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United States Department of the Interior

GEOLOGICAL SURVEY -
BOX 25046 . MS.__ Y2
DENVER FEDERAL CENTER

DENVER, COLORADO 80225-0046

IN REPLY REFER TO:

February 19, 1988

John  H. Sass

U.S. Geological Survey
. 2255 N. Gemini Drive

Flagstaff, AZ 86001

Dear John:

While cleaning up a number of loose ends around here, I happened to
give Ray Wallace a call about our Salton Sea work. He mentioned in passing
a conclusion in your joint paper with Wilf about geophysical logging that
appears to be overly pessimistic. This may in part stem from our own point
of view in pushing tools to their temperature limit, and then publicizing
the autopsy. Having the truck idle long enough over the previous year to
let some things get into a poor state of repair probably didn't help either.
But we feel that logging was a vital part of the SSSDP program, and
contributed insights that could have not been obtained otherwise.

What exactly did logging contribute? Probably the most important
contribution was the continuous profile of rock properties with depth. The
depth-smoothed trends in electrical, acoustic, and gamma attenuation gave a
unique snapshot of the clay mineral alteration profile. We could show this
by recognizing the primary lithologic response on the logs as being driven
by clay mineral properties. Local departure from that trend identified those
few sands where brine-filled pores were significant enough to cause brine
conduction to overwhelm clay mineral conductivity. We hope that knowlegde
of the location of these zones and the measured resistivities of composite
rock/solute mix will contribute to the interpretation of brine inclusious
from cores. The suite of logs dwindled with depth and increasingly hostile
environment, but we got more than enough data to extrapolate trends to total
depth. The induction and epithermal neutron logs confirmed the rather
uniform, nearly impermeable nature of the fully altered alluvial sediments
below about 1800 m. Even without the deep caliper log (our one significant
failure), it is rather easy to infer that all log response below 1800 m is
attributed to hole size variations.

Fracture detection and characterization was another story. We felt we
could have done an excellent job in that regard if hole conditions had been
such that fracture apertures were intact when we logged. After a full week
of attempts to control circulation, we found nothing more than giant caverns
where the fractures used to intersect the borehole. In view of the many
considerations involved, perhaps it was premature to expect to obtain good
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images of fractures in the well. But even in the worst case, good
geophysical characterization of the unfractured wall rocks in the deep zone
could be a vital contribution in the interpretation of fractures by means of
surface seismics or VSP measurements. The larger sample volume and in situ
measurements over large depth intervals offered by the logs cannot be
obtained by a few core tests in the lab.

Without being fanatical, we would like to emphasize the importance of
these contributions to the SSSDP, while pointing out the significance of
having BOTH discontinuous core samples to test and disect, and continuous
log profiles to glue the core analysis together with. There were real
problems with logging in hostile environments below 2000 m at the SSSDP.

We believe these problems constitute arguments for improving the ability to
obtain vital geophysical log data under hostile conditions, rather than
reasons for de—emphasizing logs in future geothermal projects.

Best regar

Hrfderick L. Paillet
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Roger H- Morin

cc: W. Elders-
R. Wallace.



MINUTES OF MEETING ON
COMPLETION OF THE SALTON SEA SCIENTIFIC DRILLING PROJECT

1.

Kennecott will assume the cost of 9 days of the planned 30-
day teat or the same proportion of costs if the test is leass
than 30 days. The combined total amount of Kennecott’s
participation in the test will not exceed $50K. Kennecott has
contributeq_an additional $50K towards costsharing, i con-
ditioning the Imperial well for the test.

If actual and projected expenses exceed the amount budgeted
by DOE to conduct testing, under the revised statement of
work (S0OW), DOE will terminate all testing activities and
will commence orderly closgseout of the project.

Best efforts by all parties will be made to include ancillary
tests (gsee Table A) along with main production test, but
these teats will not receive SSSDP funds unless so specified
by DOE. Support for ancillary tests will be in the form of
equipment, materials, or services also needed +to conduct the
main production test. Such support may include, but not be
limited to brine samples, electric utilities, -and instrument
ports. All cost to the SSSDP for support activities will be
identified. Ancillary tests will be included in the final
test program only with the explicit approval of DOE. The
regults of all ancillary tests will be made <freely available
to the public within a reasonable period.

Preparation of the flow test facility for testing will in-
clude the following tasks: (see Table B)

Bechtel will be responsible for preparing a comprehensive
final test plan to include:
. .a. Test facility preparations (gee item #4)

b. Other physical preparations not included in item #4

c. Identification and work plan for test operations con-
tractor. ,
d. Teat integration plan (assure proper coordination of

all tests and reporting of results).
e. Task schedule.
£f. Task budget.
g. Site cleanup procedures.
h. Management organization

Each task should be identified and described including: ob-
jective, responsible organization, duration, milestones,
budget requirements. The test plan will be submitted for
approval by DOE two weeks after execution

of a revised statment of work (see item #10).

Setting of liner in the Imperial well and uge of media
filters are not a test requirement. Kennecott will use best
effort to keep a well open and capable of performing as an
injection well.
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11.

Duration of the production test will depend on availability
of budgeted funds. Bechtel will be responsible for notifying
DOE about current expenditures of funds and projected expend-
itures againgt the test program budget. Baged on these not-
ifications DOE may elect to implement item #2.

Costs to caomplete the final test program are estimated by
Bechtel in its letter of March 18, 1988, to John Crawford,
DOE/SAN. These costs constitute a reasonable basis

for further contractual negotiations and completing the test
plan specified in item #5. They are subject to modification
as followva: (see Table C) : :

Within 45 days of releaée of site to Kenhecott, Bechtel will
submit a final report on performance of the test. Report

~will cover operational matters and include a general summary

of data collected by all test experiments. In addition, an
analysis of regults of the main production test will be pro-
vided. Analytical results of ancillary tests will be repor-
ted separately by the responsible researcher/research organi-
zation unless otherwise specified by the test plan (item-#5).

A revised SOW will be prepared jointly by the SSSDP project
managers and submitted to the DOE Contracting Officer for
approval ag a final contract modification by April 1, 1988.
The SOW will be consistent with and reflective of the other
items of these minutes, especially item 5.

All parties will use best effort to meet the following
schedule (see Table D).

March 23, 1988



TABLE A, SSSDP - POTENTIAL ANCILLARY RESEARCH fROGRAM

ITEM -

Seismic survey

Petrologic studies of samples

Precipitation kinetics of brine

Brine thermodynamics

Flow T/P; flowmeter survey

Reservoir drawdown recovery

Geochemical studies

Equilibrium T/Openhole logs

Downbhole fluid samples

Bioleaching tests .

Fouling resistance of PCL tubes

Crystallizer-clarifier experiments

Inline instrumentation tests

Mobile Lab - Production brine
chemistry.

Production brine chemistry

Downhole sampler test (if
available).

Production brine chemistry

Well logs

State of California flow test

requirement (PRC 6378.1)

PERFORMER

LLNL

UURI
UURI
INEL
LBL
LBL
USGS
USGS
LANL
BNL
BNL
EPRI
PNL

EPRI
FREEPORT

KENNECOTT
UNOCAL
KENNECOTT

KENNECOTT

COST TO SSSDP



.TABLE B SSSDP - COMPLETION OF FLOW TEST FACILITY

1.
2.
3.
4.
S.
6.
7.
8.
9.

10.
11.
12.

13.

14.
15.

16.

17.
ia.
19.

Install pumps, complete piping connections

Install, checkout all gauges, instrumentation

Tie down, support, insulate pipe

Blind flange unused pipe sections

Flush, pressure test system

Ingstall divider curtain

Install cdﬁpreasor, connect controllers and checkout
Install rupture disk on separator

Reorient WKM valves (or install scaffolding for access)
Reinstall piping spools

Repair aweir in atmospheric flash vessel

Install additional lighting

Inspect, test injection pipe line

Remove fence around test equipment

Repair, replace gauges on separator pressure controller
Install level gauges (see #2)

Handle carryover from atmospheric flash veasel#

Review piping/pumping plans»*

Install level gauge for brine pond

e

—— ———— ———— —— - ————— " o——

*Potential problem area; needs consideration %



TABLE C. POTENTIAL MODIFICATION TO COST ESTIMATE

-
~

Combine duties of well test engineering personnel to reduce
coste by approximately $825K.

Evaluate cost/technical benefits of direct hiring by
Bechtel of test operations support personnel (wvell test
engineering). '

Verify clasasification of waste by IT Corp. and determine
cost impact, if any.
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TABLE D TENTATIVE SCHEDULE

Cost'propoaal - complete package to DOE
DOE/Beéhtel fbrmal negotatidns

Contract modification efforts

Execution

Begin operation on site

Prepare facility

Conduct flov test

Cleanup pond and mud pit

Prepare final report

Accept report - close one

April 1

April 1 - April 1S5
April 1S5 - April 20
April 20 - April 30
May 1 .

May 1 - Jﬁne l'
June 1 - July 1
July 1 - August 1
August 1 - Sept. 15

Sept 15 - Sept. 30



Umted States Department of the Interlor R &7

GEOLOGICAL SURVEY - Y
Branch of Igneous and Geothermal Processes, MS-910 ' o
345 Middlefield Road, Menlo Park, California 94025

30 October 1986

Memorandum

To: J.E. Mock, Geothermal Technology Division, DOE

"From:  A.H. Truesdell, IGP Branch, USGS

Subject: 'Thoughts on the Salton Sea drill hole

Ray Wallace tells me that you would like to know more about my opinion
of the Salton Sea scientific drill hole (SSSDH). I should emphasize that
my opinion is just that and is not a USGS opinion or even one of any of my
colleagues. Also note that I am concerned only about the scientific side
of this project and have no problems with the way it was managed.

The scientific plan for the SSSDH appeared to be well conceived, but in
the execution the scientific balance and the cost seem to have gone wrong.
In retrospect, it seems that the scientific objectives could have been
achieved at a much lower cost by drilling at Cerro Prieto, where information
from one deep hole could be integrated into existing detailed knowledge of
the whole geothermal system rather than existing in isolation. This last
suggestion would have involved cooperating with CFE in drilling a deep hole
in the Cerro Prieto field, where there is experience in drilling similar
holes, with several holes deeper than 3.5 kilometers and one to 4.4
kilometers. Deepening one of these 4-km* holes would have reached
extraordinary depth, temperature, and metamorphic environment. Due to
financial problems the 1nformat10n gained from recent deep Cerro Prieto
wells is imperfect because there has been no money for geophysical logging
or core drilling. If NSF, DOE and congress had put a small fraction of the
cost of the SSSDH into improving the science of the 4.4-kilometer deep hole
recently drilled at Cerro Prieto, all of the scientific objectives could
have been met in a higher temperature and pressure environment in a field
that already had quality geophysics, detailed stratigraphic and alteration
mapping, comprehensive fluid chemistry, and many accessible production
wells for experimentation.

Some of my negative feelings about the SSSDH come from the sensational
way it has been promoted. I expressed these feelings in a recent letter to
Leonard Johnson of the NSF (copy enclosed).

' I hope that you will understand from this letter why I said what I did
at the DOE review meeting. I suppose I should have kept quiet as the SSSDH
redrill had apparently already been funded.

OR'N

Alfred H. Truesdell




United States Department of the Interior
GEOLOGICAL SURVEY ?

Branch of Igneous and Geothermal Processes, MS-910
345 Middlefield Road, Menlo Park, California 94025

9 December 1986

Dr. Leonard E, Johnson, Program Director
Continental Lithosphere

Division of Earth Sciences

National Science Foundation

Washington, D.C. 20550

Dear Leonard:

I finally have some time to look at the two NSF proposals on the Salton Sea
drill hole. I don'‘t think that NSF has any choice about funding Elders, so 1
am not too guilty about sending the review so late (I feel worse about McDowell's
because it contains  real science--it was sent to Douglas Rumble on December 8),
1 have not been impressed with Wilfred's scientific ethics in the past, but he
will do an acceptable job in this instance. The decision to fund the deepening
of the drill hole with reprogrammed DOE funds is deplorable for reasons I am
putting into this letter and not in the review. I am also mentioning here
matters of style which I think NSF should not allow in a proposal. Perhaps
Elders should have been asked to reword the proposal so as to stick to the
science and leave the hucksterism for his congressional activities.

This proposal is written in a sensational, self-congratulatory public-relations
tone that I find very offensive. Perhaps it is effective with Congress but I
doubt that the PI has furthered his reputation for effective communication,
scientific ethics, and good taste through this proposal. As one of the "several
hundred different (sic) scientists" involved in the SSSDH and part of the collab-
oration that was "forged in the fire," I have not been impressed with the scien-
tific management of the program so far. The original idea of deepening a 10,000~
foot deep hole to 16,000-18,000 feet with $6 million was excellent and would have
reached a really new zone of great interest to a wide variety of scientists. The
present hole breaks no new ground (sorry) in depth, salinity or temperature--
there are several holes as hot in the Salton Sea field and dozens as hot and half
a dozen deeper (one nearly 1.5 km deeper) in Cerro Prieto, Mexico, less than 70
miles away. The interest in the SSSDH came partly from public relations efforts
like this proposal, partly from general ignorance of the existing research
opportunities, and partly from the offer of NSF and DOE support. This background
is really beside the point and should be kept separate from the proposal review,
which is enclosed.

Thanks for sending the proposal. Before December 12 i will be in Mexico and
hard to reach. :

Best regards,

Enclosure Alfred H. Truesdell
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Design and Evaluation of
Lost-Circulation Materials
for Severe Environments

Glen E. Loeppke, David A. Glowka, SPE, and Eiton K. Wright,

Sandia Natl. Laboratories

Summary. Lost-circulation materi-
als (LCM's) for geothermal applica-
tions were analyzed with laboratory
tools developed specifically for that
purpose. Test results of commercial
materials and mathematical models
for evaluating their performance are
presented. Physical attributes that
govern the performance of LCM's in
geothermal wells are identified and
correlated with test results.

¢, .particles outside
an effective range for a
fracture of interest do
not contribute to a
stable bridge, although
they may act as

fliter material.
Consequently, a
tailored particle-size
distribution for a
narrow range of
fracture widths shouid
provide the best
plugging capabllities.”
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Iintroduction

As part of the U.S. DOE’s Geothermal
Technology Development Program, Sandia
Natl. Laboratories conducted an extensive
testing program to evaluate candidate
LCM’s to aid in solving the severe lost-
circulation problems encountered in geother-
mal-well drilling. 2 Our work concentrat-
ed on high-temperature, fracture-dominated
loss zones rather than the matrix loss zones
more typical of oil and gas drilling. The re-
sults, however, are applicable to the petro-
leum industry, particularly because of the
inevitable progression into hotter, more
fracture-dominated petroleum reservoirs.

Mechanics of the
Fracture-Plugging Process

The effectiveness of a plug in preventing
fluid loss into a fracture depends on the me-
chanical strength of the plug as well as its
permeability. The portion of the plug
responsible for its mechanical strength is the
bridge, and the portion that controls the plug
permeability is the filter. The functional re-
quirements for bridging and filter materials
are sufficiently different that few materials
would be expected to perform both functions

. adequately. As a result, a mixture of rigid,

granular particles with more pliant flakes
and/or fibers generally provides the best
fracture-plugging characteristics in the lab-
oratory tests reported here and in Ref. 3.

Single-Particle Bridging. If the dimension
of a particle normal to the fracture direction
is larger than the width of the fracture open-
ing, b, single-particle bridging is possible
(Fig. 1). This type of bridging can also occur
inside a fracture at locations where it under-
goes a sudden reduction in width. The par-
ticle is idealized as a beam of length L with
a rectangular cross section of height 4 and
depth D. The particle is heid against the frac-
ture wall by the pressure differential, p.
The maximum bending stress in the
equivalent beam occurs at midspan and is
compressive at the top of the beam and ten-
sile at the bottom of the beam. When these
stresses exceed the compressive or tensile
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strength, S, of the bridge material, the ma-
terial undergoes irreversible strain (i.e.,
plastic deformation or brittle fracturing), and
the bridge fails. The Appendix shows that
the maximum allowable pressure differential
based on inelastic collapse of a single-
particle bridge is

(P1)max =(4S/3)(h/b)2.

Some potential bridging materials are so
elastic that bridge collapse caused by extru-
sion of the material into the fracture is pos-
sible without exceeding the material’s tensile
or compressive strength. In this case, bend-
ing deflection of the particle becomes so sig-
nificant that the curved length of the particle
is no longer capable of spanning the fracture
width (Fig. 2), and the plug fails.

To analyze the elastic plug failure, the
equivalent beam loading shown in Fig. 2 is
assumed. Because of the large beam curva-
tures considered, the nonlinear form of the
beam deflection equation must be used to
determine whether the extruded shape of the
particle is capable of spanning the fracture
width. The nondimensional deflection equa-
tion developed in the Appendix was numer-
ically integrated to produce an equation for
the maximum allowable pressure differential
based on elastic collapse of a single-particle
bridge:

(PE)max =E(W/b)3pgpy,

where psp), the dimensioniess elastic
failure pressure for a single-particle bridge,
is taken from Fig. 3. Fig. 3 indicates that
for a given friction coefficient, K, the max-
imum allowable pressure differential in-
creases sharply with increasing particle
lengths slightly larger than the fracture
width. Beyond a certain ratio of L/b, how-
ever, any further increase in particle length
does not yield any further improvement in
pressure capability. In this region, the par-
ticle is so highly deflected that further in-
creases in pressure cause the bridge to
become inherently unstabie, regardless of
the particle length. Greater friction between
the particle and the fracture wall improves
the pressure capability of the single-particle
bridge. The minimum pressure value pre-
dicted by Eq. 1 or 2 is the maximum allow-
able pressure differential for a given
one-particle bridge.

March 1990 « JPT
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Mulitiple-Particle Bridging. If all particle
dimensions are smaller than the fracture
width, bridges are possible only when two
or three particles interact to form a stable
arch from one fracture wall to the other.
Consider a two-particle bridge at the frac-
ture entrance or in a region where the frac-
ture undergoes a sudden reduction in width
(Fig. 4). It is assumed for simplicity that the
two particles are identical in shape, size, and
mechanical properties.

As the two particies first contact each
other and the fracture wall, the contact
forces increase from zero at the moment of
contact to some maximum value once sta-
bility of the bridge is achieved. During
bridge formation, the particie orientation an-
gle, «, decreases from its initial value, «;,
to its final equilibrium value, ¢, . This par-
ticle rotation can occur only with an accom-
panying reduction in length, which in turn
requires that a longitudinal force be imparted
to each particie. At some point in the parti-
cle rotation, if conditions are favorable,
these longitudinal forces will balance the
pressure and wall-contact forces, yielding
a stable bridge. This balance of forces is ex-
amined in the Appendix to derive an
equation relating the equilibrium angle to
other variables:

Pp2=2 tan «,[2(L/b)cos a,—1],

where pp, is the dimensionless differential
pressure imposed across a stable two-
particle bridge at equilibrium. Eq. 3 is valid
only for a, <45°. Larger angles require
the force (F,,), in Fig. 4 to be negative,
which is physically impossible.

Eq. 3 is plotted in Fig. 5 for a range of
particle sizes greater than one-half the frac-
ture width. To understand the trends in this
figure, consider the effects of increasing
pressure on the equilibrium angie of a sta-
ble bridge for which L/b=0.7. When the
bridge first reaches equilibrium at an equi-
librium angle near 44°, the pressure drop
across the bridge may be only a fraction of
its final value. As filter material accumu-
lates behind the bridge to form a seal, the

i

Flg. 1—Single-particie bridging at fracture
entrance.

pressure drop may increase. resulting in a
corresponding decrease in the equilibrium
angle. The bridge will remain stable during
the plug pressurization process as long as
a finite increase in pressure differential re-
sults in a finite reduction in equilibrium
angle—i.e., as long as |dc,/dp| is finite. At
the point where the curve for L/b=0.7 be-
comes vertical, however, |da,/dp| is in-
finite. This is the point of instability where
the bridge is on the verge of collapse. Any
further increase in pressure causes an un-
bounded decrease in equilibrium angle, and
the bridge falls aparts. Similar behavior is
experienced by particles with widths smailer
than 0.7 b, although the maximum pressure
that smaller particles can support is much
lower.

Curves for particles with widths larger
than 0.7 b display an interesting feature. Sta-
bility of the larger particles is not achieved
uniess the pressure differential is above
some minimum value, which implies that the
gradual plug pressurization scenario de-
scribed above for smaller particles is not ap-
plicable here. Instead, the particles require
the development of a significant pressure

differential before the bridge stabilizes and

Fig. 2—incipient fallure of a singie-

particle bridge because of elastic detor-
mation.

filter material accumulates to form a seal.
Such large pressure differentials in the ab-
sence of a seal can develop only with large
dynamic fluid pressures acting upon the par-
ticles, as occurs in highly transient or other
accelerating flows. Consequently, the prob-
ability is relatively low that particles with
lengths larger than 0.7 b will develop two-
particle bridges compared with the plugging
probability for smaller particles. Further-
more, any bridge that does develop with
large particles is likely to become unstable
and collapse if the pressure differential im-
posed across the plug is subsequently re-
duced below the levels defined by the
intersection of the curves with the upper
dashed line in Fig. 5. Plugs composed of
small particles are therefore more resilient
to changes in the pressure differential,
although their maximum pressure capability
may not be as high as that of larger particles.

The maximum pressure differential at
which a two-particle bridge is elastically
stable is obtained by differentiating Eq.-3
and setting dp/de, to zero, solving for the
equilibrium angle at failure, and substituting
this angle value back into Eq. 3. The resuit

t<0 t=0 EQUILIBRIUM
18 Yy T MR I T M )\ A L2
af X= 10 3 ACTUAL
[F 33 k hy hy —ﬁ
14 b 4
_E / Kno0S
n_12F <
Sk / K=02 } DEPTH D, NORMAL \
b L Ko TO PLANE OF DEALIZED
0o i FIGURE
90‘ - p
@ XN 3 P 2 x
o1 : [ ’ EQUIVALENT
PSS T SR S | A Al — e
“wo 108 .10 \ lns l.;o 129 y (Fn)o (FP)' BEAM
e E

Forl

Flg. 3—Dimensioniess elastic fallure pressurs for singie-particle

bridges.
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Flg. 4—Two-particle bridging at fracture entrance.
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is an equation for psp,, the dimensionless
elastic failure pressure for a two-particle
bridge:

Psp2=2 tan ap[2(L/b)cos ap —1],

where o =c0s “YBRDHY. &)

The maximum allowable differential pres-

sure based on elastic failure of a two-particle
bridge is thus

(PEZ)mx=E(h/L)PfD2. .......... ©)

The minimum pressure differential at
which a two-particle bridge can form is ob-
tained by setting «, in Eq. 3 to its maxi-
mum valid value of 45°:

(PE2)emin =EMLYPp2)min> -+ - %)

where (Pp2)min, the dimensionless mini-
murn pressure differential for a two-particle
bridge, is

(PD2)min =2((1.414L/b)—11.

If the elastic limit of the material is rela-
tively low compared with its elastic modu-
lus, inelastic bridge failure can occur if the
combined longitudinal and bending stresses
in the particles exceed the compressive or
tensile strength of the material. As the Ap-
pendix shows, the combined stress in each
particle is

UC=E0D' ..................... (9)

where ap, the dimensionless particle stress,
is given by

op={(h/L)tan o, [2(L/b)cos o, ~1]}
{L b 1 3
X4 —— + -
2hL sina, 2

)
X} —— .
2h L (cos a,+u cos a, —pub/2L)

The positive sign applies to the high-pres-
sure side of the particle and the negative sign
applies to the low-pressure side. In dimen-
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bridge.

sionless terms, inelastic collapse of a two-
particle bridge occurs if

lop|>S/E. ..o ¢9))

Fig. 6 shows Eq. 10 with the positive sign
plotted in a manner that shows the ranges
of a, for which the plug is elastically
stable. It uses the equilibrium angie corre-
sponding to an imposed dimensionless pres-
sure differential and particle size of interest
from Fig. S to determine op and thus the
particle stress. The pressure differential at
which inelastic bridge failure occurs can be
determined by setting op to S/E for the ma-
terial of interest and finding the value of «,
at failure from Fig. 6. This angle is then
used in Fig. 5 to find (pp;)max for calcu-
lation of the maximum allowable pressure
differential based on inelastic failure of a
two-particle bridge:

(Pr2)max =EM/LYPp2)max-

The smaller of the two pressure values cal-
culated with Egs. 7 and 12 is the maximum
allowable pressure differential for a given
two-particle bridge.

Implications of Bridging Models. The
mathematical models for the single- and two-
particle bridges indicate that the particle size
and shape play important roles in determin-
ing the maximum allowable pressure differ-
ential across the plug. This result has impli-
cations with respect to particle-size distri-
bution and concentration in the drilling fluid.

A wide distribution of particle sizes makes
available many combinations of particle
sizes for bridging a wide range of fracture
widths. The bridging models show that
stable bridges can develop only with parti-
cles of certain dimensions relative to the
fracture width. As a result, particles outside
an effective range for a fracture of interest
do not contribute to a stable bridge, although
they may act as filter material. Consequent-
ly, a tailored particle-size distribution for a
narrow range of fracture widths should pro-
vide the best plugging capabilities.

A higher particle concentration at the frac-
ture site improves the probability of forming
a bridge and decreases the volume of drilling
fluid that passes through the fracture before

Flg. 6—DIimensionless particle stress for a stable two-particle

a plug forms. Because only one, two, or
three particles may be involved in any given
bridge, a reasonable conclusion is that par-
ticle concentration does not significantly af-
fect the pressure capability of any given
plug. It does, however, improve the proba-
bility that bridges, including those with in-

herently higher pressure capabilities, will
form.

Test Methods and Conditions

Three systems were developed for testing
potential LCM's: a modified version of the
bridging-materials tester defined in API
RP 1314 (Fig. 7), a large-scale facility de-
signed to provide a more realistic test of an
LCM’s plugging ability (Fig. 8), and a
bench tester designed to measure LCM me-
chanical properties at ambient and elevated
temperatures (Fig. 9).

