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HAWAII GEOTHERMAL PROJECT

- State's High Dependence on Petroleum

- Geothermal Development on the Big Island

- Kil auea East Ri ft Zone (!Ot1'T1 ~ VV" ""

HGP-A WELL INFORMATION
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- Completed 1976

- Depth of 6450 Feet (1966 Meters)

- Cement Casing to 3000 Feet (915 Meters)

- Slotted Liner from 3000 Feet to Bottomhole

- Static Bottomhole Temperature 676°F (358°C)
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CHRONOLOGY OF HGP-A DEVELOPMENT

1973

1973-1975

1975-1976

1976-1977

1978-1980

1979

1980

1981

1983

1985

Hawaii Geothermal Project Award

Geothermal Feasibility and Appraisal

Drilling Program

Well Test Analysis and Reservoir Engineering

HGP Power Plant Design and Construction

Well Re-Work - Cement and Extend Casing

Well Test Analysis

HGP-A Electrical Power Production Initiated

Power Plant Maintenance

Power Plant Maintenance



TABLE 11

SUMMARY OF PRELIMINARY TEST RESULTS AND ANALYSES

KAPOHO GEOTHERMAL RESERVOIR

1. LIQUID-DOMINATED

2. TIGHT FORMATION: PERMEABILITY THICKNESS-IOOO MD-FT

3. VERY HIGH TEMPERATURES-350°C

4. SLIGHTLY BRACKISH WATER

5. POTENTIALLY LARGE RESERVOIR

6. HIGH SILICA CONTENT

HGP-A GEOTHERMAL WELL

1. DURING FLASH BOREHOLE CONTAINS STEAM AND WATER AT SATURATION

2. FLASHING OCCURS IN FORMATION

3. HIGH WELLHEAD PRESSURES-160 PSI AT 55 KLB(HR STEAM OR
375 PSI AT 39 KLB/HR STEAM

4. PRODUCING REGIONS PROBABLY NEAR BOTTOM HOLE AND 4300 FEET

5. PROBABLY HAS SEVERE SKIN DAMAGE

6 I POTENT IAL POWER OUTPUT - 3.5 MWE

7, FLOWS HAVE INCREASED WITH EACH TEST



BRINE CHEMISTRY

Silica, 5102*

- Sodium, Na

- Potassium, K

- Magnesium. Hg

- Calcium, Ca

- Chloride. C1

- Heavy Metals

* 400 Dry Lb/Day

95-99%

0.247%

0.13%

0.025%

0.27%

0.25%

<1.00%

BRINE CHEMISTRY - HEAVY METALS

Absolute Leachable

- Arsenic, As 0.03 ppm 0.005 ppm

@ - Mercury, H9 0.2 0.0006

- Selenium, Se 0.2 0.014

- Lead. Pb 0.35 0.036

- Iron, Fe 300.0 0.4
;- Aluminum, Al 0.23 Not Determined

STEAM CHEMISTRY: NON-CONDENSIBLE GAS

Lb/Hr Percent

(fj) - Carbon Dioxide, CO2 72.72 48.9

- Hydrogen Sulfide, H2S* 64.18 43.2

- Nitrogen, N2 10.97 7.3

- Hydrogen, H2 0.82 0.6

148.69
*<10 ppm



BRINE CHEMISTRY

- Silica, Si02*

- Sodium, Na

- Potassium, K

- Magnesium, Mg

- Calcium, Ca

- Chloride, Cl

- Heavy Metals

* 400 Dry Lb/Day

95-99%

0.247%

0.13%

0.025%

0.27%

0.25%

<1.00%

BRINE CHEMISTRY - HEAVY METALS

Absolute Leachable

- Arsenic, As 0.03 ppm 0.005 ppm

@ - Mercury, Hg 0.2 0.0006

- Selenium, Se 0.2 0.014

- Lead, Pb 0.35 0.036

- Iron, Fe 300.0 0.4

- Aluminum, Al 0.23 Not Determined

STEAM CHEMISTRY: NON-CONDENSIBLE GAS

Lb/Hr Percent

- Carbon Dioxide, CO2 72.72 48.9

- Hydrogen Sulfide, H2S* 64.18 43.2

- Nitrogen, N2 10.97 7.3

- Hydrogen, H2 0.82 0.6

148.69
*<10 ppm



HGP-A WELL PRODUCTION INFORMATION

Production Capability 110,000 LbjHr (49,900 KgjHr)

Two-Phase Fluid - 43% Steam
57% Liquid

Wellhead Pressure 175 Psia (1222 kPaa)

Welhead Temperature 370°F (ISS0C)

3000 KWe Power Plant

LEGEND

1 PRe Site
2 Wellhead
'3 ·Separator
4 Caustic Tanks
5 Po.-er Plant
6 H S Abatement
7 (;601 ing Tower
a Detention Pond
9 Settling Pond

10 Visitor Center
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HGP-A POWER PLANT SUMMARY
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HGP-A POWER PLANT SUMMARY
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HGP-A POWER PLANT SUMMARY
Ol'l-Une Avallabmty
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HGP-A POWER PLANT SUMMARY
Net Electrical Gene,.atlon
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POWER PLANT OPERATING EXPERIENCES
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35% of Total Shutdowns

31% of Total Time Off

- Scale Deposits was Found to Consist of

Silicates - Primarily in Brine Lines

- Since August 1983, 95% On-Line Availability

- Shutdowns were <24 Hours, Averaging 6 Hours

- Primary Problem was Transmission Beyond Power Plant ~

Metal Sulfides Materials - Steam Lines
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CONCLUSIONS

- Chemical Data Suggest Presence of High Temperature Resource

Increasing Salinity of the Brine Phase

Indicates Seawater Intrusion

- Chemistry of Brine Phase Strongly Influences Scaling

- Access of OxYgen in Steam Phase will Increase Rate of

Corrosion and Iron Sulfide Formation

RECOMMENDATIONS

To Eliminate Silica Problems on Surface

Case Well to Allow Only Dry Steam Reservoir

- Silica Deposit in Brine can be Minimized with

Close Control over Where and When Boiling and pH

Changes Occur

- Exclusion of Oxygen from Steam Handling System

. will Reduce Rate of Iron Sulfide Deposits and

Rate of Oxygen Mediated Corrosion

- Knowledge of Fluid Chemistry is Critical for Design,

Operation, and Maintenance of Power Plant
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