directional drill ing practices are based on years of exper-
ience in oil and gas ,drilling. In many instances, it is. desirable to
drill straight holes. In other cases, it is desirable to direct the hole .
tow~rd a lateral target several thousand feet below the surface. Typical
applications.of directional.drnling fO.r oil and gas production are shown
in Fi gure 23. . '

.... ;:------= ::.~--~
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Figure 23. TYPICAL APPLICATIONS OF DIRECTIONAL DRILLING

Development of modernd i rect i 0 nal systems has been spurred by off­
shore petrol eum developments where muTt iwell s must be. compl eted from a
si ngl e pl at form. As. many as 30 di rect fonal well s are dril 1ed from one
pl atfofm. Speci al hardware' has been developed to' control. the path of
wellbores to hit desired targets. Whipstocks and jets have previously
been util ized to direct the bit. More recently, downhole motors with a

'bent sub or housing are used. Control of the borehole .path requires
frequent surveys and the reori entat ion of fu>ttolTl~h:Ql~~a_~~~_mbiY:--_._--



Recently other appl ications for directional drill ing have emerged.
They are, for example, hor;zontal· and slant hole drilling into coal seams
for drainage and recovery of methane, vertical to hori zontal drill ing for
in situ coal gasification processes and mineral leaching, drill ing curved
hol es for util ity 1ines, and geothermal appl ications. These and other
directional drill i ng appl ications will require extension of present
drill ing technology .and hardware.

In thi s section of the report, we give a brief summary of nontypical
directional drill ing experience. This background information was a
useful reference thro ughout the st udy and is presented here under the
following subsections:

Branch Drill ing arid Compl etion
Horizontal Drain Hol e Drill ing
High Angle Buildup to a Shallow Formation
High Angle Buildup Followed by a Long Lateral Hole
Straight Horizontal Drilling

Branch Drill ing and Compl etion

The Russians have been drilling and com~eting branched well s
since t he early 1940s to i ncrea se total product ion from 0 il and gas
reservoirs.

"Multi;'Bottom Hole", and "Branched Horizontal Well" drilling are
names' appl ied to a Russian drill ing technology 'in which the lower end of
a well is branched out into a number of sharply bent shafts, each having
a horizontal or gently sloping orientation· to its axis. The primary
advantage of thi s techni que is that a well of thi s desi gn can cover a
s i gni fi cantl y 1arger area of a produci ng zo ne more compl etel y than can a
well of conventional design. Thus, a greater surface area for filtration
purposes is exposed to the drainage zone.

This technique was first described in 1941 by N. S. Timofeyev in
response to Russian demands for greater production of hydrocarbons in
view of the depl etton of the then known Russian natural reserves. 6 The
technology involved was later developed and appl ied by Soviet Engineers:
A. M. Grigoryan, V. A. Bragin, K. A. Tsarevich, K. I. Koval enko and G. P.
Ovanesov. As of 1976 more than fifty of these well s had been drill ed in
different producing regions of the Soviet Union. Each of these well shad
5 to 10 shafts rangi ng in 1engths of 30 to 300 m each/ . It is cl a imed by
the Russians that for an ideal porous media, such an increase in both the
1ength and the surface of the fil tration area, would increase the oil
flow by several times. Thus, a given level of production could be.
achi eved usi ng a small er number of product ion well s. Consideri ng these
thoughts it may be stated that the general reasons for drill ing hal es of
these configurations are as follows: 6 .
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1. To obtain well s having an increased flow 1evel. ,

2. To increase the total oil recovery from a field.

3. To reduce the number of well s requi red for, the development of
some fi el ds.

4. To permit the development of low flowing fields having low rock
permeability or' high viscosity oil where the flow 'rate would
make the field uneconomic~. '

5. To significantly increase theprofitabil ity of developing
fields with rapidlyvaryi.ng rock permeability.

6. To' increase the absorbant property of rel ief well s used to
bring under control another well that has gone out of control.

When considering the above, it is interesting to note a Russian
drilling philosophy that has been stated as follows: 8 "During the
planning of multi-shaft horizontal wells the main objective is to max­
imi ze the fl ow and the total production of oil under those conditions,
that provide for long term use of the well. Subordinate considerations
are the rates of production and: com~exi~y of the operation. The econom­
ics involved should be considered not from the viewpoint; of individual
organizations, government groups, etc., but from the interests of the
national economy as a whole."

,As of 1976, mul ti-bottom hol e drill ing technology could be divided
into the following two general categories:

1. Drilling of wens into larger oil or gas fields in those areas
having a thickness of 35 to 80 m or more, and at depths of 600
to 1,500 m (Figure 24). Formation pressures normally are at
hydrostatic 1evel s or less.

2. Drill ing of well s ;'nto zones that are 50 or more meters thick
and at least 2,500 meters in depth (Figure 25). These wells
would generally have horizontal shafts of 'a 1,000 meters or
more in 1ength and a large number of branches. Such well s
would normally be used in fairly resistant formations. The
well s defined in the first categoryare"the more prevel ent in
use. Alternate configurations of this design are noted' in

Figure' 26. The well s defined in the second category were as of
1976, still fairly experimental in nature.



Fi gure 24. SHALLOW MULTI PLE BRANCH WELL CONF IGURATION (GR IGORYAN, 1976)
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Figure 25. DEEP MULTIPLE BRANCH WELL CONFIGURATION (GRIGORYAN, 1976)



A.

c.

B.
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D.

A. Thick formation underlying resistant. rock

B.· Producing formation is ;composed of a thick strata of limestone

C. Producing formation has interlayers of shale

Complex geological zones and formation pressures that must be
mai ntai ned

Hori zo ntal penetrat ion of format ion.
~ . '.

D. Thick Limestone formation having a predominately vertical fracture
pattern

. Fi gure 26. ALTERNATE SHALLOW MULTIPLE BRANCH WELL CONFIGURATIONS
(GRIGORYAN, 1976)



Analysis of the well configurations noted in Figures 24, 25, and 26
give credence to three additional advantages cl aimed for the use of thi s
technology. These advantages are:

1. Improved ExplorationCapabil ity. Due to the vastly larger area
that can be coyered from a single well of this design, a number
of cores can be obtained· from different ge"ological stfatas or
zon~s. . Thus, a greatly improved and far more accurate
understanding of the geology ·ofthe area and its potential
value can be obtained.

2. Folded Geology Potential. In areas where the geology is
c.haracteri zed by a number of sharp fol ds, oil can ofteri be
trapped in a number of pockets that can not be economically
produced by conventional drill ing methods. A single multi­
bottom well, however, can tap a number of these pockets and
thereby improve the economic potential of_ the well to the point
where it may be worth drill ;ng.

3. Drainage FlOw to Old Wells. In areas of low porosity multi­
bottom well s can be used as drai nage well s to convey oil to
lower zones of higher porosity from which the oil could be
produced more easily. In this case, gravitational forces are
used to help produc~ areas not originally considered.

Significant production rates and cost advantages have been claimed
by the Russians for this technique.? In one experiment, 4 multi-bottomed
hal es were drill ed by Ngdu' Bori sl avneft ina small thoroughly exhausted
fi el d of fractured sandstone that had been produci ng si nce 1914. .The
field had 30 conventional wells drilled into it spaced 30 to 80 m
apart. Notwithstanding the dense arrangement of these wells, four multi­
bottom hole wells were drilled. In the fifteen years they produced, they
accounted for 47% of the total field production.

Initiall~ the four wells had now rates 10 to 20 times greater than
nearby well s. After several years of production, formation pressures·
stabilized and flows from the multi-bottom wells remained at level
approximately proportional to the number of br:anches each individual
well s had. Costs for the mul ti-bottom hal ewell s are cl aimed to be 30%
to 80% higher than conventional. wells drilled into similar geological
areas.

~~ulti-bottom holes are usually cased from the surface to that point
where the first branch hole is drilled. This casfng is cemented into
position with normal oil fiel d procedures. The branches are al so cased •.
This casing, however, acts' as a hole stabil izing and strengthening
mechanism more than anythi.ng el see It, too, is cemented into position.
At the point where the main hole and the branch hole intersect,



Figure 27, no casing is used,. nor has any mechanism been defined for
seal ing off this area~ The Russians do state, however, that the entire
well should .be designed so that these intersections occur in very stable
·areas. ~ It would appear .that such intersections could be cement lined i~
a way that waul d offer more protection. It shoul d al so be noted that the
Russians continually state that this multi-bottom hole technique is used
in low pressure areas or where ·the oil has a fairly low gravity. .

Two operational wells are described below to complete the discussion
of Russian activity on branch drilling.

Figure 27. TYPICAL CASIN~ PROFILE FOR MULTIPLE BRANCHES
(GRIGORYAN, 1969)

~,
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Well No. 1543·- Borislav 9 This well was drilled in the Pol'miny
section of the 9th di strict of Boresl avo The well, Figure 28, penetrated·
the Yamna producing zone at a depth of 420 m. The pay zone was 45 to
50 m thick and was composed of an alternating sequence of dense sandstone
and shales. Five sharply angled shafts were drilled with a minimum
radius. of 10° per 10 m section of shaft. (Verification of this bend
rad ius ha s not been obta i ned.) . The max imum di stance between the bottom
of the different branches was originally 1ess than 60 meters. Shafts I
and II, however, were dril.i ed deeper to locate the lower boundary of the
Yamna formation and al so to increase the drainage surface area. The
branches were drilled with short turbodrills, 3.5 m in length •

._--~------'"----,
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Figure 28. BORISLAV PRODUCION WELL (GRIGORYAN)

The main ~haft is c~s~d from the surface to the 385 mete~ lev~ with·
a 14 inch liner (Figure 28). Branches II, III and IV are known to be
cased. An interesting characteri st i c of thi s .well desi gn is that the oil
produced from branches I, II, In and V is allowed to flow to the inter­
section of branch IV and then into branch IV. Branch IV contains a
bottom-hole pump which then transfers the oir to the surface.

G')
".--../ .



Well No. 801-0-0011 hskoe 1 °Mul ti-bottomhol edrill i ng technology
was needed to drill into the Oolinskoe field. This field, composed of
complex geologic traps, numerous tectonic 'disturbances, and considerable
1ithologic and reservoirhetrogenity of rock formations,' appeared to be
ideal for this drilling technique. An electri.c downhole motor-was chosen
for this appl ication primarily because the' power cable could al so be used
for down-hole telemetry during the drilling ope:ation~' .

As noted in Figure 29, the vertical part of the hole was drilled to .
1704'meters using a 295 mm bit•. Whipstocks were used for angle bui,ld up
of 2.7°-3.3° per 10 meters ',of penetration. At a depth of 1930 meters,'
the angle of wellbore inclination amounted to 63°. Drilling continued
with 219 ITUTI intermediate casing run to a depth, of 2056 m. The hole was'
continued to a depth of 2242 m. At this'point the angle of inclination'
of the borehole was 96°. '

Four branch well s were drill ed from the hor; zqntal . section of the
well as noted in Figure 29. A production 1iner was placed in the second
branch well and run back up to a depth of 2019 m. At thi s poi nt,' it was
connected to a 146 mm production casing, run to the surface. Information
is not avai·l abl e as to whether the other 3 branch well s were cased. It
should be noted that certain incongrueties existwlthregard to, well
depths and inclination angles. . '

/
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Figure 29. DOLINSKOE PRODUCTION WELL (DITCHUK, 1976)



Although the Russians have dri.lled numerous multi-bottom' holes,
the technology is not totally new to the U. S. In the early 1950s,
technology was apparently tried in some of the lower central states.
At that time it was called "Roots" drill ing as the well configuration re­
sembled the roots of a tree. The technology was apparently abandoned due
to the lack of effective turbodrills and required accessory equipment.

Recently branch drill i ng "i s bei ng appl i ed to geothermal reservoi rs
and for methane drainage fromcoal in the U. S.c~)

. Branch wells such' as the one shown in Figure 30 have been drill ed at
the Raft River (Idaho) geothermal site. The branch holes were drilled as
foll ows: 11

"An 8-1/2-inch hole was next drilled to 4,342 feet or
approximately 100 feet below the 9-5/8-inch liner shoe. Direc­
tional drilling \'/ith Eastman Whipstock services was initiated at
this point. The hole·drift angle was increased from 4-1/2° at

. 4,342 feet to 8-1/2° at 4,395 feet, using a Dyna':Drill downhole
motor. Conventional drill i ng was resumed and the first
directional leg, RRGE;..3A, was completed at a total depth (TO) of
5,853 feet.

liThe second directional leg, RRGE-3B, was kicked off at
4,524 feet without setting a cement plug at the kick off
pO,int. The desired drift angle of approximately 8° was
establ ished after considerable difficulties. Conventional
drilling was then used to complete the second 8-1/2-inch hole to
a total. depth of 5,532 feet. The hori 20 ntal separati on between
this leg (RRGE-3B) and the first directional leg (RRGE-3A) was
220 feet. ' .

liThe final directional leg, RRGE-3C, waskick~d off at
4,332 feet. A drift angl e of approxi,mately 12 ° was establ i shed
before conventional drilling resumed and the 8-1/2-inch hole was
compl eted at a total depth of 5',917 feet on May 24, 1976. See
Figure 30 for the relationships between the three directional
legs,(3A, 3B, and 3C)."

In 1979, the Bureau of Mi nes successfully drill ed mul t i-branched
hol es into a coal searrF •. The branches were drill edfrom the surface out
of the bottom of a hi gh angl e well bore. Fi gure 31 shows the type of
branches drilled into the coal seam. The purpo seaf the multi-branch
holes was to drain methane from the coal seam in advance of underground
mining.

(77i .'
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HD 3,207 9TT

LEGEND
MD Measured depth from surface,

in feet and meters
HD Horizontal drilled distance

from end of casing, in feet
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. Figure 31. . SCHEMATIC PLAN VIEW (F THEORETICAL MULTIPLE WELL
DIRECTIONAL DEGAS IF ICATION SYSTEM (0 I JlMOND , OYLER, 1980)

In both examples, Raft River and Emerald Mine, previous branches
were not re-entered or cased. Herein 1 i~s the main prQbl an in applying
branch drilling to in situ leaching operations (i.e., individual branches
must be re-entered with casing). We overcame this problan by use of
downhol e templ ates as expl ained in another section of thi s report.
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Ho r i zo nt a1- Dr ai n Ho 1e Dr i11 i ng

Horizontal drain holes are drilled from vertical wellbores with a
special articulated bottom-hole drilling assembly. A drain hole is de­
flected from the vertical wellbore with a whipstock and may penetrate the
formation laterally to around 200 feet (see Figure 32). The purpose of
drain hole drilling in the petroleum industry is to increase produc­
tivity. Some of the claims attributed to drain holes are:

Enhanced recovery flooding efficiency is improved.
Natural fracture systems may be intersected.
Tight or virtually impermeable formations may be. producible.

Drain hole drilling reached its peak in the 1950s when it was grad­
ually repl aced by hydraulic fracturing as a well stimul ation technique.

Drain hole drilling tools have been patented and built as far back
as the turn of the century. I n the early 1930s, about 120 well s in the
Mid-Continent were provided with drain holes. In the early 1950s, drain·
holes were drilled in approximately 50 wells mostly in Cal ifornia. 13

A patent granted to J. L. Addi son in 1891 was t itl ed "Groove Cutt i ng
Machine for Oil or Gas Wells." The stated object was to "renew or
increase the flow by openi ng fresh fi ssures, channel s, or cavi"t i es. II In
1919, Bernard Granville patented an apparatus which could possibly drill
horizontal holes "several hundred feet. II .

In 1930, Robert E. Lee of Coleman, Texas, patented an air-actuated
percussion drill for formi ng 1ateral s. He had observed experiments run
by the Bureau of Mines in the late 20s and was convinced that a device
which \',()ul d form these channel s coul d increase product ivity. After some
testing of this equipment, he concluded a rotary bit would be much
better. .