Modified API Tester. The bridging-mate-
rials tester defined in API RP 13 was
adopted as a standard after an industry sur-
vey in 1962.4 In the API test procedure, a
pressurized LCM-laden drilling fluid is im-
posed against a slotted steel disk that simu-
lates a loss-zone fracture. Variables in the
test include the slot size in the disk and the
concentration of the LCM in a standard
water-based bentonite mud with an apparent
viscosity of 2512 cp [25+2 mPa-s]. A
prescribed 3,500-mL mud slurry is loaded
in a test cell and forced through the slot by
a nitrogen-driven piston. A pressure differ-
ential of 100 psi [690 kPa] is applied, and
if a plug forms, the pressure is increased at
a rate of 10 psi/sec [69 kPa/s] until the plug
fails or until 1,000 psi [6895 kPa] is reached.
If no plug forms, the test ends when the
3,000-mL mud slurry has passed through the
slot. The accumulated filtrate and pressure
are manually recorded as measures of the
LCM'’s performance.

To improve the quality of data obtained
with the tester, modifications were made to
the standard hardware: (1) 6-in. [15.24-cm]
-deep slots were used instead of the %-in.
[0.635-cm] -deep disks, (2) smooth surfaces
or rough-surface plates simulating fractures
with three different rugosities were used in
the 6-in. [15.24-cm] slots, (3) a closed fil-
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Fig. 7—Modifled API bridging materials
tester.

trate receiver similar to the test cell was used
to catch and measure the fluid passing
through the simulated loss zone, and (4) the
test system was instrumented and coupled
to a computer to provide a menu-driven test
procedure and reai-time data acquisition.
Another important improvement was the
sieving and accurate control of the LCM
particle-size distribution that went into each
test batch. A standard particle-size distribu-
tion was also developed during that time.
For plug formation to occur in our labo-
ratory tests, a few large particles had to be
available to bridge the slot so that a plug
would start to form. Smaller sizes and
shapes would then follow to form a liquid-
tight plug. If too few large particles were
available, the repeatability of the test suf-
fered. Laboratory experiments showed that
shifting the distribution to a higher percen-
tage of larger particle sizes (Fig. 10) resulted
in better repeatability, reduced data scatter,
and lower filtrate loss. This particle-size dis-
tribution (SAN-2) is now used as a baseline
for all material tests. Table 1 compares re-
sults for tests conducted with the SAN-2 dis-
tribution and a commercial product in the
original and the modified API testers. These
data demonstrate the reduced filtrate and
standard deviation of the tests conducted
with each evolution of the test system.

Lost-Circulation Test Facility. The large-
scale lost-circulation test facility (LCTF)
uses essentially the same test procedures as
the modified API tester, except for a few
fundamental differences in the facility hard-
ware and test conditions. In the LCTF dy-
namic test a much larger volume of slurry
(272 times that in the API tester) is circu-
lated through a full-scale vertical annulus
that simulates the wetlbare flow geometry.
A simulated loss zone is installed near the
center of this flow section at the annular sur-
face normal to the flow. This loss zone can
consist of a permeable matrix material or in-
terchangeable siots. .
After a standard annuiar flow velocity of
1.3 fusec [0.4 m/s] is established, a valve
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Flg. 8—Lost-circulation test facility.

is opened to apply a 100-psi {690-kPa} pres-
sure differential across the slot. If a plug de-
velops, the pressure is maintained for 10
seconds and then increased in increments to
the maximum 1,000 psi {6895 kPa]. A con-
tinuous record of filtrate and pressure dif-
ferential vs. time is made during the test to
determine when plugs develop in the slot to
evaluate the LCM’s effectiveness.

The 60-gal [0.23-m3] usable filtrate is 75
times larger than that of the API tester. This
difference, and possibly the circulating mud
system, improves the plugging probability
of the LCM in many cases. The LCTF has
three other advantages.

1. Mote realistic flow conditions are
created.

2. LCM’s can be tested at elevated tem-
peratures up to 400°F [204°C], whereas the
API test is run at ambient temperature after
the mud slurry is temperature-aged in a
roller oven. (The roller-oven test, discussed
later, is an ineffective measure of high-
temperature performance.)

3. Test control and data acquisition are
handled by a computer.

Because of its size and the volume of mud
used, the LCTF is impractical for parametric

Flg. 9—Particle material-properties tester.

studies. The API tester is therefore used to
screen materials. and promising candidates
are then tested in the LCTF under more
realistic conditions.

Particle Material-Properties Tester. The
particle material-properties tester (PMPT)
is a simple compression tester designed to
measure the compressive strength, elastic
and resilience moduli, and softening tem-
perature of potential LCM particles. These
properties can be used with the bridging
models to evaluate LCM’s before slot tests
are conducted. It wouid be convenient to use
handbook values for these properties, but
they are not available for all materials and
may not be a measure of manufactured prod-
ucts. To provide repeatable test resuits,
about 20 particles must be used, each
selected for uniform shape and size and each
measured to determine its height and sur-
face area subjected to the applied force.
The elastic modulus and unconfined com-
pressive strength of a material are measured
by placing the particles on the bottom platen
of the PMPT and forcing the platens to-
gether with a hydraulic ram while the platen
displacement and compressive force are
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TABLE 1—TEST SYSTEM COMPARISON (Data from 50 test runs with thermoset rubber)

Particle-Size Distribution

Commercial Blend

SAN-2 Distribution

Original AP1 Tester

Moditied AP\ Tester

Modified APl Tester

Maximum pressure, psi 1,000 1,000 1,000
Filtrate at maximum pressure (10 seconds), cm? 1,625 1,446 521
Standard deviation 556 398 153
Filtrate at maximum pressure (10 minutes), cm? 1,775 1,836 644
Standard deviation 842 424 301
TABLE 2—LCM TESTED
Test System
Material Type Size Distribution AP} LCTF  PMPT Commercial Source
Thermoset rubber granular four grades X X X Poly Cycle Industries
Coal granular medium grade X X X McCabe Woody Co.
Gilsonite granular medium grade X American Gilsonite
Expanded aggregate granular fine grade X X X Intl. Drilling Products
Mixed nut shells granular sized X Magcobar
Black walnut granular sized ’ X Generic
Alder wood fiber <0.75 in. X Weyerhasuser Co.
Perlite granular 10 mesh X unknown
Mica flake medium grade X NL Baroid
Plastic tlake medium grade X Conoco
Composite with thermoset rubber granular
Expanded aggregate granular fine grade X Intl. Drilling Products
Mineral wool fiber random/short X Lost Circulation Specialists
Fiberglass fiber Y2 in, X Owens Corning
Graphite fiber 2 in. X Generic
Thermoset plastic flake random X X Poly Cycle Industries

measured. The resulting stress-strain rela-
tionship yields the desired properties. The
resilience modulus, the area under the stress/
strain curve, is a measure of toughness.

The softening temperature of a material
is measured by placing the particles under
compression in the linear portion of the
stress/strain curve and heating the platens
slowly to increase the particle temperature.
At the softening temperature, the particle
strain at a constant force increases markedly
and continues with further temperature in-
creases until complete failure occurs. This
test indicates the useful temperature range
of the LCM in a field application.

LCM Tests

Table 2 shows the materials and materiai
combinations that were tested with each sys-
tem. Materials were selected for testing if
they appeared to have high-temperature
capabilities. Previous tests of many conven-
tional (mostly cellulosic) LCM’s showed

that all were degraded by temperature aging
in the roller oven.5

The modified API tester was first used to
investigate the LCM’'s plugging characteris-
tics as functions of concentration, size distri-
bution, etc. Promising candidates were then
tested in the large-scale LCTF at elevated
temperatures. The PMPT was used to meas-
ure mechanical properties at ambient tem-
peratures and at elevated temperatures
beyond the capability of the LCTF.

Material-Properties Test Results. Table 3
lists the material properties measured in this
study. In addition to the mechanical prop-
erties determined with the PMPT, the spe-
cific gravity, bulk density, void fraction, and
percentage of swelling were also measured.

- Fig. 11 shows the results for a typical
softening temperature test with thermoset
rubber (ground automobile-battery casings).
This type of plot was found to be relatively
insensitive to minor fluctuations in applied
force over the course of a test and yet very

sensitive to actual changes in the particles’
elastic modulus with temperature. For ther-
moset rubber, the elastic modulus gradually
declines over a range of 110 to 192°F [43
to 89°C], the softening temperature range
for this material (Table 3).

The resuits for the other materials indicate
that coal, expanded aggregate, Gilsonite®,
and perlite are all relatively brittle materials.
Coal and Gilsonite softened at elevated tem-
peratures. The coal disintegrated, and the
Gilsonite, an asphaltic. melted. Expanded
aggregate showed no deleterious effects of
temperature up to S00°F [260°C]. Mixed-
nut and black-walnut shells displayed excel-
lent temperature stability and very high com-
pressive strengths and elastic and resilience
moduli.

The next section demonstrates that the ma-
terial-test results may be used with the bridg-
ing models to predict material performance
under a given set of conditions by compar-
ing the theoretical predictions with the ex-
perimental slot-plugging results.

TABLE 3—RELATIVE MATERIAL PROPERTIES
Softening Swelling
Specific Temperature Resilience Bulk. Void 24-Hour
Gravity S E Range Modulus Density Fraction (water soak)
Material Type (advertised/measured) (psi) (psi) S/E (°F) (Ibtin.2) (lom/ft3) (%) (%)
Thermoset rubber granular 1.10/1.48 2030 6,330 0.32 110to 192 333 65.48 31 0
Coal granular 1.30/2.30 210 1,880 0.1t 250 to 330 12 82.17 = 43 Q
Expanded aggregate granular 2.20/2.60 860 6,410 0.13 >500 60 100.20 39 0
Gilsonite granular 1.08/0.75 340 1,740 0.20 345to 375 34 33.23 29 0
Mixed nut shells granular 1.20 8230 28,500 0.29 380t0o 480 1,443 40.80 45 5
Black walinut shells granular 1.10 9870 20,500 0.48 360to 500 2,271 34.00 48 11
Perlite granular 10.54 180 830 0.22 20 14.89 56 0
332
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Slot-Plugging Test Results. When the API
tester and the LCTF are used, five and four
test runs, respectively, are made for each
set of test conditions. This provides the
quantity of data required to show the effects
of the controiled test variables. All slot tests
reported here used the smooth, 6-in.
[15.24-cm] -deep slot design.

A plugging performance plot of concen-
tration vs. a pluggable slot/particle-size ratio
was developed so that different LCM’s or
different LCM grades could be compared.
This dimensionless ratio compares the slot
width with the maximum particle size of the
LCM, which is defined as the **95% size™’
of the LCM particle distribution—i.e., 95
wt% of the particles are smaller than that
size. The 95% size is 0.08S in. [2.16 mm]
for the SAN-2 particle-size distribution and
0.075 in. [1.91 mm] for the commercial
thermoset rubber distribution (Fig. 10).

Fig. 12 shows a typical plugging perform-
ance curve for thermoset rubber particles in
the modified API tester. All five tests for
a given particle size and concentration are
plotted (75 tests in total). If a plug formed
and held a 1,000-psi [6895-kPa] differen-
tial pressure in a given test, the plug was
considered successful, and Data Point X was
plotted. If the plug failed in the test, Data
Point O was plotted. Thus, three regions on

modified API tester.

this plot can be identified: the region where
the plugs always held at 1,000 psi [6895
kPa], the region where the plugs always
failed, and the region where plug stability
at 1,000 psi {6895 kPa) was variable. The
plugging performance curve is defined as the
boundary of the region where the plugs al-
ways held.

This data presentation is a worst-case
analysis because not all field applications re-
quire such a high pressure capability. It is
a useful tool for material comparisons, how-
ever, because the effect of increasing con-
centration is clearly shown. For granular
materials such as this, very little can be
gained with concentrations above 20 Ibm/bbl
[57.1 kg/m3]. Consequently, if a field ap-
plication with a reasonable concentration of
a particular grade of material is unsuccess-
ful, then that particular material is proba-
bly .unsuitable for the application. A
different size, grade, or type of material
should be tried rather than more of the same,
as is often done.

Thermoset Rubber. Thermoset rubber
was tested in both the modified API tester
and the LCTF. The results shown in Fig. 12
confirm that the performance of this LCM
as a bridging material is a function of the
slot or fracture width. At slot/particle-size
ratios less than 1, single-particle bridges

composed of the largest particles are possi-
ble. As the slot size increases beyond the
maximum particle size (0.075 in. [1.9 mm]
in this case), the piugging capability suffers
because the plugs must rely on two- and
three-particle bridges. Successful multiple-
particle plugs that hold pressure differentials
of 1,000 psi [6985 kPa] or more occur at
concentrations as low as 5 lbm/bbl [14.3
kg/m3], but the probability of success is
much lower than the virtual certainty as-
sociated with single-particle plugs of this
material. The primary effect of increased
concentration at a given particle size is to in-
crease the probability of achieving 1,000-psi
{6895-kPa] plugs. A secondary effect is to
reduce the volume of filtrate that passes
through the slot or fracture before plugging
is achieved. Measured filtrate volumes at 20
Ibm/bbl [57 kg/m3] were approximately
20% of those measured at 5 lbm/bbl [14.3
kg/m3].

Tests conducted with a mix of granular
thermoset rubber particles and a commercial
blend of thermoset plastic flakes demonstrat-
ed dramatically improved performance, with
a greatly increased probability of developing
1,000-psi [6895-kPa] plugs and reducing
filtrate loss. The flakes apparently interact
with the granular particles to help stabilize
and promote multiple-particle bridging.
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Fig. 14--Comparison ot experimental and theoretical plugging
pressure for thermoset rubber.
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Moreover, the flakes are extremely pliant
and are therefore easily extruded into the
gaps between the granular particles to form
an effective filter.

To take advantage of this synergistic effect
of granules and flakes, tests were conducted
to determine the optimal blend of the two
material shapes. The results indicate that a
4:1 weight ratio of granular to flake parti-
cles with a 1:2 size ratio provides the mini-
mum filtrate loss. This weight and size
combination is known as the SAN-1 distri-
bution for composite materials.

Fig. 13 shows the results of tests conduct-
ed in the LCTF and the modified AP1 tester
with the SAN-1 distribution. Under the dy-
namic flow conditions of the LCTF, a slight-
ly larger slot size is pluggable with this
elastic material combination than in the more
static API test. Note that reliable plugging
at 1,000 psi [6895 kPa] was obtained in the
LCTF with slots that are well over twice the
size of the granular particles. Three-particle
bridging is apparently a high-probability
event with the higher concentrations of this
granule/flake mixture.

Fig. 14 shows the effects of slot size on
the maximum allowable pressure differential
for this combination of bridging materials
in the LCTF. For comparison, the results
of API tests with granular thermoset rubber
particles only are also shown. It is apparent
that the granule/flake mixture promotes
higher-strength bridges capable of spanning
wider fractures than those pluggable by the
granular particles alone.

The predictions of the bridging models for
this case (the curves in Fig. 14) were cal-
culated by assuming that the largest 5% of
the particles in a distribution control the plug
strength. The dimensions of the controlling
particles are then such that the middle di-
mension is equal to the 95% size used to
characterize the LCM grades tested. In this
case, particle dimensions of 0.088 x0.075 x
0.053 in. [0.224 x0.191 X0.135 cm] were
used. By assuming that the particles arrive
at the fracture in a random orientation, a
range in calculated plugging characteristics
is expected. For example, if a particle ar-
rives with its smallest dimension spanning
the fracture, the maximum allowable pres-
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sure differential for the bridge will be differ-
ent from that calculated when the particle
arrives with its longest dimension forming
the bridge. With this simplified particle ge-
ometry assumed, six different particle orien-
tations are possible in the context of the
bridging models. Thus, the random-orienta-
tion assumption produces six different
curves each for the single- and the two-
particle bridging theories. (The details of the
calculations are presented in Table 4 of Ref.
6. Note that P, in Table 4 should be P;.)

The theoretical results agree remarkably
well with the experimental data. The ran-
dom-orientation assumption accounts for the
apparent scatter in the laboratory data. As
Ref. 5 concluded, most of the variability in
controlled slot-plugging tests results from
the inherent variability of the plugging proc-
ess itself, not inadequate laboratory pro-
cedures.

The predictions of the bridging models are
most accurate for the API tests with granules
only. This is expected because the models
consider only one- and two-particle bridges.
The higher pressure capability of the combi-
nation LCM in the larger slots results from
three-particle bridging. This material was
the only material tested that demonstrated
significantly strong three-particle bridges.
Note that the slot-plugging tests were limited
by equipment capabilities to a maximum
pressure differential of 1,000 psi [6895 kPa]
across the plugs. Thus, some of the plugs
that held at this pressure may have been
capable of holding much higher pressures.

An inherent shortcoming of thermoset
rubber is its tendency to soften at tempera-
tures as low as 110°F {43°C]. Tests con-
ducted in the modified API tester at room
temperature after the material aged for 4
hours at 400°F [204°C] in a roller oven did
not reveal any degradation in plugging per-
formance because the particles are not sig-
nificantly stressed during the thermal aging
and thus recover to perform well at low tem-
peratures. The behavior of the material
under stress is quite different, as Fig. 11
shows. Tests run in the LCTF with granular
thermoset rubber particles confirmed the ef-
fects of thermal loading (Fig. 15). There is
an excellent correlation between the thermal

effects on particle strain in the heated com-
pression tests and thermal effects on plug-
ging pressure in the slot tests. Tests con-
ducted at various concentrations indicate that
the degraded performance at elevated tem-
peratures is not improved with higher con-
centrations of material; i.e., increased
concentrations of a degraded material do not
compensate for reduced particle strength.
This supports the hypothesis that concentra-
tion plays little or no role in determining
plug strength beyond an improvement in the
probability of forming a plug.

Fig. 16 shows the measured filtrate
volumes for several composite LCM’s that
use thermoset rubber. In these tests, various
fibrous filter materials combined with granu-
lar thermoset rubber particles were evalu-
ated in the modified API tester. All data
represent successful, 1,000-psi [6895-kPa]
plugs. Small concentrations of fiberglass,
magma fiber, and Stratawool™ all reduced
filtrate loss from that measured with the
thermoset rubber particles alone. At concen-
trations of 5 Ibm/bbl [14.3 kg/m3], how-
ever, the fibers increased filtrate loss, a
problem commonly encountered with the
static API tester. At high additive concen-
trations, the fibrous or flake material con-
gregates in the tester throat and filters out
the particles necessary to bridge the slot, re-
sulting in higher filtrate loss. This may also
indicate, however, that excessive fiber con-
tent can interfere with bridge formation in
actual application.

Ground Coal. Ground coal was tested in
both the modified API tester and the LCTF.
Fig. 17 shows the plugging performance
curve from the API tester. Note that only
single-particle bridges (slot/particle size
< 1) were possible with this extremely brit-
tle material. The effects of aging the coal
at 400°F [204°C] for 4 hours before testing
were small.

In the LCTF, the ground coal was able to
plug only the 0.04-in. {1-mm] slot reliably at
a 1,000-psi [6895-kPa] pressure differential,
even though a coarser grade of coal was used
{typical 95% size particle dimension= 0.174
X0.119x0.11 in. [0.442x0.302%0.279
cm]). With larger slots, plugs formed at low-
er pressures but ruptured before the maxi-
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Fig. 17—Plugging-performance piot for ground coal in the modi-
tled API test before and after thermal aging in a roller oven.

mum 1,000 psi {6895 kPa] was reached.
This was caused by significant particle
breakage during circulation and bridging, as
evidenced by discoloration and increased
viscosity of the mud. Fig. 18 plots the max-
imum sealing pressures obtained with coal
as a function of slot width. Also shown are
the predictions of the single-particle bridging
models with both the original particle dimen-
sions and dimensions reduced by an assumed
30%. Excellent agreement is attained be-
tween the experimental resuits and the bridg-
ing model predictions, particularly the
results calculated with the degraded particle
dimensions.

The effects of temperature on ground-coal
performance were evaluated in LCTF tests
conducted at temperatures up to 330°F
{166°C]. The results indicate ~30% reduc-
tion in maximum pressure differential at the
higher temperatures, which agrees with the
softening temperature test results listed in
Table 3. As with the thermoset rubber. in-
creased concentrations of the ground coal
did not compensate for reduced particle
strength at elevated temperatures.

Expanded Aggregate. Expanded ag-
gregate was also tested in the modified API
tester and the LCTF. This heat-expanded
rock—which can be a slate, shale, or clay
according to the patent—has no observable
temperature sensitivities over the range test-
ed (75 to 500°F [24 to 260°C]) and has
proven to be effective at low concentrations.

Fig. 19 shows the plugging performance
curve derived from the API tests. The data
indicate that multiple-particle bridging with
this material is not always successful in
forming 1,000-psi [6895-kPa] plugs. Con-
sequently, to obtain a reliable piug, the slot
or fracture size must be smaller than the
largest particles in the size distribution.

In the LCTF, the maximum pluggable slot
size was reduced to only 0.06 in. [1.52 mm)
because of the breakage of brittle particles
under the dynamic flowing and bridging
conditions of the LCTF. A gradual reduction
in plugging performance was noted when the
same mud/LCM batch was circulated over
a period of time.
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The specific gravity of the expanded ag-
gregate (2.2 to 2.6) made it difficult to keep
the material in suspension. The yield point
and gel strength of the base mud were raised
to 18 and 30 1bf/100 ft2 [8.62 and 14.4 Pa],
respectively, to keep the LCM suspended
in the static APl test. Also, the abrasive na-
ture of this material had a very deleterious
effect on the LCTF equipment. Finally, the
concentration and particle-size distribution
of the expanded aggregate used in these tests
were typical of drill cuttings found in the
wellbore during drilling (5 ibm/bbl [14.3
kg/m3] and medium-coarse size). This
points out the possible importance of drill
cuttings in modifying the performance of
LCM’s.

Other LCM’s. Other LCM’s underwent
preliminary tests, but were dropped from
consideration for various reasons. A promis-
ing plastic flake (possibly a cellulose deriva-
tive) tested well at room temperature. but
turned to a paste when subjected to the high-
temperature roller oven. Attempts to test a
commetcial mica-flake LCM in the API
tester failed because the specific gravity was
so high that the material settled to the bottom
of the test cell. An engineered wood fiber
tested in the API tester performed well at
room temperature but was permanently

degraded in the 400°F [204°C] roller-oven
test.

Flg. 18—Comparison of experimental and theoretical plugging
pressure for ground coal.

Although the laboratory tests were conduct-
ed with LCM particles of a given size range
for each material, the resuits should be ap-
plicable to other particle sizes of the same
materials as long as the particle shapes (i.e..
aspect ratios), material properties. and sizes
relative to the fracture are similar. This con-
clusion was derived from the bridging
models, which indicate that the maximum
sealing pressure of a bridge plug is a func-
tion of the particles’ mechanical properties
and their sizes and shapes relative to the
fracture, but not of their absolute dimen-
sions. A plot such as Fig. 19, which com-
pares the performance of the materials on
the basis of the slot/particle-size ratio,
should therefore be generally applicable for
those materials.

The ability of a material to piug a large
fracture seems to correlate well with the ra-
tio of the compressive strength of the mate-
rial to its elastic modulus. S/E. The values
for coal (0.11), expanded aggregate (0.13),
and thermoset rubber (0.32) increase in ap-
parent agreement with the pluggable slot size
in Fig. 19. This also agrees with the bridging
models, which include the S/E ratio as a
variable. ’

With the S/E ratio as a guide to suitability
of materials as LCM’s, Table 3 shows that
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Fig. 19—~Comparison ot plugging performance curves tor LCM's tested in the modil-
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both the mixed-nut (S/E=0.29) and black-
walnut shells (S/E=0.48) should be excel-
lent LCM’s, as confirmed by their common
use.in petroleum drilling applications. Their
relative temperature stabilities suggest that
these materials may have utility in environ-
ments more severe than those that most com-
mon cellulosic materials can tolerate. The
high-temperature plugging capabilities of
these materials will be tested in the future.
Our research and field experience re-
vealed that product quality control is an area
that requires much improvement. In our
work we sieve random samples from each
product received and invariably find a size
distribution and sometimes product proper-
ties significantly different from the product
specification. Field experience reported to
us cites examples of LCM applications that
resulted in plugged or burned bits, where a
different batch of the same product had pre-
viously been used successfully. This prod-
uct variation is especially evident in blended
materials, where substitutions often appear
to be made on the basis of availability.

Conciusions

1. The modified version of the API bridg-
ing materials tester improves the data quality
of slot tests, making it a more effective tool
for screening potential LCM’s.

2. The large-scale LCTF more accurately
simulates dynamic flowing conditions preva-
lent in fracture-plugging applications. Sig-
nificant differences in plugging performance
are noted between the LCTF and the API
tester with some materials.

3. The PMPT complements the siot tests
by measuring the material properties impor-
tant in bridge-plugging mechanics and has
proved valuable in measuring the elastic
modulus, compressive strength, and soften-
ing temperature of LCM particles. The
softening temperature correlated well with
the effects of temperature on laboratory slot-
plugging performance.

4. Effective theoretical models of one-
and two-particle bridging mechanics were
developed that predict the maximum pres-
sure differential sustainable by a plug. Vani-
ables in the models include the size and
shape of the bridging particles relative to the
fracture width as well as the mechanical
properties of the particles. The models were
shown to provide accurate predictions of
slot-plugging test results.

S. Plugging performance plots that allow
the comparison of LCM’s of different par-
ticle sizes and different types in fractures of
known width can also help to determine the
potential for plugging bit nozzles in field
LCM applications. Plugging performance
plots developed for several commercial
LCM’s have potential in severe, fracture-
dominated, underpressured loss zones.

6. Concentrations of granular LCM par-
ticles as high as 20 Ibm/bbl [57.1 kg/m3]
can reduce filtrate loss and improve the
probability of forming a high-pressure plug;
however, higher concentrations are not
beneficial and and may be detrimental.
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7. An optimal granule/flake LCM mixtre
with a 4:1 weight ratio and a 1:2 size ra-
tio, respectively, developed for thermoset
rubber (ground automobile battery casings)
was found to be superior to all other LCM’s
tested at low temperature, but displayed re-
duced performance at temperatures above
150°F [66°C].

