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Puna Geothermal Venture Biological Resources Update 

INTRODUCTION 
Puna Geothermal Resources (PGV) is in the process of renewing Underground Injection Control 
(UIC) Environmental Protection Agency (EPA) Region 9 Permit No. HI596002. PGV is currently 
operating 5 Class V geothermal injection wells and is proposing to add 11 additional injection 
wells as included in the application.  

PGV is in receipt of the Species List letter dated March 23, 2020 from the United States Fish and 
Wildlife Service (USFWS). PGV has reviewed the list and prepared this document to update the 
status of current habitat conditions present after the 2018 eruption, provide an analysis as to 
whether potential habitat for each of the species is present, and to provide input on which 
recommended mitigation measures are applicable for species protection and will be implemented 
by PGV. 

CURRENT HABITAT AND SOIL CONDITIONS 
The additional disturbance and new wells would be installed on two well pads (A and E) as 
shown in the figure below. All of the wells to be located on Well Pad A are within areas recently 
covered by 2018 eruption lava flow or on previously disturbed areas. There is no vegetation on 
the pads and within the proposed operation areas. The photo below shows an example of current 
pad conditions where operations would take place. 

Surrounding habitat includes some areas with native grasses and shrubs. In higher elevations where 
the lava flow did not reach there is a mixed forest. A species list of the documented species is 
attached for reference to represent the plant species present in surrounding areas (Attachment A). 
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Puna Geothermal Venture Biological Resources Update 

Figure 1 – Operation Areas 

Example of Well Pad Conditions 
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Puna Geothermal Venture Biological Resources Update 

SPECIES EVALUATION 
Table 1 that describes the preferred habitat of the species provided in the Species List and an evaluation of the potential for occurrence and utilization of the operations area and surrounding habitat.  

Table 1 
Sensitive Species 

Observed or Potentially Occurring in the Project Area 

Status Recommended Recommended Effects 
Species Federal/State Habitat Potential for Occurrence Mitigation Determination 

Implemented 
Plants 
Haiwale Federally Moist shaded sites in wet and sometimes None. Project is out of range of species, no No No effect 
Cyrtanda nanawaleensis Endangered/State mesic forest. suitable habitat. 

not listed 
Hilo murainagrass 
Ischaemum byrone 

Federally 
endangered/ State 
endangered 

On rocks near the ocean and sometimes 
further inland up to 250 feet.  

None. Project is out of range of species, no 
suitable habitat. 

No No effect 

Hawaiian hawk Federally Forest habitats. Nests predominantly in High, foraging only in project area, no nesting Yes May effect, 
Buteo solitarius delisted/State-listed Ohia trees. habitat present in operations area. but not likely to affect 

as Endangered 
Hawaiian petrel Federally Nests in lower alpine or subalpine slopes of Low, known range outside of project area Partial May effect, 
Pterodroma sandwichensis endangered/State Mauna Loa. including possible flyways from breeding areas. but not likely to affect 

endangered 

Birds 

Band-rumped storm petrel Federally Nests in crevices or holes in cliff faces and None, known range outside of project area Partial No effect 
Oceanodroma castro endangered/State remote lava flows that are extremely including possible flyways from breeding areas. 

endangered difficult to access. No active nests have been found on the island 
of Hawai’i. 

Newell’s shearwater Federally Nests in burrows beneath ferns and tree Low, known range outside of project area Partial May effect, 
Puffinus auricularis newelli endangered/State roots in dense forest and on steep slopes including possible flyways from breeding areas. but not likely to affect 

threatened and cliffs. 
Hawaiian goose Federally Open areas – pastures, golf courses, Moderate, suitable habitat available, outside of Yes May effect, 
Branta (Nesochen) sandvicensis threatened/State wetlands, natural grasslands and shrublands, operations area. but not likely to affect 

endangered and lava flows 

Hawaiian hoary bat Federally Exotic and native woody vegetation over Low, potential to occur outside of operations Yes May effect, 
Antrozous pallidus endangered/State 15 feet tall area. but not likely to affect 

endangered 

Mammals 
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Puna Geothermal Venture Biological Resources Update 

MITIGATION MEASURES EVALUATION 

4.1 PLANTS 

Listed Plants 

There are no listed plants within the project area/operations area, therefore the mitigation 
measures listed in the Species List are not applicable.  

Biosecurity and Invasive Species 

PGV is currently and will comply with the Biosecurity Protocols provided. 

4.2 BIRDS 

Hawaiian Hawk 

PGV will comply with the recommended mitigation measures as listed below and coordinate with 
the Department of Land and Natural Resources, Division of Forestry and Wildlife. 

 If work must be conducted during the March 1 through September 30 Hawaiian hawk 
breeding season, have a biologist familiar with the species conduct a nest search of the 
project footprint and surrounding areas immediately prior to the start of construction 
activities. o Pre-disturbance surveys for Hawaiian hawks are only valid for 14 days. If 
disturbance for the specific location does not occur within 14 days of the survey, conduct 
another survey.  

 No clearing of vegetation or construction activities should occur within 1,600 feet of any 
active Hawaiian hawk nest during the breeding season until the young have fledged.  

 Regardless of the time of year, trees containing a hawk nest should not be cut, as nests may 
be re-used during consecutive breeding seasons. 

Hawaiian Petrel, Newell’s Shearwater, and Band-rumped storm petrel  

Although there is none to low potential for these species to transit over the project area to 
breeding grounds and no breeding habitat is present within the project area or vicinity, PGV is 
already implementing the following recommended mitigation measure: 

 Fully shield all outdoor lights so the bulb can only be seen from below bulb height and 
only use when necessary.  
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Puna Geothermal Venture Biological Resources Update 

Due to the nature of the drilling operations, PGV will not implement the following recommended 
mitigation measure for safety reasons: 

 Install automatic motion sensor switches and controls on all outdoor lights or turn off lights 
when human activity is not occurring in the lighted area.  

Due to lack of potential for occurrence and impact, PGV will not implement the following 
mitigation measure: 

 Avoid nighttime construction during the seabird fledging period, September 15 through 
December 15.  

Hawaiian Goose 

PGV will comply with the recommended mitigation measures as listed below. 

 Do not approach, feed, or disturb Hawaiian geese. 

 If Hawaiian geese are observed loafing or foraging within the project area during the 
breeding season (September through April), have a biologist familiar with the nesting 
behavior of nene survey for nests in and around the project area prior to the resumption of 
any work. Repeat surveys after any subsequent delay of work of 3 or more days (during 
which the birds may attempt to nest). 

 Cease all work immediately and contact the Service for further guidance if a nest is 
discovered within a radius of 150 feet of proposed work, or a previously undiscovered 
nest is found within said radius after work begins.  

 In areas where Hawaiian geese are known to be present, post and implement reduced 
speed limits, and inform project personnel and contractors about the presence of 
endangered species on-site. 

4.3 MAMMALS 

Hawaiian Hoary Bat 

There is no roosting or hibernacula habitat within the operations area and no vegetation removal 
will be required. PGV will still agree to the following recommended mitigation measures. 

 Do not disturb, remove, or trim woody plants greater than 15 feet tall during the bat 
birthing and pup rearing season (June 1 through September 15). 

 Do not use barbed wire for fencing. 
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Puna Geothermal Venture Biological Resources Update 

CONCLUSION 
PGV appreciates continued coordination with the USFWS on the protection of sensitive and 
natural resources. Should you require additional information or have any questions please contact 
Ron Quesada at 1-808-965-6233 x52848 or rquesada@ormat.com. 
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Federal laws listed under 40 CFR §144.4 

(a) The Wild and Scenic Rivers Act, 16 U.S.C. 1273 et seq. Section 7 of the Act prohibits 
the Regional Administrator from assisting by license or otherwise the construction of any 
water resources project that would have a direct, adverse effect on the values for which a 
national wild and scenic river was established. Non-applicability 

(b) The National Historic Preservation Act of 1966, 16 U.S.C. 470 et seq. Section 106 of 
the Act and implementing regulations (36 CFR part 800) require the Regional Administrator, 
before issuing a license, to adopt measures when feasible to mitigate potential adverse 
effects of the licensed activity and properties listed or eligible for listing in the National 
Register of Historic Places. The Act's requirements are to be implemented in cooperation 
with State Historic Preservation Officers and upon notice to, and when appropriate, in 
consultation with the Advisory Council on Historic Preservation. Applicable, Refer to Puna 
Geothermal Venture 1987 Environmental Impact Statement and Attachment 1 DLNR 
Historic Preservation Review 

(c) The Endangered Species Act, 16 U.S.C. 1531 et seq. Section 7 of the Act and 
implementing regulations (50 CFR part 402) require the Regional Administrator to ensure, in 
consultation with the Secretary of the Interior or Commerce, that any action authorized by 
EPA is not likely to jeopardize the continued existence of any endangered or threatened 
species or adversely affect its critical habitat. Applicable, Refer to Puna Geothermal Venture 
1987 Environmental Impact Statement and Attachment 2 USFWS Species List 

(d) The Coastal Zone Management Act, 16 U.S.C. 1451 et seq. Section 307(c) of the Act 
and implementing regulations (15 CFR part 930) prohibit EPA from issuing a permit for an 
activity affecting land or water use in the coastal zone until the applicant certifies that the 
proposed activity complies with the State Coastal Zone Management program, and the 
State or its designated agency concurs with the certification (or the Secretary of Commerce 
overrides the States non-concurrence). Non-applicability 

(e) The Fish and Wildlife Coordination Act, 16 U.S.C. 661 et seq., requires the Regional 
Administrator, before issuing a permit proposing or authorizing the impoundment (with 
certain exemptions), diversion, or other control or modification of any body of water, consult 
with the appropriate State agency exercising jurisdiction over wildlife resources to conserve 
these resources. Non-applicability 

(f) Executive orders. Safe Drinking Water Act (42 U.S.C, 300f et seq.) Applicable, 
Environmental Protection Agency (EPA) Permit No.HI596002 
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PUNA GEOTHERMAL VENTURE 
INTRODUCTION 

I. Big Island Intro 

The Big island of Hawaii is the youngest of the Hawaiian Islands chain and is more than 

twice the size of all the other islands combined, but it is home to only 165,000 people. 

The development of clean and reliable alternative sources of energy is essential to the 

future of our state because Hawaii depends on imported oil for 90% of its energy needs. 

Solar and wind power, other emerging energy sources, and, of course, geothermal, 

should all be a part of the energy future of the Big Island.  And because the Big Island of 

Hawaii is growing faster than any other area of the state, it is even more important that 

we pursue all of these different energy options available to us that will reduce our 

dependency on imported oil. 

II. General Information 

PGV produces electric energy from a geothermal power plant and geothermal wellfield 

located on the Big Island of Hawaii. The project is located approximately 21 miles 

south of Hilo in the Puna District.  PGV is sited on about 500 acres of land in the 

Kapoho area of which approximately 25 acres house the facility.  The PGV facility is in 

the geologic region known as the East Rift Zone, found on the eastern flank of the 

Kilauea Volcano. 

Our modern facility supplies electric power to homes, businesses and a wide variety of 

consumers all across the Big Island.  PGV is the first commercial geothermal power 

plant in the state of Hawaii and is currently producing 38 megawatts of power…or 

enough electricity to meet the energy needs of over 38,000 Big Island residents and 

visitors. 
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In addition, the 30 plus people employed at PGV represent a real cross-section of the 

local community.  Our families own homes in the area, attend local schools and 

churches, and are members of numerous community organizations.  PGV also regularly 

contributes staff time and dollars to local programs and activities. And our annual 

payroll adds over $2 million to the local economy! 

III. Geothermal Energy 

Geothermal energy is heat energy that comes from beneath the surface of the earth. 

“Geo” means earth and “thermal” refers to heat.  Geothermal energy is produced from 

the natural heat that is stored deep below the earth’s crust.  In areas of volcanic 

activity, heat is brought to the near surface by intrusion into the earth’s crust of molten 

rock or lava, originating from great depths. 

In order to use this natural energy resource here in Hawaii, production wells are drilled 

far below the surface into the zone where geothermal heat can be extracted in the form 

of steam and hot water. 

Geothermal energy has been used to produce electricity since the early 1900’s and is in 

operation today in many parts of the United States, as well as in other parts of the 

world.  Hawaii has now joined the rest of the world. 

IV. Producing Power at PGV 

Producing electric power at PGV requires two things.  First, wells to extract the resource 

from the ground; and second, a power plant to convert the geothermal fluids to 

electricity. 

Once a resource is located, using geological information obtained from drilling 

exploratory wells and other scientific tests, deep wells are drilled into the geothermal 

resource zone. 

Drilling geothermal wells is similar to drilling oil wells. Wells are drilled using a drill rig 

and take about two months to complete. 
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PGV has two types of wells – production wells and injection wells.  Production wells 

have been drilled about 4000 to 7,000 feet deep into the geothermal reservoir. 

• Current Production Wells: 

o KS-5 

o KS-6 

o KS-9 

o KS-10 

o KS-14 

o KS-16 

After the power plant extracts energy from the geothermal fluids, they are returned into 

the injection wells, which are 6000 to 8,000 feet deep. The injection wells are 

structurally the same as production wells, with the difference being that injection wells 

encounter the geothermal resource at a greater depth. This greater depth makes the 

well more conducive to accepting the fluids back into the reservoir, which closes the 

loop and renews the resource. 

• Current Injection Wells: 

o KS-1A 

o KS-3 

o KS-11 

o KS-13 

o KS-15 

As part of the renewal application, first submitted to EPA on October 29, 2015 and 

updated in January 2020, PGV seeks to increase the number of injection wells. The 

following is a list of the potential new wells: 

• Proposed Injection Wells 

o KS-17 

o KS-18 

o KS-19 

o KS-20 

o KS-21 

o KS-22 

o KS-23 

o KS-24 

o KS-25 
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o KS-26 

o KS-27 

Refer to System Operating Procedure (SOP) PGV Geothermal Well Distinction on page 6. 

Anything that we extract from our production wells is put back into the ground through 

these injection wells.  We call this our “closed system.” Our injection wells are below 

the geothermal production zone and are far below the water table. 

Once the drilling process is completed, power production commences by flowing 

geothermal fluids from one or more of the production wells. Flow from these wells is 

controlled by pressure control valves at each well to maintain the design pressure at the 

power plant steam turbines. 

The geothermal fluid is first directed through a flash separator to separate the steam 

and hot brine. The steam is piped into a (steam) power plant to be used by our 

geothermal energy conversion units and the geothermal hot brine is directed into the 

second (brine) power plant which routes the hot brine through heat exchangers to 

transfer heat to conversion units and then routed to our reinjection system. 

Steam Plant 

Each of the 10 Ormat energy converters (OECs) first process the steam through a 

steam turbine.  After giving up much of its energy in the steam turbine, the low 

pressure steam enters a heat exchanger, or vaporizer, where it gives up more energy 

by boiling a low boiling hydrocarbon, pentane. In the process, the steam condenses 

into a liquid.  When the steam is condensed in the vaporizer, non-condensable gases 

remain and are collected, compressed, and piped into the reinjection system. 

Brine Plant 

Each of the 2 Ormat energy converters (OECs) first process the hot brine through heat 

exchangers where it transfers the heat to boil a low boiling hydrocarbon, pentane. In 

the process, the lower temperature brine is routed to a collection area and combined 

with the liquid from the steam plant and piped into the reinjection system. 
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Back at each OEC, the pentane, which has been vaporized by the steam and hot brine 

enters the binary turbines and gives up much of its energy.  

Then the pentane vapor is exhausted into banks of air coolers which condense the 

pentane.  The liquid pentane flows back to the vaporizer, which starts it through the 

“closed loop” cycle again.  In the steam plant, steam and the pentane turbines are 

connected to a generator which converts the turbines’ mechanical energy to electrical 

energy.  In the brine plant, the pentane turbines are connected to a generator which 

converts the turbines’ mechanical energy to electrical energy. Each OEC has its own 

control system and operates independently. 

In addition, each OEC communicates with Central Station Control. The Operator 

stationed here can monitor all operations of the OECs, as well as the production and 

injection wells, and all the other plant system. 

The Central Station Control Operator can operate all equipment from his centralized 

post. He is assisted in operating the facility by two additional operators that monitor 

conditions at each equipment location. 

Included in each of the plant’s mechanical and control systems is a high level of 

redundancy.  This provides for continued safe operation when components of the 

facility require maintenance.  In addition, the power plant has environmental control 

systems employing the best available control technology to minimize plant emissions. 

The power plant also has an extensive state-of-the-art environmental monitoring 

system providing early alerts back to the Operator. 
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PUNA GEOTHERMAL VENTURE INFORMATION 
SHEET 

A Brief History of Geothermal Power 

• 1904 - The first geothermal power was extracted in Larderello, Italy. 

• Lit four light bulbs 

• 1911 – First commercial power plant built on the same site 

• Today’s geothermal story 

• Used for electricity in 26 countries 

• Used for heating in 70 countries 

• About 13 gigawatts of power are produced by geothermal worldwide 

• About 3,500 megawatts are produced in the United States 

• Ormat produces over 500 MW of the U.S. geothermal power 

• It is a renewable resource and is stable, that is, it doesn’t fluctuate 

A Brief History of Puna Geothermal Venture 
• 1993 — PGV Launches Operations in June 

• Plant is on the East Rift Zone of Kilauea Volcano in the Puna District 

• 25 megawatts (MW) – Contract with Hawaii Electric Light Co. (HELCO) 

• 1996 – first incremental power increase in August 

• +5 MW – Contract amendment with HELCO 

• 2004 — Ormat, a world leader in geothermal energy, acquires PGV 

• Undertakes $32 million in upgrades and improvements 

• Concerted effort made to understand cultural and environmental 

landscape 

• 2012 - Production was ramped up to 38 MW, enough to power ~28,000 homes 

8 | P a g e 



  
 

   

  

  

 
 

   

 
 

   

  

  

  

   

   

 
 

 
 

  

  

 

 

• +8MW – Contract amendment with HELCO, utilizing brine fraction 

• 2018 Eruption Disruption 

• Prior to the eruption, PGV was producing 38 MW of firm, flexible power 

• Enough power to displace approximately 205,000 barrels of oil 

annually 

• 2027 – power purchase contract terminates at year end 

PGV by the Numbers 
• 30 full time staff; kept on payroll through the eruption event 

• Pays more than $3 million a year in payroll, benefits and taxes 

• 8% gross revenues into either royalties or the local asset fund 

• $15 million in royalties since 1993 — State (50%), County of Hawai‘i 

(30%) OHA (20%). 

• About a half dozen contractors are retained per MW per year 

• 1 MW can power about 750 homes.  At 38 MW PGV capable of powering more 

than 28,000 island homes. 

Impacts on the Grid 

• Indicate where lines were impacted 

• Discuss substation status 
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UNDERGROUND INJECTION CONTROL PERMIT APPLICATION 
PUNA GEOTHERMAL VENTURE 

LIST OF ATTACHMENTS 

A Area of Review 

B Maps of Well/Area and Area of Review 

Figure B-1 – Topographic Map of Area of Review 

C Corrective Action Plan and Well Data 

Table C-1 - Data on Wells within Area of Review (not including Injection Wells) 
Table C-2 - Reservoir Pressure Data of Existing Injection Wells Since Project Startup 
KS-1A Static Pressure Survey 2016 
KS-3 Static Pressure Survey 2016 
KS-11 Static Pressure Survey 2016 
KS-13 Static Pressure Survey 2016 
KS-15 Static Pressure Survey 2016 
Figure 1 MIT Standard Report 

C-3 - Records of Plugging and Abandonment 

D Underground Source of Drinking Water to include Geologic Name and Depth to 
Bottom of Potentially Affected USDWS. 
Table D-1 – Quality of Shallow Groundwater 

E Hydrological Monitoring Report 

F Geological Data on Injection and Confining Zones 
Figure G-1 – Lower East Rift Zone 
Figure G-2 – Geologic Section Perpendicular to Strike of LERZ 

G Well Testing Procedure 
Attachment 1 Geothermal Well Testing 
Attachment 2 Logging, Testing and Monitoring Geothermal Wells 
Attachment 3 Servicing Geothermal Wells 
Attachment 4 The Role of Well Testing in Geothermal Resource Assessment 

H Operating Data 
H-1 – Injectate Sampling Results of Types I, III, and IV Sampling Results 
Table 1 – Test Parameters for Type I Sample 
Table 2 – Test Parameters for Type III Sample 
Table 3 – Test Parameters for Type IV Sample 

Operation Injection Well Data 

H- 2 Table – Injection Pressure Limitations for Existing Wells 

I Formation Testing Program 

J Intentionally Left Blank 

Puna Geothermal Venture List of Attachments 
UIC Permit Application page List-1 



   
    

    

     
       
       
       
       
        
       
      
           

    

        
     

    

       
       
         
      
        

    

    

     

        
                 
     
     

         
      

    

       
        
 
    

    
     

    

    

     

     

     

     

K Injection Procedures 

K-1 Injection Chemicals 
SDS B120 
SDS BARRIER FLUID 
SDS CL2150 
SDS GG442 
SDS SODIUM HYDROXIDE 
SDS SULFURIC ACID 

Figure K-1 – Simplified Piping and Instrumentation Diagram for Production and 
Injection Systems 

L Construction Procedures 

Application for Permit to Drill Proposed Geothermal Well Kapoho State 15 
on Reserved Lands, Kapoho, Puna, Hawaii 

M Construction Details 

Figure 1 – KS-1A Casing Schematic after March 2001 Rework 
Figure 2 – KS-3 Completion Schematic after August 1999 Rework 
Figure 3 – KS-11 Completion Schematic after March 2013 Rework 
Figure 3 – KS-13 Completion Schematic after March 2013 Rework 
Figure 5 –KS-15 Schematic of Well Completion July 2015 

N Intentionally Left Blank 

O Plans for Well Failures 

P Monitoring Program 

Appendix A - Hydrologic Monitoring Program 
Appendix B - Program for Mechanical Integrity Testing and Monitoring of Injection Wells 

Q Plugging and Abandonment Plan 

Q-1 - Plugging and Abandonment Plan KS-1A, KS -3, KS-11, KS-13 and KS-15 
(EPA Form 7520-14) 

R Necessary Resources 

Table R-1 – Irrevocable Standby Letter of Credit 
Table R-2 – Standby Trust Agreement 

S Intentionally Left Blank 

T Issued State and Federal Permits 

U Description of Business 

V Inventory of Injection Wells (EPA Form 7520-16) 

Status of Previously Constructed Wells 

Well History 

Wellhead Assembly 

Wellhead Locations 

Puna Geothermal Venture List of Attachments 
UIC Permit Application page List-2 



   
    

 

    
 

    
 

    
 

    
 

 

 

 

  

 

 

W Intentionally Left Blank 

X Intentionally Left Blank 

Y Intentionally Left Blank 

Z Intentionally Left Blank 

Puna Geothermal Venture List of Attachments 
UIC Permit Application page List-3 



   
     

    
 
 
     

  

  

  

    

  

  

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ATTACHMENT A – AREA OF REVIEW 

Puna Geothermal Venture (PGV) operates a geothermal power plant on the Island of Hawaii.  The 

facility is located approximately 21 miles southeast of the city of Hilo.  The project, which is owned by 

PGV, occupies approximately 25 to 30 acres on a 500-acre parcel of land leased by PGV, as shown on 

the location map (see Attachment B, Figure B-1).  The PGV leased property is located within the 

Kapoho section of the Kilauea Lower East Rift Geothermal Resource Subzone, which was designed in 

1984 as a geothermal resource subzone for geothermal exploration and development pursuant to Hawaii 

Revised Statues (HRS) §205-5.1. 

The leased property boundary plus an additional quarter-mile strip of land outside the boundary 

constitutes the Area of Review.  The Area of Review boundary is identified on the location map (see 

Attachment B, Figure B-1). 

Puna Geothermal Venture Attachment A 
UIC Permit Application page A-1 



   
     

  

 

         

         

         

          

         

          

          

          

          

          

          

        

         

         

        

         

        

 

 

 

 

 

 

PUNA GEOTHERMAL VENTURE (PGV) WELL LOCATIONS 

WELL DEVELOPER LATITUDE LONGITUDE 

KS-1 Injection PGV N 19° 28’ 37.8” W 154° 53’ 24.4” 

KS-1A P&A PGV N 19° 28’ 37.3” W 154° 53’ 23.9” 

KS-2 P&A PGV N 19° 28’ 43.9” W 154° 53’ 13.8” 

KS-3 Injection PGV N 19° 28’ 31.4” W 154° 53’ 29.3” 

KS-4 P&A PGV N 19° 28’ 31.1” W 154° 53’ 29.9” 

KS-5 Production PGV N 19° 28’ 30.7” W 154° 53’ 30.6” 

KS-6 Production PGV N 19° 28’ 30.3” W 154° 53’ 31.6” 

KS-7 P&A PGV N 19° 28’ 31.8” W 154° 53’ 14.8” 

KS-8 P&A PGV N 19° 28’ 36.9” W 154° 53’ 17.1” 

KS-9 Production PGV N 19° 28’ 37.6” W 154° 53’ 25.5” 

KS-10 Production PGV N 19° 28’ 37.4” W 154° 53’ 26.4” 

KS-11 Injection PGV N 19° 28’ 37.1” W 154° 53’ 27.4” 

KS-13 Injection PGV N 19° 28’ 38.5” W 154° 53’ 24.7” 

KS-14 Production PGV N 19° 28’ 31.6” W 154° 53’ 28.5” 

KS-15 Injection PGV N 19° 28’ 44.7” W 154° 53’ 12.7” 

KS-16 Production PGV N 19° 28’ 39” W 154° 53’ 23.9” 

Puna Geothermal Venture Attachment A 
UIC Permit Application page A-2 



   
     

 

 

Puna Geothermal Venture Attachment A 
UIC Permit Application page A-3 



   
   

   
 
 
  

 

 

 

ATTACHMENT B – MAPS OF WELL/AREA AND AREA OF REVIEW 

The Area of Review, as described in Attachment A, was reviewed to develop the requisite data for 

this application.  Figure B-1 is a topographic map of the Area of Review and identifies the production 

wells, injection wells, abandoned wells, temporarily plugged wells, dry holes, monitoring wells, and 

other pertinent surface features, including residences and roads.  The evaluation of the Area of Review 

verified the absence of drinking water wells, surface bodies of water, springs, mines, and/or quarries.  A 

discussion of the hydrology and geology within the Area of Review is provided in Attachments D, 

respectively.  The information used to create the topographic map was obtained from publicly available 

sources.  

Puna Geothermal Venture Attachment B 
UIC Permit Application page B-1 
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Table C-1 
DATA ON WELLS WITHIN THE AREA OF REVIEW 

(Not Including Injection Wells) 

Well Name 

Date 
Spudded/ 

Completed Well Type 

Total 
Depth 
(ft KB) 

Elevation 
Grnd/KB 

(ft) Status 

Casing & Liners 

Sizes 
Depths 
(ft KB) Remarks 

Kapoho 
State 1 

09/01/81 
11/12/81 

exploratory 7,290 619/637 P&A 
05/17/93 

20 in 
13-3/8 in. 
9-5/8 in. 

7 in. 

0 - 71 
0 - 903 

0 - 4,072 
3,898 - 7,216 

cmtd 
cmtd 
cmtd 

slotted liner 

Kapoho 
State 2 

01/19/82 
Apr-82 

exploratory 7,816 718/736 P&A 
05/26/93 

20 in 
13-3/8 in. 
9-5/8 in. 

7 in. 

0 - 68 
0 - 1,313 
0 - 4,209 

4,200 - 7,816 

cmtd 
cmtd 
cmtd 

slotted liner 

Kapoho 
State 5 

WO Date 

08/22/02 
01/12/03 
09/03/09 
10/10/09 

production 6,418 

6,484 

619 Wellhead 
covered 
by lava 

22 in. 
16 in. 

11-3/4 in. 
9-5/8 in. 

7 in. 
4 1/2 in. 

0 - 900 
0 - 2205 
0 - 5077 

1721 - 3110 
1616 - 5510 
5437 - 6463 

cmtd 
cmtd 
cmtd 
cmtd 
cmtd 

perf liner 
Kapoho 
State 6 

WO Date 

06/26/05 
08/12/05 
06/14/09 
07/07/09 

production 6,584 

6,644 

619 Wellhead 
covered 
by lava 

22 in. 
16 in. 

11-3/4 in. 
8-5/8 in. 

7 in. 

0 - 917 
0 - 2053 
0 - 5062 

4848 - 6414 
6265 - 6595 

cmtd 
cmtd 
cmtd 
cmtd 

perf liner 

Kapoho 
State 8 

05/02/91 
08/11/92 

exploratory/ 
production 

3,488 629 P&A 
05/01/93 

20 in 
13-3/8 in. 
9-5/8 in. 

0 - 1032 
0 - 2128 
0 - 2072 

cmtd 
cmtd 
cmtd 

Kapoho 
State 9 

WO Date 

12/06/92 
01/25/93 
05/26/19 
06/26/19 

production 4,428 618 idle 20 in 
13-3/8 in. 
9-5/8 in. 

7 in. 
7 in. 

0 - 935 
0 - 2005 
0 - 3224 

3024 - 4169 
0 - 956 

cmtd 
cmtd 
cmtd 

cmtd liner 
cmtd liner 

Kapoho 
State 10 
WO Date 

02/01/93 
04/06/93 
05/22/05 
06/11/05 

production 4,914 

5,061.00 

618 idle 20 in 
13-3/8 in. 
9-5/8 in. 

7 in. 

0 - 954 
0 - 2048 
0 - 4033 

3798 - 4692 

cmtd 
cmtd 
cmtd 

cmtd liner 

Kapoho 
State 14 
WO Date 

02/07/10 
04/02/10 
04/05/19 
11/?/2019 

production 5,717 620 active 22 in. 
16 in. 

11-3/4 in. 
8-5/8 in. 

0 - 955 
0 - 2201 
0 - 4878 

4747 - 5716 

cmtd 
cmtd 
cmtd 

perf liner 

Kapoho 
State 16 

02/16/15 
05/05/15 

production 5,762 616 active 20 in 
13-3/8 in. 
9-5/8 in. 

7" 

0 - 1034 
0 - 2550 
0 - 5003 

4921 - 5740 

cmtd 
cmtd 
cmtd 

perf liner 

HGP-A 12/10/75 exploratory/ 6,450 610 P&A 20 in 0 - 386 GL cmtd 



    
    

    
     

    
   

    
    

   
   

   
   

   

04/28/76 production (approx) 1999 13-3/8 in. 
9-5/8 in. 

7 in. 
7 in. 

0 - 969 GL 
0 - 2,216 GL 
0 - 2,921 GL 

2,921 - 6,435 GL 

cmtd 
cmtd 
cmtd 

slotted liner 

Lanipuna 6 02/10/81 
05/26/81 

exploratory 8,389 
Bridged 

at 
7,265 

565 P&A 
2000 

13-3/8 in. 
9-5/8 in. 

7 in. 
7 in. 

0 - 75 
0 - 1,258 

1,086 - 4,239 
0 - 4,239 

cmtd 
cmtd 

cmtd liner 
cmtd tieback 

SOH-1 Completed 
01/06/91 

exploratory 
core hole 

5,526 600 
(approx) 

idle 9-5/8 in. 
7-in. 

4-1/2 in. 
2-3/8 in. 

0 - 202 
0 - 1,996 
0 - 3,022 
0 - 5,526 

3,021 - 5,521 

cmtd 
cmtd 

uncmtd 
uncmtd 

1/2-in. perfs 



 

 

 



 

 
 

 
  

 

 
 

 

 
 
 

 
 

 
 

  
 
 

 
 

 
  

  
  

 
 
 
 
  

 

__________________________ 

Mechanical Integrity Tests 
Injection Well KS-13 

March 2019 

Facility: 

Puna Geothermal Venture 
14-3860 Kapoho-Pahoa Road 

Pahoa, Hawaii 96778 

Client: 

Puna Geothermal Venture 
P. O. Box 30 

Pahoa, Hawaii 96778 
Attention: Mr. Ron Quesada 

July 12, 2019 

7601 Anthony Avenue 
Garden Grove, California 92841 
(714) 879-7900 



   
   

   
 
 

 
 

    
       

    
     

 
 

 
 

  
  

      
   

  
 

 
 

 
  

 
    

    
     

  
   

 
    

    
 

 
   

     
 

 
 
 
 
 
 

PUNA GEOTHERMAL VENTURE 
MECHANICAL INTEGRITY TESTS OF WELL KS-13 

March 2019 

Summary 

Mechanical integrity tests consisting of temperature / pressure surveys and a nitrogen pressure 
test were performed in injection well KS-13 during March 2019. The test was done according to 
PGV’s “Program for Mechanical Integrity Testing and Monitoring of Injection Wells,” dated 
July 29, 1996. The tests demonstrated satisfactory internal and external mechanical integrity. 

Well Completion 

The mechanical configuration of KS-13 is shown in Figure 1. The well was drilled as an 
injection well during 2005. The well was subjected to extensive injection testing during 
November and December 2005 and entered permanent injection service in early 2006. The hang-
down liner was replaced during January 2013. The well was redrilled and completed with two 
injection legs during 2016. 

Shut-in Temperature Surveys 

Beginning March 12, 2019, temperature / pressure surveys were run in KS-13 during injection 
and after shut-in to measure downhole temperatures and pressures and define the thermal 
recovery profiles. Injected water was from fresh water well MW-4. The surveys were run by 
PGV personnel using electronic memory-type instruments. Prior to shut-in, the injection rate was 
750 gpm at 130°F injectate temperature and -13 psig wellhead pressure (13 psig vacuum). The 
injection survey was run on March 12, 2019, and the well was shut in at 16:34 hours. A shut-in 
temperature survey was run March 13, 2019, approximately 19 hours after shut-in. Following 
this survey, the well remained shut in. Temperature and pressure data from electronic data files 
are included in Appendix A. 

The March 2019 surveys are plotted in Figure 2. Also plotted in Figure 2 is a shut-in survey run 
on July 22, 2016, 12 hours after shut-in. The March 2019 surveys show normal thermal recovery 
and give no indication of fluid communication behind casing. 

The well was surveyed only to 4,335 feet to avoid tangling the tool in the dual completion 
kickoff point at 4,400 feet. The total surveyed depth is 531 feet above the casing shoe and well 
below the confining layer, so the survey is adequate for demonstrating mechanical integrity. 





 
 

 
 

 
 

 
      

        
       
       
       
        
        

       
      
      
      
       
        
        

      
       
     
      
     
     
        

     
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        

Table 1 
KS-13: CALCULATION OF MINIMUM REQUIRED 

ANNULUS NITROGEN PRESSURE 
MIT NITROGEN PUMP-DOWN TEST 

(Annulus Fluid Level at 3000 ft KB) 

Operating Conditions 
Date 3/15/2019 
Injection Flow Rate (gpm) 0 
Wellhead Pressure (psig) 10 
Injectate Temperature (F) 200 
Injectate TDS (ppm) 5,800 

Well Data 
Measured Depth to Bottom of Hangdown Liner (ft KB) 3357 
Vertical Depth to Bottom of Hangdown Liner (ft KB) 3357 
Vertical Depth to 3000 ft MD KB 3000 
Hangdown Liner ID (in.) 7.837 
KB Height Above Ground Level (ft) 27.0 

Calculated Values 
Injectate Density (lb/cu ft) 60.36 
Flowing Pressure Loss in Hangdown Liner (psi) 0.0 
Pressure at Bottom of Hangdown Liner (psig) 1406 
Annulus Pressure at Interface, 3000 ft MD KB 1256 
Required Annulus Nitrogen Pressure at Wellhead (psig) 1160 

Nitrogen Gradient Calculations 

Nitrogen Nitrogen 
MD KB Pressure MD KB Pressure 

(ft) (psig) (ft) (psig) 
3000 1256 1500 1207 
2900 1253 1400 1204 
2800 1250 1300 1201 
2700 1246 1200 1197 
2600 1243 1100 1194 
2500 1240 1000 1191 
2400 1236 900 1188 
2300 1233 800 1185 
2200 1230 700 1181 
2100 1226 600 1178 
2000 1223 500 1175 
1900 1220 400 1172 
1800 1217 300 1169 
1700 1213 200 1166 
1600 1210 100 1163 
1500 1207 27 1160 



 

     

Table 2: March 2019 KS-13 Nitrogen Pressure Test 
Purpose:  Conduct annual UIC permit required nitrogen annulus pressure test. 

Procedure: 1.  Increase nitrogen annulus pressure to required value calculated in Excel Spreadsheet. 
2.  Use Recorder reading in MCC as target for reaching required pressure.
      Test pressure may be higher than the required minimum. 
3.  Shut off nitrogen and observe pressure for five (5) hours. 
4.  Using logsheet, take the appropriate readings once every ten (10) minutes during the first hour. 
5.  After the first hour, take one set of readings every thirty (30) minutes for another four (4) hours. 
6.  Maximum allowable leak off rate is 10% during the five (5) hour duration.

If leak off exceeds 10%, check for leaks at the wellhead and repeat test.
7.  Check all valves to pts to ensure they are open. Verify  local PIs and PTs  match prior to test.

Date: 15-Mar-19 
Operator: JF

Required Annulus Nitrogen Pressure at Wellhead (psig): 1160 

Wellhead Data Recorder Data MCC Buil
Time 

(Local Readings) ( ding) 
Temperature 
(PI-2411E2) 

Pressure 
(PI-2411E2) 

Annulus 
Pressure (PI) 

Annulus 
(PT-2411E2) 

Annulus 
(Green Pen %) 

Flow Rate 
(Red Pen %) 

Injection Line 
(Blue Pen %)

12:00 92 10 910 898 

12:10 98 10 910 899 

12:20 96 10 910 899 

12:30 95 10 910 898 

12:40 96 10 910 899 

12:50 95 10 910 898 

13:30 98 10 910 899 

14:00 98 10 910 899 

14:30 95 10 910 899 

15:00 94 10 910 899 

15:30 90 10 908 899 

16:00 88 10 905 898 

16:30 88 10 908 898 

17:00 88 10 910 898 

Comments: 

Q\OPSFILES16\FORMS\MIT LOGS rev. 3/28/2016 





FIGURE 2 
PUNA GEOTHERMAL VENTURE 
KS-13 TEMPERATURE SURVEY: 

MECHANICAL INTEGRITY TEST: MARCH 2019 
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Appendix A 

TEMPERATURE / PRESSURE SURVEY DATA 



 
 

   
   

   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   

 
  

Puna Geothermal Venture 
Well KS-13 

Temperature / Pressure Survey During Injection March 12, 2019 
Depth (feet) Temperature (˚F) Pressure (psig) 

50 85.6 -13.0 
100 85.9 -13.0 
250 86.2 -12.4 
500 86.6 -10.2 
750 87.2 -7.4 

1000 87.7 15.3 
1250 88.0 122.1 
1500 88.4 230.2 
1750 89.0 337.9 
2000 91.1 445.2 
2250 94.2 550.5 
2500 96.8 660.2 
2750 99.8 768.4 
3000 103.7 874.1 
3250 108.2 982.9 
3500 113.4 1089.4 
3750 118.8 1195.0 
4000 124.2 1301.4 
4250 129.4 1407.6 
4335 129.5 1439.6 



  
 

    
    

   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   

  

Puna Geothermal Venture Well KS-13 
March 12, 2019 

Well Shut- in @ 16:34 hours 
Tool hung at 1500 feet 

Time Temperature (ºF) Pressure (psig) 
16:34 90.3 233.1 
16:35 90.3 234.5 
16:36 90.3 234.1 
16:38 90.4 233.3 
16:40 90.4 234.4 
16:45 90.5 234.2 
16:50 90.6 243.4 
16:55 90.6 309.3 
17:00 90.0 342.0 
17:05 90.4 343.7 
17:10 90.6 349.0 
17:15 90.9 353.0 
17:19 91.1 361.2 
17:25 91.5 361.2 
17:30 91.7 364.0 
17:35 92.0 364.7 
17:40 92.2 367.7 
17:45 92.4 372.1 
17:50 92.6 377.1 
17:55 92.8 374.1 
18:00 92.9 378.2 
18:05 93.0 539.2 
18:10 93.2 623.8 
18:15 93.5 645.1 
18:20 93.8 652.2 
18:25 94.3 657.5 
18:30 94.6 660.7 
18:35 94.8 662.4 
18:45 94.8 665.2 
18:55 95.0 363.3 
19:05 95.2 174.3 
19:15 95.4 146.5 
19:25 95.6 140.9 
19:35 95.8 139.3 
19:45 95.9 139.1 



 
 

  
   
   

   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   

 
 
 

Puna Geothermal Venture 
Well KS-13 

Static Temperature / Pressure Survey 
March 13, 2019, 19 hours after injection stopped 

Depth (feet) Temperature (˚F) Pressure (psig) 
50 92.3 -12.8 

100 99.6 -12.8 
250 105.7 -13.0 
500 106.6 -13.3 
750 107.4 -13.4 

1000 113.3 -13.4 
1250 135.4 95.7 
1500 107.3 202.0 
1750 161.9 308.6 
2000 249.8 411.8 
2250 228.3 514.0 
2500 226.0 617.1 
2750 250.9 719.4 
3000 280.6 820.5 
3250 293.8 920.2 
3500 307.1 1019.7 
3750 322.0 1117.6 
4000 322.1 1215.2 
4250 251.0 1313.8 



  
 

 
 

Appendix B 

ECHOMETER RECORD 



 

  

Well KS-13 Dual Leg 
Date 3/15/2019 
Time 15:59 
Calculated PS 1160 
Annulas PSI 900 
WHP 10 
WHT 200 
Flow Rate 0 
Seconds 5.06 
Velosity 1326.8 
Fluid Depth 3357 

Nitrogen U-tubed at 910 psi 



 KS-1A Static Survey 
10-13-2016 
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 KS-3 Static Survey 
10-17-2016 
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  KS-11 Static Survey 
10-11-2016 
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  KS-13 Static Survey 
7-22-2016 
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  KS-15 Static Survey 
3-29-2016 
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Table C-2 

RESERVOIR PRESSURE DATA OF EXISTING INJECTION WELLS 

SINCE PROJECT START-UP 

WELL 

Static Reservoir Pressure 
Before Project Startup 

Pressure Date (psig) 

1995-1996 
Shut-In Pressure Data 

Hours Pressure Date Shut-in (psig) 

2004-2005 
Shut-In Pressure Data* 

Hours Pressure Date Shut-in (psig) 

2009-2010 
Shut-In Pressure Data** 

Hours Pressure Date Shut-in (psig) 

2015 
Shut-In Pressure Data 

Hours Pressure Date Shut-in (psig) 

2019 
Shut-In Pressure Data 

Hours Pressure Date Shut-in (psig) 

Well 
Avg. 

Pressure 
(psig) 

WELL 

KS-1A 03/20/92 2355.6 10/27/95 34 2457.4 10/22/04 36 2436 12/08/09 12 2433 04/10/15 12 2323 03/18/19 7656 2255 2376.7 KS-1A 

KS-3 01/31/91 2390.1 10/31/95 34 2327 10/18/04 36 2446 12/10/09 12 2365 04/29/15 12 2257 03/15/19 7584 2231 2336.0 KS-3 

KS-4 01/13/93 2306 06/24/96 39 2387.6 10/20/04 36 2449 NA*** 2380.9 KS-4 

KS-11 10/24/04 2323 10/24/04 36 2323 01/14/10 12 2312 04/28/15 12 2288 NA**** 2311.5 KS-11 

KS-13 11/30/05 2419 11/30/05 36 2419 12/28/09 12 2354 05/01/15 12 2308 03/13/19 24 2260 2352.0 KS-13 

KS-15 06/06/13 NA 1544 03/20/19 7704 2246 1895.0 KS-15 

Avg. 2358.7 2390.7 2414.6 2366.0 2294.0 2248.7 2364.8 Avg. 

Avg. w/15 NA NA NA NA 2144.0 2248.1 2144.0 Avg. w/15 

Pressures are corrected to datum at -5,880 feet MSL (6,500 feet vertical below ground level) 

* Shut-in pressure data calculated from 36-hour shut-in surveys in 2004. 
** Shut-in pressure data calculated from 12-hour shut-in surveys from 2008 
*** KS-4 Converted to Production 11-30-06, Plugged and Abandoned 5-19-10 
**** KS-11 wellhead was damaged by lava and has not been repaired yet. 



 







































































































   
     

   
 

 
 
   

    

  

 

  

   

  

    

   

  

    

 

    

  

   

  

 

   

  

   

 

    

   

  

  

   

    

ATTACHMENT D 
UNDERGROUND SOURCE OF DRINKING WATER 

The PGV Project area is located in the Lower East Rift Zone (LERZ) on the eastern flank of 

Kilauea Volcano.  The LERZ is a conduit for lateral migration of basaltic magma flowing east-northeast 

from the caldera at the summit.  The magma in this subsurface conduit provides the heat source for the 

high temperature Puna geothermal reservoir, which naturally affects the groundwater resources in the 

area.  Underground injection at the PGV Project will essentially be a reinjection of the geothermal fluids 

which are withdrawn from the geothermal reservoir and used in the production of electricity.  The 

geothermal fluids will be injected back into the geothermal reservoir at depths of approximately 4000+ 

feet, which is beneath an impermeable caprock which separates the geothermal reservoir from an upper 

groundwater zone. As a result of the 2018 Eruption in the LERZ, water wells MW-1, MW-2 and MW-3 

were covered by the lava flows. In June 2019 a new well MW-4 was completed to a depth of 850 ft. and 

currently provides 1200 gpm of non-potable water for operation and drilling activities at PGV. A 

detailed report on MW-4 water chemistry and additional background geology/hydrology at PGV is 

provided in the attached “Semi-Annual Hydrologic Monitoring Program Report” by Cardno (August 

2019).  Maps and cross sections characterizing the features of the geology/hydrology under the PGV 

project are provided in Attachment F. 

The vertical depth of the groundwater extends from the top of the impermeable caprock to the 

water table, approximately 580 to 700 feet below the surface near the elevation of mean sea level. As 

generally seen on Hawaiian oceanic islands, the groundwater exists as a lense-shaped body of fresh, 

meteoric-derived water, known as basal water, floating on denser saline ocean-derived groundwater.  

This hydrologic condition is described at the Ghyben-Heraberg principle (Fetter 1980).  The near 

surface hydrology in the East Rift Zone is characterized by high recharge rates and rapid subsurface 

flow (Thomas 1987).  The highly permeable subaerial basalt flows, composed of thin, highly fractured 

and often rubblized basalt flows, allow nearly 100% of the rainfall to infiltrate down to the basal 

aquifers.  Groundwater transmissivities were measured by 5 X 104 darcies and groundwater residence 

times are only 10 to 20 years (Thomas 1987; Iovenitti 1990).  Recharge from rainfall exceeds 120 

inches per year in the LERZ and penetration of the meteoric water is essentially complete as evidenced 

by the absence of stream run-off and standing bodies of water. 

Within the LERZ, the groundwater distribution is modified by the occurrence of near-vertical to 

steeply dipping dikes which act as localized semipermeable dams to groundwater flow.  These physical 

barriers create a sub-parallel series of permeable compartments that allow the dike-controlled and dike-

confined groundwater aquifers to rise significantly higher than mean sea level.  Because these 
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compartments are isolated from one another by semipermeable dikes, disparate water levels may be 

observed between compartments and associated water chemistries may display extreme ranges of 

compositions (Fetter 1980; Thomas 1987; Iovenitti 1990). 

Hydrology studies by Druecker and Fan (1976) demonstrated that the dike swarms in the LERZ 

impacted the regional flow of groundwater.  A dike is a vertical body intruding into the older lava flow; 

swarms refer to a number of these dikes emanating from one magma chamber.  Meteoric groundwater 

originating north of the rift flows southerly along topographic gradients, until it is impeded by the dikes 

which divert the groundwater flow northeast toward the ocean.  Transverse flow across the rift, 

therefore, is limited.  Within the rift zone, groundwater flow is controlled by the en echelon dike 

swarms.  Here, water moves down-rift parallel to the dikes toward the ocean to the northeast. 

Groundwater encountered south of the rift flows southerly to the ocean conforming to the local 

topography.  Since the volume of fresh water south of the rift is relatively low, coastal waters have 

saline chemistries due to salt water mixing and, to a lesser degree, natural contamination by geothermal 

waters. 

The depth to groundwater and the flow characteristics of the four monitoring wells drilled on the 

PGV leased property demonstrate the hydrologic characteristics described above. Historically, each 

monitoring well encountered the water table at different depths.  The location of these monitoring wells 

is described in Attachment P-3, (Figure P3-1) and Attachments B & F.  In MW-1, water was initially 

encountered at a depth of 8 feet above sea level, MW-2 encountered water at a depth of 16 feet above 

sea level and MW-3, drilled only 250 feet northwest of MW-1, encountered water at a depth of 14 feet 

above sea level.  The pump test of MW-3 showed no evidence of a gradual draw down with time and 

both MW-3 and MW-1 displayed almost instantaneous recoveries at the conclusion of their respective 

pump and flow tests.  These parameters are indicative of aquifers with extremely high transmissivities. 

MW-4 commissioned in June 2019 is located on Pad B (near KS-15) has a ground elevation of 718 ft. 

msl encountered the water table about 10 ft. above sea level. A pump test of MW-4 indicated a 

drawdown of about 14 ft. 

Chemical analyses of waters from MW-1 and MW-2 exhibit disparate characters (see Table D-1). 

MW-2, located at the southern boundary of the known geothermal field, has a chemistry high in sodium 

and chloride and low in sulfate and silica.  Naturally occurring total dissolved solids (TDS) typically 

range from 950 to 1150 mg/l.  MW-1, located on the northern portion of the lease, has a chemistry high 

in silica and sulfate but very low in sodium and chloride.  TDS concentrations in MW-1 typically range 

from 450 to 550 mg/l.  Temperatures also differ.  MW-2 displays bottom hole temperatures that 

fluctuate about 10ºF per day, from the high 120sºF to the high 130sºF.  These fluctuations are cyclical 

with a 24-hour period, indicating that they are caused by tidal effects. MW-1, however, shows no 
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diurnal temperature fluctuations as fluid temperature measurements are steady at approximately 106ºF. 

Fluid temperature at MW-4 measures about 128ºF at surface. Chemical analysis of MW-4 fluid indicate 

decreased water pH levels, increased sulfate and alkalinity (resulting from increases in H2S and carbon 

dioxide (CO2) from geothermal steam and increased concentrations of dissolved silica, chloride, and 

major cations (sodium, potassium, and calcium.), see Table D-1. 

Water samples from wells and springs throughout the LERZ exhibit similar extreme ranges in 

temperature and chemistries (Cox and Thomas 1979; Thomas 1987, Iovenitti 1990).  The observed 

variations in chemistry and temperatures are indicative of the mixing of groundwaters and geothermal 

waters within the rift zone.  The mixing may be from four sources:  cold meteoric, cold sea water, 

hydrothermally altered meteoric water and hydrothermally modified sea water.  The observed 

characteristics of MW-1 and MW-2 are typical of geothermally modified groundwaters (Thomas 1987).  

When compared to the waters from the GTW-III or Malama Ki wells, which have higher fluid 

temperatures and very high concentrations of sodium, chloride, and silica, it is evident that the degree of 

natural mixing with geothermal sources in MW-1 and MW-2 is relatively modest. 

MW-2 possesses a greater natural geothermal component than MW-1, as evidenced by higher 

sodium, chloride, and silica levels.  These levels are similar to the waters from the GTW-III and 

Malama Ki monitoring wells, which are clearly affected by upwelling geothermal fluids.  As evidenced 

by the observed temperature fluctuations, MW-2 is in communication with the groundwater south of the 

rift zone which is in equilibrium with the ocean.  These observations indicate that the natural upwelling 

geothermal fluids are mixing with meteoric waters in the near surface unconfirmed aquifer beneath 

MW-2. The mixed fluid (groundwater) then flows southerly toward the sea.  Similar interpretations 

were suggested by Iovenitti (1990) and Thomas (1987). 

MW-1, located north of Puu Honuaula, but more significantly, north of the Rift Zone, exhibits 

temperature and chemical characteristics indicating that the well is isolated from the deeper geothermal 

reservoir.  The higher than normative silica and sulfate concentrations and the elevated fluid 

temperatures are indicative that the groundwater is modified by geothermal mixing, but not by the 

leakage of the highly saline fluid typical of the producing reservoir.  The absence of diurnal temperature 

fluctuations infers that the well is not in communication with the sea.  It can be concluded from this 

evidence that the groundwater in MW-1 (and MW-3) probably represents meteoric water sweeping 

down-rift, parallel to the PGV geothermal reservoir but isolated from it by intervening dikes. 

MW-4 is composed of warm saline water heated by geothermal steam from below. The geothermal 

steam contains elevated levels of H2S, contributing to high sulfate levels in MW-4. 
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Table D-1 
QUALITY OF SHALLOW GROUNDWATER 

Pahoa 
(1991) 

Kapoho 
(1991) 

MW-1 
(1991) 

MW-2 
(1991) 

GTW-III 
(1991) 

Malama Ki 
(1991) 

MW-4 
(2019) 

Sodium 18.0 86.0 41.2 320.0 2430.0 2420.0 1170 
Potassium *2.3 7.0 12.0 19.7 238.0 142.0 104 
Magnesium 3.0 30.0 11.9 15.9 167.0 210.0 59.8 
Calcium 4.0 53.0 23.1 25.2 197.0 128.0 94.8 
Silica 55.0 54.0 102.0 34.8 234.0 120.0 143 
Alkalinity *44.0 *61.0 29.0 52.0 34.0 *215.0 32.5 
Chlorides 5.0 116.0 19.5 583.0 5225.0 5000.0 2380 
Sulfates *21.0 *55.4 184.0 52.8 620.0 *681.0 342 
Total Dissolved 
Solids 125.0 533.0 480.0 1170.0 10200.0 8800.0 4270 

pH 7.91 7.35 7.7 8.5 7.7 7.11 6.93 
*1960 *1961 *1960 
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INTRODUCTION 

Puna Geothermal Venture (PGV) operates a geothermal well field and electrical generation facility 
near the town of Pahoa, Hawaii. PGV’s Geothermal Resource Permit Number 87 1, Condition 10, 
establishes guidelines for a hydrologic monitoring program that identifies and evaluates potential 
impacts of facility operations on nearby groundwater. The PGV project site is located in the Lower 
East Rift Zone (LERZ) of the Kilauea Volcano where the basal groundwater table, located 
approximately 600 feet (ft) below ground surface (bgs) in the PGV geothermal well field, is 
classified by the United States Environmental Protection Agency (USEPA) as a potential resource 
for drinking water. However, routine sampling indicates the basal groundwater in the LERZ is 
characterized by poor water quality and elevated temperatures. There are no public drinking water 
supply wells located in the LERZ and the County of Hawaii Department of Water Supply does not 
currently draw on the basal groundwater body in the LERZ for community water needs. 

The objective of the Hydrologic Monitoring Program (HMP) is to monitor the basal groundwater in 
the vicinity of the power plant and well fields. The geothermal steam used to produce power at 
the PGV 38-megawatt (Mw) capacity power plant is derived from production wells drilled to depths 
of 4,000 to 4,500 ft bgs. During the power generation process, geothermal steam is used to drive 
the turbines that turn the electric generators. Then, the condensed steam and brine are reinjected 
into the ground to depths of 6,000 to 7,000 ft bgs via injection wells. These injection wells are 
operated under an Underground Injection Control (UIC) permit issued by the State of Hawaii 
Department of Health (HDOH). The HMP was designed to monitor any impacts of deep reinjection 
of geothermal fluids on basal groundwater in the vicinity of the water table. 

Reports published by the United States Geological Survey (USGS) and the University of Hawaii 
(UH) summarize the potential impacts that leakage of geothermal fluids are expected to have on 
the shallow basal groundwater body (Thomas, 1987; USGS, 1994; Sorey and Colvard, 1994). 
Potential indicators include lowered pH values and increased water temperature, electrical 
conductivity, and salinity. Other chemical changes in the basal waters that would indicate 
geothermal fluid contamination include elevated levels of total dissolved solids (TDS), chloride, 
dissolved silica, bicarbonate (HCO3-), and sulfate (SO42-). The semi-annual groundwater 
monitoring program measures these parameters, as well as additional dissolved inorganic 
constituents present in geothermal fluids. HDOH also requires PGV to monitor groundwater 
samples for volatile organic compounds (VOCs) and semi-volatile organic compounds (SVOCs), 
which are not expected to be present in geothermal brines. 

The methodology for addressing potential basal water contamination by geothermal steam and 
brines was developed by Science Applications International Corporation (SAIC) in the PGV HMP 
of April 1990 (SAIC 1990). HDOH approved the HMP for use at PGV in May of 1990, which 
included the following tasks: 

 identify and access appropriate monitoring locations; 

 complete on-site monitoring wells; 

 rehabilitate adjacent water wells; 

 determine an initial background groundwater sampling profile; and 
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 conduct semi-annual monitoring, with semi-annual reports. 

A summary of historical information relating to the HMP from 1990 to present is included in 
Appendix A, “Puna Geothermal Venture Project Profile.” 

In January of 2001, a hydrologic monitoring program was instituted as outlined in the USEPA, 
Region 9 UIC Permit, Class V Injection Permit No. HI598002. Appendix A of this permit requires 
sampling twice a year, once in January and once in July. Monitoring Wells (MWs) MW-1 and MW-
2 were designated as the primary monitoring wells, with well MW-3 designated as the back-up 
well to be sampled in the event the primary wells could not be sampled. 

In February of 2006, the HDOH UIC Permit Number UH-1529 renewal application was approved. 
Appendix A of this permit also required sampling twice a year, once in January and once in July. 
The sampling requirements are the same as those outlined in the USEPA Region 9 UIC permit. 

A USEPA, Region 9 UIC permit modification action (Permit Number HI596002) was issued on 
September 9, 2009 and took effect on October 15, 2009, which also requires semi-annual 
groundwater sampling as stated in the 2006 HDOH UIC Permit renewal and the 2001 USEPA, 
Region 9 UIC Permit. 

LAVA EVENT MAY 2018 
On 30 April 2018, the Pu’u ‘Ō’ō crater floor began to collapse, triggering earthquakes in the vicinity 
of PGV as the magma from Pu’u ‘Ō’ō began to flow down the east rift zone. On 2 May 2018, 
cracks began to be reported from residents on roads in Leilani Estates.  On Friday 4 May 2018, 
two large earthquakes struck the south flank of Kilauea volcano and fissures began to release 
lava in the Leilani Estates and Lanipuna Gardens subdivisions.  The initial fissures were located 
southwest of the groundwater wells. On 6 May 2018 fissure 6 was located approximately 2,500 
feet south of MW-2 (see Figure 1-1). Figures 1-1 through 1-5 depict the fissure development and 
proximities to the groundwater wells throughout the month of May 2018.  Well MW-2 was 
consumed by lava on 18 May 2018 (Figure 1-3). Wells MW-1 and MW-3 were consumed by lava 
on 29 May 2018 (Figure 1-5). 
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Figure 1-1 Well Location Proximity to Fissures 6 May 2018 
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Figure 1-2 Well Location Proximity to Fissures 13 May 2018 
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Figure 1-3 Well Location Proximity to Fissures 19 May 2018 
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Figure 1-4 Well Location Proximity to Fissures 28 May 2018 
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Figure 1-5 Well Location Proximity to Fissures 30 May 2018 

PGV PLANT OPERATIONAL WELL MW-4 
Due to the May 2018 lava event, all water wells on the PGV property were compromised (Figure 
1-5). On 11 January 2019, Well Construction Permit for PGV MW-4 (Well No.8-2883-009) was 
approved. Well MW-4 was constructed to provide water to PGV for plant use, construction, and 
drilling activities. The well was drilled on 25 January 2019 and fully commissioned on 12 June 
2019. The UIC wells related to MW-4 are not yet in operation; therefore, results of this sampling 
event represent baseline conditions prior to the UIC restart operations after the May 2018 lava 
event. 

This semi-annual report summarizes the HMP observations and groundwater analytical results 
for the first sampling event of 2019 from MW-4. Section 2.0 of this report includes an overview of 
the sample identification numbers, the type of samples collected, and the sampling procedures 
used during these sampling events. Section 3.0 summarizes the specific sampling activities and 
findings from this sampling event. To aid in interpreting these results, an overview of the PGV 
environmental setting is provided in Appendix A; Chain of Custody records are provided in 
Appendix B; analytical laboratory data reports are provided in Appendix C. 

Cardno GS, Inc. (Cardno) collected HMP field measurements and groundwater samples for the 
first sampling event of 2019 on 3 June 2019. Emax Laboratories Inc., in Torrance, California, 
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provided analytical services. Since the HMP was initially developed in 1990, a number of different 
organizations have participated in its implementation at the PGV facility. A summary of the 
environmental monitoring contractors is provided in Table 1-1, below. 

Table 1-1. Summary of Environmental Monitoring Contractors 
Quarter Environmental Contractor Reporting Organization 
Prior to 3rd Quarter 1994 SAIC, UH, and PGV SAIC 
3rd Quarter 1994 to 4th Quarter 1996 INTECH, Inc., UH, and PGV INTECH, Inc. 
3rd and 4th Quarters 1996 INTECH, Inc. TEC 
1997 to 2015 Cardno (TEC) Cardno (TEC) 
2016 to 2017 Lyons Associates, Inc. LYON 
2018 to present Cardno GS, Inc. Cardno 
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SAMPLING OVERVIEW 

One groundwater-monitoring well (MW) was sampled on June 3, 2019 for the first sampling event 
of 2019, pursuant to UIC Permit Number UH-1529: MW-4. 

MW-4 was constructed at Latitude 19° 28’ 42.149 North, Longitude 154° 53’ 7.246 West at the 
benchmarked elevation of 720.35 feet above mean sea level. 

Well location is shown in Figure 2-1 Monitoring Well Location Map, below. 

Figure 2-1 Monitoring Well Location Map 
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Quality control (QC) samples included a trip blank and a blind duplicate sample. Since only non-
dedicated equipment was used when sampling these wells, equipment rinsate blanks were not 
submitted. Sample identification numbers, types, and analyses are summarized in Table 2-1. 