Lee then developed rotary equipment which was used in 1929 to drill
the first successful drain holes. These were located at Texon, Texas,
and were drill ed for Bi g Lake Oil Company. Two 5-1/4" 1ateral s were com­
pl eted around 3,000 feet. These extended about 23 to 24 ft into the pay
formation. There was a significant increase in production, especially in
the period just following recompletion. 14

John lublin patented drain hole drilling equipment in 1945. The
main features of his first methods were flexible drill pipe and turbine­
drive motor bit. The pipe obtained its flexibil ity through a spiral cut
in the wall of the pipe•. A high-pressure hose fixed in the inside of the
pi pe prevented 1eakage. .A concurrent patent by lubl in covered a
whipstock-like device which could be used for very hard formations. IS

Several wells in California were reworked with lublin drain hole
drill ing equipment. One well w.as down to producing about one barrel· per
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day. After being shut down for 17 years, it was re-compl eted with 8
drain holes, averaging 53 feet each. Light weight mud operated the
turbine bit wi th pump. pressure running between 400 and 600 psi. After­
wards, production rose to a high of 25 barrels per day and averaged about
20 barrels per day. The same to~ls were used in more lateral drilling in
sub sequent well s in Cal iforni a. 1 • 15' 16
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Later on, Zublin developed drain hole drilling based on rotating the
entire drill ~tring.}7· His equipment forms the basis of further
deve1o·pments.

By the early fifties,a workable technique for drilling drain holes
evolved. Two main features of this technique are ,a whipstock assembly
and aflexible'rotary drill string.

. The whipstock its~lf' has a high face angle (8-14°) and has a sheath
attached to it which extends for several joi nts. This 1ength of shea'th
serves to stabil ize and prevent damage which might be caused by the
flexible drill string. Usually there is more sheath than length of
flexible collars. This ensures the ability to pick up the whipstock
assembly with a st iff drill stri ng. The whi pstock assembly can be hung
from casing or fixed ,by the useof·an anchor bit-tailpipe assembly. Pick
up slots are provided so the whipstock can be used again at the same
level, but in a different.direction.

The drilling assembly itself consists of a centralizer, special-cut
"flexible drill collar, a universal (knuckle-type) joint, reamer sub, and

conventional bit. The dril,l collars are made flexible with a cut similar
to Zublin's toothed type. Thishas evolv,ed in recent years to a special
four-lobed nonspiral i ngcut. A universal jO,i nt-reamer-bit combination
acts as a fulcrum and lever. The universal joint pushes on the upper end

. of the reamer. The reamer blades act ,as the fulcrum and force the bit to
dril ~ up~ thereby buildi ngangl e.

Although it ;s a wel,l developed technique,' several problems are in-
herent. Horizontal steering for example. Friction and reactive torque
combine to cause the flexible collars and universal to "walk" up the side
of the lateral bore and change hole direction. The solution to this
problem is selection of a mud with adequate lubrication properties and
finding the correct weight-on-bit. '

There have been numerous exampl es of successful appl ications of
horizontal drain holes. Many drain holes were drilled in the fifties in
Cal iforni a. Success has been attributed to the softer sands of that
region. Many of the failures there were attributed to. the lack of a
liner. In Texas and Louisiana, the, success rate is somewhat lower. In
Wyoming, several attempts were made and the success rate was very poor.

There appears to be a renewed interest in drai n hol e drill i ng be­
cause of the ri se in oi 1 pri ces. 'The method offers a way to rework 01 d
fields for additional oil recovery. Much of the drain hole drilling
technology of the 1950s is dormant.' One contractor, however,is still
active. Tools marketed by Holbert drill~lith a radius of 38.2 feet and
build angle at the rate of 1-1/2° per foot. Holbert's downhole equipment
is sholtmin Figure 33. The flexible drill pipe is a key element. It is
made from standard drill collars by torch cutting multiple four lobed
universal joints. Drilling mud is pumped through a hose attached to
fittings inside, the box and pin connections. 18,19
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· A special universal joint. directly above the bit is designed to
concentrate the for~e ap~ied to the bit at a point below the center line
of hole. Thus acting as a lever, with the blades of the reamer as a
fulcrum, the bit is forced to dig to the high side of the hole. This.
causes a continual increase in angleas the hole is drilled.
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High Angle Buildup to a Shallow Fonnation

High angl e hol es are also being drill ed into fossil fuel bearing
fOnTlation lyi ng within a few hundred feet near ground 1evel. Total angl e
for these holes is near 90°. The objective here is to penetrate the
formation with a hori zontal hole section after. total angle is achieved.
Hori zo ntal ,hol es allow better recovery rates and r;-ecovery 1evel s than do
vertical hole penetrating through the fOnTlati6n~ 'Four wellbores of this
type are discussed below.

Esso: Resources Ltd. of Canada has successfully 'drill ed and compl eted
a 90° total· angl e well bore and penetrated a 260 foot· tar sand zone 1,452
feet deep.2 a Deta i1 s of t hi s we 11 bore are showni n Fi gure 34. It i s the
first well of this type· and will be used in an in situ r,ecovery pilot
operation at Cold Lake'(Canada). Other wells in this area have been
deviated up to 35° from the vertical.
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Two general types of downhol e assemblies were used in drilling the
well t an angle building assembly and a 'hole,opening assembly. The angle
building assembly consisted of a mill tooth bit rotated by a Dyna­
Drill.* A 6-1/2-inch Dyna-Drill was used in both the 12-1/4-inch and the
9-1/2-inch pilot holes. Angle building was accomplished using either a
bent sub or a bent housing Dyna-Drill. The three bent subs were 1.5°,

'2°, and 2.5°. Heavy weight drill pipe was run immediately b~hind monel
coll ars so that steel drill coll ars could be pl aced further uphole in the
more vertical section of the' hole, providing weight on bit. This is
contrary to current direct ional drill i ng pract ice but m pi pe buckl i ng
probl ems were noted. Thi s drill string assembly al so reduced the chances
of differential sticking~' The hole opening assembly consisted of a
pointed bull nose,' anonrotating stabil izer, followed by the reamer.

Directional ,surveys played a ,critical role in the success of the
project. The horizontal' portion of the hole was to be located near the
bottom of the tar sand formation. The steeri ng tool was used at all" times
in the pilot holes. Single shot magnetic surveys were run every 60 feet
to provide a permanent survey record as the hole progresses. A telephone
link from the drilling locatio,n toa computer in Edmonton was available
and continuous' computation of hole trajectory was maintained. A
continuous surface readout appears to be indispensable for operational
purposes.

As the hol e incl ination approached higher angl es, the frictional
drag on the drill string increased and satisfactory weight on bit became
more difficult to maintain. Drill string drag during trips was usually
about 10,000 to 15,000 pounds.

The most troubl esome probl em occurred in enl arging the 12-1/4-inch
pil ot surface hol e. Init i al efforts to ream the pilot hol e with a 30­
foot long bullnose was not successful. A short non-rotating stabilizer
ahe.ad of the hol e opener was able to follow the pilot hole successfully.
An angle buildup rate of 4-1/4° per 100 feet was maintained with 12-1/4­
inch bits. All casing strings went in very smoothly.

In' 1975, Morgantown Energy Research Center (MERt) contracted to have
a high angl e hol e drill ed into a coal seam near Pricetown as part of a
program to study underground coal gasificatiori'.----21 The coal bed ,is 880
feet below ground level and is 6 feet thick at the test site (see Figure
35). The objective of the drill ing program 'was to build hole angle until
reachi ng the coal seam and then drill hori zontally in the coal .bed for a
distance of 500, feet.' It was necessary to,tilt the derrick at an angle

* Reference to specific brands, equipment, or trade names in this report
is made to facilitate understanding and does not imply endorsement by
the Bureau of Mines.
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of 10° and build hole angle at a rate of 5-1/2° per 100 feet. Approxi­
matelYt60 feet of surfac,e casing was set and then a 3-inch pilot hol e
drill ed until the coal ·seam was penetrated. The hol e was then reamed out
to 7~7/8-inch and 5-1/2-inch casing set from the coal seam to the sur­
face. Drilling continued horizontally with a 4-3/4-inch bit for
approximately 500 feet. Drilling'was accomplished with,2-3/8-inch Dyna­
Drill downhole motors. Problems encountered during the 10-1/2 month
drill ing program can be classified into the following categories:

(l) Rig Trip, Time
(2) Mechanical Failures
(3) Pl ugg i ng .and Sidetracking
(4) Hole Surveying and Tool Orientation
(5) Reami ng ,
(6 ) Lo st Ci rc u"a t ion
(7) Pump Repa irs

This drilling program showed that high angled directional wells can
be drilled and inserted into coal seams for at least 500 feet. As this
was an experimental drill ing program, the costs were high.' The cost of
drill ing this type of hol.e must be greatly reduced for in situ coal gas­
ificationto be commercially feasible.

Slant hole drilling from the surface using direction drilling
techniques is being evaluated by. the U. S. Bureau of Mines (USBM) as an
al ternate method for drill i ng hori zontally into coal seams. Drill i ng is
conducted from the ground surface instead of at the coal face and re-:
quires accurate directional surveyi ng and bit control to hit the coal
seam at a near horizontal slope (see Figure 36). Their project includes
drill i ng into the Pittsburgh coal bed at the Emerald Mine near Waynes­
burg, Pennsylvania. A detailed description of the USBM pr:-oject is given,

.in Reference 12., -, .

One goal of the USBM project is to drill a circul ararc directional
well having a planar radius of about 1t OOO feet and then continue the
drilling program with bor.ehol es horizontally into a coal seam.

This wellbore wa's drill ed with a truck mounted drill ing rig using a
2-3/8 inch Dyna-Drill * having a bent housi ng. Accurate directional sur­
veying t using EastmanWhipstock* magnetic singleshot equipment, was a key'
factor: in the, successful drill ing of thi s hol e. .

* Reference to specific brands, equipment, or trade names in this report
is made to facil itate understanding and does not imply endorsement by
the Bureau of Mines.
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Bit force was generated by hydraul ic cyl i nders pushi ng down on the
drill pipe at the surface. Part of this push down load was absorbed by
friction and confining forces along the drill pipe so the magnitude of
the bit force was not exactly known during the drilling. The axial bit
force component, however, can be monitored reasonably well from the known
pump pressure. The Dyna-Drill* is a positive displacement motor so
pressure drop across the motor. is 'a good i ndi cator of output torque and
thus,bit thrust force.
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* Reference to specific 'brands, equipment, or trade names in this report
is made to facil itate understanding arid does not imply endorsement by
the Bureau of Mines.
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Lawrence Livermore Laboratory recently drilled a direction hole to
penetrate a coal seam at Hoe Creek, Wyoming. The drill ing rig was
slanted about 30° and hole angle was developed at a rate of 5° per 100
feet in order to horizontally penetrate a coal seam about 150 feet below
the surface. The' coal seam is 25 feet thick. The horizontal portion of
the hole in the coal seam was approximately 200 feet long.

Low penetrati 0 n rate of 3 to 5 ftl hr wa sdue to 1ow bit force and
the need· to use diamond bits. Diamond bits \'Jere used because conven­
tional roller bits cannot be used much beyond 150 R~; the ·Dyna-Drill
operated at 400 RPM. Low bit .force was required to maintain directional
co ntro1• . '. .

Since most of the, costs are rel ated to drill ing the curved 'portion
of the hole,it is important to be able to drill at least 500 ,feet in the
coal.

High Angle Buildup Followed by Long Lateral Hole

Typical oil and gas hol e configurations have target coordinates
around 10,000 feet vertical distance and 12,000 feet lateral distance.
The high cost of offshore installations, such as pl atfonns, subsea well­
heads, and flow lines, i.s giving impetus to drilling that res Lilt s in a'
much greater 1ateral to vertical distance ratio.

In 1975, Tenneco Oil·' Company drilled three high angle holes (60°,
70°,and 80°) from a single platfom. 22 By increasing the angle from 60°
to 80°, the area that the well can investigate increased over seven­
fold. Figure 37 shows how the hole angle was built at 4° per 100 feet to
80° and then a high angl e straight hol e drill ed to the target.

. . .

Pl anni ng was a key. factor in the success of these well S.· Drill ing
rig selection and modi·fications were made to maximize drilling efficiency
in onter to prevent any downtime during drilling that might result in
loss of the hol e. An. extensive review of high angl e drilling in their
area of. drill ing along with' an action pl an helped to provide a techni­
cally and economically sound basis for their high angle drill ing program.

Angle buildup began after a 16-inch conductor pipe was cemented.
The directional hol e was kicked off at 1,350 feet with a Dyna-Drill* and
a 9-7/8-inch bit, building about 4°1100 feet.' This bit.size was selected
instead ofa 15,..nch bit to maintain closer directional control. The

* Reference to specific brands, equipment, or trade names in this report
is made to facilitate understanding and does not imply endorsement by
the Bureau of Mines.
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9-7/8-inch surface hole was opened to 15 inches with
opener. A 10-3/4-inch surface casing was set after the
completed allowing a relatively straight shot to TD.
possible key-seating probl ems.

a bull no sed hal e'
angle buildup was
Thus, precluding
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Figure 37. ULTRAHIGH-ANGLE HOLE (EBERTS, BARNETT, 1976)
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Their experience dictates that angle buildup must be 1imited to 6°
per 100 feet and maximum hole angle held to 70°. Drop-off rate is 1 im­
ited by the ability or inability of drilling as'semblies to deflect the
hole downward. Experience indicates that even at slow drill ing rates,
angle reduction greater than 2-1/2° per 100 feet can rar~y be attained.

Stra ight Hori zontal Drill i ng

A rev.iewof the patents and discussions with mlnlng engineers indi­
cate thathori zontal drill ing into coal seams is rel atively new. The
first drill ing of thi s type was first conducted in the United States in
the early 1950s. In the early 1970s, Consol idation Coal Company began an
intensive research effort to develop a drill ing system which would drill
into coal seams, monitor the lO,cation of the bit, and guide the drill bit
within the coal' seam. The technique for loading the drill bit was only
one aspect of their total drill ing research program. Continental Mining
Research has stimul ated much of the hardware development discussed below.

One innovative system for drilling horizontally into coal seams was
developed by Drilco.* This system, sometimes called the "Kreepie­
Krawl er, "* is. made, up of a downhol e Dyna-Dri 11 * fl ui d motor and a
downhole mechanic~ thruster. The thruster unit has the capability to

Apply axial force to the drill bit

Gri p the wall s of the hol e

Wal k the downhol e unit either forward or backwards

Appl Y 1ateral force to the drill bit for directional hol e
control

The "Kreepi e-Krawl er" unit i spowered and controlled hydraulically
through a bundle of hoses which serves as an umbil ical 'to a power source
out sid e the ho1 e (F i gur e 38).

* Reference to specific brands, equipment, or trade names in this report
is made to facil itate understanding and does not imply endorsement by
Bureau of Mines.
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Figure 38. HOR IZ ONTAL DR ILLI NG MACHINE

The design philosophy behind the "Kreepie-Krawler" was an omni di-'
rectional drill i.ng system which \\Ould be compatabl e with automation. A
hose bundl e is more amenabl e to autom'ation than drill pi pee Hydraul ic
thrusters near the bit give more direct control of the drill bit than do
stab;l i zers or' bent subs.

Drilco developed two different thruster size; a 5-3/4-inch 0.0. tool
and a 2-3/4-inch, 0.0. tool. Both have been used to drill several
thousand feet into coal beds.' The 'maximum length for a single hol e (6­
inch diameter) was in excess of 700 feet. Some of the charaeterl stics of
the 5-3/4.,.inch tool are:

Outside Diameter

" Length

Stroke'

Power Required

Maximum Ax i.a1 Thrust

Normal Drill Thrust

Normal Dril i ing Rate

5-3/4 in

128 in

30 in

5 hp

7,000 - 8,000 lbs

1, 000 - 4, 000 1bs ,

200 ft/hr
(occasion~ly 1~000 ft/hr)
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Operational concerns with the "Kreepie-Krawler" are: the hose spool
is cumbersome and there may not be enough room in a 5-foot coal seam for,
say, 2,000-3,000 feet of 3-inch hose bundle.

Another drilling system for drilling horizontal hole at the coal
face was developed by Acker Drill Company, Ioc.* of Scranton,Pennsyl-
vania. This system, which Acker labels IBigJohn," uses drill pipe to,

'transmit rotation and axi al thrust force to the drill' bit. It has the
, capacity to dri 11 hori zo ntally to a' depth of 3, 000 to 5, 000 feet. Down­

hol e rrotors can be used in thei r drill i ng system, however" rotary power
usually is delivered from outside the, borehole.