8. Particle-size distribution is an impor-
tant factor in the bridge-plugging process.
Quality control is important in the LCM
manufacturing process to ensure economical
use of materials with consistent results in
field applications.

9. Brittle LCM’s tend to degrade in size
during exposure to dynamic flowing condi-
tions and can contribute to unwanted
changes in drilling-fluid properties and plug-
ging characteristics.

10. The random orientation of particles
at the plug location is a plausible explanation
for the apparent variability in laboratory
slot-plugging performance and perhaps field
performance.

11. The possibility that drill cuttings may
modify the plugging characteristics for a
given LCM treatment should always be con-
sidered. If applied during drilling. the LCM
should complement the effects of rigid rock
particles present in the drilling fluid.

Nomenclature

b = fracture width, in. {cm]

D = particle depth, in. [cm]
particle elastic modulus, psi

ty
]

[kPa]

F; = longitudinal force on particle,
1bf [N]

F, = contact force between

particles, 1bf [N]

F, = vertical contact force between
particles, 1bf [N]
F,, = particle/wall contact force,

Ibf [N}
h = particle height, in. [cm]
I = particle moment of inertia,
‘in.4 [cm#4]
K = particle/fracture-wall friction
coefficient
L = particle length, in. [cm]
M, = bending moment, Ibf-in. [N -m]
p = pressure differential across plug,
psi [kPa]
pp; = dimensionless pressure
differential across a stable
two-particle bridge, psi [kPa)
psp = dimensionless elastic failure
pressure, psi [kPa]
r = particle radius of curvature,
in. [cm]
= distance along deflected beam
at any point. in. [cm]
S = particle compressive or tensile
strength, psi [MPa)
« = particle orientation angle,
degrees
«, = particle equilibrium angle in a
stable two-particle bridge,
degrees

oy = elastic failure angle of a two-
particle bridge, degrees
€ = longitudinal particle strain
6 = single-particle bridge
deflection angle, degrees
0o = deflection angle at particle
ends, degrees
u = Poisson’s ratio for particle
material
gp = particle bending stress, psi [kPa}
¢, = combined stress in two-particle
bridge, psi [kPa)
op = dimensionless particle stress
= longitudinal particle stress,
psi [kPa]
Subscripts
e = equilibrium
E = elastic
f = failure
i = initial
I = inelastic
max = maximum
min = minimum
1 = single-particle bridge
2 = two-particle bridge
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Sl Metric Conversion Factors

bbl x 1.589 873 E-01 = m®
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Ibffin.2 X 6.894 757 E-03 = MPa
Ibo/ft> x 1.601 846 E+01 = kg/m?®
psi X 6.894 757 E+00 = kPa

*Conversion tactor is exact.
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Appendix—Bridging Model
Development

With single-particle bridging, the maximum
bending stress in the equivalent, simply

supported beam of Fig. 1 occurs at midspan
and is

op=%pBM2. .. (A-1)

Inelastic failure occurs when oy, =S. Insert-
ing this relation into Eq. A-1 and solving
for p gives the resuit shown in Eq. 1.

For the single-particle bridge in Fig. 2,
the wall-contact force is found by balancing
forces in the y direction:

F,,=pbD/2(cos 0p+XK sin ).

The moment in the beam at any Point x is
M,=F [x cos 8y+y sin 8
+K(x sin 65—y cos )]

With a two-particle bridge, a sum of the
equilibrium moments acting about the z axis
on the equivalent beam in Fig. 4 yields

(Fp)e=pL.D /2 sinat,. ....... (A-9)

A sum of the equilibrium forces acting in
the x direction yields

(Fpx)e=pL.D,I(1/2 sin a,)—sin a,].

Because (F,), as shown in Fig. 4 must not
be negative, Eq. A-10 yields a,<45°.
Thus, a stable two-particie bridge cannot
form unless the length and elastic character-
istics of the particles are such that the final
equilibrium angle is less than 45°. If a stable
bridge does form, the longitudinal deflec-
tion of each particle from its original length,
L, to its equilibrium length, L, in the sta-
ble bridge position (because e=0;/E) is

Glowka

Glen E. Loeppke is
a member of the
technical staft at
Sandia Natl. Labor-
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querque, NM.
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........ (A-13) David A. Glowka, a senior member of
I=(h3D)/12 into Eq. A-4 gives the technical statf at Sandia Natl. Lab-
=1 N RPN Lt R et A (A-14) oratories since 1978, researches geo-
=Py~ {&/B) +(y/b) Inserting Egs. A-12 through A-14 into E thermal drilling and nuclear waste
X [(sin 8y —K cos 84)/(cos 8y +K sin 6y)] nserting Eqs. A-12 through A-14 into Eq. disposal. He hoids BS and MS degrees
0 0 0 0 A-11 and assuming that D, =D (because of | "o cnanical engineering from the U.
—(/b)2-/b)2} -, (A-5) lat;ra:) confinement of the %amde from | o¢ Texas at Austin. Elton K. Wright has
where p;p, =(p/EY(b /13, The distance s neighboring bridges) yields Eq. 3, where

worked under contract with K-Tech
— Pp2=pL/Eh. The longitudinal particle | Corp. forthe Geothermal Research Div.
along the deflected beam at any point is stress at equilibrium is

DDy A3y LLe=(FULMDE, ......... (A-11)

The radius of curvature of the deflected where (FL)‘?=(FP)8 cos a,
beam at any Point x is

=pL,D,/2 tan ar,. .. (A-12)

r=EI/My. ... ... . ... ... (A4)  Geometry considerations give

Inserting Eqgs. A-2, A-3. and the relation L,=L cos a;/cos a,,

where a;=cos ~1(b/2L).

of Sandla Natl. Laboratories since 1987,
s ;0 concentrating on test equipment used
5= K ds= ! rdd. .o (A-6) op=(Fp)e/hD, .............. (A-15) | in the evaluation of last-circulation ma-
0 b and the bending stress at particle midpoint is terials.
The ci)\;respo‘n:iing values of x and y are oy =hpL BT, i (A-16)
x= \ dx= \ cosfds .......... (A-Ty  The particle height is assumed to vary with
0 0 the longitudinal strain according to Poisson's
Ly s ratio, p:
and y=} dy=! sinfds. ........ (A-8) :
5 5 (h,—W)h=p{(L-LL). ..... (A-17)

Eqs. A-5 through A-8 are a set of nonlinear,
integral equations that must be solved to de-
termine the beam length required to span the
fracture. The boundary conditions on the
beam deflection are y=0 at x=0, §=0; at
x=0, and 6=0 at x=b/2.

These equations were solved numerical-
ly over a range of the parameters ppy; and
K. The results are plotted in Fig. 3.

JPT » March 1990

The combined stress is maximum at particle
midpoint according to the relation

Ge=0L 0 oo, (A-18)

where the positive sign applies to the high-
pressure side of the particle and the negative
sign applies to the low-pressure side. Sub-
stituting Eqs. A-12 through A-18 into Eq. 9
produces Eq. 10.
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Department of Energy

San Francisco Operations Offlce
1333 Broadway

Oakland, California 94612 -

March 8, 1985

Dr. John E. Mock
Department of Energy
Forrestal Building, CE~ 325
1000 Independence Ave.,
Washington, D.C. 20585

Subject: Bechtel Reports on Well Design and Geothermal Evaluation
for the Sa]ton Sea Scientific Drilling Project

Dear Ted:

We are enclosing two copies each of the Bechtel reports on well
design and geothermal evaluation for the Salton Sea-Scientific
Drilling Project. These reports were received today from Bechtel,
at a briefing which they made to SAN on project status.

It must be emphasized that issues of flow tests, fluid samples,
cores and cuttings have been addressed in these _reports and Ce
represent one contractor's opinions. We recognize there may be ,
some different viewpoints from those presented by Bechtel, and

we are willing to accommodate any recommendat1ons you may have

in this regard. .

We do want to stress, however, that the scientific criteria submitted
by the Scientific Experiments Committee in memoranda form to SAN,
have been provided our contractor for review and consideration in
developing the well design and the geothermal evaluation program.

The enclosed reports should take into account the scientists needs,
insofar as is technically and economica]]y feasible.

We look forward to meeting with you in Wash1ngton next week and
discussing these reports and other SSSDP issues.

u aeth, Director
Fossif, Geothermal, and Solar
ergy Programs Division

Enclosure
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Colorado School of Mines ’ -
Golden, Colorado 80401
303/273-3800

July 15, 1986
Geology Department

Mr. John E. Mock, Director
Geothermal Technology Division
Conservation and Renewable Energy
Department of Energy

1000 Independence Avenue S.W.
wWashington, D.C. 20585

Dear Ted:

Thank you for sending me additional information about
geothermal energy. These data will be of help to the SESP as we
continue to evaluate the energy resources available to the U.S.,
especially in the time frame of 5 to 15 years. All projections in
this time frame that I have seen about U.S. suppy and demand show
- geothermal to represent a low percent of the total energy supply.
(hydro and geothermal combined to be less than 10%). If these
figures are incorrect, perhaps you have additional information that
would be of help to us,.

The work of the Panel is going quite well and we still plan to
have some type of a final report finished evaluating the solid earth
science research programs by November. If we need additional
information about geothermal I shall be in contact with you.

Sincerely yours,
30 u)

Robert J. Weimer, Chairman
Solid Earth Sciences Panel

RJIJW:bb - %
. L. :;3>\ LT
cc: L. D. McGinnis ’I |
John Schoettler

c\»-w
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Department of Energy
Washington, DC 20585

Dr. Robert J. Weimer

Chairman, Solid Earth Science Panel
Professor Emeritus

Department of Geology

Colorado School of Mines

Golden, C0A.80401

Dear Dr>’mefﬁ;r:

By happenstance, I recently received a copy of the attached
letter to you from Dr. Lyle McGinnis. I would like to take this
opportunity to correct certain statements made in Lyle's letter.
Lyle has had a long and close association with oil and gas
resource development, so it is understandable that he may be less
familiar with geothermal energy. His statement, "geothermal
energy is recognized as being a resource that will never play a
major role in national or international energy needs," is not
supported by the facts. Geothermal energy is already significant
in the western United States and in several foreign countries.

Fact: California leads the nation in geothermal resource
development and now obtains 5.5% of its electricity from
geothermal resources, up from 4.5% last year. 1In the same period
coal utilization for power generation decreased from 12.5 to 7%,
while nuclear 'increased from 7.5 to 15% as the Diablo Canyon
power plant came on line (see attachment 2). Geothermal use
would have been higher had it not been for PG&E's policy of using
Diablo Canyon as base power and only using geothermal for
peaking. Note in the attachment that other renewables have
played an insignificant role in California's energy mix.
California has declared geothermal to be its preferred energy
source, and the utility industry has announced specific plans to
increase installed geothermal power from 1830 to 3180 MWe, a 74%
increase, most of which is to come on line before 1989 (see
attachment 3). '

Fact: Nevada will have over 100 MWe on line by the end of
1987. Hawaii has completed its definition of geothermal
utilization areas, and has an aggressive program to use
geothermal energy to reduce its serious dependence on imported
oil., A total of 13 states in the US have resources capable of
providing electric power generation; most are waiting only for
the increase in demand that must surely arise when the reductions
through conservation have played out.



Fact: Geothermal utilization in the world has been
increasing at 17% per year, much of it in third world countries
that have no oil or that prefer to sell their oil. The
Philippines has installed 894 MWe since 1980, providing over 20%
of the country's total electricity, and has plans to increase
this to 2000 MWe by 1995. Mexico has 645 MWe and plans to double
this by 1993. El Salvador has 95 MWe on line, allowing the
country to stop importing oil for power generation, and has plans
to add a further 85 MWe. Nicaragua is currently completing its
second 35 MWe installation. Indonesia has 32 MWe on line, 110
under construction and firm plans for 855 MWe more by 1994. 1In
all, world utilization of geothermal energy for electricity
production will increase from the present 4760 MWe in 17
countries to over 10,000 MWe in 24 countries by 1995, even if no
new plans are formulated.

Fact: US geothermal technology leads the world, in spite of
heavy government funding in Japan, France and Italy.

Fact: The royalties to the Treasury from geothermal
development on federal lands more than pay for the research and
development program of the Geothermal Technology Division.,
California splits its 50% share of royalties with county
authorities, 30% to the county and 20% to the state. The state
share is used for geothermal projects, and for the past two years
the royalty revenues have exceeded $10 million a year.

" Fact: 1In spite of the growth of geothermal utilization in
the US, the private sector is struggling economically. Funds are
used to acquire leases, to conduct exploration and to install
power plants, but there is little margin for funding research.
The fraction of the known resources that are economic today is
quite small, and a strong government role in research in both
geosciences and geothermal engineering would not only vastly
increase the economically exploitable resource, but would provide
a positive return on investment to the U. S. Treasury through
enhanced royalties from geothermal leases on federal land.

You can see from the above examples that it is not true that
geothermal energy will never play a major role -- it is already
doing so, and it is important for the Panel to be aware of the
great potential of hydrothermal resources. We are investigating
the even greater potential of magma, hot dry rock and
geopressured resources, areas deserving strong Federal support in
the next decade.



If‘you would like further information on these points I will
be pleased to provide it to you and to the members of the Panel.

Sincerely,
John E. Mock, Director

Geothermal Technology Division
Conservation and Renewable Energy

At tachments

cc:L. D. McGinnis
J. Schoettler
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May 9, 1986

Dr. Robert J. Weimer
Panel Chairman
Professor Emeritus
Department of Geology

_ Colorado School of Mines
Golden, CO 80401

Dear Bob:

The enclosed preprint by Bernard and Santini from Argonne bears heavily
upon the arguments you and John Schoettler have been expounding for the last
several months. The manuscript, submitted to Science, provides powerful
ammunition for a national energy policy that is built upon objective economic
arguments. If you and John feel all panel membership (perhaps even ERAB
membership) should see it, I can run off more copies.

The ERAB meeting of May 6 has brought out fundamental {nconsistencies
in DOE's energy plan. I found it incredible that JoAnne Elfring should be
touting three areas of highest priority, i.e. conservation, coal, and nuclear,
while DOE's basic research in the geosciences {s almost totally oriented
toward geothermal resources. This becomes more anomalous yet, when geothermal
energy is recognized as being a resource that will never play a major role in
national or international energy needs.

The logic of the current DOE policy toward DOSECC is equally mysteri-
ous. DOSECC provides a unique opportunity for DOE to conduct fundamental
research in frontier areas of oil and gas research with the collaboration of
NSF and the USGS. If DOE would not only embrace the DOSECC plan for drilling
into basins, overthrusts, continental margins, and ancient rifts on the
continent, but provide some direction and funding as well, all three agencies
would benefit by orders of magnitude. DOE should aggressively pursue a posi-
tion of comprehensive collaboration with DOSECC in all of the U.S. rather than
try to carve out only a small niche in the geothermometry of the far west.

Sincerely,

<l

L. D. McGinnis, Technical Advisor
Solid Earth Science Panel

LDM: jr
cc: J. Schoettler

US Deparmvient of Enercy The University of Clicago
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INCLUDES ESTIMATED DATA FOR CITY OF BURBANK,
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1985

21,258

131,741
22,482

154,223

2,482,340
303,106
702

2,786,146

7,400,764
8,982
180,292
42,996

7,633,034
2,199,843
830,492
698,845
490

160

0
3,729,830

164,324,491

TABLE S1
CALIFORNIA ELECTRIC UTILITIES GENERATION

(MEGAWATT- HOURS)

AUGUST
1985

13,436
156,139
0

156,139

2,232,977

342,116
41,876

2,616,969

6,727,245
5,599
157.795
63,244

6,933,833

1,924,396
845,052
739,900

757
154
0

3,510,259

13,230,686

LADWP,

SEPTEMBER
1985

5,918
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13,582

94,667

1,929,723
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14,624

2,267,411
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3,461
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40,044
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1,687,467
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705,243
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2,675,614
2,143,938
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19,207,217

3,249,227
5,301,033
1.914.76%
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10,465,958

42,353,020
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Attachment 3

EPRI Anrual Geothermal Meeting, San Diego, California, June 1985

WORLDWIDE GEOTHERMAL POWER DEVELOPMENT

Ronald DiPippo(})

Mechanical Engineering Department
Southeastern Massachusetts University
North Dartmouth, Massachusetts 02747

617-999-8541

Q OP Up to
the year 1978, geothermal power development
had progressed with an average annual growth
rate of about 8.3% (l}. From 1978 to the
present the growth rate has been about 17%,
as can be seen from Fig. 1. Most of the
increase has been due to power plant activity
in three countries: the Philippines, the
" United States, and Mexico. If that rate of
growth were to continue, then there would be
about 10,000 MW of geothermal power on-line
by the end of this decade. However, there are
indications that a significantly lower growth
rate will take hold for at least the next
five years.

Table 1 gives a summary of the present status
(i.e., through 1985) and projected develop-
ments out to, the year 1994
countries that now have operating plants and
those that might reasonably be expected to
have plants during the next 10 years. Based
on information available at this time, the
cumulative potential geothermal power
capacity is about 10,114 MW. Since 1970 MW
of this is classified as "planned, i.e,,
without a specific date (for the United
States and the Philippines beyond the year
1989) it is clear that 10,000 MW cannot be
achieved by the year 1990. Indeed, it seems
likely that an annual growth rate of about 6%
will apply for the rest of the 1980s. The
rate could increase in the 1990s should the
Philippines resume their initial rapid
development of their impressive geothermal
resources.,

In this paper we will focus on geothermal
power plant activities in the following
countries: the United States, Mexico, Japan,
New Zealand, Nicaraqua, and Indonesia, A
thorough worldwide survey has been written
for the 1985 International Symposium and will
soon be available [2}.

United Stateg Tables 2-4 summarize the
status of plants at The Geysers (CA), the
Inperial Valley (CA), and the rest of the
U.S., respectively. The planned expansion at
The Geysers should reach 2660 MW within the
next ten years, using only the dry-steam

(1) Also, Div, of Engineering, Brown
University, Providence, Rhode Island 02912,

for those .

portion of the field. The foreseeable
expansion of the plants in the Imperial
Valley may lead to an installed capacity of
about 414 MW, For the rest of California and
the states of Hawaii, Nevada, Oregon, and
Utah, the total capacity could reach 257 MW
if all plans are fulfilled. Thus, a grand
total of 3331 MW is currently "in the
pipeline®, if not "under the wellhead", for
the U.S. in the foreseeable future.

In the Imperial Valley there are five
projects that are about to come into being:
{1) the Heber Binary Demonstration Plant; (2)
the Heber Flash Plant; (3) Magma Power
Company’s Vulcan Power Plant; (4) Ralph M.

‘Parsons' Niland Gecothermal Energy Program;

and (5) Ormat's Ormesa Modular Binary Project
at East Mesa,

This year electricity will begin to flow into
the grid from the world's largest binary
plant, the Heber Binary Demonstration Plant,
a 65 MW (gross), 45 MW (net) power plant that
uses a mixture of isobutane and isopentane as
its working fluid, A demonstration of
success, both on technical and economic
grounds, will go a long way toward opening up
a large number of low-to-moderate temperature
geothermal resources. Binary plants are one
of the most non-polluting types of power
plant that can be conceived, a major
advantage in environmentally sensitive areas,

However, binary plants still require an
independent supply of cooling water, a
limitation that could either  hamper

development or force designers to resort to
dry (i.e., air) cooling which generally is
more expensive than wet cooling.

Roughly one mile to the east of the Heber
binary plant, the Heber Flash Plant of the
Heber Geothermal Company will also reach the
production stage during 1985, It will be a
double-~flash plant with a net rating of 49
MW. Since these two plants will draw fluid
from the same general reservoir, it will be
interesting to see if their cperations affect
one another. They will also serve to show
the relative advantages and/or disadvantages
of a flash versus a binary plant.

The hostile, high-temperature, high-salinity
brines of the Salton Sea/Niland/Brawley areas
are being tamed through the adoption-of flash



COUNTRY

United States
Philippines
Mexico

Italy

Japan

New Zealand
El salvador
Kenya

Iceland
Nicaragua
Indonesia
Turkey

China

Soviet Union
France (Guadeloupe)
Porcugal (Azores)
Greece (Milos)
Costa Rica
Guatemala
Chile

Saint Lucia
India

Romania
Australia

Totals, each year

Cumulative total

STATUS AND PROJECTED DEVELOPMENT OF WORLDWIDE GEOTHERMAL POWER

TABLE 1
MW as of MW to be installed each year
1983 1986 1987 1988 1989 1990 1991 1992 1993
2022.11 137.62 115.0 241.4 - - -~ - -
894.0 -— - 55.0 92.5 - - -~ -~
645.0 50.0 50.0 55.0 55.0 110.0 55.0 220.0 50.0
519.2 - - - - - - - -
215.1 -- - - -- - - - -
167.2 - - 116.2 - - - .- --
95.0 - - - - - - - -
45.0 - - - -- - - 60.0 ~-
39.0 -- - - - - - - -
35.0 35.0 -- - - - -- - ~--
32,125 - 55.0 55.0 110.0 110.0 110.0 110.0 195.0
20.6 - - - - - - - -
14.321 - -- - - -~ - - -
11.0 -- - - -- 80.0 - - -
4.2 - - - - -~ - - -
3.0 - - - - - - - -
2.0 - . - - - - - -
0 - - - - 50.0 -- - -
Q - -— - - - - -— -
Q - - -— — — - - -
0 - - - -— - - - -
0 - - -— - - - - —
0 - — -~ - -~ - - -
0 - - -— -— -~ -— - -
222.62 220.0 522.6 257.5 350.0 165.0 390.0 245.0
4763.981  4986.6 5206.6  5729.2 5986.7 6336.7 6501.7 6891.7 7136.7
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crystallizers and reactor-clarifiers. Magma
Power company, the holder of patents on this
process, is building the Vulcan Power Plant
at the site of the old Dept. of Energy
Geothermal Loop Experimental Facility (GLEF).
The plant, scheduled to begin operating late
in 1985, will produce 34.5 MW of saleable
power which will be purchased by SCE. The
power system is a double-flash type with
separate high- and low-pressure turbines each
with its own generator; the turbines are
being supplied by Mitsubishi Heavy
Industries, Ltd, The turbines will have the
following technical specifications:

HP turbine:
rating, 27.73 MW
maximum capability, 30,16 MW
speed, 3600 rpm
steanm inlet conditions:
pressure, 517.1 kPa
temperature, 162.7°C
gas content, 1,3% by wt,
flow rate, 58.3 kg/s
exhaust pressure, 6.77 kPa
last~stage blade height, 584.2 mm
type:
double-flow
impulse-reaction
6 stages per flow.

LP turbine:
rating, 8.88 MW
maximum capability, 9.56 MW
speed, 3600 rpm
steam inlet conditions:
pressure, 100.3 kPa
temperature, 107.2°C
flow rate, 31.5 kg/s
exhaust pressure, 6.77 kPa .
last-stage blade height, 635 mm
type:
single~-flow
impulse-reaction
3 stages.

The Ralph M. Parsons Company is constructing
a double-flash plant at Niland, the Niland
Geothermal Energy Program (NGEP). The first
phase will produce 38.6 MW of net power, and
should be conmpleted in nid-1986. Clean,
high-pressure steam will be generated using a
separated-steam condenser/reboiler arrange-
ment that removes the large amount of
noncondensable gases. (9% by weight of steanm).
Additional HP steam will be flashed from the
liquid portion of the geofluid separated at
each wellhead. A low-pressure flash vessel
will generate LP steam for use in the lower
stages of the turbine being supplied by Fuji
Electric Company. The two turbines will have
separate condensers, The design specifica-
tions for phase 1 call for steam inlet
conditions of 167.7°C, 6€89.5 kPa (HP) and
117.5°C, 124.1 kPa (LP); exhaust pressures of
5.42 kPa (HP) and 7.72 kPa (LP), After at
least one year of operation, 31.4 MW may be

added to the plant through additional wells
and some modification to the turbine, The HP
steam pressure and temperature would remain
unchanged, but the LP conditions would be
modified to 124.2°C, 155.8 kPa, and the
condensers would operate at 6.91 kPa (HP) and
12,29 kPa (LP). Parsons is the owner of the
wells, the brine processing equipment, and
the power plant; SCE will purchase the power

through the Imperial Irrigation District
(11ID).

At the East Mesa field, the portion
originally under lease to Republic

Geothermal, Inc, is about to be developed by

. Ormat Systems, Inc, through a partnership

called Ormesa Geothermal, The plan is to
install 26 individual, modular binary units,
each with a gross rating of 1.25 MW, to
produce 20 MW of ‘net saleable power. The
power units are under construction at Ormat's
manufacturing facility although not all
pieces of the agreement are yet .in place. It
is expected that the equipment for cooling
and electrical systems will be on site during
1985, and that power will come on line in
198s.

Outside California, activity has picked up in
Nevada and Utah, About 105 MW is scheduled
to be on line in Nevada by 1987; about 30% of
this capacity will be in binary units. 1In
Utah, 41.5 MW should be on line by 1986 in
two fields: Roosevelt Hot Springs and Cove
Fort/Sulphurdale.

The first power generated from geothermal
energy in Nevada came from a 60 kW binary
unit at Wabuska Hot Springs in 1984, The
plant is a skid-mounted unit manufactured by

. Ormat and has logged over 4000 hours of

operation at this writing. The resource -
temperature is 106°C; the well is about 107 m
deep; a 75 kW pump assists production,
boosting the flow rate from an artesian flow
of about 9 kg/s to 45 kg/s; and cooling water
is handled in a spray pond and recirculated
to the plant's condensers. The power
equipment was delivered to the site in April
1984, preliminary runs were made in July
1984, and in September the plant was on line,

‘The owner of the plant is Tad's Enterprises

of oOrinda, CA; power is sold to Sierra
Pacific at 5.1 cents/kwh,

Another binary power project is under
construction at Brady Hot Springs, NV by
Munson Geothermal, Inc., of Reno. MGI holds
about 12,480 acres under lease at Brady and
plans to install 2.8 MW by the end of 1985
with a follow-on of 5.5 MW through the
rehabilitation of the Raft River Dual-Boiling
Binary Plant. The 2.8 MW will be achieved by
running 6-9 modular wunits from Ormat.
Reservoir fluid temperature is about 149°cC,
and the wells will probably be pumped. Power
will be sold to Sierra Pacific.



