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Application For Permit to Drill a Geothermal Well 

(Campbell Estate Parcel, Puna District, Island of Hawaii, TMK 1-2-10:3) 

1. Regulatory Requirements 

This application for Permit to Drill a Geothermal Well is submitted in 

accordance with the Department of Land and Natural Resources (DLNR) Rules on 

Leasing and Drilling of Geothermal Resources, Title 13, Chapter 183, Paragraph 

65. The information on drilling operations required in the Plan of Operations 

is included and combined with like requirements in the Application for Permit 

to Drill as described below. 

Since all geothermal wells will be drilled generally in the same manner, most 

of the data in this Application will be applicable to all wells. Therefore, 

subsequent applications for a Permit to drill will include only new 

information applicable to the well to be drilled and any modifications to the 

current generic data applicable to all wells. 

2. Applicant and Lease Provisions 

The applicant is True Geothermal Energy Company, the Operator for True/Mid­

Pacific Geothermal venture for the mining operations permitted under State 

Geothermal Mining Lease No. R-5 dated July 23, 1987 and issued to the Estate 

of James Campbell, Lessee. By Sub-lease Agreement between Campbell Estate and 
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True Geothermal Energy Company and Mid-Pacific Geothermal, Inc., dated 

December 3> 1986, Campbell Estate assigned its rights to True/Mid-Pacific 

Geothermal Venture to drill for, produce and take geothermal resources from 

the lands leased under any state mining lease issued to Campbell Estate on the 

lands described in the sublease. By Operating Agreement between True 

Geothermal Energy Company and Mid-Pacific Geothermal, Inc., dated October 5, 

1982, True is designated as "Operator" and Mid-Pacific as "Non-Operator" for 

the geothermal venture. The operator is responsible for all drilling 

operations under the terms and conditions of the mining lease. Agent for the 

operator is Mr. Allan Kawada whose address is: True Geothermal Energy Co., 888 

Mililani Street, 8th Floor, Honolulu, Hawaii 96813-2918, Tel: 528-3496. The 

organization of the operator is shown in Figure 1. 

3. Well Identification 

Geothermal wells to be drilled in the Kilauea middle east rift zone (KMERZ) 

under Mining Lease No. R-5 will be identified in relation to: one of the 

Planned Exploration/Development Areas (A through E) as shown on Figure 2; the 

drilling site number; and, the sequential number of each well drilled at a 

particular site. Under this procedure, the first well for which this 

application is submitted, is designated as True/Mid-Pacific 

Exploration/Development Area A, Drilling Site 1, Well No. 1, or 

True/Mid-Paciftc Al-l. 

4. Purpose and Objective of Proposed Work 

The purpose of the proposed work is to explore for geothermal resources by 
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deep drilling into the area underlying the drilling site to depths between 

8,000 feet and 14,000 feet and evaluate any discovered reservoir through flow 

testing and analyses of the resource to determine whether such energy sources 

can be economically produced to generate electricity. Discovery of a 

geothermal resource may occur in a zone beginning at a depth of about 3,000 

feet below sea level. The optimum production zone will be determined 

following analysis of well drilling data and flow testing of the well. 

Following a successful exploration well, the subsequent exploration drilling 

will be conducted for the purpose of determining the general dimensions and 

extent of the reservoir and to prove the existence of sufficient resources to 

satisfy a known or potential future market. 

5. Planned Well Drilling, Well Completion and Testing Programs 

(See Attachment 1) 

It should be noted that changes in the drilling programs described in the 

Attachment will occur due to varying project site and sub-surface conditions 

encountered during these operations, the characteristics of the resource and 

changing technology. The required changes can be expected to involve 

primarily casing dimensions, drilling depths and direction, and well-head 

assembly -- none of which will affect safety or reliability of drilling and 

production operations. All changes will be reported to DLNR as they occur. 

DLNR will be notified in advance of all critical well operations and tests. 
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6. Performance Bonds, Idemnity, Liability 

As required by Paragraph 13-183-34 of DLNR Administrative Rules, Operator will 

file a bond with the Department of Land and Natural Resources in the amount of 

$10,000 made payable to the State conditioned upon faithful performance of all 

requirements of Chapter 182, Hawaii Revised Statutes, the Administrative Rules 

of DLNR (Chapter 183) and the State Geothermal Mining Lease No. R-5. 

As required by Paragraph 13-183-65 of DLNR Administrative Rules, a blanket 

indemnity bond of no less than $250,000 will be filed with DLNR within 10 days 

of well permit approval for drilling of True/Mid-Pacific Al-l to inure to and 

indemnify the state and landowner against all losses, charges, expenses and 

claims for damages or injuries caused or resulting from the drilling and 
-

operation of the wells. In addition, general liability insurance in the 

following amounts will be in force prior to commencement of operations 

(construction of the access road into the project site): 

a. Comprehensive General Bodily Injury Liability- $300,000 each 

occurrence, $1,000,000 aggregate. 

b. Comprehensive General Property Damage - $50,000 each occurrence, 

$100,000 aggregate. 

Additional liability coverage for injury or damage to persons or property 

caused by explosion, collapse, and underground hazards is to be added prior to 

initiating drilling operations. The land owner (Campbell Estate), the State 

of Hawaii, Hawaii State Board of Land and Natural Resources, the Chairman of 
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the Board of Land and Natural Resources and the Department of Land and Natural 

Resources shall be named insurers. 

Operator will also, prior to commencing operations, deposit with DLNR and 

Campbell Estate a bond naming the State of Hawaii and Campbell Estate as 

obligees in a penal sum of not less than One Hundred Percent (100%) of the 

cost of such construction in a form and with surety satisfactory to both 

parties guaranteeing the completion of such work free and clear of all 

mechanics' and materialmen liens. 

Operator commits to perform the proposed operations in accordance with DLNR 

Administrative Rules (Chapter 183) and all other federal, state and county 

requirements. 

Attachment 1: Programs for Drilling. 
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Programs For Drilling 

A. Exploration Program 

Inasmuch as the location of geothermal reservoirs must be determined by deep 

drilling and since the economic producibility of the resource from each 

discovered reservoir can only be determined by testing each successful well, 

the drilling sites selected, as shown in Figure 2, are tentative except for 

site A1. The exact location of other wells will depend upon previous drilling 

results and testing. The final surveyed location of each proposed well to be 

drilled will be reported in each application for permit to drill. 

For planning purposes, five exploration/development (E/D) areas have been 

selected. Each area has three primary drilling sites planned (for a total of 

15 sites) connected by access/service roads. Allowing for estimates of 

reserve wells and non-producible wells, a total of 35 individual wells within 

the 5 E/0 areas may ultimately be required to produce 100 MW of electricity. 

The drilling sites will occupy up to 5 acres. If directional drilling in the 

Kilauea middle east rift zone is technically and economically feasible, up to 

6 exploration/development wells may be drilled from one drilling site. 

The first drilling site, True/Mid-Pacific A1, Figure 2, is planned near the 

eastern area of the proposed sub-zone, north of the rift zone center in E/0 

area "A". The general sequence of exploration drilling is as follows: 

1) If the first exploration well in E/0 areas "A" is successful, a 

second well will be drilled in this area to obtain indications of 

the northern boundary of the discovered reservoir. (A "successful" 
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6) After a resource discovery in any area, two or more additional 

exploration wells may be drilled in that area before proceeding to 

the next area if there is a local market demand for power which 

would require evidence of a resource sufficient to supply that 

demand. 

Successful exploration wells would be shut-in after completion and testing if 

there is no immediate market for the resource. 

B. Drilling Operations 

Figure 3 depicts the typical geothermal well profile showing the dimensions of 

the well bore and drill pipe or casing, and the depths to which specific sized 

casing is installed. Conductor pipe (normally 26"-28" diameter) is the first 

string of pipe installed to a depth of 100 to 150ft. in a hole of 36" 

diameter followed by: 

(1) surface casing (20'' diameter to 500-1000 ft. depth) set in a hole of 

26" diameter, 

(2) Intermediate casing (13 3/8" diameter to 2000-4000 ft. depth) set in 

a hole of 17 1/2" diameter, 

(3) Intermediate casing (9 5/8" diameter to 5000-7000 ft. depth) set in 

a hole of 12 1/4" diameter), 

(4) Production (slotted) liner, if necessary (7" diameter to total depth 

set for commercial production) in a hole of 8 3/4" diameter. 
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The detailed sequence of events in the drilling program including the use of 

drilling mud, logging of drilling operations and analyses of core samples, 

well-head completion procedures and well bore directional programs are 

contained in Tab A to this attachment. The following is a general summary of 

these programs together with the well and reservoir testing procedures 

following the completion of discovery wells. 

Depending on the subsurface geology, it is planned to drill with air from the 

surface to total depth using two low stage compressors with 1,200 CFM and one 

high stage compressor for pressure up to 400 psi providing the formations 

drilled are compatible. Air drilling is most successful in hard rock where 

there is no influx of formation waters. When air drilling is not possible, 

mud drilling will be conducted using the optimum mud weights and viscosity to 

remove the cuttings from the formations drilled. Under normal drilling 

conditions, approximately 2,000 barrels of water per day will be required. 

However, most of the water will be recycled. A rain catchment system with a 

capacity of 900,000 gallons will be constructed as a supplemental source to 

meet total project water requirements. 

All casings will be joined and cemented to assure the integrity of the well 

bore from surface to the producing interval. The objective in cementing the 

casing is to completely seal the annular space between the wellbore and 

outside of the casing to resist landsliding and groundwater movement and to 

anchor the casing sections to the ground. The cement sheath will protect the 

casing against possible corrosion by thermal brines and gases, prevent 

uncontrolled flow of thermal water and steam outside the casing, and minimize 
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In the event it becomes necessary to abandon a well, the operator will analyze 

data from the logs to determine what geologic formations are required to be 

covered by cement. The plugging will be performed through open ended drill 

pipe using API Class G or equivalent cement in accordance with industry 

standards. After the downhole plugging is performed, a cement plug will be 

placed in the top of the surface casing, the casing is cut off and the area 

backfilled and restored. 

C. Well Testing and Reservoir Evaluation 

After each well is completed, it will be vented to the atmosphere for four to 

eight hours to clear the well bore followed by an initial flow test by 

accepted industry methodology to get an approximation of its electric power 

production potential. If it is judged to be a possible commercial producer, 

extended flow testing will be conducted to acquire a full suite of data on the 

physical and chemical characteristics of the reservoir fluids using the flash 

steam separator, skid-mounted flow metering and temperature measurement 

equipment for steam and brine, noncondensable gas sampling equipment, and 

chemical injection and mixing equipment for abatement of H2s. 

Unabated open venting is required after a successful well is completed in 

order to clear the well bore and the area surrounding the hole of debris from 

drilling and small rocks that would initially be forced up the well bore due 

to the high pressure flow of the resources through the open end of the well 

bore. The timing of unabated open venting can, generally, be selected so that 

the restrictive hours and days (and favorable meteorological conditions) can 

be observed. 
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to design an appropriate power plant and to devise an appropriate abatement 

system for protecting air quality, and the surface and subsurface 

environments. 

When a potential reservoir has been encountered, interference tests will be 

run to establish intercommunication within the reservoir and provide the 

necessary engineering data to assess the volume of the geothermal fluid 

reserves, the available heat, and the estimated productive life of the 

reservoir. A geothermal reservoir engineer will be engaged to independently 

assess the geothermal energy potential of a discovered reservoir. 

D. Hydrogen Sulfide (H2S) Monitoring and Abatement During Drilling and 

Testing 

Hydrogen sulfide, a colorless, acidic gas is toxic to humans and may be 

corrosive to metals in the presence of water. Drilling for geothermal 

resources in a hydrogen sulfide environment can be hazardous at and in the 

immediate vicinity of the drill site unless adequate safety precautions are 

taken. 

The sense of smell cannot be relied upon to indicate either the presence or 

the concentration of H2s gas. At lower concentrations, the odor of rotten 

eggs can be detected. At higher concentrations, (at lOOppm or above) the 

sense of smell is impaired in two to fifteen minutes. Direct exposure to 

concentrations in the range of 600ppm to 1500ppmv in the absence of any mixing 

or dispersion in the atmosphere could cause collapse, unconsciousness and 

death. The Occupational Safety and Health Administration (OSHA) permissible 
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loggers using an interference free H2S detector, with periodic back-up wet 

chemical testing. Continuous monitoring and recording of the H2s 

concentration in the blooie line (steel pipe leading from the well head to the 

atmospheric separator) is conducted using an electro chemical sensor. A wet 

chemical test system will be used to verify the continuous readings of the 

sensor. The data recorded will alert personnel when H2S concentration levels 

in the steam flow require mass emission rate calculations to determine the 

need to activate and operate the H2S abatement system. The injection of 

sodium hydroxide (NaOH) into the blooie line steam flow in proper proportions 

and amounts will enable the logger to maintain emission rates at or below the 

H2s emission limit of 8.5 lbs/hr. A sodium hydroxide treatment mole ratio of 

4 to 1 (NaOH/H2S) will be used initially. The optimum chemical addition 

ratios will be determined during abatement operations and adjusted as 

necessary. 

During drilling, residual H2S from the steam flow following abatement will be 

released to the atmosphere through the atmospheric separator. Confirmation of 

the concentration levels of H2S being emitted to the atmosphere will be 

determined from periodic analysis of samples of the steam taken from a port 

near the top of the separator. The abatement process is completed in the 2 to 

3 seconds the steam flows from the well head through the blooie line to the 

outlet of the atmospheric separator. The desired level of abatement is 

achieved by adjusting the ratio of NaOH and H2S. 

Permanent records will be maintained on concentration levels of H2S measured 

upstream of the abatement chemical injection port in the blooie line and in 
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1. Drilling Program 



Geothermal Drilling Program 

Prepared by: Therma Source, Inc., Santa Rosa, CA 
Geothermal Drilling & Reservoir Consultants 

Operator: 

Well Data 

1) 

2) 

3) 

4) 

5) 

Seguence 

True Geothermal Energy Co., Casper, WY 

Location Kilauea Middle East Rift Zone (KMERZ) 
Puna District, Hawaii County, Hawaii 
Campbell Estate Property 
TMK 1-2-10:3 

Elevation Above Sea Level 1 ,500 I 

Proposed Verticle Depth 8,000' to 14,000' 

Estimated Drilling Time 55 days 

Estimated Total Time 70 days 
(Rig up to completion 
of drilling) 

of Operations 

1. Construct drilling location with 8' x 8' x 4' cellar. Install 40' 
culvert to serve as conductor. Cement 40" culvert 4 to 5' above cell a r 
floor. Cement floor of cellar and install drain to sump. 

2. Rig up rotary drilling rig over center of culvert. Use culvert as a 
pitcher nipple and flowline. 

3. 
+ Spud 36" hole and drill to 100'-. Use air hammer if available. 

4. Run 28" conductor pipe to total depth. Cement shoe with stab-in assembly 
through drill pipe. Install cement baskets on 28" casing. See attached 
28" Casing Running and Cementing Program for details. 

5. Install 28" blow out preventer on conductor as in attached Drawing 007. 
Test BOP to 100 psi for 15 minutes. 

6. Drill out 28" conductor with 26" bit. Use air hammer. Drill 26" hole 
with mud or air to 500' - 1,000'. Take directional survey every 200' to 
maintain as straight a hole as possible. Collect and log cuttings 
samples every 10 feet. 

7. If return circulation has been present during drilling, attempt to fill 
hole with water for logging. Log surface hole as indicated by geologist. 



20. Drill out cement from bottom of tie-back. Retest casing to 1500 psi. 

21. Drill out all cement with mud. Convert system to water. 

22. Blow out water with air and drill ahead with 8-3/4" bit to total depth or 
commercial production. 

23. Test well on short term (8 hours). Shut well in and run in hole with bit 
to check for fill. 

24. Run 7" slotted liner if indicated from bit run. See Drawing 001. 

25. Retest well on short term (8 hours). 

26. Run longs, pressure and temperature surveys. 

27. Run in hole and pull out, laying down drill pipe. Release rig. 

28. Perform long term test with mufflers and separators. 



ThermaSource Inc. 
PO Boa QJO • Sonro 1"?010. CA ~02 ,w.,, 

MUD MUD, ~vC:C:INC:, "ELLHE .. O lo OIRECTION"'L PROuo< .. MS True No 1 
OEFI'TM !NTEJitVA.I.. MUC TYPE WE!Gt-4T .... YIEL.O ..... 

FL.UIO L.OSS POINT 

I _0 - 100' Gel and Water 651/ft. 3 --- 15 9.0 
I 100 - 1000 ° Gel and Water or Air* 70#/ft. 3 10 cc 15 9.0 

L 1000 ° - 3000' Gel and Water or Air* 701/ft. 3 10 cc 15 10.0 

I 3ooo - sooo· Gel and Water or Air* 70#/ft. 3 3.2 cc 15 10.0 

nnnn - T D Water or Air* 65#/ft. 3 br 3000 cf 

L 
" • E . 1o •., 5 

* If .unable to maintain circulation due to lost circulation, first attempt to aerate system, 
then attempt to drill with air with rotary bit or air hammer (see attached). If misting is 
required, it may be necessary to increase air volume 30~. Misting mix should be fresh water 
mixed with 2-6 gal/10 bbls of Magcobar Foamer. Maintain a solution pH above 10.0 to inhibit 
corrosion. Use unisteam as outlined in special considerations. 

LOC.C.INC. 

OEPT~o!. INTERVAl.. I L.OC TYPES I..OG SCA.L.ES 

100 - 1000' I Temperature 100 & locs as directed 1" and 5" = 100' ' 
' 

_lOOQ - 3QOO ' ' " " " .. " " 

3000 - 6000' : " " " " I " " 

fiQQQ - T,D, I " " " " " " 

0 - T.D I Samoles everv 10' 
•E ......... s 

All logs to be determined by geologist. 

WE L LH£.1.0 

.... WORP<INC. P~ESSURE 
NOMINAl.. SIZE .. ,, TYPE MAl(£ 

'"" 100 n~i Sinole ram tvne or hvdril 
I 

•WKM-20" S.O.\Lx21" 2000 ?n" r ?n" 7~n n<i WELLHEAD 

13-3/B" x 12" 1500 nsi 2l"x 2000 X 12" 9JJ Pi'! with 12i" l:ior' WKM 

12" X 10" 
-H-l!Wl-v,ri-wt-let; . _..., 

1500 OS i 12" 9JJ X 10" 9JJ E!xp.YISiCI'I spoo 1 with WKM 

10" X 10" 1500 DS i 10" ixlr'e cni 2-3 200 psi ClJtlets. WKM , ~ ~~~ --Pow-tl-5ea-l , 
•E..,..,• o<!o 

V JVV T' 

* 20" 600 API X 20" 600 API with 2 out 1 ets weld-on flange will due. 
**OPTIOf~AL 

"liRECTIONAL OR STRAIC.HT·HOLE 

Drill hole as straight as possible, taking directional shotg every zoo·! from 0-6000' and on 
du61 bits after 6000'. 0-3000' maximimum deviation to be 5 , maximum rate of change ~o be 
1~ per 100'. 3000-6000' maximum deviation to be 8°, maximum rate of change to be 1~ per 100 
6000'-T.D. monitor without control. 