Another underground mobile drilling rig was designed by Continental
Oil Company and fabricated by J. H. Fletcher and Company* of Huntington,
West Vi rgini a. Thrust, i.s developed outside, the well bore and' transmitted,
to the bit by dri,ll pi pe.

, ' . ~ - .

Two of, the first horizontal drill i ng machi nes bunt for coal mi ne
operations were fabricated by the Longyear Company* of r~inneapolis and
Sprage and Henwood of Scranton, ,Pennsyl vania. Both types are still in
operation today.

, ,

Controlling hole direction is 'a major problem in drilling horizon­
tally into coal seams. Coal is soft and side loads on the bit can easily
build hole angle. When bit thrust is generated outsi'de the borehole and,
transmitted through drill pipe, theentiredrill,pipe will buckle asa
Euler column within the confines of the borehole. Stabilizers and drill
coll ars are therefore requi red near the· dri 11 bit to el imi nate pi pe
buckling near the drill bit and to control drilling direction.

There are two types of bottom-hole assembl ies b~ing uSed wit~ under- '
ground mobile drilling rigs which use drill pipe totransmit axial force
to drill bits. One is call ed the rotary boreho,l e assembly. The other is
called the nonrotaryborehole assembly.

The rotary borehole assembly contains tv/o stabilizers separated by a
20-foot drill coll ar section; the drill bit is adjacent to the bottom
stabilizer. The entire assembly rotates with the drill pipe. The pur­
pose of the two stabilizers and drill coll9-r is to control hole direc­
tion. If a directional survey indicates the borehole needs to be turned
up, the back stabil izer is' removed and bit v-Ieight is increased to about
2,500 lbs. To turn the bit down, the back stabil izer is repl aced, the

* Reference to specific brands, equipment, or ~rade'names in this report
is made to facilitate 'understanding and does not imply endorsement by
the Bureau of Mines.



front stabilizer. removed, and bit weight is reduced to about 1,000 lbs.
Normally both stabilizers are used with a bit weight of about 1,500 to
1,700 1bs appl i ed through the dri 11 pi pee .

The ·nonrotary borehole· assembly as proposed by Continental Oil
Company i ncl udes a drill bit, defl ect ion deY i ce or. si de thr,uster,
downhole motor, and·stabilizer.

"The defle.ction device is a spring-loaded, eccentric sub which
exerts a constant force on the side of the bit. The direction of
this appl ied force depends on the orientation of the device and
determi nes whether the bit will be defl ected up, down, 1eft, or
ri ghL The magnitude of thi s force and hence the rate of angl e
build is. controlled by the size of the spring." 24

The adv~ntage of this assembly is it allows mo~edirectional control
while· drilling and provides nonrotating locations for downhole
directional sensing instrumentation.



APPENDIX B

IN SITU LEACHING BACKGROUND

COv1MODITY

The principal mineral commodities that will be discussed are
uranium, copper oxides and sulfides. Of secondary interest at the pre­
sent time are the molybdenum and nickel sul fides. Al though these miner­
al s may have sui tabl e deposit characteri stics to make in situ 1each
mining operations a favorabl e al ternative of mineral extraction, no in­
terest or act ivityhas been identi fi ed to date.

The two most common uranium minerals which are extracted by leach
mining operations are uranin.ite and coffinite. These mineral soccur in
tw) basic types of lithologies, i.e., in. sedimentary sandstone and con­
glomerat.e deposits and in hard rock igneous and metamorphic rocks such as
granites, syenities pegmatities, gneiss and. schist. Over. 96 percent of
the' uranium reserves in the U.S. occur inthe,'former type of de,posit.
To date~ most ISL production of uranium has been in sandstone and
conglomerate deposits in South Texas, Wyoming, Colorado and New Mexico.

Both copper oxide and copper sul fide mineral s can be mined by ISL
methods. Copper oxides (including malachite and chrysocolla) and copper
sulfides (such as chalcopyrite, bornite and chalcocite) occur in porphyry
copper deposits, vein deposits; replacement deposits, etc. The bulk of,
this' resource is loc.ated in the Southwestern U.S. ,in Arizona and New
Mexico. Other copper deposits which may be suitable for leach mining
occur in Colorado, Montana, Utah and Minnesota.' To date, Kennecott
Copper Corporation has done developmental work on the 1eachipg of a
copper sulfide deposit at Safford, Arizona, and Occidental Minerals is
W)rking on the dev'eloprnent of a pilot leaching plant for copper oxides at
Miami, Ari zo na.

In addition to the uranium and copper mineral s discussed' above,
other commodities which may be candidates for leach mining in the future
could include deposits of nickel and mobybdenumsulfides. A copper­

. nickel s.ul fide mixed deposit, 'such as the chal copyrite-pyrrhotite miner­
, al ization associated with' the, Dul uth Gabbro Compl ex in Northeastern
Minnesota, could be an ISL target .in the future. Similarly, theel imax
Molybdenum Deposit of Colorado could represent a, possible target site for
leach. mining techniques if this deposit is found to have the type of ore
body characteri.stics that are suitabl e for 1Sl procedures.

96



GEOLOGY

Many mineral deposits in the .United States are low grade and too
deep to be commerci ally mi ned at a favorabl e rate of. return by conven­
tional mining methods. A survey of the .geology of U.S. mineral re~ources

has been made to determine the likeli~ood of finding deep lying low grade
depo sit s.

There are two basic types of uranium deposits, sedimentary and hard.
rock. In situ uranium operations are currently being evaluated for sedi-.
mentary deposits' at depths ranging from 100 feet to 2,000 feet. The
mineral ization ,is usually contained in intervals of several feet up to 40
feet in the sedimentary deposits. Hard rock uranium is likely to be
contained at depths greaferthan sever~ thousand feet, 0ith the mineral-
i zat ion oftenbei ng 'associated with 'fault i ng and fractures over lengths
rangi ng from' several feet to several .hundred feet. Tabl e 7, 1i sts a
number of uranium resources. ,From this list it is evident that a number
of potential in situ candidates exist at depths of 1,000 to 5,000 feet,
which is. significantly deeper than present South Texas commercial
operations. "

. The shallow uranium deposits of 'South Texas which are presentTy
being commercially mined by in s i tul each; ng methods 'generally have a
thicknes~ ranging between 3-30 feet •. The uranium reserves of South Texas
are contained over a range in depth between 120-575, feet.' . Most of the.
uranium recovered by" in situ mining occurs in the roll-type mineral ized
deposits, which are associated with sedimentary sandstones, such as"
tuffaceous and arkosic sandstones of Tertiary Age. 1 The primary uranium
mi nerals are urani nite and coffi nite. The sedimentary host rocks whi ch

. contai n the urani um ore have porosity val ues that range from 10-30
percent. Jhe permeabil ity of the shallow uranium deposits in South Texas
can be as high as 20,000md, .with an average permeability of
approximately 2,000 md. Operations are bei ng ca'rried out in a number of
different types of sedim~nt~, some of which are:

Oakville Formation~ Miocene, consists of sandstones ranging
between 50~250 feet deep

Goliad Formation, Pliocene, consists of sandstones,
250-1,000f~et deep

Catahoula Formation, Aligocene, consists of tuffs,. clays,
shal es and 1ignitic sil ts

'Jackson Formation,' Cocene, consisting of sandstone and
lignite beds, ranging from 0~300 feet deep

The gangue minerals in these uranium deposits consists of clays,
carbonate minerals, and ~and.
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TABLE: 7. POSSIBLE TARGETS FOR IN-SITU URANIUM OPERATIONS

DISTRICT LOCATION
O[PTH ORE Ml N[ RAL S I)R[

RECOVERY ROCK GANr.U[
COMM[NTS( Feet) GRAO[ THICKN[SS lYPE MINlRlllS

I -~I
(Feetl

- ---
Alzada UranIum Carter County, 2000 Uranlnl te 2-20 Plan on sollium Sands tone, Sanll. Gravel llmoco Minerals Co. hopes toOeposit Hontana carbona te leach Shale operate a ptlot plant here

pilot plant soon.

A~rosla Lake HcKlnley County, O-iWO Coffinlle. i-loo Room and pillar Sands tone Feldspar, ca'-
Uranium Field New Mexico 0.15-0.251 U308 mine. cite, clay,

pyr It...

Austin Oistrlct Nevada Uranlnlte Quartz Quartz,
I, ' o.On. Monionl tl' orthoclase

Bearpaw Hountaln North of Great 0-1000 PyroChlore Up to 300 Pegma tl tl'
FIlls. Hontana or more 100-150 ppm U.

BrunI Mtne Texas 120-160 Uranlnl te 10 Am. carhona tl'- Catahoula Operated by Wyoming Minerals
Co HI nlte b Ica rbona tl' Sands tone Company

leach

Burns Mine Texas 575 Coffinite 30 Am. carbona te- Oakville Operated by U.S. Steel
0.151 U308 blcarbona te Sandstone

leach

Central CIty Gil pi n County. 1000 ft. PI tchblende Schist, Quartz. feld- No operating mines here. Slml-
Olstrlct Colorado or more 30-70 ppm U. gnetss spar, calcite lar geology to Schwarzwalder

Mtne

Clay lIest Mine Teus 350 Cofflni te 10 Am. carbona te- Oahl Ill' Operated by U.S. Steel
0.201 0)08 bicarbonat.. Sands tone

leach

CO"'fay Granl te New Hampshire Va.I;.l.able 15-20 ppm U. Variable None Granl te Qu.,rtz, feld- The uranium Is disseminated-i (, spar, biotite throUlfhout the gran'te rods...: '"
Crown Point New Mexico Up to Uranlnlte. 20-40 Ptlot leach WI'S twa ter Fell1war, cal- Pilot le~ch Jllant will be

iOOO CoHlnlte plant. Sanlls tonI' clle, clay, operatrll by Hobll. Perme-
0.3gt pyrite. ability of ore is 500-2000 md.

Lamprecht Mine Texa,s 2)0-275 Uranlnlte. 10 11m. carbona tl'- Oahllle Operated by Wyomtng Minerals
Cofflnl te 'pach so lutlon Sanlls ton,.

, I
\ I. I
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TABl E 7. POSS IBLE TARGETS FOR IN-S ITU URAN I UM OPERAlIONS (Con t'd. )

\\-~

.(~

~)

DISTRICT LOCATION
D£PTH OR£ MIN£RlllS ORE

" RlCOVERY ROCK GIINGU£
COMM£NTS(Feet) GRAD£ THICKN£SS TYP£ MINERALS

( Feet)

Marysvale Utah
__ T'j:

2500- Uranlnlte Quartz Quartz, pla- Ore 15 vein and replacementDistrict 5000 0.21 m3nzonlte 9ioclase. ch- deposit types.
& rhyol t t~ lori te, ma9-

no-tHe

Hldnl9ht Hfne NW of Spokane. Approx. Autunite, urano- Acid leach re- Schist, C"l c Ill', Operated by Newmont Mlnln9Washln9 ton 300O phane co..~ry from Qranlle Quar II Company.
1957-1965

Mount Taylor Grants, N.... Approx. Conven tiona I
Mine Mexico 3000 It. mine

Pa I an9ana HI ne Texas 260 UraolnHe 3-5 Am. carbona te- Go lfad Operated by Union CarbIde.
blcarbona Ie Sands tone

Bee County, solution

Pawnee Hlne Texas 240-255 Uranlnlte 5-6 Am. carbonate- Oakville Operated by I£C Comm.o.on b Icarbona te Fm. Turra-
leach ceous Sand-

stone

Sd";arzwalder Colorado Appro•. Pitchblende Gneiss Feldspar, Operated by Cotter Corporation.Hlne 300O O.a U
3
0

0 Quartz.
ca Ic Ite



The deep-seated'uranium deposits whi~h may be candidates for future
in situ uranium mining operations occur in r~ontana, New Mexico, Nevada,

. Colorado, New Hampshire, Utah, and Washington. These deposits have di-
verse geometri es and geol ogi c characteri stl cs. I n Colorado, there are
two possible target uranium deposits, at the Schwarzwalder Mine and in
the Central City District; both of which are hard rock. The Schwarzwal­
der deposit is a vein deposit, with the vei~s varying in thickness up to
10 feet. Both of these Colorado urani um bodi es have dept~s exceedi ng
LOOO feet.

The Conway Granite of New Hampshire is a granitic pluton of variable
thi ckness and depth whi ch contai ns about 15-20 ppm urani um as an es-',
sential element in the granite. The outer 1,000 feet of the main Conway
mass is estimated to contain 5-8 million tons of U3 0S • This pluton has
potent i al as a urani um 1each target if' the' urani um coul d be extracted
from the granite. Gangue mineral izationconsists of quartz, nicrocl ine,
plagioclase,and biotite.

Several deep-seated sandstone uranium deposits are 1ocatedi n New
Mexico at Crown Point, Ambrosia Lake, and Grants. The pr'imary ore min­
eral s at these ore deposits are urani nite and coffi nite. Th urani um is
found at depths ~p to 3,000 feet at Grant~, up to 2,200 feet at Ambrosia
Lake and up to 2,000 feet deep at Crown Point. The thickness of the
urariium ore at these sites in New .Mexico ranges from 2 to 100 feet, and
the grade of the ore is approximately 0.15 to 0.25 percent U30S • Gangue
mi neral i zati n consi sts of fel dspar, calcite, cl ay and pyrite. Mobil has
begun a pilot leach uranium plant at Crown Point, New Mexico, using a
basic 'carbonate leach solution. '

Th~; Austin District in Nevada and the Marysvale District of Utah are
potential uranium deposits for leach mining operations in hard rock.
Urani nite is thepri mary urani um ore mi neral of these di stri cts, with a
concentration which ranges from 0.02 to 0.2 percent. These uranium de-'
posits occur withi n an igneous quartz monzonite host rock. The depth to
the uranium ore at Marysvale ranges from 2,500 to 5,000 feet. The prima­
ry gangue minerals ore quartz-plagioclase, chlorite, magnetite, and
brthocl ase.

Table 8 summarizes a number of copper sulfide and oxide deposits
that are deeplyi ng and low grade. Most of these deposits are located in
Ari zona and New Mexi co, with others in Montana, Utah, Mai ne, and
Mi nnesota~

I
I
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TABLE 8

POSSIBLE TARGETS FOR IN SITU COPPER, NICKEL ArlO r·!OLYBOE1JU~l OPERATIONS

I
i
I
i,
I

I
I
I__ I

(§y
.~

DISTRICT

Bagd~d Coppler
DJstdct

Banner Nining
District

Bel [ ServJ'Ces

Bingha~ Cnllyon
Copper District

Blue HlIl Mine

Hutle Copper

Carr Fork Copper
District

Central Nilling
District

Climax Holybdenum
Deposit

LOCATION

Yavapai County,
Arizona

Gila County,
Ar lzona

Hontana

5alt Lake
County, Utah

l1~lne

Butte, Montana

Tooele, Utah

Grant County.
New Nexico

L':lke County J

Colorado

DEPTH
(FEET)

Up to
1950

1600

Variable,
to 1000
or more

Up to
5000

Variable
to 3000

Nearly
5000

Up to
2700

Surface
to 3000

Surface
to 1600

ORE m~OER.\lS

GRADE

Chalcopyrite.
Chalcocite
0.6-4% Cu

Bornite J

sphalerite,
chalcopyrite,
galena
0.9% Cu

0.25-0.7% Cu

Chalcoc'i te I

Bornite
O.B% Cu

Chal copy rite •
molybdenite
1.1% Cu

Chalcopyrite
Up to 2% Cli

Chalcopyrite
Ave. 0.5% Cu

Chalcopyrite
chalcocl te
0.6% Cu

Nolybdenite
less than
0.4% IIoS 2

ORr: IHICK-'\ESS
(FEfT)

Few feet
to IBO

10-BO

Veinlets
3-30 feet
in length

Up to
300 feet

Variable
up to 700

RECOVER)'

Underground &
open pit

Underground
mine

Open pit mine

Block cave
mine and open
pit mine

Underground
mine

Room and pil­
lar mine and
open pit mi ne

Block caving
mine and open
pit mining

I:l'CI;
nPE

Granodio­
rite

Limestone

Porphyritic
granodiorite

Schist

Boulder
Batholith
quartz
Honzonite

Quartzite,
skarn

Limestone,
skarn

Tgneass
intrusives
quartz
monzonite
granitic
intrusives

G:\SGUE
tlIliERAlS

Quartz, chlorite,
calcite, sericite.
magnetite

Quartz, garnet.
marble. clays

Quartz, calcite
clay

Quartz, feldspar

Quartz. orthoclase
plagioclase
hornblende

Quartz. clay,
garnet, opal

Garnet, calcite,
ma~net1te

Quartz. orthoclase,
pyrite, fluorite,
topaz

Cml'IEXTS

Ore type is a por­
phyry copper deposit

Replacement type ore
deposits.