TABLE 2 GEOTHERMAL POWER PLANTS AT THE GEYSERS, CA, USA

—l

prantil)

PGSE Geysers:

unit
Unit
Unit
Unit
Unit
Unit
Unit
Unit
uUnit
Unit
unit
Unit
Unit
Unit
Unit
Unit
Unit
Unit
Unit
Unit
Unit

1

2

3

4
5-6
7-8
9-10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

wild Well

NCPA 27
SMUDGEO

No. 1

Bottlerock

oxy 1
NCPA 3

Modesto GEO
South Geysers

SMUDGEC
CCPA No.
CCPA No.

(L)all units are dry-steam type except wild well unit which will be a binary

plant.

(2) tacludes plants under construction and scheduled for ~ompletion in 198S.

TABLE 1

PLANT

Easc ﬁesn:

No. 2
1
2

YEAR

1960
1963
1967
1968
1971
1972
1973
1975
1979
1980
1980
1979
1985
1982
1983
n.a.
1985
1988
n.a.
n.a.
n.a.
1985
1983
1983
1988
1984
1985
n.a.
n.a.
1987
1988
N.a.

Totals:

2x53
2x53
2x53
106
106
o133
109
59
114
114
114
55
114
140
114
114
114
1.2
110
72
55
80
2x55
110
55
55
58
55

1792
2660.2

STATUS

Operational
Operational
Operational
Operational
Opecational
Operational
Operational
Operational
Operational
Operational
Opecational
Operational

Undetr construction
Operational
Opecational
Preliminacy planning
Under construction
Advanced planning
Preliminary planning
Preliminary planning
Preliminary planning
Advanced planning

- Operational

Operational
Operational
Operatio~

Under co- uction
Prelimine planning
Advanced pianning
Preliminacry planning
Under CEC review
Preliminary plananing

Operational (2}

Oper., u.c., or planned

GEOTHERMAL POWER PLANTS IN THE IMPERIAL VALLEY, CA, USA

8.C. McCabe No. 1

Magma Unit
Magma Unit

2
3

ORMESA (Ormat)

Salton Sea:
Geothermal

Electric

Project (Union/sSCe/

SPLC/MPC)

" Vulcan Power Plant
(Magma/SCB)
Niland (NPN Pactnership)
Niland Geotheraal Energy
Program (Parsons):

Phase 1
Phase 2
Hebert

Binary Demo Plant
Plash Plant (HGC)
North Brawley

Westmorland

South B8rawley (CU I)

YEAR

1979
n.a.
n.a8.
1986

1982

1988
n.a.

1986
1988

1988
1988
1980
1988
n.8.

TYPE

Binacy
Binary
Binary
Binary

1-Flash

2-Plash
2-FPlash

2-Flash
2-Flash

Binacy
2-Plash
1-Plash
Binacy
Flash

Totals:

o] STATUS
12.5 Operational
25.0 Planned
25.0 Planned
26x0.77 Under construction
10.0 Opecational
34.5 Under construction
49.0 Planned
38.6 Under construction
31.4 Planned addition
45.0 Under construction
9.0 Under construction
10.0 Operational
15.0 Planned
49.0 Planned
32.5 Opetrational®
9.6 Opecrational oc u.c.
Al4.0 Opet., u.c., or
planned

*Includes plants under construction and scheduled for comp. in 1988,



]

LANT
California
Coso:
Unit 1
Unit 2-3
Mammoth:
Mammoth-Pacific

Chance Ranch (Wood &

Associates)
Honey Lake

Hawaii
Puna No. 1

Idaho
Raft River

Nevada
Wabuska Hot Springs
Beoware
Brady Rot Springs:
Phase 1
Phase 2
Steamboat Springs
Fish Lake
Big Smokey Valley
Desert Peak

Spring Creek
- Dixie Central

Oregon
Hammersly Canyon:

Unit 1-3
Unit 4-6

Utah
Milford:
Blundell Unit I
Wellhead No. 1

Cove Port-Sulphurdale:

phase 1
Phase 2
Phase 3

YEAR

1986
n.a.

1984

1985
1987

1982

1982

1984

1985

1985
1986
1985
1986
1986
1985

1987
1987

1983
1984

1984
1986

1985
1985
1986

TYPE

1-Flash
1-Flash

Binary

Binary
Hybrid:

wood-geothermal

1-Flash

Binary

Binary
2~Flash.

Binary
Binary
Binary
Binary
Flash (?)
Total Flow/
2-Flash
2-Flaah
Plash

Binary
Binary

1-Flash
Total Flow/
2-Flash

Binary

Binary
Dry steam

Totals:

L]

25.0

2x25.0

2x3.5

5x0.6
20.0

3.0

4x0.675
2x1.0
2.3

69.11
134.11
256.91

'~ TPABLE 4 GEOTHERMAL POWER PLANTS IN THE UNITED STATES (EXCLUDING THE GEYSERS

AND THE IMPERIAL VALLEY)

STATUS

Under construction ’
Advanced planning

Operational

Under construction
Under construction

Operational

Being moved to Brady
H.S5., NV

Operational
Under cons;ruction

Under construction
Under construction
Planned
Planned
Planned
Under construction

Pianned
Planned

Operational
Operational

Operational
Under construction

Operational

Under construction
Advanced planning

Operational®*

Operational or u.c.

Oper., u.c. ot
planned

*Inciudes plants under construction and scheduled for completion in 1985.



Binary plants are also being planned for
Steamboat Springs and Fish Lake in Nevada. At
Steamboat Springs, Geothermal Development
_Assocs. plans to install seven modular Ormat
units: four 1200 kW units and three 800 kW
units. A net power of about 5.5 MW is
expected, Reservoir fluid temperatures are
160°C at 152 m; wells will be pumped to
prevent flashing, A l0-year power purchase
agreement is in place with Sierra Pacific.

At the Fish Lake prospect, the fluid
temperature is in the range 188-200°C as
determined by the discovery well drilled in
1984 and the confirmation well completed in
January 1985, Although a binary-type plant
has been decided upon, the manufacturer has
yet to be selected. A total of 15 MW is
expected to be installed by the end of 1986.

Two 20 MW flash plants are in the planning
stage for Dixie Valley (Spring Creek and
Dixie Central) by Trans-Pacific Geothermal
Company. They may be on line by 1987,

The Beoware resource will be tapped by a
double~flash steam plant. Mitsubishi Heavy
Industries, Ltd. has the turbine/generator
under construction and expects to have the 17
MW on line by the end of 1985, The plant
will be owned by Chevron USA Beoware. Power
‘will be purchased by Southern cCalifornia
Edison through Sierra Pacific.

An innovative 9 MW double-flash plant
incorporating a rotary separator turbine is
under construction at Desert Peak. The
power conversion equipment will be built by
Transamerica Delaval Inc.--Biphase Energy
Systems. The Biphase double-flash system
proved more efficient and cost effective than
competitive energy conversion systems. Ground
was broken for the plant in January 1985 and
the plant should be completed late in 1985,

Two resources in southern Utah are being
developed but in different ways. A 20 MW
single-flash plant, Blundell Unit I, came on
line in 1984 at Milford (Roosevelt Hot
Springs). Because of the high temperature of
the resource (260°C), the geofluid carries a
significant amount of silica (510 ppm) and
silica scaling has been a concern during
operation. A wellhead wunit is under
construction at Milford that will use the
Biphase rotary separator expander in
conjunction with a dual pressure steam
turbine to generats a net power of 14.5 MW,

Mother Earth  Industries (Cove  Creek
Geothernmal) will have four Ormat binary units
in place at its Cove Fort-sulphurdale
prospect by June 1985, Each unit has a gross
output of 800 kW and the net power for sale
from the first four units will be about 2.7
MW, Power will be purchased by the City of
Provo. Phase 2 of the project will involve

" countries

the installation of two more units, each 1 MW
net, by the end of 1985, ©Phase 3, to be
completed in 1986, envisions the addition of
a- steam turbine in a topping mode to make
efficient use of the dry steam being produced
by the wells, The energy of the exhaust
from the turbine will be harnessed by the
binary units from Phases 1 and 2, which will
then be operating in a bottoming  mode,
Altogether the six binary units and one steam
turbine should produce about 6.5 MW net,

Mexico Table 5 1lists the geothermal
projects in Mexico; these include plants at

* three fields--Cerro Prieto, lLos Azufres, and

Los Humeros. A total power capacity of 1290
MW is planned for these areas by the year
1993, This vigorous development program has
propelled Mexico into third place among those
generating  electricity from
geothermal energy. Other fields, such as La
Primavera, are being explored and may
eventually reach the production stage.

Japan There are nine geothermal power
plants in Japan, ranging in size from 0.1 MW
at the Kirishima Kokusai Hotel to 55 MW at
the double-flash Katchobaru plant. The
plants are located on three of the Japanese
islands: Honshu, Kyushu, and Hokkaido. The
total rated capacity is 215.1 MW including 22
MW from a dry-steam plant (Matsukawa), 88.1
from six single-flash plants (Otake, Onuma,
Onikobe, Kakkonda, Suginoi Hotel, and
Kirishima Kokusai Hotel), and 105 MW from two
double-flash plants (Hatchobaru and Mori).
Expansion of some of the existing plants is
being given serious consideration. Step-out
drilling is underway, for example, at Hatcho-
baru in preparation for the construction of
another 55 MW unit, The situation is
summarized in Table 6.

The newest geothermal plant in Japan is at
the Kirishima Kokusai Hotel., Roughly 20% of
the power requirements of this hotel are
supplied by a single-flash geothermal unit
having a 100 kW non-condensing turbine. The
plant came on line in February 1584; the
turbine-generator was built by Puji Electric
Co., Ltd, The turbine runs at 3600 rpm;
stean inlet conditions are 127°C, 247 kPa
(saturated) with 0.06% noncondensable gases
(by volume); exhaust pressure is 117 kPa. The
generator is air-cooled and rated at 125 kVA
at 440 V., Hot water from the wellhead
separator is piped to the hotel for use in a
bathing spa. The facility is located in
Kagoshima in the southern part of Kyushu
within the scenic Kirishima National Park.

A 50 MW double-flash plant known as Mori was
put on line 'in November 1982 at the Nigori-
kawa area in Mori-machi on the southwest part
of Hokkaido. See Fig. 2. The plant is oper-
ated by the Hokkaido Electric Power Co.,
Ltd.; the steam field was developed by Dohnan



- TABLE 5 GEOTHERMAL POWER PLANTS IN MEXICO

PLANT YEAR TYPE L] STATUS
Pathe 1959 1-Flash 3.5 De-commissioned
Cerro Prieto I:
Unit 1-2 1973 1-Flash 2x37.5 Operational
Unit 3-4 1979 1-Plash 2x37.5 Operational
Unit 5 1981 2-Flash 30.0 Operational
Cerro Prieto II:
Unit 1-2 1984 2-Flash 2x110 Operational
" Cerro Prieto III: :
Unit 1 ’ 1985 2-Flash 110 Under construction
Unit 2 1985 2-Plash 110 Under construction
Cerro Prieto IV:
Unit 1-2 1992 2-Plash 4x55.0 Planned
Los Azufres: *
W.H. Unit 1-2 1982 Dry Steam 2x5.0 " Operational
Ww.H. Unit 3=5 1982 1-Flash 3x5.0 Operational
Unit 1 1986 2~Plash 50 *  Under construction
W.H. Unit 6-12 1987 1~Flash 7x5.0 Advanced planning
Unit 2 ' 1988 " 2~Flash 55 Advanced planning
Unit 3 1989 2~Flash 55 Advanced planning
Unit 4 1990 2~-Flash 55 Advanced planning
#.H. Unit 13-22 1993 1-Flash 10x5.0 Advanced planning
Los Humeros:
W.H. Unit 1-3 1987 1-Flash 3x5.0 Under construction
Unit 1 1990 2-Flash . 55 Advanced planning
Unit 2 1991 2-Flash 55 Advanced planning
Totals: ’ 425 Operational
710 Operational or u.c.
1290 Oper., u.c. or planned

TABLE 6 GEOTHERMAL POWER PLANTS IN JAPAN

PLANT YEAR TYPE e STATUS
Matsukawa 1966 Dry Steam 22.0 Operational
Otake 1967 1-Flash 12.5 Operational
Onuma 1973 1-Flash 10.0 Operational
Onikobe 1978 1-Plash 12,5 -Operational
Hatchobaru 1977 2-Flash 55.0 Operational
Kakkonda 1978 1-Flash 50.0 Operational
Otake Pilot 1978 Binary 1.0 Dismantled
Nigorikawa Pilot 1978 Binary 1.0 Dismantled
Suginoi Hotel 1981 1-Flash 3.0 Operational
Mori 1982 2-Flash 50.0 . Operational
Kirishima

Rokusai Hotel 19984 1-Flash 0.1 Operational
Hatchobaru II n.a. 2-FPlash 55.0 Advanced planning
Kakkonda II n.a. Flash 50.0 Advanced planning
Suginoi II n.a. 1-Flash 3.0 Barly planning

Totals: 218.1 Operational
) 323.1 Operational or planned



Geothermal Energy Co., Ltd., with the coop-
eration of _ Japan Metals Chemicals Co.,
Ltd.(3]. -

The site is characterized by a relatively
flat basin of about 3,75 km?® at 100 m above
sea level surrounded by hills rising to about
250 m, Roughly 60 hot springs exist in the
basin; six resort hotels use the hot water
for Dbathing spas, and greenhouses are
supplied with hot water.

Permeability was discovered in fractures
extending along the caldera wall. Seventeen
deep wells have been drilled: six are used
for production, seven for injection, and four
were unsuccessful, Two more wells (D-7 and
D-8) are scheduled = for drilling, The
fractures associated with the caldera wall
are being used as injection sites whereas
production wells are drawing from fractures
associated with a northeast-trending fault
and through the Pre-~Tertiary formation within
the basin itself. see Fig. 3.

The wells are clustered in four areas,
drilling sites B, C, D and F. See Fig. 4. All
successful wells have been directionally
drilled, Data on the successful wells are
shown in Tables 7 and 8, Two-phase pipelines
carry the geofluid from wells F-1 and F-9 to
the separator/flasher station located at
well-site D. Short two-phase pipelines run
from wells D-1, D-3, D~5 and D-6 to the
separators, Three vertical, bottom-outlet-
cyclone separators can each produce 56 kg/s
of steam; three horizontal flash vessels can
generate 22 kg/s of low-pressure steam, The
HP and LP steam are transmitted to the plant
via separate pipelines, a distance of about
1,5 km. There are about 600 m of two-phase
piping and 1700 m of hot water piping.

Owing to the high levels of noncondensable
gases, mainly carbon dioxide, it is necessary
to use a turbo-driven centrifugal compressor
to remove the gases from the condenser. This
is also the reason for the rather high
condenser pressure, Furthermore, the pro-
duction wells have been subject to calcite
plugging at the flash horizon due to CO
liberation, In fact, soon after the planf:
started operating, the plugging was so severe
as to reduce the plant ocutput from 50 MW to
15 MW, Initially the problen was addressed
by re-drilling to remove the deposits and by
treatment of the wells with acid. More re-
cently, a scale inhibitor has been success-
fully injected into the flowing wells below
the flash horizon, The inhibitor interrupts
the association of calcium and carbonats
ions. Through this technique, power produc-
tion has been restored to about 35 MW. Full
production sghould be achieved with the
completion of the new production wells in
well-pad D,
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Design specifications for the power plant are
given in Table 9. Three site photographs are
prasented in Plates 1-3 [Courtesy of Dr. H.
Nakamura, Japan Metals & cChemicals Co.,
Ltd.).

New Zealand The principal geothermal
generating facility in New Zealand is at
Wairakei, the site of the world's first
commercial geothermal power plant using fluid
from a liquid-dominated resource. Only 11
of the original 13 power units (installed
from 1959-1963) are still in operatien,
However, the two units that have been removed
from service because. of the decline in
regervoir pressure and the loss of high-pres-

. sure steam (Units 5 and 6) are being reha-

bilitated for use at the Ohaaki double-flash
power plant now under construction. These
two 11,2 MW back-pressure turbines will be
matched with two new 56,9 MW machines to be
supplied by Mitsubishi Heavy Industries,
Ltd,, to give the Ohaaki plant a rated
capacity of 116.2 MW,
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PRODUCTION WELL DATA AT MORI, JAPAN

TABLE 7
' Total Total
depth depth
Hgll m m
D-1 2400 2143.5
D-3 2320 2089.0
D-5 736 683.9
D-6 2205 2106.3
F-1 - 2464 2355
F-9 2340 2221.7
Totals

Flow Rates, kg/s

Main
steam!l)

16.9
36.8
21.7
15.6

Secondary  Residual
steam! water
6.3 72.8
11.9 136.7
15.1 173.3
3.6 41.9
9.7 111.7
7.1 8.4
53.7 617.8

(1) pressure = 786.5 kPa; (2)pPressure = 266.7 kPa.

PLATE 1 MORI POWER PLANT.

INJECTION WELL DATA AT MORI, JAPAN

TABLE 8

Total Vert.

depth depth
Well m m
B-2 1973 1552.5
Cc-1 1773 1732.9
P-2 2025 1945.8
F-5 998 975.3
P-6 2383 2229.6
F-7 1464 1359.7
r-8 1785 1708.4

Totals:

- (l)pressure = 639.4 kPa.

Flow
ratef(l)

kq/s
27.1
32.2
115.0
118.9
102.8

102.8
54.5

476.9

NC Gases
$ (vol.)
of steam

0.53
4.80
2.50
g.91

3.99
1.23



PLATE 2 CYCLONE SEPARATORS FOR MORI PLANT.

PLATE 3 TURBINE HALL FOR MORI PLANT:
(R-L) TURBOCOMPRESSOR, TURBINE,
GENERATOR, EXCITER.

TABLE 9 DESIGN SPECIPICATIONS FOR MORI POWER PLANT

Date of start-up
Plant type
Plant operator
No. production wells
No. injection wells
Turbine data:
Manufacturer
Rated capacity
TYPe

Speed .
Main steam pressure
Main steam temperature
Main steam flow rate
Secondary steam pressute
Secondary steam temperature
Secondary steam flow rate
Exhaust pressure
Laat stage blade height
Generator datas
Capacity
voltage
Frequency
Speed
Condenser data:
Type
Pressure
Cooling water flow cate

Cooling water inlet temperature

Gas extractor data:
Type

Powecr requirement
Cooling tower data:
Type

Wwater flow rate

water inlet temperature
Water outlet temperature
Design wet-bulb temperature
No. fans

Novenber 1982
Double flash

Hokkaido Electric Power Co.
6
7

Toshiba Corporation
SO M

. Ltd.

Single-cylindec, double-flow,

impulse blading, 5x2

3000 rpm

686.7 kPa

164.2%

146.7 kg/s

193.6 xPa

119.2°¢

$3.7 xg/s

17.6 kPa

$08 =m

§5,600 kVA
11,000 v
S0 Hz

3000 cpa

Low-level, dictwct-contact
17.6 kra

2083 kg/s (approx.)
25%¢

Centrifugal compressor, dci
turbine shate
3,100 kW

Counterflow, mechanically
dratt, octagonal shape
2640 kg/s (approx.) ’
$3,6%
25,0°%¢
17.0%

4

ven by

nduced




TABLE 10 GEOTHERMAL POWER PLANTS IN NEW ZEALAND

PLANT YEAR TYPE ~
Wwairakei:
Unit 1 . 1959 ~ SCSP-IP-NC
Unit 2 1958 SCSF-HP=-NC
Unit 3 1959 SCSF-HP-NC
. Unit 4 1959 SCSFP-IP~NC
Unit 5-6 1962 SCSF-HP-NC
Unit 7-8 1959 . SCSF-LP-C
Unit 9-10 1960 SCSF=-LP=-C
Unit 11 1962 2-Flash
Unit 12~13 1963 2-Flash
Rawerau 1961 1-Flash
" Ohaaki:
Unit 1 1988 2-Flash
Totals:

The new turbines will have the following
characteristics:
rating, 46.9 MW
speed, 3000 rpm
inlet steam conditions:
pressure, 446.8 kPa
temperature, 147.1°C
gas content, 5.6% (by weight)
flow rate, 94.4 kg/s
exhaust pressure, 8,24 kPa
last-stage blade height, 584.2 mm
type:
double-flow
impulse-reaction
5 stages per flow,

A study is being made of generating an
additional 5 MW at Wairakei by using a
bottoming binary cycle powered by the waste
hot water that is now discharged to the
Waikato River. All together 167.2 MW is now
on line in New Zealand at two sites; by 1988
there should be 283.4 MW on line, See Table
10. 0f the numerous geothermal areas in New
Zealand, those with the brightest prospects
for power devalopment are: Mokai, Rotokawa,
and Tauhara,

Nicaraqua {Note: The following account is
baged largely on a paper entitled "Estado
Actual del Proyecto Geotermico de Nicaragua®
by the 1Instituto Nicaraguense de Energia
(INE) presented at a meeting of Latin
Anerican countries and reported in "“Estado
Actual de la Geotermia en America Latina",

« Quite, Ecuador,
OLADE/BID/INECEL; in Spanish,)

Sept. 19%83,

The first geothermal plant in Nicaragqua, the
35 MW single-flash plant at Momotombo, began

22 STATUS
11.2 Operational
6.5 Dismantled
6.5 Dismantled
11.2 Operational
2x11.2 To be installed at Ohaaki
2x11.2 Operational
2x11.2 Operational
30.0 Operational
2x30.0 Operational
10.0 Operational
2x11.2 Under construction
2x46.9
167.2 Operational
283.4 Operational or

under construction

producing power in September 1983, It is
located close to the shore of Lake Managua in
its northwest area and on the southern flank
of the Momotombo volcano., This is only one
of many geothermal areas that stretch along
Nicaragua's southwest zone, roughly 50 knm
inland from the Pacific Ocean, See Fig. 5.

in Plate 4

A site photograph is shown
Milan,

{Courtesy of ELC-Electroconsult,
Italy].

Exploration for geothermal anomalies dates
fron 1966 when the Italian firn
ELC-Electroconsult conducted a preliminary
study. In 1969 a study by Texas Instruments
resulted in a 1listing of ten areas with
geothermal potential. The fumaroles of the
south Momotombo volcano were considered the
best prospect when the study was completed in
1971. A power potential of at least 35 MW
was established as a result of these studies.
The San Jacinto area was also deemed a good
prospect for commerical development.

Pollowing the devastating Managua earthquake
of December 23, 1972, all geothermal
development work was temporarily halted. 1In
May 1974 the Nicaraguan electric authority,
then called the Empresa Nacional de Luz y
Fuerza  (ENALUF), rehired the original
consulting firm, ELC-Electroconsult, to
complete the feasibility study at Momotombo,
At the same time, a contract was signed with
the Belgian drilling company Foramines to
construct four dual-purpose wells to serve as
both  exploration and, if  successful,
production wells,

Following this phase, ENALUF began the
production  drilling phase by hiring
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PLATE 4 - MOMOTOMBO POWER PLANT, LOOKING S-SE TOWARD LAKE MANAGUA.




Ene:qeticoé, §. A. and the California Energy .
Company to drill 12 wells and to manage the

drilling program, respectively. By 1978,
this task was complete. .

In 1980 the current electric authority,
Institcto Nicaragquense de Energia (INE),

secured financing for the project through the
Organizacion Latinoamericana de Energia
(OLADE) with the aid of a special OPEC fund.
The decision was reached in 1981 to build a
35 MW plant at Momotombo.

The wells were drilled in two stages: Stage
1 from November 1974 to August 1978; Stage 2
from October 1982 to June 1983, During Stage
1, 32 wells were drilled resulting in 20
production wells and 4 injection wells,
During Stage 2, three wells were completed:
one producer (for the anticipated second
power unit) and two injectors. Generally the
wells for exploitation are constructed using
the following casing schedule: 20" conductor
casing from 0-20 m; 13-3/8" anchor casing
from 20-250 m; 9-5/8" production casing from
150-350 m; and 7% slotted liner from
.350-600 m, Table 11 contains some data on the
production wells. Reservoir temperature is
in the 230°C range.

TABLE 11 PRODUCTION WELL DATA AT MOMOTOMBO, NICARAGUA

Wellhead Total Flow cates

alevation depth steam water Enthalpy
well m, asl m kg/s kg/s K.J/kg
M7T-2 - ~ 12 48 1100
MT-3 - - 18 77 1100
MT-4 - - 8 8 2700
MT-9(1) 80 616 13 57 1100
MT-10 - - 7 7 27600
MT=12(1) - 69 402 20 20 2700
MT-17 - - 8 32 1100
MT-19 - - 4 16 1100
NT=-29(1) 1] 310 32 32 2700
MT-21 - - ] -28 1100
MT-22 - - 11 49 1100
MT~23(1) 68 82l 16 69 . 1100
MT~25 - - ie 45 1100
MT-26 -~ - 17 73 1100
MT=27(1) 87 442 26 114 1100
MT-31 - - 12 98 950

{l)~ supplying Unit 1.

There are two production horizons in the
field, one shallow and one deeper, Most of
the wells intercept the shallow zone which is
nuch better understood than the deeper 2zone.
It will be necessary to exploit the deeper
regervoir in a carefully integrated manner
. with the shallow zone in order to expand the
power production of the field beyond the
current rating of 35 MW, The deep zone may
have temperatures considerably in excess of
230°C,

The production wells are outfitted with
individual bottom-outlet-cyclone separators,
Steam is gathered from the wells and
delivered to the plant via two main steam

lines, The separated hot water is collected
and distributed to the four injection wells
that are located to the south and east of the
main production area. See Fig, 6. Some data
on the injection wells is given in Table 12,

TABLE 12 INJECTION WELL DATA AT

MOMOTOMBO, NICARAGUA

wellhead Total

elevation depth
wWell m, asl m
MT=6 109 580
MT-15 66 ’ 649
-‘MT-~18 74 1124
RMT-2 63 1170

The power plant consumes a total of 77.81
kg/s of steam (main steam plus ejector steam)

at 163°C, saturation conditions.  The gross
speci ic ste- consumption is about 8
kg/k% .; the consumption is 8.5 kg/xW.h,

Assumizg an a  :ge wellhead dryness fraction
of 26.8% an. a reservoir condition of
saturated liquid at 230°C, the plant would
have a Second Law utilization efficiency of
55,7% (gross), or 52.2% (net), The auxilia-
ries require 2.2 MW of power.