I 
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ThermaSource Inc. 
)0 eo. 12.36 Sonlo ~oso CA 95402 

CASING PROGRAM 
I 

INTE~VAI_ 

CASING CEMENTING AND BOP PROGRAMS 

ISIZ It 
?F;" I o•;~o·: I Conductor 

I ", ~... .... 
True No 1 

WEIGMT GRACE JOINT TYPE 
CAL.CUL.ATEO !.All"£ TV ~AC::TOIIIII 

L..B/FT TO"" .VIIIST !lOT. BUIIIIST C::OI..L.. TII!:,.,.S10"' 

I 0 - 100': 3/8" w LL. PLAIN END 
I 

I 

l DESIGN CONDITIONS 

SURFACE BURST ~~ESSuRE - PSI OUTSIOE MUC wT, ICOL..L..AI=»SEl - PPG 

(iNSIDE MUD WEIGMT I BURST) - PPG INSIDE M~D WT. lCOL.L..APSEl - PPG 

I 'UTSIOE MUD WEIGHT !BURST! - PPG FORM. PRESS. GRAD. AT SMOE ICOI..L.APSEl - PPG 

j O:RAC. GRAD. AT SHOE !BURST! - PPG BIAXIAL. L.OAO: COLL. CJ BURST D BOUY.4NCY: YES D NO c 
":EMEMTIHG PROGRAM 

SLURRY DESCRIPTION AND PROPERTIES 
IL.UIIII'IIIV OESC:IItoPToON!ANQ .... U~&£11111 

250 cu. ft. (218 sacks) of class G cement blended with 3% Cac1 2. 

1 OltSIIIIIItO TOP 

Surface I <xe;~·O% 
'""LURAY VOL... • CU FT / ISL..URRY NO.I 250 

L..URRY YIEl.O ·CUBIC FEET/SACK l. 15 I 
SLURRY DENSITY· .. #/cu. ft. 118 

4 hours + 
HICKENING THolE • DEPTH SCI-\/HRS, MIN. -

COMPRESSIVE STRENGTl-4 • PSI/HOURS 1870 psi @ 10 b°F in 8 hours. 3885 psi @ 1ooct in 24 hours. 
RUNNING AND CEMENTING INSTRUCTIONS 

"'f~· co~/eY'd~o-r,~oltOat ~~~~~o~"'lG~rciOCated 1 o I from bottom 0 

2. All joints should be welded. 
3. Set casing on bottom. Put cement ports in pipe, 1', 2', and 3' up. 

r:t,..TIIIAI..IZI';I'U "'"'0 SCiATC~-tliiiS • NIJW81[111, TYII( AND SPACI,..G 

1. No centra i zers. 
2. Run one cement basket 10' up from bottom. 
3. Run one cement basket 50' up from bottom and one 15' below surface. 

lt£~1..US .... CIS•~.o.AC£ ... ~NT IIIAT£. Plr, .... G:&, IIII[~IPIIIO~AT~Q,N. 1111:, 

1. Stab into float co1 1ar w1th ori1 1 p1pe. 
2. Attempt to pump water around. 
3. Pump 200 cu. ft. CaCl? water, 100 cu. ft. fresh water, 

cement followed by Geo-gel then 100 cu. ft. cement. 
200 cu. ft. Flo-Chek ahead of 

•it.SSUIII'i=T""TING ANQ I..AN~ING . 111 annu1us rrom surface with ready mix concert until cement comes up to bottom of 
cellar. 

2. Wait on cement six hours before landinq and cuttinq off casinq for blow out preventers. 

)p PROGRAM 
API STACK WOIIII<.I"''G loUNIMU ... TE..ST Pllt£.SJU"'IItl o •11 

"'"'"'ANG£""£"'T coer. 
P lit£ JIUIItl; 801111[ T y I" I[ ... _. __ I"''C '"'Ill lilA ... TT•t: AN"''U~ Alii Tv•£ I'MjT.Tt"'G .,.£•0 

1000 osi 25" See Drawina 007 --- 100 osi ----

I 

I 



ThermaSource Inc. 
FlO b ~lo • Sonto 1"1010. CA 05402 

20" CASING CEMENT! NG PROCEDURE 

1. Run 20" casing into ho 1 e with stab-in type cementing f1 oat 80' above 
guide shoe on bottom. 

2. Place a cement basket type centralizer in the middle of the bottom 
two joints. Place one 500' down and one just inside and one just 
outside the bottom of the 26" casing. 

3. 

4. 

5. 

Run in hole with drill pipe and stab into float. Pump enough water 
to fill drill pipe and 20" x 25" annulus two times. If no circulation, 
~roceed with cementing. See Drawing 002. Tie down casing prior to cementing. 

Pump 200 cu. ft. CaC1 7 water and 100 cu. ft. fresh water, foliowed by 
200 cu. ft. Halliburton Flo-Chek, 200 cu. ft. Geo-gel flush then 
cement s 1 urri es for· Stage 1. ' 

If lead cements start coming out of annulus, immediately switch to 
tail slurry. 

6. Pull out drill pipe. Pull up one joint and displace cement out drill 
pipe. 

7. Pull drill pipe out of hole and wait on cement. If cement had come 
to surface up the annulus, check after six hours. Refill is necessary. 

8. If cement had not come to surface during primary cement job, which is 
likely the case, run into 26" x 20" annulus with 1" tubing down to 
upper cement basket. Pump in enough cement to fill 10 linear feet of 
26'' x 20" annulus, approximately 15.7 cu. ft. Pull up and wait on 
cement. 

9. Go down and feel for cement top. Repeat if necessary and then 
fill up 26" x 20" annulus to surface with class G cement blended >~ith 
40% silica flour and 0.5% CFR-2. 

10. Wait on cement six hours and land 20" casing. Cut off 20" and 26" 
casing. Prepare to install wellhead assemblies. 



1/Jerma.:.ource 1nc. 
'O b Ql6 • Sonia Rc.o CA. 9540:2 CASING, CEMENTING AND BOP PROGRAMS 

:..t.SII~C PIOCR..t.M • I .... 13-3/R" 
I Oli:~TH 

Rnn•:!: I I -Back I w<~~UP Nn 1 

INTERVAL.. WEIGHT GRADE JOINT TYPE C:A\.CU\,..A.TI[O :lA~I[TY ~.I.C:TOIIII 

L.B/FT TO~ au!IIST •oT. au1111sT COL.\.. TltN:l•O,.. 

n - Rnn•:!: 54.5 K-55 Buttress 1 .?Cl* 1 <;4 1 n4 Q qq 

*Calcu· atedusir lo fr~ 1~. •o . 

gradi E nt with 13-3/8' 1 iner 
• OUo • •uuu 

DESIGN CONOITIONS • 
iURFACE BURST PRESSURE - l<;nn. ... , OUTSIDE MUO WT. ICOL..L.APS£1 - Q n PPG 

IHSIOE MUO WEIGHT IBUASTl - 11 n PPG INSIDE MUO WT. ICOl..L.APSEl - n PPG 

:>UTSIOE MUO WEIGHT 18URSTI - 8.6 PPG FORM. PRESS. GFIAO. AT SHOE ICOLL.APSEl - PPG 

FRAC. ORAO. AT SHOE IBURSTJ - 14.0 PPG BIAXIAL. L.OAO: COLL..[i BUIOST GJ BOUYANCY: YES 0 NO~ 

:EMEHTIHC PROCR..t.M 

SLURRY DESCRIPTION AND PROPERTIES 
H .. UJIIIII.T Cllt:lCIIIo~T•ON I ANO ... UW81EIIIII 

1059.8 cu. ft. (654 sacks) class G cement blended with 40% silica flour and 0.5% CFR-2. 

1 Cl£1••£0 TOIII 

Surface j' ... 3'o% 

il.UARY VOl... • CU FT / ISL.URRY N0.1 1059.8 
,L.,URAY YIEL.O • CUSIC FEET/SACK 1.62 
iL..UFtRY CEHSITY • Ill #1- cu. ft. 116 
fHICI<EHINC TIME • OEPTM SCK/H .. S, MIN. 2 - 3 hours 
:OMPRESSIVE STREHCTH ·PSI/HOURS ! 2323/8 hours 

RUNNING AND CEMENTING INHRUCTIONS 
foiOIE., C.OI.I..t.IIIUI .t. .... CI jQI .... T ITIIIIE. .... ~Tioiii.NI ... G. 

1. Run float collar 40' above tie-back sleeve on bottom. 
2. Clean and Bakerloc threads on bottom 4 joints. 
3. Tac-Weld top and bottom of collars on bottom 2 joints. 

lt"'TIIIIA ... rZI£11111 ANO IC.IIII4oTC,foll[lllll• NUW.I[.IIIII T'r~l[. ... 0 I~ACI ... G. 

1. Run centralizer in middle of bottom joint and one every other tool joint to surface 
except for top 100' . 

~E.~I.Uifol, OII~ ... AC.IEWIE.NT IIIIATl. ~I..UG.., llllf.C.I~IIIIOC.4TI0N, II.TC., 

1 • Circulate with fresh water. 
2. Run top plug only. 
3. See attached program for more detail. 

IIII(.SSUIIIIIE TIEITING A .. O L.ANOING 

1. Wait on cement six hours before 1 andi ng and cutting off 13-3/8" for we 11 head. 

. 
OP PROGRAM 

.t.~l ITAC.IIII ... OIIIIIII!NG ......... u .. 'TI.IT ~JIIIEIIUIIIIEI • ~II 

A~lll.t.NCIE.WIENT COO[ •IIII[IIUIIIIIIE •OIIIIIE TY~IE ... INC,foll[l IIIAW TY~IE ANNUI..AIIII T'l'•[ IIIIOT.t.TING '"'IE"-C 

1500 DSi 12-3/8" See Drawi na 009 lSOOosi 1500 osi ----

' 
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13-3/8" Liner and Tie-Sack 
Running and Cementing Procedure 
Page 2 

18. Circulate around with fresh water, then run cement slurry. Ose top 
plug only • 

. 19. Wait on cement six hours. If after six hours cement is not to surface 
level in 13-3/8" x 20" annulus, insert 1" tubing and bring it back 
to surface with cement. 

20. Cut off 20" and 13-3/8" casing strings. Install wellhead and blow 
out preventers as in Drawing 009. 
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ThermaSource Inc. 
P.O b Sana llcoc CA 0$40:1 CASING CEMENTING AND BOP PROGRAAI' . . <230 • 

r··~~~ l-DC.-TH l ~.ank and IWit~L. 
C.t.SIHG PROGRAM 7" T.D. Slotted Liner True No. 1 
1 INTEJitVAL. WEIGHT G"ADE JOINT TV~E 

CALCUL.ATEO IAPI:TY ".&CTOIIta 

' 
L.B/FT TO .. •uJIUT •oT. au1111aT COLI.. TI:NIIO,.. 

I 5800' - 12.000' 29 L-80 LT & C s L 0 , T E D 3.32 

I 

r 
. 

r DESIGN CONDITIONS 

SURFACE BURST PRESSURE - PSO OUTSIDE MUD WT •. ICOL.L.A~SE1 c PPG 

I INSIDE MUD WEIGW'! !BURST! -- PPG INSIDE MUD WT. ICOI.L.APSEI - PPG 

OUTSIDE MUD WEIGHT t8UAST1 - PPG "0RM. PRESS. GFIAD. AT SHOE ICOL.L.APSEI - PPG 

I FRAC. GRAD. AT SHOE I BURST! - PPG BIAXIAL LOAD: COLL. 0 BURST 0 BOUYANCY: YI!:S D HoD 

:EMEHTIHG PROGRAM 

., SLURRY DESCRIPTION AND PROPERTIES 
I'"~ fillY CIIE.IC:fllll_, .o .......... c ,.,...,..,..ltlltl 

NO CEMENT 

I 
I 

I 
I OIEIIIIII&O TOll tc•cltu 

r 
iL.URRY VOL.. • CU ,.T /ISL.UARY NO.I 

~~LURAY Yl£1..0 • CUSIC FEET/SACK 

r'iiL.UARY DENSITY • ,_PG 

rHICI<ENING TIME • DEPTH SCK/H .. S, MIN, 

I COMPFt~SSIVE STRENGTH .. PSI/HOURS 

RUNNING AND CEMENTING INSTRUCTIONS 

I ~~1o&, c:o~t•llt•s\'""c .Jo•~bO'"ENGTt'IENII'Icf; g S/B" casing with drill pipe. • ang 1 ner up 1 ns 1 e -
2. No centralizers to be run. 
3. Locate slots opposite potentially productive zone. 

I -
:CNTIIIIAI.IZ.Itlltl ANO SC:IIIIATC ... C.Illli • NUM•C,., T••c AND s•ACING 

I no cement. 
wash performations if necessary. 

! .. llllti'L.USN, DIS~L.AC&MENT lit& Tit, ~LUGS, JIIII.CI.JIIDCATION, ETC. 

no test 

I 
•IIIESSUIIIIE TI.ITING ANO lo.AHOING 

OP PROCR.t.M 
A~l STACK WOill KING ... ~::~ .. T&ST •IIIICSSUJIIIE.S ~ ~SI 

AlliiiiA .... C.ItMIENT COO£ •IIIIESSUIIIIE T"'"•ll. .. , ll'tCMC.S JIAM T,.•E ANNUL.Aill T¥•C IIIOTATI"'G ... C:AO 

NO CHANGE IN BLOW OUT PRE VENTERS 



3. Blow Out Preventers 

And 

Special Considerations 
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11.011 M mYErnA or 

rotating head 
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13-S/1• • lOOOI 
-.uR TIP[ 
11.ow OUT m:~orru 

T 

_J_ 

DOIJILE SIWFER 13-5/a• !100 S£11lS 
IWO TTPE 11.011 OUT l'tiEYENTER , 

WITM 12•3/a• lORE, C.: S£T OF ' 
DRILL,IPE IWOS, AIID QIIE 35" 
S£T OF BL 1110 IWOS 

~OW T[[ FOR lUI Olllllll& : 

IIAIIJO lOX roa OETt:lliUNEO 
AIR OIILLIIIC 36" 

17"-33 

12• toO MSTtR YALYE 
01 

12• !100 Go\ Tt YAL ~ 

Hydril for Mud Drilling; 
Rotating Head for Air Drilling 

now LIIIE DR 
II.OOIE LINE 

12• !ICIO ANSI POW·R·stAL YALYE 

Install hydraulically controlled 
valve 

Change to 
,--.L----......1._, 

-zz.----

3• 100 YAL ~ Wtri.NI&EO 3• 
OOIT\.ET FOR BLOW 000111 TO 5110' 

13-ltB• CASIII& 
go-=M~O~L~[~~L~----------------- ----L---~----------------------

BLOW OUT l'tiEYENTER STACl FOil 13·318• CASIII& 



Thermo Source Inc. 
P.O. b <2J6 • ScrOo 11ooa. CA 0(>402 

PIPE AND BOP INSPECTION 

SPECIAL CONSIDERATIONS 

The initial acceptance of drill pipe should 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). 

All drill collar end areas should be magnetic particle 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. A 11 BOPs shou 1 d 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 

Minimum air and pressure requirements are 3000 scfm at SOC psig 
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-p·l us 

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 



Special Considerations 
Page 3 

MASTER VALVE INFORMATION 

W-K-M 111ster valve working pressure varies with temperatures' 
of fluids. 

900 Series Valve: 

No semperature 
550

0 
F 

600 F 
650° F 

2160 psi 
1775 psi 
1660 psi 
1550 psi 

Outside packing glands should be used above 600° F. 

Beveled gear valves should be used. 

HYDROGEN SULFIDE MONITORING 

Hydrogen sulfide monitoring should be .aintained 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 .,nitors are typically provided 
by and IDiintained daily by the geothel'llll data loggers. Proper function­
ing of these .onitors is essential in .aintaining a safe working 
envirorvnent. 
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4. Well Testing 



WELL TESTING 

1. Objectives 

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

A. Evaluate the producing capabilities of the reservoir (aquifer). 
The well should be produced at or above pre-determined conmercial 
rates to ensure representative samp 1 es of the geotherma 1 resource. 
Surface measurements of mass flow, temperature, and pressure 
shou 1 d be monitored. Me as uri ng bottomho 1 e 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 
betwee~ 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 reservoir is very small. The well test should 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 part of the test objectives. 

A. Rig Test. This is a short term test, usually 24 hours, 
performed with the drilling rig and equipment in place. 
\'lell 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 steam quality cannot be estimated. 

B. Short Te.rm Test. Short term is defined as less than a 
month. This procedure involves using a steam/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 
1 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 
bcttomhole 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 defined 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, steam quality, and fluid 
chemistqr. 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 



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

During drilling and/or immediately after total depth has been 
reached, a rig test is recommended to determine 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 wi 11 be he 1 pfu 1 in se 1 ect i ng the proper pressure 
vessels, piping, and measuring devices needed to perform a rigorous 
we 11 test. 

A long term test may be considered after the short term test 
has been completed if additional data is required. 



MEMORANDUtv .. 
PLANNING DEPARTMENT County of 

To: 

From: 

Subject: 

Chief Engineer 

irector 

Grading Permit 
True Geothermal Energy Company 
Puna, Hawaii 
TMK: 1-2-10:1 & 3 

Hawaii, Hila, Hawaii 96720 

sDpbember 18, 1989 

We have reviewed the subject grading permit and plans in regards to 
Special Management Area (SMA), Historical Sites, Conservation 
District and other special requirements including confirmation that 
all sanctions levied against this project by the State Board of Land 
and Natural Resources (BLNR) in their letter of August 14, 1989, 
have been complied with. Consequently, we have no objections to the 
issuance of the grading permit and plans, which are enclosed with 
this memorandum. 

Staff has conducted field verific~tion of the affected area with 
respect to the archaeological survey and concur with the findings of 
the permittees' archaeologist and Historic Site Division of DLNR. 
Please note that should any unanticipated archaeological or 
historical sites be uncovered during the grading activity, all work 
in the affected area shall cease and the State Historic Preservation 
officer notified. Work in the affected area shall not resume until 
clearance is obtained~ 

In addition, all conditions and requirements of the Conservation 
District Use Application permit shall be complied with. 

MO:aeb 

Encls. 
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2 ' ... 42 GRADING PERMIT NO. ~ 

Permittee True Geothermal Energy o:rnpany Address Phone 

Okahara & AssociatesLi 4761 200 Kohola St., Hilo, HI 961-5527 
Engineer c. # Address Phone 

Contractor Melvin Sugimoto Lie. # C72041 Address . Phone 

Puna, Hawaii 1-2-10:1 & 3 56,292 cy 
Location~------------~------------~~ T.M.K. Exc/Fill 

As soon as possible 90 da ._1_b __ 8_8_9_cy_ 
Estimated Starting Date· Estimated Completion Date ys Fee $133.U ' 

True Geothermal Energy c/o Okahara & Associates 9-5-89 
Applicant~---------------------------------------------- Date of ~pplication~---------

Remarks : ___ eo __ n_tr __ a_ct_o_r __ r_equ ___ es __ t_s __ pernu ____ ·_s_s_i_o_n __ t_o_\>U __ r_k __ cn ___ week ____ en __ ds __ • ___ Th __ i_s __ 1_._s_1 _=_·_l_e __ po __ rt __ io_n ____ _ 

of the roadway is in the =nservation area only - and it also includes the geothermal 

site (500' x 500' and-300' x 300' areal 

•····•·····•·······•·······•••·•··••··•••····•·•·•·•••···••·•·•···•·••••••················· 
To the Applicant: 

Permission is hereby given to do the above work according to the conditions hereon and 
according to the approved plans and specifications pertaining thereto, subject to com­
pliance with Ordinance No. 168. 

This permit will expire if work is not started within 90 days of issuance or finished 
within 90 days after the completion date specified hereon, but no later than one (1) 
year of issuance date. 

Issued by: 

.........................•............••....•........•.....•.....•••.....•................. 
I hereby certify that all work as requested above has been complet_ed in conformity with 
Ordinance No. 168 and in accordance with the approved plans and specifications. 

Applicant: __________________________________________ Date:. ____________________________ _ 

Final Soil Report Date Filed: __________________________ _ 

Approved by:. ______________________________________ Date: __________________________ _ 
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CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 

Mr. Allan Kawada 
Hawaii Representative 

' 
September 20, 1989 

True Geothermal Energy Company 
888 Mililani Street, 8th Floor 
Honolulu, HI 96813 

Dear Mr. Kawada: 

Subject: Authority to Construct (ATC) No. A-815-768 
Application for ATC No. A-815 
Expiration Date: September 1, 1991 

~.·•; w· c··Qdt) u 
'" "i· l IF ' >: ~ ~~ .. I ~ 

A0996NH 
File #815 

An Authority to Construct in accordance with Administrative Rules, 
Title 11, Chapter 60, is hereby issued to True Geothermal Energy Company for 
twelve (12) Geothermal Exploratory/Developmental Wells located at TMK: 
1-2-10: 3, Kilauea Middle East Rift Zone, Puna, Hawaii. The issuance of this 
permit is based on the plans, specifications, and additional information that you 
submitted as part of your application submitted on December 27, 1988 and the 
subsequent information submitted on April 24 and 25, 1989. 