Reserves is 100
million tons.

The pit is operated
by the Kennecott
Copper Corporation

Kerramerican. Inc.
suspended operations
here in 1977.

Classical hydrothermal
vein deposit.

Developed by Anaconda
Corp.

UV Industries operates
the Continental Mine
in Hanover, N.M.

Mine operated by AHAX
Deposit is similar to
a copper porphyry
deposit.

Duluth Gahhro
Com!> I t~X

LIke & St. LOllis 0-5000
Counties. HN

Ch~lc()pyrlte

Pyrrhotite
rf~l1l: Iand I fc.

Variable Gabbro Plagioclase,

olivine. phroxene

Similar to the Sudbury

Canada deposit.



TABLE e
POSSIBLE TARGEST FOR IN SITU COPPER, NICKEL AND MOLYBDENUM OPERATION

(Continued)

DEPTH ORE HINDERALS ORE rtlICKNESS ROCK GANGUE
DISTRICT LOCATION (FEET) GRADE (FEET) RECOVERY TYPE MINERALS

Lordsburg Copper New Mexico 1500- Chalcopyrite Veins, Ave r- Shrinking stope Granodio- Quartz, feld-
Area 2000 2.0% Cu aging mine rite stock spar

Miami Copper Arizona 1000- Chrysocolla 0) 200-~00 Schist Muscovite,
District 2000 0.5% Cu Orthoclase,

Magnetite,
Clay

Safford Copper Arizona Variable
(24)

Variable PEat Solution Andesites,Chrysocolla; ----------
Deposit to 3000 Chalcocite, to 1600 .11ning Dacites

or more Chalcopyrite latites
0.4% Cu

-.'
COMMENTS

No longer in operation

Occidental Minerals
has a pilot leach
mining plant at Miami

U.S. patent 3,951,~58,

states that s pilot
leach plant was erected
here by Kennecott
Copper Co. Permeabili~

of ore body averages 2
md.

N
o
r-I

San Manuel Ore
Body

Pinal County,
Arizona

To 2700 Chalcopyrite ,(2.5) Variable,
Chrysocolla to 1500
0.47-0.74% Cu

Block cave
mine

Quartz
monozonlte,
·diabase

Quart z, plag­
ioclose

Reserves of 1000 millim
tons of sulfide are.

Spar Lake
Deposits

Troy, Montana 0-1100 Bornite,
Chalcocite
0.74% Cu

Approx,
60

Room and
pillar mine

Quartzite Quartz, feld­
spar, clay

American Smelting and
Refining of Spokane
has plans to mine the
deposit in the near
future.

Warren Mining
District

Cochise County
Arizona

Variable,
to 2000
feet or
more

Chalcocite 50-400 1.1mcstone Calcite,
dolomite



Occidental Mineral s is currently operating an acid leach in situ
operation at Miami, Arizona. 3 The Miami, Arizona copper oxide deposit
occurs ina metamorphi c type of ho st rock, wi th schi st as the pri nc i pl e
rock type. The gangue minerals include orthoclase, muscovite, magnetite
and cl ay. The primary copper mineral at Miami is chrysocoll a, averaging
0.5 percent copper. The copper oxide ore is found at depths of 1,000
feet to 2,000 feet, and a thickness of 200 feet to 400 feet. Estimates·
of the resource at Miami approximates 100 mill ion tons of ore.

Most of the copper sulfide ore deposits listed in Table 8 are
located in t he Southwestern Uni ted States, pri nci pally Ari zo na and New
Mexico. In Arizona, some of the copper sulfide deposits which may be ex-
ploited by. ISL methods incl ude the Red Mountain, Safford, Banner, and
Warren Mining Districts. The latter two deposits occur in a limestone
host rock, with gangue minerals which include calcite, dolomite, clays,
garnet, and quartz.

The Banner Mining District has replacement 'type copper sulfide
depo sits whi ch have been mi ned by co nvent ional underground techni ques.
Most abundant mineral s incl ude; bornite,· chal copyrite, sphal erite, and
gel ena, with less abundant mineral s; chalcocite, covell ite and molybe~

denite. The grade of the ore at Banner is 0.9 percent copper. The cop­
per mineral i zed repl acement zone has a thickness of 10 to .80 feet and a
depth of 1,600 feet below the surface. The prlmary copper ore mineral of
the Warren Mining District in Arizona, which is al so found withi.n a
1 imestone host rock is chal cocite.The depth of the copper ore . is var­
iable, possibly to depths of 2,000 feet or more. The thickness of the
copper ore ranges between 50 to 400 feet thick.

The co~permineralization at the Bagdad District in Arizona, as well~
as the Bingham Canyon District .in Utah, is porphyritic type of ore with a
granodiorite host rock. The gangue mineral sassociated with these copper
porphyries include quartz, calcite, chlorite, sericite, magnetite and
clays. . Thepri nci pl e coppermi neral i zat ion incudes; chalcocite,
chal copyrite,and· bornite, with grades ranging from 0.6 to 4% copper.
The depth of the copper sulfide ore varies between 1,950 feet at Bagdad
to 5,000 feet deep at the Bingham Canyon. Bagdad mineral ization occurs
over a thickness of several hundred feet. .

Host rock at the San Mannel, Arizona, Lordsberg, New Mexico, and
Butte, Montana copper di stricts is igneous intrusive, containi ng quartz
monzonite,· granodiorite, and the Boulder Bathol ith, respectively. The
gangue mineral s associated with these intrusives are' quartz, orthodose,
pl agiocl ase and hornbl ende. The Lordsburg and the Butte Copper Areas are
both vein types of ore deposits, with chalcopyrite in the veins, with up
to 2 percent copper. The Butte Copper District is comprised Of a zone of
vei~ets which range in length from 3 to 30 feet down to depths of nearly
5,000 feet. The Lordsburg Copper Area, has copper veins averaging 6 to 7
feet in width, at depths of 1,500 to 2,000 feet, and has been mined by a
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shrinking stope mining' operation. The San Manuel ore body' contafns
cha1 copyrite -and chrysocoll a as primary mi nera1 i zat ion with a grade of
0.47. to 0.74 percent copper. The depth of the ore zo ne extends down to
2,700 feet, with a variab1 e ore thickness which' approaches a maximum of
1,500 feet thick. The San Manuel ore body is being mined by a block
caving, but with an estimated reserve of 1,000 mill ion tons of su1 fide .

. ore, it is likely that in situ leach mining methods might be feasibly
used at this site,sometime in. the future.

Kennecott operated'~ piloi in situ leaching test on cop~er sulphides
at the Safford deposit. -The Safford copper deposit with a. host rock
consisting of andesities,'dacites and 1atites, has chalcopyrite and
~hyrsocoll a as the, primary copper ore mineral s. The grade .of the ore ,at.
Safford averages between 0.47 to 0.74 percent copper. The copper ore
zone at Safford has variab1 e depths, ranging down. to 3,000 feet or more·'
deep. The thickness of the ore is variable up to 1,600feet thick. .

The copper ore deposits of the Central Mining District in New Mexico
are' associated with a 1 imestone/skarn host rock. . The gangue mineral iz­
ation includes calcite, quartz, sericite, clay, pyrite and magnetite.

Deep seated mo1ybedenum sulfide and nicke1sul fide ore deposits
offer some. potential for possible future opportunities for in situ leach
mining ·operations. Two deposits of this type which may be.suitab1e for
sol ution mini ng extraction inc1 ude' the' copper-nickel su1 fides of the
Du1 uth Gabbro Comp1 ex and the C1 imax Molybdenum Deposit. Tab1 e 8 de­
scribes the geologic properties of these tlAO ore deposits •

. The Du1 uth . Gabbro Comp1 ex of Northeastern Mi nnesota consi sts of
multip1e'intrusions of basic igneous rocks of t1titl types, anorthositic
gabbro and layered gabbro. The principal gangue' mineral s are, plagio­
c1 ase, 01 ivine, and pyroxene. The copper/nickel mineralization, with

.. concentrations of one percent in a ratio of 3:1 copper to nickel, con­
sists of the s~fides ch~copyrite ~nd pyrihotite, with lessor amounts of
pent1 andite and cubanite •. The ore mineral s are found at depths ranging

.' from surface exposures to 5,00b feet deep, located primarily in the 10wer '
portion of the Gabbro Complex. Amax Exploration and International Nickel
Company are interested in doing deve10pment1titlrk on the Duluth Gabbro
copper ni cke1. deposi t. 27

The C1 imax Molybdenum deposit is located in Lake County, Colorado,
'about 60 mil es southwest of Denver. The deposit is characteri zed by a
large mineralized intrusive granitic type of stock which is similar in
fonn to a porphyry copperdepo"sit. The grade of the ore' is about 0.4
percent or less of MoS , with' molybdenite as the principal ore min­
era1~28.:' The host rock isa series of granitic quartz monzonite dikes'and
sills which have intruded the Idaho Springs Formation, resulting in at
1east four· major hydrothermal events.. The ore takes the primary form of
finely crystalline rrio1ybderiitewhiCh is intergrown with quartz in
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fractures and irregular veinlets less than 0.25 inches thick.29 The zone
of mineral ization is variable in thickness, up to 700 or more feet thick,
and ranging in depth from surface exposures down to 1,600 feet deep.
Gangue minerals consists primarily of quartz, with which the ore is
i ntergrown. Ot her gangue i ncl udes orthocl ase, fl uo rite, pyrite, and
to pa z.

The JlMAX Corporation exploits the molybedenum at cl imax by means
of a block caving underground mine and an open-pit mine to augment the
underground operation. It is possible that one day in situ leach mining
methods might be employed at Cl imax to extract molybdenite ore which
cannot be economically mined by other means.

GEOCHEMISTRY

The selection of a suitable leach solution for ISL mlmng is related
to metal type, the form of the mineral containing the metal, and the host
rock. For exampl e, factors such as the composition of the ore mineral,
the rate of solubilization of the ore, the interaction of the solvent
with the gangue mineral s. the permeabil ity of the host rock, and the
interaction of the leaching solvent with the well equipment need to be
considered prior to the determination of the type of solvent which will
be used. The two basic varieties of leaching solvents used in ISL mining
of copper and uranium incl ude al kal ine sol utions and acidic sol utions.
The use of an oxidizing agent is usually required in conjunction with the
sol vent for 1eachi ng of urani um and sul fi de ores. Because corro si ve
fluids are used in ISL mining, appropriate materials of construction .need
to be selected for the dovmhole and" surface equipment used in the mining
process.

Acid 1ixiviants which are used in ISL mlmng t" extract copper and
uranium minerals include sulfuric acid (H SO), hydrochloric acid (Hel),
and nitric acid (HNO). The most common solvent is sulfuric acid.

Depending upon the nature of the gangue minerals associated with the
uranium ore, an acid leach solution may be chosen as the type of solvent
for the ISL process. Sulfuric acid is the principle type of acid solvent
chosen for uranium. as seen in Table 9. The uranium is oxidized by an
oxidizing agent, and then the sul furic acid sol ution maintains the
urani um in sol ut ion as a urani um sul fate compl ex. Once the urani um
minerals are mobilized, the solution flows through the mineralized zone
to a production well, where the pregnant sol ution is removed for
processing. Sho~d s~fate percipitate between well s uranium may al so be
lost from sol ution.
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The acids which are available for use as leaching solutions in the
extraction of copper include sulfuric acid, nitric acid and hydrochlor,ic
acid, with sulfuric acid being the most commonly used (see Table 10).
A basic requirement in the acid leaching of copper is to maintain the pH
of the solution at conditions below a pH of 3.0. Above a pH of 3.0, the
copper solubil ities are questionable with many varieties of other phases.

For copper sulphides, an oxidizing agent is required to solubilize
the copper.· These chemical agents are di scussed in a subsequent sec­
tion. Acid strengths are rel ated to the desired level of copper enrich­
ment and the amount of attach of acid on the gangue. For sulfuric acid
leaching of oxides, a minimum of 1-1/2 lb of acid are required for each
lb of copper oxide solubilized. Experience indicates that at least 51bs
of acid per 1b of copper' is requi red to accommodate both gangue and,
copper di ssol ution. As an exampl e, if it. is desired that 3 gpl copper be
produced, 15 gpl of H2S04 should be injected at 5 lbs acid/lb copper acid
cons8Mption. .

Typical alkaline leach· solutions which are employed in uranium ISL
operations i ncl ude dil ute concentrations of ammoni urn carbonate-bicarbon­
ate and sodium carbonates. 1 An ammoniacal 1each 1iquid used with an
oxidi zi ng agent can be utilized to 1each copper sul phide mineral s in a
basic type of system. An ammoniacal 'leach is also possible for copper
oxide.s, and might be considered if cal cite content in an oxide is very
hi gh.

When uranium deposits occur in basic rocks such as·l imestones
and carbonates, a sulfuric acid leach solution can be very expensive,
because the addis consumed by the gangue. In cases such as this, a
basic leach solution such as ammoniumcarbonate or sodi.um carbonate would.
be more appropriate. t10st in situ' uranium leaching is performed with
al kal ine sol utions. .

The most common solvent for 'urani umrecovery is ammoni um carbonate­
bicarbonate, which is used extensively in the South Texas and Wyoming in
situ uranium operations. The pH of the lixiviant is in the range of
6-8.8. A disadvantage ·of the ammonium carbonate-bicarbonate solvent for
uranium mineral deposits is that a saturation of the cl ays with ammonium
ions in the ore body may resul t and thus may prolong the fl ushi ng treat­
ment nec~ssary for restoration. 3 Secondly, the ammonium carbonate­
bicarbonate. sol vent may cause env i ronmental poll ut ion if the ammoni a
converts to nitrates. An alternate alkaline leach solutionis "sodium
carbonate, which is usuabl e in urani um ore bodies that have a character­
istically high sodium content. Studies have shown that sodium swells

clays, thereby reducing the permeability of the ore body. 3D This problem
would not occur in ore bodies \.,rhich are high in sodium content. An
oxidizing agent used in conjunction with an aequeous solution of sodium'
carbonate or "ammonium carbonate-bicarbonate will mobilize the uranium as
a sol ubl e urani urn carbonatecpmpl ex, see Tabl e 9. The sol ubl e urani urn is
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then carried in sol ution through the mineral ized rock 1ayer, and on to
the production well.

In the ·basic copper 1each system, a compl exing agent such as NH 3 is
needed to carry the metal in. sol ution.· The NH 3 reacts with copper to
form a cupric amine ··complex [Cu (NH3)4J+2. This reaction requires
4MNH3 per 1M Cu to maintain the complex in solution. Ammonium sulfate
or ammoni um nitrate is used for pH control ~

An advantage in using the basic system over the acid solvent system
can be seen in the case of a copper ore body associated with acid soluble
gangue minerals such as clays and feldspar. These gangue minerals will
not interact with the basic 'solvent and disrupt the pH control of the
system, as happens with ac id ic types of sol vents. A di sadvantage of
using a basic solvent system for copper leaching is due to the nature of
the cation cupric amine com~ex, which can ion exchange with other cation
exchange gangue minerals .in the host rock, such as stilbite,
montmorillonite, etc •.

Site specific criteria relating. to the type. of mineral to be
extracted, the host rock, the gangue mineralization, etc., will 'determine
the leaching solvent chemistry which is E;!mployed in an ISL operation.