Table 2-1. Monitoring Well Sampling Summary 

Location MW 4 MW 4 Duplicate Trip Blank 

Sample Number 190104 190107 190108 
Sample Date 06/03/19 06/03/19 06/03/19 
Field Measurements X X 
Specific Conductivity 
120.1 X X 

pH (Corrosivity) 
150.1 X X 

Bicarbonate Alkalinity 
2320B X X 

Total Alkalinity 
310.1 X X 

Mercury 
7470A X X 

Metals 
6010B X X 

Silica 
4500-SiO2C X X 

Reactive Sulfide 
SW846 X X 

Reactive Cyanide 
SW846 X X 

Ignitability 
SW1010 X X 

TCLP Mercury 
7470A X X 

TCLP Metals 
1311/2011A/6010B X X 

Oil and Grease 
1664 X X 

Total Dissolved Solids 
2540C X X 

Total Suspended Solids 
2540D X X 

VOCs 
SW8260 X X X 

TCLP Volatile Organics 
1311 X X 

Groundwater samples from the monitoring well were analyzed for a suite of selected inorganic 
and organic constituents. Inorganic compounds included 28 constituents, 16 of which have 
primary or secondary USEPA Maximum Contaminant Levels (MCLs) for community water 
systems (40 CFR 141.11). The remaining inorganic constituents required by the UIC permit are 
listed in the next section in Table 3-1. These inorganic constituents are included in the HMP 
because they are considered to be naturally associated with geothermal reservoirs and therefore 
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serve as indicators of geothermal influence on groundwater quality. Organic analyses were 
conducted as well to measure VOCs and SVOCs as required by the HDOH. 

2.2 SAMPLE COLLECTION PROCEDURES 
This section briefly summarizes the sampling activities and methodology. Unless otherwise noted 
in this report, all field measurements and samples were collected using procedures defined in the 
approved HMP (SAIC 1990). 

2.2.1 Water Level Measurements 
Water level was not collected at monitoring well MW-4 because this well has a permanently 
installed pump, which prevents a water level measurement probe from being lowered down the 
well bore. 

2.2.2 Water Quality Sampling and Analysis 
MW-4 was sampled during the first monitoring event of 2019 to measure physical and chemical 
characteristics identified in the HMP. Sampling was conducted in accordance with USEPA 
protocols for groundwater sampling. The well is equipped with a down-hole pump. The well was 
sampled from a port on the corresponding pump’s discharge line after a purge period in order to 
provide a representative sample of the formation groundwater. The stability of field parameters 
was verified by repeated field measurements. After purging, pH, electrical conductivity, 
temperature, and salinity were measured with a YSI ProPlus multi-parameter water quality meter, 
which was calibrated the night before sampling. The chloride content was estimated in the field 
from electrical conductivity using a function derived by a linear regression of historical chloride 
concentrations from laboratory analysis and electrical conductivity measurements. Sampling 
information and field measurements were recorded on field log forms. The sample aliquots to be 
analyzed for dissolved metals were filtered at the time of sampling by attaching a 0.45-micron 
filter directly to the well sampling port. Unless otherwise noted on the Chain of Custody form, in 
which case filtering was performed at the analytical laboratory. 

Water samples were collected in the appropriate containers that were provided by the contract 
laboratory. Sample containers were labeled with the date, sample identification number, and type 
of analysis. The containers were then sealed, labeled, and shipped in sample coolers to the 
contract laboratory under strict chain-of-custody procedures. The analytical laboratory also 
analyzed pH and electrical conductivity. 

A trip blank sample was submitted for QC purposes. The trip blank sample was prepared by the 
contract laboratory and shipped with the sample containers to PGV. The trip blank consisted of 
40-milliliter (ml) glass vials with Teflon-coated septum sealed caps, containing distilled water 
acidified with hydrochloric acid. Trip blanks are used to evaluate potential sample contamination 
by VOCs during shipment. QC blanks are stored among and managed via the same techniques 
required of the monitoring well samples. A blind duplicate groundwater sample was obtained as 
a second sample from the well, identified as a “MW-7”. This sample was given a unique sample 
number and analyzed in the same manner as the original well sample. Comparison of the 
analytical results of the two samples from the same well provides a quality assurance check on 
the analytical methods used in the laboratory analyses. 

2-3 



   
 

 

 

 

 

 

 

 

 

 

 

 

 

Semi-Annual Hydrologic Monitoring Program Report – First Sampling Event of 2019 
Puna Geothermal Venture 

This page intentionally left blank 

2-4 



   
 

 

   
 

 
 

    
  

   
  

 
    

   
 
 

  

 
 

  

  

   

    
 

    
 

 
 

       
  

  

  

3 

3.1 

Semi-Annual Hydrologic Monitoring Program Report – First Sampling Event of 2019 
Puna Geothermal Venture 

FIRST GROUNDWATER SAMPLING EVENT OF 
2018 

Cardno personnel conducted groundwater sampling during the first sampling event of 2019 on 
June 3, 2019. 

INORGANIC ANALYTICAL RESULTS 
This section summarizes the analytical results of the inorganic constituents from the samples 
collected during the first sampling event of 2019. Inorganic constituents measured in the 
groundwater samples were compared with the MCLs or the National Secondary Drinking Water 
Standards (NSDWS) for community drinking water sources (Table 3-1). Although the basal 
groundwater in the Kilauea LERZ and south flank are considered a potential source of drinking 
water, the chloride levels and TDS concentrations generally have exceeded the NSDWS in past 
HMP sampling events, which are 250 and 500 milligrams per liter (mg/L), respectively. Any 
analytical result that exceeded primary or secondary drinking water standards is indicated in red 
bold in Table 3-1. 

The purpose of the HMP is to assess any impact that the activities associated with geothermal 
energy production have on the shallow groundwater. Trends that would indicate geothermal 
injectate degradation of the shallow groundwater are: 

 decreasing pH due to increasing dissolved gas concentrations; 

 increasing sulfate concentrations due to oxidation of dissolved hydrogen sulfide (H2S) gas; 

 increasing bicarbonate alkalinity due to increases in dissolved carbon dioxide (CO2) gas 
concentration; 

 increasing concentrations of major ions (except magnesium) and total dissolved solids 
due to the higher concentrations in the geothermal injectate fluids; and 

 decreasing magnesium to chloride ratios due to precipitation of magnesium in the 
geothermal reservoir. 

This is the first sampling event since well construction for MW-4; therefore, the trends listed above 
were not analyzed. 

Table 3-1, lists a summary of the inorganic analytical results. 
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Table 3-1. Groundwater Inorganic Constituents, First sampling event of 2019 

MW 4 MW 7 
(Duplicate) 

MCL or Secondary 
Standard 

RL** MDL PD 

Sample Number 190104 190107 (%) 
Sample Date 06/03/19 06/03/19 
Arsenic ND ND 0.01 0.01 0.005 NA 
Barium 0.0988 0.0977 2 0.01 0.002 0.3 
Alkalinity 32.5 32.3 5.00 5.00 1.5 
Boron 0.758 0.745 0.1 0.01 5.0 
Bromide 7.19 7.29 0.5 0.25 NA 
Cadmium ND ND 0.005 0.01 0.002 NA 
Calcium 94.8 93.8 1.0 0.1 3.7 

Chloride 2380 2170 250* 0.4, 
20.0 

0.2, 
10.0 0.4 

Chromium ND ND 0.1 0.01 0.003 NA 
Copper 0.00804J 0.00684J 1.0* 0.01 0.003 NA 
Cyanide 0.0186J ND 0.2 0.02 0.015 NA 
Fluoride 0.380 0.384 2.0* 0.1 0.05 1.1 
Iron 0.275 0.266 0.3* 0.2 0.04 NA 
Lead 0.0325 0.0347 0.015 0.01 0.003 9.4 
Lithium 0.181J 0.179J 1 0.05 NA 
Magnesium 59.8 59.4 1.0 0.1 3.4 
Mercury ND ND 0.002 0.0005 0.0001 NA 
Nickel ND ND 0.01 0.003 NA 
Nitrate Nitrogen 0.0658J 0.0688J 10 0.1 0.05 0.7 
Potassium 104 103 1.0 0.1 4.3 
Selenium ND ND 0.05 0.05 0.025 NA 
Silica 143 144 2.0 0.5 3.2 
Silver ND ND 0.1* 0.01 0.003 NA 
Sodium 1170 1160 1.0 0.1 4.2 
Sulfate 342 316 250* 10.0 5.0 1.3 
Sulfur, Total 120 120 2 1.3 
Sulfide, Reactive ND ND 0.5 0.5 NA 
Vanadium 0.00441J 0.00456J 0.01 0.002 5.1 
Zinc 0.584 0.592 5* 0.02 0.01 NA 
Conductivity 5960 6050 2.0 2.0 0.3 
Ignitability >212oF >212oF NA NA NA 
pH 6.93 6.93 6.5-8.5* NA NA 0.7 
TDS 4270 3800 500* 10.0 10.0 0.4 
mg/L  – milligrams per liter J – Result is less than RL, but greater than MDL 
MCL – USEPA maximum contaminant level for drinking water PD – percent difference 
RL   – laboratory reporting limit * – Secondary Drinking Water Standard 
MDL – method detection limit ** - If RL is different for MW-2, that value is listed second 
ND – not detected Red bold values indicate quantities that exceed the MCL 
NA   – not applicable 
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ORGANIC ANALYTICAL RESULTS 
The groundwater samples were analyzed for VOCs and SVOCs. A listing of organic compounds 
regulated by the USEPA in community water systems is presented in Table 3-3. The 
subcontracted laboratory analyzed the VOCs using Method 8260 and TCLP VOCs using Method 
1311. Analytical results of VOCs and TCLP VOCs detected in the individual samples are reported 
in Appendix C. No VOCs were detected during the first sampling event of 2019 at MW-4 and MW-
7 (Duplicate). 

Table 3-3. USEPA MCLs for Organic Compounds in Drinking Water 
Compound µg/L Compound µg/L 
Benzene 5 Styrene 100 
Carbon Tetrachloride 5 Tetrachloroethene (PCE) 5 
Chlorobenzene 100 1,2,4 Trichlorobenzene 70 
1,2-Dichloroethane 5 1,1,1-Trichloroethane 200 
Cis-1,2 Dichloroethene 7 1,1,2-Trichloroethane 5 
Trans-1,2 Dichloroethene 100 Trichloroethene (TCE) 5 
1,2 Dichloropropane 5 Toluene 1000 
1,1-Dichloroethylene 7 Vinyl Chloride 2 
Ethylbenzene 700 Xylenes (total) 10,000 
hexachlorobenzene 1 
µg/L  – micrograms per liter 
MCL  – EPA maximum contaminant level for drinking water 

3.3 QUALITY ASSURANCE/QUALITY CONTROL SAMPLE RESULTS 
Quality assurance/quality control (QA/QC) samples for the first sampling event of 2019 included 
three trip blanks and a duplicate sample from MW-4. There was good agreement between the 
primary sample from MW-4 and the duplicate sample, with all differences being less than 15 
percent. The trip blanks were analyzed for VOCs only. 

3.4 FIELD MEASUREMENTS 
Table 3-4 summarizes the field measurements during the first sampling event of 2019. 
Subsequent reporting of MW-4 will allow a comparison of the field measurements. 

Table 3-4. Field Measurements, First sampling event of 2019 

Sample 
Location Sample Date pH Conductivity 

(µS/cm) 
Salinity 
(o/oo) 

Chloride 
(mg/L) Temp. (°C) 

Water 
Level 
(ft amsl) 

MW-4 06/03/19 6.9 6000 NT 2250 80 NT 
µmhos/cm – micro Seimens per centimeter 
NT – not taken 
o/oo – parts per thousand 
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SUMMARY AND CONCLUSIONS 

The groundwater in the lower Puna area on the flanks of Kilauea Volcano has been classified into 
six groundwater types on the basis of temperature and chloride (Clˉ) concentrations (USGS, 
1994). 

Type I – Cold (<25 °C), dilute (Clˉ 10 mg/L); 

Type II – Cold (<25 °C), brackish (Clˉ 75-300 mg/L); 

Type III – Warm (~ 40 °C), dilute (Clˉ ~20 mg/L); 

Type IV – Warm (~ 40 °C), brackish (Clˉ 100-800 mg/L); 

Type V – Hot (50-100 °C), saline (Clˉ >1,000 mg/L); and 

Type VI – Warm (30-40 °C), saline (Clˉ >1,000 mg/L). 

The groundwater in PGV on-site monitoring well, MW-4, is classified as Type V (based on latest 
analytical analysis), with temperatures of 80 °C and high chloride concentration. This well is 
composed of warm saline water heated by geothermal steam from below. The geothermal steam 
contains elevated levels of H2S, contributing to high sulfate levels in MW-4. 

Since this is the first sampling event at MW-4, a comparison of historical results is not possible. 
As stated in Section 3, the geochemical indicators of most value in detecting injectate 
contamination from geothermal power production include (Thomas 1987): 

• increased water temperature; 

• decreased water pH levels; 

• increased sulfate and alkalinity (resulting from increases in H2S and carbon dioxide (CO2) 
from geothermal steam); 

• increased concentrations of dissolved silica, chloride, and major cations (sodium, 
potassium, and calcium); 

• increased TDS in well waters; and 

• unexplained increases in water level. 

Of the constituents analyzed, sulfate and magnesium may be the most diagnostic. Sulfate and 
magnesium concentrations in MW-4 are indicative of geothermal influences and seawater 
intrusion. Geothermal steam contains H2S concentrations of approximately 900 milligrams per 
kilogram (mg/kg), which oxidizes to sulfate in the basal groundwater (Thomas, 1987). 
Geothermal-steam heating of the shallow groundwater results in elevated temperatures, as well 
as elevated concentrations of sulfate in the well waters. Seawater sulfate may be distinguished 
from geothermal sulfate by the presence of corresponding levels of seawater-derived chloride. In 
seawater, the sulfate to chloride ratio is 0.14. Sulfate to chloride ratios above 0.14 indicate 
geothermal-steam heating of the shallow groundwater. Geothermally-altered water becomes 
depleted in magnesium due to its precipitation as magnesium oxysulfate (Thomas, 1987). The 
seawater magnesium to chloride ratio is approximately 0.07; a decrease from this value would 
indicate geothermally altered water. 
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Appendix A 

Puna Geothermal Venture Project File 
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Description 

The Puna Geothermal Venture (PGV) site is an elongated, roughly diamond shaped parcel, 
approximately 500 acres in size, located on Kilauea Volcano’s Lower East Rift Zone (LERZ) 
(Figure A-1), three miles southeast of the town of Pahoa, and 25 miles south-southeast of the city 
of Hilo, on the eastern side of the Island of Hawaii. The site is bordered on the north-northwest 
by State Highway 132 (Kapoho-Pahoa Road) and on the south-southwest by Pahoa Pohoiki 
Road. The eastern boundaries border on privately owned properties. The borders of the site are 
located at an elevation of approximately 540 to 600 feet (ft) above mean sea level (amsl). The 
area surrounding the site is primarily rural with some residential and agricultural development. 
Lava Tree State Park and the Nanawale Forest Reserve border the site to the north. The State of 
Hawaii Natural Energy Laboratory of Hawaii (NELH) research center and demonstration 
geothermal electrical generation facility were located adjacent to the southwest corner of the 
property (these structures were consumed by lava in May 2018 (see Section 1.1). The Hawaii 
Geothermal Permit – Well A (HGP-A) geothermal well on the NELH site produced 3 megawatts 
(Mw) of electricity from 1982 to 1989, and was plugged and abandoned in June 1999. Two 
sparsely settled subdivisions, Lanipuna Gardens and Leilani Estates, are located across the 
Pahoa Pohoiki road south of the PGV site. 

The dominant geological feature at the PGV site is Pu’u Honuaula, a large cinder cone which 
rises approximately 240 feet above its environs. Vents from Kilauea’s 1955 eruption are located 
near the eastern and western borders of the site, and a prehistoric vent, Pu’u Pilau, is located 
near the southern border. Numerous fissures strike east west, parallel to the LERZ, through the 
site. See Section 1.1 for descriptions of the May 2018 lava event.  

The 30-Mw PGV geothermal electrical generating plant is located on the south side of Pu’u 
Honuaula in a small saddle between the main vent and an auxiliary vent to the west (Figure A-1). 
The main plant site contains all the energy transfer and electrical generation facilities. Up to six 
smaller satellite sites may be developed around the plant as drilling pads for production, injection, 
make up water, and monitoring well sites. Currently the plant is supplied by three wells located 
on Pad A, KS-9, KS-10, and newly installed well KS-11. The plant, six well pads, and associated 
piping will eventually occupy approximately 25 acres of the site. 

Background 

In September 1989, the County of Hawaii Planning Commission approved a Geothermal 
Resource Permit Application (GRP) 87 1 to proceed with the development of a 25-Mw geothermal 
electrical generating facility at the current project site. Plant construction commenced in early 
1990, with completion of the generating facility in mid-1991. The construction of the geothermal 
production wells began in February 1991 and the facility came on line in April 1993. As stipulated 
in the GRP, the Hydrologic Monitoring Plan (HMP) was initiated in February 1991 to coincide with 
the start of drilling. At that time, six wells were identified as being completed in the shallow aquifer 
south or east, and potentially down gradient, of the PGV site. These wells were Allison, GTW III, 
GTW IV, Kapoho Airstrip, Kapoho Shaft, and Malama Ki (Figure A-2). Of these wells, only Kapoho 
Shaft has been used as a water supply well; that use was terminated in 1995. GTW III, Kapoho 
Shaft, and Malama Ki wells were selected for the monitoring program based upon their location 
and accessibility. Quarterly sampling of Kapoho Shaft was discontinued in 1996. GTW III, 
completed to a depth of 690 ft below ground surface (bgs), is located on the crest of the LERZ 
about one half-mile east of the PGV site at an elevation of 563 feet above mean sea level (ft 
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amsl). GTW III was a partially cased well with a blockage or deviation at approximately 270 ft bgs. 
Permission to clean out this well was granted to PGV and completed between the initial well 
sampling and the second quarterly round of sampling. Further rework of GTW III was completed 
in the winter of 1991 with the installation of a temporary casing to facilitate sampling. Malama Ki, 
an exploratory well completed to a depth 316 ft bgs, is located approximately one mile south of 
the PGV site at a surface elevation of 274 ft amsl on the Malama Ki University of Hawaii 
Agricultural Research Station approximately four miles southeast of the PGV site. GTW III and 
Malama Ki were sampled with a reusable bailer. 

During the well field drilling program, PGV completed three on-site water wells (Monitoring Well 
[MW]), MW-1, MW-2, and MW-3 (Figures A-1 and A-2). Two of these wells were chosen for the 
HMP based upon their locations; MW-1, located in the northern portion of the site in a storage 
yard, and MW-2, located in the southern portion of the site, south of Pad F. MW-1, at an elevation 
of 610 ft amsl, taped groundwater at 655.6 ft bgs through a downhole electric pump. The pump 
became inoperative in February 1991, and MW-3, located just north of MW-1 and completed to 
approximately the same depth, was substituted for MW-1 in the HMP. MW-1 became operational 
again in late 1992 and was reinstated in the HMP in the January 1993 quarterly sampling round. 
It was sampled on a quarterly basis until the spring of 1994 when the pump again failed and MW-
3 was then substituted for MW-1 in the HMP. MW-3 was substituted for MW-1 in November 1999 
during the 4th quarter 1999 HMP sampling event. MW-1 was reinstated in the HMP in the 
February 2000 quarterly sampling round. MW-2, at an elevation of 588 ft amsl, taps groundwater 
at 596 ft bgs and was accessed by bailer until installation of a downhole pump in January 1998. 

Pahoa Battery 2A is the up gradient well chosen for the HMP. It is a County of Hawaii Department 
of Water Supply (DWS) well for the town of Pahoa and is located north of the LERZ, approximately 
three miles northwest of the PGV site, and has an elevation of 715 ft amsl. This well taps ground 
water at approximately 765 ft bgs (Figure A-2). Sampling is done with a downhole electric pump. 
In November 1999 the pump in Pahoa 2A became inoperative and Pahoa 1, which is located on 
the same well pad as Pahoa 2A, was substituted for Pahoa 2A in the 4th Quarter 1999 HMP 
sampling event. Pahoa 2A became operational again in early 2000 and was reinstated in the HMP 
in the February 2000 quarterly sampling round. In 1996, with the removal of the Kapoho Shaft 
from the HMP, Keonepoko Nui, a DWS well about five miles northwest of the PGV site was added. 
This well, up gradient of the PGV site, is located at an elevation of 606 ft amsl and was completed 
to a total depth of 640 ft bgs. 

In January of 2001, a hydrologic monitoring program outlined in the U.S. Environmental Protection 
Agency, Region Underground Injection Control (UIC) Permit, Class V Injection Permit No. 
HI598002 was instituted. Appendix A of this permit requires sampling twice a year, once in 
January and once in July. Wells MW-1 and MW-2 were designated as the primary monitoring 
wells, with wells GTW-III and Malama Ki (consumed by the May 2018 lava event) set aside to be 
sampled in the event that the primary wells could not be sampled. 

GTW-III was inaccessible due to the May 2018 lava event. 

Geology 

The Island of Hawaii currently overlies the Hawaiian hot spot at the southeastern end of the 
Hawaiian Archipelago. It is composed of five basaltic shield volcanoes, Kohala, Mauna Kea, 
Hualalai, Mauna Loa, and Kilauea. Kilauea is the youngest and most active of Hawaii’s volcanoes; 
it is an undissected tholeiitic shield with a summit caldera having well-defined east and southwest 
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rift zones. Over 90% of its eastern flank is younger than 1,100 years. Kilauea has been in constant 
eruption on its upper east rift zone since 1983 (Figure A-3). Kilauea’s east rift zone (ERZ) initially 
trends southeast for four miles from the summit caldera then turns east and extends another 28 
miles to Cape Kumukahi where it enters the sea and continues another 44 miles as a submarine 
ridge. The ERZ has historically been Kilauea’s most active rift. Its surface expression is 
characterized by pit craters and small lava shields on the upper and middle east rift zone (UERZ 
and MERZ), and cinder cones and occasional tuff cones on the MERZ and LERZ (Figure A-3). 
Large fissures and grabens are common along the entire length of the east rift, and subsurface 
thermal activity is evidenced by numerous steam vents, which discharge at atmospheric pressure. 

The present study has focused on the Kilauea LERZ from the area around Pu’u Honuaula to Cape 
Kumukahi and the north and south flanks of Kilauea that are adjacent to this part of the LERZ. 
This area is located within the district of Puna. The region is covered by lavas of the Puna volcanic 
series ranging in age from 1,500 years to those erupted in 1960, and consists of numerous thin 
a’a and pahoehoe flows that are extremely permeable due to their high vesicularity, cooling joints, 
interflow joints, a’a clinker layers, and lava tubes. 

The dominant structural feature in the study area is the LERZ, which forms a topographical high 
that is 2.5 to 3.7 miles wide and studded by six major cinder cones and a large tuff ring near its 
eastern terminus at Cape Kumukahi. There are also numerous minor eruptive vents, fissures, and 
grabens aligned parallel to the strike of the rift. Southwest of Pu’u Honuaula a northwest trending 
strike slip fault intersects the LERZ at approximately a right angle. 

Eruptive vents formed within the study area during Kilauea’s 1955 and 1960 eruptions (Figure A-
3). The 1955 vents south of Pu’u Honuaula and the 1960 vents in Kapoho were sites of violent 
phreatic explosions when the eruption of lava from them had ceased. Kapoho Crater, a large tuff 
ring near Cape Kumukahi, and Pu’ulena, a large tuff crater southwest of Pu’u Honuaula, are 
evidence of large prehistoric phreatomagmatic eruptions. 

Intrusive bodies are common throughout the subsurface of the Kilauea ERZ, and where they have 
broken the surface in eruption, they form the cinder cones and vents of the rift. However, a far 
greater percentage remain below the surface where they solidify as tabular dikes with strikes 
generally parallel to the axis of the ERZ and dips that average 60 to 80 degrees from horizontal. 
These bodies form a coherent dike complex, which is the subsurface expression of the ERZ. 
Gravity mapping indicates that the LERZ dike complex widens with depth, as a high-density mass 
extends 2.5 kilometers (km) south to 6.2 miles north of the rift zone, with a depth of 1.2 miles on 
its southern edge to almost 2.5 miles on its northern boundary. Evidence from deep drill holes 
also indicates that the entire length of the core of the LERZ is hot at this depth with an approximate 
temperature of 350°C. 

Since dikes solidify under high lithostatic pressure, they are almost always avesicular and do not 
develop the cooling joints found in surface lavas. Therefore, their permeability is much less than 
the highly vesicular, densely jointed lava flows, which they intrude. This difference in morphology 
and the discordant orientation of dikes effectively allows them to partition the ERZ into 
compartments of highly permeable lava flows separated by relatively impermeable dikes. 
Deposition of secondary minerals and alteration of basalts to clay minerals by hydrothermal fluids 
also contribute to a reduction in permeability within the LERZ by sealing fractures and voids. 

Data from a deep core hole, SOH-1, has shown that the subsurface structure of the LERZ in the 
study area near Pu’u Honuaula consists of numerous extrusive lava flows as well as intrusive 
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dikes. A series of a’a and pahoehoe flows interbed to a depth of approximately 2,460 feet below 
sea level. Below them lies a 1,640 feet thick transition zone of mixed hyaloclastites and pillow 
lavas, which grade into a basement of deep submarine pillow lavas. Although the upper 2,460 
feet of the section is extremely permeable, the change in morphology at the transition zone, 
increasing lithostatic load, and increasing secondary mineral precipitation and alteration from 
increasingly hot fluid circulation, rapidly decrease permeability below the transition zone. 
Permeability below the transition zone is fracture dominated secondary permeability, which has 
developed as the result of forceful injection of dikes into the rift zone and the seaward slippage of 
Kilauea’s unbuttressed south flank. 

Hydrology 

The youthful age of the Kilauea volcano has directly affected its hydrology. Deep soils and valleys 
have not had time to develop, and extremely porous lavas remain at or very near its surface. 
Consequently, there is no run-off from the high precipitation that falls on the volcano, and Kilauea 
does not support perennial streams. Rainfall is returned to the atmosphere as evapotranspiration 
or infiltrates to groundwater. Groundwater flow generally follows surface topography, flowing 
down gradient to eventually exit as coastal springs and diffuse seeps. The average volume of 
groundwater discharged from these basal springs between Hilo and Kalapana is estimated to be 
approximately 215 billion liters per year. Due to the high permeabilities and extremely high 
recharge rates, groundwater residence times are short. A recent tritium dating study yields 
residence times for well and spring waters within the study area between 10 to 18 years or 15 to 
20 years, depending on whether a well-mixed or piston flow model is used. 

Three types of groundwater are present within Kilauea (Figure A-4). First, there is a minor 
component of water that is perched on less permeable material. In the study area, perched water 
occurs in the tuff underlying Kapoho Crater, the Green Lake within the crater (no longer exists 
due to the May 2018 lava event), and the Kapoho Shaft well east of the crater (Figure A-2). Dike 
impounded water is present under the summit of Kilauea and within the ERZ, where the relatively 
impermeable dikes dam water that infiltrates the permeable lavas. Wells drilled in the LERZ study 
area show large fluctuations in static water level over small areas, but heads in the LERZ are 
generally lower than in the groundwater levels north the rift zone and higher groundwater levels 
south of the rift zone, as measured in wells at the same distance from the coast. GTW III (well 
within the LERZ) tap dike confined waters (Figure A-2). The largest component of Kilauea’s 
groundwater outside of the LERZ is basal water, which exists as a lens shaped fresh water body 
floating on the salt water that permeates the island below sea level. Pahoa 1, Pahoa Battery 2A, 
and Keonepoko Nui tap basal water north of the LERZ and Malama Ki taped basal water south 
of the LERZ (Figure A-2). 

Groundwater flux within Kilauea is controlled by the amount of rainfall received, hydraulic gradient, 
permeability of the lava flows, and subsurface geological structures. Horizontal and vertical 
groundwater flow takes place in Hawaiian lavas through interconnected vesicles, cooling joints, 
interflow contact layers, fissures, faults, and lava tubes. On the flanks of the volcano, outside the 
rift zones, horizontal flow is dominant due to the more or less horizontal emplacement of lava 
tubes and interflow breccias; however, within the rift zones, fissures and faults increase the 
efficiency of vertical flow. 

The north flank adjoining the ERZ receives a large groundwater flux traveling down gradient from 
the upper slopes of Kilauea. Basal groundwater underlies the north and south flanks of Kilauea, 
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both within the study area. However, the basal lens is only well-established on the north flank. 
Wells drilled at elevations of less than 1,000 feet on the north flank have encountered a more than 
300-foot thick lens, which thins as the coast is approached. 

The low permeability of the dike complex within the ERZ impedes the flow of groundwater from 
Kilauea’s north flank into and through the rift. Groundwater within the ERZ is derived 
predominately from infiltration of precipitation, which falls on the rift zone where large fissures 
efficiently channel meteoric recharge to depth. This water encounters the hot rocks of the 
subaerial submarine transition zone and is convectively returned to the top of the water table. 
Groundwater temperatures in wells in the LERZ are well above ambient recharge temperature, 
ranging from 40o C previously in MW-1 to 93o C in GTW III. 

The Kilauea south flank derives its groundwater from direct infiltration and overflow or throughflow 
from dike compartments in the ERZ. Overflow of warm brackish water along the southern edge 
of the LERZ has substantially degraded the basal lens in the lower south flank. In the LERZ, saline 
water rises convectively to the surface of the basal lens, where it forms a broad plume of warm 
water that floats on fresher, cooler basal water below, and is eventually discharged at the coastline 
as numerous warm springs and seeps. Lower south flank wells also show elevated temperatures; 
water in Malama Ki, 1.9 km from the LERZ, was 55°C. Heads in lower south flank wells are lower 
than those at the same altitude on the north flank. The dike complex of the ERZ acts as a hydraulic 
barrier between the north and south flanks. This barrier, as well as the smaller area and 
substantially lower rainfall of the south flank (75 inches per year versus 125 inches per year for 
the north flank), results in lower hydraulic head. 

Hydrogeochemistry 

Just as the study area may be divided into geological and hydrological provinces of north flank, 
LERZ, and south flank, groundwater in the area may be geochemically divided into north flank 
waters, LERZ waters, and south flank waters. Dissolved solid concentrations are typically quite 
low in north flank waters, having an average of 100 mg/L or less in the interior portion of the basal 
lens, but increasing to >200 mg/L to the east, as the coast is approached. Total dissolved solids 
(TDS) concentrations also increase toward the south as wells encounter water influenced by the 
LERZ, and mixing of seawater near the coastline. The dominant anion/cation pairs in north flank 
waters are sodium bicarbonate (NaHCO3-) and calcium carbonate (Ca(HCO3)2), but grade to 
sodium chloride near the coast. Dissolved silica concentrations are low on the north flank, 
approximately 30 mg/L, but increase by 50 to 75 percent as the LERZ is approached. Pahoa 
Battery 2A, a typical north flank well not far from the LERZ, has an average chloride concentration 
of 6.0 mg/L and an average silica concentration of 49.9 mg/L. 

The geochemistry of LERZ waters is more complicated, and the chemical compositions TDS span 
a broad range. Sodium chloride is the dominant cation-anion pair present in LERZ waters, but it 
does not appear to uniformly increase with proximity to the coast. Chloride concentrations range 
from an average of 364 mg/L in Kapoho Airstrip well, located 3 miles from Cape Kumukahi at 287 
ft amsl, to an average of 5,314 mg/L in GTW III, located 5.2 miles from Cape Kumukahi at 656 ft 
amsl. There is, however, some evidence that chloride (Clˉ) concentrations increase from north to 
south across the LERZ. MW-1 and MW-3 drilled on the north side of Pu’u Honuaula, had average 
chloride concentrations of 15 and 16 mg/L respectively, whereas MW-2, drilled on the south side 
of Pu’u Honuaula, had an average chloride concentration of 903 mg/L. MW-4 was also drilled on 
the south side of Pu’u Honuaula, and results from the first sampling event support this as chloride 
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concentration was 2380 mg/L. Silica concentrations vary considerably in LERZ waters, but all are 
above the 49 mg/L average for non-thermal Hawaii island waters estimated by McMurtry, et al., 
(1977). The geochemistry of waters in the lower south flank of Kilauea is strongly influenced by 
overflow from the LERZ dike complex and mixing with seawater. As in the LERZ, sodium chloride 
is the dominant cation anion pair. Chloride concentrations are higher closer to the LERZ than to 
the coast. Malama Ki had an average chloride concentration of 281 mg/L 1.2 miles from the coast. 
Silica concentrations also decrease with distance from the LERZ. Malama Ki had a silica 
concentration of 120 mg/L, while the Allison well contains 24.1 mg/L. 
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    Figure A-1.  Map of Area of Review – Puna Geothermal Venture 



  
  

Figure A-2. Map of Kilauea East Rift Zone 
Showing the Monitoring Well Locations 



   Figure A-3.  Geologic Map of East Hawaii 



   Figure A-4. Generalized Groundwater Diagram of the Geothermal System 
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Appendix B 

Chain-of-Custody Forms 
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Client: 

Puna Geothermal Venture 
c/o Cardno 
64-5266 Puu Nani Dr 
Kamuela, HI 96743 
Telephone: 808-349-0929 
Facsimile: 808-528-0768 

Project Manager: 
Field Manager: 
Field Phone: 

PGV Semi-Annual Groundwater Sampling 

Kerry Wells 
Kerry Wells 
(808)349-0929 

Chain of Custody 

Laboratory: 

Emax Laboratories 
1835 W 205th. St 
Torrance, CA 90501 
Lab Manager: Raman Singh 
Telephone: (31 0) 618-8889 x119 
Facsimile: (310) 618-0818 

(qfOil. 

4/26/2019 

Waybill#: 

I I 

) I ,v •vv I "'"~·a"" I I "VV I ,..-...,...., I I I I I I I I I I I I I I I I I I I I I I I 

15 business days 
Hazard 10: None Sample Disposal: 

\<P'r-- wo\t.• =*I'. t; :-:r"c. 
~r t:; ·"t"'C. 

same container (1 L Poly, None) 
same container (1 L Amber, None) 
same container (40 ml VOA, None) 
same container (40 ml VOA, HC) 
Filtered 
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MAX 
LABORATORIES, INC. 

1835 W. 205th Street 
Torrance. CA 9050 1 
Tel: (31 0) 618-8889 

Date: 07-02-2019 
EMAX Batch No.: 19F012 

Attn: Kerry Wells 

Puna Geothermal Venture 
14-3860 Kapoho-Pahoa Rd. 
Pahoa HI 96778 

Subject: Laboratory Report 
Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

Enclosed is the Laboratory report for samples received on 06/04/19. 
The data reported relate only to samples listed below: 

Sample ID 

190104 

190107 

Control # Col Date Matrix Analysis 

F012-01 06/03/19 WATER IGNITABILITY 

F012-02 

PH 
SULFIDE REACTIVE 
REACTIVE CYANIDE 
METALS TCLP 
MERCURY TCLP 
SEMIVOLATILE ORGANICS TCLP 
VOLATILE ORGANICS TCLP 
VOLATILE ORGANICS BY GC/MS 
SPECIFIC CONDUCTANCE 
ANIONS BY IC 
OIL & GREASE HEM 
TOTAL SULFUR BY ICPMS 
DISSOLVED METALS BY ICP 
DISSOLVED MERCURY 
TOTAL DISSOLVED SOLIDS 
TOTAL SUSPENDED SOLIDS 
ALKALINITY 
SILICA BY SM4500 SI02C 

06/03/19 WATER IGNITABILITY 
PH 
SULFIDE REACTIVE 
REACTIVE CYANIDE 
METALS TCLP 
MERCURY TCLP 
SEMIVOLATILE ORGANICS TCLP 
VOLATILE ORGANICS TCLP 
VOLATILE ORGANICS BY GC/MS 
SPECIFIC CONDUCTANCE 
ANIONS BY IC 
OIL & GREASE HEM 
TOTAL SULFUR BY ICPMS 
DISSOLVED METALS BY ICP 
DISSOLVED MERCURY 
TOTAL DISSOLVED SOLIDS 
TOTAL SUSPENDED SOLIDS 
ALKALINITY 
SILICA BY SM4500 SI02C 
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MAX 
LABORATORIES, INC. 

1835 W. 205th Street 
Torrance, CA 90501 
Tel: (31 0) 618-8889 

Sample ID Control # Col Date Matrix Analysis 

190108 F012-03 06/03/19 WATER VOLATILE ORGANICS BY GC/MS 

Note : TOTAL SULFUR BY ICPMS was subcontracted to Exova. 

The results are summarized on the following pages. 

Please feel free to call if you have any questions concerning 
these results. 

Sincerely yours, 

Caspar J. Pang 
Laboratory Director 

This report is confidential and intended solely for the use of the individual or 
entity to whom it is addressed. This report shall not be reproduced except in full 
or without the written approval of EMAX. 

EMAX certifies that results included in this report meets all TN! & DOD requirements 
unless noted in the Case Narrative. 

NELAP Accredited Certificate Number CA002912018-14 
ANAB Accredited DoD ELAP and !SO/IEC 17025 Certificate Number L2278 Testing 
California ELAP Accredited Certificate Number 2672 
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1.. 

Client: 

Puna Geothermal Venture 
c/o Cardno 
64-5266 Puu Nani Dr 
Kamuela, HI 96743 
Telephone: 808-349-0929 
Facsimile: 808-528-0768 

Project Manager: 
Field Manager: 
Field Phone: 

PGV Semi-Annual Groundwater Sampling 

Kerry Wells 
Kerry Wells 
(808)349-0929 

Chain of Custody 

Laboratory: 

Emax Laboratories 
1835 W 205th. St 
Torrance, CA 90501 
Lab Manager: Raman Singh 
Telephone: (31 0) 618-8889 x119 
Facsimile: (310) 618-0818 

(qfOil. 

4/26/2019 

Waybill#: 

I I 

) I ,v •vv I "'"~·a"" I I "VV I ,..-...,...., I I I I I I I I I I I I I I I I I I I I I I I 

15 business days 
Hazard 10: None Sample Disposal: 

\<P'r-- wo\t.• =*I'. t; :-:r"c. 
~r t:; ·"t"'C. 

same container (1 L Poly, None) 
same container (1 L Amber, None) 
same container (40 ml VOA, None) 
same container (40 ml VOA, HC) 
Filtered 
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Reference: EMAX-SM02 Rev. 1< 
Form: SM02F: 

SAMPLE RECEIPT FORM 1 

Type of Delivery Airbill/ Tracking Number ECN l t:J Er.lt 'l 
l~edex 0 UPS 0 GSO 0 Others "l'i$ rt&> ~ Z.. fs« to%<6 Rec_ipient_tv\.thi&\ tv\(.(('\--: N-_7. 
0 EMAX Courier 0 Client Delivety Date(:, • t.H&J Time 9: Z<? 

COC INSPECTION 

t;a'e!ient Name _.,erc!i(:n! PMIFC 0 Sampler N~me A SampEng Date/Time ..J2( S::unp!c ID ~at.-ix 
l¢ddfe$s ~i#iFax# . 0 Courier Signature ~aiysis Required 0 Preservative (if any) ~T 
Safety Issues (if any) 0 High concentrations expected 0 From Superfund Site 0 Rad screening required 
Note: 

. 
PACKAGING INSPECTION 

Container _.....e1';ooler OBox 0 Other 
Condition ~ustody Seal 0 Intact ODamaged 
Packaging A1Subble Pack 0 Styrofoam OPopcom .0 Sufficient 0 
Temperatures )J'Cooler I ':) 'q.. •c 0Cooler2~ •c 0 Cooler3 ---•c 0 Cooler4 ---•c 0 Cooler 5 ___ •c 
(Cool, S6 oc but not frozen) 0 Cooler 6 ___ •c 0 Cooler7 ---•c 0 Cooler& ---•c 0 Cooler 9 ___ •c 0 Cooler 10 __ -_•c 

Thermometer: f:!!!:;J;m 170324872 B -S/N 150555522 C- SIN 170324888 D-SIN 
Comments: 0 Temperature is out of range. PM was informed IMMEDIATELY. 

Note: 

DISCREPANCIES 

LabSampleiD LabSampleContaineriD Code Clien!Sample Label ID/ ln.fi:>rmation Corrective Action 

l -:s 1011 ... ~~-4-1"1 Jb::.71- etXah7Jii . l/1a1f4 (VI..- (D £., 
\ 'L' \S L C( n\1. ~-~c~.A \ }.. t.. "'"X, II. l~J 1't7J ~~ IAfl~ It,.. t~t~M£,<..-Y 

\ I'L t- l£1 I -no fl 
'Z,. '1..::; --~ t:; lnt1 w ~iif..( - 0?--tO c,J/ tk.-k: 0..,\ -(116 

\ i-{j) on- coc uadf.'> \c..i...f \.J(){ Off)?. V!e.- L\VJ tJY"Pl Vflf I r -..-nv--
' 1.->/ Hc..e I -rutA.> ., voA 

\ ~0{ l-5.{ Lb--lZ IV h.. 
T flt'IJ1) (Wl ff-11 i-f- t:4AII '-' [(,(~ 

(<._4 
~ 

~ 
........... ....... 

---- ····-·-···-···-· - I I 

--- i,.l, ILl,,. " 
0 H boldin timer p g eq uirement for water samples is 15 mins. Water samples for pH analysis are received bey~ndh ~ fninutes from sam lin p g time, 

NOTES/OBSERVATIONS: \2e.:K-\-~\t:( 

Code Description- Sample Management 

DI Analysis is not indicated in ____ _ 

DZ Analysis mismatch COC vs label 

D3 Sample ID mismatch COC vs label 

0 Sample ID is not indicated in I C\ 12c-l 
DS Container -[improper] [leaking] (broken] 

D6 Date/Time is not indjcated in ___ _ 

D7 Date/Time mismatch COC vs label 

D8 Sample listed in COC is not received 

letb<,\. 

Code Description-Sample Management 

-~Out of Holding Time 

~ubble is >6mm 

DIS No trip blank in cooler 

Dl6 Preservation not indicated in 

{ D"i?)>reservation mismatch COC vs label -

'o-r(" Insufficient chemical preservative 

DI9 Insufficient Sample 

D20 No filtration info for dissolved analysis 

D9 Sample received is not listed in COC D21 No sample for moisture determination 

~NoGA~ncorrecrionsii@~ (§'i> No )0\YK.-,\_ _____ _ 
Dll Container count mismatch COC vs received 023 -----------~...---------

'm1vlEWS: /; __ _ 

C(',.' t-<c"cbw <.>vlf-;JR , 
. 1'1'" 'V\ b 'i,-lCi 

o{li.l n,-,\- ~<"'<<' ~- ·< '\;,- kH.t 

0 Continue to next page. 

Code Description-Sample Management 

@rocced as indicated in 0 COC 0 Label 

R2 Refer to attached instruction 

RJ Cancel the analysis 

@se vial with smallest bubble fJISt 

RS Log-in witb latest sampling date and time+ I min 

R6 Adjust pH as necessary 

R 7 Filter and preserved as necessary 

R8 

R9 

RIO 

HII 

~ 

fo5?Containcr size mismatch COC vs received ~z--
Sample Labeling ·avt~~l(f;;h-"<C · ,,_) ',J 

Date _.k:::Cf-/<L ______ ']J e Date 
PM __,r+:-~~~""F.""--.:=

SHF 

Date 

F/v!AX Laboratories, Inc. 1835 W. 205th SL, Torrance, Ca 90501 

I 
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ORIGIN ID•ITOA (808) 349-0929 ,. ,, KERRY WELLS 
' CARDNO · 84 5249 PAU NAN I DR 

KAMUELA, HI 98743 UNITED STATES US 

TO RAMAN SINGH 
EMAX LAB 
1835 W 205TH ST 

TORRANCE CA 90501· ·. 
999-9999 REF: 

2 of 2 

m 787& 5288 1 o99 
Mstr# 7876 6288 1 088 [O?OI] 

WZ HHRA 

! 
; 

i 
I 

SHIP DATE: 03JUN19 ACTWGT: 42.80 LB CAD: 0089943!71SSFE2002 DIMS: 28x14x15 IN 
BILL THIRD PARTY 

'' :{ 

Fed Ex 
Express 

fEll 
TUE - 04 JUN 10:30A 
PRfORITY OVERNIGHT 

90501 
CA-,US LAX 

" ! 

~ 
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ORIGIN ID•ITOA <BOB) ~4~-u~~~ 
KERRY WELLS 
CARDNO 
84 5249 PAU NAN! DR 