The Authority to Construct is issued subject to the conditions set forth in 
Attachments I and II. 

Also enclosed is Form AS-P-3, Application for Permit to Operate a Facility. 
Please submit this application with the applicable filing fee sixty (60) days prior 
to each well being connected and becoming a part of a distribution system which 
supplies geothermal resource to a power plant or facility. In addition, you 
must submit to the Department in writing the notification of completion of 
construction. The Authority to Construct must remain in effect until the Permit 
to Operate is granted or denied for the twelve (12) geothermal 
exploratory I developmental wells. 

Very truly yours , 

NH/SK 
Enclosures 
cc: DHSA, Hawaii 

Document rece i v ed bY : ---1f--ltF-i--:7'4-,.-.rd--'-1"7TI7 

Date: ----~~~~--+-~~~ 
./ 



ATTACHMENT I. STANDARD CONDITIONS 

This permit is granted in accordance with the State of Hawaii 
Administrative Rules, Title 11, Chapter 60, :\ir Pollution Control, and is 
subject to the following standard conditions: 

1. This permit is non-transferable from person to person, from place to 
place, or from one piece of equipment to another. 

2. This permit is automatically void if construction has not begun within 
one year of the date of issuance or if the work involved is suspended for 
one year or more. 

3. This permit is automatically void when the Permit to Operate is issued or 
denied for all twelve ( 12) exploratory I developmental wells. 

4. The facility covered by this permit shall be constructed as specified in 
the application for Authority to Construct. There shall be no deviation 
unless additional or revised plans are submitted to and approved by the 
Department. 

5. This permit is not a guarantee that the facility will receive a Permit 
to Operate at the end of the construction period, nor does it absolve the 
holder from the responsibility for the consequences of non-compliance with 
all Rules, Regulations, and Orders of the Department. 

6. This authority, (a) shall not in any manner affect the title of the 
premises :upon which the equipment is to be located, (b) does not release 
the permittee from any liability for any Joss due to pez:sonal injury or 
property damage caused by, resulting from or arising out of the design, 
installation, maintenance, or operation of the proposed equipment, (c) 
does not release the permittee from compliance with other applicable 
statutes of the State of Hawaii, or with applicable local laws, regulations, 
or ordinances, and (d) in no manner implies or suggests that the 
Department, or its officers, agents, or employees, assumes any liability, 
directly or indirectly, for any loss due to personal injury or property 
damage caused by, resulting from or arising out of the design, 
installation, maintenance, or operation of the proposed equipment. 

7. The Department is to be notified promptly in writing upon completion of 
the construction or installation of any equipment for which an Authority 
to Construct has been issued. 



ATTACHMENT II. SPECIAL CONDITIONS 

In addition to the standard conditions of the Authority to Construct, this 
permit is subject to the follo"ing special conditions: 

1. The permit conditions prescribed herein may at any time be revised by 
the Department of Health to conform to any Federal or State promulgated 
air quality rules on geothermal facilities. 

2. This Authority to Construct is for twelve (12) geothermal 
exploratory I developmental wells to be drilled in TMK: 1-2-10:3, Kilauea 
Middle East Rift Zone, Estate of James Campbell Property, Puna, Hawaii. 
Written notification must be submitted to and accepted by the Department 
of Health prior to commencement of construction of each well. Each 
notification shall include a drawing identifying the well location, the 
property boundary, access roads approaching and traversing the 
property, the location of the nearest residence, and the location of the air 
quality monitoring stations. The status of the previous well shall be 
provided including a clear description of the measures taken to shut-in 
the well. Additional information may be requested of the permittee. 

3. The Department of Health shall act on a Permit to Operate Application 
prior to any well approved under this permit being connected and 
becoming a part of a distribution system which supplies geothermal 
resource to a power plant or facility. Additional permit conditions may be 
included in the Permit to Operate. 

4. No geothermal exploratory/developmental wells shall be located within 800 
meters of the property boundary. If any federal, state or county permit 
or order stipulates a distance greater than 800 meters in which no 
geothermal wells can be located, the greater distance shall so apply. 

5. The permittee shall install, operate, and maintain an air quality and 
meteorological monitoring stations as described in the monitoring program 
plan required by the Department of Land and Natural Resources. 

Prior to the commencement of construction of each of the twelve (12) 
wells, the permittee shall submit for the Department of Health's approval 
the siting of the air quality and meteorological monitoring stations. The 
air quality and meteorological monitoring stations shall be fully operational 
prior to the commencement of drilling operations. The permittee shall 
maintain a file of all measurements, including the monitoring system 
performance evaluations; calibration checks; and adjustments and 
maintenance performed on the system or devices. The measured data 
shall meet U.S. EPA capture requirements and quality assurance 
guidelines. At a minimum, a quality assurance check shall be conducted 
on each monitoring station every-other-day. 

During the air drilling phase, flow testing operations, and periods of 
malfunctions or scheduled maintenance with abated emissions, the 
permittee shall check the operation of each air quality monitoring station 
at a minimum of once per 24 hours and shall review the hydrogen sulfide 
levels recorded within the last 24 hours. At the discretion of the Director 



of Health, the permittee may be required to conduct more frequent data 
checks. During well venting and other activities resulting in unabated 
hydrogen sulfide emissions, the permittee shall have a person at each air 
quality monitoring station at all times during and a minimum of 2 hours 
after the event. The permittee shall immediately notify the Department of 
Health of any hydrogen sulfide concentrations in excess of 139 micrograms 
per cubic meter of air on a one-hour average and shall curtail activity in 
accordance with Special Condition No. 23 of this permit. 

Two (2) copies of the data file in a format acceptable to the Department of 
Health shall be submitted on an annual basis. The data file shall be in a 
format that can be utilized by a personal computer for ready extraction of 
data. The air quality and meteorological data shall be summarized and 
submitted monthly in writing to the Department of Health. Additional 
information on the monitoring stations and on the data collected shall be 
submitted upon request by the Department of Health. 

6. At the discretion of the Director of Health, the permittee may at any time 
be required to install, operate, and maintain additional air quality and 
meteorological monitoring stations, but only after due notice to the 
permittee on the reasons for the proposed change and providing the 
permittee an opportunity to respond within seven (7) days. 

7. The permittee shall notify the Department of Health in writing at least two 
(2) working days prior to the commencement, and within two (2) working 
days after the completion of the air drilling, venting, and flow testing 
operations, for each geothermal well. 

8. Upon completion of flow testing operations, each geothermal well shall be 
shut-in or otherwise prevented from discharging to the atmosphere in 
accordance with appropriate standards of operation and maintenance and 
at no time be placed on continuous or standby bleed status. In addition, 
occasional free venting or flaring of excess gas is prohibited. 

9. All access roads to the Estate of James Campbell property shall be secured 
and limited to authorized personnel only. Twenty-four hour staffing shall 
be in place prior to commencement and during construction. 

10. The permittee shall have proper safety devices on-site at least three days 
prior to commencement of air drilling. A minimum of three breathing 
apparati shall be available at the site and maintained by a qualified 
person/contractor. Wind socks shall be placed at two opposite edges of 
the drill site and on the drill floor. At least one person with certified 
hydrogen sulfide training to respond to hydrogen sulfide emergency 
episodes shall be on-site at all times. 

11. The permittee shall operate a blooie line water injection system with a 
minimum water injection rate of 30 GPM. A flowmeter shall be installed in 
the system to monitor water flow. Detached plume opacity shall be 
controlled to 10% opacity by the injection of no less than 30 GPM, and 
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excessive splash over or carry through of drift shall be prevented by 
properly sizing a cyclone scrubber or other acceptable method. 

12. Hydrogen sulfide abatement equipment with a minimum of 5, 000 gallons of 
sodium hydroxide shall be on the property prior to the initiation of air 
drilling and flow testing operations. Chemical storage tanks shall be 
maintained with sodium hydroxide at all times with no less than a three­
day operating supply. 

13. The permittee shall monitor the hydrogen sulfide concentrations and 
emissions continuously during the air drilling and flow testing operations. 
If the abated hydrogen sulfide emission rate increases to eight and one­
half (8.5) pounds per hour or more , the permittee shall cease operations 
and shut-in the well. The Department of Health shall be notified of any 
well shut-in and the problem corrected before drilling or testing 
operations can continue. 

During periods of equipment failure or malfunction which result in 
hydrogen sulfide emissions, the permittee shall apply best available 
control technology for the air emissions and shall so notify the Department 
of Health within one (1) hour of the occurrence. The permittee shall 
immediately take steps to correct the condition. If repairs cannot be 
accomplished within twenty-four (24) hours of the occurrence, the 
permittee shall cease operations and shut-in the well. Within five (5) 
days of the occurrence, a report shall be submitted to the Department of 
Health in accordance with Hawaii Administrative Rules, Section 11-60-14. 

14. Wet chemical tests for the determination of the hydrogen sulfide 
concentrations shall be conducted and recorded subsequent to the first 
significant resource entry. Thereafter one test shall be conducted and 
recorded daily and after each significant resource entry. 

15. The following data shall be recorded during air drilling and flow testing 
operations: 

a. At least four times per 24-hour period, hydrogen sulfide ppm 
upstream from any blooie line injection system. 

b. At least four times per 24-hour period, injection rate of sodium 
hydroxide. 

c. At least four times per 24-hour period, hydrogen sulfide emission 
rate (lbs/hr) and concentration (ppm) downstream, after chemical 
injection. 

d. Daily, zero and span check of hydrogen sulfide sensor. 

e. Weekly, calibration check of hydrogen sulfide sensor 
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f. Daily, the quantity of sodium hydroxide remaining in the abatement 
equipment storage tanks. 

Additional entries will be made when significant changes in the resource 
occurs and when changes are made in injection rates of sodium hydroxide. 

The aforementioned daily records a., b., and c. shall also be reported 
daily to the Department of Health by telephone no later than noon of the 
following work day. The Department of Health may at any time request 
additional data or revise the frequency of this daily telephone reporting 
requirement. 

The records shall be kept at the well location at all times during the 
drilling and flow testing operations and shall be made available upon 
request by the Department of Health or its duly authorized 
representative. Copies or summaries of the records shall be provided 
within a reasonable time upon request by the Department of Health. The 
records shall be retained for at least three years following the date of 
such records. 

16. The permittee shall maintain a 24-hour telephone service to accept calls 
concerning this Authority to Construct. This telephone number must be 
operational prior to commencement of construction. 

17. Personnel_responsible for operations of the mud logging equipment will be 
responsible for monitoring of the well effluent during air drilling 
operations. Continuous recording of the hydrogen sulfide concentration 
in the blooie line by use of an electrochemical type sensor and recorder 
will alert the mud logging equipment operator of hydrogen sulfide 
concentrations. The mud logging equipment operator will make the 
necessary hydrogen sulfide mass emissions rate calculations and activate 
and operate the sodium hydroxide injection system so that the hydrogen 
sulfide emission rate does not exceed 8.5 pounds per hour. 

18. Steam production rates and hydrogen sulfide concentrations shall be 
measured to determine hydrogen sulfide emissions in pounds per hour. A 
sodium hydroxide treatment mole ratio of 4 to 1 (NaOH/H2S) will be used 
initially and the abatement efficiency monitored. The optimum mole ratios 
will be determined during the hydrogen sulfide abatement operations. A 
specific chemical treatment plan shall be submitted to the Department of 
Health prior to the commencement of drilling. A copy of the plan shall be 
maintained at the site at all times and supervisory personnel shall be 
awareof its provisions at all times. 

19. The permittee shall promptly notify the Department of Health should any 
toxic emissions be encountered of public health concern and where 
dispersion into the ambient air was the mitigative action. 

20. The permittee shall perform once on each well, testing and analyses for all 
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of the following constituents of the steam condensate, steam, particulates 
and/or gases emanating from each well: 

STEAM CONDENSATE/TOTAL STEAM 

Benzene 
Ammonium (Total) 
Arsenic 
Lead 
Cadmium 
Bicarbonate and Carbonate 
Sulfates 
Chlorides 
Nitrates 
Boron (Total) 
Hydrogen Sulfide (Total) 
Fluorides (Total) 
Total Sulfur 
Mercury (Total) 
pH 
Total Dissolved Solids 
Total Suspended Solids 
Percent Noncondensibles 

GAS PHASE 

Benzene 
Hydrogen Sulfide 
Ammonia 
Radon 222 and 

daughters 
Mercury Vapor 
Methane 
NonMethane Hydro-

carbons 
Carbon dioxide 
Sulfur dioxide 
NESHAPS-

pollutants as 
requested 

21. The drilling rig diesel engine generators and pumps shall be fired only on 
diesel fUEil oil no. 2 with a maximum sulfur content not to exceed 0. 5 
percent by weight. The permittee shall maintain records on the total 
amount of fuel oil consumed by all the diesel engines for the drilling of 
each well. The total gallons of fuel oil consumed shall be submitted to the 
Department of Health at the completion of each well. 

22. Unabated well venting shall be allowed only after the permittee has 
checked with the National Weather Service and is assured of meteorological 
conditions appropriate for good dispersion and minimal air quality impact. 
In no case shall the well venting commence if the average wind speed at 
the well site exceeds 18 miles per hour. Prior to well venting, the 
Department must be informed in writing a minimum of two (2) days prior 
to commencement and so concur. The public shall be notified a minimum 
of 24-hours in advance by notices in the newspapers of general circulation 
in Hawaii County. In addition, the permittee shall make a reasonable 
effort to notify all residents living within one (1) mile of the permittee's 
property boundary a minimum of 24-hours in advance of open venting. In 
preparation for flow testing, each well shall be allowed to open vent only 
during the daytime and no more than a total of eight (8) hours, not to 
exceed four ( 4) hours per day. 

23. Should any of the air quality monitoring stations indicate an ambient 
hydrogen sulfide, one hour-averaged concentration greater than 139 
micrograms per cubic meter of air, the permittee shall promptly notify the 
Department of Health, ceasing all drilling operations, and shutting in the 
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well. The drilling operations shall be allowed to proceed only after the 
permittee has satisfactorily demonstrated to the Department that the 
contributions from the drilling operations will not result in or contribute 
to the exceedances of the hydrogen sulfide ambient level of 139 
micrograms per cubic meter of air. 

The permittee shall submit to the Department of Health a v.oritten follow-up 
report within two (2) days of the occurrence. The report shall include 
the date, time and duration of the exceedance(s), the estimated project 
emissions and any other emission sources that may have contributed to the 
exceedance, and all corrective measures and actions to reduce project 
emissions to a minimum. Compliance with this notification provision shall 
not excuse or otherwise constitute a defense to any violation(s) of this 
permit or of any law or regulations. 

24. The drilling, flow testing, and venting operations of any of the twelve 
(12) geothermal exploratory/developmental wells shall not cause or 
contribute to an exceedance of the hydrogen sulfide ambient level of 139 
micrograms per cubic meter on a one-hour average. 

25. The permittee may be required to install a remote or automatic valve 
control system or an alternate system acceptable to the Department of 
Health for the rapid throttling of steam flow and well shut-in on each 
developmental well prior to the well being connected to a resource 
distribution system. The requirement for a remote or an automatic valve 
control system or an alternate system acceptable to the Department of 
Health may be so specified in the subsequent Permit to Operate. 

26. To prevent well blowouts, the permittee shall employ good drilling 
practices with proper blowout prevention equipment and experienced 
personnel in the drilling of the exploratory I developmental wells. Drilling 
supervisors shall be certified in blowout prevention at a minimum of once 
every two years by a recognized training center. In the unlikely event of 
a well blowout, the permittee shall immediately proceed v.ith measures to 
kill or gain control of the well and notify the Department of Health. 

The permittee shall submit to the Department of Health a written report 
within five (5) days of the blowout. The report shall include, as a 
minimum, the probable cause of the blowout, the actions that have or will 
be taken, the estimated time before the well is controlled, an analysis of 
the air quality impact from the unabated emissions, and a monitoring plan 
to determine the actual air quality impact resulting from the blowout. A 
status report shall be submitted to the Department of Health on a weekly 
basis until such time the control of the well is established. 
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TRUE GEOTHERMAL ENERqY: 1 ~Q~P:f?NY :' ·-· ' . ...,. 

HAWAII OFFICE 
8th Floor, C. R. Kendall Building 
888 Mililani Street 
Honolulu, Hawaii 96813 
Telephone: 528-3496 

Hand Deliver 

Mr. Manabu Tagomori 
Deputy Director 

895 WEST RIVER CROSS ROAD 

November 17, 1989 

Department of Land and Natural R~sources 
Kalanimoku Building, Room 227 
1151 Puncbowl Street 
Honolulu, Hawaii 96813 

Phone (307) 237-9301 
P.O. Box 2360 
Casper, Wyoming 

82602 

Subject: Completion of Deployment of Drilling Rig and Air 
Quality Monitoring Station 

Dear Mr. Tagomori: 

We wish to inform you of the deployment of our 
drilling rig to the first drili site in the Kilauea Middle 
Rift Geothermal Subzone. The assembly of the rig has been 
completed and we intend to commence drilling by November 
18, 1989. 

Also, we have installed a mobil-& 8'ir "qu·al:it:y ·and 
meteorological station in the Kaohe Homestead 
Subdivision. The station has been installed on private 
property within close proximity to the western most 
boundry of the Kaohe Homestead Subdivision where it abuts 
the Campbell Estate property. I will be pleased to show 
you or your designate its specific location at a mutally 
convenient time. The mobile station may be inspected at 
the same time. 

Should you have any questions please do not 
hesitate to call me at 528-3496. 

very truly yours, 

AGK/ri 

cc: Rod Moss, Mid-Pacific Geothermal 
Os Stender, Campbell Estate 
Benjamin Matsubara, Esq. 

/ 



JOHN WAIHEE 

GOVERNOR OF HA.WI'.ll 

STATE OF HAWAII 
DEPARTMENT OF LAND AND NATURAL RESOURCES 

COMMISSION ON WATER RESOURCE MANAGEMENT 

Mr. Allan G. Kawada 

P. 0. BOX 621 

HONOLULU, HAWAII 96609 

December 20, 1989 

True Geothermal Energy Company 
8th Floor, C.R. Kendall Building 
888 Mililani Street 
Honolulu, Hawaii 96813 

Dear Mr. Kawada: 

WILLIAM W. PATY 

CHAIRPERSON 

JOHN C. LEWIN, M.D. 
MICHAEL J. CHUN, Ph.D. 

ROBERT S. NAKATA 
RICHARD H. COX, P.E. 

GUY K. FUJIMURA 

MANABU TAGOMORI, P.E. 

DEPUTY 

We have received your letters of November 15 and 22, 1989, notifying 
our Department of Land and Natural Resources of modifications to the drilling 
plan for True/Mid-Pacific Al-l. 

We have no objections to the proposed changes and hereby approve the 
requested modifications to the setting of conductor pipe. 

Should you have any questions, please contact me at 548-7533. 

DN:bm 
cc: Eric Tanaka 
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TRUE GEOTHERMAL ENERGYr,,CqMP,~NY 
.... '. ~~--.~--: c~; , .._, L 

HAWAII OFFICE 895 WEST RIVER CROSS ROAD 
8th Floor, C.R. Kendall Building 
888 Mililani Street . ; . v· 
Honolulu, Havsii 96813 November 22, 1989 'c_; -.; c; .. 
Telephone: 528-3496 

Mr. Manabu Tagomori 
Deputy Director 
Department of Land and Natural Resources 
Kalanimoku Building, Room 227 
1155 Punchbowl Street 
Honolulu, Hawaii 96813 

Phone (307) 237-9301 
P.O. Box 2360 
Casper, Wyoming 

82602 

Subject: Notice of Modification of Conductor Pipe Program 
for First Geothermal Well. 