Oxidants must be used when reduced l'Jrani um
mol ybdenum or ni ckel sul fi des are to be 1eac hed.
acts to mobilize the metals in solution in order
carried in sol ution to the surface and extracted.

mi neral s or copper,
The oxidizing agent

that the ore can be

Some uranium m.inerals occur in a native insoluble valance state (+4)
and can onl y be recovered by in situ 1eachi ng if they are fi rst ox id i zed
to a more soluble form, i.e., the +6 valance state. An oxidizing agent
must be employed with the leach solution to oxidize the plus-four valance
state (U0 2) to the plus-six valance state (U0 3) in order for the uranium
to be leached out. 31 Hydrogen peroxide and oxygen are the most commonly
used oxidants for uranium solution mining.
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Acidic

Sulfuric Acid
H2S0 4

Al kal ine

Table 9

SOLVENTS FOR URANIUM LEACH.ING

Uranium Mobil ization Fonn

Uranium Sulfate Com~ex

[U0 2(S04)3r 4

Ammonium Carbonate·~ Bicarbonate
. (NH 4)zCO 3 - NH4HCO 3 "

Sodium Carbonate
Na2C03

Sol ubl e Uranium Carbonate Compl ex
(NH 4h U02(C03h + H2)

Sol ubl e Uranium Carbonate Compl ex
Na4U02(C03)3 + H20

Tabl e 10

Acidi'c

Bas ic

SOLVENTS FOR COPPER LEACHING

Sul furi C' Ac i d
Hydrochloric Acid
Ni tr i c Acid

Ammonium Sulfate
Ammoni um Nitrate

. Peroxide .is easier to inject than oxygen, but it is ten times more
costly.32. Both peroxide" and oxygen may reduce 1 iquid permeabil ity, if
the oxygen concentration exceeds the sol uble 1evel at the deposit
pressure. Chlorate is a totally liquid soluble oxidant which is rlOt~used

very often in solution mining because it is cost prohibitive.' A
disadvantage of using chlorate as an oxidizing agent is the formation of
an end product of chlorate oxidation, Cl-. The chloride ion may
interfere with the extracti 0 n of urani \,1m in the surface pl ant and al so
cause corrosion probl ems.

: Copper oxide ores such as azurite, malachite and chrysocollado not
require oxidation prior to leaching. Only copper, nickel, and molybdenum
sulfides need an oxidizing "agent. The main purpose of the oxidizing
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agent in 1eaching cha1 copyrite, for examp1 e, ;s to break the chemical
bonds holding copper in the ore by oxidizing the sulfide' and iron
components. In the chalcopyrite mineral, the sulfide is'in the-2
state. After oxidation, it may go to e1 ementa1 sulfur (+0) or to
sulfate, S04=' (+6 state). Once the mineral is oxidized, the leach
solvent is able to dissolve 'the copper component. 32 The amount of
oxidant required in copper leaching is dependent upon the final oxidation
state of the su1 fide.

Types of oxidizing agents used for copper sulfide leach mining
'i nc1 ude

oxygen gas
hydrogen peroxide
metal1 ic ch10rates
ferric chloride (sol ub1 e only in highly acid sol utions)
ferric sulfate (soluble only in highly acid solutions)

An important consideration to be made in the usage of oxidants is the
impact of the oxidizing solutions upon the materials of construction of
downho1 e and surface equipment. Oxide copper mineral s a'nd some uranium
mineral s which do not require an oxidant with the 1eachi ng sol ution
permit a wider array of material s to be used than a system using an
oxidizing agent. This will be dealt with more succinctly in the section
on corrosion of material s.

CORROSION OF EQUI RvlENT

The use of conventional water well or oil field equiperimt in leach
mining may create prob1 ems with corrosion of the material s of construc­
tion, and thus reduced usuab1e life of ,the hardware. Much of the,oi1
well and water well down ho1 e and surface equi pment is not capab1 e of
functioning properly in the corrosive solutions which are characteristic
of in situ leaching of copper or uranium minerals. For this reason,

_ special material s of construction may be needed for the equi pment used in
leach mining, to withstand the corrosive downhole environmental which is
associated with the in situ leaching of minerals. Some uranium minerals
and copper oxide minerals, which can be leached with dilute acid and
basic sol utions, do not cause as much corrosion to the equipment as those
uranium and copper sulfide mineral swhich require oxidizing leach
solvents. 33

Much of the surface equi pment and downho1 e equi pmentemp1 oyed in
leach mining has special needs for their materials of construction,
dependent upo n the type of phys i cal enviro nment (temperatures and
pressures) and chemical environment to which it is subjected. Surface
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pumps employed in the 1each mlnlng of copper and uranium mineral s are
readily avail able from many of the variety of surface centrifugal,
rotary, or gear pumps appl icabl e to acid or al kal ine sol utions. Types of
metallics for surface pumps include various grades of bronze alloys,
stainl ess steel s, fiberglass, etc. Downhole pumps used in the production
wells for. leach mining generally need to operate at flows between 25-100
gpm, with 500-1000 feet of head. Typi cal' material s of constructio n for
copper and uranium leach operations include stainless steel and carbon
steel. 33 .

Shallow ;·njection well swhich operate at low injection pressure can
be cased with cas.ing strong made of PVC. FRP casing or a type of carbon
steel and stainl ess steel or FRP combination casing is used in deep in­
j ect ion well s.

Injection tubing is' normally constructed of RFP for in situ leach
appl icat ions. Many urani um 1eaching . operations in Wyoming and South
Texas employ screens made of PVC when al kal ine 1each sol utions such as
ammoni um carbonate-bicarbonate are employed. 1 Where dil ute sul furic acid
solvents are used as'leachingsolvents for uranium minerals, as in parts
of Wyomi ng, eit her sta i nl ess steel or PVC types of screens are
utilized. Generally, a stainless steel screen would serve for copper or

'urani um leach operations. .

A variety of APl cements·, Portland cements, and AS1M cements is
avail able for downhole and surface appl ications. Type V AS1}1cement,
which has highly resi stant properties, has been employed for construction
of pits used in copper recovery from acid sol utions. For highly cor­
rosive environme'nts, such as those employing sulfuric acid solutions, an.
epoxy cement appears to have the chemical properties which can withstand
exposure to these 1eaching environments. Additives are avail abl e which
can be used in conjunction with Portl and cement to tailor a cement to the
specific type of chemical and physical' environment which exists in a
1eachi ng 0 perat ion.

Packers for use in 1eaChmlnlng well s are avail abl e as special ty
items in flatable, tension and hydraulic setting models.

Material s avail abl e for constuction of downhol e and surface equip­
ment for 1eachi ng of copper and urani um mi neral s need to be cho sen
carefully to minimize the occurrence of corrosion. Those materials which
can withstand the acidic or al kal ine sol utions employed in leach mining
incl ude:

Polyvinvlchloride (PVC)
Fiberglass Reinforce Plastic (FRP)
El astomers
Sta i nl ess Steel s
Carbon Steel
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PVC is a type of plastic which is suitable for use as well as casing
material s, and in.piping, fittings, and valves. It has 1 imited appl ica-
tions, and it is best suited for low-temperature ahdlow-pressure
environments. PVC pl astic can be used in dilute .acid, basic, or oxi-
dizing solutions. .

Fiberglass reinforced pl astic is a type of reinforced epoxy material
which has high-pressure uses. It can be used as, material for tubing,
casing and Piping in either dil ute acid or basic leaching sol ution
appl ications. 3 In oxidi zi ng sol utions the RFP has only marginal' to poor
durabil ity, which 1 imits the use of FRP material s in certain uranium and
copper sulfide minerals leaching.

Of the 300 series of stainless 'steel s, ,316 s.s~ is probably the most
resistant to corrosion. To be utilized in dilute acid leach solutions,
the 316 s.s. must have a passive metal coating over the equipment to
protect it from corrosion. In an oxidizing environment, the passivation
will be maintained more readily than in a nonoxidizing environment.
Variations in the flow rate of the solutions can cause damage to the life
of passive metal coatings on the equipment. Once the pass"ive surfaces
which coat the 316 s.s. are removed, activated corrosion can take place.
more rapidly. Finally, 316s.s. is more suitable for use as a material
of 'construction for equi pment subject to. low temperatures and
concentrations than for high temperatures, where corrosion rates for 316
s.s. are more rapid.

The use of carbon steel as a material of equi pment construction for
leach mining appl ications has very limited usage in the fi.eld for casing
and piping. Carbon steel has a field life of only about six months for
leach mining a'pplicat ions.U nl ess the' oxygen can be completely removed
from the' system, the carbon steel equi pment will rapidly corrode •.

Thus, for longer term operations, carbon steel is too corrosive to
. be used. However, for very short term 1each mining or pil ot test opera­
t ions on the order of' one month duration, carbon steel equi pment may be
util ized readily due to its rel atively inexpensive price and its avail­

- ab il ity.

The nature of the chemical env ironment of a 1each mi ni ngoperatio n
will determine which material s of equi pment construction- can be sel ected
for a specific operation. It has been shown here that certain.materials
are more resistant to corrosion in an oxidizing solution, for example,
than in a nonoxidizing solution. Further, it was observed that certain
elastomers ha"ve excellent acid resistance, and thus would be a good
choice of material in a dil ute acid 1each environment.

In selecting the material s of construction for surface and downhole
equi pment in 1each mining operations, the operator needs to analyze the
site specific chemical conditions which exist. at a given location. He
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needs to determine whether an alkaline or acidic leaching solution will
be employed to extract the copper or urani um mi neral s.· When reduced
uranium minerals or copper sulfides are to be leached, it will be neces­
sa ry for the operator to deci de what type of ox i di zing agent shoul d be
ut il i zed. Looking at the nature of the aequeous fl ui ds whi ch are em­
ployed, the pH of the sol vents, the needs to select material s for the
downhole and surface equipment which will be capable of functioning
adequately in that particular environment, without being destroyed by
corrosion.



APPENDIX C

DRILLING AND COMPLETION PROCEDURES

Drill ing and compl et ion procedures· are 9iv·en for each well bore type
as ap~ied to a 2,ooa feet are body depth.
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PR OC EDURE FOR DR ILL! NG 2, OOO~F EET CONVE NTIONALWELL

1. Drive 9-5/8...,inch pipe to ± 20 feet.

2; Drill 7-7 18-inch· hol e to 2000 feet.

3. Co nd it ion mud and pull 0 ut 0 f hole.

4. Run appropriate logs.

5. Run 5-1/2-inch fiberglass CSG to 1D ± 2000 feet.

a. A cement basket should be on bottom joint to anchor the 1 ight
weight fiberglass CSG.

6. Co nd i t ion mud.

7. Pump prewa sh fl ui d.

8. Drop bottom cement pl ug.

9. Pump suffi c i ent cement vol ume to fi 11 annul us.

1O. 0ro p to p plug.

11. Dis~ace cement with mud.

12•. Wait on cement.

Completion of Injection Well

1. Perforate. appropriate interval.

2. Run 2-7/8-inch tubing with Baker Model JJ retrievable packer (or
equivalent packer designed for fiberglass CSG).

3. Set packer appropriately above injection interval.

Completion of Production Well

1. Same as per injection well except electric pump is run below packer.



PROCEDURE FOR DRILLING TR.IPLE BRANCH WELL OUT OF 13-3/8" CASING

1. Drive 20- inch pi pe 20 ,feet ±.

2. Drill 17-1/2-inch hole to 1,353 feet.

'3. Run 13-3/8-inch casing to TO with a whipstock drill ing guide as a
bottom joint containing a wirel ine retrievable drill ing guide known
orientation relative to the guide.

4., Ret"rieve gyroscope with wirel ine to determine orientation and
dev i at ion 0 f drill i ng guide. ' ,

5. Rotate casi ng to achieve proper orientation of whi pstock assembly.

6. Go in hole with workstring and stab' into seal receptacre above float
coll ar. '

7. Condition mud and drop preceding cement pl ug.

8. Pump appropriate cenent vol ume to cement 13-3/8-inch casing to
surface.

9. Drop top cement plug and displace with mud.

10. Pull work stri ng •

.11. Wa it on cement.

12. Rig up 4-1/2-inch bit and drill ing, assembly with al ignment coll ar
keyed to guide drill assembly into vertical drill ing guide.

, ,

13. Go in hol e with drill ing assembly and rotate to al ign .9uide coll ar
with indexing d6g.

14. Drill vertical' hol e to 2000 feet.

15. Run appropriate log through drill pipe.

16. Condition mud and pull out of hole with drill ingassembly and guide
collar. .

17. Modify guide collar· to index drilling assembly into bottom (first)
branch whipstock •

. 18. Go in hol e and rotate to al ign guide coll ar with indexing dog in
whipstock assanbly.



19. Directionally drill bottom branch building angle at 5°/100 feet (for
a 200-foot well spacing). Drill to 2,040-feet measure depth which
will yield 2,000-foot true vertical depth. Directional survey as
needed.

20. Log through drill pi pe to be sure bit penetrated entire ore body.

21. Condition mud and pull drilling assembly and alignment collar out of
hol e.

22. Modify alignment collar to index drilling assembly into top (second)
branch whipstock.

23. Go ,in hol e with 4-1/2-inch drill ing assembly.

24. Rotate drill pipe to index al ignment coll arcin internal al ignment
dog.

25. Drill directional hole building angle at 5°/100 feet to a measured
depth of 2,040 feet (200-foot wellspacing) or a TVD of 2,000 feet.

26. Log through drill pi pee

27. Condition mud, pull drilling assembly and alignment collar out of
hol e.

Compl et io n Procedure

1. Run a 760-foot tripl e string of 2-7/S-inch fibergl ass with cement
baskets on shoes to act as casing anchors and prevent fiberglass
from fioating during cementing operation.

2. 'Install 'triple tubing hanger with double acting slips in string with
1eft-hand safety connections above hanger.

3. Run remainder of triple tubing string ± 1,240 feet.,

4. Stab tubing into whipstock assembly and simultaneousJy run into the
3 open holes (mud can be' circufated through individual strings if
necessary to cl ean out ftll. '

5. ,Condition mud by simul tarieously circul ating down all string.

6. Simultaneously drop bottom cement plugs in allstri ngs.

7. Pump cement simultaneouslY in triple string using special surface
manifold or tWJ cement trucks for sufficient vol ume to fill whip­
stock assembly with cement.



8. Set tubing hanger.

9. Release safety connection in one tubing string and reverse out any
cement above hanger.

10. Screw tubing back in hanger.

11. Wait on cement.

12. Perforate appropriate interval s in each branch.

13. Rig up injection manifoldand begin injecting.

For Producers

14. Back all tubing out of hanger and pull.

15. Rig up electric pump and retrievable packer on 4-1/2...,inch tubing.

16. Run sufficient 4-1/2-inch tubing to set pump 10 feet above hanger.

17.· Set packer and rig up surface production manifold.

18. Pump comingled fl uid from the three branches.

Co st Est imate

The cost estimate for drill ing a 13-3/8-inch branch well at 2,000
feet is broken down into four sections. The first section details rig up
cost which incl udes all expected expenses required to move a rig on to
1ocat ion. Co sts refl ect a drill i ng contractor l s. est imate of time and
expenses rel ated· to rigging up a small rig on a good site within 50 mil es
of Houston. .

Intangible drilling costs consist primarily of rig expenses. It was
estimated that three days wOuld be required to set 13-3/8-inch casing at
1,353 feet. A .small rig with additional pumps and drill ing equipment
sufficient to drill a 17-1/2-inch hole was priced at $6,000 per day. An
additional 7 days of rig time were allotted to directionally drill the
branch holes. Directional drilling costs reflect estimated charges for
direct io nal drill er . and equi pment.

Tangible costs are those related to purchased items. such as casing
or tubing. Cost estimates reflect typical pricing in the Houston area.
during the last quarter of 1979.



Production well s typically cost more than injectors. The fourth
pricing section reflects those expenses relating to production pumps and
downhole.assemblies. .

. -The $122,603 total estimate per drain area is the cost of one pro-
ducer pl us the co st -of 0 ne inject ion well. Thi s total wi 11 be used in
cost compari sons \"ith other well schemes.



PROCEDURE FOR DRILLING TRIPLE BRANCH WELLS OUT OF 9-5/8" CASING

1. Drive 13-3/8-inch,pipe ± 20 feet. .

2. Drill 12-1/4-inch hole to i 1,350feet.

3. Run 9-5/8-inchcasing to TO.

a. The bottom joint contains branch drill ing guide, precut windows
for branch hol es and cement i ng float coll are See Figure 8. A
gyroscopic survey tool is positioned on the guide referenced to
the index i ng dog.

b. Retrieve gyroscopic survey tool with wireline and determine
orientation of drill ing guide.

c. Orient whipstock windows appropriately to achieve proper branch
hole configuration.