KAMUELA. HI 98743 
UNITED STATES US 

TO RAMAN SINGH 
EMAX LAB 
1835 W 205TH ST 

TORRANCE CA 90501 
~~~~) 999-9999 REf: 

PO: DEPT: 

ACTWGT: 48.20 LB , 
CAD: 0069943171SSFE2002 
DIMS: 28x14x15 IN 

BILL THtRD PARTY 

llllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

TUE - 04 JUN 10:30A 
PRIORITY OVERNIGHT 

90501 
":,us LAX ,, 

' 

_J 
... ~ 
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REPORTING CONVENTIONS 

DATA QUALIFIERS: 

Lab Qualifier AFCEE Qualifier Description 

J F Indicates that the analyte is positively identified and the result is less 
than RL but greater than MDL. 

N Indicates presumptive evidence of a compound. 

B B Indicates that the analyte is found in the associated method blank 
as well as in the sample at above QC level. 

E J Indicates that the result is above the maximum calibration range or 
estimated value. 

* * Out of QC limit. 

Note: The above qualifiers are used to flag the results unless the project requires a 
different set of qualification criteria. 

ACRONYMS AND ABBREVIATIONS: 

CRDL Contract Required Detection Limit 
RL Reporting Limit 
MRL Method Reporting Limit 
PQL Practical Quantitation Limit 

-
MDL Method Detection Limit 
DO Diluted out 

DATES 

The date and time information for leaching and preparation reflect the beginning date and time of 
the procedure unless the method, protocol, or project specifically requires otherwise. 
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LABORATORY REPORT FOR 

PUNA GEOTHERMAL VENTURE 

SEMI-ANNUAL GROUNDWATER SAMPLING 

METHOD 5030B/8260B 
VOLATILE ORGANICS BY GC/MS 

SDG#: 19F012 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

METHOD 5030B/8260B 
VOLATILE ORGANICS BY GC/MS 

A total of three (3) water samples were received on 06/04/19 to be 
analyzed for Volatile Organics by GC/MS in accordance with Method 
5030B/8260B and project specific requirements. 

Holding Time 
Samples were analyzed within the prescribed holding time. 

Instrument Performance and Calibration 
Instrument tune check was performed prior to calibration. Result was 
within acceptance criteria. Multi-calibration points were generated to 
establish initial calibration (ICAL). ICAL was verified using secondary 
source (ICV). Continuing calibration (CCV) was carried out at a frequency 
required by the project. There was one (1) CCV associated with this SDG 
Target analytes in CCV (Data file ID: RFN076) were within calibration 
acceptance criteria. All calibration requirements were satisfied. Refer 
to calibration summary forms of ICAL, ICV and CCV for details. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the 
project. For this SDG, one (1) method blank was analyzed. VWF4F04B -
result was compliant to project requirement. Refer to sample result 
summary form for details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by 
the project. For this SDG, one (1) set of LCS/LCD was analyzed. 
VWF4F04L/VWF4F04C were within LCS limits. Refer to LCS summary form for 
details. 

Matrix QC Sample 
No matrix QC sample was provided on this SDG. 

Surrogate 
Surrogates were added on QC and field samples. All surrogate recoveries 
were within QC limits. Refer to sample result summary forms for details. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. 
Results were evaluated in accordance to project requirements. For this 
SDG, all quality control requirements were met. 
All vials received for sample 19E012-01 and -02 had bubbles >6MM. The 
vial with the smallest bubble was selected for analysis. 
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LAB CHRONICLE 
VOLATILE ORGANICS BY GC/MS 

========================================================================================================================================================= 
Client 
Project 

: PUNA GEOTHERMAL VENTURE 
: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG NO. : 19F012 
Instrument ID : F4 

========================================================================================================================================================= 

Client 
Sample ID 

MBLK1W 
LCS1W 
LCD1W 
190104 
190107 
190108 

FN Filename 
%Moist Percent Moisture 

Laboratory 
Sample ID 
---------
VWF4F04B 
VWF4F04L 
VWF4F04C 
F012-01 
F012-02 
F012-03 

Dilution % 
Factor Moist 
------ -----

1 NA 
1 NA 
1 NA 
1 NA 
1 NA 
1 NA 

WATER 
Analysis Extraction 
DateTime Date Time 

------------- -------------
06/11/1915:47 06/11/1915:47 
06/11/1914:24 06/11/1914:24 
06/11/1914:52 06!11/1914:52 
06/11/1919:05 06/11/1919:05 
06/11/1919:35 06/11/1919:35 
06/11/1920:03 06/11/1920:03 

Sample 
Data FN 

RFN081 
RFN077 
RFN078 
RFN088 
RFN089 
RFN090 

Calibration Prep. 
Data FN Batch 

RDN139 VWF4F04 
RDN139 VWF4F04 
RDN139 VWF4F04 
RDN139 VWF4F04 
RDN139 VWF4F04 
RDN139 VWF4F04 

Notes 

Method Blank 
Lab Control Sample (LCS) 
LCS Duplicate 
Field Sample 
Field Sample 
Field Sample 
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SAMPLE RESULTS 

il' 
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Client 
Project 
Batch No. 
Sample ID: 
Lab Samp ID: 
Lab File ID: 
Ext Btch ID: 
Cal ib. Ref.: 

METHOD 5030B/8260B 
VOLATILE ORGANICS BY GC/MS 

PUNA GEOTHERMAL VENTURE 
SEMI- ANNUAL GROUNDWATER SAMPLING 
19F012 
190104 
F012-01 
RFN088 
VWF4F04 
RDN139 

Date Collected: 06/03/19 
Date Received: 06/04/19 
Date Extracted: 06/11/19 19:05 
Date Analyzed: 06/11/19 19:05 
Dilution Factor: 1 
Matrix WATER 
%Moisture NA 
Instrument ID TOF4 

========================================================================================== 

RESULTS RL MDL 
PARAMETERS (ug/L) (ug/L) (Ug/L) 
----------

1, 1, 1-TRICHLOROETHANE ND 5.0 1. 0 
1, 1,2,2-TETRACHLOROETHANE ND 5.0 1. 0 
1, 1,2-TRICHLOROETHANE ND 5.0 1. 0 
1, 1-DICHLOROETHANE ND 5.0 1 .0 
1, 1-DICHLOROETHENE ND 5.0 1. 0 
1,2-DICHLOROBENZENE ND 5.0 1 .0 
1,2-DICHLOROETHANE ND 5.0 1.0 
1,2-DICHLOROPROPANE ND 5.0 1.0 
1,3-DICHLOROBENZENE ND 5.0 2.0 
1,4-DICHLOROBENZENE ND 5.0 2.0 
2-CHLOROETHYL VINYL ETHER ND 10 4.0 
BENZENE ND 5.0 1.0 
BROMODICHLOROMETHANE ND 5.0 2.0 
BROMOFORM ND 5.0 2.0 
BROMOMETHANE ND 5.0 3.0 
CARBON TETRACHLORIDE ND 5.0 1. 0 
CHLOROBENZENE ND 5.0 1.0 
CHLOROETHANE ND 5.0 2.0 
CHLOROFORM ND 5.0 1.0 
CHLOROMETHANE ND 5.0 2.0 
CIS-1,3-DICHLOROPROPENE ND 5.0 1. 0 
DIBROMOCHLOROMETHANE ND 5.0 1. 0 
ETHYLBENZENE ND 5.0 1. 0 
METHYLENE CHLORIDE ND 10 t,. 0 
TETRACHLOROETHENE ND 5.0 2.0 
TOLUENE ND 5.0 1. 0 
TRANS-1,2-DICHLOROETHENE ND 5.0 1 .0 
TRANS-1,3-DICHLOROPROPENE ND 5.0 1.0 
TRICHLOROETHENE ND 5.0 1.0 
TRICHLOROFLUOROMETHANE ND 5.0 2.0 
VINYL CHLORIDE ND 6.0 4.0 

SURROGATE PARAMETERS RESULTS SPK AMT % RECOVERY QC Ll MIT -
-------------------- ---------- --------
1,2-DICHLOROETHANE-D4 41.2 50.00 82.4 70-140 
4-BROMOFLUOROBENZENE 49.9 50.00 99.8 70-130 
TOLUENE-DB 52.2 50.00 104 70-140 
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METHOD 50308/82608 
VOLATILE ORGANICS BY GC/MS 

========================================================================================== 
Client PUNA GEOTHERMAL VENTURE Date Collected: 06/03/19 
Project SEMI-ANNUAL GROUNDWATER SAMPLING Date Received: 06/04/19 
Batch No. 19F012 Date Extracted: 06/11/19 19:35 
Sample ID: 190107 Date Analyzed: 06/11/19 19:35 
Lab Samp ID: F012-02 Dilution Factor: 1 
Lab File ID: RFN089 Matrix WATER 
Ext Btch ID: VWF4F04 %Moisture NA 
Cal ib. Ref.: RDN139 Instrument ID TOF4 
========================================================================================== 

RESULTS RL MDL 
PARAMETERS (ug/L) (ug/L) (ug/L) 
----------
1, 1, 1-TRICHLOROETHANE ND 5.0 1 .0 
1, 1,2,2-TETRACHLOROETHANE ND 5.0 1.0 
1, 1,2-TR!CHLOROETHANE ND 5.0 1. 0 
1, 1-DICHLOROETHANE ND 5.0 1.0 
1, 1-DICHLOROETHENE ND 5.0 1.0 
1,2-DICHLOROBENZENE ND 5.0 1.0 
1,2-DICHLOROETHANE ND 5.0 1.0 
1,2-DICHLOROPROPANE ND 5.0 1.0 
1,3-DICHLOROBENZENE NO 5.0 2.0 
1,4-D!CHLOROBENZENE NO 5.0 2.0 
2-CHLOROETHYL VINYL ETHER ND 10 4.0 
BENZENE ND 5.0 1.0 
BROMODICHLOROMETHANE NO 5.0 2.0 
BROMOFORM NO 5.0 2.0 
BROMOMETHANE ND 5.0 3.0 
CARBON TETRACHLORIDE NO 5.0 1.0 
CHLOROBENZENE ND 5.0 1.0 
CHLOROETHANE ND 5.0 2.0 
CHLOROFORM NO 5.0 1 .0 
CHLOROMETHANE ND 5.0 2.0 
CIS-1,3-DICHLOROPROPENE ND 5. 0 1. 0 
DIBROMOCHLOROMETHANE ND 5.0 1.0 
ETHYLBENZENE ND 5.0 1.0 
METHYLENE CHLORIDE ND 10 I,. 0 
TETRACHLOROETHENE ND 5.0 2.0 
TOLUENE ND 5.0 1.0 
TRANS-1,2-DICHLOROETHENE ND 5.0 1 .0 
TRANS-1,3-DICHLOROPROPENE ND 5.0 1.0 
TRICHLOROETHENE ND 5.0 1.0 
TRICHLOROFLUOROMETHANE ND 5.0 2.0 
VINYL CHLORIDE ND 6.0 4.0 

SURROGATE PARAMETERS RESULTS SPK AMT % RECOVERY QC LIMIT -
~------------------- ------
1,2-DICHLOROETHANE-04 40.4 50.00 80.8 70-140 
4-BROMOFLUOROBENZENE 48.5 50.00 97.1 70·130 
TOLUENE-DB 51.8 50.00 104 70-140 
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METHOD 5030B/8260B 
VOLATILE ORGANICS BY GC/MS 

========================================================================================== 
Client PUNA GEOTHERMAL VENTURE Date Collected: 06/03/19 
Project SEMI -ANNUAL GROUNDWATER SAMPLING Date Received: 06/04/19 
Batch No. 19F012 Date Extracted: 06/11/19 20:03 
Sample ID: 190108 Date Analyzed: 06!11/19 20:03 
Lab Samp JD: F012-03 Dilution Factor: 1 
Lab File JD: RFN090 M<Jtrix WATER 
Ext Btch ID: VWF4F04 %Moisture NA 
Cal ib. Ref.: RDN139 Instrument ID TOF4 
========================================================================================== 

RESULTS RL MDL 
PARAMETERS (Ug/L) ( ug/L) (Ug/L) 
----------
1, 1, 1-TRICHLOROETHANE ND 5.0 1.0 
1,1,2,2-TETRACHLOROETHANE ND 5.0 1. 0 
1, 1,2-TRICHLOROETHANE ND 5.0 1. 0 
1, 1-DJCHLOROETHANE ND 5.0 1. 0 
1, 1-DJCHLOROETHENE ND 5.0 1.0 
1,2-DJCHLOROBENZENE ND 5.0 1.0 
1,2-DJCHLOROETHANE ND 5.0 1.0 
1,2-DJCHLOROPROPANE ND 5.0 1.0 
1,3-DJCHLOROBENZENE ND 5.0 2.0 
1,4-DJCHLOROBENZENE ND 5.0 2.0 
2-CHLOROETHYL VINYL ETHER ND 10 4.0 
BENZENE ND 5.0 1. 0 
BROMODJCHLOROMETHANE ND 5.0 2.0 
BROMOFORM ND 5.0 2.0 
BROMOMETHANE ND 5.0 3.0 
CARBON TETRACHLORIDE ND 5.0 1. 0 
CHLOROBENZENE ND 5.0 1. 0 
CHLOROETh!INE ND 5.0 2.0 
CHLOROFORM ND 5.0 1. 0 
CHLOROMETHANE ND 5.0 2.0 
CJS-1,3-DJCHLOROPROPENE ND 5.0 1.0 
DIBROMOCHLOROMETHANE ND 5.0 1.0 
ETHYLBENZENE ND 5.0 1.0 
METHYLENE CHLORIDE ND 10 4.0 
TETRACHLOROETHENE ND 5.0 2.0 
TOLUENE ND 5.0 1.0 
TRANS-1,2-DJCHLORCETHENE ND 5.0 1.0 
TRANS-1,3-DJCHLOROPROPENE ND 5.0 1. 0 
TRJCHLOROETHENE ND 5.0 1. 0 
TRJCHLOROFLUOROMETHANE ND 5.0 2.0 
VINYL CHLORIDE ND 6.0 4.0 

SURROGATE PARAMETERS RESULTS SPK_AMT % RECOVERY QC LIMIT 
-------------------- ---------- --------
1,2-DJCHLOROETHANE-D4 41.6 50.00 83.2 70-140 
4-BROMOFLUOROBENZENE 48.9 50.00 97.7 70-130 
TOLUENE-DB 51 .8 50.00 104 70-140 
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METHOD 50308/82608 
VOLATILE ORGANICS BY GC/MS 

========================================================================================== 
Client PUNA GEOTHERMAL VENTURE Date Collected: NA 
Project SEMI-ANNUAL GROUNDWATER SAMPLING Date Received: 06/11!19 
Batch No. 19F012 Date Extracted: 06/11/19 15:47 
Sample ID: MBLK1W Date Analyzed: 06/11/19 15:47 
Lab Samp ID: VWF4F04B Dilution Factor: 1 
Lab File ID: RFN081 Matrix WATER 
Ext Btch ID: VWF4F04 %Moisture NA 
Cal ib. Ref.: RDN139 Instrument ID TOF4 
========================================================================================== 

RESULTS RL MDL 
PARAMETERS (Ug/L) (Ug/L) (ug/L) 
----------
1, 1, 1-TRICHLOROETHANE ND 5.0 1.0 
1, 1,2,2-TETRACHLOROETHANE ND 5.0 1.0 
1, 1,2-TRICHLOROETHANE ND 5.0 1. 0 
1, 1-DICHLOROETHANE ND 5.0 1.0 
1, 1-DICHLOROETHENE ND 5.0 1. 0 
1,2-DICHLOROBENZENE ND 5.0 1. 0 
1,2-DICHLOROETHANE ND 5.0 1. 0 
1,2-DJCHLOROPROPANE ND 5.0 1.0 
1,3-DJCHLOROBENZENE ND 5.0 2.0 
1,4-DICHLOROBENZENE ND 5.0 2.0 
2-CHLOROETHYL VINYL ETHER ND 10 4.0 
BENZENE ND 5.0 1.0 
BROMODICHLOROMETHANE ND 5.0 2.0 
BROMOFORM ND 5.0 2.0 
BROMOMETHANE ND 5.0 3.0 
CARBON TETRACHLORIDE ND 5.0 1.0 
CHLOROBENZENE ND 5.0 1.0 
CHLOROETHANE ND 5.0 2.0 
CHLOROFORM ND 5.0 1.0 
CHLOROMETHANE ND 5.0 2.0 
CJS-1,3-DICHLOROPROPENE ND 5.0 1.0 
DIBROMOCHLOROMETHANE ND 5.0 1.0 
ETHYLBENZENE ND 5.0 1.0 
METHYLENE CHLORIDE ND 10 4.0 
TETRACHLOROETHENE ND 5.0 2.0 
TOLUENE ND 5.0 1. 0 
TRANS-1,2-DICHLOROETHENE ND 5.0 1. 0 
TRANS-1,3-DICHLOROPROPENE ND 5.0 1.0 
TRICHLOROETHENE ND 5.0 1.0 
TRJCHLOROFLUOROMETHANE ND 5.0 2.0 
VINYL CHLORIDE ND 6.0 4.0 

SURROGATE PARAMETERS RESULTS SPK AMT % RECOVERY OC LIM! T 
-------------------- ---------- --------

1,2-DICHLOROETHANE-04 42.4 50.00 84.8 70-140 
4-BROMOFLUOROBENZENE 48.3 50.00 96.6 70-130 
TOLUENE-OS 51.0 50.00 102 70-130 
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CLIENT: 
PROJECT: 
BATCH NO.: 
METHOD: 

EMAX QUALITY CONTROL DATA 
LCS/LCD ANALYSIS 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 
METHOD 5030B/8260B 

=======================================================================================================================~ 

MATRIX: WATER %MOISTURE: NA 
DILUTION FACTOR: 1 
SAMPLE ID: MBLK1W 
LAB SAMP ID: VWF4F04B VWF4F04L VWF4F04C 
LAB FILE ID: RFN081 RFN077 RFN078 
DATE EXTRACTED: 06/11/1915:47 06/11/1914:24 06/11/1914:52 DATE COLLECTED: NA 
DATE ANALYZED: 06/11/1915:47 06/11/1914:24 06/11/1914:52 DATE RECEIVED: 06!11/19 
PREP. BATCH: VWF4F04 VWF4F04 VWF4F04 
CALI B. REF: RDN139 RDN139 RDN139 

ACCESSION: 

BLNK RSLT SPIKE AMT BS RSLT BS SPIKE AMT BSD RSLT BSD RPD QC LIM IT 
PARAMETER (Ug/L) (Ug/L) (ug/L) % REC (Ug/L) (ug/L) % REC ( % ) ( % ) 
--------- ---------- ----- --- ---------- --------- ------- --
1, 1-Dichloroethene ND 50.0 46.8 94 50.0 49.3 99 5 60-130 
Benzene ND 50.0 47.5 95 50.0 49.5 99 {, 70-130 
Chlorobenzene ND 50.0 48.8 98 50.0 50.6 101 4 70-130 
Toluene ND 50.0 50.3 101 50.0 51.9 104 3 70-130 
Trichloroethene ND 50.0 48.5 97 50.0 50.8 102 5 70-130 

SPIKE AMT BS RSLT BS SPIKE AMT BSD RSLT BSD QC L l M 11 
SURROGATE PARAMETER (Ug/L) (ug/L) % REC (ug/L) (ug/L) % REC ( % ) 

------------------- --------- ---------- --------- --------
1,2-Dichloroethane-d4 50.0 40.6 81 50.0 42.0 84 70-140 
4-Bromofluorobenzene 50.0 50.7 101 50.0 50.0 100 70-130 
Toluene-dB 50.0 51.8 104 50.0 51.0 102 70-130 

MAX RPD 
( % ) 

30 
30 
30 
:so 
:so 

REPORT ID: 19F012 Page 17 of 131



LABORATORY REPORT FOR 

PUNA GEOTHERMAL VENTURE 

SEMI-ANNUAL GROUNDWATER SAMPLING 

METHOD 1311/5030B/8260B 
TCLP VOLATILE ORGANICS BY GC/MS 

SDG#: 19F012 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

METHOD 1311/5030B/8260B 
TCLP VOLATILE ORGANICS BY GC/MS 

A total of two(2) water samples were received on 06/04/19 to be analyzed 

for TCLP Volatile Organics by GC/MS in accordance with Method 
1311/5030B/8260B and project specific requirements. 

Holding Time 
Samples were analyzed within the prescribed holding time. 

Instrument Performance and Calibration 
Instrument tune check was performed prior to calibration. Result was 

within acceptance criteria. Multi-calibration points were generated to 

establish initial calibration (ICAL). ICAL was verified using secondary 

source (ICV). Continuing calibration (CCV) was carried out at a frequency 

required by the project. There was one(l)CCV associated with this SDG 

Target analytes in CCV(Datafile ID:RFN162) were within calibration 

acceptance criteria. All calibration requirements were satisfied. Refer 

to calibration summary forms of ICAL, ICV and CCV for details. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the 

project. For this SDG, two(2) method blanks were analyzed. TVF002WB and 

VWF4F07B were compliant to project requirement. Refer to sample result 

summary forms for details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by 

the project. For this SDG, one(l) set of LCS/LCD was analyzed. 

VWF4F07L/VWF4F07C were within LCS limits. Refer to LCS summary form for 

details. 

Matrix QC Sample 
Matrix spike sample was prepared and analyzed at a frequency required by 

the project. For this SDG, one(l) set of MS/MSD was analyzed. F012-

02M/F012-02S - all analytes were within MS QC limits. Refer to Matrix QC 

summary form for details. 

Surrogate 
Surrogates were added on QC and field samples. All surrogate recoveries 

were within QC limits. Refer to sample result summary forms for details. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. 
Results were evaluated in accordance to project requirements. For this 

SDG, all quality control requirements were met. 
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LAB CHRONICLE 
TCLP VOLATILE ORGANICS BY GC/MS 

========================================================================================================================================================= 
Client 
Project 

: PUNA GEOTHERMAL VENTURE 
: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG NO. : 19F012 
Instrument ID : F4 

========================================================================================================================================================= 

LEACHATE 
Client Laboratory Dilution % Analysis Extraction Sample Calibration Prep. 
Sample ID Sample ID Factor Moist DateTime DateTime Data FN Data FN Batch Notes 
--------- --------- ------ ----- ------------- ------------- ------- ------- ------- ------------------------,. 
MBLK1W VWF4F07B 1 NA 06/14/1912:43 06/14/1912:43 RFN168 RDN139 VWF4F07 Method Blank 
LCS1W VWF4F07L 1 NA 06/14/1911:19 06/14/1911:19 RFN165 RDN139 VWF4F07 Lab Control Sample (LCS) 
LCD1W VWF4F07C 1 NA 06/14/1911:46 06/14/1911:46 RFN166 RDN139 VWF4F07 LCS Duplicate 
MBLKZW TVF002WB 10 NA 06/14/1916:04 06/14/1916:04 RFN 175 RDN139 VWF4F07 Method Blank 
190104 F012-01 10 NA 06/14/1916:33 06/14/1916:33 RFN176 RDN139 VWF4F07 Field Sample 
190107 F012-02 10 NA 06/14/1917:01 06/14/1917:01 RFN177 RDN139 VWF4F07 Field Sample 
190107MS F012-02M 10 NA 06/14/1917:51 06/14/1917:51 RFN178 RDN139 VWF4F07 Matrix Spike Sample (MS) 
190107MSD F012-02S 10 NA 06/14/1918:19 06/14/1918:19 RFN179 RDN139 VWF4F07 MS Duplicate (MSD) 

FN Filename 
%Moist Percent Moisture 
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SAMPLE RESULTS 
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METHOD 1311/5030B/8260B 
TCLP VOLATILE ORGANICS BY GC/MS 

========================================================================================== 
Client PUNA GEOTHERMAL VENTURE Date Collected: 06/03/19 
Project SEMI -ANNUAL GROUNDWATER SAMPLING Date Received: 06/04/19 
Batch No. 19F012 Date Extracted: 06/14/19 16:33 
Sample ID: 190104 Date Analyzed: 06/14/19 16:33 
Lab Samp 10: F012-01 Dilution Factor: 10 
Lab File 10: RFN176 Matrix LEACHATE 
Ext Btch JD: VWF4F07 %Moisture NA 
Cal ib. Ref.: RDN139 Instrument ID TOF4 
========================================================================================== 

RESULTS RL MDL 
PARAMETERS (ug/L) (ug/L) (ug/L) 
----------
BENZENE NO 50 10 
METHYL ETHYL KETONE NO 100 50 
CARBON TETRACHLORIDE NO 50 10 
CHLOROBENZENE ND 50 10 
CHLOROFORM ND 50 10 
1,4-DICHLOROBENZENE NO 50 20 
1,2-DJCHLOROETHANE NO 50 10 
1, 1-DJCHLOROETHENE NO 50 10 
TETRACHLOROETHENE NO 50 20 
TRICHLOROETHENE NO 50 10 
VINYL CHLORIDE NO 60 40 

SURROGATE PARAMETERS RESULTS SPK AMT % RECOVERY QC LIMIT 
-

-------------------- ---------- ------ -
1,2-DJCHLOROETHANE-04 434 500.0 86.7 70-140 
4-BROMOFLUOROBENZENE 490 500.0 98.1 70-130 
TOLUENE-DB 512 500.0 102 70-140 

DateTime Leached: 06/07/19 15:59 
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METHOD 1311/5030B/8260B 
TCLP VOLATILE ORGANICS BY GC/MS 

========================================================================================== 
Client PUNA GEOTHERMAL VENTURE Date Collected: 06/03/19 
Project SEMI- ANNUAL GROUNDWATER SAMPLING Date Received: 06/04!19 
Batch No. 19F012 Date Extracted: 06/14/19 17:01 
Sample ID: 190107 Date Analyzed: 06/14/19 17:01 
Lab Samp ID: F012-02 Dilution Factor: 10 
Lab File ID: RFN177 Matrix LEACHATE 
Ext Btch ID: VWF4F07 % Moisture NA 
Cal ib. Ref.: RDN139 Instrument ID TOF4 

RESULTS RL MDL 
PARAMETERS (ug/L) (ug/L) (ug/L) 
------ ---
BENZENE ND 50 10 
METHYL ETHYL KETONE ND 100 50 
CARBON TETRACHLORIDE ND 50 10 
CHLOROBENZENE ND 50 10 
CHLOROFORM ND 50 10 
1,4-DICHLOROBENZENE ND 50 20 
1,2-DICHLOROETHANE ND 50 10 
1, 1-DICHLOROETHENE ND 50 10 
TETRACHLOROETHENE ND 50 20 
TRICHLOROETHENE ND 50 10 
VINYL CHLORIDE ND 60 40 

SURROGATE PARAMETERS RESULTS SPK AMT % RECOVERY QC LIMIT 
--- ------ --------- -------- -

1,2-DICHLOROETHANE-D4 437 500.0 87.4 70-140 

4-BROMOFLUOROBENZENE 490 500.0 97.9 70 130 
TOLUENE-DB 509 500.0 102 70-11,0 

DateTime Leached: 06/07;19 15:59 
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QC SUMMARIES 
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Client 
Project 
Batch No. 
Sample ID: 
Lab Sarnp ID: 
LabFileiD: 
Ext Btch ID: 
Cal ib. Ref.: 

METHOD 1311/5030B/8260B 
TCLP VOLATILE ORGANICS BY GC/MS 

PUNA GEOTHERMAL VENTURE 
SEMI -ANNUAL GROUNDWATER SAMPLING 
19F012 
MBLK1W 
VWF4F07B 
RFN168 
VWF4F07 
RDN139 

Date Collected: NA 
Date Received: 06/14/19 
Date Extracted: 06/14/19 12:43 
Date Analyzed: 06/14/19 12:43 
Dilution Factor: 1 
Matrix WATER 
%Moisture NA 
Instrument ID TOF4 

========================================================================================== 

RESULTS RL MDL 
PARAMETERS (ug/L) (ug/L) (ug/L) 
----------
BENZENE NO 5.0 1.0 
METHYL ETHYL KETONE NO 10 5.0 
CARBON TETRACHLORIDE NO 5.0 1.0 
CHLOROBENZENE NO 5.0 1.0 
CHLOROFORM NO 5.0 1.0 
1,4-DICHLOROBENZENE NO 5.0 2.0 
1,2-DICHLOROETHANE NO 5.0 1.0 
1, 1-DICHLOROETHENE NO 5.0 1.0 
TETRACHLOROETHENE NO 5.0 2.0 
TRICHLOROETHENE NO 5.0 1.0 
VINYL CHLORIDE NO 6.0 4.0 

SURROGATE PARAMETERS RESULTS SPK AMT % RECOVERY QC LIMIT 
-------------------- --------
1,2-DICHLOROETHANE-04 42.7 50.00 85.4 70-140 
4-BROMOFLUOROBENZENE 50.3 50.00 101 70-130 
TOLUENE-DB 51.9 50.00 104 70-130 
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Client 
Project 
Batch No. 
Sample ID: 
Lab Samp ID: 
Lab File ID: 
Ext Btch ID: 
Cal ib. Ref.: 

METHOD 1311/5030B/8260B 
TCLP VOLATILE ORGANICS BY GC/MS 

PUNA GEOTHERMAL VENTURE 
SEMI -ANNUAL GROUNDWATER SAMPLING 
19F012 
MBLK2W 
TVF002WB 
R FN 175 
VWF4F07 
RDN139 

Date Collected: NA 
Date Received: 06/14/19 
Date Extracted: 06!14/19 16:04 
Date Analyzed: 06/14/19 16:04 
Dilution factor: 10 
Matrix LEACHATE 
%Moisture NA 
Instrument ID TOF4 

========================================================================================== 

RESULTS RL MDL 
PARAMETERS (ug/L) (ug/L) (ug/L) 
----------
BENZENE ND 50 10 
METHYL ETHYL KETONE ND 100 50 
CARBON TETRACHLORIDE ND 50 10 
CHLOROBENZENE ND 50 10 
CHLOROFORM ND 50 10 
1,4-DICHLOROBENZENE ND 50 20 
1,2-DICHLOROETHANE ND 50 10 
1, 1-DICHLOROETHENE ND 50 10 
TETRACHLOROETHENE ND 50 20 
TRICHLOROETHENE ND 50 10 
VINYL CHLORIDE ND 60 40 

SURROGATE PARAMETERS RESULTS SPK AMT % RECOVERY ac LIM! T -
-------------------- ---------- --------
1,2-DICHLOROETHANE-D4 439 500.0 87.9 70-140 
4-BROMOFLUOROBENZENE 501 500.0 100 70-130 
TOLUENE-DB 501 500.0 100 70-130 

DateTime Leached: 06/07/19 15:59 
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CLIENT: 
PROJECT: 
BATCH NO.: 
METHOD: 

EMAX QUALITY CONTROL DATA 
LCS/LCD ANALYSIS 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 
METHOD 1311/5030B/8260B 

========================================================================================================~-----· 

MATRIX: WATER %MOISTURE: NA 
DILUTION FACTOR: 1 
SAMPLE ID: MBLK1W 
LAB SAMP ID: VWF4F07B VWF4F07L VWF4F07C 
LAB FILE ID: RFN168 RFN165 RFN166 
DATE EXTRACTED: 06!14!1912:43 06/14/1911:19 06/14/1911:46 DATE COLLECTED: NA 
DATE ANALYZED: 06/14/1912:43 06!14/1911; 19 06/14!1911 :46 DATE RECEIVED: 06/14/19 
PREP. BATCH: VWF4F07 VWF4F07 VWF4F07 
CALI B. REF: RDN139 RDN139 RDN139 

ACCESSION: 

BLNK RSLT SPIKE AMT BS RSLT BS SPIKE AMT BSD RSLT BSD RPD 
PARAMETER (ug/L) (Ug/L) (ug/L) % REC (Ug/L) (Ug/L) % REC ( % ) 
--------- ---------- --------- ---------- --------- ----------
Benzene ND 50.0 47.7 95 50.0 42.1 8l, 12 
Methyl Ethyl Ketone ND 250 288 115 250 263 105 9 
Carbon Tetrachloride ND 50.0 46.2 92 50.0 40.5 81 1 :s 
Chlorobenzene ND 50.0 48.6 97 50.0 43.8 88 10 
Chloroform ND 50.0 47.6 95 50.0 43.1 86 10 
1,4-Dichlorobenzene ND 50.0 49.0 98 50.0 43.6 87 12 
1,2-Dichloroethane ND 50.0 44.2 88 50.0 40.8 82 8 
1, 1-Dichloroethene ND 50.0 47.3 95 50.0 41.5 83 13 
Tetrachloroethene ND 50.0 51.3 103 50.0 43.6 87 16 
Trichloroethene ND 50.0 49.0 98 50.0 42.8 86 1 t, 

Vinyl Chloride ND 50.0 54.0 108 50.0 50.6 101 6 

QC L I Ml 1 
( % ) 

70-130 
60-ll,O 
10 i .)0 

70-1$0 
10-130 
70-130 
70-130 
60-130 
70-130 
70-130 
60-150 

======================================================================================================================== 

SPIKE AMT BS RSLT BS SPIKE AMT BSD RSLT BSD QC LIMIT 
SURROGATE PARAMETER ( ug/ L) (ug/L) % REC (ug/L) (ug/L) % REC ( % ) 

------------------- --------- ---------- ------- - ------- --
1,2-Dichloroethane-d4 50.0 42.0 84 50.0 42.5 85 70-140 
4-Bromofluorobenzene 50.0 50.9 102 50.0 50.7 101 70-130 
Toluene-dB 50.0 51.5 103 50.0 51.6 103 70-130 

MAX RPD 
( % ) 

so 
30 
10 
.50 
.)0 
30 
:so 
30 
:so 
30 
30 
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EMAX QUALITY CONTROL DATA 
MS/MSD ANALYSIS 

CLIENT: 
PROJECT: 
BATCH NO.: 
METHOD: 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 
METHOD 1311/5030B/8260B 

MATRIX: LEACHATE %MOISTURE: 
DILUTION FACTOR: 10 10 10 
SAMPLE ID: 190107 
LAB SAMP ID: F012-02 F012-02M F012-02S 
LAB FILE I D: RFN177 RFN178 RFN179 
DATE EXTRACTED: 06/14/1917:01 06/14!1917:51 06/14/1918:19 DATE COLLECTED: 
DATE ANALYZED: 06/14/1917:01 06/14/1917:51 06/14/1918:19 DATE RECEIVED: 
PREP. BATCH: VWF4F07 VWF4F07 VWF4F07 
CALIB. REF: RDN139 RDN139 RDN139 

ACCESSION: 

SMPL RSLT SPIKE AMT MS RSLT MS SPIKE AMT 
PARAMETER ( ug/L) (Ug/L) (ug/L) % REC (ug/L) 
--------- ---------- --------- ---------- ---------
Benzene NO 500 430 86 500 
Methyl Ethyl Ketone NO 2500 2460 98 2500 
Carbon Tetrachloride NO 500 423 85 500 
Chlorobenzene NO 500 446 89 500 
Chloroform ND 500 447 89 500 
1,4-Dichlorobenzene NO 500 451 90 500 
1,2-Dichloroethane NO 500 428 86 500 
1, 1-0ichloroethene NO 500 429 86 500 
Tetrachloroethene NO 500 452 90 500 
Trichloroethene NO 500 436 87 500 
Vinyl Chloride NO 500 429 86 500 

SPIKE AMT MS RSLT MS SPIKE AI~T MSD RSLl 
SURROGATE PARAMETER (ug/L) (Ug/L) % REC (ug/L) (ug/L) 
------ ------------ ---------- --------- ----------

1,2-0ichloroethane-d4 500 438 88 500 437 
4-Bromofluorobenzene 500 502 100 500 500 
Toluene-dB 500 516 103 500 515 

OateTime Leached: 06/07/19 15:59 

NA 

06/03/19 
06/04/19 

MSD RSLT MSO RPD QC LIMIT MAX RPD 
(ug/L) % REC ( % ) ( % ) ( % ) 

----------
426 85 1 60-140 30 

2670 107 8 60-150 :~o 

417 83 2 60-140 30 
439 88 2 70-130 30 
441 88 70-130 :>o 
431 86 4 70-1:50 :>O 
420 84 2 70-11;0 )0 
430 86 0 60-11,0 :)0 
450 90 0 70-130 30 
435 87 () 60- .,,,o :)0 
460 92 7 60-160 30 

MSD oc LIMIT 
% REC ( % ) 

87 70-140 
100 70 130 
103 70-140 
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LABORATORY REPORT FOR 

PUNA GEOTHERMAL VENTURE 

SEMI-ANNUAL GROUNDWATER SAMPLING 

METHOD 1311/3520C/8270C 
TCLP SEMI VOLATILE ORGANICS BY GC/MS 

SDG#: 19F012 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

SW 1311/3520C/8270C 
TCLP SEMI VOLATILE ORGANICS BY GC/MS 

A total of two(2) water samples were received on 06/04/19 to be analyzed 
for TCLP Semi Volatile Organics by GC/MS in accordance with SW 
1311/3520C/8270C and project specific requirements. 

Holding Time 
Samples were analyzed within the prescribed holding time. 

Instrument Performance and Calibration 
Instrument tune check was performed prior to calibration. Instrument mass 
ratios as well as DDT breakdown were evaluated. Results were within 
acceptance criteria. Tailing factor for Benzidine and Pentachlorophenol 
were also verified and results were within the method limits. Multi
calibration points were generated to establish initial calibration 
(ICAL) . ICAL was verified using secondary source (ICV) . Continuing 
calibration (CCV) was carried out at a frequency required by the project. 
There was one(l)CCV associated with this SDG Target analytes in 
CCV(Datafile ID:RFJ237) were within calibration acceptance criteria. All 
calibration requirements were satisfied. Refer to calibration summary 
forms of ICAL, ICV and CCV for details. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the 
project. For this SDG, two(2) method blanks were analyzed. SVF014WB and 
TXF002WB were compliant to project requirement. Refer to sample result 
summary forms for details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by 
the project. For this SDG, one(l) set of LCS/LCD was analyzed. 
SVF014WL/SVF014WC were within LCS limits. Refer to LCS summary form for 
details. 

Matrix QC Sample 
No matrix QC sample was provided on this SDG. 

Surrogate 
Surrogates were added on QC and field samples. All surrogate recoveries 
were within QC limits. Refer to sample result summary forms for details. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. 
Results were evaluated in accordance to project requirements. For this 
SDG, all quality control requirements were met. 
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LAB CHRONICLE 
TCLP SEMI VOLATILE ORGANICS BY GC/MS 

========================================================================================================================================================= 
Client : PUNA GEOTHERMAL VENTURE SDG NO. : 19F012 
Project : SEMI-ANNUAL GROUNDWATER SAMPLING Instrument ID : E4 
========================================================================================================================================================= 

Client 
Sample ID 

MBLK1W 
LCS1W 
LCD1W 
LCHBLK1W 
190104 
190107 

FN - Filename 
% Moist - Percent Moisture 

Laboratory 
Sample ID 
---------
SVF014WB 
SVF014WL 
SVF014WC 
TXF002WB 
19F012-01 
19F012-02 

Dilution % 
Factor Moist 
------ -----

1 NA 
1 NA 
1 NA 
1 NA 
1 NA 
1 NA 

LEACHATE 
Analysis Extraction Sample Calibration Prep. 
DateTime DateTime Data FN Data FN Batch Notes 

------------- ------------- ------- ------- ------- ------------------------
06!13/1909:51 06/10/1913:00 RFJ240 RBJ080 19SVF014W Method Blank 
06/13/1910:10 06/10/1913:00 RFJ241 RBJ080 19SVF014W Lab Control Sample (LCS) 
06/13/1910:29 06/10/1913:00 RFJ242 RBJ080 19SVF014W LCS Duplicate 
06!13/1911:25 06/10/1913:00 RFJ245 RBJ080 19SVF014W Method Blank 
06/13/1911:44 06!10/1913:00 RFJ246 RBJ080 19SVF014W Field Sample 
06/13/1912:03 06/10/1913:00 RFJ247 RBJ080 19SVF014W Field Sample 
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SW 1311/3520C/8270C 
TCLP SEMI VOLATILE ORGANICS BY GC/MS 

============================================================================ 
Client 
Project 

Batch No. 
Sample ID : 
Lab Samp ID: 
Lab File ID: 
Ext Btch ID: 
Cal ib. Ref.: 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER 

19F012 
190104 
19F012-01 
RFJ246 
19SVF014W 
RBJ080 

Date Collected: 06/03/19 09:00 
SAMPLING 

Date Received: 06/04/19 
Date Extracted: 06/10/19 13:00 
Date Analyzed: 06/13/19 11:44 

Dilution Factor: 1 
Matrix: LEACHATE 

%Moisture: NA 
Instrument ID: E4 

============================================================================ 

PARAMETERS 

2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dinitrotoluene 
o-Cresol 
p-Cresol 
Hexachlorobenzene 
Hexachloro-1l3-butadiene 
Hexachloroetnane 
Nitrobenzene 
Pyridine 

RESULTS RL 
{Ug/L) {ug/L) 

----------- -----------
ND 100 
ND 100 
ND 100 
ND 100 
ND 100 
ND 100 
ND 100 
ND 100 
ND 100 
ND 400 

MDL 
{ug/L) 

-----------
50 
50 
50 
50 
50 
50 
50 
50 
50 

200 

SURROGATE PARAMETERS RESULT SPK_AMT %RECOVERY QC LIMIT 
------------------------ ----------- ----------- ----------- ------------
2,4{6-Tribromophenol 484 600 81 30-150 
2-F uorobiphenyl 191 200 95 30-130 
2-Fluorophenol 340 600 57 20-130 
Nitrobenzene-d5 172 200 86 30-130 
Phenol-d5 409 600 68 30-130 

:;~~~;~~l:~l~=======================l~~=========~~~==========~~=====~~:l~~====== 
Notes: 
{1): Cannot be separated from m-Cresol 

Detection limits are reported relative to sample result significant figures. 
Sample Amount : 100ml Final Volume : Zml 
Prepared by : JMuert Analyzed by : KVu 
DateTime Leached: 06/07/19 12:55 
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SW 1311/3520C/8270C 
TCLP SEMI VOLATILE ORGANICS BY GC/MS 

====~==~==================================================================== 
Client 
Project 

PUNA GEOTHERMAL VENTURE Date Collected: 06/03/19 10:00 
SEMI-ANNUAL GROUNDWATER SAMPLING 

Batch No. 
sample ID : 
Lab Samp ID: 
Lab File ID: 
Ext Btch ID: 
Calib. Ref.: 

19F012 
190107 
19F012-02 
RFJ247 
19SVF014W 
RBJ080 

Date Received: 06/04/19 
Date Extracted: 06/10/19 13:00 
Date Analyzed: 06/13/19 12:03 

Dilution Factor: 1 
Matrix: LEACHATE 

% Moisture: NA 
Instrument ID: E4 

============================================================================ 

PARAMETERS 

2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dinitrotoluene 
o-cresol 
p-Cresol 
Hexachlorobcnzene 
Hexachloro-1l3-butadicne 
Hexachloroetnane 
Nitrobenzene 
Pyridine 

RESULlS RL 
(Ug/L) (ug/L) 

-·-----~--~~ -----------
ND 100 
ND 100 
ND 100 
ND 100 
ND 100 
ND 100 
ND 100 
ND 100 
ND 100 
ND 400 

MDL 
(ug/L) 

-----------
50 
50 
50 
50 
50 
50 
50 
50 
50 

200 

SURROGATE PARAMETERS RESULT SPK_AMT %RECOVERY QC LIMIT 
------------------------ ----------- ----------- ----------- ------------
2,4(6-Tribromophenol 525 600 87 30-150 
2-F uorobiphcnyl 201 200 101 30-130 
2-Fluorophcnol 307 600 51 20-130 
Nit robenzcnc-d5 173 200 87 30-130 
Phcnol-d5 405 600 68 30-130 

~~~~~~~~;:gl~=======================l~l=========~~~==========~~=====~~:l~~====== 
Notes: 
(1): Cannot be separated from m-Cresol 

Detection limits arc reported relative to sample result significant figures. 
Sample Amount : 100ml Final Volume : Zml 
Prepared by : JMuert Analyzed by : KVu 
DateTime Leached: 06/07/19 12:55 
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SW 1311/3520C/8270C 
TCLP SEMI VOLATILE ORGANICS BY GC/MS 

============================================================================ 
Client 
Project 

PUNA GEOTHERMAL VENTURE Date Collected: 06/10/19 13:00 

06/10/19 
06/10/19 13:00 
06/13/19 09:51 
1 

SEMI-ANNUAL GROUNDWATER SAMPLING 

Batch No. 
Sample ID : 
Lab Samp ID: 
LabFileiD: 
Ext Btch ID: 
Calib. Ref.: 

19F012 
MBLK1W 
SVF014WB 
RFJ240 
19SVF014W 
RBJ080 

Date Received: 
Date Extracted: 
Date Analyzed: 

Dilution Factor: 
Matrix: 

% Moisture: 
Instrument ID: 

WATER 
NA 
E4 

=====================~====================================================== 

RESULTS RL MDL 
PARAMETERS (ug/L) (ug/L) (ug/Ll 
------------------------ ----------- ----------- -----------
2,4,5-Trichlorophenol ND 10 5.0 
2,4,6-Trichlorophenol ND 10 5.0 
2,4-Dinitrotoluene ND 10 5.0 
o-Cresol ND 10 5.0 
~-Cresol ND 10 5.0 
exachlorobenzene ND 10 5.0 

Hexachloro-1n3-butadiene ND 10 5.0 
Hexachloroet ane ND 10 5.0 
Nitrobenzene ND 10 5.0 
Pyridine ND 40 20 

SURROGATE PARAMETERS RESULT SPK_AMT %RECOVERY QC LIMIT 
------------------------ ----------- ----------- ----------- ------------
2,4(6-Tribromophenol 52.5 60.0 87 30-150 
2-F uorobiphenyl 20.0 20.0 100 30-130 
2-Fluorophenol 30.8 60.0 51 20-130 
Nitrobenzene-d5 18.0 20.0 90 30-130 
Phenol-d5 42.4 60.0 71 30-130 

~;~~~;~r;:~l~======================l~~~========~~~~==========~~=====~~:l~~====== 
Notes: 
(1): Cannot be separated from m-Cresol 

Detection limits are reported relative to sample result significant figures. 
Sample Amount : 1000m1 Final Volume : 2ml 
Prepared by : JMuert Analyzed by : KVu 
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CLIENT PUNA GEOTHERMAL VENTURE 
PROJECT SEMI-ANNUAL GROUNDWATER SAMPLING 
BATCH NO. 19F012 
METHOD : /3520C/8270C 

EMAX QUALITY CONTROL DATA 
LAB CONTROL SAMPLE ANALYSIS 

============================================================================================================================== 
MATRIX WATER % MOISTURE:NA 
DILUTION FACTOR: 1 1 1 
SAMPLE ID MBLK1W LCS1W LCD1W 
LAG SAMPLE ID SVF014WB SVF014WL SVF014WC 
LAG FILE ID RFJ240 RFJ241 RFJ242 
DATE PREPARED 06/10/19 13:00 06/10/19 13:00 06/10/19 13:00 
DATE ANALYZED 06/13/19 09:51 06/13/19 10:10 06!13!19 10:29 
PREP BATCH 

REF: 
19SVF014W 19SVF014W 19SVF014W 

CALIBRATION RBJ080 RBJ080 RBJ080 

ACCESSION: 

MBResult SpikeAmt LCSResult LCSRec SpikeAmt LCDResult LCDRec RPD QCLimit MaxRPD 
PARAMETERS (Ug/L) (Ug/L) (ug/L) (%) (Ug/L) (ug/L) (%) (%) (%) (%) 
------------------------ ---------- --------- ---------- --------- --------- ---------
2,4,5-Trichlorophenol ND 40.0 33.9 85 40.0 32.7 82 4 t,0-130 30 
2,4,6-Trichlorophenol ND 40.0 32.9 82 40.0 34.0 85 3 t,0-130 30 
2,4-Dinitrotoluene ND 40.0 40.4 101 40.0 38.8 97 4 40-130 30 
o-Cresol ND 40.0 27.8 70 40.0 27.1 68 3 30-130 30 
wcresol ND 40.0 28.9 72 40.0 29.2 73 1 30-130 30 
exachlorobenzenc ND 40.0 35.7 89 40.0 35.6 89 0 50-130 30 

Hexnchloro-1h3-butadiene ND 40.0 33.1 83 40.0 31.6 79 5 20-130 30 
Hexachloroet ane ND 40.0 34.3 86 40.0 32.3 81 6 20-130 30 
Nitrobenzene ND 40.0 34.2 86 40.0 32.4 81 5 30-130 30 
Pyridine ND 80.0 54.7 68 80.0 52.7 66 4 10-130 30 

============================================================================================================================== 
SpikeAmt LCSResult LCSRec SpikcAmt LCDResul t LCDRec QCLirnit 

SURROGATE PARAMETERS (Ug/L) (ug/L) (%) (ug/L) (Ug/L) (%) (%) 
------------------------ --------- --------- -------- --------- ----------
2,4

1
6-Tribromophcnol 60.0 57.5 96 60.0 57.8 96 40-140 

2-F uorobiphcnyl 20.0 18.9 95 20.0 18.3 92 40-130 
2-Fluorophenol 60.0 26.0 43 60.0 30.2 50 30-130 
Nitrobenzcne-d5 20.0 17.7 89 20.0 17.6 88 t,Q-130 
Phenol-d5 60.0 37.9 63 60.0 40.3 67 30-130 
Ter·phcnyl-d14 20.0 1B.6 93 20.0 18.9 95 50-130 

===~========================================================================================================================== 

MB: Method Blank sample LCS: Lab Control Sample LCD: Lab Control Sample Duplicate 
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SW 1311/3520C/8270C 
TCLP SEMI VOLATILE ORGANICS BY GC/MS 

=======~==================================================================== 
Client 
Project 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER 

Date Collected: 06/07/19 12:55 
SAMPLING 

Batch No. 
Sample ID : 
Lab Samp ID: 
Lab File ID: 
Ext Btch ID: 
Calib. Ref.: 

19F012 
LCHBLK1W 
TXF002~JB 
RFJ245 
19SVF014W 
RBJ080 

Date Received: 06/07/19 
Date Extracted: 06/10/19 13:00 
Date Analyzed: 06/13/19 11:25 

Dilution Factor: 1 
Matrix: LEACHATE 

% Moisture: NA 
Instrument ID: E4 

=====================================~====================================== 

RESULTS RL MDL 
PARAMETERS (Ug/l) (ug/L) (Ug/L) 
~- ---------------------- ----------- ----------- -----------
2,4,5-Trichlorophenol ND 100 50 
2,4,6-Trichlorophenol ND 100 50 
2,4-Dinitrotoluene ND 100 50 
o-Cresol ND 100 50 
wcresol ND 100 50 
exachlorobenzene ND 100 50 
Hexachloro-1~3-butadiene ND 100 50 
Hexachloroet ane ND 100 50 
Nitrobenzene ND 100 50 
Pyridine ND 400 200 

SURROGATE PARAMETERS RESULT SPK_AMT %RECOVERY QC LIMIT 
------------------------ ----------- ----------- ----------- ------------
2,4(6-Tribromophenol 496 600 83 30-150 
2-F uorobiphenyl 177 200 89 30-130 
2-Fluorophenol 297 600 49 20-130 
Nitrobenzcnc-d5 175 200 88 30-130 
Phenol-d5 391 600 65 30-130 

~;~~~;~r~~~l~=======================l~~=========~~~==========~~=====~~~l~~====== 
Notes: 
(1): Cannot be separated from m-Cresol 

Detection limits arc reported relative to sample result significant figures. 
Sample Amount : 100ml Final Volume : 2ml 
Prepared by : JMuert Analyzed by : KVu 
DateTimc Leached: 06/07/19 12:55 
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LA BORA TORY REPORT FOR 

PUNA GEOTHERMAL VENTURE 

SEMI-ANNUAL GROUNDWATER SAMPLING 

METHOD 1664 
OIL & GREASE 

SDG#: 19F012 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

METHOD 1664 
OIL & GREASE 

A total of two(2) water samples were received on 06/04/19 to be analyzed for Oil 
& Grease in accordance with Method 1664 and project specific requirements. 

Holding Time 
Samples were analyzed within the prescribed holding time. 

Calibration 
Balance calibration verifications were carried out on a frequency specified by 
the method. All calibration requirements were within acceptance criteria. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the project. 
For this SDG, one(1) method blank was analyzed. Oil & Grease was not detected in 
OGFOOSWB. Refer to sample result summary form for details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(1) set of LCS/LCD was analyzed. OGF005WL/OGF005WC 
were within LCS limits. Refer to LCS summary form for details. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. Results 
were evaluated in accordance to project requirements. For this SDG, all quality 
control requirements were met. 
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Client PUNA GEOTHERMAL VENTURE 
Project SEMI-ANNUAL GROUNDWATER SAMPLING 
Batch No. 19F012 

CLIENT EMAX RESULTS PREP MOIST RL 

SAMPLE ID SAMPLE ID (mg/L) FACTOR (%) (mg/L) 
MDL ANALYSIS 

(mg/L) DATETIME 

METHOD 1664 
Oil & Grease 

PREPARATION 
DATETIME 

DATA CAL PREP 
FILE ID REF BATCH 

------ ------ ------ -------------------- ------------- -
MELKlW OGF005WB ND 1. 00 NA 5 1.4 06/12/1910:14 06/11/1911:50 190GF005W02 190GF005 OGF005W 

LCSlW OGF005WL 38.1 1. 00 NA 5 1.4 06/12/1910:14 06/11/1911:50 190GF005W03 190GF005 OGF005W 

LCDlW OGF005WC 37.5 1. 00 NA 5 1.4 06/12/1910:15 06/11/1911:50 190GF005W04 190GF005 OGF005W 

190104 F012-01 ND 0.952 NA 4. 76 1. 33 06/12/1910:16 06/11/1911:50 190GF005W05 190GF005 OGF005W 

190107 F012-02 ND 0.952 NA 4.76 1. 33 06/12/1910:16 06/11/1911:50 190GF005W06 190GF005 OGF005W 

Matrix 
Ins trumen tiD 

WATER 
402426 

COLLECTION RECEIVED 
DATETIME DATETIME 

NA NA 
NA NA 
NA NA 
06/03/1909:00 06/04/19 
06/03/1910:00 06/04/19 
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CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 
DILUTION FACTOR: 
SAMPLE ID 
LAB SAMPLE ID 
LAB FILE ID 
DATE EXTRACTED 
DATE ANALYZED 
PREP BATCH 

EMAX QUALITY CONTROL DATA 
LAB CONTROL SAMPLE ANALYSIS 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 
METHOD 1664 

WATER 
1 1 
MBLK1W LCS1W 
OGFOOSWB OGFOOSWL 
190GFOOSW02 190GF005W03 
06/11/1911:50 06/11/1911:50 
06/12/1910:14 06/12/1910:14 
OGFOOSW OGFOOSW 

% MOISTURE: NA 
1 

CALIBRATION REF: 190GF005 190GF005 

LCD1W 
OGFOOSWC 
190GF005W04 
06/11/1911:50 
06/12/1910:15 
OGFOOSW 
190GF005 

ACCESSION: 

MB RESULT SPIKE AMT BS RESULT 
PARAMETER (mg/LI (mg/L) (mg/L) 

OIL & GREASE ND 40 38.1 

BS REC 
(%) 

95 

SPIKE AMT BSD RESULT BSD REC 
(mg/LI (mg/LI (%1 

40 37.5 94 

RPD 
(%) 

2 

QC LIMIT 
(%) 

78-114 

MAX RPD 
(%) 

11 
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LABORATORY REPORT FOR 

PUNA GEOTHERMAL VENTURE 

SEMI-ANNUAL GROUNDWATER SAMPLING 

METALS I MERCURY 

SDG#: 19F012 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

METHOD 3010A/6010B (DISSOLVED) 
DISSOLVED METALS BY TRACE ICP 

A total of two(2) water samples were received on 06/04/19 to be analyzed for 
Dissolved Metals by Trace ICP in accordance with Method 3010A/6010B (DISSOLVED) 
and project specific requirements. 

Holding Time 
Samples were digested and analyzed within the prescribed holding time. 

Calibration 
Initial Calibration was established as prescribed by the method and was verified 
using a secondary source(ICV). Interference checks were performed and results 
were within required limits. Continuing calibration verifications and continuing 
calibration blanks were carried out at the frequency specified by the project. 
All calibration requirements were satisfied. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the project. 
For this SDG, one(l) method blank was analyzed. IPF009WB - result was compliant 
to project requirement. Refer to sample result summary form for details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(l) set of LCS/LCD was analyzed. IPF009WL/IPF009WC 
were within LCS limits. Refer to LCS summary form for details. 

Matrix QC Sample 
No matrix QC sample was provided on this SDG. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. Results 
were evaluated in accordance to project requirements. For this SDG, all quality 
control requirements were met. 
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LAB CHRONICLE 
DISSOLVED METALS BY TRACE ICP 

========================================================================================================================================================= 
Client 
Project 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG NO. 19F012 
Instrument ID D8 

========================================================================================================================================================= 

WATER 

Client Laboratory Dilution % Analysis Extraction Sample Calibration Prep. 

Sample ID Sample ID Factor Moist DateTime DateTime Data FN Data FN Batch Notes 

------ --------- ------ ----- ------------- --
MBLKlW IPF009WB 1.000 NA 06/11/1913:35 06/10/1910:02 ID8F008026 ID8F008024 IPF009W Method Blank 

LCSlW IPF009WL 1.000 NA 06/11/1913:40 06/10/1910:02 ID8F008027 ID8F008024 IPF009W Lab Control Sample (LCS) 

LCDlW IPF009WC 1. 000 NA 06111/1913:44 06/10/1910:02 ID8F008028 ID8F008024 IPF009W LCS Duplicate 

190104 F012-01 1. 000 NA 06/11/1914:33 06/10/1910:02 ID8F008039 ID8F008036 IPF009W Field Sample 

190107 F012-02 1. 000 NA 06/11/1914:38 06/10/1910:02 ID8F008040 ID8F008036 IPF009W Field Sample 

190104 F012-01I 5.000 NA 06/11/1915:55 06/10/1910:02 ID8F008056 ID8F008048 IPF009W Diluted Sample 

190107 F012-02I 5.000 NA 06/11/1915:59 06/10/1910:02 ID8F008057 ID8F008048 IPF009W Diluted Sample 

FN - Filename 
% Moist - Percent Moisture 
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Client 

Project 

SDG NO. 

Sample ID: 

Lab Samp ID: 

Lab File ID: 

Ext Btch ID: 

Calib. Ref.: 

PARAMETERS 

----------
Arsenic 

Barium 

Boron 

Cadmium 

Calcium 

Chromium 
Copper 

Iron 

Lead 
Magnesium 

Manganese 

Nickel 

Potassium 

Silver 

Vanadium 

Zinc 

Lithium 

Sample ID: 

Lab Samp ID: 

Lab File ID: 

Ext Btch ID: 

Calib. Ref.: 

PARAMETERS 

Sodium 

METHOD 3010A/6010B (DISSOLVED) 

DISSOLVED METALS BY TRACE ICP 

PUNA GEOTHERMAL VENTURE Date Collected: 06/03/19 

SEMI-ANNUAL 

19F012 

190104 

F012-01 

ID8F008039 

IPF009W 

ID8F008036 

190104 

F012-01I 

ID8F008056 

IPF009W 
ID8F008048 

GROUNDWATER SAMPLING Date Received: 06/04/19 

Date Extracted: 06/10/19 

Date Analyzed: 06/11/19 

Dilution Factor: 1 
Matrix: WATER 

% Moisture: NA 

Instrument ID: DB 

Result RL MDL 

(mg/L) (mg/L) (mg/L) 

-------------- -------------- --------------
ND 0.0400 0.0200 

0.0988 0.0100 0.00200 

0.758 0.100 0.0200 

ND 0.0100 0.00500 

94.8 1.00 0. 300 

ND 0.0100 0.00200 

0.00804J 0.0100 0.00300 

0.275 0.200 0.0500 

0.0325 0.0100 0.00500 

59.8 0.500 0.100 

0.277 0.0100 0.00300 

ND 0.0100 0.00200 

104 1. 00 0. 400 

ND 0.00500 0. 00100 

0.00441J 0.0100 0.00200 

0.584 0.0500 0.0200 

0.181J 0.500 0.100 

Date Analyzed: 06/11119 

Dilution Factor: 5 

Matrix: WATER 

% Moisture: NA 

Instrument 

Result RL 

(mg/L) (mg/L) 

1170 5.00 

ID: DB 

MDL 

(mg/L) 

2.50 

09:00 

10:02 

14:33 

15:55 

Note: Detection limits are reported relative to sample result significant figures. 

Sample Amount : 50ml Final Volume:50ml 
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Client 

Project 

SDG NO. 

Sample ID: 
Lab Samp ID: 
Lab File ID: 

Ext Etch ID: 

Calib. Ref.: 

PARAMETERS 

----------
Arsenic 
Barium 
Boron 

Cadmium 

Calcium 

Chromium 

Copper 

Iron 

Lead 
Magnesium 

Manganese 

Nickel 

Potassium 

Silver 

Vanadium 

Zinc 
Lithium 

Sample ID: 

Lab Samp ID: 

Lab File ID: 

Ext Etch ID: 

Calib. Ref.: 

PARAMETERS 

Sodium 

METHOD 3010A/6010B (DISSOLVED) 

DISSOLVED METALS BY TRACE ICP 

PUNA GEOTHERMAL VENTURE Date Collected: 06/03/19 

SEMI-ANNUAL GROUNDWATER SAMPLING Date Received: 06/04/19 

19F012 Date Extracted: 06/10/19 

190107 Date Analyzed: 06/11/19 

F012-02 Dilution Factor: 

ID8F008040 Matrix: WATER 

IPF009W % Moisture: NA 

ID8F008036 Instrument ID: D8 

Result RL MDL 

(mg/L) (mg/L) (mg/L) 

-------------- -------------- --------------
ND 0.0400 0.0200 

0.0970 0.0100 0.00200 

0.745 0.100 0.0200 

ND 0.0100 0.00500 

93.8 1. 00 0.300 

ND 0.0100 0.00200 

0.00684J 0.0100 0.00300 

0.266 0.200 0.0500 

0.0347 0.0100 0.00500 

59.4 0.500 0.100 

0.276 0.0100 0.00300 

ND 0.0100 0.00200 

103 1. 00 0.400 

ND 0.00500 0.00100 

0.00456J 0.0100 0.00200 

0.592 0.0500 0.0200 

0.179J 0.500 0.100 

190107 Date Analyzed: 06/11/19 

F012-02I Dilution Factor: 5 

ID8F008057 Matrix: WATER 

IPF009W % Moisture: NA 

ID8F008048 Instrument ID: D8 

Result RL MDL 

(mg/L) (mg/L) (mg/L) 

1160 5.00 2.50 

10:00 

10:02 

14:38 

15:59 

Note: Detection limits are reported relative to sample result significant figures. 

Sample Amount : 50ml Final Volume:50ml 
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Client 

Project 

SDG NO. 

Sample ID: 

Lab Samp ID: 

Lab File ID: 

Ext Btch ID: 

Calib. Ref.: 

PARAMETERS 

----------
Arsenic 

Barium 
Boron 

Cadmium 

Calcium 

Chromium 

Copper 

Iron 

Lead 
Magnesium 

Manganese 

Nickel 

Potassium 

Silver 
Sodium 

Vanadium 

Zinc 
Lithium 

METHOD 3010A/6010B (DISSOLVED) 

DISSOLVED METALS BY TRACE ICP 

PUNA GEOTHERMAL VENTURE Date Call ec ted: NA 

SEMI-ANNUAL GROUNDWATER SAMPLING Date Received: NA 

19F012 Date Extracted: 06/10/19 

MBLK1W Date Analyzed: 06/11/19 

IPF009WB Dilution Factor: 

ID8F008026 Matrix: WATER 

IPF009W % Moisture: NA 

ID8F008024 Instrument ID: D8 

Result RL MDL 

(mg/L) (mg/L) (mg/Ll 

-------------- -------------- --------------
ND 0.0400 0.0200 

ND 0.0100 0.00200 

ND 0.100 0.0200 

ND 0.0100 0.00500 

ND 1. 00 0. 300 

ND 0.0100 0.00200 

ND 0.0100 0.00300 

ND 0.200 0.0500 

ND 0.0100 0.00500 

ND 0.500 0.100 

ND 0.0100 0.00300 

ND 0.0100 0.00200 

ND 1. 00 0. 400 

ND 0.00500 0.00100 

ND 1. 00 0.500 

ND 0.0100 0.00200 

ND 0.0500 0.0200 

ND 0.500 0.100 

10:02 

13:35 

Note: Detection limits are reported relative to sample result significant figures. 

Sample Amount 50ml Final Volume: 50ml 

Prepared by : MCande Analyzed by: NT an 
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CLIENT 

PROJECT 

BATCH NO. 

METHOD 

MATRIX 

DILUTION FACTOR: 

SAMPLE ID 

LAB SAMPLE ID 

LAB FILE ID 

DATE PREPARED 

DATE ANALYZED 

PREP BATCH 

CALIBRATION REF: 

ACCESSION: 

PARAMETERS 

------------
Arsenic 

Barium 

Boron 

Cadmium 

Calcium 

Chromium 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Nickel 

Potassium 

Silver 

Sodium 

Vanadium 

Zinc 

Lithium 

PUNA GEOTHERMAL VENTURE 

SEMI-ANNUAL GROUNDWATER SAMPLING 

19F012 

3010A/6010B (DISSOLVED) 

WATER 

1.000 1.000 

MBLK1W LCS1W 

IPF009WB IPF009WL 

ID8F008026 ID8F008027 

06110/19 10:02 06/10/19 10:02 

06/11/19 13:35 06/11/19 13:40 

IPF009W IPF009W 

ID8F008024 ID8F008024 

MBResult SpikeAmt 

(mg/L) (mg/L) 

---------- ---------
ND 0.5 

ND 0.5 

ND 0.5 

ND 0.5 

ND 50 

ND 0.5 

ND 0.5 

ND 

ND 0.5 

ND 50 

ND 0.5 

ND 0.5 

ND 50 

ND 0.5 

ND 50 

ND 0.5 

ND 0.5 

ND 0.5 

EMAX QUALITY CONTROL DATA 

LAB CONTROL SAMPLE ANALYSIS 

% MOISTURE:NA 

1.000 

LCDlW 

IPF009WC 

ID8F008028 

06/10/19 10:02 

06/11/19 13:44 

IPF009W 

ID8F008024 

LCSResu1t LCSRec SpikeAmt 

(mg/L) (%) (mg/L) 

---------- ---------
0.532 106 0.5 

0.533 107 0.5 

0.516 103 0.5 

0.517 103 0.5 

51.0 102 50 

0.519 104 0.5 

0.503 101 0.5 

5.34 107 5 

0.519 104 0.5 

48.7 97 50 

0.517 103 0.5 

0.523 105 0.5 

52.7 105 50 

0.512 102 0.5 

54.2 108 50 

0.536 107 0.5 

0.553 111 0.5 

0.527 105 0.5 

LCDResult LCDRec RPD QCLimit MaxRPD 

(mg/L) (%) (%) (%) (%) 

--------- ---------
0.524 105 80-120 20 

0.523 105 80-120 20 

0.512 102 1 80-120 20 

0.512 102 80-120 20 

50.2 100 2 80-120 20 

0.509 102 2 80-120 20 

0. 4 95 99 80-120 20 

5.29 106 80 120 20 

0. 511 102 80-120 20 

48.0 96 80-120 20 

0.510 102 1 80-120 20 

0.512 102 80-120 20 

51.9 104 80-120 20 

0.507 101 1 80-120 20 

53.0 106 80-120 20 

0.531 106 1 80-120 20 

0.543 109 80-120 20 

0.523 105 80-120 20 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

METHOD 1311/3010A/6010B 
TCLP METALS BY ICP 

A total of two(2) water samples were received on 06/04/19 to be analyzed for 

TCLP Metals by ICP in accordance with Method 1311/3010A/6010B and project 

specific requirements. 

Holding Time 
Samples were digested and analyzed within the prescribed holding time. 

Calibration 
Initial Calibration was established as prescribed by the method and was verified 

using a secondary source(ICV). Interference checks were performed and results 

were within required limits. Continuing calibration verifications and continuing 

calibration blanks were carried out at the frequency specified by the project. 

All calibration requirements were satisfied. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the project. 

For this SDG, two(2) method blanks were analyzed. IPF009WB and TXF002WB were 

compliant to project requirement. Refer to sample result summary forms for 

details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by the 

project. For this SDG, one(l) set of LCS/LCD was analyzed. IPF009WL/IPF009WC 

were within LCS limits. Refer to LCS summary form for details. 

Matrix QC Sample 
Matrix spike sample was prepared and analyzed at a frequency required by the 

project. For this SDG, one(l) set of MS/MSD was analyzed. F012-01M/F012-01S

all analytes were within MS QC limits. Refer to Matrix QC summary form for 

details. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. Results 

were evaluated in accordance to project requirements. For this SDG, all quality 

control requirements were met. 
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LAB CHRONICLE 
TCLP METALS BY ICP 

========================================================================================================================================================= 
Client 
Project 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 

Client Laboratory Dilution 

Sample ID Sample ID Factor 
------ --------- ------

MBLKlW IPF009WB 1. 000 
LCSlW IPF009WL 1. 000 
LCDlW IPF009WC 1.000 
MBLK2W TXF002WB 1.000 

190104 F012-01 1.000 
190104MS F012-01M 1. 000 
190104MSD F012-01S 1. 000 
190107 F012-02 1. 000 

FN - Filename 
% Moist - Percent Moisture 

% 
Moist 
-----

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

SDG NO. 19F012 
Instrument ID D8 

LEACHATE 
Analysis Extraction Sample Calibration Prep. 
DateTime DateTime Data FN Data FN Batch Notes 

------------- -------------
06/1111913:35 06/1011910:02 ID8F008026 ID8F008024 IPF009W Method Blank 
06111/1913:40 06/10/1910:02 ID8F008027 ID8F008024 IPF009W Lab Control Sample (LCS) 
06/1111913:44 06/10/1910:02 ID8F008028 ID8F008024 IPF009W LCS Duplicate 
06/11/1913:49 06/10/1910:02 ID8F008029 ID8F008024 IPF009W Method Blank 
06/11/1913:58 06/10/1910:02 ID8F008031 ID8F008024 IPF009W Field Sample 
06/1111914:07 06/10/1910:02 ID8F008033 ID8F008024 IPF009W Matrix Spike Sample (MS) 
06/11/1914:11 06/10/1910:02 ID8F008034 ID8F008024 IPF009W MS Duplicate (MSD) 
06/11/1914:15 06/10/1910:02 ID8F008035 ID8F008024 IPF009W Field Sample 
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Client 

Project 

SDG NO. 
Sample ID: 

Lab Samp ID: 

Lab File ID: 

Ext Etch ID: 

Calib. Ref.: 

PARAMETERS 

----------
Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

Selenium 

Silver 

METHOD 1311/3010A/6010B 

TCLP METALS BY ICP 

PUNA GEOTHERMAL VENTURE 

SEMI-ANNUAL GROUNDWATER SAMPLING 

19F012 

190104 

Date Collected: 

Date Received: 

Date Extracted: 

Date Analyzed: 

F012-01 Dilution Factor: 

ID8F008031 Matrix: 

IPF009W % Moisture: 

ID8F008024 Instrument ID: 

Result RL MDL 

(mg/L) (mg/L) (mg/L) 

-------------- -------------- --------------
ND 0.0400 0.0200 

0.0202 0.0100 0.00200 

ND 0.0100 0.00500 

ND 0.0100 0.00200 

0.00673J 0.0100 0.00300 

ND 0.0200 0.0100 

ND 0.00500 0.00100 

06/03/19 09:00 
06/04/19 

06/10/19 10:02 

06 I 11/19 13:58 

1 
LEACHATE 

NA 
D8 

Note: Detection limits are reported relative to sample result significant figures. 

Sample Amount 50ml Final Volume:50ml 

Prepared by MCande Analyzed by:NTan 

DateTime Leached: 06/07/19 12:55 
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Client 

Project 

SDG NO. 

Sample ID: 

Lab Samp ID: 

Lab File ID: 

Ext Etch ID: 

Calib. Ref.: 

PARAMETERS 

----------
Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

Selenium 

Silver 

METHOD 1311/3010A/6010B 

TCLP METALS BY ICP 

PUNA GEOTHERMAL VENTURE 

SEMI-ANNUAL GROUNDWATER SAMPLING 

19F012 

190107 

Date Collected: 

Date Received: 

Date Extracted: 

Date Analyzed: 

F012-02 Dilution Factor: 

ID8F008035 Matrix: 

IPF009W % Moisture: 

ID8F008024 Instrument ID: 

Result RL MDL 

(mg/L) (mg/L) (mg/L) 

-------------- -------------- --------------
ND 0.0400 0.0200 

0.0199 0.0100 0.00200 

ND 0.0100 0.00500 

ND 0.0100 0.00200 

0.00706J 0.0100 0.00300 

ND 0.0200 0.0100 

ND 0.00500 0.00100 

06/03/19 10:00 

06/04/19 

06/10/19 10:02 

06/11/19 14:15 

LEACHATE 

NA 

D8 

Note: Detection limits are reported relative to sample result significant 

Final Volume:50ml 

Analyzed by:NTan 

figures. 

Sample Amount 

Prepared by 

50ml 

MCande 

DateTime Leached: 06/07/19 12:55 
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Client 

Project 

SDG NO. 

Sample ID: 

Lab Samp ID: 

Lab File ID: 

Ext Btch ID: 

Calib. Ref.: 

PARAMETERS 

----------
Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

Selenium 

Silver 

METHOD 1311/3010A/6010B 

TCLP METALS BY ICP 

PUNA GEOTHERMAL VENTURE 

SEMI-ANNUAL GROUNDWATER SAMPLING 

19F012 

MBLKlW 

Date Collected: 

Date Received: 

Date Extracted: 

Date Analyzed: 

IPF009WB Dilution Factor: 

ID8F008026 Matrix: 

IPF009W % Moisture: 

ID8F008024 Instrument ID: 

Result RL MDL 

(mg/LI (mg/L) (rng/L) 

-------------- -------------- --------------
ND 0.0400 0.0200 

ND 0.0100 0.00200 

ND 0.0100 0.00500 

ND 0.0100 0.00200 

ND 0.0100 0.00300 

ND 0.0200 0.0100 

ND 0.00500 0.00100 

NA 

NA 

06/10/19 10:02 

06/11/19 13:35 

1 

WATER 

NA 

DS 

Note: Detection limits are reported relative to sample result significant 

Final Volume:50ml 

Analyzed by:NTan 

figures. 

Sample Amount 

Prepared by 

50ml 

: MCande 
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EMAX QUALITY CONTROL DATA 

LAB CONTROL SAMPLE ANALYSIS 

CLIENT 

PROJECT 

BATCH NO. 

METHOD 

PUNA GEOTHERMAL VENTURE 

SEMI-ANNUAL GROUNDWATER SAMPLING 

19F012 

1311/3010A/6010B 

MATRIX WATER 

DILUTION FACTOR: 1.000 

SAMPLE ID 

LAB SAMPLE ID 

LAB FILE ID 

DATE PREPARED 

DATE ANALYZED 

MBLK1W 

IPF009WB 

ID8F008026 

06/10/19 10:02 

06/11/19 13:35 

PREP BATCH IPF009W 

CALIBRATION REF: ID8F008024 

ACCESSION: 

MBResult 

PARAMETERS (mg/L) 

------------ ----------
Arsenic ND 

Barium ND 

Cadmium ND 

Chromium ND 

Lead ND 

Selenium ND 

Silver ND 

1. 000 

LCS1W 

IPF009WL 

ID8F008027 

06/10/19 10:02 

06/11/19 13:40 

IPF009W 

ID8F008024 

SpikeAmt LCSResult 

(mg/L) (mg/L) 

--------- ----------
0.5 0. 532 

0.5 0. 53 3 

0.5 0. 517 

0.5 0. 519 

0.5 0.519 

0.5 0.537 

0.5 0.512 

% MOISTURE:NA 

1.000 

LCD1W 

IPF009WC 

ID8F008028 

06/10/19 10:02 

06/11/19 13:44 

IPF009W 

ID8F008024 

LCSRec SpikeAmt 

(%) (mg/L) 

---------
106 0.5 

107 0.5 

103 0 .5 

104 0.5 

104 0.5 

107 0.5 

102 0.5 

LCDResu1t LCDRec RPD QCLimit MaxRPD 

(mg/L) (%) (%) (%) (%) 

--------- ---------
0.524 105 80-120 20 

0.523 105 80-120 20 

0.512 102 80-120 20 

0.509 102 80-120 20 

0. 511 102 80-120 20 

0.528 106 80-120 20 

0.507 101 80-120 20 
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Client 

Project 

SDG NO. 

Sample ID: 

Lab Samp ID: 

Lab File ID: 
Ext Btch ID: 

Calib. Ref.: 

PARAMETERS 

----------
Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

Selenium 

Silver 

METHOD 1311/3010A/6010B 

TCLP METALS BY ICP 

PUNA GEOTHERMAL VENTURE 

SEMI-ANNUAL GROUNDWATER SAMPLING 

19F012 

MBLK2W 

Date Collected: 

Date Received: 

Date Extracted: 

Date Analyzed: 

TXF002WB Dilution Factor: 

ID8F008029 Matrix: 

IPF009W % Moisture: 

ID8F008024 Instrument ID: 

Result RL MDL 
(mg/L) (mg/L) (mg/L) 

-------------- -------------- ---------------

ND 0.200 0.100 

ND 0.0500 0.0100 

ND 0.0500 0.0250 

ND 0.0500 0.0100 

ND 0.0500 0.0150 

ND 0.100 0.0500 

ND 0.0250 0.00500 

NA 

NA 
06/10/19 10:02 

06/11!19 13:49 

1 

LEACHATE 

NA 

D8 

Note: Detection limits are reported relative to sample result significant figures. 

Sample Amount lOml Final Volume: 50ml 

Prepared by MCande Analyzed by:NTan 

DateTime Leached: 06/07/19 12:55 
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EMAX QUALITY CONTROL DATA 

MS/MSD ANALYSIS 

CLIENT 

PROJECT 

BATCH NO. 

METHOD 

PUNA GEOTHERMAL VENTURE 

SEMI-ANNUAL GROUNDWATER SAMPLING 

19F012 

13ll/3010A/6010B 

MATRIX LEACHATE 

DILUTION FACTOR: 1 

SAMPLE ID 

LAB SAMPLE ID 

LAB FILE ID 

DATE PREPARED 

DATE ANALYZED 

190104 

F012-01 

ID8F008031 

06/10/19 10:02 

06/11/19 13:58 

PREP BATCH IPF009W 

CALIBRATION REF: ID8F008024 

ACCESSION: 

PSResult 

PARAMETERS (mg/L) 

------------ ----------
Arsenic ND 

Barium 0.0202 

Cadmium ND 

Chromium ND 

Lead 0.00673J 

Selenium ND 

Silver ND 

PSResult - Parent Sample Result 

1 

190104MS 

F012-01M 

ID8F008033 

06/10/19 10:02 

06/11/19 14:07 

IPF009W 

ID8F008024 

SpikeAmt MSResult 

(mg/L) (mg/L) 

--------- ----------
2.5 2.45 

2.5 2.44 

2.5 2.32 

2.5 2.25 

2.5 2.28 

2.5 2.44 

2.5 2.27 

MSRec 

(%) 

98.0 

96.8 

92.8 

90.0 

90.9 

97.6 

90.8 

% MOISTURE: NA 

1 

190104MSD 

F012-01S 

ID8F008034 

06/10/19 10:02 

06/11/19 14:11 

IPF009W 

ID8F008024 

SpikeAmt MSDResu1t 

(mg/L) (mg/L) 

--------- ---------
2.5 2.51 

2.5 2.50 

2.5 2.37 

2.5 2.36 

2.5 2.38 

2.5 2.49 

2.5 2.32 

MSDRec RPD QCLimit MaxRPD 

(%) (%) (%) (%) 

---------
100 75-125 20 

99.2 75-125 20 

94.8 2 75-125 20 

94.4 5 75-125 20 

94.9 75-125 20 

99.6 75-125 20 

92.8 75-125 20 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

METHOD 7470A (DISSOLVED) 
DISSOLVED MERCURY BY COLD VAPOR 

A total of two(2) water samples were received on 06/04/19 to be analyzed for 
Dissolved Mercury by Cold Vapor in accordance with Method 7470A (DISSOLVED) and 
project specific requirements. 

Holding Time 
Samples were digested and analyzed within the prescribed holding time. 