Efficiencies this high are more often
associated with plants of the dry-steam type
such as those at The Geysers in California.
Several of the wells, in fact, have been
observed as tending toward dry steam. The
wellhead enthalpy of 1100 kJ/kg seems to
indicate a deeper parent reservoir in the
temperature range 250-255°C, The shallow
wells apparently intercept a two-phase aqui-
fer from which the steam phase is produced
preferentially, thus leading to higher than
expected wellhead qualities; i.e,, if the
main reservoir consisted of saturated liquid
at 230°C, one would expect wellhead enthal-
pies in the 990 kJ/kg range and dryness
fractions of ahout 14%.

Table 13 1lists the design specifications for
the first power unit at Momotombo. Financing

for a duplicate second wunit has been
arranged, and construction should begin
soon.

Indonesia The ultimate geothermal power
potential of Indonesia is estimated to be
10,000 MW, an inmpressive figqure by any
standards. Exploration and/or development are
taking place at 18 areas in Sumatera, 29
areas in Java, 16 areas in Sulawesi, and 14
areas 1in Bali, Legser Sunda Islands and
Moluccas., An ambiticus progran is underway to
get power plants on line in eight different
areas by the year 1994. See Table 14,

At present, thera are two .wellhead units
(2.25 MW, total) and one central station (30
MW) in operation. The next plants to be built
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FIG.6 FIELD LAYOUT FOR MOMOTOMBO UNIT 1.

.TABLE 13 DESIGN SPECIPICATIONS FOR UNIT 1
MOMOTOMBO POWER PLANT

Date of start-up

September 1983

Plant type Single-flash
Plant owner INE

No. production wells S

No. injection wells 4

Turbine data:
Manufacturer
Rated capacity

Pranco Tosi (Italy)
35 M8

Maximum capacity 40.37 MW

Main steam pressure 700 kPa

Main steam temperature 165°C

Main steam flow rate 73.37 kg/s

Exhaust pressure 12.5 kPa

Condenser data:

Type Low~-level,
direct-contact

Pressure 12.5 kpa

Gas extractor data:
Type : Steam jet ejectors
Steam consumption 4.44 kq/s

Cooling tower data:

Type Counterflow,
mechanically
induced .draft

No. cells 4



TABLE 14 GEOTHERMAL POWER PLANTS IN INDONESIA

PLANT YEAR TYPE
Kamo jang:

Wellhead Unit 1978 Ory Steam -

Unit 1 1982 Ocy Steam

unit 2 1587 Dry Stean

Unit 3 1988 Dry Steam

Unit 4-5 n.a. Dry Steam

d Dieng:

Wwellhead Unit 1980 1-rlash

Unit 1 1988-89 Plasnh

Unit 2 1989-3%0 Plash
Dacrajat:

Unit 1 . 1991 Plash

Unit 2 1992 Plash
Salak:

unit 1 1988-89 Flash

Unit 2 1989-90 Flasn

Unit 3 1992 Plash

Unit 4 1993 Plash
Lahendong: X

Unit 1-2 1992-93 Plash
Cisolok:

Unit 1 1993 Flash

Unit 2 1994 FPlash
Banten:

it 1 1993 FPlash

Unit 2 1994 Flash
Bedugal:

Unit 1 1990-91 Plash

Totals:

will be Units 2 and 3 at Kamojang (2 x 55 MW)
and are scheduled to begin operation in the
middle of 1987 and early 1988, respectively.
"Power plants are scheduled for the following
areas by 1994: Dieng (112 MW by 1990),
Darajat (110 MW by 1992), Salak (220 MW by

1993), Lahendong (30 MW by 1993), Cisolok
(110 MW by 1994), Banten (110 MW by 1994),
and Bedugal 55 MW by 1994). The reservoir
at Kamojang produces dry steam; the others
are liquid-dominated,
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| SALTON SEA SCIENTIFIC DRILLING PROJECT

PROJECT STATUS

o DELIVERABLES 70O DATE
* RESOURCE DEFINITION; PROGRAM PLAN, SCHEDULE AND COSTS

* DEEP WELL AND INJECTION WELL; DESIGNS, SPECIFICATIONS, COSTS

* SURFACE FACILITIES; PLANS AND FLOW SHEET FOR TREATMENT
OF BRINES, COSTS (Beckte/ fadecf)

* KENNECOTT TECHNICAL DATA ( Peblibeble 1/ thei'cedit Iive)
* QA/QC. PROGRAM PLAN ( 5. Es8ua piv  00E/m)
*  NUMEROUS PERMITS, LICENSES, AUTHORIZATIONS AND APPROVALS

* REFINED, DETAILED, SUBSTANTIATED COSTS

o SITE PREPARATION ON HOLD

o LONG LEAD-TIME PURCHASING ON HOLD Csg; well #esd e, (2-3 moa) .
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SALTON SEA SCIENTIFIC DRILLING PROJECT
BACKGRCUND

CONGRESS AUTHORIZED DOE $5.3 MILLION IN FY84 TO INVESTIGATE
SALTON SEA THERMAL REGIME

DOE INTERPRETED AUTHORIZATION TO MEAN A GEQOTHERMAL RESOURCE
DEFINITION PROGRAM IS REQUIRED

GHTD DIRECTED SAN TO INCLUDE A RESOURCE DEFINITION PROGRAM
IN RFP AND CONTRACT NEGOTIATIONS

THIS GEOTHERMAL PROGRAM, INDEPENDENT OF SCIENCE EFFORT, WAS
ANNOUNCED PUBLICLY BY GHTD AT OGLE MEETING,-EL CENTRO

MEETING

DURING LAST SIX MONTHS, THIS POLICY HAS BEEN ADHERED TO BY
SAN AS PER HEADQUARTERS INSTRUCTIONS, AND BY ITS CONTRACTOR,
BECHTEL, AS PER THE SCOPE OF WORK

SCIENTISTS RESPONSIBLE FOR ACQUIRING FUNDS FOR THEIR WORK,

. QUTSIDE THE $5.3 MILLION



SALTON SEA SCIENTIFIC DRILLING PROJECT

SAN POSITION/ROLE

SAN OFFICE HAS HIGH DEGREE OF COMPETENCE IN MANAGING MAJOR
CONTRACTS IN THE MILLIONS OF DOLLARS RANGE

~ THE SAN CONTRACTS OFFICE AND PROGRAM OFFICE HAVE STAFF (

EXPERIENCED IN HANDLING LARGE GEOTHERMAL PROJECTS

THE SAN PROGRAM OFFICE HAVE APPLIED STAFF TO THIS PROJECT
WHO HAVE YEARS OF PERTINENT EXPERIENCE IN ENGINEERING,
GEOSCIENCES, AND BUSINESS MANAGEMENT, IN GOVERNMENT/INDUSTRY

'SAN WANTS TO CARRY OUT DIRECTION OF HEADQUARTERS AND ARE
HERE TO SEEK DECISIONS ' '

THE PROJECT -IS AT.AN IMPORTANT CROSSROAD. POLICY ACTIONS ARE

~ NECESSARY



~ SALTON SEA SCIENTIFIC DRILLING PROJECT

PROJECT SUMMARY

o PRIME CONTRACTOR - BECHTEL; GENERAL PROJECT MANAGEMENT
o SUBCONTRACTOR - GEOTHERMEX RESOURCE DEFIN TION
lon loack 0@ cod o

o SUBCONTRACTOR - BERKELEY-GROUP; WELL DESIGN,

o CONSULTANT TO.DOE - WELL PRODUCTION TESTING, DRILLING,

0 PROJECT COSTS TO MARCH 1;

$5.3M

2
$368K7:‘w"

$ 40K+
$300K max.

$700K EsT.

et




SALTON SEA SCIENTIFIC DRILLING PROJECT

ESTIMATED BASE LINE COSTS

) DEEP WELL (INCLUDES LOGGING) $11,132,909
2) INJECTION WELL | | ,};277,835
3 SURFACE FACILITIES | 1,542,438
SITE SPPORT 48,863
ENVIRONMENTAL (INQLUDES ABANDONMENT) - 665,238
SITE OPERATIONS/MAINTENANCE . T 77,
4) RESOURCE EVALUATION - | 414,010
QUALITY ASSURANCE/SCIENCE LIAISON 97,759
PROJECT MANAGEMENT (BECHTEL HEADQUARTERS) 576,520
Sprad Aokl | $9,482,79%4

* THIS IS BECHTEL COMPANY CONFIDENTIAL IMFORMATION AND IS
RESTRICTED TO USE BY PERSONS WITHIN DOE WITH AN ABSOLUTE
. NEED-TO KNOW. IT IS NOT TO BE DIVULGED TO DOE GOCD'S,
“CONTRACTORS, AND OUTSIDE SOURCES, AS PER BECHTEL’S

INSTRUCTIONS :
: - % &ﬁ;d «- no mrw‘ﬁ& :
Lebdd Juld wnd A 4.,0«4
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SALTON SEA SCIENTIFIC DRILLING PROJECT

BASIC SCOPE_OF WORK

EXPLORE DEEP GEOTHERMAL RESOURCE OBTAIN GEQHYDROLOGICAL DATA
PROVIDE FOR SCIENTIFIC EXPERIMENTS



'SALTON SEA SCIENTIFIC DRILLING PROJECT

PARTICIPANTS -

PRIME_CONTRACTOR
BECHTEL SAPARINATIONAL, INC.

SUBCONTRACTOR

_BGI
WELL DESIGN PROGRAM

GEOTHERMEX |
DATA ANALYSIS AND RESOURCE EVALUATION PROGRAM

OTHERS

KENNECOTT

LEASE HOLDER
EXPLORATION AND PROSPECTIVE PERMITS
PROVIDED DATA ON SHALLOW CORE HOLES

INDUSTRJAL ADVISORY COMMITTEE

* REVIEW WELL DESIGN AND DRILLING ACTIVITIES

DOE/SAN CONSULTANT
REVIEW WELL DESIGN ON-SITE DRILLING ADVICE
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SALTON SEA SCIENTIFIC DRILLING PROJECT

MAJOR_COMPONENTS

DEEP WELL - $4,132,909 *
o DEPTH 10,000 FEET

p%%”u o BOTTOM HOLD DIAVETER 8 1/2-inches-wesed (o 7*hny)
fut f \‘ - o

pter P o ESTIMATED DRILLING TIME 195 DAYS

INCLUDES 15 DAYS FOR SCIENTIFIC EXPERIMENTS
INCLUDES 25 DAYS FOR POTENTIAL FISHING OEPRATIONS
INCLUDES PROVISION FOR LOSS CIRCULATION .
INCLUDES ACQUISITION OF CUTTING AND MUD SAMPLES
NcLUDES ACGTIETFON OF 1,500 FEET OF CORE
INCLUDES ACQUISITION OF PRODUCTION AND GEOPHYSICAL LOGS
INCLUDES 304FLOW TEST AND FOR FLUID ANALYSIS AT

e TOTAL DEPTH

("™ DOES NOT INCLUDE MAJOR REDRILLING COSTS
DOES NOT INCLUDE INTERNEDIATE FLOW TESTS

*THIS 1S BECHTEL COMPANY CONFIDENTIAL INFORMATION AND IS
RESTRICTED TO USE BY PERSOMS WITHIN DOE WITH AN ABSOLUTE NEED
TO KNOW, IT IS NOT TO BE DIVULED TO DOE GOCO'S, CONTRACTOR’S,
AND OUTSIDE SOURCES, AS PER BECHTEL'S INSTRUCTIONS.
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T AR 30 IN. CONDUCTOR
g Pt o 118 LB/FT PLAIN END

60 FT

26 IN. HOLE

20 IN. SURFACE CASING
94 LB/FT K-55 BUTTRESS

70C FT

17.1°2 IN HOLE

135 G IN. INTERMEDIATE CASING
68 LB'FT C-95 BUTTRESS

3.000 FT

1
s

12-1/4 IN. HOLE

5,800 FT 6.5°8 IN. PRODUCTION CASING
47 LB/FT C 95 BUTTRESS
6.000 FT
8.1/2 IN. HOLE
7 IN. LINER 29 LB-FT N-80 LT&C
10,000 FT

Figure 1-2 PRELIMINARY CASING DESIGN FOR THE DEEP WELL
-7 ° .
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SALTON SEA SCIENTIFIC DRILLING PROJECT

MAJOR COMPONENTS

INJECTION WEL | 1,277,835
o DEPTH 4,000 FEET
o BOTTOM HOLE DIAMETER 8 1/2-nch

o DRILLING TIME ESTIMATED AT 41 DAYS
G

INCLUDESVbAYS FOR FISHING
INCLUDES PROVISION FOR LOSS CIRCULATION”L
INCLUDES ACQUISITION OF CUTTINGS AND MUD SAMPLES
" INCLUDES ACQUISITION OF PRODUCTION AND GEOPHYSICAL LOGS
INCLUDES FLOW TEST FOR CLEANUP '
- DOES NOT INCLUDE MAJOR REDRILLING COSTS

*THIS 1S BECHTEL COMPANY CONFIDENTIAL INFORMATION AMD IS
RESTRICTED TO USE BY PERSONS WITHIN DOE WITH AN ABSOLUTE NEED
TO KNOW, IT IS NOT TO BE DIVULGED TO DOE GOCO’S, CONTRACTORS,

~ AND OUTSIDE SOURCES, AS PER BECHTEL'S INSTRUCTIONS
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60 FT

700 FT

2000FT

2800 FT

3.000 FT

4,000 FT

~ o

30 IN. CONDUCTOR
— 118 LB/FT PLAIN END

26 IN. HOLE

20 IN. SURFACE CASING
94 LB/FT K-55 BUTTRESS

17-1/2 IN. HOLE

-
—

IN INTERMEDIATE CASING
68 LB FT C.95 BUTTRESS

1338

A )

12:1/4 IN. HOLE

9-5'8 IN. PRODUCTION CASING
47 LB'FT C 35 8UTTRESS

812 IN. HOLE

7IN.SLOTTED LINER N-80 29 LB/FT BUTTRESS

Figure 14 PRELIMINARY CASING DESIGN FOR THE INJECTION. WELL
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SALTON SEA SCIENTIFIC DRILLING PROJECT

~ MAJOR COMPONENTS

SURFACE FACILITIES | o $1,542,43¢"

PROVIDES THE NECESSARY.SEPARATORS, TANKS, FILTERS, SILENCER
AND OTHER EQUIPHENT AND PIPING TO MEASURE PRODUCED FLUID
PROPERTIES AMD VOLUMES AND TO STABLIZE SPENT FLUIDS FOR
INJECTION | |

*THIS IS BECHTEL CCMPANY CONFIDENTIAL INFORMATION AND IS

RESTRICTED TO USE BY PERSONS WITHIN DOE WITH AN ABSOLUTE NEED
TO KNOW. IT IS NOT TO BE DIVULGED TO DOE GOCO’S, CONTRACTORS,
AND OUTSIDE SOURCES, AS PER BECHTEL’S INSTRUCTIONS

Ch heg qu 6 omranded Smeller poud Srme.
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SALTON SEA SCIENTIFIC DRILLING PROJECT

MAJOR COMPONENTS

ENVIRONMENTAL '_ $665,238”

PROVIDES FOR SERVICES ASSOCIATED WITH ENVIRONMENTAL COMPLIANCE
AND FOR PLUG AND ABANDONMENT COSTS ASSOCIATED WITH DEEP WELL
INJECTION WELL AND SITE DECONTAMINATION

*THIS 1S BECHTEL COMPANY CONFIDENTIAL INFORMATION AND IS
RESTRICTED TO USE BY PERSONS WITHIN DOE WITH A ABSOLUTE NEED
TO KNOW. 1T IS NOT TO BE DIVULGED TO DOE GOCO'S, CONTRACTORS,
AND OUTSIDE SOURCES, AS PER BECHTEL’S INSTRUCTIONS




SALTON SEA SCIENTIFIC DRILLING PROJECT

SITE OPERATION AND MAINTENANCE | $727,222*

COST ASSOCIATED WITH PROVIDING UTILITIES, HOUSING AND SITE
SECURITY INCLUDING DECOMMISSIONING COSTS

*THIS IS BECHTEL COMPANY CONFIDENTIAL INFORMATION AND IS
RESTRICTED TO USE-BY PERSONS WITHIN DOE WITH AN ABSOLUTE NEED
TO KNOW. IT IS NOT TO BE DIVULGED TO DOE GOCO’S: CONTRACTORS,
AND OUTSIDE SOURCES, AS PER BECHTEL'S INSTRUCTIONS




SALTON SEA SCIENTIFIC DRILLING PROJECT:

. MAJOR COMPONENTS

o DATA ANALYSIS AND RESOURCE EVALUATION - $414,010*

CORE ANALYSIS

PRODUCED FLUID ANALYSIS

PRODUCTION LOGS AND ANALYSIS
" GEOPHYSICAL LOGS: AND ANALYSIS

*THIS IS BECHTEL COMPANY CONFIDENTIAL INFORMATION.AMD IS
RESTRICTED TO USE BY PERSONS WITHIN DOE WITH AM ABSOLUTE NEED
TO KNOW, IT IS NOT TO BE DIVULGED TO DOE GOCO’S, COMTRACTORS,
AND OQUTSIDE SQURCES, AS PER BECHTEL’S INSTRUCTIONS
7
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SALIUN SEA SUIENIIFIC DRILLING PRUJECT

INVOLVED REGULATORY AGENCIES

1. CALIFORNIA STATE DEPARTMENT OF OIL AND GAS
o WELL DESIGN MUST PASS DEPARTMENT REVIEW

2. CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD

o LIMITS SIZE AND VOLUME OF PONDS OR SUMPS
o DETERMINE PERMITS AND REQUIREMENTS ARE MET

3, IMPERIAL COUNTY AIR RESOURCES BOARD
0 ENVIRONMENTAL REGULATIONS

4, IMPERIAL COUNTY PLANNING DEPARTMENT
o PERMITS )

5. IMPERIAL COUNTY PU3LIC WORKS DEPARTMENT
o PERMITS

6. CALIFORNIA DEPARTMENT OF FISH AND GAME

7. STATE LANDS COMMISSION

8, CALIFORNIA OSHA ¢ Lt T 4 peope Dn'//%f



SALTON SEA SCIENTIFIC DRILLING PROJECT
POLICY ISSUES

o COSTS - HOW TO CARRY OUT MANDATE OF CONGRESS RECOGNIZING
PROJECTED COSTS ARE IN EXCESS OF THE $5.3 MILLION

o SCIENCE PROGRAM - HOW DO WE GET AN AUTHORIZED SCIENCE
PROGRAM, PLAN, SCHEDULE AND LOGISTICS TO ASSURE ADEQUATE

SUPPORT BY SAN



SALTON SEA SCIENTIFIC DRILLING PROJECT

PROJECT ISSUES

WELL FLOW TESTS - WHAT CONSTITUENTS AN ACCEPTABLE EVALUATION

T0: STATE LANDS COMMISSION; KENNECOTT; BECHTEL; IMPACT
ON PROJECT ¢ o down Yo mallirf ouas.

HEALTH/SAFETY - "CONTROL OF ON-SITE PERSONNEL. A MATTER OF
LIABILITIES. CALIFORNIA OSHA, SAN/ESQA REQUIREMENTS

- ENVIRONMENTAL RISKS - SENSITIVITY OF AREA T0. CONTAMINATION.
CALIFORNIA FISH AND GAME CONCERNS; CARE NECESSARY

CORE, CUTTINGS, FLUID SAMPLES. QUANTITIES NEEDED, MANAGEMENT
OF SAMPLES, ACQUISITION OF REPRESENTATIVE SPLITS BY SAN
CONTRACTOR., AN APPARENT PROBLEM AREA |

DIRECTION OF DRILLING - CONTRACTORS POSITION CANNOT BE
COMPROMISED; DRILLER TAKES ORDERS FROM BECHTEL; DOE
‘CONSULTANT PROVIDES ADVICE, RECOMMENDATIONS OF SCIENTISTS
WILL BE CONSIDERED



SALTON SEA SCIENTIFIC DRILLING PROJECT

NEXT STEPS

RENEGOTIATE BECHTEL CONTRACT - DOE/SAN fact’
CONTINUE TO SEEK ADDITIONAL FUNDS - [DOE HEADQUARTERS! »ﬂi/;w ok Jrc.

e

REVIEW BECHTEL REPORT‘S ON WELL DESIGN AND GEOTHERMAL
EVALUATION - SUBMIT FORMAL REPORT OF FINDINGS - SEC/SCC/ESC

FORMULATION OF SCIENTIFIC PROGRAM, AWARD OF GRANTS TO

PROPOSERS - DOE/OBES, NSF, USGS
D
BEGIN INTEGRATI—GN-GF SCIENCE PROGRAM }NlQ-'DRILLING AND

ENGINEERING PROGRAM CSAJ



SALTON SEA SCIENTIFIC DRILLING PROJECT

ALTERNATIVES

4.
0 ERNATIVE NUMBER
LOOK FOR ANOTHER SITE WITH OR WITHOUT EXISTING WELL

T
o ALTERNATIVE NUMBER Z | |
CONDUCT FULL GEQTHERMAL/SCIENTIFIC PROGRAN AT KENNECOTT SITE

| z,
o ALTERNATIVE NUMBER A
CONDUCT SCIENTIFIC PROGRAM ONLY AT KENNECOTT SITE

, 3
o ALTERNATIVE NUMBER #
SCIENTIFIC DEEP HOLE PLUS OPTIONS A7~ KEwwecoTl S¥TE




SALTON SEA SCIENTIFIC DRILLING PROJECT

ALTERNATIVES

ALTERNATIVE NUMBER 1

o - LOOK FOR ANOTHER SITE WITH OR WITHOUT EXISTING WELL

*

3%

L

*

CANCEL BECHTEL CONTRACT

ISSUE RFP
NEGOTIATE CONTRACT
CARRY OUT SCOPE. OF WORK WITHIN BALANCE OF DQLLARS

RECOGNIZE UNKNOWNS IN SITE ACQUISITION



SALTON'SEA SCIENTIFIC DRILLING PROJECT

ALTERNATIVES

ALTERNATIVE NUMBER 2

CONDUCT FULL GEOTHERMAL/SCIENTIFIC PROGRAM AT KENNECOTT SITE

* ALL OBJECTIVES OF AUTHORIZED PROJECT ARE MET

* ALL PERMITS, LICENSES, APPROVALS, WAIVERS VIRTUALLY
IN HAND | |

* BUT SIGNIFICANT ADDITIONAL FUNDS NEEDED




SALTON SEA SCIENTIFIC DRILLING PROJECT

ALTERNATIVES

ALTERNATIVE NUMBER 3

CONDUCT SCIENTIFIC PROGRAM ONLY AT KENNECOTT SITE
* PROBABLY CAN-BE DONE WITHIN EXISTING FUND LEVEL
“* WILL MEET MOST OF SCIENTIFIC OBJECTIVES
WILL [0 MEET: CEOTHERNAL 0BJECTIVES [CONGRESSIONAL
AUTHORIZATIQﬂ]
(COULDJ VOIL¥ EXISTING EXPLORATORY PERMIT, #pasrsowac PerwrToink £€8
* MINIMAL SCHEDULE IMPACT
[Posstgp KENNECOTT OBJECTIONS

%*

*

*



SALTON SEA SCIEI\ITI_FIC DRILLING PROJEC

ALTERNATIVES

AFTERNATIVE NUMBER 4

o SCIENTIFIC DEEP HOLE‘PLUS OPTIONS

* ENHANCES SCIENTIFIC PROGRAM

* MAY ALLOW MEETING EOME OR Al:g GEOTHERMAL EVALUATION
PROGRAM AT LATER DATE

* -ALLOWS TIME TO SEEK ADDITIONAL FUNDING WITHOUT
TERMINATING EXISTING CONTRACT

* MINIMAL SCHEDULE IMPACT |

* ALLOWS POTENTIAL INDUSTRIAL PARTICIPATION

* WILL REQUIRE MORE MANPOWER - - Evmwszon) oF PRost AN

* @OULE VOID“SEXISTING EXPLORATORY PERMIT

* SURFACE FACILITIES AND INJECTION WELL ﬁOULD BE
CONSTRUCTED LATER |

* MEETS @LD@: SEC'S),REQUIREMENTS

Jeinbhi Cowwi/f



SALTON SEA SCIENTIFIC DRILLING PROJECT

DOE/SAN RECOMMENDATION

o PROCEED WITH SCIENTIFIC DEEP HOLE PLUS OPTIONS
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Department of Energy
San Francisco Operations Office

1333 Broadway
Oakland, California 94612

! ' January 24, 1985

Bechtel, Inc.
Fifty Beale Street _
San Francisco, CA 94119

Attn: Neil Harlan, Contracting Officer

SUBJECT: DOE/Bechtel Contract No. DE-AC03-84SF12212 - “Geothermal Deep
Drilling Project in the Salton Sea Geothermal Area™

Dear Mr. Harlan:

The report to John Crawford, FGS/SAN, dated January 21, 1985 by Tom
Lindemuth indicating the probable cost overrun on Subject Contract estimated
to be at $7,793,000 to complete or up to $9.4M as an outside “approximate
cost™ is being evaluated by DOE contract Management and DOE Program
Management. ,

As per telephone discussions with Jane Hadly, there is presently a projected
cost estimate exceeding the total contract amount. Contract overrun estimates
on this project have fluctuated from $1.5M to $4.5M.

The scheduled meeting for Thursday, January 24, 1985 will discuss the proj-
ected cost estimates; the break down of those costs; the deliverables and
quality of the work as presently addressed in the subject contract; and the
critical path schedule of the project as proposed by Bechtel's Program Man-
ager, Tom Lindemuth. It 1is necessary to arrive at a mutually agreed “stop-—
work™ point to give DOE/SAN and DOE Headquarters time to evaluate the funding
requirements of the project.