4. Go in the hole with \-.ark string and cement casing through seals in
fl oat coll are

5~ Pull \\Ork string out of hole and rig up 6-inch bit and drilling
ass enb1y •

6. Drill 6-inch vertic~ branch through the bottom of the drill i~g

guide to total measured depth of 2,040 1
• Note each branch will be

equal in measured length to simpl ify casing-installation.

7•. Log open hole section through drill pipe to 'verify ore thickness.

8•. Condition mud and pull out of hol e.

9. Rig up whipstock assenbly and go in hole.

10. Orient whipstock on internal i,ndexing dog in the drill ing guide and
set.

11. Di sengage running assembly from whi pstock and pull •

• + 12. Rig up 5-irich Dyna-Drill assembly and 6-inch bit.

13. Drill first directional branch using the whipstock as a guide to
direct drill ing assembly through window in casing. For a 200-foot
well spacing build angle at 5°/100 feet. Take single shot direc,,:,
tional surveys as needed - measure depth at m 2,040 feet,T\tD 2,000
feet.



14. Log open hol e section through drill pi pe to verify ore thickness.

15. (() in hole with whipstock pull ing assembly and pull whipstock.

16. Modify assembly to orient whi pstock toward second window in casing.

17. Run in hole with whipstock and orient on internal indexing dog to
face upper window.

18. Set whipstock and pull installation assembly.

19. Rig up 5-inch Dyna-Drill* and 6-inch bit and go in hole.

2.0. Drill throug h upper branc h wi ndow build i ng angl e at 5 0 /100 feet.
Run directional survey as needed. Total measure depth should be
2,040 feet or 2,000 feet true vertical' depth.

21. Run appropriate 1ogthrough drill pipe to verify ore 'thickness.

22. Condition mud and pullout of hole.

,23. Rig up whipstock assembly and go in hole.

24. Pull whi p'stock. '

Casi~gProcedures

1. Rig up tubing guide assembly and run in hol e.

2. Orient tubing guide on internal indexing dog, set guide, then pull
running assembly. '

3. Run 760 feet tripl e string of 2-7 IS-inch fibergl ass with cement
baskets on bottom to prevent fiberglass from floating out of hole
dur'ing cementi ng.

4. Install tri~e tubing hanger in string with left hand safety
connections above hanger.

5. Run .remainder of tripl e tubing stririg i 1,240 feet.

* Reference to specific brands, equipment, or trade names in th,is report'
is made to facil itate understanding and does not imply endorsement by
the Bureau of Mines.



6. Stab tub ing into· tub ing guide and run ·into open hol es. (Note mud
Can be circulated through individual.str·ings if necessary to clean
outfi.ll.) ,

7. Rig up cement head. '

8. Condition mud.

'9. Simul taneously drop bottom cement pl ug in all three strings.

10. Pump cement simultaneously through three strings of tubing' using
special surface manifold or two cement trucks (sufficient vol ume to
fill tempT ate with cement). . "

11. Sfmul taneousl y dro p, to p cement pl ug sand di spl ace wi th mud.

12. Set tubing hanger.

13. Rel ease one tub i ng stri ng above hanger and reverse .out any cement
above hanger.

14. ' Sc rew bad into ha ng er.

15. Wa it 0 n cement.

16. Perforate' each branch.'

17. Rig up surface injection manifold.

For Producing Well

'1. Release all 2,-7/8-inch tubing from'ab,ove hanger,and.,pull.

2. Run 4-l/2-inch tubing with packer and el ectric pump.

3. Set packer above tubing hanger~

4. Rig up surface pumpi'ng manifold and begin pumping.

Co st

The 9-5'/8-inch-branch compl etion concept was priced in the ,same' man­
ner as the 13-3/8-inch. ,Costs were, broken up into 1), set'upexpenses, 2)
intangible drill ing expenses., 3)' tangible expenses, and 4) additional'
production costs for' pump ,'and downhol e assembl ies. '



Essenttally the total well cost for one producer pl us aile injector
are comparable for both the 9-5/8-inch branch concept ($125,924) and the
13-3/8-inch ($122,600). The rig rate per day for drilling.a 12-1/4-inch

hole and setting 9-5/8-inch casing is estimated to be less. Reduced-pump
capacity is required to circul ate cuttings and small er drill coll ars are
used to maintain the vertical hal e direction. However, these savings are
offset by additional rig time required to drill and compl ete branch well s
in smaller casing.' .



PROCEDURE FOR DRILLING DRAIN HOLE WELLS OUT OF 7" CASING

1. Drive 9-5/8-inch drive pipe :t 20 feet.

2. Drill 8-1/2-inch hol e to j- 25 feet above midpoint of pay with
deviation less than 3° from verticle at TO.

3.. Run and cement 7-inch CSG.

4. Go in hale with 4-3/4-inch bit and driJl vertical rat hole through
cire body (core if desired).

5. Run appropriate 109.

6. Take single shot survey to determine deviation and direction of rat
hol e.

7. Compute anchor,length and whipstock face orientation that will'
achieve the desired drain hol e el evation' and orientation.

8. Run whi pstock assembly ,i nto hal e.

9. Orient whi,pstock face with gyroscopic surveys into orienting sub
above whi pstock 1atch, surveying after every surface rotation.

10. Pl ant whipstock after properly faced and condition mud to
incorporate extreme pressure,lubrication properties.

,11. Go into hole with angle building assembly and drill 3°/ft (l9-foot
radius) portion of'drain hole. Drill approximately 30 feet.'

12. Pull drill ing assembly out of hole and survey with magnetic 120°
angle unit single shot tnstruments to verify 90° turn achieved.

13. Go in hole with stabilized drilling assembly.

14. Drill 50 to 80 feet of 1ateral.

15. Pump down survey tool and pull out of hole.

16. Repeat Steps 13 through 15 until total drain hol e is drill ed (i 200
feet) •

17. Co nd it ion mud.

18. Pump down fin~ survey tool.

19. Pull drill ing assembly out of hol e. (Note: Leave whi pstock
assembly in rat hole as casing guide.)



Procedure for Casing 200-foot Drain Hole with 19-foot Radius of Curvature
at 2,000 feet

1. Run.t 200-foot Cofl eXip 4-inch DO Fl exible Pi pe (production interval
slotted or perforated prior to install ation).

2. Install special casing anchoring cement basket above slotted
.Co fl exi p.

3. Run 30 feet of Cofl ex i p (not perforated) above cement basket.

4. Run ± 20 feet of 2-7 IS-inch fiberglass (sufficient to extend inside
7-inch casing).

5. Run tubing hanger assembly with left hand safety connection on top.

6. Run 2-} 18-inch fibergl ass to surface.

7• Co nd it ion mud.

8. Drop special wireline retrievable-- leachant soluble cement plug.

9. Pump appropriate cement vol ume to fill casing with cement below
hanger.

10. Pump to p cement pl ug.

11. Di s pl ace cement with mud.

12. Set tubing hanger.

13.· Rel ease tub ing from above hanger and reverse out cement. .

14. Screw tubing back into hanger and retrieve cement pl ugs with
. wireline retrieve tools consisting of a fishing grapple with 30 feet

of fl exibleweights and 20 feet of sol id weights.

15. Spot acid todi ssol ve pl ugs (if pl ugs not retrieved by wi rel ine).

16. Wait on cement.

17. Put injection well on 1 ine.

If Producer

1. Release tubing from hanger and pull out of hole.



2•. Install el ectric pump and go back in hol e with 4-1/2-ir)ch tubing.

3. Latch into hanger and begin production.

Co st Est i mate

Cost esttmates for drainhol e drill ing are based on the same param­
eters as. the branch well s. Expenses are broken down into' 1) set-up
costs, 2) intangible costs, and 3) tangible costs and special costs asso­
ciated with production.

The time required to drill a 200-foot drain hole and the $22,300 for
direct ional driller are co st est imates furnished by Don Hol bert.

For cost compari so n with other compl et io n schemes it is suggested
that one 200-foot drain hole essentially replaces two conventional wells
in a 200-foot, 5-spot pattern. The effective cost per drain area is one­
hal f the' co st 'of a producer pl us one- hal f t he co st on i nj ector 0 r .
$152,850, compared to $181,700 for conventional well s at 2,000 feet.

..
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APPENDI X D

COST ESTIMATE DATA

This portion of the report gives a breakdown of cost estimates for
t he fa 11 owi ng we 11 s•.

Page

.' .

Conventional

500 ft • . .
, .

2,000 ft ....
5,000 ft

., . .
. ". . . . . . '. . .

127
·128
129

Tri pl e Branch out of 13-3/8" Casi ng .

2, 000 ft . .
5,000 ft ..

. . . '.. . '. . . .
., . . . 130

131

Triple Branch out of 9-5/8" Casing

2, 000' ft . .
5, ado ft 0 0

Doubl e Branch out of 9-5/8" Casi ng

2,000 ft • 0 0 0 0 0

5,000 ft • 0 0 0 • 0

Horizontal Drain Hole out of 7" Casing

. . . .., . .

...

132
133

134
135

500 ft . . '., ..
2, 000 ft . • 0 • • 0 0

5,000 ft 0 • 00 • 0 0 ••

Horizontal Hol e out of High Curvature Borehol e

136
. 1'37
144

50 0 ft 0 0

2, 000 ft 0 •

5, 000 ft.

126

.. . . . ... . .
145
148
149



Rig Up Cost

Well Type 500 I Conventional

1. Site Prep $ 1,000
2. Trans port 1,000
3. Riq Up Charqe -
4. Day Work days @ $ Iday -

TOTAL RIG UP COST $ 2,000

Intangibl e Drill ing Co st

1. Drill inq Davs 1 @ $ 3,750/dav $ 3,750
2. Mud Chemical s -
3. Cement (Conventional CSG) 1,000
4. Ca si nq Crew and Eoui pment Rental -
5. Tran spa rt -
6. Riq Dav Work 1/2 days @ $ 3, 7~0/daY 1,850
7. oi rec t i a na lOr ill er days @ $ Idav -
8. Supervision 500
9. Cementino (Branches, etc. ) -

10. Open Hal e Laos -
11. Perforati no -

TOTAL INTANGIBLE COSTS $ 7,100

Tang ib1e Co st s

1. Drive Pi pe $ 500
2. Surface CSG in; ft @ $ 1ft -
3. Protection CSG in; ft @ :Ii 1ft -
4. Product ion CSG Type !:l-1 I~ . !:l00 ft @ $ 10. 901ft 5,4~0 Fi bergl ass
5. Conventional Packers -
6. Compl etion Templ ate{ s) and Tub inq Hanqers -
7. Dri.ll ino Templ ate( sl -
8. Tubinq Type ; ft @ :;; 1ft -
9. Tub i nq Type ft @ $ 1ft -

TOTAL TANGIBLE COSTS $ 5,950

TOTAL COST INJECTION WELL $ 15,050

Add it ional Cost for Production Well

1. Tub i nq Type 2-3 18 ; 300 ft @ $ 2.46/ft $ 750
2. Less Tubing Changes from Injection Well Type

; ft @ $ 1ft
3. Packer( s) -
4. Pump and Downhol e Assembl y 4,000
5. Stainless Steel -

Producer(s) Net Additional Co st $ 4,750

TOTAL COST PRODUCER(S) $ 19,800

Effective Cost per Drain Area
I-Producer $ 19,800

+1 - I nj ec to r $ 15,050
TOTAL $ 34,850
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Well Type 2,000' Conventional

Rig Up Cost

l. Site Prep $ 1,500
2. Trans port 2,000
3. Riq Up Charqe 3,000
4. Dav Work 2 davs @ $ 3,750/daY 7 500

TOTAL RIG UP COST $ 14,000

I ntangibl e Drill i ng Co st

1$l. Drill ing Days 3 @ $ 3,750/day 11,250
2. Mud Chemical s 500
3. Cement (Conventional CSG) 4,000
4. Casi ng Crew and Equi pment Rental 1,000
5. Transoort 1,000
6. Rig Day Work 2 days @ $ 3,750/day 7,500
7. Di rectional Drill er days @ $ Iday -
8. Superv i si 0 n 1,500
9. Cement i nq Branches. etc.) -

10. Upen Hoi e ogs L, :,UU
II. Perforatin~ 2,800

TOTAL INTANGIBLE COSTS S 32,050

Ta ng i b1e Co st s

l. Drive Pi pe $ 2,000
2. Surface CSG in' ft @ $ 1ft I -
3. Protection CSG in; ft @ $ 1ft -
4. Production CSG Type 5 -1 12 ; 2,000 ft @ $ 10.90/ft 21,800
5. Conventional Packers 4,000
6. Compl etion Templ ate( s) and Tub ing Hangers -
7. Drilling Template(s) -
8. Tub i ng Type L-Ij'd; L,UUU ft @ :t> .:i.:'U/ft 7,000
9. Tub i ng Type ; ft @ $ 1ft -

TOTAL TANGIBLE COSTS $ 34,800

TOTAL COST INJECTION WELL $ 80,850

Add it ional Cost for Production \Jell

l. Tub i nq Type ; ft @ S 1ft S -
2. Less Tubing Changes from Injection Well Type

; ft @ $ 1ft -
3. Packerl s) -
4. Pump and Dovmho \ e Assembl y ~O 000
5. Stainl ess Steel -

Producer( s) Net Additio nal Co st $ 20,000

TOTAL COST PR ODUC ER (S ) $100,850

Effective Cost per Drain Area
I-Producer S 100,850

+1 - I nj ec to r $ 80,850
TOTAL $ 181,700

.- -- -------- - - ------- -----:;::-------
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Well Type 5000 I Co nventio nal

Rig Up Cost

1. Site Prep $ 2,000
2. Transport 3,000
3. Ri q Up Charge 3,000
4. Dav Work 2 days @ $ 4 550/dav g-,TOD

TOTAL RIG UP COST $ 17,100

Intangibl e Drill ing Cost

1. Drill inq Days 7 @ $ 6,000/day $ 42,000
2. Mud Chemical s 5,000
3. Cement (Conventional CSG) 1,OnO
4. Ca si nq Crew and Equi pment Rental 3,500
5. TransiXlrt 7,--sDlJ
6. Ri q Day Wo rk 2 days @1 6,000/dav 12.000
7. Di rectional Drill er days @$ Idav -
8. Supervi si 0 n ,500
9. Cementinq [Branches, etc. l .000

10. Open Hol e Loqs 3,000
11. Perforatl nq 5,000

TOTAL INTANGIBLE COSTS $ 83,500

Tang i b1e Co st s

1. Dr iv e Pi pe $ 2,000
2. Surface CSG 9-518 in' 300 ft @ $. 11. 601ft 3,480
3. Protection CSG in; ft @ $ 1ft -
4. Prod uc t io n CSG Type 5-1 12 ; 5,000 ft @ S 10. 901ft 54,500
5. Co nventional Packers 4,000
6. Compl etion Templ atelsJ and Tub inq Hanqers -
7. Drill inq Templ ate( s) -
8. Tubinq Tvpe 2-7/8 ; 5, 000 ft @$ 3. 501ft 17,500
9. Tub i no Tvpe ft @$ 1ft -

TOTAL TANGIBLE COSTS $ 81,480

TOTAL COST INJECTION WELL $182,080

Additional Cost for Product ion Well

1. Tub i no Type ; ft @$ 1ft $ -
2. Less Tubing Changes from Injection Well Type

. ft @$ 1ft -
3. Packer[s) -
4. Pumo and Downhol e Assembl v 20,000
5. Stainl ess Steel -

Producer( s) Net Additio nal Co st $ 20,000

TOTAL COST PRODUCER(S) $202,080

Effective Cost per Drain Area
I-Producer $ 202,080

+1- I nj ec to r $ 182,080
TOTAL $ 384,160

-------------- ------------,-,-=::------
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Rig Up Cost

Well Type 13-3/8" 2,000' Three Branch vJell

1. Si te Prep $ 1,500
2. Transport 2, JOO
3. Ri CJ Up Charge :i, JOU
4. Day Work 2 days @ ::; 4, :J~U/dav ~ OU

TOTAL RIG UP COST S 15,600
I

Intangibl e Drill i ng Co st I
I

I. Dr ill i nq Days 3 @$ 6,OOO/day $ 18,000
2. Mud Chemical s :JUO
3. Cement (Conventional CSG) 5,000
4. Casing Crew and Equipment Rental ! 4, :JUU
5. TransfXlrt 2,000
6. Rig Day Work 7 days @$ 5,500/da~ 39,200
7. Directional Driller 6 days @$,OOO/day 12,000
8. Supervision , 2,000,