Dear Mr. Tagomori: 

Pursuant to the notice sent to you earlier, we have 
been in the process of setting 30 inch conductor pipe in a 
42 inch hole. According to the letter of Gerald Niimi of 
ThermaSource Inc. dated November 6, 1989, and forwarded to 
you on November 12th, we have been attempting to set the 
conductor pipe to a depth of 90 to 120 feet. 

However, after commencement of drilling, we have 
encountered a number of unanticipated problems which make it 
impractical and extremely difficult to ·set· conductor· to that 
planned depth. 

During drilling we have been in blue rock up to a 
depth of 77 l/2 feet. The rock has be extremely hard and 
the pumice resulting from the drilling has been wearing the 
drilling bits at an alarming rate. We have worn out three 
drilling bits to get to 77 l/2 feet. The cost of each bit 
has been close to $20,000.00 each. In addition, the rate ot 
drilling has been extremely slow due to the drilling 
conditions and it has taken seven days to get to 77 1/2 
feet. If the present drilling conditions continue it would 
be an extreme hardship to set conductor pipe to 90 to 120 
feet. 

Moreover, while drilling to the 77 1/2 foot depth, 
we have encountered lost circulation several times which is 
causing extreme problems with maintaining drilling fluids 
and returns. If we are able to set pipe to the 77 l/2 feet, 
we could seal the lost circulation zones with concrete and 
provide a strong foundation upon which to continue drilling. 



Mr. Manabu Tagomori 
Department of Land and Natural Resources 
November 22, 1989 
Page Two. 

In lieu of the original plan for drilling, we 
respectfully request that we be permitted to set conductor 
pipe to a depth of 77 1/2 instead of 90 to 120 feet. Under 
the original plan, conductor pipe to a 90 to 120 feet was 
intended in the event a loose formation was encountered. 
Instead, we have found extremely hard subsurface rock which 
provides a more than adequate foundation to set the 
conductor pipe. 

Enclosed is a drawing showing the request drilling 
modification. 

Should you have any questions 
foregoing please do not hesitate to call me. 

Very truly yours, 

AGK/ea 

Encl. 

regarding the 
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HAWAII OFFICE 
8th Floor, C. R. Kendall Building 
888 Hililani Street 

895 WEST RIVER CROSS ROAD 

' ,-' _'!: 
'·''\.-I. 

Phone(307) 237-9301 
P.O. Box 2360 
Casper, Wyoming 

82602 
fbnolulu, F.awaii 96813 
Telephone: 528-3496 

November 15, 1989 
- _.:.!-T 

j "-il I 

-

HAND DELIVER 

Mr. Manabu Tagomori 
Deputy Director 
Department of Land and Natural Resources 
Kalanimoku Building, Room 227 
1151 Punchbowl Street 
Honolulu, Hawaii 96813 

Subject: Notification of Changes to Drilling Plan 
Dated September. 1988. 

Dear Mr. Tagomori: 

Enclosed is a 
of ThermaSource Inc., 
original drilling plan. 

letter prepared by Mr. Gerald Niimi 
outlining minor changes to our 

The changes have been made necessary due to the 
latest changes in driTling technology and improvements in 
drilling efficiency. The changes are rmt·of· a -~i-gni<fieant 
nature but are being brought to your attention as a matter 
of protocol and regulatory compliance. 

Should you have any 
foregoing please do not hesitate 

Ve 

Encl. 

cc: Rod Moss, Mid-Pacific Geothermal 

AGK/ea 

regarding the 
528-3496. 

COMPANY 



ThermaSource Inc. 

November 6, 1989 

Mr. Allan Kawada 

l25 Fair#ers L~" :. ~.'J Box 1236 • Santa Rasa. California 95402 

(707) 523-2960 • FAX (707) 523-1029 

. . , '' ''R & '-'·iS ....... - !< ·~. j .__, 

___ __ ,.-;--~cNr 

True Geothermal Energy Company 
888 Mililani Street, 8th Floor 
Honolulu, HI 96813 

Re: Modifications to Drilling Plan: True/Mid-Pacific Al-l 

Dear Allan, 

Since the original Drilling Plan was conceived last year, we 
have modified the early stages of drilling to incorporate the 
latest technology, improve drilling efficiency, and to provide 
a safer operating environment. These changes are relatively 
insignificant to the overall Plan, but requires your knowledge 
and subsequent communication to the appropriate regulatory 
body. The Application for Permit to Drill should be ammended 
to reflect these changes. 

Please refer to Attachment 1 in the Application for Permit to 
Drill dated September 1988. Under Section 1 Drilling Program, 
Sequence of Operations, steps 1-4 should be replaced with the 
following: 

1. Construct drilling location with 10' x 10' x 8' cellar. 
Install steps in cellar to provide convenient escape and 
access. (Larger cellar is required to accomodate specific 
rig configuration that was not known before and to provide 
better working space. Steps are necessary due to deeper 
cellar.) 

2. Set and cement 90' - 12U' of 30'' steel casing in a 42'' 
hole to serve as conductor. This should be accomplished 
with auger rig prior to rig arrival if possible.(The 40' 
of culvert and 100' of 28" conductor has been replaced 
with one string of larger casing to provide greater 
annular space for cementing the 20 11 casing. This is about 
the same depth that was specified in the original program 
and is consistent with using 3 joints of pipe, each 30' -
40' long.) 

3. Rig up rotary drilling rig over center of conductor. If 
not already installed, drill 42" hole and cement 90' of 
steel casing. Use air hammer if necessary. Add extension 
to bring the conductor pipe up to height of rotary table. 
Install flowline on conductor to return mud pits.(This is 
essentially the same procedure specified in the original 
plan.) 



Therm:rSource Inc. 
",PO. Bm.--.2J6 • Santa Rosa. CA 95402 

Further, wherever 28" conductor is 
conductor should be substituted. 

specified, 30" 

If you have any questions concerning these changes, please do 
not hesitate to call me. 

~truly, 

/Gera~ 
cc: M.r. Hank ~·rue 

Mr. Gary Hoggatt 



TRUE GEOTHERMAL ENERGY COMPANY 
" 

HAWAII OFFICE 895 WEST RIVER CROSS ROAO 

8th Floor, C. R. Kendall Building 
Phone:(3~7) 237-9301 
P.O. Box 2360 

888 Mililani Street 
Honolulu, Hawaii 96813 

, . _Casp_er, Wyoming 
-~ 'u; t;!602 

Teleph:me: 528-3496 December 21, 1989 

Mr. Manabu Tagomori 
Deputy Director 
Department of Land and Natural Resources 
State of Hawaii 
Kalanimoku Building, Room 227 
Honolulu, Hawaii 96813 

Dear Mr. Tagomori: 

Pursuant to 
Leasing And Drilling 
you written notice 
prevention equipment 
December 23, 1989. 

the requirements of the Rules On 
Of Geothermal Resources, we are sending 
of our intent to install blow out 
on the first dri 11 pipe on Saturday, 

~ 

' After installation of ~he equipment we also intend 
to test the equipment for its Integrity. Should you desire 
to have your staff witness the }testing, please feel free to 
coordinate with me. 

Should 
528-3496. 

AGK/ea 

you have·: 

- ' ' :, ~ ~' 

~tfes,~&·~se-·eti+ ·me 

truly 

at 
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TRUE GEOTHERMAL ENERGY ,,CO~P;~NY 
- . . ---• .... _ \_; v · I U 

888 Mililani St. 
8th Floor 
Charles R. Kendall Bldg. 
Honolulu, Hi. 96813 

Mr. Manabu Tagomori 
Deputy Director 

895 WEST RIVER CROSS ROAD 

January 8, 1990 

Department of Land and Natural Resources 
State of Hawaii 
Kalanimoku Building, Room 227 
Honolulu, Hawaii 96813 

Dear Mr. Tagomori: 

. __ ;; 

Phone (307) 237-9301 
P.O. Box 2360 
Casper, Wyoming 

82602 

Enclosed for your consideration and review is a 
communication from Mr. Gerald Niimi of ThermaSource Inc., to 
True Geothermal Energy Company. The letter is a 
recommendation for field changes to our drilling program 
submitted to you in early 1989. I am forwarding the 
proposed changes to you for your approval. 

drilling 
time we 
drilling 
drilling. 

Since we 
conditions 
submitted 
conditions 

began driclling we have experienced 
which coull'! not be anticipated at the 

the drillirj!g program. However, actual 
now requir~ us to change the plan for 

' 

.r. ·: -·-"· 
The specific requellt f<'ir ·cc~.,-&ne•"··b~··"Fe-ilsons 

for those changes are outlined in the communication from Mr. 
Niimi. Included also are teo;hnical exhibits which visually 
depict the requested changes' and also lists the specific 
specifications of the propose~ program. 

It is respectfully requested that the proposed 
changes be considered by your department at the earliest 
possible date because drilling is continuing on a 24 hour a 
day, 7 days a week basis. Therefore, the requested changes 
are needed to continue drilling. 

Should you have any questions 
foregoing please call me at 528-3496 or 
Rosa, California, at (707) 523-2960. 

cc: Mr. Gerald Niimi 
Mr. Rod Moss 

in 
Mr. 

regard to the 
Niimi in Santa 



ThermaSource Inc. 

January 4, 1990 

Mr. Allan Kawada 

725 Farmers Lane • P.O. Box 1236 • Santa Rosa, California 95402 
[707) 523-2960 • FAX [707) 523-1029 

True Geothermal Energy Company 
888 Mililani street, 8th Floor 
Honolulu, HI 96813 

Re: Modifications to Drilling Plan: True/Mid-Pacific Al-l 

Dear Allan, 

Additional adjustments to the original drilling program 
have been made to improve drilling efficiency, and to 
provide a safer operating environment. These changes are 
relatively insignificant to the overall Plan, but requires 
your knowledge and subsequent communication to the 
appropriate regulatory body. The Application for Permit 
to Drill should be ammended to reflect these changes. 

1. Please refer to Attachment 1 in the Application for 
Permit to Drill dated September 1988, Section 2 ~ 
Casing and Cementing. Due to actual field 
conditions, the 13-3/8" casing will be set in two 
stages. Our planned casing setting depth is 
3500-4000 feet. A revised Casing Program sheet has 
been enclosed to replace the original one. The 
primary change involves an upgrade in the casing from 
K-55 to L-80. 

2. Under Section 3, Blowout Preventers and Special 
Considerations, Drawing 009 showing the Blowout 
Preventer stack for the 13-3/8 11 Casing should be 
replaced with the enclosed drawing. The revised 
drawing shows the hydraulically controlled valve and 
expansion spool that are described but not shown on 
the original drawing. 

Also the proposed procedure to test the casing and 
BOPE is as follows: 

a. Close hydraulically controlled valve and 
pressure casing to 1000 psig for 30 minutes. 

b. Open valve and insert drill pipe though BOP 
stack. Pressure up on BOPE system to 1000 psig for 
15 minutes. 



ThermaSource Inc. 
PO. Box 1236 • Santa Rosa. CA 95402 

If you have any questions concerning these changes, 
please do not hesitate to call me. 

Yo/truly, 

/_/~ 
Gera.LC1 Npm1 

cc: Mr. Gary Hoggatt 



TliermaSource Inc. 
PO B 12~ So R C 95402 o• 0. nto osa. A CASING CEMENTING AND BOP PRO( \tS 

CASING PROGRAM I ,,.13 318" I OEP;;OO'+ I 
[WECC 

KMERZ No. l 
WEIGHT GRADE JOINT TYPE 

CALCULATED S,t.FETY FACTORS 
INTERVAL 

LB/FT TOP BURST BOT. BURST COL.L. TENS ION 

1----Q 3000' 68 L-80 Buttress 2.03 1.95 l. 51 6.44 

1nnn 1snn'** 72 L 80 Buttress 2.08 2.05 1.55 45.83 

r~a,nn Pronerties** Casing ' roper tie' ** 

rn11~na~ 2670 nsi CollaPSE - 2260 T si 

R.,rcr ~"<Qn nai Burst 5( 20 psi 

T~naion l 650 000 lbs DESIGN CONDITIONS Tension - 1,545,000 lbs 

SURFACE BURST PRESSURE - 3000 PSI OUTSIDE MUD WT. (COLLAPSE) - 9.5 PPC 

INSIDE MUD WEIGHT (BURSTl - Q s PPG INSIDE MUD WT. (COLLAPSE) - 0 PPC: 

OUTSIDE MUD WEIGHT (BURST) - g_s PPG FORM. PRESS. GRAD. AT SHOE ICOLLAPSEl - 9.5 PPC 

FRAC. GRAD. AT SHOE (BURST! - 14.5 PPG BIAXIAL LOAD: COLL. [X) BURST [X] SOUYANCY: YES D NOW 

CEMENTING PROGRAM If 1 t circulation is a probelm chg C€!!Ent to a shperelite blend as in attached procedure OS ' 
SLURRY DESCRIPTION AND PROPERTIES 

SLURRY OESCR•PTION I ,A, NO NUMBERI 

1,4nn cu. ft. (2076 sacks) Class G cement blended l: l with perlite and 40% silica flour, 4% 

eel and 0.65% of friction reducer. Tailed with 200 cu. ft. (123 sacks) of Class G cement 

with 40% silica flour and 0.65% of friction reducer. Both cement stages should be retarded 

to give 2-3 hrs of pumping time at reservoir temperature. 
rOESII'IED TO~ 

Surface 
fEXCESS 

100% 
SLURRY VOL.- CU FT /(SLURRY NO.I 4400 200 
SLURRY YIELD- CUBIC FEET/SACK 2. 12 1.62 
SLURRY DENSITY- PPG 106#/ft3 (14.2 r Inc) l6#/ft3 05.5 I loS!) 

THICKENING TIME- DEPTH SCH./HRS, MIN. 2 3 hrs 2 3 hrs 
COMPRESSIVE STRENGTH- PSI/HOURS 

RUNNING AND CEMENTING INSTRUCTIONS See attached R.~n;nn & Carentino Proc. 
SHOE. COL.L.ARISJ A~O .JOINT STRENGTI-IENING 

l. Run stab-in float collar 40' (l jt) above float shoe on bottom. 
2. Tack weld bottom of collars on bottom 3 jts of casing. 
3. Clean and thread lock all threads on float collar. Tack weld bottom of float collar. 

CENTI'l4LIZEI'IS AND SCI::I;.oTCHEF!S ·NUMB EA. TY~E AND Sf" ACING 

l. Run centralizer in middle of bottom 7 jts. Then l centralizer on every other collar 
from the bottom to within 200' of surface. 

2. No scratchers to be run. 

PI'IEI""LUSH, DISPLACEMENT RATE. PLUGS, RECI,.ROCATIQN, ETC. 

l. If lost circulation is a 
and Cementing Procedure. 

problem, use sodium silicate as indicated in attached Running 

2. Cement through drill pipe. 
3. Pump Stage I until good cement appears at surface. Then pump Stage II cement. 

PRESSURE TESTING AND LANDING 

l. Wait on cement 12 hrs or until samples have set. 
2. Cut and remove 20" casing and blow out preventer stack. 
1.Install 20" X 12" exnansion SPOOl. 

BOP PROGRAM 
,t.PI ST ... CK WOAKING MINIMUM TEST PRES5URES ~PSI 

ARRANGEI>AENT CODE PRESSURE BORE TYPE ., ll',jCHES Jill AM TYPE ANNULAR TYPE ~TATING HEA' 

se;, attached 
Fi ure 008 3000 12 l/4" !Rotating head & ram type 1000 1000 1000 



. . 

TOTAL STACK HEIGHT = 257. 75" = 21.5' 
STACK BELOW GROUND LEVEL= 55.25" 

= 4.6' 
STACK ABOVE GROUND LEVEL = 202.5" 

= 16.875' 

J 0 

ROTATING HEAD FOR 
68" STRIPPING BOTH 12-1/4" 

AND 8-1/2" DRILLING TOOLS 

"'1 12" 900 FLANGED BOTTOM 

13-5/8" 3000 PSI TYPE E 
12" 900 STUDDED DBL HYDRAULIC 

30" RAM TYPE PREVENTER 
1-RAM CSO 
1-RAM DRILL PIPE RAMS 

BANJO BOX ~ if \ ) 
36" 12" 900 x 12" 900 FLANGED 

TOP & BOTTOM WITH 

r-- 12~BLOO~ LINE 

t 12" 900 SIDE OUTLET 

BLOOIE LINE 
VALVE 

13-5/8" 3000 PSI TYPE E 
12" 900 STUDDED DBL HYDRAULIC 

30" RAM TYPE PREVENTER 
1-RAM CSO 
1-RAM DRILL PIPE 

12" 900 ANSI MASTER v 1\ 
38-l/8" 

f 
GATE VALVE 

f'-... _/ 
GROUND LEVEL 

12" 900 X 20" 2000 PSI 
36" EXPANSION SPOOL WITH 

i 
2-3" OUTLETS 

20" 2000 PSI X 20" S.O.W. 19-l/4" WITH 2-3" OUTLETS -J, 

20" CASING \ I I CELLAR FLOOR 
"'-- - ----- I I 

~ 
DRAWN 

P.O. Box 1236 • Santo Rosa, California 95402 • (707} 523-2960 
FOR: TRUE 

ThenncrSource Inc. BY: LEC 
TRUE GEOTHERMAL ENERGY CO. DATE: 4/7/89 

KMERZ NO. 1 SCALE: NA 
13-5/8" BLOW OUT PREVENTER STACK ON 13-3/8" CASING DRAWING No. 

008 



TRUE GEOTHERMAL ENERGY COMPANY 
895 WEST RIVER CROSS ROAD 

State of Hawaii 
Department of Land and Natural Resources 
PO Box 621 
Honolulu, Hawaii 96809 
Attn: Manabu Tagomori 

May il/¥~o 
- -d' 

re: Road Application of Drilling Cuttings 

Dear Sir: 

Phone \307' 237-9301 
P.O. Box 2360 
Casper, Wyoming 

82602 

Pursuant to DLNR and DOH approval, dated March 20 and April 19, 1990 
respectively, True Geothermal has begun to apply drilling cuttings to the 
KMERZ A #1 access road. 

As requested by the DOH efforts were made to reduce the pH of the cuttings by 
mixing with cinder when applied to the roadbed. The result of the mixing the 
pH was reduced from 10.8 to 9.4 units, a substantial decrease. 

Should you 11aoe &IIJ qal!rt1ons please call me at (307) 266-0260. Thank you for 
this opportunity to use the cuttings as additional road M<S~"I!II!bEI ie:~. • 

s~~ely; C~ ~ , 
R~aylor 
Environmental Coo inator 

RCT/rll 

cc: AG Kawada 



JOHN WAIHEE 

GOVERNOR OF HAWAII 

STATE OF HAWAII 
DEPARTMENT OF LAND AND NATURAL RESOURCES 

P. 0. BOX 621 

HONOLULU. HAWAII 96809 

REF:WL-MH 

GEOTHERMAL WELL MODIFICATION PERMIT 

True/Mid-Pacific Al-l 
Puna, Hawaii 

TO: True Geothermal Energy Company 
Central Pacific Plaza 
220 South King Street, Suite 868 
Honolulu, Hawaii 96813 

WILLIAM W. PATY. CHAIRPERSON 

BOARD OF lAND AND NATURAL RESOURCES 

DEPUTIES 

KE\111 W. /J!Ur' 
MANABU TAGOMORI 

RUSSELL N. FUKUMOTO 

AOUACUL TURE DEVELOPMENT 
PROGRAM 

AQUATIC RESOURCES 
CONSERVATION AND 

ENVIRONMENTAL AFFAIRS 
CONSERVATION AND 

RESOURCES ENFORCEMENT 
CONVEYANCES 
FORESTRY AND WILDLIFE 
LAND MANAGEMENT 
STATE PARKS 
WATER AND LAND DEVELOPMENT 

Your application dated July 30, 1990, for pennit to modify Geothermal Well True/Mid­
Pacific Al-l, is approved: 

Well Designation: True/Mid-Pacific Al-l 
Location: TMK 1-2-10:03, Puna, Hawaii 
Leased to : Estate of James Campbell (GRML R-5) 
Subleased to: True/Mid-Pacific Geothermal Venture 
Operator: True Geothermal Energy Company 
Ground Elevation: 1,500 ft. + 
Total Depth: 8,000 to 14,000 feet (maximum) 

You are hereby granted pennission to modify Geothermal Well True/Mid-Pacific Al­
l by installing a permanent cement plug in the well bore casing and directionally re-drilling 
the existing well. Modification of the well shall be completed in accordance with the 
approved modification plans and the following conditions: 

(1) After it has been verified that the cement plug has been set to the approved depth and 
thickness, the operator shall conduct a casing pressure test to evaluate the integrity 
of the casing string. Minimum casing test pressure shall be approximately one-third" 
of the manufacturer's rated internal yield pressure and shall be applied for a period 
of thirty minutes. 