DOE Program Managers, John Crawford and Harold Lechtenberg, believe it prudent
to continue with the project direction as outlined by Tom Lindemuth. Further
evaluation in regards to the Subcontracts awards and preparation of the site
will continue by DOE.
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At this time, DOE/SAN anticipates work to continue on the site preparation.
This includes field operations necessary to prepare the site location to the
point that the site would be acceptable for the drilling rig, but not to in-
clude costs or subcontracts associated with the site security or drilling.

Until further review is made by DOE, the project direction and costs pertinent
to such direction, the present “"Limitation of Cost” and the Statement of Work
within the Contract remain in effect.

Please contact Jane Hadly, Contract Specialist at 415/273-4182, if you have
questions or require additional information.

Sincerely, B /
. - iyl _

Aundra Richards
Contracting Officer
Contracts Management Division

cc: Jane Hadly, CM/SAN
.John Crawford, FGS/SAN
Harold Lechtenberg, FGS/SAN



ROUGH DRAFT

FIELD PROCEDURES MANUAL

SAMPLE HANDLING
SALTON SEA SCIENTIFIC DRILLING PROJECT

. Sue Goff, Los Alamos National Laboratory
Jim Mehegen, University of California, Riverside
- -Don Michels, Consultant

This Field Procedures manual is the comprehensive operations guide that
was used to curate samples obtained from thelsalton Sea Scientific Drilling
Project (SSSDP). Samples recovered = from the - SSSOP “are being curated
following the Policy Guidelines (Goff, 1986) established for the Department
of Energy/Office of Basic Energy Sciences (DOE/OBES) Continental Scientific
Drilling Program (CSDP)/Thermal Regimes effort, which recognizg§ the
uniqueness and site specific nature of each drilling project. The SSSDP is a
rotary drilling project that has provided cuttings and spot cores as well as
]iquid and gas samples. This manual provides details on handling of all
these sample types. ' o

A1l personnel handling samples at the drill site were familiar with
DOE/CSDP'curation procedures'and the details of this field manual and worked
under the direction of the Chief Scientist for the project (Wilf Elders) or
his representatives (Jim Mehegen, Don Michels), in - conjunction with the
On-Site Science Manager (John Sass) or his representatives.

On site it was the responsibility of the Chief Scientist in communication
with the Curatorial Office Manager (Sue Goff)ito assure that all curatorial
policy and sample handling procedures were followed. '

The sample handling procedures detailed in this manual were modified from
procedures worked out for DOE/OBES drill sites in the Valles Caldera and Inyo
Domes (Goff, 1986), and procedures developed by the International Crustal
Research Drilling Group (Robinson and,Schminéke, ]978;;IRDP, 1979).



1. SUMMARY OF DUTIES, | |
- The»-on-Site curation staff will be made up of a University of

'California-Riverside"(UCR)' crew, assisted when necessary by an On-Site
Science Manager's staffer. The primary responsibility of the UCR crew is to
provide well-snte coverage in support of coring, cuttings collect10n<>and
11qu1d and gas sampling. A UCR crew member must be on location for all

'<act1v1t1es that are related to these operat1ons. Other testing and drill.

hole operations may ‘have to be supported on “as needed" bas1s

1

11, DAILY ACTIVITY LOG
A daily wel]-s1te act1v1ty log will be kept on s1te as a narratlve record
of curation act1v1t1es. It is essential that all entries in the log be clear
© and preCise (and preferably in ink). The log will be the primary record of
well site activity during the curation crew'members shift. It will be the
" means by which the fb]lo&ing curation crew member will become acquainted with
. the activities of the previous shift. The initial entry should document the
shift change. Some items which should be recorded are:
A Rig’shutxdowns; record the time,.reason and depth. Enter the time
when drilling resumes (with the date when applicable).
B. Borehole fluid circulation records. ‘
C..-Changeé in the drilling plan or the well-site procedures; documenting
the time, date, reasohs, and name of the'person‘making the change
~ recorded. f
D. Any information that the curation crew member feels may affect the
completion of the drill hole or the data from and related to the
drill hole. | -
E. Data obtained or 'sought: “time, type, individual, organization,
" success, or samples. o -
F. Interruptions in progress; time, cause, etc.
G. Rig-ups of service company equ1pment type, obJect1ve, r1g-downs, and
success.

1 For the SSSDP a Daily Activity L~g was the responsibility of John Sass
(USGS), Bechtel (Site Manager), and the DrillySupervisor.
. , . . ~\“3 o

"



III. COMMUNICATIONS PROCEDURES

2

A.

It is the responsibility of the curation staffer going off'shift'to>
make the curation staffer coming on shift aware of any changes in
procedure or drilling plan and to relay any sbecia] instructions.

A brief description of what occurred during the previous shift should
be communicated to the curation staffer coming'qn shift.

A1l changes in well-site procedures, core handling. or sampling
criteria, or approved revisions in drilling criteria should be
communicated orally, recorded ih the daily log, dnd posted in a
secure place (bulletin board). .

If possible, the curation staffer on duty should contact the curation
staffer going out to the well site if any supplies are needed. The .
curation staffer on duty should attempt to inform the curation
staffer preparing to come on shift if, for some reason, he is not
required on site.

The curation staffer on shift will participate in the daily on-site
staff meetings. ' -

IV. SAMPLE RECORDS

On-

site logs will be kebt of sampling operations. A separate form will

be used for each sample type: .core, cuttings, water, etc. (Figs. 1, 2, 3).

 Forms will be self-explanatory and include all pertinent information with

emphasis being placed on data that will be lost if .t is not recorded at the

time of sampling. These logs should be factual accounts and questionable .

entries should be noted as such. Information should include:

A,
B.
C.

Sequence number. For core, this is the run number.

Sample number assigned by collector. _

Depth - the location from which the 'sample'iS obtained. In some
instances, such as core, this will be éh interval. For surface fluid
samples, the bottom hole depth at the time of sampling.

Recovery - this can mean a percént_ for core or some quantitative
number for other sample types. ‘ ’

Sample description (1ithology) - a brief desckiption oniy to be used
as an on-site refefence. '

in accordance with the On-Site Science Manager (USGS)..




F*gure 1

COR£ LOG
Hole $SSOP# Date L
" Curation Crew Member(s) _;__;
. . | Core : : :
Depth . |Measure- | Amount Amount/ | Interval Sample Splits N
: , Interval | ment Orilled | Recovered | Wrapped/ ‘ | Tnterval | Wequestor/ :
Run #/Box ¢ | (ft) (ft) (%) Piece ¢ Lithology (ft) Organization Comments

(fe)

- —




PRV

Hole SSSDP#1

Curation Crew Member(s)

Figure 2

BIT CUTTINGS LOG

Date(s)

Page

— of

Depth or
Depth
Interval

~ and/or ba?s

Amount
Recovered
{no. of cups

collected

Sample Splits
Amount, Requestor, Org

Lithology

Connents'




Figure 3
" FLUIDS LOG

Investi-
_|zation

gator

Organid -

Date

Type of

Sample

Volume of
Sample

-

Conditions of Sampling
(includes depth)

Preservative

—J - —— —-— -

-—— - - —

Purpose of Sampling

aadeate e R e e b B T SPUS S

(Note: No such record as this was made during the flow test of December 28-30. Log will be fiilled in "after the fact."



F. Sample splits - if the saMple is to bé'sp]it at the site; it should

" be documented as to the type and the amount of the split, why it is
being taken, where it is going and the requestor's name. (Note: No
sample sp11ts will be taken at the Salton Sea drill site.)

G. Comments - record anything, .from sample handling and operat1ona1
activities to weather conditions, that may affect the quallty of the
data. Include core box number here.

Note: All field measurements are to conform to driller's format In most
cases th1s will mean taking measurements in tenths of feet.

V. CORE HANDLING PROCEDURES -'RIG FLOOR _

The Drilling Supervisor (Bechtel National, Inc.), the Core Engineer
(Norton-Christensgn), the On-Site Science Manager ~(USGS), and the UCR
curation crew will be present on the rig floor when core barrels are removed
from the well. It wi]l be the responsibility of the On-Site Science Manager
and staff to superv1se -the un]oadlng of core barre]s into metal trays

provided by the Core Engineer.

They will be sure that: »

°  The metal trays are crimped at the downhole end.

° Al pieces of core are in the proper sequence.

° All pieces of core are oriented correctly. '

The metal trays will be placed in .core boxes prepared and sequentially
numbered by the UC Riverside On-Site CUration Crew and provided by the
Curation Office (Los Alamos). Once the core has been boxed it will be lifted
to the Curation Ramada (by the Cleveland Dri]]ing Company rig crew) and
become the responsibility of the UC-Riverside Curation Crew.

VI. CURATION HANDLING PROCEDURES - CURATION RAMADA
One end of the core box will be labeled giving the hole designation
(Cal-State 2-]4), Box . #, Run #, and the beginning and ending footages of that
particular core box (Fig. 4). If the core needs to be washed this will now
be done, unless this is Counter- indicated e1ther by a request or by the core
being too friable. After the core is washed, it will be pieced back together
and properly oriented. Core is then measured in the box to determine percent
of recovery. If recovery is less than 100% the unrecovered intervals will
always be assumed to be at the bottom.- When measurthg an individual piece of




CAL-STATE 2-14

'BOX #]

RUN #

STARTING DEPTHI .

'ENDING DEPTH

BOTTOM, END|

Figure 4. Core box label.

core, make the measurement from the center of the ends of that piece of

~core. This will result 12 an average length for the core and will eliminate
- -any errors due to angularity of the ends of the core pieces.

' The core will now be ready for marking. A continuous line will be drawn
the length of the core with a straight edge. Depth will be marked at every

foot; hatch marks every tenth of a foot will be marked to the right of the
- continuous line. Where individual core pieces do not match “up, -a small

‘closed box will be drawn on each core piece on the continuous line. (Fig. 5).
The individual-pieces of core will then be marked with an uphole arrow, the

~ box number and piece number. The piece numbers should begin with “1" as the
- first (top) piece and run sequentially to the last (bottom) piece in each

box. A photograph of each core box will then be taken.
, Core boxes will then be ready to be transported to the UC Riverside
Curatlon Laboratory for deta1led descriptions, videotaping, and ‘subsampling.

L a2ty
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VII. EXTRA CORE (E-CORE) PROCEDURES
Extra core or E-Core occurs when more core (greater footage) is recovered

than was drilled on a particular core ruh;3 This " is causediby core which
 was drilled on'aeprevious core run but not removed, being left atethe-bottom
ffof the hole. This length of core which was left in the hole is then
,recovered on the next core run. The'following procedures should be used when
-dealing with E-Core. ' :
A. The “amount of ‘E-Core- should be determ1ned by subtractlng the amount
- drilled from the amount recovered
. B. The E-Core will occur at the top of the core run. It should be
marked in the fo]]ow1ng manner: '
‘1. Knowing the length of the E-Core, measure down that distance from
the top of the run and draw a line circumferentially around the
core at that point. .
2. Using a blue felt tip marker make a stripe down the length of the
E-Core. |
3. The run number and piece numbers shou]d be marked on the E- Core
- 4. The start1ng footage of the core should be marked on all pieces
» of the E-Core. ’
c. Record 1nformat1on on core log.

VIII. SAMPLE WRAPPING AND WAXING -
Immed1ate1y after the core has been boxed and marked an appropr1ate

1ength will be selected for wrapping and waxing if requests for this type of
sample have been received. - The sample (a 6-12" piece is recommended) should
 be wrapped in-heavy foil and then taped with yellow tape along the seam with -
'the_eorigihal mark ings from “the  piece of core- being repeated on the tape

l(including the arrow and piece number),”in eddition to the'depth internal.

~They should be legible even after coating the entire package with wax. If
‘»not, another strip of tape should be affixed to the outside of the wax for
"~ identification. Following wrapping’ and marking, the sémp]e will then be
dipped in melted wax (usually pure beeswax) at least twice. Wrapped and

3 Tﬁis did not'happen et the SSSDP. VHOWever,,core was stuck in the core
barrel -and not discovered until .setting up for the subsequent core run.

10




waxed samples should be reblaced at the- proper depth 1location in the
transporting. and storage box. Intervals wrapped and waxed " should be
appropriately documented on the core log as well as the record of waxed
samples (Fig. 6). , '

The‘ following features should be avoided when selecting samples for
wrapp1ng and waxing: '

A. Never wrap and wax lithologic contacts.

B. Avoid waxing and wrapping two pieces of core in succession.

C. Oriented cores should not be wrapped and waxed. ,

D. Enough core of each lithology to be left unwrapped and unwaxed to

allow for a detailed lithological description.

IX. PROCEDURES FOR HANDLING'DRILL'CUTTINGS'ON‘SITE
Because the SSSDP is not being continuously cored, it is essential that

~bit cuttings be collected at designated depth intervals. The mud logger

(ExLog Smith) haé'the.responsibility for collecting and processing cuttings
(>200 mesh). Samples will be collected according to the following schedule:

® One sample each 60 ft to 3000 ft

°  (One sample each 30 ft between 3000 and 6000 ft

° One sample each 10 ft from 6000 ft to total depth
A samp]e will consist of four 16-0z cups filled with cuttings and capped
individually. The cups will be supplied by the Curation Office (Los Alamos)
to the Curation Crew (UCR). The mudlogger will wash the contents of one of
the specimen cups. The three capped cups of unwashed cuttings and one washed
cup will be delivered to the UCR Curation Crew. Information about the
cuttings samples should be documented on the bit cuttings log (Fig. 2).

' Containers should be placed in a handling box for on-site storage and

transpdrtation to the Curation Laboratory at UC Riverside. One of the
unwashed plastic specimen cups will be taken to the curation facility at
Grand Junction, Colorado for archiving.

X. CORE AND CUTTINGS SAMPLE DISTRIBUTION PROCEDURES

A. UC Riverside - Core Laboratory | _
During and after the completion of drilling, core and cuttings sample
splits or “subsamples" will be distributed to Collaborating InVestigators'

11



Core Hole

'Figuré 6

RECORD OF WAXED SAMPLES

Run # %o Page _ of
“[Run # Interval/Piece] Recipient |}jRun # Interval/Piece Recipient

12




from the UC Riverside Core Laboratory following the DOE General Guidelines
(Goff, 1986) and the SSSDP Protocol (Elders, 1985).

Detailed 11tholog1c descriptions of the core (by UCR geosc1ent15ts Fig.

7), cuttings (by the mud logger; Fig. 8), and videotaping of the core must
first be completed before subsampling. The amount of subsample that a
Collaborating Investigator or other scientist will receive will be consistent
with the amount spec1f1ed in the proposa1 deta111ng scientific 1nvest1gat1ons
being performed. ‘

Detailed records on subsampling will be kept by the Core Laboratory staff
‘(ths. 9 and 10). Core subsamples will be numbered sequentially. For
example, the'first Subsamp]e from piece number B25-4 will be B25-4-1, etc.
Pieces of rubble will be numbered with box number, an R, and a depth (for
example B25-R-1354.6). Sample splits of cuttings will be detailed in depth
interval,. wéight, and whether they are washed or unwashed splits.

Upon completion of the initial phase of the project (approximately one
year), the samples ahd }ecords will be shipped to the DOE Curation Facility

at Grand Junction, Colorado. The curator of the facility will then assume

the responsibility of samp]e distribution and return. Inquiries on the
_ava11ab111ty of samp1es can then be addressed to:

Manager's Office

Bendix Field Englneer1ng Corporat1on _
Grand Junction 0perat1ons :

P.0. Box 1569

Grand Junction, CO 81502 1569

Telephone (303) 242-8621

Attention: R. D. Dayvault or W. A. G1rd1ey

XI. LIQUID AND GAS SAMPLES - ON-SITE HANDLING PROCEDURES”,
Liquid and gas samples from the SSSDP -are also primary sample types.
Proper preservation of} hypersaline brine samples from the SSSDP site is

desirable because many fluid species ' are unstable. Some unique or unusual
measurements can only be made at the SSSDP well site, but other éhemica] and
isotopié parameters can be "analyzed months to years afterward if samples are
~ properly preserved. No gas samples will be preserved for the archives.

Liquid and gas samples will be available from attempts to flow the well

and from downhole fluid sampling at three different levels, 3000 ft, 6000 ft,

and total depth.4 D. E. Michels, consultant, will coordinate the fluid

2rIn fact, fluid and gas samples were col]ected from two flow tests at about
6120 ft and 10,400 ft.

13
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-sampling éffprt and will co]]éct“and have’ analyzed reference samplesA of
~drilling fluid and additives'to provide background information on drilling
fluid contamination. | '
A. Surface Samb1ing ' _ _ S .
During each flow test, a capacity production test will be incorporated.
At commercial ratés'(greafer than 300,000 pounds per hour), the flow period
ﬁay be less than 24 hrs of continuous flow because pit capacity (1.1 million
gallons) currently 1imits the total amount of f]ow; Field optimization is
~ thus a two-fold problem: how thoroughly clean will the fluid be and how much
time will be available to atcomplish all the sampling before pit fi]]-up?5
Currently, the surface equipment dbés not include a steam separator. In
order to obtain data on steam fraction released and samples of steam-free

brine and brine-free steém, a system of orifice platés and in-line sampling
separafors will be used. A weir will be used to monitor liquid rate out of
the silencer. Up to fdur stages of temperature/pressure conditions may be
available in the surface equipment and may be samp]ed for steam, gases, and
br1ne .
Access to the interior of the flow line will be through gate valves
mounted on fixtures at 12 and. 6 o'clock positions on pipe spoo]s Four
spools will be separated by ‘three ‘or1f1ce plates to yield steps of
temperature/pressure conditions. -Steam/gas samples will be collected from at
least two spools and brine from one ' of those. Additional spools will be
sampled if time and conditions permit.

- Samples - of steam will be taken from the in-line separator assemblies
located on the spoois. Separated steam will be passed through a pressure
reduction valve and sampled to obtain concentrations of carbon dioxide.

‘Tandem results will be used to compute the steam fractions in the sampling
spools. Additional separates from the steam sahp]es will be used to obtain
data on hydrogen sulfide, ammonia, additional non-COndensable gases, and

~ brine carryover. o |

Samples of the brine will be taken . by 1nsert1ng 1/4-in. 0.D. stainless

steel probes through the 1-in. gate valves on the assemb11es located at the
6 o'clock positions. The complete sampling assembly permits the brine to be
cooled, acidified (dilute nitric), and.di1uted in 2-3 seconds after entering

5 During the second flow test, the pit was filled to capacity yet minor
drilling mud additives and 1ost c1rcu1at1on materials were observed in the
brine at the end of the test.
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the probe tip. . These sampleé are small. 'Di1uted, they are contained in
50-m2 po]yethylene bottles. ' | V - '

Brine samples will be analyzed by 1nduct1ve1y' coup]ed plasma (ICP)"to
obtain a scan of about 35 elements including boron, 111ca; other
_rock-forming elements, and transition metals. Typically, about 16 elements
‘are above detection limits. Additiona]]y, analyses will be made - for
_chloride, bromide, and ammonia. VBiéarbqnate, fluoride, and sulfate are
typically scarce to absent in Sa]ton Sea hypersaline brines. They will not
be analyzed for unless the fluid is non-hypersaline or appears to contain
non-hypersaline components. '
. 1t ‘is expected that sampling needs of other investigators can be met by
using the same access ports, but needs may ‘differ ‘in brine treatment/
preservation and volume. It is recommended that the project's probe/cooling
assembly be used to direct a stream of fresh cooled brine into other
scientists pre-prepared collection bott]es. It is wise to minimize the need
to manipu1ate samples in the field. Additionally, it is recommended to use
~weight;f not volume, in accounting for sample size, dilution, etc. Brine
densities 'may"exceed 1.2 g/ml.6 Also, note that the hypersaline brines
contain abundaht transition .elements, some of which can oxidize_ upon
diffusion of air into the sample bott]e,‘ yielding precipitates if
unacidified. Addition of base or 'strong nitric acid causes copious
precipitation. o . ' '
B. Downhole Sampling . . ,

Downhole (in-situ) liquid and gas samples will be collected at the three

depth intervals mentioned above after the flow tests and surface sampling has
been compfeted_ and the well has been shut in. Downhole samples will be
collected ‘'using the modified Archuleta-type, 2-% sampler of Los Alamos
.'Nat1ona1 Laboratory (Archu1eta et al., 1978) and the 1-2 sampler of the. Gas
Research Institute (GRI) built: by Lawrence Berkeley Laboratory (Neres et a]

»1984) A1l downhole sampling procedures and sample djstr1but1on are to be
coordinated by Fraser Goff of Los Alamos.  The Archuleta sampler is
- pre-evacuated‘ before going downhole and inlet valves are operated by
temperature hardened ‘motors. The GRI sampler is a flow through type in which
valves are closed downhole by solenoids. Because downhole samples will be
obtained from discrete f1u1d entries in the well, it is likely that in-situ

6 Densities of flashed brine:samples ranged from 1.21 to 1.26 g/ml

- 7 Three attempts were made to collect downhole samples w1th a commerical
~ samp11ng tool but these attempts failed.
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samples wil] yield analytical -results that are different from composite
well-head samples, particularly in the lower part of the well. ‘

The present plan is to make three sampling runs to one fluid horizon at
each depth interval. .BecauSe of the hypersaline nature of the brine the
preservaives used in successive sampling runs will be varied in order to
maximize the quality of ]iquid and gas samples. In Run 1, the Sampler will
go downhole 3/4 filled with b011ed deionized water. In Run 2, the sampler
will go downhole 1/4 f1]1ed w1th 0.1N HNO3 In Run 3, the sampler will go
downhole empty. The object of the diluting fluids is to prevent
precipitation. In all cases, the exact weight of diluting fluid will be
known in order to compute dilution factors. The best gas samples will
probably be obta1ned from Runs 1 and 3, although the most Vo]ume will be
obtained from run 3.8 '

When the samp]er emerges from the well it will be cooled to a temperature
below 70°C and the outlet valve attached to a pre-evacuated gas extraction
system of known volume. The outlet valve will then be opened and the
pressure recorded in the gas extraction system. A 10 cm3 aliquot of gas
will then be extracted for noble gas analysis and the rest of the gas
collected 'into a "Giggenbach" type gas bulb. Once the gases have been
collected, the sampler will be opened, the liquid sample will be poured into
a container and weighed on a balance. Liquid density will be measured on a
25 m?2 aliquot using a pychometer. This aliquot will also be used to
determine pH and Eh. Another small aliquot of 30 mf% will be used to
determine bicarbonate, sulfide, and émmonia in the field. Remaining liquid
will then be filtered through 0.45uy paper where appropriate and diluted
and/or- preserved in various .polypropylene and glass bottles and jugs for
later analysis. Precipitates and filter papers will also be collected and
saved for later analysis. Other on-site investigators may then take aliquots
of liquid for specialized preservation and ana]yses-of theif own.

Fraser Goff will arrange for major/trace element chemistry of the 11qu1d

 stable 1sotqpe .(D and 0) analyses of liquid, and tritium analysis of

liquid through . Los Alamos. Requests from other researchers for in-situ
liquid samples should be arranged through him. Because'qf'the'limited volume

8 Because of the harsh environment in the well only one attempt at downhole .

. sampling acquired a complete sample, although 5 of 9 attempts acquired some

sample. Most scientists wanted undiluted sample, thus in most attempts, the .
sampler went downhole empty. .
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of sample obtained.from each depth interval, researchers should review the
chemiStry of Salton ~Sea brines (The Experiments Panel, 1985, p. 27) and
request only as much - fluid as needed. :

XIT. BRINE SAMPLES FOR ARCHIVAL |
~No attempt will be made to archive gas samples. Small volumes of liquid

h samples from both surface and downhole sampling will bé archived in order to-
provide liquid for unforseen non-routine analytical work - that - future
'researchers;may_request. D. E. Michels will be responsible for archival of

. surface samples while Fraser Goff will be responsible. for downhole samples.

A1l archived liquid samples w111 be sent to the curatorial facility in Grand
'Junctlon, Colorado one year after the SSSDP project is completed.
A. Surface Samples

_From each depth .interval it 'is ,recdmmended that 3 types of archival
samples be collected in the bottles rinsed with dilue nitric acid:
1) Filfered, diluted sample: 1-g of 0.45y filtered brine diluted with
- - 3-% of deioniied water stored in polypropylene bottles of various
- sizes.?. , :
2) Filtered, acidified sample: 3-% of 0.45u filtered brine diluted with
. 1-2 of 0.1N HNO3 stored in po]ypropy]ene bottles.
3) Raw sample: 4-% of raw sample stored in polypropylene and glass
bottles. | ‘ o -
B. Downhole Samples
| Similar types of downho]e samples. will be collected as outlined above

'although the volumes will be much smaller by virtue of the limited capacity
of tne samplers. All samples remaining with Fraser Goff after’l year of
completion of the project will be sent to Grand Junction.
C. Sample Accounting ' A | ,
_ Al] researchers receiving 11qu1d and gas samples will be requ1red to
‘«shbm1t to.D._g. Michels a completed Fluids Log Form (Fig. 3) describing the
| .Atype of sample, conditions of . sampling, volume of sample, and purpose of

' sampling.

.9 Samples diluted in the fashion ﬁili invariably precipitate,
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APPENDIX

SSSDP FLUID SAMPLING DURING FLOW TESTS

. by
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1. EQUIPMENT AND PROCEDURES

",A; Sampllng Hardware

——— e

Geothermal well State 2-14 was fitted with a flowline
system made mainly frém 10- inch pipe, schedule 60. The
complete system, approxxmately in sequence fram the
wellhead, included: :

~multiple control valves,

supports for accomodating growth of the wellhead due to
thermal‘expansion of the casing, :

diversion line to the mud pit, :

test line of flanged spools that comprxsed the samplxng
section, .

by-pass for the sampling sectlon,

an expansion loop to accomodate thermal expansxon of
the surface piping,

second diversion line (blooie line) to the main brine
pit,

metering orifice on the main line,

James tube assembly

cylindrical shroud entry to a silencer,

vertical cylindrical silencer,

-twin discharge lines from the silencer to a stllllng
tank,

metering weir at the end of the stilling tank (Figure
1). ‘ : : . :

Thé'followlng description concerns the taking of steam and
brine samples from the sampllng section made of flanged
spools. .