9. Cementi ng (Branches, etc.) 2 000
10. Open Hol e Logs I 7,500
II. Perforati ng ! 5,700

TOTAL INTANGIBLE COSTS $ 98,400

Ta ng ib1e Co st s

l. Drive Pipe $ 2,000
2. Surface CSG in; ft @. $ 1ft -
3. Protection CSG 13-3/8 in; 1,350 ft @ :s 17.91/ft 24,180
4. Production CSG Type 2-7/8 , 1,950 ft @ $ 3. 501ft I 6,825
5. Conventional Packers I -
6. Compl etion Templ ate( sl and rubinq Hangers I ,OuO
7. Drillinq Template(s) ! t.,OOu
8. Tubinq Type 2-/18 . ; 4,05U ft @ ::; :i. 501ft 1£ , lf5
9. Tub i nq Type ; ft @ $ 1ft -

TOTAL TANGIBLE COSTS $ 53,180

TOTAL COST INJECTION WELL ·$167,180

Additional Co st for Product ion Well

1. Tub i ng Type 4 -1/2 . 1,350 ft @ S 7. 501ft $ 10,125
2. Less Tubing Changes from Injection Well Type

2-7/8; 4,050ft @S 3. 501ft -(14,175)
3. Packer(s) 4,000
4. Pump and Downhol e Assembl v 31,000
5. Stainless Steel 2,500

Producer(s) Net Additional Co st $ 33,450

TOTAL COST PRODUCER (S) $200,630

Effective Cost per Drain Area
I-Producer $ 66,876

+1-Injector $ 55,727
TOTAL $ 122,603



Rig Up Co st

Well Type 13-3/8" 5,000' Three Branch Well

I. Site Prep $ 2,000
2. Trans ocrt 3.000
3. Riq Up Charqe 3,000
4. Day Work 2 days @$ 4,550/day 9,100

TOTAL RIG UP COST $ 17,100

Intangible Drilling Cost

1. Drillinq Days 8 @$ 7,000/day $ 56,000
2. Mud Chemic al s 6,000
3. Cement [Co ny enti 0 nal CSG) 11,000
4. Casinq Crew and Equi pment Rental 6,000
5. Transocrt 3.000
6. Riq Day Work 9 days @ $ 6,500/daY 5 ,500
7. Di rectional Drill er 7 days @ $ 2,000/daY 1 , DC
8. Su perv i si 0 n ,50
9. Cementinq (Branches, etc. ) ,00

10. Op e n Ho 1e Lo gs 9,000
II. Perfo rat i nq 6,000

TOTAL INTANGIBLE COSTS $175,000

Ta ng i b1e Co st s

I. Drive Pi pe $ 2,000
2. Surface CSG 20 in; 300 ft @::; 35./2/ft 10,716
3. Protection CSG 13-3/8 in; 4,350 ft @$ 17. 91/ft 77,910
4. Production C5G Type 2-7/8 in; 3 x 650 ft @ $ 3.50/ft 6,825
5. Co nYentional Packers -
6. Completion Template(s} and Tubinq Hanqers 4,000
7. Drill inq Templ ate( sJ 2,000 -
8. Tub i nq Tvpe 2-7/8 in; 13,050ft@$ 3.50/ft 45,675
9. Tub i nq Type ; ft @$ /ft -

TOTAL TANGIBLE COSTS $149,126

TOTAL COST INJECTION WELL $341,226

Additional Cost for Production Well

I. Tub i ng Type 4-1/2 ; 4,350 ft @$ 7.50/ft $ 32,625
2. Less Tubing Changes from Injection Well Type

2-7/8 13,050ft @ $ 3.50/ft - (45,675)
3. Packer( s) 4,000
4. Pump and Downhol e Assembl y 31,000
5. Stainl ess Steel 2,500

Producer(s) r~et Additional Co st $ 24,450

TOTAL COST PRODUCER (S) $365,676

Effective Cost per Drain Area
I-Producer $ 121,892

+1- I nj ec to r $ 113,742
TOTAL $ 235,634

----(131'--J'-------- ------­
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Rig Up Cost

Well Type 9-5/8" 2,000'. Three Branch Well

1- Site Prep $ 1,500
2. Transport 2 000
3. Rig Up Charge 3 000
4. Day l~ork 2 days @ ::; 4, JJu/day ~,lUU

TOTAL RIG UP COST $ 15,600

Intangible Drilling Cost

1- Dr ill ing Days 3 @ $ 5,600/day $ 16,800
2. i~ud Chemical s 00
3. Cement l Co nv ent i 0 na1 CSG) 'I, >uO
4. Casi ng Crew and Equi pment Rental 2, 00
5. Transport 1,000
6. Riq Day Work 9 days @ ::; 5, bOO/day JO,'IOU
7. Directional Driller 7 days @ ;> 2,000/daY 14,000
8. Superv i sion ,OUU
9. Cementinq (Branches, etc. ) ,OOU

10. Open Hol e Loqs ,500
1l. Perforati nq ,70U

TOTAL INTANGIBLE COSTS $107,900

Tangible Costs

1- Drive Pi pe $ 2, 000
2. Surface CSG in; ft @ ::; 1ft -
3. Protection CSG Y-J/ti in; 1, JJU ft @ :tl J. JU/ft IJ,bbU
4. Production CSG Type 2-7/8 ; 1,950 ft @ 5 3. 501ft 6,825
5. Co nventio nal Packers -
6. Comp] etlOn Temp] ate( s) and fublng Hangers b,UUU
7. Drillinq Template(s) 4,000
8. Tub i nq Type C.-I I'd ; 4,Ut:>U ft l1 $ J. t:>U 1ft 14,1 It:>
9. Tub ing Type ; ft @ $ 1ft -

TOTAL TANGIBLE COSTS $ 48,660

TOTAL COST INJECTION WELL $172,160

Addi tional Cost for Production Well

l. Tub i nq Type 4 -1/2 . 1,350 ft @ $ 7. 501ft $ 10,125
2. Less Tubing Changes ·from Injection Well Type

2-7 18 ; 4,050 ft @ $ 3. 501ft - (14,175)
3. Packer(s) 4.000
4. Pump and Downhol e Assembl y 31,000
5. Stainless Steel c., t:>OU

Producer( s) Net Additional Co st $ 33,450

TOTAL COST PRODUCER (S) $205,610

Effective Cost per Drain Area
1-Producer $ 68,537

+1- I nj ec to r $ 57,387
TOTAL $ 125,924



\~ell Type 9-5/8" 5,000' Three Branch Well

Rig Up Cost .

I. Si te Prep $ 2,000
2. TranspOrt j;lJOO
3. Riq Up Charqe -r,aoo
4. Dav Work 2 days @ $ 4, 550/dav 9, 100

TOTAL RIG UP COST $ 17,100

I ntangibl eDrill ing Co st

I. Drill inq Days 7 @ $ 7.000/day $ 49,000
2. Mud Chemical s 5,000
3. Cement (Conventional CSG) 10,000
4. Casi nq Cre~1 and Eaui pment Rental 5,0
5. TransPO rt 3,0
6. Ria Day Work 10 days @ $ 6,500/daY 65, a
7. Directional Drill er 7 days @ $ 2,000/daY 14,0
8. Superv i si 0 n 3, 5C 0
9. Cementinq (Branches etc. ) 2,000

10. Open Hol e Loas 9,000
II. Per fo rat i nq -6,000

TOTAL INTANGIBLE COSTS $171,500

Tang i b1e Co st s

I. Drive Pi pe $ 2,000
2. Surface CSG 13-J /Cl in; JUU ft @ :;> 17. 911ft -S-,37J
3. Pro tect ion CSG 9-5,m- in; 4,J50 ft @ $ 11. 607ft 5U,-45lf
4. Production CSG Type ; ft @.$ 1ft 6,825
5. Conventional Packers -
6. Completion Template(sl and Tub inq Hanqers 6,000
7. Drill inq Templ ate( sl 4,000
8. Tubinq Type 'L-//Cl ; 13,U~O ft @ $ J. tlU-!ft 45,li~

9. Tubinq Type ; ft @$ 1ft -
TOTAL TANGIBLE COSTS $120,333

TOTAL COST INJECTION WELL $308,933

Addi tional Cost for Production Well

I. Tub i nq Type 4-1/2 ; 4,350 ft @ $ 7.50/ft $ 32,625
2. Less Tub ing Changes from Inj ectio n Well Type

-(45,675l2-7/8 13,050 ft @ $ 3. 501ft
3. Packer( s) 4,000
4. Pump and Downhol e Assembl y 31,000
5. Sta inl ess Steel 2,500

Produced s) Net Additio nal Co st $ 24,500

TOTAL COST PRODUCER (S) $333,383

EffectiYe Cost per Drain Area
1-Producer $ 111,128

+1- I nj ecto r $ 102,978
TOTAL $ 214,106

l---,-......,.... -----



Well Type 9-5/8" 2,000' Branch Well One Injector One Producer

Rig Up Cost

l. Site Prep $ 1,500
2• . Transport 2,000
3. Riq Up Charqe 3,000
4. Day Work days @ $ Iday 9,leO

TOTAL RIG UP COST $ 15,600

I ntangibl e Drill ing Cost

1. Drill ing Days @ $ Iday $ 16,800
2. Mud Che:nical s 00
3. Cement (Conventional CSG) 4, 100
4. Ca si ng Crew and Equi pment Renta I ~ 100
5. Transport 1,000
6. Ri q Day vlo rk b days @ $ J,600/day 33,000
7. Directional Driller 4 days @ $ 2,000/day 8,000
8. Supervision 2,500
9. Cement i nq (Br anc hes, etc. ) , OC

10. ODen Hol e Loqs , 0
11. Perforati nq , 0

TOTAL INTANGIBLE COSTS $ 80,400

Tangibl e Cost s

l. Drive Pi pe $ 2,000
2. Surface CSG in; ft @ $ 1ft -
3. Protection CSG ~-J/Ci 1 n; 1, jJU ft @ $ 11. 601ft 15,660
4. Productio n CSG Type 2-7/8 ; 1,300 ft @ $ 3. 501ft 4,550
5. Conventional Packers -
6. Compl etion Templ ate{ s) and Tubing Hangers "7. Drill inq Templ ate{ s) q ,
8. Tub i nq Tvpe 2-7/8 1,350 ft @ $ 3. 501ft ,,
9. Tub inq Type 3-1/2 1,350 ft @ $ 4. 611ft E,

TOTAL TANGIBLE COSTS $ 41,159

TOTAL COST INJECTION WELL $ -

Additional Cost for Production Well

1. Tub i nq Tyoe ; ft @ $ 1ft $ -
2. Less Tubing Changes from Injection Well Type

; ft @ $ 1ft -
3. Packerl S) -
4. Pump and Downhol e Assembl y 35,000
5. Sta i nl ess Steel -

Producer(s) Net Additional Co st $ 35,000

TOTAL COST PRODUCER (S) $172,159

Effective Cost per Drain Area
I-Producer $ -

+1- I nj ec to r $ -
TOTAL $ 172,159

~-------;oo-.....-;------ ------------,---
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\~el1 Type 9-5/8" 5,000' Branch Well One Injector One Producer

Rig Up Cost

I

I
I .

1. Site Prep $ 2,000
2. Transport 3.000
3. Riq Up Charqe 3,000
4. Day Work 2 days @ $ 21,550 /day 9.TOO

TOTAL RIG UP COST $ 17,100

Intangibl e Drill ing Cost

1. Drill ing Days 7 @$ 7,000/daY $ 49,000
2. Mud Ch61lical s 5,000
3. Cement (Conventional CSGl -ro,uoo
4. Casinq Crew and Equipment Rental 5,000
5. Transoort 3,000
6. Ri q Day Work b days @:;; 6,500/day 3~ ;aoo
7. Di recti 0 nal Dr ill er 4 days @ :;; 2,OrrO)dav t,OOO
8. Supery i si 0 n ,lJOO
9. Cementinq (Branches, etc.T ,-sml

10. Open Hol e Loqs 6,000
11. Perforati nq 4,000

TOTAL INTANGIBLE COSTS $133,500

Tangible Costs

1. Driye Pi pe $ 2,000
2. Surface CSG 13-3/8 in' 300 ft @$ 17.91/ft 5,373
3. Protection CSG 9-5/8 in; 4,350 ft @ $ 11. 601ft 50,460
4. Production CSG Type 2-7/8 ; 1,300 ft @ 5 3. 601ft 4,550
5. Conventional Packers -
6. Compl etion Templ ate( s) and Tubinq Hanaers 4,000
7. Drill inq Templ ate( s) 4,000
8. Tub i nq Type 2-7/8 4.350 ft @$ 3. 501ft 15,225
9. Tub i nq Type :3 -lie. 4,:3~O ft @-~ zr.617ft 7(J,-rr54

TOTAL TANGIBLE COSTS $105,662

TOTAL COST INJECTION WELL S NA

Add it ional Cost for Production Well

1. Tub i ng Type ; ft @ $ /ft S -
2. Less Tubing Changes from Injection Well Type

; ft @ $ 1ft -
3. Packer(s) -
4. Pump and Downhol e Assembl y 35,000
5. Stainl ess Steel -

Producer(s) Net Additional Co st $ 35,000

TOTAL COST PRODUCER(S) $291,262

Effective Cost per Drain Area
I-Producer $ NA

+1- I nj ec to r $ NA
TOTAL $ 291,262l_----

I



Rig Up Cost

Well Type SOD' Drain Hole

I. Site Prep $ 1,000
2. Transport 1,tJOO
3. Riq Up Charqe -
4. Day Work days @ $ Iday -

TOTAL RIG UP COST $ 2,000

Intangible Drilling Cost
I. Dri 11 ing Days 2 @ $ 3,750/dav $ 7,500
2. Mud Chemicals 100
3. Cement (Conventional CSG) 1,000
4. Casing Crew and Equipment Rental 1,500
5. Transport . -
6. Rig Day Work 3 days @ $ 3,750/day 11,2 0
7. Directional Dri Iler Turn Key 14,000 14,0
8. Su perv is lOn ,0
9. Cementing (Branches, etc.) ,00

10. Open Hole Logs ,~O

II. Perforating -
TOTAL INTANGIBLE COSTS $ 39,850

Tangible Costs
I. Drive Pipe $ 700
2. Surface CSG in· ft @ $ 1ft -
3. Protection CSG 7 in; 500 ft @ $ 7.40/ft 3,700
4. Production CSG Type Coflexip; 200 ft @ $ 125.00/ft 25,000
5. Conventional Packers -
6. Completion Template{s) and Tubing Hangers 4,00
7. Drill ing Templ ate{s) 1,00
8. Tubing Type 2-7/8 ; 500 ft @ $ 3.50/ft 1,75
9. Tubing Type ft @ $ 1ft -

TOTAL TANGIBLE COSTS $ 36,150
TOTAL COST INJECTION WELL $ 78,000

Additional Cost for Production Well
1. Tubing Type 4-1/2 ; 500 ft @ $ 7.50/ft $ 3,750
2. Less TUbing Changes from Injection Wel I Type

2-7/8 ; 500 ft @ $ 7.50/ft - ( 1,750)
3. Packer( sJ -
4. Pump and DownhOle Assembly b,UUU
5. Stainless Steel -

Producer(s) Net Additional Cost $ 8,000
TOTAL COST PRODUCER(S) $ 86,000

Effective Cost per Drain Area
I-Producer $ 21,500

+l-Injector $ 19,500
TOTAL $ 41,000



Ii/ell Type 2, 000 I Drain

Rig Up Cost

1- Site Prep $ 1,500
2. Tr ans po rt 2,uuO
3. Riq Up Charqe 3,000
4. ' Day Wo rk 2 days @::> 3,/'JU/day I 'JUU

TOTAL RIG UP COST $ 14, 000

Intangibl e Drill ing Cost

1- Dri 11 i ng Days 3 @ $ 3,750/day $ 11,250
2. r1ud Chemical s 500
3. Cement l Co nv ent i 0 na1 CSG) 4,00U
4. Casi nq Crew and Equi pment Rental 3,000
5. Transport 1,000
6. Riq Day Work 6 days @ $ 3 750/day 22,500
7. Directional Driller Turn Key 22,300 22,300
8. Superv i si 0 n 2, 000
9. Cementi nq (Branches, etc. ) ~,uuu

10. Open Hol e Logs 2,500
II. Perforati nq -

TOTAL INTANGIBLE COSTS $ 71, 050

Ta ng i b1e Co st s

1- Drive Pi pe $ 2,000
2. Surface CSG in; ft @ $ /ft -
3. Pro tec ti 0 n CSG 7 in· 2, 000 ft @ $ 7. 40/ft 14,800
4. Production CSG Type Cofl exip; 200 ft @ $ 125.00/ft 25,000
5. Co nventional Packers -
6. Compl etlon Templ ate( s) and Tubinq Hanqers 4,000
7. Drill inq Templ ate( s) 1,000
8. Tub i nq Type 2-7/8 in; 2,000 ft @ $ 3.5o/ft 7,000
9. Tubinq Type ; ft @ $ /ft -

TOTAL TANGIBLE COSTS $ 53,800

TOTAL COST INJECTION WELL $138,850

Add it ional Cost for Production Well

1- Tub i nq Type 4-1/2 ; 2,000 ft @ $ 7.5O/ft $ 15,000
2. Less Tubing Changes from InJection Well Type

2-7 /8 ; 2,000 ft @ $ 3.5O/ft - ( 7,000)
3. Packer( s) -
4. Pump and Downhol e Assembly 20,000
5. Stainl ess Steel -

Producer(s) Net Additional Cost $ 28,000

TOTAL COST PRODUCER (S) $166,850

Effective Cost per Drain Area
I-Producer $ 83,425

+1-Injector $ 69,425
TOTAL $ 152,850

· , .
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DON R. HOLBERT
CONSULTING PETROLEUM ENGINEER

6637 WEST HINSDALE AVENUE '
LITTLETON, COLORADO 80123

(303) 979·4966

November 23, 1979

Dr. Don Dareing
Maurer Engineering Incorporated
10301 Northwest Freeway
Suite 202
Houston, Texas 77018

Dear Don:

Enclosed are the cost estimates you requested. The
estimates for the 2000 ft. well incorporate my present
tools. These appear to be somewhat heavy duty for a shallow
well and I have estimated costs for a light weight set of
tools with a well program more suitable to 500' ft. This
assumes enough wells will be drilled to justify the manufac­
ture of the tools.