True Geothermal Energy Company 
Page 2 

/ (2) 

/ (3) 

/ (4) 

/ (5) 

(6) 

(7) 

(8) 

(9) 

/ (10) 

/ (11) 

/ (12) 

If a drop of more than ten percent of the casing test pressure is recorded, the operator 
shall then run a caliper log and! or other appropriate well test to evaluate if the casing 
is defective and if corrective measures will be required before commencing any further 
operations. 

Class "G" cement shall be used in the plugging operations and shall contain a high 
temperature resistant admix. 

A well completion report and as-built drawing of the well shall be filed with the 
Department within six months after completion of the well modification. 

A well test report showing the results of the prescribed ~asing tests conducted, shall 
be submitted to the Department for review within sixty days after completion. 

The applicant shall obtain the Chairperson's approval prior to the execution of any 
contemplated changes in the modification program. 

The applicant shall observe and comply with all requirements and conditions set forth 
in the Board of Land and Natural Resources' Decision and Order dated April 11, 1986. 

All work shall be performed in compliance with the Department's Administrative Rules 
(Chapters 13-183 and 13-184), and all other applicable Federal, State, and County 
laws, ordinances, and regulations. · 

The applicant, its successors and assigns shall indemnify and hold the State of Hawaii 
harmless from and against any loss, liability, claim or demand for property damage, 
personal injury and death arising out of any act or omission of the applicant, assigns, 
officers, employees, contractors and agents under this permit or relating to or 
connected with the granting of this permit. 

The applicant shall notify the Division of Water Resource Management, in writing, of 
the date of the start of work. 

During the use of the well for testing, monitoring and/or production purposes, the well 
and site shall be properly maintained until the well is plugged and abandoned in 
accordance with Administrative Rules, Chapter 13-183. 

The applicant shall submit to the Chairperson, the results of the exploration, all drilling 
and testing records, date of completion, and a survey of the well location and elevation 
by a Hawaii licensed surveyor within six months after completion of the well 
modification. 



True Geothermal Energy Company 
Page 3 

(13) The bond covering the well shall remain in full force and effect until the well is 
properly abandoned and the surface properly restored. 

/ (14) This permit shall expire 365 days from the date of issuance. 

NJG I 1990 

Date of Issuance 

cc: Land Board Members 
Hawaii County Planning Dept. 
DBED 
Department of Health 
OEQC 

ILLIAM W. PATY, Cha" 
Board of Land and Natu 



T~l9~ E"-G'FM~THERMAL ENERGY COMPANY 

P.o: 19 

. ~:..; ;\ r tR E, 
Mr. ManaM'~~~g~~~~;i'~ENT 
Deputy Director 
Department of Land and 

Natural Resources 
State of Hawaii 

CENTRAL PACIFIC PLAZA 

November 12, 1990 

Kalanimoku Building, Room 227 
1151 Punchbowl Street 
Honolulu, Hawaii 96813 

Subject: Notification of Alternate Steam Muffler 

Dear Mr. Tagomori: 

Telephone No: 808-528-3496 
FAX No.: 808-526-1772 
220 South King Street 
Suite 868 
Honolulu, HI 96813 

This is to inform you of our intention to use an alternate 
steam muffler in the event of a ste entry while completing our 
present hole. Based on the advice f our reservoir and drilling 
engineers, it was determined that a new procedure was necessary 
to obtain valid well data. The pre ent steam muffler has not 
been adequate to accommodate the pr vious steam entries for 
testing purposes. 

The new procedure will hjv;' 
ment system as the previous muf!l 
ards (Hawaii County Noise Guideli 
of April 11, 1986, will be mainta 

h j;a:t h_y§E~en sulfide a-"ate­
r :-- A1"so~--'Ene nOi-s'e~ !eve'!" stand­
es) in the decision and order 
ned. 

We will be monitoring for hy rogen sulfide emissions and 
noise levels at the nearest resi ntial areas during any time 
steam entries are encountered. Effluent that results from any 
steam entries will be disposed of into the drill site reserve 
pits as done with the previous steam muffler. All other condi­
tions and requirements contained in the decision and order of 
April 11, 1986, will be complied with. You or your field 
representative will be informed of steam entries requiring the 
use of the muffler as they occur. 

Should there be any questions regarding the foregoing, 
please do not hesitate to call us at 528-3496. 

Very truly yours, 

TRUE) GEO.· T ... ~E,JtMAL EN,E. RGY COMPANY 

4~ '4 1' ; 
. ~~u/ tffoJttk_ 

A':i 1 an G . Ka wad a 

AGK: jkk 
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TRUE GEOTHERMAL ENERGY COMPANY 
~WAII OFFICE -------····--·· ,.,,,,_,,.,_.,_, ________ _ 
~ntral Pacific Plaza 
20 South King Street 
lite t969 
>nolulu, HI 96913 
>: (808)529-3496 
•x: (909)526-1772 

- wur ~IV£11 CROC5 ROAD 

TO: Mr , Mo.nabu Tagomor i 

FROM: Mr. Allan G, Kawadl! 

For your review and 1ntormation. 

Phone (:1071 2l7-'Jl0l 
P.O. Bo< 2360 
Caoper, Wvontinl 

12602 



808 525 1772 TRUE GEOTHERMAL ENERGV PAGE 02 

TRUE GEOTHERMAL ENERGY COMPANY 
CENTRAL PACifiC PLUA Telapi'IOne No,: ll:l&-!!!2&34M 

FlX No,: acu.-~1772 

November 19, 1990 

Dr. Jack LGwin 
Director, Department of Health 
state of Hawaii 
1250 punchbowl Street 
Honolulu, Hawaii 96913 

220 South ll<o& Stroet 
Su~• tiM 
Honoluh .. , HI ~13 

subject; Request to ~emporarily Use Alternate Hydrogen Sulfide 
Abatement System for StQarn Entries During Drilling 

near Dr. Lewin, 

During the past several weeks, we 
possible steam reso~rce zone. We 
entries and have used the hydroge 
that is part of the blooie line a 
have been employing the system si 
Novamber 1989. 

have been drilling into a 
have made sporadic steam 
sulfide abatement system 

d cyclone muffler system. We 
ce we began operations in 

Howav&I, UU£111§ CliG l&SL thils­
it has become apparent thatlt~ 
cyclone muffler cannot handle t 
experienced. 'l'he la~Jt "team an 
of the muffling system to a poi 
inordinate amount of time, if i 

t edtries we have enco?ntered, 
p e~mechanicaJ oar~ of.the 
e steam rate and flow we have 
ry has disabled the cyclone end 
t where repaira ·will take an 
can be.rapaired. .--

~""'' .... ~ 
The drillins and reservoir engineer are in the process of de-
sisning and ordering 1:1 new cyclone chamber. One of the critical 
decision factors in the desi9n of the cyclone chamber is the 
steam flow rate and preeeure, Off-the-shelf cyclone chambers 
may be undersized for the steam reservoir we are encounterins 
and we are cont~•platins buildin9 a custom designed one. 

However, in order to make a decision on the size of the chamber 
to build, we need to flow the well for some time to stabilize 
the well. In that way, we can determine whet the eventual 
steam flow rate will be. we feel that another week of flowing 
will be sufficient to stabilize the well. 

As you know, at the present time the. well is shut in pending 
this request. As a matter of information, Mr. Manabu Ta9amori 
has also been informed of this request and has been notHied of 
the mechanical design portion of the noise and hydrogen sulfide 
abatement system. 
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Dr. Jack Lewin 
November 19, 1990 
Page TwO 

TRUE GEOTHERMAL ENERGI' PAGE 03 

Enclo&ed is a diagram of the temporary system we intend to use 
if this request is approved. As you will note, the blooie line 
H2S abatement system is left intact and a downsteam H2S 
monitoring port will be installed on the noise abatement or 
swege chamber at the end of the blooie line. In this way, 
continuous H2S readin~e will be taken from this port. 

The initial steam entry showed an H2S reading of 282 ppm upsteam. 
The highest reading we have encountered was 1010 ppm. The last 
reading showed a H2S upeteam reading of 556 ppm. 

Continuous H2S and noise read~ngs will be taken (as they have 
been all along) at the permanent monitoring station at Kaohe 
Homestead Subdivision. Random readings for noise will he takan 
a~ aroun~ the drill site at downwind locations. 

It is anticipated that the noise abatement chamber will reduce 
the noise from the flow testing to the low BO decibel range at 
100 feet. The noise abatement chamber reduces the noise levels 
of the steam flOW by graaually reducing the exit pressure of the 
steam, We then estimate that the noise levels at the nearest 
residential property line (approximately 2 miles) will be below 
background. 

We will also be able to maintain a H25 emission rate well below 
the limit of 8 pounds per hour as indicated in the Authority to 
Construct with this system. 

The request for this system is for only a temporary period of 
time (a period a week at most) to allow information gathering 
to design a permanent. system. 

In addition to the B2S and noise abatement measures, a barrier 
now exists to divert any steam from its vertical flow so that 
steam will not be flowed off the drill pad. Measures have also 
been taken to divert any hot water coming up with the steam .into 
the reserve pits as was done with the cyclone muffler. The 
vertical height of the proposed steam exit point is approximately 
six (6) feet lower than the cyclone muffler. However, due to the 
uaual moderata velocity of the wind in the area, the steam plume 
with the cyclone muffler has remained low to the ground anyway. 
We do not anticipate any appreciable difference in plume height. 

Due to the moderate temperature o£ the ateam and H2S level, the 
eteam plume should be disperaed enough to not be a threat to the 
environment. 



.. 
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or. Jaclt Lewin 
November 19, 1990 
Page Three 

TRUE GEOTHERMAL ENERG< 

We would appreciate your prompt attention to this matter as 
tha longer the well is shut in, the greater the amount of 
tirna necessary to stabilize its flow. Thank you very much 
for your attention and should you have any questions please 
oall me at 52B-3496 or Mr. Gerald Niimi at (707) 523-2960. 

Very truly yours, 

TRUE GEOTHERMAL ENERGY COMPANY 

Allan G. Ken•ada 

F'AGE 04 
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Z BBB 548 7226 DUH'CRB 02 

CER'T1~1ED MAIL 
RlffiiRN RECEIPT REQUEST!iP 

Mr. Allan G. l<awada 
H~~Nall Flepreaentatlve 
True Geothermlll Enargv Companv 
220 South King Strael, SuRe 868 
HonolUlU, HI 98813 

Dear Mr. l<awada: 

October 1, 1991 

Subject; ~enslon of Authori!V lo Construct (ATC) No. A-015·700 
True Geothermal Energy Companv 
Twelve (12) Geothermal Exploratory/Developmental Wells 
Locatod at Kltauaa Mlddlll t;asl Rift Zone, Puna, Hawaii 

· ~LE CGPl 

91·A553 
File 1815 

Pursuant to Hawaii Administrative Rules, Chapter 11·50, Air Poll1.1lion Control and your rcquo$\ of 
September&. 1991, Authority to Construct No. A-8HI·7581or the subject source Is hereby 
extended to Septeml:ler 1, 1992. 

The ATC extension Is to allow True Geothermal Energy Company addlllonallima to complete the 
construction of tho twelve (12) geothorm8l exploratory/developmental wells. 

If you nave any quastlons, please call Mr. Nolan Hirai of lhl3 Clean Air llranch at (808) 543·f200. 

Very truly youre, 

JOHN C. LEWIN, M.D. 
Dlractor ol Hea~h 

NH/sk-CAB 
c; DHSA. Hawaii 

,.... -
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DATE: 

TO: 

12fliil2/91 13134 z aea 549 7226 

STATE O'f' HAWAII 
Di;PAATMENT OF HEALTH 
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TRUE GEOTHERMAL ENERGY COMPANY 
895 WEST RIVER CROSS ROAD 

February 1, 1989 

Department of Land & Natural Resources (DLNR) 
State of Hawaii 
P.O. Box 621 
Honolulu, Hawaii 96809 

Phone 13071237-9301 
P 0. Box 2360 
Casper, Wyommg 

82602 

Subject: Application for Permit to Drill a Geothermal Well 
in the Kilauea Middle East Rift Zone (KMERZ) 

Dear Sirs: 

The subject 
approval in 
Chapter 183, 

application, Enclosure 
accordance with DLNR 

Section 13-183-65. 

(1), is submitted for 
Administrative Rules, 

The Application For Permit to Drill contains the detailed 
operating procedures and tedhnical aspects that are 
involved in the drilling of a ~geothermal well, including 
well completion procedures, . well testing, reservoir 
evaluation, exploration strategr designed to determine the 
location, characteristics ana extent of geothermal 
resources in the project sit~ lnqnitoring and abatement of 
H2s at the weii Slte, and':~cl_mo~dgment of indemnity, 
bonding, insurance and dth~ri ~inisttatlve reqolremelits 
placed on the operator for the resource exploration and 
development phase of that projrct. 

The rights to conduct geotheqnal mining operations within 
the designated geothermal~ resources subzone that 
encompasses portions of Campbell Estate lands in the 
Kilauea Middle East Rift Zone were granted to the Estate 
of James Campbell by State geothermal mining lease No. R-5 
issued on July 23, 1987. By sublease agreement dated 
December 3, 1986, Campbell Estate has assigned its current 
and future mining lease rights to True Geothermal Energy 
Company and Mid-Pacific Geothermal, Inc. (True/Mid-Pacific 
Geothermal Venture) with True Geothermal Energy Company 
acting as the "operator" for all activities related to the 
exploration and field development of geothermal resources. 

The Board of Land & Natural Resources authorized in its 
Decision & Order of April 11, 1986, the drilling of 
exploration and development wells sufficient to locate and 
develop geotherma 1 resources capable of producing 100 MW 
of electricity. Subsequent applications for permit to 



Department of Land & Natural Resources 
Page Two (2) 
February 1, 1989 

drill additional wells will be submitted periodically as 
the location of well sites is determined. Permission is 
requested to submit only new data for each subsequent 
application for permit to drill. 

Very truly yours, 

TRUE GEOTHERMAL ENERGY COMPANY 
(Operator for True/Mid-Pacific 
Geothermal Venture) 

-
III, Partner 

Encl: 1) Application For Permit to Drill 

cc: Mid-Pacific Geothermal, Inc. 
Estate of James Campbell 
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Application For Permit to Drill a Geothermal Well 

(Campbell Estate Parcel, Puna District, Island of Hawaii, TMK 1-2-10:3) 

1. Regulatory Requirements 

This application for Permit to Drill a Geothermal Well is submitted in 

accordance with the Department of Land and Natural Resources (DLNR) Rules on 

Leasing and Drilling of Geothermal Resources, Title 13, Chapter 183, Paragraph 

65. The information on drilling operations required in the Plan of Operations 

is included and combined with like requirements in the Application for Permit 

to Drill as described below. 

Since all geothermal wells will be drilled generally in the same manner, most 

of the data in this Application will be applicable to all wells. Therefore, 

subsequent applications for a Permit to drill will include only new 

information applicable to the well to be drilled and any modifications to the 

current generic data applicable to all wells. 

2. Applicant and Lease Provisions 

The applicant is True Geothermal Energy Company, the Operator for True/Mid­

Pacific Geothermal venture for the mining operations permitted under State 

Geothermal Mining Lease No. R-5 dated July 23, 1987 and issued to the Estate 

of James Campbell, Lessee. By Sub-lease Agreement between Campbell Estate and 
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True Geothermal Energy Company and Mid-Pacific Geothermal, Inc., dated 

December 3, 1986, Campbell Estate assigned its rights to True/Mid-Pacific 

Geothermal Venture to drill for, produce and take geothermal resources from 

the lands leased under any state mining lease issued to Campbell Estate on the 

lands described in the sublease. By Operating Agreement between True 

Geothermal Energy Company and Mid-Pacific Geothermal, Inc., dated October 5, 

1982, True is designated as "Operator" and Mid-Pacific as "Non-Operator" for 

the geothermal venture. The operator is responsible for all drilling 

operations under the terms and conditions of the mining lease. Agent for the 

operator is ~1r. Allan Kawada whose address is: True. Geothermal Energy. Co., 888 

Mililani Street, 8th Floor, Honolulu, Hawaii 96813-2918, Tel: 528-3496. The 

organization of the operator is shown in Figure 1. 

3. Well Identification 

Geothermal wells to be drilled in the Kilauea middle east rift zone (KMERZ) 

under Mining Lease No. R-5 will be identified in relation to: one of the 

Planned Exploration/Development Areas (A through E) as shown on Figure 2; the 

drilling site number; and, the sequential number of each well drilled at a 

particular site. Under this procedure, the first well for which this 

application is submitted, is designated as True/Mid-Pacific 

Exploration/Development Area A, Drilling Site 1, Well No. 1, or 

True/Mid-Pacific Al-l. 

4. Purpose and Objective of Proposed Work 

The purpose of the proposed work is to explore for geothermal resources by 
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deep drilling into the area underlying the drilling site to depths between 

8,000 feet and 14,000 feet and evaluate any discovered reservoir through flow 

testing and analyses of the resource to determine whether such energy sources 

can be economically produced to generate electricity. Discovery of a 

geothermal resource may occur in a zone beginning at a depth of about 3,000 

feet below sea level. The optimum production zone will be determined 

following analysis of well drilling data and flow testing of the well. 

Following a successful exploration well, the subsequent exploration drilling 

will be conducted for the purpose of determining the general dimensions and 

extent of the reservoir and to prove the existence of sufficient resources to 

satisfy a known or potential future market. 

5. Planned Well Drilling, Well Completion and Testing Programs 

(See Attachment 1) 

It should be noted that changes in the drilling programs described in the 

Attachment will occur due to varying project site and sub-surface conditions 

encountered during these operations, the characteristics of the resource and 

changing technology. The required changes can be expected to involve 

primarily casing dimensions, drilling depths and direction, and well-head 

assembly-- none of which will affect safety or reliability of drilling and 

production operations. All changes will be reported to DLNR as they occur. 

DLNR will be notified in advance of all critical well operations and tests. 
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6. Performance Bonds, Idemnity, Liability 

As required by Paragraph 13-1B3-34 of DLNR Administrative Rules, Operator will 

file a bond with the Department of Land and Natural Resources in the amount of 

$10,000 made payable to the State conditioned upon faithful performance of all 

requirements of Chapter 182, Hawaii Revised Statutes, the Administrative Rules 

of DLNR (Chapter 183) and the State Geothermal Mining Lease No. R-5. 

As required by Paragraph 13-183-65 of DLNR Administrative Rules, a blanket 

indemnity bond of no less than $250,000 will be filed with DLNR within 10 days 

of well permit approval for drilling of True/Mid-Pacific Al-l to inure to and 

indemnify the state and landowner against all losses, charges, expenses and 

claims for damages or injuries caused or resulting from the drilling and 

operation of the wells. In addition, general liability insurance in the 

following amounts will be in force prior to commencement of operations 

(construction of the access road into the project site): 

a.. Comprehensive.General Bodily Injury Liability- $300,000 each 

occurrence, $1,000,000 aggregate. 

b. Comprehensive General Property Damage - $50,000 each occurrence, 

$100,000 aggregate. 

