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SPECIAL CONSIDERATIONS

PIPE AND BOP INSPECTION

The i nit i a1 acceptance of dri 11 pi pe shoul d be based on an AAODC-,
API Class II specification inspection. All subsequent inspections
should discard pipe with 30% wear or greater; i.e., use 30% where
Class II states 20%.

The drill pipe should include:

1. Electromagnetic inspection of tubes (Sonoscope or Scanalog).

2. Wall thickness and cross sectional area (ultrasonic or gamma ray).

3. End area inspection (electroic or magnetic particle).

A11 drill collar end areas shou1d be magnetic part i c1e inspected
every 14 days, every 9 days in steam or an aerated system.

All BOPs should be inspected for wear by the manufacturer or
an authorized agent prior to installation. All BOPs should be tested
after installation prior to drilling out cement.

Remind service companies furnishing bottomhole assemblies that
their equipment should be magna-fluxed prior to delivery.

AIR EQUIPMENT

Mi nimum ai r and pressure requi rements are 3000 scfm at 800 psi g
for rotary drilling. One stand-by unit will be required on the
8-3/4" hole.

Hook-up lines, air meter, and scrubber, misting pump with minimum
capacity of 10 gpm, and operating personnel will be furnished by the
air contractor. Use Union Oil's Uni Steam corrosion inhibitor while
drilling in steam, to be injected into the airline downhole. The
mixture for Uni Steam is as follows:

Steam lbs/hr

None/20,000
20,000-40,000
40,000-150,000
150,000-plus

Injection

5 gal Unisteam - 10/bbl Water
10-15 gal Unisteam - 10/bbl Water
20-35 gal Unisteam - 10/bbl Water
40 gal Unisteam - 10/bbl Water
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AIR HAMMER INFORMATION

In the event of serious lost circulation or very hard formations,
an air hammer may be used. Air hammers are available for various
size hole diameters. They require air volumes to operate as follows:

26" Hammer 6000-7000*scfm**@ 160-350 psi
17~" Hammer 3000 scfm @160-350 psi
12 i II Hammer 1500 scfm @ 160-400 ps i
* This air requirement may be reduced to 2000 scfm by using an accelerator pipe.

** Standard cubic foot (air) per minute

Stabilization is available to maintain a straight hole. Foamer
is commonly used to assist hole cleaning when using air hammer.

AUXILIARY EQUIPMENT

1. Six pen drilling recorder with: a) string weight; b) rpm; c)
rotary torque; d) rate of penetration; e) pump pressure; f) pump
strokes broad.

2. Special rotating head, capable of stripping 121" and 8-3/4" BHAs,
comp1ete with spare rotati ng head stri pper dri ve bushi ng assembly.
run cold water continuously on head while in steam.

3. Use square kelly with above.

4. Use tong torque assembly for making up collars.

5. Temperatures should be taken with every directional survey.

6. Install mud loggers as per geologist's instructions.

7. In and out temperatures, both of mud and ai r, shall be recorded
in the Tour Reports every 30 feet prior to rig up of mud loggers.
All steam/water entries shall be recorded in the Tour Reports.

8. Periodic tests may be conducted to determine well potential.
Drilling will be stopped and the hole evacuated to check for
flow.

9. Upon completion, the well will be shut in by closing the lower
master valve. The remainder of the BOPE will then be removed.
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MASTER VALVE INFORMATION

W-K-M master valve working pressure varies with temperatures'
of fluids.

900 Series Valve:

No semperature
550 F
6000 F
6500 F

2160 psi
1775 psi
1660 psi
1550 psi

Outside packing glands should be used above 6000 F.

Beveled gear valves should be used.

HYDROGEN SULFIDE MONITORING

Hydrogen sulfide monitoring should be maintained during the drilling
of the well. Detectors should be placed on the rig floor, cellar
area, and flowline region to detect and announce (with alarms) the
presence of hydrogen sulfide. These monitors are typically provided
by and maintained daily by the geothermal data loggers. Proper function­
ing of these monitors is essential in maintaining a safe working
environment. .