Calibration 
Multi-calibration points were generated to establish initial calibration (ICAL) 
ICAL was verified using a secondary source (ICV). Continuing calibration (CCV) 
verifications were carried out on a frequency specified by the project. All 
calibration requirements were within acceptance criteria. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the project. 
For this SDG, one(l) method blank was analyzed. Mercury was not detected in 
HGF006WB. Refer to sample result summary form for details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(l) set of LCS/LCD was analyzed. HGF006WL/HGF006WC 
were within LCS limits. Refer to LCS summary form for details. 

Matrix QC Sample 
No matrix QC sample was provided on this SDG. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. Results 
were evaluated in accordance to project requirements. For this SDG, all quality 
control requirements were met. 
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Client 
Project 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 

Client Laboratory Dilution 

Sample ID Sample ID Factor 

-- ------ ------
MBLKlW HGF006WB 1 
LCSlW HGF006WL 1 
LCD1W HGF006WC 1 
190104 F012-01 1 
190107 F012-02 1 

FN - Filename 
% Moist - Percent Moisture 

% 
Moist 
-----

NA 
NA 
NA 
NA 
NA 

LAB CHRONICLE 
DISSOLVED MERCURY BY COLD VAPOR 

WATER 
Analysis Extraction 
DateTime DateTime 

-----
06/06/1916:00 06/06/1911:45 
06/06/1916; 02 06/06/1911:45 
06/06/1916; 04 06/06/1911:45 
06/06/1916:35 06/06/1911:45 

06/06/1916:37 06/06/1911:45 

Sample 
Data FN 

M47F004012 
M47F004013 
M47F004014 
M47F004028 
M47F004029 

SDG NO. 19F012 
Instrument ID 47 

Calibration Prep. 
Data FN Batch Notes 

M47F004 19HGF006W Method Blank 
M47F004 19HGF006W Lab Control Sample ILCS) 
M47F004 19HGF006W LCS Duplicate 
M47F004 19HGF006W Field Sample 
M47F004 19HGF006W Field Sample 
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METHOD 7470A (DISSOLVED) 
DISSOLVED MERCURY BY COLD VAPOR 

================================================================================================================================================================ 
Client 
Project 
Batch No. 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 

Matrix 
InstrumentiD 

WATER 
47 

================================================================================================================================================================ 

CLIENT EMAX RESULTS DILT'N MOIST RL MDL ANALYSIS PREPARATION DATA CAL PREP COLLECTION RECEIVED 

SAMPLE ID SAMPLE ID (ug/L) FACTOR (%) (ug/L) (ug/L) DATETIME DATETIME FILE ID REF BATCH DATETIME DATETIME 

----- -------- ------------- --------
MBLK1W HGF006WB ND 1 NA 0.500 0.200 06/06/1916:00 06/06/1911:45 M47F004012 M47F004 19HGF006W NA NA 

LCSlW HGF006WL 2.72 1 NA 0.500 0.200 06/06/1916:02 06/06/1911:45 M47F004013 M47F004 19HGF006W NA NA 

LCD1W HGF006WC 2.67 1 NA 0.500 0.200 06/06/1916:04 06/06/1911:45 M47F004014 M47F004 19HGF006W NA NA 

190104 F012-01 ND 1 NA 0.500 0.200 06/06/1916:35 06/06/1911:45 M47F004028 M47F004 19HGF006W 06/03/1909:00 06/04/19 

190107 F012-02 ND 1 NA 0.500 0.200 06/06/1916:37 06/06/1911:45 M47F004029 M47F004 19HGF006W 06/03/1910:00 06/04/19 

Note: Detection limits are reported relative to sample result significant figures. 
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EMAX QUALITY CONTROL DATA 
LAB CONTROL SAMPLE ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 
METHOD 7470A (DISSOLVED) 

WATER 
DILUTION FACTOR: 1 1 
SAMPLE ID MELK1W LCS1W 
LAB SAMPLE ID HGF006WB HGF006WL 
LAB FILE ID M47F004012 M47F004013 
DATE PREPARED 06/06/1911:45 06/06/1911:45 
DATE ANALYZED 06/06/1916:00 06/06/1916:02 
PREP BATCH 19HGF006W 19HGF006W 
CALIBRATION REF: M47F004 M47F004 

ACCESSION: 

% MOISTURE:NA 
1 
LCD1W 
HGF006WC 
M47F004014 
06/06/1911:45 
06/06/1916:04 
19HGF006W 
M47F004 

MBResult SpikeAmt LCSResult LCSRec SpikeAmt LCDResu1t LCDRec 
PARAMETERS (ug/L) (ug/L) (ug/L) (%) (ug/L) (ug/L) (%) 

----- --------- ---------- ------- --------- --------- -------

Mercury ND 2.50 2.72 109 2.50 2.67 107 

MB: Method Blank sample LCS: Lab Control Sample LCD: Lab Control Sample Duplicate 

RPD QCLimit MaxRPD 
(%) (%) (%) 

--------- -----
2 80-120 20 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

METHOD 1311/7470A 
TCLP MERCURY 

A total of two(2) water samples were received on 06/04/19 to be analyzed for 
Tclp Mercury in accordance with Method 1311/7470A and project specific 
requirements. 

Holding Time 
Samples were digested and analyzed within the prescribed holding time. 

Calibration 
Multi-calibration points were generated to establish initial calibration (ICAL) 
ICAL was verified using a secondary source (ICV) . Continuing calibration (CCV) 
verifications were carried out on a frequency specified by the project. All 
calibration requirements were within acceptance criteria. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the project. 
For this SDG, two(2) method blanks were analyzed. HGF009WB and TXF002WB were 
compliant to project requirement. Refer to sample result summary forms for 
details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(l) set of LCS/LCD was analyzed. HGF009WL/HGF009WC 
were within LCS limits. Refer to LCS summary form for details. 

Matrix QC Sample 
Matrix spike sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(l) set of MS/MSD was analyzed. Mercury was within MS 
QC limits in F012-01M/F012-01S. Refer to Matrix QC summary form for details. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. Results 
were evaluated in accordance to project requirements. For this SDG, all quality 
control requirements were met. 
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Client 
Project 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 

Client 
Sample ID 

MBLKlW 
LCSlW 
LCDlW 
MBLK2W 
190104 
190104MS 
190104MSD 
190107 

FN - Filename 
% Moist - Percent Moisture 

Laboratory 
Sample ID 

------
HGF009WB 
HGF009WL 
HGF009WC 
TXF002WB 
F012-01 
F012-01M 
F012-01S 
F012-02 

Dilution 
Factor 
------

1 
1 
1 
1 
1 
1 
1 
1 

% 

Moist 
-----

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

LAB CHRONICLE 
TCLP MERCURY 

WATER 
Analysis Extraction 
DateTime DateTime 

------------- -------------
06/10/1916:08 06!1011912: 28 
06/10/1916:11 06/10/1912:28 
06/10/1916:13 06/10/1912:28 
06/10/1917:10 06/10/1912:28 
06/10/1917:15 06110/1912:28 
06/10/1917:19 06/10/1912:28 
06/10/1917:43 06/10/1912:28 
06110/1917:46 06/10/1912:28 

Sample 
Data FN 
-------

M47F006012 
M47F006013 
M47F006014 
M47F006040 
M47F006042 
M47F006044 
M47F006047 
M47F006048 

SDG NO. 19F012 
Instrument ID 47 

Calibration Prep. 
Data FN Batch Notes 
------- ------- ---------
M47F006 19HGF009W Method Blank 
M47F006 19HGF009W Lab Control Sample (LCS) 
M47F006 19HGF009W LCS Duplicate 
M47F006 19HGF009W Method Blank 
M47F006 19HGF009W Field Sample 
M47F006 19HGF009W Matrix Spike Sample (MS) 
M47F006 19HGF009W MS Duplicate (MSD) 
M47F006 19HGF009W Field Sample 
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METHOD 1311/7470A 
TCLP MERCURY 

================================================================================================================================================================ 
Client 
Project 
Batch No. 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 

Matrix 
InstrumentiD 

LEACHATE 
47 

================================================================================================================================================================ 

CLIENT EMAX RESULTS DILT'N MOIST RL MDL ANALYSIS PREPARATION DATA CAL PREP COLLECTION RECEIVED 
SAMPLE ID SAMPLE ID (ug/L} FACTOR (%} (ug/L} (ug/L} DATETIME DATETIME FILE ID REF BATCH DATETIME DATETIME 

----- ---------------------- -------- ------------- --
MBLKlW HGF009WB ND 1 NA 0.500 0.200 06/10/1916:08 06/10/1912:28 M47F006012 M47F006 19HGF009W NA NA 
LCSlW HGF009WL 2.59 1 NA 0.500 0.200 06/10/1916:11 06/10/1912:28 M47F006013 M47F006 19HGF009W NA NA 
LCD1W HGF009WC 2.53 1 NA 0.500 0.200 06/10/1916:13 06/10/1912:28 M47F006014 M47F006 19HGF009W NA NA 
MBLK2W TXF002WB ND 1 NA 5.00 2.00 06/10/1917:10 06/10/1912:28 M47F006040 M47F006 19HGF009W NA NA 
190104 F012-0l ND 1 NA 5.00 2.00 06/10/1917:15 06/10/1912:28 M47F006042 M47F006 19HGF009W 06/03/1909:00 06/04/19 
190104MS F012-01M 25.9 1 NA 5.00 2.00 06/10/1917:19 06/10/1912:28 M47F006044 M47F006 19HGF009W 06/03/1909:00 06/04/19 
190104MSD F012-01S 26.1 1 NA 5.00 2.00 06/10/1917:43 06/10/1912:28 M47F006047 M47F006 19HGF009W 06/03/1909:00 06/04/19 
190107 F012 -02 ND 1 NA 5.00 2.00 06/10/1917:46 06/10/1912:28 M47F006048 M47F006 19HGF009W 06/03/1910:00 06/04/19 

Note: Detection limits are reported relative to sample result significant figures. 

DateTime Leached: 06/07/2019 12:55 
Note: 5 ml leachate was diluted to 50 ml reagent water prior to digestion. 
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EMAX QUALITY CONTROL DATA 
LAB CONTROL SAMPLE ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 
METHOD 1311/7470A 

WATER 
DILUTION FACTOR: 1 1 
SAMPLE ID MBLK1W LCS1W 
LAB SAMPLE ID HGF009WB HGF009WL 
LAB FILE ID M47F006012 M47F006013 
DATE PREPARED 06/10/1912:28 06/10/1912:28 
DATE ANALYZED 06/10/1916:08 06/10/1916:11 
PREP BATCH 19HGF009W 19HGF009W 
CALIBRATION REF: M47F006 M4 7F006 

ACCESSION: 

% MOISTURE:NA 
1 
LCD1W 
HGF009WC 
M47F006014 
06/10/1912:28 
06/10/1916:13 
19HGF009W 
M47F006 

MBResult SpikeAmt LCSResult LCSRec SpikeAmt LCDResult LCDRec 
PARAMETERS (ug/L) (ug/L) (ug/L) (%) (ug/L) (ug/L) (%) 

----- --------- ---------- ------- --------- --------- -------

Mercury ND 2.50 2.59 104 2.50 2. 53 101 

ME: Method Blank sample LCS: Lab Control Sample LCD: Lab Control Sample Duplicate 

RPD QCLimit MaxRPD 
(%) (%) (%) 

-------
2 80-120 20 
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EMAX QUALITY CONTROL DATA 
MS/MSD ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 
DILUTION FACTOR: 
SAMPLE ID 
LAB SAMPLE ID 
LAB FILE ID 
DATE PREPARED 
DATE ANALYZED 
PREP BATCH 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 
METHOD 1311/7470A 

LEACHATE 
1 1 
190104 190104MS 
F012-01 F012-01M 
M47F006042 M47F006044 
06/10/1912:28 06/10/1912:28 
06/10/1917:15 06110/1917:19 
19HGF009W 19HGF009W 

CALIBRATION REF: M47F006 M47F006 

ACCESSION: 

PSResult SpikeAmt MSResult MSRec SpikeAmt 
PARAMETERS (ug/L) (ug/L) (ug/L) (%) (ug/L) 

----- --------- ---------- ------- ---------
Mercury ND 25.0 25.9 104 25.0 

PS: Parent Sample MS: Matrix Spike MSD: Matrix Spike Duplicate 

% MOISTURE:NA 
1 
190104MSD 
F012-01S 
M47F006047 
06/10/1912:28 
06/10/1917:43 
19HGF009W 
M47F006 

MSDResult MSDRec 
(ug/L) (%) 

--------- -----

26.1 104 

RPD QCLimit MaxRPD 
(%) (%) (%) 

1 80-120 20 
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LABORATORY REPORT FOR 

PUNA GEOTHERMAL VENTURE 

SEMI-ANNUAL GROUNDWATER SAMPLING 

WET CHEMICAL ANALYSES 

SDG#: 19F012 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

METHOD 120.1 
SPECIFIC CONDUCTIVITY 

A total of two(2) water samples were received on 06/04/19 to be analyzed for 
Specific Conductivity in accordance with Method 120.1 and project specific 
requirements. 

Holding Time 
Samples were analyzed within the prescribed holding time. 

Calibration 
Calibration was performed as specified by the method. All calibration 
requirements were within acceptance criteria. 

Matrix QC Sample 
No matrix QC sample was provided on this SDG. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. Results 
were evaluated in accordance to project requirements. For this SDG, all quality 
control requirements were met. 
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METHOD 120.1 
SPECIFIC CONDUCTIVITY 

============================================================================================================================================================================= 
Client 
Project 
Batch No. 

CLIENT 
SAMPLE ID 

190104 
190107 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 

EMAX 

SAMPLE ID 

F012-01 
F012-02 

RESULTS PREP MOIST 
(umhos/cm) FACTOR (%) 

5960 
6050 1 

NA 
NA 

RL MDL ANALYSIS 
(umhos/cm) (umhos/cm) DATETIME 

PREPARATION 
DATETIME 

2 
2 

06/04/1917:51 NA 
06/04/1917:52 NA 

DATA 
FILE ID 

CAL 
REF 

Matrix 
InstrumentiD 

WATER 
D4 

PREP 
BATCH 

COLLECTION 
DATETIME 

RECEIVED 
DATETIME 

19ECF00101 19ECF001 ECF001W 06/03/1909:00 06/04/19 
19ECF00102 19ECF001 ECF001W 06/03/1910:00 06/04/19 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

METHOD 300.0 
BROMIDE 

A total of two(2) water samples were received on 06/04/19 to be analyzed for 
Bromide in accordance with Method 300.0 and project specific requirements. 

Holding Time 
Samples were analyzed within the prescribed holding time. 

Calibration 
Multi-calibration points were generated to establish initial calibration (ICAL) . 
ICAL was verified using a secondary source (ICV). Continuing calibration (CCV) 
verifications were carried out on a frequency specified by the project. All 
calibration requirements were within acceptance criteria. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the project. 
For this SDG, one(l) method blank was analyzed. Bromide was not detected in 
ICF002WB. Refer to sample result summary form for details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(l) set of LCS/LCD was analyzed. ICF002WL/ICF002WC 
were within LCS limits. Refer to LCS summary form for details. 

Matrix QC Sample 
Matrix spike sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(l) set of MS/MSD was analyzed. Bromide was within MS 
QC limits in F012-02JM/F012-02JS. Sample duplicate was analyzed and RPD was 
within expected value. Refer to Matrix QC summary forms for details. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. Results 
were evaluated in accordance to project requirements. For this SDG, all quality 
control requirements were met. 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

METHOD 300.0 
CHLORIDE 

A total of two(2) water samples were received on 06/04/19 to be analyzed for 
Chloride in accordance with Method 300.0 and project specific requirements. 

Holding Time 
Samples were analyzed within the prescribed holding time. 

Calibration 
Multi-calibration points were generated to establish initial calibration (ICAL). 
ICAL was verified using a secondary source (ICV). Continuing calibration (CCV) 
verifications were carried out on a frequency specified by the project. All 
calibration requirements were within acceptance criteria. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the project. 
For this SDG, one(l) method blank was analyzed. Chloride was not detected in 
ICF002WB. Refer to sample result summary form for details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(l) set of LCS/LCD was analyzed. ICF002WL/ICF002WC 
were within LCS limits. Refer to LCS summary form for details. 

Matrix QC Sample 
Matrix spike sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(l) set of MS/MSD was analyzed. Chloride was within 
MS QC limits in F012-02TM/F012-02TS. Sample duplicate was analyzed and RPD was 
within expected value. Refer to Matrix QC summary forms for details. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. Results 
were evaluated in accordance to project requirements. For this SDG, all quality 

control requirements were met. 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

METHOD 300.0 
FLUORIDE 

A total of two(2) water samples were received on 06/04/19 to be analyzed for 
Fluoride in accordance with Method 300.0 and project specific requirements. 

Holding Time 
Samples were analyzed within the prescribed holding time. 

Calibration 
Multi-calibration points were generated to establish initial calibration (ICAL) . 
ICAL was verified using a secondary source (ICV). Continuing calibration (CCV) 
verifications were carried out on a frequency specified by the project. All 
calibration requirements were within acceptance criteria. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the project. 
For this SDG, one(l) method blank was analyzed. Fluoride was not detected in 
ICF002WB. Refer to sample result summary form for details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(l) set of LCS/LCD was analyzed. ICF002WL/ICF002WC 
were within LCS limits. Refer to LCS summary form for details. 

Matrix QC Sample 
Matrix spike sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(l) set of MS/MSD was analyzed. Fluoride was within 
MS QC limits in F012-02M/F012-02S. Sample duplicate was analyzed and RPD was 
within expected value. Refer to Matrix QC summary forms for details. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. Results 
were evaluated in accordance to project requirements. For this SDG, all quality 
control requirements were met. 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

METHOD 300.0 
NITRATE/NITRITE-N 

A total of two(2) water samples were received on 06/04/19 to be analyzed for 
Nitrate/Nitrite-N in accordance with Method 300.0 and project specific 
requirements. 

Holding Time 
Samples were analyzed within the prescribed holding time. 

Calibration 
Multi-calibration points were generated to establish initial calibration 
(ICAL). ICAL was verified using a secondary source (ICV). Continuing 
calibration (CCV) verifications were carried out on a frequency specified by 
the project. All calibration requirements were within acceptance criteria. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the 
project. For this SDG, one(1) method blank was analyzed. Nitrate/Nitrite-N 
was not detected in ICF002WB. Refer to sample result summary form for 
details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(1) set of LCS/LCD was analyzed. ICF002WL/ICF002WC 
were within LCS limits. Refer to LCS summary form for details. 

Matrix QC Sample 
Matrix spike sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(1) set of MS/MSD was analyzed and the following 
was noted: F012-02M/F012-02S - Percent recovery for Nitrate/Nitrite-N was 
not within MS/MSD QC limits. Presence of matrix interference was suspected. 
Sample duplicate was analyzed and RPD was within expected value. Refer to 
Matrix QC summary forms for details. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. Results 
were evaluated in accordance to project requirements. For this SDG, all 
quality control requirements were met with the exception of those that were 
discussed within the associated QC parameter. 

Samples 19F012-01I and 19F012-02J were reported at dilution factor > 1 for 
nitrite due to chloride interference. Refer to sample result forms for 
details. 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

METHOD 300.0 
SULFATE 

A total of two(2) water samples were received on 06/04/19 to be analyzed for 
Sulfate in accordance with Method 300.0 and project specific requirements. 

Holding Time 
Samples were analyzed within the prescribed holding time. 

Calibration 
Multi-calibration points were generated to establish initial calibration (ICAL). 
ICAL was verified using a secondary source (ICV) . Continuing calibration (CCV) 
verifications were carried out on a frequency specified by the project. All 
calibration requirements were within acceptance criteria. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the project. 
For this SDG, one(l) method blank was analyzed. Sulfate was not detected in 
ICF002WB. Refer to sample result summary form for details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(l) set of LCS/LCD was analyzed. ICF002WL/ICF002WC 
were within LCS limits. Refer to LCS summary form for details. 

Matrix QC Sample 
Matrix spike sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(l) set of MS/MSD was analyzed. Sulfate was within MS 
QC limits in F012-02IM/F012-02IS. Sample duplicate was analyzed and RPD was 
within expected value. Refer to Matrix QC summary forms for details. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. Results 
were evaluated in accordance to project requirements. For this SDG, all quality 
control requirements were met. 
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SAMPLE RESULTS 
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METHOD 300 . 0 
BROMIDE 

Client : PUNA GEOTHERMAL VENTURE Matrix : WATER 

Project : SEMI-ANNUAL GROUNDWATER SAMPLING InstrumentiD : 07 

Batch No. 19F012 

CLIENT EMAX RESULTS DFxPREP MOIST RL MDL ANALYSIS PREPARATION DATA CAL PREP COLLECTION RECEIVED 

SAMPLE ID SAMPLE ID (mg/L) FACTOR (%) (mg/L) (mg/L} DATETIME DATETIME FILE ID REF BATCH DATETIME DATETIME 

---------- --------- --------- ------- ----- ---------- ---------- ------------- ------------- ---------- -------- -------- -------------
MBLK1W ICF002WB NO 1 NA 0.5 0.25 06/04/1911:30 NA AF02-03 AF02-0l ICF002W NA NA 

LCSlW ICF002WL 1.82 1 NA 0.5 0.25 06/0411911:51 NA AF02-04 AF02-0l ICF002W NA NA 

LCD1W ICF002WC 1.83 1 NA 0.5 0.25 06/04/1912:12 NA AF02-05 AF02- 01 ICF002W NA NA 

190107 F012-02J 7.29 10 NA 5 2.5 06/04/1913:41 NA AF02-09 AF02-0l ICF002W 06/03/1910:00 06/04/19 

190107MS F012-02JM 25.7 10 NA 5 2.5 06/04/1914:22 NA AF02-11 AF02-0l ICF002W 06/03/1910:00 06/04/19 

190104 F012-01I 7.19 10 NA 5 2.5 06/0411916: 08 NA AF02-16 AF02-13 ICF002W 06/03/1909:00 06/04/19 

190107DUP F012-02JD 7.31 10 NA 5 2.5 06/0411918: 33 NA AF02-23 AF02-13 ICF002W 06/03/1910:00 06/04/19 

190107MSD F012-02JS 25.6 10 NA 5 2.5 06/0411918: 54 NA AF02-24 AF02-13 ICF002W 06/03/1910:00 06/04/19 
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Client : PUNA GEOTHERMAL VENTURE 
Project : SEMI-ANNUAL GROUNDWATER SAMPLING 
Batch No. 19F012 

CLIENT EMAX RESULTS DFxPREP MOIST RL 
SAMPLE ID SAMPLE ID (mg/L) FACTOR (%) (mg/L} 
~ --------- --------- --------- ---~ --- ----- ----------
MBLK1W ICF002WB ND 1 NA 0.2 
LCS1W ICF002WL 1.91 1 NA 0.2 
LCDlW ICF002WC 1.93 1 NA 0.2 
190107 F012-02T 2170 2000 NA 400 
190104 F012·01K 2380 1000 NA 200 
190107DUP F012·02TD 2210 2000 NA 400 
190107MS F012·02TM 6250 2000 NA 400 
190107MSD F012·02TS 6290 2000 NA 400 

METHOD 300. 0 
CHLORIDE 

MDL ANALYSIS PREPARATION DATA 
(mg/L) DATETIME DATETIME FILE ID 

---------- ------------- ------------- ----------
0.1 06/04/1911:30 NA AF02·03 
0.1 06/04/1911:51 NA AF02-04 
0.1 06/04/1912:12 NA AF02·05 
200 06/04/1916: 29 NA AF02·17 
100 06/04/1920: 59 NA AF02·30 
200 06/04/1921: 19 NA AF02·31 
200 06/04/1921:40 NA AF02-32 
200 06/04/1922:01 NA AF02·33 

Matrix WATER 
InstrumentiD D7 

CAL 
REF 

PREP COLLECTION RECEIVED 
BATCH DATETIME DATETIME 

-------- -------- -------------
AF02-01 ICF002W NA NA 
AF02-01 ICF002W NA NA 
AF02-01 ICF002W NA NA 
AF02-13 ICF002W 06/03/1910:00 06/04/19 
AF02-25 ICF002W 06/03/1909:00 06/04/19 
AF02-25 ICF002W 06/03/1910:00 06/04/19 
AF02-25 ICF002W 06/03/1910:00 06/04/19 
AF02 · 25 ICF002W 06/03/1910:00 06/04/19 
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Client : PUNA GEOTHERMAL VENTURE 
Project : SEMI-ANNUAL GROUNDWATER SAMPLING 
Batch No. : 19F012 

CLIENT EMAX RESULTS DFxPREP MOIST RL 
SAMPLE ID SAMPLE ID (mg/L) FACTOR (%) (mg/L) 

---------- --------- --------- ------- ----- ----------
MBLKlW ICF002WB ND 1 NA 0.1 
LCSlW ICF002Wl 1.05 1 NA 0.1 
LCDlW ICF002WC 1.06 1 NA 0.1 
190104 F012-0l 0.380 1 NA 0.1 
190107 F012-02 0.384 1 NA 0.1 
190107MS F012-02M 1.42 1 NA 0.1 
190107DUP F012-02D 0.381 1 NA 0.1 
190107MSD F012-02S 1.44 1 NA 0.1 

METHOD 300. 0 
FLUORIDE 

MDL ANALYSIS PREPARATION DATA 
(mg/L) DATETIME DATETIME FILE ID 

---------- ------------- ------------- ----------
0.05 06/04/1911: 30 NA AF02-03 
0.05 06/04/1911:51 NA AF02-04 
0.05 06/04/1912:12 NA AF02-05 
0.05 06/04/1912:32 NA AF02-06 
0.05 06/04/1912:53 NA AF02-07 
0.05 06/04/1914:01 NA AF02-10 
0.05 06/04/1919:56 NA AF02-27 
0.05 06/04/1920:17 NA AF02-28 

Matrix WATER 
InstrumentiD D7 

CAL 
REF 

PREP COLLECTION RECEIVED 
BATCH DATETIME DATETIME 

-------- -------- -------------
AF02-0l ICF002W NA NA 
AF02-01 ICF002W NA NA 
AF02 · 01 ICF002W NA NA 
AF02-0l ICF002W 06/03/1909:00 06/04/19 
AF02-0l ICF002W 06/03/1910:00 06/04/19 
AF02-0l ICF002W 06/03/1910:00 06/04/19 
AF02-25 ICF002W 06/03/1910:00 06/04/19 
AF02-25 ICF002W 06/03/1910:00 06/04/19 
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Client : PUNA GEOTHERMAL VENTURE 
Project : SEMI-ANNUAL GROUNDWATER SAMPLING 
Batch No. : 19F012 

CLIENT EMAX RESULTS DFxPREP MOIST RL 
SAMPLE ID SAMPLE ID (mg/L) FACTOR (%) (mg/L) 
---------- --------- --------- ------- ----- ----------
MBLK1W ICF002WB NO 1 NA 0.1 
LCS1W ICF002WL 3.04 1 NA 0.1 
LCD1W ICF0021-.C 3.05 1 NA 0.1 
190104 F012-01 0.0658J 1 NA 0.1 
190107 F012-02 0.0688J 1 NA 0.1 
190107MS F012-02M 15.6 1 NA 0.1 
190107DUP F012·02D 0.0650J 1 NA 0.1 
190107MSD F012·02S 15.5 1 NA 0.1 

METHOD 300. 0 
NITRATE/NITRITE- N 

MDL ANALYSIS PREPARATION DATA 
(mg/L) DATETIME DATETIME FILE ID 

---------- ------------- ------------- ----------
0.05 06/04/1911:30 NA AF02·03 
0.05 06/04/1911:51 NA AF02-04 
0.05 06/0411912:12 NA AF02·05 
0.05 06/04/1912:32 NA AF02·06 
0.05 06/04/1912:53 NA AF02·07 
0.05 06/04/1914:01 NA AF02·10 
0.05 06/04/1919: 56 NA AF02·27 
0.05 06/0411920: 17 NA AF02·28 

Matrix WATER 
InstrumentiD 07 

CAL 
REF 

PREP COLLECTION RECEIVED 
BATCH DATETIME DATETIME 

-------- -------- -------------
AF02-01 ICF002W NA NA 
AF02·01 ICF002W NA NA 
AF02-01 ICF002W NA NA 
AF02-01 ICF002W 06/03/1909:00 06/04/19 
AF02-01 ICF002W 06/03/1910:00 06/04/19 
AF02- 01 ICF002W 06/03/1910:00 06/04/19 
AF02-25 ICF002W 06/03/1910:00 06/04/19 
AF02-25 ICF002W 06/03/1910:00 06/04/19 
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METHOD 300.0 
SULFATE 

Client : PUNA GEOTHERMAL VENTURE Matrix : WATER 
Project : SEMI-ANNUAL GROUNDWATER SAMPLING InstrumentiD : 07 
Batch No. : 19F012 

CLIENT EMAX RESULTS DFxPREP MOIST RL MDL ANALYSIS PREPARATION DATA CAL PREP COLLECTION RECEIVED 
SAMPLE ID SAMPLE ID (mg/L) FACTOR (%) (mg/L) (mg/Ll DATETIME DATETIME FILE ID REF BATCH DATETIME DATETIME 
.......... --------- --------- ------- ----- ---------- ---------- ------------- ------------- ---------- -------- -------- -------------
MBLK1W ICF002WB NO 1 NA 0.5 0.25 06/04/1911:30 NA AF02·03 AF02·01 ICF002W NA NA 
LCS1W ICF002WL 4.90 1 NA 0.5 0.25 06/04/1911:51 NA AF02-04 AF02-01 ICF002W NA NA 
LCD1W ICF002V.C 5.09 1 NA 0.5 0.25 06/04/1912:12 NA AF02-05 AF02-01 ICF002W NA NA 
190107 F012-02I 316 100 NA 50 25 06/04/1913:18 NA AF02-08 AF02-01 ICF002W 06/03/1910:00 06/04/19 
190107DUP F012-02ID 307 100 NA 50 25 06/04/1914:43 NA AF02-12 AF02-01 ICF002W 06/03/1910:00 06/04/19 
190104 F012-01J 342 50 NA 25 12.5 06/04/1920:38 NA AF02-29 AF02-25 ICF002W 06/03/1909:00 06/04/19 
190107MS F012-02IM 837 100 NA 50 25 06/04/1922:22 NA AF02-34 AF02-25 ICF002W 06/03/1910:00 06/04/19 
190107MSD F012-02IS 834 100 NA 50 25 06/04/1922:42 NA AF02-35 AF02-25 ICF002W 06/03/1910:00 06/04/19 
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QC SUMMARIES 
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EMAX QUALITY CONTROL DATA 
LAB CONTROL S.AMPLE ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

: PUNA GEOTHERMAL VENTURE 
: SEMI·ANNUAL GROUNDWATER S.AMPLING 
: 19F012 
: 300.0 

MATRIX : WATER 
DILUTION FACTOR: 1 
S.AMPLE ID : MBLK1W 
LAB S.AMPLE ID : ICF002WB 
LAB FILE ID : AF02 • 03 
DATE PREPARED : NA 
DATE ANALYZED : 06/04/1911:30 
PREP BATCH : ICF002W 
CALIBRATION REF: AF02 · 01 

ACCESSION: 

1 
LCS1W 
ICF002WL 
AF02-04 
NA 
06/04/1911:51 
ICF002W 
AF02·01 

1 
LCDlW 
ICF002WC 
AF02-05 

% MOISTURE: NA 

NA 
06/04/1912: 12 
ICF002W 
AF02-01 

MB RESULT SPIKE .AMT BS RESULT BS REC SPIKE .AMT BSD RESULT BSD REC RPD 
PAR.AMETER (mg/LJ (mg/L) (mg/LJ (%) (mg/LJ (mg/L) (%) (%) 

Bromide ND 2 1.82 91 2 1.83 92 1 

QC LIMIT MAX RPD 
(%) (%) 

90-110 20 
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CLIENT 
PROJECT 
BATCH NO. 
METHOD 

: PUNA GEOTHERMAL VENTURE 

EMAX QUALITY CONTROL DATA 
MS/MSD ANALYSIS 

: SEMI-ANNUAL GROUNDWATER SAMPLING 
: 19F012 
: 300.0 

MATRIX : WATER % MOISTURE: NA 
DILUTION FACTOR: 10 
SAMPLE ID : 190107 
LAB SAMPLE ID : F012- 02J 
LAB FILE ID : AF02-09 
DATE PREPARED : NA 
DATE ANALYZED : 06/04/1913:41 
PREP BATCH : ICF002W 
CALIBRATION REF: AF02-01 

ACCESSION: 

10 
190107MS 
F012-02JM 
AF02-ll 
NA 
06/0411914: 22 
ICF002W 
AF02-01 

10 
190107MSD 
F012-02JS 
AF02-24 
NA 
06/04/1918:54 
ICF002W 
AF02-13 

PARENT RESULT SPIKE AMT MS RESULT MS REC SPIKE AMT MSD RESULT MSD REC RPD 
PARAMETER (mg/L) (mg/L) (mg/L) (%) (mg/L) (mg/L) (%) (%) 

Bromide 7.29 20 25.7 92 20 25.6 92 0 

QC LIMIT MAX RPD 
(%) (%) 

80-120 20 
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EMAX QUALITY CONTROL DATA 
SAMPLE DUPLICATE ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

: PUNA GEOTHERMAL VENTURE 
: SEMI-ANNUAL GROUNDWATER SAMPLING 
: 19F012 
: 300.0 

MATRIX : WATER 
DILUTION FACTOR: 10 
SAMPLE ID : 190107 
LAB SAMPLE ID : F012 • 02J 
LAB FILE ID : AF02-09 
DATE PREPARED : NA 

10 
190107DUP 
F012·02JD 
AF02·23 

DATE ANALYZED : 06/04/1913:41 
NA 
06/04/1918: 33 
ICF002W 
AF02-13 

PREP BATCH : ICF002W 
CALIBRATION REF: AF02 -13 

ACCESSION: 

PARENT RESULT DUP RESULT 
PARAMETER (mg/L) (mg/L) 

Bromide 7.29 7.31 

RPD 
(%) 

0 

MAX RPD 
(%) 

20 
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EMAX QUALITY CONTROL DATA 
LAB CONTROL S.AMPLE ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

: PUNA GEOTHERMAL VENTURE 
: SEMI-ANNUAL GROUNDWATER S.AMPLING 
: 19F012 
: 300.0 

MATRIX : WATER 
DILUTION FACTOR: 1 
SAMPLE ID : MBLK1W 
LAB S.AMPLE ID : ICF002WB 
LAB FILE ID : AF02-03 
DATE PREPARED : NA 
DATE ANALYZED : 06/04/1911: 30 
PREP BATCH : ICF002W 
CALIBRATION REF: AF02-01 

ACCESSION: 

1 
LCS1W 
ICF002WL 
AF02·04 
NA 
06/04/1911:51 
ICF002W 
AF02·01 

1 
LCD1W 
ICF002'nt 
AF02·05 

% MOISTURE: NA 

NA 
06/04/1912:12 
ICF002W 
AF02·01 

MB RESULT SPIKE .AMT BS RESULT BS REC SPIKE AMT BSD RESULT BSD REC RPD 

PAR.AMETER (mg/U (mg/Ll (mg/U (%) (mg/U (mg/L) (%) (%) 

Chloride ND 2 1.91 95 2 1.93 96 1 

QC LIMIT MAX RPD 
(%) (%) 

90·110 20 
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CLIENT 
PROJECT 
BATCH NO. 
METHOD 

: PUNA GEOTHERMAL VENTURE 

EMAX QUALITY CONTROL DATA 
MS/MSD ANALYSIS 

: SEMI ·ANNUAL GROUNDWATER SAMPLING 
: 19F012 
: 300.0 

MATRIX : WATER % MOISTURE: NA 

DILUTION FACTOR: 2000 
SAMPLE ID : 190107 
LAB SAMPLE ID : F012·02T 
LAB FILE ID : AF02·17 
DATE PREPARED : NA 
DATE ANAL YZEO : 06/04/1916:29 
PREP BATCH : ICF002W 
CALIBRATION REF: AF02 ·13 

ACCESSION: 

2000 
190107MS 
F012·02TM 
AF02·32 
NA 
06/04/1921:40 
ICF002W 
AF02·25 

2000 
190107MSD 
F012·02TS 
AF02·33 
NA 
06/04/1922:01 
ICF002W 
AF02·25 

PARENT RESULT SPIKE AMT MS RESULT MS REC SPIKE AMT MSO RESULT MSD REC RPD 

PARAMETER Cmg/L) Cmg/L} (mg/L) (%) (mg/L) (mg/L) (%) (%) 

Chloride 2170 4000 6250 102 4000 6290 103 1 

QC LIMIT MAX RPD 
(%} (%} 

80-120 20 
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EMAX QUALITY CONTROL DATA 
SAMPLE DUPLICATE ANALYSIS 

: PUNA GEOTHERMAL VENTURE CLIENT 
PROJECT 
BATCH NO. 
METHOD 

: SEMI·ANNUAL GROUNDWATER SAMPLING 
: 19F012 
: 300.0 

MATRIX : WATER 
DILUTION FACTOR: 2000 
SAMPLE ID : 190107 
LAB SAMPLE ID : F012·02T 
LAB FILE ID : AF02·17 
DATE PREPARED : NA 
DATE ANALYZED : 06/04/1916:29 
PREP BATCH : ICF002W 
CALIBRATION REF: AF02·25 

ACCESSION: 

2000 
190107DUP 
F012·02TD 
AF02·31 
NA 
06/04/1921:19 
ICF002W 
AF02·25 

PARENT RESULT DUP RESULT 
PARAMETER (mg/Ll (mg/L) 

Chloride 2170 2210 

RPD 
(%) 

2 

MAX RPD 
(%) 

20 
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EMAX QUALITY CONTROL DATA 
LAB CONTROL Stv-IPLE ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

: PUNA GEOTHERMAL VENTURE 
: SEMI-ANNUAL GROUNDWATER SAMPLING 
: 19F012 
: 300.0 

MATRIX : WATER 
DILUTION FACTOR: 1 
Stv-IPLE ID : MBLKlW 
LAB SAMPLE ID : ICF002WB 
LAB FILE ID : AF02-03 
DATE PREPARED : NA 
DATE ANALYZED : 06/04/1911:30 
PREP BATCH : ICF002W 
CALIBRATION REF: AF02-0l 

ACCESSION: 

1 
LCSlW 
ICF002WL 
AF02-04 
NA 
06/04/1911:51 
ICF002W 
AF02-01 

1 
LCDlW 
ICF002V.C 
AF02-05 

% MOISTURE: NA 

NA 
06/04/1912:12 
ICF002W 
AF02-01 

MB RESULT SPIKE AMT BS RESULT BS REC SPIKE AMT BSD RESULT BSD REC RPD 
PARtv-IETER (mg/L) (mg/L) (mg/L) (%) (mg/L) (mg/L) (%) (%) 

Fluoride NO 1.05 105 1.06 106 1 

QC LIMIT MAX RPD 
(%) (%) 

90-110 20 

REPORT ID: 19F012 Page 88 of 131



CLIENT 
PROJECT 
BATCH NO. 
METHOD 

: PUNA GEOTHERMAL VENTURE 

EMAX QUALITY CONTROL DATA 
MS/MSD ANALYSIS 

: SEMI-ANNUAL GROUNDWATER SAMPLING 
: 19F012 
: 300.0 

MATRIX : WATER % MOISTURE: NA 
DILUTION FACTOR: 1 
SAMPLE ID : 190107 
LAB SAMPLE lD : F012·02 
LAB FILE ID : AF02-07 
DATE PREPARED : NA 
DATE ANALYZED : 06/04/1912:53 
PREP BATCH : ICF002W 
CALIBRATION REF: AF02·01 

ACCESSION: 

1 
190107MS 
F012·02M 
AF02·10 
NA 
06/04/1914:01 
ICF002W 
AF02·01 

1 
190107MSD 
F012-02S 
AF02-28 
NA 
06/04/1920:17 
ICF002W 
AF02·25 

PARENT RESULT SPIKE AMT MS RESULT MS REC SPIKE AMT MSD RESULT MSD REC RPD 
PARAMETER (mg/L) (mg/L) (mg/L} (%) (mg/L) (mg/L} (%) (%) 

Fluoride 0.384 1.42 104 1.44 106 

QC LIMIT MAX RPD 
(%) (%) 

80-120 20 
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EMAX QUALITY CONTROL DATA 
SAMPLE DUPLICATE ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

: PUNA GEOTHERMAL VENTURE 
: SEMI-ANNUAL GROUNDWATER SAMPLING 
: 19F012 
: 300.0 

MATRIX : WATER 
DILUTION FACTOR: 1 
SAMPLE ID : 190107 
LAB SAMPLE ID : F012·02 
LAB FILE ID : AF02·07 
DATE PREPARED : NA 

1 
190107DUP 
F012·02D 
AF02·27 

DATE ANALYZED : 06/04/1912:53 
NA 
06/04/1919:56 
ICF002W 
AF02·25 

PREP BATCH : ICF002W 
CALIBRATION REF: AF02·25 

ACCESSION: 

PARENT RESULT DUP RESULT 
PARAMETER (mg/L) (mg/L) 

Fluoride 0.384 0.381 

RPD 
(%) 

1 

MAX RPD 
(%) 

20 
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EMAX QUALITY CONTROL DATA 
LAB CONTROL SAMPLE ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

: PUNA GEOTHERMAL VENTURE 
: SEMI-ANNUAL GROUNDWATER SAMPLING 
: 19F012 
: 300.0 

MATRIX : WATER 
DILUTION FACTOR: 1 
SAMPLE ID : MBLKlW 
LAB SAMPLE ID : ICF002WB 
LAB FILE ID : AF02·03 
DATE PREPARED : NA 
DATE ANALYZED : 06/04/1911:30 
PREP BATCH : ICF002W 
CALIBRATION REF: AF02·01 

ACCESSION: 

1 
LCSlW 
ICF002WL 
AF02·04 
NA 
06/0411911:51 
ICF002W 
AF02·01 

1 
LCDlW 
ICF002V.C 
AF02·05 

% MOISTURE: NA 

NA 
06/04/1912:12 
ICF002W 
AF02·01 

MB RESULT SPIKE AMT BS RESULT BS REC SPIKE AMT BSD RESULT BSD REC RPD 
PARAMETER (mg/L) (mg/L) (mg/L) (%) (mg/L) (mg/L) (%) (%) 

NITRATE/NITRITE·N ND 3 3.04 101 3 3.05 102 0 

QC LIMIT MAX RPD 
(%) (%) 

90·110 20 
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CLIENT 
PROJECT 
BATCH NO. 
METHOD 

EMAX QUALITY CONTROL DATA 
MS/MSD ANALYSIS 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 
300.0 

========================================================================================================================== 

MATRIX : WATER 
DILUTION FACTOR: 1 
SAMPLE ID : 190107 
LAB SAMPLE ID : F012-02 
LAB FILE ID : AF02-07 
DATE PREPARED : NA 
DATE ANALYZED : 06/04/1912:53 
PREP BATCH : ICF002W 
CALIBRATION REF: AF02-01 

ACCESSION: 

190107MS 
F012-02M 
AF02-10 
NA 
06/04!1914: 01 
ICF002W 
AF02-01 

PARENT RESULT SPIKE AMT MS RESULT 
PARAMETER (mg/L) (mg/L) (mg/L) 

NITRATE/NITRITE-N 0.0688J 21 15.6 

*Out of MS QC limit. 

% MOISTURE: NA 
1 
190107MSD 
F012-02S 
AF02-28 
NA 
06/04/1920:17 
ICF002W 
AF02-25 

MS REC SPIKE AMT MSD RESULT MSD REC 
(%) (mg/L) (mg/L) (%) 

74* 21 15.5 73* 

RPD 
(%) 

QC LIMIT MAX RPD 
(%) (%) 

80-120 20 
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EMAX QUALITY CONTROL DATA 
SAMPLE DUPLICATE ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

: PUNA GEOTHERMAL VENTURE 
: SEMI-ANNUAL GROUNDWATER SAMPLING 
: 19F012 
: 300.0 

: WATER 
DILUTION FACTOR: 1 1 
SAMPLE ID : 190107 190107DUP 
LAB SAMPLE ID : F012-02 F012-02D 
LAB FILE ID : AF02-07 AF02-27 
DATE PREPARED :NA NA 
DATE ANALYZED : 06/04/1912:53 06/04/1919: 56 
PREP BATCH : ICF002W ICF002W 
CALIBRATION REF: AF02-25 AF02-25 

ACCESSION: 

PARENT RESULT DUP RESULT 
PARAMETER (mg/L) (mg/L) 

.. ~ . ~ ... -.... 
NITRATE/NITRITE-N 0.0688J 0.065J 

RPD MAX RPD 
(%) (%) 

NA 20 
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EMAX QUALITY CONTROL DATA 
LAB CONTROL SAMPLE ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOO 

: PUNA GEOTHERMAL VENTURE 
: SEMI· ANNUAL GROUNDWATER SAMPLING 
: 19F012 
: 300.0 

MATRIX : WATER 
DILUTION FACTOR: 1 
SAMPLE ID : MBLKlW 
LAB SAMPLE ID : ICF002WB 
LAB FILE ID : AF02·03 
DATE PREPARED : NA 
DATE ANALYZED : 06/0411911:30 
PREP BATCH : ICF002W 
CALIBRATION REF: AF02 • 01 

ACCESSION: 

1 
LCS1W 
ICF002WL 
AF02·04 
NA 
06/04/1911:51 
ICF002W 
AF02·01 

1 
LCD1W 
ICF0021\t 
AF02·05 

% MOISTURE: NA 

NA 
06/0411912:12 
ICF002W 
AF02·01 

MB RESULT SPIKE AMT BS RESULT BS REC SPIKE AMT BSD RESULT BSD REC RPD 
PARAMETER (mg/L} (mg/L} (mg/L) (%) (mg/L} (mg/L) (%) (%) 

Sulfate ND 5 4.90 98 5 5.09 102 4 

QC LIMIT MAX RPD 
(%) (%) 

90-110 20 
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CLIENT 
PROJECT 
BATCH NO. 
METHOD 

: PUNA GEOTHERMAL VENTURE 

EMAX QUALITY CONTROL DATA 
MS/MSD ANALYSIS 

: SEMI-ANNUAL GROUNDWATER SAMPLING 
: 19F012 
: 300.0 

MATRIX : WATER % MOISTURE: NA 
DILUTION FACTOR: 100 
SAMPLE ID : 190107 
LAB SAMPLE ID : F012 • 02I 
LAB FILE ID : AF02 • 08 
DATE PREPARED : NA 
DATE ANALYZED : 06/04/1913:18 
PREP BATCH : ICF002W 
CALIBRATION REF: AF02 • 01 

ACCESSION: 

100 
190107MS 
F012·02IM 
AF02·34 
NA 
06/04/1922:22 
ICF002W 
AF02-25 

100 
190107MSD 
F012-02IS 
AF02-35 
NA 
06/04/1922:42 
ICF002W 
AF02·25 

PARENT RESULT SPIKE AMT MS RESULT MS REC SPIKE AMT MSD RESULT MSD REC RPD 
PARAMETER (mg/L) (mg/Ll (mg/Ll (%) (mg/Ll (mg/Ll (%) (%) 

Sulfate 316 500 837 104 500 834 104 0 

QC LIMIT MAX RPD 
(%) (%) 

80·120 20 
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EMAX QUALITY CONTROL DATA 
SAMPLE DUPLICATE ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

: PUNA GEOTHERMAL VENTURE 
: SEMI-ANNUAL GROUNDWATER SAMPLING 
: 19F012 
: 300.0 

MATRIX : WATER 
DILUTION FACTOR: 100 
SAMPLE ID : 190107 
LAB SAMPLE ID : F012- 02I 
LAB FILE ID : AF02-08 
DATE PREPARED : NA 
DATE ANALYZED : 06/04/1913:18 
PREP BATCH : I CF002W 
CALIBRATION REF: AF02-01 

ACCESSION: 

100 
190107DUP 
F012-02ID 
AF02-12 
NA 
06/04/1914:43 
ICF002W 
AF02-0l 

PARENT RESULT DUP RESULT 
PARAMETER (mg/L) (mg/L) 

Sulfate 316 307 

RPD 
(%) 

3 

MAX RPD 
(%) 

20 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

METHOD SW1010 
IGNITABILITY 

A total of two(2) water samples were received on 06/04/19 to be analyzed for 
Ignitability in accordance with Method SW1010 and project specific requirements. 

Holding Time 
Samples were analyzed within the prescribed holding time. 

Calibration 
Calibration was performed as specified by the method. All calibration 
requirements were within acceptance criteria. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(l) LCS was analyzed. Percent recovery for 
Ignitability was within LCS QC limits in IGFOOlL. Refer to LCS summary form for 
details. 

Matrix QC Sample 
No matrix QC sample was provided on this SDG. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. Results 
were evaluated in accordance to project requirements. For this SDG, all quality 
control requirements were met. 
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Client 
Project 
Batch No. 

CLIENT 
SAMPLE ID 

LCSl 
190104 
190107 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 

EMAX 
SAMPLE ID 

IGFOOlL 
F012-01 
F012-02 

> : No flash at 100 degrees C 

RESULTS PREP MOIST RL 

(oC) FACTOR (%) (oC) 

SW1010 
IGNITABILITY 

MDL 
(oC) 

ANALYSIS PREPARATION 
DATETIME DATETIME 

---------- ------ ------ ---------- ---------- -------------
51 1 NA NA NA 06/13/1916:39 NA 

100> 1 NA NA NA 06/13/1916:59 NA 
100> 1 NA NA NA 06/13/1917:19 NA 

DATA 
FILE ID 

19IGF00101 
19IGF00102 
19IGF00103 

Matrix 
InstrumentiD 

WATER 
28 

CAL PREP COLLECTION 
REF BATCH DATETIME 

19IGF001 IGFOOl NA 
19IGF001 IGFOOl 06/03/1909:00 
19IGF001 IGFOOl 06/03/1910:00 

RECEIVED 
DATETIME 

NA 
06/04/19 
06/04/19 
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EMAX QUALITY CONTROL DATA 
LCS ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 
SW1010 

MATRIX N-DECANE 
DILUTION FACTOR: NA 
SAMPLE ID 
LAB SAMPLE ID 
LAB FILE ID 
DATE PREPARED 
DATE ANALYZED 
PREP BATCH 

NA 
NA 
NA 
NA 
NA 
NA 

CALIBRATION REF: NA 

ACCESSION: 

PARAMETER 

IGNITABILITY 

1 
LCS1 
IGF001L 
19IGF00101 
06/13/1916:39 
06/13/1916:39 
IGF001 
19IGF001 

MB RESULT 
(oC) 

NA 

EXPECTED 
(oC) 

51.2 

LCS RESULT 
(oC) 

51.0 

DIFF 
(oC) 

-0.20 

QC LIMIT 
(oC) 

48.9-53. 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

METHOD 2320B 
BICARBONATE ALKALINITY 

A total of two(2) water samples were received on 06/04/19 to be analyzed for 
Bicarbonate Alkalinity in accordance with Method 2320B and project specific 
requirements. 

Holding Time 
Samples were analyzed within the prescribed holding time. 

Calibration 
Calibration was performed as prescribed by the method and was verified using a 
secondary source (ICV) . All calibration requirements were within acceptance 
criteria. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the project. 
For this SDG, one(l) method blank was analyzed. Bicarbonate Alkalinity was not 
detected in ALFOOlWB. Refer to sample result summary form for details. 

Matrix QC Sample 
Sample duplicate was analyzed and RPD was within expected value. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. Results 
were evaluated in accordance to project requirements. For this SDG, all quality 
control requirements were met. 
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METHOD 2320B 
BICARBONATE ALKALINITY 

======================================================================================================================================================================== 
Client PUNA GEOTHERMAL VENTURE 
Project SEMI-ANNUAL GROUNDWATER SAMPLING 
Batch No. 19F012 

Matrix 
InstrumentiD 

WATER 
E5 

======================================================================================================================================================================== 

CLIENT EMAX RESULTS PREP. MOIST RL MDL ANALYSIS PREPARATION DATA CAL PREP COLLECTION RECEIVED 

SAMPLE ID SAMPLE ID (mg/L) FACTOR (%) (mg/L) (mg/L) DATETIME DATETIME FILE ID REF BATCH DATETIME DATETIME 

----- ------ ------ ------ ------ ------------- ------------- ---------
MBLK1W ALF001WB ND 1 NA 5 5 06/06/1914:07 NA 19E5F0103 19E5F01 ALF001W NA NA 

190104 F012-0l 32.5 1 NA 5 5 06/06/1915:20 NA 19E5F0114 19E5F01 ALFOOlW 06/03/1909:00 06/04/19 

190104DUP F012-01D 32.2 1 NA 5 5 06/06/1915:26 NA 19E5F0115 19E5F01 ALF001W 06/03/1909:00 06/04/19 

190107 F012-02 32.3 1 NA 5 5 06/06/1915:33 NA 19E5F0116 19E5F01 ALF001W 06/03/1910:00 06/04/19 
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EMAX QUALITY CONTROL DATA 
SAMPLE DUPLICATE ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 
METHOD 2320B 

MATRIX WATER 
DILUTION FACTOR: 1 
SAMPLE ID 
LAB SAMPLE ID 
LAB FILE ID 
DATE PREPARED 
DATE ANALYZED 
PREP BATCH 

190104 
F012-01 
19E5F0114 
NA 
06/06/1915:20 
ALFOOlW 

CALIBRATION REF: 19E5F011 

ACCESSION: 

PARAMETER 
PARENT RESULT 

(mg/L) 

BICARBONATE ALKALINITY 32.5 

190104DUP 
F012-01D 
19E5F0115 
NA 
06/06/1915:26 
ALFOOlW 
19E5F011 

DUP RESULT 
(mg/L) 

32.2 

RPD 
(%) 

0.9 

MAX RPD 
(%) 

20 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

METHOD 2320B 
CARBONATE ALKALINITY 

A total of two(2) water samples were received on 06/04/19 to be analyzed for 
Carbonate Alkalinity in accordance with Method 2320B and project specific 
requirements. 

Holding Time 
Samples were analyzed within the prescribed holding time. 

Calibration 
Calibration was performed as prescribed by the method and was verified using a 
secondary source (ICV) . All calibration requirements were within acceptance 
criteria. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the project. 
For this SDG, one(l) method blank was analyzed. Carbonate Alkalinity was not 
detected in ALFOOlWB. Refer to sample result summary form for details. 

Matrix QC Sample 
Sample duplicate was analyzed and RPD was within expected value. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. Results 
were evaluated in accordance to project requirements. For this SDG, all quality 
control requirements were met. 
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METHOD 2320B 
CARBONATE ALKALINITY 

======================================================================================================================================================================== 
Client PUNA GEOTHERMAL VENTURE 
Project SEMI-ANNUAL GROUNDWATER SAMPLING 
Batch No. 19F012 

Matrix 
InstrumentiD 

WATER 
E5 

======================================================================================================================================================================== 

CLIENT EMAX RESULTS PREP. MOIST RL MDL ANALYSIS PREPARATION DATA CAL PREP COLLECTION RECEIVED 

SAMPLE ID SAMPLE ID (mg/L} FACTOR (%} (mg/L} (mg/L} DATETIME DATETIME FILE ID REF BATCH DATETIME DATETIME 
----- ------ ------ ------ -----

MBLK1W ALF001WB ND 1 NA 5 5 06/06/1914:07 NA 19E5F0103 19E5F01 ALF001W NA NA 
190104 F012-01 ND 1 NA 5 5 06/06/1915:20 NA 19E5F0114 19E5F01 ALF001W 06/03/1909:00 06/04/19 
190104DUP F012-01D ND 1 NA 5 5 06/06/1915:26 NA 19E5F0115 19E5F01 ALF001W 06/03/1909:00 06/04/19 
190107 F012-02 ND 1 NA 5 5 06/06/1915:33 NA 19E5F0116 19E5F01 ALF001W 06/03/1910:00 06/04/19 

REPORT ID: 19F012 Page 104 of 131



EMAX QUALITY CONTROL DATA 
SAMPLE DUPLICATE ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 
METHOD 2320B 

MATRIX WATER 
DILUTION FACTOR: 1 
SAMPLE ID 
LAB SAMPLE ID 
LAB FILE ID 
DATE PREPARED 
DATE ANALYZED 
PREP BATCH 

190104 
F012-01 
19E5F0114 
NA 
06/06/1915:20 
ALFOOlW 

CALIBRATION REF: 19E5F011 

ACCESSION: 

PARAMETER 
PARENT RESULT 

(mg/L) 

CARBONATE ALKALINITY ND 

1 
190104DUP 
F012-01D 
19E5F0115 
NA 
06/06/1915:26 
ALFOOlW 
19E5F011 

DUP RESULT 
(mg/L) 

ND 

RPD 
(%) 

MAX RPD 
(%) 

20 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

METHOD 2320B 
TOTAL ALKALINITY 

A total of two(2) water samples were received on 06/04/19 to be analyzed for 
Total Alkalinity in accordance with Method 2320B and project specific 
requirements. 

Holding Time 
Samples were analyzed within the prescribed holding time. 

Calibration 
Calibration was performed as prescribed by the method and was verified using a 
secondary source (ICV). All calibration requirements were within acceptance 
criteria. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the project. 
For this SDG, one(l) method blank was analyzed. Total Alkalinity was not 
detected in ALFOOlWB. Refer to sample result summary form for details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(l) set of LCS/LCD was analyzed. ALFOOlWL/ALFOOlWC 
were within LCS limits. Refer to LCS summary form for details. 

Matrix QC Sample 
Sample duplicate was analyzed and RPD was within expected value. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. Results 
were evaluated in accordance to project requirements. For this SDG, all quality 
control requirements were met. 
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Client PUNA GEOTHERMAL VENTURE 
Project SEMI-ANNUAL GROUNDWATER SAMPLING 
Batch No. 19F012 

METHOD 2320B 
TOTAL ALKALINITY 

Matrix 
InstrumentiD 

WATER 
E5 

======================================================================================================================================================================== 

CLIENT EMAX RESULTS PREP. MOIST RL MDL ANALYSIS PREPARATION DATA CAL PREP COLLECTION RECEIVED 
SAMPLE ID SAMPLE ID (mg/LI FACTOR (%) (mg/LI (mg/LI DATETIME DATETIME FILE ID REF BATCH DATETIME DATETIME 

------ ------ ------
MBLK1W ALF001WB ND 1 NA 5 5 06/06/1914:07 NA 19E5F0103 19E5F01 ALF001W NA NA 
LCS1W ALF001WL 79.9 1 NA 5 5 06/06/1914:14 NA 19E5F0104 19E5F01 ALF001W NA NA 
LCD1W ALF001WC 82.1 1 NA 5 5 06/06/1914:21 NA 19E5F0105 19E5F01 ALF001W NA NA 
190104 F012-01 32.5 1 NA 5 5 06/06/1915:20 NA 19E5F0114 19E5F01 ALF001W 06/03/1909:00 06/04/19 
190104DUP F012-01D 32.2 1 NA 5 5 06/06/1915:26 NA 19E5F0115 19E5F01 ALF001W 06/03/1909:00 06/04/19 
190107 F012-02 32.3 1 NA 5 5 06/06/1915:33 NA 19E5F0116 19E5F01 ALF001W 06/03/1910:00 06/04/19 
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CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 
DILUTION FACTOR: 
SAMPLE ID 
LAB SAMPLE ID 
LAB FILE ID 
DATE EXTRACTED 
DATE ANALYZED 
PREP BATCH 
CALIBRATION REF: 

ACCESSION: 

PARAMETER 

TOTAL ALKALINITY 

EMAX QUALITY CONTROL DATA 
LAB CONTROL SAMPLE ANALYSIS 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 
METHOD 2320B 

WATER 
1 1 
MBLK1W LCS1W 
ALF001WB ALF001WL 
19E5F0103 19E5F0104 
NA NA 
06/06/1914:07 06/06/1914:14 
ALF001W ALF001W 
19E5F01 19E5F01 

LCD1W 
ALF001WC 
19E5F0105 

% MOISTURE: NA 

NA 
06/06/1914:21 
ALF001W 
19E5F01 

ME RESULT SPIKE AMT BS RESULT BS REC 
(%) 

SPIKE AMT BSD RESULT BSD REC 
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (%) 

ND 80.7 79.9 99 80.7 82.1 102 

RPD 
(%) 

QC LIMIT 
(%) 

80-120 

MAX RPD 
(%) 

20 
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EMAX QUALITY CONTROL DATA 
SAMPLE DUPLICATE ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 
METHOD 2320B 

MATRIX WATER 
DILUTION FACTOR: 1 
SAMPLE ID 
LAB SAMPLE ID 
LAB FILE ID 
DATE PREPARED 
DATE ANALYZED 

190104 
F012 -01 
19E5F0114 
NA 
06/06/1915:20 

PREP BATCH ALF001W 
CALIBRATION REF: 19E5F011 

ACCESSION: 

PARAMETER 
PARENT RESULT 

(mg/L) 

TOTAL ALKALINITY 32.5 

190104DUP 
F012-01D 
19E5F0115 
NA 
06/06/1915:26 
ALF001W 
19E5F011 

DUP RESULT 
(mg/L) 

32.2 

RPD 
(%) 

0.9 

MAX RPD 
(%) 

20 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

METHOD 2540C 
TOTAL DISSOLVED SOLIDS 

A total of two(2) water samples were received on 06/04/19 to be analyzed for 
Total Dissolved Solids in accordance with Method 2540C and project specific 
requirements. 

Holding Time 
Samples were analyzed within the prescribed holding time. 

Calibration 
Balance calibration verifications were carried out on a frequency specified by 
the method. All calibration requirements were within acceptance criteria. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the project. 
For this SDG, one(l) method blank was analyzed. TDS was not detected in 
TDF002WB. Refer to sample result summary form for details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(l) LCS was analyzed. Percent recovery for TDS was 
within LCS QC limits in TDF002WL. Refer to LCS summary form for details. 