Additional liability coverage for injury or damage to persons or property 

caused by explosion, collapse, and underground hazards is to be added prior to 

initiating drilling operations. The land owner (Campbell Estate), the State 

of Hawaii, Hawaii State Board of Land and Natural Resources, the Chairman of 
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the Board of Land and Natural Resources and the Department of Land and Natural 

Resources shall be named insurers. 

Operator will also, prior to commencing operations, deposit with DLNR and 

Campbell Estate a bond naming the State of Hawaii and Campbell Estate as 

obligees in a penal sum of not less than One Hundred Percent (100%) of the 

cost of such construction in a form and with surety satisfactory to both 

parties guaranteeing the completion of such work free and clear of all 

mechanics' and materialmen liens. 

Operator commits to perform the proposed operations in accordance with DLNR 

Administrative Rules {Chapter 183) and all other federal, state and county 

requirements. 

Attachment 1: Programs for Drilling. 
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PROGRAMS FOR DRILLING 

A. Exploration Program 

B. Drilling Operations 

C. Well Testing and Reservoir Evaluation 

D. Hydrogen Sulfide Monitoring and Abatement 
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Programs For Drilling 

A. Exploration Program 

Inasmuch as the location of geothermal reservoirs must be determined by deep 

drilling and since the economic producibility of the resource from each 

discovered reservoir can only be determined by testing each successful well, 

the drilling sites selected, as shown in Figure 2, are tentative except for 

site A1. The exact location of other wells will depend upon previous drilling 

results and testing. The final surveyed location of each proposed well to be 

drilled will be reported in each application for permit to drill. 

For planning purposes, five exploration/development (E/D) areas have been 

selected. Each area has three primary drilling sites planned (for a total of 

15 sites) connected by access/service roads. Allowing for estimates of 

reserve wells and non-producible wells, a total of 35 individual wells within 

the 5 E/D areas may ultimately be required to produce 100 MW of electricity. 

The drilling sites will occupy up to 5 acres. If directional drilling in the 

Kilauea middle east rift zone is technically and economically feasible, up to· 

6 exploration/development wells may be drilled from one drilling site. 

The first drilling site, True/Mid-Pacific A1, Figure 2, is planned near the 

eastern area of the proposed sub-zone, north of the rift zone center in E/0 

area "A". The general sequence of exploration drilling is as follows: 

1) If the first exploration well in E/D areas "A" is successful, a 

second well will be drilled in this area to obtain indications of 

the northern boundary of the discovered reservoir. (A "successful" 

-1-



well is one from which geothermal resources can be produced economically.) 

Regardless of the results or the second well, the next exploration well is 

planned to be drilled in E/D area "B'', at or near one of the three planned 

sites. 

2) If the first exploration well in E/D area "A" is not successful, the 

second well will be drilled at or near one of the three sites in E/D 

area "B" on the south side of the rift zone center near Pu'u 

Heiheiahulu. 

3) If the first well in E/D area "B" is successful, another exploration 

well would be drilled at one of the other planned locations within 

E/D area "B". If the first well in this area is unsuccessful 

following a successful well in E/D area "A", the next well would be 

drilled at or near one of the three sites in E/D area "C", on the 

north side of the rift zone center. 

4.) If the first well is unsuccessful in E/D area "A" and E/D area 

"B", a decision would be made on whether to move to E/D area "E", in 

the western portion of the GRS near the more active section of the 

rift zone. If a well drilled at E/D area "E" is also unsuccessful, 

the project exploration strategy would be reevaluated. 

5) If a successful well is drilled in E/D area "C", the next wells 

would be drilled in E/D area "D" and then "E". 
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6) After a resource discovery in any area, two or more additional 

exploration wells may be drilled in that area before proceeding to 

the next area if there is a local market demand for power which 

would require evidence of a resource sufficient to supply that 

demand. 

Successful exploration wells would be shut-in after completion and testing if 

there is no immediate market for the resource. 

B. Drilling Operations 

Figure 3 depicts the typical geothermal well profile showing the dimensions of 

the well bore and drill pipe or casing, and the depths to which specific sized 

casing is installed. Conductor pipe (nonnally 26"-28" diameter) is the first 

string of pipe installed to a depth of 100 to 150 ft. in a hole of 36" 

diameter followed by: 

(1) surface casing (20" diameter to 500-1000 ft. depth) set in a hole of 

26" diameter, 

(2) Intermediate casing (13 3/8" diameter to 2000-4000 ft. depth) set in 

a hole of 17 l/2" diameter, 

{3) Intermediate casing {9 5/8" diameter to 5000-7000 ft. depth) set in 

a hole of 12 1/4" diameter), 

(4) Production (slotted) liner, if necessary (7" diameter to total depth 

set for commercial production) in a hole of 8 3/4" diameter. 
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The detailed sequence of events in the drilling program including the use of 

drilling mud, logging of drilling operations and analyses of core samples, 

well-head completion procedures and well bore directional programs are 

contained in Tab A to this attachment. The following is a general summary of 

these programs together with the well and reservoir testing procedures 

following the completion of discovery wells. 

Depending on the subsurface geology, it is planned to drill with air from the 

surface to total depth using two low stage compressors with 1,200 CFM and one 

high stage compressor for pressure up to 400 psi providing the formations 

drilled are compatible. Air drilling is most successful in hard rock where 

there is no influx of formation waters. When air drilling is not possible, 

mud drilling will be conducted using the optimum mud weights and viscosity to 

remove the cuttings from the formations drilled. Under normal drilling 

conditions, approximately 2,000 barrels of water per day will be required. 

However, most of the water will be recycled. A rain catchment system with a 

capacity of 900,000 gallons will be constructed as a supplemental source to 

meet total project water requirements. 

All casings will be joined and cemented to assure the integrity of the well 

bore from surface to the producing interval. The objective in cementing the 

casing is to completely seal the annular space between the wellbore and 

outside of the casing to resist landsliding and groundwater movement and to 

anchor the casing sections to the ground. The cement sheath will protect the 

casing against possible corrosion by thermal brines and gases, prevent 

uncontrolled flow of thermal water and steam outside the casing, and minimize 
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expansion. The casing will be cemented using API Class G or equivalent cement 

from the bottom of casing to the surface in accordance with industry 

standards. 

Each well will have a casing head installed on the surface casing. A master 

gate valve will be installed on the casing head which will be left on the 

well. In addition, a hydraulically operated master gate valve with annular 

preventer (a blow-out preventer) will be installed as a component of the well 

head assembly. When air drilling is being conducted, a rotating head assembly 

will be installed for positive control. 

The following standard safety devices will be used to protect against a 

blowout from the well: 

1 Double Gate preventer with CSO rams plus 4-1/2-inch drill pipe rams, 

12-inch 900 series. 

1 Annular Preventer 12-inch 900 series. 

1 Rotating Head when air drilling. 

A blowout prevention system is individually designed for each cemented casing 

string. Figure 4 shows a typical blowout preventer system designed for high 

pressure wells. 

While drilling, all operations data will be recorded and maintained at the 

drill site. All geologic information will be logged by a well site geologist. 

Summary reports will be prepared upon completion of each well, as well as the 

standard well completion reports. 
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In the event it becomes necessary to abandon a well, the operator will analyze 

data from the logs to determine what geologic fonnations are required to be 

covered by cement. The p 1 uggi ng wi 11 be performed through open ended dri 11 

pipe using API Class G or equivalent cement in accordance with industry 

standards. After the downhole plugging is performed, a cement plug will be 

placed in the top of the surface casing, the casing is cut off and the area 

backfilled and restored. 

C. Well Testing and Reservoir Evaluation 

After each well 'is completed, it will be vented to the atmosphere for four to 

eight hours to clear the well bore followed by an initial flow test by 

accepted industry n~thodology to get an approxin~tion of its electric power 

production potential. If it is judged to be a possible commercial producer, 

extended flow testing will be conducted to acquire a full suite of data on the 

physical and chemical characteristics of the reservoir fluids using the flash 

steam separator, skid-mounted flow metering and temperature measurement 

eql!ipment for steam and brine, noncondensable gas sampling equipment, and 

chemical injection and mixing equipment for abatement of H2s. 

Unabated open venting is required after a successful well is completed in 

order to clear the well bore and the area surrounding the hole of debris from 

drilling and small rocks that would initially be forced up the well bore due 

to the high pressure flow of the resources through the open end of the well 

bore. The timing of unabuted open venting can, generally, be selected so that 

the restrictive hours and days (and favorable meteorological conditions) can 

be observed. 
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Due to the need to flow test each successful geothermal well in a normal, 

open-flow production mode in order to evaluate the reservoir, the 

characteristics of the resource, and the integrity of the well bore, it would 

not be possible to limit such testing to the 9-hours of abated venting 

specified in paragraph 6.(a) of the Decision & Order excluding weekends and 

state holidays and only under favorable meteorological conditions. These 

industry standard flow tests are continuous and can require 30 days or more to 

obtain reliable data. There is no known feasible alternative to flow testing 

of geothermal wells. Such tests are conducted with H2s and noise abatement 

systems in operation. Also, the periodic shutting down or making significant 

changes in flow rates of a geothermal well can result in thermal shocks and 

damage to the well bore casing and cementing. 

In view of the foregoing, DLNR was requested to modify the restrictions 

imposed in the D & 0 since no suitable alternative is available. During flow 

testing, noise and H2s will be abated to comply with prescribed standards; 

thus, abated venting would be permissible under terms of the D and 0 and 

existing regulations. 

Testing of the wells will follow a procedure similar to the most recent test 

of the HGP-A well in Puna in which both noise and environmental pollution 

abatement was accomplished by use of a "sparging pit" and the injection of 

caustic soda to limit emissions of hydrogen sulfide gas. 

The following criteria affect the economic potential of a reservoir to support 

a power generation operation at full capacity for 25-30 years: 
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Depth and subsurface structure. 

Temperature of the fluid. 

Downhole enthalpy. 

Flow rate of each well. 

Chemistry of the geothermal fluid. 

Reservoir and production zone dimensions (reserves). 

Reinjection potential. 

Geothermal fluid produced during the production tests ~1ill flow to the well 

site sparging pit or the sump as appropriate. The project's environmental 

specialists will evaluate the reservoir fluids from each well and will consult 

with the appropriate regulatory agency to determine whether the fluid can be 

percolated into the ground or whether pond liners will be required. Due to 

the highly porous nature of the near surface formations, fluids should 

percolate readily into the ground. The chemistry of the well fluids are 

expected to be relatively benign, if similar to the HGP-A well, and should 

have no adverse impact on the basal water table at sea level due to the 

relatively low volume of fluid expected to flow from the well. ~loreover, the 

basal water table within the rift zone is expected to contain natural 

geothermal effluents. Prior to injecting any geothermal effluent, the quality 

of water in the injection zone will be analyzed to verify that the basal water 

is not potable. During the production test, engineers will monitor the 

production rates, steam water ratio, hydrogen sulfide content, salinity, fluid 

chemistry, and noncondensable gas content. All of these items are necessary 
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to design an appropriate power plant and to devise an appropriate abatement 

system for protecting air quality, and the surface and subsurface 

environments. 

When a potential reservoir has been encountered, interference tests will be 

run to establish interconununication within the reservoir and provide the 

necessary engineering data to assess the volume of the geothermal fluid 

reserves, the available heat, and the estimated productive life of the 

reservoir. A geothennal reservoir engineer will be engaged to independently 

assess the geothermal energy potential of a discovered reservoir. 

D. Hydrogen Sulfide (H
2

S) Monitoring and Abatement During Drilling and 

Testing 

Hydrogen sulfide, a colorless, acidic gas is toxic to humans und may be 

corrosive to metals in the presence of water. Drilling for geothermal 

1·esources in a hydrogen sulfide environment can be hazardous at and in the 

iuuncdiate vicinity of the drill site unless adequate safety precautions are 

taken. 

The sense of smell cannot be relied upon to indicate either the presence or 

the concentration of H2S gas. At lower concentrations, the odor of rotten 

eggs can be detected. At higher concentrations, (at lOOppm or above) the 

sense of smell is impaired in two to fifteen minutes. Direct exposure to 

concentrations in the range of 600ppm to 1500ppmv in the absence of any mixing 

or dispersion in the atmosphere could cause collapse, unconsciousness and 

death. The Occupational Safety and Health Administration (OSHA) permissible 
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exposure limit for an employee in an 8-hour work period is lOppm with an 

excursion limit of 15ppm for 15 minutes during the 8-hour period. The 

proposed standard for H2S exposure limit for the general public is a maximum 

ground level concentration of O.lppmv for 1 hour. 

Safety measures to minimize the potential hazards to personnel from exposure 

to toxic levels of H2s at or in the immediate vicinity of the drill site and 

emergency measures for accidents causing exposure to excessive levels of H2S 

are discussed in Appendix A, Management Plan, and Appendix F, Emergency Plan. 

From an environmental perspective, air quality regulations limit the amount of 

H2s emissions during drilling operations to 8.5 lbs/hr. H2S is expected to be 

present in the geothermal resource as a non-condensable gas in concentration 

levels between 1,000ppm and 1,300ppm. 

H2S monitoring equipment, including alarm systems, will be placed at the 

drilling rig (rig floor and well-head cellar) and at various locations within 

the drilling site and along the access road at the entrance to the drilling 

site to detect the presence of H2s from any natural venting. in the rift zone 

and due to emissions from geothermal resources brought to the surface during 

or as a result of drilling operations. Warning signs as to the potential 

presence of high concentrations of H2S and safety precautions will be posted 

at the entrance to the project site and at the drill site. 

Hydrogen sulfide concentrations in the steam flow through the well bore will 

be monitored continuously during air drilling operations by on-site well 
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loggers using an interference free H2S detector, with periodic back-up wet 

chemical testing. Continuous monitoring and recording of the H2S 

concentration in the blooie line (steel pipe leading from the well head to the 

atmospheric separator) is conducted using an electro chemical sensor. A wet 

chemical test system will be used to verify the continuous readings of the 

sensor. The data recorded will alert personnel when H2S concentration levels 

in the steam flow require mass emission rate calculations to determine the 

need to activate and operate the H2S abatement system. The injection of 

sodium hydroxide (NaOH) into the blooie line steam flow in proper proportions 

and amounts will enable the logger to maintain emission rates at or below the 

H2S emission limit of 8.5 lbs/hr. A sodium hydroxide treatment mole ratio of 

4 to 1 (NaOH/H2S) will be used initially. The optimum chemical addition 

ratios will be determined during abatement operations and adjusted as 

necessary. 

During drilling, residual H2S from the steam flow following abatement will be 

released to the atmosphere through the atmospheric separator. Confirmation of 

the concentration levels of H2s being emitted to the atmosphere will be 

determined from periodic analysis of samples of the steam taken from a port 

near the top of the separator. The abatement process is completed in the 2 to 

3 seconds the steam flows from the well head through the blooie line to the 

outlet of the atmospheric separator. The desired level of abatement is 

achieved by adjusting the ratio of NaOH and H2s. 

Permanent records will be maintained on concentration levels of H2S measured 

upstream of the abatement chemical injection port in the blooie line and in 

-13-



the separator after chemicals have been injected. The H2S emission rate can 

be calculated by multiplying the steam flow rate (lbs/hour) times the H2s 

concentration in the steam in parts per million (ppm). Recorded data will 

show the following: 

(1) Upstream of injection ports, the concentration of H2S in ppm 

(volume) and ppm (weight) 

(2) H2s concentrations in lbs/hr from the separator after applying 

abatement chemicals 

(3) Injection rates of NaOH 

(4) Amount and type of chemicals on site 

(5) Results of wet chemical tests 

Emissions of particulates from air drilling will be controlled by water 

injection into the blooie line. 

When drilling with mud, H2S emissions are not expected to be detectable since 

the mud will prevent discharge of pollutants from the well bore. 

-14-



Detailed Descriptions of Proposed 

Programs for Drilling, Casing, 

Cementing, Well Completion and Testing 

Tab A to Attachment 1 

Application For 

Permit to Dr-i 11 
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1. Drilling Program 



Geothermal Drilling Program 

Prepared by: Therma Source, Inc., Santa Rosa, CA 
Geothermal Drilling & Reservoir Consultants 

Operator: 

Well Data 

1) 

2) 

3) 

4) 

5) 

Seguence 

True Geothermal Energy Co., Casper, WY 

Location Kilauea Middle East Rift Zone (KMERZ) 
Puna District, Hawaii County, Hawaii 
Campbell Estate Property 
TMK 1-2-10:3 

Elevation Above Sea Level 1,500' 

Proposed Verticle Depth 8,000' to 14,000' 

Estimated Drilling Time 55 days 

Estimated Total Time 70 days 
(Rig up to completion 
of drilling) 

of Operations 

1. Construct drilling location with 8' x 8' x 4' cellar. Install 40' 
culvert to serve as conductor. Cement 40" culvert 4 to 5' above cellar 
floor. Cement floor of cellar and install drain to sump. 

2. R.ig up rotary drilling rig over center of culvert. Use culvert as a 
pitcher nipple and flowline. 

+ 3. Spud 36" hole and drill to 100'-. Use air hammer if available. 

4. Run 28" conductor pipe to total depth. Cement shoe with stab-in assembly 
through drill pipe. Install cement baskets on 28" casing. See attached 
28" Casing Running and Cementing Program for details. 

5. Install 28" blow out preventer on conductor as in attached Drawing 007. 
Test BOP to 100 psi for 15 minutes. 

6. Drill out 28" conductor with 26" bit. Use air hammer. Drill 26" hole 
with mud or air to 500' - 1,000'. Take directional survey every 200' to 
maintain as straight a hole as possible. Collect and log cuttings 
samples every 10 feet. 

7. If return circulation has been present during drilling, attempt to fill 
hole with water for logging. Log surface hole as indicated by geologist. 



8. Run 20" surface casing to total depth. Cement 20" casing as described in 
attached 20" Casing Ruinning and Cementing Program. See Drawing 002 for 
details. 

9. Install blow out preventers as in attached Drawing 008. Test preventers 
to 750 psi for 15 minutes. 

10. Drill out 20" casing with 17i" bit. Attempt to drill with mud. If 
unsuccessful, drill with air to 2,000-2,500'±, 200' below fluid level. 
Take directional survey every 200'±. Maintain as straight a hole as 
possible. Maximum deviation to be 5°. Maximum rate of change to be 1t0 

per 100'. 

11. Attempt to fill hole for logging. Log as indicated by geologist. Run 
multi-shot on conditioning trip before casing. 

12. Run 13-3/8" casing as a 1 iner to total depth. (If 20" casing is run only 
to 600'±, run 13-3/8" as a full string w/D. V.) Hang 13-3/8" 200'± up 
inside 20" casing. Cement 13-3/8" liner in one stage. Test and squeeze 
1 ap if necessary. Clean out to top of 1 i ner and run 13-3/8" tie-back 
string. Cement tie-back over entire interval. See attached 13-3/8" 
Liner and Tie-Back Running and Cementing Procedure for details and 
Drawings 003 and 004. 

13. Install blow out preventer system as in attached Drawing 009. Test 
preventers to 1500 psi for 15 minutes. 

14. Drill out cement from bottom of tie-back. Retest casing to 1500 psi. 

15. Condition fluid in hole to mud. Drill out all cement from 13-3/8" 
casing. 

16. Drill ahead with 12!" bit to reservoir temperature, approximately 
5,000-6,000'. Take directional survey every 20B'· Maintain as straight 
a.hole aB possible •. Maximum deviastion to be 8 • Maximum rate of change 
to be 1t per 100'. 

17. Run logs as indicated by geologist. Run multi-shot survey on condition 
trip before casing. 

18. Run 9-5/8" casing as a liner to total depth. Hang 9-5/8" 200' - up 
inside 13-3/8" casing. Cement 9-5/8" liner in one or two stages as 
indicated from circulating conditions. Test and squeeze lap as 
necessary. Clean out to top of 1 iner and run 9-5/8" tie-back string. 
Wait on 9-5/8" tie-back if 13-3/8" was run in an expansion spool. Cement 
tie-back over entire interval. See attached 9-5/8" Liner and Tie-Back 
Running and Cementing Program for details, and Drawings 005 and 006. 