ThermaSource Inc.
p.o. 8oll1236 • SonIa Rosa. CA 95402

TANGENTIAL MUFFLER

Attached is a drawing of the Tangential Muffler/Separator ta:be
used in True Geothermal-Mid Pacific's geothermal drilling activities.
This muffler/separator consists of a large diameter chamber, 10' diameter
by 10' tall, wi th a 6 I di ameter stack that extends 16 I above the 10 "
chamber. The principle behind this type of device is that the discharge
from the well (ambi ent ai r ci rcu1 ated downhole and/or steam/water
produced from the well) will enter the large diameter chamber tangentially
and flow around the chamber, throwing out drilled particles to the
side due to centrifugal force in the high velocity air and/or steam
exhausted to it. These particles then fallout of the funnel-type
structure located at the bottom of the muffler/separator and are channeled
to the di sposa1 sump. The ai r and/or steam must then go down in the
chamber to enter the exit stack, the bottom of which sits below the
tangential entrance, to be emitted to the atmosphere. The actual
b1ooieli ne, i . e., the pi ece of pi pe that connects the well head and
muffler/separator, typically is a piece of 13-3/8" 0.0. casing which
gradually expands to 36" 0.0. and then to a rectangle of a larger
cross sectional area than the 36" 0.0. pipe. The purpose of this
gradual increase is to allow the air and/or steam to expand slowly
so as to decrease the noise as much as possible. Water may also be
injected, at rates of 60 to 100 gallons/minute, into the muffler/separator
as well as the b100ie line. The mixing of water with the air/steam
exhaust allows some cooling of the steam, which aids in noise reduction.
Hydrogen sulfide inhibitors can also be introduced into the exhaust
stream upstream of water injection.

Hydrogen sulfide emissions can be abated by the injection of
various chemicals into the exhaust stream. Union Oil of California,
in conjunction with FMC and Republic Geothermal, Inc., developed a
hydrogen peroxide and caustic solution inhibitor that has proven effective
in hydrogen sulfide abatement. The hydrogen peroxide and caustic
system must be injected in the blooie line as close to the wellhead
as possible to give maximum amount of time for the inhibitor to mix
with the air/steam discharge.

Continuous monitoring of hydrogen sulfide levels will be made
by on-site geothermal data loggers (mud loggers). Metered injections
of abatement chemicals to maintain legal emission levels and site
safety will also be taken care of by the mud loggers.
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Appendix B

Well Testing

Kahauale'a Geothermal Project



WELL TESTING

KAHAULE'A GEOTHERMAL PROJECT

1. Objectives

Testing a geothermal hot water well should accomplish the following
objectives:

A. Evaluate the producing capabilities of the reservoir (aquifer).
The well shou1d be produced at or above pre-determi ned cOrtlTlerci a1
rates to ensure representat i ve samples of the geothermal resource.
Surface measurements of mass flow, temperature, and pressure
should be monitored. Measuring bottomhole pressures (flowing
and shut-in) with downhole recording gauges are desirable but
not essential. This data will be used to estimate formation
transmissivity, productivity index (PI), and formation damage.

B. Determine properties of the produced fluids. This includes chemical
composition, dissolved solids, pH, temperature, enthalpy, and
pressure. This data will be helpful in making fluid comparisons
between wells to determine aquifer continuity and to anticipate
potential long term production problems.

C. Estimate reservoir configuration. Ideally, a well test will
provide estimates of long-term producing capability.. Unfortunately,
the duration of most well tests precludes such estimates unless
the reservoi r is very small. The well test shoul d be conducted
to sample a reasonable drainage area. If any boundaries are
located within this area, the pressure buildup should detect
it. If the producing formation is a fractured reservoir, then
an indication of the well decline rate may be evaluated during
a long-term test. Spinner surveys should be considered to determine
where the fluids are entering the wellbore.

{



2. Types of Tests

Several types of well tests are available to satisfy all
or par t of the te st obj ective s.

A. Rig Test. This is a short term test, usually 24 hours,
performed with the drilling rig and equipment in place.
Well fluids are sent through a flow line from the well
tree assembly to a drilling reserve pit. A choke plate
or throttling valve can be installed in the flowline to
control flow. Pressure is measured at the end of the
flowline (James Lip Pressure) to obtain an estimate of
mass flow. Wellhead pressures and temperature should
also be measured. A rig test is normally used while
drilling after geothermal fluids are encountered to
monitor flow rates as a function of depth. It is a quick
and simple way to get reservoir flow data for future
decision making. The main drawback to this method is
that stearn quality cannot be estimated.

B. Short Term Test. Short term is defined as less than a
month. This procedure involves using a stearn/water
separator to accurately determine liquid and vapor
fractions. The data gathered during this type of test
would satisfy all of the objectives listed above. Figure
I shows a schematic of how the test would be conducted.
Fluids would leave the wellhead and go into a separator.
The mass flow of each phase would be measured. After the
flow is completed, the well should be shut-in and
bottomhole pressure measured. If adjacent wells have
been drilled, their pressures should be monitored during
the test to check for drawdown effects. Additional flow
tests may be conducted at different pressures to verify
steam quality changes and flow rate variations. In most
cases, a short term test is sufficient to describe most
of the reservoir parameters of interest.