Matrix QC Sample 
No matrix QC sample was provided on this SDG. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. Results 
were evaluated in accordance to project requirements. For this SDG, all quality 
control requirements were met. 
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METHOD 2540C 
TOTAL DISSOLVED SOLIDS 

============================================================================================================================================================= 
Client PUNA GEOTHERMAL VENTURE 
Project SEMI-ANNUAL GROUNDWATER SAMPLING 
Batch No. 19F012 

Matrix 
InstrumentiD 

WATER 
402426 

============================================================================================================================================================= 

CLIENT EMAX RESULTS DFxPREP MOIST RL MDL ANALYSIS PREPARATION DATA CAL PREP COLLECTION RECEIVED 
SAMPLE ID SAMPLE ID (mg/L) FACTOR (%) (mg/L) (mg/L) DATETIME DATETIME FILE ID REF BATCH DATETIME DATETIME 

------- ------- ---------- ---------- ------------- ------------- ---------- -------- ------
MBLKlW TDF002WB ND 1 NA 10 10 06/0611917:11 NA 19TDF00201 19TDF002 TDF002W NA NA 
LCS1W TDF002WL 1040 1 NA 10 10 06/06/1917:11 NA 19TDF00202 19TDF002 TDF002W NA NA 
190104 F012-01 4270 1 NA 10 10 06/06/1917:11 NA 19TDF00203 19TDF002 TDF002W 06/03/1909:00 06/04/19 
190107 F012-02 3800 1 NA 10 10 06/06/1917:11 NA 19TDF00204 19TDF002 TDF002W 06/03/1910:00 06/04/19 
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CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

EMAX QUALITY CONTROL DATA 
LCS ANALYSIS 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 
2540C 

WATER 
DILUTION FACTOR: 1 
SAMPLE ID 
LAB SAMPLE ID 
LAB FILE ID 
DATE PREPARED 
DATE ANALYZED 
PREP BATCH 
CALIBRATION REF: 

ACCESSION: 

PARAMETER 

TDS 

MBLK1W LCS1W 
TDF002WB TDF002WL 
19TDF00201 19TDF00202 
NA NA 
06/06/1917:11 06/06/1917:11 
TDF002W TDF002W 
19TDF002 19TDF002 

MB RESULT 
(mg/L) 

SPIKE AMT 
(mg/Ll 

ND 1000 

BS RESULT 
(mg/L) 

1040 

BS REC 
(%) 

104 

QC LIMIT 
(%) 

80-120 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

METHOD 2540D 
TOTAL SUSPENDED SOLIDS 

A total of two(2) water samples were received on 06/04/19 to be analyzed for 

Total Suspended Solids in accordance with Method 2540D and project specific 

requirements. 

Holding Time 
Samples were analyzed within the prescribed holding time. 

Calibration 
Balance calibration verifications were carried out on a frequency specified by 

the method. All calibration requirements were within acceptance criteria. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the project. 

For this SDG, one(l) method blank was analyzed. TSS was not detected in 

SSF003WB. Refer to sample result summary form for details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by the 

project. For this SDG, one(l) set of LCS/LCD was analyzed. SSF003WL/SSF003WC 

were within LCS limits. Refer to LCS summary form for details. 

Matrix QC Sample 
No matrix QC sample was provided on this SDG. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. Results 

were evaluated in accordance to project requirements. For this SDG, all quality 

control requirements were met. 
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Client 
Project 
Batch No. 

CLIENT 
SAMPLE ID 

MBLK1W 
LCS1W 
LCD1W 
190104 
190107 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 

EMAX RESULTS DFxPREP MOIST RL 
SAMPLE ID (mg/L) FACTOR (%) (mg/L) 

METHOD 2540D 
TOTAL SUSPENDED SOLIDS 

MDL ANALYSIS PREPARATION 
(mg/L) DATETIME DATETIME 

------- ----- ---------- ---------- ------------
SSF003WB ND 1 NA 10 10 06/07/1911:35 NA 
SSF003WL 97.5 1 NA 10 10 06/07/1911:35 NA 
SSF003WC 95.0 1 NA 10 10 06/07/1911:35 NA 
F012-01 ND 1 NA 10 10 06/07/1911:35 NA 
F012-02 ND 1 NA 10 10 06/07/1911:35 NA 

DATA CAL PREP 
FILE ID REF BATCH 

19SSF00301 19SSF003 SSF003W 
19SSF00302 19SSF003 SSF003W 
19SSF00303 19SSF003 SSF003W 
19SSF00304 19SSF003 SSF003W 
19SSF00305 19SSF003 SSF003W 

Matrix 
InstrumentiD 

COLLECTION 
DATETIME 

NA 
NA 
NA 

WATER 
402426 

RECEIVED 
DATETIME 

NA 
NA 
NA 

06/03/1909:00 06/04/19 
06/03/1910:00 06/04/19 
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CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

EMAX QUALITY CONTROL DATA 
LAB CONTROL SAMPLE ANALYSIS 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 
2540D 

WATER % MOISTURE: NA 

DILUTION FACTOR: 1 
SAMPLE ID MBLK1W 
LAB SAMPLE ID SSF003WB 
LAB FILE ID 19SSF00301 
DATE EXTRACTED NA 
DATE ANALYZED 06/07/1911:35 
PREP BATCH SSF003W 

LCS1W 
SSF003WL 
19SSF00302 
NA 
06/07/1911:35 
SSF003W 

LCD1W 
SSF003WC 
19SSF00303 

CALIBRATION REF: 19SSF003 19SSF003 

NA 
06/07/1911:35 
SSF003W 
19SSF003 

ACCESSION: 

PARAMETER 

TSS 

MB RESULT SPIKE AMT BS RESULT 
(mg/L) (mg/L) (mg/L) 

ND 94.3 97.5 

BS REC 
(%) 

103 

SPIKE AMT BSD RESULT BSD REC 
(mg/L) (mg/L) (%) 

94.3 95 101 

RPD 
(%) 

QC LIMIT 
(%) 

80-120 

MAX RPD 
(%) 

20 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

METHOD 4500-SI02C 
SILICA 

A total of two(2) water samples were received on 06/04/19 to be analyzed for 
Silica in accordance with Method 4500-SI02C and project specific requirements. 

Holding Time 
Samples were analyzed within the prescribed holding time. 

Calibration 
Calibration was performed as prescribed by the method and was verified using a 
secondary source (ICV) . All calibration requirements were within acceptance 
criteria. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the project. 
For this SDG, one(l) method blank was analyzed. Silica was not detected in 
SIFOOlWB. Refer to sample result summary form for details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(l) set of LCS/LCD was analyzed. SIFOOlWL/SIFOOlWC 
were within LCS limits. Refer to LCS summary form for details. 

Matrix QC Sample 
Matrix spike sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(l) set of MS/MSD was analyzed. Silica was within MS 
QC limits in F012-02IM/F012-02IS. Sample duplicate was analyzed and RPD was 
within expected value. Refer to Matrix QC summary forms for details. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. Results 
were evaluated in accordance to project requirements. For this SDG, all quality 
control requirements were met. 
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METHOD 4500-SI02C 
SILICA 

============================================================================================================================================================= 
Client 
Project 
Batch No. 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 

Matrix 
InstrurnentiD 

WATER 
70 

============================================================================================================================================================= 

CLIENT EMAX RESULTS DFxPREP MOIST RL MDL ANALYSIS PREPARATION DATA CAL PREP COLLECTION RECEIVED 

SAMPLE ID SAMPLE ID (mg/L) FACTOR (%) (mg/L) (mg/L) DATETIME DATETIME FILE ID REF BATCH DATETIME DATETIME 

---- ------- ----- ---------- ---------- ------
MBLK1W SIF001WB ND 1 NA 2 0.5 06/10/1918:33 NA 19SIF00110 19SIF001 SIF001W NA NA 

LCS1W SIFOOlWL 15.1 1 NA 2 0.5 06/10/1918:33 NA 19SIF00111 19SIF001 SIF001W NA NA 

LCDlW SIF001WC 15.3 1 NA 2 0.5 06/10/1918:33 NA 19SIF00112 19SIF001 SIF001W NA NA 

190104 F012-01I 143 10 NA 20 5 06/10/1918:46 NA 19SIF00120 19SIF001 SIF001W 06/03/1909:00 06/04/19 

190107 F012-02I 144 20 NA 40 10 06!1011918:47 NA 19SIF00121 19SIF001 SIF001W 06/03/1910:00 06/04/19 

190107DUP F012-02ID 146 20 NA 40 10 06/10/1918:48 NA 19SIF00122 19SIF001 SIF001W 06/03/1910:00 06/04/19 

190107MS F012-02IM 454 20 NA 40 10 06/10/1918:48 NA 19SIF00123 19SIF001 SIF001W 06/03/1910:00 06/04/19 

190107MSD F012-02IS 449 20 NA 40 10 06/10/1918:48 NA 19SIF00124 19SIF001 SIF001W 06/03/1910:00 06/04/19 
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CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

EMAX QUALITY CONTROL DATA 
LAB CONTROL SAMPLE ANALYSIS 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 

19F012 
4500-SI02C 

WATER % MOISTURE:NA 

DILUTION FACTOR: 1 1 1 
SAMPLE ID MBLKlW LCSlW LCD1W 

LAB SAMPLE ID SIF001WB SIFOOlWL SIFOOlWC 

LAB FILE ID 19SIF00110 19SIF00111 19SIF00112 

DATE PREPARED NA NA NA 

DATE ANALYZED 06/10/1918:33 06/10/1918:33 06(10/1918:33 

PREP BATCH SIFOOlW SIFOOlW SIF001W 

CALIBRATION REF: 19SIF001 19SIF001 19SIF001 

ACCESSION: 

MBResult SpikeAmt LCSResult LCSRec SpikeAmt LCDResult 

PARAMETERS (mg/L) (mg/L) (mg/L) (%) (mg/L) (mg/L) 

--------- ---------- ------- --------- -------
SILICA ND 15.0 15.1 101 15.0 15.3 

LCDRec 
(%) 

102 

MB: Method Blank sample LCS: Lab Control Sample LCD: Lab Control Sample Duplicate 

RPD QCLimit MaxRPD 
(%) (%) (%) 

1 80-120 20 
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CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 
DILUTION FACTOR: 
SAMPLE ID 
LAB SAMPLE ID 
LAB FILE ID 
DATE PREPARED 
DATE ANALYZED 
PREP BATCH 
CALIBRATION REF: 

ACCESSION: 

PARAMETERS 

SILICA 

EMAX QUALITY CONTROL DATA 
MS/MSD ANALYSIS 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 

19F012 
4500-SI02C 

WATER 
20 20 
190107 190107MS 
F012-02I F012-02IM 
19SIF00121 19SIF00123 
NA NA 
06/10/1918:47 06/10/1918:48 

SIFOOlW SIFOOlW 
19SIF001 19SIF001 

% MOISTURE:NA 
20 
190107MSD 
F012-02IS 
19SIF00124 
NA 
06/10/1918:48 
SIFOOlW 
19SIF001 

PSResult SpikeAmt MSResult MSRec SpikeAmt MSDResult 

(mg/L) (mg/L) (mg/L) (%) (mg/L) (mg/L) 

---- --------- ---------- ------- --------- ---------
144 300 454 103 300 449 

PS: Parent Sample MS: Matrix Spike MSD: Matrix Spike Duplicate 

MSDRec RPD QCLimit MaxRPD 
(%) (%) (%) (%) 

------- ------- --------- -----
102 l 75-125 20 

REPORT ID: 19F012 Page 119 of 131



CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

EMAX QUALITY CONTROL DATA 
SAMPLE DUPLICATE ANALYSIS 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 
4500-SI02C 

WATER 
DILUTION FACTOR: 20 20 
SAMPLE ID 190107 190107DUP 
LAB SAMPLE ID F012-02I F012-02ID 
LAB FILE ID 19SIF00121 19SIF00122 
DATE PREPARED NA NA 
DATE ANALYZED 06/10/1918:47 06/10/1918: 4 8 
PREP BATCH SIFOOlW SIFOOlW 
CALIBRATION REF: 19SIF001 19SIF001 

ACCESSION: 

PSResult DUPResult RPD 
PARAMETER (mg/L) (mg/L) (%) 

QCLimit 
(%) 

---- ---------- ---------- ------
SILICA 144 146 1 20 

PS: Parent Sample DUP: Sample Duplicate 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

SW846 CHAPTER 7.3 
REACTIVE CYANIDE 

A total of two(2} water samples were received on 06/04/19 to be analyzed for 
Reactive Cyanide in accordance with SW846 Chapter 7.3 and project specific 
requirements. 

Holding Time 
Samples were analyzed within the prescribed holding time. 

Calibration 
Calibration was performed as prescribed by the method and was verified using a 
secondary source (ICV}. All calibration requirements were within acceptance 
criteria. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the project. 
For this SDG, one(l} method blank was analyzed. Reactive Cyanide was not 
detected in RCFOOlWB. Refer to sample result summary form for details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(l} set of LCS/LCD was analyzed. RCFOOlWL/RCFOOlWC 
were within LCS limits. Refer to LCS summary form for details. 

Matrix QC Sample 
Sample duplicate was analyzed and RPD was within expected value. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. Results 
were evaluated in accordance to project requirements. For this SDG, all quality 
control requirements were met. 
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Client 
Project 
Batch No. 

CLIENT 
SAMPLE ID 

MBLK1W 
LCS1W 
LCD1W 
190104 
190107 
190107DUP 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 

19F012 

EMAX RESULTS DFxPREP MOIST 

SAMPLE ID (mg/L) FACTOR (%) 

---- ------- -----
RCF001WB ND 1 NA 

RCF001WL 0.592 1 NA 
RCF001WC 0.577 1 NA 

F012-01 0.0186J 1 NA 

F012-02 ND 1 NA 

F012-02D ND 1 NA 

RL 
(mg/Ll 

MDL 

METHOD CHAPTER 7.3/SW846 
REACTIVE CYANIDE 

ANALYSIS PREPARATION 

(mg/L) DATETIME DATETIME 
DATA 
FILE ID 

---------- ---------- ------------- ------------- ----------
0.02 0.015 06/18/1912:45 06/06/1913:42 19RCF00110 

0.02 0.015 06/18/1912:45 06/06/1913:42 19RCF00111 
0.02 0.015 06/18/1912:45 06/06/1913:42 19RCF00112 

0.02 0.015 06/18/1912:45 06/06/1913:42 19RCF00113 

0.02 0.015 06/18/1912:46 06/06/1913:42 19RCF00114 

0.02 0.015 06/18/1912:46 06/06/1913:42 19RCF00115 

Matrix 
InstrumentiD 

WATER 
70 

CAL PREP COLLECTION RECEIVED 
REF BATCH DATETIME DATETIME 
-------

19RCF001 RCF001W NA NA 
19RCF001 RCF001W NA NA 
19RCF001 RCF001W NA NA 
19RCF001 RCF001W 06/03/1909:00 06/04/19 
19RCF001 RCF001W 06/03/1910:00 06/04/19 
19RCF001 RCF001W 06/03/1910:00 06/04/19 
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CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

EMAX QUALITY CONTROL DATA 
LAB CONTROL SAMPLE ANALYSIS 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 
CHAPTER 7.3/SW846 

WATER % MOISTURE:NA 

DILUTION FACTOR: 1 1 1 
SAMPLE ID 
LAB SAMPLE ID 
LAB FILE ID 
DATE PREPARED 
DATE ANALYZED 
PREP BATCH 
CALIBRATION REF: 

ACCESSION: 

PARAMETERS 

Reactive Cyanide 

MBLK1W 
RCF001WB 
19RCF00110 
06/06/1913:42 
06/18/1912:45 
RCF001W 
19RCF001 

MBResult 
(mg/L) 

ND 

LCS1W 
RCF001WL 
19RCF00111 
06/06/1913:42 
06/18/1912:45 
RCF001W 
19RCF001 

SpikeArnt 
(mg/L) 

2.52 

LCSResu1t 
(mg/L) 

0. 592 

LCD1W 
RCF001WC 
19RCF00112 
06/06/1913:42 
06/18/1912:45 
RCF001W 
19RCF001 

LCSRec 
(%) 

23 

SpikeArnt 
(mg/L) 

2.52 

LCDResult 
(mg/L) 

0.577 

MB: Method Blank sample LCS: Lab Control Sample LCD: Lab Control Sample Duplicate 

LCDRec 
(%) 

23 

RPD 
(%) 

3 

QCLimit 
(%) 

5-120 

MaxRPD 
(%) 

20 
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CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

EMAX QUALITY CONTROL DATA 
SAMPLE DUPLICATE ANALYSIS 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 
CHAPTER 7.3/SW846 

WATER 
DILUTION FACTOR: 1 1 
SAMPLE ID 190107 190107DUP 
LAB SAMPLE ID F012-02 F012-02D 
LAB FILE ID 19RCF00114 19RCF00115 
DATE PREPARED 06/06/1913:42 06/06/1913:42 
DATE ANALYZED 06/18/1912:46 06/18/1912:46 
PREP BATCH RCFOOlW RCFOOlW 
CALIBRATION REF: 19RCF001 19RCF001 

ACCESSION: 

PSResult DUPResult RPD 
PARAMETER (mg/L) (mg/L) (%) 

QCLimit 
(%) 

----------- ---------- ---------- ---------- -----
Reactive Cyanide ND ND 0 20 

PS: Parent Sample DUP: Sample Duplicate 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

SW846 CHAPTER 7.3 
REACTIVE SULFIDE 

A total of two(2) water samples were received on 06/04/19 to be analyzed for 
Reactive Sulfide in accordance with SW846 Chapter 7.3 and project specific 
requirements. 

Holding Time 
Samples were analyzed within the prescribed holding time. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the project. 
For this SDG, one(l) method blank was analyzed. Reactive Sulfide was not 
detected in RSFOOlWB. Refer to sample result summary form for details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by the 
project. For this SDG, one(l) set of LCS/LCD was analyzed. RSFOOlWL/RSFOOlWC 
were within LCS limits. Refer to LCS summary form for details. 

Matrix QC Sample 
Sample duplicate was analyzed and RPD was within expected value. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. Results 
were evaluated in accordance to project requirements. For this SDG, all quality 
control requirements were met. 
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METHOD CHAPTER 7.3/SW846 
REACTIVE SULFIDE 

============================================================================================================================================================================ 
Client 
Project 
Batch No. 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 

Matrix 
InstrumentiD 

WATER 
NA 

============================================================================================================================================================================ 

CLIENT EMAX RESULTS PREP. MOIST RL MDL ANALYSIS PREPARATION DATA CAL PREP COLLECTION RECEIVED 

SAMPLE ID SAMPLE ID (mg/L) FACTOR (%) (mg/L) (mg/L) DATETIME DATETIME FILE ID REF BATCH DATETIME DATETIME 

----- ------ ------ ------ ------ ------------- ------------- ---------- -------- ------
MBLK1W RSF001WB ND 1. 00 NA . 5 . 5 06/07/1918:42 06/06/1913:42 19RSF00101 19RSF001 RSF001W NA NA 

LCS1W RSF001WL 3.68 1. 00 NA .5 .5 06/07/1918:44 06/06/1913:42 19RSF00102 19RSF001 RSF001W NA NA 

LCD1W RSF001WC 3.68 1. 00 NA . 5 . 5 06/07/1918:46 06/06/1913:42 19RSF00103 19RSF001 RSF001W NA NA 

190104 F012-01 ND 1. 00 NA . 5 . 5 06/07/1918:48 06/06/1913:42 19RSF00104 19RSF001 RSF001W 06/03/1909:00 06/04/19 

190107 F012-02 ND 1. 00 NA . 5 . 5 06/07/1918:50 06/06/1913:42 19RSF00105 19RSF001 RSF001W 06/03/1910:00 06/04/19 

190107DUP F012-02D ND 1. 00 NA .5 . 5 06/07/1918:52 06/06/1913:42 19RSF00106 19RSF001 RSF001W 06/03/1910:00 06/04/19 
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CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

EMAX QUALITY CONTROL DATA 
LAB CONTROL SAMPLE ANALYSIS 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 

19F012 
METHOD CHAPTER 7.3/SW846 

WATER % MOISTURE: NA 

DILUTION FACTOR: 1 1 

SAMPLE ID 
LAB SAMPLE ID 
LAB FILE ID 
DATE EXTRACTED 
DATE ANALYZED 
PREP BATCH 
CALIBRATION REF: 

ACCESSION: 

PARAMETER 

Reactive Sulfide 

MBLK1W 
RSF001WB 
19RSF00101 
NA 
06/07/1918:42 
RSF001W 

LCS1W 
RSF001WL 
19RSF00102 
NA 
06/07/1918:44 
RSF001W 

LCDlW 
RSF001WC 
19RSF00103 
NA 
06/07/1918:46 
RSF001W 

MB RESULT SPIKE AMT BS RESULT BS REC 
(%) (mg/L) (mg/L) (mg/L) 

ND 3.98 3.68 92 

SPIKE AMT BSD RESULT BSD REC 
(mg/L) (mg/L) (%) 

3.98 3.68 92 

RPD 
(%) 

0 

QC LIMIT 
(%) 

30-120 

MAX RPD 
(%) 

20 

REPORT ID: 19F012 Page 127 of 131



EMAX QUALITY CONTROL DATA 
SAMPLE DUPLICATE ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 
METHOD CHAPTER 7.3/SW846 

MATRIX WATER 
DILUTION FACTOR: 1.00 1. 00 

190107DUP 
F012-02D 
19RSF00106 
06/06/1913:42 
06/07/1918:52 
RSF001W 
19RSF001 

SAMPLE ID 
LAB SAMPLE ID 
LAB FILE ID 
DATE PREPARED 
DATE ANALYZED 
PREP BATCH 

190107 
F012-02 
19RSF00105 
06/06/1913:42 
06/07/1918:50 
RSF001W 

CALIBRATION REF: 19RSF001 

ACCESSION: 

PARENT RESULT DUP RESULT 
PARAMETER (mg/L) (mg/L) 

Reactive Sulfide ND ND 

RPD 
(%) 

0 

MAX RPD 
(%) 

20 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: SEMI-ANNUAL GROUNDWATER SAMPLING 

SDG 19F012 

METHOD 9040C 
PH 

A total of two(2) water samples were received on 06/04/19 to be analyzed for pH 
in accordance with Method 9040C and project specific requirements. 

Holding Time 
Samples were analyzed within the prescribed holding time. 

Calibration 
pH meter was calibrated per instrument operating manual instruction. Calibration 
was verified using a secondary source (ICV). Continuing calibration (CCV) 
verifications were carried out on a frequency specified by the project. All 
calibration requirements were within acceptance criteria. 

Matrix QC Sample 
Sample duplicate was analyzed and RPD was within expected value. 

Sample Analysis 
Samples were analyzed according to prescribed analytical procedures. Results 
were evaluated in accordance to project requirements. For this SDG, all quality 
control requirements were met. 
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METHOD 9040C 
PH 

============================================================================================================================================================= 
Client 
Project 
Batch No. 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 

Matrix 
InstrumentiD 

WATER 
53 

============================================================================================================================================================= 

CLIENT EMAX RESULTS DFxPREP MOIST RL MDL ANALYSIS PREPARATION DATA CAL PREP COLLECTION RECEIVED 

SAMPLE ID SAMPLE ID (pH Unit) FACTOR (%) (pH Unit) (pH Unit) DATETIME DATETIME FILE ID REF BATCH DATETIME DATETIME 
----- ------- ----- ---------- ---

190104 F012-01 6.93 1 NA 0.1 0.1 06/04/1915:11 NA 19PHF00101 19PHF001 PHF001W 06/03/1909:00 06/04/19 

190104DUP F012-01D 6.95 1 NA 0.1 0.1 06/04/1915:15 NA 19PHF00102 19PHF001 PHF001W 06/03/1909:00 06/04/19 

190107 F012-02 6.93 1 NA 0.1 0.1 06/04/1915:18 NA 19PHF00103 19PHF001 PHF001W 06/03/1910:00 06/04/19 
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CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

EMAX QUALITY CONTROL DATA 
SAMPLE DUPLICATE ANALYSIS 

PUNA GEOTHERMAL VENTURE 
SEMI-ANNUAL GROUNDWATER SAMPLING 
19F012 
9040C 

WATER 
DILUTION FACTOR: 1 1 
SAMPLE ID 
LAB SAMPLE ID 
LAB FILE ID 
DATE PREPARED 
DATE ANALYZED 
PREP BATCH 
CALIBRATION REF: 

ACCESSION: 

PARAMETER 

PH 

190104 
F012-01 
19PHF00101 
NA 
06/04/1915:11 
PHF001W 
19PHF001 

ParentResu1t 
(pH Unit) 

6.93 

190104DUP 
F012-01D 
19PHF00102 
NA 
06/04/1915:15 
PHF001W 
19PHF001 

Dup_Resu1t 
(pH Unit) 

6.95 

Difference 
(pH Unit) 

. 02 

Max Diff. 
(+/- pH Unit) 

0.1 
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LABORATORY REPORT FOR 

PUNA GEOTHERMAL VENTURE 

SEMI-ANNUAL GROUNDWATER SAMPLING 

TOTAL SULFUR BY ICPMS 

SDG#: 19F012 



element 

June 20, 2019 

EMAX Laboratories Inc 
1835 W 205th St 
Torrance, CA 90501 -1510 

Attn : Raman Singh 

Analysis 

Sulfur by SOP 7040, Rev 13 

9240 Santa Fe Springs Road 

Santa Fe Springs, CA 
P: 1 562 948 2225 

F: 1 562 948 5850 
90670 USA 

Laboratory Report 

Element Job No: 
Purchase Order: 
Project Name: 

Samples Received : 
Date Received : 

info.santafesprings@element.com 
element.com 

231777 
COD-CC 
Puna Geothermal Venture 
Groundwater Sampling Event 
2 
06-05-19 

lshika Lokuge 
Senior Chemist 

Page 

2 

This report is to be reproduced in its entirety. All documents and data will be destroyed 7 years past invoice . 
All samples will be disposed of 30 days past invoice unless prior arrangements have been made. 
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EMAX Laboratories Inc 
Job No: 231777 

Sulfur by SOP 7040, Rev 13 
Inductively Coupled Plasma-Mass Spectrometry 

element 

Sample preparation: A sample portion (20 ml) was mixed with 0.4 ml of nitric acid and internal standards to produce a 
clear solution for ICP-MS analysis. 

Parts Per Million (mg/L) 

Sample ID 

190104 
190107 
190107 Duplicate 

Detection Limit: 

Date Analyzed: 06-18-19 

Sample: 190107 

Analyte 

Sulfur 

Sample 
Result 

122 

120 
120 
120 

3 

Quality Control Summary 

Duplicate Sample 
Result RPO 

124 2 

NR - Not reported ; sample result exceeds the amount spiked . 

Date Analyzed: 06-18-19 

Sample: Laboratory Fortified Blank (LFB) 

Analyte 

Sulfur 

Date Analyzed: 06-18-19 

Blank 
Result 

ND 

Spike 
Cone 

100 

Spike 
Cone 

100 

Spike 
Result 

87 

This report is to be reproduced in its entirety. All documents and data will be destroyed 7 years past invoice. 
All samples will be disposed of 30 days past invoice unless prior arrangements have been made. 

Spike 
Result 

214 

Spike 
%Rec 

NR 

Spike 
%Rec 

87 
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CHAIN OF CUSTODY ;,,,,~\t{ 1835 W. 205th Street, Torrance, CA 90501 PO NUMBER: EMAX CONTROL NO. 19F012 
Tel#: 310-618-8889FAX#:310-618-0818 

SAMPLE STORAGE 
u:10oramnt:s, me. Email: info@emaxlabs.com PROJECT CODE: PGV1901 

'All 

CLIENT PUNA GEOTHERMAL VENTURE MATRIX CODE VF. ANALYSIS REQUIRED TAT 

PROJECT GW SAMPLING EVENT DW=Drinkin° Water IC= Ice D Rush _24_hrs. 

COORDINATOR GW=Ground Water HC=HCI D Rush _ 48_hrs 

TEL FAX EMAIL [JJ D Rush_72_hrs WW=Waste Water HN=HNO3 :; 
"" 07 days SEND FINAL DATA DELIVERABLES TO RAMAN SINGH SD=Solid Waste SL=SI SH=NaO3 S: 
0:: 

D14 days COMPANY EMAX LABORATORIES SS=Soil/ Sediment ST=Na2S2O3 
;::, 
~ 
..-l 

D21 days ADDRESS 1835W, 205th STREET WP=Wioes PP=Pure P ZA=Zinc Acetate 
;::, 
[JJ 

..-l 
TORRANCE CA 90501 AR=Air HS=H2SO4 --,: STANDARD 

E-< 
EMAXPM RAMAN SINGH 310-618-8899 Ext 119 O= 

0 
E-< 

SAMPLE ID SAMPLING CONTAINER 
MATR PRESERVATIVE CODE 

IX QC COMMENTS 

AI CLIENT LOCATION DATE TIME NO. SIZE TYPE CODE IC 

1 r ,J,l"J 190104 6/3/2019 9:00 1 125ML AMBER w X EMAX ID 19F0IZ-01 

2 ((2) _/",,./ 190107 6/3/2019 10:00 1 125ML AMBER w X EMAX ID 19F0IZ-02 

3 ()r,,,,()r;, r q- A ND 
4 A lstll hnc,! F (()/1 

5 (1) {)/ 009 
6 (f2.) 07 ()Z.3 

-
7 

8 

Instructions PLEASE EMAIL LOGIN AND SUMMARY RESULT TO RAMAN SINGH Cooler# Temo. (oC) Samolc #s 

PLEASE SEND ALL DATA DELIVERABLES TO RAMAN SINGH SUB SAMPLE TO: 

EXOVA,INC. 

9240 SANTA FE SPRINGS ROAD 

SAMPLER COURIER/AIRBILL SANTA FE SPRINGS, CA 90670. U.S.A 

RELINQUISHED BY Date Time RECEIVED BY 

~,#Al.-..// - --.---'< {14/lc; \ Ci40 .fedE.x 
,.,,,:P' ~ed~x 7lh•05,l9 /0.',DAI IJ Jh.j 9!.,J's1 :+- c le blt:?1rf 

I' -
NOTICE: Tum-around-time (TAT) for samples shall not begin until! all discrepancies have been resolved. For samples received and discrepacies resolved after 1500 hrs, TAT shall sta11 at 0800 hrs the next business day. The client is responsible for all cost 
associted with sample disposal. Samples shall be disposed of as soon as practical (but not prior to fifteen (15) calendar days) after issuance of analytical report unless a different sample disposal schedule is pre-arranged with EMAX. Disposal fee for samples 
defined by CA Title 22 as non-hazardous shall be $5.00 per sample. EMAX will return hazardous samples to the client at the client's expense unless directed in writing othe1wise. 

231777 



     
 

   
 

 

ATTACHMENT F – MAPS AND CROSS SECTIONS OF 
GEOLOGIC STRUCTURE OF AREA 

Refer to Attachment D-1 MAPS 
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 SAFE HARBOR STATEMENT 

Information provided during this presentation may contain statements relating to current expectations, 

estimates, forecasts and projections about future events that are forward-looking statements as defined in 

the Private Securities Litigation Reform Act of 1995. 

These forward-looking statements generally relate to the company’s plans, objectives and expectations for 

future operations, and are based on management’s current estimates and projections of future results or 

trends. Actual future results may differ materially from those projected as a result of certain risks and 

uncertainties. 

For a discussion of such risks and uncertainties, please see risk factors as described in the Annual Report on 

Form 10-K filed with the Securities and Exchange Commission on March 16, 2018. 

In addition, during this presentation, statements may be made that include a financial measure defined as 

non-GAAP financial measures by the Securities and Exchange Commission, such as EBITDA and adjusted 

EBITDA. These measures may be different from non-GAAP financial measures used by other companies. 

The presentation of this financial information is not intended to be considered in isolation or as a substitute 

for the financial information prepared and presented in accordance with GAAP. 

Management of Ormat Technologies believes that EBITDA and adjusted EBITDA may provide meaningful 

supplemental information regarding liquidity measurement that both management and investors benefit 

from referring to this 

non-GAAP financial measures in assessing Ormat Technologies’ liquidity, and when planning and forecasting 

future periods. This non-GAAP financial measures may also facilitate management’s internal comparison to 

the company’s historical liquidity. 

EBITDA and Adjusted EBITDA are not a measurement of financial performance or liquidity under accounting 

principles generally accepted in the United States of America and should not be considered as an alternative 

to cash flow from operating activities or as a measure of liquidity or an alternative to net earnings as 

indicators of our operating performance or any other measures of performance derived in accordance with 

accounting principles generally accepted in the United States of America. EBITDA and Adjusted EBITDA are 

presented because we believe they are frequently used by securities analysts, investors and other 

interested parties in the evaluation of a company’s ability to service and/or incur debt. However, other 

companies in our industry may calculate EBITDA and Adjusted EBITDA differently than we do. 

Copyright © 2018 Ormat Technologies, Inc. All Rights Reserved. This document contains information 

proprietary to Ormat Technologies, Inc. Reproduction in any form without prior written permission is 

strictly prohibited 
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• The reservoir at PGV is hosted in a step over along the axis of the 

Kilauea Lower East Rift Zone. (KLERZ). 

• Subsurface permeability and productivity are controlled by sub-vertical 

and rift-parallel fractures/faults and dike swarms which are the result of 

active tectonic dilation across the rift and shallow volcanic activity 

related to Kilauea. 

PGV & Lower East Rift Zone 

Aeromagnetics LERZ 

• The fractures are associated with active seismic zones which have been mapped within the 
PGV property and are associated with various geophysical anomalies including magnetics, 
gravity, SP and resistivity. 

• The geophysics and seismicity indicate that the prolific fracture zones are distributed 
continuously along the NE-SW axis of the PGV property, parallel to the local trend of the LERZ 
. 

• Prior to 2018, previous eruptions in the KLERZ took place in 1955 in the vicinity of PGV and in 
Copyright © 2018 Ormat Technologies, Inc. 1960 in the Kapoho area six kilometers to the east. 
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PGV RESOURCE OVERVIEW-PRODUCTION 

• Associated with large-aperture, steeply dipping fractures. 

• Location and attitude of these fractures are well constrained by drilling 

to be orientated at N63°E and dipping at 85° to the NW. 

• Fractures are aligned en-echelon and form a major left-step along the 

rift axis which results in a localized zone of enhanced dilation. 

• Diabasic dikes commonly associated with large aperture fractures (wall 

rock). 

• The main fractures exploited are the KS-6, KS-5, KS-14 & KS-8. 

• Production depths 4500-6500 ft. 

• Wells are two phase steam and brine at temperatures of 600°F (315°C) 

at a high pressure of 1,430 psi (100 bar). Yield high initial productivity 

(10-25 MWe). 

Puu Honuaula 
(volcanic vents) 

KS-13 

KS-15 

KS-16 

KS-1A 

KS-9 

KS-10 

KS-11 

KS-14 

KS-3 

KS-4 

KS-5 

KS-6 

Pre 2018 Eruption Photo 
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PGV RESOURCE OVERVIEW-INJECTION 

• Associated with large-aperture, steeply dipping fractures/fissures and the 

Puu Honuaula volcanic vents. 

• Permeability is also associated with stratigraphic units in submarine 

basalts consisting primarily of hyaloclastites (glassy basaltic sediments) 

and pillow basalts. These stratigraphic zones have not proven suitable for 

production due to their low productivity (2-3 MWe) and higher acidity, 

but are suitable for injection. 

• The main permeable structure exploited is the 1955 Eruptive Fissure. 

• Injection depths 4200-8000 ft. (Majority below 6500 ft.) 

Puu Honuaula 
(volcanic vents) 

KS-13 

KS-15 

KS-16 

KS-1A 

KS-9 

KS-10 

KS-11 

KS-14 

KS-3 

KS-4 

KS-5 

KS-6 

Pre 2018 Eruption Photo 
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Main Geologic Structures Controlling Injection Area Permeability 

PUU HONUAULA 

(VOLCANIC VENTS) ~340 

YRS. OLD 

1955 Eruptive Fissure 
Strike:N63E, Dip:85N 

Current Injection area for: 
KS-11, KS-13 & KS13ML1 
Feed zones located within 1955 
fissure at/near intersection 
with west Puu Honuaula vent at 
5900-7100 ft. TVD 

• Permeability develops near subvertical structures (fractures, fissures, vents) within the rift zone. 
• Basic model: Tectonic dilation of the rift, lithostatic pressure decreases, magma upwells, generates surface lava 

flows, cinder cones and subsurface dike swarms, pressure declines, magma recedes, cools, contracts and 
fractures in shallow subsurface, rift dilation continues, fracture density increases at lava flow/dike rock interface 
due to quenching, dissimilar lithology and stress field. 

Base Map: Moore and Trusdell 1991 at Technologies, Inc. 8 
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Geologic/Hydrologic Cross 
Section Line 

Technologies, Inc. 9 
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SIMPLIFIED GEOLOGIC MODEL 

Major Lithologic Units 
• Subaerial Basalts: Intercalated lava flows, scoria zones 

and weathered interfaces. Two types of basalts occur as 
(non) vesicular. Olivine-Tholeiitic & Diff-Tholeiitic 

• Transitional Zone: Hyaloclastites intercalated with 
differentiated basalts (aerial & subaerial flows (pillows) 
and dikes). 

• Submarine Basalts: Pillow basalts, minor hyaloclastites 
• Intrusive Dike Complex: (Micro) Porphyritic 

differentiated basalt. 

10 
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SIMPLIFIED HYDROLOGIC MODEL 

• Produced geothermal fluids are reinjected into the 
reservoir at depths below ~4000 ft., beneath a semi-
impermeable caprock which separates the geothermal 
reservoir from an upper groundwater zone. 

• Groundwater zone extends from the top of the caprock 
to the water table ~600 ft. below the surface. 

• The groundwater in this upper aquifer in the vicinity of 
PGV is thermally and chemically influenced by natural 
leakage of geothermal fluids through the caprock. 

11 



     

   
  
 

 
 

 
 

  
   

 
  

 
 

 

 

 
   

SIMPLIFIED STRUCTURAL MODEL 

SENW 

SHmin 

SHmin 

South flank of 
Kilauea displaced 
seaward due to 
lithostatic over 
loading. Rift zone 
dilates via normal 
displacement 
along high angle 
structures. 

Episodic injection NW 

may reactivate 
older structures 
along preexisting 
planes of 
weakness. 
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SE 

SHmax 

SHmax 

of magma further 
drives flank 
displacement but 
temporarily 
compresses rift 
zone (internal) and 

12 

































































































































































































































































































































   
     

    
 
 

  

   

    

  

 

 

  

 

 

     

   

   

  

  

  

   

 

 

 

 

  

  

 

 

   

    

  

     

  

ATTACHMENT H – OPERATING DATA 

1. ACTUAL OPERATING DATA 

The operational data for the five existing injection wells included under this permit are provided in 

this section, based on: (1) actual operation, and (2) the system design.  Figures H-1, H-2, and H-3 

graphically depict the actual injection rate and wellbore pressure as a function of time for wells KS-1A, 

KS-3, KS-11, KS-13, and KS-15, respectively. 

2. DESIGN OPERATION DATA 

The injection pressure in each well must be maintained at a value less than the fracture pressure of 

the formation at the shoe of the last cemented casing string.  In two of the four existing injection wells 

covered under this permit application, this is the 9 5/8-inch casing, which is set at a depth of about 4,000 

feet.  In the three newer well KS-11, KS-13, and KS-15 this is an 11 3/4-inch casing, which is set at 

5000, 4850, and 3900 feet respectively. 

The rate at which geothermal fluid can be injected into the injection well is limited by the fracture 

pressure.  While the fracture pressure is constant, the make-up of the geothermal fluid is expected to 

gradually change as a function of changes in the geothermal resource.  To assure that the fracture 

pressure in the geothermal reservoir is not exceeded, PGV monitors the wellhead pressure on each 

injection well.  PGV proposes that the permit conditions established in the UIC Permit set maximum 

wellhead pressures which cannot be exceeded during operation of the injection wells.  By establishing 

these permit conditions, the reservoir will be protected. 

Table H-1 lists the maximum injection pressure that meets the above criterion for each of PGV’s 

injection wells.  The development of these proposed pressure limits in Table H-1 are based on results of 

formation pressure tests run since PGV’s Casing Monitoring Program went into effect (now referred to 

as the Program for Mechanical Integrity Testing and Monitoring of Injection Wells, Attachment P, 

Appendix B).  For wells drilled prior to this, including KS-1A and KS-3, the drilling histories do not 

indicate that formation pressure tests were done. As noted in the table, test results from KS-4 are 

applied to KS-3 and KS-1A, respectively, but with larger than normal factors of safety.  Application of 

KS-4 results to KS-1A and KS-3 is justified by the following: 

 Comparable lithology from well to well; 

 Uniformity of test results from KS-4 and KS-9 (the wells closest to KS-3 and KS-1A); and 

 The conservative manner in which the tests were done. 

With respect to the latter, none of the formation pressure tests was carried to the point of formation 

breakdown.  Instead, in each test run during the drilling of KS-4 and KS-9, the formation at the shoe of 

Puna Geothermal Venture Attachment H 
UIC Permit Application page H-1 



   
     

 

 

  

 

 

  

   

  

   

   

   

  

  

 

  

 

   

   

  

   

     

 

 

  

  

 

 

 

 

  

     

 

the 9-inch casing was tested with mud in the hole to gradients of 0.65 and 0.68 psi/ft., respectively, with 

no measurable leakoff.  For purposes of determining the maximum allowable injection pressure, the test 

gradient in KS-4 is taken as the incipient fracture pressure, although the actual fracture pressure would 

be higher.  Wellhead pressures corresponding to this “fracture pressure” value are calculated using the 

density of 10,000 ppm TDS water at 80ºF and neglecting flowing pressure losses in the hangdown liner 

and wellbore.  Both of these are conservative assumptions with respect to avoiding formation 

breakdown. 

The formation pressure test procedure is described below: 

1. Perform formation pressure test or “leakoff test” after drilling out below the shoe of the 

deepest cemented casing or liner.  Test with the wellbore full of mud or water. 

2. Measure density of mud or water sample taken from circulation returns. 

3. Close Blowout Preventer (BOP) on drillpipe. 

4. Increase wellbore pressure in stages of equal fluid volume, pausing after each stage to 

observe the pressure at the surface.  For example, pump 5 gallons of fluid, stop pumping 

momentarily, observe the pressure on the standpipe or at the wellhead, and repeat for each 

stage, keeping the fluid volume per stage as near constant as possible.  As a general 

guideline, the fluid volume per stage should be selected to give a pressure increase of 100 psi 

or less. 

5. Following the procedure in Step 4, the pressure increase for each stage will be approximately 

equal until the fracture pressure is reached.  At fracture pressure, a minute leakoff will occur, 

and the incremental pressure rise for that stage will be noticeably less.  The test will be 

terminated at this point.  At PGV’s discretion, the test may be terminated at a lower pressure. 

6. Whether or not the test is carried to the point of leakoff , the “fracture pressure” for purposes 

of determining the maximum allowable injection pressure is considered to be the pressure at 

the last stage for which there was no indication of fracture initiation. 

It is intended that this reservoir testing program be used to determine the effective fracture 

pressure in future injection wells drilled in the Area of Review, as described on the UIC Application 

Form, Box IX. 

The wellhead pressure is determined through a calculation.  This calculation procedure is 

described below: 

Calculate test pressure at casing shoe: 

PT-shoe = PT-wh + 0.052 * mud * TVDKB 
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Calculate injection wellhead pressure corresponding to PT-shoe: 

PT-wh = Pshoe - 0.052 * inj * TVDGL 

Calculate maximum safe injection wellhead pressure: 

PI-wh = 0.8 * PT-wh 

Nomenclature: 

P = pressure (psig) 
TVD = true vertical depth 
 = fluid density (lbm/gal) 

Subscripts: 

GL = ground level (reference for depth measurement) 
inj = injectate (assumed density = 8.359 lbm/gal) 
KB = rig Kelly bushing (reference for depth measurement) 
mud = drilling mud (or water) in the wellbore during formation pressure test 
shoe = at shoe of casing or liner 
T = formation pressure test 
wh = wellhead 

The maximum wellhead injection pressures, shown in Table H-1, for the three injection wells have 

been calculated with the procedure described above.  It is proposed that these wellhead injection 

pressures be established as permit conditions.  Additionally, the calculated injection capacity 

corresponding to the maximum wellhead injection pressure are provided in Table H-1 for information 

only.  As previously stated, it is proposed that these values not be established as permit conditions. The 

calculation procedure for determining the maximum wellhead pressure, shown above, is proposed to be 

used to determine the wellhead pressure limit and establish permit conditions for future injection wells 

drilled in the Area of Review as described in the UIC Application Form, Box IX. 

3. ANNULUS FLUIDS 

The annulus fluid for the injection wells is nitrogen gas.  The nitrogen gas is used to isolate the 

underground drinking water source from injectate and to monitor for potential casing failures as 

described in the Program for Mechanical Integrity Testing and Monitoring of Injection Wells, included 

in Attachment P – Monitoring Program. 
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4. INJECTATE SAMPLING RESULTS 

The most recent chemical and physical analysis results for Type I, Type III, and Type IV sampling 

of the injectate is provided in Attachment H-1.  These injectate samples were taken from geothermal 

fluids being produced at the PGV site during the months of May and July 2004.  The samples were 

taken in accordance with the requirements of PGV’s current UIC Permit No. UH-1529 with the State of 

Hawaii. 
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KS-1A KS-1A 

Pressure Temperature 

DATE Hrs on Inj Peak A Peak B Peak C Peak D Peak A Peak B Peak C Peak D 

04/01/18 24 193 150 200 195 

04/02/18 24 160 155 195 200 

04/03/18 24 120 140 190 190 

04/04/18 24 130 140 190 190 

04/05/18 24 150 180 190 195 

04/06/18 24 185 180 195 195 

04/07/18 24 160 170 195 195 

04/08/18 24 160 160 195 194 

04/09/18 24 175 170 190 200 

04/10/18 24 175 175 195 195 

04/11/18 24 152 145 198 198 

04/12/18 24 150 150 195 198 

04/13/18 13.3 0 155 120 195 

04/14/18 24 160 185 195 195 

04/15/18 21.8 100 165 162 195 

04/16/18 24 170 160 200 188 

04/17/18 24 180 120 185 194 

04/18/18 24 115 130 198 197 

04/19/18 24 125 135 189 189 

04/20/18 24 140 140 195 190 

04/21/18 24 135 130 195 192 

04/22/18 24 120 140 190 190 

04/23/18 24 145 170 190 195 

04/24/18 24 170 180 195 195 

04/25/18 24 170 172 190 193 

04/26/18 24 175 170 198 195 

04/27/18 24 180 125 195 190 

04/28/18 24 135 130 195 192 

04/29/18 24 170 185 195 193 

04/30/18 24 200 197 200 195 



KS-1A KS-3 KS-3 

Annulus Pressure Pressure Temperature 

Peak A Peak B Peak C Peak D Hrs on Inj Peak A Peak B Peak C Peak D Peak A 

62 77 24 180 175 174 

75 73 24 175 175 170 

71 69 24 150 150 170 

68 66 24 155 155 173 

64 63 24 165 185 165 

62 74 24 182 195 173 

71 71 24 182 190 160 

68 67 24 185 185 168 

65 75 24 170 185 160 

74 72 24 185 185 170 

69 69 24 160 170 172 

66 65 24 170 172 175 

55 63 24 165 180 165 

61 71 24 183 195 170 

60 68 24 110 180 150 

66 64 24 188 125 170 

63 62 24 170 140 165 

60 75 24 135 145 165 

72 71 24 145 150 170 

69 68 24 150 155 170 

66 65 24 140 150 162 

63 62 24 150 150 165 

60 61 24 150 195 170 

67 66 24 185 200 165 

64 74 24 190 200 170 

72 72 24 190 190 165 

70 68 24 200 146 170 

66 65 24 150 150 170 

64 63 24 195 205 170 

73 72 24 205 203 170 



KS-3 KS-15 

erature Annulus Pressure Pressure 

Peak B Peak C Peak D Peak A Peak B Peak C Peak D Hrs on Inj Peak A Peak B 

169 66 66 24 0 

170 65 65 24 0 

165 64 63 24 0 

170 63 62 24 0 

170 61 61 24 0 

172 60 60 24 0 

175 58 59 24 0 

170 57 57 24 0 

173 56 73 24 0 

170 71 70 24 0 

170 70 68 24 0 

175 67 66 24 0 

175 64 65 24 0 

170 63 63 24 0 

174 60 60 24 0 

165 59 56 24 0 

175 57 56 24 0 

172 55 71 24 0 

150 69 69 24 0 

170 67 66 24 0 

170 65 65 24 0 

165 63 62 24 0 

172 61 61 24 0 

173 59 59 24 0 

175 57 70 24 0 

175 68 68 24 0 

172 66 65 24 0 

172 64 63 24 0 

170 61 61 24 0 

168 60 59 24 0 



KS-15 KS-15 

Temperature Annulus Pressure 

Peak C Peak D Peak A Peak B Peak C Peak D Peak A Peak B Peak C Peak D 

0 155 138 11 12 

0 134 110 12 12 

0 135 122 11 11 

0 115 105 11 11 

0 100 112 11 11 

0 125 130 11 12 

0 135 130 11 11 

0 125 125 11 11 

0 115 112 11 11 

0 0 105 11 11 

0 135 138 11 12 

0 125 125 11 12 

0 125 130 10 10 

0 100 120 100 100 

0 75 100 100 100 

0 130 125 100 100 

0 125 122 10 0 

0 135 140 0 13 

0 125 95 11 11 

0 90 80 11 11 

0 100 100 11 11 

0 100 100 11 11 

0 100 100 11 11 

0 115 125 11 11 

0 120 122 11 11 

0 125 95 11 11 

0 130 140 11 14 

0 140 138 14 14 

0 100 110 11 11 

0 105 120 11 11 



KS-11INJ KS-11INJ KS-11INJ 

Pressure Temperature Annulus Pressur 

Hrs on Inj Peak A Peak B Peak C Peak D Peak A Peak B Peak C Peak D Peak A 

24 172 150 192 190 73 

24 165 165 190 190 72 

24 145 150 192 180 70 

24 150 150 192 180 70 

24 155 175 180 180 69 

24 160 185 180 180 70 

24 160 180 175 180 68 

24 170 170 175 175 68 

24 165 185 172 178 67 

24 170 170 165 165 66 

24 151 150 170 170 69 

24 165 162 170 169 72 

24 155 170 165 170 72 

15 0 0 165 75 66 

0 0 0 80 75 36 

0 0 0 195 0 15 

0 0 0 85 102 6 

0 0 0 85 75 1 

0 0 0 80 80 0 

0 0 0 80 75 0 

0 0 0 80 80 0 

0 0 0 80 75 0 

0 0 0 0 75 0 

0 0 0 0 75 0 

0 0 0 75 0 0 

0 0 0 75 75 2.7 

0 0 0 75 75 2.7 

0 0 0 75 75 0 

0 0 0 75 75 0 

0 0 0 75 75 0 



KS-13 KS-13 

ressure Pressure Temperature 

Peak B Peak C Peak D Hrs on Inj Peak A Peak B Peak C Peak D Peak A Peak B 

73 24 182 170 192 

72 24 170 170 188 

71 24 90 95 185 

70 24 100 110 190 

70 24 100 180 188 

70 24 180 190 192 

69 24 160 180 188 

68 24 175 175 188 

67 24 165 180 190 

75 24 180 180 190 

73 24 170 160 192 

73 24 150 160 190 

72 24 135 175 178 

49 24 170 190 190 

26 24 52 180 172 

10 24 180 160 192 

2 24 165 148 183 

0 24 125 138 188 

0 24 125 115 185 

0 24 140 135 188 

0 24 120 130 184 

0 24 120 130 184 

0 24 120 185 187 

0 24 180 190 184 

0 24 170 185 190 

2.6 24 180 175 188 

2 24 185 145 190 

0 24 150 140 188 

0 24 180 188 188 

0 24 200 200 190 



KS-13 

Annulus Pressure 

Peak D Peak C Peak D Peak A Peak B Peak C 

189 61 61 

190 61 61 

187 59 59 

188 59 59 

190 58 59 

190 59 59 

190 58 58 

190 58 58 

191 57 73 

188 72 72 

189 71 71 

190 70 70 

188 68 69 

195 69 69 

190 66 68 

184 68 67 

190 67 66 

199 66 66 

185 65 65 

185 65 64 

186 63 64 

183 63 63 

190 62 63 

190 63 63 

192 62 62 

185 61 61 

189 61 61 

187 60 60 

192 60 60 

189 60 60 
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QUALITY CONTROL DATA 

Samples Received: March 26, 2018 

Requested By: Ronald Quesada 
Puna Geothermal Venture 
P.O. Box 30 
Pahoa, HI 96778 

Precision External Standard Sample Spike 
Analyte (%RSD) (% Recovery) (% Recovery) 

Carbon Dioxide 0.6 97.0 104.3 
Hydrogen Sulfide 1.4 102.8 99.7 
Ammonia 0.0 101.8 107.7 
Nitrogen 0.4 98.9 NA 
Methane 0.7 100.5 NA 
Hydrogen 0.5 99.9 NA 

Precision: Percent Relative Standard Deviation of replicate sample analyses. 

External Standard: Percent Recovery of an independent audit standard analyzed against 
calibration standards (measured/known x 100). 

Sample Spike: Percent Recovery of a known quantity of standard added to sample 
(measured/theoretical x 100). 

N/A: Not Applicable. 

Paula Bosserman, Ph.D. 
Lab and Quality Manager 

Distribution: 
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Descriptor: 
Sampling Date, Time: 

Sampling Location: 
Sampling Method: 

Sampled by: 

PGV Monthly Type I Injectate 
3-19-18 19:31 
NC Gas line prior to mixing with injectate fluid flow 
ASTM E 1675-95 
P. Fernandez, S. Magnuson 

Lab Number: 22374-1 

Total Weight of Condensate (grams): 
Initial Headspace Pressure (psia @ STP): 

1 
16.08 

Gas Result Reporting Units Reference Method Analysis Date Analyst Name 

Ammonia 
Argon 
Carbon Dioxide 
Hydrogen 
Hydrogen Sulfide 
Methane 
Nitrogen 
Oxygen 
Radon-222 
n -Pentane 

<1.78E-03 
3.78E-01 
3.78E+01 
2.57E+01 
1.57E+01 
5.66E-01 
1.97E+01 
1.66E-01 
8.87E+03 
1.20E-02 

Mole%, Dry Gas 
Mole%, Dry Gas 
Mole%, Dry Gas 
Mole%, Dry Gas 
Mole%, Dry Gas 
Mole%, Dry Gas 
Mole%, Dry Gas 
Mole%, Dry Gas 

pCi/L Dry Gas, STP 
Mole%, Dry Gas 

Ste. Mth. 4500-NH3 C 
GC / TCD 

Acid Evolution, IR 
GC / TCD 
EPA 376.1 
GC / TCD 
GC / TCD 
GC / TCD 

Scintillation Counter 
GC / FID 

4/9/2018 
4/4/2018 
4/11/2018 
4/4/2018 
4/6/2018 
4/4/2018 
4/4/2018 
4/4/2018 
3/26/2018 
3/29/2018 

Bianca Ramirez 
Lili Van Dera 

Bianca Ramirez 
Lili Van Dera 

Bianca Ramirez 
Lili Van Dera 
Lili Van Dera 
Lili Van Dera 

Joanna Collier 
Lili Van Dera 

IR = infrared analysis 
GC/FID = gas chromatography, flame ionization detection 
GC/TCD = gas chromatography, thermal conductivity detection 
pCi/L = picoCurie per liter 
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Ron Quesada 
Puna Geothermal Venture 
P.O. Box 30 
Pahoa, HI 96778 

Report of Analysis 

Lab Number: 22383 - 1 
Descriptor: PGV Monthly Type I Injectate 

Sampling Date, Time: 3-19-18 20:38 - 21:58 
Sampling Location: Injection line sampling port between common header and active injection well 
Sampling Method: ASTM E 1675-95 

Sampled by: P. Fernandez, S. Magnuson 
Field Data: NA 

Analyte Result Reporting Units Reference Method Analysis Date Analyst Name 
Arsenic 0.154 mg/kg EPA 6010B 3/29/2018 Joanna Collier 
Barium 3.10 mg/kg EPA 6010B 3/29/2018 Joanna Collier 
Boron 3.80 mg/kg EPA 6010B 3/29/2018 Joanna Collier 
Cadmium <0.006 mg/kg EPA 6010B 4/16/2018 Sheri Cruz 2 

Calcium  147 mg/kg EPA 6010B 3/29/2018 Joanna Collier 
Copper <0.2 mg/kg EPA 6010B 4/16/2018 Sheri Cruz 2 

Chromium <0.04 mg/kg EPA 6010B 4/16/2018 Sheri Cruz 2 

Iron 0.121 mg/kg EPA 6010B 3/29/2018 Joanna Collier 
Lead <0.03 mg/kg EPA 6010B 4/16/2018 Sheri Cruz 2 

Lithium 1.67 mg/kg Std. Mth. 3500-Li B 3/29/2018 Joanna Collier 
Magnesium 0.073 mg/kg EPA 6010B 3/29/2018 Joanna Collier 
Manganese 0.261 mg/kg EPA 6010B 3/29/2018 Joanna Collier 
Mercury <0.002 mg/kg EPA 7470A 4/13/2018 Sheri Cruz 2 

Nickel <0.03 mg/kg EPA 6010B 4/16/2018 Sheri Cruz 2 

Potassium  815 mg/kg EPA 258.1 3/28/2018 Joanna Collier 
Silver <0.1 mg/kg EPA 6010B 4/16/2018 Sheri Cruz 2 

Sodium  4290 mg/kg EPA 273.1 3/28/2018 Joanna Collier 
Vanadium <0.08 mg/kg EPA 6010B 4/16/2018 Sheri Cruz 2 

Zinc <0.1 mg/kg EPA 6010B 4/16/2018 Sheri Cruz 2 

Bromide 26.0 mg/kg EPA 300 3/30/2018 Kristy Stokes 
Bicarbonate Alkalinity (as HCO3-) <2 mg/kg Std. Mth. 2320 B 3/30/2018 Bianca Ramirez 
Carbonate Alkalinity (as CO3=) <2 mg/kg Std. Mth. 2320 B 3/30/2018 Bianca Ramirez 
Chloride  7750 mg/kg EPA 300 3/30/2018 Kristy Stokes 
Fluoride 0.238 mg/kg EPA 300 3/30/2018 Kristy Stokes 
Nitrate <1 mg/kg EPA 300 3/30/2018 Kristy Stokes 
Silica  603 mg/kg EPA 6010B 3/29/2018 Joanna Collier 
Sulfate 18.5 mg/kg EPA 300 3/30/2018 Kristy Stokes 
Total Sulfur 1 42.3 mg/kg as Sulfur EPA 300, EPA 376.1 3/30/2018 Bianca Ramirez 

Total Alkalinity (as HCO3-) <2 mg/kg Std. Mth. 2320 B 3/30/2018 Bianca Ramirez 
Total Dissolved Solids  13900 mg/kg Std. Mth. 2540 B 4/4/2018 Bianca Ramirez 
Total Suspended Solids 9.91 mg/kg Std. Mth. 2540 D 4/6/2018 Bianca Ramirez 
Oil & Grease <5 mg/L EPA 1664 4/13/2018 Sheri Cruz 2 

Conductivity, umhos/cm  20800 umhos/cm EPA 120.1 3/30/2018 Bianca Ramirez 

1 Total Sulfur is reported as the sum of S2O3, SO4, and H2S as S 
2 Project Manager, TestAmerica Laboratory, Seattle 
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MAX 
LABORATORIES, INC. 
1835 W. 205th Street 
Torrance, CA 90501 

Tel: (310) 618-8889 
Fa~ (310)618-0818 

Date: 02-06-2018 
EMAX Batch No.: 18A178 

Attn: Ronald P. Quesada 

Puna Geothermal Venture 
14-3860 Kapoho-Pahoa Road 
P.O. Box 30 Pahoa, HI. 96778 

Subject: Laboratory Report 
Project: PUNA GEOTHERMAL VENTURE 

Enclos8rl is the Laboratory report for samples received on 01/17/18. 
The oata reported relate only to samples listed below: 

Sample ID Control # Col Date Matrix Analysis 
---------- ---- --- -------- --------------------------
TYPE 3 & 4 INJECT ATE A178-01 01/15/18 WATER I GN !TAB! LI TY 

SULFIDE REACTIVE 
REACTIVE CYANIDE 
METALS TCLP 
MERCURY TCLP 
SEMIVOLAT!LE ORGANICS TCLP 
VOLATILE ORGANICS TCLP 
VOLATILE ORGANICS BY GC/MS 
PH 

TRIP BLANK A178-02 01/15/18 WATER VOLATILE ORGANICS BY 

The results are summarized on the following pages. 

Please feel free to call if you have any questions concerning 
these results. 

Sincerely yours, 

GC/MS 

This report is confidential and intended solely for the use of the individual or 
entity to whom it is addressed. This report shall not be reproduced except in full 
or without the written approval of EMAX. 

EW\X certifies that results included in this report meets all NELAC & DOD requirements 

unless noted in the Case Narrative. 

NELAP Accredited Certificate Number CA002912017-13 
L-A-B Accredited DoD ELAP and ISOJIEC 17025 Certificate Number L2.278 Testing 
California ELAP Accredited Certificate Number 2672 

REPORT ID: 18A178 Page 1 of 69



CHAIN OF CUSTODY 

EJ'J\J.\1{ 1835 W. 205th Street, Torrance, CA 90501 PO NUMBER: EMAX CONTROL NO. \<'6Pt\l-8 Tel#: 310-618-8889 FAX#: 310-618-0818 SAMPLE STORAGE 
L(ll/\Jlo:lltll.IC;'!: lllL. Email: info@emaxlabs.com PROJECT CODE: 

Ronald P Quesada PRESERVATIVE CLIENT MATRIX CODE CODE ANALYSIS REQUIRED TAT 
PROJECT Puna Geothermal Venture DW=Drinking Water IC=Ice 0 Rush _24_hrs. 

COORDINATOR Ronald P Quesada 
GW=Ground Water HC~HCI 0 Rush _ 48_hrs 

TEL 808-965-2848 FAX 808-965-7254 EMAIL rquesada@ormat.com 
" 0 Rush_72_hrs I WW""'Waste Water HN~HN03 '0 

" lH 

SEND REPORT TO Ronald p Quesada u " "5 07 days SD"-Solid Waste SL=Sludge SH=Na03 Ill 0 ~ r/1 
0 r-- " '0 
'¢ N ::;;; " 014 days jcoMPANY Puna Geothermal Venture "' 00 "' q SS=Soil! Sediment ST~Na2S203 00 ..s '0 " Ill " '0 ] 0 ..s u "' ·a 

021 days ADDRESS 14-3860 Kapoho Pahoa Road, Pahoa, HI 96778 WF=Wipes PP=Pure Products ZA=Zinc Acetate 
'¢ u ~ "' lS 
"' ;>, 

~ 00 0 u 0 > ..s > ::;;; " AR=Air HS~H2S04 
r/1 .i:: '0 u ::J ::J "" t> § ....l 

EMAXPM <F 
0 

~ u ~ a'i ::r: > ,_ A<: 0. 