19. Install 9-5/8" expansion spool and blow out preventers as in attached 
Drawing 010. Test preventers to 1500 psi for 15 minutes. 



20. Drill out cement from bottom of tie-back. Retest casing to 1500 psi. 

21. Drill out all cement with mud. Convert system to water. 

22. Blow out water with air and drill ahead with 8-3/4" bit to total depth or 
commercial production. 

23. Test well on short term (8 hours). Shut well in and run in hole with bit 
to check for fill. 

24. Run 7" slotted liner if indicated from bit run. See Drawing 001. 

25. Retest well on short term (8 hours). 

26. Run longs, pressure and temperature surveys. 

27. Run in hole and pull out, laying down drill pipe. Release rig. 

28. Perform long term test with mufflers and separators. 
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hermaSource Inc. 
) b<QlO • 5onloR~.CA~ 

D MU .. - .OGGING, 10EL.L.HE .. D lo OIRECTION .. L. PR~_.< .. M~ 
, .... 

True No 1 
OEI'Ttoo! t~TE ... VAL.. MUD TY .. E W£1G._.T .... YIEL..O .. M 

J>L,.UIO L.05S POl NT 

- 1M' Gel and Water 65*/ft. 3 --- 15 9.0 

)0 - 1000' Gel and Water or Air* 70~/ft. 3 10 cc 15 9.0 
)00' - 3_000' Gel and Water or Air* 7011 /ft. 3 10 cc 15 10.0 

)00 - 6000' Gel and Water or Air* 70N/ft. 3 3.2 cc 15 10.0 

)00 - i. D. Water or Air* 6511/ft. 3 br 3000 cf 

·'.Ill ... ' 

If .unable to maintain circulation due to lost circulation, first attempt to aerate system, 
hen attempt to drill with air with rotary bit or air hammer (see attached). If misting is 
equired, it may be necessary to increase air volume 30~. Misting mix should be fresh water 
ixed with 2-6 gal/10 bbls of Magcobar Foamer. Maintain a solution pH above 10.0 to inhibit 
orrosion. Use unisteam as outlined in special considerations. 

IGGINC. 

CEP'iM IN'T[RV.Al,.. I L.OC:. TYPES L.OC:. 5CAi..ES 

00 - 1000' I Temperature loa & 1 ocs as directed 1 " and 5" = 100' ' 
' _nnn_ - _3000 ' " " " " " " 
I 

" " " " " " 
iOQO - LD, " " " " " " 

J - T.D Samples every 10' 

111 logs to be determined by geologist. 

ELLHE.I.O .... WQflh(tHC PIII£SS.URE 
NOMI,..AL StZE .... TY_.E MAl(£ 

?6" 100 rlSi Sinole ram tvrle or hvdril 
I 

,n .. y ?n" 7Sn nd •WKM-20" S.O.\~.x21" 2000 WELLHEAD 

13-3/8" X 12" 1500 csi ~1 "x 2000 x 12" !ro N'I with 121" tor- WKM 

2'' X lD" 1500 csi 
~Mltlt~. ·"""· 

12" !n:J X 10" !n:J ~Sicrl stCOl with WKM 

1_0" X lQ" 1500 osi 10" bore lr1d 2-3 200 psi M,lets. WKM 
·~· ~~~~R-5e&i 

t ......... ~ W JWW • 

' 20" 600 API X 20" 600 API with 2 outlets weld-on flange w1ll due. 
*OPTIOtiAL 

IIRECTIONAL OR HRAIGHT·HOLE 

Jrill hole as straight as possible, taki.ng directional shot~ every 2oo•! from 0-6000' and on 
du61 bits after 6000'. 0-3000' maximimum deviation to be 5 , maximum rate of change ~o be 

' per 100'. 3000-6000' maximum deviation to be 8°, maximum rate of change to be 12 per 100 
,QQO'-T.D. monitor without control. 



2. Casing & Cementing 

I 



~rna Source Inc. 
u: QJ.o • Sonlo •'"<cac c,.t.. Qo5402 CASING, CEMENTING AND BOP PROCR.A..W.S 

~G PROGRAM 
I Sll. E 

?fi" I o•;~~.: I Conductor r Wh;ru!' No 1 
INTERVAL WEICH-4T GRACE JOINT TYPE 

C&I.CUI..ATI[O SAII'IET., ll'.a,CTCI~S 

LB/FT TO• 8UIIIS T OCT euiiiiS'l' COl,. I... T("'S'O,.. 

- loo·! 3/8" w LL. PLAIN END 

DESIGN CONDITIONS 
FACE BURS'T PR~SSURE - .... OUTSIDE MUO WT, ICOL.I..APSEI - .... , 
OE MUD WEIGMT IBURSTI - """ IN$10£ MUC WT. ICOL.L.AP$£1 - .... , 
'SIDE MUO WEI GMT !BURST! - """ FORM. PRESS. CRAO. AT St-tOE ICOt..LAPSEI - .. "" 
.c. GR•o. AT SHOE !BURST\ - """ SIA.XIAL I.OAO: COI-L. 0 BURST D BOUYANCY: YES 0 NO= 
IE~TIHG PROGRAM 

SLURRY OESCRIPTION AND PROPERTIES 

;o cu. ft. (218 sacks) of class G cement blended with 3% CaCl 

I OESIIIII[O TOJO 

Surface luc~;•O% 

F'T /!SLURRY NO.I 250 I 
I RAY VOL. • CU 

I RAY YIELD· CUBIC FEET /SACK 1.15 I 
lRRY DENSITY ·Ill N/cu. ft. 118 

+ 
CI<ENING TIME • OE PTM SC"V'HRS, MIN. 4 hours -
~PRESSIVE STRENG it-t· PSI/MOURS 1870 psi @ 10 pOF in 8 hours. 3885 psi @ 1 oocir in 24 hours. 

RUNNING AND CEMENTING INSTRUCTIONS 
E., C0'-1.."'11'~'11 A""O .JOI"'T STI't~""GT"~TIWG 

. Weld-on float co lar ocated 10' from bottom. 

. All joints should be welded . 

. Set casing on bottom. Put cement ports in pipe, 1 ' • 2 .• and 3' up . 

'"TIIIIAI.I'l(.IIIIIS """'0 ICfATC,""'I[I'tS• NIJW.I.I't, TY•l ANO I~ACING, 

·. No centra izers. 
Run one cement basket 10' up from bottom. 

i. Run one cement basket 50' up from bottom and one 15' below surface. 

II'I,.UI .... 011 .. 1-•C:I.Ioiii[H'T IIIIAT£ ... l~GI, "l~I-IIIIIOJAT'~ ll1C• 
. Stab into float co ar w1th ri 'p1pe. 

' Attempt to pump water around. .. 
Pump 200 cu. ft. Cac1 6 water, 100 cu. ft. fresh water, 200 cu. ft. Flo-Chek ahead of 
cement followed by Ge -gel then 100 cu. ft. cement. 

l!.llv•~ T~l,TING. ""Q '-"'""~'""G • 
1 ~11 1 annu1us Trom surface w1th ready mix concert until cement comes up to bottom of 

cellar. 
Wait on cement six hours before landin and cuttin off casin for blow out reventers. 

"' PROGRAM 
A .. , IT •C K wO-.K>NG. •• u ... u •• v ... T[.IT P•£SSUIIIIII[I • ... , I 

.,A .t,NG,(Ioii( .. T COO[. 1P IIIII£ ISUI't[. •o"(. TY .. I[ 
JoN""VI..AI"' TyiP£1-oT•TI"'C ""'f:.+.Ol .. ,.~_. rNC 1'41;1 IIIIAioll TYPE. 

1000 psi 25" See Drawing 007 --- 1 DO o s i I ---- I 



erma Source Inc. 
X. '17Jo • Sonto ~c.o CA 05402 

IIMC. PIOC.RJ.M 
INTE!ItVA~ 

CASINC. CEMENTINC AND 80P PROCRAI' 

j,•· z.' 
20" I """"" I 500-1,000 I 

W£1GMT GRACE JOINT TY~E 

C 1 n•·h,-,. fw'"" True No. 1 
C,t.I .. CU'-A'ti.O I•~I:T¥ -&CTOIIIIII 

L.8/,-T To• •v•sT •o T. •viii IT co ....... T£NI10"" 

- 10oo·! 106ppf K-55 Butress 3.31 9.21 1.64 9.99 

DESIGN CONDITIONS 

1=t F" ACE au•ST ISAESSURE - 750 .. s. OUTSIDE MUD WT, ICOt-I..A~SEI - 9.0 ""G 
~ICE MUO WEI GMT II!IUr=tSTI - 13.0 ""G INSIDE WIUD WT, ICOL.L.APS£1 - 0 ""G 
ITSIOE MUD WEtGMT II!IURSTI - 9.0 ""G FORM, PRESS. GAAO. AT SHOE ICOL.L.APSEl - ""G 
lAC. GAAO. Ai SHOE IBU .. STJ - 14.0 ""G BIAXIAL. L.OAO, ~~-. oo •u..sT m BOUYANCY: vuO NO[[) 

'MEMTIMC. PROCRJ.M 

SLURRY DE 

erelite cement 40\ 
tailed with cu ft. 

100\ 

.URRY VOL. • CU' "T / \SL.UARY NQ,) 300 
..,Ulli';RY YIEL.O • CUBIC F"EET/SACK 3.45 
'.URRY DENSITY • 

""ICKENING TIME· DEPTH 5CH./1-4RS, MIN, 

:OMPAESStVE STAENGT~ot • PSI/HOURS 

RUNNING AHD CEMENTING INSTRUCTION$ 

",". ab' pe loacted 40' up from bottom. Guide shoe on bottom. 
' Weld bottom of collars on bottom 4 joints. 
l. Clean and Bakerloc threads on bottom 4 joints. 
4. Tac-weld top of collars on last 2 joints. 

2. 

1. 
) 

'. 
2. 

-M:.-_ ·c'e";t'iaHze~"'fnNm,..Odl e•ot •sottom'Ntwo jointS, then One every Other tOOl joint On 
entire string except top 100'. 
Put centralizer cement baskets in middle of bottom 2 joints, one at 500' down, one at 
120', and 90' down from surface. 

Stab into float collar with drill pipe. Attempt to circulate with water. 
Pump 200 cu. ft. CaC1 2 water followed by 100 cu. ft. fresh water, 200 cu. ft. Flo-Chek, 
200 cu. ft. Geo-ge1, then cement slurries. 
Se a i 1 · 

Use 1" pipe in annulus of 20" and 26" to bring cement back to surface if necessary. 
Wait on cement six hours. 

P PROCRJ.M 
• .. , s,. •e"' I •0111•\N~ WI"''IWVW T&.ST •lllt:ISUIIIIE.J • ... , 

""'"' ..... c:; c ... c ... .,. eo or. ••c SSU,_E .01111 Tv•E 
' ••• ,,..e ... &.t ...... ,. ..... IE. ANNU~AIII TY.[ -.oTATIN~ .. £.a.0 • 

I 1000 psi 20" See Orawing 008 750 osi 750 osi ----



Thermo Source Inc. 
PO Sol 1136 • 5oNo 1'?010. CA. Q5.4C2 

20" CASING CEMENTING PROCEDURE 

1. Run 20" casing into hole with stab-in type cementing float 80' above 
guide shoe on bottom. 

2. Place a cement basket type centralizer in the middle of the bottom 
two joints. Place one 500' down and one just inside and one just 
outside the bottom of the 26" casing. 

3. 

4. 

5. 

Run in hole with drill pipe and stab into float. Pump enough water 
to fill drill pipe and 20" x 25" annulus two times. If no circulation, 
rroceed with cementing. See Drawing 002. Tie down casing prior to cementing. 

Pump 200 cu. ft. CaCl, water and 100 cu. ft. fresh water, foliowed by 
200 cu. ft. Halliburton Flo-Chek, 200 cu. ft. Geo-gel flush, then 
cement slurries for·Stage 1. 

If lead cements start coming out of annulus, immediately switch to 
tail slurry. 

6. Pull out drill pipe. Pull up one joint and displace cement out drill 
pipe. 

7. Pull drill pipe out of hole and wait on cement. If cement had come 
to surface up the annulus, check after six hours. Refill is necessary. 

8. If cement had not come to surface during primary cement job, which is 
likely the case, run into 26" x 20" annulus with 1" tubing down to 
upper cement basket. Pump in enough cement to fill 10 linear feet of 
26'' x 20" annulus, approximately 15.7 cu. ft. Pull up and wait on 
~ement. 

9. Go down and feel for cement top. 
fi 11 up 26" x 20" annul us to surface 
40~ silica flour and 0.5~ CFR-2. 

Repeat if necessary and then 
with class G cement blended with 

10. Wait on cement six hours and land 20" casing. Cut off 20" and 26" 
casing. Prepare to install wellhead assemblies. 
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~mo.:>ource 1nc. 
ca Ql6 • Sclrfo l«»o CA 95402 CA$1NG, CEMENTING AND BOP PROGRAM$ 

I .... , 3-3/R" 
I 01(-T ... I 1··;~ue No J I~G PIOGRAM ROO 0:~: •I -Bad ' 

i 

IN'TEIItV.A.L.. WEIGHT 
G"ACIE JOINT TYPE eAI.CI,II,.IITE.CI SA,-ETY ""CTOiltl 

L.B/FT To• aullllsT •oT. •u•s-r CO!.. I.- T£ ... 1'0"" 

- Boo·: 54.5 K-55 ButtrP~~ L.Z9* 1.54 3.04 q_gq 

*Calcu lated usir lo fr~· It,.,.,. · 
gradi 1 nt with 3-3/8' 1 iner 
~"~~ ,. ~uuu 

DESIGN CONDITIONS • 
H'AC£ BuRST _.,.ESSUAE - 1 c;nn .. $1 OUTSIOIE MUD WT, fCOL.L.APSEI - 9.0 PPC 

ICE MUO WEIGtotT 18U .. STl - ,, n ""G INSIDE WUD WT. fCOL.L.AftSE.l - n PPC 

TS!OE MUO WEIGHT t8URSTI - 8.1i ""C '01111M. Pflt~SS. GfltAO. AT SHOE lCOI...L.APSEl - PPG 1 

AC, Gill: A. C. AT SHO£ IBURSTl - 14.0 ""C BIAXIAL. L.OAO: COLL.. [] au..,.,. GJ 8C)UYANCY: YES 0 NO GJ 
ME~TI~G PROGRAM 

$LURRY DESCRIPTION AND PROPERTIES 
,.tilll.,_,. OE.IelllolltT•OH ,..,,..0 NU1o1181(1111o 

1059.8 cu. ft. (654 sacks) class G cement blended with 40~ silica flour and 0.5~ CFR-2. 

l OE.IIIIt[.O 'TO• 

Surface 1"'«3'o,; 
.URRY VOL.. • CU F"T I tSL.UIII:RV NO.I 1059.8 
.URRY YIEL..O ·CUBIC 'IEET/SACK 1.62 
.URAY DENSITY • .. *' cu. ft. 116 
"'ICI<EHING TU"E • OI!:P'Tiol SCH/IoiRS. MIN. 2 - 3 hours 
OMPAESSI\IE S'TIItENG'Tio4 • PSI/Io40Yflt5 ! 2323/8 hours 

RUNNING AND CEMENTING INSTRUCTIONS 
~011.. COP..P..&IIIIISI &.NO .10\NT STflllltNGTMII.HING 

1 . Run float collar 40' above tie-back sleeve on bottom. 
2. Clean and 8akerloc threads on bottom 4 joints. 
3. Tac-Weld top and bottom of collars on bottom 2 joints. 

lt""TIIIIAt.IZliiiiS 4NQ SC ... ATCMC.IIII:J • NVWelt ... , T't.l: AND .... CIN .. 

1. Run centralizer in midd e of bottom joint and one every other tool joint to surface 
except for top 100'. 

"II:~P..V:IM. D•S•t.•Ct:.wC""T ... T1.. •t-UGS. IIIIECI .... OC .. TION. ltTC. 

1. Circulate with fresh water. 
2. Run top plug only. 
3. See attached program for more detai 1. 

lll[.l:IUIIIIl TESTING ..... 0 P..ANOINCi 

1. Wait on cement six hours before landing and cutting off 13-3/8" for wellhead. 

. 
OP PROGRAM 

••• JT ACK WOIIIKINCO ••UNIWVW T&JT ••rsavllltr.:t. ••• 

·•••,..c.twc .. " eeoc ••tiSVIIIIIt eOIIIf. TT•E ... tNCMitJ .... .,.,.1[ AMNUJ.AIIII TY.I[ ""'TilloTI"'C. .. E•O 

1500Dsi lZ-3/8" _Se~ Drawi M. 009 lSOOos i 1500 osi ----



~maSource Inc. 
::. i2Jo • Santo ROIO CA Q5.402 CAS INC, CE .. ENTINC AND BOP P~OC~A"S 

IH(; PRO(;RAM , .... 13-3/8" I c•••• 3~ 2,000-2,50 Liner 
f•EL.I.. 

True No. 1 
INTERVAL.. WEIGHT G,_AOI!. JOINT TY~I!. 

CAI..C:UI.ATI.C IA,.I.,.,. "ACTOIItl 

1..../,.T 'TO., •uJIIIT •o"- •utllsT CO\.. I... TI:NIIO .. 

00 - zooo·'! 54.5 K-55 Buttress 1 . 58 2. 19 1.16 4.33 
000; - 3000' 61 0 K-55 Buttri!SS ? 47 ·:u:;7 1 10 Cj QQ 

DESIGN CONDITIONS . 
FACI!. BUIII:ST PlltESSUAE - 1500 .. SI OUTSIDE MUD WT, ICOL.L.AP'SEI - 9.0 "'"G 

OlE MUD WEIGHT 18UIIt5TI - 13.0 P"'G INSIDE MUD WT. ICOL.L.A .. SI!.i - 0 "'"G 

~SlOE MUO WEIGHT 18Uflt$TI - 8.6 "'"G FOIItM, .. RES$. GRAD. AT SHOE ICOI..i...APSEJ - PPG 

~C. GAAO, AT SHOE IBUASTI - 14.0 "'"'G BIAXIAL. L.OAO, COL.L.. DD BUOIST [X] 80UYANCY: YES 0 NO ITJ 
4EHTIHC PROCRAM 

JRRY 

URAY DENSITY • 

ICKENING TIME· DEPTH SCH/HA$, MIN, 

IMPAESSIVE STRENGTH • P$1/HOUIItS 

~UNNINC ANO CEWENTING IHST~UCTIONS 
>£, 

1. float shoe. 
2. Weld bottom of collars on bottom 4 joints. 
3. Clean and Bakerloc threads on bottom 4 joints. 
4. Tac-weld top of collars on last Z joints • 

.. lltAI..Il.'E.iiU fU • NV,..&pl, .,.., ..... fNC 1 .. 6CUrrtG , 
1. Hang up 1ns1ae 2u' cas1ng on dr1ll pipe. 
2. Run centralizer cement baskets in middle of bottom Z joints and one 10' up inside 20" 

casing and one just below stage collar if a stage is indicated . 
. 3. Run centralizers every other too 1 joint to bottom of 20" casing. 

2. 

. 3. 

AT[. •t.I.IG . I•ROCATIO""• E C. 

circulate water. 
Pump 200 cu.ft. CaCl water and 100 cu.ft. water, 
then 200 cu.ft. of G~o-gel, then cement slurries . 
See attached program for more detai.l. 

followed by 200 cu.ft. Flo-Chek 

·cemen~'"6 hours. Clean out cement from top of 13-3/8" 1 i ner. Test 1 ap to 
750 psi. Squeeze lap if necessary. Clean out and retest until a test is obtained. 