Please note the rig time' and drainhole cost estimates
are per drainhole.

If you need additional data please let me know.

Yours truly,

Don R. Holbert

DRH:bd
Enclosure

:138 )
..... " -----/



LEACHING PROJECT 2,000 1 WELL STANDARD TOOLS

LEACHING PROJECT

2000' WELL

STANDARD TOOLS

.,.

7" -231=t:/FT CASING

19' RADIUS L200' 4 3/4"\

z=J--DR-~IN H OL E

. 6" RAT H 0 L E
I
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WELL PROGRAM'

LEACH ING WELL WHH nJO DRAIN HOLES

2,000 FEET AVERAGE DEPTH

1•. Drill 16-20" surface hole as required.

2. Run and cement 12;..1/4" casi ng to TO.

3. Drill 8-3/4" hole to ± 25 feet above midpoint of pay (around 2,000
ft) with deviation 1ess than 5° at TO.

4. Run appropriate open hol e logs.

5. Run and cement, 7"-23 #/ft- K-55 cas; ng.

6. Drill out cement and drill 6" rathole through pay. (Pay may be
cored, oriented if natural fracture system is of interest.)

7. Run Gamma Ray - Neutron or appropriate log's.

8. Run single shot survey to determine,deviation and direction for
rathol e.

9., Compute anchor length and whi pstock face orientation that will
achieve the desired drainhole elevation and orientation.

10. Run whipstock assembly into hole off bottom 5 tolO feet.

11. Orient whipstock face with gyroscopic surveys into orienting sub
above whi pstock 1atch, surveyi ng after every surface rotation.

12. Plant whipstock after properly faced, disengage and pull out of hole
with running assembly.

13. Go into hole with angle biJilding assembly and'drill 3°/ft (19 ft
radius) portion of drain hole. This should be ± 30 ft drilled.
Change mud to incorporate ,extreme pressure 1ubricati ngproperties.

14. Pull .drill ing assembly out of hole and survey with magnetic 120°
angle unit instrument to verify 90° turn achieved.

15. Go into hole with stabilized drilling assembly.

16. Drill 50 to 80 ft of 1ateral.



17. Pullout of hol e and survey.•

18. Repeat Steps 15 through 17 until 200 ft of total drain hol edrill ed.

19. Pull stab;l i zed drill i ng assembly outof hol e.

20. Run fi nal survey.

21. Run in hole with whipstock latch, recover whipstock assembly and
trip out of well.

22. Compute new anchor 1ength and whi pstock face orientation to achieve
the desired second drain hole. .

23. Repeat Steps 10 through 20 for second drain hol e. '

24. Retrieve whipstock and come out of hole laying down drill pipe.

,~

.(~).



200 ft = 22.2

DRAINHOLE DRILLING
STANDARD TOOLS

2,000-foot Depth

Assume 80 ft/hr pen. rate at 45,000 = 55,400 #/ft. @ 100 RPM
9.75/12

Use 5,000 # on 4 3/4".bit and 50 RPM (12,600 #/ft)

P.R. = 80 ft/hr x ~.x 12,600 = 9 ft/hr
100 55,400

24 hrs
12 hrs if RPM not significant

Assume 60 ft sheath pipe - 4 trips
4 surveys

Rig Time

$ 4,200 to $12,600
420 1,260

$ 4,620 $13,860 st

$ 7,200 $14,400

Orientation
Dr ill i ng
Trips
Surveys

TOTAL:

DH Tool Cost

Minimum
Royalty

.Dr ill i ng in 4,000 to
6,000 wt range

Royalty

Survey
Supervision
Travel
Motor Valve/Pump

TOTAL:

Several
Wells

720
$ 7,920

400
1,800
1,750

500
$16,990

One
Well

1,440
$15,840 st

400
5,400
3,250

500
$39,250 .

-12-18 hrs
12-24 hrs

16 hrs
4 hrs

44-62 hrs

(minimum red to 5 days
by drilling 3 or more
wells per contract)



Several One
Third Party Costs Well s Well

1- Add Extreme Pressure Lubricant to Mud $ 1,000 $ 3,000

2. Si ngl e Shot 120 0 Angle Unit 400 900

3. . Stokenbury Tool s' 450 1,200

4. Gyroscopic Orientation 2,000 2,500

5. Mi scell aneous Special Subs 250 500

6. Wireline Unit to Run Surveys 1,000 5,000

7. Trucking. 210 1,000

$ 5,310 $14,100

Drai nhol e Drill i ng Totals for
one 200-foot DH
(Exclusive of. Rig Time)
for 2,000-foot"wel"1 $22,300 . $49,350

".~

(1431
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Well Type 5,000' Single Drain

Rig Up Cost
1. Site Prep $ 2,000
2. Transport 3,000
3. Riq Up Charqe 3,000
4. Day Work 2 days @ $ 4,550/day 9,100

TOTAL RIG UP COST $ 17,100
Intangible Drilling Cost
1. Drill inq Days 8 @ $ 7,OOO/day $ 56,000
2. Mud Chemicals . 5,000
3. Cement (Conventional CSG) 8,000
4. Caslng Crew and Equlpment Rental ~,:>UU

5. Transport ~,:>uu

6. Rig Day Work 6 days @ :l> 6,:>00/day 39,000
7. Directional Driller days @ :I) /day FIat ~j,30U

8. Supervision ~,:>OU

9. Cementing (Branches, etc. ) 1,000
10. Upen Ho Ie Logs J,uuu
11. Perforat lng -

TOTAL INTANGIBLE COSTS $143,800
Tangible Costs
1. Drive Pipe $ 2,000
2. Surface CSG ':1-:>/(3 in; 300 ft @ $ 11.51 ft ,4(30
3. Protection CSG 7 i n° 5.000 ft @ $ 7.4( ft 3 ,000
4. Productlon CSG Type Coflexip; 20U ft Ld $ ~:>.OO/ft 2~ ,000
5. Conventional Packers -
6. Completion Template(s) and Tubing Hangers ,000
7. Drill ing Templ ate(s) ,Ouu
8. Tubinq Tvpe 2-7/8 ; 5,000 ft @ $ 3.50/ft 1 ,sao
9. Tubing Type ; ft @ $ /ft -

TOTAL TANGIBLE COSTS $ 89,980
TOTAL COST INJECTION WELL $250,880

Additional Cost for Production Well
l. Tub i ng Type 4-1/2 ; 5,000 ft @ $ 7.50/ft $ 37,500
2. Less Tublng Changes from Injection Well Type

2-7/8 5,000 ft @ $ 3.50/ft - (17 ,500)
3. Packer( s) -
4. Pump and Downhole Assembly 31,UUU
5. Stainless Steel -

Producer(s) Net Additional Cost $ 51,000
TOTAL COST PRODUCER(S) $301,880

Effective Cost per Drain Area
I-Producer $ 150,940

+l-Injector $ 125,440
TOTAL $ 276,380

'===----------- ----- ---- ---



Horizontal Hole Out of High Curvature Borehole

Our estimate of drilling cost for the slant hole is based on
drilling rate from a similar well recently drilled by Esso Resource,
Ltd. of Canada.

The well was drilled at Cold Lake, Canada, and penetrated a Tar
Sand Zone with about 1,000 ft of near horizontal hole. The actual time
frame from spud in to completion was 42 days. Table 12 gives a break- .
down of the various drilling tasks.

Table 12

TIME ANALYSIS

Drilling
Re~m Hole to Larger Size
Surveys

. Tripping
Run Casing
W.O.C., Head-up, Drill Out
Ream to Bottom
Miscellaneous Operations and Problems·

Time
(~)

2.9
5.3
3.8
2.9
3.6
4.3
3.1

16.2

%
of Total

6.9
12.6
9.0
6.9
8.3

10.2
7.4

38.6

The total measured depth, or arc distance for the Esso Resources
well is 2,955 ft. The TMD of the sl~nt hole leaching scheme is 1,099 ft
or about one third the length of the Esso well.

Accord i ng to Table 12, 26 days were used to dri 11 and case about
3,000 feet ·of a high angle slanted hole•. We estimate one-third this
time to drill the 1,000-foot leaching wellbore or 9 days. The Esso well
required 16.2 days of miscell aneous operations and problems or -38.6
percent of total drilling and completion time. Assuming about the same
percentage (40%) for contingencies, we estimate total time to drill and
complete the leaching well at 11 days.



The cost estimate breakdown then is:

,Rig Cost (11 days at $11,384/day) $125,000

Directional Drilling Equipment and
Driller. (11 days at $2,000/day) 22,000

Mobilization and ~ite Preparation 10,000
$157,000

Corresponding footage cost is about $157/foot.

The cost summary for drilling and completing one slant hole with a
400-foot horizontal section at 500-foot depth is given in Table 12.

For depths greate~ than 1,147 feet a conventional rig with
conventional drilling equipment is used. Cost estimates at 2,000 feet
and 5,000 feet reflect conventional rig costs.

_ ~ 1



SLANT HOLE 500 FT TRUE VERTICAL DEPTH, 400 FT HORIZONTAL

Drill i ng

, ,

Build Angle (1,099 ft @$157/ft)

Hori zontal (1l,334/day rig rate)

Ri g Cost for Install i ng Steel or
RFP (4 days @$3,500/day)

Steel Casing (9-5/8" $11.60/ft)

Plastic Pipe (5-1/2" $10.90/ft)

Cement

Complet ion

Rig Time @$2,500/day(5 days)

Mobil ization

Perforate and Cl ean 'Out

Logging Horizontal Hole

Other (roads, location, supervision)

TOTAL (one sl ant hol e)

Cost of two slant holes

$172,543

11 ,000

14,000

12,750

17,429

4,000

$ 12,500

7,500

5,000

2,000

15,000

$273,722

$547,444

Cost per 100 x 100 ft sweep area (1/2 cost of two sl ant
holes divided by horizontal distant times 100)$ 68,430



Rig Up Cost

Well Type 400' Slant Well @2,000'

1. Site Prep $ 1,500
2. Transport ,uu
3. Riq Up Charqe ,DO
4. Day Work days @ $ Iday ,10

TOTAL RIG UP COST $ 15,600
Intangible Drilling 'Cost
1. Dri 11 inq Days 19 @$ 6 DOD/day $114,000
2. Mud Chemicals 10,000
3. Cement (Conventional CSG) 4,500
4. Casing Crew and Equipment Rental 2,500
5. Transport 1,000
6. Rig Day Work 3 days @ $ 6,OOO/day l(J,UUU
7. Directlonal Driller 15 days @ $ 2,OOO/day 30,000
8. Supervision 3 000
9. Cementinq (Branches, etc.) 2,00

10. Open Hole Logs 5,00
11. Perforatinq / ,DO

TOTAL INTANGIBLE COSTS $188,000
Tangible Costs
1. Drive Pipe $ 2,000
2. Surface CSG in· ft @ $ 1ft -
3. ProtectlOn CSG 9-5/e in; 2,654 ft @ $ 11. 601ft 30,7e6
4. Production CSG Type 5-1/2; 3.054 ft @ $ 1O.90/ft 33,290
5. Conventional Packers -
6. Completion Temolate(sl and Tubing Hanqers 4,000
7. Drlllinq Temolate(s) -
8. Tub ing Type ft @ $ 1ft -
9. Tub ing Type rt I!I ::t> 1ft -

TOTAL TANGIBLE COSTS $ 70,076
TOTAL COST INJECTION WELL $273,676

Additional Cost for Production Well
1. Tubing Type 2-7/8 ; 2,000 ft @ $ 3.50/ft $ 7,000
2. Less Tubing Changes from InJection Wei I Iype

ft @ $ 1ft -
3. Packer( s) -
4. Pump and Downhole Assembly ::30,000
5. Stainless Steel -

Producer(s) Net Additional Cost $ 37,000
TOTAL COST PRODUCER(S) $310,676

Effective Cost per Drain Area
I-Producer $ 68,419

+1-Injector $ 71,669
TOTAL $ 146,088
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Well Type 400' Slant Well @ 5,000'

Rig Up Cost
1. Site Prep
2. Transport
3. Riq Up Charqe
4. Day !Nork days @ :Ii /day

TOTAL RIG UP COST
Intangible Drilling Cost
1. Dri 11 inq Days 30 @ $ 8,000/day
2. Mud Chemicals
3. Cement (Conventional CSG)
4. Casing Crew and Equipment Rental
5. Tran sport
6. Rig Day \1ork 3 days @ $ 7,uOO/day
7. Directional Driller 18 days @:Ii 2,uOO/day
8. Supervislon
9. Cement i ng (Branches, etc.)

10. Open Hole Loqs
11. Perforatinq

TOTAL INTANGIBLE COSTS
Tangible Costs
1. Drive Pipe
2. Surface CSG 13-3/8 in' 300 ft @ $ 17.91/ft
3. Protectlon CSG ~-!:>/1j in; !:>,b!:>!:> ft @ $ l1.oU/ft
4. Productlon CSG Type !:>-1/~; o,O!:>!:> ft ld $ 10.YO/ft
5. Conventional Packers
6. Completlon remplate(s) and lublng Hanqers
7. Drill inC! Templ ate( S)
8. Tubinq Type ft @ $ 1ft
9. TubinC! Type ft @ :Ii /ft

TOTAL TANGIBLE COSTS
TOTAL COST INJECTION !NELL

Additional Cost for Production Well
1. Tubinq Type 2-7/8 ; 4,000 ft @$ 3.50/ft
2. Less Tubing Changes from Injection Well Type

; ft @$ /ft
3. Packer( Sl
4. Pump and Downhole Assembly
5. Stainless Steel

Producer(s) Net Additional Cost
TOTAL COST PRODUCER(S)

Effective Cost per Drain Area
I-Producer $ 124,518 D"

+l-Injector $ 135,518
TOTAL $ 260,036

$ 1,500
2,000
3,000
~,100

$240,000
6,000

10,000
5,000
3,000

21,000
36,(00
j, ,uO
~,l OU
5,OuO
8,000

$ 2,000
5,373

o!:>,bOU
oo,oou

4,UUU

$ 14,000

30,000

$ 15,600

$339,500

$142,973
$498,073

$ 44,000
$542,073

l
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