PRESERVATIVE CODE SAMPLEID SAMPLING CONTAINER MATRIX QC COMMENTS CODE 
LAB CLIENT LOCATION DATE TIME NO. SIZE TYPE HC !C IC !C NaOH!Zn IC 

' I (i) Type 3 & 4 Injectate Injection 1/16/2018 200 14 various various Water X X X X X X 

' 2~ Trip Blank 1116/2018 200 3 40ml Vials Water X 

' 3 

' 4 

' 5 

' 6 

7 

' 8 

' 9 

10 

Instructions Perform analysis in accordance with PGV UIC Permit Requirements for Type 3 & 4 Injectate Sampling. Cooler# Temp. (C) Sample #s 

X a.o 

SAMPLER Desi Sugioka and Paul Fernandez COUR!ER/A!RBILL 

RELINQUISHED BY 
l Date Time RECEIVED BY 

1/ 11-ll<ts' rv¥1~ .AU M W11YJct1t1 

NOTICE: Tum-around~time (TAT) for samples shaH not begin untill all discrtlJancics have been resolved. For samples received and discrcpacies resolved after 1500 hrs, TAT shall start at 0800 hrs the next business day. The client is responsible for all cost associ ted with sample disposal. Samples shall be disposOO of as soon as practical (but not 
prior to fifteen (15) calendar days) aftea- issuance of analytical report wllcss a diftfrcnt sample disposal sch«l.ule is pre-arranged with EMAX. Disposal fee for samples defined by CA Title 22 as non-hazardous shall he $5.00 per sample. EMAX will return hazardous samplC"i to the client at the client's expQlSC wlless dirocted in writing othcrwisc. 

---
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SAMPLE RECEIPT FORM 1 

Type of Delivery Airbi!!' I Tracking' Number 

rVFedex 0 UPS 0 GSO 0 Others ?i..J?SVJ ~1l '6 \ X'Cf'5 ':) 
0 EMAX Courier 0 Client Delivery 

CPC INSPECTION / / ; 

i ~~ient Name V<;:lient PM/FC 1\iSampler Name 12!' Sampling Date(fime 

ddress Qi'fel # I Fax # 0 Courier Signature 0-nalysis Required 

Safety Issues (if any) 0 High concentrations expected 0 From Superfund Site 0 Rad screening required 

Note: 

PACKAGING INSPECTION ,_ 

Container \21" Cooler OBox 0 Other 

Condition ~stodySeal 0 Intact 0 Damaged 

Packaging bble Pack 0 Styrofoam 0 Popcorn 

Temperatures ~ooler12:.f)_"c 0 Cooler 2_. __ "c 0 Cooler 3 ___ oc 
(Cool. :56 "'C but nol fro7.cn) 0 Cooler 6 oc .. 0 Cooler7 nc 0 Cooler 8 ___ "C 

--- ---
Thermometer: A -SIN B- SIN 1'2cf55-<?~));L C-SIN 

Comments: D Temperature is out of range. I'M was informed IMMEDIATELY. 

DISCREPANCIES 

LabSample!D LabSampleContainer!D 

I - \- tl .., I"' II f 

2- 1'2-- 14 
1'2 I ~ ILl 
f ., i~ '?:> , 1'1- \4 II 

I f . 
I 
I 
I 

~ 
~ 

I--'" 

LEGEND: 

~Description- Sample Mana"emf~t 

(_pj/ Analysis is not indicated in te.t ft'.t{ 
D2 Analysis mismatch COC vs label 

~Sample ID mismatch COC v@::> 
D4 Sample ID is not indicated in ___ _ 

D5 Container-[ improper] [leaking] [broken] 

D6 Date/Time is not indicated in =----
(id ~tem~mismatch coc v~ 
@ Sample listed in COC is not received 

D9 Sample received is not listed in COC 

REVIEWS:, "'OM N.Pf11A.~ 
~Labeling .J..-o-~=--1--=~A~::;; 

Date~~~-+--1~-+L-e-

Code ClientSamplc Label JD /Information 

~ t:[)(' \l"ltl~ \ i\\0 \\ 1:( 7 liO 
lnhQili\(1:\ \ IS I\fS (1\S 

D12 lo+~ ·TP>·-D :,4 -m ~-llO 
Dl 
Dl~ vr.ec {1 cta~tlWIM'..vv. 
D\ I~J{>i \J Qd \l ti\\~ft_,l\ ll'\ . .e \' s 
DE:J -Tt LP 5\l 0( b·" <6110_C -* 
D?, (}) 1 no ~ C-f\.J_IDS 

\(H \0 11-'?1 
()I frll0Gl2.b6 ·-

j 
t:4-!/Ji 

Code Descnption-Sample Management 

(?""\Out of Holding Time 

~ubble is >6mm 

Dl5 No ttip blank in cooler ~ 

@Preservation not indicated in ( {l hfJ 
D17 Preservation mismatch COC vs label 

018 Insufficient chemical preservative 

Dl9 Insufficient Sample 

D20 No filtration in!o for dissolved analysis 

021 No sample for moistw-e detennfation 

arv ~Jc> (~ 
D23 _________________________ ___ 

'I 

Reference: EMAX-SM02 Rev.9 

Form: SM02F1 

ECN J'.:lS'8:.£·~ 
Recipiqnt I~ (A IOQJ tv\ l\-t't\ 
Date ll\ ·f \1 "6 Time f10il/i) 

.. 
~mpleiD m1GatJix 

reservative (if any) OTAT 

/ 
Usutlicient 0 

0 Cooler 4 "C 0 CoolerS lie 
--- ---

0 Cooler9 \)c 0 Cooler 10 "C 

(Jf) !:>'IN \'50'::':>';,5.;., 3C 
---

Corrective Action 

rz.~ 

R~ 
R1 

(Z'l.--

II 
~ 

~ 
rJy .c::::=:--- 'flY\ 

0 Continue to next page. 

Code Description-Sample Management 

R1 Proceed as indicated inX COC 0 Label 

R2 Refer to attached instruction ( e ~ \. J 
R3 Cancel the analysis 

R4 Use vial wrth smallest bubble first 

R5 Log-in with latest sampling date and time+ J min 

R6 Adjust pH as necessary 

R7 Filter and preserved ns necespary.,. 

RS 1'11"1\e: CM U.\..;J.d \j Wffi&' 

R9 11'Me &< 'fl3 ~hdJ 1,-t. I\·, I Co 
RlO ________________ _ 

Rll _____________ ~.----

Rl2 __ ;:~-~4--L#-:~.Wf-+=·.w.--=IE 

EMAX Laboratories, Inc. 1835 W. 205th St .. Torrance, Ca 90501 
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SAMPLE RECEIPT FORM 1 

I 
Type of Delivery Airbil1' I Tracking'Number .1 

i ··'iiFedex Dill'S D GSO D Others i.Of'l. <;('(:, ':l..l ':>/: 'L"f. ;/./l~~'lf 

D EMAX Courier D Client Deli vel)' '60~1:) hl'~l 'Kt.fL.Ill 

COC INSPECTION 

~lientName ~lient PMIFC i7§ampler Name l¢ampling Daterrime 

t;I'Address ltYfeJ #I Fax # D Courier Signature ~a!ysis Required 

Safety Issues (if any) 0 High concentrations expected D From Superfund Site D Rad screening required 

Note: 

PACKAGING INSPECTION ' 
Container ~ooler D Box D Other 

Condition 0 Custody Seal ,jtqjfr D Intact D Damaged 

Packaging 9'Bubb!e Pack I'- D Styrofoam D Popcom 

Temperatures Q<:ooler ~ ''C ~ooler2~"C D Cooler 3 ___ ()c 

(Cool, $6 oc but not frozen) D Cooler6 {)CA D Cooler 7 ___ nc 0 CoolerS "C --- ---
Thermometer: A -SIN B- SIN i<:';Q'5~,S-:1.:21 ... C-S!N 

~::ers~)f) \eofraov ~ (~todan(A}(fh was rW\1eQ vM:m~rhA. L~ nta.inl V1'. ~ 
.. ..) 

DISCREPANCIES 

LabSample!D LabSampleContainer!D Code C!ientSample Label ID /lnfonnation 

l - Is tw 10«3 llO \Jtl \1a S Ol Oo'l-Ol G 
\ IS.\0 t1t 1 tHnl \llClS \1 ~ lU 
' 

,,.. \\: \':> 
I ,..., \V 

I 1~,\\l) 01 

~ 

~ 
~ 

~ 
v 

........ v 
~ I I 

o//1/) 

Reference: EMAX-SM02 Rev.9 

Form: SM02F1 

ECN l~ H-_ ri~ ' 
Recip~ ,~{1\t)Jl.A \V'C\;lCt 
Date \\\ q \<{ Time [) 014lf 

~mple!D t:I31V!atrix 

~eservative (if any) OTAT 

~fficient 0 

D Cooler4 oc 0 CoolerS "C --- ---
D Cooler 9 oc 0 Cooler 10 "C 

®.SIN \'SC.'::'::>'?S\.il~C 
---

Corrective Action 

_B_l 
R'll 

f.--<£ 

Rl 

) 
/ 

~ 
~ 

L 
/ 

/ 
(___ 'i(Y\ 

0 p H holdin g time re q uirement for water sam les is 15 mins. Water sam )]es for Hanal sis are received bey~nd !15 minutes fi·om sam )]in time. \ jt'i(tl, 

NOTES/OBSERVATIONS: 

LEGEND: 

Code Description- Sample Mana(aeml~t ~ {' 

{jjj;) Analysis is not indicated in -"'(t"'-'t?.:....cV=

D2 Analysis mismatch COC vs label 

@ Sample ill mismatch COC v~ 
D4 Sample lD is not indicated in ___ _ 

OS Container -[improper] [leaking] [broken] 

D6 Date/Time is not indicated in ___ _ 

<.:J'U::>Dat~ismatch COC ~ 
08 Sample listed in COC is not received 

09 Sample received is not listed in COC 

Code Description-Sample Management 

D13 Out of Holding Time 

D14 Bubble is >6mm 

DIS No trip blank in cooler 

Dl6 Preservation not indicated in ___ _ 

D17 Preservation mismatch COC vs label 

D18 Insufficient chemical preservative 

D19 Insufficient Sample 

D20 No filtration info for dissolved analysis 

D21 No sample for moisture determination 

0 Continue to next page. 

Code Description-Sample Management 

Rl Proceed as indicated in D COC 0 Label 

R2 Refer to attached instruction 

R3 Cancel the analysis 

R4 Use vial with smallest bubble first 

RS Log-in with latest sampling date and time+ l min 

R6 Adjust pH as necessary 

R7 Filter and preserved as necessary , .I 

R8 (:..1\etl"''lM. ~Yvv(.. t<; IIH~ ~ t:LfU'l\'' 
R9 ______________________________ __ 

DlO No initial/date on corTections in COC/label 022------------------ RlO ________________________________ __ 

011 Container count mismatcb COC vs received 023 ------------;;::;:------ Rll -----------~--.---"'fl---

D12 Container size mismatch COC vs received., 024 -----------~-cf----1. ---_-f-f---JR12 __..... 

REVIEWS: -rl-:-x:-i!---1-.,.~~:....:L SRF ~ PM = 
IM Dat•~fjjtt..___J~ljl~L Date Date __ __j_l +-{ t;l 't:H/.1..1 11:::..__ 

lh~ll'lf 
EMAX Laboratories, Inc. 1835 W. 205th St., Torrance, Ca 90501 
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Ye Myint 

From: 
Sent: 
To: 
Cc: 

Ron Quesada [rquesada@ORMAT.COM] 
Wednesday, January 17, 2018 2:43PM 
Ye Myint 

Subject: 
Linh Pham; Cecilia Chavez 
RE: COCs/SRFs for 18A 178 

Attached are the COC and SRFs for samples received today for Type 3 and 4. 

Ron 

Collection date and time do not match between COC and labels. Please advise. Collection date is 1/15. YM: 

How about collection time? Time on labels is correct too?. You are correct the collection time is incorrect on the 

COC but correct on the labels, time should be 1015. 

The lab did not receive Unpreserved 1L Ambers for TCLP Analyses (TCLP Metals, TCLP SVOCs). How did this 

happen ... we sent back what you sent us? YM: Based on the bottle order record (above), 1L Ambers were sent to 

you with the lot #01082019. A copy of this bottle order was also included with the supplies. Were you to 

confirm what you received was consistent with what's on the bottle order? For all future supplies, could you 

please verify all the bottles are received as listed on the bottle I found the bottles, I just need to get a 

cooler to send them to you. 

o We did receive 1 x 500 ml Poly unpreserved that should be for pH and lgnitability. We can use an aliquot 

(150 ml) from this bottle for TCLP metals. We need a minimum of 100 ml sample for TCLP SVOCs. 

However, Poly plastic containers are not recommended for SVOCs. Please advise how you would like us 

to proceed. Can you compare the last cycle of sampling analysis results with this sample and if there is 

no change I amok with using this sample. If not them we need to resample. YM: Results for this sarnple 

including TCLP SVOC will be emailed to you when available. Please compare the data with your 

historical data to make decision for your project and let us know if you decided to re-samp!e. This should 

not be an issue once you get the missed bottles. 

Sample ID does not match the ID on label (ID on label is B7003CNBS 101617-3 ... ). We will default to the ID listed 

on COC. 01< 

From: Ye Myint [mailto:YMyint@emaxlabs.com] 

Sent: Wednesday, January 17, 2018 12:08 PM 

To: Ron Quesada <rquesada@ORMAT.COM> 

Cc: Unh Pham <LPham@emaxlabs.com>; Cecilia Chavez <CChavez@emaxlabs.com> 

Subject: RE: COCs/SRFs for 18A178 

***Please be aware: This is an EXTERNAL EMAIL*** 

Hi 

Please see below and also my notes to your responses. Thanks. 

1 
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REQUISITION FORM FOR SAMPLING SUPPliES 
,, ? 

., 
• ! 

REQUISITlON NO 

lien! Request 

~~~""" -~-Lll-'a_(J_'e_o~:=~:~~:~~l v~'e~-n~tt~tr~e~------~--~----J!~~:!J~-~40~1:!0~21~1:_8
 __ 

UIC ProjB<Ct ,9_<>~:ie ___ +-------

: .. \ttention !Muriel Ahun:::a:_.:-L=e::o:::::..:n3L __________ -+R_e.....:q_u· c_s.te<~~--u-····-~----rL_li'lh ___ ~~ 

r~?~~ess ~u•·IL;;860 !Upoi:?J1~h0Jl Rd. 

I Cily/8_t~~£~le ..... _ Pahol~:.}:!! ... ?.§Z7.'..:;; 8 __ ~ 
(808) 965-6233 Ext .~?S-~6~--·---~"--------,_..... ___ -~-------

Analysis Qty 

· i·fCLP (Ino;:gan.ics) 1 lL Atuber 
t -~~~-------r---~=--~-,_-----T-

-
2 

)Re:a<~tive CN/ 500 ml Poly 

!sulfide 

Ye 
310-618-8889x121 

3 

3 

EIV!AX is interested in your feedback; please provide your comments to: customerservice@emaxlabs.com. 

Note: EMAX will be closed on 01/15/18 in observance of Martin Luther King Jr. Day. 

From: Ron Quesada [mailto:rquesada@ORMAT.COM] 

Sent: 'v\lednesday, January 17, 2018 1:10 Pt·1 

To: Ye Myint 
Cc: Linh Pham 

Subject: RE: COCs/SRFs for 18A178 

Hi Muriel, 

Attached are the COC and SRFs for samples received today for Type 3 and 4. 

Collection date and time do not match between COC and labels. Please advise. Collection date is 1/15. YM: 

How about collection time? Time on labels is correct too?. 

The lab did not receive Unpreserved 1L Ambers for TCLP Analyses {TCLP Metals, TCLP SVOCs). How did this 

happen ... we sent back what you sent us? YM: Based on the bottle order record (above), 1l Ambers were sent to 

you with the lot #01082019 . A copy of this bottle order was also included with the supplies. Were you able to 

confirm what you received was consistent with what's on the bottle order? For all future supplies, could you 

please verify all the bottles are received as listed on the bottle order? 

2 
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o We did receive 1 x 500 ml Poly unpreserved that should be for pH and lgnitability. We can use an aliquot 

(150 ml) from this bottle for TCLP metals. We need a minimum of 100 ml sample for TCLP SVOCs. 

However, Poly plastic containers are not' recommended for SVOCs. Please advise how you would like us 

to proceed. Can you compare the last cycle of sampling analysis results with this sample and if there is 

no change I amok with using this sample. If not them we need to resample. YM: Results for this sample 

including TCLP SVOC will be emailed to you when available. Please compare the data with your 

historical data to make decision for your project and let us know if you decided to re-sample. 

Sample ID does not match the ID on label (ID on label is B7003CNBS 101617-3 ... ). We will default to the ID listed 

on COC. OK 

We are holding this SDG until the discrepancies are resolved. Please let us know if you have any questions. 

Muriel is no longer employed with the company, please make me your primary contact ... thanks. YM: Will do. 

Thanks. 

From: Ye iviyint [mailto:YMyint@emaxlabs.com] 

Sent: Wednesday, January 17, 2018 10:18 AM 

To: Muriel Ahuna-Leong <mahuna@ORMAT.COM> 

Cc: Muriel Ahuna-Leong <mahuna@ORMAT.COM>; Ron Quesada <rquesada@ORMAT.COM>; Linh Pham 

<LPham@emaxlabs.com> 

Subject: COCs/SRFs for 18A178 

***Please he aware: This is an EXTERNAL EMAIL*** 

Hi Muriel, 

Attached are the COC and SRFs for samples received today for Type 3 and 4. 

Collection date and time do not match between COC and labels. Please advise. 

The lab did not receive Unpreserved 1L Ambers for TCLP Analyses (TCLP Metals, TCLP SVOCs). 

o We did receive 1 x 500 ml Poly unpreserved that should be for pH and lgnitability. We can use an aliquot 

(150 ml) from this bottle for TCLP metals. We need a minimum of 100 ml sample for TCLP SVOCs. 

However, Poly plastic containers are not recommended for SVOCs. Please advise how you would like us 

to proceed. 

Sample ID does not match the ID on label (ID on label is B7003CNBS 101617-3 ... ). We will default to the ID listed 

on COC. 

We are holding this SDG until the discrepancies are resolved. Please let us know if you have any questions. 

Thanks. 

Ye Myint 
Project Manager 
1835W 205th Street 
Torrance, CA 90501 
Phone: (310) 618-8889 Ext 121 
Fax: 310-618-0818 

EMAX is interested in your feedback; please provide your comments to: customerservice@emaxlabs.com. 

3 
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CJ 
cq 

X 
LLJ 
-a 
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w_ 
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('J 

c::i 
CJ 

~ 

E 
0 
u 

~ -o 
-E 

""' ~ ,-
Q 

l8 
0 

2 Your Internal Billing Reference 

3 To 

Address 
usa tnis !ina for the HOLD location address or for contmuatlon of your shipping addr;;;----~-----~------

111111111111111111 L 
8085 313 ., 8944 

Focm 021·;5" !0 No. · 

4 Express Package Service • To mo" '"'"'"' 
NOTE: SeiVice order bas changed. Please select carefuilv. 

Next Business Day 

5 Packaging *Declared value limil ssoo 

FeoEx Envelope* Fed Ex Pak* 

Packages up to 150 lbs. 
For packages over 150 lbs., use tlte 

FedEx Expmss Frsight US Airbill. 

2 or 3 Business Days 

Fed Ex 2Day A.M. 
Secondb\Jslnessmornmg+ 
SaturdayOeliveryNOTavailable 

Fed Ex 
Box 

Fed Ex 
Tube 

6 Special Handling and Delivery Signature Options 

, Sr~'ddrri Pvern1gl1t FrdEx 20<•\' AM. or FedEx Express Silver 

Does this shipment contain dangerous goods? 

.;i! ~d;i1 ft J!O:r 
Total Packages 

IN I· S il SHfA 

1n~~~~; a~~~!!~t~~:cipiant's 
address,someoneataneighboring 
addressmaysignfordehveryFor 
rf!Sideritlalde!iveriosonly Fee applies. 

!6111 

iii' Cl. ~ 

~ 
h 
0 
3 

"" C) 
C) 

Q 
Sf, 
ro 
D. 
;:[' 

"" g 

ffi 
w w 
tel 
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Fedex 
Express 

From 

2 Your Internal Billing Reference 

3 

111111111111111111 L 
8085 31:31 8955 

HOLD Weekday 
FedE~Iocat1on address 

~-~ REQUIRED NOT available for 
,___j FedExFirstOvem1ght 

HOLD Saturday 
fedExiocallnnaddress 

~j ~~~~~:~o~=~~~~mr 
Fed&2Daytnselectlocai!Qn~ 

5 

0215 
""To most locations. 

NOTE: Smvice order bas changed. Please select carefully. 

Next Business bay 

Packaging •oeclaredvaluelimitS500. 

FedEx Envelope* FedEx Pak* 

Packages up to 150 lbs. 
For packages over150 /bs., use the 
Fedfx Express Freight US Airbi/1. 

2 or 3 Business Days 

Fed Ex 2Day A.M. 
Secondbusi!lessmornma~ 
Saturday Delivery NOT aVailable 

FedEx2Day 
SewndbuslnessaftefTl{)On.-Thursdayshlprrems will be delivered on Monday unless SATURDAY Deflveryisselected 

Fed Ex Express Saver 
Third busmessday.~ 
SaturdayOe!iveryNOTava!lab!e 

Fed Ex 
Box 

Fed Ex 
Tube 

Special Handling and Delivery Signature Options 
SATURDAY Delivery 
NOT available for Fed Ex Standard Overnight, FerlEx 2Day A M, Qf Fed Ex Express Saver 

Direct Signature 
SomeoneaJceciptent'sadrJress 
mayS!gnforctellvery.feeBppfies. 

Does this shipment o:ontain dangerous goods? 

~f~~i[~~;a~!~a~~t~~;cipients 
address,some~neata'l~ighboring 
addressmaystgnfordelwery.For residentialdelivenesonly.Feeappfies. 

kg 

7 Payment Bill to: 

tour lmbum; !S iinHted 10 US$100 unles1, you declare a htghervalue. See the current FedEx Servir.e Guide for details !6111 
flev Oa1e 2112 • Per; "16:!134 • 'f1994--2012 ~edEx • PRINTED IN US A SkM 

CO' 
~ 
h 
0 
3 
to 
0 
0 
i:;) 
'?, 

; 
to 
0 
0 

ffi 
w 
w w 
CD 
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REPORTING CONVENTIONS 

DATA QUALIFIERS: 

Lab Qualifier AFCEE Qualifier Description 

J F Indicates that the analyte is positively identified and the result is less 

than RL but greater than MDL. 

N Indicates presumptive evidence of a compound. 

B B Indicates that the analyte is found in the associated method blank 

as well as in the sample at above QC level. 

E J Indicates that the result is above the maximum calibration range or 

estimated value. 

* * Out of QC limit 

--

Note: The above qualifiers are used to flag the results unless the project requires a 

different set of qualification criteria. 

ACRONYMS AND ABBREVIATIONS: 

CRDL Contract Required Detection Limit 

RL Reporting Limit 

MRL Method Reporting Limit 

PQL Practical Quantitation Limit 

MDL Method Detection Limit 

DO Diluted out 

DATES 

The date and time information for leaching a11d preparation reflect the beginning date and time of 

the procedure unless the method, protocol, or project specifically requires otherwise. 
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LABORATORY REPORT FOR 

PUNA GEOTHERMAL VENTURE 

PUNA GEOTHERMAL VENTURE 

METHOD 50308/8260B 
VOLATILE ORGANICS BY GC/MS 

SDG#: 18A178 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: PUNA GEOTHERMAL VENTURE 

SDG 18A1 78 

METHOD 5030B/8260B 
VOLATILE ORGANICS BY GC/MS 

Two (2) water samples were received on 01/17/18 to be analyzed for 

Volatile Organics by GC/MS in accordance with Method 5030B/8260B and 

project specific requirements. 

Holding Time 
The sample was analyzed within the prescribed holding time. 

Instrument Performance and Calibration 

Instrument tune check was performed prior to calibration. Result was 

within acceptance criteria. Multi-calibration points were generated to 

establish initial calibration (ICAL) . ICAL was verified using secondary 

source (ICV). Continuing calibration (CCV) was carried out at a frequency 

required by the project. All project calibration requirements were 

satisfied. Refer to calibration summary forms of ICAL, ICV and CCV for 

details. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the 

project. For this SDG, one (1) method blank was analyzed. VW02A15B was 

compliant to project requirement. Refer to sample result summary forms 

for details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by 

the project. For this SDG, one (1) set of LCS/LCD was analyzed. 

VWC2A15L/VW02Al5C were within LCS limits. Refer to LCS summary form for 

details. 

Matrix QC Sample 
No matrix QC sample was designated on this SDG. 

Surrogate 
Surrogates were added on QC and field samples. All surrogate recoveries 

were within QC limits. Refer to sample result summary forms for details. 

Sample Analysis 
The sample was analyzed according to prescribed analytical procedures. 

Results were evaluated in accordance to project requirements. For this 

SDG, all quality control requirements were met. 
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LAB CHRONICLE 
VOLATILE ORGANICS BY GC/MS 

==================================================================================================================:======================================== 
Client 
Project 

: PUNA GEOTHERMAL VENTURE 
: PUNA GEOTHERMAL VENTURE 

SDG NO. : 18A178 
Instrument ID : 02 

========================================================================================================================================================== 

Client 
Sample ID 

MBLK11J 
LCS11J 
LCD11J 
TRIP BLANK 
TYPE 3 & 4 INJECTATE 

FN - Filename 
% Moist - Percent Moisture 

Laboratory 
Sample ID 
---------
VIJ02A15B 
VIJ02A15L 
VIJ02A15C 
A178-02 
A178-01 

Dilution % 
Factor Moist 
------ -----

1 NA 
1 NA 
1 NA 
1 NA 
1 NA 

IJATER 
Analys·is Extraction 
DateTime DateTime 

------------- -------------
01/22/18'12:45 01/22/1812:45 
01/22/18'11 :05 01/22!1811 :05 
01/22/18'11 :30 01/22/1811:30 
01/22/1816:05 01/22/1816:05 
01/22/1816:30 01/22/1816:30 

Sample 
Data FN 

RAP231 
RAP227 
RAP228 
RAP239 
RAP240 

Calibration Prep. 
Data FN Batch 

RKP409 
RKP409 
RKP409 
RKP409 
RKP409 

VIJ02A25 
VIJ02A25 
VIJ02A25 
VIJ02A25 
VIJ02A25 

Notes 

Method Blank 
Lab Control Sample (LCS) 
LCS Duplicate 
Field Sample 
Field Sample 
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SAMPLE -RESULTS 
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METHOD SW5030B/SW8260B 
VOLATILE ORGANICS BY GC/MS 

========================================================================================== 
Client PUNA GEOTHERMAL VENTURE Date Collected: 01/15/18 

Project PUNA GEOTHERMAL VENTURE Date Received: 01/17/18 

Batch No. 18A178 Date Extracted: 01/22/18 16:30 

Sample ID: TYPE 3 & 4 INJECT ATE Date Analyzed: 01/22/18 16:30 

Lab Samp ID: A178-01 Dilution Factor: 1 

Lab File ID: RAP240 Matrix WATER 

Ext Btch ID: VW02A25 % Moisture NA 

Calib. Ref.: RKP409 Instrument ID T-002 

========================================================================================== 

RESULTS RL MDL 

PARAMETERS (Ug/L) (Ug/L) (ug/L) 

----------
BENZENE 22 1.0 0.20 

SURROGATE PARAMETERS RESULTS SPK_AMT % RECOVERY QC LIMIT 

-------------------- ---------- --------
1,2-DICHLOROETHANE-04 49.0 50.00 98.1 70-140 

4-BROMOFLUOROBENZENE 49.4 50.00 98.8 70-130 

TOLUENE-DB 54.1 50.00 108 70-140 
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METHOD SW5030B/SW8260B 
VOLATILE ORGANICS BY GC/MS 

========================================================================================== 
Client PUNA GEOTHERMAL VENTURE Date Collected: 01/15!18 

Project PUNA GEOTHERMAL VENTURE Date Received: 01/17!18 

Batch No. 18A178 Date Extracted: 01/22/18 16:05 

Sample 10: TRIP BLANK Date Analyzed: 01/22/18 16:05 

Lab Samp ID: A178-02 Dilution Factor: 1 

Lab File 10: RAP239 Matrix WATER 

Ext Btch ID: VW02A25 %Moisture NA 

Cal ib. Ref.: RKP409 Instrument ID T-002 

========================================================================================== 

RESULTS RL MDL 

PARAMETERS (ug/L) (Ug/L) (ug/L) 

----------
BENZENE NO 1. 0 0.20 

SURROGATE PARAMETERS RESULTS SPK_AMT % RECOVERY QC LIMIT 

-------------------- ---------- --------
1,2-DICHLOROETHANE-D4 47.8 50.00 95.6 70-140 

4-BROMOFLUOROBENZENE 52.0 50.00 104 70-130 

TOLUENE-DB 55.4 50.00 111 70-140 
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METHOD SW5030B/SW8260B 
VOLATILE ORGANICS BY GC/MS 

========================================================================================== 
Client PUNA GEOTHERMAL VENTURE Date Collected: NA 

Project PUNA GEOTHERMAL VENTURE Date Received: 01/22/18 

Batch No. 18A178 Date Extracted: 01/22/18 12:45 

Sample ID: MBLK1W Date Analyzed: 01/22/18 12:45 

Lab Samp ID: VW02A15B Dilution Factor: 1 

Lab File ID: RAP231 Matrix WATER 

Ext Btch ID: VW02A25 %Moisture NA 

Cal ib. Ref.: RKP409 Instrument ID T-002 

========================================================================================== 

RESULTS RL MDL 

PARAMETERS (ug/L) (Ug/L) (Ug/L) 

----------
BENZENE ND 1.0 0.20 

SURROGATE PARAMETERS RESULTS SPK_AMT % RECOVERY QC LIMIT 

-------------------- ---------- --------
1,2-DICHLOROETHANE-D4 48.2 50.00 96.4 70-140 

4-BROMOFLUOROBENZENE 49.7 50.00 99.4 70-130 

TOLUENE-DB 55.3 50.00 111 70-130 
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CLIENT: 
PROJECT: 
BATCH NO.: 
METHOD: 

PUNA GEOTHERMAL VENTURE 
PUNA GEOTHERMAL VENTURE 
18A178 
METHOD SW5030B/SW8260B 

EMAX QUALITY CONTROL DATA 
LCS/LCD ANALYSIS 

======================================================================================================================== 

MATRIX: WATER 
DILUTION FACTOR: 1 
SAMPLE ID: MBLK1W 
LAB SAMP ID: VW02A15B 
LAB FILE ID: RAP231 
DATE EXTRACTED: 01/22/1812:45 
DATE ANALYZED: 01/22/1812:45 
PREP. BATCH: VW02A25 
CALIB. REF: RKP409 

ACCESSION: 

VW02A15L 
RAP227 
01/22/1811:05 
01/22!1811 :05 
VW02A25 
RKP409 

VW02A15C 
RAP228 
01/22/1811:30 
01/22/1811:30 
VW02A25 
RKP409 

% MOISTURE: NA 

DATE COLLECTED: NA 
DATE RECEIVED: 01/22/18 

BLNK RSLT SPIKE AMT BS RSLT BS SPIKE AMT BSD RSLT BSD RPD QC LIMIT MAX RPD 

PARAMETER (Ug/L) (Ug/L) (ug/L) % REC (ug/L) (ug/L) % REC ( % ) ( % ) ( % ) 

Benzene 50.0 49.8 100 50.0 51.3 103 3 70-130 30 

======================================================================================================================== 

SPIKE AMT BS RSLT BS SPIKE AMT BSD RSLT BSD QC LIMIT 

SURROGATE PARAMETER (Ug/L) (ug/L) % REC (Ug/L) (ug/L) % REC ( % ) 

------------------- --------- ---------- --------- ----------
1,2-Dichloroethane-d4 50.0 46.3 93 50.0 46.8 94 70-140 

4-Bromofluorobenzene 50.0 50.8 102 50.0 50.8 102 70-130 

Toluene-dB 50.0 52.9 106 50.0 52.5 105 70-130 
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LABORATORY REPORT FOR 

PUNA GEOTHERMAL VENTURE 

PUNA GEOTHERMAL VENTURE 

METHOD 1311/5030B/8260B 
TCLP VOLATILE ORGANICS BY GC/MS 

SDG#: 18A178 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: PUNA GEOTHERMAL VENTURE 

SDG 18A1 78 

METHOD 1311/5030B/8260B 
TCLP VOLATILE ORGANICS BY GC/MS 

One (1) water sample was received on 01/17/18 to be analyzed for TCLP 

Volatile Organics by GC/MS in accordance with Method 1311/5030B/8260B and 

project specific requirements. 

Holding Time 
The sample was analyzed within the prescribed holding time. 

Instrument Performance and Calibration 

Instrument tune check was performed prior to calibration. Result was 

within acceptance criteria. Multi-calibration points were generated to 

establish initial calibration (ICAL). ICAL was verified using secondary 

source (ICV). Continuing calibration (CCV) was carried out at a frequency 

required by the project. All project calibration requirements were 

satisfied. Refer to calibration summary forms of ICAL, ICV and CCV for 

details. 

Method Blank 
Method blank was prepared and analyzed as the frequency required by the 

project. For this SDG, two (2) method blanks were analyzed. TVA003WB and 

VW02A16B were compliant to project requirement. Refer to sample result 

summary forms for details. 

LaL Cont::::ol S&mple 
Lab control sample was prepared and analyzed at a frequency required by 

the project. For this SDG, one (1) set of LCS/LCD was analyzed. 

VW02A16L/VW02A16C were within LCS limits. Refer to LCS summary form for 

details. 

Matrix QC Sample 
Matrix spike sample was prepared and analyzed at a frequency required by 

the project. For this SDG, one (1) set of MS/MSD was analyzed. A178-

01M/A178-01S - all analytes were within MS QC limits. Refer to Matrix QC 

summary form for details. 

Sur:cogate 
Surrogates were added on QC and field samples. All surrogate recoveries 

were within QC limits. Refer to sample result summary forms for details. 

Sample Analysis 
The sample was analyzed according to prescribed analytical procedures. 

Results were evaluated in accordance to project requirements. For this 

SDG, all quality control requirements were met. 
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LAB CHRONICLE 
TCLP VOltlTI LE ORGANICS BY GC/MS 

========================================================================================================================================================= 
Client 
Project 

: PUNA GEOTHERMAL VENTURE 
: PUNA GEOTHERMAL VENTURE 

SDG NO. : 18A178 
Instrument ID : 02 

=========================================================================================================================================================== 

LEACHATE 
Client Laboratory Dilution % Analysiis Extraction Sample Calibration Prep. 

Sample ID Sample ID Factor Moist DateTirne DateTime Data FN Data FN Batch Notes 

--------- --------- ------ ----- --------··---- ------------- ------- ------·- ------- ------------------------
MBLK11J VIJ02A16B 1 NA 01/23!18'11 :31 01/23/1811:31 RAP258 RKP409 VW02A16 Method Blank 

LCS11J VIJ02A16L 1 NA 01!23/1810:15 01!23/1810:15 RAP255 RKP409 VW02A16 Lab Control Sample (LCS) 

LCD11J VIJ02A16C 1 NA 01/23/18'10:40 01/23/1810:40 RAP256 RKP409 VW02A16 LCS Duplicate 

MBLK21J TVA0031JB 10 NA 01/23/18'11 :56 01/23/1811:56 RAP259 RKP409 VIJ02A16 Method Blank 

TYPE 3 & 4 INJECTATE A178-01 10 NA 01/23/18'12:21 01/23/1812:21 RAP260 RKP409 VW02A16 Field Sample 

TYPE 3 & 4 INJECTATEMS A178-01M 10 NA 01/23/18'12:46 01!23/1812:46 RAP261 RKP409 VW02A16 Matrix Spike Sample (MS) 

TYPE 3 & 4 INJECTATEMSD A178-01S 10 NA 01/23/1813:11 01/23/1813:11 RAP262 RKP409 VW02A16 MS Duplicate (MSD) 

FN - Filename 
%Moist - Percent Moisture 

REPORT ID: 18A178 Page 22 of 69
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METHOD 1311/5030B/8260B 
TCLP VOLATILE ORGANICS BY GC/MS 

========================================================================================== 
Client PUNA GEOTHERMAL VENTURE Date Collected: 01/15/18 

Project PUNA GEOTHERMAL VENTURE Date Received: 01/17!18 

Batch No. 18A178 Date Extracted: 01/23/18 12:21 

Sample ID: TYPE 3 & 4 INJECT ATE Date Analyzed: 01/23/18 12:21 

Lab Samp ID: A178-01 Dilution Factor: 10 

Lab File ID: RAP260 Matrix LEACHATE 

Ext Btch ID: VW02A16 % Moisture NA 

Calib. Ref.: RKP409 Instrument ID T-002 

========================================================================================== 

RESULTS RL MDL 

PARAMETERS (ug/L) (ug/L) (Ug/L) 

----------
BENZENE 19J 50 10 

METHYL ETHYL KETONE ND 100 50 

CARBON TETRACHLORIDE ND 50 10 

CHLOROBENZENE ND 50 10 

CHLOROFORM ND 50 10 

1,4-DICHLOROBENZENE ND 50 10 

1,2-DICHLOROETHANE ND 50 10 

1, 1-DICHLOROETHENE tJD 50 10 

TETRACHLOROETHENE ND 50 10 

TRICHLOROETHENE ND 50 10 

VINYL CHLORIDE ND 50 10 

SURROGATE PARAMETERS RESULTS SPK_AMT % RECOVERY QC LIMIT 

-------------------- ---------- --------
1,2-DICHLOROETHANE-04 479 500.0 95.7 70-140 

4-BROMOFLUOROBENZENE 490 500.0 97.9 70-130 

TOLUENE-DB 544 500.0 109 70-140 

DateTime Leached: 01/19/18 15:15 
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METHOD 1311/50308/82608 
TCLP VOLATILE ORGANICS BY GC/MS 

========================================================================================== 
Client PUNA GEOTHERMAL VENTURE Date Collected: NA 

Project PUNA GEOTHERMAL VENTURE Date Received: 01/23/18 

Batch No. 18A178 Date Extracted: 01/23/18 11:31 

Sample ID: M8LK1W Date Analyzed: 01/23/18 11:31 

Lab Samp ID: VW02A168 Dilution Factor: 1 

Lab File ID: RAP258 Matrix WATER 

Ext 8tch ID: VW02A16 %Moisture NA 

Calib. Ref.: RKP409 Instrument ID T-002 

========================================================================================== 

RESULTS RL MDL 

PARAMETERS (Ug/L) (Ug/L) (ug/L) 

----------
BENZENE ND 5.0 1.0 

METHYL ETHYL KETONE ND 10 5.0 

CARBON TETRACHLORIDE ND 5.0 1.0 

CHLOR08ENZENE ND 5.0 1. 0 

CHLOROFORM ND 5.0 1.0 

1,4-DICHLOR08ENZENE ND 5.0 1.0 

1,2-DICHLOROETHANE ND 5.0 1.0 

1,1-DiCHLOROETHENE ND 5.0 1.0 

TETRACHLOROETHENE ND 5.0 1. 0 

TRICHLOROETHENE ND 5.0 1.0 

VINYL CHLORIDE ND 5.0 1.0 

SURROGATE PARAMETERS RESULTS SPK_AMT % RECOVERY QC LIMIT 

-------------------- ---------- --------
1,2-DICHLOROETHANE-D4 46.7 50.00 93.5 70-140 

4-BROMOFLUOROBENZENE 48.3 50.00 96.7 70-130 

TOLUENE-DB 55.2 50.00 110 70-130 
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CLIENT: 
PROJECT: 
BATCH NO.: 
METHOD: 

PUNA GEOTHERMAL VENTURE 
PUNA GEOTHERMAL VENTURE 
18A178 
METHOD 1311/5030B/8260B 

EMAX QUALITY CONTROL DATA 
LCS/LCD ANALYSIS 

======================================================================================================================== 

MATRIX: WATER % MOISTURE: NA 

DILUTION FACTOR: 1 
SAMPLE ID: MBLK1W 
LAB SAMP ID: VW02A16B VW02A16L VW02A16C 
LAB FILE ID: RAP258 RAP255 RAP256 
DATE EXTRACTED: 01/23/1811:31 01/23/1810:15 01/23/1810:40 DATE COLLECTED: NA 

DATE ANALYZED: 01/23/1811:31 01/23/1810:15 01/23/1810:40 DATE RECEIVED: 01/23/18 

PREP. BATCH: VW02A16 VW02A16 VW02A16 
CALIB. REF: RKP409 RKP409 RKP409 

ACCESSION: 

BLNK RSLT SPIKE AMT BS RSLT BS SPIKE AMT BSD RSLT BSD RPD QC LIMIT 

PARAMETER (Ug/L) (Ug/L) (ug/L) % REC (ug/L) (ug/L) % REC ( % ) ( % ) 

--------- ---------- --------- ---------- --------- ----------
Benzene un 50.0 56.7 113 50.0 52.0 104 9 70-130 

"'"' 
Methyl Ethyl Ketone NO 250 246 98 250 254 102 3 60-140 

Carbon Tetrachloride NO 50.0 59.5 119 50.0 55.5 111 7 70-130 

Chlorobenzene NO 50.0 55.9 112 50.0 51.5 103 8 70-130 

Chloroform NO 50.0 53.0 106 50.0 48.3 97 9 70-130 

1,4-Dichlorobenzene NO 50.0 55.9 112 50.0 52.0 104 7 70-130 

1,2-Dichloroethane NO 50.0 52.6 105 50.0 49.2 98 7 70-130 

1,1-Dichloroethene NO 50.0 56.3 113 50.0 51.4 103 9 60-130 

Tetrachloroethene NO 50.0 54.5 109 50.0 50.2 100 8 70-130 

Trichloroethene NO 50.0 55.1 110 50.0 50.6 101 9 70-130 

Vinyl Chloride NO 50.0 48.8 98 50.0 45.1 90 8 60-150 

======================================================================================================================== 

SPIKE AMT BS RSLT BS SPIKE AMT BSD RSLT BSD QC LIMIT 

SURROGATE PARAMETER (ug/L) (ug/L) % REC (ug/L) (Ug/L) % REC ( % ) 

------------------- --------- ---------- --------- ----------
1,2-Dichloroethane-d4 50.0 46.1 92 50.0 46.1 92 70-140 

4-Bromofluorcbenzene 50.0 49.2 98 50.0 48.8 98 70-130 

Toluene-dB 50.0 52.2 104 50.0 52.5 105 70-130 

MAX RPD 
( % ) 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
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METHOD 1311!5030B/8260B 
TCLP VOLATILE ORGANICS BY GC/MS 

========================================================================================== 
Client PUNA GEOTHERMAL VENTURE Date Collected: NA 

Project PUNA GEOTHERMAL VENTURE Date Received: 01/23/18 

Batch No. 18A178 Date Extracted: 01/23/18 11:56 

Sample ID: MBLK2W Date Analyzed: 01/23/18 11:56 

Lab Samp ID: TVA003WB Dilution Factor: 10 

Lab File ID: RAP259 Matrix LEACHATE 

Ext Btch ID: VW02A16 % Moisture NA 

Calib. Ref.: RKP409 Instrument ID T-002 

========================================================================================== 

RESULTS RL MDL 

PARAMETERS (ug/L) (ug/L) (Ug/L) 

----------
BENZENE NO 50 10 

METHYL ETHYL KETONE NO 100 50 

CARBON TETRACHLORIDE NO 50 10 

CHLOROBENZENE NO 50 10 

CHLOROFORM NO 50 10 

1,4-DICHLOROBENZENE NO 50 10 

1,2-DICHLOROETHANE NO 50 10 

i,i-DICHLOROETHENE "" 50 10 ,..., 

TETRACHLOROETHENE NO 50 10 

TRICHLOROETHENE NO 50 10 

VINYL CHLORIDE NO 50 10 

SURROGATE PARAMETERS RESULTS SPK_AMT % RECOVERY QC LIMIT 

-------------------- ---------- --------
1,2-DICHLOROETHANE-04 473 500.0 94.5 70-140 

4-BROMOFLUOROBENZENE 494 500.0 98.7 70-130 

TOLUENE-DB 544 500.0 109 70-130 

DateTime Leached: 01/19/18 15:15 
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CLIENT: 
PROJECT: 
BATCH NO.: 
METHOD: 

PUNA GEOTHERMAL VENTURE 
PUNA GEOTHERMAL VENTURE 
18A178 
METHOD 1311/5030B/8260B 

EMAX QUALITY CONTROL DATA 
MS/MSD ANALYSIS 

======================================================================================================================== 

MATRIX: LEACHATE % MOISTURE: NA 

DILUTION FACTOR: 10 10 10 
SAMPLE ID: TYPE 3 & 4 INJECT ATE 
LAB SAMP ID: A178-01 A178-01M A178-01S 
LAB FILE ID: RAP260 RAP261 RAP262 
DATE EXTRACTED: 01/23/1812:21 01/23/1812:46 01/23/1813:11 DATE COLLECTED: 01/15/18 

DATE ANALYZED: 01/23/1812:21 01/23/1812:46 01/23/1813:11 DATE RECEIVED: 01/17/18 

PREP. BATCH: VW02A16 VW02A16 VW02A16 
CALIB. REF: RKP409 RKP409 RKP409 

ACCESSION: 

SMPL RSLT SPIKE AMT MS RSLT MS SPIKE AMT MSD RSLT MSD RPD QC LIMIT 

PARAMETER (Ug/L) (Ug/L) (Ug/L) % REC (ug/L) (Ug/L) % REC ( % ) ( % ) 

--------- ---------- --------- ---------- --------- ----------
Benzene 10 /_ I 

17•"'1'V 500 520 100 500 499 96 4 60-140 

Methyl Ethyl Ketone ND 2500 2660 106 2500 2550 102 4 60-150 

Carbon Tetrachloride ND 500 509 102 500 497 99 2 60-140 

Chlorobenzene ND 500 503 101 500 485 97 4 70-130 

Chloroform NO 500 469 94 500 458 92 2 70-130 

1,4-Dichlorobenzene ND 500 508 102 500 486 97 4 70-130 

1,2-Dichloroethane ND 500 489 98 500 473 95 3 70-140 

1,1-Dichloroethene ND 500 480 96 500 468 94 2 60-140 

Tetrachloroethene ND 500 496 99 500 467 93 6 70-130 

Trichloroethene NO 500 486 97 500 469 94 4 60-140 

Vinyl Chloride ND 500 345 69 500 329 66 5 60-160 

======================================================================================================================== 

SPIKE AMT MS RSLT MS SPIKE AMT MSD RSLT MSD QC LIMIT 

SURROGATE PARAMETER (Ug/L) (Ug/L) % REC (ug/L) (Ug/L) % REC ( % ) 

------------------- --------- ---------- --------- ----------
1,2-Dichloroethane-d4 500 473 95 500 468 94 70-140 

4-Bromofluorobenzene 500 504 101 500 489 98 70-130 

Toluene-dB 500 531 106 500 524 105 70-140 

DateTime Leached: 01/19/18 15:15 

MAX RPD 
( % ) 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
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LAB ORA TORY REPORT FOR 

PUNA GEOTHERMAL VENTURE 

PUNA GEOTHERMAL VENTURE 

METHOD SW1311/3520C/8270C 
TCLP SEMI VOLATILE ORGANICS BY GC/MS 

SDG#: 18A 178 

REPORT ID: 18A178 Page 30 of 69



CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: PUNA GEOTHERMAL VENTURE 

SDG 18Al78 

METHOD SW1311/3520C/8270C 
TCLP SEMI VOLATILE ORGANICS BY GC/MS 

One (1) water sample was received on 01/17/18 to be analyzed for TCLP Semi 

Volatile Organics by GC/MS in accordance with Method SW1311/3520C/8270C and 

project specific requirements. 

Holding Time 
The sample was analyzed within the prescribed holding time. 

Instrument Performance and Calibration 

Instrument tune check was performed prior to calibration. Instrument mass ratios 

as well as DDT breakdown were evaluated. Results were within acceptance 

criteria. Tailing factor for Benzidine and Pentachlorophenol were also verified 

and results were within the method limits. Multi-calibration points were 

generated to establish initial calibration (ICAL). ICAL was verified using 

secondary source (ICV). Continuing calibration (CCV) was carried out at a 

frequency required by the project. There was one (1) CCV associated with this 

SDG. Target analytes in CCV (Data file ID: RAJ315) were within calibration 

acceptance criteria .. All calibration requirements were satisfied. Refer to 

calibration summary forms of ICAL, ICV and CCV for details. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the project. 

For this SDG, two (2) method blanks were analyzed. SVA025WB and TXA011WB were 

compliant to project requirement. Refer to sample result summary forms for 

details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by the 

project. For this SDG, one (1) set of LCS/LCD was analyzed. SVA025WL/SVA025WC 

were within LCS limits. Refer to LCS summary form for details. 

Matrix QC Sample 
No matrix QC sample was provided on this SDG. 

Surrogate 
Surrogates were added on QC and field samples. All surrogate recoveries were 

within QC limits. Refer to sample result summary forms for details. 

Sample Analysis 
The sample was analyzed according to prescribed analytical procedures. Results 

were evaluated in accordance to project requirements. For this SDG, all quality 

control requirements were met. 
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LAB CHRONICLE 
TCLP SEMI VOLATILE ORGANICS BY GC/MS 

========================================================================================================================================================== 
Client 
Project 

: PUNA GEOTHERMAL VENTURE 
: PUNA GEOTHERMAL VENTURE 

SDG NO. : 18A178 
Instrument ID : E4 

========================================================================================================================================================== 

Client 
Sample JD 

MBLK1W 
LCS1W 
LCD1W 
MBLK2W 
TYPE 3 & 4 INJECTATE 

FN - Filename 
% Moist - Percent Moisture 

Laboratory 
Sample ID 

SVA025WB 
SVA025WL 
SVA025WC 
TXA011WB 
A178-01 

Dilution 
Factor 

10 
10 

% 
Moist 
-----

NA 
NA 
NA 
NA 
NA 

LEACHATE 
Analysis Extraction 
DateT i rne Date Time 

--·----------- -------------
01/24/1815:30 01/22/1814:30 
01/24/1815:49 01/22/1814:30 
01/24!1816:08 01/22/1814:30 
01/24/1817:24 01/22/1814:30 
01/24/1817:43 01/22/1814:30 

Sample Calibration Prep. 
Data FN Data FN Batch Notes 
------- ------- ------- ------------------------
RAJ333 RFJ007 SVA025W Method Blank 
RAJ334 RFJ007 SVA025W Lab Control Sample (LCS) 
RAJ335 RFJ007 SVA025W LCS Duplicate 
RAJ339 RFJ007' SVA025W Method Blank 
RAJ340 RFJ007 SVA0251.J Field Sample 
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SW1311/3520C/8270C 
TCLP SEMI VOLATILE ORGANICS BY GC/MS 

Client PUNA GEOTHERMAL VENTURE 
Project : PUNA GEOTHERMAL VENTURE 
Batch No. : 18A178 
Sample IO: TYPE 3 & 4 INJECTATE 
Lab Samp IO: Al78-0l 
Lab File ID: RAJ340 
Ext Btch ID: SVA025W 
Calib. Ref.: RFJ007 

PARAMETERS 

2. 4. 5 · TRICHLOROPHENOL 
2. 4. 6- TRICHLOROPHENOL 
2,4-0INITROTOLUENE 
O·CRESOL 
P·CRESOL (1) 
HEXACHLOROBENZENE 
HEXACHLOR0-1,3-BUTAOIENE 
HEXACHLOROETHANE 
NITROBENZENE 
PYRIDINE 

SURROGATE PARAMETERS 

2.4.6-TRIBROMOPHENOL 
2·FLUOROBIPHENYL 
2 · FLUOROPHENOL 
NITROBENZENE· OS 
PHENOL-OS 
TERPHENYL-014 

(1): Cannot be separated from m-Cresol 
OateTime Leached: 01/19/18 12:00 

RESULTS 
(ug/Ll 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

RESULTS 

478 
171 
371 
173 
442 
147 

Date Collected: 01/15/18 
Date Received: 01/17/18 
Date Extracted: 01/22/18 14:30 
Date Analyzed: 01/24/18 17:43 
Dilution Factor: 10 
Matrix : LEACHATE 
% Moisture :NA 
Instrument ID : T·OE4 

RL MDL 
(ug/Ll (ug/L) 

100 50 
100 50 
100 50 
100 50 
100 50 
100 50 
100 50 
100 50 
100 50 
400 200 

SPK AMT % RECOVERY QC LIMIT 
····------

600.0 79.7 30-150 
200.0 85.6 30·130 
600.0 61.9 20-130 
200.0 86.5 30·130 
600.0 73.7 30·130 
200.0 73.3 30-130 
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SW1311/3520C/B270C 
TCLP SEMI VOLATILE ORGANICS BY GC/MS 

Client PUNA GEOTHERMAL VENTURE 
Project : PUNA GEOTHERMAL VENTURE 
Batch No. : 18A17B 
Sample ID: MBLK1W 
Lab Samp ID: SVA025WB 
Lab File ID: RAJ333 
Ext Btch ID: SVA025W 
Calib. Ref.: RFJ007 

RESULTS 
PARAMETERS (ug/L) 
----------
2.4.5-TRICHLOROPHENOL NO 
2.4.6-TRICHLOROPHENOL NO 
2 , 4 -DIN ITROTOLUENE NO 
0-CRESOL NO 
P-CRESOL (1) NO 
HEXACHLOROBENZENE NO 
HEXACHLOR0-1.3-BUTADIENE NO 
HEXACHLOROETHANE NO 
NITROBENZENE NO 
PYRIDINE NO 

SURROGATE PARAMETERS RESULTS 
--------------------
2 , 4 . 6-TRI BROMOPHENOL 44.3 
2- FLUOROBIPHENYL 16.1 
2- FLUOROPHENOL 37.1 
NITROBENZENE- 05 15.5 
PHENOL-OS 42.B 
TERPHENYL-014 13.B 

(1): Cannot be separated from m-Cresol 

Date Collected: NA 
Date Received: 01/22/1B 
Date Extracted: 01/22/1B 14:30 
Date Analyzed: 01/24/1B 15:30 
Dilution Factor: 1 
Matrix : WATER 
% Moisture : NA 
Instrument ID : T-OE4 

RL MDL 
(ug/L) (ug/L) 

10 5.0 
10 5.0 
10 5.0 
10 5.0 
10 5.0 
10 5.0 
10 5.0 
10 5.0 
10 5.0 
40 20 

SPK AMT .%' RECOVERY QC LIMIT 
----------

60.00 73.B 40-140 
20.00 B0.4 40-130 
60.00 61.9 30-130 
20.00 77.3 40-130 
60.00 71.3 30-130 
20.00 6B.B 50-130 
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CLIENT: 
PROJECT: 
BATCH NO.: 
METHOD: 

MATRIX: 

PUNA GEOTHERMAL VENTURE 
PUNA GEOTHERMAL VENTURE 
18A178 
SW1311/3520C/8270C 

WATER 
DILUTION FACTOR: 1 1 
SAMPLE ID: MBLK1W 
LAB SAMP ID: SVA025WB SVA025WL 
LAB FILE ID: RAJ333 RAJ334 

EMAX QUALITY CONTROL DATA 
LCS/LCD ANALYSIS 

% MOISTURE: 
1 

SVA025WC 
RAJ335 

DATE EXTRACTED: 01/2211814:30 01/2211814:30 01122/1814:30 DATE COLLECTED: 

DATE ANALYZED: 01/24/1815:30 01/2411815:49 01/24/1816:08 DATE RECEIVED : 

PREP. BATCH: SVA025W SVA025W SVA025W 

CALIB. REF: RFJ007 RFJ007 RFJ007 

ACCESSION: 

BLNK RSLT SPIKE AMT BS RSLT BS SPIKE AMT 

PARAMETER (ug!L) (ug/L) (ug/L) % REC (ug/L) 

~ --------- ----------
2 ,4, 5· Trichl orophenol NO 40.0 43.3 108 40.0 

2,4.6- Trichlorophenol ND 40.0 42.1 105 40.0 

2,4-Dinitrotoluene ND 40.0 44.7 112 40.0 

o·Cresol NO 40.0 34.7 87 40.0 

p-Cresol NO 40.0 39.2 98 40.0 

Hexach 1 orobenzene NO 40.0 37.7 94 40.0 

Hexachloro-1,3-butadiene ND 40.0 36.2 91 40.0 

Hexachloroethane NO 40.0 32.7 82 40.0 

Nitrobenzene ND 40.0 35.2 88 40.0 

Pyridine NO 80.0 70.7 88 80.0 

SPIKE AMT BS RSLT BS SPIKE AMT BSD RSLT 

SURROGATE PARAMETER (ug/L) (ug/L) % REC (ug/L) (ug/L) 

------------------- ---------- ----------
2.4. 6-Tribromophenol 60.0 47.3 79 60.0 47.7 

2- Fl uorobi phenyl 20.0 16.0 80 20.0 16.7 

2- Fl uoropheno l 60.0 34.9 58 60.0 36.8 

Nitrobenzene-d5 20.0 15.2 76 20.0 16.1 

Phenol-d5 60.0 42.1 70 60.0 44.5 

Terphenyl-d14 20.0 13.7 68 20.0 14.3 

NA 

NA 
01/22/18 

BSD RSLT BSD RPD QC LIMIT MAX RPD 
(ug/L) % REC ( % ) ( % ) (%) 

----------
43.0 108 0 40-130 30 
42.4 106 1 40-130 30 
43.1 108 4 40-130 30 
35.7 89 3 30-130 30 
42.0 105 7 30-130 30 
37.7 94 0 50-130 30 
37.3 93 3 20-130 30 
34.1 85 4 20-130 30 
36.8 92 5 30-130 30 
71.4 89 1 10-130 30 

BSD QC LIMIT 
% REC ( % ) 

80 40-140 
83 40-130 
61 30-130 
80 40-130 
74 30-130 
71 50-130 
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SW1311/3520C/8270C 
TCLP SEMI VOLATILE ORGANICS BY GC/MS 

Cl i ent : PUNA GEOTHERMAL VENTURE 
Project : PUNA GEOTHERMAL VENTURE 
Batch No. : 18A178 
Sample ID: MBLK2W 
Lab Samp ID: TXAOllWB 
Lab File ID: RAJ339 
Ext Btch ID: SVA025W 
Calib. Ref.: RFJ007 

RESULTS 
PARAMETERS (ug/L) 
----------
2 .4. 5· TRICHLOROPHENOL ND 
2. 4. 6· TRICHLOROPHENOL ND 
2 .4-DINITROTOLUENE ND 
0-CRESOL ND 
P-CRESOL (1) ND 
HEXACHLOROBENZENE ND 
HEXACHLOR0-1.3-BUTADIENE ND 
HEXACHLOROETHANE ND 
NITROBENZENE ND 
PYRIDINE ND 

SURROGATE PARAMETERS RESULTS 
---·----------------
2 .4. 6· TRIBROMOPHENOL 488 
2-FLUOROBIPHENYL 175 
2 · FLUOROPHENOL 397 
NITROBENZENE· DS 173 
PHENOL-OS 463 
TERPHENYL · D 14 153 

(1): Cannot be separated from m-Cresol 
DateTime Leached: 01/19/18 12:00 

Date Collected: NA 
Date Received: 01/22/18 
Date Extracted: 01/22/18 14:30 
Date Analyzed: 01/24/18 17:24 
Dilution Factor: 10 
Matrix : LEACHATE 
% Moisture : NA 
Instrument ID : T ·OE4 

RL MDL 
(ug/L) (ug/L) 

100 50 
100 50 
100 50 
100 50 
100 50 
100 50 
100 50 
100 50 
100 50 
400 200 

SPK AMT % RECOVERY QC LIMIT 
----------

600.0 Bl.3 40-140 
200.0 87.6 40-130 
600.0 66.2 30-130 
200.0 86.7 40-130 
600.0 77.1 30-130 
200.0 76.7 50-130 
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LABORATORY REPORT FOR 

PUNA GEOTHERMAL VENTURE 

PUNA GEOTHERMAL VENTURE 

TCLP 
METALS I MERCURY 

SDG#: 18A178 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: PUNA GEOTHERMAL VENTURE 

SDG 18A178 

METHOD 1311/SW3010A/SW6010B 
TCLP METALS BY ICP 

One (1) water sample was received on 01/17/18 to be analyzed for TCLP 

Metals by ICP in accordance with Method 1311/SW3010A/SW6010B and project 

specific requirements. 

Holding Time 
The sample was digested and analyzed within the prescribed holding time. 

Calibration 
Initial Calibration was established as prescribed by the method and was 

verified using a secondary source (ICV). Interference checks were 

performed and results were within required limits. Continuing calibration 

verifications and continuing calibration blanks were carried out at the 

frequency specified by the project. Samples associated with one or more 

analytes that were not CCV/CCB compliant were re-analyzed. All 

calibration requirements were satisfied. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the 

project. For this SDG, two (2) method blanks were analyzed. IPA020WB and 

TXA011WB were compliant to project requirement. Refer to sample result 

summary forms for details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by 

the project. For this SDG, one (1) set of LCS/LCD was analyzed. 

IPA020WL/IPA020WC were within LCS limits. Refer to LCS summary form for 

details. 

Matrix QC Sample 
Matrix spike sample was prepared and analyzed at a frequency required by 

the project. For this SDG, one (1) set of MS/MSD was analyzed and the 

following was noted: A178-01M/A178-01S - Percent recovery for Selenium 

was not within MS/MSD QC limits. Presence of matrix interference was 

suspected. The rest of the analytes were in control. Analytical spike 

and serial dilution were analyzed and evaluated as appropriate. Results 

were within expected values. Refer to Matrix QC summary form for details. 

Sample Analysis 
The sample was analyzed according to prescribed analytical procedures. 

Results were evaluated in accordance to project requirements. For this 

SDG, all quality control requirements were met with the exception of 

those that were discussed within the associated QC parameter. 

REPORT ID: 18A178 Page 40 of 69



Client 
Project 

PUNA GEOTHERMAL VENTURE 

PUNA GEOTHERMAL VENTURE 

Client Laboratory Dilution 

Sample ID Sample ID Factor 

~ ~ ---- --------- -----
MBLK1W IPA020WB 1. 000 

LCS1W IPA020WL 1.000 

LCD1W IPA020WC 1. 000 

MBLK2W TXA011WB 1.000 

TYPE 3 & 4 INJECTATEMS A178·01M 1.000 

TYPE 3 & 4 INJECTATEMSD A178·01S 1.000 

TYPE 3 & 4 INJECTATE A178·01A 1.000 

TYPE 3 & 4 INJECTATE A178·01N 1.000 

TYPE 3 & 4 INJECTATE A178-01J 5.000 

FN · Filename 
% Moist · Percent Moisture 

X 
Moist 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

LAB CHRONICLE 
TCLP METALS BY ICP 

WATER 
Analysis Extraction 
DateTime Date Time 

------------- -------------
01/2911817:22 01123/1811:38 

01/29/1817:26 01/23/1811:38 

01/2911817:30 01123/1811:38 

01/29/1819:04 01/23/1811:38 

01/29/1819:12 01/23/1811:38 

01/29/1819:15 01/23/1811:38 

01/29/1819:19 0112311811:38 

01/29/1819:23 01/23/1811:38 
01/29/1819:26 01123/1811:38 

Sample 
Data FN 
-------
ID8A019044 
ID8A019045 
ID8A019046 
IDBA019070 
ID8A019072 
IOBA019073 
IDBA019074 
IDBA019075 
IDBA019076 

SDG NO. 
Instrument ID 

18A178 
IDS 

Calibration Prep. 
Data FN Batch Notes 
------- ------- ------------------------
ID8A019042 IPA020W Method Blank 

IDBA019042 IPA020W Lab Control Sample (LCS) 

IDBA019042 IPA020W LCS Duplicate 

ID8A019068 IPA020W Method Blank 

IDBA019068 IPA020W Matrix Spike Sample <MS) 

IDBA019068 IPA020W MS Duplicate (MSDJ 

ID8A019068 IPA020W Analytical Spike Sample 

IDBA019068 IPA020W Field Sample 

ID8A019068 IPA020W Diluted Sample 
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METHOD 1311/SW3010A/SW6010B 
TCLP METALS BY ICP 

Client PUNA GEOTHERMAL VENTURE Date Co 11 ected: 01/15/18 10: 15 

Project : PUNA GEOTHERMAL VENTURE Date Received: 01/17118 

SDG NO. : 18A178 Date Extracted: 01/23/18 11:38 

Sample ID: TYPE 3 & 4 INJECTATE Date Ana 1 yzed: 01/29/18 19:23 

Lab Samp ID: A178-01N Dilution Factor: 

Lab File ID: ID8A019075 Matrix: LEACHATE 

Ext Btch ID: IPA020W % Moisture: NA 

Calib. Ref.: ID8A019068 Instrument ID: DB 

Result RL MDL 

PARAMETERS (mg/L) Cmg/L) Cmg/Ll 

---------- -------------- -------;------ --------------
Arsenic 0.0618 0.0500 0.0250 

Barium 3.30 0.0500 0.0100 

Cadmium ND 0.0500 0.0100 

Chromium ND 0.0500 0.0150 

Lead ND 0.0500 0.0150 

Selenium ND 0.0500 0.0250 

Silver ND 0.0500 0.0150 

==--============ 

Note: Detection limits are reported relative to sample result significant figures. 

Sample Amount 10ml Final Volume:50ml 

Prepared by SPara Analyzed by:MRomer/MCand 

DateTime Leached: 01/19/18 12:00 
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METHOD 1311/SW3010A/SW6010B 
TCLP METALS BY ICP 

Client PUNA GEOTHERMAL VENTURE 
Project PUNA GEOTHERMAL VENTURE 
SDG NO. 18A178 
Sample ID: MBLK1W 
Lab Samp ID: IPA020WB 
Lab File ID: IDBA019044 
Ext Btch ID: IPA020W 
Calib. Ref.: IDBA019042 

PARAMETERS 
~ " - ----- . -
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Selenium 
Silver 

===========--====--=== 

Result 
(mg/L) 

--------------
ND 
ND 
NO 
NO 
ND 
ND 
ND 

Date Co 11 ected: NA 
Date Received: NA 

Oate Extracted: 01/23/18 11:38 
Date Analyzed: 01/29/18 17:22 

Dilution Factor: 1 
Matrix: WATER 

% Moisture: NA 
Instrument ID: DB 

RL MDL 
(mg/L) (mg/L) 

-------------· ----------
0.0100 0.00500 
0.0100 0.00200 
0.0100 0.00200 
0.0100 0.00300 
0.0100 0.00300 
0.0100 0.00500 
0. 0100 0.00300 

=-

Note: Detection limits are reported relative to sample result significant figures. 

Sample Amount 50ml Final Volume:50ml 

Prepared by : SPara Analyzed by:MRomer/MCand 
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CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

PUNA GEOTHERMAL VENTURE 
PUNA GEOTHERMAL VENTURE 

18Al78 
1311/SW3010A/SW6010B 

: WATER 
DILUTION FACTOR: 1. 000 1.000 

SAMPLE ID : MBLK1W LCS1W 

LAB SAMPLE I D IPA020WB IPA020WL 

LAB FILE ID : ID8A019044 ID8A019045 

EMAX QUALITY CONTROL DATA 

LAB CONTROL SAMPLE ANALYSIS 

% MOISTURE:NA 
1.000 
LCD1W 
IPA020WC 
ID8A019046 

DATE PREPARED : 01/23/18 11:38 01/23/18 11:38 01/23/18 11:38 

DATE ANALYZED : 01/29/18 17:22 01/29/18 17:26 01129/18 17:30 

PREP BATCH IPA020W IPA020W IPA020W 

CALIBRATION REF: ID8A019042 ID8A019042 ID8A019042 

ACCESSION: 

MBResult SpikeAmt LCSResult LCSRec SpikeAmt 

PARAMETERS (mg/L) (mg/Ll (mg/Ll (%) (mg/L) 

--------·--- ---------- ----------
Arsenic ND 0.5 0.496 99 0.5 

Barium ND 0.5 0.503 101 0.5 

Cadmium ND 0.5 0.504 101 0.5 

Chromium ND 0.5 0.496 99 0.5 

Lead ND 0.5 0.477 95 0.5 

Selenium ND 0.5 0.503 101 0.5 

Silver ND 0.5 0.465 93 0.5 

LCDResult LCDRec RPD QCLimit MaxRPD 

(mg/L) (%) (%) (%) (%) 

0.480 96 3 80-120 20 

0.490 98 3 80-120 20 

0.488 98 3 80-120 20 

0.497 99 0 80-120 20 

0.477 95 0 80-120 20 

0.485 97 4 80-120 20 

0.454 91 2 80-120 20 
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METHOD 1311/SW3010A/SW6010B 
TCLP METALS BY ICP 

Client PUNA GEOTHERMAL VENTURE Date Co 11 ected: NA 
Project PUNA GEOTHERMAL VENTURE Date Received: NA 
SDG NO. 18A178 Date Extracted: 01/23/18 11:38 

Sample ID: MBLK2W Date Analyzed: 01129/18 19:04 

Lab Samp ID: TXAOllWB Dilution Factor: 

Lab File ID: IDBA019070 Matrix: LEACHATE 

Ext Btch ID: IPA020W % Moisture: NA 

Calib. Ref.: IDBA019068 Instrument ID: DB 

Result RL MDL 

PARAMETERS (mg/LJ (mg/LJ (mg/L) 

. ~ ------.. ----------···· -·-·---------· ---··········· 

Arsenic ND 0.0500 0. 0250 

Barium ND 0.0500 0.0100 

Cadmium ND 0.0500 0.0100 

Chromium ND 0.0500 0.0150 

Lead ND 0.0500 0. 0150 

Selenium ND 0.0500 0.0250 

Silver ND 0.0500 0.0150 

Note: Detection limits are reported relative to sample result significant figures. 

Sample Amount 10m1 Final Volume:50ml 

Prepared by SPara Analyzed by:MRomer/MCand 

DateTime Leached: 01/19/18 12:00 
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EMAX QUALITY CONTROL DATA 
MS/MSD ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

: PUNA GEOTHERMAL VENTURE 

PUNA GEOTHERMAL VENTURE 

: 18A178 
: 1311/SW3010A/SW6010B 

: LEACHATE 

DILUTION FACTOR: 1 1 

SAMPLE ID : TYPE 3 & 4 INJECTATE TYPE 3 & 4 INJECTATEMS 

LAB SAMPLE ID : A178·01N A178·01M 

LAB FILE ID : ID8A019075 ID8A019072 

DATE PREPARED ; 01/23/18 11:38 01/23118 11:38 

DATE ANALYZED 01129/18 19:23 01/29118 19:12 

PREP BATCH IPA020W IPA020W 

CALIBRATION REF: ID8A019068 ID8A019068 

ACCESSION: 

% MOISTURE: NA 
1 
TYPE 3 & 4 INJECTATEMSD 

A178·01S 
ID8A019073 
01/23/18 11; 38 
01/29118 19:15 
IPA020W 
ID8A019068 

PSResult SpikeAmt MSResult MSRec SpikeAmt MSDResult MSDRec 

PARAMETERS (mg/L) (mg/L) (mg/L) m (mg/L) (mg/L) (%) 

------------ ---------- -------·--
Arsenic 0.0618 2.5 2.54 99.1 2.5 2.38 92.7 

Barium 3.30 2.5 5.63 93.2 2.5 5.26 78.4 

Cadmium NO 2.5 2.37 94.8 2.5 2.20 88.0 

Chromium ND 2.5 2.50 100 2.5 2.35 94.0 

Lead NO 2.5 2.39 95.6 2.5 2.25 90.0 

Selenium NO 2.5 1.15 46.0* 2.5 1.04 41.6* 

Silver ND 2.5 2.30 92.0 2.5 2.13 85.2 

===--=======-===---==---==--==--= 

PSResult · Parent Sample Result 

*Out of QC limit 

RPD QCLimit MaxRPD 
(%) (%) (%) 

7 75·125 20 

7 75·125 20 

7 75·125 20 

6 75·125 20 

6 75·125 20 

10 75·125 20 

8 75·125 20 
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EMAX QUALITY CONTROL DATA 
SERIAL DILUTION ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

PUNA GEOTHERMAL VENTURE 

: PUNA GEOTHERMAL VENTURE 

: 18A178 
: 1311/SW3010A/SW6010B 

MATRIX : LEACHATE 

DILUTION FACTOR: 1 
SAMPLE ID : TYPE 3 & 4 INJECTATE 

LAB SAMPLE ID : A178·01N 

LAB FILE ID 
DATE PREPARED 
DATE ANALYZED 
PREP BATCH 

: ID8A019075 
: 01/23/18 11:38 

01/29/18 19:23 
IPA020W 

CALIBRATION REF: ID8A019068 

ACCESSION: 

.% MOISTURE: NA 
5 
TYPE 3 & 4 INJECTATE 
A178·01J 
ID8A019076 
01/23/18 11:38 
01/29118 19: 26 
IPA020W 
ID8A019068 

Sample Result SO Result %Difference 

PARAMETERS (mg/L) (mg/U (%) 

-------------- ------------
Arsenic 0.0618 NO NA 

Barium 3.30 3.56 8 

Cadmium ND ND 0 

Chromium ND NO 0 

Lead NO NO 0 

Selenium ND NO 0 

Silver ND NO 0 

SD • Serial Dilution 

Max %0 
(%) 

10 
10 
10 
10 
10 
10 
10 
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EMAX QUALITY CONTROL DATA 

ANALYTICAL SPIKE ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

PUNA GEOTHERMAL VENTURE 

PUNA GEOTHERMAL VENTURE 

18A178 
1311/SW3010A/SW6010B 

: LEACHATE 

DILUTION FACTOR: 1 
SAMPLE ID : TYPE 3 & 4 INJECTATE 

LAB SAMPLE I 0 : A178·01N 
LAB FILE ID : ID8A019075 
DATE PREPARED : 01/23/18 11:38 

DATE ANAL YZEO : 01/29/18 19:23 

PREP BATCH IPA020W 
CALIBRATION REF: I08A019068 

ACCESSION: 

Sample Result Spike Amt 

PARAMETERS (mg/L) (mg/L) 

---------------· -------------
Arsenic 0.0618 2.5 

Barium 3.30 2.5 

Cadmium NO 2.5 

Chromium NO 2.5 

Lead NO 2.5 

Selenium NO 2.5 

Silver NO 2.5 

AS · Analytical Spike 

% MOISTURE: NA 
1 
TYPE 3 & 4 INJECTATE 
A178·01A 
ID8A019074 
01/23/18 11:38 
01/29/18 19:19 
IPA020W 
ID8A019068 

AS Result AS Rec 
(mg/L) (%) 

-------------
2.89 113 
5.93 105 
2.58 103 
2.79 112 
2.71 108 
2. 77 111 
2.90 116 

QC Limit 
(%) 

75·125 
75·125 
75·125 
75·125 
75·125 
75·125 
75-125 
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CASE NARRATIVE 

Client : PUNA GEOTHERMAL VENTURE 

Project: PUNA GEOTHERMAL VENTURE 

SDG 18A178 

METHOD 1311/SW7470A 
TCLP MERCURY 

One (1) water sample was received on 01/17/18 to be analyzed for TCLP 

Mercury in accordance with Method 1311/SW7470A and project specific 

requirements. 

Holding Time 
The sample was digested and analyzed within the prescribed holding time. 

Calibration 
Multi-calibration points were generated to establish initial calibration 

(ICAL). ICAL was verified using a secondary source (ICV). Continuing 

calibration (CCV) verifications were carried out on a frequency specified 

by the project. All calibration requirements were within acceptance 

criteria. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the 

project. For this SDG, two (2) method blanks were analyzed. HGA013WB and 

TXA011WB were compliant to project requirement. Refer to sample result 

sur·.mary forms for details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by 

~he project. For this SDG, one (1) set of LCS/LCD was analyzed. 

HGA013WL/HGA013WC were within LCS limits. Refer to LCS summary form for 

details. 

Matrix QC Sample 
Matrix spike sample was prepared and analyzed at a frequency required by 

the project. For this SDG, one (1) set of MS/MSD was analyzed. Mercury 

was within MS QC limits in A178-01M/Al78-01S. Refer to Matrix QC summary 

form for details. 

Sample Analysis 
The sample was analyzed according to prescribed analytical procedures. 

Results were evaluated in accordance to project requirements. For this 

SDG, all quality control requirements were met. 
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Client 
Project 

PUNA GEOTHERMAL VENTURE 
PUNA GEOTHERMAL VENTURE 

Client Laboratory Dilution 

Sample ID Sample ID Factor 

------ --------- -----
M8LK1W HGA013WB 1 

LCS1W HGA013WL 1 

LCD1W HGA013WC 1 

MBLK2W TXAOllWB 1 

TYPE 3 & 4 INJECTATE A178·01 1 

TYPE 3 & 4 INJECTATEMS A178·01M 1 

TYPE 3 & 4 INJECTATEMSD A178·01S 1 

FN • Filename 
% Moist • Percent Moisture 

% 

Moist 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

LAB CHRONICLE 
TCLP MERCURY 

WATER 

Analysis Extraction 

Date Time Date Time 

------------- -------------
01/2:211820:40 01/22/1814:45 

01/2211820:42 01/2211814:45 

01/2:211820:44 01/22/1814:45 

01/2:211821:17 01/2211814:45 

0112:2/1821:24 01/22/1814:45 

01/2211821:28 01/2211814:45 

01/2:211821:30 01/22/1814:45 

SDG NO. 18A178 
Instrument ID 47 

Sample Calibration Prep. 

Data FN Data FN Batch Notes 

------- ------- ------- ------------------------
M47A011037 M47A011 18HGA013WWMethod Blank 

M47A011038 M47A011 18HGA013WWLab Control Sample <LCS) 

M47A011039 M47A011 18HGA013WWLCS Duplicate 

M47A011055 M47A011 18HGA013WWMethod Blank 

M47A011059 M47A011 18HGA013WWField Sample 

M47A011061 M47A011 18HGA013WWMatrix Spike Sample <MS) 

M47A011062 M47A011 18HGA013WWMS Duplicate (MSDl 
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Client 
Project 
Batch No. 

CLIENT 
SAMPLE ID 

PUNA GEOTHERMAL VENTURE 
PUNA GEOTHERMAL VENTURE 
18A178 

EMAX 
SAMPLE ID 

RESULTS DILT'N MOIST RL 
(ug/U FACTOR m (ug/Ll 

METHOD 1311/SW7470A 
TCLP MERCURY 

MDL ANALYSIS 
(ug/L) DATETIME 

PREPARATION 
DATETIME 

DATA CAL 
FILE ID REF 

PREP 
BATCH 

Matrix 
InstrumentiD 

COLLECTION 
DATETIME 

LEACHATE 
47 

RECEIVED 
DATETIME 

-------------------- ---------~ ---------------------- -------- ------------- ------------- ---------- -------- ---------- ------------- --------

MBLK1W HGA013WB ND 1 NA 0.500 0.100 01/22'11820:40 01/22/1814:45 M47A011037 M47A011 18HGA013W NA NA 

LCS1W HGA013WL 2.55 1 NA 0.500 0.100 01/22/1820:42 01/22/1814:45 M47A011038 M47A011 18HGAO 13W NA NA 

LCD1W HGA013WC 2.50 1 NA 0.500 0.100 01/2V1820:44 01/22/1814:45 M47A011039 M47A011 18HGAO 13\1 NA NA 

MBLK2W TXAOllWB ND 1 NA 5.00 1.00 01/2:Ul821: 17 0112211814:45 M47A011055 M47A011 18HGAO 13W NA NA 

TYPE 3 & 4 INJECTATE A178-01 ND 1 NA 5.00 1.00 01/22/1821:24 01/22/1814:45 M47A011059 M47A011 18HGA013W 01/15/1810:15 01/17/18 

TYPE 3 & 4 INJECTATEMS Al78•01M 25.7 1 NA 5.00 1.00 01/22/1821:28 01/22/1814:45 M47A011061 M47A011 18HGA013W 01/15/1810:15 01/17/18 

TYPE 3 & 4 INJECTATEMSD A17B-01S 24.3 1 NA 5.00 1.00 01/2U1821:30 01/22/1814:45 M47A011062 M47A011 18HGA013W 01/15/1810:15 01/17/18 

Note: Detection limits are reported relative to sample result significant figures. 

DateTime Leached: 01/19/18 12:00 
Note: 5 ml leachate was diluted to 50 ml reagent water prior to digestion. 
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EMAX QUALITY CONTROL DATA 

LAB CONTROL SAMPLE ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

: PUNA GEOTHERMAL VENTURE 

: PUNA GEOTHERMAL VENTURE 
: 18A178 
: METHOD 1311/SW7470A 

: WATER 
DILUTION FACTOR: 1 1 

SAMPLE ID : MBLK1W LCS1W 

LAB SAMPLE ID : HGA013WB HGA013WL 

LAB FILE ID : M47A011037 M47A011038 

DATE PREPARED : 01122/1814:45 01122/1814:45 

DATE ANALYZED : 01/2211820:40 01/2211820:42 

PREP BATCH : 18HGA013W 18HGA013W 

CALIBRATION REF: M47A011 M47A011 

ACCESSION: 

% MOISTURE:NA 
1 
LCD1W 
HGA013WC 
M47A011039 
01/22/1814:45 
01122/1820:44 
18HGA013W 
M47A011 

MBResu l t Spi keAmt LCSResu l t LCSRec Spi keAmt LCDResult LCDRec 

PARAMETERS (ug/U (ug/Ll (ug/U (%) (ug/L) (ug/L) (%]1 

Mercury ND 2.50 2.55 102 2.50 2.50 100 

HB: Method Blank sample LCS: Lab Control Sample LCD: Lab Control Sample Duplicate 

RPD 
(%) 

QCL i mit MaxRPD 
(%) (.t) 

2 80·120 20 
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CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

: PUNA GEOTHERMAL VENTURE 
: PUNA GEOTHERMAL VENTURE 

: 1BA17B 
: METHOD 1311/SW7470A 

LEACHATE 

DILUTION FACTOR: 1 
SAMPLE ID : TYPE 3 & 4 INJECTATE 

LAB SAMPLE ID : A17B·01 

LAB FILE ID : M47A011059 

DATE PREPARED : 0112211B14:45 

DATE ANALYZED : 01/22/1821:24 

PREP BATCH : 18HGA013W 

CALIBRATION REF: M47A011 

ACCESSION: 

EMAX QUALITY CONTROL DATA 

MS/MSD ANALYSIS 

TYPE 3 & 4 INJECTATEMS 

A178·01M 
M47A011061 
0112211814:45 
01/22/1821:28 
18HGA013W 
M47A011 

% MOISTURE:NA 
1 
TYPE 3 & 4 INJECTATEMSD 

A178·01S 
M47A011062 
01/22/1814:45 
01/2211821:30 
18HGA013W 
M47A011 

PSResult SpikeAmt 

PARAMETERS (ug/U (ug/U 
MSResult 

(ug/U 
MSRec Spi keAmt 

m (ug/L) 
MSDResul t MSDRec 

(ug/L) <n 
RPD 
(%) 

QCLimit MaxRPD 

m m 

Mercury ND 25.0 25.7 103 25.0 24.3 97.2 6 75·125 20 

PS: Parent Sample MS: Matrix Spike MSD: Matrix Spike Duplicate 
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LABORATORY REPORT FOR 

PUNA GEOTHERMAL VENTURE 

PUNA GEOTHERMAL VENTURE 

WET CHEMICAL ANALYSES 

SDG#: 18A 178 
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Client : PUNA GEOTHERMAL VENTURE 

Project: PUNA GEOTHERMAL VENTURE 

SDG 18A178 

CASE NARRATIVE 

METHOD SW1010 
IGNITABILITY 

One (1) water sample was received on 01/17/18 to be analyzed for 

Ignitability in accordance with Method SW1010 and project specific 

requirements. 

Holding Time 
The sample was analyzed within the prescribed holding time. 

Calibration 
Calibration was performed as specified by the method. All calibration 

requirements were within acceptance criteria. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by 

the project. For this SDG, one (1) LCS was analyzed. Percent recovery 

for Ignitability was within LCS QC limits in IGA002L. Refer to LCS 

summary form for details. 

Matrix QC Sample 
Sample duplicate was analyzed and RPD was within expected value. 

Sample Analysis 
The sample was analyzed according to prescribed analytical procedures. 

Results were evaluated in accordance to project requirements. For this 

SDG, all quality control requirements were met. 
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Client : PUNA GEOTHERMAL VENTURE 

Project PUNA GEOTHERMAL VENTURE 

Batch No. : 1BA178 

EMAX RESULTS PREP MOIST RL 

METHOD SW1010 
IGNITABILITY 

PREPARATION DATA 

Matrix WATER 
InstrumentiD 28 

PREP COLLECTION CLIENT 
SAMPLE ID SAMPLE ID (oC) FACTOR (%) (oC) 

MDL 
<oC) 

ANALYSIS 
DATETIME DATETIME FILE ID 

CAL 
REF BATCH DATETIME 

RECEIVED 
DATETIME 

LCS1 
TYPE 3 & 4 INJECTATE 
TYPE 3 & 4 INJECTATEDUP 

> No flash at 100 degrees C 

---------- ---------- ------
IGA002L 50.9 1 

A178·01 100> 1 
A178·01D 100> 1 

---- ----------
NA 25 
NA 25 
NA 25 

25 01/22/1811:43 NA 

25 01/22/1812:48 NA 
25 01/22/1813:01 NA 

18IGA00201 18IGA002 IGA002 NA NA 

18IGA00204 18IGA002 IGA002 01/15/1810:15 01/17/18 

18IGA00205 18IGA002 IGA002 0111511810:15 01117/18 

, 
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CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

: PUNA GEOTHERMAL VENTURE 

: PUNA GEOTHERMAL VENTURE 

: 18A178 

: SW1010 

: N-DECANE 

EMAX QUALITY CONTROL DATA 

LCS ANALYSIS 

DILUTION FACTOR: NA 

SAMPLE ID :NA 

LAB SAMPLE ID :NA 
LAB FILE ID :NA 
DATE PREPARED :NA 

DATE ANALYZED :NA 
PREP BATCH :NA 
CALIBRATION REF: NA 

ACCESSION: 

PARAMETER 

LCS1 
IGA002L 
18IGA00201 
01/2211811:43 

01/22/1811:43 
IGA002 
18IGA002 

MB RESULT EXPECTED 
(oC) (oC) 

LCS RESULT 
(oC) 

DIFF 
(oC) 

QC LIMIT 
(oC) 

IGNITABILITY NA 51.2 50.9 -0.30 48.9-53.5 
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CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

: PUNA GEOTHERMAL VENTURE 
: PUNA GEOTHERMAL VENTURE 
: 18A178 

: SW1010 

: WATER 
DILUTION FACTOR: 1 1 

EMAX QUALITY CONTROL DATA 
SAMPLE DUPLICATE ANALYSIS 

SAMPLE ID : TYPE 3 & 4 INJECTATE TYPE 3 & 4 INJECTATEDUP 

LAB SAMPLE ID : A178- 01 
LAB Fl LE ID : 18IGA00204 

DATE PREPARED : NA 

DATE ANALYZED 01/22/1812:48 

PREP BATCH IGA002 

CALIBRATION REF: 18IGA002 

ACCESSION: 

A178-01D 
18IGA00205 
NA 
01/22/1813:01 
IGA002 
18IGA002 

PARENT RESULT DUP RESULT DIFFERENCE MAX DIFF. 

PARAMETER (oC) (oC) (oC) (oC) 

IGNITABILITY 100> 100> 0 2 

>: No flash at 100 degrees C 
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Client : PUNA GEOTHERMAL VENTURE 

Project: PUNA GEOTHERMAL VENTURE 

SDG 18A178 

CASE NARRATIVE 

SW846 CHAPTER 7.3 
REACTIVE CYANIDE 

One (1) water sample was received on 01/17/18 to be analyzed for Reactive 

Cyanide in accordance with SW846 Chapter 7.3 and project specific 

requirements. 

Holding Time 
The sample was analyzed within the prescribed holding time. 

Calibration 
~~libration was performed as prescribed by the method and was verified 

using a secondary source (ICV). All calibration requirements were within 

acceptance criteria. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the 

project. For this SDG, one (1) method blank was analyzed. Reactive 

Cyanide was not detected in RCA002WB. Refer to sample result summary form 

for details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by 

the project. For this SDG, one (1) set of LCS/LCD was analyzed. 

RCA002WL/RCA002WC - Percent recovery for Reactive Cyanide was within 

LCS/LCD QC limits. Refer to LCS summary form for details. 

Matrix QC Sample 
Sample duplicate was analyzed and RPD was within expected value. 

Sample Analysis 
The sample was analyzed according to prescribed analytical procedures. 

Results were evaluated in accordance to project requirements. For this 

SDG, all quality control requirements were met. 
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Client : PUNA GEOTHERMAL VENTURE 
Project PUNA GEOTHERMAL VENTURE 
Batch No. : 18A178 

CLIENT EMAX RESULTS DFxPREP MOIST 
SAMPLE ID SAMPLE ID (mg/U FACTOR (%) 

~ M - - - - - - - - --------- ---------- ------- -----
MBLK1W RCA002WB ND 1 NA 
LCS1W RCA002WL 0.632 1 NA 
LCD1W RCA002WC 0.625 1 NA 
TYPE 3 & 4 INJECTATE A178·01 ND 1 NA 
TYPE 3 & 4 INJECTATEDUP A178·01D ND 1 NA 

RL 
(mg/U 

METHOD CHAPTER 7.3/SW846 
REACTIVE CYANIDE 

MDL ANALYSIS 
(mg/L) DATETIME 

PREPARATION DATA 
DATETIME FILE ID 

---------- ---------- ------------- ------------- ----------
0.02 0.01 01/25/1818:12 01/22/1814:00 18RCA00210 
0.02 0.01 01/25/1818:13 01/22/1814:00 18RCA00211 
0.02 0.01 01/25/1818:13 01/22/1814:00 18RCA00212 
0.02 0.01 01/25/1818:13 01/22/1814:00 18RCA00215 
0.02 0.01 01/25/1818:13 01/22/1814:00 18RCA00216 

Matrix WATER 
InstrumentiD 70 

CAL PREP COLLECTION RECEIVED 
REF BATCH DATETIME DATETIME 
-------- -------- -------------
18RCA002 RCA002W NA NA 
18RCA002 RCA002W NA NA 
l8RCA002 RCA002W NA NA 
18RCA002 RCA002W 01/15/1810:15 01/17/18 
18RCA002 RCA002W 01/15/1810:15 01/17/18 
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CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

: PUNA GEOTHERMAL VENTURE 
: PUNA GEOTHERMAL VENTURE 
: 1BA178 
: CHAPTER 7. 3/SW846 

: WATER 

EMAX QUALITY CONTROL DATA 
LAB CONTROL SAMPLE ANALYSIS 

% MOISTURE: NA 
DILUTION FACTOR: 1 1 
SAMPLE ID : MBLK1W LCSlW LCDlW 
LAB SAMPLE ID : RCA002WB RCA002WL RCA002WC 
LAB FILE ID : 18RCA00210 18RCA00211 18RCA00212 
DATE PREPARED : 01/2211814:00 0112211814: 00 01122/1814:00 
DATE ANALYZED : 01125/1818:12 01/2511818:13 01/2511818: 13 

PREP BATCH : RCA002W RCA002W RCA002W 
CALIBRATION REF: 18RCA002 18RCA002 18RCA002 

ACCESSION: 

MBResult SpikeAmt LCSResult LCSRec SpikeAmt LCDResult LCDRec 
PARAMETERS (mg/L) (mg/L) (mg/L) (%) (mg/L) (mg/L) (%) 

Reactive Cyanide NO 2.48 0.632 26 ;~.48 0.625 

MB: Method Blank sample LCS: Lab Control Sample LCD: Lab Control Sample Duplicate 
* Out of QC criteria 

25 

RPD 
(%) 

1 

QCLimit MaxRPD 
(%) (%) 

5-120 20 
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CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

EMAX QUALITY CONTROL DATA 
SAMPLE DUPLICATE ANALYSIS 

PUNA GEOTHERMAL VENTURE 
PUNA GEOTHERMAL VENTURE 

18A178 
: CHAPTER 7.3/SW846 

: WATER 

DILUTION FACTOR: 1 
SAMPLE ID : TYPE 3 & 4 INJECTATE TYPE 3 & 4 INJECTATEDUP 

LAB SAMPLE ID : A178·01 A178·01D 

LAB FILE ID 18RCA00215 
DATE PREPARED : 01/22/1814:00 

DATE ANALYZED : 01/25/1818:13 

PREP BATCH : RCA002W 
CALIBRATION REF: 18RCA002 

ACCESSION: 

PSResult 

18RCA00216 
01/22/1814:00 
01/25/1818:13 
RCA002W 
18RCA002 

DUPResult RPD 

PARAMETER (mg/L) (mg/L) (%) 
QCLimit 

(%) 