The axis of the sampling section was colinear with the’
main flow line beyond the diversion point for the bypass.
All the sampling section and the nearby piping were at the
same elevation. Fluid could be throttled by a valve lacated
at the head of the sample section (below the bypass
connection). That valve constituted the major flow control
paint when the sampling section was operational.

All spools were constructed in the same way. Each was
approximately ten feet long and all ends were flanged.
Taps for pressure and temperature indicators were located
about 4 feet upflow from the downstream ends, at the 9- and
12-o0°'clock posxtxons.'

: .The first spool of the test section was located about
1S feet down the flow direction from the throttle valve and
was numbered S-3. The three subsequent spools were numbered
‘sequentially through S-6. Those four spools and their
a;coutrements comprised the sampling section.




Three orifice plates were located, respectively, between
-3 and S-4, S-4 and 5-5, and S-5 and S-6. Their purpose
was to establish a 4-step cascade of temperature-pressure

- conditions in the sampling section. Each step would be

characterized by pressure and temperature indictors. The
‘eampling enavironments in the spools vould be different also,
rsflecting sequential increases in the steam/brine ratios.
Having a series of steam/brine ratios was a principal ‘
cbjective in the design of the sample section.

E. Sample Collection
‘1. BGas Samples

cach spool was equipped with an in-line separator
(Ficure 2). Essentially, this is a short pipe mounted
.racdiclly inside a small chimber appended to the spool at the
“1Z-oc’'clock position, beneath and connected to an access
valve. As two-phase fluid moves through the short pipe
tcward the valve, brine droplets tend to depos1t to the
w=11= s0 that enriched steam exits the valve.

In some situations, steam from the access valve is
brine-free and can be sampled directly. Otherwise, an
_additional e=zparation effort is needed. In the case of good
gt2lity steam, a pressure reduction apparatus (Fiqure 3I) was
‘us=d to lead steam from the in-line separator to a low-
Freszure discharge tubing connected to a condensing coil.
Condensate could be collected into sample containers open to
the atmosphere. Non—-condensable gases, with condensate,
could then be collected by sampllng traxns, evacuated bulbs,
syringes, etc.

Alternatively, a portable centrifugal separator was
ccnnectaed to the in-line separator. The steam discharge
from the portaole separator cauld be directed through any of
varicus cooling coil assemblies to condense the steam
fracticn. Collection of condensate could be made into
containers open to the atmosphere. Non—-condensable gases,
with accampanying steam condensate, were collected in pre-—
-evzcuated bulbs or in syringes. : ' :

2. Brine Samples

, The objectives in brine sampling relate to obtaining a
prrzal of ligquid that can be characterized in regard to its
- 5.3 in the flow line at the point of sampling, then

: '9(55;.v1ng it for transport and analvsis. Major factors to

I ilasr are the pressure in the flow line, two-phacze

= UlthﬂS in the flowline, and chemical instabilities of
2 zemple due to cooling. The cooling instabilities arise -
+~rm the in—-flowline cooling by steam release prior to

EETP l;ng and from the in-sampler cooling.

=
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Techniques of sample collection are aimed mainly at
aveiding two kinds of problems. The first is incorporation
cf vapor into the sampling stream which, in the cooling
ceil, condeneses, diluting the sample by an unknown amount.
The second is to avoid plugging in the sample tubing that
cccurs due to particulates carried in the brine, deposition
of silica scale in the mid-temperature areas, or depcsition
of scdium chloride in the ccoler zones.

Each flcowline spool was equipped with a 4-inch diameter
downcomer &bout 16 inches long, mounted at 6 o’'clack. '
pocs=itions about three feet up from the downstream flanges.
Thess served as liquid traps so that a probe inserted into
them would be below a liquid level, thereby avoiding the
collection of steam or a two-phase mixture. ‘

Two valves were on these downcomers. One permitted
inse~ticn of & hollow steel probe into the space of the
downcomer, th=2 other allowed blowdown so that fresh fluid

ccuid be assured in the sampling zone.

The stesl probe was inserted through a fitting equipped
viith an elacstomer gland to control blowout of brine. It
cerved as the leading part of an external ascambly that
included a cooling coil followed by a flow control valve
(Figure 4. :

Looled brine exits the flow control valve as a stream

that can be directed into sample containers. For many

compcnents collections are made into containers pre-loaded
with dilutant water or a dilutant-preservative, such as

acid. Exact dilutions can be determined by weighings made .

tefcre and after the sample colléctiqns.

11. GSAMFLES

1. Analysis of Chloride On-site

ASamples of chilled brine from the 6-o0’'clock downcomers

[}

. wore collected into weighed amounts of distilled water,

ja §
-

»luted into the sea water range of chloride concerntrations
2z datermined by weighing, and the chloride was titrated by
c-z:nsgraphic methods. The analyses were later verified in
fo.m i tboratcory. The increasing ccncentraticns of chloride -
v 3 2 g2t cf samples can be used to computé the incremental
zzz:n relezces between the orifice plates.

2. Basic Composition

Chilled brine_froh the cooling coil out of the 6&-




- o’clock downcomers was collected into about 2.5 volumes of

. 0.1IN nitric acid to make the field samples{ These samples
served as steck from which analytical aliquots were prepared
later, in thn laboratory.

Compoci*icn of the lab. aliquots was scanned for 37
elzments by the method of ICF (inductively coupled plasma)
'dnd 1% comporents were t"plcﬁlly above limits of detection.
f#dcitionally, analyses were made for chloride and ammonia.

The =t of samples from the csequence of flowline spacls
=0 provises a redundant checP on the steam releacses
sectified in part 1. ' ‘ '

2. Collection of Archival Samples

: Fz=causz= the purpocses of archival samples are rnct
clearly dzfinz=d, different preservative methods were
ernisved. A11 collections were into polyethylene bottles
with folyprepylene caps. Bottles and caps had been pre-—
rinz=zZ with nitric acid, flushed with distilled water, and
air dried. : :

The brine samples will undergo seVerallchanges during
storzfe. Some are due to uncompensated reactivity of the

trins. Qthers are due to 1n—d1§fusxcn of oxygen through the

cocrntziner walls and ==a15.

Three methods of sample preservation were used, none
are. perfect, but collectively, they will permit a variety of
analytical investigations aimed at either brine ar
precipitates. Methods a and b vield abundant prec1p1tates.
Methcd € yislds a true solution, although it 1s
euss-satursted in silica. ’

2. No preservative —— Brine was collected directly
into polyethylene bottles, which were filled to the
tep, and the caps seated after squeezing the bottle
elightly to expel air. Sixteen 1/4-liter bottles
were used. S :

b. Distilled water -— . Bottles were pra-loaded with
distilled water and fillings were made to marks so
as to yield a dilution of about 6:1. Exact
dilutions were determined later by weighinag. - Air
rerzined inside the bottles while the caps were
teing seated. Two l-liter and four 1/4 liter
bottles were used. .

'=. Dilute nitric acid -- Bottles were preloaded with
the 9.1 N nitric acid and fillings were made to
merks so es to vield dilutions of about 3.5 to 1.
Remaining treatment was as in part b. Two 1-liter

1
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and four 1/4-liter bottles were used.
E. Gas=s

The suit= of non—-condensable gas ces is dominated by

carbcn dioride with the other prominent gacses beinag methan_,
nitrogen, and hydrogen sulfide. Several other gases can be
found in trecz amounts. Gases were sempled from the in-line
szcarstors and from the portable centrifugal separator
attzched, in seriesz, to the in-line ceparator. . Different
investigators had their own methods of trapping and
przozrving cziected ges species. Thers was no attsmpt to
ccilzct gas for archive samples. ' S

The bacsic characterization secks only the carbon
ciouid2, hydrzgen sulfide and the collective amcunt cof other

= without regard to their i1dentity. The follcwing
ceecription applies to th2 samples taken for basic
charzzterizetion of the gas contents.

1. Field Analysis

[ sanH11ng method used is a fleld assay based on
volume—temperature relationships and the solubility
in water (condensate). @A closed syringe (30 ml) is
to the discharging ccoling coil after flow through
bilized. The discharge precscsure extends the

iunger while the mixture of congensate and gases

e €yringe body. A clamp limits the plunger motion,

's Nthh the syringe body continues to fill at constant
ime &s the syringe approaches csystem pressure. Care is

n to assure that the collection continues at ice

: ure. When flow into the syringe cezZes, readings

‘ﬁ n ct the system pressure, liquid volume and total

in the syringe. The condencatecs were subsequently

e d into tared bottles for 1¢ter wnlgh1ng to cbtain
ccuratzs results. :
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cause the gedcthermal gases are a mixture, each assay
WO colIEPt1ons, one beginning with an empty

. as described. The other collection is similar,

s for beginning with a syringe pre-loaded with a
rvirounide solution. In the second collecticn., carbon
cicaide and hydrogen sulfide are totelly solurilized intao
itz ligquid. Temperature, volumes and pressure are treated
:= bszf¥ore, although conciderably more condencate enters the
T 1irTs wpdn pressurization. '

1]
’.,.

_ 5 zets of FVYT data permit computation of (1)
120 percent of carbon dioxdide in the stean and (i1) mole
@ ot czrbon dictide in the non-condensable suite.

2. Lab Analysis
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The hydroxide-condensate mixtures were saved into.

bottles and preserved with a solution of zinc acetate.
Anelysis for sulfide was made later in a laboratory by
ste wdard methods. ‘ »

- Z. Carbon - -Dioxide as a Steam Tracer

' ~ The results of the above methods are all based cn the
ctezn (condensate) as a carrier and concentrations refer to
tihe cstedm aveilable at the cspecific sampling point. By .
collecting samples at all four of the campling spcaols, the-
increments iIn apparent gas contents ere measures of the
incremental steam yxnlds. .

Eacause the gases are essentially all exsclved at the
fir=zt sampling point, alg=bra1c ‘manicwl ations can bs made,
yiel2ing computations cf the total sisam fracticn.
Therzupon, the gas contents can be referenced to a basis of
total fluid flow. The brine components are then similarly
regortsd on A basis of total flcuw.
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Jack D. Powers
P.0. Box 26522
Salt Lake City,
Utah 84126-0522
(801) 972-4920

June 14, 1985

Mr. Charles A. Harper

BECHTEL GROUP

No. 50-20-Cl4

P.0. Box 3965

50 Beale Street

San Francisco, California 94118

Subject: SALTON SEA SCIENTIFIC DRILLING PROJECT -- Use of continuous
silm hole wireline coring systems in deep geothermal wells

Dear Mr. Harper:

I am enclosing my report covering earlier conversations with you
and your people while in San Francisco and have directed my efforts to
reviewing the use and performance of slim hole wireline tools as applied
to the Salton Sea Drilling Project which embodies a very deep hole
drilled under very high (400°C temperatures).

Ja¢dk D. Powers

JDPowers:bsp/aps



Jack D, Powers, P.E.
P.0. Box 26522
Salt Lake City, Utah 84126
(801) 972~4920

USE OF CONTINUOUS SLIM HOLE WIRELINE CORING SYSTEMS
ON THE SALTON SEA SCIENTIFIC DRILLING PROGRAM (SSSDP)

The following topics are the subject of discussion in this report.

1. SUMMARY COMPARISON OF CONVENTIONAL VERSUS CONTINUOUS
WIRELINE CORING

2. ENGINEERING AND CONCEPTUAL DESIGN BASIS FOR THE
EVALUATION

3. WHAT ARE THE DESIGN AND OPERATING FEATURES OF
CONTINUOUS WIRELINE CORING?

4, WHAT TECHNICAL OR PRACTICAL LIMITATIONS ARE INVOLVED
FOR SAFE COMPLETION OF A HOLE SUCH AS THE SSSDP?

5. WHAT ADAPTATIONS OR BREAKTHROUGHS WOULD BE REQUIRED?

6. WHAT SORT OF DEVELOPMENT PROGRAM WOULD BE REQUIRED,
WHAT ARE ITS ESTIMATED COSTS, AND DEVELOPMENT TIMETABLE?

7. A SHORT REVIEW OF U.S. CONTINUOUS WIRELINE CORE
DRILLING CONTRACTORS THAT HAVE PARTICIPATED IN CORING
IN GEOTHERMAL ENVIRONMENTS

8. A REVIEW OF LONGYEAR'S NEW 10,000 FOOT DRILL RIG

9. COMPARATIVE COST OF DRILLING AND CORING FROM 6,000 TO
10,000 FEET USING THE CONVENTIONAL OIL FIELD ROTARY
METHOD AND CONTINUOUS WIRELINE CORING METHOD

10. CONCLUSIONS



1. SUMMARY COMPARISON OF CONVENTIONAL VERSUS CONTINUOUS WIRELINE CORING

A. Core Versus Cost

Conventional Continuous
Rotary Wireline
Probability of reaching 10,000 ft Very high (95%+) Low (50%)
Potential core recovery
(30 ft cores/60 ft cores) 800/1, 600 4,000
Core diameter 4 in, 1 2.5/1.7 in.
Estimated time to drill from
6,000 to 10,000 ft : 65 days 64 days
Estimated cost* - $576, 000 $810,400

*Includes rig, fuel, mud, drilling tools, casing and cement.

B, Additional Requirements for
Continuous Wireline Coring

Extra mobilization and demobilization

25 to 30 ft high substructure lease required

5 in. casing (6,000 ft) and cement (250 ft minimum)

4 in., casing (7,500 ft) and cement (2,750 ft minimum)
3,750 ft of 101 mm drill rod expended

5,000 ft of 76 mm drill rod expended

SN W N
.

C. Dimensional Limitation of
Continuous Wireline Cored Well

s

1. 2.98 in. diameter wellbore is inadequate for Kennecott flow test
(5 in. minimum is required).

2. Sandia's temperature, pressure, and flow logging tool (3 in.
diameter, 8 ft length) can be lowered only to 7,500 ft

3. Los Alamos' fluid sampler (3.5 in. diameter, approximately 10 ft
length) can be lowered only to 7,500 ft before 4 in. casing
(3.476 in. ID, 3.351 in. drift) is set and can not be put down the
hole at all after the casing is set.

4, P1ac1ng the 5 in. and 4 in, casing strings in the well, especially if
they must be cemented to the surface, seriously limits any options
Kennecott might wish to exercise for latter commercialization of the
well or for the science groups to test drilling or logging tools.

2



Small flow rates (small flow annuli) and no flow during core retrieval

D. Technical Features of Continuous Wireline Coring

Creating Engineering Concern and Requiring Further Study

could have the following effects:

o]

Limit cooling effectiveness and encourage metal
corrosion and fatigue failure. (Frequent inspection of
drill rods will be required to identify and remove
damaged or cracked rods. Half of the 101 mm and 76 mm
drill rod strings are expected to be scrapped at the
completion of the job. The core retrieval cable may
have to be replaced during the job.) ’

Wellbore temperatures near the surface may get high
enough during extended periods of no circulation to .
create a high potential for flashing, requiring the use
of a core unloading chamber at the surface. Core
retrieval rates might have to be reduced as well,

Cuttings removal could be ineffective, resulting in
frequent sticking of the drill string

Relatively small zones where the formation took fluid
could result in lost circulation. The typical
materials pumped down the drill stem bore to block off
the formation and reestablish circulation could clog
the annuli in the continuous wireline coring system
instead.



2. ENGINEERING AND CONCEPTUAL DESIGN BASIS FOR THE EVALUATION

The base case used in the aﬁalysis is that the well would be completed to
6,000 ft by conventional rotary drilling and coring. Bechtel estimates
that this point would be reached in early November. Continuous wireline
coring would then ensure using the Longyear HD600 system. One of these
rigs has been built for export to South Africa. Longyear has indicated
that they would build a second of these rigs were they to receive an
avard for the job and believe they could have it operational in about 2
months. The mast is 80 ft, enabling the rig to handle triple stands

(60 ft) of drill rod. Core length would be 20 ft. The substructure is
only 8 ft high. The hoist capacity is 85,000 1b, but the limiting load
handling capacity is that of the drill string feed control system which
is 60,000 1b.

The specifications of the drill rods and core barrels are shown in
Table I, reproduced from the most recent Longyear brochure. These are

the "standard” sizes used in the industry.

Table I
Specifications
. Metric English
CHD 76 CHD 101 CHD 134 CHD 76 CHD 101 . CHD 134

Hole Diameter (Regular) 75.7 mm 101.3 mm 134.0 mm 2980in . 3.9%0in 5.250 in
Core Diameter 43.5 mm 63.5mm 85.0 mm 1.713in 2.500 in 3.344in
Drill Rod

" Rod OD 70.0 mm 94.0 mm 127.0 mm 2.754 in 3.701in 5000 in
Rod Joint 1D 55.0 mm 78.5 mm 104.8 mm 2.165in 3.091in 4.125in
Rod Midbody 1D 60.3 mm 83.0 mm 114.3 mm 2.375in 3.268 in 4.500 in
Rod Weight/3 m 25.2 kg 40.6 kg 69.7 kg 55.6 Ib 8951Ib 153.9 1b
Rod Joint Pre-Torque 2034 Nm 3330 Nm 4070 Nm 1500 bt 1t 2500 Ibf ft 3000 Ib!
Thread Length 50.8 mm 50.8 mm 73.0 mm 20in 20in 2.875in
Depth Rating . 2750 m 3050 m 3050 m 9000 ft 10,000 ft 10,000 ft
Core Barrel
QOuter Tube OD 73.0 mm 98.4 mm 127.0 mm 2.875in 3.875in 5.000 in
Outer Tube ID 57.2 mm 79.4 mm 104.8 mm 2250 in 3.125in 4.125in
Inner Tube OD 50.8 mm 73.0 mm 95.3 mm 20in 2.875in 3.750 in
Inner Tube 1D 45.3 mm 66.9 mm 88.9 mm 1.781in 2635in 3.500 in

CHD rods are available in 1.5 m, 3 m, 4.5 m and 6 m lengths, or 10.ft and 20 ft lengths.
Standard core barrel lengths are 3 m and 6 m. Special length on request.
Note: 1. Specitications are subject to tolerances andare therefore approximate.

2. Depth ratings are based on straight, vertical, clean, fluid-filled holes.



(A special 6-3/4 in. drill rod was fabricated for Norton-Christensen
several years ago for use on a hazardous waste injection well in Nevada.
The project was cancelled and the 3,000 ft of rods were never used. The
small quantity available and high weight of approximately 25 lb/ft makes
it unusable for the SSSDP).

The weight of the drill rods, the maximum length of drill string that
could be used on the Longyear rig, and the associated costs are shown in

Table 1II.

Table II
Maximum string Cost Cost
Lb/ft for length at per for
Drill Rod Type 20 Ft. Rods 60,000 1b* Foot = String
CHD 134 13.10 - 4,800 $27.50 $132,000
CiD 101 8.53 7,400 $20,10 $149,000
CHD 76 5.56 11,300 $14.20 $142,000%*

*  Bouyancy factor = 0,859 for 9.2 1lb/gal mud; Drag = 10%
%% To 10,000 ft

The 60,000 1b weight limit preclﬁdes use of the 134 mm (5 in.) drill rods
in the SSSDP well. Coring would have to be started at the 6,000 ft
casing point to about 7,500 ft with the 101 mm (3.875 in.) drill rods,
switching to the 76 mm (2,875 in.) drill rods from there to total depth.
If the 101 mm string got permanently stuck before reaching the 7,500 ft
limit, the 76 mm string would be inserted through the 101 mm string, the
101 mm drill head reamed out, and coring continued on until the 76 mm
string reached total depth or got stuck. Using the Longyear rig, and the
101 mm and 76 mm strings, the driller could only get permanently stuck
twice before operations would have to be discontinued or side tracking

the hole attempted.

Other coring rigs with weight capacities suitable for using the 134 mm
(5 in.) drill rods from 6,000 ft to total depth exist in the United

States and could be outfitted for use on the SSSDP if suitable time were



available. Tonto Drilling, one of the leading independent wireline
coring contractors, expressed interest in this alternative. It would
take them about four months to locate, overhaul, and be ready to mobilize
such a rig. If Bechtel could award a contract for continuous wireline
coring by September, the larger rig would not be ready until January, two
months later than required. Being able to start coring with the 134 mm
and to run both that and the 101 mm string to total depth would have been
a much preferable position to be starting from on this first-of-a-kind

application for continuous wireline coring.

The conceptual design for a coring program using the Longyear rig is
shown in Figure 1. In summary, a 5 in. casing would be installed from
the surface to 6,000 ft to guide and support the 101 mm string. At a
minimum, the bottom 250 ft (5,780 ft well depth) would have to be
cemented in to provide blow out protection. Ideally, it would be
cemented to the surface. With only 250 ft cemented, the 9-5/8 in. BOP
stack would be kept in place as a precaution during the continuous
wireline coring operation. The 5 in. casing would be set by the rotary
drilling contractor just prior to demobilization and move out. At

7,500 ft, a 4 in. casing would be cemented back to 5,750 ft to guide and
support the 76 mm string. The 4 in; casing string would be set using the
coring rig. If the 10,000 ft target depth were reached, the final well
configuration would have 7,500 ft of 4 in. (3.476 in. ID, 3.351 in. |
drift) cased hole and 2,500 ft of 2.980 in. open hole.

The combination of the 9-5/8 in. BOP stack and the BOP for the coring
strings would be about 30 ft tall. The Longyear rig would have to be
mounted on a substructure at least 25 ft high, This would require that a
suitable substructure be fabricated or leased from a rotary drilling

contractor willing to idle his rig during the coring period.

During coring, the annuli between the drill string and the borehole and
the core barrel and the core retrieval tube are quite small. As shown in

Figure 1, Section A-A' and B-B', the downflow annulus on the 76 mm system
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is 0.125 in. (total areas for flow = 0.83 in.z) and the return annulus
is 0.05 in. (total area for flow = 0.45 in.z) until entering the final

6,000 ft where it increases to 0.72 in. (total area for flow).

Typical circulation rates used by Lonmgyear while coring are 7 to 10 gpm,
with a practicél maximum of about 15 gpm. A calculated pump pressure of
approximately 600 psi would be required for 15 gpm flow in the well as
shown. Theoretically increasing the flow to 25 gpm would require a pump
pressure of about 1,500 psi. At 50 gpm, the pressure requirement would
increase to about 6,500 psi. The maximum rating on the standard Longyear
pump is 35 gpm @ 1,000 psi. During core retrieval, circulation is
normally stopped. Round trip time at 9,000 ft., for example, is
estimated at 130 minutes, under normal circumstances. During this
period, the drill string would be exposed to formation temperatures and

any brines which entered the well bore.

The average expected coring rate from 6,000 to 10,000 ft is estimated at
about 2.6 ft/hr, based on total time f:om mobilization to demobilization,
and about 3.25 ft/hr when coring. If the core retrieval rate must be

reduced fo control downhole flashing, the average coring rate would have

to be adjusted downward.



3.

WHAT ARE THE DESIGN AND OPERATING FEATURES OF CONTINUOUS
WIRELINE CORING?

A,

Potentially 100 percent of the hole is cored.

A relatively large core is taken coﬁpared to.hole size,
generally resulting in a very good percentage of core
recovery in most rock formations. For example, with
101 mm system holes size (3.895 in.) core size is 2,500
in. or for 76 mm system holes size (2.980 in.) the core

size is 1.713 in.

In harder formations, much faster core penetration
rates result because of the narrow kerf of the diamond

bit.

Vefy accurate feed control and high rotator speeds
(500 - 750 rpm) increase core recovery and penetration

rates while coring.

Core is extracted by pulling the inner barrel laden
with core through the string of pipe to the surface
with a wireline. This allows for almost immediate
review of the recently cored material, and since the
rods do not have to be removed each core trip, there is
less chance of hole deterioration. Because it is easy
to pull and check core in the inner tube, a core
blockage or short run can be easily tripped to the
surface and checked rather than continuing the run and
losing core. Continued grinding of a broken core
decreases bit life, core penetration rates, and most

important reduces core recovery.

10



Because of the system's small size and weight, it
requires much less rig horsepower, both in hoisting and
rotating, and has smaller fluid systems requirements.
Hence, rigs are generally much smaller in physical
size, and in most cases the rigs are run with much
smaller crews. However, in the case of the SSSDP, the
crew size could be almost as large as on a conventional

oil rig.

The thin walled drill rods (0.25, 0.129, and 0.19 in.)
and small annuli (0,125, 0,145, and 0.113 in.) reflect
a design optimization for coring in crystalline rock
for minerals explortation. Under these circumstances,
the borehole supports the drill string and provides
stability. The smooth, nonpermeable borehole wall
efficiently conducts the cuttings to the surface with
little or no fluids loss to the formation.

11



4, WHAT TECHNICAL OR PRACTICAL LTMITATIONS ARE INVOLVED FOR
SAFE COMPLETION OF A WELL SUCH AS THE SSSDP?

A.

One-Way Valves. A wireline drill rod string is open

from the coring bit to the circulation swivel; there
are no one-way fluid valves in the pipe string as would
be used in conventional systems., This eliminates one
of the normal safety features. Careful planning and

management of well control would be required.

Pipe Wear and Corrosion. The continuous wireline

corihg system relies on high alloy (4130 heat treated
tool joint, tensile strength 125,000 psi and 1035 or
4130 mid body, 90,000 psi) for high strength with low
weight. Thin wall tubing with thicknesses from 0.188
to 0.219 in., do not lend themselves to exterior wear,
stress cracking, and corrosion that will likely occur
in the high temperature, saline enviromment. Drill rod
failure may be considerably more frequent then in
non-geothermal wells, in spite of best efforts to

inspect frequently,

Poor Well Cooling, While retrieving core, circulation

is normally stopped, allowing the stagnant wellbore
fluids to heat up and cuttings to settle out. As the
hole gets deeper, you will be spending more time
retrieving the inner tube laden with core than will be
spent coring a 20 ft run. Continuous fluid circulation
while extracting core through the string is highly
desirable, but may not be physically possible. At
9,000 ft, circulation could be interrupted 130 minutes
or more., Table III is an estimate of time required for
making a complete core cycle in a 9,000 ft hole. At
temperatures approaching 700°F, the strength of the
drill rods decreases about 10 percent. Some additional
development and planning must be worked out to

accommodate this condition.