C. Long Term Test. A long term test is def ined as one
lasting over one month. Data from a long term test will
provide some insight into the time dependency of certain
variables such as mass flow, stearn quality, and fluid
chemistry. A long term test could also quantify well
interference effects. It may also detect phase changes
that may occur in reservoirs and provide some insight
into the size and longevity of the reservoir. Data from

a long term test can also be used as a basis for
reservoir modeling for long term predictions of well and



reservoir performance. Long term tests may even be
coordinated with equioment tests of wellhead generators
or abatement equipment. The equipment and procedures to
conduct a long term test would be the same as a short
term test.

D. Drill Stern Test. Drill stern tests are commonly used in
oil and gas wells as a means of obtaining well
information. Its primary advantage over a simple rig
test is that some control is exercised over the zones
that are produced. The risk in drill stern testing,
particularly in high termperature wells, is packer
failure.



3. Recommended Test Procedure for True Geothermal Well No.1

During drilling and/or immediately after total depth has been
reached, a ri g test is recommended to determi ne whether the well is (
commercial and if further testing is appropriate. If the results
of the rig test are positive, then a short term test can be arranged.
If the rig tests are negative, new drilling plans to sidetrack or
to change locations can be made. Tests should be planned to comply
with applicable water, air, and noise regulations. Information obtained
during the rig test will be helpful in selecting the proper pressure
vessels, piping, and measuring devices needed to perform a rigorous
well test.

A long term test may be considered after the short term test
has been completed if additional data is required.
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Metes and Boonds Description
Of Kahauale'a
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DESCRIPTION OF

PO~~ION OF L. P, 8030, L. C. AW. 8559-B, AP. 14

TO WH. C. LUNALILO

AND PORTION OF GRANT 9275 TO JAMES CAMPBELL ESTATE

AL~ that certain piece or parcel of land being a portion of

~and Pa:ent 8030, Land Commission Award 8559-B, Ap~na 14 to Williarr.

C. ~unalilo and a portion of Grant 9275 to James Campbell Estate.

Sieuate at Puna, Island of Hawaii, Hawaii.

5egir.r.ing ae the north corner of this parcel of land and
being also the west corner of the Puna Forest Reserve, the

coordinates of said point of beginning referred to Government

St.::-vey ::-aiangulation Stacion "HAKUMA" being 36,435.54 fE!et norch

and 48,129.62 feet west and thence running by azimuths measured
clockwise f:-om true South:

1. 306· '59 ' 25,105.30 feet along the Puna Forest
Reserve;

2. 296· 00' 8,150.00 feet along the Puna Forest
Reserve;

3. 326· 00' 4,100.00 feet along the Puna Forest
Reserve;

4. ? "' ... 0 31' 30" 9,863.3 feet along the Puna Forest--'-'
Reserve;

5. 310· 00' 1,246.6 feet along Lot 3. Kapaka'-
Kauka Homesteads;

c. 305· t.~' 2,770.6 feet along Grvernment Land:

7. 311· 10' 1,623.0 feet along Lots 1 and 2,
Kapau-Kiula Homesteads;

8. 4~o 54' 1,588.8 feet along Government Land;

9. 89· IS' 193.8 feet along Government Land;

10. 75· 23' 443.0 feet along Government Land;

11. 31i· 51' :!, .13~ .9---fce't "along Govern:;'lent Lar:d;
_.~.'" .

. .. _. ---- -'---' -_._------_._------- _.- - ..

•\'':'\''-t." ,') rll~:·'rl!:IJI...,. INC.



12. 58 0

:3. :9 0

14. 10 0

15. 3::'7 0

'- 6. 3 0

17. 230°

:'8. 59 0

4
'

'

30'

20'

21'

30'

23'

OS'

594.0 feet along Grant 2372;

186.0 feet along Grant 2372;

990.0 feet along Grant 2372;

716.3 feet along Government Land;

1,430.0 feet along Grant 2723;

1,022.7 feet along Grant 2723;

1,975.0 feet along Lot I, Kalapana-
Kapahua Homesteads;

:. 9. 'i: 0

:0.

:1.

22.

23.