~~~u~~~·•••••*** ---------- ---------- ---------- ----------
Reactive Cyanide ND ND 0 20 

PS: Parent Sample DUP: Sample Duplicate 
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Client : PUNA GEOTHERMAL VENTURE 

Project: PUNA GEOTHERMAL VENTURE 

SDG 18A178 

CASE NARRATIVE 

SW846 CHAPTER 7.3 
REACTIVE SULFIDE 

One (1) water sample was received on 01/17/18 to be analyzed for Reactive 

Sulfide in accordance with SW846 Chapter 7.3 and project specific 

requirements. 

Holding Time 
The sample was analyzed within the prescribed holding time. 

Method Blank 
Method blank was prepared and analyzed at the frequency required by the 

project. For this SDG, one (1) method blank was analyzed. Reactive 

Sulfide was not detected in RSA002WB. Refer to sample result summary form 

for details. 

Lab Control Sample 
Lab control sample was prepared and analyzed at a frequency required by 

the project. For this SDG, one (1) set of LCS/LCD was analyzed. 

RSA002WL/RSA002WC were within LCS limits. Refer to LCS summary form for 

details. 

Matrix QC Sample 
Sample duplicate was analyzed and RPD was within expected value. 

Sample Analysis 
The sample was analyzed according to prescribed analytical procedures. 

Results were evaluated in accordance to project requirements. For this 

SDG, all quality control requirements were met. 
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Client PUNA GEOTHERMAL VENTURE 
Project PUNA GEOTHERMAL VENTURE 
Batch No. 18A178 

CLIENT 
SAMPLE ID 

MBLK1W 
LCS1W 
LCD1W 
TYPE 3 & 4 INJECTATE 
TYPE 3 & 4 INJECTATEDUP 

EMAX RESULTS 
SAMPLE ID (mg/L) 

METHOD CHAPTER 7.3/SW846 
REACTIVE SULFIDE 

PREP. MOIST RL MDL ANALYSIS 
FACTOR (%) (mg/L) (mg/L) DATETIME 

PREPARATION DATA 
DATETIME FILE ID 

-·-------- --------- ------ ------ ------ ------ ------------- ------------- ----------
RSA002WB NO 1.00 NA .5 .2 01/25/1818:54 01/22/1814:50 18RSA00201 

RSA002WL 3.56 1.00 NA .5 .2 01/25/1818:57 01/22/1814:50 18RSA00202 

RSA002WC 3.24 1.00 NA .5 .2 01/25/1819:00 01/22/1814:50 18RSA00203 

A178·01 30.4 1.00 NA .5 .2 01/25/1819:07 01/22/1814:50 18RSA00206 

A178-01D 29.6 1.00 NA .5 .2 01/25/1819:09 01/22/1814:50 18RSA00207 

Matrix WATER 
InstrumentiD NA 

CAL PREP COLLECTION RECEIVED 
REF BATCH DATETIME DATETIME 

-------- ------- -------------
18RSA002 RSA002W NA NA 
18RSA002 RSA002W NA NA 
18RSA002 RSA002W NA NA 
18RSA002 RSA002W 01/15/1810:15 01/17/18 
18RSA002 RSA002W 01/15/1810:15 01/17118 
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EMAX QUALITY CONTROL DATA 

LAB CONTROL SAMPLE ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

PUNA GEOTHERMAL VENTURE 

PUNA GEOTHERMAL VENTURE 

18A178 
METHOD CHAPTER 7. 3/SW846 

: WATER 

DILUTION FACTOR: 1 

SAMPLE ID : MBLK1W 

LAB SAMPLE ID : RSA002WB 

LAB FILE ID 18RSA00201 

DATE EXTRACTED : NA 

LCS1W 
RSA002WL 
18RSA00202 

NA 

DATE ANALYZED 01/25/1818:54 01/25/1818:57 

PREP BATCH : RSA002W RSA002W 

CALIBRATION REF: 

ACCESSION: 

1 
LCD1W 
RSA002WC 
18RSA00203 

%' MOISTURE: NA 

NA 
01/25/1819:00 

RSA002W 

MB RESULT SPIKE AMT BS RESULT BS REC SPIKE AMT BSD RESULT BSD REC 

PARAMETER (mg/L) (mg/LJ (mg/L) (%) (mg/L) (mg/L) (%) 

Reactive Sulfide ND 3.98 3.56 89 3.98 3.24 81 

RPD 
(%) 

9 

QC LIMIT MAX RPD 
(%) (%) 

30-120 20 
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Et~AX QUALITY CONTROL DATA 
SAMPLE DUPLICATE ANALYSIS 

CLIENT 
PROJECT 
BATCH NO. 
METHOD 

PUNA GEOTHERMAL VENTURE 
PUNA GEOTHERMAL VENTURE 
18A178 
METHOD CHAPTER 7.3/SW846 

======================================================================================= 

MATRIX : WATER 
DILUTION FACTOR: 1.00 1.00 

SAMPLE ID : TYPE 3 & 4 INJECTATE TYPE 3 & 4 INJECTATEDUP 

LAB SAMPLE ID : A178-01 A178-01D 

LAB FILE ID : 18RSA00206 18RSA00207 
DATE PREPARED : 01/22/1814:50 01/22/1814:50 

DATE ANALYZED : 01/25/1819:07 01/25/1819:09 

PREP BATCH : RSA002W RSA002W 
CALIBRATION REF: 18RSA002 18RSA002 

ACCESSION: 

PARENT RESULT DUP RESULT 
PARAMETER (mg/L) (mg/L) 

Reactive Sulfide 30.4 29.6 

RPD 
(%) 

3 

MAX RPD 
(%) 

20 
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Client : PUNA GEOTHERMAL VENTURE 

Project: PUNA GEOTHERMAL VENTURE 

SDG 18A178 

CASE NARRATIVE 

METHOD 9040B 
PH 

One (1) water sample was received on 01/17/18 to be analyzed for pH in 

accordance with Method 9040B and project specific requirements. 

Holding Time 
The sample was analyzed within the prescribed holding time. 

Calibration 
pH meter was calibrated per instrument operating manual instruction. 

Calibration was verified using a secondary source (ICV) . Continuing 

calibration (CCV) verifications were carried out on a frequency specified 

hy the project. All calibration requirements were within acceptance 

cr~ceria 

Matrix QC Sample 
Sample duplicate was analyzed and RPD was within expected value. 

Sample Analysis 
The sample was analyzed according to prescribed analytical procedures. 

Results were evaluated in accordance to project requirements. For this 

SDG, all quality control requirements were met. 
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Client PUNA GEOTHERMAL VENTURE 

Project PUNA GEOTHERMAL VENTURE 

Batch No. 1BA178 

EMAX RESULTS DFxPREP MOIST CLIENT 
SAMPLE lD SAMPLE lD (pH Unit) FACTOR (%) 

TYPE 3 & 4 INJECTATE A178·01 

TYPE 3 & 4 INJECTATEDUP A178-01D 
4.31 
4.32 

NA 
NA 

RL 

METHOD 90408 
PH 

MDL ANALYSIS 

(pH Unit) (pH Unit) DATETIME 

0.1 
0.1 

0.1 01/17/1817:09 

0.1 01/17/1817:11 

Matrix WATER 

Instrument!D 53 

PREPARATION DATA CAL 
REF 

PREP COLLECTION RECEIVED 

DATETIME 

NA 
NA 

FILE ID BATCH DATETIME DATETIME 

18PHA00801 18PHA008 PHA008W 01/15/1810:15 01/17/18 

18PHA00802 18PHA008 PHA008W 01/15/1810:15 01/17/18 
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CLIENT 
PROJECT 
BATCH NO. 
METHOD 

MATRIX 

PUNA GEOTHERMAL VENTURE 

PUNA GEOTHERMAL VENTURE 

18A178 
90408 

: WATER 

EMAX QUALITY CONTROL DATA 

SAMPLE DUPLICATE ANALYSIS 

DILUTION FACTOR: 1 
SAMPLE ID : TYPE 3 & 4 INJECTATE TYPE 3 & 4 INJECTATEDUP 

LAB SAMPLE ID : A178-01 A178-01D 

LAB FILE ID : 1BPHA00801 18PHA00802 

DATE PREPARED :NA NA 

DATE ANALYZED : 01117/1817:09 0111711817:11 

PREP BATCH PHA008W PHAOOBW 

CALIBRATION REF: 1BPHA008 18PHA008 

ACCESSION: 

ParentResult Dup_Result Difference Max Diff. 

PARAMETER (pH Unit) (pH Unit) (pH Unit) (+/- pH Unit) 

·----------- ---------- ---------- ---------··---
PH 4.31 4.32 .01 0.1 
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TABLE NO. 2 
TEST PARAMETERS FOR TYPE III SAMPLE 

Parameter Regulatory 
Level EPA Method 

Ignitability As described in 40 CFR (2012), Part 261.21 

Corrosivity As described in 40 CFR (2012), Part 261.22 

Reactivity As described in 40 CFR (2112), Part 26.23 

lnorganics: 

Method 1311 (TCLP), 
with appropriate methods of 

analyses contained in SW-846 

arsenic 5.0 

barium 100.0 

cadmium 1.0 

chromium 5.0 

lead 5.0 

mercury 0.2 

selenium 1.0 

silver 5.0 

Organics: 

benzene 0.5 

carbon tetrachloride 0.5 

chlorobenzene 100.0 

chloroform 6.0 

o-cresol 200.0 

m-cresol 200.0 

p-cresol 200.0 

1,4-dichlorobenzene 7.5 

1,2-dichloroethane 0.5 

1,1-dichloroethylene 0.7 

2,4-dinitrotoluene 0.13 

hexachlorobenzene 0.13 

hexachloro-1,3-butadiene 0.5 

hexachloroethane 3.0 

methyl ethyl ketone 200.0 

nitrobenzene 2.0 

pyridine 5.0 

tetrachloroethylene 0.7 

trichloroethylene 0.5 



   

  

  

 

2,4,5-trichlorophenol 400.0 

2,4,6-trichlorophenol 2.0 

vinyl chloride 0.2 



   
      

 
     

   

   

   

   

 
  

 
  

 
  

 
  

 
  

  
 
 
 
 

 

  

 
 

  

 
 

 

 
  

   

  
 
 
 
 
 
 
 

 

  

   

   

   
 

 
  

 

   

   

   

 
 

TABLE NO. 3 
TEST PARAMETERS FOR TYPE IV SAMPLE 

Methyl Ethyl Ketone 200.0 

1,1,2,2-Tetrachloroethane 

Tetrachloroethene 

Toluene 

1,1,1-Trichloroethane 

1,1,2-Trichloroethane 

Trichloroethene 

Trichlorofluoromethane 

Vinyl Chloride 

Xylene 

Semi-Volatile Organics 

8270 

o-cresol 200 .0 

m-cresol 200.0 

p-cresol 200.0 

hexachlorobenzene 0.13 

Semi-Volatile Organics 

8270 

2,4-dinitrotoluene 0.13 

hexachloro-1,3-butadiene 0.5 

hexachloroethane 3.0 

nitrobenzene 2.0 

pyridine 5.0 

2,4,5-trichlorophenol 400.0 

2,4,6-trichlorophenol 2.0 



 
  

 
   

   

 

 

       

    

             

           
             

              
        

          

  
  

              

Table H-2
 INJECTION PRESSURE LIMITATIONS FOR EXISTING WELLS 

Injection 
Wellhead Max Safe Gradient 

Depth to Deepest Test Pressure Injection at Max Safe 
Cemented Csg Shoe Pressure at Test Wellhead Wellhead 

Measured Vertical Gradient (1) Gradient (2) Pressure (3) Pressure 
Well Name (ft KB) (ft KB) (psi/ft) (psig) (psig) (psi/ft) 

KS-4 * 3,930 3,911 0.65 856 685 0.61 

KS-3 3,897 3,888 0.65 851 500 0.56 

KS-1A 4,061 4,044 0.65 884 500 0.56 

KS-11 4,367 4,367 0.72 1,300 1,040 0.57 

KS-11 ** 4,873 4,766 0.63 919 735 0.59 

KS-13 4,986 4,943 0.75 1,566 1,252 0.68 

KS-15 3,901 3,855 0.64 806 645 0.60 

(1) Measured test gradient in KS-4; inferred equal in KS-1A and KS-3. 

(2) Injection wellhead pressure (at ground level) which results in pressure at casing 
shoe equal to test pressure at casing shoe. For this calculation, injectate is 
assumed to be 80 deg F water with 10,000 ppm TDS (.434 psi/ft), and flowing 
pressure losses in hangdown liner, casing and wellbore are neglected. 

(3) For KS-4 and any additional wells this value is 80% of wellhead pressure at test gradient. 
For KS-1A and KS-3, a larger factor of safety is applied. 

* KS-4 Plugged and Abondoned 2010 

** KS-11 was redrilled in 2009 and new shoe test was performed at 7" casing shoe 

Puna Geothermal Venture Attachment H 

UIC Permit Application Table H-1 
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ATTACHMENT I – FORMATION TESTING PROGRAM 

The implementation of the formation testing program results in several different parameters related 

to injection of geothermal fluids.  The most important parameter is fracture pressure, which essentially 

controls the rate at which geothermal fluids can be injected into a well.  The formation testing program, 

which results in the identification of the fracture pressure, is identified in Attachment H, Operating 

Data.  This formation testing program will be used to identify the fracture pressure for injection wells to 

be potentially drilled in the future, as described in the UIC Application Form, Section IX. 

KS-15 FORMATION PRESSURE TEST 

PT-WH  = 754 psig Pressure at Wellhead 

ρmud  = 8.6 ppg Mud Weight per gallon 

MDKB   = 3901 feet Measured Depth 

TVDKB = 3855 feet True Vertical Depth 

KB   = 26 feet Kelly Bushing 

.052 Conversion PPG to PSI 

Safety Factor, 80% 

PT-shoe = PT-WH + 0.052 ρmud TVDKB = 754 + (0.052 × 8.6 × 3855) = 2478 psig 

Test Pressure Gradient = 2478/3855 = 0.64 psi/ft 

PI-WH = PT-shoe – (80ºF Pres. Gradient) TVDGL = 2478 – 0.434 (3855 – 26) = 816 psig 

PMax-WH = 0.8 PI-WH = 0.8 × 816 = 653 psig 

Gradient at Max Safe WHP = (653 + 0.434 (3855 – 26))/ 3855 = 0.60 psi/ft 

KS-11 FORMATION PRESSURE TEST 

PT-WH = 830 psig Pressure at Wellhead 

ρmud = 8.6 ppg Mud Weight per gallon 

MDKB = 4873 feet Measured Depth 

TVDKB = 4766 feet True Vertical Depth 

KB = 26 feet Kelly Bushing 

Puna Geothermal Venture Attachment I 
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.052 Conversion PPG to PSI 

.8 Safety Factor, 80% 

PT-shoe = PT-WH + 0.052 ρmud TVDKB = 830 + (0.052 × 8.6 × 4766) = 2961 psig 

Test Pressure Gradient = 2961/4766 = 0.621 psi/ft 

PI-WH = PT-shoe – (80ºF Pres. Gradient) TVDGL = 2961 – {0.434 (4766 – 26)} = 904 psig 

PMax-WH = 0.8 PI-WH = 0.8 × 904 = 723 psig 

Gradient at Max Safe WHP = (723 + 0.434 (4766 – 26))/ 4766 = 0.583 psi/ft 
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ATTACHMENT K – INJECTION PROCEDURES 

The following is a description of the injection procedures and process flow for the PGV Project.  

The process flow, which is essentially a closed system, is described in the flow diagram provided in 

Figure K-1. 

1. GEOTHERMAL FLUIDS 

Geothermal fluids (steam and brine) are brought to the surface by production wells where the 

geothermal fluids are segregated by a separation system.  The brine enters a common header and flows 

to three brine injection pumps.  From here, the brine flows to a common header that goes to five 

injection wells: KS-1A, KS-3, KS-11, KS-13 and KS-15. 

The separated steam flows to the power plant through closed piping systems where it is used to run 

steam turbines as part of the electric generation process.  Condensed steam from the ten Ormat Energy 

Converter (OEC) units is pumped to a collection header.  The collection header feeds the condensate 

injection pumps located in the plant area, where additional corrosion control chemicals are added.  From 

the pumps, the condensate leaves the main power plant area and flows through a mixing element, with 

noncondensible gases from the power plant. 

The combined noncondensible gas and condensate mixture flows through a condensate line to the 

mixing “T” at the suction of each brine injection pump.  This combined mixture 

(brine/condensate/noncondensible gas) flow, with a temperature commonly in the range of 250º to 

300ºF, enters the brine injection pump(s) where pressure is increased to approximately 400 psi.  The 

discharge of the pumps then flows to the reinjection common header before entering the four injection 

wells, KS-1A, KS-3, KS-11, KS-13 and KS-15. 

This process provides for the return of essentially all of the original geothermal fluid (steam and 

brine) from the production wells to the injection wells and the deep reservoir.  The system also includes 

a number of control features related to well control.  Each injection well has a control valve and two 

manual block valves.  These manual valves may be used to stop all flow to an injection well, as needed.  

Also, in addition to the automatic control systems, each production well has two manual block valves.  

Attachment O also provides control and shut-off information. 

2. SUPPLEMENTAL WATER 

In addition to geothermal fluids, the facility uses supplemental water and chemical additives.  In 

comparison to the geothermal fluid flow, which averages approximately 99% of the total flow, the 

supplemental water and chemical additives are minimal. 
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Plant Storage Tank.   The plant 500,000-gallon storage tank is the source for all process water at the 

plant.  The tank receives water from three sources: the MW-1 water well is the primary source, and 

county water and MW-3 well water are secondary sources.  Approved biocides are occasionally added 

to the storage tank to control the growth of algae. 

Steam Turbine Seal Water. Seal water used for the OEC turbine mechanical seals is pumped from the 

plant 500,000-gallon storage tank and delivers water through the plant water softener system.  Seal 

water flowing from the softener contains an oxygen scavenger for prevention of equipment/system 

corrosion.  The seal water then flows through the ten OEC turbine units where the seal water fluid may 

come into contact with the steam process. The discharge of any seal water is then collected in a 

common header, via the condensate line, and is returned to the reinjection wells. 

Water Softener System. The water softener system is used to soften water used in the turbine seal 

water system.  This softener system contains an internal medium called resin beads that conduct the 

softening.  Periodically, these beads are cleansed with a water and sodium-chloride (salt) mixture, and 

this rinsate flows to the ESRF pond system. 

Sulfatreat Heat Exchanger Cooling Water. Plant supply water is used for cooling at the sulfatreat 

system.  This system cools vapors, without contact, pulled through the vacuum process.  Cool water is 

typically returned to the plant storage tank, but on some occasions, may flow to the ESRF pond. 

Raw/Quench Water. Raw water is pumped from the plant water storage tank to the condensate 

reinjection header.  This water is used as a quenching (cooling) water for the brine fluids. This pump is 

utilized during the startup and shutdown phases of the facility.  Additives are used for corrosion control 

and to prevent scale buildup, respectively.  The raw water line mixes with ESRF water line and flows to 

the injection wells. 

Emergency Steam Release Facility (ESRF). This facility is used in the event of certain plant upsets 

and includes a hydrogen sulfide gas abatement process.  Fluid from this sytem, which may include 

geothermal fluids, plant-supply water, and sodium hydroxide, are transferred to an ESRF fiber-

reinforced, gunite lined pond.  Additionally, this pond collects various supplemental plant water, such as 

water softener rinsate, sulfatreat vacuum pump seal waters, sulfatreat condensate drain water, periodic 

sulfatreat cooling water, rainwater, and triple rinse water from the approved additives.  
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Production Well Bleed System.  Periodically, during plant outage, maintenance or repair activities, this 

well temperature control system is utilized to maintain well casing temperatures.  The production well 

flows steam to the injection wells(s).  This is a minimal bleed flow intended to maintain wellhead 

temperature and to minimize H2S gas buildup.  Supplemental water is added to quench the steam. 

Abatement Fluids. Sodium hydroxide is used for abatement of hydrogen sulfide related to drilling and 

plant repair, preventive maintenance or upsets.  Fluids consisting largely of plant supply water and 

sodium hydroxide periodically are transferred to the ESRF pond or the injection system. 

Sulfatreat System Vacuum Pump Seal Water. This system is supplied by plant supply water.  This 

water allows for a seal in the vacuum pump.  The seal water drains to the ESRF. 

Condensate Drain.  Condensate resulting from the operation of the sulfatreat system is drained to the 

ESRF pond. 

Periodic Produced Drilling Fluids.  During any drilling activity at the PGV site, all fluids produced 

from the wells, related to the drilling task, are stored in lined ponds, also referred to as drilling sumps.  

The fluids, as well as rainwater that accumulates in the drilling sumps, are disposed of via the injection 

wells.  This environmentally sound disposal strategy essentially amounts to returning the produced 

fluids to the location where they were generated. 
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PROPOSEDAPPLICATION FOR PERMIT TO DRILL PROPOSED GEOTHERMAL WELL 
KAPOHO STATE 15 ON RESERVED LANDS, KAPOHO, PUNA HAWAII 

Complying with Department of Land and Natural Resources (DLNR) Administrative Rule, 
Title 13, Chapter 183, Section 65, Puna Geothermal Venture (PGV) herewith makes 
application for a Permit-to-Drill for approval by the Hawaii Board of Land and Natural 
Resources. 

1. Applicant: 

Puna Geothermal Venture PUNA GEOTHERMAL VENTURE 
P.O. Box 30 
14-3860 Kapoho Pahoa Road 
Pahoa, Hawaii 96778-0030 By: _______________________________ 
(808) 965-6233 Michael L. Kaleikini 

Plant Manager 
Puna Geothermal Venture 

Owner of Mining Rights: 

Kapoho Land Partnership 

Land Owner: 

Kapoho Land and Development Company, Limited 

2. Proposed Well Designation: 

Kapoho State 15 (KS-15) off Wellpad B. 

3. A tax key map, designating the approximate location of the drill site for KS-15 off 
Wellpad B located on State Geothermal Mining Lease R-2; a topographic map, 
designating the approximate surface elevation at Wellpad B of 743 feet above mean sea 
level, and a PGV Project map, designating the relative locations of KS-15 and 
Wellpad B are contained in Attachment I. 

4. The proposed PGV Project geothermal well KS-15 has been designed to intersect near-
vertical fractures, approximately 5500 feet to approximately 7500 feet true vertical 
depth (TVD). Previously approved in the Plan-of-Operation approved March 10, 1989, 
by the Board of Land and Natural Resources. At least one other drilling target was for 
the purpose of reinjecting geothermal fluids and non-condensible gases from, the 
operation of the power plant. 

5. A detailed Summary-of-Drilling Procedures is enclosed in Attachment II. 

6. A Summary-of-Drilling Reporting Criteria is enclosed in Attachment III. 
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7. A description of Lithologic (“Mud”) Logging Procedures is enclosed in Attachment IV. 

9. A multi-well drilling bond ($250,000) has previously been filed with the State of 
Hawaii. 

10. Puna Geothermal Venture agrees to perform such drilling as outlined in this application 
and agrees to maintain the well in accordance with Title 13, Chapter 183, State of 
Hawaii, and all Federal and County geothermal regulations. 
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KS-15 DRILLING PERMIT:  ATTACHMENT I 

PUNA GEOTHERMAL VENTURE 
APPLICATION TO DRILL PROPOSED KAPOHO STATE 15 

A GEOTHERMAL WELL 

I. General Information 
a. Well Designation: Kapoho State 15 
b. Location:  TMK 1-04-01:19 

Kapoho, Puna, Hawaii (Figure 1) 
c. State Geothermal Mining Lease:  R-2 
d. Owner of Mineral Rights: Kapoho Land Partnership 
e. Subleased to: Puna Geothermal Venture 
f. Operator:  Puna Geothermal Venture 

II. Well Data 
a. Well Site:  Well Pad B 
b. Well map coordinates: 154° 6’ 4.73”W 

19° 28’45”N 
c. Well Type:  Development Well 
d. Surface Elevation:  743 feet AMSL (Figure 3) 
e. Projected Depth: Approximately +/- 7500 feet True Vertical Depth (TVD) 
f. Target: Fractured basalt below 4000 feet Measured Depth (MD) 

III. Geology 
Depth (MD): Formation: 
0 - 627 ft. Unsaturated subaerial basalt flows and intercalated cinder scoria. 
627 ft. Water Table 
627 - 3000 ft. Saturated subaerial basalt flows and intercalated cinder scoria; rare 

dikes. 
3000 - 4000 ft. Interbedded hyaloclastite deposits and minor subaerial grading into 

submarine basalt flows; localized dike swarms. 
4000 - 6500 ft. Submarine basalt flows cross-cut by basalt dikes and possibly 

high-permeability, near-vertical fractures. 
6500 - TD Basaltic dike complex with locally recognizable submarine basalt 

flows. 
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KS-15 DRILLING PERMIT: ATTACHMENT II 

PUNA GEOTHERMAL VENTURE 
(Except as noted, all depths are referenced to KB.) 

KS-15 DRILLING PROGRAM, 

Hole Profile and Sizes: 
36” hole and 30” casing to 85’ 
26” hole and 22” casing to +/-1050’, 114.8#, Grade B, Welded 
20” hole and 16” casing to +/- 2300’, 84#, L-80, SL Boss Conn 
14-3/4” hole and 11-3/4” casing to +/- 5100’, 65#, L 80, SL GS Conn 
10-5/8” hole and 8-5/8” liner to TD +/- 7500’, 36#,T 95, Atlas Bradford Conn . 

1. Install 30" conductor at 85'. 
1.1. Notify county two weeks prior to setting conductor. 
1.2. Core 48” hole and cement conductor in place with redi mix concrete. 
1.3. Drill rat hole as directed and install cover. 

2. Move in Imina Ikaika rig and associated equipment. 
2.1. Notify DLNR 24 hours prior to rig up. 
2.2. Rig up and install top drive. Install sump-less drilling system. 
2.3. Install direct communications between rig floor, tool pusher and company man. 
2.4. Comply with all sections of the Plan of Operations that pertain to drilling. 
2.5. Instruct drillers to remain on the floor at all times during drilling operations. 
2.6. Adhere to the Drilling Reporting Criteria. 
2.7. Provide DLNR with copies of the daily tour sheets. 
2.8. Ensure that Supervisors, Tool pushers, Drillers and Derrick men have current well control training 

and that all personal have H2S safety training. 
2.9. Hold pre-spud meeting - discuss chain of command and well control issues. 

3. Install conductor with rotating head and flow line to separator. Rig transfer pump to move separator 
underflow to shale shakers. Have three welders available. 
3.1. Rig up air compressor. 
3.2. Rig up H2S monitors and all safety equipment. 
3.3. Provide high volume water supply to the mud pits. 
3.4. Follow mud-logging procedures as directed by well site geologist. 
3.5. Be ready to pump defoamer as needed. 

4. Drill 26" hole to 700'+. 
4.1. Use 26" bit, 25-1/2” shorty stab and with mud motor, 25-1/2” stabs at 30’ & 60’ and two shock subs 

in BHA. Strap all tools from mud motor down to bit. 
4.2. Catch 10' grab samples from drill cuttings and monitor for hydrothermal alteration whenever 

circulation permits. Check returns, if any, for salinity and chlorides. 
4.3. Keep hole as straight as possible. Run a magnetometer with the Mud motor to find out the proximity 

to KS-2 well. 
4.4. Continue drilling with lime treated water when lost circulation is encountered and add high volume 

water injection into the annulus. 
4.4.1. Use lime treated mud and LCM pills as needed to keep hole clean. 
4.4.2. Run drilling jars in all assemblies. 
4.4.3. At first sign of repeated fill, switch to foamed water using, foam and viscosifier as needed. 
4.4.4. Increase foam and viscosifier as needed to clean hole. 
4.4.5. Remember to displace string with water before making connections. 

4.5. At 700' rig up and pump clean water sample for DLNR. 
4.5.1. Notify DLNR 24 hours prior to sampling. 
4.5.2. Collect a representative water sample of ground water at 650'+. 
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4.5.3. Run a submersible pump on drill pipe, strapping electric line to drill pipe. 

5. Continue drilling 26" hole to 1050' +. Casing shoe will be set in low permeability rock below major lost 
circulation zones. The casing will be set shallow if high temperatures or hydrothermal alteration is 
encountered. 
5.1. Use water and conventional rotary or mud motor drilling as appropriate. 

5.1.1. Run drilling jars in all assemblies. 
5.1.2. The key to getting loose in 26” hole is being able to go or jar down. To avoid stuck pipe 

problem make sure to not get shut down near bottom. 
5.2. Set casing high if rubble zone is encountered below 900'. 

5.2.1. Set and polish cement plug on bottom if formation is not competent. 
5.3. Keep hole as straight as possible. 
5.4. Monitor well for flow or gases. 
5.5. Circulate hole clean and make wiper run with stiff assembly, leave safety sub out of the reaming 

assembly. 
5.5.1. Circulate hole clean after wiper trip and measure out of hole. 
5.5.2. Use aerated fluid (foam) as needed to clean out any fill. 

5.6. Cut off 30” drilling nipple as needed and prepare chute for redimix. 

6. Rig up and run 1050'+ of 22", 0.500" wall, Grade B, butt welded casing (114.81 ppf) equipped as follows. 
Run jet down float shoe and tag in float collar with latch in plug. Centralize 10' above shoe, 40' above 
shoe, first set of pad eyes and every set thereafter. Have three welders available. 
6.1. Weld casing in 80' lengths prior to running with pad eyes on each length. 
6.2. Use three welders and follow supplied welding procedure. 
6.3. Fabricate a stinger and hose to make up on top drive to run inside of 22”. 
6.4. Fill casing with line hung off of top drive only as needed to wash to bottom. Do not set down hard on 

fill, wash to bottom. 
6.5. Have casing sized to remain off bottom. 

7. Trip in hole with centralizer on drill pipe, rabbit drill pipe as it is run. Stop 2’ from float collar, circulate 2 
barrels per minute for 2 minutes, shut off pump and stab into 22" shoe. 

8. Pump 25 barrels of water ahead followed by 20 barrels of sodium silicate and 5 barrels of water spacer. 
Pump 90 barrels of lead slurry followed by 40 barrels tail slurry. Drop latch down plug and displace 
cement. Stutter squeeze tail cement and displacement. 
8.1. Monitor returns and surface pressures throughout job. 
8.2. Center casing, land on 30” and WOC. 
8.3. Be prepared to do a top job with Redi Mix. Order out at least 30 yards Redi Mix. Contact Glover and 

arrange prepayment. Add sodium silicate to annulus as needed. (One barrel sodium silicate to each 
yard of redi mix cement) 

8.4. Have at least 20 cubic yards of # 9 crushed blue rock on hand to fill annulus through lost circulation 
zones if required. 

8.5. WOC a minimum of 12 hours on initial cement job before drilling out. 

9. Nipple up BOPE. Have two welders available. 
9.1. Cut off 22” casing and install pre fabricated 22" spool with 21-1/4" -2M flange and side outlets. 
9.2. Install 21-1/4"-2M annular preventer and pitcher nipple. 
9.3. Notify DLNR 24 hours prior to testing. Test BOPE and casing and have DLNR witness and approve 

test. Make sure annular holds at low pressure 200 psi (for foam cementing). 
9.4. Log test results on tour sheet and morning report. Test casing to 700 psi. 
9.5. Periodic BOPE drills will be conducted and logged on tour sheets. 
9.6. Install and test high efficiency mud coolers. Run coolers if and as needed. 