12



Table III
a. Insert core retrieving overshot
0 - 9,000 ft . 30 min
b. Retrieving inner tube with core
9,000 - 0 ft 40 min*

c. Inserting new Iinner tube and
circulating to aid drop time

0 - 9,000 ft | 40 min

d. Adding pipe connections and
disconnecting extras 20 min

Total Time = 130 min
Time spent pumping inner tube =40 min
‘Time when hole is not being circulated 90 min

Estimated Core Time per 20 ft
core run 60 min

The 90 minute period where there is no
circulation could present hole problems due to
not moving the fine cuttings to surface plus not
continuing to cool with circulating fluid.

* Assumes approximately 200 ft/min retrieval rate.

D.

Mud Cleanup System. Because of the very small annulus between

hole and drill pipe, low fluid volumes are used (about 15 gpm
maximunm for the 76 mm string). Additional fluid volume at depth
only increases fluid pressure and could direct fluid into the
formation, rather than up the hole. Reverse circulation may have
the same effect. When circulation is stopped during core
retrieval, cuttings may settle out of the mud column and
accumulate in the bottom of the hole. It becomes very important
to get these cutting out of hole and that the mud and fluid
systems do not break down at the temperatures and pressures

expected. The use of desilters and deslimers plus large return

mud tanks would be a must to minimize the chances of differential

sticking of the drill pipe.

13



H.

Supplementary Cooling Options. It may be necessary to supercool

all fluids entering the hole, plus use larger return tank-system,
cooling tower or heat exchanger to aid in cooling before reentry
to the hole. These large tanks might also be used to reduce

solids in the return fluid.

H,S Embrittlement., There is a possibility of hydrogen (st)

embrittlement, which could adversely affect the wireline and
drill rod. They are already at a lower factor of safety at total
depth of 2 to 1, whereas conventional API pipe has a 3 to 1
factor of safety. HZS may not be encountered, however, because
of the amount of free metal ions in the brine. But since this
type of drill pipe has never been used in this environment, at

this depth, H,S should be carefully monitored.

- Small Retrieval Cable. The continuous wireline coring system

relies on a small diameter cable (3/16 in., O to 3,000 ft,

1/4 in., O to 5,000 ft, 3/8 in., O to 10,000 ft) to retrieve
core-laden inner barrel from the bottom of the core hole. This
means that the wireline cable is subjected to the effect of brine
as well as very high temperature. It may not be a major problem,
but it is another consideration that must be planned for and
constantly watched, in an effort to reduce rope failure that

could shut down the core drilling process.

Core Barrel Life. Continuous wireline core barrels and

associated parts do not seem to present any additional problems
that would.not exist with the conventional or field core

barrels. There are however, more mechanical working parts to be
considered, even though these barrels have functioned well in the
shallow geothermal holes. Corrosion and abrasion could present
the major problems with these systems and would require the
operator to replace parts more often or set specific maximum

footage or rotating time limits for each complete core barrel.

14



Bit Life. Diamond bits used in continuous wireline coring
systems at the temperatures in question appear to be state of the
art. All diamond bit manufactures questioned do not view 400°C

as a major problem.

Logging Tool Diameters. Fluid sampling, wireline logging,

temperature measurements and flow information can be gathered
through the 134 mm and 101 mm boreholes. The 76 mm (2.98 in.)
borehole may restrict the use of larger tools. However, through
the drill string logging has not been done at the depths or
temperatures in question by a continuous wireline core contractor

to date,

Blow-out Preventors, Continuous wireline contractors have used

blow-out preventors (BOPs) in the past, and their use is not

envisioned as a problem. However, the availability of smaller

specialty BOP's may be limited.

Directional Control, The core-drilling industry over the years

has been able to maintain hole straightness through the use of
packed~hole core barrels (core barrels that have been fitted with
special stabilizers that afe very close to hole gauge), by
increaéing or decreasing rotational speeds, and by carefully
watching the weight on the diamond bit. Traditionally, deviation
hasn't been a major problem in crystalline rock. There may be a
tendency to drift in the sedimintary formation in the Imperial
Valley. Typically, hole correction has been done with similar
tools as those used in the o0il field, such as Nave Drill, Dyna
Drill or whip-stock methods. There has never been any
directional or corrective drilling done at temperatures or depths
that are remotely near the ones that maybe encountered in the
SSSDP.

Hole Flashing Problems. Initially hole flashing problems were of

concern due to high downhole temperatures. After consideration

it seems to be more of a problem near the surface than at the

bottom of the well. There is still some concern that the very
15



low fluid circulation rate of the wireline system may allow the

well to get hot enough near the surface that flashing could be

induced during core retrieval and perhaps even during rotary core

tripping. This needs more extensive analysis.

ANALYSIS OF FLASHING POTENTIAL IN THE LOWER PORTION OF THE SSSDP WELL

6,000 ft
7,000 ft
8,000 ft
9,000 ft

10,000 ft

Estimated Hydrostatic Head Flash Pressure Drop
Temperature @ 0.4775 psi/ft. Point of Required for
°F (Mud weight 9.2 /gal) Water Flashing
660 2,865 2,340 525
670 3,342.5 2,520 823
630 3,820 2,700 1,120
690 4,297.5 2,880 1,417
715 4,775 3,240 (vapor) -

16



WHAT ADAPTATIONS OR BREAKTHROUGHS WOULD BE REQUIRED?

A. Develop a loading chamber system atop the drill string so that
the core laden tubes can be isolated from the heat and pressure
of the hole during core removal, The operation method used at
present subjects personnel to some potential safety problems if

flashing occurs.

B. Conduct a complete tést of continuous wireline core retrileving
cables under Salton Sea brine conditions. The main concern is

the effect of corrosion on cable performance.

C. Subject continuous wireline core drilling pipe and core barrels
to some simulated wear and corrosion tests to indicate rotating

hour life for safe operation.

D. Develop a system to continue to circulate sufficient volumes of
fluid while coring and retrieving core to help keep the hole
temperature down and to keep the solids moving to the surface for

hole cleaning.

E. Previous drilled rotary holes in the Salton Sea area indicate
very high drag forces in both torsional and tension, in some
cases as much as 100,000 1b above the string weight. Continuous
wireline core pipe could be subjected to proportional testing to

simulate these conditions.

F. In the long run, develop larger diameter drill rods and rigs to

reach greater depths.

17



6. WHAT DEVELOPMENT PROGRAM WOULD BE REQUIRED, WHAT ARE ITS ESTIMATED
COSTS AND DEVELOPMENT TIMETABLE?

A.

Suggested development program:

1.

It appears that the interest is very high toward the
continuous wire line coring methods. Demands on existing
systems that were designed for the mineral industry have
expanded to geothermal, gas, oil and scientific programs,
many of which demand special disciplines. With this in mind,
it is suggested that a committee be established consisting of
core drill manufacturers, core drilling contractors,
interested rotary manufacturers and contractors, oil and
mineral companies, plus those companies and individuals who
need, use, or have expertise in these disciplines. This

should include government agencies.

Suggest the above committee or group start by working on

problems that are outlined in Mo. 3 listed earlier.

Perhaps a government grant through a research or engineering
group could provide funds to actually set up a field testing

program.

Estimate costs of development type of program:

Any estimate at this point is speculation, but a $500,000
program should get the existing drilling system up to speed

in all areas.

Timetable that must be required:

A timetable that would cover those conditions as tests in
No. 3 might be accomplished in as short as 9 months to as

long as 15 months.
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7. A REVIEW OF U.S. CONTINUOUS WIRELINE CORE-DRILLING CONTRACTORS THAT
HAVE PERFORMED DRILLING SERVICES IN GEOTHERMAL ENVIRONMENT

The experience of U.S, contractors 1s summarized below:

Geothermal Wells Deepest Hole Under
Contractor No. Holes Max Depth Max Temp Mineral Conditions
Tonto Drilling Services 30 4,000 ft 350°F 6,900 ft - 'H'
Size .
Longyear 18 3,000 ft 390°F 7,100 ft 101 MM
3,000 ft 490°F 7,400 ft 'B' Size
Boyle Bros Drilling 2 2,800 ft - 6,100 ft 'N' Size
Himes Drilling Co. Inc. 2 2,800 ft+ - m - = .- == =

This review reveals that two (2) contractors have done, by far, the
majority of the drilling. Tonto Drilling Services has drilled the
deepest hole, 4,000 ft, while Longyear has drilled in the hottest
environment (reportedly 390°F). Mr. Dick Swayne, Manager of Longyear's
Contract Drilling Division, has reported that 490°F was encountered in
China Lake Well No. 5. The above table also shows the maximum depths

that each contractor has drilled under normal mineral drilling conditions,.

A review of the work done to date reveals that these U.S. contractors
have not had any drilling experience in super-high temperature
geosolution, nor have any reached the 10,000 ft depth requirements that
are planned in the SSSDP.

The majority of continuous wireline core drilling contractors have been
very successful drilling geothermal holes 3,000 ft to 4,000 ft deep that
have a loose circulation condition (no return circulation). Under this
condition the core drillers using the continuous wireline method were
able to advance the hole in the blind condition plus recover the core.
Wireline core systems allow these holes to be continued and bottomed,
whereas the conventional rotary equipment made hole advancement extremely

difficult and very expensive.
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8. A REVIEW OF LONGYEAR'S NEW 10,000 DRILL RIG

Derrick - 80 ft extended
43 ft retracted
60 ft (triple) stands
API Rated at 100,000 1b
Crown sheaves rated at 100,000 1b

Draw Works - Hydrostatically driven with automatic release on
drum while coring. Built-in spring loaded brake
system for static holding only. Drum 24 in. OD with
rope grooving. Load handling through 6 part line
using 7/8 in. rope, giving maximum hook load of
85,000 1b.

Line Speed Bare Drum - 6 part line
High 1,356 ft/min - 226 ft/min hook speed
Low 498 ft/min - 83 ft/min hook speed

Top Drive Head and Feed System
60,000 1b hold back load while coring
Head can chuck 3-15/16 in. when drilling over 5,000 ft
a Hex Ring Kelly System is used through the top drive
head to handle maximum weight condition.

Rated Capacity of the Drill Unit in a Fluid Filled Hole
CHD - 134 mm = 5,000 ft
CHD - 101 mm = 7,500 ft
CHD - 76 mm = 11,500 ft

A quick review of the above specifications reveals that the 60,000 1b
maximum hold back feed system is the limiting depth factor of this
drill rig. Though the hoist has more capacity, 85,000 1b, it cannot
be used in the feed or rotating mode, hence the drill's capacity is
limited to 60,000 1b. You can theoretically drill a 10,000 ft hole,
but this hole must be done with 76 mm size 2-3/4 in. OD pipe in a

3 in. OD hole. In the case of the Salton Sea hole, you would
seriously limit your alternatives because you do not have the option
of starting the coring with the larger 134 mm system. From a hole
engineering point of view, you‘should maintain the largest size
system until required to reduce due to in-hole conditions. This
allows you the safety of continuing the hole with 101 mm, leaving you
the option of an additional reduction to 76 mm to assure completion
to 10,000 ft total depth. (Detailed drill rod specifications are

presented on the following page.)
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DRILL ROD SPECIFICATIONS

76 mm 101 mm 134 mm
Rod 0D 2,75" (69, 8mm) 3,701" (84.0mm) 57 (137mm)
Midbody OD 2.375" (60,3mm) 3.268" (83.0mm) 4.5" (114.3mm)

Midbody Wall 187" (4.7mm) .2165" (5, 5mm) .2500" (6,35nm)

Threads Inch

Coeff. Friction
(Lubrication)

Tensile Strength Box
Material

Tensile Strength Pin
Material

Tensile Strength Midbody
Material

Weight of Rod

Area of Box (Min.)

Area of Pin (Min.)

Midbody Area

Burst Pressure

Collapse Pressure

Kerf Area

Yield of Box in Tension

Yield of Pin in Tension

Yield of Midbody in Tension

Failure of Box in Tension

Failure of Midbody in Tension

2.5
.2

125,000 psi
125,000 psi
90,000 psi

5.56 1b/ft
1.137 sq. in.
.751 sq. in.
1.509 sq. in.
9, 545 psi
7,479 pis
4,67 sq. 1in.
113,713 1bs.
75,114 1bs.
120,755 1bs.
142,141 1bs,
135,849 1bs,

2.5 2.5
.2 .2
125,000 psi 125,000 psi

125,000 psi 125,000 psi

90, 000 psi 90,000 psi
8.53 1b/ft 13.1 1b/ft
1.519 sq. in.

. 1.244 gq. 1in.
2.37 sq. in,
8,189 psi 9,000 psi
6,025 psi 4,380 psi
7.6 sq. in,

151,963 1bs.
124,379 1bs.
189, 600 1bs.
189,954 1bs.
213,300 1bs.

257,000 1bs.
257,000 1bs.

Yield of Joint in Torsion
Failure of Joint in Torsion
Pre Torque of Joints 1,550 ft/1bs

Max. Rated Torque 2,000 ft/1bs
Thread Length 2" o2t
Depth Rating 2,900 metres

8,773 ft/1bs
10,967 ft/1bs

17,201 ft/1lbs
21,501 ft/1bs
2,500 ft/1bs
3,400 ft/1bs

3,000 ft/lbs
5,000 ft/lbs
2,975"

3,000 metres 3,000 metres

(2-1 Safety Factor)

Weight of 6 metre Rod 110 1bs. 165 1bs. 262 1bs.
Standard Core Size 1.713" 2.5" (HQ) 2.244" (PQ)
Standard Hole Size 2.98" 3.99" 5.250"
Midbody Material Grade 1035 or Heat Treated UTS ~ All CHD the
4130 sanme
Joint Material Grade 4130 leat Treated UTS - All CHD the
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It is understood this drilling unit was designed for South Africa,
which has a requirement of drilling to 10,000 ft, and the maximum
hole size in that part of the world is 2.98 in. OD using the 76 mm
system. So while the drill meets the depth requirements, it does not
allow the additional hole size and depth alternatives that may be
needed to meet hole conditions that could be present on the SSSDP.

Per Mr. Dick Swayne of Longyear Co. the following is a typical hole
that was recently drilled in New Mexico on an 01l Gas exploration
well,

Rotary 0 -~ 900 ft, 9 7/8 in. bit
900 - 2,500 ft, 7 7/8 in. bit

Casing O ~ 2,800 ft, 6 5/8 in. Casing
Coring 2,500 - 4,000 ft, 134 mm - 5 1/2 to 6 in. bit

Casing 0 - 4,000 ft, 5 in.
4,000 - 7,000 ft + 101 mm - 4-3/8 in. Bit

Rotary Pump - GD - 5-1/2 in. x 8 in.
Core Pump Bean Twine Model 835

Hydrostatically Driven
10 to 70 GPM @ 850 PSI

Ideal Core Rig Capacity. From a continuous wireline coring point of view

the drill rig should have the capacity to handle both hoisting, rotating
and feeding of the 134 mm string to the maximum depth of 10,000 ft. If
in hole conditions didn't demand casing, it would be to the advantage of
the program not to case and change hole size. However if the hole
condition required casing and size reduction, we have that alternative

available, plus an addition size smaller as a last resort,

0 - 10,000 ft 134 mm System 131,000 1b
0 - 10,000 ft 101 mm System 85,300 1b
0 - 10,000 f¢t . 76 om System 55,600 1b
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It would appear the drill rig with a hook load capacity of 225,000 1b
would be more desirable plus have feed and rotating capacity of
150,000 1b to handle the 134 mm system to the 10,000 ft depth.

23



9. THE COMPARATIVE COST OF DRILLING AND CORING FROM 6,000 TO 10,000 FT USING
THE CONVENTIONAL OIL FIELD ROTARY METHOD AND CONTINOUS WIRELINE CORING
METHOD.

The proposed approach would have the first 6,000.ft drilled

conventionally and cased. The rotary unit would drill through the high

pressure gas zone and set the 9 5/8 in. casing to 6,000 ft. After

completion, this same rig could set the 5 in. casing string for use with

the 101 mm system.
The following are some of the cost considerations:

A, There are move-in move—out costs for the rotary drill, as well as
the core drill, For the coring part of the hole, Longyear

estimates these costs to be approximately $100,000.

B. The rotary drill substructure should be left in piace to
accommodate all of the BOPs needed. A review of the hole casing
plan for the rotary indicates 9-5/8 in. production casing with
its normal BOP stack plus wireline coring 5-1/2 in. casing to
accommodate CHD-101 mm wireline coring system plus 4 in. casing
string to accommodate CHD 76 mm wireline coring system. These

casing and drilling strings will require a BOP stack.

The substructure of o0il rotary rig has sufficient clearance, 25

to 30 ft, to accommodate these BOP stacks, but the Longyear

coring rig only has about 8 ft clearance. The Longyear drilling
rig is of modular design, so it can be easily mounted on the deck
of the substructure without i1ts subbase but would require a rental
crane to mob and demob, Additional arrangement must be made with
the rotary contractor to lease his substructure during the coring
operation. The cost of the substructure has not been included in

the wireline coring estimate.

C. Coring costs will increase as a result of only drilling the lower

part of the hole for the following reasons:
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1. Mob and demob would be the same as if started from
0 to 10,000 ft, but you can only write off this cost
against 4,000 ft of drilling.

2. Under this scenario the contractor will be required to
have two (2) strings of pipe 101 mm O to 7,500 ft and
76 mm O to 10,000 ft and must write off wear and cost
over only 4,000 ft of drilling, though he is required to

invest a very large amount for the entire string of pipe.

3. This method requires a very large core drilling rig
because of depth and size, and all the related costs of
the large rig must be written off against a small amount

of footage drilled.

4, If this hole is planned to be used for production, there
is a good chance that these small strings of casing'or
stuck rods could not be removed, or if so it might be
done at a substantial cost. The small core drill does
not have hoist capacities to remove the 5 in. casing
string that was set by the rotary. In order to rework
the hole for production, a remob of the rotary drill may

be required.

The following pages show a rough cost estimate for continuously wireline
coring the SSSDP from 6,000 to 10,000 ft and a comparable Bechtel
estimate for conventional rotary drilling and coring. The continuous

wireline coring estimate is about 30 percent higher.
Continuous Wireline Coring $810, 365

Conventional Rotary Coring and Drilling $576,050
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INCOME REGUIRED FOR DRILLING 660,865 WATER HAUL CHARGES (TRUCK DRIVER, —
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4,000%¢ Core Boxes 4000'x50/ft —
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INCOME REQUIRED FROM SERVICES | y|a000 - 4500
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BECHTEL ESTIMATE FOR ROTARY DRILLING
AND CORING FROM 6,000 TO 10,000

ComEonent

Rig rental (includes
crew and drill pipe)

Rotating head rental
Drill bits

Drill tools

Mud and chemicals
Core barrels and bits
Coring supervisor

Trucks, crane, welding
and other misc.

TOTAL

Cost per ft.

Daily
Rate

$5,600
55

235
765
1,685
1,150

525

55

27

Approximate
Days in
Use
65
65
20
20
65
45

45

65

Subtotal Daily
Cost

$364,000
3,575
4,700
15,300

109,525 -
51,750

23,625

3,575

576,050
$144.01



10. CONCLUSIONS

From an engineering point of view there is no question in my mind that if

hole completion is important, the rotary oil rig with all its proven

systems and its excess capacities would assure one of successfully

completing this hole to 10,000 ft. However, from a scientific point of

view one could certainly obtain additional scientific information by

continuous wireline coring in areas where presently there is limited

information.

One must weigh using the continuous wireline method against the following

facts.

A,

The 10,000 ft core drilling rig presently being built by Longyear

has never attained that depth.

No continuous wireline coring contractor in the United States has
personnel that have drilled to 10,000 ft nor at temperatures

tlose to those that will be encountered at the Salton Sea Project.

Wireline core drilling tools have been subjected to geothermal
environments but none have been subjected to such high
temperatures or possibly as corrosive and abrasive geothermal

solutions as will be encountered in the 10,000 ft Salton Sea hole.

Because of the very close tolerances between hole size and casing
used, cementing holes could present real problems. Add to this
condition 400°C hole temperatures plus brine solutions, and
cementing may be impossible. At any rate, as of now, it is an

unknown for the wireline core driller,

I have a serious concern with the continuous wireline core method

in the following areas:
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a. Corrosion

b. High drag forces (torsional and tension)
¢. Wear

d. Temperature

e. Very low fluid volumes used in drilling present some

safety questions

f. Hole deviation because of in-hole conditions that are
different (sedimentary formation versus granitic
formation) where most of wireline work has been done

using the continuous wireline core method

The task of deep wireline core drilling is not impossible.
However, there are certainly many unknown conditions in the
Salton Sea project, that the wireline core drilling contractors
would be eager to start solving. To do so in a timeframe that
would assure completing the hole to 10,000 ft may take from 9 to

15 months of development work prior to beginning drilling.
There are two things that tend to assure hole completion:

1. Seasoned personnel that have drilled in these conditions
to the proposed depths with support people they are
familiar with :

2, Proven rigs, tools and support systems

In view of the task at hand, it would appear that the continuous

wireline coring system needs the support of a separate research

program.
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RESUME

JACK D. POWERS
6824 MANORLY CIRCLE
SALT. LAKE CITY, UTAH 84121
" 801-942-0627
801-972-4%920

EXPERIENCE
}j982 - Present Consulting Engineer. Have maintained a

drilling consulting business servicing with mining and oil
companies. Have successfully completed projects for Amoco

Minerals, OGetty O0il and Minerals, World Bank, Dresser
Industries, DPenison Mines, Bureau o©of Reclamation, Rio
Colorado, Prodrill, Exxon, Noranda Mining, Hanna, Roberts
Union Corp., and 1Irish Base Metals. Have traveled much of

the world as consultant to the above and have recently helped

RUC, South Africa reach 35,000 meters with wireline core
drilling systems.

1982 - presert Acquired part ownership in Matrix Drilling
Products Co., which wanufactures wireline core drilling rod
by plasma welding system. Have worked with Matrix to develop
special) super deep DHS000 wireline rods to set world wireline
core depth record. Matrix group has several developments to
its credit.

1. Small, lightweight, reverse circulation string and system.

2. Lite Pipe, high strength, light rotary rods for Water Well
and 0§} industries. :
S. Ultra-lite high speed rods for underground drill.

;972-1?82 Longyear Co.
92% Delaware St. S.E.

Minneappolis, Minn. 55414
Duties and Responsibilities

1924-1982 Marsger ©of Operation of the contract drilling
division. Managed seven (7?) operating zones stategically
located throughout the United States and serving the mineral
and geotechnical industries with gross sales of more than
$32,000,000 arnnually.

1976-1982 Vice President, Longyear Amer icas INC.

Responsible for all exploration drilling outside of North
America in the Western Hemisphere; coordinated management and
all field regquirements.

1948-1972 Boyles Bros. Drilling Co.

P.0O. Box 25068

Salt Lake City, Utah 84125
Utar District Manager. As manager was responsible for a 20
drill operation which {ncludes shop and district office.



Before becoming manager, set up complete company maintenance
program, wrote maintenance mariual and computerized egquipment
and maintenance.

1944-1968 Joy Manufacturihg Co.
Salt Lake City, Utah
Area manager

1940-19464 Nichols Drilling Co.
(Morrison-Knudsen Co.)
Selby DPrilling Co.
Poise, Idaho
Chiet Engineer -chief estimator.

19%54-1940 E.J. Longyear Co.
Salt Lake City, Utah
Western Zone Marager
Set up the first operating zone for Longyear Co.

EDUCATION

1931- Michigan Technological University

B.S. Mech. Engr.

Registered Profescsicnal Engineer
194%9- Unjversity of Minnesots

‘Business & Accounting B.A.
1945- Duluth Central High School diploma
Also obtained certiticates from Baroid Mud School,
Halliburton Cement School, plus management seminars at
University of Minnesota, University of Utah, and University
of 'Idaho. I
Conducted Drilling Management and Information classes at
University of Minnesota, Colorado School of Mines.

FPROFESSIONAL MEMEBERSHIPS
AIME, American Socjiety of Mechanical Engineers, Canadian
Diamond Drilling AssDdDC., Colorade Mining Assoc., National
Prilling Contractors ASEOC., Northwest Mining ASS0C.,
Southwest Mining Assoc.

REFERENCES
R.I. Peters, Pres.
Matrix Drilling Products
" P.O. Box 36
Lewisburg, Tenn. 32091
1-615-339-65614

Siegfried Muessig, V.P.
Getty 0il Co.

3210 Wilshire Blvd.

Los Angeles, Calif. 90010
1-213-73%9-2100



Mr. Robert H. Ruggari, Pres.
Utah-Wyoming Consolidated 0Oi]1 Co.
P.0. Box 1045

Moab, Utah 84532

1-801-259-3611

PERSONAILL
Date of birth: 311/711/295
Place of birth: Duluth, Minnesota
Marital status: married (Susan)
Ages o¥ children: two sons, 22 and 25.
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B , : NILAND GEOTHERMAL INC.
L .
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TOTAL FLOW* 226,000 Ibs/hr
STEAM FLOW® 56,000 Ibs/hr
TDS: 250,000 ppm

7.D.10,013

FEE NO. 1 5

TOTAL MASS FLOW® 444,000 ibs/hr
STEAM FLOW®* 110,000 Ibs/hr
TDS: 270,000 ppm

1.0.11,733

i
[
i

MARCH 3, 1985 E
TOTAL MASS FLOW 471,000 Ibs/hr
STEAM FLOW 114,000 Ibs/hr
TDS: 258,000 ppm
\

TD.9845  ppp MQ< ’Q | %;\
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7.D.9,570°

BRITZ NO. 4

|
TOTAL MASS FLOW® 345,000 Ibs/hr
STEAM FLOW® 84,000 ibs/hr
@ TDS: 116,000 ppm

SCALE (FT)
ee—eee SUBSEA DEPTH TO 500° F
sesasnens LEASE BDUNPARY

NOTE: TOTAL FLOW AT 180 PSIA T.D. 10,370’ l

Figure 4-2 - Well Location Map
T 11 S, R 14 E,SBB & M
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