, PROCRAM 
•••STACK WQIItii.I""G MINIWUM TI.I'T ""liJUIIti:J • •11 

-;lt1116 .. GE;W(NT COOlE "'lll£SSUIIII. ao~~tr. ,,.,.1: 
••• IIOICMI:J JlliAM Tv•r. ANI'ofUI.AIIt Tv•t: "'ITATtl'fG MI:AO 
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1ermaSource Inc. 
!Ia< i:!lO • SO'<o Rooa. CA 0540:2 

13-3/8" LINER AND TIE-BACK 
RUNNING AND CEMENTING PROCEDURE 
(Run as a full string if 20" string 

was run shallow) 

1. Drill to casing depth. 

2. Attempt to fill hole with water and circulate. 

3. Rig up loggers and run logs as indicated by geologist. 

4. Run in hole with 17i" bit and monel drill collar. Attempt to condition 
hole for casing. Pull out and run multi-shot directional survey. 

5. Pick up 13-3/8" liner. If circulation was never achiev~d, then a 
stage collar should be installed at approximately 2000'-. Install 
cement basket type centralizers in the middle of the bottom two joints 
and one just below stage collar. Install one cement basket type 
centralizer 20' below 20" casing shoe and one 20' up inside 20" 
casing shoe. · 

6. Run liner in hole and hang same 200' up inside of 20" casing with shoe 
just off bottom. 

7. Attempt to circulate with two times total volume of fresh water. If 
unsuccessful, then proceed with cement job. See Drawing 003. 

8. 

9. 

10. 

11. 

12. 

Pump 200 cu. ft. CaC1 2 water and 100 cu. ft. fresh water, followed by 
200 cu. ft. Halliburton Flo-Chek, 200 cu. ft. Geo-gel flush, then 
cement slurries. for Stage 1. 

Release plugs and repeat preflush for Stage 2 and close cementing 
ports if necessary. 

Re1ease hanger and pull out of hole with setting tool. Wait on cement 
for six hours. 

Run inhole with 17i" bit and clean out excess cement, if any, from the 
top of the 13-3/8" liner. 

Test lap to 750 psi. If unable to get a test, trip to lay down bit, 
run in open ended. Squeeze lap with class G cement blended with 40~ 
silica flour and 0.5~ CFR-2 using pipe rams. 

13. Re-squeeze until a squeeze pressure is achieved. Fill hole with water. 

14. Drill out excess cement:with 17i" bit and retest lap to 750 psi. 

15. If successful in testing 'lap, run in hole with 121" bit and 13-3/8" 
casing scraper to clean out tie-back sleeve. · 

16. Pick up 13-3/8" tie-back with float collar located 40' above tie-back 
stinger on bottom. See Drawing 004. 

17. Run tie-back strin9 in hole and land same in sleeve at hanger. 



13-3/8" Liner and Tie-Back 
Running and c ... nting Procedure 
P~ez 

18. Circulate around with fresh water, then run cement slurry. Use top 
plug only. • 

.19. Wait on cement six hours. If after six hours cement is not to surface 
level in 13-3/8" X 20" annulUS, insert 1" tubing and bring it back 
to surface with cement. 

20. Cut off 20" and 13-3/8" casing strings. Install wellhead and blow 
out preventers as in Drawing 009. 



1ermaSoun:e Inc. 
lloo <236 • Scno"""" CA 0>402 

SIHG PltOGRAM 
INTEIII:VAL. 

CASING CEMENTING AND BOP PROGRAI' 
I II z I. 

9-5/8" 
f OlE~ T"' 

28oo•! I Tie Back J ••;;uP No.1 
WIEIGHT Gilt ACE JOINT TY~E C.&&..Cr.~&,.ATI.I) IAII'IlTV II'ACTOIItl 

~8/f'T T-o• eu,UT •oT, •u•IT COl,.\.. Ta. .... ,o ... 

- 2800' ?0 L-80 Buttress 2.53 2.35 1.40 4 85 

hld = thls s_trina until 
after test) DESIGN CONDITIONS 

""ACE au .. ST ~llt~SSUIIIE - 1500 PSI OUTSIDE MUD WT. ICO~L.A~SIEJ - 9.0 P"G 
tiDE MUD WEIGMT 18UJIIISTI - 1~ n ""G INSIDE MUD WT, ICO&..L.A~SEl - n ""G 
·TSIOE MUD WEIGHT IIIU .. STI - 9.0 PPG ftOIIIM. ~-ESS. GIII:AO. AT SHOE ICOL.L..A~SIEJ - ""G 
lAC. G"AD. AT SHOE IBU"STI - 14.25 P"G aiAXIA'- I..OAD: COI.L.,IXJ BU..ST [i) 80UYANCY' YES 0 NO [j] 

MEHTIHG PROGRAM 

S~URRY DESCRIPTION AND PROPERTIES 
yAIIIII'f ~o~I.•CAI~ oO ... IA"'CI NUW.I.AI 

1140 cu. ft. (704 sacks) class G cement blended with 40~ silica flour and 0.5~ CFR-2. 

I OI.St .. &O TO• 

Surface ,···;~~ 
.U .. III:Y VOL.. • CU F'T /ISL.UIItiiiiY .NO.I 1140 
.UIII:AY YIEL.O • CUIIIC 'IEET/SACK 1.62 
. UAIIIY DENSITY· 11/cu . ft. 116 
'41CJCIENING TIME • OE~TM SCH/HIIIS, MIN. 2 - 3 hours 
:)MII",..ESSIVE STJII£NGTH • PSI/HOUIItS !2323 psi/8 hOL Irs 

RUNNING AND CEMENTING INSTRUCTIONS 
IOC, COLI.&IItlll &NO oiOIN'T JT11tiNC1'MCNING 

1. Run float collar 40'above tie-back sleeve on bottom. 
2. Clean and Bakerloc threads on bottom 4 joints. 
3. Tac-weld top and bottom of collars on bottom 2 joints. 

t ... 1'11t&1.1Z.EIItl &NO aCIIA'TCM&IItJ • NIJM•C•. 1'Ta& AND t•ACING 

1. Run centralizers in middle of bottom joint and one every other tool joint to surface, 
except for top 100'. 

lti:: ... LIJIM, Olt•r.&CCWCNT llll&TI., ar.,~o~lla, IIII.CiatltOC&TION, ETC. 

1. Circulate with fresh water. 
2. Run top plug only. 
3. See attached program for more detai 1. 

llllJJulltC T&tTINO &NO LANOING 

1. Wait on cement six hours before landing and cutting off 9-5/8" for expansion spool 
and blow out preventers. 

. 
lP PROGRAM 

.... , 11'AC" "011t1UNG .......... u ... TCJT .,IIICJJUIIICJ • .,., 

AIIIIII"'NGlWt;:""'T COOl "'"C:ISUliiiC • 011111. TTa& ••• INC,..It ..... .,. TV.,& ......... UL"'illl TV.,C: IIIIOTAT'ING MllAO 

1500 psi 8-3/4" See Drawinq 010 1500 psi 1500 osi 1000 psi 
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·-· ···----· -- ....... CASING, CE"ENTINC ANO BOP PROCRAY.S 

SIHC PIOCRAM 
, .. ~.~ 

-S/8" 
_f OC"'T" 

6000'! 1 ner 
J •• ,, 

True No 1 
,.;;I GMT . 

CALCU~o...t.T&.D IA~CT• _.ACTO._I INTIIIItVAL. 
L./I"T GIIIADE JOINT TY~E 

TO• au11111T •oT. •u••" COL , T&MIIOH 

'800 - 3300 36 K-55 LT&C or Buttress 2.56 2.54 1.16 3_.88 
l30D - 4500 40 K-55 L T&C or 81•++,.·~s 2.82 2.74 , . 1,; 5 lQ 

1500 - 6000 40 N-80 LT&C or Buttress 3.95 3.52 1.10 9.99 

DESIGN CONDITIONS L 

lltF'ACE •ulltST ~ .. ESSullt£ - 1500 "'SI OUTSIOII MUD WT. ICOLLA~$111 - 9.0 "'"'G 

,1011 MUO Wl!tGMT I.UIItSTl - 13.0 "'"'G INSIDE MUD WT. tCOL..LA~S£1 - 0 ooooG 

ITSICI! MUD WI!IGMT I.U .. STI - 9.0 "'"'G "OIItM. ~llti!SS. GlltAO. AT SHOll ICOL..L..A~SEI - OOOOG 

lAC. GlltAC. AT SHOE t•UIItSTI - 14.25 OOOOG 81AXIAI. LOAD: C:OU.., [J 8UOIST (YI BOUYANCY' YU 0 NO CiJ 
:WEHTIHC PROGRoUol 

S~URRT DESCRIPTION AND PROPERTIES 
UIIU,,. ~o~l.:t .. ,.l. 10NIAN0 NUW.I,IIIII 

1649 cu. ft. (478 sacks) class G cement blended with 50# per sack of cement of SJLherelite 
~0~ silica flour, 5~ h,t:drated lime 1 4~ ge 1, 1~ CFR-2 and 0.5~ Halad-22A. Tailed with 300 
:u. ft. (185 sacks) of class G cement blended with 40S silica flour and 0.5~ CFR-2 

J D&IU,&D TO• 

2800' 
Jl.aCEU 

100~ 

.UIItlltY VOL.. • CU ,T /ISL..UIIIUitY N0.1 1649 300 

.UFIIIItY YIEL.D • CUBIC ,.EET/SACK 3.45 1.62 

.UIIt._Y DENSITY • ~~G 82 116 
"IICIC.I!NING TIM£ • OE~TM SCM/MillS. MIN. 4 hours 2-3 hours 
)M~IItESIIVE STIItiiNGTM • ~SI/HOUIItS 

RUNNING ANO CE .. ENTING INSTRUCTIONS 
tOll.. CDLLAIIIIIII AND ..t01Ml ITIIIII.NGT!"'of.NIN41o 

1. Run float collar 80'- above float shoe. 
2. Weld bottom of collars on bottom 4 joints. 
3. Clean and Bakerloc threads on bottom 4 joints. 
4. Tac-weld top of collars on last 2 joints. 
E"'T"ALIIUta ,.,.p ICllltA"b"~• • Nuw•c• • .,.,.,3"'~/§Acn•• . 1. Hang l1ner 2 0- up ins1de - casing on drill p1pe. 

up inside 13-3/B" 2. Run centralizer cement baskets in middle of bottom 2 joints and one 10' 

3. 
casing and one just below stage collar is a stage is indicated. 
Run a centralizer every other tool joint to bottom of 13-3/8" casing. 

lC~LUIIOI. Oll .. lo.AC~W&IoiT •AT~ .. l.U41ol, •&Ct•IIIIOCATIO .... &TC. 

1. Attempt to circulate with water. 
2. Pump ZOO cu. ft. C aC 12 water f o 11 owed by 1 00 cu. ft. fresh water, then 200 cu. ft; 

Halliburton Flo-Chek, then ZOO cu. ft. of Geo-gel then cement slurries. 
3. See attached program for more deta\1. 

1&JJUlllt\i TCJTI"'41o ... 0 LANliMG. 
hours. Clean out cement from top of 9-5/8" liner. Test lap to . a1t on cemen s1x 

1000 psi. Squeeze lap if necessary. Clean out and retest until a test is obtained. 

. 
OP PROCRoUol 

A ... l ITA(-. •OIIIIKtNG .. ._':::::V .. T&:tT ... lllti:JSUACI • •11 

"JII AHG CWI:NT COOl: •IIICIIUIIIII: .,.,.,& 
••• I"'CH&I ........ T.,..,c AN"'UL AJII T•• C IIIIOT&TI ..... NCAO 

NO CHANGE UNTIL TIE-BA ~K 
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SLURRY YIELD SLURRY WT. WATER REQ. 
TYPE OF OPERATION SLURRY NO. CEMENT SLURRY USED CU. FT./SACK l8S/CU. FT. CU. FT. /SAU 

Conductor I API Class G and 31 cac1 2 I. 15 118 D.67 

Surface 2 APi Class G and SDI sacks Spherellte 3.45 82 1.50 
and 401 SSA-1 and 51 hydrated 11-e 
and 41 gel and 11 CFR-2 and 0.51 
Halad 22-A 

liner 3 Tail In API Class G ce.ent and 31 CaC1 2 1.15 118 .6' 

Liner z API Class G and 501 sacks Spherelite 3.45 82 1.50 
and 401 SSA-1 and 51 hydrated 11.e 
and 41 gel and II CFR-2 and 0.51 
Halad 22-A 

Uner 4 Tall In API Class G and 401 SSA-1 1.62 116 .91 
and 0.51 CFR-2 

TieBack 4 API Class G and 401 SSA-1 and 1.62 116 .91 
0.51 CFR-Z 

Whipstock Plug 5 API Class G and 401 SSA-1 and 
0.751 CFR-2 retarder 

1.49 121 .78 

Whipstock Plug 6 API Class G and 151 SSA-1 and 151 SSA-2 1.28 126 .63 
and 0.751 CFR-2 and retarder 

• 



erma Source Inc. 
ca12J6 • Sane llcoo CA ~ CASING CEMENTING AND IIOP PROGRAM! 

L .. nk and 
·IHG PROGRAM 

, •. 'll 
7" 

I Oll .. T" 

T.D. I Slotted Liner 
,.c .... 

True No. 1 
INTI:IItVA.l- WEIGHT GIIIADI! JOINT TY"IE 

CA&..CU .. ATIEO IA .. I:T'I' ... CTOIIIS 

La/.-T To.- au1111T •oT. ••.nuT COLL. Tll .. IIOH 

300' - 12,000' 29 L-80 LT & C s L 0 , T E 0 3.32 

DESIGN CONDITIONS 

t,ACE BUJIST PIIIIE.SSUIIIIE - ""' OUTSIDE MUD WT •. ICOLI.A~SEI c "'"'G 
;QI[ MUD wEIGioC'!' !aUIItSTI - "'"'G INSIDE MUD WT. ICOI..L.A"II:I - "'"'G 
1"510£ MUD WEIGtotT I BURST! - "'"'G '011tM, Plllti!SS. GlltAO, AT SMOE. ICOL.L..AII"SEI - "'"'G 
I.C:. GlltAO. AT SHOE 18UIItSTI - "'"G BOAXIAL LOAD: COLL. 0 BUlaT 0 80UYANCY: YES 0 NOD 

IEHTIHG PROGRAM 

SLURRY DESCRIPTION AND PROPERTIES 
",. .... ac.••• ION I ANO •UW.I,IIIll 

J CEMENT 

l ocs••&o To• I rr.accts 

tl=llltY vo~ ... cu ,.T /ISI.UIItlltY NO,) 

IRfi':Y YIEL.D • CUBIC 'EET/SACK 

IRIItY DENSITY • PPG 

ICKENING TIME • DEPTH SCH./HIItS, MIN, 

.-PIIIIESSIVE STIIII!NGTH • .. 51/HOUIIt$ 

RUNNING AND CEMENTING INSTRUCTIONS 

II., CO~r.~"•II, .... NO JOI~b6'llllllNGTI"CNI,.cfl • ang 1ner up 1ns1 e 9-5/8" casing with drill pipe. 
. No centralizers to be run. 
. Locate slots opposite potentially productive zone . 

. 
•T,.Ai.IZ.I:"'S A"O IC.,.4TCN!llltl • NtJMe&.-, T'I'~C. ANO I~ACING 

0 cement. 
ash performations if necessary. 

t~&.UIN, Ctti .. I.AC~M&JoiT AATil, •r.w•a. III&CUIIIliOCATION, &TC, 

o test 

tSSUIIIIK. TliTING ANO lo.ANOIN& 

P PROGRAM 
.... , ITACit WOI'tllli""C .......... u ... TI.IT •1111£JIUIIIICI ~ ... , 

III"A"'c;;E .. I:NT COOl; •IIIEII1JIItC. •ollll& .,,. ... 
••• INC ... C.S ..... ,,. .. 1: ........... II .. A" .,., .. , IIIOTAT\...cl MC•O 

NO CHANGE IN BLOW OUT PREVENTERS 
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3. Blow Out Preventers 

~ 

Special Considerations 
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PIPE AND BOP INSPECTION 

SPECIAL CONSIDERATIONS 

The initial acceptance of drill pipe should be based on an AAODC-­
API Class II specification inspection. A]l 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). 

All drill collar end areas should be magnetic particle 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 

Minimum air and pressure requirements are 3000 scfm at BOO psig 
for rotary drilling. One stand-by unit wi 11 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-lSO,OOO 
lSO,OOO-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 



Special Considerations 
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AIR HAMMER INFORMATION 

In the event of serious lost circulation or very hard formations, 
an air hlllllltr uy be used. Air h-rs are available for various 
size hole diameters. They require air volu.es to operate as follows: 

26" Hammer 6000-7000*scf•**t 160-350 psi 
17i" H .... r 3000 scf• t 160-350 psi 
121• H-r 1500 scf• t 160-400 psi 
* This air requirement ••Y be reduced to 2000 scf• by using an accelerator pipe. 

•* Standard cubic foot (air) per •inute 

Stabilization is available to· uintain a straight hole. Foamer 
is commonly used to assist hole cleaning when using air h...er. 

AUXILIARY EQUIPMENT 

1. Six pen drilling recorder with: a) string weight> b) rpat> cl 
rotary torque> d) rate of penetration• e) PUlP pressure• f) PIIIIP 
strokes broad. 

2. Special rotating head, capable of stripping 12i" and 8-3/4" BHAs, 
complete with spare rotating head stripper drive bushing usably. 
run cold water continuously on head while in ste ... 

3. Use square kelly with above. 

4. Use tong torque asse.bly for uking up collars. 

5. Temperatures should be taken with every directional survey. 

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

7. In and out tt~~Peratures, both of .,d and air, shall be recorded 
in the Tour Reports every 30 feet prior to rig up of .,d loggers. 
All ste..Vwater entries shall be recorded in the Tour Reports. 

8. Periodic tests uy be conducted to deter.ine well potential. 
Drilling wi 11 be stopped and the ho 1 e 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 MSter valve working pressure varies with tltiiPeratures • 
of fluids. 

900 Series Valve: 

No &~~~~Perature 
550 F 
600° F 
650° F 

2160 psi 
1775 psi 
1660 psi 
1550 psi 

Outside packing glands should be used above 600° F. 

Beveled gear valves should be used. 

HYDROGEN SULFIDE MONITORING 

Hydrogen sulfide .onitoring should be Mintained during the drilling 
of the well. Detectors should be placed on the rig floor, cellar 
area, and flowline region to detect llld announce (with alarms) the 
presence of hydrogen sulfide. These .onitors are typically provided 
by and Mintained daily by the geothenNl data loggers. Proper function­
ing of these .onitors is essential in M1nta1ning a safe working 
enviro,.nt. 
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TANGENTIAL MUFFLER 

Attached is a drawing of the Tangential Muffler/Separator to: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, with a 6' diameter stack that extends 16' above the 1o·· 
chamber. The principle behind this type of device is that the discharge 
from the well (ambient air circulated 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 fall out of the funnel-type 
structure located at the bottom of the muffler/separator and are channeled 
to the disposal sump. The air 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 
b 1 ooi e 1 i ne, i.e. , the piece of pipe that connects the we 11 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 blooie 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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4, Well Testing 



WELL TESTING 

l. Objectives 

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

A. Evaluate the producing capabilities of the reservoir (aquifer). 
The well should be produced at or above pre-determined conmercial 
rates to ensure representative 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 (Pl), 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 reservoir is very small. The well test should 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 part of the test objectives. 

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 steam quality cannot be estimated. 

B. Short Te.rm Test. Short term is defined as less than a 
month. This procedure involves using a steam/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 
1 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 
bcttomhole 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 defined 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, steam 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 Stem Test. Drill stem 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 stem testing, 
particularly .ir: high termperature wells, is packer 
failure. 



3. Recommended Test Procedure for True Geothermal Well Mo. 1 

During drilling and/or immediately after total depth has been 
reached, a rig test is recommended to determine whether the we 11 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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