10. Make up 20" slick BHA. Clean out cement and shoe with mud (55 vis and with 3 ppb micronized 
cellulose) and circulate clean. 
10.1.If circulation is lost at the bottom of the cement, stop, treat the contamination out of the mud and 

start adding water loss control agents. Wash out the fill to bottom, stop and condition mud to lower 
water loss to ~10. 
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10.2.Perform shoe integrity test (0.67 psi/ft) and squeeze if necessary. Play the plug job by the ear. If the 
cement is going away on its own, don’t do any more than clear the DP. If the hole fills up and stands 
pretty full after the job, close the annular and squeeze a few barrels at low pressure. If the hole 
doesn’t fill after the samples get firm, run OEDP to tag and set another plug. If the hole fills, run the 
BHA. Stop cleaning out right below the shoe and do an integrity test using the LOT procedure and 
then clean out and drill ahead. 

10.3.If 22” casing runs to bottom, discuss running mud motor assembly. 

11. Make up BHA and drill 20" hole to 2300'+. 
11.1.Use straight-hole mud motor and 20" stabilized bit and BHA. Use safety subs, shock tools, and 

drilling jars in all BHA’s. Run safety subs below jars. 
11.2.Strap all tools below the motor. Pick up clean shock tool. Rotate drill string about 50 RPM. 
11.3.Keep watch for any communication with the old KS-8 underground blow out flow. 
11.4.Cement off lost circulation zones if LCM isn’t effective. 
11.5.Catch 10' grab samples of drill cuttings. Keep close watch on samples for changes in mineralogy 

indicative of a high temperature geothermal reservoir. 
11.6.Check mud for increased salinity and chlorides. 
11.7.Monitor well for increase of decrease in flow rates and gasses. 
11.8.Be prepared to set casing if there are any signs of encountering a high temperature reservoir. 
11.9.Do not shut pumps off on bottom, pump for 2-3 minutes picking up the string to clear the bit and 

then turn your pumps off. 

12. Run high pump volumes to properly clean hole. 
12.1.Run all solids control equipment. Run two centrifuges. Use coarse shale shaker screens if 

necessary to handle 850-1000 gpm circulation rates. 
12.2.Keep a close eye on the sump-less system. Run mud cleaner at all times. 
12.3.Keep mud plastic viscosity and gels as low as possible with at least a 1/32" mud cake. 
12.4.The drilling mud to have 4 ppb of micronized cellulose and 2 sxs/hr of Mil Seal. The sweeps (30 

barrels every 30 min) incase of losses to be made of 10 ppb of Chekloss, 2 ppb of Mil Seal and 4 
ppb of Nut Plug. 

12.5.Incase of not be able to keep mud mixing upto the mud loss rate, pump an LCM pill on bottom, pull 
out to the shoe and mix mud. 

13. At casing point, circulate hole clean and make wiper trip to shoe. 
13.1.Measure out of hole. Keep hole full. 
13.2.Monitor well and be sure well takes proper amount of fluid. 

14. Rig up and run 16", 84#, L-80, SL Boss casing equipped as follows; Jet down Float shoe, float collar with 
stab in latch down plug. Run crossover joint at surface. Centralize 10' above shoe, on first, second and 
third collar. Centralize every third collar thereafter. Do not use bow type centralizers inside of the 22" 
casing. While measuring the casing lengths with premium threads, measure from the pin end to the top 
of coupling and delete the fixed make length (Eg on SL Boss delete 5.4”) 
14.1.Run landing joint with pick up nubbin. Have casing sized to remain off bottom. 
14.2.Use thread protectors. Run casing at slow speeds to prevent down surge. 
14.3.Fill casing with mud while running. Keep monitoring well. Center casing in rotary table by closing the 

annular BOPE with the casing in slips but most of the casing weight hanging in the blocks. Keep 
hole full. 

14.4.Modify circulating swage as needed to circulate and work pipe in 9” bales. Move top drive grabber to 
transport position if necessary. Make up circulating swage, work casing, circulate and condition hole 
prior to running inner string drill pipe. 

14.5.Run in hole with 5” drill pipe for the inner string cement job to the top of the float collar. Pump 2 
barrels to clear the drill pipe prior to stabbing in. Circulate with one pump at 30 spm. 

15. Inner string conventional foamed Cement job to cement 16” casing with the following schedule: 1) 20 
barrels fresh water 2) 20 barrels foamed fresh water spacer 3) 20 barrels of foamed flo check 4) 3 barrels 
of foamed fresh water . Followed by 387 + barrels foamed cement (50 barrels Excess unfoamed cement, 
250 barrels of Lead Cement 13.0 ppg, 25 barrels of Latex unfoamed cement and 57 barrels of 
conventional tail slurry (with latex across interval from shoe to above 1800’). Use 67 barrels accelerated 
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slurry for foamed top squeeze (tail slurry with 3% calcium chloride and foamer added, no nitrogen). Use 
detailed checklist and valve diagram for job. 
15.1.Pump a constant rate, variable density foam design with an initial density of about 6 ppg at 100 psi 

surface and a final density of about 12 ppg down hole after pumping tail and top squeeze. 
15.2.Rig up to take returns through choke line. Install low pressure gage on choke line and second valve. 
15.3.Pump foam cement until good clean foam cement returns to surface and keep the choke fully open, 

and annulus closed. 
15.4.Drop wiper plug and start displacement and bump plug with low pressure. 
15.5.Switch the lines and pump top squeeze into 22” x 16” annulus. Discontinue top squeeze if annular 

pressure exceeds 250 psi. 
15.6.Monitor annular pressure. Keep annulus closed and wash out choke and lines. Begin pulling out the 

stab in string after the displacement has been completed. WOC until top squeeze has taken an 
initial set and built some compressive strength before beginning nipple down. 

15.7.WOC at least 8 hours before landing casing. 

16. Back off landing joint and cut off 22”casing. Weld bottom ring of annular pack off assembly to 22” and 
weld thread-o-let to 22” casing below pack off. Install pack off, valve on outlet and install slip on weld 16"-
5M casing head flange using standard API welding procedure. 

17. Install a 16"-5M spacer spool, 16”-5m mud cross with 4-1/16” outlets,16”-5m double gate (bottom – 
blind, upper 3-1/2” pipe rams) , and 16”-5m flow diverter, with a 7”-5m HCR valve and rupture disk to 
Blooie line. Install 16”-5m double gate (bottom – blind, upper 5” pipe rams), 16”-5m annular 
preventer, 16” -3M rotating head, choke and kill lines, blooie line and muffler. Have three welders 
available. Also, connect water and abatement lines to the blooie line as shown in the attachments. Install 
and check all monitoring equipment, including the driller’s assistant. WOC at least 16 hours prior to 
pressure testing casing. 
17.1.Notify DLNR 24 hours prior to BOPE test. Log all test results and approvals on tour sheet and 

morning report. 
17.2.All pushers, drillers and derrick men will be trained in the use of monitoring equipment. Training will 

be logged on the tour sheets. 
17.3.Test casing to 1500 psi or 70% of burst, whichever is less. 
17.4.Test BOPE to 1500 psi, test annular to 700 psi. 
17.5.BOPE test sequence using Halliburton: Function test, pump water through the whole stack and 

choke manifold. Test the lower blind ram, outer choke manifold valves, inner choke manifold 
valves, HCR, the upper pipe rams. Test to 500 psi for 10 min and then increase to 1500 psi. 

18. Use 14-3/4" bit on BHA to clean out cement and floats, use motor if appropriate. 
18.1.Run in hole, test Annular and 5” pipe rams, run in 1 joint of 3-1/2” DP and test 3-1/2” Pipe rams. 
18.2.Clean out at least 1’ below shoe and circulate clean with mud. 
18.3.Perform shoe integrity test to 0.65 psi per foot and squeeze if necessary. RIH with OEDP. Clean 

hole clean and pump LCM with micronized cellulose. Pump 50 barrels of water spacer, pump 20 
barrels of 15 ppg tail cement with 3% CaCl2, displace the cement with mud. Pull up 2 stands, pump 
the nerd ball to wipe the drill pipe clean of cement, stutter squeeze. 

18.4.Use safety subs, shock tools, and drilling jars in all BHA’s. Run clean shock sub with every new bit. 
Run safety subs below jars. 

19. Drill 14-3/4" hole to 5100'+. Casing point will be in the cap rock above the reservoir as determined by the 
well site geologist using the "Plan of Operations" criteria. 
19.1.Keep hole straight. Survey every 200 to 300' and run MRT’s with surveys. 
19.2.Raise the mud weight while drilling to provide sufficient hydrostatic pressure to prevent flow if 

required. 
19.3.Catch 10' grab samples of drill cuttings. 

19.3.1. Keep close watch on all mud properties. Raise MBT to approximately 15 ppb in lower part of 
the 14-3/4" hole. 

19.3.2. Monitor well for flow volume changes and for any gas flow. 
19.3.3. Keep close watch on samples for changes in mineralogy indicative of a high temperature 

geothermal reservoir. 
19.3.4. Be prepared to set casing if there are any signs of encountering a high temperature 
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reservoir. 
19.4.Cement off all major lost circulation zones. Use a T in cementing line and stuff a foam ball into the 

cement line before displacing plug. If necessary, reduce mud weight. 
19.5.Turn on one mud cooler when flow line temperature reaches 150 oF. Turn on second mud cooler 

when flow line temperature reaches 150 oF again. 
19.6.If well indicates flow or pressure during trips, cool hole with both coolers on and then recheck well 

for flow. 

20. Circulate clean and strap out. Run locked BHA with button reamer and under-gage stabs to ream hole. 

21. Rig up and run 11-3/4" casing. Equip casing with jet down guide shoe and single float collar with latch in 
wiper plug. The casing and all equipment will be 11-3/4", 65#,L-80 mod, SL GS. 
21.1.Use thread protectors. Run casing at slow speeds to prevent down surge. Fill casing with mud while 

running. 
21.2.Keep monitoring well. Keep hole full. Have casing sized to remain off bottom prior to running. 
21.3.Centralize casing as follows, 10' from shoe, 1st, 2nd, 3rd and every 4th collar to the 16" shoe, use 

positive centralizers inside of the casing. 
21.4.Modify circulating swage as needed to circulate and work pipe in 9” bales. Move top drive grabber to 

transport position if necessary. 
21.5.Circulate to cool hole. Drop cementing centralizer from surface on sash cord, be prepared to Pick up 

BOPE and centralize casing with centralizer in 16" casing head. BOPE stack weighs 87,000 
pounds. 

22. Reverse circulate cement casing with 15 barrels foamed water, 15 barrels foamed sodium silicate, 3 
barrels foamed water and foamed cement as per program with latex across interval from 1800’ to 2400’. 
Plus 20 barrels conventional tail slurry, retarded if necessary. Use 17 barrels of accelerated slurry for 
non-foamed top squeeze (tail slurry with 3% calcium chloride added). 
22.1.Run drill pipe (rabbit pipe), install drill pipe pack off on casing, circulate casing with cool mud and 

stab into shoe. 
22.2.Reverse circulate casing through drill pipe and condition hole for cement. Rig up choke manifold 

with low-pressure gage to take returns from drill pipe. 
22.3.Pump foamed cement into annulus until very good foamed cement returns to surface through drill 

pipe. Design the foam job with constant density stages and lead cement with a 4 ppg surface 
density at 50 psi back pressure. 

22.4.Shut in annulus. Pump tail slurry through drill pipe, displacing foamed cement out of drill pipe. Drop 
and displace wiper and bump plug if possible. Hold at least 100 psi back pressure on annulus 
throughout the process. 

22.5.Bleed cement from annulus through choke as required to maintain proper densities while pumping 
and displacing tail slurry. Pump foamed cap slurry into annulus as soon as tail slurry is in place (with 
foamer only, no nitrogen). 

22.6.Check floats. Sting out. POH. WOC. 

23. Cut off casing and install expansion spool. Remove 16” BOPE stack in two pieces. Change out liners in 
pumps while installing expansion spool. 
23.1.Use BX type API rings and hydraulic torque wrench on all studs attached to the expansion spool 

(including those on wing valves). Do not re-use X type rings! 
23.2.Use power plant (Power Piping Code) pattern and tighten all studs to maximum specifications, use 

maximum allowable rope packing in seal area. 
23.3.Test expansion spool pack off to 2500 psi with NITROGEN!!! 

24. Re-install BOP stack for 11-3/4" casing including 12”-1500 master valve with remote actuator and 12”-
1500 by 16”-5M DSA below the 16”-5M BOPE stack. Also connect water and abatement lines to the 
blooie line as shown in the attachments. Install and check all monitoring equipment, including the driller’s 
assistant. WOC a minimum of 16 hours prior to installing the stack. 
24.1.Use RX-58 type API ring between master valve and expansion spool. 
24.2.Use power plant (Power Piping Code) pattern and tighten all studs to maximum specifications when 

installing master valve. 
24.3.Notify DLNR 24 hours prior to testing BOPE. 
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24.4.Test casing to 1500 psi or 70% of burst, whichever is less. 
24.5.Test BOPE to 1500 psi and annular to 700 psi. 
24.6.Test to be witnessed and approved by DLNR. Log all test results and approvals on tour sheet and 

morning report. 

25. Make up 10-5/8” steerable mud motor and MWD to drill out shoe with mud. Run integral NMDC/MWD, 
don’t run retrievable MWD. 
25.1.Circulate into hole. 
25.2.Drill at least 1' of new hole. Circulate hole clean. 
25.3.Perform shoe integrity test (use LOT procedure) and squeeze if necessary. 

26. Drill 10-5/8" hole to 7500’ +/- TVD or until sufficient production is encountered. 
26.1.Directionally drill the 10-5/8" hole. See the attached directional program. Rotate through all slide 

sections prior to making connections. 
26.2.Run both mud coolers. 
26.3.Keep close watch on mud properties. Weight up if needed to control well. 
26.4.Be sure all monitoring equipment is in good working order. Catch 10' grab samples of drill cuttings. 
26.5.Watch closely for flow or loss and for changes in mineralogy indicative of high temperature 

geothermal reservoir. 
26.6.If well indicates flow or shut in pressure during trips, cool hole with both mud coolers and recheck 

well. 
26.7.Stroke master valve from full open to close and function test BOPE on every trip. 
26.8.If practical, pull motor and MWD on first dull bit after direction and angle have been established. 

Complete drilling with locked BHA. 
26.8.1. Survey at intervals not to exceed 200’. Run MRT's with all surveys. 
26.8.2. Run clean shock sub with every new bit. 

26.9.Drill blind with sweeps and water into the annulus. Pull to the shoe at the first sign of trouble and call 
for orders. Do not stay in the open hole without a sufficient water supply. 

NOTE: An 8-5/8" liner may be run and cemented if the 11-3/4" shoe is deemed too shallow or formation is 
unstable. 

27. T.D. will be kelly down after total loss circulation occurs or when sufficient rat hole has been drilled below 
the permeable zones. 
27.1.If the well is drilled blind, pump water into annulus in addition to fluid through bit and tools. Use 

micronized cellulose with sweeps to clean hole. 
27.2.Place well on kill line at 4 barrels per minute water and strip out. 
27.3.Monitor well while POH, and maintain vacuum. 
27.4.Upon reaching shoe, POH laying down drill pipe and tools. 

27.5.Rig up and run 8-5/8", T-95, 35.14 ppf, Atlas Bradford HDL flush joint casing. Size liner to provide 
100' of blank casing overlap with shoe. Run a K-55 SOW float shoe. 

27.6.Make up an L-80 liner hanger crossed over to AB HDL flush joint with swab cups below setting kelly 
on DP with string float and set on rack or stand back. 

27.7.All joints will have a 15’ blank interval below the box so that the annular preventer can be effective if 
the well needs to be shut in while running casing. 

27.8.Install an integral safety sub and pick up nubbin in every joint of casing prior to picking out of the V 
door. These will have to be designed and built. 

27.9.Ensure that the integral safety sub and pick up nubbin can be used with the 9” bales. Move top drive 
grabber to transport position if necessary. 

27.10. Leave valve on safety subs open to monitor for flow while running casing. 
27.11. Make up single slip J Slot liner hanger and run liner in hole on drill pipe. Run string float in 

drill pipe above landing hanger and monitor for flow. 
27.12. Set liner on bottom and release. POH keeping well dead as above. 

28. If the liner is set on fill, make up and RIH a 7-1/2” minimal bottom hole assembly and drill out shoe. 
28.1.Clean out any fill below shoe and drill ahead as needed to encounter additional productive intervals. 

(The liner will follow the bit to the bottom of the 10-5/8” hole if it was set on fill and stop there.) 
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28.2.Multiple bit runs can be made through this liner. 
28.3.A second liner could be nested inside of this one if necessary. It would need to be 6-5/8” or smaller 

and tubing or small drill pipe would be required to clean out inside of the casing or drill blow the 
casing. 

29. After the shoe has been drilled out, or if no additional drilling or clean out activity is planned, drive on hold 
down slips with or without a packer will be run and set in the top of the liner to prevent it from coming up 
hole. 
29.1.Close master valve. Keep well dead with county water or start to heat up with flow from a production 

well. Install temporary H2S monitor. 
29.2.Install second master after rig is skidded or before moving off as appropriate.. 

30. Tighten all flanges on wellhead equipment and valves using power piping procedure and hydraulic torque 
wrenches. 

31. There may be a rig on flow test. If so a separate procedure will be provided. 
31.1.Tear out BOPE and install second 12"-1500 series master valve. 
31.2.Install companion flange and swab valve. 
31.3.Install Barton recorder and dial gauge to monitor well pressure. 

32. Rig down and move rig out. Release well to 0&M. 

Alternate 8-5/8” cemented liner program 

1. If the 11-3/4” shoe is determined to have been set to shallow or the formation below the shoe is unstable 
an 8-5/8” liner may be run and cemented. 
1.1. Run 8-5/8", 44#, L-80, SL BOSS casing. Size liner to provide 200' of lap and remain off bottom. Run 

a K-55 SOW float shoe and a K-55 SOW double box float collar 60’ above the shoe. Centralize 10' 
above shoe, 1st, 2nd and every 4th collar thereafter. 

1.2. Make up an L-80 liner hanger with cementing pack off crossed over to SL Boss prior to running liner. 
1.3. Fill casing and keep hole full while running casing. 
1.4. Monitor well closely. Use care while running hanger through BOPE not to damage slips. 

2. Cement 8-5/8" liner as follows. Circulate and condition hole prior to cementing. Hang liner and break nut 
prior to cementing. 
2.1. Cement with 10 barrels water ahead plus 10 barrels sodium silicate and 5 barrels water followed 

by115 barrels lead slurry and 21 barrels tail slurry, retarded as needed. Drop dart and displace 
cement. Do not pump more than 5 barrels excess displacement to bump plug. 

2.2. Release liner and POH. RIH with and 10-5/8" bit and circulate out excess cement with water to 
approximately 80' above liner top. 

2.3. WOC and clean out cement to top of liner as soon as the cement is firm enough to drill. Trip for 7-
5/8" tools. Clean out the liner to within 20' of the shoe with water. 

2.4. Test liner lap to a 0.9 psi/ft gradient. Squeeze liner lap and retest if necessary. 

3. Fill hole with mud and drill out. Make 3' to 5' of new hole. Circulate clean and perform a shoe integrity 
test. Use LOT procedure. Squeeze cement and repeat test if required. 
3.1. A 7-5/8" hole will be drilled below the 8-5/8" liner using the same procedure as outlined for drilling 

10-5/8" hole above. 
3.2. A 6-5/8” liner will have to be run below this liner. 

Alternate 6-5/8” pre-perforated drill in liner 

1. Rig & run pre-perforated 6-5/8”, 32#, L-80, SL BOSS shouldered connection casing. 
1.1. Use a drill in shoe and bit on bottom. 
1.2. Run at least 100’ blank casing on top of liner and perforate casing to shoe. 
1.3. Size perforations to be smaller than the minimum annular space between stabbed in tubing and 

casing ID. 
1.4. Run sufficient casing to reach TD with 100’ of over lap with the last shoe. 

T:\CNT\CORRES.OUT\EPA\UIC\UIC PERMIT APPLN 2015 - RQ - COPY\UIC PERMIT APPLN 2019-ATTACH L APPLICATION FOR 
PERMIT TO DRILL.DOC 



 

            
  

 

 
         

      
               
               

 
            

          
          

 
       

        
      
         
          

 
          

           
          
        
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. Rig up to circulate and drill with liner. 
2.1. Run tubing inside of liner, tag up and space out with pup joints. 
2.2. Make up Hydraulic Drill In Tool and Expansion Joint to tubing then into liner. 
2.3. Make up bumper sub and pick up and run in hole on drill pipe. 

3. Drill liner in as needed to reach sufficient production or TD. 
3.1. Keep top of liner inside of 8-5/8” casing shoe. 
3.2. Use appropriate pump rates and fluids to clean hole. 

4. At TD release from liner and POH. 
4.1. Use appropriate well control after encountering production. 
4.2. Hydraulic release with dropped ball. 
4.3. Straight pull out of liner with all tools and tubing. 
4.4. Circulate as needed to pull tubing out of the liner. 

5. RIH with mechanical Steel Seal Adaptor on bumper sub. 
5.1. Engage top of liner with adaptor and rotate to release seal. 
5.2. Compress seal with string weight and rotate out of adaptor. 
5.3. POH and lay down tools and tubing. 
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     DIRECTIONAL DRILLING PLAN FOR KS-15 
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PROPOSED MUD PROGRAM: 

26” hole from 85’ to 1050’ +/-
Drill with aerated mud 

20” hole from 1050’ to 2300’ +/-
Drill with low pH gel mud with the following properties: mud weight 8.7-9.2 ppg, viscosity 50-65, PV 10-15, 
YP 20-30, Gel 5-10, Fluid loss 10-20, pH 8. Sweeps on connections as needed. 

14-3/4” hole from 2300’ to 5100’ +/-
Drill with gel mud for high temperature with the following properties: mud weight 8.7-9.2 ppg, viscosity 45-55, 
PV 10-15, YP 10-15, Gel 4-8, Fluid loss 7-10, pH 10 

10-5/8” hole from 5100’ to TD 7500’+/-. 
Drill with gel mud for high temperature with the following properties: mud weight 8.7-9.2 ppg, viscosity 45-55, 
PV 10-15, YP 10-15, Gel 4-8, Fluid loss 7-10, pH 10. In the production zone, through the total loss section, 
drill with water and hi vis sweeps on connections 

T:\CNT\CORRES.OUT\EPA\UIC\UIC PERMIT APPLN 2015 - RQ - COPY\UIC PERMIT APPLN 2019-ATTACH L APPLICATION FOR 
PERMIT TO DRILL.DOC 



 

            
  

 

 
 
 

   
   

 
 
 

 
 

 
    

  
  
  

 
  

  
 

 
 

 
 

 
 

 
 

 
 

 
   

 

 
  

 
   

 

 
 

 
 

 
 

KS-15 DRILLING PERMIT:  ATTACHMENT III 
PUNA GEOTHERMAL VENTURE 

DRILLING REPORTING CRITERIA 

1. The Drilling Supervisor shall report to the PGV Drilling Engineer or his designated relief 
on the day-to-day operations. 

2. As closely as possible, the Drilling Supervisor will follow the drilling program for a 
particular well as provided by the Drilling Engineer.  There will be changes in the drilling 
program as the well progresses, and these changes must be discussed with the Drilling 
Engineer before action is taken. 

3. A mud program will be outlined in the Drilling Program, and this program should be 
followed as closely as possible.  The Drilling Supervisor shall have ample latitude to 
change the mud program as dictated by the actual drilling conditions. 

4. Historical drilling data have been developed regarding the Puna Geothermal Project, and 
this data should be used to the best advantage in drilling wells within the project. 

5. In and out mud temperatures and maximum recording temperatures will be logged on the 
IADC tower report. 

6. When drilling, special precautions must be taken when encountering any lost circulation 
zones or drilling breaks. 

7. If a drilling break is encountered while drilling, then the pipe should be picked up to 
properly place tool joint and bottoms up should be circulated around.  The PGV Drilling 
Supervisor should be immediately notified along with the contractor's supervisor.  A 
temperature survey should be run whenever a drilling break is encountered.  An 
interpretation of the survey should be made by the Drilling Engineer before drilling 
further.  It is important not to drill ahead with excessive temperature in the mud returns. 

8. The driller should also note in the IADC tower report any gains or losses in the mud pit 
volume.  Any significant mud loss should be reported to the PGV Supervisor(s) and the 
Contractor's Supervisor(s).  If any continuous or significant mud gain is encountered, 
then the driller should pick up the pipe and check for flow and notify the supervisors.  If 
flow is observed, then the well will be shut in immediately. 

9. Based on past experience at the Puna Geothermal Project, it is imperative that constant 
supervision of the well be accomplished once drilling is undertaken.  PGV Supervisors 
will be in charge of all activities on location.  PGV Supervisors will report to the PGV 
Drilling Engineer or Drilling Manager. 
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10. Drilling Supervisors will spend sufficient time together at the rig during change-out to 
exchange information on the current activities.  Drilling Supervisors will be on the floor, 
on the pump truck, in the wireline unit, etc. for all critical operations. 

11. The Drilling Engineer will be responsible for engineering programs with input from the 
Drilling Supervisors.  The Drilling Engineer will also advise and assist the Drilling 
Managers and Supervisors. 

12. Contractor's supervisors will report to the Drilling Supervisor on location.  They will also 
be on the floor during all crew changes. 

13. Reporting procedures for crews will be the responsibility of the drilling contractor.  
Drillers will log all rig operations on the IADC daily tower report, including the depths of 
all work performed.  Rig crew will assist service company personnel as directed by the 
contractor's supervisor. 
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KS-15 DRILLING PERMIT: ATTACHMENT IV 
PUNA GEOTHERMAL VENTURE 

PROCEDURES FOR LITHOLOGIC (“MUD”) LOGGING 

While drilling, depths are recorded on a Bristol chart (a circular chart matching time 
versus depth).  As a single joint is drilled, each ten-foot interval (i.e., 100, 110, 120, etc.) 
is marked and labeled on the chart. A lag time (the interval of time, measured in minutes, 
required to circulate drilling fluids from the bit to the surface) is calculated based on hole 
size and pump rates and a marker is set to indicate when a marked depth reaches the 
surface. 

When drilling fluids containing suspended drill cuttings derived from a given interval 
reach the surface, such fluids travel down the flow line and over the mesh shaker screens.  
After the latest ten-foot interval has accumulated at the base of the shakers, the mud 
logger obtains a representative sample of the drill cuttings.  The sample is then washed of 
the drilling fluid.  One portion of the cuttings, the wet sample, is placed in a plastic bag 
and the remainder is dried and bagged in sample sets. 

A small amount is retained to view under a stereomicroscope.  The cuttings from each 
ten-foot interval are then visually and physically evaluated.  Detailed written descriptions 
of each ten-foot interval are entered on work sheets which are subsequently summarized 
onto the mud log data sheet.  The lithologic descriptions include rock type, color, texture, 
hardness, structural characteristics, alteration (if any) and secondary mineralization. 
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ATTACHMENT L – CONSTRUCTION PROCEDURES 

In the future, geothermal wells may be drilled in the Area of Review and included within this 

Permit, as described in Section IX of the UIC Permit Application Form.  The drilling procedures for 

future geothermal wells are expected to be similar in most respects to those in the attached “Application 

for Permit to Drill Proposed Geothermal Well Kapoho State 15 on Reserved Lands, Kapoho, Puna, 

Hawaii.”  Although not included in this attachment, procedures specified in PGV’s current Plan of 

Operations are also made a part of the drilling procedure. 

Puna Geothermal Venture Attachment L 
UIC Permit Application page L-1 

















 



    
     

     
 
 

 

   

    

  

   

   

  

  

   

 

    

 

    

  

 

   

   

ATTACHMENT M – CONSTRUCTION DETAILS 

The five injection wells included in this permit application are KS-1A, KS-3, KS-11, KS-13 and KS-15. 

The schematics for these injection wells are provided on the following figures, respectively.  As shown, 

all five wells have cemented casing set at or deeper than approximately 3,900 feet and are equipped with 

hang down liners to depths of + or – 3200’. Whenever a well is in service, the annulus between the 

casing and hangdown liner is pressurized with nitrogen to depress the water level to a depth no less than 

2,000 feet below ground surface, which corresponds to the approximate bottom of the underground 

source of drinking water (USDW).  Construction of injection wells KS-17, KS-18, KS-19, KS-20, KS-

21, KS-22, KS-23, KS-24, KS-25, KS-26 and KS-27 will be constructed with a standard design, refer to 

Attachment M Standard Casing Schematic. This injection well design provides redundant protection of 

the USDW by virtue of the following features: 

• The entire USDW, between the approximate depths of 600 and 2,000 feet, is protected by 

redundant cemented casing strings; 

• Nitrogen pressurization of the annulus allows for immediate recognition of a casing leak that, 

if otherwise undetected, could result in the loss of injected fluids to the underground aquifer; 

and 

• Nitrogen pressurization of the annulus further protects the USDW from potential 

contamination by preventing contact of the injectate with the casing in that interval. 
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UIC Permit Application page M-1 



 

 

 

 

 

   

 

ATTACHMENT N 

Intentionally Left Blank 





   
     

    
 
 
  

   

  

 

      

 

  

   

  

 

                    

 

ATTACHMENT P – MONITORING PROGRAM 

The existing environmental monitoring program associated with the injection of geothermal fluids 

at the PGV site consists of monitoring groundwater, injectate, and mechanical integrity.  The current 

groundwater monitoring program is described in the document titled Appendix A, Puna Geothermal 

Venture Hydrologic Monitoring Program.  

PGV’s current casing monitoring program is described in Appendix B, Program for Mechanical 

Integrity Testing and Monitoring of Injection Wells. 

Table 1 consists of chemical additives that have been approved by the EPA and HDOH for 

injection.  Tables 2, 3, and 4 are parameters tested for Type I, III, and IV sampling, respectively.  

All of the Appendices and Tables in Attachment P are included in the existing State of Hawaii UIC 

Permit No. UH-1529. 

Figure B-1 in Attachment B is a map of the Area of Review showing the location of monitoring wells. 
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ATTACHMENT Q – PLUGGING AND ABANDONMENT PLAN 

A detailed description of the proposed plugging and abandonment plan for KS-1A, KS-3, KS-11, 

KS-13, KS-15, KS-17, KS-18, KS-19, KS-20, KS-21, KS-22, KS-23, KS-24, KS-25, KS-26 and KS-27 

are included in Attachment Q-1.  This plugging and abandonment plan is consistent with requirements 

associated with the permit from the State of Hawaii Board of Land and Natural Resources to construct 

the wells. 
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ATTACHMENT Q-1 – PLUGGING AND ABANDONMENT PLAN 
(EPA FORM 7520-19) 
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ATTACHMENT R – NECESSARY RESOURCES 

PGV currently maintains an Irrevocable Standby Letter of Credit in the amount of $4,693,080.00 that 

covers the plugging and abandonment of all geothermal injection wells operated and maintained by 

PGV in the State of Hawaii.  The amount of the bond is substantially in excess of bond amounts 

required by federal and state agencies for operators of geothermal injection wells in California, Nevada, 

and Utah.  A summary of these requirements is provided in Table R-1 and Table R-2. 

Table R-1 IRREVOCABLE STANDBY LETTER OF CREDIT 

Table R-2 STANDBY TRUST AGREEMENT 

Puna Geothermal Venture Attachment R 
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July 13, 2015 

Via Electronic Mail 

Sonia Flores 
MUFG Union Bank, N.A. 
475 Sansome Street, 12th Floor 
San Francisco, CA 94111 

David Albright 
U.S. Environmental Protection Agency, Region 9 
Ground Water Office (WTR-9) 
75 Hawthorne Street 
San Francisco, CA 94105 

RE: Amendment to Standby Trust Agreement dated November 3, 2009 

Dear All, 

Puna Geothermal Venture (PGV) desires to amend the Standby Trust Agreement dated as of 
November 3, 2009 (the “Agreement”), by and between PGV, the “Grantor”, and Union Bank of 
California (UBOC), the “Trustee”.  

This letter serves under Section 16 of the Agreement as the written consent of the Grantor, the 
Trustee, and the EPA Regional Administrator to amend the Agreement. 

PGV has recently converted a production well, designated KS-15, into an injection well, and 
pursuant to EPA requirements the cost to plug and abandon (P&A) must be covered under the 
existing Fund. PGV has submitted a detailed P&A plan with and updated cost estimate of 
$2,151,360 to the EPA, which has been accepted. 

Pursuant to EPA policy, the current letter of credit will be increased to an amount of $6,454,080, 
which multiplies the P&A cost by a factor of three (3). Attached please find a revised Schedule A 
and the updated letter of credit. 

PGV has also revised Exhibit A to update the Authorized Persons. 

Please signify your consent to the proposed amendment of the Agreement pursuant to Section 16 
by signing below. 

Puna Geothermal Venture 
6225 Neil Road ∙ Reno Nevada, 89511 ∙ Tel. (775) 356-9029 ∙ Fax (775) 356-9039 





 

 

 

 

       

 

      

 

     

 

     

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EXHIBIT A 

AUTHORIZED PERSONS FOR STANDBY TRUST AGREEMENT 

Name Title 

Isaac Angel CEO 

Doron Blachar CFO 

Connie Stechman Assistant Secretary 



 

 

 

 

 

  
 

  
 

 
 
 

 
 

 

  
 

 

  
  

 
 

 

 
 

  
 
 
 
 
 
 
 
 
 
 
 
 

 

SCHEDULE A 

Identification of Facilities and Cost Estimates 

Schedule A is referenced in the Standby Trust Agreement dated November 3, 2009, by and 

between Puna Geothermal Venture, the “Grantor” and MUFG Union Bank, N.A. (f/k/a Union 

Bank, N.A.), the “Trustee”. 

EPA Identification Number 100000091599 

Name of Facility Puna Geothermal Venture 

Address of Facility P.O. Box 30 
14-3860 Kapoho Pahoa Rd. 

Current Plugging and 
Abandonment Cost Estimate $2,151,360 

Date of Estimate July, 1 2015 
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ATTACHMENT T – EXISTING STATE AND FEDERAL PERMITS 

Issuing Agency Contact Permit 
Department of Health, State of Hawaii Norris Uehara 

(808) 586-4273 Under Ground Injection Control (UIC) UH-1529 

Environmental Protection Agency David Albright 
(415) 972-3971 Under Ground Injection Control (UIC) HI596002 

Department of Health, State of Hawaii Norris Uehara 
(808) 586-4273 Authority to Construct 7 Geothermal Wells (UIC) 

Department of Health, State of Hawaii Marianne Rossio 
(808) 586-4273 Non Covered Source Permit No. 0008-02-N 

Hawaii County Planning Commission Michael Yee 
(808) 961-8125 Geothermal Resource Permit (GRP) 

Department of Land and Natural 
Resources, 
State of Hawaii 

Suzanne Case 
(808) 587-0400 Plan of Operation 

Noise and Radiation Branch, 
Department of Health, State of Hawaii 

James Toma 
(808) 586-4700 Title 11, Administrative Rules, Department of Health, 

Chapter 46, 
Community Noise Control Standards 

Department of Labor, State of Hawaii, 
Boiler Inspection Bureau 

Darwin Ching 
(808) 586-8844 Permit to Operate (PTO) Vent. Air Tk./Melben HPV No. 

750-91 

Department of Labor, State of Hawaii, 
Boiler Inspection Bureau 

Darwin Ching 
(808) 586-8844 Permit to Operate (PTO) Air Tank/Hansen HPV 749-91 

Department of Labor, State of Hawaii, 
Boiler Inspection Bureau 

Darwin Ching 
(808) 586-8844 Permit to Operate (PTO) Air Tank/Hansen HPV 748-91 

Department of Labor, State of Hawaii, 
Boiler Inspection Bureau 

Darwin Ching 
(808) 586-8844 Permit to Operate (PTO) Flash Separator/Ormat HPV No. 

745-91 

Department of Labor, State of Hawaii, 
Boiler Inspection Bureau 

Darwin Ching 
(808) 586-8844 

Permit to Operate (PTO) Flash Separator/Ormat HPV No. 
744-91 

Department of Labor, State of Hawaii, 
Boiler Inspection Bureau 

Darwin Ching 
(808) 586-8844 

Permit to Operate (PTO) Brine Accumulator HPV No. 743-91 

Department of Labor, State of Hawaii, 
Boiler Inspection Bureau 

Darwin Ching 
(808) 586-8844 

Permit to Operate (PTO) Brine Accumulator HPV No. 742-91 

Department of Labor, State of Hawaii, 
Boiler Inspection Bureau 

Darwin Ching 
(808) 586-8844 

Permit to Operate (PTO) ESRF Accumulator (Abatement 
Redundancy) HPV No. 613-96 

Department of Labor, State of Hawaii, 
Boiler Inspection Bureau 

Darwin Ching 
(808) 586-8844 

Permit to Operate (PTO) ESRF Accumulator (Abatement 
Redundancy) HPV No. 613-96 

Department of Public Works, 
County of Hawaii Building Division 

James Kurata 
(808) 961-8321 

Certificate of Occupancy: Control House 

Department of Public Works, 
County of Hawaii Building Division 

James Kurata 
(808) 586-8844 

Certificate of Occupancy: Control House 

Puna Geothermal Venture Attachment T 
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ATTACHMENT U – DESCRIPTION OF BUSINESS 

Puna Geothermal Venture owns and operates the Puna Geothermal Venture (PGV) Project.  The 

PGV Project is designed to generate electrical energy from geothermal fluids produced from the Kapoho 

Field.  The project delivers its electrical energy to the HELCO energy grid system.  The project is 

planned for an operating life of 35 years. 

Puna Geothermal Venture Attachment U 
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Type or print all information. See reverse for instructions. OMB No. 2040-0042 Approval Expires 1/31/05 

(This information is collected under the authority of the Safe Drinking Water Act) 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

INVENTORY OF INJECTION WELLS 

Deletion 

PAPERWORK REDUCTION ACT NOTICE 

OFFICE OF GROUND WATER AND DRINKING WATER 

1. DATE PREPARED 2. FACILITY ID NUMBER(Year, Month, Day) 

The public reporting burden for this collection of information is estimated at about 0.5 hour per response, including time for reviewing 
instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection 
of information. 
suggestions for reducing this burden, to Chief, Information Policy Branch, 2136, U.S. Environmental Protection Agency, 401 M Street, 
SW, Washington, DC 

3. TRANSACTION TYPE (Please mark one of the following) 

Entry Change 

First Time Entry 

Replacement 

4. FACILITY NAME AND LOCATION 
A. NAME (last, first, and middle initial) C. LATITUDE 

TOWNSHIP RANGE SECT. 

DEG MIN SEC E. TOWNSHIP/RANGE 

1/4 SECT 

. 

DEG MIN SECD. LONGITUDEB. STREET ADDRESS/ROUTE NUMBER 

F. CITY/TOWN G. STATE H. ZIP CODE I. NUMERIC 
COUNTY CODE 

J. INDIAN LAND 
(mark "x") Yes No 

5. LEGAL CONTACT: 
A. TYPE (mark "x") 

Owner Operator 

C. PHONE 
(area code 
and number) 

B. NAME (last, first, and middle initial) 

D. ORGANIZATION E. STREET/P.O. BOX 

F. CITY/TOWN G. STATE H. ZIP CODE 

I. OWNERSHIP (mark "x") 

PRIVATE 

STATE 

PUBLIC 

FEDERAL 

SPECIFY OTHER 

6. WELL INFORMATION: 
A. CLASS 

AND 
TYPE 

C. TOTAL 
NUMBER 
OF WELLS 

B. NUMBER OF WELLS D. WELL OPERATION STATUS 

COMM NON-COMM UC AC TA PA AN 

COMMENTS (Optional): 

KEY: DEG = Degree 
MIN = Minute 
SEC = Second 

SECT = Section 
1/4 SECT = Quarter Section 

COMM = Commercial 
NON-COMM = Non-Commercial 

AC = Active 
UC = Under Construction 
TA = Temporarily Abandoned 
PA = Permanently Abandoned and Approved by State 
AN = Permanently Abandoned and not Approved by State 

Send comments regarding the burden estimate or any other aspect of this collection of information, including 

20503.20460, and to the Office of Management and Budget, Paperwork Reduction Project, Washington, DC 
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INSTRUCTIONS AND DEFINITIONS 

INJECTION WELL CLASS AND TYPE CODES 

SECTION 1. DATE PREPARED: Enter date in order of year, month, 
and day. 

SECTION 2. FACILITY ID NUMBER: In the first two spaces, insert 
the appropriate U.S. Postal Service State Code. In the third space, insert 
one of the following one letter alphabetic identifiers: 

D - DUNS Number, 
G - GSA Number, or 
S - State Facility Number. 

In the remaining spaces, insert the appropriate nine digit DUNS, GSA, or 
State Facility Number. For example, A Federal facility (GSA -
123456789) located in Virginia would be entered as : VAG123456789. 

SECTION 3. TRANSACTION TYPE: Place an “x” in the applicable 
box. See below for further instructions. 

Deletion.  Fill in the Facility ID Number. 
First Time Entry.  Fill in all the appropriate information. 
Entry Change.  Fill in the Facility ID Number and the information 
that has changed. 
Replacement. 

SECTION 4. FACILITY NAME AND LOCATION: 
A. Name.  Fill in the facility’s official or legal name. 
B. Street Address.  Self Explanatory. 
C. Latitude.  Enter the facility’s latitude (all latitudes assume 

North Except for American Samoa). 
D. Longitude.  Enter the facility’s longitude (all longitudes assume 

West except Guam). 
E. Township/Range.  Fill in the complete township and range. 

The first 3 spaces are numerical and the fourth is a letter 
(N,S,E,W) specifying a compass direction. A township is North 
or South of the baseline, and a range is East or West of the 
principal meridian (e.g., 132N, 343W). 

F. City/Town.  Self Explanatory. 
G. State.  Insert the U.S. Postal Service State abbreviation. 
H. Zip Code.  Insert the five digit zip code plus any extension. 

SECTION 4. FACILITY NAME & LOCATION (CONT’D.): 
I. Numeric County Code.  Insert the numeric county code from 

the Federal Information Processing Standards Publication (FIPS 
Pub 6-1) June 15, 1970, U.S. Department of Commerce, 
National Bureau of Standards. For Alaska, use the Census Division 
Code developed by the U.S. Census Bureau. 

J. Indian Land.  Mark an “x” in the appropriate box (Yes or No) 
to indicate if the facility is located on Indian land. 

SECTION 5. LEGAL CONTACT: 
A. Type.  Mark an “x” in the appropriate box to indicate the type 

of legal contact (Owner or Operator). For wells operated by lease, 
the operator is the legal contact. 

B. Name. Self Explanatory. 

C. Phone.  Self Explanatory. 
D. Organization.  If the legal contact is an individual, give the 

name of the business organization to expedite mail distribution. 
E. Street/P.O. Box. Self Explanatory. 
F. City/Town.  Self Explanatory. 
G. State.  Insert the U.S. Postal Service State abbreviation. 
H. Zip Code.  Insert the five digit zip code plus any extension. 
I. Ownership.  Place an “x” in the appropriate box to indicate 

ownership status. 

SECTION 6. WELL INFORMATION: 
A. Class and Type.  Fill in the Class and Type of injection wells 

located at the listed facility. Use the most pertinent code 
(specified below) to accurately describe each type of injection 
well. For example, 2R for a Class II Enhanced Recovery Well, or 
3M for a Class III Solution Mining Well, etc. 

B. Number of Commercial and Non-Commercial Wells. 
Enter the total number of commercial and non-commercial wells 
for each Class/Type, as applicable. 

C. Total Number of Wells.  Enter the total number of injection 
wells for each specified Class/Type. 

D. Well Operation Status.  Enter the number of wells for each 
Class/Type under each operation status (see key on other side). 

CLASS I Industrial, Municipal, and Radioactive Waste Disposal Wells 
used to inject waste below the lowermost Underground Source of Drinking 
Water (USDW). 

TYPE 1I Non-Hazardous Industrial Disposal Well. 
1M Non-Hazardous Municipal Disposal Well. 

1H Hazardous Waste Disposal Well injecting below the 
lowermost USDW. 

1R Radioactive Waste Disposal Well. 
1X Other Class I Wells. 

CLASS II  Oil and Gas Production and Storage Related Injection Wells. 

TYPE 2A Annular Disposal Well. 
2D Produced Fluid Disposal Well. 
2H Hydrocarbon Storage Well. 
2R Enhanced Recovery Well. 
2X Other Class II Wells. 

CLASS III  Special Process Injection Wells. 

TYPE 3G In Situ Gassification Well 
3M  Solution Mining Well. 

CLASS III (CONT’D.) 

TYPE 3S Sulfur Mining Well by Frasch Process. 
3T Geothermal Well. 
3U  Uranium Mining Well. 
3X  Other Class III Wells. 

CLASS IV  Wells that inject hazardous waste into/above USDWs. 

TYPE 4H Hazardous Facility Injection Well. 
4R  Remediation Well at RCRA or CERCLA site. 

CLASS V  Any Underground Injection Well not included in Classes I 
through IV. 

TYPE 5A Industrial Well. 
5B Beneficial Use Well. 
5C Fluid Return Well. 
5D Sewage Treatment Effluent Well. 
5E Cesspools (non-domestic). 
5F Septic Systems. 
5G Experimental Technology Well. 
5H Drainage Well. 
5I Mine Backfill Well. 
5J Waste Discharge Well. 
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PAPERWORK REDUCTION ACT The public reporting and record keeping burden for this collection of information is 
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Division, U.S. Environmental Protection Agency (2822), 1200 Pennsylvania Ave., NW., Washington, D.C. 20460. Include the 
OMB control number in any correspondence. Do not send the completed forms to this address. 
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PUNA GEOTHERMAL VENTURE 
Well Status 

Year Well Name Status Spud Date Comp Date Depth ~ Capacity temp psig Comments 

1981 KS-1 Production 9/1/1981 11/12/1981 7290 72,000 120 Plugged and Abandoned 
KS-1A Production 11/15/1981 1/15/1982 6505 Dates Estimated, Plugged 

1982 KS-2 Production 1/19/1982 4/2/1982 8005 33,000 173 Plugged 

1990 MW-1 Water 12/29/1990 731 260 gpm 112 Inundated by lava on 5/29/2019 

1991 MW-2 Monitor 1/23/1991 646 NA 140 0 Inundated by lava on 5/18/2019 
MW-3 Water 8/23/1991 720 1200 gpm 112 60 Inundated by lava on 5/29/2019 
KS-7 Production 1/30/1991 2/28/1991 1678 Plugged and Abandoned 

KS-1A INJ 3/20/1991 4/23/1991 5745 Workover 

1992 KS-8 Production 5/2/1991 8/23/1992 3488 New Well 
KS-3 INJ 8/27/1992 10/3/1992 7406 319gpm 310 354 New Well 
KS-4 INJ 9/13/1992 11/25/1992 6796 450gpm 310 354 New Well 

KS-1A INJ 10/28/1992 10/29/1992 3743 210gpm 310 356 Run Liner With Crane 

1993 KS-9 Production 12/6/1992 1/25/1993 4564 New Well 
KS-10 Production 2/1/1993 4/6/1993 5083 New Well 
KS-8 P&A 4/12/1993 4/30/1993 0 Plugged and Abandoned 
KS-1 P&A 5/7/1993 5/17/1993 0 Plugged and Abandoned 
KS-2 P&A 5/17/1993 5/27/1993 0 Plugged and Abandoned 

1999 KS-3 INJ 8/17/1999 8/18/1999 3767 319gpm 310 354 Replace Liner 
KS-4 INJ 8/30/1999 9/6/1999 450gpm 310 354 Coiled Tubing Well Clean Out 

KS-11 Production 9/18/1999 11/22/1999 7951 New Well 

2001 KS-1A INJ 3/1/2001 3/1/2001 3776 210gpm 310 356 Replace Liner 

2003 KS-5 Production 8/23/2002 1/12/2003 6418 New Well 
KS-11 INJ 1/23/2003 3/3/2003 6400 3010gpm 310 354 Redrill, Convert to Injection 
KS-10 Production 6/26/2003 7/1/2003 5070 Well Clean out 

2004 KS-11 INJ 5/19/2004 5/26/1999 3200 Replace liner 

2005 KS-10 Production 5/22/2005 6/11/2005 5210 Redrill 
KS-6 Production 6/26/2005 7/16/2005 6584 New Well 

KS-13 INJ 7/26/2005 12/12/2005 6970 2450gpm 300 165 New Well 

2006 KS-6 Production 9/6/2006 9/15/2006 6887 Rework 
KS-5 Production 9/19/2006 10/18/2006 6403 Rework 
KS-4 Production 10/23/2006 11/30/2006 6767 Convert to Production 

2009 KS-6 Production 6/13/2009 7/7/2009 6644 Rework 
KS-5 Production 7/12/2009 10/9/2009 6484 Rework 
KS-4 Production 7/15/2009 7/27/2009 6757 183,000 620 Rework 

KS-14 Production 9/12/2009 1/10/2010 5717 1,134,000 600 488 New Well 

2010 KS-5 Production 5/2/2010 5/10/2010 6456 95,000 500 480 Rework 
KS-6 Production 5/12/2010 5/18/2010 6605 125,000 500 475 Rework 
KS-4 P&A 5/19/2010 0 Plugged and Abandoned 

2012 KS-15 INJ 2/1/2012 7/5/2012 New Well 

2015 KS-16 Production 2/16/2015 5/7/2015 New Well 

2019 MW-4 Water 1/14/2019 6/172019 New Well 
2020 MW-5 Water TBD 

2010 Flow Rates 

Well KS-9 KS-10 
WHP 296 390 
MW 7 3.2 
Brine 152 449 
Steam 147 67 
Enthalpy 1170 492 



   
     

  
 

    
 

 
 

   

  

 

  

                 

  

                 

  

  

 

 

 

     

        

    

      

  

  

  

  

    

    

   

  

    

  

    

 

              

 

ATTACHMENT V - WELL HISTORY 

STATUS OF PREVIOUSLY CONSTRUCTED WELLS AND POST LAVA EVENT 
RECOVERY 

The following is a summary of the status of all previously constructed wells at the Puna 

Geothermal Venture (PGV) project as of October 2019: 

1. KS-1 

Well KS-1 has been plugged and abandoned in 1993. The program was approved by the DLNR. 

2. KS-2 

Well KS-2 has been plugged and abandoned in 1993. The program was approved by the DLNR. 

3. KS-1A 

Injection well KS-1A is completed to a depth of 6,505 feet.  This well is currently one of five 

(5) injection wells in operation at the project.  Drilling originally commenced on July 8, 1985 

and was completed on September 3, 1985. This well was originally drilled by Diamond 

Shamrock / Thermal Power Company. 

In May of 1991, PGV completed a workover of the well.  A 7” liner was installed and cemented 

in the well to achieve mechanical integrity, and a 5” hang down liner was then used to inject 

fluids into the well.  The 5” hang down liner has been replaced in 2001 and again with a 4 ½” 

liner in 2014. KS-1A is currently accepting ~44 thousand pounds of geothermal fluid per hour 

at ~210ºF and 230 psig under normal operating conditions.   

4. KS-3 

Injection well KS-3 is completed to a depth of 7,406 feet.  This well is currently one of five (5) 

injection wells at the project.  PGV commenced drilling of this well on August 27, 1992 and 

completed the well on October 3, 1992. KS-3 utilizes a 5” hang down liner, which has been 

replaced in 1999 and again in 2014. KS-3 is currently accepting ~235 thousand pounds of 

geothermal fluid per hour at 200ºF and 234 psig under normal operating conditions. 

5. KS-4 

Injection well KS-4 is completed to a depth of 6,796 feet. This well is now longer in service. 

PGV commenced drilling of this well on September 13, 1992 and completed the well on 

November 25, 1992. The well was redrilled to a depth of 6767’ and converted to production in 

2006. Work commenced on October 23, 2006 and was completed on November 30, 2006. KS-

4 was plugged and abandoned in 2010. The program was approved by the DLNR 

Puna Geothermal Venture Attachment V 
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6. KS-5 

Production well KS-5 is completed to a depth of 6,350 feet.  This well is currently being used to 

supply geothermal steam to the power plant.  PGV commenced drilling of this well on August 

23, 2002 and completed the well on January 12, 2003. The well was redrilled in 2009, with 

work commencing on September 3 and completed on October 10, to a depth of 6484’ and a 4 

½” liner was installed.  As of latest testing on March 23, 2015, at ~490 psig well head pressure 

and ~400º F, KS-5 produces a total mass flow of ~73 thousand pounds per hour at ~40% steam 

ratio.  This flow rate equates to ~1.9 MW. 

PRE MAY 2018 LAVA EVENT 

Prior to lava inundation, mechanical bridge plug was installed with cement on top in 
wellbore on 5/24/2018. The well is covered by 15’ of lava, no plans are in place yet 
to recover or P&A the well. 

7. KS-6 

Production well KS-6 is completed to a depth of 6,584 feet.  This well is currently being used to 

supply geothermal steam to the power plant. PGV commenced drilling of this well on June 26, 

2005 and completed the well on August 12, 2005. In 2009, the well was redrilled to a depth of 

6644’ and a 7” liner was installed.  Redrilling commenced on June 14 and was completed on 

July 7. As of latest testing on March 23, 2015, at ~300 psig well head pressure and ~405º F, 

KS-6 produces a total mass flow of ~1.1 million pounds per hour at ~30% steam ratio. This 

flow rate equates to ~2.4 MW. 

PRE MAY 2018 LAVA EVENT 

Prior to lava inundation, mechanical bridge plug was installed with cement on top in 
wellbore on 5/26/2018. The well is covered by 15’ of lava, no plans are in place yet 
to recover or P&A the well. 

8. KS-7 

Well KS-7 has been plugged and abandoned in 1991. The program was approved by the DLNR. 

9. KS-8 

Well KS-8 has been plugged and abandoned in 1992. The program was approved by the DLNR. 

10. KS-9 

Production well KS-9 is completed to a depth of 4,564 feet.  This well is currently being used to 

supply geothermal steam to the power plant.  PGV commenced drilling of this well on 

December 6, 1992 and completed the well on January 25, 1993.  As of latest testing on March 

23, 2015, at ~270 psig wellhead pressure and ~400ºF, KS-9 produces a total mass flow of 

~455 thousand pounds per hour at ~17% steam ratio. This flow rate equates to ~6.4 MW. 
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10. KS-10 

Production well KS-10 is completed to a depth of 5,083 feet.  This well is currently being used 

to supply geothermal steam to the power plant.  PGV commenced drilling of this well on 

February 1, 1993 and completed the well on April 6, 1993. The wellbore of KS-10 was cleaned 

out in September 2003.  The well was then redrilled in 2005, with work commencing on May 

22 and completed on June 11, to a depth of 5061’. As of its latest testing in September 2013, at 

~390 psig wellhead pressure and ~400ºF, KS-10 produces a total mass flow of ~246 thousand 

pounds per hour at an estimated ~10% steam ratio.  This flow rate equates to ~3.3 MW. KS-10 

was out of service and in a static condition during the 2015 testing and remains in a static 

condition to date. 

11. KS-11 

Injection well KS-11 is completed to a depth of 7,951 feet.  This well is currently one of five (5) 

injection wells in operation at the project. PGV originally commenced drilling of this well on 

September 18, 1999 and completed the well on November 22, 1999 as a production well.  In 

2003, PGV converted KS-11 to an injection well.  The conversion work commenced on January 

22 and was completed on March 3. KS-11 utilized a 9-5/8” hang down liner.  The well was 

redrilled in 2009, with work commencing on November 21 and completed on December 8, to a 

depth of 6872’. A 7” hang down liner was installed.  This liner was replaced in 2013. This well 

is currently accepting ~48 thousand pounds per hour at ~200º F and 220 psig under normal 

operating conditions. 

PRE MAY 2018 LAVA EVENT 

No exact date on when the well inundated by lava, plant personnel were evacuated 
at the time. Lava was removed from the wellhead, no plans are in place yet to 
recover or P&A the well. 

12. KS-13 

Injection well KS-13 is completed to a depth of 8297 feet.  This well is currently one of five (5) 

injection wells in operation at the project.  PGV originally commenced drilling of this well on 

August 26, 2005 and completed the well on November 10, 2005 as an injection well.  KS-13 

utilized an 8-5/8” hang down liner.  The liner was replaced in 2013. This well is currently 

accepting ~600 thousand pounds per hour at ~210º F and 215 psig under normal operating 

conditions. 

13. KS-14 

Production well KS-14 is completed to a depth of 5717 feet.  This well is currently being used 

to supply geothermal steam to the power plant. PGV originally commenced drilling of this well 
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on February 7, 2010 and completed the well on April 2, 2010 as a production well. As of latest 

testing on March 23, 2015, at ~500 psig wellhead pressure and ~410ºF, KS-14 produces a total 

mass flow of ~952 thousand pounds per hour at ~23% steam ratio.  This flow rate equates to 

~16.3 MW. 

14. KS-15 

Injection well KS-15 is completed to a depth of 5182 feet.  This well is currently one of five (5) 

injection wells in operation at the project. Originally drilled as a production well, it was 

converted into an injection well in 2015.  PGV originally commenced drilling of this well on 

February 29, 2012 and completed the well on July 8, 2012 as a production well.  The well was 

converted in 2015 with the work commenced on June 30 and was completed on July 3.  KS-15 

utilized a 7” hang down liner. This well is currently accepting ~ 1.06 million pounds per hour 

at ~195º F and 180 psig under normal operating conditions. 

15. KS-16 

Production well KS-16 is completed to a depth of 5762 feet.  This well is currently being used 

to supply geothermal steam to the power plant. PGV originally commenced drilling of this well 

on February 16, 2015 and completed the well on May 5, 2015 as a production well.  KS-15 was 

not yet in service during the latest testing on March 23, 2015. 
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PGV Water Wells 

12. MW-1 
Monitoring/water supply well MW-1 is completed to a depth of 731 feet.  This well supplies 

water for the power plant operations.  MW-1 is sampled in accordance with the Hydrologic 

Monitoring Program.  It provides ~260 gpm. 

DURING MAY 2018 LAVA EVENT 

Monitoring well was inundated by lava on 5/29, covered under 20’ of lava, no plans 
are in place yet to recover or P&A the well. 

13. MW-2 
Monitoring well MW-2 is completed to a depth of 646 feet.  MW-2 is sampled in accordance 

with the Hydrologic Monitoring Program. 

DURING MAY 2018 LAVA EVENT 

Monitoring well was inundated by lava on 5/18, covered under 25’ of lava, no plans 
are in place yet to recover or P&A the well. 

14. MW-3 

Monitoring/water supply well MW-3 is completed to a depth of 720 feet.  This well supplies 

water for the power plant and drilling operations.  It provides ~1200 gpm. 

DURING MAY 2018 LAVA EVENT 

Monitoring well was inundated by lava on 5/29, covered under 20’ of lava, no plans 
are in place yet to recover or P&A the well. 

POST MAY 2018 LAVA EVENT WELLFIELD STATUS 
Production Well KS-14 well maintenance is currently in progress. P/T surveys are ongoing, 
once the resource has been recovered a final P/T will be performed and a report will be 
forwarded. 

• Once a resource has been established, a minimal bleed (150-200gpm) will 
flow to KS-15 injection well. 

Production Well KS-9 bridge plug was removed and well maintenance was performed. 
Well casing damage was identified. Well maintenance was suspended and bridge plug was 
reinstalled, wellhead master valves were isolated, no plans yet on recovery of the well. 

Production Well KS-10 5/27 installed a bridge plug, wellhead master valves were isolated. 
No well maintenance has been performed. 

Production Well KS-16 5/28 installed a bridge plug, wellhead master valves were isolated. 
No well maintenance has been performed. 
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Injection Well KS-3 wellhead master valves were isolated. No well maintenance has been 
performed. 

Injection Well KS-1A wellhead master valves were isolated. No well maintenance has 
been performed. 

Injection Well KS-13 well maintenance has been performed, MIT completed in March 
2019, MIT report submitted to EPA and HDOH UIC in July 2019. 

Injection Well KS-15 well maintenance has been performed, MIT completed in March 
2019, MIT report submitted to EPA and HDOH UIC in July 2019 

Monitoring Well (MW) 4- Commissioned in February 2019. 

Monitoring Well (MW) 5- Drilling permit approved by DLNR CWRM, drilling in 
progress 

GTW 3- possible off-site monitoring well. 

PROPOSED GEOTHERMAL WELLS 

KAPOHO STATE (KS) 18 WELLPAD LOCATION E 

KAPOHO STATE (KS) 17 WELLPAD LOCATION A 

KAPOHO STATE (KS) 19 WELLPAD LOCATION TBD 

KAPOHO STATE (KS) 20 WELLPAD LOCATION TBD 

KAPOHO STATE (KS) 21 WELLPAD LOCATION TBD 

KAPOHO STATE (KS) 22 WELLPAD LOCATION TBD 

KAPOHO STATE (KS) 23 WELLPAD LOCATION TBD 

KAPOHO STATE (KS) 24 WELLPAD LOCATION TBD 

KAPOHO STATE (KS) 25 WELLPAD LOCATION TBD 

KAPOHO STATE (KS) 26 WELLPAD LOCATION TBD 

KAPOHO STATE (KS) 27 WELLPAD LOCATION TBD 

Surface equipment locations have not changed for KS-17 and KS-18. KS-18 and KS-17 
resource locations have not changed from pre 2018 lava event. If drilling plans are changed, 
regulatory agencies approval will be needed prior to implementation. 

INSTALLATION OF MONITORING WELLS OUTSIDE OF PRODUCTION AND 
INJECTION ZONES 

Monitoring Well (MW) 4 Commissioned in February 2019. 
Monitoring Well (MW) 5 Drilling permit approved by DLNR CWRM, no date yet 

to commence the drilling. 
GTW 3- possible off-site monitoring well. 
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Pre-lava, MW-1 and MW-3 source of water was the same. MW-2 was the only well 
offsite used for monitoring. 

PLANT RECOVERY SCHEDULE 

Tentative schedule for production well start up is scheduled in December 2019 with the plant startup, 
production well minimal bleeds need to be established. These minimal bleeds (150-200 gpm 
nominal) to an injection well keep the production well hot and prevents gasses from collecting in the 
wellbore. 

Injection Well KS-13 well maintenance/cleaning has been performed, MIT completed in March 
2019, MIT report submitted to EPA and HDOH UIC in July 2019. 

Injection Well KS-15 well maintenance/cleaning has been performed, MIT completed in March 
2019, MIT report submitted to EPA and HDOH UIC in July 2019. 

Injection Well KS-13, planned downhole work is tentatively planned to be performed, once there is 
a downhole work maintenance plan completed, PGV will forward this to EPA and 
HDOH to approve the work. MIT will be performed after the work is completed and 
the report forwarded. 
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