"r

73 0

66°

55°

68 0

07'

, ,

55'

30'

1"2' •

30"

10"

2,383.8 feet along Lot 2, Kalapana­
Kapahua Homesteads;

2,677.7 feet along Government Land;

2,244.0 feet along Grant· 3208;

627.60 feet along the remainder
of Grant 9275;

2,912.22 feet along the remainder
of L. P. 8030, L. C.
Aw. 8559-B, Ap. 14
to Wm. C. Lunalilo;

~-' 24. 149°

25._179°

26. 146 0

27. -py

28. 117 0

:9. 32 0

30. 101 0

31. 152 0

32. 228 0

00'

15'

31'

58'

15'

30'

00'

10'

00'

1,911.00 feet along File Plan 1229;

445.00 feet along File Plan 1229;

5,248.36 feet along File Plan 1259;

6,167.92 feet along File Plans 1259
and 1315;

24,536.76 feet along Land Court
Application 1374;

8,015.00 feet along Land Court
Application 1374;

33,232.70 feet along the remainder
of L. P. 8030, L. C.
Aw. 8559-B, Ap. 14
to Wm. C. Lunalilo;

6,579.50 feet along H~waii National
Park;

634.00 feet along the remainder
of L. P. 8030, L. C.
Aw. S559-B, Ap. 14
to Wm. C. Lunalilo;

...---

~•• ~ :... "7 i:"; '.;). .. .. ..; 0 ,..1 ,'" t...: n ,,, . ... r: .
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33.

3L,

45'

15'

18,982.00 feet along R. P. 7223, ~.
C. Aw. 8559-B, A~. ~~

to ~m. C. Lunal:lo
and along Land Cour:
Application 1053;

22,836.00 feet along Land Cour:
- Application 1053 co

the point of beginning
and containing an are2
of 26,093.756 acres
less Grants 6796, 742~
6189 and 4798 having
an area of 179.5 aCCe"
and leaving a net are2
of 25,914.256 acres.

-'"
Hono U_'J, :-:awaii
Oc:::bec l", ::"981

CO~Dilec :ro~ all
avai:ab e data.

WALTER P. THO~~SON, INC.
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Appendix D

Priority List of Evacuation
Of Drilling Equipment



PRIORI'l""""
ORDER OF
MOVEMENT RIG ITEM HETHon OF MOVEMENT CO~1t"ENT

1 Generator unit Flat bed truck with winch and Unit coul<'l be disconnecte<'l and draqged on
tail roller flat beCl. QuicklV.

2 Fuel and Fuel Tanker truck for fuel; Flat F'uel would be numDed off onto a transfer
Tanks bed truck for tank tanker truck and the storaqe tank moved i)'

a low priority item.

--
3 Air Compressor Tractor truck without trailer United are easily disconnected and can be

moved with a tractor while qenerator unit
is beinq moved.

4 Mud Pumps Flat bed truck with winch and Unit disconnects easily after draininq mUl
tail roller to sump.

S Cementing unit Tractor truck without trailer unit can be maintained disconnected off
location to be transported to the site an,
connected only when needed.

6 . Electric Flat bed truck with winch and Unit usually maintaine<'l disconnected off
Logging unit tail roller location until needed when it is transpor i

to the site and connected for use.

7 Hud LOfJqer's Pick-u!J truck unit disconnects quickly and can be moved
Trailer at any time with nick-un truck.

8 Abatement Tractor truck without trailer unit maintained disconnected off location
Equipment while not in use, however, when in use,

disconnects easily.

9 Accumulator Flat bed truck with winch and Disconnects quickly for easy movement.
tail roller



PRIORI~

ORDER 01""
MOVEMENT RIG ITEf-1

I!G

METHOD OF MOVEMENT

OR Ll ! )

COMMENT

10

11

12

13

14

15

Catwalk Racks
and Drill Pipe

Parts Housel
Change Room

Doghouse/Tool­
Pushers Trailer
and Air Com­
pressor Trailer

Water Tanks

Air Drilling
Muffler

Mud Tanks

Forklift and Flat bed truck

Flat bed truck with winch and
tail roller

Flat bed truck with winch and
tail roller/Pick-up truck.

Flat bed truck with winch and
tail roller

Crane and flat bed truck

Flat bed truck with winch and
tail roller

Drill pine in hole or derrick remains on
location. Pipe on ground can move quickl
with forklift.

Only connected to rig with electric wire.
Disconnects quickly.

Disconnects quickly for easy movement.
Low priority item.

Water is drained to sump and tank is move
as a low oriority item.

Moved as low priority item.

Mud is drained to sump and tanks moved as
low priority item.

16 Sub-structure, Crane and flat bed trucks
Drawworks and
Derrick

Low ~riority items since they require too
much time to move. Sub-structure~ elevat
drainworks and derrick base on pedestal
approximately 26' above ground level.




